
SOCIETY FOR NEUROSCIENCE

ABSTRACTS
VOLUME 19, PART 1

23RD ANNUAL MEETING 
WASHINGTON, D.C. 
NOVEMBER 7-12, 1993



1993 © Society for Neuroscience

Made in the United States of America. 
International Standard Book Numbers:

Part 1 ISBN 0-916110-40-0  
Part 2 ISBN 0-916110-41-9  
Part 3 ISBN 0-916110-42-7  
All parts ISSN 0190-5295 

Library of Congress Catalog Card Number 75-7761

Proper citation form for this volume:
Soc. Neurosci. Abstr., Vol. 19, Part 1, p. xxx, 1993.

Published by:
Society for Neuroscience 
11 Dupont Circle, N.W.

Suite 500
Washington, D.C. 20036



C ontents— Part 1
Page

Program Committee................................................................................................................. iv
Chronological List of Sessions................................................................................................ v
Thematic List of Sessions...................................................................................................... xv
Abstracts in Session Order*

Monday, November 7-Wednesday, November 10........................................................1

* 10,975 volunteer abstracts, 18 symposia abstracts, 17 history of neuroscience 
abstracts, and 56 teaching of neuroscience abstracts.

Please note that due to the increase in abstract submissions this year, the Abstracts Volume 19 is printed in 
three parts. The three parts will be mailed, one part at a time, starting in mid-August. The Abstracts Volume 19 
Part 3, the last part to be mailed, includes the Key Word Index and the Author Index.



1993 Program Committee

Dennis W. Choi, M.D., Ph.D.
Chairperson
Washington University School of Medicine

Irwin B. Levitan, Ph.D.
Incoming Chairperson 
Brandeis University

David G. Amaral, Ph.D.
The Salk Institute

Andrew G. Bulloch, Ph.D.
University of Calgary Health Science Center

Marc G. Caron, Ph.D.
Duke University Medical Center

Michael E. Goldberg, M.D.
National Eye Institute, NIH

Mark W. Hamblin, M.D., Ph.D.
University of Washington 
Seattle VA Medical Center

Harvey J. Karten, M.D.
University of California, San Diego

Darcy B. Kelley, Ph.D.
Columbia University

James E. Krause, Ph.D.
Washington University School of Medicine

Jean M. Lauder, Ph.D.
University of North Carolina School of Medicine

James O. McNamara, M.D.
Duke University Medical Center 
and VA Medical Center

Charles B. Nemeroff, M.D., Ph.D.
Emory University School of Medicine

Mary L. Oster-Granite, Ph.D.
University of California, Riverside

John L.R. Rubenstein, M.D., Ph.D. 
University of California, San Francisco

Clifford B. Saper, M.D., Ph.D.
Beth Israel Hospital

Gary Charles Schoenwolf, Ph.D.
University of Utah School of Medicine

S. Murray Sherman, Ph.D.
SUNY, Stony Brook

Roger P. Simon, M.D.
University of California, San Francisco

W. Thomas Thach, Jr., M.D.
Washington University School of Medicine

Leslie G. Ungerleider, Ph.D.
National Institutes of Health

Charles J. Vierck, Ph.D.
University of Florida Health Science Center

Monte Westerfield, Ph.D.
University of Oregon

Richard E. Zigmond, Ph.D.
Case Western Reserve University 
School of Medicine

Ira B. Black, M.D., ex officio 
UMDNJ/RWJ Medical School

Lynn T. Landmesser, Ph.D., ex officio 
University of Connecticut

Larry R. Squire, Ph.D., ex officio 
VA Medical Center, San Diego



CHRONOLOGICAL LIST OF SESSIONS
(See page XV for Thematic List o f Sessions)

Session
Number & Title_____________________________________________________ Page

SUNDAY, NOVEMBER 7
Panel — 3:00 p.m.

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

Decade of the Brain Lecture — 8:00 p.m.
2. To be announced....................................................................... No Abstract

MONDAY, NOVEMBER 8
Symposia — 8:30 a.m.
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Chaired by: N.C. Andreasen....................................................................... 1

4. Unraveling the Serotonergic System: Insights from Molecular 
Biology
Chaired by: T.A. Branchek.......................................................................... 1

Warner-Lambert Lecture — 11:45 a.m.
5. Modulation of the NMDA Responses by Extracellular and 

Intracellular Signals
P. Ascher........................................................................................ No Abstract

Slide Sessions — 8:30 a.m.
6. Neuropeptides and behavior: CRF, oxytocin, and other

peptides......................................................................................   1
7. Uptake and transporters I .............................................................................. 3
8. Neurotrophic factors: expression and regulation I ............................5
9. Mental illness I ........................................................................................... 7

10. Acetylcholine receptors.................................................................................. 8
11. Calcium channel structure, function, and expression 1................10
12. Chemical senses: peripheral mechanisms..........................................12
13. Subcortical visual systems................................................................... 14
14. Invertebrate learning and behavior I ..................................................... 16
15. Degenerative disease: Alzheimer's— ß-amyloid I ........................ 18
16. Epilepsy: basic mechanisms I ................................................................... 20
17. Second messengers I ..................................................................................... 22
18. Excitatory amino acids: excitotoxicity I ............................................... 24
19. Visual cortex: extrastriate—cognitive mechanisms I ................... 26

Poster Sessions — 8:30 a.m.
20. Genesis of neurons and glia I ..................................................................28
21. Cell lineage and determination: gene expression

and growth factors...........................................................................................31
22. Cell migration and motility: cell-surface molecules............... ....33
23. Cell shape and differentiation: activity.................................................35
24. Process outgrowth, growth cones, and sprouting I ........................37
25. Axon guidance mechanisms and pathways l ...................................38
26. Axon guidance mechanisms and pathways II ................................. 40
27. Formation and specificity of synapses: visual system..................41

Session
Number & Title ____________________________  Page

28. Glia and other non-neuronal cells: CNS development..............42
29. Sensory systems I ........................................................................................... 45
30. Cerebral cortex and limbic system: molecular

determinants and molecular markers................................................... 48
31. Visual system: retina.......................................................................... .......... 51
32. Transplantation I ............................................................. .............................. 55
33. Neuroglia and myelin I .................................................................................59
34. Cytoskeleton transport and membrane targeting I ........................61
35. Gene structure and function I ..................................................................65
36. Excitatory amino acids: receptors I ........................................................68
37. Opioids: receptors I ........................................................................................72
38. Catecholamine receptors: dopaminergic agonists and

antagonists.................................... 75
39. Catecholamine receptors: dopamine I .................................................78
40. Catecholamines I ............................................................................................. 81
41. Other biogenic amines and purines: histamine

and melatonin................................................................................................. .84
42. Other biogenic amines and purines: purines...................................86
43. Regional localization of receptors and transmitters I ................... 89
44. Osmotic regulation.........................................................................................92
45. Neural-immune interactions: immune

mediators in normal C N S ...........................................................................95
46. Neural-immune interactions: nervous system

pathology............................................................................  97
47. Thermoregulation and feve r.............................................................  99
48. Somatic and visceral afferents I ............................................................102
49. Somatosensory cortex and thalamocortical

relationships I ..................................................................................................105
50. Pain modulation: anatomy and physiology I ................................108
51. Pain modulation: pharmacology I ........................................................111
52. Retina: immunocytochemistry...............................................................114
53. Chemical senses: peripheral olfactory mechanisms.................. 118
54. Chemical senses: olfactory bu lb ...........................................................121
55. Chemical senses: central olfactory mechanisms......................... 125
56. Basal ganglia and thalamus I ....... ..........................................................127
57. Basal ganglia and thalamus I I ................................................................ 130
58. Basal ganglia and thalamus I I I ...............................................................134
59. Vestibular system: anatomy and pharmacology...........................135
60. Vestibular system: neurophysiology....................................................138
61. Reflex function I ............................................................................................ 140
62. Reflex function I I ...........................................................................................143
63. Control of posture and movement I ....................................................145
64. Control of posture and movement I I .................................................. 148
65. Muscle: fiber types.......................................................................................152
66. Muscle: gene transfer, contractile properties, fatigue............... 153
67. Hypothalamus................................................................................................ 156
68. Comparative neuroanatomy I ...................................................... ........159
69. Neural plasticity: cerebral cortex......................................................... 162
70. Neuroethology: invertebrate...................................................................165
71. Stress: neuroendocrine mechanisms..................................................168

v
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72. Hormonal control of reproductive behavior: hormones and
metabolites........................................................................................................ 171

73. Neuropeptides and behavior: CCK, CRF, vasopressin, and
somatostatin......................................................................................................172

74. Drugs of abuse: ethanol, benzodiazepines, barbiturates I ....175
75. Aging: functional anatom y.......................................................................179
76. Developmental disorders of the nervous system I ......................181
77. Degenerative disease: Alzheimer's— ß-amyloid I I .......................184
78. Degenerative disease: Alzheimer's— cognitive function:

neuropsychology............................................................................................187
79. Degenerative disease: Alzheimer's—cognitive function:

imaging and neuropathology.................................................................. 189
80. Degenerative disease: Alzheimer's— neuropharmacology

and neurotransmitters I ............................................................................... 190
81. Degenerative disease: Alzheimer's— other I ................................... 192
82. Degenerative disease: other I .................................................................. 195
83. Neuromuscular disease..............................................................................197
84. Mental illness I I .............................  199

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

85. History of neuroscience............................................................ 203
86. Teaching of neuroscience I .........  206
87. Teaching of neuroscience I I ..................................................... 209
88. Teaching of neuroscience I II .................................................... 212

Symposia — 1:00 p.m.
89. Phosphorylation Cascades, Neurofibrillary Tangles, and

Alzheimer's Disease
Chaired by: P.D. Coleman....................................................................... 215

90. Functional Organization of Human Visual Cortex
Chaired by: A. Burkhalter....................................................................... 215

History of Neuroscience Lecture — 1:00 p.m.
91. Neural Integration at the Mesoscopic Level:

Highlights of Half a Century
T.H . B u llo ck ..................................................................................No Abstract

Special Lecture — 4:15 p.m.
92. Peripheral Neuropathies and Nerve Regeneration: Common 

Molecular Themes?
E.M. Shooter...................................................................................No Abstract

Slide Sessions — 1:00 p.m.
93. Serotonin receptors: pharmacology, localization,

regulation...........................................................................................................216
94. Pattern formation, compartments, and boundaries I ..................217
95. Uptake and transporters II ........................................................................219
96. Degenerative disease: Alzheimer's— neuropathology and

neurotransmitters.................................. . ......................................................221
97. Gene structure and function I I .............................................................. 223
98. Neural-immune interactions: cytokine effects on the

nervous system.................................................................................  225
99. Degenerative disease: Alzheimer's—other I I ..................................227

100. Retina: photoreceptors and interneurons.........................................229
101. Catecholamine receptors.......................................................................... 231
102. Pain modulation: anatomy and physiology I I ................................ 233
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103. Axon guidance mechanisms and pathways III ............................. 235
104. Peptides: receptor molecular bio logy................................................237
105. Visual system ..................................................................................................239
106. Long-term potentiation I ............................................................................241

Poster Sessions — 1:00 p.m.
107. Cell shape and differentiation: immortalized cells

and cell lines....................................................................................................243
108. Neurotrophic factors: expression and regulation I I .....................245
109. Neurotrophic factors: expression and regulation I II ................... 249
110. Neurotrophic factors: expression and regulation I V ..................253
111. Neurotrophic factors: expression and regulation V ....................256
112. Molecular and pharmacological correlates of

development I .................................................................................................261
113. Glia and other non-neuronal cells: PNS development.............264
114. Neuroglia and myelin I I ............................................................................. 266
115. Membrane composition and cell-surface

macromolecules I .............................................................   268
116. Synaptic structure and function I ......................................................... 270
117. Postsynaptic mechanisms I ...................................................................... 271
118. Pharmacology of synaptic transmission I .........................................274
119. Ligand-gated ion channels: glutamatergic........................................277
120. Ligand-gated ion channels: non-glutamatergic............................279
121. Sodium channels I .........................................................................................283
122. Acetylcholine: neuroanatomy.................................................................286
123. Acetylcholine receptors: neuronal nicotinic I ...............................288
124. Excitatory amino acids: pharmacology I ..........................................291
125. Excitatory amino acids: receptors I I ....................................................294
126. Serotonin: neurochemistry........................................................................297
127. Transmitters in invertebrates: biogenic am ines............................ 300
128. Interactions between neurotransmitters I .........................................301
129. Regional localization of receptors and transmitters I I ................304
130. Second messengers II ..................................................................................307
131. Hypothalamic-pituitary-gonadal regulation: control of LH

secretion............................................................................................................ 311
132. Cardiovascular regulation: sympathetic system............................ 312
133. Cardiovascular regulation: vagal system.......................................... 315
134. Autonomic regulation: supraspinal control.....................................318
135. Autonomic regulation: spinal and peripheral mechanisms...321
136. Somatic and visceral afferents II ...........................................................323
137. Subcortical somatosensory pathways: spinal cord and

brainstem.............................................................. ............................................ 326
138. Subcortical visual systems: pretectum and pulvinar.................. 330
139. Striate cortex: functional organization I ............................................332
140. Striate cortex: functional organization I I ..........................................334
141. Invertebrate sensory systems I .................................................................336
142. Invertebrate sensory systems I I ............................................................... 338
143. Vestibular system: psychophysics........................................................342
144. Oculomotor system: pursuit and optokinetic nystagmus....... 344
145. Oculomotor system: vergence and accommodation................. 346
146. Circuitry and pattern generation I ........................................................347
147. Limbic system I ..............................................................................................350
148. Limbic system II .............................................................................................354
149. Limbic system III ........................................................................................... 357
150. Learning and memory: systems and functions I ............................ 358
151. Learning and memory: systems and functions I I .................. ......362
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152. Learning and memory: systems and functions I I I .........................365
153. Learning and memory: pharmacology— monoamines............. 367
154. Learning and memory: pharmacology— opioids..........................370
155. Motivation and emotion I ..........................................................................371
156. Neuroethology: electroreception......................................... 374
157. Drugs of abuse: ethanol, benzodiazepines, barbiturates II ...377
158. Psychotherapeutic drugs: c lozap ine ......................................  382
159. A g ing .......................................................................................................   385
160. Genetic models of nervous system disorders I ..............................389
161. Epilepsy: human studies and animal models I ............................... 392
162. Degenerative disease: Alzheimer's— ß-amyloid I I I ......................395
163. Degenerative disease: Alzheimer's—

neuropharmacology and neurotransmitters I I .................................399
164. Degenerative disease: Parkinson's—free radicals........................401
165. Degenerative disease: Parkinson's—neurotoxicity I .................. 404
166. Degenerative disease: Parkinson's— neurotoxicity II ................. 406
167. Degenerative disease: other I I ................................................................. 408
85. History of neuroscience.............................................................203
86. Teaching of neuroscience I ...........................................  206
87. Teaching of neuroscience I I .....................     209
88. Teaching of neuroscience I II .....................................................212

Animals in Research Panel — 5:30 p.m.
168. Animal Activism in the '90s: What Have We Learned and

What Can We Expect?............................................................. No Abstract

Presidential Symposium — 8:00 p.m.
169. Brain Plasticity: Molecules and Maps

Cortical Representational Plasticity: Contributions to 
Learning
M. M erzenich ..................................................................No Abstract
New Molecular Mechanisms of Neurotrophin Action
M.V. C h ao .................................................................  No Abstract
Regeneration in the Adult Central Nervous System
F.H. G ag e ..............................................................................No Abstract
Neural Transplantation in the Basal Ganglia: Neuronal 
Replacement and Reconstruction of Lesioned Circuitry 
A. Bjorklund ...................................   No Abstract

TUESDAY, NOVEMBER 9
Symposia — 8:30 a.m.

170. Role of Calcium in Stimulus-secretion Coupling
Chaired by: J.R. Lem os............................................ ..................................411

171. Molecular Plasticity to Psychotropic Drugs
Chaired by: E.J. Nestler...............................................................................411

Special Lecture — 11:45 a.m.
172. Steering Responses of Neuronal Growth Cones to In Situ 

Guidance in an Insect Embryo
D. Bentley............................................................... .....................No Abstract

Session
Number & Title Page

Slide Sessions —  8:30 a.m.
173. Learning and memory: physiology I ................................................... 411
174. Hypothalamic-pituitary-adrenal axis regulation:

focus on CRF and glucocorticoid receptors.................................. 414
175. Neurotrophic factors: biological effects I ........................................ 416
176. Neuroglia and myelin I II ........................................................................... 418
177. Opioids: receptor physiology and sigma sites..............................420
178. Regeneration I .............................. ..................................................................422
179. Striate cortex: functional organization I I I ........................................424
180. Oculomotor system: physiology and psychophysics

of saccades........................................................................................................ 426
181. Receptor modulation, up and down regulation I .........................428
182. Degenerative disease: Alzheimer's— ß-amyloid I V ................... 430
183. Long-term potentiation I I .......................................................   432
184. Cardiovascular regulation: supramedullary control....... ............434
185. Process outgrowth, growth cones, and sprouting I I ................... 435
186. Learning and memory: systems and functions I V ........................437

Poster Sessions —  8:30 a.m.
187. Neuronal death I ............................................................................................440
188. Pattern formation, compartments, and boundaries I I .................443
189. Glia and other non-neuronal cells: response to in ju ry ........... 446
190. Glia and other non-neuronal cells:

microglia/macrophage................................................... ........................... 449
191. Visual system: optic tectum/superior co llicu lu s.......................... 452
192. Aging processes I ............................................................................................455
193. Membrane composition and cell-surface

macromolecules I I .........................................................................................459
194. Acetylcholine receptors: muscarinic antagonists

and agonists.................................................................................................... 460
195. Acetylcholine receptors: neuronal and

α -bungarotoxin-sensitive........................................................................... 463
196. Excitatory amino acids: anatomy and physiology I ....................466
197. Excitatory amino acids: pharmacology I I .........................................470
198. Excitatory amino acids: receptors I I I ...................................................472
199. GABA receptors: structure........................................................................ 475
200. Peptides: physiological effects I .......................................... 478
201. Peptides: physiological effects II ............................................................481
202. Opioids: anatomy and physiology I .....................................................483
203. Catecholamines I I ...........................................................................................486
204. Transmitters in invertebrates: amino ac ids.......................................489
205. Interactions between neurotransmitters II ....................................... 491
206. Uptake and transporters III ..............................................................  494
207. Receptor modulation, up and down regulation I I ........................ 497
208. Neural-immune interactions: neurochemical effects

of immune stimulation................................................................................ 501
209. Neural-immune interactions: neurophysiological

response to immune stimulation............................................................ 502
210. Neural-immune interactions: CNS effects on

immune response............................................................................................504
211. Neural-immune interactions: endocrine effects

on immune response.................................................................................... 507
212. Autonomic regulation: genital innervation............................. 508
213. Autonomic regulation: urinary system innervation...................... 509
214. Somatic and visceral afferents III .......................................................... 512
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Number & Title __________  Page

215. Subcortical somatosensory pathways: thalamus..........................515
216. Pain modulation: anatomy and physiology I I I ..............................518
21 7. Pain modulation: pharmacology I I ...................................................... 521
218. Lateral geniculate nucleus: structure and function....................524
219. Lateral geniculate nucleus: biophysics and pharmacology ...526
220. Subcortical visual pathways: retinofugal and retinopetal

systems.....................................................................................   528
221. Subcortical auditory pathways I ............................................................. 530
222. Subcortical auditory pathways I I ............................................................532
223. Subcortical auditory pathways I I I .......................................................... 534
224. Spinal cord and brainstem I ......................................................................537
225. Spinal cord and brainstem I I .................................................................... 539
226. Control of posture and movement I I I ..................................................543
227. Control of posture and movement IV ..................................................546
228. Control of posture and movement V ................................................... 548
229. Control of posture and movement V I ..................................................551
230. Control of posture and movement V I I ................................................ 554
231. Circuitry and pattern generation I I ........................................................556
232. Human cognition: hemispheric laterality, gender

differences...........................................................................................................559
233. Human cognition: attention......................................................................561
234. Learning and memory: pharmacology—other I ............................ 565
235. Biological rhythms and sleep I ................................................................567
236. Biological rhythms and sleep I I ...............................................................571
237. Neuroethology: audition ........................................................................... 575
238. Invertebrate learning and behavior I I ..................................................578
239. Ingestive behaviors I ....... ..............................................................................581
240. Ingestive behaviors I I ....................................................................................583
241. Hormonal control of reproductive behavior:

male/female/parental....................................................................................584
242. Monoamines and behavior: sexual behavior.................................588
243. Monoamines and behavior: gene expression.................................590
244. Monoamines and behavior: serotonin ............................................... 591
245. Drugs of Abuse: ethanol, benzodiazepines,

barbiturates— G A B A ......................................................  594
246. Psychotherapeutic drugs: antipsychotics...........................................596
247. Aging: memory and cognition................................................................ 599
248. Epilepsy: human studies and animal models I I ..............................602
249. Epilepsy: basic mechanisms II ................................................................605

85. History of neuroscience.............................................................203
86. Teaching of neuroscience I ....................................................... 206
87. Teaching of neuroscience I I ......................................................209
88. Teaching of neuroscience I II .....................................................212

Symposia — 1:00 p.m.
250. Integration in Central Somato-visceral Processing

Chaired by: A .D . Craig and A.D . Loewy............................................609
251. Microglia and Neuronal Injury

Chaired by: C.A. Colton and W.J. Streit............................................609

Presidential Special Lecture — 1:00 p.m.
252. Attention and Distributed Neural Systems in Higher Brain 

Function
M .I  Posner.................................................................................... .No Abstract

v iii

Session
Number & Title ________________Page

Presidential Special Lecture — 4:15 p.m.
253. How Language Works

S. P inker...........................................................................................No Abstract

Slide Sessions — 1:00 p.m.
254. Drugs of abuse: alcohol, barbiturates, benzodiazepines....... 609
255. Presynaptic mechanisms I ........................................................................ 611
256. Cell lineage and determination: immortalization,

transplants, cortex ..........................................................................................613
257. Sensory and motor systems.......................................................................615
258. Hypothalamic-pituitary-gonadal regulation:

control of GnRH secretion........................................................................ 618
259. Process outgrowth, growth cones, and sprouting I I I .................. 620
260. Degenerative disease: Alzheimer's—other I I I ................................ 622
261. Excitatory amino acids: receptors IV ...................................................624
262. Molecular and pharmacological correlates of

development I I ................................................................................................ 626
263. Striate cortex: response properties I .................................................... 628
264. Degenerative disease: Parkinson's....................................................... 630
265. Serotonin receptors: molecular biology I .........................................632
266. Neuronal death I I ...........................................................................................633
267. Ischemia I ................................................  635

Poster Sessions — 1:00 p.m.
268. Cell lineage and determination: telencephalon............................ 637
269. Cell lineage and determination: neural crest..................................639
270. Formation and specificity of synapses: motor neuron

muscle interaction......................................................................................... 641
271. Formation and specificity of synapses: neuronal target

interaction.......................................................................................................... 642
272. Formation and specificity of synapses: motor neuron to

m uscle ................................................................................................................644
273. Formation and specificity of synapses: telencephalon............646
274. Neurotransmitters and channels: glutamate and G A B A .........648
275. Neurotrophic factors: biological effects I I ........................................651
276. Neurotrophic factors: biological effects I I I ...................................... 656
277. Neurotrophic factors: biological effects IV ...................................... 662
278. Neurotrophic factors: biological effects V ........................................665
279. Neuronal death I I I ......................................................................................... 668
280. G lia and other non-neuronal cells: neurotransmitters

and ion channels..................................................................................... 671
281. Cerebral cortex and limbic system....................................................... 673
282. Regeneration I I ................................................................................................ 676
283. Regeneration I I I ...............................................................................................679
284. Transplantation II .........................................................................  682
285. Neuroglia and myelin I V ...........................................................................685
286. Membrane composition and cell-surface

macromolecules I I I ..................     689
287. Blood-brain barrier: structure/function...............................................691
288. Blood-brain barrier: permeability/transport..................................... 693
289. Gene structure and function I I I .............................................................. 696
290. Synaptic structure and function I I .........................................................699
291. Calcium channel pharmacology and modulation I ....................701
292. Potassium channel structure, function, and expression I ....... 704
293. Potassium channel pharmacology....................................................... 707
294. Potassium channel modulation.............................................................. 710
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295. Ion channel modulation and regulation I .......................................... 713
296. Excitatory amino acids: pharmacology I I I .........................................716
297. Excitatory amino acids: receptors V .....................................................719
298. Peptides: receptors I ....................................................................................... 722
299. Peptides: receptors I I ..........................................................................  725
300. Peptides: receptors I I I .................................................................................... 729
301. Peptides: anatomical localization I ....................................................... 731
302. Catecholamine receptors: dopamine receptors—

molecular b io logy............................................................................................733
303. Catecholamines: biosynthesis and degradation............................. 736
304. Catecholamines: dopamine release ......................................................739
305. Serotonin: electrophysiology.................................................................... 742
306. Transmitters in invertebrates: acetylcholine.................................... 743
307. Uptake and transporters I V .........................................................................745
308. Regional localization of receptors and transmitters I I I ...............748
309. Second messengers: PKC, calcium, and IP 3 .................................... 750
310. Behavioral pharmacology I .........................................................................754
311. Behavioral pharmacology I I ..........................................  757
312. Hypothalamic-pituitary-adrenal axis regulation: C R F ................760
313. Somatosensory cortex and thalamocortical

relationships I I ......... ...............    764
314. Subcortical visual pathways: superior co llicu lus.......................... 766
315. Visual cortex: extrastriate— unit properties......................................769
316. Visual psychophysics and behavior I ...................................................771
317. Sensorimotor cortex: plasticity..................................................................775
318. Sensorimotor cortex: behavioral correlates of neuronal

discharge................................................................................................................ 777
319. Sensorimotor cortex: neuronal interactions......................................780
320. Basal ganglia and thalamus IV ..................................................................781
321. Oculomotor system: saccades and superior co llicu lus............. 784
322. Oculomotor system: eye-head control................................................ 788
323. Human cognition: memory, o th er................ ........................................790
324. Learning and memory: physiology I I .....................................  793
325. Learning and memory: physiology I I I .................................................. 796
326. Learning and memory: physiology I V ................................................. 800
327. Neural plasticity: hippocampus.............................................................. 803
328. Neural plasticity I ....................................................  806
329. Motivation and emotion I I ..........................................................................809
330. Invertebrate learning and behavior I I I ........................................   813
331. Ingestive behaviors I I I .................................................................................... 816
332. Hormonal control of reproductive behavior: receptors.......... 819
333. Drugs of abuse: amphetamine and other stimulants—

amphetamine ......................................................................................................821
334. Drugs of abuse: amphetamine and other stimulants—

amphetamine: behavior................................................................................823
335. Drugs of abuse: amphetamine and other stimulants—

amphetamine derivatives.............................................................................826
336. Drugs of abuse: amphetamine and other stimulants—

nicotine..................................................   829
337. Drugs of abuse: amphetamine and other stimulants—

phencyclidines and o ther............................................................................830
338. Degenerative disease: Alzheimer's— ß-amyloid V ......................832
339. Degenerative disease: other I I I ................................................................. 834
340. Mental illness I I I ............................................................................ . .................837
85. History of neuroscience............................................................. 203
86. Teaching of neuroscience I ............................... ....... ............. ..206

87. Teaching of neuroscience I I ...................................................... 209
88. Teaching of neuroscience I II .....................................................212

Social Issues Roundtable —  4:30 p.m.
341. Genetic Manipulation of the Brain

Sponsored by: Social Issues Committee of the Society for 
Neuroscience, H.J. Ralston, Chairperson........................No Abstract

The Grass Foundation Lecture —  8:00 p.m.
342. Inductive Interactions and the Control of Neural Cell Fate in 

Vertebrates
T.M . Jessell ....................................................................................... No Abstract

WEDNESDAY, NOVEMBER 10
Symposia —  8:30 a.m.

343. Molecular Biology of Neuropeptide Receptors: How Different
Are They?
Chaired by: T. R eisine ................... ..............................................................840

344. Regulation of Oligodendrocyte Development
Chaired by: M. Dubois-Dalcq ................................................................ 840

Special Lecture —  11:45 a.m.
345. RNA Trafficking in Neurons: A Mechanism Allowing the Local

Synthesis of Protein Constituents of Postsynaptic Sites

Slide Sessions —  8:30 a.m.
346. Degenerative disease: other I V ............................ . ............................... 841
347. Human cognition: audition and language I .....................................843
348. Opioids: receptor molecular b iology..................................................845
349. Hypothalamic-pituitary-gonadal regulation: cellular and

molecular aspects.............................................................................................847
350. Ischemia I I ........................................................................................................ ...849
351. GABA receptors: function— molecular modeling I ......................851
352. Limbic system IV .............................................................................................. 853
353. Psychotherapeutic drugs: effects on neurotransmitter

systems.................................................................................................................. 855
354. Oculomotor system: superior colliculus and brainstem .........857
355. Degenerative disease: Alzheimer's— ß-amyloid VI ...................859
356. Cell lineage and determination: cellular and molecular

specification......................... ..................... ........................................................861
357. Transplantation III ............................ ............................................................ 863
358. Stress: from molecular biology to behavior.................................... 865
359. Striate cortex: p lastic ity ..............................................................................867

Poster Sessions —  8:30 a.m.
360. Genesis of neurons and glia II .......................................................... ....869
361. Cell migration and motility: olfactory neurons............................. 872
362. Cell migration and motility: neural plate and

crest derivative..................................................................................................874
363. Process outgrowth, growth cones, and sprouting IV ..................875
364. Process outgrowth, growth cones, and sprouting V ................... 877
365. Hormones and development: estrogens............................................ 880
366. Hormones and development: glucocorticoids..............................881

IX



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS

Session Session
Number & Title ______________ Page Number & Title____________________________________ __________________ Page

367. Hormones and development: androgens.........................................882
368. Neuronal death IV .......................................................  883
369. Sensory systems I I .............................................................................................887
370. Visual system: LGN and cortex................................................................890
371. Aging processes I I .............................................................................................895
372. Membrane composition and cell-surface

macromolecules I V ........................................................................................ 898
373. Presynaptic mechanisms II ....................................................................... 900
374. Long-term potentiation I I I ..........................................................................903
375. Long-term potentiation IV ........................................................................... 906
376. Long-term potentiation V .............................................................................910
377. Acetylcholine..................................................................................................... 913
378. Acetylcholine: СҺАТ and АСҺ Е.............................................................. 915
379. Excitatory amino acids: anatomy and physiology II ...................918
380. Excitatory amino acids: pharmacology IV ....................................... 921
381. Excitatory amino acids: receptors V I ...................................................925
382. Catecholamines: anatomical and developmental aspects ....927
383. Transmitters in invertebrates: peptides................................................929
384. Storage, secretion, and metabolism I ...................................................932
385. Uptake and transporters V ..........................................................................935
386. Second messengers III ...................................................................................938
387. Hypothalamic-pituitary-adrenal axis regulation: basic and

clinical stud ies...................................................................................................941
388. Neural-immune interactions: sympathetic regulation of

immune response.............................................................................................944
389. Neural-immune interactions: other neurotransmitters in

immune tissues..........................................................  946
390. Cardiovascular regulation: ventrolateral m edulla........................ 950
391. Cardiovascular regulation: descending contro l.............................953
392. Cardiovascular regulation: hypothalamic control ....................... 956
393. Autonomic regulation: central gastrointestinal control.............959
394. Autonomic regulation: peripheral gastrointestinal control ....962
395. Pain modulation: anatomy and physiology I V .............................. 964
396. Pain modulation: pharmacology I I I .......................................................966
397. Visual cortex: extrastriate— anatom y...................................................969
398. Visual cortex: extrastriate— cognitive mechanisms II ................973
399. Basal ganglia and thalamus V ...................................................................977
400. Cerebellum I .......................................................................................................979
401. Cerebellum II .....................................................................................................981
402. Spinal cord and brainstem I I I ....................................................................983
403. Spinal cord and brainstem I V .............................................  986
404. Control of posture and movement V I I I ................ .....................  989
405. Control of posture and movement IX .................... 991
406. Circuitry and pattern generation i l l .......................................................994
407. Comparative neuroanatomy I I ................................................................. 996
408. Learning and memory: systems and functions V ..... ...................998
409. Learning and memory: systems and functions V I .................... 1001
410. Learning and memory: systems and functions V I I ...................1004
411. Learning and memory: physiology V ...............................................1005
412. Learning and memory: pharmacology—

benzodiazepines...................................... . ....................................................1008
413. Learning and memory: pharmacology— excitatory

amino acids......................................................................................................1009
414. Neural plasticity I I .........................................................................................1012
415. Neuroethology: bird vocalization....................................................... 1015

416. Hormonal control of reproductive behavior:
immediate early gene expression................................................ . 1019

417. Drugs of abuse: opioids and others— opioids:
neurochemistry.....................  1021

418. Drugs of abuse: opioids and others— opioids: behavior......1024
419. Epilepsy: human studies and animal models I I I ..........................1027
420. Epilepsy: basic mechanisms III .............................................................1030
421. Degenerative disease: Alzheimer's— ß-amyloid VII ................1033
422. Degenerative disease: Alzheimer's— ß-amyloid VIII ...............1037
423. Degenerative disease: Alzheimer's— neuropharmacology

and neurotransmitters I I I ............................................................................1039
424. Degenerative disease: Alzheimer's— other I V .............................1042
425. Degenerative disease: Alzheimer's— other V ...............................1044
426. Degenerative disease: Parkinson's— human

neuropharmacology and pathology...................................................1047
427. Degenerative disease: Parkinson's—functional

morphology....................................................................................................... 1048
428. Degenerative disease: Parkinson's— human performance

and primate models......................................................................................1050
429. Degenerative disease: Parkinson's—transplantation

and g lia ................................................................................................................1052
85. History of neuroscience..............................................................203
86. Teaching of neuroscience I .......................................................206
87. Teaching of neuroscience I I .......................................................209
88. Teaching of neuroscience I II ......................................................212

Symposia —  1:00 p.m.
430. Thalamocortical Mechanisms Underlying Generalized Absence

Seizures
Chaired by: D .A. P rin ce ............................................................. ............1054

431. Cortical Oscillatory Responses and Feature Binding
Chaired by: J.A. Movshon....................................................................... 1054

Special Lecture — 1:00 p.m.
432. Survival, Regrowth, and Reconnection of Injured Neurons in 

the Adult Mammalian CNS
A.J. Aguayo.................................................................... ..................No Abstract

Special Lecture —  4:15 p.m.
433. Spinal Cord Mechanisms of Opioid Analgesia 

and Tolerance
A. Basbaum......................................................................................No Abstract

Slide Sessions —  1:00 p.m.
434. Biological rhythms and sleep I II ..........................................................1054
435. Ischemia I I I .......................................................................................................1056
436. Cytoskeleton transport and membrane targeting I I ..................1058
437. Serotonin: anatomy, regulation, and clinical studies.............1059
438. Potassium channel structure, function, and

expression I I ..................................................................................................... 1061
439. Catecholamine receptors: dopamine I I ........................................... 1063
440. Invertebrate learning and behavior IV ..............................................1065
441. Peptides: posttranslational processing.............................................. 1067
442. Neuroendocrine regulation: gene expression and

co-localization................................................................................................1069
443. Neuro-oncology I ........................................................................................1071

X



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS

Session
Number & Title Page

444. Pain: pathways I ................. ........................................................................ 1072
445. Synaptic structure and function i l l ....................................................1075
446. Cardiovascular regulation: brainstem integration.................... 1076
447. Learning and memory: systems and functions V I I I ................. 1078

Poster Sessions —  1 :00 p.m.
448. Process outgrowth, growth cones, and sprouting V I ................1081
449. Process outgrowth, growth cones, and sprouting V II ...............1084
450. Axon guidance mechanisms and pathways IV ............................1086
451. Axon guidance mechanisms and pathways V .............................1089
452. Neurotransmitters and channels: acetylcholine, amines,

peptides, G-proteins..................................................................................1092
453. Neurotrophic factors: biological effects V I ....................................1095
454. Neurotrophic factors: biological effects V I I ...................................1099
455. Neurotrophic factors: biological effects V I I I ................................. 1103
456. Pattern formation, compartments, and boundaries I I I .............1106
457. Molecular and pharmacological correlates of

development I I I .........................   1109
458. Staining, tracing, and imaging techniques: confocal

m icroscopy...................................................................................................... 1112
459. Staining, tracing, and imaging techniques I ................................. 1113
460. Neuroglia and myelin V ...........................................................................1116
461. Gene structure and function IV .............................................................1119
462. Presynaptic mechanisms III ................. ................................................1123
463. Calcium channels: effects of transmitters

and hormones................................................................................................ 1126
464. Chloride and other ion channels........................................................ 1129
465. Acetylcholine receptors: muscarinic subtypes........................... 1130
466. Acetylcholine receptors: nicotinic receptor expression....... 1132
467. Excitatory amino acids: receptors V I I ................................................1134
468. GABA receptors: function: GABAa ....................................................1137
469. GABA receptors: function— molecular modeling I I ................. 1140
470. GABA receptors: function— benzodiazepines..................   1141
471. GABA receptors: function— GABAB, GABAC................................1144
472. GABA receptors: development............................................................ 1146
473. Peptides: anatomical localization I I ............................................ ....1148
474. Peptides: anatomical localization I I I .................................................1150
475. Opioids: receptors I I ....................................................................................1152
476. Opioids: receptors I I I .................................................................................. 1154
477. Opioids: anatomy and physiology I I .................................................1156
478. Opioids: anatomy and physiology I I I ................................................1159
479. Catecholamines: release...........................................................................1162
480. Serotonin receptors: molecular biology I I ......................................1163
481. Serotonin receptors: pharmacology and localization.............1166
482. Serotonin: neurotoxins, behavior and physiology.................... 1169
483. Transmitters in invertebrates: nitric o x id e ................................... 1172
484. Interactions between neurotransmitters III ....................................1173
485. Second messengers: nitric oxide and calcium .............................1175
486. Behavioral pharmacology I I I .................................................................. 1179
487. Receptor modulation, up and down regulation I II .................... 1182
488. Hypothalamic-pituitary-adrenal axis regulation: POMC

and steroid receptor studies................................................................,.1185
489. Neuroendocrine regulation: CRF, gonadal and adrenal

steroids................................................................................................................ 1189
490. Respiratory regulation: medullary and spinal cord

mechanisms.....................................................................................................1192

Session
Number & Title Page

491. Spinal cord I ............................................................................................ .......1195
492. Retina: invertebrate................................................................................... 1197
493. Retina: choroid, pigment epithelium,

and photoreceptors....................................................................................1199
494. Auditory system: central anatomy— brainstem........................... 1202
495. Sensorimotor cortex: functional stimulation, models, and

behavior............................................................................................................. 1205
496. Sensorimotor cortex: functional imaging .......................................1208
497. Sensorimotor cortex: neuroanatomy.................................................1210
498. Motor cortex: neuropharmacology....................................................1213
499. Cerebellum III ........................................................................................... ...1214
500. Brain metabolism and blood flow: miscellaneous.................... 1217
501. Brain metabolism and blood flow: blood flo w .........................   1219
502. Brain metabolism and blood flow: P ET ........................................... 1222
503. Brain metabolism and blood flow: nitric oxide ..........................1224
504. Learning and memory: systems and functions I X ....................1226
505. Learning and memory: systems and functions X ......................1229
506. Learning and memory: systems and functions XI ....................1231
507. Learning and memory: pharmacology— other I I ........................ 1234
508. Ingestive behaviors I V ............................................................................... 1237
509. Monoamines and behavior: stimulants........................................... 1240
510. Monoamines and behavior: stress and depression...................1243
511. Drugs of abuse: opioids and others— opioids:

w ithdrawal....................................................................................................... 1246
512. Drugs of abuse: opioids and others—developmental

effects...................................................................................................................1249
513. Degenerative disease: Alzheimer's— ß-amyloid IX ...................1250
514. Degenerative disease: Alzheimer's—

neuropharmacology and neurotransmitters I V ........................... 1252
515. Degenerative disease: Alzheimer's—other V I .............................1254

85. History of neuroscience............................................................. 203
86. Teaching of neuroscience I ........................................................206
87. Teaching of neuroscience Џ ...................................................... 209
88. Teaching of neuroscience HI............................   212

THURSDAY, NOVEMBER 11
Symposia —  8:30 a.m.

516. GABA as a Developmental Signal
Chaired by: J.L. Barker...............................................................................1256

517. Neuronal Functions of Calmodulin-dependent 
Protein Kinase II
Chaired by: T .R . Soderling...................................................................... 1256

Special Lecture —  11:45 a.m.
518. Object-oriented Action: A Neuro-behavioral Approach

M. Jeannerod..................................................................................No Abstract

Slide Sessions — 8:30 a.m.
519. Retina: ganglion cells I ............................................................................. 1257
520. Gene structure and function V ............................................................1259
521. Ion channel modulation and regulation I I ..................................... 1261
522. Ingestive behaviors V ...................................................................  1263
523. GABA receptors: function: in vivo studies....................................1265
524. Brain metabolism and blood flow I ....................................................1267

XI



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS

Session
Number & Title Page

525. Peptides: receptor physiology...............................................................1269
526. Formation and specificity of synapses.............................................. 1271
527. Transmitters in invertebrates..................................................................1273
528. Degenerative disease: Alzheimer's— ß-amyloid X ....................1275
529. Cerebellum IV ................................................................................................1277
530. Osmotic regulation/chemical senses: central pathways......1280
531. Visual cortex: extrastriate— motion processing..........................1282
532. Human cognition: attention and memory..................................... 1284

Poster Sessions — 8:30 a.m.
533. Genesis of neurons and glia III ........................................................... 1286
534. Cell lineage and determination: visual system ............................1288
535. Process outgrowth, growth cones, and sprouting V III ............. 1290
536. Axon guidance mechanisms and pathways V I .......... ............... 1293
537. Formation and specificity of synapses: receptor

localization...................................................................................................... 1294
538. Neurotrophic factors: receptors and cellular

mechanisms I ..................................................................................................1295
539. Neurotrophic factors: receptors and cellular

mechanisms I I ........................................................................  1302
540. Neurotrophic factors: receptors and cellular

mechanisms I I I ...............................................................................................1305
541. Neurotrophic factors: receptors and cellular

mechanisms IV ...............................................................................................1308
542. Hormones and development: neuroanatomical find ing ......1311
543. Regeneration IV ..........................................................................  1313
544. Transplantation IV ...........................................................   1317
545. Staining, tracing, and imaging techniques II .............................. 1320
546. Long-term potentiation V I .................................................. ....................1323
547. Long-term potentiation V II ..................................................................... 1325
548. Calcium channel structure, function, and expression I I ....... 1329
549. Calcium channel physiology.................................................................1331
550. Potassium channel physiology..............................................................1335
551. Acetylcholine receptors: expression of muscarinic

receptors............................................................................................................1338
552. Acetylcholine receptors: m uscle..........................................................1339
553. Excitatory amino acids: excitotoxicity I I ..........................................1341
554. Excitatory amino acids: excitotoxicity I I I ........................................ 1345
555. Excitatory amino acids: excitotoxicity I V .................................... 1348
556. Excitatory amino acids: pharmacology V ....................................... 1351
557. Excitatory amino acids: receptors V II I .............................................. 1355
558. Excitatory amino acids: receptors IX .................................................1358
559. Peptides: biosynthesis, metabolism, and biochemical

characterization I ........................................................................................1360
560. Peptides: biosynthesis, metabolism, and biochemical

characterization II ........................................................................................1363
561. Peptides: biosynthesis, metabolism, and biochemical

characterization III ........................................................................ 1366
562. Catecholamine receptors: dopamine receptor

localization and regulation....................................... ............................1368
563. Catecholamines: electrophysiology...................................................1372
564. Serotonin receptors: ontogeny and regulation............................. 1375
565. Serotonin receptors: physiology and behavior............................1378
566. Interactions between neurotransmitters IV ................................... 1382

Session
Number & Title Page

567. Storage, secretion, and metabolism I I ..............................................1384
568. Second messengers IV ............................................... ..............................1387
569. Behavioral pharmacology I V .................................................................1390
570. Hypothalamic-pituitary-gonadal regulation:

neuropeptides and transmitters............................................................ 1393
571. Hypothalamic-pituitary-gonadal regulation:

releasing hormones .....................................................................................1395
572. Hypothalamic-pituitary-gonadal regulation:

gonadotropins, neuropeptides, steroids..........................................1398
573. Neuroendocrine regulation: catecholamine and G A B A ......1399
574. Respiratory regulation: carotid body, pons,

hypothalamus, miscellaneous...............................................................1402
575. Pain: pathways I I .................................................................................. .....1404
576. Pain modulation: anatomy and physiology V .............................1407
577. Pain modulation: pharmacology I V .................................................. 1410
578. Retina: functional organization........................... ...............................1413
579. Retina: ganglion cells I I ............................................................................1416
580. Auditory system: co ch lea ........................................................................1418
581. Auditory cortex I ................................................................   1421
582. Auditory cortex II ........................................................................................1423
583. Auditory system: central anatomy— midbrain, thalamus,

and cortex.........................................................................................................1425
584. Chemical senses: peripheral gustatory mechanisms................1428
585. Chemical senses: central gustatory mechanisms..................... .1430
586. Basal ganglia and thalamus V I ..............................................................1431
587. Basal ganglia and thalamus V I I ............................................................ 1434
588. Spinal cord and brainstem V .................................................................1437
589. Limbic system V ........................................................................................... 1440
590. Association cortex and thalamocortical relations I ...................1444
591. Association cortex and thalamocortical relations I I ................. 1446
592. Learning and memory: systems and functions XII .................... 1448
593. Stress: neurochemistry...............................................................................1449
594. Neuropeptides and behavior: vasopressin, NPY,

neurotensin, and others............................................................................ 1452
595. Ethanol and benzodiazepines: tolerance, dependence,

w ithdrawal....................................................................................................... 1455
596. Drugs of abuse: opioids and others— miscellaneous...............1458
597. Developmental disorders of the nervous system I I ...................1461
598. Epilepsy: human studies and animal models I V .........................1464
599. Epilepsy: basic mechanisms IV ............................................................ 1467
600. Degenerative disease: Alzheimer's— ß-amyloid X I ...................1470
601. Degenerative disease: Alzheimer's—other V I I ........................... 1473

85. History of neuroscience..................................................... 203
86. Teaching of neuroscience I ...............................    206
87. Teaching of neuroscience I I ...................................................... 209
88. Teaching of neuroscience I II ..................................................... 212

Symposia —  1:00 p.m.
602. Neurotransmitter Transporters

Chaired by: M.J. Kuhar........................................................................... 1475
603. Prefrontal Mechanisms of Disordered Cognition: Relevance to 

Schizophrenia
Chaired by: P.S. Goldman-Rakic...................................................... 1475

XII



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS

Presidential Special Lecture — 1:00 p.m.
604. MK-801 (Devazepide): Catalyst for Interchange Between

Session
Number & Title Page

Industry and Academia
L.L. Iversen .....................................................................................No Abstract

Special Lecture — 4:15 p.m.
605. Psychophysical Studies of Visual Attention

K. Nakayama..............................................................................No Abstract

Slide Sessions — 1:00 p.m.
606. Neurotrophic factors: receptors and cellular

mechanisms V ...............................................................................................1476
607. Calcium channel pharmacology and modulation I I ...............1478
608. Axon guidance mechanisms and pathways V I I ......................... 1480
609. Neurotoxicity I ..............................................................................................1482
610. Cardiovascular regulation: spinal and peripheral control... 1483
611. Trauma...............................................................................................................1485
612. Biological rhythms and sleep I V .........................................................1487
613. Respiratory regulation .............................................................................1489
614. Vestibular system ........................................................................................ 1491
615. Brain metabolism and blood flow I I ..................................................1493
616. Motor co rtex............................................... ................................................. 1495
617. Drugs of abuse: cocaine ..........................................................................1497
618. Visual cortex: extrastriate— functional architecture................. 1499
619. Excitatory amino acids: excitotoxicity V .........................................1501

Session
Number & Title Page

643. Spinal cord I I ................................................................................................ 1563
644. Somatosensory cortex and thalamocortical

relationships I I I ..............................................................................................1565
645. Somatosensory cortex and thalamocortical

relationships I V .......... ................................................................................ 1568
646. Pain: pathways I I I ........................................................................................1570
647. Striate cortex: response properties I I ................................................ 1573
648. Striate cortex: response properties I I I ...............................................1575
649. Auditory, vestibular, and lateral line: hair ce lls ..........................1577
650. Basal ganglia and thalamus V II I .......................................................... 1581
651. Basal ganglia and thalamus IX .............................................................1584
652. Cerebellum V ........................... ...................................................................1587
653. Oculomotor system: neuroanatomy..................................................1591
654. Oculomotor system: vertical movements, integration,

torsion...............................................................................................................1592
655. Control of posture and movement X ................................................ 1594
656. Circuitry and pattern generation IV ...................................................1596
657. invertebrate motor function...................................................................1599
658. Human cognition: vision, methods..................................................1603
659. Human cognition: electrophysiology...............................................1605
660. Learning and memory: m odels..........................................................1608
661. Motivation and emotion I I I .................................................................... 1610
662. Biological rhythms and sleep V .......................................................... 1613
663. Neuroethology: behavioral strategies...............................................1617
664. Stress: behavioral studies........................................................................ 1619
665. Hormonal control of reproductive behavior:

Poster Sessions — 1 :00 p.m.
620. Neuronal death V ........................................................................................ 1503
621. Motor systems .............................................................................................. 1506
622. Regeneration V ..............................................................................................1509
623. Transplantation V ........................................................................................ 1511
624. Synaptic structure and function IV .....................................................1514
625. Presynaptic mechanisms IV ...................................................................1517
626. Postsynaptic mechanisms I I ...................................................................1521
627. Pharmacology of synaptic transmission I I ............................... . 1524
628. Sodium channels I I ..................................................................................... 1527
629. Ion channel modulation and regulation I I I ....................................1529
630. Acetylcholine receptors: neuronal nicotinic II ........................... 1532
631. Acetylcholine receptors: nicotinic antagonists

and agonists....................................................   1534
632. GABA receptors: function— neurosteroids..................................1537
633. GABA receptors: function— anesthetics......................................... 1540
634. Peptides: receptors IV ................................................................................1541
635. Peptides: receptors V ................................................................................. 1544
636. Peptides: physiological effects I I I ........................................................1546
637. Peptides: physiological effects IV ........................................................1548
638. Opioids: receptors I V ................................................................................1550
639. Serotonin receptors: cell biology and

effector mechanisms.................................................................................. 1554
640. Serotonin: other............................................................................................ 1556
641. Hypothalamic-pituitary-gonadal regulation: steroid

receptors...........................................................................................................1558
642. Neuroendocrine regulation: miscellaneous.................................1559

neuropeptides and transmitters............................................................1622
666. Psychotherapeutic drugs: antipsychotics and

other agents.............................................................................   1623
667. Genetic models of nervous system disorders II ......................1626
668. Epilepsy: anticonvulsant drugs.............................................................1630
669. Degenerative disease: Alzheimer's— ß-amyloid X II ................. 1633
670. Degenerative disease: Alzheimer's—other V I I I ..........................1636
671. Ischemia: acidosis............................................................... 1639
672. Ischemia: ca lc ium ...................................................................................... 1640
673. Ischemia: drug treatment I ..................................................................... 1642
674. Ischemia: drug treatment I I .................................. ................................1645
675. Ischemia: g lia ................................................................................................ 1648
676. Ischemia: heat shock protein................................................................1649
677. Ischemia: m odels........................................................................................1652
678. Ischemia: molecular biology/immunocytochemistry.............. 1655
679. Ischemia: neonatal..................................................................................... 1657
680. Ischemia: neurochemistry I ....................................................     1660
681. Ischemia: neurochemistry I I ...................................................................1663
682. Ischemia: neurophysiology.................................................................... 1666
683. Ischemia: temperature.............................................................................1669
684. Infectious diseases..................................................................................... 1671
685. Neurotoxicity: m etals............................................................................... 1675
686. Neurotoxicity I I ............................................................................................ 1678

85. History of neuroscience............................................................ 203
86. Teaching of neuroscience I .......................................................206
87. Teaching of neuroscience I I ........................................  209
88. Teaching of neuroscience I II .....................................................212

XIII



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS

Session
Number & Title_________________________________________________ Page

FRIDAY, NOVEMBER 12
Symposia — 8:30 a.m.

687. View of a Neural System in the Blink of an Eye: The Eyeblink 
Reflex—Control, Learning, and Cellular Mechanisms
Chaired by: J.R. Bloedel .........................................................................1681

688. The Contribution of Identified Neurons to 
Neuroscience: A 25-Year Retrospective
Chaired by: J.L. Leonard.............. ....................... ..................................1681

Special Lecture — 10:00 a.m.
689. Hox Homeobox Genes and Patterning of the Vertebrate 

Nervous System
R. Krumlauf......................................................................................No Abstract

Slide Sessions —  8:30 a.m.
690. Neurotrophic factors: biological effects IX .................................. 1681
691. Neural-immune interactions: neuroendocrine control of

immune response.........................................................................................1683
692. Control of posture and movement X I ............................................... 1685
693. Auditory system.............................................................................................1687
694. Genetic models of nervous system disorders I I I ........................ 1689
695. Catecholamines I I I .....................................................................................1691
696. Hypothalamus and autonomic regulation..................................... 1693
697. Ingestive behaviors VI ............................................................................ 1694
698. Excitatory amino acids: excitotoxicity V I .......................................1696
699. Gene structure and function V I ..........................................................1698
700. Circuitry and pattern generation V .....................................................1700
701. Biological rhythms and sleep V I ...................................  1702
702. Somatosensory cortex and thalamocortical

relationships V .............................................................................................. 1704
703. Long-term potentiation V III .....................................................................1706

Poster Sessions — 8:30 a.m.
704. Genesis of neurons and glia IV ............................................................1708
705. Cell shape and differentiation: morphogenesis..........................1711
706. Process outgrowth, growth cones, and sprouting IX ................1712
707. Axon guidance mechanisms and pathways V I I I ........................ 1715
708. Neurotransmitters and channels: channels.................................. 1716
709. Other factors and trophic agents I ...................................................... 1719
710. Other factors and trophic agents I I .....................................................1722
7 11. Other factors and trophic agents III......................................... 1726
712. Hormones and development: other.................................................. 1730
713. Nutritional and prenatal factors.........................   1731
714. Molecular and pharmacological correlates of

development IV ................................................................................ ...........1734
715. Regeneration V I .............................................................................................1738
716. Transplantation V I .......................................................................................1740
717. Aging processes I I I .......................................................................................1742
718. Gene structure and function V II .........................................................1745
719. Presynpatic mechanisms V .....................................................................1748
720. Calcium channel pharmacology and modulation I I I .............. 1750
721. Calcium channel pharmacology and modulation IV .............. 1753
722. Ion channel modulation and regulation I V .................................. 1756
723. Ion channels: cell function................................................................. ..1759
724. Acetylcholine: release...............................................................................1763
725. Acetylcholine receptors: m uscarinic.................................................1765
xiv

Session
Number & Title __________________ ________________Page

726. Acetylcholine receptors: mutagenesis of muscarinic
and nicotinic receptors...........................................................................1768

727. Excitatory amino acids: excitotoxicity V I I ............. ......................1770
728. Excitatory amino acids: excitotoxicity V I I I ................................... 1773
729. Excitatory amino acids: excitotoxicity I X ......................................1776
730. Excitatory amino acids: pharmacology V I .....................................1779
731. Excitatory amino acids: receptors X ................................................. 1782
732. Opioids: behavior...................................................................................... 1785
733. Catecholamine receptors: a- and ß-adrenergic......................... 1788
734. Hypothalamic-pituitary-gonadal regulation: regulatory

aspects...............................................................................................................1791
735. Neuroendocrine regulation: oxytocin, vasopressin,

fluid balance, and the p ineal.................... ..........................................1793
736. Pain modulation: pharmacology V ...................................................1796
737. Striate cortex: development and p lasticity................................... 1799
738. Visual psychophysics and behavior I I .............................................1802
739. Auditory behavior......................................................................................1804
740. Human cognition: audition and language I I ................................1806
741. Learning and memory: pharmacology— acetylcholine........ 1810
742. Biological rhythms and sleep V I I .......................................................1813
743. Ingestive behaviors VII ............................................................................ 1818
744. Hormonal control of reproductive behavior:

neuroanatomy...............................................................................................1824
745. Monoamines and behavior: nucleus accumbens.....................1825
746. Monoamines and behavior: transmitter release......................... 1828
747. Monoamines and behavior: dopamine and movement.......1829
748. Monoamines and behavior: electrophysiology......................... 1832
749. Drugs of abuse: ethanol— development.........................................1833
750. Drugs of abuse: ethanol— monoamines.........................................1835
751. Drugs of abuse: cocaine— behavior................................................. 1838
752. Drugs of abuse: cocaine— cell membrane................................... 1841
753. Drugs of abuse: cocaine— glutamate...............................................1843
754. Drugs of abuse: cocaine— locomotor............................................. Î845
755. Drugs of abuse: cocaine— microdialysis....................................... 1847
756. Drugs of abuse: cocaine— monoamines........................................1849
757. Drugs of abuse: cocaine— neonatal................................................ 1851
758. Drugs of abuse: cocaine— neurophysiology................................ 1855
759. Drugs of abuse: cocaine— nucleus accumbens......................... 1856
760. Drugs of abuse: cocaine—other drugs............................................1858
761. Drugs of abuse: cocaine—self-administratio n ........................... 1861
762. Drugs of abuse: cocaine— miscellaneous..................   1863
763. Psychotherapeutic drugs: anxiolytics and

antidepressants.............................................................................................. 1866
764. Epilepsy: basic mechanisms V ........................................ ...................1869
765. Trauma: cord.................................................................................................. 1872
766. Trauma: treatment........................................................................................1875
767. Trauma: miscellaneous I .............. ........................................................ 1878
768. Trauma: miscellaneous I I ....................................................................... 1882
769. Mental illness IV ...................................................................................... ...1884
770. Neurotoxicity I I I ........................................................................................... 1886
771. Neurotoxicity IV .........................................................................................1889
772. Neurotoxicity V ...........................................................................................1892
773. Neuro-oncology I I .......................................................................................1895

85. History of neuroscience.................   203
86. Teaching of neuroscience I .......................................................206
87. Teaching of neuroscience I I ......................................................209
88. Teaching of neuroscience III .....................................................212



THEMATIC LIST OF SESSIONS
(Includes slide and poster sessions, and symposia only)

Session Day and Time
Number Session Title Type Mon. Tue. Wed. Thu. Fri.

T H E M E  A :  D E V E L O P M E N T  A N D  R E G E N E R A T IO N

192. Aging processes I ..................................................................................................................... Poster tAM
371. Aging processes i l ................................................................................................................... Poster wAM
717. Aging processes I I I .................................................................................................................. Poster fAM
25. Axon guidance mechanisms and pathways I ............................................................. Poster mAM
26. Axon guidance mechanisms and pathways I I ............................................................ Poster mAM

103. Axon guidance mechanisms and pathways I I I ..................................................... Slide mPM
450. Axon guidance mechanisms and pathways I V ......................................................... Poster wPM
451. Axon guidance mechanisms and pathways V .......................................................... Poster wPM
536. Axon guidance mechanisms and pathways VI ......................................................... Poster thAM
608. Axon guidance mechanisms and pathways VII ........................................................ Slide thPM
707. Axon guidance mechanisms and pathways VIII ....................................................... Poster fAM
356. Cell lineage and determination: cellular and molecular specification.......... Slide wAM
21. Cell lineage and determination: gene expression and growth factors........... Poster mAM

256. Cell lineage and determination: immortalization, transplants, cortex........... Slide tPM
269. Cell lineage and determination: neural crest............................................................. Poster tPM
268. Cell lineage and determination: telencephalon........................................................ Poster tPM
534. Cell lineage and determination: visual system.......................................................... Poster thAM
22. Cell migration and motility: cell-surface molecules................................................ Poster mAM

362. Cell migration and motility: neural plate and crest derivative........................... Poster wAM
361. Cell migration and motility: olfactory neurons......................................................... Poster wAM
23. Cell shape and differentiation: activity......................................................................... Poster mAM

107. Cell shape and differentiation: immortalized cells and cell lines..................... Poster mPM
705. Ceil shape and differentiation: morphogenesis......................................................... Poster fAM
281. Cerebral cortex and limbic system.................................................................................. Poster tPM
30. Cerebral cortex and limbic system: molecular determinants

and molecular markers......................................................................................................... Poster mAM
526. Formation and specificity of synapses........................................................................... Slide thAM
270. Formation and specificity of synapses: motor neuron muscle interaction ... Poster tPM
272. Formation and specificity of synapses: motor neuron to muscle...................... Poster tPM
271. Formation and specificity of synapses: neuronal target interaction................ Poster tPM
537. Formation and specificity of synapses: receptor localization............................. Poster thAM
273. Formation and specificity of synapses: telencephalon.......................................... Poster tPM
27. Formation and specificity of synapses: visual system............................................. Poster mAM

516. GABA as a Developmental Signal.............................................................. SYMP thAM
20. Genesis of neurons and glia l·............................................................................................ Poster mAM

360. Genesis of neurons and glia I I ........................................................................................... Poster wAM
533. Genesis of neurons and glia III .......................................................................................... Poster thAM
704. Genesis of neurons and glia I V ........................................................................................ Poster fAM
28. Glia and other non-neuronal cells: CNS development........................................ Poster mAM

113. Glia and other non-neuronal cells: PNS development.......................................... Poster mPM
190. Glia and other non-neuronal cells: microglia/macrophage................................. Poster tAM
280. Glia and other non-neuronal cells: neurotransmitters and ion channels..... Poster tPM
189. Glia and other non-neuronal cells: response to injury.......................................... Poster tAM
367. Hormones and development: androgens..................................................................... Poster wAM
365. Hormones and development: estrogens....................................................................... Poster wAM
366. Hormones and development: glucocorticoids.......................................................... wAM
542. Hormones and development: neuroanatomical finding....................................... Poster thAM
712. Hormones and development: other................................................................................ fAM

XV



THEMATIC LIST OF SESSIONS

Session Day and Time
Number Session Title _______________ Type_______ Mon._______Tue.______Wed.______ Thu._______Fri.

XVI

112. M olecular and pharmacological correlates of development I .....................  
Poster

mPM

262. Molecu lar and pharmacological correlates of development II....................  Slide tPM

457. Molecu lar and pharmacological correlates of development III...................  Poster wPM

714. Molecu lar and pharmacological correlates of development IV ...................  Poster fAM

621. Motor systems.................................................................................................  Poster

tAM
thPM

187. Neuronal death I .............................................................................................  Poster

266. Neuronal death II............................................................................................  і Slide tPM

279 Neuronal death III........................................................................................... Poster tPM

368. Neuronal death I V .......................................................................................... Poster w AM

620. Neuronal death V ........................................................................................... Poster thPM

452. Neurotransmitters and channels: acetylcholine, amines,
peptides, G -p ro te in s......................................................................................  

P o s t e r
wPM

708. Neurotransmitters and channels: channels P o s t e r fAM

274. Neurotransmitters and channels: glutamate and G A B A ...............................  Poster tPM

175. Neurotrophic factors: biological effects I ......................................................  Slide tAM

275. Neurotrophic factors: biological effects II.....................................................  Poster tPM

276. Neurotrophic factors: biological effects III....................................................  Poster tPM

277. Neurotrophic factors: biological effects I V ................................................... Poster tPM

278. Neurotrophic factors: biological effects V ....................................................  Poster tPM

453. Neurotrophic factors: biological effects V I ...................................................  Poster wPM

454. Neurotrophic factors: biological effects V I I ..................................................  Poster wPM

455. Neurotrophic factors: biological effects V III.................................................  Poster w PM

690. Neurotrophic factors: biological effects I X ...................................................  Slide fAM

8. Neurotrophic factors: expression and regulation I ........................................ Slide m AM

108. Neurotrophic factors: expression and regulation II......................................  Poster mPM

109. Neurotrophic factors: expression and regulation III.....................................  į Poster mPM

110. Neurotrophic factors: expression and regulation IV .....................................  Poster mPM

111. Neurotrophic factors: expression and regulation V ......................................  Poster mPM

538. Neurotrophic factors: receptors and cellu lar mechanisms I ......................... l Poster thAM

539. Neurotrophic factors: receptors and cellu lar mechanisms II........................ Poster thAM

540. Neurotrophic factors: receptors and cellu lar mechanisms III......................  Poster thAM

541. Neurotrophic factors: receptors and cellu lar mechanisms IV ......................  Poster thAM

606. Neurotrophic factors: receptors and cellu lar mechanisms V .......................  Slide thPM

713. Nutritional and prenatal fa c to rs .................................................................... Poster fAM

709. Other factors and trophic agents l .................................................................  Poster fAM

710. Other factors and trophic agents II................................................................ Poster fAM

711. Other factors and trophic agents III...............................................................  Poster fAM

94. Pattern formation, compartments, and boundaries l ....................................  Slide mPM

188. Pattern formation, compartments, and boundaries II...................................  Poster tAM

456. Pattern formation, compartments, and boundaries III..................................  Poster wPM

24.
185.

Process outgrowth, growth cones, and sprouting l ......................................  
Process outgrowth, growth cones, and sprouting II .....................................  Slide

m AM
tAM

259. Process outgrowth, growth cones, and sprouting III ....................................  І Slide tPM

363. Process outgrowth, growth cones, and sprouting I V ....................................  Poster w AM

364. Process outgrowth, growth cones, and sprouting V .....................................  Į Poster w AM

448. Process outgrowth, growth cones, and sprouting V I ....................................  Poster wPM

449. Process outgrowth, growth cones, and sprouting V II ...................................  Poster wPM

535. Process outgrowth, growth cones, and sprouting V III..................................  Poster thAM

706. Process outgrowth, growth cones, and sprouting I X ....................................  Poster fAM

178. Regeneration I ................................................................................................  | Slide tAM

282. Regeneration II ...............................................................................................  Poster tPM

283. Regeneration III ..............................................................................................  | Poster tPM

543. Regeneration I V .............................................................................................. Poster thAM

622. Regeneration V ............................................................................................... Poster thPM

715. Regeneration V I .............................................................................................. Poster fAM

344. Regulation of O ligodendrocyte Deve lopm ent............................................. SYM P...................
w AM



THEMATIC LIST OF SESSIONS

Session Day and Time
Number________________________ Session Title ____________________________ Type______  Mon. Tue. Wed. Thu. Fri.

257. Sensory and motor systems................................................................................................... Slide tPM
29. Sensory systems I ........................................................................................................................ Poster mAM

369. Sensory systems I I ....................................................................................................................... Poster wAM
32. Transplantation I ......................................................................................................................... Poster mAM

284. Transplantation I I ........................................................................................................................ Poster tPM
357. Transplantation I I I ....................................................................................................................... Slide wAM
544. Transplantation I V ..................................................................................................................... Poster thAM
623. Transplantation V ....................................................................................................................... Poster thPM
716. Transplantation VI ..................................................................................................................... Poster fAM
105. Visual system................................................................................................................................ Slide mPM
370. Visual system: LGN and cortex........................................................................................... Poster wAM
191. Visual system: optic tectum/superior colliculus......................................................... Poster tAM
31. Visual system: retina................................................................................................................. Poster mAM

THEME B: CELL BIO LO G Y
288. Blood-brain barrier: permeability/transport.................................................................. Poster tPM
287. Blood-brain barrier: structure/funotion............................................................................ Poster tPM
34. Cytoskeleton transport and membrane targeting I .................................................... Poster mAM

436. Cytoskeleton transport and membrane targeting II ................................................... Slide wPM
35. Gene structure and function I ................................... .......................................................... Poster mAM
97. Gene structure and function II ............................................................................................ Slide mPM

289. Gene structure and function III ........................................................................................... Poster tPM
461. Gene structure and function IV ........................................................................................... Poster wPM
520. Gene structure and function V ............................................................................................ Slide thAM
699. Gene structure and function V I ........................................................................................... Slide fAM
718. Gene structure and function V I I .......................................................................................... fAM
115. Membrane composition and cell-surface macromolecules I ............................... Poster mPM
193. Membrane composition and cell-surface macromolecules I I ............................. Poster tAM
286. Membrane composition and cell-surface macromolecules I I I ............................ Poster tPM
372. Membrane composition and cell-surface macromolecules I V ........................... Poster wAM
33. Neuroglia and myelin I ............................................................................................................ Poster mAM

114. Neuroglia and myelin I I .......................................................................................................... Poster mPM
176. Neuroglia and myelin I I I ......................................................................................................... Slide tAM
285. Neuroglia and myelin IV ............................ ............................................................................ Poster tPM
460. Neuroglia and myelin V .......................................................................................................... Poster wPM
517. Neuronal Functions of Calmodulin-dependent Protein Kinase II................ SYMP thAM
459. Staining, tracing, and imaging techniques I .................................................................. Poster wPM
545. Staining, tracing, and imaging techniques I I ................................................. ............... Poster thAM
458. Staining, tracing, and imaging techniques: confocal microscopy.................... Poster wPM

THEME C : EXCITABLE MEMBRANES AND
SYNAPTIC TRANSMISSION

291. Calcium channel pharmacology and modulation I .................................................. Poster tPM
607. Calcium channel pharmacology and modulation I I ................................................. Slide thPM
720. Calcium channel pharmacology and modulation III ................................................ Poster fAM
721. Calcium channel pharmacology and modulation I V .............................................. Poster fAM
549. Calcium channel physiology................................................................................................. Poster thAM

11. Calcium channel structure, function, and expression I .......................................... Slide mAM
548. Calcium channel structure, function, and expression I I ......................................... Poster thAM
463. Calcium channels: effects of transmitters and hormones......................................  Poster wPM
464. Chloride and other ion channels........................................................................................  Poster wPM
295. Ion channel modulation and regulation I ......................................................................  Poster tPM
521. Ion channel modulation and regulation I I ....................................................................  Slide thAM
629. Ion channel modulation and regulation I I I ...................................................................  Poster thPM
722. Ion channel modulation and regulation IV ................................................................... Poster fAM

XVіі



THEMATIC LIST OF SESSIONS

Session
Number Session Title Type Mon.

Day and Time 
Tue. Wed. Thu. Fri.

723. Ion channels: cell function..................................................................................... .........  Poster fAM
119. Ligand-gated ion channels: glutamatergic...................................................... .........  Poster mPM
120. Ligand-gated ion channels: non-glutamatergic............................................. .........  Poster mPM
106. Long-term potentiation I ......................................................................................... .........  Slide mPM
183. Long-term potentiation II ....................................................................................... tAM
374. Long-term potentiation III ..................................................................................... .........  Poster wAM
375. Long-term potentiation IV ...................................................................................... .........  Poster wAM
376. Long-term potentiation V .................... ................................................................... .........  Poster wAM
546. Long-term potentiation V I ...................................................................................... .........  Poster thAM
547. Long-term potentiation V II ..................................................................................... .........  Poster thAM
703. Long-term potentiation V III..................... .............................................................. .........  Slide fAM
118. Pharmacology of synaptic transmission I ......................................................... .........  Poster mPM
627. Pharmacology of synaptic transmission II ........................................................ .........  Poster thPM
117. Postsynaptic mechanisms I ................................................................................... .........  Poster mPM
626. Postsynaptic mechanisms II .................................................................................. .........  Poster thPM
294. Potassium channel modulation........................................................................... .........  Poster tPM
293. Potassium channel pharmacology...................................................................... .........  Poster tPM
550. Potassium channel physiology............................................................................. ...............  Poster thAM
292. Potassium channel structure, function, and expression I ......................... .........  Poster tPM
438. Potassium channel structure, function, and expression II ........................ wPM
255. Presynaptic mechanisms І ...................................................................................... ............. Slide tPM
373. Presynaptic mechanisms I I ..................................................................................... Poster wAM
462. Presynaptic mechanisms I II ................................................................................... .........  Poster wPM
625. Presynaptic mechanisms IV .................................................................................. thPM
719. Presynpatic mechanisms V ................................................................................... .........  Poster fAM
170. Role of Calcium in Stimulus-secretion Coupling..................................................  SYMP tAM
121. Sodium channels I .................................................................................................... ..........  Poster mPM
628. Sodium channels I I .............................................................................................................  Poster thPM
116. Synaptic structure and function I ...................................................................................  Poster mPM
290. Synaptic structure and function I I ....................................................................... .............. Poster tPM
445. Synaptic structure and function III...................................................................... ..........  Slide wPM
624. Synaptic structure and function IV .................................................................... Poster thPM

T H E M E  D :  N E U R O T R A N S M IT T E R S , M O D U L A T O R S ,
T R A N S P O R T E R S , A N D  R E C E P T O R S

377. Acetylcholine............................................................................................................. Poster wAM
10. Acetylcholine receptors......................................................................................... mAM

551. Acetylcholine receptors: expression of muscarinic receptors................ thAM
725. Acetylcholine receptors: muscarinic................................................................ ........  Poster fAM
194. Acetylcholine receptors: muscarinic antagonists and agonists............. tAM
465. Acetylcholine receptors: muscarinic subtypes................ ........... ................ ........... Poster wPM
552. Acetylcholine receptors: muscle.....................................................................·· thAM
726. Acetylcholine receptors: mutagenesis of muscarinic

and nicotinic receptors.......................................................................................... ...........Poster fAM
195. Acetylcholine receptors: neuronal and α -bungarotoxin-sensitive....... Poster tAM
123. Acetylcholine receptors: neuronal nicotinic I .......................................... . ........... Poster mPM
630. Acetylcholine receptors: neuronal nicotinic I I ................................. ........... ........... Poster thPM
631. Acetylcholine receptors: nicotinic antagonists and agonists................. P thPM
466. Acetylcholine receptors: nicotinic receptor expression........................... ........... Poster wPM
378. Acetylcholine: СҺАТ and АСҺЕ......................................................................... ........... Poster wAM
122. Acetylcholine: neuroanatomy............................................................................. Poster mPM
724. Acetylcholine: release...................................................................................... ····· Poster fAM
310. Behavioral pharmacology I .................................................................................. Poster tPM
311. Behavioral pharmacology I I ................................................................................. Poster tPM

    486.  Behavioral pharmacology III Poster wPM
............................

xviii



THEMATIC LIST OF SESSIONS

Session Day and Time
Number Session Title Type Mon. Tue. Wed. Thu. Fri.

569. Behavioral pharmacology IV ........................................................................................ Poster thAM
101. Catecholamine receptors.............................................................................................. .......  Slide mPM
733. Catecholamine receptors: a- and ß-adrenergic................................................. Poster fAM
39. Catecholamine receptors: dopamine I .................................................................... Poster mAM

439. Catecholamine receptors: dopamine I I ................................................................... ....... Slide wPM
562. Catecholamine receptors: dopamine receptor localization

and regulation ...................................................................................................................... Poster thAM
302. Catecholamine receptors: dopamine receptors— molecular biology....... Poster tPM
38. Catecholamine receptors: dopaminergic agonists and antagonists.......... Poster mAM
40. Catecholamines I ................................................................................................................ Poster mAM

203. Catecholamines I I ............................................................................................................... Poster tAM
695. Catecholamines I I I .............................................................................................................. fAM
382. Catecholamines: anatomical and developmental aspects............................. Poster wAM
303. Catecholamines: biosynthesis and degradation.................................................. Poster tPM
304. Catecholamines: dopamine release........................................................................... Poster tPM
563. Catecholamines: electrophysiology........................................................................... Poster thAM
479. Catecholamines: release................................................................................................. Poster wPM
196. Excitatory amino acids: anatomy and physiology I ........................................... Poster tAM
379. Excitatory amino acids: anatomy and physiology I I .......................................... Poster wAM

18. Excitatory amino acids: excitotoxicity I ................................................................... ...... Slide mAM
553. Excitatory amino acids: excitotoxicity I I ................................................................. Poster thAM
554. Excitatory amino acids: excitotoxicity I I I ................................................................ Poster thAM
555. Excitatory amino acids: excitotoxicity IV ................................................................ Poster thAM
619. Excitatory amino acids: excitotoxicity V ................................................................. ...... Slide thPM
698. Excitatory amino acids: excitotoxicity V I ................................................................ ...... Slide fAM
727. Excitatory amino acids: excitotoxicity V II ............................................................... Poster fAM
728. Excitatory amino acids: excitotoxicity V III............................................................. Poster fAM
729. Excitatory amino acids: excitotoxicity IX ................................................................ Poster fAM
124. Excitatory amino acids: pharmacology I ................................................................. Poster mPM
197. Excitatory amino acids: pharmacology I I ................................................................ Poster tAM
296. Excitatory amino acids: pharmacology II I ............................................................... Poster tPM
380. Excitatory amino acids: pharmacology I V ............................................................. Poster wAM
556. Excitatory amino acids: pharmacology V ............................................................... ...... Poster thAM
730. Excitatory amino acids: pharmacology V I ............................................................. Poster fAM
36. Excitatory amino acids: receptors I ............................................................................ Poster mAM

125. Excitatory amino acids: receptors I I ........................................................................... Poster mPM
198. Excitatory amino acids: receptors III .......................................................................... ..........  Poster tAM
261. Excitatory amino acids: receptors I V ........................................................................ ...... Slide tPM
297. Excitatory amino acids: receptors V .......................................................................... Poster tPM
381. Excitatory amino acids: receptors V I ........................................................................ Poster wAM
467. Excitatory amino acids: receptors VII ....................................................................... . ..........Poster wPM
557. Excitatory amino acids: receptors V I I I ...................................................................... thAM
558. Excitatory amino acids: receptors IX ........................................................................ . Poster thAM
731. Excitatory amino acids: receptors X ........................................................................... fAM
472. GABA receptors: development...................................................................................... wPM
523. GABA receptors: function— in  vivo  studies............................................................. Slide thAM
468. GABA receptors: function—GABAa ............................................................................ Poster wPM
471. GABA receptors: function— GABAB, GABAC.......................................................... Poster wPM

thPM
470. GABA receptors: function— benzodiazepines...................................................... .....  Paster wPM
351. GABA receptors: function— molecular modeling I ............................................. wAM
469. GABA receptors: function— molecular modeling I I ........................................... ....Poster wPM
632. GABA receptors: function— neurosteroids............................................................... thPM
199. GABA receptors: structure............................................................................................... .... Poster tAM

3. Gender and the Brain.............................................................................. SYMP mAM
128. Interactions between neurotransmitters I ................................................................. mPM

XIX



THEMATIC LIST OF SESSIONS

Session Day and Time
Number Session Title Type Mon. Tue. Wed. Thu. Fri.

205. Interactions between neurotransmitters I I .................................................................. Poster tAM
484. Interactions between neurotransmitters I II ................................................................. Poster wPM
566. Interactions between neurotransmitters I V ............................................................... Poster thAM
343. Molecular Biology of Neuropeptide Receptors: How Different Are They? SYMP wAM
171. Molecular Plasticity to Psychotropic Drugs............................................................. SYMP tAM
602. Neurotransmitter Transporters...................................................................................... SYMP thPM
202. Opioids: anatomy and physiology I ............................................................................ Poster tAM
477. Opioids: anatomy and physiology II ........................................................................... Poster wPM
478. Opioids: anatomy and physiology III .......................................................................... Poster wPM
732. Opioids: behavior................................................................................................................ Poster fAM
348. Opioids: receptor molecular biology.......................................................................... Slide wAM
177. Opioids: receptor physiology and sigma sites......................................................... Slide tAM
37. Opioids: receptors I ............................................................................................................ Poster mAM

475. Opioids: receptors I I ........................................................................................................... Poster wPM
476. Opioids: receptors I I I .......................................................................................................... Poster wPM
638. Opioids: receptors IV .......................................................................................................... Poster thPM
41. Other biogenic amines and purines: histamine and melatonin........................ Poster mAM
42. Other biogenic amines and purines: purines........................................................... Poster mAM

301. Peptides: anatomical localization I ........ ..................................................................... Poster tPM
473. Peptides: anatomical localization II ............................................................................. Poster wPM
474. Peptides: anatomical localization III ........................................................................... Poster wPM
559. Peptides: biosynthesis, metabolism, and biochemical

characterization I ................................................................................................................. Poster thAM
560. Peptides: biosynthesis, metabolism, and biochemical

characterization I I ................................................................................................................ Poster thAM
561. Peptides: biosynthesis, metabolism, and biochemical

characterization I II ............................................................................................................... Poster thAM
200. Peptides: physiological effects I ..................................................................................... Poster tAM
201. Peptides: physiological effects II ................................................................................... Poster tAM
636. Peptides: physiological effects III .................................................................................. Poster thPM
637. Peptides: physiological effects IV .................................................................................. Poster thPM
441. Peptides: posttranslational processing......................................................................... Slide wPM
104. Peptides: receptor molecular biology.......................................................................... Slide mPM
525. Peptides: receptor physiology........................................................................................ Slide thAM
298. Peptides: receptors I ............................................................................................................ Poster tPM
299. Peptides: receptors I I ........................................................................................................... Poster tPM
300. Peptides: receptors III.......................................................................................................... Poster tPM
634. Peptides: receptors IV ........................................................................................................ Poster thPM
635. Peptides: receptors V .......................................................................................................... Poster thPM
181. Receptor modulation, up- and down-regulation I .................................................. Slide tAM
207. Receptor modulation, up- and down-regulation II ................................................. Poster tAM
487. Receptor modulation, up- and down-regulation III................................................ Poster wPM

43. Regional localization of receptors and transmitters I ............................................ Poster mAM
129. Regional localization of receptors and transmitters I I .......................................... Poster mPM
308. Regional localization of receptors and transmitters I I I ......................................... Poster tPM

17. Second messengers I ........................................................................................................... Slide mAM
130. Second messengers I I .......................................................................................................... Poster mPM
386. Second messengers I II ........................................................................................................ Poster wAM
568. Second messengers I V ....................................................................................................... Poster thAM
309. Second messengers: PKC, calcium, and IP3 ............................................................. Poster tPM
485. Second messengers: nitric oxide and calcium......................................................... Poster wPM
639. Serotonin receptors: cell biology and effector mechanisms.............................. Poster thPM
265. Serotonin receptors: molecular biology I ........................................................................ Slide tPM
480. Serotonin receptors: molecular biology I I ...................................................................... Poster wPM
564. Serotonin receptors: ontogeny and regulation............................................................ Poster thAM
481. Serotonin receptors: pharmacology and localization.............................................. Poster wPM

XX



THEMATIC LIST OF SESSIONS

Session
Number Session Title Type Mon.

Day and Time 
Tue. Wed. Thu. Fri.

93. Serotonin receptors: pharmacology, localization, regulation............................ • S l id e mPM
565. Serotonin receptors: physiology and behavior.......................................................... Poster thAM
437. Serotonin: anatomy, regulation, and clinical studies............................................. . Slide wPM
305. Serotonin: electrophysiology............................................................................................... Poster tPM
126. Serotonin: neurochemistry................................................................................... .............. Poster mPM
482. Serotonin: neurotoxins, behavior and physiology................................................... Poster wPM
640. Serotonin: other......................................................................................................................... Poster thPM
384. Storage, secretion, and metabolism I .............................................................................. Poster wAM
567. Storage, secretion, and metabolism I I ............................................................................. Poster thAM
527. Transmitters in invertebrates............................................................................................... . Slide thAM
306. Transmitters in invertebrates: acetylcholine................................. ...... ..................... Poster tPM
204. Transmitters in invertebrates: amino ac id s ................................................................. Poster tAM
127. Transmitters in invertebrates: biogenic amines......................................................... Poster mPM
483. Transmitters in invertebrates: nitric oxide.................................................................... Poster wPM
383. Transmitters in invertebrates: peptides.......................................................................... Poster wAM

4. Unraveling the Serotonergic System: Insights from Molecular Biology .... SYMP mAM
7. Uptake and transporters I ................................................................ .................................... . Slide mAM

95. Uptake and transporters I I .................................................................................................... . Slide mPM
206. Uptake and transporters I I I ................................................................................................... Poster tAM
307. Uptake and transporters I V ................................................................................................. Poster tPM
385. Uptake and transporters V ................................................................................................... Poster wAM

T H E M E  E :  E N D O C R I N E  A N D
A U T O N O M I C  R E G U L A T IO N

393. Autonomic regulation: central gastrointestinal control........................................ Poster wAM
212. Autonomic regulation: genital innervation................................................................. Poster tAM
394. Autonomic regulation: peripheral gastrointestinal control.................................. Poster wAM
135. Autonomic regulation: spinal and peripheral mechanisms................................ Poster mPM
134. Autonomic regulation: supraspinal control ................................................................ Poster mPM
213. Autonomic regulation: urinary system innervation................................................. Poster tAM
446. Cardiovascular regulation: brainstem integration................................................... . Slide wPM
391. Cardiovascular regulation: descending control ........................................................ Poster wAM
392. Cardiovascular regulation: hypothalamic control................................................... Poster wAM
610. Cardiovascular regulation: spinal and peripheral control................................... . Slide thPM
184. Cardiovascular regulation: supramedullary control............................................... . Slide tAM
132. Cardiovascular regulation: sympathetic system....................................................... Poster mPM
133. Cardiovascular regulation: vagal system .................................................. ................... Poster mPM
390. Cardiovascular regulation: ventrolateral medulla................................................... Poster wAM
312. Hypothalamic-pituitary-adrenal axis regulation: C R F ........................................... Poster tPM
488. Hypothalamic-pituitary-adrenal axis regulation: POMC

and steroid receptor studies................................................................................................ Poster wPM
387. Hypothalamic-pituitary-adrenal axis regulation: basic and

clinical studies............................................................................................................................ Poster wAM
174. Hypothalamic-pituitary-adrenal axis regulation: focus on

CRF and glucocorticoid receptors............................................... ................................... . Slide tAM
349. Hypothalamic-pituitary-gonadal regulation: cellular and

molecular aspects..................................................................................................................... . Slide wAM
258. Hypothalamic-pituitary-gonadal regulation: control of GnRH secretion .... . Slide tPM
131. Hypothalamic-pituitary-gonadal regulation: control of LH secretion........... Poster mPM
572. Hypothalamic-pituitary-gonadal regulation: gonadotropins,

neuropeptides, steroids........................................................................................................ Poster thAM
570. Hypothalamic-pituitary-gonadal regulation: neuropeptides

and transmitters.................................................................................................... .................... Poster thAM
734. Hypothalamic-pituitary-gonadal regulation: regulatory aspects...................... Poster fAM
571. Hypothalamic-pituitary-gonadal regulation: releasing hormones.................. Poster thAM

XXI



THEMATIC LIST OF SESSIONS

Session Day and Time
Number Session Title Type_________ Mon.________ Tue. Wed.

641. Hypothalamic-pituitary-gonadal regulation: steroid receptors................................ Poster thPM
696. Hypothalamus and autonomic regulation................................................................. slide fAM
250. Integration in Central Somato-visceral Processing..................................... SVMP tPM
210. Neural-immune interactions: CNS effects on immune response.....................  Poster tAM

98. Neural-immune interactions: cytokine effects on the nervous system........... Slide mPM
211. Neural-immune interactions: endocrine effects on immune response.........  Poster tAM
45. Neural-immune interactions: immune mediators in normal CN S ................... Poster mAM
46. Neural-immune interactions: nervous system pathology.................................... 

208. Neural-immune interactions: neurochemical effects of immune
Poster mAM

stimulation............................................................................................................................... Poster tAM
691. Neural-immune interactions: neuroendocrine control of immune

response................................................................................................................................... Slide fAM
209. Neural-immune interactions: neurophysiological response to

immune stimulation............................................................................................................ P o s te r tAM
389. Neural-immune interactions: other neurotransmitters in immune tissues.... Poster wAM
388. Neural-immune interactions: sympathetic regulation of

immune response................................................................................................................ Poster wAM
489. Neuroendocrine regulation: CRF, gonadal and adrenal steroids........................... Poster wPM
573. Neuroendocrine regulation: catecholamine and G A B A ............................................... Poster thAM
442. Neuroendocrine regulation: gene expression and co-localization...................... Slide wPM
642. Neuroendocrine regulation: miscellaneous..............................................................................

735. Neuroendocrine regulation: oxytocin, vasopressin, fluid balance,
and the pineal........................................................................................................................................................

Poster

Poster

thPM

fAM
44. Osmotic regulation.......................................................................................................................................... mAM

530. Osmotic regulation/chemical senses: central pathways................................................ Slide thAM
613. Respiratory regulation.................................................................................................................................... Slide thPM
574. Respiratory regulation: carotid body, pons, hypothalamus,

miscellaneous........................................................................................................................................................ Poster thAM
490. Respiratory regulation: medullary and spinal cord mechanisms........................... Poster wPM

47. Thermoregulation and fever..................................................................................................................... Poster mAM

THEME F: SENSORY SYSTEMS
739. Auditory behavior.............................................................................................................................................. Poster fAM
581. Auditory cortex I ................................................................................................................................................. Poster thAM
582. Auditory cortex I I .............................................................................................................................................. Poster thAM
693. Auditory system ...................................................................................................................................................

494. Auditory system: central anatomy— brainstem......................................................................

Slide
Poster wPM

fAM

583. Auditory system: central anatomy— midbrain, thalamus, and cortex............ Poster thAM
580. Auditory system: cochlea.................................................................................................. Poster thAM
649. Auditory, vestibular, and lateral line: hair ce lls ...................................................... Poster thPM
585. Chemical senses: central gustatory mechanisms.................................................... Poster thAM

55. Chemical senses: central olfactory mechanisms..................................................... P o s t e r mAM
54. Chemical senses: olfactory bulb..................................................................................... P o s t e r mAM

584. Chemical senses: peripheral gustatory mechanisms............................................. .......... Poster thAM
12. Chemical senses: peripheral mechanisms.................................................................................. Slide mAM
53. Chemical senses: peripheral olfactory mechanisms.......................................................... Poster mAM

431. Cortical Oscillatory Responses and Feature Binding...................................................... SYMP wPM
90. Functional Organization of Human Visual Cortex........................................................... SYM P mPM

141. Invertebrate sensory systems I ................................................................................................................ Poster mPM
142. Invertebrate sensory systems I I ................................................................. ............................................ Poster mPM
219. Lateral geniculate nucleus: biophysics and pharmacology........................................ Poster tAM
218. Lateral geniculate nucleus: structure and function ............................................................ Poster tAM
530. Osmotic regulation/chemical senses: central pathways............ ................................... Slide thAM
577. Pain modulation: pharmacology IV .................................................................................................. Poster thAM
736. Pain modulation: pharmacology V .................................................................................................... Poster fAM
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50. Pain modulation: anatomy and physiology I ..................................................... ......... Poster mAM
102. Pain modulation: anatomy and physiology i l .................................................... ......... Slide mPM
216. Pain modulation: anatomy and physiology i l l ................................................... ......... Poster tAM
395. Pain modulation: anatomy and physiology IV ................................................... ......... Poster wAM
576. Pain modulation: anatomy and physiology V .................................................... ......... Poster thAM
51. Pain modulation: pharmacology I ............................................................................ ......... Poster mAM

217. Pain modulation: pharmacology I I .......................................................................... .........Poster tAM
396. Pain modulation: pharmacology I I I ......................................................................... ......... Poster wAM
444. Pain: pathways I ................................................................................................................ ......... Slide wPM
575. Pain: pathways II ............................................................................................................... ......... Poster thAM
646. Pain: pathways III ............................................................................................................. ......... Poster thPM
493. Retina: choroid, pigment epithelium, and photoreceptors......................... ......... Poster wPM
578. Retina: functional organization................................................................................. .........Poster thAM
519. Retina: ganglion cells I .................................................................................................... ......... Slide thAM
579. Retina: ganglion cells I I ....................................... .......................................................... .........Poster thAM
52. Retina: immunocytochemistry ................................................................................... ......... Poster mAM

492. Retina: invertebrate........................................................................................................... ......... Poster wPM
100. Retina: photoreceptors and interneurons.............................................................. mPM
48. Somatic and visceral afferents I .................................................................................. ......... Poster mAM

136. Somatic and visceral afferents I I ................................................................................ ......... Poster mPM
214. Somatic and visceral afferents I I I ............................................................................... ........  Poster tAM
49. Somatosensory cortex and thalamocortical relationships I ........................ ........  Poster mAM

313. Somatosensory cortex and thalamocortical relationships II ....................... ........  Poster tPM
644. Somatosensory cortex and thalamocortical relationships III ...................... ......... Poster thPM
645. Somatosensory cortex and thalamocortical relationships IV ..................... ........  Poster thPM
702. Somatosensory cortex and thalamocortical relationships V ....... ............... ........  Slide fAM
491. Spinal cord I ......................................................................................................................... Poster wPM
643. Spinal cord I I ....................................................................................................................... ........  Poster thPM
737. Striate cortex: development and plasticity........................................................... ........  Poster fAM
139. Striate cortex: functional organization I ................................................................. .............Poster mPM
140. Striate cortex: functional organization I I ............................................................... ......... Poster mPM
179. Striate cortex: functional organization II I .............................................................. ......... Slide tAM
359. Striate cortex: plasticity.................................................................................... ............. ......... Slide wAM
263. Striate cortex: response properties I ......................................................................... ......... Slide tPM
647. Striate cortex: response properties I I ........................................................................ ......... Poster thPM
648. Striate cortex: response properties III ...................................................................... thPM
221. Subcortical auditory pathways I ................................................................................ ......... Poster tAM
222. Subcortical auditory pathways I I ............................................................................... ......... Poster tAM
223. Subcortical auditory pathways I I I ............................................................................. ......... Poster tAM
137. Subcortical somatosensory pathways: spinal cord and brainstem.......... ......... Poster mPM
215. Subcortical somatosensory pathways: thalamus.............................................. Poster tAM
220. Subcortical visual pathways: retinofugal and retinopetal systems.......... ......... Poster tAM
314. Subcortical visual pathways: superior co llicu lus............................................. Poster tPM

13. Subcortical visual systems............................................................................................. ........  Slide mAM
138. Subcortical visual systems: pretectum and pulvinar...................................... Poste r mPM
397. Visual cortex: extrastriate— anatomy...................................................................... ........  Porter wAM

19. Visual cortex: extrastriate— cognitive mechanisms I ....... .............................. Slide mAM
398. Visual cortex: extrastriate—cognitive mechanisms I I ..................................... Poster wAM
618. Visual cortex: extrastriate—functional architecture....................................... .............Slide thPM
531. Visual cortex: extrastriate— motion processing................................................ . ........ Slide thAM
315. Visual cortex: extrastriate— unit properties.......................................................... Poster tPM
316. Visual psychophysics and behavior I ..................................................................... tPM
738. Visual psychophysics and behavior II ................................................................... Poster fAM
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56. Basal ganglia and thalamus I .............. .........................................................................
57. Basal ganglia and thalamus II.......................................................................................

Poster
Poster

mAM
mAM

58. Basal ganglia and thalamus III...................................................................................... Poster mAM
320. Basal ganglia and thalamus IV ..................................................................................... Poster tPM
399. Basal ganglia and thalamus V ...................................................................................... P o s t e r wAM

586. Basal ganglia and thalamus V I ..................................................................................... Poster thAM

587. Basal ganglia and thalamus VII .................................................................................... Poster thAM

650. Basal ganglia and thalamus VIII..................................................................................
651. Basal ganglia and thalamus IX ..................................................................................... Poster

thPM

thPM
400 . Cerebellum I ....................................................................................................................... Poster wAM
401 . Cerebellum II...................................................................................................................... Poster wAM

499. Cerebellum III..................................................................................................................... Poster wPM

529. Cerebellum I V ....................................................................................................................
652. Cerebellum V .....................................................................................................................

Sfide
Poster

thAM
thPM

146. Circuitry and pattern generation I .............................................................................. Poster mPM

231. Circuitry and pattern generation II ............................................................................. Poster tAM
406. Circuitry and pattern generation III ............................................................................ Poster wAM

656. Circuitry and pattern generation IV ............................................................................ Poster thPM

700. Circuitry and pattern generation V ............................................................................. Slide fAM

63. Control of posture and m ovem ent I............................................................................ Poster mAM

64. Control of posture and m ovem ent II.......................................................................... Poster mAM

226. Control of posture and m ovem ent III......................................................................... Poster tAM

227. Control of posture and m ovem ent IV ........................................................................ Poster tAM

228. Control of posture and m ovem ent V ......................................................................... Poster tAM

229. Control of posture and m ovem ent VI ........................................................................ Poster tAM

230. Control of posture and m ovem ent VII ....................................................................... Poster tAM

404. Control of posture and m ovem ent VIII..................................................................... Poster wAM

405. Control of posture and m ovem ent IX ........................................................................ Poster wAM

655. Control of posture and m ovem ent X ......................................................................... Poster thPM

692. Control of posture and m ovem ent XI ........................................................................ S lide fAM

657. Invertebrate motor function .......................................................................................... Poster thPM

616. Motor co rtex ....................................................................................................................... Slide thPM

498 . Motor cortex: neuropharm acology............................................................................. Poster wPM

65. M uscle: fiber ty p es............................................................................................................ Poster mAM

66. M uscle: gene transfer, contractile properties, fatigue.......................................... Poster mAM
322. O culom otor system: eye-head c o n tr o l..................................................................... Poster tPM

653. O culom otor system: neuroanatom y.......................................................................... P o s t e r thPM

180. O culom otor system: physiology and psychophysics of sa c ca d es................... Slide tAM

144. O culom otor system: pursuit and optokinetic nystagmus ................................... Poster mPM

321. O culom otor system: saccades and superior c o llic u lu s ...................................... Poster tPM

354. O culom otor system: superior colliculus and brainstem ..................................... Slide wAM

145. O culom otor system: vergence and accom m odation .......................................... Poster mPM

654. O culom otor system: vertical m ovements, integration, torsio n ........................ Poster thPM

61. Reflex function I ............................................................................................................... Poster mAM

62. Reflex function II ............................................................ ................................................. Poster mAM

318. Sensorimotor cortex: behavioral correlates of neuronal d ischarge................. Poster tPM

496. Sensorimotor cortex: functional im aging.................................................................  Poster wPM

495. Sensorimotor cortex: functional stimulation, m odels, and b eh a v io r .............  Poster wPM

497. Sensorimotor cortex: neuroanatom y.........................................................................  Poster wPM

319. Sensorimotor cortex: neuronal interactions .......................................................................................................... і Poster tPM

317. Sensorimotor cortex: p lasticity ....................................................................................................................................................  і Poster tPM

224. Spinal cord and brainstem I .......................................................................................... Poster tAM

225. Spinal cord and brainstem II ........................................................................................  tAM
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402. Spinal cord and brainstem I I I ............................................................................................... Poster wAM
wAM403. Spinal cord and brainstem IV ............................................................................................... Poster

588. Spinal cord and brainstem V ................................................................................................. Poster thAM
614. Vestibular system......................................................................................................................... Slide thPM
59. Vestibular system: anatomy and pharmacology........................................................ Poster mAM
60. Vestibular system: neurophysiology................................................................................. Poster mAM

143. Vestibular system: psychophysics...................................................................................... P o s t e r mPM

THEME H: OTHER SYSTEMS OF THE CNS
590. Association cortex and thalamocortical relations I ................................................... Poster thAM
591. Association cortex and thalamocortical relations I I ................................................. Poster thAM
524. Brain metabolism and blood flow I ................................................................................... Slide thAM
615. Brain metabolism and blood flow I I .................................................................................. Slide thPM
502. Brain metabolism and blood flow: P E T .......................................................................... Poster wPM
501. Brain metabolism and blood flow: blood f lo w ........................................................... Poster wPM
500. Brain metabolism and blood flow: miscellaneous.................................................... Poster wPM
503. Brain metabolism and blood flow: nitric o x id e .......................................................... Poster wPM
68. Comparative neuroanatomy I ............................................................................................... Poster mAM

407. Comparative neuroanatomy I I .............................................................................................. Poster wAM
67. Hypothalamus.............................................................................................................................. Poster mAM

147. Limbic system I ......................... : .................................................................................................. Poster mPM
148. Limbic system I I ........................................................................................................................... Poster mPM
149. Limbic system I I I .......................................................................................................................... Poster mPM
352. Limbic system I V ......................................................................................................................... Slide wAM
589. Limbic system V .......................................................................................................................... Poster thAM

THEME I: NEURAL BASIS OF BEHAVIOR
159. Aging.................................................................................................................................................. Poster mPM
75. Aging: functional anatomy..................................................................................................... Poster mAM

247. Aging: memory and cognition.............................................................................................. Poster tAM
235. Biological rhythms and sleep I ............................................................................................. Poster tAM
236. Biological rhythms and sleep I I ........................................................................................... Poster tAM
434. Biological rhythms and sleep I I I .......................................................................................... Slide wPM
612. Biological rhythms and sleep IV .......................................................................................... Slide thPM
662. Biological rhythms and sleep V ........................................................................................... Poster thPM
701. Biological rhythms and sleep V I .......................................................................................... Slide fAM
742. Biological rhythms and sleep V II ........................................................................................ Poster fAM
254. Drugs of abuse: alcohol, barbiturates, benzodiazepines....................................... Slide tPM
333. Drugs of abuse: amphetamine and other stimulants—amphetamine............. Poster tPM
335. Drugs of abuse: amphetamine and other stimulants—amphetamine

derivatives....................................................................................................................................... Poster tPM
334. Drugs of abuse: amphetamine and other stimulants— amphetamine:

behavior........................................................................................................................................... Poster tPM
336. Drugs of abuse: amphetamine and other stimulants— nicotine.........................
337. Drugs of abuse: amphetamine and other stimulants— phencyclidines

tPM

and other.......................................................................................................................................... Poster tPM
617. Drugs of abuse: coca ine .........................................................................................................  Slide thPM
751. Drugs of abuse: cocaine—behavior.................................................................................. P o s t e r fAM
752. Drugs of abuse: cocaine—cell membrane..................................................................... P o s t e r fAM
753. Drugs of abuse: cocaine—glutamate................................................................................  Poster fAM
754. Drugs of abuse: cocaine— locomotor......................................................................... P o s t e r fAM
755. Drugs of abuse: cocaine— microdialysis........................................................................ P o s t e r fAM
762. Drugs of abuse: cocaine— miscellaneous................................................. Poster fAM
756. Drugs of abuse: cocaine—monoamines................................................... P o s t e r fAM
757. Drugs of abuse: cocaine—neonatal .................................................................................  

P o s te r
fAM
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758. Drugs of abuse: cocaine— neurophysiology.............................................................. Poster fAM
759. Drugs of abuse: cocaine— nucleus accumbens....................................................... Poster fAM
760. Drugs of abuse: cocaine—other drugs......................................................................... Poster fAM
761. Drugs of abuse: cocaine— self-administration.......................................................... Poster fAM
595. Drugs of abuse: ethanol and benzodiazepines—tolerance,

dependence, withdrawal ..................................................................................................... Poster thAM
74. Drugs of abuse: ethanol, benzodiazepines, barbiturates I .................................. mAM

157. Drugs of abuse: ethanol, benzodiazepines, barbiturates I I ................................ Poster mPM
245. Drugs of abuse: ethanol, benzodiazepines, barbiturates—G A B A ................. Poster tAM
749. Drugs of abuse: ethanol—development...................................................................... Poster fAM
750. Drugs of abuse: ethanol— monoamines...................................................................... Poster fAM
512. Drugs of abuse: opioids and others—developmental effects............................ Poster wPM
596. Drugs of abuse: opioids and others— miscellaneous............................................ Poster thAM
418. Drugs of abuse: opioids and others—opioids: behavior.................................... Poster wAM
417. Drugs of abuse: opioids and others—opioids: neurochemistry....................... Poster wAM
511. Drugs of abuse: opioids and others—opioids: withdrawal................................ Poster wPM

72. Hormonal control of reproductive behavior: hormones and metabolites.. Poster mAM
416. Hormonal control of reproductive behavior: immediate early gene

expression .................................................................................................................................... Poster wAM
241. Hormonal control of reproductive behavior: male/female/parental............. .. Poster tAM
744. Hormonal control of reproductive behavior: neuroanatomy........................... Poster fAM
665. Hormonal control of reproductive behavior: neuropeptides and

transmitters.................................................................................................................................. Poster thPM
332. Hormonal control of reproductive behavior: receptors....................................... Poster tPM
233. Human cognition: attention................................................................................................ Poster tAM
532. Human cognition: attention and m em ory.................................................................. .Slide thAM
347. Human cognition: audition and language I ............................................................... .Slide wAM
740. Human cognition: audition and language I I .............................................................. Poster fAM
659. Human cognition: electrophysiology............................................................................. Poster thPM
232. Human cognition: hemispheric laterality, gender differences.......................... Poster tAM
323. Human cognition: memory, other.................................................................................... Poster tPM
658. Human cognition: vision, methods................................................................................. Poster thPM
239. Ingestive behaviors I ................................................................................................................ Poster tAM
240. Ingestive behaviors II . . ............................................................................................................ Poster tAM
331. Ingestive behaviors I I I ............................................................................................................. Poster tPM
508. Ingestive behaviors IV ............................................................................................................. Poster wPM
522. Ingestive behaviors V ............................................................................................................... .Slide thAM
697. Ingestive behaviors V I ............................................................................................................. Slide fAM
743. Ingestive behaviors V I I ............................................................................................................ Poster fAM

14. Invertebrate learning and behavior I ............................................................................... .Slide mAM
238. Invertebrate learning and behavior II ............................................................................. Poster tAM
330. Invertebrate learning and behavior III ........................................................................... Poster tPM
440. Invertebrate learning and behavior IV ............................................................................ .Slide wPM
660. Learning and memory: models........................................................................................... Poster thPM
741. Learning and memory: pharmacology—acetylcholine......................................... Poster fAM
412. Learning and memory: pharmacology—benzodiazepines.................................. Poster wAM
413. Learning and memory: pharmacology—excitatory amino ac ids..................... Poster wAM
153. Learning and memory: pharmacology—monoamines.......................................... Poster mPM
154. Learning and memory: pharmacology—opioids....................................................... mPM
234. Learning and memory: pharmacology—other I ........................................................ tAM
507. Learning and memory: pharmacology—other I I ....................................................... Poster wPM
173. Learning and memory: physiology I ................................................................................ Slide tAM
324. Learning and memory: physiology I I ............................................................................... P o s t e r tPM
325. Learning and memory: physiology I I I ....... ..................................................................... tPM
326. Learning and memory: physiology IV ............................................................................. Poster tPM
411. Learning and memory: physiology V ..............................................................................  Poster wAM
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150. Learning and memory: systems and functions I ............................................ Poster mPM
151. Learning and memory: systems and functions II........................................... Poster mPM
152. Learning and memory: systems and functions III.......................................... Poster mPM
186. Learning and memory: systems and functions IV .......................................... Slide tAM
408. Learning and memory: systems and functions V ........................................... Poster w AM
409. Learning and memory: systems and functions V I .......................................... Poster w AM
410. Learning and memory: systems and functions V II......................................... P o s t e r w AM
447. Learning and memory: systems and functions VIII........................................ Slide wPM
504. Learning and memory: systems and functions IX .......................................... Poster wPM
505. Learning and memory: systems and functions X ........................................... P o s t e r w PM
506. Learning and memory: systems and functions X I .......................................... Poster wPM
592. Learning and memory: systems and functions XII......................................... P o s t e r thAM
747. Monoamines and behavior: dopamine and m ovem ent............................... Poster fAM
748. Monoamines and behavior: electrophysio logy............................................. Poster fAM
243. Monoamines and behavior: gene expression ............................................... Poster tAM
745. Monoamines and behavior: nucleus accum bens..........................................

Poster fAM
244. Monoamines and behavior: seroton in...........................................................

Poster tAM
242. Monoamines and behavior: sexual behavior................................................

Poster tAM
509. Monoamines and behavior: stimulants..........................................................

Poster w PM
510. Monoamines and behavior: stress and depression........................................ Poster vvPM
746. Monoamines and behavior: transmitter re lease............................................ Poster fAM
155. Motivation and emotion I .............................................................................. Poster mPM
329. Motivation and emotion II ............................................................................. Poster tPM
661. Motivation and emotion III ............................................................................ Poster thPM
328. Neural plasticity I ........................................................................................... Poster tPM
414. Neural plasticity II .......................................................................................... Poster w AM
69. Neural plasticity: cerebral co rte x .................................................................. Poster m AM

327. Neural plasticity: hippocampus .................................................................... P o s t e r tPM
237. Neuroethology: aud ition ................................................................................ Poster tAM
663. Neuroethology: behavioral strategies............................................................ P o s t e r thPM
415. Neuroethology: bird v o ca liza tio n ................................................................. Poster w AM
156. Neuroethology: electroreception .................................................................. P o s t e r mPM
70. Neuroethology: invertebrate.......................................................................... P o s t e r m AM
73. Neuropeptides and behavior: CCK, CRF, vasopressin, and somatostatin .... Poster m AM
6. Neuropeptides and behavior: CRF, oxytocin, and other peptides............... Slide m AM

594. Neuropeptides and behavior: vasopressin, NPY, neurotensin,
and others.......................................................................................................

P o s t e r
thAM

603. Prefrontal Mechanisms o f D isordered Cognition:
Relevance to Sch izoph ren ia .......................................................................... S Y M P thPM

246. Psychotherapeutic drugs: antipsychotics......................................................  Poster tAM
666. Psychotherapeutic drugs: antipsychotics and other agents.......................... Poster thPM
763. Psychotherapeutic drugs: anxiolytics and antidepressants........................... Poster fAM
158. Psychotherapeutic drugs: c lo zap in e ..............................................................  P o s t e r mPM
353. Psychotherapeutic drugs: effects on neurotransmitter systems....................  S lide w AM
664. Stress: behavioral stud ies................................................ ............................... Poster thPM
358. Stress: from molecular biology to behav io r..................................................  S lide w AM
593. Stress: neurochem istry...................................................................................  

Poster
thAM

71. Stress: neuroendocrine m echan ism s.............................................................  
Poster

m AM
688. The Contribution of Identified Neurons to Neuroscience:

A 25-Year Retrospective...........................................................................................  SYMP fAM
687. View of a Neural System in the Blink of an Eye: The Eyeblink

Reflex—Control, Learning, and Cellular M echanism s..................................... SYM P fAM

THEME J: DISORDERS OF THE NERVOUS SYSTEM
15. Degenerative disease: Alzheimer's— ß-amyloid I .................. ......................  S lide m AM
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77. Degenerative disease: Alzheimer's— ß-amyloid I I .................................................... Poster mAM
162. Degenerative disease: Alzheimer's— ß-amyloid IlI ................................................... Poster mPM
182. Degenerative disease: Alzheimer's— ß-amyloid IV ................................................... Slide tAM
338. Degenerative disease: Alzheimer's— ß-amyloid V .................................................... Poster tPM
355. Degenerative disease: Alzheimer's— ß-amyloid V I ................................................... Slide wAM
421. Degenerative disease: Alzheimer's— ß-amyloid V I I ................................................. Poster wAM
422. Degenerative disease: Alzheimer's— ß-amyloid V III ................................................ Poster wAM
513. Degenerative disease: Alzheimer's— ß-amyloid IX ................................................... Poster wPM
528. Degenerative disease: Alzheimer's— ß-amyloid X .................................................... Slide thAM
600. Degenerative disease: Alzheimer's— ß-amyloid X I ................................................... Poster thAM
669. Degenerative disease: Alzheimer's— ß-amyloid X I I ................................................. Poster thPM

79. Degenerative disease: Alzheimer's— cognitive function: imaging
and neuropathology................................................................................................................... Poster mAM
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neurotransmitters......................................................................................................................... Slide mPM
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163. Degenerative disease: Alzheimer's— neuropharmacology and
neurotransmitters I I ........................ ............................................................................................ Poster mPM

423. Degenerative disease: Alzheimer's— neuropharmacology and
neurotransmitters I I I ................................................................................................................... Poster wAM

514. Degenerative disease: Alzheimer's— neuropharmacology and
neurotransmitters IV ................................................................................................................... Poster wPM

81. Degenerative disease: Alzheimer's—other I ................................................................ Poster mAM
99. Degenerative disease: Alzheimer's—other I I ............................................................... Slide mPM

260. Degenerative disease: Alzheimer's—other I I I .............................................................. Slide tPM
424. Degenerative disease: Alzheimer's—other IV .............................................................. Poster wAM
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601. Degenerative disease: Alzheimer's—other V II ............................................................ Poster thAM
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3
SYMPOSIUM. GENDER DIFFERENCES AND THE BRAIN. N.C. Andreasen. 
Univ. of Iowa (Chair); B.S. McEwen. Rockefeller Univ.; R.A. Gorski. UCLA; 
Witelson. McMaster Univ.; E. Frank. Univ. o f Pittsburgh.

Recent advances in basic and clinical neuroscience have focused attention on the 
importance of examining gender similarities and differences in brain structure and 
function and their implications for health and behavior. Recent work has 
examined both animal and human data and has applied both in vitro and in vivo 
methods, including neuroimaging techniques. McEwen will discuss hormonal 
mediation o f brain development and function, including early developmental 
effects, acute activational effects, genomic vs. nongenomic effects, and permanent 
developmental ("organizational") effects. G orsk i will discuss the sexually 
dimorphic nucleus of the preoptic area in the hypothalamus as a model system for 
elucidating the mechanisms by which gonadal hormones mediate brain 
differentiation and will present data concerning sex differences in brain 
morphology in vertebrate mammals and humans. Witelson will present data from 
human post mortem and magnetic resonance studies that indicate various types of 
structural differences can be observed in male and female brains and will discuss 
the implications of such findings for the cortical localization o f function, the role 
of sexual differentiation in determining cortical structure and function, and 
cognitive and behavior differences between the sexes. Andreasen will present 
magnetic resonance, positron emission tomography, and cognitive test data that 
indicate both similarities and differences between men and women and will 
discuss the social and psychological significance o f these findings. Finally, 
Frank will review recent epidemiological findings concerning gender prevalence 
of mood, anxiety, and schizophrenic disorders and then, with a particular focus on 
mood disorders, discuss both biological and psychosocial theories for these 
differences.

4
SYMPOSIUM. UNRAVELING THE SEROTONERGIC SYSTEM: INSIGHTS 
FROM MOLECULAR BIOLOGY. T.A. Branchek. Synaptic Pharmaceutical 
Corp.(Chairperson); P.R. Hartig. Synaptic Pharmaceutical Corp.: D.L. Nelson. Lilly 
Res. Labs; D. Julius. UCSF; R. Hen. Institut de Chimie Biologique, Strasbourg; 
P.R . Siblev. NINDS, NIH.

Serotonin is a neurotransmitter with profound and diverse effects in both the CNS 
and the periphery including psychotomimetic actions, anxiety and depression, 
cardiovascular regulation, and gastrointestinal motility. These multiple actions of 
serotonin are mediated by a diversity of receptors. Molecular cloning has lead to the 
elucidation o f at least 13 cloned serotonin receptor subtypes, some o f which were 
undetected prior to their cloning. With the exception o f the 5-HT3 receptor, the 
others have been shown (or are expected) to be members o f the G protein-coupled 
receptor superfamily. Their deduced amino acid sequences, pharmacology, signal 
transduction mechanisms, and distribution allow initial insights into their 
interrelationships. Taking these properties into account, the subtypes can be 
tentatively assigned to seven "subfamilies". The goal o f  this symposium is to outline 
the molecular organization of serotonin receptors and to link them to their functional 
roles including biochemical, physiological, pharmacological, developmental, and 
behavioral correlates.

NEUROPEPTIDES AND BEHAVIOR: CRF, OXYTOCIN, AND OTHER PEPTIDES

6.1
ANTI-STRESS ACTION OF CORTICOTROPIN-RELEASING FACTOR 
ANTAGONIST ON BEHAVIORAL REACTIVITY TO STRESSORS OF 
VARYING TYPE AND INTENSITY. K.T. Britton3 * . Ş.Ç. Heinrichs. F, 
Menzaghi, H.A, Baldwin1. S. Rassnick2 , Ę. Merlo Pich and G.F. Koob. The 
Scripps Research Institute, Dept o f Neuropharmacology, CVN7, 10666 N. Torrey 
Pines Rd., La Jolla CA 92037, 1 Astra Neurosciences Research Unit, 1 Wakefield 
St., London, WCI 1PJ, England, 2Clinical Immunopathology-CLSI, Presbyterian 
University Hospital, DeSoto at O'Hara Streets, Pittsburgh PA, 15213-2582 and 3San 
Diego Veterans Administration Medical Center, Dept. of Psychiatry VAMC V-116, 
350 La Jolla Village Drive, La Jolla CA, 92161.

Brain Corticotropin-Releasing Factor (CRF) is well known as a mediator of 
behavioral and endocrine responses to stress. A major biological question is the 
specificity of this role in relation to the nature and severity o f  the stressor. 
Accordingly, the present studies characterized the anti-stress action of a centrally 
administered CRF antagonist, a-hel CRF (9-41) [1, 5 and 25 μg ICV], on the 
heightened emotionality produced by three different stressors: physical 
immobilization, social defeat and swimming. Exposure to any one of these stressors 
reduces subsequently the amount o f time spent exploring the open arms o f the 
Elevated Plus-Maze, an outcome which reflects an anxiogenic-like state. This 
behavioral hyperemotionality was blocked by a 1 μg dose o f CRF antagonist in the 
case of the immobilization and swim stressors and by a 25 pg dose administered 
following the social stressor. While these stressors consist of both physical and 
psychological components, the immobilization and swim stressors produced a greater 
increase in plasma ACTH levels than the social stressor. These results suggest that 
activation o f brain CRF systems coordinates the behavioral response to stress 
independent of the particular type or intensity o f the stressor.

This research was supported in part by grants DK 26741 to GFK and AA 
07456/06420 to the Alcohol Research Center of The Scripps Research Institute.

6.3
OVERPRODUCTION OF CORTICOTROPIN-RELEASING FACTOR IN 
TRANSGENIC MICE: A GENETIC MODEL OF ANXIOGENIC BEHAVIOR. 
S,c, Heinrichs* ,M.P.,_Stenzel-Poore2 , S, Rivest1, G.F, Koob and W.W. Vale1 The 
Scripps Research Institute, Dept. of Neuropharmacology. CVN7, 10666 N. Torrey 
Pines Rd., La Jolla CA 92037, 1The Clayton Foundation Laboratories for Peptide 
Biology, The Salk Institute, La Jolla, CA 92037 and 2Oregon Health Sciences 
University, Dept. of Microbiology and Immunology, Portland OR 97201.

Corticotropin-releasing factor (CRF) is released in response to various stressors and 
regulates adrenocorticotropin secretion and glucocorticoid production. CRF 
overproduction has been implicated in affective disorders such as depression and 
anorexia nervosa. A transgenic mouse model of CRF overproduction has been 
developed in order to examine the endocrine and behavioral effects of chronic CRF 
excess. CRF transgenic animals exhibit endocrine abnormalities involving the 
hypothalamic-pituitary-adrenal axis such as elevated plasma levels o f ACTH and 
glucocorticoids. The present series o f experiments tested the hypothesis that chronic 
overproduction o f CRF throughout the life span of these animals may lead to an 
anxiogenic behavioral state. CRF transgenic mice and normal littermate controls 
were tested by measuring locomotor activity in a novel environment and through the 
use of an elevated plus-maze as indices of anxiety. CRF transgenic animals exhibited 
an increase in emotionality, an effect known to occur following central 
administration o f CRF in mice and rats. Injection o f the CRF antagonist, α -helical 
CRF (9-41), into the lateral cerebral ventricles reversed the anxiogenic state observed 
in the CRF transgenics which supports the possibility that central CRF 
overproduction may mediate this effect. Thus, CRF transgenic mice represent a 
genetic model of CRF overproduction and a valuable tool for investigating the long 
term effects o f CRF excess and dysregulation in the central nervous system.

This research was supported in part by grants DK 26741 to WWV and GFK and 
AA 07456/06420 to the Alcohol Research Center of The Scripps Research Institute.

*Indicates signing member

6 .2
INCREASED DENSITY OF REGIONAL BRAIN CRF BINDING SITES 
AFTER M ATERNAL DEPRIVATION. CB Nemeroff*. MJ Owens. SJ Plott 
and S. Levine. Lab. o f Neuropsychopharmacology, Emory Univ. Sch. o f  Med., 
Atlanta, GA 30322 and Lab. o f  Developmental Psychobiology, Stanford Univ. 
Sch. Med., Stanford, CA 94305.

Considerable evidence exists supporting the view that corticotropin-releasing 
factor (CRF), a hypothalamic releasing factor and extra-hypothalamic 
neurotransmitter, mediates the endocrine, autonomic, immune, and behavioral 
responses to stress. The present study sought to determine whether maternal 
deprivation stress in neonatal rats results in alterations in CRF receptor binding 
in the pituitary and regional CNS areas. The hybrid offspring o f Sprague- 
Dawley females and Long Evans males were culled to 8 pups/litter, 4 males and 
4 females. One half o f  the litters were maternally deprived for 24 hrs at 12 days 
o f age (on a heating pad set at 30-33oC); the other half o f the litters remained 
with their dams. Following the deprivation period, the rats were decapitated, 
trunk blood collected for ACTH and corticosterone measurement, and the 
brains rapidly removed and frozen for CRF binding. As expected, pituitary CRF 
binding density was significantly reduced after maternal deprivation, presumably 
due to the increased CRF release associated with H PA axis activation. 
Surprisingly, the number o f CRF binding sites in the maternally deprived group 
was significantly increased in the frontal cortex, amygdala, hippocampus, 
hypothalamus and cerebellum. N o such increase was observed in prefrontal 
cortex, piriform cortex, raphe nuclei or the locus coeruleus. These findings 
suggest that CRF responsive neurons may be sensitized, i.e., up-regulated, by 
maternal deprivation. Because o f evidence for a role for CRF-containing 
neuronal circuits in the pathophysiology o f affective and anxiety disorders, this 
finding may explain contributions o f early abuse and neglect to the 
pathophysiology o f these major psychiatric illnesses. (Supported by MH-42088).

6 .4
E F F E C T S  O F C O R T IC O T R O P IN -R E L E A S IN G  FA C T O R  A N D  
F L U M A Z E N IL  O N  TW O M E A S U R E S  O F  A N X IET Y . S.S. Mov. D.J. 
Knapp, H.E. C riswell. T.J. McCown*, and G .R .Breese. Brain and  
D evelopm ent Research Center, U niv. o f North Carolina Sch. o f Med., 
Chapel Hill, NC 27599.

Both the elevated  p lus m aze and the shuttle-box conflict task have  
been exten sively  used to a ssess  anxiolytic and  anxiogenic properties of  
different pharm acological agents. Previous research h as show n that the  
central adm inistration o f the neuropeptide corticotropin-releasing factor 
(CRF) produces anxiogenic-like effects in the elevated  p lus maze. In the  
presen t experim ent, CRF sign ificantly  decreased tim e spent on the open 
arm s o f an elevated  plus m aze, su ggestive o f an anxiogenic action. In 
contrast, CRF produced no sign ificant effects in a shuttle-box avoidance  
procedure. Therefore, exploration on the elevated  p lus m aze w as a more 
sen sitive  m easure o f CRF's anxiogenic-like effects than perform ance in  
the shuttle-box. The opposite trend w as observed with flum azenil, a 
benzodiazep ine receptor antagonist, in the tw o conflict tasks.
F lum azenil (1-10 m g/kg) did not change tim e spent on the open arm in 
the elevated  p lus m aze. In contrast, flum azenil exhibited an action in 
the avoidance task  like that seen w ith  benzodiazep ines or alcohol, 
su ggestive o f  an anxiolytic action. T h ese resu lts show th at the degree o f  
stress induced by a particular procedure can be an im portant factor in 
w h ether or not a particular drug w ill produce behavioral changes. We 
propose that exposure to a h igh ly  aversive stim ulu s, such as the shock  
used  in the shuttle-box conflict task, can lead to increased levels o f an 
endogenous compound with anxiogenic properties which could m ask the  
anxiogenic contribution m ade by CRF (supported by AA-08024,
H D03110, & HD07201).
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6.5 6.6
ROLE OF THE SEPTUM IN CRF INDUCED ENHANCEMENT OF THE 
ACOUSTIC STARTLE REFLEX. Y. LEE & M. DAVIS. Dept. of Psychiatry, 
Yale Univ. Sch.. of Med., New Haven, CT.

Previous studies from our laboratory demonstrated that i.c.v. injection of CRF 
markedly enhanced acoustic startle amplitude. These effects lasted oyer 2 hrs and 
were blocked by either administration of a CRF antagonist, α -helical CRF, or 
electrolytic lesions of the amygdala. Interestingly, however, intra amygdala 
infusion of CRF failed to mimic i.c.v. CRF, suggesting that the amygdala is 
involved in the expression of these effects but is not the primary CRF receptor site 
that mediates CRF enhanced startle. Thus, neural substrates mediating CRF 
enhanced startle need to be identified. To this end, we first examined whether the 
long lasting CRF effect involves the HPA-axis. In Experiment 1, rats received 
either adrenalectomy or sham adrenalectomy along with i.c.v. cannulation. After 2 
wk of recovery, animals were tested with 60,105 dB startle tones (pre-drug baseline 
startle), and then were infused i.c.v. with CRF (1 pg/ 5 μl) or artificial cerebral 
spinal fluid (ACSF). Immediately thereafter, they were tested again with 240, 105 
dB startle stimuli. This procedure was repeated 48 hrs later with cross-over injection 
of drugs. The adrenalectomized animals, as well as the control animals, showed a 
marked increase in startle amplitude following i.c.v. injection of CRF, suggesting 
that the HPA-axis is not involved in mediating these effects. Completeness of 
adrenalectomy was verified by measuring plasma corticosterone levels using a 
radioimmunoassay. In Experiment 2, we examined the possible role of the septal 
nuclei in mediating CRF enhanced startle. The septal nuclei contain CRF receptors 
and have anatomical connections to the amygdaloid complex. Animals were 
subjected to either sham lesions or to electrolytic lesions of the whole septum, the 
lateral septum, or the medial septum. After 2 weeks of recovery, behavioral tests 
were given using identical procedures to those of Exp. 1. Electrolytic lesions of the 
whole septum or of the medial septum, but not the lateral septum, blocked CRF 
enhanced startle. Because the benavioral effects of medial septal lesions were 
identical to those of whole septal lesions, in Experiment 3, we further examined the 
role of the medial septum, using NMDA induced lesions. The results showed that 
NMDA lesions of the medial septum blocked CRF enhanced startle, provided that 
the lesions destroyed the "giant" cells in the medial and the ventral part of the medial 
septum. Taken together, tne present data suggest that the medial septum is a critical 
structure for CRF enhanced startle. Currently we are investigating an efferent 
pathway that the medial septum utilizes in modulating the startle reflex.

6.7

EVIDENCE FOR THE INVOLVEMENT OF CRH IN THE BEHAVIORAL 
RESPONSE TO COCAINE. M.J. Majchrzak* and P.A . Seymour. Dept. of 
Neuroscience, Central Research Division, Pfizer Inc, Groton, CT 
06340

Cocaine exerts multiple neurochemical effects, including 
activation of the hypothalamic-pituitary-adrenal axis (HPA). 
Recent evidence suggests that some of the effects of cocaine may be 
mediated by CRH, since the hyperactivity response to cocaine is 
antagonized by CRH antagonists. In an attempt to replicate this effect 
we found that ICV surgery significantly attenuated the hyperactivity 
response to cocaine (10 mg/kg, s.c.). To investigate the effect of 
surgery stress on this response, cocaine was adminstered to non- 
operated, sham-operated and ICV cannulated rats, seven days after 
surgery performed under ketamine-xylazine anesthesia. Both the 
sham-operated and cannulated groups showed blunted responses to 
cocaine. To assess the involvement of anesthesia in this response, 
animals were treated with sodium pentobarbital, ketamine/xylazine 
or vehicle and were given cocaine seven days later. Treatment with 
either agent significantly attenuated the response to cocaine. Since 
anesthetics are known to have significant effects on the HPA, the 
cocaine response was then measured in two rat strains that have 
been shown to differ in HPA responsivity. Lewis rats, which exhibit 
a deficient CRH response to stress, showed a potentiated response to 
cocaine, while Fischer rats, which exhibit a robust CRH response to 
stress, showed an attenuated response to cocaine. These data suggest 
that anesthesia acts as a physiological stressor that produces long 
term changes in HPA function and provide further evidence for the 
involvement of CRH in the effects of cocaine.

6.9

VASOPRESSIN IS BOTH NECESSARY AND SUFFICIENT FOR 
PAIR BONDING IN THE MONOGAMOUS PRAIRIE VOLE. J. T. 
W inslow and T. R. Inscl * Lab. o f Neurophysiology, NIMH, 
Poolesville, MD 20837.

Central vasopressin (AVP) pathways have been previously implicated 
in both social memory and territorial behavior. As the development of 
long-term pair bonds in monogamous mammals involves both enduring 
social recognition and a selective increase in aggression (e.g. mate 
guarding), we hypothesized that central AVP pathways mediate some 
aspects o f pair-bonding. The prairie vole, a microtine rodent which has 
been extensively characterized as monogamous under both field and 
laboratory conditions, provides a useful model for testing this 
hypothesis. Within 24 hours o f mating, the male prairie vole 
demonstrates two critical aspects o f pair bonding: (a) a clear preference 
for his mate (relative to a novel female) and (b) a profound and 
enduring increase in aggression towards other conspecifics. AVP (1 
ng/hr. icv for 24 hours by minipump) but not CSF increased both 
aggression and partner preference in the absence of mating. In males 
with 24 hrs. of mating, prior injections o f the AVP (V 1a) antagonist 
(d(CH2 )5 [Tyr(Me)] AVP) but not CSF blocked both the selective 
aggression (0.05-500 ng icv) and the partner preference (5.0 ng icv) 
consequent to mating. The vasopressin antagonist did not alter mating 
behavior in these studies nor did it decrease aggression in other studies 
when given after the pair bond was established (ie. it was not anti- 
aggressive). A selective oxytocin antagonist (OTA, 5 ng icv) did not 
alter the development of either aggression or partner preference after 
mating. These results demonstrate that AVP is both necessary and 
sufficient for the development o f two key aspects of pair bonding in the 
male prairie vole.

EFFECT S OF CRH AND RESTRAINT STR ESS IN THE LIGHT/DARK 
ANXIETY TEST IN MICE. V. Guanowskv* and P.A. Seymour. Dept. of 
Neuroscience, Central Research Division, Pfizer Inc, Groton, CT 
06340

Much evidence supports a role for corticotropin-releasing 
hormone (CRH) in mediating behavioral responses to stress. In 
fact, many of the behavioral effects of ICV CRH are similar to those 
produced by stress. Since ICV CRH has been shown to elicit 
anxiogenic-like effects in several anxiety models and to alter 
exploratory behavior, the effects of CRH were examined in the 
light/dark test, an anxiety model that employs the exploration of a 
novel environment as its basis. Male C57/BI mice were tested in a 
light/dark apparatus 60 min after various doses of ICV CRH. It was 
found that CRH (.01-.32 μ g) dose-dependently decreased the 
number of transitions between the light and dark segments, an 
effect consistent with anxiogenesis. This effect was reversed by 10 
μg of the CRH antagonist, α-helical CRH (9-41). An effect similar 
to that induced by CRH was observed after 60 min, but not after 15 
or 30 min of restraint stress. These data demonstrate that CRH and 
restraint stress produce similar anxiogenic-like effects in the 
light/dark test.

6 .8
A LONG ACTING COM PETITIVE CORTICOTROPIN-RELEASING  
FACTOR ANALOG ANTAGONIST W ITHOUT PARTIAL AGONIST  
E F FE C T S. R.L. Howard. F, Menzaghi. S.C. Heinrichs. J, Rivier1 and G.F.  
Koob* The Scripps Research Institute, Dept. of Neuropharmacology, CVN 7, 
10666 N. Torrey Pines Rd., La Jolla CA 92037 and 1C la y to n  Foundation 
Laboratories for Peptide Biology, The Salk Institute, La Jolla CA 92037.

The competitive CRF antagonist, α -helical CRF9-41, has been used extensively 
to explore the physiological role of endogenous CRF systems in mediating various 
stress-induced biological changes. However, high doses o f CRF9-41 which  
antagonize the effects of stress have CRF-like partial agonist effects in control 
groups. The aim of the present study was to determine the relative in vivo potency 
of another synthetic CRF analog, (D●PHE12 , NLE21, 38,Cα MeLEU37) rCRF12- 
41. The present experiments tested the ability of CRF9-41 (0.04,0.2, 1, 5 and 25 
μg) and CRF12-41 (0.008, 0.04, 0.2, 1 and 25 μg) to block the locomotor activity 
induced by CRF (0.5 μg) and to attenuate the restraint stress-induced emotionality 
measured with the elevated plus-maze. In order to investigate the time course of 
CRF antagonist action, both analogs were injected intracerebroventricularly at 
various time points prior to CRF administration (5, 30, 60 or 90 min). A 5 μg dose 
of CRF9-41 injected 90 min prior to CRF blocked the CRF-induced locomotor 
activity. However, a 1 μg dose o f CRF9-41 was effective only when administered 5 
min prior to CRF. In contrast, CRF12-41 injected 90 min prior to CRF blocked 
CRF-induced locomotor activity at doses o f 0.2 to 1 μg. In separate experiments, 
the increased emotionality produced by a restraint stressor was dose dependently 
reversed by administration of CRF9-41 and CRF 12-41. Interestingly, a high dose of 
CRF9-41 produced a partial agonist effect which was not observed with any dose of 
CRF12-41. These results suggest that,CRF12-41 is a long acting and potent CRF 
antagonist with anti-stress actions but without intrinsic agonist effects.

6.10
PROXIMAL SEPARATION FROM PUPS DEPLETES ОТ 
IMMUNOSTAINING IN THE BRAINS OF LACTATING RATS. C  A. 
Pedersen*. M. Perez-Delgado. I. Musiol. G. Avers and J. D. Caldwell. 
Department of Psychiatry, University of North Carolina School of Medicine, 
Chapel Hill, NC 27599

The role of physical contact with pups in oxytocin (ОТ) immunostaining changes 
previously observed in the brain of lactating rats (Jirikowski et al., Cell Tissue Res. 
256:411,1989), was studied in rats subjected to one of three manipulations on Day 
5 postpartum: remove all pups, move dam to a clean cage without pup odors; 
briefly remove and then return dam to her home cage, place all pups inside a small 
wire cage within the home cage so that the dam cannot touch, but can smell and 
hear pups (proximal separation); briefly remove and then return dam to her home 
cage, no disturbance of pups. In the proximal separation situation, pups were 
replaced with recently suckled pups every 12 hrs. Dams in the proximal separation 
situation attempted to physically contact the pups throughout the separation 
period. Six days after separation all dams were perfused with 4% 
paraformaldehyde and then brains were cut into 50 um vibratome sections. ОТ 
immunohistochemical staining was done as previously described (Jirikowski et al., 
1989); sections were examined by light microscopy. The number of ОТ 
immunostained cells in the proximally separated dams was significantly lower in 
the supraoptic nucleus, the medial and lateral preoptic areas, the anterior and 
lateral hypothalamus, and the periventricular nucleus. We conclude that placing a 
lactating dam in the proximal separation condition alters the activity of ОТ 
neurons in many brain sites (HD25255).
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6.11
MICROINJECTION OF AN OXYTOCIN ANTAGONIST INTO 
THE MEDIAL PREOPTIC-ANTERIOR HYPOTHALAMUS 
(MPOA-AH) OR VENTROMEDIAL HYPOTHALAMUS (VMH) 
INHIBITS LORDOSIS IN SYRIAN HAMSTERS. D. Carol 
Whitman* and H. Elliott Albers. Lab. Neuroendocrinol. & Behav., 
Depts. Biol. & Psychol., Georgia State Univ., Atlanta, Ga. 30303 

Microinjection of oxytocin (OXT) into the MPOA-AH or the 
VMH induces lordosis in ovariectomized hamsters primed with 
estradiol (EB) (Whitman & Albers 1993). The purpose of the 
present study was to determine whether inhibition of OXT activity 
in these areas inhibits lordosis. Ovariectomized hamsters were 
implanted with unilateral guide cannulae aimed at the MPOA-AH  
(N=8) or VMH (N=8). Hamsters were given EB (s.c., 10 μg) and 48 
hrs later progesterone (s.c., 100 pg). Each hamster received a 
microinjection of either saline or the OXT antagonist, 
d(CH2)5[Tyr(Me)2Thr4,Tyr-NH29]ornithine vasotocin (OXTA) in a 
counterbalanced manner. Hamsters were tested with a male 3 hrs 
after microinjection and lordosis duration (sec) was recorded. 
Microinjection of OXTA resulted in significantly shorter durations 
of lordosis than did saline in the MPOA-AH (65.0±65.0 and 
512.0±56.0, respectively, p<0.01) and the VMH (204.6±53.9 and 
461.6±68.3, respectively, p<0.01). In conclusion, these data support 
the hypothesis that OXT plays a physiological role in the control of 
lordosis in hamsters. Supported by NSF IBN 9222099.

6.12
CENTRAL ACTION OF THE NOVEL GABA-TRIPEPTIDE 
DERIVATIVES AGAINST PSYCHOSOMATIC DISORDERS.
Y. Watanabe, Y. Hori, H. Sugisawa, K. Sato and T. Shibuya*. 
Department of Tokyo Medical College, Tokyo Japan, 160

In order to protect from enzyme-degradation and enhance 
pharmacological efficacy, novel GABA-tripeptide derivatives were 
synthesized. The central actions of two newly developed GABA- 
tripeptide compounds were compared to both piv-leu-GABA and GABA 
by means of the behavioral and neurochemical methods. Doses 
between 50 and 540 nmol of these newly synthesized compounds, 
which were administered into the rat putamen or amygdala, significantly 
inhibited the methamphetamine (1 mg/kg, i.p.) induced increase in 
locomotor activity in a dose dependent manner. These treatments in 
the putamen were much more potent than those treatments in the 
amygdala, and these effects were more than 100 fold stronger than 
those seen after the same treatment with GABA. Moreover, these 
GABA-peptides significantly blocked pentetrazole-induced convulsions, 
and also enhanced EtOH-induced hypnosis. Additionally, in the cultured 
brain tissues, doses of less than 10 μΜ of these two new compounds 
inhibited an increase in the cytosolic Ca2+ levels caused by 50 mM KCI 
and 25 μΜ Glu in a dose dependent manner, although these inhibitions 
were 10 fold weaker than those seen with piv-leu-GABA. These 
results suggest that two newly synthesized GABA-tripeptides might be 
useful for the treatment of some psychosomatic disorders.

UPTAKE AND TRANSPORTERS I

7 .1
CHANGES IN MOLECULAR MASS OF RAT STRIATAL DOPAMINE 
TRANSPORTER DURING POSTNATAL DEVELOPMENT. A. Patel*. C. 
Cerruti and M .J .  Kuhar. Neuroscience Branch, Lab. o f Molecular 
Pharmacology, NIH-NIDA/Addiction Research Center, Baltimore, MD 
21224.

Developmental changes in the relative molecular mass (M1) of rat dopamine 
transporter (DAT) was examined by 12SI-DEEP (12SI-l-[2-(diphenylmethoxy) 
ethyl] piperazine) photoaffinity labelling and SDS-PAGE gel electrophoresis as 
described previously (Patel et al., Brain Res. 576: 173-174 (1992)). The 
photolabeled DAT polypeptide band from the adult tissue is broad on SDS- 
PAGE gels and in agreement with our previous studies. In this study, we have 
observed differences in the Mr and the degree of broadness of the DAT band on 
SDS-PAGE gels at postnatal days 0 (birth), 4, 14, 28 and adult. There was no 
appreciable change in the Mr of DAT between postnatal days 0 and 4. The 
relative Mr (kDa) at this time period determined for the DAT band corresponds 
to upper, lower and mid-range values of 85,71 and 77, respectively. However, 
a gradual increase in the Mr of the rat DAT was observed between post-natal 
days 4 to 28. At post-natal day 14, the DAT band showed increases in the Mr 
of both the upper edge and the mid-point, resulting in a Mr of 90, 71 and 80 
kDa. By day 28, the Mr was similar to adult values of 98, 77 and 87 kDa, 
respectively. There was also no further increase in the Mr o f DAT from day 28 
to rats over a year old. Studies are underway to determine if  the observed 
changes in the Mr of post-natally developed rat DAT is related to changes in the 
N-glycosylated complex carbohydrates. The functional significance o f the 
change in the Mr during early post-natal development is unknown.

7 .3
CHARACTERIZATION OF HUMAN DOPAMINE TRANSPORTER UPTAKE, 
RELEASE, AND LIGAND BINDING IN TRANSFECTED C6 AND COS-7 
CELLS. A .I  Eshleman*. R.A. Henningson, K.A. Neve and A. Janowskv. Oregon 
Health Sciences University & V.A. Medical Center, Portland, OR 97219 

A 3.5 kb cDNA for the human dopamine (DA) transporter (hDAT) was obtained 
from a substantia nigra cDNA library. The hDAT cDNA was stably transfected into 
a C6 glioma cell line. [3H]DA uptake in a Krebs Hepes buffer was sodium and time 
dependent with a Km of 1.3 μΜ and inhibited by the following drugs in the 
indicated rank order of potency: GBR> mazindol (maz)> CFT > cocaine = 
amphetamine (amph)> methylphenidate (MP)> methamphetamine (meth) >DA> 
nortryptiline>DMI>norepinephrine>serotonin. To characterize non-vesicular 
release of [3H]DA, Cos-7 cells, transiently expressing hDAT, were preloaded with 
[3H]DA and washed. Release buffer (Ca2+-free) was added then aspirated at time 
points from 0.25 to 30 min, and radioactivity remaining in the cells was counted.
The absence of Na+, the presence of 100 mM K+, and the presence of 1 mM meth 
increased the rate of release above control for the first 10 min, with the greatest 
increase in release at 3 min. At this time point, meth, amph and ethanol all 
enhanced release, with meth being the most potent and efficacious; GBR, maz and 
benztropine all inhibited spontaneous release; and cocaine, CFT, MP, and DMI had 
little or no effect. [3H]GBR binding was characterized in Cos-7 cells, which had low 
levels of binding in the absence of transfected hDAT, in contrast to nontransfected 
C6 cells. The Kd value was 1.084 ±0.13  nM and indicated a single affinity state. In 
contrast, [3H]CFT binding gave a two site fit, with a high affinity Kd value o f 6 nM 
and a low affinity site with a micromolar Kd value. The rank order o f inhibition of 
[3H]GBR binding was: maz > CFT > coc > MP > PCP > meth > amph > DMI. The 
transfected cell lines may prove useful in characterizing the mechanisms o f action of 
therapeutic agents as well as abused substances. (Supported by VA Merit Reviews, 
NIDA Contract 271-90-7405 & Training Grant T32DA07262.)

7 .2
STUDY OF THE FUNCTIONAL DOM AINS OF THE N a + / CL--COUPLED  
TRANSPORTER WITH CHIMERAS BETWEEN THE DOPAMINE A N D  THE 
NOREPINEPHRINE TRANSPORTERS. B. Giros*. S. M cLeskey. C. Pifl and 
M.G. Caron. HHMI Labs, D ept. o f Cell Biol., Duke Univ. M ed. Ctr., Durham, 
NC  27710, USA.

The recent elucidation o f the primary structure o f the proteins involved in 
the re-uptake of neurotransm itters at the synaptic cleft has revealed the 
em ergence of a large gene fam ily w h o se  m em bers are proteins w ith  12 
putative transm em brane dom ains. The transporters for the m onoam ines, 
dop am in e, norepinephrine and serotonin , are targets for w id e ly  used  
therapeutic drugs such as antidepressants and for substances o f abuse like 
cocaine. In order to determ ine whether different dom ains of these transporters 
are in volved  in the b inding o f these differente drugs, and the uptake of 
su b strates, ch im eras o f th e d o p a m in e  tran sp orter (DA T) and the  
norepinephrine transporter (NET) w ere constructed. This approach takes 
advantage o f the fact that (1) dopam ine can be a substrate for both the DAT 
and the NET and (2) a large panel o f dru gs capable o f e ffectiv e ly  
discrim inating betw een the tw o transporters exist. A m ong these chimeras, a 
particularly interesting one, used the core o f the DAT, in  w hich the last four 
transmembrane dom ains, the intervening sequences and the carboxyl terminus 
w ere substituted w ith  the NET sequences (DA8 /N E 4 T). U sin g  tritiated  
substrates, the Kd values for DAT, the D A 8/N E 4 T chimera and NET w ere  
respectively 3.6 μΜ, 0.9 μΜ and 0.6 μΜ for DA, and 22.2 μΜ, 3.7 μΜ and 2 μΜ  
for NE. The Ki o f desipram ine (inhibition of D A  uptake) w as 30 μΜ on the 
DAT and the chimera, and 3 nM on the NET. These results suggest that regions 
of the last four transmembrane dom ains o f the m onoam ine transporters are 
likely m ore in volved  in determ ining the properties of b inding and uptake of 
substrates than they are crucial in dietermining the b in d in g properties o f  
tricyclic antidepressants like desipram ine.

7 . 4
DIFFERENTIAL EXPRESSION OF TYROSINE HYDROXYLASE AND BOTH 
MEMBRANE AND VESICULAR DOPAMINE TRANSPORTER GENES IN 
DOPAMINERGIC NEURONS.
R. Raisman-Vozari*. V. Blanchard. S. Vyas. B. Gasnier, E. Krejci. F. Javov- 
Agid. G. Uhl, and Y. Agid. INSERM U 289, CNRS URA1112 and E.N.S., 
Paris; Gene Neurosciences Unit, ARC, MD 21224, Baltimore.

Dopaminergic (DAergic) cells of the substantia nigra pars compacta (SNC) and 
the ventral tegmental area (VTA) display differences in neurochemical and 
pathological features. Dopamine (DA) concentrations in these neurons are 
regulated by a)tyrosine hydroxylase (TH), the rate-limiting enzyme o f DA  
synthesis, b) plasma membrane DA transporter and c) monoamine vesicular 
storage systems. In the present study, the distribution o f TH and both the 
membrane (DAT) and vesicular (VAT) DA transporter mRNAs were quantified 
at cellular level and compared to TH protein amounts in subregions o f the rat 
mesencephalon using in-situ hybridization and immunoautoradiography. The 
anatomical labelling of TH protein and mRNA were almost superimposable and 
close to that o f DAT and VAT mRNAs in the mesencephalon. The mean cellular 
abundance o f TH protein and mRNA were quantified in 4 arbitrary subregions of 
the ventral mesencephalon (lateral, middle and medial SNC, VTA). A lower 
cellular expression o f TH protein and mRNAs for TH and DAT levels were 
observed in the lateral part o f the SNC compared to the other areas. TH and DAT 
mRNA expression was correlated in SNC and not in VTA. Indeed DAergic cells 
in the VTA expressed low levels o f DAT mRNA in comparison to the middle and 
medial SNC. These results suggest a heterogeneity o f DA metabolism among 
populations of DAergic cells in the ventral mesencephalon. The relatively lower 
expression of DAT compared to VAT genes in VTA neurons may partly account 
for the relative sparing o f the mesolimbic system reported in Parkinson’s disease 
and MPTP-treated animals.
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7 .5 7 .6
HUM AN SEROTONIN TRANSPORTER: M OLECULAR CLONING, 
GENOMIC ORGANIZATION, AND m RNA REGULATION  
S.Ramamoorthv. C.C.Bradlev, A.L.Bauman, F,H, Laibach, V.Ganapathy, and 
R.D.Blakelv*. Dept. of Biochem. and Molec. Biol., Medical College of Georgia, 
Augusta, GA 30912-2100 and Dept. of Anatomy and Cell Biol, and Medical Scientist 
Training Program, Emory Univ. Sch. of Medicine, Atlanta, GA 30322.

The plasma membrane serotonin (5HT) transporter (SERT) has been extensively 
investigated over the past two decades as a mechanism for the clearance of synaptic and 
plasma 5HT, as a target for thè action of cocaine and antidepressants, and as a 
biological marker of mental illness. Only recently has it become feasible to explore 
the mechanisms regulating SERT gene expression. Human cDNAs encoding a 
placental 5HT transporter (hSERT) have been identified and a single gene has been 
localized to chromosome 17q11.l-17ql2  (Ramamoorthy et al., PNAS 90: 2542-2546, 
1993). In contrast to rodents, where only single mRNAs are visualized by Northem 
analyses of CNS and periphery, hSERT expressing tissues exhibit three major 
mRNAs varying in abundance in a tissue specific fashion. The hSERT gene appears to 
be comprised of multiple exons with an overall size o f at least 20kb. To explore 
potential mechanisms for transcriptional regulation of the hSERT gene, we have 
utilized a human placental choriocarcinoma cell line (JAR), previously demonstrated to 
express hSERT in a forskolin and cholera toxin-sensitive manner. Overnight 
incubation of JAR cells with 100 ng/mL cholera toxin (CTX) leads to a elevation (3- 
fold) of 5HT transport whereas activity o f the taurine transporter, a SERT homolog 
expressed in JAR cells, is unaffected (Cool et al., J.Biol. Chem. 266: 15750-15757, 
1991). In parallel with an increased Vmax of 5HT transport, CTX-treated JAR 
membranes exhibit a 2 to 3 fold elevation in SERT density. CTX effects on JAR cell 
5HT transport are blocked by inhibitors o f transcription and protein synthesis. 
Northern blots conducted with mRNA from untreated or CTX treated JAR cells reveal 
a marked elevation in steady-state levels of all three hSERT transcripts, whereas 
taurine transporter and β-actin expression levels are unaffected. We are presently 
evaluating nuclear run-on experiments to affirm a direct effect on the hSERT gene. 
Screening of human genomic libraries has resulted in the identification of genomic 
clones likely to contain transcription initiation and regulatory sequences underlying 
these effects. Progress in these areas should aid in the elucidation o f the various cues 
affecting hSERT gene expression in vivo.

7 .7

ENANTIOSELECTIVITY OF COCAINE RECOGNITION SITES: BINDING 
OF (1S)- AND ( 1R)-2ß-CARBOMETHOXY-3ß-(4-IODOPHENYL)TROPANE 
(ß-CIT) TO MONOAMINE TRANSPORTERS
J.L. Neumever* 12 , S, Wang1, Y. Gao2, М.A, Laruelle3. R.M, Baldwin3, E, 
Scanley3, and R.B. lnnis3. 1Northeastern University, Section o f Medicinal 
Chemistry, Boston, Massachusetts 02115; 2Research Biochemicals 
International, One Strathmore Road, Natick, Massachusetts 01760; 3Department 
o f Psychiatry, Yale University School of Medicine and VA Medical Center,
West Haven, Connecticut 06516

[12ЗI]ß-СIT [2ß-carbomethoxy-3ß (4-iodophenyl) tropane] is a SPECT 
probe of DA and 5-HT transporters. The (1R, 2S, 3S) configuration gives the 
structures, which are designated as (lR )-ß-CIT (“active isomer”) and (lS)-ß-CIT 
(“inactive isomer”). (lS)-enantiomer has been synthesized and characterized.
The affinities o f the (1S)- and ( 1R)-enantiomers o f ß-CIT for dopamine (DA) and 
serotonin (5-HT) transporter were assessed by their potencies to displace [125I]- 
ß-CIT binding to tissue homogenates prepared from rat caudate (predominantly 
DA transporters) and rat cortex (predominantly 5-HT transporters). The IC50 
values o f the (1R) enantiomer of ß -CIT to displace [125I]- ß -CIT were o.42±0.07 
nM with striatal membranes and 0.55+0.03 nM with cortical membrane (mean 
±SEM, n=3 for each tissue). In contrast, the IC50 values o f  the ( 1S)-enantiomer 
were 5,700±350 nM and 450±48nM, respectively. Thus, the (1R)-enantiomer 
was more potent than the ( 1S)-enantiomer by a factor o f 14,000 for caudate 
tissue and 800 for cortical tissue.

7 .9
TWO DIFFERENT TYPES OF VESICULAR M ONOAM INE  
TRANSPORTERS (vMATs) ARE EXPRESSED IN ADRENAL MEDULLA. 
B.J. Hoffman* and E. Mezev# Lab. of Cell Biology, NIMH and # Lab. of 
Clinical Neuroscience, NINDS, Bethesda, MD 20892.

cDNAs for two highly related vesicular monoamine transporters (vMATs) 
have recently been cloned (Liu et al. (1992) Cell 70: 539; Erickson, Eiden,& 
Hoffman (1992) Proc. N atl Acad. Sci. USA 89:10993) and characterized. Both 
transport serotonin (5HT), dopamine (DA), norepinephrine (NE), and 
epinephrine (EPI), but with somewhat different rank order of potency. One 
(vMAT-2), from PC12 cells, is expressed in adrenal gland but not in brain; the 
second (vMAT-1), from mast cells, is expressed in monoaminergic neurons (NE, 
DA, 5HT) in the brain, but apparently not in the adrenal gland. Adrenal 
medulla consists of 2 major cell types: (1) chromaffin cells which synthesize and 
store NE and EPI and (2) scattered sympathetic ganglion cells which synthesize 
and release NE. We have examined the expression of vMATs in adrenal gland 
by in situ hybridization histochemistry using oligonucleotide probes specific for 
either vMAT-1 or vMAT-2. Neither vMAT-1 nor vMAT-2 were expressed in 
adrenal cortex. In the adrenal medulla, vMAT-2 was present in chromaffin cells 
but not in sympathetic ganglion neurons. However, vMAT-1 was present in 
both chromaffin cells and sympathetic ganglion cells. The hybridization signal 
in chromaffin cells is roughly equivalent for both vMATs while the signal for 
vMAT-1 in neurons is much stronger than the labeling seen in chromaffin cells. 
Our data suggests that while vMAT-1 is expressed in neurons and other cells, 
thus far vMAT-2 appears to be expressed only in non-neuronal cells.

LOCALIZATION OF SEROTONIN TRANSPORTER MESSENGER RNA IN 
THE HUMAN BRAINSTEM. M.C. Austin*. C.C. Bradley+ JJ . Mann. V. Araneo 
and R.D. Blakely+. Labs of Neuropharmacology, Univ. of Pittsburgh, Pittsburgh, PA 
15213, +Dept. of Anatomy and Cell Biology, Emory University, Atlanta, GA 30322.

Previous studies have reported the cloning of the rat 5-HT transporter and 
described the anatomical localization of the mRNA in the serotonergic raphe nuclei. 
We recently reported the molecular cloning of the human 5-HT transporter and 
observed multiple mRNA species in human placental tissue (Ramamoorthy et al. 
1993). The present study was designed to examine 5-HT transporter gene expression 
in the human brain using Northern blot analysis and in situ hybridization 
histochemistry (ISHH). Postmortem human brainstem tissue was obtained at 
autopsy, dissected and frozen. All cases (N=5) had negative toxicological results and 
no known neurologic or psychiatric disorders. The dorsal raphe (DR) was dissected 
from the midbrain of one of the cases and total RNA isolated from the tissue 
homogenates. Coronal tissue sections (20 μm) of the remaining brainstems were cut, 
thaw-mounted on gelatin-coated slides and processed for ISHH. Results of the 
Northern blot assay revealed three RNA transcripts (7 .5 , 4.6 and 2.9 kb) of the 5-HT 
transporter in the human DR nucleus. The ISHH experiments revealed abundant 
mRNA levels of the 5-HT transporter in several serotonergic nuclei including; the 
median raphe (MR), pontine reticular formation, DR and caudal linear nucleus (CLi). 
No hybridization signal was observed in locus coeruleus or substantia nigra neurons. 
Preliminary quantitative data of the cellular levels of 5-HT transporter mRNA in the 
brain of a normal control shows that the average grain density varies among the 
three serotonergic cell groups examined; MR (46.5 ±  1.5 grains/cell), DR (53.6 ± 
0.67) and CLi (37.5 ± 1.4). Taken together, these findings demonstrate that 5-HT 
transporter mRNA is abundantly expressed in serotonergic neurons of the human 
pons and midbrain and that multiple mRNA species exist. (Supported by MH46745, 
MH40210, DA07390)

7 .8

C O C A IN E IN H IB IT IO N  O F  N O R E P IN E P H R IN E  (N E ) R E U P T A K E  
IN  B A B O O N  H E A R T . J. Fowler *  Y -S.Ding. N. Volkow. R. MacGregor. 
S. Dew ey. N. Pappas. P. King. C. Shea. D. Schlver. J . Logan a n d  A . Wo lf  
Brookhaven N ational Laboratory, U pton, N.Y. 11973.

Two m ajor pharm acological properties o f  cocaine affecting the  
cardiovascular system  are its  local an esth etic  effects and its  blockade o f  
th e catecholam ine (CA) transporters. PET stu d ies w ith  [11C]cocaine 
(COC) have shown h igh uptake in th e hum an heart followed by rapid  
clearance (Volkow, e t  a l , 1992) and stu d ies w ith [11C]hydroxyepedrine in 
dogs show th at cocaine sign ificantly reduces CA reuptake and storage 
(Melon, et al, 1992). W e report PET stu d ies in baboons w ith  COC to 
characterize th e b inding o f cocaine in  th e h eart and w ith  (-)-6- 
[18F]fluoronorepinephrine (6FNE; Ding, et al, 1993), to determ ine the  
tim e course of cocaine's inhib ition o f the N E reuptake. Five baboons were 
stu died  w ith COC before and after the follow ing drugs (drug; iv  dose 
(mg/kg); tim e before COC): (desipram ine (DMI); 0.5; 30); tom oxetine  
(TOM); 2; 30); (cocaine; 2; 2); (cogentin; 0.1; 60); (nom ifensine; 2; 30). Peak  
h eart uptake w as high (0.038-0.055% /g) and clearance w as rapid ( t l /2  
from peak: 2.5-9 m in). N one o f th ese  drugs interfered w ith  C-11 uptake in  
heart. Two baboons were studied w ith 6FN E at baseline and a t different 
tim es (5, 30, 66 and 78 m in) after cocaine pretreatm ent. H eart uptake  
w as reduced to 10% of baseline 5 m inu tes after cocaine and by 30 m in, 66 
m inu tes, and 78 m in, 24, 29 and 48% o f baselin e uptake had recovered. 
U ptake approached b aseline value a t 24 hrs. S im ilar ra tes o f recovery  
were observed for the two baboons. The rapid clearance o f cocaine from  
heart, th e inability  to block it  w ith  DMI and TOM and its  relatively long- 
la stin g  effects on N E  uptake suggest th at m echan ism s other than  the  
direct interaction of cocaine w ith the N E  transporter m ay be responsible  
for the cocaine's effect on N E  reuptake in the heart. Supported by  
NIN D S; DOE/OHER; NIDA.

7 .1 0

THE C. elegans unc-17 GENE ENCODES A PUTATIVE VESICULAR 
ACETYLCHOLINE TRANSPORTER. James B. Rand. Aixa Alfonso. 
Janet Duerr*. Kielv Grundahl. and He-Pinq Han. Program 
in Molecular and Cell Biology, Oklahoma Medical Research 
Foundation, Oklahoma City, OK 73104.

We have cloned and sequenced cDNAs encoded by the 
unc-17 gene of C. elegans. Hypomorphic unc-17 mutants 
are uncoordinated and deficient in cholinergic function. 
The UNC-17 protein has substantial sequence similarity to 
two mammalian synaptic vesicle amine transporters, 
suggesting that it, too, is a vesicular transporter. 
Immunohistochemical localization in wild-type animals and 
in mutants shows that UNC-17 is associated with synaptic 
vesicles of cholinergic neurons. We therefore suggest 
that unc-17 encodes an acetylcholine vesicular 
transporter, unc-17 is part of a complex transcription 
unit with cha-1 (which encodes choline acetyl- 
transferase); the cha-1 and unc-17 mRNAs appear to be 
derived by alternative splicing. The synthesis and 
vesicular transport of acetylcholine therefore appear to 
be coregulated. Mutations which eliminate all unc-17 
gene function are lethal, with the same terminal 
phenotype as cha-1 nulls; this suggests that the acetyl
choline transporter is essential for cholinergic 
function.

Supported by grants from NIGMS and NSF.
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8.1

CONSTITUTIVELY EX PR ESSED  AND INDUCIBLE LEV ELS  OF 
NGF mRNA IN THE BASAL FOREBRAIN. S. Carswell*. P.A. Lapchak.
H. Wilcox. K. Clopton-Hartpence. E. Robbins. E. R. Brown, and M.S. 
Saporito. Cephalon, Inc., 145 Brandywine Parkway, West Chester, PA 
19380.

It is thought that NGF detected in the basal forebrain is synthesized in target 
hippocampal and cortical neurons and then delivered by retrograde axonal 
transport to the basal forebrain. However, we have measured significant 
amounts of NGF mRNA, equivalent to 40-50% of hippocampal levels, in the 
basal forebrain of adult rats, using a highly sensitive and quantitative RNase 
protection assay. Measurements of NGF mRNA in subsections of the basal 
forebrain suggest that NGF is synthesized evenly throughout the region. 
Furthermore, proportional levels of NGF and its mRNA were measured in the 
basal forebrain and hippocampus, which suggests that much of the NGF in 
these regions may be produced locally. NGF and NGF mRNA levels in the 
basal forebrain 21 days after complete transection of the fimbria, which would 
be expected to prevent most retrograde transport of NGF, were similar to 
levels obtained in unlesioned animals, providing further evidence that NGF 
found in the basal forebrain is synthesized there. Also, Trk 
autophosphorylation occurred in the basal forebrain within 30 min of ICV 
administration of NGF, suggesting direct action in the basal forebrain. NGF 
produced in the basal forebrain appears to be under similar regulatory 
controls as in other brain regions inasmuch as single injections of 1,25 
dihydroxyvitamin D3 or dexamethasone induced NGF mRNA levels to a 
similar extent in basal forebrain, frontal cortex and hippocampus of 
unlesioned and fimbria fornix-lesioned animals. These findings suggest the 
feasibility of pharmacologically inducing NGF in the basal forebrain of 
Alzheimer's Disease patients to enhance the survival of degenerating 
cholinergic neurons in that region, even when cholinergic pathways are 
compromised.

8 .3
STRIATAL TRANSFORMING GROWTH FACTOR ALPHA: PLASTICITY 
OF EXPRESSION AND EFFECTS OF INFUSIONS ON DOPAMINERGIC 
AFFERENTS S.E , Loughlin, D . Тom, M . Korc, E. Levin and J.Н. F allon*, Dept. 
of Anat. and Neurobiol., Univ.of California Irvine, CA 92717

Transforming growth factor alpha precursor like immunoreactivity (TGFa-LI) 
and mRNA is present in a subpopulation of striatal astrocytes (Fallon, et al, 
1988; 1990) which is increased by fetal transplants (Loughlin, et al, 1989). 
Evidence has suggested that this growth factor is important in survival and/or 
growth of dopaminergic neurons. Experiments were first carried out to examine the 
plasticity of TGFa expression. In cultures of forebrain astrocytes, treatment with 
TGFa caused an increase in expression of TGFa. In situ hybridization experiments 
demonstrated that, in vivo, TGFa infusions caused an increase in forebrain TGFa 
mRNA. Our previous studies had shown that TGFa infusions caused a decrease in 
apomorphine-induced rotation behavior following 60HDA lesions. (Loughlin, et 
al, 1992). In order to determine whether infusions of TGFa might cause increased 
survival of dopaminergic afferents to the striatum, animals received intrastriatal 
infusions of 200 ul TGFa (0.05 ug/ul) in artificial cerebrospinal fluid (CSF) via an 
Alzet minipump (2002) over a two week period. Two days after initiation of TGFa 
treatment, 60HDA lesions were placed in the substantia nigra. A control group 
received infusions of CSF alone followed by lesions, and another control group 
received lesions alone. Animals were sacrificed and brains were processed for 
localization of TGFa-LI and tyrosine hydroxylase (TH)-LI to visualize 
dopaminergic afferents. CSF infusions produced a modest increase in endogenous 
TGFa-LI, while TGFa infusions caused a greater increase in TGFa-LI. In animals 
which received infusions of TGFa, an increased population of ΤΗ-LI profiles were 
observed in the vicinity of the infusions. Since TGFa-LI and mRNA is increased 
infusions of CSF, it is possible that endogenously produced TGFa mediates the 
effects of infusions. The ΤΗ-LI profiles observed may reflect increased survival of 
dopaminergic cells, sprouting of dopaminergic cells, or terminals of other TH-LI 
cells. These data have important implications for the development of new 
treatments for Parkinson’s Disease. Supported by NS26761, NS15321 and the 
Parkinson's Disease Foundation.

8 .5
THE LEVELS OF BASIC FGF REGULATION IN CATECHOLAMINERGIC 
CELLS. M.K. Stachowlak. A. Joy, J. Moffett, E.K. Stachowiak, A.S. Schwartz*.
R. Florkiewicz +, Barrow Neurological Institute, Phoenix Az 85013, + The 
Whittier Institute, La Jolla CA 92037.

Basic FGF is expressed in central and peripheral catecholaminergic 
neurons in a developmentally-regulated manner. The present study was 
undertaken to examine molecular mechanisms controlling expression of bFGF 
in bovine adrenal medullary cells (BAMC). Western blot analysis revealed 18, 
23, and 24 kDa bFGF isoforms in nuclear extracts and 18 kDa bFGF in the 
cytosolic fraction. Stimulation of Angiotensin II receptor (AIIR) in cultured 
BAMC increased the levels of all 3 bFGF isoforms. Direct stimulation of AIIR 
signaling pathways (PKC or cAMP) increased levels of either 18 kDa bFGF 
(PMA) or all three bFGF isoforms (forskolin). In BAMC stained with different 
bFGF antibodies cytoplasmic and nuclear bFGF-immunoreactivity was 
observed. Forskolin produced a dramatic increase in nuclear bFGF-IR which 
attained maximum levels at 12 hours and was not abolished by 
cycloheximide. An increase in nuclear bFGF levels was also observed in 
BAMC treated with All, but not with PMA. Receptor or second messenger 
stimulation increased bFGF mRNA levels. To determine the underlying 
mechanisms we have constructed a luciferase reporter gene containing - 
2000/+314 bp fragment of the human bFGF gene. In BAMC transfected with 
pbFGFLUC plasmid stimulation of All or acetylcholine receptors increased 
expression of luciferase. Forskolin and PMA both produced 5-20-fold 
increases in bFGF promoter activity that were additive, and were mediated 
by different promoter subregions. We conclude that activation of bFGF 
expression in neural cells by afferent stimuli involves: (i) transcriptional 
stimulation mediated by the upstream region of bFGF gene (ii); differential 
translation of bFGF isoforms; and (iii) nuclear translocation of bFGF.

8.2
GLUCOCORTICOIDS INCREASE TRK-PHOSPHORYLATION IN THE 
BASAL FOREBRAIN VIA ELEVATIONS IN NERVE GROWTH FACTOR.
M.S. Saporito*, P.A. Lapchak, E.M. Brown, K. Ciopton Hartoence, H.M. 
Wilcox, J.L. Vauaht and S. Carswell. Cephalon Inc., 145 Brandywine 
Parkway, West Chester, PA 19380

Nerve growth factor (NGF) maintains cholinergic neurons in various animal 
models of neurodegeneration and is thus proposed as a potential treatment 
for certain neurodegenerative disorders, such as Alzheimer' s disease. We 
have proposed elevating endogenous levels of NGF in the CNS as an 
alternative strategy for treating these disorders. The present studies were 
conducted to determine if pharmacologically elevated levels of NGF were 
sufficient to cause subsequent stimulation of its high affinity receptor, i.e., 
increased levels of trk-phosphorylation. Dexamethasone (0.5 - 20 mg/kg, i.p.) 
caused a time and dose-dependent increase in NGF mRNA and NGF protein 
in the hippocampus, cortex and basal forebrain of adult male Sprague- 
Dawley rats. In contrast, BDNF mRNA levels were decreased. Exogenously 
administered NGF (1 pg; ICV) led to a rapid (30 min) and transient increase 
in trk-phosphorylation in the basal forebrain, which has high levels of NGF- 
specific trkA. Similarly, dexamethasone led to an increase in trk- 
phosphorylation only in the basal forebrain. Dexamethasone-mediated trk- 
phosphorylation was dose and time dependent with peak increases observed 
12 hrs after injection, which was concurrent with peak increases in NGF 
protein. These data demonstrate an increase in activation of the high affinity 
NGF receptor with a compound that elevates CNS levels of NGF. In addition, 
these studies support the strategy of discovering a pharmacological agent 
which induces NGF as a method for treating neurodegenerative disorders.

8 .4

EFFECTS OF ESTROGEN ON RELATIVE LEVELS OF CHAT, TRK-A AND 
NGF mRNAS IN THE RAT FOREBRAIN AND HIPPOCAMPAL FORMATION. 
R.B. GIBBS*1, D-H. WU2, & D.W. PFAFF1, l L ab . of Neurobio. & Behav., 
Rockefeller Univ., NY, NY; 2Dept. Biochem., Univ. of Kentucky, Lexington, KY.

Quantitative in situ hybridization techniques were used to examine the effects of 
estrogen on relative cellular levels of СҺАТ, Trk-A, and NGF mRNAs in the medial 
septum (MS), diagonal band of Broca (DB), and hippocampal formation (HPC).

Adult, ovariectomized, Sprague Dawley rats received 17-ß-estradiol (E) for 2 days 
(n=5; 10 pg/day in oil sc.), 1 week (n=4; 5mm silastic capsule containing E crystals 
implanted sc.), or 2 weeks (n=6; 5 mm capsule implanted sc.). Controls received 
sham surgery (n=4) or oil (n=3). Ten micron frozen sections through the MS, DB, 
and HPC were cut and processed for in situ hybridization detection of СҺАТ, Trk-A, 
and NGF mRNAs using 33P-labeled RNA and DNA probes. Numbers of reduced 
silva- grains overlying individually labeled cells were quantified and compared.

Estrogen treatment resulted in significant increases (p<0.05) in СҺАТ mRNA in 
the MS after 2 days (32.3% ± 13.9) and 2 weeks (46.4% ± 9.8) of treatment. No 
significant effects on СҺАТ mRNA were detected in the MS after 1 week of E 
treatment, nor in the more caudally located horizontal limb of the DB. In these same 
animals, significant decreases (p<0.05) in NGF mRNA were detected in the hilus of 
the dentate gyrus after 2 days (-20.5% ± 3.9) and 1 week (-25.6% ± 7.6), but not 
after 2 weeks, of E treatment. In addition, a significant decrease in Trk-A mRNA 
was detected in the MS after 1 week (-49.6% ±5.6) and 2 weeks (-28.1 % ± 9.6) of E 
treatment. These data are consistent with our previous report showing increases in 
СҺАТ and decreases in p75NGFR in the MS in response to E treatment. We have 
determined that over 90% of the Trk-A mRNA expressing cells detected in the MS 
and DB also express p75NGFR. Since over 90% of the p75NGFR expressing cells in 
the MS/DB also express СҺАТ, we conclude that estrogen treatment increases СҺАТ 
and decreases p75NGFR and Trk-A expression in the same population of cells. The 
data are consistent with a model in which estrogen directly up-regulates СҺАТ in the 
MS and vDB resulting in decreased levels of hippocampal NGF followed by decreased 
expression of NGF receptors in the MS and vDB. Supported by NIH grant #28896.

8.6
DIFFERENTIAL USAGE OF MULTIPLE BDNF PROMOTERS IN THE RAT 
BRAIN FOLLOWING NEURONAL ACTIVATION. Madis Metsis*, T õnis 
Timmusk. Ernest Arenas and Håkan Persson. Dept. of Med. Chem. (II), 
Lab. of Mol. Neurobiol., Karolinska Inst., Box 60400 ,
S-10401 Stockholm, Sweden.

BDNF mRNA is modulated by several neurotransmitter systems. The 
rat BDNF gene consists of four 5 '-exons and one З '-exon encoding the 
preproBDNF protein with a separate promoter upstream of each 5 '- 
exon resulting in four different transcription units. We have used 
probes specific for 5 '-exons to study the relative contribution of 
different promoters to these regulations. Following a systemic 
injection of kainic acid, exon I, II and III mRNA's increased markedly 
in hippocampus and cerebral cortex, while a modest increase was seen 
for exon IV. A novel transcription initiation sites was induced in the 
exon IV promoter. Pretreatment of the animals with either the NMDA 
receptor antagonist MK801 or the AMPA/kainate receptor antagonist 
NBQX revealed two region-specific patterns of glutamate receptor- 
mediated regulation. The first pattern found in neocortex, piriform 
cortex and amygdala involves regulation of BDNF mRNA's through both 
NMDA and AMPA/kainate receptors. The second pattern found in the 
hippocampus involves either high-affinity kainate receptors or 
metabotropic receptors. Treatment with the GABAą  receptor 
antagonist bicuculline or the muscarinic receptor agonist pilocarpine 
increased exon I and III mRNA's in the dentate gyrus and mainly exon I 
mRNA in the neocortex. These data show that neuronal activation 
differentially upregulates four separate promoters within the BDNF 
gene and their precise regulation is consistent with a role for BDNF in 
neurotransmitter-induced plasticity.
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8.7
MONOCULAR DEPRIVATION DECREASES THE EXPRESSION OF BDNF 
mRNA IN THE RAT VISUAL CORTEX. Y. Bozzi, T. Pizzorusso. F. Cremisi, 
M.C. Comelli. N. Berardi. and L.Maffei. SPON: European Brain and Behavior 
Society. Scuola Normale Superiore, Pisa. Fidia Research Laboratories, Abano 
Terme, Padova. Dipt. Fisiologia e Biochimica, Sez.Biologia Cellulare e Sviluppo, 
Università di Pisa. Istituto di Neurofisiologia del CNR, Pisa ITALY.

The functional development of geniculo-cortical connections during the critical 
period of cortical plasticity is dramatically dependent upon electrical activity. It has 
recently been demonstrated (Maffei et al., 1992 J. Neurosci. 12: 4651-4662) that 
NGF prevents the effects of monocular deprivation (MD) in the rat; this suggests 
that an endogenous neurotrophic factor of the neurotrophins family, whose 
production from postsynaptic cells depends on the activity of the afferent fibers, 
provides a possible link between electrical activity and synapse strengthening.

To test this hypothesis, we have first investigated the presence of mRNAs for 
BDNF and its high affinity receptor (trkB) in the rat visual system using in situ 
hybridization and RNase protection assays. BDNF mRNA is predominantly 
expressed in layers 2 and 5 of the visual cortex, while trkB mRNA is expressed both 
in the visual cortex and in the dorsal lateral geniculate nucleus (dLGN). BDNF 
mRNA expression in the visual cortex rapidly increases from P 1O and reaches a 
plateau at P20.

The hypothesis that BDNF could play a role in the plasticity of the visual cortex 
was then investigated in MD rats. We found that BDNF mRNA decreases in the 
visual cortex contralateral to the deprived eye, while trkB mRNA in the dLGN does 
not appear to be affected. Tetrodotoxin injections in one eye during the critical 
period (P15-P30) induces a 40% decrease of the BDNF mRNA expression in the 
visual cortex contralateral to the injected eye.These data suggest that the BDNF 
mRNA expression in the visual cortex of the rat is electrical activity dependent.

8.9
REGULATION OF TH E MOUSE NGF PROM OTER: R EP R ESS O R S  
IN FIBRO BLASTS A R E NOT PRESEN T IN SALIVARY GLAND 
C E LLS . M. Fahnestock*. G. Heinrich, and A. Cowie. Dept. of 
Biomedical Sciences, McMaster University, Hamilton, Ontario, L8N 3Z5 
Canada, and Dept. of Bbmoiecular Medicine, University Hospital, 
Boston MA 02118.

Nerve growth factor (NGF) is synthesized in large amounts in the 
male mouse salivary gland and in small amounts in a variety of cell 
types, including fibroblasts, which form the targets for NGF-responsive 
neurons. Control of NGF gene expression is transcriptionally regulated, 
although the promoter regions and nuclear factors influencing tissue- 
specific expression are unknown. The NGF gene contains an AP-1 site 
which has been shown to be involved in transcriptional regulation of 
NGF mRNA in fibroblasts. In order to determine the role of other 
promoter sequences in the control of NGF transcription, we have 
constructed a set of deletions of the NGF promoter, with and without 
the AP-1 site, linked to a reporter gene. Using transient transfection 
into a mouse fibroblast cell line (LTA), we have identified DNA 
sequences between -750 and -500 bp of the NGF promoter which are 
involved in maintaining the low level of transcription in these cells. 
Interestingly, footprint analysis of this region as well as band shift 
assays indicate there are differences in nuclear factors between 
fibroblast and salivary gland cells. Analyses of protein-DNA interactions 
within this region of the NGF promoter suggest the presence of 
repressor proteins in mouse fibroblasts which are not present in 
salivary gland cells. Supported by NIH grant DE10448 to MF.

8.11
COEXPRESSION OF HEPATOCYTE GROWTH FACTOR-SCATTER FAC
TOR (HGF-SF) AND THE HGF-SF RECEPTOR (c-met PROTO-ONCO
GENE) IN MAMMALIAN BRAIN. P. Schirmacher, W. June, E. Castren. M. 
Odenthal, D . Lindholm*. Ң.Р. Dienes. Inst, o f Pathology, Univ. o f Mainz 
(6500), Germany and MPI for Psychiatry, Dept. Neurobiology, Martinsried 
(8033), Germany.

HGF-SF is a pleiotropic cytokine that mediates mito-, morpho-, and 
motogenic effects on a variety o f mainly epithelial target cells. All HGF-SF 
effects are transduced by a membrane-bound receptor tyrosine kinase, the 
c-met proto-oncogene. By expression analysis (Northern hybridization o f  
microdissected brain, reverse transcriptase PCR and in situ hybridization) 
we have demonstrated that HGF-SF and c-met are both expressed in adult 
and developing rat brain. HGF-SF is expressed in neurons with high levels 
in the hippocampus but also the cerebellum, forebrain, cortex, and also the 
chorioid plexus, c-met was found in distinct cortical layers and the anterior 
hippocampus. Neuronal expression o f HGF-SF and c-met is conserved in 
various mammalian species and in the case o f HGF-SF even beyond 
mammalian kingdom. HGF-SF is expressed during fetal brain development 
and was demonstrated from day 12.5 (after conception) in the telecephalon 
anlagen o f mouse brain and throughout subsequent stages o f brain deve
lopment. In late fetal brain, HGF-SF is present in the periventricular zone, 
while c-met is present in the outer, cortical layer. Our results demonstrate 
that both, HGF-SF as a new pleiotropic cytokine and also c-met as a novel 
receptor tyrosine kinase are expressed in brain. The results implicate func
tional HGF-SF-c-mei interaction that is important in fetal brain morphoge
nesis and also physiological intemeuronal signalling in adult brain, thus 
suggesting a novel function o f HGF-SF-c-met interaction.

8.8
INDUCED BDNF AND TRKB LEVELS IN THE HIPPOCAMPUS OF 
ORNITHINE DECARBOXYLASE OVEREXPRESSING TRANSGENIC MICE. 
M. Reeben1,3. J. Arbatova1, J. Palgi4,3. L. Alhonen2. M. Halmekvtö2. M . 
Saarma4,3. J. Jänne2 and P. Riekkinen Sr.*1. 1 Dept. of Neurology and 2Dept. of 
Biochemistry and Biotechnology, Univ. of Kuopio, P.O.Box 1627, SF-70211, 
Kuopio, Finland, 3Lab. of Molecular Genetics, Inst, of Chemical Physics and 
Biophysics, Akadeemia tee 23, Tallinn, EE0026, Estonia, 4Inst. of Biotechnology, 
Helsinki Univ., Karvaamokuja 3, SF-00380, Helsinki, Finland.

We recently generated transgenic mice overexpressing ornithine decarboxylase (EC 
4.1.1.17)(ODC). The dramatic ODC overexpression resulted in a very high 
putrescine accumulation in the brain. Hypotheses that polyamine levels can have 
effects on neurotrophin expression have been expressed earlier, however, no 
experimental evidence supported this view. Therefore we decided to study the 
expression of neurotrophins and their high affinity receptors in these mice, as they 
provide a unique model for studies on effects of neuronal overaccumulation of 
putrescine.

Northern blot analysis indicated that mRNA levels of BDNF were elevated 2-3-fold 
in the hippocampus of ODC transgenic mice compared with control animals. There 
were detectable levels of BDNF mRNA also in the kidney of the transgenic but not 
in the syngenic mice. In other 8 tissues examined there were no significant 
differences in BDNF expression. Immunohistochemistry demonstrated that trkB-like 
immonoreactivity was significantly higher in CA1-CA3 regions and in dentate gyrus 
of the hippocampus of the transgenic mice as compared with control animals. 
Impaired learning and elevated seizure threshold in the transgenic animals 
overaccumulating putrescine in their brain may be indicative of partial blockade of 
the NMDA receptor and the induction of BDNF and trkB expression could belong to 
neuroprotective measures triggered by ODC overexpression.

8.10
TISSU E DISTRIBUTION, DEVELOPM ENTAL EXPRESSIO N  AND 
RESPO N SE TO INJURY OF RAT CDF/LIF AND ITS R ECEPTO R.
L. R. Banner* and P.H. Patterson. Division of Biology 216-76, 
California Institute of Technology, Pasadena, CA 91125.

Cholinergic differentiation factor (CDF; also known as leukemia 
inhibitory factor; LIF) is a polyfunctional cytokine with effects on 
neurons and many other cell types. Its receptor is composed of two 
subunits, LIFR and gp130. To understand the role of CDF/LIF in vivo, 
we determined the tissue distribution and developmental expression 
of LIFR and gp130 mRNA using a quantitative RNAse protection 
assay. Both subunits are detected in all tissues assayed, with levels 
generally rising through development into adulthood. Striking 
differences are observed, however, in the relative levels of the two 
subunits in various tissues. As with CDF/LIF itself, the highest levels 
of LIFR in adult brain are detected in the superior colliculus and visual 
cortex. In sciatic nerve and sympathetic ganglia (SCG), the postnatal 
increase in receptor expression parallels expression of CDF/LIF. In 
situ  hybridization revealed that LIFR and gp130 are expressed in the 
neurons of the SC G  and sensory (DRG) ganglia.

To test whether the high receptor levels present in adult tissues 
implies a role for CDF/LIF in the response to injury, adult SCG , DRG 
and sciatic nerve were placed in organ culture for 24hr. CDF/LIF 
mRNA levels rise 15-30-fold, and its expression is detected in non
neuronal cells by in situ  hybridization. This increase is consistent with 
the changes in neuropeptide expression found in ganglia after injury. 
In contrast, LIFR levels decrease in response to sciatic nerve 
transection in the regions adjacent to the lesion site. Supported by 
the Muscular Dystrophy Association and NINDS NS20916.

8.12
OKADAIC ACID INCREASES NERVE GROWTH FACTOR mRNA STABILITY 
AND NGF SECRETION IN ASTROCYTES. B.C. Wise*, B. Tang, and S.P. 
Pshenichkin. Fidia-Georgetown Institute for the Neurosciences, Georgetown 
University, Washington, D.C. 20007.

Nerve growth factor (NGF) expression in astroglial cells is regulated by growth 
factors, cytokines, and steroids. Our previous studies showed that interleukin-1 (IL- 
1) and the protein kinase C (PKC) activator TPA increased, through distinct 
mechanisms, NGF mRNA content and NGF secretion in primary cultures o f rat 
cortical astrocytes. The role o f protein phosphorylation/ dephosphorylation in the 
regulation o f NGF mRNA stability and NGF secretion was further investigated 
using the phosphoprotein phosphatase inhibitor okadaic acid. Treatment of 
astrocytes with okadaic acid (ЕС50=  10 nМ) increased by about 15-fold NGF mRNA 
content followed in time by stimulation o f NGF secretion (10-30 fold). The action 
of okadaic acid did not require PKC activity because pretreatment o f astrocytes with 
TPA (100 nM, 24 hrs), which down-regulated TPA’s effect on NGF mRNA, failed 
to change induction of NGF mRNA and NGF secretion stimulated by okadaic acid. 
Dexamethasone, which inhibited both TPA and IL-1 effects on NGF secretion, 
potently inhibited (1C50= 5  nM) okadaic acid stimulation o f NGF secretion. Co
treatment of astrocytes with IL-1 (10 U/ml) and okadaic acid (1-30 nM) increased 
by about З-fold the potency o f okadaic acid, suggesting an interaction between the 
two agents. Similar to the IL-1 induced stabilization o f NGF mRNA, okadaic acid 
increased NGF mRNA half-life (control, t1/2= 25 min; okadaic acid treated, t1/2=80  
min). Northwestern blot analysis was used to identify NGF mRNA binding 
proteins, the activity o f which may be regulated by okadaic acid treatment. These 
results suggest that inhibition o f protein phosphatase activity by okadaic acid 
increases the phosphorylation state o f proteins which control NGF mRNA 
degradation.
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9 . 1
REGIONAL BLOOD FLOW CHANGES DURING ANTIDEPRESSANT 
TREATMENT W C  Drevets*, TO Vi de en, A K  Ma cL eod, M E  Raichle. 
Washington Univ. Sch. of M e d . , St.Louis, MO, 63110.

W e  reported increased blood flow  (BF) in the left 
ventral prefrontal cortex (PFC) and amygdala in unipolar 
major depression (U-MD) (Drevets et al. J  Neurosci 1992). 
To examine the effects of antidepressant treatment (ADT) 
on BF, we acquired PET scans in subjects with U-MD before 
and during antidepressant treatment (ADT). 14 subjects 
[mean a g e =39.8 (26-61); 64% female; mean Hamilton 
Depression Rating (HDRS) score=27.1 (22-37)] were scanned 
before and after 8-16 wks of treatment with sertraline 
(n=9), desipramine (n=4) or ECT(n=l).

Following ADT, the mean HDRS decrease was 78%±24%(-5 
to -100%). Mean normalized BF decreased in left but not 
right ventrolateral PFC (-4.3%) and medial orbital 
(-9.4%) cortices (p<.05). Flow decreased in the amygdala 
[-14% on left (p< .01) and -14% on right (p=.01)-this may 
be specific to subjects taking sertraline). The decrement 
in HDRS scores correlated wi th that in right amygdala BF 
(r=.73,p < .05). Flow did not change in the VPFC or 
amygdala in normals scanned at8-16 w k  intervals. The 
left prefrontal decrease during AD T is consistent with 
our previous finding that elevated BF in the PFC is 
unique to the depressed phase. In contrast, since 
amygdala BF was elevated in both unmedicated-depressed 
and unmedicated-remitted phases, suppression of amygdala 
activity ma y reflect an effect of AD T related to inducing 
remission, as suggested by preclinical evidence.

9 . 3

SODIUM LACTATE INFUSIONS PROVOKE PHYSIOLOGICAL 
AROUSAL IN AN ANIMAL MODEL OF PANIC DISORDER. A. 
Shekhar*. S.R. Keim and J.R. Simon. Dept. of Psychiatry, Indiana 
University Medical Center, Indianapolis, Indiana 46202.

Blockade of GABA-A receptor function in the dorsomedial 
hypothalamus (DMH) of rats elicits intense physiological and 
behavioral arousal that resembles a human panic attack. Our aim was 
to test if rats that have inhibition of GABA synthesis in the DMH 
would be susceptible to physiological arousal by lactate infusion 
similar to patients with panic disorder. Rats equipped with femoral 
arterial and venous catheters were chronically infused with CSF, 
DL-allylglycine (DL-AG, active isomer that blocks glutamic acid 
decarboxylase, GAD) or D-allylglycine (D-AG, inactive isomer) via 
Alzet mini-pumps implanted unilaterally in the DMH. Infusion of
0.5N sodium lactate (10 ml/Kg, i.v.) elicited significant increases in 
heart rate and blood pressure after 7 days only in rats with DL-AG 
pumps and not CSF or D-AG pumps. Rats with DL-AG pumps also 
showed increased "anxiety" in the plus-maze and social interaction 
tests and a decrease in GAD activity in the DMH when compared to 
those with D-AG pumps. These results further strengthen this animal 
model of panic disorder with GABA blockade in the DMH. 
(Supported by R29 MH 45362)

9 . 2
FUNCTIONAL MAGNETIC RESONANCE IMAGING OF SYMPTOM 
PROVOCATION IN PATIENTS WITH OBSESSIVE-COMPULSIVE DISORDER 
VERSUS CONTROLS H.C. Breiter. K.K, Kwong. J.R. Baker. C.E. Stern. J,W. 
Belliveau, T.L. Davis. L. Baer, R.L. O’Sullivan, S.L. Rauch, C,R. Savage. M,S, 
Cohen. R.M. Weisskoff, T.J. Brady, M.A. Jenike. B.R. Rosen* Harvard Medical 
School, MGH-NMR Center and OCD Clinic, Charlestown, MA 02129.

Functional magnetic resonance imaging (fMRI) techniques sensitive to changes in 
blood oxygenation were applied to study the functional circuitry of obsessive 
compulsive disorder (OCD). Ten subjects meeting DSM-III-R criteria for OCD and 
six normal controls had contiguous 7mm thick coronal images covering frontal pole 
past thalamus acquired continuously every three seconds before and during a resting 
and provoked (symptomatic) state. Four OCD subjects were scanned repeatedly over 
two to four sessions. Individually tailored provocative stimuli were used to provoke 
OCD symptoms in patients, and a subset of these were used to produce disgust 
reactions in normal controls. During symptom provocation in OCD subjects, 
significant increases in signal intensity (paired t test; p<0.001) of 1.5 to 4% were 
noted in the orbital frontal 
gyri and dorso-lateral 
prefrontal cortex (DLPFC) 
within three seconds of 
provocation (Figure 1).
OCD subjects showed 
inter- and intrasubject 
heterogeneity in the 
laterality of orbital frontal 
gyrus and DLPFC signal 
changes. Normal controls 
experiencing disgust 
reactions did not evidence 
similar orbital gyrus or 
DLPFC activation.

9 . 4

PROSPECTIVE MR STUDY OF CAUDATE PATHOMORPHOLOGY IN 
FIRST EPISO D E SCH IZO PH REN IA
J.A. Lieberman*. M.H. Chakos, R.M. Bilder, G, Lerner. B. Bogerts, M, Ashtari 
Hillside Hospital, Psychiatry Research, P.O. Box 38, Glen Oaks, NY 11004 

In a prospective study of first episode schizophrenics, we examined caudate 
pathomorphology and its clinical correlates. Using MRI, first episode patients 
(N=35) and age and sex matched controls (N = 11) had brain scans at baseline 
and 18 months follow-up. Patients also had baseline and monthly evaluations 
for psychopathology, EP S  and TD. Patients were treated with a standardized 
algorithm involving sequential trials of three neuroleptic drugs until response 
criteria were met. Caudate volume change scores were significantly different 
for patients and controls (p = .001 ). For patients, smaller baseline caudates were 
associated with larger caudate volumes at follow-up (r=-.48) whereas for 
controls there was no significant association between baseline caudate 
volumes and change scores (r=.0024). The group by time interaction (p=.000) 
remained significant using height, weight, age, gender, cortex size, and body 
and frontal horn of the lateral ventricle as covariates. Larger caudates were 
associated with longer time to remission, larger cumulative neuroleptic dose 
and younger age at baseline scan. These findings suggest that caudate 
volumes enlarge in the early treatment of first episode schizophrenic patients 
and this enlargement may be a result of treatment with antipsychotic 
medication.

9 . 5

DISORGANIZATION OF PREFRONTAL-HIPPOCAMPAL CONNECTIVITY 
IN SCHIZOPHRENIA: A PET STUDY OF DISCORDANT MZ TWINS. D.R. 
Weinberger*. K.F. Berman, J.L. Ostrem. A. Abi-Darqham, E.F. Torrey. 
National Institute of Mental Health, Clinical Brain Disorders Branch, 
Washington, D.C. 20032

We and others have previously shown that patients with schizophrenia 
have diminished prefrontal rCBF during performance of the Wisconsin Card 
Sorting Task (WCST), a cognitive test involving working memory. In a study 
of MZ twins discordant for schizophrenia, we reported (Berman et al, 1992) 
that prefrontal hypofunction during the WCST distinguished the affected twin 
in every pair. We now report the relationship of prefrontal and hippocampal 
rCBF in nine discordant MZ pairs studied with 0-15 water PET.

Scans were acquired as 15 contiguous slices (3-D resolution of 6-6.5mm 
after reconstruction). ROI's were drawn on co-planar MRI and transferred to 
the PET images for extraction of normalized rCBF. In every pair, the affected 
twin had diminished rCBF in the left inferior frontal gyrus as compared with 
the unaffected twin (p=.01) during the WCST. In contrast, the twins were not 
different in this region during Ravens Progressive Matrices (RPM), though 
differences in other regions were found during RPM. In the hippocampus, the 
affected twin was invariably hyperactivity during the WCS (p=.01), but not 
during RPM. The degree of hippocampal hyperactivity correlated with the 
degree of prefrontal hypoactivity (rho=-.75, p<.02) during the WCST. No such 
relationship was found during RPM. These data suggest that prefrontal - 
limbic connectivity is functionally disorganized in schizophrenia, especially 
during working memory.

REDUCED FRONTAL CORTEX BLOOD FLOW AFTER, 
BUT NOT BEFORE ANTIPSYCHOTIC DRUG 
TREATMENT OF SCHIZOPHRENICS. J.W.Haller*. and 
T.S.Earlv. Psychiatry Dept., M.E. Raichle, Neurology Dept., 
Washington Univ. Sch. of Med., St. Louis,MO 63110.

A Positron Emission Tomographic (PET) study of 
regional cerebral blood flow (rCBF) was done to distinguish 
never-medicated schizophrenic patients from medicated 
patients and normal controls. The first of two experiments 
was a repeated measures paradigm in which the same 
schizophrenic patients were studied before and during 
treatment with antipsychotics. In experiment I, a significant 
main effect was found for diagnosis. Thus, pallidal rCBF 
was found to be greater in schizophrenics (never-medicated 
and medicated) than in controls. The second experiment 
compared separate groups o f never-medicated 
schizophrenics, haloperidol-treated schizophrenics and 
normal controls. The haloperidol-treated group was found 
to have lower rCBF in the dorsolateral prefrontal cortex 
when compared to the other groups. No evidence was found 
for hypoffontality, reduced activity in the frontal cortex, 
among the never-medicated schizophrenics of either 
experiment
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9 .7
CONNECTING HIPPOCAMPAL NEUROPATHY WITH 
DOPAMINE DYSFUNCTION IN SCHIZOPHRENIA: ICV KAINIC 
ACID AS AN ANIMAL MODEL. M .E. B ardgett* . J .W . O lney . J J .  
Jackson. C. T. W rong. J .G . Csernanskv. P sych ia try D ep t., W ash. Univ. 
Sch. o f  M ed., St. Louis, M O  63110 & P sychology D ep t., Univ. o f  M O-St. 
Louis, St. Louis, M O  63121.

When slowly injected into the lateral ventricles of the rat, the 
excitatory amino acid, kainic acid (KA), produces neuronal loss primarily 
in the CA3/4 pyramidal cell fields of the hippocampus. The lesion which 
occurs after intracerebroventricular (ICV) infusion of kainic acid may 
approximate hippocampal neuropathy in schizophrenia since: a) the 
moderate hippocampal cell loss observed in schizophrenia also occurs in 
the CA3/CA4 cell fields, b) KA-induced axonal sprouting may model the 
axonal disarray observed in the hippocampus of schizophrenic 
individuals, and c) the destruction of KA receptor-bearing cells may 
model decreased hippocampal KA receptor levels in schizophrenic brain. 
Given hippocampal outputs to the basal ganglia, we addressed the 
possibility that ICV KA infusion may induce changes in subcortical 
dopaminergic function. Adult male Sprague-Dawley rats received an ICV 
infusion of either 1.4 nmol, 3.8 nmol, or 5.2 nM KA, or artificial CSF, 
and were killed seven days later. The high dose (5.2nmol) of KA 
significantly increased [3H] spiperone binding in the nucleus accumbens, 
while the moderate dose (3.8 nmol) of KA significantly elevated 
accumbens dopamine turnover. These results indicate that ICV KA 
infusion may produce disturbances in the mesolimbic dopaminergic 
system analogous to those observed in some schizophrenic individuals. 
Supported by a grant from the Scottish Rite Benevolent Foundation's 
Schizophrenia Research Program to J.G.C. and M.E.B. M.E.B. was 
supported by a N.I.M.H. Training Grant (MH14677).

9 .9
ALTERED LAMINAR DISTRIBUTION OF DOPAMINE D2 RECEPTORS 
IN THE TEMPORAL LOBE OF SCHIZOPHRENICS COMPARED TO 
CONTROLS S.K. Goldsmith* and J.N. Joyce. Dept. Psychiatry, Lab chemical 
Neuroanatomy, Univ. Pennsylvania, School o f Medicine, Philadelphia, PA, U.S.A.

Our initial reports o f the distribution of D2 receptors in human temporal lobe 
described a complex pattern with features unique to humans (Goldsmith & Joyce, 
1992; Joyce et al., 1991). Further study compared the D2 family receptor system 
using [125I]epidepride autoradiodiography, immunohistochemical (IHC) 
localization of dopaminergic innervation (comparative anti-TH & anti-DBH), and 
Timm's stain across elderely control (n=13) and schizophrenic (n=7) temporal lobe. 
There were no significant differences between the two groups for brain weight or 
post-mortem interval. The male schizophrenic cases were signifcantly older than 
the male controls (t= 2.95, p< 0.013), but there was no significant difference in age 
for females. D2 receptor densities did not differ between schizophmenic and 
controls. There were significant interactions between group x lamina (F=7.9, p< 
0.002) and group x lamina x subregions (F=3.25, p< 0.001). Schizophrenics 
showed the same pattem of D2 receptors in th hippocampal formation as controls 
with slightly elevated levels in most subregions, most notably in CA3 stratum 
radiatum. Entorhinal cortex in normals shows very low levels of D2 receptors with 
slight increases in laminae V-VI. Shizophrenics had higher levels in all EC 
lamina. In perirhinal cortex, where controls exhibit a complex laminar pattem with 
highest densities in laminae I-II, schizophrenics showed a disrupted pattern with 
significant decreases in laminae I-II (post-hoc t=2.12, p<0.05). D2 densitities in 
control temporal neocortical regions shows a trilaminar pattern with highest 
densities in I-II and V-VI, with a marked absence in IV. Schizophrenics had a 
disrupted laminar pattern of D2 receptors with marked decreases in laminae I-II 
and an abberent specific in IV. D2 dense cortical columns found in auditory and 
polysensory association cortex in controls were also greatly disrupted in laminar 
patterns in schizophrenics. There was no increase in D2 receptors to this region 
due to antemortem neuroleptics (5 o f 7). Funded by MH43880, AG09215.

9 .8
UPREGULATION OF GABAa RECEPTOR BINDING ACTIVITY 
IN PREFRONTAL CORTEX OF SCHIZOPHRENIC BRAIN. FJVL 
Benes*, A. Snvder-Marie, S. Vincent, Y. Khan. Lab. Structural 
Neuroscience, McLean Hospital, Belmont, MA; Dept. Psychiatry, 
Harvard Medical School, Boston, MA.

Previous investigations in anterior cingulate cortex have 
demonstrated increased GABAa receptor binding activity (RBA) 
that was most marked on neuronal cell bodies of layer (L) II. 
Because a reduction in the density of interneurons has been 
observed in L II of prefrontal cortex (PFC) in SZs, it was 
hypothesized that an increase of GABAa-RBA might also be found 
in superficial laminae of this region. To investigate this possibility, 
a high resolution autoradiographic technique has been applied 
to PFC from 15 normal controls (NCs) and 9 SZs. The results 
showed an increase of bicuculline-sensitive 3H-muscimol RBA in 
LII, III, V and VI of SZs. When expressed relative to cell size, 
there was a gradient of binding across LII-VI, with LII having the 
highest GABAa RBA in SZs and the greatest difference with respect to 
NCs. Pyramidal neurons showed greater increases of GABAa RBA than 
nonpyramidal neurons in all four layres of SZs. Potential confounding 
effects of age, postmortem interval or neuroleptic drug exposure did not 
explain the differences in the SZs. Overall, these results are 
consistent with the idea that reduced amounts of GABAergic 
inhibition occur in PFC of SZs and may be related to a perinatal 
disturbance. Supported by MH00423, MH42261, MH31154.

9 .1 0
SCHIZOPHRENIA AND BORNA DISEASE VIRUS ANTIBODIES.
R.W. Waltrip II*,1,2, R.W. Buchanan1. A. Summerfelt1, A. Breier1,
W .T. Carpenter1. S.A . Rubin2, and K.M. Carbone2.
1. Maryland Psychiatric Research Center, 2. Johns Hopkins Univ. 
P.O. Box 21247, Baltimore, MD 21228 USA.

BDV is a limbic neurotropic virus that can infect hosts 
ranging from avians to primates and cause subtle to severe 
disease manifestations. BDV is considered to be a candidate 
agent to cause neuropsychiatric disease. Previous studies of 
human cohorts for antibodies (Abs) to BDV have employed 
indirect immunofluorescence (IFA) and p38/40 monoclonal double 
Ab IFA and reported rates up to 2% in healthy volunteers, > 10%  
in neurological patients and intermediate rates for mostly mixed 
diagnosis psychiatric cohorts. Schizophrenia (Sz) appears to 
involve the limbic system and has long been hypothesized to have 
a viral etiological component. We have examined sera from 
patients in a Sz research clinic and normal volunteers for Abs to 
BDV by IFA, double polyclonal Ab IFA, and Western blot (WB) 
using BDV proteins derived from a human neural cell line. By WB 
we have found a rate of 14% in patients and 0%  in controls. Abs 
are associated with the deficit subtype of Sz that is defined by 
enduring primary negative symptoms and associated with 
neurological abnormalities. The sensitivity and specificity of IFA 
compared to WB was 0 .54  and 0 .89. We conclude that WB is a 
better assay method for anti-BDV Abs in humans. Clinical and 
MRI imaging data distinguishing seropositives will be presented.

ACETYLCHOLINE RECEPTORS

10.1
NOVEL FUNCTIONAL DOM AINS OF THE RAT NEURONAL NICOTINIC 
ß SUBUNIT. A. Figl. B.N. Cohen. J. Gollub, N . Davidson. H.A. Lester. 
D ivision o f Biology, Caltech, Pasadena, CA 91125.

Although functional expression of alm ost all nicotinic receptor 
subtypes in Xenopus oocytes requires a  and non-а  subunits, relatively little is  
know n about the role of the non-а  subunits in agonist-receptor interactions. 
By constructing chimeras o f the ß2 and ß4 subunits and coexpressing them  
w ith α3, w e have identified several regions of the β subunits that are involved  
in the activation of neuronal nicotinic receptors b y  АСҺ. Dose-response 
relations for the α3β2 receptor in voltage-clam ped oocytes at -50 mV revealed  
an EC50 for IACh (16±4 μΜ,η=8) that w as ten-fold lower than the ECS0 for the 
α3β4 receptor (241±17 μΜ,η=3). The apparent Hill coefficient (naρρ) for α3 β2 
(0.9±0.1,n=3) w as two-fold lower than napp for α3 β4 (1.9±0.1,n=3). Chimeric 
receptors with up  to the first 94 amino(N)-terminal residues from ß4 and the 
remaining carboxy(C)-terminal residues from ß2 had EC50's that were < ECS0 
for α3β2 and napp's < 1.5. Extending the ß4 portion of the chimera to residue 
109, which introduced only tw o further substitutions (ß2:M101T & F106V), 
raised the ECS0 from the α3β2 to the α3β4 level and napp from 1.1 to 1.7. These 
results show  that residues ß2:M101 & F106 are critical for converting the 
chimeric receptors from the high-affinity α3β2 subtype to the low-affinity  
α3β4 subtype. Substituting the entire putative extracellular portion of ß4 
N-terminal to M l with the corresponding region of ß2 did not reduce EC50 to 
the α3β2 level but extending this substitution to include the first 26 
N-terminal residues of the putative intracellular loop betw een M3 and M4 did  
reduce the EC5o to the α3β2 level. Thus, one or m ore residues in ß2 between  
the C-terminus of M l and the 26th residue of the M3-M4 loop are necessary 
for the receptor to display an α3β2-like EC50 for АСҺ.
(Supported by the N IH  and Univ. o f CA TRDRP)

10.2

THE BINDING SITE OF ACETYLCHOLINE RECEPTO RS FROM 
ANIMALS RESISTANT TO α -N EU RO TO XIN S. S. Kachalsky. D. 
Barchan and S. Fuchs* Department of Chemical Immunology, The 
Weizmann Institute of Science, Rehovot 76100, Israel.

The ligand binding site of the nicotinic acetylcholine receptor (AChR) is 
located in the α -subunit, within a small fragment containing the tandem 
cysteines at positions 192 and 193. To elucidate the precise requirements 
for binding we investigated the binding site domain of AChRs from animal 
species which exhibit different degrees of resistance to α-bungarotoxin (α- 
BTX). Fragments of the AChR α-subunit comprising residues 122-205 from 
snake, mongoose, hedgehog, elephant shrew, cat and mouse were 
amplified by RT-PCR, cloned and sequenced, and then expressed in E.coli. 
There is high homology between the fragments isolated from the different 
species, all of which contain the four cysteines at residues 128, 142, 192 
and 193. A correlation was observed between the degree of α -BTX 
binding and amino acid substitutions in the binding site domain. Most 
substitutions in the non-binders snake and mongoose as well as the partial 
binder hedgehog are in the putative binding site close to cysteines 192 and 
193. Sequence comparison indicates that positions 187, 189 and 194 are 
most important in determining resistance to α-ВТХ. To further identify the 
amino acids participating in α-ВТХ binding a series of point mutations was 
performed, changing residues at positions 187,189 and 194 each alone or 
in combination, from mongoose to the mouse sequence. Expression and 
binding analysis of the mutated fragments provide additional evidence that 
amino acid residues at these three positions are important in creating the 
appropriate structure allowing α-ВТХ binding.
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10.5
IDENTIFICATION OF ADDITIONAL RESIDUES FACING THE CHANNEL 
LUMEN IN THE ACETYLCHOLINE RECEPTOR. M.H. Akabas*. D.A. 
Stauffer. C. Kaufmann, and A. Karlin. Center for Molecu
lar Recognition, Columbia Univ., New York, NY 10032.

We mutated to cysteine individual residues in the M2 
membrane-spanning segment of the mouse-muscle α subunit 
and expressed these mutant subunits, with wild-type β , ϓ, 
and 5, in Xenopus oocytes. We inferred that a cysteine 
faces the lumen if the small, charged, sulfhydryl-specif
ic reagent, methanethiosulfonate ethyl ammoni um (MTSEA), 
irreversibly inhibited ACh-induced current. We found 
previously that among the residues 246 to 254 (Figure), 
S248C, L250C, S252C, and T254C were accessible to MTSEA 
in the absence of АСҺ (Science 1992, 258:307-310). In 
the presence of АСҺ, L251C also became accessible. We 
have now mutated six more residues in M2. V255C, L258C,
and E262C were accessible to MTSEA both in the presence 
and absence of АСҺ. The pattern of accessibility indi
cates that residues 255 to 262 are α-helical, while 
residues 248 to 254 are not.

250 255 260
-АСҺ s i S v L l S l T V f ? L v i ? £
+АСҺ si  S v L L S l  t V f ? Ļ v і ? E  
Figure. Accessibility to MTSEA applied in the presence 
and absence of АСҺ. Accessible residues are capitalized. 
Underlined residues are significantly more accessible in 
the underlined state. ?, residues not yet tested. 
Supported by NS07065, NS07258, and MDA.

10.7
PROLONGED ACTIVATION OF THE NICOTINIC ACETYLCHOLINE 
RECEPTOR RESULTS IN INCREASED EC50 OF THE STIMULATING 
NICOTINIC AGONIST. M. Kushnir1. A, Fisher and E. Heldman*. Israel 
Institu te f o r  B io log ica l Research, N ess-Z ion a  1From K a p lan H ospital, Israel 

We studied the desensitization of the nicotinic receptor during a step-wise 
increase in the concentration of nicotinic agonists. In the myenteric plexus of the 
guinea-pig ileum preparation, stimulation with either nicotine or cytisine resulted 
in the contraction of the smooth muscle, concentration dependently. The ЕС50 of 
nicotine was ~7μΜ and of cytisine ~120μΜ, with the same maximal response for both 
agonists. Complete relaxation of the contractile response occurred spontaneously 
during prolonged exposure to nicotine at all concentrations that were sufficient to 
evoke a measurable response. The desensitized preparation still responded normally 
to muscarinic agonists and to electrical stimulation, indicating that the desensitized 
site is proximal to the neuromuscular junction (i.e in the ganglionic nicotinic 
synapse). Indeed, the desensitized preparation did not respond to a successive 
stimulation with nicotine, but, only if the additional dose were not higher than the 
desensitizing dose. Higher concentrations of nicotine still evoked a contractile 
response. This phenomenon was observed under a wide concentration range of 
nicotine. Thus, the higher the initial agonist concentration used for desensitization, 
the higher the EC50 obtained with nicotine. Cytisine at a concentration that evoked 
a maximal response and a complete desensitization to a consecutive cytisine 
stimulation, did not completely desensitized the preparation to nicotine stimulation. 
Two alternative interpretations of these results are now being studied: 1) The 
contraction is activated by excitatory receptors and the relaxation by a successive 
activation of inhibitory receptors. 2) The desensitization is a gradual process which 
involves multiple affinity states of the nicotinic receptor(s). The multiple affinity 
states hypothesis is supported by studies with SK-N-SH cells, in which an increase 
in EC50 of nicotine, in inducing 43Ca++ uptake, was observed in desensitized cultures.

10.4
IDENTIFICATION OF RESIDUES THAT DETERMINE CURARE 
SELECTIVITY IN THE ACETYLCHOLINE RECEPTOR. Steven M. 
Sine*. Dept. of Physiology and Biophysics, Mayo Clinic, Rochester, 
MN 55905.

The acetylcholine receptor (AChR) from skeletal muscle contains 
two sites that bind agonists, competitive antagonists, and snake a- 
toxins. Until recently the ligand binding sites were thought to reside 
entirely within each of the two α-subunits, but affinity labeling and 
expression studies have demonstrated contributions by the γ- and
б-subunits; these non-a-subunit contributions produce a 90-fold 
difference in curare affinity for the two sites. To determine the 
structural basis for this curare selectivity, chimaeric γ-δ subunits 
were constructed, co-transfected with a- and β-subunits in 293 HEK 
cells, and binding of dimethyl-d-tubocurarine (DMT) was measured 
to surface AChRs. Two sets of determinants quantitatively account 
for DMT selectivity in the native AChR. The determinants are 
located in homologous positions on either side of the disulfide loop 
found within the major extra cellular domain of the γ- and δ- 
subunits. The pre-disulfide determinant is an isoleucine-tyrosine pair- 
in γ, and a valine-threonine pair in б. The post-disulfide determinant 
is serine in γ and lysine in б. Each γ-determinant stabilizes DMT 
binding, whereas each б-determinant destabilizes binding, consistent 
with electrostatic interactions between these determinants and the 
quaternary nitrogens in DMT. Point mutations at both the pre- and 
post-disulfide positions reveal linear contributions in binding energy 
for each determinant, suggesting that one or both sets of deter
minants contribute directly to the ligand binding pocket. Supported 
by NIH grant NS31744.

10 .6
α-CONOTOXINS DISTINGUISH BETWEEN THE TWO AGONIST SITES ON 
THE ACETYLCHOLINE RECEPTOR. V.A. Eterović*, O.R. Pagan 
and R.M. Hann. Dept. of Biochemistry and Center for 
Molecular and Behavioral Neuroscience, Universidad 
Central del Caribe, Bayamón PR 00960
The α-conotoxins from Indo-Pacific cone snail venom act 

as reversible competitive inhibitors of the nicotinic 
acetylcholine receptor (AChR). To better understand this 
inhibition, the effects of α-conotoxins MI and GI on 125I- 
α-bungarotoxin (Bgt) binding to AChR from Torpedo 
californica electric organ was studied in detail. Both 
conotoxins decreased the initial Bgt-association rate and 
the equilibrium binding of Bgt with about the same degree 
of potency. The inhibition concentration curves fit to 
the equation describing competition for two nonequivalent 
binding sites. The derived inhibition constants were 3.5 
± 0.6 X  10-8 M and 2.7 ± 0.5 x 10-6 M for MI and 5.0 ± 0.8 
X  1Ο-8 M and 2.7 ± 0.5 x 10-6 M for GI. When MI inhibition 
of Bgt binding was measured in the presence of 10μΜ dTC 
to selectively block most of the high-affinity dTC sites, 
the MI inhibition-concentration curve fit better to the 
equation describing competition for a single binding 
site, with an increase in the Hill coefficient from 0.52 
to 0.81. The apparent KI for MI in the presence of 10μΜ 
dTC was 4.6 x 10-6M, which indicates that the dTC high- 
affinity site is also the high-affinity site for MI. 
[Supported by NIH-RCMI grant RR03035]

10.8
HALOPERIDOL-ENHANCED BINDING OF AGONISTS, BUT NOT 
ANTAGONISTS, TO RAT BRAIN NICOTINIC ACETYLCHOLINE 
RECEPTORS (NACHR) PROVIDES FURTHER EVIDENCE FOR 
NEUROLEPTIC-INDUCED DESENSITIZATION A J. Dwork* and D. Liu. 
Neuropathology, Columbia U. and N. Y. State Psychiatric Inst. New York, 
NY 10032

We demonstrated previously that several neuroleptic drugs, including 
haloperidol, increase the affinity of specific binding of [3H](-)nicotine to rat 
brain membranes. We hypothesized, by analogy with electroplax NACHR, that 
certain neuroleptic drugs stabilize a desensitized state of central NACHR. If 
correct, this would predict enhanced affinity of "desensitized" central NACHR 
for agonists, but not for antagonists. We tested the ability of various ligands 
to compete with [3H](-)nicotine for binding to rat brain membranes. The rank 
order for inhibition of binding was (-)cytisine > (-)nicotine > 1-lobeline > 
dimethylphenylpiperazinium > (+)nicotine >> decamethonium > d- 
tubocurarine. In the presence of 100 μΜ haloperidol, the rank order was 
unchanged but there was a decrease of  ̴ 20% in Қ  for the agonists 
(-)cytisine, (-)nicotine, dimethylphenylpiperazinium, and (+)nicotine. There 
was no decrease in Ki for the antagonists decamethonium and d-tubocurarine, 
nor for 1-lobeline, a mixed agonist/antagonist with potent antagonistic effects 
in the CNS. These findings further the analogy between desensitization of 
peripheral NACHR and neuroleptic-induced enhancement of binding to 
central NACHR.

Supported by the Smokeless Tobacco Research Council.
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10.3
SELECTIVE ENHANCEMENT OF THE INTERACTION OF 
CURARE WITH THE NICOTINIC ACETYLCHOLINE 
RECEPTOR. M.M. White*, G.N. Filatoy, and M.L. Aylwin, Dept. of
Physiology, Medical College of Pennsylvania, Philadelphia, Pa 19129.

Alterations in the ligand-binding domain of the nicotinic 
acetylcholine receptor through site-directed mutagenesis offers a 
powerful approach to the elucidation of structure-function relations in 
the receptor. Several conserved tyrosine residues in the large 
extracellular amino terminus of the a  subunit of the receptor have been 
implicated by both chemical labeling and mutagenesis studies as 
playing an important role in the interaction of АСҺ with the receptor. 
We and others have previously shown that substitution of 
phenylalanine for tyrosine at position 198 on the a  subunit (αY198F) 
leads to a rightward shift in the dose-response curve for ACh-elicited 
currents. We have further investigated this particular mutation by 
examining the interaction of the competitive antagonist d-tubocurarine 
(curare) with the mouse muscle receptor. In contrast to the effect on 
die interaction of agonists with the receptor, this mutation leads to a 
marked increase in the affinity of the receptor for curare. Furthermore, 
this enhancement in affinity is selective for curare and not seen for 
three other competitive antagonists, pancuronium, gallamine and β- 
erythroidine. Examination of the structures of a number of these 
competitive antagonists leads to the proposal that this enhancement is 
due to the formation of an aromatic-aromatic interaction between the 
phenylalanine ring at position α l98 in the mutant and one of the 
aromatic rings in curare, and that this can provide information about 
the spatial arrangement of this residue in the binding site.
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1 0 .9
PROTEIN KINASES DIFFERENTIALLY REGULATE ACETYL
CHOLINE RECEPTORS IN NATIVE MYOTUBES AND IN X E N O 
P U S  OOCYTES. F, Grassi*. L, Polenzani  A.M. Mileo, F. Eusebi. 
Laboratorio di Biofisica, Centro Ricerca Sperimentale, IRE, Via delle 
Messi d’Oro 156,100158 Roma, Italy.
Acetylcholine-activated currents (IAÇh) were studied in voltage-clamped 

X en o p u s  oocytes microinjected with mRNA extracted from C2C12 
cloned myotubes and compared to I ACh elicited in patch-clamped native 
C2C12 myotubes. IACh decayed slowly in oocytes, and more quickly in 
myotubes. In oocytes, a 90 s-application of 12-O-tetradecanoylphorbol- 
13-acetate (TPA), the putative activator of protein kinase C, produced 
a Ca2+-independent enhancement of I ACh. This enhancement peaked 
within 10 min, and disappeared within 20-30 min. The action of TPA on 
the nicotinic АСҺ receptor (nAChR) function was mimicked by 5- 
hydroxytryptamine in oocytes coinjected with mRNA from rat brain, but 
not by 4-a-phorbol 12,13-didecanoate, the biologically inactive analo
gue of TPA. Intracellularly injected cyclic AMP, which is supposed to 
stimulate protein kinase A, did not affect I ACh decay. Forskolin, the potent 
activator of adenylate cyclase, accelerated the rate of IACh decay, acting 
directly on nAChR. Conversely, in C2C12 native myotubes, TPA was 
ineffective on IACh, while forskolin accelerated IACh decay by an indirect 
action on the nAChR, due to cytosolic mechanisms. It is suggested that 
the expression of the nAChR from C2C12 myotubes in amphibian 
oocytes modifies the functional regulation of the receptor by protein 
kinases C and A.

This work has been supported by a Grant CNR-ACRO

10.11
CHOLINERGIC SYNAPTIC LIASON WITH MUSCARINIC ml AND m2 
RECEPTOR PROTEINS IN THE PRIMATE CORTEX. L. Mrzljak. A.I. Levey 
and P.S. Goldman-Rakic*. S ection o f Neurobiology Yale University, School o f 
Medicine, New Haven, C T  06510 and Department o f Neurobiology, Emory 
University School o f Medicine, Atlanta, GA 30322.

We have previously used choline acetyltransferase (СҺАТ) 
immunohistochemistry at the electron microscopic level to show that 
cholinergic axons form symmetric synapses (Mrzljak et al., Soc. Neurosci. 
Abstr. 17:1584,1991) in the neocortex of both monkeys and humans. The 
recent production of subtype specific antibodies to recombinant muscarinic 
receptor proteins (Levey et al., J. Neurosci. 11:3218, 1991) offers a unique 
opportunity to analyse their distribution on both presynaptic and postsynaptic 
cortical elements and to correlate their disposition with cholinergic synapses. 
Using these antibodies in the monkey neocortex we have demonstrated the 
association of both m1 and m2 receptors with asym m etric noncholinergic 
synapses as well as with the symmetric synapses which characterize the 
cholinergic pathways. At asymmetric synapses, both m1 and m2 receptor 
immunoreactivity is observed postsynapticaily within spines and dendrites as 
well as in presynaptic axon terminals. In the visual cortex these presynaptic 
terminals resemble the parvicellular geniculocortica! pathway. Labeling of the 
m2 receptor was also observed in a subset of nonpyramidal neurons in the 
cortex and white matter. These findings establish that the m2 receptor is 
located postsynapticaily as well as presynaptically. The association of m1 and 
m2 receptors with asymmetric synapses in central pathways which utilize 
excitatory amino acids as neurotransmitters provides a novel morphological 
basis for cholinergic modulation of excitatory neurotransmission.
Supported by Grants MH 44866, NS 30454 and ADRDA FSA 90-006.

10.10
CELL TYPE-SPECIFIC VISUALIZATION OF NICOTINIC CHOLINOCEPTORS 
AND THEIR TRANSCRIPTS IN THE RAT HIPPOCAMPUS BY IMMUNOCYTO- 
CHEMISTRY AND NON-ISOTOPIC IN SITU HYBRIDIZATION H. Schröder* ♦§.ch.Lobron♦, S.Reinhardt-Maelicke♦, K. Dämagen♦, S. Heinemann# and A. Maelicke
♦..♦Inst. Physiological Chemistry and Pathobiochemistry, Univ. Mainz, F.R.G.,§Dept. 
Anatomy, Univ. Köln, F.R.G., #Molecular Neurobiology, The Salk Inst., San Diego, 
CA 92186, USA.

Acetylcholine plays an important role in the modulation of hippocampal signal 
transduction. While the distribution of cholinergic terminals in the hippocampus has 
been extensively studied only little is known about the cellular expression of nicotinic 
acetylcholine receptors (nAChR) and the corresponding transcripts. We have used the 
monoclonal antibody WF6 (Fels et al. J. B io l. C h em .. 261:15746, 1986) and an 
immunoperoxidase protocol (Schröder et al..Sос. N e u ro sc i. A b s tr .. 16:612, 1990) for 
light microscopic visualization of nAChRs. Digoxigenin-labeled cDNA-probes were 
used for the demonstration of the α2- and α3-subunits of the nAChR together with an 
alkaline phosphatase-conjugated digoxigenin antibody. WF6-immunolabel mainly 
decorated the apical dendrites and the perikarya of CA1 and CA3 pyramidal neurons. 
Strong immunoreactivity was also present in the granular layer of the dentate gyrus 
(DG). In addition some smaller perikarya in the strata radiatum and oriens were 
labeled. Transcripts for both subunits were found in the neurons of the stratum pyra
midale of the CA region and in some perikarya in the strata radiatum and oriens while 
no labeled cell processes were seen. Strong label was also present in granular perika
rya of the DG. The findings show a good correlation between the immunocytochemi- 
cal demonstration of the nAChR protein present in the pyramidal dendrites and peri
karya and in DG granule cells and of the corresponding transcripts in the cell bodies 
of pyramidal and granular neurons. Both markers in turn fit in well with the distribu
tion of cholinergic fibers as revealed by ChAT-immunocytochemistry.
Supported by the Deutsche Forschungsgemeinschaft (Schr 283/9-1, 11-1).

10.12
BOTH RECEPTOR RESERVE AND CONFORMATIONAL ADAPTABILITY 
DETERMINE SIGNAL SELECTIVITY IN SUBTYPES OF MUSCARINIC 
ACETYLCHOLINE RECEPTORS. E. Heldman1. J. Barg2. R. L e w 2. A . Fisher1  
I. Ginzburg2* and Z . V ogel2. 1 Israel Institute f o r  B iological Research, N ess- 
Ziona, Israel, an d 2The Weizmann Institute o f  Science, Rehovot, Israel.

The selective activation o f signal transduction pathways by muscarinic agonists was 
studied in CHO cells transfected with the human genes encoding either the m l (Hm1) 
or the m3 (Hm3) muscarinic acetylcholine receptor. In Hm1 and Hm3 cells, 
carbamylcholine (ССҺ) at 10-3M increased phosphoinositides (PI) turnover and 
adenylyl cyclase (AC) activity by 20-40 fold. The Ml-selective agonist McN-A-343 
(McN) was more efficient in activating Hml than Hm3 cells, and more efficient in 
increasing PI turnover than activating AC in each of these cell lines. Oxotremorine 
and pilocarpine, showed similar tendencies as McN. The preferential activation o f  
Hml versus Hm3 cells could not be explained on the basis o f differences in receptor 
recognition, as the affinities o f  McN to m l and m3 receptor subtypes were identical. 
To determine i f  the observed functional selectivity is related to differences in receptor 
reserve, we measured PI turnover and AC activity after prolonged incubation with 
ССҺ. This led to receptor down-regulation to 10% o f the original Bmax value, 
completely abolished the AC response, but maintained 50% o f the PI response. 
Atropine, in Hml and Hm3 cells, was 100 fold more potent in inhibiting the increase 
in CCh-induced AC than in inhibiting the PI response. Yet, atropine was equipotent 
in Hml and Hm3 in inhibiting each o f these biochemical functions. These results 
indicate that in both cell lines, the functional receptor reserve for PI turnover is much 
greater than for AC, but the receptor reserve for each o f these functions in Hml and 
Hm3 cells is similar. We conclude that the preferential activation o f PI turnover over 
AC by McN, oxotremorine and pilocarpine arises from differences in receptor 
reserve, and that the preferential activation o f Hml cells versus Hm3 cells arises from 
differences in the conformational flexibility between m l and m3 receptor subtypes.

CALCIUM CHANNEL STRUCTURE, FUNCTION, AND EXPRESSION I

11.1
FOUR GLUTAMATE RESIDUES IN THE PORE-LINING REGIONS OF Ca2+ 
CHANNELS CONTRIBUTE UNEQUALLY TO ION SELECTIVITY.
W.A. Sather*, P.T. Ellinor, J. Yang. J.-F. Zhang, H. Y.-C. Wane & R.W. Tsien. 
Dept. o f Mol. & Cell. Physiol., Stanford Univ., Stanford, CA 94305.

Ion selectivity in Ca2+ channels is believed to be achieved by high-affinity 
binding in the permeation pathway. Four highly conserved glutamate residues, one 
in each of the pore-lining H5 regions, stand out as likely participants in forming 
the high-affinity binding site (Heinemann et al., '92; Kim et al., '93) and are 
designated as E i (residue #393), E2 (#736), ЕЗ (#1145) and E4 (#1446)). We have 
made single E→Q mutations in each of the H5 regions o f an L-type Ca2+ channel 
and studied the expressed mutants in Xenopus oocytes. The apparent binding 
affinities o f the wild-type (WT) and mutant channels to Ca2+ and Cd2+ were 
assessed by studying block o f Li+ or Ba2+ current. The IC50's for Ca2+ block o f  
ILi were E3 > E2 > E 4 > E1 > WT (1 8 .6 , 10.7, 7.7, 1 .85, 0.97μΜ). The order of 
IC50's for Ca2+ block of IBa was E3 > E4 > E2 > Е 1 > WT. The order of IC50's 
for Cd2+ block of IBa or ILi was E3 > E 1 > E2 > E4 > WT (9.7, 3.3, 2.4,0.53, 
0.26 μΜ for block o f IBa; 6 5 8 ,  132, 48, 1 8 , 1.4 nM for block of ILi).

The findings for E→Q mutations indicate that all four glutamates participate in 
the binding of divalent cations, and that their contributions are not equal 
(conclusions reinforced by our data for single E→A mutations). The repeat 3 
glutamate, E3, is especially important for both Ca2+ and Cd2+ binding. E1 
contributes more than E4 to Cd2+ binding, whereas the reverse is true for Ca2+ 
binding. Thus, the binding configurations for Ca2+ and Cd2+ appear different. 
These configurations depend primarily on the nature o f the blocking ion rather 
than the permeating ion. However, for either Ca2+ or Cd2+, the apparent binding 
affinity is significantly less with Ba2+ as the charge carrier than with Li+, 
reflecting ion-ligand and ion-ion interactions at the locus o f high-affinity binding.

11.2
ASYMMETRIC SPATIAL ARRANGEMENT OF FOUR GLUTAMATES 
INVOLVED IN HIGH-AFFINITY Ca2+ BINDING IN Ca2+ CHANNELS.
J. Yang. P.T. Ellinor. W.A. Sather. J.-F. Zhane. H.Y-C. Wane & R.W. Tsien* Dept. 
o f Mol. & Cell. Physiol., Stanford Univ., Stanford, CA 94305.

Four highly conserved glutamates, one in each H5 region, are thought to be 
involved in the high-affinity binding of Ca2+ in Ca2+ channels. We have made E→K 
mutations to characterize further Ca2+ binding in the pore. All the E→K mutants 
carried ILi but only the E4K  mutant carried significant Iga. Thus, the E→K mutation 
tended to switch the channel irom divalent- to monovalent-selective. The IC50's for 
Ca2+ block o f ILi were: E3 > E2 > E1 > E4 > WT (1114, 8 1 9 , 195, 109, 0.97 μΜ). 
For a double mutant in which E3 and E4 were replaced with their counterparts in Na+ 
channels (E3K.E4A), ILi was blocked by Ca2+ with an IC50 o f 2.2 mM.

Since Ca2+ binding is greatly reduced by any o f the E→K mutations, each of these 
four glutamates appear important for high-affinity binding. Abolition of high-affinity 
binding in the double mutant suggests that no other high-affinity site exists 
independently o f the four glutamates. We propose that the unequal contributions o f the 
glutamates reflect asymmetry in the relative positions o f the side chains, which may 
arise from either dissimilar interactions with neighboring residues or an asymmetric 
placement of glutamate α -carbons along the axis o f the pore. Since the E4K mutant 
was the only one to allow significant IBa, it probably affected the outer energy barrier 
for cation permeation more than the inner energy barrier, whereas the reverse may be 
true for the other E→K mutants. We thus hypothesize that E4 may be positioned 
closest to the external mouth o f the pore. Conversely, E1 may be placed closest to the 
cytoplasm since the effects o f mutations at this residue differ the most from those at 
E4. The dominance o f E3, shown tty the potency o f mutations to either Q, A or K, 
would be consistent with a central position. Such axial asymmetry might allow the 
four glutamates to form a distorted tetrahedral coordination site.
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1 1 .3
FUNCTIONAL EXPRESSION OF A NOVEL NEURONAL VOLTAGE- 
DEPENDENT CALCIUM CHANNEL, DOE-1. J.F. Zhang. P.T. Ellinor. A.D. 
Randall. M. Zhou+. T.L. Schwarz. R.W. Tsien & W .A. Home*+. Dept. Mol. & 
Cell. Physiol., Stanford CA 94305, +Neurex Corp., Menlo Park CA 94025.

Vertebrate neurons express a diversity o f calcium channel subtypes that are 
important in coupling electrical activity to transmitter release, gene expression, and 
modulation of membrane excitability. Four classes o f Ca2+ channels (T, N, L and P- 
type) have been distinguished on the basis o f their electrophysiological and 
pharmacological properties. Most of the recently cloned Ca2+ channels fit within this 
functional classification. However, one major branch o f the Ca2+ channel gene 
family, including BII (Niidome et al FEBS Letters 308, 7, 1992) and the marine ray 
channel doe-1 (Home et al PNAS in press), has not yet been functionally 
characterized. We now report the expression o f doe-1 and show that it is a high 
voltage-activated (HVA) Ca2+ channel that inactivates more rapidly (τh = 1 2 .0 ± 1 .5  
ms) than previously expressed calcium channels. Doe-1 has a unitary Ba2+ 
conductance of 14 pS, similar to N-type channels. Unlike L-type or P-type channels 
respectively, doe-1 is not blocked by dihydropyridine antagonists or the peptide toxin 
ω-Aga-IVA. It is only partially blocked by 5 μΜ ω-CTx-MVIIC (SNX-230). In 
contrast to a previously cloned N-type channel (Williams et al. Science 257, 389, 
1992), doe-1 block by ω-CTx-GVIA requires micromolar toxin and is readily 
reversible. Unlike most HVA channels, doe-1 also shows unusual sensitivity to block 
by Ni2+ (IC50= 33 μΜ). Thus, doe-1 is an HVA Ca2+ channel with novel functional 
properties. We also identified a Ca2+ channel current in rat cerebellar granule neurons 
that resembles doe-1 in many kinetic and pharmacological features. The unique 
electrophysiological properties o f these channels demonstrate the extent to which 
calcium channels have diversified, perhaps to allow neuronal responses to be tuned 
to particular patterns of electrical activity.

1 1 .5

CLONING AND FUNCTIONAL EXPRESSION OF HUMAN α1E HIGH-VOLTAGE 
ACTIVATED CALCIUM CHANNEL. L. Marubio*ϯ . M.E. Williams. C.Deal.P.F.
Brust, S, Schoonmakgr. E,C, Johnson, L. Phillipspnϯ. R.L.Millerϯ, М.М.Harроld, 
and S .В. Ellis.. SIBIA, Inc., La Jolla, CA 92037 and Depts. o f Pharmacological and 
Physiological Sciencesϯ and Medicineϯ , University o f Chicago, Chicago, IL 60637.

Two human α1E splice variants have been identified, α1E-1 (calculated MW = 
254,836) and α1E-3 (calculated MW = 257,348) which contains a 19 amino acid 
insertion relative to α1E-1 in the putative cytoplasmic loop between transmembrane 
domains IIS6 and IIIS1 and is analogous to rabbit BII-1 [Niidome, et a i ,  FEBS Lett 
308:7 (1992)]. The deduced human α 1E-1 amino acid sequence is 93.1%, 60.1%, 
61.0% and 42.4% identical to the deduced rabbit BII-1 (α1E-3), human α1B-1, rabbit 
BI-1 (α1a) and human α 1 D  sequence, respectively. HEK293 cells transiently 
expressing the α1E-ļ α2b β1-З subunits form a high-voltage activated calcium channel 
sensitive to several calcium channel antagonists. Barium currents (15 mM BaCl2) 
observed in whole-cell recordings had current voltage relation that peaked at 0 mV, 
the current inactivated̴ (τ ͌  50 ms) and is nearly completely inactivated by 200 ms 
prepulse (half max inact. @ -40 mV). It is partially blocked by ω-Aga-IVa (18 ±  10% 
@  500 nM), nimodipine (37 ±  13% @ 10 μΜ) and BayK 8644 (60 ±  14% @  5 μΜ) but 
insensitive to block by ω-CgTX GVIA (5 μΜ). Although α1E-mediated calcium 
currents are partially sensitive to DHPs, the human α1E amino acid sequence is only 
57% identical to the rabbit skeletal muscle a 1 sequence through the putative DHP 
binding regions [Striessnig, et al., Proc. Natl. Acad. Sci. USA 88:10769 (1991) and 
Regulla et al , EMBO J. 10:45 (1991)]. This sequence identity to the rabbit skeletal 
muscle a 1 sequence is similar to the rabbit BI (α1A) and human α1B identities (58% 
and 59%, respectively), and in contrast to the DHP-sensitive rabbit α1c  and human 
α1D sequences (82% and 88%, respectively). Thus α1E appears to represent a new 
member of the α1 gene family that has atypical DHP sensitivity.

1 1 .7

SENSITIVITY TO FLOW OF VOLTAGE-GATED CALCIUM 
CURRENTS IN RAT ANTERIOR PITUITARY CELLS. I, Nussinovitch*
S. Ben-Tabou and E. Keller. Dept. of Anatomy, Hebrew University Sch. of 
Med., Jerusalem, Israel.

influx of calcium through voltage sensitive channels plays an important role 
in regulation of hormone secretion from anterior pituitary cells. Two 
populations of voltage activated calcium channels have been described in 
anterior pituitary cells; low voltage-activated (LVA) and high voltage- 
activated (HVA) channels. Here we report that both LVA and HVA calcium 
channels in pituitary cells are sensitive to flow which is produced by very low 
hydrostatic pressure (3 cm H20). Voltage-activated calcium currents were 
recorded with the whole-cell mode of the patch-clamp technique from 
enriched populations of rat anterior pituitary growth-hormone secreting cells 
(somatotrophs). Somatotrophs were exposed to flow (of the control ringer 
solution) from pipettes which were placed 50-200μm from the cell under 
study (tip diameter 3-6μιη). Flow reversibly reduced the size of voltage- 
activated calcium currents in 92% of the cells studied (n=87 cells). Under 
constant flow condition, flow reduced LVA calcium currents by 51.2±23.4%  
(S.D.; n=15) and HVA calcium currents by only 15.9±17.0% (S.D.; 
n=37), suggesting that LVA calcium currents are more sensitive to flow than 
HVA calcium currents. The reversible effect of flow on LVA and HVA 
calcium currents was associated with a reversible effect on calcium tail 
currents. LVA calcium tail currents were reduced by 75.3±25.6%(S.D.; 
n=3) whereas HVA calcium tail currents by 29.1 ±  14.4% (S.D.;n=7). These 
effects of flow on LVA and HVA calcium currents were not associated with 
changes in either leak currents or seal resistance. These findings suggest a 
novel mechanism for regulation of voltage-gated calcium channels and thereby 
hormone secretion from anterior pituitary cells.

Supported by the U.S.-Israel BSF grant # 88-00347 to I.N.

1 1 .4

FUNCTIONAL EXPRESSION OF A NOVEL TYPE OF CALCIUM 
CHANNEL FROM cDNA Minoru Wakamori*. Tesuhiro Niidomeϯ 
and Yasuo Mori Dept. of Pharmacology and Cell Biophysics, 
Univ. of Cincinnati, Cincinnati, OH 45267-0575 ϯTsukuba Research 
Laboratories, Eisai Co., Ltd., Tsukuba Ibaraki 300-26, Japan 

Six distinct classes of the calcium channel gene family are classified 
into the dihydropyridine (DHP)-sensitive calcium channel subfamily 
and the subfamily consisting of the BI, BII and B ill calcium channels 
which are predominantly or exclusively expressed in neuronal tissues. 
The BI channel is a DHP-sensitive high voltage-activated (HVA) 
calcium channel blocked by co-Aga-IV, whereas the B ill channel is 
the ω -conotoxin (ω-CgTx) GVIA-sensitive N-type channel. The 
physiological and pharmacological properties o f the BII channel 
remained to be determined. To address this issue, we have 
characterized properties of the BII channel expressed from the cloned 
cDNA in X en o p u s  oocytes. Whole-cell currents were recorded by two 
microelectrode voltage-clamp method in the external solution 
containing Ba2+. The BII channel is a HVA calcium channel that is 
insensitive to DHPs, ω-CgTx and ω-Aga-IVA, and as sensitive to 
N i2+ as the low voltage-activated (T-type) calcium channel. 
Furthermore, single channel currents were also recorded by cell- 
attached patch with 110 mM Ba2+ as the charge carrier. Slope 
conductance was 12.1 pS in the potential range of -30 to +20 mV. 
Thus, the BII channel does not correspond to any of the four types (T- 
, N-, L- and P-type), suggesting that this channel forms a novel 
functional category of voltage-dependent calcium channel.

11.6
IDENTIFICATION OF N- and L-TYPE Ca CHANNEL cDNA SEQUENCES 
FROM RAT SYMPATHETIC NEURONS. D. Lipscombe*. E. Hawrot. C.A. 
Vaslet, E. Bednarski and Z. Lin. Dept of Neuroscience and Section of Mol. 
& Biochem. Pharmacology, Brown Univ., Providence, RI 02912.

Our understanding of the functional properties of N- and L- type Ca 
channels has been obtained almost exclusively from electrophysiological 
studies of Ca currents in sympathetic neurons. In contrast, the molecular 
characterization of neuronal Ca channels has been obtained from studies of 
cDNA of mammalian brain. Snutch and co-workers have described at least 
4 distinct families of voltage-gated Ca channel sequences in rat brain and 
multiple variants within these families are emerging. We have set out to 
determine the molecular nature of the Ca channels expressed in rat 
sympathetic neurons with the aim of determining functional correlates of 
various Ca channel sequences. mRNA was prepared from rat superior cervical 
ganglia of new-born rats. RT-PCR techniques were used with degenerate 
oligonucleotide primers corresponding to highly conserved regions near the 
IV S5 domain of the voltage-gated Ca channel family to isolate Ca channel 
sequences. Using this approach we obtained amplified sequences whose sizes 
correspond to that predicted from previously cloned Ca channel sequences. 
One sequenced clone of 126 bases is exactly identical to the same region of 
rbB-1 (Dubel et al., PNAS 89, 1992). A second clone of 126 bases is most 
similar (97% amino acid identity) to rabbit skeletal muscle (Tanabe et al , 
N ature 328, 1987) and may represent a previously unrecognized class of 
neuronal "L-type" Ca channel. Several other cloned PCR amplified sequences 
are being characterized and full length cDNA clones are being prepared. 
Supported by NIH N S29967 & GM 32629

11.8
FUNCTIONAL EXPRESSION OF THE RABBIT BRAIN N-TYPE 
CALCIUM CHANNEL IN DYSGENIC SKELETAL MUSCLE. ŅL 
Mynlieff@* R.T. Dirksen@ Y, Mori, Y. Fujita#, J. Nakai and K.G,
Beam®. ®Dept. of Physiol., Colorado State Univ., Fort Collins, CO 
80523, &Dept. of Pharmacol./Cell Biophys., Univ. of Cincinnati Coll, of 
Med., Cincinnati, OH 45267, and #Depts. of Medical Chem. and Molec. 
Genetics, Kyoto Univ. Faculty of Medicine, Kyoto, Japan.

Myotubes derived from muscular dysgenic mice provide a good 
expression system for high voltage-activated (HVA) Ca2+ currents because 
they possess a native low voltage-activated current but lack the HVA 
skeletal muscle L-type Ca2+ current. cDNA encoding the α1 subunit of the 
rabbit brain N-type Ca2+ channel (BIll) was transiently expressed in 
cultured dysgenic skeletal muscle myotubes. Whole cell measurements 
revealed that ͌  30% of the injected myotubes exhibited substantial HVA 
Ca2+ current having both transient and sustained components. Both 
components of current were blocked irreversibly by ω-conotoxin GVIA (Ι- 
ΙΟ μΜ). The transient component showed voltage-dependent inactivation 
that was similar to that of native transient HVA current in mouse 
motoneurons (half-maximal inactivation with a 1 sec prepulse to ~-35  
mV). Whole-cell currents displayed a more rapid decay with 10 mM Ca2+ 
rather than 10 mM Ba2+ as charge carrier, suggesting a contribution of 
Ca2+-dependent inactivation to current decay. Single channel recordings in 
isotonic Ba2+ gave an average slope conductance of 14.3±2.2 pS and 
produced ensembles composed of both transient and sustained phases. In 
addition, the data suggest that a minimum of three gating modes may exist 
for the ΒΙΠ channel. Supported by NIH grant NS-26416 to KGB.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



12 CALCIUM CHANNEL STRUCTURE, FUNCTION, AND EXPRESSION I MONDAY AM

11.9
Modification of Ca2+ Channel Activity by C-Terminal Deletions of 
the Cardiac α1 Subunit. Xianevang Wei. Alan Neely. Antonio E. 
Lacerda. Riccardo Olcese. Arthur M. Brown. Edward Perez-Reves. 
Enrico Stefani*, and Lutz Bimbaumer. Department of Molecular 
Physiology and Biophysics, Baylor College of Medicine, Houston, TX 
77030.

Voltage-sensitive Ca2+ channels are multisubunit complexes. 
The α1 subunit by itself is sufficient to form a channel. We 
investigated the functional roles of the carboxyl terminus of a cardiac 
α1 (CaCh2a type) by constructing deletion mutants. Expression in 
X en o p u s  oocytes of ∆C 1856, ∆C 1733, and ∆C 1700, which deleted 
from 307 to 472 amino acid residues at the carboxyl terminus, led to 
inward Ba2+ currents 4- to 6-fold greater than observed with wild type. 
Similar amount of gating charge was recorded with the wild type α1 
and ∆C1733, suggesting that a similar number of channels were 
expressed. Single channel analysis revealed that the unitary 
conductance was not altered. Thus removal of a large portion of the 
carboxyl terminus increased current density by facilitating the coupling 
between the voltage-dependent gating and channel opening, leading to 
an increased opening probability of the channel. The activation, 
inactivation, and ligand binding properties of the deletion mutants 
were also characterized. Our study suggests that the carboxyl terminus 
of the cardiac α1 may serve as a target site for the regulation of 
channel activity.

11.11
SUBUNIT IDENTIFICATION OF THE PURIFIED N-TYPE CALCIUM 
CHANNEL FROM RABBIT BRAIN. D.R. Witcher*. M. De Waard. S.D, 
Kahl, and K.P. Campbell. Howard Hughes Medical Institute and Dept. of 
Physiology and Biophysics, Univ. of Iowa, Iowa City, IA 52242.

The ω-conotoxin receptor has been purified from digitonin-solubilized 
rabbit brain membranes using heparin chromatography, immunoaffinity 
chromatography and sucrose density gradient centrifugation. The ω- 
conotoxin receptor is composed of four subunits of molecular masses 230K, 
140K (reduced), 95K, and 57K which co-migrated on the sucrose gradient 
with the peak of [125l]ω-conotoxin binding activity. The reconstituted 
receptor forms a functional Ca2+ channel with the same pharmacology as 
the native ω-conotoxin-sensitive Ca2+ channel in neurons, immunoblot 
analysis and immunoprecitation studies shows that affinity-purified 
polyclonal antibodies to the α1 and 95K subunits recognize only the brain ω- 
conotoxin receptor and not the brain or skeletal muscle DHP receptor. Also 
polyclonal antibodies affinity-purified against a unique GST fusion protein 
made from α1 class В recognize only the α1 subunit of the ω-conotoxin 
receptor. Affinity-purified antibodies against the ω-conotoxin receptor α2 
subunit identifies the α2 subunit of the ω-conotoxin receptor and the DHP 
receptor. N-glycosidase F treatment of the ω-conotoxin receptor complex 
demonstrates that the α2 subunit as well as the 95K subunit contain N-linked 
sugars. Affinity-purified antibodies against the ω-conotoxin receptor β 
subunit were used to screen a λgt11 cDNA library and a full length β3 clone 
was obtained. The β subunit of the ω-conotoxin receptor has been identified 
with the use of affinity-purified polyclonal antibodies against a unique GST 
fusion protein made from the cloned βз subunit. Our data suggest that the 
subunit composition of the ω-conotoxin receptor is distinct from the DHP 
receptor.

11.10
CHARACTERIZATION OF THE 110 kDa AND 60 kDa PROTEINS 
ASSOCIATED WITH THE PURIFIED OMEGA-CONOTOXIN GVIA 
RECEPTOR FROM RAT FOREBRAIN. M.W. McEneryʌ*, A.M. 
Snowman@, M.J. Seagar+, T.D. Copeland!, and M. Takahashi# ʌDept. 
of Physiol, and Biophysics, Case Western Reserve School of 
Medicine, Cleveland, Ohio, @Dept. of Neuroscience, The Johns 
Hopkins School of Medicine, Baltimore, MD,+INSERM CJF 9016, 
Fadculte de Medecine Nord, Marseille, France,!NCI-Fredrick R & D 
Center, Frederick, MD, #Mitsubishi-Kasei Institute, Toyko, Japan.

The role of the omega-conotoxin GVIA-sensitive voltage dependent 
calcium channel (the N-type VDCC/omega conotoxin GVIA receptor) is 
to mediate the influx of calcium into the nerve terminal signalling the 
fusion of synaptic vesicles with the plasma membrane to release 
neurotransmitters. Recent immunological studies have suggested a tight 
association of synaptic vesicle proteins with high affinity [125I]CTX 
receptors (Leveque, et al.. (1992) PNAS 89: 3625), implicating the 
CTXR as a possible docking protein for synaptic vesicles. The purified 
omega conotoxin GVIA receptor (CTXR) evidences rive major bands 
upon purification with apparent molecular weights of 230,140, 110, 70 
and 60 kD (McEnery, et al.. (1991) PNAS 88, 11095). Using a panel 
of specific antisera, we have investigated the association of 
synaptotagmin (Takahashi. e t  al. . (1991) Brain Res. 551: 279), the 110 
kDa and the 60 kDa proteins with the CTXR throughout alternative 
purification procedures. Our results clearly demonstrate the copuri
fication of the 110 and 60 kDa through all steps with the CTXR, 
strongly suggesting both a physical and functional coupling of these 
proteins with the CTXR.

11.12
α 1-β SUBUNIT INTERACTION SITE IS A CONSERVED MOTIF IN 
ALL VOLTAGE DEPENDENT CALCIUM CHANNELS
M. Pragnell*. M. De Waard. and K.P. Campbell Howard Hughes 
Medical Institute, Neuroscience Program* and Dept. of Physiology and 
Biophysics, University of Iowa College of Medicine, Iowa City, IA 52242.

The dihydropyridine sensitive calcium channel enriched in skeletal 
muscle T-tubules consists of four subunits (α 1 ,α 2 ,β and γ). Sequence 
analysis and expression of the cDNAs encoding these components 
show the α1 to be the principle transmembrane subunit which contains 
the pore of the ion channel. The β subunit has numerous consensus 
phosphorylation sites but no transmembrane domains and is believed to 
associate with the subunit on the cytoplasmic face of the membrane. 
Stable coexpression of these two subunits in L-cells results in a 
normalization of the kinetics of the α1 subunit (Lacerda et al. Nature 
352:527-530). Using novel protein overlay and epitope screening 
techniques, we report the site on the α1 subunit of the skeletal muscle 
dihydropyridine receptor where the β subunit binds with high affinity. 
We show binding to this conserved site in two α1 subunits which share 
only 38% overall identity. The conserved motif can be identified in the 
primary structure of all voltage sensitive calcium channel α1 subunits 
but is absent in voltage sensitive sodium or potassium channel. A 
mutational analysis of this site is underway to determine the mechanism 
whereby the β subunit regulates the calcium channel.

CHEMICAL SENSES: PERIPHERAL MECHANISMS

12.1
cDNA CLONES PRESENT IN A PCR-BASED SUBTRACTIVE LIBRARY 
REVEAL SPATIAL ORGANIZATION OF THE DRO SO PHILA  OLFACTORY 
APPARATUS. C. W. Pikielnv1. G. Hasan3. F. Rouver1. J. C. Hall1 * and M. 
Rosbash1 ,2. 1Dept. of Biology, and 2HHMI, Brandeis University, Waltham, 
MA02254, USA and 3National Centre for Biological Sciences, TIFR Centre, 
Indian Institute of Science Campus, Bangalore 560012, India.

We have developed a PCR-based method allowing the construction of 
subtractive cDNA libraries starting with very small amounts of RNA 
(nanograms). Using this method, we have generated a cDNA library from the 
antennae (the main olfactory organ) of Drosophila melanogaster from which 
head cDNAs have been subtracted. Among the clones in this library we have 
found apparent Drosophila homologues of two enzymes proposed to be 
involved in odorant inactivation in vertebrates, cytochrome P450 and UDP- 
glucuronosyl transferase. Their specific (UDPGT) or preferential (P450) 
expression in antennae implies a role in olfaction conserved throughout 
evolution. We have also found a number of clones that correspond to small, 
abundant, antennal-specific mRNAs. Strikingly, in situ hybridization with five 
of these clones shows that each is expressed in a different subset of 
olfactory hairs. Four encode proteins similar in sequence to moth 
pheromone-binding-proteins; PBPs are abundant proteins secreted in the 
aqueous medium bathing olfactory neurons in the lumen of pheromone
sensing hairs. Another is similar to vertebrate proteins that bind small, 
hydrophobic ligands. In the cases where the full-length sequence has been 
determined, a putative signal peptide can be found at the amino-terminal 
end. Our results suggest the existence of many subsets of olfactory hairs, 
each containing different secreted proteins in their internal aqueous medium. 
We speculate that these proteins may be odorant binding proteins and that 
their segregation in different olfactory hairs may reflect the odor specificity of 
these hairs.

12.2
ALPHA, MU, AND PI CLASSES OF GLUTATHIONE S- 
TRANSFERASES ARE DIFFERENTIALLY EXPRESSED IN 
CHEMOSENSORY MUCOSAE OF RATS DURING 
DEVELOPMENT. N.S. Rama Krishna1. T,V,
M.L. Getchell1'2. 1Dept. of Physiol. & Biophys.; 2Div. of 
Otolaryngol., Dept. Surgery; 3Sanders-Brown Center on Aging, 
University of Kentucky College of Medicine, Lexington, KY 40536

The developmental expression of Alpha, Mu, and Pi classes of 
glutathione S-transferases (GSTs) in chemosensory mucosae was 
investigated using immunohistochemistry. In the olfactory mucosa, 
GSTs Alpha and Mu were first detected in the supranuclear region 
of sustentacular cells at E16 and E19, respectively. Bowman's 
glands exhibited the greatest immunoreactive intensity for the 
GSTs. Alpha and Mu classes were first detected at P2 and P6, 
respectively. Immunoreactive intensity was highest at P11, declined 
at P17 and 27, and then increased moderately again by P6 weeks. 
The vomeronasal glands and the sustentacular cells of the septal 
organ of Masera expressed GST Alpha and Mu from P11 onwards 
with little change in intensity. Changes in the immunoreactive 
intensity of GSTs during development were most pronounced in the 
olfactory mucosa. GST Pi immunoreactivity was not detected in 
nasal chemosensory mucosae. GSTs are important enzymes in 
Phase II biotransformation of xenobiotics in nasal mucosae; we 
propose a rationale for the significance of their changes in intensity 
during development and a model for their role in odorant and 
pheromone clearance.
Supported by NIH grants DC-00159 (TVG) and DC-01715 (MLG).
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1 2 .3
MODULATION BY CA2+-CALMODULIN OF CYCLIC NUCLEOTIDE-GATED 
CATION CHANNEL OF RAT OLFACTORY RECEPTOR NEURONS. T .-Y .  
Chen and  K .-W . Yau*. Howard H ughes Med. I n s t ,  and D e p t . 
o f  N e u r o s c ie n c e ,  J o h n s  H o p k in s U n i v e r s i t y  S c h . o f  M ed ., 
B a lt im o r e ,  MD 2 1 2 0 5 .

O d oran t s t i m u la t i o n  o f  s e n s o r y  c i l i a  on  v e r t e b r a t e  
o l f a c t o r y  r e c e p t o r  n e u r o n s  t r i g g e r s  a  G p r o t e in - m e d ia t e d  
in c r e a s e  i n  a d e n y ly l  c y c l a s e  a c t i v i t y ,  h e n c e  a  r i s e  in  
i n t e r n a l  cAMP and t h e  c o n s e q u e n t  o p e n in g  o f  a  c y c l i c  
n u c l e o t i d e - g a t e d  c a t i o n  c h a n n e l  on  t h e  p la sm a  m em brane, 
l e a d in g  t o  membrane d e p o l a r i z a t i o n .  T h is  c h a n n e l  i s  
p e r m e a b le  t o  b o th  m o n o v a le n t  and d i v a l e n t  c a t i o n s ,  w i t h  
th e  r e s u l t i n g  Ca2+ i n f l u x  known t o  t r i g g e r ,  v i a  a s t i l l  
u n c le a r  m ech a n ism , s e n s o r y  a d a p t a t io n  i n  t h e s e  n e u r o n s .  
U s in g  e x c i s e d - p a t c h  r e c o r d in g s  on  b o t h  t h e  c lo n e d  r a t  
c h a n n e l  e x p r e s s e d  i n  HEK 293 c e l l s  and t h e  n a t i v e  c h a n n e l  
from  r a t  o l f a c t o r y  r e c e p t o r  c e l l s , we h a v e  now fo u n d  t h a t  
Ca2+ r e d u c e s  t h e  a p p a r e n t  a f f i n i t y  o f  t h e  c h a n n e l  f o r  
c y c l i c  n u c l e o t i d e  b y  up t o  2 0 - f o l d  i n  t h e  p r e s e n c e  o f  
c a lm o d u l in ,  an  a b u n d a n t p r o t e i n  i n  o l f a c t o r y  c i l i a .  W ith  
a H i l l  c o e f f i c i e n t  o f  a b o u t  2 f o r  t h e  a c t i v a t i o n  o f  t h i s  
c h a n n e l  b y  c y c l i c  n u c l e o t i d e s ,  t h i s  a f f i n i t y  ch a n g e  w i l l  
r e d u c e  t h e  g a in  f a c t o r  o f  o l f a c t o r y  t r a n s d u c t i o n  b y  up t o  
c a .  4 0 0 - f o l d .  T h is  a f f i n i t y  ch a n g e  a p p e a r s  t o  i n v o lv e  a  
d i r e c t  i n t e r a c t i o n  b e tw e e n  Ca2+ - c a lm o d u l in  and  th e  
c h a n n e l ,  and i s  b lo c k e d  b y  t h e  c a lm o d u l in  i n h i b i t o r  
m a sto p a r a n . T h is  p o w e r fu l  m o d u la t io n  o f  t h e  c h a n n e l  b y  
Ca2+-c a lm o d u l in  s u g g e s t s  t h a t  i t  may w e l l  b e  t h e  k e y  
m ech an ism  u n d e r ly in g  t h e  Ca2+- t r i g g e r e d  o l f a c t o r y  
a d a p t a t io n .

1 2 .5

MECHANISMS OF OLFACTORY NEURON DESENSITIZATION. A .J. Roskam sϯ , R. 
Bakinϯ, T.M. Dawsonϯ∆ , R .J . Lefkowitz and G.V. Ronnett∆Ϯ , Departments of 
NeuroscienceϮ and Neurology∆, Johns Hopkins Unlv. Sch . o f M ed., Baltimore, 
MD 21205 and Howard Hughes Medical Instituteǂ , Dept3 of M edicine and 
Biochemistry, Duke Univ. Med. Center, Durham, NC 27710. 
β -adrenergic receptor kinase (BARK) and ß-arrestin (BARR) function in the 
homologous desensitization of G-protein coupled receptors. The olfactory 
response to odorant stimulation is G-protein mediated, and a family of putative 
odorant receptors has been proposed  to com prise a multigene family of seven- 
transmembrane domain, G-protein linked receptors. Antibodies against portions 
of rat BARK-2 and BARR-2 specifically recognize BARK-2 and BARR-2-like 
proteins in the rat olfactory epithelium and also in testis. The immunoreactivity 
is  most highly enriched in the dendritic knobs and cilia of the olfactory neuron, 
where the initial signal transduction events o f olfactory neurotransmission occur. 
This pattern of immunoreactivity m atches exactly the immunoreactivity pattern 
for antibodies ra ised against conserved regions o f the putative family o f odorant 
receptors. The phenomenon o f desensitization in the olfactory neuron can be 
monitored using a rapid quench technique to measure the cyc lic  nucleotide 
response to odorant stimulation. This response is  dramatically attenuated when 
olfactory cilia are preincubated with BARK-2 and BARR-2 specific  antibodies. 
We have sc reen ed  an established olfactory cDNA library using segm ents of the 
rat BARK-2 and BARR-2 cDNAs and are currently completing the sequencing  
of a number of candidate c lones which we believe represent the forms o f BARR  
and BARK which are active in olfactory neuron desensitization. In addition, we 
are performing m situ hybridization o f these c lones to confirm their 
immunohistochemical localization and role in olfactory signal transduction.

1 2 .7

REINNERVATION OF THE OLFACTORY BULB AFTER EPITHELIAL 
LESION. I.E.Schwob*. T.M.Hershberger and S.L.Youngentob. Dept. Anat. and  
Cell Biol, and Clin. OlLRes.Ctr., SUNY HSC, Syracuse, NY  13210.

In normal rats, the axonal projection from the olfactory epithelium  (OE) 
onto the olfactory bulb (OB) is quadrant-to-quadrant: neurons in  the dorso- 
medial (DM) OE project onto DM glom eruli in the OB, etc. The spatial 
organization of this projection is restored to normal after recovery from  
epithelial lesion, based on retrograde tracing techniques and im m unostaining  
with the m onoclonal antibody RB-8, which marks axons derived from  
ventrolateral (VL) OE. The experim ents reported here ask whether 
competition between DM and VL fibers is  responsible in part for the 
restoration of the normal projection pattern, using RB-8 staining as the assay. 
Rats were exposed to m ethyl brom ide gas (MeBr) and then the DM  part of 
the right OB, i.e. the part innervated b y RB-8 (-) axons, w as surgically  
removed 1 d post-exposure (n=6). Others were partially bulbectom ized  
without prior epithelial lesion (n=6). Rats were perfused 6 w  after partial 
bulbectomy, and sections of the nose and bulbs were stained w ith RB-8 . In 
the olfactory ep ith e liu m , the pattern of RB-8 staining w as the sam e on  both 
sides in both groups of animals, i.e. expression o f the RB-8 antigen w as  
restricted to sensory neurons o f the VL OE. Likewise, the RB-8 staining  
pattern in the remaining part o f the OB on the operated sid e w as the sam e as 
that part on the unoperated side and it did not differ betw een the MeBr- 
lesioned and non-lesioned animals. Even in cases where the lesion destroyed  
all of the glom eruli that were norm ally innervated by RB-8 (-) fibers, there 
was no apparent displacem ent o f RB-8 (+) fibers from glom eruli by the RB-8 
(-) fibers, which either ended blindly in  a neurom a or invaded the substance 
of the bulb. These experiments provide no evidence for com petition between  
fibers during reinnervation of the bulb. Supported by DC 00220,00467,00080.

1 2 .4
RAPID STOP-FLOW ANALYSIS OF OLFACTORY CILIA  CYCLIC AMP 
RESPONSE: EFFECTS OF ODORANTS, CALCIUM AND PROTEIN KINASES D. 
E . J a w o r s k y , O. M a tz u s a k i ,  F . F . B o r i s y . G. V. R o n n e t t* . 
J o h n s  H o p k in s  U n i v e r s i t y  S c h o o l  o f  M e d ic in e , D e p a r tm e n t o f  
N e u r o s c i e n c e , B a l t i m o r e , MD 2 1 2 0 5 .

U s in g  a  r a p i d  q u e n c h / s to p  f l o w  s y s t e m ,  we h a v e  s t u d i e d  
th e  e f f e c t s  o f  o d o r a n t s  on  a d e n o s in e  3 ' ,5  ' -m o n o p h o sp h a te  
(cAMP) p r o d u c t i o n  in  r a t  o l f a c t o r y  c i l i a  a t  m i l l i s e c o n d  
t i m e p o i n t s . The a p p l i c a t i o n  o f  th e  o d o r a n t s  c i t r a l v a , IVA, 
a n d  IBMP e l e v a t e s  cAMP l e v e l s  a b o v e  b a s a l . C y c l i c  AMP 
l e v e l s  i n  s t i m u l a t e d  c i l i a  p e a k  a t  100  ms an d  s u b s e q u e n t l y  
d e c l i n e ,  i n d i c a t i n g  r a p i d  a c t i v a t i o n  an d  d e s e n s i t i z a t i o n  in  
th e  c i l i a .  F o l d - s t i m u l a t i o n  o v e r  b a s a l  i s  d e p e n d e n t  on  f r e e  
c a lc iu m  c o n c e n t r a t i o n ,  s h o w in g  an i n c r e a s e  o f  b a s a l  and  
s t i m u l a t e d  cAMP l e v e l s  fro m  10 0  NM t o  10  μΜ f r e e  c a lc iu m ,  
a n d  a  d e c l i n e  in  f o l d - s t i m u l a t i o n  f ro m  10 μΜ t o  100  μΜ f r e e  
c a lc iu m .  D o s e - r e s p o n s e  c u r v e s  o f  t h e s e  o d o r a n t s  a t  10 μΜ 
c a lc iu m  i n d i c a t e d  m a x im a l s t i m u l a t i o n  a t  n a n o m o la r  t o  
m ic r o m o la r  c o n c e n t r a t i o n s  o f  o d o r a n t ,  w h ic h  i s  l o w e r  th a n  
t h a t  p r e v i o u s l y  fo u n d  f o r  r a t  o l f a c t o r y  n e u ro n  c u l t u r e s  
( B o e k h o f f ,  e t  a l . ,  P r o c .  N a t l .  A c a d . S c i .  8 9 : 1 1 9 8 3 -1 1 9 8 7 , 
1 9 9 2 ) .
P r e v io u s  s t u d i e s  in  w h ic h  o l f a c t o r y  c i l i a  w e r e  p r e in c u b a t e d  
w i t h  a n t i b o d i e s  t o  B e t a - A d r e n e r g i c  R e c e p to r  K in a s e - 2  (BARK- 
2 )  a n d  B e t a - a r r e s t  i n - 2  (BARR-2 )  sh ow  an  i n c r e a s e  in  cAMP 
e l e v a t i o n  o f  o d o r a n t - s t i m u l a t e d  c i l i a ,  p r o v i d i n g  e v id e n c e  
f o r  t h e i r  r o l e  in  d e s e n s i t i z a t i o n  (D aw son , e t  a l . ,  S c i e n c e . 
259 : 8 2 5 - 8 2 9 ,  1 9 9 3 ) .  C u r r e n t l y ,  we a r e  p e r fo r m in g  
e x p e r im e n ts  t o  ex a m in e  th e  r o l e  o f  p r o t e i n  k i n a s e s  A ,C , an d  
G in  o l f a c t o r y  d e s e n s i t i z a t i o n .

12.6
SALAMANDER OLFACTORY RECEPTOR NEURON ODOR RESPONSES 
MEASURED WITH VOLTAGE-SENSITIVE DYE CONFOCAL MICROSCOPY.
R.C. Gesteland*, P. Farmer, J. Brouwer and B. Cincush. Univ. of Cincinnati 
Coll, of Med., Cincinnati, OH 45267-0521.

Odor-evoked fluorescence intensity changes in olfactory receptor neurons 
loaded with voltage-sensitive dyes acquired with a laser scanning confocal 
microscope allow enough cells to be sampled with enough stimuli to draw 
some conclusions about receptor molecule distribution among cells. The 
microscope allows each cell in an epithelium viewed en face to be 
distinguished and its response measured quantitatively. Odors are presented 
as vapors to excised epithelia. Odor durations are 1 sec. The epithelium is in 
an oxygenated Ringer bath for 5 minutes, between stimulus presentations. 
Prior to each presentation the Ringers solution in the chamber is lowered so 
that liquid diffusion distance for the odor is minimized. Each field of view 
includes 200-300 ORN dendrite profiles. 20-40% of these are loaded with 
enough dye to produce responses well above noise. To measure the 
responses, the brightnesses of 469 pixels within a circular area enclosing the 
dendrite profile are summed before the stimulus presentation and subtracted 
from the summated pixel brightnesses in the same area at the response 
maximum. About 80% of the labeled cells respond to at least 1 of 4 stimuli. 
About 20% of these respond to more than 1 stimulus substance. Most 
responses are depolarizing. However, a repolarizing or hyperpolarizing 
response sometimes occurs following repeated stimulation. Increased odor 
concentration results in a shorter time to response peak, and response rise 
time differs for different odors. We conclude that each cell must contain 
receptors with very broad selectivity or many different selective receptors.

Supported by NIH grants DC00342 and DC00347 and the Mark P. 
Herschede Fund.

12.8

COLOCALIZATION OF N-ACETYLGLUCOS AMINE AND 
OLFACTORY MARKER PROTEIN IN THE DENDRITIC 
TERMINALS OF VOMERONASAL RECEPTOR NEURONS.
S. Takami*1’2. M.L. Getchell2, 3 and t .Y, Getchell1,2, 3. 1Dept. of 
Physiol, and Biophys., 2Sanders-Brown Ctr. on Aging, 3Div. of 
Otolaryngol. — Dept. of Surgery. University of Kentucky College of 
Medicine, Lexington, KY 40536.

Neuronal and secretory glycoconjugates (GCs) containing N-acetyl- 
glucosamine (GlcNAc) sugar residues were identified and localized in 
the vomeronasal organ (VNO) of 6-week-old rats. Fluorescence for 
the lectinoprobe succinyl wheat germ agglutinin (S-WGA), which 
binds to GlcNAc terminal and internal sugar residues, was observed in 
the mucomicrovillar complex (MMC) of the sensory epithelium, the 
supranuclear region of many vomeronasal receptor neurons (VRNs), 
and the acinar cells of the vomeronasal glands (VNG). Confocal laser 
scanning microscopy (CLSM) was utilized on specimens double- 
labeled with S-WGA and the antibody to olfactory marker protein 
(OMP), which is expressed in the cytoplasm of VRNs. Images 
obtained by dual scanning of optically sectioned VNOs demonstrated 
that some OMP-immunoreactive VRNs contained S-WGA binding 
sites in the cytoplasm of the dendritic terminals. Also, extracellular 
GC domains containing GlcNAc were identified in the MMC, some of 
which appeared as caps covering individual dendritic terminals. High 
resolution lectin histochemistry, accomplished by the dual scanning 
CLSM technique, resolved GlcNAc containing GCs in the MMC into 
intracellular neuronal GCs of the VRNs, and extracellular secretory 
GCs secreted by the VNG.
Supported by NEH grants DC-00159 (TVG) and DC-01715 (MLG).
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12.9
NITRIC OXIDE SYNTHASE LOCALIZATION IN THE 
CHEMOSENSORY NASAL MUCOSAE OF RATS AND HUMANS.
A.P. Kulkami1. T.V. Getch e ll1 ,2  & M.L. Getchell* 2 , 3 .  lDept. of 
Physiol. & Biophys., 2Sanders-Brown Center on Aging, 3Div. of 
Otolaryngol., Dept. of Surgery, University of Kentucky College of 
Medicine, Lexington, KY 40536.

Nitric oxide (NO), a vasodilator, putative neurotransmitter, and 
immune defense mediator, is synthesized by NO synthase (NOS). 
Neural NOS has been localized in the brain and in the peripheral 
nervous system, probably in autonomic nerves, and is often equated 
with NADPH-diaphorase (NADPH-d). We have used neural- and 
endothelium-specific NOS antiserum (Bredt et al., 1990, Nature, 
347:768) with standard ABC immunohistochemistry, and NADPH-d 
histochemistry, to study nitrinergic innervation in rat and human nasal 
mucosae. NOS immunoreactivity (IR) and NADPH-d reactivity was 
visualized in nerve bundles and fibers innervating Bowman's glands, 
vomeronasal glands, and blood vessels (BV), and in the vascular 
endothelium of large BV within the lamina propria (LP) of rat olfactory 
(OM) and vomeronasal mucosae (VNM) as well as human OM. A 
similar pattern was observed in the respiratory mucosae of both. 
Receptor neurons, identified by olfactory marker protein staining in rat 
OM and VNM and in human OM, exhibited NADPH-d activity but not 
NOS IR. The pattern of NOS-immunoreactive innervation within the 
LP of rat OM and VNM and human OM suggests that NO plays a role 
in regulating the perireceptor processes of blood flow and glandular 
secretion.
Supported by NIH grants DC-01715 (MLG) and DC-00159 (TVG).

12.11
Transducin is Present in Taste Cells. Robert F. 
Margoiskee*. Susan Κ, McLaughlin, Peter Ј, McKinnon, 
Alain Rohichon. Nancy Snickofskv Roche Institute of 
Molecular Biology, Roche Research Center, Nutley, NJ 
07110.

The guanine nucleotide binding proteins (G proteins) mediate 
signal transduction in olfactory, visual, and gustatory systems. 
The G proteins comprise a family of proteins which transduce an 
extracellular signal into an intracellular second messenger (e.g. 
cAMP, cGMP, IP3 ). In the vertebrate taste cell, G proteins are 
involved in the transduction of both bitter and sweet tastante. 
Some bitter compounds raise the intracellular calcium 
concentration in rat taste cells, apparently via G protein induced 
IP3 . Sucrose causes a G protein-dependent generation of cAMP in 
rat taste cells which in turn depolarizes the cell. To identify and 
characterize those proteins involved in the taste transduction 
process, we have cloned G protein a subunit cDNAs from a rat 
taste cell cDNA library. To date, eight distinct a subunit cDNAs 
have been isolated, cloned and sequenced from this library. We 
previously showed that a gustducin is taste cell specific and very 
closely related to the transducins (the photoreceptor G proteins). 
We have also cloned the a  subunit of rod transducin from taste 
cells. Transducin mRNA and protein are expressed in taste tissue 
and retina, but absent from control tissues. In situ hybridization 
and immunohistochemistry demonstrate that transducin is 
specifically expressed in the taste receptor cells. Presumably, 
both transducin and gustducin are involved in taste transduction.

12.10
TOWARDS THE CODING STRATEGY OF THE ZEBRAFISH OLFACTORY 
SYSTEM: A COMBINED ANATOMICAL/MOLECULAR BIOLOGICAL 
APPROACH. S.Korsching*. RBaier. R.Welker. S.Schwarz. F.Weth. Max-Planck- 
Institut für Entwicklungsbiologie, D-7400 Tübingen, FRG

It is unknown, how the olfactory system solves the complex problem of discrimi
nating between many thousands of different odors. Differences in odorant structure 
may be spatially encoded already at the level of the olfactory epithelium. Alternative
ly, coding may occur by sorting out projections at the level of the olfactory bulb.

Anterograde tracing with the fluorescent marker Dii from nasal epithelium to olfac
tory bulb revealed that the terminal fields of the receptor neurons are organized in a 
highly invariant pattern of about 80 glomeruli per bulb in the zebrafish. Single glom
eruli can be identified among animals, a feature previously described only for inverte
brates. To analyse the topography of this projection, DiI was injected into small sub- 
regions of the olfactory bulb and the distribution of olfactory receptor neurons labeled 
by retrograde transport was examined. Receptor neurons, even those projecting to a 
single, defined glomerulus are in all cases distributed randomly across the whole extent 
of the olfactory epithelial sheet. It remains to be seen, whether receptor neurons 
projecting to the same glomerulus exhibit a common pattern of odor response.

Odorant receptor molecules were cloned using a homology approach. Odorant signal 
transduction is mediated by G proteins, and G protein-coupled receptors share several 
highly conserved sequence motives. We chose oligonucleotides corresponding to re
gions from membrane-spanning domains three and seven to amplify zebrafish genomic 
DNA via PCR. Amplified fragments were cloned and sequenced. Sequence comparison 
with rat odorant receptor molecules [Buck and Axel, Cell 65,175 ,1991] and other G 
protein-coupled receptors allowed the identification of ten different putative odorant 
receptor fragments. Amino acid homologies between any two members of this group 
range between 20 and 47%. Northern Blot analysis showed expression of diese clones 
in olfactory epithelium. The odorant receptor gene family seems to have less than 100 
members, as judged by Southern Blot analysis. We are currently analysing the expres
sion pattern of these clones in the olfactory epithelium by in situ hybridisation.

12.12
CHANGES OVER TIME IN THE NUMBERS AND LOCATIONS OF 
TASTE PORES. I. J. Miller. Jr.* Dept. of Neurobiol. & Anat., Bowman 
Gray Sch. Med., Wake Forest Univ., Winston-Salem, NC 27103.

Taste pores connect mammalian taste buds to the tongue 
surface. After application of 0.5% aqueous methylene blue dye, taste 
pores are seen as dark spots on the apices of fungiform papillae. 
Each taste bud has one taste pore, so visualization of taste pores with 
video images permits the localization and quantification of taste buds. 
Changes were deduced by comparing images of the same papillae 
from a few days to several months. Fungiform papillae (P = 275 pap) 
were observed in (N = 8) New Zealand white rabbits over 65 days. 
They averaged 8.9 ± 4.1 (s.d.) pores/pap/rabbit with a range from 
0 - 24 pores/pap, and the number of pores/ pap changed from -10 to 
+16. The number of pores increased in 45% of papillae, decreased 
in 41 %, and 14% remained the same. A net change of 37% in pores 
per papilla was observed over 9 weeks (4% /week). Three (N = 3) 
rabbits (N = 50 pap.) were studied for 6 months, and they showed 
a net increase of +24% in pores/ pap; or about 1% per week. 
Fungiform papillae from (N = 5) human tongues were observed for 
8 months. Pores increased on 41 % of them, 37% decreased and 
22% remained the same. Closely apposed pairs of taste pores 
suggest that taste buds can divide. Cavitation on the surfaces of 
papillae may indicate taste bud degeneration. It seems probable that 
taste buds in fungiform papillae of humans and rabbits change over 
time. (Supported by NIH Grant DC 00230 and assisted by Frank 
Reedy, Jr., Robin Krimm, Ruoyu Xiao and David Black.)

SUBCORTICAL VISUAL SYSTEMS

13.213.1
BASAL FOREBRAIN PROJECTION TO THE VISUAL THALAMIC RETICULAR 
NUCLEUS IN THE CAT. M.E. Bickford*. A.E. Günlük. W. Guido, and S. M. 
Sherman. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.

The thalamic reticular nucleus (TRN), which strongly influences responsiveness 
of relay cells in the dorsal thalamus, receives input from the basal forebrain. We 
identified basal forebrain cells projecting to the visual TRN (i.e., reciprocally 
connected to the LGN) in cats by retrograde transport. We then sought to determine 
the transmitter(s) used by this pathway. Many axons and terminals in the visual TRN 
contain СҺАТ and NADPH-diaphorase (the synthesizing enzymes for АСҺ and nitric 
oxide, respectively). Since the basal forebrain contains cholinergic cells, we 
determined whether the basal forebrain cells labeled by retrograde transport from the 
visual TRN contain СҺАТ and/or NADPH-diaphorase. We found that almost all basal 
forebrain cells positive for СҺАТ also stain for NADPH-diaphoiase (273 of 303 cells 
sampled, or 90%). However, although TRN-projecting cells were interspersed among 
those positive for СҺАТ and NADPH-diaphorase, very few stained for NADPH- 
diaphorase (16 of 331 cells sampled, or 5%). Finally, no basal forebrain cells in the 
region of TRN-projecting cells stained for GABA. We thus conclude that none of the 
basal forebrain cells that project to the visual TRN are GABAergic, and very few 
contain NADPH-diaphorase. Since nearly all of the cholinergic cells of the basal 
forebrain co-localize NADPH-diaphorase, we further conclude that few cholinergic 
cells project from this region to the visual TRN. This contrasts with the projection to 
the TRN from the PBR. In the PBR, the majority of cells labeled by retrograde 
transport from the TRN’ stain for NADPH-diaphorase (39 of 55 cells sampled, or 
71%), which co-localizes with СҺАТ (Bickford et ai., J. Comp. Neurol., in press). 
Thus, the PBR, and not the basal forebrain, seems to be the major source of axons 
and terminals containing АСҺ and NADPH-diaphorase in the visual TRN. 
(Supported by USPHS grant EY3604 and NRSA EY060473 to AEG.)

NADPH-DIAPHORASE STAINING IN THE LGN OF MONOCULARLY- 
DEPRIVED CATS. A.E. Günlük*. M.E. Bickford, and S. M. Sherman. Dept. 
Neurobiology, SUNY, Stony Brook, NY 11794-5230.

In the lateral geniculate nucleus (LGN) of normal cats, the histochemical reaction 
for the nitric oxide-producing enzyme NADPH-diaphorase stains only the cholinergic 
axons and terminals from the parabrachial region of the brainstem. No cellular 
staining is seen. However, following rearing with monocular deprivation, a population 
of large cells (mean soma area of 514.9μm2, n=172) stains positively for NADPH- 
diaphorase. These are located primarily in the non-deprived laminae of the LGN and 
medial interlaminar nucleus. The distribution of these cells is similar to that of cells 
exhibiting the surface proteoglycan CAT-301 in monocularly-deprived cats (Sur et al., 
J. Neurosci. 8: 874-882, 1988). Indeed, in sections stained for NADPH-diaphorase 
and subsequently reacted for CAT-301, 248 of a sample of 322 (77%) cells positive 
for CAT-301 also stain for NADPH-diaphorase. In contrast, LGN cells labeled with 
a GABA antibody in these cats are small (mean soma area of 137.5μm2, n=200) and 
show no laminar differences in distribution. Since CAT-301 seems to stain Y cells 
exclusively, and only interneurons contain GABA, we conclude that the NADPH- 
diaphorase reaction primarily stains a population of non-deprived Y relay cells. The 
functional significance of this novel staining pattern is unknown. Deprivation may 
cause these cells to produce nitric oxide, or their staining with the NADPH- 
diaphorase histochemical reaction may reflect increased metabolic activity. In either 
case, the selective staining pattern of the NADPH-diaphorase reaction may be related 
to the finding that in the visual cortex of monocularly-deprived cats, there is an 
expansion in the size of the axonal arbors arising from Y relay cells in the non- 
deprived layers of the LGN (Friedlander et al., J . Neurosci. 11: 3268-3288, 1991). 
(Supported by USPHS grant EY3604 and NRSA EY060473 to AEG. The CAT-301 
antibody was a gift from Dr. S. Hockfield.)
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13.3
S IG N A L  D E T E C T IO N  O F  CAT L G N  C E L L S  IM P R O V E S D U R IN G  BURST 
R E S P O N S E  M O D E . W. G u id o * . S -M . L u . J.W. V aughan. D .W . G o d w in , and S .M . 
Sherm an. D ep t. o f  N eu ro b io lo g y , S U N Y , S tony B ro o k , N Y  1 1 7 9 4 -5 2 3 0 .

L G N  relay c e lls  respon d  in  o n e  o f  tw o m o d es , tonic and burst. T h e  burst m od e  
reflects a barrage o f  sp ik es rid ing  th e p eak  o f  a  large lo w  th resho ld  (LT) C a2+ 
conductance activated  at hyperp o lar ized  V m. T h e  burst m o d e  en ab le s  h yperp olar ized  
c e lls  to respon d  v ig o ro u s ly  to v isu a l stim u li. B eca u se  th e LT con d u ctan ce represents  
a non linear a m p lifica tion , and b eca u se  there is  l ittle  sp on tan eou s a ct iv ity  during  
h yperpolarized  V m, w e  inferred  that burst re sp on ses are m ore su ited  for detectin g  
v isua l s tim u li rather than a n a lyz in g  th em . W e tested  th is o n  a sa m p le  o f  L G N  ce lls  
recorded from  cats by con stru ctin g  rece iver  operating  character istic  (R O C ) curves  
from  neuronal resp on ses, the area u nd er th e cu rve p rov id in g  a re lia b le  m easure o f  
signal detectability . W e fou n d  that c e lls  respon d in g  in  th e burst m o d e  ( N = 4 3 )  d etect 
v isua l s ign a ls  better than d o  c e lls  respon d in g  in  th e  to n ic  m o d e  ( N = 4 2 ) .  F urtherm ore, 
the m ore bursty th e c e l l ,  th e better its s ig n a l d etectio n . T h is  w a s true for resp on ses  
to b oth  op tim al and n o n o p tim a l v isu a l s t im u li, the latter represented  by lo w  contrasts  
or n onop tim al sp atia l freq uencies. In d eed , th e im p rovem en t o f  s ig n a l detectab ility  
brought about by th e burst m o d e  is  a ctua lly  re la tively  greater for n o n o p tim a l s tim u li 
than for op tim al o n es, su ggestin g  that the burst m o d e  m ay b e  e sp ec ia lly  im portant for 
detecting n on op tim al stim u li. W e a lso  p erform ed  a w ith in -ce ll  a n a lysis  on  16 c e l ls  that 
sw itched  b etw een  burst and ton ic  re sp on se  m o d es  during th e recording . F or each  o f  
the 16 ce lls , the area u nd er the R O C  cu rve varied  system atica lly  w ith  re sp on se  m od e, 
being  larger w h en  the ce ll  w a s in  burst m od e. T h e se  results su g g est that ton ic  and  
burst m od es m ay su bserve d ifferen t fu n ctio n s d uring retin ogen icu la te  tran sm ission  o f  
v isua l s igna ls. B urst re sp on ses, w h ile  le s s  lin ear and perh ap s le s s  u sefu l in  providing  
a d eta iled  an a lysis  o f  v isu a l s t im u li, im p rove target d etectio n . T h e  to n ic  m o d e , w ith  
its m ore linear resp on ses, is  better su ited  for s ig n a l an a ly sis  rather than d etection .

(U S P H S  grant E Y 0 3 0 3 8  and N R S A s E Y 0 6 3 4 0  to  JW V  p lu s  N S 0 9 1 6 3  to D W G .)

13.4
PO STNATAL DEVELO PM ENT OF CALCIUM -BINDING PROTEIN  
IM M UNOREACTIVITY IN THE CAT SUPERIOR COLLICULUS. R.F. 
Spencer*. J.G. M cHaffie. and B .E . Stein. Depts. Anat. and Physiol., Med. 
Coll, o f  Virginia, Richmond, VA 23298.

W e have examined the developmental pattern o f  immunoreactive (IR) staining 
toward the calcium-binding proteins parvalbumin (PA) and calbinden D-28K  
(Calb) as a means o f  assessing changes in the intrinsic properties o f  collicular 
neurones that might be related to the functional maturation o f  the superior 
colliculus. At birth, PA-IR staining was associated with the somata o f  selective 
neurones that were located predominantly in the intermediate gray layer. 
Between 7 and 21 dpn, the intensity o f  neuronal PA-IR staining in this layer 
increased, and neurones in the superficial and deep gray layers also developed  
immunoreactivity. Within the intermediate layer during this time period, PA-IR  
neurones were organized as vertical columns extending the entire depth o f  this 
layer. M ost o f  these neurones were medium- to large-diameter and at least 
som e presumably were efferent predorsal bundle neurones. At 28 dpn, there 
was an explosive appearance o f  PA-IR staining associated with the neuropil in 
the superficial layer. At 35 dpn and subsequent ages, the adult-like pattern, 
neuronal distribution, and density o f  PA-immunoreactive staining was apparent. 
H owever, the columnar organization o f  PA-IR neurones within the intermediate 
layer that characterized earlier ages was less apparent at these later ages. By 
contrast, the adult-like pattern o f  Calb-IR neurones within the superficial, 
intermediate, and to a lesser extent deep gray layers was present at birth and 
showed no significant development change.

Supported by USPHS Research Grants EY 02191 and EY 06562.

13.5
A NEUROCHEMICALLY DISTINCT THIRD CHANNEL IN 
THE MACAQUE DORSAL LATERAL GENICULATE 
NUCLEUS. S. H. C. Hendry*. Zanvyl Krieger Mind/Brain 
Institute, Johns Hopkins University, Baltimore, MD 21218

Two functionally and anatomically distinct populations of 
neurons (magnocellular and parvocellular) dominate the dorsal 
lateral geniculate nucleus (LGN) of macaques. In the preent 
study, a third LGN population was characterized by the presence 
of the alpha subunit of type II calmodulin-dependent protein 
kinase (CaM II kinase) exclusively within its somata. Neurons 
immunoreactive for CaM II kinase occupied the region ventral to 
principal layer 1 and between all other principal layers. These 
intercalated layers contained dense collections of sm all 
immunostained somata and processes. Preliminary quantitative 
analyses indicate the intercalated neurons are as numerous as 
the neurons of the magnocellular layers.

Two populations of kinase-positive geniculocortical neurons 
were found in the intercalated layers: 1) those ventral to layers 5 
and 6 were retrogradely labeled by deposits of the tracer, Fast 
Blue, restricted to layer I of area 17; 2) those ventral to layers 1-4 
of the LGN were labeled by deposits which included layers II and 
III but avoided layer IV of area 17. The deposits which included 
the regions of the cytochrome oxidase (CO)-rich puffs or blobs in 
layers II and III, retrogradely labeled kinase-immunoreactive 
neurons exclusively. These data demonstrate the presence of a 
third distinct population of macaque LGN neurons and suggest it 
provides the major input to the CO-rich puffs.

13.6
SIMPLE MODELS OF PERCEPTUAL LEARNING: PREDIC
TIONS FOR EXPERIMENT H. S. Seung and H. Sompolinskv*. AT&T 
Bell Labs, Murray Hill, NJ 07974; Hebrew U., Jerusalem 91904, Israel. 
We study two model neural networks, a perceptron and a two-layer net
work based on a population vector, which learn to discriminate between 
directional stimuli. The inputs to the networks are the stochastic responses 
of a population of direction-tuned sensory neurons. We calculate the per
formance of these networks after exhaustive training to a particular direc
tion. When tested with the same stimulus on which it was trained, the 
vector network is inferior to the perceptron, which performs optimally, but 
the deficit is small if the population is broadly tuned. The optimal popula
tion of sensory neurons for a perceptron is narrowly tuned, but that for a 
vector network has a tuning width that depends on its spontaneous activ
ity. By testing on the full range of possible directions, the extent of trans
fer of training to novel stimuli can be found (figure). Although 
performance deteriorates 
away from the training 
stimulus, it peaks again at 
90° for the perceptron, and 
at 180° for the vector net
work. This nonmonotonic 
transfer provides a stringent 
psychophysical test of these 
models of perceptual learn
ing.

13.8
Spatiotem poral D yn am ics of P c e lls  and their C o n e  Inputs.
Ethan A. Benardete and Ehud Kaplan*. Laboratory of Biophysics, The 
Rockefeller University, 1230 York Ave., NY, NY 10021.

The primate retinal ganglion cells that project to the parvocellular layers o f  
the LGN (P cells) have spatially and chromatically opponent receptive fields. P 
cells thus constitute an early stage in form and color processing in the visual 
system. W e have examined whether the receptive fields o f  P cells (1) are 
spatiotemporally separable and (2) linearly combine opponent inputs.

The responses o f  parafoveal P cells to sinewave gratings were monitored as S 
potentials in the LGNs o f anesthetized and paralyzed macaques (Kaplan & 
Shapley,'84). The contrast was set to modulate exclusively L, M, or S cones 
by silent substitution (Estevez & Spekreijse, '82) or to modulate in the 
luminance and isoluminance directions o f color space. Responses to a range of  
spatial frequencies were measured at several temporal frequencies. A  modified 
Difference o f Gaussiane model was fit to the data (Daw is et al.,''84).

Our analysis has shown that the spatial tuning o f P cells to luminance 
gratings varies with temporal frequency and that this variation is due primarily 
to the phase difference between center and surround responses. Furthermore, 
for most P cells, the cone-isolating gratings distinguish between opponent 
mechanisms that have different spatial scales suggesting that the centers and 
surrounds o f P cells each receive functional input from a single cone class. 
Finally, by trying to predict the responses o f  P cells to luminance and 
isoluminance stimuli from their responses to cone-isolating inputs, w e show  
that P cells do not perform strictly linear superposition o f  cone signals but that 
there are nontrivial nonlinearities (e.g. gain controls) in response to luminance.

Supported by EY4888 &  EY1428
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13.7
ON TEMPORAL CODES AND THE SPATIOTEMPORAL RESPONSE OF 
NEURONS IN THE LATERAL GENICULATE NUCLEUS. B. I. Shraiman, 
D. Golomb, R. C. Reid, R. M. Shapley* and D. Kleinfeld. AT&T Bell Laboratories, 
Murray Hill, NJ 07974; MRB, NIDDK, NIH, Bethesda, MD 20892; Rockefeller Univ., 
New York, NY 10021; Center for Neural Science, NYU, New Yoik, NY 10003.

We relate studies of the temporal coding of visual stimuli [McClurkin, Optican, 
Richmond and Gawne, Science 253,1991; J. Neurophys. 66,1991] to measurements of 
the spatio-temporal receptive fields (RFs) of neurons in the primate LGN. Our analysis 
includes both new and previously described [Reid and Shapley, Nature 356, 1992] 
magnocellular (M; n=10) and parvocellular (P; n=31) units. We use the framewoik of 
linear response, with the inclusion of output rectification, to predict the average 
temporal response of units to arbitrary stimuli. In general, we argue that there is no 
code that relates the temporal behavior of neuronal output to the spatial pattern of the 
stimulus when the stimuli can vary continuously in time. As an application, we 
calculate the form of the dominant temporal modes, i.e., the principal components ф0 (t) 
through ф2 ( t), expected with P units for the spatial luminance patterns used by 
McClurkin et al.; good agreement is seen 
(figure). Measures of neuronal reliability, and 
their decrease when the spike count is 
considered rather than the full temporal 
response, are estimated with the assumption of 
inhomogeneous Poisson spike statistics. For P 
units, we predict a relatively small decrease in 
reliability with the spike count; this is a 
consequence of their tonic response. For M 
units, we predict a relatively large decrease; this 
is a consequence of their transient response. For 
the stimuli of McClurkin et al. our estimates of 
mutual information agree with those reported.
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13.9
POSSIBLE ORIGIN OF OSCILLATIONS IN LGN AND CORTEX - 
EFFECTS OF STIMULUS FEATURES AND CORTICOFUGAL FEEDBACK.
K. Funke and F. Wörgötter . Dept. of Neurophysiology, Faculty of Medicine, Ruhr- 
University Bochum, W-4630 Bochum, Germany.

Oscillitatory activity in cortical neurons might either reflect a special feature of 
signal processing or just the temporal structure of a sensory input. The lateral 
geniculate nucleus (LGN) might be a source for oscillitatory activity in the visual 
system. We recorded LGN relay cells in the anaesthetized (N2O/O2, 70/30%; 
halothane, 0.3%) and paralysed (alcuronium chloride 0.15 mg/kg-h) cat. Spike- 
interval distributions and auto-correlation functions were obtained for a time window 
of 100 ms while shifting the window stepwise by 10 ms on the time axis. 
Oscillitatory activity preferentially occurred during stimulus conditions of steady 
state contrast e.g. during the tonic response component elicited by flashing spots. In 
this case the interval histograms exhibited 1 to 4 discrete frequency domains (peaks 
in the INTHs) which were multiples of a common fundamental frequency above 100 
Hz when generated with high contrast stimuli. With increasing spot size - resulting in 
an enhanced center-surround inhibition - the distribution jumped to domains of 
higher order (longer intervals) whereas changes in stimulus contrast were 
accompanied by gradual shifts of these domains thereby affecting also the 
fundamental firing frequency. Interval domains were weak or absent when light 
intensity dynamically changed across the receptive field as was the case with moving 
objects or ramp-like changes in contrast. A  reduction of corticofugal feedback by 
cooling the central parts of areas 17 and 18 caused a reduced mean firing rate during 
the tonic response component and, in addition, a jump in the spike interval 
distribution to domains of higher order. In general, the oscillitatory activities of LGN 
relay cells, and possibly also those seen in cortical cells, appear to be rather resistant 
to modulatory inputs and might be the direct result of a contrast-dependent, regular 
firing rate o f retinal ganglion cells.

13.11
RESPONSES OF NEURONS IN THE TAIL OF THE CAUDATE NUCLEUS 
OF THE MACAQUE DURING THE PERFORMANCE OF A VISUAL 
DISCRIMINATION TASK.
V.J. Brown*. M. Mishkin and R  Desimone. Lab. Neuropsychology, N.I.M.H.,
Bldg 9, Rm 1E104, Bethesda MD 20892, U.S.A.

The caudal neostriatum, including the tail o f the caudate nucleus and the ventral 
putamen, receives visual inputs from extrastriate cortex and dopaminergic input 
from the substantia nigra. Behavioral evidence from lesion studies suggests a role in 
learning visual-response bonds, or "habits". We recorded from 93 neurons in the 
caudal neostriatum while two rhesus monkeys performed an asymmetrically 
reinforced go/no-go visual discrimination.

While the monkeys held a bar and fixated a small spot, one o f four stimuli was 
presented. Two o f the four stimuli were "go" stimuli and the animal was rewarded 
for releasing the bar within one second o f their onset. The other two were "no-go" 
stimuli, which were not followed by a reward and to which the monkey learned not 
to release. Cells were tested with novel stimuli which the animal learned "on line", 
and some were also tested with highly familiar and well-learned stimuli.

Most cells were visually responsive and showed stimulus selectivity comparable to 
that o f cells in inferior temporal (IT) cortex. Receptive fields were typically 
bilateral, as in IT cortex, but a few were "donut" shaped, excluding the fovea. There 
was no evidence that the cells fired in relation to either the animal's movements or 
to the reward, nor was there a differential response to go and no-go stimuli among 
the population o f cells. No cell's response changed significantly during reversal 
training. Thus, there was no evidence that the tail o f the caudate is itself a site of 
plasticity during visuomotor learning, but it may relay stimulus-specific visual 
information to such sites.
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13.10
PRETECTAL NEURONS PROJECTING TO THE LATERAL 
GENICULATE NUCLEUS IN CAT CODE SACCADIC EYE 
MOVEMENTS.
M. Schmidt* and H.-Y. Zhang. Dept. Zoology & Neurobiology, Ruhr 
University, D-4630 Bochum, Germany

Directional selective (DS) neurons in the pretectal nucleus of the 
optic tract (NOT) and the dorsal terminal nucleus of the accessory optic 
system (DIN) are generally viewed as control structures for slow phase 
eye movements during optokinetic nystagmus (OKN). Recently we 
have demonstrated a physiologically independent NOT-DTN neuronal 
population which projects to the lateral geniculate nucleus (LGN). 
From their response properties we proposed that their activity may be 
related to saccadic eye movements. To test this hypothesis, we recorded 
pretectal neurons together with eye movements in the awake cat. 
Neurons projecting to the LGN were identified by antidromic activation 
to electrical LGN stimulation.

During saccadic eye movements all LGN-projecting neurons 
showed a burst of activity, 20 to 42 ms after saccade onset, which 
exceeded the duration of the saccade. Bursts were still present in the 
dark. However, burst duration was slightly increased and the burnt 
latency to saccade onset was considerably longer than in the light. In 
contrast, DS NOT-DTN neurons were activated only during slow 
stimulus movements and were suppressed during saccades in the light. 
DS neurons were not modulated during saccades in the dark.

The results suggest a saccade related modulation of relay cells by 
the pretectal projection to the LGN. Supported by DFG (Neurovision)

13.12

EYE MOVEMENTS AND RECEPTIVE FIELD PROPERTIES IN THE 
NUCLEUS OF THE OPTIC TRACT AND DORSAL TERMINAL NUCLEUS OF 
THE ACCESSORY OPTIC TRACT IN CONGENITALLY STRABISMIC CATS. 
C. Distler* and K.-P. Hoffmann, Allg. Zoologie and Neurobiologie, Ruhr-University 
Bochum, Postfach 102148, W-44780 Bochum, FRG
The optokinetic reflex (OKR) was studied, using the search coil method, in cats 
congenitally exhibiting a convergent strabismus of small angles but unrelated to 
albinotic strains. During monocular measurements, OKR could be elicited much 
better by temporo-nasal than by naso-temporal stimulus movement. Thus, these 
animals exhibited an asymmetry of monocular OKR significantly larger than in 
normal cats and comparable to that found in cats with artificial strabismus or visual 
cortical lesions.
In addition, we electrophysiologically recorded from retinal-slip neurons in the 
nucleus of the optic tract and dorsal terminal nucleus of the accessory optic tract 
(NOT-DTN), the subcortical sensori-motor interface for OKR, in the anesthetized 
and paralyzed preparation. Many response properties were altered significantly in 
naturally strabismic cats when compared to normal controls. Spontaneous and 
maximal stimulus driven activity, neuronal modulation by stimuli alternating in 
direction and velocity tuning were significantly reduced when compared to normal. 
These response properties quantitatively resembled those found in 3 week old 
kittens. Also binocular convergence was significantly reduced in NOT-DTN 
neurons of strabismic cats, in this case, however, resembling data from 4 week old 
kittens. Furthermore, directional tuning of NOT-DTN cells was considerably 
broader in strabismic than in normal kittens and adult cats.
In conclusion, the response properties in the NOT-DTN of these congenitally 
strabismic cats are similar to those reported for young kittens with no functional or a 
weak and immature cortical input to the NOT-DTN. In addition, these 
neurophysiological data can explain the deficits in the oculomotor behaviour of our 
strabismic cats. Supported by the DFG and a Helmholtz stipend to C. Distler.

14.1
EARLY STRUCTURAL CHANGES ASSOCIATED WITH LONG-TERM 
PRESYNAPTIC FACILITATION IN A P L Y S IA  SENSORY NEURONS. C.H. Bailey*. 
M. Chen, E. R. Kandel, and S. Schacher. Ctr. Neurobiol. & Behav., Columbia 
Univ., NYSPI, HHMI, NY, NY 10032.

Long-term sensitization of the gill-withdrawal reflex in A plysia  is 
associated with the growth of new synaptic connections between sensory 
neurons and their follower cells (Bailey and Chen, 1983; 1988). The 
duration of this structural change parallels the behavioral retention of the 
memory (Bailey and Chen, 1989). Similar changes can be reconstituted in 
dissociated cell cocultures of sensory and motor neurons by the repeated 
presentation of serotonin (5-HT) a facilitating neurotransmitter released by 
sensitizing stimuli in the animal (Glanzman et al., 1990; Bailey et al., 1992). 
In the present study we have utilized video-enhanced imaging of the 
sensory neuron to motor neuron synapse in culture to examine the onset 
and time course of the structural changes that accompany long-term 
facilitation. We have found that new sensory varicosities can form on the 
postsynaptic motor neuron as early as 30 mins following the completion of 
5-HT application. The 5-HT-induced increase in varicosity number rises 
sharply from an initial value of 15% ± 1% at 1 hr to 27% ± 3% at 3hrs 
(n = 6). Additional varicosities appear then to be added more slowly, 
reaching a value of 32% ± 2% at 6 hrs (n = 6) and a final value of 46% ± 
7% at 24 hrs (n = 15). Examination of the fine structure of varicosities at 
each time point should allow us to determine if the insertion of transmitter 
release sites occurs in parallel with the formation of the presynaptic 
terminals and whether or not these two components of synaptic 
organization are equally dependent upon new macromolecular synthesis.

14.2
PLASTICITY IN THE MONOSYNAPTIC COMPONENT OF THE A P L Y S IA  GILL- 
WITHDRAWAL REFLEX DURING HABITUATION, DISHABITUATION, AND 
SENSITIZATION. S.W. Kaplan*. E R. Kandel, and R.D. Hawkins. Ctr. 
Neurobiol. & Behav., Columbia Univ., & HHMI, NY, NY 10032.

We have developed a simplified preparation, consisting of the 
isolated mantle organs of A p ly s ia  that undergoes habituation, 
dishabituation, sensitization, and classical conditioning of the gill- 
withdrawal reflex. We previously found that the LE siphon sensory neurons 
contribute to the reflex in this preparation, and that other, unidentified 
sensory neurons also contribute (Cohen et al., 1991). We also found that 
there is a decrease in evoked firing of the gill motor neuron LDG1 during 
habituation, and a large increase 12.5 min but not 2.5 min after shock 
during dishabituation and sensitization (Hawkins et al., 1992). To analyze 
mechanisms of these changes in firing, we measured the complex PSP in 
LDG1 with the ganglion perfused with hi Ca2 + , hi Mg2+ ASW, which blocks 
most of the polysynaptic component of the PSP. There is a decrease in the 
remaining monosynaptic component during habituation, and a large 
increase 2.5 but not 12.5 min after shock during dishabituation and 
sensitization. These results indicate that depression of the monosynaptic 
component contributes importantly to behavioral habituation. Facilitation 
of the monosynaptic component also contributes to dishabituation 2.5 min 
after shock, but is partly offset by inhibition of the polysynaptic 
component. By contrast, facilitation of the polysynaptic component 
appears to contribute more importantly to dishabituation and sensitization
12.5 min after shock. We have obtained similar results in preliminary 
experiments with a weak water-movement stimulus that does not excite 
the LE sensory neurons, suggesting that synapses from the unidentified 
sensory neurons and the LE sensory neurons have similar plasticity during 
these simple forms of learning.
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14.3
CLASSICAL CONDITIONING, DIFFERENTIAL CONDITIONING, AND SECOND- 
ORDER CONDITIONING OF THE A P L Y S IA  GILL-WITHDRAWAL REFLEX IN AN 
ISOLATED MANTLE ORGAN PREPARATION. R.D. Hawkins*. W. Greene, and 
E.R. Kandel. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.

The gill- and siphon-withdrawal reflex of A plysia  undergoes classical 
conditioning in the intact animal (Carew et al., 1981, 1983). We have 
developed a simplified preparation, consisting of the isolated mantle 
organs, in which it is possible to record from identified neurons during 
learning. This preparation also undergoes classical conditioning with 
tactile stimulation of the siphon as the CS and mantle shock as the US. 45 
min after three blocks of four training trails, the amplitude of gill- 
withdrawal in response to the CS was significantly greater in preparations 
that had received the CS 0.5sec before the US during training ("Paired,"
X = 251% of Pre, n = 15) than in preparations that had received the CS and 
US separated by 2.5 min ("Unpaired," x = 68%), the CS alone (x = 39%), or 
the US alone (x = 107%). The preparation also undergoes differential 
conditioning with stimulation of two sites on the siphon as the two CSs. 
45 min after training, the response to the paired CS was significantly 
greater than the response to the unpaired CS in the same preparation (x = 
105% vs 50%, n = 24). We used these two CSs to test second-order 
conditioning. During Stage I of second-order conditioning, CS1 was paired 
with the mantle shock US. During Stage II, CS2 was paired with CS1. 
15 min after one block of training trials in Stage II, responding to CS2 was 
significantly greater than after control procedures with unpaired training 
in Stage 1 or Stage II (x = 74% vs 33% or 23%, n = 24). We have obtained 
similar results with Stage II training involving simultaneous presentation of 
CS1 and CS2, which is thought to support stimulus-stimulus association 
(x = 61% vs 33% or 17%, n = 20). We should now be able to begin a 
cellular analysis of these features of conditioning.

14.5
ACTIVITY-DEPENDENT REGULATION OF BURSTING IN CULTURED 
NEURONS. G.G. Turrigiano* and E. Marder. Dept. o f Biology. Brandeis 
University. Waltham. MA 02254

The role o f activity in determining synaptic connections and synaptic strengths in 
the developing nervous system is a well-studied phenomenon. Less well understood 
is the role activity-dependent processes play in the determination of intrinsic cellular 
properties. We are studying stomatogastric ganglion (STG) neurons completely 
isolated from all synaptic and modulatory influences in primary cell culture, and are 
asking whether the physiological properties of these isolated neurons are influenced 
by their activity. STG neurons are tonically active when acutely isolated in the 
intact ganglion . After two days in culture the majority of STG neurons also were 
tonically active (65%, n=45). However, after three days in culture the majority of 
STG neurons became capable o f bursting when depolarized by injection of current 
(61%, n=47). To determine whether this transition from tonic to bursting behavior 
was influenced by activity, current injection was used to alter the activity of 
bursting neurons. In die ganglion, STG neurons receive phasic inhibitory inputs, and 
fire action potentials on the rebound. When bursting neurons in culture were driven 
with inhibitory current pulses resulting in rebound bursts, 
there was a gradual transition in the rebound properties, from strong bursts, to 
weaker bursts, to tonic firing. On average, it took 50 minutes of stimulation to 
produce this transition (n=10). When the stimulation was terminated and the activity 
of the neurons tested with depolarizing current pulses, the neurons no longer burst, 
but instead fired tonically. This effect was reversible, and took on average 45 
minutes to reverse. Constant DC hyperpolarization (n=3), or hyperpolarizing pulses 
that did not elicit a burst on the rebound (n=3); did not produce a stable transition 
from bursting to tonic behavior. This" transition therefore depends upon the 
induction of rebound bursts. We are currently measuring the conductance changes 
responsible for the transition in behavior following stimulation. Supported by BNS- 
9009251 from NSF.

14.7
A C E L L  WIDE MODEL FOR LONG-TERM FACILITATION IN 
APLYSIA SENSORY NEURONS. N.J. Emptaoe* and T.J. Carew. Yale 
University, Depts Psychol, and Biol., New Haven, CT 06520.

We recently reported that exogenous application of serotonin (5HT) to the 
CNS of Aplysia  produced both short-term facilitation (STF) and long-term 
facilitation (LTF) of synaptic transmission between tail sensory neurons (SNs) 
and motor neurons (MNs) (Emptage & Carew, 1992; see also Montarolo et al., 
1986). Furthermore, using two independent means of preventing the 
induction of STF (a 5HT antagonist that blocks STF or an agonist concentration 
that does not induce STF) we found that LTF was still expressed normally.

The anatomy of the tail SN-MN system provided us with a third means of 
examining the relationship between STF and LTF. The tail SN-MN synapses 
are in the pedal ganglion, while the SN cell bodies (as well as SN synapses 
onto intemeurons) are in the pleural ganglion. Thus by constructing a barrier 
between these ganglia we could deliver 5HT selectively to either site (see also 
Clark and Kandel,1984). We found that prolonged (1.5 hr) application of 5μΜ 
5HT to the synaptic region produced significant STF (30 min after 5HT) but no 
LTF (24 hr later) (STF: x increase* 116%, p<.03 ; LTF: x increase=3.3%, NS; 
N=4). Conversely, 5HT to the cell body region produced no STF but significant 
LTF (STF: x increase= 0.4%, NS; LTF: x increase*66%, p<.02; N=5). 
Moreover, 5HT to the cell body region produced significantly greater LTF than 
control SNs (N=4) receiving no 5HT (x change= -16.4%, p<.005).

These data show that synapses never exposed to 5HT and never expressing 
STF can nonetheless express LTF. We thus propose a model in which STF 
can occur locally at a restricted set of synapses, but LTF, because of its 
ultimate dependence on a somatic signal, occurs cell wide. We are currently 
testing aspects of this model by examining (1) the expression of LTF at 
synapses of different distances from the SN soma, and (2) whether the degree 
of LTF at a synapse might be affected by the previous expression of STF at 
that synapse.

14.4
LONG-TERM POTENTIATION OF A PLYS IA  SENSORIMOTOR SYNAPSES 
IN C ELL CULTURE. X. Y. Lin and D. L. Glanzman*. Dept. of 
Physiological Science, Univ. of California, Los Angeles, CA 90024.

Long-term potentiation (LTP), a form of persistent, activity- 
dependent synaptic enhancement, has been proposed as a cellular 
mechanism of associative learning. One type of LTP—that which can 
be induced at synapses in the CA1 region of the mammalian 
hippocampus—is due to homosynaptic activity. By contrast, LTP of 
A p ly s ia  sensorimotor synapses (Walters and Byrne, 1985) is 
thought to be due, at least in part, to heterosynaptic modulation. To 
examine whether LTP that is independent of heterosynaptic 
modulatory input can be induced at A p lysia  sensorimotor synapses, 
we utilized cell cultures comprised of dissociated A p lysia  sensory 
and motor neurons. Sensory neurons of in vitro sensorimotor 
synapses were stimulated at 1 0 -1 min with brief extracellular 
current pulses and the resulting EPSPs were recorded in the motor 
neurons with intracellular electrodes. Synapses in one group 
(Control) received only test stimuli. Synapses in another group 
(Tetanus) received repeated tetanic stimulation following the 
second test trial. The high-frequency stimulation induced long- 
lasting potentiation of synapses in the Tetanus group. Thus, 80 min 
after high-frequency stimulation the mean Tetanus EPSP was 
significantly greater than the corresponding Control EPSP (P<
0.0001). Our results demonstrate synapse-specific LTP of A p ly s ia  
sensorimotor synapses. Such LTP may play a role in classical 
conditioning of the A p ly s ia  withdrawal reflex.

14.6
L30 INTERNEURONS MEDIATE INHIBITION PRODUCED BY A 
WEAK TAIL STIMULUS IN THE SIPHON WITHDRAWAL CIRCUIT 
OF APLYSIA  T.M. Fischer*1 & T.J. Carew1, 2, Yale Univ., Depts. of 
Psychology1 & Biology2, New Haven, CT 06520.

The siphon withdrawal response (SWR) of Aplysia  is transiently inhibited by 
strong tail shock; this inhibition is mediated by an identified inhibitory 
interneuron in the abdominal ganglion, L16 (Wright & Carew, 1991). We now 
report that a weak, moving tactile stimulus to the tail also produces transient 
inhibition in the SWR circuit, and that this form of inhibition is mediated largely 
by another class of abdominal ganglion inhibitory interneurons, the L30s.

In a reduced preparation (tail, mantle/siphon, and CNS), we evoked SWR 
circuit activity by delivering brief mechanical taps to the siphon. Siphon- 
evoked responses were monitored in LFS-A siphon motor neurons (MNs) and 
in a subtype of L29 excitatory intemeurons that respond preferentially to 
siphon stimuli (L29-S). Tactile stimuli to the tail were applied by moving a soft 
bristle brush across the tail for five sec; the interval between cessation of tail 
stimulation and the siphon tap was systematically varied.

Tail stimulation produced an immediate, significant reduction of siphon- 
evoked responses in both MNs and L29-S neurons (P<0.05 in both cases, 
compared to baseline). The time course of this inhibition was similar for both 
cell types: it was greatest immediately following tail stimulation, with significant 
reductions still observed one min later. We further showed that the L30s 
mediate this form of inhibition. L30s strongly respond to the weak tail stimulus, 
and exhibit activity-dependent potentiation of their I PSPs onto the L29s 
(Fischer & Carew, 1993). Hyperpolarization of two (of the three) L30s during 
tail stimulation significantly attenuated the inhibition of L29-S interneurons 
(P<0.01). Current experiments indicate that inhibition of evoked responses in 
MNs is also attenuated by L30 inactivation. Thus tail stimulus-induced 
activation of the L30s can significantly modulate the net output of the SWR 
neural circuit, in part through potentiated inhibition of the L29 interneurons.

14.8
CHANGES IN SEROTONIN/DOPAMINE (5HT/DA) RATIO AS A 
FUNCTION OF AGE IN A PLYS IA  C A LIFO RN ICA . Jane M. Піш і, Chun 
Hong, Robert W. Holt and Vikas Chandhoke*. George Mason University. 
Fairfax, VA.

We have monitored neurotransmitter levels in five groups o f animals ranging 
from 3 to over 11 months o f age. The mean values of the 5HT/DA, 5HT/TRP, and 
DA/TYR ratios were obtained within various groups. The data were analyzed using 
analysis o f variance. The overall F value for the 5HT/DA ratio showed that the 
group means differed significantly F(4,38) =  9.81, p <  .001. The mean values for 
the 6 and 8 month old groups differed significantly from those o f the other three 
groups i.e. the mid-age animals had significantly higher values o f 5HT/DA than the 
very young or the very old animals. Since DA has been shown to depress synapses 
which 5HT facilitates, and learning has been shown to be less robust in both 
juvenile and old animals, these data suggest that the 5HT/DA ratio could play a role 
in the acquisition o f learning.

Analysis o f the tryptophan (TRP) and tyrosine (TYR) data showed the ratio of 
5HT/TRP, measured in the ganglion differed significantly with age F(4,38)= 6.81, 
p <  .001. The ratio was lowest in the youngest animals, maximum in the six month 
animals and decreased again in the oldest animals. The mean o f the 3 month old 
group was significantly lower than those o f 4, 6 , and the 8 month groups. There 
was no significant difference between 3 and the 11 month old groups. The 
DA/TYR ratio also differed significantly with age, F(4,38)=  7.17 p < . 001. The 
ratio increased with age and was largest for the 11 month old group, which differed 
significantly from all o f the other groups. These results show that the rate of 
synthesis o f the two neurotransmitters differs over the life-span o f Aplysia c. due 
to changes in the enzymatic activity and also suggests that their ability to absorb 
TYR and TRP from the diet is age dependent.
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14.9
THE ROLE OF TWO IDENTIFIED MULTIPEPTIDERGIC NEURONS, VD1 AND RPD2, IN 
CARDIORESPIRATORY FUNCTIONS OF A MOLLUSC, C. Janse. W. C. Wildering. M. 
van der Roest. A. ter Maat. W. F. E. Smelik. A. W. Pieneman. W. P. M. Geraerts.
K .W  Li. C. R. Jiménez. (SPON: European Neuroscience Association). Graduate 
School of Neurosciences Amsterdam, Research Institute Neurosciences Vrije 
Universiteit, Department o f Organismic Zoology, Faculty o f Biology, Vrije 
Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands.

In view of the different functions neuropeptides may have, multipeptidergic neurons 
may play a key role in physiological control. This study concerns two giant 
electrically coupled, widely branching multipeptidergic neurons (VD1 and RPD2) of 
the pond snail Lymnaea stagnalis. In vivo recordings showed that just preceding 
pneumostome opening or closure the neurons increase their firing activity. This 
suggests a modulatory role of these neurons in respiratory activity. Studies on semi- 
intact preparations showed that long lasting periods of bursting activity, which in such 
preparations occur during exposure to high P 02  levels, are accompanied by 
pneumostome movements. In such preparations manipulating the activity of the cells 
affects heart rate, suggesting an additional role of the neurons in heart rate control. HA 
has an excitatory and АСҺ and DA (10-6-1 0 -8 M) have inhibitory effects. In old 
animals (14 - 20 months) high firing frequencies, as induced by HA, are disrupted in 
these cells. Studies at the molecular level revealed that the neurons may synthesize 
many different peptides. With cDNA techniques two α-peptides (α1 and α2) could be 
identified. Single cell analysis showed the presence of 5 - 6 (and probably more) 
different peptides. Identification o f the peptides is currently under investigation.

It is tentatively suggested that different neuronal activities are related to release of 
different peptides and thereby to different aspects of modulation of cardiorespiratory 
behaviour and that disruptions o f bursting activity may thus affect modulatory 
functions of the cells. The VD1 and RPD2 provide thus an interesting system for the 
study of peptidergic modulatory functions and their disturbances with age.

14.11
SYNAPSE-SPECIFIC INHIBITION BY FMRFamide AT APLYSIA SENSORI
MOTOR CONNECTIONS. G. A. Clark* and J. Cooper. Psychology Dept., 
Program in Neuroscience, Princeton Univ., Princeton NJ 08544.

Synapse-specific plasticity provides a potentially precise means of 
modifying neural pathways. To extend our previous demonstrations of 
synapse-specific facilitation in Aplysia LE siphon sensory neurons, we asked 
whether heterosynaptic inhibition could also be synapse-specific. To this 
end, we examined the effects of local application of the inhibitory 
neuromodulatory peptide FMRFamide onto central and peripheral 
connections of individual sensory cells. We found that application of 
FMRFamide onto the central neuropil inhibited EPSPs elicited by the 
sensory neuron onto the central but not peripheral siphon motor neuron 
(p < .02). Likewise, selective application of FMRFamide onto the 
peripheral neuropil differentially inhibited peripheral compared to central 
synapses (p < .01). These results demonstrate efferent-specific inhibition. 
We also found that FMRFamide could differentially inhibit two different 
inputs onto a common postsynaptic target cell. FMRFamide inhibited the 
synaptic connections of identified LE sensory neurons onto peripheral 
motor neurons (p < .001), but at the same time facilitated other, 
unidentified inputs activated by siphon nerve stimulation onto the same 
postsynaptic target (p < .001). These results demonstrate afferent-specific 
inhibition. It will be interesting to determine whether synapse-specific 
inhibition contributes to certain forms of behavioral learning such as 
response specificity, and whether long-term as well as short-term inhibition 
can be synapse-specific.

14.10
THE ROLE OF ACTION POTENTIAL BROADENING IN SYNAPTIC 
FACILITATION BY SEROTONIN AT APLYSIA SOMA-SOMA 
SYNAPSES. M. Klein.* Dept. of Neurobiology, Clin. Res. Inst. of 
Montreal & Univ. of Montreal, Montreal, Quebec, H2W 1R7, Canada.

Synaptic facilitation by serotonin (5HT) at Aplysia sensorimotor synapses 
contributes to sensitization and dishabituation of defensive withdrawal 
reflexes. It has been suggested that 5HT causes facilitation at rested 
synapses ("synaptic augmentation") by reducing K +  conductances and thus 
prolonging action potentials (APs). The role of AP prolongation in 
augmentation was tested with a new soma-to-soma synaptic preparation in 
which transmitter release can be well controlled from the recording site.

Synaptic responses changed with AP duration approximately linearly, 
with the average increase in synaptic release being less than 100% when AP 
duration was doubled. However, while 5HT at 0.5 μΜ changed AP 
duration by -6 % to +16%, augmentation of the synaptic response ranged 
from 135% (i.e. more than doubling) to >1100% . These findings suggest 
that synaptic augmentation has a large component that is independent of AP 
prolongation.

14.12
FURTHER EXAMINATION OF THE FUNCTIONAL ROLE OF NEURON R15 IN 
A P LY S IA  J. Koester*. A. Alevizos. M, Skelton and B. Sullivan. Center for 
Neurobiology and Behavior, Columbia University, N. Y., NY 10032

Our goal is to provide insights into the functional role of R15, an 
endogenously bursting, peptidergic neuron in the abdominal ganglion of 
Aplysia californica. R15 expresses R15α1, R15β, and R15ϒ neuropeptides 
(Buck et al., 1987; Weiss et al., 1989). Previous studies have suggested that 
R15 may play a role in the control of water balance and/or in mediating egg- 
laying behavior (Weiss et al., 1989; Branton et al, 1978; Alevizos et al., 1991). 
This work has been extended in 2 ways: by further examining the peripheral 
terminations of R15 and by analyzing the neural circuit in which R15 is 
embedded.

We found R15α1 peptide-like immunoreactivity within the hepatopancreas 
and small intestine and surrounding the collecting ducts of the ovotestis. 
Extracellular recording has confirmed that R15 sends axons into the 
hepatopancreas and ovotestis. Current work is directed at determining the 
physiological function of these newly described connections.

The major synaptic input to R15 is from Int XIII, a previously unidentified 
cholinergic neuron in the rostral CNS that generates a giant EPSP in R15.
We have located the soma of Int XIII in the right pedal ganglion. Int XIII is 
excited by L40, a neuron in the abdominal ganglion that is IR for R15α2 and 
R15ß peptides. L40 also excites the Pa ş  vasomotorneurons, which we had 
previously shown are excited in vivo during various behaviors that generate 
nead withdrawal. Moreover, L40, Int XIII, and R15 are excited in vitro when the 
program for escape locomotion is triggered by stimulation of nerve P9. 
Branton et al. (1978) had previously shown that the bag cell burst that triggers 
egg laying also enhances the endogenous burst activity of R15. Together, 
these data lead us to propose the hypothesis that L40, Int XIII, and R15 may 
be active during the head withdrawal phases of the stereotyped undulation 
and tamping phases of egg laying behavior described by Ferguson et al. 
(1989), and/or during the contraction phase of escape locomotion.

DEGENERATIVE DISEASE: ALZHEIMER'S— β -AMYLOID I

15.1 15.2
THE N-TERMINUS OF AMYLOID ß-PEPTIDE IS CLEAVED BY A 
SEQUENCE SPECIFIC PROTEASE. M. Citron. D.B. Teplow. F.O. Schmitt* . 
and D.J. Selkoe. Center for Neurologic Diseases, Harvard Medical School and 
Brigham and Women's Hospital, Boston, MA 02115.

Cerebral deposition o f the amyloid ß-protein (Aß) derived by proteolysis from 
the large precursor polypeptide BAPP is a seminal feature of Alzheimer's Disease. 
APP is proteolytically processed in a secretory non-amyloidogenic pathway and a 
pathway that can generate amyloid. In the secretory pathway, an unidentified APP 
"secretase" cleaves within Aß and thereby precludes Aß generation. In the 
amyloidogenic pathway, there are two cleavages, one at the N-terminus between 
Met596 and Asp597 and one at the C-terminus o f Aß. So far, neither of the latter 
proteases has been identified and characterized. As a first step towards 
characterization o f the protease that cleaves the N-terminus o f Aß, we have used 
site directed mutagenesis of APP and determined the sequence requirements for the 
N-terminal cleavage. We show that the enzyme is highly sequence specific: 
substitutions at the N-terminal Val594, Met596, ASP597 and Ala598 generally 
decrease Aß production substantially, e.g. a Val substitution at position 596 
decreases Aß production to background levels. All ASP597 substitutions analyzed 
shift the site o f cleavage to genęrate smaller peptides. Ib is is in striking contrast 
to the sequence independence of secretase and the C-terminal cleaving enzyme (see 
abstract o f  Selkoe et al.). Only the previously described familial AD Met-Leu 
mutation at position 596 (Mullan et al., Nature Genetics 1: 218-221,1992; Citron 
et al., Nature 360: 672-674, 1992) was found to increase Aß production. This leads 
us to predict that no FAD cases with increased Aß production due to other N- 
terminal substitutions will be found. Experiments to change the distance of met- 
asp from the membrane have also been conducted. Our data on the sequence 
specificity of the N-terminal protease will be useful in designing cleavable 
substrates and uncleavable controls to characterize and purify the N-terminal 
protease.

PHORBOL-INDUCED CLEAVAGE OF AMYLOID PRECURSOR PROTEIN 
OCCURS INDEPENDENTLY OF ITS PHOSPHORYLATION AND REDUCES 
THE FORMATION OF BETA AMYLOID PEPTIDE. J.S. Jacobsen*. M.A. 
Sppjvt. J.L- Sonnenberg. A.J. Blume. A.M. Brown and H.A. Muenkel Dept. of 
CNS Biology, Lederte Labs, American Cyanamid Co., Pearl River, NY, 10965.

Amyloid Precursor Protein (APP) is cleaved normally within Beta 
Amyloid Peptide (BAP) sequences to release an amino-terminal (N-terminal) 
fragment which precludes the subsequent formation of BAP. Treatment of 
cells with agents which activate Protein Kinase C (PKc) has been shown to 
increase the release of an N-terminal APP fragment. The mechanism is 
unclear and could involve phosphorylation of APP substrate, altered 
trafficking of APP, or modulation of secretase activity.

We have used the expression of an APP Reporter (APP-REP) system 
[S.R. Sahasrabudhe et al. (1992) J .  Biol. Chem. 267:25602-25608] in 
cultured cells to characterize the fragment(s) released immediately following 
the treatment of cells with phorbol dibutyrate (PDBu). Epitope mapping and 
immunoprecipitation analyses suggest that PDBu treatment [a] increases the 
release of APP that is consistent with the normal secretase activity, [b] 
decreases the release of a shorter N-terminal fragment cleaved at the amino- 
terminus of BAP, and [c], decreases the formation and release of BAP. To 
determine whether phorbol-induced cleavage is the result of phosphorylation 
of APP substrate, a panel of mutant constructs was expressed in which each 
of the eight potential phosphorylation sites located within the cytoplasmic 
domain of APP were replaced with alanine residues. Our expression data 
suggest that the phorbol-induced cleavage occurs independently of APP 
substrate phosphorylation.

This is the first demonstration that treatment with agents which activate 
PKc reduces the formation of BAP. Strategies which activate PKC or 
influence its targets could possibly lead to the development of therapeutic 
agents to block BAP formation.
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15.3
GENERATION OF A POTENTIAL PRECURSOR OF BETA 
AMYLOID FROM IMMATURE APP IN THE SECRETORY 
PATHWAY. D. Gabuzda*. J. Busciglio and B.A. Yankner. Dept. of 
Neurology, Harvard Medical School, Children’s Hospital and Dana 
Farber Cancer Institute, Boston, MA 02115.

Beta amyloid is normally produced during the metabolism of the 
amyloid precursor protein (APP) but the cellular site of its formation is 
unresolved. The 11.5 kD C-terminal fragment of APP is a proteolytic 
processing intermediate which contains ß  amyloid at its N-terminus as 
determined by epitope mapping and sequence analysis. The 11.5 kD C- 
terminal fragment was detected by immunoprecipitation in transfected 
COS cells, neuronal cell lines and primary human fetal brain cultures. 
Inhibition of anterograde transport in the secretory pathway by depletion 
of ATP resulted in an 80-fold induction of the 11.5 kD fragment. ATP 
depletion also inhibited the maturation of cellular APP and generation 
of secreted APP. Monensin and other agents which inhibit transport 
and processing in the secretory pathway also caused the accumulation 
of the 11.5 kD fragment. The 11.5 kD fragment was induced by 
Brefeldin A, indicating that it is produced in the secretory pathway prior 
to the trans-Golgi network. This result was confirmed by indirect 
immunofluorescence microscopy. Under conditions which completely 
blocked APP maturation, the 11.5 kD fragment was still generated 
suggesting that it is generated from immature, partially glycosylated 
APP. These results demonstrate that a potentially amyloidogenic 
fragment of APP is generated in the endoplasmic reticulum or Golgi 
complex and raise the possibility that ß  amyloid production may result 
from alternative processing of newly synthesized APP.

15.5
PRODUCTION OF 4kDa ß-AMYLOID IS FAVORED OVER 3kDa ß-AMYLOID 
IN NEURONS COMPARED TO ASTROCYTES. R. Xue, L. Younkin . P. 
Gambetti. A-C. LeBlanc*  Inst. Pathol. Case Western Reserve U. Cleveland, 
OH 44106.

The secretion of 3 and 4 kDa amyloid ß (Aß) was evaluated in newborn rat 
cerebral cortex neurons, astrocytes and microglia by pulse labelling primary 
cultures with 35S-methionine and immunoprecipitating the Aß with 
polyclonal antisera to Aß1-40 and monoclonal antibody 4G8 (Aß17-24). The 
immunoprecipitated Aß was separated on tris-tricine gels and quantitated by 
phosphorimaging. The results show that both neurons and astrocytes 
secrete 3 and 4 kDa Aß peptides whereas only 3 kDa Aß is detected in 
microglial cells. The immunoprecipitated Aß peptides were competed with 
synthetic Aß1 -40 but not synthetic Aß1 -15. The neurons secreted twice as 
much 3 kDa Aß than 4 kDa Aß whereas the astrocytes secreted 
approximately 8-10 times more 3 kDa than 4 kDa. We have previously shown 
that neurons secrete only 10% of newly synthesized full-length APP 
whereas astrocytes secrete 40%. These results suggest that the formation 
of the 3 kDa Aß coincides with secretion of the N-terminal APP whereas the 
secretion of 4 kDa Aß results from an alternative pathway which is 
predominantly used in neurons. On a cell to cell basis, the production of 4 
kDa Aß from APP is more significant in neurons. However, the abundance of 
astrocytes and gliosis in diseased brain may render the astrocyte an 
important contributor to the production of the amyloidogenic Aß peptides. 
Supported by NIH NIA AGO8992-01 and the Britton fund.

15.7
ZINC-INDUCED PRECIPITATION OF ßA4 IS PREVENTED BY COPPER. 
A I- Bush. W. Pettingell. W. Wasco And R.E. Tanzi*  Laboratory of 
Genetics and Aging, Harvard Medical School, Massachusetts General 
Hospital, Boston, MA 02129.
Abnormalities of zinc and copper homeostasis occur in Alzheimer's 
disease (AD), a dementia characterized by the aggregation of βA4 in the 
brain, and Down syndrome (DS), a condition characterized by premature
AD. We studied the binding of Zn2+ to synthetic peptides representing 
residues 1-40 and other domains of βA4. Two classes of Zn2+ binding 
were identified by 65Zn2+ labelling: highly specific, pH-dependent, high 
affinity (Kd = 24.2 nM) binding, and low affinity (Kd = 29.6 μΜ) binding. 
Saturation of high affinity binding occurred at 350 nM. Polymerization of 
βΑ4 by oxidative cross-linking (1) abolished 65Zn2+ binding in n>6-mers. 
Gel filtration chromatography identified monomeric, dimeric, octameric 
and >16-mer species. Zinc binding resulted in a marked loss of βΑ4 
solubility indicating that a small (<0.5 μΜ) increase in interstitial Zn2+ 
concentration could promote βΑ4 precipitation. Transition metals ions 
closely related to zinc had similar but partial effects on chromatographic 
behaviour, but copper completely protected βA4 from zinc-induced 
aggregation, exclusively stabilizing the dimeric species. Tryptic digestion 
of βΑ4 disrupts the zinc binding site and was proportionally inhibited by 
increasing zinc concentrations, although zinc had no effect on trypsin 
activity itself. We propose that βΑ4 requires copper to remain in solution 
while binding zinc, and that zinc binding increases the resistance of βΑ4 
to tryptic cleavage. Abnormalities of regional copper or zinc 
concentrations in AD or DS may increase the biological half-life of 
secreted βΑ4, and may cause βΑ4 to precipitate, so accelerating 
amyloidosis in these conditions.
1. Dyrks, T. eta i. (1992) J. Biol. Chem. 267: 18210

15.4
PRODUCTION OF A C-TERMINAL TRUNCATED FORM OF AMYLOID 
PROTEIN PRECURSOR IN NEWBORN RAT CORTICAL NEURONS. P. 
Gambetti*. R. Xue. A.C. LeBlanc. Inst. Pathol. Case Western Reserve U. 
Cleveland, OH 44106.

A novel C-terminal truncated form of amyloid protein precursor (АРР∆С) 
has been identified in detergent soluble cellular lysate of newborn rat 
cortical neurons. The АРР∆С is immunoprecipitated from pulse labeled 
neurons by antisera to full-length APP770 (207; B. Greenberg, Cephalon), 
but not with three different antisera to the last 21 amino acids of APP. The 
АРР∆С is immunoprecipitated by the 4G8 monoclonal antibody to AB17-24 
and by an antisera to APP649-664 (anti-l; D.Selkoe, Harvard Med. School) 
which recognizes the C-terminal side of the transmembrane domain of APP. 
Pulse chase experiments suggest that the АРРДС most likely arises from 
proteolytic processing of full-length APP and is very stable. In addition, long 
term pulse of 35S-methionine show that the АРР∆С becomes an important 
constituent of the total cellular APP. The АРР∆С is not detected in 
astrocytes or K562-APP695 transfected cells suggesting that this novel 
proteolytic processing pathway for APP is unique to neurons. The АРР∆С 
does not include the NPTY signal required for receptor mediated 
endocytosis. It may therefore produce a stable form of APP which has a 
significant function in neurons. Moreover, the АРР∆С contains the Aß 
domain and is another potential source of amyloidogenic Aß fragments. 
Supported by NIH NIA AGO8992-01 and the Britton fund.

15.6
ACCELERATION O Fβ - AMYLOID PEPTIDE A G G REG A TIO N  BY 
C1Q. S. D. Webster* and J. Roeers. Sun Health Research Institute, 
Sun City, AZ 85372.

β -am yloid peptide (β -А Р) is now believed to exist in at least 
three forms in the Alzheim er’s disease (AD) brain: a soluble fraction, 
a diffuse (i.e., thioflavine negative) deposit, and a com pacted, β - 
pleated (i.e., thioflavine positive) deposit. Only the latter form 
appears to be associated w ith significant neuropathology. The 
mechanisms that underlie the com paction of β -А Р  into fibrillar, 
insoluble, β -pleated deposits may therefore be o f considerable 
experim ental interest. Previous studies from  our laboratory have 
dem onstrated that C lq , the first com ponent of the classical 
com plem ent pathway, is capable of binding β -А Р  w ithout the 
mediation of specific Igs. C lq  is an extremely large molecule made up 
of six identical subunits held together by a collagen core. If β -А Р 
binding is to one of the subunits, it follows that each C lq  molecule 
provides s ix β - АР binding sites. Thus C lq  might serve as a nucleator 
of β -А Р  aggregation by binding multiple β -А Р molecules, bringing 
them into sufficiently  close physical proxim ity to accelerate the known 
self-aggregation properties of β -А Р. We have used a variety of 
techniques to test this hypothesis. P recipitation of insoluble, 
thioflavine positive β -А Р aggregates from  β -А Р solutions is 
significantly accelerated by the addition of C lq . Electron microscopy 
of such aggregates shows them to exist prim arily in sheets. M oreover, 
β -А Р  sheets are more densely packed in C lq  treated material, β - 
ΑΡ/C lq  binding may therefore not only activate the classical 
com plem ent pathway, it may also accelerate or stabilize compacted β - 
АР deposition in the AD brain.

15.8
THE CEREBROSPINAL FLUID SOLUBLE FORM OF ALZHEIMER’S 
AMYLOID BETA IS COMPLEXED TO SP- 40,40 (АГО J), AN INHIBITOR 
OF THE COMPLEMENT MEMBRANE ATTACK COMPLEX. Jorge 
Ghiso.* Etsuro Matsubara. Alexei Koudinov. Thomas Wisniewski and Bias 
Franpione. New York University Medical Center, New York, NY 10016 

The amyloid fibrils deposited in Alzheim er’s neuritic plaque cores and 
cerebral blood vessels are mainly composed of aggregated forms of a unique 
peptide 39-42 amino acids long named A ß. A  similar, but soluble A ß  (sAß) 
has been identified in cerebrospinal fluid, plasma and cell supernatants, indi
cating that it is normally produced by proteolytic processing o f its precursor 
protein, β РР. Both the primary structure of A ß  and its concentration appear 
to play a pivotal role in amyloid formation. Under normal conditions its 
concentration may be too low for polymerization; alternatively, specific fac
tors may maintain sAß  in solution. Using direct binding experiments with 
plasma and CSF, we have isolated and characterized 35 kDa and 80 kDa 
proteins that specifically interact with a synthetic peptide identical to A ß . The 
35 kDa protein was identified as ApoE, a regulator of lipoprotein metabo
lism, while the 80 kDa component was identified as SP-40,40, or ApoJ, a lipid 
carrier and cytolytic inhibitor of the complement cascade. Under the condi
tions tested, immunoprecipitation with anti-SP-40,40 (but not with anti- 
ApoE) retrieved sA ß  from cerebrospinal fluid, indicating that the binding 
occurs in vivo. This interaction, which may be involved in preserving the 
solubility of A ß  in biological fluids, points to a potential mechanism of 
membrane protection and sA ß  transport through the blood-brain barrier.
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15.9
SPATIAL RESOLUTION OF PROTEOLYTIC PHENOMENA IN BRAIN 
PATHOLOGY. T .C . Saido. M. Yokota. K, Maruyama. W. 
Yamao-Hariqava. Y. Saito. I. Yamaura. A. Sato*. K, Suzuki. E. Tani. S. 
Kawashima. Department of Molecular Biology, Tokyo Metropolitan 
Institute of Medical Science, Tokyo; Department of Neurosurgery, 
Hyogo College of Medicine, Hyogo; Department of Autonomic 
Nervous System, Tokyo Metropolitan Institute of Gerontology; 
Institute of Molecular and Cellular Bioscience, University of Tokyo, 
Tokyo, JAPAN.

One of the major drawbacks in analyzing in vivo  proteolytic 
phenomena has been the inaccessibility to the spatial information 
as to where in the tissue the reaction proceeds because the orthodox 
method employing electrophoretic analysis requires homogenization 
of the samples and thus results in loss of such spatial information. To 
overcome this technical obstacle, we have developed general 
methodology to produce antibodies that distinguish a proteolyzed form 
of a given protein from its intact form along with the effort to resolve 
autolytic activation of μ -calpain(1,2 ). Because proteolytic processing 
of β  -amyloid precursor protein has been shown to be involved in 
neuronal degeneration associated with Alzheimer's disease, we have 
applied our approach to resolving the amyloidogenic process in brain. 
Our antibody to the specific proteolyzed form does not react with the 
intact precursor proteins or nonamyloidogenic fragments including the 
"secretase" products. We demonstrate the appearance of the β  
-amyloidogenic fragment in pathological brains in a region-specific 
manner. (1) Saido e t al. (1992) J. Biochem. 111, 81-86; (2) Saido e t  
al. (1993) J. Biol. Chem. 268, 7422-7426.

15.11
EFFECTS OF ACUTE AND CHRONIC BETA-AMYLOID PROTEIN(ßA4) ON MEMORY. M. McDonald, J. Cleary, P.W. Mantyh, E. Dahl. J.B

Overmier. and G. Wood*. Depts. of Psychology, Psychiatry & Pharmacology, 
U. of Minnesota, Mpls., MN 55455 and VA Medical Center, Mpls., MN 55417

We investigated the role of beta amyloid 1-40 (ßA4) in memory formation in 
rats and the usefulness o f ßA4 administration as a behavioral model of the 
memory impairment in Alzheimer's Disease. In the first experiment, we trained 
rats to avoid a signaled foot shock on a Y-maze by running to the safe side in 
less than 5 seconds. The first arm entered on the first trial was designated 
incorrect and the other arm was deemed correct for the first and all subsequent 
trials. The shock and signal (buzzer) continued until the rat escaped or avoided 
the shock. We injected the rats in bilateral hippocampi (ih) with ßA4 or vehicle 
immediately after the fifth trial, and trained to criterion (5 of 6 consecutive 
errorless avoidance responses) 1 week later. The ßA4 group took significantly 
longer than the vehicle group to learn to avoid the shock. This replicates and 
extends the work of Flood et al. (PNAS, 88,3363-6), which was done with 
mice and smaller peptide fragments. The second experiment was identical to the 
first, but with food as a reinforcer rather than shock relief. The ßA4 group again 
took significantly longer to learn the maze to criterion (5 of 6 consecutive 
errorless trials, no time limit). Thus, the detrimental effect o f ßA4 in the first 
experiment was not due to changes in shock threshold, pain perception, or 
behavioral slowing.
In the third experiment, we trained rats to retrieve a 45-mg food pellet from 

each arm of an 8-arm radial maze. An error on the maze was defined as re
entering an arm from which the food had already been retrieved. We trained the 
rats to a criterion of 1 or 0 errors per session, for three consecutive sessions.
We then injected ßA4 or vehicle ih 30 min before the daily session for 26 
sessions. There were no acute or chronic effects of ßA4 injection on maze 
performance. There was no evidence o f ßA4 accumulation or neurotoxicity in 
either group.

15.10
BEHAVIORAL AND PATHOLOGICAL EFFECTS OF 
DMSO AND RA IN AGED RATS. T. Giordano*. J. B. Pan.
L.M. Monteggia. and M.W. Decker. Neuroscience Research, Abbott 
Laboratories, Abbott Park, IL 60064.

We recently reported that DMSO increased APP mRNA expression 
and that retinoic acid (RA) altered the splicing ratio of APP in the 
hippocampus of aged rats. To determine whether changes in APP 
abundance or isoforms had an effect on behavior or pathology, aged 
(20-22 month old) male Sprague-Dawley rats were injected (i.p. at 1 
ml/kg body weight, q.d.) with saline, vehicle (DMSO), or low (64 
μg/kg body weight) or high (640 μg/kg body weight) dosages of RA in 
DMSO for 3 months. The animals treated with high dosages of RA 
were excluded from the behavioral analysis since many would not run 
the task although there were no differences detected in motor activity. 
No significant differences in performance were detected in the radial 
arm maze nor were any differences in learning observed with the 
Morris water maze with the exception of a transient increase in the 
number o f working m e m o r y  errors  (p<0.05) made by the DMSO 
treated group following the introduction of a forced choice on the radial 
arm maze followed by a 30 second delay. Following the behavioral 
testing the animals were sacrificed and the brains isolated for either 
RNA or immunohistochemical evaluation. No Alz50 or ß/A4 staining 
were detected in any of the treatment groups. Preliminary observations 
suggests an increase in GFAP staining in rats treated with RA. To 
verify whether the changes observed in APP splicing and GFAP 
staining are due to reactive gliosis, in situ hybridization are underway.

EPILEPSY: BASIC MECHANISMS I

16.1
TWO DISTINCT FORMS OF SYNCHRONOUS RHYTHMS MEDIATED 
BY DIFFERENT GLUTAMATE RECEPTORS AND SEPARATE 
POPULATIONS OF NEURONS IN NEOCORTEX. A.C. Hint and B.W. 
Connors*. Dept. of Neuroscience, Brown University, Providence, RI 02912.

Two forms of spontaneous rhythmic field potentials were investigated in a 
slice preparation of rat somatosensory cortex. The first, activated by low 
extracellular [Mg2+], had dominant frequencies of 8-12 Hz. As determined by 
recordings from isolated cortical layers, the rhythms originated within layer 5 
but not upper layers. These rhythms were reversibly abolished by the NMDA 
receptor· antagonist AP-5 (50 μM), while the non-NMDA receptor antagonist 
DNQX (5 μΜ) slowed and attenuated but did not abolish the oscillations. The 
duration of these ‘NMDA receptor oscillations’ was potentiated by either the 
blockade of GABAa receptors with bicuculline (50 μΜ) or activation of 
metabotropic glutamate receptors with trans-ACPD (100 μΜ). A secon d form 
of synchrony, with dominant frequencies of 1-5 Hz, was activated by bath- 
applied kai nie acid (10 μΜ). Neurons of layers 2/3 were necessary and 
sufficient for kainate discharges. ‘Kainate receptor oscillations’ were not 
altered by GABAa or NMDA receptor antagonists or by activation of 
metabotropic glutamate receptors. Low concentrations of domoic acid (5 μΜ) 
mimicked the effects of kainate but AMPA and quisqualic acid did not, 
suggesting a role for GluR5-7 and KA1-2 glutamate receptor subunits in the 
activation of kainate oscillations. Our results imply that two separate 
subpopulations of neocortical neurons, each activated by a different class of 
glutamate receptor, can generate two distinct forms of rhythmic synchronous 
activity.

Supported by grants from the NIH and ONR.

16.2
PHENYTOIN ATTENUATES SEIZURE-ASSOCIATED PLATEAU BURSTS IN 
SOLITARY HIPPOCAMPAL NEURONS. Michael M. Segal* Dept. of 
Neurology, Children's Hospital, Harvard Medical School, Boston MA 02115.

Sustained depolarizations are the intracellular correlate of clinical seizures 
(Matsumoto & Ajmone Marsan 1964), and can be studied in microcultures contain
ing a solitary excitatory rat hippocampal neuron (Segal 1991 J. Neurophysiol.).
The sustained depolarizations in microcultures have a synaptic component and an 
underlying non-synaptic, non-calcium-current endogenous burst component (Segal 
1993 Neurology). Such "plateau bursts", seen in zero calcium solutions with 
glutamate blockers, have action potentials followed by a depolarizing plateau 
lasting several seconds. The bursts are likely to involve sodium, since TTX (1 
μΜ) abolished them in 3 of 3 trials. These plateau bursts correlate strongly with 
the sustained depolarizations that underlie seizures clinically.

The effect of phenytoin on these plateau bursts was studied in solutions that 
block synaptic activity (containing, in mM, 0 Ca2 , 5.5 Mg2 , 0.5 EGTA, 0.1 
APV, and 0.04 CNQX). Recordings were made from 50 solitary excitatory 
neurons using the perforated patch technique, adding the fluorescent dye HPTS 
(Molecular Probes) to monitor for patch breakage. Of 50 neurons, 7 had plateau 
bursts in the synaptic blocking medium. For 5 neurons, phenytoin was added (at 
the therapeutic CSF concentration o f 8 μΜ using a propylene glycol/ethanol/water 
vehicle; McLean & Macdonald 1983 J. Pharm. Exp. Tberap.). In 4 of the 5 
neurons, the plateau burst was abolished, leaving only a non-plateau burst of action 
potentials. In the other neuron, the plateau burst was shortened. Vehicle alone was 
ineffective. In 11 other neurons with only non-plateau action potential bursts in 
the synapse blocking solution, the activity was not greatly attenuated by addition of  
phenytoin. Therefore, one can study in a single-neuron model system the action of 
anticonvulsant drugs such as phenytoin on the non-synaptic, non-calcium plateau 
bursts that underlie seizures.
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16.3
TR AN SD U C T IO N  O F CA3 N E U R O N S  BY  A  H E R P E S VIR U S  
VECTOR C O N T A IN IN G  A  G LU R 6 S U B U N IT  O F K AINATE  
RECEPTO R IN D U C E S  E P IL E PT IF O R M  D ISC H A R G E . P.J 
Bergold*. P. Casaccia-Bonnefil .  H .J. F ed groff* . and A, Steiger. 
SUNY- H ealth  Scien ce C enter a t Brooklyn, Brooklyn, NY  11203; 
лAlbert E instein  School o f M edicine, Bronx, NY, 10461  

Neuronal loss and altered glutam ate receptor expression have been  
reported in th e hippocam pus o f p atien ts w ith  severe tem poral lobe 
epilepsy. A  causal role for enhanced g lutam ate receptor expression in 
epilepsy w as tested  by tran sd u cin g  h ippocam pal slice  cu ltu res or 
acute hippocam pal slices  w ith  H SV  vectors con ta in in g  cD N A s for 
fully edited k a in ate receptor su b u n it GluR6 (H SV GluR6) or E. Coli 
ß -g a la cto sid a se  (H SV lac). H SV lac m icroap p lica tion  in to  САЗ 
stratum  pyram idale resu lted  in  localized  gene tran sd uction  a t th e  
m icroapplication  s ite  w ith  no ch an ge  in  n eu ron al ex c ita b ility . 
H SV G luR 6 m icroapplication , in con trast, re su lted  in  in creased  
excitability, altered synaptic responses, epileptiform  activity and loss  
of both H SVGluR6-transduced and non-transduced CA3 neurons (see 
C asaccia-Bonnefil, e t al., and D uring, e t al., th ese  abstracts). Two 
hours after m icroapplication, an increased resp onse in  CA3 stratum  
pyram idale w as seen  after m ossy  fiber stim u lation . T h ree hours  
a fter  m icro a p p lica tio n , s p o n ta n e o u s  ep ile p t ifo r m  d isch a rg e  
appeared , w h ich  p e r s is ted  for a p p ro x im a te ly  tw o h o u rs and  
term in ated  w ith loss o f evoked and sp on tan eou s activ ity . A ltered  
glutam ate receptor expression m ay induce som e th e of epilepsies.

16.5

MORPHOLOGICAL CHANGES IN DENDRITIC SPINES AFTER 
EPILEPTIC ACTIVITY: QUANTITATIVE LIGHT AND ELECTRON 
MICROSCOPIC STUDIES
A. Drakew1. M. Müller2. S.M. Thompson2. B.H. Gähwiler and M. Frot- 
scher*1.1lnst. Anat., Univ. Freiburg, D-7800 Freiburg, FRG; 2Brain Res. 
Inst., Univ. Zurich, CH-8029 Zurich, Switzerland.

Epileptic activity is known to result in degenerative changes in a variety of 
hippocampal neurons. Recently, we reported a reversible loss of dendritic 
spines after chronic epilepsy in hippocampal slice cultures. However, the 
mechanisms underlying this reduction in spine number remained unclear.

In the present experiments, mature hippocampal organotypic slice cul
tures of hippocampus were rendered epileptic by application of the con- 
vulsants bicuculline and/or picrotoxin. After 3 days of incubation CA3 py
ramidal neurons were intracellularly recorded and filled with HRP. By using 
a camera lucida, these cells were drawn, and all spines in the various den
dritic segments were counted by using the Sholl method. The number of 
dendritic spines was significantly reduced in various segments of both apical 
and basal dendrites in epileptic cultures when compared to untreated con
trol cultures. In a second set of experiments, epileptic and control cultures 
were analyzed by quantitative electron microscopy. We observed a signifi
cant reduction in the mean area of spines in the epileptic cultures. No chang
es were observed in spine perimeter. No signs of degeneration were found 
neither in the spines nor in their presynaptic boutons. These findings suggest 
that the loss of spines seen with light microscopy is due to a reduction in size 
rather than a degenerative process.
(Supported by the Leibniz Program of the Deutsche Forschungsgemein
schaft and by the Swiss National Science Foundation)

16.7
TEMPERATURE DEPENDENCE OF INTERICTAL EPILEPTIFORM ACTIVITY 
IN RAT HIPPOCAMPAL SLICES.
P. Igelmund and U. Heinetnann (SPON: European Neuroscience Association)
Inst, fü r Neurophysiol. der Universität, Robert-Koch-Str. 39, D-50931 Köln, FRG.

In the high K + model o f  epilepsy, epileptiform activity is induced in hippocampal 
slices by modification o f the extracellular concentrations o f K+ , Ca2+ and Mg2+ to 
values which normally occur during seizures. In the low Mg2+ model, epileptiform 
activity develops after lowering o f [Mg2+]0. In the present study, we compared the 
temperature dependence of interictal activity in both models.

Rat hippocampal slices (400 μm) were investigated in an interface chamber per
fused with aerated (95% 0 2, 5% CO2) artificial cerebro-spinal fluid (ACSF) usually 
containing (in mM): NaCl 124, NaH2P 0 4 1.25, NaHCO3 26, KC1 5, CaCl2 2, 
M gS04 2, glucose 10). For Mg2+ free ACSF, M gS04 was omitted. High K+ ACSF 
differed with respect to K+ (8 mM), Ca2+ (0.7 mM), and Mg2+ (1.4 mM). The 
chamber temperature was varied between 38°С and 10°C. Extracellular field potenti
als were recorded with microelectrodes from stratum pyramidale o f  area CA1.

At 37°C, application o f high K+ ACSF as well as o f Mg2+ free ACSF resulted 
in spontaneous epileptiform activity, mostly interictal discharges with frequencies of 
20-60/min in high K+ and 10-30/min in low Mg2+ . While at 37°C the activity was 
rather similar in both models, differences were obvious with cooling. In high K+ , 
the amplitude o f interictal discharges was continuously reduced with cooling while 
their frequency was raised or remained constant. The activity reversibly vanished in 
the temperature range of 32°C to 28°C. In low Mg2 + , in contrast, the frequency of 
interictal discharges decreased during cooling. Spontaneous activity reversibly 
stopped in the temperature range o f 26°C to 19°C. As low Mg2+ epilepsy depends 
on activation o f NMDA receptors while high K+ epilepsy depends on activation of 
AMPA receptors, the different behaviour in the two models may be explained by 
different temperature characteristics of NMDA and AMPA activated currents. 
Supported by the Deutsche Forschungsgemeinschaft (lglO/ l -2 )

16.4
D IR EC T H IPPO C A M PA L IN JE C T IO N  OF A H SV-1 VECTOR  
EX PR E SSIN G  G LUR6 RESULTS IN SPO NTAN EO US SEIZUR ES, 
HYPEREXCITABILITY IN CA1 CELLS AND LOSS OF CA1, HILAR 
AND CA3 NEURONS. 1M.J. D uring*. 1G.R. Mirchandani. l P .  Leans, 1 A .  
Williamson. 1NC. de Lanerolle. 2M.D. Geschwind, 3PJ. Bergold.2H.J. FedemfL 1Yale 
Univ. Sch. Med., New Haven, CT 06510; 2 Albert Einstein Coll. Med., Bronx, NY 
14061; 3SUNY HSCB, Brooklyn, NY 11203.

Activation of glutamate receptors has been implicated in the generation of seizures 
and neurotoxicity. Specifically, increased expression o f kainate receptors may be 
involved in the etiology of epilepsy as kainic acid is a potent convulsat  and produces 
cell loss similar to that observed in temporal lobe epilepsy. GluR6 is a kainate 
receptor which generates homomeric channels and when edited exhibits Ca2 + 
permeability. To test the hypothesis that overexpression of GluR6 receptors could play 
a role in epileptogenesis we used a defective HSV-1 vector which expresses the edited 
version of GluR6. HSVGluR6 injected unilaterally into the dorsal and ventral 
hippocampus of adult rats induced spontaneous limbic seizures, initial onset 3.7±0.5 
hours later (duration ranged from 5 sec. to 15 min.). Spontaneous seizure activity 
persisted for at least 2 weeks. We studied the electrophysiological properties of slices 
prepared from the hippocampi of animals injected with the vector using intracellular 
recording. CA1 cells, tested 6 hours post-injection, exhibited kynurenate-sensitive 
spontaneous bursts, and showed normal evoked responses. CA1 cells tested 24 hours 
post-injection, exhibited both spontaneous and evoked epileptiform burst potentials 
even though synaptic inhibition was intact. In all animals, cells from the uninjected 
side or from animals injected with the control vector, HSVlac (expresses E. Coli β- 
galactosidase), showed no signs o f hyperexcitability. Moreover, histological analysis 
showed localized cell loss around injection sites in CA1, the dentate granule cell layer, 
in the hilus and in CA3. In summary, these data support the hypothesis that 
overexpression o f kainate receptors might mediate the hyperexcitability which 
characterizes the epileptic state. Moreover, this genetic intervention approach may 
provide a useful model of human temporal lobe epilepsy.

16.6

POTASSIUM CURRENTS IN EPILEPSY: ACTION OF PENTY
LENETETRAZOL ON CLONED CHANNELS. M Madeja*1,
M.Stocker2. U.Mußhoff1. O.Pongs2 and E.-J. Speckmann1. 1 Institut fur 
Physiologie, Robert-Koch-Str.27a, D-4400 Münster and 2Zentrum für 
Molekulare Neurobiologie, Martinistr.52, D-2000 Hamburg, Germany

Voltage-dependent potassium channels were studied in respect to its 
contribution to epileptogenesis. For that, several cloned potassium 
channels were expressed in oocytes of Xenopus laevis. The effect of 
the epileptogenic drug pentylenetetrazol (PTZ) on the potassium 
currents was studied by two-electrode voltage-clamp and patch clamp 
technique.

The amplitudes of the potassium currents were increased by PTZ at 
small depolarizing command potentials (Vc) and decreased at large V,. 
The effect was obtained in investigations of whole oocytes as well as 
in excised membrane patches. The potential-dependent effect was 
obtained for all investigated channels (RCK1, RCK2, RCK4, HBK5, 
RAW3). The potential at which inversion from increase to decrease 
occurred was different for the channel types and ranged between -44 
mV for the RCK4 channel and -9 mV for the HBK5 channel. The 
effect appeared within 1 s after start of application in outside-out and 
in inside-out patches. The change of currents was dose-dependent and 
had a threshold concentration of below 0.1 mmol/1 in excised patches. 
In single channel studies PTZ increased the open probability at small 
V and decreased it at large Vc.

Summarizing, potassium channels were found to be affected by PTZ 
in a potential-dependent manner. By this, small depolarizations are 
depressed and large depolarizations are augmented. That represents a 
gate mechanism that may contribute to epileptogenesis.

1 6 .8

LO CA LIZA TIO N  O F  A R E A  T E M P E S T A S  IN T H E  P IR IFO R M  C O R T E X  O F  
T H E  M O N K EY K. G ale  and M. D ubach*. Dept. Pharmacology, 
Georgetown Univ. Med. Ctr., W ashington, D C  20007, and Reg. Primate 
R es . Ctr., Univ. W ashington, Seattle, W A 98195.

The area tem pestas is an epileptogenic site in the deep prepiriform 
cortex which has previously been located and characterized in the rat 
brain. Here we report the localization of an equivalent site in the primate 
brain. Stereotaxically-positioned platforms containing multiple channels 
for guiding microinjection cannu las according to M RI-based coordinates, 
were secured to the skulls of two juvenile pigtailed m acaques. Bicuculline  
methiodide (4-20nmoi in 0.5ul) a  G A BA a receptor antagonist, w as 
unilaterally microinjected into various intracerebral sites in the awake  
monkey, and behavioral responses were recorded for 90-120 min. 
Prolonged, repetitive partial se izures w ere evoked from a  restricted region 
of the rostral piriform cortex, dorsomedial to the endopiriform area. The  
behavioral and electrographic manifestations resem bled com plex partial 
se izures in hum ans. Mouth and facial movements (automatisms and 
myoclonic activity) were prominent, accom panied by clonic movements of 
the contralateral arm, behavioral arrest, salivation, and loss of 
responsiveness to environmental or social stimuli, without any loss of 
postural control. No se izure  responses could be evoked from nearby or 
surrounding regions in amygdala, claustrum , or putamen. Hyperactivity, 
’gym nastics’, and circling behavior were evoked from sites within the 
putamen, w hereas hypoactivity, cowering and exce ssive  defecation were 
evoked from sites within amygdala. B y sampling sites in the vicinity of the 
piriform cortex, w e estimated the sensitive epileptogenic area  to extend 
not more than 3mm in diameter. Location of the injection placem ent w as 
confirmed by MRI evaluation. Th is novel model of com plex partial 
se izures can  now be used to investigate the neural substrates of these  
se izures in the primate brain and to identify m echanism s by which they 
m ay be controlled.
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16.9
METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION REDUCES 
EVOKED EPILEPTIFORM ACTIVITY IN ADULT RAT NEOCORTEX. J.P. 
Burke* and J.J. Hablitz. Neurobiology Research Center, University of Alabama at 
Birmingham, Birmingham, AL 35294.

A recent study (Neuroscience Letters 139: 77-82, 1992) has demonstrated that 
intrahippocampal injections of metabotropic glutamate receptor (mGIuR) agonists 
in rats produces seizure activity. In vitro seizure discharges easily can be evoked 
by bath application of convulsant agents, e.g., (-)-bicuculline methiodide (BMI), to 
adult rat neocortical brain slices. We studied the actions of 1S,3R-ACPD, a potent 
and selective mGIuR agonist, on evoked epileptiform activity in adult rat 
neocortex.

Conventional intracellular recordings were obtained from layer II-III neurons 
(N=10). A bipolar tungsten stimulating electrode was placed in layer IV-V to 
evoke postsynaptic potentials (PSPs) and epileptiform discharges before and after 
bath application of 10 μΜ BMI, respectively. After a minimum exposure of 30 
min to BMI, control records to intracortical stimulation were obtained. 1S,3R- 
ACPD (50-200 μΜ) was then bath applied with BMI, and the evoked responses 
monitored. A significant reduction in discharge duration was observed in all cells. 
In 6 of 10 cells, an increase in threshold for evoking an epileptiform discharge was 
observed. Subthreshold PSPs which did not elicit a discharge in the presence of 
BMI (N=5) were found to be significantly reduced in amplitude (49.7% of control) 
after 1S,3R-ACPD application. The effects of 1S,3R-ACPD were reversible with 
washing.

These results show that mGIuR activation has significant anti-convulsant effects 
on evoked epileptiform activity in the adult neocortex. The mechanism by which 
this occurs may be through a decrease in presynaptic glutamate release. NS 18145; 
MH10150.

16.11
CO RR ELATIO NS B E T W E E N  CELL LO SS A N D  M O S SY  FIB E R  
REO R G ANIZATIO N ALO N G  T H E  LE NG TH  O F T H E DE N T A TE  
G Y R U S O F E P IL E P T IC  P A T IE N T S . L.M . M a su k a w a * . W .M . 
O’Connor. J. L vn ott. M .J. O 'Connor. P. M cG oniele  and K. U runo. 
D ep ts . o f N eu ro lo g y , P h arm a co lo g y  a n d  S u rg ery , U n iv e r s ity  o f 
P en n sylvan ia  and G raduate H ospital, Ph ilad elp h ia  PA, 19146

Two anatom ical changes, cell lo ss  and reorgan ization  o f m ossy  fiber  
term in als, are exhibited by the dentate gyrus o f tem poral lobe epileptic  
patients. Our resu lts dem onstrate th a t variation occurs am ong patien ts  
in  the degree of cell loss in th e dentate  granule cell layer and h ilu s , and  
in th e in ten sity  o f  Tim m  sta in  in the m olecular layer and h ilu s. Th ese  
ch an ges a lso  vary  lon g itu d in a lly . T he re la tion sh ip  betw een  cell lo ss  
in  a n terio r  and  p osterior sp ec im en s in d ic a te s  th a t  ce ll lo ss  m ay  
progress faster in anterior regions which supports the h ypothesis th a t the  
anterior dentate gyrus m ay be more prone to pathology than  posterior or 
m id regions. B ecause m ossy  fiber reorganization h a s b een  su ggested  to 
play a  part in h yp erexcitab ility  and m ay be triggered  by cell lo ss, we  
in v estig a ted  th is  re la tio n sh ip  fu rth er  by corre la tin g  th e  cell lo ss  of 
gran u le and h ila r  neu ron s w ith  th e  in te n s ity  o f  Tim m  sta in  in  the  
m olecular layer and h ilu s . A n terior m olecu lar layer Tim m  sta in  w as  
greater than  in  posterior regions in 80% o f th e  p a tien ts  exam ined . We 
observed th a t correlations are h igh ly  sign ifican t b etw een  Tim m  sta in  
in ten sity  and cell lo ss which support th e possib ility  th a t cell lo ss  in  the  
h ilu s  m ay lea d  to reorgan ization  o f m o ssy  f ib ers  in  th e  h ilu s  and  
m olecular layer. Supported by N IH  grant N S-23077.

16.10
P 5 3 T U M O R - S U P P R E S S O R  P R O T E I N
HYPEREXPRESSION IN RAT AND HUM AN EPILEPTIC  
FO C I.
F. Berger. M. Lainé. J.M Verna. J.F Brunet. G. Amalfitano. L. Molin. 
MF Nissou. C. Munari. A.L Benabid*. Neuroscience department - 
INSERM U 318. BP 217 38043 Grenoble cedex 09 - France.

P53 gene is a tumor-suppressor gene which inactivation has been 
reported as one of the major molecular abnormality in neoplasia.
We studied 20 human epileptic tissues obtained from patients with 
pharmoco-resistant epilepsy as well as rat hippocampus obtained after 
intra-peritoneal ka'inic acid (KA) injection. Immunohistochemical, 
immunoblot and affinity chromatographic studies were performed. We 
used the monoclonal antibodies Pab 240 and Pab 122. At 3 hours after 
KA injection we observed a neuronal nuclear immunostaining in rat 
hippocampus, which increased to maximum at 6 hours to negativity at 
12 hours. Immunoreactivity was observed first in gyrus dentatus, CA1 
and CA2 followed by CA3 and CA4. A nuclear neuronal 
immunoreactivity was also observed in the 20 human epileptic area of 
different localisations but not in non epileptic human control tissues.
We conclude that an hyperexpression of p53 protein is present in rat as 
well as in human epileptic area. It is the first time that anti-oncogene 
hyperexpression is reported in the context of epilepsy. However it may 
be compared to the well known proto-oncogene hyperexpression such as 
c-fos during neuronal excitation. Normal p53 plays a role in Gl growth 
by positive as well as negative transcriptional regulation and protects 
from genotoxic damages. Similarly, in the context of neuronal 
differenciation p53 may be a modulator of neuronal excitation and play a 
role in neuro-protection from excitotoxic phenomena.

SECOND MESSENGERS I

17.1
PROTEIN KINASE C (PKC) ACTIVITY IS ALTERED FOLLOWING 
CHOLINERGIC DENERVATION OF THE RAT HIPPOCAMPUS. V. Ayyagar i .
L.E. Harrell, P.S. Parsons and K. Kolasa. Behavioral Neuroscience Program, 
Dept.s of Psychology and Neurology, VA Med. Center and Univ. of Alabama 
at Birmingham, Birmingham, AL 35294-0017.

We have previously reported that Cholinergic denervation (CD) of the rat 
hippocampus, and the resulting invasion of peripheral sympathetic nerves into 
the hippocampus [Hippocampal Sympathetic Ingrowth (HSI)], affect working 
memory, several learned and spontaneous behaviors; alter inositol phosphate 
metabolism and the binding parameters of both the muscarinic antagonist 
QNB and phorbol esters (Brain Res.. 587:343-347). We now report that the 
activity of Protein Kinase C (PKC) is altered as a result of CD and subsequent 
HSI. Adult rats were divided into 3 surgical groups: CONtrol (sham lesions); 
CD (MS lesions + Ganglionectomy, Gx); or HSI (MS lesions + sham Gx). 
Four weeks post-lesion, PKC was extracted from cell membranes in both the 
dorsal and the ventral hippocampus, and the activity measured employing 
published protocols. PKC activity was similar in both hippocampal regions. 
PKC activity was markedly diminished in the CD group when compared to 
both the CON and HSI groups, which were equivalent to each other. These 
changes parallel those in inositol phosphate metabolism observed by us. 
Taken together with earlier work, these results indicate that the behavioral 
deficits associated with CD and HSI may be mediated by the muscarinic 
receptor, acting on both the IP3 and DAG second messenger systems.

17.2
MICROTUBULE ASSOCIATED PROTEIN 2 (MAP2) IS AN IN VITRO 
SUBSTRATE FOR cGMP-DEPENDENT PROTEIN KINASE. J. Perez*. D. 
Tinelli. C. Cagnoli. S. Mori. E. Migliavacca and G. Racagni. Center of 
Neuropharmacology, Institute of Pharmacological Sciences, Milan, Italy, 20133.

The effects of cGMP in the cell function are mediated by the activation of cGMP 
binding proteins which represent the receptors for cGMP. Among these, cGMP 
dependent protein kinase was found in discrete brain regions. However, little is 
known about the substrate proteins for this enzyme. Microtubule associated proteins 
(MAPs) such as MAF2 and tau, are phosphoprotein of particular interest, since they 
are widely distributed throughout the nervous tissue and localized in different 
compartments within the cell. MAPs are phosphorylated by different protein 
kinases and their phosphorylation appears to be modified after pharmacological 
treatments and also in neurodegenerative disorders. Therefore, it was of interest to 
investigate whether heat stable MAPs obtained from bovine brain could be an in 
vitro substrate for cGMP dependent protein kinase. We have found that cGMP 
dependent protein kinase was able to phosphorylate MAP2 but not tau proteins. 
Dose-dependence and time course studies indicated that the enzyme catalyzed the 
incorporation of 3.5 moles of phosphate/mol of protein. The peptide mapping 
analysis of MAP2 phosphorylated by both cGMP and cAMP dependent kinases 
revealed, in addition to common sites, other different migrating phosphopeptides. 
Moreover, MAP2 was phosphorylated by cGMP dependent protein kinase 
preferentially on threonine and to a lesser extent, on serine residues. On the 
contrary, the amino acid residues of MAP2 phosphorylated by cAMP dependent 
protein kinase were almost exclusively serines.

In conclusion these results seem to demonstrate that MAP2 is an in vitro substrate 
for the cGMP dependent protein kinase.
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1 7 .3
NMDA RECEPTORS ACTIVATE TRANSCRIPTION OF C-fos AND  
NGFIA BY DISTINCT PLA2 REQUIRING INTRACELLULAR 
SIGNALING PATHWAYS. LS. Lerea* and J.O. McNamara. Duke University 
and VA Medical Centers, Durham, NC

Immediate early genes (IEGs) have been implicated in the conversion of short
term stimuli to long-term changes in cellular phenotype by regulating gene 
expression. Stimulation of NMDA receptors on dentate gyrus neurons causes an 
increase in several IEGs; the intracellular signaling pathways involved in the 
induction of one of these genes, c-fos, have been partially defined (Lerea and 
McNamara, Neuron 10:31-41,1993). We used NMDA induction of two IEGs to 
determine whether the intracellular pathways transducing the signal from a ligand
gated ion channel receptor to the nucleus are similar or different

Dentate gyrus neurons derived from 4 day old rats were maintained in vitro for 
8-10 days. mRNA expression for c-fos and NGFIA was measured by in situ 
hybridization using 3SS-labelled riboprobes. NMDA (50 μΜ) produced a calcium 
dependent increase of both c-fos and NGFIA mRNAs. The induction of both 
IEGs was blocked by structurally distinct inhibitors of phospholipase A2, an 
enzyme responsible for generating arachidonic acid (AA). AA itself is 
metabolized by different enzymes to yield various biologically active metabolites; 
cyclooxygenase produces prostaglandins and thromboxanes, and lipoxygenase 
produces leukotrienes and hydroxyeicosatetraenoic acids. Inhibition of 
cyclooxygenase by indomethacin (1 μΜ) or aspirin (100 μΜ) inhibited the 
NMDA induction of c-fos but had little effect on the induction of NGFIA  
Conversely, the lipoxygenase inhibitor nordihydroguaiaretic acid (1 μΜ) blocked 
the NMDA induction of NGFIA with no effect on c-fos. The transcription of c- 
fos and NGFIA following NMDA receptor activation on dentate gyrus neurons 
are mediated by related yet distinct intracellular pathways. We suggest that PLA2 
and the AA cascade play a pivotal role in NMDA regulation of gene expression.

1 7 .5
TUBULIN-G PROTEIN COMPLEX FORMATION STABILIZES THE GTP 
BINDING AND PROMOTES GTP ASE : CYTOSKELET AL PARTICIPATION IN 
NEURONAL SIGNAL TRANSDUCTION. S. Rovchowdhury* & M.M. Rasenick. 
Physiology & Biophysics. U. Illinois. College of Medicine. Chicago. Illinois 60612 

Evidence from our laboratory suggests that tubulin can bind to and activate the 
synaptic membrane proteins Gs and G il and modulate their functions. This may pro
vide a mechanism whereby elements of the cytoskeleton modify neurotransmitter 
response and responsiveness. Using the photoaffinity GTP analog azidoanilido-GTP, 
it has been shown that the nucleotide transfer from tubulin to G as and G a il is the 
key step o f this activation. In order to understand the tubulin-G protein interaction 
and nucleotide transfer process in detail, tubulin was labeled with [a  32P]-GTP or 
[35S]GTPγS and was incubated with recombinant G a il. Rapid filtration through 
nitrocellulose was used to determine the nucleotide binding in the protein complex. 
A substantial amount o f bound nucleotide was lost from tubulin during the filtration 
assay. Surprisingly, the addition o f G a il  to [a  32P] GTP-tubulin increased the 
nucleotide binding by 3 to 4 fold, suggesting a stabilization of GTP binding in the 
tubulin-Gα il  complex. Purified Gßywas able to override the effect of G ail, perhaps 
by altering the interaction between tubulin and G a il, [a  32P]-GTP bound to tubulin 
was displaced completely by 10 fold excess free GTP but only by - 50% when GTP 
binding was stabilized in presence of Gα il.  The residual nucleotide stayed bound to 
the protein even in the presence o f 1 mM GTP. The result suggests a portion o f the 
bound nucleotide is locked into the tubulin-G protein complex and becomes non 
exchangeable. Thin layer chromatography (TLC) was used to identify the nucleotide 
bound to the protein. Gα i l  promotes GTPase activity since 50 to 80% of bound GTP 
was hydrolysed to GDP in die complex. In the absence o f G a il,  tubulin did not hy
drolyze GTP. Thus Gail may mimic one aspect o f forming microtubules. Addition 
of Gβγ in the reaction mixture appears to inhibit this hydrolysis. The transfer and 
hydrolysis o f GTP from synaptic membrane tubulin to Gas and G ail could provide а 
mechanism for crosstalk among signal transduction pathways in the brain.

1 7 .7
IN V I V O  M I C R O D I A L Y S I S  O F  N I T R I C  O X I D E  A N D  C A R B O N  
M O N O X I D E - S T I M U L A T E D  C Y C L I C  GM P  IN T H E  RAT BRAIN.
J.T. Laitinen*. K.S.M. Laitinen. L. Tuomlsto and И.Н. 
Airaksinen. Departments of Physiology and Pharmacology & 
Toxicology, University of Kuopio, 70211 Kuopio, Finland.

Recent studies have revealed an important role for nitric 
oxide (NO) in neural signaling. Carbon monoxide (CO) may al
so serve a similar function (Science 1993,259:381). In the 
rat brain, NO and CO synthesizing enzymes are colocalized 
with soluble guanylyl cyclase (sGC) suggesting that these 
gases may be the endogenous regulators of brain cGMP levels. 
In this study, we have applied in vivo microdialysis to de
termine extracellular cGMP after stimulation of sGC with NO 
and CO. Chloral hydrate anesthetized rats were implanted 
with microdialysis probes in the frontal cortex and the cer
ebellum. The probes were perfused with aCSF, pH 7.4 at 2 
μΐ/min. After 2 h of basal measurements, nitroprusside (SNP) 
or CO-saturated aCSF was delivered for 1 h via the probe, 
followed by 2.5 h of drug-free perfusion. Dialysate cGMP was 
acetylated and determined with a specific RIA. After initial 
decline, basal cGMP levels (2-5 fmol/30 min) were stable 
throughout the 5 h recording and nicely correlated with the 
sGC mRNA hybridization signal density in these areas (J. 
Neurosci. 1992,12:3350). SNP elicited a transient, dose- 
dependent increase in cGMP ( ͌ 10-fold with 5 μΜ,  ͌ 100-fold 
with 1 mM SNP). Perfusion with CO-saturated aCSF increased 
extracellular cGMP * 5-fold. The present approach should 
provide a powerful tool for studies exploring the in vivo 
regulation of NO and CO pathways by neurotransmitters.

1 7 .4
MODELS OF SECO ND MESSENGER CO M M UN IC ATIO N W ITHIN  
DENDRITIC SPINES. T.B. Woolf* and C.A. Greer. Res Grp on Membrane 
Transport, Univ. of M ontreal, M ontreal, P. Q. Canada H3C 3J7 and Sec. 
Neurosurg. and Neurobiol., Yale Univ. Sch. M ed ., N ew  Haven, CT 06510 

The primary role of dendritic spines as either electrical m odulators or as 
chemical isolators continues to be an issue of much interest. To explore the 
effects of m orphology and type of second m essenger on diffusion of second  
m essengers w ithin dendritic spines, detailed compartm ental m odels were 
constructed. Spines w ere selected from granule cells of the m amm alian  
olfactory bulb. Such spines m ediate reciprocal dendro-dendritic synapses 
w ith m itral/tu fted  cells and generally have longer spine necks and larger 
heads than spines from cortical pyramidal cells. Three com plete spines and 
sections of dendritic branch were chosen from serial electron m icroscopic 
reconstructions for diffusional m odeling (Synapse 7:181 1991). A  circuit 
sim ulation program, SABER (Analogy, Inc.), w as m odified for sim ulating  
diffusion along a cylinder of variable radius, w ith  arbitary input, buffering 
and extrusion mechanism s. The results show  a strong dependence on the 
amount and time course of binding and extrusion m echanisms. Binding and 
extrusion mechanisms similar to those expected for calcium (Biophys J. 57: 313, 
1990), result in confinem ent to an individual spine head. In the absence of 
binding and extrusion m echanism s, second m essenger com m unication  
between spine heads appears to be possible. Concentration transients from 16 
p ossib le  secon d m essengers had differen t tim e courses, but sim ilar  
m agnitudes. Since m ost second m essengers appear to be tightly controlled  
through breakdown, binding and extrusion m echanism s, the results strongly 
suggest that second m essengers are confined to individual granule cell spine  
heads and do not effectively m ediate com m unication am ong subsets of 
spines. Supported in part by NIH DC00210 and NS10174.

1 7 .6

PROTECTION FROM NITRIC OXIDE INJURY WITH INHIBITORS OF 
ADP-RIBOSYLATION, R.A. W allis* . K.L. Panizzon. T. Akira. D. 
Henry and C.G. Wasterlain. Dept. of Neurology, UCLA and 
Sepulveda VAMC, Sepulveda, CA 91343 USA, and The Green 
Cross Corporation, Osaka, Japan.

The nitric oxide (NO) molecule appears to be a major 
mediator of neuronal injury from a variety of etiologies. Although 
the mechanism of NO injury is not known, NO has been shown to 
induce ADP-ribosylation. We therefore examined the effect of 
nicotinamide and З'-aminobenzamide, compounds which inhibit 
ADP-ribosylation, upon CA1 neuronal injury induced by NO in the 
hippocampal slice. Perfusion A CSF contained 10 mM glucose. 
Slices were exposed to A CSF saturated with helium for 2 mins. 
This w as followed by exposure to 150 μΜ NO in helium-saturated 
A CSF for 10 mins. After 60 mins, recovery in oxygenated ACSF  
CA1 orthodromic PS showed no recovery, while CA1 antidromic PS 
recovered to only 5 ± 2% of original amplitude. Exposure to 
helium-saturated A CSF alone for 12 mins, resulted in CA1 PS 
orthodromic and antidromic recovery of 98 ± 5% and 93 ± 7%. 
Treatment with the ADP-ribosylation blocker, nicotinamide 10 mM 
during NO exposure significantly improved CA1 PS recovery to 116 
± 20%  and 96 ± 4% . Treatment with 3'-aminobenzamide 1.0 
mM also afforded good recoviry to 84 ± 4%  and 83 ± 13%. 
These results suggest that injury induced by NO, may be mediated 
by ADP-ribosylation.

1 7 .8
BEHAVIOURAL SENSITIZATION IN 6-OH-DA LESIQNED RATS: 
INVOLVMENT OF TRANSDUCTIIONAL PATHWAYS. P.Barone*, M.Morel- 
li, M.Pòpoli, G.Cicarelli and G.Dichiara.Dept. of Toxicolo 
gy, University of Cagliari; Dept. of Neurology, University 
of Napoli; IRCS Sanatrix, Pozzilli, Italy.
This study shows that dopamine D-l receptor mediated re
sponses in 6-OH-lesioned rats closely correlate with an al
teration of transductional pathway and no receptor modifi
cation. It is known that after a previous challenge with L- 
DOPA, the D-l agonist SKF38393 produces contralateral tur
ning in 6-OH-DA lesioned rats, while at the same dose is 
inactive in drug-naive, lesioned animals. This behavioural 
sensitization is known as 'priming' phenomenon (Morelli et 
al., 1987). The molecular mechanisms of 'priming' were he
re investigated by studying the "in vivo" phosphorylation 
of DARPP-32 and ARPP-21, two phosphoproteins functionally 
linked to D-l receptors in striatum. Rats with unilateral 
nigral lesion induced by 6-OH-DA were challenged with ei
ther L-DOPA (primed group) or saline (control group). After 
three days, all rats were injected with SKF38393 (3mg/kg 
s.c.) and, ЗО min later, were sacrificed. Dephospho-forms 
of both DARPP-32 and ARPP-21 were measured by a back-pho 
sphorylation assay. All assays were performed in striata 
of both lesioned and unlesioned sides. A significant de
crease of the dephospho-forms of DARPP-32 (26%) and ARPP-21 
(24%) was observed in the lesioned side striata of primed 
rats, indicating an increased phosphorylation in vivo of 
both phosphoproteins as a consequence of 'priming'. These 
results closely correlate with a previously observed in
crease of adenylate cyclase activity in the striatum of 
primed rats.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



24 SECOND MESSENGERS I MONDAY AM

1 7 .9
NEGATIVE MODULATION OF ADENYLYL CYCLASE IS 
RELEASED DURING NGF DIFFERENTIATION OF PC12 CELLS. 
H,R. Carter. M.K. Dahmer* and S.E. Senogles. Department of 
Biochemistry, University of Tennessee, Memphis, TN 38163.

PC12(-) cells can be differentiated by the addition o f nerve growth 
factor (NGF) to a sympathetic neuronal cell type (PC12(+)). Our studies 
on the regulation o f adenylyl cyclase have shown that during 
differentiation there is a concomitant increase in both forskolin and 
receptor stimulated cAMP accumulation in whole cells with no effect on 
basal levels o f cAMP. This increased response to forskolin is apparent as 
early as 24 hours after addition o f NGF and continues to increase until the 
cells become fully differentiated (7-10 days). The difference observed 
between the PC12(-) and PC12(+) cells does not appear to be due to an 
increase in the amount o f adenylyl cyclase or G sa expressed. Both 
PC12(-) and PC1 2 (+) exhibit the same EC 50 for forskolin, however there 
is a 5-8 fold increase in the maximal accumulation of cAMP in PC12(+). 
This increased response o f adenylyl cyclase activity observed with 
forskolin is maintained in a membrane assay o f adenylyl cyclase if 
phosphatase inhibitors are present. Pretreatment of whole cells with the 
protein kinase A inhibitor H-89, increased the cAMP accumulation in 
PC12(-) cells in response to forskolin and receptor agonist, while having 
little effect on PC12(+) cells. These results imply PC12(-) and PC12(+) 
cells contain similar levels of effector, but that it is maintained under 
negative modulation in the undifferentiated cells, possibly due to protein 
kinase A activity. This constraint is released during the process of NGF 
induced differentiation. Thus the PC 12 cell line may prove to be of 
considerable use in further studies of adenylyl cyclase regulation and 
indicates a potential role in neuronal cell differentiation.

1 7 .1 1
INCREASED LYM PHOCYTE M EM BRANE G a s A N D  G a i IN BIPOLAR  
BU T NOT MAJOR DEPRESSIVE DISORDER. L.T, Young*. P.P. Li, A. 
Kamble, K.-P. Siu, and J.J. Warsh. Section o f  Biochem. Psychiat., Clarke 
Institute o f  Psychiat., Toronto, Canada M 5T 1R8.
Recent findings o f  elevated postmortem brain G as immunoreactivity in bipolar 
affective disorder (BA D ) (Young et al., Brain Res. 553, 323, 1991) implicate 
disturbances in G-protein function in this illness. The observation o f  enhanced 
agonist-stimulated GTP binding in lym phocyte membranes from B A D  patients 
(Schreiber et al., Biol. Psychiat. 29: 273, 1991) suggests increased G α s may 
also occur peripherally. To test this hypothesis, w e measured G a s (45 kDa 
isoform) and G a i(l& 2 ) levels by immunoblot assay in lym phocyte membranes 
from subjects with RDC diagnoses o f  BA D , depressed (N=9; age=35+3, mean 
+ s.e.m.; Ham-D=23+ 2), major depressive disorder (M D D) (N=17; age=38+3, 
H am -D=19+ 1) and age-and sex-matched healthy controls (N=20; age=34+ 2). 
Marked (p< 0 .0 l )  increases in lymphocyte G a s (320+94 % above age and sex 
matched controls) and G ai (1301+ 37%) immunoreactivities were evident in 
BA D  subjects. In contrast, no significant differences were evident in these 
measures in M DD subjects (G as, 59+33%; G ai, 81+44% ) compared with 
matched controls. Although Ham-D scores were not different between patient 
groups, G a s but not G ai increments correlated significantly (r =0.55, p<0.01) 
with this behavioral measure across the combined patient groups. These results 
extend on our earlier postmortem brain findings and demonstrate that increased 
levels o f  these G proteins also occur in peripheral cells from B A D  but not 
M DD subjects. Furthermore, the present findings offer additional support to 
the notion that disturbances in G-protein function play an important role in the 
pathophysiology o f  BAD. (Supported by NAM I-Stanley Research Foundation)

1 7 .1 0
INVOLVEMENT OF MULTIPLE G PROTEINS IN THE MUSCARINIC 
STIMULATION OF ADENYLYL CYCLASE ACTIVITY IN RAT OLFACTORY 
BULB. Pierluigi (bali * and Maria C. Olianas, Section on 
Biochemical Pharmacology, Department of Neurosciences, 
University of Cagliari, Cagliari, Italy.
Our previous studies have shown that in rat olfactory bulb 
(o.b.) activation of muscarinic receptors stimulate the 
Ca2+- independent adenylyl cyclase (a.c.) activity. This 
effect is completely prevented by pertussis toxin and is 
amplified by concurrent activation of Gs-coupled 
receptors. In the present study we have investigated the 
role of different G proteins in the muscarinic stimulation 
of a.c. by using antisera directed against the C-terminus 
of the subunit of Gİİ-Gİ2, Gi3-Go and Gs. Pretreatment 
of o.b. membranes with antisera against either Gi1-Gi2 or 
Gi3-Go produced a concentration- dependent decrease of the 
stimulatory effect elicited by carbachol (ССҺ), but not of 
that caused by 1-isoproterenol (Iso). The combination of 
the two antisera produced an additive decrease of the ССҺ 
effect. On the other hand, the exposure to the Gsα  
antiserum caused a marked decrease of the GTP-, ССҺ- and 
Iso- stimulated a.c.. These results indicate that 
muscarinic receptors operate through Go/Gi but require the 
activation of Gs to stimulate a.c..

1 7 .1 2
ANANDAMIDE, AN ENDOGENOUS CANNABINOID, BINDS TO THE 
CLONED HUMAN CANNABINOID RECEPTOR AND STIMULATES BOTH 
RECEPTOR AND NON-RECEPTOR MEDIATED SIGNAL TRANSDUCTION
Christian C. Felder. Eileen M. Brilev. Julius Axelrod*. John T.^Simpson. +Ken 
Mackie. William A. Devane. Laboratory of Cell Biology, and Laboratory of 
Clinical Science, Section on Analytical Biochemistry, National Institute of Mental 
Health, Bethesda, MD 20892. +  Department of Physiology and Biophysics, 
University of Washington, Seattle, WA 98195.

Arachidonylethanolamide (anandamide), a candidate endogenous 
cannabinoid ligand, has recently been isolated from porcine brain and displayed 
cannabinoid agonist like activity. In this study, anandamide and several 
synthetic congeners were evaluated as cannabinoid agonists. Anandamide 
competed for [J H]CP55,940 binding to L cells expressing the rat cannabinoid 
receptor but not in untransfected L cells. Receptor- and non-receptor-mediated 
activation of second messenger pathways by anandamide and congeners were 
evaluated by measuring its effect on CHO cells expressing the human 
cannabinoid receptor (CHO-HCR) and on control CHO cells expressing the 
muscarinic m5 receptor (CHOm5). Anandamide displayed a pertussis toxin 
sensitive inhibition of cAMP accumulation in CHO-HCR but not in CHOm5 
cells, and N-channel inhibition in N18 cells  suggesting that these pathways were 
receptor-mediated. Anandamide stimulated cAMP accumulation following 
pertussis toxin treatment, release of arachidonic acid, and release of intracellular 
calcium in both CHO-HCR and CHOm5 cells indicating non-receptor-mediated 
activation of these second messenger pathways. Anandamide did not stimulate 
phospholipase C or D in either CHO-HCR or CHOm5 cells. Anandamide 
appears to exhibit the essential criteria required to be classified as a 
cannabinoid/anandamide receptor agonist and exhibits similar non-receptor- 
mediated stimulation of signal transduction previously shown for classical and 
non-classical cannabinoid agonists.

EXCITATORY AMINO ACIDS: EXCITOTOXICITY I

1 8 .1
REDOX M ECHANISM  OF NEURONAL PROTECTION VS. 
KILLING BY NITRIC OXIDE AND RELATED NITROSO- 
COM POUNDS. Stuart A. Linton*. Y.-B. Choi. Z.-H. Pan. S. Z. Lei,
H.-S. V. Chen. N. J. Sucher. D. J. Singel. J. Loscalzo. J. S. Stamler. 
Depts. of Neurol., Med. & Chem., Harvard Univ., Boston, MA 02115.

Congeners of nitrogen monoxide (NO) have been reported to be both 
neuroprotective and neurodestructive. To resolve this apparent paradox, 
we considered the effects on neurons o f compounds characterized by 
alternative redox states o f NO, namely, nitric oxide (NO ) and 
nitrosonium ion (NO+). Here, we demonstrate on cultured rat cortical 
neurons that nitric oxide, generated from the donors SIN-1 or S-nitroso- 
cysteine, can lead to neurotoxicity. This neurotoxicity can be prevented 
with superoxide dismutase (SOD) and thus is engendered not by NO· 
alone but, at least in part, via its reaction with superoxide anion (O2 , 
produced by SIN-1 itself or from endogenous sources), most probably 
leading to formation o f peroxynitrite (ONOO ). In contrast, the 
neuroprotective effects of NO result from down regulation o f NMDA- 
receptor activity by reaction with thiol group(s) of the receptor’s redox 
modulatory site. We show that this reaction is not mediated by N O  
itself, but occurs under conditions supporting S-nitrosylation o f NMD A 
receptor thiol (i.e., reaction or transfer o f NO+). The redox versatility of 
NO allows for its facile conversion from neuroprotective to neurotoxic 
species by a change in the ambient redox milieu. For example, sodium 
nitroprusside (SNP, with NO+ character) protects neurons, but can be 
converted to the NO· toxic pathway by chemical reduction with micro
molar cysteine, N-acetylcysteine or ascorbate. SNP neurotoxicity can be 
blocked by SOD to prevent reaction with O2" and ONOO formation.

1 8 .2
NEUROPROTECTION OF PQQ INVOLVES SCAVENGING  
OF SUPEROXIDE ANIONS. Yun-Beom Choi. Sizheng Z. Lei*, 
and Stuart A. Lipton. Dept. o f Neurology, Children’s Hospital and 
Progr. in Neuroscience, Harvard Medical School, Boston, MA 02115.

PQQ or pyrroloquinoline quinone, a putative essential nutrient and 
redox co-factor, has been reported to downregulate NMDA receptor 
activity and to protect neurons from NMDA receptor-mediated 
neurotoxicity (Aizenman et al., J. Neurosci. 1992; 12:2362). Here, we 
studied another possible mechanism o f PQQ action to afford 
neuroprotection to cultured rat cortical neurons. NMDA receptor- 
mediated neurotoxicity has been reported to be at least partly dependent 
on the generation o f nitric oxide (NO ) (Dawson et al., PNAS 
1991;88:6368). For this reason we investigated whether or not PQQ 
could ameliorate nitric oxide-mediated neuronal killing. As detailed in a 
companion abstract at this meeting (S. A. Lipton et al.), NO· becomes 
toxic only when it reacts with superoxide anion (O2  ), for example, after 
both o f these free radicals are generated by SIN-1. Superoxide 
dismutase, which scavenges O2  ', has been shown to increase the 
apparent formation o f NO· produced from SIN-1 by preventing NO· 
reaction with O2 .- (Feelisch et al., J. Cardiovasc. Pharm. 1989;14:S13). 
Similarly, we found that incubation o f PQQ (100 μΜ) with SIN-1 (1 
mM) increased the generation of NO·, as assayed with the Nitric Oxide 
Sensor of WPI, Inc. Further, the neurotoxic effect o f the NO· donors 
S-nitrosocysteine (200 μΜ) or SIN-1 (see Lipton et al., this meeting) 
was prevented by PQQ (10-100 μΜ). Taken together, these results are 
consistent with the notion that PQQ is capable o f scavenging O2 ", which 
would otherwise have reacted with NO· to form neurotoxic compounds.
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1 8 .3
GANGLIOSIDES ATTENUATE NMDA NEUROTOXICITY BY 
INHIBITING NITRIC OXIDE SYNTHASE. V. L. Dawsonl*. T.
M, Dawson 2  K, Нung2 J,P, Steiner2  and S.H. Snyde r 2 . 1Molec. 
Biol. Sect., NIDA/ARC, P.O. Box 5180 Balt. MD 21224, 2Dept. 
Neurosci., Johns Hopkins Univ. Sch. of Med., Balt. MD 21205.

Gangliosides are polar sugar containing lipids which are 
major constituents of neuronal membranes. Gangliosides block 
neurotoxicity in primary neuronal cultures as well as prevent 
neuronal cell death in several animal model systems of neuronal 
toxicity. The molecular mechanisms accounting for these effects 
have not been apparent. Recently, Hagashi et al. ( J . B io l. С һ ет . 
267:9831) demonstrated that gangliosides bind to calmodulin and 
inhibit calmodulin-dependent enzymes. Nitric oxide synthase 
(NOS) is a calmodulin dependent enzyme and excess production of 
nitric oxide (NO) has been implicated in neurotoxicity.

We show that gangliosides inhibit NOS catalytic activity in 
brain homogenates and the relative potencies in inhibiting NOS 
parallels their potencies in binding calmodulin. The inhibition of 
NOS by gangliosides is competitive with calmodulin and is 
reversed by increasing concentrations of calmodulin. We also 
show that gangliosides are able to inhibit NOS catalytic activity in 
intact cells, thereby suggesting that gangliosides may act 
intracellularly. Gangliosides attenuate NMDA mediated 
neurotoxicity in primary cortical cultures and this neuroprotection 
is reversed by calmodulin.

Gangliosides may be neuroprotective by binding calmodulin 
and inhibiting N OS.

1 8 .5

CHRONIC OXIDATIVE INJURY PRODUCES APOPTOSIS AND 
NEUROTOXICITY DISTINCT FROM GLUTAMATE TOXICITY
JD Rothstein*. L Jin. M Dvkes-Hoberq. and RW Kuncl. 
Johns Hopkins univ., Dept. of Neurology, Baltimore, MD 
21287.

Chronic exposure to elevated glutamate, by blockade o f  glutamate transport, 
has been shown to produce slow  loss o f  motor neurons in spinal cord 
organotypic culture (PNAS, in press). This m odel m im ics the defect in 
glutamate transport found in sporadic amyotrophic lateral sclerosis (ALS), and 
may account for the selective slow  loss o f  motor neurons in this degenerative 
disorder. Recently, familial ALS, a less comm on form, has been found to have 
a defect in superoxide dismutase (SOD), suggesting that excess free radicals 
could also play a role in the pathogenesis o f  these motor neuron diseases. We 
tested that hypothesis by inhibiting superoxide dismutase chronically, with 
diethyldithiocarbamate (DEC), in spinal cord organotypic cultures. At high dose 
DEC (1 mM), cultures appeared m orphologically normal for up to 3 weeks. 
However, by 1 month there was a 50% loss o f  motor neurons as determined by 
cell counts and quantification o f  choline acetyltransferase activity. Slight 
inhibition o f  SOD (DEC, 100 μΜ ) was not toxic by itself, but neurotoxicity 
was markedly potentiated by mild inhibition o f  glutamate transport. Chronic 
SOD inhibition was also unique in that it produced apoptotic cell death, a 
feature not seen with chronic glutamate toxicity in spinal cord organotypic 
cultures. These preliminary results suggest that both oxidative injury and 
glutamate toxicity in the spinal cord could contribute to neuronal death in motor 
neuron disease by different but mutually potentiating m echanisms. These invitro 
results provide important pre-clinical clues to therapeutic interventions.

1 8 .7

AURINTRICARBOXYLIC ACID DOES NOT MODULATE 
GLUTAMATE-INDUCED RISE IN [C a2+]j. S.D. Samples and J.M. 
Dubinskv. Department of Physiology, University of Texas Health 
Sciences Center, San Antonio, Texas 78284-7756.

Aurintricarboxylic Acid (ATA), an inhibitor of calcium-activated 
endonucleases, has been shown to protect neurons from exposure 
to excitotoxic concentrations of glutamate. Protection may be 
attributable to a blockade of endonuclease activity or to other 
cellular effects of ATA. Alternatively, ATA may exert its effect at 
the glutamate receptor level. In a effort to determine the protective 
mechanism of ATA, we examined the possibility that ATA may 
modulate the increase in [Ca2+lj consequent to glutamate receptor 
activation. [Ca2+lj was measured using fura-2 ratio imaging in 
dissociated hippocampal neurons 12-14 days in  v itro . Neurons were 
challenged with toxic levels of glutamate (500 μΜ) for 10 minutes 
and rinsed. In control experiments 10μΜ  ATA, a concentration that 
has been shown to be neuro-protective in cell counting experiments 
(Samples and Dubinsky, 1993, J. Neurochem, in press), did not alter 
basal [Ca2+]į. The glutamate-induced rise in intracellular calium was 
not diminished in the continual presence of ATA. When added in 
the rinse, immediately after glutamate removal, ATA could not 
restore ICa2+]i levels. Thus, ATA does not modify conventional 
hippocampal calcium responses to glutamate as might be expected 
for receptor antgonism but may interfere with an event downstream 
from the increase in [Ca2+]i Supported by NIH grant AG 10034.

1 8 .4

CYTOKINE-INDUCED NITRIC OXIDE PRODUCTION BY 
ASTROGLIA POTENTIATES NMDA NEUROTOXICITY IN 
CORTICAL CELL CULTURES. S.J. Hewett* and D.W. Choi.
Dept. o f Neurology and Center for the Study of Nervous System 
Injury, Washington Univ. Sch. o f Med., St. Louis, MO 63110.

Nitric oxide (NO), presumably formed by the constitutive form of 
NO synthase (cNOS) present in neurons, mediates excitotoxicity in 
some systems (Dawson et al., PNAS 88: 6368, 1991). In contrast, 
the NOS inhibitor, NG-nitro-L-arginine, produces little reduction of 
NMDA neurotoxicity in our murine cortical cell cultures (Rose et 
al., Soc. Neurosci. Abstr. 18: 645, 1992). Since many non
neuronal cells possess a form of NOS inducible by 
lipopolysaccharide (LPS) or cytokines (iNOS), we investigated the 
possibility that induction of astrocyte iNOS would enhance an NO- 
mediated injury component in our model o f NMDA neurotoxicity.

Mixed neuronal-glial or pure astroglia cultures exposed for 48 hr 
to interferon-gamma (INF, 1000 U/ml), plus either LPS (5 μg/ml) 
or interleukin-1-beta (IL-1, 250 pg/m1) but not tumor necrosis 
factor-alpha (500 U/ml), showed an increase in NO breakdown 
products that could be inhibited by NG-nitro-L-arginine (1 mM) or 
cyclohexamide (1 μg/ml). Mixed cultures exposed to INF plus LPS 
or IL1 did not show neuronal damage, but subsequent neurotoxicity 
induced by a 5 min exposure to 50 μΜ NMDA was potentiated; this 
potentiation was blocked by NG-nitro-L-arginine.

These results raise the possibility that NO specifically produced by 
astroglial iNOS may contribute to the neuronal damage associated 
with certain disease states.

Supported by NIH grant NS 30337 to DWC.

1 8 .6

DELAYED APPLICATION OF AURINTRICARBOXYLIC 
ACID REDUCES GLUTAMATE NEUROTOXICITY. C.A. 
Csernansky . L.M.T. Canzoniere and D.W. ChoifD ept. of 
Neurology and Center for the Study of Nervous System Injury, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

Kure et al. found that the non-specific endonuclease inhibitor, 
aurintricarboxylic acid (ATA) attenuated glutamate-induced 
DNA fragmentation and neuronal death in rat cortical cultures 
(DIV 3), suggestive of death by apoptosis (Biochem. Biophys. 
Res. Comm. 179:39-45, 1991). We confirmed that the addition 
of 50 μΜ ATA - either before, or 2 hr after glutamate 
exposure - partially attenuated the submaximal neuronal death 
induced by 5 min exposure to 100 μΜ glutamate in murine 
cortical cell cultures (DIV 14-17).

However in our study, Southern blotting of genomic DNA  
from cultures exposed to glutamate did not show fragmentation 
suggestive o f apoptosis. The ability o f ATA to reduce rapidly- 
triggered excitotoxicity even when added well after glutamate 
exposure suggests that it may interfere with processes 
important to excitotoxic expression. ATA did not affect 
NMDA-induced 45Ca2+ uptake in these cultures, suggesting 
that ATA is not an NMDA antagonist. Furthermore, delayed
applicationof protein synthesis inhibitors, protein kinase inhibi

itors, lysosomal enzyme inhibitors or radical scavengers 
did not mimic the protective effects o f ATA.

Supported by NIH grant 30337 to DWC.

1 8 .8
ACTION OF AURINTRICARBOXYLIC ACID PROTECTION VS. 
GLUTAMATE RECEPTOR MEDIATED EXCITOTOXICITY. G.D. Zeevalk'1. 
D.D. Schoepp2 and W.J. Nicklas1 ’Dept. Neurology, UMDNJ RWJMS, 
Piscataway, N.J.08854; 2CNS Division, Eli Lilly, Indianapolis, IN 46285.

In previous work we showed that aurintricarboxylic acid (ATA) blocked 
NMDA-mediated cell death in embryonic chick retina by antagonizing 
NMDA receptor activity in a manner consistent with competitive 
antagonism (J. Neurochem.'93, in press). In the present report, we 
examined whether ATA possessed affinity for nonNMDA glutamate 
receptors and provided protection against excitotoxicity. ATA showed 
minimal displacement of 3H-kainate (KA) or 3H-AMPA (IC60> 1mM) from 
rat forebrain membranes, in contrast with displacement of the NMDA 
receptor ligand 3H-CGS 19755 (Ι060 = 27μΜ). Unlike our findings with 
NMDA, ATA did not block KA-mediated 22Na+ influx or cGMP formation. 
ΑΤΑ (100μΜ), however, still provided significant protection vs. 
ΚΑ(100μΜ)-mediated LDH release. As with NMDA, the protective effects 
of ATA appeared to be mediated extracellularly. ATA did not inhibit 
protein synthesis or lactate formation, even though in cell free systems, 
ATA is a potent inhibitor of mRNA translation and phosphofructokinase 
activity. Conversely, KA-mediated acute cell swelling was attenuated at 
concentrations that had little effect on 3H-KA displacement. These 
studies suggest that ATA protects against delayed excitotoxicity 
mediated by NMDA and nonNMDA glutamate receptors with a site of 
action for each that is distinct, but extracellular. ATA is a relatively 
selective antagonist for the NMDA receptor, while the site of action for 
ATA vs. KA-mediated delayed excitotoxicity is currently unknown.
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1 8 .9
TAXOL ATTENUATES GLUTAMATE RECEPTOR-MEDIATED 
NEURITE SWELLING IN V ITRO . M.P. Goldberg* and M.C. Bateman 
Center for the Study of Nervous System Injury, Dept. of Neurology 
Washington Univ. Sch. of Medicine, St. Louis, MO 63110

We have previously observed focal varicosities, or beading, in neuntes 
of cultured cortical neurons after transient deprivation of 0 2 and glucose 
(Soc. Neurosci. Abstr. 18:1583, 1992). We examined glutamate receptor 
pharmacology and cytoskeletal alterations underlying this phenomenon 
using conventional and confocai fluorescence microscopy. Dendrite 
morphology was assessed in unfixed cells with the carbocyanine dye, Dii, 
or in fixed cells with antibodies to microtubule-associated protein, MAP2.

Exposure to glutamate, NMDA, or kainate produced focal neurite 
swelling within 5 min, which could be blocked by MK-801 (glutamate, 
NMDA) or CNQX (kainate). 10 min exposure to 30 μΜ NMDA, or 100 μΜ 
kainate, concentrations insufficient to produce significant neuronal death, 
induced varicosities in virtually all neurons. Similar varicosities appeared 
within 45 min of 0 2-glucose deprivation, and were blocked by MK-801.

The microtubule-stabilizing compound, taxol (1-30 μΜ, 3 hr pre
treatment), attenuated neurite swelling induced by NMDA or 0 2-glucose 
deprivation. Taxol did not block NMDA-induced accumulation of 45Ca2+ 
from the bathing medium, suggesting that it was unlikely to be a direct 
NMDA antagonist. Conversely, the microtubule-depolymerizing agent, 
colchicine (100 μΜ X 6 hrs), produced focal neurite swelling (although 
varicosities were smaller and less regular than those produced by NMDA).

These results suggest that glutamate receptor activation induces rapid 
cytoskeletal disruption independently of neuronal death. Taxol-sensitive 
alterations in dendrite structure may contribute to early failure of synaptic 
transmission in cerebral hypoxia-ischemia.

Supported by NIH NS01543 and a grant from the Brain Trauma Foundation.

1 8 .1 1

A NOVEL VARIANT OF THE Na+/Ca2+ EXCHANGER cDNA FROM A RAT 
CORTICAL LIBRARY. D.R. Gravson*. L. Kiedrowski. and E. Costa. Fidia- 
Georgetown Inst, for the Neurpsciences, Washington, D.C. 20007.

The proper maintenance o f [Са2+]i homeostasis is critical to the role o f Ca2+ as 
a second messenger. One important protein involved in this homeostatic control is 
the Na+/Ca2+ exchanger, which in cardiac myocytes plays a dominant role in 
returning Ca2+ concentrations to their steady state levels following excitation. Using 
amplification primers designed from the human cardiac Na+/Ca2+ exchanger cDNA, 
we isolated a fragment o f the exchanger from rat cerebellar granule neuron cDNA 
by PCR. The sequence o f this 401 bp fragment was 99.7% identical to the 
sequence of the rat cardiac exchanger. We used this PCR product to map the 
distribution o f this portion of the Na+/Ca2+ exchanger in various CNS structures 
both by in situ hybridization and Northern blotting. This fragment was subsequently 
used to screen a rat cortical cDNA library using conditions o f high stringency to 
isolate a series o f clones from this brain region. Two overlapping cDNAs were 
sequenced and although the majority of the sequence was identical to the cardiac 
variant (>95% ), we found a short region on both cortical clones that was different. 
The cDNA sequence within this region results in a 6 amino acid substitution (18 bp 
change) followed by a 13 amino acid deletion (39 bp deletion) within the carboxyl 
terminal portion of the putative intracellular loop domain o f the predicted protein. 
A 344 bp EcoRI fragment containing this region was subcloned, as was the slightly 
larger region from heart cDNA (383 bp), for use in RNAse protection assays to 
determine whether this variant is unique to the CNS. We have also used PCR 
primers spanning this region to amplify rat genomic DNA and reproducibly obtain 
two products o f different size. Although we cannot rule out a mechanism involving 
alternative splicing, an alternative possibility to be considered is that the two forms 
might be encoded by separate homologous genes.

1 8 .1 0
GLUTAMATE BUT NOT POTASSIUM DEPOLARIZATION INCREASES 
INTRACELLULAR SODIUM CONCENTRATION: EFFECTS ON
NEURONAL CALCIUM HOMEOSTASIS AND NEUROTOXICITY.
L. Kiedrowski*. G. Brooker. G. Costa, and J. T. Wroblewski. Fidia-Georgetown 
Institute for the Neurosciences. Georgetown University, 3900 Reservoir Road, 
N.W ., Washington, D.C. 20007.

The relationships between intracellular Na+ and Ca2+ were studied in cultures 
of cerebellar granule cells by simultaneous measurements o f  [Na+]i and [Ca2+]i 
using fluorescent probes SBFI and Fluo-3, respectively. Application o f ouabain (1 
mM) evoked a slow [Na+]j increase from 4 mM (basal) to above 80 mM after 20 
min o f treatment, while [Ca2+]i remained initially low (25 ҺМ), but then 
increased within 80 s to 2 μΜ when [Na+]i exceeded 70 mM. This delayed 
[Ca2+]i increase depended on extracellular Ca2+ and was not blocked by NBQX 
(10 μΜ) nor MK-801 (1 μΜ). Continuous treatment with glutamate (30 μΜ) and 
glycine (10 μΜ) in the presence o f Mg2+ (1 mM) for 15 min increased [Na+]i to 
30 mM within 2 min, followed by a rise to 80-90 mM in 13 min. In contrast, 
[Ca2+]i increased to 200 nM immediately after glutamate application, then, after 5 
min, as [Na+]i reached 70 mM, a delayed rapid increase of [Ca2+]i, resembling 
that obtained with ouabain, was observed. Glutamate-evoked Na+ accumulation 
and the delayed [Ca2+]i increase were blocked by MK-801 (1 μΜ) and by NBQX 
(10 μΜ), indicating the involvement o f both NMDA and AMPA receptors. The 
depolarization o f cells with 50 mM K+ in the presence o f MK-801 (1 μΜ) for 5 to 
15 min, was not neurotoxic, and evoked a transient (1 min) peak o f [Na+]i 
increase to 10 mM; [Ca2+k reached 2 μΜ immediately after K + application but 
decreased below 150 nM within seconds after termination o f K+ treatment. In 
contrast, application o f glutamate (50 μΜ) with glycine (10 μΜ) in Mg2+-free 
medium was neurotoxic, induced a comparable to K+ initial [Ca2+]i increase, but 
[Na+)i exceeded 80 mM. After glutamate removal, [Ca2+]i and [Na+]i decrease 
was very slow and dependent on glutamate concentration and time o f treatment; 
these effects were blocked by MK-801 (1 μΜ) but not by NBQX (10 μΜ). These 
data suggest that a [Na+]i increase might be associated with a [Ca2+]; increase, 
however causal relationship between these two mechanisms needs further studies.

1 8 .1 2

GLUTAMATE-INDUCED CHANGES IN MEMBRANE PROPERTIES AND 
CALCIUM ACCUMULATION IN NEOCORTICAL NEURONS. J.J. Hablitz* 
and E.C. Bureard. Neurobiology Research Center, Univ. o f  Alabama at 
Birmingham, Birmingham, AL 35294.

We have examined the relationship between glutamate (Glu)-induced 
changes in intracellular calcium concentrations and membrane properties of 
cultured rat neocortical neurons. Intracellular calcium concentrations were 
measured using the indicator dyes fura-2 and fluo-3 and digital fluorescence 
imaging techniques. Whole-cell patch clamp recordings were obtained from 
individual neurons, and Glu was directly applied via a flow pipe. In voltage 
clamped neurons, 500 μΜ Glu, a concentration associated with excitotoxicity 
in cultured cells, produced an initial peak inward current, which rapidly 
declined during application to a plateau of 100-300 pA (N=5). In unclamped 
neurons, this inward current produced initial action potential firing, followed 
by a stable depolarization (to -20 or -30 mV) and decreased input resistance 
(N=16). Rapid recovery (1-2 sec) of both membrane currents and potentials 
were seen during wash-out of Glu. This recovery was observed following 
Glu applications up to and greater than 5 min duration. At rest, intracellular 
calcium concentrations ranged from 20-100 nM, but peaked and stabilized at 
400-600 nM during acute exposures to Glu (N=15). Calcium concentrations 
returned to near baseline levels following exposures less than 30 sec, but 
remained elevated following exposures of 60 sec or longer. Patterns of 
calcium accumulation and recovery were similar whether the soma, proximal 
dendrites, or distal dendrites were analyzed. These results suggest that 
increases in intracellular calcium which may contribute to delayed cell death 
can outlast the acute changes in membrane properties induced by Glu.

VISUAL CORTEX: EXTRASTRIATE—COGNITIVE MECHANISMS I

1 9 .1
SPATIALLY TUNED AUDITORY RESPONSES IN AREA LIP OF MACAQUES 

PERFORMING MEMORY SACCADES TO ACOUSTIC TARGETS.
P, Маz z оn i * .R. M...BracgwgIi..S .BarasbL and .R.A. Andersen 

Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139, USA
The macaque’s lateral intraparietal (LIP) area lies within the extrastriate parietal cor

tical pathway concerned with spatial vision and receives extensive visual inputs. Its 
neurons have visual and saccade-related activity that suggests a role in programming 
saccades to visual targets. These cells have so far been studied using visual stimuli. 
Because primates can orient to nonvisual stimuli, we asked whether LIP neurons pro
cess stimuli of other modalities by comparing their activity in auditory and visual lo
calization tasks. We trained monkeys (Macaco mulatta) to perform memory saccades 
to acoustic and visual targets. The monkey fixated a light spot while sitting in a dark 
room with its head fixed. A stimulus (a noise burst in the auditory task; another light 
spot in the visual task) was then briefly presented to the left or to the right o f the fixa
tion point and turned off; after a delay (memory period), the fixation point was extin
guished and the monkey made a saccade to the stimulus’ remembered location.

We found a population of neurons that had significant sensory and/or memory- 
period activity in the auditory task as well as in the visual task. The activity of most 
of these bimodal neurons was spatially selective for the left or right stimulus location. 
The spatial tuning o f most cells was the same for auditory and visual stimuli. This 
result is consistent with our previous finding that the memory-period activity of most 
LIP cells encodes the next planned saccade (Mazzoni et al., Neurosci. Abstr., 1992). 
Because these neurons do not distinguish between visual and auditory stimuli, their 
activity could be the substrate for a supramodal representation of the goals of orienting 
movements.

We also found a smaller number of neurons that were unimodal, that is, had sen
sory and/or memory responses in either the visual or the auditory task alone. Most of 
these responses were also spatially tuned. Many unimodal and bimodal neurons also 
had saccade-related activity. The existence of unimodal and bimodal neurons within 
area LIP suggests that this area may integrate signals from separate sensory modalities 
into a modality-independent plan for spatial behavior.

1 9 .2
MODULATION BY THE EYE POSITION OF AUDITORY RESPONSES OF 

MACAQUE AREA LIP IN AN AUDITORY MEMORY SACCADE TASK.
p, Str icanne, P, Mazzoni ąnd R , A, Andersen*

Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139, USA 
The lateral intraparietal (LIP) area of the macaque posterior parietal cortex 

contains cells that respond to auditory stimuli (see Mazzoni et al., Neurosci. Abstr., 
1993). These responses are spatially selective. Because the posterior parietal cortex 
seems to transform the spatial coordinates of sensory stimuli, and because on 
physiological grounds area LIP appears heavily involved in visual processing, we 
asked in what coordinate frame these auditory responses are encoded.

We trained a monkey (Macaca mulatta) to make auditory memory saccades 
from various initial eye positions with the head fixed. A white noise sound burst 
was delivered by a speaker while the monkey fixated in a dark room; after a delay 
the fixation point was extinguished and the monkey made a saccade to the speaker’s 
remembered location. We used 5 speakers arranged horizontally with fixation lights 
just above them. The combinations of initial eye position and target location were 
randomly interleaved. We examined the activity of LIP neurons during the delay 
period of the task (memory activity). If the auditory responses were spatially 
anchored to the head we would expect them to depend only on the speaker’s location 
(head-centered coordinates). If they were encoded in retinal or oculomotor 
coordinates they should be constant for a given saccade size and direction.

We found that LIP memory activity in the auditory memory saccade task is 
affected by both the target’s location and the initial eye position. The cells gave 
different responses for different speaker locations from a constant initial fixation 
point, as in auditory cortical areas. For a given speaker location, however, the 
activity was also modulated by the initial eye position, indicating that these auditory 
responses are not in head-centered coordinates. Moreover, the responses for a given 
saccade size and direction were also affected by the initial eye position, thus 
excluding a retinal/oculomotor coordinate frame. These response patterns are 
consistent with auditory receptive fields modulated by eye position, which could 
underlie a distributed representation of the sound source’s location.
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1 9 .3

E L E C T R O P H Y S IO L O G IC A L  E V ID E N C E  F O R  A  S E C O N D , M E D IA L  
" P A R IE T A L  E Y E  F IE L D " . P . T h ier*  a n d  R .A . A n d e rs e n . D ept. o f B ra in  
an d  C o g n it ive  S c ie n c e s ,  M .I.T ., C a m b rid g e , M A 02 139.
Previous work has succeeded in narrowing the classical parietal eye field of 
Ferrier to a part of the lateral bank of the intraparietal sulcus (IPS), referred 
to as area LIP. We now report our finding of a parietal region, totally confined 
to the medial aspect of the parietal lobe, with functional properties very much 
reminiscent of those of LIP. In 2 rhesus monkeys the medial and lateral 
aspects of the posterior parietal cortex (PPC) were explored with microelec
trodes used for single-unit recordings and subsequent electrical microstimu
lation. Reconstruction of the electrode tracks showed that with the exception 
of a few sites located in the caudalmost parts of the medial bank of the IPS, 
sites from which saccade-like eye movements could be evoked with currents 
of less than 200 μΑ were confined to LIP and to a patch of medial parietal 
(MP) cortex located at a rostrocaudal level comparable to that of LIP. Sacca- 
des evoked from MP and LIP exhibited similar latencies (about 30msec), a 
comparable range of saccade lengths and directions, and comparable modifi
cation of saccade amplitude and direction by starting eye position. Both MP 
and LIP showed a topographical segregation of regions representing evoked 
saccades directed into the upper and lower contralateral head-centered spa
ce. This segregation was also reflected in comparable directional preferen
ces of saccade-related units recorded at the same sites. A final similarity re
lates to the activity of saccade-related units while the monkey was waiting to 
make a saccade to a remembered location in space ("memory activity"). 
Strong memory activity is a feature that distinguishes units in LIP from sacca
de-related units in other parts of PPC such as area 7a (Barash et al., J. Neu
rophysiol. 66). Our sample of MP units (n=49) is characterized by an amount 
of memory activity which equals that of LIP units (n=37). In other words, our 
results suggest that susceptibility to electrical microstimulation in terms of 
eye movements and the presence of memory activity are associated.

1 9 .5

EVOLUTION OF SACCADE TARGET SELECTION SIGNAL IN FRONTAL 
EYE FIELD DURING VISUAL SEARCH. K.G. Thompson*. D.P. Hanes. F.F. 
Tu & J.D. Schall. Department o f Psychology, Vanderbilt University, Nashville, 
TN 37240

Saccadic eye movements direct gaze to conspicuous features, but how the 
brain selects one from among the many potential targets during vision is not 
known. Being the final stage o f cortical processing prior to visually guided 
saccades, the frontal eye field is likely to play an important role in target selec
tion. To investigate the selection mechanism it is necessary to dissociate the 
presence o f a stimulus in a neuron’s receptive field from that stimulus necessarily 
being the target for a saccade. Thus, rhesus monkeys were trained to perform a 
visual search task using stimuli distinguished by chromatic, spatial frequency or 
form differences. Discharge rate was measured in the initial 100 ms o f stimulus- 
evoked activation and in the 100 ms prior to saccade initiation for 44 visual and 
visuomovement neurons recorded in the frontal eye field. The stimulus-evoked 
activation was the same magnitude whether a target or a distractor was in the 
receptive field. Also, the duration o f activation o f visual cells did not discri
minate target from distractor. Before the saccade was initiated, however, the 
activation o f visuomovement neurons evolved to signal the location o f the target 
relative to the receptive field. Specifically, antagonistic surrounds enhanced the 
conspicuity o f the target in the receptive field. However, when less dis- 
criminable stimuli were used (T among L or lower contrast) resulting in longer 
saccade latency, the duration o f activation o f visual cells increased, and the 
flanking inhibition o f the visuomovement neurons was absent. These results 
provide new information about the role o f FEF in saccade target selection and 
may provide physiological evidence for the saliency maps posited by theories o f  
visual search.

Supported by F32-EY06495, R01-EY08890 and McDonnell-Pew.

1 9 .7
CENTER-SURROUND INTERACTIONS IN AREAS V2/V3: A POSSIBLE 
MECHANISM FOR FILLING-IN? P. D e Weerd*. R. Gattass. R. Desimone 
& L.G. Ungerleider. Laboratory of Neuropsychology, NIMH, NIH, Bethesda, 
MD 20892.

Under stabilized retinal stimulation, an isoluminant hole in a dynamic 
visual noise display eventually appears to fill in with the surrounding noise 
(Ramachandran & Gregory, Nature, 1991, 350: 699-702), possibly because the 
fading of contours allows a "filling-in" process to spread unhindered into the 
hole. We investigated whether this perceptual effect has a correlate in V2/V3. 
We· trained one rhesus monkey to maintain fixation while we mapped the 
receptive field of a cell in V 2/V 3 with moving bars. The receptive fields were 
typically 3 deg wide, at an eccentricity of 5-6 dc g. While the monkey 
maintained fixation, a large dynamic texture of randomly moving lines was 
presented over the cell’s receptive field and surround for 14 seconds. The hole 
in the texture varied from 0 to 12 deg wide. Responses to textures without a 
hole, or with a hole much smaller than the receptive field often declined over 
the trial, possibly due to adaptation. However, when the hole matched or 
exceeded the receptive field size, an initial transient excitatory response was 
followed by a strong suppression of activity. Following this suppression, there 
was a steep build-up of activity which continued until the peak level of 
response was re-attained. The time required for this build-up increased with 
the size o f the hole. Hence, cells with receptive fields covered by the 
background texture showed decreasing responses with lime, while cells with 
receptive fields covered by the hole showed increasing responses with lime, as 
though the fading o f contours gradually shifted the balance from center to 
surround mechanisms. Alternatively, one might say that receptive fields 
expanded with the loss o f boundary contours, which may contribute to the 
perceptual phenomenon of filling-in.

1 9 .4

VISUAL NEURONS IN LIP RESPOND TO THE REMEMBERED LOCATION 
OF A STIMULUS IN UPDATED RETINOTOPIC COORDINATES.
C. L. Colby*, K. J. Rhodes, J.-R. Duhamel and M. E. Goldberg. Laboratory of 
Sensorimotor Research, National Eye Institute, NIH Bethesda, MD 20892.

Humans and monkeys perform accurate saccades in the double step task. In 
this task, two visual stimuli (A and B) are flashed briefly in rapid succession. Two 
saccades are then made in total darkness from the fixation point (FP) to A and then 
from A to B. The first saccade simply reflects the remembered retinal error 
between FP and A but the second saccade must reflect the remembered retinal 
error between FP and В adjusted for the first saccade. Accurate performance in 
this task has been taken as evidence that the saccadic system uses an abstract 
spatial representation. Our experiments show instead that performance can be 
based on a retinotopic representation that is updated with each saccade.

We recorded from neurons in the lateral intraparietal area (LIP) of the macaque 
during the double step task. The stimuli were arranged so that the В stimulus 
location entered the receptive field of the neuron after the first saccade. LIP 
neurons discharge in the double step task after the first saccade to A and before the 
second saccade to B. These same neurons also discharge when only the first 
saccade is performed. In this single step task, a stimulus is flashed for 50 msec at 
the В location at the same time that a new fixation point appears at A. The 
monkey is rewarded for saccading only to the A target. LIP neurons respond in 
both the double and single step tasks. This activity reflects an internal visual 
memory trace of the В stimulus and is unlikely to reflect planning o f a saccade to 
the В target because it occurs both in the single step task and when the monkey 
makes a saccade to a third point The first saccade remaps the representation of the 
location of the В stimulus from the retinal coordinates of the initial fixation to the 
retinal coordinates of the fixation at A. This mechanism permits spatially accurate 
behavior using only an updated retinotopic representation.

1 9 .6

E F F E C T S  O F  S PA TIA L ATTEN TIO N  IN A R E A  V 4 O F  T H E  M A CA Q U E.
S .J . Luck*, L. Chelazzi, S .A . Hillyafd, and R. Desimone. Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892 and Department of 
N eurosciences, U C S D , La  Jolla, C A  92093-0608.

Previous studies have shown that when an attended stimulus and 
an ignored stimulus are presented simultaneously within the receptive 
fie la of a  V4 neuron, responses to the ignored stimulus are suppressed. 
However, this effect is absent when one stimulus is inside the field and 
the other is outside. The present study explored this issue using a  
sustained attention paradigm modeled after tasks used in human E R P  
studies.

Recordings were obtained from area V4 in two m acaque monkeys 
while they viewed sequences of stimuli that w ere presented either 
asynchronously or simultaneously at two locations. The monkeys 
discriminated a  target square from non-target rectangles at one location 
and ignored stimuli at the other. W hen both the attended and ignored 
locations w ere inside the receptive field, ignored stimuli produced smaller 
responses than attended stimuli, beginning at the onset of the visual 
response. Attention effects were found fo r  both simultaneous and 
asynchronous stimuli, but the effects were larger and followed a  different 
time course for simultaneous stimuli than for the sam e stimuli presented 
asynchronously. A s in previous studies, these attention effects were  
absent when only one of the two stimulus locations w as inside the 
receptive field. However, a  new attention effect w as observed in this 
condition, namely an increase in baseline firing rate when the monkey 
attended to the location inside of the receptive field. Th is baseline shin  
w as sometimes found even when both locations were inside the 
receptive field and the attended location w as closer to the center, and 
could be observed even when the color and orientation of the stimuli 
inside of the receptive field were such that they produced no visual 
response. Although the source of this new spatial attention effect Is 
unknown, it may contribute to the attentional control of sensory  
responses in V4. Supported in part by H FS P O .

1 9 .8

R E S P O N S E S  O F IN F E R O T E M P O R A L  (IT ) N E U R O N S  
TO  N O V E L  W IR E -O B J E C T S  IN  M O N K E Y S  T R A IN E D  
IN  A N  O B JE C T  R E C O G N IT IO N  T A SK
N.K. Logothetis*1, J. Pauls1, H.H. Bülthoff2, and T. Poggio3, Baylor 
College of Med.1, Houston, TX; Brown Univ.2, Providence, RI; M.I.T. 
3, Cambridge, MA.
We examined the ability of monkeys to generalize from familiar to 
novel views of computer generated wire objects while concurrently 
recording the responses of IT neurons. In the tra in in g  p h a se , the 
objects were presented as a motion sequence of 2D  views yielding 
the impression of solid shape through motion parallax. In the te s t in g  
p h a se  the monkeys were trained to respond differentially to sequen
tially presented single views of either the familiar or a distractor ob
ject. The ability of the animals to generalize was found to be limited 
around the views presented in the training phase, becoming worse as 
the rotation angle increased. When trained with 2 views of the ob
ject the monkeys could interpolate, recognizing all views between the 
trained views. Recording from 195 IT neurons we found cells show
ing view-specific responses to the trained wire objects. Some cells 
showed activity related to the execution of the recognition task while 
not firing for wire objects during a simple fixation task. Our results 
provide evidence for viewer-centered object recognition in monkeys. 
The role of the IT cells in this recognition task will be discussed.

Supported by ONR (Grant N00014-93-1-0290)
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19.9
NEURONAL TUNING TO LEARNED COMPLEX FORMS IN THE PRIMATE 
ANTERIOR INFEROTEMPORAL CORTEX. K. Sakai* and Y. 
Miyashita. Dept. of Physiology, Sch. of Medicine, Univ. 
of Tokyo, Tokyo 113, JAPAN.

Neurons in the primary visual cortex are subject to 
tuning processes for elementary features of visual 
stimuli, such as oriented contours, through early visual 
experience. To test the hypothesis that temporal 
cortical neurons are subject to tuning processes for 
complex visual patterns through learning, we analyzed 
single-cell responses in the anterior inferotemporal 
(AIT) cortex. Two adult monkeys (Macaca fuscata) were 
trained to memorize an original set of computer-generated 
Fourier descriptors (FDs) that are specified by a set of 
parameters. A slight alteration of one FD parameter 
produces a form with similar global features. If AIT 
neurons had only innate selectivity for visual stimuli, 
there would be no overall difference in neuronal response 
to the original versus the altered patterns. We found 
that the altered patterns always elicited weaker 
responses than the original patterns. This effect was 
not due to nonsensory factors such as attention, because 
another sham manipulation, in which an original pattern 
was rotated or reflected, did not produce a comparable 
effect. This difference of effects on neuronal responses 
was statistically significant (P<0.01, N=54). These 
results demonstrate that AIT neurons acquire a preference 
for well-learned forms by tuning mechanisms.

19.11
THE EFFECT OF PARTIAL OCCLUSION ON THE FACE-SELECTIVE 
RESPONSES OF NEURONS IN MACAQUE TEMPORAL LOBE.
G. C. Baylis*, Psychology 0109, U. C. San Diego, La Jolla,
CA 92093.

Perception of faces is possible even with partial occlusion, 
provided that the occluders are readily separable from the 
face (Nakayama et al., 1989, P e r c e p tio n , 18, 55). Many visual 
neurons in the inferior temporal cortex and the superior 
temporal sulcus of the macaque have face-selective responses 
that discriminate between different faces. These neurons 
may, therefore, be related to the process of face perception  
(Baylis et al., 1985, B rain  R es., 341 , 91).

A total o f 43 face-selective neurons were isolated in two 
awake, behaving macaques and were tested with face images 
that were subject to partial occlusion. It was found that the 
presence of occluders in the same depth plane as the face 
caused a marked reduction in firing rates. As a result o f these 
reduced firing rates, little information about the identity of 
the face was available in the neuronal responses. This 
reduction of response rates and selectivity was seen even  
when the occluders were apparently separate from the face 
image. On the other hand, when occluders were at a depth 
plane in front of the face image, the neuronal response rates 
were partially restored, with the result that neuronal 
responses discriminated between the different face images.

Support: Office of Naval Research, contract N 00014-91-J-1735.

19.10
VISUAL LEARNING REFLECTED IN THE RESPONSES OF NEURONS IN THE 
TEMPORAL VISUAL CORTEX OF THE MACAQUE.
E.T.Rolls*, MJ.Tovee, and V.S.Ramachandran. Univ. Oxford, Dept. Exptl. Psychol., 
Oxford 0X1 3UD, England.

The inferior temporal cortex and related visual cortical areas in the superior 
temporal sulcus contain neurons with invariant responses which appear to provide a 
representation of objects including faces (Rolls, 1992, Phil. Trans. Roy. Soc. 335,11- 
21). To obtain further evidence on whether the responses of neurons in these regions 
modify rapidly when the the visual system learns to recognise new objects, we 
recorded from face-selective neurons while the monkeys performed a visual fixation 
task, and first showed images of faces that were difficult to recognise because they 
were binarized, black/white, images with lighting which made the faces blend with 
the background. (This process produced images similar to Mooney face images.) The 
neurons had little or no responses to ten 0.5 sec presentations of these images. We 
then showed for the first time to the monkey the full grey-scale version of the face 
for ten presentations. This was easy to recognise as a face, and some of the cells 
responded to that face. The binarized version of the face, now much easier for 
humans to recognise as a face, was then shown for ten more presentations. It was 
found that the neuron then showed a significantly greater response to the binarized 
version of the face. It was possible to perform 10 successful replications of the 
experiment, each with a new face and a different neuron. In control experiments we 
showed that experience with the full version of the face did not increase the response 
to binarized faces that had not been shown in the full version. The results demonstrate 
that rapid perceptual learning by the visual system is represented in modified 
responses of single neurons in the temporal cortical visual areas.

19.12
SELECTIVITY OF MACAQUE INFERIOR TEMPORAL 
NEURONS FOR PARTIALLY OCCLUDED SHAPES. R. Vogels*. 
Gy. Kovács and G.A. Orban. Lab. Neuro- en Psychofysioĩogie, 
B-3000 Leuven, Belgium.

Objects are often partly occluded by other objects but nonetheless 
remain recognizable. We determined whether the shape selectivity of 
inferior temporal (IT) neurons is affected by partial occlusion of the 
shape. A static random dot field was presented when the monkey started 
to fixate. In half of the trials a moving occluding mask (3 deg/sec), 
consisting of randomly positioned squares (size: 0.5 deg) of which the 
density could be varied, was superimposed on the random dot field. After 
700 msecs of fixation the outline of one of 8 geometrical figures (size: 9 
deg2) was presented foveally for 500 msecs on the random dot field, and 
in case of occlusion, behind the drifting mask. The figure outlines had the 
same luminance as the occluding squares. Human observers could easily 
recognize the shapes when occluded by a 50% density mask, but 
recognition was difficult with a 90% density occluding mask.

We recorded from 37 shape selective cells in the anterior part of IT. 
On average, cells still responded when the figures were occluded by the 
mask having a 50% density. However, the net response to the preferred 
occluded shape was 48% of the response to the same non-occluded shape. 
The average net response to the figure occluded by the 90% density mask 
was only 9% of the response to the non-occluded figures. On average, 
cells remained significantly shape selective when the figure was occluded 
by the 50% density mask. Furthermore, the shape preference was similar 
in the occluded and non-occluded conditions. These results suggest that 
the selectivity of IT cells for partially occluded shapes is sufficient to 
support recognition of these shapes.

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

20.1
NONPROLIFERATING CELLS IN THE GERMINAL ZONE OF THE EARLY 
EMBRYONIC RAT TELENCEPHALON: CELL DEATH VERSUS POSTMITOTIC 
MIGRATION. K. Reznikov. D. van der Kooy*.
Neurobiology Research Group, Dept. of Anatomy, University of Toronto, Toronto, 
Ontario, M5S1A8.

3H-thymidine uptake studies have suggested that all cells in the embryonaic day 
(E) 14 germinal zone of the rat telencephalon are proliferating, with exception of 
the first neurons that are becoming postmitotic and migrating out of the germinal 
zone.We quantified the nonproliferating germinal zone population in the rat 
telencephalon at E14-E15 after cumulative S-phase labeling with 3H-thymidine 
(3H-thymidine injections every 3hfor 125 h). Approximately 1% of the cells in E14- 
E15 germinal zone were unlabeled after 1Z5 h of cumulative labeling. Most of the 
unlabeled cells were endothelial cells and pericytes of brain vessels; some were 
neuroepithelial cells located below or close to blood vessels and may be 
postmitotic neuroblasts arrested during migration. 10% of unlabeled cells 
represented neuroepithelial cells with small nuclei and prominent 
heterochromatin clumps placed in the inner half of germinal zone. These 
unlabeled neuroepithelial cells could be quiescent stem cells, cells with very long 
cell cycles, neurons about to migrate or cells destined to die. In order to 
investigate the presence of cell death in E14-E15 germinal zone semithin 
methacrylate telencephalon sections were stained with toluidine blue-safranine to 
help mark nuclear pyknosis. Pyknotic nuclei occurred in less than 1% of germinal 
zone cells and were distributed throughout the cortical germinal zone and 
ganglionic eminence. Autoradiorgraphic analysis of cell death kinetics showed 
that pyknotic degeneration occurred in proliferating germinal cells immediately 
after passage through all phases of cell cycle. Thus, unlabeled small cells 
discovered in the germinal zone in the cumulative S-phase labeling experiment 
can not be cells destined to die.

20.2
LOCATION OF DIVIDING CELLS IN THE DEVELOPING CEREBRAL 
CORTEX. N.E.J. Berman. W.-L. Liu and R.M. Klein*. Department of 
Anatomy and Cell Biology, University of Kansas Medical Center, Kansas 
City, KS 66160 -7400

During cerebral cortical development, cells are thought to divide in the 
ventricular zone, then migrate along radial glia toward the piai surface to 
form the layers of the adult cerebral cortex. In the ferret, neurons which 
form supragranular cortical layers are bom postnatally. To determine where 
cells of the supragranular cortical layers are bom, we injected 3H-thymidine 
(lpCi/gm body weight) into ferrets at postnatal days 1 and 8, and prepared 
the brains for thymidine autoradiography following a 2 hr. survival period. 
At PI, in caudal sections, 76% of the thymidine labeled cells were located 
in the ventricular zone, as expected, but 21% were located in the 
intermediate zone. In rostral sections a larger proportion, up to 50% of 
thymidine labeled cells, were located in the intermediate zone. At P8, 30% 
of dividing cells in caudal sections were located in the intermediate zone, 
while in rostral sections over 50% of dividing cells were located in the 
intermediate zone. Mitotic figures were also seen in the intermediate zone. 
At P8, a small number of pycnotic nuclei were found in layer I and in the 
intermediate zone. Dividing cells in the intermediate zone outnumbered 
pycnotic nuclei by 10-13 times. The thymidine labeled cells in the 
intermediate zone had a variety of morphologies consistent with either 
immature neurons or glia. We are currently identifying them using markers 
such as GABA and MAP2. The earliest bom cells of the cerebral cortex are 
known to migrate into the intermediate zone to form the subplate, then 
disappear. Our data suggest that at least some of these earliest bom cells 
disappear because they divide again in the intermediate zone. Supported by 
MH38399 and HD02528.
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20.3
A CELL TYPE SPECIFIC, MEMBRANE ASSOCIATED FACTOR THAT 
STIMULATES DIVISION OF RAT CORTICAL VENTRICULAR ZONE 
CELLS. A.A. Davis*. L. Costantini, and S. Temple. Dept. o f Pharmacology and 
Toxicology, Dept. of Surgery, Division of Neurosurgery, Albany Medical 
College, Albany NY 12208

Many types of CNS progenitor cells proliferate if  cultured as groups but 
divide much less if  cultured as dispersed cells. We have shown previously that 
dispersed cortical ventricular zone(VZ) progenitor cells from E14 rat can be 
maintained in the proliferative state by contact with other live E14 VZ cells or 
cortical astrocytes, whereas culturing in contact with meningeal fibroblasts or 
balb 3T3 cells or on poly-l-lysine coated plastic in medium conditioned by any of 
these cell types promotes their differentiation. These data may be explained by 
the action of a factor associated with the cell surface, or by a secreted factor that 
is short-lived in culture medium. Here we show that membrane preparations 
from E14 cortical VZ cells, cortical astrocytes or C6 glioma cells maintain 
dispersed E14 cortical VZ cells in division significantly more effectively than 
membrane preparations from meningeal fibroblasts or balb 3T3 cells. This 
membrane associated, mitogenic activity is heat labile and stimulates 
proliferation in a dose-dependent manner. It stimulates VZ cell division in both 
serum containing and defined media. Low density cultures o f E14 cortical VZ 
cells grown exposed to "active" membranes generate neurons, astrocytes and 
oligodendrocytes. These data suggest that membrane associated factors on VZ 
cells and certain other cell types maintain cortical progenitor cells in the 
proliferative state, and thus may play a role in regulating the production of 
cortical cells during development. (Aided by the Klingenstein Fellowship Award 
in the Neurosciences, and by the Basil O'Connor Starter Scholar Research Award 
No. 5-FY91-0636 from the March of Dimes Birth Defects Foundation, and by the 
Henry Schaffer Fellowship from AMC)

20.5

REGIONAL VA R IA TIO N  IN  CELL CYCLE K INETICS IN  THE 
DEVELOPING NEOCORTEX S. M iyama*. T. Takahashi and V.S. Caviness. 
Ir. Department of N eurology, M assachusetts General H ospital and Harvard 
Medical School, Boston, MA.

Cerebral h istogenesis advances a lon g a rostrolateral to caudom edial 
gradient. That is, cytogenesis, neuronal m igration and the differentiation of 
neocortical layers are at all tim es less advanced in  caudom edial regions 
when compared to m ore lateral or m ore rostral regions. The advance of 
cytogenesis in the dorsom edial cerebral w all of the m ouse betw een  the 12th 
and 16th (E12-E16) days of gestation, corresponding to the period w hen m ost 
neocortical neurons undergo their terminal d iv isions, is associated w ith  an 
increase in the length of the cell cycle (Tc) from 10 to 20 hrs. This increase is  
due entirely to increase in the len gth  o f G l (Tg i) from 4 to 14 hrs; the 
lengths of S (Ts) and G2+M (Tg2+m) phases remain invariant at 4 and 2 hr, 
respectively. W e present here a comparative analysis o f cell cycle parameters 
for the dates E13 - E15 in a m ore lateral and cytogenetically m ore advanced  
region of the cerebral w all. The an alysis  is based u pon the m ethod of 
cumulative labeling of S-phase cells w ith brom odeoxyuridine (BUdR). The 
values for the m edial and lateral cerebral regions are obtained from  the 
same histological preparations so as to elim inate variations in estim ates of 
embryonic age or histological processing.

In both lateral and m ed ial regions, the m axim um  valu e for Tc is 
approximately 19 hr, and this is associated w ith  a m axim um  value for Tgi o f  
approximately 14 hr; laterally just as m edially Ts and T g2+m are invariant at 
4 and 2 hr, respectively. W hereas m axim um  values for Tc and Tgi are the 
sam e la tera lly  and m ed ia lly , the m axim u m  v a lu e s  are reached 
approximately 24 hr earlier in the lateral neocortex. The m edial region goes  
through a series of approxim ately 10 cell d iv ision  cycles betw een E l l  and  
E17. In terms of valu es for Tc and T g i, the lateral region relative to the 
medial region is advanced by the equivalent o f 1-2 cell cycles.

20.7

DEVELOPMENTAL INCREASE IN THE PROPORTION OF CELLS 
LEAVING THE PROLIFERATIVE ZONES DURING THE 
GENERATION OF NEOCORTEX. M.S. Windrem*1 and R.S. 
Nowakowski2. department of Psychology, Cornell University, Ithaca, NY 
14853 and department of Neuroscience and Cell Biology, UMDNJ-Robert 
Wood Johnson Medical School, Piscataway, NJ 08854

Functionally distinct regions of neocortex vary in cell number and 
laminar distribution. Regional and temporal differences in proliferation 
might contribute to such variation. To examine this possibility, a new 
method of quantitative analysis of tritiated thymidine autoradiograms that 
exploits information derived from the intensity of label observed over each 
nucleus was developed. This analysis reveals the relative proportions of 
cells leaving the proliferative zone (Q fraction) and of cells remaining in the 
proliferative population (P fraction) in each of three successive passes 
through the cell cycle following a single injection of tritiated thymidine. 
Four adjacent regions of hamster neocortex were examined, and the results 
from a developmental series of 5 injections were compared with predictions 
of label distribution for plausible modes of proliferation. In all regions, the 
Q fraction increases as neurogenesis progresses. Since the proportion of 
cells leaving the proliferative population for the cortical plate increases 
during neurogenesis, the production of neocortical neurons does not follow 
a simple stem-cell mode of division.

Supported by NIH grants Fl MH 09576A, NS28061, R01NS19245, and 
NSF grant BNS 8921020.

20.4
PROLIFERATION OF NEURAL CELLS IN TISSUE-CULTURED 
DEVELOPING MURINE FOREBRAIN. K. Takei, T. Takahashi,
D.O. Frost* and V.S. Caviness. Dept. of Neurology, 
Massachusetts General Hospital and Harvard Medical School, 
Boston, MA 02114.

Cell cycle kinetics in the developing cerebral wall has
been characterized in vivo. We present here evidence that 
cells of the embyonic cerebral wall continue to
proliferate in organotypic culture. Whole mouse embryonic
(E13~ E15) forebrains were cultured for intervals up to 24 
hr in serum-free conditioned medium which contained 5- 
bromo-2'-deoxyuridine (BUdR) as an S-phase marker. The 
су toarchitecture of the cerebral wall including the 
proliferative epithelium was well preserved even after 24 
hrs in culture. In each embryonic explant, cells of the
proliferative epithelium continued to enter S-phase at all 
intervals throughout the period of culture. Cells in S-
phase were concentrated in the outer half of the explant 
epithelium just as in vivo. Most of the cells in the 
epithelium were BUdR labeled at 24 hr after the
explantation. Therefore, within 24 hrs the majority of
cells go through a full cell cycle from S-phase through 
G1, M and G2 phases. The growth fraction remains high 
throughout the period of culture.

20.6
THE EXPRESSION OF NEURON-SPECIFIC CLASS III ß-TUBULIN DEFINES A 
NOVEL POPULATION OF NEURONS IN THE PROLIFERATIVE ZONES OF 
THE DEVELOPING CEREBRAL CORTEX. J.R.L. Menezes* and M.B. Luskin. 
Dept. of Anatomy and Cell Biology, Emory Univ. Sch. of Med., Atlanta, GA 30322.

The distribution of immature neurons in the proliferative ventricular and 
subventricular zones (VZ, SVZ) of the developing cerebral cortex was examined with 
a monoclonal antibody against the neuron-specific class III β-tubulin isotype (TuJl; 
Lee et al.,Cell Motil. Cytoskel. 17, 1990). Embryonic day 12 (E12) to postnatal day 1 
(PI) mouse brains were fixed with the non cross-linking agent Histochoice or 4% 
paraformaldehyde, and processed for TuJl immunohistochemistry. During the course 
of cortical neurogenesis, TuJl staining gradually increased in the VZ and SVZ as well 
as in the subplate (SP), cortical plate (CP) and axonal tracts. TuJl-positive cells 
(TuJl+) in the VZ and SVZ first appeared between E l3/14 and could be divided into 
two types: 1) cells in the VZ displaying a wide range of orientations and 
2) horizontally oriented cells forming a distinct band at the upper border of the VZ 
and within the overlying SVZ. Even after the VZ was depleted (~E19) TuJl staining 
continued to increase in the SVZ. Another neural marker, anti-MAP2, lagged two days 
behind TuJl staining in the SP and CP and never labeled the VZ and SVZ. To 
determine the proliferative state and the birthdates of TuJl+ cells in the VZ and SVZ, 
brains were double labeled with TuJl and BrdU given at different pulse-chase 
schedules. These cells proved to be postmitotic and were generated later than the SP 
population. The evidence presented suggests that the majority of the TuJl+ cells in the 
VZ and SVZ do not leave these layers immediately after their last division, unlike the 
concomitantly generated cortical neurons. Although the final destination of these cells 
has not been established, their tangentially aligned morphology suggests that they 
migrate independent of radial glial fibers. Supported by NIH (NS28380), Pew 
Charitable Trust and CNPq.

20.8
EXPANSION AND OUTPUT OF THE NEOCORTICAL PVE DURING THE 
NEURONOGENETIC PERIOD. R .S. Nowakowski*1. T. Takahashi2 and V.S. 
Caviness. Jr.2 'Dept. o f  Neuroscience and Cell Biology, UMDNJ-Robert Wood 
Johnson Medical School, Piscataway, NJ 08873 and 2Dept. o f  Neurology, Mass. 
Gen. H osp., Boston, M A 02114

Neuronal production in the neocortical proliferative ventricular epithelium 
(PVE; approximately equivalent to the ventricular zone) o f  the mouse extends over 
a 6 day period from about embryonic day 11 (E l 1) to E17. W e have determined 
the changes in size and output o f  the PVE during the period from E12 through 
E17. During this time there are approximately 8 cell cycles which increase in 
length from 10.8 hours at E12 to about 20 hours at E17. In addition, the 
proportion o f  daughter cells that continue to proliferate after each mitotic division 
(the P-fraction) decreases from about 0 .88  at E12 to 0  at E17 when the PVE 
disappears. The density o f  the PVE is constant during this entire period; thus, 
changes in the P-fraction must contribution to a change in the total volume o f the 
PVE. Between E12 and approximately E15 the volume o f  a "unit" o f  the PVE 
increases approximately 10-fold; after E15 the volume decreases until E17 when 
the PVE ceases to exist. Changes in the height o f  the PVE follow the same time 
course, doubling between E12 and E15 and then decreasing rapidly through E17. 
Since the height increases by 2-fold, the area subtended by a "unit" o f PVE must 
increase by approximately 5-fold, which if  PVE expansion is isotropic would 
correspond to a linear increase o f  about 2 .2  in both the rostrocaudal and 
mediolateral directions. The output o f  the "unit" o f  PVE increases from about 
25% o f  the "unit" to over 12 times the original size o f  the "unit". This dramatic 
increase in the area and output o f  a "unit" o f  the PVE suggests that dynamic 
adjustments in migration and differentiation patterns are associated with the 
development o f  a "unit" o f  neocortex.
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2 0 .9
COMPARISON OF TH E CUM ULATIVE S-PHASE LABELING  
M ETHOD A N D  TH E PERCENT LABELED MITOSES M ETHOD IN  
THE DEVELOPING CEREBRAL CORTEX. L . Cai. N .L . H aves*, and 
R .S. Nowakowski. Department o f  N euroscience and Cell B io logy, UM DNJ- 
Robert W ood Johnson Medical School, Piscataway, NJ 08854.

W e have compared the cumulative S-phase labeling method and the 
percent labeled mitoses method to measure the cell cycle length (Tc) o f  
proliferating populations in the developing cerebral cortex o f  m ice. For the 
cumulative S-phase labeling method it is necessary to define the area 
occupied by the proliferating population, but relatively few  specimens are 
required to measure the growth fraction (GF), Tc and the length o f  S phase 
(Ts). For the percent labeled m itoses method it is necessary only to define 
die region where mitosis occurs, but more specim ens are required to 
measure Tc . N o information about growth fraction is obtained, but 
measurements are obtained for the lengths o f  all o f  the phases o f  the cell 
cycle ( i.e ., Tsj TG1, Tm, and TG2). Importantly, the estimates o f  Tc provided 
by the two methods differ: the cumulative S-phase labeling method gives an 
estimate for a maximum value o f  Tc , whereas the percent labeled mitoses 
method gives an estimate for a minimum value o f  T c . In the PVE o f  both 
the entorhinal cortex and the hippocampus the cumulative S-phase labeling 
method and the percent labeled m itoses method provide similar estimates o f  
Tc and Ts; therefore, w e conclude that the range o f  Tc and Ts in these 
populations is relatively narrow.

Supported by NIH grant NS28061 and NSF grant BNS 8921020.

20.11
CYCLIN DEPENDENT KINASES IN THE DEVELOPING NERVOUS  
SYSTEM. T. Takahashi*1. L.-H. Tsai2, E, H arlow 2 and V.S. C aviness. Jr.1 
iDept. N eurology, M assachusetts General H ospital, Boston, M A and 2MGH  
Cancer Center, Charlestown, MA.

Kinases o f the cdc2 fam ily are associated  w ith  the regulatory cyclin  
partners and are called cyclin-dependent kinases (cdk's). These kinases play  
a critical role in the regulation o f the cell cycle. W e present here the first 
analysis o f  patterns o f expression and activity o f cdk5 in  the develop in g  
m am m alian nervous system . Cdk5 has approxim ately 60% identity  w ith  
hum an cdc2 and cdk2 and appears to have histone H 1 kinase activity only  
in the brain. The an alysis  is undertaken in  the m urine cerebral w all, 
em byronic days 11 (E ll)  -E17, corresponding to the interval o f neocortical 
neurogenesis in the pseudostratified ventricular epithelium .

Cdk5 kinase activity (substrate, h istone H 1) is m inim ally detectable on  
E12 b u t w ith  a c t iv i ty  in c r e a s in g  th e re a fter  th r o u g h  E17. 
Im m unohistochem istry w ith affinity-purified antibody identifies cdk5 only  
am on g  p o stm ito tic  n eu ron s. There is  n o  d e tecta b le  cdk5 in  the  
proliferative p opu lations and none in  cells  o f  g lial lineage. M ost axons 
appear to be labeled. W ithin the cortical p late som e light som atic and  
dendritic sta in ing is  a lso ev id en t. A xonal sy stem s o f the peripheral 
nervous system  are a lso h eavily  stained w ith  the anti-cdk5 antibody as 
early as E l l .  Thus, desp ite its close structural sim ilarlity to kinases critical 
to the operation o f the cell cycle, the role o f cdk5 appears to be concerned 
exclusively w ith  postproliferative events o f cell differentiation.

2 0 .1 3
ID E N T IF IC A T IO N  AN D  C H A R A C T E R IZ A T IO N  O F A  N O V E L , 
D E V E L O P M E N T A L L Y -R EG U L A T E D  CD N A E X P R E S S ED  IN MURINE 
C E R E B E L L A R  G R A N U LE  C E L L S  J.M . M iwa*. S .G . K u har. M.E. 
H atten . N. H eintz Th e  R o ckefe ller University, NY, NY 1 0 021  
O u r in te re s t  is  to  d e fin e  e p ig e n e tic  e v e n t s  co n tro llin g  th e  
d ifferentiatio n  o f cere b e lla r granule ce lls . W e have  d e scrib e d  the  
iso lation  o f se vera l cD N A c lo n e s th a t  m ark sp e c ific  s te p s  in th is  
p ro c e ss  (D e v e lo p m e n t 1 1 7 ,9 7 - 1 0 4 ( 1 9 9 3 ) ) .  In th is  s tu d y , w e  
have begun th e  characterizatio n  of clone G C 5 th a t  is preferentially  
e xp re ssed  in the  CNS. T h e  G C 5  g ene is developm entally-regulated, 
w ith  e xp re ss io n  beginning a t  E 1 3 , reach ing  a p e ak  a t  P 1 0 , and  
d ecre asin g  into adulthood. It is  e xp re sse d  a t  m uch  higher le ve ls in 
th e  brain than  in any o th e r  t is s u e  exam ined  th u s  far. N orthern  
b lo ts  o f RNA iso la te d  from  purified  P 6  ce re b e lla r  granule  ce lls  
v e rsu s  glia d em o n stra te  sp e c ific  e xp ressio n  in th e se  neurons. Full 
le n g th  cD N A  c lo n e s  h a v e  b e en  is o la te d , and  th e ir  a n a ly s is  
d e m o n s tra te s  no hom ology w ith  p rev io u s ly  c lo n ed  se q u e n ce s . 
G enom ic c lo n e s for G C 5 have  b een  iso late d  and m apped, and are  
c u rre n tly  being u sed  to  s tu d y  th e  reg u latio n  o f th is  g e n e  in 
developing granule ce lls. Parallel s tu d ie s to  d isrupt th e  function  of 
th is  g ene are  a lso  in p ro g re ss. W e are  p articu larly  in te re s te d  in 
th e  id entification  o f ce lace li in te ra ctio n s th a t  m ay be crit ica l for 
induction o f G C5 expression  and function.

20.10
DIFFERING EXIT BEHAVIORS FROM PROLIFERATIVE POPULATION 
OF POSTMITOTIC NEOCORTICAL NEURONS V.S. C aviness. Jr.,*1 T. 
Takahashi1 and R.S. N ow ak ow sk i2 1Dept. N eurology, MGH, Boston, MA, 
2Dept. Neurosci. and Cell Biol., UMDNJ-Robert W ood Johnson Med. Sch., 
Piscataway, NJ.

In the pseudostratified  ventricular ep ith eliu m  (PVE, corresponding  
approxim ately to the ventricular zone) of the d eve lop in g  cerebral wall, 
som e daughter cells quit the cell cycle (Q fraction) w h ile  other remain in 
the proliferative pool (P fraction). W e present here ev id en ce  for two  
distinct exit behaviors of the Q fraction cells of the PVE in the E14 murine 
cerebral wall. Proliferative cells were labeled w h ile  in S-phase, first w ith  
3H-TdR and Ihr later w ith  BUdR. In this labeling paradigm , cells labeled  
on ly  w ith 3H-TdR are synchronous in terms o f their position in the cell 
cycle (lhr-cohort of cells). The position  and num bers o f such cells were  
recorded as they passed through G2, M and G l phases, exited the PVE and 
m igrated through the interm ediate zone (IZ) to the cortical plate (CP).

The Q fraction cells exit from the PVE to initiate their m igrations in two  
groups. The first group co n sists o f approxim ately  half o f the total 
postm itotic population and exits the PVE w ithin 3 hr of cell d ivision. The 
second group does not exit the PVE until about 6 hr later and this is after its 
sister cells (i.e., the P fraction cells of the lhr-cohort) re-enter the S-phase to 
execute the next cell cycle. A s the postm itotic neurons m igrate through the 
IZ, the distance betw een the m ean position of these tw o groups remains 
approxim ately 40 pm. H ow ever, as the tw o  groups enter the CP, they  
m erge and are indistinguishable in their postm igratory distribution in the 
cortex. This d ich otom ou s exit b ehavior m ay reflect the operation of  
fundam entally different m echanism s by which subsets of daughter cells are 
assigned to the Q fraction.

20.12
A  BRAIN-SPECIFIC REG ULA TO RY SUBUNIT O F PROTEIN  
PH O SPH ATASE 2A , B(ß), IS D EV ELO PM EN TA LLY  REG U LA TED  IN 
TH E MOUSE CN S. S .G . Kuhar. M.E. H atten  and N. H eintz*. T h e  
Rockefe ller Univ., New York, NY 1 0 021

In th e  p ro c e ss  o f identify in g  cD N A s e x p re ss e d  during  
cereb ellar granule neuron d evelopm ent w e iso lated  a clone, G C 3 4 , 
w ith high se q u en ce  hom ology to  hum an PP2A  regu latory В subunit 
c lo n e s iso late d  by R. M ayer and co w o rke rs ( 1 9 9 2 ) .  In our initial 
a n a ly se s o f th e  exp ression  p attern  of G C 3 4 , w e found th a t  it w as  
e xp re ssed  in brain and not in se vera l o th e r t is s u e s  o f th e  m ouse. 
In ad d ition  to  th e  b ra in -sp e c ific  e xp re ss io n  o f B (ß ), w e have  
found th a t  e xp re ss io n  o f th e  c lo n e  w a s  dow n -reg u lated  during  
deve lo p m ent in m ouse cerebellum  and th a t  purified granule ce lls  
from  e a rly  p o stn a ta l cere b e llu m  e x p re ss  B(ß) w hile  p u rified  
glial ce lls  do not. Additional an a lys is  o f em bryo nic RN As show ed  
th a t  exp ression  of th e  gene co rre la ted  w ith th e  o n se t  o f neuronal 
d ifferen tiatio n  of p recu rso r ce lls  in th e  CN S. T a k e n  to g e th er, 
th e se  d ata  a re  c o n s is te n t  w ith  a role for th e  B(ß) re g u la to ry  
protein in early  s ta g e s  o f neuronal cell d evelopm ent. Severa l lines 
o f evid en ce  su p p o rt a role for PP2A  in su p p ressio n  o f cell grow th  
w hile th e  reg u lato ry  B -subunit o f P P2A  h as b een  im p licated  in 
contro l of m ito sis and early  s ta g e s  o f d ifferentiatio n  in p recu rso r  
cell populations. T h e  role of th e  brain -sp ecific  isoform  o f th e  B- 
su b u n it  in reg u la tio n  o f e a rly  d e v e lo p m e n ta l t ra n s it io n s  is  
unknown and curren tly  under investigation .

2 0 .1 4
IN  VIVO  R E G U LA TIO N OF CEREBELLA R G RAN ULE CELL  
NEUROGENESIS BY bFGF. Y. Tao,* I.B, Black and E. D iCicco-B loom . 
Dept. Neurosci. &  Cell Biol., UMDNJ/Robert Wood Johnson Medical School, 
Piscataway, NJ, 08854.

While diverse neuronal precursor populations have been examined in culture, 
little is known about mechanisms regulating neuroblast proliferation in vivo. 
Precursors of cerebellar granule cells, a useful model culture system, are known to 
respond to a number o f growth factors, including IGF’s, EGF, VIP and bFGF 
(Cohen et al Soc. Neurosci. 16:334; Gao et al Neuron 6:705-715, 1991), which 
influence neuroblast mitosis and/or survival. We now report that bFGF 
specifically stimulates cerebellar granule neuroblast DNA synthesis in the postnatal 
day 1 rat

To define effects in vivo, rats were injected subcutaneously (sc) with growth 
factors or saline vehicle every 2 hrs for up to 5 doses, and received 4-5 pCi/g of 
[3H]thymidine sc 2 hrs prior to sacrifice. bFGF (5 ng/g per dose) elicited a 
28.7±10% (p<0.016) increase in [3H]thymidine incorporation in whole cerebellar 
homogenates at 10 hrs, suggesting that the factor influenced ongoing neurogenesis.

To define response requirements, different dose schedules were employed. 
Remaikably, a single dose o f bFGF (5 ng/g) elicited a similar increase in DNA 
synthesis (50.3±7.6%; p<0.001·) at 8 hrs. In contrast, 5 injections of EGF (0.25 
pg/g/dose), sufficient to elicit peripheral edema, did not affect incorporation, 
suggesting that bFGF actions were specific.

To begin defining responsive populations, cerebellar granule cells were isolated 
by centifugation follow ing in vivo growth factor and [3 H ]th y m id in e  
administration. There was a striking 4-fold increase in incorporation (per Зх105 
cells) following bFGF treatment, indicating that granule neuroblasts comprised a 
major responsive population. These observations raise the possibility that bFGF 
plays a critical role in cerebellar granule neurogenesis in vivo, though underlying 
cellular and molecular mechanisms remain to be defined.
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20.15
HETEROGENIC EXPRESSION OF PRO TEIN KINASE C 
D ELTA IN  G L I A  A N D  N E U R O N S  D U R I N G  
CEREBELLAR DEVELOPM ENT. S. Chen* R. Bing and D.E. 
Hillman Dept. Otolaryngology and Physiol./Biophys. NYU Med. Ctr., 
New York, NY 10016.

The parasagittal banding is attributed to the topological organization of 
climbing and mossy fibers and to Purkinje cell axonal projections from 
the cerebellum. Parasagittal bands have been visualized by numerous 
chemical markers supporting heterogeneity of Purkinje cell function.

Recently, we demonstrated that immunoreactivity (IR) of protein 
kinase C (PKC) delta was non-uniform in the adult rat cerebellum. 
Subsets of Purkinje and stellate-basket cells contained a large amount of 
PKC delta, and were located in reciprocal regions of the cerebellum. 
Alternating clusters of positively and negatively labeled Purkinje cells 
formed discrete bands in the caudal half o f the vermis and weak, 
narrow bands elsewhere.

At birth, PKC delta-IR was found in ependyma somata and their 
emerging radial fibers, astrocytes, and fascicular bundles but not in 
cerebellar neurons. Beginning on the 7th postnatal day, a few small 
clusters of Purkinje cells expressed weak PKC delta-IR in caudal 
lobules of the vermis while astrocytes and palisade aligned Bergmann 
glia remained distinguishable. From 10 to 20 days, glial cells gradually 
diminished in intensity and clusters of positively labeled Purkinje cells 
increased in number as well as intensity. At 22 days, glial cells were 
weak and Purkinje and stellate-basket cells had attained adult banding 
patterns. Supported by USPHS NS-13742 and AG-09480.

20.17
LONG-TERM DEVELOPMENT AND SURVIVAL OF MACRONEURONS IN 
ORGANOTYPIC EXPLANTS: NEW METHOD FOR CULTURING NEONATAL 
CEREBELLAR SLICES D.K. Racker*. P.E. Hockbereer and J.C. Hquk. Dept. o f  
Physiology, Northwestern Univ. Medical School, Chicago, IL 60611.

We have developed a simplified method for long-term culture o f organotypic 
monolayer cerebellar slices (OTCS) (Racker, et al., Soc. Neurosci. Abstr. 18: 769, 
1992). By this method, the choroid plexus was left intact, as a topographic landmark 
for the ventrocaudal and deep cerebellar nuclei regions. And, conditions were 
determined that increased cell viability and slice attachment and included: ( 1) 
increasing the total bicarbonate concentration of the medium to 26 mM, which 
enhanced the buffering capacity o f the medium and decreased vacuolar changes in the 
explants; (2) using microblades for making sagittal slices, which visibly decreased 
crushing trauma as compared to #11 scalpel blades in current use for Maximow 
preparations; (3) allowing a 1 hr recovering period at 4'C prior to plating, which 
enhanced neuronal (but not astroglia, which did not appear altered) survival, as well as 
slice attachment to the substratum. Polylysine (.1 mg/ml) substrates provided growth 
characteristic similar to .5 mg/ml polylysine or polylysine-fibronectin (50 pg/ml) or 
polylysine-laminin (l-42μg/ml) substrates. Therefore, explants were cultivated on .1 
mg/ml polylysine coated glass coverslips in 12 well culture plates, as opposed to 
collagen gels or plasma clots and roller tubes (Gähwiler, Neurosci. Methods, 4:329- 
342,1981). Maturation of Purkinje cells (to forms with uniform somas and single 
primary dendrites) and glial palisades, vascular bed proliferation and myelination were 
documented by serial photomicrography of living cultures and in explants processed 
for special stains and for immunocytochemistry throughout 5 weeks in vitro.

Here we report further characterization of the neuronal population in rat postnatal 
day 0-1 slice explants, as evaluated in fixed OTCS at 2, 3 ,4  and 5 weeks in vitro and 
compared to perfused-fixed age-related littermates. Immunoreactivity to several cell- 
specific antigens localized to Purkinje, Golgi and deep cerebellar nuclei neurons, along 
with Timm’s heavy metal stain for neurons and their processes, demonstrated long
term development and survival of the cerebellar macroneurons. Thus, our technique 
may be ideal for growing neural networks in culture. Supported by NIH NS 17489

20.16
EMBRYONIC DEVELOPMENT OF CALRETININ (CR) NEURONS 
IN THE MOUSE CEREBELLUM L.C.Abbott* and D.M. 
Jacobowitz Dept. of Vet. Biosci., U. of 111., 
Urbana, 111. 61801 & Lab. Clin. Sci., NIMH, 
Bethesda, MD 20892.

CR has been shown to be a useful marker for 
adult brain neuronal subpopulations. We studied 
developmental expression of CR in the C75BL/6J 
mouse cerebellum. Immunohistochemistry was used 
on cryostat cut coronal sections of embryos, 
aged E15 to P5. At E15 we observed an extensive 
system of CR+ cell bodies with multiple proces
ses, lateral to the isthmus, in the nuclear 
transitory zone (NTZ). These cells appear to 
contribute a major portion of the hook bundle 
(of Russell) (hb) fibers which decussate at the 
dorsal aspect of the developing cerebellum. We 
believe that these darkly staining CR+ cells are 
either "pale" cells (Altman, 1977) and/or Golgi 
cells. The long hb fiber system was observed at 
all time periods. At P5 it spans the width of 
lobules IX, X, I, and appears to contribute 
fibers to the floccular/parafloccular lobes. At 
E17 we followed an extensive CR+ fiber tract, 
probably mossy fibers, emanating from the 
vestibular ganglion and projecting to the NTZ 
region. At P5 few CR+ granule cells were 
observed in cerebellar lobules and appeared to 
arise from the external germinal layer and 
ventral neuroepithelium. CR, therefore, appears 
to be an excellent marker to reveal neuronal 
subsystems in the developing cerebellum.

CELL L IN E A G E  A N D  D E T E R M IN A T IO N : G EN E E X P R E S S IO N  A N D  G ROW TH F A C T O R S

21.1
EXPRESSION OF engrailed IN IDENTIFIED NEURONS OF THE 
grasshopper CNS. Melody Y.S, Siegler*, Ravi R, Pankhaniуа, and Holly R,
Campbell. Dept o f Biology, Emory University, Atlanta GA 30322 

In grasshoppers, each segment of the embryonic ventral nerve cord has a posterior 
median neuroblast (MNB), which gives rise to a group of midline neurons. We 
examined the expression of Engrailed protein in the adult MNB progeny, using 
MAb 4D9 (Patel et al., Cell, 58:955,1989). The MNB group contains modulatory 
efferent neurons, spiking local interneurons that process auditory inputs, and spiking 
intersegmental intemeurons involved in flight (Thompson & Siegler, J Comp 
Neurol, 305:659,1991). We find that MAb 4D9 labels nuclei in a subset o f these 
neurons. The third thoracic (T3) and first abdominal (A l) adult MNB groups were 
examined by counting stained and unstained somata, measuring somata diameters, 
and mapping somata position. The results suggest that the Engrailed protein is 
expressed in all local and intersegmental intemeurons, but not in efferent neurons:
In T3 the 19 or so largest somata, those of the efferent neurons, do not stain with 
4D9; in A l, which contains 3 efferent neurons, the largest 3 somata are likewise 
unstained. The remaining somata are Engrailed-positive and of small diameter, 
comprising some 70 neurons in T3 and some 60 in A l. The totals o f large unstained 
somata and small stained somata match the number o f MNB progeny measured in 
developmental studies (Thompson & Siegler, J Neurosci, in press, 1993), suggesting 
that all members of the T3 and A l populations are accounted for as Engrailed- 
positive intemeurons, or Engrailed-negative efferent neurons. MNB groups of T2, 
A2 and A3 also have a comparable pattem of expression. MAb 4D9 reactivity 
occurs also in the posterior one-third of T2, T3 and A l -З, in some 45 pairs o f small 
diameter somata in T3 and some 20 pairs in A l. They are clustered amidst the 
unstained somata of motor neurons suggesting that expression is also restricted to 
intemeurons among the progeny of some bilaterally symmetrical NBs. We thank 
Nipam Patel for the 4D9 antibody. Supported by NSF, The Whitehall Foundation 
(MVSS) and a Hughes Fellowship (RRP).

21.2

NEURON-SPECIFIC GENE EXPRESSION DURING LATE  
EMBRYOGENESIS IN DROSOPHILA MELANOGASTER
T. Meier*. K. Furukubo-Tokunaga. W. J. Gehring and H. Reichert. 

Departments o f Zoology and Cell Biology, University o f Basel, 
CH-4051 Basel, Switzerland.

To identify and characterize genes that are involved in the formation 
o f neuronal identity and connectivity, we used the enhancer-trap 
technique to study genes that are expressed in a neuron-specific  
manner in small subsets o f  neurons in the developing central nervous 
system o f D ro so p h ila  m e lan ogaster. Here we report on the analysis of 
an enhancer-trap line, in which reporter gene expression is limited to a 
very small set o f CNS-neurons. Neuron-specific expression o f the 
enhancer first occurs during late embryogenesis. Postembryonic 
expression in the larval CNS is characterized by a pattern that extends 
beyond that o f the embryonic pattern. To clone the corresponding 
gene, we rescued a 2.4 kb fragment, which maps to chromosomal 
location 97A on the third chromosome. With this as a probe, we 
recovered a series o f  genomic phage clones and identified the 
transcribed DNA fragments that give the enhancer-trap pattern upon in 
s itu  hybridization. The transcribed fragments were used for screening 
a brain cDNA library. Characterization o f candidate clones is 
underway. (Supported by the Swiss NSF).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



32 CELL LINEAGE AND DETERMINATION: GENE EXPRESSION AND GROWTH FACTORS MONDAY AM

21.3
THE G O O S E B E R R Y  GENES ARE REQUIRED IN CELL FATE 
SPECIFICATION DURING DROSOPHILA NEUROGENESIS Y. Zhang* 
and R. Holmoren. Department of Biochemistry, Molecular Biology and Cell 
Biology, Northwestern Univ., Evanston, IL 60208

The go o seb e rry  (g sb ) genes are in the segment polarity class of 
segmentation genes in Drosophila melanogaster. Molecular analysis of the 
g sb  locus has revealed two transcripts, gooseberry-proxim al (gsb-p) and 
gooseberry-distal (g s b - d ). Both g sb - p  and g sb -d  encode putative 
transcription factors, each containing a homeodomain and a paired domain. 
Previous studies have suggested that in addition to its role in the 
segmentation of the epidermis, the g sb  locus is also involved in central 
nervous system (CNS) development. In this study, we show by antibody 
staining that both g sb  proteins are localized in the posterior region of each 
CNS segment, with gsb-d in a subset of neuroblasts (NBs) and gsb-p  in all 
the gsb-d positive NBs and their progeny. Using different neruonal markers, 
it has been found that neurons deleted in g sb  mutants normally express the 
gsb-p  protein whereas neurons duplicated or unaffected in g sb  mutants do 
no express the g sb -p  protein. Thus it appears that the g sb -p  gene is 
required for maintaining the cell fates of a subset of posterior neurons. In 
order to examine the effect of ectopic g sb  gene expression on the cell fates 
of neurons which do not normally express the g sb  genes, we generated hs- 
gsb-d  and hs-gsb-p Drosophila lines in which either the gsb-d  gene or the 
gsb-p  gene is under the control of a heat shock promoter HSP70. Through 
gain-of-function experiments, we have found that ectopic expression of 
either g sb  protein causes cell fate transformations of neural cells in a 
reciprocal pattern to that of a g sb  mutant. Our results suggest that the gsb-d  
protein is a positional cue carried with the NBs to the CNS and the gsb-p  
gene acts as a selector gene, specifying the identities of neural cells. 
Supported by the National Institute of Health.

21.5
ECTOPIC EX PR E SSIO N  OF AN EX O G EN O U S G EN E IN 
ZEBR AFISH  EM BRYO  USING  Y E A ST FLP R E C O M BIN A SE  
IT. Q kam oto. A. Chiba* and Y. Motta N all. Inst, for B asic  B io l., 
Okazaki, A ichi 444  Japan.

M any zebrafish genes have been isolated using the hom ologies to the 
gene o f  other species. O ne potent m ethod to exam ine the roles for such  
genes is to have them expressed  ec lo p ica lly  and to exam ine h ow  the 
developm ental program is affected.

For a m odel exp erim en t to ach iev e  an ecto p ic  exp ression  o f  an 
exo g en o u s gen e in a sm all num ber o f  ce lls  in zebrafish em b ryos, w e  
m ade a construct in which a heat shock prom oter and the lacZ gen e  are 
separated by an in tervening seq u en ce  co n sistin g  o f  the y ea st FLP  
recom binase gene and a direct repeat o f  tw o FRT sequences on both  
ends o f  the FLP recom binase gene. In the em bryos injected w ith  this 
con stru ct, an in itia l h eal sh o ck  in d u ced  the ex p r e ss io n  o f  FLP  
recom b in ase, w h ich  then prom oted the h o m ologou s recom b in ation  
betw een  tw o FRT's and sto ch a stica lly  caused  the e x c is io n  o f  the 
intervening sequence. In the ce lls  where such an exc ision  was induced, 
the lacZ gene was put under the direct control o f  the heat shock promoter 
and could  be induced by a brief secon dary heat shock . A b out 2% o f  
em bryos treated in this way had a sin g le  neuron w h ose  entire part, i.e. 
som ala, axons and dendrites, expressed ß  -galactosidase. B esid e ectop ic  
exp ression  o f  ex o g en o u s gen es, use o f  the FLP recom binase system  
opens new  possib ilities for a wider variety o f  applications including the 
cell lineage analyses.

21.7
PHYLOGENETIC CONSERVATION OF PDGF ALPHA RECEPTOR 
EXPRESSION IN THE SPINAL CORD OF XENOPUS AND RAT.
N.P. Pringle. W.P. Yu. M. Jacobson* and W .D. Richardson. Dept. of Biology 
(Medawar Building), University College London, Gower Street, London, 
England, WC1E 6BT.

We previously provided evidence that in the rat, oligodendrocyte 
precursors can be identified in vivo using an RNA probe specific for platelet 
derived growth factor alpha-receptor (PDGF-aR)1. In the rat spinal cord, 
PDGF-aR cells originate in the ventral half o f the cord around embryonic day 
14 (E l4). Initially they are found as a discrete focus of cells in the ventral 
ventricular zone located either side of the central canal. As development 
proceeds the PDGF-aR expressing cells appear to leave this region and 
disseminate throughout the spinal cord2.

We have now examined the spinal cord of Xenopus embryos and find 
that the distribution o f PDGF- aR mRNA is analogous to that seen in the rat. 
PDGF- αR expressing cells are first seen at stage 23/24 as two individual cells 
lying one either side o f the central canal in the ventral half o f the cord. 
Subsequently, these PDGF-aR expressing cells appear to proliferate and move 
away from the ventricular zones so that by stage 40 they are distributed 
throughout the cord, the majority of cells lying in the ventral half.

In an attempt to understand how PDGF- aR expression is controlled 
in the dorsoventral axis o f the neural tube we are currently examining the 
consequences of ablating or moving the notocord in Xenopus or chicken 
embryos. We are also investigating the expression o f PDGF-aR mRNA in wild 
type and mutant zebrafish that lack a notochord and/or floorplate.

1. Pringle et al. ,1992. Development. 115: 535-551
2. Pringle and Richardson, 1993. Development. 117: 525-533.

21.4
E X PR E SSIO N  PATTERN O F IS L -i IN D E V E L O PIN G  Z E B R A FISH  
N E R V O U S  S Y S T E M  S U G G E S T S  ITS IN V O L V E M E N T  IN  
AC Q U ISITION O F N E U R A L  CELL IDENTITIES.
A . Inouc, K. H atta#, Y. H otta and H . o kam oto*, Natl. Inst, for B asic  
B io l., O kazaki, A ich i 4 44 , Japan, #Inst. o f  N eurosci., Univ. o f  O regon, 
Eugene, OR 97403 .

T h e LIM  d om ain /h om eod om ain -con ta in in g  (L IM ) gen es w ere  
considered to be in volved  in the final determ ination o f  cellular identities  
during neural d ev e lo p m en t not on ly  in invertebrates but a lso  in 
vertebrates. l s l - l ( l .sle l-l ), one o f  the vertebrate LIM g en es, is expressed  
by subsets o f  neurons in the early rat and chick em bryos. W e isolated the 
zebrafish Isl-1 cD N A  w hich is h ighly hom ologou s to the rat Isl-1. S in ce  
zebrafish em bryo has a quite sim ple nervous system  am ong vertebrates, it 
is p ossib le  to identify  several types o f  neuronal ce lls  at the s in g le  cell 
level. Isl-1 m R N A  expression patterns exam ined by w h ole-m oun t in situ 
hybridization indicated that Isl-1 m R N A  first appeared im m ediately after 
gastrulation, m ainly in ce lls  o f  the prechordal m esoderm  and cranial 
ganglions, and in primary neurons in the spinal cord (Rohon-Beard ce lls , 
m otoneurons). Later, particularly in the spinal cord, only the m ost anterior 
o f  the three subtypes o f primary m otoneurons in each segm ent expresses  
Isl-1 , suggesting  the involvem ent o f  Isl-1 in the determ ination o f  subtype  
identities by primary m otoneurons. Isl-1 exp ression  patterns in m utant 
em bryos with d efective  so m ites(spadetail) o f  floorp late ce lls  ( cy e lo p s)  
revealed that the segm ental expression o f  Isl-1 by restricted m otoneurons 
is controlled by an influence from som ites but not from floorplate cells.

21.6
TEMPERATURE-SENSITIVE, IMMORTALIZED NEURAL 
CELLS EXPRESS DOPAMINE-β -HYDROXYLASE : INTRA
CEREBRAL TRANSPLANTATION AND CHARACTERIZATION.
K. Shimoda*a, K. Inouea, T Kitagawaa, N. Kunob, 
Ķ  Takahashib and JW Commissionac. Tottori West 
Hosp.a and Div. Neurol., Inst. Neurol. Sci.,b 
Tottori Univ. Sch.Med., Yonago 683, Japan. 
LMCN-NINDS-NIHC, Bldg. 10/5N214, Bethesda, MD. 
20892.

Dispersed cells from the diencephalic region 
of the E13 rat fetus were immortalized by 
transfection with the SV40 large T antigen 
temperature-sensitive mutant, carried by a 
retroviral vector (Shimoda et. al.. Soc. Neu
rosci. Abs., 22:154, 1992). One of the clones 
expressed dopamine-β -hydroxylase (DβH), as 
shown immunocytochemically, and verified by 
Western blotting. They also expressed MAP2 and 
MAP5 but not MAP1 at the non-permissive temper
ature. However, tyrosine hydroxylase was not 
detected and analysis of catecholamines by 
HPLC-ECD was negative at the both temperatures. 
In order to test the viability of the Dβ H- 
positive clones in vivo, they were transplanted 
into the right caudate nucleus of the young 
adult rat. The cells were detected in the 
caudate, at site of injection, after one week, 
but had disappeared within 4 weeks.

21.8
CLONED MULTIPOTENTIAL PRECURSORS FROM EMBRYONIC MOUSE 
BRAIN ARE STIMULATED BY FIBROBLAST GROWTH FACTOR-2 BUT  
NOT BY EPIDERMAL GROWTH FACTOR.
T.J. K ilpatrick and P.F. Bartlett*. N euroim m unology Lab., The 
W alter and E liza  H all Institute, M elbourne, A u st. 3050 .

Fibroblast growth factor-2 (FG F-2) (K ilpatrick & Bartlett, 
Neuron, 1993, 10; 255) and epiderm al growth factor (EG F) 
(R eynolds et al., J. N eurosci, 1992, 12; 4 5 6 5 ) stim ulate the 
pro liferation  o f  precursor c e lls  w ith in  the d e v e lo p in g  central 
nervous system  (C N S). To further assess  the relative e ffe c ts  o f  
FG F-2 and EGF, w e used in v itro  clon al analysis to com pare the 
lin ea g e  potential o f  CNS precursors stim ulated  w ith  either  
factor at tw o stages o f  develop m ent (em bryonic day 10 [E10] and 
E17) in the m ouse. The c e lls  iso lated  from  E 10  telencephalon  
and m esen cep h alon  con ta in ed  m u ltip oten tia l c e lls  w h ich  ga v e  
r ise  to both neurones and astrocytes; th ese  precursors 
proliferated in response to FG F-2 but not EGF. A  m ultipotential 
precursor w as a lso  iso lated  from  E17 forebrain w h ich  was also  
on ly  stim ulated with FG F-2. In addition, com m itted g lia l 
progenitors w ere present at E 17 w h ich  w ere not id en tified  at 
E 10 and represented the m ajority o f  the proliferating  c e lls  
(~80% ). H ow ever, un lik e the m ultipotentia l precursor, this  
latter ce ll type proliferated in resp onse to either FG F-2 or EGF. 
Thus, it appears the m ultipotential c e ll  rem ains resp o n siv e  to 
FG F-2 throughout em b ryogen esis and the p resen ce o f  an EGF  
resp on sive population at E 17, not iden tified  at E 10 , reflects the 
d evelop m en t o f  a new restricted c la ss  o f  precursor, rather than 
a change in the factor sp ec if ic ity  o f  the m ultipotentia l c e ll.
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2 1 .9
THE ROLE OF THE NOTOCHORD IN THE SPECIFICATION OF 
MOTOR POOLS IN THE DEVELOPING CHICK SPINAL CORD.
M.P. Matise and C. Lance-Jones*. Dept. of Neurobiology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

In the lumbosacral (LS) spinal cord of the chick embryo, the information 
which specifies a motoneuron's peripheral target choice appears to be 
present at stage (st) 15. When 3-4 segments of anterior LS neural tube are 
reversed about the anterior-posterior (AP) axis at st 15, motoneuron 
projection patterns are reversed. When this experiment is performed at st 13, 
projection patterns are largely normal. The results of these experiments 
suggest that the anterior LS neural tube becomes specified between st 13- 
15. We have begun to explore the role of the notochord in this process.

At st 13-14, LS neural tube segments 1-3, along with the underlying 
notochord, were separated from the endoderm and surrounding mesodermal 
tissue and reversed about the AP axis. At st 35-37, retrograde HRP labelling 
was used to define the AP location of motoneuronal cell bodies innervating 
two proximal thigh muscles, the sartorius and femorotibialis. Normally, 
motoneurons innervating these muscles are located in discrete motor pools 
within LS 1 -3.

When the neural tube+notochord are reversed at st 13 (n=10), 40% of the 
motor pools were normal, while 60% were diffuse (non-discrete). When similar 
reversals were done at st 14 (n=11), 27% of the motor pools were normal and 
64% diffuse. In only one case did a reversed motor pool result from neural 
tube+notochord reversal. The absence of a reversal of motoneuron 
projection patterns suggests that the notochord is not the only source of 
discrete local cues which lead to motoneuron specification. However, the 
finding of an increase in the number of diffuse pools when the notochord is 
included in st 13 reversals (60% vs. 31% in neural-tube-only reversals) 
suggests that it may contribute to such cues.
(Supported by NIH HD25676).

21.10
MYOFIBRILLAR AND INTERMEDIATE FILAMENT PROTEINS WITHIN 
ELECTRIC ORGAN. John M. Patterson* and Harold H, Zakon. Dept. of Zoology, 
University of Texas at Austin, Austin, Texas 78712.

Weakly electric gymnotiform fish produce an electric field using an electric organ 
located in the tail. The electric organ of the fish Sternopygus is comprised of large 
multi-nucleate electrocyte cells, which have been shown to possess morphological 
and biochemical characteristics indicative of a myogenic ontogeny. Little is known 
of intermediate filament (ЮҒ), and myofibrillar protein distribution within these cells. 
To determine the diversity and localization of the major myofibrillar and IF proteins 
within the mature electrocyte cell, we have employed a combination of 
immunohistochemical and Western blotting techniques.

Immunohistochemistry with the anti-desmin Ab D76 reveals that the epitope is 
localized to a network of filaments within the electrocyte cells and present in low 
levels within fish muscle fibers. The anti-desmin Ab DEU-10 labels the innervated 
posterior face of the electrocytes, and nerve fibers, but not fish muscle. The anti
keratin Ab ΑΕΙ strongly labels filaments within the cytoplasm of electrocytes and 
epidermis, but is not present in muscle. The MF20 anti-myosin heavy chain and the 
CHI anti-tropomyosin epitopes are found only within muscle fibers.

Western blotting of IF-enriched cell homogenates with D76 Ab reveals a single 54 
kD polypeptide present in electrocytes but not muscle. This result is in agreement 
with the MW previously published for skeletal muscle desmin. Blots made with AE1 
Ab display binding to a 52 kD and 44 kD doublet found in skin, and present at low 
levels within electrocytes. Thus far, we have been unable to determine if AE1 Ab 
recognizes the same keratin isoform in both skin and electrocytes.

These results show that electrocyte cells possess desmin, indicative of their 
myogenic lineage, but have diverged from the muscle cell phenotype, and lack 
several key muscle-derived proteins such as myosin and tropomyosin. Electrocyte 
cells also appear to contain an acidic keratin, which is uncharacteristic of a 
mesodermally-derived tissue. (Supported by NIH ROl NS25513).

CELL M IG R A T IO N  A N D  M O T IL IT Y : C E L L -S U R F A C E  M O LEC ULES

22.1
SEQUENTIAL EXPRESSION OF CELL ADHESION MOLECULES BY NEWLY 
GENERATED NEURONS OF THE ADULT AVIAN BRAIN K. Bahramian.*1 A.
Hidalgo.1 V. Lemmon.2 and S, A..Goldman·1 Depts. of 1 Neurology and
Neuroscience, Cornell Univ. Med. College, NYC, 10021, and 2Neurosciences, 
Case-Western Reserve School of Medicine, Cleveland, OH 44106.

The avian forebrain exhibits neurogenesis throughout adulthood, with 
neuronal production from ventricular zone (VZ) precursor cells. New neurons 
then migrate into the brain along ependymally-derived guide fibers. To identify 
ligands which may regulate neuronal migration into adult brain, we examined 
the expression of N-cadherin, PSA-N-CAM, and NgCAM/8D9 in HVC, a neuro
genic region of the canary forebrain. Each antigen was localized in both 14 μιη 
frozen sections and explant cultures of adult HVC. Two birds were given 3H- 
thymidine q12 hrs for 24 and 48 hrs, respectively, in order to label dividing VZ 
precursors and their progeny. Each was sacrificed 1 hr after its last injection, 
cut, immunostained and autoradiographed. N-cadherin immunoreactivity was 
relatively restricted to the VZ, in which the vast majority of cells labeled. Of 60 
3H-thymidine+ cells scored in the HVC VZs of the 2 birds, all expressed N- 
cadherin. In contrast, of 34 likely migratory 3H-thymidine+ cells found subjacent 
to the VZ (identified by their oblong nuclei lying orthogonal to the VZ), none 
were N-cadherin+, suggesting that N-cadherin was down-regulated prior to 
migration from the VZ. Unlike N-cadherin, NgCAM/8D9 was not seen within the 
VZ, while cells deep to the VZ were NgCAM/8D9+ to varying degrees. PSA-N- 
CAM expression was noted both within the VZ, and by neurons deep to the 
VZ. Explant cultures of adult HVC VZ paralleled these findings, as migrating 
neurons did not express N-cadherin, but rather developed both PSA-N-CAM 
and NgCAM/8D9 immunoreactivity. Addition of anti-N-cadherin Fab to the 
media resulted in a hastening of neuronal migration from the explants, but did 
not influence the final number of neurons arising from each. Thus, the 
departure of new neurons from the adult avian VZ may require their 
suppression of N-cadherin, prior to their parenchymal migration and up- 
regulation of PSA-N-CAM and NgCAM/8D9 expression. (NIH K08NS 01316, 
R29NS29813, the Mathers and Lookout Foundations, and the Hirschl Trust).

2 2 .3
EVIDENCE FOR TELENCEPHALON-TO-DIENCEPHALON CELL 
MIGRATION IN THE DEVELOPING PRIMATE BRAIN: A RETROVIRAL- 
MEDIATED GENE TRANSFER ANALYSIS. DJL Komack*. U L  SanesϮ and P. 
Rakic- Sect. Neurobiol., Yale School o f Med., New Haven, CT 06510, ϮDept. 
Anat. & Neurobiol., Washington Univ. Med. Ctr., St. Louis, MO 63110.

The pulvinar thalamic nucleus is especially large in primates and the evolution of 
its size may be related to the parallel elaboration of neocortical areas connected with 
it. Surprisingly, during the development o f this nucleus, most o f the increase in the 
size of the pulvinar occurs relatively late in gestation, after the proliferative zone of 
the diencephalon is exhausted. Previous Golgi and Nissl studies of human fetuses 
inferred that this delayed growth may reflect an influx of cells into the thalamus 
from still active proliferative sources in the telencephalon (Rakic & Sidman, '69). 
To test this hypothesis directly, we used retroviral vectors to tag dividing cells 
lining the cerebral ventricles and determine the migration pattern of their progeny in 
the brain of the fetal macaque monkey. A mixture o f two histochemically distinct 
retroviral vectors carrying the reporter gene, IL coli ß-galactosidase (ß-gal), were 
injected into the lateral ventricles at embryonic day (E) 64, well after neurogenesis 
in the thalamus has ceased. After sacrifice at E-120, the tissue was processed for fi
gai histochemistry. More than 300 cells with either ß-gal-positive nuclei or 
cytoplasm were distributed throughout the posterior thalamus, either dispersed or in 
clusters consisting of 2 to 20 cells. Our results indicate that the posterior thalamus 
gains new cells late in gestation that arise from nearby mitotically active 
telencephalic proliferative zones and translocate into the diencephalon. Moreover, 
the existence o f labeled cell clusters raises the possibility that migrating cells divide 
after entering the thalamus. These late-forming cells may follow a unique 
migratory path to contribute to the relatively large size o f the pulvinar in the 
monkey, as well as humans. (Supported by the U.S. Public Health Service.)

22.2
EXPLANT CULTURES OF CEREBRAL CORTEX MAINTAINED 
IN A THREE-DIMENSIONAL COLLAGEN MATRIX. Dr. W. 
Hendelman* and Dr. P. Humphreys. Depts. o f Anatomy & 
Neurobiology and Pediatrics (Neurology), Univ. of Ottawa Faculty of 
Medicine, Ottawa, ON, Canada, K1H 8M5.

The aim of this investigation is to study, using explant cultures, the 
migration of neurons during the formation of the cerebral cortex. The 
tissue pieces are taken from the cerebral mantle o f E16 mouse and 
include both the ventricular surface (with the subependymal 
proliferative zone) and the piai surface (with the developing cortical 
plate). Cells "bom" on E l6 in the proliferative zone will migrate 
through the intermediate zone to form the upper layers of the cerebral 
cortex. Explants about 300pm in thickness are placed within a 
collagen-gel, thereby forming a three-dimensional matrix. Conditions 
necessary for the maintenance of the full thickness of the explant (up to 
6 days in v i tro )  include: (i) placing the explants on a membrane with 
large pores (70pm) and providing nutrient (under the membrane) to the 
undersurface o f the explant; (ii) providing a critical amount of nutrient 
medium above the explant to allow the tissue to be exposed to ambient 
air (20%O2/5% CO2) during a slow rocking cycle. Histological 
analysis with paraffin sections indicates that tissue viability in these 
explants can be obtained up to a thickness o f approximately 150- 
200pm, The use of smaller pores or more medium resulted in necrosis 
of the central core of the explant. The use of 95%O2/5%С02 resulted 
in total tissue death. This in v i tr o  model is being used to study the 
influence o f cell adhesion molecules on neuronal migration. 
(Supported by grants from the Children's Hospital of Eastern Ontario 
Research Institute and the Ontario Mental Health Foundation.)

2 2 .4
NON-RADIAL ORIENTATIONS OF MIGRATING CELLS IN THE 
DEVELOPING CORTEX. N, A, Q'Rourkg*, D, P,.S.ullivan, and S .K. 
McConnell. Dept. of Biol. Sci., Stanford U., Stanford, CA 94305 

Several lines of evidence suggest that migration in the developing cortex 
is not strictly radial. To further explore the diversity of cortical migratory 
pathways, we have examined the orientations of cells in fixed sections of 
neonatal ferret brain. Animals were pulse-labeled with 3H-thymidine on 
postnatal day (P)l, fixed at daily intervals, and their brains sectioned and 
processed for autoradiography. Postmitotic cells that were heavily labeled 
with 3H-thymidine and had moved out of the ventricular zone into more 
superficial areas were assumed to be primarily migrating neurons. The 
orientations of the cells could be discerned in coronal sections of the 
cortex stained with cresyl violet. Of the total number of labeled cells in 
the intermediate zone at P2-P4, 27% were oriented in non-radial (30-90° 
from radial) directions suggesting they were migrating along non-radial 
pathways. At slightly later stages, P6-P10, the proportion of nonradially 
oriented cells in this region increased to about 40%, perhaps due to the 
ongoing expansion and folding of the developing cortex. The orientations 
of cells at different depths within the cerebral wall were compared. Cell 
orientations did not vary significantly according to their depth within the 
intermediate zone. The number of non-radially oriented cells was 5-10% 
higher in the subventricular zone and about equal from the intermediate 
zone out to the cortical plate. Thus, it appears that non-radial migration 
occurs at all depths of the developing cortex. These results suggest that 
the proportion of cells following non-radial pathways at some stage 
during their migration could be quite high. We are currently using 
imaging techniques to verify the migratory pathways of cells in these 
cortical regions. Supported by NIH EY06314, EY08411, & NSF PYI.
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22.5
M A B 'S  2G 12  AND T U J1  AND D il L A B E L IN G  R E V E A L  E A R L Y  
P A T T E R N S  O F  C N S N E U R O G E N E S IS  AND N EU R O N A L M IGRATION  
INTO PR EFO R M ED  PIAL P R O C E S S E S . J. Silver. *K. Meirit. E . Dentt. and P. 
A. Brittis . Dept. of Neurosci., CW RU, Cleve., OH 44106 and ϮDept. of Pharm., 
SUNY Health Science Center, Syracuse, NY 13210
We have discovered that a monoclona! antibody 2G12/C7 which recognizes a 

specific peptide on the phosphorylated form of GAP-43 can mark the earliest 
stages of neurogenesis and neurodifferentiation in several areas of the central 
nervous system even before the cells produce neuron specific class III 0- 
tubulin (TUJ1) and elaborate axons. Beginning at E10 in neocortex, brainstem 
and spinal cord and at E11 in retina, 2G12 immunoreactivity was detected in 
large isolated cell bodies closely abutting the ventricular surface. Within one 
or two days, immature radially shaped neurons scattered among unlabeled cells 
were generated throughout the entire brain. Most were now attached to the 
piai surface with botton-like endings and the majority had cell bodies at the 
ventricular surface while others began to translocate their nuclei into the pial 
process. In general the presence of 2G12 antigenicity preceded the presence 
of TUJ1 by about 1 day. As cell bodies translocated to the pial surface they 
lost 2G12 staining, became TUJ1-positive and in regionally specific patterns 
sprouted axons from the pial p rocesses. The T U J1-positive ventricular 
processes can be retained even after an axon was formed. Axons contained 
both 2G12 and TUJ1 and when these young neurons were Dil labeled from 
their axons their primitive neuroepithelial shape was confirmed. Thus, immature 
neurons are generated throughout the early CN S but become locked in the 
shape of neuroepithelial cells in a premature state of differentiation until the 
environment signals/allows them to form axons. Also, the data suggest that a 
major form of neuronal cell body migration in the early embryo is not along 
radial glia but via nuclear translocation into a preformed pial process.

22.7
ca2+ levels remain stable as cerebellar granule neurons
MIGRATE ALONG GLIAL FIBERS IN  VITRO. John W. Dani and Marv E. 
Hatten*. The Rockefeller University, 1230 York Avenue, New York, New York 
10021-6399.

Previously we have used a microculture system to examine the features 
of cerebellar granule cells undergoing migration along glial fibers, including 
the extension of a leading process along the glial arm and the formation of an 
interstitial junction along the length of the soma. During migration, the 
neuron moves in a saltatory manner by releasing and reforming both punctae 
adherentia along the leading process and the interstitial junction along the cell 
soma. To examine whether Ca2+ oscillations regulate the formation and/or 
release of adhesions during migration, as seen in macrophages, we imaged 
intracellular Ca2+ concentrations within migrating cerebellar granule neurons 
in vitro.

Granule neurons purified from early postnatal cerebellum and co-cultured 
with purified astroglia for 2 days in vitro were loaded with the Ca2+ indicator, 
fluo-3 as the acetoxymethyl ester derivative. Time-lapse, laser confocal 
microscopy, with simultaneous fluorescence and DIC imaging, provided a 
detailed, comparative view of Ca2+ levels in particular regions of the migrating 
cell, including the leading process, the cell soma and the trailing axon. The 
Ca2+ concentration within migrating granule neurons remained stable and 
relatively low both during periods of movement as well as during periods 
when the cell was stationary. No changes in Ca2+ levels were seen in the 
leading process, the cell soma or the trailing process during migration. 
Occasionally, solitary Ca2+ spikes were observed, occurring randomly 
throughout the cycle of migration and pausing. The striking stability of Ca2+ 
levels within migration granule neurons contrasted with the marked 
fluctuations in Ca2+ levels observed within the growth cone by other groups. 
These results underscore differences in motility between growth cones and 
migrating cells.

Supported by NIH grant NS15429 (MEH).

22.6
IN VITRO STUDIES ON THE ROLE OF AN  ASTROCYTE SURFACE  
MOLECULE IN NEURONAL MIGRATION IN TH E DEVELOPING  
RAT CEREBELLUM. B. Mittal *aid S. D avid. Centre for Res. N eurosci., 
Montreal General Hospital Res. Inst. & M cGill U n iv ., Montreal, Canada.

W e have previously characterized a monoclonal antibody (mAb 1A1), 
which recognizes an astrocyte surface glycoprotein o f  ≈  135 kd. Since 
the mAb 1A1 binds exclusively on astrocytes in the rat C N S, and has 
adhesive properties, we have named this m olecule "astrokratin". In vitro 
studies indicate that astrokratin mediates neuron-astrocyte and astrocyte- 
astrocyte adhesion, as well as neurite outgrowth on astrocytes. In this 
study, w e provide biochemical and functional evidence for the role o f  
astrokratin in neuronal migration in the developing rat cerebellum.

By immunocytochemistry, the mAb 1A1 binds to the surface o f  radial 
Bergmann glia, but not to cerebellar cortical neurons. Developmental 
changes in the expression o f  astrokratin in the postnatal (P) cerebellum  
(P1, P 1O, P20 and P35) was studied by immunoprecipitation. The level 
o f  astrokratin increased by 2-fold between PI and P20 follow ed by a 
decrease to the PI level at P35. In addition, the number o f  astrokratin+  
Bergmann glia also increased from 33% to 78% between P 1 and P7 in 
dissociated cell cultures. M onovalent fragments o f  the mAb 1 A l inhibited 
the adhesion o f neurons to Bergmann glia  by about 50% . Furthermore, 
the mAb 1A1 induced a 60% reduction in the migration o f  neurons on 
radial Bergmann glial cells when added to microexplant cultures o f  the P7 
cerebellar cortex. Our results with the mAb 1A1 suggest that astrokratin 
may play an important role during the development o f  the cerebellar cortex 
by mediating glial-guided neuronal migration.

22.8
SPONTANEOUS CALCIUM ION OSCILLATION IN MIGRATING GRANULE 
CELLS IN MICROEXPLANT CEREBELLAR CULTURES: A LASER 
MICROSCOPIC STUDY WITH CALCIUM INDICATOR DYE FLUO-3. H . 
Komuro* and P. Rakic. Section o f Neurobiology, Yale University School of 
Medicine, New Haven, CT 06510

Recently, we found that Ca2+ influx, regulated by both N-type Ca2+ channels and 
N-methyl-D-aspartate(NMDA) receptors, is essential for extension of the leading 
process and translocation o f cell somata during neuronal cell migration (Komuro & 
Rakic, Science 257: 806, 1992; Science 260: 95, 1993). Here, we report that 
postmitotic granule cells exhibit a cycle o f intracellular Ca2+ oscillation during their 
movement. Rectangular pieces (100-200 μm) o f cerebella from 3-7 day-old CD-I 
mice were placed on poly-L-lysine and laminin-coated Petri dishes containing 1 ml 
serum-supplemented culture medium. After 2-3 day incubation, cells were bathed in 
serum-free, defmed culture medium with 1-3 μΜ Fluo-3/АМ for 30-60 min at 36 °С. 
After rinsing and an additional 1-3 hr postincubation in defmed culture medium, 
granule cell migration from microexplants was examined using confocal laser 
microscopy. Changes in the rate of cell movement and the levels of intracellular Ca2+ 
were directly recorded in single optical sections collected at 1-60 sec intervals for up 
to 70 min. The average rate o f movement was 19.9+ 14.9 μm/hr (n=15). However, 
the migration speed of individual cells fluctuated from the very rapid (100 μm/hr) to a 
complete stop. The interval between high velocity points ranged between 3-7 min. 
During migration, Ca2+ level also showed cyclic oscillatory elevations in both the 
cell nucleus and cytoplasm. Although Ca2+ level in the nucleus was consistently 
higher than in the cytoplasm, both cell compartments displayed the same cyclic 
periodicity similar to that o f the soma movement. The amplitude of the oscillatory 
Ca2+ elevation varied between cells (5-25 % ∆F/F), but was relatively constant 
within a given cell. Furthermore, the amplitude of oscillations in slow-moving cells 
was smaller than that in fast-moving cells. These results indicate that spontaneous 
oscillation o f intracellular Ca2+ level could be involved in regulating cytoskeletal 
dynamics and triggering the activity of actin-binding contractile proteins that are 
essential for cell migration. (Supported by NS14841 and NS22807.)

22.9
ONTOGENY OF RAT SUPRAEPENDIHAL CELLS AND SUBCO
MMISSURAL ORGAN (STUDIED WITH SCANNING ELECTRON 
MICROSCOPY) . I .  Herrera-Vázquez*. J.Reves T . .
S . de Lara. Depto. Anatom í a, Fac. Medicina UNAM 
Subcommissural organ (SCO) displasia enhances 
the incidence of hydrocephalic offspring rats, 
due to acueductal stenosis. Supraependymal 
cells (SEC) on the surface of the ventricular 
cavity can have neuronal, glial and phagocytic 
functions. The origin of the cells and the 
possible effects on surface morphology are 
discussed. The present study was practied with 
offspring and 13,15,17 and 21 gestational days 
old rats to identify the origin of supraependy
mal cells, as well as their migration on the 
ventricular surface. They were processed for 
scanning electron microscopy. The first supra
ependymal cells were found in 13 intrauterine 
days old rats: these increased significantly in 
this 15th day of gestational stage, especially 
in the subcommissural organ. Older rats (17 and 
21 days, as well as offspring) showed an impor
tant decrease in cell quantity.
These results show the origin of suprependymal 
cells and several events in the interactions 
betwen them and the neuroblastic wall. 
Acknowledgement Technical support Espinosa G. 
and Zepeda A. Dep. Histologia.
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2 3 .1
NEURONAL MORPHOGENESIS BY DIFFUSION-LIMITED 
GROWTH WITH ACTIVE MEMBRANES. H.G.E. Hentschel and
A. Fine*. Emory University, Atlanta GA 30322 and Dalhousie 
University, Halifax NS CANADA B3H 4H7.

We describe a general class of models for the generation of 
neuronal dendritic shapes. The self-similar structure of dendrites 
over a range of length scales is consistent with the hypothesis that 
growth is regulated by diffusion of a chemical factor whose 
concentration field results from the interaction of dynamic influx 
and extrusion. More specifically, we hypothesize that calcium is 
the principal such factor, and that the rate of neuronal outgrowth 
is determined by the local calcium ion concentration beneath the 
cell membrane. The behavior of model cells with active 
membranes, including calcium pumping and voltage-dependent ion 
channels, is examined in computer simulations under biologically- 
plausible conditions including imposed external electric fields, 
calcium gradients, and altered membrane properties; the resulting 
simulated outgrowth resembles dendritic morphogenesis under 
similar imposed conditions in vitro, both in its dynamics and 
outcome.

2 3 .3
STAUROSPORINE CAUSES STELLATION OF ASTROCYTES BY 
RAPID DISSOLUTION OF FILAMENTOUS ACTIN. R.M. Devon*.
A. Casev and B.HJ. Juurlink. Departments of Anatomy and Oral 
Biology*, University of Saskatchewan, Saskatoon, Sask, Canada 

Within minutes o f the introduction of staurosporine (staur) to the 
medium, cultured rat type-1 astrocytes undergo a rapid stellation. This 
process is dose-dependent, with initial effects being seen at 25 nM 
staur, maximum stellation occurring at 300 nM staur and 1000 nM staur 
being toxic to the cells. Such a stellation is usually associated with 
depolymerization of actin. Our objective was to examine the distribution 
of actin in these astrocytes, and its reorganization following addition of 
staur, by using BODIPY-labelled phalloiden and EM. In normal culture 
conditions, actin filaments were distributed mainly in the form of stress 
cables. Within 15 min of staur treatment, much o f the actin had 
collapsed into amorphous agglomerations or into tightly packed 
filamentous tangles. By thirty min, while there appeared to be fewer 
actin tangles, actin-containing concretions protruding off the cell 
surfaces increased. By 2 hr, little filamentous actin remained. EM 
examination confirmed that there was a rapid disassembly of actin 
filament bundles following staur treatment. Disassembled actin was 
seen initially as electron dense deposits not bound by a limiting 
membrane. By 30 min, amorphous material that we interpret as actin, 
was seen protruding off the cell surface. We demonstrate that staur, a 
potent protein kinase inhibitor, causes a rapid disassembly of actin 
filaments in astrocytes that is coincident with process formation. T h is  
w ork  w a s  s u p p o r te d  b y  a  g r a n t f r o m  th e  R a ls to n  B r o th e r s  M R F  a n d  
M elfort U nion  H o sp ita l to  B J .  a n d  a  D ea n 's  M R C  g r a n t to  R D .

2 3 .5
POSTNATAL DEVELOPMENT OF MOUSE AND HUMAN LIGHT 
NEUROFILAMENT PROTEINS IN THE BRAIN OF TRANSGENIC MICE: 
IMMUNOREACTIVE CELL BODIES. D. Ma*. L. Descarries. J.-P. Julien 
and G. Doucet. Centre de recherche en science neurologiques and Département 
de pathologie, Université de Montréal, and Montreal General Hospital Research 
Institute, McGill University, Montréal, Québec, Canada.

Adult mice transgenic (Tg) for the human neurofilament light protein (hNF-L) 
display abnormal perikaryal immunoreactivity for hNF-L in thalamic neurons. 
Using two monoclonal antibodies against NF-L, one specific for the human 
protein (DP5-1-12) and the other detecting both human and murine NF-L 
(NR4), we examined file distribution of reactive perikarya in the brain of Tg and 
normal mice on the day of birth (P0), and up to P30. Several brainstem nuclei 
were already labeled for hNF-L and/or NF-L at P0, in both Tg and normal 
mice. In the forebrain of normal mice, positive neurons were first detected in 
layers П-Ш of parietal cortex at P20, already showing adult patterns, whereas, 
in the thalamus, neuronal labeling was only transient (P10) and faint. In Tg 
mice, hNF-L-labeled cell bodies were first detected at P3 in the parietal cortex, 
where their number increased steeply at P6, including many deep layer cells 
exhibiting features of migrating neurons. At P10, layers П and III of several 
cortical areas were filled with neurons intensely positive to both antibodies. 
These neurons then decreased in number to adult levels at P20. In the thalamus 
of Tg mice, weakly labeled neurons were seen already at PO in VPM, DM and 
VM. The distribution and intensity of this labeling increased and extended to 
other thalamic nuclei to reach the adult pattern at P10, and inflated perikarya 
with excentric cell nuclei became visible at P20. Thus, most brain regions with 
labeled neuronal perikarya in adult Tg mice also showed some perikaryal 
reactivity in normal mice at some point during postnatal ontogeny. However, 
sustained accumulation of NFL protein occurred only in thalamic neurons, 
leading to the pathological phenotype of adult animals.
(Supported by FRSQ and MRC grants MT-10982 and MT-3544).

2 3 .2
M O D U L A T IO N  OF S C H W A N N  CELL M OR PH OLOG Y BY 
EXTRACELLULAR MATRIX A N D  CYTOSKELETAL MOLECULES
C.J. C om brooks, *Dept. of Anat. & Neurobiol., Univ. of VT., Burl., VT. 05405 

Schwann cell (Sc) differentiation, an early event in PNS developm ent, 
is hallmarked by elongation o f Sc processes in  direct contact w ith nerve cell 
process(es). In addition to contact with nerve cells, Sc differentiation also 
requires contact w ith extracellular matrix (ECM) m olecules. Sc-ECM contact 
m ay result in signal transduction events which ultim ately regulate Sc 
cytoskeleton and hence Sc morphology. To explore the effect o f ECM and 
cytoskeletal m olecules on Sc m orphology, Sc were cultured on a variety of 
ECM substrata w ith or w ithout blocking cytoskeleton formation. Sc were 
labeled with a carbocyanine dye, Dii, and dissociated onto various substrata. 
Sc m orphologies were visualized directly and with im m uno/histochem ical 
m ethods. Sc placed onto substrata com posed o f laminin or type IV collagen  
in defined m edium  initially exhibit large lamellopodia, multiple, branched 
primary processes, and num erous fine processes. Eventually Sc on these 
substrata exhibit processes which are significantly longer in length and 
longevity than Sc processes extended on substrata o f plastic or type I 
collagen. The nature of Sc processes is also dictated by alterations in 
cytoskeletal proteins. The initiation and maintenance of Sc processes on 
laminin substratum requires polymerization and stabilization of β-tubulin as 
indicated by the negative influence of the cytoskeletal poisons, colchicine and 
taxol. In contrast, disruption of actin filaments w ith cytochalasin D results 
in an increase in the number and branching o f Sc processes as they are 
initiated, but has less effect on established Sc processes. In summary, contact 
with ECM m olecules m odulates Sc m orphologies. Thus signal transduction 
system s related to ECM m olecules m ay m odulate Sc cytoskeletal proteins, 
m orphology, and differentiation.

2 3 .4
TH E DISTRIBUTIO N OF AM YLO ID PR ECURSO R PR OTEIN IN 
PO LA RIZED NEURONS AND ITS A SSO C IA T IO N  W ITH  THE  
PO LY M E R IZE D  C Y TO SK ELE TO N . B.,.Allinquant  К.L,. Моуа.-С. 
Вouillot. A, Prochiantz*. CNRS URA1414, ENS, 46 Rue d'Ulm 75005 Paris, 
France; CNRS URA1285 and INSERM U334, SHFJ-CEA, 4  Place Gal. Ledere, 
91401 Orsay Cedex, France.

Polarized embryonic neurons in culture contain only full-length transmembrane 
forms of the Amyloid Precursor Protein (APP) as determined by Western blot 
analysis using antibodies specific for epitopes near the N-terminal and in the C- 
terminal regions. In addition, we found that embryonic neurons do not secrete the 
protein in the culture medium. When cells were fixed with paraformaldehyde, 
immunocytochemistry revealed the presence o f APP in axons and cell bodies o f 40% 
of the neurons. Permeabilization of the cells with Triten  X100 after fixation resulted 
in 100% of the cells being APP immunoreactive, and extended the staining to all 
compartments, including dendrites, suggesting the existence o f two intracellular pools 
of APP. After ionophore-induced calcium entry, confricai microscopy showed that the 
APP near the surface o f axons and soma was rapidly augmented. Calcium entry, 
however, did not result in the secretion o f APP which remained associated with the 
membranes.

Microtubule biochemical experiments showed that full-length transmembrane 
forms o f APP from cultured neurons associate with the polymerized cytoskeleton. 
Using extracts from adult rat brains containing either secreted forms lacking the C- 
terminus or full-length transmembrane APPs, we demonstrated that only the latter 
could associate with the polymerized cytoskeleton. Thus, it appears that only full- 
length transmembrane forms o f the protein interact with the polymerized 
cytoskeleton.

Based on our results, we propose that upon calcium entry, APP-containing 
vesicles associated with the cytoskeleton translocate toward the surface o f the axonal 
membrane but that APP stabilization at the cell surface and its subsequent secretion 
require further physiological stimuli.

2 3 .6
MULTIPLE NEUROFILAMENT PROTEIN mRNA'S PRODUCED BY GENE 
DUPLICATION AND ALTERNATIVE SPLICING OF NF-M IN XENOPUS 
LAEVIS. B.G. Szaro*. Dept. of Biol. Sei., SUNY-Albany, 
Albany, NY 12222.

Developing and mature axons of Xenopus laevis express 
proteins antigenically related to the mammalian middle 
molecular weight neurofilament protein (NF-M). To 
facilitate functional studies of this protein in 
development, relevant cDNA clones were isolated by 
screening separate Xenopus brain and spinal cord cDNA 
libraries with cDNA probes for mammalian NF-M. 
Overlapping clones from two distinct mRNA's, each 
approximately 3 kb in length, encoded two separate NF-M 
proteins with predicted molecular weights of 101 and 103 
kDa. In the rod domain at the amino acid level, these 
proteins were 96% identical to each other and 79% 
identical to rat NF-M. The two frog mRNA's were derived 
from separate genes, differentially expressed within the 
CNS. Whereas one mRNA was ubiquitous to brain, eye and 
spinal cord, the other was abundant only in the spinal 
cord. In addition, shorter (2.1 kb) mRNA's resulting 
from differential splicing of RNA within the C-terminal 
domains were associated with each of the two frog NF-M's. 
The coding domain of one of these alternative splice 
products was sequenced fully and found to predict a 
unique 72 kDa low molecular weight neurofilament protein. 
Alternative splicing of RNA resulting in multiple 
intermediate filament proteins is common among 
invertebrates, but is previously unheard of for 
vertebrate neurofilament proteins. NIH R29 NS30682.
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2 3 .7
DEVELOPMENTAL EXPRESSION AND ACTIVITY-DEPENDENT 
REGULATION OF TROPOMODULIN IN THE RAT CENTRAL NERVOUS 
SYSTEM. S. Sakhi, M.A. Sussman. M. Ito. G. Tocco. I. Naim. M. Baudry, L. 
Kedcs and S. S. Schreiber*. Neurosciences Program, Dept. of Neurology, Institute 
for Genetic Medicine and Dept. of Biochemistry, Univ. So. Cal., Los Angeles, CA 
90033.

Tropomodulin is a 40.6 kDa cytoskeletal protein that binds to tropomyosin and 
prevents tropomyosin binding to actin in skeletal muscle and erythrocyte 
membranes. We used northern and western blot analyses, as well as in situ 
hybridization to identify and localize tropomodulin mRNA and protein in adult 
and neonatal rat central nervous system. A species-specific cDNA probe detects 2 
mRNA transcripts of 3.4 and 1.8 kb in rat brain. Anti-tropomodulin antibodies 
label a Mr 46,000 polypeptide in rat brain homogenate. In situ hybridization 
reveals an abundance of tropomodulin mRNA in the granule cell layer of the 
cerebellum, with more modest levels of expression in hippocampus and 
neocortex, beginning at around postnatal day 15 and increasing through day 24. 
The temporal and spatial changes in tropomodulin expression during postnatal 
development parallel those for brain tropomyosin, and coincide with the period of 
maximal granule cell differentiation as well as the acquisition of coordinated 
motor activity. In the spinal cord, tropomodulin mRNA is particularly abundant 
in motor neurons of the ventral horn. The regulation of tropomodulin gene 
expression by neuronal activity was explored using the potent excitotoxin, kainic 
acid. A dramatic increase in tropomodulin mRNA expression occurs in 
hippocampal granule cells by 8 hours after kainate-induced seizures, and remains 
elevated for at least 1 week. These results, combined with the developmental 
expression of tropomodulin, suggest a role for tropomodulin in neural 
organization and plasticity.

2 3 .9

DISRUPTION OF PERIPHERIN NETW ORK IN DORSAL ROOT 
GANGLION NEURONS OF TRANSGENIC M ICE ALTERS 
NEURONAL INTERM EDIATE FILAM ENT EXPRESSION
Beleckv-Adams T*. Wight DC#. Kopchick JJ#. and Parvsek LM. Department of 
Anatomy and Cell Biology, University of Cincinnati School of Medicine, 
Cincinnati, OH 45267, and #Edison Animal Biotechnology Center, Ohio 
University, Athens, OH 45701.

Peripherin, a 57kD Type III intermediate filament protein (IFs), is distributed in 
a subset of neurons in peripheral and central nervous systems. In adult dorsal root 
ganglia (DRG), peripherin is expressed in small- and some medium-sized neurons, 
whereas the neurofilament triplet proteins (NFs; NF-L, -M, & -H) are expressed 
in medium- and large-sized neurons. During neurite extension in development and 
following injury of peripheral nerves in the adult, however, peripherin is 
expressed in all DRG neurons; thus a role for peripherin in neurite extension has 
been hypothesized. To test the role of peripherin in neurite extension, a dominant 
negative peripherin transgene was constructed by deleting 255bp from a region 
known to be required for assembly of IF networks and was used to prepare 
transgenic mice in which peripherin IF networks were destroyed. To aid in 
immunohistochemical localization of the protein product of the transgene, a 
human c-myc tag was placed in frame in the transgene. Five founder mice 
(disrupters) were obtained; F1 disrupter mice were analyzed and compared to 
normal littermates, as well as mice bearing a control transgene (per-myc) in 
which the 255bp deletion was not made. Immunofluorescence analysis of tissue 
sections through DRG of disrupter mice indicated a substantial increase in the 
number of neurons co-expressing peripherin and NFs (42.9% +/- 0.8) as compared 
to normal littermates (15.6% +/- 2.9), and per-myc controls (16.1 +/- L7). 
Further experiments will elucidate whether this change in expression pattern is 
due to death of a population of neurons in the DRG, a change in the 
differentiation of the neurons, or a stress response like that seen after injury.

2 3 .8
EXPRESSION OF NEUROFILAMENT PROTEINS DURING 
DEVELOPMENT OF THE GIANT FIBER SYSTEM IN THE SQUID. 
P. Grant*. D.Tseng. H.Gainer, R. Gould and H, C, Pant, Laboratory 
of Neurochemistry, NINDS, NIH, Bethesda, Md. 20892 and MBL, 
Woods Hole, Ma. 02543

The squid giant fiber system is uniquely adapted for rapid swimming 
and escape behavior. Without myelin, the large axon caliber and rapid 
conduction velocity of the giant fiber system may be attributed, in part, 
to the space-filling role of neurofilaments. The giant axons contain 
neurofilaments NF 60, 70 and a heavily phosphorylated 220 (NF-220), 
all derived from a single gene by alternative splicing. We studied the 
expression of NF proteins during development of the squid nervous 
system by immunoblot and immunocytochemical techniques. Except for 
a mammalian-derived antibody to detect NF-220, all other antibodies 
were prepared against specific peptides from squid NF sequences. All 
NF polypeptides are expressed in adult optic lobe, stellate ganglia, and 
giant axons. NF 60 and NF-220 are robustly expressed in most axons 
and in some large perikarya in the stellate ganglion and optic lobe. NF 
70 is only weakly expressed, primarily in neuropils and a few fiber 
tracts of the optic lobe and stellate ganglia. Early in development of the 
retina and optic lobe, NF 60 and NF 70 are expressed in axons and 
neuropil; NF-220 is not expressed until just before hatching. In the 
brain and stellate ganglia o f the giant fiber system, however, NF 60 is 
far more strongly expressed than NF 70 as axons first differentiate. 
NF-220 appears later, several days earlier in stellate giant axons than in 
optic lobe and brain ganglia.

2 3 .1 0

MODELING THE FORMATION OF NEURONAL DENDRITIC TREES. I. Aharon. 
Y. Yarom and I. Segev*. Dept. o f Neurobiology, Inst o f Life Sciences, The Hebrew 
University of Jerusalem, Jerusalem, ISRAEL.

The observation that many types o f neurons can develop their characteristic 
morphology even when grown in abnormal environment led to the hypothesis that 
neuronal morphology is determined by intrinsic, presumably genetic, factors. Based 
on current knowledge, it is unlikely that detailed information o f the entire structure of 
individual neurons could be encoded. An alternative form of genetic encoding would 
be the specification of growth rules, a process which needs less information than a full 
encoding of the entire shapes of dendritic trees.

The present work attempts to develop and test a general class of models that can 
account for the formation of neuronal dendritic trees. These models are generated by a 
small set of ‘growth rules’ and parameters which are necessary and sufficient to 
describe the morphology of individual dendrites, including their statistical variability. 
The theoretical trees are composed o f individual segments, which obey the following 
rules: (1) The segment length, l , is determined by the formula: l = mdδ, where б is a 
constant and m is chosen at random to be either zero or one, thus controlling the 
probability of a segment to branch. (2) The ratio, a , between the diameters of two 
sibling daughter branches, d1 and d2, is random. (3) The relation between the 
diameters of the daughters, d1, d2 and the parent branch, d0, follows the equation 
dx0 = dx1 + dx2 where X is constant for a given tree. (4) A segment stops branching 
when its radius is equal or less than a minimal radius, 4min·

Simulations show that the number of terminals and total volume of the dendritic 
tree as a function of the branch order are both very sensitive to the parameters, m, d, 
and б. Yet, the volume is insensitive to x  and to б, when б > 1.5.

Our study helped to identify which parameters (and in what range o f values) are 
critical in determining the morphology o f a dendritic tree (e.g., number of terminals, 
total length, surface area, volume, etc.). We believe that this approach will serve as a 
framework for a simple description of dendritic structures and will help to understand 
the rules that govern morphogenesis o f denderitic trees.

2 3 .1 1
EVIDENCE AGAINST THE INVOLVEMENT OF A DIMERIZATION SITE 
IN MICROTUBULE BUNDLING BY MAP2. A. Matus*, В. Ludin 
and K.E. Bürgin. Friedrich Miescher Institute, P.O.Box 2543 
CH-4Û02 Basel, Switzerland.
The neuronal microtubule-associated protein MAP2 induces 

bundling of microtubules when expressed in non-neuronal 
cells. This has been interpretated as indicating either 
that MAP2 molecules bundle microtubules by forming dimers, 
or that microtubules stabilized by MAP2 have an intrinsic 
tendancy to associate. We have devised a means of testing 
whether MAP2 contains a dimerization site that is active in 
living cells. The test uses overlapping fragments of MAP2 
that are not capable of binding to microtubules indepen
dently. Several such fragments were subcloned into a 
eukaryotic expression vector and provided with a short 
immunological "tag" so that their distribution in trans
fected cells could be determined independently of native 
full-length MAP2. Cells were co-transfected with a "tagged" 
fragment and with full-length MAP2c and double-stained with 
antibodies against the tag and against a site in full- 
length MAP2. The native MAP2 was attached to bundled micro
tubules but none of partial constructs associated with the 
bundles. We conclude that MAP2 does not contain a cross- 
linking site that is active in living cells and that the 
bundling induced by MAP2 is most likely the result of its 
ability to stabilise microtubules.
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24.1
The protein kinase inhibitor KT 5926, a K252a derivative, 
prevents neurite elongation but not priming in cultures of NGF- 
treated PC12 cells. Kenneth K. Tena* and Llovd A. Greene. Dept. o f 
Pathology and Center for Neurobiology and Behavior, Columbia University, 
New York, N Y  10032.

To understand the molecular mechanisms underlying NGF-promoted neurite 
outgrowth, we have sought to identify protein kinase inhibitors that affect 
specific aspects of neuritogenesis. We report that the compound KT 5926 
(EC50 ≈ 3 μΜ) significantly prevents generation of neuntes by PC12 cells (C41 
sub-clone) even after long-term (> 10 d) NGF treatment. This compound also 
suppresses neurite regeneration by NGF-pretreated cells. Removal of KT 
5926 from cultures treated with NGF results in rapid extension of neurrtic 
processes in an NGF-dependent manner. This indicates that KT 5926 does 
not inhibit the transcription-dependent priming events that permit cells to 
regenerate neuntes. The inhibitory effect of KT 5926 on neurite outgrowth 
appears to act at least in part at the levels of growth cones since treatment of 
existing neuntes with this compound causes growth cones collapse and 
completely prevents further elongation of neuritic processes. To identify 
potential cellular target/s for KT 5926, we examined its effects on several NGF- 
induced cellular responses, including gp140prototrk auto-phosphorylation, c- 
fos mRNA induction and the phosphorylation of selected cytoskeletal 
components. None of these parmeters are affected by this compound. 
However, the phosphorylations of two proteins (pp58 and pp24) are 
specifically and rapidly inhibited by KT 5926 in PC12-C41 cells. Although past 
studies have reported that KT 5926 is a potent inhibitor of both myosin light 
chain kinase and calmodulin-dependent protein kinase II, other inhibitors (ML- 
9 and KN-62, respectively) that affect the activities of these two kinases in 
intact cells neither block neurite outgrowth nor affect the phosphorylation of 
pp58 and pp29. Taken together, our results indicate that KT 5926 is a useful 
reagent for dissecting the mechanism of NGF promoted neuritogenesis.

24.3
A MONOCLONAL ANTIBODY THAT PROMOTES NEURITE 
GROWTH ON INHIBITORY CNS SUBSTRATES. Andres 
Lozano, Chaoving Li. John Roder and Arthur Roach*. Samuel 
Lunenfeld Research Institute of Mount Sinai Hospital, Toronto.

The mammalian CNS contains proteins which inhibit neurite 
outgrowth and which have been implicated in the lack of successful 
regeneration in the injured brain and spinal cord. These inhibitory 
proteins appear to trigger an active response that includes growth 
cone collapse, possibly through activation of a specific receptor(s). 
To explore the role of the neuronal molecules in this inhibitory 
response, we have made monoclonal antibodies against neuronal cells 
and tested them for ability to block or overcome the effects of CNS 
inhibitory proteins. When plated onto 10 μg/cm2 of inhibitory CNS 
extract, approximately 2% of PC12NGF or NG108cAMP cells have 
processes of greater than one cell diameter in length at 24 hrs. In the 
presence of one anti-neuronal monoclonal antibody (10D) there is a 
5- to 10-fold increase. This antibody stains fixed PC12NGF and 
NG108cAMP cells. On immunoblots of PC12NGF or NG108cAMP cell 
proteins, two distinct bands are recognized. The 10D antibody may 
be useful in promoting neurite outgrowth in v ivo  and in studying the 
interactions between neurons and growth inhibiting substrates. 
Supported by the Network of Centres of Excellence in Neural Repair 
and Functional Recovery, and Medical Research Council (Canada).

24.5
EFFECTS OF bFGF AND EGF ON PC12 CELLS IN VITRO. X.L. Chen . G. 
Yorke. F.J. Roisen and M. Guotą. Department of Anatomical Sciences and 
Neurobiology, University of Louisville School of Medicine, Louisville, KY 
40292.

Previous reports have demonstrated that cells grown in vitro respond 
uniquely to different growth factors (Togari et al., J. Neurosci. 1985,5:307- 
316; Fillmore et al., J. Neurosci. Res. 1992, 21:662-669). In the present 
study, the responses of PC12 cells to the basic fibroblast growth factor 
(bFGF) and epidermal growth factor (EGF) were examined in vitro. PC12 
cells were plated at a density of 8.5 x 104 cells/ml on collagen-coated 
coverslips in medium RPMI1640 supplemented with 10% horse serum and 
5% fetal bovine serum. Different concentrations of bFGF (1, 10 and 50 
ng/ml) or EGF (10, 50 and 100 ng/ml) were added to the media at the 
time of plating. The cells were cultured for up to 7 days. The number of 
cells and processes were quantitated over the culture period. The results 
demonstrate that while both bFGF and EGF were equivalent in promoting 
mitotic activity, only minimal number of processes were formed in 
response to EGF. In contrast, bFGF greatly enhanced the number and 
length of processes formed. Immunofluorescent techniques are being 
utilized in order to determine the cytoskeletal basis of neuritogenesis in 
response to each of the growth factors. Since ganglioside GM1 has been 
shown to potentiate the action of NGF on these cells, experiments are 
currently in progress to determine the effects of ganglioside GM1 in 
conjunction with bFGF and EGF on mitotic activity and neuritogenesis. 
Supported by USPHS NS24291 to MG.

24.2
JNTEGRIN DISTRIBUTION ON NEURONAL & NON-NEURONAL CELLS.
МХ .С ruz, T .  О'Conner* and .M .J. Ignatius. MCB, UCB, Berkeley CA 94720 

Integrins are heterodimeric receptors used by neurons to attach and extend 
processes on extracellular matrix proteins. These receptors act in concert with a 
constellation of accessory proteins to promote attachment via the formation of 
structures called focal or adhesive contacts. Previous integrin localization studies on 
neurons were done using function blocking mAbs such as CSAT. These antibodies 
recognize an active site, so may either displace occupied receptor on live cells or 
bind unoccupied receptor on fixed cells. CSAT's effect therefore precludes its utility 
as a reagent to determine the distribution of functioning, occupied integrins on fixed 
or live cells. We therefore compared the distribution of CSAT staining on 
embryonic chick fibroblasts, and sensory neurons with a non-function blocking 
integrin ß l specific mAb, TASC. The distribution for both β l mAbs was 
compared as well with immunoreactivity for vinculin, a marker for focal contacts.

TASC and CSAT staining reveals marked differences on both fixed and live cells. 
TASC on fixed or unfixed fibroblasts grown on laminin or poly-d-lysine (PDL) 
stained large macroaggregates, which co-distribute with broad patches of vinculin- 
rich adhesion plaques. These large aggregates of TASC and vinculin staining are 
most often co-aligned in arrays identical to those typically seen for actin rich stress 
fibers. In contrast CSAT on fixed fibroblasts, attached to laminin, or on live 
fibroblasts attached to PDL, is distributed in small, punctate, microaggregates, that 
are likely unoccupied. In addition CSAT presented to live cells grown on PDL 
completely randomized vinculin distribution, presumably by disruption o f the 
integrin contacts. No such redistribution of vinculin was seen with TASC on live 
cells or on fixed cells stained with CSAT. Neurons stained for TASC or CSAT are 
indistinguishable, uniformly appearing as small microaggregates. These point 
contacts might reflect more dynamic contact points, cycling between occupied and 
unoccupied states. Together these observations suggest that integrin occupancy, and 
cell type, are critical parameters when determining mechanistic roles for integrins. 
Moreover since TASC had no effect on neurite outgrowth after 18hrs, CINE images 
can now be generated to assess integrin dynamics on functioning neuntes.

24.4
HEPARAN SULFATE IN THE INNER LIMITING MEMBRANE OF 
RETINA ENHANCES THE ABILITY OF BASIC FIBROBLAST 
GROWTH FACTOR TO PROMOTE AXONAL OUTGROWTH. L. Chai.
B. Taylor*and J.E . Morris. Dept. of Zoology, Oregon State Univ. 
Corvallis, OR 97331

Studies have been shown that proteoglycans are important 
extracellular matrix molecules in enhancing neuronal cells adhesion, 
promoting neurite outgrowth, and inhibiting or repelling neurite migration 
in in vitro  systems. They are also implicated in binding and modulating 
growth factors. However, their function in biological systems in vivo is 
still not clear. In the present study, we used the inner limiting membrane 
(ILM) from embryonic chicken retinas as a natural substrate on which to 
investigate the possible functions of these glycosaminoglycans on ganglion 
cell axon outgrowth. We modified the ILM by removal of specific 
glycosaminoglycans with enzymes and allowed neuronal cells or tissue 
explants from chicken embryonic retina to grow on these modified 
substrata. By using diese techniques, we found that both growth rate and 
distribution density of the ganglion cell axons on the ILM was greatly 
inhibited by pre-treated with heparitinase (HSase) but not with 
chondroitinase ABC. Analysis of radioactive-labeled proteoglycans in the 
culture system confirmed that the action of HSase was on the ILM not the 
explant cells. HSase acted on the ability of the ILM to influence axonal 
behavior without apparent inhibition of cell adhesion. These results 
indicate that the neurite growth promoting activity depends on the heparan 
sulfate glycosaminoglycan side chains. In this study, we also demonstrated 
that binding to the ILM as well as the neurotropic effect of bFGF were 
sensitive to HSase. The exogenous heparin could restore the neurotropic 
effect of this growth factor. We conclude that heparan sulfate in the ILM 
modulates the bFGF to stimulate retinal axonal outgrowth, (supported by 
NIH grant HD 19S30 to JEM and Sigma Xi Grant-in-Aid to LC).

24.6
CHRONIC TREATMENTS WITH GLUTAMATE 
RECEPTOR ANTAGONISTS CHANGE THE CONNECTION 
PATTERN OF FROG ТЕСТ AL CULTURES. S.-Y. Lin and 
■M,.C-Qfì.SlàfìÌÌne:PaiQQÌ· Department of Biology, Yale 
University, New Haven, CT 06511.

X en o p u s  L a e v is  and R a n a  P ip ie n s  tadpole dissociated tectal 
cell culture has been developed for studying the role of 
glutamate receptors in establishing synapses in v itro . 
Experiments showed that chronic treatment with the NMDA 
receptor subtype antagonist, DL-APV (200uM) or MK801 (0.5 
uM) can increase the connections between neurons after 2 or 3 
days in culture. The AMPA receptor subtype antagonist, CNQX 
(20uM), exhibited only moderate effects. None of these drugs 
affectd either the initial sprouting rate or gross survial rate. In 
contrast, chronic treatment with Nefidipine (20uM), a general 
voltage sensitive calcium channel antagonist, blocked most 
initial neurite sprouting. However, preliminary observations 
indicated that NMDA receptor antagonists promote neurite 
growth only after neurons begin to form connections.These 
results suggest that blockade of NMDA receptor mediated 
signals can directly or indirectly modulate a neurite sprouting 
mechanism and this effect may be induced only after the 
formation of initial connections. We are currently using 
immunocytochemistry and video enhanced microscopy to 
investigate whether this effect involves axonal or dendritic 
processes. Supported by NIH EY06039
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24.7
HIPPOCAMPAL NEURONS IN VITRO RESPOND TO EXTRACELLULAR 
GUANOSINE AND GTP WITH NEURITE OUTGROWTH AND BRANCHING.
M.P. Rathbone*1 and B. Juurlink2. 1 Dept. of Biomed. Sci. and Medicine, 
McMaster University Medical Centre, Hamilton, Ontario L8N 3Z5. ^Dept. of 
Anat., University of Saskatchewan, Saskatoon, Saskatchewan S7N 0W0.

Certain hippocampal neuronal populations are denervated during aging and 
in Alzheimer’s Disease. They normally respond by extending dendrites to 
synapse with sprouting axon collaterals; the stimulus for this sprouting is 
unknown but possibly includes neurotrophic growth factors. It is known that 
small molecules such as nucleosides (e.g. guanosine) and nucleotides (e.g. 
GTP) are released from dying cells. Since such compounds stimulate neurite 
growth in PC12 cells, we tested their effects on hippocampal neurons 
obtained from E15 mouse embryos. Hippocampal neurons were grown on 
coverslips placed into 35 mm petri dishes; into each dish was added a 
coverslip bearing astrocytes. The following compounds were added to the 
culture medium (at final concentrations of 1,10 or 50 uM) at 24 hr of culture: 
guanosine, GTP and the adenosine analogue NECA. Cultures were 
analyzed 48 hr after the addition of the compounds. GTP and particularly 
guanosine caused aggregation of the neuronal somas; in addition, both 
compounds caused an increased number of neurites (probably dendrites) to 
come off the somas. GTP caused an increase in the length and branching of 
neuritic processes in many neurons. NECA caused an increase in the 
number of short processes coming off what appears to be the principal 
dendrite of pyramidal-like neurons. For all compounds examined, an 
increase in neuritic complexity could be seen with the lowest dose examined. 
Our data indicate the possibility that nucleosides and nucleotides released by 
"sick" or dying cells may play a role in stimulating the outgrowth and 
branching of axons and dendrites of hippocampal neurons. Support: 
Hospital for Sick Children Foundation, Ontario Heart and Stroke Foundation 
(MPR), Ralston Brothers Medical Research Foundation, Melfort Union 
Hospital (B.J.).

24.9

EFFECT OF NEUROTRANSMITTERS ON AXOPLASMIC 
TRANSPORT IN SUPERIOR CERVICAL GANGLION CELLS.
T.Takenaka*, T.Kawakami. H.Hori and Y.Bandou. Department 
of Physiology, Yokohama City University, Fukuura, 
Kanazawaku, Yokohama, 236 Japan.

The effect of acetylcholine and epinephrine on fast 
axoplasmic transport of cultured superior cervical ganglion 
cells were analyzed with a computer-assisted video- 
enhanced differential interference contrast microscopic system. 
Acetylcholine, 0.01-100 μΜ, decreased the transport 
reversibly in both anterograde and retrograde direction. An 
increase of axoplasmic transport was also observed by 
application of 0.1 mM epinephrine in both anterograde and 
retrograde direction. This increasing effect was also observed 
by application of dibutyryl cyclic AMP and forskoline. 
Epinephrine may increase the axoplasmic transport by raising 
the cyclic AMP level which presumably includes the 
phosphorylation of a specific protein by cyclic AMP dependent 
protein kinase, as suggested for the increase of the axoplasmic 
transport. Acetylcholine acting on a muscarinic receptor 
decreases adenyl cyclase through the activation of inhibitory 
GTP-binding protein, which in turn decreases the amount of 
endogėneous cyclic AMP.

24.8
EFFECT OF AIT-082 ON NEURITOGENESIS IN VITRO AND 
WORKING MEMORY IN VIVO. A.J. Glaskv*1. R.F. Ritzmann1.
C.L. Melchior1. S. Hindley2. J.W. Gvsbers2 and M.P, Rathbone2 
1Olive View/UCLA M.C., Sylmar,CA 91342 and 2 Depts. Biomed.
Sci. and Medicine, McMaster Univ., Hamilton, Ontario L8N 3Z5 

Age-related memory loss is associated with loss of NGF-dependent 
basal forebrain neurons. It can be ameliorated by i.c. infusion of NGF. 
Guanosine and inosine (3-300μΜ) enhanced the neuritogenic effects of 
NGF on PC 12 cells in vitro. This led us to test whether AIT-082, a 
purine analogue which crosses the blood-brain barrier could (i) enhance 
working memory in aged mice and (ii) if their behavioral effects 
correlated with their ability to promote neurite out-growth from PC-12 
cells in vitro. AIT-082, when added to cultures of PC12 cells at 
concentrations of 0.1 to 10μΜ, enhanced the neuritogenic effects of 
NGF to 120% of values obtained with NGF alone. This degree of 
stimulation is modest, but the extent of axonal and dendritic changes in 
aged brains in vivo are also small although their biological effects are 
profound. The win-shift paradigm in mice is used as a test of working 
memory (Pharmac. Biochem. Behav. 44:805,1993). In 11 mo. old 
Swiss Webster mice with mild or moderate memory deficits, AIT-082 
(30 mg/kg) was able to increase the duration of the working memory 
trace without altering the time to leave the start box, or the time to 
traverse the maze. Animals with mild deficits were restored to normal 
levels while those animals with moderate deficits shown significant 
improvement even though they remained below normal levels. Animals 
with severe memory impairment failed to show any improvement. The 
neuritogenic activity of AIT-082 is consistent with its ability to enhance 
working memory in aged mice in the win-shift paradigm.

AXON GUIDANCE MECHANISMS AND PATHWAYS I

25.22 5 .1
SINGLE SOMITE MANIPULATION ALTERS SYMPATHETIC 
PREGANGLIONIC AXON TRAJECTORY IN A PREDICTABLE WAY.
E.B. Ezerman* and C.J. Forehand. Department of Anat. and Neurobiol., 
Univ. Vermont, Sch. of Med., Burlington, VT 05405.

The contingent of sympathetic preganglionic axons from a single 
midthoracic spinal segment supplies innervation to ganglia rostral and 
caudal to that segment. However, individual midthoracic preganglionic 
axons project only rostrally or caudally within the paravertebral 
sympathetic chain. We showed in the chicken embryo that replacing 3 
midthoracic somites with somites comprising only anterior or posterior 
somitic tissue altered preganglionic axon trajectory (Soc. Neurosci. Abstr. 
18:1609, ’92). The resulting projections were all rostral, all caudal, or 
absent, with no apparent pattern specific to the type of transplant. Since 
the chicken has only 7 thoracic segments, 3 somite manipulations are 
quite large. Moreover, the transplanted somitic tissue derived from 
random somite levels spanning a range of 19-28 somites. We have thus 
refined these experiments to assess the effect of replacing a single 
midthoracic segment with 2 anterior or 2 posterior halves taken from the 
equivalent somites of donor embiyos of the same stage. When a somite 
was replaced with a double anterior somite, the resulting projections were 
essentially normal. Thus, the preganglionic axons do not need to confront 
an anterior/posterior somitic boundary to choose their appropriate 
projection within the paravertebral chain. When a somite was replaced 
with a double posterior somite, the resulting projections were altered such 
that they were similar to those of the next caudal segment in normal 
embryos. This result suggests that the preganglionic axons traversed the 
closest available anterior somite and then ultimately projected according 
to that segmental level. (Support: NIH NS 01344 & NSF BNS 9120947)

SOMITIC APPLICATION OF RETINOIC ACID ALTERS THE 
SEGMENT-SPECIFIC PROJECTION PATTERN OF SYMPATHETIC 
PREGANGLIONIC AXONS. C.J. Forehand* and E.B, Ezerman. Dept. of 
Anat. and Neurobiol., Univ. Vermont, Sch. of Med., Burlington, VT 05405.

Sympathetic preganglionic neurons exhibit segment-specific projections. 
Preganglionic neurons located in rostral spinal segments project rostrally 
within the sympathetic chain, those located in caudal spinal segments 
project caudally, and those in midthoracic segments project either rostrally 
or caudally in a graded fashion. The mechanisms that underlie these 
segment-specific projections are unknown, but it is likely that interaction 
of the preganglionic axons with somitic tissue during development plays a 
role in specifying axon trajectory. Previously, we altered the somitic 
environment of the second thoracic segment (T2) in the chicken embryo by 
exogenous application of retinoic acid (RA) to the corresponding somite 
(#21) at various stages after its formation (Anat. Ree. ’93 Suppi. 1:51). In 
normal embryos, nearly all of the T2 sympathetic preganglionic neurons 
project rostrally within the sympathetic chain. Retinoic acid application 
altered this projection pattern: RA applied in time-release bead form 
"caudalized" the preganglionic projections from T2. The effect was greater 
if the RA was applied to embiyos at 22-25 somites than when it was 
applied in 26-32 somite embryos. In the present experiments, we have 
applied retinoic acid to the last fully-formed somite in 19-24 somite 
embryos. In 5 of 11 cases, the percentage of caudally-projecting axons 
increased, apparently because there were decreased numbers of rostrally- 
projecting cells while the number of caudally-projecting cells was normal. 
Thus the mechanism for the change is likely to involve a loss of cells 
rather than an altered projection per se.
(Support: NIH NS 01344 and NSF BNS 9120947)
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2 5 .3
THE EFFECTS OF TARGET TISSUES ON THE OUTGROWTH OF SUBPOPU
LATIONS OF CHICK SENSORY NEURONS. M.G. Honig* and J.-Y. Zou. Dept. 
of Anatomy and Neurobiology, Univ. of Tenn.-Memphis, Memphis TN 38163.

We are interested in understanding how, during the development of the chick 
hindlimb, cutaneous and muscle sensory axons choose different pathways to 
follow so that they each innervate the correct target tissues. One possibility is 
that each type of target tissue releases a specific, diffusible chemotropic factor 
that serves to attract the appropriate axons. To test this possibility, we have 
cultured the tissues of interest in three-dimensional collagen gels so that stable 
gradients of diffusible factors would be established. Explants were made using 
DRGs from embryos in which either cutaneous or muscle sensory neurons had 
been labelled, before culturing, by injecting Dii into selected peripheral nerves 
in St. 30-31 embryos, the earliest time at which such injections reliably yield 
sufficient numbers of labelled cells. The DRG explants were placed close to 
explants either of dermis or of muscle, taken from the hindlimbs of St. 27-28 
embryos, a time when many sensory axons enter the limb and choose 
peripheral pathways. Neurite outgrowth was assessed after ῀ 21 hours of 
coculture. When DRGs were cultured alone, under the culture conditions we 
used, the pattern of neurite outgrowth was dense and radially symmetric.
When target tissue was nearby, the pattern of outgrowth tended to be 
asymmetric. The growth of cutaneous sensory axons was denser and/or 
longer toward dermal explants than it was in other directions. Cutaneous 
sensory axons also showed enhanced growth toward muscle explants. Muscle 
sensory axons also tended to show increased growth toward both kinds of 
target tissues. These results suggest that diffusible molecules released by 
targets can attract sensory axons. However, these effects appear to be non
specific and other cues must be responsible for how cutaneous and muscle 
sensory axons select different pathways to follow in the limb.

2 5 .5
CELLULAR INTERACTIONS THAT PATTERN SENSORY AXON 
OUTGROWTH. K.B. Hotarv* and K.W. Tosnev. Biology Dept., 
University of Michigan, Ann Arbor, Michigan 48109.

Tissues that guide axons along common paths in the chick embryo 
have been identified using surgeries (Tosney, Bioessays 73:17,1991). 
To determine if these tissues guide sensory axons by providing contact- 
mediated or long-distance cues, we analyzed sensory neurite outgrowth 
on living embryo slices that retain the tissues' physical and molecular 
attributes in culture. Dissociated, Dil-labeled sensory neurons were 
deposited on 200μm cross-sections o f stage 17 to 26 chick embryos 
and cultured overnight. Inhibitory tissues were identified by binding 
of peanut agglutinin lectin (Oakley and Tosney, Dev.Bio. 747:187,
1991). Neurites on permissive tissues (plexus, anterior sclerotome) 
were consistently longer than neurites on inhibitory tissues (pelvic 
girdle precursor, perinotochordal mesenchyme, posterior sclerotome) 
reflecting these tissues' differential guidance roles.

Two classes of interactions were deduced by analyzing trajectories 
of sensory neurites on slices. 1) Neurites displayed robust contact- 
mediated avoidance responses to inhibitory tissues. When neurites on 
permissive tissues contacted an inhibitory boundary, they invariably 
turned away. In contrast, neurites crossed freely from inhibitory to 
permissive tissues. 2) Neurites on inhibitory tissues oriented toward 
anterior sclerotome, suggesting a long-distance cue. We are trying to 
confirm this result using a collagen gel assay. The slice assay thus 
documents contact-mediated avoidance responses and also provides 
intriguing indications of a long-distance cue in sensory axon guidance.

Supported by NS-27634, NS-21308 and HD 0727408.

2 5 .7
D E G ENERATED TRACTS IN  IN JU R E D  H U M A N  SPIN A L C O RD ARE  
A  PE R M ISSIV E SU BSTRATUM  F O R  N E U R IT E E X T E N SIO N  IN  
VITRO . N  K leitm an* and  A M  G om ez. The Miami Project to Cure Paralysis 
and Dept. Neurological Surgeiy, Univ. Miami Sch. Medicine, Miami, FL 33136.

The ultimate success o f grafting paradigms designed to stimulate CNS 
regeneration through a lesion site depends on the permissiveness o f the CNS 
environment beyond the graft. W e have cultured neurons on unfixed cryostat 
sections to test the permissiveness o f normal and injured human spinal cord as 
a substratum for neurite extension. Embryonic rat PNS (DR G  and SCG) and 
CNS (raphe and spinal cord) neurons were dissociated and plated onto frozen 
sections o f adult human spinal cord taken 8 months after a functionally complete 
lesion at C6. Sections rostral (C l) and caudal (C8) to the lesion were compared 
to uninjured cord (ΊΊ0). Neurons plated onto sections o f injured cord attached 
to and extended neurites most extensively on areas o f  white matter tracts that 
had undergone Wallerian degeneration. The neurons that attached to grey 
matter aggregated and neurite extension was less extensive than on degenerated 
tracts. Little attachment or neurite growth was observed on apparently intact 
areas o f white matter and even less on white matter in normal cord. Differences 
were observed between the neuronal populations as to the extent o f neurite 
outgrowth; intact white matter was relatively less inhibitory to SCG neurons than 
to D R G  neurons. Neurite growth from spinal cord neurons was minimal on all 
sections. Glial cells from the neuronal preparations were shown not to account 
for the observed neurite extension. W e conclude that cell surface ligands in 
human spinal cord white matter tracts that have degenerated subsequent to injury 
should not substantially inhibit axonal regeneration.
Supported by NINDS 5P 01  NS28059 and the Miami Project to Cure Paralysis.

2 5 .4
D EVELO PM ENT OF NO DAL BR AN CH ES FROM  DO RSAL  
ROOT AXONS IN EM BRYONIC RAT SPINAL CO RD .A .S h a h . 
I.Silos-Santiago*. BJeng. L.Kutka. W.D.Snider. Dept. Neurology, Washington 
Univ., Med. Sch., St. Louis, MO 63110

We have previously described the development o f characteristic laminar 
arborizations of dorsal root (DR) afferent axons in embryonic rat spinal cord. We 
now analyze the earliest stages of axon growth and branching in dorsal funiculus 
(DF) and gray matter of thoracic cord. In 12 day-old embryos (E12), DR axons 
labelled from muscle have penetrated the cord and project rostro-caudally in the 
DF a few segments above and below the point of entry in the spinal cord. The 
longest fibers we observed run rostrally three segments; fibers projecting caudally 
are shorter. Axons in the DF at E12 are smooth, and terminate in prominent 
growth cones (GCs) with numerous filopodia. By E13, axons have projected at 
least 6 segments in the rostral direction. Interestingly, axons in the spind cord at 
E13 are decorated with nodes which are the site of future branches. Nodes are more 
prominent in the DF than in the DR. By E14 nodes are more numerous. The 
frequency of these nodes is significantly higher within one segment o f the axons' 
point of entry into the spinal cord than within more distal regions.By E15 
branches extend from nodes ventrally into the gray matter; these branches are the 
major collaterals of DR axons.

In order to address the specificity of entry of axons in gray matter, we labelled 
projections from different regions in skin with different chromophores. Some 
DRG axons from the skin enter the gray matter by E15. Even at this early stage 
we found that a strict somatotopy is present. Afferente from dorsal skin project to 
the most lateral region of the dorsal horn. Afferente from the ventral skin project 
to the medial region of the dorsal horn. Between E16 and E19, more fibers project 
to the lateral and medial dorsal horn. However, we find no significant 
rearrangement in somatotopy between E16 and E19.

We conclude that nodes along DR axons appear to be spatially and temporally 
regulated during development. Branches from these nodes exhibit appropriate 
somatotopy in the gray matter from the outset.

2 5 .6
ORIGIN AND SPECIFICITY OF IN VITRO INHIBITION OF DORSAL ROOT 
GANGLION NEURITE OUTGROWTH BY VENTRAL SPINAL CORD. G.C. 
Kwiat and M. Fitzgerald. Dept. o f Anatomy & Developmental Biology, University 
College London, London WC1E 6BT, UK.

We have recently demonstrated, in organotypic cocultures of rat embryonic 
spinal cord and dorsal root ganglion (DRG) explants, a developmentally regulated 
inhibition of DRG neurite outgrowth by ventral, but not dorsal, spinal cord (Kwiat, 
G.C. et al., 1992, Soc. Neurosci. Abstr., 18: 609; Fitzgerald, M. et al., 1993, 
Development, 117: in press). We have now addressed the questions o f the cellular 
origin o f the ventral inhibitory factor(s) and whether subpopulations of DRG neurons 
are selectively inhibited. Since the floor plate was included in ventral cord explants 
in our initial experiments, we wished to determine whether floor plate derived 
factor(s) inhibit DRG neurite outgrowth. Two or more o f the following explants from 
14 day old rat embryos were cocultured in collagen gels for 22-24 hours: dorsal 
cord, floor plate, DRG, and ventral cord. Using phase contrast microscopy, it was 
clear that ventral cord minus floor plate still inhibited DRG neurite outgrowth. In 
contrast, floor plate alone did riot inhibit DRG outgrowth; floor plate explants did 
have a clear attractive effect on neurite outgrowth from dorsal cord explants, as 
described by Tessier-Lavigne et al. (1988, Nature, 336: 775). Ventral cord/DRG 
cocultures in which a clear inhibitory effect was present were immunolabelled using 
a monoclonal antibody, RT97; RT97 selectively labels large diameter DRG neurons 
in adult rats. Immunolabelled explants were embedded in resin to preserve the three- 
dimensional pattern of growth. Many RT97-immunoreactive DRG neurites were 
found which grew toward the ventral explant initially but subsequently turned away 
from the ventral explant. These results are consistent with a ventral spinal cord 
derived inhibition o f large diameter myelinated afferents in E l4-15 rat embryos in 
vivo. Analysis o f ventral cord/DRG cocultures using antisera directed at other 
subpopulations of primary afferents is in progress.
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2 6 .1

WITHDRAWN

2 6 .3
GUIDANCE OF PIONEERS IN C A E N O RH ABD ITIS ELEGANS. C. R.
Norris 1, E.M . hedgecock1. H . Bhatt2 and D.H .H all*. 1Dpt.
Biology, Johns Hopkins, Baltimore, MD 21218; 2 RIMB, Nutley, 
NJ 07110;*Dpt. Neurosci., A lbert Einstein COM, Bronx, NY 
10461.

Monoclonal antibody, M44, selectively stains a surface 
antigen  on  th e PVPs, a pair o f  n eurons w hose axons 
decussate in  the preanal ganglion (tail) and p ion eer the  
ventral cord. We have charactered two m utations that were 
iso la ted  by  screen ing m u tagen ized  worm s for abnorm al 
staining with mAbM44: u n c ( r h 3 8 )  and u n c ( r h l l O ) .  We are 
mapping both genes more precisely as a prelude to cloning.

The r h 3 8  m utation causes diverse axonal and cellular 
m igration defects. In particular, the PVP pioneers do not 
decussate normally. Nonneuronal defects include excretory  
canal m ism igration and abnormal male tail m orphogenesis. 
r h 3 8  is sem idom inant for m ost o f these defects; yet r h 3 8 / d f  
is not noticeably uncoordinated. We suggest that r h 3 8  is a 
gain-of-function allele o f  a gene that norm ally plays a role 
in cell-cell or cell-matrix adhesion.

The id e n tity  o f  p ion eers  in  th e  nerve  ring is 
unknown. We are reconstructing serial sections o f staged  
em biyos to address this question.In r h l  1 0  mutants, mAbM44 
stains an extra pair o f neurons in  a head ganglion whose  
axons grow dorsally through the nerve ring and then along 
the ventral cord. We speculate that these neurons are dorsal 
ring pioneers.

2 6 .5
ESTABLISHMENT OF A PRIMARY SCAFFOLD OF FIBER PATHWAYS IN 
THE EMBRYONIC BRAIN OF THE GRASSHOPPER. G.S. Bovan*. S. 
Therianos. H. Reichert. Zoology Institute, University of Basel, Rheinsprung 
9, CH-4051 Basel, Switzerland

Two events fundamental to the normal development of the insect brain 
are (1) the establishment of correct bilateral connections between the brain 
hemispheres, and (2) the establishment of the fiber pathways linking the 
brain with the remainder of the segmental nervous system. The formation of 
a primary scaffold of fiber pathways in the embryonic grasshopper brain has 
been traced using antibodies against fas I and horseradish peroxidase. The 
first axons cross the midline of the brain at 30% of embryonic development 
and originate from a pair of clearly recognizable cells located at the posterio- 
medial border of the pars intercerebralis. The pathway pioneered by these 
fibers is then utilized by fibers originating from progressively more lateral 
regions of the protocerebrum, and from the optic lobes, where two groups of 
fas I positive cell bodies in the future medulla extend neuntes towards the 
midline of the developing brain. The first descending fiber tracts form when 
groups of cells originating from pars intercerebralis neuroblasts extend fas I 
expressing neuntes posteriorly at around 30% of embryonic development. At 
the same stage the tritocerebral commissure forms posterior to the gut and 
also contains a number of axons which strongly express fas I. This primary 
scaffold therefore consists of an orthogonal array of fibers surrounding the 
stomodium, and is formed in the absence of all peripheral nerves and 
"higher" brain structures such as the mushroom bodies which begin 
appearing after 40% of embryonic development. The serially reiterated 
pattern of cell body clusters and fiber pathways in the early embryonic brain 
may hold clues as to the primitive segmentation of the insect brain. 
Supported by the Swiss NSF.

2 6 .2
SPECIFIC PATHWAY SELECTION BY THE EARLY PROJECTIONS OF 
INDIVIDUAL PERIPHERAL SENSORY NEURONS IN THE EMBRYONIC 
MEDICINAL LEECH. J. Jellies* & J. JohansenL Neurobiol. Res. Center and Dept. of 
Physiol, and Biophysics, Univ. of Alabama at Birmingham, Birmingham, Al 35294 & 
ϯDept. of Zool. and Genetics, Iowa State Univ., Ames, LA 50011.

The central projections of peripheral sensory neurons in the medicinal leech segregate 
into discrete axon tracts which can be distinguished by differential expression of surface 
antigens (Johansen et al., N euron . 1992. 8:559.; Briggs et al., D e v . B io l. 1993. In 
Press.). Although previous antibody labelling studies suggest that individual sensory 
afferents express a distinct compliment of glyocoproteins correlated with selection of 
particular central fascicles, these studies involved antibody labelling of multiple cells and 
could not resolve the pathway choices of single afferents. To address this we combined 
intracellular dye-filling with lan 3-2 antibody labelling to produce doubly labelled 
preparations of H . m e d ic in a lis  embryos at early stages (Embryonic days 9,10,11). We 
have obtained 38 dye-filled sensory neurons in the third sensilium (S3-the first to 
differentiate). None of these neurons branched into more than one central fascicle; 
rostrally- and caudally-directed branches of single sensory axons in all cases examined 
chose the same fascicle, indicating a specific pathway choice. Also, examples of neurons 
selecting each of the three possible fascicles were found in a single sensilium (S3), 
approximately 20% choosing the "a," 10% choosing the "b," and 70% choosing the "c" 
fascicle. We do not yet know whether this ratio will pertain to all sensillae but the 
results suggest that each might contain mixed subpopulations of sensory cells. Finally, 
an unresolved issue remained regarding whether the peripheral nerve roots were pioneered 
by these early developing sensory afferents or by central neurons. While it had been 
suggested that the posterior nerve is pioneered by the centrally-located dorsal P 
mechanosensory neuron (K u w ada , J .E m b ty o l.E x p .M o rp h o l. 1985. 86:155), these studies 
did not directly address the possible contribution of peripheral neurons. By dye-filling 
dorsal P cells early in development and double-labelling with lan 3-2 we have confirmed 
that at least the posterior nerve is indeed pioneered by the P-cell rather than the 
peripheral neurons. Supported by NSF 9209237 and a Sloan Foundation Fellowship 
(JJellies) and NIH 28857 (JJohansen).

2 6 .4
PATHWAY-SPECIFIC MOLECULES OF AN IDENTIFIED SET OF 

MUSCLE BANDS THAT GUIDE NEURONAL MOTILITY IN THE 
INSECT ENTERIC NERVOUS SYSTEM. P.F. Copenhaver*. P. 
Sahaavaruban. and A.M. Horgan. Cell Biology & Anatomy L215, 
Oregon Health Sciences University, Portland, OR 97201.

The directed migration of embryonic neurons and their processes 
requires extrinsic guidance cues that can induce coherent changes in 
motile behavior. In the developing enteric nervous system (ENS) of the 
moth, M an du ca  sex ta , specific guidance cues have been linked to a 
discrete set of visceral muscle bands that form requisite pathways for the 
migration and outgrowth of an identified population of enteric neurons 
(the EP cells). To characterize the molecular components that guide EP 
cell motility, monoclonal antibodies were generated against membrane 
fractions of postembryonic bands. From three separate fusions, ~20 
separate clones were isolated that immunohistochemically stained either 
the embryonic bands, the migratory neurons, or both. Selected antibodies 
were then subcloned and used to isolate band-specific proteins by 
immunoaffinity chromatography. Antibody MB-1 recognizes a 
glycosylated protein of ~60 kba that first appears in the muscle bands 
shortly after migration onset, suggesting it may regulate the extent of EP 
cell migration. Antibody MB-2 stains both the EP cells and the muscle 
bands in a manner identical to the staining pattern of TN-1, an antibody 
that recognizes a moth form of fasciclin II (Nardi, Devt 152:161). When 
a purified antiserum against this epitqpe was applied in embryonic 
culture, it caused a marked inhibition of both cell migration and process 
outgrowth. We are currently completing the purification of the band- 
associated proteins to examine their role in controlling neuronal motility. 
Supported by the March of Dimes (Basil O'Connor # 5-FY-92-1203).

2 6 .6
THE ROLE OF A NEW SURFACE GLYCOPROTEIN IN GUIDANCE OF 
PIONEER AXONS IN THE DEVELOPING NERVOUS SYSTEM OF THE 
GRASSHOPPER. M.D. Ganfomina, D. Sánchez and MJ. Bastiani*. Department 
of Biology, University of Utah, Salt Lake City, Utah 84112, U.S.A.

The aim of our work is to understand how the stereotyped axon pathways are 
established in the developing nervous system of the grasshopper. We are 
studying a new surface molecule recognized by the monoclonal antibody (MAb) 
10E6. This molecule is expressed on the surface of cell bodies, axons, growth 
cones and filopodia in a restricted subset of neuroblasts and neurons in the CNS 
and in the precursors and sensory neurons of the peripheral nervous system. 
Biochemical analysis has shown that the 10E6 antigen is a glycoprotein with a 
molecular weight of 45 kD attached to the plasma membrane by a glycosyl- 
phosphatidylinositol anchor. Peptide sequence has been obtained after 
immunoaffinity purification and enzymatic digestion of the protein. PCR primers 
were generated from this sequence and they are being used to clone and 
characterize the 10E6 gene.

To assess the function of this protein we performed antibody perturbation 
experiments on cultured embryos focusing our analysis on the behaviour of 
pioneer axons in the CNS, particularly on the cells that pioneer the anterior 
commissure in the subesophageal segment S2 (AcP cells). These cells follow 
their normal trajectory during the culture period in control embryos. In 60% of 
the embryos cultured in the presence of the MAb 10E6, or its Fab fragments, the 
AcP cells showed anomalies, mainly in growing towards the midline. In 55% of 
the cases there was a significative delay in growth, while in 30% the AcP cells 
sent their growth cones anteriorly, a behaviour that takes place in normal 
development only when the growth cone finds the contralateral AcP cell body. 
The frequency of perturbations decrease with the concentration of antibody 
added to the culture. These results suggest that the 10E6 glycoprotein may be a 
necessary guidance molecule that specifically enables the AcP neurons to grow 
towards the midline.

Supported by NIH (NS 25387), Fulbright (M.D.G.) and Fogarty (D.S.) 
fellowships. M.D.G. and D.S. contributed equally.
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2 6 .7
TWO RECEPTOR TYROSINE PHOSPHATASES EXPRESSED IN SUBSETS OF 
EMBRYONIC LEECH NEURONS. M. Nitabach* and E. R. Macagno, Dept. of 
Biological Sciences, Columbia University, New York, NY 10027.

In order to correctly navigate through the embryo, neuronal growth cones 
must interact in a highly specific manner with other cells and substrates. These 
interactions must then be transduced into intracellular signals which control the 
behavior of the growth cone. Since work in Drosophila has shown that receptor 
tyrosine phosphatases (RTPs) are likely to be involved in such interactions, we 
isolated leech members of this protein family using PCR with degenerate oligo
nucleotide primers. Using the PCR products as probes we ultimately isolated two 
distinct leech cDNAs highly homologous to mammalian leukocyte common antigen- 
related protein (LAR) and to Drosophila LAR (DLAR): Hirudo medicinalis LARs 
1 and 2 (HmLARl and HmLAR2). Like LAR and DLAR, each of these leech 
homologues contains two tyrosine phosphatase catalytic domains intracellularly. The 
2nd catalytic domains of the HmLARs are each >90% identical to those of LAR and 
DLAR.

Based on non-radioactive whole-mount in situ hybridizations, we know that 
each of the HmLARs is expressed in a different subset of embryonic central 
neurons. In addition, HmLAR2 is expressed in the so-called "comb cells", a 
segmentally iterated bilateral pair of obliquely oriented comb-shaped cells which act 
as transient templates for the morphogenesis of the oblique muscle layer of the 
leech. The comb cell extends approximately 70 oblique processes each o f which has 
a growth cone at its distal tip. After the oblique muscle fibers fasciculate along the 
comb cell processes, and therby adopt their oblique orientation, the comb cells 
degenerate. Some of the interactions engaged in by the comb cell growth cones 
which underly the establishment and extension of the oblique array of processes 
have already been documented by others. We intend to analyse what role, if  any, 
is played by HmLAR2 in these interactions of the comb cell growth cones.

FORMATION AND SPECIFICITY OF SYNAPSES: VISUAL SYSTEM

2 7 .1
SPACING OF SYNAPTIC SITES OVER PHOTORECEPTOR SURFACES IN THE 
FLIES MUSCA AND DROSOPHILA. Xianpqun Hu and I. A. Meinertzhagen*. Life 
Sciences Centre, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.

The selection of synaptic sites over the surfaces of a neuron is a non-random process 
reflecting the history of decisions made by the neuron not only as it engages in the 
formation of new contacts through synaptogenesis, but also during disjunction of old 
contacts through synaptic turnover. We have studied the resultant o f these two 
processes from an analysis of synaptic spacing in a model system: the photoreceptors 
of the fly’s compound eye, which have terminals bearing many high output sites for 
transmitter release. In the housefly, Musca domestica there are, for example, about 200 
sites per terminal, while in the smalla· terminals of Drosophila melanogaster there are 
about SO. Each site in both species is contacted by a tetrad of dendritic spines. In 
terminals o f both flies a longitudinal band o f presynaptic sites lines the inwardly 
directed surface of the terminal, closest to the postsynaptic cells, and is flanked by an 
outer zone with more sparse synaptic sites. This segregation is clearer in Drosophila. 
Within the synaptic strip the sites are, by contrast, evenly distributed. The distances 
between nearest neighbour (NN) sites over the surfaces of photoreceptor terminals 
reconstructed from serial EM have been measured using 3-D reconstruction software 
(Allegro: ISG Inc.). The NN mean distances are 1.19jim (Musca) and 1.03pm 
(Drosophila). In Musca the minimum spacing is 0.8pm for all but four pairs of 
neighbours out o f 288 sites; while in Drosophila the minimum is 0.8pm, with 13 
pairs out of 203 sites more closely situated. Minimal spacing between adjacent sites 
indicates that the formation of a contact at any one site diminishes the probability that 
a second site will form within the radius of minimum NN spacing. Since all sites are 
serviced by the same postsynaptic cells, with the same dendrites often contacting 
neighbouring sites at distances o f 0 .1pm, this influence must arise as an interaction 
between presynaptic sites, and thus be a function of the photoreceptor terminal.

Supported by Dalhousie Graduate Scholarship (X.H.) and grant EY-03592 from NIH.

2 7 .3

E X P R E S S IO N  O F  G A P  J U N C T IO N  P R O T E IN S  IN T H E  D E V E L O P IN G  
C H IC K  R E T IN A . J .  G iu se o p e tt i. L .K .  M c L o o n *  an d  S .C .  M c L o o n . 
D ep t. o f C e ll B io lo g y & N eu ro a n a to m y , U n iv e rs ity  of M in n e so ta , 
M inn eap o lis , M N 5 5 4 5 5 .

T h e  m atu re  p attern  of ax o n a l c o n n e c t io n s  b e tw e e n  retinal 
ganglion  c e l ls  and  c e n tra l v isu a l n u c le i a r is e s  th ro u g h  a re fin e m en t  
of a  ro ughly o rdered  p rep attern . T h is  re fin e m e n t p ro c e s s  is  
believed  to  in vo lve  co o rd in ated  a c t iv ity  b e tw e e n  neighboring  
ganglio n  c e l ls .  T h e  m e c h a n is m s  resp o n s ib le  for co o rd in atin g  the  
a c t iv ity  a re  p oo rly  u n d e rsto o d . O n e  p o ssib ility  is  th a t  neighboring  
ganglion  c e l ls  a re  linked  to g e th e r  b y  g a p  ju n c t io n s . T h is  s tu d y  
in ve stig a te d  th is  p o ssib ility  b y  e xam in in g  th e  d e ve lo p in g  retin a  for 
e x p re ss io n  of c e rta in  c o n n e x in s , a  group of p ro te in s in vo lved  in 
form atio n  of g ap  ju n c t io n s . Im m u n o b lo ts  in d ica te d  th a t  
c o n n e x in 3 2  and  c o n n e x in 4 3  a re  e x p re ss e d  in th e  d e ve lo p ing  c h ic k  
retina during th e  d e ve lo p m e n ta l period in w h ic h  th e  re fin e m en t  
p ro c e ss  t a k e s  p la ce . Im m u n o h is to ch e m is try  s h o w e d  th at  
c o n n e x in 3 2  is  e x p re ss e d  in th e  in ner p lex ifo rm  la y e r  an d  th e  optic  
fib er la y e r  during th e  period of re fin e m e n t. A  fin e  p u n cta te  ty p e  of 
sta in in g  w a s  g e n e ra lly  o b se rv e d  in th e s e  a r e a s ,  p o ss ib ly  in d icative  
of th e  p re s e n c e  of g ap  ju n c t io n s . T h e s e  re s u lt s  a re  c o n s is te n t  w ith  
th e  p o ssib ility  of g ap  ju n c t io n s  being p re se n t in th e  in ner la y e rs  of 
th e  retin a  during d e ve lo p m e n t. G a p  ju n c t io n s , if p re se n t, co u ld  be  
in te rco n n e ctin g  a n y  co m b in atio n  of g an g lio n , a m a c r in e , bipolar or 
glial c e l ls .  (Su p p o rte d  b y  E Y 0 5 3 7 1 .)

2 7 .2
CHANGES IN MUSCARINIC ACETYLCHOLINE RECEPTOR PROPERTIES 
DURING DEVELOPMENT OF THE FERRET RETINA. J.B. Hutchins*. 
Depts. of Anatomy and Neurology, University of Mississippi Medical Center, 
Jackson, MS 39216.

These studies describe the changes which occur in the muscarinic acetyl
choline receptor (mAChR) population of the ferret retina during postnatal 
development. The ferret is an advantageous animal model for study 
because of its relatively brief gestation; eye opening and final maturation of 
the visual system do not occur until one month or more after birth. Thus, 
key events in retinal development that occur prenatally in other carnivores 
occur postnatally in this species. Muscarinic synapses have been studied 
with antibodies to mAChRs (both LM and EM immunohistochemistry); auto
radiography of 3H-propylbenzilylcholine mustard (3H-PrBCM) bound to sec
tioned retinas; 3H-PrBCM-labeled retinal proteins were separated by SDS- 
urea-PAGE and gels sliced for analysis of the apparent molecular weight of 
developing muscarinic receptor proteins; and Scatchard plots of 3H-quinucli- 
dinylbenzilate binding to retinal homogenates. All methods indicate certain 
features common to the development of retinal muscarinic synapses. 
Detectable mAChRs appear after the first wave of synaptogenesis in the 
inner plexiform layer at about postnatal day 7 (P7) to P14. Paradoxically, 
the first mAChRs found in the retina are of a high-affinity form, which are 
replaced during the first four postnatal weeks by lower-affinity forms. Then, 
at P35 (after eye opening), the low-affinity forms are themselves replaced by 
a surplus of adult-like, high-affinity preceptors. Receptor numbers then 
decrease to adult levels. Shifts in subcellular distribution, affinity, total 
number and molecular weights of mAChRs during development may reflect 
expression of different muscarinic receptor subtypes (m1-m5), a hypothesis 
currently under investigation. Supported by NIH EY08228.

2 7 .4

N M D A  Receptor G ene Expression in  G oldfish Retina During  
Optic N erve Regeneration. V. H ieber* # and D. Goldm an* +, Mental 
Health Res. In s t .* and Dept. o f Biol. Chem .+, U niv. o f M ichigan, Ann  
Arbor, MI 48109.

An NM DA receptor (NM DAR) cD N A  clone has been isolated from і 
goldfish retinal library using the rat NM D ARI cDN A as a probe (Moriyoshi 
et al., Nature 354:31,1991). The clone show s a strong sequence similarity to 
the rat NM D AR1E and RIG isoforms at the am ino acid level. NM DAR gene  
exp ression  w as stu d ied  in the g o ld fish  retina during optic nerve  
regeneration produced by nerve crush. This expression w as compared to 
that o f  the nicotinic acetylcholine receptor (nAChR) a-3 subunit and α - 
tubulin. A lthough these genes are expressed in both inner nuclear and  
ganglion cell layers (GCL), the changes w hich occur during optic nerve 
regeneration are restricted to the GCL. W e had show n previously that the 
α -tubulin and nAChR subunit RNA levels begin to rise around 3 and 10 
days, respectively, follow ing optic nerve crush. By day 15 post-crush the 
levels of these RNAs are m aximal and begin to decline toward control levels 
over the next 10 days. In contrast, the NM DAR RNA level drops to 40% of 
the control by day 3 post-crush and begins to rise above the control level 
around d ay 20, after syn ap se form ation has occurred in the tectum . 
Tetrodotoxin injection into the eye blocks the rise in NM DAR RNA during  
optic nerve regeneration. Similar results are obtained if one prevents the 
optic nerve from reaching the tectum  by repeated crushes. These results 
suggest that the up regulation of NM DAR gene expression in regenerating  
ganglion cells occurs via an activity-dependent retrograde signal derived  
from optic axon targets in the tectum. W e are currently investigating the 
influence of functional even ts in the tectum  upon retinal ganglion cell 
NM DAR gene exp ression .
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27.5
INHIBITION OF NITRIC OXIDE SYNTHESIS REDUCES THE LOSS OF A 
TRANSIENT PROJECTION IN THE DEVELOPING VISUAL SYSTEM. H.H. 
Wu* and S.C. McLoon. Univ. o f Minnesota, Minneapolis, MN 55455.

Development o f the adult pattern o f retinofugal connections results from a 
process o f refinement through which a number o f transient projections are 
eliminated. One example o f a transient projection is an ipsilateral retinotectal 
projection in the chick, which is normally eliminated during embryonic 
development. The mechanisms responsible for the loss o f this projection are poorly 
understood, but recent evidence suggests that nitric oxide (NO) may play a role. 
Tectal cells, colocalized with the termination o f retinal axons, express nitric oxide 
synthase (NOS), the enzyme responsible for the production o f NO. The peak level 
o f NOS expression in the tectal cells is during the period in which the ipsilateral 
projection is eliminated (E12-15). This study examined the effect o f  NOS inhibitors 
on the ipsilateral retinotectal projection. The NOS inhibitors, l-NOARG or L- 
NAME, were applied to the vascularized chorioallantoic membrane o f chick 
embryos daily from E8 through E16. Control embryos received D-NAME, the 
pharmacologically inert enantiomer o f L-NAME, or saline with no drug. On E16, 
an age by which the ipsilateral retinotectal projection has normally disappeared, Fast 
Blue was injected into one tectum of each embryo. Retinas from these embryos were 
fixed 24 hr later, whole mounted and examined for the presence of Fast Blue- 
labeled ganglion cells. In the control groups, 7 ± 1  Fast Blue-labeled cells were 
found in the retina ipsilateral to the injected tectum. The number o f ipsilateral Fast 
Blue-labeled cells was 15-fold higher in the 1.0 μmοl  l-NOARG treated group and 
8-fold higher in the 10 μmol L-NAME treated group than the control groups. The 
effect o f NOS inhibitors was dose-related. Body weight and other indicators of 
normal development were unaffected by any o f the treatments. These results showed 
that inhibition o f NO synthesis reduced the elimination o f the ipsilateral retinotectal 
projection. (Supported by EY05371.)

27.7
DEVELOPMENT AND PLASTICITY OF NEURAL 
CONNECTIVITIES BETWEEN AGGREGATES OF RAT 
VISUAL CORTICAL CELLS CULTURED IN A 
MULTIELECTRODE DISH.
Y. Kobayash1 .H. Sugihara1,T, Mitsumata1 and K. Toyama2*. Central 
Research Lab. Matsushita Elec. Co., Moriguchi, Osaka, 570, Japan, 2Dept  of 
Physiology, Kyoto Prefectural University of Medicine, Kamigyo-ku, Kyoto, 
602, Japan

We have demonstrated previously (Sugihara et al.,1992) that cultured visual 
cortical cell aggregates dissected from embryonic (E l5-17) rats in a dish 
implanted with a 8x8 multielectrode array formed the functional connectivity 
between the aggregates. In the present work, we studied the development and the 
plasticity of the connectivity between the cell aggregates using long-term (up to 
4 weeks) recording as well as stimulation through the multielectrode array. The 
synaptic connectivity could be studied electrophysiologically by measuring the 
field potentials evoked in cell aggregates by stimulation o f partner aggregates. 
In this case, synaptic transmission appeared by 7 days in vitro (DIV) and 
continued to increase until 20 DIV. Spontaneous neuronal discharges were 
detectable as early as 7 DIV, and in a few days they showed bursting discharges. 
Auto- and cross-correlation analyses revealed an increase in the interburst 
frequency (from 0.01 to 0.3 Hz) and also an increase in the excitatory 
interactions between the cell aggregates until 20 DIV. Long-term stimulation of 
the cell aggregates (0.1-0.33 Hz for 2Һ) reset and synchronized burst activities in 
the partner aggregates to the stimulus cycle, and this effect lasted for more than 
1 hour. Cross-correlation analysis conducted after the long-term stimulation 
revealed a potentiation of excitatory interaction between the stimulated and the 
partner cell aggregates which may underlie the long-lasting stimulation effect

27.6
REGULATION OF GLUTAMATE RECEPTORS DURING RETINO- 
COLLICULAR MAP FORMATION. M . Hofer* and M . Constantine-Paton. 
Department of Biology, Yale University, New Haven, CT 06511.
Developmental plasticity in many areas of the vertebrate brain appears to involve the 
NMDA type o f glutamate receptor. In order to investigate whether developmental 
changes in NMDA receptor efficacy are reflected at the mRNA level, we started to 
investigate the relation between the time course o f map formation and the mRNA 
expression o f various glutamate receptor subunits in the developing rat superior 
colliculus (SC). The establishment o f a retinocollicular map in rat requires normal 
function of the NMDA receptor (Simon et al., 1992). Our previous in situ 
hybridization and Northern blot analysis with a probe to the subunit NR1 
demonstrated dense labeling in the superficial SC. The temporal pattern of NR1 
mRNA expression followed the time course of collicular synaptogenesis and displayed 
a pronounced increase of NR1 mRNA levels during the late stages of retinocollicular 
map refinement and only a slight decrease in adults. We confirmed this pattern at the 
protein level with an antibody to the NR1 subunit. Dense, punctate staining was 
observed on most cell bodies and dendrites in the superficial SC which was low at 
early stages and increased with age. In addition, we studied the developmental mRNA 
expression o f the NR2B subunit in the superficial SC. In contrast to NR1 mRNA, 
relatively high levels of NR2B message levels were present during the first postnatal 
week with a maximum at postnatal day 12. Thereafter, a decrease in NR2B mRNA 
levels was observed which was much more pronounced than the decrease in NR1 
mRNA levels. These results suggest that downregulation of NR2B mRNA in the SC 
is correlated with a loss o f synaptic plasticity during coilicular development. We also 
studied the mRNA expression of the metabotropic glutamate receptor subunit mGRl 
in developing SC. The temporal pattem of expression was not closely related to 
synaptic changes in the SC much like our observations on the mRNA expression of 
the AMP A subunit GluR2. These findings support a specific involvement of NMDA 
receptors in synaptic plasticity in the rat SC. Supported by NEI EY06039.

27.8
VISUAL FIELD MAP IN AREA 17 OF RATS MONOCULARLY 
ENUCLEATED AT BIRTH Edward S Ruthazer*, Maninder Kahlon, Michael P 
Stryker Graduate Neuroscience Program, Dept. of Physiology, U.C.S.F., San 
Francisco, CA 94143-0444.

Removing one eye of a rat on the day of birth results in the development of a 
distinct, ectopic callosal projection zone, which extends like a "finger" about halfway 
between the medial and lateral borders of area 17 in the cortex ipsilateral to the 
remaining eye (Olavarria et al., 1987). If interhemispherically correlated activity were 
responsible for refining callosal connections during development, then those receptive 
fields represented in the other hemisphere (i.e. midline or ipsilateral visual fields) 
should be represented at the site of this "finger".

Single- and multi- unit receptive fields were mapped electrophysiologically at sites 
every 200μm across the mediolateral extent of area 17 at several different 
anteroposterior levels in the hemisphere ipsilateral to the remaining eye in adult rats 
monocularly enucleated at birth Electrode lesions were later correlated with the 
callosal topography, visualized using TMB histochemistry of tangential sections 
labeled by multiple HEP injections into the contralateral occipital cortex. In normal 
rats, receptive field positions move temporally as recording sites move medially. In 
enucleates, we found a similar organization at sites between the area 17/18a border 
and the callosal "finger"; At the "finger" and at sites further medial, receptive field 
locations and properties differed dramatically from those in normal rats. At these 
recording sites, receptive fields were unusually large, typically extending to the 
horizontal midline and occasionally far into the ipsilateral hemifield; and they often 
had bipartite responsive areas (one in upper temporal space and the other in lower 
nasal space). No systematic difference was observed between receptive fields at the 
callosal "finger" and those at sites many hundreds o f microns further medial.

Why does only the "finger" maintain a callosal projection when the more medial 
sites have similar receptive fields? We propose that by the time of birth only the 
lateral half o f area 17 may be competent to maintain callosal connections and that 
within this competent region, callosal refinement may be guided by correlated 
activity. Supported by grants from the NĪH and a NEI vision training grant.

GLIA AND OTHER NON-NEURONAL CELLS: CNS DEVELOPMENT

28.1
REGULATION OF NGF BIOSYNTHESIS IN C6-2B GLIOMA 
CELLS. A.M, Colangelo. D , W. Fink* a n d l.  Mocchetti. Dept 
Anatomy & Cell Biology, Georgetown Univ. Sch. o f  M ea., 
Washington DC 2007, and Set. Growth Factors, NICHD, NIH, 
Bethesda, MD 20892

Glial cells are an important source o f several neurotrophic factors 
which promote survival and functional maintenance o f neuronal cells. 
C6-2B glioma cells, a cell line that exhibits a glial phenotype, were 
used to examine signal transduction mechanisms that regulate nerve 
growth factor (NGF) biosynthesis. Transcription, synthesis and 
release o f NGF was enhanced by cAMP analogues or by activation 
o f receptors coupled to adenylate cyclase such as ß-adrenergic (both 
ß-1 and ß-2 subtypes), suggesting that NGF expression was regulated 
by protein kinase A activation. TPA, a non specific activator of 
protein kinase C, induced NGF mRNA within 3 hr, suggesting that 
protein kinase C activation also enhances NGF expression. 
Thapsigargin, a Ca++-ATPase inhibitor, increased NGF mRNA, 
suggesting that elevation o f intracellular Ca++ levels facilitated NGF 
expression. Thus, NGF expression in these cells can be regulated by 
various signal transduction mechanisms suggesting that different 
neurotransmitters can stimulate NGF expression. Moreover, using 
RNA and cross-linking assays, we have found that C6-2B cells lack 
the high affinity NGF receptor (trkA). Thus, our data suggest the 
hypothesis that one role for glial cells is to synthesize and store 
NGF. Following neurotransmitter receptor activation glial cells 
release NGF which may bind to trk A  receptor located in adjacent 
neuronal membranes. Thus, glial NGF acts in a paracrine rather than 
autocrine manner. Supported by HHS grant NS 29664.

28.2
N E UR O N A L-G LIA L IN T ER A C TIO N S M ED IA TED  BY
THY-1. J. E. Неng*, E . В. D rеуеr ,  D . Leifer, M. Goria . R .
Shanker. and S. A, Lipton, Harvard Medical School and Dept. of 
Neurology, Children's Hospital, Boston, MA, 02115

Previous work in our laboratory (Leifer, et al., Science, 
224:303,1984) demonstrated a possible role for Thy-1 in neurite 
outgrowth by central mammalian neurons. Monoclonal Thy-1 
antibodies promote neurite outgrowth of cultured rat retinal ganglion 
cells (RGCs). We have now explored the possibility that neuronal 
Thy-1 binds to a glial receptor found on immature astrocytes, which 
might mimic the effect of Thy-1 antibodies.

We employed three probes to identify a site of interaction between 
neurons and glia -- purified Thy-1, Fab fragments from anti-idiotypic 
abs to Thy-1 abs, and a cell line transfected with Thy-1. A putative 
binding site for Thy-1 was identified on ~90% of cultured astrocytes 
prepared from postnatal day 2 rat cerebral cortices. Pretreatment of 
astrocyte monolayers with the proteases trypsin or papain greatly 
reduced the observed binding, suggesting that Thy-1 binds to a glial 
protein. This binding is not seen if astrocytes are kept in culture for 
longer than six weeks.

Immature astrocyte monolayers are a permissive substrate for 
neurite outgrowth by retinal ganglion cells. When the putative Thy-1 
receptor was blocked by Fab-mAbs, the proportion of RGCs bearing 
neurites over astrocyte monolayers was reduced by 29.6% when 
compared to control treatment with Fab-anti-NCAM; neurite outgrowth 
by those RGCs with neurites was diminished by 24%. This suggests 
that Thy-1 plays a role both in neurite elongation and initiation.
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28.3
ASTROCYTIC PHENOTYPE REGULATION BY PLD A N D  KINASES IN  
CHICK EMBRYO CULTURES. D. Mangoura*. C, Pelletiere and G. D aw son. 
Depts of Peds and Biochem. Univ of Chicago Chicago, IL 60637 

Young glia cultures, derived from day-15-chick embryo cortex exhibit α/β  
PKC isoform s, w h ich  tran slocates to the particu late fraction after  
activation by p h ysio log ica l a gon ists and phorbol esters (TPA). PKC 
activation w as upstream  to a prolonged (>6h, > 20-fold) Phospholipase D  
activation, which persisted long after PKC depletion. On the contrary, glia  
cells derived from cerebellum  show ed a low er (~7-fold) PLD activation  
which w as transient (5-60 m in) and w as not attenuated by tyrosine kinase 
inh ib itors. H o w ev er , in  b oth  ca ses  TPA treatm en t resu lted  in  
m orphological alterations, the nature o f w hich w e have been identifying  
with various approaches, such as by assessing m odifications of cytoskeletal 
proteins. Short term TPA treatment resulted in the translocation o f a 60- 
kDa protein into the cytoskeletal fraction and this protein (vim entin by  
W estern blot analysis) w as in vitro p h osph orylated , and increases in  
phosphorylation o f several other proteins. Som e proteins were additional
ly or exclusively  phosphorylated by kinases other than PKC (or PKA). 
Kinase renaturation assays revealed five renaturable MBP kinases in the 
cytoskeleton of chick em bryo cortical astrocytes and one of them w as ERK-
1. In cell hom ogenates out of eight renaturable kinases, w e identified ERK- 
1 and 2 and pk60. Long term TPA treatment changed overall the astrocyte 
phenotype as assessed  by decreases in GFAP expression and glutam ine  
synthetase activity, increases in vim entin  expression, and cell shape and 
polarization, w h ile  staurosporine treatm ent resu lted in an M BP-pk60 
activation, a unique m orphological cell p h enotype and finally extensive  
astrocyte death. These data suggest that PKC is an im portant effector of 
biological events in glial cells for their differentiation and function.

28.5

INSULIN-LIKE GROWTH FACTOR (IGF) BINDING PROTEINS (IGFBPS)
IN CONDITIONED MEDIUM OF MOUSE ASTROCYTES AND EFFECTS 
OF DIFFERENT TREATMENTS. S.X. Yang. A.A. AI-AraW. K. L. Beecher,
K.K. Leuno. and B. W. Festoff*. Neurobiology Research Laboratory, 
VAMC and Dept. of Neurology, KUMC, Kansas City, MO 64128 and 
KS 66160.

IGFs are neurotrophic factors which play important roles in brain 
development, neuroprotection and nerve regeneration. IGFBPs in the 
blood and body fluids bind IGFs with high affinity and play important 
roles in regulating and modifying both function and availability of IGFs.
In order to elucidate the mechanisms through which IGFBPs modulate 
the function of IGFs in the nervous system, the levels of four distinct 
IGFBPs in the conditioned medium of neonatal mouse cortical astrocytes 
were measured by ELISA using commercial antisera against human 
IGFBP-1, -2, -3 and -4. Mouse astrocytes were cultured in serum-free 
medium for 72 hours, the supernatants were then collected and a cock
tail of protease inhibitors added immediately. From ELISA , 30 kd 
IGFBP-2 is the major astrocyte IGF binding protein having approximately 
a ten-fold higher concentration than IGFBP-1. Western ligand blots con
firms this. Further, neither IGFBP-3 nor IGFBP-4 were detectable by 
ELISA in the conditioned medium. Addition of either 1 nM IGF-I, 100 
nM insulin or 25 nM dexamethasone (Dex) increased IGFBP-2 about 
5-10%. Combined additions to the astrocytes of IGF-I and insulin, Dex 
and insulin, and IGF-I and Dex decreased IGFBP-2 by 60%, 3%, and 
40%, respectively. These data suggest that various hormones and 
other agents may influence the function of nervous system IGFs by 
altering the levels of IGFBPs, in this case IGFBP-2 of astrocytes.
Support by Cephalon Inc. and the Medical Research Service of the DVA.

28.7
COMPARISON OF GAP JUNCTIONS AND CELL GROWTH IN TWO RAT 
GLIOMA CELL LINES. M.V. Singh, R. Bhatnagar, N.M. Kumar, 
N.B. Gilula, S.K. Malhotra*. Dept. of Zoology, Univ. of 
Alberta, Edmonton, AB, T6G 2E9, Canada, and Department of 
Cell Biology, The Scripps Research Institute, La Jolla, 
CA, U.S.A.

An experimental increase in gap junctions can have an 
inhibitory effect on cellular growth (Lowenstein et al., 
1992. Seminars in Cell Biol., 3:59-79). We have 
compared two rat glioma cell lines - 9L and C6 - for 
their growth characteristics in relation to their 
inherent gap junctional communication properties. Both 
cell lines lacked glial fibrillary acidic protein (GFAP; 
astrocytic marker), expressed only α1 gap junction 
protein, and had similar growth rates in culture. Using 
scrape loading/dye transfer, and microinjection of 
fluorescent dye, we observed that 9L cells were 
extensively coupled with gap junctions, whereas C6 cells 
had low levels of dye coupling. Larger gap junctions 
structures were observed between 9L cells than C6 cells. 
These differences were further reflected by 
immunofluorescence labeling and immunoblotting of alkali 
insoluble cellular proteins from 9L and C6 cells. 
Northern blot analyses also confirmed that the (α1 mRNA 
level was higher in 9L cells than in C6 cells. In 
summary, these results indicate that gap junctional 
communication is not necessarily the determining factor 
for cell growth regulation of these glioma cell lines. 
(Supported by NSERC of Canada and NIH GM 37904).

28.4
ACTIVATION OF PROTEIN KINASE C INCREASES PROSTAGLANDIN 
PRODUCTION IN PIGLET GLIA. Clara Thore* and David W. Busija. 
Department of Physiology/Pharmacology, Bowman Gray School of 
Medicine, Winston-Salem, NC 27157.

Previous experiments have demonstrated that cortical application of 
phorbol 12,13 dibutyrate (PDB), a protein kinase C activator, increases 
prostaglandin (PG) levels in cerebrospinal fluid (CSF) (Circ Res 69: 1258,
1991). However, the cell types and mechanisms responsible for 
enhanced CSF PG levels are unclear. The purpose of this study was to 
determine whether PDB induces increases in PG production in cortical glial 
cells. Immuno-identified mixed type 1 and type 2 glial cells from piglet 
cortex were grown to confluency in culture. Levels of PGs were 
determined using EIA. Baseline levels for PGF 2a were 825 ±119 pg/ml, 
and increased to 1570±207 pg/ml at 10-8M (p<0.05) and to 2161 ±219 
pg/ml at 10-6M PDB (p<0.05) (n = 18). Only very small amounts of 6- 
KETO-PGF1a were produced. PGF2a levels did not increase in the presence 
of the vehicle for PDB (DMSO), 4a phorbol 12, 13 didecanoate (a phorbol 
ester that doesn't activate protein kinase C), or in the presence of PDB 
when coadministered with indomethacin, quinacrine, or H7 (a protein 
kinase C inhibitor). We concluded that glia are likely to be important 
contributors of PGs to CSF where they could influence cerebrovascular 
tone and neuronal function, and that PDB increases PG production by 
liberation of arachidonic acid via phosphalipase A2 activation. Supported 
by grants HL30260 and HL 46550.

28.6
REGULATION OF GFAP mRNA BY GLUCOCORTICOIDS IN VITRO .
I.Rozovskv *. N. J.Lapina. T.H.Hoaan. C.J. Huang. B.Teter. N.R.Nichols. and 
C-E- Finch. Andrus Gerontology Center,University of Southern California, 
Los Angeles, CA 90089

Glial fibrillary acidic protein (GFAP) mRNA increases in various types of brain 
injuries, neurodegenerative disorders, adrenalectomy, and aging. CORT- 
mediated decrease in GFAP expression was demonstrated in vivo in rat 
hippocampus. Negative regulation of GFAP by CORT seems paradoxic with 
the hypothesis of glucocorticoid-dependent hippocampal aging.

6 hours of CORT (1-100uM) increases the GFAP mRNA in primary cultures 
of neonatal rat cortical astrocytes . Glutamine synthetase (GS), another 
astrocyte message, is also induced by CORT.

Maturation, differentiation, and proliferation of astroglia are controlled by a 
variety of signals and neuron-glia interactions. We established short-term 
mixed neuron-astrocyte cultures. In contrast to astrocytes only, the basal 
level of GFAP mRNA is decreased in these mixed cultures in proportion to 
the dilution of astrocyte cell population by neighboring neurons. CORT 
treatment (6 hours) decreases GFAP mRNA in astroglia-neuron cultures. 
Culture medium conditioned by primary neurons in vitro does not affect the 
direction of GFAP regulation by CORT in astrocytes. This observation 
suggests that negative regulation of GFAP mRNA by CORT (brain-type 
response) is modulated by neuron-glia interaction via membrane-mediated 
phenomena.

Nuclear run-on experiments show a delayed (4 hours) 2-fold increase of 
newly synthesized GFAP transcripts in primary astrocyte cultures treated with 
CORT. In contrast, CORT causes a rapid (30 min) З-fold increase in 
transcription of GS. These data suggest that the regulation of GFAP 
transcription by CORT may involve indirect control mechanisms. (Supported 
by AG-07909 and J.D. and C.T. MacArthur Foundation to CEF, and NRSA 
AG-05593 to IR).

28.8
REDISTRIBUTION OF PROLIFERATING CELL NUCLEAR ANTIGEN (PCNA) 
IMMUNOREACTIVITY IN CULTURED ASTROCYTES AS A FUNCTION OF CELL CYCLE 
PROGRESSION. Yu, C., Knapp, PE. and Skoff, RP.* Dept. Anat. & Cell 
Biol. Wayne State University. Detroit, MI 48201

PCNA/cyclin is a cell cycle-regulated nuclear protein that is 
preferentially expressed in proliferating cells but is undetectable 
or present at very low levels in GO cells. PCNA/cyclin is an 
auxiliary protein of DNA polymerase-delta and plays a fundamental 
role in the initiation of cell proliferation. We examined the 
expression of PCNA in cultured, synchronized astrocytes(ASs) in 
different stages of the cell cycle using immunocytochemical 
staining of PCNA plus propidium iodide(PI). Cells derived from 
normal mouse brain were grown on coverslips (CS) and synchronized 
by serum-starvation for 48Һ, then refed with 10% serum for ЗЗҺ. The 
CS were fixed in cold methanol, then stained with anti-PCNA and PI. 
Since PI stains all cell nuclei, it allows us to count total cells, 
while PCNA staining identifies only proliferating cells. The 
results show that 10% of total ASs express PCNA under starvation 
conditions while after refeeding with serum for ЗЗҺ, 50% express 
PCNA, suggesting that the ASs are entering Gl/S phase. Double 
labeling with anti-bromodeoxyuridine (BrdU) and anti-PCNA show 
that more cells are PCNA+ than are BrdU+ after 23-25Һ of feeding. 
This result suggests that cells express PCNA during Gl and G2 in 
addition to the S phase of the mitotic cycle.

PCNA/cyclin is apparently degraded before cells exit mitosis. 
The staining of PCNA is diminished in ASs in late prophase through 
telophase compared to Gl/S phase cells. Using the technique 
described above, we observed the disappearance of PCNA from 
chromosomes during mitosis. Interestingly, PCNA/cyclin staining is 
absent in or around chromosomes during mitosis but is now 
detectable in AS cytoplasm/processes. This change in the PCNA 
staining pattern between nucleus and cytoplasm during mitosis may 
reflect the site of degradation and/or redistribution. Supported 
by NS18883 & Natl. M.S. Grant RG2461A1/1
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28.9
DEVELOPING GLIAL CELLS OF RAT PITUITARY INTERM EDIATE  
LOBE UNDERG O  A  TRANSITION FROM  VIM ENTIN TO GFAP 
EXPRESSION. B .M . Chronwall* and K .A . Gary. School o f  Biological 
Sciences, University o f  Missouri-Kansas City, MO 64108.

The glial cells o f  the rat pituitary intermediate lobe (ĨL) express S-100  
protein with a sub-population o f  cells expressing both glial fibrillary acidic 
protein (GFAP) and S-100 protein. In the present study, the development o f  
the total glial cell population was determined by immunohistochemistry using  
antisera against GFAP, S-100, and vimentin. In rat brain, vimentin is the 
major intermediate filament expressed by immature astrocytes; a transition 
from vimentin to GFAP expression occurs as astrocytes mature. S-100 is 
primarily located in glial cells and co-localized with GFAP in rat brain 
astrocytes.

W e now demonstrate the presence o f  vimentin immunoreactive (IR), 
radially-oriented glial cells spanning from the neural lobe (NL)/IL border to 
cells at the pituitary cleft during the first post-natal days. These bipolar 
vimentin-IR cells undergo a structural change, losing their radial orientation 
after the first post-natal week and forming the multi-polar, stellate cells 
observed in adult pituitary. At post-natal day 20 , the stellate, vimentin-IR  
cells begin expressing GFAP. Our results support the hypothesized glial 
nature o f  this cell population, in addition to demonstrating a typical pattern 
o f  radially-oriented glia and shift in protein expression from vimentin to 
GFAP similar to that described during cortical histogenesis.

Supported by The Phillip S. Astrowe Trust and by NIH grants NS 28019  
and NS 28522 to BM C.

2 8 .1 1
DIFFERENTIAL EXPRESSION OF A PEROXISOMAL MEMBRANE 
PROTEIN GENE IN TYPE 1 ASTROCYTES IDENTIFIED BY A PCR- 
BASED SUBTRACTIVE CLONING METHODOLOGY. M. R. Varia. D. G. 
Schaar*. C.F. Dreyfus and I. B. Black. Department of Neuroscience & Cell 
Biology, RWJ Medical School / UMDNJ.Piscataway, NJ 08854

A PCR-based subtractive cloning methodology has been developed to 
characterize differential or unique gene expression in type I astrocytes, after 
subtraction of common type 2 astrocyte sequences. Analysis o f  clones derived 
from this methodology has shown that some genes are ubiquitously expressed in 
brain astrocytes, whereas other genes are expressed by type 1 astrocytes in a 
regionally selective manner. Astrocyte type 1 (ATI) clone 40, a representative of 
the widespread expression profile, is a partial cDNA corresponding to a rat 
peroxisomal membrane protein (PMP70) originally cloned from rat liver.

PMP70 is a major peroxisome-specific protein that shares homology with the 
ATP-binding cassette superfamily o f transporters. Peroxisomes are single
membrane organelles present in all tissues, but particularly abundant in kidney 
and liver. These organelles possess many metabolic functions, the central 
pathway being the ß-oxidation of very long chain fatty acids. Genetic defects in 
peroxisome formation result in cerebro-hepato-renal (Zellweger) syndrome (ZS). 
Identification of PMP70 mutations in ZS patients implies the importance of this 
protein in peroxisome biogenesis.

Subtractive hybridization cloning indicated that PMP70 is expressed in the 
brain at elevated levels in type 1 astrocytes. This observation was substantiated 
by northern analysis, which indicates higher ATI-40 RNA levels in type 1 
astrocytes than type 2’s. Moreover, AT 1-40 (PMP70) RNA is expressed by type 
l's throughout the brain, the level varying in a regionally-specific manner. These 
data suggest a functional role for PMP70, and therefore peroxisomes, in type 1 
astrocytes in the brain. We are currently manipulating the expression of PMP70, 
both in vitro and in vivo, to define its role in brain type I astrocytes. (Supp: NIH 
grants HD23315 &NS 10259)

28.13
A NEW M ONOCLONAL ANTIBODY (RT10F7) R E C O G N IZ E S  
MULLER C E LLS  IN THE ADULT AND DEVELOPING RAT RETINA.
E.N. Yamasaki*. V.E. Krupnik. Y. Chang and L.L.Y. Chun. Program in 
Neuroscience, Harvard Medical School and Neurosurgical Service, 
Massachusetts General Hospital, Boston MA 02114.

Müller cells are the major glial component in the retina, with radial fibers 
extending from the inner (ILM) to the outer limiting membrane (OLM), and 
cell bodies in the inner nuclear layer (INL). We describe a monoclonal 
antibody which is immunoreactive for Müller cells in the retina. In the 
adult, RT10F7 stained endfeet of Müller cells in the ganglion cell layer 
(GCL), four horizontal stripes in the inner plexiform layer (IPL) with 
decreasing intensity from the INL toward the GCL, and radial fibers in 
the O PL which terminated at the ILM. In the INL, most somas were 
underlined by Müller processes that wrapped around them, but some 
cell bodies were immunoreactive for RT10F7 in the cytoplasm. The same 
pattern was seen at P14 (P= postnatal day) and P8 , although at both 
ages, in the I PL only three stripes and one stripe were present, 
respectively. At P4, when the retinal layers have not yet completely 
formed, the antibody stained Müller cell endfeet and radial fibers, from the 
IPL through the neuroblastic layer (NBL) to the OLM. This pattern does 
not change at either P1 or E19. At E15, the earliest age studied, the 
same pattern of staining in the NBL was present although reduced in 
intensity; in contrast, Müller endfeet staining was prominent. Astrocytes 
in the retinal fiber layer, cortex and cortical cultures are immunostained for 
RT10F7 as were tanycytes in the floor of the third ventricle. In Western 
blot analysis of a cytosolic fraction from P8 retina, RT10F7 recognized a 
band of approximately 36 kDa. In summary, RT10F7 seems to be 
specific for Müller cells, astrocytes in retina and cortex and a special 
type of glial cell (tanycytes) in the brain.
Support: NIH EY  08125, F05 TW04492.

2 8 .1 0

DEVELO PM ENTAL EXPRESSION OF β -ENDORPH IN, S-100 A N D  
VIM ENTIN IN THE RAT PITUITARY INTERM EDIATE LOBE: 
CORRELATIONS BETW EEN M ELANOTROPES A N D  GLIAL CELLS.
S. A. Sands*. K .A . Gary, and B .M . Chronwall. School o f  Biological 
Sciences, University o f  Missouri-Kansas City, MO 64108.

This study was conducted to simultaneously demonstrate gene expression  
in the two major cell types in the pituitary intermediate lobe; β -endorphin 
was used as a melanotrope and vimentin as a glial marker on pituitary 
sections from postnatal day (PN) 1-14 rat pups. Immunohistochemistry 
showed two distinct cell populations with no co-localization o f  the 
melanotrope and glial markers. The cells expressing 0-endorphin were 
polyhedral at all times; their number and levels o f  expression increased from  
PN 1 until PN  4, remained unchanged till PN  7, and then increased through 
PN 14. Vimentin was evident at PN  1 at high levels in very elongated cells 
with a radial orientation. At PN  5 , vimentin expression was found in stellate 
cells. Levels o f  vimentin decreases from PN  5 through PN 14, at which time 
most vimentin cells were stellate. S-100, a protein expressed by several cell 
types, was evident at PN  1 at high levels in polyhedral cells, at PN  6 fewer 
polyhedral cells showed S-100; instead it was expressed in stellate cells. This 
trend continued through PN  14, when many stellate cells and only very few  
polyhedral cells expressed S-100. Thus it appeared that melanotropes could 
transiently express S-100.

Supported by The Phillip S. Astrowe Trust and by NIH grants NS 28019  
and NS 28522 to BM C.

2 8 .1 2
ASTROCYTE REACTIONS IN THE IMMATURE SPINAL CORD. S A  
Gilmore*. M B. Duraun and T.J. Sims. Department of Anatomy, University 
of Arkansas for Medical Sciences, Little Rock, AR., and Department of 
Anatomy, Hacettepe University, Ankara, Turkey.

Neuroglial development and differentiation in the lumbosacral spinal 
cord of the rat is an early postnatal occurrence, and glial responses to 
injury during this period are poorly defined. Our recent studies focused on 
radiation-induced astrocyte responses in spinal gray matter, using x-ray 
exposures known from earlier investigations to induce transient (2000R) 
or permanent (4000R) glial alterations in spinal white matter.

At the time of irradiation (3 days of age) GFAP+ astrocytes were 
essentially absent from the gray matter but could be visualized in the 
white matter of the lumbosacral cord, as noted also in 5-and 8-day-old 
controls. In 8-day-old irradiated rats (5 days P-l), however, cells with 
slender GFAP+ processes were discernible in ventral and intermediate 
gray in both irradiated groups. By 10 days P-l GFAP+ cells were 
prominent throughout the gray matter, with thickened, intensely stained 
processes in the 4000R group. GFAP+ cells in controls occurred in the 
ventral gray and stained less intensely than in irradiated littermates. By 
14 days P-l differences were observed in that those exposed to 4000R 
had thickened, intensely GFAP+ processes, whereas astrocytes exposed 
to 2000R stained less intensely and showed no thickening of their 
processes. By 21 days P-l the 4000R group had many fewer astrocytes 
than at 14 days P-l, and those remaining were intensely immunoreactive. 
In contrast, no loss of GFAP+ cells was noted in those exposed to 2000R, 
and staining intensity and distribution resembled that in controls. These 
data indicate that radiation induces reactivity in the gray matter 
astrocytes, and the transient GFAP response in the 2000R group may be 
a useful model to explore mechanisms underlying astrocyte reactions. 
Supported by NIH Grant NS 04761.

2 8 .1 4
SPECIFIC EXPRESSION OF A 150kD POLYPEPTIDE IN CULTURED 
STELLATE MACROGLIA PREPARED FROM NEONATAL RAT BRAIN. J. Han.
G.D. Pappas*. N. Lieska. V. Kriho. P.C. Wang and H.-Y. Yang. Dept. of 
Anatomy and Cell Biology, Univ. of Illinois at Chicago, Chicago, IL 60612.

Using a monoclonal antibody to specific gangliosides (A2B5), two 
types of astrocytes are identifiable in primary cultures of rat CNS: Type 1 are 
non-stellate, A2B5-negative astrocytes; while Type 2 are stellate and A p 
positive. Recent studies have shown that the latter and oligodendrocytes are 
derived from the same progenitor cells. However, the development and 
distribution of Type 2 cells in tissue remains unresolved, primarily due to the 
inconsistency of A2B5 immunoreactivity in tissue studies. Recently, our 
laboratory has identified a 150kD protein uniquely present in intermediate 
filament (IF)-enriched preparations from a human glioblastoma cell line (MG- 
87) which coincidently was found to be A2B5-positive. This suggested that the 
l50kD may have promise as a marker for Type 2 macroglia. A rabbit anti
serum was generated against the l50kD polypeptide by injection of this 
antigen excised from SDS gels of MG-87 IF preparations. Immunoblot 
analyses demonstrated the antiserum’s specificity. Immunofluorescence 
studies showed the presence of the 150kD antigen in MG-87 cells. In contrast, 
this antigen was not demonstrable in the A2B5-negative astrocytoma cell line, 
MG-373. The immunoreactivity of the antibody was further examined in 
primary cultures of astrocytes prepared from neonatal rat brain and in 
oligodendrocyte-enriched cultures. Double-label immunofluorescent studies 
with anti-150kD polypeptide and A2B5 revealed the 150kD antigen in A p 
positive cells, but not in A2B5-negative, non-stellate cells. These data suggest 
that the 150kD polypeptide may be useful as a specific marker for Type 2 
macroglia. (This study was supported by NIH Grants NS 26395 and CA 
54782).
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2 8 .1 5

DOUBLE-LABEL IMMUNOCYTOCHEMISTRY OF GLIA IN SECOND 
TRIMESTER HUMAN FETAL SPINAL CORD: IDENTIFICATION OF A 
POSSIBLE BIPOTENTIAL PRECURSOR CELL. K.M. Weidenheim*. I. 
Epshtevn. W.K. Rashbaum and W.D. Lyman. Albert Einstein 
College of Medicine, Bronx, NY 10461

The cell of origin for some astrocytes and 
oligodendrocytes is thought to be a bipotenti al precursor 
cell, the 02A cell, identified in the optic nerve of 
rodents. A cell with this phenotype has not been 
identified in the developing human central nervous system, 
although similar cells have been found in adult human white 
matter. To define human glial cell development more 
precisely, 9 human fetal spinal cords (HFSC) ranging in age 
from 16 to 24 gestational weeks (GW) were double- 
immunostained using the 04 (anti-sulfatide) or 01 (anti- 
galactocerebroside) antibodies and an antibody to glial 
fibrillary acidic protein (GFAP), an astrocyte marker. 
Double-staining for 04 or 01 and myelin basic protein (MBP) 
was also employed. Cells labelled for both 04 and GFAP, 01 
and GFAP, 01 and MBP, or 04 and MBP could be identified in 
the spinal cord. Cells single-stained for 04 and 01 were 
also present, as were cells single-stained for GFAP and 
MBP. These results suggest that a bipotential glial 
precursor cell similar to the 02A cell is present in HFSC. 
This bipotential cell could migrate into the white matter 
from the matrix zone (subependymal area) before final 
differentiation to either astrocytes or oligodendrocytes.

Supported by USPHS MH 47667 and MH 46815.

2 8 .1 6

GLIAL RESPONSES TO  NERVE CRUSH IN A  SNAIL AS 
REVEALED BY N EURO TRANSM ITTER  
IM M U N O C YTO C H EM ISTR Y AND THE NUCLEAR  
FLUO RO CHRO M E BISBENZIMIDE. Stačia Moffett* and Susan 
Bale. Washington State Univ., Pullman 99164.

In mammals, insects and leeches, glia accumulate at sites of 
nerve injury and contribute to regeneration. Nuclear staining 
(Hoechst 33258, Sigma) has been used to chart the cells at a 
crush site in the pulmonate snail Melampus bidentatus. 
Peripheral nerves or cerebral connectives were crushed with 
modified forceps to produce a clear area along the normally 
whitish trunks. Some small cells survive, as evidenced by 
elongated but intact nuclei; the axons are all broken, as 
evidenced by neurotransmitter immunofluorescence. Within 4 
h there is an increase in elongated nuclear profiles in the crush 
site and adjacent regions, and within 24 h nuclei accumulate. 
By 3 days the nerve regains a rounder profile and the nuclei 
are not so elongated; their number increases and a 
subpopulation with larger nuclei is apparent. The large 
number of small round nuclei present by 5 days suggests that 
mitotic activity is stimulated. Some large nuclei are also seen 
at this stage, when axons typically bridge the original injury 
site. Glial phagocytic activity and origin are under 
investigation.

SENSORY SYSTEMS I

2 9 .1
MORPHOLOGICAL STUDY ON THE POSTNATAL DEVELOPMENT OF RAT 
SOMATOSENSORY THALAMUS. R. Spreafico*. C. Frassoni.
M .C.Regondi, A._Amadeo , S .  D e .Biasi 1st. Neurologico
Besta and Dip. Fisiol e Biochixn Gen, Milano, Italy.
The ultrastructure of thalamic ventrobasal (VB) complex 

and related reticular (Rt) nucleus was studied in rats at 
postnatal (P) days 2 to 15. At P2 most of the synaptic 
terminals were small, with few clear vesicles, and 
contacted a single dendrite. From P4 a general increase 
in the number and in the morphological diversification of 
the terminals was observed. At P6 thick post-synaptic 
densities, typical of asymmetric specializations, became 
evident in some of the terminals. Moreover, in VB, large 
terminals making multiple asymmetrical synapses and 
resembling the ascending boutons of the adult rats were 
observed. At P15 the synaptic organization of VB and Rt 
closely resembled that of the adult. GABA immunogold 
labeling showed that at P2 weak immunoreactivity was 
present in a few small terminals and that from P6 there 
was a great increase in the intensity of the 
immunoreactivity in several synaptic terminals making 
symmetrical contacts with dendrites and cell bodies. 
Terminals resembling ascending afferents were never 
labeled and GABAergic cells were only present in Rt. 
Injections of biocytin or HRP in cerebral cortex at Pl-2 
resulted in labeling of several neuronal cell bodies and 
of a few synaptic terminals in VB. Anterogradely labeled 
terminals were small and contacted thin dendrites.

2 9 .3

EXPERIMENTALLY INDUCED RETINO-THALAMIC PROJECTIONS IN 
FERRETS: DENSITY AND DISTRIBUTION OF AXON ARBORS. M. Rocha* F. 
Clasca. A. Angelucci and M. Sur. Dept. of Brain and Cognitive Sciences, M.I.T., 
Cambridge, MA.

Retinal axons can be induced to innervate non-retinal targets in the thalamus 
following neonatal lesions in hamsters and ferrets. Here, we have examined the extent 
and distribution of the ectopic projection in ferrets after ablation of the superior 
colliculus, reduction of the size of the lateral geniculate nucleus (LGN), and at least 
partial transection of midbrain ascending pathways. Aberrant retinal projections to the 
thalamus, assessed by intraocular injections of WGA-HRP, are heaviest and seen most 
consistently in the lateral posterior thalamic nucleus (LP). Sparser patches of projections 
can be induced to the rostral and medial parts of the medial geniculate nucleus (MGN); 
small projections can be induced to the posterior nucleus (Po) and the ventroposterior 
lateral nucleus (VPL). Variability in the location and density of retino-MGN projections 
is also indicated by the absence of retinal labeling in animals with rhodamine injections 
confined to the ventral MGN. Retinal axons enter the MGN through the LP as well as 
from the ventral accessory optic tract and difecüy from the optic tract. Unlike aberrant 
retino-MGN and retino-VPL projections in hamsters, which occur immediately adjacent 
to the optic tract, retinal axons in ferrets navigate up to several mm through the thalamic 
grey matter before arborizing in the MGN.

We have investigated whether more complete ablation of normal retinal targets 
would enhance aberrant projections to novel targets. Very large lesions of visual cortex 
paired with complete ablation of the SC and pretectum lead, however, to extensive 
degeneration of the optic tract. Direct ablation of the LGN has a similar effect. Thus, 
the presence of at least some normal targets seems to be critical for the formation of 
ectopic retino-thalamic projections. We are examining the possibility that extensive de- 
afferentation of novel targets is sufficient for inducing the novel projections.

Supported by EY07719, the March of Dimes, CNPq, MEC.EX92.30550.728

2 9 .2
PERIRETICULAR CELL BODIES ARE LABELLED FOLLOWING Dii OR HRP 
INJECTIONS INTO THE CORTEX OF PERINATAL RATS. N.C. Adams.
G.E. Baker and R.W. Guillery*, University of Oxford, Dept. of Human Anatomy, 
South Parks Rd, Oxford, OXI 3QX, UK.

The Perireticular Nucleus (PRN) is a recently described nucleus, lying lateral to 
the Thalamic Reticular Nucleus (TRN)1. From E17 to P10, the PRN is surprisingly 
large, with its somata occupying much of the internal capsule (IC). After P10 the 
PRN rapidly decreases in size, leaving a few cell bodies to be seen in the IC. In the 
adult, there is complex interweaving o f corticofugal fibers in the area previously 
occupied by the PRN.

To examine the relationship between corticofugal fibers and the PRN, we made 
small, unilateral injections of tracer (20% HRP; 5% WGA-HRP with 40% HRP; 10% 
Dii solution) into the occipital cortex of anesthetized rats of various ages between 
P0 and adult. After survival periods o f 12 to 20 hours, the animals were 
reanesthetized and perfused appropriately. HRP was localized using tetramethyl 
benzidine as the chromagen. Alternately, small crystals of Dii were placed in the 
neocortex of aldehyde fixed fetal rats.

Injection of tracer into the cortex between E19 and P13 produced clear labelling 
of somata in the PRN. By P19, as in the adult, PRN somata were no longer labelled 
after a cortical injection. There was no difference in labelling o f the PRN cells 
between the three tracers. Although the PRN resembles TRN immunohisto- 
chemically1, these results show that it clearly differs from the TRN, which was not 
labelled in this study, and further that the PRN may have a projection to the 
developing cortex. This early possible projection to cortex adds further to parallels 
that can be drawn between the PRN and subplate1.
1. Mitrofanis J., J. Comp. Neurol. 320:161-181, 1992 
This work was supported by the Wellcome Trust.

2 9 .4

THE EFFECTS OF NERVE INJURY ON VIBRISSAE INNERVATING  
NEURONS IN THE RAT. I. PERIPHERAL INNERVATION
B.T. Fundin'*. K. Johansson1. FJL. Rice2 and J. Arvidsson1. 'Dept. of Anatomy, 
Karolinska Institutet, S-104 01 Stockholm, Sweden. 2Dept  o f Anatomy, Cell Biol., 
& Neurobiol., Albany Med. Coll., Albany, NY 12208, USA.
The vibrissae follicles in rodents together form a well developed sense organ with 
different types of sensory nerve endings in a clearly defined pattem. This makes the 
vibrissae follicle ideal for studying the effects of various types of nerve injury. The 
infraorbital nerve or the deep vibrissal nerve (DVN) was either crushed, transected 
or resected in adult rats. Several months later HRP conjugated to choleragenoid (B- 
HRP) was injected into the left trigeminal ganglion. Normal rats receiving the same 
injection served as controls. After perfusion the previously denervated follicles were 
studied with regards to the B-HRP labeling. After a crush of either the infraorbital 
nerve or the DVN, the morphology o f the innervation was almost retained, while a 
pronounced changed morphology was observed after transection or resection o f these 
nerves. The direction and location o f many nerve endings were changed as well as 
the branching pattem of several contributing afferents. Also, there was a dramatic 
decrease in the number o f mechanoreceptors after resection, while transection o f the 
nerves resulted in a smaller decrease. After all types o f injury, a few large caliber 
DVN afferents contributed to the innervation of the inner conical body, which is 
normally innervated only by the superficial vibrissal nerves (SVN’s). In addition, a 
population o f thin to medium caliber afferents from the SVN’s, descended to the ring 
sinus of the follicle, which is normally innervated by the DVN. After a transection 
or resection of the infraorbital nerve, medium to large caliber afferents from the 
SVN’s were observed to form Merkel cell-neurite complexes and lanceolate endings 
at the ring sinus. These endings normally get their source axons from the DVN. 
Together, these findings show that transection or resection o f peripheral nerves result 
in a dramatic change in the reinnervation o f the vibrissae follicle.
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2 9 .5
THE EFFECTS OF NERVE INJURY O N VIBRISSAE INNERVATING  
NEURONS IN THE RAT. II CENTRAL INNERVATION  
K.Johansson*1.B. Fundin1 F.L Rice 2and I.Arvidsson.1 
Dep. Anat.,KaroIinska Institute,S-10401 Stockholn^Sweden1 and Dept. 
Anat.,Cell Biol&Neurobiol., Albany M ed.Coll.,Albany,NY2 

The central projections of primary afferents innervating the rat mystacial 
vibrissae have been show n to be somatotopically organized in a detailed fashion 
replicating the periphery. For this reason the vibrissae system  seem s ideal for 
studies o f the consequencies of various types of nerve injury.Adult rats were  
subjected to either crush,transection or resection of the infraorbital nerve 
unilaterally,while other rats were subjected to the sam e types o f lesion on the 
deep vibrissal nerve (DVN) on one side.Several m onths later a solution of HRP 
conjugated to choleragenoid (B-HRP) w as injected into a previously denervated  
follicle and into the same follicle contralaterally.Following perfusion the 
bilateral trigeminal ganglia and brain stem nucleus caudalis were processed for 
the demonstration of HRP reaction productJnfraorbital nerve resection resulted 
in a substantial reduction in the number of labeled cell bodies innervating a 
single follicle, possibly reflecting a previously show n cell loss follow ing such a 
lesion,DVN resection caused a smaller decrease in number o f labeled cells. An  
even smaller decrease in number of labeled cells w as found after transection of 
the infraorbital nerve or the D V N,while the number of labeled cells w as fairly 
normal after crush of either o f the both nerves.All types of lesions resulted in a 
changed pattern of central terminal labeling. These changes include labeling in 
widespread patches and occasional labeling in the substantia gelatinosa,which  
normaly does not receive DVN afferents.Resection o f the D V N  resulted in very 
little labeling centrally,likely due to a poor reinnervation of the follicle.The 
changes in the central termination pattern of D V N  afferents m ay be d ue to 
changes in the peripheral innervation of the follicle a n d /o r  central plasticity.

2 9 .7
DEVELOPMENTAL CHANGES IN FIRING PROPERTIES OF LAYER IV 
CELLS IN MOUSE SOMATOSENSORY CORTEX J.L Massen gill*1.
A .A g m o n 1. and D .K . O 'D o w d 1,2 D epts. o f  Anatomy and 
Neurobiology1 ; Developmental and Cell Biology2, U.C. Irvine, 
Irvine, CA 92717

Neurons of the mature neocortex exhibit heterogeneous firing 
properties. Three classes of neurons have been described in the adult 
rodent neocortex based upon their firing properties: regular spiking
(RS), fast spiking (FS) and intrinsic bursting (IB). This classification 
relies on intracellular recordings in  v i tr o  obtained primarily from 
neurons in layers II, Ш, V and VI. Using the whole cell recording 
technique in thick slices of mouse somatosensory cortex we recorded 
from neurons in layer IV during the first three postnatal weeks. We 
report that the majority o f layer IV neurons examined between the 
ages o f postnatal day 4 (P4) and P8 fired trains of action potentials 
(APs) exhibiting constant interspike intervals and a relatively low 
firing frequency (<20Hz at room temperature, (RT)). In contrast, the 
majority of cells from mice after the first postnatal week had firing 
properties similar to RS cells in the adult, including the appearance of 
a doublet at the beginning of the train followed by single spikes 
appearing at either a constant interspike interval (RSi) or with an 
increasing interspike interval (RS2 ). Cells with firing properties 
similar to IB cells as well as a small number of neurons that fired AP 
with a constant interspike interval at relatively high frequency (60 Hz 
at RT) were also found in this older age group. We are examining the 
possibility that cells in this latter catagory correspond to FS cells. 
Supported by NS30109 to DKOD.

2 9 .9
CORTICAL METABOLIC AND BEHAVIORAL EFFECTS OF ACTIVE 
ENRICHMENT ON A UNILATERAL SPARED RAT VIBRISSA D.L. 
Noaker. M.L. Кшэсһо. K.M. Gallo. R.L. Craik* & P.J. 
Hand. Beaver College, Glenside, PA, 19038 and School of 
Vet. Med., U. of Pennsylvania, Philadelphia, PA 19104.

The effects of active environmental enrichment on so
matosensory (SI) cortical metabolic activity and behav
ior were examined in 41 Sprague-Dawley rats. Subtotal 
vibrissa deafferentation involved unilateral sparing of 
C3 vibrissa (SC3) prior to postnatal day 3. Active 
environmental enrichment was conducted for 2 hrs/day for 
5 days/wk for 30 days. Control animals were handled 
daily as tolerated. Behavioral testing involved 5 days 
of 4 minute trials in a darkened room on a raised 
circular plexiglass runway.

The (14C)-2DG technique revealed significant differ
ences in metabolic activity between the cortices in en
riched animals and between spared-enriched and spared 
non-enriched cortices across animals. Cytochrome 
oxidase did not indicate anatomical changes due to 
enrichment in SI cortex. As a group, SC3 animals showed 
no preference in direction traveled. Closer inspection 
of individual animals in the enriched group revealed a 
relationship between the amount of metabolic activity 
associated with SC3 cortical representation and the pre
ferred travel direction. In conclusion, active enrich
ment was associated with increased cortical metabolic 
activity in SC3 cortical representation and more pre
dictable maze behavior when compared to control animals. 
Supported in part by NS-22283.

2 9 .6
PRECISE THALAMOCORTICAL TOPOGRAPHY EXISTS IN THE 
SOMATOSENSORY CORTEX OF THE NEWLY BORN MOUSE. A. Agmon*.
L.T. Yang and E.G. Jones. Dept. o f Anatomy and Neurobiology, University of  
California, Irvine, CA 92717

The somatosensory pathway of the rodent is characterized by a unique somatotopic 
organization, in which individual facial whiskers map onto spatially discrete domains 
in the brainstem, the thalamus ("barreloids") and the cortex ("barrels"). In the 
mouse, barrels are formed as layer IV differentiates, on or around the third postnatal 
day (P3). By anterograde labeling o f the developing thalamocortical pathway with 
Dii, we have recently demonstrated that thalamocortical axons are already in their 
correct tangential position within the deep layers, before entering layer IV (Agmon 
et al., in press); however that study did not determine at what stage the tangential 
order first arises. We addressed this question by retrograde labeling o f thalamic 
relay cells from focal injections o f Dil(3) and Dil(5) in the cortex. In P4 and older 
animals, barrel boundaries in layer IV were visualized by transillumination, and 
barreloid boundaries in the thalamus were visualized by autofluorescence. As early 
as barrels could be discerned, on P4, injection o f two different dyes into two 
adjacent barrels labeled two adjacent barreloids, with a small percentage o f cells in 
the "wrong" barreloid, but with virtually no double-labeled cells. Before barrel 
formation and as early as PO, injection o f two different dyes into adjacent foci in the 
upper cortical layers resulted in two side-by-side tight clusters o f  cells in the 
thalamus, with some spatial overlap along their boundary, but again with virtually 
no double-labeled cells. We conclude: (1) Single thalamocortical axons do not send 
multiple arbors into presumptive layer IV in a transient stage preceding barrel 
formation. (2) Precise topography exists in the thalamocortical projection from (at 
least) the earliest postnatal period; this thalamotopy is apparently established before 
sensory input arrives in the cortex, and precedes the establishment o f whisker-related 
somatotopy. Supported by NS30109 and the BOA-Giannini Foundation.

2 9 .8

ALTERATIONS IN METABOLIC ACTIVITY INDUCED BY NEONATAL 
CAPSAICIN IN THE DEVELOPING RODENT SOMATOSENSORY SYSTEM.
C. C. Wu. M. F. Gonzalez*. Department of Psychology, UCSD, La Jolla, CA., 92093

This study investigated the effect of capsaicin administered at birth on the metabolic 
activity of the developing rat’s somatosensory system following whisker stimulation. 
Hypothermized neonatal Sprague-Dawley pups were injected i.p. with capsaicin 
(50mg/kg) on PND0 (postnatal day 0). Control subjects were given vehicle injections 
without capsaicin. On PND10, pups were injected with [14C]2-deoxyglucose (8 
A Сі/kg), restrained, and subjected to repetitive deflection of their left whisker pads. 
After stimulation, their brains were sectioned and autoradiographed. A computer- 
based image analysis system was used to measure the areas of activation and the 
optical density ratios of brain structures affected by the stimulation.

Compared to controls, capsaicin-treated subjects showed enlarged activated zones in 
the caudalis (37%) and interpolaris (5.3%) trigeminal nuclei; and decreased activated 
zones in the oralis (11%) and principal (4.5%) trigeminal nuclei. The capsaicin group 
also exhibited decreased areas of activation in the ventral posteromedial nucleus of 
thalamus (VPM; 20%) and the primary and secondary somatosensory cortices (SI and 
SII; 90% and 63%). In terms of metabolic changes, capsaicin treated subjects 
exhibited moderate increases of 2DG uptake in all trigeminal nuclei, except oralis, 
and clear reductions of 2DG uptake in VPM (18%), SI (42%) and SII (12%).

These results suggest that the unmyelinated C-fiber afferents destroyed by the 
neonatal administration of capsaicin play a role in the establishment of functional, 
ordered connections between vibrissae mechanoreceptors and thalamic and cortical 
components of the whisker somatosensory system. The mechanism responsible for the 
reductions of 2DG uptake in the barrel field of these rats needs further investigation. 
The present data suggest that it cannot be attributed to capsaicin-induced metabolic 
decreases in trigeminal nuclei since these structures, if anything, exhibited increases 
in 2DG uptake and size of activated area.

2 9 .1 0
NEONATAL WHISKER TRIMMING REDUCES SURROUND INHIBITION IN 
ADULT BARREL CORTEX. D.J.Simons*. P.W.Land and K.Suter. Dept. of 
Neurobiology, Univ. of Pittsburgh Sch. Med., Pittsburgh, Pa 15261

Extracellular unit recordings and controlled whisker stimuli were used to 
study receptive field properties of neurons in the barrels of adult rats whose 
whiskers had been trimmed to the skin surface from the day of birth to 40 
days of age. Recordings were obtained 6 weeks to 10 months later; some 
animals had been trained extensively on a vibrissal discrimination task. The 
barrel’s Principal Whisker (PW) and its 4 immediately adjacent neighbors
(ADJ) were deflected in a condition-test paradigm to assess inhibitory 
interactions. ADJ inhibition in trimmed rats was significantly reduced relative 
to that observed in control animals. Differences were most pronounced for 
caudal and ventral vibrissae, which in normal animals are typically more 
inhibitory than rostral and dorsal whiskers. The decrease in inhibition for 
caudal whiskers in trimmed animals abolished the rostral-caudal gradient 
seen in normal rats, but a ventral-dorsal gradient was preserved. 
Abnormalities were observed in all trimmed animals. As we have previously 
reported, regular-spike units in trimmed rats also had increased 
spontaneous and stimulus-evoked activities. By contrast, fast-spike unit 
activities in these rats are comparable to those observed in normal animals.

Neonatal whisker trimming leads to pronounced and perhaps permanent 
abnormalities in both excitatory and inhibitory components of barrel neuron 
receptive fields. These abnormalities may reflect increased excitatory drive 
onto barrel neurons that is not sufficiently compensated by an increase in 
the inhibitory influences of fast-spike units. Supported by NSF BNS- 
9110731.
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2 9 .1 1
INCREASED SOMA SIZE UNDERLIES COMPENSATORY EXPANSION OF 
WHISKER BARRELS IN SOMATOSENSORY CORTEX OF NEONATALLY 
ENUCLEATED MICE. R. Gelhard B. Tian and J.P. Rauschecker (SPON: 
European Brain and Behaviour Society). Laboratory o f Neurophysiology, NIMH, 
PoolesviUe, MD 20837, U.S.A.

Visual deprivation from birth in cats leads to compensatory changes in other 
sensory modalities at the physiological, anatomical and behavioral level 
(Rauschecker and Korte, Soc. Neurosci., 1992). Similarly, binocular enucleation 
(BE) o f mice shortly after birth leads to a significant expansion o f the "barrels" in 
somatosensory cortex representing the mystacial vibrissae (Rauschecker et al., 
PNAS, 1992). By examining the size and density o f  neurons in barrels o f  normal 
and enucleated mice we tried to elucidate the mechanisms causing the compensatory 
expansion in the somatosensory cortex.

Flat mounts o f  12 cerebral hemispheres in 3 normal mice and 3 mice binocularly 
enucleated during their first week o f life were cut at 50 μm  and stained with cresy 1 
violet. Area measurements o f  barrel size in different positions with the use o f  a 
computerized system confirmed the expansion o f  the barrels in BE mice, which we 
originally reported for cytochrome oxidase stained material. An area o f  (lOOμm)2 in 
the center o f  each barrel was then chosen to determine the size and density 
distributions o f  cell somata, and comparisons were made at each barrel position 
between normal and enucleated mice. Every single comparison yielded a significant 
increase o f soma size (t-test at least p<0.05) in favor o f  blind mice. Cell density 
(the number o f cells per unit area) was reduced in BE animals, which suggests an 
isomorphic expansion o f  the barrel field.

The present results suggest that cell size measurements provide a more sensitive 
procedure for determining compensatory changes than mere measurements o f  overall 
barrel size. The results are compatible with a notion o f  intermodal competition, 
analogous to binocular competition in the visual system (Guillery, 1970), where 
neurons in an intact pathway profit from deprivation in another when competing for 
common target neurons.

2 9 .1 3
LOSS OF BARRELOID SPECIFIC DENDRITIC ARBORS OF 
MOUSE THALAMOCORTICAL RELAY CELLS IN NORMAL 
POSTNATAL DEVELOPMENT. K. Brown.i J. Arends.2*
S, Wasserstrom.1 L Linglebach.i M. Jacquin 2 &T. Woolsey.1 
1 Dept. of Neurology & Neurological Surgery, Washington University 
School of Medicine, St. Louis MO 63110 and 2 Dept. of Anat. & 
Neurobiol., St. Louis Univeristy Medical School, St. Louis MO 63104 

Barreloids are discrete cell groups in the ventrobasal complex (VB) of 
rodents that represent single whiskers. In mice, neurons in the 
barrelettes of the principal nucleus of V, that project to VB, and 
neurons in the barrels of the cortex, which receive from VB, have 
eccentric dendrites that are largely confined to individual barrelettes 
and barrels, respectively. However, dendrites of adult rat VB neurons 
are not confined to single barreloids (e.g., Harris, '86 JCN 251:491- 
505). We filled mouse thalamic neurons in fixed slices with lucifer 
yellow prior to processing for immunohistochemistry (Arends & 
Jacquin, J. Neurosci. Meth., in press). Neurons in barreloids, other parts 
of VB, and other thalamic nuclei were stained. Neurons from adult mice 
resembled those in rats: dendritic arbors were radial, not eccentric and 
extended well beyond the confines of individual barreloids. By contrast, 
dendritic arbors of barreloid neurons from 6 day old mice were often 
eccentric and confined to the appropriate barreloid. Neurons in other 
thalamic nuclei had similar dendritic orientations at both ages. This 
suggests that the barreloid neurons are appropriately confined during 
the critical period of pattern formation in the barrel cortex but that this 
pattem is lost in development, possibly as other inputs are received by 
barreloid cells. Supported by NIH Grant DE 07734, the McDonnell Center for 
Studies of Higher Brain Function and the Spastic Paralysis Research Foundation of the 
Illinois-Eastern Iowa District of Kiwanis International.

2 9 .1 5
LESION-INDUCED CHANGES IN THE CENTRAL TERMINAL 
DISTRIBUTION OF GALANIN-IMMUNOREACTTVE AXONS IN THE 
DORSAL COLUMN NUCLEI. R.S. Crissman*. N.L. Chiaia. C.A Bennett- 
Clarke. J.T. Wall. B.F. Hoeflinger. H.P. Killackev. andR.W. Rhoades. Dept. 
of Anatomy, Medical College of Ohio, Toledo, OH 43699 and Dept. of 
Psychobiology, University of California, Irvine, CA 92717 

Rats that sustained forelimb removal on either embryonic day (E-) 16, the 
day of birth (P-0), or brachial plexus lesions in adulthood had brainstem 
sections stained for galanin (GAL) or calcitonin gene-related peptide (CGRP) 
to assess changes in the peptidergic innervation of the cuneate nucleus. In 
normal adult rats, only a few GAL- and CGRP-immunoreactive fibers are 
present in the cuneate nucleus. In rats that sustained forelimb removal at birth 
or brachial plexus transection in adulthood, dense GAL immunoreactivity 
appeared throughout the cuneate nucleus ipsilateral to the lesion. After adult 
lesions, changes were apparent within one week, the earliest age analyzed. 
Increases in GAL immunoreactivity of animals that sustained forelimb removal 
on P-0 were first visible on P-2. Immunocytochemistry and electron 
microscopy also revealed an increase in the number of GAL-immunoreactive 
fibers in т е  cuneate fasciculus of adult rats that sustained brachial plexus 
damage. Neither forelimb removal at birth nor brachial plexus lesions in 
adulthood had a qualitative effect upon the distribution or density of CGRP- 
immunoreactivity in the cuneate nucleus. Removal of a forelimb on E-16 did 
not increase the density of either GAL-or CGRP-immunoreactive fibers in the 
cuneate nucleus. These results raise the possibility that non-peptidergic 
primary afferent axons innervating the cuneate nucleus may express GAL after 
damage at birth or in adulthood. NS 28888, DE 07734, and BNS 90-22168

2 9 .1 2
ANGIOTENSIN II TYPE 2 (AT2) RECEPTOR BINDING IN THE RAT 
MYSTACIAL VIBRISSAL SOMATOSENSORY SYSTEM. A.J. Bhatia*. F.M.J. 
Heemskerk & J.M. Saavedra. Section on Pharmacology, LCS, NIMH, Bldg. 
10 Rm. 2D-45, Bethesda, MD 20892.

AT2 receptor binding is highly expressed in brain areas related to sensory 
and motor integration in immature rats compared with adult rats. While this 
suggests a developmental role for this receptor subtype, the function of the 
AT2 receptor is unknown. In the search for a suitable model system to 
investigate the function of the AT2 receptor subtype during development, we 
used quantitative autoradiography to assess the AT2 receptor binding 
distribution in components of the rat mystacial vibrissal somatosensory 
system. Binding was found in the vibrissal follicle root and throughout the 
surounding whisker pad including epithelial cells, in the primary sensory 
trigeminal nucleus, and the ventroposteromedial thalamus (VPM) of 7 day or 
14 day old rat pups. Evidence of AT2 binding in mesencephalic trigeminal 
cells was present in 7 day, but not 14 day old pups. There was no 
evidence of AT2 receptor expression in neocortex. Currently we are 
investigating factors which could modulate AT2 receptor expression. While 
recent data indicate that sensory deprivation by unilateral neonatal 
vibrissectomy does not alter the level of binding to AT2 receptors in the 
contralateral VPM (which receives primarily sensory information from the 
mystacial vibrissae) of 7 or 14 day old pups, this system may provide a 
useful model for the study of the function of AT2 receptors during 
mammalian central nervous system development.

29.14
Functional Plasticity in the Adult Mouse Barrel Cortex is Concomitant 
with Peripheral Sensory Reorganization.
P. Melzer* and C.B. Smith. Laboratory of Cerebral Metabolism, NIMH, 9000 
Rockville Pike, Bethesda, MD 20892.

Recent studies of the whisker-to-barrel pathway in 7 month old conscious 
albino mice with the 2-[14C]deoxyglucose (DG) method have shown that 
metabolic responses in barrel cortex can be evoked with stimulation of left 
whiskers B1-3 & D1-3 not only in appropriate right barrels B1-3 & D1-3, but 
also in barrels C1-3, when the nerve innervating whisker follicles in row C 
had been transected and ligated ca. 5 months earlier (Melzer, P., et al., Soc. 
Neurosci. Abstr., 14: 844, 1988). Instead of merely deafferenting follicles, 
which were left intact and were finally reinnervated, in the present study we 
surgically removed the follicles of left whiskers C1, C2 & C3 from mice 2 
months of age. Ca. 6 months later, the conscious mice were subjected to the 
fully quantitative DG method while left whiskers B1-3 & D1-3 were 
stimulated. In 8 operated mice rates of glucose utilization in right barrels 
C1-3 were increased statistically significantly (P<0.05) by 37% in comparison 
with the respective rates in 6 unstimulated (all whiskers clipped) operated 
mice and by 55% in comparison with those of 5 unoperated controls in which 
the same whiskers had been stimulated. Since the targets of peripheral 
sensory trigeminal nerve fibers in operated mice were destroyed, would 
regenerating nerve fibers eventually innervate other follicles near the lesion? 
Liesegang preparations of the whiskerpads of 15 mice showed that the 
number of fibers innervating the follicles of whiskers B1-3 & D1-3 on the side 
with the lesion (mean=845; S.D.=13) was statistically significantly (P<0.05) 
increased over that on the unoperated side (mean=752; S.D.=108). Hence, 
the possibility that the plasticity of the whisker map in barrel cortex also 
reflects the reorganization in the sensory periphery must be considered.

2 9 .1 6

CENTRAL SPINAL CHANGES FOLLOWING PERIPHERAL 
NERVE LESIONS IN ADULT MAMMALS. R .E . C o e e e s h a l t .  T. 
D o u b e ll2. C J .  W o o lf 2, Marine Biomedical Institute and Depts. of 
Anatomy & Neurosciences, The University of Texas Medical Branch, 
Galveston, Texas 775551 and the Dept. of Anatomy & Developmental 
Biology, University College London, England2.

Our work is focused on the regenerative central sensory sprouting 
that follows adult peripheral nerve lesions. The basic observation is 
that large primary afferent fibers enter lamina П, where they are not 
normally found, following sciatic nerve section in adult rats. To make 
certain that the newly sprouted fibers made synaptic connections, 
unbiased counts of B-HRP labelled synapses were made in lamina II, 
2 weeks following nerve section. The findings are that 15 times more 
synapses are labelled on the operated side. Thus, the large fibers that 
sprout into lamina II following adult nerve section make contacts on 
postsynaptic targets in this region.

These findings show that much central reorganization occurs 
following peripheral nerve injury. To pursue this issue, numbers of 
dorsal root axons, and dorsal horn cells and synapses are being 
determined following peripheral nerve section. The ultimate goal is to 
understand, in quantitative terms, the reorganization of the dorsal hom 
that follows adult peripheral nerve lesions. Supported by NIH grants 
NS 10161, NS 11255, and the Medical Research Council, UK.
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2 9 .1 7
U L TR A ST R U C TU R A L A N A L Y SIS O F SU PE R FIC IA L  M ED U LL A R Y  
D O R S A L  H O R N  1 D A Y  A F T E R  IN FR A O R B IT A L  N E R V E  SECTIO N  
A T BIR TH . J.P. Golden*. J .A . DeM aro &  M .F . Jacquin. Dept. Anatomy 
& N eurobiology, St. Louis U niv. Sch. M ed., St. Louis MO 63104.

W e have previously applied stereological methods to laminae I-II o f  the 
newborn and adult rat medullary dorsal hörn and found that the normal #s 
o f  terminals and synapses observed after infraorbital nerve section at birth do 
not reflect the maintenance o f  a newborn condition. To assess the nature and 
timecourse o f  terminal and synapse development after deafferentation, 
identical methods were applied to laminae I-II 1 day after cutting the left 
nerve at birth. The deafferented side averaged 8 .9  synapses per 100 μm3, 21 
terminals per 100 μm2, and a 6.5%  terminal areal fraction. The respective 
values for the intact right side were 11.6 synapses, 2 3 .9  terminals, and a 9% 
areal fraction. Thus, there were fewer terminals and synapses in laminae I-II 
within 1 day o f  the lesion in cases where 69% o f  the normal #  o f  axons were 
counted in the infraorbital nerve proximal to the site o f  transection. These 
reductions were paralleled by a reduced relative % o f  all terminals with 
round vesicles (50 vs. 59% ) and an increased % with dense core vesicles (35 
vs. 26% ). The #s o f  terminals displaying clear signs o f  degeneration did not 
differ between the 2 sides. W hen compared to values obtained from normal 
newborns (4 synapses/100 μm3; 20 .3  term inals/100 μΐη2; 8.3% areal fraction; 
23% round; 24.3%  dense core) and normal adults (23 .9  synapses; 30 .6  
terminals; 15.8% areal fraction; 40.4%  round; 48.6%  dense core), and adults 
with nerve section at birth (28 .2  synapses; 36 .7  terminals; 16% areal 
fraction; 50.5%  round; 41.4%  dense core), these data suggest that synapse 
and terminal numbers and types in laminae I-II are not adult-like 1 day after 
birth in the intact or deafferented conditions. NIH D E 07734, D E 07662.

2 9 .1 8
NUMBER OF PERIPHERALLY PROJECTING DORSAL ROOT GANGLION 
NEURONS INCREASES WITH BODY SIZE. P.G.R. St. Wecker* and P.B, 
Farei. Dept. o f  Physiol., Univ. o f  North Carolina at Chapel Hill, NC 27599.

W e demonstrated previously that large bullfrogs have more neurons in the 
hindlimb motor pool, dorsal root ganglia, and sympathetic ganglia than small 
frogs (Exp. Geron. 27:111, 1992; Dev. Br. Res. 71:169. 1993). Validity and 
accuracy o f  the neuronal counting method were validated by 3D reconstruc
tions (Soc. Neurosci. Abstr. 17:1508, 1991). W e ask here whether large frogs 
have more sensory neurons projecting to the periphery than small frogs.

Cutaneous and m ixed nerves were used in this studies. N ine juvenile frogs 
with a mean length o f  5.4±.3 cm. (mean±SEM ) and eight large frogs (mean 
length 12±.2 cm) were labeled with HRP crushed into the ramus cutaneus 
medius nerve which innervates skin o f  the dorsal thigh. After one week, 
labeled neurons were counted in DRG 8, 9, and 10, the three ganglia that 
project to the hindlimb. Large bullfrogs had over 60% more retrogradely 
labeled neurons than small frogs (2 1 1±38 vs. 13 Ш 1).

The suralis, a mixed nerve innervating both skin and m uscle targets, was 
immersed in concentrated HRP in seven small (4.4±.3 cm ) and four large 
(15±0 cm) frogs. More than three tim es as many neurons were retrogradely 
labeled in large than small frogs (764±79 vs. 199±44).

These data are consistent with the hypothesis that the number o f  neurons 
projecting to cutaneous and m uscle targets in the hindlimb increases with 
increasing body size. These results, in conjunction with our previous findings, 
suggest that a population o f  immature nerve cells differentiate and extend 
axons during bullfrog postmetamorphic development.

2 9 .1 9

INDUCTON OF THE FOS PROTEIN IN THE SPINAL CORD DORSAL HORN OF 
IMMATURE RATS BY A VARIETY OF NOXIOUS STIMULI. D. Yi and G. Barr*. 
Biopsychology Doctoral Program, Dept. of Psychology, Hunter College-CUNY, NY, 
NY 10021 and New York State Psychiatric Institute, 722 W. 168th Street, NY, NY 
10032.

How the processing of painful stimuli changes during development is an important 
aspect of understanding the mechanisms underlying nociception. The literature 
describing the maturation of the two nociceptive primary afferente, Aδ and C-fibers, is 
sparse. The present study examined the expression of Fos oncoprotein in the dorsal horn 
of the spinal cord of 0 -  3 and 14 day old rat pups, following application of noxious 
chemical (formalin), noxious mechanical, or noxious thermal stimulation. All noxious 
stimuli induced the Fas protein in the dorsal horn at birth. For the mechanical stimulus, 
the number of stained nuclei was greatest in the 0 day old pups. In older animals, the 
number of labeled nuclei diminished and were limited to the superficial dorsal horn. In 
the thermal stimulus group, the number of stained nuclei and the laminar distribution 
increased as a function of age; the 3 day-old pups showed more stained nuclei with 
increased numbers in the ventral portion of the dorsal horn. There was no differences 
among 0, 1, and 2 day old pups in either the number or pattern of labeled nuclei. The 14 
day old pups showed a slightly higher number of labeled nuclei than the 3 day old 
animals. In the formalin injected animals, the injection volume was a critical factor in 
both the intensity and the topography of the stained nuclei. The greater injection 
volume induced darker and more abundant labeled nuclei. In addition, with the greater 
injection volume, more stained nuclei were found in the ventral portion of the dorsal 
horn. After controlling for the injection volume, no differences were found among 0, 1, 
and 2 day old age groups. However, the 3 day old pups differed markedly from the 
younger age groups; greater number of immunoreactive neurons were found throughout 
the dorsal horn. The results show that the primary afferente responsible for processing 
of all three types of noxious stimuli are functional and capable of activating the second 
order neurons in the dorsal horn cells in the spinal cord of the neonatal rat.

2 9 .2 0

MEMBRANE PROPERTIES OF SINGLE PRIMARY AFFERENTS AND THEIR 
PROJECTIONS IN THE EMBRYONIC RAT SPINAL CORD. K. Mimics*, S.B. Glickstein,
H.R. Koerber. Dept. of Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA 15261.

Anesthetized rat embryos age E18-E20 were perfused with cold (4°C) 
oxygenated artificial cerebrospinal fluid (CSF). Spinal cords (SC) with attached 
L1-L6 dorsal root ganglia (DRG) and peripheral nerves were isolated and placed 
in a recording chamber and the artificial CSF bath warmed to 30°C. Single DRG 
somata were impaled using electrodes containing either 3M K-acetate or 5% 
neurobiotin (NB) in 1M K-acetate. Somai action potentials (APs), input resistance, 
maximum firing frequencies and conduction delays from peripheral nerve 
stimulation were recorded. One cell per DRG was injected with NB and after 4-6 
hrs. of diffusion the tissue was fixed with 4% paraformaldehyde. Frozen serial 
sections (50μm) of the SC and DRG were obtained, reacted with HRP-coupled 
avidin and visualized by DAB/Ni-intensification. To date 41 cells have been 
adequately impaled (Vm < -50 mV): 5 in E18, 10 in E19 and 26 in E20 DRGs. 
The CVs ranged from 0.26-0.50 m/s for E19 and .31-.76 m/s for E20. Baseline AP 
duration ranged from 4.2-7.5 ms for E l8 afferents to 1.6-9.0 ms for E20. All APs 
recorded from E l8-19 cells had inflections on their falling phase. Spikes without 
the inflection were first observed at E20. Although most afferents at E20 were 
capable o f firing at high frequencies (50-100 Hz; 0.2 ms intracellular pulse), long 
depolarizing pulses (100 ms) evoked only single APs. Input resistance ranged from 
30-120 ΜΩ and there was little or no inward rectification. Stained somata and/or 
their central projections were recovered for 16 afferents. The main collaterals were 
traced for .1-3.5 mm in the dorsal columns. Some afferents gave rise to collaterals 
(2-16) which penetrated into the gray matter at 50-500 μm intervals. These 
collaterals supported axonal swellings (.5-2.5 pm) over a rostrocaudal length of 
.1-1.9 mm (El 9-20) in the dorsal horn. In most cases single fiber projections were 
confined to their appropriate laminae. However, some putative low threshold 
cutaneous fibers also supported swellings in the superficial laminae. At all ages 
fibers with collaterals confined to superficial laminae had broad somai APs (>4 
ms) with an infection on the falling phase. Supported by NS23725 (HRK).

CEREBRAL CORTEX AND LIMBIC SYSTEM: MOLECULAR DETERMINANTS
AND MOLECULAR MARKERS

3 0 .1

IS O LA T IO N  O F P A T H W A Y -S P E C IF IC  M O N O CLO N A L  
ANTIBODIES: AN APPLICATION O F N OVEL MONOCLONAL 
HYBRIDOMA TECHNIQUE. R. Fukuyama. S.K. Brining*· D.R. Brady 
and S.I. Rapoport. Lab. Neurosciences, National Institute on Aging, 
National institutes of Health, Bethesda, MD 20892.

In Alzheimer disease (AD), entorhinal cortex (EC) and association 
neocortical areas are vulnerable to neuronal pathologies, whereas 
primary sensory and motor cortices are relatively spared. To 
understand the molecular basis of this regional vulnerability, we 
employed a novel hybridoma technique to isolate monoclonal 
antibodies (MAbs) which would identify neurons in vulnerable brain 
regions. Frozen sections of human EC were separated into grey matter 
and the rest of the tissue sections (REC). Balb/c mice were 
immunized with the extract from REC. After the immune response 
was suppressed with cyclophosphamide in vivo, splenocytes were 
harvested and grown in culture in the presence of the extract from 
grey matter of EC  and muramyl dipeptide, for the stimulation of 
lymphocytes in vitro. Culture supernatants of hybridomas were 
screened by immunofluo-rescent stain in human and rat brain 
sections. Several hybridoma-supernatants showed strong staining of 
pathways in the limbic system, in projection fibers of dentate 
granular neurons to CA3 neurons in hippocampus, and other 
structures in the rat brain. Isolation of MAbs, characterization of 
antigens and molecular cloning with MAbs are being performed. The 
new method, SOFISTIC (Suppression in vivQ F ollowed by In vitro 
ST Imulation proC edure), is rapid and efficiently generates MAbs that 
identify neuronal pathways. We apply this method to isolate MAbs 
that label vulnerable neurons in AD.

3 0 .2

TANGENTIAL HETEROGENEITY OF THE NEOCORTICAL 
ANLAGE IN THE CAPACITY TO PRODUCE NEURONS 
WITH A UNIQUE MOLECULAR PHENOTYPE. Y. Arimatsu*.
M. Mivamoto. I. Nihonmatsu. K. Hirata and K. Takiguchi- 
Havashi. Lab. of Neuromorphology, Mitsubishi Kasei Inst, of Life 
Sci., Machida-shi, Tokyo 194, Japan.

Monoclonal antibody PC3.1 detects a subpopulation of neurons 
located in layers V and VI of widespread lateral, but not dorsal, 
neocortical areas in the rat (PNAS 89:8879). A [3H]thymidine 
birth-dating experiment showed that the vast majority of PC3.1- 
positive neurons were generated concurrently at E l5, irrespective 
of their final positions along the radial and tangential axes. This 
suggests, together with the well-known tangential neurogenetic 
gradients in general, that there is some kind of tangential 
heterogeneity in the mechanism o f neocortical histogenesis. To 
learn more about the nature of the tangential heterogeneity of the 
developing neocortex, we then examined in  v i tr o  capacity to 
produce PC3.1-positive neurons in the neocortical anlage at 
various rostrocaudal and dorsoventral levels. When a fragment of 
lateral neocortical tissue was taken from an El 6-fetus at the level of 
the ganglionic eminence and was maintained in an organotypic 
slice culture system, a substantial number of neurons became 
РСЗ.1-immunopositive. In contrast, considerably fewer PC3.1- 
positive neurons were found in cultures derived from the more 
anterior and more posterior portions at either dorsal or lateral level. 
Our findings further support the concept o f early regional 
specification within the neocortex.
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30.3
DEVELOPMENTAL EXPRESSION OF c-n eu  PROTEINS IN ROSTRAL 
CEREBRAL CORTEX. P.E. Kuhn* and M.W. Miller. Dept. Biology, 
Rutgers Univ., Piscataway NJ 08854, Res. Serv., V .A .M .C ., Iowa 
City IA 52242, and Dept. Psychiatry & Pharmacology, Univ. Iowa 
Coll. Med., Iowa City IA 52242.

c-neu  proteins are kinases that apparently are related to the 
receptor for epidermal growth factor. Standard immunoblotting 
and immunohistochemical techniques were used to assess the 
spatiotemporal expression of c-n eu  protein in the rostral cortex. 
Three sets of proteins were identified as being c-neu- 
immunoreactive. One of these proteins had a high molecular 
weight (> 200 kDa). This protein w as expressed as early as 
gestational day (G) 16 and its peak expression occurred during the 
first two postnatal weeks. An intermediate sized protein (approx. 
70 kDa) was weakly expressed prenatally. Smaller proteins with 
molecular weights between 40-50 kDa were transiently expressed 
on G16 and G19 and re-expressed postnatally. Their postnatal 
expression increased with time. Immunohistochemical analyses 
showed that с-neu-positive neurons were distributed through all 
layers of cortex, but most conspicuously the large pyramidal 
neurons in layer V. Since layer V neurons uniquely project to the 
brainstem and spinal cord, it appears that epidermal growth factor 
may be important in sustaining these corticofugal systems.

Funded by the Department of Veterans Affairs and NIH grants DE 
07734, AA 06916, and AA 07568.

3 0 .5
A NOVEL MONOCLONAL ANTIBODY AGAINST THE CORTICAL  
MARGINAL ZONE AND SUBPLATE. K. Ishii* and K. Uvemura, Sch. 
Med., Keio Univ ., Shinano-machi 35, Shinjuku-ku, Tokyo 160 Japan 

In humans diagnosed with developmental dyslexia, focal abnormalities 
such as collections of ectopic neurons in the marginal zone (MZ) and 
disruptions of underlying laminar organization are found in the cortical 
language area. Similar abnormalities are observed in the cortex of New 
Zealand Black mice (NZB), known as a strain of autoimmune mice. Since 
neurons of the MZ and subplate (SP) are supposed to have pioneering 
roles for cortical development, we supposed that anomalies of these 
neurons may be related to the shared disturbance of cortical 
development in dyslexic individuals and NZB. So we tried to produce 
monoclonal antibodies against substances 1) localized on the cell 
surface of neurons of the MZ and/or SP 2) crucial for their pioneering 
roles, and 3) conserved from mouse to human. The membrane fraction of 
the embryonic rat cortex was administered to NZB whose splenocytes 
were, then, fused with myeloma cells. The hybridomas. were screened 
immunohistochemically with cortical sections of embryonic rat at the 
19th day of gestation (E19D). One of the established clones produces a 
monoclonal antibody, K l, which is reactive with MZ at E19D. Its 
immunoreactivity is localized in the SP at E16D, but not at E19D. The 
localized reactivity within MZ persisted during late embryonic stage, 
but disappeared by postnatal 7th day. On Western blotting analysis, Kl 
detects bands of 280 and 270 KDa from late embryonic to neonatal stage. 
These results suggest that the monoclonal antibody Kl can serve as a 
useful probe to study cortical development.

3 0 .7
WIDE DISTRIBUTION, GLUTAMATE-LIKE IMMUNOREACTIVITY AND FATE OF CAJAL-RETZIUS CELLS IN THE DEVELOPING CORTEX AS 
IDENTIFIED WITH CALRETININ ANTIBODIES. E. Soriano. J.A. Del Rio, D. Voght, A. Martinez, M. Fonseca, C. Solsona* and M.R. Celio. Unit of Cell Biol., Univ. of Barcelona, Barcelona 08028 Spain; and Institute of Histology, Univ. of Fribourg, 
Fribourg CH-1700, Switzerland.Cortical layers VI to II develop between two transient 
layers of older neurons, the marginal and subplate zones, which are thought to have unique roles in cortical development. While subplate cells have been found essential for the establishment of thalamocortical relationships, the function of the marginal zone and in particular of the neurons of Cajal-Retzius has not been elucidated. Here we show that antibodies against the calcium-binding protein calretinin label the population of Cajal-Retzius cells throughout their life. In prenatal and early postnatal stages, Cajal-Retzius cells were found evenly distributed through the different regions of the rodent cerebral cortex. Cajal-Retzius like neurons were also found in the developing hippocampus and dentate gyrus, which indicates that they may have a general function in cortical ontogenesis. From P8 onwards Cajal-Retzius cells disappeared from the neocortex and hippocampus, at the same time as degenerating- 
immunoreactive neurons were observed.Calretinin-identified Cajal-Retzius cells were glutamate-immunoreactive and presumed axon terminals of Cajal-Retzius cells formed asymmetric synapses. These 
observations support that Cajal-Retzius cells may provide a tonic excitatory input, essential for the maturation of cortical neurons. Furthermore, since neuronal migration may denpend on glutamate receptors, we propose that Cajal- Retzius cells releasing glutamate may direct migrating neuroblasts towards the marginal zone, therefore creating 
the "inside-out" sequence of cortical development.

3 0 .4
NIMODIPINE INCREASES THE POSTNATAL DEVELOPM ENT OF 
PARVALBUM IN A N D  S-100 IMMUNOREACTIVITY IN THE RAT  
BRAIN. B. Buwalda*, C. N yakas, P.A. Naber, P.G.M. Luiten. Dept. o f  
Animal Physiology, University o f  Groningen, P.O .Box 14, 9750 A A  Haren, 
The Netherlands.

Calcium-binding proteins are suggested to buffer the excessive influx 
o f  calcium. In the present study we investigated the effects o f  nimodipine 
application to pregnant rats on the development o f  neuronal parvalbumin (PV) 
and glial S-100β immunoreactivity in neocortex and hippocampus o f  the 
offspring. From midpregnancy on Wistar rats were fed with food containing 
nimodipine. Controls were supplied with placebo food. The number o f  
parvalbumin- and S-100 positive cells was counted on postnatal day 5 (PD5),
7 ,  1 0 ,  14 and 20. The countings revealed a transient increase in the number o f  
PV  positive neurons in hippocampal C A 1 and CA3 region and parietal and 
retrosplenial granular cortex on PD 10. The number o f  S -100β positive glial 
cells in the parietal cortex was transiently increased on PD5 and PD7. The 
increased immunoreactivity o f  both calcium binding proteins was restricted to 
the early phase o f  expression o f  PV and S-100 in these brain regions. PV  
starts to appear around PD 8 whereas S-100β is expressed already prenatally. 
The expression o f  PV in gamma-aminobutyric acid (GABA)-neurons is 
reported to be in temporal association with the beginning o f  physiological 
activity o f  certain neurons, the increased PV immunoreactivity by nimodipine 
may reflect an enhancement o f the functional development o f  the brain. Since 
S-100 has been also hypothesized to stimulate brain maturation, the findings 
suggest that perinatal nimodipine treatment enhances the development o f  the 
rat brain.

3 0 .6

WITHDRAWN

3 0 .8
CEREBRAL CORTICAL DEVELOPMENT IN VITRO; EFFECTS OF THE 
THALAMUS ON CELL SURVIVAL, GROWTH AND MIGRATION. D.J.Price*
R.B.Lotto and K.Gillies. Dept. of Physiology, Univ. Med. Sch., Edinburgh EH8 
9AG, UK.

Cells born in the ventricular zone migrate to the outer edge of the 
telencephalon to form the cerebral cortex. Some of the earliest born cells form 
the subplate and later die. In telencephalic slices cultured in serum-free 
medium, cells migrate, but less well than in vivo, and the subplate disappears 
prematurely. We studied these processes in cortical slices from mice, 
cultured with or without the thalamus.

Co-cultured explants of the embryonic thalamus enhanced cortical migration 
in embryonic cortical slices. This effect was not dependent on thalamocortical 
innervation in vitro, suggesting that diffusible factors released from thalamic 
explants enhanced migration in vitro. Other experiments provided evidence 
for such factors. When dissociated postnatal cortical cells were cultured in 
serum-free medium, many cells died after 3 days; diffusible factors released 
from the thalamus significantly increased the survival of cortical cells. Thus, 
cortical cells (including subplate cells) may depend on diffusible thalamic 
derived factors for their survival.

In vivo, cells in layer 6 and the subplate innervate the thalamus. We have 
co-cultured cortical slices that comprise mainly subplate and layer 6 cells with 
thalamic explants of the same age, to study tropism and target recognition. 
We did not find any evidence for the guidance of cortical axons towards 
thalamic explants. However, when cortical fibers were allowed to innervate 
the thalamus, this innervation came only from the lower layers, even when the 
thalamus was adjacent to the piai surface. Thus, we propose that the 
thalamus does not release a tropic factor guiding corticothalamic fibers, but 
rather, thalamic cells express molecules recognized by layer 6 cortical cells.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



50
CEREBRAL CORTEX AND LIMBIC SYSTEM: MOLECULAR DETERMINANTS

AND MOLECULAR MARKERS MONDAY AM

3 0 .9
CEREBRAL CORTICAL DEVELOPMENT IN VITRO; REGULATION AND 
CONSERVATION OF FACTORS CONTROLLING THALAMOCORTICAL 
DEVELOPMENT. R.B.Lotto* and D.J.Price. Dept. of Physiology, Univ. Med. 
Sch., Edinburgh EH8 9AG, UK.

Cortical cells release unidentified diffusible factors-cortical derived growth 
factors (CDGFs)-to which thalamic cells respond. We have used in vitro 
methods using mice, with serum-free medium, to assess whether (i) thalamic 
cells alter their response to CDGFs as they innervate cortex; (ii) the levels of 
released CDGFs change with cortical age and activity; (iii) factors controlling 
cortical development are conserved between divergent mammalian species.

Embryonic thalamic cells that have yet to innervated the cortex survive 
without CDGFs. However, CDGFs enhance neurite outgrowth from these 
cells. If thalamic cells are cultured after they have innervated the cortex, most 
die; their survival, but not the growth of their neurites, is enhanced by CDGFs. 
Thus, thalamic cells may undergo a transition in their response to CDGFs 
which is initiated by thalamocortical innervation.

Using the density of thalamic neurite outgrowth as an assay, we showed 
that the levels of released CDGFs increase with the age of cortical slices. 
The two largest increases correspond to (i) the arrival of thalamocortical fibers 
in layer 4 and (ii) eye opening. The levels of CDGFs released from cortical 
slices decrease in dark-reared mice. Therefore, the increase of CDGFs with 
postnatal age may be regulated by sensory activity.

The growth of murine thalamic fibers was enhanced by CDGFs from the 
kitten or primate cortex. Furthermore, murine posterior thalamic fibres invaded 
kitten and primate cortical explants and terminated in layers 4 and 6 . Only the 
lower layers of the cortex sent reciprocal projections to the murine thalamic 
explant, even when the thalamic explant was on the pial side. Thus, many 
factors such as CDGFs and recognition molecules may be highly conserved.

3 0 .1 1
PRENATAL COCAINE EXPOSURE RESULTS IN REGION SPECIFIC 
CHANGES IN THE DEVELOPMENT OF THE GABAERGIC SYSTEM IN 
RABBIT NEOCORTEX. X.H. WANG*, and E.H. Murphy. Dept. of Anatomy 
and Neurobiology, Medical College of Pennsylvania, Phila., PA 19129.

Clinical evidence suggests that cocaine can induce seizure activity and 
that prenatal cocaine exposure may increase proneness to seizures. Since 
normal neuronal activity and normal development of the CNS depends on 
the balance between excitatory and inhibitory systems and since GABA is 
the major inhibitory neurotransmitter in the CNS, we examined the 
development of the GABAergic system in different regions of the neocortex 
of cocaine-exposed rabbit pups. Cocaine was administered to pregnant 
rabbits twice daily from day 8 to day 29 of gestation (4mg/kg, i.v.) Control 
animals were given saline injections. Rabbit pups were sacrificed at age P5, 
P10 and P60. Alternate sections throughout the brain were processed 
immunocytochemically using a GABA antibody. Remaining sections were 
Nissl stained. Using quantitative sampling methods, we observed a 
significant increase, in all age groups, in the number of GABA 
immunoreactive (IR) neurons in the cingulate cortex in the cocaine-exposed 
brains, compared to controls. However, there was no difference between 
control and cocaine-exposed animals in the number of GABA IR neurons in 
the visual cortex, liiere were no significant differences between cocaine 
and saline groups in the depth of each cortical lamina, the total cortical 
depth, neuronal number and neuronal density, using Nissl stained sections. 
The data suggest that cocaine exerts a regulatory effect on the development 
of the GABAergic system during development and that these alterations 
persist in the mature CNS. Since we observed these effects in cingulate 
cortex but not in visual cortex, the results suggest that cocaine targets limbic 
areas even during prenatal development. Supported by NIDA-DA06871.

3 0 .1 3
SPA TIA L  A N D  TEM PORAL PATTERNS OF 
D ISTR IBU TIO N  OF THE GAP JUNCTIO N PROTEIN  
CO N N EX IN  32 A N D  43 D URING  H ISTO G EN ESIS OF 
RO DENT B R A IN . S. FUSHIKI * and C. KINOSHITA.
Dept. of Dynamic Pathology, Research Institute for Neurological 
Diseases and Geriatrics, Kyoto Prefectural University of Medicine, 
Kyoto 602, JAPAN.

Intercellular communications through gap junctions are believed to play 
important roles during ontogenesis. The aim of our study is to elucidate 
immunohistochemically the spatial and temporal patterns of distribution of the 
gap junction protein, connexin 32 (Cx32) and connexin 43 (Cx43) in developing 
rodent brain, and to provide a basis for understanding their roles during 
histogenesis of the mammalian brain. The embryonic brains (E10-16 for ICR 
mice, E12-18 for Wistar rats) were dissected out to fix with 4% 
paraformaldehyde + 0.2% picric acid in phosphate buffer. The sections of the 
brain were processed for enzyme immunohistochemistry followed by silver 
intensification. The antibodies were as follows: a polyclonal rabbit antibody 
raised against a synthetic peptide of Cx43 and a monoclonal antibody against 
Cx32 (generous gifts from Dr. F. Ueda, Research Laboratories, Nippon 
Shinyaku Co., Ltd., Kyoto). Positive immunoreactivity (IR) for the antibody to 
Cx32 and Cx43 was observed between matrix cells, although the density of IR 
among them varied from area to area. Cx32 IR was especially marked among 
the matrix cells located in the deeper part of the wall. During neurogenesis of 
the cerebral cortex the density of Cx32 IR was higher both in the deeper part of 
the matrix cell layer and in the intermediate layer when compared to that found 
in other strata. The immunohistochemical patterns of distribution of gap 
junction proteins changed with time in developing rodent brain. It may be 
suggested from our observations that in developing cerebral cortex matrix cells 
at DNA-synthetic phase and newly bom neurons are involved in active 
intercellular communications.

3 0 .1 0
NMDA LESIONS OF PREFRONTAL CORTEX HAVE DIFFERENT EFFECTS 
ON ITS DOPAMINERGIC AND SEROTONERGIC INNERVATION IN 
NEONATAL AND ADULT RATS. R.W.H. Verwer* and J.F.M. van 
Hum. Netherlands Institute for Brain Research, 
Meibergdreef 33, 1105 AZ Amsterdam, The Netherlands.

We have examined the response of dopaminergic (DA) and 
serotonergic (5HT) innervation of the prefrontal cortex 
(PFC) to excitotoxic lesions with NMDA. At ages P6-P12 
and in adulthood rats received unilateral injections of 
NMDA in the dorsomedial PFC. The animals were sacrificed 
by perfusion at several postlesion intervals. Seven days 
postlesion (L7) in adult rats both DA and 5HT innervation 
at the lesion site were slightly reduced. However, at L45 
hardly any DA or 5HT fiber survived in the lesion site. 
The innervation patterns of both systems in the surround
ing areas remained unaffected. Rats lesioned between P6 
and P12 showed a significant sprouting of both DA and 5HT 
fibers into the lesioned area at L7. These fibers had an 
abnormal appearance, being rather straight and thick with 
occasional very large varicosities. However, at L13 some 
fibers had been retracted again. At L41-L62 the lesioned 
area contained few DA and 5HT fibers. The 5HT inner
vation of surrounding ipsilateral cortical areas was 
comparable with the corresponding areas in the contra
lateral hemisphere. The DA innervation in the non- 
damaged ipsilateral prelimbic, supragenual prefrontal 
cortex and the region in the contralateral hemisphere 
opposing the lesion was denser.

3 0 .1 2
GROWING UP WITHOUT A BASAL FOREBRAIN CHOLINERGIC 
SYSTEM: NEONATAL TREATMENT WITH 192 IgG-SAPORIN 
RESULTS IN LONG TERM CEREBRAL CORTICAL CHOLINERGIC 
DEFICITS. R.T. Robertson*1. K.A. Gallardo1. R.G., Wiley3_and J. Yu2 
Departments of Anatomy and Neurobiology1 and of Physical Medicine and 
Rehabilitation2, Univ. California, Irvine, CA 92717, and Laboratory of 
Experimental Neurology3, DVAMC, Nashville, TN, 37212.

We have been studying the development of basal forebrain projections to 
cerebral cortex, with the goal of understanding the role of basal forebrain 
cholinergic systems in cortical maturation. In the present work, we attempted 
to selectively lesion the basal forebrain cholinergic system early in 
development and determine the consequences of this early insult. Previous 
work has demonstrated that an immunotoxin, consisting of the 192 IgG 
antibody to the low affinity NGF receptor coupled to the ribosome inactivating 
protein saporin, forms an effective agent for destroying basal forebrain 
cholinergic neurons in adults (Wiley et al., B rain  R es., 562, 1991). In the 
present studies, injections of 100-200 ng of 192 IgG-saporin were made 
intraventricularly in postnatal day 0 (P0) to P2 Sprague-Dawley rat pups. 
Following survival periods of 3 days to 2 months, animals were sacrificed and 
forebrains studied for presence of basal forebrain and cortical cholinergic 
markers, for general forebrain pathology, and for cerebral cortical maturation. 
Results of АСҺЕ histochemical and СҺАТ immunocytochemical studies 
indicate that early treatment with 192 IgG saporin results in long term deficits 
in basal forebrain cholinergic projections to cerebral cortex, lasting into 
adulthood. Studies using retrograde Dii labeling of cortical efferent neurons 
and anterograde transneuronal labeling Of thalamocortical projections are in use 
to determine effects of cholinergic deficit on cortical development. Supported  
by NIH grant NS 30109 and the Departm ent o f  Veterans Affairs.

3 0 .1 4
THE EFFECTS OF THE X CHROM OSOM E AND SEX STEROIDS 
ON HUMAN BRAIN STRUCTURE AND FUNCTION.
D. G. M. Murphv. M. J. Mentis. P. Pietrini*. E. Dalv. C. DeCarli, C. Grady.
J.V. Haxbv. B. Horwitz. S I Rapoport. M.B. Schaniro. National Institute on 
Aging, NIH, Bldg 10, Rm 6C414, Bethesda MD. 20892.

Our aim was to study the role o f the X chromosome, and sex steroids, in 
human brain development. Turner syndrome (TS) subjects lack 1/part o f 1 X 
chromosome, and endogenous estrogen due to ovarian involution. We studied 18 
karyotypically proven TS adults and 19 age/sex matched healthy controls, using a 
battery o f neuropsychological tests, quantitative magnetic resonance imaging 
(MRI) and positron emission tomography (PET). Mean age (± S.D.) of TS and 
control subjects was 27 (± 8) and 30 (± 7) yr respectively, 9 TS were mosaic 45,X 
and 9 TS were 100% 45,X. MRI of the brain was performed on 0.5 Tesla scanner 
(Picker Instruments, Cleveland, OH), and a 1.5 Tesla GE Medical System’s 
(Milwaukee, WI) NMR imaging system. All brain volumes were expressed as a % 
of intracranial volume. Resting regional metabolic rates for glucose (rCMRglc) 
were obtained using high resolution PET with (18F)-2-fluoro-2-deoxy-D-glucose 
(FDG). Compared to controls TS subjects had: (i) lower memory and visual- 
spatial scores, and a significantly greater verbal-performance discrepancy, (ii) a 
significantly (pcO.001) smaller volume o f hippocampus, caudate, lenticular, and 
thalamic nuclei, and parieto-occipital brain matter bilaterally, and a significantly 
different R-L asymmetry o f parieto-occipital lobes, and (iii) a significantly lower 
mean metabolic rate for glucose in right parietal and left temporal regions. Also, 
in TS subjects there were significant correlations between right parietal glucose 
metabolism and visuospatial function, and a significant correlation between verbal- 
performance asymmetry and asymmetry o f parietal lobe metabolism. Within 
mosaic TS subjects there was a significant correlation between % of lymphocytes 
having a 45,X karyotype and visuospatial ability, and right parietal metabolism. 
We suggest that TS subjects have regionalized loss/maldevelopment of gray matter, 
that the X chromosome is critically involved in development, and function, of 
right cerebral hemisphere, and that sex steroids are crucial to hippocampal aging.
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3 0 .1 5
ANALYSIS OF DEVELOPING HUMAN CEREBRAL CORTEX INDICATES 
FUNCTIONAL RELATIONSHIPS ASSOCIATED WITH PATTERN OF 
DEVELOPMENT. W. R, Shankle*1. M. S. Rafii1. B. H. Landing2, l Univ. of 
California, Irvine College of Medicine, Dept. of Neurology, and Sch. of 
Biological Sciences, Dept. of Psychobiology, Irvine CA 92717, 2 Depts. of 
Pathology, Childrens Hospital Los Angeles and Univ. of Southern California, 
Sch. of Medicine Los Angeles CA, 90024.

We present data on the number of neurons per cortical layer per column 
having a cross-sectional area of lmm2 over eight ages (0, 1, 3, 6 , 15, 24, 48, 72 
mos.) as studied by the late J.L. Conel from 1939-1967. The data are based 
upon measurements of the developing cerebral cortices of seemingly 
neurologically normal infants. As an approach to understand how changes in 
neuron number may have functional significance, we hypothesize that at a 
given age, a minimum value in neuron number indicates a potential for 
network stabilization and commencement of some behavioral function(s). We 
have analyzed the dynamics of these minima or "age troughs" by the patterns of 
rise and fall in neuron number produced by the thirty-five gyri that Conel 
studied to explore underlying relationships among specific gyri. Since the 
cortical column concept did not exist prior to the 1950's, Conel's data have not 
previously been evaluated with this in mind. The data allow computation of a 
cortical column typical for each gyrus studied by Conel. Interestingly, the 
analysis identifies fourteen pairs of gyri with similar patterns during 
development that appear to be functionally related. Such pairs may be adjacent 
or distant gyri. Contemporary mechanisms of changes in neuron number per 
layer per column over age, including neuron migration, programmed cell death 
and synaptic elimination through competition, are considered as possible 
explanations of the patterns observed.

VISUAL SYSTEM: RETINA

3 1 .1

THE EFFECTS OF RETINAL CELL IMPAIRMENT ON DROSOPHILA 
VISUAL SYSTEM STRUCTURE. B. A. Chase* 1 and D. R. Kankel2 
1Dept. of Biology, University of Nebraska at Omaha, Omaha, NE 68182- 
0040 and 2Dept. of Biology, Yale University, New Haven CT 06511.

We have examined the structure of the visual system of Drosophila 
after the interactive potential of retinular neurons with their targets in the 
lamina and medulla has been restricted at various times either during 
development or following eclosion. This has been achieved by 
inducing clones of conditional cell-inviable mutations (sh ibere, mei-9, 
mei-41) in the retina early in development, allowing these clones to 
develop normally under permissive conditions, and then, either while 
retinular cells are undergoing normal interactions with their targets in the 
lamina and medulla, or after normal synaptic connections are achieved, 
impairing the cells within this clone. Initial observations using a reduced 
silver-staining method identified morphological abnormalities in the 
clones as well as nearby tissues. The severity and properties of these 
abnormalities depended strongly on the developmental stage in which 
the retinal cells were impaired, and suggest that they are the result of 
two different processes: malformative processes when retinal 
impairment occurs relatively early in lamina neurogenesis, and later 
degenerative processes which may be limited to the retinular cells 
themselves. To further understand the cellular basis for the gross 
abnormalities observed, we are examining the ultrastructure of the 
tissue near the clone, as well as the morphology of individual cells 
affected, using HRP and dextran-fluorochrome fills.

3 1 .3
EXPRESSION OF PAX-6  DURING EYE DEVELOPMENT.
H-S. Li1, RJacobson* 2 and O. Sundin1. Wilmer Eye Institute, 
Johns Hopkins Univ. Sch. of Med.1, Baltimore, MD 21205, Dept. 
Neurology, Medical College of Wisconsin2 , Milwaukee, Wl 
53226.

Heterozygous defects in the Pax 6 homeobox gene of man and 
mouse result in absence of the iris and other ocular 
abnormalities. Homozygous defects in mouse Pax 6 , however, 
cause the complete failure of eye development. In order to 
understand how Pax 6 is regulated by inductive interactions 
during eye development, we are carrying out surgical 
manipulations of early chick embryos, and using wholemount in  
s itu  hybridization to visualize the pattern of Pax 6 expression. 
We have found that Pax-6  is first expressed only in a crescent
shaped region of future head ectoderm that adjoins the anterior 
margin of the early neural plate. Portions of this region are 
fated to develop into the lens and corneal epithelium, each of 
which expresses Pax 6 at high levels during later development. 
Pax 6 mRNA subsequently appears in the forebrain and 
eventually in the optic vesicle, as well as in the overlying lens 
placode and surrounding ectoderm. The results of unilateral 
ablation of the anterior neural plate indicate that forebrain is 
required to maintain expression of Pax 6 in the future lens and 
corneal ectoderm. Small amounts of forebrain tissue appear 
sufficient to maintain Pax 6 expression, and direct contact 
between neural epithelium and head ectoderm is not required.

3 1 .2

A  NEW M UTANT PHENOTYPE OF RETINAL GANGLION CELL 
DYSGENESIS DISCOVERED IN THE M OUSE. P.S. Rice1*. R.W. 
Williams1. M.T. Davisson2. B, Harris2 and D . Goldowitz1, 1Dept. of 
Anatomy & Neurobiology, Univ. of Terni., Memphis, TN 38163 and 
2The Jackson Laboratory, Bar Harbor, ME 04609 

We are interested in the genetic control of retinal development. To 
isolate genes that may be of interest, we screened over 20 inbred and 
mutant lines of mice. Peroxidase was injected unilaterally into the 
optic tract. Wholemounts of retina were examined, and thin sections 
of the optic nerves were quantified. In an autosomal dominant muta
tion Bst (Belly spot and tail) on the C57BL/Ks strain, we found that 
11 of 20 mutants (Bstl+) had widely dilated or asymmetric pupils. In 
8 of these mutants, the dilation was unilateral. The dilated eye invari
ably had a very small companion optic nerve. The Bst mutation has 
been previously reported to cause tail kinks, ventral spotting, and
polydactyly. Retinal and CNS abnormalities have not been reported. 

Homozygotes die in utero and this may be due to severe CNS 
abnormalities— we have observed that perinatal exencephaly is 
common in homozygotes.

This new phenotype appears to be specific to retinal ganglion cells. 
The total retinal area is normal and cell densities in the outer and in
ner nuclear layers also appear normal. However, the ganglion cell 
population in affected eyes is reduced 90% or more. The few thou
sand remaining ganglion cells are scattered across the retina. The 
reduction in ganglion cell number i s  present at birth, before the onset 
of naturally occurring cell death in the mouse retina. Thus, the 
temporal window for this gene's action is during retinogenesis.

We are currently analyzing the genetic linkage of B st and this new 
phenotype to determine if the visual system anomaly is due to B s t or a 
gene linked to this locus. Supported by EY-9586

3 1 .4
EXPRESSIO N OF HOX 7.1 AND HOX 8.1 GENES IN  
EM BR Y O N IC  RAT EY ES I N  V I T R O .  S. Zhao. S .C  
Thomquist. and C.J. Barnstable*. Yale University School of 
Medicine, Department of Ophthalmology and Visual Science, New  
Haven, CT 06510

Mammalian eye development requires the coordinated 
interactions and specification o f functional domains within two 
embryonic tissues, the surface epithelium and neural epithelium. It 
has recently been shown that two Msh-like homeobox genes, Hox
7.1 and Hox 8.1, are expressed in a complementary manner, 
suggesting that these genes are involved in regional specification in 
developing mammalian eye (Monaghan et al., Development 
112:1053-1061, 1991). To further investigate the roles of these 
genes in eye development, we have studied the expression o f Hox
7.1 and Hox 8.1 genes in  v i tr o  as well as in  v iv o . Neural retina and 
retinal pigment epithelium (RPE) were removed from E13 and E14 
rat embryos. Some o f the tissues were used immediately for RNA 
isolation and PCR amplification or in  s itu  hybridization. Others were 
cultured in medium with or without a specific growth factor for 5-10 
days and then analyzed. The expression o f Hox 7.1 and Hox 8.1 
genes was prolonged in culture as compared to that in  v ivo . Cultured 
embryonic RPE transdifferentiates into neurons when treated with 
bFGF, IGF-2 or certain conditioned media. Expression o f Hox 8.1 
is being correlated with this transdifferentiation to determine whether 
this gene plays an essential role in neurogenesis in eye development. 
Supported by grants EY05206, EY00785, EY07115, Research To 
Prevent Blindness, Inc., and RP Foundation.
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3 1 .5
INDUCTION OF CLASS III ß-TUBULIN IN RETINAL PIGMENT 
EPITHELIAL (RPE) CELLS. S.A. Vinores*. N.L. Derevjanik. Sean
F. Hackett. and P.A. Campochiaro. The Wilmer Ophthalmologic 
Institute, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287 

Class ΠΙ ß-tubulin is specifically localized to the various neuronal cell 
types within the normal retina and is not found in normal RPE cells; 
however, RPE cells in Gelfoam matrix cultures have been shown to 
express class III ß-tubulin. Establishing human RPE cells in 
monolayer cultures, which facilitates their de-differentiation and 
proliferation, also results in class III ß-tubulin induction as determined 
by immunohistochemistry and Western blot; however, when 
monolayer-cultured RPE cells are subsequently cultured on irradiated 
bovine vitreous, some cells lose class III ß-tubulin. Cultured RPE cells 
co-express keratin and cellular retinaldehyde binding protein, but not 
GFA protein with class III ß-tubulin. Retinal glia, fibroblasts, 
endothelial cells, and smooth muscle cells fail to express class III ß- 
tubulin under the same culture conditions. Class III ß-tubulin is also 
localized in pathological RPE cells in epiretinal membranes, particularly 
in those with a bipolar or de-differentiated morphology. Cells with 
ultrastructural features resembling normal RPE cells were generally 
negative for class III ß-tubulin. Using electron microscopic 
immunocytochemistry, class III ß-tubulin was localized to 
microtubules, ribosomes, and cytoplasm in cells from epiretinal 
membranes. These findings demonstrate that mature human RPE cells 
have the capacity to express a neuron-associated gene in response to 
conditions that promote de-differentiation and proliferation, but factors 
that promote differentiation appear to inhibit class III ß-tubulin 
expression in RPE cells.

3 1 .7
Waves of retinal activity: Implications for the development of retinotopicity. 
A.J. Trevelyan*1, I D. Thompson1 and D Willshaw2, (SPON: Brain Research 
Association) U niversity  Laboratory of Physiology, P arks Road, Oxford, 0X1 
3PT, UK and 2Centre for Cognitive Science, University of Edinburgh, 2 
Buccleuch Place, Edinburgh EH8 9LW, UK).

In the m am m alian visual system, there are inheren t difficulties in  
visuotopically m atching the two retinal projections. A nasotem poral 
movement in  one re tina  corresponds to a tem poronasal movement in  the 
other. For coherence, the two retinae m ust map w ith opposite polarities on 
to the ta rget structures. The sim plest way th is  can be achieved is if points 
on the retina are described by a set of polar coordinates centred a t the 
decussation line (Sperry, 1963, PNAS, 50, 703). The in vitro dem onstration 
of waves of activity in  the developing retina (M eister et al. 1991, Science. 
252, 939) suggest th a t this m ight be a possibility. Assuming th a t
1. The waves can originate anywhere in the retina,
2. The site of origin is completely random  (this may be w eighted to the 
re tina l distribution of the relevant neural elements)
3. The waves radiate  out from the ir site of origin as ripples in  a pond,
4. The waves are not attenuated , and spread righ t across the retina,
we show th a t the waves will chart out a polar map on each retina. The map 
is based on the tendency of waves to flow in a certain  direction a t a given 
position in the retina. For an eccentric point, the wave will tend  to 
originate from one side, the side tow ards the retinal centre. Therefore, the 
wave is likely to be travelling outwards. The more eccentric the point, the 
greater is th is probability. Averaging the direction of all the waves a t  any 
point will give a radial vector pointing outwards, the vector being 
proportional to the eccentricity. We examine w hether th is  inform ation could 
be used in  the developing brain to align the m aps from the two retinae.

3 1 .9
IM M UNOCYTOCHEM ICAL DEVELOPM ENT OF ROD A N D  M ATRIX  
PROTEINS IN M ACACA  M ONKEY RETINA. A, Hendrickson*#. E. Dorn#.
B .W ig g ert+  and G.J. C hader+. #D ep ts. B io lo g ic a l Structure and 
Ophthalmology, Univ. W ashington, Seattle, W A  98195 and +Lab. o f  Retinal 
Cell and M olecular B iology, NEI/NIH, Bethesda M D 20892.

The primate retina contains a com plex topography o f  rod photoreceptors 
characterized by a lack o f  rods at the fovea and the highest density o f  rods in a 
ring at the eccentricity o f  the optic disc. Quantitative morphometry (Packer et 
al. JCN 1991) indicates that rod topography is  present but immature by F d l5 0  
(b ir th = F d l7 0 ). The d ifferen tia tion  and m aturation o f  m onkey rod 
photoreceptors has been studied using antisera to rhodopsin (M olday  
m ab4D 2) to detect the appearance o f  the rod outer segm ent (OS); and 
interphotoreceptor retinoid-b inding protein  (IR B P) for the on set o f  
retinal/pigment epithelial interactions.

W e find that rods adjacent to the fovea develop an OS at F d80-85, the rod 
ring rods first possess an OS at F d95-100, and the m ost peripheral OS appear 
by F d l4 0 . H owever, once rod ring OS appear, they grow much faster so that 
they b ecom e the longest OS across the retina until 1 month after birth. 
Parafoveal rod OS gradually lengthen after birth and becom e the longest OS 
in the adult. Ectopic rhodopsin+ cells  are present in  the inner nuclear layer 
with a central/peripheral tim e course similar to rod differentiation. These 
ectopic cells persist long after birth in the far periphery. IRBP appears much 
earlier than rhodopsin at all points across the retina, suggesting that it may be 
necessary for rod OS to form. Cone photoreceptor cell bodies label for IRBP 
centrally at Fd75-90 and in the periphery after F d l 10. Rod cell bodies do not 
label for IRBP at any age, but central rod OS are IRPB+ after FdlOO. These 
findings suggest that 1) rod OS maturation does not fo llow  a strict central to 
peripheral gradient, 2) cones are the likely source o f  IRBP, and 3) the rod ring 
m ay play an enhanced role in  neonatal primate v ision . Supported by  
EY 04536, EY 01208, RPB and NW Lions' Sight Conservation Foundation.

3 1 .6
EVIDENCE FOR POSITIONAL SPECIFICITY OF CELLS IN THE PROLIFERATIVE 
EPITHELIUM OF THE OPTIC VESICLE. David H. Rapaport* and Christine E. Holt. 
Dept. of Biology, Univ. of California San Diego, La Jolla, CA 92093-0322

We have investigated whether cells in the early proliferative epithelium of the optic 
vesicle of the frog (Xenopus laevis) exhibit any fixed positional identity within the three 
dimensions of the presumptive neural retina. The strategy we used was to remove a 
quadrant of the retinal neuroepithelium and replace it with a graft transplanted in an 
abnormal orientation. Donor tissue was obtained from embryos injected with rhodamine- 
dextran and transplants were performed on embryos at optic vesicle stages of eye 
development (stages 22-29). The dorsotemporal quadrant of the host optic vesicle was 
removed and the ventral margin stained with Nile Blue to identify its orientation. The 
rhodamine-labelled graft was placed in the host in 1) the normal orientation (control), 2) 
flipped inside-out (inverted) and 3) rotated by 180° (rotated). When the retinas were 
mature (stage 47-49), they were sectioned and examined with a fluorescence microscope. 
Each section from each retina was classified as having rhodamine labelled cells, and 
normal or abnormal structure.

The non-rhodamine labelled retina (host tissue) appeared largely normal in all 
conditions. Only 8.8% of sections from the rhodamine-labelled portion of the control 
embryos exhibited abnormal laminar morphology. This relatively low percentage indicates 
that transplantation per se had little effect on laminar development. In contrast, retinas of 
both experimental groups contained rosettes of rhodamine-labelled cells embedded within 
the normal host retinal tissue. Rosettes were present in 74% of rhodamine labelled 
sections when the graft was inverted inside-out, and 72% of sections when rotated 180°.

These data demonstrate that when the borders of graft and host tissue are mismatched, 
either with respect to laminar or dorsoventral-nasotemporal axes, the grafted tissue fails to 
integrate properly within the maturing retina. This is strong evidence that positional 
information exists not only across the dorsoventral and nasotemporal dimensions of the 
neuroepithelium of the developing optic vesicle but also in the laminar dimension. 
(Supported by NIH-NS23780, PEW Scholars Award & Australian Research Council).

3 1 .8
STRETCH-INDUCED GENERATION OF CONES IN A D U L T  FISH  
RETINA. D .A. Cameron* and S .S . Easter. Jr. Dept. B io logy, U . 
Michigan, Ann Arbor, MI 48109-1048.

Follow ing the surgical removal o f  small (1-2 mm wide) square patches o f  
retina o f  the adult green sunfish (Lepom is cyanellus), the perimeter o f  the 
wound shortened, causing a stretch o f  surrounding intact retina. The retinas 
were examined as whole-mounts 6-60 wk after surgery, and the stretch was 
measured by the change in the distance between adjacent "spokes" o f  
double cones (DCs; Cameron & Easter, Vis. Neurosci. 10:375, 1993). The 
interspoke distance was as much as 33% greater than normal, and 
decreased linearly away from the lesion edges. The very orderly cone 
m osaic, which normally has a unit consisting o f  a sin gle cone (SC) in the 
center o f  a rhombus formed by four D C s, was altered by the presence o f  
additional, anomalously positioned SCs. The SC /D C  ratio (normally 0 .50) 
was elevated (maximum 0.77) and correlated linearly with the stretch. 
Fission o f  DCs was excluded as the source o f  the new SC s. In eyes 
injected with BrdU 1-5 wk after surgery and examined 3-5 wk later, BrdU- 
positive cone nuclei were observed in operated retinas, but never in 
controls. Single slits through the retina produced neither stretch nor 
anomalous cones, thus ruling out non-specific retinal injury as the cause o f  
the new SC production. W e suggest that mechanical stretch was the cause, 
and that its effect was either to activate som e normally quiescent cone 
precursor or to relax the constraint that limits the "rod precursors" to the 
production o f  rods.

Support: NIH grants R01 EY -00168 (SSE) and F32 E Y -06469 (DAC).

3 1 .1 0
IM M UNO CYTO CH EM ICAL DEVELO PM ENT OF CO NE OPSINS IN  
M AC ACA  M O N K E Y  RETINA . K. B um sted*#. A . H endrickson#. A. 
Erickson#.  and A, Şzel+ . #Depts o f  Biological Structure and Ophthalmology,
U.W ashington, Seattle W A 98195 and +Dept. Anatomy, U.Göteborg, Sweden

The primate retina contains three cone types which subserve color vision  
and high visual acuity. The adult fovea has a rod-free (human) or rod-sparse 
(m onkey) center that contains long- (R) and m edium - (G ) w avelength  
se lective cones; short w avelength (B) cones appear near the foveal edge  
(C urdo et al., 1992). Cones are generated in a foveal-to-peripheral pattern, 
beginning at Fd38 and ending by FdlOO (LaVail et al. 1991). M onoclonal 
antibodies to red/green (R/Gmab) and blue (Bmab) opsins were used to follow  
the appearance o f  cone opsins across the retina during developm ent. Our 
hypothesis was that, because foveal cones are R/G, they would be the first to 
label for cone opsins; the opposite result was found.

In fetal retina, the Bmab labeled cell bodies as w ell as the outer segment 
(OS), similar to rhodopsin staining in developing m onkey rods (Hendrickson 
etal SN'93). The R/Gmab labeled OS only, so all developmental comparisons 
were lim ited to the appearance o f  stained OS. At Fd83-88, scattered Bmab 
staining appears in cones across the central 2500μ m, but not in the fovea. 
R/Gmab staining was absent. By Fd90-95 con e OS in the m ost central 
l 00 0 μ m were positive for R/Gmab, w h ile Bm ab+ cone OS were present 
across 1750μm . After F d l0 3 -1 1 0 , the number o f  R/Gmab+OS increased  
markedly. Bmab OS staining consistently appeared slightly more peripheral 
than R/Gmab+OS until labeling reached the retinal edge by birth. At all 
retinal points Bmab cell body staining persisted long after OS were present.

These data support our earlier findings that, although foveal cones are the 
first to differentiate, they are slow  to fu lly  mature (Hendrickson 1992). If 
expression o f  cone opsin is  required to organize cone topography, then our 
results point to the blue cones as the prime candidate for this organizer. 
Supported by E Y 04536, EY 01208, EY07031 and RPB.
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3 1 .1 1
HORIZONTAL CELLS EXPRESS GLUTAMIC ACID 
DECARBOXYLASE-IMMUNOREACTIVITY IN RETINA OF DEVELOPING 
RABBIT C.L. Rowe-Rendleman and D.A. Redbum* Department of
Neurobiology and Anatomy, Univ. Texas Medical School, Houston Texas 77225.

During early postnatal development in the rabbit retina, horizontal cells 
(HCs) express several components o f the GABAergic phenotype. Previous results 
from this laboratory have demonstrated immunoreactivity to GABA antibodies 
(GABA-IR), uptake o f exogenous 3H-GABA and postsynaptic GABAA receptors 
in the outer retina at postnatal day 1 (PD 1) when HC neuntes alone demarcate the 
border between the inner and outer nuclear layers. By PD 7, GABA-IR becomes 
confined to a limited population o f HCs and uptake o f the labelled neurotransmitter 
becomes undetectable.

In order to determine whether HCs maintain the ability to produce GABA 
throughout development, frozen sections o f retina from PD 1 neonates to adults 
were probed with a monoclonal antibody to GAD65. At birth, GAD-IR was 
expressed in HC somas and processes at the nascent outer plexiform layer (OPL). 
A few amacrine cells (ACs) and a single laminae in the inner plexiform layer (IPL) 
were faintly immunoreactive in the inner retina. In contrast, in the adult retina AC 
somas and 3 lamina in the IPL were strongly immunoreactive. The OPL was 
stained but immunoreactivity o f  HC somas seemed limited to a sparse population 
of cells. In addition to our previous results, these data indicate that HCs are 
GABAergic at birth and express at least one isozyme o f the GABA synthetic 
enzyme, GAD. This strongly suggests a role for GABA in the early development 
of rabbit retina. Supported by EYO-1655-14 to DAR.

3 1 .1 3
EMERGENCE OF ISOTROPIC AND ANISOTROPIC RECEPTIVE-FIELD 
PROPERTIES IN THE DEVELOPING TURTLE RETINA. E. Semagor*and N.M. 
Grzywacz. Smith-Kettlewell Eye Research Institute, San Francisco, CA.

Retinas of small-brained vertebrates exhibit complex receptive-field properties 
like selectivities for direction of motion and stimulus orientation. Although these 
properties are well documented in the adult retina, little is known about their 
development.

We have looked at receptive-field properties of ganglion cells in the developing 
turtle retina (during the last third of gestation, stages 22-26, and until 3 weeks post 
hatching (PH)) as well as in adults. Embryonic cells respond to light and exhibit 
spontaneous correlated activity until 2-3 weeks PH. Polar plots of the responses of 
early embryonic cells to motions toward several directions reveal either single-axis 
anisotropy (orientation selectivity) or double-axes anisotropy, a novel receptive-field 
property. Toward hatching double-axes cells are gradually replaced by cells with 
isotropic properties, coinciding with the timing o f maturation of receptive-field 
dimensions and disappearance of spontaneous activity. Directional selectivity is 
virtually absent in the immature retina, at least until 3 weeks PH. Its emergence does 
not seem to depend directly upon maturation of receptive-field size or the presence of 
spontaneous activity. The incidence of orientation selectivity decreases in adult cells.

We propose that double-axes cells reflect immature, polarized and poorly 
branched dendritic trees. As dendrites elongate and branch, they loose their polarity 
while the properties of the cells become isotropic. Spontaneous activity may play an 
important role in that process. Early emergence o f orientation selectivity suggests 
maintenance of some polarized dendritic trees throughout life or strengthening of 
synapses confering early embryonic polarization. The expression o f directional 
selectivity seems to need additional factors, as for example the late establishment of a 
specialized inhibitory synaptic drive onto part o f the network confering orientation 
selectivity to ganglion cells.
Supported by NIH grant EY 08921 and ONR grant N0014-91-J-12801.

3 1 .1 5
Genetic c o ntr o l  of N eur o n  N umber: g a n g l io n  Cell 
POPULATIONS IN MOUSE. R. W. W illiam s*. D. S. Rice, and D . 
G oldow itz. Department of A natom y and N eurobiology, 
U niversity of Tennessee, M em phis TN  38163
As a first step in identifying genes that control cell number in the CNS, 
we have counted retinal ganglion cells (RGCs) in genetically defined, 
inbred strains of mice. Cells with crossed and uncrossed projections 
were counted in HRP-backfilled retinas, and total cell numbers were 
estimated by counting axons in the nerves.

We were surprised to find that the absolute number of uncrossed 
RGCs is as high m four of six inbred albino strains as it is in several 
pigmented strains (1000 to 1200 uncrossed cells). These four albino 
strains (BALB/c, AKR/J, 129/J, and CD1) have high total ganglion 
cell populations (mean ῀ 70,000). In agreement with previous studies, 
the percentage of RGCs with uncrossed projections is invariably 
reduced in albinos compared to pigmented strains, regardless of 
genetic background, from 2.6% in pigmented to 1.8% in albinos.

There is marked variation in RGC numbers between strains (n of 
strains = 8, n of cases = 80). Four common strains— AKR/J, BALB/c, 
129/J, and CD1—have between 67,000 and 71,000 RGCs. Four 
others—А/J, B6C3F, C57BL/6, and an SJLxC57BL/6 cross—have 
between 49,000 and 55,000 RGCs. Standard errors per group are under 
5,000. Numbers of RGCs in these strains have a bimodal distribution. 
Strains with intermediate cell numbers have not yet been found. This 
raises the possibility that there is a diallelic locus controlling RGC 
number. Strains with high and low numbers do not match the strain 
distribution of pigmentation loci but do match those of four unlinked 
loci (Aat, A c f-1, A s -1s, and G m -3 ).

Supported by RO1-EY08868.

3 1 .1 2
IDENTIFICATION OF AXONS OF RECENTLY BORN RETINAL GANGLION 
CELLS WITH ANTIBODIES TO NEUROFILAMENT PROTEINS. Alan D. 
Springer*. Department of Cell Biology and Anatomy, New York Medical 
College, Valhalla, New York 10595.

Both SMI-312 and NE-14 stained only a few retinal ganglion cell axons 
when applied to goldfish retinal flatmounts. These labeled axons were 
distributed as radial fascicles that extended from the retinal margin to the 
optic disc. Sectioned retina showed that the stained fascicles were on the 
inner surface of the optic fiber layer. Removing the olfactory bulbs did not 
eliminate the stained fascicles, suggesting that the stained fascicles were not 
retinopetal axons. In addition, cutting the optic fiber layer led to the 
degeneration of the stained axons only from the lesion site to the optic disc. 
These findings suggest that the stained axons originate from ganglion ceils at 
the retinal margin.

Sections through the goldfish optic nerve showed that the stained axons 
were scattered in the ventral part of the optic nerve. In a fish with a ribbon 
shaped optic nerve (oscar; Astronotus ocellatus), new axons are added to one 
end of the nerve. Axons stained with SMI-312 or NE-14 were tightly clustered 
at one edge of the oscar optic nerve. These findings suggest that SMI-312 
and NE-14 stain only the axons of the most recently bom retinal ganglion 
cells in both the goldfish and oscar.

The change in the aggregation of stained fascicles as a function of 
distance from the optic disc (0-1.5 mm) and retinal size (9-57 mm2) was also 
examined. Ignoring retinal size, there was a mean of 124 stained fascicles 1.5 
mm from the disc and 37 stained fascicles at the disc. Furthermore, the 
number of fascicles decreased linearly as they neared the disc. Surprisingly, 
small (10 mm2) retina had significantly more (-200) stained fascicles at 1.5 
mm from the optic disc than did large (50 mm2) retina (-80). This inverse 
relationship also existed at the optic disc. Supported by NIH EY03552.

3 1 .1 4
CHARACTERIZATION AND LOCALIZATION OF 
PREPROENKEPHALIN A mRNA IN THE DEVELOPING AND  
ADULT RAT RETINA. T. Isayama , P.J. McLaughlin, and I.S . 
Zagon. Dept. o f Neuroscience and Anatomy, Penn State University, 
Hershey, PA 17033.

The presence and distribution o f preproenkephalin A (PPE) mRNA 
was investigated in the adult and developing rat retina. Northern blot 
analysis indicated that rat retina mRNA contained a message 
corresponding to PPE mRNA. Slot blot analysis of total retinal 
mRNA obtained at different developmental ages indicated that opioid 
precursor mRNA was present on gestation day 20 at 40% of adult 
level, and increased to 80% by the second postnatal week before 
reaching adult levels. In s itu  hybridization revealed that PPE mRNA 
was present on gestation day 20, with sparse radiolabel in the neural 
retina. Message was distributed throughout the retina by postnatal 
day 1, and labeled cells could be observed in both the ganglion cell 
and neuroblast layers. The expression o f PPE message appeared to 
change during the second postnatal week, with radiolabel confined to 
the sclerad region o f the retina by postnatal day 7 and present in the 
inner nuclear layer at postnatal day 13. This pattern persisted 
through adulthood, with cells in the inner nuclear layer specifically 
labeled. These results, in conjunction with previous studies, indicate 
that PPE mRNA is present in the developing mammalian retina as 
the source o f opioid growth factor. Its presence and distribution 
pattem in adult retina may suggest a role for opioid peptides in 
neurotransmission in the mature animal.

3 1 .1 6
CHOLINERGIC RESPONSES IN THE DEVELOPING RABBIT RETINA. 
R.O.L. W ong.*Vision. Touch and Hearing Research Centre, The University of 
Q ueensland, Brisbane, Australia 4072.

Am acrine cells of the neonatal retina in culture spontaneously  release  
acetylcholine (АСҺ) which can affect n eunte outgrowth of develop ing retinal 
ganglion cells (Lipton, J. Neurosci. 8 : 3857, 1988; Lipton et al., Science, 239: 
1293,1988). To examine whether АСҺ could be involved in  events lead ing to 
the maturation of the intact retina, I investigated w h en  neurons of the rabbit 
retina acquire functional АСҺ receptors during developm ent. U sing calcium
im aging techniques, responses to bath perfusion of АСҺ receptor agonists 
were m onitored for different classes o f retinal cells, betw een embryonic day  
20 (E20) and postnatal day 28 (P28). Retinal segm ents w ere incubated for 1 
hour in 10 μΜ Fura-2 AM in Am es m edium . Images w ere captured w ith a 
SIT camera and analyzed using the UIC Image-1 system . A s early as E20, 
nicotine (0 -2 -1 .0 mM) raised the intracellular calcium  levels of every cell in  
the ganglion  cell layer (GCL); am acrine cells also responded to nicotine 
before birth. Between P1 and P10, during which the plexiform  layers appear 
and synaptic contacts are formed, nicotine stim ulated all cell types, including  
photoreceptor cells. By P21, w h en  the retina is adult-like, only cells in the 
inner retina responded to nicotine. In contrast to nicotine, carbachol (0.1 -0 .2 
mM) activated very few  cells in the GCL at all ages. But, before P21, it raised 
internal calcium  levels of m any differentiating cells. Atropine (0.5 —1.0 mM) 
appeared to block the carbachol response, suggesting  the involvem ent of 
muscarinic receptors. The results show  that АСҺ receptors are functional on  
retinal cells  during cell d ifferentiation and m igration, and before the  
appearance of the plexiform  layers and the onset of synaptogenesis. Thus, 
АСҺ receptors m ay be involved in these events of the develop ing retina. 
Supported by NH&MRC (Australia) grants to R.O.L. W ong and D.I. Vaney.
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3 1 .1 7
ALTERED DISTRIBUTION AND MORPHOLOGY OF RETINAL 
NEURONS IN EXPERIMENTAL MYOPIA D. Troilo. B.L. Finlav* 
and M. Xiong Sect, of Neurobiology and Behavior, and Dept. of 
Psychology, Cornell University, Ithaca, NY 14853

In mammals, the retina begins development as a sheet of cells with 
relatively uniform density that acquires topographic specializations such 
as an area centralis or visual streak principally through retinal stretch: 
central retina increases in area very little during whole eye growth, 
maintaining its high initial cell density, while the peripheral retina 
expands, reducing its cell density. Here we present evidence that 
growth of the avian eye in experimental myopia has similar 
characteristics. In the development of the chicken eye, normal visual 
experience is required for normal growth, and blur or absence of visual 
experience results in larger than normal vitreous chambers and 
consequently myopia. We use this phenomenon to examine the effect of 
eye growth on retinal ganglion and bipolar cell distribution and shape.

Chicks were raised for 4 weeks from hatching with one eye deprived 
of form vision resulting in 29% longer than normal vitreous chambers. 
Retinal flat-mounts from four eye pairs indicated the retina from the 
myopic eye was about 30% larger than its control. Alterations in cell 
density in the ganglion cell layer were not uniform: the central 60° of 
retina was only slightly reduced in cell density in the myopic eye, while 
peripheral cell density was 50-80% of normal. Cell density per visual 
angle is thus increased in central retina, and reduced disproportionately in 
peripheral retina. Somai size increases in areas of lower cell density. 
Compensatory alterations in arborization of retinal ganglion and bipolar 
cells was assessed with HRP, Golgi and immunohistochemical 
techniques. (Supported by ROl NS 19245 and MH T32 19389)

3 1 .1 8
THE ROLE OF BISTRATIFIED CELLS IN THE ESTABLISHMENT OF 
RETINAL MOSAICS IN THE FETAL RHESUS MACAQUE. Thomas C, 
Steineke, Steven M. Yellon* and Michael A. Kirbv. Departments of Pediatrics, 
Physiology and the Division of Perinatal Biology, Loma Linda University School 
of Medicine, Loma Linda, CA 92350.

The existence of bistratified ganglion cells in the fetal retina raises the 
question as to whether these cells are a transient cell class removed by cell death 
or are a normal mechanism by which ganglion cells establish mosaics. Using 
HRP retrograde labeling and retinal culturing techniques bistratified ganglion 
cells were studied in the fetal rhesus macaque (.Macaco mulatta) from embryonic 
day 90 to term, approximately 165 days. In general, the bistratified cells 
possessed one ramification that was more complex than the other, we termed 
these primary and secondary ramifications, respectively. The complexity of the 
ramifications were studied using a Sholl ring analysis.

With progressing fetal age an increase in complexity of the primary 
ramifications and a decrease in complexity in the secondary ramifications were 
found. Mosaics of "ON" and "OFF" ganglion cells were identified at different 
fetal ages to determine whether bistratified cells fit into either mosaic. The 
primary ramifications of the bistratified cells were found to be part of the mosaic 
corresponding to its level of termination. The secondary ramifications were not 
found to be part of either mosaic. For example, if  the primary ramification fit 
into the mosaic of "ON" parasol cells, the secondary ramification projected down 
to the level in the IPL where the mosaic o f "OFF" parasol cells ramified but did 
not fit into this mosaic. These results suggest that bistratified cells are not a 
transient cell class that is eliminated through cell death but are a normal part of 
ganglion cell morphogenesis. These findings suggest that bistratified cells are 
involved in the development o f retinal ganglion cell mosaics.

3 1 .1 9

MEASUREMENT OF FOVEAL AREA IN THE RHESUS MONKEY 
DURING FETAL DEVELOPMENT. K.L. Buchanan*. V.L. Jennings, and
M.A. Kirbv. Dept. of Pediatrics and the Division of Perinatal Biology, Loma 
Linda University School of Medicine, Loma Linda, CA 92350.

It has recently been shown that the development of the fovea in the 
rhesus macaque (Масаса mulatta) is a dynamic process involving the 
outward movement of ganglion cells and the later inward movement of 
cone photoreceptor processes. At present no information exists on the 
physical dimensions of the fovea during fetal development.

We have quantified the area and depth of the fovea in 17 fetal and four 
adult animals. The fetal animals ranged in age from embryonic day (E) 105 
to E164 (term is approximately 165 days). The animals were delivered by 
C-section and the retinas removed and placed into DMEM media for three 
hours. The retinas were then fixed in 2% glutaraldehyde in 0.1M 
phosphate, mounted onto glass slides, dehydrated, and coverslipped.

A foveal depression in the ganglion cell layer was first present at E112. 
Prior to this the site of the future fovea was denoted by increased spacing 
between the ganglion cells but without a physical depression in the retina. 
At E112 the area of the fovea measured from the ganglion cell layer was 
5.8% of the mean adult value. This rapidly increased over the next several 
days. By E118-122 the mean value (n=5) was 14% of the adults. Over the 
next several weeks this increased obtaining mature values between E140- 
155. The depth of the fovea exhibited initial rapid, but then a slow increase 
with development. At E112-122, the mean depth of the fovea was 59% of 
the mean adult value. Between E140-164 the foveal depth increased to 
approximately 80% of the adults, obtaining mature values after birth.

In conclusion, development of the fovea is characterized by the rapid 
expansion of the foveal depression within the inner retina layers. In 
contrast, development of foveal depth exhibits an initially rapid, but more 
protracted time course that is completed postnatally.

3 1 .2 0

DENDRITIC DEVELOPMENT AND AXONAL TARGETING IN FERRET 
RETINAL GANGLION CELLS. R.J.T. Wingate* and I.D. Thompson (SPON: 
Brain Research Association). Oxford University, University Laboratory of 
Physiology, Parks Road, Oxford 0X1 3PT, UK.

A combination of retrograde tracers and intracellular injection of lucifer 
yellow was used to follow the postnatal dendritic development of ferret retinal 
ganglion cells and their choice of axonal targets. For ferrets of various 
postnatal ages (P0-P62), latex microspheres conjugated with one type of 
fluorochrome (red or green) were injected into the superior colliculus (SC), 
while microspheres conjugated to a contrasting fluorochrome (green or red 
respectively) were injected into the lateral geniculate nucleus (LGN). After a 
short survival time, animals were sacrificed and then perfused intracardially 
with fixative. Retrogradely labelled cell bodies were identified in retinal slices 
under epifluorescence and impaled with a micropipette loaded with lucifer 
yellow. After filling cells with dye by iontophoresis, dendritic arbors were 
photographed and digitised. Fractal dimension was used to quantify dendritic 
complexity. Sizes of somas and dendritic trees were related to the local 
density of retrogradely labelled cell bodies.

Between P1 and P5, dendritic trees are irregular and bear little 
resemblance to adult types. Supernumary axons and transient intraretinal 
axonal sidebranches disappear by P5. Beta cell dendritic trees are first to 
emerge, in the temporal retina at P5; by P9, all major classes of ferret retinal 
ganglion cells are established. Dendritic complexity peaks at eye-opening 
(P33). While alpha and gamma cells may branch to both SC and LGN at all 
ages, beta cells gradually become restricted to the LGN alone. Beta cells with 
collaterals to the SC can still be found at P15. Ganglion cell numbers stabilise 
by P10, suggesting that SC collaterals are lost by retraction.
This work was supported by the Medical Research  Council, UK.

3 1 .2 1 3 1 .2 2

THE ARREST OF DENDRITIC STRATIFICATION BY 2-AM INO-4- 
PHOSPHONOBUTYRATE (APB) TREATMENT IN DEVELOPING RETINAL 
GANGLION CELLS CAN BE REVERSED BY VISUAL EXPERIENCE. S. R. 
Bodnargnko* G . Jeyaras asin gm  and L, M. Chalupa. Center for Neuroscience & 
Dept. o f Psychology, University o f California Davis, CA 95616.

A fundamental attribute o f the vertebrate retina is the stratification o f ON and 
OFF retinal ganglion cells (RGCs) dendrites. This is attained by the gradual 
restriction of RGC dendrites which initially ramify throughout the inner plexiform 
layer. We reported recently that intraocular treatment with the glutamate analog 
APB arrests this stratification process (Nature, 1993). In our initial study the 
animals were sacrificed within 48 hours after the final APB injection. To assess 
whether APB treatment results in permanent disruption of dendritic stratification, we 
have now examined RGCs in animals surviving for longer periods.

Intraocular injections o f APB were made daily in postnatal cats between P0 to 
P 11. Animals were sacrificed after variable periods, retinas were fixed and optic 
nerves implanted with DiI. Beta RGCs were examined in the central region in 
flatmounts and in cross-sections. Two days after APB injections, treated retinas 
contained 35% multistratified RGCs compared to 13% in normal retinas. Five days 
after treatment, the incidence of multistratified cells was 30% in treated retinas; after 
7 days it was 23%; and three months later the normal 9% incidence was observed. 
Thus, the disruption o f RGC dendritic stratification, obtained with short-term APB 
treatment of the neonatal retina, can be completely reversed by subsequent visual 
experience. To assess how this finding relates to the time-course of the normal 
stratification process, we studied the incidence o f multistratified beta RGCs in the 
developing retina. Nine days before birth, at embryonic day 56,66% of beta cells in 
central retina and 83% in periphery are multistratified. The comparable percentages 
are 38% (central) and 50% (periphery) at P 2 ,  16% and 41% at P10, and 13% and 
31% at P20. Given the early onset o f  the stratification process and its protracted 
time course, longer periods o f APB intervention may be necessary to permanently 
arrest RGC dendritic segregation. (Supported by NEI EY03391)

GENETICALLY MODIFIED ASTROCYTES CARRYING A HUMAN 
preproBDNF cDNA PROMOTE SURVIVAL OF RETINAL GANGLION 
CELLS IN  V ITRO .
B, Сastillo.Јr.*1, M.del Cеr r o 1 ,  X .O . Bre a kefield2, D,M,.Frim2 and M,C, Bohn1. 
1Dept. of Neurobiology and Anatomy, Univ. of Rochester Med. Ctr., Rochester, 
NY 14642 and 2 Molecular Neurogenetics Unit, Mass. General Hospital, 
Harvard Med. Sch., Boston, MA 02114.

Genetically engineered cells carrying genes for neurotrophic factors have 
potential application for treatment o f neurodegenerative diseases and injuries to 
the nervous system. Brain-derived neurotrophic factor (BDNF) promotes the 
survival o f specific neurons, including retinal ganglion cells (RGC)(Johnson 
et.al. J .Neurose. 6:3031,'86). Fibroblasts infected with a replication deficient 
ecotropic retrovirus harboring the human preproBDNF have been shown to 
promote dorsal root ganglion (DRG) neurite outgrowth in vitro (Frim et. al. 
NeuroReport 4:367,’93). To determine whether genetically engineered astrocytes 
might be used for delivering bioactive BDNF, we infected primary type 1 rat 
astrocytes with the same BDNF retrovirus and assayed the medium conditioned 
by these astrocytes for effects on survival of rat RGCs in vitro.

High levels of BDNF mRNA were expressed by infected astrocytes, but not by 
control astrocytes as determined by RNase protection assay using a BDNF 
specific probe (courtesy of Dr. P. Isackson). To test for secretion of bioactive 
BDNF from the transgenic astrocytes, embryonic day 17 rat retinas were 
dissociated and grown in N1 medium conditioned for 24 hours by astrocytes 
(CM) infected with a retrovirus carrying BDNF, NGF, or alkaline phosphatase 
(AP) cDNA. After 3 days, the number o f thy-1 immunoreactive RGCs 
(Neurose. 11:847/84) were counted. BDNF astrocyte CM significantly enhanced 
RGC survival 4-fold compared to the AP control. NGF astrocyte CM had no 
significant effect This study demonstrates that astrocytes can be genetically 
engineered to synthesize and secrete bioactive BDNF. These techniques may be 
applicable to rescuing neurons from degenerative processes. (Supported by the 
Markey Fdn., the Rochester Eye Bank, and NEI ROI05262.)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM VISUAL SYSTEM: RETINA 55

31.23
SYNAPTIC ORGANIZATION OF THE INNER PLEXIFORM LAYER (IPL) IN 
THE REGENERATED RETINA OF THE GOLDFISH. P. Hitchcock* and P. 
Cirenza. Ophthalmology, Anatomy and Cell Biology, Neuroscience 
Program, University of Michigan, Ann Arbor, Ml

In goldfish, excised pieces of retina are regenerated; neuroepithelial- 
like cells cluster on the margin of the retinal wound and migrate 
centripetally, appositionally adding new retina to the old. The 
regenerated retina contains all cell types (Hitchcock et al., (1992) J. 
Neurobiol., 23:287), but the spatial order of the ceils in the different 
layers is less precise than normal (Hitchcock and VanDeRyt, (1992) 
Neurosci. Abstracts). We undertook this study to characterize the 
synaptic organization of the IPL in regenerated retina and to compare it 
to the organization of the IPL in retina generated de novo . Quantitative 
electron microscopy was used to make within-eye comparisons of the 
planimetrie density, laminar position, and ratio of conventional and 
ribbon synapses. Six animals (eight eyes) that survived 16-20 weeks 
post lesion were used. IPL's were photographed, and the photos were 
scored for synapses and assembled into mosaics. Qualitatively, the IPL 
of regenerated retina contained the normal variety of synapses. 
Quantitatively, the regenerated and normal IPL's were also similar; there 
were no significant differences in the numeric descriptors of the two 
groups. From these data we conclude that 1) during regeneration the 
normal synaptic organization of the IPL is restored, 2) the cellular 
mechanisms that guide de novo  synaptogenesis act during regeneration, 
3) the anatomical imprecision of regenerated retina does not interfere 
with the reconstitution of a normal synaptic neuropil.

Supported by NEI grants EY07060 and EY07003 (CORE)

31.24
E N D O G E N O U S TR OPHIC FA C TO R S IN V O L V E D  IN  R E G E N E R A 
TIO N  O F THE G O LD FISH  OPTIC N ERV E. N M  B ou lis* . J W inickoff. N  
Irwin . M -F Gu. D -F  Chen. H  Zaniani. GE Schneider and LI B en ow itz  
Dept. Neurosurgery, Children’s H osp., Harvard M ed., B oston , M A  02115  

U nlike m am m als, low er vertebrates are able to regenerate injured optic  
nerves throughout life. A lthough m uch is know n about the changes that 
occur in the retinal ganglion cells' program o f  gen e expression during re
generation, the trophic factors that initiate this process remain unknown. 
Three days after crushing the optic nerve behind the orbit, optic nerves and 
tracts were rem oved, cut into 0.5-1 m m  p ieces, and incubated in H EPES- 
buffered L15 m edium  for 3 -4  h. This conditioned m edium  was filtered and 
subjected to ion-exchange, HPLC reversed-phase and size-exclu sion  chro
matography to purify factor(s) that induce neurite outgrowth from  d issoc i
ated retinal neurons in culture. Cultures were obtained by dissecting retinas 
from  norm al gold fish , treating with papain for 45', triturating gently , and 
sedim enting out large p ieces o f  tissue. Outgrowth was scored blind in 3-6  
w ells per condition (fraction o f  large, viable cells extending neurites > 5 cell 
dia. after 5 da in culture, with viability assessed using 5(6)-carboxyfluores- 
cein diacetate). A  several-fold increase in neurite outgrowth was induced by 
a trypsin-sensitive, heat-stable, basic protein, M r =  10-15 kDa. W e are now  
exam ining whether this is an identified  neurotrophin. A  secon d, distinct 
peak o f  neurite-promoting activity has a M r =  3 -6  kDa. In addition, Caday 
e t al. (M olec Brain Res 5: 45-50) reported that injured goldfish  optic nerve 
secretes an acid ic, substrate-binding protein, M r =  25 kD a, that induces 
em bryonic m amm alian neurons to extend long, unbranched axons. Thus, 
the goldfish  optic nerve secretes m ultiple trophic factors that m ay m ake 
distinct contributions to axonal outgrowth. S u pport:  N IH  E Y  0 5 690 , EY  
00 1 2 6 , Hughes Foundation, Boston  N eurosurgical Foundn.

31.25
OPTIC NERVE REGENERATION IN A LIZARD. L.D.Beazley*. 
P.W.Sheard1. M.Tennant. University of Western Australia, Nedlands 
WA 6009 and University o f Otago, Dunedin, New Zealand .

The severed optic nerve regenerates in both adult fish and Amphibia 
to restore functional vision. The entire population of retinal ganglion 
cells survive axotomy in fish (1) whereas only 60-70% do so in 
Amphibia (2). By contrast, the avian or mammalian optic nerve does 
not regenerate and the entire ganglion cell population is eventually 
lost. Here we present the first evidence of optic nerve regeneration in 
the class Reptilia using the lizard A m p h ib o lo ru s  orn a tu s. One optic 
nerve was crushed intra-orbitally and one year later we traced 
projections into the brain by anterograde transport of biocytin or 
horseradish peroxidase. We also estimated survival of ganglion cell 
somas in retinal sections and assessed numbers of ganglion axons in 
the optic nerve ultrastructurally. Despite visual recovery being 
limited to startle responses, axons had regenerated, following normal 
pathways and terminating in appropriate visual brain centres. 
Approximately 50-60% of the ganglion cell population had survived 
and regenerated their axons.
(1) M.Murray et al., J.Comp.Neurol. 209, 374-385,1982.
(2) M.F.Humphrey & L.D.Beazley, J.Comp.Neurol. 2 3 6 , 382-402, 
1985.

3 1 .2 6

R E G E N E R A T IO N  P O T E N T IA L  O F  R E T IN A L  A X O N S  IS  C O N T R O L L E D  
B Y  IN TR IN SIC  F A C T O R S : E V ID E N C E  FR O M  C O -C U L T U R E S . D .F. Chen*. 
S , Jhaveri & G .E .  Schneider. Dept. Brain & Cognitive Scien ces, M .I.T., 
Cambridge, MA

Organotypic co-cultures allow independent variation of the ag es of source  
and target tissues. Using co-cultures of retinal and midbrain tectai explants 
from ham sters, we show that the regenerative propensity of retinofugal axons 
changes with retinal age when target age is held constant. Retinal segm ents 
were placed against the rostral edge of tectai whole mounts from E13  
animals. Retina w as taken from ham sters at ag e s E 1 3  to adult, in vivo, 
retinofugal axons reach the superior colliculus [SC] on E13. Co-cultures were 
fixed after 5 days, and dii w as placed in the retinal explants to label 
regenerating fibers. Vigorous growth of large numbers of axons occurred from 
E13  retinal explants (N=14), with som e fibers reaching the caudal S C . With 
retinae from postnatal animals, P4-P7 (N=17), m any fewer tong axons were 
seen , and these  were limited mostly to an area lateral to S C ; in a  few c a se s  
with P4-P5 retinae, shorter axons were se en  penetrating the rostral margins 
of S C . With P11 retina (N=3), no axons penetrated the midbrain explants. 
With P19 and adult retina (N=2 each), axonal growth w as again evident, 
resembling the results with P5 retina. In another series of co-cultures, retina 
w as taken from E1 3  ham sters in every case , and the age of the tectum w as 
varied. Frontal slices from postnatal tecta were abutted at the dorsal surface  
by the retinal explants. Axons were able to penetrate the superficial S C  taken 
from anim als of all ages, including adult.

Th ese  data suggest that the ability of retinal axons to re-grow into a  central 
target is dependent on intrinsic properties of the retinal neurons, which 
undergo changes with age. Th e  environment of the axons must interact with 
these  properties for normal growth to occur. (Support: NIH grants EY00126, 
EY05504, EY02621)

TRANSPLANTATION I

32.1
IMPLANTATION OF RETINOIC ACID DIFFERENTIATED HUMAN 
DOPAMINE PRODUCING NEURAL CELL LINES INTO THE RAT 
STRIATUM. C. H. Martin. C. Leranth. P. Tranaue. R. J. Robbins*. 
Neuroendocrine Program and Yale Neural Transplant Program, Yale University 
School of Medicine, New Haven, CT 06510.

We hypothesized that human dopamine producing neuronal cell lines can survive 
and innervate- the rat striatum following in vitro differentiation and stereotactic 
implantation. BE(2)-C, a human neuroblastoma cell line (Dr. J. Beidler), and NT-2, 
a human teratocarcinoma cell line (Dr. V. Lee) were both differentiated in vitro 
with all-trans retinoic acid. BE(2)-C cells produce tyrosine hydroxylase and 
DOPA. The NT-2 cells do not produce tyrosine hydroxylase (TH), DOPA or 
dopamine. NT-2 cells were transfected with a plasmid containing the human TH2 
cDNA driven by the RS V promoter (provided by Dr. K. O’Malley), and containing 
the neo selection marker. Following transfection, the NT-2 cells, undo: selection, 
were found to produce TH and DOPA. Both cell lines were labelled in vitro with 
the fluorescent dye, Dii (Molecular Probes, 5 ug/ml) prior to stereotactic 
implantation. Cells (103 to 105) were dispersed and resuspended in HBSS and 
injected into the striatum of adult Sprague-Dawley rats based on coordinated from 
the Paxinos rat brain atlas. Injection volume was 11. At 2,4, and 6 weeks post
implantation, rats were anesthetized and perfused with 4% paraformaldehyde and 
the brains were sectioned with a vibratome. Implants were easily localized based 
on the presence of the fluorescent dye. The expression of tyrosine hydroxylase was 
examined using immunocytochemistry with an several antibodies directed against 
TH. These studies were undertaken, in part, to evaluate the possibility of using 
such cell lines to restore the function of damaged dopamine neurons in primates.

32.2
TRAN SPLAN TATIO N  O F A  TEM PERA TU RE-SEN SITIV E N EURAL C E L L  
LINE DERIVED FROM RAT V EN TR A L M ESENCEPHALON.
H. Ta kash im a*. N. Shibuva. M. G io rd anot . M. Poltorakt and  
W. J. F ree d ϯ . Dep. o f Neurology, Kaw atana National Hospital, 
N agasaki 8 5 9 -3 6 , Japan  and ϯNIMH N euroscience C e n te r a t St. 
Elizab eth , W ashington D .C . 2 0 0 3 2 .

A  cell line ( K 1 S) w a s  e stab lish e d  from  rat ven tra l 
m esencephalon  using a retroviral v e c to r  containing the  
tem p erature-sensitive  S V 4 0 T  gene. T h e  grow th o f the  cell line can  
be controlled by changing tem perature, and the cell show s co n ta ct  
inhibition e ve n  a t  the  perm issive  tem p e rature . T h is cell line sh o w s  
p ositive  staining  fo r n euro filam ents and L 1 . W hen d ifferentiatio n  is 
stim ulated  by a in creased  intracellu lar cAMP, th e y  tend  to  extend  
p ro ce sse s  and show  positive  staining for neuron sp ecific  eno lase  
(N SE). In W estern  bot an alysis, th is  cell line sh o w s a neurofilam ent 
im m unoreactive  band and a tyro sin e  hyd ro xylase  (TH )  
im m unoreactive band.

Th is cell line w as transp lan ted  into th e  striatu m  o f th e  rat brain  
from  cell cu ltu re  a t  th e  perm issive  tem p e rature . T o  identify the  
g rafted  ce lls, the  ce lls  w ere  labeled w ith  b isbenzim ide before  
transplantation . W hen g rafted , the  ce lls  show ed large cyto p lasm  
w ithout p ro ce sse s and negative staining for S V 4 0 T  antigen, 
neuro filam ents, TH , and glial m arkers, but positive  fo r NSE.

Fu rth er functional ch a ra cte r iza tio n  including tra n sm itte r  uptake  
in th is  ce ll line is in p ro g ress.
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3 2 .3
GRAFTNG OF BETA GALACTOSIDASE-EXPRESSING NEURAL PLATE 
CELLS FROM TRANSGENIC EMBRYOS INTO ADULT MOUSE BRAIN.
K. Uchida*. M.D. K awaja and A.H. Roach. Sam uel Lunenfeld Research  
Institute, M ount Sinai Hospital, Toronto, ON., C A N A D A , M5G 1X5

W e wish to  explore the use of neural plate (NP) cells as donor material for 
the delivery of foreign gen es into the d iseased  adult CNS.

E8.5 m esencephalic NP tissue from heterozygous transgenic m ouse em bryos of 
th e GT4-2 strain (Skarnes et al., G en es & Dev. 6, 903-918, 1992), which  
exp ress lacZ  throughout early CNS develop m ent, w as d issected  out and  
eith er  tran sferred  in to  culture for ch aracterization  or im m ed ia te ly  
im planted  in to  th e  striatum  or lateral ventricle o f adult w ild -type CD-I 
m ice. In culture, exp lants of NP tissu e  p o s s e s s  ß -g a la c to sid a se  (β -gal) 
activity, as well as ex ten sive  outgrow th  of neurofilam ent (N F)-positive  
p r o c e sse s . A fter six  d ays in vitro, m any cells with ß-gal activ ities a lso  
m igrate aw ay from the explanted NP tissue. Intrastriatal grafts of transgenic 
NP tissu e  p o s s e s s  num erous cells with β -gal en zym atic  and antigenic  
activities at tw o  to  thirteen w eek s after im plantation. These β-ga l-p ositive  
cells can a lso b e  stained with antibody against NF or m icrotubule associated  
proteins. In addition, exten sive N F-positive axonal tangles are prom inent 
within th e  grafts. T ransgenic tissu e im planted  in to the lateral ventricle  
likew ise exhibit long-term  survival and robust ß-gal activity up to  fourteen  
days in vivo. S om e β -gal-positive cells are seen  in the brain parenchym a  
surrounding the ventricle, suggesting migration o f graft-derived cells.

T hese data su ggest that transgenic E8.5 NP cells represent a novel donor  
pop u lation  offering new  possib ilities for gen e therapy using intracerebral 
grafting.

Supported by the Network o f Centres of Excellence on Neural Regeneration  
and Functional R ecovery and the M edical Research Council (Canada).

3 2 .5
TRANSPLANTATION OF ENCAPSULATED PC12 CELLS INTO NON
HUMAN PRIMATE BRAIN. B.R. Frydel*. M.J. Banks. V. Hovanesian. S.R. 
Winn. S.D. Sherman..D.F. Emerich. P.E. McDermott. B.J. Dean. J.P. 
Hammanņ. F. Gentile. E J . Dohertv. and E.E. Baetge. CytoTherapeutics, 
Inc., Providence, Rl 02906.

Parkinson's disease (PD) is characterized by a profound loss of 
dopaminergic neurons in the substantia nigra and a resulting loss of 
dopamine in the striatum. We are currently developing an encapsulated 
cell implant (NeuroCRIB™) for the delivery of dopamine to the striatum. The 
NeuroCRIB™ implant consists of a semipermeable polymer membrane 
surrounding dopamine-secreting PC12 cells.

In the present studies, capsules were loaded with 50-150 x 103 PC12 
cells, neurochemically characterized to verify catecholamine production 
and stereotaxically implanted into the caudate and putamen of cynomolgus 
non-human primates. At selected times, the capsules were surgically 
retrieved, re-characterized for catecholamine release, and fixed for 
histological analysis. Brains were then perfused either immediately 
following capsule retrieval or after an additional 1 month survival period.

Neurochemical results indicated that the encapsulated PC12 cells 
survived and released catecholamines 1 month following implantation. 
Similarly, histological analysis revealed the presence of numerous viable, 
mitotically active PC12 cells randomly distributed along the length of the 
capsule. Capsules were easily retrieved, produced minimal host trauma 
and the host tissue exhibited biocompatibility around the implant sites. A 
number of variables including membrane morphology, capsule size, 
loading density, cell type, long-term viability and behavioral efficacy are 
currently being evaluated. These results suggest that polymer- 
encapsulated PC12 cells provide a method for dopamine delivery in PD.

3 2 .7
ULTRASTRUCTURAL COMPARISON OF BOVINE ADRENAL 
MEDULLARY GRAFTS AND ISOLATED CHROMAFFIN CELL 
IMPLANTS IN RATS. S.B. Schueler*. G.D. Pappas. J. Saeen. and 
.J.H. Kordowerl . Dept. Anatomy & Cell Biology University of 
Illinois Sch. Med., 1 Department of Neurological Sciences, Rush 
Presbyterian Medical Center, Chicago, IL 60612 USA.

The ultrastructural characteristics of isolated bovine adrenal chromaffin grafts 
were compared to suspension grafts of bovine adrenal medulla. Immunosuppressed 
rats received intrastriatal implants of a) perfused adrenal medulla; b) isolated adrenal 
chromaffin cells; or c) isolated adrenal chromaffin cells which were then recombined 
with autologous fibroblasts and endothelial cells and were sacrificed 4-8 weeks post
implantation. Both surviving and degenerating chromaffin cells could be observed in 
rats receiving implants of perfused adrenal medulla. At 4 weeks post-implant, 
numerous phagocytes, degranulated cells and dense collagenous regions were 
observed. By 8 weeks post-implant, extensive perivascular cuffing with lymphocytes 
were seen in close proximity to grafted chromaffin cells even with cyclosporin 
treatment. At both 4 and 8 weeks post-implants, rats receiving isolated bovine 
adrenal medullary implants displayed numerous surviving adrenal chromaffin cells 
with dense core vesicles and intact basal laminae which appeared well integrated with 
the host parenchyma. No perivascular cuffing or lymphocytes were observed. Few 
chromaffin cells were observed in rats receiving implants of isolated adrenal 
chromaffin cells which were recombined with autologous fibroblasts and endothelial 
cells. The grafts site in diese animals contained many lymphocytes, plasma cells, 
and macrophages 4 weeks post-implantation and by 8 weeks post-grafting only 
macrophages and a glial scar remained. These data support the concept that 
nonchromaffin cell types of the adrenal medulla are detrimental to the viability of 
grafted chromaffin cells and good chromaffin cell survival can be achieved once the 
cells are grafted in isolation. The extensive degeneration seen in rats receiving 
chromaffin cells recombined with fibroblasts and endothelial cells suggests that the 
addition of these support cells may accelerate graft deģenerātiem. (NS29831 and PDF)

3 2 .4
INTEGRITY OF THE BLOOD-BRAIN BARRIER (BBB) FOLLOWING 
TRANSPLANTATION OF POLYMER-ENCAPSULATED PC12 CELLS INTO 
RODENT STRIATUM. P. E. McDermott*. P. M. Krueger. W. J. Bell. S. A. 
Morrison. S. R. Winn and D. F. Emerich. CytoTherapeutics, Inc., Providence, 
Rl 02906.

Previous studies have demonstrated that the BBB is repaired within 46-54 
days following the implantation of empty polymer capsules (Jaeger et al., Brain 
Res. 551; 163-170, 1991). The following studies further examined the 
integrity of the BBB following the implantation of empty and PC12 cell-loaded 
capsules into the striatum of rats. Animals received bilateral intrastriatal 
implants of empty or PC 12 cell-loaded capsules. Beginning 3 weeks later, the 
integrity of the BBB was tested by evaluating the ability of two peripherally 
acting compounds (the muscarinic receptor antagonist N-methylscopolamine 
and the Ü2 dopamine receptor antagonist domperidone) to exert a centrally- 
mediated behavioral effect. In the N-methylscopolamine experiment, animals 
were placed in Digiscan activity monitors for a 10 minute habituation period. 
They were then injected with 8 mg/kg, ip of N-methylscopolamine or saline 
and their locomotor activity tested for 1 hour. In the domperidone experiment, 
animals received either domperidone (1 mg/kg, ip) or saline. Thirty minutes 
later the rats were challenged with apomorphine (0.5 mg/kg, sc) and were 
visually assessed for stereotypy. Three days later the drug conditions were 
reversed in both experiments. Results indicated that following N- 
methylscopolamine, there were no significant differences in locomotion 
between the saline and drug conditions. Likewise, domperidone had no 
effect on the extent or persistence of stereotypy induced by apomorphine. At 
the conclusion of testing, the capsules were surgically retrieved for HPLC 
analysis. Results indicated that the encapsulated PCI 2 cells survived and 
released abundant catecholamines and metabolites. These results indicate 
that within 18 days following implantation of either empty or PC12 cell-loaded 
capsules the BBB prevents systemically administered drugs from entering the 
CNS.

3 2 .6
BEHAVIORAL RECO VERY FOLLOWING TRANSPLANTATION OF 
POLYMER-ENCAPSULATED PC12 CELLS INTO UNI- AND BILATERAL 6- 
OHDA-LESIONED RODENTS. D. F. Emerich*. P. E. McDermott. P. M. 
K ru eg e r. S. D. S h e rm a n  and S . R. Winn. CytoTherapeutics, Inc., Providence, 
Rl 02906.

Transplantation of encapsulated dopamine-secreting cells has been 
proposed as a possible treatment for Parkinson's disease (PD). The following 
studies further evaluated the ability of encapsulated PC12 cells to promote 
behavioral recovery in 6-OHDA-lesioned rats. In the first study, animals 
received unilateral 6-OHDA lesions of the substantia nigra and were tested for 
apomorphine-induced rotation behavior. Following surgery, animals received 
unilateral intrastriatal implants of either empty or PC12 cell-loaded capsules 
and were behaviorally re-tested. Encapsulated PC12 cells produced a 
significant decrease in rotation behavior which persisted for up to 1 year post
implantation. A subset (N=6) of PC 12 cell-implanted animals were sacrificed 9 
months following implantation and the capsules retrieved for neurochemical 
and histological analysis. The encapsulated PC12 cells survived and released 
detectable levels of catecholamines and metabolites. In a second study, 
animals received bilateral implants of empty or PC12 cell-loaded capsules into 
the striatum. Three weeks later, all animals received bilateral 6-OHDA lesions 
of the substantia nigra and daily body weights and food and water 
consumption were recorded for a total of 5 days. On day 5 following 6-OHDA 
treatment, animals were tested for spontaneous locomotor activity. At the 
conclusion of behavioral testing, the implanted capsules were surgically 
retrieved and neurochemically analyzed using HPLC. While all encapsulated 
PC12 cells released abundant levels of DA and metabolites, no attenuation of 
the feeding, drinking, and locomotor deficits were observed. These studies 
support the previous evidence that encapsulated PC12 cells survive for 
prolonged periods of time following transplantation and promote recovery in 
animal models of PD.

3 2 .8
EFFECTS OF NGF ON BEHAVIORAL RECOVERY TO 
AMPHETAMINE IN HEMIPARKINSONIAN RATS RECEIVING 
ADRENAL MEDULLA GRAFTS V. Bergdall*1 and J B. Becker2. 1Unit for 
Laboratory Animal Medicine and 2Dept of Psychology, Reproductive Sciences Prgm, 
and Neuroscience Pgrm, University of Michigan, Ann Arbor, MI 48104
Transplantation of adrenal medulla (AM) tissue into the lateral ventricle of the hemi- 

Paridnsonian rat leads to behavioral recovery, as assessed by dopaminergic drug-induced 
rotational behavior. Results from this lab indicate that recovery of apomorphine 
(APO) and amphetamine (AMPH) induced turning are mediated by dissociable 
mechanisms. Nerve growth factor (NGF) delivered to the lateral ventricle or striatum 
has been repeated to enhance survival of grafted chromaffin cells and enhance the 
decrease in APO-induced rotational behavior after AM grafts. Previous findings in our 
lab indicate that die blood-brain barrier is permeable at the site of the graft, therefore 
die idea that trophic agents might also act in the host brain is particularly ingriguing. 
The purpose of this study was to determine if continuous infusion of NGF for 6 wks 
into the ventricle of 6-OHDA lesioned rats with AM grafts would enhance behavioral 
recovery (as measured by decreased AMPH-induced turning), and if this is correlated 
with tyrosine hydroxylase (TH) immunoreactivity in the graft and/or host brain.
Rats with unilateral 6-OHDA lesions of the substantia nigra were assigned to one of 

four groups: AM+NGF, AM+cytochrome C, adrenal cortex +NGF, and NGF alone. 
The group receiving AM+NGF tended to have better recovery of AMPH-induced 
taming. Individual animals which had the greatest recovery of AMPH-induced turning 
showed the heaviest density of TH-positive fibers and varicosities on the lesioned side. 
These animals showed continued recovery over the 8 wk postgraft testing period 
including 2 wks after NGF withdrawl. NGF-treated rats had more TH-immunoreacüve 
(THir) cells in the striatum of the lesioned side than the other three groups. The 
presence of diese cells however, was not correlated with behavioral recovery to AMPH. 
These results suggest that recovery to AMPH is more dependent on reinnervation of 
the striatum by TH-positive fibers than on the survival or induction of THir cells in 
the lesioned nigrostriatal system. Supported by NS22157 and NIH 5T32RR07008.
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3 2 .9
TRANSPLANTATION OF FIBROBLASTS TRANSFECTED WITH 
NERVE GROWTH FACTOR GENE IN RATS WITH NIGRAL LESIONS. 
Y. Lu. K .N. Westlund. C.E. Hulsebosch. P.A. Harmann. D.P. Ріzzо ,
M.L.Terrell* , M. Kadekaro. H.M. Eisenberg, R. Perez-Polo. Dept. o f  Anat. 
and Neurosci., MBI, Neurosurgery, and Dept. o f  Human Biol.,C hem . and 
Genetics, University o f  Texas Medical Branch, Galveston,Texas 77555-0843.

This study tests the hypothesis that transplanted fibroblasts (Sw iss-3T3) 
transfected with Nerve Growth Factor (3T3-NGF) change behavioral indices 
created by striatal denervation. 3T3-NGF cells were transplanted into the 
lateral ventricle o f  rats follow ing ipsilateral lesions o f  the substantia nigra 
pars compacta by stereotaxic injections o f  6-hydroxydopamine (8 μg). The 
extent o f  the lesions were assessed by rotational behavior before and two 
weeks after transplantation. Immediately prior to transplantation, the 3T3 
cells were incubated with the fluorescent dye, D iI. To assess cell viability, 
whole brains were cryosectioned and examined for D ii labeled 3T3 cells 
using fluorescent microscopy. The number o f  D iI labeled profiles in at least 
5 animals per group were counted in at least 5 non-contiguous sections per 
animal. From these data, a statistically derived total number o f  viable 
transplanted 3T3 cells was obtained. The cell survival correlated with 
behavioral changes. Control groups included vehicle injections, 
transplantation o f  untransfected cells and cortical transplantation o f  both 
transfected and untransfected cells. The clinical application o f  a transplant 
source o f  a patient’s own fibroblasts, which can be harvested and transfected 
in vitro  with the appropriate genes, offers great advantages for treating 
clinical conditions such as Parkinson’s and Alzheim er’s diseases. (M oody  
Foundation Grant 90-42)

3 2 .1 1

C ells G enetica lly  M odified  to Secrete  T rophic Factors  
Prom ote N eurite  G row th A fter T ran sp lantation  to the 
Lesioned Spinal Cord. M.H. Tuszvnski*. D. A, Peterson. F.H. Gage. J. 
Rav. Dept. of Neurosciences, Univ. Calif.-San Diego, La Jolla, CA. 92093-0627.

The ability of the adult spinal cord to extend neuntes after injury is limited, 
probably as a result of several factors: substrate molecules to support neurite 
attachment and growth are not present or substantially re-expressed after injury in the 
CNS; elevations in trophic factor levels do not occur in the spinal cord; and CNS 
myelin- or glial-based molecules inhibit neurite growth. We previously reported that 
cells genetically modified to secrete NGF when grafted to the intact spinal cord induced 
robust ingrowth of sensory neuntes, indicating that adult neurites of the spinal cord 
are trophic factor-responsive, and that genetically modified cell grafts might promote 
neurite growth after injury. In the present experiment, cells genetically modified to 
produce NGF were placed into collagen matrices and grafted to lesion sites of 
hemisectioned rat spinal cords. Fibroblasts were transduced with the human NGF 
gene in  v itr o  utilizing retroviral vectors, producing up to 46 ng NGF/lO6cells/day. 
These cells were harvested and placed into collagen matrices. Eight Fischer 344 rats 
underwent lumbar spinal cord hemisections followed by grafting of collagen-embedded 
NGF-secreting cells. Eight other rats received control grafts of non-genetically 
modified fibroblasts in collagen matrices. After one month, grafts fully occupied the 
lesion cavities and NGF-secreting but not control grafts were densely penetrated by 
sensory neurites. These neurites labelled for NGF receptor, neurofilament and CGRP 
but not СҺАТ, АСҺЕ, or TH, indicating their sensory origin. Tracing studies are 
underway to determine if neurites emerge from the grafts and "bridge" the lesion cavity 
to influence functional recovery. Also under study are grafts of other trophic factor- 
secreting cells to the intact and injured spinal cord, including basic FGF, BDNF, NT-3 
and CNTF. By providing 1) trophic factors in a regionally-specific, high dose 
manner, 2) a matrix to promote neurite attachment and growth, and 3) an environment 
free of growth-inhibiting molecules, these grafts may provide a useful model for the 
study of regenerative growth in the injured spinal cord.

3 2 .1 3
GLIAL REPLACEMENT FOLLOWING THEIR DEPLETION IN THE RAT 
SPINAL CORD. T.J. Sims*. S.A. Gilmore and D.L. Davies. Dept. of 
Anatomy, University of Arkansas for Medical Sciences, Little Rock, AR 
72205-7199.

The use of transplanted cells/tissues to influence structural and 
functional repair within the CNS is an area of intense interest. 
Experiments were recently undertaken to evaluate the potentials of 
cultured glial cells (astrocytes, oligodendrocytes and Schwann cells) 
injected into spinal cords of immature rats in which the endogenous glia 
were depleted by prior exposure to radiation.

Lumbosacral cords of 3-day-old rats were irradiated (Gilmore e t  al., 
'82, Brain R es . 235) to achieve a state of glial deficiency. The cultures 
were derived from spinal cords (astrocytes and oligodendrocytes) or sciatic 
nerves (Schwann cells) of 1-day-old inbred rat pups. After one week in 
vitro the cultures were partially purified and injected into the irradiated 
region of spinal cord using glass micropipets. Seven to 14 days later the 
spinal cords were processed for light and electron microscopic evaluation.

Astrocytes and oligodendrocytes, when injected as a single cell type or 
in combination, functioned as anticipated for their respective cell types. 
The injected astrocytes formed boundaries between the CNS and the 
vasculature and between the CNS and the peripheral nervous system. 
Oligodendrocytes formed myelin on axons which had not been previously 
myelinated due to the radiation-induced lack of glia. Injected Schwann 
cells myelinated or ensheathed axons, including those from neurons that 
were totally intra-axial in location. The fibroblast component of the 
Schwann cell cultures created a fasciculated state as observed normally in 
peripheral nerve. Thus, it appears that cultured glial cells when injected 
into the glial deficient CNS are capable of carrying out functions of their 
normal phenotypes.
Supported by NIH Grant NS04761.

3 2 .1 0
PLASMID TRANSFECTED MUSCLE CELLS SECRETE DOPAMINE AND 
IMPROVE A RAT PARKINSON'S MODEL LONG-TERM. S.S. Jiao*. V. 
Gurevich. J. Latendresse. and J.A. Wolff. Dept. of Pediatrics and Medical 
Genetics, Waisman Center, Univ. of Wisconsin, Madison, Wl 53705.

We have developed a muscle cell culture/gene transfer/transplantation 
system for transgene expression in the rat brain. This study reports some 
highly interesting and novel data on the functional capacity of muscle cells 
transfected with a plasmid containing the gene encoding for the DOPA 
producing enzyme, tyrosine hydroxilase (TH). Muscle cells expressing TH 
in culture produced and released L-DOPA and dopamine which is deficient 
in patents suffering from Parkinson's disease (PD). When the TH- 
expressing muscle cells were grafted into rat models of PD, their 
asymmetry rotational behavior, induced by unilateral striatal lesions with 6- 
hydroxydopamine, was significantly dropped to normal range for at least 12 
months. In support of the possibility that dopamine released from the 
genetically engineered muscle grafts played a role in the behavioral 
recovery, biochemical assessments of the grafts after their removed from 
the striatum indicated that the transduced muscle cells continued to 
produce dopamine post-implantation. The continued presence of the cells 
within the striatum was found to be crucial for sustaining the behavior 
recovery as evidenced by the re-emergence of rotational abnormalities 
after the grafts were removed. The function of the intrabrain muscle grafts 
was confirmed with biological, and histological data. This procedure may 
well be applicable to human because it may provide the necessary 
technical fix that will circumvent the current ethical and technical roadblock 
to clinical transplantation of Parkinsonian patients using fetal brain cells or 
adrenal medulla.

3 2 .1 2

REFLEX  EFFECT S  OF TRANSPLANTATION OF FETAL TISSUE INTO 
A SACROCAUDAL SPINAL TRANSECTION CAVITY IN THE ADULT 
CAT. L.A. Ritz*. R.M. Friedman. C.J. Vierck. Jr., and P.J. Reier. Depts. 
of Neuroscience and Neurosurgery, University of Florida, Gainesville, 
FL 32610.

In a minimally disruptive model of spinal cord injury, transection of 
the cat sacrocaudal spinal cord produces chronic signs of spasticity in 
the tail. The present study investigates whether signs of spasticity are 
influenced by transplantation of fetal tissue. Within a single surgical 
procedure, blocks of E21-E23 fetal spinal cord tissue were placed into 
a subpiai transection cavity. Behavioral measures of tail segmental 
reflexes were evaluated pre- and post-operatively in 5 cats with 
transplants and 5 cats with only S3/Ca1 transections.

In all cats, muscle tone of the tail progressed from a flaccid to a 
hypertonic state over a period of 3 months. The distal third of the tail 
was tonically deviated in a ventroflexed position. Additionally, activity 
akin to clonus or flexor spasms could be elicited. However, transplants 
ameliorated some effects of transection on cutaneous reflexes. 
Animals with transections revealed lower thresholds (in response to 
mechanical stimulation) and longer durations (in response to 
electrocutaneous stimulation) than animals with grafts. The reflexes of 
grafted animals were similar pre- and post-operatively. Two cats with 
grafts were sacrificed after 5 months. Graft tissue completely filled the 
cavity in both animals. Anatomical integration was observed between 
graft and host tissues with a limited glial scar at host-graft interfaces. 
Supported by grant NS27511 and the IDSTF from the State of Florida.

3 2 .1 4
TR AN S PLA N TA TIO N  OF FLU O R ES C EN TLY -LA BELED  M IC RO G LIA 
INTO THE AD U LT RAT SP IN AL CO RD. A.G. R abchevsky, W .J. 
Streit, and P.J. Re ier*. Depts. o f Neuroscience and Neurological 
Surgery, Univ. o f Florida, G ainesville , FL 32610.

Transplantation of se lected g lia l cell popu la tions in to the in jured 
CNS is a m ethod tha t is being m ore w ide ly  used to study various ce li
celi in teractions that m ay foste r functional sparing or recovery, as well 
as axonal rem yelination and regeneration . W hile  transplantation of 
astrocytes, o ligodendrocytes and Schwann ceils have been 
investigated in th is regard to a considerable extent, the role that 
m icroglia  m ay p lay in regulating regeneration in the CNS has not been 
addressed. Som e evidence suggests, how ever, that m ononuclear 
m acrophages m ay be capable o f rendering the nonper-m issive 
m icroenvironm ent o f CNS w h ite  m atter com patib le w ith axonal 
e longation. Therefore, to  beg in studying th is  glia l population in vivo, we 
report a successfu l m ethod for fluorescen tly labeling iso lated m icroglia 
in suspension w ith e ithe r R hodam ine-labeled acetyla ted low density 
lipoprotein (LDL) or F luorogold fo r subsequent transplan tation into 
syngene ic adult rat spinal cord. Initial investigations have established 
that LDL is a m ore robust label and that such grafts retain viability  
a fte r a three day survival period in the norm al rat sp inal cord. Studies 
are currently underw ay to increase surviva l tim es, im prove graft 
v iab ility  by transplanting these cells into d iffe rent lesion environm ents, 
and begin m igration patte rn ana lyses. (Supported by NIH P01 
NS27511).
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3 2 .1 5
ADULT ENTERIC NEURONS IMPLANTED IN THE SPINAL 
CORD. C.B. Jaeger.*Center for Paralysis Research, Purdue University, School of 
Veterinaiy Medicine, West Lafayette, IN 47907-1244.

It has been shown that neurons and smooth muscle from mature en
teric nervous system can grow within acutely injured spinal cord of al
logeneic rats for at least two months post-injury. An important ques
tion addressed by the present study was whether or not afferent path
ways originating from host neurons would project into such unusual 
grafts. Since growth of afferent pathways may require several months 
for their completion, survival times o f two and four months were 
tested. Enteric neurons were isolated from the small intestine and 
grafted into the thoracic spinal cord that had been subjected to com
pression injury. Afferent projections were demonstrated with biocytin 
or DiI. Biocytin was injected into spinal tracts caudal to the graft prior 
to killing. DiI was applied after fixation o f the tissue. A few crystals 
of DiI were glued to the dorsal roots of spinal cord segments, alterna
tively, the tracer was placed into the host cord next to the graft.

With few exceptions, afferent fibers from central spinal cord tracts 
avoided enteric grafts. In contrast, afferent pathways projecting via 
dorsal roots exhibited extensive distributions within the enteric grafts. 
These data suggest that enteric grafts may become integrated into host 
circuitry. Thus, enteric grafts may provide useful alternatives to em
bryonic neural tissue for replacement of lost spinal tissue. Additional 
studies will determine whether smooth muscle or enteric neurons pro
vide targets for host afferent projections. Funded by grants awarded to 
Richard B. Borgens from the "Canadian Spinal Research Organization" 
and the Department of Defense.

3 2 .1 7

DEVELOPMENT OF WEIGHT SUPPORT, BALANCE AND INTERLIMB 
COORDINATION IN NORMAL, SPINAL AND SPINAL +
TRANSPLANT CATS. D.R. Howland*. B.S. Bregman. A.Tessler and M.E. 
Goldberger. Dept. of Anatomy and Neurobiology, Medical College of Pennsylvania, 
Philadelphia, PA 19129.

Motor development was studied in 3 groups of kittens; normal, neonatal spinal 
transection (T12) and transection plus transplant. Normal kittens are unable to support 
their trunk off the ground during locomotion at birth. By ~2 wks., precarious weight 
support and balance develop. Overground locomotion is characterized by a wide base of 
support and only one limb at a time is in swing. Balance, full weight support and the 
ability to change speed develop by 4-6 wks., and a predominant interlimb coordination 
pattali emerges. A T12 transection within 24 - 48 hours of birth disrupts the development 
of overground locomotion. After 24 hrs. of flaccid paralysis, animals show bipedal 
treadmill hindlimb stepping but there is no involvement of the hindlimbs in overground 
locomotion. Partial weight support develops in some spinal animals at 11 wks., increases 
with age and training such that by 20 wks., full weight support occurs in -30% of the 
stepcycles - but no predominant interlimb coordination pattern develops. Other spinal 
animals develop no weight support Transplants alter the development of overground 
locomotion in the spinalized kitten. By 5-6 wks., kittens with transplants exhibit 
overground locomotion characterized by full weight support and moderate balance control 
which increases with age and training. A dominant pattern of interlimb coordination 
between the fore and hindlimbs is present by 15 - 20 weeks. Transplants may improve 
interlimb coordination by promoting connectivity across the lesion, by increasing weight 
support through mechanisms operating at a segmental level, or by a combination of both 
mechanisms. Immunocytochemical results indicate both descending (serotinergic, 
noradrenergic) and segmental systems (Calcitonin Gene Related Peptide, Substance P) may 
contribute to the improved function. The presence of these markers is not correlated with 
the specific behavioral outcomes of weight support, balance or interlimb coordination. 
They may, however, produce behavioral differences not evaluated by these tests (see 
Bregman et. al. this volume). In summary, the presence of an embryonic spinal cord 
transplant not only accelerates the development of overground locomotion, but results in 
better weight support, balance and interlimb coordination. Supported by NIH NS24707.

3 2 .1 9

M IG R A T ED , C E R V IC A L  G R A F T E D , C U L T U R E D  F E T A L  A S T R O C Y T E S  
F A IL  T O  IM P R O V E  HIN DLIM B P E R F O R M A N C E  A F T E R  D O R S A L  
C O LU M N  LE S IO N . J .J . Bernstein*. W .J . G oldberg, and L.A . R ilev. Lab s. 
C N S  Inj. R eg e n .,& Stroke & Traum a, D V A  Med. Ctr. W a sh ., D C  20422.

Grafted p ieces of fetal spinal cord im prove hindlimb perform ance in 
rats that have hindlimb dorsal colum n dam age. Astro cytes from the graft 
migrate to the nucleus gracilis (N G ) of the an im als beginning 7 d ays after 
implantation and maintain N G  neurons expected to atrophy. In contrast, 
grafts of purified cultured astrocytes do not im prove hindlimb 
perform ance or maintain N G  neurons. H ow ever, they m igrate within 12 
hours of implantation. In order to determ ine w hether the timing of arrival 
of astrocytes in the m edulla after a  sp inal cord injury affected behavioral 
outcome, w e studied hindlimb perform ance in rats w hich received  
astrocytes grafts either at the time of injury or 7 days later. R a ts  w ere  
given free a c c e s s  to activity w hee ls throughout the entire study. After 
three w ee ks of running, an im als had aspiration pockets m ade in the C 3  
dorsal colum ns then w ere  grafted with 106  purified E 1 4  astrocytes either 
im m ediately or 7 d ays later. A  third group of an im als rece ived  only the 
aspiration pocket. All rats show ed at least a  75 %  d e cre a se  in the num ber 
of turns after one w eek. The num ber of turns in creased  to between 40  
and 80%  of preop at 4-6 w ee ks, then declined to betw een 35 and 50%  of 
preop by w eek 12. There  w ere  no significant d ifferences between any of 
the groups. Th e  timing of arrival of astrocytes in the m edulla after a  
spinal cord injury does not explain w hy grafted p ie ce s of fetal sp inal cord 
im prove behavior while grafts of purified astrocytes do not.

3 2 .1 6
M IG R A T IO N  A N D  D IF F E R E N T IA T IO N  OF PC 12 C E LL S  
TRANSPLANTED INTO THE RAT SPINAL CORD. C. E. Hulsebosch*. 
D. P. Pizzo* and E. A. Zompa. Dept. o f  Anat. and Neurosci., MBI, and 
+Dept. o f  Human Biol.,Chem . and Genetics, University o f  Texas Medical 
Branch, Galveston, Texas 77550-0843  

To test the hypothesis that transplanted neuronal or neuronal-like cell 
lines, grown in vitro, might survive and differentiate in the mammalian 
spinal grey matter, adult male Sprague-Dawley rats (N =5) were injected with 
a suspension o f  from 3x10 5 to l . 0xlO 6 D ii labeled, undifferentiated rat 
pheochromocytoma (PC 12) cells in sterile phosphate buffered saline. PC12 
cells were selected since in vitro  neuronal-like differentiation occurs 
including the presence o f  action potentials and synapses. After 8 days, the 
spinal cords were removed, cryosectioned and examined for D ii labeled 
PC12 cells using fluorescent microscopy. The total number o f  D iI labeled 
profiles and the number which were differentiated were counted per section 
in at least 5 non-contiguous sections per animal. Differentiation was defined 
as cells with neurite-like extensions which exceeded tw ice the soma 
diameter. Results demonstrated the following; 1) 2% to 15% o f  the 
transplanted PC12 cells survived; 2) migration occurred in the spinal grey 
matter; 3) 60% to 80% o f  the transplanted PC12 cells were differentiated in 
all rats; 4) no mitotic profiles were observed in D iI labeled cells; 5) 
undifferentiated PC12 cells were juxtaposed to blood vessels or within the 
lesion cavity. These data support the use o f  a hom ogenous in vitro  
population o f  neuronal or neuronal-like cells, which are readily accessible 
to transfection with the appropriate genes, as transplant sources for the 
injured spinal cord. (N S 11255, N S 01217, Bristol M yers-Squibb)

3 2 .1 8

AXONAL REGROWTH AFTER SPINAL CORD CONTUSION 
USING CARBON FILAMENT IMPLANTS ENHANCED WITH 
FETAL SPINAL CORD EXPLANTS. T. K h an  M ,.Dauzvardis, C, 
Trausch. and S. Savers. Rehabilitation R&D Center, VA Hines 
Hospital, Hines, IL 60141.

Transplanted fetal nervous tissue has been used as a source of trophic 
factors in the adult central nervous system. Fetal tissue grafts have been 
studied by several groups as a means of attaining functional recovery 
after spinal cord injury. We designed a preliminary study to determine 
whether culturing fetal spinal cord on carbon filaments, and then 
subsequently implanting these filaments into the injured spinal cord, 
would enhance axonal regrowth and promote functional recovery. Fetal 
spinal cords from 15 day old rat embryos were removed and the 
meninges and dorsal root ganglia were carefully detached. Small 
segments (0.5-1 mm) of the thoracolumbar spinal cord were placed on 
carbon filaments attached to the bottoms of petri dishes, and cultured. 
After 24 hours, the explants grown on carbon filaments were implanted 
into the lesion site of contused rat spinal cord. All animals were cared 
for according to AAALAC guidelines. After ten weeks, all animals 
exhibited weight bearing with minimal ambulation. Toe spread and 
placing responses were normal. Control animals with spinal cord 
contusion did not exhibit any recovery. After a ten-week survival 
period, all animals received injections of 1% WGA-HRP in the motor 
cortex or lumbar spinal cord. The results show antergrade and 
retrograde labeling across the lesion. Further studies are underway to 
determine the relation between the host and the grafted explant.

This research was supported by funds from Veterans Administration, 
Rehabilitation R&D Service.

3 2 .2 0

CELL DEATH IN FETAL SPINAL CORD DURING HOLDING PERIOD 
BEFORE TRANSPLANTATION. L.Williams*. S. Rapisardi, 1. Cadusseau. and 
M. Peschanski. Howard University Col. of Med.,Dept. of Anatomy, 
Washington, D.C. 20059 and INSERM CJF 91-02 Creteil 94010 France.

The procedures employed in the transplantation of fetal spinal tissue 
to the excitotoxically lesioned spinal cord of an adult include a "holding 
period" between the taking of the tissue from the supportive uterine 
environment and its placement in the damaged cord of the host. The same 
procedures are utilized in the transplantation of human fetal nigral cells to 
the striatum of Parkinsonian patients. Our preliminary work on 10 rat 
embryos (E13 and E14 day) and 20 human embryos (5 to 10 weeks), under 
conventional transplantation experimental conditions, suggests that severe 
damage is widespread in the fetal spinal cord tissue that is awaiting 
transplantation. Neuronal damage is signalled at the light microscopic level 
by what appear to be numerous expansions of the extracellular space (holes). 
The electron microscope shows many of these spaces to be ghosts of neuronal 
or glial processes: membrane bourn! and containing damaged subcellular 
oiganelles. Additional fine structural evidence of morbidity include pyknotic 
nuclear changes, freeing of ribosomes from the rough endoplasmic reticulum 
(RER), dilation of RER and mitochondria, and cytoplasmic disruption. Eighty 
percent of the tissue that was subjected to a two hour holding period 
displayed these morphological changes, while only ten to twenty percent of 
the tissue held for five minutes exhibited this same damage. When the tissue 
was examined at time intervals between 5 minutes and 2 hours, the 
percentage of samples exhibiting the morphological changes gradually 
increased as the time of the holding period increased.
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3 3 .1
REGIONAL GLUCOSE UTILIZATION AS DETERMINED BY 2- 
DEOXY-D-( 1 -3H)GLUCOSE (2-DG) MAY REFLECT IN PART 
UPTAKE IN ASTROCYTES L. Pellerin*. N. Yu and P.J. Magistretti 
Institut de Physiologie, Université de Lausanne, Switzerland 

The 2-DG technique has provided a unique tool to assess, in  v iv o  and 
ex  v ivo , glucose utilization in the brain at the regional level. The 
technique does not however provide a resolution at the cellular level, 
an important factor, given the heterogeneity in cell types of the brain 
parenchyma. In an attempt to address this question we have examined
2-DG uptake in primary cultures o f mouse astrocytes and its 
modulation by neurotransmitters. Basal 2-DG uptake in astrocytes 
occurs at a rate of 20-70 fmol/mg prot/min, which corresponds to a 
glucose utilization of 1.5 and 5 nmol/mg prot/min. This value is of the 
same order as the glucose utilization in the rodent cerebral cortex 
determined by the 2-DG autoradiography technique. Noradrenaline 
(NA) increases 2-DG uptake to «  100% over basal levels, with an 
EC50 of 1 μΜ; arachidonic acid (AA) is the likely mediator o f this 
effect of NA, since NA stimulates AA release from astrocytes with an 
EC50 of 3 μΜ and since AA mimics the action o f NA with an EC50 of 
50 μΜ. Glutamate (GLU) also increases 2-DG uptake up to ≈ 100% 
over basal, with an EC50 o f 100 μΜ. Initial results indicate an unusual 
pharmacology, since the effect of GLU is not blocked by conventional 
antagonists such as APV, CNQX, AP3 and AP4 nor by the transporter 
inhibitor L-t-PDC. Given the fact that in the brain astrocytes 
outnumber neurons, these results indicate that a significant proportion 
of the regional glucose utilization determined in  v iv o  by PET 
functional studies may in fact represent 2-DG uptake in astrocytes.

3 3 .3
TNFα A N D IL-1α ENHANCE 2-DEO XY -D-(l-3 H) GLUCOSE (2-DG) 
UPTAKE BY ASTROCYTES N. Yu. D. M aciejewski-Lenoir*. F.E. Bloom  
and P.T. Magistretti Departm ent o f N europharm acology, The Scripps 
Research Institute, La Jolla, CA 92037

Recently, HIV-1 has been show n to induce IL -la  and TN Fa in primary 
cultures o f rat astrocytes. In an attem pt to clarify the role o f  these  
cytokines on the neuropathological m anifestations o f HIV infection, w e  
examined the effect o f IL-lα  and TNFα  on  astrocyte energy m etabolism . 
The uptake o f 2-DG w as determ ined over a 20 m in period in primary 
astrocyte cultures prepared from the neocortex o f newborn mice. Cultures 
exposed to TNFα  (20 n g /m l)  or IL-1a  (0.25 n g /m l)  during 24 hours 
exhibited а 2 to 3 fold increase in 2-DG uptake w h en  compared to controls. 
Thus, 2-DG uptake w as (in fm o l/m g  prot) 912 ± 20 after TNFᾶ , w ith  а 
basal level of 412 ± 11 or 668 ±  17 after IL-1a , w ith a basal level of 299 ± 3. 
Acute (20 min) exposure to either cytokine w as w ithout effect; furthermore 
the increase in basal 2-DG uptake elicited by TNFα  or IL -lα  w as blocked 
by cyclohexim ide, su ggestin g  the in vo lvem en t o f protein  synthesis. 
Exposure o f the cultures for 24 hours to TNFα  (20 n g /m l)  or IL-1α (0.25 
ng/m l) decreased their glycogen content (n m o l/m g  prot) from  38.2 ±  2 to
26.3 ± 2 or 25.9 ± 2 respectively (n = 3). In contrast, I1-6 w as w ithout effect 
on both 2-DG uptake and g lycogen  levels. Prelim inary results from  
Northern blotting analysis show  decreased levels of m RNA for the glucose  
transporter GluT 1 after 24 hr TNFα . These results indicate that the energy  
requirements o f astrocytes are increased b y long-term  exposure to TNFα  
or IL-lα , suggesting that under these conditions, astrocytes m ay deprive  
neurons o f adequate energy supplies and hence precipitate neuronal 
suffering, possibly lead ing to neurodegeneration. Supported by NIM H  
47680.

3 3 .5
CYTOKINES INDUCE ASTROGLIAL NITRIC OXIDE SYNTHASE
D.L.Feinstein*. E.Galea. & D.J. Reis Division of Neurobiol., Dept o f Neurology 
and Neurocience, Cornell University Medical College, New York, NY 10021.

The Ca2+-independent isoform of nitric oxide synthase (iNOS) can be induced in 
cultured rat astrocytes by incubation with bacterial endotoxin (LPS) (Galea et al 
PNAS 89, 10945, 1992). LPS also induces glial production o f several cytokines, 
including tumour necrosis factor-а (TNF) and interleukin 1-β (IL1). Here we 
investigated whether these agents could modify iNOS expression in glia. Astrocytes 
prepared from neonatal rat cerebral cortices were maintained in primary culture, and 
treated with LPS or recombinant rat interferon-7 (IFN), human TNF, or human IL1 
alone or in combination for up to 24 hr. NOS activity was assessed by measurement 
of NO2 accumulation in the media. In the presence of LPS (1 μg/ml), NOS activity 
was between 3 and 4 nmoles of NO2 produced per mg protein per hour. Alone, 
incubation with IFN (100 units/ml), but not TNF (2.5 ng/ml) or IL1 (2.5 ng/ml) 
increased iNOS activity to 20% of that obtained with LPS. However, the 
combination o f all 3 cytokines induced iNOS to levels similar to that produced by 
LPS. Norepinephrine (NE, 10 μΜ ), as previosly shown (Feinstein et al., J 
Neurochem. 60, 1945, 1993) inhibited the LPS-dependent induction of iNOS by 48 
±11% of control, but did not effect the cytokine-dependent NOS induction. Neither 
TNF (100 ng/ml) nor IFN (100 units/ml) influenced the inhibition o f the LPS- 
mediated induction of NOS by 10 μM NE. However, ILI (2.5 ng/ml) or a mixture of 
IFN, TNF, and IL1, partially reversed the NE inhibition. We conclude that in 
cultured astrocytes: (a) IFN alone, but neither IL1 nor TNF, can induce iNOS; (b) a 
combination of these 3 cytokines can replicate the actions of LPS; and (c) the action 
of cytokines is not inhibited by NE as is the response to LPS. These results are 
compatible with the hypothesis that induction o f iNOS in astrocytes may be 
regulated and/or initiated by release of cytokines and that NE may suppress NOS 
expression by inhibiting glial cytokine production.

3 3 .2
PURINE NUCLEO SID E U РТАКЕ B Ү MO U SE BRAIN ASTROCYTES .M.A.R. Herman*1, R. Huang2, L. Hertz2, M.P.Rathbone1. 1Dept. of Biomed.
Sci. and Medicine, McMaster University Medical Centre, Hamilton, Ontario 
CANADA L8N 325. 2Dept. of Pharmacology, University of Saskatchewan, 
Saskatoon, Saskatchewan S7N 0W0.

Adenosine is a neurotransmitter/neuromodulator in the CNS. As well it 
exerts trophic actions on CNS cells; promoting astrocyte proliferation and 
stimulating neurite outgrowth. Guanosine has more potent trophic effects. 
Termination of the action of these purine nucleosides is largely by uptake into 
adjacent cells. Uptake consists of transport (the transmembrane movement 
of the nucleoside) and uptake consists of either equilibrative facilitated 
diffusion followed by subsequent intracellular metabolism or of Na+- 
nucleoside co-transport. Two co-transport systems have been identified. 
One, (cit) is pyrimidine selective (thymidine is model substrate), the other (cif) 
is purine selective (formycin В is model substrate). Most tissues have both cit 
and cif but some (e.g. choroid plexus) have only one. Primary cultures of 
cerebral hemispheric astrocytes from newborn Swiss mice were treated with 
dibutyryl cAMP to induce differentiation. >95% of these cells are GFAP+ 
type-1 astrocytes. Uptake of both purines (e.g. adenosine) and pyrimidines 
(e.g. thymidine) was concentrative with high affinity. Uptake of 1 μΜ 
adenosine remained linear for more than 30 minutes, whereas uptake of 1 
μΜ thymidine remained linear for only 10 minutes. Thymidine uptake was 
competitively inhibited by guanosine, inosine, adenosine and uridine. 
Inhibition by adenosine and inosine was similar; thymidine uptake was 
reduced to 50% by 1 mM adenosine or inosine, but only to 70% by guanosine 
or uridine. Half maximal inhibition was achieved at 100 μΜ .

These data imply that concentrative accumulation of purine and pyrimidine 
nucleosides in astrocytes occurs either through one transporter system (as in 
the choroid plexus), or through two systems that have broad substrate 
specificity. Support: Medical Research Council, Saskatchewan Heart and 
Stroke Foundation, Saskatchewan Health Research Board (LH), Hospital for 
Sick Children Foundation and Ontarion Heart and Stroke Foundation (MPR).

3 3 .4
MECHANISMS UNDERLYING INDUCTION OF NITRIC OXIDE 
SYNTHASE IN ASTROCYTES. M.L. Simmons*. H.L. Lin and 
S. Murphy Dept. of Pharmacology, Univ. of Iowa College 
of Medicine, Iowa City, IA 52242.
Nitric oxide (NO) synthase activity can be induced in 

primary rat astrocytes and C6 glioma cells with 
endotoxin (J.Neurochem. 59, 897, 1992), seemingly via 
the mediation of cytokines (Europ. J. Neurosci. 5 -in 
press). Using the cDNA for the macrophage inducible NO 
synthase and northern blotting, mRNA is detected in 
astrocytes after two һоurs exposure to a combination of 
interleukin (IL)-lβ and interferon (IFN)γ, and persists 
for at least 8 hours. Phorbol myristate acetate (PMA) 
alone induces NO synthase to a Small extent, 
potentiates the effects of endotoxin, and is as 
effective as IL-lβ in combination with IFNγ . These 
effects of PMA are not seen either in protein kinase 
(PK) C-depleted cells or in the presence of the protein 
kinase inhibitor H7. While H7 and the tyrosine kinase 
inhibitor genestein block the induction of NO synthase 
by any route, more selective inhibitors of PKC, PKA, 
PKG and calcium/calmodulin-dependent protein kinase are 
without effect. This suggests that PKC is not 
necessarily involved in the induction process, and that 
PMA may be inducing NOS by first causing the release of 
IL-lβ or another cytokine such as tumor necrosis 
factor. The ability of astrocytes to release NO in 
response to cytokines suggests a role for these cells 
in CNS-immune interactions. Supported by NS29226 and 
the Life and Health Insurance Medical Research Fund.

3 3 .6
ASTROCYTE SPECIFIC cDNA's ISOLATED BY SUBTRACTION HYBRIDIZA
TION. J.R. Fredieu*1. J. Jacobberger2. N. Goodman1, P.S. Frisa2 and
D.M.D. Landis1, Depts. of Neurology1 and Genetics2. Case Western 
Reserve University. Cleveland. OH 44106.

Perivascular processes of astrocytes have a high concentration 
of a specific membrane associated protein, termed “assemblies” from 
its appearance in freeze-fractured preparations. In the mammalian 
central nervous system, only astrocytes and ependymal cells express 
the protein. We are using subtraction hybridization methods in an 
effort to obtain a cDNA coding for the protein, as an initial step toward 
understanding its role in astrocytic function.

Mouse astrocyte cell lines were generated from primary cul
tures of neonatal mouse forebrain astrocytes by retrovirus-mediated 
transfer of the gene encoding the SV40 large T antigen. Only a few of 
the cell lines express assemblies. To obtain cDNA’s which might code 
for assemblies, we subtracted a mouse astrocyte cell line which does not 
express assemblies from a mouse astrocyte celi tine which does express 
assemblies. Astrocytes in secondary culture derived from neonatal rats 
and mice express assemblies to varying extents, depending largely on 
culture conditions. The density of assemblies can be increased by 
growing cells in the presence of dexamethasone. In further experi
ments, we subtracted a mouse astrocyte cell line which does not express 
assemblies from a secondary culture of rat astrocytes, and we sub
tracted cultured rat astrocytes from similar cells exposed to 
dexamethasone.

We have isolated 153 candidate cDNA’s, and are characterizing 
them by Northern blotting, in situ hybridization, and sequencing.
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33.7
CALCIUM-SENSITIVE CYTOSOLIC PHOSPHOLIPASE A2 IS EXPRESSED 
IN HUMAN BRAIN ASTROCYTES
D.T. Stephenson* D.L. White, J.V. Manetta, J. D. Sharp, R.M. Kramer and
J.A. Clemens. Eli Lilly and Company, Lilly Research Laboratories,
Indianapolis, IN 46285
Phospholipase A2 (PLA2 ) is the key enzyme initiating the generation of 
eicosanoids, and thus plays an important role in the initiation of the 
inflammatory cascade. Activation of PLA2 can result in membrane 
destruction and is triggered by inflammation, ischemia or injury. Two 
structurally and functionally distinct forms of this enzyme have been 
described to date, a secreted form (SPLA2) and a cytosolic PLA2 (CPLA2). 
CPLA2 is activated by very low levels of calcium and is thought to control 
receptor-mediated eicosanoid production and to participate in intracellular 
signal transduction processes. We sought to investigate the cellular 
localization of cPLA2 in the brain. In this study, a monoclonal antibody raised 
against cPLA2 was used to immunostain tissue sections of human cerebral 
cortex. Four neurologically norma! cases were evaluated in the occipital lobe. 
Granular-like staining with anti-cPLA2 was found to be associated with 
astrocytes in the gray matter. Colocalization with GFAP confirmed that 
cPLA2 immunoreactivity is associated almost exclusively with protoplasmic 
astrocytes. Astrocytes of the white matter were not immunoreactive. 
Staining was abolished when sections were labeled with antibody that had 
been preabsorbed with purified cPLA2. cPLA2 was also immunochemically 
localized in the human astrocytoma cell line UC-11 MG, but was not present in 
U-373MG cells a result consistent with mRNA content and enzyme activity 
levels for cPLA2 in each cell type. These data suggest that the astrocyte is a 
primary source of CPLA2 and provide further evidence for the importance of 
this cell type in inflammatory processes in the brain.

33.9
MODULATION OF LACTATE RELEASE FROM PRIMARY 
ASTROCYTE CULTURES O.Sorg, M. Kiralv* and PJ. Magistretti 
Institut de Physiologie, Université de Lausanne, Switzerland.

Primary astrocyte cultures, prepared from mouse neonatal cortex, 
release lactate at a rate of ≈ 2 μmol/mg prot/hour. This release is linear 
during a six-hour incubation in a medium containing 5 mM glucose. 
Since glycogen is almost exclusively localized in astrocytes, we first 
analyzed the contribution of this metabolic substrate to lactate release 
(LR) by astrocytes. These experiments were carried out in a medium 
containing no glucose. Under these conditions, glycogen levels de
crease by ≈ 80% within one hour, and LR occurs at a rate of ≈ 0.5 
μmol/mg prot/hour; this time-dependent LR can largely be accounted 
for by glycosyl units originating from glycogen. Noradrenaline (NA) 
and VIP have been shown to promote glycogenolysis in astrocytes. We 
therefore examined their effect on LR. Indeed, NA increased by 30 to 
40 % the amount of lactate released during 30 min. Significandy larger 
increases in LR stimulated by NA (up tp 200%) were observed when 
the cultures were superfused at a rate of 0.5 ml/min, instead o f the 
standard static conditions, thus suggesting that a sizable reuptake of the 
released lactate occurs in astrocytes. In contrast to NA, VIP was with
out effect. We have previously observed a similar dissociation between 
NA and VIP in their effects on arachidonate release and the ensuing sti
mulation of 2-deoxyglucose uptake by astrocytes, which are triggered 
by NA but not by VIP. We have now observed that melittin, an activa
tor of phospholipase A2 and hence of arachidonate formation, in
creases LR by 40 to 50%. The possible mediation of the NA-stimulated 
increase in LR by arachidonate formation is now being investigated.

33.8
MONOCLONAL ANTIBODIES WHICH BIND TO REACTIVE ASTROCYTES. E . 
Welter*. M.J. Bolesta, and D.M.D. Landis. Depts. Neurology and Neuro- 
sciences, Case Western Reserve University, Cleveland, OH 44106

When adult rat forebrain is injured by implantation of a nitro
cellulose filter, reactive astrocytes invade the filter, which can then be 
removed and used as an immunogen to generate monoclonal antibodies 
which bind to reactive astrocytes. Three mAbs generated in such ex
periments bind to cytoplasmic determinants. Two, 01E4 and 4H8, stain 
astrocytes in culture in a pattern indistinguishable from that produced 
by antisera to GFAP, but they also stain non-neural cells. Adsorption of 
the hybridoma supernatant with purified bovine GFAP reduces, but does 
not eliminate staining. In western blots 01E4 binds to a band at 32kd 
not shared with GFAP. These mAbs seem to bind to epitopes associated 
with intermediate filaments. A third mAb, 13A11, also binds to an 
intracellular epitope, and in western blots it binds to a band at 43kd.

Immunocytochemical study of injured adult rat forebrain with 
these mAbs reveals increased staining of reactive astrocytes in the 
vicinity of the injury, and less intense staining of normal brain, in a 
pattern similar to that of GFAP. By studying the mechanisms of 
upregulation of these epitopes in reactive astrocytes, we may be able to 
understand better the control and function of the astrocytic reaction to 
injury.

33.10
CHARACTERIZATION OF A GLIAL-SPECIFIC mRNA IN 
A PL YS IA  NERVOUS SYSTEM. S.T.Lockhart* and C.W.Pikielnv. 
Department o f Biology and Center for Complex Systems, Brandeis 
University, Waltham, Massachusetts 02254.

We cloned an A p ly s ia  cDNA, G6, which corresponds to an 
abundant, nervous system-specific mRNA. We used in  s itu  
hybridization to study the distribution o f the G6 mRNA in thin 
sections o f ganglia and in neuron/glia cell cultures. G6 mRNA is 
conspicuously absent from the large neuronal cells; rather, it is 
found in a subset of small, apparently glial cells, surrounding and 
within the neuropil.

The sequence o f the G6 cDNA has no significant similarity to 
any sequence in the data base to date. It does predict a highly 
hydrophobic 13-amino acid N-terminal region likely to be a signal 
peptide. This feature, added to the fact that the sequence predicts 
no other membrane-spanning region, suggests that the G6 protein is 
likely to be secreted. We are preparing to investigate the distribution 
of the G6 protein in the ganglia using immunohistochemistry.

33.11
REGIONALLY SELECTIVE DISTRIBUTION OF A GAP JUNCTION 
PROTEIN IN MEDIAN RADIAL GLIA OF THE OPOSSUM 
MIDBRAIN.
L.A. Cavalcante*. D. Avanzi, E. Modesto. S.L. Carvalho and A.C. 
Campos-de-Carvalho, Instituto de Biofísica, UFRJ, Rio de Janeiro, 
21941-970 RJ, Brazil.

Astrocytes cultured from different brain regions differ in the 
extent of dye coupling and expression levels o f a gap junction protein - 
connexin43 (Batter et al. , Glia 6:213, 1992). Thus, we have tested the 

distribution of connexin43 in subsets of presumptive astrocyte ancestors 
- the opossum midbrain radial glia (Barradas et al., Glia 2:103, 1989). 
Homogenates from the midbrain of adult animals were probed by 
immunoblot analysis, consistently showing a multi-band pattern (at 
41,43 and 45 kDa) characteristic for connexin43. Immunohistochemical 
analysis o f the adult midbrain showed a punctate distribution o f the 
connexin, with no evidence for radial orientation o f punctae. In pouch 
youngs, prior to and soon after the appearance o f GFAP+ astrocytes, the 
binding of both anti-connexin43 and anti-GFAP+ antibodies revealed 
mostly radial arrangements, that were virtually confined to the midline 
and paramedian regions. Our results provide additional evidence for a 
dual system of brainstem radial glia and suggest that enhanced cell 
coupling may underlie specific functions o f the median glia during 
development.
(Supported by: FINEP, CNPq and CEPG/UFRJ)

33.12
REGIONAL DIFFERENCES IN PROTEIN KINASE-STIMULATED 
ASTROCYTE STELLATION. M. Davis-Cox, J. Turner. D. Szarowski, 
and W. Shain*. Department of Biomedical Sciences, School of 
Public Health, SUNY and Wadsworth Center, NYS Department of 
Health, Albany, NY 12201

Stellation is the process by which astrocytes transform from flat 
to process bearing cells. Stellation occurs following activation of 
either cyclic AMP-dependent protein kinase or protein kinase C.
This process may be achieved by tubulin-dependent rearrangement 
of the cytoskeleton. We have evaluated the ability of isoproterenol, 
substance P, forskolin, and phorbol, 12-myristate, 13-acetate to 
induce astrocyte stellation. Cerebella, cerebral corteces, 
hippocampi, and brain stems (including pons, colliculi, and medulla) 
were dissected from З-day old rat pups. Cultures were prepared 
following protease dissociation of minced pieces of tissue. Cells 
were initially grown in 1 0 0  mm dishes and subcultured onto either 
plastic or glass substrata for further analysis. Stellation was 
evaluated by phase optics using conventional light microscopy or 
scanning laser confocal microscopy of cultures prepared using 
tubulin and GFAP immunocytochemistry. Cerebellar astrocytes 
respond robustly (85%) to activation of both cAMP-dependent 
protein kinase and protein kinase C, while only 50%  of 
hippocampal and brain stem astrocytes changed shape. Cortical 
astrocytes were the least responsive population. We are currently 
evaluating the expression of various protein kinase isoforms in each 
population to determine their roles in stellation.
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34.1
A N T E R O G R A D E  A X O N A L  T R A N S P O R T  O F A  S M A L L  G T P-  
BIN DING  PR O T E IN , R A B 3A , IN  R A T  S C IA T IC  N E R V E.
J.-Y. Li*. R. Jahn# and A. Dahlström. Inst, of Neurobiol., Univ. of Göteborg, 
Medicinaregatan 5, S-413 90 Göteborg, Sweden; Dept. of Pharmacol.#, Yale 
Univ. Sch. of Med., New Haven, CT 06536-0812.

Rab3a, a small GTP-binding protein, is selectively expressed in neurons 
and some endocrine cells. It associates with the m em brane of synaptic 
vesicles and may play a role in trafficking of synaptic vesicles. Present 
studies, using immunofluorescence and cytofluorimetric scanning techniques 
(Dahlström et al. 1989), have observed and sem iquantified the axonal 
transport of rab3a-like im munoreactivity (LI) in rat sciatic nerve, using a 
monoclonal mouse-anti-rab3a (Fischer v. Mollard et al 1990). Colocalization 
of rab3a-LI with other synaptic markers, synaptophysin (p38), synapsin I, 
and synaptobrevin was studied. Rab3a-LI accumulated between ЗҺ and 6Һ 
after crushing the sciatic nerve at mid-thigh level, proximal to the crush, in 
axons of different caliber. Very little was observed distal to the crush. The 
amount accumulated distally, in retrograde transport, was less than 5% of 
amounts accumulated with the anterograde transport. The am ounts of 
retrogradely accumulating (in % of proximal accumulations) synaptic vesicle 
markers were: 60-70% for p38; about 50% for synaptobrevin and 20-30% for 
synapsin I. In proximal area of the crush, the appearance and distribution of 
гаЬЗа-, p38-, synaptobrevin- and synapsin I-LI were similar and rab3a-LI 
appeared to colocalize with these markers. However, distally, rab3a-LI 
was observed only in a few thin axons, while the other markers were present 
in most axons. The results suggest that гаЬЗа is mainly associated with 
organelles in anterograde axonal transport, while retrogradely transporter 
vesicles are poor in rab3a-LI. The mechanism of dissociation of гаЬЗа from 
synaptic vesicles before recycling remains to be elucidated.
Fischer v. Mollard et al. 1990 P roc . N a tl .  A c a d . S c i. U S A . 87 : 1988-1992 
Dahlström et al. 1989 J. M ic r o s c o p y  155: 61-80.

34.3
Multiple Cytoskeletal Proteins Contribute to a Stationary But Dynamic 
Network in Axons. R.A. Nixon. K.B. Logvinenko. M. Mercken, S. Matthysse* 
and R.K. Sihag. McLean Hospital, Harvard Medical School, Belmont, MA.

To investigate the behavior o f cytoskeletal proteins during axonal transport, we 
pulse-labeled proteins in retinal ganglion cells by injecting mice intravitreally with 
[3H]-proline or [35S]-methionine. At 7 or 11 postinjection intervals between 1 and 
192 days, a 9-mm segment or 8 consecutive 1.1-mm segments o f the optic nerve 
and tract were dissected from groups o f mice. A Triton-insoluble cytoskeletal 
fraction from each sample was analyzed by SDS-PAGE on 320-mm slab gels (3- 
7% or 5-15% polyacrylamide gradients). Purity o f neurofilament protein (NFP) 
subunits was confirmed by 2-D PAGE, and peptide mapping. Radioactivity in each 
subunit ranged from 6,000 to 20,000 dpm at 4 days to 500-2,000 dpm at 168-192 
days. Analyses o f NFP transport confirmed our previous studies (JCB 102:647, 
1986) by demonstrating at least two phases o f disappearance o f labeled NFP from 
axons. At 92-103 days, 10-15 % o f each labeled subunit remained distributed along 
the entire 9-mm segment. The majority o f  this labeled NFP still persisted at 192 
days and therefore may be considered essentially stationary. Because o f its long 
half-life in axons ( >  100 days), this pool o f labeled NFP contributes as much, or 
more, to steady-state levels o f neurofilaments in axons than the 50% o f labeled 
NFP that move continuously. Inability to detect this population by another group 
(JCB 117:607, 1992) is due to several methodological issues including insufficient 
initial isotope incorporation into NFP. Another 30% o f the total labeled NFP 
moved considerably slower than the SCa wavefront, implying that these 
neurofilaments leave the transport vector for varying periods, presumably as they 
interact with stationary axonal structures. Additional Triton-insoluble cytoskeletal 
proteins, including tubulin, actin and fodrin, displayed similar multiphasic 
disappearance kinetics and could be distinguished from most Triton-soluble proteins 
by the greater extent to which the labeled forms persisted in axons.

34.5
CONTINUITY OF ENDOPLASMIC RETICULUM IN CEREBELLAR 
NEURONS TRACED WITH A LIPOPHILIC FLUORESCENT DYE . 
Terasaki. Μ 1,4, Ν .T . Slater2, 4  A. Fein3, 4  and T.S, Reese*3,4 . l L a b . 
Neurobiol., NINDS, NIH, 2Dept.. Physiol., Northwestern Med. Sch., 
3Dept.. Physiol., Univ. of Conn., 4MBL, Woods Hole, MA. 02543.

Whether the ER constitutes a single intact organelle with diverse fun
ctions at different locations, or several intermingled organelles, each with 
its own function, remains to be resolved. We approached this question by 
applying a method that determines the continuity of ER in cell bodies of 
cerebellar neurons with their axonal and dendritic ER. A saturated sol
ution of DİIC16 (which spreads by diffusion in lipid bilayers) in soybean 
oil was pressure-injected into Purkinje and other cell bodies in rat cere
bellar slices maintained in v i tr o , and imaged using a BioRad confocal 
microscope. Fluorescent label spread at roughly 25 μm/hr to all access
ible parts of Purkinje cells (axon, soma, dendrites and dendritic spines), 
with bright concentrations of label at dendritic branch points, where ER is 
concentrated. When basket neurons were injected label also spread into 
synaptic terminals. Higher magnification views of Purkinje somas 
showed that a complex reticulum was stained. Spreading proceeded in 
cells fixed immediately after injection of DİIC16, indicating that spread
ing depends on a continuous intracellular membrane system. Extracellular 
injection of dye labeled the plasmalemma but not the internal reticulum. 
Under conditions of low external calcium and hypoxia, the ER reversibly 
congregated into compact balls of ER lamellae in the soma, visualized 
both by confocal microscopy and electron microscopy. Thus, some of the 
ER in the cell bodies of cerebellar neurons extends to the dendritic spines 
and, where it could be observed, also to synaptic terminals.

3 4 .2
REMOVAL OF RETROGRADELY TRANSPORTED NON-NEURONAL 
SUBSTANCES FROM THE AXON BY AXON-SCHWANN CELL 
NETWORKS. K.P. Gatzinskv*. H.G. Persson and T. Skoglund. Department o f  
Anatomy and Cell Biology, University o f Göteborg, 413 90 Göteborg, Sweden. 
Axon-Schwann cell networks are entities assumed to take part in clearance of 
effete organelles from the axon, although this has not yet been firmly established. 
In this study we have examined the distribution o f retrogradely transported gold- 
conjugated horseradish peroxidase (HRP-Au) and red-fluorescent latex 
microspheres (RLM) in rat alpha-motor axons after administration o f the tracers 
to hind limb muscles (HRP-Au) or crushed sciatic nerves (RLM). After survival 
times o f 1 day to 1 week the animals were fixed by vascular perfusion. 
Vibratome-cut sections from the L4-S1 ventral roots o f  animals injected with 
HRP-Au were first processed for visualization o f the tracer by incubation in 
diaminobenzidine followed by silver intensification and then examined in the light 
microscope. Ventral root sections from RLM-injected animals were examined 
with fluorescence microscopy. Both tracers were found to accumulate at nodes 
o f Ranvier and then often in close association with the paranodal myelin sheath. 
Ultrastructural investigation showed that the tracers were associated with 
membrane-delimited bodies o f  various sizes. At longer post-injection survival 
times some bodies appeared within protrusions o f the axon-Schwanncell network, 
thereby being segregated from the main axoplasm. The results confirm that 
paranodal axon-Schwann cell networks possess an ability to take part in a local 
removal o f retrogradely transported exogenous substances from alpha-motor 
axons. This ability may to some extent serve a protective function to shield the 
motor neuron perikarya from potentially harmful macromolecules transported 
from the periphery to the CNS. The further fate o f material in association with 
the axon-Schwann cell network is currently being investigated.
[Supported by the Swedish Medical Research Council, project No. 03157]

3 4 .4

SLOW AXONAL TRANSPORT OF RAB3 PROTEIN IN RAT
SCIATIC NERVE. Ş, Chadan*. G, F illiatreau. K,L,...
DiGiamberardino and B. Tavitian. INSERM U334 and CNRS URA 1285, 
C.E.A., S.F.H.J., Orsay, France.

Rab3 is a small GTP-binding protein associated with synaptic vesicle 
membranes and suspected to play a regulatory role in neurotransmitter exocytosis. 
In order to gain some insight on the control o f its expression at the nerve 
terminal, we studied the axonal transport of this protein in the rat sciatic nerve. An 
antiserum raised against гаЬЗА was used to stain 2D-Western blots o f total 
homogenates o f rat sciatic nerve. It revealed a unique spot with an apparent 
molecular weight of 27 kDa and a pI of 5.4.

Analysis of slowly-transported proteins along the motor axons o f the rat 
sciatic nerve was performed after intraspinal cord injection o f [35S]-methionine. 
Three weeks after labeling, total radioactivity was distributed along the nerve in 
two waves, representing the two sub-components SCa and SCb of the slow axonal 
transport The radioactive spot corresponding to гаЬЗ was associated with SCa and 
had a peak transport rate of 1.42 mm/day. In contrast, we could not detect any 
accumulation of rab3 at a nerve section during time periods corresponding to fast 
axonal transport, suggesting that the bulk o f the protein is not rapidly transported 
in axons.

In regenerating stump of severed nerves, semiquantitative analysis o f labeled 
proteins present in SCa seven days after a distal nerve crush showed a relative 
decrease of the amount of axonally transported rab3.

These results demonstrate that rab3 is transported in the motor axons o f the 
rat sciatic nerve with the SCa sub-component o f slow axonal transport, and that 
this transport is down-regulated when these axons are severed from their target. 
Furthermore, they suggest that the renewal o f  this synaptic vesicle membrane- 
associated protein at the presynaptic terminal depends primarily on the slow axonal 
transport.

3 4 .6
PROLONGED SURVIVAL AND FUNCTION OF NEURONS 
E X P R E SSIN G  D IS R U P T E D  N E U R O F IL A M E N T  
CYTOSKELETONS IN TRANSGENIC MICE. A. Peterson* 
and J. Ever.! Laboratory of Developmental Biology, Royal 
Victoria Hospital, McGill University, Montreal, H3A 1A1* and 
1, INSERM, Angers, France.

Axonal neurofilaments are thought to interact through side 
arms attributed to the neurofilament heavy (NF-H) protein. In 
an effort to better define the molecular basis and consequences 
of this relationship, we derived transgenic mice in which 
projection neurons express an NF-H-ß-galactosidase fusion 
protein. Unexpectedly, the transgene encoded protein is not 
exported to axons. Further, it causes the endogenous 
neurofilament cytoskeleton to accumulate in perikarya; neither 
developing nor mature neurons invest their axons with 
recognizable neurofilam ents. Rather, axons without 
neurofilaments maintain a prominent microtubule cytoskeleton 
throughout maturity and fail to achieve large calibers. In 
contrast, Schwann cells in mature mice elaborate inappropriately 
thick myelin relative to the absolute calibers of their associated 
axons.

Despite such striking cytoskeletal disruptions, most neurons 
in these mice are maintained into advanced age and function to 
support unremarkable behaviors throughout at least the first year 
of life. This transgenic preparation therefore provides a novel 
opportunity to evaluate the normal role played by axonal 
neurofilaments in developing, mature and regenerating neurons.
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34.7
CO-LOCALIZATION STUDY WITH PERIPHERIŅ AND NF 
TRIPLET PROTEINS. L.D. Errante* and G. Shaw. Dept. of  
Neuroscience, University of Florida College o f Medicine, Gainesville, 
FL 32610.

Several novel polyclonal and monoclonal antibodies to peripherin, 
a neural intermediate filament protein, were produced and characterized 
in rat neural tissue. Co-localization o f antibodies to peripherin and 
neurofilament (NF) triplet proteins revealed that peripherin was 
localized in some neurons that appear to express little or no NF triplet 
proteins. These neurons were found in cerebral cortex and brainstem. 
The functional relevance has yet to be established, but suggests the 
existence of whole classes of brain neurons which cannot be visualized 
with antibodies to the NF triplet proteins but which label strongly with 
peripherin antibodies. In addition, we observed a group o f fibers in the 
molecular and granular layer of the cerebellum which labeled strongly 
with peripherin antibodies. These fibers surround peripherin negative 
Purkinje cell bodies and project into the molecular layer. Double-label 
studies demonstrated that these fibers were not Purkinje cell dendrites 
which label positively with NFs. The general morphology o f these 
fibers suggests that they may be climbing fibers, a hypothesis we are 
now testing using appropriate immunocytochemical and fiber tracing 
methods. These results should lead to novel markers for several 
neuron types and their processes and hopefully to a hypothesis for this 
differential localization o f NF subunits.

34.9
THE IDENTIFICATION OF ENDOGENOUSLY PHOSPHORYLATED SITES IN 

KSP MOTIFS OF THE HIGH MOLECULAR WEIGHT RAT NEUROFILAMENT 

PROTEIN (NF-H). E, Eihanany. Jaffe. H ..Link W.Т., Shelley. D.M. .Gainer.H.* 
and H. C. Pant. LNC, NINDS and LBC, NHLBI, National Institutes o f Health, 
Bethesda, MD 20892

The carboxy- terminal region o f the tail domain o f the rat high molecular weight 

neurofilament protein (NF-Ht) is believed to be highly phosphorylated in vivo. The 

extent and the exact endogenous sites o f phosphorylation in NF-Ht have not yet been 

determined, but these are generally believed to be located in some of its 52 KSP 
repeat motifs. By a combination o f chemical and enzymatical dissection, protein 

sequencing, and mass spectrometric analysis 25 Ser residues have been examined (in 

both KSP and in non KSP motifs). Eleven Ser residues, which are all located in the 

KSP repeats: Ser 508, 516, 782, 788, 802, 808, 816, 827, 852, 860 and 880 

(according to the numbering of the deduced cDNA sequence o f NF-H (S.S.M. Chin 

and R.K.H. Liem (1990) J. Neuroscience 10, 3714-3726) were found to be 

phosphorylated. In addition, a KSP rich core domain in NF-Ht, with a predicted 

molecular mass o f 27kDa was isolated to apparent homogeneity (one silver stained 

band on SDS-PAGE ). This NF-Ht core region, which contains a virtually 

uninterrupted set o f 43 KSPXXX repeats, was found to be resistant to tryptic or V-8 

digestion, even though it contains numerous potential cleavage sites (Lys and Glu 

residues, respectively). Our studies indicate that most of the KSP repeats in this core 

region o f the NF-Ht are also phosphorylated in vivo.

34.11
IDENTIFICATION AND DISTRIBUTION OF LAMPREY TAU 
PROTEIN. G.F. Half and G. Lee. Department of Neurology, 
Children’s Hospital*, Brigham and Women’s Hospital, Boston,
MA 02115.

The microtubule associated protein tau is found primarily in axons 
and plays a prominent role in the development of axonal identity in 
cultured mammalian neurons. We report that antibodies specific for 
mammalian tau recognize an axonally localized tau cognate in the CNS 
of the larval sea lamprey, P etrom yzon  m arin u s. A comparison of 
Western blots of cytoskeletal preparations of lamprey CNS with 
immunostained tissue sections suggests the existence of at least 2 
differentially spliced tau gene products in the lamprey. One of these 
(recognized by the mAb tau-46) is expressed only in small neurons, 
while another (recognized by the tau specific antiserum DD4) is 
expressed in both large and small neurons. We also report that the axon 
specific distribution of tau in the lamprey is disrupted in identified 
neurons in the lamprey brain following axotomy within 500 microns of 
the soma, a lesion which results in the loss of normal cellular polarity 
and the ectopic regeneration of axons from the dendrites. Axotomy at 
points distant from the soma does not disrupt the axon specificity of tau 
and does not cause the loss o f normal polarity. The lamprey thus seems 
to be an advantageous preparation for the study of neuronal polarity in 
situ and may also be a useful model for studying cellular mechanisms 
underlying the disruption of tau distribution and loss of polarity seen in 
Alzheimer’s Disease.

34.8
CDC2-LIKE KINASE PHOSPHORYLATION SITES IN 
NEUROFILAMENT PROTEIN (NF-H) ARE DEPHOSPHORYLATED 
BY PROTEIN PHOSPHATASE 2A.
Veeranna. K. T. Shettv. W. T. Link. L. C. Chamas* and H. C. Pant. 
LNC, NINDS; NICHD, National Institutes o f Health, Bethesda, MD 
20892.

Neurofilament protein (NF-H) is extensively phosphorylated m vivo. 
The phosphorylation occurs mainly in its characteristic KSP (Lys, Ser, 
Pro) repeat motifs. There are two major types of KSP repeats in the NF- 
H tail domain, KSPXK and KSPXXXK. The specific kinases involved 
in their phosphorylation are not known. In a recent study (Shetty, et al., 
PNAS, in press) we have found that a cdc2-like kinase specifically 
phosphorylates only KSPXK motifs in NF-H. In this study, we 
demonstrate that NF-H, in assembled (NF preparation) and monomeric 
forms, following phosphorylation by cdc2-like kinase, can be 
dephosphorylated by protein phosphatase 2A (PP2A). Likewise, Lys- 
rich histone (HI), recombinant NF-H tail and synthetic peptides 
containing KSPXK repeats, similarly phosphorylated by cdc2-like 
kinase, can also be dephosphorylated by PP2A. It is known that the 
brain is rich in PP2A, and endogenous PP2A-like activity can also be 
demonstrated in NF preparations, therefore, the present observations 
suggest that the dephosphorylation of KSPXK motifs in NF proteins 
could be mediated by PP2A.

34.10
IDENTIFICATION OF A PUTATIVE NEURONAL REGULATORY PROTEIN 
OF A NOVEL CDC2-LIKE KINASE FROM RAT SPINAL CORD.
K.T. Shettv. S. Beushausen. W.T. Link. H. Jaffe. CM , Flores, S, Wray_and H.C. 
Pant.* LNC, NINDS and LN, NINDS, National Institutes of Health, Bethesda, MD 
20892.

We have previously characterized a cdc-2-like kinase activity from rat spinal cord 
that specifically phosphorylates KSPXK motifs o f neurofilament proteins (Shetty et. 
al., PNAS in press). Purification o f this enzyme has implicated a strong association 
with and activity-dependence upon a protein o f 62 kD (p62). Thus, separation of this 
protein from the kinase resulted in a significant diminution o f KSPXK-directed 
kinase activity that could be restored by reconstitution with purified p62. Based on 
amino acid sequence information obtained from HPLC-purified p62, oligonucleotide 
primers were prepared and used to synthesize DNA from rat brain mRNA using RT- 
PCR. Amplified products coding for p62 were used as templates to generate 
isotopicaly labeled probe with which to screen rat brain cDNA libraries. Database 
searches of complete amino acid information deduced from a number of cDNA  
clones indicated that p62 was a novel protein without sequence homology to any 
known proteins. In-situ hybridization experiments on mouse embryos and adults 
demonstrated that p62 transcript expression begins early in development and is 
restricted to the nervous system. Moreover, immunocytochemical double labeling of 
the trigeminal ganglia (TGG), following in-situ hybridization, with antisera to low 
MW neurofilament protein or peripherin demonstrated that p62 is expressed in all 
neurons of the TGG while absent from surrounding glia. These data suggest evidence 
for a regulator, other than a cyclin, of a cdc-2 -like kinase activity that is exclusively 
expressed in neurons and that may play a role in addition to or unrelated to 
maintainence of the cell cycle.

34.12
COM PARATIVE B IO CH EM ICAL AND M O LECU LA R  A N A LY SES  O F  A  
N O V EL C RU STA C EA N  N EU RO N AL C Y T O S K E L E T A L  PRO TEIN . T. A. 
Viancour*. Univ. Maryland, Baltimore County Cam pus, Baltimore, MD 
21228.

P600 is a  novel cytoskeletal protein with an estimated molecular 
weight of 600 kD. It is part of a  subset of the filamentous sidearm s of 
microtubules in crustacean axons. W hen purified, it forms beaded fila
ments that are observable by high resolution electron m icroscopy 
following negative staining.

A  polyclonal antiserum directed against column-purified p600 cross- 
reacts with both phosphorylated and nonphosphorylated forms of 
mammalian NFH, NFM, and two unidentified polypeptides resolving at 
100 kD and 56 kD. The 56 kD polypeptide is not NFL, vimentin, or 
G FA P. Antibodies that selectively bound rat NFH, NFM, the 100 kD 
polypeptide were affinity purified and found to be mutually cross-reactive.

Expression libraries derived for lobster abdominal and cerebral 
ganglia and provided by Stratagene Corporation have been screened  
using a  p600-specific monoclonal antibody (NN18). Seven  putative 
clones, the largest of which is 4.9 kb, were identified out of 560,000  
screened  plaques. The results of ongoing mapping and sequencing  
experiments will be reported.

B ecau se  p600 is one of only two major cytoskeletal proteins, other 
than tubulin and actin, that have been identified in crustacean axons, the 
details of its structure and function will prove useful for understanding the 
general evolution of other neuronal cytoskeletal proteins.
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34.13
POST TRANSLATIONAL MODIFICATIONS OF PROTEINS WITHIN DENDRITES: 
EVALUATION OF SUGAR INCORPORATION IN ISOLATED DENDRITES FROM 
NEURONS in c u lt u r e . E. R. Torre* and O. Steward. Dept. o f 
Neuroscience, University o f Virginia, Charlottesville, VA 22908.

We used a technique that permits the isolation of living dendrites 
(J.Neurosci.12. 762.1992) to evaluate whether elements of the 
endomembrane system (i.e., RER, Golgi apparatus) are present in 
dendrites. Cells dissociated from hippocampi and adjacent cortical tissue of 
18 day rat fetuses were plated on Nucleopore membranes which were 
mounted on a thick matrix of protein fixed on a coverslip. After 7 to 12 days 
in culture isolated neurites were recovered in the attached coverslip by 
removing the membrane containing the cell bodies. Isolated neurites were 
pulse labeled for 2 h with 3H-Mannose and 3H-Fucose or 3H-Galactose to 
evaluate glycosyl transferases present in RER and Golgi apparatus 
respectively. Neurites and intact cells growing on poly-lysine treated 
coverslips were also fixed to evaluate the immunochemical distribution of 
protein markers for RER (ribophorin I, PDI, BiP) and Golgi apparatus 
(Mannosidase II, p58, wheat germ agglutinin).

Autoradiographic analyses revealed that isolated dendrites (MAP2- 
stained neurites) became labeled with the three sugars used. Galactose 
label was abundant along the entire length of many dendrites. In contrast, 
a few dendrites became labeled with Fucose and Mannose. The label was 
patchy and generally associated with thicker (more proximal) dendrites. 
Dendritic labeling was reduced in preparations treated with tunicamycin or 
the protein synthesis inhibitor cycloheximide. Immunostaining showed that 
RER/Golgi markers extend into the first 30 -50 μm of dendritic processes of 
many neurons. Occasionally the staining was found in more distal dendritic 
areas. The results suggest that some local glycosylation may take place in 
proximal dendrites, perhaps in Golgi-like organelles.
Supported by NIH Grant NS12333 to O.S.

34.15
TAU PROTEINS ARE AXONALLY TRANSPORTED AT RATES 
DISTINCT FROM OTHER MAPS AND TUBULIN IN M OUSE  
RETINAL GANGLION CELLS. M. Mercken. I. Fischer#. K.S. 
Kosik@ and R.A. Nixon*. Harvard Med School. McLean Hospital, 
Belmont, Ma 02178; @Brigham and Women's Hosp. # The Medical 
College Penn., Phila.

The axonal transport rate was studied for tau proteins in retinal 
ganglion cells of mice injected intravitreally with [35S] methionine. Tau 
proteins were immunoprecipitated from 8 consecutive 1.1 mm 
segments of the optic pathway at 7 and 15 days after injection. 
Autoradiography after SDS PAGE and western blotting of tau proteins 
immunoprecipitated with the monoclonal antibody 5E2 shows MMW tau 
isoforms at 90-95 kD and LMW tau isoforms at 50-55 kD. Tau identity 
was confirmed with other mono- and polyclonal anti-tau antibodies. The 
axoplasmic transport of tau differed from that of tubulin and other 
MAPs. Tau protein translocated 0.2-0.4 mm/day while tubulin is moved
0.1-0.2 mm/day and ΜΑΡΙΑ 1.0-1.2 mm/day. Other MAPs, identified 
as such by their copolymerisation with tubulin in the presence of taxol, 
moved at the same rate as ΜΑΡΙΑ. The differences in transport rates 
between these MAPs, tau, and tubulin indicate that most newly 
synthesized MAPs, including tau, are transported in a form unassociated 
with tubulin. These findings, taken together with earlier ultrastructural 
studies showing that tau or ΜΑΡΙΑ colocalize with microtubules, imply 
that local assembly of the microtubule network is active in axons. The 
distinctive transport kinetics of tau may be pertinent to the selective 
accumulation of tau in in Alzheimer's Disease PHFs.

-S u p p o r te d  b y  A G 0 5 6 0 4 .

34.17
AMYLOID PRECURSOR PROTEIN (APP) SORTING IN POLARIZED EPITHELIAL 
CELLS. A.C.Y. Lo*. D.L. Price and S.S. Sisodia. The Johns Hopkins Univ. Sch. 
of Med., Balto., MD.

Our previous observation has shown that APP is transported by fast 
anterograde transport in rat peripheral neurons, suggesting that APP is targeted 
to specialized compartments in highly polarized cells. Our studies are directed 
towards characterizing the intracellular sorting of APP in polarized cell lines 
transfected stably with wild-type APP cDNA or cDNA encoding APP, which 
carries mutations associated with familial Alzheimer’s disease or putative 
endocytic signals. Sorting of exogenous APP will be analyzed by conventional 
polarity assays and intracellular compartments defined by biochemical and 
ultrastructural analysis.

34.14
VISUALIZATION OF EXOCYTIC VESICLE TRAFFIC IN DEVELOPING  
HIPPOCAM PAL NEURONS USING FLUORESCENT CERAMIDE  
DERIVATIVES. M. Martinic* and G. Banker. Department o f Neuroscience. 
University o f  Virginia School o f  Medicine, Charlottesville, VA 22908.

The addition o f  new membrane that occurs during neurite outgrowth requires 
the delivery o f newly synthesized components from the Golgi complex to the 
plasma membrane. We have used fluorescent derivatives o f  ceramide, which 
preferentially partition to the Golgi complex and label Golgi-derived vesicles, to 
study exocytic vesicle traffic in hippocampal neurons developing in culture. 
Cells were labeled with NBD-ceramide at 15°C, a temperature that blocks the 
emergence o f  vesicles from the Golgi complex. At the end o f the labeling 
period, fluorescence was largely confined to the Golgi complex. The 
temperature was then raised to 37°C and the timecourse o f vesicle outflow and 
accumulation was examined. Fluorescent puncta, corresponding to presumptive 
exocytic vesicles, appeared after 10 minutes and within 2 hours labeled vesicles 
were abundant throughout the soma and processes. The appearance o f  
fluorescent vesicles was blocked by brefeldin A and PPMP, drugs that block 
Golgi outflow. At stage 3 o f  development, labeled vesicles were present in both 
axons and minor processes, and at stage 4 o f  development in both axons and 
dendrites. This contrasts with the situation in many polarized epithelial cell 
lines, where the delivery o f ceramide-labeled, glycosphingolipid-containing 
vesicles is polarized to the apical domain. Although we occasionally observed 
clusters o f  labeled vesicles at the tips o f  neurites, in general they were uniformly 
distributed throughout the neurites. The lack o f a preferential localization o f  
punctate fluorescence is most consistent with a model in which new membrane 
is added along the length o f growing neurites rather than exclusively at their tips. 
Supported by NIH grants NS17112, T32H D07323, and IF32NS09342.

34.16
USE OF A DEFECTIVE HERPESVIRUS EXPRESSING CD8α TO STUDY 
MEMBRANE PROTEIN TARGETING IN CULTURED RAT HIPPOCAMPAL 
NEURONS. A.M. Craia and G. Banker*. Department of Neuroscience, 
University of Virginia School of Medicine, Charlottesville, VA 22908.

We generated a defective herpesvirus amplicon vector expressing the 
lymphocyte transmembrane protein CD8α in order to study its distribution in 
cultured rat hippocampal neurons. Following methods developed previously in 
many labs, we transfected a plasmid containing the expression cassette and 
HSV-1 replication and packaging signals into E5 cells and then co-infected with 
an HSV-1 ICP4 deletion mutant. After 3 additional passages, we obtained a 
virus stock with a 2:1 ratio of CD8α-expressing amplicon virus to helper virus. 
This virus stock was used to transfect neurons, resulting in CD8α expression 
driven by the HSV-1 α4 promoter. The distribution of exogenous CD8α was 
determined by immunocytochemistry. We found that CD8α was targeted to the 
entire plasma membrane surface, including somata, dendrites, and axons. In 
contrast, CD8α was previously shown to be targeted exclusively to the apical 
domain of MDCK cells, a polarized epithelial cell line. The polarized versus 
unpolarized targeting of CD8α in these two cell types indicates a difference in 
underlying sorting mechanisms. We have also begun to explore methods for 
using herpesvirus-mediated gene transfer in a pulse-chase paradigm to follow 
the delivery of proteins to the plasma membrane. Cells were infected with virus 
in the presence of brefeldin A, which prevents the outflow of exocytic vesicles 
from the Golgi complex. Under these circumstances, CD8α accumulated in the 
Golgi complex. Following removal of brefeldin A, CD8α immunoreactivity 
appeared all along the surfaces of axons and minor processes. This is most 
consistent with a model in which new membrane is added along the length of 
growing neurites, not just at their growth cones. Supported by NIH grant 
NS 17112 and by postdoctoral fellowship NS09248.

34.18
FAST AXONAL TRANSPORT REVERSES DIRECTION AT A NON
DESTRUCTIVE COLD BLOCK. R.S. Smith and R.E. Snvder * Department of 
Anatomy and Cell Biology and Department of Applied Sciences in Medicine, 
University of Alberta, Edmonton, Canada T6G 2H7

The most dramatic indication that fast transport may be a regulated process 
is its anterograde-to-retrograde reversal at normal and artifactual nerve end
ings. We have developed a technique for the investigation of the reversal 
process that provides a clear demonstration that transport reversal can take 
place in mid-axon at a non-destructive block.

Sciatic nerves and their associated afferent cell bodies were isolated from 
Xenopus laevis. Fast axonal transport was studied by labeling proteins with 
[35S]methionine in the dorsal root ganglia, removing the ganglia when la
beled proteins had entered the sciatic nerve, and then transferring the nerve 
which contained a pulse of radiolabel to a two-compartment temperature con
trolled chamber. Saline at 23 °С in the proximal end of the chamber was 
separated by a thermal barrier, through which the nerve ran, from saline at 2-3 
°С in the distal end of the chamber. The transport of radiolabel was monitored 
continuously by a position-sensitive detector of ionizing radiation placed 
beneath the thin mylar floor of the nerve chamber. The anterogradely moving 
pulse of radiolabeled protein was allowed to accumulate at the thermal barrier. 
On warming the distal end of the chamber to 23 °С, a pulse of radiolabel 
immediately began to move away from the barrier in the retrograde direction 
at 106 ± 9 mm/h (±SEM, n = 9). In some cases the retrogradely moving pulse 
was collected at a proximally placed ligature. The retrograde pulse diminished 
in amplitude as it propagated. That the cold block was reversible was 
indicated by anterograde transport away from the block site and by a normal 
ultrastructure of axons in the block region. (Supported by MRC, Canada.)
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34.19
THE MAXIMUM RATE OF NEUROFILAMENT TRANSPORT IN 
AXONS: LIMITS FOR POLYMER DYNAMICS IN NEURONS, P . 
Paggi*. R.J. Lasek° and M.T. Katz° Dip. Biol. Cell, e Sviluppo, Univ. 
"La Sapienza", 00185 Roma, Italy and °Bioarchitectonics Center, 
CWRU School of Medicine, Cleveland, OH 44106.

Neurofilaments (NFs) are paradigmatic subjects for studies of 
polymer translocation in axons. These long, narrow and stably 
constructed architectural elem ents are slowly m oved  
unidirectionally from the cell body to the axon tip. We previously 
found that, while translocation continues relentlessly in healthy 
mouse optic axons, some NFs move at rates of less than 0.005 
mm/day and some move at rates much greater than 4 mm/day. 
To determine the maximum rate of the NF transport mechanism 
operating at its optimal efficiency, NFs were radiolabeled in 
mouse optic axons injecting 35S-methionine into the right 
vitreous body of anesthetized mice. At different times after the 
labeling injection mice were killed. The labeled optic nerve and 
tract were removed, frozen and then cut serially into consecutive 
segments. Labeled proteins were analyzed by two dimensional 
isoelectric focusing/SDS-PAGE. The leading edge of the 
radiolabeled NF waveform was distinguished both by liquid 
scintillation spectroscopy and visually from fluorographs. The 
fastest NFs were found to be translocated at rates of between 72 
and 144 mm/day. It appears that the continuous (maximal) 
operation of the slow axonal transport machinery can move 
polymers intra-axonally at rates one hundred times greater than 
those previously reported.

34.21
REVERSIBLE DMSO-INDUCED TRANSLOCATION OF ACTIN AND 
ACTIN DEPOLYMERIZING FACTOR FROM GROWTH CONES TO 
NUCLEI OF CULTURED HIPPOCAMPAL NEURONS. J. R. Jensen*. M. 
DeWit and J, R. Bamburg. Program in Neuronal Growth and 
Development and Dept. o f Biochemistry, Colorado State 
University, Fort Collins, CO 80523.

Actin depolymerizing factor (ADF) and cofilin, actin- 
binding proteins with pH-dependent reciprocal F-actin 
binding and depolymerizing activities, were localized by 
indirect immunofluorescence to growth cones o f both axons 
and dendrites of cultured rat hippocampal pyramidal neurons. 
ADF and cofilin staining colocalized, and the distribution of 
both proteins also overlapped that of actin.

Exposure of neurons to 10% DMSO induced the retrograde 
transport of actin, ADF, and cofilin from growth cones to 
nuclei where they were incorporated into rods. Virtually all 
of the cellular ADF and cofilin, but not all of the actin, 
collected in nuclear rods The effect of DMSO was reversible; 
removal of DMSO resulted in the dissolution of the rods and the 
return of actin, cofilin, and ADF to growth cones. ADF and 
actin staining colocalized, during both the retrograde 
transport induced by DMSO, and the orthograde transport 
following DMSO removal, suggesting that ADF (and cofilin) 
could be co-transported with actin. Moreover, as ADF and 
cofilin both possess a nuclear localization sequence, and actin 
lacks such a sequence, actin may be co-transported into the 
nucleus with ADF and cofilin.

34.23
EVIDENCE SUGGESTING POSSIBLE INTERACTION BETWEEN INOSITOL 
HEXAKISPHOSPHATE (IP6) AND INSULIN-LIKE GROWTH FACTOR 
II/M ANN0SE-6 PHOSPHATE RECEPTOR BINDING SITES IN THE RAT 
BRAIN. S. Kar*. A . R. Parent, and R. Ouirion. D ouglas Hospital Research Center, 
Department o f  Psychiatry, M cG ill U niversity, Canada H 4H  1R3.

Assimilated evidence suggest that the insulin-like growth factor II/mannose-6- 
phosphate (IGF II/Man-6-Р) receptor is a multifunctional protein which, besides 
participating in the sorting of newly synthesized lysosomal enzymes and the 
endocytosis of extracellular lysosomal enzymes, also functions in transmembrane 
signal transduction (S. Kornfeld, Annu. Rev. Biochem. 61: 307-330,1992; B.M.F. 
Pearse & M.S. Robinson, Annu. Rev. Cell Biol. 6: 151-171, 1990). During 
endocytosis, this receptor-ligand complex interacts with clathrin associated protein 
(AP2) and then undergoes cellular transport to deliver the ligand in clathrin coated 
vesicles. Interestingly, in some recent studies (K.A. Beck & J.H. Keen, J. Biol. 
Chem. 266: 4442-4447, 1991; S.M. Voglmaier et. al., Biochem. Biophys. Res. 
Commun. 187:158-163,1992) AP2 has been considered to act as a recognition site 
for inositol hexakisphosphate (IP6), a member of the inositol phosphate family 
which is involved in intracellular calcium homeostasis. Furthermore, the 
distribution profile of [125I]IGFII receptor binding sites in the rat brain (S. Kar et 
al., J. Comp. Neurol, in press) is found to be very similar to that of [3H]IP6 
binding sites (A. Parent and R. Quirion, submitted) thus raising the possibility of 
an interrelationship between IGF II/Man-6-Р and IP6 receptor sites. In the present 
study to verify whether IP6 can compete with [125]IGF II receptor binding sites, we 
performed binding experiments in rat brain using in vitro receptor autoradiography. 
From the results it is evident that IP6 (O.lnM - lOnM) potently competes with 
[1251]IGF II {but not [125I]IGF 1} binding sites in the rat brain. Diese results 
indicate that clathrin associated protein to which the IGF II/Man-6-Р receptor-ligand 
complex binds is possibly similar to the IP6 receptor binding site and suggest that 
IP6 and IGF II/Man-6-Р receptors, among others, are involved in the regulation of 
vesicle transport in neurones. (Supported by MRCC).

34.20
P r o t e in  s y n t h e s i s  in  n a t iv e  a x o p la s m  i s o la t e d  fr o m  t h e  g o ld f is h  
M a u th n e r  n e u r o n :  s t im u la t io n  b y  a lk a lin e  p h o s p h a ta s e  o r  cA M P.
E. K o en ig * a n d  C. W ig g in s . Dept. o f  Physio logy, U n iversity  at Buffalo 
School o f M edicine, Buffalo, NY  14214.

Som e m ajor co n stitu en ts  o f slow  tran sp ort groups turnover when  
protein sy n th esis  is  assayed  in  th e M authner (M-) axon in  s itu  under in  
vitro  conditions (Koenig, Mol. Cell. Neurosci. 2: 384, 1991). Conditions have  
now been worked out for iso la tin g  m icroscopic sam p les o f  native axoplasm  
from  th e M -cell for a ssa y in g  protein  sy n th esis  in  v itro . A xoplasm  w as  
iso lated  from 1-cm segm ents o f brain stem /sp inal cord tissu e  (total sample 
size: 6 or 8 cm). Com parisons of experim ental and control sam p les were 
based on m atched left-r igh t M -axons; i.e ., dpm/cm. Loss o f  endogenous 
so lu b le  tR N A  and t r a n s la t io n a l co fa c to rs  by d ia ly s is  req u ired  
su p p lem en ta tio n  o f th e  in cu b a tio n  m ix tu re  w ith  a p ost-rib osom al 
reticulocyte lysate supernatant. Incorporation o f [35S]m et/cys into sam ples 
incubated w ith  -0 .0 2  U /m L alk alin e p hosph atase or 5 mM cAMP and 50  
pM IBMX w as stim ulated  150% and 220%, resp ectively  and w as inhibited  
56-66% by anisom ycin. U p take w as linear for 30 m in a t 27° C w ith cAMP 
and IBMX. P ost-ribosom al w h ea t germ  su p ern a ta n t su p p lem en t w ith  
cAM P and IBM X w a s h a lf  a s  e ffec tiv e  a s  th a t  o f th e  reticu locyte  
su p p lem en t in stim u la tin g  incorporation. A xoplasm  in iso la ted  1-cm M- 
fibers (i.e., axon + m yelin  sh eath , w ith ou t oligodendroglial cell bodies), 
incubated  w ith ou t su p p lem en t, w as s tim u la ted  200-400%  by 8 -bromo- 
cAMP and IBMX. Stim ulation  by the phosphatase or by cAMP is consistent 
w ith reports th a t dephosphorylation o f EF-2 activ a tes  protein syn th esis  
R esu lts dem onstrate th a t (1) there is  endogenous tran slational activity in 
iso la ted  M -cell axoplasm , and (2 ) the activ ity  is  regulated. R esearch was  
supported by BN S 90-10251 from NSF.

34.22
ANALYSIS OF MEMBRANE SKELETAL PROTEINS IN PC12 NEURONS. 
P. Tamirisa, H. Pestana, S. Alcala and J.B. Denny* 
Division of Life Sciences, Univ. of Texas at San Antonio 
San Antonio, TX 78249.

We have cultured PC12 neurons in the presence and 
absence of NGF (100 ng/ml) using RPMI 1640 medium con
taining 10% heat-inactivated horse serum and 5% fetal 
calf serum. We are interested in the components of the 
membrane skeleton and in particular how they interact 
with the neuronal phosphoprotein GAP-43. Cells were 
metabolically labeled with either 35S-methionine (100 
uCi/ml in complete medium for 3 days) or with 32P-ortho- 
phosphate (1 mCi/ml in phosphate-free medium for 2 hrs) 
and were then scraped from dishes, lysed in 0.5% NP-40, 
0.154 M NaCl, 5 mM EDTA, 5 mM sodium pyrophosphate, 10 
mM NaF, 10 mM sodium phosphate (pH 7.5), 1 mM PMSF, and 
1 mM iodoacetamide. After 5 min on ice, nuclei were 
removed by centrifugation (5000 x g for 2 min in a 
microcentrifuge at 4°C), and the supernatant was then 
used for analysis. We have found by immunoblotting that 
this fraction contains actin and that the actin is fil
amentous as judged by its interaction with various 
immobile supports. Cells labeled with either 32P or 
35S revealed the presence of a high molecular weight 
protein in the NP-40 lysate corresponding to myosin, 
and 32P-labeled cells especially revealed the presence 
of beta-tubulin. Application of NGF did not appear to 
alter greatly either the 35S or 32P protein pattern.

24.24
PROPOFOL IN D U C ES CHANGES IN  TH E CYTOSOLIC FREE  
CALCIUM CONCENTRATION IN  N EUR O N S. C Eintrei*. A  G Jen sen  
A  Sjölander. D epartm ents of A n aesthesiology and Cell Biology, 
Linköping U n iversity  H ospital, S -5 8 1 85 Linköping, Sw eden.

The m olecular site o f action o f th e in travenous an esth etic  drug  
propofol (2,6-diisopropylphenol) is  unknown. The effects o f propofol on 
th e cytosolic free calcium  levels h ave been stu died in  prim ary cultures  
of neurons from rat. Cytosolic free calcium  changes were stu died u sin g  a  
sin gle cell m icrofluorom etric m ethod w ith  Fura2. A  sign ificant increase  
in  free cytosolic calcium  w as found im m ediately  after th e  addition o f 3 
μg  x ml- 1 propofol, which is  th e p lasm a concentration during an aesth esia  
in  m an. The peak area under the curve o f changed calcium  
concentration versu s tim e w as calculated, and th e increase in peak area  
(arbitrary u n its) seen  after 3 pg x  ml·1 propofol w a s 1089±503 versu s  
91±59 after corresponding Intralipid concencentration (PcO.OOOl). 
Propofol is  solved in  Intralipid, and served as  control. An increase in  
cytosolic free calcium  concentration w as also seen  in cells stu died in  

, calcium -depleted buffer .The propofol-induced peak area (arbitrary units)  
w as 446+ 180, approxim ately 40% o f th e area found in  cells in  th e  
calcium -containing buffer.The m ąjority o f  calcium  (60-70 %) cam e from  
th e extracellu lar environm ent and th e rem ain ing part from intracellu lar  
stores.

An increase in  cytosolic free calcium  can hyperpolarize the  
neuron by increasing potassium  conductance. T h is m akes the neurons  
less  responsive to action potentia ls and could be an explanation of the  
biochem ical even t behind the lower firing  rate seen  in  neurons treated  
w ith propofol. (Peduto e t al, A nesthesiology, 7 5 ;1 0 0 0 -1 0 0 9 ,1991).
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34.25
INTRACELLULAR SIGNALING: A PUTATIVE ROLE IN 
NEURAL LEARNING. S. R. Hameroff*, J. E. 
Dayhoff, R. Lahoz-Beltra. *University of 
Arizona, Tucson, AZ 85724 and University of 
Maryland, College Park, MD 20742.
Powerful learning capabilities have been shown 
in neural network models that incorporate error 
feedback signals that travel backwards through 
the network - in the reverse direction from 
action potentials. Such feedback signals could 
plausibly be carried by intracellular signaling 
within the neuron, and could travel from axons 
to dendrites. We examine here biophysical 
mechanisms for the transfer of intracellular 
signals, including material transport 
(considered as a signal) as well as proposed 
fast signaling mechanisms along cell 
cytoskeleton, such as motion of trapped ions and 
propagated conformational changes. We show how 
intracellular signaling could work in concert 
with reverse transmitters to enable learning and 
pattern recognition by a network of neurons. 
Models of neural networks that utilize error 
feedback to modulate synaptic adjustments will 
be described as well as models of putative 
intracellular signaling. Intracellular signaling 
mechanisms include propagation of conformational 
changes which can be represented with a 
"molecular automaton" model.

GENE STRUCTURE AND FUNCTION I

35 .1
CHARACTERIZATION OF A PUTATIVE MOTONEURON-SPECIFIC 
PROMOTER. G. X. Lee and W. S. Trimble*. Centre for Research in 
Neurodegenerative Diseases, University of Toronto, Toronto, Ontario, 
Canada M5S1A8
VAMP,Vesicle Associated Membrane Protein (also called synaptobrevin), is 

thought to play a role in the docking and fusion of vesicles to nerve terminal 
membranes. To date, two isoforms of VAMR VAMP-1 and VAMP-2, have 
been identified in mammals. Furthermore, these isoforms were found to be 
differentially expressed in rat central nervous system (CNS) by in situ 
hybridization techniques where VAMP-1 was found to be localized specifically 
to motoneurons in the spinal cord. This specificity allowed us to examine the 
mechanism(s) responsible for the transcriptional control of gene expression in 
motoneurons. In addition, we have demonstrated by immunostaining that a 
small number of embryonal carcinoma P19 cells make VAMP-1 when 
differentiated with retinoic acid. In order to identify the regulatory elements of 
the VAMP-1 gene, fusion constructs containing various segments of the 
Human VAMP-1 promoter were coupled to an E . coli β-galactosidase (lacZ) 
reporter gene. These constructs were then tested in vitro via gene transfer 
techniques in differentiated P19 cells and other VAMP-1-negative control cell 
lines which included both neuronal and non-neuronal cells. Histochemical 
staining data have shown that some constructs led to the expression of lacZ  in 
all tested cell lines, while one of our constructs abolished overall lacZ  
expression in control cell lines, leaving lacZexpression specifically in a subset 
of the differentiated P19 cells. We interpret these results as evidence that 
both positive and negative regulatory sequences contribute to the correct 
expression of VAMP-1 in the CNS. Current experiments will further examine 
these transcriptional control sequences in both in vitro and in vivo model 
systems.

3 5 .3
REGULATION OF END0THELIN-1 GENE EXPRESSION IN 
THE NERVOUS SYSTEM OF DEVELOPING AND ADULT 
TRANSGENIC MICE. S.K. Chung1*, S.K. Chan1, A. 
Stadl in2. C.X.F. Lin1, and S. Chung1, institute 
of Molecular Biology, The University of Hong 
Kong and department of Anatomy, The Chinese 
University of Hong Kong, Hong Kong.

To monitor endothelin-1 (ET-1) expression in 
transgenic mice we fused the human ET-1 promoter 
with the reporter gene lacZ and introduced into 
the germline of mice. Examination of lacZ 
expression (detected by X-gal stain) in embryos, 
neonates and adults of transgenic mouse lines 
indicates that its tissue specificity is similar 
to that of known ET-1 expression. From 
embryonic age 9.5, various nervous tissues show 
strong lacZ expression. We confirmed that these 
X-gal positive cells are mainly neurons and not 
glial cells by immunostainning for neuron- 
specific enolase, GFAP and GS. Immuno- 
cytochemical staining for endogenous ET-1 using 
monoclonal antibody suggest that neurons 
expressing lacZ gene in fact contain endogenous 
ET-1. Further studies on the location and 
regulation of ET-1 gene expression throughout 
the embryonic and adult stages of development 
will give us a better understanding on the 
function of this important neuropeptide.

3 5 .2
DOMINANT NEGATIVE MUTANTS OF CREB. K. Cauley* and I. 
Verm a. Molecular Biology and Virology Laboratory, th e  
Salk Institute, 10010 North Torrey Pines Rd., La Jolla, CA

cAMP has been implicated as a key second 
messenger in neuronal function. cAMP can mediate 
changes in transcriptional events through the cAMP- 
responsive enhancer binding (CREB) protein. CREB is a 
member of a large family of proteins, ATFs, which interact 
to regulate transcription. A functional knockout of CREB 
would further our understanding of the role o f this 
transcription factor.

Exploiting the dimeric nature of CREB, we have 
identified a mutant CREB which has trans-dominant 
suppressor properties (K304E, Dwarki et al., 1991, EMBO 9, 
225-232). We have been using this dominant negative 
mutant to unravel the role of CREB in the cell. Through 
further site-directed mutagenesis and transfection studies 
we show evidence that 1) mutations in the basic region of 
CREB, but not elsewhere, are dominant negative 2) these 
mutations can block the function of the endogenous CREB 
in transfected cells, and 3) not all cell lines behave equally 
in response to the transfected constructs. Our data would 
indicate that, in some cell types, CRE-driven transcription 
by CREB has levels of regulation beyond PKA 
phosphorylation of CREB. This trans-dominant negative 
mutant should prove useful in dissecting the role of CREB 
in various cell types and on various promoter elements.

3 5 .4
SEQUENCES 5' UPSTREAM OF THE TRYPTOPHAN 
HYDROXYLASE GENE DIRECT TISSUE-SPECIFIC EXPRESSION 
OF A lacZ REPORTER GENE IN TRANSGENIC MICE. S.O. Huh*. 
P H. Park. J.Y. Cho.. T.H. Toh. and J.H. Son. Cornell Univ. Med. Coll., 
Burke Med. Res. Inst., White Plains, NY 10605.

Tryptophan hydroxylase (TPH) catalyzes the first and rate-limiting step 
in the biosynthetic pathway of serotonin. To identify cis-acting elements 
responsible for the tissue-specific expression of the TPH gene, transgenic 
mice were made containing 6.1 kb and 1.1 kb of the 5’ upstream region of 
the TPH gene linked to E. co li lacZ reporter gene. A total of nine 
transgenic founder lines containing a 6.1 kb construct were produced 
carrying 2 to 80 copies of the transgene at a single chromosomal locus. 
Four expressing lines exhibited lacZ expression in specific serotonergic 
cell types including the dorsal raphe and pineal gland. The peripheral 
organs such as heart, lung, liver, spleen did not show lacZ expression 
above endogenous levels. Immunocytochemistry of the adjacent brain 
stem sections of transgenic mice with TPH and ß-galactosidase antibodies 
demonstrated that the neurons colocalized with both antibodies. In 
contrast, transgenic mice carrying 5' deletion of 6.1 kb construct which 
leaves 1.1 kb of the 5' flanking region did not show lacZ expression in any 
tissues examined. These results suggest that cis-acting elements 
responsible for tissue-specific expression of the TPH gene in vivo  reside 
between 1.1 kb and 6.1 kb of the TPH 5' flanking sequences. Supported by 
MH44043, MH24285 and the Mathers Charitable Foundation.
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3 5 .5
MOUSE TRYPTOPHAN HYDROXYLASE (TPH) PROMOTER 
REGIONS MEDIATING BASAL AND REGULATED EXPRESSION 
OF TPH GENE IN VITRO. S.H. Cho*, S.O. Huh. D.H. Park, T,H, Joh, 
and J.H. Son. Cornell Univ. Med. Coll., Burke Med. Res. Inst., White 
Plains, NY 10605.

The functional regulation of tryptophan hydroxylase (TPH) gene is 
essential for the normal serotonergic neural transmission and pineal 
melatonin production, since TPH is the initial enzyme in the biosynthetic 
pathway of these biogenic neuro/endocrine regulators. To determine 
regions of the TPH promoter responsible for basal and regulated 
expression of the TPH gene, the expression of a series of progressively 
truncated promoter-reporter gene constructs was examined in a 
serotonergic cell line, P815-HTR, and in the non-serotonergic cell line 
Ltk', using a transient transfection assay.

In the serotonergic cell line, transient transfection of more than 208 bp 
of the promoter was sufficient for basal level expression of the luciferase 
reporter gene. An 87 bp construct showed only 25% of basal level 
expression. Because the 87 bp construct contained a CRE-like sequence, 
transfected cells were treated with ImM dbcAMP for 16 h., resulting in a
4-fold increase in expression compared to untreated controls. In non-TPH 
expressing Ltk' cells, a 6 kb promoter construct showed only 32% reporter 
activity compared to the 208 bp promoter construct. This data suggests 
that 208 bp of the promoter is sufficient to drive basal transcription of 
TPH gene in P815-HTR cells, the CRE-like sequences at -22 bp may be 
involved in the cAMP-stimulated expression, and that there exists cell- 
specific and negatively acting DNA elements between -208 bp and -6.1 kb 
of the TPH 5' upstream region. Supported by MH44043, MH24285 and 
the Mathers Charitable Foundation.

3 5 .7

A N A LYS IS  O F  T H E  HUMAN B-50/GAP-43 P R O M O TER  B Y  TR A N SIEN T  
T R A N S F E C T IO N  IN M U RIN E P19 E C  C E L L S . L.H . Schram a*. P .C . de Groan, 
H .B. Nielander, B .J .L . Eggen, W .H. G ispen and P . Schotm an. Rudolf Magnus 
Inst., Lab. Physiol. Chem ., Inst. Mol. Biol. & Med. Biotechnol., Univ. of Utrecht, 
Padualaan 8, 3584 C H  Utrecht, NL.

The human phosphoprotein B-50 (GAP-43) is encoded by a  single copy 
gene localized on chromosome 3. The gene includes 3 exons (Nielander et al., 
1993). Part of the 5’ end of the gene (1.2 kb) w as sequenced and found to be 
highly homologous to the 5’ U TR  of the rat gene. Most transcripts (~90%) originate 
close to the O R F  downstream of -84, a s  analyzed by Northern blotting. The  
remainder of the transcripts (~10%) originates upstream of -88 (Nielander et 
al., 1993).

Analysis of the promoter activity w as carried out in naive and retinoic acid  
(RA) aggregated pluripotent murine P19 E C  cells. Transient transfection w as  
carried out after 5 days of aggregation using D O TA P and 5 μg DNA in 3.5 cm  
0  dishes. The reporter genes used were luciferase for the B-50 promoter 
constructs and luciferase/β-galactosidase for the R S V  promoter, to correct for 
transfection efficiency and maximal promoter activity in the cultures used. The  
largest construct tested contained 5 kbp of 5' UTR, whereas the smallest construct 
contained 115 bp of 5 ’ U TR . The highest activity compared to the R S V  promoter 
w as observed in a  construct of 3 kbp (11 %  of the R S V  promoter). Of the 5’ 
deleted constructs, the 600 bp fragment still showed significant promoter activity 
(7%  of the R S V  promoter) that w as 2 fold induced by neuroectodermal 
differentiation.

Nielander HB e t al. (1993) Structure of the human gene for the neural 
phosphoprotein B-50 (GAP-43) Mol Brain Res, in press.

3 5 .9

MECHANISMS REGULATING PROENKEPHALIN GENE 
EXPRESSION IN  RAT STRIATUM. C. Konradi*, R. L. Cole, and
S. E. Hyman. Molecular and D evelopm ental Neuroscience, 
M assachusetts General Hospital, Harvard M edical School, 
Charlestown, MA02129.

The proenkephalin gene is a w ell studied m odel of 
transcription factor-target gene interaction in the nervous 
system . In striatum, proenkephalin gene expression is stably  
induced by dopam ine antagonists or 6-OH DA lesions. Second 
m essenger activation of proenkephalin gene expression has 
previously been m apped to an elem ent, the CRE-2 site, w ith in a 
larger Ca++ and cAM P-inducible enhancer. U sing striatal nuclear 
extracts w e  detect CREB rather than Fos binding to this critical 
site. W e now  show  that dopam ine antagonists induce CREB 
phosphorylation w ithin striatal neurons in  v iv o  and that cAMP 
and Ca++ induce CREB phosphorylation in striatal neurons in  
culture. Further data to analyze the roles of CREB and AP-1 
proteins in striatal proenkephalin gene expression w ill be  
presented.

3 5 .6
NEURON-SPECIFIC EXPRESSION OF THE HUMAN DOPAMINE ß- 
HYDROXYLASE GENE REQUIRES BOTH THE cAMP RESPONSE 
ELEMENT AND A SILENCER REGION. H. Ishieuro*. K.S. Kim and T.H. Joh. 
Cornell Univ. Med. Coll, at the Burke Med. Res. Inst.. White Plains. NY 10605.

The enzyme dopamine ß-hydroxylase (DBH) catalyzes the conversion of  
dopamine to norepinephrine and is specifically expressed in noradrenergic and 
adrenergic neurons. Transient transfection assays in DBH-expressing and 
-nonexpressing cells indicated that the cAMP response element (CRE: -181 to 
-174 bp) is an essential cis-acting element for expression of the human DBH gene 
(Ishiguro et. al., Soc. Neuroscience Abst. JJL 243, 1992). Here, we report that 
deletion of a region upstream to the CRE, between -490 to -263 bp, resulted in 10- 
fold increase o f reporter gene chloramphenicol acetyltransferase (CAT) activity 
only in DBH-nonexpressing cells (e.g., HeLa cell line), indicating that this region 
contains a cell-specific silencer. This region, when placed 5’ to a heterologous 
(thymidine kinase) promoter in either orientation, suppressed CAT activity by 
more than 50 % in HeLa cells. This silencer region contains two sequence patches 
highly homologous to previously identified neuron-specific motifs. First, the 
sequence between -456 and -444 bp shared 77 % (10/13) identity with a cis-acting 
element, designated element I, initially described in the Drosophila dopa 
decarboxylase gene (Bray et al., EMBO J. 2 , 177, 1988). Second, a 13 bp 
fragment residing within that region shows 77-85 % sequence indentity with 
silencer motifs recently identified in three neuronal genes, i.e., type II sodium 
channel (Kraner et al., Neuron 9, 37, 1992), SCG10 (Mori et al., Neuron 2, 45, 
1992) and synapsin I (Li et al., Proc. Natl. Acad. Sci. USA 90, 1460, 1993) genes. 
We propose that interplay between the CRE and this neuron-specific silencer 
region plays an important role in the tissue-specific expression of the DBH gene in 
neuronal and non-neuronal cells. Supported by NIH grants MH48866 (KSK) & 
MH24285 (THJ).

3 5 .8

R A T B-50/GAP-43 T R A N S C R IP T S  O R IG IN A T E FRO M  2 P R O M O TER S . 
B .J .L . Eggen*. M.G.A. Rensan-de Leeuw , D. Brandsm a, M. Kasperaitis, P. 
Schotm an. W .H. Gispen and L.H . S ch am a. Rudolf Magnus Inst., Lab. Physiol. 
Chem ., Univ. of Utrecht, Padualaan 8, 3584 C H  Utrecht, NL.

In order to determine cis-acting elements controling the expression of the 
rat B-50/GAP-43 gene, the 5 ’ sequen ces flanking exon 1 were cloned from two 
independent rat genomic libraries and sequenced.

Transcription initiation sites were mapped in mRNA from 8 day old rat brains. 
Reverse transcriptase coupled polymerase chain reaction (R T -P C R ) showed  
that the most 5’ transcription start sites are located between -465 and -441 nt 
upstream of the translation start. Primer extension with a  primer in exon 2 indicated 
transcription sites at -9, -159 and -339/-342. Northern blotting demonstrated that 
the majority of the B-50 m RN As initiates approximately 50 bp upstream of the 
translation start site. Promoter analysis by transient transfection a ssa y s  using 
luciferase a s  reporter gene in undifferentiated and retinoic acid (RA)-differentiated 
P19 murine embryocarcinoma (E C ) cells showed that the B-50 gene has two 
promoters containing the two transcription start site regions. The most 5’ promoter 
(P 1 , located between -750 and -405) contains commonly observed promoter 
elements such a s  a TA TA  box and C C A A T  boxes, w hereas the 3 ’ promoter (P2, 
located between -233 and -1) does not. The activity of P1 is inhibited at 
neuroectodermal differentiation by RA, w hereas that of P2 is stimulated a s  
compared to the activity of the Rous sarcom a virus (R SV ) promoter. In vitro 
translations of B-50 m RN As with different 5’ leaders show s that transcripts 
originating from P2 results in translatable transcripts.

A major transcription start site being at the position of P2 and the 
translatability of the m RN As indicates that in vivo the activity of P2 determines 
the amount of B-50 protein.

3 5 .1 0

REGULATION AND CELL-TYPE SPECIFIC EXPRESSION OF HUMAN 
PROENKEPHALIN-CAT FUSION GENES IN TRANSFECTED PRIMARY 
EMBRYONIC RAT STRIATAL CULTURES.
P.B. Senatus*, R.L. Cole C. Konradi, and S-E- Hyman. Molecular Neurobiology 
Laboratory, Massachusetts General Hospital, Boston, MA 02114.

Regulation of the human proenkephalin gene has previously largely been studied 
in transformed cell lines using proenkephalin-chloramphenicol acyl transferase 
(CAT) fusion gene constructs containing between 3kb (ENK3K) and 70 base pairs 
(ENKAT-12) of 5' flanking sequence. The 5' regulatory regions of the constructs 
contain a well characterized second-messenger inducible enhancer localized to 
between -72 and -104 bp upstream of the mRNA cap site, as well as varying 
amounts of more distal sequences thought to be involved in cell-type specific 
expression. These constructs were transfected into CV-1 cells and primary bovine 
adrenal chromaffin cells. Because proenkephalin is expressed at high levels in a 
subset of striatal neurons which are readily transfected, we have turned to primary 
embryonic rat striatal cultures to study cell-type specific expression in the nervous 
system.

CV-1 cultures were tranfected with three different constructs consisting of a 
nested set of 5' to 3' deletions from -3000 to -562. In response to cAMP, they gave 
approximately three-fold induction of CAT activity with forskolin/ШМХ , as 
compared to a thirty-fold induction seen with ENKAT-12. In contrast, in 
transfected bovine adrenal chromaffin cultures, which express an endogenous 
proenkephalin gene, forskolin-mediated induction of CAT activity varied less 
significantly between ENK3K (5-6 fold) and ENKAT-12 (7 fold). Primary 
embryonic striatal cultures have now been transfected with a series of nested 5' to 
3' deletions made between -3000 and -193 and CAT activity assessed after 
induction with forskolin/ШМХ and Adenosine A2 agonists. We will present data 
on the levels o f proenkephalin-CAT fusion gene expression in the aforementioned 
primary striatal culture system.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM GENE STRUCTURE AND FUNCTION I 67

35.11
MECHANISMS OF PRODYNORPHIN REGULATION IN 
STRIATAL NEURONS. R.L. Cole, C. Konrādi, T. Douglass and 
S.E. Hyman*. Molecular and Developmental Neuroscience, 
Massachusetts General Hospital, Harvard Medical School, 
Charlestown MA 02129.

Dynorphin mRNA and protein levels have been shown to be 
increased in the rat striatum following chronic treatment with the 
psychstimulants cocaine and amphetamine and may be important 
in mediating the long-term effects of these drugs. We are utilizing 
a primary rat striatal culture system to study the mechanism of 
prodynorphin regulation.

Our immediate aim is to determine what sites in the dynorphin 
promoter are important for its regulation by second messenger 
pathways in striatal neurons. Partial promoter mapping in non
neuronal cells has revealed four elements with homology to the 
consensus cyclic AMP response element (CRE), which may be 
involved in the regulation of this gene by cAMP. A series of 
constructs containing distinct regions of the prodynorphin 5' 
flanking sequence fused to CAT are being utilized in transfection 
studies to map sites involved in cAMP and calcium regulation in 
striatal neurons. Initial results show that a 2Kb construct (-1858/ 
+135) containing all four putative CRE sites is induced 
approximately 20-fold by forskolin and IBMX and 12-fold by a 
mixture of a dopamine D1 agonist, an adenosine agonist and a 
phosphodiesterase inhibitor. Additional data with promoter 
mutations will be presented.

35.13
ANALYSIS OF NEURON-SPECIFIC GABAa -RECEPTOR GENE PROMOTERS 
IN VITRO AND IN TRANSGENIC MICE. LüscherB.. Moteilek K.. Fritschy 
Ј.-М.*, Häuselmann R.. and Rülickc T. Institute o f Pharmacology, University of 
Zürich, Gloriastrasse 32, СН-8006 Zürich, Switzerland.

Gene promoters driving neuron-specific expression of three y-aminobutyric acidA 
(GABAa ) receptor subunits (rat α l and б and mouse y2) were isolated and the RNA 
start sites mapped. The three genes show significant divergence in their promoter 
structure. Nevertheless, comparison of the 5’ flanking sequences revealed a novel 
conserved sequence element.

The sequence is present in seven tandem copies in the б subunit gene upstream 
region. Using one o f these elements (GAGAGGGGAGAGGGGGGAGAGG) as a 
probe in gel retardation assays two shifted complexes were found: One of these is 
similar or identical to a previously described ubiquitous DNA-binding activity 
recognizing neurofilament gene promoters (Elder et al. 1992, Mol. Brain Res. 15. 
85-98). In addition, a novel brain-specific activity (BSF1) was found that binds to 
this element. Point mutations of the conserved element show that the two factors 
have distinct binding specificities. During differentiation o f cerebellar granule cells in 
culture BSF1 is induced in parallel with the expression o f GABAa  receptor subunit 
mRNAs. Thus, BSF1 may be important for tissue-specific expression o f GABAa  
receptor subunit genes.

As an independent approach to identify neuron type-specific elements we 
generated transgenic mouse lines carrying a lacZ gene driven by б subunit gene 
sequences. 6.5 kb of 5’ flanking sequences allow faithful neuron-specific expression 
in most regions of the mature CNS including hippocampus, thalamic nuclei, Mid 
cerebral cortex, but not in the cerebellum. During early postnatal development, 
however, the transgene is turned on simultaneously with the endogenous gene in all 
neurons examined including cerebellar Purkinje cells. The transgene then remains 
expressed in Purkinje cells until adulthood, while expression of the endogenous б 
subunit gene is switched from Purkinje to granule cells around postnatal day 8 . The 
construct therefore lacks sequences that are essential for the developmental switch in 
cerebellar expression of the δ subunit gene.

35.15
FUNCTIONAL ANALYSIS OF THE PROM OTER DIRECTING  
TRANSCRIPTION OF THE α -SUBUNIT OF CALMODULIN-DEPENDENT 
PROTEIN KINASE II (CK-II). N. J. Olson. T. Massé. T. Suzuki. D. Alam and
P. T. Kelly*. Department of Neurobiology and Anatomy, The University of 
Texas-Houston Medical School, TX 77225.

The α-subunit of CK-II is expressed at high levels in the mammalian 
brain. CK-II а -gene expression increases sharply during postnatal 
development of the hippocampus and cerebral cortex, whereas its expression 
remains low in cerebellum. These observations suggest that transcription of 
α-subunit mRNA is carefully regulated during brain development. To examine 
the regulation of α-subunit gene expression, we isolated 13 kb of 5' flanking 
genomic DNA and sequenced 2500 nts 5' to the ATG translation start codon. 
Sequence analysis revealed a consensus TATA element at an unusually long 
distance (163 nts) 5' to the mRNA transcription start site (determined by 
primer extension and sequencing of the rat brain α -subunit mRNA). To 
analyze the effects that genomic sequences surrounding the TATA element 
have on promoter activity, different sequences were inserted into CAT 
reporter plasmids. CAT enzyme activities were then determined in transiently 
transfected NB2a neuroblastoma cells. mRNA transcription was analyzed 
using nuclease protection assays to define transcription start sites directed by 
the different promoter constructs. A 120 nt sequence including the TATA and 
111 nts of 3' sequence displayed little promoter activity. This 120 nt sequence 
was previously shown to bind brain nuclear proteins in gel retardation studies 
but promoter function was not examined (T. Sunyer & N. Sahyoun, PNAS, 
87:278-82). Our results indicate that sequences including and approximately 
163 nts 3' from the TATA element are critical for promoter function; they also 
appear important for the spatial alignment of the core promoter, and may 
contain enhancer activity for а -mRNA transcription. Deletion experiments 
demonstrated the importance of this TATA element since its removal virtually 
abolished promoter activity.

35.12
DIFFERENT TRANSCRIPTIONAL REGULATORY ELEMENTS FOR THE 
EXPRESSION OF STATHMIN AND NEURON-SPECIFIC SCG10. Т.Оkazaki* 
and N.Mori. Division of Neurogerontology, Andrus Gerontology Center, University 
of Southern California, Los Angeles, CA 90089.

Neural-specific SCG10 and neural-enriched stathmin are phosphoproteins that 
relate to neuronal differentiation and process outgrowth during development. Both 
SCG10 and stathmin mRNAs are highly expressed in developing brain neurons, 
while in adult brain they are expressed in different neuronal subsets. It was 
previously shown that the rat SCG10 gene contains a cell-selective silencer element 
found in other neuron-specific genes, including sodium channel type II and synapsin
I. Therefore, the neural-restrictive silencer may represent a general mechanism of 
neural-specific transcriptional regulation. Based on structural similarities between 
SCG10 and stathmin proteins and on their genomic organization, we hypothesized 
that the stathmin gene may lack this silencer element causing expression in both 
neural and non-neural tissues. To examine this possibility and further understand the 
regulatory mechanisms of differential expression, we cloned SCG10 and stathmin 
genes from the mouse genome, identified promoters, and dissected transcriptional 
regulatory elements in the promoter-proximal regions. The mouse SCG10 and 
stathmin genes consisted of five exons. Nucleotide sequences of the first exon and 
promoter were different, while other exon sequences were homologous. The SCG10 
promoter contains a TATA-like sequence, while the stathmin promoter lacks TATA 
but has a GC-box. Sequence comparison of promoter-proximal regions (up to -650) 
showed no similarity, suggesting that the differential expression of SCG10 and 
stathmin may be regulated by these unique promoter-proximal sequences, and may 
not be merely controlled by the presence or absence of the neural-restrictive silencer. 
Deletion and gel-shift analyses o f the SCG10 and stathmin promoter-proximal 
regions localized enhancers at -253 to -441 and -150 to -270 in the SCG10 and 
stathmin genes, respectively. Interaction o f these enhancers and other elements 
including the neural-restrictive silencer may contribute to the regional and/or 
inducible expression of the two structurally related genes.

35.14
MECHANISMS OF cAMP-DEPENDENT REGULATION OF THE 
PROENKEPHALIN ENHANCER. L.A. Kobierski*, U. Kumar. М.J. Comb. 
Lab. of Mol. Neurobio., Mass Gen. Hospital, Charlestown, MA 02129; Prog, 
in Neurosci. Harv. Med. Sch., Boston, MA 02115.

In the nervous system, signals transmitted across synapses are 
known to regulate gene expression in the post-synaptic cell, presumably 
via the activation of intracellular signaling pathways that regulate 
transcription factor function. A 30 bp region of DNA closely linked to the 
proenkephalin promoter regulates transcription of this gene in response to 
the cyclic-AMP (cAMP), phorbol ester, and Ca+2 dependent intracellular 
signaling pathways. Within this enhancer is an element, CRE2, that 
shares homology with the DNA binding sites for members of the Jun/Fos, 
CREB/ATF superfamily of transcription factors. We have previously 
shown that: 1) proenkephalin activation in C6 cells is not dependent on 
new protein synthesis; 2) that JunD is constitutively-expressed in these 
cells and; 3) in cotransfection assays JunD can mediate cAMP-dependent 
activation at the proenkephalin enhancer. Collectively these data 
suggest that JunD may play a role in regulation by the cAMP-dependent 
second messenger pathway. We show here that JunD from forskolin- 
stimulated C6 cells is post-translationally modified. However mutation 
of relevant protein kinase consensus sites has had no effect on JunD/PKA- 
dependent activation of the proenkephalin promoter. CREB is a well 
known substrate of protein kinase A and is activated by phosphorylation. 
By coimmunopreicitation assays using JunD or CREB specifc antiserum it is 
shown that JunD:CREB heterodimers can be detected in vitro and in vivo 
and that they can bind to CRE2. Cotransfections using a vector that 
encodes a CREB DNA binding mutant suggest a role for this heterodimer in 
cAMP-dependent activation of the proenkephalin enhancer.

35.16
TPA RESPONSIVE ELEMENT DNA COMPETES FOR PROTEINS THAT 
BIND TO THE cAMP RESPONSIVE ELEMENT ON THE 
SOMATOSTATIN GENE. Ç.L, Szymeczek-Seay* and D .E, Мillh o r , University 
o f North Carolina, Chapel Hill, N.C. 27599.

Fos and Jun, the transcription factors induced by the phorbol ester stimulated 
signal transduction pathway, and CREM (cAMP responsive element modulatory 
protein) and CREB (cAMP responsive element binding protein), the transcription 
factors induced by the cAMP stimulated signalling pathway, are all members o f the 
leucine zipper family o f proteins. The phorbol ester stimulated signal transduction 
system uses the TRE (TPA responsive element) and the cAMP stimulated signal 
transduction system uses the CRE (cAMP responsive element) as targets for 
transcriptional control; these DNA consensus elements, however, differ by only one 
nucleotide. Although the two signalling pathways respond to distinct stimuli, both 
the transcription factors they activate and the DNA consensus elements they target 
are similar. The potential for cross-talk among components o f both pathways has 
been demonstrated using synthesized CREM, CREB, Fos, and Jun proteins (JBC 
267:22460, 1992). The purpose o f our study was to determine if  similar interactions 
might occur under more physiological conditions. We therefore tested the 
possibility that crude brain protein extracted from whole tissue might show 
comparable cross-talk with the CRE and the TRE. Gel shift studies show that crude 
nuclear protein extracts from rat cerebellum and diencephalon interact with the 
somatostatin CRE and that 100 fold molar excess TRE abolishes the binding. 
Conversely, these protein extracts interact with the TRE and 100 fold molar excess 
o f CRE abolishes the binding. Although we have not identified the proteins 
involved in these interactions, these data suggest that there is a point o f convergence 
of the cAMP stimulated and phorbol ester stimulated signal transduction pathways 
in brain tissue.
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35.17
IDENTIFICATION OF A NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTOR (ХЗ-SUBUNIT GENE PROMOTER. X. Yang*. M. Morris. F. Wang. 
and E. S. Deneris. Dept. Neuroscience., Case Western Reserve Univ., Cleveland, 
OH 44106.

Neuronal nicotinic acetylcholine receptor subunit genes are expressed in unique 
but overlapping patterns in the nervous system. Our long term goal is to identify 
cis- and trans-acting factors which are responsible for these restricted neural patterns. 
We have begun by characterizing the α З gene transcription unit and its associated 
regulatory elements. Previous studies have revealed that the аЗ gene is clustered 
with and positioned between the ß4 and α 5 genes in the avian and rodent genomes.

RNase protection and primer extension analysis revealed multiple start sites, 
positioned within 200bp from the аЗ coding region. Additional аЗ exon sequences 
could not be detected within the intergenic region. We did, however, detect 
additional ß4 exon sequences, which extends its known transcription unit by Ikb. 
Based on this finding, the intergenic region is estimated to be 1.4kb. To determine 
whether cis-acting elements are associated with the putative а З  start sites, 
constructs containing various α З 5' flanking fragments fused to the luciferase gene 
were prepared, and electroporated into PC 12 cells. Construct -2732/+47 had an 
activity comparable to that of the SV40 promoter. A 75% reduction in activity, 
obtained with construct -1607/+47, indicates the presence of a positive element 
upstream of -1607. The activity o f -238/+47 was similar to that of -1607/+47; both 
were still 25-fold over background and 20% of that obtained with the SV40 
promoter. Together with the start site analysis, these results indicate the presence of 
a promoter proximal to the аЗ coding region. This was confirmed in transfections 
with construct -1607/-238, which lacks the start site region. This construct failed to 
express luciferase activity above background. Based on our exon mapping and 
transfection experiments, it is concluded that the intergenic region contains a single 
multi-start site аЗ promoter. We are currently investigating transcription factors 
which bind to and activate the аЗ promoter.

35.19
T R A N S C R IP T IO N A L  R E G U L A T I O N  O F T H E  C H I C K  M Y O G E N IN  
G E N E  S .  M a lik  a n d  J .  S c h m i d t * . D e p t .  o f  B io c h e m is t r y  a n d  
C e ll  B io lo g y , S U N Y  a t  S t o n y  B ro o k , S t o n y  B ro o k , N Y ,  1 1 7 9 4 .

W e  h a v e  s t u d ie d  h o w  t h e  c h ic k  m y o g e n in  g e n e  is  r e g u la te d  
d u r in g  d e v e lo p m e n t  a n d  d e n e r v a t io n .  W e  fo u n d  t h a t  a  C A T  
c o n s t r u c t  w h ic h  c o n t a in s  8 0 0  b p  o f  t h e  m y o g e n in  p ro m o te r  
d ir e c t s  C A T  a c t iv i t y  in a  t i s s u e -  a n d  s t a g e -  s p e c i f i c  m a n n e r  
w h e n  it is  t r a n s f e c t e d  in to  v a r io u s  c e l l  l in e s .  D e le t io n  a n a ly s is  
h a s  s h o w n  t h a t  t h e  8 0 0 - b p  c h ic k  m y o g e n in  p r o m o te r  c a n  b e  
t r u n c a t e d  to  it s  3 't e r m in a l  1 7 0  b p  w it h o u t  lo s s  o f  a c t iv it y .  
W e  h a v e  a ls o  a n a ly s e d  t h e  t w o  m o t if s  t h a t  s e e m  to  b e  
im p o rta n t  in t h is  1 7 0 - b p  f r a g m e n t , n a m e ly  a n  E  b o x  m o t if  a n d  
a  M E F - 2  s i t e ,  a n d  th e ir  c o n t r ib u t io n  to  t h e  r e g u la t io n  o f  th e  
m y o g e n in  g e n e  (i) d u rin g  t r a n s a c t iv a t io n  o f  t h is  p r o m o te r  b y  
v a r io u s  m y o g e n ic  f a c t o r s  e it h e r  a lo n e  o r  in c o m b in a t io n  w ith  
E  p r o t e in s  to  s e e  w h ic h  f a c t o r ( s )  b e s t  a c t iv a t e  m y o g e n in ; (ii) 
in r e s p o n s e  to  t h e  a c t iv a t io n  o f  P K C  to  t e s t  if p h o s p h o r y la t io n  
in f lu e n c e s  t h e  a c t iv i t y  o f  f a c t o r s  b in d in g  to  t h e  E  b o x  a n d  th e  
M E F - 2  s i t e ;  a n d  (iii) u p o n  d e n e r v a t io n  o f  t h e  n e o n a t e  c h ic k  
le g  m u s c le  to  s e e  h o w  f a c t o r s  b in d in g  to  t h is  p r o m o te r  a re  
a f f e c t e d  b y  d e n e r v a t io n .

35.18
IN D U C T IO N  O F  T H E  R A T  P R O E N K E P H A L IN  G E N E  IN  
S O D IU M  B U T Y R A T E  D IF F E R E N T IA T E D  P C 1 2  C E L L S  M A P S  
T O  A  50  B A S E  P A IR  U P S T R E A M  R E G IO N . M . P. H ollow ay . E. 
F, LaG am m a*. Dept. o f  Pediatrics, SUNY a t Stony Brook, N Y  11794.

Differentiation o f  PC 12 cells by treatment with sodium butyrate has been 
shown to induce characteristics o f  mature chromaffin cells and to increase 
levels o f  proenkephalin mRNA (Endocrinology 121: 1299, 1987). In order to 
evaluate these treated cells as a model system for studies o f  the molecular 
events affecting expression o f  neuropeptides in chromaffin cells, w e have 
examined whether treatment with sodium butyrate increases transcription from 
the upstream region o f  the proenkephalin gene. Transient transfection o f  
PC 12 cells with CAT reporter plasmids containing varying lengths o f  the 
upstream region o f  the rat proenkephalin gene (courtesy o f  S. Sabol) show a 
10- to 15-fold increase in expression when the cells are pretreated with sodium 
butyrate. This effect can be mapped to within -145 to -95 bases upstream o f  
the start site. This region contains a putative consensus sequence element 
(12/16 match) that has been reported to confer sodium butyrate sensitivity to 
several promoters (Nuc.Acid Res. 20:3113, 1992). In addition, treatment with 
forskolin after sodium butyrate further increases .expression o f  the -145 
reporter construct 50- to 80-fold over basal levels in undifferentiated cells. 
W e conclude that sodium butyrate differentiated PC 12 cells show promise as 
a model system for studying molecular mechanisms governing the 
neuropeptide phenotype in maturing chromaffin cells. Mapping the sodium 
butyrate inducible site and determining whether it interacts with forskolin 
activated mechanisms is in progress.

35.20
DNA ELEMENTS IMPORTANT FOR RAT TYROSINE HYDROXYLASE GENE 
EXPRESSION IN CNS AND ADRENAL CATECHOLAMINERGIC CELL 
LINES. M. Lazaroff* and D.M.Chikaraishi. Neuroscience Program, Tufts Univ. 
Sch. o f Med., Boston, MA 02111.

Catecholaminergic cell lines were derived from transgenic mice carrying the 
SV40 T antigen oncogene (Suri et al., 1993, J. Neurosci. 13, 1280). Two lines, 
CATH.a and CATH.b, were derived from central nervous system (CNS) tumors, 
whereas the PATH 2 cell line was derived from an adrenal tumor. Since these cell 
lines express ΤΉ and other differentiated markers, they were used to study 
transcriptional regulation o f the tyrosine hydroxylase gene.

We transfected a chloramphenicol acetyltransferase (CAT) reporter gene under 
the transcriptional control of TH 5' flanking DNA into CATH.a, CATH,b, and 
PATH 2 cells. Various 5' deletions from -4.8 to -.272 kbp gave the same high level 
of CAT expression. Within 272 bp o f TH 5' flanking DNA, many sites bear 
homology to enhancers found in other genes including the AP2, API, E-box, Oct 
(or POU), Heptamer, SPI, and CRE sites. Expression from site-directed mutants in 
these elements was examined. Mutation in the CRE site abolished all expression in 
the three cell lines. In contrast, mutations at the API and E-box sites only slightly 
reduced THCAT expression. This is in contrast to our previous results in PC8b 
cells where the API and E-box sites were critical for THCAT expression, while the 
CRE mutation reduced expression by about 50% (Yoon et al., 1992, Neuron 9, 55).

To confirm the importance o f CRE, one copy of the CRE element was inserted in 
front of the TH promoter and transfected into CATH.a cells. CAT expression was 
restored to 100% that of-272THCAT. Minimal enhancer constructs with the API 
or API-E box elements partially increased CAT expression.

Both these results suggest that the CRE is the major determinant in regulating 
THCAT expression in the CATH.a, CATH.b, and PATH 2 cell lines, while the API 
and E-box sites play a secondary role.
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36.1 36.2
CHARACTERIZATION OF A NEW METABOTROPIC GLUTAMATE 
RECEPTOR (MGLUR7) HOMOLOGOUS TO THE AP4 RECEPTOR 
(MGLUR4). J. A. Saugstad*. J. M. Kinzie, T. P. Seeerson, and G. L, 
Westbrook. Vollum Institute for Advanced Biomedical Research, Oregon 
Health Sciences University, Portland, OR 97201.

Several distinct metabotropic glutamate receptors have been cloned 
(mGluRl-5) and can be classified into subfamilies based on sequence 
homology, signal transduction and pharmacological profile (Masu et al., 
1991; Houamed et al., 1991; Tanabe et al., 1992). However, the activity 
and localization of the cloned mGluRs does not account for several well 
defined G protein mediated actions of glutamate in the olfactory system 
and retina. Therefore, we screened a rat olfactory bulb cDNA library for a 
novel clone using probes derived from conserved sequences in mGluRl 
and 4. A full length cDNA clone was isolated (mGluR7) which is 68% 
identical to the mGluR4 nucleotide sequence. mGluR7 inhibits the 
forskolin stimulated accumulation o f intracellular cAMP formation by 
20% in response to 100 mM glutamate. mGluR7 has a distinct mRNA 
expression pattern including the mitral and glomerular layers of the 
olfactory bulb. While mitral cells are known to have AP4 receptors 
(Trombley and Westbrook, 1992) and mGluR4 is shown to be an AP4 
receptor, mGluR4 mRNA is not observed in the mitral cells (Tanabe et 
al., 1993). mGluR7 as well mGluR4 are highly expressed in neurons of 
the entorhinal cortex which gives rise to the highly AP4 sensitive axon 
terminals of the lateral perforant path. Therefore, die expression pattern 
of mGluR7 suggests that it could represent a presynaptic AP4 receptor 
that inhibits transmitter release at selected central nervous system 
pathways. Supported by the Oregon Heart Association, the Klingenstein 
Foundation, and MH10314-02.

C L O N IN G  A N D  C H A R A C T E R IZ A T IO N  O F  A  P U T A T IV E  L IG A N D 
G A T E D  ION C H A N N E L  F R O M  R A T  B RA IN . A . M. C ia b a rra *  a n d  K .
A . S e v e r in o . D iv is io n  of M o le cu la r  P sy c h ia try , D e p a rtm e n ts  of 
P s y c h ia t r y  a n d  P h a rm a c o lo g y , Y a le  U n iv e rs ity  S c h o o l of 
M e d ic in e , 3 4  P a rk  S tre e t , N ew  H a v e n , C T  0 6 5 0 8 .

R a p id  s ig n a l t ra n sm iss io n  at the  s y n a p s e  is m ed ia ted  by  
lig an d -g ate d  ion c h a n n e ls  w h ich  t ra n s d u c e  lig and  bind ing  into  
e le c t r ic a l s t im u li. U s in g  d e g e n e r a te  o lig o n u c le o t id e  p r im e rs  
c o m p le m e n ta ry  to c o n s e r v e d  re g io n s  of c lo n e d  g lu ta m a te  
re ce p to r c h a n n e ls , w e  iso la te d  the  p artia l s e q u e n c e  of a  no ve l 
p u tative  lig an d -g ate d  ion c h a n n e l w h ic h  h a s  h o m o lo g y  to the  
g lu ta m a te  re c e p to r  su p e rfa m ily . O v e r  a  s p a n  of 1 5 0  am in o  
a c id s ,  th e  P C R  fra g m e n t is  3 6 %  id e n tic a l to th e  N M D A R 1  
re c e p to r , a n d  3 4 %  id e n tic a l to th e  N M D A R 2 A - C  re c e p to rs .  
A d d it io n a lly , th is  P C R  f ra g m e n t  h a s  a p p ro x im a te ly  3 0 %  
identity  to n o n -N M D A  g lu ta m a te  re c e p to r  su b u n its  (G lu R 1 -7 ) .  
N orthern  blot a n a ly s is  r e v e a ls  a  s in g le  b a n d  of ap p ro x im a te ly  
8  kb in all b rain  reg io n s e xa m in e d . T h e  m e s s a g e  is  e n r ich e d  in 
th e  a m y g d a la ,  s t r ia t u m , n u c le u s  a c c u m b e n s ,  a n d  th e  
h y p o th a la m u s . N o m e s s a g e  w a s  d e te c te d  in  a n y  of the  
p e rip he ra l t is s u e s  e xa m in e d . E ffo rts a re  u n d e rw a y  to s e q u e n c e  
a n d  e x p r e s s  th is putative  lig and -g ated  c h a n n e l.
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36.3
A HUMAN HIGH-AFFINITY KAINATE RECEPTOR SUBUNIT:
MOLECULAR CLONING AND PHARMACOLOGICAL CHARACTERIZATION.
R.K.Katnboj' ,D.D.Schoepp2,S.Nutt * ,L.Shekter1 ,B.Korczak',
R.A.True2,V.Rampersadl ,D.M.Zimmerman*2,M.A.Wosnick1.
'AllelіX Biopharmaceuticals Inc.,Mississauga, Ont.,
Canada L4V 1P1. 2CNS Research, Lilly Research Laboratories 
Eli Lilly and Company, Indianapolis, IN 46285,USA.
Kainate is a potent neuroexcitatory agent; its 

neurotoxicity is thought to be mediated by an ionotropic 
receptor with a nanomolar affinity for kainate. We have 
isolated a cDNA encoding a human glutamate receptor 
subunit from a hippocampal library. This cDNA, termed 
humEAAl, when expressed in mammalian cells is associated 
with high-affinity kainate receptor binding. We have 
successfully established cell lines stably expressing 
humEAAl. The relative potency of compounds for displacing 
3H-kainate binding of humEAAl receptors expressed in 
these stable cell lines was kainate >quisqualate>  
domoate > L-glutamate>> AMPA>>  dihydrokainate >  DNQX >
CNQX. The molecular structure and pharmacological 
characterization of humEAAl expressed in mammalian cells 
suggested that the humEAAl is a subunit protein of a 
human kainate receptor complex.

36.5
CLONING AND FUNCTIONAL EXPRESSION OF HUMAN NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS a2, аЗ, a4, a7, β2 AND 
β4. K. Elliott. A. Urrutia. E. Johnson. M.E. Williams. S.B. Ellis. G. Veticelebi* 
and M.M. Harpold. SIBIA, lne., La Jolla, CA 92037.

cDNA clones encoding full-length human neuronal nicotinic acetylcholine 
receptor (nAChR) subunits were isolated from cDNA libraries prepared from 
human thalamus (α2 and β2) and hippocampus (α4-2) tissues and the 
IMR32 human neuroblastoma cell line (α3, α7, and β4). An alignment of the 
deduced amino acid sequences shows that all contain the two conserved 
cysteines and four highly conserved putative transmembrane domains 
characteristic of nAChR subunits. The percent identity of each deduced 
amino acid sequence to that of the respective rat nAChR subunit is: a2, 
85%; αЗ, 89%; α4-2, 82%; α7, 90%; β2, 93%; 04, 81%. The greatest 
differences between the rat and human sequences are found in the putative 
signal peptides and cytoplasmic domains. The human a2 deduced amino 
acid sequence contains an additional 24 residues at the N-terminus of the 
putative mature peptide compared with the rat a2 sequence. In vitro 
transcripts of either a7 alone or the pairwise combinations of a204, a302, 
a3β4, and a404 were injected into Xenopus oocytes, and the formation of 
functional human nAChRs was demonstrated in two-electrode voltage-clamp 
studies (recording solution: in mM, 115 NaCI, 2.5 KCI, 1.8 CaCI2, 10 
HEPES, and 0.001 atropine). The results of these studies indicated that 
acetylcholine induced inward currents in a dose-dependent manner in the 
cells injected with the human neuronal nAChR subunits.

36.7

WITHDRAWN

36.4
CLONING AND FUNCTIONAL EXPRESSION OF THE HUMAN 
METABOTROPIC mGluR5 RECEPTOR. L. Daggett. C. Liaw. A.I. Sacaan*. 
S. Rao. A . Urrutia. M. Akono. S.D. Hess, M. Benoualid, K. Henry, M.E. 
Williams. S.B. Ellis. M.M. Harpold. and G. Velicelebi. SIBIA, Inc., La Jolla, 
CA 92037.

Overlapping cDNAs encoding the human mGluR5 receptor were isolated 
from human hippocampal and cerebellar cDNA libraries using a partial cDNA 
clone encoding the rat mGluRI. A full-length cDNA containing the entire 
human mGluR5 coding sequence was constructed. The deduced amino acid 
seqeunce of human mGluR5 receptor contains 1180 amino acids, and is 
94.6% identical to that of the rat mGluR5 receptor. Human embryonic 
kidney (HEK293) cells were transiently transfected with human mGluR5 and 
tested for functional expression in several assays. Treatment of the 
transfected cells with quisqualate, glutamate and 1 S,3R-ACPD increased IP, 
levels in a dose-dependent manner, with EC«, values of 51.5 nM, 2.7 μM, 
and 5.3 μΜ , respectively. Furthermore, these agonists increased 
intracellular calcium levels as detected by an increase in fluo-3 or fura-2 
fluorescence. Specific binding of 3H-glutamate to the transfected cells was 
measured, and Scatchard analysis indicated a binding capacity of 3 
pmoles/mg protein, i.e., greater than 100,000 receptors per cell. Functional 
expression was also tested by injecting an in vitro transcript of human 
mGluR5 into Xenopus oocytes. Two-electrode voltage-clamp measurements 
indicated that quisqualate, glutamate and 1S,3R-ACPD also stimulated 
calcium-activated chloride currents in the mGluR5-injected oocytes with 
EC50 values of 14.2 μM, 1.2 μΜ, and 21.6 μM, respectively.

36.6
FUNCTIONAL ANALYSIS OF THE 5’-FLANKING REGIONS OF THE 
GLUTAMATE RECEPTOR GENES, G LU R l AND GLUR2, USING A 
PRIMARY CULTURE SYSTEM AND TRANSGENIC MICE. H. Okado. D. 
Vetter. L. Beasley . M, Hartley. S. Heinemann* and J. Boulter. Molecular 
Neurobiology Laboratory, The Salk Institute, La Jolla, CA 92037.

To understand how the glutamate receptor system is generated developmentally 
and to understand the regulation of the glutamate receptor genes during phenomenon 
such as synaptic plasticity and seizure activity, the 5'-flanking regions of glutamate 
receptor subunits (GluRl and GluR2) were isolated and sequenced from the murine 
genome. The functional activity of these putative regulatory regions was studied by 
placing the 5’-flanking regions upstream of a reporter gene (the luciferase or Lac Z 
gene). We found that the 5’-flanking regions were activated in hippocampal primary 
cultures and double labeling techniques showed that the 5'-flanking regions were only 
active in neuronal cells. This result suggests that the 5'-flanking regions contain some 
of the appropriate regulatory elements for expression of the GluRl and GluR2 
glutamate receptor genes in neurons.

In order to determine the functional activity of these 5’-flanking regions 
under more physiological conditions, we made transgenic mice with the 5'-flanking 
regions linked to the Lac Z gene. By examining the transgenic mouse brains using 
histochemical procedures which allow the visualization of ß-galactosidase, we 
showed that one transgenic mouse line containing the GluRl construct expressed β- 
galactosidase mainly in the sensory cerebral cortex. Another transgenic mouse line 
containing the GluR2 promoter construct expressed β- galactosidase mainly in the 
amygdala and inferior colliculus.

36.8
ISOLATION AND ANALYSIS OF THE 5 ’ FLANKING SEQUENCE  
OF TH E RAT N-M ET H Y L-D -A SPA R T A T E (NM DA ) RECEPTO R  
SUBUNIT GENE (NM DAR1). G. Bai* and J.W. Kusiak. Mol. Neurobiol. 
Unit, Gerontology Research Center, NIA, NIH, Baltimore, MD 21224.

Recent studies indicate that the glutamate receptor subunit, NMDAR1, is widely 
expressed in the brain and is probably a common subunit o f a heteromeric NMDA- 
gated ion channel. The regulation o f its expression at the transcriptional level is still 
unknown. We isolated and analyzed the 5’ flanking region of the rat NMD ARI gene. 
A PCR-generated 800 bp DNA probe from codon 2 to an EcoR I  site in the 
following intron was used to screen a rat genomic library and a 3.8 kb insert with 
EcoR I  ends was isolated. Southern analysis using the same probe also revealed a 
single 3.8 kb band in EcoR I-digested rat genomic DNA. DNA sequencing showed 
that this 3.8 kb fragment contains 3028 bp upstream from codon 1 and an exon 
covering the region from -223 to codon 86 o f the published NMDAR1 cDNA. 
Results from primer extension and RNase protection demonstrated that the 
NMDAR1 gene has at least two transcription start sites approximately -238 
upstream from codon 1.

The 5 ’ flanking region contains a proximal GC rich region with SP 1 and GSG 
motifs but no TATА/СAAT boxes. Chimeric constructs o f  this region were made by 
deleting serially from the S’ end. The 3' end o f these fragments is at nucleoside -1 
from codon 1. They were linked to a luciferase reporter gene and co-transfected into 
PC12 cells with a CMV-promoter ß-galactosidase construct The relative luciferase 
activities showed that 118 bp proximal to the transcriptional start site, which 
includes SP1 and GSG motifs, is the promoter for the NMDARI gene. Its activity is 
at least equal to the SV40 early promoter which is used as a positive control. An 
additional 564 bp upstream from the promoter may contain a weak enhancer which 
increased the basal promoter activity by about 50%. Furthermore, a strong and distal 
repressor region is located between -1657 and -2614 bp upstream o f the 
transcriptional start site. We conclude that the rat NMDARI gene promoter has the 
characteristics o f  a house-keeping gene and its distal regulatory region is a 
combination o f enhancer and silencer regions.
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36.9
EXPRESSION OF EDIT-1, AN RNA-EDITING ENZYME, IN 
MOUSE BRAIN. L.R. Shekter. L. Philipson.+ N. O. Davidson.+ A. 
DePaoli.+ C. Beck.+ and R.J. Miller*. Dept. of Pharmcol. & Physiol. 
Sci., University of Chicago, 947 East 58th. St. and +Dept. of Medicine, 
University of Chicago, 5841 S. Maryland Ave., Chicago, IL 60637.
Differences in the genomic and cDNA sequences encoding several 

glutamate receptors with important functional consequences have led to 
the hypothesis that these base changes are created by mRNA editing 
[Sommer, e t  a l. Cell 67:11-20 1991]. We have used the recently 
published sequence of EDIT-1, a cDNA encoding part of the 
apolipoprotein В mRNA editing complex isolated from the rat small 
intestine [Teng, e t a l. Science, in press] to probe a mouse brain cDNA  
library. 1 x 1 0 6  independent plaques from a mouse cDNA library were 
screened; two strong positives were identified, purified and sequenced. 
The two positive cDNA clones were 0.6 kb in length and identical to 
each other. There was 92.8% similarity to the rat gut EDIT-1 cDNA  
over 152 bases from 117 bp before the stop codon to 35 bp beyond. 
The brain sequence 5’ to this region diverged markedly from EDIT-1, 
and lacked an open reading frame, suggesting the presence of an intron. 
Ribonuclease protection assay revealed the presence of an appropriately- 
sized protected fragment in total RNA isolated from rat brain. 
Localization of the EDIT-1 transcript in rat hippocampus was suggested 
by in s itu  hybridization. The presence of EDIT-1 mRNA in discreet 
areas of the CNS thereby implies the existence of RNA editing 
machinery related to that described for apolipoprotein В with editing 
functions possibly related to other transcripts.

36.11
PRESENCE OF SLOW CURRENT HUM P IN NMD A R I SPLICE 
VARIANTS DEPENDS ON EXTRACELLULAR CALCIUM. V.V. Koltchine, 
H. Bavlev. V. Anantharam*, S.N, Treistman. Dept. Pharmacol., Univ. Mass. 
Med. Ctr., Worcester, MA 01655 and Worc.Fnd.Exp.Biol.,Shrewsbury,MA 01545.

The NMD AR I subunit of the NMD A receptor exists in a number of forms, 
due to alternative mRNA splicing. We have previously described four splice 
variants, which differ in the presence or absence of two cassettes of 21 or 37 
amino acids (Koltchine, et al., Neurosci. Lett., 152:13-16, 1993). Homomeric 
assemblies of these subunits form functional NM DA receptors when expressed 
in the Xenopus oocyte. The current shape elicited by a 2.5 min. exposure to 100 
μΜ  NMDA in NMDAR1-LL, which contains both cassettes, differs greatly from 
that seen in NMDAR1-SS, which contains neither cassette. In NMDAR1-LL, 
exposure to NMDA delivered in normal ND-96 (containing 1.8 mM calcium) 
solution produces first, a variable spike attributable to an endogenous calcium- 
activated chloride current, and then a slow inward current which develops over 
many seconds, followed by an apparent desensitization, which also develops over 
the course of many seconds. The slow current is not due to activation of calcium 
activated-chloride channels. NMDAR1-SS, in contrast, does not exhibit the slow 
phase of current in ND-96. However, the presence of the slow current hump is 
tightly linked to the extracellular calcium concentration. For NMDAR1-LL, the 
current hump is absent in 0.1 mM external calcium, appears in 0.9 mM calcium, 
and continues to grow with increasing extracellular calcium concentrations. For 
NMDAR1-SS, the current hump does not appear until calcium concentrations 
greater than 5 mM are reached. The basis for the difference in calcium- 
dependency of the slow current is not known, but may be related to the presence 
of the two cassettes in NMDAR1-LL, which together increase the extracellular 
positive charge by 11 units, or a total of 55 for the putative homomeric 
pentamer. (Supported by NIH grant AA05542).

36.13
SPLICE VARIANTS OF THE NMDA RECEPTOR NR1 IDENTIFY 
DOMAINS INVOLVED IN REGULATION BY POLYAMINES AND 
PROTEIN KINASE C. G.M. Durand*. M.V.L. Bennett and R.S. Zukin. 
Dept. of Neurosci., Albert Einstein College of Med., Bronx, NY 10461.

The NMDA receptor NR1 gene encodes RNA that is alternatively 
spliced to generate at least seven variants. We denote the NR1 variants 
by the presence or absence of three alternatively spliced exons (from 5’ 
to 3’). We report here electrophysiological characterization of six of the 
variants expressed in X en opu s  oocytes. NR1 receptors that lacked the 
N terminal exon (NR1000, NR1010 and NR1011) exhibited a relatively high 
affinity for NMDA and marked potentiation by spermine. In contrast, 
variants with the N terminal insert (N R l100, NR1101 and N R l111) showed 
a lower agonist affinity and little or no spermine potentiation at 
saturating glycine. All six variants showed spermine potentiation at low 
glycine and inhibition by spermine at more negative potentials. Variants 
differing only in the C terminal domain differed little in agonist affinity 
and spermine potentiation. These findings indicate that the N-terminal 
insert either participates in agonist and polyamine binding domains or 
indirectly modifies their conformations. The splice variants differed in 
the extent to which they could be potentiated by activators of PKC from
З-fold to 20-fold. Presence of the N-terminal insert and absence of the 
C-terminal sequences increased potentiation by PKC. These findings 
identify the contributions of the separate polypeptide domains to 
modulation by polyamines and PKC and provide further support for the 
concept that subunit composition determines functional properties of 
NMDA receptors.

36.10
REGULATION OF ALTERNATIVE SPLICING OF AMPA RECEPTORS IN A 
HUMAN NEUROBLASTOMA CELL LINE. Bernd Sommer* and Alexandra 
Christnacher. Preclinical Research, Sandoz Pharma Ltd., CH-4002 Basle, 
Switzerland.

AMPA-selective ionotropic glutamate receptors are composed of four closely 
related subtypes termed GluR-A to -D or alternatively GluR-1 to -4. 
Heterogeneity within this receptor family is increased by alternative splicing 
(Sommer et al., 1990, Science 249:1580). Splice variants Flip and Flop 
constitute different functional characteristics of AMPA-gated channels and are 
expressed in a developmentally regulated celltype-specific manner (Monyer 
et al., 1991, Neuron 6:799) which may suggest an important role in synaptic 
transmission.

Here, we report the alternative exon usage of AMPA-receptors in the human 
neuroblastoma cell line SH-SY5Y which can be differentiated into a neuronal 
phenotype. We used RT-PCR and subsequent southern analysis to examine 
overall expression as well as splice preference of AMPA-receptor subunits 
following induction with retinoic acid (10μΜ). All four receptor subunits are 
expressed in SH-SY5Y cells. With respect to alternative exon usage the most 
abundant subtype GluR-B was examined. Flip and Flop splice variants could 
be detected at all stages after induction although their ratios changed 
significantly. Undifferentiated cells expressed predominantly Flip mRNA. The 
ratio between the splice variants was reverted transiently during differentiation, 
with Flop mRNA expression peaking three days post induction. Analysis of 
splice preference of other AMPA-receptor subunits in differentiating SH-SY5Y 
cells is currently underway. The presented results identify the SH-SY5Y cell 
line as a tool to study regulatory mechanisms in glutamate receptor 
expression and posttranscriptional processing with potential outlook on 
neuronal differentiation.

36.12
RELATIVE ABUNDANCE OF N-METHYL-D-ASPARTATE (NMDA) 
RECEPTOR SPLICED VARIANTS IN RAT BRAIN AREAS OF 
DIFFERENT AGES. F. Della Vedova. L. Bonecchi.. A. Bianchetti and
C. Speciale. CNS Research Group, Farmitalia Carlo Erba, 20014 
Nerviano, Italy.

Recent studies on different mRNAs spliced variants o f the 
NMDARI sequence have shown that the insertion (NRlb) of a 63 base 
pair (bp) exon at the 5 ’-end region, distinctly from the sequence 
lacking such insert (NRla), reduces the spermine effect on the NMDA 
currents in Xenopus oocytes. In attempt to address the modulatory role 
of polyamines on the NMDA function, by using the sensitive reverse 
transcriptase polymerase chain reaction (PCR), we have investigated 
the N R la /lb  mRNAs ratio (N R la/lb) in brain areas o f different ages. 
Cortex, hippocampus, brain stem, pons-medulla and cerebellum, were 
dissected from Wistar rats from birth up to 21 days, and at 6 , 18 and 
24 months. PCR was performed by using two oligonucleotides flanking 
the alternative spliced 63 bp exon. For each area, we compared the 6  
months-old animals (6 m) N R la /lb  with the other investigated ages. 
Whereas in the cortex N R la /lb  was never changed (6 m = 3.7), in the 
hippocampus (6 m = 3.3) a significant increase was found at 1 and 3 
days after birth. Notably, in the cerebellum (6 m = 0.7) an age- 
dependent pattern was observed with a N R la /lb  o f 3, 1 and 0,3 at 3, 
21 days, and 24 months, respectively. Further studies are needed to 
investigate the functional meaning o f the N R la /lb  age-related changes.

36.14
MUTAGENESIS RESCUES SPERMINE POTENTIATION OF 
NMDA RECEPTORS ENCODED BY THE NR1100 SPLICE 
VARIANT. X. Zheng’. L. Zhang. M.V.L. Bennett and R.S. Zukin. Dept. 
of Neuroscience, Albert Einstein Col. of Med., Bronx, NY 10461 

Presence of a 21 amino acid insert near the N terminus of splice 
variants of the NR1 type of NMDA receptor abolishes spermine 
potentiation at saturating glycine, but has no obvious effect on spermine 
inhibition (see preceding abstract by Durand et al.). Here we studied 
wild type and mutant receptors expressed in Xenopus oocytes to analyze 
this action. For the NR1100 variant, which has the N terminal insert, 
spermine decreased NMDA induced current by about 20% at saturating 
glycine and -60 mV. For the NR10U variant, which lacks the N terminal 
insert, spermine potentiated NMDA current by ~60% under the same 
conditions. Since spermine is positively charged, we removed charges 
(underlined residues) at either end of the insert as follows: 

wild type: - S KKRNYENLDQLSYDNRRGPK-
mutantl: -SAAANYENLDQLSYDNRRGPK-
mutant2: - S KKRNYENLDQLSYDNAAGPA-

Potentiation was restored to ~17% and 40% of the response in the 
absence of spermine for mutant 1 and 2 respectively. Potentiation was 
not further restored by increasing spermine concentration. Thus, the 
reduced potentiation compared to variants without the N terminal insert 
is unlikely to be due to electrostatic repulsion of spermine from its 
binding site. Charges on the N terminal insert may tend to prevent a 
conformational change required for spermine potentiation.
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36.15
FUNCTIONAL SEGREGATION OF COTRANSFECTED GLUR1 
AND GLUR6  SUBUNITS IN RECOMBINANT GLUTAMATE 
RECEPTORS IN HEK-293 CELLS. L.A. Raymond* and R.L. 
Huganir. Departments of Neurology and Neuroscience, HHMI, The 
Johns Hopkins University School o f Medicine, Baltimore, MD.

Recombinant glutamate receptors comprised o f AMPA-preferring 
GluRl-4 and KA-preferring GluR5,6 subunits have been distinguished 
on the basis o f differences in ion channel properties. Although both 
receptor types are found in cultured hippocampal neurons, only currents 
characteristic o f AMPA-preferring subunits, and not GluR6 , have been 
recorded. We and others have found that recombinant GluR6  receptor 
function is enhanced by PKA. A similar effect o f PKA on AMPA-type 
currents in cultured hippocampal neurons has been observed, raising the 
possibility that subunits from these two families might combine to form 
complexes in which GluR6  would confer PKA sensitivity. To test this 
theory, we transfected HEK-293 cells with GluRl alone, GluR6  alone, 
and both GluRl and GluR6 . Cells with GluRl or GluR6  alone showed 
the expected agonist potency, desensitization kinetics, and I-V relations. 
Cyclothiazide, a drug known to affect AMPA receptor desensitization, 
significantly potentiated KA-evoked current in GluRl-transfected cells, 
but had no effect in GluR6 -transfected cells. Cells cotransfected with 
both subunits showed a large peak that rapidly desensitized to a smaller 
steady-state current (1-15% of peak) in response to KA, and the I-V 
relation was bi-rectifying. In these cells, cyclothiazide had no effect on 
KA-evoked peak current amplitude or onset o f desensitization; 
however, the steady-state current increased up to 15-fold. These results 
are consistent with separate populations o f homomeric GluRl and 
GluR6  receptors, rather than heteromeric complexes o f both subunits.

36.17
ASSEMBLY OF NATIVE GLUTAMATE R EC EP T O R S  INTO 
STRUCTURALLY AND FUNCTIONALLY DISTINCT HETEROMERIC 
CHANNELS. R .B .P u chalski1, N:. Brose1, J,-C. Louis3. S. F. Travnelis1, J, 
Eqebjerq1. F. Lin1·2·*. V. Kukekov1. R. Wenthold4. S. W. Rogers5. T.  
Moran6, J. H. Morrison6, and S. F. Heinemann1. 1 Molecular Neurobiology 
Lab. and 2Howard Hughes Med. Inst., Salk Inst., La Jolla CA 92037, 3Dept. 
of Biology, Univ. of California, San Diego CA 92093, 4Lab. of 
Neurochemistry, Nat. Inst, on Deafness and Other Comm. Disorders, Nat. 
Inst, of Health, Bethesda, MD 20892, 5Dept. of Pharmacology, Univ. of 
Colorado Health Sci. Center, Denver CO 80262, 6Fishberg Res. Center for 
Neurobiology, Mt. Sinai Sch. of Med., New York, NY 10029 

The biophysical properties of ion channels are determined in part by the 
channel's subunit composition. Subunit combinations of non-/V-methyl-D- 
aspartate glutamate receptors (GluRs) were examined in an oligodendrocyte 
precursor cell line, which was found to express GluR2-GluR7, KA1, and KA2 . 
Precursor cells had current responses to L-glutamate, S-α-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid, and kainate. Kainate-evoked currents 
contained a nondesensitizing component with a nearly linear current-voltage 
(IV) relation, and a fast-desensitizing component that was inwardly rectifying. 
The peak/steady-state current ratio of the rapidly desensitizing response to 
kainate in precursor cells was 6.7±1.3 (n=20). The Q/R site, a codon which 
determines Ca2+ permeability and IV  properties of the channel, was edited 
95±5% to the arginine codon in GluR2(Q607) mRNA, and 5±5% in 
GluR6(Q621) mRNA. Immunoprecipitations demonstrated that GluR2 
subunits assemble with GluR3 and GluR4, but not with GluR6 or GluR7 . 
Moreover, GluR6 and/or GluR7 subunits assemble with KA2, but not with 
GluR2-GluR4. These results indicate that individual precursor cells 
assemble GluR subunits into functionally and structurally distinct heteromeric 
channels. (Support: Epilepsy Foundation of America and NIH)

36.19
EXPRESSION OF SUBUNITS OF THE NMDA RECEPTOR IN Sf9 CELLS 
INFECTED WITH RECOMBINANT BACULOVIRUS. D P. Carrozza*. Y.M. 
Shen. L. Lihui and P.B. Molinoti. Department of Pharmacology, University 
of Pennsylvania School of Medicine, Philadelphia, PA 19104-6084.

Expression of mRNA encoding subunits of NMDA receptor in oocytes has 
revealed that functional homomeric NR1 channels can be formed. Current 
sizes are greatly increased in heteromeric channels formed by co
expression of NR1 and NR2 subunit cDNAs. The homomeric NR1 
channels have many of the properties of receptors in intact cells including 
voltage dependence, sensitivity to magnesium, and recognition sites for 
both glutamate and glycine. Full-length cDNAs encoding NR1 and NR2A 
receptors were subcloned into baculovirus transfer vectors and co
transfected into Sf9 cells with BaculoGold linearized viral DNA 
(PharMingen). The presence of the NR1 and 2A genes was verified by 
plaque hybridization. Two rounds of viral amplification were carried out to 
achieve an appropriate viral titer. Membranes from Sf9 cells were prepared 
72 hr after infection with plaque-purified virus. Typically, 3 mg of protein 
was obtained per 100 ml of medium (1.0 x 108cells/ml). Membranes 
prepared from infected Sf9 cells were screened for binding of 3H- 
dichlorokynurenate (3H-DCK) and 3H-MK-801. 3H-DCK binding was 
demonstrable in membranes from cells infected with NR1 virus and in 
membranes from adult rat cortex but not in membranes from cells infected 
with NR2A virus. Binding of 3H-MK-801 could not be detected in cells 
infected with either the NR1 or NR2A virus. Further studies on co-infection 
of NR1 and NR2A virus in Sf9 cells are necessary to elucidate the nature of 
subunit composition in NMDA receptor function (Supported by USPHS 
GM34781.)

36.16
EXPRESSION AND SUBUNIT COMPOSITION OF NON-NMDA 
GLUTAMATE RECEPTORS IN CULTURED HIPPOCAMPAL 
NEURONS. K,W, Roche*, C,D  В la c k s to n e , C  
Huganir . Dept. o f Neuroscience, Howard Hughes Med. Inst., Johns 
Hopkins Univ. School of Med., Baltimore, MD 21205.

Kainate and AMPA receptors are often grouped together and 
referred to as non-NMDA glutamate receptors. Together they mediate 
the majority of fast excitatory neurotransmission in the CNS. Non- 
NMDA receptors are pentameric complexes composed o f homologous 
subunits. Using subunit specific antibodies, we have characterized the 
expression pattern o f the GluR 1, 2/3, and 4 subunits (AMPA 
preferring) and GluR6/7 subunits (kainate preferring) in low density 
hippocampal cultures. The glutamate receptor subunits 1 ,2 /3 ,6 /7  are 
all expressed in the cultured pyramidal neurons. GluRl and 2/3 enrich 
in the spines after approximately 14 days in culture. None of the 
antibodies stained live cells unless detergent was used. This suggests 
the C-termini o f GluRl, 2/3, and 6/7 to which the anti-peptide 
antibodies were raised may be intracellular. Immunoprecipitation of 
GluRl from high density hippocampal cultures under native 
conditions results in the coimmunoprecipitation of GluR2/3; however, 
GluR6  does not coimmunoprecipitate. We conclude that GluR 1,2,3 
form heteromeric receptors, but there is no evidence that the AMPA 
preferring GluRl combines with the kainate preferring GluR6  in 
cultured hippocampal neurons even though they are expressed in the 
same cells.

36.18
ST A BL E T R A N SFEC TIO N  O F N M D A R 1 SU BU N IT IN  C H INESE  
H A M STE R  O V A R Y  (CHO-Κ Ι) CELLS FA IL S TO  PR O D U C E  A  
FU N C T IO N A L  R E C E PTO R . F .A . Boeckm an* and E . A izenm an.
Dept. o f  Neurobiology, U niv. o f  Pittsburgh School o f  M edicine, 
Pittsburgh, PA 15261.

Native NM D A receptors are most likely composed o f  at least 2 
different subunits o f  unknown stoichiometry. In this study, w e have 
stably expressed the NM D ARI cD N A  (a gift from Dr. S. Nakanishi) in 
CHO-ΚΙ (ATCC CCL-61) cells. The cD N A  was driven by the human 
cytom egalovirus enhancer/promoter in a eukaryotic expression vector. 
Northern analysis revealed 3 clonal cell lines expressing high levels o f  
NM DA R 1 mRNA (H2, D 1 and J 1). W estern analysis o f  membrane 
fractions with a polyclonal antibody raised to the cytoplasmic loop 
between MIII and MIV o f  the NM DARI subunit (a gift from Dr. N eils 
Brose), resulted in faint staining o f  a 116 kD band in only one o f  the 
clonal populations, H 2. Thus, only a small amount o f  NM DARI protein 
was detected on the cell membrane. W hole-cell patch clamp analysis 
confirmed that there were no functional channels present in any o f  the 
clonal cell lines, including H 2. Therefore, it appears that the N M D A R l 
subunit alone may not be sufficient to form functional receptors in 
mammalian cells, as was suggested by the relative small amount o f  
functional expression o f  homomeric NM DARI receptors in oocytes. 
Supported by NIH grant N S 29365.

36.20
BIOCHEMICAL CHARACTERISATION OF CLONED NMDAR1/NMDAR2A 
HETEROMERIC GLUTAMATE RECEPTORS: COMPARISON WITH 
NATIVE RECEPTORS OF MAMMALIAN BRAIN. F.A.Steohenson*. M.Cik 
and P.L. Chazot. School of Pharmacy, University of London, 29/39 Brunswick 
Square, London WC1N 1AX, UK.

The N-methyl-D-aspartateRl (NMDAR1) and NMDAR2A subunits 
were expressed transiently either alone or in combination in human embryonic 
kidney (HEK) 293 cells. The biochemical and pharmacological properties of the 
cloned receptors were compared with those of adult, rat brain NMDA receptors 
using both immunological methods with a newly-developed anti-NMDAR2A 
(1435-1445) antibody and [3H] MK801 radioligand binding activity. Anti- 
NMDAR2A (1435-1445) antibodies recognised specifically four immunoreactive 
species with Mrs 180 000,122 000, 97 000 and 54 000 in ra t brain but a single 
band with Mr 180 000 in HEK 293 cells singly transfected with 
pCISNMDAR2A. N-Deglycosylation of HEK cell membranes yielded a Mr 165 
000  immunoreactive species which is in agreement with the size predicted 
from the cDNA sequence for the mature NMDAR2A subunit. Coexpression of 
NMDARl and NMDAR2A subunits in HEK 293 cells resulted in cell death. 
Thus conditions were established for the optimum expression of heteromeric 
receptors in viable cells which included a requirement for DL-2-amino-5- 
phosphonopentanoic acid (AP5) in the culture medium post-transfection. Cells 
transfected with pCISNMDARl and pCISNMDAR2A combined yielded a ten
fold increase in the number of [3H] MK801 binding sites compared to single 
subunit expression. MK801, ketamine, tencyclidine and Zn2+ had similar 
affinity for the expressed receptors to those found in adult ra t brain but Mg2+ 
and Ca2+ had fourteen-fold lower affinity for the recombinant receptors. These 
results demonstrate that the NMDARl and 2A receptor subunits coassemble 
to form a heteromeric complex with properties similar but not identical to 
native receptors of adult ra t forebrain.
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37.1
CHARACTERIZATION OF THE HUMAN DELTA OPIOID 
RECEPTOR. D.L. Kaufman. L. Selteri. D. S. Lee. G. S.P. Ting, D. 
Newman. D. Keith. T. Phan. J. Tian. T. Tran. H. Dadgostar, M. 
Giovannini. G. A. Evans. J. D. Barchas* and C.J. Evans. Dept. of 
Psychiatry and Biobehavioral Sciences, University of California, Los 
Angeles CA 90024 and The Salk Insitiute.

The analgesic and addictive properties of opiate drugs arises from 
their ability to interact with receptors for endogenous opioid peptides. 
A family of opioid receptors with different affinities for various 
opioid ligands are differentially expressed throughout the central and 
peripheral nervous systems. Our recent isolation of the first gene 
member of this family, a murine delta opiod receptor (DOR-1) cDNA 
allows the characterization of this gene(s) in human neurogenetic and 
psychiatric disorders. Towards this, we have isolated and 
characterized the human DOR-1 gene and have mapped its 
chromosomal location. We are characterizing its exon/intron structure 
and surrounding polymorphic DNA markers. Additionally, we have 
expressed DOR-1 in a baculovirus expression system which will 
facilitate its pharmacological characterization and analysis of its post- 
translational modifications. Supported by NIDA Center Grant 
#DA05010 and the W.M. Keck Foundation

37.2
MECHANISM OF LOW pH PRETREATMENT-INDUCED MODIFICATION OF 
RECEPTOR-COUPLED G PROTEINS IN NG108-15 CELL MEMBRANES.
D. E. Selley* and S.R. Childers. Dept. Physiol ./Pharmacol., Bowman 
Gray Sch. Med., Wake Forest Univ., Winston-Salem, NC 27157.

Opioid receptors inhibit adenylyl cyclase (AC) by activating pertussis 
toxin (PTX)-sensitive G proteins. Pretreatment of rat brain or NG108- 
15 (NG) cell membranes at pH 4.5, prior to assay at pH 7.4, decreases 
stimulation of AC by Gs and increases receptor-mediated inhibition of
AC. In NG membranes, low pH pretreatment did not increase opioid 
stimulation of low Km GTPase, but did decrease the absolute level of 
low Km GTPase activity in the presence and absence of agonist. This 
decrease was due to a diminution in the Vmax of GTPase, with no 
change in the Km for GTP. Concentration-effect curves for GTP in 
supporting opioid inhibition of AC revealed that low pH pretreatment 
increased opioid inhibition of AC only at GTP concentrations > the Km 
of low Km GTPase for GTP. Low pH pretreatment also decreased basal 
AC in the absence of sodium, consistent with spontaneous activation of 
AC-inhibitory G proteins by opioid receptors in the absence of sodium. 
Pretreatment of NG cells with 100 ng/ml of PTX for 20 hr decreased the 
inhibition of AC by opioids, and completely abolished the low pH 
pretreatment-induced increase in opioid inhibition of AC and the decrease 
in basal AC in the absence of sodium. These results indicate that low pH 
pretreatment decreases the turn-off rate of receptor-coupled PTX- 
sensitive G proteins, resulting in an increase in the efficacy of the 
receptor for inhibition of AC.

Supported by PHS grants DA-02904 and DA-07246 from NIDA.

37.3 37.4
O PIO ID  R E CEPTO R D ISTRIBUTIO N IN TH E M O U SE BRAIN: AN 

IN  S IT U  H Y B R ID IZ A T IO N  S T U D Y . C. S áez, J. Bunzow ._Q .-Y . 
Zhou. C. Bouvier. M. A. Japón. O. C ive lli and D. K. G ra nd y *  
V o llu m  In s titu te , O H S U , P o rtla n d , O R 9 72 01 , P R TB D ept., 
Hoffm ann-LaRoche, Basel, S w itzerland CH -4002.

W e present the d is tribu tion  in the m ouse centra l nervous system  
by in situ  hybrid ization o f the de lta  op io id receptor, recently  c loned 
by  E vans e t al. ( S c ience  258 :195 2 , 1992) and tw o  pu ta tive  
m em bers  of the  op io id  recep to r fa m ily  c lo ned  in o u r la bo ra to ry  
based  on a hom o logy s tra te g y  (re fe rre d  as R-21 and LC -23) . 
An tisense riboprobes w e re  genera ted from  the cD N A ’s and labeled 
w ith 35S by in  v itro  transcrip tion.F rozen m ouse brain sections were 
incuba ted  w ith  these  ribop robes at 60°C  fo r 24  hours. S ections  
w e re  exposed to an a u to rad iog ra ph ic  em u ls ion  fo r tw o  to th ree 
w eeks.The R-21 receptor w as found  in the s tria tum , n. accum bens, 
c laustrum , o lfac to ry  tubercu le , deep  layers  o f the  cortex, p irifo rm  
co rte x , n. e n d o p ir ifo rm is , h y p o th a la m u s , m ed ia n  em in e n ce , 
pe rive n tricu la r tha lam us and in te rped uncu la r nuc leus. The de lta  
recep to r gave the s tron gest s ig na l in the  o lfac to ry  tubercu les , n. 
p irifo rm is  and fron ta l cortex, s tria tum , n. accum bens, it w as a lso 
detected  in severa l tha la m ic  nucle i, habenula , hypo tha lam us and 
in te rp e d u n cu la r nuc leus . T he  p u ta tive  o p io id  re ce p to r  LC -23 
receptor w as w ide ly  d is tribu ted  th roughou t the bra instem  and a lso 
in the  spinal cord, h ippocam pus, tha lam ic and hypo tha lam ic nuclei, 
cortica l layers II and III, locus coeru leus, substan tia  n igra  and gave 
a patchy signal in the stria tum .

ANALYSIS OF MULTIPLE RNA TRANSCRIPTS ENCODING A 
DELTA-OPIOID RECEPTOR. K. Magendzo. A. Merickel. D. KeithJr, and
C. Evans*. Department of Psychiatry, Univ. of California, Los Angeles, 
CA 90024

Recently, Evans et. al. (Science 258:1952-55,1992) and Keiffer et. al. 
(PNAS 89: 12048-52,1992) reported the cloning of a delta-opioid receptor 
cDNA (DOR-1) from NG108-15 hybrid cells. The product of this 1.8 Kb 
clone binds з н -diprenorphine with high affinity and has the 
characteristics of delta-opioid receptor in NG108-15 cells. Analysis of 
mRNA from NG108-15 cells and rodent brain indicates the presence of 
multiple DOR-1 transcripts which could represent products of different 
genes and/or alternate RNA processing with the possibility of generating 
various delta-opioid receptor subtypes. Recently we have isolated a 4.0 
Kb cDNA clone from NG108-15 cells containing the entire 1.8 Kb DOR-1 
plus 2 Kbs of additional З’-untranslated region. Using probes from the 3'- 
end of this clone, we determined that some transcripts represent variable 
sizes of the З'-untranslated region, possibly due to alternate poly(A) 
signal selection. Northern analysis of mRNA from different regions of 
rodent brain reveals that, where delta-opioid receptor mRNA is detected, 
aH DOR-1 transcripts are expressed and with the same relative 
abundance. Peripheral tissues such as spleen, liver, lung, kidney, heart, 
gut, and skeletal muscle did not show the presence of DOR-1 transcripts 
by Northern analysis, although low levels of expression may be revealed 
by more sensitive techniques.
Supported by NIDA Center Grant # DA-05010 and the W.M. Keck 
Foundation

37.5
KAINIC ACID-INDUCED STATUS EPILEPTICUS DIFFERENTIALLY 
ALTERS PREPROENKEPHALIN mRNA LEVELS IN HIPPOCAMPUS OF 
MATURE AND IMMATURE RATS. L.K. Friedman*. S.L. M oshé, R .5. 
Zukin. Dept. o f  Neuroscience, Albert Einstein C ollege o f  M edicine Bronx, 
NY . 10461

Seizures induced by kainic acid or kindling lead to alterations in  
neuropeptide levels and gene expression. For exam ple, enkephalin-like  
immunoreactivity in m ossy fiber terminals (Gall, J. Neurosci., 8:1852-1862,
1988) and hippocampal proenkephalin m RNA (M oneta & Holt, N eurosci. 
L ett.. 100:273-278, 1990) were transiently increased after seizures. We 
measured preproenkephalin (PPE) gene expression by in situ  hybridization in 
adult and 14 day rat brains at various times after onset o f  status epilepticus by 
kainate (15 or 4.5 m g/kg i.p., respectively). In control (veh icle injected) 
adults and pups, PPE was expressed at high levels in the striatum and at low  
levels in the hippocampus. In adults, kainate-induced seizures produced 
CA3/CA4 neurodegeneration. PPE expression was significantly increased in 
the dentate gyrus 24 and 48 hrs after status epilepticus. PPE expression was 
unchanged in the vulnerable C A 3/C A 4 region and other hippocam pal 
subfields. At 144 hrs, PPE mRNA levels were at control levels. In contrast, 
in 14 day pups, an age at which kainate does not induce neurodegeneration in 
lim bic structures, PPE expression was selectively increased in the hilus/CA4 
(by 10-fold), in CA3 until the bend, and in piriform cortex 24 hrs after 
seizure onset. PPE expression was unchanged in the dentate and other brain 
regions. Em ulsion-dipped sections revealed that observed changes in adults 
and pups were in mRNA content per neuron. In conclusion, the resistance o f  
CA 3/C A4 neurons to seizures in pups may be related to increased PPE 
expression and synthesis o f  inhibitory neuropeptides.

37.6
DIFFERENTIAL REGULATION OF MU AND DELTA OPIATE RECEPTORS 
IN SH-SY5Y HUMAN NEUROBLASTOMA CELLS. J.E. Zadina*. S.L. Chang1.
L.-.I. Ge. and A-I. Kastin. VA Med. Center and Dept. of Medicine and 
Neuroscience Training Program, Tulane University Sch. of Med., New Orleans, 
LA 70146, and 1Dept. of Physiology, LSU Sch. of Dentistry, New Orleans, LA 
70119.

We have recently shown that mu opiate receptors are down-regulated by 
chronic exposure to morphine in the human neuroblastoma cell line, SH-SY5Y 
(JPET 265:254,1993). The down-regulation was dependent on dose, time, and 
temperature, and was reversed by naloxone. Because SH-SY5Y cells contain 
delta as well as mu receptors, the present study explored the relative effects 
of morphine on both mu (3H-DAMGO-labeled) and delta (3H-pCl-DPDPE- 
labeled) receptors in the same membranes prepared from the cells. Differ
entiation of the cells with retinoic acid (RA) increased both mu and delta 
opiate receptors, but differentiation with the phorbol ester TPA increased mu 
receptors while decreasing delta receptors. Morphine decreased both mu and 
delta receptors regardless of differentiation. The mu selective antagonist 
CTAP blocked morphine-induced down-regulation of mu, but not delta 
receptors. The converse was true for the delta-selective antagonist ICI174864, 
which blocked delta, but not mu receptor down-regulation after morphine. 
CTAP alone up-regulated mu receptors, but at high doses it down-regulated 
delta receptors. ICI 174864 increased delta receptors, while naloxone up- 
regulated both mu and delta receptors. The results show that morphine can 
regulate both mu and delta receptors in SH-SY5Y cells, that appropriate 
manipulations can separate mu from delta regulation, and that the SH-SY5Y 
cell line is a useful model for studying mu and delta receptors simultaneously 
in the same preparation.
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37.7
REGULATION OF MU AND DELTA OPIATE RECEPTORS BY SELECTIVE 
AGONISTS IN SH-SY5Y HUMAN NEUROBLASTOMA CELLS. L.Harrison*,
J.E. Zadina. L.-J. Ge. S.L.Chang1. and AJ. Kastin. VA Med. Center and Dept. 
of Medicine and Neuroscience Training Program, Tulane University Sch. of 
Med., New Orleans, LA 70146, and 1Dерt  of Physiology, LSU Sch. of Dentistry, 
New Orleans, LA

Recent work in our laboratory has shown that mu and delta opiate 
receptors are down-regulated by chronic exposure to morphine in the human 
neuroblastoma cell line, SH-SY5Y (JPET 265:254,1993 and Zadina et al., this 
volume). The down-regulation of mu receptors by morphine was blocked by a 
specific mu antagonist (CTAP) while the decrease in delta receptors was 
blocked by a specific delta antagonist (ICI 174864). In this study, we tested the 
effects of the mu-selective agonist PL017 and the delta selective agonist 
DPDPE for their ability to down-regulate mu and delta receptors in SH-SY5Y 
cells. Cells were grown and differentiated with retinoic acid, and membranes 
prepared as described (JPET 265:254, 1993). Receptor binding parameters 
were determined by saturation assays with the mu selective agonist 3H- 
DAMGO or the delta selective agonist 3H-pCl-DPDPE. PL017 down-regulated 
mu but not delta receptors with maximal effects at about 1μΜ. DPDPE 
decreased delta but not mu receptors with maximal effects at about lOOnM. 
The possibility that incubating cells with agonists produced residual ligand in 
the membranes that could interfere with binding assays was tested directly 
with tritiated agonists. 3H-morphine and 3H-PL017 were most readily removed 
by the wash procedure, while %-DPDPE and especially 3H-pCl-DPDPE were 
more resistant The residual was insufficient, however, to account for the 
down-regulation. The results further support separable regulation of mu and 
delta receptors in a neuronal cell line (SH-SY5Y) that contains both receptors.

37.9
DEVELOPMENTAL EXPRESSION OF OPIOID RECEPTOR mRNA IN 
TWO MODEL SYSTEMS M.E. Abood and C.R. McLaughlin*. Dept. 
of Pharmacology/Toxicology, Virginia Commonwealth University, 
Richmond, VA 23298.

The recent cloning of a delta opioid receptor affords the oppotunity to 
examine its developmental expression. Using a probe to the delta opioid 
receptor (DOR - kindly provided by Dr. Chris Evans, Science 258: 1952, 
1992), we examined mRNA levels in PC 12 rat pheochromocytoma cells 
and neonatal rat brain. PC12 cells have been useful as a model system for 
neuronal development, since following treatment with nerve growth factor 
(NGF), they develop a neuronal phenotype. In one subclone of PC 12 
cells, РС12Һ, low levels of б -type opioid receptors markedly increase in 
response to NGF, as assessed by receptor binding. We find a single species 
of DOR mRNA of approximately 6 kb present in РС12Һ cells. This is in 
contrast to the multiple mRNA species seen in Northern analysis o f brain 
RNA and NG108-15 cell RNA. An increase in mRNA levels 
corresponding to DOR is observed following treatment o f РС12Һ cells 
with NGF. We also examined DOR levels in whole brain mRNA prepared 
from rats of the following ages: post-natal days 3, 10, 15, 20, 25, and 
adults. Preliminary results indicate that by postnatal day 3, DOR mRNA 
can be detected in the brain. The levels o f delta opioid receptors have been 
shown by ligand binding to be nearly undetectable at birth, increasingly 
markedly thereafter. Our results suggest the possibility that NGF may an 
important inducer of DOR expression during development. (Supported by 
DA-06867, DA-01647 and DA-05274)

37.11
KAPPA RECEPTOR m R N A  DISTRIBUTION IN THE RAT BRAIN: 
COMPARISON TO KAPPA RECEPTOR BINDING A N D  DYNORPHIN  
mRNA. A. Mansour*· F. M eng. R.C. Thom pson. G. Xie, H. Akil and S.J. 
Watson. Mental H ealth Research Institute, University o f M ichigan, Ann  
Arbor, MI 48109

Three op io id  receptor types have been identified  in  the CNS and  
periphery that are referred to as μ, δ, and к. The present study examines 
the m RNA distribution  o f the kappa receptor in  the rat brain and  
compares it to the d istribution o f kappa receptor b in d in g sites and  
dynorphin m RN A using a com bination o f in situ  h y b rid ization  and  
receptor autoradiographic techn iqu es. K appa receptor m R N A  was 
identified w ith  a cR N A  probe generated w ith  a BAM H I-H IN D  III 
fragment of the rat kappa receptor (M eng et al, Neurosci. Abstract, 1993). 
This cRNA probe corresponds to the COOH end o f the protein and extends 
to the 3' untranslated region. D ynorphin m RN A w as localized w ith  a 
cRNA probe generated to a BAM HI-HINC II fragm ent, w h ile  the kappa 
binding sites were labeled either w ith  [3H] brem azocine in  the presence  
of a 300 fold excess of μ  and б blockers or w ith  the selective kappa ligand  
l3H]U69,593. A n excellent correspondence w as observed betw een kappa 
receptor b inding sites and m R N A  in  the caudate-p u tam en, nucleus 
accumbens, parietal cortex, olfactory tubercle, hypothalam us (preoptic, 
su p ra o p tic , p araven tricu lar, d o r so m e d ia l v en tro m ed ia l n u cle i)  
am ygdala (central, basolateral, m ed ial, cortical) and paraventricular  
thalamus. These results w ill be d iscu ssed  in relation to the distribution  
of dynorphin and possib le opioidergic circuits. In addition, the kappa 
receptor m RN A distribution w ill be com pared to a rat delta and a 
putative m u receptor mRNA distribution.

37.8
C L O N IN G  A N D  C H A R A C T E R IZ A T IO N  O F  N O V E L  
O PIO ID  RECEPTOR G EN ES. J.Bunzow. A. MansourL C. 
Saez. C. Bouvier. S. W atson1. 0 .  Civelli2*. and D. Grandy. 
Vollum Institute, O H SU , Portland, Oregon 97201, 1Mental 
Health Research Institue, U. of Michigan, Ann Arbor, Ml 
48109  and 2PRTB Dept., Hoffmann La Roche, Basel, 
Switzerland C H-4002.

The opioid receptor family has been extensively 
characterized pharmacologically but until the recent cloning 
of the б-opioid receptor the molecular identity of these 
receptors has not been known. Our strategy towards 
cloning new members of this family involves PCR using 
degenerate  prim ers based on the б-opioid receptor 
structure and low stringency screening of libraries with the 
б-opioid receptor as a probe. W e have identified 5 other 
members of this family by the PCR approach and are in the 
process of obtaining full length clones for these putative 
opioid receptors. Also several clones from cDNA libraries 
which are distinct from the δ-opioid have been isolated. 
These clones will be expressed in eukaryotic cells and 
pharmacologically characterized.

37.10
C O N C U R R E N T  L O C A L IZ A T IO N  O F  O P IO ID  P E P T ID E ,  D O P A M IN E  
R E C E P T O R ,  AN D  K A P P A  O P IO ID  R E C E P T O R  m R N A s W ITH IN  T H E  
R A T  S T R IA T U M  U S IN G  D O U B L E  IN S IT U  H Y B R ID IZ A T IO N .
E .J .  C urran * . A . M anso ur. F . M eng. R .C .  Th o m p so n . H. Akil. and  S .J .  
W a t s o n .  M ental H e a lth  R e s e a r c h  Institu te , T h e  U n iv e rs ity  of 
M ichigan, A n n  Arbor Ml 4 8 1 0 9 .

N o n -rad io active  a n d  ra d io active  in situ  hyb rid ization  m eth o d s  
w e re  u se d  to co n cu rren tly  e xa m in e  the distribution of two different 
m R N A s within the d o rsa l an d  ventral striatum  of the rat. T h e  m R N A  
distributio n  of e n k e p h a lin , d yn o rp h in , the  D1 a n d  D 2 d o p am in e  
rece p to rs, an d  the ka p p a  opioid recep to r (M eng et a l, S o c  N e u ro sc i  
A b s t r a c t ,  1 9 9 3 )  w e re  e x a m in e d . W ith in  e a c h  h yb rid iza tio n  
exp erim en t, a  riboprobe co m p le m en ta ry  to o n e  m e s s a g e  of interest 
w a s  lab e le d  with d igoxigenin  w hile  a  se c o n d  probe co m p lem en tary  
to a  d ifferen t m e s s a g e  w a s  la b e le d  with 35S .  S p e c if ic  non- 
ra d io a c t iv e  s ig n a l w ith  lo w  b a c k g ro u n d  w a s  o b s e r v e d  for 
e n k e p h a lin , d y n o rp h in , D 1 , an d  D 2  c R N A s .  T h e  m R N A s  for 
e n k ep h a lin  an d  D 2 w e re  co lo ca liz e d  in the striatal c e l ls  e xam in ed  
w h e re a s  no co lo ca lizatio n  w a s  o b se rv e d  for enkep h alin  an d  D 1 . In 
co n trast, d ynorphin  m R N A  w a s  c o lo ca liz e d  w ith D1 but not D 2  or 
e n k ep h a lin  m R N A s. T h e  m R N A  distribution of the ka p p a  recep tor  
within the striatum  relative to enkep h alin , dynorphin, D 1 , an d  D 2 will 
b e  d is c u s s e d . F u rth er, the  lo ca liza tio n  of th e s e  d o p a m in e  an d  
opiate  m arke rs will b e  d is c u s s e d  jn  relation to drug rew ard  circuitry.

37.12
CLONING A N D  PHARMACOLOGICAL CHARACTERIZATION OF A 
RAT KAPPA OPIOID RECEPTOR
Fan Meng*. G uo-xi Xie. Robert C. T hom pson, A lfred M ansour, Stanly J. 
W atson and H uda Akil. M ental H ealth Research Institute, University of 
M ichigan, Ann Arbor, MI 48109.

A  full-length cD N A  w as isolated from  a rat striatal library using  
low  stringency screening with tw o PCR fragments; one corresponding to 
transmembrane dom ain 3-6 o f the m ouse delta receptor(Evans et al, 1992, 
Science, 258,1952-5; Kieffer et al, 1992, PNAS, 89,12048-52) and a second  
presently unidentified fragment hom ologous to the delta receptor. COS-1 
cells transfected w ith  this cD N A  show ed high affinity binding for 
[3H]]U69,593, a selective kappa agonist, w ith  a Kd o f 1.4 n М. The kappa 
receptor clone encodes a seven transmembrane protein containing 380 amino 
acid residues and show  a nearly 60% identity to the m ouse delta receptor at 
the am ino acid level. Preliminary com petition data w ith  [3H]]U69,593 as 
the labelling ligand suggest that this clone has a h igh affinity for kappa 
agonists and antagonists(dynorphin>nBNI>U50,488) w h ile m u and delta 
selective ligands, such a s , DAGO and DPDPE fail to bind to this receptor. 
Furthermore, binding w as stereospecific; levorphanol bound w ell but 
dextrorphan failed to bind to this receptor. Future studies are planned to 
further pharm acologically characterize this receptor and exam ine it's 
distribution in the CNS and periphery.
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37.13
REDUCTION OF DELTA OPIOID BINDING IN NG108-15 
NEUROHYBRID CELLS BY A SPECIFIC ANTISENSE  
OLIGONUCLEOTIDE. K.M. Standifer* l.C-C.Chien1, 3  C. 
Wahlestedt2. and G.W. Pasternak1,2. 1The Cotzias Laboratory of 
Neuro-Oncology, Memorial Sloan-Kettering Cancer Center and 
2Depts. of Neurology/Neuroscience and Pharmacology, Cornell 
University Medical College, NY, NY  10021 and ^Cathay General 
Hospital, Taipei, Taiwan.

Recently, the sequence of the mouse delta opioid receptor from 
NG108-15 neuroblastoma x glioma hybrid cells was deduced 
through expression cloning. The expressed receptors demonstrate 
characteristic delta receptor binding and functional activity, 
including inhibition of stimulated adenylate cyclase. Another 
approach to confirm the identity of this cloned receptor is to use 
antisense paradigms which have been successful with other 
receptors. Incubation of sense, nonsense or mismatched 
oligonucleotides in NG108-15 cultures do not lower ^H-DPDPE  
binding. However, inclusion of antisense based upon the reported 
structure of the delta opioid receptor signficantly reduces levels of 
opioid binding. Loss of binding sites was concentration- 
dependent, ranging from 30% to 90% with antisense 
concentrations of 1-25 μΜ. Receptor loss was detected after 3-5 
days of incubation. These results support the proposed structure 
of the mouse delta receptor and demonstrate the potential utility 
of antisense strategies in further studies of opioid receptors.

37.15
CHARACTERIZATION OF MONOCLONAL AND POLYCLONAL 
ANTIBODIES TO ZETA (f) OPIOID RECEPTOR BINDING 
POLYPEPTIDES. Patricia J. McLaughlin*. Denise M. Gibo. 
Gretchen M. Allison, and Ian S. Zagon. Dept. 
Neuroscience and Anatomy, Penn State Univerity College 
of Medicine, Hershey, PA 17033.

Opioid growth factor, [Metr ]-enkephalin, is an 
inhibitory agent related to cell proliferation and 
maturation that interacts with the ζ receptor to 
modulate growth. Polyclonal and monoclonal antibodies 
were produced to binding subunits identified by ligand 
blotting of 2-dimensional gels. Using Western 
blotting, the polyclonal antibodies and some of the 
monoclonal antibodies recognized all 4 binding 
polypeptides (32, 30, 17, and 16 kD) in developing rat 
cerebellum; no reaction was recorded in adult 
cerebellum. In addition, some monoclonals were able 
to distinguish only certain subunits (e.g., 17 kD).
The monoclonal antibodies, along with Fiab'U 
fragments, blocked the binding of [3H]-[Met5]2- 
enkephalin to preparations of developing cerebellum. 
Both the polyclonal and monoclonal antibodies 
immunoprecipitated ζ opioid binding polypeptides. 
Immunocytochemistry performed with polyclonal 
antibodies showed immunoreactivity associated with 
proliferating and differentiating cerebellar cells, 
but no specific staining was detected in the adult 
cerebellum.
Supported by NIH grant NS-20500.

37.17
PURIFICATION AND CHARACTERIZATION OF PEPTIDE  
FRAGMENTS OF [3H ]ß-FU N A L TR E X A M IN E-LA BEL ED  μ  
OPIOID RECEPTORS. C. СҺen, Y.-W. Chen. K.-L. Hsi. L.-Y, Liu-
Chen*. Depts of Pharmacology and Microbiology & Immunology, Temple Univ. 
School of Medicine, Philadelphia, PA; Applied Biosystems Inc., Foster City, CA.

We have demonstrated previously that under defined conditions, [^Hjß- 
funaltrexamine ([3H]ß-FNA) labels μ  opioid receptors with high specificity and 
that μ  opioid receptors are the only labeled proteins following wheat germ lectin 
(WGL) affinity chromatography. We thus generated antibodies that recognize ß- 
FNA to purify the labeled receptor fragments. Rabbit polyclonal antibodies were 
generated against an analog o f ß-FNA, N-hemisuccinoyl ß-naltrexamine (HSßNA), 
which was conjugated to KLH. Specific antibodies were purified by use of an 
HSßNA affinity column. Purified antibodies were used for the construction of 
immunoaffmity columns. The WGL eluate was treated with trypsin, elastase, α - 
chymotrypsin or papain for various periods and the labeled peptide fragments were 
visualized by fluorography after SDS-PAGE. The Mr of these labeled fragments 
ranged from 1,000 to 40,000. Due to the low-yield of elastase and Chymotrypsin 
digestion and the propensity of trypsin-generated fragments to aggregate, we chose 
to purify papain-generated fragments. The papain 30-min treated preparation was 
boiled and applied onto the immunoaffmity column. The adsorbed peptides were 
eluted with 0.5% TFA in 0.7% octylglucoside. This column purified the labeled 
fragments ~1000-fold with a recovery of ~70%. Affinity-purified fragments were 
further separated three times using a reverse-phase narrow-bore column (C4 , 2 x 50 
mm). Two fragments have been purified to apparent homogeneity with Mr of 
~1000 and ~2500, respectively, as estimated from SDS-PAGE. Both fragments 
have ~5% of overall yield based on calculation o f radioactivity recovered from 
WGL eluate. We are in the process o f determining molecular weights by mass 
spectroscopy and amino acid sequences by Edman degradation.
(supported by NIDA grant 04745 and A.P. Sloan Fundation)

37.14
LOCALIZATION OF AN mRNA HOMOLOGOUS TO DELTA AND KAPPA 
OPIOID RECEPTOR mRNAS THAT PARALLELS A MU OPIOID 
RECEPTOR DISTRIBUTION IN THE CNS. R.C. Thompson*. A. Mansour. H. 
Akil. and S.J. Watson. Mental Health Research Institute, The University of 
Michigan, Ann Arbor Ml 48109.

Using the polymerase chain reaction and oligonucleotide primers based 
upon the NG108 delta opioid receptor (Evans, et al, 1992, Science 258, 
1952-5; Kieffer et al, 1992, PNAS, 89, 12048-52), we isolated a cDNA 
fragment which has homology to the mouse delta and the rat kappa (Meng 
et al, S o c  Neurosci Abstract, 1993) opioid receptors. The present study 
characterizes this cDNA further by examining its distribution in the CNS and 
determining whether it corresponds to a known opioid receptor distribution. 
Using in Siili hybridization techniques, we detected this mRNA in several 
areas of the CNS. In the forebrain, we observed moderate to high amounts 
of the mRNA in striatal patches and in the subcallosal streak, olfactory 
tubercle, several thalamic nuclei (particularly high in the medial habenula), 
hippocampus and dentate gyrus and the lateral septum. In the midbrain, 
moderate to high amounts of the mRNA were observed in several nuclei 
including the medial geniculate and interpeduncular nuclei. In the 
brainstem, the mRNA was detected in the nucleus of the solitary tract and 
the locus coeruleus. This mRNA distribution is distinct from the distribution 
of both delta and kappa opioid receptor mRNAs in rat CNS (Mansour et al., 
S o c  Neurosci Abstract, 1993) and appears to parallel the distribution of mu 
opioid receptor binding sites. Comparisons to the distribution of mu 
receptor binding sites will be presented.

37.16

IMMUNOHISTOCHEMICAL LOCALIZATION OF μ  OPIOID 
RECEPTORS IN RAT BRAIN WITH ANTIBODIES AGAINST A 
PEPTIDE SEQUENCE DERIVED FROM A PURIFIED OPIOID 
BINDING PROTEIN (OBP). J.M.Hiller. G.Bing,
E.Stone. T.L.Gioannini and E.J.Simon* Dept. 
Psychiatry, N.Y.U. Med.Cent. New York, NY 10016.

The purification to homogeneity of an active 
μ  OBP from bovine striatal membranes has been 
reported by our laboratory. Peptide fragments, 
generated by CNBr cleavage of OBP, have been 
microsequenced and polyclonal antibodies (Abs) 
against synthesized segments of these peptides 
have been produced in rabbits. Ab 165, used in 
this study, was purified by affinity 
chromatography. Brains from male rats, perfused 
transcardially with saline and paraformaldehyde, 
were removed, frozen and sectioned. Immunohist- 
ochemical staining with Ab 165 was carried out by 
the avidin-biotin procedure. Antibody, preabsorbed 
with antigen, was used as control.

Immunoreactive cell bodies, fibers and termin
als were found in abundance in the caudate putam
en, CA1-CA3 and dentate gyrus of the hippocampus, 
lateral dorsal thalamus , olfactory tubercle and 
in laminae 1 and 2 of the dorsal horn of the cer
vical spinal cord. The distribution cor relates 
with autoradiographic data on the distribution of 
μ  opioid binding sites. (Supported by grant 
DA00017 from NIDA).

37.18
CLONING OF OPIOID RECEPTORS FROM RAT BRAIN. R. L. Zastawny. T. 
Nauyen. R. Cheng. R. Briones-Urbina*. S. R. George and B.F. O’Dowd. 
Addiction Research Foundation and Department of Pharmacology, University 
of Toronto, Toronto, Ontario, CANADA, M5S 1A8.

Biochemical and pharmacological studies have provided evidence for the 
existence of at least 3 classes of opioid receptors, delta, mu and kappa 
However, to date, only cDNA sequences encoding for the mouse delta 
opioid receptor has been reported. In an effort to identify other members 
of the opioid receptor gene family, we synthesized degenerate 
oligonucleotides, encoding for regions conserved between the mouse delta 
opioid receptor and other G protein-coupled receptors, which were used as 
primers to amplify opioid receptor sequences from rat brain using RT-PCR. 
Using this technique, partial cDNA sequences encoding for 3 opioid-like 
receptor genes were isolated. One sequence shares >95 % identity (amino 
acid) to the mouse delta opioid receptor, which we presume to be the rat 
equivalent of the mouse delta opioid receptor. The other 2 sequences share 
~65% sequence identity with the mouse delta receptor and with each other, 
and thus, may represent other members of the opioid receptor gene family. 
The latter 2 sequences were subsequently used as probes to screen a rat 
brain cDNA library. Full-length cDNAs encoding for these 2 genes have 
been isolated. We are currently expressing these clones in COS cells in 
order to characterize their pharmacological properties. Furthermore, we are 
investigating the anatomical distribution of these 3 cDNAs by Northern blot 
analysis and in situ hybridization using gene-specific oligonucleotides.
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3 8 .1
BENZO[A]PHENATHRIDINES: STRUCTURALLY RIGID MOLECULES 
TO EXAMINE D1 DOPAMINE RECEPTOR ACTIVATION. R.B. Mailman1*,
V.J. Watts1. C.P. Lawler1. Oun-Yong Zhou2. O. Civelli3. T. Knoerzer4,and D.E. 
Nichols4. University of North Carolina1, Chapel Hill, NC 27514, Oregon Health 
Sciences University2, Portland OR, 97201, Hoffman-LaRoche3 Basel,Switzerland 
and Purdue University4, W. Lafayette, IN. 47907.

The hexahydrobenzo[a]phenanthridines represent a novel class of dopamine D1 
receptor agonists that have provided important new tools for examining D1 receptor 
function. Dihydrexidine (DHX), the series prototype, was reported to be the first 
potent full efficacy Dļ agonist, and has recently been shown to have dramatic 
antiparkinsonian effects in MPTP-treated monkeys. Structure activity studies of a 
series of DHX analogs have been performed to understand the chemical features that 
affect intrinsic efficacy. We have reported previously that methyl addition at either 
the 2- or 3- positions of DHX (the pendent phenyl ring) does not affect Dļ efficacy in 
rat striatal homogenates, whereas addition of an N-n-propyl group resulted in a 
marked loss of efficacy and potency. In the present study, we examined the effects of: 
both hydroxy substitution at the 2- or 3- position of DHX, and methyl substitution at 
the 3- or 4- position of N-n-propyl-DHX (PrDHX). Agonist efficacies to stimulate 
the enzyme adenylate cyclase (relative to that of dopamine) were compared in three 
model systems, two of which have a high density of Dļ receptors [rat striatal 
homogenates, and Ltk-cells transfected with the human D 1A receptor (Ltk-hD1)]. 
The third [Ltk-hDl cells that had been treated with the irreversible receptor 
alkylating agent EEDQ (see Watts et al., SON, 1993)] are receptor-depleted, and 
presumably have fewer spare receptors. Hydroxy substitutions at the 2- or 3- position 
of DHX resulted in agonists having full efficacy in both rat striatum and control Ltk- 
cells. In the receptor-depleted EEDQ-treated Ltk-hD1 cells, DHX retained full 
efficacy, whereas both 2-methyl and 3-methyl substituted compounds were of slightly 
lower efficacy. Similar to PrDHX, 3-methyl-PrDHX showed minimal efficacy at 
stimulating adenylate cyclase in rat striatum. Unexpectedly, 4-methyl PrDHX was ca 
80% as efficacious as dopamine in rat striatum. Not only are these findings useful in 
understanding structural features engendering full efficacy, but certain members of 
this structural class could have potential research or clinical applications.

3 8 .3

F U R T H E R  C H A R A C T E R I Z A T I O N  O F  D 1A A N D  D 1B  D O P A M IN E  
R E C E P T O R S  IN R A T  K ID N E Y . Lovd  H . B u rg e ss* . F red erick  J . M onsm a. Jr..
Y o n a  S h e n .  P e d ro  A . J o s e .  a n d  D a v id  R . S ib le y · M o le c u la r
N eu ro pharm aco logy S e ct io n , E T B ,  N IN D S , NIH  B e th e sd a , M D 2 0 8 9 2  and  
Departm ent P e d iatrics, G eorgetow n U niversity, W ash ington , D .C . 2 00 07 .

W e  ha ve  p reviously  reported on the cloning of a  novel D-į в  dopam ine  
receptor su b ty p e  from rat k idn ey proxim al co n vo lu ted  tubule . P o ly m e ra se  
chain reaction (P C R )  a n a ly s is  of D-i a  a n d  D i B receptor m R N A  iso lated  from  
various kidney reg io n s d em onstrated  sign ificant am o u n ts  of m R N A  encoding  
both D ļ receptor su b ty p es  in the proxim al convoluted  tubule, inner a n d  outer 
m edulla, a s  w ell a s  the g lom eruli. P C R  w a s  a lso  u se d  to am plify the entire  
coding region of the D-į a  a n d  D-|B receptor g e n e s  from sp le n ic  g en om ic D N A  
of both the sp o n ta n e o u s h yp erten sive  rat (S H R )  a n d  its parenta l stra in  - the  
W K Y  rat. A lthough the S H R  rat exh ib its  d e fe ct iv e  D-| re ce p to r-e ffecto r  
coupling in the k idn ey, s e q u e n c e  d eterm inatio n  of both the D-i a  a n d  D i B 
g en es revea led  no d iffe ren ce s in the am ino  a c id  se q u e n c e  b etw een the S H R  
and the W K Y  rats. A  full length k idney-derived cD N A  encod in g  the entire rat 
D 1B receptor w a s  stab ly  transfected  a n d  e x p re sse d  in C h in e se  h am ster ovary  
(C H O ) c e l ls .  A  ce ll line e x p re s s in g  a b o u t 4 0 0  fm ols/m g protein  w a s  
pharm acologically ch a ra cte rized  by a n a lyz in g  com petition of [3 H ]-S C H -2 3 3 9 0  
binding. A  stab ly  transfected  D-j a  e x p ress in g  C H O  cell line w a s  co -an a ly zed  
for com parison. Saturation a n a ly s is  revea led  K d v a lu e s  of 0 .3 -0 .5  nM for [3H]- 
S C H -2 33 9 0  to both ce ll lin e s . A p p a re n t inhib itory c o n s ta n ts  (K i) w e re  
m easured  by com petition of [3 H ]-S C H -2 3 3 9 0  binding in C H O  cell m em branes. 
K i's  w e re  sim ila r for the m ajority of d ru g s tested  with the following notable  
exceptions: d o pam ine exhibited a  ~ 10-fold higher affinity for D 1 b  v e rsu s  D 1A; 
C Y  208 -2 43  ~5-fold h igher affinity for D 1 B ; A 6 6 2 5 9  ~ 10-fold low er affinity for 
D 1B; and N N C -68 7  ~10-fold lower affinity for D 1B than D 1A.

3 8 .5

RELATIVE INTRINSIC EFFICACY AND FUNCTIONAL AFFINITY 
CONSTANTS OF DRUGS IN C6 GLIOMA CELLS STABLY EXPRESSING THE 
D1A DOPAMINE RECEPTOR. R.E.Wilcox*..C. K. Mak. M.N. Avalos. P. K. 
Randall. S. - W. Kwan. C. W. Abell, and J. L. Neumever. Institute for 
Neuroscience, Univ. of Texas, Austin, Texas 78712 and Research Biochemicals Inc., 
Natick, MA.

Rat C6 glioma cells which do not normally express DA receptors have been 
transfected with the primate D1A DA receptor and induced to express this receptor in 
a stable manner [courtesy of Dr. Kim Neve, Oregon Health Sciences Center]. Using 
cAMP accumulation in intact cells as a marker, we have measured the functional 
affinity constant [Ka], relative intrinsic efficacy [RIE], and intrinsic activity [IA] of 
drugs acting at the D1A dopamine receptor expressed in the C6-D1A line. We used 
the following as test drugs: a novel agent, Br - APB with potential dopamine agonist 
properties [Br-APB: 3-allyl-6-bromo-7,8- diuhydroxy-1- phenyl-2,3,4,5-tetrahydro-lH 
-3-benzazepin], fenoldopam, R-[-]-apomorphine [APO], and SKF38393. The logistic 
slope could be shared across experiments and was 1.36 ±  0.07. Other parameters 
were allowed to diverge and were as follows: min. response = 1.62 ±  0.36, max. 
response = 21.84 ±  0.43 pmoles cAMP/80,000 cells.
Drug IA RIE Ka EC50 n

[0-1] [0-1] uM uM
DA 1.0 1.0 0.58 0.07 7
Br-APB 0.93 0.25 0.41 0.09 3
Fenold. 0.82 0.46 0.02 0.004 3
APO 0.82 0.19 0.80 0.36 3
SKF 0.32 0.07 0.16 0.29 3

To our knowledge this represents the first calculation of actual RIE & Ka values 
for DAergic drugs for any DA receptor selectively expressed in a clonal cell line. The 
RIE and Ka values for a drug are considered to be tissue independent properties and, 
thus, useful for drug discovery, in contrast to IA and ECSO values which depend upon 
the particular tissue and assay conditions.

3 8 . 2

EFFICACY OF Dj DOPAMINE RECEPTOR AGONISTS: THE ROLE OF 
SPARE RECEPTORS. V J, Watts1*, C.P. Lawler1, A .J-Gonzales1, Qun-Yong 
Zhou2 O. Civelli3. D.E. Nichols4 and R.B. Mailman1. University of North Carolina1, 
Chapel Hill, NC 27514, Oregon Health Sciences University2, Portland OR, 97201, 
Hoffman-LaRoche3 Basel,Switzerland and Purdue University4, W. Lafayette, IN. 
47907.

The present studies examined the role of spare receptors in the observed 
efficacy of a series of dopamine Dļ receptor agonists. Using stimulation of adenylate 
cyclase as the functional endpoint, agonist efficacy (relative to dopamine) was 
evaluated in three cell lines (Ltk, GH4, and C-6) expressing the primate D1A 
receptor. Dihydrexidine (DHX), reported to be a potent full efficacy agonist with 
dramatic antiparkinsonian actions, displayed full efficacy in all three expression 
systems. Both SKF82958 (a full efficacy agonist in rat striatum) and SKF38393 
(partial efficacy in rat striatum) were fiilly efficacious in a cell line (GH4) that 
expressed a high density of D, receptors. Conversely, in C-6 cells (a system with 
fifteen-fold fewer receptors), SKF82958, as well as SKF38393, were of partial 
efficacy. These data suggest that spare receptors are an important determinant of 
observed efficacy. This issue was explored further by eliminating ca. 90% of Dt 
receptors in Ltk cells using the irreversible receptor alkylating agent EEDQ. While 
EEDQ pretreatment decreased the potency of all agonists, it changed efficacy 
(relative to dopamine) only of specific drugs. The largest decrease in efficacy was 
with the partial agonist SKF38393. The purported full agonists SKF82958 and a 
thienopyridine (SKF89626) also showed decreased efficacy, whereas DHX and 
A68930 did not. The decreased efficacies of SKF38393 or SKF82958 were 
associated with an ability to antagonize the stimulation of cAMP synthesis induced 
by dopamine in EEDQ-treated cells. In contrast, DHX was additive with a 
submaximal concentration of dopamine. These studies provide additional evidence 
that spare receptors are one crucial factor in biochemical efficacy. The data also 
demonstrate that large differences in intrinsic efficacy (e.g., DHX vs. SKF82958) 
may be obscured in test systems that have sufficient receptor reserve (e.g., the 
striatum). Such differences in intrinsic efficacy may be an important predictor of the 
clinical utility of full Dj agonists. (Supported by MH40537 and MH42705).

38.4
DIHYDROXY-TETRAHYDROPROTOBERBERINES INVOLVING 
INTRINSIC D-, AGONISTIC ACTIVITY IN EXPERIMENTS 
OF ROTATION AND RECEPTOR BINDING
G.Z. Jin* . Z.J. Dona and C.L. Chen
Shanghai Institute of Materia Medica, Chinese 
Academy of Sciences, Shanghai 200031, China.

SPD, a lead compound of (-)-THPB, is a novai 
antagonist of DA receptors, but it shows the D 1 
agonist action in the rotation. A lots of (-)- 
THPB analogs were studied their SAR between 
rotation and two components of D^ binding sites 
by computer-assisted interative curve fitting 
programmes. The experiments showed that (-)THPB 
analogs with two OH groups attaching at C2 , C 3 , 
C q or/and C 10 exhibited the relevance between 
the agonist action and two binding sites. GTP 
could mo d u l a t e  their D^ high affinity, and 
shifted the binding curve towards right. The 
(-)-THPB with one or none OH group had no 
agonistic effect. One (+)-analog and one homo- 
C ring analog of d i h y d r o x y - T H P B  had agonist 
effect neither. Therefore, (-)-dihydroxy-THPB 
analogs had the stereo-specificity to the Dļ 
agonist effect.

38.6
THE PHARMACOLOGY OF SOME NOVEL 10-SUBSTITUTED 
DERIVATIVES OF OLANZAPINE P.E.Tupper*. F.P.Bvmaster.
D.O.Calligaro. J.Fairhurst T.M.Hotten. and D.T Wong.
Lilly Research Centre Ltd., Eli Lilly and Co., Erl Wood Manor, 
Windlesham Surrey, UK.GU20 6PH, and Eli Lilly Research 
Laboratories, Lilly Corporate Centre, Indianapolis Indiana 46285 

Olanzapine {2-methyl-4-(4-methyl-l-piperazinyl)-10H-thieno[2,3- 
b][l,5] benzodiazepine) is a novel potential antipsychotic drug which, 
like the atypical agent clozapine, has high affinity for a number of 
receptor subtypes including dopaminergic (D1/D2), serotonergic 
(5HT2) and muscarinic (Mi). As part of our continuing investigation 
into the biological activity of derivatives of olanzapine, we have 
studied the in-vitro pharmacology of a series of 10-alkyl substituted 
analogues. The introduction of an appropriate 10-alkyl substituent 
abolished affinity at dopaminergic (D2), noradrenergic (aı/ a2) and 
serotonergic (5HT2) receptor subtypes whilst not significantly 
affecting activity at dopaminergic (Di) or muscarinic (Μχ) receptor 
subtypes. The activity which the parent drug has at histamine (Ηχ) 
receptors is also significantly reduced following 10-substitution. 
Interestingly, as a result of 10-substitution with an alkyl chain of > 3 
atoms, marked 5HT3 receptor affinity has been revealed. Given that 
there is a firm neurochemical rationale for both dopaminergic (Dx) 
and serotonergic (5HT3) receptor antagonists having potential utility 
as antipsychotic agents, the combination of these two actions within 
one molecule, at approximately equipotent levels, represents an 
interesting novel profile of activity.
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38.7
SCH 39166 AFFINITY FOR THE CLONED DOPAMINE RECEPTORS.
M.A. BUCK TICE,* T. HASHEMl. L .A. TAYLOR. P, K. GRANPY† AND
R.D. McQUADE.CNS Pharmacology, Schering Plough Research 
Institute, Kenilworth, NJ 07033 † Vollum Institute for Advanced 
Biomedical Research, Portland, Oregon 97201.

SCH 39166 ((-)-trans-6,7,7a,8,9,13b-hexahydro-3-chloro-2-hydroxy-N- 
methyl-5H-benzo-(d)naphtho(2,1b)azepine) is a novel benzonaphthazepine 
that has been shown to be a selective D1 dopamine receptor antagonist. 
SCH 39166 is currently undergoing clinical trials for the treatment of 
schizophrenia. In vitro and in vivo binding studies performed in rat striatum 
revealed that (3H)SCH 39166 selectively binds to D1 receptors in a 
saturable, high affinity fashion.

Molecular cloning techniques have been used to identify five unique 
dopamine receptors. Characterization studies have been conducted to 
confirm the selectivity of SCH 39166 to these cloned receptors. The 
individual receptor genes have been subcloned into the expression vector, 
pCD-PS and transfected into mammalian tissue culture cells. The D1-D5 
dopamine receptors have been divided into two groups, HD1 -like" and "D2- 
like", to reflect amino acid identity, functional similarity and similar 
pharmacological properties. The D5 receptor has been grouped with the D1 
receptor and the D3 and the D4 receptors are considered to be similar to the 
D2 receptors. The D1 selective antagonist, SCH 39166, has been found to 
show high affinity for the D1 and D5 receptors with Ki values of 5.0 and 4.4 
nM, respectively. Other related benzazepines such as SCH 23390 were 
analyzed and found to bind with nanomolar affinity to the HD1 -like" receptors. 
However,the D2, D3 and D4 receptors exhibited only low micromolar affinity 
for SCH 39166. The D2 selective antagonist, haloperidol displayed high 
affinity for the "02-Ііке" receptors only. A series of agonists were evaluated 
and the D5 receptor had greater affinity for dopamine and SKF 38393 than 
the D1 receptor.

38.9
INTERACTION OF PERMANENTLY CHARGED METOCLOPRAMIDE ANALOGS 
WITH THE D2 DOPAMINE RECEPTOR. L.J. Wallace*. T. Farooqui. K.A. Brooks.
M.W. Harrold. D.D. Miller. N.J.. Uretskv. Ohio State University, Columbus, OH, 
University of Tennessee, Memphis, TN, Duquesne University, Pittsburgh, PA.

The aim of this study was to determine the role of ionic and hydrogen 
bonding in the interaction of substituted benzamides with the D2 
dopamine receptor. Toward this goal, permanently charged analogs 
and tertiary amine analogs, which can interact with the receptor by ionic 
and hydrogen bonding, were synthesized, and their effects on D2 
receptors were evaluated. In both binding studies and in tests of ability 
to reverse the apomorphine-induced inhibition of [3H]-acetylcholine 
release from striatal slices, the permanently charged analogs were 
effective but less potent than the tertiary amine analogs. Thus, while 
ionic bonding is sufficient for antagonist activity, hydrogen bonding 
between the proton of the tertiary amine and the D2 receptor appears to 
enhance potency. In studies on the influence of sodium and hydrogen 
ions on binding to the D2 receptor, removal of sodium ions from the 
medium or lowering the pH from 7.8 to 6.2 decreased the binding affinity 
of all benzamide analogs. However, the change in affinity of the perma
nently charged analogs was much smaller than that for compounds 
capable of hydrogen bonding. These results suggest that both ionic and 
hydrogen bonding are affected by changes in receptor conformation 
induced by alterations in environmental sodium and hydrogen concen
trations and that the magnitude of the resultant affinity changes for the 
benzamide analogs is greatest for compounds capable of interacting 
with the receptor through a reinforced ionic bond. Supported by 
NS17907.

3 8 .1 1
COMPARISON OF [F-18]BENPERIDOL A N D N-METHYL-[F-18]BEN- 
PERIDOL AS D-2 RECEPTOR-BINDING PET LIGANDS. S.M. Moerlein*.
J.S. Perlmutter. D. Parkinson and M J. Welch. Mallinckrodt Institute of 
Radiology, Department of Neurology and Neurosurgery, and Department of 
Cell Biology and Physiology, Washington University, St. Louis, MO.

Previous studies by others have shown that N-methylation increases the 
brain uptake of the D-2 ligand [F-18]spiperone. We have therfore compared 
the characteristics of F-18 labeled benperidol (BP) and N-methylbenperidol 
(NMB) as D-2 specific PET tracers. Both derivatives had in vitro binding 
affinities that were high for D-2 receptors (Ki = 0.3 and 3.6 nM for BP and 
NMB, respectively) and relatively low for S-2 receptors (Ki = 33 and 89 nM, 
respectively). [F-18JBP and [F-18]NMB were prepared in high specific activity 
(>1000 Сі/m m ol) and useful radiochemical yields (5-10%) within an overall 
preparation time of 100 min. PET studies of baboons using a Siemens 953B 
scanner show that both ligands localized in vivo within D-2 receptor rich 
cerebral tissues, with putamen-to-cerebellum ratios of 14-16 at 285 min. 
[F-18]NMB cleared slowly from putamen whereas [F-18]BP did not clear at all, 
and the accumulation of [F-18]NMB in putamen was 2.4 times that of 
[F-18JBP at 285 min. The free fraction was 0.030 _+ 0.011 for [F-18JNMB and
0.044+  0.013 for [F-18]BP; in vivo radiometabolites were very similar for the 
two tracers. These results indicate that N-methylation induces subtle, but 
important, changes in in vivo behavior. PET measurement o f displacement 
and receptor-blocking experiments will be described, and the tracer kinetics of 
BP and NMB will be discussed in terms of F-18 or C - ll  as a radiolabel.

3 8 .8
CORRELATION OF BRAIN AND PLASMA CONCENTRATIONS OF 
SCH 39166 WITH BEHAVIORAL ACTIVITY IN RATS AND MICE CLARK E. 
TEDFQRD*, VICKI L. COFFIN. VILMA RUPERIQ, MARY COHEN, CHiN- 
CHUNG LIN. AND ROBERT D. MCQUADE Schering-Plough Research 
Institute, 2015 Galloping Hill Rd., Kenilworth, NJ 07033

Brain and plasma concentrations of the dopamine D1 receptor 
antagonist, SCH 39166, were measured and correlated with different 
behavioral activities in either rats or mice. Conditioned avoidance response 
(CAR) activity in rats was used as an indicator of potential antipsychotic activity 
and compared with the plasma and brain concentrations of SCH 39166. 
Additionally, convulsions in mice were used as a measure of side-effect liability.

In rat studies, a similar time-dependent disappearance of SCH 39166 
from both the plasma and brain was seen. Brain concentrations of SCH 39166 
were approximately 5-fold higher than corresponding plasma concentrations. 
Plasma concentrations of SCH 39166 exhibited a high positive correlation (r =
0.934, p < 0 .001) with brain concentrations of SCH 39166. Further, behavioral 
activity in the CAR was positively correlated to plasma concentrations (r = 0.95, 
p < 0 .001) and brain concentrations (r =0.88, p < 0.001) of SCH 39166. Est
imated ED50S for inhibition of CAR activity were determined to be 20-30 ng/ml 
for plasma and 100-150 ng/g tissue for brain concentrations of SCH 39166.

High plasma and brain concentrations were required before seizure 
activity was seen in mice. Plasma and brain concentrations of SCH 39166 
>1,300 ng/ml and >11,000 ng/g tissue, respectively, were required before 
convulsant activity was seen.

In summary, behavioral activity predictive of potential antipsychotic 
activity was correlated positively with brain concentrations of SCH 39166. 
These studies demonstrate that the desirable behavioral properties of SCH 
39166 are correlated to plasma and brain concentrations which are well below 
those producing adverse side effects.

3 8 .1 0
INDI V I D U A L  D I F F E RENCES IN DYN A M I C  SPECT IMAGING OF 
H U M A N  D O PAMINE D2 R E C EPTORS W I T H  I-12 3 - I B Z M
R. Coppola*. D.W. Jones. T. Su. J. Hsiau,
D. Piekar. D.R. Weinberger. Clinical Brain 
Disorders Branch, NIMH, Washington, DC 20032

1-123 labeled iodobenzamide is a D2 dopamine 
receptor antagonist suitable for in vivo human 
brain imaging studies. Subjects were injected with 
5 mCi I-123-IBZM and sequential scans out to 4 
hours were acquired with a dedicated brain SPECT 
(Cerespec, DSI, Inc.). Data were processed into a 
transaxial slice at the basal ganglia. Decay 
corrected time activity curves (cnt/cc/min) were 
constructed for R O I 1s from striatum and occipital 
cortex. Specific binding was computed as the 
difference of striatal and occipital values. Time 
to peak specific binding varied from 60 to 150 
minutes. Peak striatal activity varied from 30 to 
90 minutes. Washout, dissociation from peak 
specific binding, varied considerably from 12 to 
40% per hour. Two of the subjects were patients 
scanned on two different doses of clozapine. The 
higher dose resulted in considerably faster 
washout rates. Our dat§. are constrained by a 
limited number of time points; however, it is 
clear that changes in washout will play an 
important role in studying individual differences 
in dopamine for both normal and patient groups.

3 8 .1 2
PHARMACOLOGICAL CHARACTERIZATION OF BINDING TO D,, D2 AND 
D3 RECEPTORS IN THE STRIATUM AND NUCLEUS ACCUMBENS OF 
THE RAT. R.M. Booze* and D.R. Wallace Department of Pharmacology, 
University of Kentucky, Lexington, KY 40536-0084.

Pharmacological characterization of the novel D3 dopamine receptor subtype 
has been elusive due to an absence of a subtype-selective ligand. Therefore, 
we examined the binding of [125I]SCH23982 (D1) and [125l]lodosulpride (D2/3; 
Sokoloff e t  al., 1990) using unlabeled 7-OH-DPAT to determine the distribution 
of D1 and D2/3 dopamine receptors in the basal forebrain of the rat. Binding 
assays for each radioligand were performed using either striatal (Str) or 
accumbens (Acb) tissue homogenates, sections of tissue mash and coronal 
sections of whole brain (N=4-8). [125I]SCH23982 binding to both striatal and 
accumbens tissue was high affinity (<0.5nM) and saturable. The density of 
sites (D,) identified by [1ZSI]SCH23982 in the Str was approximately 2-fold 
greater than the density in the Acb. The D3 receptor was identified by 
comparing nonspecific binding defined by 1μΜ (-) sulpride or by masking D3 
receptor with the putative D3-selective ligand, 7-OH-DPAT (10nM). 
[12Sl]lodosulpride labeled both sites with high affinity (О.ЗпМ - 1.OnM) with 
greater binding to D2 receptors in the Str compared to D3 (70/30). In the Acb, 
the density of the two receptor subtypes displayed approximately a 1:1 ratio. 
Autoradiographic analysis of [125l]SCH-23982 and [125l]lodosulpride binding 
revealed dorsal Str to have the highest density of labeled sites, and lower 
density in the Acb. In conclusion, the advantages in using either [125I]SCH- 
23982 or [125l]lodosulpride to label the dopamine receptor subtypes are high 
specific activity and low nanomolar affinity. Moreover, masking D3 receptors 
with 7-OH-DPAT allowed the indirect determination of D3 receptor density. 
Thus, unlabeled or labeled 7-OH-DPAT is useful for identification of the novel 
D3 subtype in the rat basal forebrain. (Supported by DA 06638)
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38.13
A U T O R A D IO G R A P H IC  L O C A L IZ A T IO N  O F  D O P A M IN E  D3 R E C E P T O R S  IN 
N U C L E U S  A C C U M B E N S  S U B R E G I O N S  U S IN G  T H E  P U T A T IV E  S U B T Y P E -  
S E L E C T IV E  R A D IO L IG A N D  [3H ]7 -O H -D P A T . P .R .W a lla c e *  a n d  R .M . B o o ze , 
Dept. of Ph arm aco lo g y , U n iversity  of K en tu ck y , Lexington , K Y  4 05 36 -0 0 8 4 .

A novel dop am ine  receptor m R N A  transcrip t, un iq u e ly  lo ca lized  to the 
nucleus a c cu m b e n s  (A cb) and  o lfactory tu b e rc le  (О Т ), h a s  recently  b een  
identified and c la ss if ie d  a s  the D3 receptor. In the curren t study [3H ]7-O H - 
D PA T (1nM), a  putative D3 do p am in e  recep to r su b ty p e-se lective  radioligand  
(W allace and B o o ze , 1993) w a s  se le c te d  to label binding s ite s  in the rat b a sa l 
forebrain. W h ole b ra in s from  adult m ale  S p ra g u e -D a w le y  rats (N=8) w ere  
cryostat-cut (20μ m) and  a d ja cen t se c t io n s  w e re  co llected  at 5  rostral-cau dal 
levels through the entire A cb . Q uantitative autorad iog rap hy  with red irected  
sampling against N issl- an d  A c h E -sta in e d  s lid e s  w a s  utilized to accu ra te ly  
define the co n e , co re  and  sh e ll reg io n s of the A cb . B inding of [3H ]7 -O H -D P A T  
in the b a sa l fo rebrain  w a s  sp e c ific  to only D 3 recep to rs , with n early  1 00%  
displacem ent by 1μΜ u n lab e led  7 -O H -D P A T  and  no d isp la cem en t by 
ketanserin or 5 -H T  (1μΜ ). T h e  d en sity  of s ite s  identified by [3H ]7 -O H -D P A T  
w as highest in the co n e  and  rostral sh e ll reg ion of the A cb  with declin ing  
values in m ore ca u d a l se c t io n s . T h e  sh e ll region of th e  A cb  exhibited the  
largest decline (30 -3 5% ) in the d en sity  of s ite s  identified by [3H ]7 -O H -D P A T  
along the rostral-cau dal a x is  fo llow ed by th e  striatum . O th er reg ion s w hich  
contained [3H ]7 -O H -D P A T  binding s ite s  (the co re  reg ion a n d  the O T/ is lan d s  
of Calle ja) exhibited sm a lle r  (5 -10 % ) ro stra l-cau d al g rad ien ts. D istribution of 
[3H ]7-O H -D P A T binding s ite s  w a s  un iqu ely  lo ca lized  to th e  A cb  in co m p a riso n  
to other dopam ine recep to r lig and s. T h ere fo re , [3H ]7 -O H -D P A T  m ay  b e  use fu l 
as a se lective ligand for the auto rad io g rap h ic identification of D 3 recep to rs and  
for exam ining the actio n s of p sy ch o th era p eu tic  a g e n ts  on D 3 recep to rs within 
specific su b reg io n s of the rat b a sa l forebrain . (Sup p o rted  by D A  0 66 38 )

3 8 .1 4

FUNCTIONAL REGIONAL DIFFERENCE OF RAT BRAIN DOPAMINE D2 
AND D3 PRESYNAPTIC AUTORECEPTORS. H. Hartman. C. Smith*. J. Roehr.
P. Conway. S. Konesamut & R. Corbett. Dept. Biol. Res., Neuroscience SBU, 
Hoechst-Roussel Pharm., Inc., Route 202-206, Somerville, NJ 08876-1258.

The distribution of dopamine D3 receptors as compared to D2 [olfactory tubercles 
(ot) > nucleus accumbens (пАс) > striatum (Str) > frontal cortex (Ctx); Sokoloff 
et al. Nature 347:146, 1990] suggests that a D3 selective antipsychotic would 
preferentially act on mesocorticolimbic regions. Studies were undertaken, using the 
y-butyrolactone (GBL) assay (Walters & Roth, 1976), to compare the effect of a 
selective dopamine D3 agonist, 70H-DPAT, with a non-selective D2/D3 agonist, 
apomorphine, and to evaluate in vivo function of D2 and D3 receptors as presynaptic 
autoreceptors. Using this assay, differential increases in DOPA accumulation were 
seen (Str 273%, nAc 173%, ot 172%, of control values), indicative of the level of 
GBL-sensitive circuitry in the brain area, and these increases can be reversed by 
dopaminergic agonists. In the Ctx, there was no significant change in DOPA levels, 
indicating a lack of GBL-sensitive circuitry. The ratio values in the table show that

Comparison of ED50 S t r nAc ot

Apomorphine(mg/kg)   0.30(.11-.8) <0.03 est. 0.30

70H-DPAT (mg/kg) I 0.72(.22-2.26) 0.3(.13-.75) 0.02(.013-.032)

Apo/DPAT(D2+ D3/D3) J 0.42x <0.10x 15x

D3 receptors predominate at presynaptic autoreceptors in the ot, but not in the Str. 
However, the values from nAc imply that the D3 distribution is not equal among pre- 
and postsynaptic receptors. These results suggest that a D3 selective agent would be 
a pharmacologically unique approach acting on functionally different mesocortico- 
limbic receptors, which may result in a novel class of antipsychotics.

38.15
SYNTHETIC, BIOCHEMICAL, AND BEHAVIORAL OBSERVATIONS ON 
(+) AND (-)-7-OH-DPAT, A PUTATIVE DOPAMINE D3 AGONIST.
G. Damsma*. T. Bottema. P. Tepper. D. Diikstra. H. Wikström. Univ. Centre 
for Pharmacy, A. Deusinglaan 2, 9713AW Groningen, The Netherlands, and
T. Pugsley. A. Corbin. T. Heffner. Parke-Davis Research, Ann Arbor, USA.

Racemic 7-methoxy-2-(N-propylamino)tetralin was resolved by fractional 
crystallization of the diastereomeric salts obtained with the enantiomers of 2- 
chlocyphos, followed by N-alkylation and demethylation. Enantiomeric 
purities of the final hydrochloride salts of 7-OH-DPAT were ee>99.5% for 
R(+)7-OH-DPAT and ee>98.8% for S(-)7-OH-DPAT.
Affinities (Ki) of the enantiomers for inhibition of [3H]spiperone binding in 
cloned human D2-L and D3 receptors expressed in CHOkl cells are (пМ) 
119 and 0.42 for the (+) and 3672 and 42 for the (-) enantiomer, 
respectively.
In vivo potencies of both enantiomers were studied in conscious male rats 
fixed with a microdialysis probe in the striatum. Within 20 min (+)7-OH- 
DPAT (10 μmol/kg sc) decreased extracellular dopamine (DA) maximally to 
20 % of baseline values, followed by a gradual recovery to control values in 
the subsequent 8 hours (threshold dose: 10 nmol/kg sc; ED50 of dopamine 
decrease: 30 nmol/kg sc). Dose dependent yawning (threshold: 30 nmol/kg 
sc) and inhibition of locomotor activity (threshold: 3 nmol/kg) was observed. 
In vivo, (-)-7-OH-DPAT is about 100 times less potent than the (+) isomer. 
The present results confirm that (+)-7-OH-DPAT binds potently and 
selectively to D3 receptors and that the (-) isomer is inactive (its effects are 
largely explained by enantiomeric impurity). Interestingly, yawning, 
inhibition of locomotor activity, and decreases of DA by (+)-7~OH-DPAT are 
observed at doses well below the affinity for the D2 receptor. Therefore, 
these behavioral and biochemical effects of (+)-7-OH-DPAT may, at least in 
part, be due to a selective interaction with DA D3 (and not D2) receptors.

3 8 .1 6

ID E N T IF IC A T IO N  A N D  C H A R A C T E R IZ A T IO N  O F  A  D O P A M IN E  D 3 
SE L E C T -IV E  C O M PO U N D , P D  128907. S. B . D eM attos. T . A . Pugsley . Y . S. 
Shih. S. Z. W hetzel. L . M . G eòrgie . D . H . V an  L eeuw en, R . G - Mackenzie. S. 
J , Sm ith. S. A . G lase. L . D . W ise  and  T . G . H effae r*  Parke-D avis 
P harm aceutical R esearch  D iv isio n  o f  W arner-L am bert C om pany, Ann A rbor, M I 
48105.

T he  existence o f  tw o dopam ine (D A ) recep to r subtypes D 1 and  D 2  w as w idely 
accepted  u n til d ie  recent gene clon ing  techniques that iden tified  D 1-D 5  subtypes. 
O f  these, the  D 3 recep to r is  o f  in terest as it  exhib its  va rious  p roperties  (e .g . h igh  
levels o f  expression  in  lim bic v s . striata l areas) w h ich  suggests i t  m ay b e  a  target 
fo r  n ew  antipsychotic  d rugs, h i  a  p ro g ram  to  iden tify  a  selective D 3 ligand , w e 
screened  a  num ber o f  chem ical series and  have  iden tifed  P D  128907 (D eW ald  e t a l, 
1990) as a  rela tive ly  selective D A  D 3 com pound. In  transfec ted  C hinese ham ster 
ovary  cells  (C H O  K l)  u sing  [3H ]spiperone as the  ligand , P D  128907 b o und  to  D 3 
recep to rs w ith  a  K i o f  1 .2  n M , w hereas its  affin ity  w as approxim ately  1500- and  
10000-fo ld  lo w er fo r  h um an  D 2  (C H O  K l )  and  ra t  s triatal D 1 receptors. It 
exhib ited  w eak  affin ity  f o r  ra t  h ippocam pal 5 -H T 1 A  (K; =  1813 nM ) and  ra t b ra in  
a lpha2  ad renerg ic ( Ķ  =  4456 n M ) receptors. A d d ition  o f  G T P  a n d /o r  sodium  
caused  a  reduc tion  in  the  affin ity  o f  the  com pound suggestive o f  a n  agonist-type 
action . Second m essenger studies ind ica ted  that P D  128907 exhib ited  w eak  activity  
in  an tagonizing  the  fo rskolin-induced  increase  in  cA M P in  D A  D 2  transfected 
G H 4C 1 cells , consisten t w ith  its  w eak  affin ity  fo r D 2  receptors. In  the  in vivo  ra t 
N S D /G B L  m odel, it  h ad  E D 5 0  values o f  0 .0 1 4  and  0 .3 7  m g /k g , s .c . fo r  inh ib ition  
o f  D O P A  accum ulatim i in  m esolim bic and  s triata l reg ions. T h is  w as b locked  by  
pretrea tm en t w ith  a  dopam ine an tagonist p ro v id in g  ev idence that the  effects o f  PD  
128907 are  m ediated  th ro u g h  dopam ine receptors. In  sum m ary , P D  128907 is  a 
com pound d ud  b inds w ith  h ig h  affin ity  to  h um an  D A  D 3  recep to rs and  produces 
effects cm b ra in  D A  synthesis that a re  s im iliar to  those  o f  D A  D 2  agonists.

38.17
E F F E C T  O F  F D  128907 A N D  O T H E R  D O P A M IN E  D 2 /D 3  L IG A N D S  O N  
N E U R O T R A N S M IT T E R  T U R N O V E R  IN R A T  A N D  P R IM A T E  A S  ST U D IE D  
B Y  M IC R O D IA L Y S IS . L .W . Cooke*1. G . D am sm a2 T . Bottem a2, M .D . D av is1. 
‘Neuroscience Section , Parke-D av is R esearch  D iv isim i o f  W arner-L am bert 
Com pany, 2800  P lym outh  R oad , A n n  A rb o r, M ich igan  4 8105 , U n iv e rs i ty  C entre 
for Pharm acy, A . D eusing laan  2 , 9713A W  G ron ingen , T h e  N etherlands.

PD  128907 is  a  dopam ine ligand  w h ich  appears to  possess g rea ter affin ity  for 
D3 b inding  sites than  fo r D 2  sites w hen  stud ied  b iochem ically  (see abstract by  
S .D eM attos et. a l.) .  W e tested  th e  effects o f  P D  128907 o n  D A  overflow  using  
intracerebral m icrodia lysis (IC M D ). A dm in istra tion  o f  P D  128907 caused a  60%  
decrease in  ex tracellu lar D A  in  b o th  the  s tria tum  and  nucleus accum bens o f  
anesthetized rats . D O P A C , a  D A  m etabolite , a lso  decreased  in  b o th  areas w hile 
5-H IA A , a  m etabolite  o f  sero ton in , w as n o t affected . T h is  decline in  D A  and 
D O PA C lasted  a t least 2  h o u rs  p o s t dose. A  s im ila r decrease in  D A  and  D O PA C  
overflow  w as observed  in  tests ru n  o n  conscious sq u irre l m onkeys and  conscious 
rats a lthough there  w as a  m ore  transien t dep ression  in  b o th  conscious species. A J- 
76 reversed  the  effects o f  P D  128907, b u t d id  n o t reverse  the  effects o f  the  D A  
agonist qu inp iro l. H aloperido l, a  D A  antagonist reversed  th e  decrease in  
ex tracellular D A  caused  b y  q u inp iro l. T hese data , a long  w ith  o th er  b iochem ical 
studies suggest that the  P D 128907 induced  in h ib ito r o f  D A  o verflow  m ay, a t least 
in  part, b e  a  consequence o f  D A  D 3 recep to r ac tivation .

3 8 .1 8

BENZO [A]PHENANTHRIDINES : NOVEL LIGANDS TO STUDY D3 
DOPAMINE RECEPTORS. M.A. Mayleben1*. V.J, Watts1, C.P. Lawler1.
D.K. Grandy2. O. Civelli2. D.E. Nichols3 and R.B. Mailman1 University of 
North Carolina1, Chapel Hill, NC 27599, Oregon Health Sciences Universtiy2, 
Portland, OR 97201, Purdue University3, West Lafayette, IN 47907.

The hexahydrobenzo[a]phenanthridines have yielded several interesting 
dopamine receptor agonists. The prototype of this series was dihydrexidine 
(DHX), the first potent full efficacy D1 agonist. Although DHX has 10-fold 
selectivity for D1 vs. D2-like dopamine receptors in rat striatum, it still has 
significant potency for D2-like receptors (IC50 ~ 100 nM). We have recently 
reported that DHX, and its analog N-n-propyl-DHX (PrDHX, having ten-fold 
selectivity for D2 receptors), bind to both pre- and postsynaptic D2-like 
receptors, yet have agonist functional activity confined to postsynaptic 
receptors (Mottola et al., SON Abstr. 17: 818, 1991). For example, both 
compounds act as postsynaptic agonists to inhibit adenylate cyclase activity, 
inhibit prolactin release and increase K+ channel conductance. Conversely, 
presynaptic events such as dopamine synthesis or release are unaffected by 
receptor actions of these drugs. One hypothesis that may underlie this unique 
postsynaptic selectivity is if the hexahydrobenzo [aļphenanthridines have 
selectivity for specific molecular form(s) of "D2-like" receptors. In the present 
studies, we have found that DHX and PrDHX bind with similar affinities to 
both forms (D2short and D2Long) of D2 receptors expressed in Ltk- cells. In 
contrast, a comparison of competition binding studies with D2L and D3 
receptors revealed that both drugs had greater affinity for D3 receptors. 
Specifically, PrDHX competed for [3H]-spiperone labelled D3 receptors with 
30-fold greater affinity (ca. Kj = 5 nM) compared to competition for D2l 
receptors. DHX itself had ca. 10-fold higher affinity for D3 vs. D2L. Based on 
these observations, PrDHX or its analogs may be useful in studying the 
functional role of D3 receptors, and may also have clinical utility in conditions 
requiring activation of these receptors. (Supported by MH40537 and 
MH42705)
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38.19
[1-125](R)trans-7-OH-PIPAT: A NEW D3 DOPAMINE RECEPTOR LIGAND. M- 
P Kuna*. S. Garner. S. Chumpradit. C . Foulon. V.A. Boundy, K.D.Burris P.B. 
Molinoff. and H.F. Kung. Depts. of Radiology and Pharmacology, University of 
Pennsylvania, Philadelphia, PA 19104

Based on a known D3 dopamine ligand, 7-OH-DPAT, we have success
fully developed the first iodinated analog, frans-7-hydroxy-2-(N-n-propyl-N-3'- 
iodo-2'-propenyl)aminotetralin (trans-7-OH-PIPAT). Binding of the [I- 
125]trans-7-OH-PIPAT to D3 receptors expressed in Sf9 cells showed a Kd of
0.13nM (in absence of mM NaCI) and the expected pharmacological 
properties. Under similar conditions, no binding was seen in Sf9 cells 
expressing D2L and D2S receptors. The racemic mixture of [l-125](R,S)trans-7- 
OH-PIPAT was further resolved into R- and S- isomer, respectively, by high 
pressure liquid chromatography using a chiral column (chiracel OD). Only the 
R-isomer showed a high affinity for D3 receptors. The R-isomer also exhibited 
affinity for sigma sites (Kd=10 nM) in homogenates of rat striatum and cerebell
um. In the presence of DTG (5 mM), a specific sigma inhibitor, a saturable bind
ing (Kd=0.3-0.4 nM and Bmax = 180-240 fmol/mg of protein) was observed in 
rat striata. The agonists: dopamine and quinpirole, inhibited the binding of [I- 
125] (R)trans-7-OH-PIPAT with Ki = 6.57 and 8.13 nM, respectively. 
Antagonists, (+)butaclamol as well as benzamides all displayed high potency 
(Ki in sub- to nano-molar range). However, low Ki values and low nн observed 
for spiperone and haloperidol suggested that there might be additional classes 
of sites labeled by this ligand. Further binding studies with [l-125](R)trans-7- 
OH-PIPAT showed a significant decrease of Bmax (from 180 to 140 fmol/mg of 
protein) in the presence of GTP (300 μΜ) with no change on the affinity. The 
data indicate that there are GTP sensitive binding sites for this ligand. The 
new ligand offers several unique advantages, including high specific activity, 
high binding affinity and low nonspecific binding, all of which make it an 
excellent probe for the investigation and characterization of D3 dopamine 
receptors. Acknowledgment: Support from PHS (NS-24538 and NS-18591).

38.20
PHARMACOLOGICAL EVALUATION OF THE RAT DOPAMINE D4 
RECEPTOR. G PROTEIN-COUPLING AND COMPARISON TO HUMAN 
D4 RECEPTOR. D.L.Evans*0. R.A.Lahti*. P.G.Zaworski0. G.S.Gill0 and
L.M.Figur0. “Upjohn Laboratories, Kalamazoo, Ml 49001 and 'Maryland 
Psychiatric Research Center, Baltimore, MD 21228.

The human dopamine D4 receptor has been cloned and clozapine, an 
atypical antipsychotic agent, was found to have selectivity for the dopamine 
D4 vs the dopamine D2 receptor (VanTol et al., 1991). Subsequently, the 
rat dopamine D4 receptor was cloned and clozapine also had high affinity 
for this receptor (O’Malley et al., 1992). This series of studies compares the 
binding affinities of a series of antipsychotic and related agents on the 
human and rat dopamine D4 receptors. The gene for the rat dopamine D4 
receptor was isolated in two fragments from genomic DNA using PCR 
technology and oligos from the published sequence. These fragments were 
assembled behind the CMV promoter in two separate mammalian 
expression vectors carrying the neomycin and hygromycin resistance genes 
as selectable markers, respectively. Transfection into CHO cells followed 
by simultaneous selection for both markers lead to the isolation of clones 
that expressed the D4 receptor at the picomole/mg protein level. Receptor 
binding studies were conducted using [3H]YM-09151-2 in high salt buffer, 
and a Kd of 0.4 nM and Bmax of 4.4 pmol/mg protein was obtained. This Kd 
is similar to that reported for the human D4 receptor. The affinities of 
agents such as raclopride, (+)-apomorphine, (+)-NPA, (-)3-PPP, and 
loxapine were comparable to those obtained with the human D4 receptor, 
suggesting few differences between the rat and human forms of the 
receptor. Results of G protein-coupling as measured by GTP shifts in 
binding parameters as well as arachidonic acid release will be described.

CATECHOLAMINE RECEPTORS: DOPAMINE I

39.1
AMPHETAMINE-INDUCED INHIBITION OF NIGRAL DA NEURONS IN 
UNANESTHETIZED RATS IS REVERSED BY THE D 1 RECEPTOR 
ANTAGONIST SCH23390 P. Smith, W.-X. Shi* and B. S. Bunney. Depts of 
Psychiatiy and Pharmacology, Yale Univ Sch of Med, New Haven, CT 06510.

Evidence suggests that the striatonigral feedback pathway is involved in 
amphetamine-induced inhibition of nigral DA neuron firing (Bunney and 
Aghajanian, Naunyn-Schmiedeberg's Arch. Pharmacol. 304:255, 1978) and that 
D 1 receptors are present in this pathway. To determine whether D 1 receptors 
might play a role in amphetamine-induced inhibition, we studied the effects of the 
D ļ antagonist SCH23390 on nigral DA neurons in rats using single unit recording 
techniques. Contraiy to previously reported experiments carried out in chloral 
hydrate anesthetized animals (Goldstein et al., Life Sci. 40:1039, 1987), we found 
that SCH23390 (up to 160 μg/kg, i.v., n=3) did not reverse amphetamine-induced 
inhibition in a similar preparation. Since some D ļ effects have been shown to be 
blocked by chloral hydrate, we reexamined the effect of SCH23390 in 
unanesthetized rats (paralyzed by transection of the brain stem). In these rats, low 
doses of SCH23390 (10-40 μg/kg, i.v., n=5) significantly reversed amphetamine- 
induced inhibition (50-100 %). It is unlikely that SCH23390 produced this effect 
by blocking D2 or 5HT2 receptors, since SCH23390 (160 μg/kg, i.v.) did not 
reverse the inhibition induced by the direct acting D2 receptor agonist quinpirole 
(n=4); and MDL100,907 (up to 1.0 mg/kg, i.v, n=3), a 5HT2 antagonist, did not 
mimic the effect of SCH23390. These results suggest that amphetamine-induced 
inhibition of DA cells in unanesthetized rats may be mediated, at least partially, by 
D 1 receptors. Interestingly, however, SKF38393 (10 mg/kg, i.v.), a D 1 agonist, 
did not produce a consistent change in firing rate (n=4), suggesting that if 
amphetamine-induced inhibition of DA cells in this preparation is mediated 
through D 1 receptors, other receptors also must be involved.

39.3

DOPAMINE D1 RECEPTORS SELECTIVELY AUGMENT 
GABAb MEDIATED SYNAPTIC TRANSMISSION.
D.L.Cameron* and J.T.Williams. Vollum Institute, Oregon Health 
Sciences University, Portland OR 97201.

Midbrain D1 receptors are located on the terminals of GABAergic 
afferents arising from the forebrain. We have studied the role that these 
receptors play in modulating GABA transmission. Intracellular 
recordings were made from ventral tegmental area (VTA) dopamine 
neurons in a horizontal slice preparation. Bipolar electrical stimulation 
elicited a slow IPSP that was blocked by the GABAb receptor 
antagonists 2-hydroxysaclofen (ΙΟΟμΜ) or CGP35348 (ΙΟΟμΜ). The 
amplitude of this IPSP was increased by dopamine (ΙΟμΜ) in the 
presence of D2 antagonists (sulpiride ΙμΜ or eticlopride lOOnM). This 
effect was mimicked by the D1 agonist SKF38393 (3ηΜ-10μΜ, ECso = 
327nM) and blocked by the D1 antagonists SCH23390 (lOnM) and cis- 
flupenthixol (ΙΟμΜ). The GABAa synaptic potential was unaffected by 
the D1 agonists. Membrane hyperpolarizations due to the GABAb agonist 
baclofen (3μΜ) were not affected by either D1 agonists or antagonists, 
confirming a presynaptic site of action for the D1 receptors. Further, the 
amplitude of the GABAb IPSP was. reduced by the D1 antagonists in the 
absence of D1 agonists. We conclude that dopamine facilitates GABAb 
mediated synaptic transmission in the VTA via D1 receptors. Supported 
by an NH&MRC C.J.Martin Fellowship to D.L.C. and by NIH grants 
DA04523 and MH45003 to J.T.W.

39.2

PARTIAL AND FULL DOPAMINE D1 AGONISTS PRODUCE 
COMPARABLE EXCITATIONS AMONG VENTRAL PALLIDAL 
NEURONS. B.A. Heidenreich1. F. Rehman1. D.E. Nichols2. R.B. 
Mailman3 & T.C Napier1. 1Dept. Pharmacol., Stritch Sch. Med., Loyola 
Univ. Chicago, Maywood, IL 60153.2Dept. Med. Chem., Sch. 
Pharmacy, Purdue Univ., W. Lafayette, IN 47907.3Brain & Devel.
Res. Ctr., Univ. N. Carolina Sch. Med., Chapel Hill, NC 27599.

The partial dopamine D1 agonist SKF38393 increases the firing 
rate of ventral pallidal/substantia innominata (VP) neurons (Eur. J. 
Pharmacol.. 200:103,1991). The present study compared the effects 
of SKF38393 to those of two putative full efficacy D1 agonists, 
dihydrexidine (DHX; JPET. 262:383, 1992) and SKF82958. In chloral- 
hydrate anesthetized rats, these drugs (0.04-5.0 μ moles/kg i.v.) 
produced similar dose-dependent increases in the firing rates of 
44% (SKF38393), 58% (SKF82958) and 55% (DHX) of the VP neurons 
tested. The agonists evoked comparable levels of excitation in VP 
neuronal activity (Emax = 140-170% of spontaneous rate). Consistent 
with the known pharmacology of these three agonists, the D1 
antagonist SCH23390 (0.1-0.3 mg/kg i.v.) attenuated the majority of 
agonist-induced changes in VP neuronal firing rate. Thus, these 
agonists, which produce different maximal increases in striatal 
cAMP production, appear to have identical efficacy with regard to 
increasing neuronal activity in the VP. This may be due to several 
factors. It may be that all three drugs are full efficacy agonists at 
the D1 receptor(s) involved in the VP response. Alternatively, VP 
neurons may have a percentage of spare receptors that mask the 
partial intrinsic activity of SKF38393. Supported by USPHS 
MH45180 (TCN), MH40537 (RBM) and MH42705 (DEN).

39.4

FURTHER CHARACTERIZATION OF DOPAMINE (DA)-STIMULATED 
CYCLIC AMP FORMATION AND CALCIUM MOBILIZATION IN 293 
CELLS TRANSFECTED WITH THE D1 DA RECEPTOR. C. W. Lin*. D. G. 
Witte. T. R. Miller. B. R. Bianchi. M. A. Stashko. A.M. Manelli. and
D. E. Frail. Neuroscience Area, Abbott Laboratories, Abbott Park, 
IL 60064

We have shown recently that in addition to stimulation of 
adenylate cyclase, DA activates calcium mobilization in human 
embryonic kidney 293 cells stably transfected with the human DA 
D1 receptor (FASEB J. 7: A 4007, 1993). In this study, we 
compared DA-induced cAMP formation and calcium mobilization 
using three cell lines expressing low (0.1 pmol/mg protein), high 
(1.6 pmole/mg) and very high (20 pmol/mg) levels of the human 
D1 receptor. DA stimulated cAMP formation and calcium 
mobilization in all three cell lines. The maximal response of DA on 
cAMP formation increased as a function of receptor density, but 
while the maximal response in the calcium assay increased from 
low to high receptor expression, no difference was observed 
between high and very high levels of expression. The potency of DA 
as well as SKF-38393, a partial D1 agonist, was directly 
proportional to receptor density in both assays. The intrinsic 
activity of SKF-38393, relative to DA, was ~10% in the low, 
55% in the high, and 100% in the very high expression cell line. 
Additional studies showed that forskolin, which directly activates 
adenylate cyclase, also stimulated calcium mobilization. This 
suggests that some of the observed DA-induced calcium response 
may be intimately coupled with increases in cAMP in 293 cells.
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39.5
EFFEC T S OF BR A IN  D O PA M IN E  D 2  R E C E P T O R  
A N T ISE N SE  K N O C K O U T  ON A G O N IST -IN D U C E D  
BEHAVIORAL RESPONSES. M. Zhang* and Ian Creese. Center 
for Molecular and Behavioral Neuroscience, Rutgers, The State 
University of New Jersey, Newark, NJ 07102.

An antisense oligodeoxynucleotide specific to the dopamine D 2 
receptor mRNA was infused into the lateral cerebral ventricle of rats 
for 3  days to study whether the antisense receptor knockout affected 
motor responses induced by selective dopaminergic agonists. The 
antisense treatment specifically reduced D 2  receptors by 50% in the 
striatum and by 70% in the nucleus accumbens. Locomotor activation 
by the D2  receptor agonist quinpirole (0.3 mg/kg), measured by 
photocell beam interruptions, was inhibited by over 75% by antisense 
treatment. In contrast, grooming behavior stimulated by SKF38393 
(20 mg/kg), a dopamine D i agonist, was unaffected. Antisense 
treatment reduced high-dose (5 mg/kg) d-amphetamine-stimulated 
photocell beam interruptions by about 60%, representing decrements in 
both locomotor activity and intensity of stereotypy. The specific 
sequence o f the oligodeoxynucleotide was essential for the behavioral 
effects because an oligodeoxynucleotide with same nucleotide content 
but in random sequence was inactive. These observations suggest that 
antisense knockout of dopamine D2  receptors produced the expected 
behavioral consequences and thus antisense knockout may be an 
effective tool for investigating the behavioral functions o f dopamine 
receptor subtypes in the CNS.

Supported by the Stanley Foundation and NIMH Neuroscience 
Center for Research in Schizophrenia.

39.7
MAO INHIBITORS INHIBIT [3H]QUINPIROLE BINDING IN RAT 
STRIATAL MEMBRANES. B. Levant*. D.E. Grigoriadis. and E.B. De 
Souza. Central Nervous System Diseases Research, The Du Pont 
Merck Pharmaceutical Co., Wilmington, DE 19880-0400.

We have described specific, high affinity (KD = 2.3 nМ) in vitro 
binding of the newly developed [3H]quinpirole to dopamine receptors 
in rat striatal homogenates. [3H]Quinpirole binding was found to be 
appropriate for a D2-like dopamine receptor ligand with respect to 
pharmacological profile, guanine nucleotide and sodium regulation 
and regional distribution (Levant et al., JPET, 262:929-935, 1992). 
Interestingly, MAO inhibitors (MAO-I's) inhibit equilibrium  
(3H)quinpirole binding with the following rank order of potency: 
clorgyline > Ro 41-1049 > pargyline > (-)deprenyl > (+)deprenyl > Ro 
16-6491 > iproniazide. This order does not correlate with the 
potencies of these drugs at MAO-A or MAO-B. Saturation analysis of 
[3H]quinpirole binding in the presence of clorgyline revealed that the 
compound is competitive at the [3H]quinpirole binding site. MAO-I's 
did not inhibit [3H]spiperone binding in striatal homogenates nor did 
they alter the ability of quinpirole to compete for [3H]spiperone 
binding. Quinpirole (100 uM) produced no inhibition of MAO-A 
activity and only slight inhibition of MAO-B. MAO-I’s also inhibit 
binding at sigma  sites labeled with [3H](+)SKF 10,047 in rat brain 
with the following order of potency: clorgyline > (+) deprenyl > (-) de
prenyl > Ro 41-1049 > pargyline > Ro 16-6491 >> iproniazide. 
However, at the concentration employed, <1% of sigma sites would be 
labeled by [3H]quinpirole and the potencies of the MAO-I's in 
inhibiting binding at the sigm a  site correlates poorly with their 
potencies in inhibiting l3H]quinpirole binding (r2 = 0.48). These data 
suggest a potential novel binding site for [3H] quinpirole in rat brain 
and/or an alternative site of action for MAO-I's. Supported by the Du 
Pont Merck Postdoctoral Program.

39.9
TRANSFECTED D3 DOPAMINE RECEPTORS INHIBIT VOLTAGE- 
DEPENDENT POTASSIUM CURRENT IN NEUROBLASTOMA X GLIOMA 
HYBRID (NG108-15) CELLS L.A. Chiodo*1, L-X. Liu1, F.J.Monsma. Jr.2.
D.R. Sibley2. 1Dept. Psychiat. Wayne State Sch. Med. Detroit, ML, 
2NINDS, Bethesda, MD.

The dopamine D3 receptor has been shown to be an additional 
member of the D2 family of receptors. Because the amino acid sequence 
as well as the proposed membrane topography of the D3 receptor is very 
similar to that of the D2 receptor, and these receptors are often co
localized in the same neurons, to date it has proven difficult to 
demonstrate a D3 receptor mediated function in neuronal tissue. To begin 
to address this we have utilized a NG108-15 neuroblastoma-glioma 
hybrid cell transfected to stably express D3 receptors and have examined 
for possible coupling of these receptors to transmembrane ionic currents. 
Both transfected and untransfected NG108-15 cells displayed K+- 
dependent outward currents which were inhibited between 70-90% by 30 
mM TEA. In transfected, but not transfected cells, the outward K+ current 
was significantly inhibited by the local pressure application of several DA 
agonists as follows: quinpirole > apomorphine > dopamine. These effects 
could be completely antagonized by the co-application of the DA receptor 
antagonist sulpiride. The coupling of D3 receptors to the K+ current could 
be disrupted by pretreating the cells with pertussis toxin or by including 
GDPβS (100 μΜ) in the patch electrode indicating the involvement of G 
proteins in the signal transduction. The blockade of transduction induced 
by pertussis toxin could be reversed by including GTPγS (100 μΜ) the 
patch pipette. These data demonstrate for the first time that mRNA 
encoding for D3 receptors can yield functional receptors which couple to 
transmembrane K+ channels (MH-41557 LAG)

39.6
EFFECTS OF LOCAL QUINPIROLE ON DOPAMINE AND 
DOPAMINE METABOLITES IN THE VENTRAL STRIATUM.
L. LeSauteur. D. Pocock* and R.A. Wise. Center for Studies in 
Behavioral Neurobiology, Concordia University, Montreal, Canada, 
H3G 1M8.

Reports in the literature raise questions about the effectiveness of 
dopamine (DA) actions at autoreceptors in reducing the concentration 
of DA in the extracellular fluid in the striatum. We investigated the 
potency of quinpirole, a D2/3 agonist, in the terminal region of the 
A10 cells, using microdialysis in freely moving rats. Concentrations 
of quinpirole between 1 nM and 100 μΜ were given through a 4.0 mm 
dialysis probe situated medially in the ventral striatum. Graded 
decreases in DA concentration in the perfusate (as measured by 
HPLC-EC) were seen over the range of InM to ΙμΜ. The maximum 
decrease in DA concentration was to 40% of basal levels (well above 
the detection limit o f our system); higher concentrations of quinpirole 
(10 and 100μΜ) did not decrease DA further. The limited ability of 
quinpirole to decrease DA concentration would seem not to be due to 
autoreceptor saturation, since 1,10, and 100 μΜ quinpirole did cause 
concentration-dependent decreases in DOPAC and HVA. The limited 
effectiveness of local quinpirole in decreasing DA release would seem 
likely to reflect the fact that the autoreceptor regulates a K+ channel 
and that the K+ equilibrium potential is relatively close to the 
membrane potential of the DA neuron.

39.8
COUPLING OF D2-LONG RECEPTOR ISOFORM TO K+ CURRENTS IN 
NEUROBLASTOMA X GLIOMA (NG108-15) CELLS. L-X Liu*1.
F.J.Monsma,Jr.2, D.R. Sibley2, L.A.Chiodo1.1Dept. Psychiatry. Wayne State 
Sch. Med. Detroit,MI , 2NINDS, Bethesda, MD.

Two isoforms of the dopamine D2 receptors, termed D2-short (D2S) 
and D2-long (D2L), have been discovered. Because both forms display the 
same pharmacological characteristics and are present in the same tissues, 
it is impossible to study their individual signal transduction mechanisms. 
NG108-15 neuroblastoma-glioma hybrid cells, transfected to stably 
express D2L, were used to investigate the coupling of D2L to K+ currents. 
Transfected NG108-15 cells maintained in G-418 were found to express 
outward currents which were sensitive to TEA but not 4-AP. This whole
cell K+ current was reduced by pressure application of DA agonists as 
follows: apomorphine > quinpirole > dopamine. Sulpiride (40 μΜ) was 
observed to completely antagonize the quinpirole inhibition of this current. 
Preincubation of the cells with pertussis toxin (500 ng/mL for 4-5 hours) 
completely blocked the modulation of this current by D2L receptors 
indicating the involvement of G proteins. The pertussis toxin blockade 
could be overcome by the intracellular application of GTPγS (100 μΜ). 
In addition, the intracellular application of a polyclonal antibody which 
specifically recognizes Goα subunits, completely blocked the ability of D2L 
receptor to modulate the outward K current studied. It was concluded 
that D2L receptors utilize Go to couple to K+ channels in NG108-15 cells. 
Since we have previously shown that the D2S receptor couples to this K+ 
current through a PTX-insensitive mechanism, it is clear that the two 
isoforms of the D2 receptors are able to couple to the same current in a 
cell utilizing two distinct signal transduction pathways. (MH 41557 LAC)

3 9 .1 0

D O PA M IN E D3 RE C E PTO R S IN H IB IT  D O PA M IN E  RE LE A SE IN  
A N E U R O N A L C ELL L IN E  L. Tang*. R .D . Todd +  and K.L. 
O'M alley. Dept. Anatomy & Neurobiology, +  Genetics & Psychiatry. 
Washington Univ. Med. Sch., St. Louis, MO 63110  

In vivo studies have shown that the synthesis and release o f  dopamine 
are regulated in part by presynaptic D 2-like autoreceptors. The tissue 
distribution and pharmacological properties o f  the cloned D2 and D3 
receptors suggest that either could function as an autoreceptor. In this 
study, w e determined the effects o f  D3 receptor activation on dopamine 
release in an in vitro system. A human D3 cDN A was subcloned into 
the expression vector pcD N A /neo and transfected into the dopamine 
producing cell line M N9D (Choi H. et al, Brain Res. 552, 67-76, 1991). 
Transfected cells were purified by limiting dilution and the level o f  D3 
receptor expression was determined by radioligand binding assays (0.5  
pm ole receptor / mg membrane protein). The expressed D3 receptors 
exhibited the same rank order potency for several D 2-specific antagonists 
and agonists as have been reported in other cell lines. Stimulation o f  the 
D 3 receptors did not lead to changes in either cAM P or inositol 
phosphate levels. H owever, D3 receptor activation decreased dopamine 
release. Dopamine levels were measured by high-performance liquid 
chromatography with electrochemical detection. The D 2-specific agonist 
quinpirole (10μΜ ) inhibited dopamine release by 35% which could be 
blocked by the D 2-specific antagonist eticlopride (10μΜ ). These data 
suggest that D3 receptors can function as an autoreceptor whose 
activation can lead to inhibition o f  dopamine release.
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3 9 .1 1
EXCITATION OF ANTERIOR CAUDATE NEURONS BY STIMULATION OF 
D3 RECEPTORS. D.K.Hvslop*. W.E.Hoffmann. M.W.Smith and M.F, 
Piercev. CNS Research, The Upjohn Company, Kalamazoo, Ml 49001.

Molecular biologists find that the D1 and D2 dopamine (DA) receptor 
subtyping of Kebabian and Caine needs to be expanded to five subtypes 
(D1 subfamily = D1.D5; D2 subfamily = D2,D3,D4). Previously, we have 
shown that both direct and indirect DA agonists excite neurons in the 
anterior caudate (CN) (Hyslop e t  a l., Neurosci. Abs. 1992) by stimulation of 
receptors belonging to the D2 receptor subfamily. In the present study, we 
compare the effects of three agonists with differing specificities for receptor 
subtypes in the D2 subfamily. Quinpirole bound equally well to D2, D3 and 
D4 receptors, while pramipexole bound preferentially to D3 receptors. Both 
inhibited dopamine neurons in the substantia nigra pars compacta (SNPC) 
and excited CN cells. U-91356A (Piercey et al., Neurosci. Abs. 1992) 
bound preferentially to D2 receptors. Although more potent than the D3- 
preferring pramipexole in inhibiting SNPC cells, U-91356A did not excite CN 
cells. The D3-preferring antagonist, (+)-AJ76, was weaker than haloperidol 
in antagonizing amphetamine, both in SNPC and CN. But, relative to its 
potency in SNPC, (+)-AJ 76 was more potent than haloperidol in CN. It is 
concluded that DA drugs excite anterior CN neurons via D3 receptor 
activation.

3 9 .1 3

EFFECTS OF THE DOPAMINE AUTORECEPTOR ANTAGONISTS (+)-UH 
232 AND (-)-DS 121 ON 5-HT NEURONAL FIRING RATES IN THE RAT 
DORSAL RAPHE NUCLEUS. M.Camacho-Ochoa* and M.F.Piercev. CNS 
Diseases Research, The Upjohn Company, Kalamazoo, Mi 49001.

(+)-UH 232, (+)-AJ 76 and (-)-DS 121 are among a group of stimulant 
dopamine antagonists which may act as preferential antagonists of 
dopamine (DA) autoreceptors (1). In contrast to classical neuroleptics, they 
are not cataleptogenic (1), indicating possible utility as antipsychotics. 
Additionally, they may be useful as cocaine pharmacotherapies (2). In 
previous electrophysiological studies, (+)-AJ 76, although partially depress
ing firing rates by itself, antagonized the depressant effects of the 5-HT1A 
agonist 8-OH DPAT on dorsal raphe (DR) 5-HT neurons (3). To see if 5- 
HT1A antagonist activity is a common characteristic of DA autoreceptor 
antagonists, (+)-UH 232 and (-)DS 121 were evaluated for effects on firing 
rates of DR neurons in chloral hydrate-anesthetized rats. (+)-UH 232 dose- 
dependently depressed firing rates of DR neurons. In contrast to (+)-AJ76, 
higher doses completely suppressed firing. The potency (ED50 = 0.88 
mg/kg i.v.) was less than that as a DA antagonist on SNPC cells (ED50 ■
0.10 mg/kg). (-) DS 121, a phenylpiperidine, did not depress 5-HT 
neuronal firing rates or block the depressant effect of 8-OH DPAT. The 
data demonstrate that different autoreceptor antagonists have different 
actions on 5-HT cells which, therefore, cannot be attributed to their similar 
effects on DA systems.

References: (1) K.Svensson e t  al., Naunyn-Schmiedeberg’s Arch. Pharma
col. 334:234, 1986. (2) M.F.Piercey e t  al., Brain Res. 588:217, 1992. (3)
M.F.Piercey e t  al., Neurosci. Abs. 15: 1234, 1989.

3 9 .1 5
(-)-DS121 A NOVEL DOPAMINE D3- AND AUTORECEPTOR PREFERRING 
ANTAGONIST: BIOCHEMICAL AND ELECTROPHYSIOLOGICAL EFFECTS.
N. Waters*. C. Sonesson. H. Wikström§. M. Piercev#. M. Smith#. A Carlsson.
K. Svensson. Dept. of Pharmacology, Univ of Göteborg, Medicinaregatan 7, S-41390 
Gothenburg, Sweden, § Dept. o f Medicinal Chemistry, Univ. o f Groningen, The 
Netherlands. #  CNS research, The Upjohn Company, Kalamazoo, MI 49001, U.S.A.

(-)-DS121 (S-(-)-3-(3-Cyanophenyl)- N-n-propyl piperidine), together with (+)- 
AJ76 and (+)-UH 232, belongs to a new class of DA antagonists. These DA  
antagonists are characterized by their atypical behavioral effects possibly dependent 
on the apparent preference for the DA autoreceptors.

Like classical DA antagonists (-)-DS121 increases DA synthesis and metabolism 
over a wide dose range (3.1-400 μmol/kg s.c.). In the same dose range (-)-DS121 
reverses the apomorphine induced depression of DA synthesis in GBL treated rats. 
By itself, (-)-DS121 has no effect on DA synthesis in GBL or reserpine pretreated 
rats. Thus, (-)-DS121 is an antagonist at the synthesis regulating DA autoreceptors. 
Likewise, (-)-DS121 reverses apomorphine and d-amphetamine induced depression 
in SNPC and VTA neurons showing antagonist activity at the impulse controlling 
autoreceptors. Also, (-)-DS121 dose -dependently increases DA release, in a TTX- 
and Ca2+-dependent manner, both in the dorsal and ventral striatum although to a 
higher level than the classical DA antagonists. Like (+)-AJ76 and (+)-UH232 (-)- 
DS121 has a weak but certain preference for the DA D3 receptor in in vitro binding 
studies. H ow ever, the preference for the D3 receptor in relation to the 
pharmacodynamic effects by the autoreceptor antagonists is not fully understood.

Taken together the biochemical and physiological data strongly suggest that (-)- 
DS121, like (+)-AJ76 and (+)-UH232, is an antagonist at the impulse, and both the 
synthesis and release regulating, DA autoreceptors with a slight preference for the 
terminal release regulating autoreceptors.

3 9 .1 2
EXCITATIO N AND INHIBITION OF SU BS TAN TIA  NIG RA PARS 
RETICULATA NEURONS IS M EDIATED BY D2 AN D D3 RECEP
TO R SU BTYPES, RESPECTIVELY. W .E .H o ffm a n n . N .F.NichoIs* 
and M .F.P iercev. CNS Research, The Upjohn C om pany, Kalam azoo, 
M l 49001.

A lthough no dopam ine (DA) receptors exist on neurons orig inat
ing in the Substantia  N igra Pars Reticu lata (SNPR), th is area 
represents a m ajor output pathw ay fo r the caudate nucleus. 
Previously, it has been dem onstrated tha t the non-specific  dopam ine 
(DA) agonist apom orphine s tim ulates som e SN PR  cells and inhibits 
others (W aszczak e t  a l ., Brain Res. 306:307, 1984). W e have now 
found that am phetam ine, a DA releaser, excites approxim ate ly one- 
th ird o f SNPR cells, inh ib its ano ther one-third, and has no effect on 
the rem ainder. The D1,D5 agonist SKF 38393 had no effect, but 
quinpiro le (Quin), the D2,D 3,D 4 agonist, stim ulated m ost SNPR cells. 
However, som e cells w ere  inh ib ited by Q uin, w h ile  others were 
inhibited a t low doses and stim ulated w ith high doses. U-91356A, a 
D2-preferring agonist (Hyslop e t  a l., th is m eeting), excited 10 o f 14 
cells, w ith a  threshold of 100 μg/kg, and inhibited only one cell and 
that only w ith a dose of 3000 μ g /kg . Pram ipexole, a D3-preferring 
agonist (Hyslop e t al., th is m eeting), inhibited tw o-th irds of SNPR 
cells and stim ulated none. It is concluded that stim ulation and 
inhibition of SN PR cells by DA agonists are m edia ted ind irectly via 
caudate D2 and D3 receptor subtypes, respectively.

3 9 .1 4
THE DOPAMINE AUTORECEPTOR ANTAGONIST DS-121 
REDUCES COCAINE SELF-ADMINISTRATION BEHAVIOR IN 
RATS. A.M.Smith*. M.F.Piercev and D.C.S.Roberts. 
Carleton University, Ottawa, K 1S 5B6, Canada; The 
Upjohn Company, Kalamazoo, MI.

DS-121 belongs to a new class of stimulant 
dopamine (DA) receptor antagonists. DS-121, 
along with AJ-76 and UH-232, have been shown to 
increase DA release by preferentially blocking 
presynaptic autoreceptors. The present study 
investigated whether DS-121 could be useful in 
attenuating cocaine reinforcement. The effects 
of DS-121 were assessed on cocaine self- 
administration (SA) using two schedules of 
reinforcement, a fixed ratio (FR1 ) to measure 
rate of drug intake and a progressive ratio (PR) 
to determine breaking point. DS-121 was 
effective in significantly reducing breaking 
point at the 15 mg/kg (IP) dose as well as 
significantly reducing rate of SA in 5 of 8 rats. 
Three doses of DS-121, when substituted for 
cocaine in animals previously trained, failed to 
support SA behavior. These results provide 
encouragement that DS-121 does not have abuse 
potential but does show cocaine antagonist 
effects that may be useful for the treatment of 
cocaine abuse. Supported by NIDA grant 8591-09.

3 9 .1 6
(-)-DS121, A NOVEL DOPAMINE D3- AND AUTORECEPTOR 
PREFERRING ANTAGONIST: EFFECTS ON LOCOMOTOR ACTIVITY 
IN THE RAT. K. Svensson*. N. Waters. C, Sonesson. H, Wikström1. N.F. 
Nichols  ̂ and A. Carlsson. Dept. of Pharmacology, Univ. of Göteborg, 
Medicinaregatan 7, S-41390 Göteborg, Sweden, 1Dept. of Medicinal 
Chemistry, University of Groningen, The Netherlands and 2CNS Dis. Res. 
The Upjohn Company, Kalamazoo, MI, USA.

(-)-DS121 (S-(-)-3-(3-Cyanophenyl)- N-n-propyl piperidine), belongs to a 
new class of DA receptor antagonists showing preference for the presynaptic 
autoreceptors. As a result of this action,(-)-DS 121 (25-200 μmol/kg sc.) 
produces a mild (+50%) behavioral stimulation in actively exploring rats with 
no hypoactivity even after very high doses. In habituated rats, the activity is 
elevated to about 700% of controls. These animals also show mild stereotyped 
sniffing and rearing. The behavioral stimulation observed is dependent on 
intact central monoaminergic neurotransmission since it is abolished by 
reserpine, a-methyl-para-tyrosine, raclopride and haloperidol respectively. (-)
DS 121 is comparatively weak in reducing hyperactivity induced by agonists 
such as apomorphine, DiPr-5,6-ADTN and d-amphetamine. Taken together, 
the present data suggest that (-)-DS121 is a mild behavioral stimulant. The 
preference for the DA autoreceptors is slightly higher than that of (+)-AJ76 
and (+)-UH232. The influence of the dopamine D3 receptor preference of 
these compounds on their behavioral profile is still not fully understood. 
Compounds like (-)-DS121 may prove clinically useful e.g. in the treatment 
of schizophrenia, depression and drug addiction.
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3 9 .1 7
EFFECTS OF THE PREFERENTIAL DOPAMINE AUTORECEPTOR 
ANTAGONIST (-)-DS121 IN THE INTRACRANIAL SELF
STIMULATION AND CONDITIONED PLACE PREFERENCE 
PARADIGMS IN THE RAT.
T. Kling-Petersen*. E. Ljung. C. Sonesson. A. Carlsson and K. Svensson.
Dept of Pharmacology, Univ. of Göteborg, Medicinareg. 7, 413 90 Göteborg, 
Sweden.

The phenylpiperidine (-)-DS121, (S-(-)-3-(3-cyanophenyl)-N-n-propyl 
piperidine) represents a new class of centrally acting, weak stimulants with a 
preferential action as antagonists on the dopaminergic autoreceptor. (-)-DS121 
also exhibits a slight preference for the D3 receptor as compared to the D2 
(see N. Waters et al., this meeting).

The compound has an interesting profile in that it dose dependently elevate 
locomotor activity in both habituated and non-habituated rats (K. Svensson et 
al., this meeting). In the present study we found that (-)-DS121 produces 
conditioned place preference at 25 - 100 μmοl/kg, s.c. However, the 
stimulatory actions are not evident in ICSS experiments where it in fact 
produces a non significant tendency towards an increase in reward threshold 
in the dose range 3.5-50 μmοl/kg, s.c. This is in contrast to other dopamine 
autoreceptor antagonists, such as (+)-AJ76 and (+)-UH232, who produce a 
highly significant increase in reward thresholds. Thus, the differences indicate 
that (-)-DS121 has a stronger preference for the DA autoreceptor. Taken 
together, the present data suggest that (-)-DS121 produces only weak, if any, 
positive reinforcement properties in the rat.

3 9 .1 9
THE EFFECTS OF HALOPERIDOL TREATMENT ON DOPAMINE D2 
RECEPTOR hnRNA, mRNA, AND PROENKEPHALIN mRNA IN THE RAT 
STRIATUM. C. A. Fox*. A. Mansour. R. C. Thompson, and S. J. Watson. 
Mental Health Research Institute, University of Michigan, Ann Arbor, MI 48198.

The striatum is a major target of midbrain dopaminergic neurons. It contains 
cells that express dopamine receptors, as well as opioid peptides that colocalize 
with specific dopamine receptors. For example, most striatal neurons that 
contain dynorphin express dopamine D1 receptors, and enkephalinergic striatal 
cells also contain D2 receptors. Because the neuroleptic drug haloperidol is 
thought to act through dopamine D2 receptors, we have investigated the effects 
of this drug on D2 gene expression by measuring D2 heteronuclear RNA  
(hnRNA). Since the hnRNA pool is small, D2 hnRNA levels may serve as a 
sensitive index of transcription. We have also examined the effects of haloperidol 
on D2 mRNA and proenkephalin mRNA levels. Adult male Sprague-Dawley 
rats were implanted with Alzet minipumps containing haloperidol (RBI) 
dissolved in 1%  lactic acid. The pumps were designed to deliver haloperidol at 
the rate of 0.3mg/kg/day. Rats were also implanted with pumps containing 1% 
lactic acid to serve as controls. Haloperidol treated and vehicle control animals 
were killed after receiving 1,3, or 7 days of drug and the brains were collected for 
in situ hybridization. In situ hybridization was performed using probes designed 
to hybridize to D2 receptor hnRNA (intron seven specific probe), mRNA, and 
proenkephalin mRNA. No significant changes were observed in the levels of D2  
hnRNA or D2 mRNA in the corpus striatum. However, a time dependent 
increase was observed in proenkephalin mRNA in striatal cells. This data 
indicates that although D2 hnRNA, mRNA, and proenkephalin mRNA are found 
in the same striatal cells, the modes of regulation may differ for these two genes. 
Supported by NIMH grant MH42251 and a PMA Foundation Award to C A .F.

3 9 .1 8

C L O Z A P IN E , R IS P E R ID O N E  A N D  S E R T IN D O L E  P R E FE R E N 
T IA L L Y  IN C R E A S E  IN T E R S T IT IA L  D O P A C  LE V E LS  IN T H E  R A T 
P R E F R O N T A L  C O R T E X  R E LA T IV E  T O  D O R S O L A T E R A L  
S T R IA T U M . A. F in k -Je n se n *. L  H a n se n . P.G. N ie lse n  a n d  E.B. 
N ie ls e n . P h a rm a c e u tic a ls  D iv is ion , N o v o  N o rd is k  A /S ,  N o vo  
N o rd is k  Park, D K -2 760  M åløv, D e n m a rk .

T h e  a c u te  e ffe c ts  o f c lo z a p in e , h a lo p e r id o l, r is p e r id o n e  a n d  
th e  p o te n tia l "a typ ica l" n e u ro le p tic , s e r tin d o le , o n  in te rs tit ia l leve ls  
o f th e  d o p a m in e  (D A) m e ta b o lite , d ih y d ro x y p h e n y la c e t ic  a c id  
(D O P A C ) w e re  in v e s tig a te d  u s in g  m ic ro d ia ly s is  te c h n iq u e  in 
a w a k e  S p ra g u e  D a w le y  ra ts . A ll c o m p o u n d s  w e re  a d m in is te re d  
in tra v e n o u s ly  as  s in g le  o r  cu m u la tiv e  d o se s .

C lo z a p in e  (1, 2  a n d  4  m g /k g ) ,  r is p e r id o n e  (0.1 a n d  0 .3  
m g /k g )  a n d  s e rtin d o le  (1, 2 a n d  4  m g /k g )  p re fe re n tia lly  
in c re a s e d  in te rs tit ia l c o n c e n tra t io n s  o f D O P A C  in th e  lim b ic  
p re fro n ta l c o r te x  re la tive  to  th e  n o n -lim b ic  d o rs o la te ra l s tr ia tu m , 
w h e re a s  D O P A C  le ve ls  w e re  e le va te d  to  th e  sa m e  e x te n t in b o th  
a re a s  fo llo w in g  h a lo p e r id o l (0.1 m g /k g ) .  A  g re a te r , b u t 
in s ig n ifica n t, in c re a se  w a s  o b s e rv e d  in p re fro n ta l c o r te x  w h e n  
h ig h  cu m u la tiv e  i.v. d o s e s  o f h a lo p e r id o l (0 .3  a n d  1 .0  m g /k g )  
w e re  a d m in is te re d .

T h e s e  re s u lts  s u g g e s t th a t s o m e  n e u ro le p t ic s  s h o w  re g io n a lly  
se le c tive  e ffe c ts  o n  D A  m e ta b o lis m , p o s s ib ly  b y  n o n -D A e rg ic  
m e c h a n is m s .

3 9 .2 0

POTENTIATION OF DOPAMINE D-l C-FOS INDUCTION BY 
GLUTAMATE ANTAGONISTS IN THE STRIATUM: ROLE OF THE 
SUBSTANTIA NIGRA M.Morelli*. S.Fenu. A.Carta. A.Pinna Dept. of 
Toxicology, University of Cagliari, Italy.

Parenteral administration of NMDA receptor antagonists has been 
shown to potentiate D-l mediated turning behavior and striatal c-fos 
induction, in rats with a unilateral 6 -hydroxydopamine lesion of the nigro- 
striatal dopaminergic pathway (Morelli et al. 1992 J.P.E.T. 260, 402). 
This effect which was considered to be due to a positive interaction at the 
level of striatal efferent neurons, is indeed obtained also when the NMDA 
antagonists are injected locally in the striatum. In the present study the 
role of the substantia nigra (SN) in this positive interaction, was also 
studied by means of local infusions of NMDA (MK-801 and CPP) or 
AMPA (NBQX) antagonists. Intranigral injections of low doses of 
antagonists potentiated both D-l (1.5 mg/kg s.c. SKF 38393) mediated c- 
fos activation in the striatum and D-l mediated contralateral turning 
behavior. Higher doses of antagonists when injected into the SN induced 
contralateral turning per-se but did not activate c-fos in the striatum. The 
results suggest that besides The striatum also the SN plays an important 
role in the positive interaction between glutamate antagonists and D-l 
receptor agonists.

CATECHOLAMINES I

4 0 .1
THE EFFECTS OF DOPAMINE DEPLETION ON THE MORPHOLOGY 
OF MEDIUM SPINY NEURONS IN RAT NUCLEUS ACCUMBENS.
P. Ypma1, G.E. Meredith*1, P.S. Zahm2. 1Department of Anatomy, Faculty 
of Medicine, Vrije Universiteit, Amsterdam, The Netherlands and 
department of Anatomy and Neurobiology, St Louis University School of 
Medicine, St. Louis, MO 63104.

Dopaminergic (DA) axons innervating the striatum are differentially 
vulnerable to chemical lesions. Particularly noteworthy is the relative sparing 
of the DA innervation in the shell as compared to the core of nucleus 
accumbens following 6 -OHDA lesions (Zahm, Brain Res. 552: 164, 1991). 
Inasmuch as the physiological, biochemical and ultrastructural features of the 
DA innervation differ between the shell and core, we questioned the 
potential effects of a DA lesion on the structural integrity of the medium 
spiny neurons in these territories. Neurons in lightly fixed striatal slices of 
unilaterally 6 -OHDA-lesioned animals, were identified with a counterstain 
(1СГ7 M DAPI) and subsequently injected intracellularly with Lucifer Yellow 
(LY). The tissue was further sectioned and immunostained with antisera 
against LY. Computerized (Eutectics) reconstruction and analysis gave values 
for various morphometric features of filled neurons on the lesioned and 
control sides of the brain. In the core, a small decrease in spine density and 
in the numbers of dendritic branches characterized spiny neurons on the 
lesioned side as compared to those on the control side. In the shell, neurons 
on the lesioned side had dendritic segments that were longer and less spiny 
than those on the control side. Although we would have expected the 
reduction in spine density to be correlated with the increase in dendritic 
length, this was not the case. These results indicate that dopamine depletion 
differentially affects accumbal shell and core spiny, presumably output, 
neurons. (Supported by: USPHS NIH NS-23805).

4 0 .2
DOPAMINERGIC SYNAPTIC CURRENTS EVOKED IN MELANOCYTES 
OF THE PITUITARY PARS INTERMEDIA: CHARACTERIZATION AND 
MODULATION BY NEUROTENSIN. L.A. Mudrick-Donnon* and BA. 
MacVicar. Neuroscience Research Group, University of Calgary, Calgary, 
Alberta, Canada T2N 4N1.
Knowledge of the regulation of dopaminergic (DA) synapses may have 
important implications for understanding the pathophysiology underlying 
disorders such as Parkinson’s disease and schizophrenia. The pituitary pars 
intermedia (PI) is a unique region for die study of DA synapses since 
melanocytes, the principle cells of the PI, are innervated monosynaptically 
by DA fibres from the CNS. Stimulation of the infundibular stalk evokes in 
melanocytes a late hyperpolarization mediated by DA D2 receptors. In the 
present study single electrode voltage clamp techniques have been used to 
characterize the synaptic curents underlying the DA mediated 
hyperpolarization in melanocytes. In addition, since neurotensin (NT) is a 
peptide associated closely witn the DA system, studies have been initiated to 
investigate the effects of NT on these synaptic currents. The stalk attached- 
whole pituitary preparation was used with a stimulating electrode placed on 
the infundibular stalk. Experiments were carried out in the presence of 100 
μΜ bicuculline to eliminate GABAa receptor mediated influences. Afferent 
fibres were activated by either 1 or 5 square wave pulses (2-8 V, 100 μS). 
Synaptic currents evoked with a single pulse (n=5) had an amplitude of 27 
pA and a duration of 6.5 s. Currents evoked with a 5 pulse train (n= 8 ) had 
an amplitude of 43 pA and duration of 13.5 s. Synaptic currents had a 
latency of 120 ms and the time to peak was 725 ms. A paired pulse 
inhibition paradigm showed that the second response was inhibited for about
12.5 s. NT (10 nM) decreased the amplitude of the synaptic current by 22% 
(n=5) but did not affect the latency, time to peak, or duration of the 
response. Further study of this DA synaptic current may enhance our 
understanding of the physiology of DA neurotransmission in the CNS.

This work was supported by the MRC of Canada and AHFMR.
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40.3
D1 RECEPTOR STIMULATION ENHANCES PHOSPHOINOSITOL (PI) 
HYDROLYSIS IN SLICES FROM RAT SUBSTANTIA NIGRA (SN). L.P. Martin* 
and B.L. Waszczak. Dept. Pharm. Sci., Northeastern University, Boston, MA 02115 

We previously demonstrated that iontophoretic application o f D 1 agonists (SKF 
38393 and A-68930) elicits increases in the firing rates of SN pars reticulata neurons, 
and that the effect is mediated via stimulation of D 1 receptors located on terminals of 
impinging striatonigral fibers. Further studies suggested that this excitatory response 
might not be mediated by adenylate cyclase. Specifically, it was shown that 
iontophoresis of cAMP analogues did not mimic the D 1 agonist effect and that 
intranigral injections of pertussis toxin, an inactivator of Gi and Go proteins, 
completely abolished the excitatory response to SKF 38393. These results were 
surprising since D 1 receptors have been thought to act through Gs to stimulate 
adenylate cyclase. Recent studies investigated whether PI hydrolysis might provide a 
second messenger coupling pathway for the nigral D, receptor. For these experiments, 
the SN from 12 rats were pooled, slices prepared with a tissue chopper and incubated 
with 5 μΜ 3H-myo-inositol for 1 hr. Aliquots of packed slices were incubated for 60 
min with or without agonist, and either in the presence or absence of antagonist. 3H- 
inositol phosphates (3H-IPs) were quantified by anion exchange HPLC. Incubation of 
nigral slices with dopamine (100 μΜ) increased total 3H-IPs by 61.8 + 9.5% (n=5). 
This increase was enhanced (to 136.7 + 17.1% above basal; n=3) by the D2 antagonist 
YM-09151-2 (10-6 M), and fully blocked by prior addition of the D 1 antagonist SCH 
23390 (500 μΜ; n=2). Similar increases in total 3H-IPs were also observed after 
incubation with either 500 μΜ SKF 38393 (58.9 ±  7.0%; n=7) or 250 μΜ SKF 82958 
(57.4 + 13.7%; n=3), and these increases were again significantly reduced by SCH 
23390. For instance, in the presence of SCH 23390 (500 μΜ), total 3H-IPs increased 
by only 28.4% ±  12.0% (n=5) with SKF 38393, and by 4.7 ±  12.8% (n=3) with SKF 
82958. These findings, while preliminary, suggest that nigral D 1 receptors can couple 
to the PI second messenger pathway. (Supported by NS 23541).

40.5
THE ROLE OF THE NORADRENERGIC SYSTEM IN 
CENTRAL cFOS RESPONSES. E.A. Stone*. Y. Zhang, and G. 
Bing. Dept. Psychiatry, New York University School of Medicine, 
New York, NY 10016

Previous studies have shown that noradrenergic activation of beta 
adrenoceptors causes expression of c-fos in various regions of the 
brain. The present experiments were undertaken to explore this 
phenomenon further by determining how various manipulations of 
central noradrenergic function affect c-fos responses. Rats were 
either implanted with cannulas in the locus coeruleus (LC) through 
which they received injections of glutamate, or were subjected to 
restraint stress after receiving injections of desmethylimipramine 
(DMI) or the neurotoxin, DSP4. Immunohistochemistry for c-fos 
protein and in situ hybridization for c-fos mRNA in the brain were 
conducted by standard methodology. It was found that activation of 
the LC with glutamate produced a marked and widespread increase 
in c-fos protein in various brain regions. Restraint stress also 
increased c-fos protein and mRNA. Preliminary results indicate 
that the c-fos protein response to restraint was potentiated by prior 
DMI and the c-fos mRNA response was attenuated by DSP4. It is 
concluded that the noradrenergic system is capable of eliciting a 
strong c-fos response in its target cells in the brain and that this 
system plays a key role in the central c-fos response to restraint 
stress. Supported in part by grants AFOSR 89-0208, MH45265 
and MH08618.

40.7
EFFECTS OF UNILATERAL 6-OHDA LESION ON THE EXPRESSION OF 
PREPROSOMATOSTATIN mRNAs IN THE RAT FOREBRAIN.
H. Hashemzadeh-Garoari*. A. Juno. J.P. Bennett and L. Zaborszky. Dept. 
Neurol., University of Virginia, Charlottesville, VA 22908 and Ctr. Mol.& 
Behav. Neurosci., Rutgers University, Newark, NJ.

Previous studies indicated that forebrain areas containing somatostatin- 
immunoreactivity or preprosomatostatin (PPS) mRNAs (Johansson et al., 
1984; Fitzpatrick-McElligot, I988) are rich in dopaminergic axon terminals. 
The present study investigated the possibility that catecholamines may 
transsynaptically affect the expression of these markers. 6-OHDA (10 ug 6- 
OHDA dissolved in 4 μl saline containing 1mg/ml ascorbic acid) was 
injected at the meso-diencephalic border (-4.3mm; 1.5mm; 7.8mm 
according to Paxinos and Watson, 1986). After 2 weeks of survival time, 
rats were perfused with saline followed by ice-cold paraformaldehyde in 
sodium phosphate buffer (PBS) and 10% sucrose. Brains were frozen on dry 
ice and stored at -80°C until cut into 10 um sections. Sections were 
incubated for 24 hrs with radioactive probes which were prepared by using 
alpha[33P]dATP (NEN) and terminal deoxynucleotidyl transferase to add 
33P-labelled tails to the oligonucleotides. The sections were then dried and 
processed for autoradiography. Sections were quantified using the MCID-mi 
system. Our preliminary analysis suggest that PPS hybridization signal was 
substantially increased in the zona incerta and to a lesser degree in the 
olfactory cortex in the lesion side as compared to the contralateral side. 
Supported by USPHS Grants NS23945 and NS30024.

40.4
IN VIVO CHARACTERIZATION OF STRIATAL EXTRACELLULAR DA 
AND cAMP IN ANESTHETIZED RATS. A. T. Massey* and P. K. Randall, 
College of Pharmacy and Institute for Neuroscience, The University of Texas, 
Austin, Texas 78712.

The purpose o f this study was to pharmacologically characterize the 
appearance o f DA and cAMP in the striatal extracellular fluid of anesthetized 
rats.

Commercially available microdialysis probes with 3mm tips were acutely 
implanted into the anterior striatum of chloral hydrate anesthetized rats. Probes 
were perfused at 2 ul/min with a buffered ACSF solution containing 1 mM 
isobutylmethylxanthine (IBMX). Samples were collected at 30 min intervals. 
Three hours after probe insertion, rats received a drug treatment: either an ip 
injection of 0 ,0 .5 , 2, or 8 mg/kg amphetamine (AMPH), or a 30 min infusion of 
l 0uM SKF-38393 (a D1 receptor agonist), lOuM forskolin (a direct stimulant of 
adenylate cyclase), or vehicle (DMSO in ACSF). Additionally, one group of 
animals received a “pre-infusion” of lOuM SCH-23390 (a D1 antagonist) for 1 
hour prior to SKF-38393 infusion. Each sample was analyzed for DA with 
HPLC/EC, and cAMP with RIA.

Following probe insertion, both DA and cAMP reached stable baselines 
within approximately 2 hours (DA = 0.929 ± 0.103 μg/ul; cAMP = 0.574 ±
0.031 fmole/ul). As described previously, systemic AMPH produced dramatic, 
dose-dependent increases in striatal DA, but only modest increases in 
extracellular cAMP that were not clearly dose-related. Forskolin, SKF-38393, 
SCH-23390, and vehicle were without effect on extracellular DA. SKF-38393 
infusion produced a significant but small (roughly 2 times basal levels) increase 
in cAMP that was blocked by SCH-23390 pretreatment. Forskolin produced a 
7-fold increase in cAMP over basal levels.

These data suggest that cAMP appearing in the striatal extracellular fluid 
could be used as a marker o f activity at D1 DA receptors in vivo. cAMP 
showed small increases in the extracellular fluid in response to dramatically 
increased DA levels and direct D1 receptor stimulation, and no increase when 
D 1 receptors were blocked by antagonist.

40.6
ACTIVATION OF FOS IN CULTURED HYPOTHALAMIC 
TYROSINE HYDROXYLASE-IR NEURONS AND INHIBITION BY 
D2 AGONIST. ЦЈ. Sim*. K.P. Tsai and M. Morris. Dept. of 
Physiology and Pharmacology, Bowman Gray School of Medicine, 
Winston-Salem, N.C. 27157.

The immediate early gene product fos protein increases with neuronal 
activation and is an early event in a cascade that results in increased 
genetic transcription. In these studies, fos was identified 
immunocytochemically after stimulation of cultured neurons with a 
variety of agents. Primary cultures were obtained from neonatal rat 
hypothalami in the region of the paraventricular nucleus and on day 5 
were treated for 2 hours with KC1, glutamate or forskolin. 
Administration of 50mM KC1 increased the percentage of fos-ir neurons 
to approximately 45% of total tyrosine hydroxylase (TH)-ir neurons. 
100 μΜ glutamate increased the percentage of fos/TH-ir neurons to 
approximately 25% and 30 μΜ forskolin increased fos/TH-ir cells to 
approximately 60%. No additivity was found with glutamate and KC1, 
whereas glutamate and forskolin, and KC1 and forskolin were at least 
partially additive. Activation of fos by KC1 or forskolin was partially 
inhibited by a 15 minute preincubation with the D2 agonist in a dose 
dependent manner over the range 0.3-100 μΜ, whereas glutamate 
activity was unaffected by D2 agonist. These results demonstrate 
differential stimulation of fos in TH-ir hypothalamic neurons, 
presumably via cAMP or calcium channel activation, and that the cAMP- 
mediated portion of this response can be regulated by D2 receptor 
activation.

Supported by Pharmaceutical Manufacturers' Association and North 
Carolina Biotechnology.

40.8
M O N O A M IN E  L E V E L S  IN A  R A T  B R A IN  S U B J E C T  T O  
M A G N E T IC  R E S O N A N C E  IM A G IN G . K, H vo d o * a n d  K. H o m m a . 
B io m e c h a n ic s  D iv ., M e c h . E n g . L a b ., A g e n c y  o f In d u s tr ia l 
S c ie n c e  a n d  T e c h n o lo g y .,  T s u k u b a , 3 0 5 J A P A N

T o  s tu d y  th e  ra p id  in f lu e n c e  w h ic h  M a g n e t ic  R e s o n a n c e  
Im a g in g  (M R I)  h a s  u p o n  b ra in  m e ta b o lis m  by  m e a n s  o f in  v iv o  
m ic ro d ia ly s is  , d o p a m in e  (D A ), d ih y d ro x y p h e n y l a c e t ic  a c id  
(D O P A G ), h o m o v a n ill ic  a c id  (H V A ), 5 -h y d ro x y in d o le a c e t ic  a c id  
(5 H IA A ) a n d  n o ra d re n a lin e  (N A ) in a  ra t c a u d a te  p u ta m e n  w e re  
m o n ito re d  d u r in g  th e  a p p lic a tio n  o f s p in -e c h o  s e q u e n c e s  b y  a  2 
T e s ra  M R I a p p a ra tu s . T h e  in flu e n c e  o f M R I c o n s is ts  o f th re e  
fa c to rs , a  s tro n g  s ta tic  m a g n e tic  f ie ld , a  d y n a m ic  m a g n e tic  f ie ld  
a n d  a  ra d io  w a v e .  A  3 5  w e e k  o ld  m a le  W is te r  ra t w a s  
a n e s th e t iz e d  b y  is o f lu re n e  w h ile  m o n ito r in g . A f te r  1 h o u r  o f 
m o n ito r in g , in  10 m in u te  in te rv a ls ,  d u r in g  th e  a p p lic a tio n  o f th e  
s p in -e c h o  s e q u e n c e s , th e  c h a n g e s  in m o n o a m in e  le v e ls  w e re  
n o t s ig n if ic a n t w h e n  c o m p a re d  to  n o rm a l c h a n g e s  in th e  a b s e n c e  
o f th e  s e q u e n c e . S ig n if ic a n t ra p id  in flu e n c e  w a s  n o t d e te rm in e d  
b y  c h a n g e s  in  m o n o a m in e  le v e ls  in  th e  ra t c a u d a te  p u ta m e n . In 
re s p o n s e  to  th e  re p o rt th a t M R I had  an  in flu e n c e  to  a  k in d  o f fish , 
th e  e x p e r im e n ta l c o n d it io n  fo r  a  f is h  in w a te r  a n d  a  ra t w a s  
d iffe re n t a n d  M R I m a y  no t h a ve  ha d  a  d ire c t in flu e n c e  u p o n  th e  
m o n o a m in e  le v e ls  in th e  ra t c a u d a te  p u ta m e n . If M R I d o e s  h a ve  
a n  in f lu e n c e  o n  th e  b ra in  m e ta b o lis m ,  n o t o n ly  f o r  th e  
m o n o a m in e  le v e ls  in  th e  c a u d a te  p u ta m e n  b u t a ls o  o th e r  
m e ta b o lis m , it m a y  a p p e a r  a fte r  lo n g  t im e  M R  Im a g in g  o r  b y  u s in g  
s o m e  o th e r  m o n ito r in g  m e th o d s .
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4 0 .9
EFFEC TS OF N A TU R A LLY -O C C U R R IN G  IS O Q U IN O L IN E S  ON  

B R A IN  M O N O A M IN E  M E T A B O L IS M ,
IN  VIV O  A N D  I N  V ITR O  S T U D IE S .

W. Maniyama*1, D. Nakahara2, M .Naoi3. 1Dept. of Neurology, Nagoya Univ.
Sch. of Med., 2Dept. of Psychology, Nagoya Univ. Coll, of Med. Technol., 3Dept. 
of Biosciences, Nagoya Inst, of Technol., Nagoya 466, Japan.

6,7-Dihydroxy-l,2,3,4-tetrahydroisoquinoline (DHTIQ) and 1,2,3,4-tetra- 
hydroisoquinoline (TIQ), isoquinolines with and without a catechol structure have 
been identified in the mammalian brain. In vitro experiments demonstrated that 
isoquinolines inhibited the activity of tyrosine hydroxylase (TH) and tryptophan 
hydroxylase (TRH) and monoamine oxidase (MAO), the key enzymes of the 
monoamine metabolism in the brain. 1-Methyl-DHTIQ depleted positive 
cooperativity of TH to the biopterine cofactor. DHTIQs inhibited TRH activity in a 
non-competitive way to the substrate, and a competitive and non-competitive way to 
the biopterine cofactor, but TIQs did not inhibit TRH. Both DHTIQs and TIQs 
inhibited especially type A  MAO in competition to the substrate. DHTIQs and TIQs 
were perfused in the rat brain striatum by in vivo microdialysis and their effects on 
monoamine and their metabolite levels were examined. DHTIQs increased 
extracellular concentration of dopamine (DA) and serotonin (5-HT), but TIQs did not. 
Especially 1-methyl-DHTIQ released a large amount of 5-HT; the 5-HT concentration 
was about 20-fold higher than DA after 120 min perfusion. Other DHTIQs increased 
DA level more markedly than 5-HT. Structure-activity relationship revealed that 
methylation at C -l position increased 5-HT release, but methylation at C-2 position 
decreased it. On the other hand, DHTIQs decreased the concentration of 3,4-dihydroxy- 
phenylacetic acid (DOPAC), homovanillic acid (HVA), and 5-hydroxyindole acetic 
acid (5-HIAA), indicating the inhibition of MAO and catechol-O-methyltransferase 
(COMT) by DHTIQs. TIQs also reduced DOPAC and 5-HIAA level, but their effect 
was not so potent as DHTIQs. Naturally-occurring isoquinolines were shown to 
perturb monoamine metabolism in the brain and may relate to some neuro-psychiatric 
disorders such as alcoholics and the side effects of L-DOPA therapy.

4 0 .1 0
CHRONIC SUBCUTANEOUS OSMOTIC PUMP IMPLANTATION 
DOES NOT A FFEC T  CATECHOLAM INE AND SEROTONIN  
METABOLISM IN RAT PREFRONTAL CORTEX AND STRIATUM
R.Li. L.L.Wing. R.J.Wvatt. and D .G .K ir c h * . Neuropsychiatry Branch, NIMH, 
Neuroscience Center at St. Elizabeths, Washington D .C . 20032 and Division of 
Intramural Research, NIMH, Bethesda, MD 20892.

In recent years, many 
studies of chronic drug 
treatment have relied upon 
subcutaneous implantation of 
the osmotic mini pump to deliver 
drug for extended periods 
without the need for external 
connections or frequent 
handling and injection of the 
animals. However, the effects 
caused by the presence of a 
subcutaneous "mass", as well as 
those caused by the surgical 
implantation of the mini pump on the central nervous system are unknown. 
They could represent stressors which in and of themselves alter monoamine 
function. To investigate this, we studied the effect of implanting the pump on 
catecholamine and serotonin metabolism in rat brain. Twenty-two rats were 
used. Half of them were implanted the ALZET osmotic pump 2ML4 for four 
weeks and the other half had no pump implanted as a control. After four 
weeks, we found no significant differences in catecholamine and serotonin 
levels between those two groups in both rat prefrontal cortex and striatum 
(see figure). Our data suggest that the mini pump, which delivers drug for 
chronic drug treatment, has no significant effect on either the catecholamine 
or the serotonin system in the rat brain.

4 0 .1 1
KNIFE-CUT LESIONS OF THE VENTRAL  
MESENCEPHALON DIFFERENTIALLY AFFECT  
VENTRAL STRIATAL DOPAMINE AND DOPAMINE  
METABOLITE CONCENTRATIONS. D. P. Devine*.
P, Leone and R. A. Wise. Center for Studies in Behavioral 
Neurobiology, and Department of Psychology, Concordia 
University,1455 de Maisonneuve Blvd. West, Montreal, Québec, 
Canada H3G 1M8

Microdialysis was used to assess the possibility that mechanical 
damage to midbrain dopaminergic neurons may result in altered 
release of dopamine and dopamine metabolites from these neurons. 
Such damage might be produced during intracranial microinjections 
of drugs into the dopaminergic cell body region of the ventral 
mesencephalon. Knife-cut lesions in this region produced 50% 
decreases  in extracellular ventral striatal dopamine concentrations, 
accompanied by 250% in crea ses  in extracellular DOPAC and HVA 
concentrations. 5-HIAA concentrations were not affected. The 
decreases in dopamine concentrations are thought to result from 
damage-induced decreases in impulse-dependent release of dopamine. 
The increases in DOPAC and HVA concentrations are thought to 
result from damage-induced alterations in the membrane potential of 
the dopaminergic neurons, causing increased efflux of intracellular 
stores of these dopamine metabolites. Procedures that minimize 
damages to the dopaminergic neurons during intracranial injections 
will be described (e.g. placement of injections, use of extended 
obturators).

4 0 .1 2

DOPAMINE / NOREPINEPHRINE TRANSPORTER CHIMERAS: 
DELINIATION OF STRUCTURAL DOMAINS INVOLVED IN 
SUBSTRATE AND INHIBITOR SELECTIVITY. K.J. Buck* and
S.G Amara. Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201.

Distinct transporters mediate inactivation and reaccumulation 
of the neurotransmitters dopamine and norepinephrine. The dopamine 
and norepinephrine transporters possess tw elve putative 
transmembrane domains characteristic of the Na+/Cl- dependent 
transporter superfamily, and show greater than 60% amino acid 
identity. In spite of their structural similarities, these transporters 
demonstrate intriguing differences in substrate specificity and 
selectivity for some inhibitors of transport, e .g . ,  the tricyclic 
antidepressant desipramine.

Chimeric catecholamine transporters were generated from 
cDNAs of the human norepinephrine transporter (NET) (Pacholczyk 
e t  a l ,  Nature 350: 350, 1991) and rat dopamine transporter (DAT) 
(Kilty e t  a l., Science 254: 578, 1991). DAT/NET chimeras were 
expressed in HeLa cells by liposome-mediated transfection using a 
recombinant vaccinia virus expressing T7 RNA polymerase. 
Structure-function analysis of several chimeras has identified 
domains which are influential in determining substrate and inhibitor 
specificity.

Supported by DA07595 and AA07468.

4 0 .1 3
Apparent Rates o f Dopamine Uptake and Sensitivity to Uptake Inhibitors in 
Slices of Rat Caudate Nucleus, Amygdala and Nucleus Accumbens Measured 
by Cyclic Voltammetry. Sara R. Jones* and R. Mark Wightman. Curriculum in 
Neurobiology, University o f North Carolina, Chapel Hill, NC 27599 

Synaptic overflow of endogenous dopamine (DA) elicited by local electrical 
stimulation o f rat brain slices was measured by fast-scan cyclic voltammetry at 
carbon-fiber microelectrodes. DA was identified by examination o f the cyclic 
voltammograms and by the lack o f effect of desipramine and fluoxetine, 
norepinephrine and serotonin uptake inhibitors, respectively, on overflow curves. 
Uptake rates were measured in the caudate-putamen (CP), nucleus accumbens 
(NAc) core and shell and the basolateral amygdaloid nucleus (BAN). Typically, 
one stimulation pulse (350 μΑ) was used in the CP and NAc and 150 pulses were 
used in the BAN to elicit detectable DA overflow. A Michaelis-Menton kinetic 
model was used to fit simulations to the overflow curves, using a Km of 0.2 μΜ 
for the CP and NAc and a Km of 0.4 μΜ for the BAN (CD Kilts, personal 
communication). Good fits were obtained, ánd the values were determined. 
v max =  3.7 ±  0.4 μΜ/s (n = 8) in the CP and 0.18 ±  0.02 μΜ/s (n=17) in the 
BAN. Differences in uptake were found within the NAc with Vmax =  1.1 + 0.4 
μΜ/s (n = 8) in the shell and 3.5 ±  0.7 μΜ/s (n=9) in the core. Sensitivity to 
DA uptake inhibitors was non-uniform. For example, clearance rates in the CP 
were decreased by 10 μΜ nomifensine but not in the BAN. GBR 12909, another 
DA uptake inhibitor, also had differential effects in the various areas. Thus, the 
clearance o f released DA is not a homogeneous process, but one which varies 
between regions in the brain.

4 0 .1 4
CLEARANCE OF LOCALLY-APPLIED DOPAMINE IN THE 
MEDIAL PREFRONTAL CORTEX OF THE RAT: COMPARISON 
WITH THE DORSAL STRIATUM AND NUCLEUS ACCUMBENS.
W.A, Cass*and G.A. Gerhardt. Depts. of Pharmacology and Psychiatry, 
University of Colorado Health Sciences Center, Denver, CO 80262.

The prefrontal cortex (PFC) is thought to be involved with higher 
cognitive processes and complex behaviors. In addition, dysfunction of the 
mesocortical dopamine (DA) projections to the PFC has been implicated in 
psychiatric and neurological disorders. As a prelude to future studies of DA 
function in the PFC we examined the activity of the dopamine transporter in 
the medial PFC, dorsal striatum and nucleus accumbens by monitoring the 
clearance of locally-applied DA in urethane anesthetized rats using in vivo  
electrochemistry. DA applied in this manner is cleared from the 
extracellular space primarily by high-affinity transport processes. When 
calibrated amounts of DA (1.2 - 35 pmoles) were pressure ejected from 
micropipettes positioned 290 ±  30 μm from the recording electrodes, tran
sient and reproducible increases in extracellular DA were detected. To 
compare clearance of DA in the medial PFC, dorsal striatum and nucleus 
accumbens, equal amounts of DA were pressure ejected in the three regions 
of each animal using the same micropipette/electrode assembly. The signals 
recorded from the medial PFC were of greater amplitude and time course 
than the signals recorded from either the dorsal striatum or nucleus 
accumbens. This indicates that DA uptake is less efficient in the medial 
PFC than in either.of the other two regions. The fewer number of DA 
transporters in the medial PFC, compared with either the dorsal striatum or 
nucleus accumbens, may in part be responsible for these differences. Our 
results are consistent with the hypothesis that DA is regulated differently in 
the medial PFC than in the dorsal striatum and nucleus accumbens. 
Supported by USPHS Grants NS09199, AG06434 and NSF Grant BNS- 
9110308.
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40.15
BRAIN COCAINE LEVELS, DOPAMINE UPTAKE TRANSPORTER BINDING 
AND FUNCTIONAL PARAMETERS IN C57BL AND DBA MICE. D.E. Womer* 
and V.G. Erwin. School of Pharmacy, UCHSC, Denver, CO 80262.

We have previously shown that C57BL and DBA mice differ in cocaine induced 
locomotor activation and stereotypy and that there were minimal differences in D2 
binding characteristics between strains. The present study extends those findings 
and shows genetic differences in GBR 12909 induced locomotor activation, a 
selective dopamine uptake inhibitor, thus indicating a dopamine mechanism of 
locomotor activation and increased stereotypy. The focus of this study was to 
determine if  there were differential brain cocaine levels between strains following 
acute cocaine administration that may account for the marked behavioral differences 
and to ascertain whether there were differences in dopamine uptake transporter 
binding and function. We used HPLC-UV detection to quantify cocaine in the brain 
at 5, 10 and 15 minutes after (15 mg/kg) administration. At the 5 minute time point, 
brain cocaine levels were not significantly different, 5.33 ±  .15 vs. 5.70 ±  .17 μg 
cocaine/g wet brain weight in C57BL and DBA mice, respectively. At other doses 
and times, brain cocaine levels did not differ between strains. Dopamine uptake 
transporters were characterized by determining binding parameters for [3H]GBR 
12935. There were no significant differences in binding affinity (Kd) or capacity 
(Bmax) between C57BL and DBA brain membranes. Competition assays using 
dopamine to compete for [3H]GBR 12935 binding revealed a similar Ki for 
dopamine in each strain. From these studies it has become clear that the locomotor 
activity differences in C57BL and DBA mice is not due to binding differences at the 
dopamine uptake transporter but may be due to strain differences in D1 and/or D2 
receptors. Further characterization of D1 and D2 receptor function in these strains 
could lead to underlying mechanisms regulating cocaine induced locomotor 
activation and stereotypy. This work was supported, in part, by USPHS grant, DA  
07171.

40.16
COCAINE ANTAGONISTS. SYNTHESIS AND PHARMACOLOGY OF 
IRREVERSIB LY  BINDING COMPOUNDS STRUCTURALLY RELATED TO 
DOPAMINE. BROM OACETYL AMINODOPAMINE (BAAD) SER IES . H.M. 
Deutsch*. M.M. Schweri*. F-Y. Hauno and L.H. Zalkow. School of 
Chemistry and Biochemistry, Georgia Tech, Atlanta GA 30332-0400 and 
#School of Medicine, Mercer Univ., Macon GA 31201-1554 

Continuing our program to develop an irreversible cocaine antagonist, we 
have synthesized bromoacetyl derivatives of dopamine analogs. The 

following compounds were made: 1-3
(R1=R2=Benzyl, R3=NH(CH2)nNH2, n=2-4); 4 
(R 1=R 2=Me, R 3=NH(CH2)2NH2) and the 
d e p ro te c te d  s e r ie s  5-7 ( R 1 = R 2=H,

R3=NH(CH2)nNH2, n=2-4); bromoacetyl aminodopamine (BAAD) compound 
8 (R1=R2=Bn, R3=NH(CH2)2NHCOCH2Br). The IC50 values for displacement 
of [3H]methylphenidate binding from the stimulant binding site on the 
dopamine transporter in rat striatal tissue are shown below. Dopamine 
derivative 5 is somewhat less potent then 
dopamine, whereas the protected intermediates 
1-3 are about the same or more potent than 
dopamine and 4 is much less potent.
Compound 8 is approximately equipotent with 
dopamine and was shown in washout studies 
to irreversibly inhibit [3H]methylphenidate 
binding. Behavioral studies indicate compound 
4 suppresses locomotor'activity. These results 
suggest that BAAD compounds may be useful 
tools in the study of the dopamine transporter.

Compound ICso-μΜ

Dopamine 4.4±0.5
1 3.3±0.4
2 1.6±0.1
3 1.5±0.1
4 278±20
5 13.0±0.6
8 5.1±0.7

OTHER BIOGENIC AMINES AND PURINES: HISTAMINE AND MELATONIN

41.1
CLONING OF A GENE ENCODING THE HUMAN H1 HISTAMINE 
RECEPTOR. B. A. Chowdhurv. M.A. Kaliner and C.M. Fraser*. 
Laboratory of Clinical Investigation, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Bethesda, MD 20892; 
and The Institute for Genomic Research, Gaithersburg, MD 20878.

The H 1 subclass of histamine receptors mediates diverse neuronal 
and peripheral actions of histamine. Antagonists for this receptor are 
effective in the treatment of various allergic diseases. The action of 
histamine on this receptor is known to be mediated via a guanine 
nucleotide-binding protein linked to hydrolysis of phosphatidy linosi tol. 
The cloning of bovine HI histamine receptor has demonstrated that this 
protein belongs to the family of seven transmembrane receptors. The 
technique of polymerase chain reaction was used to amplify the HI 
histamine receptor from human genomic DNA using oligonucleotide 
primers complementary to the sequence of bovine histamine HI receptor. 
A 705 bp fragment, representing amino acid #33 (first transmembrane 
helix) to #267 (third intracellular loop) was amplified from human 
genomic DNA and sequenced. Over this region the human H1 histamine 
receptor displays 8 8% identity with the bovine receptor. The identity is 
high in transmembrane helices and low in second extracellular and third 
intracellular loops. There is an aspartic acid residue in the third 
transmembrane helix and two cysteine residues at the first and second 
extracellular loops. The 705 bp fragment of the human H 1 receptor was 
used as a hybridization probe to screen a human genomic DNA library. 
Four positive clones were isolated and are being used in DNA sequnce 
analysis of the H1 histamine receptor gene and for receptor expression in 
transfected cells.

41.3
I N  VIV O  R E L E A SE  OF G ABA C O E X IS T IN G  IN TH E  
HISTAM INERGIC NEURON OF RATS.
Y. Yamamoto. T. Mochizuki. K. Okakura-Mochizuki, A. Horii, H. Azuma and A. 
Yamatodani. Depts. o f Molec. Physiol., Pharmacol. II, Otolaryngol, and 
Psychiatry, Faculty of Med., Osaka Univ., Suita, Osaka 565, Japan.

Histaminergic neurons are confined to the tuberomammillary nucleus (TM) in the 
posterior hypothalamus, and the fibers are widely distributed in the whole brain. 
Immunohistochemical studies have shown the coexistence of γ -aminobutyric acid 
(GABA) with histamine in these neurons. In the present study, using a new HPLC 
fluorometric method to determine GABA in microdialysis samples,we measured in 
vivo releases of GABA and histamine from the anterior hypothalamic area (AHy) of 
urethane-anesthetized rats. The mean value of basal releases of GABA and histamine 
from the AHy were 0.32 ± 0.01 and 0.054 ± 0.002 pmol/20min (mean ± S.E.M), 
respectively. By addition of tetrodotoxin (1 μΜ) to the perfusion fluid, the releases 
of GABA and histamine decreased to 50 % and 20 % of the basal value, respectively. 
Electrical stimulation at 0.1 ms duration to the TM (50 Hz, 200 μΑ) increased 
histamine release but did not affect GABA release, while stimulation at 1 ms 
duration increased the release of GABA and histamine to 130 % and 230 % of the 
basal values, respectively, in a Ca2+ dependent manner. The pretreatment of a -  
fluoromethylhistidine, which caused depletion of neuronal histamine, had no effect 
on the response of GABA to the stimulation. In addition, by the administration of 
thioperamide, a blocker of H3 autoreceptor, GABA release was increased in a dose 
dependent manner. These results suggested that GABA which coexisted in 
histaminergic neurons was released with histamine and that the histamine H3 
receptors regulated the release of GABA in the AHy.

41.2
STABLE EXPRESSION OF THE HUMAN HISTAMINE H2 

RECEPTOR IN CHINESE HAMSTER OVARY CELLS. R. Leurs. M.
J. Smit. H. Van Heerikhuizen* and H. Timmerman. Departments of 
Pharmacochemistry and Biochemistry and Molecular Biology, Vrije 
Universiteit, De Boelelaan 1083,1081 HV Amsterdam, The Netherlands.

The gene encoding the human histamine H2  receptor1 was stably 
expressed in Chinese Hamster Ovaiy (CHO) cells by cotransfection with 
PUT 561, a plasmid conferring cellular phleomycin resistance. The 
affinity of a variety of H2  receptor selective ligands for the human H2  

receptor expressed in CHO cells (590 fmol H2  receptors/mg protein, as 
measured by [125I]iodoaminopotentidine binding) was highly correlated 
with their reported activity at the guinea-pig right atrium. Stimulation of 
the H2  receptor with micromolar concentrations of histamine resulted in a 
ten-fold increase in the intracellular cAMP concentration. Besides the 
linkage to adenylate cyclase also the coupling to other signal transduction 
pathways was investigated but sofar we were unsuccesfull to demonstrate 
coupling to either phospholipase A2  or phospholipase C. As a possible 
crosstalk between histamine H1 and H2  receptors the effect of protein 
kinase C (PKC) activation was studied. In initial experiments a stimulation 
of the histamine-induced cAMP response (50 %) after activation of PKC 
was observed. The expression pf the human H2  receptor in CHO cells 
therefore enables a detailed investigation of the molecular determinants of 
drug-receptor interaction, receptor signalling and receptor regulation.
1 Gantz e t  al., Biochem. Biophys. Res. Commun., 178, 1386, 1991

41.4
PRESYNAPTIC HISTAMINE H3  RECEPTOR ACTIVATION INHIBITS 
SYMPATHETIC-CHOLINERGIC RESPONSES IN CATS. Michael C. 
Koss.*Universitv of Oklahoma Health Sciences Center, Oklahoma City, 
OK 73190.

Experiments were undertaken to determine the effects of the 
selective histamine H3 receptor agonist (R)-a-methylhistamine 
(RaMeHA) on the amplitude of neurally evoked electrodermal 
(sudomotor) responses in anesthetized cats. RaMeHA (10, 100 and 
1000  μg/kg, i.v.) produced dose-related depressions of evoked 
sympathetic-cholinergic responses which were comparable for both pre- 
and postganglionic nerve stimulation. Responses evoked by i.a. 
methacholine were not depressed. RαMeHA inhibition of preganglionic 
evoked responses was antagonized by pretreatment with the histamine 
H3 receptor antagonist thioperamide, but not by pretreatment with 
selective blockers of histamine H1 or H2  receptors (chlorpheniramine or 
cimetidine) given alone or in combination. Pretreatment with 
thioperamide did not antagonize presynaptic inhibition produced by i.v. 
(-)-epmephrine which has been shown to activate presynaptic α2- 
adrenoceptors in this system. These results suggest that RαMeHA 
stimulates presynaptic histamine H3 receptors located on sudomotor 
cholinergic postganglionic nerve endings to depress neurally evoked 
release of acetylcholine. RαMeHA does not appear to act at a 
ganglionic site nor does it directly interact with presynaptic a 2- 
adrenoceptor mechanisms. Supported by EY09344.
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4 1 .5
BIOCHEMICAL STUDY OF HISTAMINE H3 AGONISTS IN RAT CEREBRAL 
CORTEX. S. Ghodsi-Hovsepian*. W.P. Hoss. G J. Duranla S. Ramsinghani, A  
A-El-Assadi. W.S. Messer. Jr.. Center for Drug Design and Development, 
Department of Medicinal & Biological Chemistry, College of Pharmacy, University 
of Toledo, Toledo, OH 43606

Pharmacological studies have demonstrated the presence o f presynaptic histamine 
H3 receptors in the central nervous system (CNS), where they attenuate the synthesis 
and release of histamine. A role for brain histamine is indicated in several brain 
functions, including sleep, arousal and cognition.

In this study, the biochemical properties o f H3 agonists, (R)-α -methylhistamine 
as well as several putative agonists including imetit (obtained as a generous gift from 
SmithKline Beecham Pharmaceuticals), were examined in rat cortex. The inhibition 
of the binding of 1 nM [3H]-Na -methylhistamine, a selective H3 receptor agonist, 
assessed binding to H3 receptors in rat brain membranes. All agonists studied 
displaced [3H]-Nα-methylhis tamine binding with IC50 values near to 1.0 nM.

H3 agonists were tested in vitro for their ability to inhibit the release of 
histamine from nerve endings. Both imetit and the corresponding amidine derivative, 
inhibited the release of histamine from nerve endings in a dose-dependent manner. 
IC50 values calculated for agonists were in good agreement with IC50 values 
calculated from binding assays. Thioperamide, a highly selective H3 antagonist, 
reversed the inhibition of histamine release from nerve endings induced by imetit.

In summary, these data support the notion that ligands of histamine H3 receptors 
may be used to manipulate histamine levels in the brain. The ability to regulate 
pharmacologically the levels of brain histamine raises the possibility o f  developing 
therapies based on H3 receptors as a target and suggests new strategies for the 
treatment of neurological disorders. Supported by a grant from Gliatech Inc. to The 
University of Toledo.

4 1 .7

DIFFERENTIAL EFFECTS OF HISTAMINE ON THE ACTIVITY OF  
HYPOTHALAMIC DOPAMINERGIC NEURONS IN THE RAT.
A.E. Fleckenstein*. K J. Lookíngland and K.E. M oore. Dept. of Pharmacology 
and Toxicology, Michigan State University, East Lansing, MI 48824

The effect of histamine on the activity of hypothalamic dopaminergic 
neurons was estimated in male rats by measuring the concentrations of 
dopamine and its metabolite 3,4-dihydroxyphenylacetic acid (DOPAC) in 
selected brain nuclei containing terminals or cell bodies of these neurons. 
Intracerebroventricular administration of histamine effected a dose- and time- 
dependent increase in both DOPAC and dopamine concentrations in the medial 
zona incerta and in the dorsomedial, medial preoptic, and rostral periventricular 
hypothalamic nuclei. Neurotoxin-induced lesions of noradrenergic neurons 
projecting to these regions prevented the histamine-induced increases in DOPAC 
and dopamine concentrations suggesting that these neurochemical changes were 
attributable to an activation o f noradrenergic neurons. In contrast, histamine 
effected a dose- and time-related increase in DOPAC concentrations in the 
suprachiasmatic (SCN), caudal periventricular (cPeVN) and paraventricular 
hypothalamic nuclei (PVN); effects blocked by the H 1 antagonist mepyramine 
but not the H2 antagonist zolantidine. Destruction of noradrenergic neurons 
projecting to these regions did not prevent the histamine-induced increases in 
DOPAC concentrations. These data indicate that central administration of 
histamine increases the activity of dopaminergic neurons projecting to the SCN, 
cPeVN and PVN via an action at Η 1, but not H 2 receptors. (Supported by NIH  
grant NS 15911 and a fellowship from the Pharmaceutical Manufacturers 
Association Foundation.)

4 1 .9

HEADACHE PROFILE IN PATIENTS WITH SYSTEMIC 
MASTOCYTOSIS. S .Khoshbin*,C .Picardo,R .Horan and
E.Spierings.Neurology Lab., Brigham and Women 1s 
Hospital, Boston, MA 02115.

In an effort to re-examine the role of hist- 
amine in vascular headaches, ten patients with 
systemic mastocytosis and headache symptoms were 
evaluated. Information was obtained through a 
headache questionnaire, review of patient re
cords, and review of patient electroencephalo
graphs. Additionally, measurements of blood and 
urinary levels of mast cell-derived mediators 
were obtained.

Most patients experienced migraine-type head
aches before the diagnose of mastocytosis was 
established. After the diagnosis became clinic
ally evident, these headaches generally changed 
character and/or became more severe. Although no 
one type of headache may be interpreted as 
dominant, headaches with the frequency and mani
festations of cluster headaches were more com
monly noted. Two patients experienced attacks 
only during mastocytosis exacerbations. Most 
electroencephalographs were abnormal, showing 
focal theta and delta activity.

41.6
TISSUE SPECIFIC REGULATION OF HISTIDINE DECARBOXYLASE 
ENZYME ACTIVITY IN RAT HIPPOCAMPUS, DIENCEPHALON AND 
LUNG BY DEXAMETHASONE AND HYPOXIA. C.A.Zahnow*1. P. Pamla.2 
A Yamatodani3 and D E. Millhorn1. 1 University of North Carolina at Chapel Hill, 
USA, 2University o f Helsinki and ÅBO Akademi University, Finland, and 3Osaka 
University, Japan.

The enzyme, histidine decarboxylase (HDC), catalyzes the decarboxylation of L- 
histidine to form histamine. Our first objective was to determine if the synthetic 
glucocorticoid, dexamethasone (Dex), can modulate the synthesis of histamine 
through the regulation of HDC enzyme activity. Secondly, we compared the 
regulation of HDC in neural and non-neural tissue, by examining both brain and 
lung. Male Sprague-Dawley rats were adrenalectomized at 30 days of age, 
maintained with 0.85% saline for 2 weeks, and each of 5 rats was injected with Dex 
(3 mg/kg, i.p.) for exposure times of 2, 6 , 12 or 24 hrs. Hippocampus, 
diencephalon and the middle lung lobe were removed and analyzed for changes in 
HDC enzyme activity and endogenous histamine levels. HDC enzyme activity was 
unchanged in hippocampus and diencephalon, but was significantly decreased in Dex 
treated rat lung for the 6 , 12, and 24 hr. time points. Tissue histamine levels, 
however, were not significantly altered by treatment with Dex in either brain or 
lung. Glucocorticoids are often elevated in response to some types of stress. Our 
third objective was to determine if a common physiological stress (hypoxia; 10% 
0 2) regulates HDC activity and histamine levels in a manner similar to that observed 
with Dex. Exposure to 10% 0 2 for 2, 6 , 12 or 24 hours did not alter HDC enzyme 
activity in hippocampus and diencephalon, but 6 hours of hypoxia did significantly 
decrease HDC enzyme activity in lung. Likewise, HDC mRNA levels in lung were 
decreased in rats exposed to hypoxia for 6 , 12 and 24 hrs, however, no change was 
observed in histamine levels. These results demonstrate that HDC enzyme activity 
is regulated differently in neural and non-neural tissue.

41.8
FORMATION OF 3H-IMIDAZOLEACETIC ACID AND ITS 
CONJUGATES FROM 3H-HISTAMINE IN MAMMALIAN 
BRAIN. В Thomas and G D Preli* Dept. Pharmacology, Mount Sinai 
School of Medicine (CUNY), New Yoric, NY 10029-6574 USA

It is accepted that in mammalian brain histamine is metabolized solely 
by histamine N-methyltransferase (HMT), to form tele-methylhistamine 
(t-MH) and tele-methylimidazoleacetic acid (t-MIAA). Recendy we obser
ved in brain (1) the presence of imidazoleacetic acid (IAA), a GABA-A 
agonist and histamine's metabolite in the periphery, and (2) that levels of 
IAA increase when HMT is inhibited, suggesting that histamine in brain 
could be oxidized to form IAA. To test this hypothesis, rats were injected 
with 3H-histamine (10 ng) intracerebroventricularly (icv) then decapitated 
30 min later; labelled metabolites were analyzed by TLC. In brains of 
controls, most tritium was attributed to t-MH and t-MIAA; nevertheless, 
significant amounts of IAA and/or its metabolites, IAA-ribotide (IAA-RP) 
and IAA-riboside (IAA-R), were consistendy recovered. Their identities 
were confirmed using multiple solvent systems, conversion of IAA-RP to 
IAA-R using exogenous phosphatase, and hydrolysis of IAA-R to IAA at 
150°C. It is almost certain that 3H-IAA was formed then ribosylated in 
brain since almost no tritium was recovered in brain after injection (iv) of 
3H-IAA. In rats pretreated with metoprine, an HMT inhibitor, much more 
3H-IAA and/or its metabolites was recovered, accounting for 35-90% of 
histamine's metabolites. This effect decreased with age. Formation of 
IAA, which has numerous CNS effects, from minute quantities of hist
amine in brain indicates need for re-evaluation of histamine's central 
metabolic pathway(s) and suggests a novel interaction between histamine 
and the GABAergic system. (NS-28012)

41.10
ANXIOLYTIC-LIKE EFFECTS OF MELATONIN ON RAT SOCIAL 
INTERACTION DEPEND UPON GABAERGIC NEUROTRANSMISSION.
Richard B. Carter* and Herbert L. Smith. Dept. of Neuropharmacology, 
Bristol-Myers Squibb Pharmaceutical Research Institute, Wallingford, CT 
06492.

Melatonin has been reported to produce anxiolytic-like effects in several 
rodent procedures used to predict clinical anxiolytic efficacy. The 
neuropharmacologic basis of melatonin's anxiolytic-like action was studied 
using a modified rat social-interaction paradigm. Unfamiliar pairs of male 
rats were placed into a novel high-light arena. Locomotor activity was 
recorded concurrently with observation of socially-interactive behaviors 
(e.g., mutual grooming and sniffing, following). Melatonin (5.6-56.0 mg/kg,
i.p.) produced dose-related increases in social exploration with minimal 
effect on locomotor activity over the active dose range. The increase in 
social interaction produced by melatonin (10.0 mg/kg, i.p.) was blocked by 
pretreatment with the GABAa receptor antagonist bicuculline (0.3 mg/kg,
i.p.) or the GABA Сl- ionophore blocker picrotoxin (0.3 mg/kg, i.p.), but not 
by pretreatment with the extracellular benzodiazepine receptor antagonist 
flumazenil (10.0 mg/kg, i.p.) or the mitochondrial benzodiazepine binding 
site antagonist PK-11195 (10.0 mg/kg, i.p.). When administered alone, the 
putative melatonin antagonist luzindole (0 .1-10.0 mg/kg, i.p.) did not affect 
social interaction up to a dose that decreased locomotor activity. 
Pretreatment with luzindole (1.0 mg/kg, i.p.), however, blocked the increase 
in social interaction produced by melatonin (10.0 mg/kg, i.p.). These data 
indicate that melatonin produces anxiolytic-like effects in the rat that may 
be mediated through interactions with melatonin receptors and that these 
effects depend upon intact GABAergic neurotransmission.
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41.11
RT2-2 RETINAL NEURONAL CELLS EXPRESS HIGH AFFINITY 
FUNCTIONAL MELATONIN RECEPTORS . C. D. Mahle*. R. T. 
Nolan. M. A. Geissler. L. _G. ІЬen. E.  M. Parker. E.E. Baetge. J.P. 
Hammang. and F. D. Yocca. CNS Drug Discovery, Bristol-Myers 
Squibb Co., Wallingford, CT 06492.

The melatonin receptor in rat suprachiasmatic nucleus (SCN), 
exhibits picomolar affinity for 2[125I]-iodomelatonin (2[125I]-IM) and 
closely related analogs, exists in a high and low affinity state, and 
couples to a guanine nucleotide binding protein (G-protein). In 
sheep pars tuberalis and rabbit parietal cortex, a pharmacologically 
similar melatonin receptor couples in an inhibitory fashion to 
adenylylcyclase. Aside from the discrete localization in brain, this 
receptor also exists in the retina of several species. The RT2-2 
retinal cell line which was derived from murine retinal tumors, has 
been found to have many properties of retinal amacrine cells. 
Membrane homogenates from these cells bind 2[125I]-IM in a rapid, 
reversible and saturable manner, displaying high affinity (50-100 
pM) and low non-specific binding (10%). Saturation analysis 
revealed a Bmax value of approximately 20 fmol/mg protein. 
Pharmacologically, affinity values exhibited the following rank order 
of potency: 2-IM > melatonin > 6-chloromelatonin > 6- 
methoxymelatonin > N-acetyl-serotonin > luzindole, while prazosin, 
serotonin, dopamine, and norepinephrine were inactive. Inclusion of 
Gpp(NH)p in the binding assay or in vivo treatment of RT2-2 cells 
with pertussis toxin caused a decrease in high affinity 2(125I]-IM 
binding to RT2-2 cell membranes. Therefore the melatonin receptor 
in RT2-2 cells couples to a G-protein. Additionally, melatonin 
inhibited the forskolin-induced (10 μΜ) increase in intracellular 
cyclic AMP levels in a concentration-dependent manner (EC50 = 500 
PM, Emax = 50-60%). These data suggest that the RT2-2 cell line 
expresses a high affinity functional melatonin receptor.

OTHER BIOGENIC AMINES AND PURINES: PURINES

4 2 .1
EXTRACELLULAR ADENOSINE CONCENTRATIONS IN HIPPO
CAMPAL BRAIN SLICES AND THE INHIBITORY MODULATION OF 
EVOKED EXCITATORY RESPONSES T.V. Punwiddie* and L. 
Diao, University of Colorado Health Sciences Center, and Veter
ans Admin. Medical Res. Service, Denver, CO.

Because adenosine is rapidly taken up and metabolized by 
brain tissue, it has been difficult to establish its true pharmacolog
ical potency, or to determine its normal extracellular concentra
tion in brain. We used several different pharmacological 
approaches to estimate these parameters, using the adenosine- 
mediated inhibition of the field excitatory postsynaptic potential 
(fEPSP) evoked in the CA1 region of rat hippocampal slices as the 
response. The experiments used dipyridamole and/or NBTI to 
inhibit adenosine uptake, competitive adenosine receptor 
antagonists to shift adenosine dose response curves to a region 
where uptake is likely to be saturated, and corrected for the 
effect of endogenous adenosine on dose-response curves. Three 
independent approaches suggested that the EC50 for adenosine 
for depressing fEPSPs is in the range of 550-710 nM. Basal 
extracellular adenosine concentrations in brain slices were then 
estimated from the responses induced by superfusion with 
adenosine receptor antagonists, and were in the range of 2 10 - 
240 nM. These values fall within the range of estimated 
extracellular concentrations of adenosine in intact brain based on 
microdialysis studies, but are significantly below those 
determined using biochemical techniques for measurement of 
total adenosine in brain tissue; this suggests that adenosine 
concentrations in the extracellular space are substantially lower 
than in the intracellular compartment.

Supported by NS29173 and the VA Medical Research Service.

4 2 .3
DECREASED SEIZURE SUSCEPTIBILITY IN ADULT RATS NEONATALLY 
EXPOSED TO CAFFEINE. L. Dunham and R. Guillet*. University of 
Rochester Strong Children's Research Center, Dept. of Pediatrics (Neonatology), 
Rochester, N.Y. 14642.

Caffeine, an adenosine receptor antagonist, is commonly administered to human 
neonates with apnea of prematurity. There are minimal short-term side effects of 
such exposure and no known long-term side effects. In an animal model of such 
exposure, it has been shown that neonatal exposure to caffeine ( 1) alters the 
ontogeny of adenosine A 1 receptors in certain brain regions, (2) alters 
developmental sensitivity to adenosine receptor ligands, and (3) alters control of 
locomotor activity in the developing rat. To investigate potential long-term 
behavioral effects of early caffeine exposure, the susceptibility of 70-90 day-old 
tats to PTZ-induced seizures was determined. Rats were unhandled (NH) or 
received 15-20 mg/kg/d caffeine ovar post-natal days 2-6 (C). At 70-90 days of 
age, each rat received a single dose of PTZ (10-40 mg/kg, i.p.) and the resultant 
seizure activity was scored. The threshold for seizure induction was increased by 
approximately 20-30% in neonatally caffeine-exposed rats. An additional cohort of 
rats received a single dose of diazepam (0-5 mg/kg, i.p.) 30 min prior to receiving 
40 mg/kg, i.p. PTZ. The ability of diazepam to block seizure induction with PTZ 
was the same in NH and C rats.

The increase in the PTZ seizure threshold in neonatally caffeine-exposed rats 
examined as adults is very similar to the transiently increased threshold reported in 
adult rats exposed to caffeine for 14d and given PTZ 48Һ later. Thus, caffeine 
exposure limited to the first week of life results in changes in brain excitability 
that persist to adulthood, suggesting a fundamental alteration in the susceptibility 
to seizure induction in these rats.

4 2 .2

CHRONIC ETHANOL TREATMENT ENHANCES 3H-ССРА BINDING 
IN THE RAT CEREBELLAR CORTEX. A. Concas*. M.P. Mascia. T. 
Cuccheddu. S. Floris. E. Maciocco. E. Sanna. E. Ongini1and G. Biggio.  
Dept. Exp. Biology, University of Cagliari, Cagliari, 09123, 1Schering- 
Plough, Comazzo, 20060, Italy

The effect of chronic administration of ethanol (ETOH) on the function 
of A1 adenosine receptors was investigated in different rat brain areas. 
Rats were rendered ETOH-dependent by repeated intragastric 
administrations of a 20% ETOH solution (10-18 g/kg/day p.o.) for 6  days 
and tested while still intoxicated and during withdrawal. The binding of 2- 
chloro-N6-[3H]cyclopentyladenosine ([3H]CCPA) (the most selective ligand 
for A1 receptors) was increased by 23 % in cerebellar homogenates of rats 
sacrificed 3 hrs after the last ETOH administration as well as during 
withdrawal (24 hrs after the last ETOH ingestion) (+  33 %) when compared 
to saline-treated animals. Scatchard analysis revealed that the enhancement 
was due to an increase of 3H-CCPA binding sites with no changes in the KD 
value. The administration of ETOH (3 g/kg p.o.) to abstinent rats did not 
modify the increase of 3H-CCPA binding in the cerebellar homogenates 
during withdrawal. In contrast, no significant changes of 3H-CCPA binding 
were observed in the cerebral cortex, hippocampus, striatum of intoxicated 
and abstinent rats. Moreover, the administration of CCPA (0.25-0.5 mg/Kg
i.p.) antagonized both the audiogenic seizures and the isoniazid-induced 
convulsions in ETOH-withdrawn rats. These results suggest that the 
upregulation of A1 receptors induced by chronic ETOH treatment might be 
related to an increased function of purmergic synapses. Since A 1 receptors 
are mainly located on excitatory terminals, it can be speculated that chronic 
ETOH administration might alter the functional interaction between 
excitatory and purinergic systems.

4 2 .4
ADENOSINE RECEPTOR ANTAGONISTS DO NOT AFFECT MICRODIALYSIS 
GLUTAMATE LEVELS IN THE NTS. C .L .B eck *. I.Biaggioni. M .Appalsam y . and
D.Robertson. Dept. of Pharm acology, Vanderbilt University, Nashville, TN 
3 7 2 3 2

Adenosine (Ado) perfusion via a m icrodiaiysis probe implanted in rabbit 
nucleus tractus solitarii (NTS) evokes dose-related increases in L- 
Giutam ate (Glu) levels. Here w e report the effects of non-selective Ado  
antagonists on Glu levels. Male N ew  Zealand w hite rabbits (3 .5 -4 .5kg) 
w ere anesthetized with thiopental and urethane (n = 5 rabbits). A  jugular 
vein w a s  cannuiated for drug administration. The rabbits w ere placed in 
a stereotaxic fram e, and following partial occipital craniotomy, a 
m icrodiaiysis probe (CM A -11, BAS) w a s implanted into the right or left 
N TS. Basal levels of Glu w ere collected over 2 hours (saline perfusion, 
5μ l/min.) followed by a control Ado (3x10-4 M) perfusion. Rabbits then 
were pretreated with a loading dose of 8-Phenyltheophylline (8-PT, 
10mg/kg, over 10 minutes), a non-selective Ado-receptor antagonist. Th is 
w as followed by a 3 0  minute m aintenance infusion with simultaneous 
administration of Ado 3x10-4 M via the m icrodiaiysis probe. Dialysates 
w ere analyzed for free amino acid content by H PLC . Basal Glu levels 
( 2 .3 ± 0 .6  μΜ ) w ere com pared to Ado response before (114  ± 18 μΜ ), 
during ( 106 ± 1 5  μ Μ ), and after 8-PT (127  ± 2 8  μ M). Other Ado  
antagonists, such as D P SP X  or caffeine, also failed to block the response  
evoked by Ado. These  data suggest that the increase in Glu levels 
following Ado perfusion m ay either not be a cell surface receptor-mediated 
event or m ay be the result of activation of a non-classical Ado receptor 
subtype.
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4 2 .5
CLONING AND EXPRESSION OF A CHICK A, ADENOSINE RECEPTOR. 
J.S. Aguilar1. F.Tan1, M. Rasenick2* and R.D.Green1. 
Departments of Pharmacology1 and Physiology & Biophysics2, 
University of Illinois at Chicago, Chicago, IL 60612

We have cloned, sequenced and expressed a chick A1 
adenosine receptor. The clone, isolated from a chick 
adipose tissue cDNA library, consists of 1703 bp and is 
apparently full-length as determined by Northern blots of 
brain and adipose tissue RNA. The deduced amino acid 
sequence (324 AA) is ~80% identical with previously 
cloned mammalian A, receptors. The major differences 
between the chick and mammalian receptors are in the N and 
C termini, and in the putative second extracellular loop. 
The isolated cDNA was transiently expressed in 293 cells, 
both alone and in combination with a cDNA for a rat LH/CG 
receptor (kindly supplied by D.L. Segaloff, Univ. of 
Iowa). The expressed protein exhibited the binding 
properties of an A1 adenosine receptor. In co-expression 
experiments, the cAMP-elevating effect of LH was 
antagonized by low concentrations of CCPA, an Α1-specific 
agonist. We have also isolated and partially sequenced a 
genomic clone containing 5' untranslated sequence and the 
beginnning of the coding sequence of the A1 receptor. This 
sequence information suggests the presence of at least two 
introns, one in the 5'non-coding sequence and a second in 
the sequence coding for the area between the putative III 
and IV hydrophobic domains. Southern analysis using the
1.7 cDNA clone and the genomic clone as probes reveals a 
series of hybridization bands compatible with multiple 
gene copies and the presence of introns. It is not clear 
if the receptor that we have cloned is the chick homolog 
of the mammalian A1 receptor previously cloned or is a 
related A1 receptor subtype. (Supported by NIH HL 40583)

4 2 .7
[3H]NECA LABELS AN ADENOTIN-LIKE RECOGNITION SITE ON INTACT 
CHINESE HAMSTER OVARY CELLS. Michael F. Jarvis* and Alan 
Saltzman. Rhone-Poulenc Rorer Central Research, Collegeville PA 19426 

[3H]5'-N-Ethylcarboxamidoadenosine ([3H]NECA) is a potent, but non- 
selective, adenosine agonist that has been used to characterize central 
nervous system high (A2a) and low (A2b) affinity adenosine receptor 
subtypes. [3H]NECA also binds a distinct class of low affinity adenosine 
binding proteins (adenotin proteins) in various mammalian tissues. In the 
present study, [3H]NECA specifically bound with moderate affinity (Kd = 
400 nM) and large capacity (apparent Bmax = 3.2 pmol/105 cells) to intact 
Chinese Hamster ovary (CHO) cells. The А1-selective ligand 20 nM 
[3H]cyclohexyladenosine and the A2a_selective ligand 20 nM [3H]CGS 
21680 were not found to specifically bind to intact CHO cells. Competition 
studies revealed that close structural analogs of NECA and the xanthine 
phosodiesterase inhibitor 3-isobutyl-1-methylxanthine (IBMX) inhibited 20 
nM [3H]NECA binding with moderate affinity (IC50s = 0.5-15 μΜ). 
Adenosine also weakly inhibited (IC50 = 100 μΜ) binding to these intact 
cells. A variety of prototypic adenosine receptor ligands (including CCPA, 
DPCPX, CV-1808, CGS 15943, CGS 21680 and DPMA) were not found to 
have any significant affinity for these [3H]NECA recognition sites at 
concentrations up to 100 μΜ. In addition, [3H]NECA binding to CHO cell 
membranes was not sensitive to guanine nucleotides and NECA (10 μΜ) 
did not stimulate cAMP formation. These results are pharmacologically 
consistent with the ability of [3H]NECA to label low affinity adenosine 
binding proteins (adenotin proteins) in a variety of mammalian tissues. 
Further, the present data demonstrate that [3H]NECA selectively labels an 
adenotin-like recognition site on intact CHO cells in the absence of 
detectable binding to high affinity adenosine receptors.

4 2 .9
CO-EXPRESSION OF DOPAMINE D2L AND ADENOSINE A2a 
RECEPTORS IN MAMMALIAN CELLS WITH VACCINIA VIRUS.
S.N. Şçhiffmann, P.-M. Lledo, J.-D. Vincent* & P. Vernier, Institut A. 
Fessard, CNRS, F91198 Gif-sur-Yvette, France.

Functional interactions between dopamine D2 and adenosine A2a 
receptors have been recently demonstrated in the basal ganglia. For 
example, acting through specific G-protein coupled receptors and intra
cellular signaling pathways, dopamine and adenosine regulate striatal gene 
expression in opposite directions. Since no compliant cellular model was 
available, we chose the vaccinia virus (VV) as an expression vector, in 
order to study the cellular and molecular mechanisms leading to these 
interactions. The VV vector allows to get a high level of transient 
expression of coding DNA in a broad range of mammalian host cells 
including primary cultures, but also the fast and efficient selection of 
recombinant clones and the easy co-expression of multiple sequences. We 
constructed two recombinant VV to express the rat dopamine receptor D2L 
(VV/D2L) and the rat adenosine receptor А2a (VV/A2a). The coding 
sequences of both cDNAs have been respectively inserted in the 
polylinker of the μgpt-ATA-18 recombination vector (provided by J. 
Schmitt, EMBL, Heidelberg, FRG). Homologous recombination is made 
in the thymidine kinase gene of the VV, placing the inserts under the 
control of the VV 11K late promoter and providing the virus with the 
phosphoribosyl transferase gene. After a double selection of the recom
binant vectors, the expression of these two receptors in neuroendocrine or 
non-neuronal mammalian cells, infected or co-infected with VV/D2L and 
V V /A 2a, allows to characterize biochemical parameters such as 
[3H]spiperone and [3H]CGS-21680 binding respectively, the modulation 
of adenylyl cyclase and electrophysiological coupling to ion channels.

4 2 .6
BIVALENT ANALOGS OF ADENOSINE: EFFECTS OF INCREASING 
SPACING BETWEEN PHARMACOPHORES ON RAT A1 RECEPTOR 
BINDING. J. B. Wollack* and R. M. Collins. Jr. Dept. of Pediatrics,Univ. of 
Maryland School of Medicine, Baltimore, MD 21201.

Bivalent analogs of adenosine, in which two adenosyl groups are linked 
at the N6 position by a “spacer" group, have been shown to bind with 
reasonable affinity to both canine and rat Ai receptors (Van Galen et al, 
FEBS Lett 223:197, 1987; J В Wollack, Soc Neurosci Abstr 15:233, 1989). 
At the rat receptor, binding increased with the length of the spacer group, 
which consisted of alkanes of n=2 through 12. We have now investigated a 
number of compounds with longer spacers, of the general formula 
Ado-(CH2)m-CONH-(CH2)n-NHCO-(CH2)m-Ado. Adenosyl-ɷ-amino- 

carboxylic acids (Ado-(CH2)m-COOH, m=3, 5 or 10) were synthesized by 
the reaction of 6-chloropurine riboside with the appropriate ω-amino 
carboxylic acids. These compounds were then reacted with diamino- 
alkanes (n =4, 8 or 12) utilizing 1-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide. Binding to the A1 receptor in rat brains was assessed using 
3H-cyclohexyladenosine as the radioligand. When the spacer between the 
adenosyl group and the proximal amide group was held constant at 
5 carbons (i.e. m=5), the longer compound (m=5, n=12) was more potent 
(Ki = 93nM) than either shorter compound (n=4 or 8 , Ki’s both ≈ 320nM). 
Similarly, when m=3, the longer compound (n=12, Ki=250nM) was 
modestly better than the shorter (n=4, Kj=580nM). However, the 
compound with the overall longest spacer (m=10, n=8) was also the least 
potent (Kj=1600nM) of all the compounds tested. These results suggest 
that both length and chemical composition of the spacer determine the 
binding potency of these compounds. Supported by NS01514.

4 2 .8
PROTEIN KINASE C ACTIVATION ATTENUATES THE RESPONSE 
TO SELECTIVE ADENOSINE A2a RECEPTOR STIMULATION 
RA Peterfreund* and JS Fink Depts. of Anaesthesia and Neurology, 
Massachusetts General Hospital, Boston, MA 02114

Phorbol esters, which activate protein kinase C (PKC), regulate A2 
adenosine receptor responsiveness in mast cells and PC12 cells (1, 2). In 
the previous studies, ligands were used which do not discriminate between 
the A2 receptor subtypes A2a and A2b. The selective A2a receptor 
(A2aR) ligand CGS21680 elevates cAMP in PC12 cells. To test the 
hypothesis that activation of PKC can regulate A2aR responsiveness, we 
treated PC12 cells with the phorbol ester TPA and measured CGS21680- 
stimulated cAMP production.

CGS21680 (1μΜ) increased the level of cAMP in PC12 cells. TPA, 
but not 4-O-methyl TPA, significantly attenuated the response to 
CGS21680 stimulation in the presence of IBMX or Ro20-1724. TPA did 
not blunt the elevation of cAMP levels in response to forskolin. The 
effect of TPA was observed for pretreatment periods ranging from 10 min 
to 5 hrs and was dose dependent but was blocked by desensitizing PKC.

We demonstrate regulation of A2aR function after PKC activation in 
PC 12 cells and extend a previous observation in which a nonselective 
adenosine agonist was employed which could have activated A2b recep
tors in PC12 cells(2). Since TPA failed to attenuate the response to fors
kolin, and the effects were observed in the presence of phosphodiesterase 
inhibitors, the target of PKC activation is unlikely to be either adenylate 
cyclase or phosphodiesterase. . Consensus PKC phosphorylation sites are 
present in the A2aR amino acid sequence suggesting receptor phos
phorylation as a possible mechanism for the effects of TPA on A2aRs.
(1) J. Immunol. 142:1268, (1989). (2) J. Neurochem. 53:197, (1989).

42.10
INTRASTRIATAL ADENOSINE A2a RECEPTORS AND 
LOCOMOTOR ACTIVITY. H.J. Nomile*. K. Martens.
A. Del Villar and R.A. Barraco. Wayne State Univ. 
Sch. of Med., Detroit, MI 48202.

The effects on locomotor activity (LA) of 
selective agonists for adenosine receptor subtypes 
were examined in mice following bilateral 
injections into the nucleus accumbens (ACB) or 
caudate-putamen (CPU). Intra-ACB injections of 
both CGS 21680 (a potent and highly selective A2a 
receptor agonist) and NECA (a mixed adenosine 
receptor agonist which exhibits high selectivity 
at A2a receptors), reduced LA at picomole dosages. 
The LA depression elicited by CGS 21680 and NECA 
was antagonized by I.P. pretreatment with DMPX, a 
caffeine analog and A2 antagonist. In contrast, 
intra-ACB injections of the selective A^ agonist, 
CPA, had no effect on LA. In comparison to the 
effects elicited by intra-ACB injections, intra- 
CPU injections of CGS 21680 and NECA depressed LA 
to a lesser extent, and I.P. DMPX pretreatment was 
less effective in antagonizing the LA depression. 
These findings suggest that adenosine may 
selectively modulate dopamine-mediated mesolimbic 
behavioral circuits via actions at A2a receptors 
within the ACB. Supported in part by MH47181 and 
GM08167.
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4 2 .1 1
DIFFERENTIAL DISTRIBUTION OF A3 RECEPTOR IN RAT 
BRAIN. M.DE. K.F.AUSTIN and M .W .D U D L E Y *  Dept.of 
Pharmacology, Marion Merreil Dow Inc. Cincinnati, OH 45215.

Recently the cDNAs o f four different subtypes of adenosine 
receptors namely A ļ, A2a, A2b and A3  receptors have been cloned. The 
localization of the respective proteins have also been described in rat in 
central and peripheral tissues. Although, the localization of mRNA for the 
A l and A2 receptors have been described in brain, very little information 
is available regarding the A3 receptor. In the present study, we examined 
the distribution of the mRNA for the A3 receptor in the different regions 
of the rat brain. Total RNAs were isolated from cortex, cerebellum, 
superior colliculus, inferior colliculus, thalamus, substantia nigra, 
hippocampus, corpus callosum, striatum and olfactory tubercle. Poly 
(A)+RNA was prepared from each by using an oligo(dt )sepharose 
column. The first strand cDNA synthesis was carried out using reverse 
transriptase. The single stranded cDNA was denatured and subjected to 
PCR amplification with two primers ATGAAAGCCAACAATACCACG 
as the 5' end and CTACTCAGTAGTCTGTTCAAGGTT as the 3' end 
primer . The isolated A3 receptor gene encodes for all 7 transmembrane 
regions of the receptor, with a specfic nucleotide sequence distinctly 
different from the A l, A2a and A2b sequences. Ethidium bromide 
staining of the PCR products showed the cerebellum and hippocampus 
with the highest amount of A3 mRNA. Striata, brain stem and the cortex 
had a lesser amount of mRNA and the other parts of the brain did not 
have any mRNA for the A3 receptor. This prelimenary obserevation 
shows A3 receptors do have a very specific distribution pattern in brain 
and that the selective expression of receptors is likely to be one of the 
factors where by adenosine regulates brain function.

4 2 .1 3
P2 x-PURINOCEPTORS IN THE NUCLEUS OF THE SOLITARY 
TRACT MEDIATE DEPRESSOR RESPONSES E. Ergene. J.C. 
Dunbar and R.A . Barracо* Dept. of Physiology, Wayne State Univ. 
Sch. of Med., Detroit, MI 48201.

Extracellular adenosine S’-triphosphate (ATP) exerts several 
biological actions mediated by P2 -type purinergic receptors. Two 
mąjor subtypes of P2 -purinoceptors, i.e., P2 x and P2 y, have been 
identified according to the agonist order of potency at these sites. In 
this study, microinjections of ATP (0.1-1.0 nmol/rat), α,β-methylene- 
ATP (α,β-MeATPXO.Ol-O.l nmol/rat), a P2 x-selective analogue of 
ATP, and 2-methylthio-ATP (2-MeSATPXO. 1-1.0 nmol/rat), a P2 y- 
selective analogue of ATP, were conducted in the nucleus of the 
solitary tract (NTS) in rats anesthetized with a mixture of urethane 
(0.7 g/kg) and α-chloralose (60 mg/kg). A limited occipital craniotomy 
was performed to expose the medulla in the region of the calamus 
scriptorius. Drugs dissolved in artificial cerebrospinal fluid were 
injected in a volume of 50 nl into the subpostremal region of the 
caudal NTS. Dose-dependent decreases in blood pressure were 
produced by all the compounds, with an order of potency of α,β- 
MeATP > 2-MeSATP = ATP. Depressor responses (58.7 ± 1.7 % 
reduction in control blood pressure) elicited by the highest dose (0 .1  
nm ol/rat) o f α,β-МеАТР were com pletely blocked by prior 
administration of the P2  receptor antagonist suramin (0.5 nmol/rat) 
into the same site. These results suggest an important role for P2 x 
subtype purinergic receptors in the NTS-mediated mechanisms of 
cardiovascular control. Supported in part by grants from NSF (HRD 
9104797), and NIH (GM-08167).

4 2 .1 5
Characterization of a nucleotide receptor in PC 12 cells. S. Raha*2, C  
Franzin. L. de Souza2 . J.K. Reed1’2 . Dept. o f Chemistry1 and 
Biochemistry2, University of Toronto, Erindale College, Mississauga, 
ON. L5L 1C6, Canada.

Extracellular ATP plays an important neuromodulatory role in the 
nervous system. The effects of ATP are mediated through the P2 
receptor subtype of which there now appear to be several subtypes. 
We have previously characterized some o f the intracellular signalling 
pathways for a purinergic receptor in PC12 cells which we have 
designated as a P2N subtype (Raha et al., J. Cell. Physiol., 154: 623- 
630, 1993). Stimulation of this receptor(s) results in a transient 
increase in cytosolic calcium ([Ca2+]i) and an increase in the 
formation of inositol trisphosphates.

We have used the photo-labile ATP analogue 3 '-0 - (4 -  
benzoyl)benzoyl ATP (BzATP) to identify the P2N receptor in PC12 
cells. BzATP, like ATP evokes an increase in [Ca2 +]i. BzATP was 
also effective in desensitizing the cells to a second stimulation with 
ATP suggesting both nucleotides act at the same site. UV illumination 
of intact PC12 cells in the presence of 20 nM [a-32P] BzATP resulted 
in the labelling of 3 major proteins having molecular masses of 96 
kDa, 50 kDa and 46 kDa. In the presence o f ATP or ATPγS the 50 
kDa protein was labelled to a lesser extent. Adenosine 5'-[αβ- 
methylene] triphosphate, a P2X receptor agonist, did not significantly 
alter the labelling of this band. Taken together, this suggests that the 
ATP receptor in PC12 cells may contain a 50 kDa component.
This research was supported by NSERC.

4 2 .1 2
DIADENOSINE POLYPHOSPHATES CAUSE RELEASE OF Ca2+ FROM 
INTRACELLULAR STORES IN ASTROCYTES FROM DORSAL SPINAL 
CORD. M .W . Salter*. P. Perlon and J.L. H icks. D iv. Neurosci., Hosp. for 
Sick Children, and Dept. Physiol., Univ. o f  Toronto, Ont., Canada, M5G 1X8.

Diadenosine polyphosphates (APxAs) are endogenous compounds structurally 
related to ATP. As we have previously found that ATP activates P^ purinergic 
receptors leading to release o f intracellular Ca2+ in astrocytes from the dorsal 
spinal cord, in the present study we examined the effects o f  APxAs. Astrocytes 
were studied in primary dissociated cultures prepared from the dorsal spinal cord 
o f E17-E19 rats and grown for 7-14 days. [Са2+]i was measured in individual 
cells using the fluorescent dye, Fura-2. Cells were loaded with the dye by 
incubating the cultures with the membrane permeant form, Fura-2 AM (2 μΜ). 
Drugs were applied by pressure from a pipette located 10-20 μΜ  from the cell. 
Four diadenosine polyphosphates were studied: AP3A, AP4A, AP5A and AP6A. 
Each o f  these compounds evoked an increase in [Ca2+]; when applied at 
concentrations between 1 μΜ  and 100 μΜ . The rise in [Са2+]i caused by AP3A 
or AP6A was similar to that caused by equal concentrations o f ATP, indicating 
that these three compounds are approximately equipotent. In contrast, AP4A and 
AP5A were about ten-fold less potent than ATP. When extracellular medium 
containing no added Ca2+ and 100 μΜ  EGTA was used, APxAs still produced 
increases in [Ca2+]i indicating that they cause release o f intracellular Ca2+. 
Responses to APxAs were blocked in a concentration-dependent manner by the 
P2-receptor antagonist, suramin. In addition, after desensitization by prolonged 
application o f ATP, the APxAs were unable to increase [Ca2+]i. These results 
indicate that diadenosine polyphosphates act on P2y receptors on astrocytes to 
cause release o f Ca2+ from intracellular stores. Thus, it is possible that APxAs 
are signalling molecules within the CNS. (Supported by the MRC o f Canada. 
PP was a J.H. Schultz Summer Scholar o f the Heart and Stroke Fdn o f Ontario.)

4 2 .1 4
ATP-ACTIVATED ION CHANNELS IN PHEOCHROMOCYTOMA 
PC12 C E LLS . E. Adamec* and G. Koski. Dept. of Anesthesia, 
Massachusetts General Hospital, Boston, MA 02114

PC12 cells contain both ATP-activated nonselective cation permeable 
channels and voltage-sensitive calcium channels. Extracellular application 
of 100 μΜ ATP causes rapid elevation of intracellular calcium concentration 
([Ca++]i) with a peak rise of 857 ± 36 nM and a long lasting plateau rise of 97 
± 4 nM. The rise of [Ca++]i is caused mainly by calcium influx.

Pre-incubation with 10 μΜ nifedipine for 100 sec. did not significantly 
influence the peak rise in [Ca++]i caused by 100 μΜ ATP, but did 
significantly decrease the plateau rise after the administration of ATP 
(control 111±7.6 nM, nifedipine 85±7.8 nM, p=0.04). When 10 μΜ 
nifedipine was administered during the plateau phase, [Ca++]i slightly 
decreased to the values still above resting [Ca++]i. ATP-induced 
membrane depolarization apparently activates voltage-sensitive calcium 
channels. Calcium entry can occur through both classes of these ion 
channels. To differentiate calcium influx through these two pathways we 
used the fluorescent dye fura-2 to monitor the changes in the intracellular 
concentration of two known blockers of voltage-sensitive calcium channels, 
cadmium and cobalt. In the presence of 1 mM CdCl2 , application of ATP 
caused a rapid, dose-dependent increase in the fluorescence intensity of 
the fura-2 signal indicating influx of cadmium. In the presence of 1 mM 
C0CI2 , application of ATP caused rapid quenching of the fura-2 signal due 
to the cobalt influx.

Since neither cadmium nor cobalt permeate voltage-sensitive calcium 
channels, monitoring of their influx using fluorescent dyes might serve as a 
useful tool in separating the influx pathway through nonselective cation 
permeable ion channels and voltage-sensitive calcium channels.

4 2 .1 6
EFFECTS OF PURINE ANALOGS ON ASTROGLIAL CELLS IN RAT CNS 
PRIMARY CULTURES M.P. Abbracchio*1. M.J. Saffrey. V. Höpker and G. 
Burnstock. Dept. Anat. Developm. Biol. Univ. Coll. London, UK, and 1Inst. 
Pharmacol. Sci., Univ. Milan, Italy.

Purines (adenosine and ATP) have been demonstrated to act as 
neurotransmitters/neuromodulators of CNS function. Although most studies 
have focussed on their effects on neuronal cells, adenosine/P1 and ATP/P2 
receptors are also expressed by glial cells. Based on this, we have studied 
the effects of purines on glial-fibrillary acidic protein (GFAP)-positive cells in 
neuron-glia primary cultures obtained from the c. striatum of 7 day-old rats. 
Cultures were grown in complete medium in the presence of the purine 
analogs 2-chloro-adenosine (2-CA) or aßmethylenATP (aßmeATP) for 2-4 
days, fixed and processed for anti-GFAP immunoreactivity. To assess 
possible effects of purine analogs on glial proliferation, in some experiments 
cells were also cultured for 24 hrs with Bromo-deoxy-uridine (Br-dU) before 
fixing and then processed by double immunostaining with anti-GFAP and anti- 
BrdU antibodies. Exposure to aßmeATP resulted in a dose-dependent 
increase of the number of GFAP-positive cells (maximal increase was 47+3% 
over controls at 10-5 M) which was correlated to a comparable increase of the 
number of double-labelled cells. 2-CA induced opposite effects on the number 
of GFAP-positive cells (maximal decrease was -43+3% with respect to 
controls at 10-4 M), although the % of double-labelled cells was significantly 
increased. It can be concluded that activation of P2 receptors results in an 
increase of glial proliferation with consequent increases of cell number; 
effects induced by 2-CA are more complex and remain to be elucidated. 
Globally, these results suggest that purines can affect astroglial cells and 
could therefore be involved in reactive gliosis following CNS injury and 
ischemia.
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4 3 .1
X e n o p u s  O o c y te s  E x p r e s s  a  S ig m a 2-L ik e  B in d in g  S ite .  T. A.
Patterson*1, M. Connor1,2, S. A p pleyard1, C. C h avk in 1, 1U n iv . o f  WA., 
Dept. o f Pharm acol., SJ-30, S ea ttle  WA, 9 8 1 9 5 ,  2U n iv . o f  B risto l, Dept. 
of Pharm acol., B risto l, U K , B S8-1T D .

In th e  process o f  screen in g  X en opu s  oocytes for u se  in  gen e  
expression stu d ies , w e discovered th a t  th ey  express a σ2-like b inding  
site. [3H]-DTG  lab els tw o b inding s ite s  in  X en opu s  oocyte m em branes, 
w ith KD’s o f 32  ± 6 nM  and 1.3 ± 0.7 μΜ  (n=7) and B max’s o f  4 5 .7  ± 19 
pm oles/m g protein  and 3 .2  ± 0 .7  n m oles/m g protein , resp ectively . A  
series o f σ  ligan d s w ere tested  for ab ility  to d isp lace [3H ]-DTG  from  
the high  a ffin ity  b inding site  on oocyte m em b ran es in  Tris buffer (in  
mM: Tris, 50; EGTA, 0.1; M gCl2, 6 ; pH  7.8). A t th e  h ig h  a ffin ity  [3H]- 
DTG site , th e  rank order o f potencies (in  d escen d in g order) was: 
rim cazole > DTG > (+)-3-PPP > HAL > (-)-pentazocine > (+) 
pentazocine. The h igh  a ffin ity  s ite  w as in sen sit iv e  to (+)-SK F 10047, 
dextrom ethorphan, BM Y 14802, G BR 12909, GBR 12935 and  
m azindol. To further ch aracterize th e  [3H ]-DTG  sen s it iv e  b inding site  
on oocytes, b inding potencies w ere directly  com pared to binding  
potencies in  th e rat liver (an organ rich in  σ2 b in d in g s ite s) in  N D 96  
buffer (a physio logical oocyte buffer; in  mM: H ep es, 5; N aC l, 96; KC1, 
2; CaCl2, 1.8; M gCl2, 1; pH 7.4) in  th e  presen ce o f lOOnM (+)- 
pentazocine. The in h ib ition  o f [3H ]-DTG  bin d in g by s ix  σ  ligan d s w as  
sim ilar in oocytes and liver  (correlation coefficient, r2 = 0 .913, althou gh  
the IC50’s w ere an average o f  6 .8  ± 2 .4  fold h igh er  in  oocytes). The  
affinity and b inding profile are quite s im ila r  to th e  m am m alian  σ2 site , 
but not identica l. Th us, th e  h igh  a ffin ity  [3H ]-DTG  bin d in g s ite  in  
oocytes is o2-like. Supported by M H 46501.

4 3 .3

AUTORADIOGRAPHIC LOCALIZATION OF [3H]1-[1(3- 
HYDROXYPHENYL)CYCLOHEXYL]PIPERIDINE (PCP-3-OH) 
BINDING SITES IN RAT BRAIN. T.Suzuki1) , T.Yama- 
moto2 ), T .Hori1 ), T.Moroji2 ), A.Baba1'2 ), M.ni -  
shizawa1) and M. Yoshii3)* 1 )Dept. of Psychiat. 
, The Univ. of Tsukuba, 2)Dept. of Psychopharma- 
col. and 3)Neurophysiol.,Tokyo Inst. of Psychiat.

Using a quantitative autoradiographic binding 
assay, the distribution and pharmacological pro
perties of [3H]PCP-3-OH binding sites were exa
mined in rat brain. [3H]PCP-3-OH binding sites 
were highest in the dentate gyrus and the stra
tum oriens of CA1 region. Relatively high levels 
of binding were observed in the superficial layer 
of cerebral cortices, the olfactory bulb and the 
amygdala. Moderate levels of binding occurred in 
the striatum, the thalamus, the superior colli
culus and the granular layer of cerebellum, while 
little binding seen in the globus pallidum and 
the brain stem. The present findings demonstrated 
that [3H ]PCP-3-OH bound to discrete regions 
throughout the rat central nervous system and 
were also consistent with autoradiographic loca
lization of [3H]TCP or [3H]MK801 binding sites 
in rat brain.

4 3 .5
T H E  D IS TR IB U TIO N  A N D  C O N N E C T IO N S  O F  N E U R O N S  
C O N TA IN IN G  N A D P H -D IA P H O R A S E  A N D  C A LC IU M -B IN D IN G  
P R O T E IN S  IN T H E  IN T E R P E D U N C U L A R  N U C L E U S  O F  T H E  RAT.
S . B urch . N. R a iak u m ar an d  B .A . Flum erfelt*. Dept. of A natom y, 
University of W estern  Ontario , L o n d o n , O ntario , C a n a d a , N 6A  5 C 1 .

Th e  in terp ed uncular n u c le u s  is  a  m idbrain  lim bic structure  
characterized  by high le ve ls of se v e ra l n eu ro active  s u b s ta n c e s . T h e  
nucleus is  d iv isib le  into cyto arch ite cto n ica lly  an d  n eu ro ch em ica lly  
distinct su b d iv is io n s but their p re c ise  function  h a s  not yet b e en  
determ ined. In the p resen t stu d y, the  pattern of lab eling  of N AD PH - 
d ia p ho rase  an d  calc iu m -b ind in g  pro te ins s u c h  a s  calb ind in , calretinin  
and parvalbum in w a s  e xam in ed  in com b in atio n  with transm itter 
im m unolabeling a n d  an tero g rad e  a n d  retro g rad e  tracing . T h e  
distribution of ca lb ind in  a n d  calretin in  c lo s e ly  re se m b le d  the  pattern of 
su b sta n ce  P , N A D P H -d iap h o rase  w a s  sim ilar to en k ep h a lin  w hile  
parvalbum in re se m b le d  sero to n in . T h e  pattern of parvalbum in  
im m unolabeling co rre sp o n d e d  with the d istribution of n eu ro n s  
projecting to the d o rsa l tegm ental a re a  a n d  the m ed ian  rap h e  n u c le u s . 
The pattern of distribution of calretin in  a n d  ca lb ind in  co rre sp o n d e d  to 
the term inal field aris ing  from  n e u ro n s lo cate d  within the  d o rsa l a s p e c t  
of the m edial hab en u la . T h e  d ata  in d icate  that ca lc ium -bind ing  
proteins an d  N A D P H -d iap h o rase  m ark different su b p o p u la tio n s of 
neuro ns that h a v e  sp e c if ic  efferent c o n n e ct io n s .
[Supported by M R C  C a n a d a ]

4 3 .2
[3HJDTG AND [3H](+)PENTAZOCINE BINDING SITES IN THE RAT BRAIN: 
AUTORADIOGRAPHIC VISUALIZATION OF σ1 AND σ2 RECEPTOR 
SUBTYPES. P. Bouchard* and R. Quirion. Douglas Hospital Research Center, 
Departments of Psychiatry and Neurology & Neurosurgery, McGill University, 
Montréal, Québec, Canada.

Over the past few years, the study of sigma (σ) receptors has raised much interest, 
mostly because they may be involved in the modulation of psychotomimetic and/or 
antipsychotic activities of various drugs, and of some locomotor activities. But 
little information is available regarding the discrete comparative distribution of these 
putative σ  receptor subtypes, especially in the rat brain. Thus, the aim of the 
present study was to investigate, by autoradiography, the detailed comparative 
distribution of the σ 1 and σ2 receptor subtypes in the rat brain using [3H]DTG and 
[3H](+)Pentazocine. In brief, 20μ  thick brain sections mounted onto gelatin coated 
slides were preincubated for 15 minutes inTris-HCl buffer. This preincubation was 
followed by a 45 to 60 minute incubation (22C), in a Tris-HCl buffer either 
containing 7nM [3H]DTG, a universal sigma ligand, or 7 nM [3H]DTG plus 500 
nM (+)pentazodne to occlude the σ 1 sites and hence reveal the distribution of the 
putative σ2 subtype. For purpose of comparison, we also labelled the σ 1 receptor 
subtype with the specific σ 1 receptor ligand, [3H](+)Pentazocine (5 nM). Non
specific binding was determined in the presence of 10 μΜ haloperidol. Specific 
[3H](+)pentazocine and [3H]DTG binding was found to be widely, but discretely, 
distributed in the rat brain. Very high densities o f labelling were seen in cranial 
nerves, some motor nuclei, various hippocampal sub-fields and laminae, the red 
nucleus, the interpeduncular nucleus and the mid-layers of the primary and secondary 
motor cortex. Lower amounts of specific [3H]DTG binding were present in various 
other structures such as the cerebellum and most thalamic nuclei. [3H]DTG binding 
in the motor cortex was found to be quite resistant to (+)pentazocine, suggesting an 
enrichment in σ2 sites in this area, while σ 1 sites are more abundant in most other 
regions. (Supported by NSERC, FCAR and Institut de Recherches Jouveinal).

4 3 .4

DISTRIBUTION OF NADPH-DIAPHORASE-POSITIVE NEURONS IN THE 
BRAINS OF TURTLES. A. S. Powers* & I. S. Giusti. Dept. of 
Psychology, St. John’s University, Jamaica, NY 11439.

NADPH-diaphorase (NADPH-d) has been shown to be identi
cal to the enzyme nitric oxide synthase and is found in 
neurons that make nitric oxide. The distribution of NADPH- 
diaphorase-positive (NADPH-d+) neurons in the brain of the 
turtle Chryšemys picta was mapped using a direct histochem- 
ical method. NADPH-d+ neurons were seen in the telenceph
alon in the paleostriatum augmentatum, globus pallidus, 
ventral paleostriatum, area d, and nucleus of the diagonal 
band of Broca, all areas that have been shown to contain 
cholinergic cells in turtles (Powers & Reiner, Brain,
Behav.,Evol.,in press). Additional neurons were found in 
the anterior dorsal ventricular ridge, olfactory tubercle, 
and amygdala, and widely scattered cells were seen in the 
dorsal, medial, and dorsomedial cortices. NADPH-d-l- cells 
were also found in the ventral thalamus, hypothalamus, 
periventricular gray layer of the optic tectum, torus semi
circularis, and substantia nigra. The nucleus tegmenti 
pedunculopontinus, which contains cholinergic cells in 
turtles, contained NADPH-d+ cells as well. NADPH-d+ cells 
were scattered throughout the reticular formation. Many 
of the NADPH-d+ cell groups seen in turtles, especially in 
the basal forebrain and isthmic cholinergic areas, are 
also NADPH-d+ in mammals. These similarities suggest con
tinuity in these systems during the evolutionary transi
tion from reptiles to mammals. Support: NSF#IBN91213467.

4 3 .6
Nitric Oxide Synthase (NOS) in the cerebellum and electrosen- 
sory system of weakly electric fish. M. Earle.* L.L. Morozt and R.W. 
Turner. Dept. Medical Physiology, Univ. Calgary, Alberta, Canada T2N 4N1, 
and tDept. Physiology, Byelorussian State Univ., Minsk, Belorus 220080.

Weakly electric Gymnotiform fish electrolocate with respect to an emitted 
electric organ discharge (EOD) at a species-specific frequency. We examined 
NADPH-diaphorase (NADPH-D) staining and NOS immunoreactivity (NOS-IR) 
in 3 Gymnotiform species exhibiting distinct EOD output frequencies to com
pare NOS distribution in electrosensory and related cerebellar structures.

Transverse sections of medulla were cut by cryostat (30 pm) after transcar- 
dial perfusion of Apteronotus leptorhynchus , Eigenmannia viscerens, and 
Sternopygus macmrus. Tissue was reacted for 1 hour in the dark (RT) in 1 mM 
NADPH-TetraTris salt, 0.5 mM Nitro-blue Tetrazolium and 0 .2% Triton-X, or 
processed for immunofluorescence after exposure to a polyclonal antibody to 
rat NOS (gift of Drs. T. Dawson and S.S. Snyder). Each species shared com
mon NADPH-D and NOS-IR positive structures, although distinct differences 
in staining intensity were found. In the electrosensory posterior lobe of cere
bellum (EGp), cell bodies of Purkinje, stellate, golgi, eurydendroid, and some 
granule cells were positive, while Purkinje cell apical dendrites were negative. 
Mossy fiber glomeruli were intensely stained, as were parallel fibers in Є  vise. 
and S . mac. Weaker EGp staining was found in A. lept. Pacemaker, relay 
and spinal cord electromotoneurons were positive. Ganglion cell bodies and 
axons were positive, although staining intensity of primary afferente and post- 
synaptic ELL pyramidal cells shifted in relationship to EOD frequency. Thus, 
primary afferente in A . lept. (~1000 Hz EOD) were intensely stained while 
pyramidal cells were virtually negative, E .v isc . (~300 Hz ) was intermediate, 
while the opposite was true in the lowest frequency S. mac. (~75 Hz EOD).

These results suggest that NOS is found in specific cells of the teleost elec
trosensory system, and is distributed from pre- to postsynaptic elements ac
cording to the specific EOD frequency encoded by primary afferent inputs.
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4 3 .7
Regionai. D istribution of Nitric Oxide Synthase, Cholinesterase and 
Muscarinic Receptor Subtypes in Rat Urinary Bladder. T, Shickley,* M. 
Pontari. G.R, Luthin and M.R, Ruggieri. Departments of Urology and Anatomy & 
Cell Biology, Temple University School of Medicine and Department of Physiology 
& Biophysics, Hahnemann University, Philadelphia, PA 19140.

Nitric oxide (NO) is known to influence regional blood flow in peripheral tissues. 
Muscarinic cholinergic receptors (MCR) are known to have a role in the normal 
function of the urinary bladder. The extent of interaction of these systems in the 
urinary bladder is not known. In the present study we examined the regional 
distribution of nitric oxide synthase (NOS), m2 and m3 MCR and 
acetylcholinesterase (АСҺЕ) in adjacent serial sections of rat urinary bladder. NOS 
and АСҺЕ were examined using enzyme histochemical methods. MCRs were 
examined using immunohistochemical techniques.

NOS was richly distributed in urothelial transitional cell layers. NOS was also 
localized on terminal arterioles proximal to the urothelium suggesting a regulatory 
role in blood flow. Staining of vascular elements were mainly vasa nervosa, while 
transitional cells exhibited intracellular staining. АСҺЕ was localized in neuronal 
profiles, intramural ganglia and throughout urothelium of trigone and base. The 
urothelium in dome was devoid of АСҺЕ reaction. MCRs were localized in 
neuronal elements in the subepithelial neurovascular plexus (m3 > m2), the detrusor 
muscle layers (outer m2 > m3, inner m3 > m2), its innervation (m3) and extensively 
in the transitional cells of the urothelium in all regions (m2 > m3). The localization 
of NOS, АСҺЕ and MCR subtypes suggest regional neuronal and non-ncuronal 
interactions and potential MCR subtype-specific targets. The regional distribution 
in urothelium suggests a complex role for this tissue which may be complementary 
to its function as a barrier epithelium. Supported by PHS grant DK43333.

4 3 .9
LOCALIZATION OF N A DPH -DIAPH O RA SE (NITRIC OXIDE  
SYNTHASE) IN THE GUINEA PIG PANCREAS IN SITU A N D  IN 
CULTURE. S.S.W .Tay *. E.W .M oules and G .Bum stock. Department o f  
Anatomy, University College London, London W C1E 6 BT, U.K.

In stretch and section preparations, N A DPH -diaphorase containing 
neurones were found singly or in groups, dispersed in the matrix o f  the guinea 
pig pancreas. Large groups o f labelled neurones enmeshed with connective  
tissues were encountered near blood vessels, ducts and within pancreatic 
lobules. Labelled neurones in ganglia adjacent to blood vessels and ducts 
appeared to relay via long nerve fibres to other labelled ganglia. Intralobular 
pancreatic ganglia consisted o f small groups or single labelled neurones, 
scattered amongst the exocrine acinar cells. NA DPH-diaphorase activity was 
localized in the cytoplasm o f the neurones, the nucleus being unlabelled. 
There was variation in intensity o f  labelling amongst the neurones in each 
ganglia. Som e o f the labelled nerve fibres emanated from neurones in the 
intralobular ganglia and appeared to terminate adjacent to acinar and islet 
cells. Endothelial cells o f  the blood vessels were comm only labelled. In 
tissue culture, NA DPH-diaphorase labelled neurones occurred in groups or 
as individual cells. Most o f these neurones were m edium -sized multipolar 
cells and were also μ g P 9-5 immunoreactive. Labelled processes from these 
neurones were observed to make contacts via varicose terminals with both 
acinar and islet cells. Fewer labelled neurones were observed in culture when 
compared with those in situ. The present results provide evidence o f NADPH  
(nitric oxide) as a mediator o f neuronal activities in the guinea pig pancreas.

4 3 .1 1
GABA-IM M UNOREACTIVE C E L L S  IN LAM INAE VII-IX O F N EO N A TA L  
AND A D U LT  MOUSE LUMBAR SPIN AL CORD. A. P eterson. S. Tw iford  
and M.H. D roae*. Biology D ept., T e x a s  W om an's U niversity , Denton, 
TX . 7 6 2 0 4 .

A  recent stu d y of neonatal m ouse spinal cord  su g g e sts  th a t  GABA  
con trib utes to  the  coordination of spinal m otor rhythm  (O liver e t  al. 
Soc. N eurosci. A b st. 1 9 9 3 ) . H owever, little  is know n ab o ut the  
distribution and m orphology of G A BA erg ic ce lls  in su ch  tissu e . Th e  
ob jective  of the  present stu d y  w as to  com pare  th e  tra n sve rse  
distribution and som ai m orphology o f G A BA -im m unoreactive  ce lls  
in lam inae VII-IX of neonatal m ouse lum bar spinal cord.

Spinal t issu e  from  Balb/C  m ice a t birth, 3, 5 and 7 d a y s  p o st
partum  w a s  studied, a s  w as adult t issue . A fte r  m ixed ald ehyd e  
fixation, tra n sve rse  frozen se ct io n s  (1 4 - 2 0  μ m ) w ere  cut, and  
standard  th ree -step  im m unocytochem istry w a s p erform ed a s  
d escribed  by B eltz  e t  al.(B lackw ell Sci. Pubi. Inc., 1 9 9 0 ) . Ce lls  
labelled w ith Sigm a Anti-G ABA ( 1 :2 0 0 0 )  w ere  p resen t a t  e ach  
neonatal age, and m any ce lls  w ere  found in lamina VIII and IX. T h e  
m ean som ai area for such  ce lls  in 0 ,3 ,5  and 7 day  old spinal co rd s  
w a s 4 6 5  ±  2 4 9 , 4 5 7  ±  2 0 8 , 6 5 8  ±  3 3 0 , and 7 0 0  ± _2 8 5 , 
resp ective ly . Tu k ey  p o st hoc testin g  revealed  a sign ificant in crease  
in s ize  b etw een  d ay 3 and d ay 5. Som ai sh ap e  w as quantified  by  
calcu lating form  PE (4 π  x area /p erim ete r2 ), and th e  T u k e y  t e s t  
show ed a significant d ifference in som ai sh ap e  b etw een  d ay  0  and 
d ay 3. Interestingly, m any G A BA-im m unoreactive  ce lls  o f lam inae  
VIII and IX had the  s ize  and shape o f m otoneurons. How ever, su ch  
ce lls  w ere not im m unoreactive in adult t issu e .

Supported by NIH M B R S # 2 S 0 6 G M 0 8 2 5 6 )

4 3 .8
NADPH-d/NOS PROFILES W ITHIN THE HUM AN HIPPOCAM PAL  
C O M PLE X . T. S ob rev iela1* . B. Maver2. E.J. M ufson1 Dept. Neurol. 
Sci. Rush Med. Ctr1. Chicago, EL 60612 and Universitat-Graz, Austria2

N A D PH -d and nitric oxid e synthase (N O S) are cofactors in the 
form ation o f  the neurotransm itter nitric oxide. H istoch em ical studies 
indicate that these proteins co localize  w ithin CNS neurons. The present 
study analyzed the distribution o f  N A D P H -d/N O S profiles in human 
hippocam pal com plex (HC).

NA D PH -d histochem istry revealed pleom orphic c e ll types within the 
HC. W ithin the hippocam pus, subicular, entorhinal (EC) and perirhinal 
(PRC) cortex darkly stained G o lg i-lik e  pyram idal, fusiform , bi-and  
m ultipolar neurons with extensive dendrites (Type I) were seen m ainly  
within deep layers and subjacent white matter. In contrast, many lightly  
stained NA DPH -d round or oval shaped neurons (Type II) were scattered 
in the dentate gyrus (DG ) polym orphic layer, stratum pyram idal and 
radiatum (m ainly C A 1, CA 3), subicular com p lex, layers 2-3 o f  EC and 
PRC. The distribution o f  Type II cells in the EC displayed a mediolateral 
and rostromedial gradient. In addition, a population o f  extrem ely lightly  
stained N A DPH -d pyramidal and oval shaped neurons (Type III) were 
distributed in DG, CA fields, m edial EC, and the amygdala /  hippocampal 
transition zone. Virtually, all type I NA DPH -d neurons coexpressed NOS.

A dense band o f  N A DPH -d fibers were seen  in DG  m olecular and 
polym orphic layers. E xtensive N A D PH -d fibers were observed m ainly 
within C A I and CA4 in contrast to CA2 and CA3. A heavy band o f  
fibers traveling w ithin C A I divided into dorsal and ventral bundles 
coursing to the presubiculum and EC, respectively. Other EC NADPH-d  
fibers exhibited a mediolateral and rostrocaudal gradient. Within layers I 
and V-V I/white matter junction fibers coursed parallel to the piai surface 
while radially oriented fibers were observed in layer III o f  the EC.

4 3 .1 0
C H A R A CTER IZA TIO N  O F 3H -IM ID AZEN IL BINDING T O  R A T  BRAIN  
M EM BRAN ES. M.L ip artit i* . E .F a d d a . R. Arban@ . and P .G iusti@ . Fidia 
R e search  Lab o rato ries , Ab ano T e rm e  (PD ), @ Dept. o f Pharm acology, 
U niversity  of Padova, Padova, Italy.

Im id azen il, an im id a zo b e n zo d ia ze p in e  carb o x am id e , h a s  b een  
ch a ra c te r iz e d  a s  a novel lo w -efficacy  p ositive  a llo steric  m odulator of 
GABA action a t  GABAa  receptors. It has been reported to  be more potent, 
longer lasting  and higher se le ct ive  than  B re taze n il in an tico nflict and  
a n tise izu re  t e s t s . In th e  p resen t stu d y  th e  З н -lm id azen il binding to  
w ashed, fro zen  and thaw ed rat cerebellar m em branes w as characterized . 
Sp ecific  binding w as linear w ith tissu e  co n ce ntratio ns and w as m axim al 
w hen perform ed e ith e r  a t 4  °С  fo r 9 0  min or a t  2 0  °С  fo r 2 5  min. Th e  
binding w a s  o f  high a ff in ity , s p e c if ic  and  sa tu ra b le ; non lin e ar  
regression  and Sca tch a rd  an alysis o f the  data  w as com patib le  w ith  the  
p resen ce  o f a single population o f recep to r s ite s  w ith a Bmax of 0 .8 9 7  ±
0 .1 1 1  pm ol/m g prot and a К d  o f 0 .9 7  ± 0 .2 0  nM re sp e ct iv e ly . Th e  
addition o f Na+ had no e ffe c t  on binding param eters. T h e  binding o f зH- 
Im idazenil w as reversib le  and Kd ca lcu la ted  from  th e  d isso c ia tio n  and  
a s s o c ia t io n  ra te  c o n s t a n ts  a p p ro x im a te d  th e  m e a s u re d  a t  
equilibrium . B en zo d ia ze p in e s (B Z s)  w ere  e ffe c t iv e  d isp la ce rs  o f зн- 
Im idazenil. G A B A a  an tag o n ists, barb itu rates, p icrotoxin, and peripheral 
BZ re ce p to r ligands w ere  devoid  o f an y  a c tiv ity . T h e re  w ere  regional 
d iffe re n c e s  in th e  d istributio n  of binding s ite s : co rte x  = str ia tu m  > 
cerebellum  > spinal cord . In conclusion , the  p resen t stu d y  ind icates that  
partial ago n ist Im idazenil sp ec ifica lly  binds w ith high affin ity  to  th e  BZ 
s ite s  of GABA a  receptor com plex.

4 3 .1 2
COEXISTENCE OF THE LOWER MOLECULAR WEIGHT FORM OF 
GLUTAMATE DECARBOXYLASE (GAD65) AND GABA IN THE 
RAT DENTATE GYRUS: AN ELECTRON MICROSCOPIC STUDY.
N . Z h a n a  an d  C .R .  H o u s e r * .  D e p t . o f A n a t o m y  a n d  C e ll B io lo g y  
an d  B ra in  R e s e a r c h  In s t itu te , U C L A ,  an d  V A  M e d ic a l C e n t e r ,  L o s  
A n g e le s ,  C A  9 0 0 2 4 .

P re v io u s  light m ic r o s c o p ic  s t u d ie s  h a v e  s h o w n  th a t  th e  
g lu ta m a te  d e c a rb o x y la s e  iso fo rm  w ith  a  m o le c u la r  w e ig h t  of 
6 5 k D  ( G A D 6 5 )  is  c o n c e n tra te d  in p u n c ta te  s t r u c t u r e s  th a t  
re s e m b le  a x o n  te rm in a ls . C u r re n t  e le c t ro n  m ic r o s c o p ic  s tu d ie s  
c o n firm  t h a t  G A D 6 5  im m u n o re a c t iv ity  is  p re s e n t  in a x o n  
te rm in a ls  in all la y e r s  o f th e  ra t  d e n ta te  g y ru s  a n d  th a t  t h e s e  
te rm in a ls  fo rm  p re d o m in a n tly  s y m m e tr ic  s y n a p s e s .  W ith in  th e  
t e rm in a ls , re a c t io n  p ro d u c t  w a s  o fte n  a s s o c ia t e d  w ith  th e  
c y t o p la s m ic  s u r f a c e s  of m e m b r a n e s , in c lu d in g  th o s e  of s y n a p t ic  
v e s ic le s .  T h e  in terio r of th e  v e s ic le s  w a s  u n la b e le d . T o  d e te rm in e  
if G A D 6 5 - la b e le d  te rm in a ls  a ls o  c o n ta in e d  G A B A , d o u b le -lab e l 
s t u d ie s  w e r e  c o n d u c te d  w ith  p re e m b e d d in g  im m u n o p e ro x id a s e  
lab e ling  fo r G A D 6 5  an d  p o s te m b e d d in g  im m u n o g o ld  lab eling  for  
G A B A . G A D 6 5  im m u n o re a c t iv ity  c o e x is t e d  w ith  G A B A - lik e  
im m u n o re a c t iv ity  in a x o n  te rm in a ls  in th e  g ra n u le  c e ll la y e r ,  
m o le c u la r  la y e r  an d  h ilar reg io n  of th e  ra t  d e n ta te  g y ru s . T h e s e  
fin d in g s  su p p o rt  th e  s u g g e st io n  t h a t  G A D 6 5  a c t iv e ly  s y n t h e s iz e s  
G A B A  in a x o n  t e rm in a ls  in all re g io n s  of th e  d e n ta te  g y ru s .  
S u p p o rte d  b y  N S 2 1 9 0 8 .

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM REGIONAL LOCALIZATION OF RECEPTORS AND TRANSMITTERS I 91

4 3 .1 3
EXPRESSION OF GABAp RECEPTOR mRNA IN THE VERTEBRATE 
RETINA. R. Salceda. A.E. Vazquez* & R. M iledi. Lab. of Cell. & Molec. 
Neurobio., Dept. of Psychobio., U niversity of CA, Irvine, CA 92717.

GABA interacts with classes of receptors, denoted G ABA ą  and GABAB 
receptors in the mammalian central nervous system. Furtherm ore, the 
retina expresses GABAp receptors (GABApR), that gate С1- membrane 
currents which are insensitive to bicuculline and are not activated by 
baclofen. The purpose of this study was to localize, by in situ 
hybridization, the retinal cells that express the GABApR.

A full length cDNA containing the GABApR open reading fram e was 
obtained from a human retina library+. This clone was transcribed in 
the presence of digoxigenin-U TP using the T 3 polymerase to obtain the 
antisense mRNA. For control experim ents the sense mRNA was also 
synthesized. Retinas were fixed in 4% paraform aldehyde-PB , 
cryoprotected and sectioned in a cryostat or w hole-m ounted. A fter 
acetylation the tissue was hybridized overnight at 40°C with the 
digoxigenin-labeled RNA. The presence of mRNA encoding the GABApR 
was visualized by the colored product o f the alkaline phosphatase 
activity conjugated to an antibody against digoxigenin.

The staining, indicative o f hybridizing probe, showed a similar 
pattern in the retina of all species studied (rat, bovine, rabbit, 
frog; fish). Staining was located mainly at the peripheral retina.
Cells in the inner nuclear layer showed varying levels of staining. In 
the ganglion cell layer some small and large cells were stained. In 
addition, isolated groups of photoreceptors were also labeled. The 
results suggest that GABAp RNA is located postsynaptically in 
particular subsets of cells. +Human retina library was kindly given to 
us by Dr. Jerem y Nathans. Supported by UC President’s Fellowship 
Program, the M cK night Foundation and PHS G rant MH48358.

4 3 .1 5
RO 15-4513 EXHIBITS VERY HIGH AFFINITY FOR A BENZODIAZEPINE 
SITE IN RAT CNS. A. K. Mehta* and R. P. Shank. Drug Discovery 
Research, The R. W. Johnson Pharmaceutical Research institute, Spring 
House, PA 19477-0776

The binding of 3H-RO 15-4513 to membranes from rat CNS was 
determined at 23°C using ligand concentrations ranging from 0.06 nM to 2 
μΜ, in the absence and presence of NaCI (100 mM) and GABA (0.1 mM). 
Analysis of Scatchard plots indicated that binding sites with three markedly 
different affinities were present in cerebral cortex, hippocampus, 
hypothalamus, medulla-spinal cord, thalamus, mesencephalon, and pyriform 
cortex plus amygdala, whereas only two sites were evident in the 
cerebellum. A very high affinity site with a Kd ≈0.1 nM was evident in all areas 
except the cerebellum. This site was most prevalent in the hippocampus, 
and the Bmax values appeared to reflect the regional distribution of the α2 
subunit. Binding to this site was inhibited by flunitrazepam, diazepam and 
RO 15-1788, but these compounds did not exhibit an exceptionally high 
affinity. This site was evident in the absence of NaCI, but the Bmax appeared 
to be smaller when NaCI was absent. GABA increased the Kd, suggesting 
that RO 15-4513 is an inverse agonist at this site. Another binding site(s), 
with an apparent Kd ≈5 nM was evident in all regions studied. This site may 
be a composite of two or more benzodiazepine sites because the Bmax was 
markedly reduced in most regions when NaCI was omitted from the medium. 
The Kd was higher in the presence of GABA, indicating that R O  15-4513 is 
an inverse agonist at this site(s). A third site, with a Kd ≈500 nM was also 
evident in all CNS regions studied.

43 .1 7
TWO-PHOTON LASER SCANNING PHOTOCHEM ICAL  
MICROSCOPY USED TO M AP THE DISTRIBUTION OF LIGAND  
GATED ION CHANNELS. Winfried Denk*. Biological Computation 
Research Dept., AT&T Bell Laboratories, Murray Hill, NJ 07974.

Mapping of receptor distributions by electrically detecting receptor activation in 
response to locally applied agonist can be performed by photoactivating "caged" 
agonist The use o f two-photon absorption, where, in close analogy to two-photon 
excited fluorescence (Denk et al., Science 248 pp.73-76,1990), two red photons 
combine to provide the energy o f one UV photon, limits photolysis to the focal 
volume, which is less than 1 cubic micron for a beam that is focussed to a 
diffraction limited spot through a microscope objective with a large numerical 
aperture.

To demonstrate the method cultured BC3H1 cells were voltage clamped near their 
resting potential and the focussed beam from a colliding-pulse mode-locked dye 
laser (620nm wavelength, 5mW average power at the specimen) was raster scanned 
across the focal plane, which was intersecting the cell. The transmembrane current 
was recorded as a function o f the beam position. Sytemaric current variations 
across the scan area were observed using an extracellular concentration of about 
0.5 mM of "caged" carbachol (N-((α -2-carboxy)-2-nitrobenzyl)carbamoylcholine) 
(CC). With inward current displayed as an increase in brightness, the current 
"image” shows a bright ring surrounding the cell, corrsponding to the presumably 
uniform distribution o f АСҺ receptors over the cell surface. To aquire a complete 
image took as much as ten minutes as a pixel dwell time o f 2 ms had to be used 
due to the time lag o f about one ms between photolysis and the rise of the induced 
transmembrane current. After several scans some photodamage appears to occur 
resulting in an increased leakage current and a reduction in the size o f the agonist 
inducable current Photodamage can probably be reduced or eliminated by the use of 
slightly longer wavelengths which should be absorbed by CC but not by proteins. 
This method should be applicable to mapping distributions o f receptors for any fast 
acting neutrotransmitters or o f ion , i.e. Ca++, gated channels for which 
photolyzable precursors or chelators can be made .

4 3 .1 4

NEURONS EXPRESSIN G HIGH L E V E LS  OF mRNA FOR THE α 1 SUBUNIT- 
SUBTYPE O F THE GABA-A RECEPTO R IN THE RAT DENTATE GYRUS ARE A 
SUBPOPULATION OF GAD mRNA-CONTAINING NEURONS. M. E s c la p e z .  
A .J . Tobin*. R . W . O lse n  an d  C .R . H o u se r . B ra in  R e s e a rc h  Institute, 
U C L A , an d  V A  M edical C en ter, L o s  A n g e le s , C A  9 0 0 2 4 .

T h e  lo calization  an d  level of e xp re ss io n  of m R N A s enco d in g  the  
α 1 subu nit-su b typ e  of the  G A B A -A  receptor, g lu tam ic acid  
d e ca rb o x y la se  (G A D ), an d  so m ato statin  ( S S T )  w e re  stud ied  with 
n on-rad ioactive  an d  rad io active  in situ hybrid ization m etho d s using  
digoxigenin- and  35S -la b e le d  c R N A  p ro b e s resp ective ly . A lpha-1  
m R N A -lab e led  n e u ro n s w e re  p re se n t in all reg io n s of the  dentate  
g yrus. W hile  m an y  n eu ro ns, su c h  a s  the  g ran u le  ce lls , sh o w ed  
m o d erate  le ve ls  of lab eling, so m e  n e u ro n s sca tte re d  within the  
gran u le  cell la y e r and  the h ilus exhibited high le v e ls  of labeling. T o  
determ ine  the ch e m ica l identity of th e se  h e av ily  lab eled  neu ro ns, 
d o u ble-label in situ hybrid ization exp e rim en ts w e re  conducted . 
Virtually all n eu ro n s that w e re  h e av ily  lab e le d  for α 1 m R N A  
con ta ined  G A D 6 5  m R N A . H o w ever, not all G A D 6 5  m R N A -  
conta ining  n eu ro n s exhibited high le ve ls  of α 1 m R N A . S S T  m R N A -  
lab eled  n eu ro n s in the  h ilus did not conta in  high level of α 1 m R N A , 
but virtually all of th e se  S S T  m RN A -co n ta in ing  n e u ro n s w e re  lab eled  
for G A D 6 5  m R N A . T h e s e  re su lts  d e m o nstrate  that in the  d entate  
g yrus, n eu ro n s e xp re ss in g  a high level of m R N A  for the  α 1 subunit 
of the G A B A -A  recep to r a re  a  sub p o p ulation  of G A B A  n e u ro n s w hich  
do not conta in  S S T .  Sup p o rted  by N S 2 9 2 3 1  an d  N S 2 2 2 5 6 .

4 3 .1 6
IDENTIFICATION OF RECEPTOR SUBTYPES WITHIN THE 
CEREBELLAR CORTEX AND ASSOCIATED NUCLEI OF THE 
RABBIT. S A. HAUGE*. J. TRACY. M. BAUDRY & R. F. 
THOMPSON. Neurosciences Program, University o f  Southern California, 
Los Angeles, CA 90089-2520.

It has been demonstrated that the cerebellum and associated structures 
are necessary and sufficient for classical conditioning o f the rabbit 
nictitating membrane (NM) response. Though much work has been done 
to characterize the anatomical basis o f the NM response, little is known 
about the neurochemical basis o f this phenomenon in the rabbit. 
Pharmacological manipulations during conditioning o f the NM response in 
the rabbit have indicated that the GABAergic system is involved in this 
type o f learning. The role o f other neurotransmitter systems has remained 
elusive. GABAergic and glutamitergic receptor subtypes have been 
identified in the cerebellum o f several rodent species.

An initial study to characterize the amino acid receptor populations in 
area HVI o f the rabbit cerebellar cortex and associated nuclei has been 
conducted. Specifically, ligand binding and quantitative autoradiographic 
analysis have been used to identify subtypes o f glutamate (NMDA, 
quisqualate metabotropic, AMP A, and kainate) and GABA (GAB AA and 
GAB AB) receptors present within these structures. Current results 
indicate high levels o f 3H-AMPA and 3H-CNQX binding in the molecular 
layer o f the cerebellar cortex, while 3H-muscimol and 3H-baclofen bind 
most heavily within the granular layer. There is a moderate amount o f  
binding o f all four ligands within the deep nuclei. Changes in binding o f  
these ligands resulting from classical conditioning o f the NM response are 
under investigation. (Supported by ONRN0001488K0112 & NSF BNS- 
8718300 to R.F.T.)

4 3 .1 8
LOCALIZATION OF ACETYLCHOLINE RECEPTOR ε-SUBUNIT mRNA BY IN 
SITU HYBRIDIZATION TO STAINED ENDPLATES OF MUSCLE. Enchi Liu 
& Miriam M. Salpeter* Section o f Neurobiology & Behavior, Cornell University, 
Ithaca, NY.

Many proteins have specific localizations at the neuromuscular junction (NMJ), 
and the localization o f their mRNAs by in situ hybridization have provided important 
information on how these proteins are regulated. For instance, the mRNA for both 
the a - and the є-subunit mRNAs, characteristic o f adult junctional AChRs, has been 
localized by in situ hybridization to muscle NMJs, indirectly identified by staining 
for acetylcholine esterase (АСҺЕ; eg Fontaine et al 1988 EMBO J 7(3)603; Brenner 
et al 1990 Nature 344:544). The NMJ localization is indirect since the АСҺЕ stain 
is not retained through the hybridization procedure and the location o f the endplates 
must first be documented by photography and later matched up with the 
autoradiogram. In this study, we have devised a method whereby the АСҺЕ stain, 
and thus endplate identity, is retained throughout the hybridization procedure. This is 
accomplished with diaminobenzidine (DAB) enhancement o f the Kamovsky-Roots 
АСҺЕ stain.

Longitudinal cryo-sections (30μm) or teased fibers o f mouse stemomastoid 
muscle were fixed and stained on the slide in one step with 4%  paraformaldehyde and 
Kamovsky-Roots stain followed by DAB and hydrogen peroxide. The tissues were 
then hybridized with an є -subunit specific probe (a complementary 42-bp oligomer 
endlabeled with α-33P-dATP and terminal deoxytransferase ). The sections were 
washed in decreasing concentrations o f sodium chloride/sodium citrate and dehydrated 
in increasing concentrations of ethanol. Control tissues were pretreated with RNAse. 
Autoradiograms were prepared by the flat substrate monolayer stripping film method 
of Salpeter and Bachman. A carbon layer, evaporated over the stained tissues, 
protected the emulsion (double layer of Ilford L4) from possible chemography due to 
the stained endplates. After exposures o f 4-9 weeks, the emulsion was developed 
with D19.

We report quantitation of specific AChR ε -subunit mRNA at these stained 
endplates in innervated and denervated muscle. Supported by NIH-GM10422.
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4 4 .1
VASOPRESSIN SYNTHESIS IS INDEPENDENT OF TESTOSTERONE LEVEL.
M .D.Fitzsim m ons*. M.M Roberts. T.G.Sherman† A.G.Robinson.Depts of 
Endocrinology and Behavioral Neuroscience†, Univ. of Pittsburgh, PA 15261 

Miller et al. (PNAS 86:2468) have previously reported that oxytocin mRNA 
expression in the maturing rat is dependent on the level of gonadal steroids. Amico et 
al. (N eurosci Abs.l8:392.12) have shown that gonadectomy (gonadx) blocks 
increases in oxytocin and vasopressin (AVP) mRNA levels during salt-loading in 
female rats. We have obtained similar results for AVP in the male rat. These results 
suggest that gonadal steroids may play an important role in the regulation of AVP 
synthesis. Because the difference between synthesis and release is reflected by pituitary 
AVP content, we examined pituitary content under baseline and hyperosmotic 
conditions to determine the impact o f testosterone (T) on AVP synthesis. First, we 
measured the maturational changes in pituitary content of intact (T=2.2 ± 0.4 ng/ml), 
gonadx (T=0.0 ng/ml), and gonadx T-treated (T=7.42 ±1 .7  ng/ml) male rats provided 
ad lib access to food and water. Total pituitary (n=6 per group) AVP content measured 
every 3 weeks starting at 3 weeks of age showed significant increases over time (e.g., 
controls at 3 weeks: 464 ±  45 ng; at 12 weeks: 1450 ± 55 ng) but neither 
manipulated group differed significantly from corresponding controls. Next, to test if 
testosterone's effect depends on osmotic conditions, we compared pituitary content of 
gonadx and gonadx T-treated (both 3 weeks post-surgical) with intact age-matched 
controls before, during (5 days), and after (5 days) drinking 2% NaCl. Neither treated 
group differed significantly from contemporaneous intact rats at any point in the 
experiment Finally, we calculated the AVP synthesis rate by measuring 
hypothalamic accumulation of AVP after third ventricular colchicine treatment in 
intact (2.9ng/hr) and gonadx male (3.0ng/hr) rats five days after salt-loading. Thus, 
gonadectomy does not prevent upregulation o f AVP synthesis during salt-loading. In 
addition, patterns o f pituitary AVP content, both during normal maturation and in 
response to salt-loading, are not affected by gonadectomy or supraphysiologic T 
replacement These results suggest that T level does not affect AVP synthesis. The 
discrepancy between this conclusion and the AVP mRNA data remains unresolved.

4 4 .2
ANTISENSE VASOPRESSIN OLIGONUCLEOTIDES: HYPOTHALAMIC  
UPTAKE, TURNOVER AND EFFECTS ON FLUID INTAKE. G.C. 
LeGrand1. J.J. Ramirez*1. Y-H Shih2. T. Smith2. R.S. Greenwood2. J.N. 
Hayward2 and R.B. Meeker2, 1Dept. Psychology, Davidson College, Davidson,
N.C. 28036 and 2Dept. Neurology and Neurobiology Curriculum, University of 
North Carolina, Chapel Hill, NC 27599.

Unmodified and phosphorothioate modified antisense D N A  sequences were 
applied to the vasopressin (VP) neuroendocrine system in vitro to examine 
oligonucleotide uptake and turnover, and in vivo to evaluate the behavioral 
effects o f translation inhibition in CNS tissue. Antisense probes were 
complimentary to the entire 5’ untranslated region o f VP mRNA with 
corresponding sense sequences used as controls. Oligonucleotides 3’ end- 
labeled with [35S]dATP, were rapidly incorporated into cultured rat 
hypothalamic cells to a peak intracellular content at 1 h or 6 h for unmodified 
or phosphorothioate probes, respectively. Intracellular content o f  35S then 
dropped rapidly with an estimated t1/2 of 1.5 h (unmodified) or 11.3 h 
(phosphorothioate). Microinjection o f antisense probe (8.4 nmoles/0.5 μ l) 
bilaterally into the supraoptic nucleus (SON) (n = 6) provoked a dramatic (+23  
ml) increase in mean daily water consumption versus a decrease o f 9 mls/day in 
rats when the injections missed the SON (n = 6). In both groups, water intake 
returned to baseline levels by the second day post-injection. These results 
indicate that oligonucleotide probes rapidly penetrate cells and achieve 
functionally significant concentrations with an intracellular t1/2 o f up to 11 h for 
protected probes. Microinfusion o f antisense VP oligonucleotides results in a 
reversible shift in water balance regulation consistent with the temporary 
interruption of VP synthesis within the neuroendocrine cells. Supported by 
NIH Grants NS 13411 and NS 30923 (JNH, RSG, RBM ), NSF Grant BNS- 
9020151 (JJR) and NIMH Grant MH47895 (JJR).

4 4 .3

ACTIVATION OF NEUROPHYSIN EXPRESSION BY DOPAMINE (D1) 
AGONIST IN DISPERSED HYPOTHALAMIC CULTURES. J.R. Mathiasen* and 
C D. Sladek. Dept. of Physiology and Biophysics, Univ. of Health Sciences/The 
Chicago Medical School, N. Chicago, IL 60064 

Increased expression of rat neurophysin (RNP) in dispersed hypothalamic cell 
cultures occurs following exposure to the cyclic AMP (cAMP) elevating agents, 
forskolin and IBMX (3-isobutyl-1-methyl-xanthine) (J. Neuroendocrinology 
2:259 1990). To determine physiological mediators involved in maintaining 
RNP expression we have exposed primary dispersed hypothalamic cultures 
from 14 day old fetal Sprague-Dawley rats to substances known to be involved 
in either elevating cAMP levels or increasing vasopressin (VP) secretion. Drugs 
were added at every medium change (2-3 day intervals) either beginning on 
day 2 in vitro (DIV 2), or cultures were exposed to IBMX (0.5 mM) together with 
forskolin (25 μΜ) (l/F) for DIV 2-12, then l/F was withdrawn and replaced with the 
drugs (DIV 12-19). The levels of VP in the spent media collected from the 
cultures was determined by radioimmunoassay and the number of RNP positive 
cells following immunocytochemistry were counted. Hypothalamic cultures 
require continuous exposure (DIV 2-19) to l/F to maintain increased RNP 
expression and VP secretion. Exposure to the dopamine D-| agonist SKF 
38393 (10 μΜ) either from the beginning of the culture (DIV 2-19) or by 
replacing l/F (DIV 12-19) with SKF 38393 increased RNP expression ~ 3 fold. 
Replacement of l/F (DIV 12-19) with SKF 38393 also transiently increased VP 
secretion. l/F can also be replaced by K+ (28 mM), isoproterenol (10 μΜ), 
glutamate (10 μΜ) or bicuculline (10 μΜ) with a less robust maintenance of RNP 
expression, but VP secretion was stimulated only transiently. Administration of 
these drugs from DIV 2-19 did not increase RNP expression nor VP secretion. 
These results demonstrate that the selective dopamine D1 agonist SKF 38393 
increases RNP expression in primary hypothalamic dispersed cultures, 
suggesting a role for D1 receptors in the regulation of VP gene expression. 
Several other agents that increase VP release in vivo did not induce RNP 
expression independent of l/F treatment. Supported by NIH grant NS27975.

4 4 .4

R E G U LA TIO N OF O XYTOCIN m R N A  D U R IN G  LACTATION. 
R.G hosh* and C.D. Sladek . D ep t. o f P hysiology and  B iophysics, U n iv  of 
H ealth  Scien ces/ T he Chicago M edical School, N orth Chicago, IL 60064.

The two m ajor horm ones o f lactation  are oxytocin (ОТ) and prolactin  
(PRL). Both suckling and PRL enhance th e re lease  of ОТ. To determ ine  
w h eth er  th e se  two factors a lso  reg u la te  ОТ m R N A  during lactation , 
lacta tin g  Sprague-D aw ley rats, on day 3 o f lactation , received one o f the  
follow ing treatm en ts: (1) rem ained w ith  litter; (2 ) rem ained  w ith  litter  
and rece ived  b rom ocriptine to in h ib it  PRL re lea se ; (3) l it te r  w as  
rem oved. 24  hrs la ter, h yp oth alam u s (H) and posterior p itu itary  (PP) 
w ere rem oved and th e conten t o f ОТ, vasop ressin  (VP), ОТ m RNA, and 
V P m R N A  w ere d eterm in ed  by RIA  and R N a se  p rotection  a ssa y s,  
resp ectively. N o effect on ОТ m RN A w as observed in  th e  brom ocriptine- 
treated  rats, w hile there w as a s ign ifican t d ecrease (p<0.029) in  th e ОТ 
m RNA levels in th e  rats deprived o f their  pups. ОТ conten t o f  H  and PP  
w as not altered by brom ocriptine nor by rem oving th e  pups. No change in  
th e  VP m R N A  w as observed. VP con ten t of H and PP  and serum  VP  
concentration w ere not d ifferent betw een  th e  groups, su ggestin g  th at the  
effect on ОТ m RNA on day 3 of lactation  w as not due to dehydration, but 
due to lack of th e  suckling  stim ulu s. T h ese find ings su g g est th a t on day 
3 o f lactation , suckling p lays a  major role in d eterm in ing th e  ОТ mRNA  
leve l, as dem onstrated by th e  fa ll in  th e  m essa g e  lev e l on rem oving the  
pups from th e ir  m others. The fa ilure o f brom ocriptine to a lter  th e  ОТ 
m R N A  con ten t su g g ests  th a t PRL is  n ot in vo lved  in  reg u la tin g  ОТ 
m R N A  a t th is  s ta g e  o f la cta tio n . It is  a lso  p o ssib le  th a t  enhanced  
suckling  provided a greater stim u lu s for ОТ m RN A in  th is  group due to 
decreased m ilk production in  resp onse to reduced PRL secretion. This is 
supported by th e observation th at th ese litters showed reduced w eight gain  
compared to the controls. Supported  by N IH  g ra n t N S  27975

4 4 .5

cAMP REGULATION OF VASOPRESSIN RELEASE AND mRNA IN 
EXPLANTS OF THE HYPOTHALAMO-NEUROHYPOPHYSEAL
SYSTEM (HNS).Kirsten Y. Fisher and Celia D. Sladek*Dept. Physi- 
ology and Biophysics, Chicago Med. School, North Chicago, IL 60064.

Hypertonic stimuli increase vasopressin (VP) release, VPmRNA 
content and cAMP in the HNS in v iv o  and in v itro . Since drugs that 
elevate cAMP increase VPmRNA content and VP release in dispersed 
hypothalamic cultures, the effect of elevating cAMP was evaluated in 
HNS explants. HNS explants were perifused with ШМХ (0.5mg/ml), a 
phosphodiesterase inhibitor, and forskolin (0 .0 1 mg/ml), an activator of 
adenylate cyclase (I/F). I/F treatment caused a ten-fold increase in VP 
release, but RNA protection assay revealed a decrease in VPmRNA. In 
contrast to other stimuli which concurrently increase VP release and 
VPmRNA content, the divergent responses to I/F may reflect an effect of 
cAMP on VPmRNA turnover in addition to actions on VP release and 
gene transcription. S u p p o r ted  b y  N IH  g r a n t N S 2 7 9 7 5 .

4 4 .6

NEURONS WITHIN THE ORGANUM VASCULOSUM OF THE 
LAMINA TERMINALIS (OVLT) ARE INTRINSICALLY  
OSMOSENSITIVE. D. Richard* and C. W. Bourque. M o n tre a l  
G e n e ra l H o sp ita l a n d  M c G ill  U n ivers ity , M o n tre a l, P .Q . C an ada .

The OVLT has been implicated to play a key role in the osmotic 
control of neurohypophysial (NH) hormone secretion and osmotically- 
evoked drinking behavior. While previous studies have shown that 
relatively large (> 1 0 %) rises in fluid osmolality increase the electrical 
activity of OVLT neurons, it is not yet knowm whether these cells can 
themselves detect changes in osmolality. To address this question, 
recordings were obtained in superfused rat hypothalamic explants 
within 100 μm of midline in the vascular area located 0.2 to 0.5 mm 
rostral to the fusion point of the optic nerves. This region contained 
a large proportion of cells identified as projecting to the supraoptic 
nucleus by antidromic stimulation. In 20 of 21 cells tested, hypertonic 
stimulation (+5 to +20 mOsm/Kg) was found to cause a reversible 
increase in the frequency of firing, associated with a sustained 
membrane depolarization. Conversely, hypotonic solutions (-10 to -30 
mOsm/Kg) resulted in a decreased rate of firing (3/4). Similar 
responses (1 2  cells) persisted under conditions blocking synaptic 
transmission (0.5 mM CaCl2; 12 mM MgCl2). These results suggest 
that a population of OVLT neurons are intrinsically osmosensitive and 
that these may contribute to the osmotic control of NH hormone 
release. S u p p o r ted  b y  the M R C  a n d  the H e a r t  & S tro k e  F ou n dation  
o f  C an ada.
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4 4 .7
RETROGRADE DIQ AND DIA FROM RIGHT AND LEFT SUPRAOPTIC N. 
LABEL SEPARATE NEURONS IN OVLT, MnPO AND SFO OF THE RAT. 
S. A. JOHNSTON* & L. P. RENAUD. Dept. of Anatomy, University College 
London, Gower St., London WC1E 6BT, UK & Locb Inst., Civic Hosp. 1053 
Carling Ave., Ottawa, Ontario, Canada K1H 8M5.

The carbocyanine retrograde tracers DiQ and DiA (Molecular Probes) 
which have recently been developed with a wider separation in wavelength than DiI 
and DiO were used to trace the right and left afferents of the basal supraoptic 
nucleus (SON). Rats fixed with 4% paraformaldehyde, had the roof of the mouth 
removed to expose the basal optic chiasm. The dura was removed from the base 
of the supraoptic nucleus and DiQ and DiA were placed along the right and left 
SON, respectively, at the lateral border of the optic tract. The brains remaining in 
the skulls, were sealed in Petri dishes and left for 2 years. Microscopic viewing of 
35 μm serial, coronal sections with rhodamine and fluorescein filters revealed that 
the lamina terminalis (OVLT), median prcoptic (MnPO) and subfornical organ 
(SFO), nuclei involved in body fluid balance, were densely labeled. No double 
label was evident. Although no other nuclei were densely labeled, scattered cells 
and fibers were evident in the lateral septum, bed nucleus of the stria terminalis, 
horizontal diagonal band, medial and lateral preoptic and lateral hypothalamic 
areas. A few cells were evident in the posterior magnocellular paraventricular n. 
Retrograde tracing was for the most part unilateral except along the midline where 
axons crossai to a small extent to innervate the above midline nuclei or midline 
areas. Surprisingly, soma and axons of the SON were not anterogradely labeled. 
These results suggest there may be a coordinated input to SON from nuclei 
involved in body fluid balance.

4 4 .9

NITRIC OXIDE SYNTHASE IS PRESENT IN BOTH OXYTOCIN 
AND VASOPRESSIN NEURONS. C.W. Moffett and C.M. 
Paden*. Department of Biology and WAMI Medical Program, 
Montana State University, Bozeman, MT 59717.

The present study was initiated by three sets of observa, ions: 1. 
NADPH-diaphorase (Nd) staining detects the presence of nitne oxide 
synthase (NOS). 2. Nd staining and immunohistochemistry can be 
used to colocalize NOS and neuropeptides within the nervous system; 
previous reports have indicated that although NOS does colocalize 
with specific neuropeptides, the colocalization is region-specific. 3. 
The magnocellular neurosecretory system (MNS) contains 
exceptionally large amounts of NOS, suggesting that NO may be 
involved in neurosecretory function. As an initial step in investigating 
the function of NO in the MNS, we chose to determine the 
localization of NOS within the paraventricular and supraoptic nuclei 
relative to the neuropeptides oxytocin (ОТ) and vasopressin (VP). 
Tissue was obtained from male Holtzman rats perfused with 4% 
paraformaldehyde and 50 μπι sections were cut with a vibratome. 
Sections were sequentially incubated with commercial polyclonal 
anti-OT or polyclonal anti-VP-neurophysin (gift of Dr. A. 
Robinson); a FITC-conjugated secondary antibody; and Nd staining 
solution (Scherer-Singler, et al., 1983). Results indicate that NOS is 
localized within a subpopulation of both ОТ and VP neurons in the 
MNS. Further studies will attempt to quantify the relative abundance 
of NOS within ОТ and VP neurons and to investigate changes in Nd 
staining which may take place during chronic osmotic stimulation of 
the MNS. Supported by NIMH MH48413 and RCDA NS01318 to
C.M.P.

4 4 .1 1

Double-label fluorescent immunocytochemistry demonstrates the 
co-incident appearance of Jun and Fos in rat supraoptic neurons 
following osmotic stimulation. K . W ang. S .E .F  G u ld en a a r. a n d
J. T. M c C a b e* Anatomy & Cell Biology, Uniformed Services 
University of the Health Sciences, Bethesda, MD 20814-4799 

Fos and Jun are protein products of the proto-oncogenes, c-fos  and 
c-jun . They are rapidly and transiently induced after a variety of 
stimuli under in v itro  and in  v ivo  conditions. Previous work has 
demonstrated that water deprivation and hypertonic stress results in 
the appearance of Fos in hypothalamic neurons. Fos does not act 
alone, however, but forms a heterodimeric protein with Jun to affect 
the transcription o f genes containing AP-1 and CRE DNA-binding 
sites. We have developed a double-label fluorescence 
immunocytochemical procedure that permits simultaneous 
visualization of neurons expressing Fos and Jun to analyze the co
existence o f c-fo s  and c-ju n  gene products in supraoptic neurons of 
osmotically stimulated rats. After intraperitoneal injection of 
hypertonic saline, Fos and Jun immunostaining appeared within 15 
min, peaked at 90-120 min and disappeared 4-5 hr later. At all time 
points (30, 60, 120, 180, 240 min postinjection), Fos and Jun 
immunostaining was seen in the majority (with 80-90% 
colocalization) of SON neurons. Supported by Grants USPHS 
NS25913 and USUHS RO70AL to JTM.

4 4 .8
NITRIC OXIDE NEURONS IN HYPOTHALAMUS AND LAMINA 
TERMINALIS EXPRESS C-FOS FOLLOWING DEHYDRATION 
TREATMENTS. Z. Ying* and J. Buggy. Department o f Physiology, 
University of South Carolina, Columbia, SC 29208 

Neuronal NADPH diaphorase is a nitric oxide synthase producing the 
diffusible neuronal messenger, nitric oxide. In rat brain, NADPH 
diaphorase histochemistry (NO) labels neurons in hypothalamic and 
lamina terminalis structures regulating fluid balance. We investigated 
whether, in response to acute hemorrhage or hyperosmolarity, these NO 
neurons express the immediate early gene, c-fo s . Brain sections from 
rats were double-labeled for NO and, via immunohistochemistry, Fos 
protein. After intracellular dehydration by hypertonic NaCl injection: 
about 35% of NO neurons in the organum vasculosum of the lamina 
terminalis (OVLT) cap region colocalized Fos and about as many 
OVLT neurons were single labeled with either Fos or NO; in preoptic 
nucleus medianus, there were also neurons with double-label and each 
single label; in subfornical organ, NO neurons were found throughout 
but Fos colocalization was largely restricted to the rim rather than core; 
nearly all NO neurons in the supraoptic colocalized with c-fos whereas 
the paraventricular nuclei had double-label and each single label. After 
hemorrhage o f 20% blood volume, colocalization o f NO and Fos was 
also noted but in fewer neurons and different subregions compared to 
hypertonic NaCl. These results demonstrate Fos induction by 
dehydration in chemically identified NO neurons.

4 4 .1 0

LOCALIZATION OF C FOS mRNA IN AXONS OF THE 
HYPOTHALAMO NEUROHYPOPHYSIAL SYSTEM
T. Skutella. Ch. Probst. G.F. Jirikowski *

Dept. Neuroendocrinology, Max Planck Institut of Psychiatry, Clinical 
Institute, Munich, Germany.

mRNA coding for vasopressin or oxytocin has been localized in axons 
of the hypothalamo neurohypophysial system (HNS), associated with 
secretory vesicles. A fraction of peptidergic hypothalamus neurons is capable 
of accumulation, transport and translation of exogenous RNA in vivo. Cell 
culture experiments indicate that hypothalamic neurons secrete RNA in a 
stimulus dependent manner, suggesting that RNA may be a novel means of 
intemeuronal signalling. The aim of the present study was to determine in 
greater detail the localization of mRNA coding for the proto oncogene c fos in 
the rat hypothalamo neurohypophysial system (HNS) under conditions of 
osmotic challenge. After 15 min. of salt loading, hybridization signal for c fos 
mRNA could be located not only in the magnocellular hypothalamic perikarya 
but also in axons and nerve terminals of the median eminence and the 
neurointermediate lobe. In untreated animals could c fos hybridization be 
observed in the mediam eminence but was absent in the magnocellular nuclei. 
Our results provide evidence that also fos RNA is among the RNAs which are 
axonally transported in the HNS. Although the functional importance of 
mRNA in the axonal compartment is yet to be determined, we propose that 
certain RNA sequences can be compartimentalized and stored in axonal 
varicosities over an extended period of time and to be transported retrogradly 
upon osmotic callenge. This may in part account for the known rapid 
synthesis of fos protein in the hypothalamic nuclei after salt loading.

4 4 .1 2
INHIBITION OF VASOPRESSIN RELEASE BY GASTRIC 
WATER INFUSION VIA PARABRACHIAL AND SUBLOCUS 
COERULEUS PATHWAYS IN DEHYDRATED CONSCIOUS 
RATS. Y. Shan, R, Pence and A.J. Baertschi*. University 
of Virginia, Charlottesville, VA 22908.

To determine the CNS pathway mediating inhibition 
of vasopressin (AVP) by gastric water infusions, rats were 
endowed 6 days prior to experiments with electrolytic lesions 
of the lateral parabrachial nucleus (LPB), the ventral sub
locus coeruleus (vsubLC) and of structures outside these 
areas. Gastric infusions (2.5 ml/4 min) of water or isotonic 
saline were applied in 24-48Һ dehydrated conscious rats 
while taking blood samples for plasma AVP and monitoring 
systemic plasma osmolality, arterial pressure and heart 
rate. In control rats with CNS lesions outside LPB or 
vsubLC, gastric water infusion reduced plasma AVP by
3.03 ± 0.33 (SEM) pg/ml (p < 0.001; n = 10; same as intact). 
LPB lesion reduced the mean inhibition of AVP (over 40 
min) by 57.0%, and vsubLC lesion by 56.8% (p < 0.001; n 
= 5 each group). Interestingly, a transient inhibition persisted 
in LPB and a delayed response in vsubLC lesioned rats. 
There was no relationship between AVP response and changes 
in osmolality, pressure or heart rate. Isotonic gastric in
fusions had no effect or increased plasma AVP. These results 
suggest that LPB and vsubLC are linked in a central w ater- 
input signalling network, with LPB mediating the late phase 
and vsubLC the early phase of the AVP response.
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44.13
ORGANIZATION OF FOREBRAIN NEURONAL CIRCUITS THAT RESPOND 
TO  SALT-LOADING W ITH M ODIFIED GENE EXPRESSION. A. B. Kelly* fie A. 
G. Watts. NIBS Program and Dept. of Biol. Sci., USC, Los Angeles, CA 90089.

We have previously reported that a number of non-neuroendocrine forebrain cell 
groups respond to dehydration by altering levels of corticotropin releasing hormone 
(CRH) and neurotensin (NT) mRNAs. These include increased mRNA (CRH & NT) 
levels in the lateral hypothalamic area (LHA) and descending autonomic subdivisions of 
the hypothalamic paraventricular nucleus (CRH), and decreased mRNA levels in the 
central nucleus of the amygdala (CRH and NT). These results suggest that altered peptide 
gene expression in specific forebrain circuits are involved in regulating fluid homeostasis. 
We have now extended this analysis, first to identify all similarly responding forebrain 
cell groups, and second, to clarify their connectional organization. Clarifying the extent 
of these neuropeptide mRNA responses within the context of their connections will help 
determine the neural substrates of the autonomic and behavioral mechanisms that 
maintain fluid homeostasis. For the first objective, male SD rats were given 2.5% saline 
to drink for 0, 1, 3 or 5 days, anesthetized, and perfusion-fixed. 15 to 30μm coronal 
sections were cut and hybridized using cRNA probes for CRH or NT. In the BST 3 days 
of salt-loading reduced CRH mRNA levels in the oval nucleus, but left N T  mRNA levels 
unchanged; in the fusiform nucleus salt-loading increased CRH mRNA levels. For the 
second objective, two experiments were performed. First, injections of the anterograde 
tracer PHA-L were made (initially in the LHA) to identify the most likely targets of the 
responding neurons. Second, to identify their precise projections, we made injections of 
the retrograde tracer fluorogold (FG) into the target nuclei identified by PHA-L. 10 to 
15 days post-injection in each tracing experiment, rats were salt-loaded for 5 days and 
brains prepared for ICC to identify tracer-labeled neurons and processes. To establish the 
precise position of the ICC-labeled soma relative to responding cells, an additional series 
of sections through the injection sites (PHA-L) or the responding cell groups (FG) were 
hybridized for CRH or NT mRNA after RNA-protected ICC. Results show connections 
between these responding cell groups, as well as connections with brainstem autonomic 
regions (NTS, Barrington’s, & parabrachial nuclei) and central osmosensitive regions 
(AV3V, SFO, area postrema). (Supported by NS 29728)

44.14
HYPONATREMIA ENHANCES SALT APPETITE AFTER CENTRAL 
ADMINISTRATION OF ANGIOTENSIN IN RATS. T. Ivanvi. R.E. Blackburn, 
E.M. Strieker*, and J.G. Verbalis. Univ. of Pittsburgh, Pittsburgh, PA 15261.

Previous studies from our laboratories have shown that activation of central 
oxytocin (ОТ) pathways can inhibit salt ingestion in rats. Because chronic 
hyponatremia is known to suppress both central and peripheral ОТ secretion, 
we evaluated angiotensin (All)-induced salt appetite in hyponatremic rats. Male 
rats with indwelling iev cannulae were made hyponatremic via sc infusion of 
dDAVP (5 ng/h) in combination with ingestion of liquid diet for 7 d (plasma 
[Na+] = 110 ± 1 mmol/l, n=8); normonatremic control rats were given the same 
liquid diet but not dDAVP (plasma [Na+] = 143 ± 1 mmol/l, n=10). On 
experimental days rats were injected iev with All (0.5 or 5.0 ng/rat in 5 μΙ of 
0.15 M NaCI) and then given immediate access to both water and 0.3 M NaCI 
in a 2-bottle drinking test. Cumulative 1-h fluid intakes (ml) are shown below 
(* p < 0.05 and ** p < 0.01 compared to normonatremic rats):

The ratio of NaCI intake to total fluid intake was markedly increased in 
hyponatremic rats (normonatremic = 0.26 ± 0.05, hyponatremic = 0.80 ± 0.04; 
p < 0.01). Water ingestion in response to All was blunted, but total fluid 
intakes were not significantly different among the groups, suggesting that the 
reduction in water ingested was the result of an increased preference for NaCI 
rather than a generalized impairment of thirst. These results demonstrate that 
salt appetite is markedly enhanced in hyponatremic rats, and suggest that low 
plasma Na+ levels cause a shift in drinking preferences after iev All from water 
to salty solutions, posssibly related in part to suppressed central ОТ secretion.

44.15

CENTRAL OXYTOCIN AND ATRIAL NATRIURETIC PEPTIDE MEDIATE 
OSMOTIC INHIBITION OF SALT APPETITE IN RATS. R.E. Blackbum*. W.K. 
Samson. R.J. Fulton. E.M. Strieker and J.G. Verbalis. Univ. of Pittsburgh, 
Pittsburgh, PA 15261 and Univ. of North Dakota, Grand Forks, ND 58202.

Recent evidence has implicated both oxytocin (ОТ) and atrial natriuretic 
peptide (ANP) in the central control of salt appetite in rats. Since stimulated 
NaCI ingestion is inhibited by hyperosmolality, we studied the role of these 
peptides in hypovolemia-induced salt appetite following different hyperosmolar 
treatments. Rats were pretreated with central injections of ricin A toxin 
conjugated to either ОТ (гАОТ, 5 μg) or ANP (rAANP, 3 μg), to selectively 
destroy brain cells bearing ОТ or ANP receptors, or with control injections of 
non-conjugated toxin (rA, 5 μg). All rats were made hypovolemic with sc 
injections of polyethylene glycol (PEG). After 24 h they were treated ip with 
either 1M NaCI (which raises both pOsm and p[Na+]) or 2M mannitol (which 
raises pOsm but lowers p[Na+]) and then given access to water and 2% NaCI 
in a 5-h drinking test. Control rats treated with PEG only ingested 16.4 ± 2.7 
ml of water and 9.0 ± 2.9 ml of 2% NaCI in 5 h (n=8). Cumulative fluid intakes 
(ml) for the hyperosmolar rats (*p < 0.01 compared to PEG + rA group):

44.16
OSMOTICALLY INDUCED VASOPRESSIN SECRETION IN CHRONIC NUCLEUS TRACTUS 
SOLITARIUS-LESIONED RATS. A. M. Schreihofer*. W. W. Lee. J. G. Verbalis, and A. F. Sved. 
Depts. of Behavioral Neuroscience and Medicine, Univ. of Pittsburgh, Pittsburgh, PA 15260.

Bilateral destruction of the nucleus tractus solitarius (NTS) acutely elevates plasma 
vasopressin (VP) levels in rats, presumably due to the removal of baroreceptor input. However, 
within 1 wk after NTS lesions, plasma VP levels return to normal (Schreihofer and Sved, 
Neurosci. Abstr. 1992). The present study sought to determine the effect of chronic 
baroreceptor denervation by NTS lesions on osmotic regulation of VP release. Chronic NTS- 
lesioned (n=5) and control (n=6) rats were infused with iv. hypertonic saline for 8 hrs (1M, 
1ml/hr) and 2 ml blood samples were taken every 2 hrs. Both plasma VP and oxytocin (ОТ) 
levels were measured, since ОТ neurons respond similarly to osmotic changes, but appear to be 
insensitive to baroreceptor input. Baseline plasma VP, ОТ and osmolarity were similar in NTS- 
lesioned and control rats. Hypertonic saline infusion increased plasma VP in both groups, but 
this effect was significantly blunted in the NTS lesioned rats despite an exaggerated increase 
in plasma osmolarity in these animals. In contrast to VP, hypertonic saline produced the same 
increase in plasma ОТ levels in both groups of rats.

The difference in osmolarity likely reflects a diminished excretion of the sodium load in NTS- 
lesioned rats, since blood volume (as measured by dye dilution) was the same in a separate group 
of chronic NTS-lesioned and control rats. The blunted VP response is not due to a decreased 
ability of osmoreceptors to detect and respond to changes in osmolarity, because the ОТ 
response to hypertonic saline was normal in NTS-lesioned rats. These results indicate a 
decrease in the sensitivity of VP secreting neurons to osmotic signals resulting from the chronic 
absence of baroreceptor input to these neurons.

44.17

DISRUPTED OSMOREGULATION IN RATS AFTER AREA POSTREMA 
(АР) LESIONS. K.S. Curtis*. A.F. Sved. J.G. Verbalis, and E.M. Strieker. 
Dept. of Behavioral Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

Previous studies have indicated that salt appetite is enhanced in rats with 
AP lesions. We found that 14 of 18 rats with discrete AP lesions consumed
23.0+2.8 ml (M+SE; range=12-45 ml) of 0.5 M NaCI in a 2-bottle, 7-h test, 
whereas intact rats drank < 2 ml of saline. During the test period, estimated 
plasma osmolality (pOsm) increased in those 14 rats by 12.4+2.5 mOsm, in 
proportion to their NaCI intake. The increased pOsm was also associated 
with relatively low urinary sodium (UNa) excretion and with water intakes 
that were not elevated sufficiently to achieve osmoregulation. In the same 
group of rats with AP lesions, З-h tests were conducted using treatments 
known to decrease stimulated salt intake in intact rats. LiCI (3 mEq/kg, ip) 
reduced salt consumption by rats with AP lesions to 36+ 7% of baseline 
values. This effect is similar to that observed after LiCI treatment in rats 
with salt appetite induced by deoxycorticosterone (DOC; 2 mg, sc). 
However, unlike DOC-treated rats, which greatly reduce salt intake after 
injection of hypertonic saline (2-3 ml 2 M NaCI, ip), rats with AP lesions 
consumed 74111% of their baseline intake .of 0.5 M NaCI. Again, neither 
UNa excretion nor water intake was sufficient for osmoregulation. Thus, it 
would appear that osmoregulation is disrupted in rats after AP lesions, and 
that these animals increase neither water intake nor UNa excretion 
sufficiently to achieve complete osmoregulation when plasma sodium levels 
are increased either by ingestion or injection of hypertonic NaCI solution.
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All - 0.5 ng icv AH - 5.0 ng icv
0.3 M NaCI HoO 0.3 M NaCI HoO

Normonatremic 3.6 ± 1.1 6.9 ± 1.3 4.3 ± 1.4 10.8 ± 1.5
Hyponatremic 8.1 ± 1.2* 1.4 ± 0.4** 8.1 ± 1.5* 3.4 ± 0.8**

1M NaCI 2M mannitol
Grouo H.0 2% NaCI H,0 2% NaCI
PEG + rA (n=8) 31.8 ±3.7 2.5 ± 0.5 31.7 ±4.6 2.3 ± 0.4
PEG + rAOT (n=8) 36.5 ± 4.8 2.4 ± 0.7 43.5 ± 4.9 27.9 ± 2.2*
PEG + rAANP (n=8) 34.6 ± 5.3 21.1 ±2.8* 39.6 ± 2.5 26.4 ± 2.9*
Although osmotic inhibition of salt appetite is clearly complex, our results 
suggest that: 1) salt ingestion can be inhibited by both Na+- and osmolality
sensing mechanisms, and 2) central ANP pathways are necessary for both 
Na+- and osmolality-mediated inhibition whereas central ОТ pathways are 
necessary primarily for osmolality-mediated inhibition of salt appetite.
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4 5 .1
DISTRIBUTION OF THE TYPE 1 INTERLEUKIN-1 RECEPTOR mRNA IN THE 
CENTRAL NERVOUS SYSTEM OF THE RAT. A. Ericsson. C, Liu. J. Kasckow*. 
R.P. Hart and P.E. Sawchenko. Lab. Neuronal Structure and Function and Peptide 
Biology Lab., The Salk Institute for Biological Studies, La Jolla, CA 92037, Dept. 
Biological Sciences, Rutgers University, Newark NJ 07102.

The central actions o f systemic interleukin-1 (IL-1) include activation of the 
hypothalamo-pituitary-adrenal (HPA) axis, an effect exerted through increased 
synthesis and secretion of corticotropin-releasing factor (CRF). However, the 
mechanism(s) by which IL-1 may pass the blood-brain barrier to gain initial access to 
the CNS remains undefined. To characterize possible molecular targets for blood- 
borne IL-1 within the CNS, we analyzed the central distribution o f the mRNA 
encoding the rat type 1 IL-1 receptor (IL-1R; J. Neuroimmunol. 44:49, 1993) in rat 
brain. A sensitive RNAse protection assay detected a single protected fragment 
corresponding to IL-1R mRNA in all CNS areas analyzed, including the hypothalamus. 
In situ hybridization analysis using a sensitive 33[P]-labeled antisense cRNA probe 
against IL-1R revealed strong labeling over cells in the meninges, choriod plexus and 
in post-capillary venules throughout the rat brain. Control sections hybridized with 
labeled sense-strand probes generated from the same cDNA did not result in labelling 
over any CNS structure. Low to moderate levels of IL-1R mRNA were also detected 
in some intraparechymal cell groups, including the basolateral nucleus of the amygdala, 
the arcuate nucleus of the hypothalamus, and the trigeminal and hypoglossal motor 
nuclei. No specific labeling for IL-1R mRNA was detected in neurons that respond to 
intravenously administered IL-lß with induction o f the transcription factor Fos, 
including hypothalamic CRF secreting neurons and brain stem catecholaminergic 
neurons. No specific labelling was detected in neurons of the dentate gyrus or the 
mesencephalic raphe nuclei, which had previously been identified as intraparenchymal 
sites of type 1 receptor expression in mouse (J. Neurosci. 12:1101, 1992). The 
common expression in both species of an IL-1 R in non-neuronal elements leaves open 
the possibility that the IL-1-mediated activation of CRF neurons may result from 
cytokine-receptor interaction at as yet unidentified vascular or meningeal sites to 
trigger release of secondary signalling molecules, such as prostaglandins or IL-1 itself.

4 5 .3
INTERLEUKIN-1 RECEPTOR ANTAGONIST EXPRESSION IN NEURONAL 
CELLS. M.J. Velardo1. S.W. Rogers1*, and L.C. Gahrina2. Depts. of 
Neurobiology1 and Human Development and Aging2, and the Salt Lake City 
GRECC1·2, University of Utah School of Medicine, SLC, UT 84112.

Interleukin 1 receptor antagonist (IL-1 ra) is a cytokine that 
competes with interleukin-1 (IL-1) for binding to the IL-1 receptor but it 
fails to evoke intracellular signal transduction pathways. We have used 
immunohistochemistry, immunocytochemistry, immunoprecipitation and 
Western blot analysis to examine the regional, cellular, and subcellular 
distribution of the cytoplasmic form of IL-1ra in the rat CNS following 
entorhinal cortex lesion and in cultured neuronal cells. In the rat brain IL- 
1 ra immunoreactivity is observed in the soma and dendrites of neuronal 
cells of the hippocampus, hypothalamus, and the cortex. Eight days 
subsequent to entorhinal cortex lesion IL-1 ra immunoreactivity is increased 
throughout the brain and appears to become localized in the nucleus. 
Examination of primary cerebellar granule cell cultures and PC12 cells 
reveals the presence of IL-1ra. Upon subcellular fraction of PC12 cells, 
there is a 17 and 18.5 kD protein band in the cytosol and a 26 kD form 
that is enriched in the nuclear fraction. The total amount and relative 
ratios of these bands is altered by treatment of PC 12 cells with 
dexamethasone or NGF. For example, cytosolic IL-1ra increases in PC12 
cells treated with NGF but becomes non-detectabie subsequent to 
dexamethasone treatment. Therefore, similar to immune cells, cells of the 
CNS or of neuronal origin also express multiple forms of IL-1ra, and the 
expression is altered by wounding or trophic factors such as NGF. This 
work is supported by grants to LCG by the Rocky Mtn Arthritis Foundation 
and to SWR by NIH grant NS30990 and CTR grant 3450.

4 5 .5

REGULATION OF THE  RELEASE OF СYTOKINES FROH HUNAN ASTROCTOMA CELLES
Evelyn D. Cadman and Chi-M ing Lee, Neuroscience Area, A bbott 
la b o ra to r ie s , A bbott Park, I L  60064

Levels o f  in flam m atory m ediators in c lu d in g  tumor necros is  fa c to r  
alpha (TNFα) ,  in te r le u k in  1 ( IL -1 )  and in te r le u k in -6  ( IL -6 )  a re  
e levated in  A lzhe im er's  d isease (AD) b ra in s . These fa c to rs  a re  
produced by re a c tiv e  a s trocy te s  and m ic ro g lia l c e l ls  a t  the  Ie s ie n  
s ite s  in  AD b ra ins  and could  p o te n t ia l ly  a f fe c t  neuronal s u rv iv a l.
In  the present s tudy , g l i a l  f i b r i l l a r y  a c id ic  p ro te in  (G FA P )-pos itive  
human U373MS astrocytoma c e l ls  ve re  used as a  model o f  re a c tiv e  
a s trocy te s . P roduction  o f  IL -6  in  response to  d rug treatm ent was 
monitored w ith  an ELISA k i t  (B iosource In te rn a t io n a l) .  As Waters e t  
a l  reported  f o r  h is tam ine , (N eurosci, 18, 1992, p 482) we have found 
tha t substance P (EC_50 8nМ) and human in te r le u k in  I β  and l a  ( h I L - lβ  
and h lL - lα) (EC_50S 7  & 14 U /m l, re s p e c tiv e ly ) can s t in g ia te  re lease  
o f  IL -6  in  a  tim e and co nce n tra tio n  dependent manner. These e ffe c ts  
were reversed by s p e c if ic  an ta go n is ts : 30μΜ span tide  reversed 
substance P 's  e f fe c t  and O .1μM IL -1  re ce p to r a n ta go n is t negated the 
e ffe c t  o f  I L - l β . In  c o n tra s t to  the  IL -6  da ta , le v e ls  o f  TNFa, I L - la  
and I L - l β  were n o t a lte re d  by these compounds.

H istam ine and substance P enhance the  fo rm a tion  o f  in o s i to l  
phosphates ( IP )  and increase  in t r a c e l lu la r  fre e  ca lc ium  le v e ls .  They 
do n o t evoke IL -6  re lease  when assayed in  ca lc iu m -fre e  medium. In  
co n tra s t, h I L - lβ  and hI L - Ια ,  which produce a much more ro b us t re lease  
o f  IL -6  than h is tam ine  o r  substance P, have no e f fe c t  on IP  fo rm a tion  
o r in t r a c e l lu la r  ca lc ium  le v e ls  and a re  a b le  to  evoke IL -6  re le ase  in  
the absence o f  e x tr a c e llu la r  ca lc ium . The b iochem ica l mechanism o f  
the re lease  o f  IL -6  in  response to  I L - l β  i s  under in v e s t ig a tio n .

4 5 .2

MODULATION OF INTERLEUKIN-1 RECEPTORS IN THE MOUSE BRAİN- 
ENDOCRINE-IMMUNE AXIS BY THE ENDOTOXIN, LIPOPOLYSACCHARIDE.
H. Nakata, T. Takao*, T. Nishioka, H. Kurokawa. C. Tojo. K. Hashimoto 
and E.B. De Souza. Second Department of Internal Medicine, Kochi 
Medical School, Nankoku 783, Japan (H.N., T.T., T.N., H.K., C.T., K.H.) 
and Neurocrine Biosciences, Inc., La Jolla, CA 92037 (E.B.D.S.)

The cytokine interleukin-1 (IL-1) alters a variety of immune, 
central nervous system and neuroendocrine activities characteristic of 
an integrator of the brain-endocrine-immune response to stress. In 
an attempt to define the regulation of IL-1 receptors in the mouse 
brain-endocrine-immune axis, we measured iodine-1 25-labeled 
recombinant human interleukin-1α ( [ 125l] IL - 1α ) binding in 
hippocampus and testis after i.p. injection of the bacterial endotoxin, 
lipopolysaccharide (L P S ) . [ 125l]IL-1α  binding was decreased in 
testis, but was unchanged in hippocampus at 2 h after a single LPS 
injection (30 or 60 μg/mice). [ 125I]IL-1α  binding was decreased in 
both testis and hippocampus and at 2 h after a single LPS injection 
(300  μg/mice). In order to evaluate whether activation of IL-1 in 
brain may require more sustained exposure to endotoxin, we examined 
the effects of two injections of LPS (30μg/mice, each) at 0 and 12 h. 
Following two LPS injections, [ 125l]IL-1 α binding was decreased in 
testis and hippocampus at 1 2 h after the second injection. These data 
demonstrate the differential effects of acute LPS administration on 
modulation of IL-1 receptors in the brain and peripheral tissues and 
suggest the importance of the cytokine in mediating the effects of 
infectious challenge on brain, endocrine and immune function.

4 5 .4
IDENTIFICATION OF TRANSCRIPTS FOR THE 60KD TUMOR NECROSIS 
FACTOR RECEPTOR IN MURINE NEUROBLASTOMA CELLS. K. Sipe.
K. Kelley. D. Reese. P. Pamet. R. Dantzer and J. Weyhenmeyer*. Department o f Cell 
and Structural Biology, Department of Animal Sciences, University of Illinois, 
Urbana, IL 61801 and INRA-INSERM Unite 176, Bordeaux, France.

Tumor necrosis factor - a  (TNF) is an inflammatory cytokine having clinical 
relevance in several contexts within the central nervous system (CNS). For example 
TNF inhibits proliferation and induces differentiation in some human neuroblastoma 
lines (Ponzoni et al., Canc  Res 52, 931-9), while promoting proliferation in others 
(Goillot et al., Canc  Res 52, 3194-3200). TNF and interleukin 1 have also been 
implicated in the CNS mediated component of “sickness behavior”, a group of 
behaviors associated with infection and inflammation (Kent et al., TIPS 13,24-28). 
Our model for CNS neurons is the differentiable murine neuroblastoma cell line, N1E- 
115. To determine whether N1E-115 cells are capable of responding to TNF, we used 
reverse transcription - polymerase chain reaction and sequence specific primers to 
identify transcripts for the 60 kD and 80 kD TNF receptors (TNFR) in RNA from 
undifferentiated and differentiated cells. Primers were designed using the 
PrimerDesigner program and based on the receptor sequences published by Goodwin 
(Goodwin et al., Mol Cell Biol 11, 3020-6). As visualized on ethidium bromide 
stained agarose gels, RNA from differentiated cells, but not undifferentiated cells, 
yielded a 368 bp product, corresponding to the size expected for products amplified 
from a 60 kD TNFR message. The identity of the PCR product was verified through 
Southern analysis. No product corresponding to the 80 kD receptor was identified in 
RNA from differentiated or undifferentiated cells. Studies are currently in progress to 
assess whether the presence of the 60 kD receptor transcript is functionally significant 
in proliferation and differentiation of NIE -115 cells. NIE-115 cells will also serve as 
an abundant source of material for future signal transduction studies as well as for 
comparative studies with non-neoplastic neurons.

Studies were supported by NIH Grant AG-06246 to K.K. K.S. is supported by 
NIH-CMB Training Grant 5 T32 GM07283.

4 5 .6
A SOLUBLE IL-1 RECEPTOR IS EXPRESSED Ш CULTURED RAT 
SYMPATHETIC GANGLIA FROM THE TYPE I IL-1 RECEPTOR 
GENE.
C. Liu. D. Ganea, and R. P. Hart*. Dept. of Biol. Sciences. Rutgers 
Univ.. Newark. NJ 07102

Our previous studies indicated that interleukin-1 (IL-1) regulates 
gene expression in cultured rat sympathetic cervical ganglia (SCG) 
through specific IL-1 receptors. To investigate the mechanism of IL-1 
action in SCG, we have cloned a rat type I IL-1 receptor (IL-1R1) 
cDNA from rat SCG. In addition to the full length IL-1R1 cDNA, a 
shortened cDNA clone was obtained (sIL-lRl). DNA sequencing re
vealed that the 5’ portion of this clone is identical to the full length 
cDNA but the 3’ region is different, predicting a stop codon just 2 
bases after the diverging point. Southern blot analysis of rat genomic 
DNA demonstrated that both full-length and shortened IL-1R1 
mRNAs are expressed by the same single copy gene. The deduced 
amino acid sequence of sIL-lR l contains only the extra-cellular 
domain of IL-1Rl. We predict that this cDNA encodes a soluble recep
tor for IL-1, potentially binding free ligand and blocking receptor 
stimulation. We have expressed the sIL-lRl clone in NIH 3T3 cells 
using a eucaryotic expression vector. The supernatant of this trans
fected cell line inhibits IL-1 stimulated thymocyte proliferation, 
suggesting that the soluble receptor blocked IL-1 bioactivity. A solid 
phase IL-1-binding assay indicated that a protein from supernatant 
can bind to radioactively labeled IL-1. The sIL-lR l mRNA can be 
detected in SCG by RNase protection assay and RT-PCR with specific 
primers. This information indicates that the sIL-lRl clone encodes a 
soluble receptor for IL-1, which is expressed in cultured SCG and 
may block IL-1 action.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993
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4 5 .7
DIFFERENTIAL INDUCTION B Y  LPS OF INTERLEUKIN-lß  mRNA  
A N D  ENKEPHALIN mRNA IN THE RAT ADRENAL GLAND. M . 
Schultzberg* and S. Nobel. Clinical Research Center, Karolinska Institute, 
Huddinge Hospital, Stockholm, Sweden.

The cytokine interleukin-1 (IL-1) was previously shown to occur in adrenal 
chromaffin cells, and has been shown to stimulate release o f  hypothalamic and 
pituitary hormones regulating corticosterone production. The distribution o f 
I L -lß  m RNA in the rat adrenal gland, spleen and pituitary, and its regulation 
by lipopolysaccharides (LPS) was studied by in situ  hybridhistochemistiy. The 
effect o f  LPS on enkephalin (ENK) mRNA, a neuropeptide produced and 
released from adrenal chromaffin cells was also studied. Rats were injected 
with LPS (2mg/kg, i.p.) and sacrificed 0 .5 ,1 .5 ,3  or 12h thereafter. A  transient 
induction o f  IL -lß  m RNA was observed in the adrenal gland, with the highest 
level at 1.5Һ, and returning to near control levels by ЗҺ, at which time the 
increase in ENK m RNA levels is apparent. ENK mRNA levels remained 
elevated at 12h. The distribution o f  BL-lß m RNA resembles that seen by im- 
munohistochemistry for EL-1 protein, i.e. a high level in chromaffin cells, but 
in addition IL -lß  mRNA was seen in cells scattered over the adrenal cortex, 
and more densely in the zona glomerulosa and reticulata. ENK mRNA was 
restricted to the adrenal chromaffin cells. The induction o f  the immune system  
by LPS was evident by the induction o f  IL -lß  mRNA in the spleen with a 
similar time course as that seen in the adrenal gland. The strongest signal was 
seen in the marginal zone o f  the white pulp, and somewhat weaker in the red 
pulp. A  marked induction o f  EL-lß mRNA was also observed in the neural 
lobe o f  the pituitary, and a small increase was discerned in the anterior lobe.

Induction o f  the immune system affects (directly or indirectly) the regulation 
o f  IL -lß  and ENK m RNA in neuroendocrine organs, lending further details to 
aid in understanding the immunoregulatory feedback between IL-1 and gluco
corticoid regulation. This work was supported by grants from the Swedish 
MRC, Clas Groschinsky's Minnesfond and Åhlens foundation.

4 5 .8
INTERLEUKIN 1ß INHIBITS SYNAPTIC STRENGTH AND 
LONG-TERM POTENTIATION IN THE RAT CA1 HIPPO
CAMPUS IN VITRO. F.P. Bellinger. S.G. Madamba and G.R. 
Siggins*. Dept. of Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037.

Cytokines such as interleukin-lß  (IL-lß) are released in the 
nervous system following inflammation or infection. Recently, 
IL-lβ was shown to enhance inhibitory synaptic mechanisms. We 
therefore investigated the effect of IL-lβ on long-term potentiation 
(LTP), the cellular model of memory and learning, evoked in the 
CA1 region by tetanic stimulation of the stratum radiatum in the rat 
hippocampal slice. IL-lβ (150 pM to 1.5 nM) superfused 10 min 
before tetanic stimulation significantly reduced LTP of the slope of 
the population excitatory postsynaptic potential (pEPSP) and the 
population spike (PS) amplitude in CA1 in a concentration- 
dependent manner. IL -lβ (1.5 nM) applied for 10 min, 1 hr before 
tetanus, also significantly inhibited LTP of the PS amplitude and 
pEPSP slope and reduced pEPSP and PS values before tetanus as 
well, although the PS returned to control values before tetanus. 
Heat-inactivated IL-lβ had no effect on pre-tetanus pEPSP or PS 
values or the induction of LTP, suggesting that the IL -lβ effect was 
not due to endotoxin contamination. These data demonstrate that 
IL -lβ modulates synaptic potentials and can reduce LTP. These 
findings have important implications for the role of IL -lβ in 
neuronal disorders following infection, perhaps best exemplified by 
HIV -1 -associated dementia.

Supported by a grant from NIMH (MH47680).

4 5 .9

INFUSION OF THE RAT HIPPOCAMPUS WITH INTERLEUKIN
Iß: EFFECTS ON NEUROTRANSMISSION, HYPOTHALAMIC- 
PIT U IT A R Y -A D REN O C O R TIC A L A X IS A N D  BO DY  
TEMPERATURE. A.C.E. Linthorst* . C. Flachskamm. F. Holsboer 
and J.M.H.M. Reul. Max Planck Institute of Psychiatry, Clinical 
Institute, Department of Neuroendocrinology, Munich, Germany.

Effects of interleukin-1 (IL-1) on the brain include activation of the 
Hypothalamic-Pituitary-Adrenocortical (HPA) axis, induction of fever, 
increase in sleep and changes in behavior. The brain is not only a target 
organ for IL-1, but has also been found to be a source of IL-1. Although 
IL-1 immunoreactive fibers and high concentrations of IL-1 receptors 
have been found in the hippocampus, the role of this limbic structure in 
IL-1-mediated effects is still unknown. We therefore designed a study 
in which the hippocampus of conscious, freely moving rats was infused 
with recombinant human IL-lß by means of a microdialysis probe. 
Hippocampal serotonergic neurotransmission, HPA axis activity and 
body temperature were measured simultaneously. We observed that 
intra-hippocampal infusion with human IL-lß caused i )  a rise in 
extracellular serotonin concentrations in the hippocampus, i i)  a dramatic 
increase in plasma ACTO and corticosterone levels and i ii)  an increase in 
body temperature. In addition, IL-lß infusion produced changes 
reminiscent of sickness, such as curled body posture, piloerection and 
immobility. We postulate that the hippocampal IL-1 system is involved 
in the regulation of neuroendocrine, autonomic and behavioral responses 
to an immune challenge.

4 5 .1 1
EFFECTS OF INTERLEUKIN-lß ON HIPPOCAMPAL NEURONS. J.L. 
Cronin1, A A . Gerall2*. C. Ide1. and J,G, Tasker1, Dept. of Cell and 
Molecular Biology1 and Dept. o f Psychology2, Tulane Univ., New Orleans, LA. 
70118

The cytokine Interleukin-lß (IL-lß) is involved in many immune 
system functions. IL-lß also appears to have several actions in the CNS, such 
as fever induction and activation of the hypothalamic-pituitary-adrenal axis. 
Hippocampal pyramidal and dentate granule cells have a high density of IL-lß  
receptors, suggesting that the hippocampus may be one central site of IL-lß  
action. To study its direct effects on neuronal electrical and synaptic 
properties, we bath applied IL-lß during intracellular and extracellular 
recording of CAI pyramidal and dentate granule cells in the hippocampal slice 
preparation. With intracellular recording, no consistent effect on resting 
membrane potential, input resistance, spike threshold or amplitude, or on 
evoked synaptic responses was observed with IL-lß application (15 - 30 min, 
10 nM). Cells were monitored for as long as 2 hr after IL-lß exposure. 
However, with extracellular recording, IL-lß was found to affect synchronous 
bursting in CAI neurons. ' Slices were bathed in a solution containing low 
[Ca2+] (OmM), which attenuates synaptic transmission and causes bursts of 
population spikes. In some preparations, the medium was diluted with 10% 
H 20  to augment bursting. IL-lß (10 nM) caused a statistically significant 
reduction in the number of population spikes during bursts. This effect was 
blocked by the 11-1 receptor antagonist IRAP. Lower doses of IL-lß (ЗnМ) 
had no effect. These results suggest that IL-lß may not have a direct 
membrane or synaptic effect, but that it modifies hippocampal excitability 
through a non-synaptic mechanism.

4 5 .1 0
INTERLEUKIN-lß INHIBITS CALCIUM CHANNEL CURRENTS IN 
HIPPOCAMPAL NEURONS THROUGH PROTEIN KINASE C. C. R. Plata- 
Salamán* and J. M, H. ffrench-Mullen2, ‘Univ. Delaware, Newark, DE 19716 and 
Tiept. Pharmacology, Zeneca Phannaceuticals Group, Wilmington, DE 19897.

Recombinant human interleukin-lß (rhIL-lß) depresses a fraction of 
the voltage-gated calcium (Ca2+) channel current in acutely dissociated guinea-pig 
hippocampal CAI neurons. This depression is observed with pathophysiological 
concentrations found in the cerebrospinal fluid (>1.0 μg IL -lβ/10 μl) and is 
blocked by a specific IL-1 receptor antagonist (Plata-Salamán and ffrench-Mullen, 
Brain Res. Bull. 29:221,1992). The application o f other cytokines and growth 
factors (IL-6, EGF, bFGF), or bacterial endotoxin (LPS) had no effect, indicating 
specificity of action of IL-lβ. The depression of the peak and late Ca2+ channel 
currents by 1.97, 7.9 and 31.2 μg rhIL-lß/ΊΟ μl was prevented by the extracellular 
pretreatment with pertussis toxin (PTX)(which blocks the G-protein effector 
coupling by ADP-ribosylation of the α -subunit of various G-proteins; 200 ng/ml 
in the dish, or in neurons obtained from guinea-pigs chronically infused with PTX 
from osmotic minipumps, 1000 ng/24 h/48 h into the third ventricle, n=8), and by 
the intracellular application of GDP-ß-S (which inhibits the binding of GTP to 
G-proteins; 500 μ]Μ, n=5), H-7 (a nonspecific protein kinase inhibitor; 50 μΜ, 
n=5), staurosporine (a PKC inhibitor; 400 nM, n=6), or bisindolylmaleimide (a 
highly selective PKC inhibitor; 1.0 μΜ, n=3). Extracellular application of phorbol 
12-myristate 13-acetate (a PKC activator; 500 nM) also depressed the Ca2+channel 
current (peak=10±3% and late=24±5% depression, n=8; p<0.05), but this phorbol 
ester-induced depression was not additive to that induced by rhIL-lβ. These 
results with two modulators of G-proteins, one PKC activator and three different 
PKC inhibitors suggest mediation of IL-lß action through a PTX-sensitive G- 
protein coupled IL-1 receptor associated with the activation of PKC.

45.12
TEMPORAL CORRELATION OF INTERLEUKIN- Iβ  A N D GFAP 
IMMUNOREACTIVITY WITH DENTATE NEURONAL  
REORGANIZATION IN ORGANOTYPIC CULTURES. B. W. Coltman*, J. 
Sc ripter and C. F. Ide. Dept. of Cell and Molec. Biology, Tulane Univ., New  
Orleans, LA 70118-5698.

Damage to the CNS initiates a variety of glial responses which may play an 
important role during subsequent neuronal reorganization. In the murine 
hippocampus, neurons and glia exhibit distinct morphological changes in 
response to injury, such as deafferentation. These changes may be initiated by 
cytokines, e.g., TL- l β . Organotypic slice cultures represent a model system to 
investigate a proposed role for IL-lβ  in initiating localized glial interactions in 
response to such damage.

Hippocampal explants from postnatal day 7 mice were cultured for either 2, 
4, 7 or 10 days in vitro (div). Immunoreactivity (ir) for IL-lβ  at 2 div was 
confined primarily to the outer granule cell layer (gcl) with staining confined to 
the cell nucleus. By 4 div, IL-lβ  staining appears throughout the dentate 
molecular layer (dml), remaining confined to cell nuclei. At 7-10 div, the 
majority of IL-lβ  ir cells showed a more complex stellate-like appearance.

GFAP ir was minimal at 2 div, with only thin cellular processes detectable 
in the dentate gyrus. At 4 div, numerous thickened processes stained through
out the gcl and dml. By 7 div, GFAP ir cell soma encircled the outer dml with 
highly thickened, elongate cellular processes projecting towards the gcl.

Granule cell collateral sprouting was not detectable at 2 and 4 div using the 
Timm sulphide method. Concomitant with increased in GFAP ir, granule cell 
collateral sprouting was detected (8 div) in the dml. Thus, a temporal 
correlation exist between IL-lβ  expression, activation o f  reactive astrocytes and 
granule cell collateral sprouting in the dml. Supported by DO D grant no. 2- 
89/116/88-150 to the Tulane/Xavier Center for Bioenvironmental Research.
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45.13
PROSTAGLANDINS MEDIATE THE ACTH RESPONSE TO INTERLEUKIN-lβ 
INSTILLED INTO THE HYPOTHALAMIC MEDIAN EMINENCE. J. McCoy. S, 
Matta. S. Nicol* and B. Sharp. Minneapolis Medical Research Foundation and 
Department of Medicine, Hennepin County Medical Center and University of 
Minnesota, Minneapolis, MN 55404

We have previously shown that the cytokine Interleukin-lß (IL-lß), given i.c.v. or 
adjacent to the median eminence (ME), rapidly elevates plasma ACTH. Using an 
angular stereotaxic approach, IL-lß was instilled adjacent to the ME in freely mobile, 
alert rats. While CSF had no effect on ACTH levels, a significant increase occurred 
after IL-lß at a lower dose (0.5ng, p<0.05) than those previously reported (lOng) 
using a vertical stereotaxic approach. Maximal ACTH responses were found with IL- 
lß 2-25 ng [AUC (pg X min/ml) for angular placement (mean+s.e.m.): 
CSF=296±407; IL-lß: 2ng=5522±2035; 10ng=6764±1308; 25ng=6024 ±1166]. To 
determine if prostaglandins (PG's) mediate the ACTH response to IL-lß, indomethacin 
(Indo, lmg/kg, iv) was administered prior to IL-lß (25ng, intra-ME). Although Indo 
alone had no effect on plasma ACTH (20 min peak: 101±16 μg/ml compared to 
buffer: 122±32 μg/ml), it completely blocked the response to IL-lß from 301±15 
μg/ml to 129±20 μg/ml. Additional experiments were conducted to assess the effect 
of intra-ME administration of PGE2 , PGF2α. or a combination on plasma ACTH (*,
p<0.05):

45.14
EFFECTS OF INTERLEUKIN-1 ß ON CENTRAL AND PERIPHERAL RELEASE 
OF VASOPRESSIN AND OXYTOCIN - A MICRODIALYSIS STUDY. JĻ 
Neumann. Q .J. Pittman* and R. Landgra#. Neuroscience Research Group, 
University of Calgary, Calgary, Alberta, Canada T2N 4N1 and Max Planck 
Institute of Psychiatry, Clinincal Institute, Munich, Germany#.

The cytokine interleukin-1 ß (IL-1ß) has been shown to be an intrinsic 
neuromodulator in the brain with multiple effects on peripheral and central 
neuropeptides. In order to study central actions of IL-1ß on the 
vasopressinergic (AVP) and oxytocinergic (OXT) systems, simultaneous 
microdialysis in blood and brain was used to monitor the release of both 
nonapeptides into blood and within the hypothalamic supraoptic (SON) and 
paraventricular nuclei (PVN) of urethane anesthetized male rats in response 
to IL-1ß. Intracerebroventricular (icv) infusion of IL-1ß (200ng/5μl) resulted 
in increased AVP (1.8-fold) and OXT (1.7-fold, p<0.05 both) contents in 30- 
min dialysates sampled within the jugular vein over a 90-min period following 
treatment. This peripheral release was accompanied by central release within 
the SON (AVP: 2.1-fold; OXT: 2.2-fold, both p<0.05 compared to pre
stimulation levels and vehicle-treated controls). In contrast, nonapeptide 
levels in dialysates from the PVN remained unchanged after icv IL-1ß. The 
cytokine-induced increase in central release of both nonapeptides seems to 
be independent of the rise in body temperature observed after IL-1ß 
administration.
The results provide first evidence that central IL-1 ß stimulates the release of 
both AVP and OXT not only into blood, but also within the brain. The latter 
effect of IL-1ß may contribute to the intracerebral neuroendocrine - immune 
dialogue.
Supported by NATO, MRC, VW and HFSOP.

45.15
INTERLEUKIN-l β POTENTIATES THE VASOPRESSIN RELEASE 
INDUCED BY ACETYLCHOLINE FROM THE HYPOTHALAMUS, BUT 
NOT FROM THE AMYGDALA IN VITRO: POSSIBLE INVOLVEMENT OF 
NITRIC OXIDE MEDIATED SIGNALLING. J.Raber*. E.Merlo Pich. 
G.F.Koob and F.E.Bloom. Department of Neuropharmacology, The Scripps 
Research Institute, 10666 N. Torrey Pines Rd., La Jolla, CA 92037.

Arginine Vasopressin (AVP) containing neurons have been shown to occur in 
the magnocellular hypothalamic nuclei as well as in limbic structures, including 
the hippocampus and amygdala. An in vitro paradigm was used to investigate the 
release mechanisms of AVP from the dissected hypothalamus and amygdala. AVP 
is released, in a calcium dependent manner, not only from the hypothalamus, but 
also from the amygdala. Acetylcholine or high KC1 (60 mM) induces AVP 
release in both brain regions. The acetylcholine-induced AVP release is 
antagonized by atropine or mecamylamine, indicating that both the muscarinic 
and nicotinic receptors are mediating the cholinergic response in these brain 
regions. This system was used to evaluate the effects of cytokines on the basal 
and acetylcholine-induced AVP release. IL-lß had no effect on the basal AVP 
release from the hypothalamus, but significantly potentiated the 
acetylcholine-induced (100 nM) AVP release. This effect was completely blocked 
in the presence of neutralizing antibodies to IL-1β . Atropine or mecamylamine 
antagonized this potentiation. IL-6, like IL-lβ, also potentiated the 
acetylcholine-induced AVP release, but to a lesser extent. Neither TNF-α, nor 
IFN-γ had any effect on the basal or acetylcholine-induced AVP release from the 
hypothalamus. None of the cytokines tested has any effect on the basal or 
acetylcholine-induced AVP release from the amygdala. Finally, the 
acetylcholine-induced AVP release is also antagonized in the presence of 
L-methylarginine, a potent inhibitor of nitric oxide formation, suggesting a role 
of nitric oxide signalling in the control of AVP release.
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46.1
ACUTE-PHASE RESPONSES OF RABBITS TO
ENDOTOXIN AND POLY I:C M. Kimura*.
L. A. Toth. A. B. Cady, J. A. Majde and J. M. Krueger. 
Univ. of TN, Memphis, TN 38163, St. Jude Children's 
Res. Hospital, TN 38105, and Office of Naval Res., 
Arlington, VA 22217.

Infection results in several systemic and central reactions termed the 
acute-phase response (APR). The APR includes fever, enhanced sleep, 
hormonal changes, altered synthesis of hepatic proteins, etc. Cytokines 
induced by microbes mediate the APR. The APR of rabbits exposed to 
a model bacterial stimulus, endotoxin (ETX), or to a model viral stimu
lus, polyríboinosinic:polyribocytidylic acid (poly I:C) were compared. 
Rabbits were injected intravenously (IV) or intracerebroventricularly 
(ICV) with different doses of ETX or poly I:C. Colonic temperatures 
(TCo) and blood samples were taken at time 0 and 3, 6, and 24 h after 
injection. White blood cells (WBC), serum ceruloplasmin, plasma 
fibrinogen, and serum antiviral activity were analyzed. IV injection of 
either ETX or poly I:C increased Tco and serum ceruloplasmin levels 
and decreased total WBC count Plasma fibrinogen levels increased 
after IV injection of ETX, whereas serum antiviral activity was induced 
only by TV injection of poly I:C. ICV injections of ETX or poly I:C 
also elicited dose-dependent fevers but did not change the hematologic 
APR. The fact that ETX and poly I:C induced different APRs suggests 
that bacteria and viruses may stimulate distinct arrays of cytokines.

Supported partially by ONR N00014-90-J-1069, NS-26429, and NS- 
25378.

46.2
V IR ALLY-INDUCED CYTO KINE EXPRESSIO N IN THE  
ADULT RAT CNS. J.P. Card*1 and L.W. Enquist2. l D e p t .  of 
Behavioral Neuroscience, University of Pittsburgh, Pittsburgh, PA. and 
2CNS Research, Dupont Merck Pharmaceutical Co., Wilmington, DE.

Neurotropic alpha heipesviruses replicate within synaptically linked 
neurons, and reactive gliosis and targeted invasion of blood borne cells 
at sites of infection contribute to the specificity of viral transport through 
neural circuits by isolating infected neurons. Cytokine expression is 
known to elicit both of these protective responses, but little is known 
regarding the sources of these cytokines or the temporal aspects of their 
expression under circumstances that produce pathology. We examined 
the expression of interleukin-l α (ILI) and tumor necrosis factor-α 
(TNF) following infection of brainstem neurons with virulent or 
attenuated strains of a swine alpha herpesvirus (pseudorabies, PRV). 
Injection of either strain of PRV into the wall of the stomach infected 
neurons in the dorsal motor nucleus of the vagus nerve (DMV) and, 
with advancing survival, other regions of the visceral neuraxis. 
Immunohistochemical localizations demonstrated that TNF was 
expressed in monocytes and macrophages at the site o f infection, as well 
as in choroid plexus epithelium and a subset of PRV infected neurons. 
IL1 immunoreactivity was expressed in the same population of cells 
(except for the choroid epithelium), but the temporal expression 
occurred later than TNF. Expression o f both cytokines was 
substantially delayed after infection with attenuated PRV, even though 
there was more extensive viral replication throughout the neuraxis. 
These data demonstrate that IL1 and TNF are expressed differentially 
following viral infection and further indicate that their temporal 
expression correlates with development of neuropathogenesis.
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Control (CSF)
AÇTH (AUC) 

-618±378
pge2 (0.5 μg) 2700±1051*

(2.0 (μg) 4096±909*
(4.0 (μg) 6052±672*

PGF2α (0.5 (μg) 3267±773*
(2.0 (μg) 4653±948*
(4.0 (μg) 4827±1444*

An additional study showed that delivering a combination of PGE2  and PGF2a(0.5 
μg each) produced an additive response. Thus, intra-ME administration of IL-lß can 
stimulate ACTH secretion through a PG-dependent mechanism.
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4 6 .3
DEVELOPMENT OF THE NEURAL IMMUNE RESPONSE TO 
TRAUMA IN THE PERINATAL MOUSE BRAIN J.L. Scripter1*,
M.R. Jespersen2. L.W. Underwood3. D.L. Hurley1,2. and C.F. Ide1,2 
1 Neuroscience Training Program and 2 Department of Cell and 
Molecular Biology, Tulane University, New Orleans, LA 70118 and 
3LSU Eye Center, New Orleans, LA.

The fetal mouse brain is capable of executing a potent immune 
response to trauma, ultimately leading to healing. To characterize this 
response, we lesioned the developing entorhinal cortex of the mouse at 
embryonic day 18 using in  ute ro  surgery methods. The neural immune 
response was analyzed at embryonic day 18 and postnatal days 0, 3, and 
6  (n=38). Immunocytochemistry was used to assay the distribution of 
astrocytes, macrophages and interleukin-lß (IL-lß) using antisera to 
glial fibrillary acidic protein, pan-monocyte cells, and human 
recombinant IL-lß or murine IL-lß, respectively. In addition, we 
synthesized a 447-base pair probe to murine IL-lß mRNA for in  s itu  
hybridization studies. Astrocytes were abundant at the lesion site by 
postnatal day 0; gliosis was pronounced by postnatal day 6. Astrocytes 
rarely contained IL-lß protein, but exhibited phagocytic activity, as 
shown by electron microscopy. Macrophages appeared near the site of  
the lesion and most were positive for IL-lß protein. Both IL-lß protein 
and mRNA were upregulated in cells (e.g., in neurons) at the site of the 
lesion, as measured by stain intensity and grain counts. Thus, many of 
the elements believed to play key roles in both adult neural or systemic 
immune responses were found to be fully functional as early as P0 in the 
mouse brain. Supported by DOD grant #2-89/116/88-150 to the 
Tulane/Xavier Center for Bioenvironmental Research.

4 6 .4
CHARACTERIZATION OF MONOCLONAL AUTOANTIBODIES REACTIVE 
AGAINST NEURONAL ANTIGENS IN SYSTEMIC LUPUS ERYTHEMATOSUS. 
J. Crimando and S.A. Hoffman*Az.St.Univ. Tempe, AZ 85287.

Diverse neuropsychiatric manifestations are commonly 
associated with the autoimmune disease systemic lupus 
erythematosus (SLE). In both human and murine models of 
SLE brain-reactive autoantibodies (BRAA), especially those 
of the IgG class, are correlated with central nervous sys
tem dysfunction. Though the role of BRAA in CNS-SLE is not 
clear it is hypothesized that BRÄA may bind to neuronal 
membranes and alter function to lead to CNS dysfunction.
We are developing a library of natural monoclonal BRAA from 
murine models of SLE to examine the reactivity and function 
of individual BRAA. Two monoclonal BRAA (E5 and G1l) were 
produced from an unimmunized autoimmune BXSB mouse. E5 is 
an IgG2a antibody and G1l is IgG3. Both react with inte
gral brain membrane antigens of 56, 32, and 30 kD on 
immunoblot. Based on immunohistochemical staining of 
normal mouse brain, these monoclonal BRAA bind to neuronal 
cell bodies and somewhat to axons in the cortex, hippocamp
us, and hypothalamus. No reactivity to cell nuclei is seen 
and fiber tracts such as the corpus callosum and within the 
putamen are not stained. Reactivity to plasma membrane 
antigens from neuroblastoma cells is also observed. To 
assess the ability of these BRAA to alter cell function, 
reactivity to neuroblastoma cells in culture is examined by 
immunofluorescence. Further characterization of the react
ivity of individual autoantibodies will allow more detailed 
analysis of BRAA involvement in CNS-SLE.

4 6 .5
D E V E L O P M E N T , S U R V IV A L  A N D  C O N D U C T IO N  O F  C N S  M Y E L IN A T E D  
A X O N S  E X P O S E D  T O  T U M O R  N E C R O S IS  F A C T O R  IN VITRO. S a n ia  
D u q an d ziia -N o v a k o v ic  and P eter S h ra g e r* . D e p artm en t o f P h y sio lo g y , 
U n iv e rs ity  of R o c h e ste r  M ed ica l C e n te r , R o c h e ste r , N Y  1 4 6 4 2 .

Sp in a l co rd  e xp la n ts  from  CD -1  m o u se  e m b ry o s  w e re  cu ltu red  in 
M a xim o w  s lide  a s se m b lie s  to  p rom ote  m yelin  d ev e lo p m en t. A t  ab o u t 2 0  
d a y s  in v itro ,  re co m b in an t h u m an or m o u se  T N F o  w a s  added  at 
co n ce n tra t io n s  from  5 U/ml to 4  x  1 0 4 U /m l. O b se rv e d  3 -6  d a y s  later, 
m yelin  w a s  larg ely  in ta c t, w ith  a lm o st no bubbling  s e e n . T h is  re su lt w a s  
th u s  v e ry  d iffe ren t from  th a t o b tained  w ith  S J L / J  m o u se  e x p la n ts  by Se lm a j 
and R a in e  (A n n . N euro l. 2 3 :3 3 9 ,  1 9 8 8 ) . A x o n a l c o n d u ctio n  w a s  m e a su re d  
o p tica lly  th ro u g h  th e  u s e  o f a v o lta g e  s e n s it iv e  d y e . A c t io n  p o ten tia l sh a p e , 
co n d u ctio n  v e lo c ity , and re fra c to ry  period  w e re  all u n ch a n g e d  b y  e x p o su re  
to  T N F α . T w o  s e r ie s  o f e xp la n ts  w e re  g ro w n  w ith  T N F α  ( 10 3 to  2  x  1 0 4 
U/ml) p rese n t co n tin u o u sly  th ro u g h o u t th e  cu ltu re  p erio d . M y elin  d eve lo p ed  
no rm ally  in at lea st  5 0 %  of th e  e x p la n ts  treated  w ith  rm T N F o  and  8 0 %  of 
th o se  e x p o se d  to  rh T N Fo . A c t io n  p o te n tia ls  w e re  o f norm al sh a p e  and  
re fra c to ry  period . C o n d u ctio n  v e lo c it ie s  w e re  s lig h tly  lo w e r th a n  co n tro ls . 
R e s is ta n c e  of m yelin  to  T N F o  is not d ue  to  a b s e n c e  o f T N F  re c e p to rs  in C D -  
1 m o u se  C N S . S J L / J  m ice  are  p articu larly  s u sc e p t ib le  to  exp erim en ta l 
a llerg ic  e n ce p h a lo m y e lit is  (E A E ) . T h e  a p p are n t s tra in -sp e c if ic ity  o f T N F α  
d isru p tio n  of m yelin  m a y  re su lt from  in d irect m o d e s  o f a c t io n , s u c h  a s  
se cre t io n  of m o d u la to ry  cy to k in e s  by g lia. T N F α  and  o th er c y to k in e s  are  
p rese n t in th e  d eve lo p in g  C N S  a s  g ro w th  fa c to r s , but at h igh le v e ls  m a y  
c a u s e  d eg en eratio n . In our e x p e rim en ts , added  T N F α  d id not im p ede  norm al 
m yelin  d ev e lo p m en t. F u rth e r , our fin d ing  of u n im p aired  co n d u ctio n  arg u e s  
a g a in st a m e ch a n ism  invo lv ing  N a + c h a n n e ls  a s  m ed ia to rs  o f T N F  a c tio n . 
S u p p o rte d  by th e  NIH and th e  N ation al M u ltip le  S c le ro s is  S o c ie ty .

4 6 .7

MICROGLIAL CATHEPSIN B: DRAMATIC INDUCTION OF
CATHEPSIN В mRNA IN ACTIVATED CELLS. Carmencita 
Pilapil*. Paul J. Isackson and Paul L. Wood 
Depts of Pharmacology and Molecular Neuroscience, 
Mayo Clinic Jacksonville, Jacksonville, FL

Using a monoclonal antibody we observed 
significant stores of the cysteine endopeptidase, 
cathepsin В (EC 3.4.22.1), in an immortalized 
microglial cell line (BV-2). These stores were 
mainly present in vesicular compartments and were 
augmented by a 24 hour stimulation with 
lipopolysaccharide (LPS). We further investigated 
these actions of LPS by examining cathepsin В 
mRNA levels with in situ hybridization, using a 
biotinylated oligonucleotide probe (25 mer) and 
immunogold silver staining for detection of the 
hybridized probe. Cathepsin В mRNA was detectable 
throughout the cytoplasm of unstimulated cells. 
The density of the immunogold staining for the 
hybridized probe increased dramatically with LPS 
stimulation. These LPS actions were dose- 
dependent with maximal, increases at 5 μ g /ml of 
LPS and initial increases have been observed at 
500 ng/ml of LPS. These data point to the large 
biosynthetic capacity of microglia for cathepsin 
В and suggest that this protease may be utilized 
by these cells in their cytolytic and phagocytic 
functions.

4 6 .6
LOOSE LIGATION OF APLYSIA  NERVE INDUCES 
AGGREGATION OF PRESUMPTIVE IMMUNOCYTES DURING 
SENSORY HYPEREXCITABILITY. A.L. Clatworthy*. G. A. Castro, 
B.U. Budelmann. E.T. Walters. Dept. of Physiology & Cell Biology, 
University of Texas Medical School at Houston, TX 77225

We showed previously (Clatworthy et al. Soc. Neurosci. Abstr. 
18:595,1992) that loose ligation of peripheral nerves with cotton 
thread induces a long-latency (~1 wk), long-lasting (4 wk) increase in 
the excitability of the somata of pleural sensory neurons (SN) having 
axons in the ligated nerves. To begin to test the hypothesis that 
signals from immunocytes are involved in triggering these changes we 
are examining morphological correlates of loose ligation and of 
various forms of nerve injury. Because qualitatively similar sensory 
plasticity has been reported following axonal injury (see Dulin et al. 
abstract), we asked whether loose ligation injures the sensory axons. 
Histological examination of sections through ligated regions of 
peripheral nerves revealed a marked increase in the number of 
presumptive immunocytes in and around the sheath. No signs of 
axonal damage were found, confirming previous evidence that this 
procedure does not injure the axons. Mild stretch of the nerves during 
the ligation procedure is unlikely to account for the hyperexcitàbility 
since neither sham ligation of peripheral nerves nor strong stretch of 
the nerves altered the excitability of sensory cell somata. However, 
superficial nerve damage produced by surgical desheathing (which 
did not block conduction of SN spikes through the desheathed 
section) caused significant hyperexcitability of sensory neurons 
tested 1 wk later. We are now using light and electron microscopy to 
see if immunocyte aggregation correlates with SN hyperexcitability.

4 6 .8

IL -lβ ALTERS CELL M ORPHOLOGY, ORIENTATION  
A N D  MOTILITY IN C6 GLIOMA CELLS. C. F. Ide*.
T. S. Murray. J. Scripter. G. Hayne and R. S. D otson.
Dept. of Cell and Molecular Biology, Tulane University,
New Orleans, LA 70118-5698.

In vivo, astrocytes react to neural damage such as a lesion  
by converging on the wound site. To model aspects of this 
response in vitro, C6 glioma cells were plated on coverslips 
and grown for 48 hours. Human recombinant interleukin-l β 
(hrIL-lβ) was then added to the culture at 0.01, 0.1, or 1 
ng/m l. Seventy-two hours later cells were fixed and 
examined under phase microscopy. Cells responded to hrlL- 
l β in a dose-dependant manner by changing from a rounded 
bipolar morphology to an elongate form. Cells were 
oriented in a series of streaming patterns forming 
"fingerprint-like" swirls visible at low magnification 
apparently caused by changes in motility. Parallel 
treatments with dibutyryl cyclic AM P produced dramatically 
different effects: morphology changed from bipolar to 
multipolar, GFAP production increased, and no cell-cell 
orientation patterns were evident. Thus, IL -lβ may instigate 
changes in astrocytic morphology and cellular patterning 
independent of cyclic AM P pathways.
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46.9
EFFECTS OF IL-4 ON PROLIFERATION AND DIFFERENTIATION 
OF C6 GLIOMA CELLS. C. Brodie*. Department of Life 
Sciences, Bar-llan University, Ramat-Gan 52900, Israel.

C6 glioma cells of early passage have been reported to exhibit 
progenitor properties in culture, thus providing an excellent 
model for the study of cytokine effects on glial cell 
differentiation. We examined the effects of IL-4 on various 
properties of C6 glial cells. IL-4 is a complex glycoprotein 
produced by activated T cells which exerts its biological activity 
through a high affinity receptor expressed by cells of 
hematopoietic as well as by nonhematopoietic cells. Treatment 
of C6 cells with IL-4 induced a bipaic proliferative response. 
Thus, IL-4 at concentrations of 1-30 ng/ml enhanced cell 
proliferation, whereas, at higher concentrations inhibited cell 
growth. These effects were followed by changes in phenotypic 
expression of the cells as was reflected in their morphological 
appearance and by the significant decrease in the expression of 
the astrocytic marker GFAP in these cells. In addition, we found 
that IL-4 induced NGF synthesis by C6 glioma cells and that this 
induction was synergistic with the effect of another cytokine, 
TNF-alpha. The results of this study indicate that IL-4, in 
addition to its multiple effects in the immune system, may have 
an important role in the neuro-immune axis as a regulator of glial 
cell activity during inflammation in the brain. (Supported by the 
Manya and Mendel Aviv Research Trust Fund).

THERMOREGULATION AND FEVER

4 7 .Ì
EFFECTS OF LIPOPOLYSACCHARIDE (LPS) ON FOS 
EXPRESSION IN RAT BRAIN. A. Oladehin. J. A. Bamga-Calle and
C. M. Blatteis.* Department o f Physiology & Biophysics, University o f  
Tennessee, Memphis, TN 38163.

Expression o f the Fos protein has been shown to correlate with the 
functional activation of neurons in the brain. Using 50 μm-thick sections 
and c-fos immunohistochemistry, we have localized the regions 
presumptively involved in the central modulation o f the acute-phase 
response (APR) to LPS in conscious rats. One group o f rats was injected 
with LPS and two groups received pyrogen-free saline (PFS); one of the 
PFS-treated groups was not habituated to the experimental conditions in 
order to assess non-specific stress-related Fos expression. The 
temperature o f all the rats was monitored continuously until they were 
sacrificed 90-min post-LPS. A high density o f Fos-like immunoreactive 
(FLI) cells was observed in the septum, preoptic area, hypothalamus, bed 
nuclei of the stria terminalis, thalamus, central amygdaloid nuclei, and 
nuclei of the solitary tract o f the LPS-treated rats. Scattered FLI cells 
were found in the thalamus, lateral septum, hypothalamic paraventricular 
nuclei, and nuclei o f the solitaiy tract o f the trained PFS-treated rats. In 
comparison, abundant FLI neurons were observed in these regions o f the 
untrained PFS-treated rats, and also in their cortex, amygdala, supraoptic 
nuclei, periventricular regions, globus pallidus, claustrum, and nuclei of 
the olfactory tracts. These results indicate that specific hypothalamic and 
brainstem regions may play important roles in modulating the APR. The 
partial overlap o f the data from trained LPS- and untrained PFS-treated 
rats suggests that the APR to LPS may include a component similar to that 
produced by non-specific stress ("sickness behavior"?) (Supported by 
NIH grants NS-27916 and HL-47650.)

4 7 .3

FURTHER EVIDENCE FOR INVOLVEMENT OF ORGANUM VASCULOSUM 
LAMINAE TERMINALIS (OVLT) IN FEVER IN GUINEA PIGS. E .Sehic.W . S. 
Hunter. C. M. Blatteis and A. A. Romanovskv* Department o f Physiology and 
Biophysics, University o f Tennessee, Memphis, TN 38163 

Previous studies have implicated the anteroventral region o f the third ventricle 
(AV3V), which contains the OVLT, in the febrile response to circulating pyrogens. 
Ablation o f the AV3V regiom o f guinea pigs was shown to block fever in response to
i.p. lipopolysaccharide (LPS), while smaller lesions more specifically directed to the 
OVLT in rats were reported to increase the fever response. To test the hypothesis that 
small lesions confined principally to the OVLT o f guinea pigs should similarly cause 
an increased fever response, we made AV3V lesions by stereotaxic placement o f a 0.5 
mm diam tungsten electrode, insulated except for 0 5  mm o f its blunt tip, into that 
region (A =U ,6, V=9.5, L=0, 3 ma anodai DC for 20 s). Smaller more anterior and 
ventral lesions o f the OVLT region were made in other guinea pigs using a 0 3  mm 
diam stainless steel electrode with its terminal 0.5 mm uninsulated, sharpened, and 
stereotaxically positioned at A=11.8, V=9.8, L=0; 2 ma anodai DC was passed for 10 
sec. These lauer conditions approximated those used previously in rats. LPS (5. 
enteritidis, 2 μg/kg, i.v.) was injected 10-11 days post-lesion; all the animals were 
habituated to mild restraint Core temperature was recorded continuously; ambient 
temperature was 2 3 + 1∙С. Regardless o f the lesion method, the febrile response to 
tv . LPS was consistently prevented only when the ablated region included virtually 
all of the OVLT. Neither method resulted in increased fever in response to LPS Lv. 
Successful blockade o f fever was more frequent (n = 7/14) with the AV3V lesion than 
with the smaller OVLT lesion (n =  3/9), presumably because o f the lower probability 
of effective ablation of the OVLT by the latter method. (Supported by NIH grant NS- 
22716 and Illinois Eagles.)

4 7 .2

PYROGEN ACCESS INTO THE BRAIN. Y.TakahashL P.Smith# . 
M-Wilkinson. A.Ferguson# . O.Pittman and K.Cooper*.Dept.of Medical 
Physiology, University of Calgary, Calgary, Alberta, Canada and # Dept. of 
Physiology, Queens University, Kingston, Ontario, Canada 
The process of febrogenesis is considered to be dependent on the elaboration 
of the cytokines, such as IL-lß, following systemic challenge with LPS. 
However, this cytokine may not cross the Blood Brain Barrier(BBB). 
Circumventricular organs, such as the organum vasculosum of the lamina 
terminalis (OVLT) or the subfornical organ (SFO) lack a normal BBB and 
thus may be CNS entry sites or loci of actions for certain large molecules. 
Early studies have shown that ablation of OVLT shows equivocal responses 
to pyrogens. We considered the possibility that these varying responses 
occurred because OVLT lesions may have interrupted fibres of passage from 
the SFO which are known to course through this area. Thus we have tested 
the hypothesis that the SFO is a possible site of access o f circulating 
cytokines important in fever generation. Under pentobarbital anaesthesia, 
male Sprague-Dawley rats (300-350g) received electrolytic lesions of the SFO 
(0.5mA, 30 sec), and ICV and IV cannulae were implanted, as well as 
temperature transmitters for remote monitoring of body temperature. 
Following a 2 week recovery, conscious animals were given iv E.coli LPS (30 
μg/kg). l cv PGE2 (25ng) was also administered on separate days in order 
compare the effects of lesion on peripheral vs. centrally-induced fever. 
Lesions were verified following histological examination. SFO lesioned 
(n=13) or sham rats (n =14) showed similar febrile responses to LPS 
(approx. 1∙С). As anticipated centrally-induced fevers of sham (n=12) and 
lesioned rats (n=14) were not significantly different. We conclude that the 
SFO does not represent an important access point at which circulating 
pyrogens act to influence central pathways involved in the genesis of fever. 
Work is supported by the Medical Research Council of Canada

4 7 .4

MECHANISMS OF HYPOTHALAMIC NEURONAL WARM 
SENSITIVITY. J.D. Griffin* and J.A. Boulant. Dept. of 
Physiology, Ohio State Univ, Columbus, OH 43210  

Neuronal warm sensitivity has been attributed to 
thermal-dependent changes in membrane potential 
or in the depolarizing prepotential. To identify  
mechanisms of neuronal warm sensitivity, tight-seal, 
whole-cell recordings were made in rat hypothalamic 
tissue slices. Neurons were classified according to 
therm o sensitivity; and in all neuronal groups, 
warming produced increased conductance and little 
change in membrane potential. Each neuronal group 
displayed depolarizing prepotentials, but in warm 
sensitive neurons, the prepotential’s rate of rise was 
most thermally-dependent. Voltage clamp recordings 
suggest that the depolarizing prepotentia l is 
influenced by an А-type potassium conductance. The 
inactivation rate of this conductance is temperature 
sensitive and may be responsible for determining 
changes in the rate of rise in the prepotential of warm 
sensitive neurons. (Supported by NIH grants NS14644 
and NS07291.)
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4 7 .5

TEMPERATURE DEPENDENT MODULATION OF RHYTHMIC BURST 
DISCHARGES IN PARAVENTRICULAR AND PREOPTIC NEURONS IN 
HYPOTHALAMIC SLICE PREPARATIONS OF THE RAT.
M.Chr. Hirsch*. H.A. Braun. M. Dewald. K. Voigt. Inst, of Physiology, 
University of Marburg, Deutschhausstr. 2, D-3550 Marburg.
Oscillating membrane potentials often trigger groups of impulses, called 
"bursts". Such grouping of impulses has been recorded in a variety of central 
and peripheral cells. From peripheral thermoreceptors it is known that the 
burst pattern exhibit distinct temperature dependencies indicating a syste
matic modulation of the spike-triggering oscillations. We now examined the 
burst pattern of magnocellular neurons in paraventricular and preoptic nuclei 
of the rat to evaluate wether similar temperature dependencies might indicate 
similar mechanism underlying peripheral and central thermosensitivity. 
Extracellular impulse recordings from 38 magnocellular bursters were 
obtained by conventional methods. Ramp-shaped and sinusoidal tempera
ture stimuli were applied between 32 and 42°C. About 60% of the cells 
discharged in bursts at all stimulus conditions whereas the others changed to 
beating activity or even became silent at lower temperatures. Compared to 
peripheral receptors, the burst rhythm was much slower and the impulse 
groups were less regular but the essential parameters exhibited similar 
temperature dependencies: with increasing temperatures, the burst rhythm 
considerably accelerated (up to double speed within 4°C) and the intraburst 
frequencies were increased. The main differences concerned the burst 
duration and the number of spikes per burst: the burst duration was only 
slightly reduced and oscillations of single-spikes or even subthreshold 
oscillations were never observed up to the highest temperature stimuli. 
Altogether, we assume that temperature sensitivity of peripheral and central 
bursters originate from similar mechanisms which, however, operate under 
different conditions.
Supported by the Deutsche Forschungsgemeinschaft.

4 7 .7

CORTICOTROPIN RELEASING HORMONE IS INVOLVED IN 
EXERCISE-INDUCED ELEVATION IN CORE TEMPERATURE.
P. J. RowseV*and M. J. Kluger . Division of Kinesiology and 
Department of Physiology, The University of Michigan, Ann Arbor 
48109.

There are some data supporting the hypothesis that corticotropin 
releasing factor (CRF) is involved in elevating body temperature in 
rats. Female Sprague Dawley rats (12:12 photoperiod) with access to 
running wheels have an elevated body temperature both during the 
nighttime, when they are exercising, and during the daytime, when 
they are not exercising. We studied whether endogenous CRF is 
involved in any portion of the exercise-induced elevation in core 
temperature. To determine CRF's involvement in exercise-induced 
core temperature elevation, CRF antibody (131.9 pMol) or vehicle 
was intracerebroventricularly (icv) injected into female rats that had 
free access to exercise wheels for six weeks. On the day of injection, 
there were no differences in body temperature or activity following 
these injections. However, exercising animals had a significantly 
attenuated daytime temperature when compared to vehicle control 
animals at one day post-injection with the CRF antibody (p=0.011). 
Although these animals had significantly lower body temperature than 
the animals that received vehicle, the injection of CRF antibody had 
no effect on locomotor activity and thus, this decrease in temperature 
is not due to a change in activity. We conclude that CRF is involved 
in the exercise-induced elevation in daytime body temperature.

4 7 .9

HEAT-SHOCK PRO TEIN EX PR E SSIO N  IN  RAT BRAIN  
AFTER MICROWAVE EXPO SURE. 13P.A. M a s o n . 2,3T.J. 
W alters and 2,3J.M . D oyle . 1Oрегагіопаl Technologies; 
2S ystem s R esearch Laboratories; 3A rm strong Laboratory, 
Brooks AFB, TX 78235-5324.

E lectrom agnetic field  (EM F) exposure h a s  becom e a  
concern o f  th e D epartm ent o f D efense and general public. 
O ne o f th e bioeffects o f EM F exposure is  th erm al stress. 
The expression  o f 72/73 kD heat-shock proteins (H SP) w as  
exam ined in  th e rat brain a fter a  s ing le , 40 second, whole  
body exposure to 2.06  GHz m icrow ave radiation. Core 
tem perature o f exposed rats increased  3.6  + 0.2°C (+SEM). 
Core tem perature o f sham -exposed  ra ts increased  only 0.6  +
0.1°C. The tem perature and hu m id ity  o f th e  exposure  
cham ber w ere 30°C and 60%, respectively . A fter exposure, 
rats w ere housed  for 6  hr  a t 22°C u n til eu th an ized . Coronal 
sections o f brain  tis su e  w ere im m unocytochem ically  sta ined  
to  reveal H SP  expression. In th e  exposed an im als, H SP  
w ere expressed  throughout th e brain. T his expression  w as  
n ot iso la ted  to particular nuclei, as h as b een  show n for 
fos-like im m unoreactiv ity  follow ing s im ilar treatm en t  
(M ason e t al., S o c . N e u r o s c i .  A b s t r ., Vol . 18, P art 1, p. 490,
1992). Sham -exposed  an im als show ed lit t le  or no H SP  
expression.

4 7 .6

PREOPTIC ELECTRICAL STIMULATION EVOKES 
SELECTIVE SHIVERING(ST) AND NON-SHIVERING 
THERMOGENIC(NST) RESPONSES IN ANAESTHETIZED 
RATS. I. Halvorson and J.A. Thornhill*. Department of 
Physiology, University o f Saskatchewan, Saskatoon, Canada, 
S7N 0W0.

Unilateral electrical stimulation (0.5msec pulses of 
2 0 0 μ Α  at 50HZ for 30 or 300 sec total duration) were applied 
to the lateral (LPO) or medial preoptic nuclei (MPO) of 
urethane anesthetized male Long Evans rats (~ 4 0 0 g ) whose 
core temperatures were servo-controlled to 37°С or 34°С. 
Core (colonic, Tc), surface (tail, TJ, gastrocnemius muscle (T J  
and intrascapular brown adipose tissue (ТШАХ) temperatures and 
gastrocnemius differential multi-unit EMG activity (to measure 
shivering and tone changes) were recorded simultaneously 
before and for 10 min post-stimulation. Stimuli applied to the 
MPO evoked primarily a delayed increase in TIBATs above core 
(i.e. NST) whereas more lateral areas (LPO) evoked ST 
(shivering and/or ↑ in skeletal muscle tone) which increased 
Tms above the rise in TIBATs. Results show that preoptic, 
electrical stimulation can evoke selective effector thermogenic 
responses dependent on the region of preoptic stimulation.

Supported by MRC of Canada.

4 7 .8

AREA POSTREMA AND THE LITHIUM-INDUCED CHANGES 
IN BODY TEMPERATURE AND LOCOMOTOR ACTIVITY IN 
RATS. K.-P. Ossenkopp . L.A. Eckel, and Y.J. Rabi. Neuroscience 
Prog, and Dept. of Psych., Univ. o f Western Ontario, London, 
Ontario, Canada, N6 A 5C2.

Lithium produces hypothermia and reduced locomotor activity in 
rats. This experiment examined the role o f the area postrema (AP), 
a chemosensitive circumventricular organ, in these effects o f lithium. 
Under pentobarbital anesthesia male hooded rats received either 
thermal cautery lesions of AP or sham lesions. Following a 2 week 
recovery period rectal body temperatures were measured, the rats 
received injections o f NaCl (3 meq/kg, i.p.) or LiCl (1.5 or 3.0  
meq/kg, i.p.) and their locomotor activity levels were monitored in 
a Digiscan Activity Monitor for 40 min. Body temperatures were 
recorded following activity monitoring and again 30 min later. The 
next day, all rats received exactly the same treatment as on the first 
day. Following a 2 day rest all rats were tested for the conditioned 
effects o f the lithium. The animals received isotonic saline injections 
and were tested in the same manner as on Day 1. AP lesions 
significantly reduced lithium-induced hypothermia (p  <  .0 1 ) and 
hypoactivity (p  <  .05). Thus; AP is involved in the mediation of 
both the hypothermic and the behavioral depressant effects o f lithium. 
(Supported by an NSERC to KPO).

4 7 .1 0

LACK OF DAILY RHYTHMICITY IN NEUROTENSIN/ 
NEUROMEDIN N mRNA LEVELS IN THE MEDIAL PREOPTIC 
NUCLEUS IN RAT. M. Yamada*. M. A. Watson. Mi. Yamada and
E. Richelson. Mayo Foundation, Jacksonville, FL 32224.

The tridecapeptide neurotensin, is a putative neurotransmitter in 
the central nervous system. This peptide may play a role in the 
mechanisms of thermoregulatory control in the medial preoptic nucleus 
of the hypothalamus. When injected into brain (i.c.v.), neurotensin 
causes hypothermia in rats. The relationship between the rhythm of 
body temperature and the activity rhythm is not clearly understood. 
The suprachiasmatic nuclei may be the anatomical locus of the 
circadian pacemaker. To elucidate a role for neurotensin in the rhythm 
of body temperature, we looked for daily patterns in the levels of 
neurotensin/neuromedin N (NT/N) mRNA levels of the medial preoptic 
nucleus in male rats, which were housed under 1 2  hr light/ 1 2  hr dark 
cycles for two weeks. We used in situ  hybridization techniques with 
35S labeled antisense RNA probe encompassing the rat neurotensin and 
neuromedin N coding domains. We couldn’t find an apparent daily 
rhythmicity in NT/N mRNA levels in the medial preoptic nucleus. 
Details of the pattern of localization of neurotensin with other 
neuropeptides and neurotransmitters may aid in our understanding of 
its role in body temperature rhythm and thermoregulatory control. 
(Supported by Mayo Foundation and USPHS grant MH27692).
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47 .11
INVOLVEMENT O F  DOPAM INE D3  R E C E P T O R S  IN TH E  REG U LA TIO N  O F  
BODY T E M P ER A T U R E  IN T H E  RAT. S . Barik and R . de Beaurepaire*. 
Laboratoire de Pharmacologie, CH RU, 14032 Caen, FR A N C E.

Several new dopaminergic receptors have been identified in the last 
few years and their functions are not well understood. A high density of 
D3 receptors is found in the Islands of Calle ja (IC j). Th e  largest ICj, 
the Insula Magna, is situated along the internal border of the nucleus 
accumbens (N A S). T h is  situation  m akes it p o ssib le  to in ject 
pharmacological agents into the IC j without diffusion to the adjacent 
NAS. The NAS contains D 1, D 2  and D3  receptors and the ICj contain 
only D1 and D 3  receptors. We compared the effects of dopamine D 1, D2  
and D3  agonists and antagonists in the ICj and NAS on body 
temperature. Drugs were injected in an amount of 1 μg dissolved in
0.3 μΙ. Temperat-ure w as recorded throughout the 5 hours following 
the injection.

Haloperidol, a D2  antagonist, had no effect on temperature in the ICj 
or in the NAS. Amisulpride, a mixed D 2  and D 3  antagonist, increased  
temperature in the ICj with no effect in the NAS. Th e  D i agonist S K F  
38393 had no effect in the IC j or in the N A S. Ouinpirole and 
quinerolane, which are D 3  agonists with a low affinity for the D 2  
receptors, both decreased  temperature in the ICj. Ouinpirole had no 
effect in the NAS. Curiously, in the ICj, the effect of quinerolane, but 
not quinpirole, w as dram atically potentiated by the concom itant 
injection of S K F  38393.

These results demonstrate that the D3  receptors in the ICj could be 
involved in the regulation of body temperature. T h is is, a s  far a s  we 
know, the first demonstration of a physiological effect selective to the 
D3 receptors.

4 7 .1 2
HIPPOCAMPAL BRAIN SLICES OF GROUND SQUIRRELS MAINTAIN 
THEIR ELECTROPHYSIOLOGICAL ACTIVITY DURING 6-7 DAYS OF 
DEEP COOLING IN VITRO. Pakhotin P. I. & Otmakhov N.A.* Institutes of 
Cell Biophysics and Theoretical and Experimental Biophysics, Russian 
Academy of Science.

The brain of hibernating animals is highly tolerant to extremely long and 
deep hypothermia. It is not clear, however, to what extent this tolerance is 
species - specific and how much of it may be accounted for by the current 
state of animals (hibernating or waking).

In this study we investigated the tolerance to prolonged and deep cooling of 
isolated hippocampal slices taken from three groups of animals: ground
squirrels in hibernating (H.S.) and waking state (W.S.) and guinea pigs. The 
slices were kept submerged in non - flowing preoxygenated saline medium at 
low temperature (+2 - +4C°). The functional activity was monitored by 
periodical testing of amplitude of population spikes and firing rate of single 
unit activity in warm medium (+31C°). Recoding were made for 90-120 min. 
every 1-5 days. Recovery of electrical activity after slice preparation and re
establishment of activity after replacement of slices from cold to warm 
medium was significantly faster in H.S. than in W.S. slices and substantially 
faster than in guinea pig slices. The slices of H.S. were also the most tolerant 
to prolonged cooling. They retained their activity for 7 days, the slices of 
W.S. for 6 days, while those of guinea pigs did not recover their functional 
activity after cooling for more than 1 day. In the ground squirrel slices long
term potentiation can be produced even after 6 days of hypothermia. Slices 
from all three groups did not recover functional activity if they were cooled for 
2 -3 hours immediately after preparing.

The data show that the high tolerance of ground squirrels' brain tissue is 
mainly species - specific but also may be modulated by the current state of 
animals. High cold tolerance and prolonged survival of the brain slices of 
hibernating animals make them a useful preparation for various investigations.

47.13 4 7 .1 4
FEEDING SCHEDULE EFFECTS ON THE DIURNAL RHYTHMS OF HEAT 
PRODUCTION AND SHIVERING THERMOGENESIS IN THE PIGEON.
M.E. Rashotte*. P.S. Basco. S. Saarela1. and R.P . Henderson. Program in 
Neuroscience, Department of Psychology, Florida State University, Tallahassee, FL 
32306-1051; 1 Department of Zoology, University o f Oulu, SF-90570 Oulu, Finland.

Body temperature (Tb) of endotherms is high during the daily active phase and 
lower in the inactive phase. Major thermoregulatory dynamics occur during the 
inactive phase which, for the pigeon, coincides with the daily dark period; Tb falls, 
plateaus, and then rises to approximately the light-phase level shortly before the light 
phase begins. These dynamics are greatly affected by the feeding schedule and its 
effects on energy reserves. For example, in periods of  reduced food availability, 
nocturnal Tb may fall as much as 6°C below the light-phase level, compared with an 
approximately 1.5°C fall when food is available ad libitum. Because the pigeon has no 
brown adipose tissue, shivering thermogenesis in the pectoralis muscle is the primary 
source of regulated heat production. Consequently, EMG activity in that muscle well- 
characterizes the regulated output of thermoregulatory control processes. Complete 
daily cycles in Tb, pectoralis EMG, and 0 2  consumption/CO2 production were 
measured for several weeks in freely moving pigeons living in an ambient temperature 
of 21°С and LD 12:12 where daily food availability could be varied. EMG activity and 
02 consumption remained at very low levels while Tb fell at the beginning of the dark 
phase. Tbe fall ended when EMG activity began to pulse intermittently, 
corresponding to small fluctuations in Tb. The rise in Tb at the end o f the dark phase 
was initiated by a strong burst in EMG activity, followed by sustained/variable activity. 
02 consumption paralleled EMG activity. Variation in the amount of food consumed 
in a restricted daily feeding procedure indicated that the dynamics of nocturnal 
thermoregulation in the pigeon arise from a controlled integration o f shivering- and 
food-related thermogenesis, with apparent suppression of shivering thermogenesis by 
food. (Supported by NSF BNS-8819941 and the Academy of Finland for S.S.)

HYPERTHERMIA-INDUCED CHANGES IN BEHAVIOR AND STRESS 
PROTEINS ARE ALTERED BY THERMOTOLERANCE. 1B.L. Cobb*. ^ .A .  
Mason. 1S. Farrell. 3J. Dovle and 1G.A. Mickley 1Armstrong Laboratory, Brooks 
AFB, 2Operational Technologies Corp., 3Systems Research Laboratories, TX 
78235-5324.

Our previous reports indicate that microwave-induced (MW) hyperthermia can 
disrupt a putative working memory task (Ennaceur et al., 19881 and that a single 
previous MW episode significantly attenuates this effect ana induces thermal 
tolerance. This study illustrates that heat shock protein and c-fos protein 
production are correlates o f  these effects and that naltrexone can antagonize the 
disruption in behavior.

Rats were either exposed over a 20-min period to 600 MHz microwaves (at 
whole body Specific Absorption Rate o f 9.3 W/Kg) or sham exposed. Just prior 
to exposure, rats received either saline or naltrexone (10mg/kg,ip). The following 
day, rats were either MW or sham exposed and tested on a task which measures 
the relative time subjects explore a familiar versus a novel stimulus object. 
Normal rats spend significantly more time in contact with new environmental 
components and less time with familiar objects (Ennaceur et al., 1988). Brain 
(durili) and rectal temperatures were recorded on both days of the study. Coronal 
brain sections from rats euthanized either 2 or 6 his after the end o f the 
experiment (day2) were immunocytochemically stained to reveal c-fos proteins or 
heat-shock proteins (72/73 kD, HSP), respectively.

Microwave exposure induced a reliable hyperthermia which was significantly 
lower (on day2) in rats receiving repeated exposures (tolerant). On the behavioral 
test, rats exposed once to microwave-induced hyperthermia exhibited significantly 
different patterns o f object discrimination than aid sham exposed animals. Sham 
animals «rowed a distinct preference for the new object while the nontolerant 
exposed animals did not. Thermal tolerant animals were not significantly different 
from normo thermic control (sham) animals. Naltrexone antagonized the 
hyperthermia-induced disruption of the object discrimination task, suggesting that 
endogenous opioids play a role in the organism’s response to heating.

Brain HSP and c-fos proteins were expressed more intensely in the MW 
exposed animals than sham exposed animals. There was more brain c-fos 
expressed in tolerant rats than nontolerant rats. Expression o f both proteins was 
nuclei specific, perhaps indicative o f brain areas which mediate the behavioral 
changes we observed.

47.15
SIMULTANEOUS CHRONIC RECORDING OF DAILY BROWN FAT AND 
CORE BODY TEMPERATURE CHANGES. L. Kelly* and C.
Bielajew. School of Psychology, University of Ottawa, 
Ottawa, Ont. KIN 6N5 Canada.

We have observed that electrical stimulation of the 
anterior zona incerta region can elicit both abrupt 
transient increases and decreases in brown adipose 
tissue (BAT) temperature; this led to an investigation 
of daily variations in BAT temperature. Diurnal changes 
in BAT sympathetic firing rate have been reported 
(Sakaguchi et al, 1988), as have circadian changes in 
brown fat GDP-binding (Redlin et al, 1992). Previously 
we implanted radio-frequency disc transmitters to 
record chronic intrascapular BAT temperature, and we 
found evidence of a 24 h rhythm. This circadian 
pattern may be associated with motor activity, food 
intake, or circadian changes in core body temperature. 
In this study, we examine one of these hypothesis by 
implanting two types of transmitters (Mini-Mitter,
Inc.) in each 400 g male rat: an AM disc transmitter 
glued directly to the shoulder muscle beneath the 
intrascapular BAT deposit, and an FM cylindrical 
transmitter placed loosely in the intraperitoneal 
cavity. The rats were allowed a week to recover, and 
then BAT and core body temperatures were recorded 
simultaneously throughout the 24 h cycle (12h light:12h 
dark) for up to five days. Preliminary analysis 
indicates no evidence for an obvious overall phase-lag 
relationship between BAT and core body temperature 
patterns. In general, core was slightly higher than 
BAT temperature, but the peaks and valleys of the two 
temperature patterns were neither consistently in or 
out of phase.

4 7 .1 6
PREMEDICATION WITH CLONIDINE VS. PLACEBO IN 
OUTPATIENTS UNDERGOING GENERAL ANESTHESIA: IS 
POSTOPERATIVE SHIVERING REDUCED? Y.F. Sung*. A. 
Kelly. The Emory Clinic/Ambulatory Surgery Center 
(ASC), Atlanta, GA, 30322

During emergence from general anesthesia, 
shivering occurs in up to 50% of patients and if 
severe may cause patient discomfort, increase the 
risk of trauma, increase metabolic and 
cardiopulmonary demand. Clonidine is an alpha-2 
agonist. There are conflicting reports regarding 
clonidine and the reduction of postoperative 
shivering.
This study was approved by the IRB. 54 ASA Class 
I - III patients, age 18-78 years, undergoing 
general endotracheal anesthesia consented to 
participate. In this randomized, double-blinded, 
placebo-controlled study, oral clonidine 150 mcg 
(C1) was given to 18 patients, 19 patients 
received 300 mcg (C2), and 17 patients received 
placebo (P) 30-90 minutes before induction. This 
study shows that clonidine is a safe drug to use 
in the outpatient setting. It does not adversely 
affect MAP, HR, or recovery from anesthesia. 
While clonidine does not decrease the incidence 
of shivering, the severity of shivering may be 
decreased. This may indicate the need for a 
larger sample size in a future study.
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47.17
T. BEIGELII, C. ALBICANS OR OTHER FUNGUS ACTING ON THE 
HYPOTHALAMUS COULD UNDERLIE FEVER OF UNKNOWN ORIGIN. 
V. S. Barwick and R, D. Myers*. Dept o f Pharmacology, East Carolina Univ. 
Sch. o f Med., Greenville, NC 27858.

Although cytokines and other endopyrogens act on thermosensitive neurons of 
the anterior hypothalamic preoptic area (AH/POA) to evoke a pyrexic response, 
the pathological basis o f fever o f unknown origin remains unclear. This paper 
describes the discovery o f the prolonged and intense fever caused by CSF 
contaminated with the fungi, T. beigelii or C. albicans, infused directly into the 
AH/POA. In 19 adult male Sprague-Dawley rats, cannulae for repeated micro
injection were implanted stereotaxically within the AH/POA. Body temperature 
( Т b )  was recorded by Mini-Mitter temperature transmitters. Whereas a filtered 
pyrogen free artificial cerebrospinal fluid (CSF) micro-injected into the 
A H /P O A  had no effect on Т b , a CSF solution contaminated ambiently by T. 
beigelii evoked a rapid rise in Т b  of 0.6 ±  0.3 °С. The Т b  increased as high as
3.5 °С in 3.0 - 5.0 hr and persisted for 7.0 - 12.0 hr. Pyrogen free CSF cultured 
with ≈ 2.8 X 105 colony forming units per ml of T. beigelii elicited a comparable 
pyrexic response with a mean rise o f  0.7 ±  0.2 °С in the first 15 min and a mean 
maximum elevation o f 1.7 ±  0.6 °С by 3.0 hr following the micro-injection. 
Similarly, C. albicans suspended in pyrogen free CSF in a concentration of ≈ 12 
X 108 colony forming units per ml caused an immediate, marked rise in Тb of 0.9 
± 0 .1  °С when the fungus was micro-injected into the AH/POA. When pyrogen 
free CSF alone was micro-injected into a site previously exposed to C. albicans, a 
second and often more intense fever developed which reached a mean maximum 
rise in Тb of 2.1 ±  0.2 °С and lasted 9.0 - 12.0 hr. The virulency o f these fungal 
organisms in affecting the pyrogen and temperature sensitive neurons o f the 
AH/POA in evoking fever corresponds to clinical reports in which these mycotic 
organisms are known to sequester in cerebral parenchyma of the 
immunocompromised patient. Thus, their protracted hyperpyrexia suggests that a 
fever of unknown origin could result from an invasion o f brain tissue following 
systemic infection by a pathogen such as T. beigelii or C. albicans. Supported by 
NSF Grant IBN 91-21656.

SOMATIC AND VISCERAL AFFERENTS I

48.1
LOADING OF A FLUORESCENT STYRYL DYE INTO THE SENSORY NERVE 
ENDINGS OF GARTER SNAKE MUSCLE SPINDLES. JVL Chua* and C.C. 
Hunt. Washington U. Medical School, St. Louis, MO 63110.

Loading of the fluorescent styryl dye FM1-43 (Molecular Probes ine.) 
into the cytoplasm of la sensory nerves in muscle spindles occurs 
independently of activity. The dye does not permeate through lipid 
membranes, and in motor nerve terminals uptake of the dye is dependent 
on activity and associated with transmitter vesicle recycling (Betz, Mao & 
Bewick, J. Neuroscience, 1992, 12, 363). la sensory terminals contain 
vesicles of unknown function, which may exchange with surface 
membrane. The role of vesicle cycling on dye loading was investigated 
using 4,4'-diisothiocyan stilbene-2,2* disulfonic acid (DIDS) and low pH, 
which are known modifiers of endosomal maturation.

The fluorescence of costocutaneous muscle bathed in Ringer containing
2.5 uM of FM1-43 increased linearly over time. Mechanical stretching 
had no effect on dye loading. However external pH of 6.0 decreased the 
rate of loading in both sensory and motor terminals. Loading rate 
recovered when the pH was returned to 7.2. DIDS reversibly reduced the 
rate of loading in both sensory and motor endings. After loading for more 
than 2 hours the dye did not readily wash out from the sensory terminals.

These results suggest that FM1-43 uptake occurs continuously in la 
afferent nerves. The dye binds to the surface membrane and is moved 
intracellularly, probably by endocytosis. Since it can not be washed out, 
it may be ultimately packaged in a pool of vesicles that do not exchange 
with the surface membrane. Similary DIDS and low pH may be retarding 
dye accumulation by impairing progression of endosomes to more mature 
intracellular vesicles.

Supported by NIH grant NS07907.

48.3
RETROGRADE TRANSPORT OF FLUORESCENT Di-I FROM ORAL 
SULCUS TO TRIGEMINAL GANGLION: A NEW FUNCTION FOR 
SENSORY AXONS IN JUNCTIONAL EPITHELIUM OF THE RAT.
A. Sugava. E.H. Chudler and M.R. Byers*. Anesthesiology, Univ. o f Washington, 
Seattle, WA 98195.

Junctional epithelium (JE) is the special attachment tissue between gingiva and 
teeth. It has been considered to play an important role in the primary defense 
against periodontal disease and is well innervated by sensory nerve fibers. Di-I is 
a fluorescent carbocyanine dye that diffuses within cell membranes, and it is used 
as an excellent retrograde and anterograde tracer in the nervous system. The 
purpose o f this study was to determine whether Di-I could diffuse into the JE from 
the gingival sulcus in vivo, be taken up by sensory fibers, and then be transported 
to the trigeminal ganglion (TG). Fourteen young adult male Sprague-Dawley rats 
were anesthetized and Di-I crystals were gently placed into the buccal sulcus o f 
left and right maxillary and mandibular first molar gingiva. Di-I uptake from the 
sulcus was studied at 5 ,1 5 ,3 0  min. and 1,3,6  hr in mandibular jaws. In the 
maxillary jaws Di-I was allowed 1,3, or 7d, for axonal transport to the ipsilaterat 
TG. The rats were sacrificed by transcardiac perfusion with 4% para
formaldehyde. Tissues were decalcified in EDTA, then were frozen sectioned and 
observed by fluorescent microscopy using the rhodamine filter. We found that Di- 
I penetrated quickly from the buccal sulcus through the JE (but not the sulcus 
epithelium), and then spread into connective tissue by 60 min. Di-I containing 
cells were observed clearly in maxillary TG both 3 and 7d after application.
Hence we conclude that Di-I can penetrate from the oral cavity into intact JE and 
can be carried to the TG by retrograde transport in sensory nerve fibers. This 
shows that trigeminal sensory neurons can detect foreign substances invading 
periodontal tissue, and suggests participation o f those nerve fibers in tissue 
responses to periodontal pathogens. Supported by NIH grant DE05159.

48.2
DISTRIBUTION OF AFFERENTS SUBSERVING TWO REGIONS 
OF MEDIAL GASTROCNEMIUS MUSCLE IN RATS OF 
DIFFERENT AGES. S. Vanden Noven*. Sch. of Physical & 
Occupational Therapy, McGill Univ., Montreal, QC H3G 1Y5.

E v id e n c e  (V a n d e n  N o ve n  e t a l., 19 9 2 ) s u p p o rts  th a t  th e  tw o  
e x tra -m u s c u la r  n e rv e  b ra n c h e s  in n e rv a tin g  th e  m e d ia l 
g a s tro c n e m iu s  (M G ) m u s c le  in  S p ra g u e -D a w le y  ra ts  s u b s e rv e  
a  p h y s io lo g ic a l a n d  h is to c h e m ic a l c o m p a r tm e n ta liz a t io n . A  
'p ro m in e n t s e g re g a tio n  o f m u s c le  f ib e r  ty p e s ' w a s  re p o rte d  by  
Y e llin  (1 9 6 9 ) in  w h ic h  'm u s c le  s p in d le s  w e re  c o n f in e d  to  th e  
a x ia l re g io n  o f m u s c le ' (a  h ig h  o x id a t iv e  re g io n ). T h is  
p re fe re n tia l lo c a liz a tio n  o f s p in d le s  s u g g e s ts  a  d iffe re n tia l 
d is tr ib u tio n  o f th e  n u m b e r  o f a x o n s  fro m  s m a ll m o to n e u ro n s  
(i.e ., g a m m a ) b e tw e e n  th e  n e rve  b ra n c h e s  a s  w e ll a s  o f th e  
p e rc e n ta g e  o f m u sc le  s p in d le  a ffe re n ts  in n e rv a tin g  th e  tw o  
re g io n s  o f th e  m u sc le . T h e  d iffe re n c e  in th e  a ffe re n t 
c o n tr ib u t io n  to  th e  tw o  M G  n e rv e  b ra n c h e s  w a s  e x a m in e d  in 
ra ts  o f d iffe re n t a g e s . N e u ra l p o te n tia ls , e v o k e d  b y  s t im u la tio n  
o f d o rs a l ro o ts  (D R ) L 4 -S 1 , w e re  re c o rd e d  fro m  e a c h  o f th e  tw o  
n e rv e  b ra n c h e s . S u b s e q u e n tly ,  e a c h  c o n tr ib u t in g  ro o t w a s  s p lit  
in to  tw o  o r  th re e  s u b d iv is io n s  a n d  te s ts  re p e a te d  to  e x a m in e  
th e  to p o g ra p h ic  d is tr ib u tio n  o f D R  a ffe re n ts  e n te r in g  th e  sp in a l 
c o rd . R e s u lts  s u g g e s t th a t th e  p ro x im a l n e rv e  b ra n c h , w h ich  
in n e rv a te s  th e  o x id a t iv e  c o re  o f M G , re c e iv e s  a  g re a te r  
p e rc e n ta g e  o f th e  a ffe re n t in p u t a s  c o m p a re d  to  th e  la rg e r 
d is ta l n e rve  b ra n ch . (Supported by N S E R C  Canada).

48.4
THE RELATIONSHIP BETWEEN FLUID FLOW THROUGH DENTINE AND 
THE DISCHARGE OF INTRADENTAL NERVES. B. Matthews* and N. 
Vonesavan. Dept. of Physiology, University o f Bristol, Bristol BS8 1TD, England.

Fluid flow through dentine is thought to be a component o f the sensory 
transduction mechanism whereby painful stimuli excite afferent nerves in teeth. We 
have investigated the relationship between the rate o f fluid flow through the dentinal 
tubules and the discharge o f intradental nerves.

The experiments were carried out on anaesthetized cats. Dentine was exposed at 
the tip of a canine tooth and fluid flow recorded using methods similar to those we 
have described previously (J. Physiol. 452 (1992): 172P). Responses o f intradental 
nerves were recorded through the dentine and from single fibres in the inferior 
alveolar nerve. Changes in fluid flow rate were produced by applying alternate 
positive and negative pressures o f up to ±500 mm Hg for 5s to the dentine surface.

The multi-unit records from dentine demonstrated that intradental nerves were 
much more sensitive to outward than inward flow. The thresholds for outward flow 
(measured 1 s after stimulus application) were in the range 1.0-1.5 nl/s/mm2 
exposed dentine. These flow rates were produced by pressures o f -100 to -200 mm 
Hg. With pressures down to -500 mm Hg, the number o f impulses recorded during 
a 5 s stimulus increased steeply as the flow rate increased up to a maximum of 
approx. 3.0 nl/s/mm2. The thresholds for inward flow were in the range 0- 
0.5 nl/s/mm2 (100-200 mm Hg) but the responses changed little when the flow rate 
was increased up to 2.0 nl/s/mm2 by applying higher pressures. Records were 
obtained from 20 single pulpai fibres with conduction velocities in the range 2.4 - 
42.2 m/s. Of these, 10 responded to the pressure stimuli: 7 to outward flow only 
and 3 to both inward and outward flow. With those that responded to flow in either 
direction, the number o f impulses evoked was between 2 and 8 times greater with 
outward flow than with inward flow at a similar rate. With the most sensitive unit, 
an outward flow of 2.5 nl/s/mm2 produced a mean firing rate o f 5 impulses/s.
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4 8 .5
PERIPHERAL TRIGEMINAL SENSORY FIBERS BRANCH 
TO INNERVATE BOTH THE NASAL EPITHELIUM AND 
OLFACTORY BULB IN RATS. T.E. Finger*and W.L. Silver. Rocky 
Mountain Taste & Smell Ctr., Denver, CO 80262; Wake Forest Univ. 
Winston-Salem, NC 27109

Previous studies have shown that peptidergic (CGRP and substance 
P-immunoreactive), trigeminal fibers innervate the nasal epithelium and 
respond to chemical stimuli presented to the nasal cavity. Recent 
results show that many peptidergic, trigeminal fibers enter the olfactory 
nerve and terminate in the olfactory bulb. In order to test whether the 
bulbar trigeminal fibers are collaterals of those in the nasal epithelium, 
two different neural tracers, true blue and nuclear yellow, were injected 
respectively into the olfactory bulb and nasal epithelium. For controls, 
true blue was injected into the anteroventral frontal cortex instead of 
the bulb. In experimental, but not control cases, numerous double 
labeled, small ganglion cells occurred in the ipsilateral trigeminal 
ganglion. These findings demonstrate that a population of trigeminal 
sensory axons branch to innervate both the nasal epithelium and 
olfactory bulb. Thus chemical stimulation of the epithelial branches 
would be expected to release, via collateral conduction, neuropeptides 
and neurotransmitters into the olfactory bulb. This unique re-entry of 
peripheral sensory axons into the CNS may provide a means for direct 
modulation of olfactory bulb function by activation of nasal trigeminal 
chemoreceptors.

4 8 .7

N E R V E S , T O O T H  G E R M S  AN D T E E T H  IN T H E  L O W E R  JA W  O F  T H E  
C IC H L ID  T ILA P IA  M A R IA E . F . Tuisku* and C . H ildebrand. Departm ent 
of C ell B iology, Facu lty  of Health S c ie n c e s , U niversity of Linköping, 
S-581 85 Linköping, S w e d e n .

Th is study exam ines the relationship between axo n s and odontogenic 
t issues in the lower jaw  of the cichlid Tilapia m ariae. In addition, the 
possibility that dental n erve s might be involved in tooth developm ent 
is investigated. Im m unohistochem ical a n a ly s is  revea led  2 m ain nerve  
p le xu ses in the low er jaw . A d e e p  p le xus with an anteroposterior 
course  emitted b ra n ch e s to tooth g e rm s and blood v e s s e ls .  S o m e  
b ran ches a sce n d e d  and form ed a  sup erfic ia l gingival p lexus. T h is  
plexus emitted sing le-axo n  b ra n c h e s  w hich term inated beneath or 
within the e p id e rm is . E le c tro n  m ic ro sc o p ic  a n a ly s is  re v e a le d  
term inal-like axon  p ro files n e a r  the e p id e rm al-d e rm al ju nctio n . 
G roups of term inal-like axon profiles occurred  a lso  at d e ep e r leve ls  
in the d erm is. R ep eate d  inspection  of norm al an im als sh o w ed  that 
tooth turnover time w a s  100 d ays . In an im als su b jected  to unilateral 
denervation  of the low er ja w  tooth turnover w a s  norm al on the  
unoperated sid e . On the denervated side  tooth turnover c e a s e d  about 
100 d a y s  a fter su rg e ry . R a d io g ra p h ic  an d  light m ic ro sc o p ic  
exam ination of lower ja w  sp e c im e n s  sh o w ed  that both m yelinated  
nerve b u n d le s an d  tooth p rim o rd ia , w h ile  p re se n t within the  
undisturbed half-jaw , w ere  c le arly  lacking on the d e ne rvate d  sid e  
300 d a y s  after denervatio n . It is  co n clu d e d  that there  is  a  c lo se  
structural relation betw een  n erve  e nd in g s and  odo ntogenic t issu e  
com ponents in the lower ja w  of the cichlid  T. m ariae, and that the 
local p resen ce  of nerve fibers is n e c e ssa ry  for tooth germ  formation.

4 8 .9

MODELLING OF STIMULUS-DEPENDENT CHANGES IN 
TEMPORAL IMPULSE PATTERNS OF THERMORECEPTORS BY 
MODULATION OF INTRINSIC RECEPTOR OSCILLATIONS.
M.T.Huber*. H.A.Braun and K.Voigt. Inst, of Physiology, Univ. of 
Marburg, Deutschhausstr. 1, 3550 Marburg, Germany.
Changes in impulse patterns of peripheral cold receptors with due to different 
temperature as well as pharmacol. stimuli e.g. calcium, menthol or quabain are very 
well characterized. These changes in the patterns can be attributed to stim-dep. 
modulations of receptor oscillations. We present a receptor model which gives a 
simplified membrane representation of the oscillating transduction site coupled to a 
noisy spike-generator. Different stimuli are simulated by alteration of relevant 
conductance parameters of the oscillator. Simulated stimulus action includes calcium 
channel blockade, application of quabain and temperature effects on conductances, 
kinetics and Na/K-pump currents. Variation of the calcium cond. causes amplitude 
tuning of the oscillations which changes the spike patterns from single spikes to 
bursts. Different stationary temperatures alter the responses from bursting at low to 
periodic single spiking at high temperatures. The transition from bursting to single 
spiking is gradual and, in contrast to calcium effects, is a function of the ose. 
frequency. At high temperatures noise much determines the patterns and simulated 
ISIH's become multimodal with peaks distributed at integer values of the osci, 
period. In the model stat. temperature effects are largely due to the temp.-dependence 
of the oscillator's kinetics. Simulated blockade of the Na/K-pump by quabain can 
switch the response from oscillating activity to a tonic firing mode where the 
membrane potential remains depolarized. The model can plausibly account for 
stationary responses of cold receptors. Preliminary studies suggest that explicite 
modelling of the Na/K-pump might allow to realistically simulate dynamic 
responses to temperature with the present model as well. Supp. by Hess. Grad.
Föıd.

4 8 .6

TO O T H  PU LP D E A FFER E N T A TIO N  EFFEC TS O N  BR AINSTEM  
PR O JE C TIO N  PA TTE R N S O F TR IG E M IN A L (V) A FFER ENTS IN  
R A T. P.J. Shortland* J.W . Hu. B.J. Sessle & M .F. Jacquin. Dept. o f  
Anatomy & Neurobiology, St. Louis Univ. Sch. o f  M ed., St. Louis, 
M O63104; Faculty o f  Dentistry, Univ. o f  Toronto, Ontario M5G 1G6.

Prior studies have shown unusual convergence in the mechanoreceptive 
field (RF) properties o f  V brainstem cells follow ing adult pulpotomy (Hu et 
al., Pain. ’90: Kwan et a l., in press). These do not appear to be due to 
morphological changes in the spared Aß vibrissae afferents (Sessle et al., 
Neurosci. Abstr. 18. ,92L Here we studied V afferents with RFs restricted 
to a tooth or a small patch o f  labial guard hairs (GH) 24-32 days after 
pulpotomy o f the left mandibular molars in 6 adult rats. Neurobiotin was 
used to stain 15 V afferents with Aß conduction velocities and low  threshold 
RFs. Collateral morphologies and terminal arborization patterns were 
compared with 10 functionally equivalent fibers in control rats. The locations 
o f  the central terminals o f  these afferents were consistent with the known 
somatotopic organization o f  V afferents. The m orphologies o f  experimental 
and control afferents appeared similar. Afferents issued collaterals o f  varied 
shapes & sizes to all 4 V subnuclei. GH arbors tended to be simple, 
circumscribed & non-overlapping while tooth afferents were larger & more 
complex. Total numbers o f  collaterals/afferent in experimental animals (mean 
+ S.D: 12.1 + .3.8; 15 +  3.7 for teeth & GH respectively) did not differ from  
controls (10.8 +  3.1; 1 3 .5 + 5.9 ). Transverse arbor areas (14 8 1 7 +. 14147μ m2; 
15299+ 15690μm2) and boutons/collateral (8 4 + 70; 81 + 53) also did not 
differ from controls (2 5 2 5 6 ± 3 6 6 4 2 μ m2; 8 5 9 1 ± 1 3 0 0 2 μ m2; 6 6 ± 4 9 ;  6 7 ± 2 2 ) .  
These results suggest that oral/perioral V afferents maintain normal central 
projection patterns following pulpotomy. NIH D E 04786, DE07734.

4 8 .8
OSCILLATION AND NOISE: FUNCTIONAL SIGNIFICANCE FOR SIGNAL 
TRANSDUCTION IN PERIPHERAL SENSORY CELLS. H.A.Braun*. M.Chr. 
HilSCh, M. Dewald, M.T, Huber,  K . Voigt  Inst, of Physiology, University of 
Marburg, Deutschhausstr. 2, D-3550 Marburg.
Oscillating spike-generation is asummed to be of particular significance for 
neuronal information processing whereas noise is usually seen as an 
undesired disturbance. Considering regular bursting or beating activity, 
noise is most obviously manifested in stochastic fluctuations of the 
interspike-intervals. In peripheral sensory afferents, however, we additionally 
recorded a distinct type of impulse pattern which can only be explained by 
combined actions of oscillation and noise: Despite of seemingly irregular 
impulse trains, the interspike-intervals were concentrated at about integer 
multiples of a basic discharge period indicating that the oscillations operate 
near the spike-triggering threshold where it essentially depends upon super
imposed noise wether an impulse will be triggered or not. In this situation, 
stimulus dependent modifications of the oscillation parameters (frequency, 
amplitude, base-line) can drastically alter the impulse pattern in different 
ways. This has originally been described for peripheral thermoreceptors in a 
variety of species and could now be confirmed for muscle spindles and 
mechanoreceptors of the frog and ampullary electroreceptors of sharks 
where temperature stimuli and electromagnetic fields can uniquely be signal
led due to different effects on the oscillation frequency and the probability of 
impulse generation. However, such differential encoding mechanisms are 
manifested in the impulse pattern but not necessarily in the averaged 
impulse rate and the question arises whether appropriate decoding mecha
nisms in the CNS might exist.
Supported by the Deutsche Forschungsgemeinschaft and the Biologische 
Anstalt Helgoland.

4 8 .1 0

COMPUTERIZED STIMULATION PATTERNS REVEAL ACTIVITY- 
DEPENDENT CHANGES IN LATENCY INHIBITED BY SUB
BLOCKING CONCENTRATIONS OF LIDOCAINE. S. A. Raymond*. J. 
Ģr Thalhammer. D. S. Chang. G. R. Strichartz. Anesthesia Research Lab, 
Brigham & Women's Hospital, Harvard Med School, Boston, MA. 02129 

Functionally identified cutaneous afferent fibers in the posterior tibial 
branch of the sciatic nerve of rats were stimulated by current pulses applied 
to the nerve trunk between the receptive fields in the hindpaw and the 
recording electrode located above the knee. The temporal pattern of stimu
lating pulses was designed to study the dependence of latency aftereffects on 
both the delay from the conditioning impulse activity and on the number and 
interval of conditioning pulses. We have previously shown that latency 
changes during repeated regular discharges have a profile which is charac
teristic for fibers with similar function, regardless of conduction velocity. 
Here we report that protocols of paired stimuli, bursts, and tests at increasing 
intervals can be used to quantitate early and late phases in the oscillations in 
latency following impulse activity. We also report that systemically injected 
local anesthetic (lidocaine 1-2 mg/kg) at doses well below concentrations 
required to block impulse conduction or impulse generation at cutaneous 
receptors significantly inhibits these activity-dependent changes in latency. 
Systemic lidocaine additionally introduces use-dependent effects on latency. 
ТЪе experiments indicate that the processes governing the latency changes, 
which are believed to determine patterns of impulse generation and impulse 
conduction at regions of low conduction safety, are sufficiently sensitive to 
local anesthetics that they are inhibited at systemic doses similar to those 
relieving neuropathic pain in humans (5mg/kg). The threapeutic benefit may 
thus reflect sub-blocking actions of local anesthetics on membrane excita
bility rather than a full blockade of impulses. (NIH USPHS GM 35647)
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4 8 .1 1
MECHANO- AND CHEMOSENSITIVITY OF THE DORSAL ROOT AND DORSAL 
ROOT GANGLION. JM CAVANAUGH* and AC OZAKTAY. Bioengineering 
Center, Wayne State University, Detroit, MI 48202.

The aim of this study was to investigate the mechano- 
and chemosensitivity of lumbar dorsal rootlets and the 
dorsal root ganglion (DRG). METHODS: Rabbits (3-4 kg, male) 
were anesthetized with ketamine and xylazine, i.m. An L4-L7 
laminectomy was performed and L6 and L7 roots with intact 
DRG were either removed and placed in an in vitro recording 
chamber or studied in the rabbit spinal canal perfused with 
oxygenated Ringer's solution with spinal cord removed. The 
roots and DRG were stimulated with von Frey hairs, a 10 
gram load cell and glass rod. In addition, nucleus pulposus 
was applied to the DRG and roots and neural response 
recorded. Recordings were made from split dorsal roots with 
two bipolar recording electrodes. Latency between the 
electrodes was used to determine conduction velocity (CV) . 
RESULTS: Forces >1.3 gram to DRG resulted in activation of 
A-ß and А-б units. Afterdischarges lasting several seconds 
to over 5 minutes often followed DRG stimulation. The 
afterdischarges were more prolonged after repetitive or 
forceful DRG stimulation. Peak discharge rates were 15- 
60/sec. In contrast to stimulation of DRG, mechanical 
stimulation of dorsal roots resulted in brief bursts 
lasting less than stimulus duration. In several cases 
application of nucleus pulposus to DRG resulted in unit or 
multiunit discharge. CONCLUSIONS: DRG mechanosensitivity is 
similar to that reported by Howe et al. (Pain, 3(1977):25- 
41), suggesting that radicular low back pain may be caused 
by the bulging intervertebral disc pressing on the DRG. The 
activation of units by nucleus pulposus applied to DRG and 
roots suggests that chemosensitivity to herniated nucleus 
pulposus may contribute to radicular low back pain. 
Supported by NIH Shannon Award AR41739 (JMC).

4 8 .1 3

THE EFFECTS OF AGE ON THRESHOLD AND  
SUPRATHRESHOLD RESPONSES TO VIBROTACTILE 
STIMULATION. K.L. Hall. S J . Bolanowski. G.A. 
Gescheider. and R.T. Vernilo*. Institute for Sensory Research, 
Syracuse University, Syracuse, NY 13244.

The purpose of this study was to investigate the effects of 
aging on the perception of vibrotactile stimuli. To this end, the 
absolute threshold and suprathreshold responses, as measured 
by magnitude estimation, were determined for a group of five 
older subjects (average age 69.2 years) and compared with those 
of a younger group (average age 23.4 years). Stimuli were 250 
Hz sinusoids applied to the thenar eminence of the right hand. 
Thresholds were substantially elevated in the older groups and 
the form of the magnitude estimation functions o f the two 
groups were essentially identical indicating an absence of 
recruitment in the older subjects. The sensory magnitudes of 
suprathreshold stimuli as determined by magnitude estimation 
were substantially lower in the older than in the younger group 
when stimulus amplitude was held constant. The data of 
individual subjects exhibit breaks in the magnitude estimation 
functions that were predictable from independent estimates of the 
thresholds of non-Pacinian receptor systems. At intensities 
below the break, sensation magnitude is thought to be 
exclusively determined by Pacinian receptors while above the 
break both Pacinian and non-Pacinian receptors contribute.

4 8 .1 5

TEMPORAL VARIATIONS IN THE MECHANOSENSITIVITY OF 
PACINIAN CORPUSCLE FIBERS OF THE CAT. D. Sulitka. C. M. 
Checkoskv* and S.J. Bolanowski. Inst, for Sensory Res. and Depart. 
of Bioeng. and Neurosci., Syracuse University, Syracuse, NY 13244.

While measuring physiological activity from low-threshold 
mechanosensitive nerve fibers responding to sinusoidal displacements, a 
substantial and cyclical variation in threshold sensitivity has often been 
encountered. The variations appear not to be due to adaptation or fatigue 
consequent to prior stimulation and can be manifest in spontaneous 
firing rates, when present. These observations suggest labile 
transduction and/or spike-generation mechanisms and have implications 
for the encoding of peripheral events by the central nervous system.

To further define the effect, absolute thresholds (1 spike/stimulus 
burst) and responses (spikes/sec) to fixed stimulus amplitudes were 
measured in Pacinian corpuscle (PC) fibers activated with 300-1000 
msec bursts of 100-Hz vibrations. The responses were obtained at 5-10 
min. intervals over recording periods lasting between 42-560 min. PC 
fibers from the medial plantar nerve and mesentery o f the cat were 
investigated, and the results were similar for both cases. Of the fibers 
investigated (n > 20), roughly 75% displayed substantial (> 5 dB) 
variation in their absolute thresholds. The time course o f these 
variations, however, was highly aperiodic and uncorrelated with any 
obvious temporal event. The average variation across fibers was 13.6 
dB, with the maximum variation being 33.1 dB. Iso-amplitude firing 
rate responses also were found to vary in these fibers (average variation 
= 81 spikes/sec) with one, for example, responding with rates which 
varied between 0 and 158 spikes/sec. Supported by NSF, IBN-9211561 
and NIH, DC00380.

4 8 .1 2

THE EFFECTS OF AGING ON VIBROTACTILE 
THRESHOLDS IN GLABROUS SKIN. K.E. Hoffman.
K.L. Hall. G.A. Gescheider*. SJ. Bolanowski. and R.T. 
Verrillo. Institute for Sensory Research, Syracuse University, 
Syracuse, NY 13244.

Thresholds were measured for the detection of vibratory 
stimuli in subjects ranging in age from 15 to 87 years (n=108). 
Vibratory stimuli of 1,10, and 300 Hz were delivered to the 
thenar eminence of the right hand through a small (.008 cm2) 
and a large (2.9 cm2) contactor. These stimuli have been 
shown to selectively isolate the NP I, NP II, NP ΠΙ, and P 
channels in glabous skin (Bolanowski, et al, 1988). The 
results show a reduction in the sensitivity of the P channel of 
approximately 3 dB per decade increase in age. The NP I, NP 
II, and NP ΙΠ channels show comparitively less reduction in 
sensitivity as age increases. In these channels, thresholds 
increase by approximately 1.4 dB per decade increase in age. 
Therefore, the P channel, which is mediated by Pacinian 
corpuscle (PC) fibers, shows a greater loss in sensitivity with 
age than does the NP I, NP П, and NP ΙΠ channels which are 
thought to be mediated by RA, SA П, and SA I fibers 
respectively.

4 8 .1 4

EFFECTS OF EXCISION AND HISTOLOGY PREPARATION ON THE 
STRUCTURE OF PACINIAN CORPUSCLES (PCs). J.E. Landcastle and S.J. 
Bolanowski*. Institute for Sensory Research and Department of Bioengineering and 
Neuroscience, Syracuse University, Syracuse, NY 13244.

PCs are composed of an afferent neunte surrounded by a capsule formed by 
concentrically arranged lamellae. The capsule, comprised of inner and outer cores, is 
believed to impart mechanical filtering o f stimuli applied to the PC’s perimeter. 
Several models have been formulated to explain how this is produced, all having 
critical parameters associated with the number of lamellae, their spacing and thickness. 
In previous anatomical studies we have noted that the size and appearance of PCs are 
different from those seen in situ. The present study was undertaken to establish at what 
stage in the histological process the geometric and structural changes occur. The length 
(L), width (W), inner core diameter (ICD), neunte diameter (ND) and outer core 
lamellae thicknesses (T) were measured, as were the number of lamellae and the 
interlamellar spacing for 25 PCs obtained from cat mesentery. In situ , the average 
dimensions were: L, 1111.72 μm; W, 594.0 μm; ICD, 39.1 μm; ND, 5.1 μm and T,
2.3 pm. At various stages in the process the following changes referenced to the in 
situ condition were found:

partial excision complete excision fixation QşmiçatİQn
L -9.37% -20.8% -26.3% -21.7%
W - 11.8% -15.8% -26.2% -24.8%
ICD -2.3% 0% -3.1% -6.2%
ND -9.8% -13.7% -17.6% -29.4%
The results show that although the histological procedures produce changes in these 
parameters, as expected, substantial shrinkages occur during PC excision. In particular, 
the largest changes are in the outer core, predominantly a result of the decrease in the 
interlamellar spaces. These factors must be taken into account when modeling the 
mechanics o f the PC in its natural state. Supported by NSF, IBN-9211561 and NIH, 
DC00380.

4 8 .1 6

THE EFFECTS OF STATIC INDENTATION AND STIMULUS 
FREQUENCY ON THE BIOPHYSICAL PROPERTIES OF 
PACINIAN CORPUSCLES (PCs). B. Pietras*. S.J. Bolanowski and
C.M. Checkoskv. Institute for Sensory Research and Bioengineering 
and Neuroscience, Syracuse University, Syracuse, NY 13244.

The receptor potential o f PCs obtained using sinusoidal 
displacements is highly nonlinear displaying hysteresis, saturation and 
asymmetric full-wave rectification. Furthermore, and regardless of 
stimulus frequency, the receptor potential response is invariant to 
moderate changes (0-40 μm) in static indentation o f the stimulating 
probe. To further explore the biophysical properties responsible for the 
above effects, static compressive forces, dynamic steady-state reactive 
forces, and lamellar displacements were measured in response to 
sinusoidal stimuli (1-120 Hz; 10-40 μm  p-p) presented at different static 
indentations (10-40 μm). Static forces were found to increase linearly 
with static indentations. At low frequencies, the dynamic steady-state 
reactive force remained independent of static indentation for a given 
stimulus frequency. However, at high frequencies, it was found that the 
dynamic steady-state reactive forces were nonmonotonically related to 
static indentation. Lamellar displacements, for all frequencies and static 
indentations followed the stimulus but are highly attenuated approaching 
the core. Since moderate changes in static indentation, regardless of 
stimulus frequency, do not affect the receptor potential, the results 
indicate that force cannot be the adequate stimulus for transduction. 
Lastly, since the dynamic displacements and forces do not show 
significant nonlinearities, these characteristics as seen in the receptor- 
potential response must be produced by purely neural properties.Work 
supported by NSF, IBN-9211561.
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48.17
R E S P O N S E S  O F  C U T A N E O U S  M E C H A N O R E C E P T O R S  T O  T W O - AND  

TH REE- D IM EN SIO N A L S H A P E S  S T R O K E D  A C R O S S  T H E  M O N K EY  
FIN G ERPA D  R.H . LaM otte, M.A. Srinivasan*, C . Lu and A.-K. P etersen, Dept. 
of Anesthesiology, Y a le  University School of M edicine, New  H aven, C T  06510 and  
Research Laboratory of Electron ics, MIT, Cam bridge, MA 02139.

W e investigated the peripheral neural representation of two- and  
three-dimensional objects (2D O s and 3D O s). T h e  2 D O s  w ere corrugated surfaces  
consisting of alternating convex and con cave  cylindrical bars of differing radii of 
curvature. T he  3 D O s w ere ellipsoidally shaped  with a  radius of 5 mm along one  
axis, and differing radii of 1, 3 or 5 mm along the orthogonal axis.
A servocontrolled translation device brought each  object down onto the stationary 
fingerpad to achieve a  desired force that w as maintained a s  the object w as stroked  
back and forth ac ro ss  the skin along a single linear trajectory with 2 D O s , or a  
series of laterally shifted parallel linear trajectories oriented 0, 30, 60, 90, 120 or 
150 degrees with respect to the long axis of the finger with 3 D O s. Spatial Event 
Plots (S E P s  showing relative location of the receptive field on the object w henever 
an impulse occurred) w ere obtained from electrophysiologicaliy recorded  
responses of slowly adapting type I and rapidly adapting (M eissner Corpuscle) 
mechanoreceptive afferente innervating the monkey fingerpad.

Interpretation of the discharge rate profiles derived from S E P s  a s  
instantaneous resp onses of a spatially distributed population of fibers led to the 
following conclusions. D ischarge rate, an intensive m easu re  of neural response, 
encodes the magnitude and rate of change in curvature of the skin produced by the 
object. The widths of bursts of im pulses evoked by the object and the p au ses  
between bursts, which are  spatial m easu res, encode the s iz e s  of the convex and  
concave regions of the object in contact with the skin . T h e  overall sh ap e  a s  a  
distribution of curvatures is represented by the spatially distributed pattern 
of peripheral neural d ischarge rates. T he  spatial asp ects  of neural re sp o n ses  w ere  
generally invariant with respect to moderate variations in force, velocity and  
trajectory orientation. Supported by NIH grant N S 15888  and O N R  contract 
N00014-91-J-1566.

48.19
A SILICO N  M IC R O P R O B E  C L O S E D -L O O P  F E E D B A C K  C O N T R O L L E D  
M ECHANICAL STIM U LATIO N  S Y S T E M . B. Kane2 . D. Ja c k s o n l. J . U l ,  C . 
Storment2. D. Tanelian* la n d  G . Kovacs2 . 1 Dept. of Anesthesiology and Pain 
Mgt., UT Southwestern Med. Ctr., D allas, T X  75235-9068 and 2Dept. of 
Electrical Engineering, A E L  132, Stanford Univ., Stanford, C A  94305.

The ability to precisely apply and independently control the force and velocity 
of mechanical stimulation is e ssentia l for the study of m echanoelectric  
transduction and adaptation processes. Silicon micromachining technology 
was used to produce miniature (20-70 urn wide) mechanical stimulus / sensor 
probes. Passive polysilicon, piezoresistive, temperature com pensated, force 
sensing elements were deposited onto the boron-doped epitaxial silicon and 
the individual d evices were chem ically etched from the bulk wafer. Th ese  
sensor / stimulator probes display a  linear force v s  output voltage relationship. 
The force range for an individual probe could be predetermined by defining the 
pròbe length and boron doping thickness, allowing forces a s  small a s  1 mN to 
be measured. The  probes w ere mounted and bonded onto circuit board 
holders and their output sent to a  proportional-integral controller which drives 
an electromagnetic actuator. By using this force-feedback control circuit 
coupled to a 386 P C  it w as possible to define any stimulus wave form pattern 
and independently control and m easure the actual stimulus force and velocity. 
A computer controlled three axis stepper motor (0.025 urn step capability) 
manipulator (M CL - 3, Marzhauser) is used to position the silicon microprobe - 
actuator assem bly relative to the m echanoreceptive field. Sen so r feedback 
control coupled to the three axis stepper motor manipulator allows automatic 
touchdown control and / or preloading of the probe prior to stimulation. Three  
dimensional topographic manipulator feed b ack position control allow s 
automated receptive  field m apping and m echanorecep tor threshold  
determination. Th is system  is currently being used to study corneal A-delta 
mechanoreceptors and mechano-heat receptors and has utility for the study of 
all m echanoelectric transduction p ro ce sse s. Supported by NIH grant 
NS28646-02 and Stanford O T L  Research  Incentive Fund.

48.18
"COLUM NAR" O R G A N IZ A TIO N  O F W H ISK ER  A FFER EN T  
C O LLATERA LS IN  T H E R A T BR A IN ST E M . M .F. Jacquin & P.J. 
Shortland. Dept. o f  Anatomy & Neurobiology, St. Louis U niv. Sch. o f  
M ed., St. Louis MO 63104.

When 1 whisker is used during behaviour, 2DG  uptake is always columnar 
in subnuclei SpVi & SpVc, more variable in PrV & never above background 
in SpVo. This prompted a study o f  whisker primary afferent columns. W hen 
intraxonal HRP & cytochrome staining methods were combined, terminals 
rarely extended beyond the border o f  the appropriate cytochrome patch in 
PrV, suggesting that single whiskers are represented by longitudinally 
orientated columns o f  terminals that are somatotopically parcellated in PrV 
but not in SpVo. 2 predictions follow: 1) Boutons from adjacent whiskers 
overlap transversely in SpVo but not PrV. 10 pairs o f  fibres from adjacent 
whiskers were stained, 1 with intensified HRP, the other with unintensified  
Neurobiotin. The majority o f  adjacent arbors were non-overlapping, being 
restricted to the appropriate PrV patch. Varying degrees o f  bouton overlap 
o f  adjacent arbors occurred which was more common in PrV than SpVo. 
This did not reflect a paucity o f  terminals in SpVo. Arbor overlap was also 
observed in SpVi & SpVc by staining up to 7 different whisker afferents in 
1 rat. 2) Rostrocaudally (RC) discontinuous arbors from individual fibers 
from 1 whisker interdigitate to produce RC continuous columns. In 1 rat 
where 2 afferents innervating the same whisker were stained, boutons were 
aligned with almost no overlap in the RC plane. In 8 fibres from different 
rats, boutons were aligned as a series o f  undulating columns whose  
discontinuities did not reflect fiber type. Thus, whisker afferent arbors are 
not truly columnar; their shape is akin to a stack o f  coins glued together with 
less than perfect alignment. D E 07662, D E 07734, NS 17763, N S29885.

48.20
HUMAN PERCEPTION OF INFRARED AND MICROWAVE RADIATION 
T.G. Hedberg* and E.R. Adair, Systems Research Labs 
and John B. Pierce Foundation, Yale University, 290 
Congress Ave, New Haven, CT. 06519

Perception of microwave (MW) exposure occurs in 
humans as a sensation of warmth secondary to cutaneous 
heating from dermal and subdermal radiant energy 
deposition. While there are presently no data on 
direct MW energy transduction by neural generators of 
this sensation, receptive elements probably include 
free nerve endings (unmyelinated axonal ramifications 
in epidermis and corium) of group III delta type A 
fibers travelling in dorsal spinothalamic tract to 
ventrobasal thalamus and postcentral gyrus. Previous 
work had suggested that cutaneous thermal sensitivity 
decreases in inverse relation to energy penetration 
depth. In the present study we exposed 16 adult male 
human subjects to both superficial (infrared, IR:>1000 
GHz; 10s; 2-20 mW/cm2) and deeply (MW:450 Mhz, 2450 Mhz 
20s; 10-100 mW/cm2) penetrating electromagnetic radia
tion (ER) over 400 cm2 of back skin. Mean detection 
thresholds decreased significantly with wavelength and 
energy deposition depth: >1000 GHz IR: 10.25 mW/cm2,
2450 MHz MW: 71.24 mW/cm2; 450 MHz MW: uniformly
undetectable at >80.0 mW/cm2. Detection latency showed 
no correllation with stimulus intensity in MW assess
ments. Subjective numerical assessment of stimulus 
magnitude gave a linear psychophysical function   
Warmth was the only sensation reported. Our findings 
support relegation of cutaneous EMR perception to 
superficially distributed thermoreceptive elements.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS I

49.1
Analysis of Norepinephrine-Like Neuromodulation in a Neuronal 
Network Model of the Somatosensory System. J.P. Utz*. B.D. 
Waterhouse and J.K. Chapin. Department of Physiology and Biophysics, 
Hahnemann University School of Medicine, Philadelphia, PA 19102-1192 

As a tool for investigating the mechanisms for underlying spontaneous 
oscillations and sensory response properties in the rat somatosensory system, 
a computer model was developed and implemented. The model consists of 
four layers containing a 30x30 sheet of neuron-like units. The layers are 
connected in a pattern which resembles, in a simplified fashion, connections 
between the ventral basal thalamus, the reticular nucleus of the thalamus, the 
SI cortical layer VI and inhibitory neurons in layer VI. Each unit 
incorporates several biologically realistic features, including a membrane 
potential calculated from membrane conductances and Nernst potentials for 
several ionic conductances, a membrane leak conductance, a membrane 
capacitance which produces membrane potential time decays, a voltage- 
sensitive spike-triggering threshold, and axonal conduction delays. State 
variables are updated every ms of simulation time. The VB is driven by a 
30x30 array of randomly-timed input fibres, with a bar of increased activity 
of serving as a focal stimulus. Each connections fans out in a 5x5 array. To 
simulate the effects of neuromodulation, the strength of all inhibitory and 
excitatory synapses were increased systematically, as was the mAHP. 
Increasing both excitation and inhibition allowed neuronal signals to 
propagate further through the multisynaptic network, as determined by cross
correlation. Further, the strength and duration of the reverberations within 
this recurrent feedback network were enhanced. Both of these effects are 
consistent with known effects of norepinephrine (NE) on this system. These 
results indicate possible ways NE could increase responsiveness of neurons to 
stimuli. (Supported by NS23722, AA0696S and AFOSR-90-0266 to JKC).

49.2
C H R O N IC , S IM U LTA N EO U S  R EC O R D IN G S  O F  E N S E M B L E S  O F  S IN G L E  
N EU R O N S  A C R O S S  A L L  L E V E L S  O F  T H E  T R IG E M IN A L PA TH W A Y  IN 
A W A K E  R A T S . O B S ER V IN G  T H E  FU N CT IO N A L D YN AM ICS O F  A  S E N 
S O R Y  P A TH W A Y A T  W O R K . M.A.L. Nicolelis*· C .S . Lin, and J.K . Chapin. 
D ept. of P h ysio lo g y , H ah nem ann  U n ivers ity , P h ila d elp h ia , P A  19102. 
Neurons in the ventral posterior medial (VPM) nucleus of the thalamus exhibit 
complex, multi-whisker, spatiotemporal R F s  (Nicolelis et. al. 93) which may 
emerge through the convergence of multiple, temporally asynchronous, affer
ents from the trigeminal brainstem nuclei, reticular nucleus of the thalamus and 
primary somatosensory (SI) cortex. A full demonstration of this hypothesis re
quires simultaneous recordings, in register, across multiple levels of the trigemi
nal p athw ay . T h u s , adu lt ra ts re c e iv e d  ch ro n ic  im plants of up to 48 , 
teflon-coated, 50pm microwires acro ss all levels of the trigeminal pathway, as  
follows: 4-8 microwires in the trigeminal ganglion (Vg); 8  wires in the spinal 
subnuclei (SpV) and 8  in the subnucleus principalis (PrV) of the trigeminal 
brainstem complex; 8  in the VPM  , and 16 in the SI cortex. Up to 48 single 
neurons were then simultaneously recorded and their R F s  established. Vg cells 
were the only elements to exhibit single-whisker R Fs. PrV R F s  were the next 
smaller. Large multi-whisker R F s  were observed in the SpV, VPM, and SI. In 
the absence of peripheral stimulation and active, forward whisker movement, 
1 0 - 2 0  Hz oscillatory firing w as observed throughout the Spi, VPM  and SI cortex 
of awake and immobile rats. Active whisker movements, without whisker tactile 
stimulation, induced Vg firing but no response in other levels, demonstrating a  
clear motor modulation of central sensory structures. Passive  or active (natural) 
stimulation of Vg cells induced firing that reached up to 1KHz. W hisker stimula
tion induced sensory responses at both short and long-latency in the SpV, VPM  
and SI. Our results suggest that sensory representations in the trigeminal path
way contain both spatial and temporal domains. Supported by grants N S23722, 
AA06965, and A F O S R  90-0266 to JK C .
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49.3
DEVELOPM ENTAL PLASTICITY IN THE RODENT VPM THALAMUS R E
S EM B LE S  LONG-TERM THALAMIC REORGANIZATION O B SER V ED  IN 
ADULT PRIM ATES. C .S . Lin*. M.A.L. Nicoielis. M.E. Diamond1, and J .K . 
Chapin. Dept. of Physiology, Hahnemann University, Philadelphia, PA 19102. 
1Dept Psychology, Vanderbilt University, Nashville, TN.
Thalamic sensory plasticity has been demonstrated to occur in both adult pri
mates (Garragthy and Kaas, ’92) and rats (Nicoielis et. al., ’93). These studies 
suggested that both immediate and long-term reorganization of receptive fields 
(RFs) may occur in the ventral posterior medial (VPM) nucleus of the thalamus. 
In primates, long-term, large-scale reorganization of cortical RFs is paralleled 
by immunohistochemical changes observed in the thalamus (Rausell et. al., 92). 
These include a degeneration of parvalbumin-containing thalamic cells, belong
ing to the lemniscal pathway; a downregulation of GABAa receptors, and in
creased immunoreactivity for calbidin-containing cells from the spino-thalamic 
pathway. Here, we studied the long-term effects of a complete unilateral, re
moval of facial whiskers in newborn rats on the functional and immunohisto
chemical organization of the VPM. Chronic implants of microwires provided 
simultaneous recordings of up to 20 neurons located across the sensory-deaf- 
ferented VPM, 1-2 years after the sensory deafferentation.These VPM neurons 
exhibited whole-face or nose-to-toes RFs, including the face, forepaw, shoul
der, back and more rarely the hindpaw. VPM sensory responses exhibited very 
long minimal latencies (10-30 ms), suggesting an enhancement of slow-con
ducting ascending or feedback pathways. Immunohistochemistry revealed a 
dramatic reduction in cytochrome oxidase and parvoalbumin (PA) content in the 
deprived VPM. Calbidin content in neighboring thalamic nuclei (VM and PO) 
was similar to normal controls. PA immunoreactivity was also diminished in the 
trigeminal brainstem nuclei. These findings suggest common mechanisms for 
thalamic plasticity, i.e. enhancement of para-lemniscal pathways, across differ
ent species, during both development and adulthood.

4 9 .4
P H A S E  RELA TIO N SH IP S  B ETW EEN  O SC ILLA T O R Y  D ISCH A R G ES  
R E C O R D E D  S IM U LTA N EO U SLY AT C O R T IC A L , TH ALA M IC  AND 
BRAINSTEM LEV ELS . John K. Chapin*and Miguel A.L. Nicoielis. Dept. of 
Physiology, Hahnemann University, Phila., PA 19102.

Neocortlcal oscillatory slow waves in the 10-20 Hz range are thought to be 
driven from pacemakers in the reticular thalamus and to act mainly during sleep 
and anesthesia to suppress sensory transmission in thalamocortical sensory 
systems. To reexamine these issues we have recorded ensembles of up to 64 
single neurons simultaneously through microwire electrode arrays chronically 
implanted at multiple levels of the trigeminal somatosensory system in awake 
rats. In the same animals, recordings were obtained in the trigeminal ganglion 
(Vg), principal (PrV) and spinal (SpV) trigeminal nuclei, ventral posteromedial 
(VPM) thalamus, and primary somatosensory (SI) cortex. Oscillatory discharges 
were observed not only under anesthesia, but also in awake, attentive rats. 
Though they were often abolished by movement or sensory input, they could be 
unaffected, or even initiated by the same. These discharges were synchronized 
through the nRT, VPM, SI, and SpV. Whereas the VPM neurons were relatively 
in-phase with the nRT, they lagged the SI by 10-20 ms, and the SpV by up to 35 
ms. PrV and Vg neurons did not show synchronized oscillations. Principal 
components analysis was used to show that the oscillatory activity typically 
constituted the single most important dimension of covariant information 
processing within the recorded neuronal ensembles. These findings argue 
against the simple "thalamic pacemaker supresses sensory transmission In 
sleep" theory, and instead suggests that these oscillations may play an important 
role in conscious sensory processing at multiple levels of this system. Supported  
by grants NS23722, AA06965 andAFOSR-90-0266 to JK C .

4 9 .5
QUANTIFYING THE CONNECTIVITY PRO PERTIES  UNDERLYING THE DY
NAMICS OF THE RODENT TRIGEMINAL NETWORK. L. а . Beccala*1. M AL. 
Ninolftliŝ  and J . K. Chapin2. 1Dept. of Electrical Engineering, University of 
Pennsylvania and University of Sao Paulo, Brazil, department of Physiology 
and Biophysics, Hahnemann University, Philadelphia, PA 19102. 
Chronic and simultaneous recordings of ensembles of many single neurons 
across the rat trigeminal pathway have revealed that thalamic and cortical cells 
can exhibit long-latency sensory-evoked responses in addition to the classical, 
short-latency, lemniscal responses. Thalamic long-latency responses some
times define different receptive fields than observed with short-latency ones. 
This suggests that slower ascending pathways and/or descending cortical feed
backs contribute to the definition of thalamic receptive fields. Although an enor
mous amount of neuroanantomical information exists for the rodent trigeminal 
system, no overall topological analysis of this network has been performed so 
far. Such analysis could provide circuitry-based hypothesis for the genesis of 
long-latency responses by quantifying several structural properties that fully 
characterize the network’s connectivity. Here, the theory of directed graphs was 
used to provide a complete structural analysis of the rodent trigeminal system. 
Neuroanatomical data from our lab and from the literature were used to create 
a "connectivity" matrix (CoM) describing direct projection among pairs of struc
tures. From this matrix, we were able to extract the length and connection 
direction (unilateral or reciprocal) of all possible pathways connecting any pair 
of structures in the trigeminal system. The complete feedback structure of the 
network was also derived from the CoM as well as the identification of the major 
clusters of nuclei which share similar structural properties. Latency distributions 
were also incorporated to the CoM. Simulations revealed that multiple thalamo
cortical, corticocortical and corticothalamic pathways may account for long-la
tency responses without the need of slow ascending trigeminothalamic systems. 
Supported by grants NS23722, AA06965, and AFOSR 90-0266 to JKC.

4 9 .6
VESSEL PATTERNS OVER RAT BARREL CORTEX.
D, Liu,1  J. Dowling.1 M. Li.1 K. Acosta.1 M.E. Spence.2 C. Rovaincn 2 
and T. W oolsey *.1 Departments o f 1 Neurology and Neurological 
Surgery and o f 2 Cell Biology and Physiology, Washington Univ. Sch. 
o f Med., St. Louis, MO 63110.

Patterns o f surface arteries and veins were related to the underlying 
barrels. Vascular patterns were mapped in living rats by video 
microscopy. These and other rats were perfused with saline followed by 
India ink. The brains were then removed, fixed, stained for cytochrome 
oxidase, and sliced parallel to the surface. With computer aided 
graphics, piai vessel maps derived from camera lucida drawings were 
superimposed over the barrel field. The position o f the barrel field with 
respect to the middle cerebral artery (MCA) and its branches is largely 
related to the number o f primary branches of the MCA. Bifurcation of 
the MCA, with the barrel field lying between the two branches, is the 
most common pattem. The medial barrel cortex is consistently drained 
by the superior parietal vein, although considerable variation exists in 
the point at which the superior parietal vein joins the superior sagittal 
sinus. The relationship between piai vessels and barrel cortex aids in 
localization o f the barrel field for experimentation. It also provides 
clues regarding the development of functional cortical areas and their 
supporting vasculature.

Supported by NIH Grants NS 28781 and HL 41074, the McDonnell Center for Studies of 
Higher Brain Function and an award from the Spastic Paralysis Foundation of the 
Illinois-Eastern Iowa District of the Kiwanis International.

4 9 .7
SYNAPTIC VESICLE PROTEIN ONTOGENESIS IN DEVELOPING  
BARRELS. O. Stettler*. B. Tavitian. L. P i Giamberardino and K.L. M ova. 
INSERM U334, CNRS URA 1285, S.H.FJ.-C.E.A., 91401, Qrsay, France.

We examined the presence of synaptic vesicle proteins гаЬЗА, synapsin I, 
synaptophsyin and SV2 by immunohistochemistry in tangential sections o f the 
developing somatosensory cortex. We found that barrels could be visualized with 
antibodies against all o f these proteins. SV2, synaptophysin and synapsin I were 
first observed at P3-P4, just after the clustering o f barrel afferente and this time 
coincides with the appearance o f the axonal growth-associated protein, GAP-43 
(Erzurumlu et al., J. Comp. Neurol. 292: 443, 1990). Dense deposits o f SV2 and 
synaptophysin immunoreactivity surrounded cell bodies, reminiscent of clusters of 
axo-somatic terminals. Synapsin I had a more diffuse distribution in the barrels and 
also labeled some perikarya. At the end of the first and second postnatal weeks, the 
antibodies against SV2, synaptophysin and synapsin I still stained barrels, whereas 
in adult cortex no barrels could be distinguished against the mature cortical staining.

Interestingly, the timecourse for гаЬЗА immunoreactivity in barrels was retarded 
compared to the other synaptic vesicle proteins. We observed clusters of гаЬЗА- 
positive cells in barrels at P5 with fewer labeled cells at P6 and none at P7. 
Beginning at P6, a diffuse neuropil-like staining appeared within the barrels and 
intensified over the next few days. At P7 and P10, the barrels were readily visualized 
and were characterized by a dense neuropil staining, whereas in adult, the barrels 
could not be discerned. The onset o f  гаЬЗА neuropil staining in barrels coincides 
with the disappearance of GAP-43, the onset of physiological activity (Armstrong- 
James, J. Physiol. 246: 501,1975) and the end o f the sensitive period during which 
barrel formation can be altered by peripheral manipulations.

Taken together, our results support the notion that the synaptic vesicle proteins 
synaptophysin, SV2 and synapsin I may participate in the early interactions between 
arriving fibers and the elaboration of barrel units, while гаЬЗА may play a role in the 
final phases of terminal maturation and the stabilization o f synaptic relationships.

(We thank Dr. T. Petrucci for the gift of anti-synapsin I.)

4 9 .8
Response properties o f single units in the whisker representation in the primary 
somatosensory cortex o f the mouse mutant Barrelless 
E. Welker. M. KoseL H. Van der Loos. S. Marthv, J.-P. Hornung*, M, Am sttongz 
James0 Institute of Anatomy, University of Lausanne, 1005 Lausanne, Switzerland 
° Department o f Physiology, Queen Mary & Westfield College, London E l 4NS, UK 

Barrelless mice form a sub-line in the NOR- 
strain (i.e. ICR-derived mice bred for a stan
dard pattern of mystacial vibrissae) character
ized by the lack o f the formation of barrels in 
SI cortex as searched for using Nissl-stain, cy
tochrome oxidase histochemistry, and 5-HT 
immunocytochemistry in animals of various 
postnatal ages. The radial organization of SI 
cortex is like that o f normal mice. We determi

ned response properties of 40 single units in urethane anaesthetized, adult, barrelless- 
mice (n=10). Units were at 350-480μm below the piai surface (i.e. the zone receiving 
the specific thalamic input) and their response was compared with that of 33 units at 
similar depths in normal mice (n=7) in same conditions. For each unit, a principal 
whisker (PW) was defined as the whisker that elicited the response of the largest mag
nitude. The latency of the PW-response was significantly longer in barrelless (15 
msec) than in normal mice (11 msec), whereas the response magnitude did not differ. 
For each unit we calculated the difference between the PW-lateney and the latency of 
the response from the fastest incoming surround whisker. This parameter is signifi
cantly different between the two sets of mice: most units in barrelless had a difference 
< 5 msec (see histogram, where nr. of units are given per class of latency difference). 
It indicates a loss o f temporal segregation between the input from PW and its surround 
whiskers in barrelless. This could be the consequence of the absence of spatial segre
gation between thalamocortical axons carrying information from two adjacent follicles. 
Support: Swiss NSF 31-30932 and 31-30842.91.
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49.9
TWO D IFFER EN T P A T T ER N S  O F  IN TRIN SIC  C O N N EC T IV IT Y  IN TH E  
RAT PRIM ARY S O M A T O S EN S O R Y  C O R T E X . U. Kim. F. F. Ebner* 
Institute for Developm ental N eu ro sc ie nce , Vanderb ilt U niversity, 
Nashville, TN 37203.

The 'posteromedial barrel subfield' of the rat S I cortex com prises two 
intercalated, cytoarchitectonically distinct a re a s : the “barre ls” which  
receive thalamic inputs from the ventral posterior medial nucleus and the 
“septa” which are the targets of the rostral portion of the posterior 
nucleus. The goal of the current study is to determine how these  two 
sensory pathways interconnect in cortex.

Following small biocytin injections restricted to a single barrel column, 
(supragranular or infragranular layers), labeled axonal fibers w ere  
observed to emanate in radial fashion from the injection sites and 
terminate in the surrounding barrel areas. Lab eled axons produced 
dense 'boutons en passant' both in adjacent barrels and in the 
intervening septa. Labeled term inals w ere distributed symm etrically 
around the injection sites with no preferential distance of connections in 
any direction. The density of terminals declined gradually with distance  
from the injection sites, only to diminish rapidly after axonal fibers reached  
the far boundaries of adjacent barrels.

In contrast, when the injections were centered in septa, labeled axons 
were observed to terminate in more w idespread patches, all of which 
were localized in other septal areas. The patch of densest terminals w as 
always located in the sam e septal row, mostly on the posteromedial side, 
and extending approximately two barrels distant from the injection sites. 
Several patches of denser terminals were commonly se en  in one arc 
posterior, and in one arc anterior.
(supported by NS-25907 and HD-15052)

49.11
BICUCULUNE-INDUCED R EC E P T IV E  FIELD  C H A N G E S  IN R E A L  AND  
SIMULATED B A R R EL N EU RO N S. H.T.Kvriazi* G .E .Carvell. Q .Zhou and
D.J.Simons, Neurobiol. Dept., Univ. of Pitt S ch . of Med., Pittsburgh, PA 15261.

Previous biological and computational studies have suggested that 
receptive field size s and other response properties of barrel neurons reflect 
a dynamic balance between excitatory and inhibitory influences. Bicuculline  
methiodide (BMI) w as microiontophoretically applied onto barrel cortex 
neurons of fentanyl-sedated rats to examine the possible role of G A BA a  
receptors in this process. Multi-barrel electrodes were used  for drug delivery 
and extracellular unit recordings. The principal whisker (PW) and its four 
immediately adjacent (ADJ) neighbors were deflected singly or in paired 
combinations using a  condition-test paradigm. For regular-spike units (RSUs), 
BMI currents sufficient to induce an  average two-fold increase  in the PW  
response caused  an approximate three-fold increase  in AD J responses. By 
contrast, PW and ADJ response increases for fast-spike unite (FSU s) were  
roughly equal. For RSU s, but not F S U s , BMI induced disproportionately larger 
increases in responses evoked by le ss  effective stimuli, eg. O F F  responses, 
and in spontaneous activities. Results for barrel R S U s and F S U s  were  
accurately reproduced by using a  computer model of a  whisker barrel (J. 
Neurosci. 13: 1601-1615, 1993) to disinhibit individual spiny and smooth 
neurons. For real but not simulated neurons, BMI-induced in creases in PW- 
alone responses were equivalent to PW  resp o n se s w hen they followed ADJ 
conditioning stimuli, that is, BMI failed to diminish surround inhibition. Th is  
may reflect inhibitory non-linearities or neuronal geom etries that were not 
modeled. Barrel circuitry enhan ces signal-to-noise ratios by disproportionately 
diminishing spiny cell responses to weak inputs, and this is m ediated in part 
by GABAa receptor activation. Surround inhibition may be too potent to be  
antagonized by small amounts of locally applied BMI; alternatively, it may be  
mediated by GABAb receptors. Supported by NS19950 and the Pittsburgh 
Supercomputing Center.

49.13
REAL-TIME IMAGING OF EPILEPTIFORM ACTIVITY IN 
SOMATOSENSORY CORTEX OF TH E G UINEA PIG  
Toshio lijima *. Michinori Ichikawa and Ichiro Takashima  
Electrotechnical Lab., Molecular and Cellular Neurosci. Sect. 
Tsukuba, Ibaraki305, Japan

R eal-tim e m onitoring of neura l activ ity  w as done in the  
som ato sen so ry  co rtex  of the  g u in e a  pig w ith  an o p tic a l 
recording technique using a  voltage sensitive dye (R H-795). 
T h e  e p ile p t ic  re s p o n s e  w a s  in d u c e d  w ith  an  electrical 
stimulation applied to the cortex pretreated with bicuculline (3 
min, 10μ Μ ). The monitoring system had a  high spatio-temporal 
resolution (frame rate 0 .6  msec, 64 x 64 pixels) and w as able to 
detect the appearance of epileptiform discharge in a  particular 
small region (about 300  μ m in diam eter) in the somatosensory 
cortex involving whisker barrels, and the following spread of 
neural activiety over the recording area of 5mm x 5 mm. Such 
epileptic focus apparently appeared in four different sites in the 
recording a re a , and each focus show ed osc ila tory  burst o f  
about 1 .5  H z . T h e  in ten se  op tica l s ignal asso c ia te d  with  
m em brane d ep o la riza tio n s  n ecessarily  fo llow ed the signal 
representing the m em brane hyperpolarization. The analysis of 
this type of recording is expected to provide knowledge about 
the functional structure of the cortex.

49.10
ORGANIZATION OF CORTICO-CORTICAL PROJECTIONS WITHIN THE 
RAT’S PRIMARY SOMATOSENSORY CORTEX. W.H. Bauer*. B.F 
Hoeflineer, C.A. Bennett-Clarke. N.L. Chiaia. H.P. Killackev, and R.W. 
Rhoades. Dept. of Anatomy, Medical College of Ohio, Toledo, OH 43699 and 
Dept. of Psychobiology, University of California, Irvine, CA 92717

Considerable effort has been directed toward examination of the 
callosal and inter-areal projections of the rodent’s primary somatosensory 
cortex. Fewer studies have evaluated patterns of connectivity within S-I and 
the manner in which they relate to the lamina IV barrels of this region. 
Understanding these patterns of connections is important for evaluation of 
hypotheses regarding the manner in which multi-whisker receptive fields 
develop in the vibrissae representation of the primary somatosensory cortex. 
We employed anterograde and retrograde transport of both biotinylated dextran 
amine (BDA) and Phaseolus vu lgaris leucoagglutinin (PHAL) to evaluate 
patterns of connectivity within the vibrissae representation of S-I. Tracing with 
both BDA and PHAL demonstrated a distinct pattern of connections within this 
area that was particularly apparent in tangential sections taken from lower 
lamina ΠΙ through the upper part of layer V. Both labelled cells and fibers 
were restricted almost completely to septal regions. Quantitative analysis 
demonstrated that nearly 90% of retrogradely labelled cells in this portion of 
the cortex were located in septal or dysgranular regions. Such analysis was not 
accomplished for bouton-like swellings observed in PHAL-labelled material, 
but they were also much more numerous within septa than in barrels. This 
"negative image" of the barrels was not apparent in either upper layer ΙΙ-ΙΠ or 
in lower lamina V and VI.

Supported by DE 07734, DE 08971, EY 08861, and BNS 90-22168

49.12
EXPRESSION OF PARVALBUMEN IN THE INDISTINCT BARRELS 
OF THE RABBIT SI CORTEX. F.L.Rice*. C.B.Snelser and
N.T.McMullen. Dept. of Anatomy, Cell Biology, and Neuroanatomy, 
Albany Medical College, Albany, NY 12054; Dept. of Anatomy, The 
University of Arizona Health Sciences Center, Tucson, AZ 85724.

Barrels are transiently distinct in the cytoarchitecture of the primary 
somatosensory cortex (SI) of the rabbit only during the first two weeks 
postpartu m . The calcium binding protein, parvalbumen (PA), has been 
located in presumptive thalamocortical terminations within developing 
barrels in SI of the rat (Sanchez e t a l . , 1992, J. Neurocytol. 21:717). We 
examined PA-like immunoreactivity (PA-LIR) in the SI cortex of 21 day 
old rabbits to see if a barrel pattern remained after the barrels were 
indistinct in the cytoarchitecture. Rabbits were overdosed with Nembutal 
and perfused with 4% paraformaldehyde in phosphate buffered saline. 
40μ m thick coronal and tangential frozen sections were processed with 
monoclonal anti-PA, avidin-biotin, and nickel-cobalt DAB. Alternating 
sections were stained with methylene-blue. A pronounced barrel-like 
array of diffusely anti-PA-labeled patches was revealed in layer IV. PA- 
LIR was intense within a few multipolar neurons and was moderate within 
several others clustered within each patch. Thus factors other than a 
dispersion of presumptive thalamocortical terminations apparently 
contribute to the reduced cytoarchitectonic prominence of the barrels in 
the rabbit. In contrast, at a comparable age in the rat, PA-LIR becomes 
uniformly distributed even though the barrels remain cytoarchitectonically 
distinct.

49.14
DIFFERENTIAL LOCALIZATION OF SINGLE WHISKER BARREL 

RESPONSES IN THE RAT USING OPTICAL INTRINSIC SIGNAL 
IMAGING.

A.J. Blood*. S. Narayan. and A.W. Toga
Laboratory of Neuro Imaging, Dept of Neurology, UCLA School of Medicine, 

Los Angeles, CA 90024.

Cortical responses to single whisker stimulation of rat vibrissae were imaged 
using optical intrinsic signals. These responses revealed differentially localized foci 
of activity for stimulation of different whiskers in the same animal.

Following placement o f a cranial window over the right posteromedial barrel 
subfield of the somatosensory cortex of anesthetized rats, white light illuminated 
the exposed cortex while contralateral vibrissae were mechanically deflected. 
Optical images were obtained with a CCD camera during and after stimulation, 
filtered at 610 nm, and digitized and averaged over 9 to 18 trials. When compared 
to unstimulated and ipsilaterally stimulated controls, stimulation o f both adjacent 
and nonadjacent vibrissae produced spatially distinct reflectance change foci. These 
signals began approximately one to two seconds after stimulus onset, and lasted as 
long as 25 seconds. Examination of dose-response relationships suggested that the 
strength, but not the time course, o f these signals varied with length of stimulus 
duration. The signals are hypothesized to result from some possible combination of 
micro- and macrovascular activity, metabolic activity, such as oxidation of the 
mitochondrial enzyme cytochrome oxidase, and cell swelling.

The localization of diese images suggests that optical intrinsic signals may be 
used in the rat to examine how individual and combined whisker stimulation 
modulate barrel responses.

This work was supported by grants from NSF (DIR# 89-08174) and NIH (R01- 
05956).
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49.15
IMAGING O F  N EU RA L EXCITATION  PRO PA G ATIN G  FROM  THALAM US  
T O  S O M A T O S E N S O R Y  "B A RREL" C O R T E X  O F  T H E  RAT. S , H igashi.*
M .C. Crair. T . Kurotani. Z. Molnar1) and K. Tovam a Dept. of Physiol., 
Kyoto Pref. Univ. of Med., Kyoto 602 JAPAN . 1)Univ. Lab. of Physiol., 
Parks Road, Oxford, 0X 1 3PT, UK.

Rat somatosensory cortex (SI) contains "barrels" which are specialized  
to process sensory information for individual vibrissae and provide an 
excellent model to study development and plasticity. W e visualized the 
spatio-temporal patterns of neural excitation in S I using an optical 
imaging method in conjunction with conventional electrophysiological 
ones. Thalam ocortical slice preparations (Agmon and Connors, 1991) 
w ere made from young rats (P10-14), and stained with a voltage 
sensitive dye (RH482). Optical signals evoked in S I by stimulation of the 
ventrobasal complex of the thalam us (VB) w ere imaged by a device  
having high spatial (128 x 128 pixels) and temporal (0 .6  ms) resolution. 
Rats of these ages were used for the adult since current-source density 
analysis of the field potentials evoked in SI by V B  stimulation showed a 
mature pattern of current-sink profiles, consisting of early current-sinks 
in layer IV and late ones in supra- and infragranular layers. The optical 
recording im ages demonstrated impulse activity propagating from VB  
through the internal capsule  to S I. After arrival at S I, large synaptic 
responses were usually observed first in layer IV. Th ese  responses in 
layer IV segregated spatially into a  few patches (width 150 to 300 μm), 
probably corresponding to "barrels". In som e c a se s  slow and sm aller 
responses followed vertically in supra- and infragranular layers near layer
IV. In contrast to the responses in layer IV, these did not form a clear 
border in their layers along the "barrels". Th ese  results suggest that 
thalamocortical synaptic transmission is localized, at least, in the "barrels" 
and then spreads through the other layers in SI.

49.16
IN TR IN SIC  IM AGING O F  N E U R O P H Y S IO L O G IC A L  P R O C E S S E S  IN RAT  
B A R R E L  C O R T E X . B. Peterson. D. Goldreich, M. M. Merzenich. P. A. Leake*. 
Keck Center for Integrative Neuroscience and Coleman Laboratory, U C S F , San  
Francisco, C A  94143-0732.

In 1986, Grinvald et al. (Nature 324:361-4) described a technique for 
imaging changes in the optical properties of cortex that correlated with neuronal 
activity. W e have developed a similar technique that we have used to study rat 
barrel cortex. The modified technique employs an inexpensive charge-coupled 
device (CCD ) cam era and inexpensive optics, in contrast to earlier-described 
methods. Im ages are created by averaging over tens of minutes. Details of 
im ages differ from those created using the earlier technique, with a main 
difference being the apparent imaging of vascu lar changes on the venous 
return side of the local cortical microcirculation. There is strong agreement 
between the locations of the imaged representation of vibrissae and the 
electrophysiologically-mapped representations.

Th is technique has been used to create m aps of most of the caudal 
w hiskers in a  single anim al, by overlaying im ages of single w hisker 
representations. Th ese  maps are then compared to the histologically-ldentified 
barrels in the sam e animal. The technique has also been used in conjunction 
with standard electrophysiology to demonstrate agreement between optical 
im ages and distributed response thresholds in the barrel cortex. It has further 
been used  to record the time course  of inhibitory interactions between  
adjacent and distant w hiskers. Th ese  studies indicate that positive image 
changes are at least roughly correlated with local neuronal spike activity levels.

Supported by NIH Grant NS-10414, HRI, and the Coleman Fund.

PAIN MODULATION: ANATOMY AND PHYSIOLOGY I

50.1
CORRELATION OF QUANTITATED SUBSTANCE P-EVIMUNOREACTIVE 
SYNAPSES AND NK-1 RECEPTOR MEDIATED NOCICEPTIVE RESPONSES 
IN LUMBAR SPINAL NEURONES OF THE CAT V. Radhakrishnan*. W, Ma. 
A. Ribeiro-da-Silva. Y. De Köninck. A.C. Cuello and J.L. Henry. Depts. of 
Physiology, Psychiatry, & Pharmacology and Therapeutics, McGill University, 
Montreal, Quebec, H3G 1Y6

Responses o f functionally identified lumbar dorsal horn neurones to cutaneous stimuli 
were recorded intracellularly using HRP-filled microelectrodes in spinalized cats 
anaesthetized with a-chloralose. Non-nociceptive responses were always brisk and 
brief. Nociceptive responses, to noxious pinch or high intensity electrical stimuli to the 
superficial peroneal nerve, showed an initial depolarization and a slow, prolonged 
depolarization. Involvement o f substance P (SP) in the elicited nociceptive responses 
was tested with the novel NK-1 receptor antagonist, CP-99,994 (0.5-1 mg/kg, i.v.), 
which inhibited the slow, prolonged depolarization without affecting the initial response. 
After labelling with intracellular iontophoresis o f HRP, SP immunostaining was 
demonstrated by a bispecific anti-SP/anti-HRPmonoclonal antibody, using a DAB based 
pre-embedding protocol. Ultrastructural quantification was carried out with the help o f  
image analysis. Non-nociceptive neurones had few if  any SP-positive boutons, while 
all nociceptive neurones received abundant SP boutons. The density as well as the 
number o f SP-positive boutons apposed to the proximal and distal dendrites (expressed 
as a % o f the total number o f boutons apposed to the cell membrane) was significantly 
(P <  0.001)higher on nociceptive specific than on wide dynamic range neurones, while 
the % on the somata was similar for the two types o f nociceptive neurone. The density 
o f all boutons, including SP-positive and SP-negative boutons, was the same on all 3 
types o f  neurone. The data therefore suggest a direct correlation o f SP input to the 
nociceptive response characteristics o f the cell and a correlation between NK-1 receptor- 
mediated responses and apposition o f SP-containing nerve terminals.

Supported by MRC o f  Canada and NIH

50.3
ELECTROPHYSIOLOGY OF MU AND DELTA OPIOID 
RECEPTOR EFFECTS ON AFFERENT GLUTAMATERGIC 
TRANSMISSION IN ADULT RAT SUBSTANTIA GELATINOSA
5 R. Glaum*. D.L. Hammond & R.J. Miller. Depts. o f  Pharm./Phys. Sci.
6  Anesthesiology, U. o f  Chicago, 111., 60637

Exogenous mu- and delta-opioid receptor agonists produce a spinally- 
mediated antinociception in the adult rat. The electrophysiology and 
pharmacology o f these receptors has not previously been examined in the 
adult rat spinal cord. We examined glutamatergic afferent transmission in 
the substantia gelatinosa in transverse spinal cord slices prepared from 28- 
60 d Sprague-Dawley rats. Whole cell patch recordings o f EPSCs (Vhold 
-60 to -70mV) evoked at the dorsal root entry zone were made in the 
presence o f bicuculline (lOuM), D-AP5 (50uM) and strychnine (lOuM).

The mu agonist DAM GO  inhibited the EPSC with an ЕС50=370nМ. 
The delta, agonist DPDPE similarly inhibited the EPSC with an 
EC5O=5.0uM. Both compounds yielded log-linear D R  curves. In contrast, 
the delta2 agonist D-ala-Deltorphin II (DELT) maximally inhibited the 
EPSC by ~50%, with an EC75=190nM. The delta2 selective antagonist 
naltriben (NTB, 200nM) produced a parallel 12-fold rightward shift in the 
DELT D R  curve without affecting the DAM GO  or DPDPE D R  curves. 
luM  NTB produced a parallel 137-fold shift in the DELT D R  curve, a 
parallel З-fold shift in the DPDPE D R  curve and non-competitive 
inhibition o f the DA M GO  effect. Noteably, the maximal inhibition o f the 
EPSC by DPDPE in the presence o f luM  NTB was similar to the 
maximal inhibition produced by DELT in the absence o f antagonists. The 
delta, selective antagonist 7-benzylidenenaltrexone (BNTX, lOOnM) 
produced a > 10-fold shift in the DPDPE D R  curve without affecting the 
DELT D R  curve. These results provide the first electrophysiological 
characterization o f delta, and delta* receptors in the adult rat spinal cord.

5 0 .2
OPIOID IN VO LVEM EN T IN ELEC TR O M Y O G R A P H IC  (EMG) AN D N EURON AL  
R ES P O N S ES  IN DUCED BY IN JECTIO N  O F IN FLA M M A TO RY IRRITAN T INTO  
D EEP  T IS S U E S . X .-M . Y u * . B .J . S essle  and J .W . Hu. Fac. of Dentistry, 
Univ. of Toronto. Toronto, Ont. M 5G 1G 6 Canada.

To  test for the involvement of endogenous opioids in responses induced 
by injection of the inflammatory irritant and small fibre excitant mustard oil 
into deep tissues, experim ents w ere performed in 2 6  anaesthetized rats. 
A  reversible (average 15 min duration) and statistically significant (p < 0 .0 5 )  
increase (mean ± S E : 3 8 3  ± 3 3 % ) in EM G activity of the ipsilateral digastric 
and bilateral m asseter m uscles w as induced by injection of mustard oil into 
the temporomandibular joint area, but not by injection of vehicle (mineral 
oil). Administration of naloxone (1 .3  mg/kg, i.v .) 3 0  min after the mineral 
oil injection did not increase the EM G activity; how ever, administration of 
naloxone 3 0  min after the mustard oil injection w as associated with a 
significant (p < 0 .0 5 )  second increase in EM G activity (3 3 0 ± 7 5 % ). T o te st  
for naloxone effects on neuronal responses to m ustard oil, nociceptive 
neurones (n = 28) w ere recorded in trigeminal subnucleus caudalis that had 
a cutaneous as well as a deep m echanoreceptive field (RF). Injection of 
m ustard oil into the tongue m uscle induced reversible (average 1 0  min 
duration) expansions of both the cutaneous and deep R Fs of 22  neurones: 
the area of the cutaneous RF w a s  increased by 103 ± 6 2 % , and the deep 
RF by 7 8  ± 1 4 % . The administration of naloxone (n = 5) 3 0  min after the 
m ustard oil injection w a s associated with a second expansion of the 
cutaneous RF (2/5 neurones: 75  ± 71 %) and of the deep R F (4/5 neurones: 
73  ± 3 5 % ). The mustard oil-inducecį changes are consistent w ith the 
concept of "central sensitization", and the ability of the opiate antagonist 
naloxone to enhance these effects suggests the involvement of 
endogenous opioids in m echanism s underlying central sensitization. 
Supported by NIH grant DE 0 9 5 5 9 .

5 0 .4
A LUMBAR SPINAL CORD LOCUS FOR PLASTICITY IN THE TONIC PAIN 
RESPONSE TO SUBCUTANEOUS (SC) FORMALIN INJECTION. T.J. Coderre*. 
K. Yashpai. and J.L. Henry#. Pain Mechanisms Laboratory, Clinical Research 
Institute o f Montreal, Dept. of Physiology, McGill University#, Montreal, Canada.

We have previously suggested that central neural changes which occur during the 
brief, early phase of the formalin test are essential for the expression of pain during 
the long-lasting (tonic) later phase (Coderre et al., Brain Res., 535:155, 1990). The 
present study is an extension of this finding in an effort to determine whether the 
central changes take place in the lumbar spinal cord, where the inputs from the 
injured hindpaw arrive at the CNS, or at higher CNS levels.

Formalin pain behavior, in response to a 50 μl sc injection of 2.5% formalin into 
the hindpaw in rats, was assessed in rats given either a lumbar or thoracic intrathecal 
(i.t.) injection of 5.0% xylocaine either 5 min before or 5 min after the hindpaw 
formalin injection. Formalin pain behaviors (hindpaw flinching) were also assessed 
when a lumbar i.t. injection of CSF or 5.0% xylocaine was given 5 min before 
formalin, in rats spinalized by cordotomy at the T-5 level.

Pain behaviors in the tonic phase of the formalin test were almost completely 
abolished in rats given a lumbar i.t. injection of xylocaine 5 min before the hindpaw 
formalin injection, but were unaffected in rats given the lumbar xylocaine 5 min 
after formalin. In contrast, pain behaviors in the tonic phase were unaffected in rats 
given thoracic xylocaine either 5 min before or 5 min after the hindpaw formalin 
injection. A biphasic pattern of hindpaw flinching was evident following injection of 
formalin into the hindpaw of spinalized rats. Flinching in the tonic phase wasr 
virtually abolished in rats given a lumbar i.t. injection of 5.0% xylocaine, but not 
CSF, 5 min before the hindpaw formalin injection, despite the fact that hindlimb 
flexion reflexes had returned to normal by this time.

The data provide evidence that the plasticity which drives the persistent pain in the 
tonic phase of the formalin test is located predominately in the lumbar spinal cord.
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5 0 .5
LOCALIZATION OF mRNA ENCODING SEROTONIN RECEPTOR SUBTYPES 
IN RAT SPINAL CORD AND DORSAL ROOT GANGLIA. S.A. Schnell*. W. Wu, 
R. Eide, and M.W. Wessendorf. Dept. Cell Biology and Neuroanatomy, 
University of Minnesota, Minneapolis, Minnesota 55455.

Recently, genes encoding mRNAs for some serotonin (5-HT) receptors have 
been cloned. To determine which receptors might be expressed by nociceptive 
neurons we have designed probes for use in in situ hybridization studies. These 
were used to localize 5-HT receptor subtypes in sections of rat spinal cord and 
dorsal root ganglia (DRG's).

48-residue deoxyoligonucleotide probes were synthesized for the 5-HT1A, 5- 
HT1B, 5-HT1C, 5-HT2, and 5-HT3 receptors. Probes were З'-end labeled with 35S- 
ATP using terminal deoxynudeotidyl transferase. Probes for all the receptors 
labeled cells in the spinal cord and/or DRGs but only some appeared likely to be 
expressed by neurons thought to be involved in nociceptive processing. Probes 
for 5-HT1A receptors showed a light intensity of labeling over m ost neurons 
representing all laminae of the spinal cord and a moderate intensity of 
hybridization over DRG neurons. 5-HT1B probes labeled weakly a few neurons in 
nucleus proprius, in the deep intermediate gray, and in the lateral motor nuclei 
but strongly labeled occasional DRG neurons. 5-HT1C probes heavily labeled 
many neurons in the marginal zone, nucleus proprius, and motor nuclei. 
However, little or no labeling was observed in substantia gelatinosa or over DRG 
neurons. 5-HT2 probes labeled large diameter motoneurons in the deep layers of 
the ventral horn with few or no autoradiographic grains detected in other layers 
of the spinal cord. A few  DRG neurons were labeled but only to moderate 
intensity. Probes for 5-HT3 receptors exhibited little or no hybridization signal 
over neurons in the spinal cord gray matter; however, dense silver grains were 
seen over many DRG neurons. These results suggest that differential expression 
of serotonergic receptor subtypes m ay be important in modulation of nociception 
and in other spinal cord functions. These studies were supported by DA054666 
(MWW) and DA06290ÍRE).

5 0 .7
DIFFERENT FUNCTIONS OF SPINAL 5HT1A AND 5HT2 RECEPTOR 
SUBTYPES IN THE REGULATION OF EVOKED ACTIVITY IN DORSAL 
HORN NEURONES IN RATS. A. Tjølsen*, N. Mjellem and K. Hole. 
Dept. of Physiology, University of Bergen, 5009 Bergen, Norway.

Single unit activity in the dorsal horn of the spinal cord was 
recorded extracellularly in urethane-anaesthetized, intact rats by 
means of tungsten microelectrodes. All cells studied responded to 
both noxious and non-noxious stimulation of the ipsilateral hind paw. 
The receptive field was stimulated electrically (16 pulses, 2 ms wide,
0.5 Hz) at a strength of 1.5 x threshold for C-fibre mediated response 
(2.5-4.5 mA) through needle electrodes applied to the skin. The 
responses were counted in the accumulated post-stimulus his
tograms, separately for Aß-, Аб- and C-fibre response and post-dis
charge according to the response latencies. Drugs were applied 
directly onto the cord, dissolved in a volume of 50 μΙ. The 5-НТ1A 
agonist 8-OH-DPAT and the 5-HT2 agonist DOI were dissolved in 
saline, the 5-НТ1A antagonist NAN-190 in 50 % DMSO in saline.

8-OH-DPAT (50-500 nmol) reduced the Аδ- and C-fibre response 
and the post-discharge of the dorsal horn cells dose-dependently. DOI 
clearly increased the response of some of the investigated cells. 
NAN-190 (50-500 nmol) caused an increase in spontaneous firing and 
an increased response to C-fibre input in most units.

The results indicate that activation of spinal 5-HT1A receptors in
hibits the response to input through fibres that are associated with no
ciceptive stimulation. The role of 5-HT2 receptors in nociception is at 
present less clear, in that stimulation of these receptors enhances the 
response to nociceptive stimulation in only a proportion of the cells.

5 0 .9
C-FOS EXPRESSION  IN R A T  LUM BAR SPIN A L CORD NEURONS INDUCED  
BY NOXIOUS H EA T  OR CO LD  STIM ULATION . 1 -М . B e sso n *. C. Abbadie  
and P. Honoré. INSERM U 1 6 1 , 2 rue d 'A lésia , 7 5 0 1 4  Paris, France.

T h is  s tu d y  e v a lu a te d  F o s-lik e  im m u n o re a c t iv ity  ( F o s - L I)  in 
lum bar sp ina l co rd  n eu ro n s fo llow ing d if fe re n t te m p e ra tu re s  and  
durations o f stim ulatio n  in m ale ra ts . Under u rethan e  an e sth e s ia , the  
rat's right foo t w as stim ulated  by holding it in a regu lated  tem p erature  
bath. 2  h rs following stim ulatio n , th e  ra ts  w ere  sa cr if ice d  and lum bar 
spinal cord  se c t io n s  w ere  im m unosta ined  for c-Fo s-lik e  protein  (O ne. 
Sci. Inc.).

For h e at stim u latio n , th e  th re sh o ld  to  in d uce  c o n s is te n t  c - f o s  
expression  w a s  4 6 °C . T h e  num ber of Fo s-L I n eu ro ns in cre a se d  from  
46°C  to  52 °C , but w as low er a t 6 5 °C  a s  com pared  to  52 °C .

S u rp ris in g ly , fo r co ld  st im u la t io n , th e re  w a s  litt le  F o s-L I in 
lamina I (0 -5  n e u ro n s/sectio n ) w hen th e  paw  w a s  a t  0  or -1 0 °C  for 3 
min. T h e  th resho ld  to  induce c o n s is te n t  c - f o s  e xp re ss io n  w a s  -1 5 °C . 
From  -1 5 °C  to  -2 0 °C , th e  num ber o f Fo s-L I n eu ro ns in cre a se d  w ith  
d e cre ase s in tem p erature .

Fo r b oth  noxious h e at and co ld  stim ulatio n , Fo s-L I n eu ro ns w ere  
num erous in lam inae l-ll o f th e  d o rsal horn of L 3 - L 4  se g m e n ts , th e  
num ber o f Fo s-L I n e u ro n s  in c re a se d  w ith  th e  d u ra tio n  o f th e  
stim ulatio n  and Fo s-L I w a s  p artly  b lo cked  b y  a p re tre a tm e n t w ith  
morphine.

C - f o s  e xp re ss io n  follow ing h e at, b u t n o t co ld , s t im u latio n , is 
co n siste n t w ith  prev io us e lectro p hysio lo g ica l, behavioral and p sycho -  
physio lo g ica l s tu d ie s  re le v a n t to  n o c ice p tio n  and  pain in va r io u s  
sp e c ie s . Fo s-L I induced  by e x tre m e ly  co ld  stim u latio n  m ay re fle c t  
activation  of n o c icep to rs due to  v aso co n strictio n .

5 0 .6
EFFECTS OF LOCAL MORPHINE ON LAMINA I SPINOTHALAMIC 
NEURONS IN THE CAT. Z.-S. Han* and A. D. (Bud) Craig. Div. 
Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.

It is evident that endogenous opioid peptides are involved in the modulation 
of thermal and noxious evoked activity. Previous data from this laboratory 
indicated that systemic morphine affects lamina I spinothalamic (STT) neurons 
differently; nociceptive-specific (NS) and multireceptive (MR-HPC: heat, pinch 
and cold) cells were inhibited, whereas "cold" cell responses were enhanced 
and non-STT lamina I cell responses were differentially affected. Since opiate 
receptors are present at the spinal cord level, the present experiments were 
designed to determine whether local morphine modifies lamina I STT cells 
similarly. Lamina I STT cells were recorded in L7 with glass-coated tungsten 
microelectrodes and characterized with natural heat, pinch and cold stimuli and 
with antidromic thalamic stimulation in Nembutal-anesthetized cats. 
Quantitative heat and cold stimuli were used to measure the effects of 
increasing doses of morphine (10, 30, 100, and 300 ug/ml in 2 or 3 ml, 
comparable to clinical doses) applied directly into the pool over the lumbar 
cord on the responses of 10 lamina I STT cells (4 "cold", 2 NS, and 4 MR- 
HPC). All cells were inhibited (to 12-63% of control; μ = 41.7 + /-19.2 S.D.) 
by local morphine in a dose-dependent manner. Two of 3 "cold"-specific cells 
showed enhanced responses after the lowest dose of morphine but were 
inhibited with larger doses like all other cells. In 3/5 cells naloxone partially 
reversed the effects of morphine. These results are consistent with the 
hypothesis that lamina I STT cells have an integral role in pain. The finding 
that the local spinal effects of morphine appear to be nearly uniformly 
inhibitory contrasts with the functionally differential effects of systemic 
morphine. This indicates that the descending systems activated by systemic 
morphine are functionally organized and can predominate over local morphine 
effects on the "cold" lamina I STT cells. (Supported by NIH grant NS25616)

5 0 .8

DIFFERENT FUNCTIONS OF SPINAL 5HT1A AND 5HT2 RECEPTOR 
SUBTYPES IN MODULATING BEHAVIOUR INDUCED BY 
EXCITATORY AMINO ACID RECEPTOR AGONISTS IN MICE.
N. Mjellem, A. Tjølsen, K. Hole*. Dept. of Physiology, University of 
Bergen, 5009 Bergen, Norway.

The modulating effects of 5НТ1A and 5HT2 receptor agonists on 
behaviour induced by intrathecally injected (i.th.) excitatory amino acid 
(EAA) agonists were examined. Serotonin agonists were coadminist
ered with either NMDA or AMPA, and changes in EAA-induced be
haviour were scored. All drugs were administered i.th. in a volume of 
7 μΙ. A dose dependent reduction in the behaviour induced both by 
NMDA (0.25 nmol) and AMPA (0.06 nmol) was observed when the 
5HT1A agonist 8-OH-DPAT, (15-60 nmol) was coadministered with the 
EAA agonists. Preadministration of the 5HT1A receptor antagonist 
NAN-190 (20 nmol) reversed this effect. When the 5HT2 agonist DOI 
(14 nmol), was coadministered with NMDA (0.25 mol) or AMPA 
(0.06 nmol) there was an increase in the behaviour recorded and this 
effect was antagonised by the 5HT2 antagonist ritanserin.

The results of this study implicate that in the spinal cord subtypes 
of 5HT receptors have different effects on modulation of behaviour in
duced by activation of the NMDA or the AMPA receptors; the ac
tivated 5НТ1A receptors have an inhibitory effect whereas activation of 
the 5HT2 receptors enhance the induced behaviour.

5 0 .1 0
PERSISTENT NOCICEPTOR-INDUCED SENSITIZATION OF RAT 
DORSAL HORN NEURONS:ENHANCED EXPRESSION OF C-FOS 
W.J. Roberts*. R.C. Kramis. R.G. Gillette. M.R. Byers
R.S.Dow Neurol.Sci.Inst., Good Samaritan Hosp., Portland, OR 97209

Persistent hyperexcitability of nociceptive dorsal horn neurons is 
thought to contribute to many cases of persistent pain and allodynia in 
the apparent absence of ongoing nociception in humans. Previous 
animal studies have shown that transient nociceptor stimulation can 
produce sensitization lasting hours. Our study tested for sensitization of 
dorsal horn neurons 1-3 days after brief "conditioning" stimulation of 
deep somatic tissues in the low back with capsaicin. Sensitivity was 
measured as the expression of c-fos in response to "test" stimuli 
(submaximal, heterotopic capsaicin injections) or to non-noxious 
palpation. All stimulation was done under halothane anesthesia.

Immunocytochemical analysis for c-fos LI showed that c-fos 
expression to the "test" stimuli was enhanced at conditioning/test 
intervals of 1 or 3 days relative to animals receiving no noxious 
conditioning stimulation. Noxious conditioning also resulted in 
expression of c-fos in response to non-noxious palpation, tested one day 
after conditioning.

These results indicate that brief noxious stimulation in the low back 
region of anesthetized rats produces sensitization of neurons in the 
superficial dorsal horn to both noxious and non-noxious stimuli lasting 
at least 3 days. C-fos is expressed bilaterally in superficial dorsal horn 
neurons in response to unilateral noxious stimulation of lumbar 
paraspinal tissues.
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5 0 .1 1
RESPONSES OF SPONTANEOUS AND NOXIOUSLY EVOKED DORSAL 
HORN CELL ACTIVITY IN CAT WITH TRANSECTED SPINAL CORD, 
TO TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS). 
D.W. Garrison and R.D. Foreman. Depts. of Physical Therapy and Physiology, 
University of Oklahoma Health Sciences Center, Oklahoma City, OK 73190.

We have shown that TENS applied to somatic receptive fields for short (20- 
30s) and longer (5 min.) periods of time, decreases spontaneous and noxiously 
evoked activity of dorsal horn neurons in animals with intact cords. For this 
study we hypothesized that 1) spontaneous and noxiously evoked cell activity 
would decrease during TENS application in animals with transected cords [T12 
level] and 2) that cell activity would return immediately to control levels after 
TENS application was terminated. In 4 alpha-chloralose anesthetized cats, 
spontaneous and noxious evoked activity (clamp/left hindlimb) were recorded in 
the lumbar spinal cord. Continuous TENS was applied for 30 s and 5 min. to 
dermatomes corresponding to the cord level. Stimulating parameters using a 
Medtronic unit were frequency (5-125 Hz), intensity (10-60 mAmps), pulse 
duration (100 uSec) and "Norm" mode. Only those cells which responded to 
TENS and could be discriminated were studied. SPONTANEOUS ACTIVITY: 
Activity of 36 cells (30 sec. stim.) decreased from 19.6 _+ 2.2 imp/s to 11.7 +_ 1.7 
imp/s. Eight cells (5 min. stim.) decreased activity from 19.3 +  5.0 imp/s to 12.2 
±  3.1 imp/s. NOXIOUS ACTIVITY: The activity o f 15 cells (30 sec. stim.) 
decreased from 42.1 +  6.6 imp/s to 23.5 + 4.2 imp/s. Activity for all cells 
decreased. For all categories of cells, post-TENS spontaneous or noxiously 
evoked activity was not significantly different from control activity. The results 
indicate that for these stimulation time periods supraspinal influences are not 
likely involved in the reduction of cell activity. (Supported by OCAST Prod.
H R1-063 and NIH HL22732).

5 0 .1 3
NM DA AND NON-NM DA G LUTAM ATE RECEPTO R SUBTYPES  
CONTRIBUTE TO THE EXPRESSION OF C-FOS IN TRIGEMINAL  
SUBNUCLEUS CAUDALIS AFTER CHEMICAL STIMULATION OF THE 
CORNEA IN THE RAT. D.A. B ereiter* and D.F. B ereiter. Depts. of 
Neuroscience and Surgery, Brown Univ/RI Hospital, Providence, RI 02903 

Trigeminal ganglion neurons that innervate the corneal surface project 
centrally to discrete portions of the spinal trigeminal nucleus (Vsp). However, 
the neurochemical mediator(s) of corneal primary afferent input to the Vsp is 
not well defined. To assess the role of glutamate as a transmitter candidate for 
m ediation o f chem ically evoked trigem inal nociception, barbiturate- 
anesthetized rats were pretreated with a NM DA (CPP, 8 nmol) or a non- 
NMDA receptor antagonist (DNQX, 250 nmol) or with both drugs via a 
chronic catheter placed in the 4th ventricle. At 15 min after drug injection, 
mustard oil (5μ1, 20% sol.) was applied to the corneal surface unilaterally to 
selectively stimulate small diameter afferent fibers. Detection of the proto
oncogene protein product, Fos, was used as an index of corneal input to the 
Vsp. After 2Һ survival, rats were perfused and Fos-like immunoreactivity 
(Fos-LI) was visualized by the avidin-biotin method. Mustard oil application 
on the cornea caused a consistent pattern o f Fos-LI within the Vsp: a 
dominant group of cells ipsilaterally within laminae I-II 3.5 to 5.0 mm caudal 
to the obex and a second group o f cells located bilaterally within the 
ventrolateral pole o f the nucleus at obex levels. NM DA, non-NMDA or 
combined receptor antagonism significantly, and equally, attenuated Fos-LI 
within the caudal portions of Vsp when compared to saline controls. At 
periobex levels o f the Vsp, combined NM DA and non-NM DA receptor 
antagonism caused a small but significant decrease in Fos-LI, whereas either 
antagonist alone did not alter Fos-LI compared to controls. The results 
suggest that a significant proportion of chemonociceptive input from the 
cornea to caudal portions of the Vsp is mediated by glutamate, whereas the 
majority of such input to periobex levels of the Vsp is likely mediated by other 
transmitter systems. Supported by NIH grant NS26137.

5 0 .1 5
DIFFERENTIAL DISTRIBUTION OF FOS-LIKE IMMUNOREACTIVITY  
IN SPINAL TR IGEM IN AL NUCLEUS FO LLO W ING  CORNEAL  
STIMULATION. LP. M eng* and D.A. Bereiter. Depts. o f  Neuroscience & 
Surgery, Brown Univ/RI Hospital, Providence, RI 02903 

Noxious corneal stimulation induces Fos-like immunoreactivity (Fos-LI) in 
two discrete areas of spinal trigeminal nucleus (Vsp). Previously we reported 
that corneal application o f mustard oil and 52°C heat caused similar 
expression of Fos-LI at caudal subnucleus caudalis (Vc), whereas mustard oil 
induced a greater expression of Fos-LI at periobex levels of Vsp (Meng et al., 
Soc. Neurosci. Abstr. 18:497, 1992). To further explore these findings, 
additional stimuli were applied to the cornea to determine if  chemical and 
thermal submodalities differentially affect Fos-LI at periobex and caudal 
levels of the Vsp. The distribution o f Fos-LI was quantified in barbiturate- 
anesthetized rats. Corneal chemical stimuli consisted of mustard oil (20%), 
mineral oil (vehicle control) or isotonic saline. Thermal stimuli consisted of 
52°, 42° or 5°C probe contact to the cornea (20s per min, 15 min). After 2Һ 
survival, rats were perfused and Fos-LI was visualized by the avidin-biotin 
method. Among chemical stimuli, mustard oil caused the greatest Fos-LI at 
periobex Vsp ipsilateral to corneal stimulation, followed by mineral oil and 
isotonic saline. Contralaterally at periobex Vsp, mineral oil and mustard oil 
caused significant Fos-LI, whereas saline did not. Caudal Vc showed  
significant levels of Fos-LI following mustard oil treatment; however, neither 
saline nor mineral oil induced Fos-LI at caudal Vc. W hile chemical stimuli 
gave varying results at periobex Vsp, 52°, 42° and 5°C stimulation all gave 
similar levels o f Fos-LI at periobex Vsp. At caudal Vc, significant levels of 
Fos-LI were seen after 52°C but not after 42° or 5°C. These results indicate 
that chemical and thermal stimuli cause a differential and unequal Fos-LI 
response at both periobex and caudal Vc levels o f the Vsp, suggesting a 
functional difference between these areas. Supported by NIH grant NS 
26137.

5 0 .1 2
NADPH-DIAPHORASE IN THE SPINAL TRIGEM INAL NUCLEUS: 
RELATIONSHIP TO STIM ULUS-INDUCED FOS AND EFFECT OF 
ADRENALECTOM Y. C.B. H athaw ay* and D.A. B ereiter. Depts. of 
Neuroscience & Surgery, Brown Univ/RI Hospital, Providence, RI 02903 

We have previously shown that Fos-like immunoreactivity (Fos-LI) in the rat 
spinal trigeminal nucleus (Vsp) following noxious chemical stimulation of the 
temporomandibular joint (TMJ) or noxious thermal stimulation of the cornea 
shows a bimodal rostrocaudal cellular distribution from obex to cervical cord 
and is potentiated to varying degrees by adrenalectomy (Lu and Bereiter, Soc. 
Neurosci. Abstr. 17:1371,1991; Hathaway et al., Soc. Neurosci. Abstr. 18:497,
1992). Recent evidence suggesting a role for nitric oxide (NO) in central 
nociceptive mechanisms prompted the examination of NADPH-diaphorase 
(putatively colocalized in neurons with the NO biosynthetic enzyme, NO- 
synthase) in paraformaldehyde-fixed brain stem sections of 1) adrenal intact 
and adrenalectomized (ADX) rats sacrificed immediately following anesthetic 
overdose and 2) adrenal intact rats previously sacrificed and processed for Fos- 
LI 2 hours after anesthetic induction and mustard oil injection into the left 
TMJ. In all groups, the most intensely stained diaphorase-positive neurons in 
Vsp were seen tightly clustered in dorsomedial subnucleus oralis and scattered 
in laminae III-IV o f subnucleus caudalis (Vc). However, most abundant were 
the variably stained neurons in caudal Vc lamina Π. Staining intensity in these 
cells (and thus numbers visible) appeared to increase after ADX. Interestingly, 
diaphorase-positive cells were sparse in ventrolateral subnucleus interpolaris 
(Vi) near the obex, one o f two areas showing peak Fos-LI following noxious 
stimulation of the TMJ or cornea. Following TMJ stimulation, less than 5% of 
all Vsp nuclei with Fos-LI were observed in diaphorase-positive cells. These 
results illustrate the discontinuous rostrocaudal and lam inar-specific 
distribution of NADPH-diaphorase-positive neurons in Vsp. This distribution 
coincides with that o f TMJ and corneal stimulus-induced Fos-LI in Vc but not 
caudal Vi. The mechanism for ADX potentiation of stimulus-induced Fos-LI in 
Vc may be coupled to NO-synthase. Supported by NIH grant NS 26137.

5 0 .1 4

FOS-LIKE IMMUNOREACTIVITY IN SPINAL TRIGEMINAL NUCLEUS 
AFTER NOXIOUS CORNEAL HEAT: EFFECT OF SURVIVAL TIME  
AND ACUTE ADRENAL STEROIDS. J. Lu* and D.A. Bereiter. Depts. of 
Neuroscience & Surgery, Brown Univ/RI Hospital, Providence, RI 02903 

Adrenal steroids modulate Fos-like immunoreactivity (Fos-LI) induced by 
noxious trigeminal sensory stimulation (Lu&Bereiter, 1991, Neurosci. Abstr. 
547.14). To assess the interaction between adrenalectomy (ADX) and survival 
time on Fos-LI in spinal trigeminal nucleus (Vsp), adrenal intact and ADX 
rats were anesthetized with pentobarbital and perfused at 30min, 60min and 
2Һ after noxious thermal stimulation of the cornea (52°C, 20s per min, 15min). 
Fos-LI showed a bimodal distribution after noxious corneal heat in Vsp: 
ipsilateral superficial laminae in caudal subnucleus caudalis (Vc) and at the 
ventrolateral pole of periobex Vsp. After 30min survival time, ADX increased 
Fos-LI in both caudal Vc (3.0±03  versus 0.710.3 cells/section, PcO.Ol) and 
periobex Vsp (3.7±1.2 vs 0.910.6, PcO.Ol) compared to intact rats. The effect 
of survival time (0.5 to 2Һ) on Fos-LI among caudal Vc neurons after noxious 
corneal heat in ADX rats was fit best to an exponential curve (r=0.989), 
whereas Fos-LI increased linearly (r=0.999) in intact animals. At periobex 
Vsp survival time affected Fos-LI equally in ADX and intact rats. To examine 
if  acute corticosterone (Cort) could reverse the increased Fos-LI by ADX, 
lm g/kg Cort, specific mineralocorticoid receptor (MR) agonist aldosterone 
(Aldo) and specific glucocorticoid receptor (GR) agonist RU28362 (RU) was 
injected ip into ADX rats 5min before noxious corneal heat and animals were 
perfused 2Һ later. All treatments (Cort 12.6+4.9; A +do 7.5+2.0; RU 9.3+2.4) 
reversed the increase in Fos-LI seen in untreated ADX (43.9+9.6, P<O.Ol) at 
the caudal Vc. The results suggest that: 1) neurons at the periobex Vsp and 
caudal Vc may subserve different functions in trigeminal nociception, 2) acute 
steroid replacement is sufficient to reverse the effect o f ADX on Fos-LI, and 3) 
both MR and GR may contribute to the adaptation of central neurons to acute 
noxious sensory input by modulation o f the expression of immediate early 
genes. Supported by NIH grant NS 26137.

5 0 .1 6

P A R A B RA CH IA L A R EA  (PBA) AN D N U C LEU S RAPH E M A G N US (NRM)- 
IN DUCED INHIBITION O F TR IG EM IN A L S U B N U C LEU S  C A U D A LIS  (Vc)- 
N EU RO N AL R ES P O N S ES  TO  E LEC T R IC A L  AN D C H EM ICA L STIM U LATIO N  
O F C U T A N EO U S  AND M U SC LE  A F FER EN T S . C .Y .C h ia n o * . J .W .H u  and B .J . 
S essle . Fac.o f Dentistry, Univ.of Toronto, Toronto, Ont. M 5G 1G 6, Canada.

The aim of this study w a s  to test for PBA- and NRM-induced inhibitory 
effects on V c  neuronal responses evoked by electrical or chemical 
stimulation of skin and deep tissues. Experim ents w ere conducted on 
urethane/α-chloralose-anaesthetized rats in w hich PBA or NRM were  
stimulated either w ith a 20 m s train (0 .2m s pulses at 400H z) 5 0  m s prior to 
the test electrical stimulation (1 . 1 -1 .5  x  threshold) of each neurone's skin  
or m uscle receptive field (RF) or the hypoglossal nerve (XII), or w ith a 5-10 s  
train during chem ically induced responses. Thirty-one V c  neurones w ere  
functionally classified as low-m echanosensitive (LTM ), nociceptive-specific 
(NS), wide dynam ic range (WDR) or deep (D). Electrically evoked responses 
of nociceptive and LTM  neurones to cutaneous А -fibre inputs w ere strongly 
inhibited by both PBA and NRM conditioning stimulation, to 3 5 %  
(mean;n = 9) and 5 2 %  (n = 11), respectively, of control responses. In N S, 
W DR and D neurones, PBA conditioning stimulation reduced electrically 
evoked responses to A- and C-fibre inputs elicited by X II, temporalis or 
tongue m uscle stimulation to 50 -55 %  and 42-61 % (n = 15), respectively; 
NRM conditioning stimulation reduced analogous responses to 75 -8 7 %  and 
4 3 -8 3 %  (n = 14), respectively. Th ese  differences between PBA and NRM 
stimulation w ere not significant. Application of 2 0 %  mustard oil to the skin  
or tongue RF or of 4M  NaCI to the deep RF of N S and W DR neurones (n = 6 ) 
evoked long-lasting responses (75-215s) w hich w ere reduced by both PBA  
and NRM stimulation to 22 -30 %  and 18 -40 % , respectively. Th ese  findings 
indicate that both PDA and NRM have powerful descending inhibitory 
influences on V c  neuronal responses to skin and deep inputs excited by 
electrical and algesic chem ical stimuli. (Supported by NIH grant D E0955 9).
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50 .1 7
EFFECT OF CUTANEOUS APPLICATION OF MUSTARD OIL ON RESPONSES 
OF TRIGEMINAL BRAINSTEM NEURONES TO TOOTH PULP STIMULATION 
IN CATS. D. Banks*1. M. Kuriakose. and B. Matthews. (SPON: Brain Research 
Association). Department o f Physiology, University o f  Bristol, BS8 1TD and 
1department of Craniofacial Biology, UMDS, London SEI 9RT, England.

In previous studies in chronically prepared, anaesthetized cats (Exp. Physiol. 
77, 343-349, 1992) we found that high intensity electrical conditioning stimuli 
applied to the ipsilateral forepaw produced an increase in the thresholds o f trigeminal 
brainstem neurones and of the jaw opening reflex (JOR) to tooth pulp (TP) 
stimulation, with the JOR thresholds being elevated significantly more and for longer 
than those of the neurones. In experiments on acute preparations (Cadden, S.W., 
Brain Res. 336, 33-43, 1985), it was shown that a similar effect was produced by 
stimulating Аδ fibres. In the present experiments, we have investigated the effects in 
chronic preparations o f selective stimulation o f C-fibres produced by topical 
applications of 5 % mustard oil to skin.

Two male cats were prepared for chronic recording as described previously (J. 
Neurosci. Meth. 38, 35-40, 1991; 46, 83-88, 1993). Following recovery, 
observations were made when the cats were re-anaesthetized on six separate 
occasions. Changes in the thresholds o f the JOR and o f neurones in the trigeminal 
spinal nucleus (pars oralis) to TP stimulation were recorded before and after 
application of 5 % mustard oil-soaked filter paper (5mm2) for a minute to an area of 
shaved skin on the ipsilateral forelimb. The thresholds of the JOR and o f the 
neurones decreased in parallel to between 6-23% o f control levels and remained 
lower for 10-15 minutes.

In conclusion, selective stimulation o f cutaneous C-fibers facilitates the 
responses of both the JOR and the neurones whereas stimulation o f cutaneous Аδ- 
fibers produces depression o f the responses.
Supported by the Medical Research Council, U.K.
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5 1 .1
BIPHASIC EFFECTS OF LITHIUM ON MORPHINE ACTIONS IN RATS. 
B.Culver* , S. Choudhurv. and R.C. Campbell. School o f  Pharmacy, Univ. of  
Wyoming, Laramie, WY 82071.

Animal studies suggest that lithium (Li) interaction with morphine (Mor) may 
potentiate and inhibit Mor’s action, depending on the nature o f the Li dosage and the 
types of tests used to evaluate Mor action. In the present study, the effects o f 18 hr 
pretreatment o f rats with either 2.5 (low) or 7.5 (high) mmole/kg doses o f Li chloride 
on Mor actions were evaluated by measures o f nociception (tail flick [TF] test), 
locomotor activity of groups (З/group) in a residential maze, or oxygen consumption 
(Vo2). The TF test was conducted following injection o f Mor (5 mg/kg) and results 
were expressed as percent maximum possible effect (%MPE). Li alone, in either 
dose, produced no significant alteration in TF latency compared to controls. 
Pretreatment with high Li (69.3) resulted in a significant elevation and prolongation 
of the %MPF produced by Mor. In contrast, the %MPE produced by Mor was 
almost completely blocked by rats pretreated with low Li (6.2). Locomotor activity 
(photocell counts/hr) was recorded over a 5 hr period. At the end o f the first 2.5 hr 
exploratory period, rats were injected with either saline or Mor (1.5 mg/kg) and 
activity was recorded over the next 2.5 hrs. Exploratory activity o f  low dose Li rats 
(469 ± 38) was not significantly different from that o f  controls (502 ±35), but was 
decreased for rats in the high Li group (320 ±65). Control rats showed increased 
activity following injection with Mor (368 ± 9 ) compared to saline (206 ±15). The 
high Li group was also hyperactive (312 ±89) following Mor, but activity o f  low Li 
rats (213 ±  12) was not increased by Mor. Similar findings were revealed in prelimi
nary studies o f Vo2 (cc/g/hr) where baseline Vo2 was similar for controls (0.73 and 
low Li rats (0.84), but was reduced to 0.55 in the high Li group. Mor (20 mg/kg) 
also caused a predictable reduction o f Voj in both control (0.35) and high Li (0.42 
cc/g/hr), but not in low Li (0.89 rats.

5 1 .2
B RA IN  M ECH A N ISM S O F  C A N N A B IN O ID -IN D U C E D  A N T IN O C IC E P 
TIO N  IN RAT. W.J.Martin*. N.K. Lai. S .L . Patrick. K. Tsou. and J.M. Walker. 
Schrier Research Laboratory, Dept. of Psychology, Brown University, Provi
dence, Rl 02912.

The purpose of this study w as: (1) to evaluate the antinociceptive effects 
of supraspinal cannabinoid administration; and (2 ) to identify the central sites 
responsible for cannabino id-induced  antinociception at the supraspinal lev
el. Male rats, surgically implanted with guide cannulae above the lateral ven
tricle (LLV), rostral ventral medulla (RVM), periaqueductal grey (PAG), septum, 
or substantia nigra (SN) received microinjections of vehicle (45% DMSO), 
CP55.940 or WIN55.212 - 2  after baseline tail-flick (TF) latencies were estab
lished. Pain sensitivity w as m easured for 45 minutes after microinjection. Intra
ventricular administration of CP55.940 (20μg) and W IN 55212-2  (5 & 20μg) 
produced significant, long-lasting increases in T F  latencies (n= 8 , p =0.0003; 
n=7, p= 0.05; n=7, p= 0.02, respectively). To confirm that the observed sup
pression of T F  responses w as mediated by central rather than spinal sites, 
[3H]WIN55212 —2 (400,000 DPM with 20 џд unlabeled drug) w as injected icv, 
6  minutes before the brain and spinal cord were removed. In all ca se s  (n=5), 
radioactivity w as confined to the brain, with less than 1.5% (О.ОЗμ g ) appearing 
in spinal cord, and only 0.67% (0.01 Зμg) in the sacral region. Finally, T F  laten
cy w as m easured after W lN 5 5 ,2 12-2  (5μg) w as microinjected directly into the 
PAG, RVM, septum, or SN. W IN 55,212-2  produced significant antinocicep
tion in both the PAG (n=13,p=0.019) and in the RVM ( n=10, p =0.001). To
gether, these results support the existence of a supraspinal com ponent of 
cannabino id-m ediated antinociception and implicate the PAG and RVM as  
two brain regions with a role in these antinociceptive actions.

5 1 .3
AF64A SELECTIVELY AFFECTS ( + )-C/S-DIOXOLANE INDUCED 
ANTINOCICEPTION AT THE RVM. M.K. Nihei* and E.T. 
Iwamoto. Graduate Center for Toxicology and Department of 
Pharmacology, University of Kentucky Coll, of Med., Lexington, 
KY 40536

The effects of ethylcholine aziridinium ion (AF64A) injected 
into the rostral ventral medulla (RVM) on the antinociception 
induced by the muscarinic antagonist ( + )-cis-dioxolane (CD) 
were examined in adult, male Sprague-Dawley rats. Seven days 
following implantation of guide cannulas aimed at the RVM,
0, 60, or 125 pmol AF64A was injected in 60 nl of phosphate 
buffer. One week later, 8 .0  nmol of CD in 0.5 μ \ of buffer was 
injected into the same site. This dose of CD induced maximal 
antinociception to the hot-plate and tail-flick tests, persisting 5 
to 10 minutes in control rats after microinjection into the RVM. 
CD-induced hot-plate antinociception was partially attenuated by 
125 pmol AF64A , whereas tail-flick antinociception was 
completely blocked at this dose. Neither hot-plate nor tail-flick 
antinociception induced by CD was affected by 60 pmol AF64A 
at the RVM. These data suggest that the postsynaptic 
receptors at the RVM may remain intact and pharmacologically 
functional after a lesion produced by 60 pmol but not 125 pmol 
AF64A. By contrast, the presynaptic effects of nicotinic 
agonists in the RVM are diminished by both 60 and 125 pmol 
AF64A (Nihei and Iwamoto, Soc. Neurosci. 18:835 , 1992). 
(Supported by NIH NS 28847 and KRTB.)

5 1 .4
INTRATHECAL VOLTAGE SENSITIVE CALCIUM CHANNEL BLOCKERS 
AND DANTROLENE SODIUM REDUCE THE INDUCTION OF A 
PERSISTENT HINDLIMB FLEXION IN RAT. M.F. Anderson* & J.T.Earnhardt 
Department of Psychiatry, St. Elizabeth’s Hospital of Boston, Boston, MA 02135 
& Department of Pharmacology, University of New England, Biddeford, ME 
04005.

Stimulation (2mA, 7ms, 100Hz, 60min) across the musculature of the upper 
hindlimb in the pentobarbital anesthetized rat produces a persistent hindlimb 
flexion that remains manifest following thoracic spinalization. Previously, we have 
demonstrated in the spinalized rat a dose dependent reduction in the induction of 
this flexion by the intraperitoneal administration of both the 1) calcium L-channel 
blockers: nifedipine, nimodipine and diltiazem and 2) dantrolene sodium. In the 
present study, these agents were administered intrathecally and the dose response 
of such pretreatment on the induction of persistent hindlimb flexion was explored.

Adult Long Evans rats were anesthetized with pentobarbital and stainless 
steel wound clips were applied to the musculature of the right upper hindlimb. 
Animals were pretreated with one dose of a particular vehicle or test agent 
(nimodipine: 10,30, 100, and 300 ng,i.t., diltiazem:3.0, 10, 30, and 100 ng,i.t., and 
dantrolene sodium:0.01,0.03, 0.1, and 0.3 ng,i.t.). All doses were administered in 
10 ul aliquots. Following a 10 minute waiting period, current (2mA, 7ms, 100Hz, 
60min) was applied across the wound clips. Next, animals were spinalized at T-7. 
After a 30 minute recovery period, measurements of the induced flexion were 
taken. In all groups, poststimulation flexion was reduced in a dose dependent 
manner. While pretreatment with these same agents, using an intraperitoneal 
route of administration, resulted in similar trends, intrathecal administration 
effected a substantially greater reduction in poststimulation flexion in all groups. 
These data suggest that both calcium L-channel blockers and dantrolene sodium 
interfere with spinal processes required for the induction of persistent activation 
in the flexion reflex pathways. (Support: Mead Johnson & St.Elizabeth’s)
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5 1 .5
ROLE OF SPIN A L V O L T A G E -SE N SIT IV E  CALCIUM  
CHANNELS IN PROLONGED NOCICEPTION IN THE RAT.
Annika В. Malmberg* and Tony L. Yaksh, Department o f Anesthesiology, 
University of California, San Diego, La Jolla, CA 92093-0818

Calcium influx through voltage-sensitive calcium channels (VSCC) is 
believed to play a major role in synaptic transmission. The rat formalin test is a pain 
model of involving an exaggerated spinal nociceptive processing. The purpose of this 
study was to examine the contribution of spinal VSCC in the formalin test Intrathecal 
(IT) injection of omega-conopeptides (CNP) (N-type channel antagonists) produced a 
dose-dependent inhibition of the prolonged behavioral response produced by formalin 
injection in the rat (ED50 values in nmol): SNX-111 (0.003) > SNX-185 (0.009) > 
SNX-239 (0.02) > SNX-159 (0.12) = SNX-199 (0.23). The acute phase was 
suppressed by SNX-111, SNX-185 and SNX-239. The L-type channel antagonists 
nifedipine (24 nmol), nimodipine (29 nmol), verapamil (200 nmol) and diltiazem (220 
nmol), and the omega-CNP selective for the non-N/non-L-type channel (SNX-231; 
0.24 nmol) produced no effect on the formalin test. Block o f VSCC by the trivalent 
cations neodymium (NdСІ3) and lanthanum (LaClß) resulted in a dose-dependent 
suppression o f both the first (highest dose examined, 0.3 nmol, produced a 50% 
reduction) and second phase (ED50 in nmol: 0.06 and 0.011, respectively) o f the 
formalin response. Using a high threshold stimuli (52.5°C hot plate) IT NdС13 (0.3 
nmol) and SNX-111 (0.03 nmol), but not verapamil (200 nmol), produced a moderate 
(20 %) increase in the response latency. No apparent motor dysfunction at 
antinociceptive doses was found during the testing period for any o f the agents. 
However, higher doses o f the omega-CNP’s produced typical shaking behavior, 
coordination problems and serpentine-like movements o f the tail. These studies 
demonstrate that IT low doses of omega-CNP’s that block N-type VSCC produce a 
potent antinociceptive effect and indicate an important role for VSCC's of the N-type, 
but only modest influence o f the L- and non-N/non-L-type, in spinal facilitated 
nociceptive processing, (supported by funds from Neurex corporation)

5 1 .7
CONTINUOUS INTRATHECAL INFUSION OF MORPHINE 
WITH LIDOCAINE IN THE RAT; ANTINOCICEPTIVE SYNERGY 
AND INFLUENCE ON DEVELOPMENT OF TOLERANCE TO 
MORPHINE. Y. Saito*1. M.Kaneko1. Y.Kirihara1, J.G.Collins2 and 
Y.Kosaka. 1 Dept. of Anesthesiology, iShimane Med.Univ., Izumo, 
693 Japan and 2Yale Univ. Sch. of Med., New Haven, CT 06511

The purpose of this study is to quantify the antinociceptive inter
action with isobolographic analysis and to evaluate the effect on the 
development of tolerance to morphine, following continuous intrathecal 
(i.t.) administration of morphine (M) and lidocaine (L).

By using a constant-rate (1 μl/hr), constant-dose infusion pump 
(Alzet 2001) in rats, groups received a 6 -day i.t. infusion of one of 
various concentrations of M (1-10 μg/kg/hr), L (100-1000 μg/kg/hr), 
fixed combined dose ratio of morphine and lidocaine (M-L) (M0.3L60- 
M1L200 μg/kg/hr), or saline. The tail flick latency (TFL) was 
measured before implantation of the pump and on day 1, 2, 3, 4, 6  
during i.t. infusion. On day 7, the magnitude of tolerance to morphine 
was assessed by measuring TFL for 180 min after i.t. bolus injection 
of morphine 5 μg.

I.t. infusion of M, L, or M-L produced dose-dependent anti
nociceptive effect. Isobolographic analysis during continuous infusion 
revealed synergistic interaction between morphine and lidocaine. Peak 
effect following i.t. bolus morphine reduced by 20% and 60% in M l 
and M1-L200 infused group compared with saline infused group, 
respectively. Area under the curve was decreased by about 50% in M l- 
L200 infused group compared with M l infused group. These results 
demonstrate that M-L infusion produce synergistic antinociception and 
that lidocaine modulate the development of tolerance.

5 1 .9
NEUROLOGICAL EVALUATION OF MOTOR FUNCTION AND  
PROPRIOCEPTION DURING SCIATIC NERVE BLOCK WITH LIDOCAINE 
IN RAT. J.G.Thalhammer* M.Vladimirova. G.R.Strichartz. Anesthesia 
Research Laboratories, Brigham & Women’s Hospital, Harvard Medical School, 
Boston, MA 02115.

Various methods have been used to evaluate motor function in rats with 
experimentally induced pathology at a peripheral nerve or after injection o f local 
anesthethics. However, little or no attention is usually paid to proprioceptive 
changes. The aim of this study was to employ methods used in veterinary 
neurology to evaluate function of hindlimbs in small animals.

Manipulations necessary for both the injection o f lidocaine and the 
neurological evaluation o f the posterior limb were begun in rats (male, Sprague- 
Dawley, 65.4±7.8 gm, mean±SD) in a playful manner at the age o f 4 weeks with 
increasing durations until the evaluation próduced consistent results, usually 2-3 
weeks later, and rats (now 239±32 gm, mean±SD) did not resist local injections 
o f 0.1ml o f 1% lidocaine. Resting posture, gait, postural reactions 
(proprioceptive positioning, hopping), myotatic reflexes (patellar, cranial tibial), 
withdrawal reflex to noxious stimulation of skin at medial and lateral metatarsus, 
and quantitative evaluation o f extensor postural thrust were used to assess motor 
and proprioceptive function before, during and afta: sciatic n ave block.

In all ten cases the block o f proprioception was longer (22.5±3.5min, 
mean+SE) than the motor block (40±3.1min, mean±SE) with proprioception 
beeing affected first and recovering last. There was very little variation among 
animals.

We conclude that reliable evaluations of motor and proprioceptive function 
during a nerve block with local anesthetics can be done in rats after a period of 
proper handling.
(Supported by NIH grant USPHS GM 35647)

5 1 .6
SPINAL SITE OF N-TYPE CALCIUM CHANNEL ANTAGONIST 
SUPPRESSION OF MECHANICAL ALLODYNIA IN A RAT 
NEUROPATHY MODEL SR Chaplan. J Pogrel  MR Grafe*, TL Yaksh. 
Dept of Anesthesiology, UCSD, La Jolla CA 92093 

To localize and pharmacologically characterize voltage-gated calcium 
channels (VGCC) relevant to pathways transducing neuropathic pain, we 
examined the effects of intrathecal (IT) and intravenous (IV) administration 
of subtype-specific VGCC antagonists. Male Sprague-Dawley rats (100-200g) 
underwent tight ligation of the left L5 and L6 spinal nerves, and subsequent 
implantation of chronic jugular venous and/or lumbar IT catheters. 
Mechanical allodynia was measured in awake, unrestrained rats (n=5- 
6/group) as the threshold for withdrawal of the left hindpaw to Von Frey 
hairs (0.4-15 g), here expressed as % of maximal possible effect ±SD 
(maximal threshold defined by the responses of untreated, sham-operated 
controls). At doses without adverse behavioral effects, IT injection of N-type 
VGCC antagonists produced significant suppression of withdrawal (co- 
conopeptides SNX111 [1 μg]: 36.4±38.5, SNX239 ІЗ μg]: 43.4±34.0, p<0.01 vs 
saline: -5.5±8.0, one-way ANOVA/Fisher's PSLD) whereas IT L-type VGCC 
antagonists were without effect (diltiazem [500 μg]: 10.3±10.4, verapamil [250 
μg]: 5.2±8.0). None of the above compounds suppressed allodynia when 
administered IV at maximal doses (p=0.4 vs saline). Since these substances 
cross the blood brain barrier poorly, our results tend to exclude a peripheral 
location for the N-type VGCC participating in the allodynic response, and 
emphasize the role of N- versus L-type channels in altering injury-induced 
allodynia. Previous descriptions of the presynaptic location of N-type 
channels are compatible with sites in either the dorsal root ganglion or the 
dorsal horn of the spinal cord.
This work was supported by funds from Neurex Corp., Menlo Park, CA.

5 1 .8

A N T IN O C IC E P T IV E  E F F E C T  O F  S Y S T E M IC  L ID O C A IN E  IN 
T H E  M O U S E  F O R M A L IN  T E S T
O .-G . Berg e *  and  M. S tå h lb e ra . A s tra  P a in  C o n tro l, P re c lin ica l 
R e se a rch , S -151 85  S ö d e rtä lje , S w eden .

S y s te m ic  a d m in is tra tio n  o f  th e  lo ca l a n e s th e tic  lid o ca in e  
p ro v id e s  a n a lg e s ia  in c e rta in  c lin ica l co n d itio n s , p a rt icu la rly  
a g a in s t n e u ro g e n ic  pa in . It is  a lso  a c tive , in s u b -a n e s th e tic  
co n c e n tra tio n s , in s o m e  in  v i t r o  pa in  m ode ls . W e  h a ve  
in ve s tig a te d  th e  e ffe c ts  o f  s u b c u ta n e o u s ly  a d m in is te re d  
lid o ca in e  in 3 b e h a v io ra l te s ts  o f  n o c ic e p tio n  in m ice.

D o se s  o f  lid o c a in e  fro m  2 5  to  100 μ m o l/kg  re d u ce d  th e  
re s p o n s e  in  bo th  p h a s e s  o f  th e  fo rm a lin  te s t ( lic k in g  in d u ce d  by  
20  μ l , 1%  fo rm a ld e h y d e  in s a lin e  in je c te d  s u b c u ta n e o u s ly  in to  
o n e  h ind  p a w ) in a  d o s e -re la te d  m anne r. T h e  re s p o n s e  w a s  
a lm o s t to ta lly  su p p re s s e d  a t th e  h ig h e s t dose .

In th is  d o se -ra n g e , th e  c o m p o u n d  w a s  in a c tiv e  in th e  ra d ia n t 
h e a t ta il- f lic k  te s t a n d  in th e  c o n s ta n t te m p e ra tu re  h o t p la te  te s t 
(58  °С ) a n d  d id  n o t s ig n if ic a n tly  im p a ir  m o to r p e rfo rm a n c e  in a 
g r id -c lim b in g  tes t. T h e  e ffe c ts  on  g e n e ra l b e h a v io r  ( lo co m o tio n , 
re a rin g  a n d  g ro o m in g ) w e re  s lig h t to  m o d e ra te  a n d  d o  n o t seem  
to  a c c o u n t fo r  th e  re d u c e d  re s p o n s e  in th e  fo rm a lin  tes t.

T h e  d a ta  s u g g e s t th a t lid o ca in e  m a y  h a v e  a n a lg e s ic  e ffe c ts  
a g a in s t s o m e  ty p e s  o f  n o n -n e u ro g e n ic  pa in .

5 1 .1 0

INCREASE OF SKIN TEMPERATURE BY REGIONAL  
LIDOCAINE BLOCK IN RAT* M.Vladimirova. J.G.Thalhammer.
B .  Bershadsky. G,R.Strichartz. Anesthesia Research Laboratories, 
Brigham & Women's Hospital, Harvard Medical School, Boston, MA 
02115.

Recently we developed an animal model for simultaneous 
assessment of multiple parameters of functional block by local 
anesthetics(LAs), including behavioral, sensory, motor and skin 
temperature (SkT) responses. In trained, freely moving rats, showing 
no aversive reactions to noxious stimulation (pinch and heat) we 
compared the depth and time course of consequent inhibition of 
different functions after injection of 0 .1  ml, 1% lidocaine at the sciatic 
nerve. We registered changes of SkT at two loci (toe and heel) that 
are innervated by sciatic nerve on ipsi- and contralateral limbs. There 
was a significant increase of SkT in the injected limb: 5.3+1.7 °С on 
the toe and 3.9+1.8 °С on the heel (mean + SD). With curvilinear 
fitting to the mean values in time we estimate that maximum effect of 
drug occurs 13.5 min for the toe and 12.5 min for the heel. This time 
course closely parallels the analgesic and proprioceptive blocking 
effects of LAs. The data suggest that increase of SkT accompanies 
sensory and motor block by LAs. We propose that changes of SkT 
reflect the changes in sympathetic outflow, at least in part. 
Importantly, sympathetic activity strongly influences pain and 
nociception and motor functions. Ergo changes of SkT - a very 
sensitive yet easily measured component of local nerve block - can be 
used as a simple test for adequate analgesia by LAs. (Supported by 
NIH grant USPHS GM 35647)
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51.11
LOW -DOSE, IN T R A V EN O U S  L ID O C A IN E  D IF F E R E N T IA L L Y  IN H IBITS  
TWO C L A S S E S  O F  S P IN A L  V IS C E R A L  N O C IC E P T O R S  IN R A T S .
T.J. N ess*. Departm ent of A n e sth e s ia , U niversity  of Iowa H o sp ita ls and  
Clinics, Iowa C ity , IA 52242.

To date, the effects of intravenous lidocaine (0.25, 1 and/or 4 mg/kg) 
have been examined on the excitatory responses to phasic colorectal 
distension (CRD, 80 mm Hg, 20 s) of fifteen spinal dorsal horn neurons. 
Extracellular recordings were made of single neurons in the L6-S2 spinal 
segments of spinalized, decerebrate rats. Terminology and methodology 
are similar to earlier studies (e.g., J. Neurophysiol. 62: 220-230). Neuronal 
activity was quantified as number of action potentials during stimulation.

All neurons had convergent, nociceptive cutaneous receptive fields and 
could be divided into two groups based on their responses to CRD: seven 
Short latency - Sustained (SL-S) neurons demonstrated sustained after
discharges following termination of CRD; eight Short latency - Abrupt (SL-A) 
neurons demonstrated an abrupt termination of response with a period of 
inhibition following CRD. Five minutes after administration of a bolus dose, 
intravenous lidocaine hydrochloride had statistically significant differential 
effects on these two neuronal groups: at 0.25 mg/kg SL-S neurons, as a 
group, were inhibited (25 ±  9%) whereas SL-A neurons demonstrated 
increased responses (11 ± 8%); at 1 mg/kg SL-A neurons were weakly 
inhibited (10 ± 4%) and SL-S neurons were strongly inhibited (45± 4%); at 4 
mg/kg both SL-S and SL-A neurons were strongly inhibited (50 ± 10%). 
Data is expressed as Mean ± SEM.

These findings further support the assertion that (visceral) nociception is 
processed in dual interactive pathways. Supported by GM08442.

51 .1 3
THE EFFECTS OF SURG ERY ON M ORPHINE SUPPRESSION OF  
VISCEROMOTOR A N D ELECTROPHYSIOLOGICAL RESPONSES TO 
COLORECTAL DISTENSION IN RATS. S. Tsukahara. L.M. Kitahata*.
K. Nishioka. J.G. Collins. Dept. o f Anesthesiology, Yale Univ. Sch. o f Med., 
New Haven, CT 06510

In preparation for a series o f  studies o f drug effects on neuronal responses 
to visceral stimulation we examined the effects o f the surgical manipulations 
that would be required in order for us to study the electrophysiology o f spinal 
dorsal horn neurons.

This protocol was approved by the Yale Animal Care and U se Committee. 
In all experiments rats were lightly anesthetized with pentobarbital at the time 
of testing. Visceromotor response to colorectal distension (CRD) was examined 
in 24 intact animals and 23 animals that had just undergone a thoracolumbar 
(T12-L1) laminectomy (surgery done under deep anesthesia). In addition, 
extracellular activity was recorded from 16 wide dynamic range (W DR) neurons 
that responded to CRD. The effects o f i.v. morphine (.1, .4, 1.6, 6.4 mg/kg) 
were studied in all three groups.

The threshold for a visceromotor response to CRD was significantly lower 
in the intact group than in the group that underwent a laminectomy at baseline 
and following the .1 mg/kg dose o f morphine. With cumulative dosing o f  
morphine above .1 mg/kg, the thresholds in both groups increased to a similar 
level. The W DR neuronal activity, as was the visceromotor response to CRD, 
was dose dependently depressed by morphine.

The results demonstrate that a visceromotor response to CRD and a 
neurophysiologic response to the same stimulus are suppressed in a similar 
fashion by morphine. They also demonstrate that surgery may elevate the 
threshold for a visceromotor response to CRD.

Supported by NIH NS 09871

5 1 .1 5
THE EFFECTS OF GLUTAMATERGIC A N D SEROTONERGIC AGONISTS 
AND ANTAGONISTS ON THE DISTRIBUTION OF C-FOS POSITIVE 
NEURONS IN THE RAT SPINAL CORD, FOLLOWING VISCERAL AND  
SOMATIC NOCICEPTIVE AFFERENT ACTIVATION. L .A.Birder.
J.R.Roppplo. M.Yoshivama. K .Thor1. V.L.Erickson. R.Stewart and W.C.de 
Groat. Univ. of Pittsburgh, Dept. of Pharmacol., Pittsburgh, PA 15261 and 
1Lilly Corporate Center, Indianapolis, IN 46285.

A variety of behavioral and physiological studies have suggested that 
serotonergic and glutamatergic m echanism s m ay be involved in  modulating 
nociception at the level of the spinal cord. This study examined the effects of 
LY274614 (30m g/kg iv) an NM DA receptor antagonist (NM DA-ANT), 
LY287416 (10m g/kg iv) a 5H T1A agonist (5H T1A-AG), LY191617 (3m g/kg iv) 
a 5HT3 peripheral antagonist (5HT3P-ANT) and LY233708 (lm g /k g  iv) a 5HT  
uptake inhibitor (5HT-UPI) on the expression of C-FOS in spinal neurons 
following visceral and somatic nociceptive afferent activation in  urethane 
anesthetized (1.2m g/kg i.p.) rats. Visceral afferent activation (V-AFF) was 
produced (in L6 spinal cord) by continuous infusion of 1% acetic acid into the  
bladder w ith the urethra open, w hile somatic afferente (S-AFF) w ere activated 
(in L4 spinal cord) by injection of 0.2cc 10% formalin into the hindlimb foot 
pad. The largest reduction in C-FOS expression following S-AFF activation 
was seen w ith  the NM DA-ANT (76% of control), 5H T1A-AG (73%) and 5HT- 
UPI (50%); while the 5HT3P-ANT had no effect. M ost of th e reduction in C- 
FOS was seen in medial and lateral dorsal horn. W ith V-AFF activation, the  
effects on C-FOS expression w ere less dramatic. The NM DA-ANT produced 
a 28% and the 5HT-UPI a 21% reduction in  th e num ber of C-FOS positive 
neurons, while 5H T1aAG increased (45%) the num ber of neurons expressing  
C-FOS and 5HT3P-ANT produced variable results. This data suggests that 
central glutamatergic and serotonergic m echanism s m ay be more important 
in modulating somatic rather than visceral nociception.

5 1 .1 2
NM DA RECEPTO R -M ED IA TED  B IPH A SIC  E F F E C T S  ON V IS C ER A L  
N O CICEPTIO N . R.Kolhekar* and G .F .G eb hart. Dept. of Pharm acology, The  
University of Iowa, Iowa City, IA, 5 2 2 4 2 .

Viscerom otor responses (VMR) to phasic colorectal distension  
(CRD; 4 0  mm Hg, 2 0  se c , 4  min apart) w ere examined in unanesthetized, 
chronically instrumented, male Sprague-D awley rats prior to and after 
drug or saline administration. N-methyl-D-aspartic acid (NMDA, 100 fmol- 
1 nmol) or quisqualic acid (QA, 1 pm ol-10 nmol) were administered 
through an 8 .5  cm catheter to the lumbar spinal cord of rats and VM R to 
noxious CRD  w ere monitored 1, 4-5 and 9min after NM DA administration 
or at 2, 6 , 10 and 14 min after QA administration, respectively. Lesser 
doses of NMDA (100 fm oM pm ol) produced a dose-dependent increase in 
the VM R to CRD  (1 pmol produced maximum facilitation 1 min after 
administration). Administration of greater doses of NM DA produced no 
further increase in VM R and the greatest dose tested (1nmol) produced a 
decrease in VM R (maximum at 4-5 min post-drug) and also produced 
caudally-directed scratching and biting behaviors w ith vocalizations. 
Pretreatment with the com petetive NMDA receptor antagonist D-APV (1 
pmol) antagonized all of the above effects for a period of approximately 
80  min. Q A  (1 nmol-10 nmol) produced a dose-dependent decrease in the 
VM R to CRD  (3 nmol produced maximum inhibition 2-6 min after 
administration) w hich w as antagonized in a reversible manner by 
pretreatment with the non-NMDA receptor antagonist, DN QX (3 nmol) for 
a period of approximately 2 .5-3  hrs.

In sum m ary, these data suggest that the activation of NM DA and 
non-NMDA receptors in the spinal cord differentially m odulates visceral 
nociceptive input.

5 1 .1 4
O XYM O RPH O N E A R T IF A C T S  DO N OT C O M P LIC A TE  A N TIN O CICEPTIV E  
M EA SU R EM EN TS USING A  CO LO N IC  BALLO ON  D ISTEN SIO N  A S S A Y . S.
L. Briggs. D. C . S a w y er. R. H. R ech *. and J .  J . Gallioan. D epts. of 
Pharmacology and Toxicology and Small Animal Clinical Scien ces, Michigan 
St. Univ., East Lansing, Ml 4 8 8 2 4 .

W hen using colonic balloon distension (CBD) as a nociceptive model in 
testing opioids, it is important to know  how  opioids affect colonic 
distensibility. To determine the effects of an opioid on the colon in vivo, 
baseline pressure and contraction frequency of the colon were recorded 
during oxymorphone (0 .1  mg/kg i.v .) induced antinociception, and 
compared to atropine (0.1 mg/kg i.v.) and saline treated rats. Baseline 
pressures measured over 45  minute periods show ed no significant change 
between treatment groups. In comparing baseline contraction frequencies, 
only oxymorphone produced a transient increase in frequency of 
contractions, how ever contraction frequency returned to predrug levels at 
a time w hen maximum antinociception w as observed. W hen testing for 
antinociception in all groups, the selected pressure stim ulus given w as also 
m easured for its volume displacement. Baseline pressure-volume  
relationships of the three treatment groups w ere then compared and no 
significant differences w ere found between groups. These  results indicate 
that oxymorphone neither affects tonic baseline pressures of the colon, nor 
does oxymorphone distort the pressure-volum e relationship. A lso, 
oxymorphone, but not atropine or saline treated rats, increased nociceptive  
thresholds, w hich indicated that only oxymorphone produced 
antinociception. Therefore, oxymorphohe does not produce colonic 
conditions in vivo that com plicate antinociceptive m easurem ents using 
colonic balloon distension (CBD). Thus, CBD  is an effective m eans of 
testing opiate induced visceral antinociception.

5 1 .1 6
ANTINOCICEPTIVE EFFECT OF FEDOTOZINE ON THE VISCERAL 
PAIN REFLEX INDUCED BY DUODENAL DISTENSION: 
INVOLVEMENT OF KAPPA-OPIOID RECEPTORS. L. Diop*. P.J.M 
Rivière. X. Pascaud and J.L.Junien. Institut de Recherche Jouveinal, 
Fresnes, France.

The pain induced by distension of visceral organs is associated with a 
cardiovascular reflex response in man as well as in animals (1). This offers 
an easy method to measure antinociceptive effects of drugs. Fedotozine (FZ) 
was shown to modulate gastrointestinal sensitivity in rats (2) and humans (3) 
via kappa peripheral opioid receptors. The present study investigates the 
effects of FZ on the hypotensive reflex induced by duodenal distension (DD) 
in rats. Methods: According to a previous study (4), DD was produced 
every 5 min by inflating (100 mm Hg; 30 sec) a latex balloon (5 cm) in the 
duodenum in pentobarbital (60 mg/kg ip) anaesthetized male Sprague- 
Dawley rats (350-420 g). Results: FZ (1-5 mg/kg,IV) produced a dose- 
dependent inhibition of the DD reflex (ED50 = 1 .8 7  mg/kg). Morphine and 
U-50,488H displayed an antinociceptive effect with ED50 of 0.62 and 0.25 
mg/kg IV, respectively. Naloxone (30 Mg/kg IV) abolished the effect of 
morphine but not that of U-50,488H and FZ. The k-antagonist nor-BNI (10 
mg/kg SC) abolished the effect of FZ and U-50,488H, but had no effect on 
morphine. Conclusion: The results show that FZ displays a potent
antinociceptive effect on the visceral pain reflex induced by distension of 
duodenum in the rat. This effect appears to be mediated through peripheral 
k-opioid receptors. (1) Ness and Gebhart, Pain 1990, 41: 167-234; (2) 
Rivière et al., Gastroenterology, 1993, 104: 724-731; (3) Coffin et al., 
Gastroenterology, 1992, 102 (4/2): A 437. (4) Moss and Sanger, Br. J. 
Pharmacol., 1990, 497-501.
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51.17
ILLNESS-INDUCED HYPERALGESIA: INTERLEUKIN 
IB (IL-1) & IL-1 ANTAGONIST. SF M aier*. EP
М iеr te lак1, L  G aehler, D  M ar tin2 & L E  W atkins. Dept 
Psychology, Univ of CO, Boulder, CO 80309, Dept 
Psychology, Macalester College, St Paul, MN 551051; 
Synergen, Inc, Boulder, CO2 & Dept Pharmacology, Duke 
Univ, Durham, NC2

We have shown that internal aversive states such as illness produced 
by IP lipopolysaccharide (LPS; endotoxin) result in potent & 
prolonged hyper-algesia, blockable by vagotomy or spinalization. LPS 
is known to induce IL-1 release. To test if LPS hyperalgesia is 
mediated by IL-1, we studied the ability of: 1) IL-1 antagonist (IL-lra; 
sc) to block LPS hyperalgesia; 2) IP, intracerebroventricular (ICV), or 
intrathecal (IT) IL-1 to produce hyperalgesia on tailflick (TF) or sc 
formalin tests; & 3) vagotomy to block ip IL-1 hyperalgesia. In all 
studies, baseline latencies were assessed prior to drug injections. To 
address 1) above, TF latency was reassessed 30 min post IL-lra. LPS 
was then injected. To address 2) & 3) above, IL-1 was injected. TF or 
formalin testing then occurred across 55 min in each study.

LPS & ip IL-1 produced potent hyperalgesia, reliably decreasing TF 
latencies & enhancing formalin responses throughout die 55 min 
timecourse. IL-lra completely blocked LPS hyperalgesia. IT & ICV 
IL-1 did not produce hyperalgesia. Vagotomy blocked the ability of IL- 
1 to produce hyperalgesia. Together, these findings suggest that LPS 
hyperalgesia involves IL-1 mediation & that IL-1 induces hyperalgesia 
via a peripheral action. Supported by Synergen, Inc., Nffl MH45045 
& NIMH MH14617.

51.19
NEUROCIRCUITRY OF CENTRIFUGAL PAIN FACILI- 
TORY SYSTEMS: ANTI-ANALGESIA & 
HYPERALGESIA. LR W atkins*. EP W iertelakt .  L
F urness , K S m ith , J  M artin ez  & SF  M a ie r . Depts. of  
Psychology, U CO, Boulder, CO 80309 & Macalester 
College, St. Paul, MN 55105†.

Our recent behavioral findings suggest the existence of 2 apparently 
distinct types of descending pain facilitation systems: anti-analgesia & 
hyperalgesia. Anti-analgesia is produced by stimuli that signal safety 
from aversive events. These stimuli do not produce hyperalgesia but 
reverse opiate conditioned analgesia & systemic or intrathecal (IT) 
morphine analgesias. In contrast, internal aversive states such as 
illness can result in a long-lasting hyperalgesia, blockable by vagotomy 
or spinal transection. To test whether these phenomena might involve 
similar neural circuitry, lesions of spinal dorsolateral funiculus 
(DLF,bilateral), n. raphe magnus (NRM) & n. paragigantocellularis 
(Nμgc; bilateral) were evaluated (compared to sham controls) on both 
the ability of the safety signal to abolish IT morphine analgesia and the 
ability of an illness-inducing agent (here, lipopolysaccharides; LPS) to 
induce hyperalgesia. Pain sensitivity was assessed using the tailflick 
test.

The results show that safety signal induced anti-analgesia is blocked 
by NRM lesions but not by either Nμgc or DLF lesions. However, 
illness-induced hyperalgesia is not affected by NRM lesions, and is 
abolished by either Nμgc or DLF lesions. Together, these findings 
suggest that anti-analgesia and hyperalgesia are mediated by distinct 
neural circuitries. Supported by the Hughes Undergraduate Initiative 
& NIMH MH14617.

51.18
ILLNESS-INDUCED HYPERALGESIA: 
INVESTIGATIONS OF SPINAL CORD 
NEUROCHEMISTRY. L  Furness*. EP W iertelak1, SF 
M aier & LR W atkins. Dept. Psychology, Univ. of 
Colorado, Boulder, CO 80309; Dept. Psychology, 
Macalester College, St. Paul, MN 551051 

We have shown that internal aversive states such as illness can 
induce long-lasting hyperalgesia in rats, blockable by either vagotomy 
or spinal transection. The present intrathecal (IT) studies investigated 
the spinal neurochemistry of this hyperalgesia. Pain sensitivity was 
assessed using the tailflick (TF) test. Rats received IT acetylsalicylic 
acid (ASA), S(+) ibuprofen, APV (NMDA antagonist), MK-801 
(NMDA antagonist), CNQX (AMPA antagonist), CP96, 345 
(Substance P/NK-1 antagonist), binaltorphimine (BNI; dynorphin 
antagonist), L-NAME (nitric oxide synthesis inhibitor), L-365,260 
(cholecystokinin [CCK] antagonist), methysergide (serotonin 
antagonist), naltrexone (opiate antagonist) or vehicle (controls) 
following baseline TF testing. TF latency was reassessed 20-30 min 
after IT injection. Lipopolysaccharide (LPS; endotoxin) was then 
injected IP to produce illness. TF testing was conducted for 55 min 
post-LPS.
LPS produced potent hyperalgesia in all control animals, reliably 

decreasing TF latencies across the 55 min timecourse. ASA and S(+) 
ibuprofen had no apparent effect, as LPS also produced hyperalgesia 
in these animals. However, APV & CNQX completely abolished the 
ability of LPS to produce hyperalgesia. The remaining studies are 
ongoing. Supported by the Hughes Undergraduate Initiative & NIMH 
MH14617.

51.20
CONDITIONED ANTI-AN ALGESIA: SPINAL OPIATE & 
ANTI-OPIATE MECHANISMS. EP W iertelak*1. HY-T
Y ang2, K. M ooney-H eibergor3, SE  M aier.3 & L R  W а tk in s3. 
Depts Psy, Macalester Coll, St Paul, MN 551051 & U CO, 
Boulder, CO 803093; NIMH, Washington, D.C. 200322

Environmental cues that signal safety from aversive events reverse 
opiate conditioned analgesia & systemic or intrathecal (IT) moiphine 
analgesias. The present studies investigated 1) which opiate agonists 
are blocked at the spinal cord by these safety signals & 2) which anti
opiate substance(s) is responsible for the safety signal effect.

All training to establish a safety signal occurred over 8 daily 
sessions. Pain sensitivity was assessed using the tailflick (TF) test. To 
address 1) above, rats received either ГГ vehicle, DAGO (mu-opiate 
agonist), DPDPE (delta-opiate agonist), or U50,488 (kappa-opiate 
agonist). To address 2) above, rats received ГГ vehicle or control sera, 
binaltorphimine (BNI; dynorphin antagonist), proglumide 
(cholecystokinin [CCK] antag-onist), L365,260 (CCK-B antagonist), 
MK 329 (CCK-A antagonist), or FMRF-amide antisera. The animals 
were then placed in the training context, & a TF test completed during 
the safety signal presentation. The safety signal reversed IT mu- 
(DAGO) & delta- (DPDPE) opiate agonist analgesias. BNI, MK 329 & 
FMRF-amide antisera did not affect anti-analgesia. However, 
proglumide & L365,260 blocked anti-analgesia.

These findings extend our earlier report of systemic /IТ morphine 
analgesia blockade by the safety signal. Conditioned anti-analgesia acts 
at the spinal cord to block mu- and delta-opiate receptor agonists. To 
date, spinal cord CCK-B receptors appear to specifically mediate 
conditioned anti-analgesia. NIMH MH14617 & Hughes Initiative.

RETINA: IMMUNOCYTOCHEMISTRY

52.1
5H T  M olecu lar M arkers in R abbit R e t in a . J.L. Gannon, C. Theodossiadou, &  
W.J. Brunken.* Depart o f  B iology Boston C ollege, Chestnut H ill M A  02167

Physiological data support a role for 5HT in  retinal processing; 5HT2 , 5H T1 
(Brunken & D aw, JN '87; V N , '88) & 5HT3 receptors all affect retinal processing  
(Brunken &  Jin, '93). Anatomical data is  less com pelling, serotonin transport into 
amacrine ce lls  is established but no endogenous serotonin is  seen. W e have 
identified two markers o f  5HT transm ission w hich  support serotoninergic function in  
retina.

First, w e am plified cD N A  for the enzym e tryptophan hydroxylase from rabbit 
retina. R N A  was isolated from various tissues o f  the rabbit including the retina, 
reverse transcription performed and D N A  am plified with a thermal stable 
polymerase. Primers were constructed from published sequence o f  Grenett et al 
(PN AS, '87) as follows: 988-1017 for the forward direction and 1257-1286 for the 
backward direction. Products o f  the expected size (299  bases) were obtained from  
retina & brain but not peripheral tissues. Rabbit retina has been shown capable to  
make 5HT de novo  (Osborne & Barnett, '89). These data strongly suggest that the 
rabbit retina synthesizes 5HT.

W e have also identified the presence o f  m R N A  for the 5HT3 receptors and protein 
expression, respectively. Primers were constructed from  the published mouse 
sequence for 5HT3 (M aricq et al, 1991) as follows: 85-114 for the forward primer 
and 682-712 for the backward primer. Am plified product o f  the expected size was 
obtained from retina, brain but not peripheral tissues. B inding studies (Barnes et al, 
'91) demonstrated 5HT3 receptors are present with a B m ax o f  11 ±  3 fm ol/m g  
protein and рКd  o f  8 .85 ±  0.02  (m ean +  SEM; n -3 ) . These data establish that both 
mR NA and protein are present in  the rabbit retina. W e are currently using our 
am plified products to make probes for in situ  hybridizations. Supported by E Y  
06776 and unrestricted funds from BC.

52.2
DISTRIBUTION OF GABA AND GLYCINE TRANSPORTERS IN 
THE VERTEBRATE RETINA. Y.-W. Peng1. F. Jursky3. O.-R. 
Liu3. K.-W. Y au4 and N. Nelson3*. Dept. of Neuroscience, Johns 
Hopkins Univ. Sch. of Med1., Howard Hughes Medical Institute2, 
Baltimore, MD 21205. Roche Institute of Molecular Biology, 
Nutley, NJ 071103.

The amino acids γ -aminobutyric acid (GABA) and glycine are 
important inhibitory neurotransmitters in the central nervous system. 
The actions of these neurotransmitters are terminated by high-affinity 
uptake through specific transporters. Several GABA and glycine 
transporters have recently been cloned. We have localized the GABA 
transporters GAT1 and GAT3, as well as the glycine transporter 
GlyT1, immunocytochemically in the vertebrate retina using 
antibodies against synthetic or recombinant peptides. GAT1- 
immunoreactivity is confined mostly to the Müller glial cells. In 
contrast, GAT3-immunoreactivity is found in neurons, including 
horizontal cells, amacrine cells and ganglion cells, as well as in the 
outer and inner plexiform layers. GlyTl-immunoreactivity is mainly 
present in the amacrine cells and the inner plexiform layer. The 
general locations of GAT3 and GlyTl are both in agreement with 
those of retinal GABAergic and glycinergic cells reported by others. 
Differential distributions of GATI and GAT3 suggest that they may 
have distinct functions in different cell types.
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52.3
ENKEPHALIN’S  IN TERACTIO N  WITH G A B A  AND G L Y C IN E  IN T H E  
CHICKEN R ET IN A : F U R T H E R  A N A L Y S E S  O F  C O E X IS T IN G
RELATIONSHIPS. C .B . W att* and V.J. Florack. Alice R. McPherson  
Laboratory of Retina Research, Center for Biotechnology, Baylor College of 
Medicine, The Woodlands, TX. 77381.

Enkephalin im m unocytochemistry w as com bined with either 
autoradiography of [3H]GABA or [3H] glycine high-affinity uptake, or with 
GABA or glycine immunocytochemistry to further analyse the coexisting 
relationships of these two inhibitory transmitters in enkephalin-amacrine cells 
of the chicken retina. The objectives of the present study were twofold: 1) 
to provide regional analyses of the percentage coexistence of high-affinity 
[3H]GABA or [3H]glycine uptake in chicken enkephalin-amacrine cells, and 
2) to determine if chicken enkephalin-amacrine cells express endogenous 
GABA- or glycine-like immunoreactivity. Regional analyses revealed that 
enkephalin-amacrine cells, which exhibited [3H]GABA or [3H] glycine high- 
affinity uptake, were evenly distributed throughout central and peripheral 
regions of each retinal quadrant. These cells comprised 15.2% and 55.0%  
of enkephalin-amacrine cells in the chicken retina, respectively. Double-label 
immunocytochemistry revealed that 15.1 % and 52.9% of chicken enkephalin- 
amacrine cells expressed endogenous GABA- and glycine-like 
immunoreactivity, respectively. The percentages of coexistence obtained in 
the two double-label analyses correlate well and provide supportive evidence 
for the GABAergic or glycinergic nature of enkephalin-amacrine cell 
populations in the chicken retina.

This study was supported by grants from the NIH (EY05622) and the 
Retina Research Foundation (Houston).

5 2 .5

GLUTAMATE- AND G A B A - I M M U N O R E A C T I V I T I E S  IN 
RETINAL BIPOLAR CELLS OF TIGER SALAMANDER.
C.Y. Yang and S. Y a z u l l a * . Dept. Neurobiol. 
Behavior, SUNY at Stony Brook, NY 11794.

Physiological studies indicate that retinal 
bipolar cells (BCs) in salamander use glutamate 
(Glu) as their neurotransmitter. However, some 
BCs are intensely GABA-immunoreactive (GABA-IR) 
and may be GABAergic. We determined that GABA- 
IR and G l u - I R  B C s  c o m p r i s e  o v e r l a p p i n g  
populations by computer analysis of relative 
GABA-IR and Glu-IR levels on serial Ιμm resin- 
embedded s e c t i o n s  of retina, p r o c e s s e d  by 
postembed ICC and visualized with FITC. Data 
from dorsal and ventral retina were similar.

Glu-IR was found in 119 orthotopic BCs and 
54 displaced (D) BCs. Of the 119 BCs, 52 (44%) 
were also GABA-IR. Of the 52 GABA/Glu-IR BCs, 
GABA-IR was intense and comparable to or more 
intense than Glu-IR in 14 (26%) of the BCs,
suggestive of GABAergic function. For DBCs in 
contrast, only 8 of 54 (15%) were weakly GABA- 
IR. Glu-IR was more intense than GABA-IR in 
DBCs, suggestive of glutamatergic function.

We c o n c l u d e  t h a t  D B C s  c o m p r i s e  a m o r e  
homogeneous glutamatergic class than orthotopic 
BCs, which likely include GABAergic subtype(s). 
Supported by NIH Grant EY01682 to S.Y.

5 2 .7
LOCALIZATION OF GABAa RECEPTOR SUBUNIT 
IMMUNOREACTIVITY IN RABBIT RETINA. S. J. Sharpe. G. A. 
Thurlow* and E. V. Famiglietti. Dept. of Anatomy & Lions' Sight Ctr., 
The Univ. of Calgary, Calgary, AB, Canada T2N 4N1.

The neural circuits underlying the directionally selective (DS) 
mechanism in rabbit retina are dependent upon asymmetrical 
GABAergic inhibition. In an effort to increase our understanding of 
these pathways, we have examined the distribution of GABAa receptor 
subunits in relation to identified neurons and their dendritic stratification 
in the inner plexiform layer (IPL). An antibody to a short segment of the 
β2 subunit (Machu) labels many normally placed and some displaced 
amacrine cell bodies, possible bipolar and/or В-type horizontal cells, and 
a four-tiered banding pattem in the IPL reminiscent of that produced by 
glutamic acid decarboxylase (GAD)-like immunoreactivity (GAD-IR). 
Close examination reveals that the locations of the middle bands, of 
interest for DS circuitry, are different from those exhibited by GAD-IR, 
and may include the staining of the dendrites of starburst/cholinergic 
amacrine cells. An antibody to the ai subunit (Fritschy-Mohler) gives а 
very different pattem: type A horizontal cells, an amacrine cell type that 
is narrowly stratified in stratum (S)3 of the IPL, and a bipolar cell that 
may be the nb3 cone bipolar, branching near the S4/S5 border. 
Occasional Mueller cells are stained as well. Interestingly, an antibody 
to calbindin D 28K (Sigma) produces an identical pattern of labelling. 
We are presently performing double staining protocols to allow more 
precise localization of GABAa receptor subunits with respect to 
identified retinal neurons.

S u pp o rted  b y  th e  A lb e r ta  H e r ita g e  F o u n d a tio n  f o r  M e d ic a l R e sea rch  
a n d  th e M R C  o f  C a n a d a . E .V .F . is  a n  A H F M R  S cholar.

52.4
IN TERACTIO N  B ET W EEN  EN K EPH A LIN  AND G A B A  IN TH E  C H IC K EN  
R ETIN A: A D O U B L E-L A B EL  IM M U N O ELECTRO N  M IC R O S C O P IC  
A N A LYSIS . P.A. Glazebrook. K.R. Fry* and C .B . Watt. Alice R. McPherson 
Laboratory of Retina Research, Center for Biotechnology, Baylor College of 
Medicine, The Woodlands, TX. 77381.

Pre-embedding enkephalin immunoperoxidase cytochemistry was 
combined with post-embedding gamma-aminobutyric acid (GABA) 
immunogold cytochemistry to mark chicken enkephalin-, GABA-, and 
enkephalin-GABA-amacrine cells for identification at the ultrastructural level. 
The objectives of the present study were twofold: 1) to compare the 
ultrastructural features and synaptic organization of enkephalin- and 
enkephalin-GABA-amacrine cells and 2 ) to examine the synaptic interactions 
between these populations and the population of GABA-amacrine cells.

A total of 455 synaptic arrangements were observed to involve enkephalin- 
or enkephalin-GABA-chicken amacrine cell processes. The basic synaptic 
relationships of enkephalin- and enkephalin-GABA-amacrine cells were quite 
similar. Each  population w as pre and postsynaptic to amacrine cells, 
postsynaptic to bipolar cells and presynaptic to processes that may originate 
from ganglion cells. A substantial percentage of each population’s  pre and 
postsynaptic relationships were with the processes of GABAergic amacrine 
cells. When enkephalin-and enkephalin-GABA-amacrine cell p rocesses were 
postsynaptic to bipolar cells, their dyadic partner w as observed at least 50%  
of the time to be a GABA-amacrine cell process.

This study w as supported by grants from the NIH (EY05622) and the 
Retina Research Foundation (Houston).

52.6
DIFFERENT ISOFORMS OF GLUTAMIC ACID DECARBOXYLASE (GAD) 
IN CAT AMACRINE CELLS. P.S. Auerbach and N. Vardi*. Department of 
Neuroscience, University o f Pennsylvania, Philadelphia, PA 19104-6058.

Amacrine cells immunoreactive for GABA constitute a heterogenous 
population which includes at least 5 cell types. For these cells to be GABAergic, 
they must also contain GAD. Although many amacrine cells have been shown to 
contain GAD, the number of these cells has been smaller than the number of 
GABA containing cells and colocalization of GABA and GAD has not been 
shown in cat. The discovery of two forms of GAD (GAD65 and GAD67) raises 
several questions. (1) Do all GABA immunoreactive cells also react for GAD?
(2) Which form(s) of GAD do they express?

To determine whether amacrine cells in cat express both GABA and GAD, we 
double-labeled frozen sections of cat retina with antibodies to GABA and the 
two forms of GAD. All GAD6S containing amacrine cells also contained GABA, 
and similarly, all GAD67 containing cells contained GABA. However, of all the 
GABA containing amacrine cells in the inner nuclear layer, 56% stained for 
GAD65 and 64% stained for GAD67. This predicts that some cells express both 
isoforms of GAD. To test this directly we double-labeled the retina for the two 
forms of GAD, and found that 24% of the GAD containing amacrine cells 
contained both forms. Among GAD reactive amacrine cells in the inner nuclear 
layer, 41% contained only GAD65 and 35% contained only GAD67. In the 
ganglion cell layer, all GAD reactive amacrine cells contained either GAD6S only 
or GAD65 in combination with GAD67.

Colocalization of GABA and GAD in. the amacrine cells supports the idea that 
they are GABAergic. However, different cell types have different GAD forms. 
Since GAD65 and GAD67 are regulated differently through cofactor interaction, it 
is possible that different GABAergic amacrine cell types have different 
mechanisms to regulate and release intracellular GABA.

52.8
Cholinergic Neurons in the Retina of Two Species of Ground 
Squirrels (T.W. Cacciatore. HJ. Karten* and A. Brzozowska-Prechtl 
Dept. Neurosciences, UCSD, CA)
Retinae of California ground squirrels (CGS) and Thirteen lined squirrels 
(TLS) were compared in regard to area, thickness and pattem of 
staining for choline acetyl transferase (СҺАТ). CGS retinas were found 
to be 60% larger in area (230 mm2 vs. 150 mm2) yet similar in thickness 
to TLS retinas (260 mm at the central streak). In both species four 
distinct populations of СҺАТ positive cells were found that can be 
distinguished on the basis of soma size, location and intensity of staining. 
Two intensely staining populations were found which correspond to the 
displaced and orthotopic amacrines (DAC, OAC). Two additional 
populations were seen in the INL; a less intensely staining population of 
smaller cells (SC) and a sparsely occurring population with large somala. 
Three bands staining for СҺАТ were seen in the IPL of both species.
The two darkly stained bands characteristic of all vertebrates in the inner 
and outer IPL appeared with an additional broad lightly stained 
intermediate band. Densities of СҺАТ positive cells in the GCL and INL 
were determined from horizontal sections. Cell densities were found to 
vary approximately 5 fold with eccentricity. GCL densities were similar 
between species (1000-5000 cells mm-2) while INL densities in TLS 
were higher (1000-7000 cells mm-2) than CGS (1000-7000 cells mm-2). 
The SC population stained more intensely in TLS than CGS possibly 
causing the difference in INL densities observed between species. 
(Supported by NEI EY-06890 to H.J.K.)
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5 2 .9
A SECOND TYPE OF TYROSINE HYDROXYLASE 
IMMUNOREACTIVE NEURON IN THE CHICK RETINA. P.F. 
Gardino*. R.M. dos Santos and J.N. Hokoc 
Universidade Federal do Rio de Janeiro, BRAZIL.

Dopaminergic amacrine cells (AC) have been 
extensively studied in the chick retina by 
different histological techniques. Using tyrosine 
hydroxylase (TH) antisera and long incubation 
times (7-10 days) we could identify a second type 
of T H ( + )-AC in whole-mount chick retinas. Besides 
the typical ΤΗ-AC described in the literature, we 
found a new population of AC's, located in the 
same row of the inner nuclear layer, displaying 
smaller cell bodies (7.810.7 μm in diameter) and 
very fine processes scarcely branching in the 
first sublayer of the inner plexiform layer (IPL). 
Few processes course radially reaching sublayer 4 
of the IPL, ending with no arborization. These 
cells show weak TH-immunoreactivity and are 
distributed exclusively in the ventral portion of 
the retina. This finding, of a second population 
of AC TH+ cells, showing different morphology, 
topography and less amount of the TH enzyme, 
suggests that these cells might employ a distinct 
neurotransmitter in the catecholaminergic pathway.
Supported by CNPq, FINEP, FAPERJ and CEPEG/UFRJ

5 2 .1 1
CHARACTERIZATION OF NITRIC OXIDE SYNTHASE FROM RAT
r e t in a  H, Sh en g*  & L I .  Ignarro D epartm ent of
Pharmacology, UCLA School of M edicine, Los Angeles, CA 
90024

P h o to tra n sd u ctio n  in v er teb ra te  p h o to r ec e p to r s  
involves a enzym e cascade leading to the hydrolysis of 
cyclic GMP. Whether or not nitric oxide (NO) is involved in 
activating the retinal guanylyl cyclase is not clear. When 
dark-adapted rat retinas were hom ogenized and centrifuged  
at 100,000 g for 1 hr, NO synthase activity was detected in 
the crude hom ogenate and cytosol fraction as a m onitored  
by the convertion of ЗН -L -a r g in in e  to 3 H-L-citrulline. NO 
synthase from retina was m ainly present in the soluble  
fraction. The enzym e used L-arginine as a substrate and 
required NADPH, FAD and tetrahydrobiopterin as cofactors. 
However, unlike the constitutive NO synthase from other  
tissues, the activity of NO synthase from the retina was only  
partially depend en t on calcium . C alm odulin inhibitors, 
calmidazolium and trifluoperazine at 1 mM concentrations 
did not com pletely abolish the enzym e activity. In addition, 
the activity of NO synthase in the hom ogenate was reduced  
under room light condition. These observations indicate  
that NO synthase is present in the retina and suggest that 
NO m ay be partially  resp on sib le  for stim u lating  the  
formation of cyclic GMP in the retina.
(Supported by USPHS HL 35014 and HL 40922).

5 2 .1 3
L O C A L IZ A T IO N  A N D  F U N C T IO N  O F  N IT R IC  O X ID E  S Y N T H A S E  IN 
T H E  T U R T L E  R E T IN A . T .A . B lute . D . Z h a n g . J . d e  V e n te 1. H. 
S ch m id t2 an d  W .D . E ld re d *. D ep artm ent of B io logy, B oston  
U niversity , B o sto n , M A 0 2 2 1 5 ; Dept. of P h arm ., F re e  U niv., 
A m ste rd am , N e th e rla n d s1; C lin . B io ch e m . P ath o b io ch em ., Med. 
U niv . C lin ic  W ürzb urg , W -9 7 0 7 8  W ürzb urg , G e rm a n y 2.

Nitric o xide (N O ) h a s  b e e n  sh o w n  to function a s  a  neurotransm itter 
w hich  ca n  activate  so lu b le  g u an y la te  c y c la s e  an d  g e n e ra te  c G M P  in 
p o stsy n a p tic  n eu ro n s . W e  u se d  a  com bination  of h isto chem ica l and  
im m un o cyto che m ica l m etho d s to lo ca lize  nitric oxide sy n th a s e  (N O S )  
a n d  to determ ine  the p o stsyn ap tic  cell ty p e s invo lved. W e  lo ca lized  
N O S  u sin g  a  com bination  of se v e ra l protoco ls for dem onstrating  
N A D P H  d ia p h o ra se  activity an d  an  an tiseru m  d irected  ag a in st N O S . 
T h e  N A D P H  d ia p h o ra se  activity a n d  the N O S -like  im m unoreactivity  
w e re  both found in a  sm all population of a m acrin e  ce lls  an d  in so m e  
so m a ta  in the ganglio n  cell layer. T h e  putative targ ets of nitric oxide  
w e re  v isu a lize d  by stim ulating the production of N O  with S-nitroso-N - 
acety lp en ic illam in e  (S N A P )  an d  then labeling with an  antibody  
d irected  a g a in s t  c G M P . T re atm e n t with S N A P  dram atica lly  in cre a se d  
the le v e ls  of c y c lic  G M P -lik e  im m unoreactivity in se v e ra l distinctly  
stratified  am a crin e  cell ty p e s, including so m e  ap p aren t d isp la ce d  and  
intraplexiform  am a crin e  ce lls . O u r stu d y su g g e sts  that nitric oxide is 
re le a s e d  by a  sm all population of a m acrin e  c e lls  an d  in flu en ces  
se v e ra l other am a crin e  cell ty p e s w hich  arb o rize  in d istinct stra ta  of 
the inner plexiform  layer. T h is  re se a rc h  sup p o rted  by E Y 0 4 7 8 5  to 
W D E .

5 2 .1 0
MORPHOLOGY AND DISTRIBUTION OF TH-IMMUNOREACTIVE CELLS 
IN THE CEBUS MONKEY RETINA. M. Zaluar and J.N. Hokoc*. 
Universidade Federal do Rio de Janeiro, Brazil.

Catecholaminergic cells in the Cebus monkey retina 
were first described by Ehinger & Falk (Z. Zellforsch. 
100:364, 1969) employing the histofluorescence method. 
Using immunohistochemistry for tyrosine hydroxylase 
(TH) , the rate limiting enzyme in the catecholamine 
synthetic pathway, we studied the entire population of 
the dopamine-containing cells by light microscopy of 
retinal wholemounts. Most ΊΉ+ cell bodies (63%) are 
located in the inner nuclear layer (INL), followed by 
those in the inner plexiform layer (IPL-33%) and ganglion 
cell layer (GCL-4%). We quantified these cells in each 
layer and observed their differential distribution in 
the retina. The immunostained processes arborized at 
sublaminae 1, 3 and 5 of the IPL and also in the outer 
plexiform layer. The TH+ neurons were identified mainly 
as amacrine cells, but there were also interplexiform 
cells and cells bearing axon-like processes (located in 
the GCL). Furthermore, some labelled fibers could be 
followed to the optic disc. In the foveal center no TH+ 
cell bodies were found, but a net of stained processes 
could be seen. The peak density of TH+ cells is at 3-4 mm 
(20-26 deg) from the fovea, coincident with the primate 
peak of rods, suggesting a functional role for 
dopaminergic neurons in the rod neuronal circuitry.
Supported by CNPq, FINEP & CEPEG.

5 2 .1 2

N ITR IC  O X ID E  S Y N T H A S E  (N O S) IM M U N O LO CA LIZA TIO N  AND  
N A D P H -D IA P H O R A S E  STA IN IN G  IN T H E  R O D E N T  R ET IN A  AND  
V IS U A L  P A T H W A Y . S .K . K o s t y k *# . E . L .  W h e e l e r # .
P .A .D 'A m ore#  and J.A .W a o n e r+ . C h i ld r e n 's  Hospital, Boston  
MA 02115 and +Cornell M edical C en ter, Ν .Υ .,Ν .Υ . 10021 

N A D P H -d ia p h o ra se  sta in in g  is  thought to reflect the  
p re s e n c e  of N O S  activ ity. In addition to the p rev io usly  
d escrib ed  d iap ho rase  staining in am acrine  c e lls  and choroidal 
n e rve  f ib e rs , w e h a v e  found that the retin a l p ig m ent 
epithelium  (R P E )  h a s  d ia p ho rase  activity. Staining w a s  also  
found in ce lls  in linear a rrays in the optic nerve , how ever no 
s ta in in g  w a s  s e e n  in the  c h ia s m  or o p tic  tra c t. 
Im m u n o h is to ch e m is try  s h o w s  that a m a c r in e  c e l ls  an d  
choroidal nerve fibers e x p re ss  the neural form of N O S , while  
the R P E  e x p r e s s e s  an N O S  that is  c ro ss - re a c t iv e  with 
m acrophage N O S . Neither antibody sh o w s co-localization with 
the N A D P H -d iap h o rase  activity in the optic n erve . T h e s e  
resu lts su g g e st that both the neura l form of N O S  and  an  
inducible m acrophage-like form function in the v isu a l system . 
Nitric oxide produced by the R P E  m ay regulate photoreceptor 
function, or, alternatively, it m ay be involved in phag o cyto sis  
by the R P E .  Th e  p resen ce  of N AD PH -d iaphorase  staining in the 
optic nerve su g g e sts  the possibility of a  third form of N O S  in 
the nervo us sy stem  or p o ssib ly  identifies a  related  enzym e  
that h a s  N A D PH -d iaphorase  activity.

Supported by grants N EI K 1 1 E Y 0 0 3 1 1 and E Y 0 6 4 5 4 .

5 2 .1 4
F U N C T IO N A L  A N D  A N A TO M IC A L  S T U D IE S  O F  V A S O A C T IV E  IN T E S T IN A L  
P O L Y P E P T ID E  IN T H E  R A T  R ET IN A . M .L. V eruk i* an d  H .H . Y e h . Dept. 
P h y sio lo g y  & P h a rm a co lo g y , B o w m an  G ra y  S c h o o l of M ed icine, W a ke  Fo rest  
University, W inston -Sa lem , N C  27157.

Vasoactive intestinal polypeptide (VIP) has been reported to modulate 
GABAa receptor-mediated postsynaptic responses ( I ^ J  in ganglion cells and 
bipolar cells of the rat retina via cyclic AMP as an intracellular intermediate. 
Two issues born out of this work are being addressed in parallel by ongoing 
studies. Firstly, patch clamp experiments are aimed at delineating further the 
subcellular cascade of events linking VIP to GABAa receptor modulation. 
Secondly, electron m icroscopic immunocytochemistry (EM-ICC) is being 
employed to define the neuroanatomical substrate by which VIP may play out 
its modulatory role.

ӀGABA w as monitored in the whole cell mode from acutely-dissociated 
ganglion cells. Intracellular dialysis of either GTP-γ -S or cholera toxin, but not 
G D P-β -S, potentiated lGABA. In addition, G D P-β -S and cholera toxin each 
inhibited the modulatory effect of VIP, while pertussis toxin w as found to have 
no effect. These results suggest the involvement of a Gs-protein as an initial 
step in transducing the VIP-induced modulation of lGABA.

The pre- and postsynaptic elements involving VIPergic amacrine cells 
were qualitatively examined by EM -ICC. VIPergic amacrine cells were found 
to be postsynaptic to non-VIPergic amacrine cells and bipolar cells. They, in 
turn, were presynaptic to non-VIPergic amacrine cells, bipolar cells and 
ganglion cells. These observations, taken together with our 
electrophysiological findings, provide the anatomical and physiological bases 
for VIP function in the rat retina.
Supported by NS24830, NS01340 and in part by the Hellenic University Club o f NY.
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5 2 .1 5
DISTRIBUTION OF PROTEIN KINASE C IN BIPOLAR CELLS OF THE 
RABBIT RETINA. Enrica Strettoi and Richard H. Masland*, 
Istituto di Neurofisiologia del C.N.R., Pisa and Harvard 
Medical School, Boston.

We have studied the distribution of protein kinase 
C within rod bipolar cells of the rabbit retina (Negishi 
et al., 1988) using immunohistochemical staining of 
whole mounts and confocal microscopy. Rabbit retinas 
were fixed with 4% paraformaldehyde and prepared by 
conventional methods. The rod bipolar cells formed a 
homogeneous population. They were counted along a 
vertical transect running through the optic nerve head. 
The peak density was 5,450 cells/пшг in the visual 
streak. It fell to slightly below 2,500 cells/mn2 in 
the dorsal and ventral periphery. Although rods greatly 
outnumber cones in the rabbit retina, rod bipolars are 
less numerous than cone bipolars.

Protein kinase C was present in rod bipolar 
dendrites and axons, but the staining of dendrites was 
less dramatic than that of axons. This is partly 
because the dendrites are thinner, but may also reflect 
some degree of targeting of the protein. The protein 
was inhomogeneously distributed within the axons, with 
punctate aggregates located within the axoplasm and 
elevated staining around the axonal rim. A localization 
near the plasma membrane is consistent with a role of 
protein kinase C in phosphorylating membrane proteins.

5 2 .1 7
CLUSTERIN GENE EXPRESSION IN NORMAL AND DYSTROPHIC HUMAN 
RETINA. C. Jomary*. M.J. Neal and S.E. Jones. Retinitis Pigmentosa Laboratory, 
UMDS, St. Thomas’ Hospital, London SEI 7EH U.K.

The present study compares the cellular distribution of clusterin gene expression 
in normal and degenerative retinitis pigmentosa (RP) human retinas by in situ 
hybridization and immunohistochemistry.

Paraformaldehyde-fixed retinas were frozen in isopentane and 10μm thick 
sections cut on a cryostat. For in situ hybridization acetylated retina sections were 
hybridized with radiolabelled clusterin sense and antisense riboprobes. Clusterin 
antigen was determined in human retina sections by indirect peroxidase anti
peroxidase technique, using aspecific monoclonal antibody E5 (a gift of Dr. B. 
Murphy).

In normal retina, high density labelling of clusterin mRNA is mainly associated 
to the ganglion cell layer and the inner nuclear layer. There is no signal from the 
photoreceptor or outer nuclear layers. In contrast, the human RP retina appears 
more intensively labelled throughout the residual retina. In normal retina, 
clusterin-like immunoreactivity is strongly detected in the inner limiting 
membrane, Bruch's membrane and retinal blood vessels. The outer segments of the 
photoreceptors, the outer plexiform layer and the inner plexiform layer display a 
lower reactivity. In the RP retina, the clusterin immunoreactivity is still strong in 
the Bruch’s membrane, but patchy and variable in intensity in the inner limiting 
membrane. However, in the body of the retina, most of the reactivity is 
concentrated in clumps associated occasionally with the dark pigment 
accumulations.

The upregulation of clusterin mRNA expression in dystrophic RP retina appears 
to derive from a response o f the residual inner retina layers, where normal clusterin 
expression is concentrated. These results accord with the suggestion that clusterin 
has an integral role in neurodegenerative mechanisms.

5 2 .1 9
SP EC IALIZE D  A M AC R IN E C E LLS IN TH E PE R IPH ER A L RETINA 
OF TH E TU R TLE , P s e u d e m y s  sc rip ta  e leg a n s . R. W etze l* and W .D . 
E idred. Dept. o f B io logy, Boston U n iversity, Boston, M A 02215

P revious research has show n severa l regional specia liza tions in 
the tu rtle  retina. W e used a  com bination  o f im m unocytochem istry, 
h istochem istry and Di-I labe ling  to exam ine cells wh ich fo rm ed a 
dense p lexus o f a rboriza tions near the o ra  serra ta  o f the retina. 
Using Di-I, w e labe led cell bod ies in the periphera l re tina w ith very 
long processes tha t ran para lle l to  the  ora  serra ta. A m acrine cells 
w ith neuropep tide  Y- and g lucagon-like  im m unoreactiv ity  also 
fo rm ed a  dense  c ircum fe ren tia l p lexus o f processes near the ora 
serra ta  and gave rise to  de lica te  p rocesses w h ich entered the ciliary 
ep ithe lium . Due to the location o f th is  p lexus and the apparent 
innervation o f the  c iliary ep ithe lium , possib le  func tions  include the 
m odulation of aqueous hum or production  or tissue flu id  regulation. 
To exam ine th is  question , w e have localized carbon ic  anhydrase-like 
im m unoreactiv ity  (CA-LI) and N a /K -A TPase activity, both o f w hich 
are though t to  be invo lved in aqueous hum or production. CA-LI was 
p resen t th ro ughou t the  re tina  and cilia ry epithe lium , excep t in the 
region o f the  fibe r p lexus. N a /K -A TPase activ ity w as localized on 
the  baso la te ra l in fo ld ings o f the  nonp igm ented ciliary epithe lium  
th ro ughou t the  pars p lana  and pars p lica ta  o f the  ciliary body, bu t on 
the basa l in fo ld ingş o f the  p igm ented epithe lium  on ly  near the fiber 
p lexus. These resu lts ind ica te  tha t the periphera l m arg in o f the 
re tina  m ay have a  unique phys io log ica l function .

T h is  research supported  by EY04785 to W DE.

5 2 .1 6
SYNAPTIC PLASTICITY IN THE FISH RETINA: CALMODULIN 
AND SPINULE FORMATION Yvonne Schmitz Konrad Kohler and 
Eberhart Zrenner (SPON: European Neuroscience Association) D ept. o f  
Exp. Ophthalmology, Univ. Eye H ospital, 7400 Tübingen, Germany

Horizontal cells of fish retina alter their synaptic connnections with cone 
pedicles during light-adaptation. Within 45 minutes after light-onset they 
form finger-like protrusions with prominent membrane densities at their 
dendritic tips. These so called "spinules" invaginate deep into cone pedicles. 
Spinules are retracted again within 45 minutes during dark-adaptation. In 
the present study we have investigated the possible role of calmodulin 
(CaM) in spinule plasticity. CaM is an intracellular Ca2+ receptor and has 
been implicated in the regulation of cell shape.

We have localized CaM in the cone synapse by using postembedding 
immunogold staining of retinas from light- and dark-adapted carp with an 
antiserum against vertebrate CaM (Pochet et al. J.Comp.Neurol.314:750- 
762, 1991). Dendritic elements at the ribbon synapse, especially horizontal 
cell dendrites, were strongly stained by anti-CaM. The immunoreactivity of 
these dendrites was reduced to less than the half in dark-adapted retinas 
(light: 38± 11, dark: 15±9 goldparticles/μm2). This suggests that CaM may 
be regulated by adaptation, i.e. is transported out of the pedicle invagination 
or is bound to other proteins in the dark.

Effects of CaM-antagonists (W5 and W13, 140 μΜ) on spinule retraction 
were tested in isolated retinas. Retinas which were light-adapted before 
isolation showed a normal spinule retraction by 80% during dark- 
adaptation. However, in retinas incubated in CaM-antagonists spinules were 
retracted by only 25%. This inhibiting effect of CaM-antagonists supports 
the notion that CaM is involved in the regulation of spinule plasticity.

5 2 .1 8

HEAT SH O C K PROTEIN 70 (HSP70) IN XENOPUS LAEVIS RETINA.
T.C. Beasley. A.J. Sw eatt*. and M. Tvtell. Depts. o f N eurob io logy & 
Anatom y and O phtha lm ology. Bowm an G ray Sch. o f Med., W ake 
Forest University, W inston-Salem , NO 27157.

Cells respond  to  m etabo lic  s tress by supp ress ing  p ro te in  synthesis 
while increasing specific  p ro te ins  know n as heat shock  proteins. 
Using the  adu lt frog  eye cup  as an in vitro m odel, ou r research has 
focused  on characteriz ing the  norm al and stress-induced 
accum ula tion  o f hsp 70 in the  retina. Im m uno-loca liza tion  o f hsp 70 
revealed it to  be presen t in vivo in varying  am ounts in all layers 
excep t the p ho to recep to r nuclei and outer segm ents, w ithou t d iurnal 
variation. Retinas m ainta ined in cu ltu re  d isp layed the sam e 
im m unoreactiv ity pa tte rn  as those  in vivo  excep t fo r a transient 
increase in im m unoreactiv ity su rro und ing  the  pho to re ce p to r nuclei 
w ith in m inutes after p lacem ent in culture. After in vitro exposure  to  
arsenite  (100 μΜ ) o r to  heat (35°C), m etabo lic  labeling w ith 35S-m et 
show ed increased synthesis o f tw o  pro te ins o f a bo u t 70 kD  and one 
o f 90 kD. On W estern blots, the  70 kD  p ro te ins  w ere recogn ized by 
a m onoclona l an tib ody specific  fo r the  constitu tive  and inducib le 
fo rm s o f hsp70. S ince stress p ro te ins are know n to  have a 
p ro tective  function, experim ents are in p ro g re ss  to  evaluate the 
potentia l p ro tective  effect o f p rio r stress p ro te in  induction  on  retinal 
glu tam ate  toxicity.

S upport: Dept. O ph tha lm o logy (AJS), NEI g ran t E Y 07616 (MT).

5 2 .2 0
SYNAPTOPORIN, SYNAPTOPHYSIN: TWO HOMOLOGOUS
SYNAPTIC VESICLE PROTEINS AND THEIR DISTRIBUTION IN 
THE MAMMALIAN RETINA. J.H. Brandstätter*. S. Löhrke and
H. Wässle. Max-Planck-Institut für Himforschung, Deutschordenstr. 46, D- 
60528 Frankfurt /  Main, Germany.

The distribution of synaptoporin (P. Knaus et al., 1990, Neuron 5) and 
synaptophysin (R. Jahn et al., 1985, PNAS 82), two intrinsic membrane 
proteins of synaptic vesicles, was studied in adult rat and rabbit retinae using 
conventional light microscopy and confocal laser scanning microscopy. 
Immunocytochemistry was performed on cryostat sections and on freshly 
dissociated retinal neurons.
Rat retina: synaptophysin immunoreactivity was found in the photoreceptor 
terminals in the outer plexiform layer (OPL); no label was detected in 
horizontal cells. In the inner plexiform layer (IPL), synaptophysin 
immunoreactivity was localized in the terminals of both bipolar and amacrine 
cells. Synaptoporin immunoreactivity was restricted to the IPL, to the 
terminals of bipolar and amacrine cells; no label was observed in the OPL. 
Rabbit retina: synaptophysin immunoreactivity was found in the terminals 
of the photoreceptors in the OPL and bipolar cells in the IPL, but not in 
horizontal cells. Horizontal cells, both in sections and also when dissociated, 
expressed immunoreactivity for synaptoporin. In the IPL, synaptoporin 
immunoreactivity was homogeneously distributed, and label could be detected 
in bipolar and amacrine cell terminals.
Synaptoporin and synaptophysin are differentially distributed in the plexiform 
layers of rat and rabbit retina, and in addition there are also differences in the 
expression between these two species.
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5 3 .1
ZO N AL P A T T ER N S  O F  O D O RA N T R E C E P T O R  G E N E  E X P R E S S IO N  IN 
T H E  O L F A C T O R Y  EP IT H ELIU M . K .J . R essle r. S . L. Sullivan. G . G. 
Blasdel*. and L. B. Buck Department of Neurobiology, Harvard Medical 
School, Boston, MA 02115

The recent discovery of a large multigene family encoding odorant 
receptors has provided a tool with which to begin a  molecular dissection of 
the peripheral organization of the olfactory system . W e have used in situ 
hybridization with m ouse odorant receptor g e n e s to exam ine the 
organization of odorant receptor gene expression  within the m ouse  
olfactory epithelium. Our results indicate that odorant receptor genes are 
expressed  in distinct topographical patterns. The olfactory epithelium  
appears to be divided into a limited series of expression zones which are 
organized along the dorsal-ventral and medial-lateral axes. The zones 
exhibit bilateral symm etry in the two n asal cavities and are virtually 
identical in different individuals. Each  zone consists of several bands of 
expression that extend along the anterior-posterior axis of the nasal cavity. 
Each  odorant receptor gene may be expressed  in only a single zone. 
Receptor genes that are highly homologous and that are likely to encode 
receptors that recognize similar odorants, are expressed in the sam e zone. 
However, each  odorant receptor gene is exp re ssed  in only a  small 
percentage of neurons that are broadly distributed within the zone. 
Although there is a strict zonal organization of receptor gene expression, 
within a zone, an olfactory neuron or its progenitor may select from among 
a zonal gene set via stochastic m echanism s. Our results suggest that 
there is an initial broad organization of sensory information in the olfactory 
epithelium prior to transm ission to the brain. Our com parisons of the 
odorant receptor expression zones with published an a lyses of olfactory 
epithelium to bulb projections suggest that the zonal organization of 
information in the olfactory epithelium is maintained in the transmission of 
information to the olfactory bulb.

5 3 .3
STRUCTURE/ACTIVITY STUDIES OF OLFACTORY RECEPTORS FOR L- 
GLUTAMATE IN THE CHANNEL CATFISH, L PUNCTATUS. В, Bryant. D. L. 
Kalinoski. J.V. Quinn. S. Wager-Pagé* (Moneli Chemical Senses Center, 3500 
Market St., Philadelphia, PA 19104).

Electrophysiological studies have revealed an olfactory receptor for L-glutamate in I. 
punctatus, the channel catfish (Caprio and Byrd, 1984). We have used both 
electrophysiological and biochemical approaches to further characterize this receptor 
site and the structural requirements for its activation. Electro-olfactogram (EOG) 
studies of a series of analogues (tested at 10-4M) indicate that a free L-а  amino group 
and a free side chain carboxylic acid are both necessary for optimal activity. 
Substitution of the side chain carboxylic acid by sulfinic (L-homocysteinesulfmic 
acid), sulfonic (L-homocysteic acid) but not phosphonic acid (DL-2-amino-4- 
phosphonobutyric or DL-2-amino-3-phosphonopropionic acids) yields active 
analogues. Other structural analogues (L-aminoadipic acid, L-glutamic acid-γ-methyl 
ester, ibotenate and quisqualate) may derive their neural activity from activation of 
receptors other than the L-glutamate site. Ligand binding studies using membranes 
from olfactory cilia indicate that L-[3H]glutamate binding has a KD of 1.3 μM  and a 
Bmax of 52 pmol/mg. Competition studies using structural analogues were consistent 
with the above electrophysiological results. Probes of the known classes of L- 
glutamate receptors were also used to characterize the catfish glutamate receptor. 
With the exception of the quisqualate and ibotenate, which, relative to L-glutamate 
and L-aspartate, were weak inhibitors (IC50 = 173 and 380 μΜ, respectively), all 
other compounds (AMPA, BMAA, NMDA, trans-ACPD, kainate, DNQX and 
kynurenic acid) failed to antagonize (IC50 > 1000 μM) the binding o f L-[3H]- 
glutamate. This suggests that the catfish olfactory receptors for L-glutamic acid are 
discrete from the known classes of glutamate receptors.
Supported by NIH DC00327.

5 3 .5

CONFOCAL IMAGING OF VOLTAGE-SENSITIVE DYE SIGN
ALS FROM THE SALAMANDER OLFACTORY EPITHELIUM 
AND BULB. I  S. Kauer* and J. White. Section of Neuroscience, 
Depts. of Neurosurgery and Anatomy & Cell Biology. Tufts Medical 
School/New England Medical Center, Boston, MA 02111.

We have built a laser-scanning, confocal microscope, modified from 
a design by S. J. Smith, for imaging changes in fluorescence of vol
tage-sensitive dyes (VSD) applied to the olfactory epithelium (OE) 
and bulb (OB) of the tiger salamander, A m b y sto m a  tig rin u m . These 
experiments are designed to examine voltage changes in single OE and 
OB neurons in thin optical sections in  v iv o  after electrical and odorant 
stimulation with x, y, and z resolution sufficient to relate neuronal 
activity with odorant structure. At the present time it is possible to 
discern individual olfactory receptor cells in the OE and individual 
glomeruli and neuron somata in the OB. DI-4-ANEPEQ (gift of L. 
Loew) was used to stain the OE and DI-4-ANEPPS or RH-414 (gift of
A. Grinvald) was used to stain the OB. In 30 x 30 pixel frames ac
quired at 10 Hz, the progression and distribution o f activity through 
the layers of the OB were observed after electrical stimulation. The 
distribution of the slower signals from the OE was recorded at 5 Hz 
after odorant stimulation. In the OE broad areas were activated to 
different degrees by odorant stimulation, consistent with the hypothesis 
that odorant properties are encoded by widely distributed events which 
together, in parallel, encode molecular properties of the stimuli. We 
anticipate that this recording methodology will give insight into specif
ic details of the components o f this parallel integrative process.

Supported by the NIH, ONR, and Dept. o f Neurosurgery, NEMC.

5 3 .2
IDENTIFICATION OF PUTATIVE ODORANT RECEPTORS IN 
THE OLFACTORY EPITHELIUM  OF THE TIGER 
SALAMANDER. A. Jesurum*. D, M. Chikaraishi and J. S. Kauer. 
Neuroscience Program and Department o f Neurosurgery, Tufts 
Medical School/New England Medical Center, Boston, MA 02111.

The cloning of putative olfactory receptors from the rat by Buck 
and Axel (1991) has provided support for the hypothesis that odorant 
transduction is mediated by specific receptor proteins expressed in 
sensory neurons of the olfactory epithelium. Using a PCR-based 
strategy, dependent on primers derived from Buck’s and Axel's 
sequences, we have isolated seven candidate odorant receptor 
mRNA's from the olfactory epithelium o f the tiger salamander, 
A m b y s to m a  tig r in u m . PCR products were only observed for 
reactions using mRNA derived from olfactory epithelium, whereas 
mRNA's derived from brain, heart and forelimb muscle failed to 
generate discernible amplification products. Sequence analysis has 
provided additional evidence that the clones are members of a seven- 
transmembrane spanning, G-protein coupled receptor superfamily. 
The predicted amino acid sequences show that the clones share 
certain residues which are conserved in most o f the previously 
published G-protein linked receptors. Other regions, specifically in 
the 6 th transmembrane domain, have residues which are homologous 
only to rat olfactory receptor sequences. In  s i tu  hybridization 
analyses are in progress to determine the localization and distribution 
of these clones within the epithelium.

Supported by the NIH, ONR and Dept. of Neurosurgery, NEMC.

5 3 .4
DIFFERENTIAL EXPRESSION OF ODORANT BINDING PROTEIN 
CLASSES IN THE M A N D U C A  SEXTA  ANTENNA: HISTOLOGICAL 
LOCALIZATION. K.D. Lomman. J.T Jones and R.G. Vog*. Dept. of 
Biological Sciences, Univ. of South Carolina, Columbia, SC 29208.

The olfactory epithelium of the hawkmoth M anduca sex ta  is organized 
in distinct domains or patches, respectively containing either pheromone 
specific or general-odorant sensitive sensilia. Previous studies identified 
3 classes of Odorant Binding Proteins (OBPs) that appear to be 
differentially expressed in the antenna: Pheromone Binding Protein 
(PBP) is male specific and associates with the long pheromone specific 
sensilia while 2 classes of General-Odorant Binding Protein (GOBP1 
and GOBP2) are expressed in both female and male antennae and 
associate with the short general-odorant sensitive sensilia (Vogt et al., 
1991, J. N eurobiol. 22 :74  &  J. N eurosci. 11:2972). These studies 
indicate that respective OBPs serve as molecular markers of the 
olfactory domains. We have now employed immunocytochemical and 
tissue in situ  approaches to document the patterns of expression of the 
respective OBPs within the antenna. These studies have confirmed that 
PBP is restrictively expressed in the support cells of pheromone specific 
sensilia. PBP expression is equivalent in both tormogen and trichogen 
support cells, suggesting that both cells contribute secreted OBP to the 
sensilium lumen, where OBP is thought to act as an extracellular 
transport facilitator of lipophilic odorants.

Research has been supported by NIH-DC00588.

5 3 .6

SIGNAL TRANSDUCTION IN OLFACTION
H. Breer*. J. Krieger. K. Raming. I. Boekhoff. J. Strotmann 
University Stuttgart-Hohenheim, 7000 Stuttgart 70, Germany 

Odorants are detected by chemosensory neurons of olfactory 
systems, which encode the strength, duration and quality of 
odorant stimuli into afferent neuronal signals. Recent advances in 
physiology and biochemistry of olfactory receptor cells implicate 
second messengers as critical link between initial odor recognition 
and the electrical response. Upon interaction of odorous 
molecules with the chemosensory membrane of olfactory neurons, 
second messenger pathways are activated leading to a rapid and 
transient signal of either cAMP or IP3 . The second messenger 
’pulses’ are supposed to elicit generator currents via direct gating 
of cation channels. The rapid termination of odor-induced second 
messenger signalling is accomplished by uncoupling the reaction 
cascade via a negative feedback reaction. This "turn off' reaction 
is mediated by two types of protein kinases (second messenger 
activated kinase, ßARK2-like kinase) leading to the 
phosphorylation of liganded odorant-receptors.
Employing recombinant D N A  techniques, new members of a gene 
family encoding putative odorant receptors have been identified. 
Receptor-encoding cDNAs have been expressed in non-neuronal 
surrogate cells. Cells expressing a particular receptor subtype 
generated second messenger responses upon stimulation with 
appropriate odorants. The spatial distribution o f olfactory neurons 
expressing particular receptor subtypes has been analysed by in 
situ hybridisation.
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53.7
RETROVIRAL LABELING APPLIED TO LINEAGE STUDIES OF THE RAT 
OLFACTORY EPITHELIUM. J.M.T. Huard*. M.B. Luskin. S.L. Youngentob  
and J.E. Schwob. D ep t of Anatom y and Cell B iology and Clinical Olfactory 
Res. Ctr., SUNY Health Sci. Ctr., Syracuse, NY 13210 and Dept. o f Anatom y  
and Cell Biology, Emory Univ. Sch. o f Med., Atlanta, GA 30322.

In the olfactory epithelium  (OE) of m amm als olfactory sensory neurons are 
born throughout life. Furthermore, both neuronal and non-neuronal popula
tions are reconstituted after injury, a unique property o f this system . H ow 
ever, neither the precursor populations responsible for neurogenesis and epi
thelial reconstitution nor the lineage relationships am ong the various cell 
types have been definitively identified. To characterize these processes, w e  
have undertaken a lineage analysis of the rat OE using either of tw o replica
tion incompetent retroviruses (RV) containing the Lac Z  reporter gene  
produced by the BAG or the MMuLVSVnlsLacZ cell lines. RV w as adm ini
stered by direct injection into the OE of normal adult rats or b y  infusion into 
the nasal cavity of rats lesioned by inhalation o f m ethyl brom ide (MeBr).
The rats were sacrificed 3-30 days after infection. W hole m ounts were  
reacted with either X-Gal or Red-Gal and the phenotype of labeled cells 
determined im m unohistochem ically on tissue sections. After direct injections, 
clusters of labeled cells were centered on the injection site and w ere com posed  
of neurons and globose basal cells. H owever, w e cannot say with any certain
ty that each cluster is derived from a single founder cell. After MeBr lesion  
and RV infusion, clusters of labeled cells were found separated b y  m ore than 1 
mm suggesting that clusters are derived from a single virus-infected founder 
cell, i.e. clonal in nature. U p to 14 days after infection, both neuronal and non
neuronal cells were found in the clusters. Longer survivals are in process to 
permit more precise identification of clonally related cell types. Supported  
by NIH grants R29 DC00467 and POI DC00220 and Pew  Charitable Trusts.

5 3 .9
HYPERTHYROIDISM STIMULATES OLFACTORY EPITHELIUM  
DEVELOPMENT A N D AN  INCREASE IN OLFACTORY AXON  
NUMBER IN PREMETAMORPHIC, XENOPUS  LARVAE. G.D. Burd* and 
B. Chvatal. Depts. of Anatomy and Molecular & Cellular Biology, Life 
Sciences South, University o f Arizona, Tucson, A Z  85721.

In Xenopus larvae, thyroxine (T4) pellets (10%; placed adjacent to the nasal 
capsule for 10 days) stimulate cell genesis in the olfactory epithelium and 
produce an increase in the number o f olfactory axons (Burd. 1990. In: ISOT 
X, Døving, ed.). Treating larvae for 6 days with 5 nM T4 in rearing solution 
(a dose similar to blood levels at metamorphic climax) stimulates an increase 
in cell genesis in and volume o f the olfactory epithelium, but the number of 
olfactory axons does not increase (Burd. 1992. Soc. Neurosci. Abstr. 18:597). 
In the present study, we examined whether olfactory axon number could be 
increased by treating for a longer period with 5 nM T4 and whether T4 would 
stimulate the formation of the third region o f the nasal capsule that develops 
at metamorphosis. Treatment began when larvae reached stage 48, well before 
normal synthesis of thyroid hormone begins. 12-34 days after hormone 
treatment, T4-treated larvae and sibling controls were processed for electron 
microscopy or immunocytochemistry (using our E7 monoclonal antibody that 
stains olfactory epithelium). We found that T4 treatment for 14 days was 
sufficient to stimulate a З-fold increase in the number o f olfactory axons. In 
addition, 12 days o f this treatment stimulated the formation o f the air- 
breathing region o f the nasal capsule, a region that develops at metamorpho
sis. In summary, treating premetamorphic larvae for 12-14 days with T4, at 
levels equivalent to blood values present at metamorphic climax, stimulates a 
significant increase in the number o f olfactory axons and the formation of 
olfactory epithelium normally found after the onset o f metamorphosis. 
Support: Whitehall Fndn. and A Z  Disease Control Research Commission.

5 3 .1 1
NITRIC OXIDE SYNTHETASE LOCALIZATION IN THE OLFACTORY 
NEUROEPITHELIUM OF THE RAT AND CATFISH. C. Dellacorte. D.L. 
Kalinoski. L.C. Johnson. T. Huque. L.M. Wvsocki. J.H. Teeter* and D. 
Restrepo. Monell Chemical Senses Center, Philadelphia, PA 19104 and 
Department of Physiology, University o f  Pennsylvania, Philadelphia, PA 
19104.

Stimulation o f olfactory neurons with odorants results in a rapid transient 
elevation in the levels o f either cAMP or IP3 followed by a slower steady 
increase in cGMP concentration. It has been proposed that the increase in 
cGMP formation is mediated by stimulation o f guanylyl cyclase by nitric oxide 
(NO), a simple gas that serves as unorthodox neurotransmitter in the central 
nervous system (Breer et al.. NeuroReport 3:1030, 1992). NO is produced as a 
byproduct o f the reduction o f L-arginine to citrulline catalyzed by the enzyme 
nitric oxide synthetase (NOS), which requires NADPH as a co-factor. NOS can 
be localized histochemically by using an NADPH diaphorase histochemical 
technique in which nitroblue tetrazolium is reduced to formazan forming a blue 
precipitate in NOS-positive cells. Using this technique we have localized NOS 
to olfactory neurons in rat and catfish olfactory epithelia. In the rat staining 
was also found in bottle shaped cells with morphology reminiscent o f 
microvillar olfactory cells. In contrast, the respiratory epithelium and the 
sustentacular cells in the olfactory epithelium displayed little staining. The 
NADPH diaphorase reaction was stimulated by addition o f excess L-arginine, 
and was inhibited by L-NG-methylarginine, a blocker o f NO production 
indicating that the staining was specific for nitric oxide synthetase. Unilateral 
bulbectomy, which causes degeneration o f mature olfactory neurons on the 
bulbectomized side, markedly reduced NADPH diaphorase staining. These 
results are consistent with a role for nitric oxide in olfactory transduction. 
Supported by NIH grants DC01228 and DC00566.

5 3 .8
EMBRYONIC DEVELOPMENT OF THE VOMERONASAL 
AND OLFACTORY ORGANS IN A BRAZILIAN OPOSSUM, 
Monodelphis domestica. R. T. Wang* Department of Anatomy 
and Cell Biology, Marshall University School of Medicine, 
Huntington, WV 25755

Neonates of the opossums Monodelphis domestica are born 
with in-mature nasal chemosensory systems. However, their 
primitive vomeronasal (VN) organs have already differentiated 
from the olfactory organs. A time course study was conducted 
on E7 to EI4 embryos with a goal to reveal the development and 
differentiation of these two organs during embryogenesis. The 
fertilized eggs develop from simple neurocycts at E7 to the 
formation of a simple neural tube and neural groove at E9. At 
E10, the implanted embryos show the development of a naso-oral 
fold and nasal pits. Differentiation of the VN and olfactory 
chambers occurs between E10 and EI2. At EI3 and E14, 
cellular differentiation of the two organs continues: some 
olfactory receptor-like cells are present in the olfactory organ, 
but they are absent in the VN organ. The primordial cells for 
the VN gland are present in the E14 embryos. Supported by 
NIH DC-01333 and RR-08419.

5 3 .1 0
SURVIVAL AND ELECTROPHYSIOLOGICAL PROPERTIES OF OLFACTORY 
RECEPTOR NEURONS IN VITRO. T.C. Bozza. D.P. Wellis, D.D. Hunter and 
J.S. Kauer. Neuroscience Program, Tufts Univ. Sch. of Med., Boston, MA 02111

The turnover of olfactory receptor neurons (ORNs) affords a unique opportunity to 
study neuronal regeneration in mammals. A first step in understanding this process 
is to identify what soluble or extracellular matrix (ECM) factors affect ORN genesis 
and survival in vitro. In order to test the ability of ECM to promote the survival of 
ORNs, we have cultured neonatal rat olfactory epithelia with the Cg rat glioma cell 
line which produces ECM components. Dissociated olfactory epithelia (OE) were 
plated on poly-L-lysine, confluent C6, or presumptive C6-derived extracellular 
matrix (ECM). In cultures on poly-lysine, few ORNs (NCAM+, process bearing 
cells) were seen up to 5 days; these disappeared thereafter. In cultures on confluent 
C6, ORNs survived for 7 days, frequently exhibited an asymmetric bipolar 
morphology, and extended long (>100 μm), bifurcating processes. In cultures 
grown on presumptive C6-derived ECM, ORNs survived through 17 days in vitro 
and were found exclusively in clusters formed by a population of GFAP+ cells from 
the OE. The cells responsible for this trophic effect have yet to be identified but 
might represent a subclass of the ensheathing cells that wrap the olfactory nerve 
bundles. Ensheathing cell-induced neuronal survival would suggest that a trophic 
effect on ORNs might not be a property restricted to astrocytes alone.

In order to ascertain whether surviving ORNs expressed neuronal physiological 
characteristics, we made whole-cell patch clamp recordings from 32 ORNs cultured 
on C6 glioma for 3 to 6 days. Typical resting potentials were near -40 mV and 
typical input resistances ranged from 2 to 4 GΩ. Small (10-30 pA) depolarizing 
pulses usually evoked a single overshooting action potential although multiple- 
spiking ORNs were also observed. Voltage clamp experiments revealed at least 
three distinct voltage-gated currents. These consisted of (1) a transient inward 
current (up to 2.5 nA), presumably Na+ (2) a sustained outward current, 
presumably K+ and (3) a transient outward current present in a majority of the 
ORNs studied. Spontaneous depolarizations that resembled EPSPs were recorded in 
4 cells raising the possibility that ORNs may form synapses with one another in 
these cultures. Supported by NS29785 and DC00228

5 3 .1 2
IMMUNOCYTOCHEMICAL LOCALIZATION OF IP3 AND Gq IN THE 
OLFACTORY NEUROEPITHEUUM OF THE RAT. D.L. Kalinoski*.
C. DellaCorte. L.C. Johnson, and D. Restrepo. Monell Chemical Senses 
Center, and Dept. of Physiology, University o f Pennsylvania, Philadelphia, 
PA 19104.

Stimulation o f isolated rat olfactory cilia with some odorants triggers a 
cascade of biochemical reactions that leads to a rapid transient increase in the 
levels o f inositol 1,4,5 trisphosphate (IP3). The suggested site o f  action for 
IP3 is at a novel ciliary IP3-gated channel (IP3R). This transient increase in 
IP3 is sensitive to added guanine nucleotides suggesting the biochemical 
cascade involves G-protein regulation o f phospholipase C (PLC). However, 
the exact nature o f the G-protein involved in PLC regulation in the olfactory 
system is yet to be resolved. Recently, a class o f  G-proteins involved in PLC 
activation has been identified in other systems. Two members o f this family, 
Gq and G11, contain α  subunits that appear to possess a similar function. In 
the present study we use immunocytochemical techniques to examine the 
distribution o f the IP3R and Gq/G11 in the olfactory epithelium o f the rat. 
Immunoreactivity to both antigens was specifically localized to the apical 
surface o f the olfactory and respiratory epithelia. Unilateral bulbectomy 
which causes degeneration o f olfactory neurons in the bulbectomized side, 
markedly decreases immunohistochemical staining with antibodies against 
IP3R in the olfactory epithelium. Western blots using the anti-IP3R detected 
two polypeptides o f 120 and 230 kD in olfactory cilia membranes, consistent 
with previous photoaffinity labeling studies. These results suggest a role for 
IP3R and Gq in olfactory transduction.
Supported in part by NIH grants # DC-01228, and DC-00566.
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5 3 .1 3
REGIONAL DISTRIBUTION OF ELECTRO OLFACTOGRAM 
(EOG) RESPONSES IN THE RAT OLFACTORY EPITHELIUM. 
Patrick I. Ezeh and John W. Scott*. Department of Anatomy and Cell 
Biology, Emory University School o f Medicine, Atlanta, GA 30322.

Regional distribution of odorant receptors and of odor access to 
those receptors may be important cues in odor discrimination. We 
tested the size and latency of the EOG response to 8 odors for 
differences that might be related to these issues. The biggest effects 
were found in comparison of dorsomedial epithelium (DM) and 
ventrolateral epithelium (VL). Anisole produced almost twice as large 
a response for DM as for VL, while hexane was more than twice as 
effective for VL. Typically, the order of relative effectiveness of the 
odors was: Anisole, ethyl butyrate, methyl acetate, amyl acetate, 
limonene, cineole, cyclooctane and hexane. Responses from lateral 
recesses of the epithelium had longer latencies than those from the 
medial sites suggesting diffusional delays in odor access to the 
recesses. Odors that were more effective in the VL produced longer 
latencies at all recording sites.

Supported by NIH grant DC00113.

5 3 .1 5
SELECTIVE ASSOCIATION AND BULBAR PROJECTIONS OF RAT 
OLFACTORY RECEPTOR NEURONS IMMUNOREACTIVE TO AN ANTI-HSP70 
МАВ. V.McM. CARR* and A.I. FARBMAN. Dept. of Neurobiol.& 
Physiol., North-western Univ., Evanston, IL 60208.

Using several Mabs to the HSP70 family of stress pro
teins (generated by R.Morimoto, NU), we have previously 
demonstrated a subpopulation of olfactory receptor neurons 
(ORNs) reactive to these Mabs. One Mab, 2a4, shows axonal 
as well as perikaryal and dendritic reactivity. We now show 
that such 2a4-reactive axons appear to selectively aggre
gate within olfactory nerve bundles and follow predictable 
pathways from the turbinates and septum to the rostral ol
factory bulb (OB), projecting densely to only 2-3 glomer
uli. After unilateral bulbectomy, reactive axons from 2a4- 
positive ORNs in the re-constituting epithelium on the op
erated side follow similar centripetal routes as in control 
animals but then disappear into the neuroma formed in the 
region of the missing OB. Contralaterally, the presence of 
2a4-reactive glomeruli correlates with changes in the num
ber of reactive ORNs, currently under investigation in the 
laboratory, Thus, 2a4 labeling of reactive ORNs appears not 
to reflect physiological stress levels of these neurons but 
rather some intrinsic factor, possibly related to specific 
connectivity or olfactory function. Autoradiographic birth
dating studies are currently underway to determine if the 
presence of HSP70 in the reactive ORNs might coincidentally 
confer on them an enhanced life span relative to nonreact- 
ive ORNs. Supported by NIH grants DC00347 and DC01593.

5 3 .1 7

DIRECT PROJECTIONS OF BIPOLAR CELLS OF THE VOMERONASAL 
(VNO) ORGAN TO THE ACCESSORY OLFACTORY BULB (AOB). 
R.L.Moss. C.A.Dudlev and K.Condon*. Dept. of Physiology, Univ. Texas 
Southwestern Med. Cntr., Dallas, TX 75235.

Previous anterograde tracing studies have indicated a projection from the 
VNO to the AOB, however, these studies have not identified the specific cells in 
the VNO that project to the AOB nor have they definitively shown the 
monosynaptic nature of the projection. The present experiments were designed 
to determine whether the bipolar cells of the VN organ possess axons that 
directly project to the AOB. Crystals of the fluorescent retrograde tracer dye, 
DiI, were placed directly on the surface of the left AOB in two young female rats 
that had previously been perfused with a paraformaldehyde fixative. After six 
weeks, the VN organ and the AOB were removed. The AOB was sectioned on a 
freezing microtome at 50 m and it was confirmed that the D iI crystals were only 
in the left AOB. The left and right VN organ were removed and infused 
overnight in 4% para-formaldehyde and 2.3 M sucrose. Sections of 3 m 
thickness were cut at -35 C, permanently mounted on glass slides and viewed 
with a Bio-Rad Confocal Microscope using the 544-576 excitation emission of 
the Krypton/Argon laser and the rhodamine filter cube. In both animals, the 
confocal and fluorescent images of the left VN organ revealed a broad band of 
DiI fluorescing cells corresponding to the bipolar cell layer. The DiI appeared 
to be smoothly distributed in the cell body while punctate fluorescent staining 
was observed extending to the dendritic endings. Supporting epithelial cells in 
the same sections did not contain DiI fluorescence. In addition, neither animal 
exhibited D iI fluoroscence in the right VN organ. Collectively, the present 
results indicate that one pole of the stained cells give rise to an axon of the VN  
nerve that projects unilaterally to AOB, while the other pole gives rise to a 
dendritic process that extends to the surface of the lumen. Supported by NIH 
grant MH47418.

5 3 .1 4
INTERLEUKIN-1 EXPRESSION IN NORMAL AND 
TRAUMATIZED OLFACTORY EPITHELIAL TISSUE. A . 
Delkescamp. J. Maruniak and F. vom Saal*. Div. Biol. Sci., 
Univ. Missouri, Columbia, MO 65211.

Our lab has become interested in the cytokine IL-lß because of 
the widespread presence on receptors of this cytokine on neurons 
(Farrar et. al., 1987). IL-Is are released during apoptosis 
(Hogquist et. al., 1991), appear in the brain after injury, and 
stimulate astrocyte growth (Giuliani & Lachman, 1985). In the 
present study we assessed IL-lß immunoreactivity in the olfactory 
epithelium of normal, bulbectomized and naris closure mice.

Female mice were anesthetized with Nembutal, perfused with 
Bouin’s fixative and their heads processed for paraffin sectioning 
and immunohistochemistry. Two polyclonal antibodies, one from 
UBI, Lake Placid, NY and the other from Dr. R.C. Newton 
(DuPont Labs, Wilmington, DE), were used in this study. 
Preliminary Western blot analyses were performed using both 
antibodies. A Northern blot also confirmed the presence of IL-lß 
message in olfactory epithelium.

In olfactory epithelia which had been traumatized by unilateral 
naris closure and/or bulbectomy, there was a dramatic increase in 
IL-lß immunoreactivity. Immunoreactivity appeared in the 
supranuclear region of supporting cells in traumatized regions of 
the open side.

The increased expression of IL-lß by the olfactory mucosa in 
traumatic conditions suggests this cytokine may play a role in 
mediating the inflammatory responses of this tissue.

5 3 .1 6
A VENTRALLY-PROJECTING SUBSET OF OLFACTORY RECEPTOR 
NEURON AXONS IN RATS DISPLAYS ANTI-TAU PROTEIN 
IMMUNOREACTIVITY. T. A. Schoenfeld*, H. M. Meltser and A. L. May.
Depts. of Psychology and Biology and the Neuroscience Program, Clark 
University, Worcester, MA 01610.

Microtubule-associated protein IB (MAP IB) is ubiquitously expressed in 
olfactory receptor neurons and in their axons in the olfactory nerve layer (ONL) of 
the olfactory bulb. On the other hand, another MAP, tau protein, does not show 
the same widespread pattem of distribution. In sections of adult rat olfactory bulb 
processed by immunocytochemistry with monoclonal antibody to tau protein (Tau- 
1), the ONL displays numerous, but isolated immunoreactive olfactory nerve 
fascicles that are directed almost exclusively to the ventral olfactory bulb, both 
medially and laterally. Although the terminals of these axons in glomeruli are 
largely unstained, in rare cases immunoreactive axons extend into immunoreactive 
glomeruli. Since the pattern of anti-MAP IB immunoreactivity does not reveal 
negative fascicles in the ventral ONL that might correspond to tau-positive 
fascicles, we infer that the small number of tau-positive fascicles also express 
MAP IB. The distinguishable expression of MAP IB and tau protein in olfactory 
receptor neurons and their axons provides a means to better understand the 
potential roles of these MAPs in regulating neuronal outgrowth and stability in 
olfactory receptor neurons and to discover whether they mark olfactory receptor 
neurons of different age or developmental state.
(Supported by the Dept. of Psychology, Clark University.)

5 3 .1 8

RAPID DOWN-REGULATION OF OLFACTORY BULB TYROSINE 
HYDROXYLASE (TH) EXPRESSION FOLLOWING ADULT ODOR 
DEPRIVATION. J.-Y, Cho. L. Franzen and H. Baker*. Cornell Univ. 
Med. Coll., Burke Med. Res. Inst., White Plains, NY 10605.

Odor deprivation, produced by unilateral naris occlusion in neonatal 
rats, down-regulates expression of the dopamine (DA) phenotype 
measured in adult rat olfactory bulb (OB). Since this DAergic system 
exhibits considerable postnatal maturation, the role of developmental 
events in expression should be distinquished from regulation of the adult 
phenotype. These experiments tested the effects of unilateral odor 
deprivation produced in adult rats (7-8 week-old) on expression of TH, 
the first enzyme in DA biosynthesis. As early as 2-4 days after naris 
occlusion, in situ  hybridization demonstrated significant decreases in TH 
mRNA levels in the OB ipsilateral to closure as compared to the 
contralateral OB. TH protein levels, evaluated both biochemically and 
immunohistochemically, did not differ at this time. By 2 weeks, TH 
mRNA was further decreased and limited to lateral-posterior aspects of 
the OB. Large decreases also were evident in TH protein and activity. 
TH expression was maximally depressed at 1 month after closure and 
remained reduced for up to 6  months. Not until 2 months post-closure 
was the ipsilateral OB significantly smaller (11%) than the contralateral 
OB. Although TH activity decreased less in rats than in mice subjected 
to adult closure (23% and 12% of control, respectively), enzyme activity 
declined at a similar rate. These data demonstrate that no critical period 
exists for peripheral afferent regulation of either structural integrity or 
neurotransmitter phenotypic expression in the rat olfactory system. 
SuDoorted bv AG09686.
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5 3 .1 9
C H A N G ES IN O L F A C T O R Y  S EN S IT IV IT Y  D U E  T O  A E R O B IC  E X E R C IS E .  
V. Switzer. N.R.MvsIinski. N. Capra* Oral N euroscience Group, Physiology 
Department, Dental School, University of Maryland, Baltimore, MD 21201

Previous research on the effects of aerobic exercise  on olfaction is 
lacking. However, biochemical and physiological evidence suggests that 
there is a relationship.

Fourteen healthy volunteers, from 10 to 15 ye ars of age, were 
administered a commercial sense-of-sm ell test (Carolina Biological Supply 
Company) before and 10 min after an 8 K foot race. The  test consisted of 14 
different odors. The study controlled for respiratory rate and distance from the 
source of the odor before and after the race. The subjects were first asked if 
they could detect an odor; second, if they could recognize the odor; and, 
third, to identify the odor by name. Differences between the pre and post-race 
results were determined by comparing the total number of positive and 
correct responses. It w as conducted in a  double-blind, randomized manner.

In all groups before and after the race there were a  greater number 
of detections (12.64 + 0.31 )than recognitions (10.10 ± 0.47; p <  .0001 ) and a 
greater number of recognitions than correct identifications (3.75 + 0.55; p  
<.0001). After the race there w as a  significant in crease  in the number of 
odors that were detected (p <.025), recognized (p <.001 ), and identified (p 
<05) Changes were the sam e for odors that had a  nociceptive component 
and those that did not. Improvement of detection and recognition scores were 
greater for subjects that were more physically fit (.025). There  w as no 
significant change in the speed of adaptation.

Th is study sug g ests that aerobic e xe rcise  acute ly  affects the 
suprathreshold sensitivity of olfactory detection, recognition and identification; 
but not adaptation.

5 3 .2 1
A KINETIC MODEL OF CHEMORECEPTOR CELL FUNCTION:
TRANSDUCTION, ADAPTATION AND PHASE
LOCKING.David Mountain1 a n d Jelle Atema2 Boston
University, Department of Biomedical
Engineering 1 and Marine Program 2 , Boston MA
0 2 2 1 5 .

Chemoreceptor cells evolved in a turbulent odor 
environment where they are faced with problems 
of dynamic range and temporal resolution.
Recent advances in our understanding of 
chemosensory transduction kinetics provide 
critical data to constrain models of receptor 
cell dynamics. We developed a model to predict 
cell reponses to random odor concentration 
changes such as seen in turbulent environments. 
The model includes the following feed forward 
features: receptor binding, second messenger
formation, channel gating and cable properties 
of ciliary distal segments. Adaptation was 
modeled through feedback inactivation of 
receptors. The model was tested successfully 
with published results on second messenger 
kinetics and in situ receptor cell responses to 
pulsed stimuli in various backgrounds.

5 3 .2 0
NADPH DIAPHORASE LOCALIZATION IN THE OLFACTORY SYSTEM. 
H.O. Zhao. S- Firestein* and C. Greer Section of Neurobiology & Neurosurgery, 
Yale University School of Medicine, New Haven, CT.

Nitric Oxide (NO) has recently been identified as a neuronal messenger. NO 
synthase (NOS) is abundantly and discreetly distributed in olfactory bulb. An 
important tool in the identification of NOS containing cells is the histochemical 
marker for NADPH-diaphorase, an enzyme whose function had been a mystery. 
Recently NOS and NADPH-diaphorase have been shown to have identical 
localization. We have examined the staining patterns of NADPH-diaphorase in the 
olfactory bulb of rat and salamander, and extended these investigations to the nasal 
epithelium in light of the newly appreciated role o f nitric oxide in the nervous 
system. The olfactory epithelia of both rat and salamander show intense staining, 
especially in the distal portion occupied by the dendritic knobs and cilia. The 
stained cells appear to be both receptor neurons and sustentacular glial cells. The 
respiratory epithelium in rat was only weakly stained and showed no evidence of 
lamination of the staining pattern. In the olfactory bulb of both salamander and rat 
the olfactory nerve and glomeruli were stained. However, the glomerular staining 
in salamander appeared homogeneous while in rat individual glomeruli were 
discretely stained. To test if NADPH-diaphorase was localizing to olfactory cells 
we employed olfactory nerve transection or total bulbectomies. Transection of the 
olfactory nerve in salamander or bulbectomy in rat resulted in decreased staining in 
the cilia layer of the olfactory epithelia. Transection of the nerve in salamander also 
caused the disappearance of staining in the olfactory nerve and glomerular layer of 
the olfactory bulb. These results support the idea that NADPH-diaphorase localizes 
to the cilia of olfactory receptor cells at the level of the epithelium and to axon 
terminals of the receptor cells within the olfactory bulb glomeruli. These studies 
were undertaken as a preliminary to physiological investigations of the role o f nitric 
oxide in sensory processing and development.
Supported by the NIH and ONR
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5 4 .1
ULTRASTRUCTURE OF THE ELASMOBRANCH OLFACTORY BULB CIRCUITRY 
La u re n ce  D rv e r*  a n d  P a sq u a le  P .C . G ra z ia d e i P ro g ra m  in  
N e u ro sc ie n ce ,  Florida S ta te  U n iv e rsity , T a lla h a sse e , F i ,  3 2 3 0 6 .

W e kn o w  from  Dii trac in g  and  G olgi s tu d ie s  th a t  both of the  
tw o m itral ce ll p o p u la tio n s in th e  e la sm o b ra n c h  o lfa c to ry  bulb  
lack  b asa l d e n d rite s , a fe a tu re  th e y  sh a re  w ith  c y c lo s to m e s  and  
te leo sts. B e c a u se  p he no m en a  s u c h  a s  late ra l inhib ition  norm ally  
occur via b asa l d e n d rite s  in h ig her v e r te b ra te s , e la sm o b ra n c h s  
have to  u se  other neura l ro u te s in order to  perform  th e  s a m e  ta sk  
w ithin their o lfa c to ry  bulb. Dii re tro g rad e  lab eling  of 
e lasm o b ra nch  m itral c e l ls  s u g g e s ts  th a t  g ran u le  c e l ls  m ight 
co n n e ct neighboring m itral c e lls  d ire ct ly . W e  in v e st ig a te d  the  
synap to lo g y of the  e la sm o b ra n c h  o lfa c to ry  c irc u it  w ith  e lectro n  
and light m ic ro sc o p y . R e s u lts  s h o w  th a t  g ran u le  c e l ls  c o n n e c t  
mitral c e l ls  b y  m aking  rec ip ro ca l s y s n a p s e s  w ith  m itral ce ll b o d ies  
as w ell a s  th e  th ic k  s h a f t s  of th e  m itral p rim ary  d e n d rite s  before  
the se  en ter the  g lo m e ru lu s. T h is  s u g g e s ts  th a t  th e  e la sm o b ra n c h  
mitral ce ll arborizatio n  is a  c o m p a rtm e n ta lize d  s t ru c tu re , a s  
prim ary o lfa c to ry  fib ers  m ak e  sy n a p tic  c o n ta c t s  w ith  the  
term inals of the  m itral prim ary  d e n d rite s  w ith in  th e  g lo m e ru lu s. 
Supported by N S -2 0 6 9 9

5 4 .2
ULTRASTRUCTURE AND SYNAPTIC CONNECTIONS OF CALBINDIN 
POSITIVE INTERNEURONS IN THE CAT MAIN OLFACTORY BULB.
M. R. Dino*and E. Muenaini. Lab, o f Neuromorphology, Box U-154, The 
University of Connecticut, Storrs, CT 06269-4154

Identification of cell class-specific markers can facilitate characterization of 
neuron types. We have previously shown that the calcium binding protein 
calbindin 28kD (CaBP) labels a conspicuous population o f intemeurons in the 
external plexiform layer (EPL) of the cat main olfactory bulb. These cells have 
fusiform or multipolar somata, 1-4 primary dendrites, which may vary 
considerably in diameter and usually extend radially to a distance o f 60-120μm. 
These processes branch repeatedly at both right and acute angles, before they taper 
o ff and become beaded peripherally, thus forming an elaborate, CaBP 
immunoreactive (CaBP-ir) plexus, that remains confined to the EPL. Using CaBP 
as a neuronal marker, we now define the ultrastructure and synaptic connections of 
these cells. These neurons have an eccentric deeply indented nucleus, a prominent 
Golgi apparatus and numerous dense core vesicles and mitochondria. Their 
varicose processes contain pleomorphic synaptic vesicles, which are significantly 
smaller than those of granule cell dendrites. The absence of an initial axon segment 
suggests that these cells are amacrine. They receive asymmetrical synapses from 
dendrites (less frequently from somata) of mitral and tufted cells, and from boutons 
of unknown origin containing small round vesicles. They also receive, albeit rarely, 
symmetrical synapses from unstained boutons containing small pleomorphic 
vesicles. In turn, CaBP-ir processes constitute the presynaptic components in 
symmetrical synapses with mitral/tufted cell dendrites, some o f which may be 
reciprocally arranged with asymmetrical synapses oriented in the opposite 
direction. CaBP-ir dendrites may simultaneously receive synapses from two large- 
caliber, unstained (mitral or tufted cell) dendritic profiles, and may also be 
simultaneously postsynaptic to one of them and presynaptic to the other. Synaptic 
contacts between two CaBP-ir processes were never observed, although these 
profiles were adjacent to each other at points. Antisera to GABA, glycine and 
glutamate did not stain these cells. Their neurotransmitter remains to be identified. 
We suggest that these neurons are involved in lateral inhibition. Supported by 
PHS Rrant NS-09904.
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54.3
FORMATION AND REGIONAL CHANGES OF OLFACTORY BULB GLOMERULI 
STUDIED BY CYTOCHROME OXIDASE. E. Meisami* and T. J . 
Sendera. Dept. of Physiology, Univ. of Illinois, Urbana,
IL 61801.

Olfactory bulb (OB) glomeruli stain intensely for cyto
chrome oxidase (CO) allowing delineation of neuropil of 
glomeruli proper for studies on morphology, morphometry 
and regional development of glomeruli. We have thus found 
that the entire population of rat glomeruli is formed by 
day 5 after birth (Dev. Brain Res. 71:253-7,'93). Here we 
report on morphological and regional changes in the glom
eruli and glomerular layer during the first days after 
birth. Serial frontal frozen sections of OB were prepared 
from rats aged 1-7 days and stained for CO. During days 
1-2 PN the round and small glomeruli, comprising 60-70% of 
the total (2400/OB), were present only in certain regions 
of OB. In other regions the presumptive glomeruli 
appeared as long diffuse bands with little sign of 
globular parcelation. These data suggest that during late 
fetal and early neonatal days, axon terminals of olfactory 
neurons and apical dendrites of mitral cells form a dif
fuse band of elongated, primitive glomeruli; then the 
small, round glomeruli develop from the break-up and par
celation of these bands. This early developmental mechan
ism occurs in the medial and caudal regions of OB earlier 
than other regions, indicating a spatial gradient of 
glomerulogenesis.

54.5
EFFECT OF STIMULUS DURATION AND INTENSITY ON ODOR INDUCED 
c-fos mRNA EXPRESSION IN RAT OLFACTORY BULB. U.S. Hess*K.M. 
Guthrie, and C.M. Gall. Dept. of Anatomy & Neurobiology, Univ. o f Calif., 
Irvine CA 92717

This laboratory has demonstrated that distinct odors evoke unique patterns of 
neuronal activation mapped by increased expression levels o f c-fos mRNA in the 
rat main olfactory bulb. Increases in c-fos mRNA are observed in spatially discrete 
regions of the glomerular layer (GL) and in broader underlying fields o f the external 
plexiform and granule cell layers (GCL). We have proposed that this columnar, 
translaminar pattern o f cellular activation defines a basic functional /  anatomical 
unit of odor processing in olfactory bulb. In situ hybridization o f 35S-labeled c- 
fo s  cRNA was used to examine the pattern c-fos mRNA expression in olfactory 
bulbs of rats given different durations and concentrations o f odor stimulation. 
Young rats were continuously exposed to either peppermint or proprionic acid odor 
for 1, 5, 15, 3 0 , 45, and 60 min. Additional rats were stimulated for 15 min with 
different concentrations o f the same odors (1:2, 1:20, 1:40 dilutions for 
peppermint, and 1:4, 1:20, 1:100 dilutions for proprionic acid). Activated 
glomerular and granule cell fields are discemable with as little as 1 min of odor 
presentation. Hybridization densities to c-fos mRNA in these regions are maximal 
with 15 min odor exposure, remain elevated with 30 min, and decline with 45 
min. In rats which have been stimulated for 60 min levels o f c-fos mRNA are 
comparable to those of baseline controls (60 min exposure to clean air). Increasing 
densities of hybridization and areas of activation are observed with higher odor 
concentrations in both the GL and GCL. At the highest concentrations "chains” of 
labeled glomeruli with broader underlying GCL fields are evident, compared to 
more isolated and less extensive regions of activation seen at lower concentrations. 
These results suggest 1) that c-fos  becomes refractory to prolonged odor 
stimulation and 2) that more intense stimulation may overcome lateral inhibitory 
interactions in the bulb and/or activate more olfactory receptors. Supported by 
DC01534 to CMG.

54.7
A  PATCH-CLAMP ANALYSIS OF THE INTRINSIC MEMBRANE 
PROPERTIES AND PHARMACOLOGICAL SENSITIVITY OF ACUTELY- 
DISSOCIATED ACCESSORY OLFACTORY BULB (AOB) NEURONS. 
Y.S. Çhe n ,, M, Wong  Ш Ј1 R ,L. M oss*. Dept. of Physiology, Univ. Texas 
Southwestern Med. Cntr., Dallas, TX 75235.

In rodents, the AOB appears to mediate pheromonal influences on 
reproductive behaviors via input from the vomeronasal organ and output to the 
medial amygdala (mAMYG). Although this circuit has been well-characterized, 
little is known about the electrical characteristics of AOB neurons. The present 
study characterized the intrinsic membrane properties and pharmacological 
sensitivity of acutely-dissociated AOB neurons from neonatal rats by means of 
the patch-clamp technique. The mitral cells and granule cells in AOB were 
identified based on morphological criteria and retrograde labelling studies using 
fluorogold injections into the mAMYG. AOB neurons had a resting membrane 
potential between -40mV to -50mV and an input resistance above 1GΩ. Under 
voltage-clamp conditions, N a+ , K + and Ca2 + - currents could be evoked by 
depolarizing steps. The N a+ -currents exhibited steady-state inactivation, had 
thresholds between -60mV to -50mV and were blocked by TTX. K + -currents 
consisted of transient and sustained components and could be blocked with 
cesium in the pipette and TEA in the extracellular solution.

Single channel activity was elicited in inside-out patches from AOB neurons. 
Bjj channels were recorded from mitral cell and granule cell patches with KC1 in 
the pipette. However, when GABA and CsCl were used in the pipette, GABA- 
induced single channel activity was observed in mitral cell but not granule cell 
patches. With NMDA and CsCl in the pipette, NMDA-induced single channel 
activity was observed in granule cell but not mitral cell patches. (Supported by 
NIH grant MH47418.)

54.4
RESPONSES OF GLOMERULI, MITRAL CELLS AND ASTROCYTES IN 
OLFACTORY BULB OF RATS RECOVERING FROM EARLY HYPOTHYROID 
RETARDATION. T. J. Sendera* and E. Meisami, Physiol. 
Dept., Univ. of Illinois, Urbana, IL 61801.

Rats made hypothyroid by administration of PTU (pro
pylthiouracil, 0.1% w/v) from birth develop only half of 
the number of olfactory receptor neurons while the number 
of glomeruli remains unaltered. Withdrawal of PTU at 
25-days results in marked increase in body growth and 
nearly complete restoration of olfactory receptor neurons 
by 90-days. Here we report on the effects of recovery 
from hypothyroid neural retardation on olfactory bulb (OB) 
growth, by determining changes in volume of OB and its 
layers and size and number of glomeruli and mitral cells 
and the response of OB astrocytes using GFAP immunocyto- 
chemistry. Control, hypothyroid and recovery rats were 
studied at 25- and 90-days. Results indicated significant 
reductions in volume of OB, its layers and of glomeruli 
in the hypothyroid rats and marked recovery of these para
meters in recovery rats. The number of glomeruli, how
ever remained unaltered. Also the effects of hypothyroid 
condition on the number of mitral cells and GFAP immuno- 
reactivity were not marked. The results indicate that the 
OB shows considerable growth plasticity as evident by its 
ability to recover from marked growth retardation.

54.6
OPTICAL RECORDING OF EVOKED 

NEURAL ACTIVITY IN RAT OLFACTORY BULB SLICES 
J.L. Solis . W.T.Nickell*and D.M. Senseman.

Division of Life Sciences, Univ. of Texas at San Antonio, San Antonio, TX, 78249 
Dept. Anat. and Cell Bio., Univ. of Cincinnati Coll, of Med., Cincinnati, OH, 45267

We used the voltage-sensitive dye, RH155, to monitor activity in slices (400 
μm thick) of rat olfactory bulbs following brief electrical shocks (500 ps) to the 
olfactory nerve. An improved light detection system allowed us to follow evoked 
responses within 464 contiguous regions of the olfactory nerve (ONL), glomerular 
(GLOM) and external plexiform (EPL) layers with a spatial resolution of 42 pm and 
a temporal resolution of 1.6 ms. Large optical signals could be recorded, without 
averaging, from each layer as shown below. The large amplitude and stability of 
these optical signals, especially those from the glomerular layer, makes them useful 
endpoints for our ongoing biophysical and pharmacological studies of the initial 
events involved in odor processing within the vertebrate central nervous system.

54.8
ACCESSORY OLFACTORY BULB MITRAL CELLS OF GARTER 
SNAKES RESPOND TO A PROTEIN DERIVED FROM
e a r t h w o r m  p r e y . C.-S, LI1. D, Wang2, p. Chen2 аn d  M. Halpern*1.
Departments of ‘Anatomy and Cell Biology and 2Biochemistry, SUNY 
Health Science Center at Brooklyn, Brooklyn, NY 11203.

Garter snakes (Thamnophis sirtalis) respond to washes of 
earthworms with increased tongue flicking and attack (Burghardt & Hess, 
J. Comp. Physiol. Psychol.,66, 289-295, 1968). This response is mediated 
by the vomeronasal system. We isolated, by covalent chromatography, a 
proteinaceous, 20 kDA, chemoattractant for garter snakes from aqueous 
washes of earthworm (Lumbricus terrestris) (Wang et al., Arch. 
Biochem. Biophys., 267, 459-466, 1988). This protein, B2, placed on the 
surface of artificial earthworms reliably leads to attack and attempted 
ingestion by the snakes. The purpose of the present study was to 
determine if B2 delivered to the vomeronasal epithelium can drive mitral 
cells in the accessory olfactory bulb (AOB). AOB neurons were 
antidromically identified as mitral cells by electrical stimulation of the 
nucleus sphericus (NS). Liquid delivery of B2 to the vomeronasal 
epithelium increased firing rates of mitral cell neurons in a 
concentration-dependent manner. Electrical stimulation of NS at 
subthreshold intensities for antidromic invasion was followed by a period 
of inhibition of spontaneous firing of half of the mitral cells tested and 
the duration of this inhibition was directly related to stimulus intensity. 
These results demonstrate that B2 protein is a potent stimulus for 
vomeronasal receptor neurons and that an inhibitory projection exists 
from nucleus sphericus to the AOB.

Supported by NIH Grant DC00104-18.
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5 4 .9

LATE, LONG LASTING DEPOLARIZATION IN SALAMANDER 
MITRAL/TUFTED CELLS. A.R.Cinelli* and J.S.Kauer. Tufts Medical 
School / New England Medical Center, Boston, MA 02111.
Salamander mitral/tufted cell (M/T) responses are similar to those found 

in other species. Using standard techniques for recording intracellularly 
from neuron cell bodies in salamander olfactory bulb slices (400-600 um 
thick), orthodromic stimulation (700-1000 uA) first evokes a brief period 
of depolarization which often generates a single action potential followed 
by a complex period of hyperpolarization, the size and duration of which 
depend on stimulus intensity. Certain conditions were found which can 
reduce the magnitude of this hyperpolarization, thereby unmasking late 
depolarizing responses. These conditions include: a) blockade of inhi
bitory feedback using 100 uM bicuculine, b) low stimulus intensities 
(250-400 uA), c) the presence of preceding periods of spontaneous 
activity, and d) hyperpolarizing current injection (400-800 pA). Similar to 
orthodromic responses, antidromic stimuli or depolarizing current injec
tions to the somata also evoke a brief initial depolarization followed by 
late hyperpolarization. Under these conditions, bicuculine also unmasks a 
period of late depolarization. In contrast to somata recordings, depo
larizing current injections (200-400 pA) made into M/T dendrites can 
evoke prolonged depolarizations and/or repetitive spikes, suggesting that 
dendritic regions a) experience less hyperpolarization than somata, and b) 
have active properties. Based on these findings, we suggest that late 
depolarizing events may depend on active currents in M/T dendrites that 
may be relevant for understanding the complex responses evoked by 
odors and for intrinsic oscillatory events in the bulb.

Supported by the NIH, ONR and Dept.of Neurosurgery, NEMC.

5 4 .1 0

MOLECULAR RECEPTIVE RANGE PROPERTIES OF MITRAL/ 
TUFTED CELLS OF RABBIT OLFACTORY BULB. K.Mori*. 
K.Katoh and A.Tani. Dept. of Neuroscience,
Osaka Bioscience Inst., Suita, Osaka 565, Japan.

Using a panel of homologous series of ali
phatic odor molecules, we previously demonstrated 
that individual mitral/tufted cells in the dorso- 
medial part of the main olfactory bulb (MOB) 
respond with increased spike discharges to a 
range of odor molecules having similar stereo
chemical structures. In the present study, we 
extended the above study to mitral/tufted cells 
in the ventromedial part of the MOB of urethane- 
chloralose anesthetized rabbits using both ali
phatic and aromatic compounds as stimulus odor 
molecules. Single mitral/tufted cells in the 
ventromedial MOB showed excitatory spike dis
charges to a range of odor molecules having 
similar conformation, and inhibitory responses to 
a different range of odor molecules. The range of 
odor molecules that either excite or inhibit the 
firing of individual mitral/tufted cells is 
termed the molecular receptive range (MRR) of the 
cell. Different mitral/tufted cells in the 
ventromedial MOB typically showed different MRR 
properties. These results suggest that confor
mational parameters of odor molecules play a key 
role in sensory processing in the MOB.

5 4 .1 1

E F F E C T S O F  L O N G - T E R M  ( > 1 2  M O N T H S )  U N I L A T E R A L  
O L F A C T O R Y  D E P R I V A T I O N  O N  O L F A C T O R Y  B U L B  
S IN G L E -U N IT  R E S P O N S E  P A T T E R N S  T O  O D O R S .
Donald A. W ilso n *  D e v e lo p m e n ta l  P s y c h o b io lo g y  L ab , 
Department o f  P sy c h o lo g y , U n iv ersity  o f  O klahom a.

U nilateral o lfa c to ry  d ep rivation  in rats p rod u ces m arked  
structural ch an ges in o lfa cto ry  bulb n euroanatom y. A s w ith  
many other sen sory  sy stem s, the m agn itu d e o f  th ese  ch an ges  
are dependent on the age  at o n se t  and du ration  o f  the  
deprivation. T h e  p h y s io lo g ic a l  c o n s e q u e n c e s  o f  o lfa c to ry  
deprivation, h o w ev er , are le s s  w e ll u n d erstood . D ep rivation  
starting at PN 1 and la s t in g  2 0  d a y s p ro d u ces  a h yp er-  
responsiveness o f  m itral/tu fted  c e lls  to  od ors after reop en in g  
of the sea led  n a ris, and an e n h a n cem en t o f  in tern eu ron -  
mediated in h ib ition . Late o n se t d ep rivation  has le s s  o f  an 
effect on in h ib itio n , h o w ev er , the e f fe c ts  on od or resp on ses  
has not y e t b een  reported . T h ere fo re , th e p resen t stu dy  
examined the e ffe c ts  o f  la te  o n se t, lon g-d u ration  dep rivation  
on olfactory bulb resp onses to odors.

Wistar rats has a s in g le  naris sea led  on P N 30 . A fter 12 
m onths o f  d e p r iv a t io n ,  m it r a l/ tu f t e d  c e l l  s in g le - u n it  
responses to od ors (c itra i, p ep p erm in t, a c e tic  a c id ) w ere  
examined in the deprived  bulb. T he rats w ere an esth etized  
with u reth an e , th e  s e a le d  n a ris  w a s  re o p e n e d  and th e  
contralateral naris w as se a le d . P re lim in a ry  resu lts  su g g e st
that th e  d e p r iv e d  o l f a c t o r y  s y s te m  m a in t a in s  i t s
resp on siven ess to  o d o rs  ev e n  a fter  lo n g -te r m  d ep r iv a tio n .  
Supported by grant DC00866 to DAW and RMS.

5 4 .1 2

ELECTROPHYSIOLOGICAL RESPONSES OF MITRAL CELLS IN THE  
ACCESSORY OLFACTORY BULB (AOB) FOLLOWING STIMULATION 
OF THE VOMERONASAL NERVE (VNN). C.A. Dudley*. Y.S. Chen, and R.L. 
Moss. Dept. Physiology, UT Southwestern Med. Ctr., Dallas, TX 75235.

The AOB receives input from the vomeronasal organ (VNO) via the VNN.
VNN terminals, located in the glomerular layer of the AQB, are thought to 
provide synaptic input to mitral cell dendrites, but few electrophysiological studies 
have explored this synapse. The present study was undertaken to characterize the 
effect of VNN stimulation on the electrical activity of mitral cells and to provide 
some insight into the neurotransmitter(s) involved.

Extracellular electrophysiological techniques were used to record from mitral 
cells in the AOB in vivo and in the in vitro slice preparation from female rats. 
Stimulation of the VNO in vivo (100-600 μ  A) elicited orthodromic excitation in 10 
of 44 cells with a latency of 51.7 ±1.5 msec and a duration of 22.5 ±3.6 msec. 
Attempts to block the excitation by iontophoretically ejecting kynurenic acid from 
the recording electrode were unsuccessful. Stimulation of the VN terminals in 
vitro (150-800 μ A )  also elicited orthodromic excitation (17 of 29 cells) with a 
latency of 11.2 ±2.9 msec. The mean firing rate and conduction velocity were 
similar in vivo and in vitro. The duration of the excitatory response in vitro was 
highly variable with the majority o f responses lasting more than 100 msec and two 
lasting longer than 5 sec. These excitatory responses were extremely sensitive in 
that slight increases in the intensity of the stimulation current (10 μ A ) produced 
massive increases in the excitatory response. Superfusion of kynurenic acid was 
not effective in reducing the orthodromic excitation (10 of 10 cells tested) 
although, in a few cells, the spontaneous firing rate was inhibited. The results 
indicate that VNN stimulation elicits excitatory responses both in vivo and in vitro 
and that the responses are probably not due to release of excitatory amino acids 
onto mitral cell dendrites. Supported by NIH MH41784.

5 4 .1 3 5 4 .1 4

SYNAPTICALLY EVOKED RESPONSES IN  THE TURTLE OLFACTORY  
BULB. D A . Berkowicz*# . P.O. Trombley an d  G .M .Shepherd. Section o f  
Neurobiology and #Interdisciplinary Neuroscience Program, Y ale University  
School o f  M edicine, N e w  Haven, CT 6510.

In the vertebrate olfactory system , odor information is transduced by olfactory 
receptor neurons (ORN s) and transmitted via the olfactory nerve to the primary 
output neurons o f  the olfactory bulb, the mitral/tufted (M /T) ce lls . Synaptic 
transmission from O R N s to M/Γ  ce lls  is  known to b e excitatory and results in  
increased activity in the olfactory bulb. The synaptic response o f  M/Γ  ce lls  has not 
been extensively exam ined nor has the O RN transmitter been identified. W e have 
developed a hem isection preparation o f  the olfactory bulb in  the turtle, Pseudemys 
Scripta, and used w hole ce ll voltage and current clamp recording techniques to 
characterize the properties o f  synaptic transmission from O R N s to M/Γ  cells.

The olfactory nerve o f  the turtle separates into dorsal and ventral branches 1-2 
mm proximal to the bulb and is  easily  divided in  horizontal section leaving m ost o f  
the nerve intact. In current clamp m ode, increasing intensities o f  nerve stimulation 
via a suction electrode resulted in graded depolarizing synaptic potentials 
eventually leading to action potentials. T hese potentials w ere occationally follow ed  
by inhibitory synaptic potentials. In voltage clamp m ode at a holding potential o f  
-60 mV, stimulation o f  the olfactory nerve resulted in an inward current which  
decreased as the holding potential approached 0  m V . The glutamate receptor 
antagonists CN Q X  and AP5 had variable effects on  the  excitatory response o f  the  
M/Γ cells to nerve shock. Som e cells  showed a  marked diminution in the post- 
synaptic response follow ing the application o f  C N Q X  w hile others were maximally 
affected by A P5. These results support the notion that OR N s are excitatory and may 
use an excitatory am ino acid as their transmitte r .

Supported by HHM I fellow ship to (D A B) and research grant from NID C D  to 
(GMS).

CARNOSINE AND GLUTAMATE IN OLFACTORY NEURONS 
M. Sassoè P .1. D. Cantino1. P. Panzanelli*. L. Verdun di Cantogno1. M. 
Giustetto1. F .L. Margolis3 . S. De Biasi4 and A. Fasolo*2 . 1Dept. o f  Human 
Anatomy and Physiology and 2Dept. o f Animal Biology, 1-10126 Turin, Italy. 
3Roche Inst. Molec. Biol., Nutley, NJ. 4Dept. o f  General Physiology and 
Biochemistry, University o f  Milan, Italy.

Primary olfactory neurons located in the olfactory neuroepithelium send 
their axons to the ipsiiateral olfactory bulb (OB), where they make excitatory 
synapses with the dendrites o f mitral, tufted and periglomerular cells. The 
neurotransmitter utilized by these sensory afferents is not unequivocally 
established, although the dipeptide camosine (ß-alanyl-L-histidine) is a possible 
candidate.

In this study, we used the immunogald procedure to investigate the 
ultrastructural distribution o f camosine, glutamate and GABA in the glomerular 
layer o f the mouse OB. As previously reported, camosine-IR was localized 
exclusively in the olfactory nerve axons and terminals. Glutamate-IR was 
particularly elevated in the olfactory neuron terminal boutons; the colloidal gold 
particle density here was five times that in the post-synaptic dendrites (94+ 5 and 
18±2 particles/μm2, respectively). Conversely, GABA-IR was restricted to some 
neural processes that could be described as periglomerular cell dendrites.

The subcellular localizations are consistent with a role o f glutamate in 
olfactory neurotransmission, as also supported by the recent reports of different 
glutamate receptor subunits in rodent OB. We suggest that carnosine may interact 
with glutamate in the transmission o f the olfactory stimuli by virtue o f its ability to 
chelate divalent transition metal cations, such as zinc. In fact, it has been 
demonstrated that zinc can modulate the post-synaptic responses to glutamate and 
that the olfactory glomeruli are strongly labelled by the Timm histochemical 
method for heavy metal detection. (Financial contribution from CNR and 
M.U.R.S.T. 40%, 60%).
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5 4 .1 5
LOCALIZATION OF 5-HT2 mRNA IN THE RAT OLFACTORY BULB AND 
THE POTENTIAL ROLE OF THIS RECEPTOR IN OLFACTORY LEARNING. 
I.H. McLean*. A. Darby-King and G. Paterno. Div. of Basic Med. Sci., 
Memorial Univ. of Newfoundland, St. John's, Nfld., Canada A1B 3V6.

We have recently shown that serotonin (5-HT) input to the olfactory 
bulb (OB) is required in order to observe conditioned olfactory learning 
in the neonatal rat (McLean, Darby-King, Sullivan and King, Beh. & Neural 
Biol., in press). We hypothesize that the 5-HT2 receptor might be 
involved in the learning. In order to address this hypothesis, in the 
present study we have utilized two approaches. First we used in situ  
hybridization to localize the cells expressing the mRNA for the 5-HT2 
receptor at different developmental ages in the OB of the rat. Second, we 
injected ritanserin (1 μΜ), a relatively selective 5-HT2 antagonist, into the 
OB of PND 6 rat pups 30 minutes before training using a conditioned 
olfactory paradigm of pairing peppermint odor (CS) with stroking (US). 
The next day, the pups were tested for odor preference.

The results showed that the mRNA for the 5-HT2 receptor is present in 
mitral and external tufted cells of the OB in PND 1 Sprague Dawley rat 
pups, in the adult rat (PND 90) and aged Fisher rat (> 22 months). These 
results suggest that output cells of the OB receive 5-HT input. Preliminary 
behavioural studies suggest that the 5-HT2 receptor is involved in the 
conditioned olfactory learning in pups since ritanserin blocked the ability 
of the pups to learn to prefer the peppermint odor. Because the receptor 
was present even in the aged rat OB, the receptor is probably involved in 
other olfactory functions as well as that found in the neonate. Supported 
by MRC of Canada.

5 4 .1 7

LIPID PEROXIDATION AND GLUTATHIONE LEVELS 
INCREASE IN THE OLFACTORY BULBS OF ALZHEIMER’S 
PATIENTS. L. Balasz. J. Leon* and M. Leon. Department of 
Psychobiology, University of California Irvine, CA, 92717.

We assayed for four cellular responses to an oxidative challenge, as 
well as for lipid peroxidation in twelve regions of AD and control 
brains. Overall malondialdehyde levels increased in AD brains, 
reflecting increased lipid peroxidation. Malondialdehyde levels 
increased in the olfactory bulb, hippocampal gyrus, frontal cortex, 
motor cortex, sensory cortex and occipital cortex in AD brains. There 
was an overall increase in glucose-6 -phosphate dehydrogenase activity 
in AD brains, with significant increases in the paraolfactory gyrus, 
hippocampus, motor cortex, sensory cortex and occipital cortex. AD 
brains had increased catalase activity but only the amygdala of AD 
brains had a statistically significant increase in catalase. There was an 
overall increase in the activity of superoxide dismutase in AD brains, 
with significant increases in frontal cortex, occipital cortex and 
cerebellum. No correlation was found between hemoglobin levels in 
the brain tissue and superoxide dismutase activity. There was no 
overall change in glutathione in AD brains, although AD olfactory 
bulbs had increased levels when compared to controls. These data 
suggest the entire Alzheimer’s brain may be subject to increased 
cellular oxidative challenges, but that some brain areas may be more 
vulnerable than others to suffering the neural damage that characterizes 
the disease.

5 4 .1 6
IDENTIFIED GRANULE LAYER NEURONS IN SALAMANDER 
OLFACTORY BULB RECEIVE GLUTAMATERGIC AND GABAERGIC 
SYNAPTIC INPUT: SINGLE CELL AND ENSEMBLE RECORDINGS. 
David P. Wellis* and John S . Kauer. Neurosci. Program, Tufts-New 
England Medical Center, Boston, MA 02111.

Our understanding of the circuitry underlying sensory processing in the 
olfactory bulb (OB) is incomplete due in part to the lack of detailed studies 
on the physiology and pharmacology of interneurons. Here we report 
whole-cell recordings from 119 salamander OB granule layer neurons and 
optical recordings from in  v it r o  hemibrain preparations. Single salamander 
granule layer neurons exhibit responses that are similar to those from 
mammalian granule cells after electrical stimulation of the olfactory nerve 
or olfactory tract. Although, in the salamander, intracellular biocytin 
staining indicates that granule layer neurons have both dendrites and 
axons within the OB. Electrically-evoked depolarizations are generated by 
both non-NMDA and NMDA receptor subtypes, as determined by bath 
perfusion of the glutamate receptor antagonists CNQX (10μΜ) and AP5 
(100μΜ), respectively. Granule neurons also receive spontaneous and 
electrically-driven GABAergic synaptic input, as evidenced by bicuculline 
(20μM)-sensitive IPSCs. Bath applied GABA (0.25 - 1mM) appears to 
shunt and hyperpolarize granule neurons. Ensemble neuronal activity was 
measured optically using the voltage-sensitive dye RH414 (kindly provided 
by A. Grinvald). The similar time courses and. pharmacological sensitivities 
of both individual granule neuronal responses and of ensemble responses 
provide additional support for the hypothesis that a major component of the 
optical signals recorded in the OB is generated by granule layer neurons. 
The results indicate that the basic circuitry involved in OB processing is 
more complicated than previously suggested.

Supported by NIH, Pew Foundation, and Neurosurg. Dept., NEMC.

5 4 .1 8
LOCALIZATION OF β-ADRENERGIC RECEPTOR RNA IN THE 
OLFACTORY BULB OF NEONATAL RATS. K.J. Ivins*. R.L. 
Neve, E. Ibrahim and M. Leon. Dept. of Psychobiology, Univ. of 
California, Irvine, CA 92717.

Postnatal day (PND) 19 rats demonstrate an odor preference when 
the odor has been paired with reinforcing tactile stimulation during the 
first postnatal week. Propranolol, a ß-adrenergic receptor antagonist, 
has been shown to block acquisition of the odor preference, suggesting 
that activation of βl- or β2-adrenergic receptors (BAR-1 or BAR-2) is 
required for early olfactory learning. However, the location and 
subtype of the BAR involved has not been determined. Northern blot 
analysis of total RNA from the olfactory bulbs of neonatal rats showed 
that BAR-1 RNA was present at a constant level from PND 1 through 
PND 15, increasing slightly by PND 19. BAR-2 RNA appeared to be 
less abundant throughout this period. In  s i tu  hybridization 
histochemistry using antisense riboprobes to BAR sequences revealed a 
laminar distribution of expression of BAR-1 RNA in PND 1 olfactory 
bulb. BAR-1 RNA was predominantly expressed by juxtaglomerular 
cells in the glomerular layer and by cells within the mitral cell layer. 
Neurons in these locations send dendrites to glomeruli in the glomerular 
layer and are responsive to input from primary olfactory neurons. 
Similar patterns of expression of BAR-1 RNA were observed in PND 3 
through PND 19 olfactory bulb. In contrast, BAR-2 RNA was 
distributed diffusely throughout the olfactory bulb, perhaps more 
consistent with glial expression of BAR-2 RNA. These results suggest 
that BAR involved in early olfactory learning may be BAR-1 located in 
olfactory bulb glomeruli.

5 4 .1 9
DISTRIBUTION OF BETA ADRENERGIC RECEPTORS IN THE 
OLFACTORY BULB OF YOUNG RATS C.C. Woo* and M. Leon. 
Department of Psychobiology, Univ. of California, Irvine, CA 92717.

Early olfactory experience induces functional changes in the 
glomerular layer of the rat olfactory bulb that can be blocked with a beta 
noradrenergic antagonist (Sullivan et al., ‘89). The majority of 
noradrenergic fibers projecting to the olfactory bulb, however, do not 
reach the glomerular layer (McLean and Shipley, ‘91). We therefore 
examined the density and distribution of beta adrenergic receptors in the 
olfactory bulbs of developing Wistar rats using the radioligand 125I- 
iodopindolol. We assayed olfactory bulb homogenates from PND 1, 6 , 
12, and 19 rats. Scatchard analyses revealed an increase in receptor 
density with increasing age. Receptor autoradiography was done on 
olfactory bulb sections from animals at these ages and at PND 30. We 
included the selective ß l antagonist ICI 89,406 and ß2 antagonist ICl 
118,551 in the binding to examine the distribution of these specific 
receptor subtypes. We observed diffuse ßl and ß2 receptor labeling on 
PND 1 and 6 , and distinct layers become visible on PND 12. Both ßl 
and ß2  receptors are present in the glomerular and granule cell layers 
from PND 12-30, with relatively less labeling in the external plexiform 
layer on PND 19-30. Specific ß2 binding occurs in the internal 
plexiform layer and is extremely high in the meninges located between 
the two bulbs. Discrete focal glomerular labeling of both ß l and ß2 
receptors is first observed on PND 12, and the number of these focal 
regions increases from PND 12-30. Beta noradreneric receptors are 
present in the glomerular layer and could therefore mediate the 
noradrenergic influence on glomerular function.

5 4 .2 0
POSTNATAL DEVELOPMENT OF SYNAPTOPHYSIN-LIKE 
IMMUNOREACTIVITY IN THE MAIN OLFACTORY BULB OF 
THE RAT. B.A. Johnson*. C.C. Woo. C. McGrue and M. Leon. 
Dept. of Psychobiology, Univ. of California, Irvine, CA 92717.

Granule cells, the major inhibitory intemeurons of the olfactory 
bulb, are produced primarily during the first two postnatal weeks 
(Hinds, ‘6 8 ). Nevertheless, inhibition of mitral cells following 
antidromic stimulation is greatest at PND 5 and seems likely to involve 
granule cell synapses (Wilson & Leon, ‘8 6 ). We investigated the 
synapse distribution in fresh-frozen bulbs of rats between PND 1 and 
30 using an antibody to synaptophysin, a synaptic vesicle-associated 
protein. Glomerular staining increased to a peak at around PND 9, 
consistent with findings from electron microscopy studies of 
synaptogenesis (Hinds & Hinds, ‘76). Between PND 15 and 19, a 
gradient of staining developed within individual glomeruli (outer > 
inner aspects). At about PND 9, there was a peak in staining of the 
external plexiform layer (EPL), where inhibitory granule-to-mitral cell 
and excitatory mitral-to-granule cell synapses are found. The 
subsequent reduction in staining coincided with an extensive 
broadening of the EPL. Between PND 1 and 9, a discrete band of 
immunoreactivity was seen in the internal plexiform layer (IPL), 
where axon collaterals of tufted cells contact granule cells. This band 
diminished in prominence thereafter as the subjacent granule cell layer 
increased in intensity. These results suggest that synapses responsible 
for inhibition may form early in development, and that a higher 
density of synapses (or synaptic vesicles) within a more spatially 
restricted EPL and IPL may compensate for the paucity of inhibitory 
intemeurons during the first postnatal week.
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55.1
SYNAPTIC ORGANIZATION OF IMMUNOCYTOCHEMICALLY IDENTIFIED 
GABA AND TH PROCESSES IN RAT OLFACTORY BULB GLOMERULI. 
JUANC. BARTOLOMEI* and CHARLES A. GREER. Sections o f Neurosurgery & 
Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06510.
Synaptic circuits of the olfactory bulb glomerulus (GLOM) are not well understood. 

It is recognized that GLOMs include both axodendritic primary afferent synapses and 
dendrodendritic local circuit synapses. However, it is unknown if  these are 
homogeneously distributed among the subpopulations o f neurons contributing 
processes to the GLOM. This report begins to explore GLOMs in detail by 
examining the synaptic organization o f specific subpopulations o f neurons 
immunoreactive (IR) for either tyrosine hydroxylase (TH) or gamma-aminobutyric 
acid (GABA). Rats, 200-300g, were perfused with 4% paraformaldehyde and 0.2% 
glutaraldehyde in 0.1M phosphate buffer and routinely processed for either TH or 
GABA (Eugene Tech. ) EM-IR. TH- and GABA-IR cell bodies surrounded GLOMs 
and extended processes into the neuropil. IR processes received asymmetrical 
synapses from olfactory nerve terminals. In addition, IR processes received 
asymmetrical synapses from unstained electron lucent dendritic processes, tentatively 
identified as mitral/tufted in origin, and made symmetrical synapses onto equivalent 
unstained dendritic processes. In both IR preparations, local circuits involving non- 
Ш processes were routinely observed. Characteristics o f the ΤΗ-IR cells were 
morphologically similar to the periglomerular cells described by Pinching and Powell 
(Cell Sci., 1971,9:305), including a thin rim of cytoplasm surrounding an invaginated 
nucleus. Preliminary data for GABA-IR processes suggests a morphologically 
distinct group of cells based on the lack o f nuclear invaginations. This would be 
consistent with the observation that not all periglomerular-like cells were IR for either 
TH or GABA. In addition, preliminary quantitative analyses suggest that the density 
of primary afferent synapses may be greater on TH- than GABA-IR processes. In 
brief, the data thus far support the notion that intra-GLOM TH- and GABA-IR 
processes may be involved in separate or parallel local circuits.
Supported in part by NIH DC00210 and NS10174.

55.3

MORPHOLOGICAL OBSERVATIONS ON THE OLFACTORY SYSTEM IN THE 
ADULT ZEBRAFISH. C.A. Byrd* and P.C. Brunjes. Department of Psychology, 
University of Virginia, Charlottesville, VA 22903.

As a prelude to studying the development of the olfactory system in 
zebrafish, we have examined the adult structures. The olfactory epithelium (OE) 
and bulb (OB) were analyzed using histological, immunohistochemical, and 
tract-tracing techniques. The olfactory epithelium is located on lamellae within 
the rosettes and is a thin, pseudostratified, columnar epithelium as in other 
vertebrates. Also, similar to other teleosts, the zebrafish exhibits a diffusely 
organized OB with four principal laminae: the olfactory nerve, glomerular, 
mitral cell/external plexiform, and granule cell layers.

A variety of structural proteins and neurotransmitter markers were examined 
using avidin/biotin peroxidase immunohistochemistry. The OB contained 
central afferent fibers that were immunoreactive for serotonin, dopamine-ß- 
hydroxylase, methionine-enkephalin, neuropeptide Y, and choline acetyltrans- 
ferase (СҺАТ). Tyrosine hydroxylase-positive cell bodies and fibers were seen 
in the glomerular layer as well as in deeper layers of the OB. The olfactory 
axons were immunopositive for vimentin. Antibodies to glial fibrillary acidic 
protein stained numerous fibers in the olfactory nerve and glomerular layers, 
as well as sparse fibers throughout the OB. In the olfactory epithelium, 
microtubule-associated protein 2-immunoreactivity was present in a subset of 
cells. Punctate ChAT-immunoreactivity was seen throughout the epithelium.

Projections from the OB were labeled by inserting crystals of the lipophilic, 
carbocyanine dye, Dii, in the OB. There is a large projection to the 
telencephalon, and some fibers cross the anterior commissure to the 
contralateral side. In conclusion, the adult zebrafish olfactory system is similar 
to that in other teleosts, with an organization comparable to that in mammals.

-Supported by NIDCD grant DC-00338-

55.5

FOS IM M UNO RE AC TIV IT Y  FOLLOW ING EX PO SU R E  TO  
CONSPECIFIC O R HETEROSPECIFIC UR IN E: W HERE A R E  
CHEMOSENSORY CU ES FILT ER ED? M .L. T u bbiola and C.J. 
Wysocki. M onell Chem ical Senses C enter, Philadelphia, PA  19104-3308. 
Female prairie voles (M icrotus ochrogaster)  require an intact 
vomeronasal system  and exposure to a chem ical signal fou n d  in  urine 
from male prairie voles to induce uterine grow th necessary for  
reproduction. U rine from  male m ice (M us m usculus) does not contain  
an effective cue for activation o f  reproduction o f  fem ale voles: A fter 5 
days of tw ice daily  exposure to stim uli, vo les exposed  to urine from  
male mice or water had sm all uteri (each group m ean ± sem: 48 + 6 
mg/40 gm body wt; n=10 or n=8 , resp ectively) whereas voles exposed  
to urine from  m ale voles had large uteri (78 ± 9 m g /4 0  gm  body wt; 
n=10). The in itial response to urine from  m ale voles included  neuronal 
activity in the vom eronasal system  as ind icated  by FOS 
immunocytochemistry. Stim uli (urine from  a m ale vole or a m ale m ouse, 
or water) were painted on noses o f  naive fem ale voles one hour before  
sacrifice. Fem ale voles exposed to urine from  m ale voles had m ore FO S- 
immunoreactive cells in  all three layers o f  the accessory o lfactory  bulb  
than voles exposed to m ouse urine or to water. We conclu de that 
exposure to urine from  m ale voles stim ulates the vom eronasal pathway  
and induces uterine growth in  fem ale voles whereas exposure to urine  
from male m ice (or water) does neither. Functional sp ec if ic ity  o f  the  
chemical cue is lik ely  to be determ ined w ith in  the vom eronasal organ 
(perhaps in the expression o f  sp ec ific  receptors) rather than v ia  filtering  
within the central nervous system .
* Supported in  part by N IH  Training Grant D C 00014.

5 5 .2

CENTRIFUGAL INPUTS TO FROG OLFACTORY BULB 
GRANULE CELLS AND THEIR IMMUNOCYTOCHEMICAL 
CHARACTERIZATION. I.L.Kratskin* and R.L.Doty. Smell and 
Taste Center, Univ. o f Pennsylvania Medical School, PA 19104.

Granule cells are the most numerous inhibitory intemeurons in the 
olfactory bulb and are considered to be a target for excitatory and 
inhibitory inputs from a number o f brain structures. Few studies have 
examined the neural circuitry o f the identified central afferente to such 
cells. In this study, GABA-immunoreactive (GABA-IR) and GABA- 
immunonegative presumptive centrifugal axons in the frog olfactory 
bulb were found to establish symmetrical and asymmetrical contacts, 
respectively, with somata and dendrites o f granule cells. After 
injections o f HRP in the palliai areas, both GABA-IR and GABA
negative terminals of centrifugal axons containing different synaptic 
vesicles were identified in the granule cell layer using anterograde 
axonal tracing combined with postembedding immunogold staining. 
This suggests that bulbopetal fibers with different neurotransmitter 
specificities arise from the same morphological formation o f the brain.

All granule cells were found to be GABA-IR, but immunoreactivity 
for another potent inhibitory amino acid taurine was also observed in 
somata and dendrites o f granule cells localized in the caudal olfactory 
bulb. Possible coexistence of GABA and taurine in this population of 
granule cells was shown using the postembedding two-face immuno
gold technique. Supported in part by NIDCD grant POI DC00161.

5 5 .4

L O S S  O F  S Y N A P T IC  C O N T EN T  IN T H E  O L F A C T O R Y  B U LB  FO LLO W IN G  
IN TR A V EN TRIC U LA R  192 IgG-SAPO RIN . A. A. B o o k1. A. M. Pallera2. R. G. 
Wilev3. and J. B. Schweitzer*1·2. Department of Anatomy and Neurobiology1 & 
Department of Pathology2, University of Ten nessee, Memphis, TN 38163 and 
DVAMC & Vanderbilt University3, Nashville, TN 37212.

We have previously shown that 192 IgG-saporin destroys cholinergic neurons 
in the basal forebrain of the rat. W e sought to determine changes in synaptic 
density in the olfactory bulb produced by this immunotoxin (IT). Rats received 
intraventricular injections of either 4 μg of IT (n = 4), 4 μg of reduced IT (n = 3), 
or vehicle (n m 3). Following a 2 w eek survival period, 6  μ m paraffin coronal 
sections were cut through the olfactory bulb. Three additional rats received  
olfactory tract transections. T issue  sections w ere processed  immunohisto- 
chemically using a monoclonal antibody to synaptophysin according to the 
method of Masliah et al. (J. Histochem. Cytochem . 38:837-844, 1990). Aver
age synaptophysin content w as determined in the glomerular layer (GL), 
glomerular half of the external plexiform layer (EP LG ), mitral half of the external 
plexiform layer (EPLM ), and internal plexiform layer (IPL), by m easuring the 
corrected optical density (OD) of immunoreaction product using computerized 
image analysis. Visual inspection clearly demonstrated, and O D  measurement 
confirmed that synaptophysin reactivity in IT-treated anim als w as lower in all 
layers and w as statistically significantly lower in the G L  ( 6 8  ± 14% of vehicle  
control), E P L G  (69.6 ± 16.6%), and EPLM  (67.7 ± 16.4%), but not in the IPL  
(71 ± 18.3%). Olfactory tractectomized anim als show ed even greater decre
ments in OD than IT-treated animals in all layers of olfactory bulb. Reduced IT- 
treated animals appear similar to controls. W e conclude that the IT reduces 
synaptic content in the olfactory bulb in a  manner that mimics the known pat
tern of cholinergic terminals. (Supported by P H S  MH10121, N S25122 and the 
Department of Veteran Affairs).

5 5 .6

ULTRASTRUCTURE OBSERVATIONS OF GLOMERULAR FORMATION 
FROM VOMERONASAL ORGANS TRANSPLANTED IN THE RAT 
BRAIN. E.E. Morrison* and P.P.C. Graziadei. Department o f Anatomy and 
Histology, College of Veterinary Medicine, Auburn University, AL 36849-5518 and 
Department of Biological Sciences, Florida State University, Tallahassee, FL 
32306.

Vomeronasal organs from PI and P10 rats were transplanted into the parietal 
cortex o f littermates. Animals were transcardially perfused with aldehyde fixatives 
after survival o f up to 3 months and observed at ultrastructural level. Here we 
report the preliminary observations o f glomeruli-like structures formed by 
vomeronasal axons in host brain. Transplant axons formed a plexiform formation 
at variable distances from the transplant and glomeruli like structures were 
consistently present. Glomeruli were discrete structures formed by a complex 
interweaving o f fiber terminals. Axons were filled with a dense matrix and 
contained clear and dense vesicles characteristic o f  vomeronasal terminals found in 
the glomeruli of the normal accessory olfactory bulb. In these terminal structures 
we did not observe a major glial component nor a delimiting barrier. The sensory 
profiles did show a number o f contacts with the characteristic morphology o f  
synapses. These synapses were observed between profiles that we characterized as 
sensory terminals. We did not observe the presence o f host neuron somas.

Our results indicate that in these ectopic glomeruli the sensory terminals, in the 
absence o f specific or unspecific neuronal targets, establish reciprocal contacts 
between one sensory terminal and its neighbor.

Supported by NIH grant DC01532 (EEM) and NS20699 (PPCG).
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5 5 .7
A  MODEL FOR THE GENERATION OF SPONTANEOUS SHARP WAVES 
FOLLOWING THE INDUCTION OF SELECTIVE LONG-TERM  
POTENTIATION IN THE OLFACTORY BULB AN D PIRIFORM CORTEX. 
M. P. Galupo* and J. S. Stripling. Department of Psychology, University of 
Arkansas, Fayetteville, AR 72701.

Repeated high-frequency stimulation activating association fibers in the 
piriform cortex (PC) produces a long-term potentiation (LTP) that is selective 
to late components of potentials evoked in the PC and olfactory bulb (OB). 
Previous research in this laboratory using male Long-Evans rats has investigated 
the relationship between the induction o f selective LTP and the generation of 
spontaneous sharp waves following repeated LTP stimulation (Galupo and 
Stripling, Soc. Neurosci. Abstr.. Voi. 18, p. 1201,1992). Selective LTP resulting 
from coactivation o f the lateral olfactory tract (LOT) and PC association fibers 
is accompanied by prominent spontaneous sharp waves, while selective LTP 
resulting from activation of association fibers alone is not. Although selective 
LTP can occur in the absence of spontaneous sharp waves, when both do occur 
they parallel each other in their characteristics and their development. 
Spontaneous sharp waves resemble the potentiated component o f the evoked 
potential in polarity, waveform and amplitude. A  model for the generation of 
spontaneous sharp waves following selective LTP will be presented. The model 
proposes that sharp waves represent the spontaneous activation of cortical 
association fiber synapses that were previously potentiated by the induction of 
selective LTP. The spontaneous activation o f these synapses is proposed to be 
triggered by action potentials generated ectopically within the OB in cortical 
association fibers. This model suggests that, under appropriate circumstances, 
ectopically-generated action potentials may play a significant role in olfactory 
forebrain function. Supported by NSF grant BNS 85-19700 and the Marie 
Wilson Howells Fund.

5 5 .9
INFORMATION PROCESSING IN THE RAT PIRIFORM CORTEX: 
ANATOMICAL AND FUNCTIONAL ANALYSIS OF THE DISTRIBUTION OF 
THE ACTIVITY. M.Cattarelli1. Epatiche1. P.Litaudon1 and P-H.Luppi2. (SPON: 
European Neuroscience Association). 1CNRS UA180, UCB-LyonI, 69622 
Villeurbanne & 2CNRS UA1195-INSERM U452, UCB-LyonI, 69008 Lyon, France.

Piriform cortex (PCx), the main cortical area of projection of the olfactory bulb 
(OB), receives directly OB inputs via numerous collaterals of mitral cell axons. 
Moreover numerous intrinsic association fibers, i.e. collaterals of pyramidal cell 
axons, are known to propagate the activity between pyramidal cells throughout the 
whole PCx area. A study was undertaken to evaluate the respective spreading of the 
afferent OB information and of the activity resulting from association fibers using a 
double approach -anatomical and functional-in the anesthetized rat. PCx responses to 
OB electrical stimulations were mapped on its whole area by using optical recording 
with a voltage-sensitive dye. Four electrodes were implanted in the anterior, lateral, 
medial and posterior OB parts respectively. The afferent activity was not distributed 
uniformly to the PCx, variations in the spatial distribution of the afferent activity 
were observed according to the OB site stimulated even if some overlapping in the 
areas activated was noticed. Depolarizations resulting from the activation of 
intrinsic association fibers showed a wider distribution than the activity induced by 
OB inputs. Whatever the OB site stimulated and the locations of the responsive PCx 
areas, the activity resulting from association fibers appeared always sooner in the 
anterior PCx than in the posterior PCx. An increase in the latency of this activity was 
measured from the anterior to the posterior PCx. By using the В subunit of the 
cholera toxin (CTb) the intrinsic relations between pyramidal cells were evaluated. 
Iontophoretic CTb injections were performed along the antero posterior PCx axis. 
The number of pyramidal cells labeled was estimated (Biocom system) and 
correlated with the location of the PCx injection site. Differences in the antero
posterior distribution of labeled cells might account for the temporal distribution of 
association fiber induced activity observed by optical recordings.

5 5 .1 1
SEROTONIN-INDUCED CHANGES IN EXCITABILITY OF 
ANTENNAL-LOBE NEURONS IN M AND U CA SE X TA . A.R. Mercer1,2,
P. Kloppenburg*,2. and J.G. Hildebrand2. 1Dept. of Zool., Univ. of Otago, 
Dunedin, NZ; 2ARL Div. Neurobiol., Univ. Arizona, Tucson, AZ 85721.

Each antennal lobe (AL) of the brain of the sphinx moth M anduca sexta 
receives input from a single serotonin (5-hydroxytryptamine or 
5HT)-immunoreactive neuron that projects to most or all glomeruli of the AL 
(J. Neurobiol. 19:451-465, 1987). Ultrastructural studies suggest that this 
neuron provides centrifugal input to the AL from the protocerebrum (Sun et 
al., J. Comp. Neurol., 1993, in press). In situ, 5HT (100 μΜ) leads to spike 
broadening and increased excitability (anti-accommodation) of AL 
interneurons (Soc. Neurosci. Abstr. 18:303, 1992). To facilitate studies of 
mechanisms underlying 5HT actions, we asked whether 5HT produces 
similar effects in AL neurons in primary cell culture.

Whole-cell patch-clamp recordings were used to examine the effects of 
5HT on a morphologically identifiable subset of AL neurons in vitro . 
Constant-current pulses (100 ms, ca. 2 nA) were used to elicit spikes from 
neurons examined in current clamp mode. 5HT (50 μΜ) reduced the latency 
between stimulus onset and the peak of the first spike (p < 0 .0 2 ; N = 6 ) and 
increased the number of spikes elicited by the current pulse (p < 0.05, N = 6 ). 
5HT also induced spike broadening (N= 6 ) and increased cell input resistance 
(N =6) in 67% of the cells tested. In cells examined under voltage clamp, 
5HT reduced the magnitude of voltage-activated outward current, supporting 
an earlier finding that 5HT modulates K+ currents in these cells (Soc. 
Neurosci. Abstr. 18:303, 1992). Voltage- activated Na+ currents were not 
affected by 5HT. Our findings suggest that modulation of K+ channels is 
responsible for 5HT-induced increases in cell excitability and spike 
broadening observed in AL neurons in vivo  and in vitro. [Supported by a grant 
to ARM from the USA/NZ Cooperative Science Program and by NIH grant AI-23253 to JGH.]

5 5 .8
INITIATION AND ORGANIZATION OF SEIZURES IN THE OLFACTORY 
BULB AND PIRIFORM CORTEX TRIGGERED BY ELECTRICAL 
STIMULATION. J. S. Stripling.* Department o f Psychology, University of 
Arkansas, Fayetteville, AR 72701.

Seizure activity can be triggered by high-frequency electrical stimulation of 
cortical association fibers in the piriform cortex (PC), but not by stimulation 
restricted to the lateral olfactory tract (LOT) (Stripling and Patneau, in J. Wada 
(Ed.), Kindling 4. 1990). The manner in which these seizures are initiated and 
organize themselves was examined in male Long-Evans rats with stimulating 
electrodes in the LOT and anterior PC and recording electrodes in the olfactory 
bulb (OB) and posterior PC. Seizures were triggered by a 100-pulse stimulus 
train (100 Hz) which activated both the PC association fiber system (to trigger 
the seizure) and the LOT (to evoke clearly interpretable potentials in the OB 
and PC). At current intensities both above and below seizure threshold, the 
population EPSP evoked in the PC exhibited progressive depression during the 
stimulus train, while potentials evoked in the OB were expressed only to every 
second stimulus pulse (indicating inhibition of mitral cells due to the 
stimulation). At current intensities approaching seizure threshold, one or more 
individual seizure spikes were seen in the OB during the stimulus train, but these 
ended with the stimulus train. Potentials evoked during a seizure spike indicated 
that inhibition of mitral cells was greatly enhanced. When an afterdischarge 
(AD) was generated following the stimulation, it typically occurred first in the 
OB, grew in amplitude over several seconds, and appeared to recruit the PC into 
synchrony with it. AD spikes occurring in the OB preceded those in the PC by 
several ms. With very brief ADs (1-3 s), prominent seizure activity was seen only 
in the OB. These and other observations implicate the OB, rather than the PC, 
as the primary site of seizure initiation in the olfactory forebrain. Supported by 
NSF grant BNS 85-19700 and the Marie Wilson Howells Fund.

5 5 .1 0
DIFFERENTIAL EFFECTS OF CASTRATION AND TESTOSTERONE 
REPLACEMENT ON THE ABILITY OF MALE ODORS TO INDUCE FOS 
IN FEMALE PRAIRIE VOLE BRAINS. T.P. Goodness*. M.A. Novak, and 
G.J. De Vries. Prog. Neurosci. Beh., Univ. of Mass., Amherst, MA 01003.

Previously, we reported that, in prairie voles, the odors of males induced fos 
immunoreactivity (FOS-ir) in the medial amygdala (MA), medial bed nucleus 
of the stria terminalis (BSTM), and the ventral premammillary nucleus (PMV) 
of females. In the current experiment, we wanted to see if males require 
androgens to produce these odors. Females were exposed for two hours to 
clean bedding, or bedding from males in one of 3 groups: intact (I), castrated 
(C), or castrated and treated with testosterone (C+T). Two hours later, the 
females were sacrificed and their brains were stained for FOS-ir. I and C+T 
bedding induced more nuclei with FOS-ir in the MA than C and clean 
bedding. Soiled beddings did not differ from each other in their effect in the 
BSTm, but they induced more nuclei with FOS-ir than clean bedding. I 
bedding was significantly more effective than all other beddings in the PMV, 
followed by C and C+T bedding, which were significantly more effective than 
clean bedding. These data suggest that some factors in soiled bedding that 
stimulate FOS-ir are dependent on testicular function, notably those that 
stimulate FOS-ir in the MA, while other factors seem to be independent of 
testicular function, notably those that act on the BSTm.

5 5 .1 2
RECEPTIVE FIELDS OF SEX-PHEROMONE-RESPONSIVE 
NEURONS IN THE ANTENNAL LOBES OF M AND U CA SEXTA.
T. Heinbockel*. T.A. Christensen, and J.G. Hildebrand. ARL Division of 
Neurobiology, University of Arizona, Tucson, AZ 85721.

In male M. sexta, axons of antennal receptor neurons specific to single 
components of the female’s sex pheromone project to the male-specific 
macroglomerular complex (MGC) in the ipsilateral antennal lobe. The MGC 
comprises 2  glomeruli, each of which receives input from sensory neurons 
"tuned" to one of the 2 essential sex-pheromone components. In the present 
study we asked whether individual MGC projection neurons receive input 
from the whole antenna or from restricted regions along its length.

Regions of the antenna were stimulated consecutively with one, or a 
mixture of both, of the 2  key pheromone components while responses were 
recorded intracellularly from pheromone-sensitive MGC projection neurons 
(PNs). When possible, cells were stained intracellularly with neurobiotin. 
MGC neurons fall into one of 3 classes based on their responses to a 
pheromone mixture: (1) neurons excited by stimulation of any region of the 
antennal flagellum; (2 ) neurons excited by stimulation of the most proximal 
and distal regions of the flagellum but not its central regions; and (3) neurons 
strongly excited by stimulation of the most proximal region of the flagellum. 
Neurons excited (i.e., showing increased firing) in response to pheromonal 
stimulation of particular antennal regions exhibited no decrease in 
background firing (i.e. were not inhibited) in response to stimulation of other 
regions. MGC PNs can have arborizations in either one or both of the 2 
glomeruli of the MGC and thus can respond to either one or both of the 2 
essential pheromone components. PNs that responded to both components 
exhibited different but partially overlapping antennal receptive fields when 
Stimulated with one pheromone component at a time. [Supported by NIH grant AI- 
23253 to J.G.H.]
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55.13
SYNAPTIC ORGANIZATION O F PROJECTIO N NEURONS O F TH E  
ANTENNAL LO BE OF M ANDUCA SE X TA : A CO NFO C AL AND  
ELECTRON-MICROSCOPIC STUDY. X.J. Sun*. L.P. Tolbert, and J.G. 
Hildebrand. ARL Div. o f Neurobiol., Univ. o f  Arizona, Tucson, AZ 85721.

We have developed a technique combining laser scanning confocal 
microscopy (LSCM) and transmission EM to study synaptic relationships o f  
neurons of the antennal lobe (AL), the primary olfactory center o f  insects. 
Uniglomerular projection neurons (uPNs) o f the AL serve as the principal 
relays from the AL to higher brain centers. Electrophysiological evidence 
suggests that there are few direct synaptic connections between the uPNs and 
antennal sensory axons. Because o f their central position in the olfactory 
pathway, we have begun to study the synaptic organization o f  the uPNs. 
UPNs, identified electrophysiologically, were stained intracellularly with 
neurobiotin or biocytin. Vibratome-sliced slabs o f tissue containing the labeled 
neurons were processed with strepavidin-nanogold (for EM) and strepavidin- 
Cy3 (for LSCM) and embedded in Epon. The labeled processes in the thick 
slabs were imaged on the LSCM, and thin sections were cut at selected optical 
levels for EM study. We found that the thick processes o f  the neurons at the 
base of the glomerulus form numerous output synapses; distal parts o f the 
dendrites in the glomerulus, occupying the area where sensory axons 
terminate, however, receive many input synapses. Double-labeling experiments 
demonstrate that uPN processes are often in close contact not only with 
sensory axons, but also with the processes o f the single serotonin- 
immunoreactive neuron o f the AL. Our next step will be to analyze this 
material in the EM to determine whether direct synaptic connections exist 
among these cell types. Our results to date suggest that in Manduca, as in 
cockroach (Malun, ’91), uPNs not only send information to the protocerebrum 
but also participate in the local circuitry activities in the glomeruli. [Supported 
by NIH grant NS-28495 to J.G.H. and L.P.T. and AI-23253 to J.G.H. and by an award from the 
UA Center for Insect Science to X.J.S.]

55.14
OLFACTORY EVOKED POTENTIALS: THE APPROACH TO THE 
PROBLEM. K. Trinus*, Chr. Kolchev. D. Schneider. C.-F. Claussen 
University Head Center, Neurootology Dpt, D-8700 Wuerzburg, 
Germany

We have tried to start recording the olfactoiy EP (OEP) in 25 
normal persons, none of them has olfactory complaints. For this 
purpose we have created a stimulating unit in which the air is pumped 
from the air supply through a tube to the nose plug, which is mounted 
in the nose of the person studied. A soft tissue is used in order not to 
irritate the person and to exclude the gaps. The second way for the air 
through the solution of the smelling substance in the starting 
position is blocked by the valve. Once per 30-40 seconds the valve is 
opened for about 0.4 sec and the solution is bubbled with the air. A 
portion of the vapour is injected into the airstream and this appears 
to be enough to cause the subjective sensation of the smell. For the 
recording of the OEP the stimulator is also connected with the 
PICKER Schwarzer Encephaloscript ES 1600, which is used for the 
amplification of the EEG signal in the frequency band of 0.1 to 35 Hz. 
10 such EEG traces of 1000 ms length are summated with the help of 
the Schwarzer Brain Surveyor BS 2400. Of course, the input of the 
EEG is synchronized to the start of the smelling substance injection.

The response starts as a negativity in the frontal areas of the brain 
cortex, then it is distributed to the central and parietal areas. In about 
400 ms the negativity is changed with the positive wave, which is also 
well expressed. By the end of the 600 ms interval the negativity is 
again dominating in the total brain surface, most prominent in the 
frontal areas. The picture seen with smaller differencies is typical for 
all the smelling substances studied by today. The results as been 
presented makes us optimistic as to the possibility for the recording 
of the OEP.
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56 .1
COMPARISON OF D1 AND D2 AGONIST ACTIONS ON 
NEOSTRIATAL NEURONS.
Расһесо-Сапо M.T.*. Таріа D.. Baraas J.. and Galarraga E. 
Departamento de Neurociencias,Instituto de Fisiologia Celular, UNAM, 
AP.: 70-253, México DF, 04510, and Centro Mèdico Nacional s.XXI, 
División de Neurobiologia, IMSS, México.

Dopamine (DA) is an important modulator in the neostriatum. Its 
actions are still controversial, and may use different types of receptors 
on a single neuron. Intracellular recordings in an in vitro slice 
preparation were used to compare the actions of DA and DA-agonists 
upon the global membrane properties of neostriatal neurons. Firing 
was evoked with current ramp injections (0.5-1nA/s; from -100 to -45 
mV). DA (up to 100 μΜ) decreased both firing rate and membrane input 
resistance (Rn) in a given range of the current-voltage (l-V) relationship. 
Reversal potential of DA-action was around -80 mV. Haloperidol 
blocked these effects. All intracellularly identified neurons were of the 
medium-spiny type. The D, family agonist SKF-38393 (up to 10 μΜ) 
mimicked both DA-effects, whereas the D2 family agonist quinpirole (up 
to 10 μΜ) inhibited cell firing without changing RN. These effects were 
blocked by D1 and D2 antagonists. DA as well as D1 or D2 actions were 
found in every neuron in which they were investigated. DA actions 
upon the l-V relationship appeared to increase anomalous rectification 
known to be present in these neurons. St is concluded that: 1) most 
neostriatal neurons respond to both D1 and D2 type of agonists, 2) D1 
and D2 actions are synergistic upon cell excitability, and 3) D1 and D2 
agonists can be differentiated in their global membrane actions.

Financed by DGAPA-UNAM and CONACyT (Mexico).

5 6 .3
IMMUNOHISTOCHEMICAL CHARACTERIZATION OF SHELL 
AND CORE TERRITORIES IN THE RAT NUCLEUS ACCUM BENS. 
A.L. Jongen-Rêlo. P. Voorn* and H J. Groenewegen. Dept. of Anatomy and 
Embryology, Vrije Universiteit, Amsterdam, The Netherlands.

Evidence from pharmacological, electrophysiological and anatomical 
studies indicates that the shell and core of the nucleus accumbens (Acb) 
constitute structurally and functionally distinct territories. However, so far 
these territories have only been defined in the caudal part o f the nucleus and 
their full rostrocaudal extent is not known. In the present study, the shell 
and core were delineated by means of a detailed comparison o f the lmmuno- 
reactive patterns of calcium-binding protein (CaBP) and substance P (SP), 
and acetylcholinesterase activity (АСҺЕ) in adjacent transverse and hori
zontal sections. The results show that CaBP appears as the most suitable 
marker to distinguish between shell and core. Caudally, the mostly CaBP- 
poor shell lies medial, ventral and ventrolateral to the more centrally located, 
strongly CaBP positive core. The staining pattern of CaBP in both trans
verse and horizontal sections indicates that the CaBP-poor shell extends to 
the most rostral parts of the Acb. At this rostral extreme o f the nucleus only 
a small lateral rim is strongly CaBP immunoreactive, being the rostral 
extension of the core. A  similar distinction between shell and core can be 
made in the S P - and АСҺЕ-stained material, although rostrally the borders 
between the two regions are less distinct than with CaBP. Based on differ
ences in staining intensities of all three markers, the shell can be further 
subdivided into a medial and a lateral part 
[Supported by NWO-Program Grant 900-550-093]

56.2
M1 RECEPTORS MODULATE AFTERHYPERPOLARIZATION 
(AHP) AMPLITUDE AND EXCITABILITY IN NEOSTRIATAL 
NEURONS.
Pineda J.C1:. Baraas J.. Flores-Hernàndez J.. and Galarraga Е*. Dept. de 
Neurociencias, Instituto de Fisiologia Ceiular, UNAM. Apdo. Post: 
70-253, México DF 04510, and 1Dept de Fisiologia у Biofisica, 
CINVESTAV-IPN. Mexico.

Intracellular recordings in an in vitro slice preparation were 
used to asses the cholinergic modulation of the firing pattern in 
neostriatal neurons. Repolarizing and AHP conductances in neostriatal 
neurons are sensible to the selective gKca blockers charybdotoxin and 
apamin (Pineda et al., J. Neurophysiof. 68:287). 10 μΜ carbachol 
reversibly decreased δv/δt of repolarization and AHP amplitude after a 
single action potential (AP). These effects were blocked by atropine (10 
μΜ) and by the M1 selective antagonist pirenzepine (1 μΜ). However, 
they were not blocked by the M2 selective antagonist gallamine (up to 
30 μΜ). Carbachol effects were mimicked by the phosphokinase C 
(PKC) activator phorbol 12,13 dibutyrate (DPB). Actions on the AHP 
were correlated to an increase in the slope of the Intensity-Frequency 
(l-F) function. These observations suggest that acetylcholine modulates 
the excitability in neostriatal neurons acting, through muscarinic M1 
receptors, upon AHP and repolarizing conductances. These effects 
might be mediated through G0/Gp proteins activating the phospholipase 
C (PLC) pathway.

Financed by DGAPA-UNAM, CONACyT (Mexico) and Asesoria у 
Manufactura ALNIA S.C.

56.4
CHAT-LABELED CELLS IN THE STRIATUM OF THE WEAVER 
MOUSE. D.E. Smith*. T.E. Dobbins and M.J. Hickham. 
Department of Anatomy, LSU Medical Center, New 
Orleans, LA 70112.

Eight-week-old homozygous weaver mutant mice 
and littermate wildtype controls were perfused 
transcardially with a buffered solution of 0.15% 
glutaraldehyde and 4% paraformaldehyde. The 
brains were subsequently removed, blocked and 
sectioned with a vibratome. Representative 
sections through the striatum were incubated 
overnight with an antibody against choline 
acetyltransferase (СҺАТ). Visualization of the 
antibody was achieved using a peroxidase- 
antiperoxidase technique. The striatal sections 
were examined to determine the differences between 
weaver and control animals in terms of the number 
of immunoreactive cells and the intensity of the 
reaction product. The results indicate that there 
is a 34% increase in the number of labeled cells 
and a significant increase in the intensity of 
cell labeling in the dorsolateral striatum of the 
weaver compared to the littermate control. The 
increase in cell number and intensity of reaction 
product suggest a close interrelationship between 
the striatal cholinergic neurons and their 
dopamine input.
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56.5
NEURONAL EXPRESSION OF AMPA GLUTAMATE RECEPTORS (GluR) 
COINCIDES WITH THE POSTNATAL DEVELOPMENT OF THE STRIATAL 
MOSAIC IN PRIMATE. L.C. Cork*. C.D. Biadatone. D.M. Spicer and L.J. Martin. 
The Johns Hopkins Univ. Sch. o f Med., Balto., MD 21205.

After birth, the striatum in rhesus monkeys requires a prolonged period to 
mature. The mechanisms responsible for the altricial development o f the 
primate striatum are uncertain. Because GluR have been implicated in 
morphogenesis and plasticity, w e investigated in the striatum o f two adult and 
six immature male rhesus monkeys (1 day and 1, 4, 6 , 9, 12 months o f age) the 
temporal expression of AMPA receptors, using antibodies to GluRl, GluR2/3, 
and GluR4 subunits o f the AMPA receptor. At one day postnatally, GluRl is 
expressed in neurons o f striosome and matrix compartments (defined by 
calbindin D28, substance P, and enkephalin immunoreactivities), but GluRl is 
enriched in striosomes relative to matrix; in contrast, GluR2/3 is expressed 
abundantly in matrix neurons and devoid in striosomes. During 1-9 months o f  
age, the following changes occur gradually: GluRl is reduced in striosomes 
and matrix, but striosomes maintain a higher level o f expression relative to 
matrix; and the expression o f GluR2/3 by matrix neurons is reduced, but 
striosomal neurons increased expression o f GluR2/3. At 12 months, the 
patterns o f GluRl expression appear mature, whereas the distribution o f  
GluR2/3 has still not reached adult patterns. GluR4 did not show  appreciable 
changes during postnatal development. We conclude that maturing neurons 
within striosome and matrix compartments o f the primate striatum have 
variable and differential expressions of AMPA receptor subunit genes and that, 
because AMPA receptor expression parallels the compartmental maturation o f  
neurotransmitter phenotypes, AMPA receptors may have a role in striatal 
morphogenesis and cytodifferentiation.

56.7
D OPAM INE ENHANCES SYNAPTIC RESPONSES M ED IATED  BY  
ACTIVATIO N  O F N-METHYL-D-ASPARTATE RECEPTORS IN NEOSTRIATAL  
SLICES .Z . L i. C . Cepeda. N .A . Buchwald* and M .S . Lev in e . M ental Retardation 
Research Center, U C LA  School of M ed icine , Los Angeles, C A  90024 .

Previous research has demonstrated that dopam ine (D A ) attenuates 
depolarizing postsynaptic potentials (DPSPs) evoked by local stim ulation in 
neostriatal slices. The evoked DPSP has been shown to be mediated by 
activation of non-N-Methyl-D-Aspartate (N M D A) receptors because it can be 
almost com pletely abolished by the non-N M DA receptor antagonist 6-cyano-7- 
n itroquinoxaline-2,3-dione (C N Q X ). DPSPs mediated by activation of N M D A  
receptors can be evoked in neostriatal neurons if the slice is bathed in Mg2*- 
free Ringer's w h ich  abolishes the voltage-dependent Mg2* b lockade o f the 
N M D A receptor. The present experim ent was designed to com pare the ab ility 
of D A  to modulate neostriatal responses mediated by activation o f N M D A  and 
non-NM DA receptors. Intracellu lar recordings w ere obtained from 48  neurons. 
In normal Ringer's D A  attenuated (100% , 8/8 cells) the am plitude and 1/2 
amplitude durations of DPSPs. In Mg2+-free R inger's, D A  potentiated the 
amplitude and/or duration of DPSPs in 44%  (12/27) of the ce lls  tested and 
attenuated responses in 30%  (8/27). Responses of 7 ce lls  were unchanged. If 
neurons were bathed in Mg2+-free Ringer's and C N Q X  to activate only N M D A 
receptors, D A  potentiated responses in 75%  (6/8) of the cells tested and did 
not attenuate any responses. In contrast, when bathed in Mg2+-free and 2- 
Amino-5-phosphonovalerate (an N M D A  receptor antagonist), to activate only 
non-N M DA receptors, D A  attenuated 6 0 7 o  (3/5) of the responses and did not 
potentiate any. These results indicate that D A  can potentiate responses evoked 
by activation o f N M D A receptors in the neostriatum . Supported by U SPH S 
H D 05958 and A G 10252.

56.9
LIGHT AND ELECTRON MICROSCOPIC STUDY OF m 1-4 
MUSCARINIC RECEPTOR PROTEINS IN RAT NEOSTRIATUM.
S. M. Hersch*. C.-A.Gutekunst. H.Rees, S.Edmunds, A . Levey. Dept. 
of Neurology, Emory Univ. School of Medicine, Atlanta, GA 30322

Muscarinic acetylcholine receptors play a major role in striatal 
function and their modulation is important clinically in a variety of 
disorders. In this study, we have used subtype-specific antibodies 
(Levey et al., 1991) to determine the cellular and subcellular distribution 
of the m l-4  receptor proteins in the neostriatum using avidin-biotin- 
peroxidase immunocyto-chemistry for light and electron microscopy. 
m l protein is expressed in the majority o f neurons and is evident 
primarily in perikarya and spiny dendrites. m2  receptor protein was 
evident in scattered large oval neurons with infolded nuclei and long 
aspiny dendrites. Presynaptic m2 was localized to axon terminals making 
symmetrical synapses with all types of postsynaptic elements, including 
m2 -positive dendrites. m2  was also presynaptic in a population of 
asymmetrical axospinous synapses. m3 receptor protein was not evident 
in somata but was present in a distinct population of small-caliber spiny 
dendrites. Presynaptic m3 occured in axon terminals forming 
asymmetrical synapses with spines. m4 receptor protein was 
heterogeneously distributed in the neostriatum and localized to less than 
half of striatal cells. m4-positive neurons had the ultrastructural features 
of medium spiny neurons with reaction product particularly concentrated 
in spines. Presynaptic m4 was primarily localized to terminals forming 
asymmetrical synapses with spines, some o f which were also m4- 
positive. Detailed light and electron microscopy will be presented and 
and discussed.

Supported by NS01624, NS30454, FSA-90006, APDA.

56.6
E N D O G E N O U S DO PAM INE TONICALLY SU PP R E S S E S  CORTICAL- 
EVOKED E P S P  IN  AC CU M BEN S SLIC ES. P. O 'D onnell*  and  A.A. 
G ra ce . D ep ts. o f  B ehavioral N eu rosc ien ce  and P sych ia try , C enter for 
Neuroscience, U n iversity  o f P ittsburgh, P ittsburgh, PA  15260.

The effects o f dopam inergic (DA) drugs on synaptic resp onses evoked in  
n u cleu s accum b en s neurons by stim u la tio n  o f cortica l a fferente were  
stu d ied  in  rat brain slices. T h e D 2 a n tagon ist su lp iride (1-10 μΜ, n=5) 
in crea sed  (F ig u re), w h erea s th e  D 2 a g o n ist  q u in p iro le  (1 -20  μ Μ )  
o cca sio n a lly  a tte n u a te d  (3 /8 ) th e  a m p litu d e  o f  E P S P  evok ed  in  
accum b en s n eu ron s b y cortica l a fferen t s tim u la tio n . P er fu sin g  th e  
slices  w ith  eith er  th e  D 1 a gon ist SK F38393 (3-10 μΜ; n = 6 ) or th e  D 1 
a n ta g o n ist SC H 23390 (10  μΜ; n=4) did n ot a lter  E P SP  am plitude. In 
contrast, in  slices from dopam ine-depleted  an im a ls , su lp irid e fa iled  to  
induce changes in  E P SP am plitude (n=4), w h ereas quinpirole produced a 
m arked su p p ression  o f E P SP  a m p litu d e (n=5). T h ese  re su lts  ind icate  
th a t th e  endogenous level o f  extracellu lar D A  p resen t in  th e  accum bens 
slice is  sufficient to provide a tonic a tten u ation  o f cortical afferent input. 
This appears to be m ediated by D 2 receptors located presynaptically , since 
th is  e ffect w as n ot m odified  by ch an ges in  m em brane p oten tia l. In 
addition, th e  D l-m ed ia ted  d ecrease in  dye coupling observed in  th e core 
region depends on a tonic D 2 receptor activation. In sum m ary, th ese  data  
provide evid en ce for a ton ic  b a sa l lev e l o f D 2 receptor activation  in  
accum bens slices. Supported by U S P H S M H 45156, M H 42217, N S19608, 
and by th e Scottish  R ite Schizophrenia R esearch Program  .

56.8
AM PHETAM INE M O DULATES RESPONSES EVO KED  BY EXCITATORY  
AM IN O  A C ID  RECEPTOR AG O N ISTS IN RAT NEOSTRIATAL N EU RO N S. ŅĻ
D ay. C . Cepeda. N .A . Buchw ald , and M .S . Lev ine*. M ental Retardation 
Research Center, U C LA  School of M ed icine , Los Angeles, C A  90024 .

O u r laboratory has been studying the physiological interactions between 
dopamine (DA) and excitatory am ino acids (EAAs). W e have demonstrated that 
D A  d ifferentia lly modulates the excitatory responses evoked by N-methyl-D- 
aspartate (N M D A) and non-N M DA receptor agonists in the neostriatum and 
neocortex. Am phetam ine (Amph) has been shown to be an indirect agonist for 
D A  because it increases D A  ava ilab ility  at the synapse by stim ulating its release 
and inhibiting its reuptake into axon term inals. Therefore, to further evaluate 
the interactions between D A  and EAAs, w e studied the effects of Am ph on 
responses evoked by N M D A and the non-N M DA receptor agonist, quisqualate 
(Q uis). Neostriatal tissue slices were maintained under standard conditions. 
Intracellu lar recordings were made from neostriatal neurons w h ile  EAAs were 
applied iontophoretically. None of the cells recorded fired spontaneously. 
S im ilar to D A , iontophoretic application of Am ph before and during 
application of N M D A  potentiated responses. Am ph enhanced NM DA-induced 
depolarizations and firing w h ile  it decreased latencies. Am ph applied during 
iontophoretic application of Q u is reduced firing and hyperpolarized the 
mem brane, a response also produced by D A . These results show that Am ph 
is able to m im ic actions of D A . H ow ever, in a population of ce lls , Am ph 
enhanced Q u is induced responses. Thus, the effects of Am ph are com plex and 
may involve m ultiple neurotransm itter systems. Supported by USPH S 
H D 05958 .

56.10
SUBSETS OF NEUROTENSIN IMMUNOREACTIVE NEURONS IN THE 
RAT STRIATUM FOLLOWING ANTAGONISM OF THE DOPAMINE D, 
RECEPTOR: A DOUBLE-LABELING STUDY USING ANTIBODIES 
AGAINST FOS. Brian Senger, Judith S, Bro g  a n d  Zahm* Dept. of Anat.
and Neurobiol., St. Louis Univ. School of Medicine, St. Louis, MO 63104 

Whether the Fos and neurotensin (NT) immunoreactivities elicited in the rat 
striatal complex by the selective dopamine D2 receptor antagonist, S(-)- 
eticlopride hydrochloride are co-localized in the same neurons was addressed. 
Following injections of eticlopride, Fos and NT immunoreactivity were both 
non-uniformly distributed among the striatal compartments and subterritories. 
Fos was co-localized in a significant number of small, lightly NT immuno- 
reactive neurons, but not in a larger subset of neurons with significantly 
greater median diameter that exhibited intense NT immunoreactivity extending 
well into the dendritic arbor. It is proposed that NT immunoreactive neurons 
lacking Fos immunoreactivity are prominent following selective blockade of 
the dopamine D2 receptor and represent a subset of striatal NT immunoreac
tive neurons. NT immunoreactive cells containing Fos nuclei represent a 
distinct subset, possibly one that is dominant following administration of 
reserpine (Neurosci. 46:335-350. 1992). Insofar as Fos expression has been 
reported to accompany activation of striatonigral and striatopallidal neurons, 
the absence of Fos in the subset of NT neurons displayed following D2 
receptor blockade may be at odds with activation and perhaps more consistent 
with inactivation and accompanying decreased release of NT (see Neurochem. 
Int. 12:33-38, 1988 and J. Neurosci. 9:4430-4438 1989) as a mechanism 
underlying the accumulation of NT in that subset of striatal neurons. Sup
ported by NIH NS-23805, T32 NS-07254, The United Parkinson Foundation.
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56.11

FOS AND NEUROTENSIN IMMUNOREACTIVITIES IDENTIFY 
SUBPOPULATIONS OF STRIATOPALLIDAL NEURONS THAT RESPOND 
DIFFERENTLY TO DOPAMINE DEPLETION AND D2 RECEPTOR 
BLOCKADE. Judith S.Brog* and P.S.Zahm. Dept. of Anat. and Neurobiol., 
St. Louis University School of Medicine, St. Louis, MO 63104 

Recent immunohistochemical studies have indicated that acute dopamine D2 
receptor blockade or midbrain 6 -hydroxydopamine (6 -OHDA) lesions result 
in a significant increase in NT immunoreactive perikarya in the dorsomedial 
and ventrolateral portions of the rat striatum (Neurosci., 46: 335-350, 1992). 
It has also been reported that Fos immunoreactivity is elevated in the striatum 
of rats treated with D2 antagonists in neurons that project to the globus pallidus 
(Neurosci. 49: 285-296, 1992). The current study addressed whether the Fos 
and NT immunoreactivities elicited by acute midbrain 6 -OHDA lesions are co
localized in the same neurons, and whether these Fos and/or NT immunoreac
tive neurons project to the globus pallidus. Similar to our previous results with 
D2 blockade, the current results indicate that following 6 -OHDA lesions, Fos 
is observed in a population of small, lightly stained NT-immunoreactive neu
rons, but not in a much larger subset of intensely-stained NT immunoreactive 
neurons with a greater median diameter. However, both neuronal populations 
were retrogradely-labeled with Fluoro-Gold (FG) transported from the globus 
pallidus. Identical results were obtained in rats given acute haloperidol. In 
contrast, neither Fos nor NT immunoreactive neurons were retrogradely la
beled with FG injected into the reticular part of the substantia nigra. The 
current results are consistent with at least two populations of striatopallidal 
neurons that respond differently to dopamine depletion and D2 blockade. Sup
port: NIH NS-23805, T32 NS-07254 and the United Parkinson’s Foundation.

56.13

RAPID PHOSPHORYLATION OF CREB-LIKE PROTEINS IN STRIATUM 
OCCURS IN RESPONSE TO AMPHETAMINE, S. Berretta* and A.M. Graybiel 
Dept. of Brain and Cognitive Sciences, M. I. T., Cambridge, MA 02139 USA 

We and others have shown that fos/jun and NGFI-A mRNAs and proteins are 
rapidly and transiently induced in the rat's striatum following acute administration 
of the dopamine indirect agonists amphetamine and cocaine. Blocking experiments 
with low doses of the D l-like dopamine receptor antagonist SCH23390 suggested 
that this induction is mediated by D l-like dopamine receptor activation and thus 
may reflect activation of cAMP/PKA. One well-documented pathway from 
cAMP/PKA to c-fos transcription iš via phosphorylation of CREB to PCREB. We 
have used peptide antisera raised against PCREB and against CREB/PCREB (Ginty 
et al. 1993) to examine whether psychomotor stimulants phosphorylate CREB in 
striatal neurons. Rats given amphetamine (10 mg/kg, n=22; 5mg/kg, n=4) or saline 
were perfused 5, 10, 30 min or 1, 2, 3, 4, 6 or 8 hr after injection. We stained 
sections for Fos-like, NGFI-A-like, CREB-like and PCREB-like 
immunoreactivity (Fos-LI, NGFI-A-LI, CREB-LI, PCREB-LI). In the striatum, 
Fos-LI and NGFLA-LI increased to peaks at 2-3 hr and rapidly declined. CREB- 
LI was constitutively expressed. In sharp contrast, PCREB-LI increased from low 
levels to a peak at 5 min, and fell to low levels by 10 min post-injection. A second 
peak of induction was found 3-4 hr post-injection, followed by a second decline 
at 6-8 hr. Double staining for Fos-LI or NGFLA-LI and PCREB-LI in 1 and 2 hr 
survival cases showed moderate colocalization in striatal neurons. In three rats 
SCH23390 blocked Fos-LI and NGFI-A-LI induction but not the induction of 
PCREB-LI. Activation of CREB and/or CREB-like proteins (CREM, ATF) may 
be an early cellular response to amphetamine and may indicate a more extensive 
impact of amphetamine on striatal neurons than suggested by Fos-LI induction. 
(Funded by NIDA DA08037; we thank Drs D. Ginty and M. Greenberg for their 
generous gift of CREB and PCREB antisera).

56.15

E X P R E S S IO N  O F  N M D A  A N D  M E T A B O T R O P I C  
G LU TA M A TE R E C E P T O R S  IN S O M A T O S T A T IN  P O S IT IV E  
STRIATAL IN T ER N EU R O N S . G .B .Landw ehrm ever. D .G . Standaert.

C.M..Testa,  U. Wullne r. М.V . Catania. A 3 , Young and J.B , P enney*·
Massachusetts General Hospital, Neurology Service, Boston, MA 02114.

Striatal interneurons containing somatostatin (SOM) have been shown to 
be relatively preserved in Huntington’s  d ise a se  (HD) and several 
excitotoxin lesion models of HD. The mechanism of this relative sparing 
of SOM interneurons is unknown. Striatal excitotoxin lesion models 
suggest that an activation of both N-methyl-D-aspartate (NMDA) and 
metabotropic glutamate receptors (m G luRs) is required to produce 
excitotoxic lesions. W e therefore studied the expression of NMDA 
receptors and m GluRs by somatostatin containing striatal interneurons 
using an in situ hybridization double labelling technique.

The p resence  of NM DAR1, NM DA2B and m GluR1-5 w as  
determined by 3 5 S-labelled oligonucleotides: somatostatin containing 
neurons were visualized using digoxygenin labelled oligonucleotides. 
NMDAR1 and NMDA2B transcripts were detectable in most striatal SOM  
neurons. m G luRI expression w as observed in the majority of SOM  
labeled neurons; m GluR2, m GluR3 and m G luR4 m RŅ As were not 
detectable in SOM  containing neurons. m G luR5 expression  w as  
observed in some but not all of the striatal SOM  neurons.

These  observations demonstrate that striatal SOM  neurons 
express a pattern of NMDA and mGluR receptors which is distinct from 
other striatal neurons. T h ese  d ifferences m ay contribute to the 
differential resistance of SOM  neurons to excitotoxicity.

Supported by U S P HS  grants N S19613 and AG 08671, D FG  La  
702/2-1 and D FG  W U 184/1-1. D G S  is a HHMI Physician Research Fellow 
and a recipient of an AAN Fellowship Award

5 6 .1 2

RESERPINE POTENTIATES STRIATAL LEG RESPONSE TO AMPHETAMINE 
THROUGH Dl-LIKE RECEPTOR ACTIVATION R. Moratalla* and A.M. 
Graybiel. Dept. Brain & Cog. Sci., MIT, Cambridge, MA 02139 USA

We have shown that pretreatment with reserpine strongly potentiates 
amphetamine's induction of c-fos and NGFI-A  mRNAs and related proteins in the 
striatum of adult male rats. To study the mechanism of this potentiation, we have 
made four sets of observations. (1) The tyrosine hydroxylase inhibitor, a-methyl- 
p-tyrosine (α MPT, 300 mg/kg) administered 2 hr before amphetamine (5 mg/kg) 
abolished the activation in rats pretreated with reserpine (10 mg/kg, 16 hr before 
amphetamine), suggesting that the induction is mediated by newly synthesized 
amine. (2) The D1-selective receptor antagonist, SCH23390, given to reserpinized 
rats, blocked amphetamine induced expression of c-fos and NGFI-A  mRNAs in 
the striatum, suggesting that the induction of both mRNAs is mediated by D1-like 
dopamine receptor activation. (3) Pretreatment with a serotonergic neurotoxin, p- 
chloro-amphetamine (PCA, 7.5 mg/kg for 5 days), or with a noradrenergic 
neurotoxin, DSP-4 (50 mg/kg), did not markedly alter the activation of Fos/Fra 
induced in the striatum by amphetamine in reserpinized rats, suggesting that 5HT 
and NA do not play an obligatory role in the potentiation effect. Finally, (4) we 
found that the phenotype of striatal cells expressing Fos/Fra after amphetamine 
plus reserpine was the same as in rats given amphetamine alone (cf Berretta et al, 
1992), suggesting that the potentiation mainly involved DARPP-32 and dynorphin- 
positive rather than recruitment of enkephalin-positive striatal neurons. We 
conclude that depletion of dopamine in the reserpine-sensitive pool is important in 
mediating the potentiation, that D l-like dopamine receptors are involved in the 
potentiation and that the Fos/Fra potentiation occurs in dynorphin-containing 
projection neurons of the striatum. Supported by United Parkinson Foundation and 
NIDA R01 DA08037.

5 6 .1 4

IN C R E A S E D  E X P R E S S IO N  O F  5 H T 2  R E C E P T O R  m RN A IN  
A D U L T  R A T  STR IA T U M  F O L L O W IN G  6 -O H D A L E S IO N S  O F  
T H E  N IG R O S T R IA T A L  PA TH W A Y. S . Numan*. K.H. Lundaren. D.
E. Wriaht and K.B. Serooav. Department of Anatomy & Neurobiology, 
University of Kentucky, Lexington, K Y  40536.

Previous work has demonstrated that selective destruction of the 
dopaminergic nigrostriatal pathway in the neonate or adult with the 
neurotoxin 6 -hydroxydopamine (6 -OHDA) results in serotonergic fiber 
hyperinnervation and increased binding of se lect serotonin (5H T )  
receptor subtypes in the striatum. In the present study, we sought to 
determine whether changes in striatal gene expression for several of the 
5HT receptors could contribute to some of these alterations. Following a
1-5 week survival period after unilateral injection of 6 -OHDA into the 
ventral mesencephalon or ascending medial forebrain bundle in the adult 
rat, in situ hybridization of 3 5 S-labeled cRN A probes for 5 H T1A, 5H T1C 
and 5ΗT2 receptor mRNAs was performed. Compared to the uninjected 
control side, a significant increase in hybridization density for 5 HT2  
receptor mRNA w as found throughout the rostrocaudal extent of the 
caudate-putamen ipsilateral to the 6 -OHDA lesion. In contrast, 
hybridization to 5Н Т1A and 5Н1 C  m RNAs w as unaltered in striatum 
following the 6 -OHDA treatment. These  data indicate that dopaminergic 
m echanism s differentially regulate the expression of 5H T receptor 
m RNAs in adult rat caudate-putamen. Specifically, depletion of striatal 
dopamine induces a selective increase in the expression of 5HT2 m RNA, 
but not 5HT1A or 5HT1C mRNAs, in striatal neurons.

5 6 .1 6

TY P ICA L AND ATYPICA L N EU R O LEP TIC S  STIM U LATE CO N TRASTIN G  
PA TTERN S O F  N EU R O P EP TID E  AND FO S/FRA  E X P R ES S IO N  IN TH E  
STRIATUM
Noboru Hiroi* and Ann M. Graybiel, MIT, Department of Brain and Cognitive 
Sciences, Cambridge, MA 02139 USA  

The atypical neuroleptic clozapine ameliorates both positive and negative 
symptoms of schizophrenia with few extrapyramidal side effects. Typical 
neuroleptics (e.g., haloperidol and metoclopramide) attenuate positive 
symptoms of schizophrenia but simultaneously induce strong motor side 
effects. We have examined how these neuroleptics regulate neuropeptides 
and immediate-early genes in the striatum. Rats received either clozapine (20 
mg/kg), haloperidol (0.5 mg/kg) or metoclopramide (5 mg/kg) for 8  days, and 
were sacrificed 2 hr after the last injections of drug or vehicle on the 9th day. 
Chronic treatment with clozapine induced dramatic up-regulation of 
dynorphin-like immunoreactivity in striosomes, but w as without apparent 
effects on enkephalin expression. By contrast, chronic treatment with the 
typical neuroleptics haloperidol or metoclopramide up-regulated enkephalin
like immunoreactivity, especially in the matrix. Further, both typical 
neuroleptics induced FosB-like immunoreactivity in striatal neurons, whereas 
clozapine did not. Some of the FosB-positive cells were a  subpopulation of 
enkephalin-positive neurons. Our findings suggest that typical and atypical 
neuroleptics have differential effects both on neuropeptides and on 
immediate-early genes in the striatum and raise the possibility that the 
contrasting programs of gene regulation are correlated with the different 
clinical profiles of the two classes of neuroleptics. (Supported by the Human 
Frontier Science Program to NH and AMG and NIH Javits Award NS 25529)
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56.17
CHRONIC ADMINISTRATION OF D2, BUT NOT DI, DOPAMINE 
RECEPTOR ANTAGONISTS INCREASES GLUCOSE UTILIZATION IN THE 
RAT GLOBUS PALLIDUS. A.J, Patwardhan. A.G, Ragsdale,
C.A, Hubbard, and J.M, Trueman* Department of Neurology, 
University of Virginia Health Sciences Center,
Charlottesville, VA 22908.

The objective of this study was to determine whether 
chronic administration of selective DI and D2 receptor 
antagonists differentially alters the activity of 
striatopallidal neurons as measured by 2-deoxyglucose 
(2-DG) uptake in the globus pallidus (GP). Dopamine 
antagonists were delivered continuously to male rats for 
7 days via subcutaneous osmotic minipump; regional 
cerebral glucose utilization was studied on the 7th day 
of drug administration. Treatment with DI (SCH 23390;
2 mg/kg/day) or D2 (eticlopride or haloperidol; 2 
mg/kg/d) antagonists elicited catalepsy as measured by 
the bar test. Compared to vehicle treated controls, 
administration of SCH 23390 (2 mg/kg/d) did not alter 
2-DG uptake in the GP. In contrast, treatment with 
haloperidol (2 mg/kg/d) or eticlopride (2 mg/kg/d) 
increased 2-DG uptake in the GP by 39% and 47%, 
respectively (p<0.05). Since 2-DG uptake in the GP is 
thought to reflect metabolic activity primarily in the 
terminals of striatopallidal neurons, the results suggest 
that chronic D2 receptor blockade enhances (via 
disinhibition) the activity of the striatopallidal 
pathway.

56.18
DIFFERENTIAL INDUCTION OF FOS-LIKE 
IMMUNOREACTIVITY IN ACCUMBAL EFFERENTS BY d- 
AMPHETAMINE AND HALOPERIDOL. M. Jian* and G.S. 
Robertson . Department of Pharmacology, University of Ottawa, 
Ottawa, Ontario, Canada, KIH 8M5.

In the striatum, ^-amphetamine (AMPH) increases Fos-like 
immunoreactivity (FLI) by enhancing the stimulation of DI 
dopamine receptors, whereas haloperidol (HAL) does so by 
blocking D2 dopamine receptors. Consistent with the preferential 
localization of DI receptors on striatonigral neurons and D2 
receptors on striatopallidal neurons, AMPH elevates FLI 
principally in striatonigral neurons while HAL increases FLI 
primarily in striatopallidal neurons. We have used retrograde 
tracing techniques to determine whether there is a similar 
segregation of FLI induction by AMPH and HAL in projection 
neurons of the nucleus accumbens (NAc). Projections from the 
NAc to the midbrain (ventral tegmental area and substantia nigra 
pars compacta) and ventral pallidum (VP) were retrogradely 
labeled in Wistar rats by injection of Fluoro-Gold into these sites. 
One week later, FLI was induced by injection of either AMPH 
(2.5 mg\kg) or HAL (2 mg\kg). HAL increased FLI mainly in 
NAc efferents to the VP, whereas AMPH increased FLI in a 
similar number of neurons retrogradely labeled from either the VP 
or midbrain. Thus, like the dorsal striatum, HAL-induced FLI is 
located chiefly in NAc neurons projecting to the pallidum. 
However, unlike the dorsal striatum, AMPH induces FLI to a 
similar extent in NAc outputs to the midbrain and VP.

56.19
CORTICOSTRIATAL AFFERENTS CONTRIBUTE TO THE MAINTENANCE 
OF ALTERED ENKEPHALIN GENE EXPRESSION IN THE DOPAMINE- 
DEPLETED RAT STRIATUM. K. Campbell* and A. Bidrklund. Department of 
Medical Cell Research, University of Lund, S-223 62 Lund, Sweden.

Quantitative in situ hybridization histochemistry (ISHH) was used to assess the 
contribution of corticostriatal afferents to the regulation of preproenkephalin (PPE, 
the precursor molecule for enkephalin) mRNA expression in the dopamine-intact or 
dopamine-depleted (6-OHDA Iesioned) rat striatum. Knife cut transections of the 
frontal cortical pole at the levels of the forceps minor were performed in intact and 6- 
OHDA Iesioned animals. ISHH was performed using a 39-mer oligonucleotide 
complimentary to nt 322-360 of the PPE cDNA (Howells et al. 1984, PNAS, 81, 
7651-7655) 3' end-labelled with P5S] dATP.

Unilateral 6-OHDA lesions of ascending dopamine pathways resulted in marked 
increases in PPE mRNA expression in the rostral dorsal striatum (+48%), the 
ventral striatum and nucleus accumbens (+43%) and in the caudal striatum (+40%) 
from the levels in the control dopamine-intact striatum. Knife-cut cortical 
transections resulted in little if any detectable effect on PPE mRNA expression in 
the dopamine-intact striatum, however, when cortical transections were performed in 
animals bearing prior dopamine-depleting lesions, the 6-OHDA lesion-induced 
increase in PPE mRNA was significantly reduced in the rostral dorsal striatum (- 
24%), ventral striatum and accumbens (-29%) and in the caudal striatum (-22%). 
The down-regulation of PPE mRNA in the 6-OHDA Iesioned striatum following 
cortical transection was greatest in the medial region of the striatum where the level 
of expression per striatal cell was similar to the unlesioned striatum, while in the 
lateral rim the cellular expression of PPE mRNA remained up-regulated similar to 
that in the Iesioned striatum.

These results suggest that corticostriatal afferents are responsible, at least in 
part, for the maintenance of increased PPE mRNA expression in the dopamine- 
depleted striatum. Additionally, this system represents a good model for the study of 
dopamine-cortical interactions in intrastriatal striatal transplants. These studies are 
currently in progress.

BASAL GANGLIA AND THALAMUS II

57.1
DOPAMINE ANTAGONISTS INDUCE EXPRESSION OF c- 
fos IN SOME STRIATAL OUTPUT STRUCTURES. David 
Wirtshafter*. DepL Psychology., University of Illinois at Chicago, 
Box 4348, Chicago, Il 60680.

A number of studies have examined the effects of dopamine 
antagonists on the expression of the immediate early gene c-fos in 
the striatum, but less is known about the effects of these drugs in 
structures receiving striatal efferents. The current study used 
immunocytochemistry to examine the effects of dopamine antag-
onists on c-fos expression in the striatum and several of its projec-
tion targets.

Injections of the D2 antagonists haloperidol (0.5-8.0 mg/kg) 
and metoclopramide (1.25-25 mg/kg) three hours before sacrifice 
resulted in a dose dependent induction of Fos-like immunoreac-
tivity (FLI) in the striatum, the entopeduncular nucleus and the 
substantia nigra. Staining was confined to the pars reticulata of 
the substantia nigra and was most pronounced in its medial por-
tions. Labeled nuclei were also observed in the ventral tegmental 
area dorsal to the interpeduncular nucleus. Injections of high 
doses of the selective DI antagonist SCH 23390 (2-8 mg/kg) 
resulted in modest entopeduncular and nigral labeling, but no 
staining was seen in the striatum or globus pallidus. Sections from 
several animals treated with metoclopramide or SCH 23390 were 
processed by a double labeling technique which allowed for simul-
taneous visualization of FLI and tyrosine hydroxylase-like 
immunoreactivity. In these subjects, double labeled cells were 
extremely rare in the substantia nigra, although they were fre-
quently observed in the ventral tegmental area.

57.2
LOCALIZATION OF AMPA-SELECTIVE EXCITATORY AMINO ACID 
RECEPTOR SUBUNITS IN SUBPOPULATIONS OF STRIATAL NEURONS. 
S J, Tallaksen-Greeng.* anlRJ^Alhia- Department of Neurology, University of 
Michigan, Ann Arbor, MI 48109.

Previous studies have shown that the striatum is richly endowed with all 
subtypes of excitatory amino acid (EAA) receptors, including the AMPA- 
selective subtype which is comprised of several subunits. Two-color 
immunofluorescence histochemistry was used to examine the relationship 
between AMPA-selective EAA receptor subunits and identified subpopulations of 
striatal projection neurons and striatal intemeurons. Four pm sections were 
stained using combinations of antisera to label AMPA receptor subunits (GluRl 
or GluR2 and 3, Martin et al., Neuroscience, 1993) and specific populations of 
striatal neurons (characterized by calbindin-, parvalbumin- or somatostatin- 
immunoreactivity).

A similar density of GluR2/3 immunostained neurons was observed in both 
patch and matrix compartments (identified by calbindin immunostaining of 
matrix projection neurons). The majority (>90%) of calbindin-positive neurons 
were double-labeled for GluR2/3, whereas no calbindin neurons were observed to 
stain for the GluRl subunit. Parvalbumin-containing interneurons exhibited 
virtually complete coexistence with GluRl and partial (approximately 60%) 
coexistence with GluR2/3. Somatostatin-containing intemeurons, which are 
known to co-contain neuropeptide Y and nitric oxide synthase, did not label for 
either the GluRl or GluR2/3 subunit. These findings indicate that specific 
populations of striatal neurons differentially express EAA receptor subunits. 
Supported by NS19613 and NSO7222.
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57.3
Intrastriatal Injection of (1S,3R)-ACPD 
Produces FOS-Immunoreactive Neurons in the 
Basal Ganglia. R.L. Albin*, K.W. Kaatz.
Dept. of Neurology, University of Michigan, 
Ann Arbor, MI, 48109.

Sacaan et al. (J. Neurochem. 1992) 
demonstrated that intrastriatal injection of 
the metabotropic EAA agonist ( IS, 3R) -ACPD in 
rats produces vigorous contralateral 
rotation, possibly by activation of the 
nigrostriatal pathway. We studied this 
phenomenon by mapping the distribution of 
FOS-immunoreactivity (FIR) following 
intrastriatal injection of 1 μΜ (IS, 3R) -ACPD. 
Rare FIR neurons were seen on the uninjected 
side. On the injected side, FIR neurons were 
present in all neurons of the globus 
pallidus, subthalamus, entopeduncular 
nucleus, and substantia nigra pars 
reticulata. No FIR neurons were seen in the 
striatum or pars compacta. The pattern of 
FIR immunoreactivity was not altered by 
pretreatment with α -methy 1-tyrosine, though 
rotation was reduced. The effects of 
subthalamic lesions on rotation and FIR will 
be presented. Supported by NS 19613, NS01300.

57.5
D1/D2 INTERACTIONS IN GLOBUS PALLIDUS FOS EX
PRESSION IN THE DENERVATED AND INTACT HEMI
SPHERES OF RATS WITH UNILATERAL NIGROSTRIATAL 
INJURY. J.F Marshall*1. B. Cole1, and G.J. LaHoste2. Depts. of 
Psychobiology1 and Phys. Med. & R ehab .2, Univ. California, Irvine, 
CA 92717.

While the interactions between D1 and D2 receptors in the 
control of caudate-putamen (CPu) c-fos induction have been well 
characterized, the requirements for control of this gene expression 
in the globus pallidus (GP) are less well understood. Rats 
receiving unilateral nigrostriatal 6 -OHDA injections 1-4 months 
previously were treated with the D 2/D 3 agonist quinpirole (0 .1  or 
0.25 mg/kg,ip), the D1 agonist SKF 38393 (20 mg/kg,ip) or saline 
30 min. after the D2 antagonist eticlopride (0.1 mg/kg,ip), the D1 
antagonist SCH 23390 (0.5 mg/kg) or saline. Two h after agonists, 
rats were perfused and the brains prepared for immunohistochemi- 
cal visualization of Fos using Santa Cruz Biotechnology antibody 
sc-52 (1:4000). Fos-like immunoreactivity (Fos-ir) was virtually 
undetectable in either GP of rats treated with saline or SKF 38393. 
Quinpirole dose-dependently increased Fos-ir nuclei in both GP, 
with the denervated hemisphere showing a greater response. The 
effects of quinpirole (0.25 mg/kg, ip) were antagonized by etic
lopride but not SCH 23390. Yet, treatment of neurologically intact 
rats with the combination of quinpirole + SKF 38393 0  + 20 
mg/kg, ip) produced greater Fos-ir nuclei than quinpirole only. 
Thus, while D1 and D2 agonists may synergize in their effects on 
GP Fos-ir, agonist stimulation of D1 receptors is not required for 
the D2-mediated effects.

57.7
TOPOGRAPHIC LOCALIZATION OF FOS POSITIVE NUCLEI IN 
NUCLEUS ACCUMBENS PROJECTION NEURONS. M A  Klitenick*. C.-S. 
Tham and H.C. Fibiger. Div. of Neurological Sciences, Dept. of Psychiatry, 
Uaiv. of British Columbia, Vancouver, B.C. V6T1Z3 

Recent studies have demonstrated enhanced regional c-fos expression 
following neuroleptic (typical and atypical) administration in the rat 
(Robertson and Fibiger, Neuroscience, 1992,46:315-328). The heterogeneous 
pattern of neuroleptic-induced Fos-positive neurons observed in the nucleus 
accumbens (NAc) suggests a differential activation within distinct populations 
of NAc neurons. We have attempted to define the characteristics of these 
neurons using a combination of retrograde tracing and Fos 
immunohistochemistry. Following iontophoretic injection of Fluoro-Gold 
(FG) into the ventromedial ventral pallidum (VP) 7 days prior to haloperidol 
(lmg/kg, S.C.), approximately 7% of the neurons in the medial, shell-like 
aspect of the rostral pole of the NAc were both retrogradely labeled and Fos- 
positive, whereas 15% of the neurons were double-labeled in the shell of the 
caudal three fourths of the NAc. Furthermore, 3% of the neurons in both the 
NAc core and the lateral (cpre-like) aspect of the rostral NAc were double- 
labeled following FG deposits into the dorsolateral VP. These results indicate 
that haloperidol-mduced c-fos expression occurs in the core and shell regions 
of NAc neurons which project to the ventral pallidum. Additional studies are 
currently in progress to further dissociate the effects of haloperidol and 
clozapine on Fos expression which may lead to a better understanding of the 
mechanism by which these two neuroleptics produce their antipsychotic effects.

57.4
A2 ADENOSINE RECEPTOR ACTIVATION INDUCES C-FOS mRNA 
EXPRESSION IN RAT STRIATAL CULTURES.
A.E. Pollack* and J.S. Fink. Molecular Neurobiology Laboratory, 
Massachusetts General Hospital and Department of Neurology, Harvard 
Medical School, Boston, MA 02114.

Activation of A2a or A2b subtypes of the A2 adenosine receptor 
(A2R) increases intracellular cAMP. Expression of the immediate 
early gene c-fos is induced by agents which elevate intracellular 
cAMP. Since A2a receptors are abundantly expressed in the striatum 
we decided to examine the induction of c-fos mRNA in striatal cultures 
following activation of A2R. Dissociated cultures of E19 rat striata 
were grown in DMEM/F12 supplemented with 10% Nuserum for 7 
days. The adenylate cyclase agonist forskolin (10uM) induced c-fos 
mRNA expression with peak induction following 1 hour incubation. 
The mixed A1-A2 agonist NECA (10uM) induced c-fos mRNA 
expression with a similar time-course. CPCA (10uM and 1uM), a 
mixed A2a-A2b agonist, induced c-fos mRNA, whereas the A1R agonist 
CHA (1uM) did not. These data suggest that the induction of c-fos 
mRNA is mediated by the A2R. However, application of the A2a 
selective agonist CGS 21680 (1uM) failed to induce c-fos mRNA 
expression. Incubation with NECA (100uM, 1uM, 10nM) or CGS 
21680 (1mM, 100uM, 1uM) demonstrated that while 100uM and 
1uM NECA induced c-fos mRNA, only 1mM CGS 21680 induced c-fos 
mRNA expression. Thus, comparison of the dose response curves for 
NECA and CGS 21680 suggests that the induction of c-fos mRNA in 
these striatal cultures is mediated by activation of the A2b receptor.

57.6
RAPID DEVELOPMENT OF D1 AND D2 SUPERSENSITIV- 
ITY AS INDICATED BY STRIATAL AND PALLIDAL FOS 
EXPRESSION. G.J. LaHoste*1,3. Paul Shin2 & J.F. Marshall2. 
Depts. of ^hys Med. & Rehab, and 2Psychobiology, Univ. 
California, Irvine, CA 92717, and 3State Dev. Res. Inst.

Elucidating the neural mechanisms of dopamine receptor 
supersensitivity can be greatly aided by determining the time 
course of its development, thereby limiting the number of putative 
mechanisms. Recent behavioral and cerebral metabolic work 
indicates that D1 and D2 supersensitivity occur much more rapidly 
than was previously thought. In the present study, we injected 
adult male rats with either reserpine (5 mg/kg s.c.) or vehicle 24 
h prior to systemic injection of either the D1 agonist SKF 38393 (5 
mg/kg), the D2 agonist quinpirole (0.1 mg/kg), or saline. Two 
hours after agonist injection, the rats were perfused and the brains 
prepared for immunohistochemical visualization of Fos using Santa 
Cruz Bio-technology antibody sc-52 (1:4000). Striatal Fos-like 
immuno-reactivity (Fos-ir) was virtually undetectable in vehicle- 
pre-treated rats injected with saline, SKF 38393, or quinpirole. In 
rats given reserpine pre-treatment, however, SKF 38395 induced 
marked Fos-ir m striatum, whereas quinpirole induced marked 
Fos-ir in globus pallidus. Reserpine pre-treatment alone induced 
some Fos-ir in both striatum ana globus pallidus, but the numbers 
of Fos-ir neurons were about one-third to one-half that seen in 
reserpine-pre-treated agonist-injected rats. These data show that 
D1 and D2 supersensitivity develop within 24 h after a single 
reserpine injection, a time-frame that limits the possible neural 
mechanisms that can be invoked to explain this phenomenon.

57.8
GAD GENE EXPRESSION IN THE THALAMUS DURING 
SUBCHRONIC MONOAMINE DEPLETION. E S  Hoļm* a nd ML.Carlsson. 
D e p t  o f  P h a r m a c o lo g y , U n iv e r s i ty  o f  G ö te b o r g , M e d ic in a r e g  7 , S -4 1 3  9 0  
G ö teb o rg , Sw eden .

The main source of GAD message in the thalamus is the reticular nucleus which 
exerts an inhibitory influence on the other nuclei of the thalamus. Thus, it can be 
regarded as a part of a negative feedback loop fed by cortieostriatal, glutamatergic 
neurons and via striato-pallido-thalamie connections regulating the flow of 
sensory input through the thalamus to the cortex. Dopamine depletion would 
result in disinhibition of this negative feedback, presumably affecting the activity 
of the reticular nucleus. The response of these GABAergic neurons to chronic 
dopamine deficiency could involve regulation of GAD mRNA levels.

Total RNA was prepared from various murine tissues and assessed for 
GAD mRNA by means of blotting and hybridization with a digoxigenin-tailed 
oligonucleotide probe. The subsequent detection of the digoxigenin yields a long- 
lasting chemiluminescence which is captured on X-ray film and quantitated. 
Reproducible signals were obtained from all kinds of tissues tested. 
Unexpectedly, spleen, kidney and skeletal muscle turned out to contain 
considerably larger amounts of GAD mRNA than did brain tissue (cerebellum 
and thalamus). Liver and brain yielded comparable signals. Investigations of the 
effects of monoamine depletion on GAD gene expression in the thalamus were 
then performed. In a preliminary experiment where 10 mice were given reserpine 
for two days and killed on day three, thalamic GAD mRNA levels appeared to 
increase.
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57.9
Distribution of GABAa Receptor Subunit mRNAs in 
Monkey Thalamus.
M. M. Huntsm an*and E. G. Tones. Dept. o f A natom y and 
N eurobiology, U niversity o f California, Irvine, CA 92717

The GABA a  receptor is the primary mediator of inhibitory 
neurotransmission in the mammalian central nervous system, and also 
binds to a number of other ligands, e.g., benzodiazepines, barbiturates, 
and steroids. The diversity of this receptor depends upon the fact that it 
is composed of a number of structurally similar subunits that can be 
divided into distinct classes (α, β, γ, δ, ε), and subclasses (al, a2, аЗ, a4, 
a5), based on sequence identity. The particular combination of subunits in 
neuronal populations is what generates the binding properties of the 
receptor as a unit. cDNAs for the al, a2, a4, β2, and γ2 receptor subunits 
were subcloned from monkey total RNA, amplified via the polymerase 
chain reaction (PCR), and inserted into the pBS transcription vector for 
the localization of 33P-labeled mRNAs in the monkey thalamus. These 
subunits represent the "thalamic GABA a  receptor", according to 
localization studies in the rat thalamus (Wisden et al., 1992, J. 
Neurosci. 12(3):1040-1062). The majority of labeled cells were 
associated with small grain clusters in the 10-12 pm range. 
Hybridization for GABAA receptor mRNAs is most abundant in nuclei 
which receive direct sensory input. Hybridization is present in nuclei 
belonging to the ventral complex, and shows a laminar specificity in the 
dorsal lateral geniculate nucleus as well. There is also strong 
hybridization of mRNAs in the pulvinar and lateral nuclear group. The 
reticular nucleus is devoid of expression for any of the subunits studied. 
Supported by NIH grants EY07193 and NS21377.

57.11

E xpression  o f 5 -H T 1 c receptor mRNA in the basal 
ganglia of rats. K. Eberle-Wang*. Z. Mikeladze. and M-F 
C h e sse le t Department of Pharmacology, University of 
Pennsylavania, Philadelphia, PA 19104 

Previous results (Mikeladze and Chesslet, Neurosci. Abst. , ’92) 
have revealed an heterogeneous distribution of the 5-HT1c receptor 
mRNA in the striatum and substantia nigra (SN) of rats. In the 
present study, we have extended these findings by examining the 
distribution of this mRNA in the pallidum, and by performing double 
labelling in situ hybridization for either tyrosine hydroxylase (TH) or 
glutamic acid decarboxylase (GAD) mRNA, and the 5-HT1c receptor 
mRNA with digoxigenin- and radiolabelled probes, respectively. 
Labelling for 5-HT1c receptor mRNA was dense in most neurons of 
the entopeduncular nucleus (internal pallidum), but was virtually 
absent from the globus pallidus (external pallidum). In the SN, 
labelling for 5-HT1c mRNA was observed at mid- and caudal levels 
in both pars compacta and pars reticulata, but in both regions, was 
exclusively co-localized with labelling for GAD, a marker of GABA- 
ergic neurons, and not with labelling for TH mRNA, a marker of 
dopaminergic neurons. The discrete distribution of 5-HT1c receptor 
mRNA in the basal ganglia suggests that pharmacological agents 
acting selectively on this receptor subtype could be beneficial in the 
treatment of basal ganglia motor disorders. Supported by PHS grant 
MH48125 and a Tourette Syndrome Association fellowship (KEW).

57.13
DOPAMINERGIC REGULATION OF GENE EXPRESSION IN STRIATAL 
SLICE CULTURE. F.-C, Liu*, H. Takahashi. R.D.G. McKay and A.M. Grayhiel. 
Dept. Brain & Cognitive Sciences, MIT, Cambridge, MA 02139.

To study the cellular mechanisms underlying the induction of immediately-early 
genes in the striatum by dopaminergic agents, we prepared striatal slice cultures by 
culturing coronal forebrain slices of newborn rat pups in serum-free medium. After 
3 days in v i tr o , the expression of Fos-like proteins in the striatum in response to 
dopaminergic agents was assayed immunocytochemically 3 hr following the drug 
treatment. The Dl-selective agonists, SKF-81297-A (0.1 μΜ) and SKF-38393 (1 
μΜ), induced Fos-like nuclear immunostaining (FLI) in dispersed patches in the 
striatum. Similar patches of FLI were induced by apomorphine (1 & 10 μΜ), a 
dopamine D1 and D2 agonist, but not by the D2 agonist quinpirole (1 μΜ). ТЪе 
patches of FLI were aligned with DARPP-32-rich cell clusters, which mark the 
zones of developing striosomes. The FLI induced by D1 agonists was blocked by 
pretreatment with the D1 antagonist, SCH-23390 (1 μΜ) but not the D2 antagonist, 
metoclopramide (10 & 100 μΜ). These results suggest that the FLI induced by 
dopaminergic agonists in such striatal slice cultures are mediated through Dl-like 
receptors, which have been shown to be enriched in immature striosomes.

To further characterize the intracellular events leading to this expression of Fos- 
like proteins, striatal slices were treated with inhibitors and activators of protein 
kinases. The FLI induced by SKF-81297-A was blocked by the protein kinase A, 
C and G inhibitors, H8  (100 μΜ) and H7 (50 μΜ), but not by KN62 (30 μΜ), an 
inhibitor of Ca27calmodulin-dependent protein kinase II, nor by the calmodulin 
inhibitor, W7 (100 μΜ). Stimulation of striatal slices with the adenylate cyclase 
activator, forskolin (10 μΜ), resulted in expression of patches of strong FLI, but 
stimulation with the protein kinase C activator, phorbol ester (PMA, 80-800 nM) 
did not induce patches of FLI. Our findings suggest that a protein kinase A pathway 
linked to Dl-like receptors can regulate Fos/Fra gene expression in the developing 
striosomal system. Supported by NIH 1 R01 HD28341 to A.M.G. and a fellowship 
from the Hereditary Disease Foundation to F.-C. L. We thank Dr. J. Weinstock and 
SmithKline Beecham Pharmaceuticals for providing SKF-81297-A.

57.10
SENSITIVITY OF CELLS IN THE CAUDATE-PUTAMEN TO 
CHOLECYSTOKININ IS RELATED TO THEIR LOCATION.
H. Davidowa, H.-J. Gabriel and S. Heublein.
Inst, of Physiology, Med. Fac. (Charité ),
Humboldt University, O - 1040 Berlin, Germany. 
(SPON: European Neuroscience Association)
The neostriatum is not uniformly innervated by 

fibers expressing cholecystokinin-like (CCK) 
immunoreactivity. We studied the effect of CCK 
on striatal cells of different location. In rats 
anaesthetized with urethane action potentials of 
single units were recorded extracellularly by 
means of microelectrodes filled with trypan blue 
for subsequent marking of the recording site. 
CCK-8S (0.25 mM, pH 7.8, 10-80 nA) was applied
iontophoretically by means of multibarreled 
capillaries glued to the electrode. The effect 
of CCK-8S depended on the location within the 
nucleus. Most of the studied cells in the 
dorsomedial part of the head and body of caudate 
were excited by CCK. In the dorsolateral part 
effects were seldom obtained. Ventrally located 
cells responded differently. A  lot of them were 
excited by combining CCK-8S with the CCK-A 
antagonist Kl 1001 (Inst. of Pharmacology, 
Charite). Effects of CCK applied in combination 
with the CCK-B antagonist Cam 1028 (Parke Davis 
Res. Unit) differed. Supported by BMFT, FRG.

57.12

ONTOGENY OF NADPH-DIAPHORASE NEURONS IN PRIMARY 
NEURONAL CULTURES OF THE STRIATUM. S. Garside*. J. 
Woulfc and M.F. Mazurek. Division of Neurology and Neuroscience, 
McMaster University Medical Centre, Hamilton, Ontario, L8 N 3Z5 

Nitric oxide (NO) may modulate dopaminergic and glutamatergic 
signalling in the striatum, and may also mediate the neurotoxicity 
associated with excessive NMDA receptor stimulation. Interestingly, 
striatal neurons that produce NO are selectively preserved in brains of 
patients with Huntington’s disease (HD) and in cultured neurons 
exposed to NMDA-mediated excitotoxic injury. We have investigated 
the ontogeny of these neurons in primary cultures of striatal neurons. 
Cultures grown on coverslips were stained each day from day-in- 
vitro(DIV) 1-14 for NADPH-diaphorase, which has been shown to be 
a marker for NO synthase activity. Twenty fields per coverslip (at least 
6  coverslips/day) were analysed, using light microscopy to count 
diaphorase neurons and phase contrast to assess background neurons. 
Diaphorase neurons were first seen on DIV 6 . The intensity of staining 
increased proportional to the length of time in culture. The absolute 
numbers of diaphorase neurons increased dramatically, multiplying 
approximately 100-fold between DIV 6  and DIV 14, at a time when the 
total number of non-diaphorase neurons was decreasing. By DIV 14 
diaphorase neurons accounted for 1-2 % of the total neuronal population, 
a proportion similar to that observed in vivo.

57.14
CHANGES IN GAD mRNA EXPRESSION IN NEURONS OF THE 
INTERNAL PALLIDUM IN PARKINSONIAN MONKEYS AFTER 
L-DOPA THERAPY. M.-T. Herrero1,2,3*. M. Ruberg1. E.C. Hirsch1.
J. Guridi2, M.-R. Luquin2. J. Guillen2. F. Javoy-Agid1. Y, Agid1. 
J.A. Obeso2. (1) INSERM U289. Hôpital Salpêtrière. 75651 Paris. 
France. (2) Neurología Exper. Univ. Navarra. 31080 Pamplona. 
Spain. (3) Present address: Centre de Recherche Pierre Fabre. 81106 
Castres. France.

MPTP provokes a typical parkinsonian syndrome in monkeys that 
can be ameliorated by L-dopa therapy. This treatment, however, 
produces side effects, such as dyskinesias characterized by 
irrepressible aimless movements. Electrophysiological studies suggest 
that reduced activity of GABAergic neurons in the internal pallidum 
(GPi) contribute to these dyskinesias.

We have analyzed an index o f the activity o f these neurons, the 
mRNA coding for glutamic acid decarboxylase (GAD), the rate 
limiting enzyme for GABA synthesis, by quantitative in  s itu  
hybridization, in four groups of M a ca ca  fa s c ic u la r is  monkeys: normal 
control animals, MPTP-treated monkeys with moderate or severe 
parkinsonian symptoms, and L-dopa-treated parkinsonian monkeys.

GAD mRNA expression was increased m monkeys with both 
moderate and severe parkinsonian symptoms, but moreso in the latter. 
L-dopa therapy significantly reduced the increased expression of GAD 
mRNA in the GPi due to MPTP intoxication. These data support the 
notion that increased activity of GABAergic neurons in the GPi fe 
associated with parkinsonian motor symptoms, but the reduction of 
this activity following L-dopa treatment may contribute to the 
development of L-dopa-induced dyskinesias.
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57.15
DECREASED GAD mRNA EXPRESSION IN INTERNAL 
PALLIDUM AND SUBSTANTIA NIGRA PARS RETICULATA 
NEURONS AFTER SUBTHALAMOTOMY IN MPTP-TREATED 
MONKEYS. J. Guridi1. M.-T. Herrero1,2,3. M Ruberg1, E.C. 
Hirsch2. J. Guillen1. M.R. Luquin1. F. Javov-Agid2. Y. Agid2  J.A. 
Obeso1.(l) Neurología Exper. Univ. Navarra. 31080 Pamplona. 
Spain. (2) INSERM U289, Hôpital de la Salpêtrière. 75651 Paris. 
France. (3) Present address: Centre de Recherche Pierre Fabre. 81106 
Castres. France.

Recent studies have shown that overactivity of the subthalamic 
nucleus (STN) and the internal pallidum (GPi) may be involved in the 
development of major parkinsonian motor signs such as akinesia and 
rigidity. Subthalamotomy has been shown to alleviate these signs. In 
order to determine the consequences of subthalamotomy on the 
activity of GABAergic target neurons in the GPi and the substantia 
nigra pars reticulata (SNpr), GAD mRNA expression was quantified 
in these structures, at the cellular level, in four parkinsonian monkeys 
with unilateral subthalamotomies.

Significant motor improvement was observed in all the monkeys 
and GAD mRNA expression was significantly decreased in the GPi (p 
< 0.05) and SNpr (p < 0.01), on the side ipsilateral to the lesion 
compared to the uniesioned side. These findings suggest that the 
motor improvement observed after subthalamotomy in parkinsonian 
syndromes maybe due to a reduction in the activity of GPi and SNpr 
neurons.

57.17
SYNERGISTIC EFFECTS OF SKF 38393 AND QUINPIROLE ON C-FO S  
AND ZIF268 GENE EXPRESSION IN 6-HYDROXYDOPAMINE TREATED 
RATS. K.A. Keefe* and C.R. Gerfen. Section of Neuroanatomy, LCB, 
NIMH, Bethesda, MD 20892.

Combined stimulation of D1 and D2 dopamine receptors produces 
enhanced behavioral and electrophysiological responses relative to the 
responses observed upon stimulation of either receptor subtype alone. 
We are interested in determining whether such synergy reflects an 
interaction between these receptor subtypes in striatum. Induction of the 
immediate early genes (lEGs) c-fos and zif268 in the dopamine-depleted 
striatum, as determined by in situ hybridization histochemistry, was used 
as an index of striatal neuron activation. Systemic administration of the D1 
dopamine receptor agonist SKF 38393 (0.5 - 1.5 mg/kg, i.p.) produced a 
dose-dependent increase in the expression of both lEGs in the lesioned 
striatum. This induction seems to be mediated by activation of D1 
dopamine receptors in striatum, as the effect was blocked by local infusion 
of the D1 dopamine receptor antagonist SCH 23390 (100 μΜ) into striatum 
and was mimicked by local infusion of SKF 38393 (50 μΜ - 5 mM). 
Systemic administration of the D2 dopamine receptor agonist quinpirole 
(1.0 mg/kg, i.p.) alone decreased expression of c-fos and z i f268 . 
However, when quinpirole was co-administered with SKF 38393, there 
was a significant potentiation of IEG expression relative to that seen in 
response to the same dose of SKF 38393 given alone.

The data indicate that D1-mediated induction of lEGs in the dopamine- 
denervated striatum is a consequence of local D1 receptor stimulation. 
We currently are examining whether quinpirole-induced potentiation of 
SKF 38393 effects is a consequence of local D2 receptor stimulation in the 
striatum as well, or whether it is a consequence of extrastriatal D2 receptor 
activation.

57.19
DIFFERENTIAL REGULATION OF STRIATAL ENKEPHALIN AND 
SUBSTANCE P mRNA EXPRESSION BY SYSTEMIC AND LOCALSCOPOLAMINE INFUSION. L.K. Nisenbaum*, S.T. Kitai, and C.R. Gerefen

Dept. of Anatomy and Neurobiology, University of Tennessee, Memphis, TN, and 
Section of Neuroanatomy, LCB, NIMH, Bethesda, MD.

Lesion of the nigrostriatal dopamine pathway results in an increase in enkephalin 
and a decrease in substance P mRNA expression in the striatum. These alterations in 
peptide gene expression may be mediated directly by a decrease in dopamine receptor 
activation on enkephalin- and substance P-containing neurons or indirectly through 
local circuits within the striatum. For example, dopamine depletion produces an 
increase in the release of acetylcholine in the striatum. Because enkephalin- and 
substance P-positive neurons contain muscarinic receptors, the effects of dopamine 
depletion on striatal peptide mRNAs may be mediated in part through striatal 
cholinergic intemeurons. To address this, we examined the effect of continuous 
systemic and local infusion of the muscarinic antagonist, scopolamine, on striatal 
enkephalin and substance P mRNAs in the 6 -OHDA lesioned rat

Systemic infusion of scopolamine (2-40 mg/kg/day) reversed the lesion-induced 
elevation of striatal enkephalin mRNA expression in the dopamine-depleted striatum. 
Likewise, scopolamine (40 mg/kg/day) produced a 40% increase in substance P 
mRNA expression in the dopamine-depleted striatum. In contrast, local infusion of a 
high dose (540 mM), but not lower doses (540 μΜ-54 mM) of scopolamine directly 
into the dopamine-depleted striatum produced only a modest (24%) decrease in 
enkephalin mRNA and no change in substance P mRNA.

These data demonstrate that systemic scopolamine produces a greater effect on 
striatal enkephalin and substance P mRNA than does local infusion. These results 
suggest that the effect of systemic scopolamine on striatal enkephalin and substance 
P mRNAs may be mediated not only within the striatum but also at extrastriatal 
sites. Supported by USPffS grant NS20702, the United Parkinson Foundation and 
the Human Frontiers Program.

57.16
SEGREGATION OF D1 AND D2 DOPAMINE RECEPTOR mRNA IN
SEPARATE POPULATIONS OF STRIATAL NEURONS
C.R. Gerfen* Section of Neuroanatomy, NIMH, Bethesda, MD 20892

The localization of D1 and D2 dopamine receptor mRNA in neurons in 
the striatum was examined with double in situ hybridization techniques. 
Single rat brain sections labeled with radioactive and non-radioactive 
ribonucleotide probes show that detectable levels of D1 and D2 receptor 
mRNAs are localized in separate populations of striatal neurons. Each was 
found in 40-45% of the medium sized neurons. Counts of radioactively 
generated silver grains demarcating one subtype over cells labeled with the 
non-radioactive probe demarcating the other subtype showed only 5% of 
cells to be clearly double labeled (with grains above background levels). 
When both radioactive and non-radioactive probes directed against a 
single receptor were applied to the same section 100% of the labeled 
neurons contained both markers. Thus, the two types of probes did not 
interfere with their mutual detection. Also, increasing the time of emulsion 
exposure did not increase in the numbers of labeled neurons.

D1 and D2 receptor mRNAs have been localized respectively in 
striatonigral and striatopallidal neurons (Gerfen et al., 1990, Science 250: 
1429). Neurons in which one subtype mRNA is detected might contain very 
low levels of the other, which are not detectable with the current methods. 
Nonetheless, these results show that striatonigral and striatopallidal 
neurons differ in their expression of D1 and D2 receptors. Moreover, in both 
the dopamine-depleted and normal striatum D1 and D2 mediated gene 
regulation of peptides and immediate early genes occurs respectively in 
striatonigral and striatopallidal neurons. Together these data suggest that 
dopamine differentially affects striatonigral and striatopallidal neurons 
through their differential expression of D1 and D2 dopamine receptors.

57.18
DYNORPHIN REGULATES c-F O S  AND Z IF268  GENE INDUCTION BY 
COCAINE IN STRIATAL NEURONS. H. Steiner* and C. R. Gerfen. 
Section of Neuroanatomy, NIMH, Bethesda, MD 20892.

The influence of dopamine on striatal projection neurons can be 
studied by analyzing drug effects on gene regulation. The induction of 
immediate-early genes (lEGs), such as c-fos and zif268, occurs as an 
acute response to dopamine drug treatment. For example, after 6- 
OHDA lesions, a D1 dopamine receptor agonist results in IEG induction 
in striatonigral neurons. lEGs can also be induced by indirect 
dopamine agonists, such as cocaine, in the intact striatum. We 
examined the regulation of the induction of c-fos and zif268  mRNA by 
cocaine with in situ  hybridization histochemistry. Results show: (A) 
Intrastriatal injection of the D1 receptor antagonist SCH23390 
blocks IEG induction by cocaine (30 mg/kg, i.p.) in a dose-dependent 
manner, confirming that induction of lEGs by cocaine is mediated by 
local D1 receptor activation. (B) Cocaine also increases expression of 
neuropeptides, such as dynorphin, in striatonigral neurons. In 
previous studies, we found a reciprocal relationship between 
dynorphin and c - fo s  expression following cocaine treatment, 
suggesting a role for dynorphin in regulating the response to D1 
activation. We analyzed the effects of the dynorphin (kappa opioid 
receptor) agonist spiradoline on cocaine-induced IEG expression. 
Injection of spiradoline (0.5-10 mg/kg, i.p.) blocks, in a dose- 
dependent manner, both behavioral activation and IEG induction by 
cocaine. These results indicate that striatal IEG induction by dopamine 
agonists is an immediate response to local D1 receptor stimulation, 
and that this response is controlled by the dynorphin opioid system.

57.20
EFFECTS OF CORTICAL ELECTRICAL STIMULATION ON cFOS 
EXPRESSION IN THE BASAL GANGLIA. M.J. Besson M. Rogard, 
B. Zalc* and J.M. Peniau. Lab. Neurochimie-Ànatomie, İDN-UPMC, 
ČNrS URA 1488, 75005 Paris and Lab. Neurobiologie Cell. Mol. & 
Clinique., INSERM U134, 75013 Paris

The cerebral cortex is a major source of afferente to the basal ganglia. 
Its projections are topographically organized on the striatum and the 
subthalamic nucleus (STN). In penthobarbital anaesthetized rats, the 
effects of an electrical stimulation applied in various areas of the 
cerebral cortex was investigated on cFos expression. Electrical pulses 
were delivered for one hour between two stainless steel electrodes 
placed 1.5 mm apart. The animals were perfused under deep anaesthesia 
30 min after the end of the stimulation period. Among the various 
parameters of stimulation tested (single repetitive pulses or trains of 
pulses) the application of trains (250 Hz during 40 msec at 4 Hz) was 
found to be the only effective stimulus to induce cFos in the striatum 
and the STN. In both structures the induction of cFos was restricted to 
subregions corresponding to the known cortico-striatal and cortico- 
subthalamic projections. For instance, when stimulation was applied in 
the forelimb area of the sensory-motor cortex, cFos positive eens were 
mostly found in the dorso-lateral part of the striatum and the lateral part 
of the STN. By contrast, following stimulation of the prefrontal medial 
cortex, cFos positive cells occupied a medial band in the striatum and 
the STN .

This approach appears to be a valuable tool to investigate the role of 
the cerebral cortex in the regulation of genomic expression in the basal 
ganglia.

Supported by the Human Frontiers Program.
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58.1
SINGLE CELL ACTIVITY IN HUMAN GLOBUS PALLIDUS. D. Sterio. A. 
Berić*, M. Dogali, E. Fazzini. G. Alfaro and O. Devinskv . Hospital for Joint 
Diseases-NYU School of Medicine, New York, NY 10003.

Neurophysiological methods employing micro electrode techniques make it 
possible to record single unit activity in the human brain during stereotaxic surgery. 
In globus pallidus surgery these methods are used during the operation to determine 
the precise localization of specific deep brain structures to be lesioned. Additionally, 
these techniques provide an opportunity to study complex subcortical cellular 
mechanisms related to preparation and activation of voluntary movements in man. 
The major goal of this study was to record spontaneous activity of single neurons of 
globus pallidus and to learn how pallidal neurons in Parkinson's disease (PD) 
patients discharge in relation to simple passive and active limb movements.

Twelve patients with medically resistant PD in whom bradykinesia and rigidity, 
rather than tremor were the predominant symptoms, underwent the stereotaxic 
pallidotomy The pallidal target was defined with high resolution MRI. Under local 
anesthesia, a tungsten tip microelectrode was introduced through a protective 
cannula approximately 10 mm above the target. A hydraulic microdrive provided 
micron-graded extrusion of the microelectrode tip. When the microelectrode tip was 
within the globus pallidus and spontaneous cell firing was observed, functional tests 
with active and passive joint movements were performed. Anatomical coordinates 
were determined for all single cell recordings along the trajectory using a stereotaxic 
triangular system.

The results obtained indicate that firing pattern of pallidal neurons in PD patients 
were similar to those in MPTP monkeys. A clear correlation between neuronal 
activity and single contralateral joint movements, was observed in 14% of 
registered cells; 5% of cells were activated by movement of two or more 
contralateral joints. Preliminary results suggest a significant correlation between 
spontaneous firing activity, specific changes related to limb movement and the stage 
of PD.

58.3
METABOTROPIC GLUTAMATE RECEPTORS MODULATE NMDA- 
INDUCED RESPONSES IN NEOSTRIATUM. C.S. Colwell* 
and M.S. Levine. Mental Retardation Res. Ctr., 
UCLA, Los Angeleis, CA 90024.

The role of metabotropic glutamate receptors 
(mGluR) in the neostriatum was investigated by 
examining the effects of the metabotropic 
receptor agonist 1-amino-cyclopentane-l,3- 
dicarboxylic acid (t-ACPD) on neostriatal 
neurons in vitro. The iontophoretic application 
of t-ACPD markedly attenuated both the amplitude 
and duration of excitatory responses induced by 
the iontophoretic application of N-methyl-D- 
aspartate (NMDA). These inhibitory effects were 
stereo-selective and long lasting. The mGluR 
antagonist 2-amino-3-phosphono-propionic acid 
prevented the inhibitory effects of t-ACPD. The 
inhibitory action of t-ACPD was specific to 
NMDA, as t-ACPD had no consistent action on the 
responses evoked by the application of 
glutamate, AMPA, or quisgualate. Bath 
application of t-ACPD inhibited the evoked 
depolarizing post-synaptic potentials recorded 
in neostriatal cells. Thus, activation of 
metabotropic glutamate receptors may play an 
important role in modulating NMDA receptor 
function in neostriatal neurons. Supported by 
HD 05958.

58.5
NEUROLEPTICS INCREASE FOS EXPRESSION IN THE STRIATAL 
COMPLEX AND TEMPORAL CORTEX OF NON-HUMAN PRIMATES. A
Y. Deutch1*. D. A. Lewis2. R. E. Whitehead2. D. S. Cameron1. D. E. Redmond. 
Jr.1, and R. H. Roth1. 1Departments of Psychiatry and Pharmacology, Yale 
University School of Medicine, New Haven, СГ and departments of Psychiatry 
and Behavioral Neuroscience, University of Pittsburgh, Pittsburgh, PA.

Neuroleptic drugs increase expression of immediate-early genes (IEGs) in 
the striatum (CP) of the rat. Thus, haloperidol increases expression of c-fos 
and its protein product (Fos) in both the patch and matrix compartments of 
the CP, and the core and shell of the nucleus accumbens (NAS). In contrast, 
clozapine increases the number of neurons expressing Fos only in the NASshell, 
but not in the other striatal areas. The degree to which such changes are 
manifested in primate species is not known. We therefore examined the effects 
of acute neuroleptic administration on Fos expression in the vervet monkey.

Animals were injected with haloperidol (HPD; 0.15 mg/kg, sc). 4 hrs later 
animals were anaesthetized by intravenous pentobarbital. Cisternal CSF was 
removed for determination of homovanillic acid (HVA) levels, and the animals 
perfused within 15 min of pentobarbital injection. HPD increased CSF HVA 
two fold. HPD markedly increased the number of Fos-immunoreactive (-ir) 
neurons in the caudate nucleus and putamen; Fos-ir cells were in both patch 
and matrix compartments. In the ventral striatum, an increase in the number 
of Fos-ir neurons was seen in both the NAS core and shell. In the entorhinal 
cortex (ENT), HPD resulted in a four-fold increase in the number of Fos-ir 
neurons observed, predominantly in the superficial layers. No increase in Fos- 
ir cells in the inferior temporal cortex adjacent to the ENT was seen. These 
data suggest that neuroleptics induce IEG expression in the primate in a 
regionally-spedfic manner. Preliminary data suggest that dozapine increases 
Fos expression in the medial NAS but not caudate nucleus or putamen.

58.2
CEREBELLAR AND CEREBRAL INPUTS TO THALAMIC RETICULAR 
NUCLEUS NEURONS IN THE CEREBELLO-THALAMO-CORTICAL 
SYSTEM. Y. Shinoda*, N. Ando and Y, Izawa. Dept. of Physiology, Sch. of 
Medicine, Tokyo Medical and Dental University, Yushima, Bunkyo-ku, Tokyo, 
113,Japan

The reticular nucleus (RN) of the thalamus contains GABAergic neurons and 
they are considered to control activities of thalamocortical neurons (TCNs) in 
various subnuclei in the thalamus. However, input-output organization of the RN 
in the cerebello-thalamo-cortical system has not been well understood. The 
present study was undertaken to determine cerebellar and cerebral inputs to 
identified RN neurons (RNNs) and their single cell morphology in the 
anesthetized cat. Intracellular recordings were made from neurons in the RN and 
RNNs were identified as such by their soma location and morphology after 
intracellular staining with HRP. In these identified RNNs, stimulation of the 
contralateral brachium conjunctivum evoked disynaptic EPSPs. Intracellular 
staining revealed that TCNs in the ventrolateral nucleus (VL) gave off axon 
collaterals to the RN without any collaterals in the VL on their way to the motor 
cortex. Therefore, disynaptic cerebellar input to RNNs was presumed to be 
mediated by these collaterals of TCNs. Stimulation of the motor cortex evoked 
monosynaptic EPSPs at two different latencies in RNNs. Collision experiments 
revealed that the first EPSPs were generated by axon collaterals of TCNs and the 
second EPSPs by corticothalamic neurons. Intracellular staining showed wide 
axonal projection of RNNs in the VL. These results suggest that informations 
from the cerebellum and the cerebral cortex are integrated in RNNs to control 
activities of TCNs in the cerebello-thalamo-cortical system.

This research was supported by a grant from Japanese Ministry of Education, 
Science and Culture for Scientific Research.

58.4

T H E D IS T R IB U T IO N  O F  D ARPP-32 IM M U N O R EA C T IV IT Y  IN 
POSTMORTEM HUMAN BASAL GAN GLIA K.M. Harrington1*. R.J. Ferrante1.
P. Greengard2, B.E. Kosofsky3 and N .W .K o w a ll l . l G eriatric Research 
Education Clinical Center, Bedford VAMC, Bedford MA 01730 and Dept Pathol. 
& Neurol. Boston U. Sch. of Med; 2Lab. Mol. Cell. Neurosci., Rockefeller U.; 
3Neurology Service, Mass. Gen. Hosp.

Histochemical studies of rat brain show that DARPP-32 (dopamine and cAMP- 
regulated phosphoprotein), a protein phosphatase inhibitor, is abundant in a 
subset of striatal neurons that contain substance P and possess the dopamine 
D ,-receptor. In human brain, substance P immunoreactive striatal neurons 
preferentially project to the internal segment of the globus pallidus and substantia 
nigra. W e used a monoclonal antibody to define the chemoarchitecture of 
DARPP-32 immunoreactivity in normal postmortem human basal ganglia and to 
assess alterations associated with Huntington's disease (HD) and Parkinson's 
disease (PD). In normal human striatum, DARPP-32 staining defines a subset of 
medium sized neurons and patches of neuropil superimposed on lighter terminal 
staining. Immunoreactive neuronal density is greater in the neuropil patches, 
intense terminal labeling is present in both segments of the globus pallidus and 
the substantia nigra. In grade I and grade II HD striatum, DARPP-32 positive 
neurons are readily identified. Subependymal neurons in the caudate show 
proliferative changes identical to those seen with neurofilament and calbindin 
immunostaining. Terminal staining in the globus pallidus persists in both segments. 
In PD, the histological features identified in normal striatum are evident Our 
observations show that a subset of human striatal neurons contain DARPP-32. In 
contrast to rodent studies, however, we found terminal labeling in both 
segments of the pallidum suggesting either that D 1-receptor positive neurons 
project to both segments or that DARPP-32 is not an exclusive marker for D 1- 
receptor neurons in human striatum.

58.6
INTEGRATIVE ASPECTS OF BASAL GANGLIA CIRCUITRY. S.N. Haber* 
E. Lynd-Balta , S, Mitchell, and W.P.J.M. Spooren, Department of Neurobiology 
and Anatomy, University of Rochester, Box 603, Rochester NY 14642, U.S.A.

Basal ganglia pathways are organized in at least two different ways. There is a 
general topographic organization of different cortical circuits through some 
channels and a convergence of circuits through other channels. The flow of 
information from the cortex to the pallidum, from the pallidum to the 
subthalamus/thalamus, and from the thalamus back to cortex is separated into 
different circuits that are related to specific cortical regions. Using anterograde 
and retrograde tracing methods in monkeys, we describe experiments that show 
that the flow of information to the substantia nigra integrates different circuits to 
modulate the general activity of the basal ganglia. Efferent pathways from both 
the ventral striatum and ventral pallidum to the substantia nigra, pars compacta 
terminate in the region of cells that project to the dorsolateral striatum. 
Furthermore, feedback loops from the subthalamic n. to both pallidal segments, 
from the globus pallidus to the striatum, and from intrastriatal projections also 
provide important inter-circuit modulation. Subthalamic efferent fibers to the 
globus pallidus terminate throughout an extensive region, innervating the ventral 
pallidum, and the external and internal segments. Striato-striatal connections are 
also massive. These projections cross functional territorial striatal boundaries, 
such that striatal regions innervated by the limbic lobe project dorsalward into 
areas innervated by association cortex. It is likely that through these integrative 
mechanisms the symptomatology seen in basal ganglia disease is varied. If indeed 
all circuits were segregated, one would expect a clear clinical/pathological 
correlation. Rather, patients exhibit a remarkable variety and severity of 
symptoms that do not always reflect the region of cell loss. Supported in part by 
PHS grants MH 45573 and NS22511.
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58.7
HISTOCHEMICAL AND HODOLOGICAL ANALYSIS OF THE STRIATAL 
PROJECTIONS FROM THE VA-VL THALAMIC COMPLEX IN THE CAT. S. 
de las Heras and J.M, Giménez-Amava*. Departamento de Morfología, Facultad de 
Medicina, U.A.M., 28029 Madrid, Spain.

The thalamostriatal projections represent a prominent pathway to influence the 
response of the basal ganglia. This study is aimed to explore whether a 
heterogeneous organization of the thalamostriatal connectivity from the ventral 
anterior-ventral lateral thalamic complex (VA-VL) might exist. Thus, we have 
evaluated the distribution of acetylcholinesterase (АСҺЕ) and cytochrome oxidase 
(CO) in this thalamic area and its correspondence with the pattern of retrograde 
labeling after tracer injections into the caudate nucleus. Five cats were anesthetized 
and stereotaxically injected with different concentrations of horseradish peroxidase 
(HRP) conjugated with wheat germ agglutinin (WGA) alone or mixed with HRP 
free. АСҺЕ and CO were shown in adjacent sections to those in which the retrograde 
tracers were revealed. The main findings of our analysis are: 1) An AChE-rich area 
was constantly verified in dorsal regions of this thalamic complex near the dorsal end 
of the reticular thalamic nucleus, while AChE-poor zones occupied predominantly 
medial areas. The distribution of АСҺЕ was very heterogeneous at rostral and 
ventrolateral levels of VA-VL. The peripheral zones of this thalamic complex were 
intensely labeled with CO, especially at ventrolateral levels. Ventromedial regions 
were more stained for CO than for АСҺЕ, and a central and lateral zone poor in CO 
was remarkably noted. 2) VA-VL striatal projection neurons were topographically 
organized in a longitudinal band following the mediolateral and rostrocaudal 
coordinates. They were preferentially located in the lateral areas of VA-VL after 
dorsolateral striatal injections, occupying more medial zones of this complex after 
ventromedial striatal injections. 3) Histochemical and hodological patterns showed a 
correspondence in concrete regions in which the heterogeneous distribution of АСҺЕ 
was more markedly evident. This correspondence could not be clearly demonstrated 
for CO. These results lead us to consider this thalamic complex as another 
heterogeneous structure in the whole circuit of the basal ganglia. This work was 
supported by DGICYT PB88-0170 and FIS 93/0337.

58.9

THE MORPHOLOGY OF GLOBUS PALLIDUS NEURONS IN THE RAT; AN 
INTRACELLULAR STAINING STUDY. H. Kita*. Univ. of Tennessee, 
Col. of Med., Dept. of Anatomy and Neurobiology, Memphis, TN 38163.

The morphology of 23 intracellularly stained rat globus pallidus 
(GP) efferent neurons was studied to determine if they can be divided 
into subtypes based on their somato-dendritic morphology and 
projection sites, and also to reveal their axonal morphology. The 
somatic size of the neurons was variable (somatic area 78 to 353 μm2). 
The neurons were divided into aspiny (16) and spiny (7) neurons, based 
on the existence of dendritic spines. The aspiny neurons had medium 
to large, and the spiny neurons had small to medium somata. Four
teen of the 23 neurons had discoidal dendritic fields having the flat 
plane parallel to the borderline between the GP and the neostriatum. 
Neurons with discoidal dendritic fields were located not only in the 
rostro-lateral zone facing the neostriatum but also in the medial 
region of the GP. All the neurons with discoidal dendritic fields were 
aspiny neurons. Nine efferent neurons contained radiating dendritic 
fields. These neurons were observed only in the medial region of the 
GP. All 7 spiny neurons had a radiating dendritic field. The difference 
in the dendritic morphology and the location of the neurons had no 
correlation to the physiologically identified efferent sites. The main 
axon of a majority of efferent neurons emitted multiple collaterals 
within the GP. The collaterals traveled within the GP a long distance 
from the soma. The boutons formed by the collateral axons were 
always larger than 1 μm. The main axons of 4 neurons were traced to 
the substantia nigra. Two of them emitted multiple collaterals at 
various rostro-caudal levels of the entopeduncular nucleus. All of 
them emitted one or two collateral axons into the subthalamic nucleus. 
(Supported by NS-25783, NS-26473, and Human Frontier Science 
Grant)

58.8
P R IM A T ES  W ITH L A R G E  P U TA M EN  L E S IO N S  H A V E M O TO R  D E F IC IT S  
AN D N E U R O P H Y S IO L O G IC A L  C H A N G E S  IN G L O B U S  PA LLID U S. S .J . 
M itchell*. VA  Med Ctr and  S U N Y  H S C , S y ra c u se , N Y 13210.

T h e  b asa l ganglia of prim ates is  a  functionally d iverse  brain area  
believed to be organized  in parallel seg reg a te d  circuits. E a c h  circuit 
in clud es co n ne ctio ns to the thalam us an d  cortex. Naturally occurring  
d is e a s e s  in w hich striatum is d am ag e d  affect multiple b asa l ganglia- 
thalam ocortical circuits. T h e s e  experim ents represent an  attempt to 
understand  the functional deficits w hich  result from d am ag e  to the 
striatum of a  sing le  b asa l gang lia  circuit, the motor circuit.

Four m acaq u e  m onkeys, trained to perform arm  and  hand  task s, 
had large unilateral excitotoxic le sio n s m ad e  in the  arm -related portion 
of the striatum (the putam en). Within m inutes of in jections of ibotenic  
acid , m o n keys w ere  im paired in a  sim p le  reaction-tim e reach ing  task . 
M ovem ent time in the contralateral arm w a s  in cre ase d , m ovem ents 
b e cam e  dysm etric, the hand  g rasp ed  at the behavioral keys, and the 
arm  w a s  hypotonic. A  fine rapid action trem or w a s  o b served  in the 
contralateral hand. F inger coordination  contralateral to the lesion  w as  
disrupted a s  m easured  by tests of skilled finger u sag e . No choreiform  
m ovem ents of the arm w ere  o b served . Within 24  hours of the lesion, 
putam en cellular activity w a s ab sen t. To n ic  d isch arg e  rates of pallidal 
neu ro ns w ere  d e cre a se d  at th is time, and  patterns of d isch arg e  w ere  
abnorm al. S o m e  of the behavioral deficits (hypotonia, dysm etria, 
grasp ing) reso lved  within 1 -2 w ks. D esp ite  rem aining long-term deficits, 
the tonic d ischarg e  rate of pallidal n eu ro ns returned to prelesion  levels.

V E S T IB U L A R  SY ST E M : A N ATO M Y A N D  PHARM ACO LO GY

59.1

DIFFERENTIAL FOS EXPRESSION FOLLOWING TRANSLABYRINTH 
STIMULATION IN THE GERBIL GD Kaufman* and AA Perachio. Univ. TX Med. 
Branch, Dept. of Otolaryngology, Galveston, TX 77555 

Immunostaining for the Fos protein can reveal subsets of vestibular-related 
neurons responding to novel inertial forces, whether actual or perceived. 
Translabyrinth electrical stimulation can also create similar patterns of Fos 
expression in the vestibular system, with variations depending on the parameters 
of the electrical stimulus. A platinized silver electrode was placed against the oval 
window in anesthetized gerbils, with a reference electrode in the neck 
musculature. Approximately 100 uA of cathodal (negative) d.c. current at the oval 
window for 30 minutes excited the majority of ipsilateral primary afferent axons 
recorded from, and caused a pattern of Fos expression in the brainstem which 
included primarily ipsilateral medial vestibular, prepositus hypoglossi, and 
abducens motor nucleus immunolabeling. In contrast, 100 uA of anodai (positive) 
d.c. current silenced irregular afferent axons, and produced vestibular and 
prepositus asymmetries, but did not cause abducens labeling. Sinusoidal high 
frequency stimulation of the labyrinth up to 200 hertz resulted in Fos expression 
similar to the cathodal stimulation, but in addition caused expression in the 
contralateral inferior olivary beta nucleus. Cerebellar Fos was expressed in the 
vermal granular layer. Fos expression also varies with the method of anesthesia. 
Urethane has little effect on the vestibular nuclei, but strongly activates visceral- 
related brainstem areas, including the solitary nucleus, area postrema, and the 
reticular formation. In contrast, a combination of a short-acting barbiturate and 
ketamine spares expression in visceral-related areas, but strongly activated the 
inferior olivary beta nucleus and the medial and inferior vestibular nuclei bilaterally, 
making these agents of questionable use for vestibular studies based on Fos. 
These studies aim to characterize the location, connectivity, and 
electrophysiological behavior of neurons responsible for vestibular adaptation. 
Supported by NIH-DC 00385

59.2
ULTRASTRUCTURAL AND IMMUNOCYTOCHEMICAL IDENTIFICATION 
OF COMMISSURAL NEURONS IN THE MEDIAL VESTIBULAR NUCLEUS 
(MVN). G.R. Holstein*. G.P. Martinelli and B. Cohen. Departments of Neurology, 
Cell Biology/Anatomy, Surgery and Physiology/Biophysics, Mount Sinai School 
of Medicine, CUNY, New York, NY. 10029.

The MVN are interconnected by commissural fibers, which are important for the 
normal functioning of velocity storage. The purpose of this study was to identify 
cells with commissural axons in MVN which may be related to velocity storage, 
and determine their ultrastructuial and immunocytochemical characteristics.

Medullary commissural fibers were sectioned caudal to the abducens nucleus in 
cynomolgus and rhesus monkeys. This caused a decrease in the time constant of 
horizontal and vertical per- and post-rotatory nystagmus. The slow rise in 
optokinetic nystagmus (OKN), optokinetic after-nystagmus (OKAN), and cross
coupling of horizontal to vertical eye velocity were abolished. Thus, the ability to 
store activity related to slow phase eye velocity (velocity storage) was lost for 
nystagmus about any axis. VOR gain was unaffected by the midline lesions.

Six days after surgery, animals were sacrificed by perfusion 90 min after injection 
with L-baclofen-HCl (5 mg/kg). Vibratome sections through MVN were divided 
into rostral, intermediate, and caudal specimens, and exposed to monoclonal anti- 
GABA or anti-L-baclofen antibodies raised in our laboratory, or a polyclonal GABA 
antiserum (Amel), and then processed using the unlabeled antibody PAP procedure.

Ultrastructural analysis revealed degenerating cell bodies in MVN which contained 
indented nuclei with prominent and centrally-placed nucleoli and long ragged strands 
of ER in a pale cytoplasmic matrix. Somai spines were occasionally observed in 
these neurons. Long narrow tubular mitochondria were visible in degenerating 
somata and dendrites. This material was reacted for immunocytochemistry. GABA- 
immunoreactive degenerating axons were also present in the neuropil. In addition, 
some degenerating non-GABAergic dendrites received synapses from non- 
commissural GABAergic axon terminals. Thus, some commissural neurons are 
GABAergic; others receive GABA innervation. Aided by NIH Grants # NS-24656, 
NS-00294, and EY-01867. L-baclofen was provided by Ciba-Geigy, Ltd.
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59.3
D O P A M I N E R G I C  A G O N I S T S  H A V E  B O T H  P R E -  A N D  
P O S T S Y N A P T I C  E F F E C T S  O N  G U I N E A - P I G  M E D I A L  
V E S T I B U L A R  N E U R O N E S .  1V IB E R T  N .. 1 S E R A F IN  M ., 
2CR A M B E S  O ., 3 V ID A L  P .P . 1M U H L E T H A L E R  M .* 1D épartem ent 
de P h y s io lo g ie , С М U , 1211 G en eva  4 , S w itzerland; 2I.R .I. Servier, 6 
p la ce  d es P le ia d es , 9 2 4 1 5  C ou rb ev o ie  C éd ex , France; 3 L .P .P .A .,  
C N R S -C o llèg e  de France, 15 rue de l'Е со lе de M éd ecin e, 7 5 2 7 0  Paris 
C éd ex  0 6 , France.

P ir ib ed il (T r iv a sta l® ), k n o w n  as a sp e c if ic  a g o n is t  o f  D 2  
dopam in ergic receptors, has been  used  for several years in the treatm ent 
o f  so m e vestibu lar-related  p ath o log ies. T he central vestib u lar co m p lex  
cou ld  b e on e o f  its m ajor sites o f  action. U sin g  intracellular recordings in  
gu in ea-p ig  brainstem  slices, w e  have recently characterized tw o m ain cell 
typ es am on g  m ed ial vestib u lar n ucleu s neurones (A  and В  M V N n ). In  
norm al m ed iu m , p iribed il and dopam in e had a reversib le dep o larizin g  
action  on  the large m ajority o f  both  A  and В  M V N n . It w as g en era lly  
associated  w ith  an increase o f  the ce ll m em brane resistance. T h ese effects  
w ere  m im ick ed  b y  q u in p iro le , an other se le c t iv e  a g o n ist o f  the D 2  
recep to rs , b ut n o t b y  the se le c t iv e  D 1 a g o n ist S K F  3 8 3 9 3 . T h e  
d epolarizing responses to D 2  dopam inergic agonists persisted in presence  
o f  tetrodotoxin , but w ere reversed to sligh t hyperpolarizations in a lo w  
C a 2+/h ig h  M g 2+ so lu tion  know n  to b lo ck  synap tic tran sm ission . T h is  
last result sh o w s that both piribedil and dopam ine prim arily h ave a direct, 
postsynaptic hyperpolarizing action. The depolarizing responses obtained  
in control m edium  probably result from  the presynaptic inhibition o f  the 
release o f  an in h ib itory  neurotransm itter lik e  G A B A  and/or dopam in e  
itself. W e suggest therefore that piribedil m ight act in v iv o  b y  m odulating  
central vestibular neurones through D 2 or "D2-like” receptors.

59.4
NORADRENERGIC PROJECTIONS TO THE VESTIBULAR NUCLEI 
(VN) IN MONKEY. R.J. Schuerger* and C.D, Balaban. Depts. 
Neurobiology and Otolaryngology, Un. Pittsburgh, Pittsburgh, PA 15261.

Noradrenergic neurotransmission has been implicated in normal 
vestibular function, disfunction and vestibular compensation. 
Noradrenergic projections to the VN have previously been described in 
the rat and rabbit. We have investigated noradrenergic projections to the 
VN utilizing a mono-clonal anti-tyrosine hydroxylase (α-ТН) antibody. 
Monkeys were perfused with 4% paraformadehyde and 40 μm frozen 
sections were cut in coronal, sagittal and horizontal planes. Sections 
were incubated successively with α-ТН, biotinylated anti-mouse IgG 
(Vector), ABC reagent (Vectastain Elite) and diaminobenzidene 
chromogen. As in the rat and the rabbit, a majority of the NE input to 
the VN comes from two pathways. The medial descending noradrenergic 
bundle originates in locus coeruleus (LC) and forms a broad sheet along 
the margin of the 4th ventricle. The ventral fibers in this sheet 
innervate the medial VN (MVN) and the rostral half of the nucleus 
prepositus hypoglossi (РгН). Dorsal fibers innervate the cerebellar nuclei 
and intermediate fibers pass through group Y to enter the cochlear nuclei 
(CN). Within the medial bundle are found TH-immunopositive cells 
along the ventricular border of MVN and PrH. The lateral descending 
noradrenergic bundle projects laterally from LC and sweeps caudally to 
the rostral and lateral aspects of superior and lateral VN (SVN and 
LVN). Fibers then continue lateral to LVN to innervate CN and the 
cerebellum. An additional projection to the MVN and inferior VN (IVN) 
arises from a population of TH-positive cells that lie immediately inferior 
to these two nuclei along the border of nucleus tractus solitarius.

59.5
C H A N G E S  O F  AM IN O  A C ID  D IS T R IB U T IO N S  IN RA T V E S T IB U L A R  C O M P L E X  
A F T E R  U N ILA T ER A L  R E M O V A L  O F  S C A R P A ’S  G A N G LIO N . H. Li. T .G . 
G odfrey, D.A. G odfrey*, and  A.M . Rubin. Dept. of O to laryngology-H ead and  
N eck  Surgery , Med. Co l. of Ohio , To ledo , O H  43699-0008.

Severa l am ino a c id s  have been  su g g ested  a s  ca n d id ates for excitatory and  
inhibitory neurotransm itters in the vestibular nu clear com plex. T h e  c h a n g e s  of 
th ese  am ino  a c id s  in the co m p lex  w ere  m easured  after unilateral rem oval of 
S c a rp a ’s  ganglion from  adult rats. At 2 ,4 ,  and  7 d a y s  after surgery , am ino acid  
con centration s in vestibular nuclei w ere  m easured  using  m icrod issection  and  
H P L C . D e c re a se s  of aspartate  and  glutam ate on the lesion ed  sid e  a s  
co m p ared  to un lesioned sid e  (m ean% , 3 rats p er group), for e a c h  nu cleus:

survival days SuVN MVNd MVNv LVNd LVNv Sp VN
2 -21 -18 -12 -13 -22 -20

aspartate 4 -20 -14 -4 -9 -18 -15
7 -20 -13 -1 7 -5 -16

2 -26 -21 -12 -19 -22 -24
glutamate 4 -25 -15 -8 -9 -18 -19

7 -26 -14 -4 -11 -11 -15
Both aspartate  and  glutam ate con centration s on the lesion ed  sid e  d e crea sed  
after surgery, esp ec ia lly  at 2 d a y s, generally  show ing reco very  with increasing  
survival tim e. O n  the 4th postoperative day, taurine and  G A B A  w ere  higher on  
the lesioned sid e  in all vestibular n u clear reg ions, taurine by 10-32%, G A B A  by  
6-12% . H ow ever, by  the 7th day, th ey  w ere  elevated on ly in M VNd and  SuVN . 
T h e se  results a re  con sisten t with other ev id en ce  that both aspartate  and  
glutam ate might be neurotransm itters for the prim ary input to  the vestibular  
com plex. Further, co m p ariso n  with data  for control rats su g g ested  that levels 
of both excitatory and  inhibitory am ino  a c id s  m ay  be m odified bilaterally in the  
vestibular co m p lex  during post-lesion vestibular co m pensatio n .

59.6
E F F E C T S  O F A G IN K G O  B IL O B A  E X T R A C T  (E G B  761)  
G U IN E A  P IG  M E D IA L  V E S T IB U L A R  N U C L E I N E U R O N  
AN IN V ITR O  STUD Y . P .P . V id a l* . P. L a p ev re . M . S erafin  and C . 
de W a e le . Laboratoire de P h y s io lo g ie  de la  Perception  et d e l'A ction , 
C N R S -C o llè g e  de France, 15 rue d e 1'Е с о lе  d e M é d e c in e , Paris, 
France.

In a p revious study, w e  dem onstrated in alert gu in ea  p ig s  that 
intraperitonealy in jection  o f  EGb 761 ind u ced  a reversib le  d o se - and 
tim e-d ep en d en t d ecrease o f  the h orizontal vestib u lo -o cu la r  reflex . In 
addition, the unilateral p erfusion  o f  the vestibu lar n u clei w ith  EG b 761  
produced a stereotyped  postural syndrom e sim ilar to the on e  observed  
fo llo w in g  s e le c t iv e  le s io n s  o f  th e o to lith ic  recep tors. In order to  
determ ine the m ode o f  action o f  this extract, w e  studied its effects in vitro 
on the resting discharge o f  m edial vestibular neurons. Extracellular single  
neuron recordings w ere m ade from  m ed ia l vestib u lar n u c le i (M V N )  
neurons in  brainstem  slic e s  (5 0 0  μ m ) obtained  from  y o u n g  p igm ented  
g u in ea  p ig s . A pp lication  o f  EG b 761 (2 5 0  or 5 0 0  μ g /m l) to  the bath  
induced a reversible decrease in the resting discharge in about 60%  o f  the 
ce lls . In the rem aining ce lls , the spontaneous activity w as not m odified. 
In order to characterise the pre- or p ost-syn ap tic  action  o f  EG b 7 6 1 , 
s lic e s  w ere subsequently perfused w ith  a lo w  C a2 + /h ig h  M g 2 +  sa lin e  
solution. EG b 761 reversibly m od ified  the spontaneous activ ity  o f  som e  
o f  th e m ed ia l vestib u lar neurons. S im ilar resu lts w ere  o b served  in  
n eu ron s o f  M V N  d is se c te d  from  b ra in stem  s l ic e s . T h e se  data  
dem onstrate that, in vitro . EG b 761 exerts an h yperpolarizing e ffec t on  
som e o f  the m edial vestibular neurons.

59.7
IN VIVO MODULATION OF THE NMDA RECEPTOR BY ITS 
GLYCINERGIC SITE IN THE GUINEA-PIG VESTIBULAR NUCLEI. 
M . B en a ze t. M . S erafin . C. de W a e le . M . C hat, P. L a p eyre* and P .P . 
V id a i . Laboratoire d e P h y s io lo g ie  de la  P ercep tion  e t de l'A ction . 
C N R S -C ollège de France, Paris , France fSPON : ENA)

In v itro , g ly c in e  can  m o d u la te  the N -M eth y l-D -A sp a rta te  
receptors (N M D A ) at a strych n in e-in sen sitive b inding site; h ow ever the 
fu nction al s ig n ifica n ce  o f  th is m od ulation  is  s till a m atter o f  debate. 
Indeed, in v iv o , this site has b een  su ggested  to b e nearly fu lly  saturated. 
S in ce w e, and others, have dem onstrated that the N M D A  receptors p lay  
a crucial role in regulating the m edial vestibular n uclei neurons activity, 
in  v iv o  and in v itro , the vestibu lar system  appeared to b e an adequate  
m odel to study this problem .

T h e vestibu lar n u clei w ere p erfused  unilaterally  w ith  D -serin e  
and 7-chlorokynurenate (an agonist and an antagonist o f  the strychnine- 
in sen sitiv e  g ly c in erg ic  site , resp ectiv e ly ) to in vestig a te  w hether th ese  
ligands cou ld  m od ify  the posture as w e ll as the gain  and/or the phase o f  
the horizontal vestibu lo-ocu lar reflex  (H V O R ). D -serin e perfusion led  to 
an H V O R  asym m etry con sisten t w ith  an h yperactivity o f  the perfused  
vestib u lar n u c le i neurons. In contrast, 7 -ch lorokyn u ren ate p erfu sion  
resulted in an H V O R  asym m etry corresponding to an h ypoactivity o f  the 
perfused  vestib u lar neurons. In addition , both  drugs led  to  reversib le  
postural syndrom es w hich  fitted  w e ll w ith  the o cu lom otor syndrom es. 
T h ese  resu lts in d ica te  that, in  v iv o , the v estib u la r  n u c le i N M D A  
receptors cou ld  b e  m odulated  at their g ly c in erg ic  site , su g g estin g  that 
they are n ot saturated at p h y s io lo g ica l concentrations o f  g ly c in e . T his  
m odulation cou ld  p lay a role during vestibular com p en sation  and during  
H V O R  adaptation.

59.8
IN SITU HYBRIDIZATION STUDY OF NMDA RECEPTORS AND 
GLUTAMIC ACID DECARBOXYLASE IN VESTIBULAR NUCLEI 
OF INTACT AND HEMILABYRINTHECTOMIZED RATS. C . de
W a e le * . M . A b itb o l. M . C hat. C. M e n in i. J. M allet and P .P . V id a l. 
L P P A , C N R S -C o llèg e  de France, Paris and Lab. d e N eu ro b io lo g ie  
Cellulaire et M oléculaire, C N R S, G if  sur Y vette, France.

The recovery to a quasi normal resting activity o f  the deafferented  
vestibular neurons is  thought to be one o f  the m ain features o f  vestibular 
com pensation . In this study, w e  have in vestigated , by  m eans o f  in situ  
hybridization in rat vestibular nuclei, whether a change o f  N M D A  R1 and 
G A D  m R N A s expression  could b e in vo lved  in the com pensation  process. 
Adult rats w ere hem ilabyrinthectom ized and lev e ls  o f  labelling for N M D A  
R1 and G A D  67 m R N A s w ere studied w ith in  the vestib u lar n u c le i on  
autoradiogram s and on sections, at d ifferent tim es fo llo w in g  surgery. In 
normal animals, a d en se lab ellin g  o f  N M D A  R1 m R N A s appeared in  
m edial, lateral, inferior and superior vestibu lar n uclei. T he G A D  probe 
labelled  num erous sm all to m edium  central vestibular neurons but not the 
la r g er  c e l l  b o d ie s  in  th e la te ra l v e s t ib u la r  n u c le u s . In the 
hemilabyrinthectomized animals, n o  asym m etry  co u ld  b e  detected  
b etw een  the tw o  vestib u lar co m p le x es  w hatever the p robe u sed  and  
whatever the delay fo llow ed  the lesion. A  statistically sign ificant decrease  
c lo se  to 19% o f  the m ean density o f  s ilver grain in both the deafferented  
and intact m edial vestibular neurons w as ob served  in the acute rats, i.e.  
fiv e  hours after the lesion . Three days and three w eek s later, the intensity  
o f  lab elin g  over each  ce lls  w as back  to control va lu es. H ow ever, these  
findings should be m erely considered as an indication o f  an up regulation  
o f  the N M D A  recep tors fo llo w in g  h em ila b y r in th e c to m y . Further  
investigations are required to test that hypothesis.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM VESTIBULAR SYSTEM: ANATOMY AND PHARMACOLOGY 137

59.9
DISTRIBUTION OF GLUTAMIC ACID DECARBOXYLASE-LIKE IMMUNO- 
REACTIVITY IN THE CHINCHILLA VESTIBULAR NUCLEI. I. Lopez. L. 
Hoffman*, and V. Honrubia. UCLA Div. of Head & Neck Surgery, L.A., CA., 90024 
The immunocytochemical localization of glutamic acid decarboxylase (GAD), the 
enzyme required for the synthesis of GABA, was investigated in the chinchilla 
vestibular nuclei complex (VNC). Animals were anesthetized and perfused 
transcardially with 4% buffered formalin, after which the brain stems were processed 
either for pre- or post-embedding immunocytochemistry. Every fifth 20 pm section 
was incubated with a rabbit anti-GAD polyclonal antibody (Chemicon, 1:500). The 
avidin-biotin-peroxidase technique was utilized to elucidate GAD-like immuno- 
reactivity (GAD-LIR). The criteria for nuclear boundaries and neuron diameter 
classifications were adopted from Newman et al. (Brain Res. 597:278, '92). In the 
superior vestibular nucleus (SVN) GAD-LIR was found within the somata of ~30% 
of small neurons (<15 μm) and in presumptive axonal perisomatic arrays (APAs) 
surrounding ~30% of intermediate neurons (15-34 μm). GAD-LIR was not found to 
be associated with large neurons (>35μm). This pattern of GAD-LIR was found 
throughout the entire SVN. In the la tera l vestibu lar nucleus (LVN) GAD-LIR was 
limited to the dorsal portion, where the somata of ~40% of small neurons and APAs 
surrounding ~100% of Deiter's neurons were labeled. In the m edial vestibu lar nucleus 
(MVN) GAD-LIR was present in the somata of ~50% of small neurons. 
Approximately 15% of intermediate neurons within MVN exhibited GAD-LIR, 
exhibiting both intrasomatic and АРА labeling patterns. These GAD-LIR patterns 
were observed throughout MVN. GAD-LIR was restricted to the rostral and central 
portions of the descending vestibu lar nucleus (DVN), where it was associated with 
~50% of small neuron somata and in the form of APAs over intermediate neurons. 
Large neurons of DVN were devoid of GAD-LIR. Among the minor nuclei of VNC, 
GAD-LIR was observed in the small neuron somata of groups L and Y, but in the form 
of APAs around the cells of group P  and the interstitial nucleus o f  the vestibu lar nerve 
(IN). GAD-LIR was absent in group X/F. These findings demonstrate that the 
distribution of GABA-ergic neurons within the VNC is comprised largely of cells <15 
μm in diameter, plus the modest fraction of intermediate cells within MVN. The 
observed APAs represented presumptive GABA-ergic input to cells >15 pm within 
restricted regions of VNC, namely SVN, LVN, IN, and group P. (Supported by 
DC01404)

59.11
EFFECTS OF VESTIBULAR STIMULATION ON HISTAMINE 
RELEASE FROM HYPOTHALAMUS AND ACETYLCHOLINE  
RELEASE FROM HIPPOCAMPUS OF RATS IN  V IV O . A. Horii. N. 
Takeda*. T. Mochizuki. K. Okakura-Mochizuki. Y. Yamamoto, and A. 
Yamatodani Dept. of Otolaryngol., Pharmacol.ll, and Mol. Physiol. 
Osaka Univ. Med. Sch., Suita, Osaka 565, Japan 

Histamine (HA) H1-blocker and acetylcholine (АСҺ) muscarinic 
antagonist are effective in preventing motion sickness. From these 
findings, the histaminergic and cholinergic neuron systems are 
likely to be influenced by vestibular inputs. To examine possible 
interaction between the two systems, we investigated the effects of 
electrical vestibular stimulation through the round window of the ear 
on HA release from the anterior hypothalamic area and on АСҺ release 
from the CA3 area of the hippocampus of urethane-anesthetized rats 
using a brain microdialysis method in vivo. Electrical vestibular 
stimulation (1 Hz, 200msec, 500 μA) increased the release of HA and 
АСҺ to about 180%, and 160% of the basal release, respectively. 
Intraperitoneal administration of α -fluoromethylhistidine 
(100mg/kg), a specific irreversible inhibitor of histamine 
synthesis, did not attenuate the evoked АСҺ release. It is suggested 
that the hypothalamic histaminergic neurons and the hippocampal 
cholinergic neurons were activated by vestibular stimulation and the 
latter was activated independently of the histaminergic neurons.

59.13

VESTffiULO-THALAMIC PROJECTIONS IN THE COMMON 
MARMOSET S. Mitting*, w. Guldin, and Q.J , Grüsser. Institute
of Physiology, Freie Universität Berlin Arnimallee 22, D -1000 
Berlin 33

In the common marmoset monkey (Callithrix jacchus) we 
investigated the input from the vestibular brainstem nuclei to the 
thalamus. Anterograde tracers (Flouro-dextrans or WGA-HRP) 
were placed into the vestibular nuclei. The loci of injections were 
determined by single unit recordings in anaesthetized animals. The 
thalami were screened with a light microscope. Labelled terminals 
appeared mainly in the ventroposterior lateral nucleus (VPL) in 
both hemispheres. Most of the boutons were found in the oral 
(VPLo) and lateral parts of this nucleus. Labelled terminals were 
distributed in a scattered manner. Furthermore the border region 
of VPL and the ventroposterior inferior nucleus (VPI) was reached 
by vestibular efferences. The same is true for the caudal part of the 
ventrolateral nucleus (VL). A  view other terminals were seen in the 
intralaminar nuclei and the mediodorsal nucleus.
Vestibular input to the thalamus of New World monkeys mainly 
runs via the same nuclei as shown for the Old-World monkey. In 
former studies we had demonstrated that thalamic connection of 
the vestibular cortical region originate in the same thalamic 
regions.
(Supported by the Deutsche Forschungsgemeinschaft, DFG, 
Grl61)

59.10
THE EXPRESSION OF THE GABA TRANSPORTER GAT-1 IN THE RAT 
AND CHINCHILLA VESTIBULAR NUCLEI. P. Popper*. N.C. Brecha and P. 
E Micevvch. Depts. Surgery and Anatomy & Cell Biology, Brain Research 
Institute, CURE, UCLA School of Medicine, Los Angeles, CA 90024.

The amino acid gamma-aminobutyric acid (GABA) is likely to be the major 
inhibitory neurotransmitter in the mammalian vestibular system. 
Electrophysiological and pharmacological data indicate that GABA is involved in 
vestibular compensation, the process of functional recovery after acute unilateral 
injury of the vestibular labyrinth; however, vestibular compensation is 
characterized by only minor, transient changes in GABA levels or binding in the 
vestibular nuclei. For monoamine and amino acid neurotransmitters, transmission 
is terminated by the rapid uptake of neurotransmitter via specific, high affinity 
transporters located at the synapse and/or surrounding glial cells. The action of 
GABA is terminated by Na+- and Cl'-dependent high affinity uptake proteins 
located in the plasmalemma of GABA-ergic neurons and glial cells. Here, we 
investigated the distribution and expression of GAT-1 mRNA in the vestibular 
nuclei of rats and chinchillas following unilateral labyrinthectomy (UL). Animals 
were killed at various times after surgery by transcardial perfusion with 4% 
paraformaldehyde. The brain stems were dissected out and cryoprotected in 20% 
sucrose. Transverse, 20 μ m thick sections were taken through the vestibular brain 
stem on a cryostat. The sections were processed for in situ hybridization either free 
floating or mounted on Superfrost Plus™ slides using 35S-labeled antisense GAT-1 
RNA probes. In intact rats and chinchillas, GAT-1 mRNA containing cells were 
expressed in high abundance in all vestibular nuclei. The effect of UL on the 
expression of GAT-1 mRNA will be evaluated by quantitative autoradiography. 
Supported by USHHS DC01404-03.

59.12
AN ATLAS OF THE HUMAN VESTIBULAR NUCLEI. C. Diaz1,2. C. Suarez1. I. 
Lopez2. K. Beykirch2. A. Newman2*and V. Honrubia2. 1Dept of Otolaryngol., Univ. 
of Oviedo, Oviedo, Spain & 2UCLA Div. of Head & Neck Surgery, L. A., CA 90024. 
Formalin-fixed brain stems, obtained from six cadavers (30-55 yrs), were sectioned at 
20μm and thionin-stained to study the topographic and morphometric characteristics 
of the human vestibular nuclei complex (VNC) and its constitutent neurons. Every 
tenth section was examined and provided the basis upon which to delineate the 
boundaries and lengths of individual vestibular nuclei. One specimen was selected for 
computer-based video-microscopy and image analysis from which nuclear volume and 
constitutent neuron morphometry (counts and size distribution expressed as an area 
measure) were evaluated. The su p erio r  ve s tib u la r  n ucleus (SVN) extended 
rostrocaudally 5.3 mm, and had a volume of 9.41 mm3 that contained 22,300 neurons. 
The average size of SVN neurons was 478 μm2, 60% which were of medium size 
(200 to 500 μm2) and 32% of large size (500 to 1000 μm2). The la tera l vestibu lar  
nucleus (LVN) had a length of 5.7 mm, appearing 3.8 mm caudal to the beginning of 
the VNC. The volume of LVN was 13.49 mm3, and was comprised of 25046 neurons 
having a mean size of 547 μm2. LVN neurons exhibited the following size 
distribution: 55% medium, 26% large and 15% giant (>1000 μm2). The m edial 
vestibu lar nucleus (MVN) appeared 4.4 mm below the rostral pole of the VNC and 
had the greatest length (10.2 mm), volume (29.6 mm3), and neuron number 
(127,737)of the vestibular nuclei. Neurons of this nucleus have an mean size of 346.9 
μm2, with 87% of them small (< 200 μm2) and medium size. No giant cells were 
observed in MVN. The descending vestibu lar nucleus (DVN) begins about 7.8 mm 
from the VNC's rostral pole, extended caudally 8.5 mm, and had a volume of 14.4 
mm3. It was comprised of 56,482 neurons with an average size of 329.1 μm2, of 
which only 11% were large. The in terstitia l nucleus (IN) consists of an irregular 
column of scattered neurons extending 1.9 mm embedded within the brainstem 
vestibular root. It contained 2040 neurons with a mean size of 609 μm2, with 44% 
and 11% of them large and giant size, respectively. F rom the digitized brainstem 
sections templates of the vestibular nuclear boundaries, with other major 
extravestibular structures were made, size-matched to photomicrographs of the parent 
histologic section. This visual perspective was compiled with the cytomorphometric 
data to produce the first detailed morphometric atlas of the human vestibular nuclei. 
(Supported by DC01404 and AG09693).

59.14

VESTIBULAR THALAMIC INPUT IN THE SQUIRREL 
MONKEY W, Guldin.*. G Dahrmann. S. Mirring. and O.-J. 
Grösser. Institute of Physiology, Freie Universität Berlin, 
Arnimallee 22, D -1000 Berlin 33

The input from the vestibular brainstem nuclei to the thalamus 
was investigated in the squirrel monkey (Saimiri sciureus). 
Anterograde tracers such as labelled dextrans or lectins were 
placed into the vestibular nuclei. The loci of injections were 
determined by single unit recordings. For that purpose natural 
vestibular stimulation were applied to the anaesthetized monkeys. 
Labelled fibers and boutons in the thalamus were screened with a 
light microscope. Terminals appeared in the ventroposterior lateral 
nucleus, mainly in its posterior shell region and in its lateral and 
oral parts as well. In the ventroposterior inferior nucleus labelled 
terminals were found and some others in the caudal part of the 
ventrolateral nucleus (VL). In the intralaminar nuclei and the 
mediodorsal nucleus as well as in the magnocellular part of the 
medial geniculate nucleus, sparse labelling appeared. No single 
nucleus could be demontrated to be the specific vestibular thalamic 
relay. The vestibular input seems to be widespread over different 
nuclei. We could show that fibers from the vestibular brainstem 
nuclei terminate mainly in those thalamic nuclei connected to 
regions of the cortex involved in vestibular information processing. 
(Supported by the Deutsche Forschungsgemeinschaft, DFG, 
Grl61.)
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60.1
PROPERTIES OF SUPERIOR VESTIBULAR NUCLEUS FLOCCULUS 
TARGET NEURONS IN THE SQUIRREL MONKEY. Y. Zhang*. A.M. 
Partsalis, and S.M. Highstein Dept. of Oto. and Program in Neurosciences, 
Washington Univ. School of Med., St. Louis, MO 63110.

Superior vestibular nucleus (SVN) neurons demonstrate a variety of 
gaze related signals (Tomlinson and Robinson, 1984; and Chubb et al. 1984). 
The SVN and cerebellar flocculus (FL) are reciprocally connected (Langer 
et al. 1985; Mitsacos et al. 1983), however, it is not known which SVN 
neurons receive FL inhibition. Presently, a group of SVN neurons inhibited 
by the FL are reported (FTNs). FTNs are monosynaptically activated from 
the Vlllth nerve, but can not be antidromically activated from FL. They 
project to the Illrd nucleus, and are an anatomically separate cluster within 
SVN. FTNs carry a visual following eye velocity signal (tested by 0.5 Hz 
sinusoidal optokinetic drum rotation), and have relatively high spontaneous 
firing rates. Local injection of a GABA agonist, muscimol, into the FL 
abolished the visual following eye velocity signal and increased the 
spontaneous firing rate of these cells, while the head velocity signal persisted 
or increased. These results suggest that FTNs receive their visual following 
eye velocity signal from the FL, receive their head velocity signal from the 
Vlllth nerve, and provide direct input to the oculomotor nucleus. Taken 
together with the previous work on flocculus projecting neurons (Zhang et 
al. 1993), we conclude that the FL provides the SVN with visual following 
eye velocity information and modulates its spontaneous firing rate, while the 
SVN provides the FL with head velocity information. [Supported by N EI 
EY-05433]

60.3
EFFECTS OF ACUTELY ALTERED VESTIBULAR FUNCTION ON THE 
CONTROL OF VOLUNTARY HEAD MOVEMENTS. L.J.G. Bouver and
D.G.D. Watt*. Aerospace Medical Research Unit, McGill University, Montreal, 
Canada H3G 1Y6.

"Torso rotation" (TR) produces an acute, reversible change in human 
vestibular function. Experiments were performed to determine if repeated 
exposure to this technique would result in longer-term adaptive effects.

In one experiment, vestibulo-ocular response (VOR) gain was measured 
using a passive step rotation method. This test was carried out on 6 subjects, 
on each of 7 consecutive days. Measurements were obtained before (BE), 
immediately after (IA), 10 min. after (10) and 20 min. after (20) a 30 minute 
exposure to TR. In another group of 6 subjects, eyes open gaze stability was 
measured during voluntary head shaking between 1.0 and 2.0 Hz. This was 
also carried out before and repeatedly after 30 min. of TR, for 7 days.

VOR gain dropped each day after TR, returning to normal in about 20 
min. Analysis of gaze stability was complicated by an unexpected 
finding. Despite instructions to the subjects to maintain a constant amplitude 
at all times, head displacement increased each day after TR, also returning to 
normal in about 20 min. Surprisingly, subjects were unaware of the 
change. VOR gain and head amplitude were averaged across all 6 subjects 
and ail 7 days, separately for the BE, I A, 10 and 20 tests. Amplitude was 
then plotted as a function of VOR gain for these 4 points. Head amplitude 
was greater when the VOR was reduced, and the data could be closely fit by 
a first order linear regression (r=0.998).

These findings confirm that vestibular feedback plays an important role in 
the control of voluntary head movements. Furthermore, it would appear that 
two factors contributed to instability of the visual scene reported by subjects 
shaking their heads immediately after TR: reduced VOR effectiveness and the 
inadvertent use of higher head velocities. (Supported by MRC Canada)

60.5
VESTIBULAR CONTROL OF HEAD MOVEMENT IN SQUIRREL 
MONKEY: MORPHOLOGY OF INDIVIDUAL VESTIBULOSPINAL 
AXONS. R. Boyle* and A.K. Moschovakis. Dept. ENT, Oregon Health Sci. 
Univ., Portland, OR 97201 and Dept. Basic Sci., Univ. Crete, Greece.

Intra-axonal biocytin labeling technique was used to specify the col
lateralization and termination pattern in the cervical spinal cord of 
vestibulospinal (MVST) axons projecting via the ventromedial funiculus in 
anesthetized squirrel monkeys. Cells orthodromically activated by 8 th n. 
stimulation at monosynaptic latencies were selected for study; vestibulo- 
ocular-collic (VOC) cells were identified by their antidromic response to 3rd 
nuc. stimulation; where possible, yaw rotation was also applied. Main 
features of MVST axons are as follows. Ipsilateral axons have fewer 
number of collaterals and narrow terminal fields. Contralateral axons vary 
widely; some have a large inter-collateral spacing, some target only selected 
segments (e.g. C3-C4), while others have an extensive innervation pattern 
from C1-C8. VOC cells show a high degree of collateralization and 
relatively broad terminal fields; VOC cells projecting to C6 -C8  for the most 
part bypass the segments innervated by C3-terminating VOC cells. 
Termination is heaviest on the medial wall of lamina VIII, and thins as the 
branches spread into lamina VII; about one-half of the contralateral axons, 
including VOC cells, also project to the central cervical nucleus and lamina 
IX (accessory). Branches of ipsilateral axons rarely reach lamina IX.

The morphological features of vestibulospinal axons, together with 
previously acquired physiological data, indicate that these neurons play a 
broad, and perhaps separate, role in reflex and dynamic control of 
head/neck movements. Supported by NIH NS27050.

60.2
THE Y GROUP IN VERTICAL VISUAL-VESTIBULAR INTERACTIONS 
AND VOR ADAPTATION, IN THE SQUIRREL MONKEY A.M. Partsalis*. 
Y. Zhang, and S.M. Highstein. Dept. of Otolaryngology and Program in 
Neurosciences, Washington Univ. Sch. of Med., St. Louis, MO 63110.

The Y group (YG) of the vestibular nuclei receives a dense projection from the 
cerebellar flocculus (Langer et al ’85, Sato & Kawasaki ’87), a structure essential 
for VOR adaptation (Ito ’82, Miles & Lisberger ’81, Lisberger ’84), and projects 
to the inferior oblique and superior rectus subdivisions of the oculomotor 
nucleus (Highstein 73, Sato & Kawasaki ’87).

Responses of 49 YG neurons were recorded from 3 animals, during: (i) visual 
following (of a full-field optokinetic drum), (ii) the VOR in the dark (VORD) 
and in the light, and (iii) VOR suppression and enhancement (by in- and out-of- 
phase drum and head motion, respectively). YG cells carry visual following eye 
velocity and vestibular signals. Pharmacological inactivation of the flocculus (by 
muscimol injection) abolishes the former but not the latter signal, which 
probably arises from a brainstem source.

Responses of 12 YG neurons were recorded throughout prolonged visual- 
vestibular mismatch which resulted in adaptation of the VOR. Neuronal 
responses during the VORD were periodically tested; clear changes in their gain 
and/or phase were observed in all cases. Corroborating results were obtained for 
12 cells recorded from an animal chronically adapted to low VOR gain. 
Considering the specific motoneuronal projections of the YG, the neuronal 
changes were in the "correct" direction to cause the behavioral adaptation. We 
conclude that signals mediating vertical VOR adaptation are, at least in part, 
conveyed to the motoneurons from -or via- the Y group.

[S u p p o rted  b y  N E I  E Y -0 5 4 3 3 ]

60.4
RECOVERY OF ACUTE VESTIBULAR SYMPTOMS FOLLOWING 
UNILATERAL LABYRINTHECTOMY IN RABBITS. B .R . PAR K*. M .S . K IM , 
J.Y. JE O N G , Ј . Н. L E E 1 Department of Physiology & 'Otolaryngology, Wonkwang 
University School of Medicine, Iri, 570-749, Korea
The influence of sensory deprivation, cholinergic drug, and electrical stimulation 

on vestibular compensation was invstigated for 7 days after unilateral 
labyrinthectomy(ULX) in 50 rabbits. Eye movement induced by sinusoidal rotation 
of the whole body and spontaneous nystagmus were measured for 
vestibulooculomotor compensation, and head deviation was measured for 
vestibulolocomotor compensation. The rabbits were divided into 5 groups : a 
control group which was with ULX only(ULX), a group with C2, C3 
dorsal root ganglionectomy(ULX + GX), a group with tarsorrhaphy (ULX + 
TX), a group treated with scopolamine of 1.5mg/day(ULX + SP), and a group 
stimulated electrically with 3 - TV, 1ms, 200Hz square pulse for 8 hours/day 
through teflon coated stainless steel wire implanted into the tympanic bulla of lesion 
side(ULX+ES).

In ULX group, frequency of spontaneous nystagmus was 2.8 +  0.6 beats/sec just 
after ULX and declined to zero by 4 days. Roll head tilt was 44 +  16° just after 
ULX and increased to 91 ±  7°at 7 days. In eye movement induced by sinusoidal 
rotation at 7 days of ULX, directional preponderance was 31.8 +  20.2% and gain 
decreased to 39.9 ±  23.8% by rotation toward intact side and 17.9 ±  6.4% by 
rotation toward lesion side compared with those of before ULX. Spontaneous 
nystagmus disappeared by 6 days in ULX + GX group and ULX + TX group, and 
by 3 days in ULX + SP group and ULX + ES group. Roll head tilt at 7 days in 
ULX + ES group was 44 +  16° and that in other three groups was greater than in 
ULX group. ULX + ES and ULX + SP groups showed more improved 
compensation in eye movement induced by sinusoidal rotation. During electrical 
stimulation in ULX+ES group, rabbits could stand and run just like an intact animal, 
and that showed almost normal pattern in vestibuloocular reflex. Therefore, in this 
study, electrical stimulation of lesion side seemed to have a favorable effeet 
on the suppression of acute vestibular symptoms induced by unilateral vestibular 
lesion.

60.6
VALIDATION OF A MODEL DESCRIBING THE RESPONSE OF THE 
HORIZONTAL SEMICIRCULAR CANAL TO MECHANICAL INDENTATION 
R. Rabbitt*. R. Boyle and S. M. Highstein. Dept. Mech. Engr. & Oto., 
Washington Univ. St. Louis, MO 63110 and OR Health Sci., Portland OR 97201.

Mechanical indentation of the horizontal semicircular canal elicits a response 
of the afferent nerve related to the response to rotation of the head (Dickman and 
Correia ’89). The fundamental nature of the mechanical response is established 
by experimental verification of theoretical predictions obtained from an analysis 
of the indenter-induced endolymph flow. The pressure consists of a gradient 
transverse to the cupula in combination with a hydrostatic pressure acting on both 
sides of the cupula. In this sense, the indentation stimulus is distinct from pure 
rotation of the head which does not induce any hydrostatic pressure. By equating 
the pressure gradient due to indentation to the gradient due to rotation of the head 
we derive the transfer function that converts peak-to-peak mechanical indentation 
to peak-to-peak rotational velocity of the head. Results apply to the differential 
component of the pressure. Parameters appearing in the model are based 
exclusively on the three-dimensional geometry of the labyrinth and on the 
properties of the endolymph. At frequencies below 2 Hz, a constant peak-to-peak 
indentation provides the equivalent pressure gradient as a constant peak-to-peak 
rotational velocity with zero phase shift. At higher frequencies the peak-to-peak 
indentation must be reduced and the phase retarded in order of simulate a 
constant peak-to-peak rotational velocity. Results also show that the mass-induced 
cut-off frequency characteristic of high-frequency rotational stimulation is not 
relevant to mechanical-indentation stimulation. A dependence on the location of 
the indenter on the canal duct is also shown. Predictions of the model for the 
frequency response, linearity, relationship to rotation and position sensitivity are 
substantiated by extracellular afferent recordings during simultaneous rotation and 
multi-location mechanical indentation. [Supported by NIH NS21055]
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60.7

THE EFFECTS OF GABA-A AND GABA-B AGONISTS AND ANTAGONISTS 
MICROINJECTED UNILATERALLY INTO THE VESTIBULAR COMPLEX OF 
NORMAL RATS. J.D. Porter*. Psy. Dept., Univ. of FL, Gainesville, FL 32611.

The neurotransmitters involved in normal vestibular function have not been 
well described. It has been hypothesized that the inhibitory amino acid, 
gamma-aminobutyric acid (GABA), functions as a plausible neurotransmitter 
in vestibular pathways. This experiment examined the role of the GABA-A 
agonist, muscimol, the GABA-B agonist, baclofen , the GABA-A antagonist, 
bicuculline and the GABA-B antagonist 5-aminovaleric acid on vestibular 
function. A total of one hundred and five male Long-Evans rats were used. 
The subjects were unilaterally cannulated and tested one week later with 
varying dosages of the GABA agonists and antagonists. The drugs were 
administered centrally in a unilateral 0.25 ul microinjection directly into the 
vestibular nuclear complex. Following the drug injection, the subjects were 
immediately placed into a testing apparatus that allowed for complete dorsal 
and ventral viewing of the animal. The subjects were videotaped for a period 
of 2 hours. The tapes were analyzed and normal locomotor and exploratory 
behaviors along with postural and locomotor disturbances were measured 
and placed into several categories: rearing, total activity, head tilt, limb 
placement, postural asymmetry, and barrel rotation. The results indicate that 
GABA plays an important role in the maintenance of posture by regulating 
activity in the vestibular nuclear complex. The GABA-A agonist, muscimol, 
and GABA-B agonist, baclofen, produced a lack of rearing, sedation, an 
ipsilateral postural syndrome, and ipsilateral barrel rotation. The GABA-A 
antagonist, bicuculline, produced a lack of rearing, sedation, a contralateral 
postural syndrome, and contralateral barrel rotation. The GABA-B antagonist, 
5-aminovaleric acid did not produce any rearing, activity or postural 
abnormalities.

60.9
ACTIVITY OF SINGLE NEURONS IN NUCLEUS RETICULARIS 
GIGANTOCELLULARIS OF RABBIT EVOKED BY VESTIBULAR OTOLITHIC 
STIMULATION. M.H. Faqerson* and N.H. Barmack. Dept. of Cell Biology, 
Oregon Health Sciences University, R.S. Dow Neurological Sciences, 
Portland, OR 97209.

GABAergic pathways originating from the medial and descending 
vestibular nuclei as well as the nucleus prepositus hypoglossi convey and 
vestibular information to various divisions of the inferior olive. As these 
pathways descend, they branch to innervate cells in the reticular 
formation. In the present experiment we recorded extracellularly from 
fifty neurons in nucleus reticularis gigantocellularis (NRGc) of chloralose- 
urethane-anesthetized rabbits. The location and vestibular-encoding 
properties of thirty-one of these neurons were characterized completely. 
Rabbits were placed in a three axis rate table that permitted static and 
sinusoidal vestibular stimulation, as well as the determination of a 
vestibular null point. All neurons (except one) were driven by static tilt 
or sinusoidal rotation about the longitudinal axis. Twenty-one neurons 
had a static position sensitivity. Seventeen neurons responded in phase 
with contralateral-down head position. Four neurons were driven by both 
vertical and horizontal vestibular stimulation. Only one of these neurons 
responded exclusively to horizontal vestibular stimulation. Two types of 
responses were observed: 1 ) Eighteen neurons had discontinuous phase 
changes of 180 deg with respect to the sinusoidal forcing function when 
the head angle was varied about the vertical axis. These null points did 
Ü2I correspond to the orientation of pairs of semicircular canals, 2) Eight 
neurons had continuous phase shifts as head angle was changed about 
the vertical axis. Neurons with vestibular sensitivity were distributed in 
the medial aspect of the NRGc. The outputs of these neurons likely 
contribute to postural mechanisms about the longitudinal body axis.

60.11
OTOLITH-RELATED VESTIBULAR NUCLEAR NEURONAL 
PROPERTIES IN YOUNG AND ADULT RATS. C.H. Lai. 
Y,S. Chan and Y.M. Cheung*. Department o f Physiology, Faculty of 
Medicine, The University of Hong Kong, Sassoon Road, Hong Kong.

To investigate the postnatal development of otolith function, the 
functional properties o f vestibular nuclear neurons during otolith 
stimulation were studied in adult rats and in young rats ranging in age 
from 14 to 21 days. All animals were decerebrated under halothane 
anesthesia. Extracellular activities were recorded from vestibular 
nuclear neurons which were histologically identified after the 
experiments. The responses o f central vestibular units were studied 
during constant velocity off-vertical axis rotation (at 1 0 ° head tilt), a 
stimulus which selectively stimulates the otoliths. In both young and 
adult animals, units were found to exhibit position dependent discharge 
modulation during bidirectional rotations. The best response 
orientations o f the units were distributed fairly evenly over the plane of 
rotation, thus providing .within the vestibular nucleus a coordinate 
frame of head positions with respect to gravity. The mean spontaneous 
activity of the responsive neurons was lower in young rats than in adult 
rats. Also in young animals, these units showed a lower response gain 
and many units had their firing rate clipped or silenced during a 
portion o f the rotation cycle. These results suggest that central 
vestibular neurons have achieved the capacity to process otolith 
information during the postnatal period studied.
(Supported by a grant from the Research Grants Council.)

60.8

CHANGES IN RESPONSES OF CANAL-RELATED VESTIBULAR NEURONS 
VIA GALVANIC ABLATION OF IRREGULAR AFFERENT FIBERS IN 
PIGEONS. J.D. Dickman* and D.E. Angelaki. *Depts. Surgery (Otolaryngology) 
and Anatomy, Univ. Mississippi Med. Cent., Jackson, MS 39216 and Dept. 
Neurology, Univ. Zurich, CH-8091, Zurich, Switzerland.

In order to determine the contribution of semicircular canal afferente with different 
dynamics to the responses of vestibular nuclei neurons, bilateral galvanic 
polarization of the labyrinths was utilized (Goldberg, et al., J. Neurophysiol., 1984, 
51, 1236-1256). First, it was determined that constant anodai currents of 25μΑ (30 
sec) delivered to the ipsilateral labyrinth were sufficient to silence the most 
irregularly firing afferents. Next, extracellular single-unit recordings from vestibular 
nuclei (VN) neurons were obtained in decerebrate pigeons using standard 
electrophysiological techniques. Sinusoidal rotations about an earth-vertical axis 
were delivered in different head planes at frequencies ranging between 0.02 to 2 Hz, 
with a magnitude of 30 deg/sec, both with and without galvanic polarization (25μΑ) 
of the labyrinths. Generally, the effect of bilateral polarization upon both vertical 
and horizontal canal-related VN responses at a single frequency (e.g. 0.1 Hz) was to 
either decrease or produce no change in the gain and DC firing rate of the cell. Less 
often, gain increases or changes in the response phase of the neurons were observed. 
Most horizontal canal related cells had similar dynamics at all orientations tested, 
however most vertical canal related VN neurons had different response dynamics at 
different head orientations. In some of these vertical canal related cells (with both 
monosynaptic and polysynaptic orthodromic latencies), bilateral galvanic 
polarization produced different effects in the responses depending upon stimulus 
frequency and head orientation. Thus, irregular semicircular canal afferents appear 
to contribute to both the temporal and spatial response properties of many VN 
neurons. (Supported by NIH-NINCD grant #DC01092 and by the Whitaker 
Foundation).

60.10
ACTIVITY OF SECOND-ORDER TYPE I MEDIAL VESTIBULAR 
NUCLEI NEURONS IN HEAD-FIXED GUINEA PIG DURING 
ALERTNESS AND REM SLEEP. M. Serafin*. C. de Waele. M . 
Mühlethaler and P.P. Vidal. LPPA, CNRS-Collège de France, Paris, 
France and CMU, Dept. de Physiologie, Genève, Suisse.

As reported in other species, type I second-order medial 
vestibular nuclei neurons (MVNn) display a more or less regular 
discharge at rest. In response to horizontal sinusoidal angular 
accelerations, the MVNn exhibit a periodic modulation in firing rate 
whose maximum is approximately in phase with peak angular velocity. 
Some MVNn pause during fast phases oriented towards the ipsilateral 
side of rotation. Fewer neurons display a burst of activity during 
contralateral fast phases. In addition, about 30% of the recorded 
neurons, exhibit a sensitivity to the horizontal component of eye 
position. These characteristics support the suggestion that the MVNn 
intrinsic membrane properties could be the basis of their segregation 
into tonic and phasic neurons. In particular, the fact that, in vivo, some 
MVNn burst during the contralateral fast phases fits well with the m 
vitro demonstration of a low threshold calcium spike in a subset of the 
MVNn.

During REM sleep, we have described large amplitude (up to 
50°) 10 Hz eye oscillations. To elucidate whether the MVNn membrane 
oscillations that we had been able to induce in vitro could be relevant m 
vivo for the genesis of these eyes oscillations, we have recorded MVNn 
during REM sleep. Our results do not favour that view since the MVNn 
still code head velocity during REM sleep when the guinea pig is 
submitted to horizontal sinusoidal angular accelerations. In addition 
some neurons pause during the large ipsilateral eye movements.

60.12
MORPHOLOGY AND ULTRASTRUCTURE OF CENTRAL AXONS 
FROM THE POSTERIOR SEMICIRCULAR CANAL OF A TURTLE, 
Pseudemys (Trachemys) scripta. T. A. Huwe*. Z. Yuan, and E. H. Peterson. 
Neurobiology Program, Ohio U, Athens, OH 45701-2979.

As part of an effort to understand information channels in the vestibular 
nerve we are examining the branching patterns and synaptic contacts made 
by the central axons of vestibular primaiy afferents. We labeled axons by 
extracellular injections of HRP into the posterior ampullary nerve (PAN), 
reconstructed individual axons, and quantified their dimensions and 
branching patterns using a Eutectic morphometry system. In some cases 
we partially reconstructed selected branches from ultra thin sections.

All PAN axons atborize throughout the vestibular nuclear complex, but 
they differ in branch structure and dimensions. Some emit arbors in the 
lateral nucleus. Here, preterminal processes and varicosities are especially 
robust and almost entirely filled with round vesicles and mitochondria. 
They contact somato-dendritic junctions, proximal dendrites, and 
branching regions of primaiy dendrites via extensive apposition areas 
(>10/xm) that bear multiple active zones; a single arbor may form such 
contacts with more than one lateral nucleus neuron. PAN axons also differ 
in branching patterns caudal to the lateral nucleus. Some ramify in the 
vicinity of the descending axon, often bearing circumscribed clusters of 
large varicosities. Others emit long, fine-caliber processes with fewer, 
smaller varicosities that are widely spaced throughout the mediolateral 
extent of the vestibular complex. These data suggest that different PAN 
axons, and perhaps different branches of the same axon, may exert 
heterogeneous synaptic effects on vestibular nucleus neurons.

Supported in part by NIH ROl DC 00618.
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60.13
THE VESTIBULO-OCULAR REFLEX IN THE RAT AFTER 
CENTRIPETAL ACCELERATION. J.H. Andereon* G.D. 
Kaufman1 and A.J. Beitz1. Depts. of Otolaryngology and 
Veterinaiy Biology1, Univ. of Minn., Minneapolis, MN 55455.

Centripetal acceleration at 2 G for 90 minutes has been shown 
to induce consistent patterns of Fos-defined activity in the ves
tibular nuclei, subnuclei of the inferior olive, the prepositus 
hypoglossi, and the dorsolateral periaqueductal gray. We 
hypothesize that these changes correlate with behavioral adapta
tions to the altered gravity reference. It is known that velocity 
storage mechanisms are dependent on the gravity vector. In or
der to define the vestibulo-ocular response during short-term 
adaptation to a new gravitoinertial force reference, we used the 
dual magnetic search coil technique to record three-dimensional 
eye movements in rats before and after exposure to centripetal 
acceleration at 2 G for 90 minutes. With the animal awake and 
head restrained so that the horizontal semicircular canals were 
approximately in the earth horizontal plane, eye movements were 
recorded during horizontal sinusoidal stimulation. The animal, 
still restrained, was then moved off-axis and rotated for 90 
minutes at constant velocity to create a 60 degree shift in the 
gravitoinertial reference. After the spin, the horizontal VOR 
was again recorded, and revealed additional torsional and verti
cal components of eye movement not observed before the period 
of hypergravity. This behavioral change correlates temporally 
with changes in the expression of the c-Fos protein associated 
with the centripetal acceleration and indicates that the VOR can 
adapt to changes in the gravity reference.

WITHDRAWN

R E F L E X  F U N C T I O N  I

61.1
THE INFLUENCE OF THRESHOLD, MEMBRANE DECAY RATE, AND 
ANATOMICAL CONSTRAINTS IN THE EVOLUTION OF REFLEX CIRCUIT. 
Victor H. Chan*, Theodore W. Berger D e p a r tm en t o f  B io lo g ica l S cien ces an d  
P ro  g ra m  in N eu ro sc ien ce , U n ivers ity  o f  South ern  C a lifo rn ia , L o s A n g e le s , CA 9 0 0 8 9 -  
2 5 2 0 , U .S.A .
In nature, a neural circuit has the potential to utilize a repertoire of different kinds 
of neuons to perform a specific task. Some neurons have high thresholds, others 
have low. In the same way, a neural network can potentially take on different kinds 
of neuronal connections: feedforward vs. feedback; excitatory vs. inhibitory. The fact 
that a particular region of the brain consistently utilizes a certain combination of 
these neuronal properties may imply that some specific advantages can be gained as 
a result of this selection. In the present study, we will explore how different 
neuronal properties would affect the performance of a neural network. First of all, 
by using genetic algorithms, we evolve a neural network to perform a spinal reflex. 
Then we explore the advantages that can be gained if the neuronal thresholds and/or 
membrane decay rate are made evolvable. Lastly, we compare the performance of 
the evolved networks when a combination of feedforward or feedback connections 
are prohibited in the evolution. It is our hope that by exploring the evolutionary 
edges as gained by these evolved networks, we can learn some insights into the 
actual workings of biological neural networks.

61.3
CHANGES IN THE AMPLITUDE OF THE TRICEPS SURAE 
H-REFLEX DURING A TWO-DAY TRAINING PERIOD.
M.H. Trimble & D.M. Koceia*. Motor Cotrol Lab, 
Indiana University, Bloomington, IN 47405.

Past research has demonstrated changes in 
the amplitude of the spinal stretch reflex and 
the H-reflex in both human (Wolf & Segal, 1990) 
and primate models (Wolpaw, 1987). In the 
present study, training induced reductions in 
the triceps surae H-reflex during a functional 
balance task have been demonstrated. Eighlt 
subjects were tested on two test days. On each 
day, subjects were instructed to balance on a 
single axis balance board. Seventy-seven H- 
reflex trials (11 blocks of 7 trials) were 
elicited on each day. Activity of the tibialis 
anterior and triceps surae muscles of both legs 
were monitored throughout testing. Also the 
current delivered on each reflex trial was 
monitored. The findings support the notion of 
a downtraining effect, as shown:

61.2
SIMULATION OF EFFECTS OF RECURRENT INHIBITION ON ACTIVITY 
OF CONCURRENTLY ACTIVE MOTONEURON POOLS. T.M. Hamm*.
K.S. Hallett. M.L. McCurdy. Div. Neurobiology, Barrow Neurological Inst., 350 
West Thomas Road, Phoenix AZ 85103.

Recurrent inhibitionis suggested to enhance contrast between activity levels 
of motoneuron pools (Brooks & Wilson, 1960). To investigate this role of recurrent 
inhibition, a model was used that incorporates two motoneuron pools, each with 100 
motoneurons, that are interconnected by 100 Renshaw cells. The pattern of Renshaw 
cell innervation of motor pools was selected to coincide with the topography in the 
strength of recurrent inhibitionbetween motoneurons found experimentally (McCurdy 
& Hamm, 1991). Each cell was modeled as a single compartment. The excitatory 
synaptic conductances of motor unit types were selected such that type S was 
preferentially activated (S> FR> FF). We tested the effect of recurrent inhibition 
on contrast between two motoneuron pools with unequal levels of excitation. We 
found that recurrent inhibition had the strongest effect on the most recently recruited 
motor units and its effect on contrast was most prominent when many units were 
newly recruited. Recurrent inhibition had little effect on contrast when type S units 
were predominantly active. The effect of recurrent inhibition on newly recruited 
units appears to depend both on the inhibitory current and the shunting effect of 
recurrent inhibition. Since contrast between motor pools produced by recurrent 
inhibition was most prominent when motor units were newly recruited, our results 
indicate that recurrent inhibition exerts its greatest effect on motor units operating 
at the steepest region of their force-frequency curves. Supported by NS 22454, NS 
30013, NS 07309 and GM 08400.

61.4
EFFECTS OF MONOSYNAPTIC REFLEX EXCITABILITY ON RESPONSE 
PREPARATION^FOR SIMPLE AND CHOICE REACTION TIME TASKS.
J. R. Burke . Motor Control Laboratory, University of 
South Carolina, Columbia, SC 29210.

Four adults performed a simple reaction time (SRT) 
task, a right plantar flexion, and four adults performed a 
choice reaction time (CRT) task, either a right or left 
plantar flexion. Changes in monosynaptic reflex 
excitability were determined by evoking 50% tibial H- 
reflexes simultaneously in the right and the left legs at 
test intervals between 0 ms and 250 ms in increments of 25 
ms following the presentation of the visual response 
stimulus. The SRT response, 197.25 + 14.09 ms, was faster 
than the CRT response, 249.54 ± 35.46 ms. The amplitude 
(60%) and the duration (75 ms) of H-reflex facilitation 
preceding movement onset were similar for the SRT and the 
CRT tasks. The onset of H-reflex facilitation was delayed 
by 50 ms for the CRT task to reflect the 50 ms difference 
between the SRT and the CRT responses. As concluded 
previously, these results support that changes in 
monosynaptic reflex excitability are coupled to movement 
onset regardless of task complexity. More importantly, 
evoking H-reflexes between the 150 ms and 225 ms test 
intervals increased SRT responses by 19%, but did not 
affect CRT responses. This finding may suggest that a 
stronger refractory state was induced by the facilitated 
H-reflex response for the SRT task due to differences in 
response preparation as a function of task complexity.
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61.5
REFLEX RESPONSES OF HUMAN MASSETER TO STRETCH. АЛЛ 
Poliakov. T.S. Miles*, and M.A. Nordstrom. Department of Physiology, The 
University of Adelaide, Adelaide, SA 5005, AUSTRALIA 

The reflex response to stretch in most contracting human muscles has the 
well-known short-latency excitatory response and a ionger-latency excitatory 
component that may be transcortical in origin. However, only the short- 
latency response has been observed in earlier studies of the reflex response 
of the human masseter to stretch. This question was re-examined, using 
controlled stretches of varied rates and durations. Slow stretches evoked a 
reflex response with both short- and Ionger-latency excitatory peaks in the 
surface electromyogram (EMG), as seen in most limb muscles. However, 
short, rapid stretches analogous to those used in the earlier jaw-reflex 
studies evoked a prominent excitatory peak in the electromyogram at 
monosynaptic latency, but little or no Ionger-latency excitation. This reflex 
was particularly sensitive to high-frequency vibration of the jaw-bars, even 
at amplitudes as small as 0.01 mm.

It was shown by systematically varying the duration of the stretch that the 
absence of a long-latency excitatory response with brief stretches (as used 
in the earlier studies) is the result of powerful reflex disfacilitation of the 
motoneurones at the end of the stretch. Depending on the duration of the 
stretch, this disfacilitation is often sufficient to mask or abolish the long- 
latency reflex. Similar patterns of reflex responses were seen in single 
motor units in masseter, although the responses of different motor units 
were not uniform.

The prominent short-latency EMG response to rapid stretches did not 
produce a measurable increase in active biting force. Slower stretches did 
result in a reflex increase in biting force, and this became greater as the 
velocity of the stretch decreased. These forces were principally the result of 
the long-lateRcy response.

61.7
MODULATION OF HUMAN STRETCH REFLEX BY RANDOM 
PERTURBATIONS. R.E. Kean ey* and R.B. Stein. Department of Bio
medical Engineering, McGill University, Montréal, Canada, H3G 1Y6 .

The application of random position or torque perturbations makes it 
possible to use system identification methods to estimate joint stiffness 
and reflex dynamics very efficiently. However, it has been suggested that 
these perturbations might change the behaviour of the reflex apparatus in 
some way, and so limit the significance of system identification results..

We have examined this possibility by comparing the mechanical and 
EMG responses evoked at the human ankle by small (0.035 rad), short 
(<40ms) pulse displacements applied by themselves and superimposed 
upon ongoing random perturbation. Random perturbations had little 
effect on the short latency responses associated with intrinsic joint prop
erties but longer latency responses associated with reflex mechanisms 
were decreased in the presence of stochastic perturbations. Responses in 
the presence of perturbations were always smaller than those with no per- 
tuibations even for small amplitude (< 0.005 rad) and low bandwidth (<5 
Hz) perturbations. The effect was graded, increasing with both the ampli
tude and the bandwidth of the perturbation. Both effects may be arise 
from a dependence on the mean absolute velocity of the joint movement.

We conclude that passive joint movement evokes changes in stretch 
reflex behaviour and these effects must be considered when interpreting 
the functional significance of reflex responses observed with either ran
dom or transient perturbations.

61.9
THE EFFECTS OF SKIN TOPICAL ANESTHESIA ON THE EMG AND 
TORQUE RESPONSES OF THE WRIST FLEXORS TO RAMP STRETCHES.
F. Lin AND M. Sabbahi*. School of Physical Therapy, Texas Woman’s University, 
Houston, TX 77030.

Previous studies have shown that the stretch reflex may be altered by topical 
anesthesia. The mechanism for such alteration has yet to be determined. The 
purpose of this study was to investigate the mechanisms by which skin topical 
anesthesia modulates the stretch reflex of the wrist flexors in normal human 
subjects. Eight normal adult subjects were involved. To test the influence of the 
stretch velocity, the wrist was stretched at 100°, 200°, 300° or 400° per second with 
a preload of 10% MVC(wrist flexion). To test the influence of preloading, the 
subjects were instructed to either relax or maintain a constant isometric wrist 
flexion of 5%, 10% or 15% MVC while the wrist was stretched at 300°/sec. 
Topical anesthesia (10% lidocaine) was applied to the anterior surface of the 
forearm. Both the torque and the EMG (recorded from flexor carpi radialis) 
responses were recorded before and 20 minutes after the application of topical 
anesthesia. ANOVA with repeated measures was employed for statistical data 
analysis. The results showed significant reduction of the reflexive torque after 
topical anesthesia(10% lidocaine) was applied to the ventral forearm skin. The 
response-stretch velocity relationship curve was found to shift downward, which 
suggested that the threshold of the stretch reflex was raised while the reflex gain 
was not affected. When Ml and M2 EMG reflex components were identified, the 
preliminary results showed that after topical anesthesia, Ml amplitudes were 
reduced under low velocities of stretch or low preload levels but were increased 
under high velocities of stretch or high preload levels. M2 showed no significant 
changes. It was concluded that skin topical anesthesia reduced the amplitudes of 
stretch reflex by raising the response threshold of the reflex torque and by 
simultaneous alteration of the motor unit activities.

61.6
SUPRATRIGEMINAL NEURONS THAT MEDIATE PERIPHERALLY- 
INDUCED INHIBITION OF BILATERAL MASSETER (m.) 
MOTONEURONS (MNs). H.Kamogawa*. K.Manabe, and M.Hondo 
Dpt.Physiology, Nihon Univ.Sch.Dent., Chiyoda-ku, Tokyo 
101, Japan

Stimulation of the inferior alveolar nerve (IAN) 
evokes relaxation of bilateral jaw-closing muscles. It 
has been known that neurons mediating this peripherally- 
evoked disynaptic inhibition of m.MNs are located in the 
supratrigeminal (supra V) region. The purpose of the 
present study is to examine whether this inhibition is 
mediated by a single group of bilaterally-projecting 
neurons. In cats anesthetized with pentobarbital, 
intracellular recordings were made from m.MNs. 
Stimulation of the contralateral trigeminal motor 
nucleus (c-Vm) induced monosynaptic IPSPs. Secondly, 
axons of neurons with monosynaptic excitation from ipsi- 
lateral (i-) IAN and antidromic activation from c-Vm 
were injected with HRP. All of the 5 stained neurons 
terminated in i-Vm and had a collateral crossing the 
midline. Axons with similar peripheral input were 
injected with Neurobiotin on the side contralateral to 
the stimulated nerve. Termination in c-Vm (injection 
side), seen for all of the 4 stained axons, and 
bilateral Vm, seen in one of them, was observed. 
Thirdly, intracellular potentials of c-m.MNs were 
averaged using as a trigger spontaneous spikes of supra 
V neurons with monosynaptic peripheral input. Unitary 
IPSPs were detected for two neurons. Results show that 
there is a group of bilaterally-projecting supra V 
neurons that mediate peripherally-evoked disynaptic 
inhibition of m.MNs on both sides.

61.8
THE SIZE OF THE M2 STRETCH REFLEX RESPONSE OF THE FPL 
MUSCLE CANNOT BE VOLUNTARILY MODIFIED. By C. Capaday. T.E. 
Milner and R. Forget*. Centre De Recherche en Neurobiologie, Université Laval, 
Québec, Canada and Institut de Réadaptation de Montréal, Université de Montréal, 
Montréal, Canada.

We re-examined the issue of how a subject's intention to react to a joint 
perturbation may modulate the long latency stretch reflex response of muscles acting 
at that joint. The experiments were done on the flexor pollicis longus muscle (FPL) 
of the human thumb for which there is now strong and direct evidence (Capaday et 
al. J. Physiol. 440 :243-255, 1991; Matthews et al. ibid. 428: 56 1-577, 1990) that 
its long latency (M2) stretch reflex response is mediated, at least in part, by a 
pathway that traverses the motor cortex. For there to be a genuine modulatory effect 
on the amplitude of this response, the effect must be independent of the level of 
ongoing motoneuron pool activity. Our approacĥ  therefore, was to examine the 
amplitude of the long latency stretch reflex response of the FPL as a function of the 
background level of activity of the FPL under three different instructions to the 
subject. The foUowing three instructions were given to the subject: do not react, 
oppose the perturbation as quickly as possible, and relax ('let go') as quickly as 
possible after the onset of the perturbation. The time-integral of the long latency 
(M2) FPL EMG response, between 40 and 80 ms following the onset of stretch, 
was plotted against the mean level of the torque produced by the distal phalanx of 
the thumb, or the mean background FPL EMG, calculated in each case over a 200 
ms period before the onset of stretch. There were no significant differences in the 
M2 FPL EMG response between instructions. The amplitude of the reflex response 
was only dependent, in an approximately linear manner, on the background level of 
motoneuron activity. We conclude, therefore, that despite a cortical contribution to 
this response, the intention of the subject on how to react to a perturbation has no 
modulatory influence, perse, on the long latency reflex response.

61.10
COORDINATION OF IPSI- AND CONTRALATERAL CUTANEOUS 
REFLEX RESPONSES DURING HUMAN RUNNING.
AAM. Tax, B.M.H. van Wezel, J. Duysens, V. Dietz and C.C.AM. Gielen* 
Dept of Med Phys & Biophys, Univ of Nijmegen, 6500 HB Nijmegen, The 
Netherlands and Dept of Clin Neurol & Neurophysiol, Univ of Freiburg, 
D-7800 Freiburg i. Br., Germany.

By electrically stimulating the human sural nerve at the ankle one can 
obtain both ipsilateral and contralateral low-threshold reflex responses with 
a latency of about 80 ms in the biceps femoris (BF), semitendinosus (ST), 
rectus femoris (RF) and tibialis anterior (ТА). The coordination of these 
reflexes during the step cycle is studied in 11 volunteers running on a 
treadmill at a speed of 8 km/h. Similar results were found in all subjects.

The responses appear to be continuously modulated throughout the step 
cycle. This so-called phase-dependent reflex modulation does not, in any of 
the muscles investigated, tightly covary with the background activity during 
the step cycle. This uncoupling of reflex and background activity is so strong 
that often large reflex responses (in the order of the maximum spontaneous 
activity) are observed in periods when the parent muscle is inactive.

In all 8 muscles investigated, the reflex modulation appears to be very 
muscle specific. As a consequence, both legs show their own specific reflex 
coordination, and the (bi-pedal) coordination of the observed cutaneous 
reflexes is continuously changing throughout the step cycle, independently of 
the background locomotor coordination. In other words, the cutaneous 
reflex synergy appears to be basically different from the locomotor synergy.

It is suggested that the observed ipsi- and contralateral reflex responses 
are integrated in order to move the perturbed leg away from the stimulus 
under the constraint of preserving balance at all times during the step cycle.
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61.11
NEURAL MECHANISMS FOR PHASE-DEPENDENT REFLEX- 
REVERSAL IN HUMAN WALKING. De Serres. S.J.* Yang. J.F. and 
Stein. R.B.. Department of Physiology and Department of Physical 
Therapy, University of Alberta, Edmonton, Canada, T6G 2S2.

A phase-dependent reflex-reversal was observed in the tibialis anterior 
muscle (ТА) during walking. In response to stimulation of the tibial nerve, 
excitation of the ТА was seen at a medium latency during the swing 
phase, and inhibition was seen during the transition from swing to stance 
at the same latency. Two possible neural mechanisms could account for 
this phenomenon: 1) the two bursts of activity in the ТА during walking 
could represent two distinct groups of motoneurons, each with distinct 
pathways from cutaneous afferente, or 2) the two bursts of activity in the 
ТА could represent the same motoneuron pool, which has two different 
parallel pathways from cutaneous afferents, each activated in different 
parts of the walking cycle. To distinguish between these two possible 
mechanisms, we recorded from single motor units during walking, using 
fine wire electrodes. If the reversal represents a switching of parallel 
pathways to the same motoneurons, then most single motor units should 
fire in both ТА bursts during walking, mid the same motor unit should be 
excited by cutaneous stimulation in one phase of the walking cycle, and 
inhibited in another phase. The results showed that the majority of the 
units analyzed during undisturbed walking fired in both EMG bursts of the 
ТА muscle. From preliminary results, we observed that in response to 
cutaneous stimuli, single units which were excited in the middle of the 
swing phase were silenced during the transition from swing to stance.

61.13
EVIDENCE OF POSITIVE FORCE FEEDBACK DURING STANDING IN 
INTACT CATS. C. A. Pratt*. J. Fung, and R. Jacobs. Dept. of Neurology, 
Good Samaritan Hospital, Portland, OR 97209.

Contrary to classical descriptions of lb reflexes, recent evidence indicates 
that during the stance phase of locomotion in decerebate (Duysens and 
Pearson, Brain Res. 1980) or acute, spinal cats (Conway et al. Exp. Brain 
Res. 1987), extensor lb afferents excite, rather than inhibit, other leg extensor 
muscles. This positive force feedback appears to be restricted to fast-twitch 
extensor muscles (Powers and Binder, J. Neurophysiol. 1985). In the present 
study, the reflex effects associated with increased loading of hindlimb 
extensor muscles were studied in intact, unrestrained, standing cats to test the 
hypothesis that extensor lb afferents provide positive, not negative, force 
feedback to fast-twitch hindlimb extensor muscles during stance.

Cats were trained to stand quietly on a platform in order to receive a food 
reward. Forces were recorded from triaxial force plates under each paw, 
kinematics were recorded via an automatic motion analysis system, and EMGs 
were recorded via chronically implanted bipolar wire electrodes inserted into 
selected hindlimb muscles. Extensor lb afferents were activated by: 1) 
electrical stimulation (200 Hz, 20 ms) of muscles via the indwelling wire 
electrodes; and 2) vertical (single limb) or horizontal (all limbs) displacements 
of the platform that loaded the implanted hindlimb. Electrical stimulation of the 
ankle extensor, lateral gastrocnemius (LG), evoked excitatory responses in 
knee and hip extensors, but inhibition of its slow-twitch synergist, soleus, 
within 20 ms of the onset of increased force. These responses cannot be 
attributed to LG muscle spindles, since the motion at the ankle (plantarflexion) 
and the knee (flexion) was consistent with a decrease in LG length during 
stimulation. Similarly, perturbations that loaded the limb were associated with 
initial excitatory responses in most hindlimb extensors except soleus, which 
was inhibited. These results indicate that extensor lb afferents provide a 
widely distributed positive force feedback to fast-twitch extensors during 
stance in intact, awake cats. Supported by NSF (IBN 9120818).

61.15
ANKLE EXTENSOR GROUP I AFFERENTS EXCITE EXTENSORS 
THROUGHOUT THE HINDLIMB DURING MLR-EVOKED FICTIVE 
LOCOMOTION IN THE CAT P. Guertin. M J, Angel. M-C. Perreault. P.A. Carr 
and DA. McCrea.* Dept. Physiology, U. Manitoba, Winnipeg, R3E 0W3, 
CANADA.

Plantaris (PL) stimulation during pharmacologically-induced locomotion in the 
spinal cat resets locomotion by terminating flexion (Conway et al Exp Brain Res 
68:643-656, 1987) or prolonging extension (Pearson & Collins in press). These 
effects have been attributed to the activation of group lb afferents. In the present 
study trains of stimuli (200Hz, 20-50 shocks) were delivered to ankle extensor 
nerves (PL; MG, medial gastroc.; LGS, lateral gastroc-soleus) during flexion or 
extension. Stimulation of PL during flexion, as in the spinal cat, terminates flexion 
and initiates extension. Furthermore, stimulation of the MG and LGS nerves also 
produce resetting and at similar (1.5T) stimulation strengths. During extension 
stimulation of PL, MG or LGS increased extensor amplitude and duration. Ankle 
extensor-evoked excitation was distributed throughout the hindlimb to other 
extensors; semimembranosus, anterior biceps, quadriceps, flexor digitorum longus 
as well as ankle extensors. The threshold for these effects was as low as 1.15T 
suggesting a contribution from group la afferents. Stimulation at 1.4T of the distal 
portion of the posterior tibial nerve (predominantly cutaneous) also produced 
resetting and extension prolongation similar to that evoked from ankle extensors.

Thus during extension in Active locomotion, group I ankle extensor and low 
threshold tibial afferents produce short-latency excitation of extensor motoneurons 
throughout the limb. Activity in afferents signalling foot contact and ankle extensor 
muscle length and force may thus act as a positive feedback system regulating 
extension during normal locomotion. Supported by MRC Canada and Human 
Frontiers.

61.12
PAUCITY OF AUTOGENIC AND HETEROGENIC STRETCH 
REFLEXES FROM REINNERVATED MUSCLES IN CAT. S.J. 
Bonasera. T.C. Cope* and T.R. Nichols. Dept. Physiol., Emory Univ,, 
Atlanta, GA 30322; Dept. Physiol. & Biophys., Hahnemann Univ., 
Philadelphia, PA 19102

Muscle stretch is unusually ineffective in recruiting motor units in muscles that 
are reinnervated by their original cut nerve (Cope and Clark, Soc. Neurosci. 
Abstr. 17:937, 1991). In the present study we performed a further test of the 
hypothesis that reinnervated muscles are functionally deafferented. Stretch- 
evoked reflex organization was examined in two cats made decerebrate 36 mos 
after section and immediate reunion of the common nerve supplying the left 
lateral gastrocnemius (LG) and soleus (SOL) muscles. Reflex responses and 
intermuscular organization in the untreated right leg was similar to that reported 
previously (Nichols, J. Physiol. 410:263, 1989). In the treated leg, both the 
reinnervated LG and SOL muscles contracted reflexively in response to stretch 
of untreated muscles and to stimulation of the contralateral tibial nerve or 
ipsilateral sural nerve, although some attenuation of the reflexes was apparent. 
By contrast, neither muscle produced reflexive force when stretched, and the 
reinnervated SOL displayed prominent yield. In addition, stretch of the 
reinnervated SOL failed to produce a number of stereotypic heterogenic reflexes, 
including heteronymous excitation, reciprocal inhibition, and force-dependent 
inhibition. The distinct heteronymous excitation initiated by the untreated LG 
was not produced by the reinnervated LG. These findings support our proposal 
that proprioception from muscle spindles fails to regain influence on motor 
circuits in the spinal cord following peripheral nerve injury. (Supported by NIH 
Grants NS20855 and NS21023).

61.14
DEPRESSIO N  OF TRANSMISSION IN GROUP lb INHIBITORY 
PATHWAYS DURING LOCOMOTOR ACTIVITY. K.G.Pearson*. 
M.J.Stephens. D.A.McCrea and S.J.Shefchvk. Dept.of Physiology, 
University of Alberta, Edmonton, and Dept.of Physiology, University of 
Manitoba, Winnipeg, Canada.

In both cats and humans there is evidence that the inhibitory 
action of group lb afferents can be reduced by the initiation of 
behavioral acts. In man, the inhibitory action of group lb afferents on 
motoneurons of contracting muscles is depressed during voluntary 
contraction (Fournier et al, Brain Res. 288: 375, 1983), while in cats, 
input from the group lb afferents from leg extensor muscles excites 
extensor motoneurons during locomotor activity (Gossard et al, 
Neurosci.Abst.16: 890). An issue arising from these observations is 
whether transmission in the lb interneuronal pathway is suppressed or 
whether the depression of lb inhibition is due to cancellation of lb 
IPSPs by EP S P s at the motoneuronal level.

To address this issue we have recorded intracellularly from 
hindleg extensor motoneurons in spinal and decerebrate cats, and 
examined the effect of inducing Active locomotor activity on the 
amplitude of the IPSPs evoked by electrical stimulation of group lb 
afferents in a variety of hindleg nerves. During locomotor activity, group 
lb IPSPs were consistently reduced or abolished. Often this occurred 
prior to the onset of longer-latency EPSPs, in the absence of disynaptic 
EPSPs, and at membrane potentials similar to those prior to locomotor 
activity. Thus, we conclude that depression of group lb inhibition during 
locomotor activity is due partially to inhibition of the interneurons in the 
lb inhibitory pathway and/or presynaptic inhibition of the lb afferents.

61.16
STIMULATION OF GROUP П MUSCLE AFFERENTS IN HINDLIMB 
FLEXOR NERVES RESETS THE STEP CYCLE DURING MLR EVOKED 
FICTIVE LOCOMOTION. MJ, Angel*. P. Guertin. M-C. Perreault. PA. Carr 
and DA. McCrea. Dept. Physiology, U. Manitoba, Winnipeg, R3E0W3 CANADA.

Conway et al. (Exp Brain Res 68:643-656,1987) demonstrated that stimulation 
of extensor but not flexor group I afferents can reset the Active locomotor cycle. 
The present study examines the effects of higher strength flexor nerve stimulation 
during MLR evoked Active locomotion in paralysed, decerebrate cats while 
recording activity in peripheral nerves. Sartorius (Sart), tibialis anterior (ТА), and 
posterior biceps-semitendinosus (PBSt) nerves were stimulated (100 or 200Hz, 20- 
50 shocks) during flexion or extension. During flexion Sart stimulation at 5T but 
not 2T (i.e. with group II afferent recruitment) caused resetting. Flexor activity was 
terminated and a burst of large-amplitude, long-duration activity was initiated in 
hip and knee extensors. Compared to the hip and knee, mudi of the ankle extensor 
activity during resetting was delayed. The threshold for TA-evoked resetting was
1.8T allowing the possibility that higher threshold group I afferents in the ТА nerve 
contribute to resetting. PBSt stimulation during flexion did not reset locomotion. 
During extension 5T ТА stimulation but not 2T produced inhibition of medial gas
trocnemius and exdtation of quadriceps and PBSt. Preliminary results suggest that 
effects of 5T Sart and ТА stimulation during extension are similar. PBSt 
stimulation during extension produced a different pattern of exdtation.

In conclusion stimulation of both flexor and extensor hindlimb afferents can reset 
the locomotor step cycle. Compared to extensors, however, the effects from flexor 
nerve stimulation occur at higher strengths. The result of either flexor or extensor 
afferent stimulation is to promote the onset or increase the duration of ipsilateral 
extension. Supported by the MRC of Canada and Human Frontiers.
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61.17
8PINAL CORD INJURY-INDUCED HYPERREFLEXIA: 
COMPARISONS BETWEEN THE CONSCIOUS AND KETAMINE 
ANESTHETIZED CAT. JS Taylor*. CJ vierck. Јr. CK 
Baum. JB Munson. Dept. Neuroscience, Univ. of 
Florida, Gainesville, FL 32610.

The study of spinal cord injury (SCI) in 
acute electrophysiological animal preparations 
may be confounded by the chosen anesthetic 
agent. We have developed a cat model of SCI in 
which a unilateral T13/L1 dorsal quadrant 
lesion leads to an immediate and sustained 
increase in stretch reflex activity in triceps 
surae muscles and which we have defined as a 
model of an animal spinal spasticity. This 
study uses dynamic stretch reflex measures to 
compare the hyperreflexia with and without the 
anesthetic Ketamine (10-13 mg/kg/hr iv), using 
the same animal as its own control. Under 
ketamine anesthesia, the leading correlates of 
spasticity were similar to those taken in the 
conscious animal: increase in the length- 
tension curve, in the ratio (lesion/intact) of 
electromyographic (EMG) and torque measures and 
in the ipsilateral tonic baseline EMG activity. 
These data show that ketamine is an appropriate 
anesthetic in which to determine the basis of 
spasticity at the cellular level. Supported by 
Grant NS27511 and the Florida IDSTF.

6 1 . 1 8

IN H IB IT O R Y  IN FL U E N C E S O F C F IB E R S O N  T H E  F L E X IO N  R E 
F L E X  R E C O R D E D  FR O M  T IB IA L IS  A N T E R IO R  IN  C A T S. J .A . 
M cM illan*, D.R .  H artn ett  J .E . Q uisno and J .L . Sm all. B io logy  D epart
m ent and  W A M I Program , M ontana S tate U n iv ., B ozem an, M T  59717

W e reported  earlier (M cM illan  et a l .,  1992, Soc. N eurosci. A bs. 
18:1549) th at peripheral C fibers can  inh ib it th e  flex ion  w ithdraw al reflex  
(FR) recorded from  sem itendinosis in  sp inal but n ot decerebrate cats. T he  
present study w as designed to  determ ine i f  such  inh ib ition  is specific  for  
sem itendinosis o r  i f  it  extends to o ther flexor  m uscles.

T he F R , evoked by stim u lating  the left scia tic  nerve a t 10 H z, w as  
m onitored  b y  recording isom etric tension  from  th e le ft tib ia lis  anterior.
T o  evaluated  influences o f  m yelinated  vs unm yelinated  fibers w e added C  
fibers to , or  rem oved them  from , th e afferent volleys by ad justing  the  
intensity o f  th e stim u li.

Inhib ition  o f  the F R  by C fibers w as seen  in  m ost instances, but w as  
seen  m ore in  th e decerebrate than  in  th e sp in al state. F urtherm ore, C  
fibers often  exerted a  com bined  excitation  and  inh ib ition  o f  th e F R . E ven  
w hen the on ly response to  C  fibers w as w eak  excitation , there w as often  a  
strong contraction  w hen  stim ulation  w a s stopped, suggesting  a  post-inhib i
tory rebound.

T hese observations are consisten t w ith  ex istence o f  a  popu lation  o f  
interneurons w h ich  (i) receive excitatory inputs from  C fib ers, (ii) are  
inh ibitory on  the F R , and (iii) are affected  d ifferen tly  by descending inputs 
than are interneurons w h ich  have excitatory influences on  th e F R . (Sup
ported  by N SF  B N S 86-1948, N S F  E P SC oR  R II-8921978 and  N IH  
5S06G M 08218-09).

R E F L E X  F U N C T I O N  I I

62.1
INITIATION OF BURST DISCHARGE IN THE EARTHWORM MEDIAL 
GIANT FIBER. J. L  Johnson*, Dept. of Phys. & Pharm., USD 
School of Medicine, Vermillion, S.D. 57069

Head end (HE) escape responses are initiated by sensory 
neurons emanating from the HE which induce repetitive discharge 
in the medial giant fiber (MGF). The role of self-excitation of the 
MGF in the generation of repetitive discharge by HE sensory 
neurons was assessed. Using the isolated nerve cord, from 1-3 
extra spikes were initiated in the MGF by two action potentials 
when the interpulse interval (IP!) was 3.6 ± 0.25 msec 
(M±SEM;N=22). The depolarizing afterpotential following a MGF 
action potential significantly increased the excitability for 11.8 ± 
0.87 msec (M±SEM; N=12). For the first burst sequence initiated 
in the MGF by tactile stimulation of the HE, the IPI between the first 
two spikes was 7.42 ± 0.44 msec (M±SEM; N=14) and the IPI 
between the second spike pair was 6.49 ± 0.68 msec 
(M±SEM;N=12). Statistical analysis suggested that the inherent 
ability of the MGF to generate extra spikes when two action 
potentials are initiated in rapid succession may not be that 
important during tactile stimulation of the HE. On the other hand, 
the depolarizing afterpotential may contribute to the generation of 
MGF burst responses to HE stimuli, once an initial spike responses 
is initiated by the tactile stimulus, by summating with subthreshold 
depolarizations. Also, summation of subthreshold responses 
generated in the MGF by HE stimulation may contribute to the 
generation of physiological MGF burst responses.

62.3
MODULATION OF ACOUSTIC STARTLE BY AUDITORY GAP PRESTIMULI 
IS DISRUPTED BY COCAINE ADMINISTRATION. D. S. Leitner* and E. 
Mitchell. Department of Psychology, Saint Joseph’s University, Philadelphia, PA 
19131-1395.

Dopamine agonists have been demonstrated to disrupt the ability of innoccuous 
sensory events (prestimuli) to reduce the amplitude of a subsequently elicited acoustic 
startle reflex (ASR). Typically, pulses of pure tones or noise have been used as 
prestimuli. The present series of experiments used brief gaps in otherwise continuous 
noise as prestimuli to investigate how their ability to modulate startle amplitude was 
affected by administration of the dopamine agonist cocaine.

In the first experiment 15 rats were exposed to a gap embedded in otherwise 
continuous 60 dB (SPL; A-weighted) white noise, whose duration varied among 1,2, 
3, 4, 5, and 50 milliseconds (msec). Also included was a "0" gap condition, 
consisting only of the .25 msec rise-fall time used in the other gap conditions, and a 
control condition in which the white noise startle-eliciting stimulus (SES) was 
presented without a gap preceding i t  The time between the gap offset and die onset of 
the SES (the interstimulus interval or ISI) was varied between 20 and 50 msec. A 
second and third experiment investigated the effects of cocaine (10 and 20 mg/kg) 
administration cm gap prestimuli presented at an ISI of 50 and 20 msec, respectively.

The results of the first experiment indicated that the brief gaps presented at a 20 
msec ISI increased ASR amplitude, while those presented at a 50 msec ISI decreased 
ASR amplitude. The 50 msec gap was inhibitory at both ISIs. In the second 
experiment, cocaine decreased the ability of brief gaps to reduce ASR amplitude when 
a 50 msec ISI was used, but did not affect the detectability of the gap. In the third 
experiment, cocaine reduced the ability of a 5 msec gap to increase ASR amplitude at a 
20 msec ISI, and its ability to reduce ASR amplitude at a 50 msec ISI. The ability of 
a 50 msec gap to reduce ASR amplitude was not affected by cocaine at either ISI. 
These data have implications for how the nervous system processes brief gaps.

6 2 . 2

TWO FORMS OF ASSOCIATIVE LONG-TERM POTENTIATION (LTP) 
EXHIBITED BY THE ISOLATED SPINAL CORD. R.G. D u rkov ic *. Dept. 
Physiology, SUNY Health Science Center, Syracuse, NY 13210

In the T -10  sp ina l ca t, pa ired  tra in s  o f e le c tr ica l s tim u li 
de livered to two h ind-lim b cutaneous nerves (saphenous [S ] and 
superfic ia l peroneal [SP]) produces a potentia tion o f flexion reflex 
responses to [S ] stim uli that lasts at least severa l hours (Behav. 
Neurol. Biol. 43:12; Exp. Br. Res. 77:621. The same stim ulus trains 
delivered in an unpaired sequence do not result in reflex potentiation. 
Recently it has been discovered that two different ways of pairing the 
stim ulus trains (different in tervals between train onsets) cause long
term  potentiation (LTP) over two d iffe rent spinal reflex circuits.

Reflex potentiation was evoked by pairing stimuli that activated A α  
and A δ  fibers o f both nerves (30 tria ls, 1 every 2 m in.). When [S] 
train onsets preceded [SP] train onsets by 1.0 sec, LTP was evoked 
over c ircu its  activated by [S ] Aδ  fibers w ithout in fluencing c ircu its 
activated by [S] Aα  fibers. When [S] train onsets followed [SP] train 
onsets by 0.25 sec, LTP was evoked over c ircuits activated by [S ] Aα  
fibers w ithout in fluencing c ircu its activated by [S] AS fibers.

W ilie r et al (1984) dem onstrated a linear re lationship between 
flex ion re flex m agnitude and pain sensa tion  in hum ans. It is 
hypothesized that the synaptic plasticity m echanism s of spinal reflex 
LTP m ay be re la ted  to those underly ing  hum an chron ic  pain 
syndrom es: A α  LTP may be related to a llodyn ia; AS LTP may be 
related to hyperalgesia. Supported by NSF Grant 8808495.

6 2 . 4

FORELIMB AND HINDLIMB CONTRIBUTIONS TO WHOLE-BODY 
ACOUSTIC STARTLE OF RAT. R.L, Seaman*. J. Chen and S.G. 
Dhadphale. Dept. of Biomedical Engineering, Louisiana Tech Univ., 
Ruston, LA 71272.

The early negative peak of the whole-body response is commonly used 
as the measured endpoint in startle of the rat. To investigate components 
of the response, we used separate piezoelectric sensors to detect responses 
at the forelimbs and hindlimbs of 15 male Sprague Dawley rats in acoustic 
startle. The experimentally naive animals were in a jointed holder that 
maintained limb position on the respective sensor. We analyzed the 
averages of 3 initial responses and 5 responses occurring later in the 
measurement session. Over the first 80 ms, the forelimb response was pre
dominantly negative, indicating downward force. The hindlimb response 
was predominantly positive, indicating upward force, with some instances 
of an earlier, smaller downward force. The whole-body response was the 
familiar negative-positive biphasic waveform. We interpret the forelimb- 
downward and hindlimb-upward forces to indicate a forward shift of body 
mass due to torso flexion. Habituation was indicated by smaller forelimb, 
hindlimb, and whole-body downward forces as well as hindlimb and whole- 
body upward forces later in the session (all p <  .01 by t-test). We conclude 
that the negative peak in the whole-body response reflects mainly extension 
of forelimbs and forward motion of the center of mass of the torso and that 
extension of hindlimbs contributes little.

This work was supported by a Louisiana Tech Faculty Development Grant 
and the Center for Rehabilitation Science and Biomedical Engineering.
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62.5
AXONS AND SYNAPSES OF THE PRIMARY ACOUSTIC 
STARTLE CIRCUIT IDENTIFIED BY COLLISION TESTS.
P,W. Frankland*. B.W. Scott and J.S. Yeomans. Dept. of Psychology, 
University of Toronto, Toronto M5S 1A1, Canada.

Davis et al. (1982) proposed that the primary acoustic startle reflex is 
mediated by synapses in the ventral cochlear nucleus (VCN), lateral 
lemniscus, and caudal pontine reticular formation (PnC). We delivered C 
and T pulses to pairs of sites along this entire pathway in chloral hydrate 
anesthetized rats, and measured thresholds for a hindlimb response (the 
"collision test"). When sites are axonally connected, thresholds increase 
at the same positive and negative C-T intervals ("symmetric collision"), 
but when sites are connected by strong synapses, thresholds increase at 
asymmetric C-T intervals (Yeomans, 1990). (1) Strong asymmetric 
collisions between VCN and contralateral ventrolateral pons (VLP) 
centered on a C-T interval of +0.6 ms suggest a monosynaptic connection 
in VLP. (2) Strong asymmetric collisions between VCN and 
contralateral medial medulla centered on + 1 .0 -1.5  ms suggest a 
disynaptic connection. (3) Strong asymmetric collisions between VLP 
and ipsilateral medial medulla, centered on +0.4 ms suggest a 
monosynaptic connection in PnC. (4) Symmetric collisions between 
VLP and ipsilateral rostral PnC, and between caudal PnC and ipsilateral 
medial medulla suggest fast axonal connections. From these, conduction 
times and transmission times were estimated for each axon bundle and 
synapse in the circuit. Latency derived estimates of transmission times 
show similar, but less precise, relationships. The collision results are 
consistent with Davis' model of the primary acoustic startle circuit, but 
provide more precise timing information.

(Supported by NSERCC grant to J.S.Y.).

62.7
A P O M O R P H IN E  A N D  A C O U S T IC  S T A R T L E  R E F L E X  
M O D IF IC A T IO N  IN  R A T S. M. K. Taylor 1. J, A. Barlow*. G. P.
Boweni. J. R. Isoņi* andS. B. Schwarzkopf2. Depts. of Psychology! and 
Psychiatry2, University of Rochester, Rochester, N.Y. 14627.

The acoustic startle reflex (ASR) is inhibited if weak stimuli (SI) occur at 
certain intervals prior to its elicitation by an intense noise burst (S2), while at 
other intervals the ASR is facilitated. A number of laboratories have shown that 
inhibition is attenuated by systemic injections of the dopamine agonist 
apomorphine, and intracranial injections implicate dopaminergic inputs to the 
nucleus accumbens in this effect. We questioned whether apomorphine: (1) affected 
ASR facilitation as well as inhibition; (2) affected the rats’ detection of S1 ; and 
(3) affected the time course of inhibition consistent with a rostral neural system’s 
being directly part of the inhibitory machinery engaged by S1. We report that 
apomorphine (.5 mg/kg, SC): (1) reduced facilitation as well as inhibition by 
noise pulses on a noise background - thus apomorphine has a general action on 
reflex modification, not on reflex inhibition alone; (2) reduced the inhibitory 
effect of brief gaps in noise (2 to 10 ms in duration at a 60 ms ISI), while 
modestly raising gap thresholds (the mean difference was significant but less than 
1 ms); and (3) reduced inhibition by a noise offset SI, even if the SI to S2 
interval was only 5 ms. The rapid onset of offset inhibition shows that the critical 
inhibitory mechanism is in the brainstem. If the changes in the rostral 
dopaminergic system produced by apomorphine are responsible for this effect, then 
their influence on reflex inhibition is indirect and modulatory — obviously no 
rostral system could be directly engaged in the processing of this SI and its 5 ms 
effect on the ASR.
(Supported by PHS Grants AG-09524, EY-01319, and MH-00859)

62.9
MODULATION OF THE MECHANICALLY EVOKED PERIORAL REFLEX  
DURING FORCE DYNAMICS. R.D. Andreatta*. S.M. Barlow, and P.S. 
Finan. Department of Speech and Hearing Sciences and Program in 
Neural Science, Indiana University, Bloomington, IN 47405.

The neural substrate underlying the perioral reflex is presumed to 
represent a vital functional component in the sensorimotor control of the 
orofacial musculature (McClean et al., Brain & Lang., 7: 42-61, 1979). 
The modes of sensorimotor integration in the lower face may be 
determined in part by the static or dynamic nature of forces generated in 
this region. The objective of the present study was to characterize the 
responsiveness of the orbicularis oris muscle to controlled mechanical 
inputs during a dynamic force generating task. Normal adult subjects were 
instructed to produce a variety of ramp forces ranging from 1 to 20 
Newtons/sec using their lip muscles. The force end-point for all ramp 
conditions was held constant at 1 N. Phasic mechanical inputs, 
approximately 0.45 N in peak amplitude and delivered under force servo, 
were applied to the vermilion of the upper lip. A 6-point skin contactor was 
maintained in position on the vermilion surface with an 0.08 to 0.10 N 
preload. Stimulus onset was referenced to one of four discrete threshold 
levels assigned to the subject-generated analog lip force signal. The 
resulting sensorimotor re-actions were complex, characterized by a short- 
latency (11-15 ms) ipsilateral burst, bilateral suppression occurring at 35- 
90 ms, and later followed by a second bilateral excitatory phase at 90 to 
130 ms. The observed sensorimotor re-actions were strongly related to 
changes in the rate of force recruitment and independent of the target 
force endpoint. The complex sensorimotor re-actions observed in the 
perioral musculature are hypothesized to reflect the operation o f a 
centrally mediated dynamical perception-action system capable of load 
compensation. (Supported by NIDCD# R01 DC00365-07).

62.6
MODULATION OF PREPULSE INHIBITION OF ACOUSTIC STARTLE 
THROUGH NMDA RECEPTORS IN THE VENTRAL SUBICULUM: NEURO
CHEMICAL AND ANATOMICAL SUBSTRATES. N. R. Swerdlow*. F, J, Wan 
and S. B. Caine. Dept. of Psychiatry, UCSD, La Jolla, CA 92093-0804.

Inhibition of the startle response to an acoustic “pulse” by a weak acoustic 
“prepulse” is an operational measure of sensorimotor gating that can be 
studied in both humans and rats. Schizophrenic patients are deficient in 
prepulse inhibition (PPI), thus elucidation of the neural circuitry underlying PPI 
in rats may provide information relevant to schizophrenia. Previous studies 
determined that cholinergic stimulation of hippocampal structures, including 
the ventral subiculum, disrupts PPI in rats (Caine et al., Psychopharmacology 
105:347, 1991; Caine et al., Pharmacol. Biochem. Behav. 43:1201, 1992). 
This study investigated the modulation of PPI by glutamatergic stimulation of 
the ventral subiculum. Weak prepulses (3-1 Odb) inhibited the startle 
response to a stimulus (120db) by 71-81% (n=17, p<0.05). Bilateral intra
cerebral infusion of N-methyl-d-aspartate (NMDA: 0,0.4,0.8μg/0.5pl/side) 
dose-dependently attenuated PPI from an average 72% to 40% (n=7/dose, 
p<0.05). Infusion of the NMDA-seiective antagonist amino-phosphono- 
valeric-acid (APV: 0,0.75,1.5μg/side) alone did not alter PPI, but co-infusion 
of APV with NMDA (0.8μg/side) prevented NMDA-induced disruption of PPI 
(n=4-7/dose, p<0.01). in other experiments, unilateral infusion of the 
flouresecent retrograde tracer nuclear yellow into the accumbens shell 
resulted in robust ipsilateral labelling of the ventral subiculum (n=4). 
Moreover, preliminary results suggest that infusion of the non-NMDA 
glutamate receptor antagonist glutamic-acid-diethyl-ester into the accumbens 
shell abolishes the disruption of PPI induced by intra-subiculum NMDA. Thus 
PPI can be disrupted through NMDA receptors in the ventral subiculum, and 
this effect may be mediated through non-NMDA glutamate receptors in the 
accumbens shell via a glutamatergic subiculo-accumbens projection.

62.8
MODULATION OF THE MECHANICALLY EVOKED PERIORAL REFLEX  
DURING SUCK FORCE DYNAMICS IN NEONATES AND INFANTS.
P.S. Finan*. S.M. Barlow, and R.D. Andreatta. Department of Speech and 
Hearing Sciences and Program in Neural Science, Indiana University, 
Bloomington, IN 47405.

Bosnia's contention that the mouth's sensory experiences are generated 
principally by its own actions, and its actions are responsive to its sensory 
experiences, provides an interesting theoretical context in which to explore 
the sensorimotor actions during the emergence of dynamic motor tasks in 
neonates and infants (Oral Sensation & Perception, 1970). The study of 
reflex action is one means to explore mechanisms of sensorimotor 
integration in the orofacial region. The objective of the present 
investigation was to characterize the specificity and gain modulation of 
mechanically evoked reflex activity in the upper and lower lip muscles of 
normal neonates and infants during a non-nutritive sucking task. Phasic 
mechanical inputs, approximately 1100 pm in peak amplitude and delivered 
under position servo, were applied to the lip vermilion near the oral angle. 
A specially designed pacifier instrumented with 8 Ag/AgCI electrodes was 
used to sample EMG from the superior and inferior divisions of the 
orbicularis oris muscle. The lumen of the baglet (nipple) was coupled to a 
pressure transducer to provide an analog signal related to the compression 
cycles produced by the jaws and tongue during sucking. Stimulus onset 
was referenced to preselected threshold levels of the suck signal. Perioral 
reflexes (R1) were present bilaterally among the four lip muscle recording 
sites. R1 activity in neonates lacked specificity and occurred at latencies 
ranging from 18 to 25 ms. The latency of this response decreased by 
approximately 8 ms during the next 6 months of life and manifested 
systematic changes in burst amplitude with the phase of the suck cycle. 
Supported by NIDCD # R01 DC00365-07.

62.10
REFLEX ORIGIN OF POST-INSPIRATORY ACTIVITY OF 
EXTERNAL INTERCOSTAL MUSCLES IN DOGS. J.R. Romaniuk. 
TÆ, Pick. K. Kowalski. J. Mitra*. G. Supinski. A.F. DiMarco, 
Department of Medicine, MetroHealth Medical Center, Case Western 
Reserve University, Cleveland, OH 44106.

Inspiratory (I) and post-inspiratory (PI) activities are generated by 
different neuronal populations. The mechanisms which control PI 
external intercostal (El) activity are unknown. Since El muscles are 
richly supplied with mechanoreceptors, which reflexly affect I-EI activity, 
we postulated that they may also control PI-EI activity. In 6  anesthetized, 
tracheotomized and vagotomized dogs, we evaluated the effect of changes 
in El muscle length on PI-EI EMG activity in 2 series of experiments: 1) 
airway occlusion (AO) was performed at end inspiration during 
spontaneous breathing and 2) lung inflation (LI) (0.7-1.0 liter) was 
applied during inspiration with a volume syringe to provide a broader 
range of changes in muscle length. Release of AO or LI and consequent 
El muscle lengthening was performed at varying times during the 
expiratory phase (Те). AO at end inspiration delayed the onset of PI-EI 
activity until release of AO, at which point, a burst of El activity 
occurred. The magnitude of evoked El activity declined progressively as 
release of AO or LI was performed later during expiration. Expressed 
as % ±  SE of peak I El EMG, the evoked El burst was 38 ±  15, 27 +r 
11 and 16 ± 8  w ith  A O  and 54  ±  9, 42  ±  10 and 3 0  ±  8  w ith  L I at 10, 
20  and 30%  of control TE. Our results suggest that PI El activity is 
evoked by stretch reflexes which are time modulated suggesting 
descending central input. (Supported by HL34143)
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6 2 .1 1

NERVES INVOLVED IN SEMEN EXPULSION IN THE RAT. 
J. Manzo*. R.A. Lucio. M.A. Camacho. A. Loranca, M. Martinez- 
Gómez. P. Pacheco. Instituto de Neuro-Etología-UV; Centro de 
Investigaciones Fisiológicas-UAT; Instituto de Investigaciones 
Biomédicas-UNAM; Mexico.

In male rats, semen expulsion and seminal plug (SP) 
deposition are processes to ensure fertilization. In a previous 
study it was observed that sectioning of the somatomotor branch 
(SM) of the pelvic nerve (PN) seems to alter the SP  weight. It 
was also observed that transection of the hypogastric nerve 
(HG) and PN viscero-cutaneous branch (VC) reduced the 
percentage of SPs. Since in that study fertilization was not 
explored, the present study analyzed this parameter. Again 
percentage and weight of SPs were explored. In SM-transected 
rats SP deposition was also studied.

Bilateral HG transectioning reduced the percentage of 
SP but weight. VC transection decreased SP  weight and SM- 
transection reduced the percentage of SPs. Striking was that 
compared to both sham (5.6±0.9) and intact (5.0±0.3) animals, 
bilateral SM-sectioned males showed a clear delay (16.6±3.9 
days) to induce pregnancy. This was not correlated with 
abnormal SP deposition.

It is probably that HG and VC are involved in semen 
production while the SM is related to intraurethral seminal 
material movement which precedes expulsion by penile muscle 
contraction.

DGAPA-UNAM (JM)

CONTROL OF POSTURE AND MOVEMENT I

6 3 .1

BRAIN FUNCTION IN BIPEDAL GAIT STUDIED WITH PET 
Ķ. Ishii. M. Senda*. H. Tovama. K.Oda. S. Ishii. K. Ishiwata and T. 
Sasaki. PET Center. Tokyo Metro. Inst. Gerontology, Tokyo, JAPAN.

This study was undertaken to investigate the human brain function 
associated with bipedal gait using nonin vasi ve technique with 18F- 
fluorodeoxyglucose (FDG) and positron emission tomography (PET). 
Seven healthy male (mean age = 31, SD = 9.4) with normal gait were 
recruited; five were right handed and the others were left. Two 
measurements were performed in each subject within a week under 30 
minutes' treadmill walk or supine rest. In both conditions, eyes were 
opened and the brightness of the room light was controlled on the same 
level. After a transmission scan, 150MBq o f FDG was injected and the 
subjects were instructed to keep one of the two conditions. Forty minutes 
after the injection, a 1 2 -minute emission scan was performed with 
HEADTOME-IV in the same position as the transmission scan. Two sets 
of images from each subject were three-dimensionally registered. The 
whole brain activity of each study was normalized and the normalized 
regional activities were evaluated as the indices of regional brain function. 
Cerebellar vermis and bilateral occipital cortices were markedly activated 
with treadmill walk in all subjects. The mean amplitude of the reaction 
was 38% in the cerebellar vermis and 11% in the occipital cortex. The 
temporal and the parietal cortices showed asymmetrical reaction; the 
activity was relatively increased in left side with treadmill walk. The 
prefrontal area showed no remarkable change in this study. The increased 
activity in the visual cortices in the walk may attributed to the more 
complex processing of the visual information than in the rest. The 
asymmetrical reaction in temporoparietal region suggests that the gait may 
affect the interhemispheric balance of the brain function.

6 3 .3

DYNAMICS OF THE W A L K -R U N  T R A N SIT IO N  IN  
HUMANS. F. I. Diedrich* and W. H. Warren, Jr. Departm ent of  
Cognitive and L in gu istic  S c ien ces, B row n U n iv ersity , 
Providence, R I02912.

Why do hum ans shift from  w alk in g to running as speed  
increases? We propose that the gait shift m inim izes energetic 
costs and behaves as a nonequilibrium  phase transition. Eight 
participants w alked and ran on  a treadm ill w hile  speed  w as 
varied. The walk-run transition w as marked a discontinuous  
change in the relative phase of the segm ents w ith in a leg  (ankle- 
hip: 81 to 14 deg; ankle-knee: 45 to - 6  deg), an increase in the 
fluctuations of relative phase, and a hysteresis trend (w alk to 
run: 2.09 m /s ;  run to walk: 2.05 m /s ) .  C hanges in stride  
frequency (1.19 to 1.25 H z) and length (1.76 to 1.74 m) at the 
transition indicated that a m inim um  energy path w as followed. 
When speed, frequency, and stride length w ere dissociated, the 
transition occurred at a constant sp eed  (2 .2 0  m /s )  near the 
equal-energy boundary betw een gaits, rather than at a critical 
frequency or stride length. These results are consistent w ith a 
dynamic theory in  w h ich  preferred locom otor states are 
attractors characterized by stable phase relationship s and  
minimum en ergy  exp en d itu re, w h ile  ga it transitions are 
characterized by a loss o f stability and m inim ization of energetic 
costs.

6 3 . 2

T H E  RO LE O F S O M A T O S E N S O R Y  IN F O R M A T IO N  IN A  
C O N S T R A IN E D  L O C O M O T O R  T A S K . S .M . H e n ry , J .M .  H e ld ,*
B .P .V ie tie  a n d  J . W e lls .  D e p t.  o f  A n a to m y  a n d  N e u ro b io lo g y , 
U n iv . o f  V e rm o n t  C o lle g e  o f  M e d ic in e , B u r l in g to n ,  V T  0 5 4 4 5 .  
T h e  a im  o f  th is  s tu d y  w a s  to  fu r th e r  e x a m in e  s t ru c tu ra l re c o v e ry  
in  th e  s o m a to s e n s o ry  th a la m u s  (V P L) p re v io u s ly  d e m o n s tra te d  
b y  W e lls  e t  a l.( J .  C o m o . N e u ro . . 1 9 8 7 )  as w e ll as th e  b e h a v io ra l 
re c o v e ry  o n  a lo c o m o to r  ta s k  in  ra ts  w i th  le s io n s  in  th e  s o m a to 
s e n s o ry  s y s te m . R a ts  w e re  tra in e d  to  tra v e rs e  an  e le v a te d  1 "  
b a r f o r  a re w a rd ,  w e re  te s te d  o n  th e  b a r ru n n in g  ta s k  fo r  5 0  
d a y s  p o s t- le s io n ,  a n d  w e re  f ilm e d  p e r io d ic a l ly .  T h e  t im e  to  c ro s s  
th e  b a r w a s  a m e a s u re  o f  g o a l d ire c te d  b e h a v io r .  T h e  t ra je c to ry  
o f  th e  h in d lim b  (HL) d u r in g  th e  s w in g  c y c le  w a s  q u a n tif ie d .  
B e h a v io ra l re c o v e ry  w a s  re p o r te d  p re v io u s ly  (N e u ro s c ie n ce  A b 
s tra c ts .  V o i.  1 8 , 1 9 9 2 ) .  T h e  le s io n  g ro u p s  w e re  1 ) r ig h t  g ra c ile  
n u c le u s  (G N ), 2 )b ila te ra l (G N ), 3 ) r ig h t  G N a n d  le f t  V P L , an d  4 ) 
b ila te ra l V P L . O n d a y  5 0  p o s t-o p ,  th e  c u n e a te  n u c le u s  (CN) 
p ro je c t io n s  to  V P L  w e re  d e te rm in e d  b y  in je c t io n  o f  5 %  W G A - 
HRP in  th e  C N  b ila te ra lly .  C N  p ro je c t io n s  w e re  n o t  re d is t r ib u te d  
in  th e  g ra c ile  a rea  o f  V P L . T h is  s u g g e s ts  th e  s t ru c tu ra l re c o v e ry  
se e n  b e fo re  in  V P L  w a s  n o t  s u f f ic ie n t  to  re s to re  n o rm a l g a it  and  
th a t  re c o v e ry  o f  th e  H L m o v e m e n t p a t te rn  m a y  re q u ire  th e  
c e n tra l p ro c e s s in g  o f  s p e c if ic  s o m a to s e n s o ry  in fo rm a tio n  f ro m  
th e  H L . F u n d e d  b y  th e  F o u n d a tio n  fo r  P h y s ic a l T h e ra p y .

6 3 . 4

RECOVERY OF STANCE AND BALANCE CONTROL IN THE 
CHRONIC SPINAL CAT. J. Fung*. C. A. Pratt and J. M. Macpherson. R.
S. Dow Neurological Sciences Institute, Portland, OR 97209.

The ability of chronic spinal cats to maintain balance during standing was 
tested by comparing stance control in awake, unrestrained cats before and after 
complete spinal cord transection (T12). Cats were trained to stand quietly on a 
moveable platform with each paw on a triaxial force plate. Quiet stance was 
perturbed by suddenly translating the platform in the horizontal plane 
(amplitude = 2 .5 -4  cm, peak velocity = 16 cm/sec, 16 different directions). 
The 3-D ground reaction forces and joint positions were recorded along with 
EMGs during quiet and perturbed stance. Data were recorded for 3 months 
before and up to 9 months post-spinalization.

After spinalization, each cat received physical therapy and stance training 
on the platform 5 days/wk. After 3-4 weeks, the cat could fully support its 
weight and could maintain independent quiet stance routinely for 5-10 sec and 
occasionally for as long as 45 sec. During quiet stance, limb kinematics and 
muscle activations were similar to the intact cat; flexor and extensor muscles 
were not co-activated. Hindlimb vertical forces were 24% smaller than 
normal, resulting in a 9 % shift of the center of pressure towards the forelimbs.

Remarkably, chronic spinal cats could maintain independent balance 
(without external support) even during horizontal translations in 62% - 97% of 
the trials (n > 60) within a recording session. Like intact cats, chronic spinal 
cats generated active  responses in which the resultant (sum of all 4 paws) 
force vectors were appropriately opposite to platform movement. Hindlimb 
active forces, unlike passive forces, were not directly opposite to platform 
movement, but were clustered around 2  preferred directions, a force strategy 
also seen in intact cats. Voluntary head movements were more destabilizing 
than platform perturbations. These preliminary results suggest that at least 
some of the basic components of stance and balance control are organized in 
the spinal cord. S upported by the Am erican Para lysis  A ssociation  and the 
Rick Hansen M an in M otion Legacy Fund.
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63.5
USE OF THE FORCE CONSTRAINT STRATEGY FOR STANCE IN THE 
CAT IS INDEPENDENT OF PRIOR EXPERIENCE. J.M. Macpherson*. 
R.S. Dow Neurological Sciences Institute, Portland, OR 97209

Standing cats, subjected to horizontal, linear translation of the support 
surface in many directions, respond by exerting force against the ground with 
each paw in one of only two directions, termed the fo rce  constrain t strategy. 
This strategy was initially characterized in animals that were well-practiced 
and adapted to each new direction of translation. This study tested i) whether 
naive cats use the strategy when first exposed to translations and, ii) whether 
the strategy is used when direction of perturbation is not predictable by the 
animal.

Cats were trained to stand quietly on force plates mounted upon a moveable 
platform. Perturbations consisted of linear translation of the platform (mean 
peak velocity 16 cm/s) in each of 16 directions in the horizontal plane. A 
subset of 4 directions was presented to naive animals (5 trials/direction, 
randomized), and all responses were recorded over 4-5 days. The animals were 
then exposed to translations in all 16 directions, presented in both a blocked 
and a randomized fashion for direction.

Animals exposed to platform translation for the first time used forces that 
were not opposite to platform movement but, rather, were oriented along the 
two preferred directions as determined from the well-practiced trials. 
Comparison of random and blocked trials showed no difference in response 
strategy or in the direction of the preferred force vectors. Thus, the force 
constraint strategy appears to be innate and independent of the animal's ability 
to predict the direction of translation. S upported by NIH  (NS29025)

63.7
CHANGES IN EMG PROFILES ASSOCIATED WITH UNEXPECTED INCREASES 
IN FALL DURATION. M.G.A. Llewellyn* N.C.E. Fletcher. C.K. Bensel and
A.J. Kerr. Biodynamics Laboratory, Army Personnel Research Establishment, 
Farnborough, United Kingdom GU14 6TD.

During jumps lower limb muscles become active before landing. We have 
studied changes in EMG profiles in jumps where the landing surface was 
unexpectedly lowered by 10 cm causing subject's to under-estimate flight 
duration by some 30 ms. Seven healthy male subjects (mean age 22.9, 1SD
4.0 years) were tested. Surface EMGs were recorded from tibialis anterior, 
gastrocnem ius, b iceps femoris and rectu s fem oris muscles of the dominant 
lower limb. Kinematics were measured using knee and ankle 
electrogoniometers and video analysis. Self-initiated jumps from a height of 
75 cm, were made onto a stage built 10 cm above a floor-mounted force 
plate (65 cm jump). The area of stage directly above the force plate could 
be removed to increase jump height (75 cm jump). During experiments 
subjects remained ignorant of the height of the jump. Filtered (30 Hz LP) and 
full-wave-rectified EMG s were averaged (N = 15) about a signal triggered 
when the feet interrupted a light beam located at the stage surface.* EMG 
profiles during 'unexpected' 75 cm jumps were compared with those from 
65 and 75 cm control jumps where the subjects knew jump height. During 
65 and 75 cm control jumps the earliest EMG activity began 200 ms before 
landing and peaked in the first 100 ms after landing. During unexpected 75 
cm jumps pre-trigger EMG activity was identical to that observed in 65 cm 
control jumps (i.e began earlier than in control 75 cm jumps) whilst the post
trigger EMG peak was delayed by a period equal to the additional flight time. 
Muscles remained active for longer than during control jumps. Results 
suggest that the termination of the rise in pre-programmed EMG activity 
before landing may be mediated via the afferent input generated on landing.

63.9
INTERACTION OF STIMULUS STRENGTH AND INITIAL CONFIGURATION IN 
FROG WIPING BEHAVIORS. J. L. Schotland*, and S. F. Giszter, Dept of Brain and 
Cognitive Sei., MIT, 77 Massachusetts Ave., Cambridge MA 02139.

Wiping responses often vary in segmentation and sequencing. Two factors which 
contribute to this variability are stimulus strength and initial configuration. We 
examined these using kinematic, EMG and force responses of both the wiping and the 
stimulated legs in hind-limb to hind-limb wipes. We examined responses to different 
strength electrical stimuli applied to the skin when the two limbs were positioned at a 
variety of different initial configurations.

We found that when the responses were examined across a variety of conditions, 
there was an interaction between stimulus strength and initial configuration. Responses 
fell into three categories; flexion withdrawal, flexion withdrawal followed by wiping, 
and direct wiping. With increasing stimulus strength or increasingly flexed initial 
configurations, the likelihood of direct wiping increased. In different configurations, the 
same strength stimulus could lead to two different behavioral sequences: (1) in 
extended configurations the stimulated limb may perform a flexion withdrawal during 
which the wiping effector limb is immobile, followed by bilateral movement into the 
’placing’ posture (involving flexion of the effector limb) and execution of wiping 
movements, or (2) in more flexed configurations both die stimulated and effector limbs 
may immediately move together into ’placing’ followed by wiping. At higher stimulus 
strengths the influence of initial configuration was abolished, and prompt bilateral 
’placing’ followed by other wiping phases were observed in all locations.

These findings help reconcile the differing reports describing the segmentation and 
sequencing of frog wiping behaviors. Each prior study used different experimental 
conditions and observed different variables. The apparent discrepancies may be due to 
how both configuration and stimulus strength information are used to determine the 
sequence of motions executed in hind-limb wiping behaviors. How the two types of 
information interact to determine the response sequence is being examined in more 
detail. Supported by NIH F32 NS09039, NS09343, AR26710, ONRN00014/90/J/1946

63.6
PHASE-DEPENDENT REFLEX RESPONSES FROM AN 
OBSTRUCTION OF THE SWING PHASE DURING HUMAN 
LOCOMOTION. J.J.Eng*, D.A. Winter and A.E. Patla. Dept. of 
Kinesiology, University of Waterloo, Ontario, Canada, N2L 3G1.

The muscle coordination in response to a trip was investigated 
using a mechanical perturbation to obstruct the swing foot at two 
different points of the swing phase (early and late). In both 
perturbations, the earliest response (70 ms) was from the stance limb 
gluteus medius to stabilize the pelvis and trunk structure. In the early 
perturbation, a flexor synergy of the swing limb was exhibited; the 
concentric action of the biceps femoris (72 ms) removed the limb 
from the obstacle and was followed by a rectus femoris response (1 1 0  
ms) which flexed the hip. In contrast, the initial responses elicited by 
the late perturbation were from the posterior stance limb muscles to 
reinforce the upright posture. Furthermore, no flexor withdrawal was 
observed, instead, the late perturbation elicited two different swing 
limb strategies which both resulted in a shortening of the swing and a 
rapid lowering of the limb to the ground with a flat foot or ball 
landing. The strategies were a) an inhibition of the vastus lateralis 
and tibialis anterior or b) an eccentric excitation of the biceps femoris. 
A flexor withdrawal would be detrimental at this time as the foot is 
about to reach the ground and the body centre of mass is anterior to 
the stance limb. These results demonstrate that the reflex responses 
concur with the functional demands of the gait cycle.

63.8
FORCE-FIELDS IN SPINAL BEHAVIORS: MODELS VERSUS EXPERIMENTS. 
S, F. Giszter*. Dept. of Brain and Cognitive Sei., MIT, Cambridge, MA 02139.

All the basic decision making and computational apparatus for frog wiping behaviors 
resides in the spinal cord, low in the control hierarchy. It can operate independently of 
supervision by the brain. Recently, the force-field approach has been used in the frog 
spinal behaviors. Are force-field primitives competent to generate wiping? To answer 
this, a simple ’behavior based’ or ’bottom-up’ model of the entire system was used, 
rather than modeling individual functions, such as trajectory formation.

The model is based on enhancements of a spreading activation network due to Maes 
(Maes, 1989, Proc. UCAI Conf, Detroit). This network generates behavior sequences 
based on (1) system goals, (2) combined sensory and motor history and (3) the current 
sensory context. The network, driving force-field primitives, mimics most aspects of 
frog wiping responses. Presented with multiple stimuli, the model chooses either 
switching or blending of responses depending on context. Different ’transition zone’ 
phenomena are replicated. The adjustment of tip position to stimulus location in an area 
of skin can be captured. Sequencing of responses is not completely stereotyped. 
’Contingency plans’ are continuously updated by the network dynamics, which is thus 
prepared for changes in external conditions. The network generates an ’exploratory’ 
response for hard-to-reach stimuli. Learning methods will be discussed.

The following features make the network plausible as a model of motor behaviors 
in the spinal cord: (1) global variables in the model network may relate to processes 
such as sensitization, depression, habituation, and mimic actions of neuromodulators, 
(2) the network is largely controlled by simple rules for sensory and central patterns 
of presynaptic inhibition, (3) the network can generate limit-cycle sequences (pattem 
generation). Experimental data that point to model shortcomings and suggests possible 
additional network modifications will discussed. The network fulfills the goal of 
providing an impetus and direction to experiments on the spinal organization of frog 
wiping behaviors. Acknowledgements: Grants NIH NS09343 and AR26710 and 
ONRN00014/90Æ/1946. Dr. P. Maes of the MIT Media lab, for helpful discussions.

63.10
MUSCLE COORDINATION OF MAXIMUM-SPEED PEDALING 
BASED ON MODELING AND KINESIOLOGICAL DATA. C.C. 
Raaschto. F.E. Zajac*to. В .Ma¥. W.S. Levine¥· C.A. Dairaghio. P. J. 
Stevenson0, and D.A. Browno. †Mech. Eng. Dept., Stanford Univ., 
Stanford, CA 94305-4021, °Rehab R&D Ctr. (153), Veterans Affairs Med. 
Ctr., Palo Alto, CA 94304, ¥Elect. Eng. Dept., Univ. of Maryland, College 
Park, MD 20742

A dynamical musculoskeletal model of stationary bicycle pedaling was 
created as a tool to aid in understanding coordination of lower limb tasks. 
It consists of the equations of motion for the two legs, the muscles, and the 
frictional and inertial load of an ergometer flywheel. Controls (muscle 
excitations) which maximize distance or speed pedaled from rest were 
found using an optimal control algorithm. Muscle on/off times, kinematics, 
and reaction forces measured in subjects pedaling from rest to maximum 
speed agreed with the simulation. The performance was found to be 
insensitive to large variations in ankle muscle control, except during a 
critical region near the transition from limb extension to flexion. In this 
region, improper ankle position causes crank deceleration, making pedaling 
execution difficult, as observed in neurologically-impaired subjects who 
fail to complete a cycle of pedaling. Simulations with this model are 
providing insights into how hypothesized neural control strategies influence 
coordination of various pedaling tasks. When the simulated control was 
constrained so that each muscle received the same signal as others in a 
"flexor" or "extensor" group, the model successfully completed a cycle; 
however, ergometer freewheel decoupling occurred. Future work includes 
assessment of the effect of other muscle synergies, initial guess, and novel 
pedaling tasks on pedaling performance and strategy. (Supported by NIH 
grant NS17662 and DVA Rehab R&D Service.)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM CONTROL OF POSTURE AND MOVEMENT I 147

63.11
GROWTH RELATED CHANGES IN LIMB KINEMATIC PARAMETERS OF 
TREADMILL LOCOMOTION IN NORMAL RATS.K.S. Cho*. P.W.
Madsen. A.E» Marcillo. J .H . Kim1. The Miami Project To 
Cure Paralysis, Dept. of Neurol. Surg., Univ. of Miami, 
Miami, FL 33136. ‘Dept. of Neurosurg., NYU Med. Cntr,
New York Univ, New York, NY 10016

In order to utilize a quantitative kinematic analysis 
method for assessment of locomotor behavior, age-related 
changes in foot trajectories of normal rat were analyzed 
consecutively in the same animals for seven weeks. The 
objective of this study was to correlate changes in 
parameters of foot trajectories with increase in body 
weight. Foot trajectories of normal, 9 week old Sprague- 
Dawley rats walking on a treadmill, were monitored and 
analyzed using a computerized motion analysis system 
combined with video technology. The trajectory, velocity, 
durations of swing and stance phases, and limb coordination were calculated and plotted for each foot.

Stride length of the fore- and hindlimbs were increased 
proportionately with the animal's body weight. The 
amplitude of vertical displacement of the forelimb also 
grew dramatically larger with the increase in body weight. 
Surprisingly, the amplitude of vertical displacement of 
the hindlimb remained the same as the animals grew larger. 
The duration of the swing phase showed a gradual increase 
proportionate to the change in body weight. The velocity 
of forelimb stride slightly declined as the animal grew 
larger, since the rate of increase in the amplitude of 
stride length was smaller than that of the increase in swing duration. In conclusion, kinematic parameters of 
fore- and hindlimb trajectories changed independently 
during growth of the animals. These changes should be 
accounted for when the locomotor behavior of the experimental animals is analyzed over a prolonged time period.

63.13
TAIL SUSPENSION WITH AND WITHOUT HINDLIMB UNLOADING AFFECTS 
NEUROMUSCULAR FUNCTION IN THE ADULT RAT. R A. Ғох*Т N.G. 
Daunton2, M.L. Corcoran2. L.C. Wu1 and F. D’Amelio1, 1San Jose State 
Univ., San Jose, CA 95192; 2NASA Ames Res. Ctr, Moffett Field, CA 94035. 
Tail suspension simulates some of the effects of spaceflight by unloading the 
hindlimbs and producing changes in the structure, physiology and 
biochemistry of the hindlimb neuromuscular system. We reported effects of 
suspension on swimming (Corcoran et al., 1990), but effects on other 
neuromuscular functions of adult rats have not been documented, nor have 
the effects of tail restriction (a consequence of suspension) without 
unloading. Thus, neuromuscular coordination was assessed following 14 
days of hindlimb suspension (S) and of restricted tail usage (TR) in 10 rats per 
group. Animals were tested immediately after suspension, and again after 2,
7, 14, 21 & 28 days. Various aspects of righting, swimming and walking were 
disrupted in both S and TR animals as compared with Controls. In S animals, 
air righting was significantly delayed, speed of swimming and walking 
significantly slowed, and the hindlimbs hyper-extended during walking. Also, 
an increase in hindlimb stride width and a shift toward moving only one foot at 
a time were seen, indicating an apparent attempt to enhance stability during 
walking. In both S and TR animals the forelimbs were used during swimming, 
a response normally seen only in neonatal rats, and animals swam at a 
significantly steeper angle. In addition, during walking, the forelimbs of S and 
TR animals were placed wider apart and the pelvis was elevated. Recovery 
rates varied, but some effects lasted at least 21 days, demonstrating that both 
hindlimb suspension (unloading) and restricted tail usage can produce long- 
lasting effects on neuromuscular function in adult rats.

63.15
RECOVERY OF LOCOMOTION IN CATS AFTER LESIONS OF THE 
VENTRAL SPINAL CORD. E. Brustein. J, Provencher. F. Lebel and S. 
Rossienol.*. CRSN, Università de Montréal, Montréal (Québec), Canada НЗС 3J7.

The importance of the ventral spinal pathways in the control of locomotion was 
evaluated in cats, by comparing their locomotor performance before and after lesions 
to the ventral half of the spinal cord. Experiments were carried in 4 cats which were 
chronically implanted for recording of electromyographic activity (EMG) from fore- 
and hindlimbs. After a control period, in which EMGs synchronized to video images 
were recorded at different treadmill speeds, tilts and rolls, the ventral half of the 
spinal cord was lesioned through openings drilled laterally in the pedicles of Til. 
This approach permitted to extensively damage the spinal cord below the central 
canal while leaving the dorsal part protected by the laminae, as was verified by 
conventional histology and HRP injected caudal to the lesion site. For about a week 
after the lesion, all cats showed pronounced postural deficits while trying to stand 
or walk overground. Although they were capable of walking voluntarily on the 
treadmill with some steering of the tail, they had poor lateral stability (n=4) and had 
some difficulties supporting the hind quarters (n=2). The irregularity in walking was 
expressed by a two fold increase in the coefficient of variation of cycle duration and 
coupling between both hindlimbs and between hind- and forelimbs. Various changes 
were also observed in the burst duration and amplitude of flexors and extensors. 
These deficits in posture and coordination prevented the animals to walk at speeds 
higher then 0.4m/s and to adapt to tilts and rolls. However, after this initial period, 
cats improved remarkably so that no major permanent deficits could be detected 
when comparing the locomotor kinematics and EMGs to those of the control period. 
These results show that descending pathways in the dorsal and dorsolateral parts of 
the spinal cord may be sufficient to maintain locomotor functions when pathways 
descending in the ventral quadrants, such as vestibulospinal and some of the 
reticulospinal pathways are severed. (Supported by NCE and MRC).

6 3 .1 2

A DYNAMIC REPRESENTATION OF HAND IN SPACE  
FOR 3D TACTILE LOCALIZATION. P. Dassonville*. J. Boline 
& A.P. Georeopoulos. VAMC Brain Sciences Center and Physiology 
Dept. U. of MN, Minneapolis, MN 55455.

A common feature of the visual and somatosensory systems is the use of 
topographic maps to encode the location of visual and tactile stimuli within the 
respective sensory surface. If the brain is to localize the stimulant in 3D space, 
however, it must combine this topographic information with an internal 
representation of the direction in which the eyes are pointing, or the location of the 
hand in space. Although this ability of the visual system has been extensively 
examined, the ability to localize a tactile stimulus in 3D space has been virtually 
ignored.

To study this problem, three human subjects were asked to make, in each trial, 
a pointing movement to a visual stimulus in otherwise complete darkness. At 
some random time before, during or after this initial movement, a tactile probe was 
presented to the tip of the subject’s index finger. The probe (1-mm diameter, 
0.75-mm extent, 5-ms duration) was applied by a lightweight (80 g) tactile 
stimulator worn on the subject's hand. To complete the task, the subject was 
required to make a second pointing movement to the 3D spatial location at which 
the probe was applied. Hand position was monitored (200 Hz) by a video-based 
motion analysis system (Motion Analysis VP320).

In each subject, probes presented just before or during the initial movement 
were mislocalized in the direction of movement (i.e., subjects perceived the probe 
to be at the location occupied by the hand 50 to 100 ms after probe onset). This 
indicates that cutaneous, kinesthetic, and motor delays are not correctly 
compensated in the dynamic representation of hand in space within the CNS. 
Moreover, this representation can change with a velocity different from that of the 
hand itself. In these respects, the internal representation of hand position is 
qualitatively similar to that observed previously for eye position (Dassonville et al. 
1992, Vis. Neurosci. 9:261-269).

6 3 .1 4

THEEFFECTS OFINTRATHECAL ADMINISTRATION OF NORADRENERGIC 
DRUGS ON THE LOCOMOTION OF ADULT SPINAL CATS. C. Chau*. J. 
Provencher. F. Lebel. H. Barbeau. and S. Rossienol. Cntr for Res. in Neurol. Sci., 
Fac. of Med., Univ. of Montréal, Québec, Canada, H3C 3J7.

Previous work has shown that i.v. injection of clonidine, an a 2 noradrenergic (NE) 
agonist, can initiate locomotion in early-spinal cats (first week after spinalization) and 
can modulate the cycle duration of the well-established locomotor pattern in the late- 
spinal cats. The present study compared the effects of another az NE agonist, 
oxymetazoline and an a, NE agonist, methoxamine, to clonidine and NE, in 2 adult 
cats spinalized at T13. Electromyographic activity recorded through chronically 
implanted electrodes, and synchronized to video images of the hindlimbs, were 
obtained before and after spinalization, and at different time intervals following 
injection of the drug intrathecally (i.t.) at L4-5. In early-spinal cats, both clonidine 
(líXtøg in 100μ1 i.t.) and oxymetazoline (lOÔ g in 100μ1 i.t.) were found to initiate 
a coordinated locomotor pattern with plantar foot placement. In late-spinal cats, both 
clonidine and oxymetazoline increased the swing phase which was often accompanied 
by a significant toe drag. While clonidine produced rapid effects which disappeared 
after 6-8 hours, oxymetazoline produced effects with a much slower onset but which 
persisted for more than 2 days. Methoxamine (lOÔ g in 100μ1 i.t.) only slightly 
modulated the step cycle duration as compared to oxymetazoline or clonidine. While 
clonidine and oxymetazoline markedly diminished the excitability of cutaneous 
reflexes (responses to mechanical taps and fast paw shake), methoxamine did not. 
In 1 late-spinal cat injected with NE (20(tøg in ΙΟΟμΙ i.t.), the cycle duration was 
increased but the cutaneous reflexes remained excitable. These results suggest that 
a2 receptor agonists can not only initiate locomotion but can also modulate 
significantly the step cycle perhaps through a reduction of reflex excitability. 
Moreover, drugs such as oxymetazoline, which have long acting effects, could have 
a significant clinical potential. (Supported by the NCE, the MRC and the FCAR).

6 3 .1 6
DEVELOPMENT OF SKILLED LOCOMOTION IN THE KITTEN: A  
COMPARISON WITH THE DEVELOPMENT OF THE CORTICOSPINAL 
TRACT. L. Girard*. C. Bleicher, T. Cabana, and T. Drew. Depts. Physiology and 
Biology, Université de Montréal, Canada, НЗС 3J7.

To examine the role o f  the corticospinal tract in the control o f locomotion during 
development, a combined behavioural and anatomical study was undertaken in the cat. 
Nine kittens, between 3 and 6 weeks old, were trained to walk on a treadmill at a 
speed o f 0 . 1-О.3m.s-1, to which was attached one or two small obstacles (height 
2.5cm). Although most o f  the kittens were capable o f  unobstructed treadmill 
locomotion at three weeks, they were unable to step over the obstacles until at least 
4 weeks. Subsequently, there was a gradual improvement so that most kittens 
successfully stepped over the obstacles at least 75% o f the time by the age o f 5 to 6 
weeks. Interestingly, in those steps in which the forelimbs hit the obstacles, the 
kittens strongly hyperflexed the hindlimbs which then successfully negotiated the 
obstacles without touching it. In addition to the behavioural study, 22 kittens, 
including some o f those studied during the obstacle walking, were used for an 
anatomical study in which WGA-HRP was injected unilaterally into the grey matter 
o f either the cervical or lumbar spinal enlargement. Quantitative analysis showed that 
the corticospinal projection to both the cervical and lumbar cord was initially bilateral 
and gradually changed to a mostly unilateral pattern between the 4th and 7th week. The 
results demonstrate that the ability o f the kitten to perform skilled locomotor 
behaviours develops with a similar time course to the development o f the mature, 
crossed projection pattern o f the corticospinal tract. (Supported by the FCAR and 
FRSQ).
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6 3 .1 7
EFFECTS OF LESIONS OF THE CORTICOSPINAL AND RUBROSPINAL 
PATHWAYS ON THE CONTROL OF LOCOMOTION IN THE CAT. W. 
JIANG* and T. DREW. Dept. Physiology, Università de Montréal, Canada.

To investigate the importance of the corticospinal and rubrospinal pathways in 
the control of different locomotor functions, bilateral partial lesions of the spinal 
cord at T13 were made under general anaesthesia. These lesions encompassed: a) 
both the dorsal columns (DC) and the dorsolateral funiculi (DLF)(n=2); b) DLF 
alone (n=2) and; c) DC alone (n=l). Terminal experiments using HRP injected 
caudal to the lesion site showed that the corticospinal tract (CST) was largely 
destroyed in three cats and that in two of these animals the rubrospinal tract was 
also heavily damaged. After the lesion all cats showed an immediate increase in 
the variation of the hindlimb step cycle, an increased duration of the hip flexor 
sartorius, and a change in the relative time of onset of the hip and knee flexors. 
In the 4 cats with DLF lesions there was also a significant reduction (30-40%) in 
the excursion of the joint angles at the hip, knee and ankle during swing, together 
with an increase in the plantarflexion of the metatarsal joints. While most of these 
deficits showed a marked improvement after three weeks, the cats showed a 
continued inability to adjust the limb trajectory sufficiently to step over obstacles 
attached to the treadmill belt. None of the 3 animals with severe damage of the 
CST ever recovered the capacity to step over the obstacles (up to 150 days) while 
the two cats with little or no damage to the DLF recovered completely after 15 
days. These experiments show that bilateral destruction of the pathways in the 
DLF results in a permanent loss of the animal’s ability to perform voluntary gait 
modifications, even though normal treadmill locomotion fully recovers over the 
first three weeks after the lesion. (Supported by the FRSQ, NCE and the Rick 
Hansen Man in Motion Legacy Fund.)

6 3 .1 8
INITIATION OF GAIT FROM A SEATED POSITION. A. Maanan and B.J. 
McFadven*. Dept. Kinanthropologie, Università du Québec à Montréal, 
Québec, Canada, НЗС 3P8.

Rising from a chair has only been studied in relation to the final goal of 
static standing. In everyday living, the purpose of this task is much more 
complex and very often includes the gait initiation process as well. The 
coordination of these two tasks together imposes interesting motor control 
challenges for both locomotion and posture.

Ten normal adult males performed 5 trials of sit to stand (STS) and sit 
to walk (STW) at their natural speed. Subjects were seated in an adjustable 
chair without arms, and foot placement was self-selected and controlled. 
Two force platforms and a 3D video system were employed for a complete 
bilateral analysis of ground reaction forces, braking and propulsive impulses 
and displacement of centre of pressure and total body centre of mass (CM).

The results show no apparent anticipation of walking during the 
unloading phase on the chair, and ground reaction forces remained 
symmetrical at this time for both conditions. Although body lift remains 
bilaterally symmetrical in STS, asymmetric lifting begins just prior to or at 
seat off with the initiation of walking by first transferring weight to one side 
and than to the other. CM trajectory differences are apparent later than 
those for the ground reaction force dynamics. Maximum CM height is 
achieved just following the first peak of propulsive impulse in STW. The 
results show that the multi-goal sit-to-walk movement is not a complete 
serial arrangement of the separate rising and locomotive tasks, but are 
merged in such a way as to maintain the integrity of each. Studies of gait 
initiation from a seated position have implications for the understanding of 
the coordination of more complex multi-goal locomotor processes.

6 3 .1 9

LOCOMOTION STIMULATED FROM EITHER THE NUCLEUS 
ACCUMBENS OR THE VENTRAL PALLIDUM IS MAINLY 
REGULATED BY THE VENTRAL TEGMENTAL AREA RATHER 
THAN THE MEDIODORSAL THALAMUS. L. Churchilfand P.W. 
Kalivas. Department of Veterinary & Comparative Anatomy, 
Pharmacology & Physiology. Washington State University, Pullman, 
WA 99164-6520.

The mesolimbic circuit transfers information from the limbic system 
to motor systems. Brain areas in this circuit are the nucleus accumbens 
(NA), which projects to the ventral pallidum (VP), which, in turn, 
projects to the mediodorsal (MD) thalamus or the ventral tegmental area 
(VTA). Horizontal activity and total distance (measures of locomotion) 
and stereotypic movements were significantly increased when the 
glutamate agonist, amino-3-hydroxy-5-methylisoxazolepropionic acid 
(AMPA) or the μ-opioid agonist, Tyr-D-Ala-Gly-NmePhe-Gly-OH 
(DAMGO), was microinjected into either the NA or VP. In these 
experiments, we tested whether either the VTA or the MD thalamus 
would block NA- or VP-inititated locomotion. Baclofen which blocks 
dopaminergic neuronal firing in the VTA, blocked the horizontal 
activity, total distance, and stereotypic movements initiated from either 
the NA or VP by AMPA or by DAMGO from the VP. However, 
when procaine anesthetized the MD thalamus, no signficiant changes in 
these parameters were observed. DAMGO-stimulated locomotion 
from the NA, however, was blocked by procaine in the MD thalamus, 
but not by baclofen in the VTA. These results suggest that the 
functional outputs of the NA or VP chose different anatomical routes 
depending on the transmitter involved.

C O N T R O L  O F  P O S T U R E  A N D  M OVEM ENT II

6 4 .1
UNDERSTANDING THE ROLES OF SENSORY INPUTS IN THE 
CONTROL OF LIMB TRAJECTORY OVER OBSTACLES DURING 
LOCOMOTION. Aftab E. Patta*. S. Rietdvk. S. Prentice. G. Unger-Peters. 
& L. Gobbi. Department of Kinesiology, University of Waterloo, Waterloo, 
Ontario, N2L 3G1.

We are exploring the roles of inputs from the three frames of reference, 
exteroceptive, expropioceptive and propioceptive, in the control of limb 
trajectory over obstacles during locomotion. Exproprioceptive input 
(information about limb orientation and movement provided by the visual 
system) was manipulated by having subjects wear glasses with blinders 
restricting their view of their limbs. Subjects were asked to match the height 
of obstacles (0.5 cm - 38 cm) placed infront by lifting their limb off the 
ground from a standing posture. Obstacles below 18 cm were overestimated 
by ~ 2  cm, while obstacles above 18 cm were underestimated by ~ 2  cm, 
suggesting variability in translating exteroceptive input into appropriate limb 
elevation. Goggles restricting their limb view had no effect on these 
matching efforts. During walking trials, wearing of goggles increased the toe 
clearance (by ~ 2  cm), and the anterior foot placement before the obstacle (~ 
3 cm). Limb trajectory over the obstacle showed a discrete change for 
obstacles over 18 cm: Maximum toe elevation occurred closer to the
obstacles (1 cm vs 5 cm). Toe clearance (~ 8  - 9 cm) over obstacles and 
relative contribution of hip hiking (~ 2 1 %) were unaffected by obstacles over 
2 cm. Vibration of the dorsiflexor or the plantar flexors (to provide 
inappropriate proprioceptive input) while the subjects were going over the 
obstacles, had no effect on the toe clearance. (Supported by NSERC Canada.)

6 4 .2

KINETIC REQUIREMENTS OF POSTURAL RECOVERY: WHAT 
IS A HIP STRATEGY? L.A. Brown*. J.S. Frank, and M.J Stephens. 
Motor control Lab, Dept. o f Kinesiology, University o f Waterloo, 
Waterloo, Ontario, Canada.

Investigations based on electromyographic and kinematic 
responses to postural perturbation have failed to provide insight into the 
kinetic requirements of postural recovery. It was the purpose o f this 
study to examine the kinetic characteristics (joint power) o f postural 
recovery from external perturbations o f increasing magnitude. Postural 
perturbations were elicited by an external force applied to the thoracic 
region o f the back. Each subject was exposed to one series (5 trials) 
at each o f three magnitudes o f perturbation (70N, 80N, 90N). Ground 
reaction force and joint kinematic results o f four subjects were analyzed 
through an inverse dynamics solution to provide the required kinetic 
outputs. Postural recovery was characterized by a large power 
absorption at the hip, coupled with a lesser power generation at the 
ankle and knee joints. Further investigation revealed that the 
magnitude o f joint power activity increased with the magnitude of  
centre o f mass displacement for three o f the four subjects tested. 
Under these circumstances, absorption at the hip revealed that the hip 
flexion was controlled by an extensor moment rather than generated by 
a flexor moment (Is this a hip strategy?). From the results o f this 
study it appears that joint kinetic patterns best reveal the plan o f the 
ČNS for the control o f upright stance.
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64 .3

GENERATING LOCOMOTOR ACTIVITY PATTERNS USING 
NEUROCOMPUTATIONAL MODELS: INPUT IDENTIFICATION AND 
NETWORK DESIGN
S.D.Prentice* and A.E.Patla. Dept. of Kinesiology, Univ. of Waterloo, 
Waterloo, Ontario, Canada, N2L 3G1.

Artificial neural network models were used to generate muscle activation 
time histories from desired locomotor kinematics of human subjects. These 
mappings require the identification of appropriate kinematic inputs and 
network architecture. Different input sets were created to train a variety of 
network designs. The architectures were primarily fully-connected feed
forward models consisting of an input layer, one or two hidden layers and an 
output layer. Some network models included extra processing elements to 
provide farther processing of the input data to reduce the number of input 
parameters. Each input data set consisted of a combination of joint 
trajectories, velocities and accelerations of the hip, knee and ankle. The 
output data remained the same for all models and consisted of the activation 
time histories of the soleus, tibialis anterior, biceps femoris and rectus 
femoris. All trainable connection weights were obtained using a standard 
backpropagation learning algorithm. The data set used to train the network 
included data from normal overground walking as well as when subjects 
walked over obstacles of different heights placed in their path. A second data 
set containing strides not used in training the network were used to test the 
networks ability to generalize to other conditions. The resulting networks 
demonstrated that inclusion of the higher order kinematics were necessary to 
obtain a good agreement between the generated and actual activation patterns. 
Analysis of network connection weights following training provided 
information on the importance of each kinematic input. (Supported by a grant 
from NSERC, Canada)

64.5
RECOVERY OF LOCOMOTOR FUNCTION AFTER HEMISECTION OF 
СШСК SPINAL CORD. G.D.Muir* and J.D.Steeves. Depts of Zoology and 
Anatomy, University of British Columbia, Vancouver, B.C. V6T 1Z4.

To characterize the locomotor deficits resulting from an incomplete spinal 
cord injury in a bipedal animal, lateral hemisections of the lower thoracic cord 
were performed on hatchling chicks. Twenty-four hours after the injury, all 
chicks were able to walk, though each had visible abnormalities. The 
locomotor characteristics of each animal were examined at different intervals 
over a two week recovery period. Three sets of data (kinematic and kinetic 
measurements of limb motion, as well as electromyographic (EMG) records 
from four identified hindlimb muscles) were collected simultaneously during 
each recording session, as the animal walked and ran along a straight path. 
Kinetic ground reaction forces (in three orthogonal directions) were measured 
using a force platform, embedded within the substrate. Kinematic and EMG 
analyses revealed lack of normal flexion at the hip, knee and ankle of the limb 
ipsilateral to the lesion during the swing phase. The amplitude of the vertical 
ground reaction force was reduced in the ipsilateral limb. Fore-aft ground 
reaction forces showed that all deceleration was accomplished by the limb 
contralateral to the lesion, while all forward propulsion was accomplished by 
the ipsilateral limb. The amplitude of the medial-lateral forces were generally 
greater in the limb ipsilateral to the lesion when compared to those of the 
contralateral limb and to those in sham-operated animals. Two weeks after the 
hemisection, the locomotor characteristics of all experimental animals 
approached those of sham-operated animals, with some experimental animals 
being indistinguishable from controls. (Supported by NSERC and a fellowship 
to G.D.M. from the MRC).

64.7
INHIBITION OF DOG PLANTAR MUSCLE H REFLEXES DURINO 
ROTATION ABOUT THE KNEE DOES NOT ARISE FROM HINDLIMB 
CUTANEOUS OR KNEE JOINT RECEPTORS. J.E. Mlalaszek*. J.D. 
Brooke. J.K. Barclay. School of Human Biology, University 
of Guelph, Ontario, Canada NIG 2W1.

H reflexes from a dog hindpaw plantar muscle are 
depressed during locomotor-like rotation about the knee. 
He investigated this reflex depression in dogs deprived 
of hindlimb cutaneous and knee joint receptors. H 
reflexes and M waves were recorded from the second 
interosseous muscle of the hindpaw of four anaesthetized 
dogs during two preparationsî 1) receptor intact and 2) 
receptor deficient. Data were obtained during A) a 
stationary control, B) rotation of the shank about the 
knee appropriate for 1.4 strides/s through 80° to 130°, 
and C) a second stationary control for each preparation.
M wave amplitudes, an indicator of stimulus intensity, 
were stable over samples for each preparation. Rotation 
about the knee continued to significantly reduce reflex 
magnitudes after receptor deprivation, compared to 
controls. [Mean H reflexes as %Mmax for each animal, 
receptor intact: condition A) 13.9%, B) 8.3%, C) 14.7%; 
receptor deprived: condition A) 11.4%, B) 5.2%, C)
10.1%]. The reflex depression observed during the 
movement condition was similar in both preparations, 
indicating that the movement induced depression witnessed 
in the intact dog does not likely arise from cutaneous or 
knee joint receptors. Supported by NSERC (Canada).

6 4 .4
TOE JOINT KINETICS DURING FORWARD AND BACKWARD WALKING. 
Tamara V. Trank* and Judith L. Smith. Neuromotor Control Laboratory, Dept. of 
Physiological Science, UCLA, Los Angeles, CA, 90024-1568.

We have previously described kinematics and related EMG of the toe (metatarso
phalangeal joint) during forward (FWD) and backward (BWD) treadmill walking in the 
cat (Soc. Neurosci. Abstr., 1992). As both kinematics and EMG may be poor 
predictors of force production, it is necessary to determine the muscle torques acting at 
the toe in order to understand the role of toe muscles. Therefore, the toe joint kinetics 
were assessed using methods described by Hoy and Zemicke Ų. Biomech. 18,1985).

In both FWD and BWD walking, the NET torque was small, and the GRA 
(gravitational) torque paralleled the NET. In both forms of walking, the MUS 
(generalized muscle) torque remained extensor and had a tendency towards a biphasic 
pattern that was more apparent in BWD walking. In FWD walking, the extensor 
MUS torque was primarily opposed by a flexor MDT (motion-dependent torque) for 
the first 4Q±5% of swing and by a flexor GRA torque for the remaining 60±5% of 
swing. The main contributors to the MDT were components related to the angular 
accelerations of the paw and leg segments. Torque components for BWD swing were 
larger in magnitude and were the approximate time reversals of those for FWD swing, 
as the extensor MUS torque counterbalanced a flexor GRA torque for the first 60±5% 
of swing and a flexor MDT for the remaining 40±5% of swing. The angular 
acceleration of the paw was the only main contributor to the MDT component in 
BWD walking.

The biphasic MUS torque profiles were consistent with the EMG records from the 
EDL, a toe extensor, and contributed to our understanding of the EDL’s role in 
controlling toe action. In general, the early MUS torque during FWD swing was 
larger in magnitude than the late torque and coincided with the F-El reversal of the toe 
and the first EDL burst. The late MUS torque coincided with the second EDL burst, 
early FHL activity, and preceded paw contact. In BWD walking, the second MUS 
torque component was larger and coincided with the second EDL burst and the F-El 
reversal of late swing. The early MUS torque component was associated with the first 
EDL burst and the onset of swing. Research supported by NIH NS 19864.

6 4 .6
DEPRESSION OF SOMATOSENSORY EVOKED POTENTIALS DURING 
ACTIVE AND PASSIVE PEDALLING MOVEMENTS OF THE HUMAN LOWER 
LIMB. W.R. Staines*.aņd J.D.Brooke. Human 
Neurophysiology Lab, School of Human Biology, University 
of Guelph, Ontario, Canada, N1G 2W1.

Cerebral somatosensory evoked potentials (SEPs) are 
attenuated during active and passive discrete movements 
of the fingers, whether the stimulus has a cutaneous or 
muscle afferent origin. The spinal H ręflex pathway is 
inhibited during active and passive rhythmic movements of 
the lower limb. We investigated SEP magnitudes, from 
activation of cutaneous (sural:ankle) and mixed (tibial: 
knee) nerve trunks, during active and passive pedalling 
movements of the human lower limb. Four volunteers 
participated, each in two separate experimental sessions 
(sural and tibial). Per condition, 150 SEPs were recorded 
from Cz' referenced to Fpz'. Soleus H reflexes, with 
stable M waves, were inhibited by the movements (p<0.05). 
As percent stationary controls, active and passive limb 
movements also significantly depressed the SEP primary 
complex (respective mean values, P31-N45 for tibial nerve 
stimulation, 12.8%, 9.9% and P41-N55 for sural nerve 
stimulation at 3*ST, 29.6%, 25.6% p<0.05). Thus human leg 
movement, eliciting centripetal flow from somatosensory 
receptors, paradoxically is associated with attenuation 
of such flow in both spinal reflex and the cerebral 
transmitted potentials from large diameter primary 
afferente. Supported by NSERC CANADA.

6 4 .8
Human Soleus H Reflexes Are Substantially Inhibited 
during Passive Stepping-like Movement of Segments of the 
Lower Limb J, Cheng*. J.D, Brooke, J.E. Misiaszek, and
K. Laffertv Human Neurophysiol. Lab., School of Human 
Biology, University of Guelph, Ont. N1G 2W1, Canada
H reflex transmission is substantially inhibited in the 

swing phase during stepping, walking and running in 
normal humans. Can this inhibition be induced by passive 
stepping-like movement of segments of the lower limb?
Four subjects were dorsally tilted to obtain quiet 
postural muscles. Passive flexion-extension movements 
were made about the hip or the knee to mimic the 
goniometer traces of the corresponding joints recorded 
during natural stepping. The reflexes, with stable M wave 
magnitudes, were evoked close to full flexion for the 
swing phase at two tilt positions (A: 20° of tilt from 
vertical, B: lying prone) where the postural muscles were 
silent. Compared to stationary controls, passive flexion- 
extension movement about both the hip and the knee 
significantly inhibited the reflex at both tilt 
positions, [mean H reflexes (%Mmax) at positions A and B: 
control 69.8%, 92.5%; knee 18.9%, 19.4%; hip 37.4%, 
62.0%]. The extent of the inhibition was positively 
related to the range of motion of the joints. It is 
concluded that inhibition of H reflex transmission during 
human gait likely arises from somatosensory receptors 
activated by the locomotion itself. Supported by NSERC 
CANADA and U. of Guelph Fellowships.
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6 4 .9
COGNITIVE PROCESSES INVOLVED FOR REGULATING BALANCE WHEN 
WALKING. N. Teasdale, Y. Lajoje, M. Fleury* and C. Bard. 
Labomtoire de performance motrice hurnaine, Universite 
Laval, Quebec, Canada G1K 7 PM·.
The dual-task methcxlology was. used to assess the atten- 
tional demands necessary for walfing and to determine 
whether the demands varied with the intrinsic balance re
quirements. Subjects walked at their preferred pace on 
an 8-m long pathway and auditory stimuli were given ran
domly when subjects initiated a' single or a double-support 
phase. The task was to respond vocally as rapidly as 
possible to the stimulus without interrupting their gait. 
Subjects also received auditory stimuli in a sitting and 
in a sitting and in an upright standing position. When 
compared to a control (no stimulus) walking condition, 
the gait pattern was unaffected by the presentation of 
the stimuli. The reaction times (RT) to the stimuli were 
slower for the walking task (303 ms)than for the standing 
and sitting tasks (235 and 261 ms). More important, the 
attentional demands were significantly greater for the 
single (328 ms) than for the double support condition 
(270 ms). A  patient deprived of sensory information be
low the neck was submitted to similar conditions and 
showed a large increase in RT when walking, suggesting 
that a large portion of the attentional ressources avai
lable had to be allocated to the control of balance. 
Ongoing balance regulations may occur at a high level 
within a walking cycle.

6 4 .1 1

INTERACTION BETWEEN THE POSTURAL ADJUSTMENTS FOR 
VOLUNTARY STEP INITIATION AND POSTURAL RESPONSES TO 
SURFACE TRANSLATION. A,L. Burleigh*. F. Malouin. F.B. Horak. 
R.S.D. Neurol. Sci. Inst., Portland, OR, 97209 & Oregon Health Sci. Univ 

To gain a better understanding of the postural adjustments which must 
precede voluntary movement, human subjects were exposed to backward 
surface translations at the same time they were to initiate a voluntary step. 
Surface EMGs, platform forces and kinematics were analyzed to 
determine the postural interactions. The surface translation caused a 
forward sway of the body and elicited a medium latency gastrocnemius 
and soleus response when the goal was to restore upright equilibrium of 
the body. However, our results show that when the translation was paired 
with voluntary step initiation, the medium latency response was modified 
up to 100 ms prior to muscle activation for the step initiation. The degree 
of inhibition of the gastrocnemius and soleus on the initial stance and 
swing limbs differed. In addition, the anticipatory phase of the postural 
adjustments for step initiation was shortened and the forward sway 
induced by the platform translation was incorporated into the motor plan 
for the step. The progression velocity of the body was enhanced, and 
there was less propulsive force for performance of the step initiation 
compared to a non-perturbed stance.

This study has demonstrated that externally triggered postural 
responses to surface translation interact with the centrally triggered 
postural adjustments for voluntary step initiation. This would suggest that 
the central command for step initiation alters the excitability of the 
central nervous system and that there is a dynamic postural interaction 
for optimization of the voluntary movement goal.

S u p p o r t e d  b y  T h e  F o u n d a t io n  f o r  P h y s i c a l  T h e r a p y  a n d  N IA

6 4 .1 3

THE SPATIAL ORGANIZATION AND NEURAL BASIS OF VISUALLY 
TRIGGERED ESCAPE IN THE FROG. J.M. Roche and C.M. Comer* Dept. 
Biol. Sciences, Univ. Illinois at Chicago, Chicago, IL 60680

The retinotectal pathway controls a variety of visual orienting behaviors. Anuran 
amphibians have a well characterized visual orienting response toward prey, and are 
known to respond by jumping away from looming visual stimuli, although this 
escape behavior has not yet been carefully characterized. We have analyzed the 
directionality of visually triggered escape in frogs and also begun to assess the role 
of descending tectofugal pathways in escape turning (or turning toward prey) by 
lesioning tectal efferents.

The escape responses of adult frogs, Rana p ip ien s, were recorded with a high 
speed video system. Hundreds of jumps have been reconstructed from frame-by- 
frame analysis. Rapid approach o f a black square produced jumping responses on 
70-80% of all trials, and the responses began with a turning movement that 
systematically directed the jump away from the stimulus. Thus visually triggered 
escape is a directed, spatially organized behavior as is prey capture. Behavior was 
also assessed after damage to brainstem tracts known to carry tectofugal signals.

Unilateral ablation o f tectal outputs is known to disrupt the turning component of  
prey capture only in the ipsilateral visual hemifield, i.e. affecting a crossed 
descending tectal pathway (Kostyk and Grobstein, Neurosci. 21:41, 1987). We 
found that such lesions also disrupt the fuming component of visually evoked 
escape, but only in the contralateral hemifield, i.e. affecting an uncrossed 
descending tectal pathway. These unilateral lesions are consistent at the level of 
motor effects: for example, a left side lesion abolishes turns toward prey targets in 
the left visual field (left turns), and turns away from looming objects in the right 
visual field (also left turns). Analysis of small lesions suggests that fibers which 
underlie orientation toward [approach] and orientation away [escape] run in distinct 
trajectories through the midbrain and brainstem.

6 4 .1 0
ANTICIPATORY SWAY STRATEGY INFLUENCES ARM FLEXION 
REACTION TIMES. C.S. Lavne*1. G. Tones and A.E. Reed. Kansas State 
University, Manhattan, KS 66506 and ^KRUG Life Sciences, Houston, TX 
77057

A variety of center of pressure (COP) sway strategies accompanying 
rapid arm flexion have been reported (e.g. Riach and Hays, 1990, Bouisset 
and Zattara, 1987). In order to determine if handedness influences sway 
strategies and/or arm movement reaction times, COP measures, lower 
limb, trunk, and shoulder EMG latencies, and reaction times (RT defined as 
the latency from visual stimulus until arm movement initiation), were 
obtained from 19 female, right-handed subjects during rapid arm raises. 
Subjects performed blocks of 44 right and 44 left arm raises. Analysis 
involving all subjects revealed significant differences in RT and lower limb 
EMG latencies between right and left arm raises. Subsequent analysis 
revealed that the differences could be attributed to the fact that 16 of the 
subjects exhibited slight posterior movement of the COP before beginning 
left arm movement initiation ("Backward swayers", BWs) but only 13 
subjects displayed a posterior sway pattem prior to right arm movements. 
The remaining six subjects displayed an anterior "drift" of the COP before 
right arm movement ("Forward swayers", FWs). FWs displayed greater 
maximum anterior COP excursion and exerted more anterior-posterior 
force to maintain upright equilibrium than BWs. BWs had decreased lower 
limb EMG latencies (relative to RT) and faster RTs, independent of which 
arm was raised. However, the anterior deltoid latencies and premotor 
time, defined as the latency from the movement stimulus until the first 
EMG onset of lower limb musculature, were the same for both forward 
and backward swayers. Thus, the differences in RT can be attributed 
primarily to differences in anticipatory postural control sway strategies.

6 4 .1 2

FINGERTIP CONTACT WITH ROUGH AND SLIPPERY SURFACES REDUCES 
POSTURAL SWAY. J . J . Jeka* and J .R. Lackner. Ashton Graybiel 
S p a tia l O rientation  Laboratory, Brandeis U n iversity , 
Waltham, MA 02254.

When a standing su b ject touches a s ta b le  surface w ith  
an index f in g e r t ip , p ostu ra l sway i s  s ig n if ic a n t ly  
reduced, even when the app lied  force i s  inadequate to  
m echanically s t a b i l i z e  the body. We stu d ied  the 
re la tio n sh ip  between p ostu ra l sway and f in g e r tip  contact 
forces  in  three con d ition s: no f in g e r t ip  con tac t, touch 
con tact (< 1 N o f force) and force  con tact (~ 10 N o f  
fo r c e ) ,  w ith both rough and s lip p ery  su rfa ces .

Compared to the no con tact con d ition , mean sway 
amplitude (MSA) and EMG a c t iv i t y  in  the l e f t  and r ig h t  
peroneal m uscles were s ig n if ic a n t ly  lower w ith both touch 
and force  con tact. No d iffe re n c e s  were observed between 
the rough and s lip p ery  con d ition s for MSA, EMG a c t iv it y  or 
mean contact fo rce . However, c o rr e la tio n s  between postural 
sway and f in g e r tip  contact force decreased, along with  
con tact force mean to t a l  power, from the rough to the 
s lip p ery  con d ition , but only w ith force con tact. Changes 
in  contact force occurred on average 200-300 ms ahead o f  
p ostu ra l sway changes in  a l l  con d ition s except force  
contact-rough, in  which the time delay was < 100 ms. This 
p attern  o f r e s u lt s  im p lies th a t su b jec ts  in te n tio n a lly  
minimized the p o ten tia l for  s l ip  in  the force contact 
case , using the f in g e r t ip  forces  to provide s ig n if ic a n t  
mechanical support. In -co n tra st, ' s l ip  avoidance' was not 
observed with touch con tact, su ggestin g  th at cues from the 
f in g e r t ip  provide inform ation about body sway leadin g to  
MSA reduction  through con tro l o f musculature remote from 
the arm.

6 4 .1 4

E L E C T R O M Y O G R A P H IC  A N D  K IN E M A T IC  
INDICATORS OF THE COORDINATION OF A  LIFTING  
TASK. J.P. Scholz . Interdisciplinary Neuroscience and 
Physical Therapy Programs, Univ. of Delaware, Newark, D E  
19716

Relative phase lags between electromyographic (EM G) 
onsets of erector spinae (ES) and quadriceps (Q U A D ) 
muscles were studied in 1 0  men to help determine the 
neuromuscular basis of observed kinematic changes in knee- 
back joint coordination when increasing the load lifted from 
15-75% of a subject’s lifting capacity.

The ES-QUAD phase lag increased with increases in the 
load lifted (F4,3 6 =12.7, p<.001), consistent with observed 
linear increases in relative phasing between knee and back 
angles (F4 ,3 6 =20.1, pc.001). Overall, correlation between 
EMG and kinematic phase measures was 0.37 (p < .01). How
ever, for 6  subjects showing the largest change in kinematic 
relative phasing, the correlation was 0.74 (p<.001). In 
contrast, no relationship was found between the EM G and 
kinematic measures in the other 4 subjects (p = .998), 
suggesting different coordination strategies were used to 
accomplish the task. Individual differences in cocontraction 
between back and abdominal muscles will need further 
exploration to help elucidate the observed differences.
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6 4 .1 5

TRUNK MUSCLE EMG DURING ARM REACHING FOR DIFFERENT 
TARGET DIRECTIONS AND TARGET DISTANCES. A. E. Tyler* and 
Z. Hasan. Dept. of Physiology, Univ. of Arizona, Tucson, AZ 85724.

Trunk muscles are considered to play a postural role during arm 
movements, but only a limited set of conditions have been examined. We 
examined trunk muscle activity while the task variables of target direction 
and distance were broadly varied. Seated subjects performed bilateral arm 
reaching movements in the vertical plane to visible targets, either in 24 
target directions to a constant target distance (25cm), or in four target 
directions to four target distances (two within and two beyond arm's 
length). Surface EMG activity was recorded from paraspinal, abdominal, 
anterior and posterior deltoid, and latissimus muscles. Trunk position as 
well as wrist and trunk acceleration were recorded.

Trunk muscles displayed a clear reciprocal bursting pattern which 
varied systematically with target direction. Computer simulations of net 

joint torques indicated that initial EMG changes were qualitatively 
consistent with a postural role of resisting dynamic intersegmental effects 
of the arm on the trunk for most but not all target directions. Target 
directions diagonally forward and upward were associated with an initial 
burst in paraspinal EMG for short target distances. In contrast, reaches to 
target distances greater than arm’s length which required trunk flexion 
were associated with an initial p a u se  preceding the paraspinal burst and an 
earlier onset of abdominal EMG. In summary, trunk EMG patterns were 
modulated in continua across target directions and distances. Initial EMG, 
however, was not always qualitatively appropriate to keep the trunk from 
moving. (Supported by NIH grants NS19407 and NS07309.)

6 4 .1 7

COORDINATING POSTURE AND MOVEMENT: INFLUENCE OF TASK 
PRECISION
Е.М.Еаrl. and J.S.Frank. Dept. of Kinesiology, Univ. of Waterloo, 
Waterloo, Ontario, Canada, N2L 3G1.

Voluntary movements of the arms are accompanied by stabilizing postural 
adjustments of the trunk and lower limbs. This investigation examined 
whether a change in precision demands of the arm movement also modifies 
the accompanying postural adjustments. Six, healthy adults were asked to lift 
a tray of glasses from a table at waist height and place it on a shelf 10  in. 
above and 15 in. infront of the starting position; hence, the movement created 
an anterior perturbation to stance posture. Tall, filled wine glasses and short, 
partially filled tumblers were used to create high and low precision demands 
for the focal movement, respectively; the mass of the tray was matched across 
conditions and the movements were performed under a single choice reaction 
time paradigm. The focal movement and compensatory postural adjustments 
were described using emg, kinetic and kinematic measures. The emg and 
joint moment analyses revealed that the posterior muscle groups of the lower 
limbs and trunk were used to control postural stability. The initiation of the 
transport task (vertical acceleration of the hand) was preceded by postural 
stabilization; however, with greater precision demands there was a closer 
temporal coupling between postural and focal actions. During the forward 
placement of the tray, centre of mass (CofM) moved further forward when 
precision demands were high. This greater displacement of the CofM was 
controlled by extending the relative time to peak joint moments and peak 
centre of pressure displacement. The CNS plan for meeting the precision 
demands of upper limb movements appears to include subtle changes in the 
control of accompanying postural adjustments.

64 .1 9
EFFECTS OF PREVIOUS POSTURAL STATE ON THE 
BIOMECHANICAL PARAMETERS OF PERTURBED UPRIGHT 
STANCE. · MJ. Stephens* and J.S. Frank. Dept. of Kinesiology, Univ. 
of Waterloo, Waterloo, Ontario, Canada, N2L 3G1.

A requirement for many daily tasks is the ability to maintain upright 
stance in varying environmental conditions, with the most fundemental 
control being during quiet stance. The purpose of this study was to 
examine the biomechanical parameters associated with controlling upright 
stance after a perturbation. Ten subjects were perturbed with a push on 
the back of various force levels (70, 80, 90 N) or at various degrees of 
lean (25, 50, 75 or 100% of maximal voluntary lean). An examination of 
the latency results of various parameters (Centre of Pressure, Centre of 
Mass) indicated that if the postural control system had been in a state of 
greater instability in trials prior to the perturbation, the response latencies 
would be faster than if it had been in a less unstable state in proceeding 
trials. This occurred whether a greater force was applied (faster responses 
seen in a 90 N 70 N ordering than in a 70 N 90 N) or if the proceeding 
trials were in a more leaned position (100 % lean 25% lean had faster 
responses than a 25% 100% lean ordering). Therefore, it appears that a 
system that is considered to be automatic in nature is still able to be 
modulated. The selection of the postural response utilized is not only 
dependent on the sensory input, the potential motor response and the 
mechanical constraints, but also on the previous postural setting.

Supported by NSERC

6 4 .1 6
THE ROLES OF VISION, STANDING POSTURE, AND 
MOVEMENT IN POSTURAL SWAY. P.S. Nichols*. T.M. 
Glenn. Physical Therapy Division, The Ohio 
State University, Columbus, OH 43210.

To evaluate the effect of changes in visual 
condition, platform condition, and foot 
position on postural sway, 67 normal subjects 
were tested under each of 18 conditions, 
consisting of two visual conditions (eyes open, 
eyes closed), 3 platform conditions(stable, 
sinusoidal movement, and linear movement), and 
3 foot positions (feet apart, together, and in 
tandem), using the Chattecx Balance System. 
This unit computes postural sway as a 
dispersion index, reflecting the degree of 
scatter of the subjects instantaneous center of 
pressure around the mean center of pressure. 
Postural sway significantly increased with 
closing of the eyes, moving of the platform, 
and narrowing of the base of support with 
significant main effects for each of these 
factors as well as significant 2-way and 3-way 
interactions between them. The least amount of 
sway was found with the feet apart, eyes open, 
and platform stable, and the greatest amount of 
sway was found with the feet together, eyes 
closed, and sinusoidal movement of the 
platform.

6 4 .1 8

IS POSTURAL ORIENTATION INFORMATION IMPORTANT FOR 
GOAL-DIRECTED MOVEMENTS OF THE ARM?
S.Prentice and J.S.Frank*. Dept. of Kinesiology, Univ. of Waterloo, 
Waterloo, Ontario, Canada, N2L 3G1.

Muscle vibration is known to cause heightened muscle spindle discharge, 
giving the impression of muscle lengthening. When vibration is applied to the 
Achilles Tendons, this impression is one of falling forward. Ibis research 
addresses the relationship between body orientation information and the 
performance of goal-directed movement of the arm. Subjects were required 
to stand in the dark and point to the location of a small target light. All 
movements were initiated from a shoulder angle of 90° and targets were 
located at 15° and 30° above and below this position. Subjects were 
instructed to move the extended arm into position only after the target light 
had been extinguished. Ten movements were performed at each of four target 
locations, with bilateral vibration of the Achilles Tendons occurring randomly 
on half the trials. The illusion of forward leaning was supported by a 
backward rotation of the shank and thigh along with a backward displacement 
of the CofP. This was observed at both the start and end of the arm 
movement. The angle representing the orientation of the extended arm 
demonstrated an elevated position upon locating the target when postural 
vibration was present. This is not simply due to the backward displacement 
of the body since the trunk orientation remained unchanged with vibration. 
Thus the arm position is consistent with the perception of leaning forward 
with the target remaining in position. In conclusion, subjects failed to adjust 
arm position for the true orientation of the body but responded on the basis 
of the illusory body position. Thus kinesthetic input from postural muscles 
does appear to be necessary for goal-directed movement of the arm.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



152 MÜSCLE: FIBER TYPES MONDAY AM

65.1
HISTOCHEMICAL ANALYSIS OF THE ORBICULARIS OCULI 
MUSCLE IN THE RAT. P.K.Thanos*. G.S. Terrell. 
J.K.Terzis. MRC, Eastern Virginia Medical 
School, Norfolk, VA 23501.
The orbicularis oculi muscle (OOM) is a thin, 

sphincteriike muscle divided into palpebral and 
orbital segments, contained within the connec
tive tissue of the eyelid. Its neuroanatomical 
structure allows for both voluntary and involun
tary functions, eye closure and blinking. A 
model to study rat blink reflex in the normal 
and paralyzed eye sphincter has been previously 
developed (Terrell & Terzis, 1992). This model 
correlates well with clinical facial paralysis. 
The purpose is to study the histochemical analy
sis of the OOM in the normal & paralyzed rat, and the p l a s t i c i t y  of target reinnervation 
following cross facial nerve graft (CFNG). The 
study consists of: A. analysis of the muscle 
fiber type composition, and the motor endplate 
of the OOM in normal rats; and B. examination of 
the OOM both in cases of unilateral facial para
lysis and following reinnervation of this target 
with CFNG. Preliminary results suggest that 
motor endplates of the rat OOM are distributed 
in two regions. The superiomedial OOM shows the 
highest density of endplates followed by the 
inferiomedial. Histochemical changes o c c u n n g  in 
the normal, paralyzed and reinnervated states 
(concerning the blink reflex) are critical. This 
data is needed for the clinical microsurgical 
restoration of blink reflex in facial paralysis.

65.3
EFFECT OF CHRONIC INSPIRATORY LOADING ON 
MITOCHONDRIALLY- AND NUCLEAR-CODED CYTOCHROME C 
OXIDASE (COX) SUBUNITS IN THE DIAPHRAGM. Y. Akivama. L. J. 
Prochaska and A. R. Bazzy-Asaad*. Dept. of Pediatrics, Sect, of Resp. Med., Yale 
Univ. Sch. of Med., New Haven, CT 06510 and Dept. of Biochem., Sch. of Med., 
Wright State Univ., Dayton, OH 45435

We have previously shown that respiratory training with inspiratory flow- 
resistive (IFR) loads improves performance of the respiratory muscles and this 
functional change is associated with a 33% increase in COX activity in the 
diaphragm (J. Appi. Physiol. 66: 529, 1989). The present study was designed to 
elucidate whether the increase in COX activity with chronic training is secondary 
to increased biosynthesis of COX subunit proteins. Three adult sheep were trained 
with IFR loads for 3 h/day, 5-6 days/wk for 3 wk as in our previous study. The 
intensity of loads was adjusted to avoid hypoxia or hypercapnia. Muscle 
specimens were taken from the costal diaphragm of trained sheep and of 3 control 
sheep. Proteins from crude muscle homogenates were separated using SDS- 
polyacrylamide gel electrophoresis, blotted, and immunodetected with polyclonal 
rabbit anti-bovine COX holoenzyme antibodies. Immunoreactive bands for 
mitochondrially-coded subunits (I and П) and for nuclear-coded subunits (IV, V, VI 
and VII) were detected. For the equivalent amount of total muscle tissue protein, 
trained sheep had greater amount of each subunit than controls (21,41, 34, 45, 51 
and 54% greater for subunits I, H, IV, V, VI and VH, respectively). These data 
suggest that the increase in COX activity in the diaphragm after chronic respiratory 
training is associated with increased synthesis of COX protein. The increase in the 
activity thus seems to involve coordination of replication of mitochondrial DNA, 
transcription of both mitochondrial and nuclear DNAs and translational processes.

65.5
EFFECTS OF HYPERGRAVITY ON FIBER TYPES AND MUSCLE MASS IN A 
COMPARTMENTALIZED MUSCLE. H. Bell and O. I. Weeks*. Dept. of 
Biol. Sci., Florida International Univ., Miami, FL 33199.English, et al (1985) showed that the lateral 
gastrocnemius muscle (LG) in the mouse may be 
compartmentalized by the primary muscle nerve branches of its 
parent nerve. Weeks, et al (1988) subsequently reported that 
each LG compartment has different percentages of fiber types. 
This study examines if hypergravity (H) has differing effects 
on compartments of LG. Three groups of 31 +/-3 day old 
C57BL/6J mice were subjected to four times normal gravity by centrifugation for 10 min., six times a day for 7, 14, and 30 days (groups 7H, 14H and ЗОН). There was at least a one 
hour rest period between each 10 min. treatment period. 
Excised muscles were weighed, then cross-sectioned at ΙΟμιη; 
stained histochemically for succinic dehydrogenase (SDH); 
immunohistochemically with NCL-MHCf, NCL-MHCs, and MY-32 
monoclonal antibodies to myosin to identify fiber types; and then processed sections were analyzed by JAVA, an image 
analysis system. Preliminary random sampling distribution 
analysis of SDH sections of compartments of the intermediate 
(LGi) and medial (LGm) LG heads and the plantaris (P) muscle 
of one control (C) and three 7H males and one 7H female 
showed the following. There was no significant difference 
between C and 7H animals in the percentages of any of three 
fiber types in LGi. Also, there was no difference between C and 7H of typellA and typel fibers in LGm and P. There was 
a significantly lower percentage of typellB fibers in LGm and 
P (63.6 +/-16.6 and 38.8 -»-/-3.3, respectively) in the 7H 
animals compared to C (81.2 and 47.4). There was no significant difference in muscle mass of the 7H animals and 
C (0.093 +/- 0.017g and 0.102g, respectively). These results 
suggest that H may have a greater effect on 7H compartments 
or muscles with typellb fibers. Supp. by NIH GM 08205-08

65.2
MORPHOMETRIC ANALYSIS OF THE DIABETIC NEUROMUSCU
LAR JUNCTION. Kathleen Klueber* and Stace Lind, 
University of Louisville, Department of Anatomical 
Sciences and Neurobiology, School of Medicine, 
Louisville, KY 40292

A complication of diabetic neuropathy is dener
vation of skeletal muscle. Degeneration of neuro
muscular junctions occurs during the pathogenesis 
of the disease. The objective of this study was to 
evaluate the diabetic neuromuscular junctions 
using computer assisted morphometric analysis. The 
extensor digitorum longus (EDL) from female C57BL 
/KsJ-dbm mice (4,7,14 and 22+ week old diabetic 
and age matched controls N= 5/time point) were 
examined electron microscopically. The number of 
neurosecretory vesicles, axon area, the post- 
synaptic cleft area, postsynaptic membrane length, 
and vesicles/um2 were determined using the Bioquant 
morphometric analysis system. There was a decrease 
(p<.05) in the number of neurosecretory vesicles, 
a decrease (p<.05) in axon area as well as the 
number of vesicles per unit area (pc.05) with age 
in the diabetic animals. The changes in the number 
of neurosecretory vesicles may be related to the 
peripheral neuropathy since axoplasmic transport 
is compromised in diabetes. The depletion of 
vesicles can result in a depression of muscle 
function. (Funded by NIH DK41553)

65.4
INCREASED METABOLIC ENZYME HETEROGENEITY OF MUSCLE UNIT 
FIBERS AFTER REINNERVATION. Sesodia S.1, Gordon. T,*2, 
Nemeth. P♦1. ‘Dept. of Neurology, Washington University 
School of Medicine, St. Louis, MO63110 and 2 Dept. of 
Pharmacology, University of Alberta, Edmonton, T6G 2S2.Normally muscle unit (MU) fibers express the same 
myosin heavy chain (MHC) and show little variability in 
metabolic enzyme activities. However, significant numbers 
of MU fibers in long-term cross-reinnervated ТА muscles 
contain more than one MHC isoform (Fu et al., Soc. 
Neurosci.,16:1557, 1992). Is neural control of muscle
phenotype more limited than previously thought? Presently 
we compared the enzyme profiles of 6-15 muscle fibers in identified and characterised MUs in control and 
reinnervated ТА muscles, 14 months after common peroneal 
nerve section and surgical repair. We dissected individual 
glycogen depleted fibers and surrounding non-unit fibers in 50μ muscle cross-sections and performed microassays of 
enzyme activities of adenylokinase (AK), lactate 
dehydrogenase (LDH) and malate dehydrogenase (MDH) for 
high energy phosphate, glycolytic and oxidative 
metabolism, respectively.

We found that the coefficient of variability (CV) for 
AK, LDH and MDH enzyme activity varied widely between 
fibers in the reinnervated type IIB MU (CV=14,11,35%). 
This contrasts with the interfiber variability in normal 
MUs (CV=4,5,7%). In some cases, reinnervated MU interfiber 
variability was as high as variability between non-unit 
type IIB fibers (CV-14,14,36%). Our results suggest that 
reinnervated muscle fibers retain some of their former 
properties, despite novel innervation.
(Supported by ‘NIH and 2MDAC, 2AHFMR) .

65.6
SHORT-TERM EFFECTS OF COMPLETE SPINAL CORD TRANSECTION 
ON MYOSIN HEAVY CHAIN PROPERTIES OF RAT SKELETAL MUSCLES. 
R-R- Rov*. R.J. Talmadge. and V.R. Edgerton. Brain Research Inst, and Dept. 
Physiological Science, UCLA, LA, CA 90024.

Adult rats were spinal transected at a mid-thoracic (T8-T9) level and maintained 
for 15 days. Fast and slow hindlimb flexors and extensors from ST and age and 
weight matched controls were removed and wet weighed. Immunohistochemistry 
was performed with monoclonal antibodies (mAb) against slow (type I) and fast 
(type II) MHCs. MHCs from isolated myofibrils were separated on high resolution 
SDS-polyacrylamide (SDS-PAGE) gels. ST resulted in significant atrophy of all 
hindlimb muscles studied, but was more pronounced in extensors than flexors. The 
triceps brachii (forelimb extensor) showed no atrophy. The soleus (Sol, slow 
extensor) had significant increases in the percentage of fast fibers (13 % control vs 
22 % ST) and of fibers co-labeled with fast and slow mAb (5 % control vs 34 % 
ST). SDS-PAGE analysis revealed only a small decrease in the percentage of slow 
MHC in the Sol of ST rats, although there was a shift in fast MHC isoforms from 
type IIA to IIX following ST. Thus, it appears that 15 days of ST resulted in the 
initiation of type IIX MHC expression in previously slow fibers, and a switch to 
type IIX MHC in previously type IIA fibers. Immunohistochemistry with an anti- 
ІІХДІВ mAb substantiated this observation. The medial gastrocnemius (MG, fast 
extensor) showed an increase in the percentage of type IIB MHC with small 
decreases in types I, IIA, and IIX MHCs. Compared to control, myofibrillar 
ATPase activities were increased in Sol and unchanged in MG of ST rats. Thus, the 
switch in fast MHC isoform expression resulted in an increase in the myofibrillar 
ATPase activity in the Sol, but not MG. In summary, short-term ST resulted in 
significant muscle atrophy and shifts in MHC profiles from slow to fast, which 
may or may not affect the myofibrillar ATPase activities of the affected muscles. 
These data indicate that shifts in the expression of MHC isoforms occur rapidly and 
are muscle specific. [Supported by NIH NS 16333, and NIDR NRSA DE07212.]

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM MUSCLE: FIBER TYPES 153

65.7
FORCE ENHANCEMENT IN SUBMAXIMALLY 
ACTIVATED, CHEMICALLY-SKINNED MUSCLE FIBERS 
OF THE CAT. H.A. Huebner. C.T. Brocato. W.B. Miller. R. E. 
Godt. P.J. Nichols & T.R.Nichols*. Depts. of Physiology and 
Physical Therapy, Emory Univ., Atlanta, GA. 30322 and Dept. of 
Physiology and Endo., Med. Coll, of Georgia, Augusta, GA 30912.

Stretch of an active muscle can lead to a long-term enhancement 
of its force output (Abbott & Aubert, 1952, J.Physiol. 117,77-86). 
The long-term effects of stretch on force output in mammalian 
muscle was investigated by subjecting submaximally activated, type 
I and II fibers from the cat hindlimb to ramp and hold stretches. 
Fiber segments from the soleus and LGm compartment of the 
lateral gastrocnemius muscle were chemically skinned and 
subjected to 5% ramp and hold stretches at a velocity of 0.5 muscle 
lengths per second. Initial, average sarcomere spacing was set to
2.4 and 2.8 urn using laser diffraction. Fiber type was later 
identified by comparing the migration of myosm heavy chains, light 
chains and regulatory proteins of the fiber on polyacrylamide gels. 
Force in the type II fibers rose continuously during the ramp and 
declined monotonically during the plateau. In contrast, type I 
fibers exhibited yielding during the ramp and a delayed 
enhancement during the plateau phase. The time course of this 
delayed increase in force varied among the Type I fibers and was 
similar at the two sarcomere lengths for a given fiber. The delayed 
force enhancement occurred only in type I fibers at physiologically 
relevant levels of activation. We attribute the enhancement to 
contractile mechanisms rather than increased availability of 
calcium. (Supported by NS 20855).

65.9
ORGANIZATION OF THE GOLGI APPARATUS IN ADULT RAT 
SKELETAL MUSCLE FIBER. B.J. Jasmin*1. J.P. Changeux2 and J. 
Cartaud3. University of Ottawa, Ottawa, Canada1; Institut Pasteur2, and 
Institut Jacques Monod3, Paris, France.

Recently, the Golgi apparatus (GA) was found in both junctional and 
extrajunctional regions of rat skeletal muscle fibers (Ralston, J. Cell Biol.. 
120: 399, 1993). In this work, we further examined this issue by 
immunocytochemistry using four specific GA antibodies: anti-Rab6 p 
(Goud et al., Nature. 345:553,1990), anti-TGN38 (Luzio et al., Biochem. 
J, 270:97,1990), anti-GIMPc (Yuan et al., J. Cell Biol.. 105: 215,1987) 
and an anti-GA obtained from a patient suffering from Sjøgren disease 
(M. Bornens, in preparation). In adult rat hindlimb skeletal muscles, anti- 
Rab6p and anti-GA selectively stained areas beneath postsynaptic 
membranes identified by α-bungarotoxin labeling of acetylcholine 
receptors. No staining of the muscle fibers was detected with the Other 
two antibodies despite strong labeling of non-muscle cells. In short-term 
(5 days) denervated muscle fibers, we observed the presence of the GA 
in extrajunctional regions. These data are coherent with our previous 
observations on the compartmentalization of the GA in the postsynaptic 
membrane domain of chick muscle fibers (Jasmin et al., P.N.AS.. 8 6 : 
7218,1989), and they emphasize the notion that the GA found within the 
postsynaptic sarcoplasm is highly specialized. Furthermore, these results 
suggest that the GA in skeletal muscle fibers presents a specific 
organization more complex than previously thought.

6 5 .8
ULTRASTRUCTURAL FIBER TYPING IN HUMAN LATISSIMUS DORSI 
MUSCLE. A. Má rquez, H.J. Finol*, S.H. Torres and J. Gri
llo . Institute of Experimental Medicine",’Venezuela Cent
ral University, Apartado 50587, Caracas 1050, Venezuela.

Human latissimus dorsi muscle has been used in cardio- 
myoplasty, a surgical technique designed to assist prof
ound refractory heart failure. Previous chronic stimul
ation is necessary to promote the gradual conversion of 
fast-glycol itic to slow-oxidative muscle fibers. Although 
many cardiomyoplasties have been carried out there is 
scarce basic information about latissimus dorsi including 
its fiber population. This knowledge is necessary in ord
er to evaluate the muscle capacity to augment ventricular 
function. For this study biopsies from latissimus dorsi 
muscle (n=6) were obtained during lung surgery. The myo
sin ATPase stain showed 3 types of fibers, I (32%), Ila 
(30%), and M b  (38%). With electron microscopy 3 types of 
fibers were also identified, I (28%) with jagged Z lines 
(width 125*8 nm), abundant mitochondria, poorly developed 
sarcotubular system, and low-density M lines. lla (32%) 
with regular Z lines (width 95+7 nm), abundant mitochond
ria, well developed sarcotubular system and evident M lin 
es. llb (40%) with straight Z lines (width 73+5 nm), very 
developed sarcotubular system, scarce mitochondria and 
clear M lines. As untrained muscles exhibit 60% of oxid
ative and only 40% of glycolitic fibers, the potentiality 
of latissimus dorsi for ventricular assistance seems ad
equate. Supported by CDCH of UCV ( Nr. 03-2709/92).

MUSCLE: GENE TRANSFER, CONTRACTILE PROPERTIES, FATIGUE

66.1
ADENOVIRUS-MEDIATED GENE TRANSFER INTO AN IN  V IV O  
HUMAN MUSCLE-RAT BRAIN MODEL. J A  Wolff. S.S. Jiao. P. 
McAllister. H. Deng. F. Siegel*. Depts. of Pediatrics & Medical Genetics, 
Waisman Center, Univ. of Wisconsin, Madison, Wl 53705.
An in vivo human muscle system was developed and used to determine 

whether adenoviral vectors can efficiently infect human muscle. It has 
been previously reported that adenoviral vectors can efficiently infect 
rodent muscle in vivo. Primary human adult muscle cells in culture were 
exposed to the previously described adenoviral vector containing the 
muscle specific MLC enhancer and α-1-actin promoter driving expression 
of the ß-galactosidase reporter gene. Three days after exposure to 
adenoviral infection at a MOI of 100 viral particles/cell, approximately 
98% of the cells in cultures of either myoblasts or myotubes expressed ß- 
galactosidase. However, primary muscle cells in culture may not reflect 
the ability of human muscle cells to be infected in vivo because they are 
not fully-differentiated. We have previously shown that minced pieces of 
rat muscle formed well-differentiated muscle when placed into the rat 
brain. We now show that minced pieces of human muscle become well- 
differentiated in the brains of nude rats. The fiuman muscle cells persist 
in a healthy state for at least several month’s. After injection of 5 μL of the 
adenoviral vector (titre= 5 X 109/mL) into the human muscle in the rat 
brain (containing approximately 10,000 myofibers), approximately 10% of 
the myofibers were blue. These results indicate that human muscle cells 
have the ability to be efficiently infected with adenoviral vectors. 
However, further studies are in progress to resolve issues concerning 
long-term safety and stability of expression.

66.2
ANATOMICAL PARTITIONS AND NERVE BRANCHING PATTERNS OF THE 
RABBIT MASSETER. C G, Widmer*. J.P. Lund and A.W, English. Dept. of Oral 
Surgery, Univ. of Florida, Gainesville, FL 32610, Centre de recherche en sciences 
neurologiques, Univ. of Montreal, Montreal, Canada H3C 3J7 and Dept. of 
Anatomy and Cell Biology, Emory Univ., Atlanta, GA 30322.

It has been shown that anatomically distinct regions of the lateral gastrocnemius 
(LG) (English, J. Neurophvsiol. 52: 114-125, 1984) and the masseter (Mass) muscles 
(Herring e t  a l., Am. J. Anat. 154: 563-576,1979) can be activated independently. In 
LG, the primary branches of the muscle nerve provide exclusive innervation to 
discrete parts of the muscle (neuromuscular compartmentalization). The purpose of 
this study was to describe the primary nerve branching patterns, anatomical 
partitions and fascicular architecture in Mass.

Nine masseters from five rabbits were studied. Anatomical partitions were 
identified within the superficial, intermediate, deep and zygomaticomandibularis 
layers by the tendinous origins and insertions and fascicle orientation. The 
superficial layer was composed of 3 partitions; intermediate and deep layers had 2 
partitions each and the zygomaticomandibularis layer consisted of 4 partitions. 
Fascicular architecture ranged from near vertical (anterior region) to anteriorly 
inclined (posterior region) in the first partition becoming more anteriorly inclined 
for the second and third partitions of the superficial layer. Fascicles of the partitions 
in the intermediate layer were nearly vertical while the fibers of the deep layer were 
vertical in the anterior region and posteriorly inclined in the posterior region.

There were 11-14 primary nerve branches. Primary branches were layer specific 
(i.e., projected to only one layer) with the most proximal branches supplying the 
deepest layer of muscle and the most distal projected to the superficial layer. 
However within each layer, primary branching to each partition was less congruent 
(i.e., one branch projected to two partitions). For each of the superficial partitions, 
the anterior and posterior regions were supplied by different primary branches.

In addition to this evidence of heterogeneity within the Mass complex, we have 
shown that muscle fiber type differs markedly within the same layer. Further 
research is now needed to establish the level of independent control that can be 
exerted on the various anatomical subunits.

Supported by USPHS grants DE 10130, DE00333 and the Canadian MRC.
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66.3
TOPOGRAPHICAL DISTRIBUTION OF SUBPOPULATIONS OF EFFERENT 
NEURONS INNERVATING COMPARTMENTS OF THE MASSEIER 
MUSCLE OF THE RABBIT. M. Saad, R.Dubuc. C.G.Widmer and J.P.Lund* 
Centre de recherche en sciences neurologiques, Univ. de Montréal, Montréal, 
Canada H3C 3J7; Dép. de Kinanthropologie, Univ. du Québec à Montréal, 
Montréal, Canada H3C 3P8; Dept. of Oral Surgery, Univ. of Florida, Gainsville, 
FL32610.

Previous studies have shown that the masseter muscle is supplied by 
motoneurons located in the anterodorsal region of the ( motV) nucleus, and by 
an additional group of efferent neurons located in the cell group k, ventrolateral 
to motV (Donga and al., neurosci 49: 957, 1992). In these experiments, we are 
studying die innervation of the different compartments of masseter muscle using 
the technique of retrograde labeling with two fluorescent tracers, fluorogold and 
fastblue, applied to the central ends of cut branches of the masseteric nerve on 
one side under general anaesthesia. Two of three groups of branches; anterior, 
middle and posterior, are labeled in each rabbit. On the other side, fluorogold is 
applied to the whole trunk. After 7 to 8 days, animals are perfused, and serial 
coronal sections of the frozen brain stem are cut at 30μm. They were analysed 
with fluorescence microscopy. We found that motoneurons projecting to the 
efferent branches of the masseter nerve are intermingled within the dorsal 
division of motV. Each branch is also represented within the dorsal cell clusters 
of cell group k. Our preliminary results suggest that there is no simple 
topographical arrangement of motoneurons that corresponds to the neuromuscular 
heterogeneity described elsewhere.

Supported by the Canadian MRC and USPHS Grants DE10130 and DE00333.

6 6 .5
NEUROM USCULAR PA R TITIONING  OF TH E H U M A N  EXTENSOR CARPI 
RADIALIS  LONGUS M USCLE. R.L. S eg a l*, P .A . Catlin, A . Brideau. L, 
Capps. E. Poulsen. P. Thom asson. S. Siegel and A .W . English. D iv. Phys. 
Ther., and Dept. of A nat. and Cell Biol., Emory Univ. Sch. o f M ed ., 
A tlanta, G A 3 0 3 2 2

Neurom uscular partitioning w ith in  the hum an extensor carpi 
radialis longus (ECRL) muscle w as investigated. EMG activity  w as  
recorded from  fine-w ire  electrodes inserted into tw o  sites w ith in  the ECRL 
(proximal-deep and distal-superficial) o f 16  healthy subjects w hile they  
perform ed isometric contractions o f w ris t extension and w ris t abduction  
at three w rist angles (flexed, neutral, extended). The sequence o f angles 
and tasks w ere random ly assigned, The parameters used to  exam ine  
differences betw een activity recorded a t the tw o  insertion sites included 
order o f activation, recruitm ent threshold (RT), instantaneous firing rate 
(IFR), and spike triggered averaging (STA ),

The proximal-deep partition w as consistently recruited before the  
distal-superficial partition a t all angles during both abduction and 
extension (M edian test; p c .0 1 ) .  In addition, the proxim al-deep partition  
w as recruited first more often during abduction than during extension at 
all angles. The RT o f the proximal-deep partition w as low er than the RT 
of the distal-superficial partition during abduction at all angles and during 
extension a t the neutral and extended angles (A N O V A ; p < .0 5 ) .  No 
functionally significant differences w ere  found in IFR's betw een the tw o  
partitions. Results from  S TA  support the presence o f differential activity  
betw een the partitions during abduction a t all angles and during extension  
in the extended and neutral positions (Paired t-test; p < . 0 5 ). Preliminary 
results from  four experiments using an additional insertion site indicate  
that the distal ECRL m ay also have a medial-lateral organization.

66.7
TWITCH PROPERTIES OF H UMAN TOE EXTENSOR MOTOR UNITS. A.J. 
Fugleyand*,-, V.G. .Macef i,eld and B, Big land-R itchie· John в. Pierce 
Laboratory, 290 Congress Ave., New Haven, CT 06519.

Twitch properties of single motor units of human toe extensor muscles 
were compared to those of human thenar muscles to determine whether 
the contractile properties of motor units are shaped by muscle function. 
Individual motor axons in the peroneal nerve were stimulated by 0.2 ms 
pulses delivered via tungsten microelectrodes (method adapted from 
Westling et al., J  Neurophysiol, 64: 1331, 1990). Mechanical re
sponses were recorded from a force transducer fixed at the proximal 
interphalangeal joint of the relevant toe, and EMG from surface and in
tramuscular electrodes. Responses were accepted as arising from single 
units if: 1 ) all-or-none force and EMG signals appeared simultaneously 
at a threshold stimulus intensity (mean ± SD, 0.26Ю.13 V), and 2) the 
responses remained constant as stimulus intensity was increased 
(0.12Ю.13 V) above threshold. Twitch amplitude, contraction time 
(CT), half-relaxation time (1/2RT), and maximum rates of contraction 
(MCR) and relaxation (MRR) were measured in 14 motor units from 7 
subjects. Mean twitch force was larger (22.7± 19.3 mN) and CT slower 
(78.6±18.5 ms) than for thenar units (11.3±8.1 m N  and 49.9+8.7 ms, 
Thomas et al., J Neurophysiol, 64: 1339, 1990). The distribution of 
units based on twitch force was skewed towards small values similar to 
that reported for human thenar motor units. Like thenar units, twitch 
force was uncorrelated to indices of contractile speed (CT, 1 /2 RT, MCR, 
MRR). Twitch force potentiated by 14±27 %  following 3 s of tetanic 
stimulation and, unlike thenar units, the degree of potentiation was 
significantly correlated to twitch force. Thus, motor units acting on 
digits of the hand appear different to those acting on digits of the foot. 
Supported by USPHS grants NS 14576 & HL 30062.

6 6 . 4

P A R T U R IT IO N  IN TH E  R A T F O L L O W IN G  B IL A T E R A L  
TR ANSEC TIO N OF THE SO M ATO M O TO R  BR AN CH O F TH E 
PELVIC NERVE. P. Pacheco*. P. O rdinola. J. M anzo. Y. Cruz. 
M. M artm ez-G óm ez. Institu to de Investigac iones B iom édicas- 
UNAM ; Centro de Investigaciones F is io lógicas-U AT; Instituto de 
Neuro-E tología-UV; M éxico.

It w as hypo thesized tha t the  ilio- and pubococcygeus 
m uscles, innervated by the som atom o to r branch o f the  pe lv ic  
nerve, m ay operate to form  a "bottleneck" a t parturition, s low ing 
and contro lling  the expu ls ion  of the fe tus. To tes t th is, these 
m uscles were denervated in 19 fem ale rats and the tim e delivery 
o f each pup and to ta l tim e o f pa rtu rition  com pared  to tha t of 
sham  operated fem ales (n=4) and unoperated contro ls (n=14).

The total tim e of parturition w as s ign ifican tly  reduced in 
neuroctom ized anim als and the num ber o f  m ultip le  de liveries in 
rapid succession w as crearly enhanced. Furtherm ore, w hereas 
parturition in both groups of contro l an im a ls w as even ly  d iv ided 
into a  period of s low  de live ry fo llow ed by an ab rup t change to 
very rapid expu ls ions, the speed o f de live ry  in the  transected  
an im a ls w as linear and aprox im ate ly  in te rm ed ia te  to  the  two 
phaces of the controls.

It the re fo re  seem s tha t the  branch  of the pe lv ic  nerve 
inervating the ilio- and pubococcygeus m uscles opera te  to  slow  
the de livery of pups at parturition. However, the s ign ificance of 
th is is not yet clear and has still to be investigated.

DG APA-UN AM  (MM G)

66 .6
RELATIONSHIP BETWEEN PROLONGATION OF TWITCH KINETICS AND 
AUGMENTATION OF TWITCH FORCE BY K+ CHANNEL BLOCKADE IN 
SKELETAL MUSCLE. E. van Lunteren* and H. Vafaie. 
Departments of Medicine and Neurosciences, Case Western 
Reserve University and Cleveland VAMC, Cleveland, OH.

Conductance through K+ channels regulates muscle 
contractile force. The purpose of the present study was 
to assess heterogeneity among skeletal muscles in the 
extent to which K+ channel blockade affects isometric 
twitch kinetics. Strips of diaphragm (Dia), extensor 
digitorum longus (EDL) and soleus (Sol) muscle were 
removed from anesthetized rats and stimulated 
electrically in v i t r o  at optimal length (temperature 37° 
C). Addition of the K+ channel blocker, 4-aminopyridine 
(4-AP, 0.3 mM), prolonged the isometric contraction time 
(CT) and half-relaxation time (RT) of all three muscles:

Control
ÇT

  (msec)
  RI

Change
CT

 with 4-AP 
RT

Dia 21.1 24.8 6.7 (32%) 2.2 (9%)
EDL 12.2 11.0 2.8 (23%) 2.3 (21%)
Sol 30.2 34.1 2.8 (9%) 1.5 (4%)
Differential percent lengthening of contraction time 
among the three muscles paralleled percent augmentation 
of twitch force (Dia 64%, EDL 45%, Sol 22%). These data 
suggest prolongation of contraction time accounts for 
much but not all of the augmentation of twitch force 
during K+ channel blockade. SUPPORT: HL-38701.

66.8
FORCE MODULATION BY RATE-CODING IN SINGLE MO TOR UNITS OF 
H U M A N  TOE EXTENSOR MUSCLES. B. Bigland-Ritchie*. A. J. 
FugleYand, and V. G . M a cefield. John B. Pierce Laboratory, 290 
Congress Ave., New Haven, CT 06519.

The relation between impulse frequency and force-output of single 
motor units in human thenar muscles was measured by stimulating 
individual motor axons in the median nerve (Thomas et al. J. 
Neurophysiol. 65: 1509, 1991). Here we report initial data for 
similar measures recorded from units in human toe extensor muscles 
to see how motor unit properties vary with muscle function. Force- 
frequency relations were determined for 9 units when pulse trains 
were delivered at rates stepped from 2 to 100 Hz. Maximum tetanic 
force ranged from 34.0 to 188.1 mN, and was achieved at rates 
between 20 and 100 Hz. Before and after twitch potentiation, 
twitch/tetanus ratios were 0.22 ± 0.06 and 0.26 ± 0.06 (SD), 
respectively, compared to 0.14 ± 0.06 and 0.22 ± 0.07 for thenar 
units. Slopes measured over the steep part of each curve ranged from
0.76 to 6.58 mN/Hz (mean 3.01+ 1.2 mN/Hz), and half-maximum 
force required 9.67 ± 0.76 Hz. Corresponding mean values for 
thenar units were 6.0 ± 1.0 mN/Hz and 12 ± 4 Hz, respectively. For 
both groups of units the stimulus rates required to elicit 5 0 %  
maximum force were inversely related to twitch contraction times (p 
= 0.01). Six units were stimulated continuously at rates which 
increased exponentially from 2 to 80 Hz and then decreased 
symmetrically. Force was always higher as frequencies declined. 
Supported by USPHS grants NS 14756 & HL 30026.
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66.9
RELIABILITY OF THE INTERPOLATED TWITCH TECHNIQUE. D.G. Behm. 
D.M.M. St-Ріегге. C.L. Rice*. School of Physical and Occupational Therapy, 
McGill University, Montreal, Quebec, Canada H3G 1Y5.

The goal of the study was to determine the reliability of the interpolated twitch 
technique (ITT) to assess the ability of physically active subjects (n=7, mean age
31.4 ±  5.8) to maximally activate the plantar flexors of their dominant leg. 
Sensitivity of the ITT was increased using an approach similar to Hale and 
Gandevia (J Neurosci Meth 25:97-102, 1988). Testing was done twice within 2-4 
days with the ankle at 10° of dorsiflexion, using supramaximal stimulation of the 
tibial nerve. Twitches (Pt) were superimposed during 7 randomized submaximal to 
maximal voluntary isometric contractions (MVC). MVCs were measured before and 
after the series of submaximal contractions to ascertain if fatigue occurred. It was 
observed that the maximal potentiated Pt (Pt-pot) tended to occur after the last MVC 
(p=0.07). An inactivation ratio was calculated by normalizing the superimposed Pt 
to the highest Pt-pot. Intraclass correlation coefficients (ICC) derived from 
univariate ANOVAs were calculated for Pt-pot (ICC=0.89), MVC (ICC=0.97) and 
the inactivation ratio (ICC=0.99). Five subjects were able to maximally activate. 
The relationship between the inactivation ratio and %MVC was somewhat 
curvilinear but could be approximated by a straight line with a r2 value of 0.87. The 
lack of linearity was most evident at near maximal contractions. This may suggest 
a shift in the neuromuscular response from increased motor unit recruitment to 
increased firing frequency. Preliminary testing with patients (ankle sprains, 
neuromuscular dysfunction) has also shown good reliability but incomplete 
activation.

66.11
CATCHLIKE PROPERTY OF HUMAN MUSCLE DURING SHORTENING AND 
LENGTHENING CONTRACTIONS. S.A. Binder-Macleod* and S.C.K. Lee. 
Dept.ofPhys. Therapy, Univ.of Delaware, Newark, DE, 19716

We have previously shown that the catchlike property of skeletal muscle can be 
used to markedly increase the force output in human subjects during fatiguing 
isometric contractions. The present study investigated the effects of using this 
catchlike property to augment force during non-isometric contractions. Ten healthy 
subjects participated in 3 experimental sessions. During each of the sessions the 
force output produced by the quadriceps femoris muscle when stimulated with a 10- 
pulse, constant frequency trains (CFTs) (all interpulse intervals = 70 ms) was 
compared to the force output produced by several different catch-inducing variable 
frequency trains (VFTs) (first IPI = 5, 10, 15, 20, or 30 ms and the remaining 8 IPIs 
all = 70 ms). The first session used a non-fatiguing protocol (> 10 s rest between 
trains) during both shortening and lengthening contractions. The second session used 
a fatiguing protocol during either shortening or lengthening contractions. The third 
session also used a fatiguing protocol to test the remaining type of contraction.

The results showed that during shortening contractions the VFTs produced 
significantly greater area, peak, and averages forces than the CFTs. The rate of rise 
of force (time to 80% of peak force) was also significantly improved.

Area Peak Average Т80%
Non-Fatigued 5.2% 6.3% 14.7% 34.6%
Fatigued 17.9% 30.2% 28.3% 41.4%

In contrast the VFTs produced little change in the forces produced during the 
lengthening contractions. These results suggest that VFT stimulation has significant 
potential for improving force output from skeletal muscle during shortening 
contractions. (Supported by NIH Grant AR41264)

66.13
THE EFFECTS OF ELECTRICALLY INDUCED FATIGUE ON THE TWITCH 
AND TETANIC CONTRACTILE PROPERTIES OF THE HUMAN 
PARALYZED SOLEUS MUSCLE. R. Shields*. L. Frey Law. B. Reiling. K. 
Sass. J. Wilwert.

An advanced understanding of the properties of human paralyzed muscle is 
essential to the future success of functional electrical stimulation. This study 
evaluated both the twitch and unfused tetanus of the acute and chronic paralyzed 
soleus muscle during a standard, repetitive activation protocol. A similar protocol 
was used to determine the contractile properties of ff and s motor units in the cat 
(DuBose et al, Muscle & Nerve 10:744-752, 1987). Electrical stimulation of the 
right tibial nerve was used to elicit a soleus muscle contraction in seven subjects 
with complete spinal cord injury (5 chronic, 2 acute). Peak isometric 
plantarflexion torque, torque maximum rate of rise (MRR), and torque maximum 
relaxation rate (MRLR) were calculated for both the twitch and the unfused 
tetanus. In addition, torque time to peak (TТР) was calculated for the twitch. 
Plantarflexion torque was sampled every 30 seconds during the 4-minute protocol 
and following a 5-minute recovery period. A repeated measures ANOVA 
revealed a significant reduction in torque, an increase in the MRLR, a decrease 
in the MRR, and an increase in the TTP (twitch) in the chronically paralyzed 
group during the fatigue protocol. The acute subjects showed minimal changes 
during the same stimulation period. There was a high correlation (r=.98) 
between the changes in the twitch and the changes in the unfused tetanus during 
fatigue of the chronic group. All findings were consistent with previous reports 
indicating there is a conversion in the human paralyzed soleus muscle from 
predominantly slow-twitch fibers (type I) to primarily fast-twitch fibers (type IIВ). 
These results may provide information useful in the development of better 
methods to activate human paralyzed muscle.

66.10
THE CONTRIBUTIONS OF MUSCLE NEURO-MECHANICAL 
PROPERTIES TO FORCE OUTPUTS OF SINGLE MOTOR 
UNITS DURING DYNAMIC CONDITIONS. C.J. Heckman*. 
K.D. Paul and T.G. Sandercock, Physiology, Northwestern Univ. 
and Veterans Administration, Lakeside Hospital, Chicago, IL 60611.

Muscle force output is influenced by a number of factors, including 
its neural activation pattern (i.e. stimulus rate) and its mechanical state 
(e.g. length and velocity) as well as the prior history of these 
activation and mechanical states. If all of these factors strongly affect 
muscle force in dynamic conditions, then the CNS faces a difficult 
problem in controlling muscle and simple muscle models will 
inevitably prove inadequate. But, if the history-dependent properties 
have negligible effects, the dynamic behavior of muscle could be 
reasonably simple to control and to model.

To test this, we have developed a new set of experimental 
techniques for cat hindlimb muscles, in which the individual 
contributions of each of the following factors to muscle force in 
dynamic conditions are quantified: stimulus rate, muscle length, 
muscle velocity, activation history and mechanical history. These 
techniques have been successfully implemented in experiments on 
whole muscles, and, more importantly, on single motor units. 
Preliminary results based on mechanical conditions resembling those 
in moderate speed walking indicate that the dominant factor was 
muscle velocity while the contributions of both activation history and 
mechanical history were small. The implications for muscle models 
will be considered.

Supported by NIH grant AR41531.

66.12
NEURAL MODULATION OF MUSCLE CONTRACTILE PROPERTIES 
DURING FATIGUE: AFFERENT FEEDBACK DEPENDENCE. 
C.T.Leonard*. J. Kane. J.Perdaems, C.Frank. T.Moritani, 
and D.G.Graetzer. Motor Control Research Laboratory, 
Univ. of Montana, Missoula, MT 59812.

The effects of muscular fatigue on motor unit 
recruitment and contractile properties of muscle involve 
many factors. The present human H-reflex studies 
indicate that neural modulation during fatigue is 
considerable. Further, CNS modulation of muscular 
contraction appears to depend on intact la and lb 
afferent fiber input.Soleus H-reflex and EMG changes (e.g.Mean Power 
Frequency [MPFJ) were analyzed during muscular fatigue 
induced by repetitive ankle plantarilexions. The tests 
were conducted under non-ischemic conditions and during 
lower leg ischmeia that blocked la and presumably lb 
afferent transmission. H-reflex amplitudes increased 
during non-ischemic conditions (.54±.39 mV to 1.13±.84 
mV) but decreased under ischemic conditions (1.55Ü.3 to 
.701.74 mV) (pc.001). MPF values decreased during non
ischemic conditions (157.7117.9 Hz to 124.7117.2 Hz) and 
increased under ischemic conditions (132.8121.2 Hz to 
197.1153.6 Hz) (pc.001).Muscle contractile properties appear to be modulated 
by the CNS during fatigue. In the absence of la and lb 
afferent input this modulation is compromised and 
maladaptive responses occur.

6 6 .1 4
FATIGUE RESISTANCE IN TIBIALIS ANTERIOR MUSCLE AFTER 
STROKE. P.S. Stokid. G.J. Grubwieser. M.M. Dimitriievic. C. Y, Hsu*.
A.A. Leis. Division of Restorative Neurology and Human Neurobiology, 
Baylor College of Medicine, Houston, TX. 77030

Quantitative assessment of peripheral muscle fatigue in 11 chronic stroke 
patients (mean onset of illness 3.9 years, range 2-12 years) was obtained by 
recording isometric force of both tibialis anterior (ТА) muscles induced by 
intermittent electrical stimulation delivered to ТА motor point.

Subject was seated in specially designed chair with knees and ankles kept 
at 90 degree angles. Each foot was resting on a rigid foot plate equipped 
with a strain gauge for force measurement developed by ankle dorsiflexors. 
A constant current stimulator was used to deliver each second a train of 250 
ms rectangular square wave pulses (0.2 ms pulse duration). Force-frequency 
relationship was determined by stimulating ТА muscle at 1 Hz, 10, 20 and 
40 Hz. To produce muscle fatigue, ТА was activated by 250 ms trains of 40 
Hz stimuli delivered each second for 180 s. Fatigue index was defined as a 
percentage of the average of peak forces measured at time 178-180 s divided 
by the average of peak forces at time 2-4 s.

In stroke patients the fatigue index was significantly lower (p < 0.01) on 
the paretic side (mean ± SD; 44% ± 12.9) when compared to the non
paretic side (77.6% ±  10.6), which is within normal values obtained in 
healthy volunteers using the same protocol.

We found altered functional properties of human skeletal muscle 
contralateral to the side of brain lesion, which provide basis for restorative 
interventions that could be assessed by using this non-invasive protocol.
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66.15
CROSS-TRANSFER EFFECTS WITH ECCENTRIC EXERCISE.
T.Hortobágvi*. J.Hill†. N.Lambert†. V.Ash†. P.Brown†. K.Wells† 
and R.Israel†. Bomechanics and †Hитап Performance Lab. and †Dept. 
of Physical Therapy, East Carolina University, Greenville, NC 27858.

Although the neural and/or psychophysiological mechanisms of 'cross
education' (i.e., the ability for exercise of one limb to cause an increase 
in strength of the contralateral unexercised limb) are unclear, we 
hypothesized a greater cross-transfer effect to occur with eccentric (ECC) 
vs. concentric (CON) muscle training. Healthy (age = 21.3 y) men were 
assigned to ECC (n=7) or CON (n=8) groups to isokinetically train the 
quadriceps muscle of one leg at 1.047 rad-s-1 3-week-1 for 12 weeks. 
Control subjects (n=6) did not exercise and did not show changes (P > 
.05). All subjects were tested pre/post for eccentric, E, concentric, C, 
and isometric, I, knee extension force and surface EMG of the vastus 
lateralis. The contralateral leg was not exercised but was periodically 
checked with EMG for latent contractions. In the ipsilateral leg, there 
were significantly greater improvements by ECC than CON (data not 
shown). The Table displays the pre/post percent changes in knee
extension force and EMG of the untrained leg.______________________

F orce EM GForce EM G
Group E I C E I C

ECC 68* 31* 16 159* 42 43*
   CON 19 21 23 2 30 10
* pre/post changes ECC > CON at P < .05
The greater corss-transfer of force with eccentric vs. concentric training 
may be mediated by an intraspinal circuitry operative during training 
and/or by a centrally-mediated increased fatigue tolerance to exertion.

66.17
COMMON DRIVE OF MOTOR UNITS: A MODEL FOR MOTOR 
UNIT CONTROL C.J. De Luca*. Z. Erim. P. Foley and T. Aoki. 
NeuroMuscular Research Center, Boston University, Boston, MA 
02215.

We have been reporting on a concept termed common drive for 
more than 10 years. This concept is based on the observation that 
motor units modulate their firing rates in a highly interdependent 
manner, whereby an increase or decrease in the firing rate of one 
motor unit is accompanied by similar changes in the firing rates of 
other motor units. The implication for motor control is that in 
effecting desired force output, the central nervous system regulates the 
activities of motor units belonging to the same motoneuron pool 
collectively, as opposed to controlling the firing behavior of individual 
motoneurons. A change in the force output of the muscle is achieved 
by the nervous system through the regulation of the net sum of 
excitation and inhibition to the motoneuron pool. This net excitation 
is received by ail the motor units belonging to the pool, thereby 
affecting the firing patterns of all the motor units.

Since our first report in 1982, our ongoing research has continued 
to provide support and further understanding into the phenomenon of 
common drive. We have recently developed a simple model, based 
on the common drive concept, that explains mechanisms governing 
the the firing behavior o f motor units. This model encompasses 
widely accepted tenets of motor control such as Henneman’s size 
principle, as well as recent findings in our current research on the 
firing rates of motor units during voluntary isometric contractions.

66.16
SPECTRAL ANALYSIS OF MASSETER ELECTROMYOGRAPHY.
A. Eshenaur. J. Buxbaum. N. Mvslinski. F, Parente' & Louis Benevento*. 
Dept. Physiology, Univ. Maryland Sch. Dentistry, Baltimore, MD 21201.

The use of surface EMG to manage temporomandibular dysfunction(TMD) 
patients has recently come under scrutiny. This study was undertaken on 
normal subjects to determine the level of surface EMG stability over time 
using a variety of spectral analysis parameters. Four male and 7 female 
subjects, ages 24 to 38, were selected. All had Class I occlusions, intact 
dentitions, and no history of TMD. Oral and perioral hard and soft tissues 
within normal limits. EMG data from the bilateral masseter muscles were 
obtained during 4 states of jaw activity: rest, right-sided and left-sided 
chewing, and 50% maximal clench. Three sets of recordings were obtained in 
each session. Three sessions were obtained for each subject.

Six measures, SP-50, central frequency, band width, effective band width, 
zero crossings and power spectrum, were analyzed to assess reliability and 
sensitivity over time during the states of jaw activity. Barko interclass 
reliability coefficients were used within and across recording sessions for 
each subject to evaluate the reliability of each measure. Repeated measures 
ANOVA was used to assess sensitivity. All measures were reliable. The 
interclass correlations ranged between .95 and .999 (P<.001). All of the 
measures, except power, were not significantly sensitive. Power, however, 
was significantly reliable and sensitive. The average reliability coefficient for 
Power was .97(P<001). The ANOVA test of its sensitivity was F=7.81, p<01.

In conclusion, bilateral masseter EMG power spectra in normal subjects is 
stable over time with each of the 4 modes of jaw activity. Bilateral masseter 
EMG power spectra is also sensitive enough to differentiate among these 
different modes of activity. Subsequent studies will determine the stability of 
power spectra in TMD patients and differences from non-TMD patients.

H Y P O T H A L A M U S

67.1
LOCALIZATION OF NMDA RECEPTOR mRNAs IN THE RAT 
HYPOTHALAMUS. W.M. Al-Ghoul. R.B. Meeker*. R.S. Greenwood and 
J.N. Hayward. Department of Neurology and Neurobiology Curriculum, 
University of North Carolina, Chapel Hill, NC 27599.

NM DA receptors are present in the hypothalamus and are thought to be 
important for neuroendocrine and autonomic regulation. To further explore 
the role o f NM DA receptors in hypothalamic function, we examined the 
distribution and relative abundance o f various NM DA receptor subunit 
mRNAs in the hypothalamus o f adult and 8-day old (P8) rats. Antisense 
oligonucleotides complementary to NM DA receptor subunits, NR1 
(Moriyoshi, et al., 1991) and NR2A-C (Monyer, et al., 1992), were 3’-labeled 
with a-thio-[3%]dATP and used for in situ hybridization to coronal forebrain 
sections. After hybridizing at 40° C (16 h) and washing at 55° C (IX  SSC, 1 
h), the hybridization signal was detected by autoradiography with NTB2 
emulsion (5-14 days exposure). The relative NM DA receptor m RNA levels 
were: NR1 >  NR2A j> NR2B > NR2C. The expression o f NR1, NR2A and 
NR2B mRNAs was 1) relatively high in the region o f the ventromedial 
hypothalamus including the arcuate, ventromedial and dorsomedial nuclei, 2) 
moderate-low in the supraoptic, paraventricular and suprachiasmatic nuclei as 
well as scattered periventricular and anterior hypothalamic cells, and 3) 
generally higher in P8 than adult rats. Although low in most hypothalamic 
regions, robust expression o f NR2C m RNA was evident in scattered cells 
along the dorsal surface of the optic chiasm, the ventral tip o f  the third 
ventricle, the median eminence and dorsal to the supraoptic nucleus. The 
pattern of NM DA receptor mRNA expression roughly parallels receptor 
binding and further suggests molecular diversity o f NM DA receptors in 
regions o f the hypothalamus important for neuroendocrine and autonomic 
regulation. Supported by NIH Grants NS 13411 and NS 30923.

67.2
IDENTIFICATION OF AN ISOFORM OF THE ESTROGEN RECEPTOR 
MESSENGER RNA LACKING EXON FOUR AND PRESENT IN THE 
BRAIN. J.K. Skipper. L.J. Young. J.M. Bergeron. M. Tezlaff. C. Osborn.
D. Crews*. Departments of Zoology and Psychology, and the Institute of 
Reproductive Biology, Univ. of Texas, Austin, TX 78712.

A new isoform of the estrogen receptor-messenger RNA (ER-mRNA) 
was identified in RNA from the brain of lizards and rats. Polyadenylated 
RNA from brain and uteri was reverse transcribed using gene-specific 
primer for the estrogen receptor. The resulting complementary DNA was 
amplified in a polymerase chain reaction followed by cloning and 
sequencing of the amplified products. This isoform lacks exon four and 
is designated A4 ER-mRNA. Although several isoforms of the estrogen 
receptor have been described from cancerous cells, this is the first one 
identified in the brain. Furthermore, the Δ4 isoform is the only isoform 
detected in normal tissue. The ∆4 isoform appeared most abundant in 
RNA from brain tissue whereas uterine RNA contained only trace 
amounts of the isoform. Apparently, tissue-specific alternative splicing 
accounts for these differences in abundance. Because exon four 
encodes a part of the steroid binding domain, we predict that the 
corresponding protein encoded by the isoform will not bind estradiol and 
may therefore belong to a growing subclass of the steroid/ thyroid/ 
vitamin superfamily known as orphan receptors. We predict that the 
putative Δ4 protein may function as a ligand-independent transcription 
factor which acts on the same DNA response elements as the 
conventional estrogen receptor. The abundance of this isoform in the 
brain relative to the uterus raises fundamental questions regarding the 
regulation of estrogen responsive genes in different tissues.
Supported by MH 41770 and Res. Sci. Award MH00135 to DC.
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67.3
AFFERENT AND EFFERENT CONNECTIONS OF THE SEXUALLY 
DIMORPHIC MEDIAL PREOPTIC NUCLEUS OF THE JAPANESE 
QUAIL. G.C,_.Panzica°*. N. Aste°, C. Viglietti-Panzica0 and J, Balthazartt. °Dept 
Human. Anatomy & Physiology, Univ. of Torino (Italy), and †Lab. Gen. Comp. 
Biochemistry, Univ. of Liège (Belgium)
The medial preoptic nucleus (POM) of the Japanese quail is a testosterone sensitive 

structure which is implicated in the control of male copulatory behavior. The full 
understanding of the role played by this nucleus in the control of reproduction requires 
the identification of its afferent and efferent connections. The present report is a first 
attempt to reach these goals by the use of the lipophilic fluorescent tracer DiI 
implanted in aldheyde-fixed tissue. DiI crystals were implanted under visual control in 
a dissecting microscope into the target structures. Different strategies of brain 
dissection, and different implantation sites were used to establish and confirm afferent 
and efferent connections of POM. The nucleus send anterograde projections down to 
the tuberai hypothalamus, the area ventralis of Tsai (AVT), and the substantia grisea 
centralis (GCt). More closely, dense networks of fluorescent fibers were also seen in 
several hypothalamic nuclei, such as the anterior medialis hypothalami (AM), the 
paraventricularis magnocellularis (PVN), and the ventromedialis hypothalami (VMN). 
A major projection in the dorsal direction was also observed from the POM toward 
the nucleus septalis lateralis (SL) and medialis (SM). Afferences to the POM were 
observed from all these nuclei. It is interesting to mention that the implantation of 
DiI into GCt also revealed massive bidirectional connections with a large number of 
more caudal mesencephalic and pontine structures. GCt appears therefore as an 
important center connecting anterior levels of the brain (TOM) to brain stem nuclei 
which could be implicated in the control of male copulatory behavior. The extensive 
bidirectional connections of POM and of the preoptic area with septal nuclei suggest 
that these two regions, implicated in the control of various aspects of reproduction, 
might represent a functional unit.

67.5
RESPONSE OF N EURO NS OF TH E ANTERIO R  
HYPOTHALAMIC-PREOPTIC REGION TO STIMULATION 
OF THE LATERODORSAL TEGMENTAL NUCLEUS IN 
THE RAT. X-W. Fu. S.M. Brudzynski*. Departments of Clinical 
Neurological Sciences and Physiology, University of Western 
Ontario, London, Ontario, N6 A  5A5 Canada.

It has been demonstrated that application of carbachol into the 
anterior hypothalamic-preoptic region (AH-POA) caused a 
significant decrease in the mean firing rate of the majority of 
responding neurons. The goal of the present study was to 
demonstrate that the input from the laterodorsal tegmental nucleus 
(LDT), a predominantly cholinergic group of cells, into the AH- 
POA may have a comparable inhibitory effect on AH-POA neurons.

Extracellular single unit recordings were obtained from the AH- 
POA of urethane anaesthetized rats. Single-pulse stimulation (0.2-2 
ms, 200-800 μΑ) delivered to the LDT produced responses in 27 
cells (25% of all units). Inhibitory responses were found in 23 out 
of 27 neurons (85%) in the AH-POA. Peristimulus histograms 
showed a total inhibition of firing lasting from 12 to 57 ms (mean
29.4±6.1  ms, SEM) for 400 μA stimulus. The greater was the 
stimulus intensity, the longer the inhibition period. Excitatory 
responses to LDT stimulation were observed in 4 units (14%). The 
present results suggest that LDT may have an inhibitory influence 
on AH-POA neurons. Supported by NSERC and OMH Foundation.

67.7

INCIDENCE OF NEURONAL COUPLING IN SUPRAOPTIC 
NUCLEUS (SON): ESTIMATION BY NEUROBIOTIN (NB) AND 
LUCIFER YELLOW (LY). G.l. Hatton* and Q.Z. Yang. 
Department of Neuroscience, University of California,
Riverside, CA 9'2521.

That LY dye coupling grossly underestimates the actual 
incidence of neuronal coupling has been shown in retina 
(Vaney, Neurosci Lett 1991,125:187) by intracellular injection 
of LY with NB. We have used this technique to assess the 
incidence of coupling among SON neurons in horizontally cut 
hypothalamic slices (35 injected cells from 19 virgin and 16 
lactating rats). Intracellular injections (1 per SON) were made 
using pipettes containing 3% LY and 3% NB in 0.25M LiAc.
LY coupling was detected with epifluorescence; NB with either 
HRP (28 cells) or Texas Red (7 cells). In virgin SONs, 19 
injections yielded 4 LY- and 13 NB-coupled cells. In lactating 
rat SONs, 16 injections yielded 15 LY- and 58 NB-coupled 
cells (only 3 cells were not coupled to at least 1 other). LY 
yielded a maximum of 2 cells coupled to the injected neuron, 
while NB yielded a maximum of 10 in lactating rats. These 
results confirm prior findings of increased coupling in lactating 
rat SON and indicate that the incidence of coupling is far more 
extensive, thus, probably more functionally significant than 
was previously appreciated. Supported by NS 16942.

6 7 .4
LOCAL SYNAPTIC INPUTS TO IDENTIFIED NEURONS IN THE 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS. J. G. Tasker*. Dept. of 
Cell & Molecular Biology, Tulane University, New Orleans, LA 70118.

Under conditions of increased hormone secretion, neurosecretory neurons display 
patterns of electrical activity and neurohormone release. Local synaptic circuits may 
be crucial for the generation of patterned electrical activity. Intracellular and whole
cell recordings were performed in the paraventricular nucleus (PVN) in hypothalamic 
slices (400 μm). PVN neurons were identified initially as magnocellular or parvo- 
cellular on the basis of their electrical properties. Glutamate was microapplied to the 
surface of the slices to study synaptic inputs to PVN cells from local neurons around 
the PVN. Inhibitory and excitatory postsynaptic responses to selective stimulation 
of peri-PVN regions were observed. The majority of the local synaptic responses 
recorded (≈90%) were inhibitory and could be blocked by bicuculline (10 μΜ), 
suggesting that they were caused by γ-aminobutyric acid (GABA) acting at GABAa 
receptors. One cell responded to glutamate microdrops with a tonic hyperpolar
ization which reversed at » -95 mV and was blocked by bath application of tetrodo- 
toxin. Inhibitory postsynaptic responses were seen when glutamate microdrops were 
applied in the region ventrolateral, but not dorsal or ventral, to the PVN. Excitatory 
postsynaptic responses were only observed in a few cells (<10%). Excitatory 
responses, consisting of fast excitatory postsynaptic potentials and spikes, were 
evoked by glutamate microstimulation lateral to the PVN. Some recorded cells were 
identified by injection with biocytin and immunohistochemical processing with poly
clonal antisera against neurophysin, oxytocin, vasopressin or corticotropin-releasing 
hormone. Both magnocellular and parvocellular neurons were found to receive local 
synaptic inputs. These results suggest that PVN magnocellular and parvocellular 
neurons are regulated by local synaptic circuits and that GABA-mediated local inhib
itory inputs predominate. I thank Drs. A. Robinson, H. Gainer, P. Sawchenko and 
W. Vale for providing me with the antisera. (Supported by LA LEQSF RD-A-24).

6 7 .6
RESTRICTED AFFERENTS TO THE CORE OF THE 
TUBEROMAMMILLARY NUCLEUS IN THE RAT. J.E.
Sherin*, R. Burstein and C.B. Saper, Dept. of Neurology, Harvard
Medical School, Boston, MA 02115 and Comm. on Neurobiology, 
Univ. of Chicago, Chicago, IL 60637 

The tuberomammillary nucleus (TMN) is the sole source of 
histaminergic innervation of the mammalian brain. It is believed to 
be a critical component in the circuitry for maintaining a wakeful 
state. While a number of afferents to the region surrounding the 
TMN have been identified, no major input has been found that 
targets the core of the nucleus. We placed injections of Fluorogold 
dye into the ventrolateral component of the TMN and surrounding 
areas using electfophysiological recordings to guide injection 
placement. Injections that included the shell region retrogradely 
labeled neurons in numerous sites, as previously described by 
Ericson and Köhler (JCN 311:45, 1991). However, injections that 
were confined to the core of the TMN retrogradely labeled only a 
single population of cells, located in the lateral preoptic area. This 
observation is strikingly similar to that of Aston-Jones and 
colleagues (Science 234:734, 1986) who found that only two 
medullary cell groups project to the core of the locus coeruleus. 
Our findings suggest that TMN neurons are similar to this other 
major monaminergic cell group in that inputs to its cell bodies and 
proximal dendrites appear to be remarkably restricted.

6 7 .8

GLUTAMATE RECEPTOR SUBTYPES ACTIVATED IN SUPRAOPTIC 
NUCLEUS (SON) NEURONS BY LATERAL OLFACTORY TRACT 
(LOT) STIMULATION. Q.Z. Yang*and G.l. Hatton. Dept. of 
Neuroscience, Univ. of California, Riverside, CA 92521.

In SON neurons, LOT stimulation evokes monosynaptic EPSPs 
which can be blocked by kynurenate, suggesting that glutamate 
receptors mediate these responses. We sought to determine 
whether these LOT inputs activated one or more glutamate 
receptor subtypes using both NMDA (APV) and non-NMDA (CNQX 
and NBQX) receptor antagonists to block synaptic responses to 
LOT stimulation in brain slices. In control medium CNQX (0.5-5 
μΜ) blocked evoked EPSPs in a dose-dependent manner (7 cells), 
reversible upon washout. Similarly, the AMPA selective blocker, 
NBQX (1-2 μΜ ) abolished evoked EPSPs in control medium or 
medium containing 50 μΜ picrotoxin (8 cells). There was no 
effect on the evoked EPSPs of 20 μΜ APV (NMDA antagonist) in 
control medium (3 cells). In Mg2+-free medium, however, EPSPs 
that were only partially blocked by CNQX (6 cells) were abolished 
by the combination of CNQX (1 μΜ) and APV (20 μΜ). These 
results indicate that LOT stimulation activates both NMDA and 
non-NMDA type glutamate receptors on SON neurons and that at 
least some of the latter appear to be AMPA receptor subtypes. 
Whether metabotropic glutamate receptors are also activated 
remains to be determined. Supported by NS 16942.
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6 7 .9
C-FOS EXPRESSION IN SUPRAOPTIC NUCLEUS (SON) 
OXYTOCIN (OX) AND VASOPRESSIN (VP) NEURONS IN 
RESPONSE TO HYPERTONIC SALINE (HS) INJECTION WITH 
OR WITHOUT ANESTHESIA. J.J.Xiong* and G.l. Hatton.
Dept. Neuroscience, Univ. of California, Riverside, CA 92521.

Single intraperitoneal injections of HS, in addition to causing 
a variety of morphological changes, have been found to induce 
c-fos expression in SON neurons. Such injections have both 
an osmotic and a stress component, either of which may 
induce c-fos expression. We sought to selectively evaluate the 
osmotic effects on OX and VP cells of HS by eliminating the 
stress component via anesthesia prior to injection. Using 
double-label immunocytochemistry for c-fos and either OX or 
VP, we compared the responses of SON neurons in 4 sets 
(N = 6/set) of rats: HS without (HS-ΝΑ) and with anesthesia 
(HS-A); isotonic saline with anesthesia (IS-A) and anesthesia 
alone (A). Anesthesia was given 60 min. before injection and 
160 min. before perfusion with fixative. Percentages (mean± 
SE) of c-fos/OX labeled cells were: HS-NA, 68 ±3: HS-A,
53± 4  (p<0.01); IS-A, 24± 5; A, 23± 7. Data for c-fosA/P 
were: HS-NA, 48± 5; HS-A, 49± 4 ; IS-A, 20± 5; A, 18±8. 
These results suggest that the c-fos induced by HS in OX 
neurons consists of osmotic and stress-related components, 
whereas that induced in VP neurons is due solely to osmotic 
factors. Supported by NS09140.

6 7 .1 1
ANALYSES OF ASTROCYTES ASSOCIATED WITH THE STIMULATED 
SUPRAOPTIC NUCLEUS. J.B. Bobak* and A.K. Salm. Department of Anatomy, 
West Virginia University, Morgantown, WV, 26505.

Numerous studies of the supraoptic nucleus (SON) have suggested that 
astrocytes in, or subjacent to, the nucleus undergo shape changes when 
nearby magnocelluiar neurons are active. We have initiated studies aimed at 
characterizing the incidence and nature of these putative changes. Adult male 
rats were divided into control (n=5), dehydrated 2 and 9 days (n=6; n=5) and 
rehydrated 9 days (n=6) groups. Control animals were given tap water while 
dehydrated animals received a 2% saline solution. Electron micrographs of the 
ventral glial limitans (VGL) showed stacks of astrocyte processes extending 
ventrally or ventrolaterally to the dendritic zone, with processes oriented both 
horizontally and vertically to the pial surface. Thickness of the VGL and 
distance of astrocyte nuclei from the piai surface were quantified from toludine 
blue stained thick sections (400 nm). A significant decrease in VGL thickness 
between control (20.94±1.42 μm) and 9 day dehydrated groups (13.72 ±1.42 
μm) was observed. In addition astrocyte nuclei within the VGL and dendritic 
zone were found to be significantly closer to the pial surface in 9 day 
dehydrated groups (21.57 ±2.65 μm) when compared with controls 
(35.29± 2.65 μm). Both of these measures reversed upon rehydration. Nuclear 
area measured from astrocytes along the piai surface and within the SON 
showed a consistent trend toward enlarged nuclei that continued with 
rehydration. Median values increased from 28.0 μm2 in controls to 32.5 μm2 
in rehydrated groups. Stimulated groups contained more extremely small 
nuclei, consistent with previous reports of increased astrocyte proliferation at 
these times. These data directly support the idea that morphological changes 
in astrocytes occur concommitant with dehydration of the SON. Supported by 
BNS-9109827.

6 7 .1 3

CHRONIC ETHANOL INTAKE DECREASES VASOPRESSIN 
mRNA CONTENT IN THE RAT HYPOTHALAMUS: A PCR 
study. P.P._Sanna*, D.P. Folsom, М.J.Bаrrizo, M.D. Hirsch. K.R. Melia. 
D. Macieiewski-Lenoir and F.E. Bloom. Department of Neuropharmacology, 
The Scripps Research Institute, La Jolla, CA.

Acute ethanol (EtOH) intake has long been known to induce diuresis. 
This action has been linked to an altered release of vasopressin (AVP) brought 
about by an EtOH-induced reduction of calcium currents in neurohypophysial 
nerve terminals. However, the effects of chronic EtOH on the regulation of AVP 
expression have started to be characterized only recently. In the present study, we 
have investigated the effect of chronic EtOH exposure on vasopressin mRNA 
levels in the rat hypothalamus by use of a two-step quantitative reverse 
transcriptase-coupled polymerase chain reaction approach (RT-PCR) which 
allows for the accurate measurement of peptide mRNA levels in discrete regions 
of the brain of individual animals. EtOH intake markedly reduced the level of 
vasopressin mRNA. Furthermore, salt loading was ineffective in inducing a 
significant increase in vasopressin mRNA level in EtOH-treated rats, unlike in 
controls. This is in agreement with the observations that acute EtOH-intake 
reduces plasma vasopressin responses to many stimuli known to increase 
vasopressin plasma concentration such as dehydration, intravenous infusion of 
hypertonic salin and insulin-induced hypoglycemia.

The quantitative RT-PCR method described here permits the 
quantification of AVP mRNA in small total RNA samples from discrete regions 
of the brain of individual animals without pooling of samples. The present data 
show that chronic ethanol intake decreases vasopressin mRNA content in the rat 
hypothalamus and impairs its transcriptional response to salt loading.

Partially supported by NIAAA 07456 (P.P.S) and NIAAA 06420 ( F . E . B ).

67.10
ULTRASTRUCTURAL IMMUNOCYTOCHEMICAL LOCALIZATION 
OF TAURINE AND CYSTEINE SULFINIC ACID DECARBOXYLASE 
(CSAD) IN ASTROCYTES AND NEURONS OF THE SUPRAOPTIC 
NUCLEUS (SON). C, Decavel* and G.l, Hatton. Dept. of 
Neuroscience, University of California, Riverside, CA 92521.

Taurine is postulated to play a neuromodulatory role in the SON, 
where it could be released from astrocytes under hypo-osmotic 
conditions. In the hypothalamus, taurine seems to be more 
prominent in glial cells, and its concentration is relatively high in 
the SON. To determine which cell types in the SON contain and 
synthesize taurine, we used antibodies against taurine and CSAD 
(its synthesizing enzyme). Immunocytochemistry was carried out 
using DAB intensified or not with silver. At the light microscopic 
level, both antigens labeled processes surrounding magnocelluiar 
neurons and blood vessels. Glial cell bodies (either subpiai or 
intranuclear) were strongly IR, in particular for CSAD. Ultra- 
structural observation revealed thin or dilated glial processes that 
were: inserted between two otherwise closely apposed magno- 
cellular somata, tightly surrounding boutons making synapses on 
cell bodies or dendrites, or abutting endothelial cells. Both 
antibodies also labeled some dendritic elements, usually small and 
sometimes containing a few neurosecretory granules. No synaptic 
boutons were found to be IR for taurine or CSAD in the SON. 
These data indicate that SON astrocytes manufacture taurine, and 
are consistent with the hypothesis that taurine could be stored 
and released from these glia. Supported by NS09140.

6 7 .1 2

mRNA-CONTAINING SWELLINGS: A SUBSET OF AXONAL SWELLINGS 
THAT AGGREGATE VASOPRESSIN mRNA. A. Trembleau*· M. Morales, and
F. E. Bloom. Department of Neurophaimacology, The Scripps Research Institute, 
La Jolla, CA 92037.

Vasopressin (VP) mRNA is axonally transported in the rat hypothalamo- 
neurohypophyseal system, and its concentration in the median eminence (ME) and 
posterior pituitary (PP) is dramatically increased during salt-loading (SL). 
Recently, we have proposed that this mRNA may be aggregated in some axonal 
swellings confined to the ME and PP (Trembleau et al., Soc. Neurosci. Abstr., 
414.6,1992). To further characterize the mRNA-containing swellings (mRNA-CS) 
observed in SL rats, we have compared their anatomical distribution and their 
ultrastructural characteristics to that of the VP peptide-containing swellings 
(peptide-CS). The colocalization of VP mRNA and peptide was performed using a 
double immunofluorescence technique. VP was detected using FITC 
immunofluorescence, while mRNA was visualized using digoxigenin-labeled 
oligonucleotides detected with an alkaline phosphatase-conjugated anti-digoxigenin 
antibody revealed using Fast Red. In addition, the ultrastructural colocalization of 
vasopressin mRNA and peptide was performed using either a double pre-embedding 
technique or combining the pre-embedding detection of VP mRNA with the post
embedding detection of VP. Our study showed that: 1. The numerous peptide-CS 
located outside the ME and PP did not contain detectable mRNA. 2. Within the 
ME and PP, a subset of peptide-CS did contain the mRNA. 3. Some large 
swellings containing high concentration of mRNA did not contain detectable 
peptide. 4. At the ultrastructural level, these latter swellings rarely contained 
secretary granules. These data show that the axonal distribution of VP mRNA does 
not precisely overlap that of VP and indicate a selective aggregation of mRNA in a 
subset of swellings of the ME and PP undo: SL. Therefore, we suggest that along 
the VP neuron axons, the swellings of a given axon may differ in their 
biochemical and functional features. (Supported by NS 22347 to FEB).

67.14
THE EFFECT OF SALT LOADING ON CCK RECEPTORS. G.L, Hinks. 
JA. Poat and J. Hughes* Parke-Davis Neuroscience Research Centre, 
Addenbrookes Hospital Site, CAMBRIDGE CB2 2QB 

We have previously shown an upregulation of CCK binding sites in 
the hypothalamus of salt-loaded animals. This response is consistent 
with reports of increases in expression of hypothalamic peptides under 
similar conditions. CCK receptors have been subdivided into CCKAand 
CCKB receptor subtypes, these being readily identified by the use of 
selective antagonists. Both subtypes are present in the hypothalamus 
and the present report attempts to identify the subtype which is 
affected by salt loading. The techniques used were:- autoradiography 
with [12Sl]-Bolton Hunter CCK 8S as the ligand and devazepide and Cl- 
988 to identify CCK. and CCKB subtypes respectively, and in situ 
hybridisation using [^SJ-oligonucleotides complementary to the mRNA 
of interest. Rats , salt-loaded with 2% saline in the drinking water for 
6 days, showed modest increases in hypothalamic CCKB and large 
increases in CCKA receptor content. At the same time significant 
increases in hypothalamic preproCCK mRNA were observed. 
Consistent with other reports oxytocin and vasopressin mRNA 
increased while CRF mRNA remained unchanged. These results can 
be interpreted as CCK stimulating hypothalamic oxytocin secretion via 
an interaction with CCKA receptors.
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67.15
PITUICYTE NUCLEI CHANGES PRECEDE OSMOTICALLY INDUCED 
CHANGES DM CYTOPLASMIC ΑΡΡ05Ή0Ν WITH THE BASAL 
LAMINA IN THE NEURAL LOBE. G.H, Beagley*. Dept of Psychology, 
Alma College, Alma Michigan 48801.

Posterior pituitary glial occupation of the basal lamina (BL) decreases 
and neural occupation increases with stimuli that elevate neuropeptide 
release into the blood. Preliminary data from rats injected with hypertonic 
versus normal saline suggest that this plasticity of pituicyte cytoplasmic 
processes may be mediated by changes in the pituicyte nucleus. Electron 
micrographs of cross sectional profiles of nuclei of pituicytes from rats 
injected with 1.5 M (hypertonic) or 0.15 M (normal) NaCl and sacrificed at 
5 h, 25 h or 1 h after injection were examined for differences in size and in 
percentage of chromatin. At 5 h no differences were found between nuclei of 
animals stimulated with hypertonic saline and controls. (Mean nucleus size 
at 5 h: 1.5 M NaCl = 31 μm2; 0.15 M NaCl = 29μm2; both conditions had 21% 
of nucleus surface area covered with chromatin). At 2.5 h there were 
significant differences between injection conditions in mean nucleus size (1.5 
M NaCl = 40 μm2; 0.15 M NaCl = 29.6 μm2, p<.02) and percentage of 
chromatin (1.5 M NaCl= 21%; 0.15 M NaCl = 15%, p<.02). At 1 h there was 
a significant difference in mean nucleus size (1.5 M NaCl = 41μm2; 0.15 M 
NaCl = 32 μm2, p< .04), but the increase in percentage of chromatin was not 
significant (1.5 M NaCl = 19%; 0.15 M NaCl = 15%). Morphological 
changes in the nucleus of the pituicytes appears to precede changes in the 
cytoplasmic apposition with BL where differences for 1.5 M NaCl and 0.15 
M NaCl injected rats were not detectable until 2.5 h post injection and were 
much larger at 5 h post injection (5 h = 40% & 67%; 2.5 h = 57% & 70%; 1 h = 
66% & 67%). The earlier pituicyte nucleus differences suggest changes in 
transcriptional activity precede glial retraction from the BL.

COMPARATIVE

68.1

EVIDENCE THAT HAGFISH POSSESS A DEGENERATE LATERAL 
LINE SYSTEM. C. B. Braun*. H. Wicht and R. G. Northcutt.
Neurobiology Unit, Scripps Institution of Oceanography, Dept. of 
Neurosciences, School of Medicine, Univ. California, San Diego CA 
92093, and Z Morph, JW Goethe-Univ., Frankfurt/main, FRG.
The characteristics of the lateralis system in hagfish have puzzled 

biologists since the first description early in this century. Hagfish of the 
genera Eptatretus and Paramyxine, but not Myxine, have two paired sets 
of lateral line grooves that are innervated by two pairs of cranial nerves. 
Paradoxically, the grooves are devoid of neuromasts or electroreceptors, 
the compound receptors that typically compose a lateralis system. 
Preliminary investigation of Eptatretus stouti embryos, however, indicates 
that primordia of compound lateralis receptors are present during the 
middle and late stages of development. Previously, we presented 
evidence that the apparent simplicity and tremendous individual variation 
of the lateral line system in hagfish is the result of relaxed selection and 
degeneration (Braun and Northcutt 1992. Am. Zool. 32:139). We report 
here our observations of serial sections through the grooves in normal,
Dii labeled and histochemical preparations of acetylated-tubulin 
immunoreactivity in Eptatretus stouti skins. All fibers of the posterior and 
a subset of the anterior lateral line nerve fibers innervate the grooves. 
Each groove receives a small bundle of fibers that ramify extensively 
within the groove. These findings, combined with the evidence for lateral 
line systems in fossilized heterostracans, indicate that a lateral line 
system was present in the earliest craniates, but has undergone 
secondary degeneration in hagfish. Supported in part by NIH NS24669 
to RGN.

68.3
SILVER LAMPREYS (ICHTHYOM YZO N  UNIC U SP IS ) LACK A TERMINAL 
NERVE. H.L. Eisthen* and R.G. Northcutt. Dept. Neurosciences, U.C. San 
Diego, La Jolla, CA 92093.

All classes of gnathostomes possess a nervus terminalis (ηΤ) with 
ganglionic cells located near the olfactory epithelium or olfactory bulb. The 
nT displays immunoreactivity to gonadotropin releasing hormone (GnRH) and 
FMRF-amide. Recent tract-tracing studies demonstrate the presence of 
projections from the nasal cavity to the preoptic/hypothalamic region in 
lampreys, indicating that the nT may also exist in lampreys (von Bartheld & 
Meyer, 1988; Northcutt & Puzdrowski, 1988). To determine whether these 
projections constitute the nT, we have examined the distribution of GnRH 
and FMRF-amide in the silver lamprey, Ichthyomyzon unicuspis. We used 
commercially-available antisera to FMRF-amide and the mammalian form of 
GnRH, in addition to antisera against saimonid GnRH (gift of Wiley Vale), 
chicken II GnRH (gift of Jim Miliam) and lamprey I GnRH (gift of Stačia 
Sower). Sections of the brain and neurocranium were processed using a 
nickel-intensified PAP method. FMRF-amide-immunoreactive cell bodies 
were found in the preoptic area and isthmal gray region, and labeled fibers 
were found in many regions of the brain, including the olfactory bulb and 
optic nerve. No labeled cell bodies or fibers were found in the olfactory nerve 
or nasal cavity. Antisera to different forms of GnRH produced a pattern of 
labeling that was distinct from that obtained using anti-FMRF-amide.
Labeled cell bodies were restricted to the preoptic area, and most of the 
labeled fibers extended to the ventral hypothalamus. A small number of 
fibers in the optic nerve was also labeled. No labeled cell bodies or fibers 
were found in the olfactory bulb, olfactory nerve, or nasal cavity. We 
conclude from these data that lampreys lack a nervus terminalis and that the 
projections previously described constitute a portion of a different system. 
Supported by NIH grant NS24869.

NEUROANATOMY I

68.2
NITRIC OXIDE SYNTHASE IN THE CENTRAL NERVOUS 
SYSTEM OF THE LARVAL LAMPREY (LAM PETRA PLANERI). 
A. Schoberl ,2, C.R. Malz1. C.S. von Bartheld2*, and D.L. Meverl 1. 
1Department of Neuroanatomy, University of Göttingen, 3400 
Göttingen, Germany, and 2Department of Physiology & Biophysics 
(SJ-40), University of Washington, Seattle, WA 98195.

The distribution of nitric oxide synthase (NOS) was 
investigated in the lamprey brain to elucidate evolutionary aspects 
of neurons synthesizing nitric oxide. Reduced nicotinamide- 
adenine-dinucleotide phosphate (NADPH)-diaphorase histochemistry 
was applied to visualize NOS-activity.
Intensive labeling of fibers and neurons was found in distinct 
portions of the lamprey CNS. Intense staining of neuronal 
elements occured in the olfactory system, the pineal organ, the 
habenular region, the adenohypophysis, the brain stem, and in the 
spinal cord.
Giant neurons labeled by NADPH-histochemistry (located at the 
floors of the 3rd and 4th ventricle) were identified as reticulospinal 
neurons. On the basis of morphological criteria it was possible to 
distinguish eight pairs of Mueller cells and one pair of Mauthner 
cells. None of these cells have been previously reported to display 
NOS-activity in any vertebrate.
The finding of widespread expression of nitric oxide in the brain of 
jawless vertebrates supports the notion that the NO-system may be 
an early feature of vertebrate evolution.

Supported by grants from the German Science Foundation 
to AS, CRM and DLM.

6 8 .4

DISTRIBUTION OF NEUROCHEMICALS IN THE TECTA OF 
CARTILAGINOUS FISHES. C.A. Meade*. S.L. Stuesse. and 
W .L.R. Cruce. Neurobiol. Dept. N .E. Ohio Univ. Col. o f Med., 
Rootstown, OH 44272.

Based on Nissl and Golgi studies, six layers have been described 
in the tecta o f cartilaginous fishes. We determined if  neurochemicals 
were preferentially distributed within these tecta. Localization of 
antibodies against leu-enkephalin (LENK+), tyrosine hydroxylase 
(T H +) and serotonin (5H T+) were compared in the tecta of 
H y d ro la g u s  (ratfish), S q u a lu s  (spiny dogfish shark), H e tero d o n tu s  
(horn shark), and M y lio b a tis  (bat ray). Immunoreactivity was 
heavier in the superficial and deep layers than in the middle layers 
and was predominantly localized to neurites. Fibers in the middle 
and deep tectal layers ran circumferentially while fibers in the 
superficial layers had no predominant orientation. Chemical 
distribution in ratfish differed from that in the sharks and ray. The 
ratfish had dense, thick LENK+ and 5H T+ fibers in the superficial 
tectal layers while the distribution in this zone was sparse in the 
sharks and ray. Few immunoreactive somata were present; 
LENK+ somata were in the deepest layer in H y d ro la g u s , and TH +  
somata were in the most superficial layer in H e te ro d o n tu s  and in 
middle layers in the rostral tectum in S q u a lu s. Based on immuno- 
histochemistry, six tectal layers were identified in all four fishes, but 
there were minor differences in neurochemical distribution.
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6 8 .5
NEW DATA ON THE GOLDFISH MONOAMINERGIC SYSTEMS AS 
REVEALED BY ANTIBODIES AGAINST MONOAMINES AND THEIR 
BIOSYNTHETIC ENZYMES.

FRANZONI М.ҒЛ BELTRAMO M.§, THIBAULT Ј. o , CALAS A.§ 
*Dipartimento di Biologia Animale, Laboratorio di Anatomia Comparata, 
Università di Torino, 10123 Torino Italy. §Lab. Cytologie, Institut des 
Neurosciences, CNRS URA 1488, Université Paris VI, 75252 Paris Cedex 05 
France. °Lab. Biochimie Cellulaire, Collège de France, 75231 Paris Cedex 05 
France. (SPON: ENA).

Using a new polyclonal antibody raised in rabbit against a fusion protein, β- 
galactosidase-aromatic L-amino acid decarboxylase (AADC, enzyme involved in 
the biosynthesis of both catecholamines and serotonin) previously characterized 
(Krieger et al., 1993 Neurosci. Lett. 153: 88), we have investigated the AADC- 
immunoreactivity (IR) in the goldfish brain. In addition, AADC-IR was compared 
with TH- and serotonin (5-HT)-IRs. In general our results were in agreement with 
previous descriptions, in the same species, of both TH- (Hornby and Piekut, 1990 
Brain Behav. Evol. 35: 49) and 5-HT-IRs (Kah and Chambolle, 1983 Cell Tissue 
Res. 234:3 19). Nevertheless a number of AADC-immunopositive/TH- and 5HT- 
immunonegative neurons, mainly localized in the brainstem, as well as AADC- 
immunonegative/TH-immunopositive cells, throughout the prosencephalon and 
hindbrain, were shown. Such findings possibly suggest the occurrence of D cells 
and presumptive DOPA synthesizing neurons also in the goldfish brain.

MURST (Italy) and CNRS (France) financial support

6 8 .7

DISTRIBUTION OF GAMMA-AMINOBUTYRIC ACID 
IMMUNOREACTIVITY IN THE BRAIN OF THE CHANNEL 
CATFISH WITH SPECIAL REFERENCE TO OCTAVOLATERALIS
SYSTEMS. J.G. New and C.M. Fav_____ R.R. Fav* . Dept. of Biology
and Parmly Hearing Inst., Loyola University of Chicago, Chicago, IL 
60626

As part of our investigation of sensory processing in the electrosensory 
system of the catfish, we have investigated the distribution of the 
neurotransmitter gamma-aminobutyric acid (GABA) in the brain of the 
channel catfish, Ictalurus punctatus. We have paid special attention to 
cells containing GABA located in octavolateralis systems with respect to 
the possible role of this transmitter in neural processing.

Channel catfish were anesthetized with MS-222 and perfused 
transcardially with phosphate buffer and 4% glutaraldehyde. The fixed 
brains were sectioned on a freezing microtome and 34-48 μιη sections 
were incubated for 48-36 hours with a polyclonal antibody against 
GABA (Chemicon). The sections were then processed for visualization 
of antibody binding using peroxidase-antiperoxidase (PAP) procedures.

Large numbers of neurons in the brain, particularly in the hind- and 
midbrain stained positive for anti-GABA binding. In nuclei of the 
octavolateralis system, GABAergic neurons were found in most nuclei, 
inluding the medullary electrosensory lateral line lobe (ELLL) and 
medial octavolateralis nucleus (MON) and the midbrain torus 
semicircularis (TS). These included interneurons, commissural medullary 
electrosensory neurons and in the MON, a population of ascending 
projection neurons.

Supported in part by NIH NS30194 to JGN

6 8 .9
PERIVENTRICULAR MORPHOLOGY IN THE BRAINS OF 
ANTARCTIC NOTOTHENIOID TELEOSTS: ANATOMICAL 
INDICATOR OF A SPECIALIZED INTEROCEPTIVE SYSTEM?
M, J. Lannoo* and J. T. Eastman. Muncie Center for Medical 
Education, Ball State Univ., Muncie, IN 47306, and Dept. of Biological 
Sciences, Ohio Univ., Athens, OH 45701.

Notothenioid teleosts are a monophyletic perciform suborder 
composed of six families and over 120 known species. Derived species 
are found in the subzero waters of the circum-Antarctic Southern Ocean 
and produce antifreeze glycopeptides. We have examined the patterns of 
brain morphology within this group. Notothenioid brain proportions are 
reminiscent of generalized perciforms, but are highly variable across 
families. In contrast with other teleost groups, the majority of 
notothenioid brain variation occurs in regions identified as association 
areas: the telencephalon and the corpus cerebelli. Notothenioid brains 
are further characterized by expansions of the ependymal lining of the 
Bird ventricle in the region of the thalamus and hypothalamus. The 
ependymal lining forms intraventricular sacs which may occur 
bilaterally, or which may fuse along the midline. Ependymal expansions 
of this type have not been described previously in any vertebrate. Other 
diencephalic specializations include numerous large neurons in the 
gigantocellular portion of the preoptic periventricular nucleus and in the 
lateral hypothalamic nucleus. The size of these diencephalic structures 
is better correlated with exposure to subzero temperatures than with 
phylogenetic position. The function of this unusual periventricular 
morphology is presently unknown, but may be related to a hypothesized 
interoceptive system specialized for the regulation of the constituents of 
the extracellular fluid, including antifreeze and small ions.

68.6
TWO DESCENDING PATHWAYS FROM THE GENERAL VISCERAL 
SENSORY NUCLEUS OF THE CATFISH, ICTALURUS 
PUNCTATUS. L.E. Goehler*and T.E. Finger. Dept. of 
Cell. & Struct. Biology, Univ. Colorado Health 
Sci. Center, Denver, CO 80262

In the catfish, Ictalurus punctatus. abdominal 
afferente of the vagus nerve terminate in the 
general visceral sensory nucleus (GVN) of the 
caudal medulla. The descending projections of the 
GVN were investigated using the neuroanatomical 
tracers horseradish peroxidase (HRP) and Dil. HRP 
and Dil mainly labeled fibers occuring in the 
dorsolateral funiculus (DLF), with fewer fibers in 
the lateral funiculus (LF). Nerve fibers traveling 
in the DLF terminated in several subnuclei of the 
funicular complex of the rostral spinal cord. 
Other fibers continued caudally to the visceral 
sensory areas of the spinal dorsal horn. Fibers 
traveling in the LF terminated in the lateral and 
marginal areas of the white matter of the rostral 
spinal cord, in the region containing the 
dendrites of sympathetic preganglionic motor 
neurons. These results demonstrate an anatomical 
substrate by which vagal input may influence 
spinal visceral reflexes in catfish.
Supported by NIH grant DC-00147.

68.8
A DIENCEPHALIC NUCLEUS FOR AERIAL VISION IN THE 
OSTEOGLOSSOMORPH FISH, P a n to d o n  b u ch h o lz i. W.M. Saidel* 
and A.B. Butler. Dept. of Biology, Rutgers Univ., Camden, NJ 08102 and 
ΓΓΝΙ, Arlington, VA 22207

The visual world of Pantodon buchholzi is unusual. Its ventral 
hemiretina normally views at and through the water surface into the air and 
its dorsal hemiretina sees in water. Retinal specializations support the 
hypothesis that different parts of the retina evolved under different 
biophysical constraints.

Nucleus rostrolateralis (RL) in the diencephalon of Pantodon is both 
retino- and tecto-recipient. Dii was used to selectively trace the connections 
of the tectal regions receiving ganglion cell terminations from the dorsal 
(or aquatic) and ventral (or aerial) hemiretinas. A strong connection 
between the neuropil of RL bilaterally and the area of tectum receiving 
terminals from die ventral hemiretina has been observed. No connection 
between RL and the tectum receiving terminals from the dorsal hemiretina 
has been seen. Dii was also used to retrogradely label the tectal source of 
the RL projection. Ipsilateral tectal pyriform cells in the peripheral layer of 
the stratum griseum periventriculare (SPV) were found ventral to the 
terminal area of the ganglion cell projection from the ventral hemiretina.
RL appears to be a diencephalic nucleus primarily involved with some 
visual function of the aerial visual field. (Supported in part by the 
Whitehall Foundation and ΓΓΝΙ.)

68.10
A PRESUMED ACOUSTIC PATHWAY FROM THE EAR TO THE 
TELENCEPHALON IN AN OSTEOGLOSSOMORPH TELEOST, Xenomystus 
nigri. M.R. Braford, Jr.*, E. Prince and C.A. McCormick. 
Biology Department and Neuroscience and Biopsychology 
Program, Oberi in College, Oberi in, OH *Й07^

In Xenomystus a swimbladder diverticulum lies in close 
proximity to the saccule. Horseradish peroxidase injec
tions reveal the.following. Saccular and lagenar branches 
of the octaval nerve terminate in the dorsomedial zone and 
the medial part of the intermediate zone of the descending 
octaval nucleus and in the anterior octaval nucleus. Fol
lowing injections centered in the dorsomedial descending 
nucleus, terminals are present in a secondary medullary 
nucleus, SO, and İn a dorsomedial region of the torus 
semicircularis--one devoid of input from nucleus medialis 
and the ELLL. Injections in this region of the torus 
retrogradely label cells in the descending nucleus (saccu
lar input zone), the anterior octaval nucleus, the SO and 
the portion of the dorsocentral zone of the telencephalon 
associated with the dorsomedial zone; and anterogradelу 
label a restricted portion of the preglomerular complex. 
Injections that include this part of the preglomerular 
complex retrogradely label the dorsomedial toral region 
only and anterogradelу label the dorsomedial zone of the 
telencephalon. Injections of this telencephalic zone re
trogradely label cells in the toro-recipient preglomerular 
complex. (Supported by NSF BNS 8820858 and 8820095 and 
Neuroscience Program, Oberi in College.)
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68.11
NADPH-DIAPHORASE (N D ) STAINING IN  GOLDFISH  
(C A R A S S IU S  A U R A T U S ) CENTRAL NERVOUS SYSTEM . 
Christopher F io r illo . M . R. Braford J r .. D ennison  Sm ith*. 
Neuroscience Program, Oberlin College Oberlin, OH 44074.

Histochemical studies localizing the distribution o f NADPH- 
diaphorase (Nitric Oxide Synthase) containing neurons have focused 
principally on the mammalian nervous system. Reports o f the 
distribution o f this enzyme in non-mammalian vertebrate brains are 
limited and there are no published reports o f its distribution in fish 
CNS. To help understand the role this enzyme may have in the fish 
nervous system , w e attem pted to d escr ib e  the brain regions  
containing ND staining cells in goldfish CNS. The brains from 10 
fish were perfused with a 3% paraformaldehyde, 15% glucose  
phosphate buffered saline (pH 7 .4 ). Thirty-fifty micron thick 
sections were cut and free-floating sections were incubated for 1.5-2 
hours in .1M Tris HCL buffer containing NADPH (lm g/m l) and 
nitro blue tertrazolium (.25m g/m l) at room temperature. The 
stained sections were subsequently mounted on gelatinized slides, 
dehydrated in a lc o h o l, and c lea red  w ith  " H istoclear"  and 
coverslipped in Permount. Darkly-stained cell bodies were seen in a 
number o f  structures: in the diencephalon and pretectum —the 
magnocellular preoptic nucleus, the ventral habenular nucleus, the 
nucleus lateralis thalami, the magnocellular portion o f the superficial 
pretectal nucleus; in the midbrain—the mesencephalic nucleus of V, 
the nucleus of the medial longitudinal fasciculus, the oculomotor and 
trochlear nuclei, nucleus isthmi; in the hindbrain—the motor nuclei 
of the cranial nerves inclu d ing  th ose o f  the vagal lo b e , the 
octavolateralis efferent cells, the secondary octaval nucleus; and in 
the spinal cord, the ventral horn cells.

68 .1 3
DECISION POINTS IN THE FORMATION OF THE ANTERIOR 
THALAMIC FASCICLE IN RANA PIPIENS N. M. Montgomery*. K .V. 
Fite. Z. Li Neuroscience and Behavior Program, U. Mass. Amherst, 
Mass. 01003.

The organization of the retinofugal projection to the anterior 
thalamus was examined using the anterograde and retrograde 
transport of HRP. HRP was injected into the neuropil of Bellonci and 
the retrograde transport charted. Anterograde studies included; 
retinal scratches and application of HRP to the wound, and 
transection and partial soak of the optic nerve with HRP.

The retinal afferente to the neuropil of Bellonci consist of two 
calibers of axons each of which terminate in discrete portions of the 
neuropil creating a compound map in which the the outer neuropil is 
composed of a shell of large diameter axons and terminals and the 
central core is composed of fine diameter axons and terminals. 
Following localized HRP injections into the neuropil of Bellonci 
retrogradely labeled retinal axons occupied the dorsal and anterior 
portions of the optic nerve and chiasm and optic nerve proximal to 
the chiasm. These axons diverged from the main optic tract at the 
rostral pole of the chiasm turning sharply at two points. The first 
turn was ipsilateral to the optic nerve while the second was 
contralateral. These abrupt turns in the trajectory of these axons are 
associated with populations of cells in the dorsal portions of the 
chiasm. Proximal to the eye, these axons occur in two bands close to 
the center of the optic nerve consistent with Reh et al., (1983).

These results will be discussed in terms of the location of decision 
points in the optic radiation leading to the innervation of multiple 
central targets. Supported by NSF-MCB-921577

68 .1 5

LOCALIZATION OF HYPOTHALAMIC VASOTOCIN NEURONS THAT 
PROJECT TO THE PITUITARY NEUROINTERMEDIATE LOBE OF THE 
FROG. J.A . Carr*. J.L. McElreath, S.D. Dunn. Z. Shanaz and S.N. 
Patel. Dept. of Biol. Sci., Texas Tech Univ., Lubbock, TX 79409- 
3131.
We employed a combination of retrograde tracing with wheat germ 

agglutinin (WGA) and immunocytochemistry to identify the origin of 
arginine vasotocin (AVT) neurons that project to the neuro
intermediate pituitary of the frog. WGA w as microinjected into the 
neurointermediate pituitary in sexually-mature male and female frogs 
(Rana p ip ie n s  p ip ie n s) . Three days after injection the frogs were 
sacrificed and brains fixed in Bouin's fixative for 
immunocytochemistry. Immunocytochemistry w as performed by 
staining for WGA or AVT on adjacent (7 μ m ) sections using an 
avidin-biotinylated peroxidase technique with diaminobenzidine as 
chromogen. The locations of WGA cells and A VT cells were marked 
on the same drawing using a camera lucida. WGA-immunoreactive 
(ir) cells were located in the preoptic recess organ, anterior preoptic 
area (POa), the magnocellular preoptic nucleus (Mg) and the 
suprachiasmatic nucleus (SC). WGA-labeled neurons were not 
observed in the infundibular hypothalamus. AVT-ir perikarya were 
located in the POa, Mg and SCN. Retrogradely labeled vasotocin 
neurons were observed in the POa and the Mg. These results 
indicate that neurons projecting to the NIL of the frog are located 
throughout the periventricular preoptic hypothalamus and suggest 
that vasotocin projections arise from both the POa and Mg.

68.12
CONVERGENT EVOLUTION OF HYPOGLOSSAL AFFERENTS THAT 
INFLUENCE JAW MUSCLE ACTIVITY IN FROGS. K.C. Nishikawa* J.C. 
O'Reilly. B.W.P. Sasongko and C.W. Anderson. Dept. of Biological 
Sciences, Northern Arizona Univ., Flagstaff, AZ 86011.

Previous studies identified afferent neurons in the hypoglossal nerve of 
frogs and toads whose activity inhibits contractions of the levator 
mandibulae muscles during feeding, providing a jack-in-the-box type of 
coordination between tongue protraction and mouth opening. The present 
study investigated the phylogenetic distribution of hypoglossal afferente 
among anurans and the central projections of these afferents. For the 
phylogenetic studies, 21 species of anurans representing 18 genera and 10 
families were filmed while feeding before and after bilateral transection 
of the hypoglossal nerves. For neuroanatomical studies, we used retrograde 
transport of horseradish peroxidase to label the central projections of the 
hypoglossal afferents. Our results show that hypoglossal afferents have 
evolved at least twice independently among anurans, in the family 
Bufonidae and in the common ancestor of the families Ranidae, 
Hyperoliidae and Rhacophoridae. Anatomical results support this 
conclusion. In bufonids, hypoglossal afferents have their cell bodies in the 
most posterior cranial ganglion and project to the solitary tract. In the 
ranoids, these afferents have their cell bodies in the most anterior dorsal 
root ganglion and the fibers ascend to the brainstem in the dorsolateral 
funiculus with other spinal somatosensory afferents. Convergent evolution 
of this pathway for coordinating tongue and jaw movements suggests that 
this is an important feature of feeding behavior in anurans with highly 
projectile tongues. Supported by NSF grants IBN-8909937 and IBN-9211310.

6 8 .1 4

DEVELOPMENTAL CHANGES IN BOMBESIN (BBS), HISTAMINE (HA) AND 
CORTICOTROPHIN RELEASING FACTOR (CRF) IMMUN ORE ACTIVITY IN 
BULLFROG CNS. J. Leger. J, Bums and W.B. Mathieson*. Dept. of Anatomy and 
Neurobiology, Dalhousie Univ., Halifax, N.S., Canada B3H 4H7.

Amphibians rely on behavioral thermoregulation to maintain body temperature within 
critical limits. Certain neuropeptides, including BBS, HA and CRF have potent 
thermoregulatory effects in both ectotherm and endotherm species. Because amphibians 
respond to temperature cues differently in larvae vs adults, we used immuno
cytochemistry to study the ontogeny of these peptidergic neurons in the bullfrog brain.

CRF-immunoreactive (CRF-ir) perikarya were first visible in premetamorphosis 
(stage 20) in preoptic and posteroventral tegmental nuclei. Fibre staining was in the 
septum, amygdala and preoptic area. Cell and fibre staining increased throughout 
prometamorphosis. By metamorphic climax, the distribution of CRF-ir was similar to 
that of adults in which stained cells and fibres were heavily labeled in the amygdala, 
preoptic nucleus, periventricular and suprachiasmatic and infundibular nuclei of the 
hypothalamus, and posterodorsal tegmentum.

BBS-ir and HA-ir was distributed about similar brain loci in both tadpole and adults. 
BBS-ir perikarya were found only in the posterior thalamic nucleus and in the rostro- 
ventral tegmentum of the midbrain. The highest density of fibres was in the lateral 
pallium, medial septum, lateral amygdala, and layer 9(D) of the optic tectum. Fewer 
fibres were observed within the dorsal and ventral hypothalamus, the pineal gland, and 
the thalamic nuclei. HA-ir perikarya were present in the dorsal infundibular nucleus 
of the hypothalamus. Fibres were found in the fornix, medial pallium, medial 
forebrain bundle, medial septum, medial amygdala, thąlamus, hypothalamus, raphe 
nuclei and layers 3, 5 and 6 of the optic tectum.
Although these peptides have behavioural effects, how they are involved in develop
mental changes in the neurobiology of amphibians remains to be investigated. 
Supported by Natural Sciences and Engineering Council of Canada.

6 8 .1 6

THE DISTRIBUTION OF NITRIC OXIDE SYNTHASE IN THE 
FROG BRAIN. M.R. Pitzer* and D. Wirtshafter. 
Dept. Psychology, Univ. of II. at Chicago, Box 
434B, Chicago, II 60680.

Recent work has demonstrated that the NADPH- 
diaphorase histochemical technique is a reliable 
method for the detection of nitric oxide (NO) 
synthase, an enzyme responsible for the formation 
of the putative neural messenger NO. The present 
study utilized this method to assess the 
distribution of NO synthase within the brain of 
the frog, Rana pipiens.

NADPH-diaphorase positive neurons were found 
in a large number of areas throughout the frog 
brain. Most notably, intense staining was present 
in the lateral prominence, an area in the extreme 
ventral aspect of the lateral pallium. 
Interestingly, it has been suggested that this 
area is homologous to regions of the mammalian 
amygdala which also display heavy NO synthase 
staining.

Intensely reactive cells were also found 
within the mesopontine tegmentum which might 
correspond with the NADPH-diaphorase positive 
pedunculopontine nucleus. Moderate staining was 
present in the olfactory bulb, preoptic area, 
thalamic nuclei, tectal lamina six, several 
cranial nerve nuclei, non-Purkinje cells of the 
cerebellum, in addition to other sites.
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6 8 .1 7

N E U R O A N A T O M IC A L  D IS T R IB U T IO N  O F  M U L T IP L E  
M O L E C U L A R  F O R M S  O F  G n R H  IN AN  A M PH IB IA N . L E .  
M uske* and A .F , P in n ev . B iology D ept., Franklin  & M arshall 
C o lleg e , La n ca ste r, PA  17604

Multiple m olecular form s of G onad o trop in-R eleasing  Horm one  
(G n R H ) are  present in the b rains of m ost vertebrates, but little is 
known about the neuroanatom ical distribution of the different 
peptides. Im m unocytochem istry and an tisera  sp ecific  for two 
G n R H  form s lab eled se p arate  populations of cell b o d ies and  
fibers in a  urodele am phibian, Taricha granulosa . Anti
m am m alian (m-) G n R H  lab eled  cell b od ies in the term inal nerve  
(TN ) and septo-preoptic regions, and fiber tracts in the 
infundibulum, hab enula , and m edial pallium . Anti-chicken G n R H  
Il (cG n R H  II) labeled cell b o d ies in the paraventricular organ  
(P V O ) and posterior tuberculum  (P T ), and  fibers projecting to all 
m ajor brain a re a s , including the olfactory bulb, pallium  and  
subpallium , thalam us, infundibulum, optic tectum , m idbrain  
tegm entum , m edulla and sp ina l cord. Preadsorption  stud ies  
using hom ologous and heterologous G n R H s  support the 
interpretation that the TN -septo-preoptic ax is  of am phib ians, the 
principle regulator of gonadotropin re le a se  in vertebrates, 
e x p re ss e s  m G n R H , w h e re a s G n R H  n euro ns in the P V O  and P T , 
w hich ap p ear hom ologus to "midbrain" G n R H  neu ro ns of other 
sp e c ie s , e xp re ss  c G n R H  II. It ap p e a rs  that m ost of the G n R H  
p athw ays in T. g ran u losa  a rise  from P V O  and P T  neuro ns, 
functions of w hich are  not known.

Supported by N S F  IBN 92 -09 643  to L. M uske.

N E U R A L  P L A S T IC IT Y : C E R E B R A L  C O R T E X

6 9 .1
NONINVASIVE STUDY OF NEURAL PLASTICITY IN ADULT
HUMAN SOMATOSENSORY SYSTEM
T X  Yang*, C, Gallen. V. Ramachandran. S. Cobb. F. Bloom.
The Scripps Research Institute, La Jolla, CA 92037.

Neural plasticity in the adult central nervous system of monkeys has 
been reported by Merzenich et al. (J. Comp. Neurol., 1984) and Pons et 
al. (Science, 1991). Perceptual correlates of the massive cortical reor
ganization reported by Pons has beert observed in adult humans by Ram
achandran et al. (Science, 1992). In order to non-invasively study neural 
plasticity in the adult central nervous system, we have mapped in detail 
the human somatosensory system in normals (Yang et al, PNAS, 1993), 
amputees, and normals who have selectively stimulated specific digits 
for a period of time. A BTi, 37-channel biomagnetometer was used to 
bilaterally map facial, hand, and arm sites. In normals, we found: (1) 
distinct separation between sites on face and hand; (2) clear spatial reso
lution of closely spaced tactile sites. Initial results in the amputee study 
showed that a striking reorganization had occurred. Specifically, we ob
served: (1) 20-30mm of cortical expansion and/or movement of the low
er jaw and chin into the hand and digits area; (2) 10-20mm of cortical 
expansion and/or movement of the upper arm into the hand and digits 
area. Initial results in the subjects who selectively stimulated two digits 
with a vibrator for 3-4 months for 1-2 hours/day also indicated some de
gree of functional reorganization. This study strongly supports the re
ported observations of significant neural plasticity in adult mammals and 
the perceptual correlates of this cortical reorganization in adult humans. 
The initial results indicate that the adult human central nervous system is 
capable of striking cortical reorganization at a magnitude which is at 
least as great as has been observed in adult monkeys.

6 9 .3

B E H A V IO R A L  M E A S U R E M E N T S  O F  V IB R O T A C T IL E  F R E Q U E N C Y  
R E S P O N S E  A N D  T E M P O R A L  R E S P O N S E  P R O P E R T IE S  O F  
N E U R O N S  IN S I C O R T E X  O F  T R A IN E D  O W L  M O N K E Y S :  
T H R E S H O L D  S H IF T S  AN D  D U R A T IO N  E F F E C T S  W .M . Jenkins*. R . 
BeiteL C. Xeni. B. Peterson.  Wang, and M.M. Merzenich.  K e ck  
C en ter for Integrative N euroscience and Dept. Otolaryngology, U C S F ,  
S a n  Fran c isco , C A  94143-0732.

Adult owl m onkeys (Aotus nancym al) w ere  trained using a  limited- 
hold reaction time procedure to detect the p resen ce  of a  sinusoidal 
vibrotactile stim ulus. Correct detection of the tactile stim ulus w a s  
rew arded with preferred food pellets. T h e  round stim ulus probe 
(1 .5mm) w a s  applied at a  constant location to the glabrous skin on a  
single hand digit or pad . Behavioral thresholds w ere  obtained at 
freq uencies ranging between 20 and 40 0H z. Su b jects w ere  trained  
initially at either a  low (20H z) or high (200H z) frequency, exhibiting 
detection thresholds that w ere  elevated above published thresholds for 
hum an or other prim ates s p e c ie s . How ever, over se vera l w e e k s  of 
testing, detection thresholds d e cre a se d  several-fold . T h resh o ld s  
obtained at adjacent, untrained digits or skin s ite s w ere  higher than 
those obtained at trained sites, but lower than initial thresholds obtained 
at trained site s. Th resh o ld s w ere  also  obtained at 2 0 0H z for a  se r ie s  of 
stim ulus durations. Longer duration stimuli produced lower thresholds, 
indicating the effect of temporal sum m ation. Multiunit resp o n se  m aps 
w ere obtained from S I cortex se cto rs  engaged  in the representation of 
the trained and untrained hand skin su rfaces . Coherent population 
re sp o n se s representing flutter-vibration freq uencies em erged at 
behavioral threshold for trained and  untrained s ite s  (i.e. the coherent 
population resp o n se  em erged at significantly lower am plitudes for the 
representation of trained sites). Supported by N S-10414, Hearing  
R e se a rc h  and the C o lem an  Fund.

6 9 .2
MODULATION OF CORTICAL MOTOR OUTPUT MAPS IN THE 
DEVELOPMENT OF PROCEDURAL AND DECLARATIVE KNOWLEDGE. 
Alvaro Pascual-Leone *1,3 . Jordan Grafman2 and Mark Hallett1 Human Motor 
Control Section1 and Cognitive Neuroscience Section2, NINDS, NIH, Bethesda, 
MD, U.S.A.; Dept. Fisiología, Univ. Valencia, Valencia, Spain3

When subjects have declarative knowledge of a task, practice of the new skill 
results in an improvement of performance which is associated with a modulation of 
cortical motor outputs to the muscles involved in the task. In the present study we 
evaluated the effects of transfer of implicit procedural knowledge to explicit 
declarative knowledge on the associated modulation of cortical outputs.

Five test subjects responded to the cues in a serial four-choice reaction time 
task (SRTT) unaware that the cues were presented in a repeating 12-item sequence. 
During the task they developed procedural knowledge of the sequence as 
demonstrated by the diminishing response times and increasing accuracy.
Eventually they achieved declarative knowledge of the sequence and began 
anticipating the next cue. Motor cortical mapping was performed with transcranial 
magnetic stimulation before, and at different times during the task. Initially, the 
cortical output maps to the muscles involved in the task became progressively larger, 
while tire output maps of the control muscles remained constant. This enlargement 
of maps continued in all subjects until explicit knowledge was achieved. Thereafter, 
the cortical maps went back to their baseline topography despite continuous 
improvement in performance.

A group of 5 age-matched controls performed the same serial reaction time 
task, but the cues were presented in random order. They failed to show a significant 
improvement in their response times and did not demonstrate any significant 
modulation in their cortical output maps.

These results illustrate the rapid functional plasticity of cortical outputs 
associated with learning and the transfer of knowledge from an implicit to explicit 
state. The rapidity of these changes suggests a change in synaptic weights.

6 9 .4

SHORT-LASTING CLASSICAL CONDITIONING AND 
EXTINCTION PRODUCE CHANGES OF BODY MAPS IN 
SOMATOSENSORY CORTEX OF MICE.
M.Kossut* and E.Siucinska. Nencki Institute, Warsaw, Poland.

Plasticity of cortical representation of sensory receptors involved in a 
behavioral task has been described after long-lasting training in 
somatosensory and auditory cortex of adult monkeys and in the barrel 
cortex of rats. We mapped with 2-deoxyglucose (2DG) autoradiography 
changes in cortical representation of row В of mystacial vibrissae 
following brief classical conditioning, in which stroking of the row of 
whiskers on one side of the snout signalled a tail shock. The mice were 
trained for 3 days; pairings of stimuli were repeated 4/min for 10 min. 
On the fourth day a 2DG experiment was performed, in which the 
stimulated row В and its contralateral control were stroked with a fine 
brush with approx. 3Hz frequency. The cortical representation of the 
"trained" row В labeled with 2DG was wider by about 40% than the 
representation of the control row В of whiskers. Control mice after a 
pseudoconditoning procedure and controls that were only stroked showed 
no changes in the extent of cortical representation of row B. When two 
days of extinction procedure (stroking without tail shocks) followed the 
training, the row В representation returned to control values. Cortical 
body maps can thus be changed quickly by behavioral training; changing 
the signalling significance of the sensory stimulus can reverse these 
changes.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM NEURAL PLASTICITY: CEREBRAL CORTEX 163

69.5
INCREASE OF NMDA AND AMPA RECEPTOR SITES IN CORTICAL 
REPRESENTATION OF WHISKERS AFTER PERIPHERAL TACTILE 
STIMULATION. J. Skangiel-Kramska*. B. Jablońska and M. Kossut 
The Nencki Institute, Pasteur 3, 02093 Warsaw, Poland 

There is evidence that NMDA and AMPA receptors are involved in the 
mechanisms of neuronal plasticity. Our 2-DG studies showed that after sensory 
conditioning of a row of whiskers of adult mice the functional cortical 
representation of this row increases. We used the same conditioning paradigm 
to study the effect o f peripheral sensory stimulation and peripheral sensory 
stimulation paired with electric shock applied to the tail (conditioning) on 
[3H]MK801 and [3H]AMPA binding sites distribution in the barrel-field. First 
group of mice had the row В on one side o f the muzzle stroked with artist’s 
paint brush 10 min/day for four succeeding days. The unstimulated contralateral 
side served as a control. Second group had the same stimulation procedure 
paired with electric tail shock (0.5mA/0.5s). In vitro binding autoradiography 
was used to visualized pattern o f labeling and the results were quantified by 
computerized image analysis. In both group o f animals in the barrel-field 
contralateral to the stimulated row В of whiskers increase o f binding in this row 
was found in comparison to the row D. For [ЗH]МК801 it rose by about 45% 
and for [3H]AMPA by about 60%. On the ipsilateral (control) side [3H]MK801 
and [3HJAMPA labeling showed faint barrel-like pattern corresponding to 
anatomically defined barrel-field, and no variations were found in the density of 
labeling between rows o f barrels for both receptor sites. The similarity o f the 
changes after both procedures suggest that these receptor sites are regulated in 
an activity-dependent way and their increase alone is not sufficient for plastic 
changes of cortical body maps.

69.7
TRAINING EFFECTS ON FUNCTIONAL NEUROPLASTICITY AND 
BEHAVIOR FOLLOWING A FOCAL CORTICAL LESION TO ADULT RAT 
BARREL CORTEX. N.Sirotnak*. D. Sirois. C. Hand. R. Craik. K.M. Gallo, 
and P. Hand. Dept. of Biology, Idaho St. Univ., Pocatello, ID 83209, Dept. 
of Animal Bio., Univ. of Penn. Sch. of Vet. Med., Phil., PA 19104, and Dept. 
of Phys. Ther., Beaver Coll., Glenside, PA 19038.

Central nervous system plasticity is thought to be one m echanism  for 
recovery of function following a central lesion. Previously, functional 
anatomical expansions of the mature somatosensory (SI) cortex were 
elicited following peripheral sensory training in a non-lesioned nervous 
system. For the current study, the extent of functional return in a 
cortically lesioned system was anatomically and m etabolically measured 
and the behavioral consequences quantified. A discrete electrolytic lesion  
was placed unilaterally in rat SI cortex in the region of the vibrissae 
representations. The vibrissa corresponding to the lesion received 
reinforced training for 8 weeks. Functional central changes were evaluated 
using the [14C]-2-deoxyglucose metabolic technique to measure the 
location and size of the functional return o f the vibrissa’s representation 
within the SI cortex. The rat’s use of the involved vibrissa during 
exploratory behavior was evaluated in a circular maze prior to and 
following training. Results indicated diversity in the location and size of  
the returned functional SI vibrissa! representation. A W ilcoxon Sign Rank 
Test demonstrated a significant difference in the metabolic areal extent 
between lesioned and control sides in the trained group (T = 0 , alpha= .0 5 ).  
Behavioral data analyzed with a repeated measures ANOVÄ indicated no 
difference between the amount o f time the trained or control groups used 
the involved vibrissa for maze exploration or the amount of time spent 
moving during the test. (Sup. by ID EPSCoR grant and NIH NS-22283.)

69.9
GROWTH OF PYRAMIDAL NEURONS CONTRALATERAL TO UNILATERAL 
SENSORIMOTOR CORTEX LESIONS: BEHAVIORAL AND DEGENERATIVE 
EFFECTS. T.A. Jones*. P.A. Kozlowski and T. Schallert. Neuroscience 
Inst and Psychology Dept. Univ. of Texas, Austin, TX 78712.

In previous research we have reported that unilateral lesions of the 
forelimb representation area of the rat sensorimotor cortex (FLsmc) result in 
increased pyramidal neuron dendritic arbors in layer V of the contralateral 
FLsmc (Jones & Schallert, 1992). The neural morphological changes were 
linked to post-lesion over-reliance on the forelimb ipsilateral to the lesion. 
However, dendritic arbor increases were not reproduced in intact animals 
simply by forcing them to use only one forelimb. It is therefore likely that 
other post-lesion processes contribute to the neural morphological effects.
The present experiment assessed whether the growth of basilar dendritic 
arbors is directly related to FLsmc lesion-induced degeneration of 
transcallosal afferents to the forelimb motor cortex. The rostral corpus 
callosum was transected in adult rats with or without unilateral FLsmc 
lesions. Rats with FLsmc lesions showed a hyper-reliance on the forelimb 
ipsilateral to the lesion for postural support behaviors involved in movement 
whereas callosal transected animals without FLsmc lesions showed 
symmetrical use of the forelimbs. Furthermore, increases in dendritic arbors 
were only found in animals with FLsmc lesions. No significant changes in 
arbor size were found in animals with callosal transectíons alone. Thus, 
terminal degeneration of transcallosal afferents was not solely responsible for 
the neuronal growth. It remains possible that to o ts related to degenerative 
events contribute to neuronal growth, perhaps facilitating growth in the 
presence of adequate behavioral demand. Studies are currently underway to 
examine whether ftmced use of one forelimb in callosal transected animals, or 
in animals with more extensive deafferentation of the forelimb motor cortex, 
will result in increases in arbor size.
Supported by MH 18837 and NS23964

6 9 .6
USE-DEPENDENT REORGANIZATION OF THE BARREL FIELD IN 
ADULT RATS. E. Guic + . E. Rodriguez+ . P. Caviedes+ * and M.M. 
Merzenich#. + Dept.of Psychology, P.Univ. Católica de Chile, Santia
go, CHILE and #Keck Center for Integrative Neurosciences UCSF, 
San Francisco, CA 94143, U.S.A.

In these experiments we have determined features of reorganiza
tion of the posteromedial barrel subfield (PMBSF) cortex generated 
in two month old rats by selective stimulation of three vibrissae left 
in either a row or a column, achieved: a) by daily cutting all other 
whiskers; and b) by either training the rat in a roughness discrimina
tion task, or by providing the rat with a rich tactual environment 
effecting heavy vibrissal use. Cortical maps of the PMBSF were 
obtained by single unit or unit cluster recordings in fine spatial grain 
from pentobarbital anesthetized animals. In these rats, the territory 
of representation of individual long vibrissae was expanded several
fold. Cortical representations of the three long vibrissae very exten
sively overlapped with one another. That greatly increased overlap 
occurred both for vibrissae arrayed in columns and rows, in contra
distinction to the normal case, in which overlap was greater for 
vibrissae in rows than in columns.

These experiments show that the extent of territories of represen
tation and the configuration of overlap of representations of vibrissae 
in the PMBSF cortex can be substantially altered by behaviorally im
portant stimulation in adult rats. Supported by FONDECYT 
#1930721; DIUC #91038; NIH Grant NS-10414 and HRI.

69.8
C A L B IN D IN  A N D  P A R V A L B U M IN  E X P R E S S IO N  D U R IN G  
C O R T IC A L  R E O R G A N IZ A T IO N . H .H . W ebster1*. W . H ärris2. G. 
Brückner2, K. Sem ba3, D .D . Rasm usson4 and R .W . D yk es5. D epts. o f  
1Psychiatry and 5Physiology, U niv. M ontreal, Q u eb ec, Canada; 2D ept. 
N eurochem ., PFĨ, Univ. Leipzig, Germany; D ep ts. o f  3Anatom y & 
N eurobiology and 4Physiology & B iophysics, D a lh ou sie  U niv., Halifax, 
N ova Scotia, Canada.

Follow ing transection o f  th e  sciatic nerve in th e  adult rat there is a 
d ecrease in th e num ber o f  neurons in th e hindlimb som atosensory  
cortex (H SC ) that label positively for glutam ic acid decarboxylase, 
which suggests that gamma am ino butyric acid (G A B A ) may be  
involved in cortical reorganization [W arren, e t al. J. Com p. N eurol. 
288(1989)583]. In order to  exam ine how  tw o different subpopulations 
o f  G A B A ergic  neurons expressing th e calcium -binding proteins 
calbindin D -28k  (C B ) and parvalbumin (P V ) are expressed in cortical 
reorganization, w e  used im m unohistochem ical m ethods to  label cells in 
H SC  in adult rats that had und ergone a unilateral transection o f  the  
sciatic and saphenous nerves 27  days prior to  sacrifice. T h e layers o f  
H SC  w ere  outlined in N issl-stained coronal sections, and cells w ere  
counted  in adjacent sections processed  for P V  and CB. Paired t-tests 
show ed that PV -positive cells w ere decreased  mainly in layers II-III 
(25% ) and CB -positive cells w ere decreased mainly in layers IV  (32% ) 
and V  (20% ). T h ese  results suggest that PV - and CB-positive  
subpopulations o f  G A B A  neurons may participate in different aspects 
o f  cortical reorganization. [Supported by MRC Canada and FCAR 
(GRSNC) Quebec].

6 9 .1 0

DELAYED CHRONIC ETHANOL CONSUMPTION AFTER FORELIMB 
SENSORIMOTOR CORTEX DAMAGE REINSTATES BEHAVIORAL 
ASYMMETRIES: RELATION TO DENDRITIC ARBORIZATION AND 
PRUNING EVENTS. D.A. Kozlowski*· S. Hilliard- & T  Schallert. 
Neuroscience Institute & Department of Psychology, University of Texas 
at Austin, Austin, TX 78712.

Unilateral damage to the forelimb-representation area of the 
sensorimotor cortex in adult rats results in a transient hyper-reliance on 
the unimpaired forelimb that has been linked to a time-dependent 
proliferation of dendritic processes in layer V pyramidal neurons of the 
homotopic contralateral cortex (Jones & Schallert, Brain Research , 
581:156-160,1992). A return to symmetrical limb use depends upon a 
partial pruning of these dendritic processes. When the pruning process 
is prevented by administering MK801, an NMDA receptor antagonist, 
lamb use asymmetries are reinstated (Barth, Grant & Schallert, Stroke 
21:153-157,1991; Kozlowski, Jones, & Schallert, Neuroscience 
Abstracts, 18:345, 1992). Pruning of dendrites may depend on 
glutamatergic activation of the NMDA receptor and may be important for 
restoration of function after brain damage.The present study examined 
the effects of ethanol, which inhibits NMDA-mediated processes, on the 
recovery of symmetrical limb use. Unilaterally lesioned rats were pair-fed a 
35% ethanol diet or an iso-caloric control diet (Miller, et. al, 
Psychopharmacology, 65:55-59, 1980) only during the dendritic pruning 
phase. Ethanol reinstated severe and chronic unilateral postural-motor 
asymmetries. Analysis of Golgi-Cox stained tissue in the homotopic 
cortex of the undamaged hemisphere is currently underway to determine 
whether these behavioral events are associated with a prevention of 
pruning. Supported by NS 23964 & AA 07471.
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6 9 .1 1
ALTERED POST-SYNAPTIC RESPONSE IN THE VISUAL CORTEX IN VIVO 
OF RATS REARED IN COMPLEX ENVIRONMENTS. W.T. Greenough* and X. 
Wang. Neuroscience Program, Depts. of Pysch. and Cell & Struct. Biol., Beckman 
Inst., Univ. of Illinois, Urbana, IL 61801.

Rats reared in complex environments (ECs) have more synapses per neuron in 
layer ӀӀДӀӀ of the visual cortex than their littermates housed in individual cages 
(ICs). The aim of this study was to search for physiological differences induced by 
30 days of EC/IC rearing. In our experiments, maximal field potentials evoked by 
lateral white matter stimulation were recorded from layer II/IIІ of the visual cortex 
in anesthetized ЕСДС rats. By comparing ЕСДС input/output (I/O) curves of these 
evoked potentials, we found a significantly greater population spike (PS) amplitude 
of the EC rats. There were no changes in the excitatory post-synaptic potential 
(EPSP) amplitude and slope. Since EC rats have thicker visual cortices than IC 
rats, maximal evoked responses in layer ӀӀДӀӀ of the visual cortex may not 
necessarily reflect diffferences in synaptic organization between EC and IC rats. 
To address this problem, I/O curves were collected from the same depth in layer 
ӀӀДӀӀ of the visual cortex, rather than adjusting for maximal responses. The results 
were the same. Additional measurements of late excitatory and inhibitory 
components in evoked responses showed a significant increase of the former and 
decrease of the latter in EC rats compared to IC rats. Enhanced PSs in EC rats 
were maintained for at least 37 days of EC rearing. Based on the above 
physiological and previous anatomical data, we conclude that information acquired 
during EC rearing is stored in layer ӀӀ/IӀӀ of the visual cortex or its afferents, on 
a relatively permanent basis, via reorganized neural circuits, which enhances neural 
firing, as opposed to synaptic modification or altered synapse density, which we 
would expect to alter EPSPs.

Supported by MH 35321 and NSF BNS-8821219.

6 9 .1 3

DARK REARING DECREASES LONG TERM POTENTIATION IN RAT VISUAL 
CORTICALSLICES. R .L Berry* 1, A.T. Perkins 2 &T.J. Teyler2. 1Dept 
of Pharm., USUHS, Bethesda, MD 20814 and 2Neurobiology Dept., 
Northeastern Ohio Univ. Col. of Med., Rootstown, OH 44272.

Many studies show that visual deprivation results in plastic changes 
of the visual cortex only during an early "sensitive" period, which is 
lengthened by dark rearing. Unresolved is whether the visual cortex 
is in a normally plastic state prior to light stimulation. This cannot 
be addressed using paradigms employing light exposure to assess 
plasticity.

Several developmental studies have investigated a plastic 
phenomenon termed long term potentiation (LTP) in slices from cat 
and rat visual cortex. Susceptibility to the induction of LTP parallels 
the period of sensitivity to visual deprivation. This suggests that 
slices can be used to assay visual cortical plasticity, avoiding light 
exposure.

In the present study, field potentials were recorded from slices of 
the primary visual cortices of dark reared (DR) and control (12:12 
h, light:dark-CONT) Long Evans hooded rats (17 to 21 d). Field 
potential profiles recorded before and 90 min following tetanic 
electrical stimulation were subjected to current source density 
analysis, yielding extracellular current sink amplitudes.

Tetanus resulted in LTP in both CONT and DR slices, but DR slices 
were significantly less potentiated (16% vs. 67%). These results 
indicate that the primary visual cortex of DR animals is not fully 
plastic, indicating that light stimulation is needed for the induction of 
visual cortical plasticity.

6 9 .1 5
INDUCTION OF AUDITORY CORTICAL RECEPTIVE FIELD PLASTICITY: HEBB RULES? 
Scott J. Cruikshank*and Norman M. Weinberger. CNLM. and Dept. Psychobiol, UC Irvine, CA

Associative Receptive field (RF) plasticity in the adult auditory (Aud) cortex (Cx) 
develops following classical conditioning to a tone conditioned stimulus (CS); responses to the 
CS are increased relative to responses to other frequencies (Weinberger et. al., CİNS. 1990). 
To understand mechanisms of induction of this RF plasticity we are testing rules of 
interaction between Aud Cx cells and their afferents. A local Hebbian interaction can induce 
RF plasticity in the Visual Cx (Fregnac et al J Neurosci 1992). Neurons in Aud Cx have also 
been shown to obey Hebb rules (Ahissar et al Sci 1992), but the relationship to Aud Cx RF 
plasticity has not been directly addressed. Thus, we attempted to test the role of Hebbian 
interactions in the induction of Aud Cx RF plasticity.

Adult male guinea pigs were prepared using standard techniques (pentobarbital or 
urethane anesthesia), and single units were isolated in the Aud Cx by juxtacellular recording 
with a micropipette (1-2 uM tip, 150mM KCI, spike size > 2m V). First the RF was determined 
(11-30 contralat. pure tones, .1-30 kHz,0-90dB, 50-100ms dur. 10-20x at 1-2 tones/s). 
Second, threshold, latency, and magnitude of responses were characterized for a current 
stimulus (stim) to be used in an upcoming *Hebbian treatment": A short latency (usually < 
50ms) increase in spike rate could be achieved by passing pos. current (<15nA) through the 
recording electrode; a decrease could be induced with neg. current. Third, another RF was 
recorded to determine stability. Fourth, a "Hebbian treatment" was imposed: An aud stim 
from the RF was paired with a current stim to either increase or decrease the response of the 
cortical neuron to the afferents coding for the paired aud stim (100ms dur. for aud & current 
stim, 40-60 pairs at .1-.2 pair/s). Fifth, RFs were recorded up to one hour following pairing 
to determine the effect of the treatment on the RF of the Aud Cx cell.

Preliminary results indicate that in a population of cells, the "Hebbian treatment" 
induces RF plasticity qualitatively similar to that seen in learning. However many cells do not 
exhibit such plasticity although nearly all of their responses were controlled by the current 
stimulus during the treatment. Further experiments and analysis are underway to try to 
delineate some of the factors determining which neurons in Aud Cx follow Hebb rules of RF 
plasticity induction. S u p po rted  b y  O N R  N 00014-91-J-1 193

6 9 .1 2
ALTERED NMDA GLUTAMATE RECEPTOR RESPONSE IN THE VISUAL 
CORTEX IN VIVO OF RATS REARED IN COMPLEX ENVIRONMENTS.
X. Wang* and W.T. Greenough. Neurosci. Prog., Depts of Psych, and Cell & 
Struct. Biol., Beckman Inst., Univ. of I11., Urbana, IL 61801.

N-methyl-D-aspartale (NMDA) glutamate receptors play important roles in 
learning and memory. Pharmacological studies have demonstrated that NMDA 
receptor antagonists in brain block learning of certain tasks. Very little evidence 
exists regarding changes in NMDA receptor responses during learning, partially 
because of technical difficulties. In the rat visual cortex, NMDA receptors are 
directly involved in synaptic transmission and their responses are distinguishable 
from others. We recorded evoked field responses in layer ӀӀДӀӀ of the visual cortex 
in response to lateral white matter stimulation from anesthetized rats reared in 
complex environments (ECs) and individual cages (ICs). Population spikes (PSs) 
in these evoked responses exhibited a significant increase in EC rats compared to 
IC rats. The change pattern of PS I/O curves in EC rats was analogous to that of 
receptive field I/O curves via an NMDA receptor-mediated alteration. Moreover, 
an NMDA receptor antagonist, MK-801, was applied to block NMDA receptor- 
mediated excitatory post-synaptic potentials (EPSPs) in evoked responses. By 
subtracting evoked responses before and after MK-801 administration, NMDA 
receptor-mediated EPSPs were calculated and exhibited a significantly greater 
amplitude in EC rats compared to IC littermates. This increased NMDA receptor- 
mediated EPSP is also indirectly reflected in an increased late excitatory component 
in the evoked response. In parallel to the increased NMDA receptor response 
caused by EC rearing, plastic synaptic changes such as the amount of long-term 
potentiation and paired-pulse responses are also altered in ЕСДС rats. Thus, 
experience may alter both post-synaptic NMDA receptor responses and synaptic 
plasticity in the cerebral cortex. Supported by MH 35321 and NSF BNS-8821219.

6 9 .1 4

VERTICAL SCANNING MOVEMENTS OF HEAD AND PINNAE IN VISUALLY 
DEPRIVED CATS. P, Henning* and J.P. Rauschecker. Neuroethology Unit, 
Laboratory o f Neurophysiology, NIMH, Poolesville, MD 20837, U.S.A.

Binocular deprivation (BD) from birth leads to an improvement o f  auditory 
capacities in cats, which can be demonstrated at the physiological, anatomical, and 
behavioral level. A much higher proportion o f neurons in the superior colliculus (SC) 
and the anterior ectosylvian sulcus (AES) o f  BD cats responds to auditory stimuli. In 
addition, the azimuthal spatial tuning o f  auditory neurons in AES is sharpened 
significantly in BD cats (Rauschecker and Korte, Soc. Neurosci. 1992). We report a 
new type o f pinna movement which develops in BD cats and may help to improve 
also their auditory spatial resolution in elevation.

When a sound event occurs in the vicinity o f  a BD cat, the animal turns its head 
towards it and then starts to make up-and-down movements o f the head and/or both 
pinnae around the elevational position o f the sound event The frequency o f  these near- 
sinusoidal scanning movements in the vertical plane is about 1 Hz. Peak-to-peak 
amplitude covers a wide range from 5-15 deg for pinna movements alone to over 40 
deg when coordinated movements o f head and pinnae are performed

We assume that the vertical scanning utilizes the directional characteristics o f  the 
pinnae (Young et al., Soc. Neurosci. 1992) and helps the blind cats gain more refined 
information about the location, shape and surface texture o f  objects in their 
environment. Compensatory plasticity in the SC or AES may be involved in the 
development o f this type o f sensorimotor behavior.

6 9 .1 6
BASAL FOREBRAIN (BF) STIMULATION FACILITATES TONE-EVOKED 
RESPONSES DURING SLOW-WAVE SLEEP IN THE RAT AUDITORY CORTEX. E. 
HennevirT. C. Maho. B. Hars and J-M. Edeline . NAM, URA1491, CNRS & Univ. Paris- 
Sud. 91405 Orsay cedex FRANCE

Numerous studies showed that BF stimulations performed in 
anesthetized animals enhanced the evoked responses in almost all 
sensory cortices. The present study attempts to determine if such 
facilitation can also be observed during natural slow-wave sleep.

Rats were implanted unilaterally with BF stimulating electrodes 
and bilaterally with recording electrodes in the auditory cortex. 
For these animals, the BF stimulation (0.1ms, 100Hz, 300ms) 
desynchronized the EEG during slow-wave sleep (SWS) at a mean 
intensity of 145μΑ (range 108-170μΑ). Ten non-awaking tones 
were presented during SWS phases. Then, 10 pairing trials were 
given during which a non-awaking BF stimulation (mean 49μΑ) 
was delivered 30ms before each tone onset. The BF stimulation 
enhanced the "on" tone-evoked responses in the ipsilateral cortex, 
but not in the contralateral one. The following day, when the 
pairing was performed during waking, the BF stimulation (mean 
112μΑ) facilitated the ipsilateral tone-evoked responses tested 
immediately after pairing, but not the contralateral ones. No such 
facilitation of the ipsilateral responses occurred when the pairing 
was done 4 hours later under atropine.

These results show that a tone presented while the cortex is 
receiving cholinergic input from the BF elicits enhanced evoked 
responses in the auditory cortex, during both waking and SWS.
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69.17
NEONATAL M EDIAL PREFRONTAL CORTEX LESIO N S ALTER  
DENDRITIC BRANCH ING  A N D  CELL M IGRATIO N OF ADJACENT  
TISSUE. L M. de Brabander*. R. G ibb and B. K olb. D ept. o f Psychology, 
University of Lethbridge, Lethbridge, Canada, TİK  3M4.

Neonatal le s io n s  o f the m ed ia l prefrontal cortex (mPFC) a llo w  
functional sparing in  rats. This sparing is correlated w ith  an apparent 
'shrinkage' of the les io n  cavity in  w h ich  tissu e appears to 'fill in ' the 
region of the ablated mPFC. This abnormal tissue is  thinner than norm al 
mPFC and has an abnorm ally h ig h  dopam inergic  (DA ) innervation . 
Since DA denervation has been  sh ow n  to reduce dendritic m orphology in  
mPFC, we w o n d ered  if  in creased  D A  w o u ld  in crea se  d en d ritic  
arborization, w h ich  m ight contribute to sparing o f function. The mPFC 
was ablated in 9 day old  rats and, in  adulthood, the layer II, III and V  
pyramidal cells w ere analyzed in  G olgi-C ox stained  tissue. C ells in  all 
layers showed a general reduction  in  dendritic branching relative to 
normal mPFC cells. We next considered the p o ssib ility  that the neurons  
in the abnormal mPFC region m ight not be em b ryologically  identical to 
those in normal mPFC. C ells  w ere la b e led  w ith  BrdU at E17 and  
subsequently located  in  adult brains. P relim inary resu lts sh o w  an 
abnormal distribution of the labeled  cells, w h ich  w ere found throughout 
all cortical layers rather than b e in g  co n fin ed  large ly  to the deep er  
layers.

6 9 .1 8
NEONATAL MOTOR CORTEX LESIONS ALTER CORTICOSPINAL 
PROJECTIONS AND DENDRITIC ORGANIZATION IN THE ABSENCE OF 
BEHAVIOURAL SPARING. B. Kolb*. J. Hewson. and I.Q. Whishaw. 
Dept. of Psychology, Univ. of Lethbridge, Canada, T1K 3M4.

Rats were given unilateral motor cortex lesions on postnatal day 
1, 10, or 120. As adults they were tested in the Morris water task 
and given several tests of forepaw and hindpaw use. The rats then 
were either injected into the spinal cord with Fluoro-Gold, which 
identified the corticospinal projections, or the brains were 
processed in Golgi-Cox and the pyramidal cells in remaining 
sensorimotor cortex analyzed. Day 1 lesions produced worse motor 
deficits than similar adult lesions whereas day 10 lesions allowed 
some sparing. Day 1 lesions also produced an impairment in the 
water task. The early operates had extensive anomalous 
corticospinal projections, which were more extensive in the day 1 
brains, including: 1) abnormal parietal and prefrontal projections 
ipsilateral to the lesion; and, 2) increased ipsilateral corticospinal 
projections from the normal hemisphere. There was an increase in 
basilar branching in the regions of origin of the abnormal 
projections, which again was more extensive in the day 1 brains. It 
appears that the anatomical reorganization after neonatal motor 
cortex lesions does not support recovery of motor function and may 
interfere with some cognitive functions.

NEUROETHOLOGY: INVERTEBRATE

70.1

CRITICAL SPIK E T R A IN  P A R A M E T E R S  C O D IN G  T U R N  
DIRECTION IN  C O C K R O A C H  E S C A P E . E . L ieb en th a l. M . 
Devor* and L. C am h i. D ep t. C ell &  A n im a l B io lo g y , H eb rew  
Univ., Jerusalem, Israel.

What neural c o d e  d o es  an a ssem b ly  o f  n erv e  c e lls  u se  to  
represent different sensory param eters? T h e four bilateral pairs 
of ventral giant in tem eu ron s (vG Is) o f  the cock roach  co m p rise  
an assembly that reg isters w in d  stim u li from  th e le ft  or  right, 
and evokes an op p osite  e sca p e  turn. W ith  r ig h t  w in d , the r ig h t  
vGIs g ive m ore sp ik es, m ore bursty trains, and b eg in  sp ik in g  
earlier, than d o the left vG Is. W h ich  c u e  d o es  the m otor system  
use to compute a lef t  turn?

We delivered w in d  stim u li from  the r ig h t  w h ile  in jec tin g  
spikes into a lef t  vG I, in  a tethered cock roach  w h o se  norm al leg  
movements ind icated  its  turn d irection . In jectin g  a non-bursty  
train of su ffic ien t sp ik es  that th e sp ik e  sum  in  th e le f t  vG Is  
exceeded that in their righ t h o m o lo g s , the an im al turned rig h t. 
Injecting just a fe w  sp ik es, but b efore  th o se  o f  the righ t sid e, 
the cockroach turned left. T h is su g g ests  that neith er d eg ree  o f  
burstiness nor re la tiv e  tim e, but rather the re la tiv e  num ber o f  
spikes, com m ands turn d irection . S u p p ortin g  th is, in jec tin g  a 
long spike train in  o n e  le f t  vG I, w ith o u t any w in d  s tim u lu s, 
occasionally evok ed  a turn, w h ich  w as a lw ays to the righ t.

70.3
AROUSAL AND NEUROMODULATION OF FLIGHT INITIATION 
IN THE COCKROACH. F. Libersat*, K. Fouad, A. Weisel Eichler and 
W. Rathmayer. Dept. of Life Sciences, Ben-Gurion Univ., Beer Sheva, 
Israel and Faculty of Biology, Konstanz Univ., D-7750 Konstanz 1

Motivational or arousal state refers to an internal mechanism 
which determines the threshold and the intensity of a given 
behavioral response. To address the issue of arousal, we have 
investigated the effect of a neurotoxin and a neuromodulator on the 
cockroach flight behavior and its underlying neural circuitry.

Cockroaches stung naturally by the tropical wasp A. com pressa  
become lethargic but not paralysed. In these stung cockroaches, flight 
initiation threshold is increased as determined by presenting wind 
stimuli of increasing velocities aimed at the wind-sensitive cereal 
receptors. Yet, flight frequency is unaffected. The cereal receptors 
are known to excite a population of abdominal dorsal giant 
intemeurons (dGIs) and they, in turn, excite flight intemeurons and 
motoneurons in the thoracic ganglion. The dGIs’ response to wind 
stimuli is normal, indicating that the first synapse in the flight 
circuit is not the location of the modulatory effect. By contrast, when 
spikes are injected into any given dGI, the number of spikes needed to 
reach flight initiation threshold is greater in stung cockroaches. 
Optopamine, a noradrenaline-like neurotransmitter thought to be 
involved in arousal in invertebrates, decreases flight initiation 
threshold when applied locally on the thoracic ganglion. Application of 
phentolamine, a β- noradrenergic blocker, blocks flight initiation.

This work was supported by grants from the Whitehall Foundation 
and the National Institute for Psychobiology in Israel

7 0 .2

RE-E V A LU A TIN G  TH E DIR EC T IO N A L SE N SIT IV IT Y  OF 
IDENTIFIED GIANT INTERNEURONS OF THE COCKROACH.
L. Kolton and J.M.Camhi*. Dept. Cell & Animal Biology, Hebrew Univ., 
Jerusalem Israel.

The cockroach avoids predators by turning away from the approaching 
wind front. Posterior wind receptors activate two groups of giant intemeurons 
(GIs), the ventrals (left and right GIs 1-4), and the dorsals (left and right GIs 
5-7). The ventrals are known to determine the direction of the escape turn, and 
the dorsals are involved in wing-beat control. These GIs carry codes for 
directional behavior to the thoracic motor circuits.

A prior study indicated that only one of the four ventral GIs responds 
differentially to left v s  right winds, and thus could be used in left/right 
discrimination for escape (Westin et al., J. Comp. Physiol. A, 121, 307-324, 
1977).However, recent experimental evidence hinted that at least three of the 
four ventral GIs might respond differentially to wind from the two sides 
(Camhi and Levy, J. Comp. Physiol. A, 165, 83-97, 1989). Given this, we 
have now reinvestigated the directional sensitivity of the GIs at higher spatial 
resolution, and using methods that produce physically more controlled wind 
stimuli. The results show: (1) Left or right G I3 responds maximally to stimuli 
in its front ipsilateral quadrant, rather than wind from “head-on”. (2) Left or 
right GI 2 is not omnidirectional as previously suggested, and responds 
maximally to stimuli from its rear ipsilateral quadrant. (3) Left or right GI 1 
responds more broadly to wind from its ipsilateral front and rear quadrants. (4) 
The dorsal GIs appear to be similarly organized, with GI 6  resembling GI 3, 
GI 5 resembling GI 2 and GI 7 resembling Gl 1. (5) Polar plots of the mean 
latency to the first spike suggest a sharpening of effective directionality.

In general, more GIs contain left/right information, and some have more 
narrow receptive fields than was previously thought. Thus fewer GIs appear to 
be involved in coding any given direction of wind than according to earlier 
results. These data are essential for modeling the GI code for directional 
discrimination.

7 0 .4
TOUCH-EVOKED ESCAPE ΕΝ Periplaneto americana: SIMULTANEOUS 
RECORDING OF TURNING RESPONSES AND NEURONAL ACTIVITY IN 
BEHAVING ANIMALS. S. Ye* and C.M. Comer. Dept. Biol. Sciences, Univ. of 
Illinois at Chicago, Chicago, IL 60680.

Cockroaches give evasive responses (a turn, followed by running) to wind stimuli 
using a well-known giant intemeuron system that ascends within the ventral nerve 
cord to thoracic motor centers. In recent years, it has been established that similar 
evasive turning responses can be elicited by touch-sensory cues, especially to the 
antennae (Comer et al., Brain Res. 1988), and that intemeurons with large-caliber 
axons descending from the head ganglia to thoracic centers carry antennal touch 
information (Burdohan and Comer, Brain Res. 1990).

We have now recorded touch-evoked turning from animals free to walk, run and 
turn on a sphere that allows the animal’s movements to be tracked by computer. We 
have also developed techniques to implant several chronic recording electrodes around 
each cervical connective to monitor the activity o f large descending intemeurons in 
the neck connectives during behavior.

Following an abrupt touch stimulus to one antenna, large amplitude impulses 
appear in both left and right connectives within 5-10 ms. The neural activity is 
asymmetric: more large impulses are recorded contralateral to the stimulated antenna. 
Behaviorally, animals respond within 10-40 ms. Turning responses were almost 
always directed away from the side of the stimulated antenna (i.e. toward the side of 
the nerve cord with more neural activity). Similarly, electrical stimulation o f one 
cervical connective through the implanted electrodes caused animals to turn 
ipsiversively. Our data suggest that the intemeurons producing large amplitude 
cervical impulses mediate evasive turning in response to touch stimuli, and that the 
lateralization o f descending impulses is important in determining the direction o f an 
escape turn.

This research was supported by grant #BNS-89-09051 from NSF.
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7 0 .5
Flight stability and organization of *magnocellular* neurons in Diptera
Elke K. Buschbeck1* and Nicholas Strausfeld2 Dept. Ecol. Evol. Biol.; ARL 
Div. Neurobiol, Univ. Arizona, Tucson 85721.

In Diptera, large axonal retinotopic neurons supply achromatic 
motion sensitive circuits in the lobula plate which are thought to control 
stabilization of yaw, pitch, and roll. If different body shapes, and the flight 
performances associated with them, place specific demands on the design 
of control pathways, it might be expected that flies with long bodies and 
high aerodynamic pitch stability would show specific differences in the 
organization of such magnocellular achromatic networks.

Striking differences emerge between calliphorids, tabanids, simulids, 
and culicids. Tipulids possess small non-stratified lobula plates containing 
only 2-3 large diameter neurons which , like MS and VS cells, terminate 
ipsilaterally and dorsally. Calliphorid VS neurons serving frontal eye fields 
are larger than those subtending lateral and posterior fields and their 
dendrites interact with thin vertical strips of the receptor mosaic. In 
syrphids (which can hover and fly sideways), all VS cells have wide 
diameters and overlapping fields covering 2-3 times more of the mosaic 
than those of calliphorids. In asilids (robber flies) vertical cells cannot be 
identified at all. In these long-bodied rapidly flying predators, inputs 
normally associated with VS cells in other groups terminate exclusively 
within the outer layer of the lobula plate at HS dendrites.

Despite these differences, layer relationships between lamina 
monopolar cell (LMC) terminals and retinotopic neurons (TM, T-cells) in the 
medulla appear constant, suggesting that differences in behavior can be 
best related to differences of neuronal arrangements at the level of higher 
order interneurons rather than at the level of elemental motion detector 
circuits. Supported by NIH Grant NCRR R01 RR08688

7 0 .7
BEHAVIORAL COMPENSATION TO MISSING EQUILIBRIUM 
INFORMATION IN AN INSECT. В .A. M oulton* Dept. o f  Biology, 
Georgia Southern University, Statesboro, GA 30460.

By possessing cercal sensilia that function specifically as 
equilibrium detectors, certain species o f  cockroaches as well a s  
crickets are unique insects. Cockroaches belonging to the genus 
A renivaga possess four rows o f cercal sensilia  called tricholiths, 
with each row o f tricholiths providing afferent information to one 
positional interneuron (Hartman et al., Science 205, 503-505,
1979). Removal o f  a specific row o f tricholiths effective ly  deprives 
a particular positional intemeuron o f sensory input. Analyses o f  
the behavioral effects following tricholith row removal indicate that 
several different gravity-dependent behaviors, including geotaxis, 
are affected (Moulton & Hartman, in prep.).

I measured geotactic responses o f  insects subjected to v a r y in g  
time periods o f  equilibrium information deprivation and observed 
some recovery o f the insect's ability to orient geotactically, but o n ly  
under very specific conditions. Some behavioral recovery was 
observed following a deprivation period o f at least 21 days. 
However, as the number o f  tricholith rows that were removed 
increased from one to four, the time period required for recovery o f  
behavioral function also increased. Additionally, i f  all tricholith 
rows were removed and if  potential (indirect) equilibrium  
information from leg proprioceptors was dampened, no behavioral 
recovery was observed. These behavioral results indicate that 
indirect proprioceptive input may be involved in the recovery o f  
appropriate geotactic responses.

7 0 .9
PR EPU LSE EFFECTS O N  TH E A C O U S T IC  ST A R T L E  R E S P O N S E  
O F FIELD CR IC K ETS. R.A. W y ttenbach* a n d  R.R. H o y . 
N e u r o b io lo g y  an d  Behavior, C ornell U n iv ersity , Ithaca, N Y  14853.

F ly in g  P o ly n e s ia n  fie ld  crick ets (T eleogryllus oceanicus) s h o w  an  
a c o u stic  startle  r e sp o n se  to  p u ls e s  o f  u ltr a so u n d . T h is  r e sp o n se  
co n s is ts  o f  s ev era l b o d y  m o v e m e n ts  th a t ten d  to  s teer  th e  crick et  
a w a y  fro m  th e  so u rce  o f  u ltra so u n d . O n e  a sp e c t  o f  th e  r e sp o n se ,  
m eta th o ra cic  le g  sw in g , is  o f  e sp e c ia l ly  sh ort la te n c y  (30-50  m s to  
o n se t)  a n d  d u ra tio n , an d  h a s b e e n  u se d  to  in v e st ig a te  h a b itu a tio n , 
categorical p ercep tion , a n d  the p reced en ce  effect.

P r e p u lse  in h ib it io n  is  a w id e ly  s tu d ie d  c h a ra c ter is tic  o f  th e  
m a m m a lia n  aco u stic  startle  re sp o n se  in  w h ic h  a su b th r e sh o ld  p u lse  
occu rrin g b efore a startle-gen eratin g  p u lse  red u ces  th e resp o n se  to  th e  
s e c o n d  p u lse . T h e e x te n t  o f  p r e p u lse  in h ib it io n  d e p e n d s  o n  th e  
a m p litu d e  o f  th e p rep u lse  an d  th e  d e la y  b e tw e e n  th e  tw o  p u lse s . A t  
s o m e  c o m b in a tio n s  o f  th e se  p a ra m eters , th e  p r e p u ls e  c a n  c a u se  
sen sit iza tio n  to  the seco n d  p u lse  rather th an  in h ib itio n  o f  it.

W e are u s in g  m eta th o ra c ic  le g  s w in g  to  in v e s t ig a te  p r e p u lse  
in h ib itio n  an d  sen sit iza tio n  o f  acou stic  startle in  crickets. P relim in ary  
resu lts su g g e s t  that a su b th resh o ld  p rep u lse  can  red u ce  th e a m p litu d e  
o f  r e sp o n se  to  a su p er th resh o ld  p u lse . In terestin g ly , th is  is  u su a lly  
a cco m p a n ied  b y  a s lig h t d ecrea se  (a p p ro x im a tely  5 m s) in  th e la ten cy  
o f  r e sp o n se  to  th e  s e co n d  p u lse . W h en  th e  p r e p u ls e  is  ju st  a t or  
s lig h t ly  a b o v e  th e  th r esh o ld  for a c o u s tic  sta r tle , th e  d e c r e a se  in  
la ten cy  is  e v e n  greater (ap p rox im ately  10 m s).

T h ese  r e su lts  in d ic a te  th at a p u ls e  o f  s o u n d  th a t is  b e lo w  th e  
th resh o ld  to  p r o d u c e  a r e sp o n se  is  s till p r o c e sse d  b y  th e  a u d ito ry  
sy ste m  a n d  can  affect su b seq u en t b eh av ior.

7 0 .6
SYNCHRONOUS FLASHING IN FIREFLIES: EFFECTS OF FLASH SHAPE AND 
FLASH DURATION. J. Copeland and A. Moiseff*. Dep’t o f Biology, Georgia 
Southern University, Statesboro, GA 30460 and D ep’t o f Physiology and 
Neurobiology, University of Connecticut, Storrs, CT 06269.

In Southeast Asia, certain firefly species aggregate in trees and flash 
synchronously. Species-typical flashes, sometimes with two and three peaks, occur 
once every 500-5000 msec. Our long-term goal is to study the neural control o f this 
unusual behavior. Towards this end we designed a transportable signal synthesis and 
data acquisition system around a “lunchbox portable” 486/33 MHz computer. The 
computer system functioned as a photic stimulator, recorded stimulus flashes and 
firefly flashes via electronic photometers, and performed data analysis. Using this 
system, we studied the synchronizing firefly Pteroptyx malaccae found in Jahore, 
Malaysia.

Pt. malaccae produces a species-specific double flash every 900-1200 msec. 
Isolated fireflies, following ten seconds o f baseline recording, were tested with 50 
seconds of open-loop entrainment flashes in which the flash shape or duration was 
varied.

Pteroptyx malaccae entrained to all four flash types used (normal, square, ramp, 
blink) with a flash that occurred just prior to the subsequent entrainment flash (i.e., 
lead entrainment). Whereas normal and square flashes averaged about 30-40 msec 
lead, blink averaged about 71 msec lead and ramp about 11 msec lead. When square 
wave duration was increased in steps from 40-500 msec, entrainment changed from 
30 msec lead to 21-67 msec lag. A similar change,‘from lead to lag, was seen when 
ramp duration was increased.

Our tentative explanation is that entrainment requires an ‘on’ o f sufficient rise time 
to trigger the entrainment circuitry. Within limits, the location o f the ‘o f f  then 
determines if the entrainment (synchrony) is lead or lag.

(Supported by NSF award IBN9208709 and an award from the Graduate School, 
Georgia Southern University to J.C.).

7 0 .8

STRUCTURE A N D  FUNCTION OF A  NOVEL TYMPANAL HEARING  
ORGAN IN FLIES. D. Robert. R. M iles, and R. Hoy*. Sect, o f Neurobio. & 
Behav., Cornell Univ., Ithaca NY 14853, and Dept. o f M ech. Engineer., 
Bingham ton Univ., Binghamton NY.

Insects hear high frequency (>.2 kHz) airborne sounds over long  
distances (> 1 meter) w ith  tympanal hearing organs, or "ears." Such ears 
are know n for 6 orders of insects. The anatomy of a novel ear in an acoustic 
parasitoid dipteran, Ormia ochracea. fo llow s the ground-plan o f other 
tympanal hearing organs in that its d esign  features include an external 
tympanal membrane, an air-filled acoustic chamber in comm unication  
w ith the tracheal system , and a scolopophorous sensory organ, the bulba 
acoustica. The cytological anatom y of the bulba acoustica, at the level of  
light and electron microscopy, is similar to that found in other tympanal 
ears, including the characteristic relationship betw een scolopale cells and 
the sensory cell. Remarkably, the ormiine ear is  sexually dimorphic. 
Audiogram s m ade from extracellular recordings show  that the fem ale's 
ear is tuned to 4.5 kHz, the peak frequency in the calling song of the fly's 
host, the field cricket, Gryllus rubens. The m ale ormiine ear is not 
sensitive to 4.5 kHz. M oreover, the anatom y of the tympanal membranes 
are different for each sex. This difference does not seem  to extend to the 
internal anatom y of the organs.

Laser vibrometry w as used to measure the resonant properties of the 
tympanal membranes. The fem ale's m embrane has a resonant peak at 4 to 
5 kHZ, whereas the m ale's membrane does not. This confirm s that the 
sexual dim orphism  of the ormiine ear originates at the auditory  
periphery, and is not d ue to a central or neural process.

7 0 .1 0

FACTORS AFFECTING THE JHIII REGULATION OF GENE EXPRESSION IN 
AUDITORY NEURONS DURING PHONOTAXIS IN THE CRICKET. G. Atkins*. 
Y.K im. F. Burghardt. J , Goliath, O. Stiedl, J ,.Remseier., P. Kim, P. Coburn, J . 
Hao. J. Stout. Dept. of Biol., Andrews Univ., Berrien Springs, Ml 49104.

Phonotactic threshold of female A c h e t a  d o m e s t i c u s  in response to the 
calling song of males, is regulated by juvenile hormone III (JHIII). L1 
prothoracic auditory neurons are essential for phonotaxis at low sound levels 
(below 75dB). Both behavioral and L1 thresholds drop (20-30 dB) when JHIII 
production peaks in 3 to 4-day-olds. This is accompanied by elevating the 
expression of the mRNA for αL1-like nicotinic acetylcholine receptor in
4-day-old L1s. These results were obtained from females that had been 
isolated from males at the imaginal molt, raised on Fluker’s cricket chow and 
tested for phonotaxis only once. Topical application of JHIII can accelerate 
the drop in L1 and phonotactic thresholds by 2-3 days. Several other factors 
can lower phonotactic threshold earlier including: exposure to model calling 
songs, olfactory exposure to singing or muted adult males, and different food 
sources. The effect of these conditions are now being tested on L1’s 
threshold and expression of nicotinic receptor mRNA .

Phonotactic selectivity to the syllable period of the calling song is also 
regulated by JHIII by regulating the expression of αL1-like nicotinic receptor 
mRNA in another prothoracic auditory neuron, L3. Increased expression 
occurs when JHIII levels are high (5-7 days) and in older females (21-28 days) 
that have been treated with JHIII 4 days earlier. A second, short-term effect of 
JHIII on phonotactic threshold has been demonstrated. Application directly 
to the prothoracic ganglion (containing L3) or topical application to the 
abdomen results in a change in selectivity to syllable period within 12 hrs. 
Whether a correlation exists between these short-term effects and L3 
responses and its expression of nicotinic receptor mRNA, is being evaluated.
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70.11
ROLES OF THE ON2 NEURON IN AUDITORY PRO CESSIN G IN 
THE CRICKET, A C H E T A  D O M E S T IC U S .
CLStiedl, D.N. Mbunqu, G. Atkins and J. Stout*
Dept. of Biology,Andrews Univ., Berrien Springs, Ml 49104

Investigations on phonotaxis in crickets revealed an important role 
of the prothoracic ganglion in auditory information processing (Stout et 
al. 1991, JC P  A 169: 765-772; Pires & Hoy 1992, JC P  A 171: 79-92). 
The omega neuron 2 (ON2) is a prothoracic interneuron involved in 
auditory information processing in gryllids (Atkins et al. 1984, JCP  A 
154: 795-804) and is usually intraganglionic. The morphology of ON2 
is described but little is known about its response characteristics (in 
Gryllus bim aculatus: Wohlers & Huber 1982, JC P  A 146:161 -173).

Intracellular recordings were made in adult female crickets and the 
recorded cells were iontophoretically stained with Lucifer Yellow. Pure 
tone stimuli resembling the natural three syllable song pattern of 
Acheta dom esticu s were tested in open field conditions and with leg 
phones (applying the sound directly to individual ears with the 
crossover branch of the acoustic trachea cut).

In open field conditions the ON2 shows a stronger excitatory 
response to soma-ipsilateral than to contralateral stimulation. Using 
leg phones, the ON2 shows excitatory responses to ipsilateral and 
contralateral auditory stimulation with lower threshold to high frequency 
sound (14-16kHz) than to low frequency sound (5kHz). A dramatic 
increase in the number of spikes per syllable is obvious in some 
responses under open field condition. In addition, the compound 
synaptic potentials appear to be inhibited earlier and later in response 
to each syllable. Thus, two tone tests are being carried out to define 
what inhibitory inputs occur.

70.13
Di s t r i b u t e d , m e c h a n ic a l  S t im u l a t i o n  o f  t h e  S k in  T r ig g e r s  
In k  RELEASE IN APLYSIA. P .M , Johnson. W .H . E v o y * and T .G . N o len . 
Department o f B io logy , University o f  M iam i, P.O. B ox  2491 1 8 , Coral 
Gables, FL 33124.

Ink probably provides A p lysia  with a chem ical defense against predators 
such as sea anemones (Kicklighter et al, these meetings). In interactions with 
anemones, A p lysia  do not secrete their ink in an all-or-none fashion: Sm all 
amounts o f  ink are released fo llow in g  contact w ith a s in g le  tentacle, 
whereas large amounts are released i f  the snail is p icked up by many 
tentacles. Thus, a critical feature o f  the RELEASER for inking may be the 
area o f skin stimulated by the predator.

We compared the relative abilities o f  a focal tail shock and a distributed 
mechanical stim ulus to e lic it inking in 70-100gm  A p ly s ia  ca liforn ica . A  
focal stimulating electrode on the tail was used to deliver a one second AC  
current pulse. Only large currents (ca >50mA) elicited inking in more than 
50% of the animals. But the largest current (ca 100mA) caused only 80% o f  
the animals to ink. (T his shock in tensity  was su ffic ien t to cause  
sensitization o f  the siphon withdrawal reflex  but w as ju st b elow  that 
producing tissue damage).

In contrast, mild m echanical stimulation o f  the snail’s body wall with a 
bristle stimulus was relatively more effective in e liciting inking. A  bristle 
array applied to one side o f  the body for 10 sec e licited  inking in 44% of  
the animals (N=16). The probability o f  inking increased with the area o f  the 
bristle array (p = 0.033). Interestingly, a coarse paper tow el wrapped around 
the animal elicited inking from 100% o f  the animals (N= 40, p « 0 .0 5 ).

Pilot studies show that A p lysia  cannot replenish their ink glands with the 
amount o f red seaw eed contained in a full gut —  additional feed ing is 
needed. These observations suggest that the animal should be judicious in 
its use o f ink and should regulate the amount o f  ink released depending on 
the relative danger.

70.15
INPUTS TO MULTI-TASKING NEURONS IN THE CRAYFISH "CORTEX"
D. Sandeman1 , В. Beltz2* and R. Sandeman1. 1 Bio.Science, Univ.
N.S.Wales, Kensington, NSW 2033, Australia and 
2 Bio.Sciences, Wellesley College, Wellesley, MA 02181.

Brains of reptant decapods possess accessory lobes (AcN), a pair of 
glomerular neuropils of unknown function, located posterior to the 
olfactory lobes (ON). These neuropils do not contain the endings of either 
sensory or motor neurons and may be associated with a benthic lifestyle 
(Helluy, Sandeman, Beltz and Sandeman, JCN, in press). Prominent 
components of the AcNs in crayfish and lobster are the serotonin 
immunoreactive (5HT-IR) giant cells (DGNs) which branch widely 
throughout the AcN and ON. DGNs are thought to receive inputs from 
axons in the deutocerebral commissure (DC) through terminals in the AcN 
and to have their output in the ON (Sandeman and Sandeman, submitted).

We have simultaneously recorded from and dye-filled DC and DGN 
neurons. The cell bodies of all the DC neurons are located on the dorsal 
surface of the brain, medial to the olfactory lobes. The neurons can be 
separated into several anatomical classes based on their branches in 
different parts of the brain, but all share the common feature of having 
terminals in one deutocerebral commissure neuropil and in both AcN's 
where they end in glomeruli. No two DC cells end in the same glomerulus.

Action potentials of different amplitudes in recordings from the DGN 
are interpreted to come from dendrites that appear to extend to all 
glomeruli in the AcN (about 2000 in lobster). A single DGN dendrite 
branches to many closely adjacent glomeruli but each DC cell targets only 
6 to 10 of these in each lobe. Each dendrite of the DGN may therefore be 
acting as a discrete functional unit, activated by a unique association of 
inputs to provide an output to the olfactory lobe.

7 0 .1 2

ORIENTATION TO WATER-FLOW IN T R I T O N I A : ROLES OF SINGLE 
IDENTIFIED NEURONS. J.A. Murray* and A.O.D. Willows. Friday Harbor 
Laboratories, Friday Harbor, WA 98250.

The nudibranch gastropod T r it o n ia  d i o m e d e a  orients to and moves 
toward water-currents (> 1 cm/s) in the lab and in nature (Rayleigh’s R=
0.52; p < 0.005). Field observations indicate that tidal flow threatens to pull 
the animal off the substrate and away from food and potential mates. 
Additionally, flow-tank experiments show that orientation to current 
significantly reduces hydrodynamic drag. We examined the neural basis of 
this rheotaxis behavior by recording intracellularly from the brain and 
extracellularly from the cerebral nerves in a semi-intact animal preparation. 
Neurons and nerves of the pedal and cerebral ganglia respond to water- 
flow directed to the oral veil and rhinophore sheaths with bursts of EPSPs 
and action-potentials (Murray e t a i . 1992, JCP-A 171:373-385).

Ablation experiments have shown that only cerebral nerve 2 (CeN2), 
which innervates the oral veil, is necessary for orientation to flow. Activity in 
the nerves that innervate the oral veil is lateralized such that ipsilateral 
stimulation with a gentle water-jet elicits a stronger response than 
contralateral stimulation.

We also obtained extracellular records with fine wires (Parsons e t  al. 
1983, Science 221:1203-6) in slugs that were freely behaving and activity 
in a flexion neuron Pd3 correlated with contraction of the body wall on the 
same side. Initial results indicate that photo-ablating (Syed & Winlow 1991, 
JEB  158:37-62) Pd3 with carboxyfluorescein and intense blue light 
eliminated the slug’s ability to turn upstream in response to water flow. Pd3 
appears to play a significant role in orientation to water flow.

Supported by NINDS grant NS22974-07 to A.O.D.W. and NIH Training 
Grant PHS 5T32GM07108-18 to J.A.M.

7 0 .1 4

In k  R e l e a s e  b y  A p l y s ia  E n h a n c e s  it s  A b il it y  t o  E s c a p e  f r o m  
A NATURAL PREDATOR. Ç  K icklighter. P.M . Johnson. Ş . Robinson. M- 
A u g u stin e s  and T.Q.. N o le n .* Departm ent o f  B io lo g y , U niversity o f  
M iami, P.O. Box 249118, Coral Gables, FL 33124.

A p lysia  obtain their ink pigments and distasteful toxins from their red 
seaw eed diet. Both the secondary plant toxins and ink may act as anti
predator, chem ical defenses. W e have tested these defen sive hypotheses 
for A p ly s ia  in its interactions with a natural predator, the anem one  
A n thopleura xanthogram m ica.

Sm all ( 2 - 1 0  cm) adult A plysia  ca liforn ica  were raised on diets o f  red, 
or green seaweed. Green seaw eed-fed snails do not contain plant toxins 
and do not release ink. These animals were readily eaten by anemones: 
93%  were ingested  w ithin  4  m inutes o f  being dropped onto the 
anem one’s tentacles. W hen 3-6 ml o f freshly collected ink was applied to 
the snail-anemone pair, 71% (N=14) o f  the snails escaped (p<0.002).

Ink applied directly to the anem one’s tentacles (N=13) caused a high 
incidence o f  defen sive behaviors (com pared to controls): TENTACLE 
RETRACTIONS (69% vs. 15.4%, p=0.0172); BALLING UP (46% vs. 0%, p=0.02); 
and GASTROVASCULAR EVERSIONS (53.9% vs. 0%, p=0.008). These effects are 
consistent with ink acting as a feeding deterrent and may account for the 
high incidence o f  the snail’s escape in encounters with anemones.

Plant toxins could provide A p ly s ia  with a passive chem ical defense. 
Surprisingly, red seaw eed-fed snails, deprived o f  their ink by handling, 
were eaten as readily as were green seaweed-fed snails (79% vs. 87.5%, p > 
0.70, N=19 and 24), suggesting that a red seaweed diet is not an effective  
deterrent to anem ones, in the absence o f  ink. Anem ones are reported to 
regurgitate the undigested remains o f  the snail’s m ost toxic organ —  the 
digestive gland. Thus, anemones are probably w ell suited to deal with the 
secondary plant toxins sequestered by A p lysia . Ink may provide the snail 
with its only effective defense against these types o f  predators.

7 0 .1 6

THE MUSCLE RECEPTOR ORGAN OF THE PRIMITIVE CRUSTACEAN 
ANASPIDES TASMANIAE - A COMPARATIVE STUDY OF NEURAL 
EVOLUTION. E.J. Wallis. D.L. Macmillan* and L.H. Field. Dept. of 
Zoology, Univ. of Melbourne, Victoria, AUST., 3052.

The muscle receptor organs (MROs) of the primitive syncarid 
crustacean, Anaspides tasmaniae, were investigated and compared 
with homologous elements in the decapod crustacean, Cherax 
d e s tru c to r . MROs are proprioceptors which display a 
characteristic morphology and physiological response to stretch, 
and analogues have been made with vertebrate muscle spindles.

A. tasmaniae of both sexes, length 20-35mm were used. Receptor 
muscle anatomy and innervation was investigated by methylene 
blue staining, and histology. Sensory neuron morphology and 
central projections were visualised using cobalt backfilling. The 
MROs response to stretch was characterised extracellularly using 
glass suction electrodes, and a repetitive ramp-and-hold pull 
stimulus.

The MROs in A. tasmaniae form a homogeneous series, with little 
morphological differentiation between the thorax and abdomen. 
Physiologically, A. tasmaniae shows a similar response to stretch 
as C. destructor, however both tonic and phasic units habituate 
more rapidly. Decapods have a functionally immobile thorax; MROs 
are modified to N-ceils which have migrated to the flexure in the 
epimeral plate in the mid-thorax. It is suggested that A. tasmaniae 
represents a primitive, undifferentiated form, that can be used 
comparatively to shed some light on how crustacean nervous 
systems are modified during evolution.
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7 0 .1 7
0PT0M0T0R ACTIVITY IN SPLITBRAIN CRAYFISH. O.A. Barrera- 
Calva, E. Barrera-Calva, B. Barrera-Mera* Esc. Nal. Prepa 
ratoria No. 2 E.C.O. and Dept. Fisiologia. Fac. Medicina, 
UNAM. México 04510, Mexico. D.F.

Crustacean optomotor muscular structures are the periphe 
ral portion of a bilateral equalizing brain oculomotor 
system. This control system would permit optomize the binoc 
ular analysis of crayfish environment. To this end, feed
forward and feed-back neural loops unceasingly work under the 
afferent influence coming from diverse modes of sensory 
inputs. And as in plastic processes its autonomic character 
is directly dependent on potent adaptive equalizing proper
ties. The goal of the present communication is to analyze 
the effects of the surgical bisection of the cerebral gang
lion upon the spontaneous and the evoked optomotor activity 
in crayfish in which bilateral optomotor activity was in
duced. Split brain crayfish was used to know the coordina
ting role of reciprocal neural connections of the eyestalk 
and supraesophageal protocerebral neuropils in crayfish 
optomotion. In these preparations the spontaneous bilateral 
optomotor activity was tremendously increased in their 
strenght and in their frequency too. Then the movements 
were brief and spasmodic. The habituation of the increased 
optomotot movements was clearly recorded in the stimulated 
eye only. These results indicate the existence of strong 
influence of reciprocal innervation throughout the midline 
of the supraesophageal ganglion of the crustaceans.
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7 1 .1

ADRENALECTOMY-INDUCED DEGENERATION OF GRANULE CELLS BUT 
NOT CA3 INTERNEURONS IS PREVENTED BY CORTICOSTERONE 
TREATMENT. C. Pavli.des*1, A. Magarinos1, E. Gould1, M. Hsu2, E. 
Pierre2, Y. Watanabe1, B.S. McEwen1 and G. Buzsáki2. 1Lab. of 
Neuroendocrinology, Rockefeller University, New York, NY. 2Ctr. for 
Molec. & Behav. Neuroscience, Rutgers University Newark, NJ.

Corticosterone (CORT) at high levels causes hippocampal pyramidal 
neurons to atrophy; and yet low levels of CORT protects dentate granule 
cells from degeneration after adrenalectomy (ADX). We have used a 
sensitive silver degeneration staining procedure to investigate whether 
CORT-induced atrophy of CA3 pyramidal cells involves neuronal 
degeneration and whether ADX induces degeneration of granule cells. 
After 21 d of daily CORT treatment (40 mg/kg), there was no 
degeneration of CA3 pyramidal cells but argyrophilic interneurons 
were found in CA3, the dentate hilus, and retrohippocampal areas. 
After 7d ADX, degeneration staining was detected not only in granule 
cells, but also in the polymorphic cells of the dentate hilus and 
interneurons in area CA3 and retrohippocampal areas. CORT treatment 
in the drinking water (10μg/ml) protected against ADX-induced 
granule cell degeneration but had no protective effect on the other 
ADX-susceptible cell populations. Thus, high dose CORT treatment for 
21 d may be destroying interneurons while leaving CA3 pyramidal cells 
viable. On the other hand, ADX produced a much more widespread 
pattern of neuronal degeneration than previously suspected and CORT 
treatment only partial ameliorated the detrimental effects of ADX. 
(Supported by NIH Grnant MH41256 to BMc).

7 1 .3
A N X IO L Y T IC  A C T IO N S  A N D  H Y P O T H A L A M IC  S Y N T H E S IS  O F  
T H E  N E U R O S T E R O ID , 3 α -O H -4 -P R E G N E N -2 0 -O N E  (З а Н Р ). J.P. 
W ieb e* . M . K avaliers. D  B ou sh v, K J . Barr. L .A .M . G a le a . H .R .M . &  
N eu roscien ce Labs, U niv. o f  W estern O ntario, London, O nt N 6A  5B7.

T h e  allylic stero id , Зα Н Р, is a m eta b o lite  o f  p ro g e ste r o n e  (P ro) and a 
p recursor o f  th e  n eu rostero id , 3a -h y d ro x y -5 a -p reg n a n -2 0 -o n e  (3 a 5 P ).  
З аН Р  has b een  show n to regulate pituitary horm ones (via [Ca2+] i), p o ten 
tiates 36Cl--uptake by cerebral cortical synaptoneurosom es and to exceed  
3 a5P  in analgesic action. In th e presen t study th e e ffects o f  intracerebro- 
ventricular adm inistration o f  Зα Н Р on  th e  resp onses o f  m ale m ice to  aver
sive (predator, cat) and non-aversive (gu in ea pig) odors w ere exam ined in 
an od o r  p r e feren ce  test. C on trol m ice d isp layed  a stron g  aversion  to  th e  
ca t o d o r  ( sp en d in g  a m in im al am o u n t o f  t im e  in  th e  v ic in ity  o f  th e  cat  
od or) and a m arked p r e feren ce  for th e  n o n -p red a to r  od or. З а Н Р  trea t
m ent resulted in a highly significant, dose-related  (.001- 1.0 μ g) increase in 
tim e spent in th e vicinity o f  th e cat odor but no  e ffect on  tim e spent with  
n on -p red ator  odor. T h e  stereo iso m er , 3β H P, had n o  e ffe c t  o n  o lfactory  
p r e fe r e n c e . T h e  a n x io ly tic  e f f e c ts  o f  Зα Н Р  w e r e  p a rtia lly  b lo c k e d  by 
G A B A  antagonists. T o determ ine if  Зα Н Р can b e  synthesized centrally, 40  
hypothalam i w ere  in cu b ated  w ith  [3H ]- or [14C ]Pro for varying tim es and 
З аН Р  and th e other m etabolites w ere identified  by TLC, radioH PLC, and 
G C /M S or sp ec if ic  R IA . З а Н Р  w as id en tif ied  as a m ajor m eta b o lite  (9-  
13% o f  total) in th e incubations and its presen ce in fresh tissue was equal 
to, or greater than, that o f  Pro (1 .3-3.5 ng/hypothalam us). This is th e first 
e v id en ce  that Зα Н Р  is p rod u ced  in th e  hypothalam u s and has anxiolytic- 
related e ffects involving interactions w ith th e G A B A  receptor com plex.

7 1 .2

BLOCKADE OF GLUCOCORTICOID SYNTHESIS BY CYANOKETONE 
PREVENTS CHRONIC STRESS-INDUCED DENDRITIC ATROPHY OF 
HIPPOCAMPAL NEURONS IN THE RAT. A. M. Maaariňos * and B.S. 
McEwen. Lab. of Neuroendocrinology, Rockefeller University, 1230 
York Ave., N.Y., N.Y. 10021.

Chronic stress and treatment with high doses of corticosterone 
(CORT) induce atrophy of dendrites of hippocampal CA3 pyramidal 
neurons. We investigated the morphological consequences of chronic 
restraint stress when CORT synthesis is inhibited but not eliminated. 
Brains of stressed rats treated either with vehicle or the enzyme 
inhibitor, cyanoketone (CK), were processed for single section Golgi 
impregnation. CK is an inhibitor of 3 - Beta - ol - dehydrogenase - 
delta5 delta4 isomerase (EC1.1.1.51) and significatively reduces the 
magnitude of stress induced CORT secretion (Akana et al, Endocrinology 
113:2232, 1983). CK was administered to adult male Sprague Dawley 
rats at a dose of 120 mg/kg on days 1,2,3,4 and 14, prior to each 
stress session consisting of 6 hours per day stress in wire mesh 
restrainers during 21 days.

Chronic stressed-vehicle treated rats showed a significant decrease 
in the number of dendritic branch points and the length of dendrites in 
the apical dendritic tree in the CA3 pyramidal neurons compared with 
non-stressed rats. Cyanoketone treatment of stressed rats prevented 
the decrease in the number of branch points and dendritic length. Grant 
support: F05TW04499(AMM); MH 41256 (BMc)

7 1 .4
PRENATAL STRESS IN RATS: EFFECTS ON BEHAVIOR AND ADRENAL 
STEROIDS. A.C.SEGARRA*1. J.L.GONZÁLEZ1, G.ALVARADO2 AND B.S. 
MCEWEN2.1 University of Puerto Rico, Dept. Physiology, Sch. of Med., San 
Juan, P.R. 00936 2Lab. of Neuroendocrinology, Rockefeller Univ, NY. NY 
10021.

Prenatal stress is known to adversely affect cognitive, emotional and 
reproductive processes. Neonatal handling of prenatally stressed animals 
seems to reverse some of the detrimental effects of prenatal stress 
(Wakshlak & Weinstock, Physiol.Behav., 48:289, 1990). In this study we 
investigated the effect of prenatal stress and neonatal handling on rat 
emotionality as measured by open field behavior and plasma 
corticosterone levels. Pregnant Sprague-Dawley rats were exposed daily 
to an intermittent flashing light and a ringing doorbell for 3 hrs during a 6 
hr period from gestation day (GD) 14-21. From the day of birth until 
postnatal day 10, half of the pups were handled daily by placing the whole 
litter in a warm (37°С) small cage with bedding for 3 min. Our results 
indicate that prenatal stress increased emotionality and caused a transient 
glucocorticoid hyposecretion in both sexes. Neonatal handling had no 
effect. Prenatal stress increased defecation and urination, particularly in 
males. A sex difference in plasma corticosterone levels was detectable as 
early as 14 days, females exhibiting higher corticosterone levels than 
males. Prenatal stress decreased plasma corticosterone in all animals at 
14 and 21 days, but by 65 days levels were comparable to controls. Male 
plasma testosterone was unaffected. This study indicates that prenatal 
stress increases rat emotionality. This effect appears to be mediated by 
the HPA axis as indicated by decreased plasma corticosteroids. We are 
currently investigating if hippocampal and/or benzodiazipine receptors are 
involved in mediating these effects.
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7 1 .5
ORGANIZING ACTION OF CORTICOSTERONE ON THE DEVELOPMENT OF 
BEHAVIORAL INHIBITION.
L. K. Takahashi*. Dept. Psychiatry, Univ. Wisconsin Med. Sch., Madison, 
Wl 53792.

Adrenalectomy (ADX) conducted on postnatal day 10 impairs the 
development of behavioral inhibition when rat pups are tested on day 14. 
That is, ADX pups fail to freeze and to inhibit their emission of ultrasounds 
when confronted by an adult male rat, a naturalistic threat. Importantly, 
daily injection of 3.0 mg/kg of corticosterone (B) restores freezing. We 
now identify an organization period when В plays a critical role in the 
development of behavioral inhibition.

In Exp. 1, rats were ADX on either days 10 or 14 and exposed, after a 
4-day period, to an adult male rat. Only pups that were ADX on day 10 
exhibited deficits in behavioral inhibition. In Exp. 2, 4 groups of rats were 
ADX on day 10 and tested on day 18. Veh/B pups received oil injections 
sc on days 10 to 13 followed by В (3.0 mg/kg) on days 14 to 17. B/veh 
pups received В prior to oil injections on days 14 to 17. B/B rats received 
В from days 10 to 17 whereas veh/veh pups received vehicle throughout 
the same period. Both veh/B and veh/veh pups showed significant deficits 
in behavioral inhibition. In Exp. 3, pups were ADX on day 10 and injected 
with doses of В as high as 12 mg/kg on days 14 to 17. Tests conducted 
on day 18 revealed that high doses of exogenous В were ineffective in 
restoring behavioral inhibition.

In summary, В exerts an organizing effect on behavioral inhibition prior 
to the end of the second postnatal week. Absence of В stimulation on 
days 10 to 14 impairs the development of behavioral inhibition even after 
subsequent exposure to high doses of exogenous B.

7 1 .7

APPARENT PLASMA DEHYDROEPIANDROSTERONE RES
PONSE TO ACUTE LABORATORY STRESS. C.R.K. MacLean. K G 
Wilton*,. S.R._Wenneberg, D.K. Levitsky and R.H. Schneider. Depts. of 
Physiology and Chemistry, Maharishi International University, Fairfield, IA 
52557.

In a previous study, evidence of increases in cortisol and ACTH in response to 
acute laboratory stressors was reported. Past studies have also shown that 
circulating levels of dehydroepiandrosterone sulfate (DHEAS) decrease as a result of 
severe physical stress and with age. The purpose of the present research was to 
examine in 31 normal male Caucasians (18-32 y) the acute effects of laboratory 
stressors on plasma DHEAS levels in the laboratory. The relationship between 
DHEAS and psychological variables such as anger and anxiety was also studied.

Plasma for DHEAS was sampled for 4 min at the beginning and at the end of a 
90-minute stress session using a continuous blood withdrawal pump (Dakmed). 
The laboratory stress session consisted of mental arithmetic (6 min), a mirror star 
tracing task (3.5 min) and isometric hand grip (3.5 min) separated by 25-min rest 
periods. Samples were assayed for DHEAS by RIA (DPC). Anger was assessed 
using the Spielberger State-Trait Anger Scale. Results were statistically analyzed 
by t-test and repeated measures ANOVA.

DHEAS levels increased significantly from the beginning to the end of the stress 
session (F (1, 30) = 11.7, p = 0.002). In addition, there was a signicant negative 
correlation between Trait Anger and the amount of DHEAS secreted during the 
stress session (R = -0.48; p = 0.007).

These results suggest that a 90-minute laboratory session consisting of 
psychological and physical stress may be responsible for the significant increase of 
DHEAS secretion observed in this study. However, the possibility that a circadian 
increase of DHEAS during the late morning, when the study was performed, could 
account for this observation has not been eliminated. Some research has suggested 
that psychological factors such as anger may be related to the development of 
angina and other clinical manifestations of coronary heart disease (CHD). This 
apparent increase in DHEAS during the acute stress may contribute to alterations 
in this adrenal androgen associated with the pathogenesis of CHD.

7 1 .9
LESIONS OF THE CENTRAL NUCLEUS OF THE AMYGDALA 
SELECTIVELY BLOCK HORMONE RESPONSES TO PSYCHOLOGICAL 
STRESS. M-A« Hebert*, B.N. Bunnell, E.H., Mouqey, and
J.L. Meyerhoff. Dept. of Psychology, Univ. of Georgia, 
Athens, GA 30602 and Dept. Med. Neurosciences, Walter 
Reed Army Inst, of Research, Washington, DC 20307.

Two experiments were conducted to determine the 
effects of lesions of the central nucleus of the amygdala 
(CNA) upon neuroendocrine responses to stressors. In the 
first experiment, rats with or without radio frequency 
lesions of the CNA were exposed to acute inescapable 
footshock (one 15 min. session) and sacrificed 
immediately. The lesion did not attenuate prolactin 
(PRL), ACTH, or corticosterone (CORT) responses to this 
stressor. In the second experiment, rats with or without 
CNA lesions received one of three treatments: (1) no 
shock, (2) repeated stress, consisting of six daily, 15 
min. footshock sessions, or (3) "psychological" stress 
which involved returning the animals, without shocking 
them, to the shock boxes where they had received 
footshock on the 5 preceding days. Both repeated and 
psychological stress elevated plasma levels of ACTH,
CORT, and PRL in non-lesioned subjects. CNA lesions 
blocked ACTH and PRL responses of subjects to psycho
logical stress, but did not alter these responses in the 
repeated stress condition. Taken together, the results 
of the two experiments suggest that the CNA selectively 
mediates hormone responses to psychological stressors.

7 1 .6

LONG-TERM CORTICOSTERONE ADMINISTRATION IMPAIRS THE 
COGNITIVE PERFORMANCE OF MIDDLE AGED RATS.
I. Arbel1, T. Kadar, M. Silbermann1 and A. Levy* 1 aculty 
of Medicine, Technion, Haifa. Israel Inst, for Biol. 
Res., Ness-Ziona, ISRAEL.

Acquisition of the Morris water maze was used to 
evaluate the cognitive performance of adult (12 months) 
Fischer rats, in comparison to a group of young rats (3 
months). Two distinguished populations of "impaired" vs 
"non-impaired" rats were found among the adult group. The 
degree of behavioral impairment in individual animals was 
found to correlate with the severity of hippocampal 
damage, based on quantitative morphometric analysis. 
Adult rats were implanted with either sustained-release 
corticosterone (COR) or placebo pellets. During the 9 
weeks treatment, COR plasma levels in drug-treated rats 
were comparable to those found under a state of mild 
stress. One week following termination of the treatment, 
their cognitive performance was tested during the 
acquisition of the 8-arm radial maze. COR treatment 
impaired performance of previously "non-impaired" rats, 
in contrast to placebo treatment. The effect on initially 
"impaired" rats was not statistically significant. 
Corticosterone adverse effects were also manifested by 
the severe morphological damage caused to specific 
hippocampal cells.

7 1 .8

EFFECTS OF 7 D A Y S OF CORTICOSTERONE INJECTIONS OR 
STRESS ON BA SAL PLASM A CHOLESTEROL, THYROID  
HORMONES A N D  CORTICOSTERONE LEVELS. R.J. Servatius*. J E. 
Ottenweller & B.H. Natelson Neurobehavioral U n it DV A Medical Center,
E. Orange & Dept. o f  Neuroscience, N ew  Jersey Medical School, Newark 
N ew  Jersey, 07019.
A s a pharmacological model o f  stress, the adverse neuronal consequences o f  
persistently elevated corticosterone (CORT) have received a great deal o f  
attention. However, few  studies have compared the long-term effects o f  
CORT injections to stressor exposure on peripheral stress respondents. Rats 
(325-350g) were either exposed to 7 daily stress sessions (7DS; 40, 2-mA  
0.5-s tailshocks given over a 2hr session), injected with CORT (Cl; 10 mg 
dissolved in 1ml sesame oil/day) or vehicle (VEH), or were non-injected, 
nonstressed controls (CON). Experimental manipulations occurred at 
1000Һ. Blood, sampled by tailclip on the 1st, 4th, and 7th day at 0800Һ, 
was assayed for CORT (μg/dl; C 1 ,C4 &C7 below). Terminal samples 
obtained at 0800Һ on the 8th day were assayed for CHOL (mg/dl), T3 
(ng/dl), T4 (μg/dl) , and CORT(C8, below). *p<.05.

C l C4 C 7 C8 CHOL T3 T4
7DS 2 ± 3 13+ 2.0* 13±15* 4.5+ 1 69+ 1.2 74+ 2.6 4.31.1
Cl 3 ± 8 25±2.5* 22+ 1.3* 27+ 1.6* 105+3.0* 7412.4 2.5+ .2*
VEH 3+ 4 З+ 0.2 3±0.2 6±0.7 68+ 2.6 76+2.4 4.1+ .2
CON 1+  1 3±0.2 3+0.3 2+0.2 61Ю .9 7711.5 4.51.1
Thus, the CORT injection regimen was associated with persistently 
supressed T4 levels and elevated plasma CHOL in rats maintained on a 
normal laboratory diet. Supported by DVA Medical Research Funds.

7 1 .1 0

INTERMITTENT AND CONTINUOS FOOTSHOCK STRESS 
DIFFERENTIALLY MODULATE IMMUNOCYTE BETA-ENDORPHIN 
CONCENTRATIONS AND IMMUNITY.

P.Sacerdote * .B.Manfredi. M.Bianchi and A.E.Panerai Dept. 
Pharmacology, University of Milan, Milan, Italy

The opioid peptide Beta-endorphin (BE) is synthesized in cells of the 
immune system, and could participate in the modulation of the immune 
responses (1). Since it is well known that stress affects the immune 
response, in this work we analyze the ability of two different stress- 
paradigms to modulate the concentrations of BE in the cells of the 
immune system and the immune responses in the rat. Two hours after 
inescapable intermittent footshock (2.0 mA 60 Hz; 1 sec every 5 secs for 
20 min), the concentrations of BE in splenocytes, lymphonode-cells and 
peripheral blood mononuclear cells are significantly increased. The 
increase is still present 24 hours after administration of the stress.This 
effect is completely prevented by the administration of i.c.v. injection of 
20 μg/rat of the CRH antagonist alpha- helical-CRH-9-41 which is by 
itself inactive. In contrast, a continuos 3 minute footshock did not affect 
the concentrations of BE in the cells of the immune system. The two 
types of stress also affect PHA-induced lymphocyte proliferation and NK 
activity with different intensity and time-patterns. In conclusion the data 
indicate that the two stress paradigms activate different pathways, and it 
can be suggested that CRH is involved in the intermittent footshock only. 
.Reference
1) P.Sacerdote et al., I. Neuroimmunol, 32:35, 1991
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7 1 .1 1
BASAL AND MORPHINE-INDUCED NOCICEPTIVE RESPONSES ARE 
ALTERED BY PRENATAL STRESS AND NEONATAL HANDLING IN A 
GENDER-SPECIFIC FASHION. J.W. Smvthe*1. C.M. McCormick2. J. 
Róchford1. and M.J. Meanev1. 1Douglas Hospital Research Center, Dept. 
Psychiatry, McGill Univ., Montreal, P.Q., CANADA and 2Dept. Psychology, 
Bates College, Lewiston, Maine, U.S.A., 04240.

Neonatal handling alters behavioral and endocrine responses to stress in 
adulthood in a different manner than that of prenatal stress (PS). We 
examined the interaction between PS and handling on basal and 
morphine-induced nociceptive responses elicited by exposure to a hot 
plate.

From birth to postnatal day 14, groups of prenatally-stressed and non- 
stressed (NS) rats were handled (H) (removed from home cage for 15 
min/day) or left undisturbed (non-handled; NH). At 4 months of age, rats 
were placed on a hot plate (50° C) and paw lick latencies were recorded. 
Two weeks later each rat was injected with morphine (5 mg/kg) and 
latencies were measured at 0,15, 30, 60 and 90 min.

PS and handling alone had no effect on response latencies of males. 
However, H/PS rats had lower paw lick latencies than NH/PS rats. For 
females, H/NS rats showed higher paw lick latencies than NH/NS rats, while 
H/PS rats showed lowered latencies than NH/PS rats. Morphine elevated 
latencies in all groups, except NS/H males and PS/H females.

These data suggest that PS effects may be sex-specific and can produce 
effects opposite to handling. Handling may offset the effects of PS under 
certain circumstances (Funded by NSERC & MRCC).

7 1 .1 3
THE EFFECT OF AMPEROZIDE ON SCHEDULE-INDUCED 
POLYDIPSIA (SIP) IN RATS. T.H. Yin*. W.H. Wu. 
C.J. Tseng and C.S. Tuna. Dept of Physiology & 
Pharmacology, NDMC, Taipei, Taiwan, R.O.C.

SIP paradigm may be taken as an animal model of 
anxiety. Amperozide (APZ), a novel antipsychotic 
drug with a strong affinity for the 5HT2 
receptor, was injected I.P. after completion or 
the requisite SIP training sessions. The 
rationale is that the intensity of licking behavior in SIP maybe taken as an index of 
anxiety but the drug induced motor dysfunction 
should be assessed. In Exp. 1, we tested the 
effect of APZ on SIP at doses of 2, 4, and 8 
mg/kg. The data showed that each dose 
significantly diminished the amount of licks (L) . 
The water intake (WI) decreased at doses of 4 and 
8 mg/kg. The number of presses (P) decreased only 
at the dose of 8 mg/kg. During five post
treatment daily sessions, these 3 measures 
returned to normal levels. The pellets earned 
remained essentially unchanged. In addition, the 
P rebounded after the stop of APZ administration. 
In Exp. 2, besides WI, number of L, pellets 
earned and P, we also analyzed the postpellet 
temporal variation of L and P. Drug was suspended 
for one day after each dose of 0.8, 1.6 mg/kg of 
APZ. The data showed that the dose of 0.8 mg/kg 
did not alter any measures and that the dose of
1.6 mg/kg only decreased the number of L. Taken 
together, these data suggest that the dose of 1.6 
to 2.0 mg/kg of APZ, can reduce anxiety without 
causing motor dysfunction.

7 1 .1 2
SEX DIFFERENCES IN OPIOID AND NON-OPIOID 
MEDIATED SWIM-STRESS INDUCED ANALGESIA IN DEER 
MICE VARY WITH THE BREEDING SEASON. L.A.M. Galea*. 
M. Kavaliers. D.L. Innes. & K.-P, Ossenkopp Neuroscience 
Program, Univ. of Western Ontario, CANADA.

There is evidence for sex and reproductive status differences in the 
expression of opioid and non-opioid mediated stress-induced analgesia. 
This study examined swim stress-induced analgesia (SSIA, 1 and 3 
min swims in 20°С water) in photoperiodically-regulated breeding 
(reproductive) and non-breeding (non-reproductive) adult male and 
female deer mice. Overall, breeding males displayed greater levels of 
SSIA than did females, with no consistent sex differences in non
breeding mice. The 1 minute swim induced an immediate and 
relatively short-lasting, naloxone ( 1 .0  mg/kg) insensitive "non-opioid” 
mediated SSIA that was reduced by the non-competitive NMDA 
antagonist, MK-801 (0.10 mg/kg), in all groups of mice except the 
breeding females. The 3 minute swim induced a relatively prolonged 
mixed opioid and "non-opioid" mediated SSIA of which the initial 
portion was sensitive to MK-801 (except in breeding females), while 
the latter portion (15 min. after swim) was reduced by naloxone in all 
groups of mice. These results show that both sex and reproductive 
status affect the expression of SSIA and suggest that female mice may 
have specific hormonal-dependent mechanisms associated with the 
expression of SSIA.

7 1 .1 4

ANTICIPATION OF MILD STRESS INCREASES THE AMOUNT 
OF CORTISOL IN THE URINE OF NORMAL SUBJECTS 
WITHOUT INFLUENCE ON MONOAMINES AND THEIR 
METABOLITES. J.-P. Walker. L. Peyrin .  V. Soulier and P. Schulz*. 
Division of clinical Psychopharmacology, Department of Psychiatry, 
Geneva University, IUP g , CH 1225, Geneva, Switzerland and UA 
CNRS 1196, Faculty of Medicine, 69373 Lyon, France.

Urinary cortisol and catecholamines amounts correlate positively in a 
subset o f depressed patients. Here we studied whether such a relation 
existed also in normal young males (n=50). Urine was collected during 
2 nights before a day of mild experimental stress. Free urinary cortisol 
was measured by RIA and the monoamines (NA, DA, A) and their 
metabolites (metanephrine, normetanephrine, HVA, VMA, MHμ g  
sulfate, MHμ g  glucuronide, free MHμ g , 5-HIAA) by HPLC. On the 
night before the experimental day, the amount o f cortisol increased in 
all but 4 subjects and the mean value went from 23.4 to 33.6 mg/12h 
(n=50, p<0.0001). This is explained by anticipation or apprehension. 
On both nights the amount of normetanephrine correlated strongly with 
that o f metanephrine and the amount of 5-HIAA correlated positively 
with those of NA and DA (Pearson’s correlation coefficients of r=0.5 
to 0.7). There were no relations between cortisol output and that of 
monoamines or their metabolites. Thus, anticipation increased the 
nocturnal urinary output of cortisol, while the mean amounts of 
monoamines and their metabolites remained unchanged (although some 
did increase in a subgroup o f subjects). The study was supported by 
Clinique Bonport, Switzerland and by grant 32-27 780 from the Fonds 
National Suisse de la Recherche Scientifique.

7 1 .1 5
A STRUCTURED INTERVIEW TO DEFINE AND MEASURE CHRONIC 
STRESS IN HUMANS S^ ŞeB htpi^ ^
Steffen. S.C. Johnson. K.C. Tuttle & E.D. Bigler* Dep’t of Psychology, 
Brigham Young Univ., Provo, UT, 84602.

Human and animal studies show changes in neuroendocrine and immune 
function with prolonged or repeated stress. Different and opposite results 
have been seen, however, with stressors of varying duration and frequency. 
In order to evaluate such temporal issues a structured interview was 
developed to measure the chronicity of stress in humans. The Chronicity 
Interview demonstrated good internal consistency reliability (Chronbach 
coefficient oc =0.80) and was administered along with the SCL-90-R and 
Derogatis Stress Profile (DSP), the Life Experiences Survey (LES), and the 
Daily Hassles and Uplifts Scale (DHUS) to 37 male college students and 36 
male nonpsychotic stress/anxiety outpatients. Chronicity scores were 
significantly different between the groups [T-scores: student 47.61+ 0.75, 
clinical 52.5±0.87, p = 0.0001, t-test]. Factor analysis identified four 
dimensions in the Chronicity Interview: a) objective timing of the actual 
stressor, b) subjective assessment of frequency and duration of feelings about 
the stressor, c) subjective assessment of control and predictability of the 
stressor, and d) subjective assessment of coping. Subjects scoring high on the 
Chronicity Interview scored high on stress symptomatology scales: SCL-90- 
R, r=0.60, p<0.0001; DSP, r=0.64, p < O.OOOl. Thus, the Chronicity 
Interview not only distinguishes between clinical and normal subjects, but 
also correlates with physical and psychological stress symptoms. In addition, 
subjects scoring high on the Chronicity Interview scored high on both year- 
inclusive (LES; r=0.37, p=0.001) and day-limited (DHUS; r=0.28, 
p=0.016) life events measures. These results show promise for this new 
instrument in chronic stress studies.

7 1 .1 6

BRAIN MAGNETIC RESONANCE IMAGE OF COMBAT STRESS 
M.Myslobodsky*. J.Bar-Ziv. J.Singer. J.Glicksohn. N.Sobel. A.Bleich. 
& M.Stern. P s y c h o b io l.  R e s . U n it, D e p t.  o f  P s y c h o l. T e l-A v iv  
U n iversity , R a m a t-A viv  6 9 9 7 8 , ISRAEL  

Numerous attempts were made to explore which personality, family, 
educational, sociological and economical variables predispose to Post- 
traumatic Stress Disorder (PTSD). The analysis of the possible 
underlying p r e m o r b id  b ra in  p a th o lo g y , if any, has been completely 
slighted. The present study employed magnetic resonance (MR) 
imaging to reveal anatomical brain changes, if any, in combat-related 
PTSD. The major finding was a small cleft filled with cerebrospinal 
fluid in the septo-callosal junction, the so-called cavum septi (CS). It 
was obtained in 6  of 10 patients. Only 2 of 20 control individuals 
showed CS. Embryologically, the septum develops within the 
morphological neighborhood of the corpus callosum which makes the 
latter an interesting target to validate the presence of 
neurodevelopmental abnormality. The MR midsagittal cuts containing 
the callosum were redigitized for an off-line analysis. The callosa of 10 
combat-related PTSD patients did not show discernible systematic 
effects compared to 20 normal controls. However, when all callosa 
were subdivided into equal halves along its length, a small (15%) albeit 
reliable increase in its anterior half in PTSD patients was obtained. 
This difference was contributed by a reliable predominance in the latter 
of the genu of the corpus callosum. Although the presence of CS along 
with altered callosal morphology may be a marker of the population 
with enhanced susceptibility to stress this finding must remain an 
anatomical curiosity until the nature of variance of septal and callosal 
morphology is better understood.
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71.17
EFFECTS OF PRETREATMENT WITH SINGLE OR REPEATED 
INTRACEREBROVENTRICULAR (ICV) CORTICOTROPIN-RELEASING 
FACTOR (CRF) OR VEHICLE ON LOCUS COERULEUS (LC) 
RESPONSIVENESS TO CRF. L.H. Conti*. G.K. M a gnu so n  and S.L. Foote. Dept. 
of Psyehiatiy, Univ. California, San Diego, La Jolla, CA 92093 
Several types o f evidence indicate that stress-induced release o f CRF affects brain 
noradrenergic function. While ICV CRF activates LC noradrenergic neurons in 
naive rats, we have shown that repeated ICV CRF or vehicle (VEH) decreases the 
electrophysiolgical responsiveness o f the LC to ICV CRF challenge 24 hours after 
the final infusion. Considering these results and the possibility that repeated stress 
alters LC responsiveness to CRF, two hypotheses were tested: 1) ICV VEH 
consititutes a stressor and reduces LC response to CRF proportionally to die number 
of pretreatment infusions with recovery proportional to the time from last infusion 
to testing; 2) Repeated ICV CRF produces an additive, more potent effect on LC. 
In one experiment, rats received the last o f  8 daily infusions o f VEH or CRF 24, 72 
or 168 hours (1 week) prior to LC recording. In a second experiment, rats received 
a single infusion o f either VEH or CRF 24, 72, or 96 hours before testing. Both 
repeated VEH and repeated CRF treatment significantly reduced LC response to ICV 
CRF 24 hours after the last pretreatment. Rats repeatedly treated with VEH 
responded to CRF 72 hours after the final treatment, although less so than naive rats, 
while rats repeatedly treated with CRF exhibited no response at this time. One week 
after repeated VEH treatment, LC response to CRF was indistinguishable from naive 
rats. With repeated CRF, the LC response to CRF one week later was significant 
but reduced. A single VEH infusion had no effect on LC response 24, 72 or 96 
hours later. A single infusion o f CRF reduced LC response 24 or 72, but not 96 
hours post-infusion. These data indicate that both repeated and single treatment with 
CRF more potently inhibit the response o f the LC to CRF than matched numbers of 
VEH treatments and that repeated VEH treatment is stressful having effects which 
are cumulative, dissipate over time, and CRF-like.

7 1 .1 8

IMPROVED MICRODIALYSIS MEASUREMENTS OF CORTICOTROPIN
RELEASING FACTOR RELEASE FROM LIMBIC BRAIN STRUCTURES OF 
FREELY MOVING RATS. E. Merlo Pich*. M. Lorang. L. Parsons. G.F. Koob and
F. Weiss. Dept. of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 
92037.

A method for microdialysis measurement o f corticotropin-releasing factor (CRF) 
release from several brain structures of awake rats has been recently developed in our 
laboratory (Merlo Pich et al., Neuroscience, in press). This method is based on the 
inclusion of a specific anti-CRF serum in the perfusion medium to increase the 
recovery of this high-molecular weight peptide (4758 Da) and to optimize the 
radioimmunoassay procedure used as detection system. The improvement of the original 
procedure required the following changes: 1) pre-perfusion of the probe in vitro with 
a blocking solution containing normal rabbit serum at 37°C; 2) use of artificial CSF 
and BSA 1% without anti-CRF serum; 3) very slow flow rate (0.5-0.7 μl/min). 
Sensitive plate micromethods have been developed to measure small fraction volumes 
(10-20 μl) collected in the amygdala and the bed nuclues of stria terminalis. The 
results obtained with this modified approach were compared with those obtained with 
the original procedure. Among other advantages, the modified approach produced less 
perturbation and a better estimate of the external CRF concentration. Theoretically, the 
lower the flow rate, the better the estimate, having 100% recovery at zero flow rate. 
In a series of in vitro studies we explored the possibility of using a stop-flow method 
for estimating external concentrations of CRF. Stop-flow was performed by 
interrupting the perfusion of a microdialysis probe for a given period of time (20-480 
sec), allowing diffusion of CRF from the external compartment into the probe 
compartment. By starting the flow again, the mass o f CRF tranferred during the stop- 
flow period was collected and measured. A standard mathematical model for diffusion 
(Crank 1960) was used to estimate the coefficient of diffusion and the extracellular 
concentration of CRF.
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72.1
TW-RIA AN ULTRASENSITIVE M IC RO -R AD O IVBVIUNQASSAY FOR 
STEROIDS. K A  Allere. M .K  Borsody and R.W. Bonsali*. Neurosdence 
Program and Department of Psychiatry and Behavioral Sciences, Emory 
University School of Medicine, Atlanta, GA 30322.

Conventional steroid radioimmunoassays are performed in volumes of 
0.2 to 1.0 ml and generally have sensitivities greater than 1 μg. This limits 
their usefulness for serial sampling o f blood or for microdialysis where 
sample volumes are necessarily low. In theory, the sensitivity o f an assay 
can be increased proportionately by decreasing the volume while maintain
ing concentrations constant, but this is difficult in conventional assays 
because the means of separating free from bound tracer becomes inefficient 
as volumes are decreased. The TW-RIA is a solid phase radioimmunoas
say in which antiserum is immobilized by adsorption to the inside of a micro
pipette tip. This provides the highly uniform surface needed for accuracy 
and precision. The mixture of sample and radioactive tracer ( 5 - 1 0  
microliters) is pulled into the tip with a micro-pipettor and retained by 
capillary action. Incubations o f up to 24 hr are performed in a humid 
atmosphere with no noticeable loss of sample. Free tracer is simply 
expelled from the tip by air pressure, and residual unbound tracer is 
removed by rinsing. Bound radioactivity (tritium) is measured by immersing 
the entire tip in scintillation fluid, mixing by inversion, and counting in a beta- 
counter. For testosterone and estradiol TW RIA's, non-specific binding to 
the pipette tip is negligible and the useful range o f a 5-microliter assay 
extends from about 0.1 to 10 μg. The method could be used for any steroid 
or peptide that does not itself adsorb to the plastic tip.

72.3
ANDROGENS REGULATE AROMATASE CYTOCHROME P450 
mRNA IN RAT BRAIN. C.E.Roselli*. S.E.Ahdelpadir. E.D.Lephart,
M.J.McPhaul and J.A.Resko. Department of Physiology, Oregon Health 
Sciences University, Portland, OR 97201.

The conversion of androgens to estrogens by aromatase P450 (AROM) 
is an important step in the mechanism of androgen action in the brain. In 
adult rats, AROM activity is regulated by androgens through a specific 
receptor mechanism in the preoptic area (POA) and hypothalamus (HYP), 
but is çonstituitive in the amygdala (AMG). This study was undertaken to 
measure AROM mRNA in adult rat brain and determine the effects of 
steroid treatments on its expression. AROM mRNA levels were measured 
by a ribonuclease protection assay using a Bam HI - Nco 1 cRNA probe 
transcribed from the 5’ coding region of the rat AROM cDNA. The [32P]
probe protected two AROM transcripts (bands) in the brain. The larger band 
was ~ 430 nt corresponding to the full-length sense cRNA, while the shorter 
band was ~ 300 nt. The levels of AROM mRNA in brain were 
AMG>POA> HYP> hippocampus. Cerebral cortex expressed only the 
smaller transcript whereas ovary expressed only the larger one. No AROM 
RNA was detected in cerebellum, anterior pituitary, prostate, liver, lung or 
skeletal muscle. In both POA and HYP, AROM mRNA levels decreased by 
7 days after castration and were maintained at intact levels by treatment with 
testosterone and dihydrotestosterone, but not with estradiol. In contrast, no 
treatment effect was observed on the expression of AROM mRNA in AMG 
or cortex. These results suggest that androgen stimulation of AROM 
activity in the rat brain is transcriptionally regulated. Supported by HD- 
18196 and HD-23293.

7 2 .2

REPRODUCTIVE STEROIDS REGULATE INDIVIDUAL 
DIFFERENCES IN THE LORDOSIS REFLEX THROUGHOUT THE 
ESTROUS CYCLE IN FEMALE RATS. S. E. Gans* and 
M. K. McClintock. Allee Lab., Univ. Chicago, Chicago, EL 60637

Female Norway rats vary in their patterns of fertility and behavior 
across their life spans. For example, in young females there are 
individual differences in the lordosis reflex, the receptive component of 
female mating behavior, which predict subsequent differences in their 
rate and pattern of reproductive aging. The lordosis reflex is regulated 
by a variety of steroids: estradiol, progesterone, and corticosterone. We 
determined which steroids were associated with individual variation in 
lordosis reflex intensity, and therefore may underlie individual 
differences inthe rate and pattern o f reproductive senescence.

We developed a jugular cannulation procedure to take daily blood 
samples from intact cycling female rats during several consecutive 
estrous cycles. We used vaginal lavage to monitor estrous cycles and 
daily manual palpation to assess lordosis reflex intensity throughout the 
estrous cycle.

There were individual differences in progesterone levels and in the 
ratio between estradiol and progesterone, which were stable across 
consecutive estrous cycles. Lordosis reflex intensity throughout the 
estrous cycle correlated negatively with mean plasma progesterone 
levels and positively with the estradiol/progesterone ratio. There were 
no individual differences in estradiol or corticosterone levels, and levels 
of these steroids did not correlate with lordosis reflex intensity. We 
conclude that individual differences in lordosis reflex intensity 
throughout the estrous cycle are driven by progesterone and by the ratio 
between estradiol and progesterone, but not by estradiol alone.

7 2 .4

QUANTITATIVE ANALYSIS OF AROMATASE mRNA IN THE ZEBRA 
FINCH BRAIN. B.A. Schlinger* P. Popper. PJ. Shen, P. Micevych,
A.Campagnoni, A.P.Arnold. Depts. of Psychology, Anatomy/Cell Biology and 
Psychiatry, Brain Research Institute, UCLA, Los Angeles, CA 90024 

Aromatase, the enzyme that converts androgen to estrogen (E), is often present 
in neurons within the hypothalamus/preoptic area (HPOA) and other limbic 
structures in the vertebrate brain. In adult males, E synthesis in the HPOA is 
thought to regulate steroid-dependent masculine sexual behavior. In songbirds, 
aromatase activity is also present at high levels in homogenates of non-limbic 
telencephalon, where it may be found in glia as well as neurons. We wished to 
compare levels of aromatase mRNA in HPOA and telencephalon to test the idea 
that HPOA has high expression in concentrated areas, whereas telencephalon has 
lower expression distributed across broad areas, perhaps reflecting functional 
differences in regional E synthesis. To quantify aromatase mRNA, an 35S labeled 
antisense RNA probe, derived from our zebra finch ovarian aromatase clone, was 
hybridized in situ to brain sections of adult male and female zebra finches. 
Hybridization was visualized by emulsion autoradiography; silver grain 
accumulation indicated the presence of aromatase message. Grain density was 
determined over matched areas of 6  regions showing consistent hybridization, and 
adjacent regions lacking hybridization (background). There were no differences 
between males and females in grain density (normalized across sections as the 
multiple of background density) in each brain region measured (HPOA, posterior 
hypothalamus, hippocampus, medial, dorsal, and ventro-lateral neostriatum). 
Within each sex, regional differences in grain density were also undetected. These 
data indicate that telencephalic levels of aromatase mRNA can be as dense as 
HPOA, despite the large regions of neostriatum where it is found. This implies a 
functional role for E in both limbic and non-limbic brain structures. Supported by 
NSF (1BN-9120776) and NIH (DC00217, NS23022).
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72.5
ISOLATION AN D CHARACTERIZATION OF A ZEBRA FINCH  
AROM ATASE cDNA: REGIONAL A N D  CELLULAR DISTRIBUTION.
P.J. Shen*. B A . Schlinger. C.W. Campagnoni. K. Kampf. A.P. Arnold and 
A.T. Campaenoni. MRRC and Brain Research Institute, UCLA School o f  
M edicine, and Dept. o f  Psychology, UCLA, Los Angeles, CA 90024.

W e have isolated a zebra finch (ZF) aromatase cDN A clone from a ZF 
ovary library using a partial chicken aromatase cD N A  probe. The 3.2 kb 
clone appears to be full-length containing 130 bp o f  5' UT region, a complete 
coding region o f  1509 bp and a 1550 bp 3' UT region. Nucleotide sequence 
analysis indicates high hom ology o f  the ZF coding region to that o f  human 
(73%), mouse (71%) and chicken (87%) aromatases. Northern analysis with 
the ZF aromatase probe reveals m RNAs o f  ~  3 kb and 6 kb in ZF ovary, 
hypothalamus and telencephalon, but not in testis, liver, kidney, m uscle, and 
heart. In situ hybridization with the DIG-labeled ZF aromatase cD N A  probe 
labels cells in both ZF ovarian theca and brain. Mapping studies in the ZF 
brain reveals strong labeling in the preoptic area/anterior hypothalamus, 
posterior hypothalamus and lim bic archistriatum. In addition, intensely 
labeled cells were remarkably abundant throughout the hippocampus and 
neostriatum, especially the caudal neostriatum. Few or no labeled cells were 
found in the song system (HVC, RA, 1MAN and Area X). Although estrogen 
receptors are expressed in limbic and some telencephalic sites o f  aromatase 
expression, other (hippocampal and neostriatal) sites lack estrogen receptors, 
suggesting non-traditional mechanisms o f  estrogen action at those sites. 
Supported by grants NIH DC 00217, NSF IB N 9120776, and N S 23022.

72.7
TESTOSTERONE INDUCED SINGING BEHAVIOR IN FEMALE CANARIES IS 
ASSOCIATED WITH AN INCREASE IN IMMUNOREACTIVE ENKEPHALIN 
IN THE SONG CONTROL NUCLEUS HVC G. F. Ball*. H. Richardson, and J. 
Balthazart Dept. Psychology, Johns Hopkins University, Baltimore MD 21218, 
USA. Lab.of Comp. Biochemistry, Univ. Liège, B-4020 Liège, Belgium.

Female canaries (Serinus canaria) sing a simpler song at a lower rate than male 
canaries, and the volume of the song control nucleus HVc (caudal part of the ventral 
hyperstriatum) is approximately 3 times larger in males as compared to females. 
When adult intact female canaries are treated with testosterone (T) their song becomes 
more frequent and there is a 50% increase in the volume of HVc (Nottebohm 1980). 
In this study we treated intact adult females with T and measured volumetric changes 
in HVc by using the pattern of immunoreactive met-enkephalin (irENK) as the 
marker of the nucleus. In canaries, as is true in several songbird species, the 
boundaries of HVc can be defined by the greater amount of irENK fibers as compared 
to the surrounding neostriatum. Seven adult intact female canaries were implanted in 
May with 2 ,12  mm implants filled with T. Seven females received empty implants 
and served as controls. Three weeks after implantation the singing behavior of all the 
birds was recorded during behavioral tests carried out over 3 days. The birds were 
then perfused and their brains sectioned. Alternate sections were stained for either 
Nissl substance or for irENK by immunohistochemistry. The volume of HVc was 
then re-constructed based either on the Nissl stained sections or the sections 
immunoreactive for ENK. All 7 of the T implanted birds were observed to sing but 
none of the control birds sang during the behavioral tests. The song behavior was 
similar to that described previously for T treated female canaries: it was clearly 
enhanced by T treatment but was still not as complex as male song. T-treatment 
triggered a marked growth in the volume of HVc. The volume of HVc was 
approximately 50% larger in the T treated birds as compared to the untreated controls. 
This was true for both the measurement based on the Nissl stained sections and the 
measurement based on the sections stained for irENK. These data indicate that T 
treatment that stimulates female singing and triggers increases in the volume of HVc 
also increases the amount of ENK fibers that innervate this nucleus.

72.6
EFFECT OF ESTROGENS ON THE SEXUAL DIFFERENTIATION OF BRAIN 
AND BEHAVIOR IN ZEBRA FINCHES: STUDIES WITH AN AROMATASE 
INHIBITOR. J. Balthazart*. P. Absil. V. Fiasse. and G.F. Ball Lab.Biochem, Univ. 
Liège, Belgium, Dept. Psych., Johns Hopkins Univ., Baltimore MD 21218, USA.

Neonatal estradiol injections masculinize both the singing behavior and some 
morphological aspects of the song control nuclei in female zebra finches 
(Taeniopygia guttata), but there is to date no physiological evidence that estrogens are 
responsible for the masculinization of song and the song control nuclei in male zebra 
finches during ontogeny. Attempts to block early estrogen action in males have 
resulted in a paradoxical hypermasculinization of several aspects of the song control 
nuclei. In this study, we tried to evaluate the role of estrogens during zebra finch 
differentiation by blocking their secretion with a non-steroidal aromatase inhibitor, 
R76713 or racemic vorozole. Zebra finches received at 2-3 days post-hatch one silastic 
implant filled with R76713 or left empty as control. Implants were left in place until 
about 45 days of age and birds were then gonadectomized. At 105 days o f age, all birds 
received a silastic implant filled with T and, starting two weeks later, they were 
repeatedly tested for singing and copulatory behavior for the next 3 weeks. Subjects 
were then perfused and their brains were analyzed by histological methods to establish 
the volume of the song control nuclei, HVc, RA, area X and MAN. The volume of 
HVc and RA was also measured on serial sections that had been stained by 
immunocytochemistry for enkephalin (ENK) or vasoactive intestinal peptide (VIP). 
Treatment with R76713 significantly decreased (±50%) the number of song bouts 
produced by the birds but did not affect the copulatory behavior of the males. The 
behavior of females was not changed by the inhibitor and in particular no mounting 
behavior was seen in the treated and in the control females. The presence of a marked 
sex dimorphism in the size of all 4 song control nuclei was confirmed but no 
significant effect of R76713 on these measures could be detected. The measure of HVc 
and RA volumes on sections stained by ICC provided identical conclusions (larger size 
in males but no effect of the inhibitor). These data are therefore consistent with the 
idea that estrogens are implicated in the differentiation of singing behavior in zebra 
finches but the small amplitude of the behavioral effect and the absence of 
morphological effects suggest that either other factors also play a role or that higher 
doses от longer treatments with the aromatase blocker need to be tested.

72.8
5-а REDUCED PROGESTERONE METABOLITES ARE ESSENTIAL IN 
THE HAMSTER VTA FOR SEXUAL RECEPTIVITY. Elizabeth 
Leadbetter and Cheryl Frye*. Departments of Biology and Psychology, Bates 
College, Lewiston, ME 04240.

Evidence suggests that progesterone’s action in the hamster VTA, relevant 
for sexual receptivity, may be a result of 5-а reduction to a metabolite more 
effective at the GABAa receptor complex (GBR) than progesterone itself. 
To test the importance of progesterone metabolites in this regard, a 5-а  
reductase inhibitor, 17β-N, N-diethylcarbamoyl-4-methyl-4aza-5α -androstan- 
3-one (4-MA) was administered SC (0, 3, 9, 15, 24, or 30mg/kg) to 
ovariectomized estrogen-primed hamsters, followed by one of six doses of 
SC progesterone (0, 25, 50, 100, 200, or 500μg) and tested for sexual 
receptivity. 200μg P-treated animals administered higher (24 and 30 mg/kg) 
doses of 4-MA had decreased total lordosis duration. 4-MA was then 
implanted bilaterally towards the VTA, previous to SC progesterone. There 
were site specific differences in receptivity following 4-MA application; 
animals administered 200μg progesterone, receiving bilateral 4-MA into the 
VTA (but not other twain regions), showed significantly decreased total 
lordosis durations at hour 3. Next, cycling female hamsters were infused 
with l.Oμg 4-MA or phosphate buffered saline (PBS) unilaterally into the 
VTA on diestrus, proestrus and estrus. 4-MA, but not PBS vehicle, infusion 
into the VTA interrupted receptivity in estrus and proestrus animals but 
neither had an effect on diestrus animals. Evidence that 4-MA 
administration reduces sexual receptivity when given both systemically and 
intracranially strongly supports the hypothesis that 5-а  reduced progesterone 
metabolites, rather than progesterone itself, are essential for sexual 
receptivity in hamsters. These data are consistent with progesterone acting 
non-genomically via the GBR in the hamster VTA.
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73.1
FE E D IN G  R E D U C E S  A P O M O R P H IN E -IN D U C E D  B E H A V IO R S  IN 
R A T S : A  P O S S IB L E  R O L E  F O R  E N D O G E N O U S
C H O L E C Y S T O K IN IN ?  L .F .F e lic io * С .А .Т іe р р о  a n d  A .G .N a se llo .*  
S ch o o l o f V e te rin a ry  M e d ic ine , U n ive rs ity  o f S ã o  P au lo , 05340 . 
#  M e d ica l S ch o o l o f S a n ta  C a sa  d e  S ã o  P au lo , SP, B razil.

It h a s  b e e n  p ro p o s e d  th a t c h o le c y s to k in in  (C C K ), w h ic h  is 
re lea sed  in re s p o n s e  to  fe e d in g , m o d u la te s  s o m e  d o p a m in e  
(D A )-re la ted  b e h a v io rs . T h e  g o a l o f th e  p re s e n t s tu d y  w a s  to  
d e te rm in e  th e  p o ss ib le  in flu e n ce  o f  fa s tin g  a n d  fe e d in g  o n  s o m e  
a p o m o rp h in e  (A P O )-in d u ce d  b e h a v io rs  in m a le  ra ts . A d u lt  ra ts  
w e re  d iv id e d  in to  3  g ro u p s : a d  lib itu m -fe d  g ro u p , a n d  24  h - fo o d  
d e p riv e d  g ro u p s  th a t re ce ive d  o r  d id  n o t re ce ive  fo o d  d u r in g  1 
h p r io r  te s tin g . Y a w n in g , g e n ita l g ro o m in g , a n d  p e n ile  e re c tio n  
w e re  m e a su re d  a fte r tre a tm e n t w ith  0.1 m g /k g  A P O  s .c . d u rin g  
th e  6 0  m in u te  p e rio d  a fte r A P O  in je c tio n . G en ita l g ro o m in g  and  
p en ile  e re c tio n  w e re  re d u c e d  b y  p re v io u s  fe e d in g , w h e re a s  
ya w n in g  w a s  lo w e re d  in fa s te d  ra ts . T h is  la tte r e ffe c t w a s  n o t 
b lo c k e d  b y  fe e d in g . T h e se  re s u lts  s u g g e s t th a t y a w n in g  
b e h a v io r  is m o re  sens itive  to  fa s tin g  th a n  o th e r  A P O -in d u c e d  
b e h a v io rs . T h e  s ig n if ica n t re d u c tio n  in g e n ita l g ro o m in g  a n d  
pe n ile  e re c tio n  in d u c e d  b y  fe e d in g  m a y  be  d u e  to  an  in c re a se  o f 
e n d o g e n o u s  C C K , a n d  in d ica te s  th a t th e s e  b e h a v io rs  m a yb e  
d iffe re n tia lly  m o d ifie d  b y  C C K . T h is  h y p o th e s is  is p re s e n tly  be in g  
eva lua ted . (S u p p o rte d  b y  FA PES P a n d  C N P q .)

73.2
The CCK-B Antagonist LY288513 Blocks Some Behavioral 
Effects Of MK-801 and Phencyclidine (PCP). K. Rasmussen. L.A. 
McQuaid*. and M.E. Stockton. Lilly Research Labs, Eli Lilly & Co., 
Indianapolis, IN 46285.
CCK-B antagonists, including LY288513, have been shown to inhibit the 
activity of dopamine (DA) neurons in the substantia nigra (A9) and ventral 
tegmental area (A10). As such, CCK-B antagonists have been 
hypothesized to have antipsychotic potential in man (Rasmussen et al.,
EJP. 1991: JPET. 1993). Phencyclidine (PCP) is a non-competitive NMDA 
antagonist, a dopamine and norepinephrine uptake inhibitor, and also has 
high affinity for the sigma binding site. In animals, PCP administration 
induces a characteristic set of behaviors. Since PCP produces 
psychotomimetic effects in man, antagonism of PCPs behavioral effects in 
rodents may be a predictor of antipsychotic activity. We therefore examined 
the ability of the selective CCK-B antagonist LY288513 to block the 
behavioral effects of PCP. We also examined the ability of LY288513 to 
block the behavioral effects of MK-801 (a non-competitive NMDA 
antagonist whose psychotomimetic properties in man are unknown). 
Pretreatment with LY288513 (3,10 and 30 mg/kg, po), but not vehicle, 60 
min prior to PCP administration (1 or 5 mg/kg, ip) blocked PCP-induced 
increases in locomotor activity, rearings, and falls, but not PCP-induced 
increases in head-weaving. Pretreatment with LY288513 blocked MK-801- 
induced (1 mg/kg, ip) increases in head-weaving, but not MK-801-induced 
increases in rearings and falls. These results demonstrate that LY288513 is 
able to block some of the behavioral effects of MK-801 and PCP and 
suggest that CCK-B antagonists may have antipsychotic effects in man.
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73.3
FACILITATION OF INHIBITORY AVOIDANCE RETENTION IN RATS BY 
CENTRALLY ADMINISTERED CH0LECYST0KININ-8S. L.J. Wichlinski*, 
B.J. Kvernes, K.A. Mulligan, C.D. Sparks, B.A. Paymar, M.M. 
Najarian, and I. Sanchez Dept. of Psychology, Carleton Col
lege, Northfield, MN 55057
Cholecystokinin and related peptides have been found to 

exert a facilitatory effect on memory storage processes in 
rodents. We sought to verify and extend these findings in 
our laboratory. In the first experiment adult male Sprague- 
Dawley rats were administered one of three doses of CCK-8S 
(8,80, or 800 pmoles) or vehicle intraventricularly immedi
ately following a one-trial step-through inhibitory avoid
ance task (0.6 mA, 1.0 sec). A fifth group was adminis
tered the highest dose of CCK-8S, but without footshock. 
Testing took place 24 hr later. The highest dose of CCK-8S 
significantly enhanced retention latency, but only in the 
group given footshock. In the second experiment adult male 
and female Sprague-Dawley rats were treated with one of two 
doses of CCK-8S (400 or 800 pmoles) or vehicle intraventric- 
ularly following inhibitory avoidance training. Again, 
only the 800 pmole dose of CCK-8S facilitated retention, 
but in this experiment, only in the males. Thus, we have 
verified that centrally administered CCK-8S has a dose-de- 
pendent facilitatory effect on memory storage processes in 
this task, but such facilitation may depend also upon the 
sex of the animal. Experiments are in progress to compare 
the effects of CCK-8S on an anxiety task (plus maze).

73.5
CCK-8S REDUCES HYPERPHAGIA IN OBESE RATS DUE TO EARLY 
POSTNATAL OVERFEEDING M.Voits. S.Rõdel. S.Fõrster. А.РӀаgеmann+, H.Fink 
M.Wienrich*. Inst, of Pharmacol. Toxicol., +lnst. of Exp. Endocrinology, Charitė, 
Humboldt University, POB 140, D-1040 Berlin, *Battelle Europe Biol & Environmental 
Sci. Am Roemerhof 35, D-6000 Frankfurt, Germany.

CCK-8S is known to inhibit food intake in animals and humans. To investigate 
further the role of CCK-8S in the control of food intake we used a new model for 
obesity in rats. Nonspecific early postnatal overfeeding induced by reducing the 
normal litter size of 10 to 3 newborn rats resulted in an increased body weight 
associated with enhanced food intake until adulthood.
Normal and postnatal overfed adult male and female rats were allowed food ad 
libitum and given CCK-8S (10 and 40 mg/kg, i.p.) at the beginning of the dark-period 
and food intake was measured for 24 hours.
CCK-8S (40 mg/kg) produced a marked reduction of food intake in both obese and 
normal rats during the first two hours. Furthermore, the food intake in male obese 
rats was more reduced than in male normal rats. This difference could not be 
produced in female rats. The resuite indicate that male rats hyperphagic by early 
postnatal overfeeding, are more sensitive to the effects of CCK-8S than normal rate. 
These data suggest that the response to CCK-8S may be dependent on the sex and 
that the effect differs in normal and obese rate.

73.7
CORTICAL EXTRACELLULAR 5-HT LEVELS AND THE EFFECTS OF 
CCK-4 AND L 365.260 DURING EXPOSURE ON THE ELEVATED PLUS MAZE 
AREX H.FINK. P.J.BIRCH* and C.A.MARSDEN1lnstitute of Pharmacology and 
Toxicology, Humboldt University, POB 140, 1040 Berlin, Germany, * Glaxo Group 
Research Ltd., Ware, SG 12 0DP,UK, 1Department of Physiology and Pharmacology, 
University of Nottingham Medical School, Queen’s Medical Centre, Nottingham, NG7 
2UH, UK

Guinea pigs handled daily from birth show similar behaviour to the rat when 
exposed to the elevated plus maze, as a model of anxiety. Exposure to the elevated 
plus maze is associated with increased extracellular Serotonin (5-HT) in the lateral 
prefrontal cortex when measured using microdialysis (Rex et al., 1993, 
Psychopharmacology 110:490-496).In the present study the CCK-B receptor agonist 
CCK-4 (10μg/kg) produced ’anxious’ behaviour and potentiated the rise 
in 5-HT observed on exposure to the elevated plus maze without altering 
basal cortical extracellular 5-HT in the familar home-cage. L 365.260 
(100μg/kg), a selective CCK-B antagonist produced an 'anxiolytic'
behaviour and prevented the increase in extracellular 5-HT seen when the 
guinea-pigs were exposed to the elevated plus maze. In the familiar
environment of the home cage L 365.260 decreased extracellular cortical
5-HT.
L 365.260 given 30 min before CCK-4, blocked the ССК-4-induced
behavioural and neurochemical effects on exposure to the elevated plus 
maze, these data suggest that 'anxious' and 'anxiolytic' behaviour on 
the elevated plus maze induced by CCK-B receptor stimulation and 
blockade, respectively, are associated with changes in cortical extracellular 5-HT.

73.4
BEHAVIORAL AND ELECTROPHYSIOLOGICAL 
CHARACTERIZATION OF THE NEW CHOLECYSTOKININ 
(CCK)-B ANTAGONIST LY288513. M. J. Schmidt*. K. Rasmussen.
J. P. Tizzano. J. F. Czachura. D. L. Modlin. and D. R. Helton. Lilly 
Research Laboratories, Eli Lilly and Company, Greenfield, IN 46140.

The activity o f LY288513, a new investigational cholecystokinin 
(CCK)-B antagonist, was evaluated in a wide range of pharmacological 
tests in mice and rats. The anxiolytic benzodiazepine, diazepam, 
served as a reference standard for LY288513. In the elevated plus- 
maze, LY288513 (3 ,10  mg/kg, ip; 30 mg/kg, po) produced an 
anxiolytic-like action in mice with a magnitude o f effect similar to that 
of diazepam. However, unlike diazepam, LY288513 produced no overt 
clinical signs and did not affect muscle tone, neuromuscular 
coordination or sensorimotor reactivity. Also, in contrast to diazepam, 
LY288513 did not produce changes in the thresholds for electroshock- 
or pentylenetetrazol-induced convulsions. Higher doses o f LY288513 
(300,1000 mg/kg, po) were required to reduce spontaneous activity 
levels, decrease body temperature, or potentiate the CNS depressant 
effects o f hexobarbital. LY288513 had no analgesic activity in mouse 
writhing or tail flick tests. Electrophysiological studies in anesthetized 
rats showed that acute administration o f LY288513 decreased the 
number of spontaneously active dopamine neurons in the substantia 
nigra and ventral tegmental areas. However, LY288513 did not 
produce catalepsy. These data indicate that LY288513 possess both 
anxiolytic and antipsychotic potential. However, at clinically relevant 
doses, LY288513 may not exhibit the undesirable side effect profile 
(e.g. impaired motor function, sedation) seen with benzodiazepines or 
currently prescribed antipsychotic drugs.

73.6
SOCIAL RECOGNITION IN MICE IS MODULATED BY ANDROGEN- 
DEPENDENT VASOPRESSINERGIC AND CHOLECYSTOKININERGIC 
NEUROTRANSMISSION. R.M. Bluthé*. S. Suarez. G. Fink. B. Roques and R. 
Danteer
INRA-INSERM U176, Rue Camille St-Saëns, 33077 Bordeaux Cedex, France.

Both vasopressin and cholecystokinin modulate social recognition in laboratory 
rodents. In these species, the vasopressinergic and cholecystokininergic neurons, 
located in the lateral septum and the medial nucleus of the amygdala, respectively, 
are androgen-dependent. We have previously established that the involvement of 
AVP in social memory is critically dependent on circulating androgens. The present 
study aimed at generalizing these Endings to mutant hypogonadal mice (hμg) and at 
assessing whether the same applies to CCK. Social recognition was assessed in intact 
and castrated DBA2 male mice and in hμg male mice, by exposing the test animal to 
two successive presentations o f the same juvenile, at 20 min interval. Social 
recognition was deduced from the decrease in the duration of social investigation 
which occurred on the second exposure, compared to the first one. Immediately after 
the first exposure to the juvenile, mice were injected with dPTyr(Me)AVP (2 
μg/mouse, sc), a specific antagonist o f the vasopressor receptors of AVP, or BC 264 
(1 μg/kg, ip), a specific agonist of CCK-B receptors. This dose of BC 264 was 
chosen on the basis of a dose-effect relationship established in intact male mice. Both 
treatments were able to completely block social recognition, in intact male mice but 
not in castrated male mice nor in hμg mice. These findings support the involvement 
of androgen-dependent AVP and CCK neurotransmission in the processing of social 
chemosensory cues.

73.8
CCK-INDUCED ANXIETY IN RATS ON THE ELEVATED X-MAZE CAN BE 
ANTAGONISED BY (+)WAY100135, A 5HT1A RECEPTOR ANTAGONIST. 
M. J. Bickerdike. A. Fletcher1 and C. A. Marsden. (SPON: Brain Research 
Association). Dept of Physiology & Pharmacology, Medical School, Queens 
Medical Centre, Nottingham, NG7 2UH, UK; & 1 Wyeth Research (UK) Ltd, 
Huntercombe Lane South, Taplow, Maidenhead, Berkshire, SL6 0PH, UK.

Cholecystokinin octapeptide, non-sulphated, (CCK-8ns), has recently 
been shown to induce an anxious response in rats on the elevated x-maze 
(Chopin & Briley, Psychopharmacology, 1993,110.)· For this study, the 
involvement of serotonin (5HT) in the anxiogenic effect observed after CCK- 
8ns administration was investigated in rats using the elevated x-maze. Male 
Lister hooded rats (250-280g) were given (s.c.) 10% PEG/saline or 1.0mg/kg 
(+)WAY 100135 (the active enantiomer of N-tert-butyl-3-(4-(2- 
methoxyphenyl)piperazin-1-yl)-2-phenylpropranamide. 2HCI), a highly selective 5HT1a receptor antagonist (Fletcher et al, Eur. J. 
Pharmacol., 1993,in press), 20 mins before either saline or CCK-8ns at 10 or 
50μg/kg (i.p ). 25 mins later rats were tested on the x-maze for a 5 min 
period. The administration of (+)WAY100135 to rats not given CCK-8ns had 
no effect on x-maze behaviour. Rats pretreated with vehicle showed an 
anxiogenic profile on the x-maze after CCK-8ns administration at both doses 
compared to saline controls (observed as a reduction in the percentage of 
open arm entries, p<0.01 Mann-Whitney U-test). In contrast, rats pretreated 
with (+)WAY100135 did not exhibit anxiogenic behaviour on the x-maze in 
response to CCK-8ns at either dose, suggesting that the indirect activation of 
5HT1A receptors may be responsible for the anxiogenic nature of CCK-8ns in 
this study. None of the drug treatments significantly altered the total number 
of arm entries, thereby excluding the possibilty that sedative or 
hyperlocomotive effects may have affected the behaviour. These data imply 
that the anxiety associated with CCK administration may result, at least in 
part, from 5HT neuronal activation.
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7 3 .9
DEVELOPMENT OF THE VĄSOPRESSINERGIC SYSTEM OF 
GOLDEN HAMSTERS IN RELATION WITH FLANK 
MARKING BEHAVIOR. Y. Delville*. G.J , De Vries. E.W Ouan 
and C.F. Ferris. Lab. o f Behav. Neurosci., Psychiatry Dept.,
Univ. o f Mass. Med. Ctr., Worcester, MA 01655, and Psychology 
Dept., Univ. o f Mass., Amherst, MA 01003.

In golden hamsters, arginine-vasopressin (AVP) microinjected 
within the anterior hypothalamus (AH) triggers flank marking, a 
behavior that is normally elicited by exposure to the odor of 
conspecifics. During development, juveniles start displaying flank 
marking behavior around postnatal day 20. We looked for 
correlations with modifications in the vasopressinergic system. 
Although, the neural distribution o f AVP-immunoreactive neurons 
and fibers changes during the first postnatal week, no obvious 
change was recorded around day 20. Similarly, no obvious change 
was recorded in the expression o f AVP mRNA within the anterior 
hypothalamus around the same time. However, observation o f V1 
AVP receptors within the AH led to different results. Specific 
binding for AVP appears to mature between postnatal day 10 and 
22 throughout the brain, including the AH. These results suggest 
that the induction o f specific binding for AVP within the AH may 
contribute to the onset o f flank marking behavior in golden 
hamsters.
Supported by grant IBN-9121097 from the NSF awarded to CFF.

7 3 .1 1
DISTRIBUTION OF VASOTOCIN mRNA IN THE BULLFROG 
BRAIN. S.K. Boyd* and R.T. Zoeller. Dept. of Biological Sciences, 
University of Notre Dame, Notre Dame, IN 46556 and Dept. of 
Anatomy and Neurobiology, University of Missouri School of 
Medicine, Columbia, MO 65212.

The peptide arginine vasotocin (AVT) is a potent modulator of 
behaviors in amphibians but the precise neural sites involved are 
unknown. Although the AVT gene has been cloned and sequenced for 
the toad Bufo Japonicus, the distribution of AVT mRNA in the brain 
has not been mapped in any amphibian. We used a 48-base 
oligonucleotide probe complementary to the glycopeptide coding region 
of the toad gene to examine the distribution of AVT-like mRNA in the 
bullfrog R a n a  catesbeiana. Results of in situ  hybridization studies with 
an 35S-labeled probe in 8  adult male and female bullfrogs show greatest 
amounts of mRNA, and most labeled cells, within the magnocellular 
preoptic nucleus. In the diencephalon, labeled cells were also found 
within the supra-chiasmatic nucleus and hypothalamus. In the 
telencephalon, cells were found in the amygdala, septal nucleus and 
striatum. AVT neurons have been previously localized, using 
immunocytochemistry, in all these areas in bullfrogs. Since gonadal 
steroids can alter AVT levels, concentrations of AVT mRNA may be 
affected by steroids in some of these regions.

Supported by NIH R29-HD24653.

7 3 .1 3
INDUCTION OF FOS IMMUNOREACTIVITY (IR) IN OXYTOCIN (ОТ) 
NEURONS AFTER SEXUAL ACTIVITY IN FEMALE RATS. L.M. 
Flanagan* J.G. Pfaus1, D.W. Pfaff1 and B.S. McEwen. Laboratory of 
Neuroendocrinology and Laboratory of Neurobiology and Behavior1, The 
Rockefeller University, 1230 York Avenue, New York, New York 10021.

Several lines of evidence suggest that ОТ acts in the hypothalamic 
ventromedial nucleus (VMN) to facilitate sexual behavior in female rats 
primed with estradiol and progesterone, but the location of ОТ cell bodies that 
project to the VMN has not been ascertained. In the present experiment, 
immunocytochemical labelling of the early immediate gene product FOS was 
used to identify ОТ neurons activated during sexual behavior. In rats 
pretreated with estradiol and progesterone and then mated for 1 h (n=4), the 
number of oxytocinergic neurons in the hypothalamic paraventricular nucleus 
(PVN) that also contained FOS ir was increased three-fold compared to 
hormone-treated non-mated controls (n=5) and vehicle-treated controls (n=4; 
p<0.05). After mating, the number of ОТ neurons containing FOS ir also 
was increased in the bed nucleus of the stria terminalis (BNST), but not in the 
supraoptic nucleus. As reported by others, FOS ir was induced by sexual 
activity in the preoptic area and the VMN. In the present studies it was 
further noted that FOS ir in the VMN occurred in close proximity to ОТ 
fibers. The results support the hypothesis that a subpopulation of ОТ neurons 
are activated during sexual behavior, and suggest that the source of 
oxytocinergic innervation to the VMN may be neurons in the PVN and/or the 
BNST. Supported by NIH grant NS07080 and postdoctoral fellowship 
NS09026.

7 3 .1 0

VASOPRESSIN, TESTOSTERONE AND OFFENSIVE 
AGGRESSION IN MALE GOLDEN HAMSTERS. C.F.Ferris*.
Y. Delville. E.W. Ouan and M. P. Mercier. Lab. o f Behav. 
Neurosci., Psychiatry Dept., Univ. of Mass. Med. Ctr.,
Worcester, MA 01655.

In golden hamsters, V1 vasopressin (AVP) antagonists micro- 
injected within the anterior hypothalamus or lateral ventricle inhibit 
offensive aggression tested in a resident-intruder model. We now 
report another neural substrate integrating AVP with testosterone in 
the control o f offensive aggression. The area o f the ventromedial 
hypothalamus (VMHA) contains V1 AVP binding sites, AVP- 
immunoreactive fiber terminals, and is also involved in the control 
of offensive aggression. As castration reduces offensive aggression 
toward intruders, castration also results in a depletion o f V1 AVP 
binding within the VMHA. Moreover, unilateral microinjections 
of AVP (lOOnl, 0.9μΜ) within this area facilitates offensive 
aggression. This effect is only observed with experienced fighters. 
These data show that the effect o f AVP is primed by the presence 
of testosterone which is necessary to maintain AVP receptors 
within the area. These data also indicate that AVP is used as a 
neurotransmitter at several sites within the neural network 
controlling offensive aggression.

7 3 .1 2

EFFECTS OF N-METHYL-D-ASPARTIC ACID LESIONS IN THE 
PARAVENTRICULAR NUCLEUS OF THE HYPOTHALAMUS ON OXYTOCIN 
PROJECTIONS TO LOWER LUMBAR SPINAL CORD, ON MALE SEX 
BEHAVIOR, AND ON SEMINAL EMISSION IN THE RAT. A.E. 
Ackerman1,2*, G.M. Lange2 and L.G. Clemens12, 1Neuroscience 
Program and 2Department of Zoology, Michigan State University, 
East Lansing, Ml 48824.

Oxytocinergic neurons of the paraventricular nucleus (PVN) of 
the hypothalamus have been implicated in modulating male 
sexual responses in rats. Cerebrospinal fluid levels of oxytocin (OT) 
increased following ejaculation (Hughes, A.M., e t  a l.. Brain Res., 
414:133, 1985); intraventricular administration of ОТ increased 
mount and intromission latencies (ML and IL, respectively) and the 
postejaculatory interval (PEI) (Stoneham, M.D., e t  a l., J .  En d o cr ., 
107:97, 1985); electrolytic lesions of the PVN decreased ML and IL 
but not PEI. We have shown that oxytocin-immunoreactive (OT-IR) 
neurons in the parvocellular subnucleus of the PVN project to lower 
levels of spinal cord (Ackerman, A.E. and Clemens, L.G., Soc. 
N eurosci. A b s ., 18:358, 1992). In the present study, NMDA lesions, 
which have been shown to destroy parvocellular PVN neurons 
while leaving magnocellular neurons intact (Tang, Y.P. and Sisk,
C.L, S o c . Neurosci. A b s., 18:1222,1992), were used to evaluate the 
role of parvocellular neurons on male copulatory behavior and 
seminal emissions. (Supported by NSF BNS-9109292)

7 3 .1 4

RECOVERY OF MOTORIC AND FORAGING PERFORMANCE 
FOLLOWING SYSTEMIC SOMATOSTATIN DEPLETIONS WITH  
CYSTEAMENE HCL. G.R. Sessions* and A.K. Setzer. Walter Reed Army 
Institute o f Research, Washington, D.C. 20307.

Cysteamine HC1 (CYST) has been shown to temporarily deplete brain 
somatostatin in rats when administered systemically or centrally and has been 
used as an experimental model for the study o f the functions o f the peptide in 
the mediation o f behavior. We investigated the effects o f systemically 
administered CYST on performance o f a "foraging" task in rats, in an effort to 
dissociate general drug-induced alterations o f motor performance from 
measurement o f impairments on more complex behaviors involving timing and 
memory. Rats (N = 5) were trained to free-run in an eight-arm radial maze 
while performing an eight-alternative concurrent fixed-interval (FI) schedule o f 
reinforcement for food. On drug days, the animals were injected one hr prior 
to tests with CYST (50, 100, or 150 mg/kg s.c.) or saline, and then were 
tested for one hour. On the day of treatments, measures o f motoric perfor
mance in the maze (i.e ., number o f arm entries, rate o f nose pokes, and arm 
traversal latencies) were decremented in a dose-dependent manner beginning at 
the lowest dose, indicating generalized performance Impairment. Measures of 
response timing on the FI schedules (quarter life measures for nose pokes) 
were only slightly decremented, but were dose related. All behavioral 
measures were essentially normal beginning 24 hr following drug treatments. 
The peripheral effects o f CYST most likely account for the decrements in 
motoric performance as the rapid recovery o f motoric and complex 
conditioned responding does not correlate with the longer course o f CYST- 
induced somatostatin depletion in brain. These results suggest caution in the 
use o f systemic CYST to manipulate central somatostatin in behavioral 
experimentation.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY AM NEUROPEPTIDES AND BEHAVIOR: CCK, CRF, VASOPRESSIN, AND SOMATOSTATIN 175

73.15
FLUOXETINE POTENTIATES THE EFFECTS OF CORTICOTROPIN
RELEASING FACTOR ON LOCOMOTOR ACTIVITY AND THE 
SEROTONERGIC SYSTEM. C.A. Lowry1*. K.A. Kedzie2. K.J . Renner2. andF.L. 
Moore1, 1Department o f Zoology, Oregon State University, Corvallis, OR 97331. 
2Biomedical Sciences Department, Southwest Missouri State University, Springfield, 
MO.65804.

Corticotropin-releasing factor (CRF) elicits behavioral changes in vertebrates 
including increases in locomotor activity. Intracerebroventricular injections o f CRF 
in an amphibian, the roughskin newt (Taricha granulosa), elicit rapid increases in 
locomotor activity in intact and hypophysectomized animals. We hypothesized that 
this CRF-induced increase in locomotor activity involves a central effect o f CRF on 
serotonergic neurons, based on known stimulatory actions o f serotonin (5-HT) on 
spinal motoneurones and the central pattern generator for locomotor activity in 
vertebrates. In male newts injected with a combination o f CRF (25 ng) and 
fluoxetine (100 ng), we observed increased locomotor activity as well as decreased 
5-HT levels in the ventral striatum, nucleus accumbens, amygdala pars lateralis, 
dorsal hypothalamus, and nucleus tuberalis posterioris, 35 minutes after treatment. 
In contrast, neither CRF nor fluoxetine given alone altered locomotor activity levels 
or 5-HT levels in any o f the brain regions measured. These results are consistent 
with the hypothesis that CRF stimulates locomotor activity through an activation o f 
the 5-HT system. Supported by NIMH predoctoral fellowship (BNR- 
lF31MH10288-01Al)to CAL, and research grants to KJR (USPHS MH-44893) and 
FLM (NSF BNS-8909173).

73.17
Locomotor Activity Effects of Corticotropin Releasing Factor (CRF) In 

Mouse: Blockade by α -Helical CRF Receptor A n ta go n ist^
K,L, Zeller* and J.F . McElroy.
CNS Diseases Research, The Du Pont Merck Pharmaceutical Co., 
Experimental Station, P .0 . Box 80400, Wilmington, DE 19880-0400 

Corticotropin Releasing Factor (CRF) is a 41 amino acid peptide widely 
distributed throughout the Central Nervous System (CNS). When infused 
directly into rodent and non-human primate brain, CRF produces CNS 
'activating and stress-enhancing actions, suggesting a possible role of the 
peptide in certain affective and stress-related disorders. The present 
studies were designed to evaluate the effects of CRF and of the a-Helical 
CRF receptor antagonist9-41 on open-field locomotor activity in mouse. 
Lateral ventricular administration of CRF (0.01 -1 .0 ug) produced a dose- 
dependent reduction in spontaneous locomotor activity (ED50 = 0.20 ug). 
Administered alone, α-Helical CRF antagonistg-41 (0.001 -10.0 ug) had no 
intrinsic effects on locomotor activity (ED50 > 10 ug). However, when 
administered 10 min before CRF (0.1 ug), the CRF effect was antagonized 
in a dose-dependent manner, with the ED50 for antagonism calculated to 
be 0.06 ug. The effects of CRF reported here in mice closely parallel the 
effects of this peptide on locomotor activity in rats similarly treated and 
tested (Sutton et al., Nature, 297:331, 1982). Antagonism of this CRF 
effect using α-Helical CRF9-41 suggests that the reduction in locomotor 
activity produced by CRF is mediated via a specific agonist interaction with 
CRF receptors in brain.

7 3 .1 6

CORTICOTROPIN-RELEASING FACTOR ANTAGONIST ATTENUATES 
DEFENSIVE BURYING BEHAVIOR VIA DIRECT NEUROTROPIC  
ACTION.
S. Mechiel Korte1,2*. Gerdien A.H. Korte-Bouws1,2’ Bela Bohus2. and 
George F. Koob1
1Department of Neuropharmacology, The Scripps Research Institute, 10666 North 
Torrey Pines Road, La Jolla, CA 92037, USA. 2Department of Animal Physiology, 
University of Groningen,P.O.B0X 14, 9750 AA Haren, The Netherlands

Defensive burying behavior is a coping strategy in rodents in response to 
an aversive stimulus where stress will facilitate burying and anti-stress treatments 
will result in less burying. To test the hypothesis that endogenous corticotropin- 
releasing factor is involved in defensive burying, behavior as well as plasma 
adrenocorticotropic hormone (ACTH) and corticosterone concentrations were 
determined in the rat dining a 15-min exposure to a deenergized probe. Rats self- 
administered a mild electric shock through a probe mounted on the wall of the 
cage by briefly touching it. Following this shock, control rats typically display 
burying behavior, as defined as moving the bedding material toward and/or over 
the shock probe. A  CRFantagonist, α -hel CRF9-41, was administered intracerebro- 
ventricularly (i.c.v., 1, 5 and 25 μ g) 1 min after they received the shock. The 5 μ g 
dose of the CRF antagonist significantly attenuated the time spent in defensive 
burying compared to vehicle treated controls. The 5 and 25 μ g dose of α -hel CRF9. 
41 also increased the latency to display defensive burying. The enhanced release of 
plasma ACTH and plasma corticosterone concentrations in the stressed animals 
was not significantly modified over the short term by either of the 3 doses of CRF 
antagonist. The results suggest that endogenous CRF is involved in the expression 
of defensive burying behavior via direct neurotropic action.

7 3 .1 8
FUNCTIONAL IMPAIRMENT OF HYPOTHALAMIC CORTICOTROPIN 
RELEASING FACTOR NEURONS WITH IMMUNOTARGETED TOXINS 
ENHANCES FOOD INTAKE INDUCED BY NEUROPEPTIDE Y. F.  
Menzaghi* . S.C. Heinrichs. E. Merlo Pich. F.J.H. Tilders1 and G.F. Koob. The 
Scripps Research Institute, Dept. of Neuropharmacology. C V N 7,10666 N. Torrey 
Pines Rd., La Jolla CA 92037 and 1Department o f Pharmacology, Free 
University, 1081 BT Amsterdam, The Netherlands.

Previous work has shown that administration of Corticotropin Releasing Factor 
(CRF) into the lateral ventricle antagonizes the orexigenic effect of Neuropeptide Y 
(NPY), and central injection of a CRF antagonist enhances NPY-induced food 
intake in satiated rats. The aim of the present study was to delineate which 
hypothalamic nucleus is involved in this NPY/CRF interaction by selective 
inactivation of hypothalamic CRF neurons. Administration of a monoclonal 
antibody to CRF (CRF-MAb) combined with a ricin A chain toxin into the 
paraventricular nucleus (PVN) two weeks prior to testing produced a 60% decrease 
in CRF content within the hypothalamus and a 43% decrease o f CRF in the 
median eminence. Intra-PVN administration of CRF-MAb/toxin also enhanced 
eating induced by injection of a 500 ng dose o f NPY into the same nucleus. In 
contrast, injection of CRF-MAb/toxin into the ventromedial nucleus o f the 
hypothalamus did not modify the feeding induced by NPY injection into this area. 
Systemic administration of a synthetic glucocorticoid dexamethasone (100 μg/kg), 
a treatment known to downregulate CRF in PVN neurons also enhanced the 
feeding induced by intra-PVN injection of NPY. No effect was observed following 
administration, of CRF-MAb/toxin and NPY into the central nucleus of the 
amygdala. These results suggest that an equilibrium between CRF and NPY 
neuronal function within the PVN may play an important role in the regulation of 
food intake. This interactive mechanism may provide some partial explanation of 
the eating disorders related to stress, in particular anorexia nervosa.

DRUGS OF ABUSE: ETHANOL, BENZODIAZEPINES, BARBITURATES I

74.1
EFFECTS OF LOW LEVEL HYPERBARIC EXPOSURE ON 
DIAZEPAM-INDUCED DEPRESSION OF LOCOMOTOR ACTIVITY: 
DOSE-RESPONSE. R.L. Alkana*. B.L. Jones. M.L. Palomares. J.
Mørland and M. Bejanian. Dept. of Molec. Pharmacol, and Toxicol., Sch. 
of Pharmacy, Univ. of Southern California, Los Angeles, CA 90033.

Low level hyperbaric exposure antagonizes the locomotor depressant 
effects of ethanol and n-propanol, but preliminary work suggested that the 
antagonism does not extend to diazepam. The present dose-response study 
further investigated the effects of pressure on diazepam. C57BL/6 mice 
were injected i.p. with vehicle or diazepam. Activity was measured from 
15 to 40 minutes post-injection. Diazepam (2-30 mg/kg) produced a dose- 
related locomotor depression. Exposure to 12 atmospheres absolute 
(ATA) helium-oxygen (heliox) significantly antagonized locomotor 
depression induced by 4 and 6 , but not 8  mg/kg diazepam. Exposure to 1 
ATA heliox did not significantly alter diazepam's effects. The antagonistic 
effect of 12 ATA heliox did not appear to reflect alterations in blood 
concentrations of diazepam or its metabolite n-desmethyl diazepam. These 
findings demonstrate that: 1) exposure to 12 ATA heliox can antagonize 
diazepam-induced locomotor depression; 2 ) the magnitude of antagonism is 
inversely related to the dose of diazepam and 3) the mechanism of the 
antagonism appears to be pharmacodynamic, not pharmacokinetic. This 
pattern of results is similar to that seen for ethanol and implicates the 
GABAA-benzodiazepine receptor as a possible site mediating pressure 
antagonism of ethanol's effects. However, further studies are necessary to 
determine the specificity and mechanism(s) of hyperbaric antagonism 
before the validity of this hypothesis can be determined. (Supported by 
NIAAA, NIH Grants RO1AA03972 and R01AA05234)

74 .2
THE ROLE OF ETHANOL HYPOTHERMIA IN ETHANOL-INDUCED 
CONDITIONED TASTE AVERSION IN MICE. S.D. Dickinson and C L. 
Cunningham*. Dept. of Medical Psychology, Oregon Health Sciences 
University, Portland, OR 97201.

The present experiment was designed to test whether exposure to high 
ambient temperature (Та) reduces EtOH-induced hypothermia and 
conditioned taste aversion in mice. Genetically heterogeneous male mice 
underwent a taste conditioning procedure which paired consumption of a 
novel flavor (NaCI) with injection of EtOH (2.25 g/kg) and placement in one of 
three Та chambers. Different groups were exposed to a warm (34°), normal 
(21°) or cold (5-10°) Та for 5 h after EtOH injection to manipulate the degree of 
EtOH-induced hypothermia. Body temperatures were recorded 
continuously via implanted biotelemetry devices. Exposure to the warm Та 
prevented the occurrence of EtOH-induced hypothermia while mice in the 
normal and cold Та conditions displayed hypothermia. All subjects 
developed a conditioned taste aversion to the NaCI. However, the 
magnitude of the aversion was greater in mice exposed to cold Та than in 
mice exposed to warm Та. These results are opposite those found in mouse 
lines whose thermal responses to EtOH differ because of selective breeding. 
However, these findings agree with previous studies involving rats exposed 
to altered Та. Supported by AA07468 and AA07702.
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74.3

ACUTE EFFECTS OF ETHANOL ON THYROID HORMONES'.RELATION 
TO CNS ETHANOL SENSITIVITY. M.A. Segali. T.A. French*.
N. Weiner. Dept. of Pharmacology, UCHSC, Denver, CO 
80262.

Mice lines differing in initial CNS sensitivity 
to ethanol (LS-sensitive, SS-insensitive) were used to 
examine the acute effects of ethanol on thyroid 
hormones. Ethanol administration to LS mice results in 
longer "sleep times” and greater hypothermia than in SS 
mice. The increased ethanol sensitivity of LS mice was 
found to be associated with a more substantial reduction 
of serum T4 levels (40-50%) in this line than in SS mice 
(10-15%) when measured at 60-360 min after ethanol 
(4 g/kg, ip). To assess the possible contribution of 
decreased serum thyroid hormones to the behavioral 
effects of ethanol, T4 (1 mg/kg, ip) was given with 
ethanol and sleep times and hypothermia were then 
determined. TA treatment had no effect on sleep times 
in either LS or SS mice. However, in both LS and SS 
mice T4 treatment resulted in a modest attenuation of 
ethanol-induced hypothermia (0.7-1.1 °С at 30-60 min), 
although the ethanol-induced hypothermia was not 
abolished completely. Thus, prevention of the ethanol- 
induced decreases in serum TA levels presumably reduces 
the ability of ethanol to alter thermoregulation in 
these mice. These results are consistent with the 
notion that ethanol's actions on the hypothalamic- 
pituitary- thyroid axis may contribute to its hypothermic 
effect, but apparently the hypothalamic-pituitary- 
thyroid axis has little role in the motor incoordinating 
effects of ethanol. Supported by NIAAA Grant #03527.

74.5

CHRONIC ETHANOL MARKEDLY DE-ENCEPHALIZES MOTOR ACTIVITY 
OF PONTINE-DAMAGED BUT NOT NORMAL RATS. B.E. Digman*. 
R.M. Chesire, M.K. Peterman. K. Wono & M.C. Fratzke. 
Dept. Psychol. Univ. Hawaii, Honolulu, HI 96822.

The integrity of the nucleus reticularis tegmenti pontis 
(NRTP) is crucial in motor responsivity to some abused 
substances. Acutely administered ethanol, haloperidol, or 
morphine can disrupt locomotor behavior in otherwise 
normal rats, but not in NRTP-damaged rats (Chesire, et 
al., Physiol. Behav. 30: 1983; Chesire, R.M. Neurosci. 
Ab s . 12: 1986). We describe herein a greater de- 
encephalization (excessive verticality) in NRTP-damaged 
rats exposed chronically to self-administered ethanol. 5M 
and 9F LE-hooded rats subjected to bilateral electrolytic 
lesions of the NRTP (1mA anodai, 158 ) or no-lesion were 
given no-choice self-administration of 0-20% ethanol in a 
25% sucrose and/or H2O solution (X  days unoperated=49; 
NRTP=42.5) and tested periodically in an open field for 
vertical and other activity. Ethanol-treated, NRTP-damaged 
rats increased the amount of time spent in total vertical 
activity by a factor of nearly 5 (range of Xs=74base- 
339s@20%). Ethanol-treated unoperated rats did not differ 
significantly from baseline values (range of Xs=77base- 
117s@15% dropped to 66s@20%). The results indicate that 
preexisting NRTP damage can increase the de-encephalized 
motor activity produced by chronic use of ethanol, and 
suggest that the NRTP is a candidate structure mediating a 
gating mechanism for ethanol-induced de-encephalization.

74.7

FETAL ALCOHOL EXPOSURE AND ITS EFFECT -ON 
BEHAVIORAL ACTIVITY, TASTE REACTIVITY AND ALCOHOL 
CONSUMPTION IN ADULT RATS. N. Badia-Elder* and S. W. 
Kiefer. Dept. of Psychology, Kansas State University, 
Manhattan, KS 66506-5302.

Three pregnant rats were intubated twice with 3.5 g/kg 
ETOH (20% v/v) on gestation day 8; three were intubated 
with the same solution on gestation day 10; controls were 
intubated with saline. Offspring were tested for open- 
field activity; taste reactivity to 10% alcohol, sucrose, 
and quinine; and lastly, were given two-bottle, 24 hour 
tests with 10% alcohol and water. Results showed that 
offspring prenatally exposed to alcohol on gestation day 
8 maintained lower body weights than gestation day 10 or 
control rats. No differences between groups were found 
in behavioral activity, taste reactivity, or consumption 
testing. The results showed that prenatal alcohol 
exposure, as done within the parameters of the present 
study, was not sufficient to have an effect on the 
behavioral measures examined, failing to replicate 
earlier reports of behavioral effects resulting from 
prenatal alcohol exposure.
(Supported by Training Grant T 32 MH 19547 from NIMH to 
the Society for Neuroscience).

74.4

ETHANOL CAN FUNCTION AS A PHARMACOLOGICAL 
ZEITGEBER IN RATS: A DOSE-RESPONSE ANALYSIS
R.J . Briscoe, K.L. Goulden, E.Y. Cheng, D.V. Gauvin* and F.A . 
Holloway. Psychobiology Labs, Dept. of Psychiatry & Behav. Sci., Univ. 
of Okla. Hlth. Sci. Cntr., Oklahoma City, OK 73190-3000.
Ten male Sprague-Dawley rats were surgically implanted with radio
telemetry devices (Minimitter, Sunriver, OR) and sequentially monitored 
for core body temperature and general activity counts every 10  min for 
48 hrs after intraperitoneal injections of saline and ethanol (ETOH). 
Surgical implantation was conducted under Na pentobarbital (40 mg/kg) 
plus ketamine HC1 (10 mg/kg) anesthesia; a one week recovery period 
followed. A complete dose-response function was generated by 
randomly selecting a test dose, monitoring each animal for the test 
period, and allowing for an additional one week washout period between 
test injections. Each animal received saline, 0.5, 1.0, 2.0, 3.0, and 4.0 
g/kg ETOH (10% w/v) at the same time of day. Initially, ETOH 
produced a dose-dependent hypotherm ic response in all rats. After the 
initial hypothermia, temp, returned to within the normal circadian 
temp, band without any evidence of hypertherm ic rebound. General 
activity was dose-dependently suppressed after ETOH injections. 
Similar to the temp, response, no rebound hyperactivity, outside the 
normal circadian range of activity levels, was demonstrated. The dose- 
response functions clearly demonstrated that acute pretreatments of 
ETOH pharmacologically shift the normal rat circadian rhythms for 
both temp, and activity.

74 .6

IDENTIFICATION OF GENES AFFECTING ALCOHOL DRINKING.
T.J. Phillips*. J.C. Crebbe. P. Metten. J.K. Belknap.
VA Medical Center and Dept. of Medical Psychology, Oregon 
Health Sciences Univ., Portland, OR 97201.

C57BL/6 (B6) inbred mice drink alcohol (ethanol) while 
DBA/2 (D2) mice avoid it. Identification of genes 
involved in differences in alcohol avidity, and their 
genomic map locations can be addressed by studying 
Recombinant Inbred (RI) mouse strains. The experiment 
summarized here tested the B6, D2, and 16 BXD RI strains 
for ethanol (EtOH) intake, beginning with two-bottle free 
choice between water and unsweetened ethanol, and ending 
with free choice between water and saccharin sweetened 
ethanol. Correlational analyses indicated that 9%, 72%, 
and 41% of the variance was held in common for (1) 
saccharin and unsweetened EtOH consumption (2) EtOH and 
sweetened EtOH consumption, and (3) saccharin and 
sweetened EtOH consumption, respectively. A significant 
association was found between the amount of EtOH 
consumed, and the severity of withdrawal symptoms 
(r=0.70). Quantitative Trait Loci (QTL) analyses detected 
several markers for genes involved in determining EtOH 
consumption levels, one accounting for as much as 66% of 
the variation in consumption. Further, correlation of BXD 
RI data for consumption of alcohol with consumption of 
morphine and raethamphetamine solutions were highly 
significant, suggesting some common genetic control of 
drug seeking behaviors for different drugs.
(Supported by the VA and a grant from the ABMRF)

74.8

TEST-RETEST RELIABILITY OF THE TASTE REACTIVITY TEST FOR 
ALCOHOL. R. L. Elder*. N. Badia-Elder, and S. W. Kiefer. 
Dept. of Psychology, Kansas State University, Manhattan, 
KS 66506-5302.

The test-retest reliability of taste reactivity to 
alcohol was examined using data collected in 3 large- 
scale studies conducted previously in our laboratory. In 
each of these studies, rats (ns-36, 42, & 54), were 
exposed to a 10% alcohol solution on 2 consecutive days 
of taste reactivity testing, prior to any other exposure 
to alcohol. Also included are reactivity data collected 
after the initial taste reactivity testing and 21 days of 
2 bottle, 10% alcohol vs water consumption testing 
(n-51). To examine test-retest reliability, Pearson 
Product Moment Correlation Coefficients were calculated 
for: mouth movements, tongue protrusions, total ingestive 
responses, and total aversive responses. The results 
indicated high to moderate correlations (.83 to .40, 
p<.05) when the animals were alcohol naive. However, 
when animals were tested after prolonged exposure to 
alcohol, weaker and statistically nonsignificant 
correlations were found. These results indicate that 
taste reactivity to alcohol has test-retest reliability 
for naive rats but not after alcohol exposure.
(Supported in part by Training Grant No. T32 MH 19547 
from the NIMH to the Society for Neuroscience.)
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74.9
RATS SELECTIVELY BRED FOR TASTE REACTIVITY TO ALCOHOL 
SHOW DIFFERENTIAL LEVELS OF ALCOHOL CONSUMPTION. S. L, 
Rock1. N. Badia-Elder1. S. W. Kiefer*1, and P. J. Bice2. 
1Dept. of Psychology, Kansas State Univ. , Manhattan, KS 
66506 and 2Univ. Colorado Health Sciences Center, Denver, 
CO 80262.

We recently reported (Neurosci. Abst., 1992, 18, 542) 
a successful selective breeding project using ingestive 
responding to alcohol as the selected trait. High 
ingestive responding (HIR) and low ingestive responding 
(LIR) lines were tested for taste reactivity to and 
consumption of 10% alcohol. In the first generation, the 
heritability of ingestive responding for the total 
realized response difference was .43; alcohol consumption 
was not a correlated response. Presently, the results 
from the S2 generation are reported. They were tested for 
taste reactivity to 10% alcohol and for alcohol 
consumption in a two-bottle, continuous access situation. 
Significant line differences in ingestive responding to 
alcohol were found; the bidirectional estimate of 
heritability between the two lines was .68. Significant 
differences in alcohol consumption were also found: At
the end of testing, HIR rats consumed a mean of 12.6 
(+1.5) g EtOH/kg bw/48 hr and the LIR rats consumed a 
mean of 3.0(±0.6) g EtOH/kg bw/48 hr. Thus, in the S2 
generation, continued separation of HIR and LIR lines was 
found with the selected trait; also, alcohol consumption 
was significantly different between the two lines.

74.11
SIMILARITY OF GENETIC INFLUENCES ON LOCOMOTOR ACTIVATING 
EFFECTS OF ETHANOL AND SODIUM PENTOBARBITAL. T. TRITTO.
K.A. Underwood and В ,C. Dudek*. Dept. Psychology, SUNY- 
Albany, Albany, NY, 12222

The paradoxical capability of sedative-hypnotics to 
produce behavioral arousal at sub-hypnotic doses varies 
among genotypes. In the DBA/2 mouse strain ETOH 
produces strong locomotor activation with the peak of 
the biphasic curve at about 1.5 g/kg i.p. C57BL/6 mice 
show no activation, and the F1 data reflect a pattern of 
no dominance. These characterizations hold for a 
variety of behavioral indices derived from 15 min tests, 
such as horizontal counts, distance, and number of 
movements, at doses in the 0-3.0 g/kg range. Analogous 
studies with sodium pentobarbital (0-40 mg/kg) yielded 
similar outcomes, with considerable activation in the 
DBA/2 strain, and very little in the C57BL/6 strain. In 
contrast, loss of righting reflex durations (60 mg/kg 
PENT0, i.p.) were similar in the two strains, thus 
dissociating the activating and sedative effects. In a 
set of complementary studies, Long- and Short-Sleep mice 
(bred for differences in soporific effects of ETOH) show 
similar activation profiles at ETOH doses to 1.5 g/kg 
and PENTO doses up to 30 mg/kg. These studies provide 
support for an hypothesis of common genetic control of 
the activation effect for ETOH and PENTO. [Supported, 
in part, by NIH grant AA09038J

74.13
CONDITIONED TASTE AVERSION ACQUISITION AND EXTINCTION IN 
RATS SELECTIVELY BRED FOR ETHANOL SENSITIVITY. A. F. 
LaHeist, L.M. Hopkins. D.N. Aragon, B.A. Carr, and P.J. 
Kulkoskv*. Dept. of Psychology, Univ. of Southern 
Colorado, Pueblo, CO 81001.

Strains of Norway rats have recently been selectively 
bred for differences in sleep time after a large i.p. 
dose of ethanol (L.J. Draski et al., Alcoholism 16: 48, 
1992). We determined whether these strains, named high, 
control, and low alcohol sensitive (HAS, CAS, LAS) rats, 
would also display differences in formation and 
extinction of a taste aversion when consumption of 
flavored fluid was followed by injection of alcohol. 
HAS, CAS, and LAS rats were deprived of water for 23.5 
hr and given daily 30 min access to one bottle of water 
for a baseline period of 7 days. Rats were then given 
a novel 0.125% w/v sodium saccharin solution, followed 
by i.p. injection (20 ml/kg) of saline (Ns=5 per group) 
or 2 g/kg of ethanol (10% w/v, Ns=4 per group) on 3 
conditioning trials. Each saccharin test day was 
followed by a day of water access. LAS rats consumed 
more saccharin during conditioning, and their ethanol- 
induced taste aversion extinguished more rapidly than 
CAS or HAS rats across 3 extinction trials (ps<0.05). 
Results indicate that rats that were selectively bred 
for alcohol neurosensitivity also differ in taste 
aversion when ethanol is the unconditioned stimulus. 
The weaker alcohol-induced taste aversion in LAS rats 
accords with a report of their higher oral consumption 
of alcohol (Kulkosky et al., Alcoholism 17, 1993), and 
the idea that alcohol intake is limited by an expectancy 
of postingestive consequences. (Supported by NIH Grant 
No. RR-08197 from DRR and NIAAA).

7 4 .1 0
IDENTIFICATION OF QUANTITATIVE TRAIT LOCI FOR 
ETHANOL ATAXIA IN BXD RECOMBINANT INBRED 
STRAINS. EJ. Gallaher*. J.K. Belknap. J.C, Crabbe, and G.E.
Jones. VA Medical Center and Oregon Health Sciences University, 
Portland OR 97201.

To determine the extent to which ethanol-induced ataxia may be 
genetically mediated, a panel of BXD recombinant inbred (RI) mouse 
strains was tested for initial ethanol sensitivity on the rotarod. To 
determine the strain distribution for ataxia, mice were injected with 
ethanol (2.0 g/kg, 20% v/v ip) and placed on a fixed-speed rotarod (2- 
in diameter; 5 rpm) 15 sec later. As brain ethanol concentrations 
(BrEC) increased, mice became ataxic and fell off the rotarod, with 
latencies of 39-106 sec. They were immediately sacrificed, and 
brains were assayed by GC to indicate the threshold BrEC required to 
produce ataxia. The progenitor strains exhibited thresholds of 0.52 ± 
.20 (DBA/2J) and 1.78 ± .15 (C57/6J); the RI strain means fell 
between 0.74 ± .21 (BXD 22) and 1.80 ± .35 (BXD 13) mg/g brain 
(mean ± sem).

We then referred to a data base of strain distribution patterns 
(SDPs) for genetic markers to identify candidate quantitative trait loci 
(QTL), i.e. genes or marker loci with SDPs correlated with ethanol 
ataxia. We identified 5 QTL, on 4 chromosomes, which were 
correlated at p < .01. Two of these QTL are located in proximity to 
dopamine D-1 and D-2 receptor genes. These provisional QTL await 
testing with other genetic models for confirmation. We are also 
examining genetic correlations between initial sensitivity and the rate 
and magnitude of rapid ethanol tolerance.

Supported by VA Med Res Service and USPHS POI AA08621.

7 4 .1 2
SEROTONIN AND BARBITURATE-INDUCED HYPOTHERMIA 
IN HOT AND COLD MICE. P.J. Feller.*and J.C. Crabbe. VA 
Medical Center and Oregon Health Sciences University, Portland, OR 
97201.

Mouse lines are being selected which are sensitive (COLD 1,2) and 
resistant (HOT 1,2) to ethanol induced hypothermia. Lesioning 
serotonin (5HT) pathways significantly attenuates the acute sensitivity 
of COLD, but not HOT mice, to ethanol. Furthermore, COLD mice, 
but not HOT mice, readily develop tolerance to ethanol-induced 
hypothermia. This response can be blocked by a 5HT lesion. We have 
also previously shown that COLD mice are significantly more sensitive 
than HOT mice to phenobarbital and pentobarbital. We tested the effect 
of a 5HT lesion on the barbiturate sensitivity of HOT/COLD mice and 
initiated experiments to study the development of tolerance to 
barbiturates in the selected lines. A 60-70% lesion of 5HT did not 
attenuate barbiturate sensitivity in either HOT or COLD mice.
Lesioning 5HT increased the sensitivity of HOT mice to phenobarbital 
(163%) and pentobarbital (600%). This effect was less pronounced in 
COLD mice (phenobarbital, 27%; pentobarbital, 1 0 %). These results 
support our earlier hypothesis that 5HT function has been altered by 
selection; however, its role is more complicated than previously 
described. COLD mice, but not HOT mice, developed tolerance to 
pentobarbital at doses of 20-40 mg. These data are in agreement with 
previous ethanol tolerance studies, suggesting a common mechanism 
may regulate the development of tolerance to ethanol and barbiturates. 
Future lesion experiments will determine if 5HT is involved in this 
barbiturate tolerance.
Supported by AA05828, NIDA Contract 271-87-8120 and AA06548.

7 4 .1 4

ETH A N O L AND NMDA/non-NMDA AN TAG O N ISTS REDUCE REM S L E E P  
BUT NOT D ELT A  S L E E P  O F RATS. N. Herold. 0 .  P ro spéro -G arcía . J. R.
C r ia d o .  P a t r ic ia  R a b le d o *  a m d  S .  J.  H e n r ik s e n . D e p t .
N europharm acology, Th e  Scrip ps R es Inst. La  Jolla, CA  9 2 0 3 7 .

R ecent investig ations have su g g ested  th a t the  neuropharm acology of 
e th a n o l (E T O H ) m ay  s e le c t iv e ly  in vo lve  g lu t a m a t e / a s p a r t a t e  
r e c e p to rs  (L o v in g e r , DM e t  a l, S c ie n c e  1 9 8 9 ( 2 4 3 ) 1 7 2 1 ) .  In 
addition, both th e  a cu te  a s  well a s  chro n ic  adm in istratio n  o f ETOH  
se le c t iv e ly  re d u ce s  REM s lee p  in hum ans. H ow ever, it is u nclear if 
g lutam ate an tag o n ists a ffe c t  s leep  w ith sim ilar se le ctiv ity . Th erefo re , 
w e have co m p ared  th e  e ffe c t s  o f ETO H  w ith am ino acid  re ce p to r  
a n ta g o n is t s  on th e  s le e p -w a k e  c y c le . T w e n ty  fiv e  ch ro n ic a lly  
im planted  S p rag ue-D aw ley  ra ts  d ivided into 5 gro u p s (n = 5 ) w ere  
used . T h e y  w ere  cha llen g ed  w ith an icv  in jectio n  ( 10  μ l o f a 5 nM 
so lution) of e ither: ETOH , M K -801, A P 5 , CNQX or saline. R ats w ere  
re c o rd e d  p o ly g ra p h ica lly  fo r  fo u r co n tin u o u s  h o u rs a f te r  th e  
in jection. W e found th a t  all th e  drug s te s te d  se le ctive ly  reduced  REM 
s lee p  [MEAN ± SEM  (%  o f to ta l t im e  o f record ing ): sa line  1 0 .4 2  ± 
0 .4 ; M K-801 4 .2 4  ± 0 .5 ; A P5 3 .9  ± 0 .7 ;  CNQX 4 .2 8  ± 0 .5 ;  ETOH
2 .2 2  ± 0 .6 ;  F (4 , 2 0 )=  3 2 .4 8 , p < 0 .0 0 0 1 ] . No s ig n ifican t ch a n g e s  
w ere o b served  in SW S and w akefu lness. T h e se  resu lts show  th a t  REM 
sleep  m ay be equally se n sit ive  to  the  blockade o f NMDA or non-NMDA 
receptors. T h ese  findings also  su g g est that ETOH m ay be affecting REM 
s leep  by se le ctive ly  altering g lutam aterg ic p ro ce sse s.

Supp orted by ARC A A 0 6 4 2 0  granted  to  SJH.
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7 4 .1 5
PUNISHMENT INCREASES SENSITIVITY TO THE STIMULUS EFFECTS OF 
MIDAZOLAM. T.A. Tatham. J.E. Sasaki* and J.E. Barrett. Dept. of Psychiatry, 
Uniformed Services University of the Health Sciences, Bethesda, MD 20814.

Responding under a punishment schedule alters the binding characteristics of 
benzodiazepine (BZ) receptors, but behavioral correlates of these changes have not 
been demonstrated. The present research explored whether sensitivity to the 
discriminative stimulus effects of BZ ligands is altered when responding of pigeons 
is punished. This was accomplished by preceding daily drug discrimination (DD) 
sessions with a period during which keypecking on the center key was either 
reinforced by a fixed-interval (FI) З-min schedule of food presentation (unpunished 
variant) or punished by the addition of a fixed-ratio 30 schedule of brief shock 
delivery to the FI schedule. After 40-min of FI responding, the bird was injected 
with either saline (SAL) or 0.56 mg/kg of midazolam (MDZ). After a 10-min 
delay the two side keys were illuminated and drug discrimination (DD) training 
occurred. Pecking the left key was reinforced following SAL, whereas the right 
key was correct following MDZ injection. After several months during which the 
unpunished FI preceded DD sessions, a cumulative dose-response curve for MDZ 
was determined in a single session during the DD portion of the session by 
reinforcing pecks on either key and injecting incremental doses of MDZ after every 
10 reinforcers. All pigeons pecked the SAL key at cumulative MDZ doses less 
than 0.56 mg/kg. All subsequent DD sessions were preceded by the punishment 
schedule and after several months another generalization test was conducted. All 
subjects now responded on the MDZ key at doses 0.5 — 1.0 log10 units lower than 
when the DD session was preceded by an unpunished FI session. This suggests that 
responding on a punishment schedule increases sensitivity to the stimulus effects of 
benzodiazepines. To the extent that the stimulus effects of drugs are related to their 
reinforcing effects, a history of responding under a punishment schedule 
may alter the reinforcing efficacy of benzodiazepines.

7 4 .1 7
ALCOHOL, AGGRESSION AND ANXIETY: AN ETHOEXPERIMENTAL 
ANALYSIS. D.C. Blanchard*, and R.J. Blanchard Bekesy Lab
oratory of Neurobiology, University of Hawaii, Honolulu HI 
96822.

Inconsistencies in the effects of alcohol on aggression 
in rodent models suggest that this effect is mediated 
through some other factor, such as anxiety or defen
siveness, that may be differentially involved in the 
various tests.

A Fear/Defense Test Battery, measuring defensive 
reactions to an approaching, contacting, predator showed 
little and inconsistent response to traditional (BZP) or 
non-traditional (non-BZP) anxiolytics. However, an Anx- 
iety/Defense Test Battery, measuring defensive behaviors 
to potential threat, produced an "anxiolytic profile" of 
changes seen consistently to both traditional and non- 
traditional anxiolytics, but not to nonanxiolytic drugs.

Alcohol (0.6 and 1.2 g/kg) altered the four behaviors 
of the "anxiolytic profile" in a manner consistent with 
the effects of diazepam (2.0 and 4.0 mg/kg), indicating 
that it is also anxiolytic. The consistency of alcohol 
and diazepam effects on anxiety provide a possible mechan
ism for their similar effects on aggression. However, 
moderate doses of alcohol but not diazepam also enhance 
defensive attack. Although defensive attack is behavior- 
ally and neurally different from offensive aggression, the 
two are not separated in analyses of human "aggression", 
suggesting that alcohol effects in the latter may also be 
mediated by changes in defensive attack. These data 
suggest that alcohol may alter aggression through three 
separate but potentially interacting mechanisms: reduced 
avoidance of potential danger; reduced suppression of 
offensive attack; and enhanced defensive attack. Supported 
by MH42803, AA06220, RR03061 and RR01825.

7 4 .1 9
ALCOHOL, STEROID HORMONES AND AGGRESSION: STUDIES WITH MALE 
TRANSGENIC TGF α MICE. L.A. НilаKivi-Сlаrke*. and R. Goldberg Dept. 
Psychiatry, Georgetown Unlv., Washington, DC 20007.

Male transgenic CD-1 mice, which overexpress transforming growth factor 
α (TGFα ), may represent the first animal model supporting the findings 
obtained in humans that alcohol maintains pathological aggression. These 
mice are highly aggressive and consume elevated levels of alcohol, when 
compared with non-transgenic male CD-1 mice. In addition, they exhibit 
increased plasma levels of 17ß-estradiol (E2). The present study examined 
whether gonadal hormones are responsible for the aggression-maintaining 
effect of alcohol In the male T G Fa mice. As previously reported, the 
transgenic mice were significantly more aggressive than the non-transgenic 
controls (p<.05). Castration abolished this difference by reducing aggressive 
behavior in the TGFα mice (p<.05), but not in the controls. Alcohol had a 
biphasic effect on sham-operated non-transgenic controls: 0.6 g/kg 
significantly increased (pc.05) and 2.0 g/kg inhibited (pc.05) their 
aggressiveness. Alcohol did not reduce the high levels of aggression in the 
sham-operated TGFα mice. Castrated TGFα and control mice responded to 
alcohol in a similar manner. In both groups, 0.6 g/kg alcohol did not 
stimulate aggressive behavior, but 2 g/kg alcohol reduced aggression (pc .05). 
Treatment with pellets releasing 0.25 mg E2 over a 60-day period increased 
aggression in both the castrated male TGFα mice and their non-transgenic 
controls to the levels seen in intact male transgenic mice. Alcohol did not 
alter aggressive behavior in these animals. The findings suggest that the 
failure of alcohol to reduce aggression in the male TGFα mice is due to the 
elevated plasma levels of E2.

7 4 .1 6

APPROACH/AVOIDANCE BEHAVIOR OBSERVED IN RATS 
RUNNING AN ALLEY FOR ETHANOL REWARD. C.L. 
Czachowski and A. Ettenberg.* Behavioral Pharmacology Lab.,
Dept. Psychology, Univ. o f California, Santa Barbara, CA 93106.

The reinforcing properties o f ethanol (ETOH) were examined in 
animals trained to traverse a straight-arm runway once each day for 
the opportunity to drink a solution o f 5%  ETOH. The experiment was 
conducted in two phases. During Phase I (approx. 35 days), all Ss 
were water-deprived at the time of each trial. ETOH-reinforced 
animals improved their response times over trials in a manner 
comparable to that o f control Ss running for water. During Phase П, 
water was returned to the home cages and testing was conducted 
using “non thirsty” animals. This resulted in an increase in the 
running times o f all Ss. ETOH animals, however, took reliably longer 
to enter the goal box than controls even though latencies to leave the 
start box did not differ between the two groups. The longer ETOH 
response times were not due to a reduction in running speed, but 
rather to the appearance (and increased frequency) o f stop-and-retreat 
behaviors within the alley. Moreover, this retreat behavior was not 
random, but occurred most frequently in close proximity to the goal 
box entry. On the basis o f these preliminary data, we hypothesize that 
the approach/avoidance behavior observed in the experimental Ss 
may stem from concurrent positive and negative actions o f self- 
administered ETOH.

7 4 .1 8

HORMONAL INFLUENCE ON ANXIETY DURING THE 
ESTROUS CYCLE IN FEM ALE RATS. M.D. Brot*. G.F. 
Koob. and K, T. Britton. Dept. of Neuropharmacology, Scripps 
Research Institute, and the Dept. of Psychiatry, San Diego VA Medical 
Center, La Jolla, CA 92037.

The hormonal fluctuation through the human menstrual cycle and rat 
estrous cycle has a clear influence on various neuropeptides and 
consequently on behavior. Reports of increased alcohol intake in 
humans at times of high progesterone and estrogen levels, such as during 
estrous and proestrus in the female rat, suggest the possibility that these 
hormones may have anxiolytic effects or may work in combination with 
anxiolytic drugs to create an enhanced anxiolytic action. To evaluate this 
hypothesis, we exposed cycling female rats to either a saline or ETOH 
(0.75 mg/kg) injection just prior to testing in the Geller-Seifter conflict 
apparatus. This test is a well-established method for determining anxiety 
levels in rats; an increase in punished responding is typically observed 
with anxiolytic drugs such as ETOH. Under saline conditions there were 
no effects of the estrous cycle; however, with ETOH, there was a greater 
release of punished responding during proestrus and estrous than during 
met/diestrus, indicating that progesterone and/or estrogen may have 
exaggerated ETOH's anxiolytic effect. To further examine proges
terone’s role in mediating the anxiolytic effects of ETOH, the effects of 
different doses of progesterone on conflict behavior in estrogen-primed 
ovariectomized female rats was examined. The results demonstrated a 
dose-dependent increase in punished reponding. Therefore, proges
terone may have some role in the differences observed in the anti-conflict 
behavior of ethanol during the estrous cycle.

7 4 .2 0

SOCIAL CONTEXT INFLUENCES THE EFFECTS OF 
BENZODIAZEPINES ON PRIMATE VOCAL COMMUNICATION. 
E.Μ. Weerts.* DJ. Macey. K.A. Miczek Psychology Dept., Tufts Univ., 
Medford, MA 02155, USA

During socially relevant situations, squirrel monkeys emit 0.1 to 16 kHz 
vocalizations that consist of specific structural components. The most 
common call, the "peep", is emitted in both positive and aversive social 
situations. Peeps are tonal calls with the fundamental frequency between 
6-12 kHz and lack broad band energy noise. Do specific calls 
communicate a specific affective state during all social interactions or do 
they serve distinct functions that change with social context? To best 
address these questions the effects of benzodiazepines on peeps and other 
vocalizations in the three different social situations were examined: (1) 
social separation, (2 ) dyadic confrontations between unfamiliar dominant 
males, and (3) during anticipation and access to highly preferred or 
standard foods. In the same low to moderate dose range (0.3-3 mg/kg) 
chlordiazepoxide (CDP) differentially altered peeps depending on the 
social context. CDP reduced  explosive motor behaviors and peeps 
induced by isolation and increased  visual threats and peeps in dyadic 
confrontations between unfamiliar dominant males. Although CDP 
increased feeding of standard food, it d id  not a lter peeps or "twitter" food 
calls emitted during anticipation or access to either preferred or standard 
foods. The differential effects of CDP on vocal behavior does not appear 
to be a result of arousal states. Animals were highly aroused as evidenced 
by increased activity and agitation in both the isolation test and the dyad 
test whereas animals were generally calm and displayed very little 
activity in the food test. Thus, calls of similar structure are differentially 
sensitive to CDP depending on the social situation.
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74.21

COMPARISON OF TWO METHODS THAT ASSESS THE 
INFLUENCE OF ETHANOL ON BENZODIAZEPINE-INDUCED 
LOCOMOTOR DISCOORDINATION.
S. DeLuca and B. Dubinsky*. CNS Research, The R. W. Johnson 
Pharmaceutical Research Institute, Spring House, PA 19477-0776.

The rotarod test (RR) and the horizontal screen test (HS) are 
traditional methods for determining the locomotor discoordinating 
properties of CNS agents. While the RR has been widely used to 
characterize the adverse and potentially hazardous interaction of ethanol 
with anxiolytic agents on locomotor performance, few investigators 
have used the HS to evaluate this interaction. Anxiolytic benzodiazepine 
agents were administered orally (60 min pretreatment) in combination 
with either the saline vehicle or ethanol (15 min ip pretreatment) to 
trained mice (adult male Swiss-derived obtained from Charles River 
Labs). The chosen doses of ethanol caused approximately 30% of 
vehicle animals to fail either test. Minimal effective doses (MED) for 
locomotor impairment in ethanol pretreated animals in the RR and HS 
were similar for diazepam (1 mg/kg), or triazolam (0.1 mg/kg) and were 
dissimilar for lorazepam (0.1 and 0.3 mg/kg) or chlordiazepoxide (3 and 
10 mg/kg). With the exception of triazolam, the MED values for 
impairment in each test were approximately 0.5 to 1 log unit higher in 
saline pretreated animals. The increase in MED was generally parallel. 
These results show that either method is sensitive to ethanol 
"potentiation"; nevertheless, the HS is preferable because training and 
testing are less time consuming.

AGING: FUNCTIONAL ANATOMY

75.1
SEX DIFFERENCES IN AGING OF THE HUMAN FRONTAL AND 
TEMPORAL LOBES. P.E. Cowell*. B.I. Turetsky. R.C. Gur and R.E. 
Gur. Brain Behavior Laboratory, Department of Psychiatry, University of 
Pennsylvania, Philadelphia, PA 19104.

Few studies have simultaneously examined the effects of age and sex 
on human brain structure despite growing evidence in other species for 
region-specific sexual dimorphisms in neurodevelopment. The purpose 
of this study was to investigate effects of age and sex on regional brain 
structure in humans. We examined the frontal (F) and temporal (T) lobes, 
regions shown to be particularly sensitive to aging. Left ana right F and T 
lobe volumes were obtained from the MRIs of 130 healthy men and 
women, aged 18 to 80 years. Axial spin-echo images (5mm) were 
acquired using a repetition time of 3000 ms and echo times of 30 and 80 
ms. Images were resliced along the AC-PC axis to standardize for 
differences in head tilt and imported into a computer program where 
borders of the F and T lobes were drawn. Once regions were delineated, 
the computer program calculated regional volumes based on brain- and 
CSF-segmented slice data (Kohn etai. Radiology., 178, 115-22). Subjects 
were grouped on the basis of Sex and Age (18-40 vs 41-80 years). A 
significant Age x Sex x Hemisphere x Region interaction indicated that 
age-related reductions in brain volume were sexually dimorphic, 
lateralized and region specific. In the F lobe, Age x Sex effects revealed 
greater reductions in brain volume with age in men than in women. In women, volume reductions were greater in the le ft F  re g io n , b u t fo r  m en  
ch a n g e s  w e re  s lig h t ly  m o re  pronounced in the right. In the T  ІОоЄ,
decreases in brain volume were also greater in men than in women, 
especially on the left. However, effects were not as marked as in the F 
lobe. Analyses were also perfomed on F and T brain volumes corrected 
for cranial volume; Age x Sex effects paralleled those seen with raw 
measures. Current findings are consistent with work showing that anterior 
regions of the human corpus callosum were sensitive to tne interactive 
effects of age and sex (Cowell et al. Dev. Brain Res., 66,187-92).

75.2
DECREASED RELEASE OF DOPAMINE IN RESPONSE TO 
METHYLPHENIDATE WITH AGE: A PET STUDY IN HUMANS. Ш
Volkow*. JS Fowler. J Loaan. G-J Wana. D Schlver. J Lieberman. В Angrist. 
SL Dewey. R MacGregor. AP Wolf. Brookhaven National Laboratoty, Upton
N. Y. 11973

PET and SPECT have corroborated the decline in dopamine (DA) D2 and 
D1 receptors with age but no such studies have probed the function of the 
presynaptic DA terminals. We report the use of PET and 11C raclopride (11C 
RAC) a D2 DA ligand, to measure the effects of age on the function of 
presynaptic DA neurons. 11C RAC binding was quantified using the ratio of 
the distribution volume (DV) in striatum to that in cerebellum. This ratio 
corresponds to Bmax/Kd -1 and is insensitive to changes in CBF. The 
function of the presynaptic DA terminals where evaluated by monitoring 
changes in synaptic DA concentration secondary to methylphenidate (MP) 
which increases DA by inhibiting the DA transporter. Because DA competes 
with 11C RAC for the binding to the DA receptor, changes in 11C RAC 
binding in response to MP will reflect the increase in synaptic DA induced by 
MP. Fifteen normal healthy controls (age range 22-45 years) were scanned 
with 11C RAC (5-10 mCi) twice on separate days: after placebo (PL) and 8-Ю 
min. after 0.5 mg/kg MP iv. Difference in 11C RAC binding with MP where
quantified by subtracting the Bmax/Kd values fro m  b o th  s tu d ie s . E x c e p t  fo r  
o n e  s u b je c t , a ll controls showed a significant decrease in 11C RAC with MP 
(PL 2.9 ± .4; MP 2.1 ± .4 paired t= 6.7 p < 0.0001). Correlation analyses with 
age showed a significant decrease in the response to MP with aging (r = -0.52 
p < 0.05). As reported by prior studies, DA D2 receptors were also found to 
decrease with age (r -0.55 p < 0.05). This study demonstrates decrease 
responsivity of presynaptic DA terminals with aging and corroborates a 
decline in DA receptors even in individuals less than 45 years of age. 
Supported by NIDA; DOE/OHER; NINDS.

75.3
MORPHOMETRIC PARAMETERS OF THE HUMAN VESTIBULAR NUCLEI 
IN NORMAL AGING. R. Baloh* . I. Lopez & V. Honrubia. UCLA Div. of Head 
& Neck Surgery, Los Angeles, CA 90024.
To assess possible age-related changes in the human vestibular nuclei (VN) the 
length (L), volume (V), and total number of neurons (#) were determined in five 
subjects (ages: 40, 43, 65, 75 & 83 yrs.). Formalin-fixed brain stems were 
embedded in paraffin and sectioned transversely at 20 μm. One section in every 
ten, stained with thionin, was used for morphometric analysis using a computer- 
based video microscopy and image analysis system. The results are summarized 
in the table below, wherein the following abbreviations are used: 5V, superior 
vestibular nucleus; L V , lateral vestibular nucleus; M V , medial vestibular nucleus; 
and D V , descending vestibular nucleus.

A G E ( → ) .  
L (mm)

4 0
4.5

4 3
5.2

65
5.6

75
4.8

83____
5.4

SV V (mm3) 7.6 8.7 10.0 9.5 8.2
# 29.859 28.107 29.133 25.810 28.236
L (mm) 4.8 5.6 5.4 5.6 5.4

LV V (mm3) 16.1 14.8 13.3 12.7 14.1
# 35.118 38.547 22.518 24.612 27.891
L(mm) 10.4 10.0 10.0 10.8 9.6

M V V(mm3) 29.9 31.8 29.6 30.5 27.5
# 153.831 145.485 128.530 133.222 116.118
L (mm) 7.6 8.0 7.4 8.0 7.2

D V V (mm3) 16.7 14.6 17.6 15.1 12.7
# 57.724 52.240 61.218 52.670 62.460
L(mm) 13.6 12.0 12.4 12.2 12.8

VN V (mm3) 70.7 69.8 70.5 67.8 62.4
#________ 276.532 264.379 241.399 236.621 234.705

Although the length and volume of the VN showed relatively little age-related 
change, there was a trend toward decreasing number of neurons in the elderly-most 
subjects. This is the first documentation of age related neuronal loss in the human 
VN. (Supported by NIA AG09693).

75.4
QUANTITATIVE MRI ANALYSIS OF NORMAL AND 
ABNORMAL BRAIN AGING. R.A. Carper. J.A. Kave* and J.S. 
Janowskv. Dept. of Neurology, Oregon Health Sciences Univ., 
Portland, OR 97201.

As indices of cortical and non-cortical integrity, we measured the 
cross sectional area of the corpus callosum, cerebellum and pons on 
midsagittal MRI images of normal, healthy, older subjects (N=40, 
age 66-98 years) and patients with probable Alzheimer’s Disease 
(AD, N=18, age 52-91 years). Structure size was related to head 
size and therefore head size was used as a correction factor. No 
difference in cross sectional area of any structure between groups 
was found, however women had larger corpus callosa than men. 
The midsagittal cross sectional area of the corpus callosum and 
cerebellum decreased with age in normal healthy men but not 
women. No change in the cross sectional area of the pons with age 
was detected. No change in cross sectional area of any structure 
with age was detected in patients with AD, nor was structure size 
related to time since diagnosis. The change in size of the corpus 
callosum in the healthy elderly was not due to one particular 
anatomical sector of the callosum. Scores on the Mini-Mental State 
Exam were marginally related to corpus callosum size in AD 
patients (p=.12). We are currently investigating the relationship 
between functional changes and structure size in the normal aged. 
(Supported by ADCO and NIH #AG08017)
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75.5
MRI-DETECTED WHITE MATTER LESIONS ARE ASSOCIATED WITH 
IMPAIRMENT IN HIGHER ORDER MOTOR CONTROL IN NORMAL 
HUM AN AGING. A. Kluger. J. Gianutsos. M.J. de Leon. A.E. George. J. 
Golomb. C. Densmore. M. Mittelman. B. Reisberg*. S.H. Ferris. New York 
Univ. Sch. of Med. New York, NY 10016.

Studies of the behavioral significance of white matter lesions (WMLs) as 
detected by computed tomography (CT) and magnetic resonance imaging (MRI) 
have been equivocal. These lesions tend to be located in frontal and parietal 
brain regions, areas that are important in control of motor/psychomotor 
behavior. We tested the hypothesis that MRI-detected WMLs are related to 
deficits in motor tasks requiring higher order mediation but not in tests of gross 
motor function or in nonmotor cognitive function.

We studied 34 healthy, cognitively normal elderly subjects (age range: 54-86, 
x=70.0 ± 8.5) having Global Deterioration Scale scores of 1 or 2; 18 had 
evidence of WMLs as rated on T2 weighted MRI scans and 16 had no evidence 
for WMLs. The mean Mini Mental State scores did not differ between groups 
(29.2 vs. 29.1). We administered a battery of mot or/psychomotor tasks (motor 
tracking, joint-position matching, gross motor speed, steadiness and strength) and 
nonmotor cognitive tests (immediate and recent memory and language).

Multiple regression analyses, controlling for age and sex, indicated that a set 
of 5 computerized tests of arm and head tracking and joint position matching 
predicted the presence of the lesions (p<.01). These 5 tests explained 35% of 
the variance in WMLs. Neither a set of 5 tests of gross motor speed, steadiness 
and strength, nor a set of 8 nonmotor cognitve tests of memory and language 
function predicted lesion group membership.

These results support the hypothesis that MRI-detected WMLs are related to 
specific deficits in motor function requiring higher order, more centrally 
mediated processing. Although the two groups did not differ in the number of 
total or serious falls in the past year, these subtle motor deficits may be the 
precursors of clinically significant gait dysfunction and falling.

75.7
PET STUDIES OF AGING IN CONSCIOUS RHESUS MACAQUES.
J.L. Eberling*. J.A. Roberts. DJ. de Manincor. K.M. Brennan. W.J. 
Jagust Center for Functional Imaging, Lawrence Berkeley Laboratory, 
University of California, Berkeley, CA 94720, and University of 
California, Davis, 95616.

Converging evidence from studies in human and nonhuman primates 
supports the use of rhesus macaques (Macaca mulatta) as a model of human 
brain aging. We used positron emission tomography (PET) and 18F- 
fluorodeoxyglucose (FDG) to measure regional cerebral metabolic rates for 
glucose (rCMRglc) in 5 young (mean age = 8 .8, SD = 3.8) and 2 aged 
(mean age = 21, SD = 2.8) rhesus macaques to determine whether age- 
related changes, such as those reported for humans, also occur in 
nonhuman primates. We utilized a technique which allows us to co
register PET and magnetic resonance (MR) datasets using a stereotaxic 
frame with fiducial markers that are visible on both PET and MR images. 
Using this technique, we scanned 5 brain levels, 3 that passed through the 
anterior, middle and posterior aspects of the hippocampus and included 
temporal neocortex; one that passed through the amygdala and included 
frontal cortex; and one anterior to the amygdala, also including frontal 
cortex. We used rate constants that were previously determined in 
conscious rhesus macaques using the [14C]deoxyglucose method. 
Preliminary results show similar rCMRglc values for the young animals 
to those reported for 7 young animals using the [14C]deoxyglucose 
method. In addition, the 2 aged animals tended to have lower rCMRglc 
values than the young animals, especially in frontal cortex. While the 
sample sizes are too small for meaningful statistics, these results suggest 
that metabolic rates decline with age in rhesus macaques, and demonstrate 
the feasibility of using this technique to study rCMRglc in conscious 
macaques in order to evaluate the physiological mechanisms that underlie 
brain aging.

75.9
LOSS OF CHOLINERGIC AND GABAERGIC NEURONS WITH AGE IN THE 
HORIZONTAL LIMB AND NUCLEUS BASALIS REGIONS OF RAT BASAL 
FOREBRAIN. M.L Smith* and R.M. Booze. Department of Pharmacology, 
University of Kentucky Medical Center. Lexington, KY 40536.

Cholinergic cell loss in the basal forebrain, measured by the loss of СҺАТ 
activity, is a relatively consistent finding with age. However, it is unclear 
whether cell loss in the basal forebrain is specific to the cholinergic projection 
neurons or is a more general age-related process. In this study we 1) 
determined СҺАТ and GAD immunoreactive (IR) neuron number in the 
horizontal limb and nucleus basalis· regions of young and aged rats and 2) 
calculated Nissl-stained cell numbers using an unbiased cell counting 
procedure (the optical fractionator). Young (3 months) and aged (27 months) 
Fischer-344 male rats (n=7) were perfused with a 4% paraformaldehyde 
solution and thirty serial sections were collected throughout the horizontal limb 
and nucleus basalis regions of each rat. Alternating sections were processed 
for СҺАТ and GAD immunocytochemistry and cresyl violet (Nissl) staining. 
ChAT-IR and GAD-IR neurons were manually identified and counted. Total 
numbers of Nissl-stained neuron and glial cells were calculated within these 
regions. Data were analyzed for age-related changes in regional area, СҺАТ, 
GAD and Nissl-cell number and density. Declines in ChAT-IR and GAD-IR 
neurons and Nissl-stained cells within the horizontal limb of the diagonal band 
and nucleus basalis regions of the Fischer-344 male rat were found. These 
findings of GABAergic cell loss in the rat basal forebrain suggest that 
GABAergic neurotransmission may decline in this area with age. Thus, age- 
related cell loss in the basal forebrain is not restricted to cholinergic neurons 
and may be a more general process. Future therapeutic strategies could 
include maintaining the function of multiple neurotransmitter systems within the 
basal forebrain during the aging process. (Supported by AG 10747)

75.6
IN VIVO NEUROANATOMY OF DOWN SYNDROME. N. Raz»,
I. J. Torres. S.D. Briaas. W.D. Spencer. A.E. 
Thornton. W. Loken. N.R. Priesen. K. White, and
J. D. Acker . Department of Psychology, Memphis 
State University, and "Baptist Memorial 
Hospital, Memphis, TN 38152.
Brains of adults with Down syndrome (DS) 
phenotype and of age- and sex-matched normal 
volunteers were compared using MRI. The volume 
of cerebral hemispheres and parietal white 
matter was dramatically reduced in DS subjects. 
Dorsolateral prefrontal cortex, anterior 
cingulate gyrus, hippocampal formation, and 
inferior parietal cortex were also larger in 
normal controls. No differences were observed 
in the volume of prefrontal white matter, 
primary motor and primary sensory cortices. 
Cross-sectional areas of the mammillary bodies 
and the ventral pons but not the tectum were 
notably reduced in DS. In the cerebellar vermis 
of DS subjects, drastic reduction of the 
lobules VI-VIII without appreciable differences 
in the other regions was observed. The pattern 
of cerebral damage and sparing in DS suggests 
the mixture of arrested development and 
accelerated aging. Supported by MSU Faculty 
Research Grant.

75.8
CEREBELLAR NUCLEUS INTERPOSITUS AND PURKINJE CELL NUM
BERS RELATED TO AGE DIFFERENCES IN EYEBLINK CLASSICAL 
CONDITIONING. I. M. Coffin*1. J .O.Troianowski2. & P.S. Woodruff-Рак1.Dept. 
o f Psychology, Temple Univ.1, Phila., PA 19122 & Dept. o f Pathology & 
Laboratory Med.,Univ. o f Penn. School o f Medicine2, Phila., PA 19104.

Discrete areas of the cerebellum are o f demonstrated importance to acquisition and 
retention o f eyeblink conditioning in rabbits. We have reported significant age 
differences in acquisition in the delay and trace paradigms and significant correlations 
between Purkinje cell (PC) number and acquisition in the trace paradigm. Here we 
report age-related loss o f PC and nucleus interpositus cells (INT) and the relationship 
to acquisition and retention in the delay paradigm. Rabbits 3-(n=6),14-(n=6),48-52- 
(n= 8) ,and 74-85-(n= 5) months-old were classically conditioned in the delay paradigm, 
sacrificed, and perfused. Brains were fixed in ethanol, and embedded in paraffin. Six- 
micron cerebellar coronal sections were probed with a monoclonal antibody (RMD020) 
to the middle and high molecular weight neurofilament proteins. Counts were made 
of PCs in area HVI ipsilateral to the conditioned eye (individual section counts ranged 
from 52-326 PCs), and in INT (individual section counts ranged from 22-116 INTs). 
There were 10 sections per rabbit. A one-way ANOVA comparing PC number in the 
4 age-groups o f rabbits was significant (FI3,21] =  21.41; p <  .001). The correlation 
between age and PCs was -.82 (p< .001), and between PCs and acquisition trials to 
criterion(TTC) was -.61 (pC.01). The correlation was significant between age and 
INT (-.51; p C .01), but not INT and acquisition TTC(-.37,n.s). The correlation 
between PCs and one-year retention TTC was -.69(p <  .01), and between INT and one- 
year retention TTC was -.80 (p <  .01). Loss o f PCs with normal aging is a well- 
documented phenomenon in mammals that we have replicated in rabbits. Here we 
document loss o f INTs with age and the fact that in contrast to PCs, INT number 
correlates significantly with retention but not acquisition. Supported by a Temple Univ. 
Dissertation Fellowship to JMC, AG09215, AGI0124 to JQT, and AG9752 to DSW-P.

75.10
EXCITATORY AMINO ACID NERVE TERMINALS: INFLUENCE OF 
AGING AND OXIDATIVE STRESS. A.M. Palmer*. PJ, Robichaud and C.T. 
Reiter. Departments of Psychiatry and Pharmacology, University of Pittsburgh 
School of Medicine, Pittsburgh, PA 15213.

The aim of this study was to establish whether nerve terminals of excitatory 
amino acids (EAA) neurons decline during the normal process of aging in the 
rat brain, under both normal conditions and conditions of oxidative stress. Two 
dynamic measures of EAA nerve terminals were assessed: the high affinity 
uptake of D-[3H]aspartate in P2 preparations from the neostriatum, 
hippocampus and neocortex, and the K+-evoked efflux of endogenous aspartate 
and glutamate from superfused neocortical minislices. These determinations 
were made in Fisher 344/Norwegian Brown hybrid rats aged 3, 12, 24 and 37 
months (n = 4 - 5). Neither uptake nor basal and K +-evoked efflux of EAA  
was significantly affected by age (ANOVA). In order to examine the possibility 
that EAA nerve terminals become more vulnerable to oxidative stress with age, 
the influence of an inhibitor of the electron transport chain (sodium cyanide) 
on EAA uptake and release was determined. Although cyanide inhibited D- 
[3H]aspartate uptake and potentiated the potassium-evoked efflux of aspartate 
and glutamate in a Ca2+-independent fashion, neither of these changes were 
influenced by age. However, the potency of cyanide to inhibit D-[3H]aspartate 
uptake displayed regional variability: hippocampus > neocortex > neostriatum 
(ӀС5о = 1.2 ± 0.2 mM, 1.9 ± 0.1 mM and 2.7 ± 0.2 mM, respectively). Thus 
the functional integrity of EAA nerve terminals, along with their vulnerability 
to oxidative stress, are preserved in normal aging. Nonetheless, the selective 
vulnerability of hippocampal EAA nerve terminals to oxidative stress may 
underlie the sensitivity of this region to neuronal injury in conditions such as 
Alzheimer’s disease and cerebral ischemia.
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75 .11
HIPPOCAMPAL AND AMYGDALOID VOLUMES ON MRI SCANS IN AGE- 
ASSOCIATED MEMORY IMPAIRMENT. H. Soininen*, K.Partanen,
P. Vainio, M. Hallikainen, T. Hänninen, A.Pitkänen, K. 
Koivisto and P.J. Riekkinen Sr. Depts. of Neurol, and 
Radiol., University of Kuopio, 70211 Kuopio, Finland.
Studies in humans and non-human primates suggest that the 

intact function of the medial temporal lobe structures is 
critical for the processing of declarative memory. Age- 
associated memory impairment (AAMI) is a disputed entity.
It is under a debate whether it is a phenomenon of normal 
aging or an early sign of Alzheimer’s disease.We investigated 
the volumes of two medial temporal lobe structures, hippo
campus and amygdala, by MRI from 16 subjects who met the 
National Institute of Mental Health criteria for AAMI 
(Crook et al 1986) and from 16 age-matched controls with 
intact memory. In controls, the volume of the right hippo
campus was larger than that of the left. This asymmetry 
was not detected in the AAMI group. A subgroup of AAMI 
subjects with the lowest memory scores on Benton’s visual 
retention test also had smaller amygdaloid volumes than 
did the controls with the highest scores. In the AAMI group, 
hippocampal volumes did not correlate with performance on 
Buschke Selective Reminding Test (BSRT) or Heaton Visual 
Retention Test (HVRT). Instead, amygdaloid voltmes correlated 
with HVRT, a visual memory test (p<0.01), but not with 
BSRT, a verbal memory test.
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7 6 .1

INDUCED MICROGYRIA & AUDITORY TEMPORAL PROCESSING IN 
ADULT RATS: A MODEL FOR LANGUAGE IMPAIRMENT?
R. H. Fitch**. C. Brown̂ . P. Tallal ̂. & G. Rosent.
̂ Center for Molecular and Behavioral Neuroscience, Rutgers 
University, Newark, NJ, 07102. † Beth Israel Hospital and 
Harvard Medical School, Boston, MA, 02215.

Studies have shown the existence of minor developmental 
cortical malformations, including microgyria, in the brains of 
dyslexics. Concomitant studies have shown that language impaired 
(Li) children exhibit severe deficits in the discrimination of 
rapidly presented auditory stimuli, including phonological and 
non-verbal stimuli (i.e., sequential tones). In an effort to relate 
these results, male rats with neonatally induced microgyria were 
tested in an operant paradigm for auditory discrimination of 
stimuli consisting of 2 sequential tones. Subjects were shaped to 
perform a go-no go target identification, using water 
reinforcement. Stimuli were reduced in duration from 750 to 
375 ms across 24 days of testing. Results showed that all 
subjects were able to discriminate at longer stimulus durations. 
However, bilaterally lesioned subjects showed specific 
impairment at stimulus durations of 500 ms or less, and were 
significantly depressed in comparison to shams. Right and left 
lesioned subjects were significantly depressed in comparison to 
shams at the shortest duration (375 ms). These results suggest a 
possible link between the neuropathoiogic anomalies observed in 
some LI brains, and the auditory temporal processing deficits 
reported for LI subjects.

76.3
NEONATAL DEXAMETHASONE (DEX) EXPOSURE: SENSITIVE PERIODS, 
REGIONAL BRAIN STUNTING AND BEHAVIORAL EFFECTS. S. A. 
Ferguson*. R.R. Holson and P. Sullivan Jones. Divisions of 
Neurotoxicology and Developmental Toxicology, National Center for 
Toxicological Research, Jefferson, AR 72079.

Neonatal rats were treated with a range of sc DEX injections on either 
postnatal day (PND) 3 or 7. DEX treatment at levels of 2 mg/kg or more 
on PND 7 but not PND 3 caused permanent stunting of brain and 
concomitant behavioral abnormalities. At both PND 28 and PND 112, 
whole brain weight was reduced to ≈  92% of control. Among major brain 
regions, frontal cortex (including prefrontal and motor zones), cerebellum 
and brain stem were particularly affected, and there was little recovery 
between PND’s 28 and 112. Pups exposed to 3 mg/kg DEX (two 1.5 
mg/kg sc injections separated by 8 hrs) on PND 7 were assessed in a 
standard behavioral test battery. DEX pups displayed an early hyperactivity 
which was more pronounced in males. In a test of olfactory discrimination 
between clean bedding and home cage bedding, PND 10-11 male but not 
female DEX-treated pups showed an enhanced preference for the home 
cage bedding. PND 50-56 male but not female DEX-treated rats were 
mildly hyperactive in residential running wheels. In a complex maze, PND 
60-64 DEX-treated rats were somewhat more proficient than controls, in 
that they made significantly more errorless runs between goals. While 
these preliminary findings do not allow a full characterization of the 
neurobehavioral consequences of early DEX exposure, they do suggest 
some interesting parallels with human hyperactivity, which is also more 
pronounced early in life, and more prevalent in males than in females.

76.2
EVIDENCE FOR LATE NEURONAL DEGENERATION IN THE OPEN 
NEURAL TUBE OF CURLY TAIL MUTANT MICE. C. Keller-Peck* and R.J. 
Mullen. Program in Neuroscience, Dept. of Anatomy, University of Utah School 
of Medicine, Salt Lake City, UT 84132.

Humans bom with neural tube defects (NTDs, i.e., spina bifida) present clinically 
with paralysis and sensory deficits below the level of the lesion. The etiologies of 
these disorders are not well understood. The mutant mouse curly tail (ct) provides 
a model of NTDs. Latent closing of the posterior neuropore results in 
approximately 40% of ct/ct pups having a caudal defect. Of these, the majority 
have only a curly tail, and a minority (5% of the total embryos in our colony) have 
lumbosacral myeloschisis.

Using the paradigm of the curly tail mouse, we examined neuronal development 
in the region of the open neural tube. Several questions were asked. First, does 
neuronal differentiation occur normally, and if  so, if  and when does neuronal 
degeneration occur? Second, are the DRG and their associated roots normal? E13 
to E18 embryos with lumbosacral myeloschisis were sectioned and stained 
immunohistochemically with a battery of monoclonal antibodies, including A60, 
2H3, and ЗА 10, that recognize either neuronal nuclear or cytoskeletal epitopes. 
Examination of sections from E13 to E16 embryos reveals that, despite the fact the 
morphology of the spinal cord is disrupted, the floor plate and ventricular zone are 
clearly evident and large numbers of A60-positive neurons are present suggesting 
neurogenesis had proceeded relatively normally. 2H3 and ЗА 10 staining reveals 
well-formed DRG and roots, though they are displaced dorsally. However, by E17 
the neurons within the NTD begin to degenerate, so that by E18 only a rudimentary 
tissue remains. There is also some disruption in the cytoarchitecture of the spinal 
cord at levels slightly rostral to the lesion. Additionally, the DRG are considerably 
reduced in size and their roots are severely disrupted or absent. These observations 
suggest that neural development appears to proceed relatively normally through 
E16. Thereafter, however, a rapid deterioration of the spinal cord and DRG occurs. 
(Supported by NIH Grant HD28845)

76.4
DEVELOPMENTAL EXPRESSION OF MICROTUBULE PROTEINS IN 

NORMAL AND TRISOMY 16 MICE. M.L Lacev-Casem* and M.L. Oster- 
Granite. Division of Biomedical Sciences, University of California, 
Riverside, CA 92521-0121.

Overexpression of genes occurs with triplication of chromosome 
number in Down Syndrome (Trisomy 21). Such overexpression is 
associated with the development of pathology in a variety of organs, 
including the brain. Some of the abnormalities observed in the brain 
may be due to alterations in the microtubule cytoskeleton. The 
microtubule cytoskeleton and its microtubule associated proteins 
(MAPs) play critical roles in determining cell morphology and 
supporting axonal transport and synaptic function. Using the trisomy 
16 mouse, a model system for studies relevant to Down Syndrome 
(MMU Trisomy 16) we have begun to examine the biochemical conse
quences of this trisomy on the brain microtubule cytoskeleton during 
development. Taxol stabilized microtubules were isolated from normal 
and trisomic mouse brains at gestational days 14 through 18 (E14- 
18). These microtubules were extracted sequentially with MgATP and 
high salt to remove nucleotide-sensitive (motor) proteins and 
structural MAPs, respectively. Protein patterns were compared for 
developmental and trisomy-specific variations. Developmental 
changes in the MAP profile as well as consistent differences between 
the MAP profile of normal and trisomic animals have been observed. 
Currently we are using immunological methods to identify these MAP 
proteins. Motor proteins, such as cytoplasmic dynein, however, do 
not appear to be affected. None of the major MAP protein genes has 
been localized to MMU16 or to HSA 21. Supported by HD19932 and 
MH46529.
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76.5
EXPRESSION OF ALZHEIMER DISEASE (AD)- RELATED PROTEINS 
DURING DEVELOPMENT IN DOWN’S SYNDROME (DS). P.J. Baggott.1 J.G. 
Sheng,1 L. Cork.2 M.R. Del Bigio,3 R.A. Brumback.4 G.W. Roberts,5 R.E. 
Mrak.1* and W.S.T. Griffin.1 U. Ark. Med. Sci., Little Rock, AR 72202,1 Johns 
Hopkins Med. Sch., Baltimore, MD 21205,2 Toronto W. Hosp., Toronto, ON M5T
2S8,3 OUHSC, Oklahoma City, OK 73104,4 St. Mary’s Med. Sch., London, UK5 

Abnormal expression of S 1OOß, gliál fibrillary acidic protein (GFAP) and /3- 
amyloid precursor protein (βAPP), and the formation of neuritic plaques are 
important pathological changes in Down’s syndrome (DS) and AD, but until now 
the time course of their appearance and possible relationships have not been 
described. Using immunocytochemical techniques, we studied the expression of 
these proteins in fetal (18-35 weeks gestational age), young (3 months-9 years), and 
adult (22-68 years) individuals with (DS) and without DS (AMC). Compared to 
AMC, the numbers of SlOOß immunoreactive (S100β+) cells were elevated 2 fold 
in fetal and young DS and 3 fold in adult DS. The levels of SlOOβ immunoreactive 
product in S100β + cells in young and adult DS were also greater than in AMC, 
approximately 2 and 3 fold, respectively. Similarly, the numbers of βAPP+ 
neurons were 3, 6, and 14 fold greater in fetal, young, and adult DS than in the 
respective AMC. In contrast, the numbers of GFAP+ cells were not elevated in 
fetal DS, signifying that an increase in GFAP is not a prerequisite for increased 
SlOOß expression. In DS, βAPP+ /Tau2+ neuritic plaques appeared only in 
adulthood, where these plaques were much more abundant than in any AD we have 
examined. We suggest that early excessive expression of genes mapped to 
chromosome 21 (e.g. , SlOOß and βAPP) increases with age in DS and that such 
increases contribute to the subsequent expression of GFAP in astrocytes and to the 
formation of βAPP+/Tau2+ paired helical filaments in the overgrown dystrophic 
neuntes that surround the β-amyloid cores of neuritic plaques. This work was 
supported in part by NIH AG10208 and NS 27414.

76.7
HEMISPHERIC DIFFERENCES IN THE HUMAN PRIMARY VISUAL 
CORTEX: COMPARING DYSLEXICS AND NON-DYSLEXICS. A. R. Jenner.
G. D, Rosen, and A. M, Galaburda* Dyslexia Research Laboratory, Beth Israel 
Hospital: Harvard Medical School, Boston, MA 02215.

It has been shown that dyslexics exhibit delayed visually evoked potentials to 
stimuli that preferentially stimulate the magnocellular visual pathway. Consistent 
with this abnormality, dyslexics have smaller neurons (when compared to controls) 
in the magnocellular layers o f the lateral geniculate nucleus (LGN). In this study we 
measured neuronal cell body sizes in the three subdivisions of layer 4 o f area 17 in 
the brains o f 5 dyslexics (4 male, 1 female; mean age 34.8 years ± 13.6 SEM) and 
5 nondyslexics (4 male, 1 female; mean age 39.4 years ±  9.2 SEM). The brains 
were cut into 35 μm thick sections and stained for Nissl substance with 
cresylechtviolett. The outline of each nucleolated cell body was drawn by camera 
lucida and the cross-sectional area was measured using a Macintosh Plus computer 
coupled with a Zeiss MOP-3 electronic planimeter.

Dyslexic visual cortex differed from control visual cortex in the mean cross- 
sectional areas of the cell bodies in all subdivisions of layer 4. There was a 
significant interaction effect between hemispheres and classifications over all 
sublayers (parvo-recipient layer 4Cß, magno-recipient layer 4Cα , mid layer 4B): the 
controls had larger neurons in the left hemisphere (left = 65.8 μm2, right = 57.8 
μm2) whereas the dyslexics had slightly larger neurons in the right hemisphere (left 
= 62.4 μm2, right = 65.5 pm2; F1,8 = 6.75, p < .05). In a separate analysis it was 
shown that the mean cell area between the two hemispheres for the controls was 
significantly different (F1,4 = 11.52, p < .05). There was no significant difference 
in the dyslexics between the mean cell area of the two hemispheres.

These results show that neurons in the primary visual cortex are larger in the left 
hemisphere in non-dyslexic, control brains and that this asymmetry is absent in 
dyslexic brains. These findings are in line with previous demonstrations of visual 
system abnormality and greater symmetry in dyslexic brains and represent the first 
indication of hemispheric asymmetry in normal brains at the cellular level. This 
work was supported, in part, by NIH Grant 20806.

76.9
A  MOLECULAR ANALYSIS OF THE REGION OF M OUSE  
CHROMOSOME 16 THAT CONTAINS THE WEAVER LOCUS. 
&_Go l d w itz*I, A goulnik, D .S, Rice , and C . B ishop, Depts. Anat. and 
Neurobiol. and Ob. Gyn., Univ. o f  Tennessee at M emphis, M emphis,
TN 38163.

The weaver neurological mutant mouse results from a single gene 
mutation and is marked by a severe loss o f  cerebellar granule cells and 
substantia nigra dopamine-containing neurons. The weaver gene has been 
mapped approximately 1 cM proximal to Erg on distal mouse chromosome 
16. W e have used this map position to develop two strategies for cloning 
the weaver gene.

First, w e have constructed libraries derived from microdissection o f the 
distal portion o f chromosome 16, and are using them to identify 
transcripts in a mouse cerebellar cD N A  library.

Second, w e have exploited the strong hom ologous synteny and gene 
order between this area on mouse chromosome 16 and human 
chromosome 21q22.3. Using published sequence tag sites (STS) w e have 
identified human chromosome 21 cosm ids that span the corresponding 
human interval in which weaver is known to map. W e are currently 
using these cosmids to probe a mouse neonatal cerebellar cD N A  library as 
well as a mouse testes cD N A  library to identify candidates for the weaver 
gene. This cross-species screening approach should also identify other 
neurological genes that are known to map to human 21q22.3 and which 
may play a role in normal neural function and in disease states.
Supported by NS 23475.

76.6
IMPACT OF PERINATAL ASPHYXIA ON THE CORTICAL AUDITORY 
EVOKED POTENTIAL IN INFANTS: A LONGITUDINAL PERSPECTIVE.
LE . Ferretti*. D.W. Shucard. J.L. Shucard. V.L. Shafer. B.T. Rogers 
Dept. of Neurology, SUNY @ Buffalo, 100 High Street, Buffalo, NY 14203 

Perinatal asphyxia is associated with a number of CNS complications seen 
at birth, including infarctions, hemorrhage, and seizures, and has also been 
associated with varying degrees of neurological and intellectual impairment. 
The infant’s response depends on the capacity of the cardiovascular system 
to maintain oxygen delivery to the heart and brain, which depends on the 
gestational age and stage of development of the fetus. Reduced oxygen 
delivery to the brain may transiently or permanently impair cerebral 
maturational processes; this distinction requires a longitudinal approach. In 
this investigation, we employed electrophysiological measures to examine the 
impact of perinatal asphyxia and its associated complications on cerebral 
functioning over the first nine months of life in both pre- and full term infants. 
Cortical auditory evoked potentials were recorded in awake infants during 
presentation of auditory tone bursts (100 msec, 600 Hz, approximately 70 db). 
Findings showed that 1) mean latencies were longer for preterm compared 
to full term asphyxiated infants, and these differences persisted over 9 
months; 2) both groups showed an amplitude increase from 3 to 6 months, 
generally followed by a decrease from 6 to 9 months of age, contrary to our 
previously reported finding of steadily increasing AEP amplitude with 
development; and 3) amplitudes for the two groups were most discrepant at 
3 months, becoming more similar at 9 months. The AEP patterns described 
may reflect deviant maturational processes in the asphyxiated infants. This 
technique may supplement neuroimaging in the assessment of subtle injuries 
to the developing cortex, and may have potential prognostic value in 
predicting developmental outcome in brain-damaged infants. Supported in 
part by a grant from the Junior Board of the Buffalo General Hospital.

76.8
PL A SM A  ß-E N D O R P H IN , A D R EN O C O R TIC O T R O PIN  H O R M O N E  
(A C T H ), C O R T ISO L , D E H Y D R O E P IA N D R O ST E R O N E -SU L F A T E  (D H EA - 
S ), A N D  T E ST O ST E R O N E  IN  A U T ISM  A N D  M E N T A L  R E T A R D A T IO N .
S.A. TORDJMAN*. G.M. ANDERSON. P.A. MCBRIDE. L.M. HALL and D.J. 
COHEN. Child Study Center, Yale Univ. Sch. Med., New Haven, CT & the 
Dept. o f Psychiatry, Cornell Univ. Med. Coll., New York, NY 10021.

Previous studies o f plasma ß-endorphin (ßE) and cortisol (CORT) in autism have 
been limited in scope and by small sample sizes. In order to better assess the 
hypothalamic pituitary-adrenal (HPA) and HP-gonadal axes in autism, we have 
measured these compounds along with ACTH, DHEA-S, and testosterone (TES).

We have examined plasma levels o f the compounds in relatively large groups of 
autistic (AUT, N =46-48), mentally retarded (MR, N =15-16) and normal control 
(NC, N=23-27) individuals. The AUT and MR subjects underwent a complete 
behavioral assessment which included the ABC, ADOS, Omitz Inventory, and 
Vineland Scales. Groups or subgroups were matched on the basis o f age, sex, 
stage o f puberty, and IQ.

Levels o f ßE were significantly (p =  .016), higher in the AUT group compared 
to the NC group (36.6 ±  20.6 vs. 24.4 ±  12.6 μg/ml). The group mean 
concentration o f ACTH was also significantly (p =  .004), higher in the AUT group 
compared to the NC group (35.6 ±  23.8 vs. 20.1 ±  13.0 μg/ml). There was a 
trend (p = .06) toward increased CORT in the AUT group, no significant group 
differences were observed for DHEA-S or TES. Levels o f  ßE, ACTH, CORT, 
were not correlated with anxiety scores, but were correlated with severity of 
autism.

Additional, subgroup, comparisons and behavioral correlations will be presented, 
and the implications o f the findings with respect to HPA functioning in autism will 
be discussed. Supported by MH 30929 and the Gettner Research Fund.

76.10
P E R IN A T A L  P R E D IC T O R S  A S S O C IA T E D  W IT H  V E R B A L  
V S . N O N V E R B A L  L E A R N IN G  D IS A B IL IT IE S . K. A . F la n n e ry *  
a n d  J. L ie d e rm a n . P svch  D ep t. B o s to n  U n iv e rs ity , B o s to n ,
M A  0 22 15 .
T w o  g ro u p s  o f ch ild re n  w e re  id e n t if ie d  b a s e d  u p o n  
d is c re p a n c ie s  b e tw e e n  th e ir  v e rb a l a n d  n o n -v e rb a l 
in te llig e n c e  te s t p e rfo rm a n c e  a n d  w e re  c o m p a re d  to  a  
n o rm a l IQ  co n tro l g ro u p . T h e  "n o n -v e rb a l le a rn in g  d is a b le d " 
ch ild re n  w e re  c h a ra c te r iz e d  b y  d e p re s s e d  W IS C  
p e rfo rm a n c e  s u b sca le  sc o re s  th a t w e re  a t le a s t 2  s ta n d a rd  
d e v ia tio n s  b e lo w  th e ir  v e rb a l s u b s c a le  s c o re s  (n = 2 6 4 ). T h e  
"ve rb a l le a rn in g  d is a b le d "  ch ild re n  w e re  th e  o p p o s ite  
(n = 2 8 4 ). T h e s e  c h ild re n  w e re  s e le c te d  fro m  th e  N a tio n a l 
C o lla b o ra tiv e  P e rin a ta l P ro je c t (10 , 8 8 7 ) o n  th e  b a s is  o f th e ir  
IQ  sco re s  a t a g e  se ve n . V e rb a l le a rn in g  d is a b le d  ch ild re n  
ha d  m o th e rs  o f lo w e r s o c io e c o n o m ic  s ta tu s  (SES) th a n  
n o n v e rb a l le a rn in g  d is a b le d  c h ild re n . C o n tro llin g  fo r  SES, 
th e y  s till had  lo w e r b irth w e ig h ts , a  h ig h e r  in c id e n c e  o f 
su c tio n in g , o xyg e n  p ro v is io n , v ita m in  s u p p le m e n ta tio n , a n d  
lo w e r m e n ta l s c o re s  on  th e  B a y le y  a t fo u r  m o n th s . In 
c o n tra s t, th e  n o n -v e rb a l le a rn in g  d is a b le d  c h ild re n  w e re  
c h a ra c te r iz e d  b y  lo n g e r in te rv a ls  fo r  f irs t  b re a th  a n d  f irs t c ry  
a t d e live ry , a n d  lo w e r B a y le y  m o to r  s c o re s  a t fo u r  m o n th s .
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76.11
NORMAL SIZE AND ONTOGENETIC GROWTH OF IN VIVO HIPPOCAMPAL 
FORMATION IN AUTISM. 0 . Saitoh*,  E. Courchesne , and B . Egaag 
Neuropsychology Research Lab, Children’s Hospital, San Diego, CA 92123

Autopsy studies o f the autistic brain have demonstrated both cerebellar and 
hippocampal abnormalities to date. Cerebellum is the only common locus o f  
neuraanatomic abnormality among the autopsy (Purkinje cell loss) and neuroimaging 
studies. Hippocampal abnormalities have been reported at autopsy by one laboratory 
but not another, and was merely supported by one pneumoencephalographic study 
in which enlargement of the temporal horn of the lateral ventricle was found in some 
patients. No subsequent imaging study has replicated this finding.

In the present study, high-resolution MR images o f the hippocampal formation 
were obtained from 51 autistic patients and 23 normal controls. Three cross- 
sectional areas were separately measured: (1) CAS: the combination o f the 
hippocampus proper (fields CAI to CA3) and subiculum, (2) DG: the dentate gyrus, 
and (3) TH: the temporal horn of the lateral ventricle. Age matched comparison in 
the size of each structure between the autistic patients (N=33, ages 6.0-42.2 years) 
and normal controls (N=23, ages 6.2-42.7 years) showed no group difference 
(autistic vs normal, CAS: 41.1 vs 40.5 mm2; DG: 11.0 vs 11.0 mm2; TH: 20.9 vs
19.3 mm2). In addition, the size of TH showed a positive correlation, instead of 
negative correlation, with that of the hippocampal formation in the autistic patients. 
Thus, no evidence was found in support of the idea that the hippocampal formation 
is affected in autism. On the other hand, from the cross-sectional comparison 
between 18 younger autistic patients (ages 2.6-5.9 years) and 33 older autistic 
patients, evidence was found for a significant growth o f the hippocampal formation 
during early childhood in autism.

76.13
DEVELOPMENT OF SWIMMING IN HYDROCEPHALIC RABBITS AND THEIR 
NORMAL LITTERMATES. Ch. E. Olmstead*, M. C. Wehby,
W. J. Peacock. S. Lee. M. Yousefmoradi. J. Savoian.
R.J. Gayek and R. S. Fisher. Neurosurgery, Lab. Animal 
Med., Anatomy, UCLA Sch. of Med., Los Angeles, CA 90024 

We have previously reported ( Soc. Neurosci., 1992) that 
rabbits with chronic kaolin induced hydrocephalus show 
remarkably few overt neurological or behavioral deficits. 
Between 2 and 5 days of age a 25% kaolin suspension was 
injected into the c is te rn a  magna. MRI was used to document 
the progression of the ventri cuiomegaiу which was readily 
evident within 5 days of the injection. Longitudinal data 
has been obtained from 6 experimental and 8 control 
rabbits. The assessment of swimming began at 15 days of age 
and was obtained by videotaping the animals from both 
lateral and ventral aspects as they traversed a 2.2m 
plexiglas water tank. Both normal and hydrocephalic animals 
were capable of learning the escape task within 1 to 2 
trials. However, the hydrocephalics showed distinct 
postural problems and thigmotaxls. The reconstructed paw 
trajectories of the hydrocephalic rabbits showed continued 
use of forepaws, a narrowed swimming stance and the loss of 
normal phase relationships between the hind paws. These 
data suggest that chronic hydrocephalic rabbits retain 
substantial functional capabilities, but do have measurable 
functional deficits that can be used to evaluate the 
effects of various treatment modalities.

76.15
CORTICOSTERONE LEVELS DO NOT PREDICT INHIBITORY AVOIDANCE 
RESPONDING IN RATS PRENATALLY-EXPOSED TO ALCOHOL. J.L.
Hall , E.M. Mitchell » L.S. Turner, and R.F.__Berman.
Wayne State University, Detroit, HI 48201.

Prenatal alcohol exposure results in profound memory 
impairments in humans and animals. Previous research 
demonstrated abnormalities in corticosterone regulation 
after prenatal alcohol exposure. Since corticosterone 
may influence memory processes, we attempted to determine 
if changes in corticosterone regulation are related to 
dysfunctional memory processes in rats prenatally-exposed 
to alcohol. Dams were administered liquid diets 
containing (35%, 17.5%, or 0% ethanol-derived calories) 
from gestational day 8 to parturition. Adult, male 
offspring were water deprived and pretrained in an 
inhibitory (passive) avoidance task. After 5 days of 
pretraining, a subset of these animals was surgically 
implanted with indwelling arterial catheters. The 
following day, all animals received either low (0.3 mA,
0.5 sec) or high (2.0 mA, 2.0 sec) footshock training in 
the inhibitory avoidance apparatus. Blood samples were 
collected 30 min priof to footshock, as well as 
immediately, 15, 30, 45, and 60 min after footshock.
Retention was tested 24 hours later. Plasma
corticosterone levels were determined by 
radioimmunoassay. After high footshock training, there 
was no alcohol-related memory deficit apparent, nor were 
there any significant between group differences in 
corticosterone levels. After low footshock training, 
alcohol offspring had HIGHER retention latencies than 
animals in the control groups (P < 0.05), however changes 
in corticosterone regulation did not explain this 
paradoxical finding. Supported by NIAAA - Research Grant 
#P50AA07606 and NRSA #l-F32-AA05329-02-ALCB-2.

7 6 .1 2
METABOLIC DEMONSTRATION OF RETAINED CORTICAL FUNCTION IN AN 
ANIMAL MODEL OF INFANTILE HYDROCEPHALUS. M. C. Wehbv.
Ch. E. Olmstead. W. J. Peacock. D. Hovda. . K.L. Black*.

R.J. Gayek and R. S. Fisher. Neurosurgery, Lab. Animal Med, 
Anatomy, UCLA Sch. of Med., Los Angeles, CA 90024

Rabbits with chronic kaolin induced hydrocephalus have 
few overt neurological or behavioral deficits even when 
there is a profound ventricuiomegaiу . We have been
interested in a metabolic index of functional sparing in 
these animals. Rabbits were made hydrocephalic at 2-5 days 
of age by an injection of 100μ of kaolin into the c is te rn a  
magna. At >120 days post-injectіon awake animals received 
200μCi of [14C]-2-deoxy-D-glucose (50μCi/kg). Coronal 
frozen sections (20μ) were processed for quantitative 
autoradiography, cytochrome oxidase histochemistry and 
thionine histology. Both the 2DG and CO provided clear 
differentiation between structures in both the normal and 
hydrocephalic animals. Glucose utilization was highest in 
somatosensory, auditory and visual cortex, the medial 
geniculate bodies and the inferior colliculus in both the 
control and hydrocephalic animals. Oxidative metabolism 
was more variable between animals with the control being 
highest in the olfactory and frontal cortices, while the 
somatosensory cortex stood out in the hydrocephalic. These 
data indicate that there is considerable functional 
activity in the distended cortex of the chronic 
hydrocephalic rabbit.

7 6 .1 4
H y p e r p la s ia  a s  w e ll  a s  h y p o p la s ia  o f  v e r m a l lo b u le s  VT-VII in  p a t ie n ts  
w ith  a u t is m . R. Yeung-Courchesne, E . Caurchesne*, O. S a itoh , and J.P. 
Townsend. Neuropsychology Research Laboratory, Children’s Hospital 
Research Center, 8001 Frost Street, San Diego, CA  9 2 1 2 3 .

T h e  o n ly  a b n o r m a lity  k n o w n  w ith  c e r ta in ty  to  p r e c e d e  th e  o n s e t  
o f  s y m p to m s  in  in f a n t ile  a u t is m  i s  c e r e b e lla r  n e u r o n  lo s s ,  w h ic h  i s  
m o s t  e x tr e m e  in  th e  p o s te r io r  c e r e b e lla r  v e r m is  a n d  h e m is p h e r e s  
( lo b u le s  V I  to  X ) a n d  u n d o u b te d ly  le a d s  to  th e  p o s te r io r  c e r e b e lla r  
h y p o p la s ia  q u a n t if ie d  b y  m a g n e t ic  r e s o n a n c e  (M R ) im a g in g .

U s in g  M R  te c h n o lo g y , s e v e r e ly  a ffe c te d  p o s te r io r  a n d  l e s s  
a ffe c te d  a n te r io r  v e r m a l r e g io n s  w e r e  im a g e d  a n d  m e a s u r e d  in  a  la r g e  
s a m p le  o f  a u t is t ic  (n = 5 0 ; 2 -4 0  y e a r s )  a n d  n o r m a l co n tr o l (n = 5 3 ; 3 -3 7  
y e a r s )  su b je c ts . A n a ly s e s  o f  v e r m a l lo b u le s  V I-V II in  th e  s e v e r e ly  
a ffe c te d  p o s te r io r  r e g io n  id e n t if ie d  tw o  su b ty p e s  o f  a u t is t ic  p a t ie n ts :  o n e  
w ith  e v id e n c e  c o n s is te n t  w ith  h y p o p la s ia  (15%  s m a lle r  th a n  n o r m a l)  a s  
p red ic te d  b y  p r e v io u s  q u a n t ita t iv e  a u to p sy  a n d  M R  s tu d ie s ,  a n d  a  n e w  
s u b ty p e  w ith  e v id e n c e  o f  h y p e r p la s ia  (34%  la r g e r  th a n  n o r m a l).

T h is  n e w  f in d in g  s u g g e s t s  a  s im p le  e x p la n a t io n  fo r  
co n tr a d ic to ry  r e s u lt s  fro m  s e v e r a l r e c e n t  q u a n t ita t iv e  M R  s tu d ie s  t h a t  
w e r e  u n a b le  to  d e te c t  h y p o p la s ia  o f  v e r m a l lo b u le s  V I-V II in  th e ir  
a u t is t ic  p a t ie n ts . I f  th e  s a m p le s  in  th o s e  s tu d ie s  w e r e  c o m p o se d  o f  12%  
o f  th e  n e w ly  d esc r ib e d  h y p e r p la s ia  su b ty p e , th e n  th e  a u t is t ic  m e a n  s iz e  
r e p o r ted  b y  e a c h  s tu d y  w o u ld  h a v e  a p p e a r e d  to  b e  n e a r  th e  n o r m a l m e a n  
s iz e  o n ly  b e c a u s e  i t  w a s  th e  su m  o f  th e  h y p e r p la s ia  a n d  h y p o p la s ia  
c a s e s . R e -a n a ly s e s  o f  su c h  r e c e n t  s tu d ie s  c o n fir m e d  t h i s  s im p le  
e x p la n a t io n .

W h e r e a s  e n v ir o n m e n ta l  fa c to r s  w h ic h  c o m m o n ly  c a u s e  a  
r e d u c t io n  in  n e u r a l t i s s u e  a n d /o r  g e n e t ic  fa c to r s  m a y  u n d e r lie  th e  
h y p o p la s ia  su b ty p e , i t  w o u ld  se e m  l ik e ly  t h a t  g e n e t ic  fa c to r s , b u t  n o t  
e n v ir o n m e n ta l o n e s , u n d e r lie  th e  h y p e r p la s ia  su b ty p e .

7 6 .1 6
PREFRONTAL CORTEX AND SELECTIVE INHIBITION IN AUTISM: ERP 
AND NEUROPSYCHOLOGICAL STUDIES. K.T. Ciesielski* . R.J. Prince.
D.E. Hill & V.A. Waldorf. Clinical Neuroscience Laboratory, Dept. of 
Psychology, University of New Mexico, Albuquerque, NM 87131.

Abnormality in the neural circuitry of selective attention has been 
implicated among the primary deficits of autism. Clinical manifestations of 
autism and Event Related Potential (ERP) studies suggest that a deficit in 
the selective inhibition of irrelevant stimuli may underlie this abnormality. 
Does this deficit in selective inhibition result merely from a developmental 
lag or rather from specific CNS pathology? Three groups were tested: (i) 
high functioning (PIQ>70) subjects with autism; (ii) age, gender and SES 
matched normal controls; and (iii) normal children (age 5-10) using neuro
psychological and ERP techniques. Neuropsychological and ERP tests 
focused on prefrontal brain functions. Among the tests were Wisconsin 
Card Sorting, Halstead Category, and Luria's test for Alternative 
Reactions. The ERP task offered low and high levels of demand for 
selective inhibition. It was developed by integrating Konorski's Go/NoGo 
(1967) design with Hillyard's et al (1973) prototypic odd-ball design.

Neuropsychological tests revealed significantly lower performance in the 
autistic group as compared to controls (e.g., Halstead Category errors,
67.8 vs 22, p = .010). ERPs to NoGo stimuli revealed a positive 
component (P450) in the normal controls which corresponded to P700 in 
normal children. This positivity was prominent over the frontal brain and 
significantly increased in amplitude in high level selective inhibition for 
normal controls (2.2μV vs 3.5μV, p = .005) and children (3.9μV vs 9.9μV, 
p = .014). P450 was reduced or absent in autistic subjects. The above 
findings indicate an abnormality of the prefrontal cortex that is not 
consistent with developmental lag.
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7 6 .1 7
BRAINSTEM FREQUENCY-FOLLOWING RESPONSES IN RETT SYNDROME.
G.C. Galbraith* and M. Philippart. UCLA Mental Retardation 
Res. Grp., Lanterman Development. Ctr., Pomona, CA 91769.

A dichotomy of abnormal electroencephalogram and normal 
evoked potential (EP) recordings suggests that Rett 
syndrome (RS) is predominantly a cortical gray matter 
disease. Yet, abnormal EPs have been reported, especially 
with increasing age and disease process. The brainstem 
auditory evoked response (BAER) has also been variously 
reported as either normal or abnormal in RS.

The frequency-following response (FFR) is a brainstem 
evoked response that reproduces the fundamental frequency 
of tone stimuli, but at a latency appropriate to an upper 
brainstem site of origin. Unlike the BAER, which reflects 
the activity of neurons responsive.to acoustic transients, 
the FFR is thought to originate from phase-locking neurons. 
The FFR thus offers the possibility of unique information 
concerning brainstem processing of sensory inputs.

In the present study the FFR was recorded in eight 
female subjects diagnosed as RS (with normal hearing). The 
results showed differences in the temporal processing of 
230 Hz pure tones in RS, as compared with normal controls. 
Abnormal FFR patterns consisted of (1) a high degree of 
intersubject latency variation, and (2) poorly organized 
responses to initial stimulus cycles followed by 
synchronization to later cycles of stimulation.

7 6 .1 9
ENVIRONMENTAL ENRICHMENT, NEOCORTICAL ECTOPIAS A N D  
BEHAVIOR IN BXSB MICE. G. W. Boehm*. N . S. Waters. G. F. Sherman.
G. D. Rosen. D. M. Bradwav. B. T. H oplight. A. M. Galaburda. and V. H  
D e n e n b e r g . B iobehavioral Scien ces G raduate D egree Program , 
University o f Connecticut, Storrs CT 06269; and Beth Israel Hospital and 
Harvard Medical School, Boston M A 02215.

The autoim m une BXSB m ouse strain has previou sly  been sh ow n to 
exhibit a 50% incidence of neocortical ectopias, usually  located in frontal 
m otor cortex. Specific learning im pairm ents h ave been sh ow n  to be 
associated with these cortical ectopias, both in BXSB and NZB mice. Our 
laboratory has previou sly  reported that en viron m ental enrichm ent 
reduces ectopia-associated learning impairment in  NZB mice. This study  
w as designed to extend these findings to BXSB mice. Female BXSB mice 
w ere w eaned at 4 w eeks of age and reared in either standard cages or 
enriched environments. All subjects w ere g iven  a battery o f behavioral 
tests to measure learning, laterality and activity; then sacrificed on w eek  
24. Sera sam ples w ere collected for im m une analyses, and brains were  
obtained for examination. At present, 68 mice have com pleted the testing 
battery. Results show  that animals reared in the enriched environm ent 
are better than social controls in water escape learning and Morris m aze  
performance, both tests being m easures o f spatial learning. H ow ever, 
enrichm ent show ed no effect on perform ance in the Lashley III water 
m aze. Enriched cage m ice also show ed a greater degree o f behavioral 
asymmetry, as assessed by a sw im m ing rotation test. Additional subjects 
are currently being added, as w ell as the data for a com plete second  
round o f behavioral testing for each animal. Brain analyses are currently 
under w ay, and the manner in w h ich  cortical ectopias interact w ith  
environmental enrichment will be described at the conference.

7 6 .1 8
PHYSOSTIGMINE CAN ATTENUATE SPATIAL LEARNING IMPAIRMENT 
OF RATS WITH CONGENITAL BRAIN DEFECTS. M. H. Lee* , A. Rabe 
and A. Heanev. NYS Institute for Basic Research in Developmental 
Disabilities, Staten Island, NY 10314

The rat with methylazoxymethanol (MAM)-induced forebrain hypo
plasia is an animal model of congenital brain defects and mental 
retardation. A single intrauterine exposure to MAM on E15 induces a 
severe hypoplasia in various forebrain regions and cytoarchitectonic 
abnormalities, resulting in hyperactivity, impaired maze learning, and a 
premature decline of memory and learning competence typical of aging. 
Despite a marked hyperinnervation of the atrophic cortex with cholin
ergic afferente originating from the basal forebrain and an increased 
АСҺ concentration, cholinergic receptor plasticity is reported not to be 
modified. In order to evaluate a possible relationship between this 
increased cholinergic presynaptic input and learning and memory 
deficits, microencephalic and normal rats were administered either the 
cholinergic blocker atropine (0,10,50 mg/kg) or cholinesterase inhibitor 
physostigmine (0,0.1,0.5 mg/kg) prior to daily training in a Morris water 
maze with invisible platform. The treatment with a low dose of physo
stigmine significantly improved maze learning: the microencephalic rats 
performed as efficiently as the normal rats. Atropine, on the contrary, 
further exacerbated the already impaired learning competence of the 
microencephalic rats; the magnitude of deficit increased as a function 
of dose. The results suggest an altered reactivity of developmentally 
defective central nervous system to neurochemical intervention.

7 6 .2 0
CORTICAL ECTOPIAS IMPAIR SPATIAL DELAYED-MATCHING-TO- 
SAMPLE PERFORMANCE IN BXSB MICE. N. S. Waters*. G. F Sherman.
G. D. Rosen. A. M. Galaburda. and V. H. Denenberg. Biobehavioral 
Sciences Grad. Deg. Prog., University of Connecticut, Storrs, CT 06269, 
and Neurological Unit, Beth Israel Hospital and Harvard Medical School, 
Boston, MA 02215.

BXSB mice have small cortical anomalies (ectopias), with an incidence of 
about 40-50% . Previous studies have found that ectopias have 
detrimental effects on measures of spatial and discrimination learning. 
These studies, however, did not address the cognitive nature of the 
behavioral deficits. The current study tested ectopic and non-ectopic 
BXSB mice on a Spatial Delayed-Matching-to-Sample test (S-DMTS; also 
called spatial learning sets or “working memory” water maze). In this test, 
the mice must find a submerged platform in a pool of water. The platform 
changes location with every block of four trials. The subject has “matched 
to sample” if it locates the platform in less time on the second trial of each 
block than it did on the first. Of 33 subjects, 8 had cortical ectopias, one 
had other cortical malformation, and 24 appeared normal. The normal 
subjects showed a greater decrease in time to escape over the first 2 trials 
of each block than did the ectopic subjects. The ectopic subjects did not 
show a decrease until the third trial. This difference disappeared after the 
first 5 blocks of testing, with all subjects decreasing in time on the second 
trial during the latter portion of the test. This sugests that the subjects 
differed either in regard to working memory or in ability to acquire the rules 
of the test - that is, to learn a “win-stay, lose-shift” strategy. Further tests 
are needed to distinguish between these two possiblities.

DEGENERATIVE DISEASE: ALZHEIMER'S— ß  -AMYLOID II

7 7 .1
THE FORMATION OF ß-AMYLOID PLAQUE COMPONENT AGGREGATES 
UNDER OXIDIZING CONDITIONS. C. A. Colton*. D. L. Gilbert, and R. B. 
Nelson. Dept. o f Physiology and Biophysics, Georgetown Univ. Med. School, 
Washington, DC 20007; Clin. Neurosci. Branch, NINDS, NIH, MD 20892 and Pfizer 
Central Research, Groton, CT 06340.

Reactive oxygen species (ROS) can covalently alter proteins and promote 
protein cross-linking. Since ROS are produced by activated microglia, and activated 
microglia are closely associated with amyloid deposits in Alzheimer’s disease (AD), 
we investigated the effects of oxidative conditions on aggregation o f amyloid plaque 
components. The principal amyloid component, ß-A4 was labeled with 125I to serve 
as a probe for the formation o f higher molecular weight aggregates under cell-free 
and cell-associated conditions in vitro. Reaction mixtures of ß-A4 alone and in 
combination with other amyloid plaque components-a-l-antichymotrypsin (ACT), 
heparin sulfate proteoglycan (HSG) and the ß-A4 fragment 25-35- were examined in 
the absence or presence o f the oxidizing agent 0.01% H20 2. These mixtures were 
incubated for 48 h at 37° C before separating proteins by SDS-PAGE to determine 
aggregation state on autoradiographs. ß-A4 or 25 -35 alone converted ova· time into 
high molecular weight SDS-resistant aggregates unable to enter the gels. HSG and 
ACT alone showed no spontaneous aggregation and did not alter the aggregation 
pattern o f ß-A4 or 25-35. The inclusion o f H20 2 in the reaction mixtures, however, 
resulted in the formation o f broad bands o f multiple sized aggregates and reduced the 
amount o f high molecular weight gel-impermeable aggregates. We further deter
mined that incubation o f amyloid components with activated (γ-interferon followed 
by either PMA or LPS) versus non-activated microglia produce the same pattern of 
aggregates as H20 2. These data suggest that aggregation of amyloid plaque 
components in AD may be influenced by microglia-derived ROS and that such 
processing may explain the SDS-resistant association of plaque components found in 
amyloid dense-core plaques.

7 7 .2

THE ROLE OF OXIDATION IN THE NEUROTOXICITY OF BETA 
AMYLOID. A. Lorenzo1. P. Matsudaira2. and B.A. Yankner1*, ‘Dept. 
of Neurology, Harvard Medical School and The Children’s Hospital, 
Boston, MA 02115.2Whitehead Institute, Cambridge, MA 02115.

The neurotoxicity of the Alzheimer’s disease β  amyloid protein is 
mediated by the β25-35 domain which contains a met residue at position 
35. Preincubation of β 1-40 at 37°С results in significant potentiation 
of neurotoxicity in rat E18 hippocampal cultures. To determine if 
spontaneous methionine oxidation mediates this effect, preincubated β 1- 
40 was resolved by HPLC and the peaks were analyzed by mass 
spectroscopy. Most of the peptide was recovered as a single peak 
corresponding to the reduced peptide (mass 4 3 3 1± 1). A minor early 
eluting peak (<2% ) was recovered with a mass of 4346 indicative of 
β1-40-met-sulfoxide. Native β 1-40 was chemically oxidized to the met- 
sulfoxide derivative and purified. The native and oxidized β 1-40 
peptides showed similar levels of neurotoxicity. To determine if 
oxidation of β 1-40 is necessary for neurotoxicity, we synthesized β -40 
with a substitution of Ala for Met at position 35. Preincubation of β 1- 
40 or β 1-40-35А1а at 37° resulted in significant neurotoxicity suggesting 
that methionine oxidation is not required for neurotoxicity. Native β 1- 
40, oxidized /81-40 and β 1-40-35Ala all formed amyloid fibrils after 
preincubation. These results indicate that methionine oxidation is not 
the cause of increased neurotoxicity after preincubation of β 1-40 and is 
not required for amyloid fibril formation.
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7 7 .3

Free Radicals, В-Amyloid Aggregation and Neurotoxicity
M.E. Harris*, J.M. Carney, M.P. Mattson, K. Hensley and D.A. Butterfield.
Department of Pharmacology, University of Kentucky, Lexington, KY 40536

Alzheimer’s Disease (AD) is characterized by the accumulation of B- 
amyloid (BAP) in the brain. It has been hypothesized that BAP may have a 
direct role in the neurodegeneration of AD. There are recent studies 
demonstrating the neurotoxicity of BAP although the cellular mechanisms of 
action remain unknown. In this study we utilized synthetic B-amyloid (1 -40) 
[Bachem] to study aggregation of BAP and the cellular effects of these 
aggregates. BAP (1-40) at a concentration of 80 uM in phosphate buffer was 
incubated for 13 days to allow for aggregation. BAP aggregates were then 
added to nine-day-old rat hippocampal mixed cultures at a concentration of 10 
uM. Neuronal viability, glutamine synthetase (GS) activity and hydroxyl free- 
radical formation were assessed. We found a 25% (4 hrs.), 15% (8 hrs.) and 
11% (24 hrs.) decrease in hydroxyl radical production in the cell medium as 
measured by the conversion of salicylate to dihydroxybenzoate. Glutamine 
synthetase activity doubled after 24 hrs. exposure to the B-amyioid 
aggregates. This is consistent with our previous finding that low levels of 
oxidation increase GS activity. In a separate experiment BAP was incubated 
in the presence of the ESR spin trapping compound PBN. Spectra were 
obtained beginning at 6 hrs. of incubation. Carbon centered radicals were 
detected at 6 hrs of incubation and the intensity of the signal grew across days 
of incubation. These data support the hypothesis that free radical mediated 
damage to BAP is central to the development of aggregates and possibly to 
the etiology of AD. Supported in part by NINDS R01NS523307, NIA 
R01 AG10836 and NIA R01AG09690.

77 .5

β -A M Y L O ID  M E D IA T E S  A C T IV A T IO N  O F N IT R IC  O X ID E  
SYNTHASE A N D  R E L E A SE  O F NIT R IC  O X ID E  IN C U LT U R E D  
M ICROGLIAL C ELLS. J. G oodw in . C. M artens. A . Parpura and E. 
Uemura*. Departm ent o f  A n atom y and N eu rosc ien ce  Program , Iowa  
State University, A m es, IA  5 0 0 1 1 .

In recent years, t issu e  m acrop h ages and m icro g lia l c e lls  have  
been show n to release nitric o x id e  w h en  activated  w ith  Interferon-γ 
(IFN-γ ) and lip op o lysacch arid e (L P S ). W e exam in ed  the e ffec ts  o f  
β-am yloid  on  the m icroglia l nitric o x id e  synthase and the release o f  
nitrite, a m etabolite o f  the free radical nitric o x id e . M icroglia l c e lls  
were iso lated  from  the h ippocam pi o f  P 2  rats (Sprague D a w ley )  
and plated on to 2 4 -w e ll culture plates treated w ith  either ddH 2 0 , 
scrambled peptide (1 m g/m l), or β2 5 -3 5  peptide (1 m g/m l). A t p ost
plating day 3, L P S w a s added to a h a lf  o f  w e lls  a ss ig n ed  for each  
experim ental con d ition . A t p ost-p la tin g  day 4 , culture m ed ia  w ere  
analyzed for (1 ) nitrite by  co lor im etr ic  assay  b ased  on  the G riess  
reaction, and (2 ) n itr ic  o x id e  sy n th a se  b y  N A D P H -d ia p h o ra se  
histochem istry. In the ddH 20  and scram b led  p ep tid e co n d itio n s, 
only a few  m icroglia l ce lls  w ere stained  for N A D P H -diap horase and 
nitrate w as not d etected . In the ß 2 5 -3 5  p ep tid e  co n d itio n , there  
were num erous p o s itiv e ly  sta ined  c e lls  and nitrate w a s d etected  in 
the m edia. T h e h igh est lev e ls  o f  nitrite w as d etected  in the group  
supplem ented w ith  LP S. T he m ajority o f  m icrog lia l c e lls  in these  
groups w ere sta ined  for N A D P H -d iap h orase . Our stu d y se em s to 
suggest that free radical generation by m icroglia l c e lls  is in vo lved  in 
amyloid neurotoxicity.

7 7 .7
A C C U M U LA TIO N  O F  E X O G E N O U S  A L Z H E IM E R ’S  β A M Y LO ID  B Y  
C U LTU R ED  M IC RO GLIA. M .P . A rd*. G .M . C o le. J .D . F ra tk in . an d
J. W ei. D e p ts. o f  A n a to m y  an d  P a th o lo g y , U n iv . o f  M iss iss ip p i M ed. 
Ctr., Jack son , M S 3 9 2 1 6 , a n d  D ep t. o f  N e u r o sc ien ces , U n iv . o f  
C alifom ia-S an  D iego , L a J o lla , C A  9 2 0 9 3 .

In A lzh eim er’s d ise a se , m a tu r e  s e n ile  p la q u es  a re  ch a ra c ter ized  b y  
th e p resence  o f  m icro g lia  a rou n d  a  ce n tra l core o f  com pact, fib rilla r  β 
am yloid. P o ss ib ly  m icro g lia  con tr ib u te  to  th e  form ation  o f  p la q u e  
cores from  p recursor d iffu se  a m ylo id  d ep o sits . W e in v e s tig a te d  th e  
ab ility  o f  m icrog lia  to  ta k e  u p  an d  co n ce n tra te  ß a m y lo id  p rote in .

M icroglia  cu ltu red  from  a d u lt  r a t  sp in a l cord a cc u m u la te d  β  
am yloid-like im m u n o rea c tiv e  m a ter ia l w h e n  p r e se n te d  w ith  so lu b le  
β1-42 a t  lo w  con cen tra tio n s (5 -2 0  μ g /m l) in  th e  c u ltu re  m ed iu m . 
A n tiserum  to  th e  β14-24 fr a g m en t or to  β1-40 sh o w ed  m icr o g lia  cu ltu red  
alone to  con ta in  o n ly  rare  im m u n o fiu o r esce n t v e s ic le s . T h e  c o n te n t o f  
ß am ylo id -lik e im m u n o -re a ctiv ity  so a re d  w h e n  h u m a n  β1-42 w a s  
p resen ted  to  th e  ce lls  a lo n g  w ith  th e  p ro te a se  in h ib ito r  leu p e p t in  or 
am m onium  ch lorid e to  b lock  ly so so m a l a c tiv ity . W ith o u t in h ib ito r , 
u ptake o f  ß a m ylo id  w a s n o t ob servab le , p resu m a b ly  b eca u se  
ly sosom al p r o ce ssin g  e ith e r  d egrad ed  th e  a m y lo id  or en a b le d  m icr o g lia  
to  ex crete  i t  or b oth . H o w ev er, fe e d in g  m icr o g lia  w ith  n eu ro n a l d eb ris  
re su lte d  in  ß a ccu m u lation  w ith o u t th e  u s e  o f  ly so so m a l in h ib ito r s . 
Q u an tita tion  o f  ß a m y lo id -lik e  im m u n o rea c tiv ity  w a s  o b ta in e d  b y  
com pu terized  im a g e  a n a ly s is  o f  a v er a g e  a r e a  o f  im m u n o flu o r esce n c e  
p er ce ll. E lectron  m icroscop y  con firm ed  th a t  th e  im m u n o rea c tiv ity  
resid ed  in  d e n se  m a ter ia l w ith in  p h a g o so m e s.

A  sh o rte r  form  o f  h u m a n  ß a m ylo id , r e s id u e s  1-40 , d id  n o t с а ш е  
in tra ce llu la r  a ccu m u la tio n  o f  ß a m y lo id -lik e  im m u n o rea c tiv ity  w h e n  i t  
w a s p r e se n t w ith  leu p e p t in  in  th e  cu ltu re  m e d iu m . T h is  m a y  be  
r e lev a n t to  o th er s’ o b serv a tio n s th a t  o n ly  β1-42/43 occurs in  p la q u e  cores.

C u ltu red  r a t  n eu ro n s , a s tr o cy te s , a n d  o lig o d en d ro cy tes  d id  n o t  
p h a g o cy tize  am y lo id  to  th e  sa m e  e x te n t  a s  m icrog lia .

7 7 .4

AGE-RELATED INCREASE IN AREA AND NUMBER OF MHC- 
CLASS II-EXPRESSING MICROGLIA IN NON-ALZHEIMER DISEASE 
CASES. M.M. Diz and L.S. Perlmutter*. USC School of Medicine, Los 
Angeles, CA 90033.

We have previously shown that MHC class Η-expressing microglia are 
associated with all the amyloidotic lesions of Alzheimer disease (AD). We 
have also shown that the number of these MHC class Il-expressing cells in
crease with normal aging in the rodent. In young rodents, microglia exhibit 
long ramified processes thought to be characteristic of 'resting' cells, while 
microglia in older animals have the thickened somata and short processes 
characteristic of an 'activated' state. The present study characterized these 
morphological differences in microglia from young (mean = 47.17 + 8.01) 
and old (83.8 ± 9.39) non-AD human autopsy samples of cerebral cortex.

Tissue sections were incubated in the monoclonal antibody LN3 which is 
reactive with a nonpolymorphic HLA-DR antigen expressed on the cell sur
face of microglia. The area of brain parenchyma covered by HLA-DR-ex- 
pressing microglia, as well as the number of immunopositive cells, were as
sessed using quantitative light microscopy. Both dependent measures ex
hibited significantly greater variance in the old cases (p < 0.05). Percent 
area as well as number of HLA-DR-positive microglia were significantly 
greater in the old cases (t-tests for samples with unequal variances, p < 0.05 
for both variables).

These findings suggest that the activation of microglia may be a non-spe
cific event of the aging organism which may underlie age-related alterations 
in brain function and exacerbate pathogenetic mechanisms in AD. 
(AG07624)

7 7 .6

ß -A M Y L O ID  S T IM U L A T E S  G L U T A M A T E  R E L E A S E  FR O M  
M IC R O G L IA L  C E LL S A . Parpura* and E. U em ura. N eu rosc ien ce  
Program, Iow a State U n iversity , A m es, IA  50011  

β -a m y lo id  protein  ( β A P ) is a peptide that abnorm aly dep osits  in 
neuritic p laques o f  A lzh eim er's d isea se (A D ). N eu ritic  p laques are 
surrounded by reactive m icroglia  and astrocytes. S in ce  m icroglia l 
c e lls  w ere sh ow n  to release glutam ate, w e  exam in ed  the e ffec t  o f  
β A P  on  m icrog lia l glutam ate re lease . M ixed  g lia l cu ltures w ere  
o b ta in ed  from  the h ip p o ca m p i o f  P 2 -P 5  S p r a g u e -D a w le y  rats. 
M icrog lia l c e lls  w ere purified  from  these cultures and plated on  to 
2 4 -w e ll  t is su e  cu ltu re  p la te s  p r e v io u s ly  treated  e ith er  w ith  
scram bled peptide or ß 2 5 -3 5  peptide ( lm g /m l)  or not treated at all. 
A t the p ost-p la tin g  day 2  and 4  culture m ed ia  w ere co llec ted  and 
an alyzed  for g lutam ate con ten t. G lutam ate con cen tration s w ere  
d eterm in ed  by sp e c tr o p h o to m e tr ic  a s sa y  (S ig m a )  b a se d  on  
en zym atic  dehydrogenation  o f  glutam ate. G lutam ate concentrations 
w ere s ig n ifica n tly  higher in ß 2 5 -3 5  peptide co n d ition s then in other 
tw o con d ition s. In v iew  o f  the recent fin d in g  that β A P  increases  
n eu rotox ic ity  o f  glutam ate, our ob servation  se em s to su g g est that 
m icroglia l glutam ate enchances neuronal d egeneration  in A D .

7 7 .8
B25-35 INDUCES INCREASES IN CYTOSOLIC CALCIUM IN CULTURED RAT 
microglia. Andrew R.-Kоrotzer?, Edward R. .Whittemore-and.Carl  W, C otm an
IRU in Brain Aging, University of California, Irvine, CA 92717.

It has previously been reported that microglia express a variety of ion channels 
and neurotransmitter receptors in vitro. Some of these channels and receptors can 
increase cytosolic calcium concentrations, which in turn could regulate microglial 
activity. We have also shown that exposure to ß-amyloid (AB) peptides alters 
microglial activity and viability, and that such effects in neuronal and microglial 
cultures are dependent upon the assembly state o f the peptides. We therefore 
investigated the possibility that A8 peptides affect intracellular calcium concentration 
in cultured microglia, using the calcium-sensitive dye Fura-2.

Application of 25 μΜ 825-35 (diluted in DMEM, in which it readily assembles 
into aggregates) reliably induced large increases in intracellular calcium (63% of 
cells). In many cells calcium levels fluctuated between baseline levels and high 
calcium for as long as an hour, the longest time point that cells were studied; in other 
cells calcium levels increased to very high levels and did not recover. Although 
increases in calcium concentrations often appeared after approximately 30 min. 
following drug application, in 3 experiments the response was immediate. In control 
experiments, intracellular calcium remained stable in 85% cells over the same time 
period. Calcium levels in cells exposed to 25 μΜ 81-28, a soluble A8 peptide that 
has been reported to increase complement component production by microglia, were 
just as stabte, being elevated in only 16% of cells.

These data extend previous findings that the bioactivity of A8 peptides is 
dependent upon their assembly state and suggest that possible alteration of microglial 
function by A8 peptides might involve changes in intracellular calcium.
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7 7 .9
ß-AMYLOID (25-35) ENHANCES RELEASE OF INTERLEUKIN-16 
(IL-16) FROM ACTIVATED HUMAN MONOCYTES. D. Lorton*.
J.M. Kocsis. L. Кіпр. K. Madden, and K.R. Brunden. Gliatech, Inc., 
Cleveland, OH 44122 and Depart, of Neurobiol. & Anat., Univ. of 
Roch. Sch. of Med., Roch., NY 14642.

IL-1 is elevated in Alzheimer's Disease (AD) brain,with a likely 
source being microglia. Microglia are found within senile plaques of 
AD brain, suggesting that the ß-amyloid peptide (Aß) which forms the 
core o f the plaques may trigger increased microglial IL-1 release. 
Microglia and monocytes have similar lineage and functions; thus, we 
have used a human monocyte cell line, THP-l, to examine the effects 
o f Aß on IL-1 release. THP-l cells were incubated with 1 μg/ml 
lipopolysaccharide (LPS) and Aß peptides (0.05 - 10 μΜ) in  v i tr o .  
Conditioned media from such incubations were assayed for levels o f IL- 
1 using an ELISA for IL-lß and a bioassay for combined IL-la and IL- 
lß. Treatment of activated monocytes with Aß (25-35) resulted in a 
dose-dependent elevation o f IL-lß into the media compared to untreated 
activated monocytes. Aß (1 -40), regardless o f aggregation state, did 
not alter the levels of IL-lß released. Aß (1-40) or Aß (25-35) peptides 
containing scrambled sequences also failed to cause an increased IL-lß 
release. Results similar to those obtained with the IL-lß ELISA were 
observed using the IL-1 bioassay. Considering the presence of 
microglia in senile plaques, their ability to release IL-1 after injury, and 
IL-1-enhanced expression o f amyloid precursor protein, it is likely that 
microglia play a key role AD pathology. At present it is unclear whether 
the observed effects of Aß (25-35) on IL-1 release relate to the elevated 
level of cytokine seen in AD brain.

7 7 .1 1

H E A T -S H O C K  L E A D S  T O  A C C U M U L A T IO N  O F  A P P  IN C 6 -G LIO M A  
C E L L S .  M.A. P ap p o lla1. K. S a m b a m u rti1*. S . E fth im io p o u lo s1. R.A. 
O m ar2. N.K. R o b a k is1. 1D ep artm ent of P sych ia try  a n d  F ish b e rg  
R e s e a rc h  C e n te r  for N eurobio logy, M ount S ina i S c h o o l of M edicine, 
N ew  Y o rk , N Y  10029, an d  2We st Virg inia University, M organtow n, 
W V .

H eat s h o c k  or s t re s s  reactio n  h a s  b e e n  im plicated  in the  
p a th o g e n s is  of A lzh eim er’s  d is e a s e . W e h ave  u se d  se c re te d  
placen ta l alkaline p h o sp h a ta se  (S E A P ) a s  a  rep o rter to perm it the  
actua l visualization  of a lterations in the  m etab o lism  of the  am yloid  
p re c u rso r  protein (APP) in ce lls  u n d e r s t re s s . C 6  g liom a ce lls  w ere  
stab ly  transfecte d  with tw o co n stru c ts  a s  fo llow s: C o n stru ct  A  
co n ta in e d  the S E A P  g e n e  fu se d  to the  C -term inal 105  am in o  a c id s  
of A P P . C o n stru ct  В  w a s  sim ilar to A  e xce p t that 3 2  am in o  a c id s  
from  the C -term inal cy to p la sm ic  reg ion  d o w n stream  of the  H in C 2site  
of A P P  w a s  d e leted . T h e  fusio n  p ro te ins u nd e rw e n t c le a v a g e  an d  
se cre tio n  in a  m ann er sim ilar to w ild typ e  A P P  a n d  w e re  d e te cted  on  
W este rn  b lots with a  sp e c ific  an t i-S EA P  antibody. W hen  contro l an d  
tran sfecte d  ce lls  w e re  sta in e d  with a  c h ro m o g e n ic  su b stra te  for 
S E A P , contro l cu ltu res sh o w e d  no S E A P  activity a n d  only a  few  of 
the transfecte d  ce lls  w ere  labelled (1/2000). T h re e  h o u rs  after acu te  
heat s h o c k  (4 5 C , 3 0 ’) there  w a s  a  strik ing accu m u latio n  of S E A P -  
A P P  in m o st tran sfecte d  but not contro l ce lls . C o n stru c t  A  sh o w e d  
a  G olg i pattern  of accum u latio n  a n d  C o n stru c t  В  sh o w e d  a  
c h aracteris tic  m e m b ra n o u s redistribution of the  reco m b in an t protein  
following stre s s . T h e  effects of s t r e s s  on  A P P  p ro c e ss in g  an d  
transp o rt will b e  d is c u ss e d .

7 7 .1 3
INTRACELLULAR PROCESSING OF AMYLOID PRECURSOR 
PROTEIN IN CELLS CULTURED UNDER LEUPEPTIN.
K. Tsuzuki, R, Fukatsu*1, Y. Takamaru2, N. Fujii and N. Takahata1,
Dept. of Microbiology, 'Dept. of Neuropsychiatry, Sapporo Medical 
Univ., 2Dept. of Neurology and Psychiatry, Hokkaido Univ., Sapporo 
060, Japan

Beta/A4 protein, is about 40 amino acid peptide of integral membrane 
protein, amyloid precursor protein. The mechanism and subcellular 
compartment of beta/A4 protein production is still unknown. We 
examined the effect of leupeptin, potent lysosomtropic agent, on 
metabolism of APP, which inhibits hydrolytic proteolysis in lysosome.

Cells derived from human T, В lymphocytes and monocytes were 
cultured with/without leupeptin (20ug/ml). Subcellular fractions were 
obtained after centrifugation and density gradient centrifugation. 
Western blot analysis of these fractions were performed using 
monoclonal(mcAb) and polyclonal antibodies raised against synthetic 
APP fragments.

We could detected various bands of 20-110 kDa in lysate and cytosol 
fractions with anti beta mcAb. 20 kDa bands were also obvious with 
anti C-terminus mcAb. The protein band of 50 kDa was recognized in 
lysate, mitochondrial and cytosol fractions with anti beta 4-12,9-25,17- 
28 and C-terminus antibodies. The band became remarkable after 
leupeptin treatment. Immunofluorescent studies showed cytosol, 
membrane and intracellular dot staining depending on antibodies in 
use.

Our observations suggest that lysosomal pathway is involved in 
processing of APP and 50 kDa protein is candidate for beta/A4 protein.

7 7 .1 0

NEURONAL LESIONS INCREASE AMYLOID PRECURSOR 
PROTEIN EXPRESSION IN HYPERPLASIC BUT NOT 
HYPERTROPHIC ASTROGLIA.
G . P a la c io s 1, G .M e n a o d 2 . A .T o r to s a 3 , I .F e r r e r 3 , a n d
J .M .P a la c io s *4. 1) C e ll B io lo g y  D e p t., A u to n o m o u s  U n ive rs ity , 2) 
C ID /C S IC , 3) N e u ro p a th o lo g y  U n it, H o sp ita l P r in c ip e s  d e  E sp a ň a , 
4 ) L a b o ra to r ie s  A lm ira ll. B a rce lo n a . S p a in .

W e  h a ve  s tu d ie d  th e  e ffe c ts  o f tw o  ty p e s  o f n e u ro n a l in ju ry  
on  th e  e x p re ss io n  o f a m y lo id  p re c u rs o r p ro te in  (A P P ) u s ing  
im m u n o h is to c h e m is try . N e u ro n a l d e a th  w a s  in d u c e d  in th e  g e rb il 
h ip p o c a m p u s  by  tra n s ie n t is ch e m ia . R e v e rs ib le  c h ro m a to ly t ic  
re a c tio n  o f th e  fa c ia l m o to rn e u ro n s  w a s  in d u c e d  b y  a x o to m y  o f 
th is  ne rve . In bo th  m o d e ls  n e u ro n a l in ju ry  w a s  a c c o m p a n ie d  by 
an  a s tro g lia l reac tion . F irs t, h y p e rtro p h y  o f a s tro c y te s  w a s  
v is u a liz e d  a n d  ch a ra c te r iz e d  b y  G F A P  im m u n o re a c tio n . In th e  
tra n s ie n t is c h e m ia  m ode l, h y p e rp la s ic  (m ito tic  a s tro c y te s ) w e re  
a ls o  o b se rve d . T h e se  h y p e rp la s ic  a s tro c y te s  e x h ib ite d  s tro n g  
A P P  im m u n o re a c tiv ity . In c o n tra s t, th e  h y p e rtro p h ic  a s tro c y te s  
w e re  d e vo id  o f A P P  im m u n o re a c tiv ity . T h e s e  re s u lts  s u g g e s t th e  
re la tio n s h ip  b e tw e e n  A P P  e x p re s s io n  a n d  p ro life ra tio n  o f 
a s tro c y te s  a sso c ia te d  w ith  n e u ro n a l d e a th .

7 7 .1 2

INCREASED β-AMYLOID PRECURSOR PROTEIN 
EXPRESSION FOLLOWING INTRASTRIATAL INFUSION OF 
KAINIC ACID OR LIPOPOLYSACCHARIDE. C.A . Wilmot*. M. 
Li, A.M. Szczepanik, and J.W. Paul. Depts. of Biol. Res. and Mol. 
Neurobiol., SBU Neuroscience, Hoechst-Roussel Pharmaceuticals, 
Inc., Somerville, NJ 08876.

β-amyloid precursor protein (βΑΡΡ) levels have been shown to 
increase in the brain after various injuries. The following studies 
were conducted to determine the time course of astroglial response, 
neuronal survival and βΑΡΡ levels after an intrastriatal infusion of 
kainic acid (KA) or the inflammatory immunostimulant 
lipopolysaccharide (LPS). Male Sprague-Dawley rats were sacrified 
from 4 hrs to 14 days (d) following 2 nmol KA and from 4 hrs to 3 d 
following 2 μg LPS to the left striatum; the right striatum received a 
vehicle infusion for control. Brain sections through the striatum and 
substantia nigra were processed for GFAP and cresyl violet staining 
for astrocytes and neurons. Tissue samples were also prepared for 
Western blots for βΑΡΡ, actiņ and IL-lß. Increases in βΑΡΡ levels 
relative to actin were seen in the striatum from 1 to 14 d and in the 
substantia nigra from 4 hr to 7 d following KA. The time course of 
increased βΑΡΡ followed approximately the time course o f neuronal 
loss and astroglial proliferation in the striatum. LPS was not 
neurotoxic but also rapidly increased βΑΡΡ and IL-ß levels within 1 
d. These data indicate that βΑΡΡ levels may be rapidly increased
(1) in response to excitotoxic injury at both the site of infusion and 
areas associated with secondary degeneration and (2 ) in response to 
inflammatory agents.

7 7 .1 4
WHITE MATTER AMYLOID IN ALZHEIMER BRAIN

T. Uchihara, T. Miyatake. Dept. o f Neurology, Tokyo Medical and Dental 
Univ., H. Hondo, H. Akiyama*, K. Ikeda. Dept. o f Neuropathol., Tokyo 

In stitu te  of Psychiatry, Tokyo, Japan

In Alzheimer brain (form alin-fixed), amyloid deposits in the white 
matter were v isu a lized  and th eir  ch a ra c ter is tic s  were compared with 
those in the gray matter by double-stained immunohistochemical methods. 
In cerebral white matter, which contains few neurons and synapses 
id en tif ied  by synaptophysin-like immunoreactivity (SY-38), substantial 
amount of amyloid deposits were observed. These dep osits  in the white 
matter, even those with amyloid core, accompanied fewer n eu r itic  
reactions ( id en tified  by modified Galiyas sta in  or immunoreactivity 
l ik e  phosphorylated tau, phosphorylated neurofilament or ubiquitin ) 
and fewer reactive astro g lia . A ssociation o f white matter amyloid with 
m icroglia was not infrequent. Although amyloid deposition around 
large v e sse ls  was rare in the white matter, some o f the white matter 
amyloid had c lo se  topographical re la tio n sh ip  with small blood v esse l  
( id e n tifie d  by von Willebrand fa c to r - lik e  immunoreactivity).

Amyloid is  p o ten tia lly  generated in the white matter, where there 
is  no c lo se  rela tion sh ip  with neuronal soma or synapses. Other 
factors such as blood v esse ls , m icroglia or axon may be responsible  
for the ea r lie r  events in amyloidogenesis in the cerebral white matter 
of Alzheimer brain.
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7 8 .1

EYEBLINK CONDITIONING OVER FIVE CONSECUTIVE DAYS IN 
ALZHEIMER’S DISEASE, DOWN’S SYNDROME, AND NORMAL 
ELDERLY. M .P apka*, L .S . Ferrante. S, J , Rom ano. & D . S . W oodruff- 
Рак. Laboratory of Cognitive Neuroscience, Philadelphia Geriatric Center, 
Philadelphia, PA 19141.

Alzheimer’s disease (AD) patients and Down’s Syndrome (DS) adults aged 
35 and older show severe impairment in eyeblink classical conditioning 
(EBCC). Disruptions of the septo-hippocampal cholinergic system cause rabbits 
to be severely impaired in EBCC, but they eventually acquire conditioned 
responses (CRs). If hippocampal cholinergic impairment is the cause of EBCC 
impairment in AD patients and older adults with DS, these subjects might 
acquire CRs eventually. We tested 12 AD patients (mean age = 86  years), 12 
DS adults aged 35 and older (mean age = 50 years), and 10 normal, age- 
matched (to AD) subjects (mean age = 85 years) for 5 consecutive days using 
the 400 msec delay paradigm. Some subjects had participated in previous 
conditioning studies. Results support the interpretation that EBCC impairment 
in AD and DS results from hippocampal cholinergic disruption. Eight of 12 
AD subjects attained a learning criterion of 8  CRs in 9 consecutive trials 
(mean=249 trials). Even more impressively, 11/12 older adults with DS 
attained this learning criterion (mean=94 trials). Seven of 10 non-demented 
elderly control subjects attained criterion (mean = 172 trials). A one-way 
ANOVA comparing trials to criterion between groups was significant 
(F[2,11]= 3 .5 3 ; p< .05), with older adults with DS learning significantly more 
rapidly. Given enough trials, AD and DS subjects acquire CRs, although they 
are severely impaired initially. Supported by IIRG-91-059fro m  the A lzh eim er’s  
Association and AG9752.

7 8 .3

MEMORY CHANGES IN NORMAL AND PATHOLOGICAL AGING. F. 
Ostroskv-Solis. Y. Rodriquez. C. Garcí a. R. Jaime. A. 
Valdez. ML Guevara. D. Velázquez, M. Pérez, ĮU Corsi* & 
Į. Madrazo. Lab. of Psychophysiology. Nat'l Univ. of 
México. Faculty of Psychol. México, D.F. 04510.
One of the first and most prominent signs of dementia 

of the Alzheimer's type (DAT) is a deficit in the 
ability to learn and remember new information. In order 
to evaluate several mnesic processes we integrated a 
battery that included neuropsychological, electrophysio- 
logical and functional measures of memory. We applied 
this battery to 100 normal subjects between 20 and 100 
years of age. Some tests appeared particularly sensitive 
to the effects of aging (such as delayed recall in the 
visual and auditory modality). For others, the effects 
of aging was minimally observed or not revealed at all 
(such immediate memory for auditory, visual and spatial 
information), these particular non-sensitive tests are 
specially useful when diagnosing dementia. From a total 
of 20 neuropsychological variables only 6 tests related 
to storage and recall of information showed a 
significant negative correlation with the latency and a 
positive correlation with the amplitude of the P300. The 
data suggest that the P300 component is not related to 
the early stages of information processing required for 
memory, function but to storage and retrieval. This norms 
will provide a reference for early identification of AD 
and for the evaluation of any potential treatment that 
attemps to alter this early symptoms of the disease.

7 8 .5

ASSESSMENT OF COGNITION IN ALZHEIMER’S DISEASE.
U. Locaselo. I. H. Growdon* and S. Corkin. Alzheimer's Disease Research 
Center, Dept. of Neurology, Mass. General Hospital, Boston, MA 02114, 
and Dept. of Brain and Cognitive Sciences, Mass. Institute of Technology, 
Cambridge, MA 02139.

We administered 10 cognitive tests on multiple occasions to 123 patients 
with Alzheimer's disease (AD) and 60 normal control subjects (NCS) of 
comparable age and education (AD — age: 71 + 8.5, education: 13 yrs. ±  3.5; 
NCS -  age: 70 ±  11.2, ed. 15 yrs. ± 3.1) in order to determine which tests 
were best for distinguishing AD patients from nondemented individuals, 
and for tracking AD progression. AD subjects were tested every 6  to 24 
months over a span of up to 55 years. Some analyses used all multiple 
testing data; others used only one record per person (earliest and/or most 
complete) for confirmatory significance tests. As a group, AD patients 
were significantly inferior to the NCS on almost all tests. Recall of 
stories and geometric figures after a 10-minute delay were the best tests 
for discriminating AD patients from NCS, but were poor for staging the 
disease because of early floor effects. Scores for tests of confrontation 
naming, semantic fluency, and immediate recognition of geometric figures 
declined linearly throughout the course of AD; these tests were best for 
staging the disease and tracking ite progression. We postulate that the 
early and severe impairment in delayed recall corresponds to the reported 
neuropathologic changes in medial temporal-lobe structures that occur 
early in the course of AD, and that worsening language and visuospatial 
abilities reflects subsequent loss of neocortical neuronal connections.

78 .2
SELECTIVE ENHANCEMENT OF FRONTAL LOBE FUNCTION BY 
IDAZOXAN IN PATIENTS WITH DEMENTIA OF THE FRONTAL LOBE 
TYPE. BJ Sahakian *. JT Couil and JR Hodges. Depts. of Exp. Psychology, and 
Neurology, University of Cambridge, Downing St., Cambridge, CB2 3EB.

Psychophannacological studies in experimental primates and man have implicated 
the noradrenergic system as an important modulator of frontal lobe function, an 
observation supported by the high density of noradrenergic α 2 receptors in the 
frontal cortex. Two very recent reports have suggested that it may be possible to 
improve performance on tests of frontal function using noradrenergic drugs such as 
the mixed α 1 / α 2 adrenoceptor agonist clonidine, and the more selective <x2 
adrenoceptor antagonist idazoxan.

We examine the effects of the α2 noradrenergic antagonist idazoxan on cognitive 
performance in two patients with mild dementia of the frontal type. A 40 mg oral 
dose of idazoxan was administered to the patients on two occasions using a double
blind, placebo-controlled ABBA design. Over a range of computerised tests 
measuring attention, memory and planning, the drug produced a selective 
improvement in both patients. Specifically, idazoxan improved target detection on 
the Rapid Visual Information Processing task of sustained attention, improved 
efficiency on the Tower of London test of planning, and increased the number of 
words generated in a test of category fluency. These three tests are known to be 
sensitive to frontal lobe function. In contrast, tests traditionally diought to reflect 
temporal lobe functioning, such as delayed matching to sample, failed to show a 
similar drug effect. However, idazoxan did improve one aspect of memory 
performance - semantic retention of short stories from the logical memory subtest of 
the Wechsler Memory Scale. In general it appears that idazoxan selectively 
improves performance on tests sensitive to frontal lobe function. This supports the 
hypothesis that α 2 agents affect frontal lobe functioning, and provides a possible 
rationale for the pharmacological treatment of frontal dementias.

78.4
CLOCK DRAWING IN ALZHEIMER’S DISEASE. C  G. Logan*. J. G. Buckwalter, 
and V. W. Henderson. Departments of Neurology and Psychology, and School of 
Gerontology, University of Southern California, Los Angeles, CA 90089-0191.

We sought to determine whether an easily administered bedside test of 
visuoconstructive performance — drawing a clock to command, rated on a 5 point scale 
[Henderson et al., A rch  N e u ro l 1989; 46: 391] — would discriminate between patients 
with “probable” Alzheimer’s disease (AD) and elderly, nondemented control (NC) 
subjects, or would discriminate between mildly and moderately demented subjects. 
Subjects were 48 mildly-to-moderately demented AD and 50 NC volunteers. A cutting 
score of 3 on the clock task discriminated between groups with a sensitivity /  specificity 
of 88% /  94%. For a clock and house drawn to command and to copy [Henderson et 
al., 1989], a cutting score of 12 out of 17 was only marginally better (sensitivity /  
specificity of 90% /  96%). Copies of 4 geometric figures from the CERAD battery 
[Morris et al., P sych opbarm aco l B u ll 1988; 24:641] yielded a cutting score of 8 out of 11 
with a sensitivity /  specificity of 72% /  94%. All tasks discriminated between AD and 
NC subjects (Ps < .0001), but in hierarchical analyses controlling for age, education and 
sex, only CERAD drawings or clock/house drawings significantly discriminated 
between subjects with mild versus moderate dementia, as measured by Clinical 
Dementia Rating. In hierarchical analyses entering disease severity (scores on the Mini- 
Mental State examination, or, in separate analyses, scores on the short Blessed test of 
Orientation-Memory-Concentration) and other control variables before forcing in 
the visuoconstructive measure, it was found that the spontaneous clock drawing score 
— but not CERAD drawings — added significantly to discrimination between AD and 
NC groups. We conclude (1) that a clock drawing discriminates AD from normal aging 
as effectively as longer visuoconstructive tasks and may be a useful addition to batteries 
used to screen for the presence of AD, but (2) that longer drawing tasks better 
discriminate between mildly and moderately impaired patients.

(Supported by P50 AG05142 and T32 NS07149.)

78 .6
IMPACT OF VISUAL DYSFUNCTION UPON COGNITIVE 
CAPACITIES IN ALZHEIMER'S DISEASE. A. Cronin- 
Golomb* S. Corkin/ J.H. Growdon. Dept. of 
Psychology, Boston University, Boston MA 02215, 
Dept. of Brain and Cognitive Sciences, MIT, 
Cambridge MA 02139, and Dept. of Neurology, 
Mass. General Hospital, Boston MA 02114.

Deficits in basic visual functions are 
prevalent in Alzheimer's disease (AD) and 
reflect lesions of peristriate cortex and other 
visual areas. We examined the relation between 
basic vision and cognition in 60 patients with
AD. Vision tests assessed color discrimination, 
stereoacuity, contrast sensitivity, and 
backward masking. For cognitive tests of object 
identification (e.g., incomplete pictures), 
subserved by temporal cortex, at least 25% (up 
to 57%) of variance was explained by 
performance on any vision test. For tests of 
spatial cognition (e.g., map reading, mental 
rotation), subserved by posterior parietal 
cortex, less than 25% (as low as 7%) of 
variance was explained by performance on any 
vision test. The results indicate that 
degeneration of peristriate and other visual 
areas in AD impacts more deleteriously upon 
cognitive functions associated with the ventral 
than the dorsal visual processing pathway.
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7 8 .7
CORTICAL VISUAL PROCESSING STREAMS ARE FUNCTIONALLY 
DIFFERENTIATED IN ALZHEIMER’S DISEASE. D.D. Kury lo*. S. Corkin, 
and J.H. Growdon. Department of Brain and Cognitive Sciences and 
Clinical Research Center, MIT, Cambridge, MA 02139.

The regional distribution of neurofibrillary tangles (NFT) within visual 
association cortices is heterogeneous in Alzheimer’s disease (AD): NFTs are 
more dense in inferior temporal cortex (Brodmann's areas 2 0 , 21, and 37) 
than in posterior parietal cortex (Brodmann's areas 7 ,  39, and 40) (Arnold et 
al., 1991; Corkin et al., 1991). This pattern of neuropathological change sug
gests that visual functions mediated by the ventral cortical processing 
stream (object recognition or the "what" system) should be impaired to a 
greater degree in AD than those mediated by the dorsal stream (visuospatial 
abilities or the "where" system). To test this hypothesis, w e administered 
eight perceptual tests to 13 mild to moderately demented AD patients and 
12 demographically matched control subjects. Four tests assessed object 
recognition capacities (visual closure, facial recognition, concept formation, 
and pattern discrimination), and four assessed visuospatial capacities 
(mental rotation, egocentric orientation, constructional ability, and percep
tual matching). Univariate analyses compared performance on individual 
tests, and multivariate analysis derived the discriminant function for each of 
the two test categories that best differentiated diagnostic groups. AD pa
tients were impaired on all tests, and, consistent with our hypothesis, im
pairment was greater for object recognition capacities than for visuospatial 
capacities. The greater functional devastation of the "what" than the "where" 
system in mild to moderate AD corresponds to the differential degradation 
of the respective cortical areas.
Supported by a grant from the American Health Assistance Foundation.

7 8 .9
PRESERVED COGNITIVE SKILLS IN DEMENTIA OF THE 
ALZHEIMER TYPE. W.W. Beatty*. P. Winn. R.L. Adams. E.W. Allen. 
D.A. Wilson. J.R. Prince, K.A. Olson. K. Dean, and D. Littleford. De
partments of Psychiatry & Behavioral Sciences, Family Medicine, & 
Radiological Sciences, Oklahoma University Health Sciences Center, 
Oklahoma City, OK 73190.

Five patients who met NINCDS-ADRDA criteria for probable Demen
tia of the Alzheimer Type (DAT) and had Mini-Mental State Exam 
Scores ranging from 10-22 were studied. All patients had severe 
anterograde and remote memory deficits, poor confrontational nam
ing, and other signs of intellectual deterioration. One patient contin
ued to play the trombone in a Dixieland band although he could not 
name well-known numbers that he played. Another continued to solve 
adult jigsaw puzzles. The third retained skill at canasta, the fourth at 
dominoes. The fifth patient remained a skillful bridge player, although 
he could not name the suits or articulate simple bidding rules.

Together with previous studies of preserved piano playing or paint
ing skills, these findings indicate that a broad range of complex cogni
tive abilities may be preserved in DAT patients who cannot perform 
simpler actions. This implies that the memories required to regulate 
many important behaviors may remain relatively intact but inaccessible 
in these DAT patients. An effort to devise therapies to foster access to 
stored knowledge may be warranted.

7 8 .1 1
ATTENTION IN EARLY ALZHEIMER'S DISEASE: DYSFUNCTION OF 
CORTICOCORTICAL SYSTEMS. R. Parasuraman*1 and J. V. Haxby2, 
Cognitive Science Laboratory. 1 Catholic University of America, 
Washington DC 20064. and 2laboratory of Neuroscience. National 
Institute on Agina. Bethesda. MD.

Results of studies of attention in patients in the early stages of 
Alzheimer's disease (AD) using clinical neuropsychological tests, 
information-processing tasks, positron emission tomography (PET), and 
cognitive event-related brain potentials (ERPs), are presented. 
Attentions switching between locations and stimulus categories is 
impaired in mild AD, whereas focusing of selective attention on the basis 
of stimulus location and color is less affected. Divided attention to 
multiple features of a compound stimulus or to two stimulus sources is 
markedly impaired. Phasic and tonic arousal are normal in mild AD, 
but maintenance of vigilance under task conditions requiring sustained, 
effortful processing is less efficient than normal.

Autopsy studies indicate that AD affects particular cortical areas (e.g., 
association cortices), particular laminae in a given cortical region (e.g., 
layer III), and particular cell types (e.g., pyramidal cells) within a lamina. 
Degeneration of these laminae and cell types indicates selective loss of 
corticocortical connections between association areas, leading to the 
characterization of AD as a disconnection syndrome. The degenerative 
processes of AD are most prevalent in those regions involved in the 
functional integration of information from other cortical regions. The 
pattern of preservation and impairment of component attentional 
operations can thus be linked to dysfunction of corticocortical networks in 
the AD brain.

7 8 .8
A COMPARISON OF DATA-BASED AND KNOWLEDGE-BASED MEMORY 
IN EARLY VERSUS MIDDLE STAGE ALZHEIMER'S DISEASE.
D.L. Johnson*. A.A. Chiba & R.P. Kesner. Department of Psychology, 
University of Utah, Salt Lake City, Utah, 84112

Patients in the early and middle stages of Alzheimer’s Disease (AD) were 
tested using a new paradigm that is composed of both a data-based and a 
knowledge-based component. AD subjects were assigned to early or 
middle stage groups based on their total score on the Dementia Rating 
Scale (Mattis 1988). During the study phase, subjects were shown a series 
of eight sentences which formed a story about a specific activity ( i.e., going 
to a movie). In the test phase, subjects were asked four questions, which 
required them to recognize which of two stimuli had been presented earlier 
in the study phase for that sequence. Temporal distance, the number of 
stimuli presented between the two test stimuli, was controlled so that for 
each sequence four temporal distances ( 0, 2 ,4  and 6) were tested. There 
was one study phase and one test phase for each sequence. Half of the 
stories concern activities in which actions occur in a set sequence (i.e., 
eating in a restaurant). Theoretically, memory for actions in these stories 
relies on the knowledge-based memory system. The remaining stories 
concerned activities in which the actions do not occur in a set order ( i.e., a 
parade). It is hypothesized that memory for actions in these stories requires 
data-based processing.

For knowledge-based sequences, early AD subjects did not differ from age 
matched controls. Middle stage AD subjects, however, differed from age- 
matched controls. In tests of data-based sequences, both early and middle 
stage AD subjects differed from age-matched controls. Thus, it appears that 
in early stages, AD is characterized by a disturbance in the data-based 
system, whereas middle stage AD is characterized by impaired functioning of 
both the data-based and knowledge-based memory systems.

7 8 .1 0
IMPROVED COGNITIVE ABILITIES IN ALZHEIMER’S PATIENTS RECEIVING

M.J. Knapp3, D.S. Knopman4 & P.R. Solomon1 1The Memory Disorders Clinic 
at Southwestern Vermont Medical Center, Bennington, VT 05201,
2, Univ. of Iowa Coll, of Med.,3 Parke-Davis/Wamer Lambert, 4 Univ.of Minn.

This double blind placebo controlled rial was conducted at 33 centers across 
the United States(663 patients). The 30 week, double-blind treatment period 
incorporated a forced dose titration at 6 week intervals. Patients with probable 
Alzheimer’s disease (AD, NINCDS criteria) were assigned to one of four 
treatment conditions: Group I received placebo for 30 weeks,Group II 
received tacrine (40 mg/day) for 6 weeks followed by 24 weeks of 80 mg/day 
of tacrine, Groups III was similar to Group II except that patients took120 
mg/day for the last 18 weeks, Group IV was similar to Group III except patients 
 tookl60 mg/day of tacrine for the finali 2 weeks. Primary outcome measures 
included the ADAS-Cog, The Clinician Interview-Based Impression of Change 
and the Final Comprehensive Consensus Assessment.

The primary findings were: (1) compared to patients who received a placebo, 
patients treated with tacrine showed statistically and clinically significant 
improvements on both objective cognitive tests and subjective clinician and 
caregiver based observations, (2) these beneficial effects persisted over a 30 
week period, (3) there was a significant dose response relationship 
suggesting that higher doses of tacrine are more beneficial, (4) the most 
common side effect was elevated transaminase levels, but in all cases these 
fully resolved upon interruption or discontinuation of the drug.

Based upon this study and another large multicenter trial (Farlow, M., 
JAMA1992; 268:2523-2529), Tacrine was recently recommended for 
approval to the FDA for the treatment of AD.

7 8 .1 2

SYNERGY BETWEEN CORTICOSTERONE AND SODIUM 
AZIDE IN PRODUCING A PLACE LEARNING DEFICIT IN 
THE MORRIS WATER MAZE. M .C. Bennett*, .J.C. Lehman. 
G.W. Mladv and G.M. Rose. Dept. of Pharmacology, UCHSC, 
and Medical Research, VAMC, Denver, CO 80220

Recent evidence indicates a selective defect in the mitochondrial enzyme 
cytochrome oxidase in Alzheimer's disease (AD). In previous work, we 
have modeled this defect in rats by systemic infusion o f sodium azide (J . 
Geriat. Psychiat. Neurol., 5 , 93-101, 1992); azide treated animals show 
impaired place learning in the Morris water maze (Behav. Neural B iol., 58, 
72-75, 1992). Hypercortisolism is a frequent concomitant o f AD. 
Therefore, we decided to investigate the interaction o f corticosterone 
(CORT) and azide on water maze learning. Male Sprague-Dawley rats were 
implanted with Alzet minipumps (2ML4) containing either 120 μg/μl 
sodium azide (a dose 25% lower than the dose previously reported to impair 
learning) or 0.9% saline. Individual rats from each group also were 
implanted subcutaneously with either a 100 mg pellet o f  CORT or the 
placebo pellet. One week following surgery, rats were trained the place 
learning version o f the water maze task. Neither CORT nor azide treatment 
alone impaired place learning. However, the combined CORT and azide 
treatment produced a significant impairment. These results indicate that 
glucocorticoids exacerbate the hippocampus-dependent learning deficit 
associated with cytochrome oxidase inhibition. Thus, hypercortisolism  
accompanying AD , in the presence o f  an underlying bioenergetic defect, 
may act to worsen the cognitive deficits that accompany the disease.
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79.1
IN VIVO DETECTION OF EARLY ANATOMICAL PATHOLOGY IN 
ALZHEIMER’S DISEASE BY QUANTITATIVE HIGH RESOLUTION MRI. 
Leyla deToledo-Morrell*. M.P. Sullivan. F. Morrell D A . Bennett, and R.S. 
Wilson. Departments of Neurological Science, Psychology, and the Rush 
Alzheimer’s Disease Center, Rush-Presbyterian-St. Luke’s Medical Center, 
Chicago, IL.

It has been hypothesized that the initial pathology in Alzheimer’s disease 
(AD) involves the hippocampal formation thereby accounting for the early 
expression of a memory disorder. Other, more generalized, cognitive deficits are 
presumed to result from spread of pathology to neocortical territories. It has 
been difficult to prove this hypothesis because by the time post-mortem 
examination is usually carried out, the disease is already widespread and evidence 
for sequential involvement is obliterated. By use of new MRI techniques that 
allow visualization and quantification of neuroanatomical structures, we now 
provide in rivo evidence in support of this hypothesis. Subjects consisted of: 1)15 
aged controls, 2)18 patients with cognitive complaints evaluated for possible 
dementia [mini mental score (MMS)=26-30], 3)14 probable AD patients with mild 
dementia (MMS=20-25) and 4)16 moderate to severely demented AD patients 
(MMS < 20). A 3-D reconstruction program was used to compute hippocampal 
volume from MRI scans of gapless 5mm coronal slices taken perpendicular to the 
long axis of the hippocampal formation. Individual differences in cranial size were 
corrected for by dividing each person’s hippocampal volume by total intracranial 
volume. Normalized mean hippocampal volume was 3.06± .10cm3 for aged 
controls and 254± .15, 230± .10 and 2.15± .12cm3 for groups 2-4 respectively. 
While there was a substantial difference (p < .01) between the control group and 
each patient group, the three patient groups did not significantly differ from each 
other. These data indicate that hippocampal deterioration occurs early in AD.

Supported by NIA grants PO1 AG09466 and P30 AG10161.

79.3
THE ASSOCIATION BETWEEN HIPPOCAMPAL VOLUME AND 
EPISODIC MEMORY IN ALZHEIMER’S DISEASE. R.S. Wilson*. 
M.Sulliyan, L. deToledo-Morrel , D . Bennett, and F.M orrel. Rush 
Alzheimer’s Disease Center and Department of Neurological Sciences, 
Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL.

The association between radiologic measures of hippocampal 
volume (HV) and measures of episodic memory was evaluated in a 
sample of 33 patients with probable Alzheimer’s disease (AD). HV 
was computed by means of a 3-D reconstruction program from MRI 
scans of gapless coronal slices taken perpendicular to the long axis of 
the hippocampal formation. To correct for individual differences in 
skull size, HV was divided by total intracranial volume. Episodic 
memory was measured by delayed recall of a three-sentence story 
(Albert et al., International Journal of Neuroscience. 57:167-178,
1991) and by the CERAD measures of delayed recall and yes-no 
recognition of a word list (Welsh et al., Archives of Neurology 
49:448-452, 1992). There was a significant association between one 
measure of episodic memory, delayed story recall, and HV (r = .54, 
p < .01). This association was observed for both corrected and 
absolute HV and remained after age, education, and MMSE scores 
were entered as covariates. The findings suggest that HV may be a 
relatively specific marker of episodic memory function in AD.

Supported by NIA grants PO1 AG09466 and P30 AG10161.

79.5
VOLUMETRIC MEASURES OF SELECTIVE TEMPORAL LOBE 
REGIONS ON MAGNETIC RESONANCE IMAGING CORRELATE 
WITH MEMORY FUNCTION IN PATIENTS IN THE EARLY STAGES 
OF ALZHEIMER'S DISEASE. R.J. Killiany1*. M.B. Moss1. M.S. Albert2.
T. Sandor3 J, Tieman3 & F. Jolesz3. 1Boston Univ. Sch. Of Med., 2Mass. Gen. 
Hosp. & Harvard Med. Sch. 3Brigham & Womens Hosp. & Harvard Med. Sch.

Alzheimer' s disease (AD) is a progressive form of dementia characterized 
by the insidious onset of memory and executive system dysfunction followed 
by a gradual decline in virtually all areas of cognitive functioning. At present, 
the definitive diagnosis of AD can only be made at autopsy. In our studies, 
we have attempted to identify noninvasive, antemortem markers for AD which 
are present early in the course of the disease. In a previous study (Killiany et 
al., Arch. Neurol. 1993) we used a discriminant function analysis on volumetric 
measures of selective temporal lobe structures (amygdala, hippocampus, 
temporal lobe and temporal horn of the lateral ventricle) taken from serial 1.5mm 
thick, 3-D, T-1 weighted magnetic resonance images to accurately differentiate 
100% of our patients with probable AD from age matched, healthy, control 
subjects. In the present study we were interested in determining whether 
there was a significant relationship between the volumetric measures made of 
the temporal lobe structures and various neuropsychological measures used 
to evaluate the patients with probable AD (8 patients, mean age of 73 years). 
Correlations were performed between volumetric measures and scores on 
the Dementia Rating Scale, Mini-Mental State Exam and the Delayed 
Recognition Span Test. We found a significant correlation (r=0.523, t=8.59, 
p<0.001) only between the volume of the temporal horn and the memory 
score on the Dementia Rating Scale. This finding suggests that the temporal 
horn may be a sensitive index of cognitive change in patients with probable 
AD, presumable reflecting combined changes in the structures which form it.

79.2
C EBELLAR ATROPHY AS DETERMINED BY HIGH  
RESOLUTION MRI DOES NOT OCCUR IN ALZHEIMER’S 
DISEASE. Michael P. Sullivan.. L. . F. Morrell 
and D.A. Bennett. Departments of Neurological Sciences, 
Psychology and the Rush Alzheimer’s Disease Center, Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL.Q1

We determined cerebellar volume from high-resolution MRI 
scans in probable AD patients and aged controls to assess whether 
this structure could be used as an uninvolved site to normalize 
other brain regions of interest. Subjects consisted of 15 aged 
controls, 14 probable A D patients with mild dementia [mini mental 
score (M M S)=20-25] and 16 moderate to severely demented AD  
patients. A  3-D reconstruction program was used to compute 
cerebellar volume from 18 continuous 5mm sagittal sections, 9 on 
either side of the midline. Individual differences in cranial size 
were corrected for by dividing each person’s cerebellar volume by 
total intracranial volume. Results showed no significant difference 
in normalized cerebellar volume between any of the groups. Yet 
in these same AD patients there was significant hippocampal 
atrophy. These findings indicate that the cerebellum is spared in 
AD  as examined by quantitative in vivo MRI techniques.

Supported by NIA grants POI AG09466 and P30 AG10161.

79.4
NONINVASIVE MONITORING OF LOCAL CEREBRAL BLOOD VOLUME 
AND TISSUE OXYGENATION DURING COGNITIVE TASKS IN 
PATIENTS WITH ALZHEIMER'S DISEASE USING NEAR INFRARED 
SPECTROSCOPY. C. Hock*. F. Müller-Spahn, U. Klaaes. S. Schuh-Hofer.
L. Schleinkofer. U. Dirnaal and A. Villrinaer. Depts. of Psychiatry and 
Neurology, University of Munich, Germany.

Near infrared spectroscopy (NIR) allows non-invasive assessment of 
brain oxygenation and hemodynamics. We used a Hamamatsu NIRO 500 
system to study patients with Alzheimer's disease, young and age- 
matched controls during performance of cognitive tasks. The light from the 
Laser diodes (wavelengths 775, 825, 850, 904 nm) is guided through a 
fibre optic bundle, the end of which (the optode) is placed at a distance on 
the left forehead, another optode leading to the photomultiplier is placed at 
a distance of 3.5 to 5 cm. Depending on the absorption of the near infrared 
light at the various wavelengths in the brain tissue, changes in the local 
concentration of hemoglobin (Hb), oxygenated hemoglobin (НЬО2), blood 
volume (BV=Hb+Hb02) and oxygenated cytochrome oxydase (Cyt-О2) can 
be determined. The temporal solution was 2.0 seconds. The optodes were 
placed on the frontal and parietal region. The experimental protocol 
included periods of rest with eyes closed and eyes open, as well as 
cognitive tasks (each 2 min.), including calculating and verbal fluency. 
During the performance of the tasks the young controls showed an 
increase in НЬО2 and BV, while Hb decreased. The aged-matched controls 
behaved similar, although the increase in НЬО2 levels was less 
pronounced. In contrast the patients, with Alzheimer's disease showed a 
significant decrease in НЬО2 and BV in the frontal and/or parietal region. 
This could reflect a focal reduced supply with oxygen during activation. We 
conclude that NIR spectroscopy is a promising approach to study brain 
oxygenation and hemodynamics in Alzheimer's disease, although further 
studies will have to prove the specifity of the changes described.

79.6
EX PRESSIO N OF ALZ-50 IM M U NO REAC TIVITY IN THE  
POSTSYNAPTIC DENSITY (PSD) OF RAT AND HUMAN CEREBRAL 
CORTEX. J .L..XU1,2, K .W u 1’2 , Ј.E. Adler*3, T .W .K im 1, 2, Y. Huang4 , S . 
Zhong5 and I.B. Black1,2 . 1Dept. o f Neurosci. & Cell Biol., UMDNJ/RWJ Med. 
Sch., Piscataway, N J. 08854; 2Grad. Program in Physiol. & Neurosci., Rutgers- 
The State Univ. of N.J., Piscataway, N J. 08854; ^Dept. of Neurol., Wayne State 
Univ. Med. Sch., Detroit, MI. 48201; 4Div. of Neurosci., NYSPI, New York, N.Y. 
10032; 5Dept. of Cell & Dev. Biol., Rutgers-The State Univ. of N J., Piscataway,
N.J. 08854

Alz-50 is a monoclonal antibody raised against a soluble, putative Alzheimer's 
disease (AD)-specific protein with M.W. of 68 kDa (A68) that may play roles in 
AD neuropathology. The colocalization o f Alz-50 and dystrophin in the 
postsynaptic domain of the neuromuscular junction prompted us to examine Alz- 
50 immunoreactivity in the brain PSD, which also contains dystrophin (Kim et al., 
PNAS USA, 1992). We now report that, by Western blot analysis, Alz-50 (from 
Dr. Peter Davies, Albert Einstein Medical college) specifically recognized a 
protein with M.W. of about 68 kDa (tentatively termed as PSD68) in the PSD. 
Alz-50 immunoreactivity was expressed to a much greater extent in the PSD than 
in either total tissue homogenate or synaptic membrane fractions, indicating 
specific postsynaptic localization. To define the regional distribution, PSDs 
isolated from rat cerebral cortex (CTX), cerebellum (CBL), olfactory bulb (OB) 
and hippocampus (Ш) were examined. In order of descending concentration, 
immunoreactivity was detected in CTX > HI > OB > CBL, suggesting regionally 
specific function. Developmental analysis revealed that cortical PSD68 increased 
during adulthood, suggesting that the synapse changes through maturity. Finally, 
analysis of PSD68 in CTX of a dystrophin-deficient Duchenne muscular dystrophy 
(DMD) patient and a normal control brain revealed that the concentration of 
PSD68 was decreased in DMD. We are currently identifying the PSD68 to define 
potential normal synaptic functions and putative roles in AD pathology.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



190
DEGENERATIVE DISEASE: ALZHEIMER' S—COGNITIVE FUNCTION:

IMAGING AND NEUROPATHOLOGY MONDAY AM

7 9 .7
ORBITOFRONTAL ,  PATHOLOGY IN ALZHEIMER’S 
DISEASE. CC . Chu , J, Flory. G.W. Van Hoesen. Depts. of 
Anatomy and Neurology, Univ. of Iowa, Iowa City, LA 52242.

The medial frontal and posterior orbital cortices are bridging 
parts of the limbic lobe, which along with the anterior insular 
cortices, close the edge of the hemisphere around the brainstem 
and thalamus. They are damaged frequently in herpes simplex 
encephalitis and after ruptures of anterior communicating artery 
aneurysms. Some of the behavioral sequelae of these disorders 
resemble those seen in the Alzheimer’s disease (A D ) prompting us 
to examine these frontal areas in this disorder.

Adjacent sections (50 μ m )  from clinically and pathologically 
confirmed AD  cases (ages 79.7 ±7.4 and duration of illness
7.5 ±3.9) were stained with thionin, thioflavin S and Alz 50 and 
charted using a computer coordinated microscope. The salient 
findings are: (1) The highest density of neurofibrillary tangles 
(NFTs) was observed in a narrow strip of agranular cortex along 
the posteromedial margin of orbitofrontal cortex. (2) a 

osteromedial dysgranular sector just anterior to the above also 
ad a high density of NFTs. (3) The density of NFTs decreased 

both anteriorly and laterally in the anterolateral granular 
orbitofrontal cortex.

The selective distribution of NFTs in this part o f the frontal 
lobe supports its inclusion as part of the limbic lobe and is 
consistent with heavy pathology in limbic cortex elsewhere. Its 
involvement in AD  would be expected to affect autonomic 
functions, emotion, some forms of memory and social behavior in 
A D  patients. (Supported by PO NS 19632 and NS 14944)

7 9 .9

DIFFERENTIAL CONTRIBUTION OF FRONTAL P3a AND 
CENTRO-PARIETAL P3b TO DISCRIMINATING MILD-TO- 
MODERATE DEMENTIA OF THE ALZHEIMER TYPE.
K. R . Ericksoru Dept. of Electrical Engineering, 
Portland State University, Portland, OR 97201. 
Eighteen subjects with mild-to-moderate Dementia 
of the Alzheimer Type (DAT, NINCDS-ADRDA criter
ia) and 18 age-matched controls were evaluated 
using event-related potentials elicited by a 
forced-choice response auditory bee-boop para
digm. This elicited a bimodal P300 (P3a at 290- 
350 ms, and P3b at 350-450 ms) in both groups.
The N2-P3a amplitude difference appeared to dis
criminate significantly between subjects with 
mild vs moderate DAT (pc.05). In contrast, the 
N2-P3b amplitude discriminated between controls 
and DAT subjects (p<.005). An unexpected find
ing was that of a strong inverse correlation be
tween N2-P3b amplitude and free recall measures 
in the DAT group. In contrast, the N2-P3b ampli
tude showed a positive correlation with measures 
of recognition memory in the same group. These 
results suggest that distinct neural generators 
are affected in mild vs moderate dementia, and 
suggest they have distinct (frontal vs parieto
temporal) anatomic locations. (Supported by NIH 
grant R29 AG07933).

7 9 .8

Q U A N T IF IC A T IO N  OF H IP P O C A M P A L  SY N A PT IC  
DENSITY IN PATIENTS WITH ALZHEIM ER’S DISEASE. 
S,W. Scheff* and D. A. Price. Center on Aging, Dept. Anatomy & 
Neurobiology, University of Kentucky, Lexington, KY 40536.

The hippocampal formation has long been considered one of the prime 
areas affected in Alzheimer's disease (AD) and responsible in part for the 
impaired memory and dementia characteristic of the disease. The 
entorhinal cortex, which is the primary excitatory projection to the outer 
molecular layer of the hippocampus, shows significant cell loss in AD, 
thus denervating this area of the AD brain. The present study determined 
whether or not the AD brain is capable of replacing the lost synaptic 
contacts in the denervated area of the hippocampus.

Human brains were obtained at postmortem examination from 9 
patients who met the NINCDS-NIA criteria for AD and from 10 age- 
matched controls. All tissues were obtained within 10 hours 
postmortem. The tissue was coded and prepared for ultrastructural 
examination of the outer molecular layer of the dentate gyrus. The 
synaptic density (synapses/μm2) was not significantly different between 
AD and control brains. However, the hippocampal formation in AD 
undergoes a significant amount of atrophy resulting in a decrease in the 
area of the outer molecular layer. This hippocampal atrophy coupled 
with normal levels of synaptic density results in a net synapse loss in 
the outer molecular layer of the hippocampus in AD. There was no 
significant difference in the size of the synaptic apposition length 
between control and AD material. Supported by NIA AG05144.

DEGENERATIVE DISEASE: ALZHEIMER'S—NEUROPHARMACOLOGY AND
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8 0 .1
A COMPARISON OF CEREBRAL CORTICAL GALANIN 
ALTERATIONS IN ALZHEIMER'S DISEASE [AD], SCHIZO
PHRENIA AND NUCLEUS BASALIS OF MEYNERT [NBM]- 
LESIONED RATS. S .M . G abrie l* an d  V. H a ro u tu n ia n , D e p a r
tm e n ts  o f P sych ia try , M o u n t S in a i S ch o o l o f  M e d ic in e , N e w  
Y o rk , N Y  100 2 9  and  B ro n x  V A  H o sp ita l, B ronx, N Y  10468.

G a la n in  is  a s s o c ia te d  w ith  c h o lin e rg ic  n e u ro n s  o f th e  N B M  
an d  in h ib its  c h o lin e rg ic  n e u ro tra n s m is s io n  in m a n y  sp e c ie s . In 
th e  p re s e n t s tudy , g a la n in  w a s  m e a s u re d  in p o s tm o rte m  
ce re b ra l c o rtica l t is s u e s  o f  A D  p a tie n ts , s c h iz o p h re n ic s  and  
co n tro ls , a n d  in a d u lt m a le  ra ts  fo llo w in g  d o u b le  u n ila te ra l 
le s io n s  o f  th e  N B M . A  s ig n if ic a n t in c re a s e  in g a la n in  w a s  
fo u n d  in th e  fro n ta l a n d  te m p o ra l c o r te x  o f  A D  pa tie n ts . 
C e re b ra l c o r te x  t is s u e s  fro m  e ld e rly  s c h iz o p h re n ic s  w e re  no t 
d iffe re n t fro m  c o n tro ls  in a n y  re g io n . In c o n tra s t, g a la n in  w a s  
re d u ce d  in th e  ip s ila te ra l c e re b ra l c o r te x  o f th e  u n ila te ra l N B M - 
le s io n e d  ra ts . T h e s e  s tu d ie s  re ve a l in c re a s e d  c o n c e n tra t io n s  o f 
g a la n in  in th e  ce re b ra l co r te x  o f A D , s im ila r  to  f in d in g s  by 
o th e rs  in b a sa l fo re b ra in  t is su e . B e c a u s e  g a la n in  d e c re a s e d  
a fte r  e x p e rim e n ta l le s io n s  o f th e  N B M , th e s e  s tu d ie s  a lso  
su g g e s t th a t th e  in c re a s e d  le ve ls  o f  co r tic a l g a la n in  in  A D  m ay 
no t be  d ire c tly  a ttr ib u ta b le  to  c h o lin e rg ic  d e n e rv a tio n . T h e se  
f in d in g s  m a y  h a ve  im p o rta n t im p lic a tio n s  in th e  u n d e rs ta n d in g  
o f  A D  n e u ro p a th o lo g y  a n d  a s s o c ia te d  c o g n it iv e  de fic its .

8 0 .2

WITHDRAWN
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80.3
ABNORMALITIES OF M ITOCHONDRIAL ELECTROCHE
MICAL GRADIENT A N D  PROTEIN KINASE C ACTIVITY IN 
HUMAN SKIN FIBROBLASTS FROM  ALZHEIMER'S 
DISEASE PATIENTS. D-J. Liu. E. Trenkner* and H.M. 
Wisniewski. NYS Institute for Basic Research in Developmental 
Disabilities, Staten Island, NY 10314.

Alzheimer disease (A D ) pathology has been linked to the 
collapse of the mitochondrial electrochemical gradient, since AD- 
specific antigens were expressed in human fibroblasts in the 
presence of the mitochondrial uncoupler CCCP. At the same time 
protein kinase (PKC) activity was found to be reduced in AD  
leading to abnormal phosphorylation of PHF as well as in 
amyloidogenesis. And it has been established that PKC-activity is 
controlled in part by the mitochondrial electrochemical gradient. 
This study provides direct evidence for the involvement of this 
gradient in human fibroblast from A D  patients and age-sex- 
matched controls.

We found a significant reduction (32%) in the mitochondrial 
electrochemical gradient using rhodamine 1, 2, 3 as indicator 
(pmol/min/mg) in 7 fibroblast cell lines of A D  patients. 
Simultaneously PKC activity was reduced significantly by 
approximatley 25% when compared to controls (both p values less 
than 0.05). In addition the gradient was decreased by the PKC 
inhibitor chelerythrine and inhibited by mitochondrial blockers 
such as FCCP. These data suggest a direct link between the 
deficient electrochemical gradient and the impaired PKC activity 
in AD-fibroblasts. Supported by O M RDD and N IA -A G 11531.

80.5

DECLINE IN LEVELS OF NGF PROTEIN AND p75 RECEPTOR 
IN ALZHEIMER’S DISEASED CORTEX. R.W. Hamill*. M.D, 
Lindner and R. Loy. Dept. of Neurology, Univ. Rochester School of 
Med., Rochester, NY 14620 and Canandaigua VAMC.

Nerve growth factor (NGF)-dependent basal forebrain cholinergic 
neurons atrophy in Alzheimer's disease (AD). Thus, a dysfunction 
of NGF or its receptors (NGFR) may contribute to some of the 
neurodegenerative effects of AD. In 12 control and 43 AD subjects, 
we measured NGF and p75 (low-affinity) NGFR by ELISA in 
superior temporal gyrus (STG). All assay measures were highly 
reliable, and none of the dependent measures were influenced by 
post-mortem delay. In AD, NGF is reduced 44% and NGFR is 
reduced 26%, and both NGFR and СҺАТ activity are correlated with 
NGF level. These results contrast with earlier studies which found 
either no change or an increase in NGF in AD. The discrepancy 
may be accounted for by differences in assay sensitivity, post
mortem delay, age and sex of subjects, or tissue localization and 
laterality. Our finding that the p75 NGFR is decreased in STG in 
AD is consistent with immunocytochemical and in s itu  hybridization 
studies showing shrinkage and loss o f p75 NGFR-containing 
neurons in basal forebrain, and presumably loss of their cortical 
terminals. While the functional significance of these p75 NGFR 
remains to be demonstrated, this decrease in levels of both NGF and 
NGFR in cortex is consistent with the hypothesis that neurotrophic 
dysfunction could contribute to some of the neuropathology in AD. 
Supported by AG 09231, AG03644, AG08665.

80.7
HIPPOCAMPAL INTERLEUKIN (IL )-l, IL-2 AND EL-3, BUT NOT IL-6 
LEVELS ARE ELEVATED IN ALZHEIMER'S BUT NOT PARKINSON'S 
DISEASE. P.A. Lapchak* and D.M. Araujo. Andrus Gerontology Center, Univ. 
Southern California., Los Angeles, CA 90089-0191.

Recent studies have shown that a variety o f immune system-associated 
antigens and markers are altered in the human CNS in neurodegenerative 
diseases. The present study determined whether cytokines/lymphokines or their 
receptors are altered in the Alzheimer's (AD; n=24) or Parkinson's (PD; n=17) 
disease hippocampus, compared to the control hippocampus (n=14). In order to 
confirm the severity of the cholinergic deficit in the AD hippocampus choline 
acetyltransferase (СҺАТ) activity was measured. СҺАТ activity was decreased 
by 58% in the AD hippocampus, whereas it was not significantly different from 
that in control tissues in the PD hippocampus (93% of control). Using sensitive 
immunoassay systems, we measured significant increases in the content of 
immunoreactive IL-lβ (99%), EL-2 (129%) and EL-3 (64%) in the AD, but not 
the PD hippocampus. The content o f IL-6 was not altered in either 
neurodegenerative disease. Since we measured significant increases in the 
hippocampal content o f various immune mediators, we determined whether 
there was an alteration in the density o f the receptor for these mediators in the 
hippocampus. Single concentration binding assays were done on hippocampal 
homogenates using radioligands in the 0.1-0.2 nM range. Hippocampal I L-lβ 
binding sites were elevated by 65% in AD hippocampus, but were not different 
from control levels in the PD hippocampus. IL-2 binding sites were increased by 
69% and 80% in the AD and PD hippocampus, respectively. In contrast, the 
density of hippocampal IL-3 binding sites were unaltered in either disease. 
Overall, our results indicate that there is pronounced immune activation in the 
AD hippocampus and that the elevation of immune-associated factors may be 
involved in the pathological changes observed in the disease.

8 0 .4
EFFECTS OF CHRONIC INTRACEREBROVENTRICULAR INFUSION OF 
RECOMBINANT HUMAN NERVE GROWTH FACTOR ON THE ADULT 
RAT BRAIN. C.J. Emmett, S. Porter*, S.P. Aswani and G.R. Stewart. 
Department of Neurosciences, Institute of Pharmacology, Syntex Discovery 
Research, Palo Alto, CA 94303, USA.

Administration of nerve growth factor (NGF) has been suggested as a viable 
therapy for Alzheimer’s Disease (AD), based on its ability to ameliorate 
cholinergic dysfunction in a variety of animal models. As intracerebroventricular 
(icv) infusion would be required for treatment in AD, the present study has 
examined the morphological effects of chronic icv infusion of recombinant human 
(rh)NGF on the adult rat brain.
Adult male Wistar rats were infused with rhNGF (600ng/rat/day) or vehicle via 
the ventricular route using a mini-osmotic pump (Alzet, #2002) at a flow rate of
0.25μ /hr for 4 or 12 weeks. Animals were then sacrificed, and transcardially 
perfused with buffered aldehyde fixative. The brains were removed, sectioned 
(50μm), and stained (immuno)histochemically for acetyl-cholinesterase (AchE), 
cholineacetyltransferase (СҺАТ), and tyrosine hydroxylase (TH). In animals 
treated with rhNGF, there was a progressive increase in the density of 
ChAT-positive cholinergic fibers/puncta, and AchE staining within portions of the 
neocortex, hippocampus and caudate/putamen. Sprouting of cholinergic elements 
was primarily restricted to regions adjacent to the lateral ventricle. In contrast, 
the distribution or density of TH-positive fibers did not appear to be altered by 
treatment with rhNGF.
Chronic icv administration of rhNGF to normal adult rats appears to cause 
regional sprouting (i.e. proximity to source) from normal cholinergic afferents in 
a diffusion and time-dependent manner, but does not elicit heterotypic sprouting 
of catecholaminergic fibers.

8 0 .6
CALCIUM BINDING PROTEINS IN THE HUM AN PARAHIPPOCAMPAL 
GYRUS AND THEIR ALTERATIONS IN ALZHEIMER’S DISEASE. A. 
Solodkiri*änd G.W. Van H oesen. Depts. of Anatomy and Neurology. University of 
Iowa. Iowa City, LA 52242.

Even though the functional role of calcium binding proteins such as 
parvalbumin (PAR) and calbindin-D-28K (CAL) is unclear, it has been suggested 
that, at least in part, they are colocalized with different subpopulations of 
GABAergic neurons. Their involvement in Alzheimer’s disease (AD) is also 
unclear since neuropathological changes are skewed toward projection neurons 
sparing local circuit neurons (LCN) and contradictory reports have been published 
on the effects of AD  pathology on calcium binding protein-containing neurons.

Human brain tissue from normal controls and Alzheimer’s disease brains 
were processed for immunohistochemistry. Tissue sections from entorhinal and 
perirhinal cortices along with the hippocampal formation and amygdala were 
stained using antibodies against: GAD, PAR and CAL.

Our analysis revealed a close overlap in the distribution of G AD/PA R and 
G AD/CAL but not PAR/CAL cells reinforcing the notion that the latter are 
contained in different subpopulations. Of special interest was the fact that PAR 
immunostaining provided an excellent way to delimit the different subdivisions of 
the parahippocampal area since it highlighted different forms of modular 
organization. AD  tissue showed a partial decrease in the density of cells 
immunoreactive for PAR when associated with altered modules but not when *hey 
were located outside them. Not all the subdivisions of the hippocampal formation 
and parahippocampal gyrus were affected uniformly.

Our results suggest that AD  pathology will affect selected LCN 
immunoreactive for PA R/G A D when they are associated with projection neurons 
that contain neurofibrillary tangles. Thus, a generalized involvement of inhibitory 
interneurons in AD  is not supported (Supported by NS 14944 and PO NS 19632).

8 0 .8
A N G IO TE N SIN  C O N V ER TIN G  E N Z Y M E  (A C E ) A C TIVITY IS 
SELECTIVELY EL EV A TE D  IN T H E TE M PO R A L CO R T EX  OF  
A L Z H E IM E R ’S PA TIENTS. J. M. Wyss*. T. van G roen. O. M eng and S. 
Oparil. Departm ents o f  Cell B iology and M edicine, University o f  Alabama 
at Birmingham, Birmingham, A L  35294.

Several studies indicate that the brain’s renin/angiotensin system is 
involved in learning and m em ory and that the learning and m em ory deficits 
exhibited by Alzheim er’s patients may be related, in part, to an alteration o f  
this system. W e have tested the hypothesis that A C E  activity is elevated in 
the tem poral cortex o f  A lzheim er’s com pared to control patients. Samples 
o f  brain tissue were taken from Brodm ann’s cerebral cortical areas 10 
(frontal p ole), 17 (occipital p o le) and 38 (tem poral pole) and the cerebellar 
cortex o f  8 patients (4 m ale, 4 fem ale) who died with advanced cases o f  the 
disease (age 73 ±  2  yrs.) and 9 control patients (6  m ale, 3 fem ale) who were 
cognitively intact (70 ±  4 yrs.). In the tem poral pole, A C E  activity (assayed  
according to the m ethod o f  Cushman and Cheung) was significantly 
increased by approximately 80% in the A lzheim er’s patients com pared to the 
controls. In contrast, none o f  the other three areas dem onstrated a 
significant alteration in A C E  activity. A  major difficulty in the 
interpretation o f  data from autopsy m aterial like those used in this study is 
that the postm ortem  interval prior to perfusion and freezing o f  the brain can 
vary betw een groups, thus potentially allowing m ore protein degradation in 
on e  o f  the test groups. In the present study, an analysis o f  the effect o f  
postm ortem  interval on A C E  activity show ed no correlation betw een the two 
parameters. Further, the tem poral pole o f  the A lzheim er’s patients 
(com pared to controls) contained higher concentrations o f  angiotensin I 
(484 ±  80 μg/g tissue vs. 260 ±  83 μg/g tissue), but the high variance in the 
data suggests that these m easures do not reliably reflect the in vivo  levels o f  
this peptide.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



192
DEGENERATIVE DISEASE: ALZHEIMER'S— NEÜROPHARMACOLOGY AND

NEUROTRANSMITTERS I MONDAY AM

80.9
MOLECULAR MEMBRANE INTERACTIONS OF L-PHOSPHOSERINE (L-PS), 
A PHOSPHOMONOESTER ELEVATED EARLY IN ALZHEIMER'S DISEASE. 
R.P. Mason* and Ј.У. Pettegrev. Biomolecular Structure 
Analysis Center, Univ. of CT Sch. of Med., Farmington, CT 
06030 and Neurophysics Lab., Univ. of Pittsburgh Sch. of 
Med., Pittsburgh, PA. 15213

L-PS modulates various membrane-associated neuro- 
pharmacological and electrophysiological processes, 
potentially by perturbing the biophysical properties of 
the lipid bilayer. To directly investigate the effect of 
L-PS on membrane molecular structure, small angle x-ray 
diffraction approaches were utilized with oriented lipid 
bilayers. One-dimensional electron density profiles of 
dimyristoyl phosphatidylcholine/cholesterol lipid bilayers 
with a membrane width of 52Å were generated from the 
diffraction data in the absence and presence of L-PS at 
37°С. Following incubation with L-PS (l-5mM), a marked 
reduction in lipid bilayer width by 3-4À was observed 
concomitant with a large dose-dependent decrease in 
hydrocarbon core electron density ±4-12Â from the membrane 
center. Phospholipid acyl chain separation also increased 
with L-PS addition. Electron density profile differences 
indicate L-PS is located in the phospholipid headgroup 
region. L-PS effected similar structure changes in brain 
lipid bilayers. These biophysical changes may underlie 
alterations in brain membrane activity associated with 
elevated L-PS early in Alzheimer's disease.

DEGENERATIVE DISEASE: ALZHEIMER'S—OTHER I

81.1
EFFECTS OF ALZHEIM ER’S DISEASE BRAIN EXTRACTS 
ON M ICROTUBULE ASSOCIATED PROTEINS IN DIFFER
ENTIATED PC 12 CELLS. K.K. Kopec. C.F. Phelix. and J.P. 
Chambers* Univ. o f Texas at San Antonio, San Antonio, TX 78249 

Cytoskeletal changes in neurons occur in the pathogenesis of 
Alzheimer’s disease (A D ), but less is known about changes in the 
microtubule associated proteins (M APs) and the microtubule 
motors, dynein and kinesin in the disease process. To investigate 
changes in MAPs, PC 12 cells were cultured and differentiated with 
nerve growth factor (NGF), followed by the addition of varying 
amounts of a soluble extract of temporal cortex prepared from 
either A D  brain or control brain. Changes in levels of MAPs were 
assayed by ELISA using monoclonal antibodies against MAP 1, 
MAP 2, MAP 5, and dynein. PC 12 cells cultured in increasing 
concentrations o f A D  brain extracts, showed constant levels of 
MAP 1, MAP 2 and MAP 5, whereas dynein levels increased two 
fold. Neurite degeneration or retraction was most evident in cells 
cultured in the highest concentration of A D  brain extract. PC 12 
cells cultured in identical protein concentrations of the control 
brain extract showed constant levels of dynein, but decreasing levels 
of MAP 1, MAP 2 and MAP 5 were observed. These data suggest 
that soluble factors present in the A D  brain increase the levels of 
the microtubule motor dynein, and maintain the levels o f MAPs in 
spite of neurite retraction. It is possible that soluble regulatory 
factors are present in control brain extract, but are absent in AD  
brain extract.

81.3
CHARACTERIZATION OF ALZHEIMER DERIVED PAIRED 

HELICAL FILAMENTS.
L- Mclaughlin*. G. R  Dean. & F. P. Zemlan Dept. of Molecular Genetics, 
Biochemistry and Microbiology, and the Alzheimer's Research Center, University 
of Cincinnati, Cincinnati, Ohio 45267

Identification of the component(s) that make up the characteristic 
neuropathological feature of Alzheimer's disease, the Neurofibrillary tangle 
(NFT), is an essential first step towards an understanding of its formation and the 
etiology of the disease. Intracellular NFTs are composed of highly insoluble 
structures known as Paired Helical Filaments (PHF). Because of the insoluble 
nature of these structures, our understanding of its constituents are derived from 
the analysis of a group of soluble Alzheimer specific proteins, known as PHF-tau 
or the A68 proteins, whose relationship with PHFs has not clearly been 
established. Current belief that the Microtubule-associated protein tau (TAU), a 
family of soluble proteins, are the major proteinacous components of PHFs is 
based mi studies carried out with these proteins, which appear to contain all 
isoforms of the TAU proteins. Using a purification procedure developed 
previously in this laboratory however, has enabled the isolation of some PHF 
components, including 2 protein bands of approximately 56-66 KD (AD 66 
proteins) as seen on silver stained PAGE. Data from immunological studies and 
SDS-PAGE analysis of the AD 66 proteins with antibodies against defined 
regions, and specific isoforms, of the TAU proteins indicates that only a subset of 
abnormally phosphorylated isoforms are present.

81.2
ASSOCIATION OF PROTEIN KINASES WITH MICROTUBULES AND 
ALZHEIMER PAIRED HELICAL FILAMENTS. E.-M.Mandelkow*.
G.Drewes. K. Baumann. B. Berlino, S. Illenberqer.
E.Mandelkow. Max-Planck-Unit for Struct. Mol. Biol., 
D-22607 Hamburg, Germany.

Microtubule-associated proteins (MAPs) can be
phosphorylated by several protein kinases, including PKA, 
PKC, CaMK, and others. We have found recently that tau
protein, a MAP that occurs in axons and forms the PHFs of 
Alzheimer's disease, can be transformed into an
“Alzheimer-like" state by certain kinases such as MAP 
kinase (alias ERK) or GSK-3, but not by PKA, PKC, or CaMK 
(Drewes et al., EMBO J. 11:2131, 1992; Mandelkow et al., 
FEBS Lett. 314:315, 1992). Since PKA is known to be 
directly associated with MAP2 (Vallee, PNAS 77:3206, 1980) 
we asked whether the kinases that phosphorylate tau 
protein in an abnormal manner are also physically 
associated with microtubules, and whether such an
association exists with PHFs isolated from Alzheimer 
brains. This is indeed the case both for the p42 MAP 
kinase and GSK-3 (a and ß isoforms). Thus an abnormal 
regulation of these kinases could directly influence the 
state of phosphorylation of tau. - A technical 
consequence of these findings is that since MAP kinase and 
GSK-3 behave as microtubule-associated proteins, they can 
be purified via cycles of microtubule assembly and 
disassembly. - Supported by BMFT and DFG.

81.4
COM PARISON OF A SHARED EPITOPE IN LEW Y BODY FIBRIL  
AND PAIRED HELICAL FILAM ENT PROTEINS
M. S. PolIanen^C. Bergeron . L. Wever. Centre for Research in Neurodegenerative 
Diseases, Tanz Neuroscience Building, University of Toronto, Toronto, Ontario, 
Canada.

The straight fibrils of the cortical Lewy body and the paired helical filaments of the 
Alzheimer neurofibrillary tangle share an epitope related to phosphorylation of the 
KSPV motif found in the C-termini of the 200- and 170-kDa neurofilament subunits 
and τ. To further characterize this phosphorylated neurofilament/x epitope in 
pathological filaments we have compared the immunochemical profile of proteins 
solubilized from enriched fractions of cortical Lewy body fibrils and paired helical 
filaments. In formalin-fixed paraffin embedded material, cortical Lewy bodies like 
their subcortical counterparts and Alzheimer neurofibrillary tangles were labelled by 
monoclonal antibodies SMI31 and SMI34 directed to the phosphorylated KSPV 
sequence. Immunoblotting of solubilized Lewy body fibrils and paired helical 
filaments revealed that Lewy body proteins immunoreactive with the SMI antibodies 
were phosphorylated neurofilament subunits whereas paired helical filament proteins 
were phosphorylated variants of x previously designated xpHF· 1° contrast, х р н ғ  
but not Lewy body-derived neurofilaments contained the epitope recognized by AT8 
related to the phosphorylation o f Ser 199/202 in x. We conclude that the shared 
phosphorylated epitope in Lewy body fibrils and paired helical filaments is related to 
the common KSPV sequence in neurofilament and x. This result indicates that some 
of the proline-directed serine kinases which phosphorylate x and transform it into 
xpHF also alter somatodendritic neurofilaments during the pathogenesis of Lewy 
bodies.
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81.5

TWO SUBTYPES OF D Y ST R O P H IC  N E U R IT E S E X H IB IT  
DISTINCT IM M UNO CYTO CH EM ICAL AND AR GENTOPH ILIC  
CHARACTERISTICS J.H. Su*. B J. Cummings and C.W. Cotman. IRU in 
Brain Aging, Dept. of Psychobiology, University o f California: Irvine, CA. 92717 

Dystrophic neurites (DNs) are one of the primary neuropathological characteristics 
of Alzheimer’s disease (AD), and yet are poorly understood. DNs correlate highly 
with the degree of clinical dementia (McKee et a l '91). Previously, it has been 
shown that neurofibrillary tangles (NFTs) are composed o f intracellular and 
extracellular subtypes (I-NFTs and E-NFTs , respectively). In the transition from I- 
NFTs to E-NFTs in vivo, the chemical conformation of NFTs changes (Bondareff et 
al. 90; Tabaton et al. ’91). The antigenic differences between I-NFTs and E-NFTs, 
coupled with the association of DNs with both types of NFTs, raise the possibility 
that there are two subtypes of DNs. Using two monoclonal antibodies, tau-1 and 
PHF-1 (epitopes in the amino half and carboxy-terminal half o f tau, respectively), 
and a sequential staining method combining double-labeling immunoflurescence and 
Bielschowsky silver staining, we have demonstrated the presence o f two subtypes of 
DNs: intracellular DNs (I-DNs) and extracellular DNs (E-DNs). These subtypes of 
DNs have distinct immunocytochemical and argentophilic characteristics. I-DNs were 
positive for both tau-1 and PHF-1 while E-DNs were PHF-1 positive only. The 
argentophilia of DNs doubled-labeled with tau- і /  PHF-1 was strong, whereas that of 
DNs singled-labeled PHF-1 was usually weak or absent. Furthermore, the subtypes 
of DNs associated with E-NFTs were different from those associated with senile 
plaques. The presence of two subtypes o f DNs suggests that, like NFTs, the DNs 
undergo antigenic changes during their development. The progressive alteration of 
neurites may provide a basis for the neuronal dysfunction and degeneration 
underlying the development of dementia. In addition, the progression from I-DNs to 
E-DNs, together with E-NFTs, may be used as a criteria for the diagnosis of severe 
and advanced AD cases. Finally, our observations demonstrate that E-DNs and E- 
NFTs may be difficult to detect when using just Bielschowsky's silver stain and lead 
to under estimation of pathology.

81.7

ASSOCIATION OF MEMBRANE SKELETON PROTEIN 4.1 IMMUNO- 
REACTIVE FORMS WITH NEUROFIBRILLARY TANGLES IN ALZ
HEIMER’S DISEASE. R.K. Sihag. L-W. Wang, A. Cataldo. M. Hamlin. 1С.М. 
Cohen. G. Hauser* and R.A. Nixon. McLean Hospital, Harv. Med. Sch., Belmont, 
MA 02178 and 'St. Elizabeth’s Hospital and Tufts Univ. Sch. of Med., Boston, 
MA.

The formation of neurofibrillary tangles (NFTs) and paired-helical filaments 
(PHFs) in Alzheimer’s disease is believed to be a result of cytoskeleton disorgan
ization. The role of membrane skeleton constituents in the formation o f NFTs has 
not been explored. In this study we used affinity purified or monospecific anti
bodies against the human and pig erythrocyte protein 4.1 (p 4.1) to immunostain 10 
AD and 10 age-matched control brains. In the control brains, the p 4.1 antibodies 
stained neurons and their processes in the cortex and pyramidal cells in the hippo
campus. Seven of 9 antibodies stained NFTs in the cortex and hippocampus of AD 
brains. Staining of NFTs was eliminated by preadsorption of the p 4.1 antibodies 
with p 4.1 but not with tau protein, synapsin I or erythrocyte spectrin and ankyrin. 
The p 4.1 antibodies did not stain tau protein and NF-H subunit of neurofilaments, 
the known constituents o f PHFs and NFTs, respectively. Five o f 7 antibodies also 
stained isolated NFTs and two stained SDS treated NFTs. The immunoblot analysis 
of cytoskeleton fractions from control and AD brain revealed the immunoreactivity 
of p 4.1 antibodies with 4 bands migrating at 40 kDa, 70 kDa, 85 kDa and 135 
kDa, reflecting the known heterogeneity o f p 4.1. Furthermore, when the proteins 
extracted from NFTs with SDS or urea were analyzed on a Western blot, a 50 kDa 
band was immunostained. The 50 kDa protein was not stained by tau protein and 
NF-H antibodies, which stained NFTs. We conclude that brain protein 4.1 
isoform(s) are associated with NFTs in AD. Supported by NIH.

81.9

N E U R O F IB R IL L A R Y  T A N G L E S  IN  T H E  C E R E B R A L  
CORTEX O F  S H E E P . P .T. N e ls o n * a n d  C. B. S a p e r. Un iv. 
Chicago, C o m m , o n  N e u ro b io l.,  C h ic a g o , IL  6 0 6 3 7 , a n d  
Dept. o f N e u ro lo g y , B e th  Is ra e l H o sp ita l, B o s to n , M A  0 22 15 .

N e u ro fib r illa ry  ta n g le s  a re  an  im p o r ta n t  p a th o lo g ic a l 
hallmark o f A lz h e im e r 's  d is e a s e  (A D ); h o w e ve r, no p ra c tic a l 
in vivo m ode l fo r  n e u ro fib r illa ry  ta n g le  fo rm a tio n  e x is ts . W e 
report he re  s t ru c tu re s  in  th e  c e re b ra l c o r te x  o f s h e e p  th a t 
were s tr ik in g ly  s im ila r  to  th e  n e u ro f ib r illa ry  ta n g le s  o f A D . 
These ta n g le - lik e  s tru c tu re s  (T L S e s ) w e re  a rg y ro p h ilic  an d  
im m unoreactive  w ith  a n t ib o d ie s  a g a in s t ta u  a n d  u b iq u itin . 
Some T L S e s  re s e m b le d  in tra c e llu la r  n e u ro f ib r illa ry  ta n g le s , 
whereas o th e rs  w e re  m o re  s im ila r  to  e x tra c e llu la r  "g h o s t 
tangles". W h e n  v ie w e d  u n d e r th e  e le c tro n  m ic ro s c o p e , th e  
ta u -im m u n o re a c tive  in tra c e llu la r  s t ru c tu re s  w e re  c o m p o s e d  
of m asses o f f ib r ils  w h ic h  s tre a m e d  th ro u g h  th e  c y to p la s m  
in b u n d le s  o r  s c a t te re d  a r ra y s .  T h e s e  f ib r i ls  w e re  
m o rp h o lo g ic a lly  s im ila r  to  p a ire d  h e lic a l f i la m e n ts  fro m  
A lzhe im er's  d is e a s e d  b ra in .

T he  n u m b e r  o f T L S e s  in  s h e e p  w e re  re la t iv e ly  fe w  in 
n u m b e r  b u t  a p p e a r e d  to  in c r e a s e  w i th  a g e .  
N e u ro ana tom ica lly , m o s t w e re  fo u n d  in a llo c o rt ic a l a re a s .

T h e  s h e e p ,  d u e  to  its  v u ln e r a b i l i t y  to  A D - l ik e  
neu ro fib rilla ry  p a th o lo g y , m a y  p re s e n t an  a n im a l m o d e l fo r  
s tudy ing th e  m o le c u la r  e v e n ts  le a d in g  to  n e u ro f ib r i l la ry  
tangle fo rm a tio n .

8 1 .6
EFFECT OF CHRONIC INGESTION OF MICROMOLAR HgCl2 & HgEDTA 
COMPLEX ON RODENT NEURONAL CYTOSKELETON J.C.Pendergrass, 
E.F.Duhr,B.E.Haley & J.T.Slevin*. Dept.of Neurol. & Grad. 
Ctr. for Toxicology,Univ of Kentucky,Lexington, KY 40536.

The ability of inorganic Hg2+ and methylmercury to 
disrupt microtubules is well documented. 1-3μΜ Hg2+, 
precomplexed with the food additive EDTA, specifically 
abolishes brain ß-tubulin interaction with [32P]8N3GTP 
(Duhr et al., 1993). This profile resembles that seen in 
Alzheimer disease [AD] brain (Khatoon et al., 1989). In 
this study, 9 month old Sprague Dawley rats were fed 
water ad lib containing either 70μΜ HgCl2 or 70μΜ Hg2+ 
complexed with 100μΜ EDTA. Rats fed HgCl2 were sacrificed 
at 3, 6, 9, & 12 months; those fed HgEDTA at 6 months. By 
6 months, treated animals showed a 10 fold excess of 
brain mercury, determined by neutron activation analysis. 
Prior to sacrifice, the HgCl2 fed animals were subjected 
to field testing which suggested memory impairment. 
Kinetic behavior, monitored monthly using an infared 
optical activity device, suggested no difference among 
groups. Photoaffinity labeling with ^2P-labeled GTP & ATP 
analogs showed no difference between mercury-treated and 
age-matched controls. Brain sections stained with 
antibodies to MAP2, MAP5, and tau were consistently 
different between experimentals and controls, but not in 
a manner suggestive of AD. The data of this model imply 
mercury exposure does not cause changes in brain 
indicative of AD.(Supported by the NIH [GM3576607, 
AG605119, 5T32-ES07266] and VA Research Service)

8 1 .8
NEOCORTICAL NEUROFIBRILLARY TANGLES CORRELATE WITH 
DEMENTIA SEVERITY IN ALZHEIMER’S DISEASE. L.M. В irrer* , P.R. 
Hof. D. Purohit. L. Carlin and D.P. Perl. Depts of Psychiatry, Neuro
biology and Pathology, Mt Sinai Sch. Med., New York, NY 10029.

Neurofibrillary tangles (NFT) are a key neuropathologic feature of 
Alzheimer's disease (AD) and are a marker of neuronal degeneration. 
However, most clinicopathologic studies have identified senile plaques 
(SP) as a principal correlate of dementia severity. We have compared 
neocortici and hippocampal ratings of NFT and SP in 70 cases (80.0 ±
12.6 years old) of clinically and neuropathologically verified AD. 
Dementia severity was assessed by postmortem chart review using the 
Clinical Dementia Rating scale (CDR). Linear associations between 
CDR ratings and scores for NFT and SP were assessed by partial 
correlation, controlling for age at death. Of these lesion scores, only 
NFT showed significant associations with CDR, and only for neo- 
cortical regions. In particular, NFT densities in the superior temporal 
cortex were most strongly correlated to dementia severity (r = 0.345, p 
= 0.004), followed by inferior parietal (r = 0.254, p = 0.036) and mid 
frontal cortex (r = 0.249, p = 0.039). No such correlations were 
apparent for the amygdala, hippocampus or entorhinal cortex. Medial 
temporal lobe structures displayed high NFT ratings even in mildly 
demented cases. SP did not correlate significantly with CDR in any 
region. These data support the notion that neocortical neuronal 
degeneration, as indicated by NFT formation, is a critical determinant of 
the clinical progression of AD, and suggest that medial temporal lobe 
structures may represent the initial site of NFT formation. These results 
further suggest that the clinical presentation of dementia may be related 
to neurodegeneration in neocortical regions within the temporal lobe.

8 1 .1 0

LOCALIZATION OF THE MITOGEN ACTIVATED PROTEIN KINASE  
ERK2 IN ALZHEIMER'S DISEASE NUEROFIBRILLARY TANGLES 
AN D SENILE PLAQUE NEURITES. M. Mawal - Dewan. J.O. 
TroianowskL M.L. Schmidt. J. Martin and V.M .-Y. L ee*. Dept. Path. & 
Lab. Med.,, Univ. o f  Pennsylvania Sch. o f  M ed., Phila., PA-19104.

The phosphorylation o f  normal tau by mitogen activated protein (MAP) or 
extracellular signal regulated kinases (ERKs) induces tau to acquire 
biochemical properties o f  Alzheimer's disease (AD ) paired helical filament 
(PHF) proteins in vitro. I f  one or more MAP kinases phosphorylate normal 
adult tau proteins and convert them into A68, then these kinases should be 
expressed in neurons that accumulate PHFs. To address this issue, we 
analyzed extracts o f  normal and AD cortex by western blot using a 
monoclonal antibody (M Ab) that recognizes MAP kinases. We also 
conducted single and double label immunohistochemical studies o f  normal 
and AD hippocampus with the same MAb and an antiserum (T3P) specific 
for A68. These studies showed that the anti-MAP kinase M Ab recognized 
ERK1 and ERK2 in the rodent brain extracts, but only ERK2 in extracts o f  
normal and AD  cortex. Further, the levels o f  ERK2 were diminished in the 
A D  brain, and ERK2 immunoreactivity was detected in NFTs and the 
dystrophic neurites surrounding amyloid rich senile plaques in the AD  
hippocampus. Since ERK2 is expressed in hippocampal neurons that 
accumulate PHFs in AD, this MAP kinase may play a role in the generation 
o f  PHFs in the AD  brain by abberantly phosphorylating normal tau proteins 
and converting them into A68.
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8 1 .1 1
IM M U NO H ISTO C H EM IC AL LO CA LIZA TIO N OF A C TIVA TED  
CALPAINI IN  NEURITIC PLAQUES IN  ALZHEIMER'S DISEASE.
R. Siman and M.J. Savage*. Cephalon, Inc., West Chester, PA 19380.

Activation of the calcium -dependent cysteine protease calpain I (mu- 
calpain) has been linked to neurodegeneration triggered by calcium  
overload. Here, we have examined the involvem ent of calpain I in the 
neuronal damage associated with Alzheim er’s disease (AD). An antibody 
selective for the activated form of calpain I, which does not cross-react with 
either calpain II or procalpain I, w as used for im m unohistochem ical 
localization of activated calpain I in AD neocortex. The antibody w as raised 
against a pentapeptide (LGRHE) corresponding to the N H 2-term inus of 
human calpain I after autolytic activation by Ca2+. On W estern blots, the 
antibody labelled the catalytic subunit of activated hum an calpain I (80 
kDa), but not the native 84 kDa and 28 kDa subunits. Serial sections of 
frozen AD temporal cortex tissue were stained for activated calpain I, and 
for am yloid deposits with an antibody to β / A4(l-28). Activated calpain I 
immunoreactivity was observed in core-containing neuritic plaques, but not 
in diffuse amyloid. Staining of neuritic plaques extended outside of the core 
and into the neurite-containing surrounding halo. Preabsorption of the 
antibody w ith  peptide im m unogen elim inated plaque staining, while  
prebleed serum from the same rabbit failed to stain plaques, confirming the 
specific staining of activated calpain I epitopes. The localization of activated 
calpain I to neuritic plaques in AD, possibly within degenerating neuronal 
processes, suggests that calpain I may play a role in the neurodegeneration 
associated w ith AD. Since calpain I activation requires a rise in  
intraneuronal free calcium, and the β /A 4  protein has been proposed to 
regulate intraneuronal calcium  hom eostasis, am yloid  deposition  into  
plaques may be a stimulus for calpain I activation and neurodegeneration.

8 1 .1 3
CEREBROSPINAL FLUID (CSF) NEURAL THREAD PROTEIN (NTP) IN 
DEMENTIA: RELATIONSHIP TO CLINICAL MEASURES. S.G.
Speciale*. J ♦Chong*, M.Weiner. J.Hom. F.Bonte. R.Risser 
and R.Tintner. Psychiatry, Neurol., Radiol. & Acad. 
Computing & Alzheimer's Dis. Res. Ctr. (ADRC), UT South
western Med. Ctr., Dallas, TX 75235 & oNeuropsych.
Markers R&D, Abbott Labs., Abbott Park, IL 60064.

CSF NTP is elevated in some AD subjects, compared to 
normal and neurologic controls (Chong et a l . . Soc. 
Neurosci. Abst. 12:1259, 1991; de la Monte et al.. Ann. 
Neurol. 3.2:733, 1992), suggesting it might serve as an
antemortem marker for AD. Because many ADs fell within 
the normal range, we measured lumbar puncture (lp) CSF 
NTP in our ADRC population, who have undergone compre
hensive psychiatric, neurologic, and neuropsychologic 
evaluations, to see if there were distiguishing diag
nostic features. NTP was measured by a microparticle im
munoassay (sens.=60μg/ml), with a monoclonal antibody 
raised against pancreatic TP. Monoamines were measured 
by HPLC with electrochemical detection. Quantitative 
SPECT cerebral blood flow, using 133Xe, was carried out 
in an AD subgroup. NTP levels were correlated pos
itively with age at lp and onset age (P<0.05), nor
epinephrine concentrations (PcO.Ol), right frontal blood 
flow (P<0.01), but negatively with right (P<0.05) and 
left (PcO.Ol) occipital flow, and with autopsy-confirmed 
AD, dementia family history (P<0.05) and global language 
rating score (P<0.05). There were no significant differ
ences in NTP concentrations (mean ± SD) over subgroups. 
AD probable (1.12±0.85) and possible (1.1410.7) were 
similar to alcoholic dementia (1.1510.76). Multi-infarct 
(1.4111.07), other (1.5410.33) and no (1.4010.76) dem
entia were higher, but frontal lobe (0.5310.06) and pro
gressive dysphasic (0.51) dementia were lower than AD.

8 1 .1 5
EN H A NC ED B IN D IN G  TO  NM DA R E C E PTO R S IN  THE  
ST R IA T U M  O F PA R K IN S O N 'S  D IS E A S E , A L Z H E IM E R 'S  
DISEASE AND M IXED PARKINSON'S DISEASE/ALZHEIM ER'S  
DISEASE PATIENTS J. I Has*. F. B. W eihm uller*. J. N . Joyce2 . L.C.

-Matshall1. iffld C.W, Cotman Irvine Research Unit in Brain 
Aging, ^Dept. o f Psychobiology, University o f California, Irvine, CA 92717, and 
2Dept. o f Psychiatry, Sch. o f Med., University o f Pennsylvania, Philadelphia, PA 
19104, USA

Parkinson's disease (PD) and Alzheimer’s disease (AD) represent distinct clinical 
entities. In some cases, however, they share pathological abnormalities at the 
cellular level. Furthermore, a proportion o f PD patients suffers finom dementia, and 
some AD individuals show extrapyramidal symptoms. These observations suggest 
that PD and AD may also share some neurochemical abnormalities, e.g., dopamine- 
glutamate imbalances in the striatum. In the present study we investigated binding 
to different subtypes of glutamate receptors and to dopamine transporto' sites in die 
striatum (caudate and putamen) and nucleus accumbens o f individuals who mi the 
basis o f neuropathological findings ,were classified as idiopathic PD, AD and mixed 
PD/AD patients. As revealed by postmortem quantitative autoradiography, the PD 
and AD groups, and to a lesser extent the PD/AD group, show substantially 
increased binding o f L-[3H]glutamate to NMDA receptors in die caudate, putamen 
ami nucleus accumbens. Interestingly, no statistically significant changes in binding 
to kainate and AMPA receptors were found in any patient group. Binding of 
[3H]mazindol to dopamine transporter sites was significantly decreased in the 
striatum and nucleus accumbens o f PD and PD/AD patients, but only in the 
putamen o f AD patients. Our data suggest that elevated binding to NMDA receptors 
in the striatum of PD, AD, and mixed PD/AD patients is not always correlated with 
a decrease in dopaminergic innervation and that the mechanisms o f NMDA receptor 
changes in the striatum o f AD and PD patients are different. This study was 
supported by NIA grant AG07918.

8 1 .1 2
IMMUNOCHEMICAL CHARACTERIZATION OF NEURAL THREAD 
PROTEIN (NTP). Δ,Μ-Maiі^Ц^ЙЄ5ІЗД+Л ^ £ Ь а 0 8 + ш Ш Ж  
Frail. Molecular Biology and + Neuropsychiatric Markers R&D, 
Abbott Laboratories, Abbott Park, IL 60064.

The expression of Neural Thread Protein (NTP) is enhanced in 
brain tissue of patients with Alzheimer’s Disease (AD) and the 
diagnostic and therapeutic applications of NTP for AD are 
therefore of interest (Ozturk, et. al. Proc. Natl. Acad. Sci. USA 86, 
419-423, 1989). NTP is defined as a protein (or proteins) of 17-20 
kD present in the brain that is recognized by three monoclonal 
antibodies (mABs) that were originally made against Pancreatic 
Thread Protein (PTP), a well-characterized protein present in 
pancreatic secretions. To better define the molecular aspects of 
NTP, we characterized the NTP and PTP epitopes recognized by 
these mAbs. Western blot analysis of native and denatured 
recombinant PTP was used to determine that the mAbs 
recognize native, but not ß- mercaptoethanol reduced PTP. 
Furthermore, peptide mapping failed to reveal specific linear 
epitopes. A microparticle enzyme immunoassay (MEIA) was used 
to detect recombinant PTP or NTP in samples of cerebrospinal 
fluid (CSF) from AD patients. Native PTP of NTP were 
quantitatively assayed by MEIA. However, thiol reduction of PTP 
or NTP abolished immunoreactivity, as determined by MEIA. 
Therefore, the detection of NTP is sensitive to reducing agents, 
indicating that the native structure of NTP is dependent upon 
disulfide bonds. These results indicate that clinical assays and 
assays used to isolate NTP should avoid reducing agents.

8 1 .1 4
LYSOSOMAL ABNORMALITIES ARE MARKERS OF PROGRESSIVE 
NEURONAL DYSFUNCTION IN ALZHEIMER BRAIN. A.M. Cataldo*. D.J. 
Hamilton. T.R. Wheelock and R.A. Nixon. McLean Hosp., Harv. Med. Sch., 
Belmont, MA

Evidence supports lysosomal system participation in Alzheimer Disease (AD) 
pathology. We previously reported strikingly increased accumulations o f lysosomal 
hydrolases in affected AD neurons exhibiting advanced degeneration. To investigate 
the earliest manifestations o f altered lysosomal function, we carried out morpho
metric analyses o f lysosome density and appearance in populations of at-risk and 
less vulnerable neurons at several stages o f AD pathogenesis. Sections from brains 
of moderate to severely affected AD patients and controls stained under identical 
conditions were analyzed by LM and EM with antibodies to cathepsins В and D 
and by Nissl and silver stains. In AD brains, secondary and tertiary hydrolase
positive lysosomes were two to eight fold higher in ^  90% of neocortical perikarya 
in layer III and Ž  50% in layer V in the absence o f atrophic, chromatolytic or 
neurofibrillary changes. I^ess affected subcortical neurons from AD brains also 
displayed moderate changes in lysosome content and distribution. In the small 
percentage (10%) o f neurons exhibiting overt atrophy/neurofibrillary changes, 
hydrolase-positive lysosomes often completely filled the perikaryon. Immuno
reactivity was localized predominantly in massive lipofuscin aggregates that 
persisted in the extracellular space following cell lysis. Our results indicate that 
lysosomal alterations may be a marker of early dysfunction in AD neurons that 
precedes overt degenerative changes. At more advanced stages of cell death, 
increased perturbation o f the lysosomal system may promote cell atrophy and lysis. 
As we previously reported, the release and persistence of reactive lipofuscin 
aggregates from dying AD neurons may contribute to the development of senile 
plaques.

8 1 .1 6

PROTEIN ALTERATIONS IN OLFACTORY NEUROBLASTS FROM 
ALZHEIM ER DONORS. G. J o h n s o n * . J. B a s a ric -K e v s . H. 
-Ghanbari,.-R^ £, L e b o v ic s .C . R, M erril. T . S underland , and B. 
W o loz in . M olecu lar G e ria trics  Inc, Lake B lu ff, IL 6 0 0 4 4

T w o  d im e n s io n a l ge l ana lys is  o f  o l fa c to r y  n e u ro b la s ts  
(O N s) fro m  don o rs  w ith  A lzh e im e r's  d isease (A D ) revea led  a 
s e t  o f  f iv e  p ro te in s  in th e  1 0 -6 0 k D  ra n g e  t h a t  w e re  
s ig n if ic a n tly  a lte re d  in c o n c e n tra tio n  w hen  com p a re d  to  ce lls 
f ro m  a g e -m a tc h e d  c o n tro ls .  Fou r o f  th e s e  p ro te in s  w e re  
increased  a t le a s t 4 - fo ld  in ONs f ro m  AD  do n o rs , w h ile  one 
p ro te in  w a s  in c re a s e d  2 .5 - fo ld  in  c o n t r o l c e lls . T h e  
c o n c e n tra to n  o f  th e se  p ro te in s  w as n o t a f fe c te d  b y  t re a tin g  
th e  ce lls  w ith  th e  lyso som a l in h ib ito r  ch lo ro q u in e  in d ic a tin g  
th a t  th e s e  w e re  n o t  p ro d u c ts  o f  lyso som a l· c a ta b o lis m . 
Because o lfa c to ry  neu rons are re a d ily  access ib le  b y  b iopsy , 
th e  id e n t if ic a t io n  o f  th is  s e t o f  A D -a sso c ia te d  p ro te in s  in th e  
ON s y s te m  su g g e s te d  th a t  th e se  ce lls  m ay be use fu l fo r  th e  
in v e s tig a t io n  o f  p ro te in  chan ges a t  va rio u s  s ta g e s  o f  th e  
d ise a se . F u r th e r  c h a ra c te r iz a t io n  and  m ic ro s e q u e n c e  
ana lysis cou ld  lead to  th e  id e n t if ic a t io n  o f  p ro te in s  th a t  m ay 
have  im p o r ta n t  d ia g n o s t ic  o r  th e ra p e u t ic  v a lu e  in th e  
tre a tm e n t o f  A lzh e im e r's  disease.
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82.1
SUPEROXIDE D ISM U T A SE  A C TIV ITY  A N D  O X ID A T IV E  
DAMAGE IN BRAIN TISSUE FROM PATIENTS WITH FAMILIAL 
AND SPORADIC AMYOTROPHIC LATERAL SCLEROSIS. A,C. 
Bow line,* 1 J.B. Schulz. 1 R .H . B row n .2 and M.F. B e a l . 1 
Neurology S e r v ic e  1 and M olecu lar  G en etics  L aboratory,2 
Massachusetts General Hospital and Harvard M edical School, Boston, 
MA 02114.

Some cases o f familial amyotrophic lateral sclerosis (FALS) have 
been linked recently with the gene that encodes Cu-Zn superoxide 
dismutase (Cu-Zn SOD). To investigate SO D  activity and oxidative  
damage in postmortem brain tissue from patients with FALS as well as 
sporadic ALS (SALS), cytosol was prepared from Brodmann area 6 o f  
10 control patients (mean age + S.E.M . = 69 .9  + 4 .2  yrs., 6  m ale/4  
female, postmortem interval (PMI) = 11.1 + 1.7 hrs.), 11 SALS  
patients (64.7 + 3 .8  yrs., 5  m ale/6 fem ale, PMI =  16.0 + 1.3 hrs.), 
and one FALS patient with a known Cu-Zn SO D  gene mutation (43 
yrs., male, PMI = 19.0 hrs.). Cytosolic SO D  activity in the control 
patients (438.0 + 47.1 U/m g protein) was not significantly different 
from that in the SALS patients (394 .5  + 20 .7  U /m g protein). The 
activity in the FALS patient (209 .8  U /m g protein) was reduced by 
52.1% relative to the control patients. The protein carbonyl content 
was increased significantly (p<O.Ol) by 84.7%  in the SA LS patients 
(2.79 + 0.34 nmol/mg protein) relative to the control patients (1.51 +
0.25 nmol/mg protein). The level in the FA LS patient was 1.80 
nmol/mg protein. These preliminary results with cortical tissue indicate 
that a Cu-Zn SOD gene mutation linked to FALS m ay be associated 
with reduced SOD activity and that oxidative damage may be elevated 
in SALS patients.

82.3
METALLOPROTEINASES IN THE CNS OF ALZHEIMER AND ALS PATIENTS.
G.P. Um. J.R. Backstrom. M.J. Cullen*. C. Miller and Z.A. Tokes. Departments 
of Anatomy and Cell Biology,, Biochemistry, and Pathology, University 
Southern California School of Medicine, Los Angeles, CA 90033.

Previously we investigated metalloproteinases (MPs) in Alzheimer disease 
(AD) brain specimens using substrate gels (SDS-PAGE gels containing 
gelatin). Increased levels of MPs with masses of 280, 130, and 100 kD were 
noted in AD hippocampal specimens compared to control (J. Neurochem. 
1992,58:983). These MPs are latent type IV collagenases, as determined by 
organomercurial activation of isolated enzymes. In the current study, 
polyclonal antibodies directed against a neutrophil-derived gelatinase of 94 kD 
(obtained from Dr. M. Hibbs) was affinity purified using either latent or active 
94 kD gelatinase produced by phorbol ester stimulated HL-60 cells. Western 
blots showed that either aliquot of antibody binds to both latent and active 
forms of the enzyme. The antibodies recognize the 100 and 280 kD forms of 
the MPs in Western blots. Immunostaining localized the MPs to the neuritic 
plaques and pyramidal neurons of CA1 to CA3 of the hippocampus of AD 
specimens.

Substrate gels of specimens from ALS patients showed greater than normal 
amounts of latent MP-100 in cerebral cortex (BA 4,10,17), hippocampus and 
spinal cord. Levels were the highest in thoracic cord and motor cortex (BA 4), 
with approximately a 3-5 fold increase over controls. The level of MP-280 was 
not elevated in the hippocampus of ALS patients but showed a 2-3 fold 
increase in the motor cortex and thoracic cord. The data show an 
accumulation of MPs in CNS areas most affected by AD or ALS. The site of 
synthesis of these molecules and potential substrates for their action are 
important considerations in determining the role of MPs in neurodegenerative 
diseases. Supported by NIA R01-AG 09681.

82.5
CALCIUM HOMEOSTASIS IN FIBROBLASTS FROM AMYO
TROPHIC LATERAL SCLEROSIS (ALS) PATIENTS. M.R. Witt. 
O, Gredal, K. Dekermendjian, M. Undén and M. Nielsen*. Dep. 
Biochemistry, Research Lab., St. Hans Hospital, 4000 Roskilde, 
Denmark.

Readily available tissues such as fibroblasts from ALS patients can 
serve as simple model systems to study the Fura-2 fluorescence 
microscoscopy and single cell imaging to study the spatiotemporal 
dynamics of intracellular free calcium ([Ca]i) in primary cultures of 
fibroblasts obtained from skin biopsies from ALS and normal sub
jects. Increases in [Ca]i were induced by stimulation with Bradykinin 
(100 пМ); Neurotensin (50 пМ); f-Met (Chemotactic peptide)
(1 uM); Vasopressin (1 uM) and Histamine (10 uM). The levels of 
[Ca]i in 80-120 individual cells per agonist were monitored for 20 
min. No significant differences were found in the resting levels of 
[Ca]i (102±4 nM) in control and ALS fibroblâsts and in the maximal 
[Ca]i levels after stimulation with f-Met, Vasopressin, and Hista
mine. Significantly lower [Ca]i transients were found in fibroblasts 
from ALS donors compared to controls when stimulated with Neu
rotensin (p < 0.005) and Bradykinin (p< 0.001). The percentage of 
individual cells reacting to a given agonist (40-100%) was similar in 
both groups. The molecular basis of the impaired calcium homeo
stasis in fibroblasts from ALS patients is not known. {Supported by 
the Velux Foundation and the Lundbeck Foundation).

82.2
OXIDATION IN ALS. D.H. Donaldson.1,2* Z. Rahmani,1 R. 
Berger,1 K4 Walton, J.5 Bleskan, E. Mezey, T.B.Usdin, 3
Y. Groner, D6R. Rosen, R.H.3Brown,Jr., E .S. Stenroos, 6
W.G. Johnson, M. Brownstein, R.A. Floyd, and D. 
Patterson. * Eleanor Roosevelt Institute, Denver, CO 
80206; 2Univ. of Colorado Health Sciences Center, Denver, 
CO 80262; 3NIMH, NIH, Bethesda, MD 20892; 2Dept. of 
Virology Weizmann Institute of Science, Rehovot 76100, 
Israel; 5Day Neuromuscular Lab, Mass. General Hospital 
East, Charlestown, MA 02129; 6Dept. of Neurology, UMDNJ- 
Robert W Johnson Medical School, New Brunswick, NJ 08903;
7Molecular Toxicology Research Group, Oklahoma Medical 
Research Foundation, Oklahoma City, OK 73104.

The majority of cases of familial ALS are characterized 
by point mutations in the gene for Cu,Zn-superoxide dis
mutase (SOD). To examine the consequences of these muta
tions, Western blots, enzyme activity gels and assays 
have been performed on lymphoblastoid cell lines derived 
from affected and unaffected FALS family members. Each 
mutation has a different profile of SOD protein quantity 
and activity, with some showing a decrease in activity 
and others an increase. Cells were tested for free radical 
flux and protein oxidation. DNA from patients with spo
radic ALS was examined by SSCP and sequencing for muta
tions in SOD and other antioxidant enzymes. The results 
suggest substantial heterogeneity among cases of ALS.

82.4
INSULIN-LIKE GROWTH FACTOR-! (IGF-I) AND ITS RE
CEPTORS IN THE SPINAL CORD AND PERIPHERY IN AMYO
TROPHIC LATERAL SCLEROSIS. S . S .  J o s s a n ,  A . A d e m  
a n d  J .  E k b l o m .  ( S P O N : E u r o p e a n  B r a i n  a n d  B e h a v i o u r  
S o c i e t y )  Dept. of Med. Pharmacol., Uppsala Univ., 
S-751 23 Uppsala, Sweden.

The regional distribution of insulin-like g r 
owth factor-I (IGF-I) and its receptors (IGF-I-R) 
were studied in postmortem spinal cord sections 
from amyotrophic lateral sclerosis (ALS) patients 
and controls using autoradiography and immunohis- 
tochemistry. In addition, serum levels of IGF-I 
in ALS patients were compared with controls and 
the effect of selegiline treatment on the serum 
levels of these two groups was also investigated.

The IGF-I binding was significantly higher in 
cervical and sacral segments of ALS cords as com
pared to controls. Moreover, both IGF-I and IGF-I 
-R immunoreact iv ities seemed to be enhanced in 
spinal sections from ALS cases.

Recent results from our laboratory, with reg
ard to circulatory IGF-I, did not indicate any 
differences between ALS cases and healthy cont
rols. Interestingly, preliminary analysis of da
ta about concentrations of IGF-I in serum, after 
chronic administration of the MAŨ-B inhibitor se
legiline, indicate differences between the groups.

82.6
BIOCHEMICAL CHARACTERIZATION OF THE TAU PROTEINS IN 
AMYOTROPHIC LATERAL SCLEROSIS/PARKINSONISM DEMENTIA 
COMPLEX (ALS/PDC) OF GUAM. V. Buée-Scherrer. L. Buée. P. Vermersch.
P.R. H of. B. Leveugle. A . Loerzel. J.C. Steele. A. Delacourte and D .P . Perl* 
Mount Sinai Medical Center, New York, NY 10029 USA; Guam Memorial 
Hospital, Agana, Guam USA; INSERM U156, 59045 Lille, France.

Neurofibrillary tangles (NFT) are observed in many different neurodegenerative 
disorders including Alzheimer’s disease (AD), progressive supranuclear palsy 
(PSP) and ALS/PDC o f  Guam. The basic components o f  NFT can be directly 
detected and quantified in homogenates from different brain areas, using Western 
blotting and specific immunological probes. With this approach, we have detected 
an abnormal triplet o f  pathological Tau, referred as Tau 55, 64, 69 (A68, Tau- 
PHF) in AD brains and in the hippocampal formation o f  nondemented elderly 
people. W e have also demonstrated that Tau proteins are present in NFT o f  PSP 
and are mainly composed o f the Tau protein doublet: Tau 64 and 69. 
Characterization o f  Tau proteins was performed on different cortical and 
subcortical regions o f  brain specimens obtained from affected Guam natives. Tau 
pathology was found in all specimens but the Tau profile differed both 
qualitatively and quantitatively from one brain to another, with the exception o f 
the hippocampus which mostly contained the AD triplet. Some patients 
demonstrated the abnormal PSP-related Tau doublet in associative (areas 7, 9 and 
11), primary motor (area 4), visual (areas 17/18) areas and in subcortical nuclei. 
Some o f  these regions (areas 7 , 17/18 and 20) were differently affected from one 
patient to another. In other cases, die AD-related Tau triplet was found with the 
same heterogeneous regional distribution in all brain regions. However, in contrast 
to AD patients, it was detected with similar intensity in both cortical and 
subcortical areas. These data suggest heterogeneity in the pathological profile o f  
NFT in Guam ALS/PDC.
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82.7
FILAMENT-ASSOCIATED TAU PROTEINS IN NEURODEGENERATIVE 
DISEASES. S.G. G reenberg*. Cornell M edical C ollege at T he W. M. 
Burke M edical Research Institute, W hite Plains, NY 1 0 6 0 5 .

Abnorm al filam ents con tain in g phosph orylated  tau proteins occur  
in  several neurodegenerative d iseases. In th e current study, 
phosph orylated tau proteins in  h o m o g en a tes  o f  Pick’s d isease, 
progressive supranuclear palsy  (PSP), Parkinson’s d isease and other  
neurodegenerative d iseases w ere  com pared to th o se  in  A lzheim er’s 
d isease  (AD) b y im m unoblot analysis u sin g  th e m on oclon a l antibody, 
PHF-1. PHF-1 reactive proteins w ere  d etected  in  som e, but n ot all o f  
th e  h om ogen ates exam ined . M ethods d evelop ed  to  iso la te  so lu ble  PHF 
from  AD w ere  u sed  to  enrich for abnorm al filam ents from  sam ples 
contain ing PHF-1 reactive proteins. T h e resu lting preparations 
iso lated  from  cases w ith  PSP and Pick’s d isea se  contained  straight and  
paired helica l filam ents, w h ich  could b e  im m u n olab elled  w ith  PHF-1. 
Im m unob lot analysis o f  th ese  filam en t preparations revealed  that in  
addition  to PHF-1, th e  filam ent-associated  tau proteins w ere  
phosph orylated  at th e  tau-1 ep itop e. W hile th e  phosph orylated tau  
proteins in different neurodegenerative d iseases d isplay a sim ilar  
m olecular w e ig h t as τPHF in AD, in  so m e cases, th ere m ay b e  
differen ces in  th e  relative abun dance o f  th e  5 7 , 6 4  and 6 8  kd form s 
o f  th e  phosphorylated tau proteins. Thus, th e phosph orylated tau  
proteins associated  w ith  abnorm al filam ents in  different 
neurodegenerative d iseases m ay d isp lay d istinct properties from  th ose  
in AD. Supported b y an Alzheim er’s A ssociation  Faculty Scholar 
Award FSA -92-016.

82.9
BRAINS FROM PATIENTS WITH TYPE 1 NEUROFIBROMATOSIS 
MAINTAIN NEUROFIBROMIN EXPRESSION AND POSSESS 
INCREASED GFAP LEVELS. Michael L. Nordlund and Nancv 
Ratner* Dept. of Anatomy and Cell Biology, University of Cincinnati 
College of Medicine, Cincinnati, OH 45267-0521

Patients with von Recklinghausen’s neurofibromatosis (NF1) develop 
specific learning disabilities, clumsiness, astrocytomas of the optic nerve 
and macrocephaly. NF1 is inherited as a dominant trait and results from 
mutations in the gene encoding the 220 kD protein, neurofibromin. We 
have previously demonstrated that neurofibromin is present in highest 
abundance in the nervous system of rats and that within the rat CNS, 
neurofibromin is expressed predominantly in the smooth endoplasmic 
reticulum in neurons (Nordlund et al., J . Neurose. 13:1588-1600). Here 
we have utilized immunohistochemistry to describe the distribution of 
neurofibromin in the cortex and cerebellum of brains from 3 unaffected 
individuals and from 2 patients with NF1. In the control cortex and 
cerebellum neurofibromin is enriched in pyramidal and Purkinje cells, 
respectively. Enrichment of neurofibromin in these large projection 
neurons is consistent with neurofibromin distribution in the rat. At least in 
these regions, neurofibromin expression in the NF1 brains is maintained 
and closely resembles control brains, suggesting that NF1 patients may 
have point mutations at the NFl locus that result in translation of mutant 
protein detectable by immunostaining. In contrast, mice in which one 
NFl allele has been knocked out by homologous recombination show a 
reduction in neurofibromin as assessed by Western blotting and 
immunohistochemistry. In addition, evaluation of the astrocyte-specific 
protein GFAP demonstrates intense gliosis in the NFl brains by 
immunohistochemistry; Western analysis of GFAP in cytoskeletal extracts 
confirmed at least a 10 fold increase in GFAP levels in NFl brains. Thus, 
abnormalities in neurofibromin result in gliosis characteristic of several 
neurodegenerative disorders.

82.11
H Y P O X IC  E F F E C T  O F  E X O G E N O U S  IN S U L IN  O N  P E R IP H E R A L  
N E R V E . M . Kihara. P. J. Zollm an. I. L. Sm ithson and P. A . L ow *. 
N europhysiology Laboratory, D epartm en t o f  Neurology, M ayo Clinic, 
R ochester, M N  55905.

Insulin adm inistration can cause or w orsen  experim ental and hum an  
diabetic neuropathy ("insulin neuritis"). In this study, w e  tested  th e  
hypothesis that insulin adm inistration impairs tissue oxygenation. W e  
infused insulin, under nonhypoglycem ic conditions and evaluated its 
effects on  endoneurial oxygen tension, nerve b lood  flow  (N B F ), and the  
oxygen dissociation curve o f  peripheral nerve in norm al and diabetic rats. 
Insulin administration resulted in a d ose-d ep en d en t reduction in 
endoneurial oxygen ten sion  in normal nerves (from  26%  at 0 .04 U /K g  
insulin to 55%  at 32  U /K g). T h e  nerves o f  rats with streptozotocin  
diabetes w ere resistent but w ith control o f  hyperglycem ia this 
susceptibility to  th e endoneurial hypoxic e ffect o f  insulin returned. T h e  
reduction in endoneurial oxygen tension regressed with glycosylated  
hem oglobin (Y  =  53.8 - 2 .7X , w h ere Y  =  % reduction in endoneurial 
oxygen ten sion  and X  =  H bAIC; R  =  0.87; p =  < 0 .0 0 1 ). D iab etes or  
insulin adm inistration resulted in only minimal and physiologically  
insignificant alterations in th e oxygen dissociation curve (Р 50) and 2,3- 
diphosphoglycerate o f  sciatic nerve. Instead, insulin administration  
resulted in a reduction in nerve nutritive b lood  flow  and an increase in 
arteriovenous shunt flow. W hen th e  latter was elim inated by th e infusion  
o f  5-hydroxytryptamine, endoneurial oxygen reverted to normal. T h ese  
findings indicate a d eleterious vasoactive effect o f  insulin and m ay explain  
th e develop m ent o f  "insulin neuritis".

82.8
EFFECT OF ALS IMMUNOGLOBULINS ON CALCIUM CURRENTS IN 
HYBRID NEUROBLASTOMA CELLS. D.R. Mosier*, R.G. Smith, O. 
Delbono, S.H. Appel, and E. Stefani. Depts. of Neurology (DRM,RGS,SHA) 
and Physiology and Molecular Biophysics (OD,ES), Baylor College of 
Medicine, Houston, TX 77030.

It has recently been reported that many patients with the sporadic form of 
amyotrophic lateral sclerosis (ALS) have serum antibodies to calcium 
channels, suggesting a possible autoimmune contribution to the pathogenesis 
of this disorder (R.G. Smith et al., N.Engl.J.Med. 327:1721,1992). These ALS 
immunoglobulins interact with L-type calcium channels of skeletal muscle to 
inhibit calcium currents (Delbono et al., J.Physiol. 444:723, 1991). However, 
it is not clear whether the same ALS immunoglobulins, interacting with 
neuronal calcium channels, would enhance or inhibit calcium currents.

To address this question, we have developed a hybrid cell line by fusion of 
the N18Tg2 neuroblastoma cell line with embryonic rat ventral spinal neurons. 
This cell line (VSC 4.1) expresses many characteristics found in motoneurons, 
including voltage-gated calcium channels. VSC 4.1 cells were studied using 
standard whole-cell patch clamp techniques to characterize voltage-gated 
calcium currents. Exposure to immunoglobulins purified from sera of ALS 
patients resulted in an increase in the · magnitude of calcium currents 
measured in VSC 4.1 cells. Addition of immunoglobulins from normal 
patients or from patients with other neurologic diseases (e.g., Guillain-Barre 
syndrome) had little or no effect on calcium currents in the VSC 4.1 cell line. 
These findings raise the possibility that ALS immunoglobulins may increase 
calcium influx into neuronal cells, which could have deleterious effects on 
neuronal function.

82.10
DNA DAMAGE IN RODENT BRAIN TISSUE INDUCED BY CYCAD TOXINS.
G.E. Kisby*. B.G. Gold. D.R. Austin. B. Lvstrup. P.S. Spencer∆. Center for 
Res. on Occup. and Environ. Toxicol.; and Depts. †Cell Biol. & Anat. and 
∆Neurol., Oregon Health Sci. Univ., Portland, OR 97201.

Cycasin, the β-D-glucoside of methylazoxymethanol (MAM), is a possible 
etiological factor for western Pacific amyotrophic lateral sclerosis/Parkinsonfsm 
dementia complex. We have proposed [Spencer PS et al., Neurology 41:62- 
66 1992] that these genotoxins act as 'slow toxins' by permanently altering 
post-mitotic neural tissue DNA. To test this hypothesis, mature mouse cortical 
explant tissue and primary cerebellar granule cell cultures (12-14 DIV) were 
treated (1-5 days) with the cycad toxins cycasin (1.0 mM) or MAM (0.1 mM), or 
the genotoxins (0.1 mM) N-methylnitrosourea, procarbazine, and 
streptozotocin. Brain tissue DNA damage was determined by 
immunohistochemistry using the monoclonal antibodies (provided by Dr. 
Eberle, Univ. of Essen) for the DNA adduct 0 2-methylthymine (02-mT). 
Increased immunoreactivity for 02-mT was observed in both cortical explants 
and cerebellar cultures treated for 24 h with all test agents. In parallel studies, 
genotoxin-induced cytotoxicity in both cortical expfants and cerebellar 
cultures was determined by fluorescence microscopy using the 
fluorochromes propidium iodide and rhodamine 123. Tissues were visibly 
unchanged 24 h after treatment with all agents. In contrast, extensive 
cytotoxicity (> 50% of cells) in cultures was observed by light microscopy 
beginning between 3 and 4 days. In cerebellar granule cell cultures, neurons 
were particularly sensitive to the cytotoxic effects of the genotoxins. Taken 
together, the present studies indicate that genotoxin induced DNA damage 
precedes cytotoxicity and suggesHhat DNA damage may be an underlying 
mechanism for the neurodegeneration observed in vitro. Studies are 
underway to determine the extent of 0 6-methylguanine and O4- 
methylthymine immunoreactivity. [Supported by a grant from NS19611 ]

82.12
HYPERTENSION-INDUCED MEMORY IMPAIRMENT AND MICRO
INFARCTION IN MONKEYS. M.B. Moss*. P L . Rosene. T.L. Kemper. S. 
Prusty and W. Hollander. Boston Univ. Sch. of Med. and Boston City Hosp.

Hypertension is an age associated risk factor for cerebrovascular disease 
which, even at mild stages, has been associated with memory dysfunction. 
However, most human studies can not control for complicating atherosclerosis 
or other risk factors. We assessed the behavioral consequences of 
hypertension or an atherogenic diet in a non-human primate model of 
cerebrovascular disease using behavioral tasks that closely resemble those 
used in the clinical assessment of patients. Monkeys made hypertensive by 
coarctation of the aorta evidenced mild impairment on a recognition memory 
test (DRST) by 6 mos. and marked impairment by 12 mos. Monkeys made 
hypercholesterolemic by an atherogenic diet were unimpaired on the task 
even after 18 mos.

Brains of these hypertensive monkeys showed uniformly sized microinfarcts, 
on average slightly less than 0.5 mm in diameter, scattered in the white and 
the gray matter. The only change in the brains of monkeys maintained on a 
hypercholesterolemic diet appeared to be minimal atherosclerosis confined 
to the extracerebral vessels. Examination of a series of patients who died with 
hypertensive disease revealed microinfarcts below MRI detectable levels similar 
to those seen in monkeys. These data demonstrate that hypertension of 
relatively short duration, but not atherogenic diet, may cause impairment in 
cognitive function and supports evidence that hypertension alone in humans 
can alter higher cortical function. Because the microinfarcts showed no 
topographic specificity it would appear that they are not the sole cause of the 
behavioral deficits but may reflect an underlying physiological and/or metabolic 
disorders such as disruption of the blood-brain barrier and/or constriction of 
cerebral blood vessels and ischemia resulting in altered neurotransmission.
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82.13
DELIVERY OF MUTANT HSV-1 TO RAT BRAIN AND INTRACEREBRAL 
TUMOR. G.Nilaver*. L.L.Muldoon. X.O.Breakefield. M.Pagel. E.M.Shannon.
P.Schaffer and E.A.Neuwelt. Department of Neurology, Oregon Health 
Sciences University, Portland, OR 97201.

Delivery of foreign genes for gene transfer therapy in neurodegenerative 
diseases or for selectively destroying brain tumor cells has received a lot of 
attention recently. Herpes simplex virus (HSV-1) can transfer genetic 
material to a variety of cell types, including neurons, and mutant HSV-1 
viruses with reduced neurotoxicity have been considered as vectors for such 
therapies. It is, however, unclear whether sufficient number of cells can be 
transduced by these vectors to affect functional outcome without attendant 
neurotoxicity. We examined HSV-1 infection and foreign gene expression 
following delivery of mutant virus (107-1010 pfu/ml) in normal rat brain and 
in intracerebral tumor-bearing nude rat brain employing the lacZ reporter gene 
and immunohistochemistry (IHC) for HSV-1 antigens. Bolus injection (2 μl) 
was compared to convection-enhanced delivery (CED) by slow infusion (24 
μl). Only a small number of β-galactosidase (ß-gal)-positive neurons were 
detected in normal brain employing replication-defective HSV-1 (ICP4' 
mutants Gal4 and cGal∆3) delivered by either bolus injection or CED. 
Replication-compromised HSV-1 that does not replicate in non-dividing cells 
(tk- mutant tkLTRZI ) or that only replicates slowly (ICPO- mutant 7134) was 
found to be suboptimal for infecting neurons but was more effective in 
tumors, as determined by x-gal histochemistry and IHC for β-gal and HSV-1 
antigens. The area of HSV-1 reactivity, furthermore, was 5-10 fold more 
extensive than β-gal expression (the latter being widely dispersed in clumps). 
Our studies indicate that while CED marginally increases the volume of 
distribution of virus, the major determinant of foreign gene expression is viral 
titer and replication (supported by NIH grants NS27757 & CA31770).

82.15

HISTOPATHOLOGICAL C H A N G E S IN  T H E  ISLETS O F  
LANGERHANS IN  139H -IN F E C T E D  H A M ST E R S . X, Y e *.
R.I. Carp and R.J. K ascsak. N Y S  Institute for Basic R esearch  in 
Developmental D isabilities, Staten  Island, N ew  Y ork, 10314.

Previous studies show ed obesity, generalized  endocrinopathy, 
hypertrophy o f  the islets o f  Langerhans, and hypoglycem ia- 
hyperinsulinemia in 139H -infected  ham sters. In the current 
study, female, Syrian ham sters w ere injected i.c. w ith scrapie  
strains 139H or 263K, or with norm al ham ster brain. Sections o f  
the pancreas w ere stained routinely and w ere exam ined by light 
microscopy. T he islets o f  139H -infected  ham sters show ed  
extensive vacuolization, fibrosis, cellular hypertrophy, atrophy, 
cytoplasmic vesicles and nuclear pathological changes. A lso  
observed were abnorm al structures, w hich w e term ed blood  
vessel cores (B V C s). N o  such pathological changes w ere present 
in the islets o f 263K -infected ham sters. Low  levels o f  PrPsc w ere  
detected in the pancreas from  139H -infected  ham sters which  
displayed pathological changes but w ere absent from  the lesion- 
free pancreas o f  263K -infected anim als. T he level o f  PrPsc in the 
pancreas from 139H -infected  anim als w as found to be  extrem ely  
low compared to  the level in brain from  th ese anim als, a finding 
consistent with previous data show ing low  scrapie infectivity 
titers in these organs.

82.14
FAST ANTEROGRADE AXONAL TRANSPORT OF THE CELLULAR PRION 
PROTEIN IN THE PERIPHERAL (PNS) AND CENTRAL (CNS) NERVOUS 
SYSTEMS. D.R, Borchelt. V.E. Koliatsos, M. Guamieri, C.A. Pardo. S.S. Sisodia 
and D.L. Price*. The Johns Hopkins Univ. Sch. of Med., Balto., MD 21205.

In scrapie and other prion diseases, the cellular prion protein (PrPc) acquires 
protease resistance posttranslationally and accumulates in the form of 
extracellular amyloid plaques. The normal function of PrPc, a 
glycolipid-anchored molecule, remains unknown, but its expression appears to 
be greatest in neurons in the brain. To gain insight into the pathogenesis of 
prion diseases and the cell biology of PrPc in neurons, we have examined its 
synthesis and transport in PNS and CNS neurons in  v iv o . Neurons of the rat 
L4 and L5 dorsal root ganglia were injected directly with [35S] methionine. After 
four hours, radiolabeled PrPc was immunopurified from distal axonal segments 
of the sciatic nerve. Ligation of the nerve adjacent to the ganglia prevented the 
appearance of labeled PrPc in the axon. To determine if PrPc is transported in 
CNS neurons, PS] methionine was injected stereotaxically into the entorhinal 
cortex of adult rats. After four hours, radiolabeled PrPc was immunopurified 
from nerve terminals in the dentate gyrus. These findings indicate that PrPc 
undergoes fast axonal transport in both PNS and CNS neurons. In view of 
previous findings indicating that the amyloid scrapie isoform of PrP (PrPsc) 
accumulates in cell bodies, our present data suggest that PrPc may be converted 
into PrPsc in the cell body before transport or that PrP“ is generated in axons 
and transported retrogradely back to the cell body.
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83.1

RELEASE OF CNTF FROM ENCAPSULATED TRANSFECTED BHK  
CELLS AND FROM POLYMER RODS. S.A. Tan*1,V. Padrun1 , A.C. 
KatQ2, A.D. Zurn1, R. Palmiter3. B. Bamber3. J. Hamming4. E. Baetge4. 
P. Aebischer1. 1 Surgical R esearch D iv is ion , C H U V , Lausanne 
University, Switzerland; 2D iv . C lin ica l N eu rop h ysio logy  and 
Pharmacology, CM U, G eneva, Switzerland; 3HHNI, University o f  
Washington, St. Louis, MO; 4 Cytotherapeutics, Providence, RI.

Ciliary neurotrophic factor (CNTF) has been shown to prevent the 
degeneration o f motor neurons after peripheral nerve axotomy in early 
postnatal rats and in mutant m ice with progressive motor neuronopathy 
(pmn/pmn). Application o f neurotrophic factors such as CNTF to patients 
suffering from A m yotrophic Lateral Sclerosis (A L S) may require 
intrathecal delivery. The short life  and relative instability o f CNTF  
demands new delivery methods such as encapsulation o f  genetically  
engineered cells or slow  releasing polymer system s. Capsules were 
loaded with baby hamster kidney (BHK) cells were transfected with the 
PNUT-NOT vector containing the mouse cD N A  for CNTF and ethylene 
vinyl acetate copolymer rods were loaded with human CNTF. Bioactivity 
of both systems were tested in vitro on rat embryonic motor neuron (M N) 
(E14) and on chick ciliary ganglion neuronal (CG) (E8) cultures. The M N  
cultures showed an increase in choline acetyltransferase (СҺАТ) activity on 
exposure to capsules containing CNTF producing cells, and to rods loaded 
with the trophic factor, as compared to the capsules containing the BHK  
parent cell line and to the control rods. An increase in the number o f CG 
neurons extending neuntes from cultures containing the CNTF-cell 
capsules and CNTF releasing rods was also observed. These results show  
that both system s allow slow , controlled delivery o f CNTF for use in 
animal models o f ALS. In vivo studies examining both types o f delivery 
are underway.

83.2
MOTONEURONS THAT ARE RESISTANT TO ALS ARE PREFERENTIALLY 
ENRICHED IN THE CALCIUM BINDING PROTEIN PARVALBUMIN.
A  Reiner *. S. Anfinson and G. Figueredo-Cardenas. Dept. Anat and 
Neurobiol., Univ. TN, Memphis, TN 38163.

The cause of motoneuron death in nonfamilial ALS is uncertain. There has 
been some recent evidence that excitotoxicity might be involved in this pro
cess. Since calcium influx is thought to be a necessary concomitant of excito- 
toxic neuronal injury, we reasoned that if excitotoxicity was involved in ALS mo
toneuron death, then a calcium binding protein such as parvalbumin (PV) might 
be involved in abating this process and be preferentially found in motoneurons 
resistant to the disease process. If we found this to be the case, this would 
then be further evidence that an excitotoxic process is involved in ALS. To this 
end, we used immunolabeling to explore the localization of PV in motoneurons 
of diverse cell groups of the brain stem and spinal cord in normal rhesus mon
keys, a normal human and an ALS human.

In monkeys, we found that among the motoneuron pools that are highly vul
nerable to the ALS process (i.e. trigeminal, facial, hypoglossal, C7 brachial cord 
and L4 lumbar cord), PV+ neurons make up only 20-45% of the total number of 
motoneurons. In contrast, in such resistant motoneuron pools as the oculomo
tor, trochlear, abducens and Onuf’s nucleus in S2, 70-85% of the total number 
of motoneurons were PV+. In the C4 phrenic motoneuron pool (which shows 
intermediate vulnerability), 55% of the motoneurons were PV+. Similar results 
were obtained for brainstem motoneurons in a normal human as for monkeys.
In contrast, of the surviving motoneurons in both vulnerable and invulnerable 
pools in the brainstem of the ALS specimen, typically over 85% were PV+. 
These results show that PV+ motoneurons are preferentially resistant in ALS 
and thereby implicate a calcium-mediated, presumably excitotoxic process as 
the killing mechanism in ALS. NS-19620, NS-28721 (AR), DK-07405 (SA).
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83.3
Cu/Zn SUPEROXIDE DISMUTASE mRNA LEVELS IN ANTERIOR HORN 
CELLS OF AMYOTROPHIC LATERAL SCLEROSIS AND CONTROL 
SUBJECTS. S. Muntasser, K. Beric-Maskarel. L. Wever and C. Bergeron*. 
Center for Research in Neurodegenerative Diseases, Toronto, Ont. M5S1A8.

The etiology and pathogenesis of motorneuron death in sporadic 
Amyotrophic Lateral Sclerosis (ALS) is unknown. Several mechanisms have 
been postulated, including altered gene expression, excitotoxicity and 
autoimmunity. To investigate the possibility that faulty expression of key free 
radical scavenging enzymes may be implicated in motorneuron death, we 
measured the mRNA levels of Cu/Zn superoxide dismutase (SOD-1) in 
anterior horn cells of 6 ALS subjects and 6 age-matched controls. Quantitative 
in situ hybridization was performed using a S35 labeled riboprobe for the entire 
sequence of the SOD-1 protein. To correct for pre and post-mortem factors 
unrelated to the disease process which may alter mRNA preservation, the 
results were normalized to the total polyadenylated mRNA in Purkinje cells. 
SOD-1 mRNA levels were unchanged in ALS. These results suggest that 
altered SOD-1 expression is unlikely to contribute to motorneuron death in 
sporadic ALS. Supported by the ALS Society of Canada.

83.5
LEMS SERUM REDUCES BOTH LVA AND HVA CALCIUM 
CURRENT IN DRG NEURONS. K.D. Garcfa@. K.G. Beam#*. J,P. 
Walrond® and M. M vnlieff#. Dept. o f @Anatomy & Neurobiology and 
#Physiology, Colorado State University, Fort Collins, CO 80523 

Lambert-Eaton Myasthenic Syndrome (LEMS) is a human autoimmune 
disorder characterized by decreased quantal content at the neuromuscular 
junction. LEMS antibodies appear to affect voltage gated calcium channels 
since they decrease calcium currents in adrenal chromaffin cells and 
neuroblastoma cells. However, the identity o f the affected calcium 
currents) has not been well characterized. We have examined the effects 
of LEMS antibodies on murine dorsal root ganglion (DRG) neurons, cells 
that exhibit several types o f well characterized calcium currents. Acutely 
dissociated neurons were incubated overnight with serum from LEMS 
patients and control neurons were incubated overnight with or without 
normal human serum. Calcium currents were measured with the whole
cell variant of the patch clamp method (10 mM Ca2+ as charge carrier). 
Currents were evoked by 300 ms depolarizations applied from a holding 
potential o f -80 mV. Sera from all three patients tested decreased the 
density o f the low voltage-activated (LVA) calcium current by 59.2 - 
73.0%. Sera from two of these patients also decreased the density of the 
transient component o f high voltage-activated (HVA) calcium current by
46.8 - 58.1%. Serum from one patient was also tested on voltage- 
dependent potassium currents and found to have very little effect. These 
results suggest that LEMS antibodies affect a variety o f calcium channel 
types and that the different sera may recognize different epitopes. 
Supported by NIH grants NS 26416 to KGB and 25572 to JPW.

83.7
A C E T Y L -L -C A R N IT IN E  R E ST O R E S M E T A B O L IC  AND  
FU N C T IO N A L  A S PE C T S IN  D IA B E T IC  P E R IPH E R A L  
NEUR O PA TH Y
L. Pacifici. A. Beliucci. R. Conti. P. Chiodi. В , Ciani, М.Т. Ваmасc i, L·  
Ange lu cc i1. S. Algeri*. Inst, for Res. on Senescence Sigma Tau, 00040 
Pomezia, Italy; Inst of Pharmacology II, School of Medicine, "La Sapienza " 
Univ. of Rome, Italy.

We have previously shown that Acetyl-L-Camitine (ALCAR) is able to 
ameliorate the experimental diabetic neuropathy in the rat. In the present study 
we have investigated the effect of a long term treatment with ALCAR on one of 
the metabolic abnormalities coupled to the diabetic neuropathy: Na/K ATPase 
activity. Carnitine and acetylcarnitine levels and neuromuscular conduction 
velocity (NMCV) in the sciatic nerve of rat, were also measured. The diabetic 
condition was induced with a single injection of streptozotocin, 50mg/2ml/kg
i.v. Moreover we examined in the same animals oxigen consumption in the 
retina, one o f the tissue most affected in diabetes.

A long term treatment with ALCAR (50mg/5ml/kg/day i.p. for 5 weeks) 
corrects the reduction o f Na/K ATPase activity induced by diabetes (-20% 
p<0.001) in the sciatic nerve and increases significantly carnitine (+51% 
p<O.Ol) and acetylcarnitine (+66% p<O.Ol) contents with respect to diabetic 
control group. ALCAR increases significantly the NMCV at the 5th week of 
diabetes (+19%, p<O.Ol) with respect to diabetic control group; this increase 
was still evident and of greater magnitude at 10th week (441%, p<O.001). In the 
retina oxigen consumption was 28% less in diabetic group (p<0.02). In contrast 
it was similar to controls in the retinas o f diabetic rats treated with ALCAR.

In conclusion ALCAR treatment reverses some metabolic and functional 
defects in diabetic rats, possibly through a recovery o f carnitines concentrations 
in the nerve, and so through a metabolic readjustment.

83.4
DETECTION OF AN ENDOGENOUS INHIBITOR OF TRYPSIN-LIKE 
ENZYMES IN THE HAMSTER SKELETAL MUSCLE. G. De Renzis*. E.
Pompili. В. Maras. E. Fioretti. W.L. Collier and L. Fumagalli. Inst, of
Anatomy, Catholic Univ., 00168 Rome, Italy.

Trypsin-like proteases partecipate to myofibril protein catabolism in 
both normal and pathological skeletal muscle (wasting conditions, e.g. 
muscular dystrophy). The activity of these proteinases may be regulated 
by endogenous inhibitors, which are however poorly known at present. 
Normal Golden Syrian hamsters were deeply anesthetized (Diazepam
1,25 mg/100 g, Ketamine 12,5 mg/100 g i.p.) and perfused with saline to 
remove any contamination by plasmatic inhibitors. Tipically, the soluble 
fraction of muscle homogenate (100 gr wet weight) was processed by the 
following chromatographic steps: 1- affinity chromatography using bovine 
trypsin bound to an agarose matrix (Sepharose 4B). After an extensive 
wash the bound material was eluted from the column by an acid 
treatment (10 mM HCI, pH 2); 2- DEAE A-50 resin (elution by NaCI 
gradient); 3- fast protein liquid chromatography (FPLC, monoQ column, 
Pharmacia). The inhibitory activities were monitored by a radiometric test 
using trypsin as protease and 14C-methylcasein as substrate. The 
purified material was finally examined by SDS-PAGE, electroblotted onto 
a PVDF membrane and analyzed in an automated gas-phase sequencer 
(Applied Biosystem). Among various inhibitory activities we have 
detected, a new 34KDa protein could be identified.

The financial support of Telethon-ltaly to this project is gratefully 
acknowledged.

83.6
METALLOTHIONEIN : NUCLEAR LOCALIZATION IN HUMAN 
SPINAL CORD. K. Kiningham, G.X. Bi, E .J. Kasarskis*. 
Grad Ctr for Toxicology and Dept Neurology, VAMC and 
Univ. Kentucky, Lexington, KY 40536.

The metallothioneins (MT) are a family of ubiquitous 
cysteine-rich, 6.6 kD proteins which detoxify heavy metals 
such as cadmium and mercury, and participate in zinc and 
copper homeostasis. MT has been reported to be increased  
in the liver, kidney, and in spinal astrocytes of patients 
with amyotrophic lateral sclerosis (ALS) (Neurosci Lett 
144:107-110,1992).

Polyclonal antibodies were raised to the peptide 
(KCKECKCTSCKKC), an epitope common to all 12 human MT 
isoforms. The distribution of MT immunoreactivity was 
studied in spinal cords from patients with and without motor 
neuron disease. MT immunoreactivity was localized to the 
nucleus as well as the cytoplasm of motor neurons and 
astrocytes. Capillary endothelia, ependymal cells and the 
arachnoid were also positive for MT.

One or more MT isoforms are present in human spinal cord 
and localized most conspicuously to the nuclei of spinal 
motor neurons. Although considered a soluble cytoplasmic 
protein, MT has been found in nuclei of non-neural tissues 
where it is considered to regulate zinc availability for 
transcription factors. Тће results of this study suggest a 
potential role for MT in nuclear events in human spinal 
motor neurons and astrocytes as well.

83.8
ACETYL-L-CARNITINE AFFECTS NEUROMUSCULAR MORPHOLOGY 
CHANGES INDUCED BY NERVE TRAUMA AN D AGING IN RATS. C .D e  
A ngelis, C. Scarfò. M. Falcinelli, E. Perna, A. Gorio1 and M.T. Ramacci * . 
Inst, for Res. on Senescence Sigma Tau, 00040 Pomezia, Italy; 1 Dept. of 
M edic. Pharmacol., Univ. of Milan, Italy

The beneficial effects of Acetyl-L-Carnitine (ALCAR) on structural and  
functional aspects of rat peripheral nerve regeneration follow ing trauma 
prompt us to investigate its action on skeletal m uscle reinnervation. We 
studied alteration o f so leus end-plate (silver-cholinesterase stain) and 
histochemical cytoarchitecture (myofibrillar ATPase pH  10.3) in young, and 
old; injured (sciatic nerve crush), and uninjured; untreated and long-term  
ALCAR. (150 m g /k g /d a y  in drinking water) treated rats. Sprouting Index 
(SI= n° of terminal branch points x endplates len ght) w as m arkedly  
decreased in old (-13%) and in injured young (-43%) rats vs young uninjured 
rats. ALCAR increased SI in aged rats vs untreated aged rats (+69%) and in 
injured young rats (+93%) vs untreated injured young rats. Fiber composition 
of soleus in  aged rats was modified, vs young ones with an increase of type I 
oxidative fibers (+14%), and a decrease of type II glycolitic fibers (-50%) 
and o f interm ediate g lycolitic-oxidative type fibers (-43%). ALCAR 
restored soleus fiber composition of old rats at similar values of adult ones.

The sciatic nerve crush produced in old  rats a large modification of fiber 
com position in soleus: a percent decrease of type I fibers and a percent 
increase of type II and intermediate fibers, at 5 ,1 5 ,3 0  and 60 days after crush 
w ith a complete recovery at 100 days. In ALCAR-treated rats w e  found  
these modifications to be present only until 30 days after crush. At 60 days 
(40 days earlier than in untreated rats) the fiber composition w as similar to 
that of uninjured old rats. Our results support previous findings showing  
that ALCAR increases m uscle motor recovery after nerve lesion (Pettorossi
V.E. et al., Drugs Expti. Clin. Res., ХVП (2): 119-125,1991).
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83.9
MUSCLE-TYPE NICOTINIC АСҺ RECEPTORS (AChR) EXPRESSED  
ABERRANTLY IN SMALL CELL LUNG CARCINOMA OF A  
PATIENT WITH MYASTHENIA GRAVIS. GE Griesmann. E Wieben† 
CL Williams*. VA Lennon. Depts. o f Immunol., Neurol., Lab. Med. & 
Pathol., and †Biochem. & Molec. Biol., Mayo Clinic, Rochester,MN 55905.

Skeletal muscle-type AChR have not previously been detected in small 
cell lung carcinoma (SCLC) by immunoprecipitation or Northern blot 
analysis (J Neurochem 45:159, 1985; PNAS 89:1572, 1992). We have now 
identified muscle-type AChR in a SCLC line (SCC-37) derived from a 
patient with clinical and serologic evidence o f myasthenia gravis (MG). 
SCC-37 has a chromosome 3p marker characteristic o f SCLC, synthesizes 
immunoreactive somatostatin and neuron-specific enolase, and expresses 
N-type Ca2+ channels. The yield of 125I-α-bungarotoxin (α-BTx)-binding 
sites solubilized from SCC-37 (250 fmol/g) is comparable to that o f adult 
muscle tissue. These α-BTx-binding molecules are immunoprecipitable by 
anti-human muscle AChR IgG, and are therefore muscle-type AChR, not 
neuronal. In addition, carbachol induces curare-inhibitable influx o f 22Na.

cDNA reverse transcribed from total RNA o f SCC-37 was amplified by 
PCR using primers encoding the AChR α-subunit’s N- and C-terminal ends. 
The amplified DNA’s size corresponded to the full length o f mature α , and 
a cloned cDNA sequence identical to that reported for human muscle 
AChR was confirmed. The isomeric P3a exon (EMBO J 9:2101, 1990) was 
not found in any of 15 clones that were sequenced. By Northern blot, 
AChR a was detected in SCC-37 and a human skeletal muscle line 
(TE671), but not in a prototypic SCLC line (SCC-9). The data imply that 
MG can be induced by aberrant expression o f AChR in a tumor. 
(Supported by The Council for Tobacco Research U.SA., Inc.).

83.10
MOLECULAR ANALYSIS OF THE IDIOPATHIC TORSION 
DYSTONIA GENE AND OTHER NEUROLOGICALLY IMPORTANT 
GENES ON HUMAN CHROMOSOME 9q32-34 
J.D. Falk. H. Usui. S.M. Forss-Petter and J.G. Sutcliffe. Dept. Molecular 
Biology, The Scripps Research Institute, La Jolla, CA 92037.

To identify the gene for the neuromuscular disease idiopathic torsion 
dystonia, DYT1, as well as other neurologically important genes localized in 
the human 9q32-34 region, we are identifying expressed sequences within 
chromosome-specific libraries and elucidating their patterns of tissue 
expression. Candidates for the DYT1 gene are being assessed based on 
their expression in dystonic target tissues. We have assembled an arrayed 
collection of 3,000 9q32-34 - specific clones which have been screened with 
rat cDNA probes. This resulted in the identification of 141 genes 
transcribed within this region, 33 of which are expressed specifically in the 
brain. These candidates are being analyzed to determine their complete 
tissue expression patterns and location with respect to DYT1 in the 9q32-34 
region. Genes expressed specifically in basal ganglia, a primary dystonic 
target tissue, are being identified using a caudate-enriched probe generated 
by subtracting common sequences within cerebellar and caudate cDNA. A  
PCR-based technique that enriches for 9q32-34 - specific sequences is also 
being used to enhance the sensitivity of our cDNA probes. These 
techniques should allow us to determine the tissue expression patterns of 
nearly all the genes in this region, ultimately enabling us to identify the 
dystonia and other brain-specific genes.

83.11
CILIARY NEUROTROPHIC FACTOR (CNTF) AND BRAIN-DERIVED 
NEUROTROPHIC FACTOR (BDNF) CO-ADMINISTRATION ARRESTS 
LOSS OF MOTOR FUNCTION IN WOBBLER MICE. H. Mitsumoto*. K. 
Ikeda. Neurology, Cleveland Clinic, Cleveland, OH 44195, V. Wong. J.M. 
Cedarbaum. and R.M. Lindsay. Regeneron Pharm., Tarrytown, NY 10591.

Exogenous CNTF slows the progression of motor neuron disease in wobbler 
mice (Neurology 1993;43:A321, A415). We recently found that BDNF has 
similar effects. We now examined co-administration of CNTF and BDNF in 
wobbler mice. Upon diagnosis at 3-4 wks of age, affected mice received blinded 
human recombinant CNTF (1 mg/kg) and BDNF (5 mg/kg) (n=8), 3 times/wk 
on alternate days or vehicle solution (n=7) for 4 wks. Body weight, 
semiquantitative motor scales, grip strength, running time, and resting activity 
were determined weekly. In marked contrast to rapid deterioration in vehicle- 
treated mice, paw position abnormalities, walk pattern, running time, and mean 
grip strength remained constant in the CNTF/BDNF group. Indeed, in this 
group, grip strength increased in 4 wobbler mice. In-vivo and in-vitro muscle 
twitch tension measurements at the end of treatment were greater in the 
CNTF/BDNF group (P< .001 in both). Biceps muscle weight was heavier (P<  
.005) and denervation muscle atrophy significantly attenuated in the combined 
treatment group compared to CNTF or BDNF alone (P < .001 in both). Motor 
neuron counts are being determined. Co-administration of CNTF and BDNF 
dramatically arrests motor dysfunction and denervation atrophy in this MND. 
A combination is more effective than either factor alone.

83.12
BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) SLOWS THE 
PROGRESSION OF WOBBLER MOUSE MOTOR NEURON DISEASE.
K. Ikeda*. H. Mitsumoto. Neurology, Cleveland Clinic, Cleveland, OH 44195 
and V. Wong. J.M. Cedarbaum. and R.M. Lindsay. Regeneron Pharm., 
Tarrytown, NY 10591.

Ciliary neurotrophic factor (CNTF) and BDNF both prevent motor 
neuron degeneration in developing animals, but only CNTF promotes in-vivo 
survival of motor neurons in  v itro . CNTF treatment slows the progression 
of motor dysfunction in murine motor neuron disease (MND) models such 
as wobbler mice (Neurology 1993;43:A321; A415); however, the effects of 
BDNF administration on natural MNDs are unknown. We investigated the 
effects of BDNF in wobbler mice which develop progressive MND 
predominantly affecting the cervical motor neurons/forelimb muscles. Upon 
diagnosis at age 3 to 4 wks, 10 pairs of affected mice received blinded 
subcutaneous injection of 5 mg/kg recombinant BDNF or vehicle solution, 
3 times/wk for 4 wks. Grip strength (P<.03), in-vivo biceps twitch tension 
(Pc.01), and in-vitro biceps/triceps muscle twitch tension were all greater 
in BDNF-treated animals (P<.02). BDNF improved walking pattern and 
decreased paw position abnormalities. Biceps muscle weight was 20% 
heavier in BDNF-treated mice (P<.05). Mean muscle fiber diameter was 
significantly larger and the percentage of small (< 8  μ m  in diameter) fibers 
was on average 70% reduced in BDNF-treated mice (Pc.001, both). 
However, the number of surviving cervical neuron did not differ between 
groups. Therefore, BDNF retarded Ihe disease progress, increased muscle 
twitch tension, and improved denervation atrophy in this MND, but the 
mechanisms by which BDNF exerts its effects on diseased motor neurons 
may differ from CNTF.

MENTAL ILLNESS II

84.1
EFFECTS OF D-CYCLOSERINE AND HA-966 IN A MOUSE MODEL OFPHYCHOSIS. M.L. Carlsson*, G. Engberg and A. Carsson. Dept. of

Pharmacol., Univ. of Göteborg, Medicinareg. 7, S-413 90 Göteborg, Sweden.
Schizophrenia has been proposed to be a hypoglutamatergic syndrome 

which might be alleviated by strengthening NMDA receptor-mediated 
neurotransmission by stimulating the associated glycine receptor. We have 
previously made the observation that DA-depleted mice receiving an NMDA 
antagonist combined with the a 2-adrenoceptor agonist clonidine exhibit 
dramatic locomotor stimulation, suggesting that DA is not indispensable for 
the production of psychotomimetic effects. Using this as a model for psychosis 
We have studied the consequences of manipulating the glycine site. We found 
that the partial glycine agonist D-cycloserine caused a dose-related potentiation 
of a low dose (0.1 mg/kg) of the non-competitive NMDA antagonist MK-801 
combined with clonidine (0.5 mg/kg) but failed to decrease the locomotor 
activation produced by a ten times higher dose of MK-801. Furthermore, D- 
cycloserine potentiated the locomotor stimulant effects of a low dose (0.625 
mg/kg) of the competitive NMDA antagonist D-CPPene combined with 
clonidine, but, again, failed to significantly alter the locomotor activation 
produced by a higher dose of D-CPPene (2.5 mg/kg)

The glycine antagonist (+)-HA-966 was unable to potentiate the locomotor 
stimulant effect of a low dose (0.1 mg/kg) of MK-801 combined with 
clonidine, but caused a dose-dependent decrease of locomotion in mice receiving 
higher doses of MK-801 (1 mg/kg) or D-CPPene (5 mg/kg), the effect being 
most impressive in the case of MK-801.

At present the mechanisms underlying these findings are obscure, but if 
they have any clinical relevance, it is predicted that (+)-HA-966 might be 
worthwhile trying in schizophrenia and, conversely, D-cycloserine might prove 
beneficial in Parkinson's disease.

84.2
Gene Expression For Glutamic Acid Decarboxylase Is Reduced In Prefrontal 
Cortex Of Schizophrenics. W.E. Bunney Jr.*. S. Akbarian. J.J. Kim. J.O. 
Hagman. S.G. Potkin. E.G. Jones. D e p a r tm e n t o f  A n a to m y  a n d  N eu rob io logy, 
a n d  D e p t. o f  P sych ia try  a n d  H u m a n  B eh a vio r , U n iversity  o f  C aliforn ia , Irvine. 
Upregulation of GABA-A receptors and decreased GABA-uptake in the 
cerebral cortex of schizophrenics suggest altered GABA-ergic transmission 
which could be caused by primary disturbance of GABA synapses or by 
decreased production of the transmitter. We quantified levels of mRNA for 67 
kDa glutamic acid decarboxylase (GAD), the key enzyme in GABA synthesis, 
and the number and laminar distribution of GAD mRNA expressing neurons 
in prefrontal cortex of schizophrenics and matched controls, using in situ 
hybridization histochemistry, densitometry and cell counting methods. These 
data were compared with those showing the total number of neurons and the 
number of small neurons 8-15 um in diameter. As a control, mRNA levels for 
type II calcium/calmodulin dependent proteinkinase were quantified and 
showed no significant difference between samples. Schizophrenics showed a 
pronounced decrease in GAD mRNA expressing neurons in layers I (43%) 
and II (54%) and a 35% decrease in layers III-VI, with overall strong 
reductions in GAD mRNA levels. No differences were found in total neurons 
nor in small neurons, which should include a majority of the GABA cells. 
Thus, the functional hypoactivity of the prefrontal cortex in schizophrenia 
appears to be accompanied by reduced gene expression for GAD mRNA 
possibly brought about by an activity dependent downregulation, in the absence 
of significant cell loss. Supported by NIMH Grant MH 44188 and the DFG.
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84.3
Altered N eurocellu lar Com position O f P refrontal Cortex In  
Schizophrenia. S. Akbarian*. J.J. Kim. A . Tafazolli. J.O . Hagman. S.G . 
Potkin . W .E . Bunnev Jr.. E .G . Jones. Department of Anatomy and 
Neurobiology and Department of Psychiatry and Human Behavior, 
University of California, Irvine.

Decreased density o f  neurons expressing nicotinamide adenine 
dinucleotide phosphate diaphorase (NADPH -d) in the prefrontal gray 
matter o f  schizophrenics, accompanied by an increase o f  NA DPH -d cells 
in deeper prefrontal white matter implies disturbances o f  early cortical 
development, such as impaired neuronal migration or an incomplete 
elimination o f  transitory subplate neurons. W e studied the distribution o f  
two non-overlapping subpopulations o f  neurons, one recognized by 
NA DPH-d histochemistry and the other one by im m u n oreactive  for a 
non-phosphorylated epitope o f  the 200 kDa neurofilament subunit (NF- 
H) in gray and white matter o f  the middle frontal gyrus o f  schizophrenics 
and matched controls. Schizophrenics had a significant decrease o f  
NA DPH-d neurons in cortical gray and superficial white matter that was 
accompanied by a significant increase in white matter 3-5 mm apart from  
overlying cortex. Schizophrenics showed an increased density o f  NF-H  
neurons in cortical layer VI, accompanied by a decrease o f  NF-H  
neurons in superfical white matter. In addition, 3 out o f  10 
schizophrenics showed a striking increase in the amount o f  deep white 
matter NF-H neurons. These findings are best explained by a disturbance 
in the orderly selection process o f  overabundant cortical pyramidal 
neurons and transitory subplate neurons, possibly in conjunction with 
impaired neuronal migration. Supported by NIMHGrantMH44188.

84.5
INCREASED GAP-43 LEVELS IN FRONTAL AND VISUAL CORTICES 
FROM SCHIZOPHRENIC BRAINS. A.C. Sower*. E.D. Bird and N.I. Perrone- 
Bizzozero. Departments o f Chemistry and Biochemistry, University o f New  
Mexico, Albuquerque, NM, 87131 and McLean Hospital, Belmont, MA, 02178.

To investigate the molecular properties of synaptic connections in schizophrenia, 
we measured the levels of the neuronal membrane phosphoprotein, GAP-43, which 
is associated with the development o f synaptic networks. Preliminary studies have 
demonstrated that the levels o f GAP-43 are increased in primary and associative 
visual areas (A17/20) and frontal cortex (A10/11) from 5 schizophrenic brains (Soc. 
Neurosci. Abstr., 17:1455,1991). Here we report the analysis o f additional cases 
using immunodetection procedures. By Western blot techniques we have 
demonstrated that GAP-43 protein is stable in tissues with up to 48 h post-mortem 
interval and that the GAP-43 antibody (Benowitz et. al., J. Neurosci., 8:339,1988) 
is monospecific. Having demonstrated thiese two requirements for immunodetection 
methodology, we have developed a dot blotting procedure to quantitate the levels of 
GAP-43 in post-mortem brain tissue. This procedure was found to offer unique 
advantages over standard Western blot techniques since it: 1) allowed for correction 
of total amount o f protein loaded in each dot, 2) ensured a linearity of response for 
both the total protein and the GAP-43 protein, and 3) enabled the simultaneous 
analysis o f multiple samples with minimal sample manipulation. Multiple 
analysis of 19 cases (8 schizophrenic, 6 normal controls, and 5 non-schizophrenic 
neuroleptic-treated subjects) revealed a statistically significant (pcO.Ol) 46% 
increase in GAP-43 levels in cortical areas from schizophrenic brains. The results 
from dot blot immunodetection were essentially similar to those obtained through 
standard Western blotting procedures. Given the relationship o f GAP-43 expression 
with the establishment and remodeling o f neural connections, our results support 
the hypothesis that schizophrenia is associated with a perturbed organization of 
synaptic connections in the brain. Supported in part by the Scottish Rite 
Schizophrenia Research Program, UNM Research Allocation Committee Funds, GE 
and GAANN Fellowships and the NIH MH-31862.

84.7
M E A S U R E M E N T  O F  S T A R T L E  P R E P U L S E  
IN H IB IT IO N , P50 EVOKED POTENTIAL GATING,  
AND SPEM IN A SINGLE PSYCHOPHYSIOLOGICAL  
BATTERY. K.A, Young*. M.D. Brady. W.L. Quinn and P.B. Hicks. 
Department o f Psychiatry and Behavioral Sciences Texas A&M College o f  
Medicine, Scott & White Clinic and the Waco VAMC. Waco, Texas 76711.

Psychophysiological deficits have been reported as occurring 
with elevated frequency in a variety of neuropsychiatric conditions. 
The current study investigates the feasibility of measuring several of 
these deficits simultaneously during a relatively brief testing session. 
Using a Macintosh platform running Quickbasic linked to an 
integrated physiological data collection system (BIOPAC MP100), 
responses o f psychiatric patients diagnosed with schizophrenia, 
manic depression or unipolar depression were assessed. Nine out 
of ten patients who underwent testing successfully completed the 22 
minute session. The results suggest that among this small cohort of 
patients, poor sensory gating measured by prepulse inhibition of the 
acoustic startle response was correlated with poor sensory gating 
measured during paired auditory evoked potential trials at die trend 
level (Pearson product moment correlation = 0.62, P > 0.076). 
Measures of deficient pursuit tracking (saccade # vs velocity slope, 
ranking of pursuit deviations), were not significantly correlated with 
P50 gating or startle measures (P's > 0.17). Future testing of  
additional subjects with this protocol may reveal groups of patients 
with particular constellations of psychophysiologic deficits.

84.4
DIFFERENTIAL REGULATION OF D l-  AND D2-DOPAMINERGIC  
RECEPTORS BY CHRONIC HALOPERIDOL, CLOZAPINE AND  
REMOXIPRIDE TREATMENT IN THE PRIMATE CEREBRAL CORTEX 
M.S. Lidow* and P.S. Goldman-Rakic Section of Neurobiology Yale University, 
School of Medicine, New Haven, CT 06510
The effect o f  neuroleptic treatment on neurotransmitter receptors in subcortical 
structures has been addressed in multiple studies while modulation o f cortical 
receptors by such treatment has received little attention. Such data are particularly 
important in view o f mounting evidence o f the cerebral cortex involvement in 
schizophrenia. In the present study, we investigated the changes in D l-  and D2- 
dopaminergic and NMDA receptors in the cerebral cortex of rhesus monkeys after 
chronic treatment with haloperidol, clozapine and remoxipride. Three groups of four 
animals each received one o f these drugs for six months p.o., t.i.d. (haloperidol 0.2 
mg/kg/day; clozapine 5.2 mg/kg/day; remoxipride 3.75 mg/kg/day). The control 
group consisted o f three animals. Five days after treatment, animals were sacrificed, 
their brains removed and stored at -80°C. Cryostat sections o f cortical tissue were 
autoradiographically labeled with multiple concentrations of [3H]SCH23390 (in the 
presence o f ritanserin), [125I]Epidepride (in the presence of idazoxan) or [3H]MK801 
to estimate maximal binding density (Bmax) for D l, D2 and NMDA ionic channel 
sites respectively. All three neuroleptics significantly increased (28%-37%) the 
density of D2 receptors in the visual, motor, somatosensory and temporal association 
cortical areas. In the prefrontal cortex, thè D2 receptor density increased by 10%-15%, 
however this increment did not reach statistical significance. An unexpected result 
was that all three neuroleptics significantly decreased (30%-39%) the density of D l  
sites in the prefrontal and temporal association cortical regions and no other cortical 
area. None of the drugs affected the density of cortical NMDA receptors. We also 
observed no changes in the affinity o f dopaminergic or NMDA receptors. These 
results show that chronic treatments with three different neuroleptics have remarkably 
similar effects on cortical dopaminergic receptors. Moreover, all of them differentially 
regulate cortical D l and D2 sites.

84.6
CYTOLOGIC ABNORMALITIES IN AREA 9 OF THE SCHIZOPHRENIC 
CORTEX. L.D. Selem on*. G. Rąjkowska and P .S. G oldm an-Rakic. 
Sect, o f  Neurobiol., Y ale U niv. Sch. M ed., N ew  H aven, CT 06510.

Behavioral and m etabolic studies have focu sed  attention on 
the dorsolateral prefrontal cortex as a s ite  o f  d ysfu n ction  in 
sch izoph renia . H ere w e  report the first ev id en ce  for m orpho
lo g ic  abnorm alities in prefrontal cortica l area 9. N euronal and 
g lia l density  has been exam ined in 13 sch izop h ren ics, 4  sch izo-  
a ffec tiv es , 11 norm als and 5 n eu ro lo g ica lly  im paired controls  
(H u n tin gton 's d isea sed  brains). In the sch izo p h ren ic  brains, 
neuronal d en sity  is  s e le c tiv e ly  e lev a ted  (23%  ab ove  norm al 
le v e ls )  resu ltin g  in an in creased  n eu ro n a l/g lia l ratio . N euronal 
density  is greater in layers 2 ,4 ,5  and 6; m ean neuronal s ize  is 
sm aller in layers 3 and 5a. The sch izoph renic  cortex  is 14% 
thinner than norm al w ith  a d isproportionate d ecrea se  in the 
width o f  layer 5. W ork in progress ind icates sim ilar resu lts for 
area 46 . M ean neuronal density in area 9 for the sch izo-  
a ffec tiv es , though sim ilar to the sch izop h ren ic  m ean, is not 
s ig n ific a n tly  d ifferen t from  norm als due to v a r ia b ility  am ong  
the 4  brains. The H untington's ca ses  e x h ib it  m arked thinning  
o f  the cortex (36% ). H ow ever, on ly  3 o f  the 5 cases have  
abnom ally  h igh  neuronal d en sitie s, and therefore the m ean is 
not sig n ifica n tly  d ifferen t from  norm als. In con trast, g lia l  
d en sity  is  greatly e levated  (64% ), in the H untington's brains. 
T hus, increased  neuronal d en sity  cou p led  w ith  d ecreased  
cortica l th ickn ess is sp e c if ic  to the sch izop h ren ic  group and 
su ggests that less  neuropil is present in area 9  in this d iseased  
cortex. (Supported by CNS grant #  4 4 8 6 6 )

84.8
DIFFERENTIAL COGNITIVE PERFORMANCE IN DEFICIT VS 
NONDEFICIT FORMS OF SCHIZOPHRENIA. R.W. Buchanan, 
M.E. Strauss, B. Kirkpatrick, C. Holstein, A. Breier, and W.T. 
Carpenter*. Md. Psych. Res. Ctr., Univ. of Md., Baltimore, Md, 
21228.

The performance on neuropsychological measures of executive, 
visuospatial, and memory functions, selected on the basis of their 
association with lesions of either the frontal, parietal, or temporal 
lobes, was examined in 18 deficit and 21 nondeficit schizophrenic 
patients, and 30 normal controls. Deficit patients were hypothesized 
to perform more poorly than nondeficit patients on frontal and 
parietal lobe measures; the two schizophrenic subgroups were 
hypothesized not to differ in their performance on temporal lobe 
measures. Deficit patients, as compared to nondeficit patients, 
performed more poorly on two frontal lobe measures, the Stroop 
Color-Word Interference (Deficit: 9.6 ±7.1; Nondeficit: 4.3 ±8.1;
F = 4.69, p< .05) and Trails В tests (Deficit: .17± .18; Nondeficit: 
.0 4 ± .1 7; F=5.92, p=.02), and on one parietal lobe measure, the 
Mooney Faces Closure test (Deficit: 18.4± 1.5; Nondeficit:
20 .0±2.2; F = 7.14, p=.01 ). There were no differences in 
performance on the temporal lobe measures between the two 
groups. Both groups performed more poorly on the tests than the 
normal controls. The results suggest that deficit patients are 
characterized by selective frontal and parietai lobe functional 
impairments.
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84.9
CALBINDIN- AND CALRETININ-IMMUNOREACTIVE LOCAL 
CIRCUIT NEURONS ARE INCREASED IN DENSITY IN THE 
PREFRONTAL CORTEX OF SCHIZOPHRENIC SUBJECTS. S.R. 
Daviss* and D.A. Lewis. Depts. of Psychiatry and Behavioral 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15213.

Numerous studies have implicated the prefrontal cortex as a site of 
dysfunction in schizophrenia. In postmortem studies of schizophrenia, the 
density of small neurons, especially in the superficial cortical layers, has 
been reported to be altered in prefrontal cortex (Benes et al., Arch Gen 
Psych 48:996). In this study, we used immunocytochemical techniques to 
examine the density and laminar distribution of calbindin (CB)- and 
calretinin (CR)-labeled local circuit neurons in areas 46 and 9 in five pairs 
of schizophrenic and control subjects matched on a case-by-case basis for 
age, sex, and postmortem interval. In area 46, the mean density of CB- 
immunoreactive local circuit neurons in the schizophrenic subjects was 
increased in layers I through III by 51% (p< .05), and in layer V by 88% 
(p< .05). In each of the 5 pairs of cases, neuronal density was increased in 
the schizophrenic subject compared to its matched control. The mean density 
of CR-labeled neurons was greater (36% increase) in layers I and II of the 
schizophrenic subjects; this increase was observed in 4 of the 5 pairs of 
cases. These increases in neuronal density may not be attributed solely to a 
loss of neuropil since cortical thickness in the schizophrenic subjects was not 
significantly different from that of the controls. Additional studies of these 
neuronal populations in other cortical areas and in other psychiatrically ill 
populations are necessary to confirm the specificity of these findings.

84.11

DOPAMINE AND VESICULAR TRANSPORTER GENE 
MARKERS IN NEUROPSYCHIATRIC DISORDERS. 
PJ.Vandenbergh*1,2. A.M.Persicol,2. J.Gelernter3. G.S. Bird1,2.
R.Crowe4. C.Surratt1. R.Kurlan5. D.Pauls6. O.Hurko2. H.Singer2. K.K. 
Kidd6’7, and G.R. Uhl1,2. 1Mol. Neurobiol., ARC, NIDA, NlH &  2Depts. Neurol. 
& Nsci. JHUSM, Box 5180, Baltimore, MD 21224; Dept.; Depts. 3Psych., 6Chld. 
Stdy.,7Genet.& Biol, Yale U. & Wst. Hvn. VAMC, New Haven, CT06510,
4Psych., Univ  lowa, I.Cty; sDept. Neurol, U. Rochester, Rochester, NY.

The dopamine (DAT) and synaptic vesicular monoamine transporters 
(SVMT) remove synaptic dopamine, repackage it into synaptic vesicles, 
and are thus candidate genes for neuropsychiatric disorders with 
dopamine involvement. DAT and SVMT gene markers allow assessment 
of linkage or allelic association with Parkinson’s disease (PD), Tourette’s 
syndrome (TS), schizophrenia (SZ) and substance abuse (SA), with 
cautions concerning genetic heterogeneity and limited power of allelic 
associations. Neither VNTR (variable number tandem repeat) nor RFLP 
(restriction fragment length polymorphism) markers identifying DAT on 
SVMT alleles display frequencies different from controls in 80 PD and 
183 SA subjects. Neither 12 kindreds segregating TS nor 16 segregating 
SZ provided any support for close linkage with either DAT marker. One 
TS kindred allowed exclusion of linkage with DAT to almost 5 
centimorgans. These results fail to support large DAT and/or SVMT 
contributions to genetic vulnerabilities to PD, TS, SZ, or SA.

84.13
MOTONEURONAL EXCITABILITY IN ADOLESCENT PSYCHOTICS.
R.T.Pivik.*Utáv. Ottawa, Ottawa Gen. Hosp. &  Inst. Mental Health Research

Variations of motoneuronal excitability as indexed by H-reflex recovery 
function profiles have been reported in adult psychotics. The present study 
examined these profiles in adolescent psychotics who had recently experienced 
their first psychotic episode.

Twelve subjects (6 psychotics: 4 males, 2 females; mean ages -17.22+ 1.87 
yrs.; 6 controls: 4 males, 2 females; mean ages - 16.68 +  1.61 yrs.) participated 
in the investigation. Clinical diagnoses were based on DSM-III-R and RDC 
criteria. Four patients were receiving psychotropic medication; two were 
unmedicated. All subjects were free from organicity and controls were free from 
psychiatric disorders. Patients were recorded within an average of 2.25 mos. 
(.25-4.7 mos. range) of their first psychotic episode. Muscle action potentials 
were recorded from the gastrocnemius-soleus muscles. Above threshold equal 
intensity stimuli were delivered in pairs at intra-pair intervals ranging from 40- 
2000 msec. Ratios of test (H2) to conditioning (H1) reflexes were averaged 
(5/interval) and analyzed using repeated measures Analysis of Variance. Group 
comparisons of indexes of secondary facilitation (either the average of reflex 
ratios from 100-300 msec, intervals or comparisons of the largest value from 
among these intervals) did not show significant group differences. As a group, 
psychotics showed slightly greater facilitation than controls (mean index: 
psychotics = 59.33 + 17.36; controls 56.17 + 21.65; mean of largest value: 
psychotics, 83.11 ±  22.98; controls, 80.55 +  14.48). On an individual basis, 3 
psychotics showed evidence of facilitation, and 2  of reduced excitability.

Previous studies in adult psychotics reported augmented recovery curves in 
cbronically-ill patients and reduced curves in acute patients (Crayton et al, Biol. 
Psychiatry 12: 545-560, 1977; Goode et al, Biol. Psychiatry 14: 95-109, 1979). 
Although based on a small sample, the present data suggest that very early in the 
development of psychosis, a mixture of profiles may be obtained. Longitudinal 
studies will be required to determine if these variations are state or trait related. 
A ssis ted  b y  H ea lth  &  W elfare C a n a d a  &  th e  O n ta rio  M en ta l H ea lth  F o u n da tion .

8 4 .1 0
SYNAPTOPHYSIN IMMUNOREACTIVITY IS SELECTIVELY DE
CREASED IN THE PREFRONTAL CORTEX OF SCHIZOPHRENIC 
SUBJECTS. L.A. Glantz* and D.A. Lewis. Depts. of Behavioral Neuroscience 
and Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260.

Multiple lines of evidence indicate that the prefrontal cortex is a site of 
dysfunction in schizophrenia. In addition, one of the distinctive features of 
schizophrenia is the tendency for symptoms to first appear during adolescence. 
These findings have led to the suggestion that prefrontal cortical dysfunction in 
schizophrenia may be related to a disruption of the programmed synaptic 
elimination which is thought to occur in these regions during adolescence. This 
hypothesis was investigated in human postmortem brain tissue by measuring 
immunoreactivity for synaptophysin (SY), an integral membrane protein of 
small synaptic vesicles. SY immunoreactivity has been shown to be a reliable 
measure of synapse density. Immunocytochemical techniques were used to 
determine the density and laminar distribution of SY immunoreactivity in areas 
9 and 46 of the prefrontal cortex, as well as in area 17, primary visual cortex. 
In control cases, SY immunoreactivity had a distinctive laminar distribution 
which was regionally-specific. In six pairs of schizophrenic and control 
subjects, matched on a case-by-case basis for age, sex and post-mortem 
interval, mean relative optical density measures of SY immunoreactivity were 
significantly decreased (p<0.05) in both prefrontal regions in the schizophrenic 
subjects. These measures were decreased in the schizophrenic subject in 5 of 
the 6  pairs of cases in area 9, and in 4 of 6  pairs in area 46. In contrast, in area 
17, a region not thought to be involved in schizophrenia, SY immunoreactivity 
was not decreased in the schizophrenic cases. These findings may be consistent 
with the hypothesis that prefrontal cortical dysfunction in schizophrenia is 
related to developmental abnormalities in synaptic elimination.

84.12
EFFECT OF NICOTINE AND MECAMYLAMINE ON 
SENSORIMOTOR GATING IN THE RAT.
P.Cumffl*. D. J. B. Kim and M.W. Decker Neuroscience Research,
Pharmaceutical Discovery, Abbott Laboratories, Abbott Park, IL 60064 

In normal subjects, if an acoustic startle stimulus is immediately preceded by 
a small brief change in background noise intensity the magnitude of the 
subsequent response is decreased. This prepulse inhibition (PPI) of an acoustic 
startle response has been shown to be a reliable measure of neuronal function. 
PPI, which has been linked to sensorimotor gating is disrupted in schizophrenic 
patients, Freedman has proposed that schizophrenic patients also display 
attentional deficits. Changes in gating may be a result of modulation of 
dopaminergic transmission (Swerdlow,1990). In rats, the dopamine(DA) 
agonist apomorphine(APO) has been shown to disrupt PPI when the prepulse 
signal is weak with no effect on stronger prepulse levels (Davis et al.,1990); 
the interpretation is that APO decreases the detectability of the prepulse. 
Nicotine improves attention in humans thus it would be expected to increase the 
prepulse inhibition in this rat paradigm, however one of nicotine's actions is to 
release DA which reduces PPI.

We tested nicotine, (0.19,0.62 and 1.9 μmol/kg i.p.) and the nicotinic channel 
blocker, mecamylamine (5.0 and 50 μmol/kg i.p.) in PPI of the acoustic startle 
response in the rat Nicotine increased the PPI at the lowest prepulse signal 
levels but not at the stronger levels. Meeamylamine was without effect at 5.0 
μmol/kg, but the 50 μmol dose decreased the inhibition at both weak and strong 
PPI levels. Mecamylamine 5.0 μmol/kg did not block nicotine increase in PPI. 
Lobeline (0.19,0.62,1.9 and 6.2 μmol/kg ip), a nicotinic agonist with minimal 
effect on dopamine release in vivo was without effect

These results are consistent with a cholinergic channel agonist improving 
attention in normal rats at sites other than those sensitive to meeamylamine. The 
effect of DA release following nicotine treatment needs further investigation.

8 4 .1 4

RWJ-37796: A NEW ANTIPSYCHOTIC WITH A NOVEL RECEPTOR BINDING 
PROFILE. C.B.Davis*. R.P. Shank. D.J. Bennett. M.J. Renzi. M.O. Ortegon. 
P.S. Blum1, J.L. Vaught2 and A.B. Reitz. Drug Discovery Research, The R.W. 
Johnson Pharmaceutical Research Institute, Spring House, PA 19477-0776.

RWJ-37796 (RWJ) is an investigational new drug undergoing clinical 
evaluation for antipsychotic activity. RWJ exhibited high affinity for dopamine 
D2, serotonin 5-HT1a, adrenergic α 1a and α2 receptors as indicated by Kj 
values of 2 .2 ,1 .7 , 0.2 and 17 nM, respectively. When зн-spiperone at 60 pM 
was used as the ligand for D2 receptor binding, concentration-inhibition curves 
were best modeled by an equation with three saturable sites, all of which were 
dopamine sensitive. When зн-raclopride was used as the ligand the data 
modeled to a single saturable site. The Kj values for serotonin 5-HT2 and 
5-H Tib receptor binding tests were 167, and 2880 nM, respectively. In 
electrophysiological studies, RWJ and haloperidol (HAL) increased 
spontaneous activity of neurons in the rat substantia nigra pars compacta 
(SNC) and ventral tegmental area (VTA), indicating an ability to block 
postsynaptic D2 receptors. For RWJ this was evident at a cumulative dose of
0.07 mg/kg iv, for HAL at a single dose of 0.01 mg/kg iv. Apomorphine- 
induced inhibition of dopaminergic neuronal firing in SNC and VTA was 
reversed by RWJ (ED 50 = 0.277 mg/kg iv) and HAL (ED 50 = 0.058). These 
results indicate that RWJ blocks presynaptic DA receptors. RWJ inhibited 8- 
OH-DPAT-induced reciprocal forepaw treading in reserpinized rats (ED 50=5.24 
mg/kg ip), indicating 5-HT1a antagonism. 5-HT3 receptor antagonists block the 
serotonin-induced bradycardia known as the Bezold-Jarisch reflex. RWJ (1 
and 4 mg/kg iv) did not inhibit a serotonin-induced decrease in heart rate, 
indicating that it is not a 5-HT3 antagonist. (Current address: 1 Janssen 
Research Foundation, Titusville, NJ; 2 Cephalon, Inc, West Chester, PA.)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



202 MENTAL ILLNESS II MONDAY AM

84.15
EFFEC T O F C LO ZAPINE ON EEG  AM P LITU D E  A N D  C O H E R E N 
C E IN SC HIZO PHR EN IC  R E SPO N DER S. D. Lacro ix*. Y, Chaput.
J.P. Rodriguez. M. Filion. P. S t-D en is and S. Bachneff. Dépt. de 
Psychiatrie, Hôpital Notre-Dam e e t S acré-C oeur, U n iverslté  de 
M ontréal, 1560 Sherb rooke E., M ontreal, C anada  H 2L 4M 1.

EEGs w ere obta ined from  re fractory sch izophren ics (SCs) before 
and during adm in istration o f clozapine. SC s possessing a s im ilar 
drug profile  prio r to  c lozapine and show ing a t leas t a 30%  reduction 
on the  B rie f Psych iatric Rating Sca le (m ean score  77±4.2  vs 39± 
3.4, n=10) w ere  selected fo r data ana lysis. EE G s w e re  recorded 
w ith  eyes closed using 19 scalp e lectrodes (10/20 system ) aga inst 
averaged signals from  both e a r lobes (TC 0.3s, F ilte r 35  Hz). Pro
bab ility  m apping o f am plitude and cohe rence (fo r all com binations 
o f paired electrodes) changes w e re  com puted  fo r  5 frequency 
bands (Ө, a, p1, p2 and p3). The m ain results are  1- fo r  am plitude: 
a genera lized increase in the  Ө and a bands and a decrease a t 
fron ta l, centra l and an te rio r tem pora l e lectrodes (els) in the  p2 and 
p3 bands; 2- fo r coherence: first, a decrease betw een an te rio r tem 
poral and centra l e ls paired w ith  contra la tera l e ls in Ө, α and  β1 and 
between fron ta l els paired w ith  poste rio r els in all bands; second, an 
increase between fron to -fron ta l pa ired els in all bands and between 
an te rio r tem pora l els paired w ith  hom ola te ra l e ls in p bands. 
C lozapine has both genera lized and regional e ffec ts  on bra in acti
vity. Further studies w ill be required to  ascerta in  w h e th e r these 
changes can be corre lated to clin ica l response.

84.17
ANTI-OXIDANT ENZYME DEFENSE SYSTEM IS ALTERED IN 
ERYTHROCYTES FROM FIRST-EPISODE DRUG-NAIVE 
SCHIZOPHRENIFORM PATIENTS. H. S. Kelkar. R. Scheffer. E.
E. Correnti. S. Mukheriee* and S. P. Mahadik. Department o f 
Psychiatry, Medical College o f Georgia & VAMC, Augusta, GA 
30912 and D. D. Eisenhower Military Hospital, Ft. Gordon, GA.

The pattern o f erythrocyte levels o f  anti-oxidant enzyme defense 
system (superoxide dismutase, SOD; glutathione peroxidase, 
GSHPOD and catalase, CAT) can reflect the oxidative state as well as 
the vulnerability to oxidative damage. We compared the levels o f  
these enzymes in erythrocytes from first-episode drug-naive 
schizophreniform patients (N=14) with those o f matched normal 
controls (N=6). The levels o f SOD were significantly lower (P<.007) 
and levels o f GSHPOD and CAT were unchanged. These levels 
suggest that there is a likely reduced oxidative stress in psychotic 
patients before the first episode. We have reported that, in 
schizophrenic patients on neuroleptic treatment, the pattern o f  these 
enzymes was altered (Biol. Psychiatry 30:409, 1991) and remained 
altered in patients off treatment as compared with matched normals 
(Schiz. Res. 9:227, 1993). When data from first-episode patients are 
compared with data from chronic schizophrenic patients, it appears 
that either the psychotic disease state, or its treatment, or both, 
increase oxidative stress and lead to a disturbed balance among these 
enzymes. This may increase the vulnerability to oxidative damage.

84.19
SCHIZOPHRENIC WORSENING IS CORRELATED WITH INCREASED 
PLATELET IMIPRAMINE BINDING. B.I. Diamond*, R. Borison, 
A. Pathiraja and S. Sharma. Dept. of Psychiatry, Medical 
College of Georgia and Augusta VA, Augusta, GA 30912 

The development of new effective antipsychotic drugs 
that block serotonin (5HT) receptors has contributed to 
the evidence of 5HT being involved in the pathophysiology 
of schizophrenia. After patients signed informed 
consents, they were challenged with the 5HT releasing 
agent fenfluramine (60 mg po) while drug free and while 
on antipsychotic medication for two weeks. Blood was 
collected and platelets prepared and frozen before and 
four hours after the fenfluramine challenge. Positive 
symptoms of schizophrenia were significantly worse 
(p=0.05) after fenfluramine was given in the drug free 
state. The symptoms most responsive were delusions, 
paranoid ideations, excitement and hostility. This 
correlated with a significant increase in Bmax of 
imipramine binding sites (671 vs. 1066). These results 
confirmed previous MCPP challenge studies that demon
strated a worsening of schizophrenic symptoms and the 
results also provide a possible peripheral measurement 
torroni tor or even predict this worsening.

84.16
COMPARISON BETWEEN THE COGNITIVE IMPAIRMENT OF ELDERLY 
SCHIZOPHRENICS AND SDAT PATIENTS: A CLINICOPATHOLOGICAL 
STUDY.
M.Davidson, V.Harotunian, S.Gabriel. K.Welsh, P.D.Harvey, P.Powchik,
P.Knott*, and K.L.Davis. Veterans Affairs Medical Center, Bronx, NY 
1 0 4 6 8

To characterize the cognitive impairment of the elderly 
schizophrenics, their psychometric performance was compared to the 
performance of SDAT patients matched by age, education, sex and 
global severity of cognitive impairment. Schizophrenic patients 
performed worse than the SDAT patients on the Praxis and Boston 
Naming Test, but better on the delayed recall test, a simple test of 
memory. None of the histological markers associated with progressive 
degenerative dementias were found in the brain tissue of the 
cognitively impaired schizophrenic patients. Neuropeptide Y 
concentrations, however, were reduced in the cortex of schizophrenics 
compared to SDAT or controls and to a lesser extent colecystokin and 
vasoactive intestinal polypeptide. Cortical somatostatin concentrations 
were reduced in both schizophrenic and SDAT patients while 
corticotropin-releasing factor concentrations were reduced only in the 
cortex of SDAT. The neuropeptide deficits in the schizophrenic patients 
were more pronounced in the temporal and frontal lobe areas. These 
data indicate that reduced peptidergic activity may play a role in the 
schizophrenic illness in general, perhaps in the cognitive impairment 
associated with this illness. Data examining synaptic markers in 
cognitively impaired schizophrenics and SDAT patients will also be 
presented.

84.18
DECREASED GROWTH RESPONSE OF SKIN FIBROBLASTS 
FROM SCHIZOPHRENIC PATIENTS TO FIBROBLAST 
GROWTH FACTOR. C. G. Wakade. S. Mukherjee and S. P. 
Mahadik*. Department o f Psychiatry and Health Behavior, Medical 
College o f Georgia, and V. A. Medical Center, Augusta, GA, 30912.

We previously reported abnormal growth and morphology o f skin 
fibroblasts from drug-free schizophrenic patients as compared with 
fibroblasts from matched normal controls (Psychiatry Res. 37:309,
1991). Basic fibroblast growth factor (b-FGF) is known to increase 
the rate o f growth o f fibroblasts in culture as well as CNS neurons 
both in culture and in in  v ivo . We compared the effects o f b-FGF in 
culture (10 ng/ml) on both rate o f growth and morphology of 
fibroblasts from schizophrenic patients (N=8) with fibroblasts from 
matched normal controls (N=8). As expected, fibroblasts from normal 
controls showed upto a two fold increase in rate o f growth. However, 
fibroblasts from schizophrenic patients showed either no response to 
b-FGF or a decrease in the rate o f growth. There were also distinct 
morphological differences: fibroblasts from both normals and patients 
showed increased size (patients>normals) and increased granulation 
(normals>patients), but the differences in shape and orientation 
remained. These data reflect either the altered interaction o f b-FGF to 
its receptor or altered post-binding receptor processes. Similar 
alterations, if exist in neuroblasts, can have an adverse effect on brain 
development.

84.20
D1 AND D2 DOPAMINE (DA) RECEPTOR ANTAGONISTS 
REVERSE THE SENSORIMOTOR GATING DEFICITS IN AN  
ANIMAL MODEL OF SCHIZOPHRENIA H.Donovan and D.C. 
Hoffman*. Behavioral Biology, Neurogen Corporation, Branford, 
Connecticut, USA 06405.

The amplitude of the acoustic startle response is decreased if the 
startle stimulus is preceded by a nonstartle eliciting stimulus. This 
sensorimotor gating phenomenon, known as prepulse inhibition, is 
diminished in schizophrenic individuals. In rats, the DA agonist 
apomorphine disrupts prepulse inhibition and this disruption is 
reversed by classical and atypical antipsychotics. Furthermore, the 
ability of antipsychotics to reverse the apomorphine disruption is 
correlated with clinical potency and D2 receptor affinity (Swerdlow and 
Geyer, 1992). In the present study, the effects of the D1 receptor 
antagonist SCH 23390 were examined and compared to the effects of 
the D2 receptor antagonist eticlopride. Male Sprague-Dawley rats were 
placed into a startle chamber and presented with auditory stimuli 
consisting of either 95 or 105 dB tones presented alone or preceded by 
a 75 dB tone. These four trial types (10 each) were randomly 
presented within a 35-min session. Rats treated with 2.0 mg/kg 
apomorphine (SC) demonstrated a significant disruption of prepulse 
inhibition compared to vehicle controls. Pretreatment with the D1 
antagonist SCH 23390 (0.01, 0.05, 0.1 mg/kg SC) or the D2 
antagonist eticlopride (0.01, 0.05, 0.1 mg/kg SC) dose-dependently 
attenuated the disruptive effects of apomorphine. These results indicate 
that selective blockade of either the DI or D2 receptor subtype is 
sufficient in reversing the sensorimotor gating deficits produced by 
apomorphine.
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8 5 .1
CAMILLO GOLGI: A COUNTRY PHYSICIAN BECOMES
NEUROSCIENTIST. A. Alberici. M. Belloni. M. Grilli. P. Liberini. 
C. Missale and P.F. Spano*. Institute o f Pharmacology, University of 
Brescia and Camillo Golgi Foundation, Brescia, Italy.

Camillo Golgi was born in Corteno (Brescia), a small village on the 
Italian Alps, on July 7, 1843. He graduated in medicine in 1865 at the 
University of Pavia, and afterwards he worked for a short period of time 
as country physician in his native valley. In the following years he 
attended the clinic for mental disease directed by Cesare Lombroso, the 
Italian psychiatrist who founded modern criminology. During this period 
Golgi was involved in researches on the etiology of psychiatric ailments, 
but he deeply criticized the nosological system proposed by his academic 
mentor "because it lacked of experimental basis." This discontent pushed 
him to search for a more rational approach to the study of brain 
structures, functions and diseases. On this basis he embraced the 
anatomical thought of his age and started his seminal work on the fine 
structures of the central nervous system. For his discoveries he gained the 
Nobel Prize in 1906. In spite o f increasing scientific success, Golgi was 
always close to the problems of human sufferance; after the First World 
War he worked in a rehabilitation unit for soldiers with neurological 
diseases. The rural origin was an indelible mark in Golgi's personality 
and deeply affected his approach to clinical medicine as well as to rising 
neuroscience. He always maintained a practical sense and profound 
humanity, common qualities in his original country. Very old inhabitants 
of Corteno, today Corteno-Golgi, still remember that he used to examine 
his people for free in an improvised ambulatory every Sunday morning.

8 5 .3

HISTORICAL REM ARKS ON THE IDEAS INVOLVED IN THE 
REAFFERENCE PRINCIPLE. O .-J. Grüsser*. Dept. of Physiol.
Freie Univ. 1 Berlin 33, Germany

In 1950 vo n  H o l s t  a n d  M i t t e l s t a e d t  published their seminal paper 
on the " r e a f f e r e n c e  p r i n c ip l e ", which explained the perceived stability 
of the visual world during eye movements ("outflow theory"). It is 
demonstrated that these ideas have a long tradition:
(1) As an incomplete predecessor of the reafference principle the pre- 
Socratic and Platonic concept of an interaction of efferent and 
afferent signal flow ("extramission theory") was discussed for more 
than 1,500 years, whereby the site of interaction (at the objects or 
within the eye) remained unresolved.
(2) In the 17th century the first clear concept o f efference copy and 
reafference interacting w ithin the brain and forming the basis of 
visual movement perception was expressed by F r a n c is c u s  A g u i lo n iu s  
("O p t ic o r u m  l i b r i  s e x ", 1613).
(3) His ideas were further pursued in the 19th century by J .G .  
S te in b u c h  and J .E .  P u r k y n e , who recognized the temporal frequency 
limit of the "cancellation" process between efference copy and 
reafference.
(5) The first block diagram on this principle was published by E r n s t  
M a c h  (1885). H e r m a n n  vo n  H e l m h o l t z  called the efference copy 
signals " e f f o r t  o f  w ill" .
(6 ) The immediate 20th century predecessor models were J a c o b  vo n  
U e x k ü l l s ’ "F u n k t io n s k r e i s ”, with a block diagram published in 1920, 
and J a n  F r ie d r ic h  T ö n n ie s ’ " F u n k t io n s p r in z ip  d e r  R ü c k m e l d u n g " 
(1949), in which proprioceptive spinal cord mechanisms were used to 
explain the interaction of efference copy and reafference.

85.5
FILIPPO PACINI: A DETERMINED OBSERVER
Marina B entivoglio* and Paolo Pacini** Institute o f  Anatomy and 
Histology, University o f  Verona and** Department o f Anatomy and Histology, 
University o f Florence, Italy.
In 1741 Abraham Vater (1684-1751) described structures, in the digital nerves, he 
named “papilla n ervea e"; his finding went unrecognized. Filippo Pacini was bom  
in Pistoia, Tuscany, in 1812 from a poor and very religious family. He was forced 
to an ecclesiastic career, but abandoned it to enter medical school in 1830. During 
the anatomy class, he observed small ovoid bodies in the nerves o f the hand, hardly 
visible by naked eye: “What are these?” he asked. The answer “Fat tissue 
globules” did not satisfy him. Unaware o f Vater’s description and vary hard-headed, 
Pacini used all his savings to buy a small microscope with a wooden tube, 
providing a ЗОХ magnification. Convinced that the corpuscles were related to nerve 
fibers, he named, in 1831, “tactile ganglia” the small globous corpuscles along the 
median and ulnar nerves. In 1835, he presented his work to the Medical Society o f  
Florence, and received a very cold reaction. Pacini persisted and, convinced that the 
lamellar bodies were related to bio-electrical activity, published his observations in 
1840 (New organs o f the human body). Henle named the corpuscles after Pacini. In 
1849 Pacini was appointed to the chair o f  Anatomy at the University o f Florence 
and, fond o f microscopic studies, started there the first course of histology. Pacini 
proposed new histological techniques and favored the introduction o f mathematical 
methods in biology. During a cholera epidemic in Tuscany in 1854-1855 he 
discovered the vibrio cholera. After his death in 1885, Krause declared: Every 
semester in the course o f histology at the University o f Gottingen I tell the 
students how Pacini, still a student, with a small microscope discovered the 
corpuscles that are today the starting point for our knowledge on sensory nerve 
terminals: you see, gentlemen, it is not the instrument but the observer who 
makes the discoveries.

85.2
TALE AND REALITY IN G O LG I’S DISCOVERIES. P. Liberini*. 
M. Memo. E . Nisoli. M. Pizzi. A. Valerio and P .F. Spano. Institute of 
Pharmacology, University of Brescia and Camillo Golgi Foundation, 
Brescia, Italy.

The contribution of Camillo Golgi to biomedical sciences is 
unquestionable; however, some anecdotes on the discovery of the "black 
reaction" emphasize luck and casualty. From Golgi’s protocol books, it 
appears that financial restrictions imposed to him the use of inexpensive 
chemicals and simplified techniques. Only after many years of patient 
trials did he obtain, in 1873, a staining method capable of disclosing the 
fine structure of the central nervous system. By immersion of the brain 
sections in silver nitrate solutions - after hardening them with bichromate 
of potassium - he revealed structures with whom we are now very 
familiar with: neuronal perikarya, axons and dendritic processes. In 
accordance with the architecture of axons subdivision, he proposed the 
first classification of nervous cells: Type I referred to neurons with few 
but strong ramifications, Type II to cells with complex arborization. 
Golgi was not only an acute observer; in his Opera Omnia (1870-1925) 
topical argumentations on transmission o f electric impulse throughout the 
axons and fascinating speculations on synaptic organization are also 
reported. Moreover, he felt that "some specialized cells could have 
trophic functions and plastic capabilities." In the debate on CNS 
localization of functions, Golgi anticipated theories on neural network 
organization that, in view of the more recent Edelman's doctrine, sound 
remarkably modern. In the light of the above, Golgi's discoveries appear 
to be more related to perseverance and intuition than to any other reason.

85.4
IBN AL-HAYTHAM’S OCULAR ANATOMY: A HISTORY OF 

ERRORS. G.A. Russell [I.S.Russell*] Department of Humanities in Medicine, 
Texas A.M University Health Science Center, College Station, Texas 77843- 
1114.

Ibn al-Haytham (Alhazen d.1040) represents a watershed in the early history 
of neuroscience. His Optics (K itâ b  a l-M a n â z ir , Latin ed. O p tic a e  T h esa u ru s  
A lh a ze n i A r a b is  l ib r i  s e p te m . 1572) - a seven volume work devoted to an 
experimental and mathematical study of light and vision - provides a detailed 
description of ocular anatomy which differs significantly from traditional 
Graeco-Arabic medical accounts. For example, it contains the earliest accurate 
description of the biconvexity and the forward position of the lens based on 
proportional relationships of the parts of the eye. The arabic text is also 
accompanied by a diagram which is the oldest extant schematic diagram of the 
eye, the optic nerve, the chiasm and the optic tract. It has been commonly 
accepted by historians of science that the drawing is not representative of the 
more accurate text. A careful reading of the arabic original, however, has 
revealed that there is no discrepancy between the text and drawing. In his 
pioneering attempt to define an axis for the eye, which is perpendicular to the 
pupil, and on which the centers of the tunics and refractive media are aligned, 
Ibn al-Haytham shifts his anatomical ground, constantly moving between the 
coronal and sagittal planes of the eye. We find the same approach in his 
schematic diagram. What is depicted is not the traditional ‘onion eye’; it simply 
shows the sagittal and coronal views concentrically superimposed on the same 
plane. Thus the diagram serves to schematically illustrate what is described. 
The failure to recognize this composite view, both in the text and the diagram, 
has been the source of misinterpretations of Ibn al-Haytham’s eye.

85.6
DEVELOPMENT OF NEUROSCIENCE IN REHABILITATION.

H. Cohen 1* and K.L. Reed. 2 l Dept. of Otorhinolaryngology, Baylor 
College of Medicine; 2 Houston Academy of Medicine/ Texas Medical 
Center Library; & Dept. of Occupational Therapy, Texas Woman's 
University; & Baylor College of Medicine, Houston, TX 77030.

Neuroscience and physical rehabilitation have developed along 
parallel tracks, each field having some influence on the other, over the 
course of the twentieth century. As physicians began to study the 
neural bases of motor control they also began to reconceptualize the 
sequelae of "hopeless" diagnoses as conditions which could be 
influenced. A change in their understanding of the neural mechanisms 
of motor control influenced other clinicians' ideas about the treatment 
of these patients.

Early work in the 1930s and 1950s on treatment of spasticity in 
patients with cerebral palsy and polio lead to improvements in the 
approaches used by occupational and physical therapists to facilitate 
motor skill and functional motor ability in patients with stroke, cerebral 
palsy and head injury, and spinal cord lesions. From the 1960s to the 
present time therapists interested in neuroscience have continued to 
refine their treatment techniques as knowledge about the nervous 
system has expanded. Simultaneously, a smaller but gradually 
increasing number of therapists have turned to the laboratory, to study 
basic neuroscience problems that impact clinical treatment. The 
influence of both groups has caused changes in educational curricula so 
that neuroscience courses are now required in all occupational and 
physical therapy programs.

Supported by the American Occupational Therapy Foundation and 
the Clayton Foundation for Research.
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AN EARLY NEUROSCIENCE EVENT: THE "MOSCOW COLLOQUIUM," 
OCTOBER 6 - 11, 1958. L.H. Marshall* and R.A. Johnson. Neuroscience History 
Program, Brain Research Institute, UCLA, Los Angeles, CA 90024-1761.

The key event that both foreshadowed and promoted the current significance of 
brain and behavior (neuroscience) research and its organizations was an 
invitational, relatively small gathering of scientists in Moscow in late 1958. 
Among the forty-eight participants from seventeen countries, three had roles in 
preparing the environment receptive to the excitement generated by the conference: 
the Frenchman, Henri Gastaut, the Georgian, Ivan Beritashvili, and the American, 
Horace Magoun. In their respective countries, they had organized a series of 
conferences on the EEG and behavior. It was Gastaut’s invitation to the Soviets 
to participate in the fifth "Colloque de Marseilles" that led to the return invitation 
for a colloque in Moscow "On the Electroencephalography of Higher Nervous 
Activity." Beritashvili was an honorary co-president and Gastaut a co-president of 
the Moscow Colloquium. The great success of such an international meeting and 
its cumulative enthusiasm led to the formation first of IBRO sponsored by 
UNESCO, and then to national organizations such as the Society for Neuroscience.

One of the four American delegates to the Moscow Colloquium, Robert 
Galambos, has preserved the bound notebook in which he kept a diary of his trip 
and detailed and complete notes of the meeting. From this primary source the 
spirit of the substantive content of the prepared talks appears in a form not 
accessible from the published papers, and the perspective of a neuroscientist in 
early career sheds an interesting light on experimental methods and theory.

8 5 .9

ORIGINS AND IMPORT OF ELECTRICAL SELF-STIMULAT
ION OF THE BRAIN . II. J. de Haan* . Springfield, V A . 
Coming only a few years after the work of Ranson 
and Erobeck and their colleagues on the function 
of the hypothalamus, the work of Moruzzi and 
Magoun on the reticular activating system, and 
the work of Hess on electrical stimulation, the 
report by Olds and Milner (1954)on electrical 
self-stimulation of the brain was an important 
event. It demonstrated for the first time that 
electrical stimulation of the brain can serve 
as a reward or positive reinforcement. It also 
helped to rejuvenate physiological psychology 
which had fallen into the doldrums in WWII. It 
immediately attracted investigators from several 
disciplines interested in the physiological basis 
of drives and motivation, especially food and 
water intake, temperature regulation, and sex.
The resulting work led to new discoveries about 
neuro-transmitter systems within the brain and 
the actions of drugs on these systems. Fulton and 
his colleagues saw the goal of their work as the 
coalescence of physiology and psychology. The 
eventual formation of the Society for Neurosci
ence can be seen as the realization of Fulton’s 
hopes. The self-stimulation phenomenon was one 
important step along the way.

85.11
"My Dear Herrick": The Correspondence o f J.B . Johnston w ith  C.J. 
Herrick, 1900-1917. D.E. H aines*. Dept. o f Anatom y, The U niversity o f 
M ississippi Med. Ctr., Jackson, M S 39216

John Black Johnston (10/3/1868-11/18/39) received h is  Ph.D. degree 
from the U niversity of M ichigan in 1899. He w as on the faculty o f W est 
Virginia U niversity (1899-1907) and the U niversity o f M innesota (1907- 
1937). Johnston carried out a  lively and in teresting correspondence w ith  
C.J. H errick that covered a  m ultitude o f topics including m utual scientific 
interests, fam ily m atters, frustrations w ith  near-sighted university  
officials, and their candid opinions of their scientific colleagues. Their 
early correspondence centered on cranial nerves, general scientific topics, 
and the m yriad of problems related to getting  papers published. Herrick 
repeatedly m entions the problems o f trying to keep JCN afloat. In 1903 
Johnston is  invited to be a "collaborator" on JC N  and h is  nam e first 
appeared on the title page in 1904. W hile a t W est V irginia Johnston  
wished to study abroad but the university did not w an t to pay h is salary 
while he w as gone. W ithout salary he could not m ake the trip. So, the 
university agreed to pay h is salary in  exchange for which Johnston’s wife 
would teach h is  courses. Johnston and Herrick shared scientific ideas, 
concepts, and resu lts som etim es to the point where even they  were 
confused as to which o f them  had come up w ith  the original idea. By  
1910 Johnston w as bem oaning the fact th at adm inistrative pressures 
were lim iting h is tim e in the laboratory; he was h eavily  involved in  
administration by 1914-15. In a  letter dated Dec. 11, 1916 Herrick 
acknowledges Johnston’s scientific insight by noting "...Miss Crosby has  
followed her own leadL.very independently...in the interpretation o f the  
primordium hipp, she follows your usage rather than mine".

85.8
FIXATION AND PRESERVATION OF NEURAL TISSUE: A BRIEF HISTORY.
L.L. Butcher1* R.A. Johnson2,3 and L.H. Marshall3. Department of Psychology1; 
Graduate School of Library and Information Science2; and Neuroscience History 
Program3, Brain Research Institute; UCLA, Los Angeles, CA 90024.

Formaldehyde fixation of neural tissue was first reported in 1893 by Ferdinand 
Blum of Frankfurt. Dilute preparations of Formalin, the 40% solution of 
formaldehyde in water, were immediately employed for histological purposes 
throughout Europe and the United States as tissue hardening agents, in combination 
with various staining and embedding techniques. Coincidentally, Formalin was 
introduced into photography for hardening the gelatin films of the day.

To mark this centenary of the introduction of formaldehyde, we will trace the 
history of tissue fixation and preservation, beginning with the difficulties and 
frustrations the early neuroanatomists experienced. In 1809, Johann Christian Reil 
of Halle developed the technique of hardening and preserving the brain in alcohol 
for his dissections of the cerebellum. Predecessors and successors alike used wine, 
turpentine, and a variety of other substances in their preparations, but Reil is 
credited with formally reporting the alcohol technique. As the nineteenth century 
continued, chromic acid was introduced through Adolph Hannover’s (1840) work 
on the brain. A short time later, Bendikt Stilling (1842) used a chromic acid 
solution to prepare spinal cords for examination. Twenty-five years after its 
discovery in 1868, formaldehyde began to. make its way into the brains and minds 
of generations of neuroanatomists and sheep-brain dissecting undergraduate 
students.

85.10
THE HISTORY OF STUDIES OF AVIAN ACCOMMODATION. A. Glasser1* 
and H.C . Howland2. Sections of Physiology1 and Neurobiology 
and Behavior*, Cornell University, Ithaca, N.Y. 14853.

Our recent studies of the accommodative mechanisms of the chick eye and the relative confusion of the modern 
literature have led us to undertake a review of the 
historical literature on avian accommodation published 
prior to Walls (1942) in the hope of resolving the longstanding disputes surrounding the mechanisms involved.

Crampton (1813), from anatomical observations and 
electrical stimulation of dissected eyes, suggested that a 
contraction of the anterior ciliary muscle of the ostrich 
eye would flatten the cornea as an accommodation for 
distant vision. Brücke (1846), although in agreement with 
the attachment of the muscle to the inner lamella of the 
cornea, believed that a contraction of the ciliary muscle 
would increase the curvature of the cornea. Brücke7s 
hypothesis was supported by Exner (1882), Beer (1893), 
Slonaker (1918), and Walls (1942) with widely varying 
descriptions as to how it might be accomplished.Similarly, a variety of mechanisms have been proposed 
for lenticular accommodation in the avian eye. Brücke 
(1846), Cramer (1853), Müller (1872), Beer (1893) and Hess (1909) have all presented mechanisms with varying degrees of contribution from the ciliary muscles, the iris muscle, 
a force of the vitreous on the posterior lens surface, and 
a role for intraocular pressure. Walls (1942) believed that 
the ciliary body squeezed the lens at the equatorial margin 
and that the iris sphincter -muscle helped to deform the 
anterior surface of the lens in some bird species.

Our review and critical analysis of the historical 
literature of avian accommodation is illuminated by our own studies of corneal and lenticular accommodation in the 
chick using modern experimental techniques.

85.12
ALEXANDER CRICHTON: APHASIA AND CONNECTIONISM IN 
1793. S. Finger* and H. Buckingham . Dep't. o f  Psychology, 
Wash. Univ., St. Louis, MO 63130, and Program in 
Linguistics, L .S.U ., Baton Rouge, LA 70803.

By the end o f  the eighteenth century, a few  physicians 
had begun to attempt to account for language disorders 
by drawing upon prevailing theories o f  learning and 
m emory. One such man was Alexander Crichton (1763- 
1846) o f  Edinburgh. In 1798, Crichton published a text 
entitled An Inquiry into the Nature an d  Origin o f  M ental 
D erangem en t... He described various disorders o f  
fluent speech , ranging from  sim ple word finding  
d ifficu lties  to sensory aphasia. Crichton interpreted these  
language disorders by turning to the principles o f  
association laid down by Aristotle and developed by Hume, 
Locke, and Condillac. For example, he said the follow ing  
about jargon aphasia (speaking fluently , but g iv in g  
inappropriate words): "It ought rather to be considered as 
a d efect o f  that principle, by which ideas, and their proper 
expressions, are associated, than o f  memory; for it 
consists in this, that the person although he has a distinct 
notion o f  what he means to say, cannot pronounce the 
words which ought to characterize his thoughts." It was 
this sort o f  association istic thinking that helped to provide  
the fertile intellectual so il for the developm ent o f  the 
con n ection istic  m odels o f  higher brain function associated  
with W ernicke, Bastian, and other localizationists late in 
the 19th century.
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85.13
C A T E G O R Y  E R R O R S  S P A N N IN G  T W O  C E N T U R IE S  O F  B R A IN  
R E S E A R C H  W a lte r J. F reem an*. D e p a rtm e n t o f M o le c u la r  & C e ll 
B io logy, U n ive rs ity  o f C a lifo rn ia  a t B e rke le y , C A  9 4 7 2 0  

N e u ro sc ie n tis ts  have  d ra w n  h e a v ily  on  th e  p h y s ic a l sc ie n c e s  to  
provide a  th e o re tic a l fra m e w o rk  in w h ich  to  in te rp re t th e ir  re su lts  
from e xp e rim e n ts  an d  c lin ica l o b se rva tio n s . In th e  p ro ce ss , th e re  
has been  a  s tro n g  te n d e n c y  am o n g  in v e s tig a to rs  to  a ttr ib u te  th e  
properties  o f p h ys ica l v a r ia b le s  to  n e u ra l a c tiv ity . E x a m p le s  a re  
found in th e  w o rk s  o f P ro ch a ska , J . H u g h lin g s  J a c k s o n , F re u d , 
and K o eh le r, e a ch  o f w h o m  co n fu s e d  n e rve  a c t iv ity  w ith  e le c tr ic  
current, w ith  m ore  o r  less d is a s tro u s  re su lts . O n e  ca n  a ls o  tra c e  
a d irect lin e a g e  fro m  "ne rve  fo rce " (v is  n e rvo ru m ) th ro u g h  "n e rve  
energy" to  " in fo rm a tio n " w ith  its  "so u rce " in  th e  e n v iro n m e n t an d  
its "flow s" th ro u g h  n e u ra l "c h a n n e ls " c o n c e iv e d  a s  s u b je c t to  th e  
1st and 2nd  law s o f th e rm o d y n a m ic s . In th is  a p p ro a c h  c o n c e p ts  
of " in fo rm a tio n  s to ra g e  a n d  p ro c e s s in g "  a re  m e ta p h o r ic a l a n d  
lacking in m e a s u ra b ility . M uch  o f th e  fa ilu re  o f c o m p u ta tio n a l 
n eu rosc ience  a n d  a r tif ic ia l in te llig e n c e  to  a c h ie v e  th e ir  g o a ls  o f 
s im u la ting  th e  p e rfo rm a n c e s  o f b io lo g ic a l in te l lig e n c e  ca n  be  
attributed to  th e  co n fus ion  o f n eu ra l a c tiv ity  w ith  in fo rm a tio n . T he  
problem  re m a in s , h o w  to  d e fin e  n e u ra l a c tiv ity . It is no t d ire c tly  
obse rvab le , an d  it is  no t a  fo rce , an  e le c tr ic  c u rre n t, o r  a  f lo w  o f 
in fo rm ation . J u s t as  "fo rce " in p h y s ic s  is  d e f in e d  a s  a  re la tio n  
(m ass to  a c c e le ra tio n ), n e u ra l a c t iv ity  m u s t be d e f in e d  b y  th e  
re la tions b e tw e e n  its  e le c tro ch e m ica l s ig n s  a n d  o ve rt b e h a v io r. 
S u pported  by  th e  N a tio n a l Ins titu te  o f M e n ta l H e a lth  - M H 0 6 6 8 6

85.15
THE DEVELOPMENT OF THE 
ELECTROENCEPHALOGRAM AND ITS USE IN THE 
ELUCIDATION OF A SLEEP-REGULATING CENTER. C.V. 
Alma.* Dept. of Psychology, Univ. of Connecticut, Storrs, CT 
06269-1020.

The first electroencephalogram (EEG) of a human occurred in 
1924 when German psychiatrist Hans Berger performed 
recordings on a young patient suspected of having a brain tumor. 
Hans Berger utilized a large Edelmann string galvanometer, that 
registered impressions on moving film or bromide paper. 
Borrowed from the electrocardiogram device, the Edelmann 
galvanometer differentiated alpha, beta, and delta waves. In 
1934, Berger utilized scopolamine and morphine to induce the 
disappearance of the alpha wave from the EEG recording.
Berger postulated that die scopolamine/morphine combination 
had its initial site of action in the brain stem, and that the sleep
regulating center was located in the thalamus. Hans Berger 
believed that the EEG provided the key to recognizing the 
physical basis of consciousness and to resolving the mind-body 
problem. Instead of refuting interactionist dualism, Berger 
provided a methodology for localizing a hypothetical sleep
regulating center in the brain stem. Later, French sleep 
researchers used Berger’s findings and methodology to postulate 
the existence of a REM sleep generator in the pontine reticular 
formation.

85.17
NEUROSCIENCES HALL OF FAME. W. H. Watson III*. G. Brown, and J. 
Murray. Friday Harbor Laboratories, Univ. of Washington, Friday Harbor, 
WA 98250.

The purpose of this presentation is to initiate an effort to collect and 
publicize some of the most significant and interesting events in the History 
of Neuroscience Research. We are hoping to take some of the lore and stories 
that circulate amongst the members of our Society, and compile it into a 
written form that we can distribute, update, and archive for future members. 
However, this is only possible with considerable input, and we encourage all 
members either write us, or stop by the poster to update and expand upon our 
efforts.

Presently, we have 5 major categories, each with at least 5 separate 
records. The categories are listed below, with a sample record from each: 
Physiology
Most intra-, or extra-cellular electrodes in/on one prep: 7 (intra), 32 (extra). 
Anatomy
Most cells filled with a single prodon electrode (13).
Pharmacology
Lowest dose of drug to produce a detectable response (1 0 '^  M).
Genetics and Molecular Neurobiology
Greaatest number of copies of a single neuroactive substance in one molecule? 
Publications and Presentations
Longest delay between data collection and publication (10 years).

This poster is meant to be interactive, flexible and stimulate lively 
discussions. Please come and help us gather and update information. You can 
also send us your additions, corrections, and/or suggestions for additional 
categories and records, either before or after the Meeting.

85.14
THOMAS JEFFERSON (1743-1826), GENTLEMAN NEUROSCIENTIST? HIS 
LETTERS TO FRIENDS ABOUT A NEW (1824) BOOK BY PIERRE 
FLOURENS. R.A. Johnson1,2 and L.H. Marshall2. Graduate School of Library and 
Information Science1, and Neuroscience History Program2, Brain Research 
Institute, UCLA, Los Angeles, CA 90024-1761.

In 1824, Thomas Jefferson received as a gift from his friend, the Marquis de 
Lafayette, a copy of the first edition of Marie Jean Pierre Flourens’s book, 
R ech erch es ex p e r im e n ta le s  s u r  le s  p r o p r ié té s  e t  le s  fo n c tio n s  d u  S ystè m e  nerveux, 
d a n s  le s  an im au x  v e r té b r é s  (Paris, Crevot, 1824). In letters to Lafayette, John 
Adams and Francis Adrian van de Kamp, Jefferson described the behavioral 
effects of experimental removal of the cerebrum and cerebellum in birds, and 
briefly reflected upon the implications of the French physiologist’s observations 
for contemporary theological and philosophical thought.

Flourens is best known for this work, in which he concluded that the cerebral 
lobes are the exclusive seat of sensations, perception and volition, and that mental 
functions are not localized but are distributed throughout the entire cerebral cortex; 
he also assigned a regulatory action of voluntary movement to the cerebellum. As 
a protégé of Georges Cuvier and member of the A c a d é m ie  d es  s c ien ce s  d e  
l ' In stitu t d e  F ran ce  in Paris, Flourens also played an influential role in evaluating 
contemporary science, as is seen in his scathing critique of Gall’s doctrine of 
phrenology, E xam en  d e  la  p h r é n o lo g ie  (Paris, Paulin, 1843).

On this 250th anniversary of the birth of Thomas Jefferson, the contents of his 
extensive and valuable book collection-part sold to Congress in 1815 to replace 
the burned Capital’s library, part of which is at Monticello, and the remainder sold 
at auction (including R ech erch es)—will be examined for other neuroscientific 
treasures in order to place the Flourens volume in its proper bibliographic context.

85.16
CECILE AND OSKAR VOGT: PERSPECTIVES ON THE ORIGINS OF 

MODERN BRAIN BANKING AND NEUROIMAGING. Bruce Quinn*, 
Division of Neuropathology & Laboratory of Neuroimaging, UCLA Medical 
School, Los Angeles CA 90024.

The neuroscience legacy of Cecile and Oskar Vogt stretches from the late 
1890's (the peak of classical neuropsychiatry) to the 1950's, encompassing 
neurology, neuropsychiatry, neuropathology, neuroanatomy, and offering 
insight into the earliest origins of brain banking and neuroimaging. Their 
contributions are somewhat obscured for American neuroscientists because 
of the German language barrier, and the relative unavailability of many of 
their works.

The Vogts established a large brain bank or H im fo r sc h u n g s in s t i tu t and 
maintained it through two world wars. The Institut focused on direct 
human brain research and encompassed the cortical works of Brodmann, 
the basal ganglia work of Hassler and Brockhaus, and their own extensive 
researches on human neuroanatomy and disease; they produced their own 
journal, Journal fü r  N eu ro lo g ie  u . P sych o log ie . An enormous collection of 
large-format histologic sections was developed, and studied by means of 
giant detailed photographic prints in preference to microscopy, an early and 
unique approach to neuroimaging before the electronic era. Only in the last 
twenty years have modern human regional brain banks risen in importance 
in international neuroscience, now focusing on cryopreserved, rather than 
exclusively anatomic, collections and usually emphasizing triage of tissue 
for research. The Vogts' work may be accessed through a biographical 
study and one of their last essays (N e u ro lo g y , vol. 1, 1951) and their lives 
have been novelized in the recent fiction L en ins H irn  (T. Spengler, Verlag 
Rowohlt, Hamburg). Sponsored by the CorText Institute.
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86.1

WITHDRAWN

86.3
A DISCOVERY ORIENTED, WRITING INTENSIVE UNDERGRADUATE 
LABORATORY IN NEUROSCIENCE C.A. Paul and J.Bereer-Sweenev*.
Dept. of Biology, Wellesley College, Wellesley MA 02181.

This year we developed a laboratory sequence to address real research questions and 
generate novel data. The students examined the effects of an electrolytic lesion to the 
medial septal area of rats using electrophysiological and behavioral methods. The 
lesion was verified by histological evaluation. This laboratory accompanied an upper 
level seminar on The Neurobiology of Learning and Memory, where students studied 
the works of the major contributors to the field.

In response to the current climate of stressing increased teaching effectiveness in 
Biology, we integrated two major elements into the course:

1. Making an investigative environment where students could-design their own 
experiment. After making the MSA lesion and investigating changes in 
hippocampal theta, students then designed a behavioral task. Since the students had 
learned about the various classifications of memory, they were asked to design both a 
reference and a working memory task using the Morris water maze. This enabled 
them to apply the what they knew about memory to the creation of a task which 
might show differences between lesioned and non-lesioned rats.

2. Creating a major writing component for the lab. The traditional writing 
assignment for a laboratory is the lab report. We made the assignment more realistic 
in two ways: a.) the students wrote the report in the format for submission to the 
Journal of Neuroscience. b.) the reports were subjected to peer review where the 
students edited each others' reports according to a prescribed format After reading the 
draft of the report and the peer reviews, we "accepted", "accepted with revisions" or 
"rejected" them. Then the students had the opportunity to rewrite the reports.

These techniques created an enthusiastic and highly interactive atmosphere in the 
laboratory. Furthermore, we feel that developing critical thinking and 
communication skills are vital components of neuroscience education.

86.5
DEVELOPING A COURSE FOR TRAINING IN THE RESPONSIBLE CONDUCT 
OF RESEARCH. M.L. Weber-Levine and S.M. Levine* Dept. of Psychology, 
Morehouse College, Atlanta, GA 30314.

Growing out of a long standing interest and a need to develop a 
mechanism for meeting the federal guidelines for training in the responsible 
conduct of research on institutional training grants, the authors designed a 
seminar entitled "Issues in Scientific Fraud and Misconduct". The aim of the 
course was to generate an awareness about integrity in science by examining 
some of the current issues and problem areas. Historical background 

rovided the foundation for the emphasis on the current status of the subject, 
opics discussed included: a) definitions and prevalence of fraud/misconduct; 

b) causes and prevention; c) authorship and the allocation of credit; d) data 
management and retention; e) procedures for handling allegations of 
misconduct, and; f) human subjects, animal subjects and conflict of interest. 
This course was first offered at a large, west coast university. A lecture- 
discussion format was used, along with guest speakers and a course project. 
This project involved the preparation and dissemination of a survey of faculty 
and student attitudes and practices relating to the topic. The results of this 
survey will be presented elsewhere. The original course was designed as an 
advanced seminar, for graduate students and upper-level undergraduates. The 
course is now being redesigned for use at the undergraduate level, in 
specialized research training programs. The presentation will provide details 
of the original course and will examine various issues relating to such a 
course at the undergraduate level.

86.2
AN INTEGRATED NEUROSCIENCE METHODOLOGY COURSE FOR 
UNDERGRADUATES.J.E. Simmons*. J. Bronzino. P. Kehoe. E. Caliquri and
E. Gardena. Program in Neuroscience, Trinity College, Hartford, CT 06106.

This course is designed to give undergraduate neuroscience majors 
exposure to and hands-on experience in some of the diverse methodologies 
utilized in investigating problems in neuroscience. Both theoretical and 
practical aspects of the methodologies are considered.

Junior students spend 5-6 consecutive three-hour laboratory periods in 
each of five laboratories where research in neuroscience is currently 
ongoing. The students, working closely with the professor, are given either a 
group or a class "mini-project" to complete in any given rotation.

Current rotations include the following: psychobiology (behavioral effects of 
psychoactive drugs before and after brain lesioning); electrophysiology 
(electrode building, electrical recording and stimulating procedures, computer 
analysis of bioelectrical events, and quantitative EEG analysis techniques); 
receptor biology (radioligand binding assay; determination of binding 
parameters [Bmax] and Kd] for neurotransmitter and neuropeptide receptors); 
neurochemistry (quantification of biogenic amines in different brain regions 
using HPLC); and cognition (electrocortical activity and its relation to states 
of consciousness, hemispheric specialization and pathology).

At the end of each rotation students must submit a written report on the 
assigned project, and the course culminates in a joint discussion session 
with students and professors.

The course has been offered for the past two years and has been 
evaluated positively by the students. The faculty have had the opportunity to 
demonstrate specific techniques used in their research, and the students 
have been afforded the opportunity to determine in which of the laboratories 
they would like to do their Senior Research.

86.4
Requiring a “Written” Project in Undergraduate Medicai 
Neuroscience. R.M. Kriebel*. Dept. of Anatomy, Philadelphia College 
Osteopathic Medicine, Philadelphia, PA 19131.

Contemporary medical education has as part of its goals the 
development of the student as a life long learner and equipped in 
methods of informatics. Since the content of Neuroscience has exploded 
over the past years in basic, clinical, and applied information, many 
topical areas cannot be incorporated into a basic course presentation. 
In the PCOM Neuroscience course the past four years, students were 
required to write a single spaced three page paper on a current topic in 
medical neuroscience. The students were given a choice of 4-5 assigned 
topics. Papers were to be written using a minimum of five primary 
literature references, and topics were to be discussed in view of the 
basic neuroscience aspect of the chosen topic and the effect this aspect 
of neuroscience has (will have) on biomedical social sciences. 
Examples of topics are, dementia, sleep, reflex autonomic dystrophy, 
neurofibromatosis, cerebral palsy. The laboratory bulletin board was 
used to post timely news articles, examples of primary literature, and 
addresses of research and support organizations involved with specific 
neurological disorders. From this introduction students used library 
search tools to obtain needed information. Many students sought out or 
knew individuals afflicted with these disorders and interviewed them 
pertaining to biopsychosociaT implications. Most students enjoyed the 
process, and each received a numerical grade which contributed to 
their final average. Examples of papers will be available.

86.6
Ma c f r o g : m u lt im e d ia  sim u l a t io n s  in  ph y sio l o g ic a l
ED U C A T IO N
M.C. Hirsch*. H.A. Braun. R. Rieder. C. Koch. M.T. Huber. K. 
Voigt. Institute of Physiology, Deutschhausstr. 2, D-3550 Marburg 
Two classical experiments in elementary courses in physiology are carried out on the 
frog’s sciatic nerve and the M.gastrocnemius. Recording compound action-potentials 
from the frog’s sciatic nerve gives the students the opportunity to gain a fundamental 
knowledge about electrical excitability, whereas basic functional phenomena on the 
muscle can be studied by measuring the muscle's response to electrical stimulation. 
MacFrog provides two different interactive multimedia-simulations of these 
experiments - each consisting of three sections. The first section is primarily to 
appetize the students by presenting them a gallery of frogs (photographs and sounds). 
The second section documents the preparation of the frog's tissue in the form of 
interactive video directly shown on the computer screen (based on Apple’s 
QuickTime system). The video clips additionally include tests and questions. Besides 
a practical guide and a demo, the third section provides the 3D-virtual laboratory, 
including a stimulator, an oscilloscope and a specific recording equipment. 
Stimulation and oscilloscope parameters can be adjusted by mouse-controlled buttons 
at the front panels of the devices. Action potential and muscle contraction are real
time calculated in accordance to the actual stimulation and recording conditions by a 
set of specially designed algorithms. The individual tissue parameters vary within a 
physiological range and are set at each program startup.
Supported by Apple Computer and the Hessisches Ministerium für Wissenschaft.
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86.7

MAKING THE FROG GASTROCNEMIUS PREPARATION MORE 
PHYSIOLOGICALLY RELEVANT TO UNDERGRADUATES. I . G . 
Welsford*. J.R. Wriaht. J .Barr and A.E. Flamm. 
Dept.of Biology, Bradley Univ.,Peoria, IL 61625.

We have developed a laboratory sequence 
for our sophmore-level majors course that 
attempts to more clearly justify the need for 
animal research in sensory and neuromuscular 
physiology. During the first laboratory period, 
students perform experiments to determine if 
the decrement in the length of hops, latency to 
hop and number of hops over time seen in Rana 
pjpiens is due to desensitization of receptors, 
fatigue and/or habituation. Students generally 
are able to eliminate desensitization but are 
unable in whole-animal experiments to distin
guish between habituation and fatigue. In the 
next laboratory period, students test the fatig- 
uability of the Rana gastrocnemius directly. 
Students are then free to further investigate 
the site of fatigue (i.e. NMJ or muscle fiber) 
as well as other aspects of muscle function. 
Course evaluations from students in the 
laboratory showed a significant decrease in the 
proportion of students who recorded negative 
comments concerning animals in research when 
compared with previous years using only a 
demonstration (25% vs. 3.4%, n=86, p=0.012).

86.9
ELECTROMYOGRAM RECORDINGS FROM THE JAW MUSCULATURE 
OF CATERPILLARS: A SIMPLE PROTOCOL FOR THE INVESTIGATION 
OF FEEDING BEHAVIOR AND MOTOR PATTERNS. H. Itagaki* Dept. 
of Biology, Kenyon College, Gambier, OH 43022.

I have been using caterpillars of the Tobacco Horn worm moth 
(Manduca sex ta) to illustrate feeding behavior and motor patterns to students at 
all levels of our laboratory curriculum. The extracellular recordings have 
proven simple enough to be used by our students in the lst-year undergraduate 
biology laboratory. With added levels of sophistication, the protocols can also 
be used by upper-level undergraduates to look at modulation of the feeding due 
to sensory stimuli, hunger state, neuromodulators, and other variables.

The protocol involves anesthetizing starved M a n d u c a  caterpillars in ice, 
followed by emplacement of the recording electrodes (0.005" dia. Teflon-coated 
Ag wire) through the head capsule into the m a n d ib u la r  a d d u c to r  and/or into the 
antagonistic m a n d ib u la r  a b d u c to r . The electrodes are glued in place on the 
head capsule cuticle either by Superglue or by dental wax. The ground wire is 
placed in the hemolymph by inserting the wire into the "horn" at the tail of the 
caterpillar, and tying off the "horn". A small plastic harness is Superglued onto 
the back of the caterpillar to hold the connector pins attached to the electrodes. 
The electrodes are connected via the male/female connectors to the leads of a 4- 
channel AC differential amplifier (A-M Systems model 1700). The signal can 
then be viewed, recorded, analyzed using standard protocols.

The advantages of this preparation include: I). The ease of recording 
due to the large size of the caterpillar; 2). The ready availability of the 
preparation; and 3). The large number of questions that can be asked by 
inquisitive students. Supported by a NSF-ILI grant (#USE-9152088), a HHMI 
grant to Kenyon College, and Kenyon College funds.

86.11

NEUROSIM П: Computer Simulations For Teaching Neurophysiology.
W.J. Heitler*. The Gatty Marine Laboratory, University of St. Andrews, Fife, 
Scotland KY16 8LB.

Neurosim is a package of programs to help teach neurophysiology, primarily 
intended for senior undergraduates, although it may provide entertainment, and 
perhaps some useful insights, for more experienced neurophysiologists. Each 
program addresses a particular topic by simulating an experiment investigating that 
aspect of neural function. The user first sets up the experimental conditions, and 
then the computer generates a display similar to a real (or rather, an ideal) 
experiment. Parameters can be varied to explore the effects of different conditions, 
and can be saved to disk for recall on subsequent occasions.

There are currently 10 programs in the package. PATCH investigates the 
kinetic properties of single ion channels. Channels with up to 5 states can be 
simulated, with user-determined transition rate constants. Open- and closed-state 
duration histograms can be generated, with superimposed multi-exponential curves. 
HH is a Hodgkin-Huxley simulation, which can be run in current or voltage clamp 
modes. Patch records containing up to 250 single channels can be simulated, and a 
cartoon demonstrates the voltage-dependent gate movements of the traditional 
model. BURSTER is an extended HH simulation with additional voltage and Ca- 
dependent currents, and varying intracellular Ca concentration. INKY shows the 
effects of the transient (А-type) K current. CABLE simulates passive conduction 
in an axon, showing how differing axon parameters effect length and time 
constants, and how these determine signal attenuation. GOLDMAN simulates 
the Goldman equation. LATERAL simulates a linear array of sensoiy neurones 
mediating feed-forward lateral inhibition onto second-order intemeurones. PSP 
simulates the post-synaptic membrane response of a neurone to various types of 
synaptic input. SMALLNET and BIGNET simulate the properties of simple and 
more complex small neural circuits, with a variety of differing synaptic connexions.

86 .8
"THE DIGITAL LEECH"; A  LABO RA TO RY SIM ULATIO N  

TEACHING  PROG RAM  BASED ON THE NEUROPH YSIO LO GY OF 
THE LEECH. J.G, New*. J.M. Revm ond and T. Boniecki. Dept. o f  Biology  
and Center for Instructional Design (LUC ID), Loyola U niversity o f  
Chicago, Chicago, IL 60626.

Computer sim ulations can be useful tools in teaching neurophysiological 
principles to undergraduate and beginning graduate students. Such 
sim ulations are less capital and supervision intensive than traditional 
laboratory exercises, opening a "laboratory experience" to larger class sizes. 
Furthermore, student frustration and anxiety are alleviated by the absence 
o f  micromanipulation skills and developed hand -eye coordination usually 
req u ired  in neurophysiological experim ents. Rather, students are able to 
concentrate more upon experim ental design and data acquisition and 
analysis.

We have developed an interactive laboratory sim ulation based upon the 
neurobiology o f  the leech and programmed in SupercardR for use on the 
M acintosh LCr computer. The functional elem ents o f  the program  
comprise a leech ganglion with positionable recording electrode, a 
corresponding section o f epiderm is with a moveable stim ulus probe, a 
stimulator w ith variable DC step or sinusoidal output, and a triggerable, 
m ultigain, variable sweep, 2 channel oscilloscope with a function for 
constructing PST histograms.

Working individually or in small groups, students use "The Digital 
Leech" program to investigate the properties o f  d ifferen t neuron types. 
Resting potentials, receptive fie ld s, intensity functions, tim e constants o f  
adaptation, and frequency response characteristics o f  d ifferen t neurons 
can be determ ined and compared. Students perform  experim ents, collect 
and analyze data to characterize the response properties o f  one o f  eight 
differen t sensory neurons.

86.10
IN N ER V A T IO N  OF A CRAY FISH  PO STU R A L M USCLE: A 
STUDENT LABORATORY EXERCISE TO EXAM INE SYNAPTIC  
PLASTICITY. B.R. JOHNSON*. R.A. W YTTENBACH, R.R. HOY  
A N D  S.J. ZOTTOLI. Neurobiology and Behavior, Cornell University, 
Ithaca, NY  and Dept. o f  Biology, Williams College, Williamstown, MA.

This is the third in our series o f  undergraduate laboratory modules 
for the neurosciences that use the crayfish as a m odel system (see also 
H oy et al., 1991. Neurosci Abst. 17:516; Johnson and Hoy, 1992. 
Neurosci Abst. 18: 183). These m odules em phasize principles o f  
neural function, and physio logical, m orphological and behavioral 
techniques o f  experimental neurobiology. In this m odule, students 
examine synaptic plasticity and its modulation.

The superficial flexor muscle in the crayfish abdomen is a postural 
m uscle innervated by a purely motor nerve containing only 6 motor 
axons. Students stimulate the motor nerve extracellularly and record 
the resulting post-synaptic potentials (PSPs) intracellularly from  
m uscle fibers. Two pulse facilitation is demonstrated by varying the 
interval betw een  two m otor nerve stim uli and com paring the 
amplitudes o f  the first and second PSPs. The more prolonged post- 
tetanic potentiation (PTP) is illustrated by examining the amplitudes 
o f  single PSPs elicited at varying tim es after a tetanic (5 s, 20  Hz) 
stimulus train. Depression can be seen during this tetanic stimulation. 
To study synaptic m odulation, students compare single PSPs, and 
facilitation and PTP time dependencies before and during application 
o f  neuromodulators such as serotonin. The results o f  these exercises 
lead to discussions o f  the possible cellular and m olecular mechanisms 
o f  synaptic plasticity and the physiology o f  learning and memory. 
Supported by N S F  grant 9 051880 , the Howard H ughes M edical 
Institute and the Grass Foundation.

86.12

RESOURCE-ORIENTED SIMULATION ENVIRONMENT (ROSE) J.M. Sorenson. D.A. Baxter. 
and J.H. Byrne* Dept. of Neurobiology and Anatomy, University of Texas Medical School, 
Houston, TX 77030.

We have developed a general purpose simulator that allows the user to solve arbitrary sets of 
first-order ordinary differential equations. The user may choose between an efficient command
line interface and a graphical interface for editing, compiling, execution, and plotting. At the 
kernel of ROSE is an object-oriented language for user-defined numerical functions, constants, 
and templates. Templates are the central organizing principle. Templates contain a set of 
state variables and their respective differential equations, as well as nested instances of other 
templates. The user can impose arbitrary hierarchies and encapsulation schemes. For 
example, one can create a library of Gate templates that contain arbitrary expressions for the 
activation and time constants of voltage-activated ion gates. Instances of Gate templates are 
conveniently inserted into Current templates, which are embedded into Cell templates, and then 
into Network templates, etc. Users are not constrained to this particular scheme however, and 
may choose to define their components differently. For example, second messenger cascades 
and kinase-phosphatase systems are easily created and coupled to membrane components to 
create more complete electrochemical models.

Once the user has defined the system to be simulated, "C" code for the simulation is 
automatically generated, compiled, and loaded, including code for the explicit Jacobian matrix, 
which is obtained by automatic symbolic differentiation. An efficient, stiffiy-stable integration 
method is used, and parameters are automatically iterated over multiple timelines as specified 
by the user. Other features include on-line documentation for all templates, automatic report 
generation (ASCII or LaTEX), and interpretive evaluation of any expression during editing.

Several examples of the use of ROSE will be demonstated. Additional models are easily 
created by building upon preexisting components or entering equations from published models. 
Using ROSE, the student may study the details of a model's formulation and explore the 
consequences of arbitrary modifications. Although originally designed as a research tool, many 
features of ROSE make it attractive for educational and teaching purposes.
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86.13
SIMULATOR FOR NEURAL NETWORKS AND ACTION POTENTIALS 
(SNNAP): USE OF COMPUTER SIMULATIONS AS A SUPPLEMENT FOR 
UNDERGRADUATE AND GRADUATE COURSES IN NEUROBIOLOGY. 
D A- Baxter*. I. Ziv and J.H. Byrne. Department of Neurobiology and Anatomy, 
University of Texas Medical School, Houston TX 77030.

We have developed a Simulator for Neural Networks and Action Potentials 
(SNNAP) that is easy to use and versatile (Ziv et al. 1991, 1992, 1993). The 
program can simulate neural networks of up to 20 neurons, with each neuron 
incorporating up to 20 voltage-dependent conductances and 20 electrical and 20 
chemical synapses. Voltage-dependent conductances in individual neurons are 
described by Hodgkin-Huxley type equations and the contributions of time- 
dependent synaptic conductances in individual neurons are described by second- 
order differential equations. The program also incorporates equations for 
simulating different types of neural modulation and synaptic plasticity. Two 
versions of SNNAP are currently available: one for "PC-type" microcomputers 
and one for minicomputers such as the Sparcstation 2.

To demonstrate some of the potential educational uses of SNNAP, we have 
developed simulations that illustrate several general principles of neurobiology. 
For example, simulations illustrate how the repertoire of ionic currents contribute 
to the unique firing properties of an individual neuron, how second messenger 
systems modulate the electrophysiological properties of a neuron, how the 
electronic structure of a neuron influence the spread of electrical signals 
throughout the branches in a neuron, and how the synaptic connections among 
neurons contribute to the patterns of activity generated by small neural networks. 
SNNAP's graphical user interface allows students to easily design and carry out 
their own experiments. Supported by a grant from AFOSR.

86.14
A SIMPLE SPREADSHEET MODEL ILLUSTRATING THE EFFECTS OF 
VOLTAGE SENSITIVE CONDUCTANCE CHANGES ON MEMBRANE 
POTENTIAL. J.S . Thomas*. ADSS, Meharry Medical College, Nashville, 
TN 37208

Students often have difficulty in rationalizing the change in membrane 
potential which should result from specific changes in multiple varieties 
of channels sensitive to various classes of activators, and providing 
conductances to different ions. A previous spreadsheet implementation 
of Vm vs. changes in Gion's illustrated the changes in lion's and steady 
state Vm to be anticipated from any defined combination of changes to 
static Gion's or Istim. This model has been expanded to include the 
effects produced by Vm sensitive channels. The consequences of 
changes in channel density, Vm threshold, Vm sensitivity, and gate 
response speed can be explored while monitoring changes in specific ion 
conductance, current, and percent activation/inactivation. The 
advantages of using a Windows spreadsheet (Excel) are its wide 
availability, use of standard spreadsheet notation, multiple windows, and 
ability to incorporate macros for display of help information or 
commentary and to sequence presentation of standardized exercises. 
These features allow even a programming bozo (the author) to produce 
a vivid and effective display of the Vm consequences of defined changes 
in multiple types of Gion's.

86.15 86.16
EARLY DESCRIPTION OF QUANTAL AND SUBQUANTAL 
FLUCTUATIONS IN SYNAPTIC SIGNAL AMPLITUDES IN 1952 BY 
FATT AND KATZ. J. Vautrin*. Lab. Neurophysiology, NINDS,
NIH Bethesda, MD.

USE OF MS-DOS QBASIC TO SIMULATE A LABORATORY EXPERIENCE 
IN NEUROSCIENCE. C.M. B a tt*1, L .L . Jensen2 v E.W . Malin1, 
1 Department of Social and Behavioral Sciences, Sacred Heart 
U niversity, Fairfield , Connecticut, 0 6 4 3 2 ; 2 Departm ent of 
Psychology, Edinboro University of Pennsylvania, Erie, Pennsylvania, 
16444.

Faced with the dilemma of desiring to give senior psychology majors 
a laboratory assignment, but presently wanting for animals, room or 
equipment, we wrote a program using MS-DOS QBasic computer 
language which simulates central nervous system application of a 
polypeptide, angiotensin II, into rats, for an undergraduate course in 
Experimental Psychology—Physiological.

The computer simulation consisted of planning and executing the 
animal and surgical procedures necessary for intracerebroventricular 
cannulation, carotid artery catheterization and subsequent behavioral 
response measures (blood pressure changes or bursts of drinking). 
The tasks were divided into three modules. Successful completion of 
each module was required before the student could proceed. Module I 
contained a short literature review and sources for further 
background research. In Module II, students were asked to choose the 
parameters for the experimental design. Module III listed surgical 
procedures out of sequence and students were prevented from 
progressing until the sequence was corrected and accurate. Raw data 
scores for all subjects were also presented in Module III followed by a 
source table and statistical analysis of the data using 2-factor ANOVA 
with repeated measures on one factor. Participants were subsequently 
surveyed to assess the quality of the experience.

86.17
SYNAPTOSOM AL R ELEASE M EA SUR ED  B Y  BICINCHONINIC ACID. 
J.E. Y oshino* and J.E. Haley. D ept Psych ology, Program o f  
N euroscience, Colgate University, Hamilton, N Y  & D ept B io logy, C ollege  
o f  Mt. St. V incent, Bronx, N Y .

Synaptosom es are subcellular particles derived from synaptic terminals 
by gentle hom ogenization and purified by differential centrifugation.
The analysis o f  neurotransmitter release from synaptosom es usually  
requires radioactive choline, dopamine, etc. or separation and 
quantification by high pressure liquid chromatography. N either method  
is  suitable for a 3-4 hr undergraduate laboratory. Slocum  and Deupree 
(1991) reported that b iogenic amines reduce Cu^+ to Cu+  which binds to 
bicinchoninic acid (BC A ) producing an increase in  absorbance at 562nm . 
The B C A  assay w ill detect as little as 1 nm ol o f  b iogenic amines.

Synaptosom es w ere prepared from rat brain and purified through the 
crude mitochondrial pellet. The crude synaptosom al preparation was 
incubated at 3 7 °C  for 30 m in, im m obilized on filters in  a 12-w ell 
sam pling m anifold, and w ashed 10 tim es. The synaptosom es were 
depolarized with 55m M  KC1 for 2  min. The filtrate from synaptosom es 
treated w ith 55m M  KC1 contained tw ice as much material that reacted in  
the BC A  assay than synaptosom es incubated w ith  saline. The om ission o f  
Ca2 + or the addition o f  EGTA did not impair the release o f  material 
stimulated by 55m M  KC1. Results from studies designed by students w ill 
be presented. Supported by Pew  Program in Undergraduate Science  
Education, N ew  York Cluster and N SF-ILI, U SE -9052141.

86.18
C E L L U L A R  A N D  M O L E C U L A R  N E U R O B IO L O G Y -U N IT  I: 
PR IM A R Y  H EA R T C ELL C ULTU R E A N D  RECEPTO R  A N A L Y S IS . 
M .E . M orton*. D epartm ent o f  B io lo g y , C o lle g e  o f  the H o ly  C ross, 
W orcester, M A  0 1 6 1 0 .

T h e Cellular and M olecu lar N eu rob io logy  labs at C o lleg e  o f  the H oly  
C ross are set up in  four general units, w ith  each  unit d esign ed  to  provide  
students w ith  hands on  experience in  m any m od em  m olecu lar techniques. 
G eneral areas o f  research covered  include m olecu lar neurobiology, 
neuropharm acology, neurobiochem istry, and cellu lar n eurobiology. T he  
four units (designated  on  the basis o f  the exc itab le  tissu e studied) are: 
nerve and brain, heart m u sc le , skeletal m u sc le , and a short, student 
d esign ed  independent project. Techniques u tilized  include localization  o f  
receptors and ion  channels b y  im m unofluorescence,neurotransm itter  
receptor b inding assays, qualitative m R N A  studies by  Northern b lot 
analysis, quantitation o f  m R N A  b y  solution  hybridization, loca liza tion  o f  
m R N A  b y in situ hybridization, primary ce ll culture, estab lished  ce ll line  
cultures, and riboprobe synth esis. S k ills  gain ed  b y students in clud e data 
an alysis, statistics, and experim ental d esign . Individual student projects 
perm it the synth esis o f  these ideas and exp erien ces w ith  m aterial 
d iscu ssed  in  the lecture portion o f  this course. T he unit on  cardiac tissue  
is  d iv id ed  into three separate w eek ly  la b s -  tissue iso lation , primary ce ll  
culture, and neurotransmitter receptor quantitation through radioligand  
assays. A fter the three w eek  unit, each  student subm its a “m anuscript” 
based  on  the com b in ed  class data. In addition to serving as a lab report, 
these m anuscripts enable students to gain  exp er ien ce in  analysis o f  the  
prim ary literature. Supported by grants from  N S F  #  U S E -9 2 5 0 8 3 3  
and the H ow ard H ughes M edical Institute.
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87.1
A SIMPLE RETROGRADE TRACER EXERCISE. W.D. B l a k e r * 
Dept of Biol, Furman Univ., Greenville, SC 29613

This undergraduate lab exercise on the r e t r o 
grade fluorescent tracing of rat retinal ganglion 
cells teaches stereotaxic surgery and neuroana- 
tomical tracing without lengthy tissue p r e p a r a 
tion and sectioning.

Male Sprague-Dawley rats (200g) are stereotax- 
ically injected into the lateral geniculate 
(4.0mm posterior to bregma, 3.6mm lateral, 4.2mm 
ventral to dura) with 1ul 3% Fast Blue over 1.5 
minutes. One week later, the rat is decapitated 
and the brain quickly removed and placed in 
buffered formalin fixative. The eyes are imm e d i 
ately removed, the cornea and lens removed, and 
the retina slid onto a slide (inner retinal side 
up), and covered by a drop of fixative and a 
cover slip. The retina can be viewed immediately 
with a fluorescence m i croscope with an A filter- 
mirror system (360nm excitation wavelength) or 
stored in fixative for later viewing. F l u o r e s 
cent cells are easily seen in the retina c o n t r a 
lateral to the injection, while few are seen in 
the ipsilateral retina. The injection site and 
the extent of spread are verified the next day by 
making a coronal slice through the injection site 
and viewing the cut surface of the brain with a 
magnifier in a UV viewing cabinet (long w a v e 
length, 3 6 0 n m ) .

87.3
A COMPUTER ASSISTED STUDY GUIDE FOR HISTOLOGY. F.J. Wilson* 
and M.G. Kestenbaum. Department of Neuroscience and Cell Biology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.

The primary objective of this project was to provide medical, graduate and 
physician assistant students with an interactive computer program linked to 
high quality videodisc images which would augment the lecture and laboratory 
portions of our Cell Biology and Histology course. The program was designed 
for use with any Apple Macintosh computer (System 7 and HyperCard 2.1 
required) and the Slice of Life videodisc created by the University of Utah 
(version V or VI required). It incorporates textual information shown on the 
computer monitor with videodisc images automatically selected and displayed 
on an attached NTSC video monitor. The program is divided into 20 chapters 
encompassing cytology, the basic tissues, and the organ systems. Within 
each chapter are variable numbers of subsections, each of which corresponds 
approximately to a classroom lecture. Of particular interest to neuroscientists 
would be the chapters on muscular, endocrine, peripheral nervous, and central 
nervous systems, as well as the chapter on the organs of special sense. 
Subsections within the peripheral nervous system chapter, for example, 
include neurocytology, peripheral nerve fibers, sensory and autonomic ganglia, 
and nerve fiber terminations. In addition, the program features a "text search" 
function which allows the user to find desired information quickly and easily. 
To ensure active participation and to monitor progress, five review quizzes are 
provided; ail questions are image linked. In evaluations of the program 
solicited from the students at the conclusion of our course, 100% of the 
physician assistant students who responded to the questionnaire and 95% of 
the medical and graduate students thought that the integrated computer 
program/videodisc combination was helpful in mastering our image-intensive 
course. We gratefully acknowledge support and encouragement provided by 
Drs. Robert L. Trelstad, Frank A. Simon and Ira B. Black.

87.5
THE USE OF ILLUSTRATION PAGES FOR TEACHING NEUROANATOMY 
TO MEDICAL STUDENTS, UNDERGRADUATES OR K-12. G.H. Kapevama* 
Department of Anatomy and Neurobiology, Univ. of Calif., Irvine, CA 92717.

Traditionally, neuroanatomy has been taught in Medical schools with the use of 
lectures, core notes, text books, neuroanatomical atlases, slides of Weigert sections, 
and gross brain dissections. Core notes, texts and atlases tend to be limited in the 
number of illustrations, and color images are limited even more by their 
cost.Weigerts are difficult to interpret. Color slides are often used in lecture 
presentations but they are not generally available to students for review. More 
recently, neuroanatomical material has been presented using computers and 
videodisks, the latter of which can provide many thousands of color images, but thses 
new technologies are limited by their cost and accessability. While all of these 
methods have proven to be quite useful, the subject of neuroanatomy can be 
simplified even more by the use of improved and regularly updated illustrations, color 
photographs and electron micrographs, assembled and consolidated in easily 
comprehended units. The units can be either conceptual units such as the "topographic 
organization of the brain" or neuroanatomical units, such as the "structural 
organization of the cerebellum". Multiple images (photos, drawings, etc.) are used to 
illustrate a single central idea on an 11" x 14" sheet of paper (much like a 
photographic plate as used in publications). Each illustration on a page has a simple 
1-2 line caption. About 10-12 pages or "concepts" can be used to accompany 
microscope slides or gross brain dissections for any particular laboratory session. The 
pages can then be placed in transparent sheet protectors (2  pages back-to- 
back/protector), bound, and placed on Reserve in the library. We keep three identical 
sets on reserve in our library for Medical students to review. This method of 
presentation of neuroanatomical material can be used to supplement existing methods 
and can be tailored to the needs of the target audience: K-12, undergraduate, graduate or 
medical levels, public, teachers, etc. The main advantages include, relatively low cost 
color, ease in updating material, accessibility and simplified visual conceptualization. 
The disadvantage: the initial investment of time needed to assemble the material.

87.2
HART'S (1969) NEURAL TISSUE STAIN WORKS IN THE UNDER
GRADUATE TEACHING LABORATORY. K.J. Schultz*, Psych. Dep't., 
Univ. of Winnipeg, Winnipeg, MB, Canada R3B 2E9

Undergraduate labs may lack the resources necessary for 
teaching classes the histological procedures normally used 
in behavioral neuroscience. One solution is the use of 
the long out-of-print procedures outlined by Hart (1969) 
that allow for the staining of thick slices of brain 
tissue. Fixed, but not hardened, brain tissue is sliced 
using a razor blade and individual slices placed in 
sequentially numbered tissue capsules. The capsules are 
then loosely strung on lengths of heavy thread, washed 
under running water for 30 min, placed in a 60ô C solu
tion that coats the white matter (50 g phenol, 5 g copper 
sulfate & 1.25 ml HCl in 1 litre water: use under hood), 
rinsed in ice water for 5-10 sec, immersed in 2% ferric 
chloride solution (20 g ferric chloride; 1 litre water) 
for 30-60 sec, washed in cold tap water for 2-3 min, 
capsules opened and immersed in 1% potassium ferrocyanide 
solution (10 g potassium ferrocyanide; 1 litre water) for 
5 min, rinsed in tap water & re-emersed in 2% ferric 
chloride until the grey matter turns deep blue. Stained 
tissue can be placed between 2" X 3" glass slides, exam
ined under a magnifier & stored in alcohol.

References: Hart, B.L. (1969). Experimental Neuropsy
chology: A Laboratory Manual. San Francisco: Freeman.

87.4
COMPUTER ASSISTED INSTRUCTION IN BASIC NEUROLOGICAL 
ANATOMY: INTERACTIVE PROGRAMS ON THE SENSORY SYSTEMS.
P.A. Young*. P.H. Young. S.L. McClain. J.C. Young. Department of 
Anatomy and Neurobiology, St. Louis University School of Medicine, 
St. Louis, MO 63104.

A series of interactive programs have been produced to enhance the 
understanding of the anatomical basis of sensory system disorders at 
the level required in neuroanatomy courses offered to medical and 
allied health professions students. Each program allows the user to 
access three different topics: receptors, pathways, and clinical 
correlations. The sections on receptors deal with their morphological 
features and, where appropriate, the methods of testing are clinically 
simulated. The pathways sections demonstrate the anatomical 
relationships of somatosensory, visual, auditory, gustatory and 
olfactory nuclei, tracts, cortical areas, etc., in gross specimens, myelin- 
stained sections, magnetic resonance images, and illustrations. 
Summaries of the pathways are presented using animated graphics. 
The clinical correlations sections deal with the deficits resulting from 
lesions in different parts of the sensory pathways. The impaired 
structures and the peripheral distributions of the resulting sensory 
deficits are color coded to facilitate structure-abnormality relation
ships. Included in all programs are review quizzes consisting of 
multiple choice questions, the identification of structures and their 
functions in gross specimens, myelin-stained sections, and magnetic 
resonance images, as well as problem solving in the form of localizing 
lesions using clinical illustrations. (Supported in part by Practical 
Anatomy and Surgical Technique Workshop of St. Louis.)

87.6
AN INTERACTIVE MULTIMEDIA METHOD FOR PRESENTATION 
OF NEUROANATOMY. T. M. Louis*. F.S. Wartman and L.L. Brader. 

Departments of Anatomy and Cell Biology and Pediatrics and The Faculty 
Computing Support Center, East Carolina Univ. Sch. of Med., Greenville, NC 
27858.

In recent years computer-assisted education (CAE) and multimedia 
computer presentations have provided exciting new ways to teach and present 
neuroscience concepts. However, the anatomy faculty needed to create a 
simple way to prepare individualized presentations based on objectives and 
outline notes. Medical students also needed to be trained to use CAE in a 
multimedia presentation format. These future physicians will use several new 
forms of multimedia to help them learn patient diagnosis and treatment. 
Using a simple template, we developed a system that allows faculty to convert 
a set of class notes into a multimedia lecture presentation. The program 
template was designed to organize lecture materials and easily display relevant 
text and graphics from a computer screen. Using Asymetrix’s Toolbook(R) as 
the authoring environment, we can use animation, still images or full motion 
video to illustrate fundamental ideas. With slight modification, the lecture 
presentation can be used by the individual student to review for testing. Both 
formats allow for interactive question and answer review either projected 
within the classroom or in an individual tutorial session at the computer. The 
students are highly motivated to use these multimedia learning aids because 
these presentations are related to test objectives in the neuroanatomy course. 
Multimedia presentation of neuroanatomy with electronic interaction by the 
medical student can satisfy the goals of both the student and the instructor.
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87.7
BRAINIAC! AN INTERACTIVE DIGITAL NEUROANATOM Y ATLAS O N  IBM PC 
COMPATIBLE COMPUTERS. G.S.FricK* Program in Neural and Behavioral Science, 
S.U.N.Y. Health Science Center at Brooklyn, 450 Clarkson Avenue, Brooklyn, NY.

Many computerized atlases have been developed recently due to the advent of 
photographic quality computer displays. The availability of new “object oriented” 
programming tools allows individuals without much programming experience, to 
develop professional-looking programs. Many of the individuals developing these 
programs have tried to create electronic textbooks with “hyperlinked" information 
that albws students to jump from place to place in the program. Often the student 
is left in some subsection of the program from which they find no easy return.

Enter Brainiac! This interactive digital neuroanatomy atlas was created using 
Asymetrix ToolBook and runs on any computer capable of running Microsoft 
Windows 3.1. Brainiac! emphasizes the simple graphical presentation of human 
neuroanatomy while keeping the text at a minimum. The program is designed in a 
modular fashion with coronal sections, horizontal sections, surface gyri and sulci, 
and a Pal-Weigert atlas of the brainstem and diencephalon each making up separate 
modules. The Pal-Weigert module contains a saggita! MRI section map of all 27 brain 
slices and a list of every structure appearing in this module. Students need only click 
on a structure name in the list to be shown at what levels the structure appears at 
There are test and quiz modes with scores provided at the end of each section. In 
another module, user controllable 3-dimensional animations have been created 
demonstrating the 3-D spatial relationships of subcortical structures in the brain. A  
neurological simulation module is currently being developed that will allow students 
to watch videotaped physical examinations of neurology patients in a small window 
on the computer screen. Students have reacted very favorably to Brainiac! and have 
emphasized how easy it is to learn and use. In creating Brainiac! an attempt was 
made not to overwhelm the student with a near infinite number of “hyperlinks" to 
other neuroscience information which might be more suitably attained elsewhere.

87.8
NEUROLAB: AN ADVENTURE IN NEUROANATOMY R.W. Sikes* 
Dept. of Phys. Therapy, Northeastern University, Boston, MA. 02115

Teaching neuroanatomy to undergraduates in allied health programs 
presents several problems not always suffered by graduate or medial 
programs. Although the course is taught in similar depth and breadth to 
graduate neuroanatomy, facilities and teaching support are often 
relatively meager. Furthermore, the students may lack some of the 
sophistication of graduate students in organizing and learning such 
difficult material. NeuroLab uses videodisk images and interactive 
computer-aided instruction to supplement the classical wet labs. It 
allows students to explore the brain at their own pace in a nonlinear 
fashion similar to playing a computer adventure game.

NeuroLab simulates a neuroanatomy laboratory with different rooms 
representing a variety of challenges. In one room, the students view 
histological sections through a simulated microscope to find examples 
of neurons, glia, dendrites, axons. In another room, they learn to 
identify nuclei and tracts by programming a simulated TV remote 
control unit so that video images of brain sections match descriptions 
of "programs" on a "cable channel" guide. Or they can visit the gross 
lab and put brain specimens back into their appropriately labeled 
containers. NeuroLab is written in Linkway and is shareware. Some 
rooms allow customization of questions. It runs on suitably configured 
IBM computers or clones and requires the videodisk Slice o f  Life.

87.9 87.10
AN ATLAS OF NEUROANATOMY AND NEUROPATHOLOGY:"NEW TECHNOLOGY" VS. CLASSICAL METHODOLOGY IN NEUROSCIENCE EDUCATION, J.J. Warner, M.D.*,Dept. of Neuroscience. University of Florida. College of Medicine, Gainesville, Neurology Section, Lake City VA Medical Center.Recent advances in computer technology, graphics, and neuroimaging techniques nave resulted m  many new modalities for the demonstration of anatomic and functional principles of Neuroscience. Interpretation of new data in terms of functional neuroanatomy and pathophysiology is dependent upon knowledge of and correlation with basic principles of neuroanatomy and systems organization.Interactive computer programs capable of presenting thousands of images covering basic and clinical or systems

assessment of various presentation modalities has been undertaken. Aspects of the course which were recognized as most significant included (1) emphasis on a three- dimensional understanding of neuroanatomic relationships and development (2) laboratory exposure to actual brain material integrated with slide lecture presentations demonstrating specific neuroanatomic structure and systems relationships (3) introduction of neuroimaging techniques, correlated with actual brain sections (4) parallel study of neuroanatomy and systems organization, and (5) presentation of neuropathology case material demonstrating important structure-function relationships, thus integrating basic and clinical neurosciences.Interactive computer programs were not as favorably evaluated by students. Marginal specimen preparation and/or section quality, lack of selectivity, and student preference for laboratory exposure and slide lectures were cited. Aş an outgrowth of this teaching experience, the format and sample sections for an Atlas of Neuroanatomy and Neuropathology (under preparation) are presented.In conclusion, "newer technologies" in information presentation and neuroimaging must be specifically integrated with rather than substituted for "classical" methodologies to serve as effective educational modalities m  the Neurosciences.

THE GRAPHIC BRAIN: A COMPUTER GENERATED FUNCTIONAL 
NEUROANATOMY TEXT. T.J. Voneida. Neurobiology Department, N.E. Ohio 
Universities College o f Medicine, Rootstown, OH 44272.

This text is designed for use as a supplemental study aid for neurobiology courses. 
It can be used with small or large groups (using a TV converter) in the lecture hall, 
laboratory or library, or by single users on their own personal computer.

There are 3 major sections. Part I, an interactive, self-testing ATLAS allows a 
viewer to select a given area for study: spinal cord, hind-, mid- or forebrain (3 
planes). Choice o f an area displays an array o f stained sections through that region. 
Selection o f any section causes it to move from the array and enlarge. Labels appear 
by cursor activation o f numbered structures, along with "Input/Output [?]" for nuclei 
and "Origin/Termination [?]" for tracts. The atlas thus provides interactive access 
to the names and connections o f all major CNS structures.

Part Two, FUNCTIONAL SYSTEMS, includes all major sensory and motor 
systems. Choice o f a system from the main menu results in the appearance o f a 3D 
display o f sections through its trajectory. Activation o f a receptor or motor nucleus 
triggers a moving image (in color), which travels through the entire system. Each 
synapse is highlighted by flashes, and all sections are cross-referenced to the Atlas.

Part III, CLINICAL CORRELATIONS, includes simulated lesions and case 
study descriptions o f neurological disorders, with questions related to resulting signs 
and symptoms. Digitized, full-motion sequences o f patients with various neurological 
diseases (Parkinsons, MS, Huntington’s Chorea, etc.) can also be accessed. Each 
sequence is accompanied by a discussion o f its pathophysiology and a review o f the 
involved system, with cross-referencing to Parts I and II.

The Program is designed to run on any IBM compatible computer (386 or better) 
under MS-DOS or OS-2. Hardware: Color VGA monitor, mouse, 4-6 MB of RAM, 
and hard disk capacity o f 35 MB (Atlas); 20 MB (Part II); 20 MB (Part ПІ). 
Special thanks to Mr. Peter Zeidner for his support in developing this program.

87.11
COMPUTER ANIMATED CELL AND ORGAN 
PHYSIOLOGY COURSEWARE.
X. Teyler*, N eurobiology D ep t. N E  Ohio Coll. M ed.,
R ootstown, O H  44272 & EL Watkins, P hysiology D ep t. Geo.
Wash. Univ. Sch. M ed., W ashington, D C  20037.

Computer animation was used to create instructional 
courseware for cell and organ physiology. Using the same 
approach as in the Graphic Brain -neurophysiology, animated 
graphics and text are used to convey space and time-varying 
physiological concepts and functions. Topics covered include: cell 
function, membrane function, cardiovascular, respiration, renal, 
muscle, gastrointestinal system & endocrinology. The courseware 
is intended for medical and college use as an adjunct to traditional 
instruction. The Animated Physiology coureware is designed to 
illustrate dynamic aspects of cell and organ physiology using 
animated color graphics in conjunction with textual material

The courseware can be run on MS-DOS VGA computers and 
on Macintosh computers (by employing SoftPC emulation). In the 
classroom it can be used via computer projection devices or can be 
routed through television monitors. Individual or small groups of 
students may use the courseware on personal computers to review 
topics presented in the classroom or in textbooks. Experience with 
the Graphic Brain shows that using computer animated courseware 
improves student comprehension while requiring less time for 
classroom instruction.

The courseware was created using Autodesk Animator Pro and 
will be demonstrated at the poster session.

87.12
NEURAL NETWORK EXERCISE IN VISUAL PATTERN 
LEARNING FOR UNDERGRADUATE NEUROSCIENCE AND 
BEHAVIOR COURSE. R. B. Glassman*. Dept. Psychol., 
Lake Forest College, Lake Forest, IL 60045.

In teaching physiological psychology, all 
subfields of neuroscience converge on principles 
relating phenomena of mind to understandable 
physical systems. Computer chips and wires are 
different from neurons but, analogously, the 
organization of connections among many simple 
information-processing elements enables "higher" 
processes to emerge, which are completely 
understandable in terms of component processes. 
In one of our lab sessions we: (1) wire simple 
logic circuits ; ( 2 ) converse with the mock AI 
program ELIZA; and (3) simulate learning optical 
character recognition (OCR). This lab comes after 
lessons in basic brain anatomy, physiology, and 
chemistry. The OCR exercise uses a tutorial 
packaged with the student version of BrainMaker 
software (v 1.9), licensed for a LAN by special 
arrangement. The simulated network gradually 
learns to recognize ten digits, displayed in an 
8X8 pixel array. Students observe changing 
activations of ten output indicators, and can 
view changing weights on the hidden units. After 
training, they modify a character and retrain. 
Discussion also includes perceptual constancy and 
differences between "classical AI" and PDP.
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87.13
ON IMPLICIT MATHEMATICAL MODELS IN COGNITIVE NEURO
SCIENCE: METHODOLOGICAL ASPECTS OF COMPUTER AIDED 
ELECTROPHYSIOLOGY. J.Z. Achimowicz* and T.H. Bullock. Neurobiol. 
Unit, Scripps Inst. Oceanog. & Dept. Neurosci., UCSD, La Jolla, CA 92093-0201.

In teaching cognitive neuroscience several methodological problems in 
electrophysiological research should be addressed that bear upon recognizing 
reality and realistic modelling. Especially when digital signal processing is used 
in neural computation for extraction of biologically relevant features, a proper 
feedback between the theory and experiment is important. Two examples will be 
discussed of the implicit modelling in coherent averaging (that assumes a 
constant waveform and latency) and in classical spectral analysis (that assumes 
stationary, linear, independence of distinct frequencies). These implicit models 
can handicap the exploration of sensory-cognitive potential dynamics and 
identifications of relation between the activity of neurons, their assemblies and 
emergent properties like local field potentials. The s p a t ia l  a n d  te m p o r a l f in e  
structure o f  e v o k e d  p o te n t ia ls  a n d  E E G , usually neglected in traditional analysis, 
will be shown, indicating the importance of p h a s e  o f  in d u c e d  a n d  sp o n ta n eo u s  
brain rhythm s for understanding brain functions. The variability of single visual 
evoked potentials will be analyzed by pattern recognition in the phase and biphase 
domains. The parametric EEG autoregressive (AR) model and h ig h e r  o r d e r  
spectra revealed fine time and space structure when appropriate measures of 
synchrony: coherence and bicoherence were used.

The analysis of data should not be biased on the availability of off-the-shelf 
methods but appropriate algorithms should be developed adequate to the 
hypothetical model of biological phenomena which inspired the experimental 
paradigm. This may also lead to more explicit formulation of the hypothetical 
model.

87.15

A MULTIMEDIA COMPUTER TEXTBOOK PROMOTING INDE
PENDENT, ACTIVE LEARNING OF MEDICAL NEUROSCIENCE 
AND PHYSIOLOGY. W.J. Jackson*. S. D. Stonev. T. M. Nosek. G. 
GLBcmd, J, M, Ginsburg. R. E. Godt. W. F. Hofman. T. F. Ogle. S. P.
Efflttafigldi__and V. T, Wiedmeier Department of Physiology &
Endocrinology, Medical College of Georgia, Augusta, GA 30912-3000.

A complete course in Medical Neuroscience and Physiology, 
designed for presentation through a standard multimedia computer envi
ronment, is being developed at the Medical College of Georgia. The 
neuroscience section comprises 14 chapters. The course, designed 
through use of the development software package Toolbook™, runs on 
portable or desktop DOS-based machines with 80386 or later coprocessors. 
The program utilizes hypertext capability, interactive digital video, as 
well as sound and video annotation. This fully indexed application 
contains detailed clinical problems and text enhanced with graphics and 
animations to present each outlined topic. Interactive questions follow 
each topic to provide an atmosphere resembling one-on-one interaction. 
For faculty, the application allows reduced class size and more small- 
group sessions and it enhances the identification and measurement of 
stumbling blocks to learning. For students, the active and problem- 
oriented environment may efficiently enhance applied learning skills.

87.17

USING INTERACTIVE CD-ROM  TECHNOLOGY IN M EDICAL 
EDUCATION. JA Markham*, LR Baxter Jr„ S Gambhir, and ME Phelps, 
Dept. Med. Molec. Pharmacol., Crump Inst. Biol. Imaging (JM, SG, MP) and Dept. 
of Psychiat. and Biobehav. Sci. (LB), UCLA Sch. Med., Los Angeles, CA 90024.

Recent advances in computer technology are blurring the distinction 
between what were previously diverse modes of communication. For 
example text, sound, animation and video can now be combined in a digital 
format that can provide an effective method for the communication of ideas. 
The resulting material can be distributed in an inexpensive format (CD- 
ROM) and can be accessed by relatively inexpensive personal computers. 
Previous efforts at the Crump Institute for Biological Imaging at UCLA have 
focused on developing an effective method for providing instruction for the 
functional imaging method of positron emission tomography (PET). The 
result of that effort was the interactive CD-ROM “Let’s Play PET”. Let’s 
Play PET provides an extensive examination of the field of PET, including 
the principles of cyclotron and tomograph operation, an introduction to tracer 
modeling, and the clinical application of PET in the field of cardiology, 
neurology and oncology.

Recently, the Institute has also begun a collaboration with the Dept. of 
Psychiatry at UCLA to develop an interactive CD-ROM to examine the 
psychiatric malady known as obsessive-compulsive disorder. By combining 
text and graphics about the history, anatomy and biochemistry of this 
disorder with digitized patient interviews (QuickTime, Apple Computer), it is 
hoped that the concept of “textbook” can be extended to exploit the unique 
abilities of current computer technology; abilities such as rapid access to 
dynamic information, and flexible user navigation.

8 7 .1 4

A DOUBLE BLIND PLACEBO CONTROLLED STUDY OF OVER-THE 
COUNTER “MEMORY ENHANCING”AGENTS: CLINICAL TRIALS 
CONDUCTED BY UNDERGRADUATE STUDENTS. P. R. Solomon*. A. 
Hirschoff. B. Kelly. M. Relin. Department of Psychology & Program in 
Neuroscience, Williams College, Williamstown, MA, 01267.

One particularly interesting topic to undergraduate students in behavioral 
neuroscience is clinical trials with memory enhancing drugs. The 
opportunity to participate in such trials as research assistants, however, is 
necessarily limited. Because clinical trials provide the opportunity to learn 
about experimental designs as well as to gain an understanding of content 
material, and because they are of high interest to students, it seems 
desirable to find a mechanism for students to participate in this type of 
research.
Students in an undergraduate upper-level course in Human 

Neuropsychology tested on undergraduate students four over-the- 
counter memory enhancing agents. Working in groups of four, the 
students researched and selected the agents, produced a common 
experimental designs, and agreed on a series of outcome measures. The 
students used a double blind, placebo controlled , parallel group design. 
Outcome measures included standard neuropsychological measures of 
memory and attention. The compounds tested were Ginkgo Bilboa, 
Memory Booster®, Ginseng, and Memory Fuel®. None of the agents 
produced any significant facilitory effects on memory or attention.

8 7 .1 6

A VERSATILE MACINTOSH COMPUTER PROGRAM FOR THE 
IMPLEMENTATION OF PROBLEM BASED LEARNING OF 
NEUROSCIENCE FOR MEDICAL AND DENTAL STUDENTS. E.G. 
Henderson*. Dept. of Pharmacol. U. CT. Hlth Ctr. 
Farmington, CT. 06030.

As an alternative to the classical approach of 
teaching Basic Med. Sci. by discipline, e.g. Anat. Physiol, 
etc. we propose to introduce students to the basic 
sciences through typical clinical cases. To that end, we 
are developing a HyperCard R program which will present 
a clinical case, e.g. Myasthenia Gravis, to the student 
along with the diagnostics, chemistry, histology and 
therapy. From this the student is directed to card files 
with the neuroanatomy, pathophysiology, physiology, 
immunology and pharmacology of the neuromuscular 
junction. All of these areas can be linked to other 
hypercard stacks containing fundamental basic science 
material. Finally, an examination can be incorporated 
with answers linked to additional information. The 
program can be used either for a large group with 
multiple terminals or by individuals at their leisure.

87.18
CLINICAL NEUROSCIENCE CASE STUDIES DEVELOPED IN 
MULTIPLE MODALITIES FOR MEDICAL STUDENTS. K.L. Lovell,* S. 
Cottingham. M.Z. Jones. Pathology Dept. and Grand Rapids Area 
Med. Educ. Center, Mich. State Univ., E. Lansing, Ml 48824.

Clinical neuroscience case studies for second-year medical 
students have been developed based on patient histories and brain 
autopsy material. For each case, the same content, including focus 
on neuropathology, neurology, radiology and neuroanatomy 
concepts, was adapted for application in several different educational 
settings, (a) One version consists of a paper-based clinical history, 
with related questions and answers oriented toward lesion locali
zation, pathogenesis, and diagnostic tests, followed by questions and 
answers related to the neuropathology report; actual brain sections 
and prints showing microscopic pathology are available for exami
nation. This format is utilized in laboratory sessions with students 
working through cases in small groups, (b) A second version includes 
kodachromes for oral presentations by students in small groups, (c)
A third version was developed as an interactive computer-based 
case, with digitized images showing pathology and radiology 
findings. Questions require students to select an answer; then the 
correct answer and explanations of why selections arę correct or 
incorrect are provided with reference to concepts taught in the 
curriculum. This version is utilized for independent study by 
students. The clinical neuroscience case studies provide for problem- 
solving experience as well as application and integration of concepts 
from several disciplines in the medical school curriculum.
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87.19
NEUROSCIENCE IN A COMPETENCY-BASED, PROBLEM- 
CENTERED CURRICULUM. G.S.Tobias*, C.Schelly,
S.Smith and T.Tran. Anatomy and Physiology 
Departments, Los Angeles Coll, of Chiropractic, 
Whittier, CA 90609.

Neuroscience is taught in the second of ten 
trimesters of a new competency-based, problem- 
centered curriculum (ADVANTAGE Program) leading 
to the Doctor of Chiropractic degree. The course 
emphasizes the normal structure and function of 
the human central nervous system. Course content 
meets course objectives chosen to achieve pro
gram clinical competencies in physical examina
tion, diagnosis and treatment. Specific course 
topics include cell physiology of nerve and 
muscle, sensory and motor pathways and higher 
brain functions--subject matter previously 
taught in three courses over five trimesters. 
Novel teaching and evaluation methods such as 
problem-based, small-group case tutorials and 
small-group discussions have been incorporated 
along with more traditional lecture and labora
tory experiences to add clinical relevance and 
to encourage self-directed learning. Outcome 
performance measurements including success on 
course exams and National Board results indicate 
that ADVANTAGE Program students learn as well as 
or better than their predecessors.

TEACHING OF NEUROSCIENCE III

88.1
A REPORT ON THE, "SIXTH INTENSIVE IBRO WORKSHOP ON 
BASIC NEUROSCIENCE", HELD IN JULY 1993, SEOUL, SOUTH 
KOREA. R-L. Cooper*1. J.J. Chang2 and M. ITO3. Dept. of Physiol., 
Univ. of Toronto, Canada1; Dept. of Biol., Sogang Univ., Seoul, South 
Korea2; Frontier Research Program, RIKEN, Wako, 351-01, Japan3.

Neuroscience in South Korea is advancing rapidly in all areas. In 1992, 
for the first time, Koreans have formed national organizations to bring 
together active neuroscientists. This workshop was co-organized by Korean 
Society for Neurobiolgy and the IBRO commission on Pan-Asian Oceanic 
Neuroscience. Timing of the IBRO workshop was ideal to begin 
international exchange of students and instructors. We will report on the 
planning, funding and content of this workshop in hopes of others following 
suit in various countries. With international students and instructors which 
had diverse educational backgrounds, we put together a unique blend of 
experiments to be mastered by the students. Like past IBRO workshops, this 
one was a "Hands-on” experience for students to demonstrate the theory 
taught. Some of the applied experiments have not appeared in available 
manuals. We will discuss the exercises and the objectives that were to be 
learned. Preparations varied from membrane modelling with circuits, 
proprioceptors in crab limbs to CNS preparations of slugs and leeches. Our 
poster will demonstrate how to organize an international workshop, 
inexpensively and what we felt were appropriate teaching methods for 
students to learn basic concepts of neuroscience with their hands and mind.

88.3
CONTINUED EDUCATION OF PROFESSIONAL NEUROSCIENTISTS.
P .J . MeLaughlin* . Dept. Neuroscience and Anatomy, Penn 
State University, Hershey, PA 17033.

Neuroscientists are a professional population who 
actively engage in lifelong learning throughout their 
careers. This research ascertained the type and 
magnitude of research-related learning activities 
engaged in over 7-day, 6-month, and 5-year intervals. 
An analytical profile of learning modes and modalities 
was developed. A stratified random sample of neuro
scientists was mailed a self-administered 
questionnaire assessing the type and magnitude of 
research-related learning activities, demographic 
characteristics, and productivity in terms of number 
of publications and grant awards in the last 5 years.
A learning matrix of self-directed, other-directed, 
and collaborative learning modalities, as well as 
instructional, inquiry, and performance modes of 
learning was the theoretical construct. Multivariate 
analyis of variance and Kruskal-Wallis tests 
determined that neuroscientists did not differ in type 
of learning activity used to acquire information. 
However, highly productive neuroscientists (determined 
by grants and publications) spent more time involved 
in collaborative instruction and/or inquiry, and self- 
directed performance types of learning than did less 
productive neuroscientists. In summary, neuro
scientists actively engage in both collaborative and 
self-directed learning activities.

88 .2
STARTING NEUROSCIENCE RESEARCH IN A DEVELOPING 
COUNTRY: A FULBRIGHT EXPERIENCE IN HONDURAS 
G-J- Quirk* Dept. of Physiology, National Autonomous University of 
Honduras Medical School (UNAH), Tegucigalpa, Honduras.

Improvement of a country's scientific and intellectual base is an 
important goal within the context of development. To this end, the first 
neuroscience research laboratory in Honduras, Central America, has 
been established over a period of one year with the assistance of a 
Fulbright grant. Located in the Dept. of Physiology of Honduras' only 
medical school, the "Laboratorio de Neurofisiologia" has several 
programs: 1) animal laboratories for medical students illustrating basic 
concepts of neurophysiology, 2) computer instruction of neuro
physiology and neuroanatomy using interactive programs and 
laboratory simulations, 3) graduate level courses for faculty and 
advanced students, and 4) original research on the effects of malnutri
tion on the CNS in rats as well as humans (see Quirk et al., this 
meeting). Key to the success of the project is the training of Honduran 
personnel, so that the laboratory will develop into a permanent training 
and research center. Two long-term advantages for Honduras are: the 
development of young minds eager to study at an advanced level (there 
is at present no graduate program in the basic sciences), and a decrease 
in dependency on developed nations for scientific data relevant to social 
problems in Honduras. Difficulties encountered in the course of this 
project will be discussed, and solutions offered.

In addition to the Fulbright Program, I would like to thank the many 
colleagues in the U.S., Mexico and Australia that donated equipment 
and educational software, and Dr. Mahesh Jayachandra for invaluable 
assistance in setting up the laboratory.

88.4
CREATING DIGITIZED SLIDES TO ILLUSTRATE NEUROSCIENCE 
LECTURES. B. Bishop* Dept. of Physiology. State Univ. of NY at Buffalo. 
Buffalo, NY 14214.

Because television has oriented today’s students toward visual 
learning, students are poorly attuned to the classical lecture format. 
Recognizing this fact, I have totally changed my lecture style by creating 
digitized "slides" to illustrate every concept presented in each lecture. 
These slides, produced with PowerPoint 3.0 and a hand scanner, are 
projected from the computer to a wide screen via a GE Imager. This 
system permits presentation of one idea at a time (ie, by using the "build" 
feature of PowerPoint). During a presentation the cursor can be used as a 
pointer and highlighter. Prior to the lectures, students receive a hand out 
containing a copy of every slide (printed as the "3 slides per handout" 
choice in the print menu). Although an instructor must invest an 
inordinate amount of time and intellectual effort to create these illustrated 
lectures, the advantages are enormous. 1) Because the students have 
accurate reproduction of slides, they listen to the lecture rather than 
frantically taking notes. 2) Because the students know in advance what 
will be covered, they are better prepared to understand the material and 
to ask insightful questions. 3) When the instructor goes "off on tangents", 
the slides promptly bring her back "on track". In other words, key points 
are not inadvertently omitted. 4) Future lectures on the same topic can be 
easily revised in accordance with student feedback, change in audience 
requirements, or up-dated in accordance with new knowledge. The major 
and only disadvantage of this system for lecturing is the need for the 
special projection equipment. As demand increases so will the availability 
of equipment. If others become as addicted to this lecture format as I 
have, COMPUTER PROJECTION will become the wave of the future.
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88.5
THE USE OF MULTIMEDIA AUTHORING SOFTWARE TO CREATE 
CUSTOMIZED DOS-BASED INTERACTIVE INSTRUCTIONAL 
PROGRAMS. Қ.Р. Myers, S.S. Marzocco,  A.E. Baldwin, & J.T. Cannon*. 
Departm ent o f  P s y c h o lo g y  a n d  N e u ro sc ie n c e  P ro g r a m , U n iv e r s ity  o f  S cra n to n , 
Saan ton , P A  1 8 5 1 0 -4 5 9 6 .

Using multimedia authoring software, high resolution video equipment, and a 
frame-grabbing video board, instructors and students can create DOS-based 
run-time programs that combine video, audio, text, graphics and I/O events, as 
well as allowing for interactions with database files. Such authoring software has 
proven quite useful in the authors’ Behavioral Neuroscience lecture and laboratory 
courses. Because programs may be tailored to fit any curriculum or laboratory 
environment, users are freed from the need to conform their applications to the 
confines of generic software packages. Instead programs can be created and easily 
adapted to unique and evolving user needs.

We have used authoring software (Tempra Media Author™, Mathematica, 
1991) to conjoin text and high resolution video images captured through a 
frame-grabbing board (Targa+), creating computerized lab manuals that 
demonstrate safety protocols, dissections, surgical techniques, equipment use, and 
histology. We have also created an interactive guide to sheep brain anatomy that 
incorporates database functions. A similar application is used for viewing a 
catalogue of rat brain microanatomy that draws upon a number of histological 
techniques for light and fluorescent microscopy.

All of the preceding applications may be accompanied by branching quizzes 
that can provide immediate feedback and are useful for either programmed 
instruction or examinations. Finally, students enrolled in laboratory courses make 
use the software to document the results of lab activities and assignments. In turn, 
these programs can be used for future instruction and demonstration in both 
lectures and labs.

Supported by NSF grant USE-9250437.

88.7
BRAIN IMAGES: A COMPUTER-GENERATED 3-DIMENSIONAL 
IMAGE OF THE HUMAN BRAIN THAT CAN BE MANIPULATED AND 
DISSECTED. Susan L. Stoddard. Ronald A. Karwoski. Richard A. Robb, and 
Stephen W. Carmichael*. Department of Anatomy, Indiana University School 
of Medicine, Fort Wayne, IN 46805, and Departments of Physiology and 
Biophysics and Anatomy, Mayo Clinic, Rochester, MN 55905.

A data set generated from 1.2 mm-thick magnetic resonance images (MRI) 
of a living person was used to construct a 3-dimensional image of the human 
head and brain using A n a ly z e  software (© Biodynamics Research Unit, Mayo 
Foundation, Rochester, MN). The ventricular system, internal capsule, 
putamen, and caudate nuclei were identified in coronal, transverse, or sagittal 
sections generated from the MRI data set. A single structure was traced in 
each MRI slice, either automatically using grey scale boundaries, or by hand 
using a mouse. The information for each object was combined to produce a 
three-dimensional volume or a shaded surface display of the neuroanatomic 
structure. The surface of the head and face can be visualized, rotated on any 
combination of axes, made transparent, or split open to reveal the brain within. 
The surface of the brain can be rotated, rendered transparent, and removed to 
reveal internal structures. Each structure can be assigned any color and 
manipulated individually or in combination with any or all of the other 
structures. Structures or portions of structures can be labeled. The 
relationships of internal structures to each other and the surfaces of the brain 
and head are easily visualized. Images will be presented that demonstrate the 
feasibility of demonstrating neuroanatomy of a living human being. A 
videotape version is used for teaching. An interactive version of this data set 
for student use on a personal computer is being developed.

8 8 .9
INTERACTIVE MULTIMEDIA AS AN ALTERNATIVE TO THE USE OF LIVE 
ANIMALS IN LAB DEMONSTRATIONS. R. A. Devo* and K. G. Williams. 
Department of Psychology, Winona State Univ., Winona, MN 55987.

Even though active learning through experimentation has been shown to 
be an effective component of the undergraduate learning process, ethical, 
practical and economical issues restrict the use of laboratory animals for such 
purposes in introductory classes. Therefore, a series of modifiable 
videotaped neuroscience experiments were created. Each tape consists of 
subjects completing standard behavioral tests in the context of 
demonstrating important concepts in neuroscience. For example, in one 
experiment students record the number of errors made by control and 
hippocampectomized groups of rats during the completion of an 8-arm radial 
maze. These vignettes are coded so that the students are blind to the 
treatment conditions of the subjects. Students then complete each 
experiment by taking measurements from the behavior demonstrated on the 
tapes. The advantages of this approach include: exposure to neuroscience 
technology and methods, demonstration of important scientific phenomena 
and facts, a controlled research environment (no intervening variables 
resulting from the natural noises that tend to emanate from a classroom of 35 
excited experimenters), and demonstration of a novel approach for the ethical 
use of animals for instructional purposes. The format of the video labs are as 
follows: student observation and data collection from taped experimental 
subjects using a computer based recording system, analyses of the collected 
data using appropriate statistical procedures and a written lab report 
incorporating a discussion of the relevant literature.

This method has been used in classes ranging from 11 to 35 students. 
Analyses of course evaluations indicates that students report that the method 
contributes significantly to the learning process.

This project was supported by a grant from the NSF (USE-9250151).

88.6
Further Development of the MacPROBE computer based learning system. L.
G. Cornacchia and J.D. Hatton*. Division of Neurosurgery, UCSD, La Jolla, CA.

A previous report presented two years ago described our early efforts 
to develop computer-based educational software, macPROBE and 
introduced the neuroanatomy module. The underlying assumption is that all 
students have access to a computer capable of manipulating multiple types of 
data (eg., graphic, textual and sound data) and that this computer provides a 
constant learning platform from high school through graduate school. All of 
the student’s work throughout his/her education will be stored in this device, 
thereby making information learned in one class available during future 
courses.

Currently, this software provides the instructor with the ability to create 
"computer-lectures." Most of the tools necessary for indexing, curriculum 
generation and test generation have been implemented. The system has 
been designed to incorporate data in a variety of existing formats into learning 
modules; thereby minimizing data-entry time. The module author links pieces 
of information together by writing outlines (called schemata) of the course 
curriculum. The items in each outline can be made to reference one or more of 
the data.

Student functions include the ability to "play back" these lectures, 
search for related information in this or other modules, define words or 
synonyms, to link information and to annotate information. The student can 
construct schemata or she can organize information spatially in a three 
dimensional space. The system also has integrated scheduling and diary 
functions. The student must select a learning goal prior to beginning a session 
with macPROBE and the scheduling manager keeps track of the total time 
spent on each goal, the estimated time remaining ...etc. The student can also 
edit, merge, store and recall lists of data related to a particular research project. 
The macPROBE neuroanatomy module is being modified to work with 
modules on CD-ROM. Future work will be devoted to testing this platform in 
other areas of neuroscience and in the medical education program at UCSD.

88.8
UTILIZING BARCODE TECHNOLOGY TO ACCESS 
VIDEODISC IMAGES IN TEACHING NEUROSCIENCE.
H. F. Martin III*. Dept. of Physiology, The Medical University of 
South Carolina, Charleston, S.C. 29425 

Thousands of high quality color images related to the nervous 
system are available on the LaserDisc “Slice of Life” with many 
more to be available on the new “Slice of Brain”(Univ of Utah). 
These images are accessible using the Macintosh “Hyperbrain” 
software. However this requires a computer and its videomonitor in. 
addition to the laserdisc player and television monitor needed to 
display the laserdisc images. To begin using these images for 
teaching, a method has been developed which uses a barcode reader to 
control the videodisc player. This technique is cost effective and 
permits the images to be integrated into text developed by the 
individual user. Many of the Pioneer Company’s videodisc players 
allow the use of a barcode scanner (UC-V104BC) to display selected 
images. Their software package (“Bar'n’Coder 3.0”) is also 
available to create barcodes which can be printed on laser printers. 
This software has been used in conjunction with “ClarisWorks" to 
prepare classroom material which can use laserdisc images with: 
lab manuals, Self-tests, review sheets, syllabus material, etc. This 
presentation will display examples of some of this teaching material 
with barcoded images, as well as details of the hardware and 
software required. Integration of the hardware and software in 
neuroscience teaching will be featured.

88.10
WAYS OF LEARNING NEUROSCIENCES AND EDUCATIONAL 
COMPUTING. E. GiJón*. M.A. Lastiri. D.
Velázquez. M. López__and X.__garcia. Dept. of
Physiol. Sch. Med., Dept. Psychophysiol. Sch. 
Psychol, and Res. Educ. Serv. Center. UNAM. Ap. 
P. 70-250. México, D.F. 04510. MEXICO. FAX 
(525)550-2920.
The role of teachers must evolve as the schools 
and the classrooms change, with new resources 
and students with different expectations. 
There is scanty educative support material 
actualized, there is a lack of adequate 
laboratories available and there is an 
expiation of information on neurosciences. We 
propose educational computing for providing 
instructions to teachers of neurosciences for 
using platforms to generate and edit actualized 
graphic educative materials, by developing a 
simulator for laboratory practices like the 
average reaction time to touch in a group in 
different conditions, and preparing tutorials 
on central regulation of movement and posture, 
one on cerebellum and other on basal ganglia, 
these are illustrated with the program software 
mapping technique. Our final goal is to develop 
multimedia materials. DGAPA CD70İ192. UNAM. 
Partially supported by CONACyT.
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88.11
"GET A MOVE ON, NEURON!" IS NOW A TEACHER'S MANUAL 
AND A  SCHOOL PLAY. P.R.Kennedy* & T .L .Fountain.
Neuroscience Lab & Center for Education, Georgia 
Institute of Technology, Atlanta, GA 30322.

Last year, the non-fiction children's book "Get 
a Move on, Neuroni" was well received at this 
meeting. In an effort to promote the teaching of 
neuroscience in schools, it has been rewritten as 
a teacher's manual and a play.

The manual consists of three sections. The 
first is the text itself along with its quiz 
questions in large format. The second section 
consists of the unlabelled figures that can be 
used for teaching (eg. for overhead projection) or 
can be photocopied for homework assignments. The 
third section consists of additional classroom 
activities requiring minimum equipment and active 
student participation. The play requires 20 
students and several adults with the minimum of 
props. It is funny and imaginative without trying 
to provide too many facts. To date, the manual 
has been used in two Atlanta public schools. In 
Grady high school the session was video-linked to 
two other schools allowing questions and answers. 
Feedback from all students was positive.

They are available in libraries, bookstores and 
from the publisher, Your Child's Neuroscience 
Press, 3932 Sidney Lanier Blvd., Duluth, GA 30136.

88.13
SQUID-ARE THEY REALLY SQUISHY? CAN SQUID DISSECTION CREATE 
ENTHUSIASM FOR SCIENCE IN K-12? J.J. GeerfParke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co. Ann Arbor, MI 48105

A hands-on approach to science is very effective in generating interest about a 
topic, in developing scientific laboratory skills and in teaching concepts and 
principles. Squid dissection lends itself well to such an experience for students. 
Squid are invertebrates of the mollusc family and are perceived as "seafood items" 
rather than as potential pets. They are exotic to the average student and curiosity 
is thus aroused. Fresh or frozen squid are easily obtained from most seafood 
distributors and are very inexpensive. Frozen Monterey squid, 6-8  inches in length, 
can be purchased for $ .2 0  each, allowing each student to have his/her own squid. 
The dissection tools needed are minimal, and can be as limited as a plastic knife and 
fork, making dissections safe, even for early elementary school students. 
Furthermore, a calamari "tasting party" can be used to conclude the classroom 
session.

Scientific concepts that can be introduced include the following: jet propulsion 
movement of squid through water, diet and habitat of marine animals, defense 
mechanisms such as camouflage pigmentation and ink glands, anatomy of the 
nervous, circulatory, digestive and reproductive systems, and ethical use of animals. 
The dissection itself provides opportunities to exercise observational skills in 
locating particular anatomical structures and discuss the physiological function of 
various organs. Some remarkable structures include the giant squid axon, the ink 
sac, the tentacles with bony suction cup rings, the homy beak, the pen-а shell-like 
remnant, the lens of the eye and egg-filled ovaries. The suction cup ring, pen and 
lens are items that can be taken from the classroom. These object serve to open 
discussions with fellow students and parents in which enthusiasm for science can be 
communicated.

88.15
USC STAR STUDENTS:

THE NEXT GENERATION OF NEUROSCIENTISTS.
R.D.Brinton* and Medinah Muhammad. Dept. of Molecular Pharmacology and 
Toxicology, Sch of Pharmacy, Univ of Southern California, Los Angeles, CA 90033.

The Science Technology And Research (S TA R) STAR Program is a cooperative 
science education venture with Francisco Bravo Medical Magnet High School which is 
adjacent to the USC Health Sciences campus. The STAR Program provides junior and 
senior high school students interested in learning about scientific discovery the 
opportunity to join a basic science team for one to two years. The STAR Program has 
been in existence since 1984, a sufficiently long period of time to allow for an initial 
assessment of the impact the STAR Program has had on the career choices of STAR 
students. A survey of former STAR students was conducted. Survey results are 
expressed as percent of persons surveyed since not all former STAR students were able 
to be contacted.

Preliminary results of the survey show that of the 1984 STAR students, 100% went 
to college, 71% are in a health related discipline and 14% are continuing tp conduct 
research. STAR students of 1986: 100% went to college, 100% are in a health related 
discipline and 50% are continuing to conduct research. STAR students of 1987: 100% 
went to college, 100% are in a health related discipline and 40% are continuing to 
conduct research. STAR students of 1988: 100% went to college, 40% are in a health 
related discipline and 0% are continuing to conduct research. STAR students of 1990: 
100% went to college, 80% are in a health related discipline and 80% are continuing to 
conduct research. STAR students of 1992: 100% went to college, 92% are in a health 
related discipline and 92% are continuing to conduct research. These results indicate that 
the exposure to the discipline of basic science research for 1-2 years in the STAR 
program impacts significantly upon the number of individuals who continue to be 
engaged in basic science research. Further results will be presented along with profiles 
of select STAR students. S u p p o r te d  b y  N IH  g r a n t  S O S  R R O 3 0 1 1  to  R .D .B .

88.12
NEUROSCIENCE FUN FAIR FOR ELEMENTARY SCHOOL CHILDREN. 
A.E. Butt*. B.G. Cooper. K.J. Ellison. L.G. Flores. ТА. Griffin. M.C. Hagan. 
G.K. Hodge. A.B. Spingola. D.B. Stone. & S.L. Tuttle. Department of Psychology, 
University of New Mexico, Albuquerque, NM, 87131-1161.

Eight graduate and undeigraduate students were trained to present basic 
neuroscience concepts to elementary school children in grades 4-6 using an 
interactive, hands-on teaching technique (Lemmon et al., S o c . N e u ro sc ie n c e  A b s tr ., 
1992). This teaching demonstration was designed to capture children’s attention 
and stimulate their interest in and understanding of neuroscience. Classes of 
20-30 children were divided into four small groups and invited to participate in 
each of four learning stations staffed by individual pairs of student teachers. Each 
group of children spent about ten minutes at every station where they were 
introduced to particular topics in neuroscience and actively engaged in exploring 
relationships between brain and behavior.

Brain Functions. Using a whole brain model and illustrations, the parts of 
the brain involved in various functions including language, art, vision, and 
movement are pointed out and children are asked to relate these functions to their 
own experience.

Movement. Learning about the neuroanatomy of movement and the 
influence of practice on motor-skill learning are made fun by holding a meterstick- 
catching contest where reaction times (reflected by distance on a meterstick) are 
recorded for each participant across several trials. Within a few trials perfor
mance is found to improve.

Vision. Children are introduced to basic anatomy of the visual system and 
are taught about the distinction between sight and perception using visual illusions.

Neurons. Neurons are illustrated using microscopy and illustrations. 
Electrical and chemical properties of neurons and the principle of synaptic 
connectivity are discussed. (Supported by UNM Department of Psychology)

88.14
BRIDGING THE BRAIN GAP: INVOLVING COLLEGE 

STUDENTS IN AN EDUCATIONAL PROGRAM AIMED AT 
ELEMENTARY NEUROSCIENCE INSTRUCTION. C.H. 
Kinsley*1 . K.G. Lambert2 & Hendree Jones1 . 
Depts. Psychol. , 1Uni v . Richmond, VA 23173 and 
2Randolph-Macon College, Ashland, VA, 23005.

For too-long too many neuroscientists have 
blithely ignored the impact of early neuro
science exposure. This practice undermines two 
goals: A science-literate population is a boon 
to science; & Early exposure to neuroscience 
excites children about science in general. 
Because of inadequate delivery of our work, we 
are ultimately to blame for low funding levels 
in the brain sciences; the rise of animal 
rights activism; and the relative ignorance 
about neuroscience. We describe a modest prog
ram to involve college neuroscience students in 
elementary instruction about the brain. The 
aims are thus: Children get to hear and study 
about the brain; College students are involved 
in community science education; & If one can 
explain science to a child, one understands 
that science intimately. When multiplied across 
all the neuroscience laboratories in this 
country such efforts could educate scores of 
children and their parents (i.e., taxpayers) 
about the importance of neuroscience research.

88.16
BRAINLINK: SCIENTISTS AND EDUCATORS WORKING 

TOGETHER. L. Miller, J. Dresden, K. Kabnick, N. Moreno and
K. H. Taber*. Division of School-Based Programs, Baylor College 
of Medicine, Houston, TX 77030

BrainLink is a three-year science education project designed to 
present factual information about the brain, while at the same time 
conveying the excitement of "doing science" to students in grades
1-6. The materials are designed to teach normal brain function 
and the effects of injury and disease, while emphasizing how neu
roscience research develops new insights and treatments. Instruc
tional materials aim to increase classroom participation and interest 
through a creative combination of "hands on" mini-labs (Activities 
in Neuroscience) and student-focused stories (Adventures in Neuro
science). An associated booklet (Explorations in Neuroscience) for 
use at home provides opportunities for one-to-one parent/child ac
tivities focused on aspects of the nervous system and neuroscience 
related careers. The first three units [1] Brain Comparisons [2] 
Motor Highways [3] Sensory Signals will be presented.

Supported, in part, by funds from the National Institute on Drug 
Abuse, National Institutes of Health Science Education Partnership 
Award Program (Grant No. 5 R25 DA08329-02).
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88.17
BRAIN-EXCHANGE ELECTRONIC MAIL NETWORK (BEEM-NET): 
WILL NEUROSCIENTISTS TALK WITH KIDS VIA COMPUTERS? D.L. 
Colbern1*. M. Fiello2 and J. Emerton3. UCLA Brain Research Institute1, CA 
90024; Graduate School of Education and Psychology, Pepperdine University2, 
Culver City, CA 90230; and BioTechNet-Eaton Publishing3, Natick, MA 01760.

Public support of scientific research is declining as the American people 
become increasingly scientifically illiterate. A fundamental reason for this 
diminishing appreciation of science is the lack of contact between practicing 
scientists and the community at large. Researchers must be able to explain to 
a general audience what they do and why it is important. For the scientist, 
however, there is simply not enough time to meet current responsibilities with 
respect to laboratory, teaching, and funding issues. BEEM-Net was developed 
to provide a mechanism by which researchers can efficiently and effectively 
communicate with the public, at times most convenient to the scientist.

The Brain-Exchange Electronic Mail Network (BEEM-Net) has been 
developed to link neuroscientists from anywhere in the world with children 
(grades 4-6) and their teachers. BEEM-Net provides a variety of easy-to-use 
communication tools and information-sharing activities: live conferences, Kids 
NeuroNews, electronic mail, on-line reference materials, bulletin boards, and 
connections to other networks. Neuroscientists may join the membership 
directory and participate in the BEEM-Net project via their existing Internet 
connections. Approximately 900 children from inner city, suburban, and rural 
areas will participate in this pilot study. BEEM-Net is committed to providing 
scientific information to all children regardless of socioeconomic background, 
ethnicity, geographical location, or disability. Adaptive computer technology 
will be implemented to enable access by children who are blind, low-vision, 
learning disabled, or limited-English-proficient. BEEM-Net promises to be a 
powerful educational tool to develop and enhance the interest of young 
children in science and to foster positive images of scientists as role models.

88.19

A SIMULATED INVESTIGATION OF BIOLOGICAL 
RHYTHMS FOR SECONDARY STUDENTS. M J. Foss and
G.D. Block* NSF Center for Biological Timing, University of 
Virginia, Charlottesville, VA 22903.

A HyperCard Stack presents a rationale for the study of biological 
rhythms. Using data from observations of normal, hybrid, and tau 
mutant hamsters, students will be able to interpret for themselves 
what biological rhythms are, what affects them, and how they can 
be investigated. A data base of information will also be available 
that will support the value of these studies for humans.

88.18
A SUMMER NEUROSCIENCE COURSE FOR GIFTED STUDENTS. C.E. Ward 
and M.C. LeGare*. Biomedical Engineering Program and Department 
of Psychology, California State University, Sacramento, CA 95819.

A six-week neuroscience course was developed as part of the 
Academic Talent Search program for gifted students on the California 
State University, Sacramento campus. This course was designed for 
students entering grades 6 through 10, and was intended to emulate a 
college level neuroscience course both in structure and content. 
Twenty-eight students (12 girls and 16 boys) in two sections, met 
twice each week, three hours per meeting. Each meeting consisted of 
approximately one hour of lecture and two hours of laboratory 
activity. Lecture topics included: anatomy and physiology of the 
brain, language, effects of injury, disease and drugs, sensory and 
motor systems, operant and classical conditioning, learning, and 
research/scientific reasoning. The laboratory portion of the course 
provided the students with hands-on experiences. Students studied 
gross neuroanatomy through dissection of a sheep brain. Rat brain 
sections, prepared by the students, were used for light microscopic 
analysis. The laboratory also allowed students to explore such topics 
as sensory and motor systems, and to plan a set of experiments to 
answer an empirical question (regarding naloxone and pain). Graded 
tasks included three written assignments (a staining procedure, a 
tissue slicing procedure and an animal research opinion paper), a 
sheep brain exam (50 different structures were identified), one 
midterm exam, one final exam and a laboratory notebook. The mean 
(+ S.D.) course score was 89.2 percent (+ 8.2).

MONDAY PM SYMPOSIA

89
SYMPOSIUM: PHOSPHORYLATION CASCADES,
NEUROFIBRILLARY TANGLES AND ALZHEIMER'S 
DISEASE. P.D. Coleman. Univ. Rochester, K. Kosik. Harvard 
Univ. (Co-Chair); M. Cobb. Univ. Texas Southwestern Medical 
Center, Dallas; C. Klee. NCI, Nffl; E.-M. Mandelkow. Max 
Plank Inst., Hamburg, Germany.

The original 1907 paper in which Alois Alzheimer 
presented the case of a 51 year old woman with dementing illness 
described two abnormalities in the brain of this patient: dense 
intracellular bundles of abnormal fibrils and "miliary foci". We 
now know the miliary foci as senile plaques and the abnormal 
fibrils as neurofibrillary tangles (NFT). The major component of 
the NFT and the associated paired helical filaments is abnormally 
phosphorylated microtuble-associated protein, tau. This 
symposium will deal with our current understanding of the 
relationship of abnormally phosphorylated tau to the dementia of 
AD, its consequences to the cell biology of affected neurons, the 
actions of the kinases and phospatases that contribute to the 
intracellular signalling cascade that lead to the Alzheimer-like state 
of tau and the potential activation of this cascade by growth 
factors and G proteins.

90
SYM POSIUM . FUNCTIONAL O RG ANIZATIO N OF H UM AN  
VISU AL CORTEX. A. Burkhalter. W ashington U n iv . Sch. o f  
M ed. (Chairperson); S. Clarke. U n iv . o f  Lausanne, Switzerland; J. 
W. B elliveau. M assachusetts G eneral Hospital; S. E. Petersen. 
W ashington U n iv . Sch. o f  M ed.

R ecent advances in  neuroanatom y and neuroim aging have 
provided pow erful new  tools for the experim ental investigation o f  
the hum an brain. This has led to rapid progress particularly in  
the understanding o f  the functional organization o f  the visual 
cortex. K ey  for this success has been the detailed  know ledge o f  
the m onkey visual system  that provided the fram ework for the 
identification  o f  areas and circu its, m aking it possible to relate 
functional activ ity  to sp ec ific  structures. Andreas Burkhalter w ill 
discuss the developm ent o f  local circuits w ith in  striate cortex  
revealed by neuronal tracing w ith  D ii in the postm ortem  brain. 
The fin d in gs show  that connections related to the m agno - 
dom inated stream develop  in advance o f  other processing streams. 
Stephanie Clarke w ill demonstrate that hum an extrastriate visual 
cortex consists o f  m ultiple areas that have distinctive in ter- and 
intrahem ispheric connections, m yeloarchitecture, and patterns o f  
m etabolic activity. John Belliveau w ill show  how  h igh -sp eed  
M RI techniques can be used to generate non -in vasive  
tom ographic im ages o f  brain activ ity  at a tem poral resolution  
lim ited on ly  by the cortical hem odynam ic response. Steve 
Petersen w ill present evid en ce for functionally  specialized  
extrastriate cortical areas and how  activ ity  in these areas can be 
m odulated by altering the task dem anded o f  the subject. From  
these studies a new  v iew  o f  the functional organization o f  human 
visual cortex is em erging in  w h ich  visual perception can be 
related to the m aturation o f  d istinct pathways and the concurrent 
activation o f  m ultip le, d istinct cortical areas.
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93.1
EFFECTS OF THE 5-НТ1А ANTAGONIST (±)-WAY100135 ON THE 
INHIBITION OF 5-HT RELEASE INDUCED BY 8 -OH-DPAT, 
NAN-190, BUSPIRONE AND SDZ 216,525. C. Routledge. J. Curline. Μ
Α. Ashworth-Preece & C. T. Dourish*. Wyeth Research (U.K.) Ltd., Taplow, 
Maidenhead, Berkshire SL6 OPH, U.K.

NAN-190 and BMY 7378 have been classified as 5-HT1A partial agonists based on 
their ability to antagonise the effects of 8-OH-DPAT at postsynaptic receptors and to 
decrease terminal 5-HT release via presynaptic receptor activation. The agonist effects 
of NAN-190 and BMY7378 are antagonised by the 5-HT1A/1B antagonist pindolol. 
However, use of pindolol in these studies may be misleading as this compound has 
equally high affinity for ß-adrenoceptors and 5-HT1 receptors and may modulate 5-HT 
release via an adrenergic mechanism. In the present study we examined the effects of 
(±)-WAY100135, a selective 5-HT1A receptor antagonist (Fletcher et al., 1991 Soc. 
Neurosci. Abstr., voi 17, P92), on the inhibition of 5-HT release by 8-OH-DPAT, 
buspirone, NAN-190, and SDZ 216,525 measured by microdialysis. Dialysis probes 
were implanted into the ventral hippocampus of male rats, and 24Һ later perfused with 
artificial CSF (1 ul/min). Following a 3 h stabilisation period 3 control samples (20 
min) were taken prior to s.c. administration of (±)-WAY100135 or vehicle. 30 min 
later 8-OH-DPAT, buspirone, NAN-190, SDZ 216,525 or vehicle were administered 
and samples were collected for a further 3 h. 8-OH-DPAT (0.1 mg/kg), buspirone (1.0 
mg/kg), NAN-190 (0.1 mg/kg) and SDZ 216,525 (1.0 mg/kg) all significantly 
decreased extracellular levels of 5-HT in the rat hippocampus. Pre-treatment with (±)- 
WAY100135 (10 mg/kg, 30 min) completely blocked the effects of 8-OH-DPAT (0.1 
mg/kg) and buspirone (1.0 mg/kg) on 5-HT release. In contrast, (±)-WAY100135 had 
no significant effect on the NAN-190 and SDZ 216,525 responses. These data 
demonstrate that 8-OH-DPAT and buspirone decrease 5-HT release by activation of 5- 
HT1A receptors; In contrast, the inability of (±)-WAY100135 to block the effects of 
NAN-190 and SDZ 216,525 suggests that the inhibition of 5-HT release induced by 
these compounds may be mediated by blockade of α ] -adrenoceptors for which these 
compounds also have high affinity. The results also reinforce the importance of using 
selective receptor antagonists to classify 5-HT1A receptor ligands.

93.3
GLUCOCORTICOID MODULATION OF 5-НТ1A AUTORECEPTORS IN THE 
RAT DORSAL RAPHE NUCLEUS. L. Lanfumey*. N. Larris. A.M. Laporte. S. 
Haj-Dahmane. M. Hamon. INSERM U 288, CHU Pitié-Salpètrière, 91 Bd de 
l’Hôpital, 75013 Paris, France.

Dorsal raphe nucleus (DRN) contains a large proportion of serotonergic 
cells, which are mostly regulated by somatodendritic 5-НТ1A autoreceptors. 
This nucleus also possesses intracellular glucocorticoid receptors (GRs), 
which are possibly involved in the well established modulations of 5-HT 
metabolism by glucocorticoids (Gs). We have investigated whether the 
regulation of DRN serotonergic neurons through 5-НТ1A autoreceptors could 
also be affected by adrenalectomy and/or selective occupancy of GRs.

Experiments were performed on brain slices from adrenalectomized (ADX) 
or sham-operated Sprague Dawley male rats. Mesencephalic slices 
containing the DRN were incubated for 20 min with various Gs or 
mineralocorticoids (Ms) 2 to 4 h before the recording session. A single barrel 
micropipette (15 ΜΩ) filled with 2M NaCl was used for extracellular recordings 
of DRN 5-HT neurons.

The spontaneous firing rate and the inhibition due to 5-НТ1A autoreceptor 
stimulation by 8-OH-DPAT were similar in ADX and sham-operated rats. 
However, corticosterone (30 nM) significantly reduced (34±7%) 8-OH-DPAT 
(lOnM)-induced inhibition of the DRN 5-HT cell discharge in ADX rats only. 
This effect could be prevented by the GR antagonist, RU 38486 (500nM) and 
mimicked by the GR agonist, RU 28362 (30nM). In contrast, the Ms receptor 
agonist aldosterone (10nM) altered 8-OH-DPAT-induced inhibition neither in 
ADX nor in sham-operated rats. Autoradiographic experiments showed that 
[ЗН] 8-OH-DPAT specific binding sites in the DRN were unchanged in ADX 
(126.7 fmol/mg tissue) as compared to sham-operated rats (124.7 fmol/mg).

These data suggest that GRs are involved in the suppressive effects of 
corticosteroids on the 5-НТ-1A regulation of DRN 5-HT neuronal activity.

93.5
PHARMACOLOGY A N D  m RNA EXPRESSION OF SEROTONIN  
5-H T lD ß  RECEPTOR SUBTYPE IN H U M A N  A N D  BO VINE CEREBRAL  
BLOOD VESSELS. E. Hamel*. B. Lau. L. Grégoire. V . Ting. E. Fan1 and
L .-S . Chia1. Montreal Neurological Institute, M cGill University, Montréal, 
QC, H3A 2B4 and 1A llelix  Biopharmaceuticals Inc., M ississauga, O N, L4V  
1P1, Canada.

The 5-hydroxytryptamine (5-HT) analog sumatriptan (SUM ) can abort 
migraine attack probably through interaction with neural and/or vascular 5- 
H T1D receptors. The molecular form o f  the contractile 5-H T receptor was 
identified by (1) in vitro pharmacological characterization in isolated bovine 
cerebral blood vessels (CBV); (2) correlation o f  its pharmacology with that 
reported in human CBV and at cloned human 5 -H T lD a  and 5-H T lD ß  
receptors; (3) Northern blot hybridization o f  cerebrovascular R N A extracts 
with D N A  probes for the entire 5 -H T lD a  or 5 -H T lD ß  human receptor 
genes. The agonist potency in inducing contraction was: 5-CT =  RU24969  
>  5-H T >  SU M  >  α -СНЗ-5-НТ >  m ethysergide >  2-CH 3-5-H T >  8-OH  
D P AT. M ethiothepin and metergoline antagonized (pA2 values o f  8 .16  and 
6 .75) the 5-HT-induced contraction while propranolol, m esulergine, 
ketanserin, mianserin and M DL 72222 were inactive. This profile correlated 
(r = 0 .9 4 , p = 0 .0 0 5 1 )  with that reported in human CBV (Hamel and Bouchard, 
1991, Br. J. Pharmacol. 102:227-233)1 and at the cloned human 5-H T lD ß  
(r= 0 .8 2 ; p = 0 .0 0 6 )  but not 5 -H T lD a  (r= 0 .6 3 ; p = 0 .0 7 )  receptor. In human 
CBV, the pharmacological profile1 correlated clearly better with the 5-H T lD ß  
(r= 0 .9 4 ; p = 0 .0 0 0 1 )  than 5-H T1D α  (r= 0 .7 5 ; p = 0 .0 2 1 )  subtype. Northern 
blot hybridization showed mRNA transcripts for the 5 -H T lD ß  but not the 5- 
H T lD a  receptor in CBV from both species. The results show that cerebral 
constriction induced by SU M  is mediated by a 5 -H T lD ß  receptor and point 
to this subtype as a possible molecular target for migraine therapy. Supported 
by the Québec Heart and. Stroke Foundation.

93.2
C H R O N IC  U NPREDICTABLE STRESS D OW N-REGULATES 
SEROTONIN 1A RECEPTOR IN THE HIPPOCAMPUS. J.F. López*. D.T. 
Chalmers, D.M. Vázquez, H. Akil and S.J. W atson. M ental Health 
Research Institute, University of Michigan, Ann Arbor, MI 48109-0720.

C ortico stero id s  are  know n to in te rac t w ith  specific b rain  
neurotransmitters thought to be involved in the pathophysiology of mood 
disorders. Recent animal and clinical data has linked the serotonin 1A 
receptor (5HT1A) to the therapeutic effects of antidepressant. This 
receptor is very abundant in the hippocampus (HC), where is co-localized 
with glucocorticod and mineralocorticoid receptors, making it an ideal 
substrate for studying steroid-5HTlA receptor interactions. We have 
studied the effect of chronic (14 days) unpredictable stress (CUS) on 5HT1A 
gene expression and binding in the HC, using in situ hybridization and 
receptor autoradiography. This paradigm  was chosen because it causes 
high corticosterone (B) levels in rats, and it has been proposed as an animal 
model of depression (Kats 1981). We also investigated the effect of 
concommitant im ipram ine adm inistration, since this antidepressant has 
been reported to affect the HPA axis (Brady et al. 1990). We found that 
CUS rats showed a significant elevation of plasm a В com pared to non- 
stressed rats (p < 0.05). Im ipramine significantly inhibited the stress- 
induced В increase. CUS caused a decrease in 5HT1A mRNA and binding 
accross all HC subfields. The stress-induced decreases in 5HT1A gene 
expression and binding were prevented in animals in which imipramine 
was administered. No 5-HT1A changes were found with a milder chronic 
stress (swim). We conclude that CUS can downregulate 5HT1A in the HC 
and that im ipramine prevents the stress-related 5HT1A downregulation, 
possibly by decreasing the stress-induced corticosteroid elevation. 
Supported in part by a grant from the Robert Wood Johnson Foundation.

93.4
REGULATION OF SOMATODENDRITIC RELEASE OF 5-HT IN THE 
RAT DORSAL RAPHE BY 5-HT1D RECEPTORS. G. Piñevro*,
C. de Montianv and P. Blier. Neurobiological Psychiatry Unit, Department 
of Psychiatry, McGill University, Montreal, Quebec, Canada.

The autoregulatory control of 5-HT release is generally considered to be 
under the influence of somatodendritic and terminal autoreceptors: the 
former controlling the firing activity of 5-HT neurons, while the latter 
regulate the amount of 5-HT released per impulse reaching the terminals. 
In the present study, we investigated the subtype of 5-HT receptor 
modulating the previously reported somatodendritic release of 5-HT 
(Neuropharm acology 17:819,1978).

The ascending 5-HT pathway was stimulated with a bipolar concentric 
electrode at the level of the ventro-medial tegmentum while extracellularly 
recording unitary activity from dorsal raphe 5-HT neurons. The stimulation 
(200 pulses: 0.5 ms, 1 Hz, 300 μΑ) produced a cessation of the firing of 
5-HT neurons lasting 200 - 250 ms. The stimulation intensity sometimes 
had to be increased in order to elicit an antidromic spike. The 5-HT1B/1D 
agonist TFMPP (0.5 mg/kg, i.v.) did not alter neuronal firing activity, as 
previously reported ( Syn a p se  1:3, 1987), but reduced markedly the 
duration of cessation of firing. (-)Propranolol (2 mg/kg, i.v.) did not alter the 
cessation of firing elicited by the 5-HT pathway stimulation, but blocked 
the effect of TFMPP. Moreover, (-)propranolol reversed the effect of 
TFMPP. Since (-)propranolol and TFMPP have high affinity for both 
5-HT1B and 5-HT1D receptors, the selective 5-HT1D antagonist mianserin 
was tested. At the dose of 2 mg/kg i.v., it blocked the effect of TFMPP.

These results suggest that a role of the recently cloned 5-HT1D receptor 
in the rat brain (M olec. and Cell. N eurosci. 3:578, 1992) might be to 
control the somatodendritic release of 5-HT.

93.6
ONTOGENY OF 5-HT2 RECEPTOR IMMUNOREACTIVITY IN NEURONS OF 
THE DEVELOPING RAT BRAIN, D. A. Morilak* a n d  R.D Ciaranello, Nancy 
Pritzker Lab, Dept. Psychiatry, Stanford Univ., Stanford, CA 94305

We have investigated the regional and temporal emergence of 5-HT2 
receptor immunoreactivity in the developing rat brain using an antibody 
against the rat 5-HT2 receptor protein. Cells expressing the receptor in the 
pontine tegmentum, caudate nucleus, basal forebrain, hippocampus and 
neocortex of developing rats from the late prenatal period (E19) through 
adulthood were visualized using an immunoperoxidase reaction. Three 
potentially important periods in the developmental regulation of 5-HT2 
receptors were identified: the time of onset, a period of accelerated 
expression and hyper-elaboration, and a period of regression. The onset of 5- 
HT2 receptor immunoreactivity occurred relatively late, between E19-P0 in 
the brainstem, and between P0-P4 in the hippocampus and cortex. Following 
the perinatal onset of receptor expression, there was a rapid increase in the 
number of immunoreactive neurons during the first week after birth. In 
neocortex, there appeared to be a period of relative over-expression of the 
receptor, with an elevated density and hyper-elaboration of immunopositive 
neurons relative to the adult, reaching a peak at the end of the second week. 
There was then a gradual decrease in both the density and dendritic 
elaboration of 5-HT2 immunolabelled neurons in cortex. The adult pattern of 
expression was evident at about 4 weeks postnatal. In all areas studied, 5-HT2 
immunopositive cells were first observed within the regions in which they 
would ultimately reside, and after the periods of cell proliferation for each of 
these regions. These observations would argue against a role for the 5-HT2 
receptor as a transducer of the early developmental influences of serotonin in 
the central nervous system, but leave open the possibility that the receptor 
may participate in regulating some aspect of terminal differentiation or late 
maturation of the neurons on which it is found.
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93.7
CLOZAPINE AND SELECTED ATYPICAL ANTIPSYCHOTIC 
AGENTS HAVE HIGH AFFINITIES FOR THE S-HT6 AND 5- 
HT7 SEROTONIN RECEPTORS. S.Craigo.FJ Monsma Јг**. Y 
Shen**. HY Meitzer. DR. Sibley*** and BL Roth Department of 
Psychiatry, Case Western Reserve University, Cleveland, OH and 
**NINDS, National Institutes of Health, Bethesda, MD.

We examined the affinities of 25 typical and 13 putative atypical 
antipsychotic agents at the recently cloned 5-HT6 (Monsma et al, Mol 
Pharmacol, 43: 320-327, 1993) and 5-HT7 receptors. Using [3H]-LSD 
or [125I]-LSD as radioligands we determined the inhibitory constants 
(Ki) using several concentrations of unlabelled ligands on transiently 
or stably transfected cell lines. We found that clozapine and several 
related atypical agents (fluperlapine, rilapine.olanzepine and tiospirone) 
had high affinities for the 5-HT6 receptors (Ki<20 nM). The 5-HT7 
receptor bound clozapine, rilapine, fluperlapine and risperidone, but 
not olanzepine and tiospirone, with relatively high affinities (Ki<15 nM). 
Many typical antipsychotic agents (chlorprothixene, clothiapine, 
fluphenazine and chlorpromazine) had high affinities for both the 5- 
HT6 and 5-HT7 receptors. The putative atypical antipsychotic agents 
melperone, amperozide, rimcazole, raclopride and MDL-100907 had 
low affinities for both the 5-HT6 and 5-HT7 receptors. Taken together, 
these results indicate that high affinity binding to 5-HT6 and 5-HT7 
receptors could contribute to the unique properties of clozapine and 
certain related drugs. Supported by NARSAD (BLR), the Scottish Rite 
Schizophrenia Research Foundation (BLR) and the MHCRC (HYM.BLR).

93.9
THE 5 -H T3 RECEPTOR AGONIST, 2 -M ETH Y L-5-H T , ATTENUATES 
POSTSYNAPTIC POTENTIALS AND GLUTAM ATE-INDUCED FIRING 
IN HIPPOCAMPAL CAI PYRAMIDAL CELLS OF THE RA T I N  V I V O .
M.L. Zeise*. J.-Y . Zhane. K. Bätsche, R.Y. Wane. Dept. of Psychiatry and 
Behav. Sci., SUNY at Stony Brook, Stony Brook, NY 11794.

Activation o f 5 -H T3-like receptors in the medial prefrontal cortex by 2- 
M ethyl-5-hydroxytryptamine (2 -M e-5-H T ) reduces neuronal firing 
activity. The present study was aimed to determine w hether these findings 
can be extended to hippocampal pyram idal cells and to elucidate the 
underlying mechanism. In the hippocampus glutamate is the most 
prominent excitatory transm itter on pyram idal cells and GABAergic 
interneurons. In chloral hydrate anesthetized rats, field potentials evoked 
by orthodromic stim ulation of the Schaeffer collaterals were reduced by 
20-50%, several minutes after iontophoresis of 2 -M e-5 -H T  application. 
Recovery also took up to 10 minutes. No desensitization was apparent. 
This effect could be prevented by the iontophoretic application of the 
specific 5 -H T 3 receptor antagonist granisetron. 2 -M e-5 -H T  decreased cell 
firing induced by iontophoresed L-glutam ate in a dose-dependent and 
specific manner. Decrease of firing induced by GABA could not be 
prevented by granisetron. The specific 5-H T 3 receptor antagonist 
granisetron, but not the 5 -H T 1 ,2 receptor antagonist metergoline prevented 
the action of 2-M e-5-H T .

Taken together w ith our findings in  v i t r o  (see accompanying abstract, 
Batsche et al.,) these results suggest a decrease in the efficacy of 
glutamatergic synaptic transmission induced by activation o f 5-H T3-like 
receptors.

PATTERN FORMATION,

93.8
EFFECT OF THE 5-HT3 AGONIST 2-METHYL-5-HT ON THE FIRING 
ACTIVITY OF RAT SOMATOSENSORY CORTICAL AND HIPPOCAMPAL 
PYRAMIDAL NEURONS. N. Haddieri. C. de Montianv* and P. Blier. 
Neurobiological Psychiatry Unit, McGill University, Montréal, Canada.

Recent electrophysiological studies have indicated that5-HT3l ike receptors 
could mediate the inhibitory action of microiontophoretically-applied 5-HT and 
of endogenously-released 5-HT, elicited by the electrical stimulation of the 5- 
HT pathway, in the rat medial prefrontal cortex (Ashby e t  a i ,  S y n a p s e  1 0 : 7,
1 9 9 2 ) . Using the same in  v iv o  electrophysiological paradigm in male 
Spra8gue-Dawley rats, the present experiments were undertaken to study the 
effect of 2-methyl-5-HT on the firing activity of somatosensory cortical and 
dorsal hippocampus pyramidal neurons. The microiontophoretic application of 
5-HT (1-8 nA) and of 2-methyl-5-HT (10-40 nA) produced a current-dependent 
suppression of both hippocampal (CA-į and CA3) and cortical neurons. 
Microiontophoretic application, as well as intravenous injection, of the 5-HT3 
antagonists S-zacopride (10-40 nA and 1 mg/kg) and BRL 46470A (10-50 nA 
and 1 mg/kg) failed to alter the inhibitory effects of 5-HT and of 2-methyl-5-HT. 
In addition, intravenous injection of these 5-HT3 antagonists did not modify the 
efficacy of the electrical stimulation of the ascending 5-HT pathway in 
suppressing the firing activity of CA1 and CA3 dorsal hippocampus pyramidal 
neurons. In contrast, the suppressant effect of both 5-HT and 2-methyl-5-HT 
were reduced by concomitant microiontophoretic application of the 5-HT1A 
antagonist BMY 7378 (1-10 nA). Moreover, the intravenous injection of BMY 
7378 (1 mg/kg) also blocked the inhibitory effect of 5-HT and of 2-methyl-5-HT 
on dorsal hippocampus pyramidal and somatosensory cortical neurons.

In conclusion, these data suggest that the suppressant effect of 2-methyl-5- 
HT in the hippocampus and in the somatosensory cortex are not mediated by 
5-HT3 receptors, but rather by 5-HT1A receptors.

93.10
THE 5 -H T 3 RECEPTOR AGONIST, 2-M ETH Y L-5-H T , ATTENUATES 
POSTSYNAPTIC POTENTIALS IN HIPPOCAMPAL CAI PYRAMIDAL 
CELLS OF TH E RA T I N  V I T R O .  K . Batsche*. M.L. Zeise, J.-Y . Zhang. 
R.Y. Wang. Dept. of Psychiatry and Behav. Sci., SUNY at Stony Brook, 
Stony Brook, NY 11794.

We have shown previously (Zeise et al., accompanying abstract) that 2- 
m ethyl-5-hydroxytryptam ine (2-M e-5-H T ), a selective agonist at 5-H T 3 
receptors, reduces synaptic field potentials and L-glutam ate-evoked 
activity in hippocampal CAI pyram idal cells in  v iv o . To examine the 
effects of 2-M e-5-H T  on postsynaptic potentials (psps) in hippocampal 
CAI pyram idal cells after orthodrom ic stim ulation of the Schaeffer 
collaterals we have used the whole cell gigaseal technique in  v i t r o .  Bath 
application of 2 -M e-5 -H T  at a concentration o f 50 μΜ attenuated the 
GABAa receptor-m ediated inhibitory psp (ipsp) and the (mostly) AMPA 
receptor-m ediated excitatory psp (epsp). The effect was relatively slow 
with an onset of several minutes after the beginning of 2-M e-5-H T  
adm inistration. Recovery was also slow and often incomplete. No 
significant change after 2-M e-5-H T  application was observed in 
membrane potential, am plitude and time course of action potential, 
excitability measured as number of spikes elicited by a constant 
depolarizing current, membrane input resistance and transients associated 
w ith the activation of Q- and T - currents. Preliminary data show that the 
specific 5 -H T 3 receptor antagonist granisetron (10-100 μΜ; added to the 
superfusion fluid) prevented this action of 2 -M e-5-H T , but did not 
reverse its effect when given-afterwards.

Combined with our findings in  v iv o  these results suggest that activation 
o f 5 -H T 3 receptors induces a decrease in efficacy of glutamatergic synaptic 
transmission in C A 1 pyramidal cells.

, AND BOUNDARIES I

94.1
NOTOCHORDLESS ZEBRAFISH  MUTATION 
DISTINGUISHES FLO O RPLA TE FROM HEAD AND
TRUNK Bill Trevarrow*1,2. Mamie E. Haipem3. and Trevor Jowett1: 1) 
Dept. of Biochem. and Genetics, Univ. of Newcastle, Newcastle upon Tyne, 
England NE2 4HH; 2) now at: Div. of Biol., Caltech, Pasadena, CA 91125; 3) 
Inst, of Neurosci., Univ. of Ore. Eugene, OR 97403

floating head (flhnl) is a recently isolated recessive zebrafish 
mutation, genetically distinct from no tail (ntl). It retains 
prechordal plate derivatives, lacks notochord and generates an 
otherwise complete axis including the tail. The muscle pioneers are 
absent and somites are irregularly shaped. The trunk somites are 
fused beneath the spinal cord, but tail somites are not.

Normally, there are three regions of Ntl protein expression, 
the germ ring where the head and trunk endoderm and mesoderm is 
involuting, involuted axial mesoderm cells that will differentiate as 
notochord, and the tailbud where the tail tissues are organized. In 
flh/flh  mutants, Ntl protein is unchanged in the germ ring and 
tailbud, but is not maintained in the midline mesoderm. These 
results along with the ability of flh/flh  mutants to generate a tail, 
imply a role for the ntl protein in the tailbud, distinct from its role 
in axial mesoderm.

The pattem of floorplate cells in the flh /flh  mutants is normal in 
the head, but disrupted in the trunk and tail. The f lh  mutant 
therefore genetically distinguishes floorplate generation in the 
head and trunk regions.

94.2
G EN ETIC EVIDENCE FOR THE INVOLVEMENT OF 
MESODERM IN FLOOR PLATE INDUCTION IN ZEBRA  
FISH. M. E. H a lp e rn 1 *, K. H a tta 1, R. K. H o 1 , B. T re v a rro w 3 . Y,-
L. Y a n 2 . B. T h is s e 2 . C . T h is s e 2 . J. P o s t le th w a it2  an d  C. B. 
K im m e l1 . In s titu te s  o f N e u ro s c ie n c e 1 a n d  M o le c u la r  B io lo g y 2 , 
U n iv e rs ity  o f O re g o n , E u g e n e , O R , 9 7 4 0 3  a n d  D iv . o f B io lo g y , 
C a lifo rn ia  In s titu te  o f Technology3, P a sa d e n a , C A , 9 11 25 .

W e  a re  u s in g  a g e n e tic  a p p ro a c h  in th e  z e b ra f is h  to  
c h a ra c te r iz e  in te ra c t io n s  b e tw e e n  a x ia l m e s o d e rm  a n d  n e u ra l 
e c to d e rm  n e c e s s a ry  fo r  c o rre c t C N S  d e v e lo p m e n t. c y c lo p s  (c y c ) 
m u ta n t e m b ry o s  d e v e lo p  n o to c h o rd s  b u t la c k  th e  f lo o r  p la te  
c e lls  th a t lie  a t th e  ve n tra l m id lin e  o f th e  b ra in  an d  sp in a l co rd . 
C o n v e r s e ly ,  n o  t a i l  ( n t l )  m u ta t io n s  a u to n o m o u s ly  b lo c k  
n o to c h o rd  d iffe re n tia t io n  bu t sp a re  th e  f lo o r  p la te . P re s e n c e  o f 
f lo o r  p la te  in n tl m u ta n ts  c o u ld  m e a n  th a t: (1) n o to c h o rd  s ig n a ls  
a re  n o t re q u ire d  fo r  f lo o r  p la te  s p e c ific a tio n  o r th a t (2) s ig n a lin g  
is re ta in e d  b y  n o to c h o rd  p re c u rs o r  c e l ls  th a t  fa il to  fo rm  
n o to c h o rd . In h o m o z y g o u s  n t l  c y c  d o u b le  m u ta n t e m b ry o s , 
n o to c h o rd  fa ils  to  d iffe re n tia te  as in n t l  m u ta n ts ; h o w e ve r, f lo o r  
p la te  is n o w  fo u n d  in th e  tru n k  s p in a l co rd . A x ia l m e so d e rm  
b lo c k e d  in n o to c h o rd  d e v e lo p m e n t a p p e a rs  to  re s c u e  th e  c y c  
sp in a l co rd  d e fec t. S u p p re s s io n  o f th e  c y c  f lo o r  p la te  p h e n o ty p e  
b y  n t l,  a m u ta tio n  th a t a c ts  a u to n o m o u s ly  in a x ia l m e s o d e rm , 
p ro v id e s  e v id e n c e  fo r  m e s o d e rm a l-e c to d e rm a l in te ra c t io n s  in 
f lo o r  p la te  d e ve lo p m e n t.
Supported by NIH grant HD22486
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94.3
CLONING OF THE CHICKEN FGF-3 (INT-2) GENE AND 
EXPRESSION IN THE DEVELOPING HINDBRAIN. Ivor 
J.Mason* and Radma Mahmood. M RC B rain D ev elo p m en t  
Programme, Div. o f Anatomy and Cell B iology, UM DS Guy's Hospital, 
London SEI 9RT, U.K.

Studies in the mouse have detected FGF-3 transcripts in several tissues 
during discrete periods o f embryogenesis. When the murine hindbrain is 
morphologically segmented into rhombomeres (r) at 9  d.p.c., expression 
o f FGF-3 RNA is restricted to r5 and r6 adjacent to the invaginating 
otic vesicle. Shortly thereafter, specific  expression in the hindbrain 
becom es undetectable. Studies performed on chick embryo explants 
using either antisense oligonucleotides or anti-FGF-3 antisera have 
suggested that FGF-3 is involved in the invagination o f the otic placode 
to form the otocyst. However, the chicken gene sequence has not been 
reported and no data concerning its expression is available. Moreover, 
targeted disruption o f  the murine FGF-3 gene does not affect the 
form ation or invagination o f  the otocyst. W e have isolated  and 
sequenced cD N A s for the chicken FGF-3 gene and determined its 
expression at early stages o f embryogenesis. W e describe the expression 
o f FGF-3 RNA in the early chick embryo. We have found that, within 
the hindbrain, transcripts have a different distribution to that previously 
described for the mouse. FGF-3 is expressed within the hindbrain 
before rhombomere formation, becomes localised to rhombomeres 4, 5 
and 6 and, subsequently, is restricted to rhombomere boundaries. This 
suggests two distinct roles for FGF-3 in the avian hindbrain. These data 
also provide evidence for the existence o f unique 'boundary cells' which 
are distinct to those within the rhombomeres. Studies are currently in 
progress to demonstrate the function(s) o f  FGF-3 within the avian 
hindbrain.

94.5
FORSE-1 : A novel, positionally-regulated epitope in the 
developing vertebrate central nervous system. S. Tole*. and P. H. 
Patterson. Biology Division, Caltech, Pasadena, CA, 91125.

The FORSE-1 monoclonal antibody was generated against 
membranes of retinoic acid-induced NT2/D1 cells, which, in response to 
retinoic acid, differentiate into neurons and upregulate hox gene 
expression. In rat, mouse, chick, and xenopus, FORSE-1 exhibits a 
rostrocaudally-restricted staining pattern in the developing CNS. In 
rat embryos, FORSE-1 labels the rostral but not the caudal neural tube 
prior to closure. Labeling is subsequently enriched in the forebrain as 
compared to the rest of the CNS, until E18. After E18, the entire 
CNS is labeled, through adulthood. Within the early embryonic 
forebrain, FORSE-1 staining partially overlaps with the expression 
patterns of transcription factors BF-1, and Emx-2. In the 
telencephalon, FORSE-1 displays a pattern almost identical to that of 
BF-1, where the basal telencephalon and lateral walls, but not the 
medial walls of the telencephalic vesicles are labeled. FORSE-1 and 
Emx-2 are expressed in similar, discrete regions of the embryonic 
diencephalon. FORSE-1 overlaps with both of the above genes in the 
olfactory epithelium, pharyngeal arches, and otic placodes. Neither of 
these genes exhibit a perfect overlap with FORSE-1, however, 
suggesting that the FORSE-1 antigen(s) may be regulated by more 
than one of these and other regulatory genes, or by some yet 
undiscovered regulatory gene(s).

94.7
LOCAL ACTIVATION OF RETINOID DEPENDENT GENE EXPRESSION IN THE 
MAMMALIAN CENTRAL NERVOUS SYSTEM. A.-S. L a M a n tia * . M. C  
Colbert . T. Turgens and E. Linnev . Depts. of N eurobiology and 
Microbiology, Duke University Medical Center, Durham, NC 27710

We have asked if in  v iv o  patterns of retinoid mediated gene expression 
reflect localized sources of retinoids, rather than pre-existing patterns of 
retinoid receptors. Mouse embryos that carry a retinoic acid(RA) response 
element (RARE)/ß-galactosidase reporter transgene show tw o distinct 
patterns of RA-dependent gene expression during midgestation: domains in 
the cervical and lumbar, but not thoracic or sacral spinal cord, and in the 
ventro lateral forebrain and olfactory placode. W hen cu ltu red  on 
monolayers of L-cells stably transfected with the RARE prom oter/reporter 
construct, alar regions of the cervical and lum bar spinal cord induce 
transgene activity; alar regions of the thoracic and sacral cord, as well as 
basal regions and floorplate throughout the entire cord do not. Similarly, 
explants of the mesoderm between the olfactory placode and ventrolateral 
forebrain activate transgene expression; adjacent tissues do not. The 
addition of exogenous RA(10-7M) to explanted whole spinal cords from 
transgenic RA indicator embryos results in ectopic transgene expression in 
thoracic and sacral cord. Similarly, expression in the forebrain is expanded 
to include the entire forebrain up  to the m esencephalic/ diencephalic 
junction. These results suggest that normal patterns of RA-mediated gene 
activation in the developing mammalian brain reflect the local activation 
of subsets of widely distributed retinoid receptors by discretely localized 
sources of RA. This local RA signaling may participate in the regional 
identification of neurons in domains of RA induced gene expression. 
Supported by HD29178-01 Al to А-S. L, HD07637 to M.C.C. CA39066 & 
HD24130 to E.L. А-S. L is a N ational Down Syndrome Society Science 
Scholar and a fellow of the Alfred P. Sloan Foundation.

94.4
SPATIALLY-RESTRICTED EXPRESSION OF HOMEOBOX AND 
WNT GENES DEFINE POTENTIAL NEUROMERIC BOUNDARIES 
IN THE MOUSE FOREBRAIN. T.L.R. Rubenstein*. L. Puelles". A. 
Bulfone, C. Esmurdoc. N eurogenetics Laboratory, 401 Parnassus Ave, 
UCSF, San Francisco, CA 94143-0984; " Department of Anatomy, U. of 
Murcia, Murcia, Spain.

Many putative regulatory genes are expressed in regionally restricted 
patterns in the mouse forebrain. We have analyzed the expression of 
homeobox (D lx - 1 , D lx -2  and G b x - 2 ), Wnt (W n t-3 ,  W n t-З а , W n t-5 a  and 
W n t- 7 b ) and several other genes using in  s i tu  RNA hybridization. 
Analysis of the expression domains of these genes defines potential 
developmental compartments whose arrangement suggests a 
neuromeric organization of the forebrain (see Bulfone et al., 1993, J. 
Neuroscience, in press). This neuromeric model proposes that the 
forebrain is subdivided into six transverse segments named prosomeres. 
Both the diencephalon and the secondary prosencephalon consist of 
three prosomeres (pl-p3 and p4-p6, respectively). Each prosomere is 
subdivided into longitudinal tiers. At this point, our understanding of 
the organization of the diencephalon is the clearest, where the 
transverse (interprosomeric) boundaries are defined by the expression 
of several genes. For instance, the p2/p3  boundary (also known as the 
zona limitans interparencephalica) is recognized by the expression of 
D lx -1 ,  D lx -2 ,  G b x -2  and W n t-3  This model, which is still in its early 
stages, was formulated to serve as a framework to facilitate ongoing 
genetic and embryologic studies of forebrain development.

94.6
AXIAL DOMAINS OF HOM/Hox GENE EXPRESSION ARE NOT DETERMINED 
BY POSITIONAL INFORMATION IN LEECH. M. Shankland* and D. Nardelli- 
Haefliger. Dept. of Neurobiology, Harvard Med. School, Boston, MA 02115.

Positional values along the anteroposterior (AP) body axis are determined by 
the differential activation of the HOM/Hox genes, which are expressed in a 
staggered array of overlapping domains. Axial patterning of HOM/Hox 
transcription is generally ascribed to a prepattern of positional information, but 
outside of insects the nature and origin of this postional information is poorly 
understood. We have identified a leech HOM/Hox gene, Lox2, which is 
orthologous to Ubx and/or abdA, and generated a polyclonal antiserum to its 
protein product. Anti-LOX2 immunoreactivity is expressed in only 16 of the 
leech's 32 body segments. In this organism, the CNS normally arises through 
the stereotyped merger of 5 bilaterally paired stem cell lineages, and focal cell 
ablations can be used to 'slip' selected lineages out of segmental register with 
the remaining tissues. We here report that slipped cell lineages express LOX2 
protein in a largely cell-autonomous fashion, i.e. out of register with the Lox2 
expression domain of the other, unperturbed lineages. Slippage is induced 
before these lineages have come together to form a spatially coherent body 
plan, and hence the axial domain of Lox2 expression can not be determined by 
a global pattern of positional information which acts on all cell lineages alike. 
Moreover, differential slippage of ectodermal and mesodermal lineages 
indicates that the AP pattern of gene expression is not being imprinted from 
one germ layer to the other. These results imply that independently patterned 
cell lineages can undergo a stereotyped morphogenetic assembly which aligns 
their domains of HOM/Hox gene expression along the nascent AP axis. Recent 
studies on neural induction (Doniach e t  al , Science 257:542, 1992) suggest 
that morphogenetic assembly of prepatterned axial tissues could also play an 
important role in vertebrate development.

94.8
MOLECULAR CLONING OF A MAJOR RETINOIC-ACID SYNTHETIC 
ENZYME: A RETINALDEHYDE-SPECIFIC DEHYDROGENASE. D. 
Zhao, P. McCaffery, R.L. Neve, P. Hogan, W. W. Chin and U. C  Dräger*. 
Harvard Medical School, Boston MA 02115.

Retinoic acid is generated from retinaldehyde in an NAD-dependent 
oxidation reaction. The only enzymes known to catalyze this step are the 
non-specific class-1 aldehyde dehydrogenases. Anatomical sites 
containing highest concentrations of retinoic acid —the embryonic trunk 
and ventral retina— however, do not contain the class-1 enzyme but acidic 
dehydrogenases that are on a protein level several orders of magnitude 
more powerful. The same acidic enzyme is a component in the 
differentiation of P19 teratocarcinoma cells: treatm ent w ith retinoic acid 
causes rapid induction of the dehydrogenase from undetectable to very 
high levels, apparently representing a positive feed-back mechanism for 
the induction of the differentiated state. In screens of P19 cells for cDNAs 
containing conserved dehydrogenase motives we isolated a clone specific 
to induced P19 cells. It encodes a novel protein consisting of 496 amino-add 
residues, sharing 65% homology to dass-1 aldehyde dehydrogenases. 
Transfection of COS cells results in expression of an  acidic dehydrogenase 
that is highly active in oxidation of retinaldehyde but has no detectable 
activity with any other aldehydes tested. PCR tests for expression of the 
novel enzyme show high levels e.g., in the embryonic trunk, adult testis, 
pituitary and pia, and no expression e.g., in the embiyonic hindbrain or 
adult liver. We conclude that the novel dehydrogenase is a major source 
of retinoic acid synthesis, in some locations, such as the early embryonic 
spinal cord, representing the only enzyme, and in others, such as adult 
testis, acting in addition to other dehydrogenases.
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94.9
HIGH LEVELS OF A RETINOIC-ACID GENERATING 
DEHYDROGENASE IN THE MESO-TELENCEPHALIC DOPAMINE 
SYSTEM. P. McCaffery* and U. C. P räger. Harvard Medical School and 
Shriver Center, Boston MA 02115

Retinoic acid is generated by different dehydrogenases arranged in 
conserved spatial patterns: the dorsal retina contains a class-1 aldehyde 
dehydrogenase, named AHD2 in the mouse, and the ventral embryonic 
retina different, novel dehydrogenases. Class-1 enzymes are the only 
dehydrogenases known to be capable of oxidizing retinaldehyde to 
retinoic acid, and this reaction is considered their main or only known 
physiological role. An unusual characteristic of class-1 enzymes is high 
oxidation sensitivity. In screens of the embryonic and adult mouse brain 
for retinoic-acid generating enzymes we find high activities restricted to 
one parenchymal region: the striatum. In the embryo, enzymes similar to 
the ventral retinal enzymes predominate, and perinatally AHD2 takes 
over. AHD2 is present in axons and terminals of a subpopulation of 
dopaminergic neurons of the mesostriatal and mesolimbic system, forming 
a potentially retinoic-acid generating projection from the ventral 
tegmentum to the forebrain. The projection is heaviest to the dorsal and 
rostral striatum, declining gradually towards ventral. AHD2 expression 
here begins shortly after appearance of tyrosine hydroxylase in the 
embryo. Other dopaminergic neurons in the brain, and the chromaffin 
cells of the adrenal medulla, do not contain AHD2. Except for the dorsal 
retina, the meso-telencephalic dopamine system is the only location in 
the brain where AHD2 is expressed. The presence of this enzyme may be a 
factor in the success of dopaminergic transplants to the striatum in lesions 
of the dopamine system. Supported by EY 01938

94.11
WHISKER-RELATED PATTERN FORMATION: AN HYPOTHESIS.
T.A. Henderson*. P.A. Osborne. C.E. Reistad. T.A.Woolsev. E.M. Johnson &
M.F. Jacquin. Dept. Anat. & Neurobiol., St. Louis Univ. Sch. Med., St. Louis MO 
63104; Dept. Molec. Biol. & Pharm., Div. Exp. Neurol. & Neurosurg.,
Washington Univ. Sch. Med., St. Louis MO 63110.
We have previously shown (Henderson et al. S oc. N eu ro sc i. A b s tr . 17;10, ’91; 

Henderson et al., in press) that injections of nerve growth factor (NGF) on 
embryonic day (E)15 and E l8 result in 36% more trigeminal ganglion (Vg) cells 
than normal and an absence of whisker-related patterns in the V brainstem complex. 
The correlation between the timing of NGF injection, naturally occurring cell death 
(NOCD) in the Vg, and V pattern emergence leads us to the following hypothesis to 
account for V brainstem pattern formation: N O C D  in  th e  Vg is  r e g u la te d  b y  a  
heterogeneous d is tr ib u tio n  o f  s p e c if ic  n eu ro tro p h ic  fa c to r s  in  th e  p er ip h ery .
Immature Vg ce lls  p r o je c tin g  to  p e r ip h e r a l  r eg io n s  la ck in g  su ffic ien t tro p h ic  su p p o r t, 
such as the skin  a n d  h a ir s  b e tw ee n  w h isk ers  (V os e t  a l . ,  ’9 1 ) ,  a r e  p r e fe re n tia lly  
eliminated p ren a ta lly . Insofar as the relatively few such cells that survive to 
adulthood project centrally to regions between cytochrome oxidase reactive patches 
(Jacquin et al., ’88 ; Shang et al., ’93), the death of these cells may form "septa" in 
regions intervening between regions representing adjacent whiskers. We are testing 
this hypothesis by studying the following in both normal fetuses and neurotrophin- 
augmented animals: 1) fine details of the spatio-temporal distribution of 
neurotrophins in the whisker pad relative to details of axonal projection patterns, 2) 
intracellular labeling of single Vg cells in in  v itro  preparations with emphasis on 
cells projecting to regions between rows of whiskers, 3) the possible transient 
hyperinnervation of inter-whisker surfaces, and 4) the relation of these events to 
NOCD and axon retraction in the brainstem. Preliminary data support the role of 
cell death in the refinement of initial axonal projections and the formation of V 
patterns. Supported by DE07734, NS17763, NS24679.

94.10
THE FUNCTIONAL INNERVATION OF THE STRIATUM IN THE 
NEONATAL RAT. W.F. Silverman.* Center for Brain Research, 
Faculty of Health Sciences, Ben-Gurion University of the Negev,
Beer Sheva, Israel.

Recent findings from this laboratory have shown that in the newborn 
rat, the ontogeny, density and spatial distribution of terminals 
immunoreactive for the synaptic vesicle protein, SVP-38, known to be 
essential for synaptic transmission, closely matches that of dopamine 
(DA) or tyrosine hydroxylase (TH) - containing afferente to the striatum. 
In order to establish whether other areas of the brain contribute to the 
innervation of the striatum at birth, and whether non-S VP-38 expressing 
(i.e. non-functional) afferents are also present in the neonatal striatum, 
the following experiments were performed: Newborn rats were injected 
stereotaxically with HRP into the cingulate or somatosensory cortex.
The animals were killed the following day and the striatum on the side of 
the injection assessed for anterograde transport. In a second set of 
animals, co-localization of colloidal gold-labeled SVP-38 and 
peroxidase-labeled TH in the neonatal striatum was accomplished using a 
pre-embedding, ultrastructural immunocytochemistry protocol. Virtually 
no anterogradely labeled corticostriatal fibers were identified in striatum 
from rats injected with HRP at birth. By P7, cortico-striatal projections 
were identified in most regions of the striatum. Together with the co
localization results, these findings indicate that the only major afferent 
input to the rat striatum at birth is DAergic, and further, suggests that this 
innervation contains both functional and non-functional components. 
Supported by Grant # 22-92, Israel Institute for Psychobiology

94.12
DEMONSTRATION OF INJURY-INDUCED TRIGEMINAL PRIMARY 
AFFERENT ARBOR EXPANSION WITHOUT CORRESPONDING PATCH 
ENLARGEMENT. W.E. Renehan* and M.F. Jacquin. Lab. of Gastro., Gust, and 
Somatic Sensation, Henry Ford Hospital, Detroit, Ml 48202 and Dept. Anat. and 
Neurobiol., St. Louis Univ. Sch. Med., St. Louis, MO 63104

A number of experimental paradigms have been used to determine 
whether the dimensions of barrel-related neuropil are altered by selective vibrissa 
follicle cautery at birth. The results of these studies often appear to be 
contradictory, perhaps due to the disparate methods used to demonstrate potential 
changes in the vibrissa representation. We have therefore examined the extent to 
which histochemically-defined whisker-related patches reflect the dimensions of 
individual trigeminal primary afferent arbors. Intracellular recording and HRP 
injection techniques were used to label 42 low threshold primary afferent central 
terminal arbors in subnucleus interpolaris of rats that sustained electrocautery of 
vibrissae in rows A, C and E at birth. The average area of the terminal arbors of 
primary afferents supplying the u n d a m a g ed  В or D row vibrissae was 1 2 0 %  la rg e r  
than normal following this manipulation. These arbors were oriented in the 
direction of the adjacent denervated rows. In contrast, the arbors associated with 
primary afferents supplying the lesioned vibrissae were not significantly increased 
in size, though they were slightly elongated. The DAB staining protocol used to 
visualize the labeled axons also produced a staining pattern in principalis that was 
very similar to that obtained with cytochrome oxidase staining techniques. We 
found that the neonatal ACE lesion reduced the widths of the rows corresponding 
to the damaged C and E row vibrissae by 19%, but the widths of the u n d a m a g ed  
rows were u n ch an ged . Our data suggest that histochemical staining techniques 
may not adequately reveal denervation-induced changes in primary afferent arbor 
shape or size. Supported by DE07734, DE07662 and NS 17763.

UPTAKE AND TRANSPORTERS II

95.1
A METHOD FOR MEASURING THE RATE OF GLUTAMATE 
UPTAKE IN CEREBRAL TISSUE USING MICRODIALYSIS
TECHNIQUE. J.Y. Chang* M.T. Globus, R. Busto, M.D. Ginsberg 
Cerebral Vascular Disease Research Center, University of Miami, 
Miami, FL 33136

We have developed a method for measuring the rate of glutamate 
uptake in cerebral tissue using the microdialysis technique. The method 
is based on the assumptions that (1) if both radiolabled L- and D- 
glutamate molecule are introduced into the extracellular space, only the 
radiolabled L-glutamate molecule and not D-glutamate, will be utilized 
by the tissue, and (2) the physical properties of the two isomers are 
identical in the extracellular space.

Two microdialysis probes were stereotaxically position into the stria
tum 2mm apart. One probe was used as an infuser and the other 
one was used as a monitor. Mixture of 3H-D-glutamate and 14C-L- 
glutamate were introduced into the extracellular space through the first 
probe. Samples of constituents in the extracellular space were imme
diately taken through the second probe at pre-determined time-points. 
The respective amounts of 14C and 3H in each sample were later deter
mined by liquid scintillation counting, and the respective ratio of 14C 
to 3H was subsequently obtained. Finally, through fitting the measured 
ratios at different time-points (R( t)) to the following equation:

R(t)  =  R(T0)e -Xt

the rate of glutamate uptake (λ) was obtained.
Studies to determine the rate of glutamate uptake in striatum have 

begun. Preliminary results (n=4) have shown that the rate of glutamate 
uptake in the striatum is 0.034±0.023 (1/min).

95.2
CLONING OF A GLUTAMATE TRANSPORTER FROM 
HUMAN BRAIN Santosh N, K rishnan1. T rushna D e sa i2 , 
Robert J. W ym an3*. and G abriel G, H addad1, 1Departm en t of 
Pediatrics (Section o f R espiratory M edicine), 1D epartm en t o f 
G enetics, and 3D epartm ent of B iology, Y ale U niversity  School 
of Medicine, New Haven, Connecticut 06510.

T ransporters  for  reg u la te  e x tra c e llu la r  L - 
G lutam ate concen tration  and thus synap tic  transm ission  by 
rapid uptake of neurotransm itter into nerve term inals or glia. 
L-G lutam ate is a m ajor excitatory transm itter in the brain and 
has been im p lica ted  in  p rocesses such as le arn ing  and 
memory, in ischem ia-induced brain dam age, and is thought to 
play a role in several neurodegenerative diseases.

W hile rat L -G lutam ate transporters have been cloned, no 
clone has been described from human brain. We therefore 
used a PCR based strategy to clone the human L -G lu ta m a te  
transporter. S tarting from human cerebral cortex mRNA, we 
isolated a PCR product that is highly sim ilar to a rat L - 
G lutam ate transporter recently  cloned (N ature 360: 464) and 
several C. elegans clones (W aterston et al., Nature G enetics 1 : 
114). With this PCR product, we obtained a 3.7 kb putative full- 
length cDNA clone from a human fetal brain cDNA library in 
λ Ζ Α Ρ  and genom ic clones from a human genom ic library in 
AEMBL3. Using fluorescent in situ hybridization (FISH), we 
m apped these genom ic clones to the short arm of human 
chrom osom e 11. G enom ic o rg an iza tio n  and fu n c tio n a l 
expression studies are in progress.
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95.3
MOLECULAR CLONING AND EXPRESSION OF A GLUTAMATE 
TRANSPORTER cDNA FROM RAT BRAIN. R. Roginskf. K. Choudhurv. 
M. Marone. H.M. Geller. Departments of Anesthesia and Pharmacology, UMDNJ- 
Robert Wood Johnson Medical School, New Brunswick, New Jersey 08903.

Glutamate reuptake occurs via a high-affinity glutamate transporter (GLT) system. 
Abnormal transporter function may result in clinically relevant excitotoxic pathology, 
e.g., amyotrophic lateral sclerosis, and may worsen ischemic neuronal damage. We 
are therefore studying the structure and expression of GLT genes. We measured 
GLT mRNA levels in astrocytes grown at different temperatures, since astrocytes 
express GLT mRNA and may contribute to the neuroprotective effect of 
hypothermia. Clone GLT-R was isolated from a rat brain cDNA library. Rat 
cortical astrocytes were cultured at 33 C, 37 C and 39 C for 7 days prior to RNA 
isolation. The 1.6 kb GLT-R insert was recloned into pSP64T and transcribed with 
SP6 RNA polymerase. DNA sequencing of GLT-R showed homology to GLT-1 
(Nature 360: 464-467,1992). Bases 1-251 of GLT-R corresponded to bases 294-544 
of GLT-1 (97% identity) and bases 1353-1583 corresponded to 1647-1876 (97% 
identity). Bases 160-169 of GLT-R matched the consensus sequence for initiation 
of protein synthesis and predicted a peptide of 453 amino acids. In vitro  translation 
of GLT-R transcripts demonstrated a 50 kD product consistent with the expected 
size. RNA blot experiments with the 1.6 kb GLT-R probe revealed an 11 kb 
hybridization signal in total RNA from rat and mouse brain and from rat astrocytes. 
Oligo-(dT) cellulose chromatography showed that at least some of the 11 kb RNA 
species eluted in the pA+ fraction. Hybridization signals from astrocytes grown at 
33 C were threefold more intense than when grown at 39 C. It is tempting to 
speculate that the neuroprotective effect of hypothermia may derive in part from 
upregulation of GLT mRNA. If levels of the transporter protein also increased, then 
synaptic glutamate levels might decrease. Dr. Roginski is the FAER/Burroughs- 
Wellcome Young Investigator. Also supported by NIH grant R01 25168.

95.5
MOLECULAR CLONING AND CHROMOSOMAL LOCALIZATION OF A 
HUMAN BRAIN-SPECIFIC L-PROLINE TRANSPORTER. R.T. Fremeau, 
Jr.1,2,* , S. Shafqat2 and T.Yang-FerNg 3. Depts. of Pharmacology1 and 
Neurobiology2, Duke Univ. Med. Ctr., Durham, NC 27710 and Dept. of 
Genetics3, Yale Univ. Sch. Med., New Haven, CT 06510 

L-Proline has been postulated to be a neurotransmitter or neuromodulator. 
The physiological role(s) of L-proline in mammalian CNS are poorly 
understood, however, because of the inability to block its biosynthesis or 
high affinity transport in nervous tissue. Our recent cloning of a high 
affinity, N a+-depedent L-proline transporter expressed in subpopulations of 
putative glutamatergic pathways supports a specific role for L-proline in 
excitatory transmission (Fremeau et al., Neuron 8,915-926; 1992). An 
understanding of the functional role(s) of this novel transporter in specific 
glutamatergic neurons could provide insights into synaptic regulatory 
mechanisms involved in synaptic plasticity and excitotoxic nerve cell 
damage. As a prelude to studies of expression of the L-proline transporter in 
human neurological disease, we have isolated human hippocampal cDNA’s 
that exhibit ~92% nucleotide identity, and >98% amino acid identity, with 
the rat brain L-proline transporter. Expression of the human homolog of the 
high affinity L-proline transporter is brain-specific. Northern blot 
analysis revealed a prominent 4.0 kb transcript in human brain while no 
specific hybridizing species were detected in human liver, kidney, lung, 
placenta, skeletal muscle, heart, or pancreas. Southern blot analysis of 
human and rodent somatic cell hybrids and in s i tu  hybridization to human 
chromosomes localized the brain L-proline transporter to human 
chromosome 5q32-33. The brain-specific expression of the human high 
affinity L-proline transporter underscores the potential relevance of this 
transporter in neural function. Supported by NSFIBN-9310965.

95.7
CLONING, GENETIC MAPPING AND TISSUE DISTRIBUTION OF AN 
ATYPICAL PUTATIVE NEURONAL TRANSPORTER. S. El Mestikawy, B. 
Giros,S.F. Kingsmore. L. Lanfumev, M. Hamon, M.F. Seid in. Y-M. Wang. 
T.A. Slotkin* and M.G. Caron. HHMI Labs, Depts. of Cell Biology, Medicine 
and Pharmacology, Duke Univ. Med. Ctr., Durham, NC 27710, USA; 
INSERM U288, 91, Bd. de l'Hopital, 75013, Paris, FRANCE.

A cDNA clone (Rat XT1) coding for a 727 amino-acid protein was isolated 
from a total rat brain cDNA library. This protein shares significant 
homology (25-35%) with the monoamine- (dopamine, norepinephrine, 
serotonin), amino-acid- (Taurine, Proline, GABA, Glycine), Choline- and 
Betaine-Na+/Cl'-dependent transporters. However, because of the presence 
of a large third extracellular loop (90 residues) between transmembrane 
domains 7 and 8, Rat-XTl establishes a distinct subfamily of transporter 
proteins with a somewhat different topology. In the mouse, the gene 
encoding XT1 maps to chromosome 3 (synthenic with human Chr lpl2-13), in 
the vicinity of the mouse neurological mutation spastic. Homozygotic mice 
for this mutation have severe motor impairment (rigidity, tremor and 
myoclony). Interestingly, these sym ptom s are also observed in 
hyperekplexia and spastic paraplegia in man. As revealed by northern blot 
analysis as well as in situ hybridization histochemistry, the cells 
synthesizing XTI are virtually confined to the central nervous system and 
the spinal cord. XTI is very abundant in glutamatergic neurons from the 
thalam us and the pyram idal cells of the cerebral cortex and the 
hippocampus. XTI is also highly expressed in the GABAergic Purkinje 
neurons of the cerebellum. Thus, the association of XTI mRNA with 
glutamatergic as well as GABAergic pathways of the brain and the 
chromosomal localization of its gene raise the possibility that the function 
of this protein may be of importance in the control of motor function.

95.4
CLONING & EXPRESSION OF A NOVEL Na+-DEPENDENT NEUTRAL 
AMINO ACID TRANSPORTER STRUCTURALLY RELATED TO 
MAMMALIAN Na+/GLUTAMATE COTRANSPORTERS. S. Shafqat*,1. В.
K. Tamarappoo2, M. S. Kilberg2 & R. T. Fremeau. ТгЛ3 Departments of 
Neurobiology1 & Pharmacology3, Duke University Medical Center,
Durham, NC 27710; and Department of Biochemistry & Molecular Biology2, 
College of Medicine, University of Florida at Gainesville, Gansville, FL 
32610.

Glutamate reuptake into presynaptic nerve terminals and /o r surrounding 
glial cells plays a key role in the regulation of excitatory neurotransmission. 
Recently three distinct, but related, Na+/glutam ate cotransporters have 
been cloned and characterized that appear to comprise a distinct gene 
family of membrane transport proteins. We have isolated a novel clone from 
a human hippocampal cDNA library that appears to be a new member of 
this gene family, exhibiting 39 to 44% amino acid sequence identity with 
mammalian glutamate transporters. Expression of this cDNA (designated 
SATT) in HeLa cells induced stereospecific uptake of L-serine, L-alanine and 
L-threonine but not of L-glutamate or related dicarboxylates. Transport was 
Na+-dependent, Cl'-independent, and insensitive to 2-(methylamino)- 
isobutyric add, a specific substrate for the System A neutral amino add 
transport activity. Northern blot hybridization revealed high levels of 
SATT mRNA in human skeletal muscle, pancreas and brain, intermediate 
levels in heart, and low levels in lung, liver, placenta and kidney. SATT 
transport characteristics are similar, but not identical, to the Na+- 
dependent neutral amino acid transport activity designated System ASC, 
suggesting it is one of multiple activities that colledively account for 
System ASC-like transport in diverse tissues and cell lines.

95.6
MOLECULAR CLONING, EXPRESSION, AND CHROMOSOMAL 
LOCALIZATION OF A RAT BRAIN CREATINE TRANSPORTER.
С.С.ВгікМеу*, K.R. Μoore, R.T.Freme u,Jr., S.Ramamoorthv. V.Ganapathv.
H.Han, T.Yang-Feng. and R.D.Blakely. Dept. Anatomy and Cell Biology and 
Medical Scientist Training Program, Emory Univ. Sch. of Med., Atlanta, GA 
30322, Dept. Pharmacology, Duke Univ. Sch. of Med., Durham, NC 27710, Dept. 
Biochemistry and Molecular Biology, Medical College of Georgia, Augusta, GA 
30912-2100, and Dept. Genetics, Yale Univ. Sch. of Med., New Haven, CT 06510.

The GAT1/NET gene family is comprised of transport proteins involved in the 
Na+ and Cl'-dependent movement of amino acid-like molecules across neuronal, 
glial, and peripheral plasma membranes. Previously (Peek et al., Soc. Neurosci. 
Abstr. 17, 904), we reported the identification of multiple members of this gene 
family, whose substrates were later discovered by many to include dopamine, 
serotonin, proline, GABA, glycine, and taurine. An additional cDNA, which encodes 
a 635 amino acid GAT1/NET homolog, was published as a choline transporter 
(Mayser et al., FEBS Lett. 305, 31-36, 1992), at odds with our own data from 
cDNA-transfected HeLa cells or mRNA-injected X e n o p u s  oocytes. To clarify this 
issue, we determined the tissue distribution of the endogenous mRNA by Northern 
blot analysis and, within the CNS, by in  s itu  hybridization. A single mRNA of 4.3 
kb was detected in multiple rat brain regions and peripheral tissues including heart 
and adrenal gland. Finer mapping of CNS gene expression by in  s itu  hybridization 
revealed a marked nonuniform transcript distribution, with intense labeling over 
white matter fiber tracts including the corpus callosum and internal capsule, specific 
brainstem nuclei, and the granule cell layer of the cerebellum, clearly distinct from 
the expected CNS distribution of the high-affinity choline transporter. Guimbal and 
Kilimann (JBC 268, 8418-8421, 1993) have recently defined creatine to be the 
substrate of a rabbit transporter with marked sequence similarity (98% AA identity) 
to our orphan transporter cDNA. In muscle, heart, and brain, absorption of creatine is 
believed to be critical for ATP homeostasis. Data from our lab are consistent with 
the functional identity of this carrier, particularly given the metabolic requirements of 
oligodendrocytes in myelin biosynthesis. In situ hybridization and somatic cell 
hybrid analyses places the human homolog of our cDNA at or near a locus for an 
inherited juvenile onset CNS disease with demyelinating characteristics.

95.8
REGULATION OF SEROTONIN UPTAKE AND IMIPRAMINE 
BINDING BY PROTEIN KINASE INHIBITORS. D.M. Helmeste* and 
S.W. Tang. Long Beach VA Medical Center, Long Beach, CA 90822 and 
University of California, Irvine, Irvine, CA 92715, USA.

The serotonin (5-HT) transporter is the target of many antidepressants, 
and has been found to have decreased density in platelets of depressed 
patients. In our studies of the regulation of this transporter, we have 
analyzed the effects of protein kinase inhibitors and activators. In addition 
to their well established effects on kinases, many of these compounds 
inhibit 5-HT uptake and compete directly with the antidepressant
imipramine for binding to the 5-HT transporter, as shown:
Compound IC50(μM)

l-(5-Isoquinolinesulfonyl)-2-methylpiperazine (H-7)..............................7.1
N-[2-(Methylamino)ethyl]-5-isoquinolinesulfonamide (H-8 ) .................2.7
N-(2-Aminoethyl)-5-isoquinolinesulfonamide (H-9)............................... 5.8
N-(n-Heptyl)-5-chloro-l-naphthaIenesulfonamide (SC-10) ...................33.3
l-(5-Isoquinolinylsulfonyl)-homopiperazine (HA-1077).........................4.6
N-(2-Guanidinoethyl)-5-isoquinolinesulfonamide (HA-1004).............. 88.3

In addition, calmodulin antagonists with naphthalenesulfonamide-type 
structures bind to the 5-HT transporter and inhibit uptake (Drug 
Development Research 27:185,1992). Interestingly, supposedly specific 5- 
HT uptake inhibitors (i.e., paroxetine) also bind to calmodulin with high 
affinity. Thus, study of 5-HT transporter regulation appears to be 
complicated by unexpected cross-reactivity in the systems under study.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY PM UPTAKE AND TRANSPORTERS II 221

95.9
REGULATION OF THE SEROTONIN TRANSPORTER BY PKC AND 
ADENOSINE RECEPTOR ACTIVATION. Keith J. Miller*and Beth J. Hoffman. 
Lab of Cell Biology, NIMH Bldg. 36, Bethesda, MD 20892.

The serotonin transporter (5HTT) terminates the action of 5HT at the synapse 
and is the site of action of drugs of abuse and antidepressants. The 5HTT was 
recently cloned from rat basophilic leukemia (RBL) cells, and is identical to 
5HTT cloned from rat brain. The 5HTT possesses 3 putative protein kinase C 
(PKC) sites which may be involved in the regulation of transport. RBL cells 
express a non-classical adenosine receptor that is coupled to inositol phophate 
metabolism and possibly to PKC as well. The ability of PKC and adenosine 
receptors to regulate 5HT uptake in RBL cells was examined. Direct activation 
of PKC by pretreatment with phorbol 12-myristate 13-acetate (PMA) resulted in 
a 48% decrease in Vmax of 3H-5HT uptake (control: 2.39+0.19 pmol/min/106 
cells; PMA: 1.28+0.24 pmol/min/106  cells) without a significant change in Кm 
(control: 526±260 nM; PMA: 379+210 nM). The inactive phorbol ester 4-alpha- 
phorbol 12-myristate 13-acetate did not change transport, and the selective PKC 
inhibitor calphostin C blocked the effect of PMA. A pretreatment time course 
with PMA revealed that 3 H-5HT uptake decreases by 25% after 5 min and the 
maximal decrease occurs within 1 hr and persists for pretreatments of up to 24 
hrs. Pretreatments for 1 hr with 1μ M of the, adenosine receptor agonists NECA 
or N6 -CPA resulted in a 25% increase in 3 H-5HT uptake, which was blocked 
by the adenosine antagonist xanthine amine congener (XAC). The increase in 3 H- 
5HT uptake was calcium dependent. These results suggest that the 5HT 
transporter is differentially regulated by intracellular second messengers. 
Alteration of the ability of the 5HT transporter to remove 5HT from the synapse 
may change the concentration of neurotransmitter in the synapse and thus may 
significantly alter neurotransmission.

95.10
BRAIN STEM AFFERENTS TO DORSAL CAUDAL NUCLEUS RAPHE 
MAGNUS BY IONTOPHORETIC APPLICATION OF UNCONJUGATED 
CHOLERA TOXIN В IN THE RAT. P.Hinckel* D.M.Hermann. P.H.Luppi and
M. Jouvet: Physiol. Inst., Giessen, Germany; CNRS URA 1195, Lyon, France;

In the nucleus raphe magnus (NRM), adaptive effects of thermoresponsive 
neurons to cold temperatures have been shown, which are partly generated by 
unknown influences of the brain stem.

Compared with rostral NRM, less afferente were seen from the midbrain 
periaqueductal gray. Substantial afferents were seen from deep mesencephalic 
reticular formation, retrorubral field and the В 9 area of Dahlstrom and Fuxe. In 
the pontine periaqueductal gray, a strong dorsal, dorsolateral and ventrolateral 
subgroup with ipsilateral dominance could be delineated; projections were 
stronger than for rostral NRM. No afferents were seen in the ventromedial 
periaqueductal gray. Afferents were found in oral pontine reticular formation, in 
pedunculopontine nucleus rather contralaterally and in dorsal, median and 
pontine raphe nucleus. Substantial bilateral afferents were observed in 
subcoeruleus area, in nucleus Kölliker-Fuse and in lateral as well as medial 
parabrachial nucleus. Injections of anterograde tracers (CTb, PHAL) into 
nucleus Kölliker-Fuse, into subcoeruleus area and into lateral parabrachial area 
showed efferent terminal fibres throughout NRM. Substantial afferents were 
seen throughout caudal pontine reticular formation, especially its ventral part 
corresponding to A5. Some cells were seen in laterodorsal tegmental nucleus, 
in locus coeruleus, in Barrington nucleus and in dorsal tegmental nucleus.

A number of labeled cells was seen in rostral NRM, in the gigantocellular 
reticular formation pars a  almost ipsilaterally, in the lateral paragigantocellular 
nucleus, in the lateral medullary reticular formation with contralateral 
dominance, in the interpolar spinal part of the nucleus of the trigeminus nerve, 
in nucleus prepositus hypoglossi ventrally, in nucleus cuneatus with 
contralateral dominance and in nucleus tractus solitarii.
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96.1
A LABORATORY DIAGNOSTIC TEST FOR ALZHEIMER’S DISEASE. 
R.Etcheberrigarav1. E.Ito1·*. K-Oka1. B.Tofel-Grehl2. G.E.Gibson2 and 
D.LAlkon1. 1N eu ra l S ystem s, NINDS, NIH, Bethesda, MD 20892 and 2The Burke 
Medical Res. Inst., Cornell Univ. Med. Col., White Plains, NY 10605.

Using patch clamp techniques we have obtained evidence that a 113 pS, 
tetraethylammonium (TEA)-sensitive, K+ channel is functionally absent in 
fibroblasts from Alzheimer’s disease (AD) patients. Here we use Ca2+-imaging 
techniques to independently assess K+ channel function and also study 
intracellular calcium regulation in AD fibroblasts. Human skin fibroblasts from 
AD patients, age-matched controls (AC), young controls (YC), and other 
neurologic or psychiatric patients (ND) were obtained from the Coriell Cell 
Repositories, and fluorescence of fura-2-loaded cells was measured with a single
cell Ca2*·-imaging system. Depolarization by extracellular 50 mM K+ caused 
elevation of intracellular Ca2+ concentration ([Ca2+]i) in fibroblasts from control 
and AD groups, demonstrating that voltage-sensitive Ca2+ channels are functional 
in these cells. Application of lOOmM TEA resulted in a transient [Ca2]i elevation 
in AC (N=10), YC (N=6 ), and ND (N=14) cell lines, but this elevation did not 
occur (p<0.001) in AD (N=13). Bombesin stimulated inositol 1,4,5-trisphosphate 
(IP3)-induced Ca2+ release from intracellular storage sites in fibroblasts from all 
groups, but it caused a larger and more prolonged response in AD fibroblasts. 
This larger and prolonged response in AD cells was independent of extracellular 
Ca2+. On the other hand, the IP3-mediated Ca2+ responses were followed by Ca2+ 
entry in AC, YC, and ND cells. When this Ca2+ entry was diminished by removal 
of extracellular Ca2+, the Ca2+ responses in control cell lines (AC, N =8 ; YC, 
N=6; ND, N=14) were found to return to the basal level faster (p<0.0001) than 
in AD (N=10). In summary, with these imaging techniques, we have found that 
in peripheral cells, two different cellular systems are defective in AD. These 
findings may be the basis for a rapid clinical test, where assessment of these two 
biological parameters will clearly distinguish AD patients from AC, YC, and ND.

96.3
THE WAKING CORTICAL RHYTHMS IN ALZHEIMER DISEASE: 
DECREASE IN 10.3 AND INCREASE IN 5.6 Hz. A. L. Politoff.* N. 
Monson. R. P, Stadter and P. Hass. Neuropsychiatric Research Institute 
and Fargo VAMC, 1919 Elm St., Fargo, ND 58102.

The power spectrum of the EEG of Alzheimer Disease (AD) patients 
(clinically diagnosed according the NINCDS-ADRDA criteria) has several 
highly reproducible spectral features, detectable only during photic 
stimulation (Politoff et al. Electroenceph din Neurophysiol '92). Here we 
report normative and test-retest relialibility data on the non-stimulated 
power spectra of 33 waking normal control subjects, 9 age-matched 
control (AMC) subjects, 13 AD patients and 11 multi-infarct dementia 
(MID) patients. The power spectra of AD patients had an excess of power 
at 5.6 Hz and a deficit at 10.3 Hz (p <0.004). The excess of power at 5.6 
Hz was proportional to the severity of the dementia and was abolished by 
photic stimulation. To ascertain whether these abnormalities were related 
to dementia, aging or AD, the data were submitted to discriminant 
analysis. AMC subjects and dementia-matched MID patients did not have 
the 5.6/10.3 Hz abnormalities. Therefore, these spectral abnormalities are 
not secondary to dementia and may be specific for AD. These findings 
show that the padng of cortical rhythms of waking AD patients is 
abnormal. The most likely explanation for the present findings is that the 
discharge pattern of cortical neurons of AD patients during wakefulness 
has shifted from the tonic to the burst mode as a result of a deficit in 
cholinergic input.

96.2

QUANTITATIVE PROTON AND PHOSPHORUS-31 NUCLEAR 
MAGNETIC RESONANCE ANALYSIS OF POSTMORTEM 
ALZHEIMER’S DISEASE BRAIN. J .W . P e ttea rew *. W .E . K lunk. 
C .J  X u  and  K. P ancha linqam . Lab. o f Neurophysics, Univ. of 
Pittsburgh, WPIC, Pittsburgh, PA 15261.

Several previous studies have shown metabolic abnormalities in 
postmortem Alzheimer’s disease (AD) brain by both 1H and 31P magnetic 
resonance spectroscopy (MRS). All of these studies were done without 
the use of the recently developed internal standard, 3- 
aminopropylphosphonic acid (3-APP). Because of this, the results of 
these previous studies were expressed in relative terms, in units of mole 
percent, a practice which has been criticized by some. This study was 
conducted to verify the previous 1H and31P MRS studies using a method 
of absolute quantitation based on the internal standard, 3-APP. The 
results of this quantitative MRS study agree well with previously published 
1H and 31P MRS studies using mole percent. To summarize the major 1H 
findings, glutamate, glutamine, inositol and trimethylamines were 
increased while GABA and NAA were decreased. The key 31P findings 
also supported previous studies, showing increases in phosphodiesters 
and certain phosphomonoesters and a small decrease in inorganic 
phosphate. This data clearly shows that this small decrement in inorganic 
phosphate is not the cause of the increased phosphomonoesters and 
phosphodiesters observed in the mole percent studies. This study also 
reveals that not all phosphomonoesters change in the same direction, 
Phosphocholine accounts for much of the increase while 
phosphoethanolamine decreases.

96.4

Increased synaptic density and memory retention by a 
biologically active amyloid ß /A 4  protein precursor peptide.
J.-M. Roch*. E. Masliah, A.-C. Roch-Levecq. D.A.C. Otero. M.P. 
Sundsmo. I  Veinbergs. and T. Saitoh. UC San Diego.
We have previously shown that the secreted forms (sAPP) of both 
APP-695 and APP-751 are growth-regulating molecules, that sAPP- 
695 is a neurotrophic factor, and that the domain responsible for both 
activities is RERMS, Arg-328 to Ser-332 of APP-695 (Saitoh et al., 
Cell 58:615, 1989; Jin et al., Soc. Neurosci. Abstr. 18:1466, 1992; 
Roch et al., J. Biol. Chem. 267:2214, 1992; Ninomiya et al., J. Cell  
Biol, in press, 1993). In the present study, we tested the effect of a 17- 
mer peptide containing the RERMS domain of sAPP-695 on the 
synaptic density and memory of aged rats. The APP 17-mer peptide 
was infused in the ventricles of 20-months old rats using osmotic mini
pumps. The memory performances were tested using the Morris Water 
Maze paradigm. The animals were then sacrificed and their brains 
examined for synaptic analysis. Our results indicate that the APP 17- 
mer infusion resulted in a significant increase in the synaptic density in 
the fronto-parietal cortex. This was reflected by an enhanced memory 
retention. The behavioral effect of the APP 17-mer peptide was 
observed only in rats that had a non-impaired learning capacity. These 
results suggest that one function of APP in vivo is the stabilization of 
synaptic structures, resulting in an increased memory retention.
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96.5 96.6
THE UTILITY OF SALIVARY AMYLASE AS AN EVALUATION OF M3 
MUSCARINIC ACTIVITY IN ALZHEIMER'S DISEASE. N.R. Cutler*.1 J .J . 
Sramek.1 D.J. Hurley,2 R.D. Seifert.1 T. Wardle1. 1California Clinical Trials, 
Beverly Hills, CA 90211; 2Eli Lilly & Company, Indianapolis, IN 46285.

As part of a double-blind, placebo-controlled study of the safety and 
tolerance of three fixed doses (90, 100, and 115mg tid) of the specific M, 
agonist LY246708 tartrate in AD patients, we examined serum salivary and 
pancreatic amylase levels as a potential pharmacodynamic marker of M3 
muscarinic activity. Diagnosis of AD was performed using DSM-lll-R 
criteria, and patients with significant medical or psychiatric disorders were 
excluded. Eighteen patients (mean age 69.6 years; 11F, 7M) were 
randomized to one of three dose panels (4 on drug, 2 on placebo) and 
received treatment for 7 days. Amylase levels were measured at baseline, 
Day 7 (or end of treatment) and Day 14 (follow-up) for the 100 and 115mg 
tid doses. Two patients discontinued at the 115mg tid dose due to 
intolerable adverse events, and 100mg tid was deemed the maximally 
tolerated dose. Overall results of the amylase assessments did not yield 
statistically significant differences from baseline to end of treatment 
(p>0.05), although the 115mg tid group exhibited a trend for increased 
salivary values (t=1.46; p=0.10). These values returned to baseline at 
the follow-up visit, indicating that the findings may represent a clinically 
significant observation. One of the two patients who was discontinued at 
115mg tid experienced hypersalivation and showed considerable increase 
(400%) in salivary amylase at end of treatment, suggesting that salivary 
amylase may serve as one marker for M3 activity and corresponding 
peripheral muscarinic effects. The implications of these findings for the 
muscarinic receptor specificity of new compounds will be discussed.

BASAL AND STIMULATED HIPPOCAMPAL ADENYLATE 
CYCLASE ACTIVITY AFTER UNILATERAL LESION OF THE 
ENTORHINAL CORTEX IN YOUNG ADULT RATS 
T.G.Ohm*, G.v.Dewitz # K. Witte #, R. Nitsch and B. Lemmer# 
Ctrs. Morphol. and (#) Pharmakol. J. W. Goethe-Umversitaet, 
Theodor-Stern Kai 7, W-6000 Frankfurt/M 70 

Neurofibrillary tangles (NFT) start to develop in neurons of 
layers pre-α and pre-ß of the entorhinal cortex ("pre-a-case") 
which project to the hippocampus. At this stage other brain regions 
are still almost devoid of NFT. Interestingly, a significant reduction 
in hippocampal adenylate cyclase (AC) activity can be detected in 
pre-α-cases. Our present data suggest that this reduction is not a 
consequence of a functional deafferentation since an unilateral 
electrolytic lesion of the entorhinal cortex in rat results in an 
increase of the hippocampal AC-activity. However, in the 
lesionside hippocampus this increase is transiently reduced 
(*=p<0.05) at 12 days postlesion, the time-period of the peak of 
hippocampal synaptoneogenesis. AC-activity (cAMP formed/mg 
protein/mm) was stimulated in the presence of an ATP-regenerating 
system and determined by radioassay. Protein content was 
measured using Lowry’s method. The table displays the lesionside 
AC-activity expressed as percent of the unlesioned side.

Support by the DFG, Tropon-Werke and Hertie-Stiftung.

96.7
N O N -N M D A  G L U T A M A T E  R E C E P T O R  S U B U N IT  E X P R E S S IO N  IN  T H E  
E N T O R H IN A L  C O R T E X  O F P A T IE N T S  W IT H  A L Z H E IM E R ’S D IS E A S E  A N D  
N O R M A L  C O N T R O L S. D . M . A rm strong*. R . S h e ffie ld . R . W en th o ld . and M . 
Ik o n o m o v ic . F id ia -G eo rg e to w n  Institute for th e N e u r o sc ien ces , G eo rg eto w n  U n iv  
M ed  S ch , W ash in gton , D C  2 0 0 0 7 .

F o r  m any years it  h as been  h y p o th esized  that glu tam atergic  n eu rotransm ission  m ay  
p articipate in  the n eu rod egen eration  ob served  in  A lzh e im e r ’s  d isea se  (A D ). In the  
p resent stu dy w e  em p lo y ed  im m u n ocytoch em ica l tech n iq ues to  in v estig a te  the  
distribu tion  and cy to lo g ic a l features o f  th e n o n -N M D A  glu tam ate receptor subunits  
G lu R l and G lu R 2 /3  in  the en torhinal cortex  (E C ) o f  patien ts w ith  A D  and norm al 
con tro ls . In  norm al con tro ls  G lu rR I im m u n oreactiv ity  w a s  re la tive ly  sparse and  
restricted  large ly  to  neu ron s in  layer V  o f  the E C . T h ese  labe led  neu ron s w ere  
characterized  b y  a rather e x ten s iv e  d endritic  arborization  e x ten d in g  in to  layers IV  and  
III. In  contrast, G lu R 2 /3 -la b e led  c e lls  w e re  abundant w ith in  the E C  o f  norm al 
co n tro ls  and w ere  d istributed  large ly  w ith in  layers II, III, and V . A  con sp icu ou s  
feature w ith in  norm al con tro ls  w a s the d en se  la b e lin g  o f  n eu ron s w ith in  th e islan d s  
that characterize layer II. In A D  G lu R l im m u n oreactive n eu ron s and p ro cesses  w ere  
m arkedly reduced  in  th e E C . S im ilar ly  G lu R 2 /3 -la b e led  n eu ron s w ith in  layers II and  
III w ere  co n sp icu o u sly  absent. In contrast to  th e m ore su perficia l layers o f  the E C , 
G lu R 2 /3 -la b e led  neu ron s w e re  abundantly ob served  in  layer V  a lth ough  in  general the  
in ten sity  o f  im m u n olab elin g  w a s  le s s  than that ob serv ed  in  con tro l p atien ts. In  
corre latin g  th e d en sity  o f  labe led  neu ron s to  th e d en sity  o f  n eu rofib rillary  tan g les in  
the E C  w e  refer to  a  p rev iou s stu dy o f  ours (B en zin g  e t a l . ,  In P ress) in  w h ich  w e  
dem onstrated  num erous y e t  a re la tively  eq u iva len t d en sity  o f  n eu rofib rillary  tangles  
(N F T s) w ith in  layers II and V  fo llo w ed  b y  a  le sser  d en sity  in  layer III. C o llec tiv e ly  
th ese  data su g g est that the lo s s  o f  G lu r R I-p o s it iv e  c e lls  b ut n o t n ecessa r ily  G luR 2/3  
labe led  neu ron s is  correlated  w ith  the d en sity  o f  N F T .

96.8
IMPAIRMENTS IN MITOCHONDRIAL GENE EXPRESSION IN 
VULNERABLE BRAIN REGIONS IN ALZHEIMER'S DISEASE.
K . C h a n d ra se ka ran *. T . G io rd an o 1  D .R , B rady . J , S to ll. L .J . M a rtin 2 an d  S  I. 
R a p o p o H  Laboratory of N eu ro sd en ces , N IA , B athasda, M D  2 0 8 9 2 ,1Abbott Labs, 
Abbott Park, IL 8 0 0 6 4 , 2D ept Pathology, T h e  Johns Hopkins University Schoo l of 
M edicine, Baltim ore, M D  2 12 05 .

C y to ch ro m e  o x id ase  (C O X ; a  m arker o f o x id ative  m etab o lism ) m R N A  a re  
detected  in various regions of m onkey and hum an brain, m ainly in cell bodies and  
ap ica l den d rites  o f m ed iu m  to  la rg e  projection neurons. In en torh ina l cortex, 
highest levels o f C O X  m R N A  a re  localized in layers II and IV , neurons involved in 
th e  input and  output pathw ays of the  h ippocam pus, respectively  (C h andrasekaran  
e t a l., Brain R esearch , 5 79 :3 33 , 1992). In superior tem poral sulcus and perirhinal 
cortices, highest levels  a re  detected  in cell bodies of layers III and  V -V I, neurons  
involved in corticocortical connections  (C h an d rasekaran  et a l., Brain R esearch , 
6 0 6 :2 1 3 ,1 9 9 3 ).  T h e  lam inar distribution of C O X  m R N A  corresponds with neurons  
vulnerab le  to A lzhe im er’s d isease  (A D ) pathology. H o w ever, th e  d e g ree  to  which  
im pairm ents in en zym es of oxidative m etabolism  occur in A D  is not know n. In this  
study, w e  co m pared  leve ls  o f m R N A  for m itochondrial D N A  (m tD N A ) -  encoded  
C O X  sub u n its , fo r  la c ta te  d e h y d ro g e n a s e  (L D H , a  m a rk e r o f g lyco ly tic  
m etab o lism ) B, fo r b e ta  actin and  fo r mt 12S  rR N A  in the  m otor cortex and mid 
tem p o ra l gyrus  of A D  pa tien ts  and  a g e  m atch ed  contro l subjects . A  tw o  fold  
d e cre as e  in express ion  o f m tD N A  en co d ed  C O X  I an d  III subunit g e n es  w as  
observed  in th e  mid tem poral gyrus from  A D  brains relative to  control brains. No  
d e cre as e  in C O X  I an d  III m R N A  w as  found in th e  m otor cortex. T h e  leve ls  of 
m R N A  for L D H , β actin and 12S  rR N A  rem ained unchanged in A D  brains relative to 
co ntro l b ra in s . T h e s e  resu lts  su g g e st th a t b ra in  reg ion s  v u ln e ra b le  to  A D  
pathology  have  im pairm ents in m itochondrial g en e  express ion . t h is im pairm ent 
m ight contribu te  to  th e  m etab o lic  fa ilu re  and  th e  neu ro n a l d e g en era tio n  in 
Alzhe im er's  d isease  and  account for reduced glucose m etabolism  as m easured by 
positron em ission tom ography.

96.9
A COMPARATIVE STUDY OF CHOLINERGIC 
RECEPTORS IN ALZHEIMER’S AND PARKINSON’S 
DISEASES USING QUANTITATIVE IN  VITRO RECEPTOR 
AUTORADIOGRAPHY. I.Aubert*. S.Gauthier and R.Quirion. 
Douglas Hospital Research Center, Depts of Psychiatry and 
Neurology & Neurosurgery McGill Univ., and McGill Center for 
Studies in Aging, Montreal, Quebec, Canada H4H1R3.

The distribution and quantification of nicotinic and 
muscarinic (M1, M2) receptor binding sites were analyzed in 
postmortem human brain tissues from Alzheimer’s disease (AD), 
Parkinson’s disease and age-matched control patients. Using 
quantitative in vitro receptor autoradiography, muscarinic M1 and 
M2 binding sites were labelled with [3H]pirenzepine (15 nM) and 
[3H]AF-DX 384 (2 nM), respectively while nicotinic receptors 
were visualized using [3H]cytisine (20 nM). Brain regions 
investigated included: frontal, temporal and entorhinal cortices, 
the caudate nucleus, the putamen, thalamic nuclei, the Ammon’s 
horn and dentate gyrus of the hippocampus, the subiculum, the 
substantia nigra and the cerebellum. No apparent difference 
between AD and controls was observed in Mi/[3H]pirenzepine 
binding in these regions. However, the density of M2/[3H]AF-DX 
384 binding was significantly (t-test, p=0.004) decreased (53%) in 
the temporal cortex of AD patients (n=4) as compared to age- 
matched controls (n=4). Moreover, the overall distribution and 
alterations of putative muscarinic M2/ [3H]AF-DX 384 binding 
sites in AD is compatible with those reported before using other 
M2 radioligands such as [3H]acetylcholine or [3H]AF-DX 116. 
Supported by the Alzheimer Society of Canada and MRCC.

96.10
PHARMACOLOGICAL EVIDENCE FOR CHOLINERGIC REMODELING IN 
NEOCORTEX AFTER NUCLEUS BASALIS ABLATION IN RATS. E . De 
Micheli and T. T. Soncrant*. Laboratory of Neurosciences, National 
Institute on Aging, NIH, Bethesda MD 20892 USA.

Unilateral nucleus basalis magnocellularis (NBM) ablation, which causes 
partial cholinergic denervation of the ipsilateral anterior neocortex, results in 
an acute but transient depression of regional cerebral metabolic rates for 
glucose (rCMRglc) in deafferented areas; rCMRglc normalizes within 2 
weeks. To seek possible compensatory changes in cholinergic 
mechanisms following NBM ablation that could lead to rapid metabolic 
normalization, we studied rCMRglc responses to the receptor agonists 
nicotine, arecoline and the cholinesterase inhibitor physostigmine in rats at 
2 weeks after unilateral NBM destruction. Physostigmine increased 
rCMRglc in 10 of 30 cortical areas contralateral to the NBM lesion, as 
compared to the saline-administered rats, and rCMRglc were found 
significantly lower in 2, significantly higher in 1 and not different (p> 0.05) in 
27 cortical areas of the lesioned hemisphere, as compared to the 
contralateral homologues. Neither arecoline nor nicotine treatment 
produced rCMRglc asymmetry in lesioned rats. These results demonstrate 
that responsivity to physostigmine is mantained in most regions of the rat 
neocortex after extrinsic cholinergic denervation by NBM ablation. This 
adaptive response appears not to result from cholinergic receptor 
upregulation and may reflect instead reorganization of cholinergic 
synapses.
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96.11
TOPOGRAPHIC LO C A LIZATIO N  O F E X T R A C E L L U L A R  
SIGNAL REGULATED K IN ASES (M A P K IN A SE S) IN THE  
HUMAN HIPPOCAM PAL FO RM A TIO N  IN A LZHEIM ER'S  
DISEASE. Bradley T. Hyman*. and Ted E lv h a e e . Neurology  
Service, Massachusetts General Hospital and Harvard Medical School, 
Boston, MA 02114.

Extracellular-signal regulated kinases (ERKs) are a newly described 
family of closely related kinases that to play a central role in the kinase 
cascades linking cell surface signals to changes in enzyme activity and 
gene expression. ERKs phosphorylate tau in vitro at Ser/Thr Pro 
sites, generating a multiply phosphoiylated tau protein that is similar to 
the hyperphosphorylated tau found in neurofibrillary tangles (NFTs). 
We studied the distribution o f ERK immunoreactivity in the human 
hippocampal formation and its relationship to NFTs. Immunoreactivity 
is greatest in dentrate gyrus granule cells >CA3 and m ossy fibers 
>CA1 and subiculum. In temporal neocortex, a subset o f neurons in 
layers II > VI >  III, V >  IV contain immunoreactive neurons. Neurons 
are stained in the soma, dendrites and axons. In Alzheimer's disease, 
NFTs colocalize with ERK immunoreactive neurons. Optical density 
measurements o f ERK immunoreactivity in the dentate gyrus and 
subiculum show no increase in staining in A lzheim er disease as 
compared to control individuals. These results provide the first detailed 
neuroanatomical study o f the distribution o f ERKs. Members o f  the 
ERK family of kinases are present in the same neuronal population as 
NFT, and in subcellular compartments consistent with the hypothesis 
that tau is a physiological substrate o f ERKs. Supported by A G 08487  
and a Faculty Scholar Award from the Alzheimer Association.

96.13
OKADAIC ACID AND CALYCULIN A INDUCE HYPERPHOSPHORYLATION 
OF TAU PROTEIN IN CULTURED CEREBRAL EXPLANTS AND PREVENT 
THE RAPID DEPHOSPHORYLATION THAT OCCURS FOLLOWING HEAT 
SHOCKING. S. C h . P a p a s o z o m e n o s *  and  Y . S u . D e p t. o f  P a th ., 
Univ. o f T e xa s  M e d . S c h ., H o u s to n , T X  7 7 2 2 5 .

O kadaic ac id  (O A ) and  c a ly c u lin  A  (C A ) a re  s p e c if ic  in h ib ito rs  
of pho spha tases  PP1 and  P P 2A . W e  s h o w e d  (S oc  N e u ro s c i 
Abstr 1 8 :2 0 6 , 1 9 9 2 )  th a t  d e p h o s p h o ry la t io n  o f  th e  m A b T a u -1  
epitope and in c re a se  in T a u - 5 im m u n o re a c t iv ity ,  a p h o s p h a te  
independent m A b , o c c u r  in e x p la n ts  0  h p o s t h e a t s h o c k in g  
(phs) a t 4 5 ° C  fo r  18  m in . T o  in v e s tig a te  w h e th e r  u p re g u la t io n  
of tau s y n th e s is  ra th e r th a n  d e p h o s p h o ry la t io n  o c c u rs , w e  
analyzed SDS e x tra c ts  f ro m  2 1 - and  3 5 -d a y -o ld  e x p la n ts  a t 0  
h phs fo llo w in g  p re tre a tm e n t fo r  2  h w ith  0 .1 ,  0 .5  and  1 μ Μ  
OA or 2 0  nM  C A . Im m u n o b lo ts  w e re  p ro b e d  w i th  T a u -1 , T a u -5  
and T a u -4 6 .1  fo llo w e d  b y  125l- la b e le d  s e c o n d  re a g e n ts  o r  th e  
p e ro x id a se -a n tip e ro x id a se  te c h n iq u e .  B o th  O A  and  C A  p ro 
duced h y p e rp h o s p h o ry la te d  ta u  is o fo rm s  w i th  d ra m a tic  gel 
m obility  s h if ts  a t 5 8 -, 6 2 -  and  6 6 -k D a  an d  to ta l
p h o sp h o ry la tio n  o f  th e  T au -1  e p ito p e  w h ic h  re m a in e d  
q ua lita tive ly  and  q u a n tita t iv e ly  u n c h a n g e d  a t 0  h p h s . T h e se  
find ings s u g g e s t:  (a) h e a t s h o c k in g  in d u c e s  rap id
d e p h o sp h o ry la tio n  o f  th e  T au -1  e p ito p e  w ith ,  p e rh a p s , 
c o n fo rm a tio n a l c h a n g e s  th a t  a l lo w  b e t te r  d e te c ta b il ity  o f  th e  
Tau-5 e p ito p e ; and  (b) a c o n s t itu t iv e  ro le  o f  ta u -k in a s e s .

96.12
A L Z H E I M E R  D I S E A S E  A B N O R M A L L Y  
PHOSPHORYLATED TAU IS DEPHOSPHORYLATED BY 
PROTEIN PHOSPHATASE 2B (CALQNEURIN) C.-X.Gong. 
T.J.Singh. I.Grundke-Iqbal and K.Iqbal*. NYS Inst. for Basic Res. 
in Develop. Disabilities, Staten Island, NY 10314.

Abnormally hyperphosphorylated tau is the major protein 
subunit of paired helical filaments in Alzheimer disease brain. 
Most of the abnormal phosphorylation sites have been identified 
and can be detected by several phosphorylation-dependent 
antibodies. We examined the site-specific dephosphorylation of 
Alzheimer tau by protein phosphatases(PP). This was detected by 
immunoblots using the following phosphorylation-dependent 
antibodies: 102c, Tau-1, SMI33, SMI31, SMI34 and PHF-1. 
Alzheimer tau polypeptides were found to be rapidly 
dephosphorylated by brain PP-2B at the abnormally 
phosphorylated sites Ser-46, Ser-199, Ser-202, Ser-235, Ser-396 
and Ser-404 (the amino acids are numbered according to tau441). 
PP-2A was less effective than PP-2B whereas PP-1 did not 
dephosphorylate Alzheimer tau. After dephosphorylation by PP- 
2B, the relative mobility of Alzheimer tau on SDS-PAGE was 
similar to that of normal human tau. These results suggest that 
PP-2B is the main tau phosphatase and a decrease in the activity 
of this enzyme might be involved in hyperphosphorylation of tau 
in Alzheimer disease.

GENE STRUCTURE AND FUNCTION II

97.1
A CDNA ENCODING A HOMEODOMAIN MOTIF INTERACTS WITH AN ENHANCER 
OF THE RAT DOPAMINE ß-HYDROXYLASE GENE. Elaine Lewis*. Dept. 
Biochem & Mol. Biol., Oregon Health Sci U., Portland, OR 97201 

The restricted expression pattern of neurotransmitter biosynthetic 
enzymes is controlled by both positive and negative acting factors. 
Dopamine ß-hydroxylase(DBH) catalyzes the conversion of dopamine 
to norepinephrine, and is expressed In sympathetic ganglia, adrenal 
medulla and specified brain nuclei. The transcription of the rat DBH 
gene in cultpred cell lines is influenced by a positive-acting genetic 
regulatory element, DB1. In order to Identify the transcription 
factors which interact with the DB1 element, a λ gt11 expression 
library from PC12 cells was screened using the DB1 element as 
probe. One cDNA clone isolated encodes a gene product exhibiting 
specific binding to the DB1 element. The polypeptide sequence, 
derived from DNA sequence analysis, encodes a DNA-binding domain 
with 77% amino acid identity to the homeodomain region of the p a x-3  
protein of mouse, a member of the paired-box homeodomain family of 
transcriptional regulatory proteins. RNA transcripts encoding the 
DB1 -binding protein are expressed in a selective pattern in animal 
tissue and cell lines. RNA is detected at highest levels In sympathetic 
ganglia and PC12 cells. Of other noradrenergic cell types, expression 
is observed at low levels in adrenal gland, and is undetectable in the 
brain nucleus locus ceruleus. Expression is also undetectable in all 
non-neural tissue and cell lines, as well as in grossly dissected brain 
sections. The similarity of this DB1-binding protein to the paired- 
box homeodomain motif, plus the restricted espression of the 
transcripts suggests that this protein may play a role in specifying 
neurotransmitter phenotype.

97.2
REGULATION OF NICOTINIC ACETYLCHOLINE RECEPTOR GENES BY 
OVEREXPRESSING MYOGENIN AND ID IN TRANSGENIC MICE.
K. Gundersen* and J. P. Medie. Dept. of Molecular Biology and Pharmacology, 
Washington University School of Medicine, St. Louis MO 63110.

Expression of acetylcholine receptor (AChR) subunit genes in skeletal muscles is 
high early in development and after denervation. In both cases expression is correlated 
with high levels of myogenic factors. This finding, and the observation that the pro- 
motors of all the AChR-subunit (α, β, γ, б and ε) genes contain binding sites for 
myogenic factors, have suggested that these factors might be the transactivators re
sponsible for the high level of AChR transcription early in development and after den
ervation. To test this hypothesis we made transgenic mice which overexpress 
mvogenin in skeletal muscle cells. Transgenes were made with rat myogenin cDNA 
fused to the lf/3f myosin light chain (MLC) promotor and enhancer. In the few of 
these transgenic animals that survived into adulthood the level of mRNA for all the 
AChR subunits, including ε, was significantly increased compared to wildtype 
littermates. There was no elevation in the levels of mRNA from the endogenous 
genes for the myogenic factors myogenin, myoD, MRF4 and myf5. These findings 
suggest that myogenin transactivates AChR genes, but not genes for myogenic 
factors in the muscles of intact animals.

In  v itr o  the protein Id has been shown to interact with transcription factors, includ
ing myogenin, by forming complexes that will not bind to DNA. Thus, Id is a nega
tive regulator of transcription. We also made transgenic mice with Id cDNA fused to 
the MLC promotor and enhancer. The overexpression of Id in these animals had only 
small effects on AChR mRNAs.

Most myogenin overexpressing mice died 1-5 days after birth. In contrast, when 
the Id overexpressing mice were mated to myogenin overexpressing mice, the double 
transgenic offspring survived to the same extent as wildtype mice. Thus, the Id trans
gene neutralized the lethal effect of the myogenin transgene. The levels of mRNA for 
the AChR subunits were attenuated compared to mice which were overexpressing 
myogenin only, but were still higher than in wildtype mice. These findings demon
strate a functionally important interaction between Id and myogenin in the muscles of 
intact animals.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



224 GENE STRUCTURE AND FUNCTION II MONDAY PM

97.3
SELECTIVE HETERODIMERIZATION OF CREB TRANSCRIPTION FACTORS 
USING MUTANT LEUCINE ZIPPERS.
M. M. Loriaux. R. G. Brennan. R. H. Goodman*. Voll um Institute, Oregon Health 
Sciences University, Portland, OR 97201.

Dimerization of bZIP transcription factors is required for DNA binding. 
Heterodimerization among related factors may also allow integration of 
transcriptional signals mediated by distinct signal transduction pathways. Our 
studies were designed to measure the functional activity of heterodimeric CREB 
complexes. CREB dimerization is affected by hydrophobic and electrostatic 
interactions in the leucine zipper domain. By mutating selected leucine zipper 
residues, we were able to generate CREB molecules that form heterodimers but 
cannot homodimerize. To test whether hemiphosphorylated CREB dimers were 
transcriptionally active, we altered the protein kinase A (PKA) phosphorylation site 
serine 133 to alanine in selected leucine zipper mutants. Activity of the 
hemiphosphorylated complexes was compared to that of complexes that could be 
phosphorylated on both PKA sites. The hemiphosphorylated CREB complexes were 
50% as active as complexes containing wild-type CREB. This result indicates that 
there may be three modes of activation for cAMP-regulated genes.

The lower activity of the hemiphosphorylated CREB dimer may reflect the 
orientation-dependant function of the transcription factor complex. To test this 
model we are using molecular modeling and site-directed mutagenesis to generate an 
asymmetric cAMP-regulated enhancer (CRE). Heterodimeric CREB complexes 
containing mutant and wild-type DNA-binding domains will bind to this site 
directionally, allowing the activities of oriented CREB complexes to be assessed in 
vivo. This approach will test one of the fundamental tenets of gene regulation -  that 
enhancers function in an orientation-independent manner.

Finally, the strategy of directing selective transcription factor pairing should be 
generally applicable to all CREB-related factors and should enable us to ascribe 
specific transcriptional properties to other heterodimer combinations.

97.5
"NETWORK" OF HELIX-LOOP-HELIX TRANSCRIPTION 
FACTORS IN EARLY NEUROGENESIS. T.Neuman. K.Suda.
A.Soosaar. H.O.Nornes.*  Dept. of Anatomy & Neurobiology, 
Colorado State University, Fort Collins, CO 80523.

Helix-loop-helix (HLH) transcription factors have important roles in 
different developmental processes. In the mouse, different HLH 
transcription factors are expressed in characteristic patterns during the 
formation of the central nervous system. The expression of four groups 
of HLH transcription factors (class I - ME1 (HEB, REB), ME2 (ITF-2) 
and E12; class П - NSCL; HES family - HES5; and Id-like - Id1, Id2) 
was analyzed during early stages of neurogenesis. All the studied 
transcription factors are expressed at high levels in proliferating 
neuroblasts. In differentiating neurons, the studied genes have a 
characteristic expression pattern for each cell type. In vitro studies 
demonstrate that all the above listed HLH transcription factors interact 
with each other. Their effect on transcription depends on the 
combination of interacting molecules. Over-expression or blocking the 
expression of a single HLH transcription factor causes changes in the 
rate of neuronal differentiation of teratocarcinoma PCC7 cells and 
reorganization of HLH transcription factor "networks". Analyses of 
promoter regions of studied HLH transcription factor genes reveal 
several functionally important E-box and N-box sequences. The 
hypothesis is that HLH transcription factors form a "self-regulatory 
network" which regulates important aspects of neurogenesis. 
(Supported by NIH grant NS21309-05 to HON)

97.7
ACTIVATION OF HSF1 BY HEAT SHOCK IS SUFFICIENT FOR 
TRANSCRIPTIONAL INDUCTION OF HSP90a, BUT NOT HSP70, IN Y79 
RETINOBLASTOMA CELLS. S. K. Маthur1. L. Sistonenl  L R. Brown2*. S.

Molecular Biology and Cell Biology, Northwestern University, Evanston, IL 
60208. 2 Dept. of Zoology, University of Toronto, West Hill, Ontario, MIC 
1 A4, Canada.

The heat-shock or stress response is a highly conserved cellular response to 
physiological stress. The basic features of the response are activation of a heat 
shock transcription factor (HSF) which mediates transcriptional induction of the 
heat shock genes and increased expression of the heat shock proteins (hsps). 
Although the heat shock response is considered to be ubiquitous, there are a 
number of reports suggesting Aere is some variability, boA in intensity and 
extent, often in a tissue-specific manner. Of particular interest are several 
studies on hsp expression in Ae brain which indicate Aat certain neuronal cells 
exhibit a diminished heat shock response shown by reduced hsp70 expression in 
hyperthermic animals. Our studies of a human neuronal-like retinoblastoma cell 
line (Y79), and two non-neuronal cell lines, a glioblastoma cell line (T98G) and 
cervical epithelial cell line (HeLa), reveal that hsp70 transcriptional induction is 
diminished in the Y79 cells despite effective heat shock induction of another 
heat shock gene, hsp90α . In fact, HSF1, Ae stress-inducible HSF, is shown to 
be activated and functional in Y79 cells by mobility shift assay, western blot 
analysis, and genomic footprinting which demonstrate Ae acquisition of DNA- 
binding activity, phosphorylation, and occupancy of Ae hsp90oc promoter, 
respectively. Thus, activation of HSF1 is insufficient for the transcriptional 
induction of hsp70 in Y79 cells.

97.4
A SEARCH FOR PROTEINS INTERACTING WITH 
TRANSCRIPTION FACTOR MEF2C IN HUMAN 
BRAIN BY A YEAST GENETIC SELECTION.
D. Krainc.* J. Gyuris. D. Leifer and S.A. Lipton. Departments of 
Neurology, Molecular Biology, and Genetics, Children's Hospital 
and Massachusetts General Hospital, Harvard Medical School, 
Boston, MA

We have recently identified a new transcription factor, MEF2C, 
that is predominantly expressed in brain cortex and skeletal muscle. 
In this work, we searched for proteins that interact with MEF2C in 
human fetal cortex by using a recently developed technique of yeast 
genetic selection (J. Gyuris et al., unpublished). As a first step, we 
constructed an oligo(dT) primed cDNA yeast expression library 
from mRNA isolated from human fetal cortex. This library 
conditionally expresses cDNA encoded proteins fused to an epitope 
tag, a nuclear localization sequence, and a B42 acidic activation 
domain. The library is introduced into a yeast strain that contains 
lexAop-LEU2 and lexAop-lacZ reporter genes. This strain also 
contains a plasmid that directs the synthesis of MEF2C fused to a 
lexA binding domain which directs efficient operator occupancy by 
the fusion construct, but does not activate transcription of the 
reporter genes. The transcription of the reporter genes is stimulated 
only if the library-encoded cDNA-B42 fusion protein specifically 
complexes with the lexA-MEF2C fusion protein. We identified 
several MEF2C-specific interactors from human fetal cortex that are 
being characterized.

97.6
IDENTIFICATION OF LIKELY TRANSCRIPTION INITIATION SITES FOR THE 
HUMAN MAO A GENE: NEW EVIDENCE FROM PCR-ASSISTED PRIMER 
EXTENSION AND RNASE PROTECTION ASSAYS. Richard M. Denney*, Sanat 
K. Dave and Ann Waguespack. Dept. of Human Biological Chemistry and Genetics, 
University of Texas Medical Branch, Galveston, TX 77550. The X-linked, MAO A 
gene exhibits cell type-specific expression which differs from the similar and closely- 
linked MAO B gene. Before investigating the regulatory properties of the MAO A 
promoter, it is essential that the transcription initiation site or sites be identified. To 
do this, we have characterized the 5' ends of MAO A mRNA from human brain and a 
colon tumor cell line. Standard primer extension experiments proved useless, and 
yielded different estimates for the 5' ends of human MAO A mRNAs for each primer. 
However, reverse transcripts encoding the 5' ends of MAO A mRNA molecules could 
be ligated to an anchor, amplified by PCR, and positively identified by Southern 
blotting. We observed multiple MAO A mRNA-specific primer extension products 
whose 5' ends were as close as -30, but no farther than -140 from the A (+1) of the 
ATG initiation codon. RNase protection assays showed that some but not all of these 
primer extension products correspond to 5' ends of MAO A mRNA. Zhu et al. (J. 
Neurosci. 12:4437, 1992) recently tested fragments of the human MAO A 5' flanking 
region for promoter activity. None of the constructs by Zhu et al. (1992) contained 
major transcription start sites which we have identified between -30 and -40. 
Furthermore, some of the constructs which exhibited apparent promoter activity did 
not contain any of the transcription start sites which appear from out analysis to be 
used in v iv o . Clearly, the role of DNA sequences in the 5' flanking region to activity 
of the MAO A promoter needs to be reexamined. [Supported by NS 19543.]

97.8
HEAT SHOCK FACTOR 1(HSF1) AND HSF2 ARE EXPRESSED 
DIFFERENTLY IN CULTURED HIPPOCAMPAL PYRAMIDAL NEURONS 
AND ASTROCYTES. C.J. Marcuccilli1*. S.K. Mathur2. R.I. Morimoto2. and R.J. 
Miller1. Depart, of Pharm, and Phys. Sci.1; Biochem., Mol. Bio. and Cell Bio.2, 
Univ. of Chicago1, Chicago, IL 60637, Northwestern Univ.2, Evanston, IL 60208.

In a previous study, we showed that cultured hippocampal pyramidal neurons 
(HIP) exhibited little heat shock response, whereas secondary cultured astrocytes 
(AST) did. We have now investigated the molecular basis for this effect. Western 
blot analysis of HIP neurons heat shocked for 60 min at 42.5°C and probed 3, 6 , and 
12 hrs later with an antibody which recognizes the inducible form of HSP 70 
demonstrated a lack of immunoreactivity. In contrast, AST treated in the same 
manner exhibited a clear response. Furthermore, we did not observe significant 
changes in HSP 90 levels in either cell type. Using polyclonal antibodies raised 
against heat shock transcription factors 1 (HSF1) and 2(HSF2), we have now 
demonstrated a lack of HSF1 immunoreactivity in HIP neurons when assayed with 
Western blot analysis. Immunoreactivity of HSF1 was clearly observed in AST. In 
contrast, Western blot analysis of AST and HIP neurons revealed immunoreactivity 
for antiHSF2 in both cell types. Immunocytochemical analysis of AST with 
antiHSFl revealed a predominantly nuclear localization with some cytoplasmic 
staining under control and mild heat shock(40.2°C) conditions. Immunocytochemical 
analysis of AST heat shocked for 60 min at 42.5°C revealed intense nuclear, with 
enhanced cytoplasmic, HSF1 staining. Preliminary resul ts  using a native gel 
mobility shift analysis with an oligonucleotide probe containing the heat shock 
element (HSE) revealed DNA binding activity in AST heat shocked for 60 min at 
42.5°C. Control AST and AST heat shocked at 40.2°C, a temperature where HSP 
70 induction is not observed, did not demonstrate HSE binding activity. To date, 
HSE binding activity has not been observed in HIP neurons. These results may 
explain why HSP 70 induction with heat is observed in AST but not HIP neurons.
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97.9

Developmental and T issu e -S p ec if ic  
Regulation of the Mouse Glutamic Acid 
Decarboxylase Gene /67KDa form/
1G, Szabo*,1 z . Katarova, 2E. M ugnaini· 3J. M ann.  1G, Sekerkova 

1Zs. Urban, and 4 R , G . Greenspan

1BRC, Institute of Biochemistry, Szeged, Hungary, 2Univ. of 
Connecticut, Storrs, C T ;3Beckman Res. Inst., City of Hope Med. 
Center, Duarte, CA; 4RIMB, Dept. of Neuroscience, Nutley, N.J.

The entire gene coding for the 67kDa form of the transmitter 
synthesyzing enzyme L-Glutamate decarboxylase /GAD/ in the 
mouse has been cloned and the exact exon-intron structure 
determined. The gene is comprised of 17 exons and spans over 60kb 
of genomic DNA. In addition to the 3.5 kb major transcript which is 
characteristic for the adult brain, a number of alternatively 
spliced forms exist that are regulated in a tissue specific and 
developmental manner. Multiple transcription start sites map to 
the 5' upstream region which resembles the promoter of a 
housekeeping gene. The transcriptional regulation of the gene was 
studied in transgenic mice carrying different portions of the 5' 
regulatory region. Detailed studies on the expression of the 
transgene provide important insights into the complex 
developmental and tissue specific regulation of the cognate gene.

9 7 .1 0

EXPRESSION OF A VIP - β-GALACTOSIDASE TRANSGENE. E.D. 
Lamperti, P.J. Tolentino and L. Villa-Komaroff*. Neurology Dept., 
Children’s Hospital, and Program in Neuroscience, Harvard Medical 
School, Boston, MA 02115.

We have used a transgenic mouse model to study the control of 
expression of VIP. This mouse line, generated by R. Goodman (Oregon 
Health Sciences U.), S. Fink (Mass. General Hospital), and colleagues, 
bears 2Kb of the 5’ flanking region of the human VIP gene coupled to ß- 
galactosidase. Transgene expression was found in presumptive bipolar cells 
in the cerebral cortex and in other CNS and peripheral locations consistent 
with the expression of the endogenous VIP gene, but was greater than 
expected in hippocampus and retina, and was absent in the suprachiasmatic 
nucleus. The transgene does not respond to some stimuli (estrogen injection 
and nerve section) that cause significant induction of VIP. We used 
modifications of the polymerase chain reaction (PCR) with synthetic RNA 
standards to quantitate VIP and transgene mRNAs. Levels of endogenous 
VIP message are comparable in hippocampus (~5  x 105 molecules per μg 
total RNA) and duodenum (~3  x 105 mol/μg), but transgene mRNA is 
relatively much more abundant in hippocampus (2 x 105 mol/μg, vs. 1 x 
104 mol/μg in duodenum). Observed deviations of transgene expression 
from that of the endogenous VIP gene may be caused by species-specific 
differences in the sequences in the 5’ flanking region of the gene that 
control transcription, or by absence of control elements in the 2Kb 
fragment used in the transgenic construct; other sequences absent from the 
transgene might have a tissue-specific effect on the stability of endogenous 
VIP mRNA.

N E U R A L -IM M U N E  IN T E R A C T IO N S : C Y T O K IN E  E F F E C T S  O N T H E  N E R V O U S  S Y ST E M

98.1
LOCALIZATION O F T U M O R  N E C R O S IS  F A C T O R  R E C E P T O R  
MESSENGER R N A  IN  T H E  C E N T R A L  N E R V O U S  S Y ST E M  A N D  
PITUITARY G LAN D O F T H E M O U SE. E.T. Cunningham. Jr.*.1 P.P. 
Sanna.2 S. Liu.1 F.E .Bloom 2and T.P. Margolis1· Department of 
Ophthalmology, UCSF, San Francisco, CA, 94143,1 and Department of 
Neuropharmacology, Scripps Research Foundation, La Jolla, CA, 92037.2

In situ hybridization of 3^S-labeled cRNA probes was used to 
investigate the distribution of cells expressing mRNA encoding the p60 
and p80 subtypes of the tumor necrosis factor receptor (TNF-R) in the 
central nervous system (CNS) and pituitary gland of the mouse. 
Riboprobes were derived from previously characterized murine full-length 
cDNA species provided by Immunex Corporation. In situ hybridization 
for both TNF-R subtypes produced an intense autoradiographic signal 
over the arachnoid layers of the meninges, and a moderately dense signal 
over the choroid plexus. A weak signal for p80, but not p60, TNF-R 
mRNA was also observed over neurons in the hippocampus, including 
both the pyramidal cell layer and the granule cell layer of the dentate 
gyrus. No autoradiographic signal above background was observed for 
either TNF-R subtype over the pituitary gland. Signal over control 
sections hybridized with sense p60 and p80 TNF-R cRNA probes was 
comparable to background. The observed distribution of p60 and p80 
TNF-R mRNA over the arachnoid layers of the meninges and over the 
choroid plexus supports studies demonstrating a profound effect of TNF 
on blood-brain-barrier permeability. The presence of low-level p80 TNF-R 
mRNA over neurons in the hippocampal formation further suggests that 
TNF itself may have direct central neural effects.

Partially supported by grant # MH47680.

98.3
INDUCTION OF INTERLEUKIN-1 IN VARIOUS BRAIN REGIONS AFTER 
PERIPHERALAND CENTRAL INJECTIONS OF LIPOPOLYSACCHARIDE.
N. Ouan*. S.K. Sundar and J.M. Weiss. Laboratory of Behavioral Neuroscience 
and Neuroimmunology, Emory University School of Medicine, Georgia Mental 
Health Institute, 1256 Briarcliff Road, NE, Atlanta, GA 30306.

The presence of bioactive interleukin-1 (IL-1) in various brain regions 
(cerebellum, cortex, brainstem, diencephalon or hippocampus) after either 
intraperitoneal (ip) or intraventricular (icv) injection of lipopolysaccharide (LPS) 
was studied in the rat. To detect IL-1, extracellular fluid and cell lysate were 
fractionated by gel exclusion chromatography and fractions tested for thymocyte 
stimulation; presence of IL-1 was confirmed by blockade of stimulation by addition 
to the assay of a monoclonal antibody (Mab) to IL-1 receptor. When LPS was 
infused icv, IL-1 was detected in the brainstem and diencephalon 2 hours after 
injection, and in all the brain regions except cerebellum 6  hours after injection; IL- 
1 was not detected in the plasma of these animals. When LPS was injected ip, IL- 
1 was detected in the plasma but not in the brain 2  horns after the injection, and 
in all brain regions but not in the plasma 6  hours after the injection. In all of 
these cases, IL-1 was found in extracellular fluid; in some cases (cortex, 
cerebellum) cell lysate of the region produced no bioactivity, thereby indicating 
that IL-1 in these brain regions is processed to active peptide during release, as 
has been reported in the periphery. In those cases where bioactivity was detected 
in cell lysate (brainstem, diencephalon), bioactivity was not blocked by IL-1 
receptor Mab, indicating presence of a non-IL-1 stimulating factor. These results 
further support the idea that IL-1 is secreted by cells in the brain, and indicate that 
it is found in the extracellular fluid of many brain regions following an appropriate 
stimulus in the periphery as well as in the brain. This research was supported in 
part by the National Institutes of Mental Health (MH50420).

9 8 .2

CEREBRAL OVEREX PRESSIO N  OF IN T E R L E U K IN -6  OR 
INTERFERON-a i INDUCES DISTINCT NEUROPATHOLOGY IN 
TRANSGENIC MICE. I.L. Campbell. L. Mucke and K. Sandberg. Dept. 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

Cytokines, including IL-6 and IFN-α are a diverse group of pleiotropic mediators 
with many overlapping as well as distinct neuroregulatory actions, whose 
expression is increased in a variety of infectious, autoimmune and 
neurodegenerative disorders. In order to assess and compare the neuropathogenic 
properties of cytokines, in the present study we used a transgenic approach to 
overexpress IL-6  and IFN-α i in the CNS of mice.

Expression of IL-6 or IFN was targeted to astrocytes in the transgenic mice by 
placing either cytokine gene under the regulatory control of a glial fibrillary acid 
protein genomic expression vector. In transgenic mice, expression of the 
transgene-encoded product was determined by northern blot analysis on brain poly 
A+ RNA using 32P-labeled EL-6 or IFN-α1 cDNA probes. High levels of cerebral 
cytokine expression produced mice with a severe neurological disorder 
characterized by ranting, reduced activity, ataxia and early death (EL-6  and IFN) 
and seizures (IL-6). Similar, but far less severe features were also observed in 
lower expressor IL-6 tg but not IFN tg mice. Neuropathological changes in EL-6 tg 
mice included scattered perivasculitis in cerebellum, marked astrocytosis and 
angiogenesis concordant with increased GFAP and von Willebrand factor 
expression respectively, and overexpression of the acute phase protein-murine 
related (α1-antichymotrypsin (ACT). In contrast, IFN tg mice had diffuse 
encephalitis with focal areas of necrosis, increased expression of both the major 
histocompatibility complex class 1 and 2,5-oligoadenylate synthetase genes, but 
little or no astrocytosis, angiogenesis or increased ACT expression.

We conclude, cerebral overexpression of IL-6  or IFN alone is sufficient to induce 
neurological disease having distinct neuropathology reflecting the unique actions of 
these two cytokines. These models will be extremely valuable in further dissecting 
the role of these cytokines in neuropathogenesis. Supported by USPHS grant 
MH50426-01 to ПХ.

9 8 .4

LEUKOPENIA REDUCES BLOOD-BRAIN BARRIER (BBB) 
DAMAGE IN ACUTE CEREBRAL INFLAMMATION. Warren 
Lo* and Phillip Clair. Dept Pediatrics, Ohio 
State Univ. Columbus, OH 43205

Immunotherapy is being developed as a power
ful tool to treat acute inflammatory CNS dis
ease. While inhibition of inflammation reduces 
BBB damage, the magnitude of reduction has never 
been quantified. We treated rats with cyclo
phosphamide to deplete circulating leukocytes 
before inducing acute, sterile, cerebral inflam
mation, and we quantified BBB damage with AIB 
autoradiography. Peripheral leukocytes dec
reased to 5% of baseline values. BBB damage was 
greatest 3 days after inoculation, and was 
confined to the inoculation site. Leukopenia 
reduced BBB damage to 0.0097 +/- 0.0034 mls/gm/- 
min (n=4) compared with untreated inflamed 
controls 0.0175 +/- 0.0039 (n=3) (p<0.04).

Inhibition of the leukocyte response reduces 
acute BBB damage by 45%. Our data suggest that 
the inhibition of leukocyte trafficking should 
be developed to reduce the vascular damage 
occurring in acute CNS inflammatory disease. 
The effect, however, is partial, and complete 
suppression of BBB damage may require a multi
faceted approach. (NIH NS K08-01235)
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98 .5
SECOND MESSENGER SYSTEMS INVOLVED IN THE 
REGULATION OF IL-lα AND TNFα SECRETION BY BV-2 
IMMORTALIZED MICROGLIA. P.L. Wood* and C. Pilapil. 
Depts. of Pharmacology and Molecular Neuro
biology, Mayo Clinic Jacksonville, Jacksonville, 
FL 32224.

Microglia, the resident macrophages of the 
brain, secrete a number of mediators involved in 
neural-immune function. The cytokines, IL-lα and 
TNFα , are two such factors which are stored as 
inactive precursor molecules requiring post- 
translational proteolytic processing prior to 
release. From investigations of potential second 
messenger pathways involved in secretion of these 
proteins, we have demonstrated that the protein 
kinase inhibitor, H 7 , blocks the induction of 
TNFα secretion induced by LPS. Consistent with 
these observations, we found that the weak PKC 
activator, mezerein, induced TNFα secretion which 
was blocked by H 7 . In contrast, PKC activation by 
mezerein did not induce IL-lα secretion, while H7 
potentiated LPS-dependent IL-lα secretion. In the 
case of, the phosphatase inhibitor, okadaic acid, 
secretion of both cytokines was induced, 
indicating that protein phosphorylation is 
important for the induction of both IL-lα and 
TNFα secretion but only in the case of TNFα is 
PKC involved.

9 8 .7
ADMINISTRATION OF INTERLEUKIN-l β (IL -lβ) ELEVATES 
PLASMA ACTH AND CORTICOSTERONE LEVELS IN RATS 
DURING THE STRESS HYPORESPONSIVE PERIOD. M .P . 
O ’G radv*. J . O liver and N.R.S. Hall. Dept. of Psychiatry, 
Univ. of South F lorida Coll, of Medicine, Tampa, FL 33613 

When compared to adults, several research groups have reported that rat pups 
have either no response or a blunted adrenocorticotrophin (ACTH) and 
corticosterone (B) response to most stressors between postnatal days 3-14. 
This is known as the "stress hyporesponsive period (SHRP).” The purpose of 
the present study was to (a) determine if the administration of interleukin-l β 
(IL-lβ) to suckling rats leads to elevated plasma ACTH and В levels during the 
SHRP, and, if so, (b) to characterize that ACTH and В response. This time 
point is important for several reasons: (1) Viruses and bacteria are ubiquitous 
providing frequent occasions for immunological challenge. Although 
newborns are capable of endogenous EL-1 production, suckling animals have 
not yet attained the immunocompetence of adults. (2) Our group and others 
have observed that viral infection, an inducer of IL-1 production, is associated 
with elevated ACTH and В levels. (3) Early exposure to В can alter 
developmental processes (e.g., brain maturation, responsiveness to stressors as 
adults, etc.). The results of several experiments using Sprague-Dawley rats 
will be discussed. The first experiment established a dose-response curve 
(range = 5 μg - 5000 μg IL-lβ/g BW). The temporal kinetics of the ACTH 
and В response following IL-lβ administration was determined in the second 
experiment (range = 0 .5 -8  hr.). The ontogeny of the ACTH and В response 
to IL-lβ was examined in the third experiment (range = postnatal day one - 7 
weeks of age). ACTH and В levels were elevated in a dose-dependent, time- 
dependent and age-dependent manner following EL-Iβ injection of suckling 
rats. These results will be discussed in terms of biological relevance and the 
concept of a "stress hyporesponsive period." This project was supported by 
the Immunex Corp., James Haley VA Hospital and a NIH grant (DK41025).

9 8 .9
S T R E S S -IN D U C E D  H Y P E R T H E R M IA  IS  P A R T IA L L Y  
M E D IA T E D  B Y  IN T E R L E U K IN -1  (IL -1  ). S . K E N T *. K .W . KE LLE Y  
a n d  R. D A N T Z E R . IN S E R M  U .1 7 6 ,  ru e  C a m ille  S a in t-S a ë n s , 
3 3 0 7 7  B o rd e a u x  C e d e x , F R A N C E  (S K  a n d  R D ); D e p t.  o f  
A n im a l S c ie n c e s , U n iv . o f  I llin o is ,  U rb a n a , IL  6 1 8 0 1  (K W K ).

P s y c h o lo g ic a l s tre s s  re s u lts  in  a n  a c u te  rise  in  b o d y  
te m p e ra tu re  (T b) in  ra ts ,  ra b b its ,  a n d  h u m a n s . T h is  
h y p e r th e rm ia  has  b e e n  h y p o th e s iz e d  to  be  a fe v e r ;  i t  c a n  be 
a t te n u a te d  b y  c y c lo o x y g e n a s e  in h ib i to rs  a n d  re s u lts  in  an  
in c re a s e  o f  p la s m a  IL -6  a c t iv i ty .  T ru e  fe v e r  is  t h o u g h t  to  be 
m e d ia te d  b y  th e  re le a se  o f  IL-1 a n d  o th e r  c y to k in e s .  
T h e re fo re ,  w e  te s te d  th e  a b i l i ty  o f  a n  e n d o g e n o u s  IL-1 
re c e p to r  a n ta g o n is t  ( IL -1 ra )  to  a t te n u a te  th e  in c re a s e  in  T b  
o b s e rv e d  d u r in g  a m ild  r e s tra in t  s t re s s .  A d u lt  m a le  ra ts  w e re  
in je c te d  i.p .  w i th  e ith e r  IL -1 ra  ( 1 .5  m g /k g ) ,  th e  ß -a d re n e rg ic  
b lo c k e r ,  p ro p ra n o lo l (2 .5  m g /k g ) ,  b o th  IL -1 ra  a n d  p ro p ra n o lo l,  
o r  0 .9 %  N aC I 4 0  m in  b e fo re  b e in g  p la c e d  in  p la s t ic  re s tra in t  
tu b e s  fo r  4 0  m in . P re - tre a tm e n t w i th  IL -1  ra a t te n u a te d  th e  
p e a k  in c re a s e  in  T b  o b s e rv e d  in  s a l in e - in je c te d  c o n t r o ls  b y  
a p p ro x im a te ly  6 0 %  ( p < 0 . 0 1 )  a n d  th e  fe v e r  in d e x  fo r  th e  
e n t ire  s t re s s  p e r io d  b y  7 5 %  ( p <  0 .0 0 1 ) .  P ro p ra n o lo l w a s  
in e f fe c t iv e  a n d  d id  n o t  c o n t r ib u te  to  th e  e f fe c t  o f  IL - 1 r a . W e  
a re  c u r re n t ly  te s t in g  th e  a b i l i ty  o f  th e s e  c o m p o u n d s  to  b lo c k  
s t re s s - in d u c e d  h y p e r th e rm ia  w h e n  a d m in is te re d  c e n t ra lly .

9 8 .6
REGULATION OF NICOTINIC RESPONSES BY CYTOKINES IN 
SYMPATHETIC NEURONS. B. Soliven* and N. Wang. Dept. of 
Neurology and The Brain Research Institute, The University of 
Chicago, Chicago, IL 60637

Cytokines exert multiple effects on cellular functions, including 
modulation of activity of hypothalamic-pituitary axis. We studied the 
effects of rat γ-interferon (γ-IFN) and recombinant human tumor 
necrosis factor- а  (rhTNF-α) on norepinephrine (3H-NE) secretion in 
cultured neonatal rat superior cervical ganglia (SCG) neurons. DMPP 
(2 μΜ), a nicotinic agonist, was used to evoke secretion for 10 min. 
Exposure to γ-IFN (200 U/ml) or rhTNF-α  (1.4 nM) or both for 48 
hrs had no effect on DMPP-induced secretion in SCG neuronal 
cultures. In the presence of non-neuronal cells (SCG mixed cultures), 
incubation with γ-IFN (200 U/ml) plus rhTNF-α  (1.4 nM) for 48 hrs 
resulted in increased DMPP-evoked secretion. DMPP-evoked 
secretion was 8.2 + 0.3% (n=10) in untreated mixed cultures and was
11.2+ 0.5% (n=8) in mixed cultures treated with both cytokines. 
RhTN F-a (1.4-4.2 nM) or γ-IFN (200-800 U/ml) alone had no effect 
on secretion. We recorded DMPP-induced currents from SCG 
neurons using the whole-cell patch-clamp technique. At 10 μΜ 
DMPP, the current density was 81.5 + 10 pA/pF (n=9) in neurons 
exposed to both cytokines as compared to 48.1 + 9.5 pA/pF (n=10) in 
untreated neurons. We conclude that: 1) the synergistic effect of 
rhTNF-α  and γ-IFN on DMPP-evoked secretion is mediated at the 
level o f nicotinic receptors; 2) the effect is likely to be indirect since 
it is observed only in the presence of non-neuronal cells.

9 8 .8
POTENT INHIBITION OF GASTRIC EMPTYING BY 
INTRACISTERNAL (IC) INJECTION OF INTERLEUKIN-lβ 
(IL-lβ ) . G. Süt6. Á. Kirâly . D. Novin*+ . Y. Taché. 
UCLA/CURE Digestive Disease Center, VA, Wadsworth 
Medical Center, Department of Medicine and 
Psychology*, UCLA, Los Angeles, CA 90073

The influence of IL-lβ injected IC on 
gastric emptying of non-nutrient test meal was 
investigated in conscious rats. IC injection of 
IL-lβ (0.01-1.0 ng/rat) dose dependently 
decreased gastric emptying. The delayed gastric 
emptying induced by IL-lβ had rapid onset (5 min) 
after IC injection and was long lasting (3 h) . 
IL-lβ -induced decreased gastric emptying was 
completely prevented by IC interleukin-1 receptor 
antagonist (0.1 μ g / r a t ) , IP indomethacin (5 
mg/kg), IC TRH analog (30 ng/rat) and partially 
by IC CRF antagonist (20 μ g /rat) . None of the 
treatments alone influenced gastric emptying. 
These results indicate that IC IL-lβ acts 
centrally to induce long lasting inhibition of 
gastric emptying of non-caloric test meal. The IC 
action of interleukin-lβ is mediated by specific 
interleukin-1 receptors, and prostaglandin and 
CRF pathways most likely modulating vagal outflow 
to the stomach.

98 .1 0
CHRONIC MORPHINE TREATMENT ATTENUATES ACTIVATION OF 
FOS EXPRESSION IN THE RAT HYPOTHALAMUS. S .L  Chang*. J.E . 
Zadina1. Y.F. Niu, and J. Thompson2. Dept. of Physiology and 
Neuroscience Ctr. of Excellence and 2Microbiology, LSU Med. Ctr., 
New Orleans, LA, 70119, and 1VA Med. Ctr. and Tulane Med. Sch., 
New Orleans, LA, 70146.

Both intracerebroventricular (i.c.v.) injection of lnterleukin-1 and 
acute morphine treatment (i.c.v. and s.c.) have been shown to induce 
FOS expression in the rat hypothalamus, particularly in the 
paraventricular (PVN) and supraoptic (SON) nuclei (Chang et al., 
Brain Research, in press, 1993 and unpublished data). The PVN and 
SON have been suggested to be involved in a neuro-endocrine- 
immune axis. in this study, we examined the effects of chronic 
morphine treatment on FOS activation by acute i.c.v. injection of 
lnterleukin-1 or morphine. The chronic morphine pretreatment 
consisted of 2 pellets on the first day and 4 pellets on the second 
day, 75 mg morphine sulfate/pellet. This regimen has been shown to 
induce a high degree of tolerance and dependence. The chronic 
morphine treatment markedly decreased the induction of FOS  
immunoreactivity by either IL-1 (a and в) or morphine sulfate in the 
hypothalamic PVN and SON nuclei. These data suggest that 
attenuation of FOS expression in the hypothalamus may be a 
mechanism by which morphine tolerance and dependence affects the 
neuro-endocrine-immune axis. (Supported by a grant from LSU  
Neuroscience Center, S LC  and JT; NIH DA07058 and DA 05909, S LC  
and VA Merit Review, JEZ).
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99.1
PROTEIN PHOSPHATASE INHIBITORS AND TAU 
DEPHOSPHORYLATION IN HUMAN AND RAT BRAIN 
SLICES: EVIDENCE FOR ACTIONS ON BOTH TAU AND 
MAP. KINASE PATHWAYS. G.A. Oyler, T.D. Garver. K.A. 
Harris and M.L. B illingsley*. Dept Pharmacology, Penn 
State Univ. College of Medicine, Hershey PA 17033

Recent studies indicated that abberantly phosphorylated 
tau forms paired helical filaments (PHF) of Alzheimer's 
disease. Several protein kinases including MAP kinases, 
phosphorylate tau; protein phosphatases PP2A and PP2B 
(calcineurin) dephosphorylate tau. Incubation of rat and 
human brain slices with the phosphatase inhibitor okadaic 
acid (OK; 10 μΜ) induced formation of PHF-tau; these forms 
were not seen with lower concentrations (100 nM) of OK. In 
order to determine whether PP2B was responsible for tau 
dephosphorylation, rat and human brain slices were
incubated with FK-506 and FK-520 (5 μΜ) alone and in 
combination with OK. Inhibition of PP2B with FK-520 or FK- 
506 produced modest slowing of tau mobility; however, 
combined treatment with OK (100 nM) and FK-520 (5 μΜ ) 
produced patterns of tau mobility identical to those caused 
by 10 μΜ OK. This suggests that both PP2B and PP2A must be 
inhibited to form PHF-tau, and that tangle formation may 
involve both activation of MAP kinase and inhibition of tau 
dephosphorylation. Supported by grants from the
American Health Assistance Foundation.

99.3

LEVELS OF ABNORMALLY PHOSPHORYLATED TAU IN 
ALZHEIMER DISEASE BRAIN AND CSF. T.Kudo1*. O.Wu1, 
SGreenberg2, K.Iqbal1.1.Grundke-Iqbal1 N YS Inst. for Basic Res. 
in Develop. Disabilities, Staten Island, N Y  10314, 2thе W. M. 
Burke Medical Res. Inst., White Plains, N Y  10605.

In Alzheimer disease (A D ), the major protein subunit o f paired 
helical filaments (PHF) is abnormally phosphoiylated tau (ADP- 
tau). Therefore we investigated whether the level o f ADP-tau in 
CSF can be employed as a marker o f A D. To measure ADP-tau, 
we developed a capture ELISA with monoclonal antibody PH F-1 . 
This antibody reacts with human tau only if serine 396 is 
abnormally phosphorylated. Antibody PHF-1 was used as capture 
antibody and polyclonal rabbit antibodies to normal and abnormal 
tau used as indicator antibodies. The capture assay detected only 
abnormal tau and did not react with normal tau. The level of  
ADP-tau in A D  brain homogenates was significantly higher than 
in aged control homogenates. But, in CSF, its level was at or 
below 0.5 ng/100 μl. In contrast, our previous study showed 
several-fold higher levels o f ubiquitin, a minor component o f PHF, 
in CSF of AD cases. These findings suggest that, unlike ubiquitin, 
only very little if any ADP-tau is released from brain into the CSF 
in AD.

99.2

A G E - R E L A T E D  A C C U M U L A T IO N  O F  A  M IT O C H O N D R IA L  
D N A D E L E T IO N  IN HUM AN  B R A IN  A N D  
H Y P E R P H O S P H O R Y 
LA T IO N  O F  HUM AN  T A U  B Y  T H E  A T P - R E G U L A T E D  
P R O T E IN  K IN A S E  P K 4 0 e rk . V .M . Ingram * an d  B .J . B la n ch a rd . 
D ept. of Biology, M .I.T ., C am b rid g e , M A ,0 2 1 3 9 .

W e have quantitated the well-known 4,977bp deletion in 
mitochondrial DNA, one of many expected deletions, in human cortical 
brain tissue from controls older than 56 years and from Alzheim er 
individuals. W e employed quantitative P C R  using a very sensitive  
detection device (with help from Dr. L. Lerman, MIT) to give a linear 
response at low concentrations of the deletion. The levels are equal in 
controls and AD and reach approximately 0.13% , much lower than 
recently reported by Corral-Debrinski et al. (1992) for control subjects. 
The deletion w as not detectable in fetal brain tissue, in placenta or 
even in blood from 80-year old individuals (a dividing tissue).

Previously we found (Roder & Ingram, submitted) that 
PK40erk can hyperphosphorylate Tau to give Alzheimer-like 
PH F-Tau. Addition of PK 40erk to recombinant human hTau40, 
already phosphorylated to saturation by PKA, adds additional 
phosphates, causing further reduction of electrophoretic mobility 
and producing de novo immuno-epitopes for mAbs SMI-34 and 
SMI-31, as seen in Alzheim er tangles. This 
hyperphosphorylation is strongly inhibited by free A TP , unlike 
the PKA activity. The hyperphosphorylation of Tau by P K 40erk , 
which is normally inhibited by high A TP , may play a role in AD  
and in aging when A T P  levels are known to be reduced.

99.4

ACQUIRED THERMOTOLERANT NEURONAL PC12 CELLS ARE MORE 
RESISTANT TO HEAT SHOCK. B.A. Kirhy*. C.R. Merril1. W.C. Wallace1. 
Molecular Geriatrics, Lake Bluff, IL 60044. *Lab of Biochemical Genetics, NIMH, 
Washington DC 20032.
Cells conditioned by a mild stress are subsequently more resistant to a severe stress. 
When the stress is heat, this phenomenon is referred to as acquired thermotolerance 
(ATT). Heat shocked neuronal PC12 cells display the classic heat shock response 
including inhibition of normal protein synthesis, synthesis of stress proteins (SPs), 
and loss of neurites. We tested whether neuronal PC12 cells could be made more 
resistant to heat shock by ATT. Cells were grown at 37C. NonATT cells were 
exposed to a heat shock (45C for 30min). ATT cells were exposed to a mild stress 
(43C for 90min) returned to 37C for 4Һ and then heat shocked. At various times 
during recovery from heat shock, control, nonATT and ATT cells were analyzed for 
protein- and SP- synthesis, and morphology, specifically, the presence or absence of 
neurites on the cells. In nonATT cells, maximum recovered protein synthesis 
occurred by 24Һ (30±6% of control cpm/ug protein) whereas in ATT cells, 
maximum recovery occurred by 6Һ (69±29%). In nonATT cells, SPs, specifically 
SP72, was first expressed 4Һ after heat shock whereas in ATT cells, SP72 was 
expressed immediately after heat shock. In nonATT cells, neurites did not 
significantly reappear until 6Һ after heat shock (18±8% of control) whereas in ATT 
cells, neurites had reappeared by 2Һ (69±22%). The drug, AZC, which disrupts SP 
function, was included during the conditioning and heat shock to determine whether 
ATT was due to SP function.“ In AZC-treated cells, protein synthesis did not 
recover nor did neurites reappear although SPs were expressed as before. Therefore, 
ATT requires the presence of functional SPs. According to this model system, 
neurons can be rendered more resistant to stress by ATT.

99.5
STRESS PROTEINS PREVENT THE PHOSPHORYLATION OF TAU TO 
FORM A68 IN NEURONAL PC12 CELLS. W C  Wallaсе* 1B.Α. Kirbv. C.R. 
Merril Lab. Biochem. Genetics, NIMH, Washington DC 20032 and 1Molecular 
Geriatrics, Lake Bluff, IL 60044.

Previously, we have shown that heat shock of neuronal PC12 cells results in 
the transformation of tau to A68  by an alternative phosphorylation. Within the 
heat shocked cells, we found that tau which complexed with the stress protein, 
SP72, was not transformed to A6 8 . These results suggest that SP72 acts to 
protect tau from the stress related phosphorylation. To test this hypothesis, we 
used PC12 cells that had acquired thermotolerance (ATT) by prior conditioning 
(43 C for 90 min) and thus expressed stress proteins prior to the heat shock (45 
C for 30 min). Such ATT cells recovered from the effects of the heat shock (37 
C) much more rapidly than nonATT cells (Kirby et al., this meeting). Up to 4 
hours after heat shock, the ATT cells expressed SP72 and tau remained in its 
normal form. After 6  hours, the ATT cells no longer expressed SP72 and tau 
was transformed to A68 . On the other hand, nonATT cells required 4-6 hours 
after heat shock to express SP72. Only after this period did A68  return to the 
normal form of tau. The presence of neurites followed an identical time course 
to the SP72 expression after heat shock for both ATT and nonATT cells. Thus, 
after heat shock, cells expressing SP72 contained normal tau and exhibited 
normal neurites while cells not expressing SP72 contained A68  and did not 
exhibit neurites. In the presence of AZC, a drug which disrupts stress protein 
function, A68  was present and neurites were absent in ATT ceils despite the 
expression of SP72. These results indicate that functional SP72 protects tau 
from a stress related alternative phosphorylation.

99.6
OKADAIC ACID INDUCES REVERSIBLE NEURONAL DAMAGE AND 
ANTIGENICITY FOR PHF-LIKE TAU IN CULTURED HIPPOCAMPAL 
NEURONS. F. Malchiodi Albedi and A.C. McKee*. Massachusetts General 
Hospital, Boston, MA 02114

Phosphorylation and dephosphorylation are key factors regulating the structural 
integrity of microtubules, neurofilaments, and microtubule associated proteins 
(MAPs). Paired helical filaments (PHFs), the major fibrous element of the 
neurofibrillary tangles (NFTs) found in Alzheimer’s disease (AD), are composed 
of abnormally phosphorylated isoforms of the MAP, tau, known as PHF-like tau. 
PHF-like tau is distinguished from normal tau by reaction with certain antibodies 
including the monoclonal antibody, AT8 (Innogenetics, Belgium) and Alz 50 
(P.Davies). The kinase that phosphorylates tau protein in a manner similar to that 
found in AD has been shown to be a mitogen-activated kinase which 
phosphorylates Ser-РГо and Thr-Pro motifs. Of the Ser/Thr protein phosphatases 
found in mammalian tissues, only 2A (PP2A) dephosphorylates PHF-like tau. 
Okadaic acid (OKA) is a specific and potent inhibitor of PP1 and PP2A; at doses 
of 0.1-1.0 nM OKA inhibits only PP2A. We prepared low density dissociated 
cultures of fetal rat hippocampal neurons on coverslips supported by a glial 
monolayer. After 2 days in culture, the coverslips were transferred to medium 
containing .01 nM, 1.0 nM, or no OKA. No changes were found in neurons 
exposed to .01 nM OKA at 1 and 5 hrs, to 1.0 nM OKA at 1 hr, or in controls. At 5 
hrs in 1.0 nM OKA, neurons showed retraction and beading of their neurites and 
markedly increased AT8 immunoreactivity in the perikarya, dendrites and axons. 
Alz 50 immunostaining produced similar but lesser changes. Cultures allowed to 
recover for 24 hrs on glial monolayers regained normal morphology and showed 
only mild AT8 immunoreactivity restricted to a defined region in the cell body, as 
in control neurons. The data suggest that OKA induces reversible damage in 
hippocampal neurons associated with intense antigenicity for PHF-like tau. 
Inhibition of endogenous phosphatases in cultured neurons may recreate the 
phosphorylation milieu of AD and serve as a model of NFT formation in vitro.
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99.7
CYTOSKELETAL ALTERATIONS DEMONSTRATED BY THE 
ANTIBODY AT8. EARLY SIGNS FOR THE FORMATION OF 
NEUROFIBRILLARY TANGLES IN MAN. E. Braak* H. Braak.
E.-M. Mandelkow0. Department Anatomy, J.W.Goethe University, 
D-6000 Frankfurt/M.70; °Max-Planck-Unit for Structural Molecular 
Biology, D-2000 Hamburg 52

The monoclonal antibody AT8 1 recognizes two Ser-Pro motifs 
(Ser 199 and 202) in abnormally phosphorylated tau protein2. We 
studied cortical tissue from 20 normal individuals (age 44-89 years). 
Cases devoid of silver-stained Alzheimer neurofibrillary changes 
revealed a few AT8 immunoreactive pyramidal cells in the 
transentorhinal region with a quite normal appearance like in Golgi- 
impregnations. Other cases contained small to modest numbers of 
silver-stained neurofibrillary tangles3 in the entorhinal cortex (stage
I-III4) and presence of many AT8-positive pyramidal neurons; these 
immunostained neurons showed homogeneously stained rods within 
the soma and conspicuous abnormalities in their distal dendritic parts 
in the form of curled branches and appendages with multiple 
thickenings. Subsequent silver staining showed that these cells 
contained mature neurofbrillary tangles. We conclude that AT8 
labels not only tangle bearing nerve cells but also nerve cells in a 
"pretangle" stage, i.e. with evenly distributed abnormally 
phosphorylated protein tau prior to tangle formation.
Supported by the Deutsche Forschungsgemeinschaft 
1Mercken et al., Acta neuropath. 84, 265-272, 1992 
2Biemat e t  al., EMBO J. 11, 1593-1597, 1992 
3Galiyas, Acta Morphol.Acad.Sci.Hung. 19,1-7, 1971 
4Bгаак and Braak, Acta neuropath. 82, 239-259, 1991

99.9

NEUROFIBRILLARY DEGENERATION IN ALZHEIMER'S DISEASE: 
SEQUENTIAL CHANGES IN THE STRUCTURE OF PAIRED HELICAL 
FILAMENTS AND TAU. W. Bondareff* Dept. of Psychiatry, 
Univ. of So. Cal. Med. School, Los Angeles, CA 90033.

Neurofibrillary degeneration is characterized by 
the occurrence of numerous neurofibrillary tangles 
(NFT), especially in hippocampus. Antibodies to 
different epitopes of tau protein were used to track 
sequential changes in NFTs resulting from Pronase 
digestion, which appear to mimic those occurring in 
vivo during the course of degeneration. Three stages 
of degeneration, each characterized by a different 
type of NFT, were identified and characterized 
immunohistochemically.

Type 1 NFTs are intracellular. They are labelled 
by antibodies directed against the N-terminus, C- 
terminus, and repeat regions of tau. Loss of the N- 
terminus in the transition of intracellular to 
extracellular NFT, characterizes Type 2 NFTs. Type 3 
NFTs are labelled by antibodies against the C-terminus 
and repeat regions.

These findings suggest a topographic relationship 
between the macromolecular (paired helical filament) 
structure of NFTs and tau. They suggest that the 
three stages of neurofibrillary degeneration can be 
understood as a progressive dissection of paired 
helical filaments coupled with sequential cleavage of 
tau protein and associated with death of neurons.

99.11

REGIONAL PATTERNS OF HIPPOCAMPAL NEURONAL LOSS ASSOCIATED 
WITH AGING AND ALZHEIMER’S DISEASE (AD). Ī.C. Troncoso*1. M.Į. West2 
and P.D. Coleman3. The Johns Hopkins Univ. Sch. of Med., Balto., MD 21205, 
University of Aarhus, Denmark, and 3University of Rochester, Rochester, NY 
14627.

Using modem stereological techniques, we have estimated the total number 
of neurons in major subdivisions of the hippocampal formation of a small 
sample of patients (n=7) with clinically diagnosed and pathologically confirmed
AD. Estimates made in the dentate granule cell layer, hilus of the dentate 
gyrus, CA3-2, CAI, and subiculum of affected individuals were compared with 
those made in 32 nondemented patients that ranged in age from 13-85 years 
of age. In nondemented patients, there were age-related losses of neurons in 
the hilus and subiculum, 31% and 52% respectively, over the ages studied. 
Only in CAI was the total number of neurons of AD patients consistently lower 
than those of the age-matched nondemented patients. In all other 
hippocampal subfields, estimates made in AD and age-matched nondemented 
patients overlapped. These preliminary findings suggest that there is a 
qualitative difference in the regional pattem of neuronal loss associated with 
aging and AD and that the mechanisms involved in the loss of neurons in the 
hippocampal formation of AD patients may be different from those related to 
normal aging.

99.8

S T A T H M IN  (P 1 9 ) AS A M A R K E R  FO R  A L T E R E D  
S I G N  A L  T R A N S D U C T IO N  IN  A L Z H E IM E R ’ S 
D ISEA SE. T. Saitoh*. L.-W. Jin. D. limoto. M. Sundsmo. E. 
Masliah and A. Sobel. Department, of Neurosciences, UC 
San Diego, La Jolla, CA 92093, USA and INSERM Unite 153, 
75005 Paris, France.

Protein phosphorylation of PKA substrates has been found 
to be affected in AD (Saitoh et al, Lab Invest. 64:596-616.91). 
Here we report an alteration in a major PKA substrate, 
stathmin (Sobel, Trends Biochem. Sci. 16: 301-305,91). In the 
frontal cortex and hippocampus of AD patients using Western 
blotting, the concentration of stathmin was found to be 
reduced. Phosphorylation of this protein by exogenous PKA 
was greater in AD samples than in control, suggesting a 
reduced level of phosphorylation. Stathmin immunoreactivity 
was found in the cytoplasm of all neurons in control cortex 
sections, while it was preferentially localized in the cytoplasm 
of neurofibrillary tangle bearing neurons in AD cortex. 
Preferential localization of stathmin in tangle-bearing neurons 
was further substantiated by the high levels of stathmin mRNA 
detected in these neurons by in situ hybridization. These 
results suggest the involvement of stathmin in the 
pathogenesis of AD and highlight the importance of aberrant 
signal transduction mechanisms in this disease.

99.10

PHOSHOAMINO ACID ANALYSIS OF NEUROFILAMENTS В Y A  
NOVEL ENZYMATIC HYDROLYSIS PROCEDURE.L.R.Murthy*. 
Dept.of Psych.Mt.Sinai/VA M e d .Ctr,Bronx,NY 10468 

I have developed an enzymatic hydrolysis pro
cedure for hydrolyzing phosphoproteinş,as a pre
lude to my studies on the nature and content of 
each phosphoamino acid (PAA) in Tau protein 
which is believed to be hyperphosphorylated in 
Alzheimer's disease.Bovine spinal cord neurofil
ament (NF),a highly phosphorylated neuronal pro
tein, is subjected to enzymatic hydrolysis by the 
following two methods:
1. Each proteolytic enzyme, coated on to a sep
arate solid support such as nitrocellulose (NC) 
or polyvinylidene difluoride(PVDF) membrane disc 
is sequentially incubated at physiological pH 
and at ambient temperature with NF in solution, 
that has been pretreated with sodium dodecylsu- 
lphate(SDS) inorder to cleave it's secondary and 
tertiary structures.The reaction is terminated 
by removal of each disc from the NF hydrolyzate.
2 . The SDS pretreated NF coated on to NC or PVDF 
disc is incubated sequentially as above with 
each proteolytic enzyme in solution.At the end 
of each incubation,the disc with the NF hydrol
yzate is rinsed with buffer.

The NF hydrolyzate from the above two methods 
showed enhanced PAA level,by HPLC analysis, as 
compared to the acid-thermal hydrolysis method.

99.12

PREVALENCE AND TYPES OF DEMENTIA IN AN ELDERLY 
POPULATION OF 85+ YEARS. E.M. Eblv*. D. Hogan and I.M. 
Parhad. University of Calgary, Calgary, Alberta, CANADA T2N 4N1.

It is generally accepted that Alzheimer’s disease (AD) accounts for 
50-70% of all dementias. However little information is available on 
dementia in the 85+ yrs population. Conflicting results have been 
reported from Sweden on the relative proportions of AD and vascular 
dementia (VD) in this group. One study reported a predominance of 
AD (Fratiglioni, Neurology 1991;41:1886) while another showed that 
VD was more common (Skoog, NEJM 1993;328:153). In this study we 
asked whether the prevalence of dementia continued to increase in the 
very old, and what types of dementia were present in this age group. 
Data were collected as part of the Canadian Study of Health and Aging 
(1990-1992) and consisted of a sample of 1,834 subjects from a 
population of 283,510 Canadians 85+ yrs in the community or 
institutions. To our knowledge, this is the largest sample evaluated in 
this age group. The corrected prevalence of dementia in the 85+ yrs 
group was 345/1000, 3 times that of the 75-84 yrs cohort. The observed 
prevalence of dementia of 23% in the 85-89 yrs group increased to 55% 
in the 95-99 yrs group and in the small 100+ yrs sample (n=13) 
reached 85%. Overall, AD (probable or possible) accounted for 75% 
of all dementias; a vascular etiology alone accounted for 13% of 
dementias. In both men and women, the AD/VD ratio was higher in 
the 85+ yrs group than in a younger cohort (75-84 yrs) and this ratio 
continued to increase in the very old (85-106 yrs).
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99.13
ACUTE CONFUSIONAL STATES IN ALZHEIMER’S DISEASE. P. 
Hcdcra. A. J. Lernen J. Stuckey. R. P. Friedland*. Alzheimer Center, 
University Hospitals of Cleveland, Cleveland, OH 44106

The biological basis of acute confiisional states (ACS) may involve 
physical or emotional stress. ACS can complicate the course of 
Alzheimer’s disease (AD), and may be the initial disease symptom. 
Although often temporally limited to several days, return to premorbid 
functioning may be incomplete. In this study, we examined the 
prevalence and circumstances of ACS in AD.

We included 198 probable AD patients assessed at entry into a 
longitudinal study. Sixty-one patients were followed yearly for up to 3 
years. ACS was defined as acute behavioral change lasting >24 hours. 
Caregiver reports of ACS occurrence were obtained by direct physician 
interview and telephone followup.

ACS occurred in 56/198 (28%) of patients evaluated. For 6 patients 
(3%), ACS was an initial symptom of AD. Factors temporally associated 
with ACS were intercurrent medical conditions, surgery, medication 
effects, changes in residence and hospitalization.

ACS frequently cause excess disability in AD. Some patients never 
regain their previous functional level following an ACS. Certain ACS 
involve pathological processes known to cause dementia per se (e.g. 
hypoxic episodes). In other cases, activation of homeostatic regulatory 
mechanisms, such as immune and endocrine responses, may contribute 
to the deterioration associated with an ACS occurring in the elderly.

RETINA: PHOTORECEPTORS AND INTERNEURONS

100.1
cGMP GATES A PERMEABILITY CHANGE IN SQUID 
PHOTORECEPTOR MEMBRANES J.E. Brown* and U.B. Kaupp 
Albert Einstein College o f Medicine, Bronx NY 10461, USA and 
IBI, KFA, Jülich, Germany.

Retinas dissected from dark-adapted Loligo pealei, either fresh or 
frozen in liquid nitrogen, were shaken in hypotonic buffer (with 
protease inhibitors) to separate rhabdomeric membranes. The mem
branes were homogenized, centrifuged over a sucrose step gradient to 
remove pigment granules and washed in hypotonic buffer. The mem
branes were resuspended in buffer that included 15 mM Ca2+ and 
either sonicated or forced through a 1 μ Nucleopore filter, then 
stored over-night at 4 °С. These procedures produced suspensions of 
vesicles that were loaded with Ca2+. The loaded vesicles were batch- 
treated with iminodiacetic acid chelating resin (K+ form) to remove 
non-included Ca2+ and a suspension of vesicles was placed in a 
cuvette for spectrophotometry. Ca2+ efflux was measured by the 
difference in absorption spectra of either arsenazo III or dichloro- 
phosphonazo III, before and after addition of a calcium-free test 
compound. Addition of 200-400 μΜ  cGMP or 8-Br-cGMP caused 
release of Ca2+ from the vesicles. Subsequent addition of A23187 
caused additional release of Ca2+. These findings provide a strong 
indication that there is a cGMP-gated channel in the rhabdomeric 
membranes of squid photoreceptors. Supported by NIH Grant 
EY-05166 (to J.E.B.) and DFG Grant Ka 545/6-4 (to U.B.K.).

100.3
DIFFERENTIAL EXPRESSION OF C-FOS mRNA IN RAT 
RETINAL CELLS: REGULATION BY LIGHT / DARK CYCLE. 
Кazuhiko Yoshida and Junko Imaki* Dpt. of Ophthalmology, Hokkaido 
Univ. Sch. of Med., Sapporo 060 Japan *Dpt. of Anatomy, Nippon 
Medical Sch., Tokyo 113 Japan

The distribution and levels of c-fos expression in response to changes 
in the light / dark cycle were examined in the rat retina by in situ 
hybridization histochemistry. Under a 12hr light / 12hr dark cyde (LD 
12:12), c-fos mRNA levels in the inner nuclear and the ganglion cell 
layer increased transiently following the onset of the light period, 
whereas in the outer nudear layer (ONL) c-fos mRNA expression was 
observed throughout the dark period. During a period of extended 
darkness following the dark period of LD 12:12, c-fos mRNA levels in 
the ONL remained cyclic, being low during the day and higher during 
the night, suggesting an endogenously generated rhythm. Furthermore, 
since a 30 min pulse of light during the dark period decreased c-fos 
expression in the ONL while a similar pulse of darkness during the light 
period resulted in a increase“, environmental light / dark cues are also 
suggested to influence c-fos gene expression.

100.2

CHROMATIC ANTAGONISM IN ISOLATED VERTEBRATE 
PHOTORECEPTORS. G. A. Engbretson* and E. S o lessio . 
Department of Bioengineering & N euroscience and Institute 
for Sensory Research, Syracuse University, Syracuse, NY  
13244.

The parietal eye is a photoreceptive organ found in many 
species of lizards. Its photoreceptors are derived from a 
ciliated cell line and are structurally very similar to typical 
vertebrate retinal cones. W hole  cell recordings from  
enzym atica lly  iso lated  parietal eye  photoreceptors have  
confirm ed the ex isten ce  o f tw o  antagon istic  chrom atic  
m echanism s in single receptor cells.

Intracellular recordings revealed a depolarizing response 
to green light (λ -max = 495 nm) that typically m asked a less 
sen sitive blue-driven hyperpolarization (λ -max = 440 nm). 
The antagonistic photoresponses are m ediated by opposing  
condu ctance changes w ith  reversal poten tia l ~ 0 mV. 
Sodium  appears to be a major permeant of the conductance.

It rem ains unclear w hether the op p osin g responses are 
m ediated by a single bistable photopigm ent or the presence 
of tw o photopigm ents in the cell.

Supported by Department of Bioengineering & Neuroscience, Syracuse 
University and NEI grant EY 03359.

100.4

PHOTOMECHANICAL MOVEMENTS OF CULTURED EMBRY
ONIC PHOTORECEPTORS: REGULATION BY EXOGENOUS 
NEUROMODULATORS AND BY A REGULABLE SOURCE OF 
ENDOGENOUS DOPAMINE D.L. Stenkamn1. P.M. Iiivone2. E. 
Adler-Graschinskv3* and R. Adler1, 1Dept. Neurosci. &  Ophthal., 
Johns Hopkins Univ. Sch. of Med., Baltimore, MD; 2Dept. Pharm., 
Emory Univ., Atlanta, GA; 3ININFA, Bs.As.

Isolated photoreceptors differentiate in  v itro  the capacity for 
light-controlled photomechanical movements (PNAS 90:1982-1986,
1993). We report that melatonin and dopamine respectively mimic 
the in  v itro  effects of darkness and light. Light-adaptive 
photomechanical responses are attenuated by dopamine D2 (but 
not D1) receptor antagonists, and by drugs that attenuate dopa
mine synthesis. The cultures express tyrosine hydroxylase 
immunoreactive materials, and non-photoreceptor cells accumulate 
3H-dopamine in a N a+-dependent manner. 3H-dopamine can be 
released through a Ca++-dependent mechanism and by reverse 
function of a nomifensine-sensitive transporter, both of which can 
be regulated by light and by melatonin. These studies suggest the 
development of a complex network of neuromodulatoiy mecha
nisms for paracrine communication between photoreceptors and 
non-photoreceptor cells in  v itro .
Supported by grant EY04859.
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100.5

C O L O R -C O D E D  M O D U L A T IO N  R ESPO N SES IN  T H E  D IST A L 
R ET IN A  A RE LIN EA R. Susan S tone* N Y U  M edical C tr., NY 10016 

T he dynam ics o f color-coded transm ission  in  the d is ta l X enoous 
re t in a  w as s tu d ie d  by s im u ltan e o u s  in t ra c e l lu la r  reco rd in g  fro m  
ch ro m a tic -ty p e  (C -hc) an d  lu m in o s ity -ty p e  (L -hc) h o riz o n ta l cells 
d u r in g  lig h t s t im u la t io n  w ith  red  (660 nm ) a n d  b lu e  (470 nm ) 
w hite-noise m odulated  light. The C-hc is depo larized  by red  light 
a n d  h y p e r p o l a r i z e d  by  b lu e  l i g h t ,  w h e r e a s  th e  L -h c  is  
hyperpo larized  by all w avelengths. F irs t-o rd er W iener kernels were 
co m p u ted  on a 386 PC by c ro s s -c o r re la tin g  each  c o lo red  in p u t 
ag a in s t th e  response o f  each  ce ll. C o n vo lv ing  th e  red  an d  b lue 
in p u ts  w ith  th e  re d  an d  b lu e  k e rn e ls  a c c u ra te ly  p re d ic te d  th e  
m o d u la tio n  responses o f each  ce ll (m ean  sq u a re  e r ro r  = 3.9% to  
9.6%). T h is  d em o n stra te s  th a t th e  tra n sm iss io n  o f red  an d  b lue  
signals in  the d is ta l re tin a  is m ostly lin ear fo r m odulation  responses 
up to ±  20mV. When tran sm ission  is lin ea r , the  f ir s t-o rd e r  kernel 
w ill closely approx im ate the im pulse response o f the cell, as shown 
below . In  C -hcs, th e  f re q u e n c y  resp o n se  o f th e  red  s ig n a l w as 
f a s te r  th a n  th e  b lue , an d  w as 
a lso  m ore b an d p a ss . In  L -hcs, 
th e  d y n a m ic s  o f  th e  re d  a n d  
b lue  responses  w ere id e n tic a l,  
and L-hc response dynam ics are 
a lw a y s  f a s te r  th a n  e i th e r  th e  
red  or b lue  C -hc s ignal. T hese 
re s u lts  h a v e  im p lic a t io n s  fo r  
the  p a th w ay s u n d e rly in g  color 
v is io n . Supp. by EYO6960 and an 
unrestricted grant from RPB ine.

100.7

DOPAMINE MODULATION OF GABA RECEPTOR FUNCTION IN 
ISOLATED RETINAL HORIZONTAL CELLS. C.-J. Dong* and F. S. 
Werblin. Division o f Neurobiology, Department of Molecular and Cell 
Biology, University of California, Berkeley, CA 94720.

Luminosity-type cone horizontal cells (HC's) mediate lateral 
interactions in the outer retina via GAB Aergic transmission. They receive 
dopaminergic modulatory influence from inner retinal neurons, which 
modifies several aspects of HC activity. To further understand dopamine 
modulation o f HC activity we have studied the effect o f dopamine on 
GABA-elicited responses in acutely isolated catfish cone horizontal cells. 
Using the whole-cell patch clamp technique, we found that dopamine (5- 
10 μΜ), the D1 agonist SKF38393 (25 μΜ) and an adenylyl cyclase 
activator forskolin (20 μΜ) all reduced the GABA-elicited current. When 
GABA-gated СГ current was blocked by picrotoxin (500 μΜ) neither 
dopamine, nor SKF38393 or forskolin had any effects on the remaining 
transporter-mediated current. This dopamine effect was blocked by the 
dopamine antagonist haloperidol (30 μΜ) and by a protein kinase 
inhibitor H-9 (200 μΜ). These findings provide the first direct evidence 
for dopamine modulation o f GABA receptor function in the vertebrate 
nervous system. They suggest that dopamine can modify spatial and 
temporal properties of HC by modulating GABA-mediated autofeedback 
and chemical coupling between neighboring cell.

Supported by NRSA fellowship EY06482 to CXD and NEH grant 
EY00561 to FSW.

100.9

EVIDENCE FOR AN OFF BIPOLAR CELL PATHWAY FROM 
PHARMACOLOGY OF THE SKATE ERG. R.L. Chappell* and F.J. 
Rosenstein. Hunter College and Graduate Center, CUNY, NY 10021.

Morphological evidence for a class of serotonin-immunoreactive (5HT-IR) 
OFF bipolar cell in the all-rod skate (R a ja  e r in a c e a )  retina has been reported 
yet electrophysiological evidence for a corresponding OFF pathway is lacking. 
Stockton and Slaughter’s (1989, J G P , 93:101) report associated the d-wave 
(OFF) component of the electroretinogram (ERG) with OFF bipolar and/or 
horizontal cell activity in the salamander’s duplex retina. This was of some 
interest since the skate ERG is not known to have a d-wave. To address this 
issue, we examined the skate eyecup preparation ERG under similar 
conditions.

Not only did superfusion of the ON pathway blocker APB (100 μΜ) block 
the skate b-wave, it revealed a small OFF component having d-wave polarity. 
Using long (9 s) dim flashes where this component was more easily resolved, 
we blocked it reversibly by application of the OFF pathway blocker kynurenic 
acid (5 mM). As with the salamander, glycine (500 μΜ) had no effect 
suggesting an outer plexiform layer (OPL) process may be involved. Since 
kynurenic acid affects OFF bipolar and horizontal cells similarly, it does not 
resolve their relative roles. In the skate, however, picrotoxin blocks GABA 
action on isolated bipolar but not horizontal cells. Therefore, its effects on the 
b-wave or d-wave-like components in the skate ERG could suggest action via 
ON or OFF bipolar cells, respectively.

We found both the b-wave and d-wave-like components of the skate ERG 
were significantly enhanced by picrotoxin (200 μΜ). Adding APB or kynurenic 
acid under these conditions showed their selective block of these ON and 
OFF components, respectively. Therefore, we conclude there is likely to be a 
significant OFF pathway from OPL to IPL via an identifiable class of 5HT-IR 
OFF bipolar cell in the skate retina. Supported by ONR Grant N00014- 
92J1954 and NIH Molecular Biophysics Training Grant 5T32GM08399.

100.6
THE GLUTAMATE TRANSPORTER IS A CHLORIDE 
CHANNEL IN SALAMANDER CONE PHOTORECEPTORS.
S. Picaud. G.B. Grant. H.P. Larsson. H. Lecar. F. Werblin*.. Div. of 
Neurobiology, Univ. of Calif., Berkeley CA94720.

The glutamate-elicited current in cones has been attributed to both 
a gated СГ channel and to a transporter. In order to resolve this 
discrepancy, we further investigated the kinetic, ionic dependence and 
pharmacology o f the current. Mechanically dissociated cones were 
stepped to different potentials using patch clamp in the absence and 
presence of bathed glutamate. The glutamate-elicited current showed 
an early phase followed by the steady state, Current-voltage (I-V) 
curves at early times were linear; the current reversing at the calculated 
Ecl. The steady current was inwardly rectifying as previously described. 
This rectification was however suppressed by substituting Na+ for K+ 
in the recording pipette solution. The linear I-V curves reversed at Eci, 
consistent with glutamate increasing the C1' conductance of the 
membrane by gating a СГ channel. Furthermore, the current was 
inhibited by two СГ channel blockers NPPB (0.1 mM) and DPC (ImM). 
Noise analysis gave a 0.6pS conductance for this glutamate-gated СГ 
channel. In agreement with the glutamate transport hypothesis, the 
current was inhibited by external K+. These observations demonstrate 
that glutamate gates a small СГ channel in cone terminals, but the 
gating mechanism of the channel appears to be glutamate transport. 
Supported by HFSPO, NATO and NEI EY00561.

100.8
SEPARATE QUISQUALATE (rod input) AND KAINATE (cone input) 
RECEPTORS MEDIATE ROD-CONE INTERACTION IN L-HORIZONTAL 
CELLS OF THE X E N O P U S  RETINA D.Križąj1*, A. Akopian2 and P. Witkovsky1·2 
Depts. Physiology & Biophysics1 and Ophthal.2 New York University Medical 

Center, 550 First Ave., New York, N.Y. 10016 
Luminosity-type horizontal cells (L-HC) in amphibian retinas receive inputs from 

both rods and cones, whose relative weight is modulated by dopamine. We 
examined interactions between the various inputs by comparing results from 
intracellular records from L-HC in superfused eyecups with whole cell patch clamp 
recordings of isolated L-HC. In eyecups, under either completely light-adapted, or 
completely dark-adapted conditions, CNQX or DNQX (10-100 μΜ) blocked cone 
and rod inputs to the L-HC, respectively. Under mesopic conditions, however, as 
quinoxalines began to block cone input, rod input was markedly enhanced (up to 
6-fold). Quisqualate (quis, 10-40 μΜ) elicited only a transient depolarization in 
light-adapted L-HC's, but a larger (up to З-fold), more sustained response in 
dark-adapted cells. Kainate (KA, 10-40 μΜ ) , in contrast, had more pronounced 
effects on light-adapted eyes. A Dl-dopamine a n ta g o n is t, SCH 23390 enhanced 
responses to quis, whereas a Dl-dopamine a g o n is t enhanced responses evoked by 
KA. In isolated L-HC, both quis ( 10-50 μΜ) and KA ( 20-100 μΜ) elicited inward 
currents with Erev near 0 mV. The response to KA was sustained, that to quis 
transient and the two currents were mutually antagonistic. Dopamine (0.2-20 μΜ) 
enhanced the KA-induced current, whereas 8-bromo cAMP (100 μΜ) reduced the 
quis-evoked current. The data are consistent with the following scheme: rod and 
cone inputs to the L-HC are mediated by ionotropic quis and KA receptors, 
respectively. These two receptor sets interact antagonistically, probably through 
second messenger systems located in the L-HC. One of these involves dopamine, 
which increases KA-induced current and reduced quis-evoked current, presumably 
by increasing [cAMP]^ Supported by EY 03570 to P.W.

100.10
PATCH-CLAMP RECORDINGS FROM D API-LABELED
STARBURST AMACRINE CELLS IN A RABBIT RETINAL SLICE 
PREPARATION. G.L.Fain* and Z.J. Zhou. Jules Stein Eye Institute, 
UCLA Sch. of Med.,Los Angeles,CA 90024 

Cholinergic (starburst) amacrine cells have been suggested to play a 
crucial role in directional selectivity in rabbit retina, but little is known 
about the membrane properties of these cells. We studied the 
distribution and properties of excitatory and inhibitory amino acid 
receptors and voltage-gated ion channels on rabbit starburst cells using 
the whole-cell patch-clamp technique in a retinal slice preparation. 
Starburst cells were identified in the following way: The fluorescent dye 
DAPI was injected intra-vitreously 1-2 days before experiment. After the 
retinas were isolated and sliced, starburst cells were identified as DAPI- 
containing cells in the ganglion cell layer. These cells were then whole
cell clamped at -70 mV with patch pipettes filled with Lucifer yellow, 
which further stained their dendritic trees. Drugs were bath-applied. In 
Ringer with 1 mM Cd+2, GABA (200μΜ) and glycine (200μΜ) elicited 
prominent inward currents which desensitized. The responses to GABA 
and glycine reversed at around the chloride equilibrium potential. The 
excitatory amino acid agonists kainate (30μΜ) and AMPA (60μΜ) also 
evoked robust inward currents. However, responses to NMDA (200μΜ) 
co-applied with 1 μΜ glycine were small even in a bathing solution 
containing 0 Mg+2 and 0 Cd+2. Rabbit starburst cells also displayed a 
variety of voltage-gated potassium and calcium currents.
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100.11
SOMATOSTATIN-LIKE IMMUNOREACTIVE NEURONS IN THE RETINA OF 
THE TREE SHREW, TUPAIA BELANGERI. L. Peichl* and 
R. Engelmann. Max-Planck-Institut für Hirnforschung, 
Deutschordenstr. 46, D-60528 Frankfurt/M., Germany.

Somatostatin-like immunoreactive (SLI) neurons in the 
tree shrew retina were studied with a monoclonal antibody 
against the neuropeptide somatostatin. Their somata were 
restricted to the ganglion cell layer and formed a regular 
mosaic over most of the retina. We regard them as a popu
lation of displaced amacrine cells. In addition there is 
an indication of SLI ganglion cells near the central area 
because there the mosaic is less regular and soma sizes 
vary more. SLI processes form a sparse main plexus near 
the border of the inner plexiform layer (IPL) and inner 
nuclear layer, additional IPL processes are found closer 
to the ganglion cell layer. There are a few SLI processes 
in the optic nerve fibre layer.

The density of SLI cells peaks in temporal retina near 
the central area (densities up to 5000/mm2) with a steep 
density gradient. In the remaining retina densities are 
200-400/mm2, falling to 100-150/mm2 at the retinal margins. 
In rabbit, cat and guinea pig retina, SLI cells are essen
tially confined to inferior retina at densities<20/mm2, 
and/or to the retinal margin (Sagar 1987, J.C.N. 266:291; 
White et al. 1990, J.C.N. 293:134; Spira et al. 1984, J. 
Neurosci. 4:3069). Thus the topography of SLI cells in the 
cone-dominated tree shrew retina differs markedly from 
that of several rod-dominated mammalian retinae.
Supported by the DFG (SFB 45/C7).

100.13

Transplanted Photoreceptors Re s c u e  Ho st  C ones in the RD Mouse Retina 
M,S, Silyerroan 1·2*, J. Mosineer Ogilvie2. M. Landgraf2. J. Lett2. Ҳ, Wang2, 
M. Wu2 Dept. of Ophthalmology & Visual Sciences at Washington University 
School of Medicine1 and Central Institute for the Deaf2, St. Louis, MO 63110

The hereditary retinal dystrophy of the r i  mouse is expressed in rod cells. By 3 
weeks of age, this degeneration of the rods reduces the cones in the outer retina to a 
monolayer of atrophic, fusiform shaped cells. By 2 to 4 months of age, most cone 
cells in the superior and inferior retina are lost as well, with accompanying atrophy of 
the retinal pigment epithelium (RPE).

Wfe have previously shown that photoreceptors transplanted from 8 day normal mice 
into the superior subretinal space of 21 day rd  mice can rescue cones in both superior 
and inferior retina (Silverman, e t a i ,  IO V S , 34: 1097, 1993). We have now examined 
the size, morphology and ultrastructure of the rescued cones and changes in the RPE 
following photoreceptor transplantation.

Our results show rescued cones are more than twice as large in area (pc.001) and 
have a more normal shape (round vs. fusiform as determined by aspect ratio 
measurement; pc.001) than cones in dystrophic mice. With ultrastructural 
examination, we found that the rescued cones have processes with characteristic 
mitochondria, endoplasmic reticulum and ribosomes of inner segments and form 
characteristic tight junctions as they extend through the outer limiting membrane. 
Outer segments (OS) display structural characteristics of cone OS including disk 
membrane continuity. The RPE of dystrophic mice show discontinuities and thinning, 
whereas the RPE of transplanted r i  mice is continuous and more normal in thickness.

Our studies suggest that photoreceptor transplantation may be useful for restoration 
or maintenance of retinal function in instances of photoreceptor dystrophy, either 
directly by reestablishment of phototransduction (Silverman e t  a l ., E xp. N e u ro l. 
115:87,1992), and now indirectly by trophic support of host retinal and eye tissues.

Supported by Photogenesis, Inc.

100.12

V IS U A L IZ A T IO N  O F  A D R E N O R E C E P T O R  S U B T Y P E  m R N A s IN 
T H E  R E T IN A . B. Meister. U . Arvidsson. A.J. Bean* and T. Hökfelt. 
Departm ents of Histology and Neurobiology, and Anatomy, Karolinska 
Institute, P.O . Box 60400, S-104 01 Stockholm, Sw eden.

N o ra d re n a lin e  h a s  a  n e u ro tra n sm itte r ro le  in the  re tin a  v ia  
activation  of sp e c if ic  a d re n e rg ic  re ce p to rs . C o m p le m e n ta ry  D N A s  
for se v e ra l su b ty p e s of a d re n o re ce p to rs  h av e  recently  b e en  c loned . 
In the p re se n t stu d y w e  h a v e  sy n th e s iz e d  o ligonucleotide p ro b e s to 
the a lp h a -1  a , a lp h a -1 b, a lp h a-2 a , a lp h a -2 b (kidney form ), a lp h a-2 b 
(brain form), beta-1 an d  b eta-2  recep to r m R N A s . T h e  p ro b e s w ere  
u se d  for in situ  hybrid ization  h isto ch em istry  on unfixed se c t io n s  of 
rat e y e s . Alpha-1 a  receptor m R N A  w a s  d e m o nstrated  in c e lls  locat
ed  inner part of the inner n u c le a r  lay er (IN L) an d  alpha-1 b receptor  
lab e lle d  c e l ls  w e re  sh o w n  in g an g lio n  c e l ls  in the  gan g lio n  cell 
lay er (G C L ) .  A lp h a-2a  recep tor lab elled  ce lls  w e re  d istributed in the 
IN L, an d  a lp ha-2b  recep to r lab elled  c e lls  w e re  found in the p igm ent 
epithelium  and  in the IN L. C e lls  lab elled  with the probe to the beta-1 
recep to r could  be  show n in the outer part of the IN L, an d  c e lls  lab el
led with the b eta-2  rece p to r probe w e re  d e m o n stra te d  in the IN L  
an d  in ganglion  c e lls  of the G C L .  No hybrid ization sig nal in the e ye  
w a s  obtained  with the probe to the kidney form of the a lp h a-2 b re 
cep to r, w h e re a s  strong  hyb rid ization  co u ld  be o b s e rv e d  with the 
sa m e  probe in proxim al tubule ce lls  of the outer stripe  of the kidney. 
Contro l se c t io n s  of the retina hyb rid ized  with rad io lab e lled  probe in 
p re s e n c e  of e x c e s s  of co ld  probe did not sh o w  a n y  hybrid ization  
sig n a l. T h e  resu lts  su g g e st  sy n th e s is  of ad re n o re ce p to rs  in sp ec ific  
ce ll ty p e s of the rat retina. Fu ture  s tu d ie s  m ay  re v e a l c h a n g e s  in 
ad re n o re ce p to r m R N A s after experim en ta l m anip u lations.

CATECHOLAMINE RECEPTORS

101.1

AGONIST-PROMOTED REDISTRIBUTIO N  AND D OW N-REGULATION O F TH E  
HUMAN D1 DOPAM INE R EC E P T O R . B.F. O ’Dowd. G.YK.NQ. Y. Israel* and
S.R. Georoe. Addiction R esearch  Foundation and Depts. of Medicine and  
Pharmacology, University of Toronto, Toronto, Ont., CANADA.

We have shown the agonist-promoted desensitization, phosphorylation 
and palmitoylation of the human D1 dopamine receptor in Sf9 cells. 
Immunofluorescent localization show ed a  rapid redistribution of surface  
receptors from a  diffuse pattem of labelling to discrete aggregates following 
agonist exposure. W e now report that this response to agonist stimulation 
was accom panied by the down-regulation of receptor density. At basal 
conditions, dopamine displacem ent of [3H ]SCH -23390 labelled receptors 
was biphasic with 34% of sites in the high affinity state (Kd 6 nM) and 6 6 %  
in the low affinity state (Kd 1.3μΜ). Preincubation of cells with 10μΜ 
dopamine for 15 minutes led to a  complete lo ss of the agonist detected  
high affinity receptor state accom panied by a  40%  d e crease  in the total 
number of receptors. Following preincubation of cells with dopamine for 
18 hours, the dopamine competition curve w as shifted to the right and best 
fitted to a  single low affinity site model. In addition, there w as a  recovery 
of the receptor density to basal levels. Immunofluorescent localization 
studies showed an ab sen ce  of surface receptors at this time point and an  
accumulation of internally located receptors. T h ese  results show  that 
following brief agonist exposure there is a  rapid uncoupling of receptors 
with loss of the high affinity state with redistribution and loss of surface  
receptors possibly involving an internalization process. W e show  that both 
redistribution and down-regulation contribute to the early m echanism s 
regulating D1 dopam ine receptor activity following agonist exposure.

101.2

REG U LA TIO N  O F  EX P R ES S IO N  O F  HUMAN D , DO PAM INE R E C E P T O R S  
IN SK-N-M C N EU RO B LA STO M A  C E L L S . A. Sidhu*. K. Kimura and B. 
Olde. Georgetown Univ. Med. Ctr., Washington D.C. 20007.

Chronic dopamine (DA) treatment of human SK-N-MC neuroblastoma cells 
resulted in a loss of DA-mediated adenylate cyclase  activity and was 
accompanied by a decrease in D, dopamine receptors. The loss in adenylate 
cyclase activity w as sustained for over 30 h and occurred at lower 
concentrations of DA than that seen during acute exposure of cells to the 
neurotransmitter. The DA-mediated desensitization of D, DA receptors 
resulted in an initial rapid increase in total cellular mRNA levels. Thus, 
within 2 h of DA-treatment, total cellular mRNA levels were elevated to 60% 
above steady-state mRNA levels seen in control cells. Within 16 h of DA- 
treatment, however, total cellular mRNA returned to steady-state levels. 
This increase in total cellular mRNA, suggests that DA has a neurotrophic 
effect in these cells.

From Northern blots and RNase-protection studies, the mRNA coding for 
the D, receptors w as investigated. The D, receptor mRNA w as also initially 
up-regulated by 60-80% above steady-state mRNA levels, within 2 h of 
exposure of cells to DA. During this sam e time period, however, >75% of 
D, receptor binding activity w as lost. After a 16 h exposure of cells to DA, 
the D, receptor mRNA was down-regulated to 50% of steady-state mRNA 
levels. The down-regulation of D, receptor mRNA by DA w as dose- 
dependent. The pharmacology and m echanisms underlying this complex 
mode of receptor mRNA expression (up- and down-regulation) are being 
further investigated.
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1 0 1 .3
CH A R A C TER IZA TIO N , D ES EN SITIZ A TIO N  AND U P -R EG U LA TIO N  O F  T H E  
HUMAN D2l  DO PAM IN E R E C E P T O R  IN Sf9  C E L L S . G .Y K .N g  B .F . O 'Dowd. 
M. C aron . M. Brann. M. D ennis and S .R . G e o rg e * . Addiction R esearch  
Foundation and Depts. of M edicine and  Pharm acology, Univ. of Toronto, 
Toronto, Ontario; Biosignal Inc., Montreal, Q ue, CAN ADA.

T h e  hum an D2L  dopam ine receptor (D2DR) w as exp ressed  in Sf9 cells  
and immunoblot an alysis  of m em branes revealed  an  imm unoreactive band  
of ~ 43  kD a using a  D2DR antiserum . A  D2 photoaffinity label bound the 
~ 43  kD a sp e c ie s  specifically. A  32P-labelled 43  kD a protein w as
imm unoprecipitated from metabolically 32P-labelled ce lls  expressin g  D2DR, 
confirming receptor phosphorylation. T h e  exp ressed  receptor bound  
dopam inerg ic ligands with a  D 2D R pharm acologica l rank order of affinities. 
Dopam ine d isp lacem ent of [3H] sp iperone labelled receptors w a s  b iphasic  
with 30%  in the high affinity state  (Kd 37nM ), and  70%  in the low affinity 
state (Kd 30μΜ), suggesting  coupling to an end o g en o us G-protein. T he  
high affinity state w a s  sensitive  to Gpp(N H )p  and  pertu ssis  toxin. 
Preincubation of the ce lls  with 10μΜ dopam ine for 15 and  30  min led to a  
d ec re a se  in the Kd of the agonist-detected high affinity state, and at 30  
min, a  d ec re a se  in the Kd of the agonist low affinity state accom panied  by 
a  2 fold in crease  in Bmax. Preincubation of the ce lls  with dopam ine for 18 
hours show ed  a  com plete loss of the agonist-detected high affinity receptor 
state with continued 2-fold elevation of receptor density from b asal 
conditions. Th is  pattern of the delayed onset of agonist-prom oted  
desensitization and upregulation of the D2L DR is distinct from the  
desensitization pattern for the D1DR exp ressed  in Sf9  ce lls  and  ap p ears  to 
be attenuated w hen D1 and  D2 dopam ine receptors are  co-expressed .

1 0 1 .5

AGE-DEPENDENT REGULATION OF DOPAMINE D2 
RECEPTORS TO ANTAGONIST AND DEPOLARIZING 
STIMULI. B.A. Scarth*. R.A. Lanius and C.A. Shaw. Depts. of 
Ophthalmology, Neuroscience and Physiology, University of 
British Columbia, Vancouver, B.C., Canada.

T h e  dopamine D2 receptor w a s  characterized in an in vitro living slice  
preparation from rat neocortex. Binding of [3 H]-Spiperone, a  D2 receptor 
antagonist, labelled a  single population of binding sites with a  Bm ax of 5855  
fmol/mg protein and a  Kd of 55  nM. W e w ere able to obtain significant 
regulation of D2 receptors with sulperide, a  specific D2 antagonist, a s  well as  
by a  combination of veratridine and glutamate (v+g), a  combination used to 
increase cellular depolarization. Regulation w a s  age-dependent for both 
sulperide and v+g. At ag es  greater than 25 days and younger than 10 days  
sulperide caused  a  d ecrea se  in binding. Between 10 and 25  days the 
addition of sulperide resulted in an increase  in binding. A  peak d ecrea se  of 
43%  occurred at 33  d ays while a  peak increase  of 13% occurred at 22  days. 
T h e  addition of v+g resulted in a  d ecrea se  in binding in rats older than 25  
days with a  38%  peak at 44  days but lead to an in crease  in binding in rats 
below 25  d ays with a  24%  peak at 22  days. Saturation binding an alyses  
showed that changes in binding a s  a  result of sulperide and v+g treatment 
reflect changes in receptor number rather than affinity. C h a n g e s  in both the 
amount and direction of D2 receptor regulation m ay indicate the 
involvement of such regulatory changes in developm ental modifications of 
cortical function.

1 01 .7
DOPAMINE D1 RECEPTORS ON GOLDFISH PITUITARY CELLS.
J.P. Chang*. A.O.L. Wong. R.E. Peter and G. Van Per Kraak§ Dept. 
of Zoology, University of Alberta, Edmonton, Alberta, T6G 2E9, and 
§Dept. of Zoology, University of Guelph, Guelph, Ontario, NIG 2W1.

We have previously demonstrated that dopamine (DA) directly 
stimulates growth hormone (GH) release in the goldfish through D1-like 
receptors. To confirm the presence of a D1 receptor in the pituitary, DA 
D 1 binding in goldfish pituitary cells and the post-receptor mechanism 
mediating D1-stimulated GH release were characterized. D1 receptor 
sites, assessed by [3H]SCH23390 binding, were of high affinity, 
saturable, stereo-specific, and selective for D1 ligands. The rank order of 
potency for the displacement of binding was (+)SCH23390 > 
SKF38393 >> (-)SCH23390 > domperidone > LY171555 »  
serotonin. The Kd and Bmax values for [3H]SCH23390 binding were 
34 nM and 251 pmole/106 cells for mixed populations of pituitary cells, 
and 11 nM and 788 pmole/106 cells for enriched GH cell populations, 
respectively. Specific [3H]SCH23390 binding was localized in the pars 
distalis of the pituitary, where GH cells were located. In agreement with 
D1 binding affinity estimates, DA stimulated GH release from goldfish 
pituitary cells with an ED50  of 26 nM. The GH response to the D1 
agonist SKF38393 was accompanied by the production of cAMP, 
mimicked by cAMP analogs, and blocked by the protein kinase A (PKA) 
inhibitor H89. These data are the first direct demonstration of the 
presence of a classical, cAMP-coupled, D1 receptor in the vertebrate 
pituitary. In addition, these findings suggest that DA D1-stimulated GH 
release is mediated by a cAMP/PKA-dependent signalling pathway in the 
goldfish. (Supported by NSERC grants U-0552, U-0554, and A-6371.)

1 0 1 .4
D E V E L O P M E N T A L  AN D A D U L T  E X P R E S S IO N  O F  A D 1A D O P A M IN E  
R E C E P T O R  T R A N S G E N E . D.M. S e v e rv n se  and M .G . C a ro n *. Dept. of 
C ell Biology and HHMI, Duke Univ. Med. Ctr., Durham  N C  27710

Dopam ine is a neurotransmitter that interacts with receptors to mediate a  
num ber of physiological re sp o n ses  su ch  a s  motor control, emotion, affect 
and neuroendocrine functions. Binding of dopam ine to the D1 c la s s  of 
receptors results in a  stimulation of adenylyl cy c la se . D1 receptors a re  the 
most abundant dopam ine receptors in the brain and are  a lso  exp ressed  in 
severa l peripheral t issu e s  including the p an crea s, kidney and parathyroid 
gland. T h e  goal of this study w a s  to u se  the D 1A regulatory seq u e n ces  to 
target the expression  of β -g a lacto sid ase  to neuronal and endocrine cell 
types and to follow the tem poral and spatial expression  of the tran sgene  
during developm ent. T ran sg en ic m ice w ere generated  that contain the β-  
galactosidase  gene fused to a  6 .5  kb fragm ent containing the hum an D1A  
receptor promoter. T h e  tran sg ene  is exp re sse d  in em bryos a s  early a s  
gestational d ay 10 (G D  10). ß -g a la c to s id a se  is first d etectab le  in the 
developing brain and m yocardium of G D  10-11 transgenic em bryos. At later 
stages, transgene expression is a lso  visible in the regions of the developing  
p a n crea s , kidney, eye , facia l a re a  and  limb buds. Ex p re ss io n  of the 
transgene in the adult brain is generally sim ilar to previous in-situ data on 
D 1A , but se v e ra l d iffe ren ces  h a ve  b e en  d etected . A s  exp ected , β - 
g a la c to s id a se  is  e x p re sse d  in the th a la m u s, ce reb ra l cortex, and  
am ygdaloid com plex. However, low levels of the transgene w ere detected in 
the caudate-putam en, w here D 1A  is most abundantly transcribed in the  
brain. T h e  lack  of tran sg ene  exp ressio n  in the striatum  could  reflect a  
difference in the m ouse and hum an transcriptional regulatory seq u e n ces  or 
m ay indicate that other seq u e n ces  not included in the 6 .5  kb fragm ent may 
be involved in the expression of the D 1A recep to r.

101.6
D O PA M IN E D2- AND D 3 - R E C E P T O R S  A R E  P R E S E N T  IN P R IM A R Y  
C U L T U R E S  O F  T H E  C A U D A T E-P U TA M EN  N U C L E U S  FR O M  R A T  
E M B R Y O S . H. Ericson*. L. Lvandvert, G . W enq and C . W ahlestedt. Division 
of Neurobiology, Deptartment of Neurology & N euroscience, Cornell University 
Medical College, New York, N .Y. 10021.

Dopam ine D2- and D3-receptors share  significant am ino acid homology but 
represent different gene products. While D2-receptors have been extensively  
studied, far le ss  is known about D3-receptors, in part b ecau se  primary cultures 
expressing the latter receptors have not been characterized.

Rat caudate-putam en cells from em bryonic day 20 w ere cultured for 7 to 14 
d ays. To a s s e s s  the presence  of dopam ine D3-receptors in these  cultures we 
used the dopamine D3-receptor selective ligand [3H ]7-O H -D PAT (Levesq ue  e t 
al., PN AS  89:8155, 1992). [125l]lodosulpiride w as used to label both dopamine  
D2- and D3-receptors. The potency of dopam ine to inhibit the binding of the 
two ligands w as com pared.

[3H]7-O H-DPAT bound to the cultured ce lls  and the binding w as inhibited by 
dopamine (ӀС50: 5 nM). Under the sam e conditions, we could not dem onstrate 
dopamine displacable binding of [3H]7-O H -DPAT to human D2-receptors stably 
expressed in C H O  cells.

[125l]lodosulpiride also  bound to the primary caudate-putam en cultures. 
However, the IC50 value for dopamine competing with [125l]iodosulpiride w as  
significantly higher than for dopamine competing with [3H ]7-O H -D PA T in these  
sam e  cultures.

Thus, primary cultures of the caudate-putam en from rat em bryos exp ress  
dopaminergic binding sites with a  pharm acological profile suggesting that these  
represent both dopamine D2 and D3 receptors. T he  cultures m ay be utilized 
to study ligand binding characteristics and coupling to seco nd  m essen g ers of 
these  dopamine receptor subtypes.

101.8
DOPAMINE RECEPTOR DISTRIBUTION ON LIVING MESOLIMBIC 
NEURONS. S. Rayport* and D. Sulzer. Dept Psychiatry, Ctr Neurobiology & 
Behavior, Dept Anatomy &  Cell Biology, Columbia Univ; Dept. Neuropathology, 
NYS Psychiatric Institute, NY 10032.

In postnatal mesolimbic neuron cultures, we have previously reported that 10 nM 
rhodamine-N-(p-amino-phenethyl)spiperone (R-NAPS, a D2 antagonist, Kd ~ 4 nM) 
shows specific receptor-mediated staining of the soma membranes of subsets of 
neurons and their proximal dendrites. R-NAPS labeling increases with an initial time 
constant of about 8 min. Labeling is stereospecifically blocked by butaclamol, but 
only if the displacer is added p r io r  to the fluoroprobe due to lipophilic solvation of R- 
NAPS in neuronal membranes. We now report that 40 nM rhodamine-Schering 
23390 (R-SCH, a Dļ antagonist, Kd ~ 19 nM) labels a subset of neurons, with a 
slower time constant, which can be stereospecifically blocked by flupenthixol. Both 
fluoroprobes produce homogeneous membrane labeling without evidence of hot 
spots. In nucleus accumbens (пАсс) cultures, R-SCH labels ~ 48% of medium-sized 
(putatively medium-spiny GABAergic) and ~90% of large-sized (putatively 
cholinergic) neurons. R-NAPS labels ~ 44% of medium-sized neurons, but does not 
label large-sized neurons. Sequential labeling of fields first with R-SCH and then R- 
NAPS shows that ~ 33% of medium-sized neurons express both Dļ and D2 
receptors. In ventral tegmental area (VTA) cultures, R-SCH does not label soma 
membranes, consistent with an absence of Dj receptors on intrinsic VTA neurons. Of 
neurons subsequently shown to be dopaminergic by immunocytochemistiy, ~ 90% 
are R-NAPS labeled. However, only ~45% of a p p a ren tly  R-NAPS-labeled VTAf 
neurons are dopaminergic; on re-examination after immunocytochemistiy, this 
appears to be due to multiple close appositions of R-NAPS-labeled dopaminergic 
varicosities on non-dopaminergic neurons in nest-like contacts. With confocal 
imaging, patterns of pre- and post-synaptic labeling may be distinguishable, making 
possible the identification of living dopamine neurons and their terminals.
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101.9
INVERSE AGONIST ACTIVITY OF β-ADRENERGIC ANTAGONISTS REV EALED  BY 
EXPRESSION OF THE HUMAN β2-ADRENERGIC REC EPTO R IN SF9 C ELLS . P.Chidiac,
T.Hebert and M.Bouvier*. Dept. de biochimie and Graupe de recherche sur le Systeme 
nerveux autonome, Univ. de Montreal, Montreal, Quebec, H3C 3S7 Canada.

The human ß2 adrenergic receptor (β2AR) expressed in SF9 cells using the baculovirus 
expression system appears comparable to mammalian systems with respect to ligand 
binding, activation of adenylyl cyclase by agonists, and post-translational modification 
(Mouillac et al., 1992, J. B io l. C h e m ., 267: 21733-21737). In the absence of agonist but in 
the presence of GTP (53 μΜ), membranes from ß2AR-expressing SF9 cells exhibited higher 
levels of cAMP production than membranes from cells infected with wild type baculovirus. 
The increase in enzymic activity was proportional to the number of β2AR expressed, up to 
at least 20 pmol per mg of membrane protein. The β2AR thus appears to be able to 
assume an active conformation even in the absence of agonist. Furthermore, most or all 
of the agonist-independent increase in cAMP production associated with the β2AR could be 
reversed by ß-adrenergic antagonists in a dose-dependent manner; since antagonist- 
induced decreases were observed even when the cells were deprived of serum for 18 hr 
and/or treated with 1 μΜ alprenolol for 30 min prior to membrane preparation, the inhibition 
does not depend on the activation of receptors by catecholamines which may exist in the 
normal culture medium. Antagonists thus appear to regulate the activity of the receptor 
directly. The maximal level of inhibition, or "inverse efficacy", varied among the antagonists 
tested to yield the following rank order: timolol > propranolol > alprenolol > pindolol. The 
latter two compounds exhibit partial agonist activity in some systems but were clearly 
"inverse agonists" in the present study. In contrast, the partial agonist dichloroisoproterenol 
stimulated the production of cAMP in SF9 cells expressing ß2AR. The properties revealed 
by the expression of the ß2AR in SF9 cells thus suggest two agonist-independent traits of 
G protein-linked receptors: (1) that unoccupied receptors may be able to activate G proteins 
in vivo, and (2) that antagonists may not produce their effects solely by inhibiting the binding 
of agonists, but rather decrease the propensity of the receptor to assume an active state.

101.10
Iļ-IMIDAZOLINE BINDING SITES ARE PHYSICALLY DISTINCT FROM 
CLONED a 2-ADRENERGIC RECEPTORS. J.E.Piletz*. Depts. of Psychiatry 
& Neuroscience, MetroHealth Med. Center, Case Western Reserve Univ., 
Cleveland, OH 44109-1998.

Radiolabeled imidazol(in)e compounds (ie. [125I]p-iodoclonidine) which were 
originally reported to be selective a 2-adrenergic ligands, have recently been 
shown to bind to additional non-adrenergic sites, designated Ir imidazoline sites. 
However, the distinct nature of a 2-adrenergic and imidazoline binding sites 
remains controversial. Studies from our laboratory [Arch. General Psychiatry 
48:813-820 (1991)] have demonstrated a coordinate down-regulation of Ir  
imidazoline and a 2-adrenergic binding sites on human platelets induced by 
desipramine, suggesting a common regulation between these sites. In keeping 
with this, we now report a positive correlation (p = 0 .002) between the density 
(Bmax) of a 2-adrenergic receptors and the density of Iļ-imidazoline sites on 
human platelets amongst 20 healthy untreated subjects. To further investigate 
the nature of these sites, we also performed studies with Chinese Hamster Ovary 
(CHO) cell lines stably transfected with each of the three human a 2-adrenergic 
receptor subtypes. No binding of [125I]p-iodoclonidine to Ir imidazoline sites was 
detected in these cells, despite significant a 2-adrenergic binding. We therefore 
conclude that Ij-imidazoline sites are physically distinct, and do not derive from 
any known a 2-adrenergic genes. Furthermore, the binding of [125I]p- 
iodoclonidineto ^-imidazoline versus a 2-adrenergic sites on human platelets was 
found to be differentially regulated by magnesium and sodium ions. Unlike аг- 
adrenergic binding, Ir imidazoline binding sites were potently inhibited by 5 mM 
magnesium and to a more modest extent by 170 mM sodium. Thus, although 
Irimidazoline and a2-adrenergic sites may be coordinately expressed in platelets 
from healthy subjects, these sites appear to derive from physically distinct DNA 
and are differentially regulated by cations.

PAIN MODULATION: ANATOMY AND PHYSIOLOGY II

102.1
GENDER DIFFERENCES IN THE FORMALIN TEST IN RATS. G. Carli, 
M.E. Albonetti and A.M. Aloisi (SPON: European Neuroscience 
Association). Istituto di Fisiologia Umana, Università di 
Siena, Via Laterina 8, 1-53100 Siena, Italy.

Sex differences in nociceptive stimuli discrimination 
and tolerance have been described in experimental condi
tions in humans. In rats, sex differences in both behavio
ral and physiological responses to aversive stimulation 
have been found: lower flinch and jump thresholds to shock 
in female than in male rats have been described. The aim of 
the present experiment was to study pain-related behavior 
in response to persistent nociceptive stimulation in male 
and female rats during the formalin test. Thirty-two rats, 
either sham-injected (8 females, 8 males) or formalin-in
jected (50 ul, 10%; 8 females, 8 males), were tested in the 
Hole-Board for 60 min.. Pain levels, assessed by measuring 
licking and flexing durantions and jerking frequency of the 
injected paw, showed in the females the typical biphasic 
temporal pattern already described in the males. However, 
flexing duration was higher in females than in males and 
this difference was already present in the early phase of 
pain (1-5 min.). Line-crossing and rearing, usually consi
dered as measures of general activity, were decreased in 
the formalin-treated animals, only in females. Results 
suggest that some aspects of the behavioral responses to 
persistent pain are different in female and male rats.

102.3

CHRONIC PAIN ENHANCES THE MAGNITUDE OF THE MAGNETIC 
FIELD EVOKED AT THE SITE OF PAIN. H. Flor. N. Birbaumer, C. Braun.
T. Elbert*. B. Roß and M. Hoke. Inst. f. Exp. Audiology, Univ., D-4400 Münster.

It has been assumed that chronic stimulation leads to changes in the cortical 
representation of pain specifically to increased receptive fields for the painful 
area. Consequently, cortically evoked magnetic fields should result from more 
extended sources when evoked from the affected body part of a patient.

Nine patients who suffered from continuous chronic low back pain of either 
muscular or degenerative origin (IASP diagnoses of category XXVII) and nine 
matched controls participated in the study.

Sub-threshold-, supra-threshold, and standard stimuli (500 μΑ) were applied 
at either the site of most intense pain or at the left index finger. Using a BTi 
Neuromagnetometer, magnetic fields were recorded from 37 locations over the 
right hemisphere, i.e. contralateral to the site of stimulation. Parameters of the 
evoked fields were extracted from the time course of the RMS across channels.

With increasing duration of the illness sensitivity to somatosensory stimula
tion at the affected site is attenuated (r>.5, p<.05). The magnitude of the earlier 
aspect of the evoked fields (50-150 ms) were significantly correlated w ith the 
chronicity for both, the sub- and suprathreshold stimulation, (r>.46, p<.05). For 
later components (300-600 ms), however, the field evoked by the s ta n d a r d  stimu
li was most significantly related to chronicity (r=.5, p<.05). In both instances 
these associations were produced only when stimlui were applied to the back 
but did not become evident for the control site or for auditory evoked fields.

Patients who experience chronic noxious stimulation over extended periods 
of time produce more extensive activation of neural assemblies when phasic so
matosensory stimuli are applied to the location of their pain. This result is in 
accordance w ith observations from animal experiments dem onstrating the 
plasticity of receptive fields subequent to longterm alterations of afferent input.

102.2
LOW FREQUENCY TETANUS ELICITS LONG LASTING POTENTIATION 
OF SLOW VENTRAL ROOT POTENTIAL IN AN ISOLATED PERIPHERAL 
NERVE-SPINAL CORD PREPARATION OF THE NEONATAL RAT 
A.P. Lozier and J.J. Kendiq*, Dept. of Anes., Stanford 
CA 94305

Peripheral injury often leads to hyperalgesia. We 
are developing a model for hyperalgesia in the isolated 
neonatal (3-6 day) rat spinal cord. Single (1 per 50s) 
stimuli (C-fiber intensity, 0.4ms) were delivered to the 
saphenous nerve, a cutaneous nerve composed largely of 
small diameter fibers. Compound action potentials 
recorded from the saphenous nerve exhibited conduction 
velocities s 2 m/s. Slow ventral root potentials 
(sVRPs) were recorded from L5 and quantified as area 
under the curve. The sVRPs lasted up to 20s, remained 
stable for many hours, and were blocked by APV (1-20μΜ). 
Following controls, a low frequency tetanus (10Hz, 60 s) 
was delivered to the saphenous nerve. After a 90s 
stabilizing period, single stimulation of the saphenous 
nerve was resumed. Subsequent sVRPs were significantly 
larger than control responses in all preparations (n=6; 
mean=168% con.; range 147-267%) and remained elevated 
for up to 4 1/2 hours (mean=181 min.; range 50-267 min.) 
before decaying to control levels or lower. These 
results demonstrate that a brief period of repetitive C 
fiber input can produce a prolonged increase in the 
nociceptive related sVRP. This preparation may serve as 
a model for some forms of hyperalgesia.

1 0 2 .4

CHRONIC PAIN ENHANCES ELECTRO-CORTICAL  
RESPONSES TO PAINFUL STIMULATION. W. Lutzenbereer
H. Flor*. N. Birbaumer 1 and M. Fürst. Inst, o f Medical 
Psychology and Behavioral Neurobiology, Univ. Tübingen, 7400 
Tubingen, FRG. and^ Dipartimento di Psycologia Generale, 
Univ. Padova, Padova, Italy.

In several experiments multi-electrode EEG-recordings during 
painful as well as non-painful thermal or electrical intracutaneous 
stimulation were compared in chronic pain patients (CP) and 
matched healthy controls (HC). Both event-related potentials as 
well as complexity measures of the EEG (using the methods of 
deterministic chaos) were analyzed. Repeated phasic but not 
tonic painful stimulation leads to heightened sensitivity and 
enhanced cortical responding (higher amplitudes, wider 
distribution of evoked potentials) in chronic pain patiens but not 
in healthy controls. Recall of painful episodes shows more 
complex EEG patterns in CP-patients. These results suggest that 
enhanced cortical plasticity to painful stimulation may contribute 
to the hyperalgesia chronic pain patients experience.

Supported by the Deutsche Forschungsgem einschaft 
(Forschergruppe "Klinische Psychophysiologie des Schmerzes").
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1 0 2 .5
BRAIN OPIOID PEPTIDES ARE IN CREASED  IN AN ANIM AL M ODEL OF 
HEPATIC EN CEPHALOPATHY. J . Yurdavdin1. Y . Li. A . S . Basile*. 
Laboratory of Neuroscience and ’Liver Unit, NIDDK, NIH, Bethesda, MD.

Hepatic encephalopathy (HE) is a neuropsychiatric disorder 
characterized by global CN S depression. In the thioacetamide-treated rat 
model of HE due to acute liver failure, some of the motor deficits 
associated with this syndrome resemble opiate induced catalepsy. In an 
attempt to further investigate the neurochemical abnormalities 
accompanying HE with the intent of developing new  therapeutic 
modalities for treating the syndrome, w e have characterized the changes 
in CN S and peripheral opioid peptides in this animal model.

Met-enkephalin immunoreactivity increased in the striatum, 
hypothalamus and pituitary by 33-371 % in rats with Stage ll - IV HE 
compared to controls. β -Endorphin immunoreactivity increased in the 
pituitary and plasma by 95 -290% . No changes in CN S leu-enkephalin or 
dynorphin levels were observed. Concurrent with the increases in opioid 
peptides, the density of [3H]DPDPE binding to б  receptors decreased in 
the striatum and hypothalamus by 26  to 48 %  in Stages ll-IV HE without 
any change in affinity. No changes in the binding of [3H ]D AM G0 or 
[3H ]U60588 were observed at any stage of HE. Finally, in an attempt to 
reverse the motor abnormalities associated with HE, w e found that 10 
mg/kg naloxone increased open field activity in rats with Stage III HE by 
80 % . However, naltrexone dose-dependently increased open field 
activity by 229-482%  over a 2 .5-10  mg/kg dose range.

In summary, CN S and peripheral opioid peptide levels are significantly 
increased in this model of HE. The behavioral effects of these  
abnormalities can be ameliorated by opiate antagonists, which may have 
value in treating the human syndrome.

1 0 2 .7
NOCICEPTOR EXCITATION BY INFLAMMATORY MEDIATORS AND BY 
MECHANICAL STIMULATION IN RAT SKIN IS NEITHER ENHANCED BY 
μgE2 NOR SUPPRESSED BY FLURBIPROFEN P.W.Reeh and S. BrehmTSPON: 
Europ. Neurosci. Assoc.) Inst. f. Physiologie u. Biokybernetik, D-91054 Erlangen, 
Germany

Prostaglandin E2 (μgE2) has been reported to cause mechanical hyperalgesia in 
skin and to enhance nociceptor sensitivity to bradykinin. However, most of the 
evidence comes from intact preparations, allowing for secondary reactions, and from 
relatively uncontrolled mechanical stimulation. Therefore we employed our isolated 
rat skin-nerve preparation, recording from individual nociceptive C fibers, and an 
electromechanic stimulator providing punctate, ramp-shaped stimuli (10-200 mN in 
20 s). Chemical stimulations were performed for five min at ten min.intervals using 
a mixture of bradykinin, serotonin and histamine at 10"  ̂and 10"  ̂M concentration 
gassed with pure C02 to produce an "inflammatory" pH of 6.1. μgE2 10"6  and 10'5 
M was added to the third stimulus. In half of the experiments, the donor animals 
were treated one hour before sacrifice with a large dose of racemic flurbiprofen (25 
mg/kg i.p.) and the drug was added to the superfusate (0.244 mg/1) to deprive the 
skin from cyclooxygenase products and to prevent bradykinin induced μgE2 
synthesis. This cyclooxygenase blockade had no significant influence on the 
concentration-dependent chemical sensitivity of the nociceptive nerve endings. The 
mechanical responsiveness was also unaffected by flurbiprofen, and a slight 
desensitization resulted on average from the chemical stimulations including those 
with μgE2. The series of chemical responses showed less tachyphylaxis with higher 
concentration, but under all conditions addition of μgE2 had no effect on amout or 
pattern of discharge induced.
The results support a previous study on the same preparation reporting enhanced 
bradykinin sensitivity upon serotonin but not μgE2 pretreatment (Lang at al. 1990, 
J. Neurophysiol. 63:887). Aceute experiments, however, leave the question whether 
prostaglandin sensitivity may only develop in the course of chronic inflammation. 
(Supported by DFG, SFB 353)

1 0 2 .9
PAIN REDUCTION BY SPINAL IMPLANTATION O F  XEN O G EN EIC  
CHROMAFFIN C ELL S  IMMUNOLOGICALLY-ISOLATED IN POLYMER  
CAPSU LES. J. Sagen \  A.T. Hama1. S.R. Winn2. P.A. Tresco3, and P. Aøbischer4. 
1Dept. of Anat. & Cell Biol., Univ. of IL at Chicago, Chicago, IL 60612, 
2CytoTherapeutics, Inc., Providence, Rl 02 906,3Dept. of Bioengineering, Univ. 
of UT, Salt Lake City UT 84113 and 4Div. de Recherche Chirurgicale, CHUV, 
Lausanne, Switzerland.

Adrenal medullary chromaffin cells can provide sustained delivery of analgesic 
agents, such as opioid peptides and catecholamines, when implanted into CN S  
pain modulatory regions. The limited availability of human donor organs has 
led to the search for other appropriate donor sources. Previous studies in our 
laboratory have demonstrated that bovine adrenal chromaffin cells 
immunoisolated in semipermeable membranes survive and reduce nociception 
when transplanted in the rat spinal subarachnoid space. The present studies 
characterized encapsulated bovine chromaffin cell transplants in acute and 
chronic rodent pain models. Bovine chromaffin cell-loaded capsules maintained 
in serum-free medium were assessed for opioid peptide and catecholamine 
release prior to implantation in the rat spinal subarachnoid space. Chromaffin 
cells from both adult and juvenile adrenal glands were used. Capsules 
containing lysed chromaffin cells served as controls. Acute analgesiometric 
assessment included the tail-flick and Randall-Seiitto paw-pinch test. Chronic 
pain was assessed using a constriction injury neuropathic pain model. Results 
indicated significant antinociception in acute pain tests following nicotinic 
stimulation of the transplanted cells. In animals with nerve injury, abnormal 
chronic pain symptoms such as allodynia and hyperalgesia were markedly 
reduced by encapsulated adult or juvenile chromaffin cells, even in the absence 
of nicotinic stimulation. These beneficial effects were not seen in animals with 
control capsules. Following termination of behavioral studies, capsules were 
removed and recultured for neurochemical or morphological analysis to confirm 
chromaffin cell survival. Results of this study suggest that both adult and 
juvenile bovine chromaffin ceils immunologically isolated in polymer capsules 
can provide sufficient delivery of analgesic agents for alleviation of pain. 
Supported in part by NIH NS25054 and CytoTherapeutics, Inc.

102.6
Topical Acetylsalicylic Acid but not Salicylic Acid Suppresses Pain 
from Experimental Tissue Acidosis in Human Skin K.H. Steen. B. Schwanden 
P.W. Reeh* & H.W. Krevsel. Dept. of Dermatology, Univ. Bonn, D- 53127 Bonn; 
Dept. of Physiology; Univ. Erlangen - Nürnberg, D- 91054 Erlangen, Germany.

Doubts are accumulating that the analgesic effects of acetylsalicylic acid (ASA) are 
entirely due to cyclooxygenase block. Therefore we tested ASA and, for comparison, 
salicylic acid (SA) in an experimental pain model that does not involve prostaglandin 
release but provides direct nociceptor excitation through tissue acidosis (Steen et al., 
1992, J Neurosci 12: 86-95; Steen & Reeh, 1993, Neurosci Lett 154, 113-16).

In six volunteers, sustained burning pain was produced in the palmar forearm 
through a continuous intradermal infusion of isotonic phosphate buffer (pH 5.2). The 
flow rate was individually adjusted as to result in constant pain ratings around 2 0 % of 
a visual analog scale (VAS). Ten min later, the painful skin area was covered with 
ASA (60 mg/ml) or lactose in diethylether (10 ml) in a double blind randomized order 
using each arm at 2 days' interval. Both treatments resulted in a sudden and profound 
pain relief due to the cooling effect of the evaporating ether. With lactose, however, 
the mean pain rating was restored close to baseline within 5-10 min while, with ASA, 
it remained significantly depressed by 60% on average (p<0.02, Wilcoxon) for the 
rest of the observation period (another 20 min). This deep analgesia was not 
accompanied by a loss of tactile sensation.

With another group of six volunteers, the same study design was run using SA (60 
mg/ml) in diethylether. However, no significant difference versus the lactose-ether 
formulation was found. Finally, a modified design was applied to test an commercial 
ibuprofen cream (50 mg/g) that also turned out ineffective.

The negative results with the "pure" cyclooxygenase blockers in contrast to the 
powerful analgesic effect of ASA suggest that acetylation in the skin resulting from 
ASA penetration may be the relevant mechanism. This action seems to be highly 
specific inhibiting the pH-induced nociceptor excitation.
(This study was supported by the BAYER AG and by the DFG, grant Ste 593/1-1)

102.8
NITRIC OXIDE (NO) M ED IATES ONGOING D ISC H A R G ES  IN 
D O RSAL ROO TS A FTER  P ER IPH ER A L N ERVE SECTIO N . J .-X . 
Hao*. 2. Wlesenfeld-Hallln. X.-J. Xu and T. Hökfeltt .  Karollnska  
Institute, Dept. of C lin. Neurophysiol., Huddlnge and tDept. of 
Hlstol. and Neuroblol., Stockholm , Sweden.

NO synthase  mRNA in the dorsal root ganglia (DRG) of 
Sprague-Dawley (SD) rats w as markedly Increased after sciatic  
nerve section and the NO synthase inhibitor L-NAME Injected 
l.v. blocked sp inal hyperexcitability after repetitive C-afferent 
activation at much lower doses in axotomized than In normal 
rats (Verge et al., PNAS, 1992, 89, 11617). We now examined 
the role of NO in the generation of ongoing activity in A-flbers 
originating in the DRG after axotomy.

Activity w as recorded from dorsal roots Innervated by the 
sciatic nerve or from the neuroma 5-20 d after nerve section or 
In normal rats. L-NAME and L-Arginlne, the precursor of NO, 
were injected l.v.

L-NAME (100-200 pmol/kg) suppressed  ongoing activity in 
dorsal roots after acute resection of the nerve proximal to the 
neuroma, but not In normally Innervated roots. The origin of 
the activity in the DRG w as indicated by the observation that 
removal of the neuroma did not influence the effect of L- 
NAME. L-Arginine (575-1150 pmol/kg) briefly reversed  the 
effect of L-NAME. Very little ongoing activity w as recorded  
from fibers from the neuroma in SD rats.

It Is concluded that NO in DRG is involved In the generation 
of ongoing activity in SD rats after axotomy.

102.10
The Role of cGMP in Hyperalgesia: Behavioral and Biochemical
Analyses. M.G. Garry1*. LDumett Richardson1 and K.M. Hargreaves1·2.
Univ. of Minn., Dept. of Rest. Sci.1, and Dept. of Pharm.2, Minneapolis, MN.

A well-described mechanism of action of nitric oxide (NO) is the stimulation of 
cGMP production. Recent behavioral studies suggest that NMD A induced 
hyperalgesia is dependent cm a NO-cGMP pathway (Eur. J. Pharm. 214:93,1992). 
Therefore, the purpose of this study was to measure the levels of immunoreactive 
cGMP (icGMP) in the dorsal horn in response to the NO donor, sodium 
nitroprusside (SNP) and in response to peripheral inflammation. For the SNP 
experiments, male rats (175-199g; n=12) were sacrificed and the spinal cords were 
ejected by hydraulic extrusion. The dorsal horn of the lumbar enlargement was 
isolated, chopped into 200μΜ cubes, weighed, and was incubated in 100 mM SNP. 
Following the incubation, the tissue was boiled in an extraction buffer which 
consisted of 50 mM Tris and 4mM EDTA. For the inflammation experiments, rats 
received bilateral injections of carrageenan (n=7; 6 mg/paw). Control animals (n=7) 
received no injection. Animals were sacrificed three hours following the injection of 
carrageenan; the peak of hyperalgesic behavior in this model (Pain 32:77,1988). 
The methods of tissue harvesting and extraction were identical to those described 
above. Immunoreactive cGMP levels were measured using a commercially available 
radioimmunoassay (Peninsula Laboratories) which has a 50% displacement of 
approximately 1500 fmoles. Data were analyzed by Student's t-test or ANOVA. 
The level of icGMP in the dorsal hom of control animals was 425±81 fmol/mg wet 
weight. The level of icGMP in the dorsal hom was increased to 776±108 fmol/mg 
3 hours foilwing hindpaw injections of carrageenan (p<0.05). In addition, icGMP 
levels were elevated approximately ten-fold over baseline to 5003±275 fmol/mg 
following incubation in SNP (pcO.001). These data indicate that both an NO donor 
and carrageenan-induced inflammation are effective stimuli for evoking significant 
increases in dorsal hom content of і-cGMP and, further, are consistent with the 
hypothesis that an NO-cGMP mediated pathway is involved in centrally mediated 
hyperalgesia. Supported by NRS A F32-DEO-5606-03.
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102.11 102.12
SNX-111, A SELECTIVE INHIBITOR OF N-TYPE NEURONAL 
VOLTAGE-SENSITIVE CALCIUM CHANNELS IS 
ANTINOCICEPTIVE IN THE RAT HINDPAW FORMALIN TEST.

K. Gohil, S. Bowersox, T. Singh, J. Ramachandran, G. Miljanich*.NEUREX Corp., Menlo Park, CA 94025
The ω-conopeptide SNX-111 (MVIIA) is a potent blocker of N-type 

voltage-sensitive calcium channels (VSCC). Using autoradiographic 
methods and 125I-SNX-111, we investigated the distribution ofN-type 
VSCC's in the rat CNS. In spinal cord slices. SNX-111 binds 
specifically, with high density, and nearly exclusively to the superficial 
layers in the substantia gelatinosa of the dorsal horn. Because this 
region contains synapses that are important in pain transmission, we 
investigated the anti-nociceptive activity of spinal (intrathecal} injections 
of SNX-111 in the rat hindpaw formalin test. Male Sprague-Dawley rats 
were implanted with indwelling lumbar catheters under halothane 
anesthesia. Three to ten days later, SNX-111, dissolved in sterile 
physiological saline, was injected in a volume of lOul. Ten minutes after 
injection of either SNX-111 (0.0 l μg, 0.03μg, 0.1μg. or 0.3μg) or 
vehicle, 50μg of 5% formalin was injected into the himipaw, ancfpaw 
flinches were counted at regular intervals for 90 minutes. Formalin 
injection elicited a stereotypical two phase response pattern of hindpaw 
withdrawal. SNX-111 pretreatment (>0.03μg) significantly attenuated 
nociceptive responses m the second phase (ED50 dose = O.lμg). The 
highest dose tested (0.3μg) produced near complete suppression of 
Phase 2 responses. We conclude SNX-111 exhibits significant 
antinociceptive properties in the rat formalin test when administered 
intrathecafiy. This finding suggests that selective blockers of N-type 
neuronal voltage-gated calcium channels may have therapeutic utility m 
the treatment of specific pain syndromes.

NICOTINE DEPRESSES PAIN-RELATED EVOKED 
NOCICEPTIVE ACTIVITY IN THE RAT THALAMUS AND 
SPINAL CORD. I. Juma*. J. Baldauf and P. Krauß. Institute of 
Pharmacology, University of the Saarland, D-66412 Homburg/Saar, 
Germany
Various reports indicate that acetylcholine exerts an inhibitory control 
in the nociceptive system mediated mainly by muscarinic receptors. To 
assess the antinociceptive action of nicotine, experiments were carried 
out on rats under urethane anaesthesia in which activity elicited by 
electrical stimulation of afferent C fibres in the sural nerve was 
recorded from single neurons in the thalamus or from ascending axons 
in the spinal cord. Nicotine (0.01 to 0.5 mg/kg i.v.) reduced the 
nociceptive activity evoked in the thalamus neurones and ascending 
axons in a dose-dependent way. The maximum effective dose was
0.·)5 mg/kg and the maximum depression amounted to 40% of the 
control activity in both thalamus neurons and spinal cord axons. 
Nociceptive activity evoked in ascending axons of the spinal cord was 
also depressed by intrathecal injection of nicotine (5 and 10 gg/rat). 
The depressant effects of nicotine were reduced by a concomitant i.v. 
injections of mecamylamine (1 mg/kg). The results show that nicotine 
depresses pain-related nociceptive activity in the rat by acting at the 
spinal level.

A X O N  G U ID A N C E  M ECHANISM S A N D  PA TH W A Y S III

1 0 3 .1
SYMPATHETIC SPROUTING INTO CONNECTIVE TISSUE 
PATHWAYS IS DECREASED DURING DEVELOPMENT. 
J.M, Hiebert*. O. Fan, and P.G. Smith. Department of Physiology, 
University of Kansas Medical Center, Kansas City, KS 66160.

Cervical sympathetic neurons sprout to reinnervate 
contralaterally denervated targets in rats, but only prior to 30 days 
of age. Previous studies have shown that target tissue from rats 6- 
48 PND are reinnervated comparably, suggesting that the deficit 
demonstrated in older animals does not reside within the target. 
The objective of the present study was to determine if age-related 
changes in orbital connective tissue pathways are responsible for 
the lack of ingrowth in older rats.

Sympathetic fibers traverse a well defined region of the 
periorbital sheath to reach anterior orbital targets. Small pieces 
(<lmm) of this pathway were sympathetically denervated in rats
6-7, 14-15, and 30-31 PND and transplanted into the anterior 
chamber of 81-85 day old host female Sprague-Dawley rats. 
Sympathetic ingrowth was evaluated using glyoxylic acid-induced 
catecholamine histofluorescence at 3, 6 , and 10 days post
transplant.

Transplants from 6-7 and 14-15 PND donors supported ingrowth 
well, with fibers present by 3 days and increasing in number and 
length through 10 days. In contrast, ingrowth to transplants was 
absent or sparse in transplants from 30-31 PND donors.

We conclude that age-related changes occur in connective tissue 
pathways that may hinder reinnervation in older rats. Supported 
by NS23502.

1 0 3 .3
AXON GUIDANCE ERRORS AND MUSCULAR D EFECTS IN THE POINTED 
MUTATION OF DROSOPHILA L.S. Wang.* A. Chiba+ and H. Keshishian Biol. Dept., 
Yale Univ., New Haven, CT 06511. †Dept. of Cell Biol., NIBB, Okazaki, Japan.

We have shown that the outgrowth of the segmental nerve branch A (SNa) in the 
Drosophila embryo is guided by a series of peripheral cellular cues (Wang and 
Keshishian, Neurosd. Abst.:1273,1992). We also showed that laser ablation of muscle 
fibers along that path resulted in both aberrant SNa pathway choices and ectopically 
placed motor endings. Nevertheless, SNa always made a posterior turn in the mid- 
bodywall to reach its targets. The identity of the guidance cue(s) that regulate this turn 
remains unknown. Here we show that in mutations of the putative transcription factor 
pointed, a gene involved in ventral ectodermal patterning (Klämbt, £gy. 117:163,1993) 
the posterior turn of SNa can be disrupted. We examined 48 hemisegments and saw 
the following: in 18% SNa failed to make the posterior turn and kept growing dorsally. 
Also in 16% the intersegments nerve took wrong pathways. In 89% the transverse 
nerve is missing. Although muscle defects occured in pointed, laser ablation 
experiments have shown that they are probably not responsible for the failure to turn by 
SNa. Muscle defects usually involved more than one fiber in each hemisegment. These 
included missing (100%), duplicated (28%), or degenerated (15%) muscle fibers. As a 
result of these errors, 30% of the hemisegments had ectopically placed motor endings. 
In order to determine whether ectopic endings (such as those occuring in pointed) are 
functional we phenocopied the target errors by laser microsurgery in the embryos, and 
then tested the synapses in third instar larvae. We found PSPs in response to both 
glutamate iontophoresis over the ectopic boutons and stimulation of the ectopic nerve 
branches. Sometimes multipie-unit PSPs were observed. Although the genes 
regulated by pointed have not yet been identified, our results show that pointed plays an 
important role in regulating both peripheral guidance cues and muscle fiber patterns.

1 0 3 .2
SEGMENTAL SPECIFICITY OF SYMPATHETIC PREGANGLIONIC PROJECTIONS IS 
INFLUENCED BY PREGANGLIONIC AXONS FROM NEIGHBORING SPINAL CORD 
SEGMENTS. J.W . Yip*. Department of Neurobiology, University of Pittsburgh, School of 
Medicine, Pittsburgh, PA 15261.

Sympathetic preganglionic projections are segmentali specific. In the chick, preganglionic 
neurons arising from the T1 spinal cord segment project predominantly in the rostral 
direction, whereas those arising from the T4 spinal cord segment project predomantly in 
the caudal direction. Projections arising from the T2 and T3 spinal cord segments are 
bidirectional, with neurons projecting in both rostral and caudal directions. Previous studies 
showed that the establishment of these projection patterns is independent of target cues 
and intrinsic properties of the neurons, but is influenced by local environmental factors along 
the pathway of axonal growth.

Among the factors in the pathway of preganglionic growth are fibers from other spinal 
cord segments. In order to examine whether the direction of sympathetic preganglionic 
projections from individual spinal cord segments is influenced by preganglionic neurons from 
adjacent spinal cord segments, the directions of T1 and T4 preganglionic projections were 
determined in embryos which had 1) the T2 and T3 spinal cord segments replaced with 
cervical spinal cord segments containing no sympathetic preganglionic neurons, and 2) single 
segments of the T1 or T4 spinal cord, or contiguous T1 to T4 spinal cord segments 
transplanted to cervical levels. Results indicate that in the absence of T2 and T3 
preganglionic neurons, many T1 neurons projected caudally, and many T4 neurons projected 
rostrally. Furthermore, when single segments of the T1 or T4 spinal cord were 
transplanted to cervical levels, preganglionic neurons projected in both rostral and caudal 
directions, irrespective of their segmental origins. In contrast, when contiguous T1 to T4 
spinal cord segments were transplanted as a whole, T1 and T4 preganglionic neurons 
projected in directions that are appropriate to their normal segmental locations, with T1 
neurons projecting predominantly in the rostral direction, and T4 neurons projecting in the 
caudal direction.

These results show that the direction of sympathetic preganglionic projections is 
influenced by the presence of other sympathetic preganglionic fibers along their pathway.

1 0 3 .4
G EN ETIC  AN ALYSIS O F N EUROM USCULAR CO N N ECTIV ITY IN 
DROSOPHILA: A SYSTEM A TIC  S C R E E N  O F  TH E 3RD CHROM O SO M E, 
H, Sink. P, Van Vactor, Y.M. Robinson, and C .S . Goodman*. HHMI, 
Neurobiol. Div., Dept. of Mol. and Cell Biol., U. C ., Berkeley, CA 94720

In each abdominal hemisegment of the Drosophila embryo, an array 
of 30 muscle fibers is innervated by about 34 motoneurons in a  highly 
stereotyped and cell-specific fashion: dorsal m uscles are innervated by the 
motor axons in the ISN motor nerve, lateral muscles by the SNa, and 
different regions of ventral muscles by the SNb, SNc, and SNd. To begin 
to elucidate the molecular basis of neural specificity in this system, we have 
been conducting a series of systematic genetic screens for mutations 
affecting neuromuscular connectivity using the MAb 1D4 (against the 
cytoplasmic domain of fasciclin II) which labels all motoneuron growth 
cones, axons, and their immature synapses. Last year we reported on a 
screen of the 2nd chromosome (~40%  of the genome). In other abstracts, 
we report on the molecular genetic analysis of these 2 nd chrom. genes that 
control neuromuscular connectivity. Here we report on a systematic 
genetic screen of the 3rd chromosome (also -4 0%  of the genome).

The mutations that affect neuromuscular specificity fall into three 
distinct classes: absentees, stallers, and explorers. In absentees, specific 
branches of certain motor nerves are missing. In stallers, growth cones fail 
to fully enter and explore their appropriate target muscle domain. Finally, in 
explorers, growth cones enter their appropriate target domain, and begin to 
explore the neighboring muscles. Instead of finding and synapsing with 
their appropriate muscle, they continue to explore neighboring muscles, 
sometimes crossing into adjacent segments.

Thus far on the 2nd chromosome we have identified six genes that 
control specific aspects of neuromuscular specificity. Our present screen  
of the 3rd chromosome (in progress) suggests that we will identify at least 
that many genes on this chromosome as well.
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1 0 3 .5
M O L E C U L A R  G E N E T IC  A N A L Y S IS  O F  G E N E S  C O N T R O L L IN G  
N E U R O M U S C U L A R  S P E C IF IC IT Y  IN D R O S O P H IL A . D. Fam brou ah. D. 
V an  Vactor*. and  C .S .  G o o d m a n . HHM I, 51 9  L S A , Neurobiology Division, 
Dept. of M olecular and C e ll B iology, U. C . , B erk eley , C A  9 4 720

T h e  em bryonic pattern of n eu ro m u scu lar connectivity in D rosophila  
provides an  attractive system  for the study of axon pathfinding and target 
recognition at a  m olecular level. Ev id e n ce  from a  variety of experim ental 
m anipulations in this system  su g g e sts  a  high d eg ree  of specificity in the  
m ech an ism s that estab lish  the pattern of m u sc le  innervation. W e  have  
recently d escribed  a  g en etic s c re e n  for m utations on the seco n d  
chro m o so m e (- 4 0 %  of the D rosophila gen om e) affecting the ability of 
em bryonic m otoneurons to find their correct targets [Van V acto r et al.
(1993) Cell]. O u r genetic a n a ly s is  points to three key s te p s  in the  
generation of neu ro m uscu lar specificity. First, m otoneurons are  guided  
tow ards the correct region of m esoderm , often pathfinding a c ro s s  different 
su b stra tes  and  navigating a  se q u e n c e  of sp ec ific  ch o ice  points. S e co n d , 
motoneuron growth co n e s  d isp lay an affinity for a  particular dom ain of 
neighboring m u sc le s . F inally , e a ch  growth co n e  reco g n izes  its specific  
m u scle  target(s) from within this dom ain. Not surprisingly, su ch  a  model 
su g g e sts  a  developm ental se q u e n c e  of g en e  activ ities - a  g en etic pathw ay. 
W e  ha ve  identified g en e s  that a p p ear to control ch o ice  point navigation, 
target dom ain recognition, and specific  m u sc le  target recognition. S o m e  
g en e s  m ay be used  in a  com binatorial fashion by m any neu ron s in more  
than one  target dom ain, w h e re a s  other g en e s  m ay be unique to specific  
d om ain s or su b se ts  of growth c o n e s  or targets. W e  anticipate that the  
g en e s  controlling neu rom uscu lar specificity will function at a  variety of 
different m ech anistic  leve ls , from regulatory proteins to su rfa ce  or secre ted  
s ig n a ls  and their receptors. W e  are  pursuing the m olecu lar characterizatio n  
of sev e ra l g en e s  on the seco n d  chro m o so m e.

1 0 3 .7
C E L L  AD H ESIO N  M O L E C U L ES  IN C O N C ER T  WITH R E P U L S IV E  
M O L E C U L E S  G O V ER N  IN TR A R ET IN A L AXON G U ID A N C E : A TIM E  
L A P S E  STU D Y O F  TH E LIVING RETIN A . P. A, Brittis.*  V. Lemmon. U. 
Rutishauser and J. S ilve r. Dept. of Neurosci., CW RU, Cleve., OH 44106

In the mammalian retina, radially shaped neuroepithelial cells first become 
committed to the definitive ganglion cell fate (generating axons) just dorsal 
to the optic fissure. Differentiation occurs in an outwardly progressing 
sequence with many ganglion cell neighbors sending out their axons towards 
the fissure. Because immature retinal ganglion cells retain ventricular endfeet 
we can label the cell bodies at E14 with DM and follow their axons as they 
grow towards the optic fissure with time lapse video microscopy. We show 
that axon initiation is dynamic in that many of the young ganglion cells send 
out transient “feeler" processes in all directions as buds from their piai 
endfeet. Processes oriented away from more mature neurons enter a more 
repulsive terrain and then retract. However, those processes that touch 
other neuntes located more centrally are maintained. Focal concentrations of 
L1 appear at points of process-neurite contact. Control growth cones have a 
mean area of 51 ±.21 μ m2 and extend at a mean rate of 45μm/hr. Anti-L1 fab 
fragments severely disrupt growth cone outgrowth. Initially, treated growth 
cones become enlarged (mean area 112 ±26μm2) and slow down. After about 
two hours affected growth cones become streamlined and grow faster (mean 
81μ m/hr). However they now travel perpendicularly or opposite to 
previously formed neuntes. Anti-NCAM fab fragments label endfeet with 
which axons and growth cones associate. This treatment causes subsets of 
growth cones to stall (mean, 13μ m/hr) and eventually halt. Some of the 
growth cones become dramatically enlarged (mean, 161+80μm2). Changes in 
orientation of growth cone outgrowth were not observed. These results 
imply that both L1 and NCAM regulate axon growth albeit in different ways 
and along with repulsive molecules and physical channels, contribute to a 
cast of supporting players that provide guidance cues to axons.

1 0 3 .9

THE CLONING AND EXPRESSION OF COLLAPSIN, A PROTEIN 
THAT INDUCES THE COLLAPSE OF DORSAL ROOT GANGLIA 
GROWTH CONES. Yuling Luo* and Jonathan A. Raper. Department 
of Neuroscience, University of Pennsylvania, School of Medicine, 
Philadelphia, PA 19104.

We previously reported the identification of a 100 kDa glycoprotein 
from adult chick brain that collapses growth cones (Luo, Y and Raper, 
J. A. (1992) Soc. Neurosci. Abstr. 18, 399.14.). We now report the 
cloning and functional expression of a cDNA for collapsin. Degenerate 
oligonucleotide primers based on four peptide sequences obtained from 
the 100 kDa glycoprotein were used to amplify a 1.1 kb DNA fragment 
from total RNA of E20 chick brains by polymerase chain reaction 
(PCR). This fragment contains an open reading frame with all four 
peptide sequences of the collapsin protein. The 1.1 kb PCR product was 
used as a probe to screen a λgtlO chick brain cDNA library and several 
hybridizing clones were isolated. One of the cDNA clones contains a
3.4 kb insert that encodes a single open reading frame. Translation of 
the open reading frame predicts a protein of 772 amino acids with a 
calculated molecular weight of 8 8  kDa. Analysis of the predicted amino 
acid sequence indicated that collapsin is a novel protein with a 
consensus signal peptide sequence at its N-terminus, four N-linked 
glycosylation sites, and no transmembrane spanning domain. The 
deduced structure also revealed that collapsin contains three distinct 
regions: a N-terminal domain that shares significant homology with that 
of Fasciclin IV, an I g - lik e  domain, and a highly basic C-terminal tail. 
Transfection of the collapsin cDNA into COS-7 cells resulted in the 
expression of a potent DRG growth cone collapsing activity.

1 0 3 .6
B Y P A SS, A  M U TA TIO N  T H A T  A F F E C T S  S P E C IF I C  A S P E C T S  O F  
M O T O N E U R O N  P A TH FIN D IN G  IN D R O S O P H IL A . D. Lin*. P. M atubang .
D. V an  Vactor. and  C .S .  G o o d m a n . HHM I, 519  L S A , Neurobiology Division, 
Dept. of M olecular and C e ll B iology, U. C ., B erk eley , C A  9 4 72 0

T o  begin to e lucidate the m olecular b a s is  of neu rom uscu lar  
specificity, w e  ha ve  b een  using two different ap p ro a c h es  in Drosophila. 
First, w e  ha ve  b een  conducting system atic  g en etic s c re e n s  for mutations 
affecting neu ro m uscu lar connectivity. S e co n d , w e  h a ve  b een  using  the  
e n h a n ce r  trap m ethod to identify g en e s  e x p re sse d  by s u b se ts  of m u sc le s  
prior to and during innervation. T h e se  P-elem ent insertions ca n  be u sed  to 
gen erate  m utations in th e se  g en es. H ere  w e u se  this 2nd ap p ro ach  to 
g en erate  the b y p a s s  mutation that affects m otoneuron pathfinding.

W e  sc ree n e d  1 ,500  G A L 4  e n h a n ce r  trap lines, and iso lated  ~ 20  lines  
w hich e x p re ss  β -g a lacto sid ase  in sm all su b se ts  of m u sc le  fibers. O n e  of 
th e se  2nd chrom osom e lin es is e xp re sse d  in the ventral m u sc le s .
Im precise  exc ision  of this P -elem ent led to the generation of a  sem i-lethal 
mutant allele  in the b y p a s s  gen e . Normally, the ISN , S N a , and S N b  growth 
co n e s  extend out a  com m on motor pathw ay. At a  specific  ch o ice  point, the  
S N b  m otoneurons turn into the ventral m u sc le s , while the ISN  and  S N a  
growth co n e s  continue along the com m on pathw ay. In b y p a s s  mutant 
em bryos, only the m otoneurons in the S N b  (w hich innervate ventral 
m u scles) a re  affected; the ventral m u sc le s  ap p ear norm al. T h e  S N b  growth 
c o n e s  sh o w  o ne  of two different mutant phenotypes: in about half of the  
seg m en ts, the S N b  growth c o n e s  b y p a ss  their specific  ch o ice  point and  
continue to extend out the com m on pathw ay. In other seg m en ts, the SN b  
growth co n e s  enter the ventral m u sc le  dom ain , but then stop at m u sc le  30 . 
T h is  initial b y p a s s  mutation is likely to be a  hypom orphic allele. W e  are  
currently generating further m utations in the g en e  to ch a ra cte rize  the  
com plete loss-of-function phenotype. M oreover, w e  a re  p resently  cloning  
the g en e  defined by this P-elem ent insertion.

1 0 3 .8
CON TACT MEDIATED REPULSIO N  O F  RETINAL GROW TH C O N ES  B Y  DRG  
N EU R ITES  IS R ED U C ED  IN T H E  P R E S E N C E  O F  A  S ER IN E  PRO TEIN ASE  
IN H IBITO R. J . L. Baird* and J . A. R ap er. Dept. of N euroscience, 
University of P en nsylvania, Philadelphia, PA

P revious stud ies suggest that a  "peripheral" axonal label induces 
collapse  of retinal growth co n es when they contact a  P N S  neurite. W e  
have characterized a  growth cone  collapsing activity found in detergent 
extracts of newborn calf adrenal p lasm a m em branes that is a  candidate  
for a  "peripheral" co llap sing  lab el. T h is  activity is inhibited by 
P P A C K , an irreversib le inhibitor of a  su b c la s s  of trypsin-like serine  
p rote inases. If the peripheral label is a  serine  proteinase sim ilar to 
the adrenal derived collapsing activity, then the p resen ce  of P P A C K  
should inhibit the co llapse  resp o n se  se e n  w hen retinal growth co n es  
contact periphera l n eu ntes. W e have  exam ined  the resp o n se  of 
tem poral retinal growth co n e s to contact with D R G , temporal retinal 
and nasal retinal neuntes in the ab sen ce  or p resen ce  of 50 μΜ P P A C K . 
W hen retinal growth c o n e s contact D R G  neuntes in the a b sen ce  of 
P P A C K , they co llap se  and are  unable to c ro ss  the neurite. In the 
p resence  of P P A C K , the frequency and duration of growth cone collapse  
is d e cre a se d  and most retinal growth c o n e s are  able to c ro ss  D R G  
neurites. W hen temporal retinal growth co n e s  contact nasa l retinal 
neurites in the ab se n ce  of P P A C K , m ost co llap se  and are  unable to 
cro ss the neurite. The presence of P P A C K  h as no effect on the response  
to contact with n asa l neurites... Therefore P P A C K  specifica lly affects 
the response of retinal growth co n es to D R G  neurites without generally 
affecting their ability to co llap se . T h e s e  resu lts are  consistent with 
the hypothesis that the "peripheral" axon label is  a  serine  proteinase  
sim ilar to the adrenal derived growth cone collapsing activity.

1 0 3 .1 0

GROWTH CONE STEERING MEDIATED BY LOCAL COLLAPSE. 
J. Fan* and J. A. Raper. Dept. Neurosci., U. Penn., Phila., PA 19104.

Previous studies have shown that a temporal retinal ganglion cell 
growth cone usually collapses fully if it meets a nasal retinal axon at 
approximately a right angle. The collapse is thought to be triggered by 
the recognition of an inhibitory cue on the nasal axon by the temporal 
growth cone since collapse is rare in any other combination of growth 
cones and axons from nasal and temporal retina. Inhibitory cues like this 
one may not function only as a stop signal. We hypothesize that when 
one side of growth cone encounters an inhibitory signal, local collapse 
of this region may cause the growth cone to steer away from the 
repulsive stimulus.

We tested this hypothesis by analyzing the behavior of temporal 
growth cones that encountered nasal axons at shallow angles, so that 
they were exposed to the inhibitory nasal cue on only one side. We 
found that temporal growth cones encountering nasal axons at a 30-50° 
angle turned away and extended parallel to the nasal axon without 
collapsing in 41% of the encounters, and collapsed fully in 45% of the 
encounters (n=22). In the other three growth cone - axon pairings in 
which no inhibitory interaction is expected, 1 1 % of the growth cones 
turned away from the axons and 8 % collapsed (n=53).

These results are consistent with the hypothesis that when one side of 
a temporal growth cone contacts a nasal axon, the contacting side of the 
growth cone collapses (or fails to extend) locally, while the non
contacting side keeps advancing. As a result, the growth cone turns 
away from the nasal axon. In order to analyze local collapse in more 
detail, we are currently studying the behavior of growth cones that 
encounter beads coated with a brain derived collapsing factor.
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103.11
TOPOGRAPHIC SPECIFICITY IN RETINAL AXON BRANCHING IS 
CONTROLLED BY A REPULSIVE MEMBRANE ASSOCIATED MOLECULE. 
AL. Roskies* and D.D.M. O’Leary. The Salk Institute, La Jolla CA 92037.

Molecules expressed in a position-dependent manner in the optic tectum of 
nonmammals seem to guide or restrict the growth of retinal ganglion cell (RGC) 
axons to topographically correct loci. However, in rat, the targeting of temporal and 
nasal RGC axons rostrocaudally over the superior colliculus (SC) is indistinguishable 
atE18-E19; the first position-related response of RGC axons is a topographic bias in 
side branching at E20. When given a choice between alternating lanes of rostral and 
caudal E18 SC membranes, E l8 temporal RGC neuntes show a specific preference to 
grow on their topographically correct rostral lanes. These findings suggest that 
positional cues are present in embryonic SC but do not restrict or guide RGC axons; 
instead these cues may promote topographic specificity in RGC axon branching.

To test this hypothesis, explants of E18 rat retina were placed such that their 
neuntes grew perpendicular across lanes of membranes from rostral and caudal E18 
SC. After 2 days, neurites were visualized with anterograde or retrograde labeling and 
branches formed along the neurites were quantified. Temporal RGC neurites exhibit a 
marked preference for branching on rostral lanes; nasal RGC neurites show no 
consistent preference. Temporal RGC branching preference is abolished by treating 
caudal SC membranes with PI-PLC, indicating that the membrane associated molecule 
responsible for branching preference is PI anchored and acts via repulsion. This 
molecule may be similar to the 33 kD protein identified by Bonhoeffer and colleagues 
in caudal chick tectum which in vitro repulses temporal RGC neurites and in vivo 
may restrict temporal RGC axons to rostral tectum. Our findings support the 
hypothesis that position-dependent expression of membrane associated molecules in 
rat SC governs the topographically appropriate formation and/or stabilization of RGC 
axon branches, rather than guiding or restricting RGC axons to topographically correct 
loci. Supported by NIH grant EY07025.

1 0 3 .1 2
T H E  N O T O C H O R D  G U ID E S  S P E C IF IC  G R O W T H  C O N E S  IN T H E  
Z E B R A F IS H  S P IN A L  C O R D . S . G ree n sp o o n . C . Patel. S .  H ash m i. & 
J .Y .  K u w a d a * . Dept. of B io logy, U n iv . o f M ich igan , A n n  A rb o r, M l.

T h e  floor plate (FP) ce lls  are  located  at the  ven tra l m idline o f the  
sp ina l cord  and w ere  p rev io u sly  identified  a s  a so u rce  of gu ida n ce  cu e s  
for sp e c ific  sp ina l g ro w th  c o n e s . R em o val of th e  F P , e ither by laser  
ablation or by the  c y c lo p s  m u tation, ca u se d  5 7 %  of the  g ro w th  co n e s  
of th e  co m m issu ra l prim ary asce n d in g  (C o P A ) n eu ro n s to  m ake errors  
at the  ven tral m idline. H o w ev e r, s in ce  a s ig n ifica n t proportion of C o P A  
g ro w th  co n e s  fo llo w ed  their norm al p a th w a y  d esp ite  the a b se n ce  of 
th e  FP , w e  h y po th esized  th a t a seco n d  so u rce  o f gu ida n ce  c u e s  m u st 
e x is t  at or near the ven tral m idline of th e  sp ina l co rd . T h e  noto chord  is 
a potential so u rce  s in ce  it lies d irectly  ven tral to  th e  FP . T o  te s t  if the  
n oto chord  a lso  p ro vid es g u idance  c u e s  fo r C o P A  g ro w th  c o n e s , 
n oto chord  ce lls  w ere  sp e c ifica lly  laser ab lated  4  h prior to 
axo n o g e n e s is  and the C o P A  n eu ro n s a s sa y e d  1 2 -1 5  h later by labeling  
them  w ith  M A b C O N 1 . M A b CO N 1 sp e c ifica lly  reco g n izes  the C o P A  
and  Rohon-B eard  neu ro n s in the  early sp ina l co rd . A b lation  of 
no to cho rd  ce lls  in w ild typ e  e m b ryo s ca u sed  2 5 %  of C o P A  g row th  
co n e s  to m a ke  e rro rs . T h e se  errors w ere  not d ue  to  dam age of the FP  
or ch a n g e s  in the  organization of the  sp in a l co rd . R em o val of both the  
F P  and n oto chord  by ablation of noto chord  c e lls  in c y c /o p s  em b ryo s  
resu lted  in a h igher error rate  (7 4 % ) and m ore p ro no u nced  errors than  
th a t see n  fo llow ing  rem oval of e ither one  a lo n e . T h e se  re su lts  su g g e st  
th a t the  FP  and n oto chord  norm ally  a c t  in co n ce rt  to  guide spinal 
g ro w th  co n es  at th e  ven tral m idline. (Fun ded  by M O D  & А Р А .)
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CREATION AND FUNCTIONAL SCREENING OF A MOBILE PEPTIDE 
LIBRARY TO STUDY BOMBESIN RECEPTOR-LIGAND INTERACTIONS

C.K. Jayawickreme, G.F. Graminski, J.M. Quillan and M.R. Lemer*,
Depts. of Int. Med., Pharm., and HHMI, Yale Univ. Sch. of Med., New Haven, 
CT 06510

A seven amino acid analog of the bombesin peptide, whose first two residues are 
tryptophan and alanine, is an agonist at the G-protein coupled bombesin 
receptor. To investigate the importance of their particular R groups for peptide 
mediated receptor activation, a synthetic peptide combinatorial library based on 
the analog sequence was constructed in which the first two positions were filled 
by all possible combinations of 19 L-amino acids. Four L-amino acids were also 
incorporated at the seventh position so the library contained 1,444 distinct 
sequences. Because it was not practical to evaluate this number of molecules for 
their receptor agonist properties by standard means, an efficient functional 
saeening system based on converting the tethered peptide library into a mobile 
but still ordered one was developed. The results reveal that the agonist 
properties of the peptide require that its first two amino acids contain 
hydrophobic side chains. The technology of mobile peptide libraries (MPLs) 
provides general solutions to two problems: first, obtaining and individually 
evaluating large numbers of peptides while avoiding cross talk and second, 
determining how large numbers of specific peptides behave in sequential and 
even different assays. In particular, for investigations into the molecular basis of 
G protein coupled receptor activation, MPLs should facilitate the creation of 
new therapeutic agents targeted at the largest class of transmembrane signaling 
proteins responsible for regulating the responses of cells to changes in their 
external milieu.

1 0 4 .3

R EC O M B IN A N T LY  E X P R E S S E D  Y 1  R E C E P T O R S  (Y 1 R ) F O R  N E U R O P E P T ID E  
Y : D IS T IN C T  S E Q U E N C E  E L E M E N T S  C O N T R O L  G -P R O T E IN  A C T IV A T IO N .
H. Orkild. U. G eth er, and S . P. Sh e ikh *. D ept. o f C lin . B io ch em . 7 6 4 2 , R igs- 
hospitalet, U n iv . o f C o p en h a gen , T a g e n sv e j 2 0 , D K -2 2 0 0  D enm ark.
We have stud ied  the  coupling  of the  Y 1 R  w ild  ty p e  and sev e ra l m u tan t Y 1 R  
receptors to Gį and  G s. T h e  w ild  typ e  Y 1 R  m ed iated  a b ip h a sic  re sp o n se  on 
cAM P accu m u latio n  both after tran sien t e x p re ss io n  in C O S -7  ce lls  and after 
stable e xp re ss io n  in C H O -ce lls . T h u s , lo w  co n ce n tra t io n s  o f a g o n ist resu lted  
in inhibition of ad en y late  c y c la se  a c tiv ity , w h e re a s  o f h igh ag o n is t co n c e n 
trations stim ulated  c y c la se  a c tiv ity . Fo llo w in g  tre atm e n t o f p e rtu ss is  toxin , 
NPY elicited  up to  5 0 %  stim ulation  of ad en y la te  c y c la se  a c t iv ity , w h e re a s  
treatm ent w ith  cho lera  toxin resu lted  in inhibition o n ly . T h e se  d ata  s u g g e s ts , 
that the w ild  typ e  Y 1 R  ca n  co u p le  to  both Gį an d  G„. T o  probe  recep tor  
seq u en ces  invo lved  in G -protein  ac tivatio n  w e  co n stru cte d  a se r ie s  of 
receptors w ith  m utation of 1 to  3  am ino a c id s  s itu ated  C -term in a lly  in the  
third intracellu lar loop. M utating re sid u e s  |260^ 2в1, У 2в2 in th e  w ild  typ e  Y 1 R  
into A L K  (Y 1 R -A L K ) or V  V  K  (Y 1 R -V V K ) re su lted  in re cep to rs  w ith  m arked  
increased biological ac tiv ity . T h u s , Y 1 R - A L K  and  Y 1 R - V V K  m ediated  
increased inhibition, 8 9 .4  %  and 8 2 .9 % , re sp e ct iv e ly , o f ad en y la te  cy c la se  
activity a s  co m pared  to  th e  w ild  typ e  Y 1 R  (6 1 %  inhib ition o f ad eny late  
cy c la se  ac tiv ity ). Furtherm ore , c e lls  e xp re ss in g  th e  m u tan t re cep to rs  had lo w  
levels o f b asal cA M P , su g gestin g  co n stitu tiv e  ac tiv atio n  in a b se n c e  of ligand. 
Finally, the m utated recep to rs  did not co n fe r th e  b ip h a sic  re sp o n se  on 
adenylate c y c la se  ac tiv ity . In c o n c lu s io n , th e  w ild  ty p e  Y 1 R  ca n  m ed iate  both  
inhibition and stim ulation of ad en y late  ac t iv ity , an d  th is  re sp o n se  m ay be 
controlled b y d iscre te  am ino a c id s  lo cated  in th e  C -term in al part o f th e  third  
intracellu lar loop. M utation of th e se  an im o a c id s  re su lts  in co n stitu tive  
activation of the  Y 1 R .

1 0 4 .2
EFFECTS AND BINDING CHARACTERISTCS OF CHIMERIC GALANIN 
(GAL)-NEUROPEPTIDE Y (NPY) ANALOGS ON Y1 AND Y2 RECEPTORS.
L a rs  G r u n d e m a r X J lo  L a n g e  f ,  T am os B a r tf a ĩ  a n d  R o lf  H åkanson 2. D e p a r tm en ts  o f  
C lin ic a l  P h a rm a c o lo g y , 2P h a rm a c o lo g y  U n ivers ity  o f  L u nd, L u nd, S w eden  an d  
3N e u ro c h e m is try  a n d  N e u ro to x ico lo g y , A rrh e n iu sla b o r ia to r ie s  o f  N a tu ra l S cien ces, 
S tockh o lm  U n iversity , S w eden .

NPY is involved in a wide range of physiological processes in the central and 
peripheral nervous systems. The peptide acts at receptor types, referred to as Yl, Y2 
and Y3. The binding characteristics and biological effects of chimeric peptides 
containing an N-terminal GAL joined to the C-terminal end of NPY were examined in 
different experimental set ups containing Yl and Y2 receptors, respectively.

NPY and GAL suppressed and enhanced, respectively, the electrically stimulated 
twitches in the rat vas deferens (Y2 receptors). GAL(l-13)-NPY(25-36) (M32), GAL(1- 
13)-eNH-GIy-NPY(25-36) (M69) and GAL(l-12)-NPY(25-36) (M88) suppressed the 
stimulated twitches with a potency similar to NPY itself, while NPY 13-36 was 
somewhat less potent than the parent molecule. In rat hippocampus (Y2 receptors) M32 
and M69 were found to displace [H3]NPY with a Қ, in the submicromolar range. 
NPY evoked a contraction in the guinea pig cavai vein (Yl receptors), while GAL was 
inactive. M32, M69 and M88 induced slight contractions at > 0.3 M only. None of 
the chimeric analogs affected the contraction evoked by NPY. In experiments on rat 
cerebral cortex M32 and M88 displaced [H3]NPY with a Қ, in the submicromolar 
range.

The results suggest that M32 and M69 are potent Y2 receptor agonists in the rat vas 
deferens and bind to receptors in the rat hippocampus. The Yl receptor-agonistic 
actvitity of the chimeric analogs appears to be low in the cavai vein, but they bind to 
sites in the cerebral cortex. None of the chimeric peptides seem to be antagonists. The 
N-terminal portions of GAL seem to provide a steric conformation of the 25-36 part 
of NPY, which facilitates Y2, but not Yl receptor activation.

1 0 4 .4
S U B ST A N C E P R E C E P T O R  (NK-1) IM M UN OCYTO CHEM ISTRY IN HUMAN 
BRAIN. B,.iL..Qmjgtey J r1, Р,В..-СІР0 ІІ0 ПІ.!2, J .E . Krause3  and N.W. Kowall2 . 
1Dept. Med., New York University, N YC; 2Bedford VAM C, Bedford, MA; 
3 Wash. U. Sch. Med., St. Louis, MO.

We studied the morphology and distribution of Substance P receptor (SPR) 
immunoreactive elements in the normal, aged, human brain with a  polyclonal 
antisera raised against synthetic peptides derived from the third extracellular 
loop of the rat S P R  sequence. This techniques provides improved resolution 
and localization of the S P R  and allows for morphological and biochemical 
characterization of these neurons in tissue sections.

S P R  immunoreactivity is most prominent in large striatal and basal forebrain 
neurons. These  acetylcholinesterase rich neurons are also immunoreactive 
for choline acetyltransferase and nerve growth factor (NGF) receptor. Large, 
intensely immunoreactive neurons with extensive dendritic branching are 
distributed throughout the caudate, putamen and nucleus b asalis. 
Immunoreactivity is associated with both the cell membrane and cytoplasm  
and extends into cellular processes. Hippocampal pyramidal neurons in the 
CA 2  field and basket cells in CA  1-4 are lightly labeled. A dense collection of 
S P R  positive neurons are seen within the central amygdaloid nucleus. Deep 
neocortical pyramidal cells and cortical subplate neurons are  lightly 
immunoreactive. In the substance P rich substantia nigra and globus pallidus 
no immunoreactivity is seen .

In the present study we show that the S P R  is preferentially located on 
NGF-dependent cholinergic forebrain neurons. Th is unique neurochemical 
profile, involving neurotransmitter, neuromodulator and neurotrophic agent 
defines a prominent neuronal c la s s  that degenerates in Alzheim er’s  
disease. Defining neurochemical profiles may clarify our understanding of 
neuronal function and identify neuronal phenotypes vulnerable to 
neurodegenerative processes.
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1 0 4 .5
NEUROTENSIN IS INTERNALIZED THROUGH RECEPTOR 
MEDIATED ENDOCYTOSIS. M P.Faure*.G. Gaudriault1· J.P. Vincent1. M. 
Dennis2, and A.Beaudet. Montreal Neurol. Inst., Montreal, Canada H3A 
2B4,'CNRS, Sophia-Antipolis, France,2BioSignal ine. Montreal.

Several lines of evidence have indicated that neurotensin (NT) is 
internalized in both neuronal cell cultures and brain slices. The aim of the 
present study was to further characterize the specificity and mechanisms of 
this internalization process in both cholinergic hybrid neuronal cells (SN17) 
and in cells (SF9) bacilovirus-infected with encoding NT-R cDNA. A first set 
of cells were incubated with 10 nM of either FITC-labelled NT2.13 (NT-FTC) 
or neuromedin N (NN-FTC) for 2-60 min, at either 4°C (SN17) and -5°C 
(SF9) or 37°C(SN17) and 21 °С (SF9), and analyzed by confocal microscopy. 
At 4°/-5°C, the labelling remained confined to the cell surface in both cell 
lines.Whereas in SN17 cells the labelling stayed in the form of small hot 
spots, in SF9 cells these hot spots coalesced with time to form a uniform 
pericellular ring. At 37 721 °С, both cell lines displayed discrete punctate 
intracytoplasmic labelling which increased in intensity with time. This 
internalization pattern was similar with both ligands and was irreversibly 
inhibited by the endocytosis blocker, phenylarsine oxyde. A second set of 
SN17 cells were incubated with the fluorescent photoaffinity probe «2-FTC- 
еб-AzidoNitro-NT at 4°C for 30 min, after which the ligand was cross-linked 
by irradiation and the cells warmed up to 37°C for 30 additional min. The 
labelling pattern ressembled that observed with native NT, i.e was highly 
granular and present throughout the cytoplasm. These results demonstrate that 
NT internalization (1) is initiated through activation of high affinity NT1 
receptors and (2) is mediated by endocytosis of receptor-ligand complexes.

1 0 4 .7
Characterization of the human tachykinin NK3 receptor expressed in 
CHO-ΚΙ cells using a NK2 antagonist SR48968 and a NK3 agonist 
[pro7]NKB. F.-Z. Chung*, L. -H.Wu, Μ. Vartanian, D. L .Oxender  
Dept. of Biotechnology, Parke Davis Pharmaceutical Research, 
Division of Warner Lambert Company, Ann Arbor, Michigan 48105 

A recent report (BBRC, 191, p l80-187,1993) showed that the 
selective NK2 receptor non-peptide antagonist-SR 48968 has less 
than μmоlе affinity for NK3 receptors in the guinea pig but not in the 
rat. On the contrary, [pro7]NKB (a selective NK3 agonist) exhibited 
fifty fold higher affinity for rat NK3 receptors than for those of the 
guinea pig. To determine whether SR 48968 is also an antagonist for 
human NK3 receptor, we have studied the effects of SR 48968 in 
competitive inhibition of [125I ]NKB binding to human NK3 
receptors expressed in CHO-Κ1 cells and examined its inhibitory 
effects on PI turnover and arachidonic acid release in cells 
stimulated with [pro7 ] NKB. Using [125I ]NKB as the radioligand in 
the competition binding assay, the IC50 values for [pro7]NKB and 
SR 48968 were 188 and 948 nM, respectively. Stimulation of 
transfected cells with 0.1 μΜ [pro7]NKB increased PI turnover 
fivefold and arachidonic acid release tenfold; both stimulatory 
effects were blocked by 10 μΜ of SR 48968. Our results clearly 
show that SR 48968 is also an antagonist for human NK3 receptor 
and both SR 48968 and [pro7]NKB are useful tools for studying 
species variation in ligand binding of NK3 receptors. Through 
construction of chimeric rat/human NK3 receptors, it should be 
possible to determine receptor domains involved in binding 
specificities of SR 48968 and [pro7]NKB, respectively.

1 0 4 .9
EXPRESSION CLONING OF A CRF RECEPTOR FROM A 
HUMAN PITUITARY TUMOR. R. Chen. M.H. Perrin. K. Lewis. 
T. Albright* and W.W.Vale. Clavton Foundation Laboratories for 
Peptide Biology, The Salk Institute, La Jolla, CA 92037 

Corticotropin Releasing Factor, CRF, is the principal neuroregulator 
of the secretion of ACTH and, furthermore, is a key mediator of many 
endocrine, autonomic and behavioral responses to stressors. Although 
a high affinity binding protein for CRF has recently been isolated and 
cloned, the physiologic receptor for this important neuropeptide has 
yet to be identified. We have taken an expression cloning approach to 
characterizing the CRF receptor. A pcDNAl cDNA library prepared 
from a CRF-sensitive human corticotrope adenoma (generously 
provided by Mary Lee Vance, M.D., Dept. of Medicine, Health 
Sciences Center, U. of Virginia) was used to transform MC1061/P3 
cells. Plasmid cDNA from pools of 5000 clones was transiently 
transfected into COS M6  cells which were then screened for binding to 
125i_Tyr-ovine CRF as visualized by emulsion autoradiography. A 
single clone was obtained by successive subdivision of a positive pool 
that generated high affinity CRF binding (Kd=(2.7±0.4)nM) in 
transfected COSM6  cells and showed the appropriate pharmacologic 
specificity. Furthermore, CRF but not unrelated peptides elevated 
cyclic AMP levels ~20 fold in COSM6  cells transfected with the 
putative CRF receptor clone.

1 0 4 .6
INTERNALIZATION OF SUBSTANCE P AND ITS RECEPTOR. A.M. Garland. 
S. Vigna. T, Murthy and N.W. Bunnett* Depts. of Surg. and Physiol. UCSF, San 
Francisco, CA 94143-0660 and Dept. Cell Biol., Duke University, Durham, NC 27710.

Internalization of SP and the NK-1 receptor was examined in rat kidney epithelial 
cells transfected with cDNA encoding the rat NK-1 receptor and an N-terminal flag 
epitope. The receptor was functional, assessed by 125I-SP binding (Km=5.63 nM) and 
SP-induced Ca2+ mobilization (EC50=0.66 nM). Internalization of the receptor after 
incubation of cells with SP (10-7 M) was examined by immunocytochemistry using 
antibodies to the C-terminus of the receptor and the flag epitope. After 60 min 
incubation at 4°C the receptor was confined to the plasma membrane. Within 20 min 
of raising the temperature to 37°C the receptor was detected in vesicles beneath the 
plasma membrane, and after 180 min the receptor was centrally located. SP-induced 
internalization was not observed in cells treated with sucrose (0.45 M) and phenylarsine 
oxide (80 μΜ), agents that block receptor-mediated endocytosis. Neurokinin A also 
induced internalization but internalization was not detected in cells incubated with the 
receptor antagonist CP 96,345. Internalization of I25I-SP was examined in binding 
experiments using an acid wash procedure (0.2 M acetic acid) to separate acid labile 
(cell surface) from acid resistant (internalized) SP. Saturable binding occurred within 
60 min of incubation at 4°C but there was minimal internalization. Within 10 min of 
raising the temperature to 37°C the acid-resistant fraction was 83.5±1.0% of total 
bound counts (mean±SEM, n=6). After 60 min at 37°C the acid-resistant fraction was 
83.3+3.8% of the total bound counts, but now total binding was <50% of saturable 
binding. Alkalization of organelles with monensin (50 μΜ), chloroquine (500 μΜ) and 
ammonium chloride (10 mM) caused retention of label within the cell at 60 min. In the 
presence of these drugs the internalized SP was not degraded determined by HPLC 
(85.3+1.6% intact peptide compared to 54.1±0.5% in controls), indicating that 
acidification is required for the processing of internalized SP. Sucrose and 
phenylarsine oxide prevented internalization of SP and its degradation by cells. 
Therefore, SP and its receptor are rapidly internalized in a temperature dependent 
manner into unidentified organelles. Degradation of SP occurs in this process. 
Supported by NIH DK43207.

1 0 4 .8
NON-PEPTIDE ANTAGONISTS FOR TACHYKININ RECEPTORS -EVIDENCE 
FOR A COMMON MOLECULAR MECHANISM OF ACTION.
AU.Gether. BX.Emonds-Alt, BJ.C.Breliere.cJ.A.Lowe. pY.Yokota, DS.Nakanishi. 
EC.E.Stidsen*. and AT.W.Schwartz. ALab. Molecular Endocrinology, Rigshospitalet 
6321, Univ. of Copenhagen, Denmark, BSanofi Recherche, Montpelier, France, 
cCentral Research Div., Pfizer Inc., Groton, CT, DInst. for Immunology, Kyoto 
Univ., Japan, ENOVO Nordisk, Copenhagen, Denmark.

The molecular mechanism of action for a series of chemically distinct, non-peptide 
NK-1 and NK-2 antagonists was studied by chimeric constructs between the rat 
tachykinin receptors. Non-conserved residues around the outer part of transmem
brane segment (=TM) V and TM VI of the NK-1 receptor, were found to be 
essential for the action of all NK-1 selective antagonists tested. Mutational transfer 
of a discontinuous epitope around TM V and VI to the previously unresponsive NK- 
3 receptor conveyed full affinity for e.g. both CP-96,345 and SR 140,333 (K, 
improved from > 10.000 to 1.3 Nm). Smaller chimeric exchanges and point 
mutations in this area indicated that the antagonists interact with different but 
overlapping subepitopes within the common target. The NK-2 specific compound, 
SR 48,968, was found to act through an epitope located similarly in its target 
receptor. Mutational transfer from the NK-2 to the NK-1 receptor of a discontinuous 
segment around the outer part of TM VI and VII conveyed full susceptibility for the 
NK-2 selective compound (K, going from approx. 10.000 to 0.97 nM). [3H]SR 
48,968 bound with similar high affinity to the wildtype NK-2 receptor as to this 
mutated NK-1 construct. Since the affinity for all NK-1 compounds was seriously 
impaired, the selectivity for non-peptide antagonists was essentially swapped 
by this chimeric NK-2 exchange. In none of the constructs the binding affinity of the 
natural peptide ligands, substance Rand neurokinin A, was affected. It is concluded 
that independent on their chemical structure, several distinct tachykinin non-peptide 
antagonists act through overlapping epitopes located spatially around the outer part 
of TM VI on their respective target receptors.

1 0 4 .1 0
CLONING AND CHARACTERIZATION OF RECEPTORS FOR POMC- 
DERIVED PEPTID ES IN A HUMAN NEUROBLASTOMA CELL LINE. 
C,M. B i t l e r ,*  C .J„ Gre gne. U,S, Aulì. L, To ll. Dept. of 
N euroscience, SRI In ternatio nal, Menlo Park, CA 9 4 025 .

ACTH, MSH and ß-endorphln are  a ll peptides derived  
from the precursor P0MC protein and th e ir  actio n s are  
mediated by G protein-coupled receptors. We have shown that 
the human neuroblastoma ce ll line, SY5Y, exp re sses a receptor 
for ß-endorphin and recep tors for ACTH and/or MSH as  
measured by adenylate cyc lase  activ ity . U tiliz ing  p rim ers made 
to regions of the receptors w ith  the greatest homology, w e were  
able to generate the partial sequences of several unique putative  
G protein-coupled receptors. These probes w ere  then used to 
screen a human genomic lib rary to obtain the fu ll length clones. 
We have characterized  two of these receptors, w hich  have 45% 
amino acid sequence homology to each other. The two receptors 
encode an ACTH receptor and a MSH receptor. Southern blot PCR 
and Northern blot a n ya ls is  reveal a d ifferent pattern  of expres
sion 1n different ce ll types and d ifferent t issu e s , respectively . 
Sequence analysis of the genomic clones revealed an absence of 
introns, w hich is  frequently found in G protein-coupled  
receptors. The absence of introns makes such genes more 
susceptib le to inactivating mutations, and may partly account 
for the redundancy among receptor subtypes.
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104 .11
CHARACTERIZATION OF A NEURAL-SPECIFIC MELANOCORTIN 
RECEPTOR (MC3-R) RESPONSIVE TO γ-MSH AND OTHER POMC PEPTIDES. 
L, Roselli-Rehfuss. K.G. Mountioy, L.S. Robbins. M.T. Mortrud. M.J. Low*. J.B, 
Tatro. M.L. Entwistle. R.B. Simerlv and R.D. Cone. Vollum Institute for Advanced 
Biomedical Research, Portland, OR 97201 

The receptors for the pituitary POMC-derived peptides melanocyte stimulating 
hormone (MSH) and adrenocorticotrophic hormone (ACTH) were recently cloned 
and found to form a novel subfamily of the G protein-coupled receptors (Mountjoy et 
al., Science 257, 1992). These receptors were found to be expressed specifically in 
melanocytes and the adrenal cortex, respectively, and not in the brain, even though 
POMC is also expressed in the hypothalamus and in the brainstem. Effects which 
occur when melanocortin peptides are administered to the brain include increased 
heart rate and blood pressure. Therefore, we screened a rat hypothalamus cDNA 
library at low stringency, using the murine MSH receptor as a probe, in order to 
identify related receptors for POMC peptides in the brain. A 2.0 kb clone was 
identified which, upon sequencing, was determined to be a novel G protein-coupled 
receptor with 43% amino acid identity to the murine MSH receptor, identifying it as 
a third member of the melanocortin receptor family (MC3-R). MC3-R is 
functionally coupled to adenylate cyclase and it is strongly activated by γ-melanocyte 
stimulating hormone (γ-MSH), a POMC peptide with structural homology to MSH 
but with no melanotropic activity. In  s itu  hybridization data show that MC3-R 
mRNA is specifically expressed in the arcuate nucleus of the hypothalamus, an area 
with high POMC expression, as well as in a subset of hypothalamic and limbic 
targets to which the arcuate neurons send projections. The primary biological role of 
γ-MSH is poorly understood, but some data suggest it has pressor and cardiovascular 
activity centrally, and natriuretic activity via the renal afferent nerve. Identification 
of a pharmacological target for γ-MSH will allow us to explore the role of both γ- 
MSH and POMC peptides produced in the brain.

1 0 4 .1 2
CLONING, EX P R ESS IO N  AND DISTRIBUTION O F  TH E R E C E P T O R  FO R  
G A S T R IC  IN H IBITO RY P O L Y P E P T ID E . T . B . Usdin*. E . Mezev. D. 
Button. M. J . Brownstein and T . I. Bonner. Lab . of C ell Biology,
NIMH, B ethesd a, MD 20892.

Most G-protein coupled receptors have regions of identical or 
homologous amino acid s. However severa l recently identified 
receptors have little se q u en ce  homology with the majority of 
previously known G-protein coupled receptors. M em bers of this 
group, which includes the receptors for secretin , vasoactive  
intestinal polypeptide, glucagon, glucagon-like polypeptide I (G LP -
I), parathyroid horm one, calcitonin and growth horm one-releasing  
hormone have 30 to 50%  am ino-acid identity. W e used  P C R  to 
identify and clone novel related receptors in the rat brain. By 
se q u en ce  an alysis one most closely  resem bles the G LP -I receptor. 
C hallenge of a cA M P reporter cell line transiently expressing  this 
novel receptor with a  panel of candidate ligands demonstrated  
activation only by gastric inhibitory polypeptide (G IP ). Tran sien t  
expression  in an aequorin-expressing reporter cell show ed a G IP  
m ediated in cre ase  in intracellular calcium . Northern blots, 
reverse-transcription P C R  and in situ hybridization dem onstrate the 
receptor in tissues known to respond to G IP  and in a re a s, including 
the brain, w here G IP  effects have not been described. The receptor 
has a  novel distribution in the brain including a  bi-lam inar pattern 
in the cerebral cortex and expression  in the olfactory bulb and  
superior colliculus. Neither this receptor nor its peptide ligand have  
previously been described  in the brain, thus this represents  
identification of a  new  C N S  receptor.

V IS U A L  SY ST E M

105.1
MODEL FOR INITIATION AND PROPAGATION OF WAVES OF 
ACTION POTENTIALS IN DEVELOPING RETINAS. P. Y. Burgi* and
N. M. Grzywacz. The Smith-Kettlewell Eye Research Institute, 2232 Webster 
Street, San Francisco, CA 94115.

Spontaneous waves of bursts of action potentials sweep the developing retina. 
These waves have been studied with arrays of multiple electrodes covering small 
retinal areas. Hence, no information exists on the waves’ sites and times of 
initiation, and shape over extended regions. To formulate hypotheses on these 
issues, we developed a biophysical model of the ganglion cells’ array where these 
waves propagate. Model constraints came from pharmacological studies of correlated 
bursts of spikes in the developing turtle retina performed in our laboratory. In this 
model, waves’ propagation results from the rise in extracellular potassium ([K+lout) 
following spikes and from an excitatory synaptic drive (possibly partially 
cholinergic), and ends due to a refractory calcium-dependent potassium conductance 
(gAHp)· Propagation’s initiation occurs in random positions at the retinal borders, 
which supposedly are more excitable than more central regions, and at times obeying 
a Poisson distribution.

Simulations show that this model accounts for the existence of waves of action 
potentials, and for effects of Cs+ and TEA, low intracellular Ca2+ concentration, and 
Neostigmine. Moreover, the model explains the experimental bell-shaped 
distribution of intervals between bursts. There are two new predictions of the 
model: 1) For short inter-burst intervals there should be a negative correlation 
between this interval and inter-spike interval, and between inter-burst interval and 
burst duration. For large inter-burst intervals, these variables should become 
independent. 2) Over large areas, the bursts’ wave front should start as circular and 
then become linear, because of higher wave speed at the retinal border. In 
conclusion, a wave mechanism based on [К+Ӏout, excitatory synaptic drive (possibly 
partially cholinergic), and gAHp accounts for the available data on waves and bursts of 
activity in developing retinas, and formulates new testable predictions.

Supported by the SNFSR, NEI (EY08921), and ONR (N0014-91-J-1280).

105.3
DISTRIBUTION O F  P R ES Y N A P T IC  S IT E S  WITHIN R ET IN A L AXON  
ARBORS O F  X EN O P U S LARVAE. M. A N D ERSO N . R .E . FELLO W S* AND
H. T. Cline Dept of Physiology & B iophysics, Ugiv. of Iowa, Iowa 
City, IA. 52245.

In vivo imaging of retinal axons from X enop us em bryos 
demonstrates that m any of the branches in the axon arbors are  
extremely dynam ic, with lifetimes of le ss  than 2 hours. In addition, 
shorter branches have greater rates of branch initiations and  
retractions than longer b ranches. D ecreasing  synaptic transm ission  
increased the dynam ic rearrangem ent of the arbor branches  
(O'Rourke, C line  & Fraser). T h e se  data imply that the lifetimes of 
branches can  be modified by activity, how ever the distribution of 
presynaptic sites within the axon arbor is not known. W e are using 
an antibody to synaptophysin (P38 ; a  generous gift of the G reengard  
lab) to label synaptic ve s ic le s  within the optic tectum of Xenop us  
larvae between stag e s 39-47. Increased  P 38 staining in the tectal 
neuropil corre la tes with in creased  density of retinal innervation, 
determined by H R P  labeling of retinal axons. Tectal neuronal cell 
bodies have no P38 staining. Unilateral enucleation d e cre a se s P38  
staining to background levels. T h e se  data indicate that P38 in the 
tectal neuropil is located principally in retinal axons. By labeling 
individual retinal axons with H R P , com bined with P38 staining, we 
have begun to exam ine the developm ental distribution of presynaptic 
sites within individual axo n s, to determ ine w hether the highly 
dynamic axon branches contain synaptic v e s ic les . Supported by the 
McKnight Foundation.

1 0 5 .2
In  V ivo  TIME COURSE OF NEURONAL BRANCH ADDITION. S, Witte* and
H.T. Cline. Dept. of Physiology & Biophysics, U. of Iowa, Iowa City, IA 52242

Some forms of neural plasticity may rely on the formation of new synaptic 
connections. Since many forms of neural plasticity occur relatively rapidly, it is of 
interest to determine if the time course of the formation of new branches is 
compatible with the idea of synaptogenisis as a mechanism of neural plasticity. 
Previously, hourly observations of single retinotectal axons inX. la e v is  tadpoles 
revealed that several branches are added and retracted within this time period 
(O'Rourke, Cline and Fraser, in preparation).

Here we attempted to more closely determine the amount of time needed for the 
formation of new axonal branches in  v iv o . Retinotectal axons of X . la e v is  tadpoles 
(stages 40-50) labeled by injecting small volumes of 5% Dii in 100% ethanol into 
the eye directed at the midtemporal retina. 12-36 h after injection, animals with 
single well labeled axons were selected and anesthetized by immersion in MS222 
shortly before and during collection of each image. Confocal laser scanning 
microscopy was used to collect three dimensional images of the labeled arbors.

When images were collected at 30 minute intervals, an average of 2.2 new 
branches was seen per arbor per observation (7 neurons). Observations taken at three 
minute intervals indicate that in most cases the appearance of a new branch occurred 
in 2 steps over a period of 9-15 minutes. First a conical protrusion gradually 
emerged from either a growth cone or an axonal branch. This protrusion grew at a 
rate of approximately 1 μm/З minutes for 6 to 12 minutes before the rapid addition 
of a filopodial branch of 3 to 7 pm in length. Since there is evidence of 
neurotransmitter release from growth cones, these new branches may undergo 
activity dependent modification resulting in their stabilization or retraction, and in 
this way contribute to the refinement of the developing retinotectal projection. The 
time course of branch formation is compatible with the idea that new branches may 
provide a substrate for new synaptic connections contributing to the consolidation of 
LTP and reorganization of sensory representations.

1 0 5 .4

TH E STUNTING O F  NEURONAL GROW TH B Y  NANOMOLAR 
C O N C EN T RA TIO N S O F  LEA D  IS  R E V E R S IB L E . Hollis T . Cline* 
Department of Physiology & B iophysics, University of Iowa, Iowa 
City, IA 52 245.

The developing retinotectal system  of lower vertebrates is a 
dynam ic system  in which retinal axo n s continually migrate within 
the tectal neuropil and shift their connections with target tectal 
neurons. Retinal axons migrate by the addition of branches at the 
distal end of the axon arbor and retraction of branches at the 
proximal end in such a  w ay that the overall branch number and area  
of the arbor is maintained. Using the slow re lease  p lastic E lvax, the 
optic tectum w a s expo sed  to lead at 10-6 to 10-9 M (in E lvax) for 6  
w eeks. T h is  results is an estim ated re lease  of 10-8 to 1 0 - 1 1M 
lead from the plastic. Th e  treated retinal axon arbors w ere reduced  
in area and branch num bers to about 20%  of control va lues. To test 
for reversibility of the effect, tadpoles w ere expo sed  to lead (1 0 ' 
8 M in Elvax) for 6 w eeks and subsequently treated with the lead 
chelating agent, either 2 ,3  dim ercaptosuccin ic acid  (DM SA) or 
calcium  disodium ethylenediam inetetraacetic acid (C a N a 2ED TA ) for 
4 w eeks. Retinal axons from these an im als w ere com parable in area  
and branch num bers to untreated or sham  operated controls. 
Supported by Univ of Iowa Spelm an Rockefeller Child R esearch  See d  
G rant.
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105.5
DEVELOPMENT OF MULTISENSORY INTEGRATION IN CAT 
SUPERIOR COLLICULUS. M.T. Wallace1*. M.A. M eredith2 & B .E . 
Stein1. Departments of Physiology1 and Anatomy2, Medical College of 
Virginia, Virginia Commonwealth University, Richmond VA 23298

One of the fundamental characteristics of superior colliculus (SC) 
neurons is the ability to integrate information across different sensory 
modalities. In this study we sought to determine how this capacity 
develops. Specifically, we examined: (a) the time course with which 
unimodal and multisensory neurons develop in the SC, (b) when SC 
neurons begin to exhibit cross-modal integration, and (c) when inputs from 
cortex affect multisensory neurons. Recordings were made from the SC in 
cats (n=24) from ages 13 DPN to adult. While unimodal neurons were 
common in young animals, multisensory neurons were rare. The incidence of 
multisensory neurons increased over a protracted time course (from 0% of 
the population in 13 DPN animals to 55% in adults). Most striking was 
the observation that multisensory neurons in 17-24 DPN animals had not 
yet developed the capacity for cross-modal integration; responses to 
stimulus combinations were the same as responses to unimodal stimuli. SC 
neurons began to exhibit multisensory integration at 28 DPN, and in 
almost all instances this reflected the functional development of inputs 
from a small area of association cortex: the anterior ectosylvian sulcus 
(AES). This was inferred from the finding that reversible deactivation of 
AES profoundly disrupted multisensory integration in the SC. These data 
demonstrate that the appearance of multisensory neurons in the SC 
precedes the maturation of their integrative capabilities, and emphasize 
the fundamental importance of association cortex in these developmental 
processes. Supported by NIH grants NS08902 and EY06562.

105.7
ORGANIZATION OF FUNCTIONAL STREAM SPECIFIC LOCAL 
CIRCUITS IN THE PRIMARY VISUAL CORTEX OF NEWBORN 
MACAQUE MONKEYS. E. M. Callaway*. Neuroscience Program and Dept. of 
Physiology, Univ. of Colorado Sch. of Med., 4200 E. 9th Ave., Denver, CO 80262.

Newborn macaque monkeys (Macaco radiata) aged from birth to 6  weeks were 
studied to assess the specificity of local axon collaterals projecting to blob/interblob 
regions of layer 3 from layers 3, 4B, 4Ca, and 4Cß of primary visual cortex. Small 
iontophoretic injections of biocytin were made into sdiate cortex in vivo and into 
living coronal and tangential slices of striate cortex. Tissue sections were double 
stained for cytochrome oxidase (red/brown) and biocytin (black). Anterogradely 
labeled axonal arbors of individual neurons and small groups of neurons with ceil 
bodies confined to a single layer or blob/interblob region were reconstructed. At 6  
weeks, neurons in layer 3 blobs projected to neighboring blobs and those in interblob 
regions projected to surrounding interblobs. Layer 4B neurons had long-distance 
patchy projections within layer 4B and also projected primarily to blob regions in 
layers 2/3A and 3B. Neurons in layer 4Ca projected primarily to blobs in layer 3B 
and their axons only occasionally branched in layer 4B. Layer 4Cß neurons projected 
to layers 4A and both blob and interblob regions of layer 3B. During the first 
postnatal week the same projection patterns were observed as at 6  weeks except that 
vertical projections from layer 4Ca to layer 3B were not observed despite the 
presence of long distance (>lmm) horizontal axon labeling within layer 4Ca 
originating from several injections within layer 4Ca. Previous studies of functional 
specificity of projections from layer 4 to layer 3 in adults (Lachica et al., PNAS, 
89:3566-70) were based solely on retrograde tracing and have not been confirmed by 
other investigators. The results described here are based on anterograde tracing and 
independently support the conclusion that neurons in magno- and parvocellular 
geniculate recipient layers (4Ca and 4Cß) project to distinct blob/interblob regions in 
layer 3B and that layer 4B neurons project specifically to blob regions in layers 2/ЗА 
and 3B. Furthermore, functional stream specific projections to and from blob and 
interblob regions of layer 3 can emerge prenatally in the macaque monkey and 
therefore in the absence of patterned visual experience. Experiments using prenatal 
animals will reveal whether these circuits are specific during their initial formation, or 
the adult pattern emerges from a less specific early organization.

105.9
SCANNING LASER PHOTOSTIMULATION REVEALS DEVELOPMENT 
OF SYNAPTIC CONNECTIONS OF CLUSTERED HORIZONTAL 
PROJECTIONS IN FERRET VISUAL CORTEX. M.B. Palva* and L.C. Katz. 
Dept. of Neurobiology, Duke University Medical Center, Durham, NC 
27710.

The clustered horizontal connections of layer 2 /3  neurons in cat striate 
cortex specifically link iso-orientation columns. Clusters emerge during the 
first 6 postnatal weeks by the activity-dependent elimination of 
incorrectly situated unbranched axon collaterals and the differential 
growth of appropriately situated collaterals (Callaway and Katz, J. 
Neurosci. 10:1134, 1991). However, evidence for these rearrangements 
rests completely on anatomical methods.

We used scanning laser photostimulation (see previous abstract) in 
tangential slices of layer 2 / 3 of ferret striate cortex, to map presynaptic 
connections onto single neurons during the period of cluster development. 
The dendrites and axons of recorded neurons were visualized by filling 
with biocytin through the patch electrode. Maps of presynaptic inputs 
were made over areas of 1-8 mirt^ (250-1500 positions). In mature visual 
cortex (9 cells), both interneurons and pyram idal neurons received 
clustered excitatory synaptic inputs with the expected spacing of about 1 
mm, and their axons made clearly clustered connections. Clustered 
inhibitory inputs were never observed. In developing visual cortex prior to 
eye opening (P26-P37, 30 cells), layer 2 /3  cells received numerous 
excitatory synaptic inputs from several millimeters distant; only a fraction 
of these inputs were clustered. Thus the unbranched, possibly transient 
branches seen in developing pyramidal cells provide substantial synaptic 
inputs to other neurons early in development. Supported by EY07960 
(NIH).

105.6
SY N C H R O N IZ E D  N E U R O N A L  FIRIN G  IN  TH E D EVELO PING  
FERRET LG N d. A ,S , R am oa*. F, Trent and D .A . M cCorm ick. Yale 
U n iversity  Sch. M ed., N e w  H aven , C T 0 6 510 .

T h alam ocortica l relay  neurons are not o n ly  in v o lv ed  in the 
transm ission o f  sensory inform ation to the cerebral cortex, but also in 
the generation  o f  at least tw o  typ es o f  syn ch ron ized  oscillations:  
spindle w aves and absence seizures. Spindle w aves are short periods 
o f  6 -1 2  H z o sc illa tio n  occurring during s lo w  w a v e  sleep . S ince  
synchronized  o sc illa tion s m ay p lay  an im portant role in , or m ay be 
d isru p tiv e  to , a c tiv ity  d ep en d en t sy n a p tic  rearrangem ents, we  
exam in ed  the d evelop m en t o f  sp indle w a v es  and their alteration to 
absence seizures using  the ferret L G N d slice  (see  von  K rosigk et al. 
abstract). Rem arkably spontaneous rhythm ic oscillations w ere absent 
in this preparation until after the end o f  segregation o f  retinogeniculate 
afferente (approxim ately P 2 1 ). B etw een  P21 and P 3 0  oscillation s  
c o u ld  b e  e v o k e d  by stim u la tin g  co r tic a l in p u ts. A fter  P30, 
spontaneous sp indle w a v es occurred and these cou ld  be altered into 
absence-lik e seizure through block o f  G A B A a  receptors, as in adults. 
W h ole c e ll recording from  L G N d relay c e lls  revealed  prior to P21 a 
relative immaturity o f  the low  threshold Ca2+, and other, currents, and 
o f  op tic  tract ev o k ed  G A B A erg ic  inh ib itory  m ech an ism s. Thus, 
m aturation o f  intrinsic m em brane properties o f  L G N d neurons and 
inhibitory intrathalamic m echan ism s m ay b e coordinated to generate 
sp ontaneous sp in d le  o sc illa tio n s  at the end  o f  the first m onth o f  
p o stn a ta l l i f e ,  a fter  th e  m ajor p er io d  o f  rearran gem en ts in  
retinogeniculate connections has occurred.

105.8

ELUCIDATING THE PHYSIOLOGY OF DEVELOPING LOCAL CIRCUITS IN 
VISUAL CORTEX : SCANNING LASER PHOTOSTIMULATION I N  V IT R O .
L.C. Katz* and M.B. Palva. Dept. of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

The developing mammalian visual system undergoes extensive activity- 
dependent reorganization of extrinsic and intrinsic connections. Despite the 
obvious importance of changes in patterns of actual synaptic connections, most 
studies have focused on a n a to m ica l correlates of these rearrangements, due 
partly to the difficulty of determining the p h y s io lo g ic a l state of developing 
neural connections. To overcome these difficulties, we developed an approach 
combining whole-cell patch clamp recording in cortical slices and scanning 
laser photostimulation. This approach allows rapid mapping of the physiology 
and patterns of the presynaptic neuronal connections onto single identified 
neurons, with excellent spatial resolution, in developing and adult cortex.

Since all cortical neurons can be excited by glutamate, we stimulate neurons 
p resy n a p tic  to the recorded cell, using a brief (1-6msec), focused (20pm 
diameter) flash from a UV argon laser (60 mW) to locally release glutamate in 
an acute cortical slice bathed in "caged" glutamate. Activation of any neurons 
presynaptic to the recorded cell results in a postsynaptic current (EPSC or 
IPSC). The spatial localization of responses is remarkable: excitatory and 
inhibitory inputs within 20 |im of each other are readily distinguished.

The objective and light path are precisely positioned under the slice using a 
computer controlled Χ,Υ,Ζ stage. Moving the spot in 20-50 pm steps across the 
slice produces detailed maps of the positions, strengths, and types of synaptic 
inputs onto single neurons from hundreds to thousands of locations (up to 
1500 points in 8  mm squared). The evoked synaptic responses are highly 
reproducible in waveform, size, and position, and are uncontaminated by 
activation of axons of passage. Supported by EY07960 (NIH).

105.10
CRITICAL-PERIOD DEPENDENT EXPRESSION OF THE MYELIN 
ASSOCIATED NEURITE GROWTH INHIBITOR N1-35/250 IN CAT 
VISUAL CORTEX
C.M. Müller*. В. Rubin and M. Schwab. Max-Planck-Institute f. Developmental 
Biology, 7400 Tübingen, Germany; Inst. f. Brain Res., Univ. Zürich, Switzerland 

The cat visual cortex reveals a high capacity for structural reorganization of its 
circuitry during a limited period of postnatal development In vitro studies have 
shown that the termination of this critical period at about the twelves postnatal 
week is paralleled by a reduction of growth permissiveness of cortical tissue. We 
tested whether this effect may be due to the expression of neurite inhibiting 
factors known to be associated with myelinating oligodendrocytes.
Cats aged between four weeks and two years were killed by a lethal dose of 
anesthetic and transcardially perfused with aldehyde fixative. Cryostat sections 
were immunostained with a monoclonal antibody raised against the neurite 
growth inhibitor N1 35/250 (Caroni & Schwab, Neuron 1:85,1988) using the 
avidin-biotin technique and diaminobenzidine as the chromogen.
N1 35/250-immimoreactivity(Ш) can first be visualized in deep cortical white 
matter in tissue from six week old animals. At about 10 weeks postnatally N1 
35/250-Ш starts to be present in the deep cortical layers of the primary visual 
cortex. The first adultlike staining pattern was observed in a twelve-week old 
animal, whereas staining is present in the entire white matter and cortical layers 
ΠΙ-VI of area 17 and 18. In secondary and tertiary sensory areas NI 35/250-IR is 
significantly reduced.
The finding that N1 35/250 is expressed in close temporal correlation with the 
time course of the critical period for cortical plasticity suggests that this neurite 
growth inhibitor may contribute to the termination of the time period of highest 
cortical malleability.
(supported by BMFT, 0316902A5)
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105.11
EFFECTS O F VISUA L DEPRIVATION  ON TH E  M O TION -DERIVED V E P S  
OF MACAQUE M O N KEYS. R .J. Brown*. J .R . Wilson and R.G . Boothe. 
Depts of Psychology, Ophthalmology, Anatomy & Cell Biology, Yerkes 
Primate Research Center, Emory University, Atlanta, G A 30322.

The optokinetic nystagmus response is known to be biased for the nasal 
direction in infant monkeys and humans and that this response remains 
asymmetrical following some kinds of visual deprivation rearing. We have 
recently shown that this asymmetry is also present in the visual evoked 
potentials (VEPs) of both monkey and human infants (Brown et al., lOVS, 
ARVO Suppl, 1993). In this study, we recorded the V E P s  in 4 groups of 
monkeys: 1) normal controls; 2) monocular occlusion from birth; 3) 
monocular aphakia from birth; and 4) monocular aphakia from birth combined 
with part-time (90%) occlusion of the fellow eye. This last group is a model 
forclinical treatments of aphakia in human infants. All animals were between 
25 and 50 weeks of age at the time of testing. The V E P s  were recorded 
while viewing a vertical grating pattern (0.25 cpd) displayed on a video 
monitor that changed spatial phase by 90 deg at a rate of 6  or 10 Hz. This 
display produces apparent motion when viewed by normal adult humans with 
a symmetrical response to nasal and temporal direction. We found a 
directional asymmetry in animals with just monocular occlusion or in animals 
with aphakia combined with part-time occlusion. However, eyes deprived 
only by aphakia were not significantly different from normal. We conclude 
that motion processing mechanisms may not be equally susceptible to visual 
deprivation associated with lack of stimulation (occlusion) and to optica! 
defocus (aphakia). Supported by The Bryan W. Robinson Foundation, Inc., 
and NIH grants T32EY07092, EY05975, EY09737, and RR00165.

1 0 5 .1 2
A BIOPHYSICAL MODEL OF THE ALOPEX ALGORITHM. KP. 
Unnikrishnan* and N.S. Sekar. GM Research Laboratories, Warren, MI 48090 
and The University of Iowa, Iowa City, IA 52242.

Correlations between neuronal activities play a major role in the 
development of mammalian sensory systems. Using computer models, we have 
previously investigated the role of feedback pathways during the development of 
the mammalian visual system (1,2). These models use a stochastic, correlation- 
based algorithm called ALOPEX as the underlying mechanism for plasticity. In 
the present study, we report results from biophysical simulations, showing the 
biological plausibility of this algorithm.

In our model, implemented using the simulator NEURON (3), temporal 
correlations between changes in input activities and changes in global feedback 
signals are used to modify synaptic conductances through LTP and LTD 
mechanisms. The elemental neural circuitry is modeled after the mammalian 
geniculo-cortical network. The'plastic' synapses have NMDA receptor-gated 
channels and the feedback synapses are of the non-NMDA type. Computer 
simulations show that feedback is capable of enhancing the synaptic strength at 
positively correlated inputs and decreasing the synaptic strength at negatively 
correlated inputs. The neural computations in these networks are completely 
local and independent of dendritic time constants.

Our simulations show that one of the main purposes of feedback in 
developing sensory systems may be to make computations local. Neurons 
involved in these computations need not be isopotential. Timing relationships 
between the feedback signals and the input activity could play a crucial role in 
the organization of neuronal connections.

1. Unnikrishnan & Nine, S o c . N e u r o s c i . A b s tr . , 17,1135 (1991). 2.
Unnikrishnan & Nine, p r e p r in t (1993). 3. Hines, In ti. J . B io -m ed . C o m p u tin g , 
24,55 (1989).

LO N G -TER M  P O T E N T IA T IO N  I

106.1
LONG-TERM ENHANCEMENT OF SYNAPTIC EFFICACY IN RAT 
HIPPOCAMPAL CAI NEURONS DURING A CHOLINERGICALLY 
INDUCED THETA RHYTHMIC STATE. P.T. Huerta and J.E. Lisman*. Dept. 
Biology & Center for Complex Systems, Brandeis Univ., Waltham, MA 02254.

We have studied synaptic plasticity in rat hippocampal slices (400 pm) during 
theta frequency (4-9 Hz) oscillations induced by a 5-min bath application of the 
cholinergic agonist carbachol (ССҺ, 50 μΜ). During this oscillation, low frequen
cy stimulation (0.1 Hz) was sufficient to induce a long-term enhancement of 
synaptic efficacy, provided that single shocks were synchronized to the positive 
peak of theta waves (151±5% change 2 hours after ССҺ, n=5, pO.001). Single 
shocks given at the negative valleys of theta waves did not induce enhancement 
(-7±2% change, n=5). In cases where ССҺ failed to induce theta oscillations, there 
was also no enhancement (3±1% change, n=17), implying that the postsynatpic 
depolarization produced by ССҺ is required for this form of plasticity. Previous 
work has shown that CAI synapses can display both NMDA receptor dependent 
and independent forms of plasticity. We have tested whether the CCh-induced 
enhancement requires the contribution of NMDA receptors. Our results show that 
none of the slices treated with 50 μΜ AP5 and 50 μΜ ССҺ showed CCh-induced 
enhancement; on average there was a small decrease (-25±4% change 45 min 
after ССҺ treatment, n=4). Theta oscillations were observed in AP5, but we 
cannot yet eliminate the possibility of a modest reduction in amplitude of the theta 
waves. These results indicate that the NMDA receptor is required for the 
CCh-induced enhancement. Most likely, NMDA channels play a key role during 
stimulation by allowing Ca2+ entry, as during standard LTP. However, we cannot 
yet exclude the possibility that the NMDA receptor contributes to the generation 
of theta oscillations and that the loss of CCh-induced enhancement in AP5 is due 
to a reduction in the amplitude of theta waves.

106.3
cGMP PRODUCES LONG-LASTING PRESYNAPTIC POTENTIATION IN 
HIPPOCAMPAL CELL CULTURES. O. Arancio*. E. R. Kandel and R. D. Hawkins. 
Ctr. Neurobiol. & Behav., Columbia Univ., & HHMI, NY, NY 10032.

Both nitric oxide (NO) and carbon monoxide (CO) can cause long-lasting 
potentiation in hippocampal slices (Small et al., 1992; Zhuo et al., 1993). 
Moreover, NO causes a long-lasting increase in the frequency of 
spontaneous miniature synaptic currents in hippocampal cell cultures (O'Dell 
et al., 1991), consistent with the idea that it may act as a retrograde message 
in long-term potentiation (LTP). NO and CO cause many of their effects in 
other tissues through elevation of cGMP levels, and cGMP also produces 
long-lasting potentiation in hippocampal slices (Zhuo et al., 1993). We have 
therefore used the hippocampal cell culture system to investigate the 
possible role of cGMP in LTP. We examined the effect of 8-bromo-cGMP on 
either the amplitude of the synaptic current evoked by stimulation of a 
presynaptic neuron, or the frequency of spontaneous miniature synaptic 
currents (mEPSCs) recorded in pyramidal shaped neurons with the whole cell 
patch technique. Brief application (30-60 sec) of 25-100 μΜ 8-bromo-cGMP 
produced an immediate increase in the amplitude of the evoked synaptic 
current (100 sec after application, x = 133% of Pre, n = 8, p < .05) that 
lasted until the end of the recording (25 min after application, x = 141% of 
Pre, n = 3, p < .05 one-tail). 8-bromo-cGMP also produced an immediate 
increase in the frequency of mEPSCs (60 sec after application, x = 128% of 
Pre, n = 18, p < .05) that lasted until the end of the recording (60 min after 
application, x = 204% of Pre, n = 3, p < .05 one-tail). In control cultures 
there was no change in mEPSC frequency for up to 30 minutes (n = 8). These 
results demonstrate that cGMP produces long-lasting potentiation of evoked 
synaptic currents in hippocampal cell cultures and suggest that it acts by 
enhancing presynaptic release, consistent with the idea that cGMP may be 
involved in LTP as one of the presynaptic targets of a retrograde message.

1 0 6 .2
POSSIBLE ROLES OF CARBON M O N OXIDE AND cGM P IN LONG-TERM  
POTENTIATION IN THE CA1 REGION OF HIPPOCAMPUS. M. Zhuo*. E R 
Kandel, and R.D. Hawkins. Ctr. Neurobiol & Behav., Columbia Univ., HHMI, 
NY, NY 10032.

A  number of studies have suggested that nitric oxide (NO) may act as a 
retrograde message for long-term potentiation (LTP) in hippocam pus 
Because carbon monoxide (CO) has actions similar to NO in many tissues, 
w e tested the possible role of CO in LTP. Inhibition of heme oxygenase, the 
synthetic enzyme for CO, by zinc protoporphyrin IX  (ZnPP) blocked the  
induction of LTP in the CA1 region of hippocampus. ZnPP had no effect on 
the baseline EPSP or the NMDA component of EPSP. As an additional test 
of the role of CO in LTP, we applied CO to hippocampal slices alone or 
paired with weak presynaptic stimulation (0.25-50 Hz). Paired training  
produced significant enhancement of the EPSP that lasted for at least one 
hour (x = 182% ± 9% of Pre, p <  0.01). W eak stimulation or CO alone did 
not produce significant enhancem ent. The enh an cem e n t by paired  
training was not blocked by APV, APV plus n ifedipine, and APV plus 
picrotoxin, suggesting that the enhancement is independent of Ca2+ influx 
through NMDA receptor channels or voltage-dependent L-type C a2* 
channels, and does not im portantly involve disinhibition. Long-term  
enhancement by CO paired training occluded normal LTP by tetanus, 
suggesting that they share common mechanisms. We have obtained similar 
data with a membrane permeable analog of cGMP (8-bromo-cGMP), which  
mediates the actions of CO in many tissues. Moreover, pretreatment of 
slices with inhibitors of cGMP-dependent protein kinase prevented the  
induction of LTP by tetanus or CO paired training. These results are  
consistent with the ideas that CO acts as a retrograde message with activity- 
dependent presynaptic effects, and that it may stimulate cGMP and cGMP- 
dependent protein kinase during LTP in hippocampus.

1 0 6 .4

Evidence for the presence of nitric oxide synthase in rat hippocampal pyramidal 
cells. F.E. Schweizer*, B.Wendland*, T.A. Ryan, M.Nakane#, F.Murad#, R.H. 
Scheller* and R.W. Tsien. Stanford University Medical Center and Howard Hughes 
Medical Institute*, Stanford, CA 94305 and Abbott Laboratories, Abbott Park, IL# 

Nitric oxide (NO) has been proposed as a key retrograde messenger during long
term potentiation at hippocampal synapses, linking induction mechanisms in 
postsynaptic CAI pyramidal cells to a component of LTP expression in presynaptic 
nerve terminals. However, nitric oxide synthase (NOS-I), the proposed NO-generating 
enzyme, has not yet been detected in hippocampal CAI neurons To test for NOS-I in 
area CAI, we have probed rat hippocampal tissue with antibodies against NOS-I. The 
antiserum labels bands of appropriate Mr in immunoblots of extracts from cerebellum 
and hippocampus. It weakly reacts with brainstem but not liver, tissues poor in or 
lacking NOS-I. Using acetone fixation rather than conventional aldehyde fixation to 
preserve NOS-I antigenicity, we found clear immunoreactivity in both CAI pyramidal 
cells and in the outer granule cell layer of the dentate gyrus. Cells of area CA3 or 
brainstem showed little or no staining. Cultured hippocampal pyramidal cells 
displayed immunostaining for NOS-I in dendrites and cell bodies. Quantitative 
estimates (464 of 768 cells in 5 experiments) demonstrated that 61 ± 9% of MAP-2 
positive cells were immunopositive for NOS-I. Control experiments showed no 
staining with pre-immune serum or immune serum preblocked with purified NOS-I. 
These results suggest that CAI pyramidal cells contain NOS-I or a closely related 
isoform. Other neurons staining more brightly than pyramidal neurons could be 
observed scattered throughout the hippocampal area and probably correspond to the 
NOS-I-positive, GABAergic intemeurons described by others. Morphologically 
similar cells appear sporadically in culture and exhibit strong NOS-I immuno
reactivity in extensively branched axons and dendrites. It is intriguing to think that 
NO might be involved in orthograde signalling as well as retrograde communication.
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106.5
A CTIV A TIO N  O F  V O L T A G E -S E N S IT IV E  C a 2+ C H A N N ELS  IN C R E A S E S  
M IN IATURE (m) E P S C  A M P LIT U D ES  AND R E S P O N S E S  T O  AM PA.
D. J . A. Wvllie* T. Manabe and R. A. Nicoli. Depts. Pharmacol, and Physiol., 
U C S F , San  Francisco, C A  94143-0450.

Activation of postsynaptic voltage-sensitive C a 2+ channels with voltage 
pulses can potentiate transiently excitatory postsynaptic currents (E P S C s)  in 
CA1 hippocampal pyramidal cells (Kullmann et al., Neuron 9: 1175,1992). To 
address the site of expression of this potentiation recordings were made from 
CA1 cells in guinea pig hippocampal slices using whole-cell patch-clamp 
techniques and the effect of voltage pulses on m E P S C s  and AM PA responses 
examined.

Application of voltage steps from a holding potential of -80 mV to + 2 0  mV (3 
second duration, 0.2 Hz for 2 minutes) caused an approximately 3-fold 
increase in the mean amplitude of the m E P S C s . Th is NMDA receptor- 
independent potentiation of m E P S C  amplitudes w as transient returning to 
control values within 30 to 40 minutes. The potentiation of m E P S C s  was 
associated with a  decrease in the number of small amplitude events recorded 
and an increase in the number a s  well a s  the maximum amplitude of the larger 
events. Control and potentiated m E P S C s  had similar 10-90% rise-times (-1 .5  
ms) and decay time constants (7-11 ms). Th is potentiation w as completely 
blocked by the inclusion of the calcium chelator, В А РТА  (10 mM), in the 
recording pipette. The response to repeated application of AMPA, a selective 
non-NMDA receptor agonist, to the dendritic region w as also potentiated 
following the application of voltage pulses and the time-course of this 
potentiation w as similar to that observed with the m E P S C s .

Our data indicate that rises in intracellular calcium that occur independently 
of NMDA receptor activation can  result in a  potentiation of quantal size, which 
is due to an increase in the postsynaptic sensitivity of non-NMDA receptors.

106.7
SYNAPTIC ACTIVATION CAUSES CALCIUM INFLUX THROUGH NMDA 
RECEPTORS IN THE HIPPOCAMPUS. D. J. Perkel*· J. J. Petrozzino. R. A. 
Nicoli and J. A. Connor. Dept. Pharmacol. UCSF, San Francisco, CA 94143- 
0450 and Dept. Neurosci. Roche Inst. Molec. Biol. Nutley, NJ 07110-1199

Although it is widely accepted that Ca2+ entry through NMDA receptors is an 
important trigger for long-term potentiation, evidence demonstrating directly that 
synaptic stimulation of NMDA receptors leads to Ca2+ influx through the receptor- 
channel complex has been difficult to obtain. One of the problems has been the 
possibility that observed Ca2+ accumulation in response to synaptic stimulation is 
due to indirect activation of voltage-sensitive Ca2+ channels, which can clearly 
cause very large changes in intradendritic Ca2+. We have performed micro- 
fhiorimetric Ca2+ imaging using fura-2 on Cs+-loaded CAI and CA3 pyramidal 
cells in guinea-pig hippocampal slices. Conditions were chosen to minimize 
voltage-dependent Ca2+ entry (steady depolarization beyond 0 mV; 5 μΜ 
nimodipine present). Synaptic stimulation (50 Hz, Is) led to transient, spatially 
localized increases in intradendritic free Ca2+. These responses were reversibly 
reduced (by 85 ± 8 %; n = 8 ) by the NMDA receptor antagonist DL-APV (50 -100 
μΜ). Because under these conditions synaptic stimulation did not cause depolari
zation, it is unlikely that activation of voltage-sensitive Ca2+ channels can account 
for the observed Ca2+ signals. Moreover, the nearly complete blockade of the Ca2+ 
transients by APV indicates that activation of metabotropic glutamate receptors did 
not contribute substantially to the Ca2+ signals. In 4 of 8  cells tested, further 
depolarization beyond the reversal potential (to approx. +50 mV) decreased the 
amplitude of the Ca2+ transient, consistent with die reduced driving force on Ca2+ 
ions, and with the previously reported voltage dependence of LTP induction 
(Perkel & Nicoli, Soc. Neurosci Abstr., 1991). These results provide direct support 
for Ca2+ influx through NMDA receptors, which may then serve as a trigger for 
LTP.

106.9
Different mechanisms are required for 
maintenance of NMDA receptoç dependent and 
independent LTP. Ш  Grover & Ί\Ι Tevler. 
Neurobiol Dept. NE Ohio Coll Med, PO Box 95, 
Rootstown, OH 44272-0095.

LTP in area CAI of hippocampus can be induced 
by both NMDA receptor dependent and independent 
mechanisms. We tested whether these two forms 
of LTP posses a common mechanism for LTP 
expression by: (1) determining if maximal 
expression of one form of LTP occluded later 
induction of the other, and (2) testing the 
sensitivity of NMDA receptor dependent and 
independent LTPs to the protein kinase inhibitor 
H-7 (300 μΜ ) . NMDA receptor dependent LTP 
(induced by 25 Hz tetanization) occluded 
subsequent NMDA receptor independent LTP 
(induced by 200 Hz tetanization in 50 μΜ APV), 
but the converse was not true. H-7 applied 
during tetanization blocked maintenance of NMDA 
receptor dependent LTP, and reversed the LTP 
when applied starting 30 min post-tetanus. In 
contrast, H-7 failed to inhibit NMDA receptor 
independent LTP when applied either during 
tetanization or starting 30 min post. These 
data suggest fundamental differences in 
mechanisms for early maintenance of these two 
forms of LTP. Supported by NIH grant NS28698.

1 0 6 .6
G L U T A M A T E  IN D U C E D  L T P  P E R S IS T E N T L Y  E N H A N C E S  MINI 
A M P L IT U D E  B U T  N O T MINI F R E Q U E N C Y . R .J . Corm ier*. M.D. Mauk 
and P.T . Kelly, Deptartment of Neurobiology and Anatomy, University of 
Texas-Houston Medical School, TX  77225.

Recent studies of the effects of long-term potentiation (LTP) on quantal release 
parameters, including the amplitude and frequency of miniature excitatory 
postsynaptic currents (minis), have been used to asses the contribution of pre- 
and/or postsynaptic mechanisms to LTP expression. Considerable evidence 
indicates that LTP induction is postsynaptic, whereas the locus of LT P  expression 
remains elusive. It is possible that both pre- and postsynaptic mechanisms 
contribute to LTP expression under different experimental conditions but with 
different time courses. The activation of presynaptic mechanisms underlying LTP  
expression may require retrograde messengers, which may engage activity- 
dependent processes (e.g., Ca2+ influx) to increase the probability of vesicular 
neurotransmitter release. W e have shown that LTP  of evoked synaptic 
transmission is reliably induced by repetitive glutamate iontophoresis in the 
absence of afferent stimulation ("Ionto-LTP"; Neuron, 1993, 10(5), 907-919). 
During ionto-LTP induction, afferent stimulation is stopped 5 min before and not 
resumed until 15 min after iontophoresis. Ionto-LTP is Ca2+ and NMDA receptor- 
dependent and occludes tetanus induced LTP. Here we report that mini 
frequency significantly increased (61 ± 12%; p<0.05, t-test) during the first 10 min 
after glutamate iontophoresis, whereas mini amplitude was unchanged. In 
contrast, during the next 50 min after the induction of ionto-LTP mini frequency 
significantly decreased to below baseline (-21 ± 5%) while mini amplitude 
significantly increased (9 ± 3%) and evoked E P S C s  increased 102 ± 12%. 
Hypothetically, persistent increases in mini frequencies may require evoked 
presynaptic activity during and/or shortly after LTP  induction, a condition not 
present during the iontophoresis protocol. Our results indicate that LTP  induced 
by glutamate iontophoresis in the absence of evoked presynaptic activity is 
primarily mediated by enhanced postsynaptic responsiveness.

106.8
Effects of Electrically Active Dendrites and NMDA-Туре Synaptic Conductances 

P.A.Rhodes* and CM. Gray 
The Salk Institute for Biological Studies, La Jolla, CA 

Synaptic conductance at the spines of pyramidal neurons can be mediated in 
part by NMDA receptor channels, which enable dendritic membrane voltage to 
gate conductance and plasticity. Electrically active dendrites might be expected to 
affect the function of voltage gated synapses during neural activity. To explore 
such interactions, compartment models of regular spiking and intrinsic bursting 
neocortical pyramidal neurons were subjected to simulated synaptic inputs, 
mediated by jointly present AMPA and NMDA conductances. It was observed 
that; l)The depolarization which propagates from the soma outward through the 
dendritic tree following a somatic spike depends upon dendritic Na+ channel 
distribution; the depolarizing wave can enable NMDA conductance thoughout the 
dendritic tree. 2)During a burst, voltage conditions in dendrites greatly favor 
NMDA transmission, with total NMDA current through a synapse up to lOOx 
greater than under otherwise identical input conditions in the same neuron when a 
single spike is produced. 3)Na+ channels boost propagation of local depolarization 
to other regions of the dendritic tree, integrating cooperativity across spatially 
separate inputs. 4)The long open time of the NMDA receptor itself permits this 
cooperativity to be integrated across a 50-75 msec integration time. 5)With active 
depolarizing membrane in the apical dendrite, sustained depolarization tends to 
arise in the layer 1 apical tuft, permitting extraordinary NMDA current through 
synapses in this region of the dendritic tree. The phenomenae discussed here 
indicate ways in which active dendritic membrane and the special properties of the 
NMDA receptor channel can interact to determine where and when synapses 
strengthen in the dendritic tree during neural activity. Conditions are particularly 
suited for synapse strengthening in the layer 1 apical tuft and throughout the 
dendritic tree during bursts.

106.10
CHARACTERISATION OF A1F4' INDUCED POTENTIATION IN AREA CAI OF 
RAT HIPPOCAMPAL SLICES. N.A. BREAKWELL and S.J. PUBLICOVER 
(SPON: Brain Research Association.)* School of Biological Sciences, University of 
Birmingham, Edgbaston, Birmingham, B15 2TT, U.K.

Brief exposure to AIF4 ' induces an LTP-Iike augmentation of synaptic 
transmission in area CAI of rat hippocampal slices, probably through activation of G- 
proteins (1). Here we show this augmentation to be mediated by inositol phosphate 
turnover, independent of NMDA receptor activation but Ca2+ dependent.

Superfusion of slices with AIF4 - induced potentiation of the EPSP slope (>25%) 
in 11/15 of slices tested. Mean normalised slope 60 min. after washout (mns) was
1.51 ± 0.14. This potentiation is Ca2+ dependent since AIF4 - superfused in low 
Ca2+ medium produced no potentiation (mns = 0.91 + 0.09, p= 0.009). When slices 
were exposed to AIF4 · in the presence of AP5 (50μΜ), potentiation was seen in 60% 
of slices (mns = 1.66 ± 0.27). Furthermore, when presynaptic stimulation was 
discontinued during AIF4 ' superfusion and for up to 20 min. after reintroduction of 
standard saline, 77% of slices tested showed potentiation (mns = 1.39 + 0.07, not 
significantly different from preparations exposed to continuous 0.33Hz stimulation, p 
= 0.41).

Activation of G-proteins may stimulate activity of phospholipase C and we have 
therefore examined the effects of thapsigargin and staurosporine, blockers of the two 
arms of the inositol lipid pathway. Superfusion of ĀIF4 · in the presence of 
staurosporine (ΙμΜ) induced potentiation in only 1/8 of slices tested (mns = 0.92 +
0.08). After pretreatment with thapsigargin (ΙμΜ), no slices exposed to AIF4 ' 
showed potentiation (mns = 0.87 ±  0.05). These results were significantly different to 
those obtained from slices exposed to AIF4 ' alone, p=<0.01 in both cases.

We conclude that AIF4 ' induced potentiation is Ca2+ dependent but independent of 
NMDA channel activation, and that both arms of the phosphoinositide pathway are 
necessary for expression of the effect.

(1) Publicover, SJ. (1991). Experimental Brain Research, 84,680-684.
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106.11

DELAYED, TRANSIENT INCREASE IN NEUROTROPHIN 
mRNA EXPRESSION ASSOCIATED WITH LTP IN THE 
DENTATE GYRUS OF FREELY MOVING RATS 
C.R. Bramham1*, T.M. Sarvev1, M . H erkenham 2, and  L. Bradv2. 
department of Pharm acology, U niform ed Services U niversity  and 
Section on Functional N euroanatom y, N IM H , Bethesda, M D.

Relatively little is know n about the cellular events underlying thè late 
phase of LTP. I n  s i t u  hybridization histochem istry was used to 
investigate changes in  neurotrophin mRNA levels at various times (2Һ, 
6Һ, 24Һ and 5 days) after induction of LTP by high-frequency 
stimulation (HFS; Twelve, 400 H z 8-pulse bursts). Electrodes were 
implanted unilaterally for stim ulation of the perforant path and 
recording of field potentials in  the ipsilateral dorsal dentate gyrus 
(DG). A control group was given low-frequency stim ulation or only a 
bilateral implant. HFS evoked abrupt increases in  the EPSP slope and 
population spike (30% and 330% respectively) w hich were stable over 
the first 24Һ and still above baseline at 5 days. H ybridization signal in 
the hippocampus was localized to DG granule cells and CA pyram idal 
cells for BDNF and to DG cells for NT-3. D ensitom etry showed 
elevations: in the DG, peaking at 6Һ (13% for BDNF, 16% for NT-3) and 
returning to baseline at 5 days; in  CA2-4, peaking at 24Һ (21%) for 
BDNF. No effects were seen in CAI. The contralateral unstim ulated 
hippocampus showed sim ilar trends. The results suggest that 
neurotrophin (BDNF and NT-3) mRNA levels respond selectively to 
HFS which elicits LTP, and tha t these changes are delayed and 
transient. Supported by N IH  NS23865

CELL SHAPE AND DIFFERENTIATION: IMMORTALIZED CELLS AND CELL LINES

107.1
NEURONAL CELLS IMMORTALIZED FROM POSTMITOTIC 
HIPPOCAMPAL CULTURES EXHIBIT TARGET SPECIFICITY. M.S. 
TllfiKgr*1·2. EJvL^Ygs 1’2, J. Kwon2. M. Downen2. NX. Harrison2»3. f iJ L  
Wainer2. and M.R. Rosner1«2. ißen  May Institute, 2Dept. Pharm, and Phys. 
Sci., and 3Dept. Anes. and Crit. Care, The University of Chicago, Chicago, IL 
60637.

In an effort to generate cell lines with mature, region-specific neuronal 
phenotypes, we immortalized postmitotic hippocampal cultures enriched for 
pyramidal neurons. Hippocampal cells from E l7 rat brains were infected 
with a retrovirus containing a temperature-sensitive large T antigen, treated 
with antimitotic agents, and cultured for 10 days with glia in a bilaminar 
system at the nonpermissive temperature. The cells were then shifted to the 
permissive temperature to induce proliferation, and immortalized neuronal 
clones were isolated. One hippocampal cell line (HMR10) was transfected 
with a vector expressing ß-galactosidase to allow identification of the 
immortalized cells in mixed cultures. When re-exposed to the nonpermissive 
temperature in a bilaminar culture, the HMR10 cells exhibit neuronal 
phenotypes. Immunocytochemistry revealed the presence of neurofilament 
proteins and MAP2 in the cells; no GFAP was detected. The cells express 
tetrodotoxin-sensitive sodium channels and are capable of generating action 
potentials. Electron microscopy revealed synapse formation between primary 
rat septal neurons and the HMR10 cells in co-cultures. In contrast, only 
immature synapses were detected between primary hippocampal neurons and 
the HMR10 cells. These results illustrate the ability of a clonal neuronal cell 
line to discriminate between two discrete populations of primary neurons, and 
suggest that nontransformed neuronal cell lines can be generated from post
mitotic neuronal populations. Supported by ACS grant CD 401, The Brain 
Research Foundation of The University of Chicago, NIH NS25787 and The 
IL Dept. of Public Health.

107.3
BASIC FIBROBLAST GROWTH FACTOR-INDUCED 
DIFFERENTIATION IN SEPTAL CELL LINES. J. Kwon*L &  
M. Eves*»2, and B. H. Wainer1«3·4 Depts. iPharm. & Phys. Sci., 
2Ben May Inst., and 3Path., The University of Chicago, Chicago, 
IL 60637; 4Path., Albert Einstein Med. College, Bronx, NY 10461 

The immortalization of embryonic day 14-15 rat septal neuronal 
progenitor cells via retroviral transduction and their initial 
characterization was described previously (Soc. Neurosci. Abs. 
17:37, 1991). Agents that increase intracellular cAMP, such as 
10μΜ forskolin, induced a rapid morphological change from a flat 
epithelioid morphology to a highly refractile neuron-like 
morphology within a period of 4 hours. Subsequent studies have 
shown that 10 ng/ml basic fibroblast growth factor (bFGF) has a 
biphasic effect on the cell lines. The initial effect of bFGF is the 
induction of DNA replication within the first 24 hours of exposure. 
The DNA replication is followed closely by a morphological 
differentiation apparent after a 36 to 48 hour exposure to bFGF. 
Unlike the forskolin-induced differentiation, the bFGF effect is 
dependent on new transcription and translation and the cAMP- 
dependent protein kinase activity is not elevated above basal levels. 
Also, cells differentiated with bFGF for 48 hours are still able to 
further differentiate in response to forskolin, indicating that these 
two agents act through different pathways. The septal transductant 
cell lines provide a good model for the study of factors involved in 
the determination and maintenance of neuronal cell shape. 
(Supported by NS 25787, the IDPH Alzheimer’s Disease Research 
Fund, and GM 07151-17.)

1 0 7 .2

A N O V EL HYBRID IMMORTALIZATION S T R A T E G Y  Y IEL D S  A M O RE  
M ATURE N EURON AL PH EN O TYPE. E.M. Eves*1·2. K.M. Marsden3 . M. 
Downen2. L. Sherman2. M.R. Rosner1·2 . and B.H. Wainer2. 1The Ben-May 
Inst, and 2 Dept. Pharm, and Phys. Sci., The University of Chicago, Chicago, 
IL 60637 and 3The Inst, of Psychiatry, London, UK.

Somatic cell hybrids have been produced by fusing rat hippocampal 
neuronal immortalized cells (H19-7TG53) that are temperature-sensitive for 
proliferation to primary rat hippocampal neurons that have been matured in a 
bilaminar culture system. The hybrids are temperature-sensitive for 
proliferation, and stain immunocytochemically for neuronal markers including 
neurofilament protein and microtubule-associated protein-2  as did the 
immortalized parent. In response to b FG F at 39° in reduced serum, many of 
the hybrids are capable of more extensive morphological differentiation than 
the parent cell line. Thirty-three of the hybrid lines were screened for 
excitatory (40μΜ glutamate, 50μΜ aspartate) and inhibitory (10μΜ GABA) 
amino acid uptake. Several of the differentiated hybrid lines exhibit sodium- 
dependent uptake of glutamate and aspartate or GABA; uptake was blocked 
by aspartate, glutamate, and nipecotic acid respectively. The transductant 
parent has tow, sodium-independent levels of glutamate and GABA uptake. 
Uptake levels in selected hybrids were 4-7 times those of the parent line and 
only 3-4-fold less than those of primary hippocampal cells. In hybrids 
cultured at 33°or at 39° without b FG F, uptake was greatly reduced. These  
results indicate that the transductant-primary neuron hybridization strategy 
for immortalization is capable of generating lines with more mature neuronal 
phenotypes than those of the transductant parent. Supported by NIH 
NS25787, A C S  CD401, The IL D ept of Public Health, The Brain Research  
Foundation of The University of Chicago and the Wellcome Trust.

1 0 7 .4

PRIMARY GLIA AND CELL LINES FROM THE HIPPOCAMPUS AND 
THE SEPTUM  SHOW SELECTIVE EFFECTS ON THE 
DIFFERENTIATION OF BASAL FOREBRAIN NEURONS. ŅL 
BP WBfini1 ’2 .k S h ę rp ią n 1 >2 , Y ^K on ish iL  E. M. Eves L and B. H. 
Wainer 1 >2. *The University of Chicago, Chicago, IL 60637, and 2 Albert 
Einstein College of Medicine, Bronx, NY 10461 

We have previously shown that immortalized cell lines derived from the 
hippocampus and the septum can support the survival of developing 
basal forebrain (BF) neurons following coculture in a bilaminar system 
(Neurosci. Abs. 18:34, 1992). We now demonstrate that the 
neurochemical differentiation of E l6-17 rat BF cultures can be 
selectively influenced by growth with cell feeder layers consisting of 
either primary forebrain glia, a hippocampal neuronal line (H I9-7), a 
hippocampal glial line (H19-5), or a septal neuronal line (AS583-6.il). 
GABAergic differentiation, as assessed by determination of glutamic acid 
decarboxylase (GAD) activity and GABA uptake, is equivalent in BF 
neurons maintained in culture with primary glia or any cell line feeder 
layer. Choline uptake is the same in BF cultures grown with primary glia, 
H19-5 or H19-7 cells. However, choline acetyltransferase (СҺАТ) 
activity is consistently greater in BF neurons grown with primary glia 
than in neurons grown with H19-5 cells (35.1 ± 13.1%) or H19-7 cells 
(45.8 ± 9.6%). The addition of NGF (100 ng/ml) to BF bilaminar 
cultures grown with H I9-5 or H19-7 cells increases СҺАТ activity to a 
level that approximates that found in cultures grown with glia. Thus, 
while hippocampal and septal cell lines support some aspects of the 
differentiation of cholinergic and GABAergic BF neurons, die induction 
of СҺАТ activity in bilaminar culture requires NGF or other factors 
secreted by glia. (Supported by NS 25787, the IDPH Alzheimer’s 
Disease Research Fund, and NIDA DA07255.)
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1 0 7 .5
NGF AND ras ONCOGENE DIFFERENTIATED PC 12 CELLS AS A 
MODEL SYSTEM OF SYNAPTIC VESICLES. J.-H. Tao-Cheng*.
D. L. Simpson. J. P. Bressler**. V. Tanner and M. W. Brightman.
Lab. Neurobiology, NINDS, NIH, Bethesda, MD 20892 and 
**Neurology, The Kennedy Institute, Baltimore, MD 21205 

Cells of the PC 12 cell line differentiate into neuron-like cells when 
treated with NGF or after retroviral transduction by ras oncogene. 
Proteins associated with synaptic vesicles have previously been localized 
in a synaptic vesicle fraction isolated from NGF-differentiated PC 12 
cells. However, specific localization of these proteins in intact, NGF- 
treated PC 12 cells is hindered by the paucity of synaptic vesicles and 
limitations of immunocytochemical methods. We have "doubly" 
differentiated PC 12 cells by infecting them with retroviral vectors 
containing ras oncogene in addition to NGF supplement, so as to 
intensify the neuronal expression, e.g., the amount of neuntes, synaptic 
vesicles and the neurotransmitter, acetylcholine. The cells differentiated 
by NGF plus ras, have (1) more elaborate neuntes, (2) more varicosities 
along the neurites, (3) more clusters of small clear vesicles, ~50 nm in 
diameter, within the varicosities, and (4) more acetylcholinesterase when 
compared to naive PC 12 cells, or those differentiated singly by either ras 
or by NGF. EM immunocytochemistry with pre-embedding incubation 
and the use of 1 nm gold probes, demonstrated (i) specific staining of two 
synaptic vesicle associated proteins, synaptophysin and synapsin, in the 
varicosities and (ii) that these two antigens were distinctly associated 
with clusters of small clear vesicles. PC12 cells, doubly differentiated by 
both ras and NGF, make appreciably more synaptic vesicles than do cells 
treated with either agent alone and so provides a useful model for 
characterizing synaptic vesicles, related antigens and certain other 
neuronal features.

1 0 7 .7

DIFFERENTIATION DEPENDENT EXPRESSION OF NEURONAL AND GLIAL 
MARKERS IN IMMORTALIZED NEURAL CELL LINES. D. C. Chugani.* J. 
Segovia. M. Mahmoudi. G. Lawless. H. Roseboro. A. J. Tobin, UCLA 
Departments of Pharmacology and Biology and The Brain Research Institute, Los 
Angeles, CA 90024

Four conditionally immortalized neural cell lines were screened by PCR under 
different degrees of differentiation. Cells from embryonic day 10 rat mesencephalon 
and striatum were immortalized using a retroviral vector containing the gene for 
temperature sensitive large T antigen of SV40. Cloned cell lines CST10.5, 
CST10.16, CMT10.18 and CMT10.20 were grown under 3 conditions: 33°C 
(permissive temperature), 39°C (nonpermissive temperature) and 39°C with the 
addition of bFGF, IBMX and db-cAMP to the culture media. Under all conditions 
tested, all four cell lines expressed neuron specific enolase and D5-dopamine receptor 
mRNA. In contrast, astrocyte marker glial acidic fibrillary protein (GFAP) mRNA 
was expressed in all cell lines at 33°C and in CMT10.18 and CMT10.20 at 39°C, 
but GFAP was not detected in any cell line after the addition of growth factors to the 
media. Conversely, D2-dopamine receptor mRNA was not expressed in any of the 
cell lines at 33°C, was present in 2 cell lines at 39°C, and in 3 cell lines grown in 
the presence of the growth factors. GAD(j7 mRNA was detected under all growth 
conditions in CST10.5 and CMT10.18 cells, but demonstrated differentiation 
dependent expression in CST10.16 and CMT10.20 cell lines. In conclusion, 
progressive increases in differentiation of 4 immortalized neural cell lines induced by 
temperature and/or growth factors resulted in an incremental decline in GFAP 
mRNA, while neuronal phenotype as evidenced by D2-dopamine receptor and GAD67 
mRNA expression increased. (Supported by NS 15654, DOE DE-FC03-87ER60615 
and NS 22256)

1 0 7 .9

MIDKINE IS A MEDIATOR OF RETINOIC ACID INDUCED 
NEURONAL DIFFERENTIATION OF EMBRYONAL 
CARCINOMA CELLS. M .M ichikaw a*, R.Y.Xu,
H. Muramatsu+, T. Muramatsu+ and S.U.Kim Dev. o f 
Neurol. ,Univ. o f British Columbia, Vancouver, B.C. 
Canada and +Dept o f Biochem. Faculty o f Med. 
Kagoshima Univ. Kagoshima, Japan

Midkine (MK) is a novel grow th fa c to r  and is the  
product o f a retinoic acid responsive gene. When 
PI 9 murine embryonal carcinom a (EC) cells were  
exposed to  MK at concentrations o f 1 n g /m l or higher, 
they d iffe re n tia te d  into neurons and glial cells. The  
neuronal d iffe re n tia tio n  was accompanied by the  
expression o f choline a ce ty ltran s ferase  a c tiv ity . 
Synthesis and refease o f MK in the EC cells trea te d  
w ith  retinoic acid was shown by W estern blot 
analysis. Rabbit anti-M K antibody a ttenuated  the  
action o f retinoic acid to  induce the neuronal 
d iffe re n tia tio n . These results indicate th a t MK is 
one o f the m ediators o f retinoic  acid action to  induce 
the neuronal d iffe re n tia tio n  in EC cells.

1 0 7 .6
TRANSPLANTING EMBRYONIC STRIATAL CELL LINES INTO THE 
EMBRYONIC RAT BRAIN
E .C a tta n e o * 1, L, M a g ra sa i2 , L .S a n ti2 , G . Butti.2 , R .D .G .M cK ay 3 , 
and S .P ezzo tta2 . 1 M ilano M olecular Pharm acology Lab, Inst. 
Pharm acological Sciences, U niversità' M ilano, Italy; ^D ept. of 
S u rgery ,U n ivers ita ’ di P avia, Ita ly ; 3 l m b / n i n DS N IH , 
Bethesda, MD 20892

A retroviral vector transducing the tsA58 mutant o f SV40 
Large T Antigen was used to make immortal cell lines from the 
em bryonic day 14 (E14) rat striatal prim ordia. 24 lines were
obtained w ith a range o f m orphologies and p ro liferation
properties. The tsA58 allele o f T-antigen codes for a protein 
that is stab le at 33°C but rap id ly  degraded at the non-
perm issive tem perature of 39°C. M ost of the cell lines ceased 
p ro life ra tion  at the non-perm issive tem peratu re. Two cell 
lines have been selected for further characterization: ST 14a 
was nestin  positive at 33°C, ST79-13a showed a dram atic 
morphological change at 39 °С in the presence o f bFGF.

To assess the developmental potentiality  o f the generated 
cell lines we have transplanted them into the E16 rat brain. 
D onor cells were labelled in vitro for 48Һ by incubation in 
5uM BrdU. Each em bryo received 50000 cells. 65% o f the 
transplanted  em bryos w ere alive at b irth . W e m apped the 
engrafted cells by BrdU im m unocytochem istry. BrdU labelled
ce lls  w ere found associa ted  w ith b rain  s tructu res  and/or 
clustered  into the ven tric les. No signs o f necrosis were 
visible. A dditional characterization is in progress.

1 0 7 .8

IMMORTALIZED STRIATAL CELL LINES: FURTHER  
CHARACTERIZATION AND TRANSPLANTATION. hL 
OipręianotH, Takas,himâ A, Herranz. M„PolìQnak, H, bL 
Geller1 . and W.J. Freed. NIMH Neuroscience Center at St. 
Elizabeths, Washington DC 20032. 1 UMDNJ-RW J Med.
Sch., Piscataway NJ 08854.

Several immortalized cell lines were derived from E14 fetal 
rat striatum using the tsA58 form of the SV40 large T  antigen. 
Presently we examined (a) amino acid content; (b) dopamine, 
GABA and glutamate uptake; and (c) effects of retinoic acid 
and cytosine arabinoside on differentiation of selected cell 
lines. The levels of most amino acids, in pm/g of protein, 
were several fold higher than in striatal tissue. Cell lines 26- 
1F and 2 13 -2 0  were found to contain GABA in concentrations 
of 0.62 pm/g protein and 2.44 pm/g protein respectively. Cell 
lines 213-1 L, 213-4E, 2 13 -2 0  and 213-3K were also found to 
have both GABA and glutamate uptake. Cytosine 
arabinoside and retinoic acid failed to promote expression of 
neurofilaments. Cell lines 26-1F and 213 -2 0  were 
transplanted into the intact striatum and hippocampus and 
into frontal cortex after an "aspiration lesion. Surviving cells 
were found for up to 8 weeks after grafting. These cells 
therefore show some properties similar to those of striatal 
neurons but retain an immature phenotype.

1 0 7 .1 0
S U B C E L L U L A R  L O C A L IZ A T IO N  O F  C A L C IU M /C A L M O D U L IN  
D EP EN D EN T  P RO TEIN  K IN ASE II (CK-II) IN PC-12 C E L L S . T. M asse. N. 
Dafny* and P. T. Kelly. Department of Neurobiology and Anatomy, The  
University of Texas-Houston Medical School, TX  77225.

To examine the m echanisms involved in the subcellular localization 
of CK-II and its mRNA and the role of CK-II in regulating neuronal phenotype, 
P C - 1 2  ce lls  were transfected with p lasm ids encoding either a -  or ß -  
subunits under control of the CM V promoter. A PC-12  cell line with 
undetectable levels of CK-II w as used in these studies. Stable clones based  
on their resistance to neomycin were selected and characterized. All clones 
expressing high levels of a -  or ß-subunits displayed a different morphology 
compared to the parent cell line; in the presence of serum they were larger 
and flatter than normal P C - 1 2  cells. CK-II expressing cells stopped growing at 
lower densities presumably through enhanced contact inhibition. Following 
differentiation in N GF, CK-II expressing cells were flatter with thicker and less 
branched neurites compared to N G F  differentiated parent cells.

N G F differentiated cells were labeled using antibodies against a -  or 
ß-subunits (labeling w as undetectable in parent PC-12 cells). Strong 
fluorescence w as visible in the cytoplasm of a -  or ß-subunit expressing  
cells; both subunits were uniformly distributed in cell bodies but absent in 
nuclei and were enriched in growth cones. Double labeling experiments 
showed that CK-II and F-actin were co-localized in the cytoplasm and growth 
cones but not in nuclei where only F-actin w as present. In growth cones F- 
actin and CK-II were particularly enriched in leading edge filopodia. Five min 
after application of the F-actin depolymerizing agent cytochalasin D, both CK- 
II and F-actin disappeared from growth cones; 15-30 min after cytochalasin D 
application, cells showed significant CK-II staining only in the perinuclear 
region. Th ese  results suggest that the expression of CK-II modulates cell 
and neurite morphology and show  that its subcellu lar localization is 
dependent on the integrity of F-actin.
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107.11
ELECTROPHYSIOLOGICAL AMD MORPHOLOGICAL CHANGES IN THE 
NG108-15 NEUROBLASTOMA CELL LINE IN SERUM AND SERUM-FREE
media, ģ , Quonqi Vt Kovrthfli iL Bryant  EL Stsnasr-CBSE/NRL, Washington, DC & Dpt Physiol USUHS, Bethesda, 
HD.

The morphological changes in the neuroblastoma-glioma 
cell line (NG108-15) were examined under three
differentiation conditions (plating density Ixl04/cm2). 
The control medium (CONTROL) contained 10% FCS dB-cAMP in 
Dulbecco's modified Eagle medium (DMEM) and was compared 
against two defined serum free media, Bottenstein & Sato 
formulation (N2 ) and a recently developed Brewer's 
modified supplement (B-27). In CONTROL, the cell bodies 
were aggregated, flat and did not develop neurites until 
two days post plating. The neurites were relatively thick 
and did not adhere well one week post differentiation. 
Neurite development in N2 occured rapidly with the cell 
bodies spherical and refractile. Thin elaborate processes 
were observed 2-3 days post plating which eventually 
formed narrow and intricate patterns. Cells cultured in N2 
survived > 15 days with the processes well adhered to the 
dish. Cells cultured in B-27 medium had thicker longer 
processes compared to CONTROL. The electrical activity in 
the NG108-15 under these conditions was characterized 
using whole cell patch clamp technique one week post 
plating. Of the three, B-27 cultured cells were the most 
excitable followed closely by CONTROL and N2 . Secondary 
treatment with dB-cAMP, DMSO and For skoliņ was found to 
enhance membrane excitability in all three cases. Whole 
cell recordings revealed the existence of all three types 
of calcium channels (L-, N- & T-types) in cells cultured 
in serum-free media. These results suggest that cells 
cultured in serum-free media exhibit enhanced neurite 
development and increased membrane excitability.

107.13
TRANSFECTION OF RHABDOMYOSARCOMA CELLS WITH 
GAP JUNCTION cDNAs: EFFECTS ON INTERCELLULAR 
COMMUNICATION AND DIFFERENTIATION. J.F. 
Bechberqer1*, Z.X. Lin3, and C.C.G. NAUS1. ‘Dept. 
Anatomy, University of Western Ontario, Canada, 2Dept. 
Cell Biology, Beijing Institute for Cancer Research, China.
We have found that L6 rat myoblasts in culture produce 

connexin43, and that this expression decreases as f vision 
occurs (Balogh et al., [1993] Dev. Biol. 155:351). While 
connexin43 is localized predominantly in the plasma 
membrane at areas of cell to cell contact prior to fusion, 
there appears to be a cytoplasmic localization once fusion 
has occurred. This suggests a role for gap junctional 
coupling in myogenesis. Given that increased intercellular 
communication reduces proliferation and tumori genesis in 
a number of systems, the tumour phenotype of 
rhabdomyosarcomas may involve loss or attenuation of gap 
junctional intercellular communication. The lack of dye 
coupling between rhabdomyosarcoma cells which display a 
less differentiated phenotype and high proliferation, and 
the correlation of dye coupling in subclones with a more 
differentiated state and reduced proliferation supports 
this hypothesis. To further study if rhabdomyosarcoma 
differentiation could be enhanced through gap junctional 
intercellular communication, we transfected these cells with 
the gap junction Cx43 cDNA. Transfection increased gap 
junctional coupling and reversed the tumor phenotype of 
these cells. Supported by NNSFC/China and MRC/Canada.

1 0 7 .1 2
REGULATION OF C ALP AIN-CALP AST ATIN SYSTEM IN HUMAN
NEUROBLASTOMA CELL DIFFERENTIATION INTO SCHWANNIAN AND 
NEURONAL CELLS. V SAITO* T C ŠAIPO K SANO* and S KAWASHIMA 
Dept. Mol. Biol, Tokyo Metropol. Inst. Medical Sci., Bunkyo-ku, Tokyo 113, 
JAPAN # Dept. Pediat. Biochem, Kobe Univ. Sch. Med, Kobe 650, JAPAN 

A human neuroblastoma cell line, GOTO, has a bipotential characteristics in 
differentiation. The cells treated with bromodeoxyuridine (BrDU) undergo 
Schwannian differentiation, while withdrawal of serum from culture medium 
induces neurite outgrowth and increases the neurofilament protein mRNA 
(Tsuneishi et al., Mol. Brain Res,17,119, 1993). In this study we have examined 
changes in cal pai ns and its endogenous inhibitor calpastatin during Schwannian 
and neuronal differentiation. The monoclonal antibodies against human 
calpastatin domains I ,Ш, and IV were able to detect authentic 110K calpastatin in 
undifferentiated and in neuronally differentiated cells by Western blot analysis. 
However, heterogenetics of calpastatin 110K and 120K forms were detected in 
BrDU-induced Schwannian cells. After 24hr treatment with BrDU, the 120K 
calpastatin began to be detected, and after 72hr its level reached the peak. The 
110K also increased after 24hr treatment. Both 110K and 120K localized mainly 
in the cytosol fraction, and translocation to membrane fraction was not observed 
even after 72hr treatment. Western blot analysis of m and μ  calpain with human 
calpain-specific antibodies indicated that the Schwannian differentiation elicited an 
2.5-fold increase in μ  calpain, and not in m calpain levels. The data indicate that 
calpain-calpastatin may be involved in the early pathway of Schwannian 
differentiation rather than that of neuronal differentiation. (Supported by a Grant- 
in-Aid for Reserch from the Ministry of Education, Science, and Culture, Japan and 
a grant from the Hayashi Memorial Founfation for Natural Female Scientist.)

NEUROTROPHIC FACTORS: EXPRESSION AND REGULATION II

108.1
MURINE SlOOß GENE: ORGANIZATION, SEQUENCE AND
TRANSCRIPTIONAL REGULATION. Hao Jiang#S. Saniiv ShahS. and Dana C. 
НШ#Ш*. #Molecular and Cell Biology Graduate Program, §Departments of 
Neurology, ^Biological Chemistry and I the Medical Biotechnology Center, Univ. of 
Maryland School of Medicine, and 7the Baltimore Veteran's Administration Hospital, 
Baltimore, MD 21201.

The organization, sequence, and transcriptional regulation of the murine SlOOß 
gene are reported. The gene is approximately 9 kb in length and is composed of three 
exons and two introns. The deduced murine S lOOß protein sequence differs from the 
human SlOOß protein by only one amino acid. The murine SlOOß gene contains a 
TATA box (AATAA) and a reverse CCA AT box (ATTGG) located at 30 nt and 92 nt 
upstream of the cap site, respectively. A 149 bp DNA fragment (-157/-9) containing 
the TATA box and reverse CCAAT box functions as a promoter. The murine SlOOß 
promoter drives a 4 fold higher level of transcription in glial (C6) than in nonglial 
(3T3) cells suggesting the existence of a potential cell type-specific regulatory 
element within the promoter region. The 5' flanking region suppresses transcription 
from the homologous SlOOß as well as heterologous SV40 promoters in an 
orientation-independent fashion. However, the 5' flanking region exhibits cell type- 
specificity when suppressing the SlOOß promoter-dependent transcription indicating 
its involvement in the cell type-specific expression of SlOOß gene. In order to map 
cell type-specific regulatory elements, transcription analyses of various deletions of 
the 5' region were acrried out in C6  and 3T3 cells. Two cell type-specific negative 
regulatory elements, one active in nonglial cells, and another active in glial cells, 
were mapped to the regions -1552/-1234 and -1234/-551, respectively. A strong 
negative regulatory element and a relatively weak negative element were located in 
the regions -551/-157 and -1669/-1552, respectively. The murine SlOOß gene is 
under complex transcriptional regulation involving tonic negative control exerted by 
a combination of multiple cw-acting regulatory elements including cell type-specific 
elements. Gel mobility shift assay and DNasel footprinting analysis were performed 
to determine the specific DNA sequences responsible for the cell type-specificity.

1 0 8 .2
GENE EXPRESSION OF C-FOS, C-JUN AND bFGF IN RAT 
BRAIN AFTER ISCHEMIC INJURY 
P.Pechan*- M.Gottlieb^ and W.Seifert* 
Max-Planck-Inst.biophys.Chem. ,3400 Gottingen, Germany 
^InstMol.Genet., Prague, Czech Rep.; 2lnst.Neurobiol. Довісе,
Slovak Republik.
We investigated the gene expression of immediate early genes (c-fos, 
c-jun) and fibroblast growth factor (bFGF) in different rat brain areas 
(hippocampus, cortex, striatum) during various times of recirculation 
following 30 min. ischemia (4-vessel occlusion model). Total RNA 
isolated from brain regions was assayed by dot blot method with 32p_ 
labeled cDNA probes.
Induction of c-fos mRNA was observed in all brain areas after 1 hr and 
stayed up til 24 hrs. The induction of c-jun showed a delasyed start 
(after 3 hrs in cortex and striatum, after 6  his in hippocampus). 
Induction of bFGF started only after 12 hrs and stayed up til 72 hrs. 
This time course of ischemic gene induction is different from the one 
observed for bFGF and NGF following induction by free radicals 
(Pechan, Chowdhury and Seifert, NeuroReport, 3,469-472,1992) and 
by glutamate in rat brain astrocyte cultures (Pechan et al. Neuroscience 
Letters, 153,111-114,1993).
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108.3
GLYCEROL ETHER-MEDIATED NEURONAL DIFFERENTIATION 
MAY BE UNDER DIRECT REGULATION OF PROTO-ONCOGENE 
c-fos EXPRESSION. H.S. Ved. B.P. Doctor. R.F. Genovese*. F.C. 
Tortella. and J.R. Dave. Divisions of Biochemistry and 
Neuropsychiatry, WRAIR, Washington DC 20307-5100 

We have previously reported that dodecylglycerol (DDG), an alkyl 
glycerol lipid similar to platelet activating factor (PAF) but devoid of 
platelet aggregating activity, stimulates differentiation in neuronal 
cultures obtained from fetal rat cerebral cortex, hippocampus and 
cerebellum. We also reported that DDG-mediated neuronal 
differentiation resulted in a transient increase in c-fos mRNA levels. 
The objectives of the present study were to determine if c-fos 
stimulation is a cause or a result of neuronal differentiation. Primary 
enriched neurons derived from embryonic rat cerebral cortex, 
cerebellum or hippocampus were treated in a serum-free media with 
either (a) vehicle, (b) DDG (4 μΜ), (c) c-fos antisense oligonucleotide 
(ASO) (5 μΜ) and DDG, (d) c-myc ASO and DDG or (e) non-sense 
ASO and DDG, for 24 hrs. Treatment with DDG produced a maximal 
differentiation in neurons obtained from cerebellum and a minimum 
effect in those obtained from cerebral cortex. Pretreatment with c-fcs 
ASO inhibited DDG-induced outgrowth of the processes, however, c- 
myc ASO and nonsense ASO had no significant effect. The inhibitory 
effect of c-fos ASO on DDG-mediated differentiation was highest in 
neurons obtained from cerebellum. The morphological changes 
correlated well with the changes in biochemical parameters such as 
acetylcholinesterase and choline acetyl transferase activity. These results 
suggest a causative role for c-fos proto-oncogene in DDG-mediated 
neuronal differentiation.

108.5
INJURY INDUCED EXPRESSION OF NEUROTROPHIN 
mRNA's IN THE RAT STRIATUM. RJ.Purkiss and S.W.Davies 
SPON: Brain Research Association*; Department of Anatomy, University 
College London, Gower Street, London WC1E 6 BT, U.K.

Quinolinic acid (QA) infusion into the rat striatum results in a defined 
pattem of neuronal cell death that is accompanied by a characteristic pattern 
of expression of immediate early genes (EEG's) of the AP-1 family (Purkiss 
et al, submitted), c-fos and jun В are induced rapidly and transiently within 
the periphery of the striatum, whilst c-jun, jun D and fos В all show a 
latent and prolonged pattern of expression in the central lesioned area of the 
striatum. The 5’ sequences of both NGF and NT-3 contain AP-1 sites, 
whereas that of BDNF does not. We have therefore studied the expression 
of these 3 neurotrophins following QA induced neurodegeneration in the rat 
striatum using in  s itu  hybridisation with neurotrophin specific 
labelled oligonucleotide probes.

NGF and NT-3 mRNA's are co-induced within the striatum by 12 hours 
post-lesion, reaching a maximum by 48 hours and persisting until 7 days. 
At the earliest time points (6-12 hours), enhanced expression of NGF and 
NT-3 is restricted to areas immediately proximal to the lesion tract; this 
subsequently expands to encompass the majority of the striatum by 24 
hours, exhibiting a spatial expression very similar to the area of 
neurodegeneration revealed by NADPH-diaphorase histochemistry when 
studied at later time points. In the same animals, BDNF mRNA remains at 
constitutive levels.

These results highlight potential mechanisms for the transcriptional 
regulation of neurotrophin expression following neuronal injury which are 
currently the focus for our investigation.

RJ.P. was in receipt of a M.R.C. studentship.

108.7
AXONS MODULATE THE EXPRESSION OF LEUKEMIA 
INHIBITORY FACTOR BY SCHWANN CELLS. S.S. Scherer* 1. 
Y .-T . X u , 1 D. R o l i n e 1 . J. Kam holz1 , LS,. ...Rüdgfc2, .JL 
Friedman2 .N.Y. IP2, ^ e p t .  Neurol., Univ, Penn. Sch. Med., 
Philadelphia, PA 19104, and 2Regeneron Pharmaceuticals Inc., 777 
Old Saw Mill River Road, Tarrytown, NY 10591.

Leukemia inhibitory factor (ЫҒ) is a cytokine that has potent effects 
on a variety o f neurons. To leam whether LIF might play a role in 
axonal regeneration in the PNS, we have examined its expression in 
permanently transected/degenerating and crushed/regenerating rat 
sciatic nerves. In unlesioned adult nerves, LIF-immunoreactivity was 
found in the cytoplasm of myelinating and non-myelinating Schwann 
cells, and in vascular smooth muscle cells. The amount o f LIF- 
immunoreactivity in Schwann cells increased progressively in 
transected and crushed nerves from 1 to 12d post-lesion. To confirm 
and extend these findings, we performed Northern blot analysis and in  
s i tu  hybridization. LIF mRNA was barely detected in unlesioned 
nerves, but increased dramatically in a biphasic pattem after nerve- 
injury: the first peak occurred at Id post-lesion, and was followed by 
a second peak at 12d. U F  mRNA fell below detectable levels by 58d 
post-crush, coinciding with the fall in the level o f nerve growth factor 
receptor mRNA and the remyelination of regenerating axons. LIF 
mRNA was localized to Schwann cells in the endoneurium at both 36Һ 
and 16d post-lesion. LIF-immunoreactivity and mRNA was also 
found in cultured Schwann cells. These results show that the 
expression of LEF in Schwann cells is up-regulated following 
axotomy, and suggest that U F  could play a role in the regeneration o f  
axons after nerve-injuries.

108.4
BD NF IS IND UC ED AS AN  IM M EDIA TE-EA RLY GENE  
FO LLO W ING  NM D A RECEPTO R AC TIVA TIO N.
P. H ushes1*, E. Beilharz2. P. Gluckman2 and M. Draeunow1. Department 
of Pharmacology1 and Research Centre for Developmental Medicine and 
Biology2, School of Medicine, The University of Auckland, NEW 
ZEALAND.

Recent studies show that focal brain injury, cerebral ischaemia, 
hypoglycaemia and seizures increase the expression of c-fos, and brain- 
derived neurotrophic factor (BDNF) in brain. Here we report that 
hippocampal focal brain injury transiently induces the immediate-early 
genes (IEGs) c-fos, jun-B, c-jun and krox 24 (zif 268) mRNA and protein 
and BDNF mRNA in rat dentate gyrus neurons in vivo, an effect that was 
blocked by the N-methyl-D-aspartate (NMDA) receptor antagonist MK801. 
Prior administration of the protein-synthesis inhibitor cycloheximide super
induced immediate-early gene mRNA, abolished immediate-early gene 
protein induction, but had no effect on NMDA receptor-mediated induction 
of BDNF.

Thus, while NMDA receptor activation results in the induction of both 
IEGs and BDNF mRNA, de novo synthesis of immediate-early gene 
proteins is not critical for the increased expression of BDNF mRNA seen 
in brain after focal injury. Indeed, these results suggest that BDNF is 
induced as an immediate-early gene following NMDA receptor activation. 
Supported by grants from the New Zealand Health Research Council and 
New Zealand Neurological Foundation. P. Hughes is a New Zealand 
Neurological Foundation W.B. Miller scholar.

108.6
SYNTHESIS AND RELEASE OF FGF, TGFß AND OTHER GROWTH FACTORS 
BY CULTURED CHROMAFFIN CELLS. S. Bieger, A. Lachmund,
V. Meyer, M. Hüll, K. Krieglstein*, and K. Unsicker,
Dept. Anatomy & Cell Biology, Univ. Heidelberg, Germany.

Chromaffin cells are a rich source of growth factors 
with trophic activity for cultured neurons. We are investi
gating the molecular identity, expression and secretion of 
these factors. One candidate protein with known neurotrophic 
activity is bFGF (FGF-2). Bovine chromaffin cells express 
FGF-2 mRNA at low levels and maintain this expression for 
several days in culture. Subcellular fractionation studies 
indicate that FGF-2 protein is mainly located in the extra
cellular matrix and is not released upon nicotinic stimu
lation. However, stimulation of chromaffin cells with the 
cholinergic agonist carbachol releases considerable neuro
trophic activity for ciliary ganglionic neurons. This acti
vity is therefore unlikely to be FGF-2. CNTF, another 
candidate neurotrophic factor for ciliary neurons, is not 
expressed in the adrenal medulla (rat; Northern blot).
TGFB1, 2, and 3 mRNAs can be detected in bovine chromaffin 
cells, but the TGFßs show no neurotrophic activity in the 
ciliary ganglion assay. Cell blotting experiments with 
ciliary neurons indicate that chromaffin granules contain 
neurotrophic proteins of various molecular weights. We are 
currently attempting to further purify and characterize 
these proteins, which, as our data suggest, are unlikely 
to be FGF-2, TGFß or CNTF.
Supported by granāts from Deutsche Forschungsgemeinschaft.

108.8
CNTF IMMUNOREACTIVITY IN CULTURED SCHWANN CELLS.
M. C. Subano and P. M. Richardson*. Montreal 
General Hospital Research Institute, McGill 
University, Montreal, Que., Canada H3G 1A4.

In peripheral nerves, ciliary neurotrophic 
factor (CNTF), like myelin proteins, is 
synthesized by a subpopulation of Schwann cells 
and is down-regulated during Wallerian 
degeneration. To analyze further the regulation 
of CNTF concentrations in Schwann cells, 
cultures have been established of dissociated 
cells from sciatic nerves of 5 day-old rats. In 
fresh cultures, 65% of the cells stain for S100, 
a marker for Schwann cells, 41% are CNTF- 
immunopositive and 11-12% are immunopositive for 
myelin-associated glycoprotein or myelin basic 
protein. After 24 hours in culture, both the 
intensity of the staining and the percentage of 
cells exhibiting CNTF immunoreactivity increase 
while immunoreactivity for myelin proteins is 
abolished. The observations suggest that the 
factors regulating CNTF synthesis are not 
identical to those controlling myelin proteins 
or any other known Schwann cell protein.
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108.9
PRODUCTION AND REGULATION OF NEUROTROPHIC FACTORS IN  THE 
MSI SCHWANN CELL L IN E . R .Y . X u * .  G, M o r e t to ,  a nd  S .U . 
Ķim · D iv i s io n  o f  N e u r o lo g y ,  U n i v e r s i t y  H o s p i t a l ,
U n iv e rs i t y  o f  B r i t i s h  C o lu m b ia ,  V a n c o u v e r ,  C a na d a.

N e u r o t ro p h ic  f a c t o r s  (N T F s) p la y  im p o r t a n t  r o le s  i n  
the d e v e lo p m e n t, d i f f e r e n t i a t i o n ,  a n d  s u r v i v a l  o f  
n eu ro na l c e l l s .  The m a in  s o u rc e  o f  NTFs i s  n e u ro n s ,  
t h e ir  t a r g e t  c e l l s ,  a n d  g l i a l  c e l l s .  We s t u d ie d  mRNA 
a c t i v i t y  o f  M S I, a n  im m o r t a l i z e d  c e l l  l i n e  o f  mouse 
Schwann c e l l s  (W a ta be  e t  a l . , J .  N e u r o p a th .  E x p . N e u r o l .  
49, 4 5 5 -6 7 , 1 9 9 0 ) .  C e l l u l a r  RNA was e x t r a c t e d  f ro m  th e  
MSI c e l l  p e l l e t  a nd  r e v e r s e  t r a n s c r ib e d ;  cDNA was 
a m p lif ie d  b y  PCR u s in g  p r im e r s  s p e c i f i c  f o r  mouse 
n e u ro tro p h ic  f a c t o r s ;  a nd  PCR p r o d u c ts  w e re  s e p a r a te d  b y  
agarose g e l  a nd  d e te c te d  b y  e th id iu m  b ro m id e .  R e s u l ts  
showed t h a t  MSI c e l l s  e x p r e s s  mRNA t r a n s c r i p t s  f o r  NGF, 
BDNF, and CNTF, b u t  n o t  f o r  N T -3 . The i d e n t i t i e s  o f  th e  
bands w ere c o n f i r m e d  b y  DNA s e q u e n c in g  o f  PCR a m p l i f i e d  
m a te r ia ls .  We a ls o  c o n f i r m e d  t h a t  e a c h  a m p l i f i e d  
m a te r ia l was n o t  d e r iv e d  f ro m  g e n o m ic  DNA. To f u r t h e r  
i l l u s t r a t e  th e  r e g u la t i o n  o f  NTF p r o d u c t io n  b y  M S I, th e  
changes i n  mRNA c o n t e n t  o f  c u l t u r e s  g ro w n  u n d e r  
d i f f e r e n t  c o n d i t io n s  w e re  q u a n t i f i e d  b y  r i b o n u c le a s e  
p r o te c t io n  a s s a y .  T h ese  r e s u l t s  i n d i c a t e  t h a t
im m o r ta liz e d  S chw ann c e l l s  e x p r e s s  m e ssa ge s  f o r  s e v e r a l  
NTFs w h ic h  a re  im p o r t a n t  i n  d i f f e r e n t i a t i o n  a n d  s u r v i v a l  
o f  n e u ro n s .

108.11
EFFECTS OF GLUCOCORTICOID ON NEUROTROPHIC ACTIVITY 
OF CYTOKINE-ACTIVATED ASTROCYTES. K. Yoshida*. M. Sagoh, 
T. Yazaki, H, Wakamoto, H. Kamiguchi, M. Otani, S. Toya and F.H. 
Gaget. Dept. of Neurosurgery, Keio Univ., Tokyo 160, Japan, tDept. of 
Neurosciences, UCSD, La Jolla, CA 92122.

We have previously demonstrated that various cytokines including 
interleukin-lß (IL-lß) and tumor necrosis factor-а (TNF-a) enhance the 
nerve growth factor (NGF)-mediated neurotrophic activity of astrocytes on 
the septal cholinergic neurons (Yoshida et al.; 1992). In the present study, 
we examined the effects of glucocorticoid on expression of NGF, NGF- 
mediated cholinergic neurotrophic activity and neural cell adhesion 
molecule (NCAM) by cytokine-activated astrocytes. Protein levels of NGF 
and NCAM expressed by cultured astrocytes derived from newborn rat 
hippocampi were measured by ELISA. Cholinergic neurotrophic activity of 
astrocytes was indicated by cholineacetyltransferase (CAT) activity of 
cocultures of hippocampal astrocytes and rat embryonic septal neurons. 
While a combination of IL-lß and TNF-a significantly enhanced the 
expression of NGF, NCAM and NGF-mediated cholinergic neurotrophic 
activity of astrocytes, dexamethasone (DM), which is a synthetic 
glucocorticoid, suppressed the expression of these molecules and the 
neurotrophic activity of astrocytes. Moreover, the effects of a combination 
of IL-1 ß and TNF-a on a s tro cy te s  were s ig n ific a n tly  reduced by DM. DM 
did not modify the effect of NGF on CAT activity of cultured septal 
cholinergic neurons. These results indicate that glucocorticoid reduces the 
neurotrophic effects of cytokine-activated astrocytes.

108.13
REGULATION OF BDNF GENE TRANSCRIPTION IN 
ASTROCYTES. N. Nishivama. I J . Kopin. J.P. Schwartz*. Clin. 
Neurosci. Branch, NINDS, NIH, Bethesda, MD. 20892
Cultured astrocytes are known to express NGF 

mRNA and NGF synthesis can be strongly enhanced 
by isoproterenol (B-agonist) or forskolin 
(direct activator of adenylate cyclase). These 
results suggest that NGF expression is regulated 
by cAMP in astrocytes. With the discovery of the 
new NGF gene family (neurotrophins), it became 
of great interest to determine whether 
astrocytes also express BDNF message and if 
expression is regulated by cAMP. Confluent 
cultures of astrocytes were treated with 
forskolin or various cytokines. RT-PCR of BDNF 
mRNA in unstimulated astrocytes revealed 
expression of the BDNF gene in astrocytes 
prepared from various brain areas (cortex, 
striatum, cerebellum) from animals of different 
ages (E20, D3, D8, adult). Forskolin markedly
increased BDNF message in D3 astrocytes as 
indicated by Northern analysis. Interleukin-1B 
(IL-lß) slightly but significantly enhanced BDNF 
message, whereas IFN/ and IL-la were not 
effective. These results suggest that regulation 
of BDNF transcription in astrocytes is similar 
to that of NGF.

108.10
REGULATION O F  BASIC F G F  EX PR ESSIO N  IN PRIMARY HUMAN 
A S TR O CYTES . J. Moffett. A. Jov. E.K . Stachowlak. J. Rankin-Shapiro. W. 
Shapiro*. M.K. Stachowiak. Barrow Neurological Institute, Phoenix, AZ 85013.

Basic fibroblast growth factor (bFGF) acts a s  a mitogen for glial and 
neuronal cells and stimulates survival and neurite outgrowth in cultured 
neurons. Over-expression of b FG F may play a  role in the progression of 
normal glial cells to the tumorigenic phenotype. Little is known about the 
mechanism(s) controlling synthesis of b FG F in the nervous system. We have 
developed primary human glial cell cultures as  a model to examine the 
m echanisms controlling expression of bFG F. Those cells were characterized 
as type 2  astrocytes (A2B5+ /G FAP+ ) using both histochemical and northern 
analyses for glial lineage markers. Western analysis and cellular 
subfractionation revealed localization of 18 kDa b FG F in the cytoplasm. In the 
nucleus 18 KDa and higher molecular weight b FG F isoforms were detected. 
We have found two levels of the regulation of b FG F activity: (1) rapid (within 
3 h) forskolin induced-translocation of b FG F protein to the nucleus shown by 
histochemical analysis and (2) transcriptional activation of the b FG F gene by 
forskolin and by PMA. A luclferase reporter gene containing a -2000/+314 bp 
fragment of the human b FG F promoter w as constructed and transiently 
expressed in glial cells. Forskolin or PMA induced a 4-fold increase of 
promoter activity within 32 hr incubation. cAMP induction w as mapped to 
-1000/-274 bp b FG F promoter region. This region does not contain a 
consensus sequence for known C R E s, indicating that cAMP activates bFG F  
promoter by novel means in human glial cells. The region of the b FG F gene 
promoter responsible for induction by protein kinase C  w as mapped between - 
274 and +174 bp. b FG F promoter activity w as derepressed in the human 
glioma cell lines SF-763 and SF-767 suggesting that this may be one 
mechanism for the increased expression of the b FG F  gene in gliomas.

108.12
ACTIVATION OF NON-NGF TYPE CHOLINERGIC NEURO
TROPHIC ACTIVITY OF ASTROCYTES BY CYTOKINES. M. Sagoh,
K.Yoshida, H. Wakamoto, T. Yazaki*4, M. Otani, S. Toya and F.H. 
Gaget. Dept. of Neurosurgery, TCeio Univ., Tokyo 160, Japan, tDept. of 
Neurosciences, UCSD, La Jolla, CA 92122.

Nerve growth factor (NGF) synthesis in astrocytes is regulated by 
various cytokines. We have previously demonstrated that a combination of 
interleukin-lß (IL-lß) and tumor necrosis factor-а (TNF-a) increases 
cholineacetyltransferase (CAT) activity of the septal cholinergic neurons via 
NGF produced by astrocytes. In the present study, non-NGF type 
neurotrophic activity of astrocytes was investigated. The effect of astrocyte 
conditioned medium (ACM) on CAT activity of selective neuronal cultures 
derived from E-16 rat brain stem was examined. CAT activity of the brain 
stem cholinergic neurons was enhanced by the addition of ACM. The 
effect of ACM obtained from astrocytes stimulated by a combination of IL- 
lß and TNF-a was more potent than that of unstimulated ACM. The effect 
of NGF and a combination of IL-1 ß and TNF-a on the brain stem neurons 
co-cultured with astrocytes was examined. The cytokines significantly 
increased CAT activity of the brain stem cholinergic neurons, whereas 
NGF had no similar effect. Moreover, the effect of the cytokines was not 
reduced by the addition of anti-NGF neutralizing antibody. These results 
in d ic a te  that a combination o f I L - l ß  an d T N F - а  enhances the n o n -N G F  
type cholinergic neurotrophic activity secreted into the culture medium 
from astrocytes.

108.14
GENE EXPRESSION OF NEUROTROPHIC FACTORS IN  HUMAN FETAL 
ASTROCYTES IN  CULTURE. G. M o r e t to * .  R .Y . X u . D .G . W a lk e r .  
a n d  S .U . K im . D i v i s i o n  o f  N e u r o lo g y ,  U n i v e r s i t y  H o s p i t a l ,  
U n i v e r s i t y  o f  B r i t i s h  C o lu m b ia ,  V a n c o u v e r ,  C a na d a.

G ro w th ,  d i f f e r e n t i a t i o n ,  a nd  p ro g ra m m e d  c e l l  d e a th  o f  
n e u ro n s  d u r in g  d e v e lo p m e n t a re  g r e a t l y  i n f lu e n c e d  b y  
n e u r o t r o p h ic  f a c t o r s  (N T F s ) . NTFs a re  m a in ly  p ro d u c e d  b y  
n e u r o n a l c e l l s ,  b u t  th e s e  m o le c u le s  may a ls o  be  s e c r e te d  b y  
g l i a l  c e l l s .  We i n v e s t ig a t e d  th e  c a p a c i t y  o f  hum an 
a s t r o c y t e s  t o  e x p r e s s  mRNA f o r  v a r io u s  N TFs. E n r ic h e d  
p o p u la t io n s  o f  a s t r o c y t e s  w e re  p r e p a re d  f ro m  hum an f e t a l  
b r a i n  t i s s u e s .  The p u r i t y  o f  c e l l  c u l t u r e s  was >95% as 
a s s e s s e d  b y  im m u n o s ta in in g  w i t h  a n t ib o d y  t o  g l i a l  
f i b r i l l a r y  a c i d i c  p r o t e i n .  T o t a l  mRNA was e x t r a c t e d  f ro m  
c e l l  c u l t u r e s  a n d  re v e r s e  t r a n s c r ib e d ;  th e n  cDNA f r a g m e n ts  
s p e c i f i c  f o r  hum an NTFs w e re  a m p l i f i e d  b y  p o ly m e ra s e  c h a in  
r e a c t i o n .  R e s u l ts  show ed  t h a t  hum an f e t a l  a s t r o c y t e s  g ro w n  
i n  s e r u m - c o n t a in in g  m ed ium  c o n s t i t u t i v e l y  e x p r e s s  mRNA f o r  
NGF, b r a in - d e r i v e d  n e u r o t r o p h ic  f a c t o r  (B D N F ), and  
n e u r o t r o p h in - 3  ( N T - 3 ) ,  b u t  n o t  f o r  c i l i a r y  n e u r o t r o p h ic  
f a c t o r  (C N T F ). I n  s e r u m - f r e e  m e d ium , c e l l s  do  n o t  p ro d u c e  
a n y  N TFs. T h ese  r e s u l t s  p r o v id e  e v id e n c e  t h a t  f e t a l  human 
a s t r o c y t e s  s u p p o r t  n e u r o n a l s u r v i v a l  a n d  d i f f e r e n t i a t i o n  b y  
s e c r e t i n g  N TFs. The s e c r e t o r y  a c t i v i t y  o f  th e s e  c e l l s  i s  
i n f lu e n c e d  b y  c u l t u r e  c o n d i t i o n s ,  a nd  t h e r e f o r e  i t  c o u ld  be  
r e g u la t e d  b y  d i f f e r e n t  m o le c u le s  p r e s e n t  i n  th e  m ed ium .

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



248 NEUROTROPHIC FACTORS: EXPRESSION AND REGULATION II MONDAY PM

108.15
XANTHINE/XANTHINE OXIDASE AND H20 2 ENHANCE THE 
EXPRESSION OF NGF GENE OF NEWBORN RAT ASTROCYTES VIA 
DIFFERENT MECHANISMS. Ph. Naveilhan. I. Neveu. F. Jehan. C. Baudet. 
D. Wion and Ph. Brachet*. INSERM U 298, Centre Hospitalier Régional, F- 
49033 Angers cedex 01, France.

Enhanced generation of reactive oxygen species takes place in the brain 
following various types of traumas, and this process is thought to be responsible 
for neurocytotoxic effects. Active oxygen species cause an activation of protein 
kinase C (Kass et al., Điochem. J. 260 (1989) 499-507), an enzyme family which 
plays an important role in the positive control of NGF gene in astrocytes 
(Neveu et al., Brain Res. 570 (1992) 198-208). Therefore, we have investigated if 
oxygen injury to astrocytes could promote the production of NGF by these cells. 
A treatment of 30 min with xanthine/xanthine oxidase increased the pool of 
NGF transcripts and the release of mature NGF protein. This was preceeded by 
a temporary induction of c - fo s , c-ju n  and ju n  В  mRNAs, detected one hour after 
the end of the treatment. A 30 min treatment with H2O2 , did also enhance the 
levels of NGF transcripts, but the effect on the production of mature factor was 
limited when compared to that of xanthine/xanthine oxidase, in spite of the fact 
that the level of c -fo s  mRNA remained high 6  hours after the treatment. Use of 
radiolabelled methionine indicated that protein sysnthesis was reduced. This 
impairment could explain the overexpression of both c - fo s  and NGF mRNAs, 
since comparable results are obtained in cells exposed to the protein synthesis 
inhibitor anisomycin.

108.17
ALTERNATE 5 ’ EXONS OF THE RAT BDNF GENE: BRAIN 
REGION-SPECIFIC PATTERNS OF EXPRESSION. J. F. Bishop*.
G. P. Mueller and M. M. Mouradian. Exp. Therap. Br., NINDS, NIH 
and Dept. of Physiology, USUHS, Bethesda, MD 20892.

Brain-derived neurotrophic factor (BDNF) is capable of enhancing 
the survival o f dopaminergic neurons and protecting them from 
neurotoxins in in vitro experiements. This trophic factor might thus be 
of therapeutic value for Parkinson’s disease. The rat BDNF gene 
consists of several 5 ’ noncoding exons that are alternatively spliced to a 
common coding exon. To investigate the number of 5’ exons expressed 
in the rat brain, we subjected RNA from cerebellum to 5 ’-RACE 
analysis and compared the resulting putative exons to previously 
published 5 ’ exon sequences originating from the rat hippocampus 
(Ohara et al. Gene 121: 383-386, 1992; Timmusk et al. Neuron 10: 
475-491, 1993). Of the resulting 7 independent RACE clones, 5 had 
sequences published previously, 1 contained a 5 ’ extension of a 
previously reported sequence and 1 had a novel sequence extending 
142 bp upstream of the 5 ’ border of the coding exon. To investigate the 
possibility that these putative 5 ’ exons are expressed differentially, we 
applied quantitative RT-PCR to RNA from rat striatum, substantia nigra 
and hippocampus using primer sets designed for each of the 7 putative 
5 ’ exons. Each of the 7 alternative transcripts was most abundant in 
the hippocampus, less abundant in the substantia nigra and least 
abundant in the striatum. The magnitude o f these differences in 
abundance varied considerably among exons, ranging from 3-26 fold. 
The differential expression of alternate 5 ’ exons suggests that 
expression of the BDNF gene in the brain is regulated by region- 
specific alternative promoters.

108.19
ABNORMAL REGULATION OF NERVE GROWTH FACTOR 
EXPRESSION IN HEART AND MESENTERIC ARTERIES OF 
HYPERTENSIVE RATS
R. A. Rush* and C. Zettler Centre for Neuroscience and Department of 
Physiology, Flinders University of South Australia, GPO Box 2100, 
Adelaide, Australia

Considerable evidence indicates an enhanced sympathetic innervation of 
muscular resistance arteries in the spontaneously hypertensive rat (SHR) 
compared with its normotensive Wistar-Kyoto (WKY) control. Since 
Nerve Growth is known to affect the growth of sympathetic nerves, we 
have utilized an improved two-site immunoassay for NGF to compare the 
NGF content of hearts and mesenteric arteries of developing SHR and 
WKY rats. NGF levels declined from postnatal day 15, the earliest age 
examined, to stabilize at adult levels by postnatal day 32. Adult SHR 
concentrations were similar to those in age matched WKY controls. In 
contrast, in the vascular bed, NGF levels of SHR were greater than those 
of WKY controls at all ages above 15 days. Moreover, these changes in 
NGF occurred concommitantly with increases in vascular mass and 
medial smooth muscle hyperplasia in the SHR. Whether abnormal NGF 
levels are a cause or consequence of vascular smooth muscle growth has 
yet to be determined, but our results are consistant with the hypothesis 
that the hypernoradrenergic innervation of SHR vascular tissues results 
from an early elevation of NGF gene expression. The factors regulating 
this abnormal expression are being investigated.

108.16
HETERODIMER FORMATION BETWEEN BDNF AND NT-3. S, Jungbluth and 
Y.-A, Barde*. Department of Neurobiochemistry, Max-Planck Institute for 
Psychiatry, Am Klopferspitz 18a, 82152 Planegg-Martinsried, FRG.
NGF, BDNF and NT-3 are thought to occur as non-covalently associated homo
dimers. In view of the fact that growth factors such as PDGF and members of the 
TGF-beta family are known to form heterodimers with biological activities distinct 
from those of the homodimers, we were interested to test the possibility that 
neurotrophins also form heterodimers. Using BDNF antibodies that recognize BDNF 
homo- and NT-3/BDNF heterodimers (but not NT-3 homodimers), we performed 
immunoprecipitation with media obtained from cells infected with Vaccinia-viruses 
expressing a) wild type (wt) BDNF and wt NT-3 b) wt BDNF and a mutant 
containing the BDNF pro-sequence fused with the NT-3 mature sequence and c) 
with a mixture of media resulting from single infections with wt NT-3 or wt BDNF. 
The immunoprecipitates were analyzed in Western blots using antibodies directed 
against NT-3- or BDNF-specific sequences. No NT-3 signal could be detected using 
NT-3 specific antibodies in media mixed after single infections, but NT-3- as well as 
BDNF-signals of similar intensities could be detected in both cases a) and b) after 
coinfection. Thus, heterodimerization seems to be independent of the pro-sequence 
specificity and simply results from one cell expressing both genes. We also tested the 
BDNF/NT-3 heterodimers in a variety of survival assays in vitro using neurons 
dissociated from the peripheral nervous system and found the heterodimers to be 
substantially less active than mixtures of BDNF and NT-3 homodimers. These 
results suggest that: 1. High-affinity receptor binding sites might be formed by 
contributions from each monomer in the BDNF or NT-3 homodimers. 2. The 
expression of both the NT-3 and BDNF genes by one cell (as may occur in neurons 
in the hippocampal formation or granular neurons in the cerebellum) might decrease 
the biologically active concentration of neurotrophin secrected by that cell compared 
with the expression of either single gene.

108.18
NGF m-RNA IS INCREASED BY EXPERIMENTAL INFLAMMATION OF 
ADULT RAT URINARY BLADDER.

N.Y Andreev » D. Bemeti. J. Priestfry, μ  Rfltftay and S.B. McMahon.
Dept Physiology and Dept Biochemistry, S t Thomas's Hosp. Med. Sch., 
London, SEI 7EH, UK.

Wistar rats (180-250g) were anaesthetised and turpentine (25%, in olive oil) was 
administrated to the lumen o f urinary bladder for one hour. Two, 4, 8, 24, 48 
hours or 7 days later the animals were perfused, postfixed, and their bladders were 
removed. Cryostat sections (20μ) were cut and hybridized in situ with an S-35 
labelled cDNA riboprobe against NGF mRNA. A sense neurotrophin riboprobe 
was used to control for non-specific binding.. Following emulsion 
autoradiography, silver grain density was measured in Де bladder muscle and 
mucosal layers. Background values were subtracted from all tissue values.

No significant changes were seen in neurotrophin expression 2 hours after 
inflammation, compared to untreated controls. However, by 4 hours after 
inflammation, NGF m-RNA was significantly increased and this increase reached a 
maximum by 8 hours. The increase was most marked in the bladder mucosa. After 
8 hours, the level o f  NGF mRNA began to fall, «id  no changes were apparent 
seven days later. There was no significant specific binding o f the sense probe.

These results suggest that in inflammatory stales, neurotrophin levels may be 
elevated. Since NGF may lead to the sensitisation o f the peripheral terminals of 
nociceptors, and additionally to changes in sensory neuropeptide expression and 
release in the spinal cord, it is possible that altered neurotrophin expression may 
contribute to some o f the alterations in sensory processing associated with 
inflammatory states.

108.20
INCREASED mRNA EXPRESSION OF PROHORMONE CONVERTASES 
FURIN, PCI, PC2 AND PC5 IN INJURED SCIATIC NERVE, SIMILARITY TO 
NGF, BDNF AND NT-3 mRNA EXPRESSION. M. Marcinkiewicz*. & 
Richardson1/ R,.Pay, L, Schecterson2/ N.G. Seidah, M. Chrétien. Clinical 
Research Institute of Montreal, and ^McGill University, Montreal, Quebec, 
Canada, H2W 1R7. 2University of Washington, Seattle, Wa 98195.

NGF, BDNF and NT-3 are synthesized as large prepropeptides and 
subsequently proteolytically processed to mature neurotrophic factors. Their 
processing enzyme(s) have not yet been identified. However, the data on 
tissue distribution and enzymatic cleavage specificity suggests that one or 
more of the prohormone convertases including furin, PCI, PC2, PC5 are 
involved in the maturation of proneurotrophins. To study the 
interrelationships between putative prohormone convertases and 
neurotrophic factors we examined the unilaterally injured sciatic nerve of 
adult rat. The sciatic nerve was cut and examined on days 3, 4, 7,14 and 28. 
Northern blot analysis and in situ hybridization were carried out using 
radioactive cRNA probes. Consistent with previous observations, the 
concentrations of mRNA for NGF, BDNF and NT-3 were increased in the 
distal stump of the transected nerve. The hybridization results demonstrated 
that similar to neurotrophins, the levels of furin, PCI, PC2 and PC5 mRNA, 
respectively, increased maximally on day 4 and were still elevated on day 28. 
The mRNA tissue distribution of furin, PCI, PC2 and PC5 was comparable 
with that of NGF, BDNF and NT-3. Increased levels of PCI and PC2, found on 
day 4 in Schwann cells, was confirmed by immunocytochemistry. In 
conclusion, we demonstrated that prohormone converting enzymes are 
coordinately expressed with neurotrophic factors. This suggests that several 
convertases are involved in processing of pro- neurotrophins, and are likely 
boti» important for sciatic nerve regeneration.
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109.1
IMMUNOCYTOCHEMICAL LOCALIZATION OF t r k A AND t r k B  IN RAT 
CENTRAL NERVOUS SYSTEM. S.C. Feinstein*. C.R. MathesonH. M.J. Raridce. 
AA Weicherl. D. Blumbere. and J. TalvenheimoU and O. Yanlh Neuroscience 
Research Institute and Dept. of Biological Sciences, University of California, Santa 
Barbara, CA 93106 and UNeurobiology Dept., Amgen, Inc., Amgen Center, Thousand 
Oaks, CA 91328.

In order to begin to understand the roles played by the trk  family of receptor 
tyrosine kinases in the CNS, we have examine! the expression patterns of the trk A  
and trkB receptor proteins in adult rat brain using immunocytochemistry. In order to 
detect trkB protein, we raised several antisera directed against synthetic peptides 
corresponding to extracellular domains on the polypeptide. These should recognize 
both full length and truncated forms of tr k B . To detect tr k A , we raised antisera 
directed against bacterially expressed extracellular domain of t r k A  (anti-/r£Ex) and 
bacterially expressed intracellular domain of tr k A  (anti-rrHn).

The trkB expression pattern is similar to that described for tr k B  mRNA, as 
described by others. Distinct staining was seen on the surface of cell bodies and 
dendrites of pyramidal neurons of the cerebral cortex, on septal neurons, on neurons 
in the gigantocellular reticular nucleus, on neurons in deep cerebellar nucleus, on 
Purkinje cells and dendrites, in the brain stem and on spinal motor neurons. Staining 
was also seen in the neuropil of the substantia nigra, pretectal nucleus and the cerebral 
ventricle wall. Positive diffuse staining was observed in many other areas of the brain 
and spinal cord, probably corresponding to both neuronal and glial expression. trk A  
staining was observed primarily in the basal forebrain cholinergic neurons and the 
cholinergic intemeurons of the striatum. In addition to providing valuable expression 
data, these antibodies should prove useful in the elucidation of neuron/target 
interactions in the CNS. MJR is supported by the California Division of the ACS (S- 
68-91), DB by the NIH (1-F32-NS09350-01) and SCF by the NSF (IBN-9120836).

109.3
CHRONOLOGICAL CHANGE OF HIPPOCAMPAL CHOLINERGIC 
NEUROSTIMULATING PEPTIDE(HCNP) AND ITS ANALOGUES. 
Y, Otsuka, K, Qiika*, S. Mitake, E. Katada and N. Matsukawa. 2nd 
Dept. of Int. Med., Nagoya City Univ. Med. Sch., Nagoya 467, Japan.

HCNP is a peptide which stimulates acetylcholine synthesis in 
medial septal nuclei explant culture. We examined a chronological 
change of HCNP, de-acetylated HCNP(free-HCNP) and its 
pro-protein(p23K) in nervous tissue, liver and kidney of Wistar rats. 
Tissues from 2, 7, 13, 30 and 120 day old rats were sonicated in 0.1% 
TFA, and centrifuged. The supernatant was lyophilized, and dissolved 
in 50mM Tris-HCl (pH7.8) containing ImM EDTA. The tissue 
extracts were separated into 10 fractions by HPLC, and amount of 
HCNP and its analogues in each fraction was assayed by RIA. Total 
amount of immunoreactive product increased with age, reached a peak 
at 7 or 13 day-old, and then reduced. In nervous tissue, 
immunoreactive product in the fraction co-migrate with free-HCNP 
was relatively high level both 13 and 30 day-old. Both free-HCNP and 
p23K markedly reduced at 120 day-old. The product co-migrate with 
HCNP was able to detect after 13 day-old. Ratio of free-HCNP/p23K 
in most nervous tissue peaked at 2  day-old rat and reduced rapidly 
with aging. In hippocampal tissue, however, it remained relatively high 
level until 13 day-old.

109.5

BRAIN-DERIVED N EU R O T R O PH IC  F A C T O R  (BDNF) S E L E C T IV E L Y  
PROMOTES T H E  S U R V IV A L O F  HYPOTH ALAM IC D O PAM IN ERG IC  (DA) 
NEURONS E X P R E S S IN G  LO W -AFFIN ITY N ER V E  G RO W TH  FA C T O R  
R ECEPTO R S (N G FR). W .L. Dees*. K. Bera-von der Emde. J.K . Hinev, D .F. 
Hill. G.A. Dissen. M .E. Costa, and S .R . O ieda. Div. Neurosci. O R  Reg. Primate 
Res. Ctr., Beaverton, O R  97006, and Dept. Vet. Anat. and Public Health, Texas  
A&M Univ., College Station, TX  77843.

Little is known about the hypothalamic neurons that may be sensitive to 
trophic factors of the nerve growth factor (N GF) family. Double-label 
immunocytochemistry revealed N G FR  on specific neuronal types in the 
hypothalamus of immature female rats; among these are tyrosine hydroxylase 
(TH)-positive DA cells in the zona incerta (ZI) and the periventricular area, but 
not those of the tubero-infundibuiar region. Hybridization histochemistry 
confirmed the synthesis of N G FR  in DA neurons of the Zl, but failed to detect 
trkA mRNA, suggesting that these cells are NGF-insensitive. Double in situ 
hybridization showed that a  significant fraction of TH mRNA-positive cells in the 
Zl express trkB mRNA, which encodes the receptor for BDN F, and that only a 
few express trkC mRNA, which encodes the receptor for neurotrophin-3 (NT-3). 
Conversely, tubero-infundibülar DA neurons did not express trkB mRNA, but 
some showed trkC mRNA, suggesting that these may be sensitive to NT-3. 
Exposure of fetal hypothalamic neurons in primary culture to either N G F, NT-3 
or BDNF showed that BD N F supports the survival of TH neurons bearing 
NGFR (control =3±1 cellS/well, n=17 vs BDNF=19±3 cells/well, n=12), but not 
that of TH neurons devoid of N G FR . The survival of these neurons w as, 
however, enhanced by NT-3 (control=0.6 cells/well, n=18 vs NT-3=4.1 ± 1.2 
cells/well, n=15). The results suggest that the neuroendocrine brain contains 
a functional variety of DA neurons that are sustained by different neurotrophic 
factors. Supported by NIH grants HD24870, RR00163 and AA00104.

1 0 9 .2
NGF mRNA AND GAD67 mRNA ARE COLOCALIZED IN 
SELECT NEURONS OF HIPPOCAMPUS. J. C. Lauterbom*§. T. M. 
D. Tram. P. J, Isacksont. and C. M. Galls. §Dept. of Anatomy and 
Neurobiology, Univ. of California, Irvine CA 92717 & fDept. of 
Biochemistry and Molecular Biology, Mayo Clinic, Jacksonville FL 32224.

Nerve growth factor (NGF), a neurotrophic factor for basal forebrain 
cholinergic neurons, is produced at highest levels in hippocampus and 
neocortex. In situ hybridization studies have demonstrated that in 
hippocampus, NGF mRNA is principally localized in the dentate gyrus granule 
cells and in neurons scattered throughout the hilus and hippocampus proper. 
The latter distribution is reminiscent of the distribution of glutamic acid 
decarboxylase (GAD)-positive cells suggesting that NGF may be synthesized 
by GABAergic neurons. In the present study, the colocalization of NGF and 
GAD mRNAs in hippocampal neurons was investigated using colormetric and 
isotopic in situ hybridization techniques. Tissue sections through rat 
hippocampus were processed for the combined in situ hybridization of 
digoxigenin-labeled (DIG) NGF cRNA and 35S-labeled GAD67 cRNA with 
detection by alkaline phosphatase immunohistochemistry and emulsion 
autoradiography, respectively. Individual neurons scattered throughout the 
hilus and hippocampus proper were doubled-labeled by the DIGNGF and 35S- 
GAD67 probes. Cell counts determined that in the hilus 64% of the GAD67 
mRNA-positive cells also contained NGF mRNA. In stratum oriens, stratum 
pyramidale and the apical dendritic field of the hippocampus proper, 48%, 
77% and 37% of the GAD67 cRNA-labeled neurons were double-labeled, 
respectively. Only a few DIGn g f  cRNA single-labeled neurons were detected 
across these lamina (< 7%). These data indicate that in the hippocampus 
proper NGF is primarily synthesized by GABAergic neurons and, further, 
suggest that the biosynthetic activities of these neurons play an important role 
in sculpting and regulating basal forebrain innervation. Supported by 
NS26748 to CMG.

1 0 9 .4
D IS T R IB U T IO N  O F  A N TI-H IP  Р О С А М  P A L  C H O L IN E R G IC  N E U R O  
S T IM U L A T IN G  P E P T I D E  (H C N P ) IM M U N O R E A C T IV IT Y  IN R A T  N E R V O U S  
S Y S T E M . S .M itak e* K .O jik a  : E ,K a ta d a . Y . O tsu k a . N. M atsu kaw a. O . 
F u j im o r i .  2nd Dept. of Int. M ed., and 2nd Dept. of A n at., N a g o y a  C ity  
Univ. M ed. S c h ., N ago ya 467, Ja p a n .

A  novel peptide, H C N P , from rat h ip po cam p u s is  involved in the  
deve lopm en t of sp ec ific  cho linerg ic neuron in vitro (K .O jik a , et al;
B rain  R e s . 572 :16 4 -1 7 1 , 1992). T o  investigate  im m u nocytochem ica i 
distribution of the  peptide in 11 day-old rat (W istar) n e rvo u s sy stem , 
a n ti-H C N P  polyclonal antibody w a s  ra ised  in rabbits and affinity 
purified. T h e  antibody specifica lly  reco gn ized  H C N P  and its 
pro-protein (2 1 K D a ). H C N P-im m u noreactiv ity  w a s  detected , at least, 
in four different functional reg ions; 1) au tonom ic n ervo u s sy stem , 
e sp e c ia lly  nerve  ce lls  in sym p a th etic  ganglia , nerve  fibers of 
hypoth alam ic sub nu cle i (M P O , P a , D M C , A rc, e tc .) , dorsa l m otor nu 
v ag u s, and interm ediolateral ce ll co lum n, 2 ) g lia ce lls  in w hite m atter, 
3) se n so ry  sy ste m  (n erve  cell in posterior sp ina l g anglia , n e rv e  c e lls  
and  fib ers of posterior horn of sp inal cord). 4) O th er reg io ns su c h  a s  
n erve  ce lls  in the ce reb ral cortex, h ip p o cam p a u s and  b a sa l g an glia  
(cau d ate , putam en, etc .) . T h e s e  o b servatio n s  su g g e st that the  H C N P  and  
its an alo g u e  s e rv e s  potential ro les in n e rve  fu nctions in vivo.

1 0 9 .6

Localization and Time Course of Fibroblast 
Growth Factor and FGF Receptor Expression 
During Rat CNS Development. K. K uzis*. S. Reed. 
NJ ,_  Cherry. W.R. Woodward, and F.P. Eckenstein. 
Oregon Health Sciences University, Portland, OR 97201.

In the adult rat C N S , ac id ic  fibroblast growth factor ( a F G F )  is 
found in sp e c if ic  su b co rt ica l n eu ro na l p o p u la tio n s and b a s ic  
fibroblast growth factor (b F G F )  in astro cyte s and in hippocam pal 
C A 2  n euro ns. Here w e report the distribution of th e se  factors 
during C N S  deve lo p m ent. Im m uno h isto ch em istry , W estern  blot 
an a lysis and a b io assay  w ere used  for the investigation of a F G F  and 
b F G F . Data generated by these  m ethods are com pared to Northern 
blot a n a ly s is  of F G F R -1 and F G F R - 2  e xp ressio n . N eurons in the 
m esen cep h a lic  trigem inal a re a  are  the earliest a F G F  positive ce lls  
appearing at E1 8 . N eurons in motor a re a s su ch  a s  the facial nucleus 
becom e a F G F  positive betw een 0 and 7 d ays postnatal, and various 
diencephalic a re a s  becom e p s it iv e  at day 7. D espite the appearance  
of a F G F  at sep arate  tim es in different a re a s , all a re a s  reached  adult 
leve ls of expression  by 28  d ays . B a s ic  F G F  positive ce ils  w ere first 
detected  betw een day 0 and  7  in h ip pocam pus in a  distribution  
pattern resem bling that of the adult. C e lls  in other C N S  a re a s  
becam e b FG F-p o sitive  shortly after day 7, and adult leve ls of b F G F  
w ere reached  in all a re a s around d ay 28. F G F R -1  & F G F R -2  m RNA  
e xp re ss io n  co n siste n tly  p rece d ed  the a p p e a ra n ce  of the growth 
factors in all a re a s . O ur findings that a F G F  and b F G F  ap p ear at 
relatively late developm ental tim es, com bined with their lack of a  
s ig n a l peptide se q u e n ce  su g g e sts  a  role for th e se  facto rs a s  
se q u e ste re d  m aintenance  and repair factors. Supp orted  by NIH 
grants N S 1749 3 , A G 0 7 4 2 4  and the M arch of D im es.
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1 0 9 .9
Regional variations in substrates for neurotrophin-mediated autocrine 
/paracrine interactions in the developing rodent forebrain. Raiesh C.G. 
Miranda*. Farida Sohrabii and C. Dominique Toran-Allerand. Columbia 
University, Dept. of Anatomy and Cell Biology, NY, NY 10032.

We have begun to define potential neuronal substrates for neurotrophin- 
mediated autocrine/paracrine and target-derived interactions in neurotrophin 
targets of the developing central nervous system (CNS). While the developing 
peripheral nervous system appears to utilize neurotrophin-dependent, autocrine 
mechanisms for differentiation and survival, a paucity of data supports the 
existence of such mechanisms in the developing CNS. Using combined 
isotopic/non-isotopic in situ hybridization, we report that neurons in estrogen 
target regions of the developing rodent forebrain co-express the mRNAs for 
neurotrophins [nerve growth factor (NGF) and brain derived neurotrophic factor 
(BDNF)j, with their specific receptors (trkA and trkB, respectively), suggesting 
that these regions may also be a target of neurotrophin-mediated 
autocrine/paracrine mechanisms. Such mechanisms may promote differentiation 
and survival concurrent with synaptic organization of the developing forebrain. 
However, combined in situ hybridization for low affinity, pan-neurotrophin 
receptor (p75NGFR) and trkA mRNAs indicates regional variations in the extent of 
neuronal co-expression of the two receptors. While in established neurotrophin 
targets such as the basal forebrain and basal ganglia, p75NGFR is extensively co
expressed with trkA mRNA, in transient neurotrophin targets, many trkA mRNA 
positive neurons do not appear to co-localize p75NGFR mRNA. Consistent with 
proposed models of p75NGFR-črifcA stoichiometric interactions, these findings 
suggest that there may be inter- as well as intra-regional variability in the types of 
neurotrophin-mediated autocrine/paracrine or target-derived interactions. 
Supported by NIH(NIA), NSF, AHAF and an NIMH Research Scientist Award (DT-A).

1 0 9 .1 1
DIFFERING TISSUE LEVELS OF NERVE GROWTH FACTOR AND 
NOREPINEPHRINE IN YOUNG DAHL S/JR AND R/JR RATS. J.S. Stewart*.
J.M. Spitsbergen. R.C. McCarty, and J.B. Tuttle. Departments of Urology and 
Psychology, University of Virginia, Charlottesville, VA 22908.

Two different genetic models of hypertension, the spontaneously hypertensive rat 
(SHR) and Dahl salt sensitive (S/JR) rat develop elevated mean arterial blood 
pressure (MAP) relative to WKY and Dahl salt-resistant (R/JR) controls. Young 
SHRs show increased tissue nerve growth factor (NGF), sympathetic neural 
hypertrophy, and vessel hyper-innervation. Perinatal sympathectomy ameliorates 
elevated MAP in SHRs, suggesting vessel innervation contributes to hypertension. We 
have examined tissues from Dahl S/JR hypertension-prone and R/JR hypertension- 
resistant rats, maintained on normal (1% NaCl) laboratory chow, to determine 
whether inter-strain differences in NGF and/or norepinephrine (NE) content also exist 
in this model. Using a two-site ELISA for detection of NGF, and radio-enzymatic 
thin layer chromatography for assaying NE, NGF and NE contents of 4 tissues (2 
with extensive sympathetic innervation and 2 without) from S/JR and R/JR rats at 1 
and 3 weeks of age were determined. Elevated levels of both NGF and NE in S/JR- 
relative to R/JR-derived tissues were observed in 1 week-old kidney (52% more 
NGF, and 78% more NE detected) and in 3 week-old kidney (62% more NGF, and 
77% more NE) and mesenteric vasculature (287% more NGF, and 39% more NE). 
Mesenteric vasculature from 1 week old rats showed no inter-strain differences in 
content of either NGF or NE, nor did samples of lung or spleen (which lack extensive 
sympathetic innervation). These results suggest that Dahl S/JRs exhibit elevated levels 
of NGF in some tissues early in development, which in turn could support 
sympathetic hyperinnervation, leading to the observed increases in tissue NE content. 
Thus, vessel innervation appears to participate in the development of hypertension in 
the Dahl as well as the SHR model. (Support: NINDS, NIDDK, NIMH and AHA.)

1 0 9 .8
DEVELO PM EN TA L EXPR ESSIO N  OF T G Fa  mRNA IN 
NEURONS AND GLIA OF RAT FOREBRAIN. K B. S ero o q v1*. D-CL 
L e e 2 and C.M . Gall3. 1Dept. of Anatomy & Neurobiology, University of 
Kentucky, Lexington, K Y  40536, 2Lineberger Com prehensive C a n ce r  
Center, University of North Carolina, Chapel Hill, N C 27599 and 3 Dept. of 
Anatomy & Neurobiology, University of California, Irvine, CA  92717.

Transforming growth factor-a(TG Fa), a  member of the epidermal growth 
factor family of structurally related mitogenic polypeptides, is a neurotrophic 
factor for subpopulations of cells in the nervous system , including 
dopaminergic neurons of the ventral midbrain. W e recently demonstrated 
the widespread cellular expression of T G F a  mRNA within neuronal and glial 
perikarya distributed throughout juvenile and adult rat forebrain including 
striatal, cortical, olfactory, thalamic and hypothalamic regions (Seroogy et 
al., J . N e u r o c h e m .  60: 1777-1782, 1993). In the present study, the 
ontogeny of T G F a  expression in rat forebrain w as examined using a 35S- 
labeled cRN A probe for the in s i tu  hybridization localization of T G F a  mRNA 
at postnatal day (P) 0, P3, P7, P10, P14, P21, P28 and adult. In virtually all 
neuronal groups, hybridization intensity declined substantia lly  from 
neonatal periods to adulthood. M easurem ents in striatum, for exam ple, 
indicated a gradual four-fold reduction in T G F a  cRN A labeling density from 
the first postnatal week to maturity. In contrast, expression in glial cells, 
especially in white matter, markedly increased during development. These  
results indicate differential regulation of the developmental expression of 
T G F a  m RNA in neurons versu s glia and raise the issu e  of different 
functional roles for T G F a  in the neonate versus the adult. Supported by 
the National Parkinson Foundation, Scottish Rite Schizophrenia Research  
Program (K.B.S .), CA43793 (D .C.L.) and AG00538 (C.M .G.).

1 0 9 .1 0
C H A R A C TER IZA TIO N  O F  N G F AND B D N F G E N E  E X P R E S S IO N  IN TH E  
P CD  MUTANT M O USE. C .L . Shannon*. C . Lackner-Arkin. L. Lazar, and bL 
Blum . Fishberg Research Center for Neurobiology, Mt. Sinai School of 
Medicine, New York, NY 10029

In the Purkinje cell degenerate (pcd) mutant m ouse, Purkinje 
neuro ns begin degenerating during the third postnatal w eek of 
development. Since the Purkinje neurons have reached their final stage of 
maturation by this time, we hypothesize that the loss of these neurons may 
be due to insufficient levels of a required maintenance factor. Among the 
neurotrophic factor receptors that have been reported to be expressed on 
Purkinje neurons are the low affinity N G F and trkB receptors. Therefore we 
have performed a com parative an alysis on N G F  and B D N F gene  
expression, using a quantitative nuclease RNA protection assay , in pcd 
mutant mice and litter-mate controls. During normal postnatal development 
of the mouse cerebellum we observed that the peak of N G F  m RNA content 
occurred on P12 (4.85 amoles/Cb) and w as followed by a rapid decline 
which reached adult levels by P21 (0.72 amoles/Cb). In contrast, the levels 
of BDN F were lowest at P9 (6.55 amoles/Cb), the first time point collected, 
but rapidly increased  to adult levels by P21 (29.97 am oles/Cb). Thus 
temporally, the levels of N G F  and B D N F gene expression are inversely 
related. In pcd mutant mice, we did not observe a  change in the total 
content of N G F mRNA compared to normal litter-mate controls. However, 
we observed that there w as a  significant d ecrease  in the total content of 
BD N F m RNA in mutant animals at each time point examined (P30-P140). 
T h e se  data support the hypothesis that B D N F is  important for the 
maintenance of cerebellar Purkinje neurons and that decreased levels of 
expression may be responsible for the degeneration of Purkinje neurons in 
the pcd mutant mouse.

This work has been supported by the Council for Tobacco Research.

1 0 9 .1 2
NEUROTRANSMITTER EVOKED NGF RELEASE IS ALTERED IN VASCULAR 
SMOOTH MUSCLE CELLS FROM SPONTANEOUSLY HYPERTENSIVE RATS 
COMPARED TO WISTAR-KYOTO RATS. J.M. Spitsbergen*. J.S. Stewart and 
J.B. Tuttle. Departments of Neuroscience and Urology, University of Virginia 
School of Medicine, Charlottesville, VA 22908.

Vascular tissues from spontaneously hypertensive rats (SHR) exhibit increased 
nerve growth factor (NGF) levels and increased density of sympathetic 
innervation compared to those from Wistar-Kyoto (WKY) rats. This study 
determined if NGF release in response to sympathetic neurotransmitters differs 
in vascular smooth muscle cells (VSMC) from SHR and WKY rats. 
Postconfluent cultures of VSMC were maintained in serum free medium for 72 
hr, treated with transmitter, then sampled at 4, 6 , 8 and 24 hr. Culture medium 
was assayed for NGF using a two-site enzyme-linked immunoassay. Activation 
of both a - and β-adrenoceptors with 10 μΜ phenylephrine (PE) transiently 
decreased NGF production to 56±3%  of control in VSMC from SHR and 
73 ± 6 %  of control in VSMC from WKY rats. 24 hr after PE, NGF levels were 
80±29% of control in VSMC from SHR and 93±7%  of control in VSMC from 
WKY rats. Stimulation of only α -adrenoceptors, by treatment with PE plus the 
β-adrenoceptor antagonist propranolol, increased NGF levels to 161±14% of 
control at 24 hr in VSMC from WKY rats. Conversely, propranolol had no 
effect on PE responses in VSMC from SHR. Exposure of cultures to 1 μΜ 
neuropeptide-Y increased the release of NGF in VSMC from SHR at all times 
tested, but had no effect on NGF release by VSMC from WKY rats. These data 
indicate that the regulation of NGF production by sympathetic neurotransmitters 
is different in VSMC from SHR and WKY rats. These differences may 
contribute to the altered NGF levels, sympathetic innervation and hypertension 
observed in SHR in  v i v o . (Supported by NINDS, NIDDK and AHA)
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109.13
EXPRESSION OF GLIAL GROWTH FACTORS (GGFS) IN 
RAT CNS IMPLICATES THEIR INVOLVEMENT IN 
SENSORY AND MOTOR FUNCTIONS. M.S. Chen. F.T. Panehv. 
LLMortin, O. Bermingham-McDonogh.D.J. Berlove*. D, Gwvnne 
and M. Marchionni. Cambridge NeuroScience, Cambridge MA 02139

The recent cloning of cDNAs for a family of products which 
include GGFs, NDF, ARIA, and heregulins shows that these products 
have high similarity with each other and that they are likely to be 
products of the same gene, neuregulin. The Schwann cell mitogenic 
activity and the induction of acetylcholine receptors in muscle suggest 
that neuregulins are likely to be involved in the development of the 
peripheral nervous system. We are now reporting the results of in s itu  
hybridization study on neuregulin expression in rat brain.

Neuregulins are expressed extensively in the sensorimotor 
system. Both lower (spinal cord and brain stem) and upper (thalamic 
and cortical) sensory and motor nuclei show positive neuregulin 
expression. In addition, parts o f the septal region are also positive 
with neuregulin signals. So far, neuregulin expression appears to be 
closely associated with cholinergic neurons in CNS. Neuregulin 
expression in relation to other neurotransmitters will also be addressed. 
Interestingly, the high level of neuregulin mRNA expression at the 
paraventricular region and the supraoptic nucleus suggests that 
neuregulins could be released through posterior pituitary and have 
wide spread systemic effects.

109.15
CILIARY NEUROTROPHIC FACTOR AND ITS RECEPTOR IN THE RAT 
RETINA. M. Kirsch. U. Griinert* and H.-D. Hofmann. Institute of Anatomy, 
University of Freiburg, D.-7800 Freiburg and MPI f. Himforsch.*, D-6000 
Frankfurt, Germany.

Ciliary neurotrophic factor (CNTF) has been shown to affect a variety of neurons 
of the peripheral and central nervous system. Because of the high expression of 
CNTF in the peripheral nervous system it has been suggested that it may act as a 
lesion factor. In the central nervous system expression of CNTF is much lower 
suggesting that it could play a neurotrophic role like e.g. members of the 
neurotrophin family of growth factors. In the retina effects of CNTF on ganglion 
cells, cholinergic amacrine cells and photoreceptors have been described. 
Although CNTF-like activity can be found in conditioned medium from retinal 
glial cells, mRNA for CNTF has been reported to be absent in retinal tissue.

We choose to reexamine the role of CNTF in the rat retina by using the 
polymerase chain reaction (PCR) to detect mRNA for CNTF and the -component 
of its receptor. Retinae were dissected, avoiding any extraretinal tissue, shown to 
be a rich source of CNTF. PCR-amplification was performed for 30-35 cycles with 
primer pairs producing fragments of 393 bp (CNTF) and 338 bp (CNTF-R) in 
length. Using this approach we find that CNTF mRNA expression can be detected 
as early as El 5 in the retina, albeit at very low levels as compared to expression of 
its receptor. During embryonic and postnatal development expression of CNTF 
mRNA gradually increases reaching maximum levels in the adult retina.

Our results suggest that retinal effects of CNTF can be explained on the basis of 
its expression in the retina itself. Expression during early embryonic development 
further indicates that it may play a role in neurogenesis and/or differentiation of 
retinal cells. The exact source of retinal CNTF is unknown so far, but there is some 
evidence that it is produced and released by retinal glial cells.
Supported by Deutsche Forschungsgemeinschaft /  SFB 325.

109.17
EXPRESSION OF NGF, BDNF AND NT-3 AT SITES OF MAJOR 
TISSUE IN TERA CTIO N S DURING D EV ELO PM ENT. I.A . 
^aO-Sbliçk*1. ?,!. Isackson2 and E,G, Jones1. Dept. of Anatomy and 
Neurobiology, University of California, Irvine, CA, 927171 and Dept. of 
Biochemistry and Molecular Biology, Mayo Clinic, Jacksonville Fl, 322242.

Increasing evidence suggests that neurotrophins, including nerve growth factor 
(NGF), brain-derived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) exert 
specific effects on non-neuronal cells in addition to their neurotrophic actions. In 
order to assess their possible scope of action during fetal development we have 
hybridized 35S-labeled NGF, BDNF or NT-3 cRNA to serial sections through rat 
embryos, staged embryonic day (E) 13 through E21. The expression patterns 
obtained have been compared to the appearance of two cell surface antigens 
NCAM and HNK-1, which differentially stain peripheral ganglion cells, their 
nerve fibers and tissue cell types known to be critically involved in organogenesis. 
From E13 to E15 neurotrophin production predominates in mesenchyme of the 
face and first branchial arch and partially overlaps. Dense hybridization of one or 
more of the neurotrophins occurs in mesenchyme surrounding the eye, including 
the periorbita and conjunctiva, the maxillary and mandibular cartilages, including 
Meckel’s cartilage, and mesenchyme of the dental ledge and whisker pad. From 
E19 to E21, neurotrophin producing cells are restricted to specific cell derivatives 
in each of the above regions and there is a vast increase in the amount 
neurotrophin mRNA in other regions of the embryo. For example, each has been 
detected in the submucosa of the developing stomach, NGF and NT-3 in the 
medulla of the spleen and at least NGF in the kidney. From these observations we 
can conclude that neurotrophin production occurs in, but is not restricted to, 
tissues which are heavily innervated by sensory, sympathetic and/or 
parasympathetic ganglion cells. Expression patterns are most strongly correlated 
with tissue interactions which characterize organogenesis in each region and 
support the view that the neurotrophins exert growth promoting activity on both 
neuronal and non-neuronal tissues. Supported by NIH grant NS 21377.

1 0 9 .1 4
LIGHT STIMULUS-MODULATED RELEASE OF BASIC FIBROBLAST 
GROWTH FACTOR (bFGF) FROM CHICK RETINAL AMACRINE CELLS. 1L 
Rohrer#. J. Tao and W.K. Stell*. Neuroscience Research Group, Dep. of Anatomy 
and Lions’ Sight Centre, University of Calgary, Calgary, Alta, T2N 4N1, Canada.

Studies of experimental form deprivation myopia (FDM) in chicks have shown that 
ocular growth is regulated by pattern-modulated retinal activity. We are attempt-ing to 
identify retinal agents and mechanisms responsible for FDM. Recently we showed that 
daily intraocular injections of bFGF can prevent FDM (Rohrer e t  al.. ARVO-Abstr,
1993). This suggests that bFGF acts in  v iv o  to restrain ocular growth.

To test this hypothesis further, we measured relative amounts of immunoreactive 
(IR-) bFGF in retinae of 3 week old chicks, by immunofluorescence in cryosections of 
eyecups fixed in Zamboni's solution, and by Western blotting of retinal proteins 
extracted in 2 M NaCl buffer. IR-bFGF was detected by a monoclonal anti-body (K. 
Igarashi, Takeda Chem. Ind. Ltd.) to an epitope in the first 9 amino acids of 
untruncated human bFGF. Immunofluorescence with antibody diluted in 0.5 logio 
steps was graded subjectively (double-blind) for completeness of staining. Staining of 
blots was quantified photometrically and compared using a digital image processor.

IR-bFGF was colocalized with IR-enkephalin (ENK) in a subset of amacrine cells 
(ACs) which are known to accumulate ENK in the dark and release it in light. We find 
that the IR-bFGF content of these cells also increases in light and decreases in dark. 
We find also that IR-bFGF content in ACs as well as extractable bFGF is 
significantly higher in form-deprived than in normal dark-adapted retinae. Finally, 4 
days of intraocular injections of an antisense oligonucleotide (phosphothioate, 15-mer; 
30 μg) to chicken bFGF-cDNA, causes significantly reduced and patchy bFGF-IR of 
ENK-ACs in light-adapted, and increased bFGF-IR in dark-adapted retinae.

Thus it appears that bFGF in the chick retina is a neuropeptide released preferen
tially in the dark by ENK-ACs, and that accumulation (=diminished release) of IR- 
bFGF in these cells coexists with ocular elongation in FDM. These observations 
further support the hypothesis that visually modulated release of bFGF from retinal 
neurons is involved in FDM and ocular growth regulation in chicks.

Supported by the Marigold Foundation, Calgary, and #AHFMR.

1 0 9 .1 6
DEVELOPMENTAL EXPRESSION OF NEUROTROPHINS 
AND TRKs IN THE RAT OPTIC NERVE IN VIVO. S. Elkabes*.
D. G. Schaar. C. F. Drevfus and I. B. Black. Neuroscience and Cell 
Biology, Robert W. Johnson Medical School, UMDNJ, Piscataway, 
NJ 08854

Previous work in our laboratory indicated that glial cells 
express NGF in v iv o  and in  v i tr o . These studies suggested that 
expression of the NGF gene is associated with glial proliferation, 
and raised the possibility that glia regulate neuronal growth through 
the elaboration of NGF (Lu et al., J. Neurosci., 11, 318-326, 1991). 
In the present study we investigated the potential involvement of 
neurotrophins in the regulation o f glial growth and function. The 
polymerase chain reaction was employed to study expression of 
neurotrophins and their receptors, trk В and trk C in the optic nerve 
in  v iv o  from postnatal day 1 through adulthood. NGF, BDNF and 
NT-3 were all expressed in the developing and adult optic nerve, 
suggesting that both immature and mature glia elaborate 
neurotrophins. Glia also were potentially responsive to BDNF and 
NT-3, since both trk В and trk C mRNAs were present in the optic 
nerve. However, trk C expression was primarily confined to earlier 
developmental stages (PI and PIO), while trk В mRNA was present 
during development and adulthood. Our findings raise the 
possibility that both BDNF and NT-3 are involved in glial 
proliferation and differentiation* and that BDNF may also regulate 
glial function during maturity. (Supported by NS 10259-Javits 
Award and NIH: HD23315)

1 0 9 .1 8

LOCALIZATION OF NEUROTROPHIN-3-LIKE IMMUNO- 
REACTTVITY IN THE RAT. Ҳ-Ғ. ZhQu, W.P, Щ * apd Ж, A , Rush 

; Centre for Neuroscience, Department of Physiology, Flinders University of 
South Australia, GPO Box 2100 Adelaide, Australia 

Neurotrophin3 (NT3) mRNA is widely distributed in both the peripheral 
and central nervous systems but neither the distribution of the native factor 
nor its physiological function is clear. In the present study we produced and 
characterized an antibody to a synthetic peptide and showed that it 
specifically recognised endogenous rat and recombinant human NT3 but not 
mouse nerve growth factor or recombinant brain derived-neurotrophic 
factor. The antibody can be used for immunohistochemistry. NT3-like 
immunoreactivity (NT3ir) was detected within the distal tubular cells of the 
kidney, the zona glomerulosa and reticularis of the adrenal cortex, ganglion 
cells of the adrenal medulla, red pulp of the spleen, epithelial cells of the 
intestinal villi and parenchymal cells of the liver. Within peripheral ganglia, 
NT3ir was observed in a subpopulation of large sensory neurons of dorsal 
root, trigeminal and cochleovestibular ganglia but not in principle neurons 
of the sympathetic ganglia. NT3ir was also localised to motorneurons in the 
spinal cord and brain stem and Purkinje cells of the cerebellum. These 
results provide the first evidence for the localization of NT3ir and indicate 
its presence in various peripheral organs and a number of neuronal cells. 
We conclude that NT3 may function outside the nervous system in addition 
to a neurotrophic role.
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1 0 9 .1 9
N O N N E U R O N A L  E X P R E S S IO N  O F  T R K  В  R E C E P T O R  m R N A S  O C C U R S  
T R A N S IE N T L Y  A N D  C O N C O M IT A N T L Y  W ITH  T H E  IN N ER V A TIO N  O F  T H E  
E M B R Y O N IC  R A T  M A X IL L A R Y  P A D , M U S C L E  A N D  K ID N E Y . E s th e r  F . 
W h ee le r . P h .D .* and  M ark Bothw ell. P h .D . D ept. of P h y s . an d  B io p h y s., 
Univ. W ash in gton , S ea ttle , W A  9 8 19 5  

T h e  deve lopm en tal e xp re ss io n  of the  trk В  recep to rs during innervation of 
three  perip hera l target t is s u e s  w a s  e xa m in ed  by in situ hybrid ization an d  
N orthern blot a n a ly s is . T rk  В  tran scrip ts w ere  not only lo calized  to sen so ry , 
motor an d  sym p a th etic  n eu ro n s but w ere  a lso  d etected  in the deve lop ing  
target t is s u e s  th e se  neu ron al populations innervate . T rk  В  tran scrip ts w ere  
d e te cte d  in a  su b p o p u la tio n  of n e u ro n s  in th e  tr ig e m in a l g an g lio n . 
Interestingly, trk В  tran scrip ts w ere  a lso  p resen t in high co p y  num ber in the  
m e se n c h y m e  of the  em b ryo n ic  m ax illa ry  p ad  w h ile  o n e  of the  lig an ds, 
B D N F , w a s  s y n th e s iz e d  by th e  m e s e n c h y m e  a d ja c e n t  to th e  sk in  
epithelium  and  v ib ra ssa e . F rom  E 1 4  to E 1 8 .5 , trk В  tran scrip ts  w ere  being  
sy n th e s ize d  by the m e se n ch y m e  surroun ding  the d eve lo p in g  v ib ra s sa e  in 
a  pattern that is strikingly s im ilar to that of the neu ra l ce ll a d h esio n  m olecule , 
N C A M . T rk  В  tran scrip ts  w e re  a lso  lo ca lize d  in co n n e ct ive  t is s u e s  that 
surroun d  the deve lop ing  m u sc le  from E 1 5 - E 1 8 .5 . B D N F  tran scrip ts  w ere  
p rese n t in the m u sc le  an d  m oto rn eu rons during s ta g e s  E 1 4 - E 1 8 .5  w h en  
the h igh est leve ls  of trk В  w ere  being sy n th es ized  in the m u sc le  co n n ective  
t is s u e . T h e  in d u ctive  m e s e n c h y m e  of th e  e m b ry o n ic  k id n ey , w h ich  
d iffe ren tia te s  into th e  p o la r ize d  e p ith e liu m  of th e  k id n e y  g lo m eru li, 
sy n th e s iz e d  trk В  tran scrip ts  from  E 1 3  until g estatio n . T h e  sym p a th etic  
n eu ro n s that in nervate  the  k id n ey g lom eru li w e re  a lso  sy n th es iz in g  trk В  
tran scrip ts  a s  w ell a s  B D N F  m R N A . T h e  p atterns of e x p re ss io n  of trk В  
m R N A s in th e se  periphera l t is s u e s  ind icate  the ca ta ly tic  an d  non cata lytic  
fo rm s of th is  recep to r p la y  a  un iq u e  ro le  in regu latin g  the  p atte rn s  of 
innervation e sta b lish e d  during em b ryo n ic d eve lop m en t.

1 0 9 .2 1
NEUROTROPHIN mRNA EXPRESSION IN EARLY EMBRYONIC QUAIL 
TISSUES AND DORSAL ROOT GANGLIA (DRG). L. Yao*. D. Zhang, and 
P. Bernd. Department of Anatomy and Cell Biology, State University of New 
York, Health Science Center, Brooklyn, NY 11203.

RT-PCR was used to determine whether mRNA for the neurotrophins nerve 
growth factor (NGF), brain-derived neurotrophic factor (BDNF) and neurotrophin-3 
(NT-3) is expressed in early embryonic tissues and DRG. The mRNA for all three 
neurotrophins was already present in quail embryos at El (stage 6). RNA controls 
showed that there was no genomic DNA contamination. Microdissection of E2 
embryos (stages 12 to 14) revealed the presence of all three neurotrophin mRNAs 
in the neural tube, which at this stage has adherent neural crest. The cellular 
localization of NGF, BDNF and NT-3 mRNA is being examined by in  s itu  

hybridization. Newly formed somites in E2 quail also contained all three 
neurotrophin mRNAs. In contrast, the notochord only contained BDNF mRNA, 
and the heart only NGF mRNA, while the head contained both NGF and BDNF 
mRNA. DRG were isolated from embryos at several ages (E3.5, 5.5, 7.5, 10.5,
13.5 and 16; stages 23, 28, 33, 37, 42, and 45) and analyzed by RT-PCR; this 
range included DRG shortly after their formation to those close to hatching. All 
three neurotrophin mRNAs were present at all embryonic ages examined. The 
presence of neurotrophin mRNA in early embryonic tissues, as well as in DRG 
prior to target innervation, supports the hypothesis that neurotrophins act locally 
and are not solely target-derived. It should be noted, however, that the presence of 
appropriate neurotrophin receptors must be demonstrated in order to postulate that 
NGF, BDNF or NT-3 are playing a role in  v iv o . The pattern of trk  A and trk C  

mRNA expression is described in an accompanying abstract (Zhang et al.). 
Supported by a grant from the Dysautonomia Foundation.

1 0 9 .2 3
CLONING OF GENES FOR MUSCLE-DERIVED MOTONEURONOTROPHIC 
FACTOR 1 (MNTF1) AND ITS RECEPTOR BY MONOCLONAL ANTIBODY 
PROBES. RMW Chau*, F Ren and ZH Liang. Department of 
Anatomy, University of Hong Kong, Hong Kong.

MNTF1 (3 5 k D ) was isolated from the peroneal 
muscles of 3-week-old rats by the "protein band-fishing 
by cells" method. It supported the survival and growth 
of anterior horn motoneurons in vitro and axotomized 
motoneurons of sciatic and facial nerves in vivo. A 
monoclonal antibody (MAb) which can inhibit the trophic- 
function of MNTF1, was raised and used to raise a 
specific anti-idiotypic antibody (Id Ab) was selected 
based on its ability to neutralize the inhibitory action 
of the MNTF1 MAb and its possession of trophic activity. 
These MNTF1 MAb and Id Ab were used as immunoprobes to 
screen for E.coli clones, from the retinoblastoma cDNA 
library, which would carry and express the genes of 
MNTF1 and its receptor, respectively, using the gtll as 
vector. Immunopositive clones of E.coli stained by the 
MAb or Id Ab were selected for expressing MNTF1 or its 
receptor, respectively. The cloned MNTF1 can support 
the survival and growth of anterior horn motoneurons on 
the Phastgel or in culture. Immunoblot of the native 
cloned MNTF1 revealed an immunopositive band at a 55kD 
position. Further studies on the biological activity of 
the cloned receptor of MNTF1 and their DNA sequences are 
in process in order to reveal their novelty.

1 0 9 .2 0
E X P R E S S IO N  O F  B D N F AN D trk B D U RIN G  T H E  D E V E L O P M E N T  O F  
T H E  N E U R O M U S C U L A R  S Y S T E M  IN T H E  C H IC K  EM B R Y O .
S. E. M cKay*. K-H. H erzog . A. G arn er. R .P . T u c k e r , R.W . O p penheim .
T. Large. Dept. Neurobiol. & Anat., W ake  F o re st Univ.; Dept. 
N eurochem ., Max P lank Inst, fur P sych ia t.; Dept. N eurosci., C a s e  
W stern  R eserv e  Univ.

R ece n t repo rts have sh o w n  that e m b ryo n ic an d  axotom ized adult 
m oto n eu ro ns resp o n d  to brain-derived n euro trop hic factor (BD N F) 
with in cre a se d  cell survival. T o  determ ine w hether B D N F is available  
to developing m o to n eu ro ns w e have perform ed the reverse-  
tran scrip tase  p o lym erase  chain  reaction on total RN A from em bryo nic  
ch ick  hindlimb tissue , an  jn yjvo so u rc e  of trophic su p p o rt for 
develop ing  m otoneuro ns. W e have detected  B D N F RN A at all a g e s  
exam ined  (E6-18). T o  determ ine w hether m oto n eu ro ns are  cap ab le  
of resp o n d in g  to B D N F w e have perform ed in situ hybridization with 
a  cR N A  p ro b e  that hyb rid izes to the extracellular dom ain  of trķB, the 
high affinity recep to r for B D N F. W e have o b serv ed  sp ecific, albeit low  
levels of hybridization throughout the sp ina l co rd  gray  matter during  
the period of naturally-occurring m otoneuron death. O ur stud ies  
continue to a d d re ss  the location of B D N F e xp re ss io n  and  the  
m olecular nature of the trķB  e xp re ss io n  in the sp ina l co rd  in norm al 
and  experim ental situations.

1 0 9 .2 2
S P E C IF IC  LO C A LIZA TIO N  OF G ROW TH  PR O M O TIN G  
A C TIV ITY  (G PA ) TO TA RG ET TIS S U E S  OF C ILIA R Y  
GANGLION NEURONS. T.P. Finn and R. Nishi*. Dept. Cell Biology & 
Anatomy, Oregon Health Sciences University, Portland OR 97201.

We are interested in testing the hypothesis that GPA is a target-derived trophic 
factor that regulates cell death during development of the chick ciliary ganglion 
(CG). GPA is a potent neurotrophic molecule for CG neurons that was purified 
and cloned from the embryonic chick eye (Leung et al, Neuron 8:1045, 1993). To 
determine whether or not GPA is present in target cells during the specific time 
window of development when CG neurons become dependent upon their target for 
survival, we have developed methods for the expression and purification of 
recombinant GPA, and have isolated GPA specific polyclonal and monoclonal 
antibodies. Recombinant chicken GPA was overexpressed in E. coli under the 
direction of a tryptophan promoter and purified by DEAE-ion exchange 
chromatography followed by preparative SDS-polyacrylamide gel electrophoresis. 
Recombinant chicken GPA had an EDso of 1 μg/ml which is comparable to GPA 
purified from E l5 chick eyes. Antibodies which recognize GPA do not cross-react 
with a related molecule, ciliary neurotrophic factor, on either western blots or in 
tissue sections. An immunocytochemical examination was performed on 
choroid/ciliary body whole mounts, whole eye cryostat sections, choroid cultures, 
and cryostat sections of sciatic nerve. We have detected the presence of GPA both 
within the choroid layer and ciliary body of the eye, and in the Schwann cells of 
sciatic nerve. In the choroid layer of the eye GPA is localized to the smooth 
muscle cells of the eye vasculature during the period of naturally occuring ciliary 
neuronal cell death. The presence of GPA in ciliary ganglion target cells at the 
specific period of cell death supports the argument that GPA is a true target- 
derived trophic factor involved in mediating neuronal survival.
Supported by NS25767

1 0 9 .2 4
CLONING AND IDENTIFICATION OF CDF/LIF AND CNTF 
GENE HOMOLOGUES FROM DISTANT VERTEBRATE SPECIES.
H. L. Govan III * and P. H. Patterson. Biology Division, California Institute 
of Technology, Pasadena, California 91125.

Cholinergic differentiation factor (CDF; also known as leukemia inhibitory 
factor, LIF) and ciliary neurotrophic factor (CNTF) mediate phenotypic 
switching and enhance the survival of several types of neurons. The genes 
for these factors have been described thus far only in mammals. To 
determine which regions of CDF/LIF and CNTF molecules are essential for 
function, nucleic acids isolated from chick and zebrafish were probed for 
sequences encoding these cytokines. CNTF: Based upon an alignment of the 
human, rabbit, and rat CNTF genes, two oligonucleotides were synthesized 
that are predicted to hybridize to all CNTF genes. Human, mouse and rat 
genomic DNAs primed by these consensus oligonucleotides yielded PCR 
products of the predicted size; longer than expected products were obtained 
in PCRs containing either chick or zebrafish DNAs, however. After 
substituting cDNAs for the genomic DNAs and repeating the assay, a 
product of the expected size was amplified from each species. Sequencing of 
the chick-derived fragment reveals that it is 78% identical to the human gene. 
These results suggest that a CNTF gene has been evolutionarily conserved, 
but that the primary organization of the gene may differ among species. 
CDF/LIF: A DNA probe derived from the most conserved portion of rat 
CDF/LIF was used to screen blots of chick, zebrafish, mouse, and human 
genomic DNAs. Strong signals are seen in lanes containing mouse or human 
DNAs. After reducing the hybridization temperature, signals are detected in 
the lanes containing chick or zebrafish DNAs. Following sequencing of 
DNA fragments corresponding to these signals, the genomic organization of 
the chick and zebrafish CDF/LIF homologues will be compared to their 
mammalian counterparts. This strategy may prove useful in identifying 
novel genes encoding molecules related to CDF/LIF.
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110.1
AXOTOMY AND INTERLEUKIN-1 INDUCE LEUKEMIA INHIBITORY FACTOR GENE EXPRESSION Ш  RAT SYMPATHETIC GANGLIA
C. D. Carlson.* G. M. J o n a k a it  M, D in g  a n d  R  P, H art. D ep t. B iol. 
Sci., Rutgers U niv., N ew ark N J 0 7 1 0 2 .

Although th e  n eu ro n a l d ifferen tia tion  fa cto r  leu k e m ia  Inhibitory  
factor (LIF) is  n o t e x p r e sse d  in  u n in ju r e d  a d u lt  s u p e r io r  cerv ica l  
ganglia (SCG), axotom y o f  e ith er  a fferen t or e fferen t fib ers  o f  SCG in  
vivo strongly in d u c e s  LIF mRNA. M axim al in d u c tio n  o f  LIF m RN A in  
cultured n e o n a ta l  SC G  fo llo w s  tr e a tm e n t  w ith  t h e  c y to k in e  
interieukin-l (IL-1). T h e IL -1-in d u ced  LIF s u b se q u e n tly  in d u c e s  th e  
neuropeptide s u b s ta n c e  P (SP). LIF in d u c tio n  i s  p rob ab ly  m ed ia ted  
by stim ulation o f IL-1 recep to rs  s in c e  IL -1 -in d u ced  SP  p ro d u ctio n  in  
vitro is  inh ib ited  b y  IL-1 recep to r  a n ta g o n is t  a n d  s in c e  ty p e  I IL-1 
receptor mRNA is  p resen t in  rat SCG.

The IL -1 -m ed ia ted  in d u c t io n  o f  LIF m R N A  m a y  b e  d u e  to  
increased tran scr ip tion  o f  th e  LIF g e n e  or to  c h a n g e s  in  th e  s ta b ility  
of LIF mRNA IL-1 trea tm en t in c re a se s  LIF g e n e  tra n scr ip tio n  rate in  
cultured SCG. M an y  c y to k in e  m R N A s, in c lu d in g  LIF, c o n ta in  
sequences w h ich  reg u la te  m RN A sta b ility . U n d er  certa in  c o n d itio n s  
these s e q u e n c e s  c a n  a f fe c t  t h e  r a te  a n d  e x te n t  o f  m R N A  
accumulation. H owever, th ere  w a s  n o  differen ce in  th e  sta b ility  o f  LIF 
mRNA in the p resen ce  or a b se n c e  o f IL-1. T h e h a lf-life  o f  LIF m RNA  
was estimated to  b e  3 -4  h o u r s  u n d er  b o th  co n d itio n s. T h erefore, IL-1 
regulates LIF e x p r e ss io n  in  SCG  p r e d o m in a te ly  b y  in c re a s in g  th e  
transcription rate  o f  th e  LIF g e n e , r e su lt in g  in  a n  in c re a se  in  LIF 
mRNA.

LIF in d u ctio n  fo llo w in g  a x o to m y  in  v iv o  a n d  b y  IL-1 in  v itro  
suggests a  pivotal role for LIF in  th e  sy m p a th e tic  ad ap tive r e sp o n ses  
following trau m atic  injury.

Supported b y  O N R .

110.3
NERVE CRU SH  IN JU RY P R O D U C E S  P H A SIC  VA RIA TIO N  IN D O R S A L  
ROOT GANGLION S100b P RO TEIN . U. Vaidva* and M. R. W e lls . Nerve 
Regeneration Research Laboratory, Dept. of Veterans Affairs Med. Center, 
Northport, N.Y. 11768 and Dept. of Neurology , SU N Y, Stony Brook, N.Y. 
11794.

Crush injuries of the sciatic nerve produce phasic changes in sensory  
ganglion nerve growth factor levels which are temporally associated with 
neuroglial proliferation and alterations in neuronal metabolism (Wells and 
Schwartz, Soc. Neurosci. Abstr. 1990). In the present study, S100b, a 
calcium binding, primarily neuroglial protein which has neurotrophic activity 
for dorsal root ganglion neurons w as exam ined to determine if similar 
changes would be present. Male, W istar-Furth rats were subjected to 
unilateral crush lesions of the sciatic nerve at the level of the sciatic notch. 
At 1,2,3,4,5,7,8  and 9 d ays after injury, the L5 lumbar sensory ganglia 
were removed bilaterally homogenized, and the soluble fraction examined 
for S100b protein content by an enzyme-linked immunoadsorbant assay . 
Significant increases of S100b protein were observed in L5 ganglia at
1,3,4,5 and 8  days after nerve crush. R esp o n se s on the injured and 
uninjured side were sim ilar in magnitude and pattern. The timing and 
bilateral nature of in cre ase s w ere sim ilar to those observed with N GF. 
Increases in S100b on both the injured and uninjured sid es indicate that 
levels of non-neuronal derived neurotrophic facto rs in D R G  m ay be 
controlled by a  m echanism  not directly related to the injury of adjacent 
neurons. The possib le asso ciatio n  of in cre a se s in SlOOb, N G F and 
neuronal responses to injury suggest that complex interaction of local and 
systemic influences m ay sh a p e  neuronal and neuroglial m etabolic  
responses to nerve injury. Supported by the Dept. of Veterans Affairs.

110.5
KINETICS OF INSULIN-LIKE GROWTH FACTOR (IGF) mRNA CHANGES 
IN RAT NERVE AND MUSCLE DURING IGF-DEPENDENT NERVE 
REGENERATION. G.W. Glazner, W.G. Wright* and D.N. Ishii, Physiology 
Dept. and Biology Dept., Colorado State University, Fort Collins, CO 80523.

Infused IGF-I or IGF-П increases the distance of sensory and motor axon 
regeneration following sciatic nerve crush in rats. The rate of regeneration is 
increased with IGF-II, whereas it is decreased with anti-IGF antiserum. In this 
study we tested the hypothesis that IGF gene expression is elevated in nerve 
during the regeneration of sciatic nerve in rats. The relative increases in IGF 
mRNAs in nerve and muscle were compared as welL Both IGF-I and IGF-H 
mRNAs per poly(A)+ RNA per mg, and per poty(A)+ RNA per nerve, were 
significantly elevated, and attained a transient peak at 6  days postcrush in nerves. 
IGF mRNAs became down regulated following axon regeneration, but remained 
elevated when regeneration was prevented by nerve transection. This pattem of 
expression was positively correlated with axon regeneration. The kinetics of 
increase and decrease in muscle was substantially slower, and was closely 
correlated with reformation of synapses. Moreover, IGF-П mRNAs were 
increased to a much greater extent in muscle than in nerve. In contrast, IGF-I 
mRNA levels were much more abundant in nerve than in muscle, whether 
denervated or not. These data support the hypothesis that IGFs play a role both 
in regeneration of axons and reformation of synapses, where IGF-I may 
predominate in stimulating axon regeneration, and IGF-H in re-establishment of 
neuromuscular synapses. The cellular distribution of IGF messages in nerve and 
muscle following nerve lesion is shown elsewhere (See abstract by S. Pu and DJN. 
Ishii).
(Supported by NLNDS Grant NS28323 and American Paralysis Assoc. Grant Ю2-
9201)

110.2
INTERLEUKINS ENHANCE NEURIТЕ REGENERATION FROM TRANSECT
ED NERVE TERMINALS OF AN ADULT DRG EXPLANT IN COLLAGEN 
GEL. H.HORIE*1, T .KADOYA2 AND Y .ĀKAHORI1 . Λ Dept. of 
Physiol. Sch. of Med., Yokohama City Univ., Yokohama 236 
and 2Pharmaceut., Lab., Kirin Brewery Co. Maebashi 371, 
JAPAN.

Macrophages which secrete interleukins play important 
roles in neural regeneration of peripheral nervous 
system after axotomy. In this paper we introduce colla
gen gel culture systems to clarify effects of interleu
kins on neural regeneration. Culture systems included 4 
different forms of DRG neurons from an adult Infi star rat 
as follows, (1) a DRG explant with nerve fibers, (2) a 
DRG explant without nerve fibers, (3) a collagenase 
trypsin-treated DRG explant without nerve fibers, (4) 
dissociated DRG neurons. Treated cytokines were inter
leukins (IL- 1 to 8) and leukemia inhibitory factor 
(LIF). Tissues were cultured in serum-free F12 defined 
medium. The four factors, IL-1 (100 u/ml), IL-3 (100 
ng/ml), IL-6 (100 ng/ml), and LIF (1000 U/ml), enhanced 
neurite regeneration from transected nerve terminals of 
a DRG explant with nerve fibers. However, they could not 
show any obvious enhancement of neurite regeneration in 
the other three culture forms. The other cytokines did 
not activate neural regeneration in any culture forms. 
These results suggest that the four cytokines do not 
directly activate neurons to regenerate neurites, but 
they stimulate non-neuronal cells in sciatic nerve to 
release neurotrophins and enhance neural regeneration. 
Macrophages may secrete these factors to enhance neural 
regeneration after lesion in vivo.

110.4
DISTRIBUTION OF INSULIN-LIKE GROWTH FACTOR mRNAs IN RAT 
NERVE AND MUSCLE DURING NERVE REGENERATION BY IN SITU 
HYBRIDIZATION. S.F. Pu and DJN. Ishii*, Dept. of Physiology, Colorado State 
University, Fort Collins, CO 80523.

Insulin-like growth factors (IGFs) in nerves can increase sensory and motor 
axon regeneration following sciatic nerve crush in rats. Northern blots showed 
that IGF mRNAs were significantly increased in both nerve and muscle during 
axon regeneration. IGF mRNAs returned to baseline following regeneration, but 
not if axon growth was prevented by nerve transection (see abstract by G.W. 
Glazner and DJN. Ishii). little  information exists about the cytological changes 
during this process. In die present study we examined  the cellular distribution of 
IGF mRNAs in rat sciatic nerve and soleus muscle after nerve crush or 
transection, by in situ hybridization histochemistry. Single-stranded anti-sense 
IGF DNA probes were hybridized to 10 pm cryostat sections of intact, crushed 
or transected nerves and muscle at various times (0,2,4,6,10,20, and 50 days) 
postsurgery. Quantitative autoradiography showed that IGF mRNAs were 
significantly increased distal, but not proximal to the site of nerve crush. IGF 
mRNAs peaked 4-6 days after crush, and returned towards normal following axon 
regeneration. IGF-I mRNAs were increased to a greater extent than IGF-H 
mRNAs. In contrast, IGF mRNA levels remained elevated in transected nerves. 
Increased grain density was observed over Schwann cells and macrophages in 
denervated nerves, suggesting that these cells may play an important role in the 
regeneration of injured nerves. Grain densities for IGF-H, but not IGF-I mRNAs 
were significantly increased at 10 and 20 days in denervated muscle. (Supported 
by NINDS Grant NS28323 and American Paralysis Assoc. Grant IB2-9201)

110.6
D IFFE R EN T IA L  EX PR ESSIO N  O F m RNAS FOR NEUROTRO PH IN S AND  
TH EIR  TR K  TYRO SIN E KIN ASE R ECEPTO R S FO LLOW IN G SCIA TIC  N ERVE  
LESIO N . H iroshi Fu n ak o sh i. G ise la  B arb an v . T ö n is  T im m u sk . O lof 
Z achrisso n  and Håkan P e rsso n * . Dept. o f Med. Chem .(ll), Lab. o f Mol. 
Neurobiol,Karolinska Inst.,B ox 6 0 4 0 0 ,S -1 0 4 0 1  Stockholm , Sw eden.

Exp ression  of neurotrophins and T rk  rece p to rs  w a s exam ined in the  
sk eleta l m uscle, sc ia tic  nerve and spinal cord  a t  d ifferent t im es a fte r  
axotom y o f th e  sc ia tic  neve in adult ra ts  using a n uc lease  protectio n  
a ssa y . In skeleta l m uscle, N T-3 mRNA levels w ere  not e ffe c te d  by the  
in jury, BDN F mRNA level w a s  in cre a se d  2-fo ld  2 w e e k s  a fte r  the  
injury, N T-4 mRNA in cre ase d  sh o rtly  a fte r  th e  denervatio n  follow ed  
by m arked  d e c re a se s  a t  la te r t im e s  a fte r  th e  in jury. In th e  d istal 
se g m en t of sc ia tic  nerve, BDNF mRNA increased  m arkedly one and tw o  
w ee ks a fte r th e  lesion. T h is  in crease  w a s m ediated by an activation  of 
the  prom otor in front of exon IV of the  rat BDNF gene. A drenalectom y  
atten uated  the increase  of BDNF mRNA by 50 % . NT-3 mRNA d ecreased  
sh o rtly  a fte r  th e  tra n se ct io n  then  p ro g re ssive ly  retu rn ed  to  control 
level 2 w e e k s  a fte r  th e  injury. N T-4  mRlMA a lso  d e cre a se d  sh o rtly  
a fte r  th e  lesion but in creased  significantly  tw o w ee ks a fte r  the  lesion. 
A trkB  cRN A probe w hich reco g n izes both  tru n ca te d  and full-length  
fo rm s o f the  trkB  recep to r, d e te c te d  Trk B  mRNA in th e  spinal cord, 
sc ia tic  nerve and DRG. A  trkB  probe from  th e  tyro sin e  kinase domain  
o f T rkB  re ce p to r did not d e te c t  trkB  m RNA in the  sc ia tic  nerve. TrkC  
mRNA w as d e te cted  in both spinal cord and sc ia tic  nerve. Th e  levels of 
both trkB  and trkC  mRNA w ere dow nregulated in th e  distal part of the  
sc ia t ic  n erve  a fte r  th e  lesio n . T h e s e  re s u lt s  in d ica te  an in jury- 
dep en d ent regulation of th e  sy n th e s is  o f the  neuro trop hins and their 
T rk  re c e p to rs  w h ich  co u ld  p lay  a ro le  fo r n e rve  re g e n e ra tio n .
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110.7
QUANTIFICATION OF CALCITONIN GENE-RELATED 
PEPTIDE mRNA FROM CRANIAL NERVE NUCLEI. Sara 
Snvder. Kristen Blake. Rita Dhawan. Juanita 
Anders. Rosemary Borke* and David C. Beebe. 
Uniformed Services University of the Health 
Sciences, Bethesda, MD 20814.

A persistent increase in CGRP immunoreacti- 
vity may serve as an indicator for predicting 
regeneration after cranial nerve injury [Borke 
et. al., J. Neurocytol., 22:141-153, 1993]. 
Therefore, quantitative changes in mRNA levels 
of CGRP in hypoglossal and facial motoneurons 
after nerve injury and regenerative therapies 
are being examined. To accomplish this 
objective, a quantitative assay utilizing 
reverse transcription and polymerase chain 
reaction was developed for the detection of low 
abundance mRNA for a-CGRP in cranial moto
neurons. This assay consists of coamplifi
cation of CGRP target mRNA with an RNA internal 
standard. The internal standard was constructed 
from a 439 bp target sequence using restriction 
digestion and ligation to produce a 386 bp frag
ment containing the primer sequences and all of 
the intervening sequence except for 53 bp. This 
method yielded a value of 1.04 x 107 molecules 
of alpha-CGRP mRNA per џд total cellular RNA in 
control (non-injured) rat. Internal standards 
for assay of /J-CGRP and СҺАТ mRNA are currently 
being constructed in our laboratory for use in 
nerve injury and regeneration studies.

1 1 0 .9
INCREASED EXPRESSION OF IGF-1 mRNA IN RAT 
HIPPOCAMPUS FOLLOWING ENTORHINAL LESION.
K.M. Guthrie* and C.M. Gall. Department of Anatomy and 
Neurobiology, University of California, Irvine, CA 92717

Insulin-like growth factor-1 (IGF-1) exerts trophic effects on 
cultured neurons and glia, promotes neunte outgrowth, and is normally 
expressed at high levels in the olfactory bulb, a structure which receives 
continuous axonal ingrowth throughout life. To determine if IGF-1 
might play a role in axonal sprouting in adult brain, we used in situ 
hybridization to examine expression of IGF-1 mRNA in rat 
hippocampus following unilateral lesion of the entorhinal cortex, and 
compared this with expression of basic fibroblast growth factor (bFGF) 
mRNA. Removal of entorhinal afferente to hippocampus results in 
sprouting of commissural/associational afferente into deafferented 
regions of the dentate gyrus, a process thought to involve local trophic 
support. In the normal rat hippocampus, IGF-1 cRNA hybridization 
labels scattered cells in CA3 stratum radiatum, CAI stratum oriens, and 
the subgranular hilus. Following entorhinal lesion, there is a large 
increase in IGF-1 mRNA expression by cells in the outer molecular 
layer of the ipsilateral dentate gyrus. In contrast, increases in bFGF 
mRNA expression in the deafferented hippocampus are broadly 
distributed in the dentate gyrus molecular layers, as well as in the 
granule and pyramidal cell layers. The increase in IGF-1 mRNA is 
first detectable at 2 days postlesion, is maximal at 4 days postlesion, 
and declines to control levels by 1 week. Maximal IGF-1 expression 
coincides with the postlesion phase of reactive gliosis and immediately 
precedes the period of collateral sprouting into the outer molecular 
layer. The time course and restricted topography of IGF-1 mRNA 
expression in the deafferented hippocampus suggests a possible role 
for this factor in the trophic support of the sprouting response. 
Supported by grants DC 01534 and AG00534.

110.11
E X P R E S S IO N  O F  N EU R O T RO PH IN S AN D  N EU RO TRO PH IN  
R E C E P T O R S  IN A D U L T  R A T  R ET IN A  AN D  O P TIC  N ER V E. T .N . 
Je lsm a . H. H vm an Friedm an. G .M . B ra v * . A .J .  A a u a v o . C entre  for 
R esearch  in N eu ro science , M ontreal General Hospital R e se a rch  
Institute and M cGill U niversity , 1 6 5 0  C ed ar A ven u e , M ontréal, 
Q u éb ec, H 3G  1 A 4 .

T o  investig ate  the role of neurotrophins and their recep to rs on 
neuron surv iva l, w e  exam ined B D N F, N T-4, trkB  and p 75 exp ressio n  
in the retina and optic nerve of adult rats. By in s itu  hybridization, 
trkB  exp ression  w a s  observed in the retinal ganglion cell (RG C) layer. 
In addition, R G C  axo n s w ere  strongly im m unostained by an antibody  
to the full length TRK B  protein. By Northern an a ly s is , m RN A  
encoding the low  affin ity neurotrophin receptor p 75  w a s  also  
exp ressed  in the  retina. Th e  leve ls of trkB  and p 75 m RN A  in the  
retina did not chan g e  up to se ven  d a y s after intraorbital ON  
transection . Exp ression  of trkB  m RN A (encoding the truncated  
receptor) in the optic nerve w a s  d ecre ase d  several-fo ld  by three d ays  
after intracranial axotom y but w a s  su stained  for at le ast se v en  d ays  
after intraorbital ON lesio ns. N T-4 m RN A (probe provided by 
Regeneron P h arm aceu tica ls Inc.) and sc a n t am o u nts of BD N F m RN A  
w ere  d etected  in uninjured optic n erve s and after intraorbital or 
intracranial transectio n . W e postulate that the exp ression  of N T-4  
or BD N F in the optic nerve m ay provide trophic support for R G C s .

110.8

EXPRESSION OF NEUROTROPHIN RECEPTORS IN SPINAL CORD 
MOTONEURONS AFTER PERIPHERAL AXOTOMY: INFLUENCE OF
TARGET MUSCLE. L X . Seeburger*. .1 , ,C. Cope and J. ,E. Sp.rin.ggL 
Departments of Neurology (JLS and JES) and Physiology and Biophysics (TCC and 
JES), Hahnemann University School of Medicine, Philadelphia, PA 19102.

The increased expression of the low affinity nerve growth factor (NGF) receptor 
(NGFR) in motoneurons has been well documented developmentally and after 
peripheral nerve lesion, and appears to be associated with the lack of motoneuron 
connectivity to target muscle. The NGFR acts as a common low affinity receptor 
for the neurotrophins NGF, brain-derived neurotrophic factor (BDNF) and 
neurotrophin-3 (NT-3). The high affinity binding of these trophic factors is 
mediated respectively by members of a family of tropomyosin receptor kinases (trk), 
trkA, trkB and trkC. The constitutive expression of trkB and trkC has been recently 
demonstrated in intact motoneurons. We have described an increased expression of 
NGFR and trkB in motoneurons in amyotrophic lateral sclerosis, a disease in which 
the degeneration of motoneurons leads to their disassociation with target muscle. 
We hypothesized that muscle-derived neurotrophins may influence the regulation of 
neurotrophin receptor expression in the innervating motoneurons. NGF, BDNF and 
NT-3 have all been shown to be expressed in muscle and their expression profiles 
appear to change after muscle denervation. Therefore, we bilaterally transected the 
branch of the tibial nerve innervating the medial gastrocnemius (MG) muscle in rats 
and unilaterally removed one MG muscle. Animals were allowed to survive for 1, 
7, 14 and 42 days post-surgery after which time spinal cords and remaining MG 
muscles were collected. In situ hybridization was used to examine the expression of 
NGFR, trkA, trkB and trkC in motoneurons in spinal cord cross sections and a 
ribonuclease protection assay to measure muscle NGF, BDNF and NT-3. If muscle- 
derived neurotrophins are important for regulating the expression of their receptors 
in motoneurons after axotomy, then muscle removal should alter this expression. 
Our results may question the conclusion that target muscle neurotrophins influence 
the expression of their receptors in the innervating motoneurons. Supported by 
PHS Grant NS30248.

110.10
IN C R E A S E D  E X P R E S S IO N  O F  trkB AN D B D N F m RN A IN RA T  
F A C IA L  M O T O N E U R O N S  A F T E R  A X O T O M Y . N .R . Kobavashi*. A.M. 
Bedard and W. Tetzlaff. Dept. of Physiology, University of Ottawa, 
Ottawa, Ontario, C anad a, K1H 8M5 

Brain Derived Neurotrophic Factor (B D N F) has recently been 
demonstrated to rescue  axotomized motoneurons in newborn rats and 
thus could play an important role in m aintenance and regeneration of 
motoneurons in vivo. To  further test this hypothesis, w e have analyzed  
the expression of m RN A coding for trkB, the putative receptor for 
B D N F, after axotomy. Using in situ hybridization for the non-truncated 
version of trkB w e found a 1.5-3 fold increase  during the first two 
w ee ks after axotomy, which declines slowly thereafter. T h e se  data 
suggest that endogenous B D N F might be acting directly on axotomized 
motoneurons in vivo and that the latter might be exposed to increasing  
amounts of B D N F after axotomy. To  further test this hypothesis we 
analyzed the facial nucleus for B D N F m RN A expression  using in situ 
hybridization and R T -P C R  (R e verse  transcription - Polym erase Chain  
Reaction). W e found a marked increase  of B D N F in situ hybridization 
signal in axotomized facial motoneurons starting a s  early a s  1 day after 
axotomy. R T -P C R  data followed by Southern an alysis corroborate 
these  observations. T h e se  findings suggest that B D N F might act 
locally on axotomized motoneurons in an autocrine/paracrine fashion. 
(Supported by M R C  of C ana d a and Rotary International).

110.12
C R IT IC A L  P ER IO D  FO R  U P -R EG U LA T IO N  O F  R E T IN A L  N E R V E  G R O W T H  
F A C T O R  R E C E P T O R  E X P R E S S IO N  FO LLO W IN G  V IS U A L  C O R T E X  D A M A G E  
IN C A T S . V . K ino. J .- T . X u e , P .D . Spear*. D epartm ent o f P sych o lo g y  and  
C enter for N euro scien ce, U n iversity  of W isco n s in , M ad iso n , W l 5 3 7 0 6 .

C a ts  that receive a unilateral v isua l co rtex  (V C ; a re a s  1 7 , 1 8 , and 19) 
lesion on the  d ay of birth sh o w  pericellu lar nerve  g ro w th  fa cto r  receptor 
(N GFr) labeling in the ganglion cell layer (G C L) that is g reater in the  
hem iretina projecting to the dam aged hem isphere  than  in the hem iretina  
projecting to the intact hem isphere (X u e  et al, 1 9 9 2 ). T h is  d ifferen ce  is 
p resent for up to 8  w ee k s  fo llow ing a lesion on the d ay  o f birth. T o  
determ ine the critica l period fo r th is  N G Fr up-regulation, w e  exam ined  N G Fr  
exp ressio n  in the retinae of c a ts  that received  a V C  lesion at later ag es. Our 
purpose w a s  to determ ine h o w  the critica l period for the up-regulation of 
N G Fr re lates to the critica l periods fo r o ther ch a n g e s  found fo llow ing  
neonatal V C  dam age (e.g . severe  retinal ganglion cell degeneration, 
an am olou s retinofugal p ro jections, and p hysio log ical com pen sa tio n ). T h is  will 
allow  u s  to begin to m ake in feren ces about the role o f N G F  in the  reco very  
that o ccu rs  fo llow ing neonatal but not adult V C  dam age.

K ittens and adult c a ts  received  a unilateral V C  lesion  and  su rv ived  for tw o  
w ee k s . Serial sect io n s  w ere  taken through the  area cen tra lis  and  p ro cessed  
for im m u noh istochem istry using a m onclonal antibody to  the low -affin ity  
hum an N G F  receptor (C lagett-D am e et al, 1 9 9 0 ). T h ere  w a s  no e vid en ce  of 
pericellular G C L  labeling in the retinae of c a ts  th a t received  a lesion a s  an 
adult (n = 3 ) , indicating that there is  indeed a critica l period fo r up-regulation  
o f retinal N G Fr. In co n trast, ca ts  that received  a lesion at 2 , 4 , 6 , 8 , or 12  
w ee k s  (n = 1 to  3  in each  group) sh o w ed  enh a n ced  p ericellu lar G C L  labeling  
in the hem iretinae projecting to  the dam aged h em isp here , although four 
retinae from  different g roups sh o w ed  little or no pericellu lar labeling in either  
hem iretinae. W e are currently exam ining additional c a ts , including c a ts  that  
received  a V C  lesion at later ag es  (e .g . 18  and 2 6  w e e k s), to  determ ine  
w h en  th e  critica l period for up-regulation of N G Fr in the G C L  en d s.
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110.13
THE TRANSCRIPTION OF NEUROTROPIN-3 IS CONTROLLED BY TWO 
DIFFERENT PROMOTERS. A. Leingärtner1. H. Thoenen1. J. Gehrmann*2 
and D. Lindholm? Department of Neurochemistry1 and Department of 
Neuromorphology2, Max-Planck-Institute for Psychiatry, Am Klopferspitz 18a, 
8033 Martinsried, FRG.

Neurotrohin-3 (NT-3) is a member of the NGF gene family. Its expression is 
regulated temporally and spartially within the developing CNS.

We have analysed the genomic organisation and the regulatory region of the 
mouse NT-3 gene. Using the RACE method with RNA from several different 
tissues, we isolated two different NT-3 cDNAs. The two corresponding 
transcripts (A and B) share a common 3'-exon (Eli), but each transcript 
contains a unique small 5'-exon (exon IA or -Ш). The transcriptional 
startpoints were defined by RNase protection assay and/or by RACE. Exon II 
was shown to contain three functional poly(A)sites. Nonoverlapping genomic 
clones, containing exon IA and -Ш, or exon II were isolated. Mapping of the 
clones revealed that the NT-3 gene spans at least 13 kb of genomic DNA.

Transfection of various CAT constructs, containing either the upstream 
flanking sequence of exon-IA or -Ш demonstrated the existence of two 
independent NT-3 promoters (PI and PII). The proximal part of each promoter 
is active in several cell types, irrespective of their physiological capacity to 
produce NT-3. However, when additional further upstream sequences were 
included in the CAT constructs, both promoter regions were found to be far less 
active in cells, which do not normally expresse NT-3, suggesting the existence 
of tissue specific silencer elements in both promoters.

Northern blot analysis demonstrated that the two transcripts are differentially 
regulated by thyroid hormone (T3), leading to a 5 fold upregulation of 
transcript-B, but no significant induction of transcript-A.

110.15
TRANSPLANTATION OF CNTF SECRETING CELLS AND 
TRANSGENIC OVER-EXPRESSION OF CNTF IN MURINE CNS AND 
PNS. J. T, Henderson*. N. Seniuk. P. Richardson. W. Tatton, and J.C. 
Roder. Division of Molecular Immunology and Neurobiology, Mount Sinai 
Hospital, 600 University Ave., Toronto, ONT M5G 1X5.

In order to further define the mechanism by which CNTF acts to promote 
neural differentiation and regeneration in vivo, we have used several 
approaches to examine the controlled expression of this factor in a mouse 
model system. First, we have developed stable cell lines which express both 
native and secreted forms of CNTF under the control o f the GFAP promoter, 
and implanted these cells both in the lateral ventricle and peripherally. 
Second, we have produced several lines of homozygous transgenic mice 
which ectopically express CNTF under the control of GFAP. Both o f these 
approaches circumvent the problems associated with the short biological half- 
life of this molecule in vivo. Using these methods, we have examined the 
effects of CNTF on motoneuron regeneration, using the facial nerve lesion 
paradigm in early postnatal period. For mice receiving cell transplants, we 
observe that the secreted form of CNTF supports the regeneration of facial 
motoneurons. For the transgenic animals, axotomy results in enhanced 
expression of the CNTF transgene within the facial nucleus. Transplantation 
of CNTF secreting cells to the periphery however, leads to additional 
biological effects, which include a dramatic reduction o f body mass involving 
both lipids and skeletal muscle (cachexia). These effects are not observed 
with the parental or non-secretory cell lines, and can be reproduced by 
injection of purified rat CNTF. These effects appear to be independent of 
TNFa and IL-6 .

110.17

SERUM BINDING PROTEINS FOR NERVE GROWTH  
FACTOR MAY BE PRESENT IN ALL VERTEBRATES.
K. Siminoski*. Division of Endocrinology and Metabolism, 
University of Alberta, Edmonton, Alberta, Canada T6 G 2S2.

Nerve growth factor (NGF) has been reported to bind to the 
serum protein alpha-2 macroglobulin (A2M ) of humans, mouse, rat 
and horse. We have now studied serum binding of NGF in 46 
species, including mammals, monotremes, amphibians, reptiles, bony 
fish, and jawless fish. 125I-labelled murine NGF (0.3 Pm) was added 
to diluted serum (20% in 0.1 M P 0 4) in the presence or absence of 
excess unlabelled NGF, and bound radiolabel was precipitated with 
polyethylene glycol. Specific binding was detected in all species, 
ranging from 12.1+ /-0.8%  in raccoon to 37.9+/-0.7%  in mouse. 
Time for saturation of binding was temperature dependent, 
decreasing from 12 hours at 4°C to 2 hours at 37°C. On horizontal 
barbital-agarose electrophoresis, most bound NG F co-migrated with 
alpha-globulins in all species. In some animals, up to 30% of label 
co-migrated with beta globulins. In a subset of species tested, the 
molecular weight of the binding protein on gel exclusion HPLC was 
similar to that of human A2M, and the NGF-binding activity could 
be removed by passage through a trypsin affinity column.

In conclusion, in many, if not all, vertebrate species, NGF binds 
to a high molecular weight serum protein with alpha mobility that 
also binds trypsin.

1 1 0 .1 4
EXPRESSION OF BDNF IN CULTURED NEURONS AND NON-NEURONAL 
CELLS FROM A DEFECTIVE HSV-1 VECTOR. M.D. Geschwind*. J. Amai and 
H.J. Federoff. Depts. of Neuroscience, Medicine, and Neurology, Albert Einstein 
College of Medicine, Bronx, NY 10461.

A brain-derived growth factor (BDNF) cDNA has been cloned into a defective Herpes 
Simplex Type-1 Virus (HSV-1) vector (Science 241:1667. 1988; Proc. Natl. Acad 
Sci., £7:1149,1990; Human Gene Transfer 219:63. 1991). This viral vector, called 
pHSVbdnf, has been tested for its ability to transduce neurons and other cells, to 
produce biologically-active BDNF, and to promote survival of placode-derived sensory 
neurons of the nodose ganglia (Dev Biol 112:318-328.1985). To ascertain whether the 
virus can cause the production and secretion of functional growth factor, two assays in 
cell lines were performed; the first, a neurite outgrowth assay in PC12trkB cells, which 
extend neurites in response to BDNF (PC12trkB cells from Dr. Trevor Stitt, 
Regeneron). The second assay involved survival of a NIH 3T3 cell line variant, 
MG87trkB, which is dependent on certain growth factors, such as BDNF, not only for 
proliferation, but also for survival (Cell 66:405-413, 1991; MG87trkB cells from Dr. 
David Glass, Regeneron). PC12trkB cells are a variant of PC 12 cells, a rat 
pheochromocytoma cell line which elaborate neurites in response to NGF, that have 
been stably transfected with the high-affinity BDNF receptor and respond to BDNF by 
extending neurites (Cell 66:405-413. 1991* Cell 61: 405-418, 1991). Infection of 
PC12trkB cells with the virus stimulated neurite outgrowth in the absence of 
exogenously-added BDNF. MG87trkB cells, which depend on certain growth factors for 
survival, including BDNF, when grown in appropriate defined medium, were shown to 
survive when infected with pHSVbdnf. Furthermore, direct infection of cultured 
neonatal rat nodose neurons (which fail to survive in culture without addition of 
BDNF) allowed survival without exogenous growth factor. These studies demonstrate 
that pHSVbdnf virus can be used to modify the physiology of neurons in culture and 
perhaps in  v iv o .

1 1 0 .1 6
PRODUCTION AND CHARACTERIZATION OF NFAJRO- 
TROPHIN ANTIBODIES FOR IMMUNOHISTOCHEMISTRY  
T.L. Denton.* F. Qhsawa. M.M.Dugich-Djordjevic. G. Bennett, and
F. HeftL Andrus Gerontology Center, University of Southern 
California, Los Angeles, CA 90089 and Genentech Ine., South San 
Francisco* CA 94080

Our previous work has demonstrated changes in neurotrophin 
mRNA levels in response to seizures, various lesion paradigms and 
manipulation of glucocorticoid levels. It was necessary to produce 
specific antisera to evaluate the response of the neurotrophins 
themselves to further these investigations. Polyclonal antisera 
against recombinant human BDNF, NT3, and NT 4/5 were produced 
in guinea pig. Antisera against recombinant human NGF were 
produced in rabbit. Evaluation by Western blot demonstrated that 
the antisera were able to detect as little as 5 ng of their respective 
recombinant protein with no cross-reactivity to the other 
neurotrophins. Specificity for immunohistochemistry was 
determined by the ability of the antisera to detect 0.5 ug o f the 
appropriate neurotrophin injected into rat striatia while showing no 
staining for the other neurotrophins. BDNF immunohistochemistry 
demonstrated widespread distribution of BDNF in the rat 
hippocampus and cortex in agreement with the distribution of BDNF 
mRNA by in situ analysis. NGF was found in the cortex, 
hippocampus and septum. Labeling of NT3 was restricted to the 
hippocampus. We are presently working to demonstrate staining of 
NT 4/5 in the adult rat brain.

1 1 0 .1 8
ALPHA-2-M ACROG LOBULIN  S P E C IF IC A L L Y  BIN DS N G F AND NT-3, AND 
CAN D E C R E A S E  CH O LIN E A C E T Y L T R A N S F E R A S E  A CTIV ITY  IN 
D EV ELO P IN G  B A SA L FO REB R A IN  N EU RO N S. D.J. Liebl* AND P.H. Koo. 
Dept. of Microbiology and Immunology, Northeastern Ohio Univ. College of 
Medicine, Rootstown, OH 44272.

Alpha-2-macroglobulin (o^M) is a  major serum protein found in various 
extracellular fluids, including C S F , of all vertebrate species. It has been 
found to be a  carrier of many cytokines/growth factors including ß-nerve 
growth factor (NGF). We have recently demonstrated that monoamine- 
neurotransmitters can react with o>M, and the serotonin-activated α,Μ  
complex can inhibit neurite-outgrowth of embryonic rat forebrain cells (Liebl, 
DJ and Koo, PH (1993) J. Neurosci. Res. 35:170-182). This study 
compared the binding specificity of N G F, neurotrophin-3 (NT-3), and a 
variety of other cytokines to normal o^M and two forms of monoamine- 
modified oįM (methylamine- and serotonin-modified a 2M). The results 
suggest that all cytokines bind noncovalently to all three forms of α,Μ; N G F  
and at least partially NT-3 bind specifically to α,Μ, whereas the other seven  
cytokines bind for the most part nonspecifically via w eak electrostatic charge 
interactions.

N G F and other neurotrophins have been implicated in the development 
of basal forebrain cholinergic neurons, and N G F has been shown to 
stimulate the activity of choline acetyltransferase (СҺАТ) of basal forebrain 
neurons. We have also studied whether monoamine-activated α,Μ can alter 
СҺАТ activity in embryonic rat forebrain in culture, and whether the effect 
can be overcome by the addition of increased amounts of N G F and/or NT-3. 
Our results indicate that monoamine-modified α,Μ can dose-dependently 
decrease СҺАТ activity, while normal c^M has no effect. (Grant no. NS 
30698 of NINDS, NIH).
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111.1
REGULATION OF AN NGF TRANSGENE BY THYROID HORMONE. 
A, Andrade-RQzental*, Ą,, Hasşankham,, ж А-Н,. L .FsdaatL Departments of 
Neuroscience and Medicine, Albert Einstein Coll, of Med., Bronx, Ν.Ϋ. 10461.

In an effort to augment the sympathetic innervation of the heart we generated 
transgenic mice that expressed an NGF mini-gene from the cardiac specific a- 
myosin heavy chain (a-MHC) promoter (Hassankhani e t  a l, Soc. Neurosci. Abst., 
Voi. 18, part 2, p.1289,1992). The a-MHC promoter fragment used to drive the 
NGF transgene has been shown by transfection experiments to contain a thyroid 
hormone response element (TRE). In the present study we examined whether the 
α -MHC-NGF transgene is subject to regulation by thyroid hormone. 
Cardiomyocytes from α -MHC-NGF transgenic mice were plated and grown in 
normal heart media, media containing added triiodothyronine (T3) and media 
stripped of thyroid hormone. Cultured myocytes formed syncytia and beat 
spontaneously. After 48 hours of treatment, conditioned media was removed and 
myocytes were harvested for RNA analysis. Northern blots probed for NGF 
transgene expression revealed that thyroid hormone treatment stimulated the 
accumulation of NGF mRNA. Similarly, analysis of NGF by two-site ELISA and 
neurite outgrowth bioassay revealed that thyroid hormone increased expression of 
the transgene product NGF concentrations were found to be 8 ,21 and 4 ng/ml for 
transgenic cardiocytes grown in normal medium, media containing 10 пМТЗ and 
media stripped of thyroid hormone, respectively. For the neurite outgrowth 
bioassay, PC 12 cells were treated with several dilutions of the cardiocyte 
conditioned media. The neurite outgrowth response of these cells to NGF was 
quantified 24-30 hours after treatment. Media that had been conditioned by T3 
treated transgenic cardiocytes elicited the most potent biological response. In a 
series of control experiments with non-transgenic cardiocytes no effect of thyroid 
hormone was observed on the expression or activity of the endogenous NGF gene. 
The above results demonstrate that TRE contained within the a-MHC promoter can 
be regulated by thyroid hormone in the context of transgenic myocytes. Supported 
by PHS grant HD27226.

1 1 1 .3
T E S T O S T E R O N E  R EG U LA TIO N  O F  N EU R O TRO PH IN  mRNA.
K.A. Maauire-Zeiss*. S. Carlson and R.W . Hamill. Neurogerontology 
Unit & Dept. of Neurology, University of Rochester School of 
Medicine & Dentistry, Rochester NY 14642
Previous studies have demonstrated that hormonal factors regulate 
the morphological and neurochemicat development and function of 
peripheral autonomic neurons. Additionally, gonadal steroids 
regulate the expression of messenger RNA (mRNA) for nerve growth 
factor (N GF) in target t issues of these hormonally responsive  
neurons. The current studies address whether N G F receptor (NGF- 
R) is also influenced by circulating testosterone. Sprague Dawley 
rats were castrated and the hypogastric (HG) and pelvic (μ g ) 
ganglia, autonomic ganglia with clear dependence on androgens, 
and the superior cervical ganglion (SC G ) were removed 1,2 and 4 
w eeks following castration. NGF-R mRNA levels were examined by 
in situ hybridization and RN ase protection assays utilizing sense  and 
antisense RNA probes prepared from nucleotides 400-710 of the rat 
N GF-R cDNA. Th ese  studies indicate that the levels of mRNA for 
N G F in the HG and μ g  decrease substantially by 4 weeks. There is 
no discernible change in the S C G . Testosterone replacement 
therapy reverses the observed changes in the HG and μ g . Thus, 
testosterone exerts a  positive effect on the expression of N GF-R  
mRNA in both sympathetic and parasympathetic ganglia which are 
hormonally responsive, suggesting that the hormonal milieu is critical 
for these neurons to express this neurotrophin receptor.

1 1 1 .5
BETA-ADRENERGIC RECEPTOR STIMULATION INCREASES NGF 
AND bFGF BIOSYNTHESIS IN RAT BRAIN. I. Mocchetti. N. Bouirad, 
D. Kaplan. S. Rabin. M.A. De Bernardi* and P. Follesa. Depts. Anatomy 
& Cell Biology, and Biochemistry & Molecular Biology, Georgetown 
Univ. Sch. of Med., Washington, DC 20007 and ABL-Basic Research 
Program NCI-FCRDC, Frederick, MD 21702.

The identification and characterization of mechanisms regulating 
neurotrophic factor availability in the CNS are vital to the development of 
therapeutic tools for prevention of neuronal degeneration. The lipophilic ß- 
adrenergic receptor (BAR) agonist Clenbuterol (CLE) was used to assess 
whether activation of central BAR changes the levels of NGF and bFGF 
mRNA. Within 5 hr and up to 10 hr, Clenbuterol (10 mg/kg, i.p.) elicited 
a two-three fold increase in bFGF and NGF mRNA content in adult rat 
cerebral cortex. The induction of NGF mRNA was anatomically restricted 
to the cerebral cortex and was followed by an increase in NGF protein. 
Concomitantly, we were able to detect an induction in the NGF-dependent 
tyrosine phosphorylation of trk  suggesting that NGF, increased by BAR, 
activated the signal transduction mechanism important for its neurotrophic 
effect. The effect of CLE on NGF mRNA was observed in 2 year old rats, 
but not in 8 day old rats, despite the induction of bFGF and c-fos mRNA. 
These data prompted us to examine mechanism of NGF induction aside 
from BAR stimulation. We have previously determined that 
glucocorticoids play a key role in the induction of NGF expression in the 
CNS. CLE increased blood corticosterone levels in adult rats but failed to 
do so in 8 day old rats. Thus, it is likely that in the absence of 
glucocorticoids, BAR stimulation fails to induce cortical NGF 
biosynthesis. Our data suggest that glucocorticoids play a permissive role 
in the noradrenergic-mediated regulation of selective neurotrophic factors in 
the CNS. Supported by HHS grant NS 29664.

111.2
MODULATION OF NEUROTROPHIN EXPRESSION BY GLUCO
CORTICOIDS IN IMMORTALIZED HIPPOCAMPAL NEURONS. 
J.L. Scullv and U. Otten*. Institute of Physiology, University of Basel, 
4051 Basel, Switzerland.

Nerve growth factor (NGF) and other members of the neurotrophin 
(NT) family are implicated in the development and maintenance of the 
CNS, including the hippocampus. Exposure to high levels of gluco
corticoid hormones (GCs) may have either neurotoxic or neurotrophic 
effects on hippocampal neurons, depending on the particular neuron 
population. It is possible that GC effects on the hippocampus may be 
mediated by changes in levels of NGF or other NTs, since GCs have 
been shown to change NGF expression in primary cultures of 
hippocampal astrocytes or neurons. However it is not clear how far this 
reflects the in vivo behaviour. To investigate the response of isolated 
hippocampal neurons to GCs we have used immortalized mouse 
hippocampal cell lines as an in vitro model system. Using reverse 
transcription and amplification by the polymerase chain reaction (PCR) 
we have found that both the physiological GC corticosterone and the 
synthetic GC dexamethasone increase the expression of NGF and 
neurotrophin-3 (NT-3) in a dose-dependent way. The NTs differ in the 
size and time course of their response. Levels of brain-derived 
neurotrophic factor (BDNF) are not altered by either steroid. These 
effects are mediated by the type II GC receptor, which has been 
characterized on these cell lines. Changes in systemic GC levels may 
therefore contribute to physiological neurodegeneration by modulation 
of NT, especially NGF, expression.

1 1 1 .4
REGULATION OF P75 NGF RECEPTOR mRNA LEVELS IN 
RAT SEPTUM BY PRENATAL CHOLINE TREATMENT. W.-H. 
Zheng* K. Maguire and R. Loy. Dept. Neurology, Univ. Rochester, 
Rochester, NY 14620 and Canandaigua VAMC.

Supplementing dietary choline during specific pre- and postnatal 
periods in rats results in long-lasting facilitation of spatial memory. 
In rats treated with choline from embryonic days (ED) 12-17 there is 
an increase in area of NGF receptor-immunoreactive medial septal 
neurons when animals are 90 days old. To determine if this may be 
accompanied by an increase in the production of NGF receptor, we 
carried out in s itu  hybridization experiments. Pregnant dams were 
treated with choline chloride or saccharine as a control in their 
drinking water from ED 12-17 and the pups cross-fostered to 
untreated dams at birth. At 90 days of age, rats were decapitated 
and the brains rapidly removed and frozen. Cryostat sections were 
reacted with 35S-labeled sense and antisense riboprobes (cDNA 
courtesy of M. Bothwell). Regional quantitative analysis of 
autoradiographs indicates that the level of mRNA for NGFR in the 
medial septum is higher following prenatal choline treatment than in 
controls. However, there is no difference in the number of NGFR 
mRNA-positive neurons in the same region. These data suggest that 
prenatal choline treatment may affect the long-term regulation of 
gene expression of NGFR in basal forebrain neurons. Supported by 
AG09525.

111.6
HIPPOCAMPAL NGF mRNA FOLLOWING YOHIMBINE 
(YOH) INJECTION. G. Bing*.. J.S. Manavalan and E.A. Stone. 
Dept. Psychiatry, New York Univ. Sch. M ed., New York, NY 
10016.

It has been reported that the stimulation o f beta adrenoceptors 
increases the production o f NGF mRNA and protein levels in 
cultured astrocytes and glioma cells. Whether these effects occur in 
vivo, however, is not known. The present experiment was 
undertaken to investigate this. Male Sprague Dawley rats were 
administered the alpha-2 adrenoceptor antagonist, YOH (5 mg/kg,
i .p .) . YOH is known to produce an increase in the release of 
norepinephrine at beta adrenoceptors in the brain. The animals 
were sacrificed at various times after the injection and NGF mRNA 
and protein lev e ls  in the hippocampus were assayed with a 
ribonuclease protection assay and ELISA, respectively. It was 
found that YOH produced a significant increase in NGF mRNA 
levels (ANOVA, p <  0.0001). The peak effect occurred at 24-36 
hrs post injection and amounted to a 2-4 fold increase over saline 
injection control levels. NGF protein levels, however, did not 
show a significant increase at any time. These findings suggest that 
stimulation of beta receptors in vivo produces an increase in the 
levels o f hippocampal NGF mRNA but this increase does not 
appear to be translated into protein. Supported in part by grants 
AFOSR 89-0208, MH45265 and MH08618.
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111.7
1,25 DIHYDROXYV1TAMIN D3  - M ED IA T ED  IN D UCTIO N  O F  N ER V E  
GROWTH F A C T O R  m RNA AND P R O T E IN  IN L929 F IB R O B L A S T S  AND  
IN VIVO. M .E. Lewis*. J .L . Vauaht. S . Carswell. P .A . Lapchak. E .R . 
Brown. K. Clopton Hartpence. H.M. W ilcox and M .S. Saporito. Cephalon  
Inc., 145 Brandywine Parkway, W est Chester, PA 19380.

We have proposed elevating levels of N G F  in the C N S  a s a strategy for 
treating neurodegenerative disorders and have recently reported that 1,25 
dihydroxyvitamin D3  induces N G F m RNA in the adult rat brain. The present 
studies were conducted to determine: 1) if 1,25 dihydroxyvitamin D3- 
mediated increases in N G F m RNA lead to subsequent increases in N G F  
protein; 2) if correlations exist between increases in N G F  in L929 cells and 
in vivo; and 3) if induced levels of N G F could be sustained with chronic 
administration. Short term treatment of L929 cells with 1,25 
dihydroxyvitamin D3  (1-20 nM) resulted in a 2 fold increase in N G F  mRNA  
and NGF protein. Longer-term treatment (up to 48 hrs) led to similar 
increases. Acute IC V  injection of 1,25 dihydroxyvitamin D3  (25 nmoles) to 
rats induced N G F mRNA transiently, with peak two-fold increases observed 
4 hrs post-injection in the hippocampus, cortex and basal forebrain. In 
contrast to L929 cells, detectable N G F protein levels were not altered. 
However, consistent with long-term exposure in L929 cells, chronic six day 
ICV infusion via osmotic minipumps resulted in induction of both N G F  
mRNA and protein in these brain regions. Th ese  results support the 
hypothesis that L929 cells are useful for studying pharmacologically 
mediated N G F induction. On the basis of N G F's ability to increase  
cholinergic function in animal models of neurodegeneration, these data also 
suggest that 1,25 dihydroxyvitamin D 3  may be efficacious in these models 
and are supportive of a role for N G F inducers as potential drugs for 
neurodegenerative disorders.

111.9
ENHANCEMENT OF NEUROTROPHIN mRNA EXPRESSION FOLLOWING 
NOREPINEPHRINE DEPLETION IN THE RAT HIPPOCAMPAL 
FORMATION. LE. Springer*, B.J. Gwag. V. Robine, and F.M. Sessler 
Department of Neurology and the Alzheimer Research Center, Hahnemann 
University, Philadelphia, PA. 19102.

We have previously shown that intraventricular injections of N-methyl-D- 
aspartate increase nerve growth factor (NGF) and brain-derived neurotrophic factor 
(BDNF) mRNA. in the dentate gyrus of the hippocampal formation. The induction 
of mRNA for these neurotrophins occurs in the absence of seizure activity or 
excitotoxic neuronal death. The actions of NMDA on some neuronal populations 
can be modified by other neurotransmitters, including norepinephrine (NE) and 
acetylcholine. In this study, we used in situ hybridization to study the effects of 
depleting NE on the induction of NGF and BDNF mRNA following NMDA 
receptor activation. Animals received injections of 63mg/kg (ip) of DSP-4, which 
selectively destroys NE neurons in the presence of the serotonergic blocker, 
alaproclate (25mg/kg ip, given 30 minutes prior to DSP-4). Eleven days following 
DSP-4 treatment, animals were split into two groups. One set of animals received 
intraventricular injections of NMDA, while the second group received high 
frequency stimulation of the angular bundle, which also will induce NGF and 
BDNF mRNA in a time-dependent fashion. Four hours following treatment, 
animals were sacrificed and either NE levels in the hippocampal formation 
determined using HPLC, or brain sections assayed for NGF and BDNF mRNA 
levels using in situ hybridization. The levels of NE were depleted by -90% in 
DSP-4 treated animals compared to control treated (no DSP-4) animals. DSP-4 
treated animals that received NMDA injections or angular bundle stimulation 
exhibited a 4-5 fold increase in neurotrophin mRNA expression compared to 
control animals (NMDA or angular bundle stimulation alone). These results 
support the hypothesis that induction of neurotrophin mRNA levels observed 
following activation of the hippocampal glutamatergic system may normally be 
inhibited by the noradrenergic system. Supported by PHS grants AG08969 and 
NS30502 and the Alzheimer Research Center at Hahnemann.

111.11
DIFFERENTIAL REGULATION OF BDNF mRNA TRANSCRIPTS IN RAT 
HIPPOCAMPUS FOLLOWING KINDLING-INDUCED SEIZURES 
LKûkâiâ1*, ŅL-Mgtsis2. Т. Timmusk2. M. Kokaia1. J, Bengzon K H, Persson2 and
0. Lindvall1-

’Restorative Neurology Unit, Department of Neurology, University Hospital, S- 
221 85 Lund, Sweden; department of Medical Chemistry, Laboratory of Molecular 
Neurobiology, Karolinska Institute, S-104 01 Stockholm, Sweden.

Expression of brain-derived neurotrophic factor (BDNF) mRNAs containing exon
1, II, III and IV (transcripts A/A', B/B', C/C and D/D', respectively; Timmusk et al.. 
Neuron, 1993, 10, 475-489) has been studied using in  s i tu  hybridization after 40 
hippocampal kindling stimulations (400 μ  A, 10 Hz, 1 ms square wave pulses for
10 s with 5 min intervals). Animals were decapitated at 0, 1, 2, 4, 24 hours and 5 
days after the last stimulation. In the dentate gyrus, the levels of transcripts A/A', 
B/B' and C/C had increased 7.9,4.2 and 3.2-fold, respectively, compared to control 
rats directly following 40 stimulations. At 4 hrs the levels were still significantly 
increased but at 24 hrs had returned to baseline. In the CAI region, only transcript 
C/C was highly upregulated (7.1, 6.5, 2.9 and 2.4-fold at 0, 1, 2 and 4 hrs 
respectively), whereas transcript A/A' and B/B’ showed only minor changes. In the 
CA3 and hilar region, expression of transcript A/A’ reached maximal level 1 hr after 
the last stimulation (4.4 and 5.4-fold increase in CA3 and hilus, respectively), was 
still significantly elevated at 4 hrs, but reached basal levels at 24 hrs. The increase of 
transcript C/C was much less pronounced (2.7 and 2.3-fold increase in CA3 and 
hilus, respectively) and at 2 hrs, expression had returned to baseline. There were no 
significant changes of the expression of transcript B/B' in CA3 and dentate hilus. 
Kindling stimulations had no effect on the level of transcript D/D’ in any 
hippocampal region. We conclude that kindling-induced seizures increase 
hippocampal BDNF mRNA levels through the usage of three promoters within the 
BDNF gene. The pattern of promoter activation is specific for each subregion in the 
hippocampus, which might be of importance for the effectiveness of protective 
responses as well as plastic changes following brain insults.

111.8
TRANSECTIONS OF THE ANGULAR BUNDLE INCREASE 
NEUROTROPHIN MRNA EXPRESSION IN THE HIPPOCAMPAL 
FORM ATION. Kemmerer, B. L_Gwag. E. L. Mancali*, and J. E.
Springer. Department of Neurology and the Alzheimer Research Center, 
Hahnemann University, Philadelphia, PA 19102.

Two members of the neurotrophin family, nerve growth factor (NGF) and brain- 
derived neurotrophic factor (BDNF), are expressed in high levels in the 
hippocampal formation. The major excitatory input to the hippocampal formation 
is glutamatergic and arises from neurons located in the entorhinal cortex. The 
entorhinal cortex exhibits severe neuropathological features in patients with 
Alzheimer's disease. It has been demonstrated that BDNF, but not NGF messenger 
RNA (mRNA) levels are decreased in the hippocampal formation of patients with 
Alzheimer's disease. In the present study it was determined whether damage to the 
entorhinal pathway influences the expression of mRNA for NGF and BDNF in the 
hippocampal formation. Animals received unilateral transections of the angular 
bundle, and the expression of NGF and BDNF mRNA was determined using in situ 
hybridization histochemistry. Levels of mRNA were determined at 15 min, 4 hours 
and 24 hours following transection of the angular bundle. Both NGF and BDNF 
mRNA levels were dramatically increased in the dentate gyrus of the hippocampal 
formation at 4 hours following damage. No changes in the mRNA of either 
neurotrophin were observed at 15 min or 24 hours. In addition, the levels of c-fos, 
an immediate early gene that may precede neurotrophin gene expression, were 
elevated in the dentate gyrus and cortex at 15 min, but not 4 or 24 hours following 
transection. Interestingly, the effects of angular bundle transection were not blocked 
by pretreatment with glutamate antagonists. These results establish that the 
deafferentation of entorhinal input to the hippocampal formation increases NGF 
and BDNF mRNA expression. It is possible that the compromised status of the 
entorhinal cortex in patient’s with Alzheimer's disease may ultimately influence the 
expression of these two neurotrophins. Supported by PHS grants AG08969 and 
NS30502 and the Alzheimer Research Center at Hahnemann.

111.10
FLUOROCITRATE, A METABOLIC INHIBITOR OF GLIAL FUNCTION, 
INDUCES NGF AND BDNF mRNA IN THE RAT HIPPOCAMPAL FORMATION 
В-J. Gwag*, K.Kemmerer. V. Robin. J. Lehmann. F.M. Sessler. and LE. Springer 
Department of Neurology, Washington University School of Medicine, St Louis, MO 
63110 (BJG) Departments of Physiology and Biophysics (JL, FMS, and JES), and 
Neurology (KK, VR, and JES) Hahnemann University School of Medicine, 
Philadelphia, PA 19102-1192.

Several studies have supported the involvement of glutamatergic-mediated neuronal 
events in regulating neurotrophin mRNA expression in the central nervous system. 
The effects of glutamate are mediated through ionotropic or metabotropic glutamate 
receptors. Glutamate levels at the synaptic cleft are regulated by an equilibrium 
between calcium-dependent glutamate release into the synaptic cleft and glutamate 
uptake primarily into glial cells. In the present study, we used in vivo microdialysis 
and in situ hybridization to investigate whether blockade of glial cell metabolism will 
influence glutamate levels in the extracellular space and mRNA levels of two 
neurotrophins, nerve growth factor (NGF) and brain-derived neurotrophic factor 
(BDNF) in the hippocampal formation. Female Long Evans rats were anesthetized 
with pentobarbital and placed into a stereotaxic apparatus. A total of l-2nmoles of 
fluorocitrate, an inhibitor of glial cell metabolism, was injected into the hippocampal 
formation. Over a 4 hour time period, fluorocitrate treatment resulted in a significant 
increase (3-5 fold) in glutamate levels over time, while glutamine levels significantly 
decreased. These data support the decreased metabolic activity of glial cells as assessed 
by the selective effect of fluorocitrate on glutamate and glutamine levels. In situ 
hybridization histochemistry revealed that fluorocitrate injections into the hippocampal 
formation increases the expression of NGF and BDNF mRNA in dentate granule cells. 
The fluorocitrate-induced increase in NGF and BDNF mRNA was blocked by 
pretreatment with the N-methyl-D-aspartate (NMDA) receptor antagonist, AP5. The 
present results provide evidence that mRNA expression of neurotrophins in the 
hippocampal formation can be modifed by glial activity, as well as neuronal activity 
regulating levels of synaptically-released glutamate through NMDA receptors. 
Supported by PHS grants AG08969 and NS30502 and the Alzheimer Research Center.

111.12
ACTIV ITY -DEPEND EN T CHANGES IN NEUROTROPH IN  
EXPRESSION IN RAT HIPPOCAM PAL SLICES - STIMULI 
INDUCING LTP EVOKE INCREASES IN BDNF AND NT-3
mRNAS. S,L, Patterson*1, M, Bothwell1. and P.A. Schwartzkroin1,2 

1 2Dept. Physiology & Biophysics and Dept. Neurological Surgery , Univ. of 
Washington, Seattle, WA 98195.

Hippocampal neurons are known to be a major CNS site of expression for 
the neurotrophins - nerve growth factor (NGF), brain derived neurotrophic 
factor (BDNF), and neurotrophin 3 (NT-3). It has recently been shown that a 
variety of strong artificial stimuli, such as experimentally induced seizure and 
high [K+] (in culture) can induce dramatic increases in neurotrophin expression 
in adult hippocampal neurons. However, less is known about the modulation 
of neurotrophin expression by stimuli more closely resembling normal brain 
activity. We have recently begun to exploit the unique advantages of the 
hippocampal slice preparation for studying the role of specific neuronal 
activity and neuromodulatory substances in the regulation of neurotrophin 
expression. In an earlier report, we demonstrated that appropriate patterns of 
neurotrophin expression are observed when in  s itu  hybridization is performed 
upon hippocampal slices that have been incubated for several hours in a slice 
chamber, and that a stimulus paradigm that induces long term potentiation 
(LTP) in the CAI pyramidal cell layer evokes increases in BDNF and NT-3 
mRNAs specific to the CAI neurons (Patterson et al., Neuron, Voi. 9, 1081- 
1088, 1992). We now report that a stimulus paradigm inducing LTP in the 
dentate can also evoke region-specific increases in BDNF and NT-3 mRNAs.
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1 1 1 .1 3
SEIZURE-RELATED INCREASE OF FGF-2, FGF-5 AND f i g  FGF 
RECEPTOR mRNAs IN THE RAT BRAIN. F. Gómez-Pinilla*. E, A. 
van der Wal and C. W. Cotman. IRU in Brain Aging. University of 
California, Irvine, CA 92717.

Increasing evidence indicates that growth factors are not solely 
regulated by injury conditions but also by neural activity. FGF-2 and 
FGF-5 are present in the brain, both appear to interact with f ig  FGF 
receptor, however, the mechanism of regulation is still elusive. We 
induced seizure activity in adult Sprague-Dawley rats by a single 
injection of kainate (10 mg/kg, ip), and sacrificed 3 ,6 ,1 2 ,2 4 , and 48 h 
later. The tissue was sliced and processed for in  s i t u  hybridization using 
three 35 s-labelled riboprobes complementary to FGF-2, FGF-5 and f ig  
FGF receptor mRNAs, respectively. In normal hippocampus, FGF-2 
mRNA was mainly located in CA2 region. 3 h after injection, there was 
a slight increase of FGF-2 expression in CA2 and the granule cell layer 
of the dentate gyrus. The effect was maximal between 6 h and 12 h, 
involving the molecular layer of the dentate gyrus and cerebral cortex. 
FGF-5 mRNA in normal rats was located in CA3 and secondarily in 
CAI, CA2 and CA4. Between 6 h and 12 h there was an enhancement 
in FGF-5 expression in the different hippocampal subfields, dentate 
gyrus and cerebral cortex. In normal hippocampus, f ig  FGF receptor 
mRNA was located essentially in the pyramidal layer o f CA2, CA3 and 
CA4 regions. By 3 h post-injection there was a slight increase of 
hybridization signal in the same regions. The effect was greatest at 6 h 
including the dentate gyrus granular layer. In all the three conditions, the 
effect was depressed by 24 h and had almost disappeared by 48 h. Our 
results indicate that the FGF system can be regulated at the level of 
mRNA expression by neuronal activity.

1 1 1 .1 5
Blockade of Seizure Induced BDNF mRNA Increases by a Specific 
Calcium/Calmodulin-Dependent Protein Kinase Type II Inhibitor.
К.Р.Мштау,*  ̂ C.M. Gall,* P.L.Wood,5 and P.J.Isackson5 Dept. of Anatomy and 
Neurobiology, University of Calif., Irvine, CA 92717,1 and Dept. Pharmacology5 and 
Biochemistry and Molecular Biology8, Mayo Clinic, Jacksonville, FI 32224 

Brain derived neurotrophic factor (BDNF) mRNA levels have previously been 
shown to be upregulated following increased neuronal activity. Similarly, the 
abundant forebrain protein Camll kinase, thought to play a pivotal role in excitatory 
synaptic transmission has also been shown to modulated by neuronal activity, and 
is present in the same cellular populations as BDNF mRNA. To investigate a 
possible role for Camll kinase in the regulation of BDNF mRNA we applied 400 
pmole of the specific Camll kinase inhibitor 1 - [N, O-В is(5-isoquinoline-sulfony 1)7V- 
methyl-L-tyrosyl]-4-phenylpiperazine (KN-62) via bilateral icv injections 20 min. 
prior to an intraperitoneal (IP) injection of kainic acid (KA) (10mg/kg). Four hours 
following KA injection adult male Sprague Dawley rats were sacrificed and their 
brains processed for in situ hybridization using a riboprobe complimentary to 720bp 
of rat BDNF mRNA. All animals administered KA exhibited behaviorally verified 
seizures. In animals given KA alone, elevated levels of BDNF mRNA were detected 
in the dentate gyrus granule cells (dg) (18 fold), pyramidal cells of region CA3 (4 
fold), and CAI (6 fold) as well as piriform cortex (pc) (10 fold) and deep (3 fold) 
and superficial (6 fold) neocortex. In contrast dramatically lower BDNF mRNA 
increases were detected throughout pc (4 fold) and deep (1.1 fold) and superficial (2 
fold) neocortex in animals pretreated with KN-62. Only slightly lower increases 
were seen in dg (16 fold) and region CA3 (3 fold) and CAI (4 fold) of 
hippocampus. A blockade of increased BDNF mRNA levels following KA treatment 
was not detected following pretreatment with the control molecule KN-04, a lower 
affinity analog of KN-62. These data suggest a requirement for Camll kinase 
activity in the regulation of BDNF mRNA in specific neuronal populations following 
KA induced seizures.

1 1 1 .1 7
GLUTAMATE RECEPTOR ACTIVATION INCREASES BRAIN- 
D ER IV ED  N E U R O T R O P H IC  F A C T O R  mRNA IN 
ORGANOTYPIC HIPPOCAMPAL CULTURES. S. Rivera*#. P.W. 
Vanderklish§, G. Lvnch§ & C.M, Gall#. Department of Anatomy & 
Neurobiology# and Center for_the_NearQbiQlogy of Learning & MemorvS. 
University of .California J r yine, CA,

The influence of kainic acid (KA) or N-methyl-D-aspartate (NMDA) treatment 
on brain-derived neurotrophic factor (BDNF) mRNA expression was studied in 
hippocampal organotypic cultures using in  s itu  hybridization histochemistry. 
Slices (400 pm thick) from 12 day-old rats were explanted onto Millipore®- 
membranes and cultured with media containing serum in a humidified incubator at 
37 “C and 5% CO2 . After 3 weeks in culture, the explants retained the basic 
physiology and cytoarchitecture of the hippocampus in  v iv o . At this time after 
explantation, the tissue was incubated for 15 min with either 20 μΜ KA or 
NMDA. Epileptiform activity elicited by KA, which was evident immediately 
following its application, was barely detectable by 1 h after drug washout. 
Hybridization to BDNF mRNA increased 4-fold in the granule cells and 2-fold in 
the pyramidal cells by 3 h post-KA treatment. By 24 h, hybridization in the 
granule cells had virtually returned to baseline levels but was still elevated in the 
pyramidal cells of the CA3 subfield. By 3 h post-NMDA treatment, hybridization 
was significantly increased in the granule cell layer. At this time point, KA- and 
NMDA-mediated increases in BDNF hybridization density were attenuated or 
prevented by antagonists of their respective receptors. With both KA and NMDA 
treatment, the increase in BDNF rnRNÄ was preceded by an earlier increase in c- 

f o s  mRNA in all cell body layers. These results suggest that BDNF mRNA 
expression is regulated by neuronal activity via glutamate receptor activation, and 
that the organotypic hippocampal slice culture is well suited to further 
characterize the pharmacological specificity of these effects. Supported by 
AG00538.

1 1 1 .1 4
S E IZ U R E  M E D IA T E D  IN D U C T IO N  O F F IB R O B L A S T  GROW TH  
FA C TO R -2 A N D  FLG  R E C E P T O R  IN  TH E R A T  B R A IN . E.A. van  
der Wal*, F. Gómez-Pinilla and C.W. Cotm an, Irvine Research U n it in 
Brain Aging, University o f California, Irvine, CA 92717

Fibroblast growth factor-2 (FGF-2) and its  receptor are upregulated  
following CNS traum a, how ever the identity  of th e  specific physiological 
and m olecular sign als involved rem ains e lu sive. Since several studies  
reported the regulation of other neurotrophins in response to neuronal 
activity, we exam ined a possible regulation of FGF-2 and its  fig  receptor 
by afferent activity. Adult m ale Sprague-Daw ley rats were injected with 
kainic acid (KA; 10 mg/kg) i.p. The ra ts th at displayed lim bic seizures 
w ere sacrificed  a fter  3, 6 , 12, 24 and 48  h , and p rocessed  for 
im m unohistochem istry. We used  a m onoclonal neutraliz ing  anti FGF-2 
antibody and a m onoclonal antibody th at recognizes the fig  receptor. In 
normal brain, FGF-2 sta in ing w as restricted to th e nucleus o f astrocytes 
that were evenly distributed throughout th e brain, and a few  neuronal 
populations such as th e CA-2 region o f the hippocam pus. A t 6 h  FGF-2 
im m unoreactivity was increased in astrocytes, shown as an enlargem ent 
o f the nucleus and spreading o f the staining to the processes. This process 
continued to develop m ainly in the cortex, hippocam pus and hypothalamic 
region until 48 h. The fig  receptor im m unoreactivity w as virtually absent 
in control brain tissue, with the exception o f a sporadically stained CA-1 
neuron or glial cell. At 6 h  after KA injection, f lg  p ositive cells  were 
located throughout the stratum  oriens along the CA1, CA2 and CA3 
pyram id al layer. F lu o rescen t double la b e llin g  id en tif ied  th e  f lg  
im m unoreactive cells as astrocytes. The flg  im m unoreactivity a t 24 h was 
distributed throughout the hippocam pus and cerebral cortex and some 
neuronal sta in in g  appeared in  th e  cortex and pyrim idal layer o f the  
hippocampus. The induction of FGF-2 and its  receptor w as attenuated by 
diazepam , a  seizure suppresser. Our resu lts  ind icate  th a t th e FGF 
system  is regulated a t the protein level by neuronal activity.

1 1 1 .1 6
THE EXPRESSION OF NEUROTROPHINS AND THEIR 
RECEPTORS AFTER EXCITOTOXIC LESION OF THE 
HIPPOCAMPUS. Suzuki F.. Junier M.P.. Onteniente B * . 
INSERM CJF 91-02, UFR de Medecine, 94010 Creteil, France.

Hippocampus is an important site of neuronal plasticity. It contains 
the highest brain levels of several neurotrophic factors, including 
neurotrophins. Their expression has been correlated with reactive 
axonal sprouting or neuronal survival of afferent systems, both of 
them being essential components of recovery from brain injury.

We have investigated changes in the expression of BDNF, NGF 
and their high affinity receptors in two afferent regions of Ammon’s 
horn, the dentate gyrus and the medial septum following target 
deprivation by excitotoxic lesion of CAI to CA4 hippocampal fields.

Granule cells o f the dentate gyrus (DG) responded by a dramatic 
increase in somatic size. This was paralleled by an increase in NGF, 
BDNF and trkB mRNA, as assessed by in situ hybridization. These 
metabolic and morphological alterations appeared 4 days after the 
lesion and lasted for 4 weeks. NGF mRNA increase was not 
correlated with an increased labeling of DG cells by anti-NGF or anti- 
trk-antibodies, although they both labeled reactive astroglia in 
Ammon's horn and the hilar region. The septal region displayed no 
change in either of the parameters except for an intense labeling of 
astrocytes by anti-trk antibodies in the dorsolateral nucleus.

These data show a differential response of septal and dentate gyrus 
cells to the loss of their hippocampal targets. They further suggest that 
BDNF may act in an autocrine manner in granule cells of the DG to 
induce specific morphological changes.

1 1 1 .1 8
EFFECTS OF CEREBRAL HEMISPHERECTOMY ON BRAIN 
DERIVED NEUROTROPHIC FACTOR AND NEUROTROPHIN-3 
mRNA EXPRESSION IN DEVELOPING RAT BRAIN. H.T. 
Chugani*. H.I. Kornbliim. K. Tatsukawa. and C.M. Gall, Division of 
Pediatric Neurology,UCLA School of Medicine, Los Angeles, CA, 
90024 and Dept. Anatomy and Neurobiology UC Irvine, School of 
Medicine, Irvine, CA 92717.

Cerebral hemispherectomy is performed on children with intractable 
epilepsy. Prior experiments have demonstrated the development of 
novel corticofugal pathways following hemispherectomy in young, but 
not adult animals. In the present study, we have examined the effects of 
cerebral hemispherectomy on expression of BDNF and NT-3 mRNAs 
in rat brain, in order to determine a possible role for these trophic factors 
in this anatomical plasticity. Unilateral aspiration of cortex was 
performed on rats aged P6 or P12, or on adults. Rats were sacrificed 1, 
7, or 30 days later and mRNA localized by in situ hybridization using 
radiolabelled cRNA probes. One day after surgery performed at P12, 
BDNF mRNA levels were markedly elevated in piriform and entorhinal 
cortex, amygdala, and the dentate gyrus and CA3 areas of the 
hippocampus, ipsi- and contralateral to the lesion. There was litle effect 
on hybridization of surgery performed on adult or P6 animals. In 
contrast to BDNF, hybridization for NT-3 mRNA was markedly lower 
in the ipsilateral ventrolateral and posterior thalamic ares, only in 
animals operated on at P6 and sacrificed one day later. These data 
demonstrate that BDNF and NT-3 mRNA expression are differentially 
regulated following hemispherectomy and that they may play different 
roles in anatomical plasticity following surgery, and that effects on 
expression are dependent upon age at the time of lesion.
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111.19
CEREBRAL HEMISPHERECTOMY ALTERS EXPRESSION OF 
TRANSFORMING GROWTH FACTOR a mRNA IN DEVELOPING 
RAT BRAIN. H.I. Kornblum*. K. Tatsukawa. H.T. Chugani. and 
CM Gall. Div. Pediatric Neurology, UCLA, Los Angeles, CA 
90024, and Dept. Anatomy and Neurobiology, UC Irvine, Irvine, CA 
92717.
Tmnsfonning growth factora (TGFa) acts at the epidermal growth 

factor receptor and has neurotrophic activity in vitro. Cerebral 
hemispherectomy (hemidecortication) is performed on some children to 
alleviate intractable epilepsy. Prior studies have demonstrated improved 
functional recovery in both children and animals when the surgery is 
performed at a very early age. In the present study, we performed in 
situ hybridization for TGFa mRNA on brains of rats which underwent 
hemispherectomy at postnatal day (P) 6, P12 or in adulthood, and 
sacrificed one, 7, or 30 days following surgery. Striatal expression in 
unoperated controls was very high at P6 and then decreased throughout 
development. In animals undergoing lesion at P6 and P12, 
hybridization levels were depressed in the ipsi lateral neostriatum one 
day after surgery and then elevated to supranormal levels 7 and 30 days 
post-operatively. Maximal decreases (40% below contralateral side) 
were seen in animals lesioned at PI2 and sacrificed the next day.
Maximal elevations (60% greater than opposite neostriatum) were seen 
in animals operated on at P6 and sacrificed 30 days later. Expression in 
the adult animal was only mildly affected, with significant elevation in 
the ipsilateral caudate only in animals sacrificed 7 days postoperatively. 
These data indicate that altered TGFa expression may play a role in 
normal development or the functional recovery of the neostriatum 
following cerebral hemispherectomy.

111.21
TEMPORAL PATTERN OF GFAP COMPARED WITH NT3 mRNA EXPRESSION 
IN RESPONSE TO ADRENALECTOMY-INDUCED CELL DEATH IN THE 
DENTATE GYRUS. M.M. Duqich-Diordievic*. T.E. Morgan. F. Непі, C.E. Finch 
and N.R. Nichols. Andrus Gerontology Center and Dept. of Biological 
Sciences, Univ. of Southern California, Los Angeles CA 90089-0191.

Previously, we cloned glial fibrillary acidic protein (GFAP) from 
hippocampus as a mRNA that is increased after adrenalectomy (ADX). The 
cDNA library that was screened by differential hybridization was made from 
mRNA from adult male F344 rats that were ADX for 3 days and ADX and 
treated with CORT for 3 d (10 mg/d). Since this ADX paradigm results in an 
increase in cell death in the dentate gyrus which can be rescued by CORT 
treatment (Neuroscience 37:367, 1990), GFAP mRNA up-regulation in the 
hippocampus may be either a response to neuro-degeneration, or to ADX or 
both. To investigate, we compared GFAP mRNA in situ hybridization patterns 
with NT3 mRNA expression and with the temporal appearance of pyknotic 
cells in the dentate gyrus. In the subgranular layer of the suprapyramidal 
blade of the dentate gyrus, GFAP mRNA was increased 300% at 3 d but not 
1 d after ADX, compared with intact rats, and was decreased in response to 
3 d CORT treatment. After 3 d ADX, GFAP expression was greatest 
throughout the subgranular, hilar and molecular layers. In contrast, GFAP 
mRNA increased only 30% in the corpus callosum after 3 d ADX and 
decreased in response to CORT. Our previous finding that NT3 mRNA 
decreased in response to 1 d ADX, indicates that a change in neurotrophin 
expression preceeds both the increase in GFAP mRNA and the appearance 
of pyknotic cells. These data suggest that the increased expression of GFAP 
in the hippocampus is likely to be both a response to cell death and to the 
removal of CORT. Altered neurotrophin regulation may contribute to ADX- 
induced cell death in the adult dentate gyrus, supported by ag 07909.

111.20
INCREASES OF bFGF IN THE VENTRAL MIDBRAIN AND THE STRIATUM OF 
THE RAT AFTER NIGRAL INJECTION OF 6 -OHDA. A TIME COURSE STUDY 
USING SITU HYBRIDIZATION AND IMMUNOCYTOCHEMISTRY.
G. Chadjl , A Linpoldri, R. PettersoiA  K. Fuxe*1 . J D e p t  o f  H i s to lo g y  a n d  
N e u r o b io lo g y .2  L u d w ig  In s ti tu te  f o r  C a n c e r  R e s e a rc h -S to c k h o lm  B ra n c h , K a ro lin sk a  
In stitu te , S to c k h o lm , S w e d en .

Basic fibroblast growth factor (bFGF, FGF-2) immunoreactivity (Ш) and mRNA 
levels have been demonstrated in nigrostriatal and mesolimbic dopamine (DA) 
systems of the rat. Increases in brain bFGF IR and bFGF mRNA levels have been 
reported after several types of brain lesions. We can now demonstrate increases of 
bFGF mRNA levels and IR after 6 -OHDA-induced degeneration of the DAergic cells 
of the substantia nigra (SN). 6 -OHDA (8μg/4pl) was stereotaxically injected into SN 
of the male rat. By means of immunocytochemistry and in situ hybridization 
techniques we have studied the time course (2Һ, 4Һ, 24Һ, 72Һ, 7 days and 14 days) of 
the increases of the bFGF mRNA and IR following these lesions. Increases of the 
bFGF mRNA levels were observed in the SN and ventral tegmental area (VTA) on die 
injected side of the lesioned animals already after 2Һ with a massive increase after 24Һ 
followed by a gradual decrease as evident at 72Һ. After 14 days a weak increase of the 
bFGF mRNA was still observed in these regions. Increases of the bFGF mRNA 
levels were also seen on the ipsilateral side of the neostriatum at 2, 4 and 24Һ. A 
marked disappearance of the bFGF immunoreactive nerve cells of the zona compacta 
of the SN (SNC) and the VTA was observed starting 24Һ after the 6 -OHDA injection. 
The surviving DA cells of the lesioned SN showed increased cytoplasmic bFGF IR. 
The density of astroglial cells expressing bFGF IR increased on the ipsilateral side of 
the SNC, the zona reticulata of the SN and the VTA as seen already 24Һ after the 
lesion and continued to increase until the 7th day after the injection. These glial cells 
also showed increased nuclear bFGF IR. After 14 days an increased numb«· of nuclear 
bFGF immunoreactive astroglial cells were still found in these regions. These 
findings indicate that astroglial bFGF plays a protective role against the 6 -OHDA- 
induced lesions of the nigrostriatal and mesolimbic DA systems.

Supported by FAPESP (91/2989-9) and Wenner-Gren Center Foundation.

111.22
UPREGULATION OF BDNF mRNA EXPRESSION IN THE BARREL CORTEX OF 
ADULT MICE FOLLOWING WHISKER STIMULATION.
N. Rocamora1. E. Welker2. E. Soriano1, A.M. Planas3* and H. Van der Loos2.
’Unit Cell Biology, Fac. Biology, Univ. Barcelona, 08028 Barcelona, Spain.
2Inst. Anatomy, Univ. Lausanne, 1005 Lausanne, Switzerland.
JDepL Pharmacol. & Toxicol., C.S.I.C. 08028 Barcelona, Spain.

Several structural, functional and chemical characteristics of the cerebral cortex 
depend on sensory input in both developing and adult animals. B ra in  d er ive d  
n eu rotroph ic f a c to r  (BDNF) is regulated by neuronal activity and has been proposed 
to be involved in neuronal plasticity. To investigate the role of BDNF in adult 
plasticity in the somatosensory cortex, we analysed BDNF mRNA expression in the 
barrel cortex after selective stimulation of the whisker-to-barrel pathway. Adult mice 
of the ICR-derived NOR strain were stimulated by gluing small metal rods onto 
whiskers B(l-3) & C(l-3) and subjecting the animals to magnetic field bursts. After 
stimulation mice were anaesthetised and perfused with 4% paraformaldehyde. Their 
brains were cryoprotected in 30% sucrose and frozen on dry ice. 3ÎS-labelled antisense 
BDNF-riboprobe was hybridised to either coronal or tangential 20 pm sections. 
Material was analysed using film or emulsion autoradiography.

In the barrel cortex of control mice, there are weak BDNF hybridization signals in 
only a few cells in layers П-Ш and V-VI. In mice stimulated for 6Һ, increased levels 
of BDNF mRNA were found in a column extending from layer П to VL Both the 
number of cells expressing BDNF and the intensity of labelling in individual cells 
were increased. Remarkably, in such stimulated cortical columns, BDNF is also 
expressed in cells in layer IV, which in controls is devoid of labelling. These results 
demonstrate that peripheral sensory stimulation induces an upregulation of BDNF 
mRNA in the somatosensory cortex and, therefore, supports a role of this neurotrophic 
factor in activity-dependent plasticity in the adult cortex. Support: FIS and MEC 
(Spain) and Swiss NSF 31-30932.

111.23 111.24

BRAIN DERIVED NEUR O TR O PH IC  FACTO R GENE  
EXPRESSION IN AGED H UM AN BRAIN. C. E. Bvm e*  
and E. J. Mufson. Dept. of Neurol. Sei., Rush-Presbyterian St. 
Luke’s Med. Ctr, Chicago, IL. 60612.

Brain derived neurotrophic factor (BDNF), a member of the NGF 
family of neurotrophins, is involved in survival and maintenance of 
select populations of CNS neurons across development. The pattem 
of expression of BDNF within neo- and limbic cortices in the aged 
human brain is incompletely understood. Therefore, we used in  s itu  
hybridization with a radiolabeled RNA probe for BDNF to examine 
the gene expression of this neurotrophin within the superior, middle 
and inferior temporal cortices, hippocampal complex and amygdala 
of neurologically normal aged humans (mean age=83 years). Slot 
blot analysis of the BDNF probe revealed no cross-hybridization to 
NGF, NT-3 or NT-4/5 transcripts. Within the temporal cortices we 
observed widespread hybridization with a greater density of BDNF 
mRNA-positive cells in the supragranular as compared to the 
infragranular layers. In the hippocampal formation, BDNF mRNA 
was present in the dentate granule cells, the pyramidal cells 
throughout the CA region, and in layer 2 stellate cells o f entorhinal 
cortex. BDNF mRNA hybridization was also observed throughout 
the amygdaloid complex, especially within its more medial and lateral 
aspects. Preliminary analysis in Parkinson's disease indicates a loss 
of BDNF gene expression in the hippocampal formation as 
previously reported in AD (Phillips et al., ’91). In addition, 
numerous neurons containing BDNF mRNA were seen within the 
nucleus basalis subfields where the gene for p75 NGFR is also 
expressed. (Support Washington Square Health Foundation).

D IS T R IB U T IO N  OF THE NEUROTROPHINS AND TH E IR  RECEPTORS IN  
THE AGING MOUSE B R A IN . K .  A . B a i l e v .  S . S . T a n * .  K . 
B e v r e u t h e r  a n d  C . L .  M a s t e r s . D e p a r tm e n ts  o f  P a th o lo g y  
a n d  A n a to m y , T h e  U n i v e r s i t y  o f  M e lb o u rn e ,  V i c t o r i a  3 0 5 2 , 
A u s t r a l i a ;  C e n te r  f o r  M o le c u la r  B io lo g y ,  U n i v e r s i t y  o f  
H e id e lb e r g ,  G erm any

T h e  n e u r o t r o p h in s  a r e  a  f a m i l y  o f  r e l a t e d  p r o t e i n s  
c o m p r i s in g  n e r v e  g r o w t h  f a c t o r  (N G F ) , b r a i n - d e r i v e d  
n e u r o t r o p h ic  f a c t o r  (B D N F ), n e u r o t r o p h in - 3  ( N T - 3 ) ,  a n d  
n e u r o t r o p h i n - 4 / 5  ( N T - 4 / 5 ) .  I t  i s  k n o w n  t h a t  t h e s e  
p r o t e i n s  s u p p o r t  t h e  s u r v i v a l  o f  s u b p o p u la t i o n s  o f  
n e u r o n s  d u r i n g  d e v e lo p m e n t ;  h o w e v e r  l i t t l e  i s  k n o w n  
a b o u t  t h e i r  r o l e  i n  t h e  a d u l t  b r a i n .  We a r e  i n t e r e s t e d  
i n  d e t e r m in in g  t h e  r o l e  o f  t h e  n e u r o t r o p h in s  a n d  t h e i r  
r e c e p t o r s  i n  n o rm a l a g in g  o f  t h e  c e n t r a l  n e r v o u s  s y s te m , 
a n d  i f  t h e y  a r e  im p l i c a t e d  i n  n e u r o d e g e n e r a t iv e  d is e a s e s  
i n c l u d i n g  A lz h e im e r 's  d is e a s e .  M ic e  o f  v a r io u s  a g e s  (6  
w e e k , 1 y e a r  a n d  2 y e a r )  w e re  u s e d  a n d  t h e  l e v e l s  o f  
BDNF a n d  i t s  r e c e p t o r ,  T r k  B , d e t e r m in e d  b y  N o r t h e r n  
a n a l y s i s .  R e s u l t s  s u g g e s t  t h a t  t h e  l e v e l s  o f  mRNA f o r  
b o t h  p r o t e i n s  d o  n o t  a l t e r  s i g n i f i c a n t l y  d u r in g  n o r m a l 
a g in g .  I n  a d d i t i o n ,  i n  s i t u  h y b r i d i z a t i o n  s h o w e d  n o  
c h a n g e  i n  t h e  d i s t r i b u t i o n  o f  BDNF a n d  T r k  B . 
T h e r e f o r e ,  i t  a p p e a rs  t h a t  t h e  l e v e l s  o f  BDNF a n d  T r k  В 
r e m a in  c o n s t a n t  t h r o u g h o u t  a d u l t h o o d  a n d  a n y  d i f f e r e n c e s  
o b s e rv e d  i n  n e u r o d e g e n e r a t iv e  d is e a s e s  a r e  a  r e s u l t  o f  
t h e  d is e a s e  a n d  n o t  a  n o r m a l a g in g  p r o c e s s .
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111.25
P H A R M A C O L O G IC A L  R E G U L A T IO N  O F  N E U R O T R O P H IN  m R N A  
E X PR E SSIO N  IN T H E  CNS: A P P L IC A T IO N  T O  T H E  A T T E N U A T IO N  O F  
A G E - A N D  L ESIO N -IN D U C E D  C H O L IN E R G IC  N E U R O D E G E N E R A T IO N
F. B ald ino  J r .* . P. A . Lapchak. K . H artp en ce. E . R obbins. M . S. Saporito . J. L. 
V aught. H . W ilcox  and S. C arsw ell. C ephalon  In c., 145 B ran dyw in e P arkw ay, 
W est C hester, P A  19380-4245.

R ecen t pharm acological studies have show n th at ch ron ic N G F  treatm ent 
increases cholinergic functions in  lesioned  and aged  rats and reverses m em ory  
d eficits associated  w ith  d ecreased  ch olinergic fu nction  (review : L apchak , Rev. 
N eurosci. 3 (2):109 , 1992). T he p resent study d eterm ined  w h eth er  dexam etha- 
sone (D EX ) a lters N G F m R N A  levels in aged  F 344 rats o r  adult Sprague D aw ley  
(SD ) rats w ith  partia l fim bria! transections. F irst, n eith er  N G F  m R N A  levels  
nor N G F  protein  levels w ere  changed  in  th e  h ippocam pal form ation  (H F ), basal 
forebrain  (b f), frontal cortex (FC ) o r  striatum  o f F 344 rats d uring  aging. 
Second, w e have confirm ed th at th ere  is  a  ch o linerg ic d eficit (a  30%  decrease o f  
СҺАТ activity) in  th e striatum  o f aged  F 344 rats but not in  any o f  th e  other  
regions exam ined. T hird , th e effects o f  acu te D E X  trea tm en t (2 .0  m g/k g , ip) on 
N G F  m R N A  levels in 2 ,1 4  and 27 m onth  old  F 344 rats w e re  d eterm ined . D E X  
treatm ent (2.0 m g/m g) increased  N G F  m R N A  leve ls  in  th e  F C  and H F  in  F344  
rats o f  all th ree ages by 35-70%  and 20-50% , respectively . N G F  m R N A  levels  
w ere unchanged in  th e b f  and striatum  fo llow ing  D E X  treatm en t. T he p resent 
study also determ ined th e  effects o f  ch ron ic D E X  trea tm en t (0 .5  m g/k g , ip , qod, 
14 days) on  N G F  m R N A  levels in  th e  H F , b f  and FC  o f  fim b riectom ized  SD  rats. 
N G F m R N A  levels w ere  elevated  in  th e FC by 105%  and b f by 6 0 % , but not 
H F. D E X  treatm ent did not a lter  N G F  prote in  leve ls in  e ith er  aged  F344 or  
adult SD  rats. S tudies are in  progress to  determ in e w h ether  the  
pharm acological induction o f  N G F is a  feasib le  approach  to attenuate eith er  
age-induced or  lesion-induced ch olinergic n eurodegeneration .

111.27
RETROGRADE TRANSPORT OF rHBDNF FOLLOWING 
CORTICAL, AMYGDALOID, HIPPOCAMPAL AND STRIATAL 
INFUSION IN RAT. J.S.Kroin1* T. Sobreviela2. R.D. Penn1 and E.J. 
M u fso n 2. Depts. of Neurol. Sci.2 and Neurosurgery1, Rush 
Presbyterian Med. Ctr. Chicago, IL. 60612.

BDNF mRNA distribution differs from that of other members of the 
NGF family of neurotrophins within the mammalian CNS. Therefore, 
human BDNF was infused at a rate of 3 μg/h with an Alzet 2002 
minipump into frontal cortex, amygdala, hippocampus and striatum in 
rats to examine its distribution within CNS neurons. After 7 days 
animals were perfused and immunohistochemically processed using 
turkey anti-BDNF (Amgen). Cortical infusion revealed numerous 
retrogradely labeled neurons within anterodorsal, laterodorsal, 
mediodorsal, reticular thalamic nuclei, nucleus basalis (СҺ4), lateral 
hypothalamic/lateral preoptic area and endopiriform nucleus. 
Am ygdaloid infusion retrogradely labeled neurons in the 
paraventricular, reuniens, mediodorsal thalamic nuclei, diagonal band, 
СҺ4, medial and anterior cortical amygdaloid nuclei and piriform 
cortex. Hippocampal infusion labeled only a few  neurons in 
septal/diagonal band complex, supramammillary region and peri-and 
entorhinal cortex. Labeled pyramidal neurons were seen in the 
ipsilateral and contralateral CA3-CA2. Intense bands of rHBDNF 
immunoreactivity were seen within stratum oriens and radiatum. 
Striatal infusion of rHBDNF revealed retrograde labeling in frontal 
cortical, parafascicular thalamic and substantia nigra, pars compacta 
neurons. Neuronal subgroups which selectively transport rHBDNF 
may respond specifically to this neurotrophin under normal or 
pathologic conditions.

111.29
IN T R A V E N O U S  N G F  C O N J U G A T E D  T O  A N  A N T IB O D Y  T O  T H E  
T R A N S F E R R I N  R E C E P T O R :  C E N T R A L  E F F E C T S  U P O N
C H O L IN E R G IC  N E U R O N S  IN  M O N K E Y S  J .H . K o r d o w e r * . E .I . 
M u fs o n . Y .-T . L iu . W .C . B e n z in e . L . W a lu s 1 . R .T . B a r tiu s 1 .  an d
P . M . F r id e n 1 D e p t . N e u r o lo g ic a l S c ie n c e s , R u sh  P r e sb y te r ia n  M e d . 
C tr ., C h ica g o , 111. 6 0 6 1 2  an d  1 A lk e r m e s  I n c . B o s to n  M A ., 0 2 1 3 9 .

Intravenous (iv) administration o f  N G F conjugated to an antibody directed against 
the transferrin receptor (N GFab) crosses the blood-brain barrier and enhances the 
viability o f  cholinergic basal forebrain implants (Friden et al., Science , 1993). The 
present study exam ined whether iv  infusion o f  the NG Fab-conjugate provides trophic 
support for cholinergic forebrain neurons in  nonhum an prim ates. C ynom ologous  
m onkeys received  com plete unilateral transections o f  the fornix and either the 
NGFab-conjugate (500  μ g  NGF; n=4) or nonconjugated N G F (500  μ g  n=4) the day 
prior to lesion , the day o f  lesion , and every other day p ost-lesion  for 14 days. 
N onlesioned  m onkeys a lso received the N G Fab-conjugate (n=2) or nonconjugated  
N G F (n=2). Significant reductions in cholinergic septal neurons were observed in all 
monkeys ipsilateral to the lesion and the magnitude o f  this effect did not differ across 
treatm ent groups. H ow ever, a ll s ix  m onkeys rece iv in g  the N G Fab-conjugate 
disp layed  num erous p75 N ö F  receptor-im m unoreactive (ir) neurons within the 
striatum, similar to what has been reported follow ing direct intrastriatal infusion o f  
N G F (G age et al., Neuron, '89.) These ce lls  colocalized  choline acetyltransferase and 
were preferentially distributed along the lateral aspects o f  the putamen and caudate. 
O ne fornix lesioned  m onkey receiving nonconjugated N G F  d isp layed  p75 N G F  
receptor-ir neurons as w ell. T w o o f  four fornix transected m onkeys infused with the 
N G Fab-conjugate, a lso  d isp layed  an enhanced АСҺЕ fiber p lexus w ithin the 
hippocampus w hich may originate from intact neurons within the diagonal band. 
T hese data indicate that intravenous infusion  o f  the NGFab-conjugate can provide 
NG F-like effects upon intact cholinergic foreb ain  neurons in nonhuman primates and 
supports the concept that m acrom olecules conjugated to the transferrin receptor 
antibody can cross the blood-brain barrier and influence C NS system s. (N S 25985).

111.26
B R A IN -D ER IV E D  N E U R O T R O PH IC  F A C T O R  (B D N F ) mR NA  
E X PR E SSIO N  IN  T H E  R A T  H IPPO C A M P U S: R E G U L A T IO N  B Y  D RU G  
T R E A T M E N T  A N D  C H O LIN ER G IC  D E A F F E R E N T A T IO N . D . M . A rauio*.
F. H efti and P. A . L apchak . A ndrus G e r o n t C tr., U SC , L os A n geles, C A  90089.

B D N F  is  selectively expressed  in  h igh  levels in  th e  h ippocam pus, w h ere  it is 
thought to  be involved in  m echanism s o f  neurodegeneration , neuroprotection  and 
p lastic ity , by interacting  w ith  a tyrosine receptor k in ase  (trk B ). In  A lzheim er's  
disease (A D ), B D N F  m R N A  expression  in  th e  h ippocam pus is  m arkedly  reduced  
(Ph illip s et a l., 1991, N euron 7: 695). E vidence from  drug trea tm en t and lesion  
studies in  th e  rat suggests that th is dow nregulation  o f  B D N F  m R N A  expression  
m ay be re lated , at least in  part, to  th e  loss o f  ch o linerg ic input to  the 
hippocam pus. Thus, cholinergic deafferentation  o f  th e  h ippocam pus, e ith er  by 
p artia l or  fu ll transections o f  th e fim bria-forn ix  resu lts in  m arked  reductions of 
B D N F  m R N A  levels (25-70% ), th at correla te w ith  th e  d egree  o f  loss of 
ch olinergic term inals. Furtherm ore, th ere appears to  b e an involvem ent o f mus
carin ic cholinergic receptors, since chron ic treatm en t w ith  a tropin e, but not 
nicotine , results in a significant reduction  (54% ) in  B D N F  m R N A  expression . In 
contrast, u nilateral lesions o f  th e  en torhinal cortex  do not ap pear to  affect the 
expression  o f  e ith er  B D N F  o r trk B  m R N A  in th e  h ippocam pus. In  addition, 
plaque-associated  com ponents m ay be involved  in  th e  dow nregulation  of 
hippocam pal B D N F  sythesis in  A D . F or exam ple, intrahippocam pal 
adm inistration  o f  ßA P , a m ajor p laque constituent, resu lts in  a  significant 
reduction  o f  B D N F , but not tr k B , m R N A  expression . S im ilar ly , interleukin-1  
(50-500 μg/k g ), w h ich  is elevated  in  A D , d ecreases h ippocam pal B D N F  m RNA  
expression . In  sum m ary, th e  results dem onstrate th at th e  d ecreased  levels of 
hippocam pal B D N F  m R N A  observed  in  A D  m ay b e re la ted  not only to 
im pairm ent o f  cholinergic function , but also to  th e  presence  o f  increased  levels of 
plaque-associated  proteins that dow nregulate its  syn thesis.

111.28
NERVE GROW TH FACTOR IM M UNO REACTIVITY IN  
TH E BA SA L FO R E B R A IN  AND H IPPO C A M PU S IN  
PRIM ATES AND ALZHEIM ER’S DISEASE. E.J. Mufson *K
J.M. Conner 2, S. Varon2, and J.H. Kordower1 Dept. Neurol. Sci., 
Rush Med. Ctr1. Chicago, IL 60612 and Depts. Neurosci. and Biol., 
UCSD, CA., 92093.

Nerve growth factor (NGF) supports die survival of basal basal 
forebrain (BF) cholinergic hippocampal and cortical projection neurons 
and may play a role in their degeneration in Alzheimer's disease (AD). 
We investigated the distribution of NGF within the BF and 
hippocampus of monkey, normal aged human and AD with an affinity 
purified polyclonal ß-NGF antibody raised against mouse ß-NGF. In the 
BF of all primates, a granular NGF-ir reaction product of varying 
intensity was observed within septal/diagonal band complex and 
nucleus basalis of Meynert neurons. NGF-ir exclusively colocalized 
within BF p75 NGFR neurons. In the hippocampus of both species, 
NGF-ir was localized within the hilus of the dentate gyrus and within 
CA3 and CA2 hippocampal subfields. A marked diminution in NGF 
staining was seen in CAI. Within the hippocampal formation, NGF-ir 
was heaviest within the neuropil of stratum radiatum, intermediate in 
stratum oriens and lightest in stratum pyramidal. NGF-ir was not 
found within granule or pyramidal cells of the dentate gyrus and 
hippocampal formation, respectively. In AD, remaining BF cholinergic 
neurons expressed reduced NGF-ir as compared to healthy appearing 
cells in AD and normal brain. This suggests impaired internalization 
and/or retrograde transport of target derived NGF in AD which may 
mediate, in part, cholinergic basal forebrain neuronal degeneration.
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112.1
STRIATAL CELLS REGULATE DOPAMINE TRANSPORTER GENE 
EXPRESSION IN RAT MIDBRAIN DOPAMINERGIC NEURONS IN
VIVO AND IN  VITRO. Ç,..Ewronp-Çftpapfl« Ш  u, di Pomo*. §.Gen.
Environm. Physiol., Naples Univ. and *§Inteml. Inst. Genetics Biophys., CNR, 
Naples, Italy
Using a quantitative RT/PCR method, we studied the expression of dopamine 
transporter (DAT) and tyrosine hydroxylase (TH) genes in rat DA nigro-striatal 
neurons during pre- and postnatal development. For comparative purposes, expression 
of the GABA transporter (GAT) mRNA was also analysed. The pattern of expression 
during in vivo development showed that DAT mRNA appeared only at around E15, 
whereas the otter genes examined were already expressed at E12. DAT mRNA showed 
a sharp increase after birth and reached adult levels two weeks after birth. On the 
contrary, GAT expression increased from E12 until birth. TH expression was low at 
E12 and E13 and increased at E14, reaching a plateau after birth.
The DAT onset in mesencephalic neurons appears to be concomitant with arrival of 
DA axons in the target striatum, suggesting that DAT gene expression may be 
regulated by postsynaptic target cells or by the innervation process. Therefore DAT 
mRNA was examined in primary cultures of foetal mesencephalic neurons at various 
stages of development or in coculture with E16 striatal cells. Increased expression was 
observed in mesencephalic neurons with time in vitro , similar to that observed in 
vivo. El 2 and E13 mes cultures did not express DAT until the third or the second day 
after plating, respectively. In E12 mes/E16 str cocultures DAT expression pattem was 
similar that observed in E12 mes cultures alone. Differently, in E13 mes/E16 str 
cocultures DAT mRNA was already detectable after one day in vitro, and at day two it 
was significantly higher than that found in E13 mes cultures alone. However, TH 
expression remained constant in both culture conditions suggesting that the increase 
in DAT expression does not reflect a higher DA neuron survival in cocultures.
Blese results indicate that addition of striatal cells not only increased DAT expression 
with time in vitro, but, more interestingly, show that target neurons can regulate the 
onset of DAT gene activation under our experimental conditions.

112.3

IN VITRO EVIDENCE FOR ION SENSITIVE STRUCTURAL 
CHANGES ON (TG)28 D NA REPEAT OF THE RAT 
PREPROENKEPHALIN GENE REGULATOR REGION. A. Dohii ,
E. Santha and D.V. Agoston. Lab. of Dev. Neurobiology, NICHD, 
NIH, Bethesda, MD 20892.

The DNA sequence motif (TG/CA)n is capable of producing unusual 
DNA-configurations under various physiological conditions, including 
left handed Z-DNA and triple helix structures. While no general role has 
been assigned to these repeats, it is suspected that Z-DNA forming 
potential can influence transcriptional activity of genes bearing (TG/CA)n 
repeats. We have investigated the (TG>28 alternating sequences found 
on the 5' regulatory region of the rat preproenkephalin (ppENK) gene 
between -614 and -670 positions and demonstrated its unusual ion 
dependent response. Synthetic (TGhs and complementary (AC)28 were 
annealed following an asymmetric end-labeling reaction. Titration with 
cold single stranded DNA (ss(TG)28> or (ss(AC)28) resulted in the 
replacement of the labeled strand. No strand change was detectable at
1.5 mM of Mg++, but 15 mM Mg++ caused substantial increase. 15mM 
Ca++ led to the same effect. Control DNA containing no TG motif 
showed no strand change. The strand change could not be explained by 
the decreased stability of the double helix because the (TG)28/(AC )28 

stability was found to be higher at 15 mM than at 1.5 mM of Mg++. Gel 
shift assays with the ds(TG)28/(AC )28 probe at low Mg++ concentration 
indicated that nuclear extracts derived from various parts of the CNS did 
not contain abundant binding proteins in contrast to adrenal and liver 
extracts. The ability of the (TG)2s/(AC)28 stretch to alter its structure in 
order to respond for ionic changes may play an important regulatory role 
in ppENK gene expression.

112.5
NITRIC OXIDE M A Y  PA R TICIPA TE IN  N -M E T H Y L -D -A S P A R T A T E - 
MEDIATED M O TO R N E U R O N  D E V E L O P M E N T  R ob ert G . Kalb*. 
Department o f  N e u r o lo g y , Y ale U n iv ers ity , N e w  H a v e n , C T  06510  

Patterned sy n a p tic  a c tiv ity  d u r in g  a  cr itica l p e r io d  in  e a r ly  p o stn a ta l life  
can influence th e  esta b lish m en t o f  m ature n eu ro n a l p h e n o ty p e . S tu d ies  o f  
the m olecular d ev e lo p m e n t o f  m o to r  n eu ro n s  s h o w  th a t th e  e x p r e ss io n  o f  th e  
cell surface p roteog lycan  re co g n ized  b y  m o n o c lo n a l a n tib o d y  Cat-301 d e p e n d  
on neuronal a c tiv ity  d u r in g  a c ircu m scr ib ed  p er io d  in  ea r ly  p o stn a ta l life . 
Cat-301 exp ression  o n  m otor n eu ro n s requ ires a c tiva tion  o f  N M D A  receptors  
within th e seg m en ta l sp in a l cord  . W e  h a v e  su g g e s te d  th a t n itr ic  o x id e  
synthese (N O S ) m a y  p artic ip a te  in  th e  s ig n a l tr a n sd u c tio n  p a th w a y s  th a t  
follow N M D A  receptor  a c tiv a tio n . N O S -c o n ta in in g  c e l ls  a re  tr a n sien tly  
expressed in  th e  d e v e lo p in g  ventral h orn  a n d  th e  o n se t  o f  C at-301 e x p re ssio n  
in neonates can  b e  in h ib ited  b y  N O S  a n ta g o n is ts , n itro a rg in in e  (N A ). an d  
m ethylarginine (M eth A rg). T he e ffec t o f  N A  a n d  M e th A rg  o n  C at-301  
expression can  b e  ov erco m e b y  su p p ly in g  ex c ess  argin ine , th e  e n d o g e n o u s  
substrate for N O S . If N O S  is  p art o f  th e  s ig n a l tr a n sd u c tio n  p a th w a y  th at 
follows N M D A  receptor  a c tiv a tio n , th en  s t im u la tio n  o f  N O S  in  a n im a ls  
with N M D A  receptor a n ta g o n ism  m ig h t r e scu e  C at-301 ex p r e ss io n . W e  fin d  
that ad m inistration  o f  N M D A  recep tor  a n ta g o n is t M K -801 to  n e o n a te s  
inhibits C at-301 ex p r e ss io n  w h ile  th e  c o a d m in is tr a tio n  o f  a r g in in e  w ith  
MK-801 re v er se s  th is  e ffec t. T h e se  re su lts  in d ic a te  th a t th e  a c t iv a t io n  b o th  
NMDA receptors an d  N O S  is  necessary  for n orm al m o to r  n eu ro n  
developm ent. W e h y p o th e s iz e  th a t th e  r ise  in  in tra ce llu la r  ca lc iu m  
follow ing N M D A  receptor  stim u la tio n  le a d s  to  N O S  a ct iv a t io n  an d  
promotes m otor n eu ron  m aturation. S u p p orted  b y  th e  M u scu lar  D y str o p h y  
Association a n d  th e  N IH

112.2
ISOLATION OF MUSCLE GENES INDUCED BY DENERVATION.
S. Arber. E. Siqel*. and P. Caroni. Friedrich Miescher Institute, P.O. Box 
2543, CH-4002 Basel; *Dept. of Pharmacol.,Univ. Bern, CH-3010 Bern.

While adult skeletal muscle does not form functional synapses with 
implanted foreign nerves, it does so upon lesion to the endogenous 
nerve. Concomitantly with the reestablishment of innervation susceptibility 
in denervated muscle, a number of muscle genes thought to be involved in 
synaptogenesis are reinduced. To identify genes that may play a role in the 
formation or development of the neuromuscular junction we constructed a 
subtracted cDNA library enriched in genes induced in adult rat diaphragm 
muscle 7d after denervation. The subtracted library was screened for 
cDNAs induced at least 10-fold by denervation, and ten such clones were 
further analyzed. One such cDNA codes for a novel putative transcription 
factor expressed in myotubes but not myoblasts. It is highly homologous to 
a primary response gene, but its expression pattern is distinctly different. 
Expression of this gene was restricted to heart and skeletal muscle. In the 
latter it was markedly downregulated around birth, rapidly reinduced upon 
denervation, and was enriched in a synapse-containing fraction of adult rat 
diaphragm. A second cDNA codes for a novel member of the 
thrombospondin family. This gene has a very restricted pattern of 
expression and is downregulated in skeletal muscle during the first 
postnatal week. A third cDNA codes for a receptor-type tyrosine 
phosphatase. Expression of this gene in the adult appears to be restricted 
to the brain, and it is downregulated in skeletal muscle during the first 
postnatal week.

112.4
DEVELOPMENTAL STUDIES ON THE RAT PREPROENKEPHALIN GENE 
DURING PHENOTYPIC DIFFERENTIATION. D.V. Agoston*.M.Palkovits. A. 
Grosz. W.D. Matthew,. M. Riggott and A. Dobi, LDN,NICHD ЛІН, Bethesda MD 
20892;Dept. Neurobiol., Duke Univ. Med. Ctr, Durham NC 27710

Establishment of the enkephalin phenotype, i.e., expression of the 
preproenkephalin (ppENK) gene during neurodevelopment, is influenced by epigenetic 
factors (Agoston et al., J. Neurosci. Res. 28:140, 1991). Currently we are 
investigating the role of various од-acting elements of the enkephalin gene and their 
corresponding trans-acting factors during neurodevelopment. We have generated 
several fragments of the 5’ regulatory region of the rat ppENK gene up to -710 bp 
from the cap site for DNA mobility shift assays. Nuclear extracts were prepared from 
various regions of the rat CNS as well as from adrenal and liver derived from animals 
at different ages. In mobility shift assay, fragments from -201 to -384 formed 
complexes that were characteristic for all CNS-derived embryonic nuclear extracts but 
woe absent in extracts from adrenal or liver. Additionally, two complexes have been 
identified as specific for embryonal cerebellum, not present in postnatal cerebellum 
and completely absent in all other CNS abstracts at all ages. Nuclear extracts derived 
from postnatal cortex, pons-medulla oblongata, striatum-pallidum showed somewhat 
similar binding patterns; however, increasing age resulted in characteristic quantitative 
differences in binding patterns. Preincubation of nuclear extracts with monoclonal 
antibodies that recognize embryonic-specific nuclear proteins in rat CNS have 
resulted in several supershifts when the protein-antibody complexes were tested with 
the -201,-384 fragment. These age- and tissue-specific binding patterns provide the 
basis for identification of developmental-specific regulatory elements of the rat 
ppENK gene and for isolation of trans-factors that are in progress.

112.6
TEMPORAL ONSET OF SYNAPSINI GENE EXPRESSION 
COINCIDES WITH NEURONAL DIFFERENTIATION DURING RAT 
CNS DEVELOPMENT. LJ,,DsGgmara*.and B,H,.MglÌQflLIr, 
University of Massachusetts Medical Center, Worcester, MA 01655.

Synapsin I is the best characterized member of a family o f nerve- 
terminal specific phosphoproteins implicated in the regulation of 
neurotransmitter release. During development, the expression o f synapsin 
I correlates temporally and topographically with synapse formation, and 
recent studies have suggested that synapsin I may participate in the 
functional maturation of synapses. To better understand the temporal 
relationship between synapsin I gene expression and particular cellular 
events during development, we have used in  s itu  hybridization 
histochemistry to localize synapsin I mRNA throughout the rat CNS and 
PNS during embryonic and postnatal development. From the earliest 
embryonic time point examined (E l2), the expression of the synapsin I 
gene was detectable in both the CNS and PNS. While, in general, levels 
of synapsin I mRNAs were high in utero, synapsin I cDNA probes 
revealed specific patterns of hybridization in different regions of the 
embryonic nervous system. To precisely determine the temporal onset of  
expression o f the synapsin I gene during neuronal development, we 
examined in detail the appearance o f synapsin I mRNA during the well 
characterized postnatal development of the rat cerebellum and 
hippocampus. In both regions, the temporal onset o f synapsin I gene 
expression correlated with the period of stem cell commitment to terminal 
differentiation. Finally, our data demonstrate that, in a second phase, 
synapsin I gene expression increases to a maximum for a given neuronal 
population during synapse formation. Supported by NIH NS25050 and 
NS27833 to L.J.D.
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HOMEOBOX G EN ES DEFINE SU B SETS O F NEURONS IN THE  
DEVELOPING LEECH  CNS. V.Y. Wong. G. Aisembera & E.R. 
Macaqno* Dept. Biol. Sci., Columbia Univ,, New York NY 10027

We have identified additional members of the A ntp-like homeobox 
gene family in H. m edicinalis. The expression patterns of three new 
homeobox genes were determined by in situ  hybridization to whole 
embryos.

L o x 4  is a probable homologue of D rosophila  a b d -A  L o x 4  is primarily 
expressed in the CNS and peripheral tissues of midbody segments M13 
through M21, and in variable numbers of neurons in more anterior 
ganglia. Among these neurons, L o x 4  expression is temporally regulated 
in a pair of homologous neurons located ventrally and near the anterior 
margins of MG4 to MG21. Whereas at E8 all of these pairs express 
Lo x 4  at detectable levels, at E9 the pair in MG6 stops expressing this 
gene. This pair has a different fate than its homologues in other ganglia, 
becoming the rostral penile evertor motor neurons, innervating the male 
genitalia. Another member of the Anfp-like gene family, Lo x6 , is most 
homologous to D rosophila  Dfd. It’s neural expression is in the eye 
primordia, the third neuromere of the subaesophageal ganglion and in 
MG1 through MG3. L o x 6  is also expressed in the anterior body wall. A 
third member of this gene family, Lo x15 , is expressed by CNS neurons 
located in a domain generally posterior to that of Lo x4 .

The spatial and temporal patterns of expression of these homeobox 
genes suggest that they may have important roles in determining the 
fate of specific neuronal subtypes in the leech CNS.

1 1 2 . 9

VSX-1 AND VSX-2: TWO RETINA SPECIFIC  HOMEOBOX cDNAs 
FROM THE ADULT GOLDFISH. E.M.Levine, E.Glasqow, and
N.Schechter*. Dept of Biochemistry and Cell Biology; Dept. of 
Psychiatry and Behavioral Sciences. SUNY at Stony Brook, NY 
11794.

Unlike higher vertebrates, the goldfish retina displays continuous 
neurogenesis throughout life. In an effort to understand the 
molecular basis of this phenomenon, we are studying the expression 
of homeobox genes in the adult retina. By RT-PCR of retina RNA, we 
identified a novel prd-like homeobox sequence termed G10 (PNAS 
April ’93). Subsequently, a retina cDNA library was screened with a 
G10 probe and two unique cDNAs termed vsx-1 and vsx-2 were 
isolated, vsx-1 and vsx-2 contain the G10 prd-like homeobox, but 
lack a second predicted domain, the paired domain. In addition, they 
contain a glutamine at position 9 of the recognition helix as opposed 
to the characteristic serine residue found at this position in prd 
homeodomains. When compared to other homeodomains, vsx-1 and 
vsx-2 are most similar to the C. elegans homeodomain, ceh-10. It is 
likely that these genes constitute a subclass of prd-like homeobox 
genes. We are presently characterizing the expression patterns of 
vsx-1 and vsx-2 in the adult goldfish. RNAse protection experiments 
show that vsx-1 as well as vsx-2 are expressed only in the retina 
when compared to other CNS and non-CNS tissues. In-situ 
hybridization experiments are underway to determine the cellular 
expression patterns of vsx-1 and vsx-2 in the goldfish retina. (NIH 
EY05212 to N.S.)

112.11
E X P R E SSIO N  O F A C -.IIIN-L A C Z T R A N S G E N E  IN  T H E  
M O U S E  N E R V O U S  S Y S T E M . Shu-C heng Chen. H olly  
Soares. Robert Würzburger*. James I. M organ. R oche Institute 
of M olecular B iology, Roche Research Center, Nutley, NJ 07110

In the nervous system , numerous extracellular stim uli have 
been shown to elicit the rapid and transient expression o f cellular 
immediate-early genes (сШ ), including c - fo s  and c - ju n . M any of 
these gene products are thought to act as transcription factors 
that couple stimuli to long-term  alteration in gene expression. 
Since many cIE genes are induced by a given stimulus and a 
number o f them encode proteins that are highly hom ologous to 
one another, e.g. the ju n  fam ily, it is often difficult to distinguish 
the various products. In order to precisely and unambiguously  
determine the site and tim e o f c - ju n  expression in the nervous 
system  w e have developed transgenic m ice carrying a c - ju n - la c Z  
fusion gene. Several independent founder lines were generated 
and characterized for c - ju n - la c Z  expression during developm ent 
using histochem ical methods. The induction o f this transgene by 
pharm acological and p h y sio lo g ica l stim u li as w e ll as its 
expression in regenerating neurons is being investigated.

112.8
N M D A  R E C E P T O R -M E D I A T E D  S I N G L E -C H A N N E L  A C T IV IT Y  
I N  D E V E L O P I N G  R A T  C E R E B E L L A R  G R A N U L E  C E L L S .
D .J. R o ss i*  and N  T . S la ter . D e p t. o f  P h y s io lo g y , N o r th w este rn  U n iversity  
M e d ic a l S ch o o l, 3 0 3  E . C h ica g o  A v e ., C h ica g o , IL  6 0 6 1 1 .

NMDA receptors have been implicated in the processes of neuronal migration and 
synaptogenesis in developing vertebrate brain. NMDA receptor antagonists disrupt 
retinotectal maps and ocular dominance shifts, and inhibit cerebellar granule cell (GC) 
migration and neurite outgrowth. We have examined the onset of tonic NMDA 
receptor-channel activity in GCs of the developing rat cerebellum, and explored the 
mechanisms by which this is controlled. Single-channel openings in intact GCs 
were recorded using the whole-cell perforated patch-clamp method in parasagittal 
slices obtained from young (postnatal 6-18 days) rats. Cells in the internal granule 
cell layer (IGL) displayed spontaneous single-channel openings (~60 Hz; 30-50 pS) 
which were blocked by the NMDA receptor antagonists D-AP5,7 -chloro-kynurenate, 
and elevated magnesium, but not by external TTX or CNQX. The activity was also 
blocked by the enzymatic degradation of external glutamate using glutamate pyruvate 
transaminase (with 2 mM pyruvate), and was potentiated by the glutamate uptake 
inhibitor L-a-aminoadipate (L-a-AA). The data would indicate that endogenously- 
released glutamate tonically activates NMDA receptor-channels in GCs of the IGL in 
the developing cerebellum during the period of synaptogenesis of the mossy fibre 
glomerular synapse. Recordings from premigratory GCs in the external germinal 
layer (EGL) displayed little spontaneous activity (<1 Hz), and migrating GCs in the 
molecular layer displayed intermediate values (~15 Hz). In the presence of L-a-AA, 
activity in the EGL was also greatly enhanced, to a greater degree than in the IGL, 
but dose-response curves to NMDA demonstrated a much low«· maximal response to 
NMDA in the EGL. Thus, prior to GC migration, tonic activation of NMDA 
receptors is restricted both by more potent glutamate uptake and a lower number of 
functional NMDA receptors. The results demonstrate a progressive activation of 
NMDA receptors by endogenously-released glutamate during GC migration and 
synaptogenesis of the mossy fiber-glomerular synapse in the developing cerebellum.

112.10
THE ONTOGENY OF HIPPOCAMPAL CIRCUITRY ASSESSED 
IN FOS-LACZ TRANSGENIC MICE. M. Vendrell*. T. Curran and
J.Ĩ. Morgan. Roche Institute of Molecular Biology, Roche Research 
Center, Nutley, NJ 07110.
The c-fo s  proto-oncogene is a cellular immediate-early gene (cIEG) 
encoding a transcription factor that is induced by an array of 
extracellular signals. Together with other inducible and constitutive 
gene products, the nuclear cIEGs function in coupling short-term 
signals received at the cell membrane to long-term alterations in the 
cellullar phenotype by regulating the expression of target genes. 
Neurobiologists have used c -fo s  induction as a marker to trace the 
effects of pharmacological, electrical and physiological stimuli in 
adults, but relatively few studies have addressed the question of c-fos 
expression in the developing nervous system. Using a Fos-lacZ 
transgenic mouse that recapitulates c - fo s  expression, our lab has 
already shown constitutive expression of c - fo s  in certain regions of 
the nervous system during development. This expression seemed to 
be associated with the acquisition of new physiological responses. 
This led us to determine whether c- fo s  expression could be used to 
study the ontogeny of particular neurophysiological responses in v ivo . 
We have administrated the excitotoxin, kainate, to developing 
transgenic mice and studied fos-lacZ expression in the hippocampus, 
c-fo s  can be induced in the CA3 region of the hippocampus as early as 
P5 (postnatal day 5) 2 hours after an acute dose of kainate. Induction 
in the dentate gyrus cannot be detected in animals younger than P10. 
The progressive induction of the gene in these different areas seems to 
reflect their cellular and molecular maturation, thereby giving an 
insight in the process of pathway formation.

112.12
THE REGULATION OF INDUCIBLE TRANSGENES IN PRIMARY 
DISSOCIATED CULTURE. A. Mandelzvs*. S.-C. Chen and J. I. 
Morgan. Roche Institute of Molecular Biology, Roche Research 
Center, Nutley, New Jersey 07110.

We are interested in understanding the molecular mechanisms involved 
in the development and differentiation of the mammalian nervous 
system. To this end, we have made transgenic mouse lines using 
developmentally regulated genes and their promoter sequences to drive 
ß-galactosidase activity. One line of transgenic mice expresses a fos-lacZ 
fusion gene, while another expresses ß-galactosidase under the control 
of the thymosin BIO promoter. In vivo studies have shown that these 
transgenes recapitulate the expression of the endogenous genes and thus 
provide a useful marker to trace their developmental time course, as well 
as examine factors that may control their level of expression. Both the 
fos-lacZ and the ß 10-lacZ transgenes are differentially expressed 
throughout the nervous system during normal development. In addition, 
the fos-lacZ transgene has been shown to be induced by a diverse array 
of extracellular stimuli. To further investigate the role of various agents, 
including neurotransmitters, neurotrophins and second messengers, in 
influencing transgene expression, we have begun studying mouse 
peripheral sensory neurons in dissociated tissue culture. Our data show 
that distinct neuronal subpopulations express these transgenes in culture 
and are differentially regulated by exogenous factors. The results 
suggest that these genes may be important contributors to the phenotypic 
diversity observed within the sensory neuron population.
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112.13 1 1 2 .1 4

TISSUE SPECIFIC CHANGES IN PREPROENKEPHALIN (PPENK) GENE 
EXPRESSION IN THE HAMSTER DURING DEVELOPMENT. S.O. 
Franklin* and C.E. Inturrisi. Dept. of Pharmacology. 
Cornell U. Med. College, New York, NY 10021.
PPenk mRNA levels in adult hamster adrenal are 90 fold 

greater than in rat adrenal. In adult rat, striatal 
levels are high and adrenal low, but not in hamster 
(Franklin et al, 1991). Using solution hybridization, we 
compared hamster adrenal and striatal PPenk mRNA 
abundance during postnatal development. Hamster adrenal 
PPenk mRNA levels averaged 5 μg/ug RNA at birth (P0), 
increased 3 fold to 15 μg/ug RNA on postnatal day 2 (P2) 
and peaked (24 μg/ug RNA) on P4. Thereafter (P6 and 
P12), PPenk mRNA decreased to adult levels (16 μg/ug 
RNA). Total RNA per adrenal remains constant from P0 to 
P6 and increases 9-14 fold in adults. In striatum, a 
different pattern emerged, PPenk mRNA at P2 is 2 μg/ug 
RNA and remains in this range from P4 to P6. At P12, 
levels increase 2 fold to 252 of the adult levels (15 
μg/ug RNA). Total striatal RNA increased 8 fold from P2 
to P12 and it is in the in adult range. Thus in hamster 
adrenal, PPenk mRNA levels are equal to adult by P2 while 
striatal levels at P12 are much lower than adult. PPenk 
mRNA and RNA change in parallel after P2 in adrenal but 
not in stratum. The developing postnatal hamster maybe 
useful in determining tissue specific factors regulating 
PPenk mRNA levels. Supported by DA01457 and DA015130.

X E N O P U S  BRAIN-3, A  HOMEOBOX GENE EXPRESSED IN  
THE DEVELOPING RETINOTECTAL SYSTEM. N. Hirsch and 
W. A. Harris*. Dept. of Biology, UCSD, La Jolla, CA 92093-0032.

W e have cloned a hom olog  of the m urine PO U-dom ain  
hom eobox gene Brain-3 in  the am phibian X en o p u s L a e v i s . 
X en o p u s  Brain-3 (XBrn-3) is expressed in  the retina and optic 
tectum of the brain at embryonic stage 3 5 /3 6  as determ ined by  
in  s i t u  hybridization o f d igoxygenin-labelled  mRNA. In the 
retina it is expressed exclusively in the retinal ganglion cells or 
RGCs. At about this time in developm ent (St. 37 /38 ), the first 
axons from the RGCs are reaching their targets in the tectum. 
XBrn-3 transcripts are also detected in other regions of the brain 
as w ell as in a subset of neural crest-derived cells.

In order to determ ine how  XBrn-3 expression is regulated, 
heterochronic transplants are being done in w hich older eyes are 
transplanted into younger embryos, forcing RGC axons to travel 
into an underdeveloped brain. In this w ay w e  can see whether 
ingrow th of axons from an older eye can induce premature 
XBrn-3 expression in the host tectum. A dditional experiments 
currently underw ay invo lve m isexpression o f XBrn-3 in the 
retina using cD NA  and m RNA constructs. This m ay change the 
fate of retinal cells, or affect the grow th o f their axons, or the 
differentiation of their retinotectal connections. The results of 
these experiments w ill be presented. Supported by the NIH.

112.15
NKx-1, A MOUSE HOMEOBOX GENE EXPRESSED IN PART OF THE NERVOUS SYSTEM
AND MESODERM. A. C. Rovescallit. Y. K im i. S. K im i J. Ferrante^ and.. IL

Nirenberot*. Laboratory of Biochemical Genetics' ind  Laboratory of Molecular 
Cardiology^, National Heart, Lung and Blood Institute, NIH, Bethesda, MD 20892

The Drosophila NK-1 homeobox gene (S59 is a synonym) is expressed during 
embryonic development in a subset of neurons in the CNS and a subset of founder muscle 
cells (Kim, Y. and Nirenberg, M., Proc. Natl. Acad. Sci, f i i ,  7716 (1989), and Dohr- 
rnann, C., Azpiazu, N., and Frasch, M., Genes and Develop. 4. 2098 (1990)).
Oligodeoxynucleotides corresponding to sequences in the NK-1 homeobox were used as
primers with honeybee, salmon, X en o pu s . mouse, or rat genomic DNA to amplify 
homologs of the NK-1 homeobox by PCR. Amplified DNA fragments were cloned and 
sequenced and all were shown to encode part of an NK-1-like homeodomain. The rat DNA 
homeobox fragment was used as a probe to screen a mouse genomic DNA library at low 
stringency. A 15 kb genomic DNA clone was obtained, and 8 kb was sequenced. The deduced 
amino acid sequence of the mouse homeodomain differs from the Drosoph ila  
NK-1 homeodomain by only 3 of 60 amino acid residues; therefore, the mouse gene was 
named NKx-1. Both NKx-1 and NK-1 proteins contain an acidic region before the
homeodomain. Southern analysis showed that the mouse genome contains only one NKx-1
gene. NKx-1 poly A+ RNA was detected by PCR and RNase protection in 10-18 day 
mouse embryos; the abundance of NKx-1 poly A+ RNA is highest in 10 day embryos and 
then progressively decreases. Northern analysis of poly A+ RNA from adults revealed 1 
major band of NKx-1 poly A+ RNA in brain RNA and trace bands in RNA from testes or 
spleen. Sections of 14 day mouse embryos were subjected to in s itu .  hybridization and 
autoradiography. NKx-1 RNA was found in discrete regions of the mesencephalon and 
myelencephalon; NKx-1 RNA also was found in spinal cord, vertebrae, and ribs. These 
results show that the mouse NKx-1 gene encodes a homeodomain that is closely related to 
that of D rosophila  NK-1, and is expressed during embryonic development in part of the 
nervous system, in some mesodermal tissues, and in adult brain.

112.17
LOX1, A LEECH HOMEOBOX GENE EXPRESSED DURING EMBRYOGENE
SIS IN BOTH STABLE AND TRANSIENT NEURONS. G. Aisemberg. M. Tobias* 
and E. Macagno, Dept. of Biol. Sci., Columbia University, New York, NY 10027.

L o x l, a new A n ten n a p ed ia -c la ss  gene, was cloned from the leech H iru d o  
m edicinalis. The homeobox of L o x l  is most homologous to those of S ex  co m b s  
reduced and A n ten n a p ed ia  of D ro so p h ila  m e la n o g a ste r , and to their proposed 
bomologs of the vertebrate groups 5 and 6 . L o x l  contains additional motifs that are 
conserved in newt N v H b o x l , frog X lH b o x l , mouse H o x c -6  (formerly H o x -3 .3 ) and 
human H O X C 6  (formerly H O X 3 C ) , indicating a close relationship to these genes.

Expression of L o x l  was observed in whole mounts of dissected leech embryos by 
antibody staining. T h e  L o x l  protein was detected in the central nervous system from 
the third rostral neuromere to the caudal ganglion, in 30-40 of the approximately 400 
central neurons present in each segment, and in fewer neurons of the first two rostral 
neuromeres. The Lori-expressing neurons appear in the same positions from 
ganglion to ganglion and probably represent a set of segmentally homologous 
neurons. Expression o t L o x l  in most of these neurons was first detected during late 
gangliogenesis, when cells were coalescing to form the ganglia and, with one 
exception, continued after gangliogenesis was completed, suggesting a likely role for 
Loxl in the differentiation of this iterated subset of cells.

The monoclonal antibody Lazl-1 allowed us to identify two pairs of Loxi- 
expressing neurons as the Bipolar cells and the LI neurons. The LI neurons start to 
express L o x l  and Lazl-1 late in gangliogenesis and become stable neurons that 
project ipsilateral processes to the posterior lateral roots and to the longitudinal 
connective nerves. The Bipolar cells were the first neurons to express L o x l .  They 
appear during very early gangliogenesis in all segments, extend longitudinal 
processes in the developing longitudinal connecting nerves and degenerate when the 
ganglionic primordia mature, suggesting that these neurons play a role in establish
ing longitudinal tracts in the leech central nerve cord.

1 1 2 .1 6
PROTEIN TYROSINE PHOSPHATASES EXPRESSED IN THE NEONATAL 
RAT CORTEX. M. Sahin*· J. J. Dowling and S. Hockfield. Section of 
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.

Using a PCR-based approach, we have identified protein tyrosine 
phosphatases (PTPases) expressed in the developing rat cortex. A cDNA 
library from neonatal rat neocortex was used as a template for PCR and 
amplified with degenerate primers to a conserved region of PTPases. PCR 
product? were subcloned and sequenced. One of the clones encodes a 
previously uncharacterized putative receptor PTPase, CPTP1 (Sahin and 
Hockfield, Soc. Neurosci. Abstr. 1992). The amino acid sequence of both 
catalytic domains of CPTP1 shows high identity (about 80%) to LAR. I n -s itu  
hybridization demonstrates that CPTP1 is expressed by progenitor cells and 
developing neurons.

Further analysis of the PCR clones reveals that many other PTPases 
are expressed in the neonatal rat cortex. Forty-four PCR clones fall into seven 
groups. Four of these groups are receptor PTPases: LRP, LAR, CPTP1 and 
a homolog of ΗΡΤΡγ, in the order of cloning frequency. Non-receptor 
PTPases are PTP-1, P19-PTP and SHP. We have begun to characterize the 
expression of these PTPases in the developing rat CNS. For example, P19- 
PTP, which is known to be up-regulated during differentiation of embryonal 
carcinoma cells (Den Herzog et al., 1992), is also highly expressed in the 
embryonic nervous system and is markedly down-regulated after birth. In -s itu  
hybridization reveals that Р19-РТР mRNA is present in the cortical anlage at 
embryonic day 15, and in the gray, but not white matter at postnatal day 4. 
Thus, the spatial and temporal regulation of PTPases suggest that they may 
play key roles in neuronal development. (Supported by NS22807.)

1 1 2 .1 8
CLONING AND ANALYSIS OF A NEW DEVELOPMENTALLY REGU
LATED bHLH FAMILY MEMBER J.A. Heims*. J. Patrick4. S. Ktiratani”  
and G-D- Maxwell. Neuroscience Program and Anatomy Dept., Univ. of CT 
Health Center, Farmington, CT 06030, Division of Neuroscience* and Bio
chemistry Dept.00, Baylor College of Medicine, Houston, TX 77030.

Genetic analyses of D rosophila have revealed many of the genes important 
for neural development encode proteins with a basic helix-loop-helix 
(bHLH) motif. Subsequent studies have identified vertebrate genes that share 
extensive sequence homology with these Drosophila  genes. Using a PCR- 
based strategy based on this sequence homology, we previously reported the 
isolation of a novel bHLH family member from an embryonic chick brain 
cDNA library (Helms et al., 1991 Soc. Neurosci. Abstr., voi 17,925). Here 
we present the full-length coding sequence for the 4.0 Kb clone, GbHLH1.4. 
The sequence predicts a 504 ammo acid protein with a bHLH domain. In 
addition, GbHLH1.4 contains a third a  helical region also found in closely 
related invertebrate and vertebrate bHLH family members.

Temporal and spatial patterns of GbHLH1.4 mRNA expression were 
investigated in detail by in situ hybridization. During early chick develop
ment, GbHLH1.4 mRNA is widely expressed in the developing chick 
embryo. The levels of expression, however, vary depending on the tissue 
examined. Later in development, high levels of GbHLH1.4 transcripts are 
detected in the ventricular layers extending from the spinal cord to the brain, 
in the mesoderm of the facial primordia and in the heart and heart valves. 
GbHLH1.4 mRNA is also observed in several structures that are derived, in 
part, from the neural crest. Strikingly, GbHLH1.4 expression in chick 
embryos exhibits significant overlap with that reported for the murine nega
tive HLH regulator, Id. Functional implications of the co-expression of a 
negative and putative positive transcriptional regulator are discussed. This 
woric was supported by grants from the NIH to JAH, JP and GDM.
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1 1 2 .1 9
DISTRIBUTION OF A γ-AMINOBUTYRIC ACID TRANSPORTER IN THE 
C57BL/6J MOUSE CEREBELLUM. J, E. Evans*. V. Luntz-Levbman. A. 
Frostholm and A. Rotter. Dept. of Pharmacology, The Ohio State 
University, Columbus, OH 43210.

The γ-aminobutyric acid transporter (GAT) is a Na+/CI" coupled 
transporter belonging to a family of neurotransmitter transporter 
proteins exhibiting 1 2 transmembrane domains. To date, four GAT 
proteins have been identified based on differing pharmacological 
sensitivities to nipecotic acid and ß-alanine. In s itu  hybridization 
autoradiography with an oligonucleotide probe (nt191-233) of GAT4 
(Liu et al., 1993) was used to examine transporter mRNA 
distribution in C57BL/6J mouse brain. This sequence was less than 
76% homologous with other GATs. Labeling was observed in the 
glomerular and internal plexiform layers of the olfactory bulb, 
granule cells of the dentate gyrus, hippocampal pyramidal layer, 
caudate putamen, pontine nuclei, mammilary bodies, choroid plexus 
and cerebellar cortex. During postnatal week two, granule cells in 
the external germinal layer of the cerebellar cortex migrate across 
the molecular layer to their adult location in the internal granular 
layer. Dense labeling was seen in premigratory granule cells in the 
external germinal layer and over postmigratory cells in the internal 
granular layer. The GABAa /BZ receptor clą and ß3 subunit mRNAs 
have a similar developmental expression in the cerebellum to that of 
the GAT4 probe. These data suggest that the expression of specific 
GABA transporters and GABAa receptor subunits may be co- 
ordinately regulated.
J.E.E and V.L.L. were supported by USPHS Training Grant NS07291.

112.20
BIOCHEMICAL CHARACTERIZATION OF ITF2 AND MASH1 
INTERACTIONS DURING NEURONAL DEVELOPMENT IN VITRO 
AND IN VIVO. T.J. Brennan. D.M. Stone*, and J.W. Winslow. Dept 
of Neuroscience, Genentech, Inc., South San Francisco, CA 94080.

To determine a possible role for the helix-loop-helix (HLH) class of 
transcription factors in neuronal development, we have isolated two 
cDNAs from a rat PC 12 cell cDNA library which encode ITF2 and 
MASH1, HLH proteins structurally related to the Drosophia genes 
daughterless (da) and achaete-scute (AS-C), respectively. In Drosophila, 
da and AS-C have been implicated in controlling neuronal cell fate in that 
mutations within either of these genes eliminate subsets of sensory 
neurons. In situ hybridization and Northern blot analysis in mice have 
shown restricted MASH-1 mRNA expression in subsets of developing 
central and peripheral neurons, and within neuronal proliferative zones; 
ITF2 mRNA is expressed in many cell types but is most abundant in 
neuronal subpopulations of the developing and mature brain. Overlapping 
patterns of ITF2 and MASH1 mRNA expression in many of these cells, 
together with the helerodimeric nature of interactions between class 1 
(ubiquitous) and class 2 (tissue-specific) HLH proteins, suggest the 
possiblity of functional interactions in vivo. Specific antisera raised 
against synthetic peptides and bacterial fusion proteins were used in 
immunoprecipitation and DNA binding EMSA studies to detect functional 
interactions between ITF2 and MASH1 in transiently transfected 293 cells 
and the endogenously-expressing PC12 cell line. Antibody-specific 
changes in die electrophoretic mobility of protein-DNA complexes identify 
functional binding of MASH1 to ITF2-like proteins in PC12 cells. 
Electrophoretic mobility shift assays are used to monitor changes in DNA 
binding activity of ITF2 and MASH1 during neuronal development and in 
response to NGF treatment of PC12 cells.

G L IA  A N D  O T H E R  N O N - N E U R O N A L  C E L L S : P N S  D E V E L O P M E N T

1 1 3 .1
MYELIN BASIC PROTEIN AND ITS mRNA ARE EXPRESSED IN A 
GRADIENT ALONG THE RODENT OPTIC NERVE WHICH IS REVERSED 
IN ALBINOS. R.J. Colello*. U. Pott, and M.E. Schwab. Brain Research 
Institute, August-Forel-Str. 1, CH-8029 Zurich, Switzerland.

The myelination of axons within the CNS requires that axons reach a state 
conducive for ensheathment and that oligodendrocytes reach a level of 
differentiation where myelin proteins are expressed. In the rat optic nerve, 
the ensheathment of axons has been described to occur in a rostro-caudal 
gradient, i.e. from eye to chiasm (Skoff, 1978), suggesting that either 
oligodendrocyte differentiation occurs in a similarly graded fashion or that it 
occurs uniformly along the nerve but an additional graded signal initiates 
myelination.

We have examined these alternatives by looking at the expression of 
Myelin basic protein (MBP) and its mRNA within the developing optic nerves 
of rat and mouse. We have found that, in Lewis (albino) rats, transcription 
and translation of MBP occurs in a reverse gradient (from chiasma to eye) to 
that seen for the ensheathment of optic axons in the Charles River strain of 
rat by Skoff (1978). Similar results were obtained for Balb C (albino) mice. 
Interestingly, we found that the gradient of MBP expression goes from eye to 
chiasm in 057  black mice and in brown С57Ы x Balb C crosses suggesting 
that the differentiation of oligodendrocytes along the optic nerve, with regard 
to MBP expression, is correlated to the presence or absence of eye 
pigmentation. Furthermore, oligodendrocyte differentiation was delayed by
1-2 days in the albino as compared to that found in pigmented rodents.

These results suggest that the maturation of oligodendrocytes is, in part, 
regulated by influences associated with eye pigmentation. Further studies are 
required to determine whether the ensheathment of optic axons follows the 
gradient of oligodendrocyte differentiation, in both pigmented and albino 
strains, or whether additional signal(s) are required in either strains to elicit 
myelination.

1 1 3 .3
A NOVEL OLIGODENDROCYTE SPECIFIC cDNA (COP) DETECTS TWO 
TRANSCRIPTS THAT APPEAR LATE DURING MYELIN FORMATION.
A. Holz*. U. Pott. N. Schaeren-Wiemers. R. J. Colello and M. E. Schwab. 
Brain Research Institute, August-Forel-Str. 1, CH-8029 Zurich, Switzerland

Oligodendrocytes produce the myelin sheath of central nervous system 
(CNS) axons which is essential for the function of the brain by ensuring rapid 
saltatory conduction. Additionally, oligodendrocytes play a role in the 
development of the CNS by expressing nerve growth inhibitory factors. We 
used a differential screening approach to select for new cDNAs that are 
specific for this glial cell type. Here we report the further characterisation of 
one of these novel cDNAs (called tentatively COP).

A 3' end probe of COP hybridises to a rat, CNS specific mRNA of 4.8 kb, 
the developmental expression of which peaks with myelination at postnatal 
days 16-21. In situ hybridisation revealed that the COP transcript is 
exclusively detectable in oligodendrocytes. We compared the distribution of 
COP mRNA with that of myelin basic protein (MBP) mRNA in the developing 
rat cerebellum and optic nerve. In both regions expression of MBP mRNA 
occurred earlier than COP mRNA. However, later in development no 
essential differences were observed in the regional distribution and cell type 
specificity of COP and MBP mRNAs, respectively. Interestingly, the 
intracellular localisation of the COP mRNA is restricted to the cell body during 
development and is thereby different from MBP mRNA but resembles the 
pattern of the mRNA of the membrane protein proteolipid protein.

When we used a more 5' end probe of COP in northern analysis we were 
able to detect an additional RNA with a size of about 3.4 kb which is also 
expressed in the CNS. It appears first at the same time as the large, 4.8 kb 
RNA form, but it’s expression is not down regulated in the adult CNS, as is 
the case for the 4.8 kb mRNA. The two transcripts might indicate an 
alternative splicing event of the primary RNA of the COP gene.

1 1 3 .2

REGULATION OF MESSENGER RNA FOR MYELIN PROTEINS IN 
DEVELOPING OLIGODENDROCYTES BY CYCLIC AMP IS AGE- 
DEPENDENT. A.F. Skorupa* and F.A. McMorris. The Wistar Institute of 
Anatomy and Biology. Philadelphia, PA 19104.

Differentiation of cells into oligodendrocytes, the CNS cells which produce 
myelin, can be regulated by growth factors and second messengers in vitro. 
We have focused on the role of the second messenger 3’,5’- adenosine 
cyclic monophosphate (cAMP), which can induce the differentiation of 
oligodendrocyte precursors into oligodendrocytes. In this study, we have 
tested the ability of the cAMP analog N6,2’-0-dibutryladenosine 3’,5’-cyclic 
monophosphate (dbcAMP) to regulate the steady-state levels of mRNA for 
the myelin proteins 2\3’-cyclic nucleotide phosphohydrolase (CNP), 
proteolipid protein (PLP), DM20 (an alternatively spliced form of PLP) and 
myelin basic protein (MBP) during oligodendrocyte differentiation. Mixed glial 
cultures were prepared from 1 day postnatal rat cerebrum, grown from 4 to 12 
days (d4-d12), and treated with 1 mM dbcAMP for 2 days immediately before 
RNA extraction. Specific mRNAs were identified and quantified using an 
RNase protection assay. The effects of dbcAMP treatment on CNP, PLP, 
DM20, and MBP mRNA depended on the age of the culture treated. 
Treatment with dbcAMP between d4 and d6 and between d6 and d8 
increased the levels of CNP, PLP, DM20, and MBP message, up to 450 % 
of control. However, treatment between d8 and d10 reduced the levels of 
CNP, PLP, DM20 and MBP message. MBP showed the most dramatic 
reduction in mRNA level with dbcAMP treatment, down to 25% of control 
levels at d10. These data indicate that 1) cAMP pathways can regulate CNP, 
PLP, DM20, and MBP mRNA levels in developing oligodendrocytes, and 2) 
the effects of cAMP on these mRNAs are age-dependent: cAMP increases 
the levels of these mRNAs in immature cells, whereas in more mature 
oligodendrocytes, it can reduce steady-state levels of these mRNAs. 
(Supported by NS11036, CA09171, NS26119, and NMSSRG1767-B-2 .)

1 1 3 .4
IMMATURE OLIGODENDROGLIA EXPRESS MYELIN- 
ASSOCIATED GLYCOPROTEIN
MM Burns. D Pleasure. H Lee. В Kreider*. Rutgers University, 
Camden, NJ 08102 and Children’s Hospital, Phila, PA 19104

Platelet-derived growth factor (PDGF) causes an accumulation of 
mature Oligodendroglia iņ vitro through an expansion of the 
oligodendroglial progenitor pool, subsequent differentiation of 
immature Oligodendroglia, and survival of mature Oligodendroglia. 
Immature Oligodendroglia can be identified by the binding of Rab 
monoclonal antibody (mAb) which recognizes both sulfatide and 
galactocerebroside. Mature Oligodendroglia bind 01 mAb which reacts 
with membrane galactocerebroside and monogalactosyldiglyceride.

Myelin-associated glycoprotein (MAG) is expressed by mature 
Oligodendroglia and is thought to mediate the adhesion between 
neurons and Oligodendroglia. The expression of MAG was assayed 
with a rabbit polyclonal antiserum against the ectodomain of MAG. 
Fewer than 5% of the Rab+ cells in mixed glial cultures isolated from 
P6 rat cerebral white matter were labeled with anti-MAG antiserum. 
After one week of treatment with 2 ng/ml PDGF in defined medium, 
approximately 50% of the Rab+ cells exhibited perinuclear MAG 
expression. By four weeks of PDGF treatment, MAG staining in 
Rab+ cells was prominent in the glial processes. The elaboration of 
MAG expression in the glial processes may represent maturation of 
the Oligodendroglia, as 01+  cells in these cultures express MAG in 
the glial processes throughout one month of PDGF treatment in vitro.
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113.5
N O R T H E R N  A N D  W E S T E R N  B L O T  A N A L Y S E S  O F  
O L IG O D E N D R O C Y T E - S P E C IF IC  G E N E  E X P R E S S IO N  
IN T H E  M ID T R IM E S T E R  H U M A N  F E T A L  S P IN A L  
C O R D . W .E . G re v e r1. K .M . W e id e n h e im 1. Y. M iz ra c h i* 2 
and W .D . L y m a n 1. D e p a rtm e n ts  o f  1P a th o lo g y , a n d  2 P e d ia tr ic s , 
A lbert E in s te in  C o l le g e  o f  M e d ic in e , B ro n x , N Y  1 0 4 6 1 .

An u n d e rs ta n d in g  o f th e  p a th o g e n e s is  a n d  p a th o p h y s io lo g y  
of con g e n ita l d is e a s e s  o f m y e lin  in  h u m a n s  m u s t be b a s e d  on 
know ledge o f n o rm a l d e v e lo p m e n t.  T h e  p u rp o s e  o f th is  s tu d y  
was to d e te rm in e  th e  s e q u e n c e  o f o l ig o d e n d ro c y te -s p e c if ic  
gene e xp re s s io n  d u r in g  th e  e a r ly  s ta g e s  o f m y e lin a t io n . In th e  
human fe ta l s p in a l co rd  th is  o c c u rs  b e tw e e n  12 a n d  2 4  w e e k s  
of ges ta tion . F o r th is  s tu d y , s p in a l c o rd s  w e re  d is s e c te d  a n d  
frozen in liq u id  n itro g e n  w ith in  10 m in u te s  o f fe ta l d e m is e  fro m  
abo rtuses  o b ta in e d  a f te r  e le c t iv e  te rm in a t io n  o f p re g n a n c y . 
Poly A+ R N A  a n d  to ta l p ro te in  w e re  is o la te d  fro m  s p in a l c o rd s  
using s ta n d a rd  te c h n iq u e s .  N o rth e rn  a n d  W e s te rn  b lo t d a ta  
were a n a ly z e d  s e m i-q u a n tita t iv e ly  b y  d e n s o m e tr ic  s c a n n in g  o f 
a u to ra d io g ra m s . R e s u lts  o f th e s e  s tu d ie s  in d ic a te  th a t  th e  
exp ress ion  o f th e  fo llo w in g  o l ig o d e n d r o c y te -s p e c if ic  g e n e s : 
m yelin b a s ic  p ro te in  (M B P ) ;  m y e lin  a s s o c ia te d  g ly c o p ro te in  
(M A G ); p ro te o lip id  p ro te in  ( P L P ) ;  2 ',3 '- с у с і іс  n u c le o t id e  3 '-  
p h o sp h o h y d ro la s e  (C N P a s e ) ;  c a rb o n ic  a n h y d ra s e  (C A ) ;  a n d , 
g lyce ro l 3 - p h o s p h a te  d e h y d ro n g e a s e  ( G P D H )  in c re a s e s  
p ro p o rtio n a lly  w ith  g e s ta t io n a l a g e , b u t b y  v a ry in g  a m o u n ts . 
[Supported by  U S P H S  g ra n ts  M H 4 7 6 6 7  a n d  M H 4 6 8 1 5 .]

113.7
C haracteriza tion  o f  N e w ly  is o la te d  O lig o d e n d ro c y te -s p e c if ic  
cDNA C lones
N. Schaeren-W iem ers* and M.E. Schw ab
Brain Research Institute, Un iversity o f Zurich , C H -8029  Zurich

Oligodendrocytes are a major glial cell type in the central nervous 
system (CNS). Beside their main function of myelinating axons, they have 
been shown to express, on their surface, proteins that are important for 
CNS development and regeneration. We differentially screened a rat 
postnatal day 16 (P16) spinal cord cDNA library with single-stranded cDNA 
of P16 spinal cord (plus probe) and with sscDNA of X-irradiated, 
oligodendrocyte free spinal cord (minus probe). The isolated, plus probe 
positive, clones could be categorized into 2 main groups by Northern 
analysis: CNS-specific cDNAs, the transcripts of which are only detected in 
the CNS, and Nervous system-specific cDNAs, which are also expressed in 
sciatic nerve. Sequence analysis showed that 3 of the CNS clones 
represent unknown genes, the others turned out to be MOG (Myelin- 
Oligodendrocyte-Glycoprotein), NSE and Mß tubulin. In situ hybridization 
showed that the hybridization signals of those 3 unknown cDNAs are 
selective for oligodendrocytes. One of these shows an interesting mRNA 
distribution by labeling oligodendrocyte processes as well as cell bodies, a 
pattern similar to that of MBP mRNA. Some of the nervous system-specific 
cDNAs were identical to rat Apo D, or homologous to rat UDP-glucuronic 
acid transferase or to a human lymphocyte gene called MAL. These 3 
cDNAs hybridized selectively to mRNAs in oligodendrocytes in the CNS. 
The other clones are under investigation. We are now interested in 
persuing functional studies to resolve their role in oligodendrocyte 
development.

113.9
CHARACTERIZATION OF A CNS-MYELIN ASSOCIATED 
NEURITE GROWTH INHIBITOR BY 2-D PAGE.
C.E. B a nd tlow *. B. R u b in  a n d  M. E. S ch w a b . B ra in  R e s e a rc h  

Institute, U n iv e rs ity  o f  Z u r ic h , A u g u s t-F o re ls tr .  1, 8 0 2 9  Z u ric h , 
Sw itzerland .

W e  h a ve  p re v io u s ly  s h o w n  th a t o lig o d e n d ro c y te s  a n d  th e ir  in 
vivo p ro d u c t m y e lin  e x e rt a  p o te n t in h ib ito ry  e ffe c t o n  g ro w in g  
neuntes (C a ro n i a n d  S ch w a b , 1 9 8 8  a ). T h is  m y e lin -a s s o c ia te d  
activ ity  w a s  a s c r ib e d  to  tw o  p ro te in  f ra c t io n s  o f  a b o u t 3 5  kD a  
and 25 0  kD a  (n e u r ite  g ro w th  in h ib ito rs  N I-3 5  a n d  N I-2 5 0 ).
W e n ow  p e rfo rm e d  h ig h  re s o lu tio n  s e p a ra t io n  o f  d e lip id a te d  ra t 
spinal co rd  m y e lin  b y  p re p a ra t iv e  2 -D  P A G E  fo r  fu r th e r  a n a ly s is  
of th e se  in h ib ito ry  co m p o n e n ts . In a  f ir s t  a t te m p t in h ib ito ry  
activ ity w a s  fo u n d  to  b e  a s s o c ia te d  w ith  a  c h a ra c te r is t ic  p ro te in  
region c o n s is tin g  o f  a  c lu s te r  o f  s p o ts  w ith  a  m o le c u la r  w e ig h t 
o f 33 -34  kD a  a n d  a  p lap p  o f  6 .0  -  6 .3 . In te re s t in g ly ,  s o m e  s p o ts  
w ith in th is  re g io n  a re  a b s e n t o n  2 -D  g e ls  o f  P N S  m y e lin . R a b b it 
antise ra  (A S ) w e re  ra is e d  a g a in s t th e s e  in d iv id u a l spo ts . 
Severa l o f  th e s e  A S  h a d  a  s tro n g  n e u tra liz in g  e ffe c t o n  th e  
in h ib ito ry  a c t iv ity  o f  to ta l C N S  m y e lin  fo r  D R G  n e u r ite  g ro w th  
and f ib ro b la s t sp re a d in g . In  ra t b ra in  s e c t io n s  th e y  g iv e  a  
typ ica l m y e lin  s ta in in g  p a tte rn . F irs t  re s u lts  in d ic a te  a  c lo s e  
co rre la tion  b e tw e e n  n e u tra liz in g  a c t iv ity  o f  s o m e  o f  th e  A S  a n d  
positive  W e s te rn  b lo t s ig n a ls  w ith in  th e  3 3 /3 4  k D a  s p o t c lu s te r  
as w e ll a s  a  s p o t p a tte rn  a b o v e  2 0 0  k D a

1 1 3 .6
OLIGODENDROGLIAL SIGNAL TRANSDUCTION SYSTEMS ARE
DEVELOPMENTALLY REGULATED. M. He and K. D. McCarthy*. Dept. of 
Pharmacology, Univ. of North Carolina Sch. of Med., Chapel Hill, NC 27599- 
7365.

Studies from a number of laboratories indicate that Oligodendroglia exhibit signal 
transduction systems which can be activated by classical neurotransmitters. 
Previous studies from this laboratory indicate that Oligodendroglia express 
neuroligand receptors linked to the regulation of Caį2+. Experiments presented 
here were designed to determine if developmental processes proceed either in v itro  
or in  v iv o  which influence the ability of Oligodendroglia to respond to neuroligands 
with a rise in Caj2+. After 4 DIV, approximately 90% and 75% of
Oligodendroglia responded to ATP or carbachol, respectively, whereas less than 
10% of these cells responded to either of these neuroligands after 8 DIV. The 
decrease in the percentage of Oligodendroglia responding to ATP, but not to 
carbachol, could be prevented by including db-cyclic AMP in the culture medium 
during the final 4 DIV. However, once the loss in responsiveness to ATP had 
occurred, it could not be reversed by exposure to db-cyclic AMP. Developmental 
changes in the sensitivity of Oligodendroglia appeared without marked changes in 
their immunoreactivity with antibodies specific for myelin forming cells. The 
neuroligand sensitivity of Oligodendroglia freshly isolated from either neonatal, 2- 
week, З-week or 5-week old spinal cord was examined to determine if 
developmental changes in oligodendroglial Ca2+ regulation occurred in  v iv o . The 
results of these experiments indicate that the percentage of Oligodendroglia 
responding to either ATP or carbachol markedly decreased as a function of the age 
of the animal; this was not the case for the stimulation of Caj2+ by histamine. The 
decreased sensitivity of Oligodendroglia isolated from older animals could not be 
reversed through the addition of db-cyclic AMP. Overall, the results of these 
experiments indicate that developmental processes selectively influence the 
sensitivity of Oligodendroglia to specific neuroligands and suggest that 
oligodendroglial properties unrelated to myelin formation may be regulated by 
neuroligands. (NS29471)

1 1 3 .8

NEW ZINC FINGER GENES EXPRESSED IN OLIGODENDROCYTES 
AND NEURONS. U. Pott*. A. Holz, R.J. Colello and M.E. Schwab. Brain 
Research Institute, August-Forel-Str. 1, CH-8029 Zurich, Switzerland

Oligodendrocytes play a vital role in central nervous system (CNS) func
tion by elaborating the myelin sheath around the axons and thus enabling fast 
saltatory conduction to occur. The basis for this is the expression of a unique 
set of genes coding, e.g. for the myelin structural proteins. In order to under
stand oligodendrocyte-specific gene expression in more detail, we cloned pu
tative transcription factors from this particular glial cell type.

A cell suspension obtained from P15 rat brains was highly enriched for 
oligodendrocytes by Percoli gradient centrifugation. The enrichment was 
verified by Northern blot analysis of the total cellular RNA: probing with a 
neuron-specific cDNA (neuron-specific enolase) and the astrocyte marker 
glial fibrillary acidic protein, respectively revealed only minor contaminations 
with these two cell types.

Poly A+ RNA from the oligodendrocytes was used to construct a Lambda 
ZAPII cDNA library. Using an oligonucleotide probe for zinc finger proteins 
we isolated 11 different cDNAs. So far, sequencing of four clones revealed 
that they code for new members of the zinc finger gene family. As shown by 
Northern blots the expression of three clones is highest in the nervous system 
whereas one clone is more abundant in skeletal muscle. The cellular localisa
tion by in situ  hybridization in developing P5 and P15 brains for two clones 
showed that the mRNAs are present in oligodendrocytes. Interestingly, de
fined neuronal subpopulations like cerebellar granule cells also expressed 
these zinc finger mRNAs.

1 1 3 .1 0

HEPATOCYTE GROWTH FACTOR IS A MITOGEN FOR RAT 
SCHWANN CELLS. A.Krasnoselskv. M.C. DeFrances§. R.ZarnegarS. 
G,Michalopoulos§. T.A. Rizvi*. and N. Ratner.Dept. of Anatomy and 
Cell Biology, University of Cincinnati School of Medicine, Cincinnati, 
Ohio 45267-0521. §Dept. of Pathology, University of Pittsburgh School 
of Medicine, Pittsburgh, Pennsylvania 15261.

We found that hepatocyte growth factor (HGF) is a potent mitogen for 
purified rat Schwann cells in defined medium. Half-maximal stimulation 
of DNA synthesis occurred at 1 ng/ml HGF and reached a maximum at 3 
- 5 ng/ml with 10 - 20 fold increase in DNA synthesis; at higher 
concentrations, the degree of stimulation was dramatically decreased. 
Unlike previously described Schwann cell mitogens, HGF stimulated 
Schwann cell proliferation was abolished by forskolin, suggesting that 
HGF functions through a separate signal transduction pathway. The 
mitogenic action of HGF was not inhibited or enhanced by addition of 
transforming growth factor ß (TGFß) or fibroblast growth factor (FGF), 
previously defined Schwann cell mitogens. Rat Schwann cells express 
c-met mRNA, encoding the HGF receptor, but not HGF mRNA, implying 
that the mitogenic effect of HGF is probably mediated by the 190 KDa 
c -m e t  receptor protein and that it is unlikely that HGF acts as an 
autocrine Schwann cell growth factor. Anti-HGF antisera that completely 
block HGF stimulated Schwann cell proliferation did not inhibit 
proliferation of Schwann cells either in co-culture with rat dorsal ganglia 
(DRG) neurons or by DRG mitogenic extract, making it unlikely that 
HGF is identical to a neuronal mitogen thought to be responsible for 
stimulation of Schwann cell proliferation in vivo. Thus, HGF is a novel 
Schwann cell mitogen, and Schwann cells are one of the few 
non-epithelial cells responsive to HGF.
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1 1 3 .1 1
THE "MYELIN-SPECIFIC" PROTEIN P0 IS EXPRESSED EARLY 
DURING EMBRYOGENESIS. S.-M. Zhang, R. Marsh, N. Rainer 
and R. Brackenhurv*. Dept. of Anatomy and Cell Biology, University 
of Cincinnati College of Medicine, Cincinnati, OH 45267.

Protein zero (Po), the major structural protein of peripheral myelin, is 
believed to play a prominent role in the compaction of myelin 
membranes. Previous studies indicate that, in mammals, Po is expressed 
only in myelinating Schwann cells at late stages of embryogenesis. We 
previously characterized a monoclonal antibody, 1E8, that reacts with 
Po, but also stains early Schwann cell precursors and non-myelinating 
Schwann cells of the chicken (Bhattacharyya e t  a l ,  1991). To 
understand this discrepancy, we have characterized the 1E8 epitope on 
Po and have analyzed the expression and structure of Po mRNA during 
development. Removal of carbohydrate from Po by treatment with N- 
glycanase did not abolish binding of 1E8, suggesting that the 1E8 
epitope is polypeptide and not carbohydrate. Immunoblot analyses of Po 
fusion proteins confirmed that 1E8 recognizes non-glycosylated 
polypeptide. Northern blot analysis revealed only a single Po mRNA, in 
contrast with previous work (Barbu, 1990) that suggested the existence 
of alternatively-spliced Po mRNAs in chicken. Polymerase chain 
reaction (PCR) analyses provided additional support for a single form of 
P0 mRNA in chickens. Together, these data indicate that the antigen 
recognized by 1E8 in early chicken embryos is Pq. PCR also indicated 
that P0 mRNA is expressed in chicken embryos as early as embryonic 
day 4 (E4) and in rat embryos at E14, long before myelination. The 
presence of Po in early Schwann cell precursors and in non-myelinating 
Schwann cells raises the possibility that Pq may have new functions.

1 1 3 .1 3
A PERMANENT CELL LINE OF OLIGODENDROGLIA. S. E. Poduslo*, K. 
Rana. R. Seelow. Dept. of Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430.

Oligodendroglia migrate and differentiate later in the developing CNS 
than do neurons and astrocytes, a process regulated by both trophic 
factors and hormones which also play a role in the induction of myelin 
synthesis. Events that occur prior to myelination have been studied in vivo 
as well as in primary cultures of Oligodendroglia. Homogeneous 
populations of developing Oligodendroglia are difficult to isolate, culture, 
and maintain. Thus we have attempted to obtain a permanent cell line of 
Oligodendroglia that maintains the characteristic features of primary 
Oligodendroglia. A recombinant retroviral shuttle vector containing SV40 
large T antigen (pZip-NeoSV from C. Cepko) was used to infect developing 
rat Oligodendroglia which were then selected for G418 resistance. The 
surviving cells have been single cell cloned to obtain homogeneous 
populations. By phase microscopy the cloned cells have triangular to 
stellate shaped cell bodies with 3 or 4 processes. Immunofluorescence 
staining reveals reaction with antiserum to cerebroside, basic protein, and 
proteoiipid protein, but no reaction with antiserum to glial fibrillary acidic 
protein. The transfected Oligodendroglia incorporate 10% of the total lipid 
radioactivity into cerebrosides which compares with 20% in primary cultures 
of rat Oligodendroglia. Moreover, cerebroside synthesis is induced by the 
addition of steroids in the presence of other factors in the transfected 
Oligodendroglia. While the morphology differs from primary cultures, many 
of the characteristic features of Oligodendroglia are retained in the 
transfected cells. These cells may be a good model for studying the 
regulation of steroid interaction with specific receptors. Supported by the 
National Science Foundation.

1 1 3 .1 2
Glial C ells  In the D eve lo pm en t of the N ervous  
S ystem : D eve lo p m en ta l E xpress ion  and M olecu lar  
C h arac te riza tio n  of REGA-1 in G rasshoppers.
Eiaine C. Seaver*. Ellen M. Carpenter and Michael J, Ba&tiani, 
Dept. of Biology, University of Utah, Salt Lake City, UT 84102.

Glial cells may have important roles in establishment of a 
functional nervous system during development. We have 
identified an antigen, called REGA-1, present on a subset of 
glial cells in the developing grasshopper embryo. The REGA-1 
antigen is present on cellular processes surrounding small 
clusters of cells in association with neuroblasts as well as on 
processes that form the boundaries of selected axon pathways. 
These glial cells are present in positions where the future axon 
scaffold will form and the expression of the REGA-1 antigen 
coincides temporally with the formation of axon tracts. By 60% 
of embryogenesis REGA-1 delineates the neuropil region of 
the ganglia and the surrounding neuronal cell bodies. In the 
periphery the REGA-1 antigen is localized to the basal lamina in 
the developing limbs and may act as a substrate for the pioneer 
neurons of the leg. The REGA-1 antigen has been purified and 
partial protein sequence obtained. Degenerate primers 
representing the peptide sequence were used to amplify a 
product by PCR using first strand cDNA as a template. The 
resulting PCR product was used to screen a 45% grasshopper 
cDNA library. Sequence analysis of the resulting clones 
reveals that we have part of the open reading frame 
corresponding to REGA-1. We are currently working to recover 
the entire coding sequence corresponding to the REGA-1 
antigen. Supported by predoctoral NIH Training Program in 
Genetics #5T32GM07464-1 5 to EC S  and NIH #NS25387-06 to 
MJB.

NEUROGLIA AND MYELIN II

1 1 4 .1
ACTIVATIO N OF SUBSTANCE P RECEPTO RS REDUCES 
TH YM IDINE INCORPORATIO N IN  HUM AN UC11 MG
ASTRO CYTO M A C E LL S. M. D i Stefano.1 A , Copani.1* V.M .G. 
Вruno.1 G. Battaglia 1 and F. N ieoletti2 . Institute o f Pharmacology, 
University o f  Catania, Italy I; Dep. Exp. Med. and Biochem. Sci., University 
o f Perugia, Italy 2

Activation o f excitatory amino acid receptors coupled to
polyphosphoinositide (PPI) hydrolysis reduces proliferation o f astrocytes in  
culture. Here, we investigate the possibility that receptor-stimulated PPI 
hydrolysis regulates tumour cell growth. A s a m odel, we have used hu m an  
UC11 MG astrocytoma cells, which express a high density o f substance P 
receptors coupled to PPI hydrolysis. In [^HJinositol-labeled cells a lh  
incubation with 1 μΜ substance P increased the formation o f inositol 
monophosphate (InsP) by five to tenfold. In addition, a short term (2-6Һ) 
exposure o f cells to substance P induced a 60% reduction o f [methyl-^Щ 
thymidine incorporation, measured as an index o f cell proliferation. However, 
a longer tam  exposure to substance P (in the presence o f proteases inhibitors), 
up to 24Һ, failed to decrease thymidine incorporation. To assess whether the 
loss o f effect o f substance P was due to receptor desensitization, cells were 
preincubated with substance P for 2Һ before the subsequent addition o f the 
drug. Under this condi tiem, the formation o f InsP by substance P was poorly 
reduced. Therefore, it is likely that, if  desensitization to substance P develops, 
it w ill occur downstream o f the primary transduction pathway. To establish 
which o f the intracellular paths generated by PPI hydrolysis was involved in  
substance P-reduced thymidine incorporation, we have also tested the effect o f 
the protein kinase C activator TPA (lOOnM). TPA mimicked the action o f 
substance P, suggesting that the activation o f protein kinase C may contribute 
to the reduction o f thymidine incorporation.

1 1 4 .2
INTERACTIONS BETWEEN MSO AND GLUTAMATE IN THE 
REGULATION OF GLYCOGEN LEVELS IN AMMONIA-TREATED 
ASTROCYTES. RS Dombro *. DG Hutson and MD Norenberg. VAMC, 
Miami, FL 33125 and Depts. of Surgery and Pathology, Univ. of Miami 
School of Medicine, Miami, FL 33101.

Methionine sulfoximine (MSO) and glutamate (GLU) have both been 
reported to increase astrocyte glycogen content (Swanson et al, J 
Neurochem 52, 1359, 1989; ibid 54, 490, 1990). To investigate the 
mechanism of action of MSO, we treated astrocytes acutely (2.5 hr) with 
1 mM MSO, and found it had no effect on astrocyte glycogen. MSO 
likewise, had no effect on GLU-stimuIated glycogen levels. However, when 
cells were pre-treated with 5 mM ammonium chloride, an agent known to 
cause a marked decrease in glycogen levels (Dombro et al, Mol Chem 
Neuropathol, in press), the addition of MSO increased glycogen by 53%, 
while GLU caused a 79% increase. MSO and GLU, when added together 
to ammonia-treated cells, caused a 135% increase in glycogen content. 
Since this combined effect was additive, and the GLU-induced increase was 
independent of ammonia pre-treatment, it suggests that the mechanism of 
MSO and GLU-induced increases in glycogen levels are different. 
Whereas, it appears that the action of GLU on glycogen is mediated by 
changes in cell volume (Dombro et al, Neurosci Abs 21, 551, 1991), the 
acute action of MSO in raising glycogen levels in ammonia-treated 
astrocytes may be to prevent ammonia from inhibiting glycogen synthase 
(Lomako et al, FASEB J  5, A1014, 1991), or possibly related to its 
inhibition of glutamine synthesis. Furthermore, these findings may 
contribute to our understanding of the involvement of glycogen in 
hyperammonemic states. (Supported by VA Medical Research Service and 
NIH grant AM 38153).
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114.3
P E P T ID E  P R O D U C T IO N  B Y  G L IA L  C E L L S  C . H

Rhodes* a n d  C . H o n s in g e r .  D a r tm o u th  M e d ic a l S c h o o l,  
Lebanon, N H  0 3 7 5 6

T h e  p e p t id e - p r o c e s s in g  e n z y m e  p e p t id y lg iy c in e  
α -a m ida ting  m o n o o x y g e n a s e  (P A M )  h a s  b e e n  p r e v io u s ly  
shown to  b e  p r e s e n t  in  n o rm a l e p e n d y m a  a n d  s o m e  
normal a s t ro c y te s  (J .  H is to c h e m .  C y to c h e m  1 9 9 0 ,  
3 8 :1 3 0 1 -1 3 1 1 ; A n n .  N Y  A c a d  S c i.  1 9 9 1 ,  6 3 3 :6 2 3 -6 2 5 ) .  
In the  p re s e n t  s tu d y  P A M - lik e  im m u n o r e a c t iv i t y  is  
dem o n s tra te d  in  a  h ig h  p r o p o r t io n  o f  e p e n d y m o m a s  a n d  
h igh -g ra de  a s t ro c y to m a s .  T h e  h y p o th e s is  th a t  th e s e  
cells a re  s y n th e s iz in g  e n z y m a t ic a l ly  a c t iv e  P A M  is  
supported b y  th e  d e te c t io n  o f  P A M  m R N A  a n d  
a m ida ting  e n z y m a t ic  a c t iv i t y  in  3 /3  in d e p e n d e n t ly  
derived a s t ro c y te  c e l l  l in e s .  A l th o u g h  th e  p e p t id e  ( if  
any) p ro d u c e d  b y  th e s e  c e l ls  h a s  n o t  b e e n  id e n t if ie d ,  
the PA M  s p e c if ic  a c t iv i ty  in  h o m o g e n a te s  o f  th e s e  
cu ltu red c e l ls  is  a m o n g  th e  h ig h e s t  m e a s u r e d  in  a n y  
tissue. T h e s e  c e l ls  c a n  b e  g r o w n  in  c h e m ic a lly  
de fined , s e r u m - f re e  m e d iu m  a n d  p r e l im in a r y  a t te m p ts  
to p u r ify  a  g l io m a  p ro d u c e d  a m id a te d  p e p t id e  f ro m  
these c u ltu re s  a re  a ls o  d e s c r ib e d .

114.5

SELECTIVE LABELING OF NEURONS IN CULTURE BY CFDA 
REVEALS AN ANION TRANSPORTER IN TYPE 1 ASTROCYTES 
R.E. Petrosk i* , E.J . M or r is, and Н .M . Qęllsr Department o f 
Pharmacology, Robert Wood Johnson Medical School, Piscataway, NJ 

We have used the dye 5(6)-carboxyfluorescein diacetate (CFDA) to 
selectively label living neurons but not type 1 astrocytes in dissociated 
cell culture. CFDA is a non-fluorescent and hydrophobic molecule 
which readily crosses the plasma membrane of cells where it is rapidly 
hydrolyzed by cytosolic esterases into the fluorescent anion, 5(6)- 
carboxyfluorescein (CF). The anion is retained by viable cells which 
exhibit brilliant fluorochromasia. We have examined the selectivity 
of CFDA labeling for neurons and not astrocytes and report that type 
1 astrocytes express a transporter that rapidly pumps CF from the 
cytoplasm. Pharmacological inhibitors o f anion transport block the 
efflux of CF by astrocytes; these include probenecid, sulfinpyrazone, 
L-644,711, flufenamic acid, and mefenamic acid. This transporter is 
temperature-dependent and requires cellular energy as it is inactive 
following depletion o f ATP by azide and 2-deoxyglucose. We are 
currently investigating the possibility that this transporter may belong 
to the ABC family o f transporters which hydrolyze ATP to move 
substrates across the plasma membrane. The activity o f this 
transporter in type 1 astrocytes may reflect a unique function among 
glial cells as type 2 astrocytes and oligodendrocytes do not exhibit 
transport activity.

11 4 .7

ROLE OF PROTEIN PHOSPHORYLATION IN MEDIATING THE 
SYNERGISTIC ACTIVATION OF DNA SYNTHESIS IN 
ASTROCYTES BY bFGF AND ATP. JT Neary. O Zhu SR 
WMtteroore1. jfld.MHNorenberg. Research Service, VA Med Ctr, Dept 
Pathol & Miami Project1, Univ Miami Sch Med, Miami, FL 33125.

Astrocyte proliferation is a characteristic feature of reactive gliosis 
following CNS injury. bFGF is increased after injury and stimulates 
astrocyte proliferation. Previously, we showed that when bFGF was 
added in combination with extracellular ATP, a synergistic activation of 
DNA synthesis was observed in quiescent astrocytes cultured from 
neonatal rat brain. These studies have been extended by characterizing 
the type of purinergic receptor involved and by investigating the possible 
role of protein phosphorylation in mediating the synergistic effect. P2 
receptors were implicated because ATP and the hydrolysis-resistant 
analogs ATPyS & ADPBS were more effective than adenosine. The 
receptor subtype may be P2U because UTP was more potent than 2- 
MeSATP. Protein phosphorylation studies revealed that both bFGF and 
extracellular ATP increased phosphate incorporation, and a different 
phosphoprotein pattern was observed with bFGF + ATP. In addition, 
the ratio of some-, threonine- and tyrosine-phosphate differed between 
cells treated with ATP, bFGF, or ATP + bFGF. These studies indicate 
that protein phosphorylation systems may mediate the synergistic actions 
of bFGF and extracellular ATP on DNA synthesis in astrocytes and 
suggest that diese mechanisms may be involved in reactive gliosis. 
(Supported by the Dept Veterans Affairs.)

1 1 4 .4
EXTRACELLULAR CARBONIC ANHYDRASE IN TURTUE CEREBELLUM.
J.A . Gottfried* & M. Chester. Dept. Physiol./Biophys. & Dept. Neurosurg., 
N YU Med. Ctr., 550 1st Ave., NY, N Y  10016.

An extracellular alkaline shift (AS) often occurs during neuronal 
activity. Studies in rat hippocampal slices suggest that extracellular 
carbonic anhydrase (CA) modulates these extracellular pH (pH0) shifts 
(1,2). However, whether extracellular CA was an artifact of the slice 
preparation remains unclear. We now provide evidence for extracellular 
CA activity in the turtle cerebellum, an intact CNS preparation.

Turtle cerebella of species P s e u d y m y s  s c r ip ta  (n= ll) were studied in  
v i t r o . pH 0 shifts were recorded in the granular layer with pH-sensitive 
microelectrodes. Pressure injection of glutamate (GLU, 10 mM) or GABA 
(10 mM) evoked a stereotyped AS (approx. 0.1 pH  unit). Superfusion of 
benzolamide (BZ, 2 pm) amplified the GLU response and reduced the 
GABA response. BZ also amplified the AS evoked by injection of О Н' 
ions and reduced the AS evoked by HCO3·. Identical results were 
obtained with a dextran-conjugated CA inhibitor and confirm earlier 
observations in the rat, indicating that GLU and GABA responses are 
generated by net H+ sinks or НСО3'  sources, respectively.

These data, from an intact, non-mammalian CNS structure, suggest that 
extracellular CA is a general feature of the vertebrate CNS. Given the 
finding of activity-dependent pH shifts in diverse vertebrate species, our 
data imply that the role of extracellular CA, subserving the regulation 
of pH 0, is similarly conserved. Supported by NIH grant NS27011.
(1) Chen & Chesler PNAS 89: 7786, (2) Kaila et al. NeuroReport 3: 105.

1 1 4 .6

A NOVEL PROTEIN KINASE C SUBSTRATE ENRICHED IN 
ASTROCYTES, PEA-15, MAY BE ASSOCIATED WITH
MICROTUBULES. M, Ypkpyąmą*, N, Uanzingeu J , Ç qxüİV ,.L
Glowinski and H. Chneiweiss. INSERM U114/ Collège de France, Paris, 
France.

Astrocytes are known to exhibit receptors for various neurotransmitters 
and growth factors. These receptors provide a mechanism for neuron- 
astrocyte communication. Activation of receptors by agonists results in a 
cascade of intracellular events, including stimulation of protein kinases 
and subsequent phosphorylation of substrate proteins. To study the 
regulation of astrocytic functions by neurons, we analyzed target 
phosphoproteins of neurotransmitters and growth factors in cultured 
astrocytes using 2-dimensional polyacrylamide gel electrophoresis. 
Previously, we described a novel substrate of protein kinase C enriched 
in astrocytes, PEA-15 (J. Biol. Chem. 268:5911-5920). To further 
characterize the protein, we raised antisera against internal sequences of 
PEA-15. Initially, intracellular distribution of PEA-15 in astrocytes was 
examined by indirect immunoflorescence. Fibrous cytosolic staining was 
observed, suggesting that it may be a cytoskeletal protein. Consequently, 
we double labeled astrocytes with anti-PEA-15 antiserum and either 
phalloidin to reveal actin, antibodies against glial fibrillary acidic protein 
or ß-tubulin. The staining pattern of PEA-15 resembled that of ß-tubulin. 
To begin examining whether PEA-15 is associated with microtubules, 
astrocytes were treated with nocodazole to depolymerize tubulin. 
Treatment with nocodazole resulted in diffused immunostaining patterns 
of both ß-tubulin and PEA-15. In addition, after microtubules were 
allowed to reassemble by washing out the drug, PEA-15 distribution also 
returned to the original organized state. The data suggest that PEA-15 
may interact with microtubules. Currently we are examining whether 
PEA-15 is associated with microtubules using electron microscopy.

1 1 4 .8
ASTROCYTIC RESPONSE AND EXTRACELLULAR MATRIX PROTEIN 
EXPRESSION FOLLOWING EXPERIMENTAL TRAUMATIC BRAIN 
INJURY. Sandra J. Ш1Г, Elisa Barbarese, and Tracv K. McIntosh.
Dept of Neurology, Univ of Conn Hlth Cntr, Farmington, CT 06030 and 
Dept of Neurosurgery, Univ of Penn, Philadelphia, PA 19104.

The "reactive gliosis” response exhibited by astrocytes is one of the main 
features in CNS injury. The consequence of this response is the formation of a 
glial scar in regions of neuronal cell loss. Previous work suggests that axonal 
regeneration is inhibited by the glial scar, but the mechanism by which 
regeneration is prevented is unknown. Recently, inhibitory extracellular matrix 
(ECM) molecule» secreted by reactive astrocytes have been proposed to render the 
environment less favorable for neurite outgrowth. Using a non-penetrating model 
of CNS injury we investigated the astrocyte population and ECM molecules 
(chondroitin sulphate proteoglycan (CSμg), and laminin) present after lateral fluid 
percussion (LFP) brain injury in the rat, which is known to result in cortical and 
hippocampal damage. Adult Sprague-Dawley rats were anesthetized and subjected 
to LFP injury of moderate severity (2.4-2.S atm). Rats were reanesthetized and 
perfused with 4% paraformaldehyde containing 0.5% Ceytl pyridinium chloride at 
1 day(n=3), 3 day(n=3), and 7 day(n=3) post injury. Cajal’s gold sublimate 
stain for astrocytes was performed, and ECM proteins were evaluated by 
immunohistochemistry, in injured, sham (surgery only), and naive coronal brain 
sections. Brains that received a LFP injury exhibited gliosis and had a high 
expression of both ECM proteins 3 and 7 days post injury, while sham and naive 
brains had no gliosis and had minimal expression of ECM proteins. Since ECM 
molecules that both inhibit (CSμg) and promote (laminin) neurite outgrowth are 
expressed simultaneously in the same regions after injury, we believe that these 
proteins might compete with each other and limit the amount of regeneration that 
can take place after injury.
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1 1 4 .9
PROLIFERATION OF ASTROCYTES AFTER EXCITOTOXIC INJURY OF ADULT 
BRAIN. S. Collins*, J.R. Fredieu, E. Snyder, and D.M.D. Landis. Dept. 
Neurology, Case Western Reserve University, Cleveland, OH 44106.

When adult mammalian brain is injured, cell proliferation 
generates astrocytes in the affected region. It has been difficult to 
identify the nature of the cells which give rise to astrocytes, because 
endothelial cells, microglia and possibly blood-derived macrophages 
may also be dividing in the injured brain. We are using the technique of 
retrovirus-mediated gene transfer to identify the lineage and charac
teristics of cells proliferating after injury.

Kainic acid was injected into the rat caudatoputamen to kill 
neurons, and 48 hours later LZ1 BAG virus was injected at the same 
site, to infect proliferating cells and transfer the reporter gene ß- 
galactosidase. Cytochemical demonstration of galactosidase activity 
revealed proliferating cells in the tissue. When tissue from the injured 
and virus infected site was cultured 48 hours after the virus injection, 
we could demonstrate galactosidase activity and GFAP immunoreactivity 
in some of the cultured cells.

Similar experiments in mouse brain using cytochemical detec
tion of galactosidase activity combined with immunofluorescence re
vealed many galactosidase-positive cells, but the nature of the cy
tochemical reaction made immunocytochemical studies of the same cells 
unreliable. We are now using immunocytochemical detection of both the 
bacterial ß-galactosidase and a cell marker to identify the nature of the 
dividing cells. Animals studied 2 and 3 days after viral injection have 
only a few dividing astrocytes in the injured tissue. We are examining 
the remaining ß-gal-immununoreactive cells for the presence of 
microglial, macrophage, and oligodendroglial cell markers.

1 1 4 .1 1
DEXAMETHASONE REDUCES MICROGLIAL & ASTROCYTIC ACTIVA
TION FROM SPREADING DEPRESSION. A. Caggiano* & R.P, Kraig. 
Department of Neurology, The University of Chicago, Chicago, IL 60637.

Interrelation of endocrine and immune systems is evidenced by their shared 
sensitivity to products derived from either system. Since microglia in adult 
brain arise from peripheral immune cells, hormones may also affect microglia. 
We have begun to study this possibility by examining how hormones affect 
microglial activation from spreading depression (SD), a benign perturbation that 
causes a transient activation of microglia (e.g., increased OX-42,-18, &-6 
immunostaining) [1].

Male rats (n=3) were anesthetized with halothane. SD was induced (3 hrs) 
by application of İM KC1 to exposed, caudal cortex as previously described [2]. 
DC electrodes in frontal cortex confirmed the occurrence of SD in experimental 
cortex and its absence in contralateral cortex. Animals were killed 24 hrs after 
recovery by perfusion-fixation. Frontal brain sections were immunohistochemi- 
cally stained for microglia (OX-42) or for astrocytes (glial fibrillary acidic 
protein (GFAP). Other animals (n=3) were given (lmg/kg i.p.) dexamethasone 
1 hr before the 3 hrs of SD. Both groups experienced a similar range of SDs 
(21-37). SD caused a pronounced increase in both OX-42 and GFAP staining 
compared to contralateral control levels. Dexamethasone treatment virtually 
eliminated this difference.

This work confirms that 3 hrs of SD can activate both microglia and 
astrocytes. Also, an earlier (1 day) peak in changes of microglia [1] compared 
to astrocytes (3-5 days) [2], suggests microglia may trigger astrocytic changes. 
If true, then dexamethasone may have a direct effect on microglia and not 
astrocytes. Perhaps SD-induced effects on these cells can be disassociated. [1] 
Gehrmann et al., Neuroreport,’93; [2] Kraig et al., J. Neurosci., ’91.

1 1 4 .1 0
SPREADING DEPRESSION INDUCES A TRANSIENT INCREASE IN 
GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP). R.P. Kraig*1, C.D. Lascola1, 
& J. O’Callaghan2, 1Dept. of Neurology, The University, Chicago, П 60637. 
2Neurotox. Div., Health Effects Res. Lab., E.P.A., Res. Triangle Park 27711.

Spreading depression (SD) causes a rise in astrocytic pH [1] which in other 
cells occurs with increased metabolic activity. Indeed, SD does cause a 
transient astrocytic hypertrophy and rise in GFAP immunostaining [2] but 
whether this staining is from increased GFAP content remains unknown.

Male rats (n=51) were anesthetized with halothane, underwent SD from 
application of IM KC1 to caudal neocortex [2], and were allowed to survive for
2,3,5,7,14,21 or 28 days before being killed by either halothane overdose and 
decapitation (GFAP content) or perfiision-fixation (immunostaining). GFAP 
content was measured by sandwich ELISA [3]; GFAP immunostaining and 
estimates of astrocytic division from bromodeoxyuridine/astrocytic double- 
immunostaining were made from thin sections of paraffin-embedded brains. 
Measurements were normalized by comparison to contralateral neocortex that 
had no SDs. Normal and sham-operated animals showed no left-right neocorti- 
cal differences (P>0.2 & 0.3, respectively). GFAP content rose significantly 
(PcO.Ol @ 2,3,5,& 7 days) after SD to reach a maximum over contralateral 
control levels at 3-5 days after SD. GFAP content parallelled changes in GFAP 
staining and astrocytic hypertrophy. Preliminary measurements of cellular 
division suggest that few astrocytes divided after SD.

Since GFAP turnover in vivo  is relatively slow, the rise in GFAP content 
after SD is probably associated with increased protein synthesis. Furthermore, 
this increase in GFAP probably occurs with hypertrophy and not hyperplasia.
[1] Chester & Kraig, Am.J. Physiol., ’87; [2] Kraig et al. J. Neurosci., ’91; [3] 
O’Callaghan, Neurotoxicol & Teratol., ’91.

1 1 4 .1 2
INHIBITION OF ASTROCYTE VOLUME REGULATION AND POTASSIUM 
ACCUMULATION BY AN ANION TRANSPORT INHIBITOR. JE Olson*1 & 
HK Kimelbera2. Dept Emerg Med, Wright State U, Davton OH1 45401 & 8Div Neurosurg, Albany Med Col, Albany NY^ 12208.

L-644,711, an (aryloxy)alkanoic acid derivative, inhi
bits chloride uptake in cultured glial cells (Cragoe et 
al., J Med Сһеш 25:567, 1982) and reduces glial swelling in 
vivo following cerebral trauma (Barron et al., Acta Neuro
path 75:295, 1988). To investigate functions of anion 
transport in astrocytes, we measured the effects of this 
drug on volume regulation and potassium accumulation in 
hypoosmotic media containing normal and elevated potassium.

Rat astrocytes grown in tissue culture for 4 weeks were 
removed from the culture dish with trypsin and allowed to 
equilibrate in isoosmotic medium for 30 min. Cells were 
diluted into isoosmotic medium (280 mOsm) or hypoosmotic 
medium (HO, 155 mOsm) containing normal or elevated [K]e. Some solutions also contained 1 mM L-644,711. Cell volume 
was determined using a Coulter Counter. Cellular K content 
was measured by atomic absorption spectroscopy.

Cells swelled by 40% in HO containing 3.2 mM or 50 mM 
[K]e· A regulatory volume decrease (RVD) without net loss 
of cellular potassium then was observed in HO containing
3.2 mM [K] . RVD was completely inhibited by L-644,711 in 
this solution. Cells in HO containing 50 mM [K]e accumula
ted K and further increased in volume during the first 7 
min after suspension. L-644,711 eliminated this increase 
in cellular K but did not effect the volume response.

Inhibition of RVD in HO containing 3.2 mM [K]e and K ac
cumulation in HO containing 50 mM [K]e may result from the 
action of L-644,711 on amino acid and chloride transpor
teris) or channel(s) activated by hypoosmotic swelling.

Supported by NIH (NS 23218).

M E M B R A N E  C O M P O S I T I O N  A N D  C E L L - S U R F A C E  M A C R O M O L E C U L E S  I

1 1 5 .1

AGGREGATION AND FUSION OF CHROMAFFIN GRANULES 
AND LIPOSOMES BY LIPOCORTIN I (DES 1-12). George Lee*, 
Ofer Eidelman and Harvev B. Pollard. Laboratory of Cell Biology and 
Genetics, NIDDK, NIH.Bethesda, MD 20892

Annexins are a family of proteins that share the ability to associate 
with membrane phospholipids in a Ca2+-dependent manner. We have 
isolated and purified three water-soluble forms of bovine lipocortin I 
(annexin I): intact, DES 1-12, and DES 1-26. Aggregation o f chromaffin 
granules by lipocortin I was activated by both Ca2+ and Ba2+. The most 
active form was found to be the DES 1-12 which had previously been 
shown to cause fusion of chromaffin granules in the presence of Ca2+ or 
Ba2+ and 10 μΜ arachidonic acid. We report here that DES 1-12 induced 
membrane mixing and aggregation of PS extruded liposomes. Fusion 
was induced by DES 1-12 but not by intact lipocortin I. Moreover, 
addition of synthetic peptide with the sequence of the first 12 a.a. of 
lipocortin I blunted the fusogenic effect of DES 1-12. Vesicle 
aggregation and fusion were dependent on the concentration of divalent 
cations with Ki/2 o f 270 μΜ for Ca2+ and 170 μΜ for Ba?+, and had a 
sigmoidal curve typical o f a positively cooperative reaction. Mg2+- 
induced fusion required much higher concentration (2.5 mM) and the 
activation was linear with respect to [Mg2+]. Aggregation and fusion 
rates were enhanced by replacement of salt with sucrose and by lowering 
the pH. We conclude that (a) lipocortin I (DES 1-12) can mediate 
aggregation and fusion in the presence o f Ca2+ or Ba2+; (b) the fusion 
process, at least in the vesicles, is apparently cooperative; (c) in bovine 
lipocortin I, fusion depends on the truncation of the first 12 amino acids 
on the N- terminal domain.

1 1 5 .2

IMMUNOHISTOCHEMICAL DISTRIBUTION OF SULPHATIDE IN RAT CNS 

AND OTHER SELECTED TISSUES. Hâkan G . Persson*, Pam Fredman 

and Mats Johansson. University of Göteborg, Dept of Anato
my and Cell Biology and Dept of Psychiatry and Neuroche

mistry, Medicinareg. 3, 413 90 Göteborg, Sweden.

The distribution of glycolipids in vivo in animal tissue 

have in most studies been analysed by lipid extraction or 

other biochemical methods due to the lack of specific anti
bodies, and thus our knowledge of the cellular and subcel- 
lular distribution of sulphatide is limited. In order to 

study the potential role of this molecule in different as

pects of cell metabolism, structure and interactions, such 

information is cruical in order to interpret earlier bio

chemical findings. A mouse monoclonal Ab, Sul-1 was used in 

a fluorescense immunohistochemical study on cryostat secti
ons and data are presented from different parts of the CNS, 

exo- and endocrine glands, major internal organs, muscle, 
connective tissue and eye. The results support a role for
sulphatide in ion transporting mechanisms and further stu
dies are in progress.
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G A N G L IO S ID E  B IO S Y N T H E S IS  IN  E A R L Y  S K A T E  
EM BRYO S. R. A. Irvine and T. N. Səvfried*. Department of Biology, 
Boston College, Chestnut Hill, MA 02167.

Gangliosides are sialic acid-containing glycosphingolipids that are enriched 
in neuronal plasma membranes and are thought to play a critical role in 
neuronal growth and differentiation throughout early vertebrate ontogeny. 
Although little is known concerning the regulation of ganglioside 
biosynthesis during embryonic development, it appears that the expression 
of hemato-series gangliosides(GM3 and GD3) predominates at the earliest 
stages of embryogenesis, whereas the synthesis of the more complex 
ganglio-series gangliosides predominates at later stages. R. erinacea skate 
embryos(approximately 4 weeks gestation) were isolated from egg cases and 
maintained in artificial sea water at 17 °С. At the five vesicle stage of brain 
development(34-38 somite pairs), skate yolks were injected with 2 pCi 14C- 
galactose. After 12 days, embryos and supportive yolks were separated, 
frozen, and lyophilized. Radiolabeled gangliosides were isolated and purified 
from individual embryos and separated by high performance thin layer 
chromatography. Autoradiography revealed GD3 and GT3 as predominant 
gangliosides of the skate embryo pattern, while ganglioside GM3 was 
surprisingly absent. The presence of GT3 is indicative of c-pathway 
expression. C. perfringens neuraminidase treatment converted GT3 and 
GD3 to lactosylceramide, converted the polysialogangliosides to GM1, and 
created a significant GM2 band, presumably from the conversion of GT2. In 
contrast to the embryos, radiolabeled gangliosides were undetected in skate 
yolk, indicating that ganglioside biosynthesis did not occur in the yolk. The 
skate embryo represents a novel model system for studying the dynamics of 
ganglioside biosynthesis during early embryogenesis. (Supported by NIH 
24826 and Boston College REG.)

115.5
GANGLIOSIDE BIOSYNTHESIS IN CULTURED, POST
IMPLANTATION MOUSE EM BRYOS. J. V. Brioande* and
T. N. Sevfried. Department of Biology, Boston College, Chestnut Hill,
MA 02167.
Whole embryo culture (WEC) of post-implantation mouse embryos 

was used to study ganglioside biosynthesis during neurulation. WEC is 
capable of maintaining the growth and differentiation of post
implantation mouse embryos from the primitive streak stage to the 
five brain vesicle stage of development. Gangliosides are sialic acid 
containing glycosphingolipids that are thought to play a vital role in neuronal 
growth and differentiation during embryonic development, yet little is known 
about the regulation of their biosynthesis at early embryonic stages. Mouse 
conceptuses containing embryos at the 3-5 somite stage were explanted and 
placed individually in culture flasks containing freshly isolated rat serum (1.9 
ml), Tyrode's buffer (0.6 ml), and 5 pCi 14C-galactose. At the end of 48 hrs in 
culture, the experimental and control (no 14C-galactose) embryos had rapidly 
beating hearts (110-120 beats per min), vigorous visceral yolk sac circulation, 
28-29 somite pairs, and five vesicle development of the rudimentary brain. We 
isolated and purified radiolabeled gangliosides from individual, cultured mouse 
embryos and determined that the predominant species were GM3 and GD3 
using high performance thin layer chromatography. C. p erfrin g en s  
neuraminidase treatment converted GM3 and GD3 to lactosylceramide and 
converted the polysialogangliosides to GM1. WEC represents a novel model 
system for analyzing the dynamics of ganglioside biosynthesis during 
neurulation in mouse embryos. (This work was supported by NIH grant 
NS24826, the Michael P. Walsh Scholarship, and Boston College REG).

11 5.7
ACETYLCHOLINE SYNTHESIS IS FAVORED OVER PHOSPHOCHOLINE 
SYNTHESIS WHEN RAT STRIATAL SLICES ARE STIMULATED WITHOUT 
EXOGENOUS CHOLINE. S.A. Färber*. V. Savci. A. Wei. B.E. Slack and R.J. 
Wurtman. Dept. of Brain & Cognitive Sciences, M.I.T., Cambridge MA 02139.

The synthesis of acetylcholine (АСҺ) and phosphocholine (РСҺ) was 
investigated in superfused rat striatal slices. Electrical stimulation (15 Hz, 120 
mA and 1.0 ms duration) of slices incubated without exogenous choline (Ch) 
increased АСҺ release from 0.34 to 4.04 nmol/mg/hr (p< 0.01). When slices 
were superfused in the presence of [Me- 4̂C]Ch, stimulation reduced the 
incorporation of label into РСҺ (from 2320 to 971 DPM/mg [p< 0.001]) and 
into phosphatidylcholine (PC) (from 877 to 416 DPM/mg [p< 0.05]) The 
[14C]ACh released into the superfusion medium was increased 10-fold (from 
5890 to 59,000 DPM/mg/hr [p< 0.001]) when compared with that of controls. 
Stimulation failed to affect tissue [l4C]ACh or [14C]Ch levels, but did 
significantly decrease the mass of these two compounds (for Ch ; 1840 to 
1370 pmol/mg [p< 0.01], for АСҺ; from 1910 to 1100 pmol/mg [p< 0.01]). The 
addition of Ch (100 μΜ) to the superfusate entirely prevented the decreases in 
Ch and АСҺ mass. The reduction in РСҺ synthesis (nmols) during stimulation 
was equivalent to the increase in АСҺ synthesis. This effect was not 
associated with changes in the kinetic properties of Ch kinase or Ch 
acetyltransferase activities as assayed in tissue homogenates.

The changes in the specific activities of tissue Ch, РСҺ and PC with time 
were consistent with the sequential conversion of Ch to РСҺ to PC while this 
was not the case for tissue Ch and АСҺ. In stimulated slices, the specific 
activity of tissue АСҺ was higher than that of tissue Ch at 15, 30, and 45 min 
(e.g. 8360 vs  5440 DPM/nmol @ 30 min) Additionally, the specific activity of 
released АСҺ was even higher than that of tissue АСҺ, suggesting that newly 
synthesized АСҺ is preferentially released and that a smaller, more highly 
labeled Ch pool is the precursor for АСҺ. These studies show that АСҺ 
synthesis prevails over Ch phosphorylation when Ch levels are limiting.

1 1 5 .4

GANGLIOSIDE PATTERNS IN REPTILES: PHYLOGENETIC 
AND ECOPHYSIOLOGICAL IMPLICATIONS. L.N. Irwin.* 
Dept. Biol. Sci., Univ. of Texas at El Paso, TX 79968.

Insights into the biomedical importance of gangliosides may 
depend on a better understanding of the biological forces that have 
shaped their evolution. Brain gangliosides from reptiles show a 
fundamentally avian/mammalian pattern; but like aquatic 
ectotherms, they have relatively more of the highly acidic 
gangliosides (GTlb, GQlb). In search of ecophysiological factors 
that may correlate with ganglioside pattern variation, brain 
gangliosides were extracted from two sympatric lizards of the 
Chihuahuan Desert, C n em id o p h o ru s te sse la tu s  and C rota p h ytu s  
c o lla r is  with chloroform:methanol (2:1), isolated by silicic acid 
chromatography, and separated by thin-layer chromatography. C. 
te ss e la tu s , an active forager with a higher metabolic rate, had 
relatively less GTlb and more GM1 than C. c o lla r is . Thus, the 
ectotherm with the higher metabolic rate had a ganglioside pattern 
more similar to that of a mammal. This observation is consistent 
with the view that gangliosides play a physiological role that is 
sensitive to chronic temperature, metabolic rate, or both. 
[Supported by RCMI Grant #lG12-RR-08124-01 from the National 
Center for Research Resources, N.I.H . and the J. Edward and 
Helen M. C. Stern Endowment.]

1 1 5 .6
GANGLIOSIDES GD3 AND O-ACETYLATED GD3 IN 
NEUROBLASTOMA CELLS. R.K. Yu1*. G.M.Blaine1. H. Yoshino1.
Y.Qi2. G.Dawson2. and T.Ariea1 1, Dept. Biochem., Med. Coll. 
VA., VCU, Richmond, VA 23298 and 2, Dept. Pediat., Univ. 
Chicago, Chicago, IL 60637.

Gangliosides GD2, and less frequently O-acetylated GD2, has been 
identified in high concentrations in many neuroblastoma cell lines. 
With this study, a unique ganglioside composition has been 
characterized in F - l l  neuroblastoma cell line originated from 
hybridization of N18 TG2 (mouse) with dorsal root ganglion (DRG) 
cells, and was selected on the basis of expression o f many o f the 
differentiated features of true substance P containing DRG neurons. 
Total lipid-bound sialic acid was 0.82 ^g/mg protein. The 
gangliosides were isolated and their structures determined by HPTLC- 
immunostaining using monoclonal antibodies. The major gangliosides 
were GM3 (47% of total gangliosides), GD3 (24%), O-acetylated 
GD3 (16%) and G D la (9%). Only trace amounts o f GD2 ganglioside 
was detected using monoclonal mouse anti-GD2 antibodies. This 
pattern was completely different from that o f human DRG, which 
contained LM1, GM1, G D la and GDlb as the major gangliosides. 
This result demonstrates the heterogeneity o f tumor cells in regards 
to ganglioside composition and may influence the diagnostic and 
therapeutic management of neuroblastoma. (Supported by USPHS 
grants NS 11853, HD 06426, and CA 22032)

1 1 5 .8
INTERFERING WITH SPHINGOLIPID METABOLISM AFFECTS 
THE DEVELOPMENT OF CULTURED HIPPOCAMPAL NEURONS.
A.H.Futerman*. R.Harel. K.Hirschberg and A.Schwarz. Dept. of 
Membrane Research and Biophysics, Weizmann Institute of Science, 
Rehovot 76100, Israel.

We are examining whether neuronal outgrowth is regulated by the supply 
of vesicle components synthesized in the cell body. To determine whether 
lipid synthesis is necessary to maintain axonal growth, we analyzed the 
effect o f Fumonisin, an inhibitor of ceramide (Cer) synthesis, on the 
development of cultured hippocampal neurons. Inhibition o f sphingolipid 
(SL) synthesis by Fumonisin had a significant effect on axonal growth. 
Between days 2 to 3 in culture, mean axon length increased from 170 to 
240 μπι in control cells, but in Fumonisin-treated cells, no increase in axon 
length was observed; Fumonisin had no effect on dendrite outgrowth 
between days 2 to 6 in culture. Addition o f a fluorescent derivative of Cer 
together with Fumonisin reversed this effect, and Cer by itself caused an 
increase in axon length. We suggest that SL synthesis is necessary to 
provide new membrane material to the growing axon. We are currently 
testing the effect of other inhibitors o f SL synthesis on neurite 
development, and examining whether there is a correlation between axonal 
outgrowth and SL synthesis by analyzing levels of SL synthesis upon 
stimulation o f axonal outgrowth.

Significant changes are observed in the levels and types of glyco-SLs 
synthesized during the first four days of culture. Immunofluorescence 
reveals that the number of ganglioside GDlb positive cells increases within 
the first 48 h, but no correlation is observed between GDlb labeling and 
axonal development Interestingly, incubation o f neurons with conduritol- 
B-epoxide, an inhibitor of lysosomal glucosylceramidase, causes an 
increase of >50% in the number of branches per axon.
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EFFECTS OF CYTIDINE ON MEMBRANE PHOSPHOLIPID SYNTHESIS IN 
RAT STRIATAL SLICES. V. Savci* and R. J. Wurtman. Laboratory of 
Neuroendocrine Regulation M IT , Cambridge, MA 02139, USA.

Exogenous cytidine can, by increasing intracellular CTP levels, affect 
phosphatidylcholine biosynthesis. We investigated the effect of cytidine on the 
conversion of [3H]choline to pHjphosphatidylcholine (PC), and on the net 
syntheses of PC, phosphatidylethanolamine (PE) and phosphatidylserine (PS) when 
media did or did not also contain choline, ethanolamine or serine. Striatal slices 
were incubated for 60 min. at 37°C with 1ml Krebs buffer containing [3H]choline 
(5pCi/tube, 60nM). The addition of cytidine (50-500 μΜ) to the incubation 
medium caused a concentration-dependent increase (by up to 35%) in the 
incorporation of [3H]choline into membrane [3H]phosphatidylcholine. In pulse- 
chase experiments, cytidine (200μΜ) also significantly increased the conversion of 
[3H]choline to pHjphosphatidylcholine during the chase period. In the presence of 
200μΜ cytidine, small (7%) but significant elevations were observed in the 
absolute contents (nmol/mg protein) of membrane PC and PE, but not of PS, 
which is not thought to be synthesized by a CTP-dependent pathway. Concurrent 
exposure to cytidine (200μΜ) and choline (10μΜ) caused an additional significant 
increase in the levels of PC (P<0.05). Exposure to choline (40μΜ) increased the 
levels of all three membrane phospholipids;addition of cytidine did not cause 
further increases. When striatal slices were incubated with cytidine (200μΜ) plus 
ethanolamine (20μΜ), significantly greater elevations occured in PE levels than 
with cytidine alone. In contrast, the addition of serine (500μΜ) did not enhance 
cytidine's effects on any membrane phospholipid. Serine (500μΜ) alone, like 
choline(40pM), increased levels of all three membrane phospholipids significantly. 
These data affirm that exogenous cytidine, probably acting via CTP and the 
Kennedy cycle, can increase the synthesis and levels of cell membrane 
phospholipids. (Supported by ΝΓΝΗ grant NH-28783)

1 1 5 .1 0
IMAGING LATERAL DIFFUSION OF LIPIDS AT THE SOMATIC-NEURITIC 
JUNCTION BY FLUORESCENCE VIDEO MICROSCOPY. Barrv W. Hicks* and 
Kimon J. Angelides. Department of Cell Biology, Baylor College of Medicine, 
Houston, TX 77030.

Constraints on the lateral diffusion of some membrane proteins and the existence of 
separate domains for some lipids has forced alterations in the original fluid mosaic 
model for the biological membrane. However, it is generally accepted that lipids are 
capable of unrestrained long-range diffusion over the entire cell surface. Recently it 
was proposed that a barrier to lipid diffusion may exist in the neuronal membrane 
preventing lipids from diffusing freely between axonal, dendritic and somatic 
compartments (Kobayashi et al, 1992). To examine the nature of lipid diffusion on 
neurons, two fluorescent techniques were employed. First, we used video-FRAP, a 
technique that monitors ensembles to deduce the behavior of individual components. 
Neurons from the hippocampus, the superior cervical ganglion, or the dorsal root 
ganglion were isolated, cultured in chambers for the inverted microscope, labeled with 
fluorescent lipids and transferred to the microscope stage. An argon ion laser was used 
to bleach a bar across the initial segment of each neuronal type and fluorescence 
recovery was filmed with a SIT camera. The bleached fluorescence recovered almost 
entirely, and an analysis of the mode of recovery indicated that it is due to incoming 
label from both proximal and distal sides of the bleached region. Second, we used 
single particle tracking of fluorescent avidin microspheres on neurons labeled with 
biotinyl-phosphatidylethanolamine. This technique monitors individual components on 
the neuronal surface and a statistical analysis can be used to deduce the behavior of the 
entire population. Beads, detected in a time-lapse mode with either a SIT or cooled 
CCD camera, and tracked in successive images using custom written software were 
seen diffusing freely on the soma and processes. From mean square distance versus 
time plots, diffusion coefficients of about 10 ^ cm2/s were obtained and the shapes 
indicated unconstrained diffusion. In contrast to what has been reported, barriers to 
lipid diffusion at the somatic-neuritic junction were not detected. Supported by NIH 
grant NS28072. B. Hicks is an extramural NIH postdoctoral fellow (NS09196).

S Y N A P T I C  S T R U C T U R E  A N D  F U N C T I O N  I

1 1 6 .1

PHYSIOLOGICAL IMPLICATIONS OF DIFFERENT ACETYLCHOLINESTER
ASE CONCENTRATIONS AT NORMAL NEUROMUSCULAR JUNCTIONS 
PREDICTED BY MONTE CARLO SIMULATIONS. J.R. Stiles1*. L. Anglisier2. 
and M.M. Salpeter1. Section of Neurobiology & Behavior, Cornell Univ., Ithaca, 
NY 14853; and 2Dept. Anatomy, Hebrew Univ. Medical School, Jerusalem, Israel.

Quantal or multi-quantal endplate currents have e-fold decay times similar to 
acetylcholine receptor (AChR) mean burst duration, but which increase 3-4 fold when 
acetylcholinesterase (АСҺЕ) is inhibited. Such data suggested that little multiple 
binding of АСҺ to AChR’s occurs prior to hydrolysis by АСҺЕ, and that normal 
neuromuscular transmission depends strongly on synaptic АСҺЕ concentration ( σ ε ) 
and turnover number (kcat)· However, experimental estimates of kçat vary widely 
(-3000 to 16000 s '1), and direct measurement of o e  has been reported for only one 
preparation (mouse, -2500 μπτ2 post-synaptic membrane). Recently we determined 
that c e  for frog cutaneous pectoris muscle is only -600 μπτ2, while kcat lies well 
within the range of previous reports. In contrast, o e  for lizard intercostal muscle 
shows close agreement with the mouse value. Relative to a 4 fold difference in o e , 
only small differences in quantal current time course and peak number of open 
channels are reported for these preparations. To investigate this apparent paradox, we 
performed Monte Carlo simulations of miniature endplate currents (mepc’s) using 
either lizard or frog synaptic geometries and AChR densities. Several different sets 
of rate constants for АСҺ ** AChR and channel closed ♦+ open interactions were used. 
These were determined previously by fitting simulated mepc’s to experimental lizard 
mepc’s. We varied o e  (0-5000 μ n r 2) and kcat (0-16000 s '1) separately, and 
quantified resulting changes in mepc amplitude (Aç), rise time (tj), fall time (tf), and 
АСҺ ■* AChR binding events. For all geometries and sets of rate constants, Aç 
and tj. were largely insensitive to changes in both a ę  and kcat. The same was true 
for tf at a e  > -300 μην2 and kcat > -1000 s 1. Binding events, however, were 
inversely proportional to o e , and repetitive АСҺ -* AChR binding was frequent. 
Thus, our modeling shows that normal neuromuscular transmission is possible over 
a wide range of a e  and kcat values, and clarifies difficulties encountered in treating 
Myasthenia Gravis with АСҺЕ inhibitors. In addition, it suggests the feasibility of 
linking binding events to neurotrophic signal transduction. Supported by 
F32NS09126 (JRS), US-Israel BSF (LA), and NS09315 (MMS). Simulations 
conducted at the Cornell National Supercomputer Facility.

1 1 6 .3
CHARACTERIZATION OF HIGH- AND LOW-OUTPUT SYNAPSES FROM 
A SINGLE MOTOR NEURON R.L. Cooper*. J.M. Woitowicz, and H.L. 
Atwood. Dept. of Physiol., Univ. of Toronto, Toronto, Canada, M5S 1A8 

The differences in transmitter release at different nerve endings of the 
single motor axon supplying the crayfish walking-leg opener muscle were 
investigated to determine contributing mechanisms. We made 
observations on physiological and morphological properties of high- and 
low-output terminals, and the associated postsynaptic muscle fibers. 
Postsynaptic input resistance accounts for — 25 % of the difference in the 
synaptic potential amplitude with an alteration in transmitter release 
accounting for the major part of the overall diversity in transmission. 
Macropatch electrodes were placed over visible boutons of a motor 
neuron stained with the vital fluorescent dye, 4-Dİ-2-ASP, to record 
quantal currents. In the analysis of quantal currents, the number of active 
sites (n), the probability of release (p) and the mean quanta! output were 
determined. We looked for a structural correlate for the number of active 
sites (n) within the presynaptic terminal, through serial ultrastructural 
reconstruction of the recording sites. To identify the recording site in 
fixed tissue, we used a new approach: fluorescent bead labelling of the 
site. With Ca2+ sensitive dyes and confocal microscopy, we assessed 
presynaptic Ca2+ influx in high- and low-output synapses with several 
Ca2+ sensitive dyes. The density and size of active zones is greater in 
high-output synapses than in low-output ones. We propose that the 
amount of Ca2+ influx increases with the density and size of active 
zones. Differences in Ca2+ regulation related to synaptic organization are 
postulated to contribute to variation in synaptic performance. Retrograde 
signals from target to the nerve terminal may establish and maintain 
synaptic efficacy. (Funded by NCE & MRC, Canada).

1 1 6 .2

THE RG D PEPTIDE REDUCES STRETCH-INDUCED  
ENHANCEM ENT OF TRANSMITTER RELEASE FROM  
FROG MOTOR NERVE TERMINALS
B.-M. Chen and A.D. Grinnell*.
Jerry Lewis Neuromuscular Research Center, UCLA,
Los Angeles, CA 90024-1770.

A  3-5% stretch of a frog muscle can cause up to a 100% 
increase in evoked and spontaneous release from motor 
nerve terminals. This striking effect survives Mg2+ block of 
evoked release (S. Turkams, J. Physiol, 230:391, 1973), and 
we find that it persists in reduced form in a buffered Ringer 
containing no Ca2+. Hence it is not due to Ca2+ influx 
through stretch-sensitive or other channels, appearing rather 
to depend on a direct mechanical process or some other Ca2+ 
independent phenomenon that increases release probability.
A  candidate mechanical link exists in the form of strands of 
extracellular matrix attaching to the active zone region of the 
presynaptic membrane. We find that short peptides 
containing the RG D sequence, which has been shown to 
block the Ca2+-dependent binding of several types of ECM  
molecules to integrins, inhibits the recovery of the stretch 
effect that occurs with return to normal Ringer following zero 
Ca2+ treatment.
Supported by NIH grant NS06232.

1 1 6 .4

EVIDENCE FOR A SYNAPSINIIM M UNOREACTIVE PROTEIN 
AT CRAYFISH MOTOR TERMINALS. R.E. Dearborn. G.A. 
Lnenicka* & L.J. DeGennaro. Dept. o f Biol. Sci., State Univ. of New 
York, Albany, New York 12222 & Dept. o f Neurology, Univ. of 
Massachusetts Medical Center, Worcester, Massachusetts 01655 

Crustacean neuromuscular synapses have been well-characterized both 
morphologically and physiologically. In an effort to characterize further 
these neuromuscular synapses, we have examined them for the presence 
of synapsin I, an abundant and well-described synaptic protein. 
Evidence for the presence o f a synapsin-like protein has been obtained 
from immunocytochemical staining o f abdominal superficial flexor 
motor terminals using a polyclonal antibody generated against rat 
synapsin I. Antibodies to synapsin I stain the synaptic boutons of the 
motor terminal, with less intense staining in the axon and the bottleneck 
regions linking boutons. Subcellular fractionation o f tissue from 
crayfish central nervous system and muscle has been utilized to obtain 
enriched synaptic vesicle preparations for these tissue types. Western 
blot analysis of synaptic vesicle fractions has demonstrated the presence 
of two proteins with immunological cross-reactivity to polyclonal 
antibodies raised against rat synapsin I. The molecular weights of these 
proteins are similar to those previously characterized for synapsin la and 
lb in the rat. Currently, we are using a monoclonal antibody in our 
Western blot analysis o f synaptic vesicle fractions. (Supported by NSF 
grant IBN-9121757)
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116.5
D IF F E R E N T IA L  P H Y S I O L O G Y  A N D  M O R P H O L O G Y  O F  M O T O R  
A X O N S  T O  V E N T R A L  L O N G IT U D IN A L  M U S C L E S  IN L A R V A L  
D R O S O P H IL A . P . K u r d v ə k 1, H .L .  A t w o o d * 1,2, B .A .  S t e w a r t 1 a n d
C .-F . W u 2. D e p t .  o f  P h y s io lo g y , U n iv e r s it y  o f  T o r o n t o ,  T o ro n t o ,  
Ont. C a n a d a  M 5 S  1 A 8 1, a n d  D e p t . o f  B io lo g ic a l S c i e n c e s ,  
U n iv e rs ity  o f  Io w a ,  Io w a  C it y ,  Io w a  5 2 2 4 2 ,  U S A 2.

T h e  m a jo r  v e n t r a l lo n g itu d in a l a b d o m in a l m u s c le s  in  
D ro s o p h ila  la r v a e  ( m u s c le s  6  a n d  7 ) a r e  c o n jo in t ly  in n e rv a te d  
by tw o  m o to r  a x o n s ,  t e rm e d  h e re  'A x o n  1 ' a n d  'A x o n  2 ' ,  
w h ic h  d if fe r  b o th  p h y s io lo g ic a l ly  a n d  m o r p h o lo g ic a l ly .  C o n f o c a l  
m ic ro sc o p ic  e x a m in a t io n  s h o w s  t h a t  A x o n  1 h a s  la rg e r  te rm in a l  
b o u to n s th a n  A x o n  2 . T h e  t e r m in a ls  o f  t h e  t w o  a x o n s  a re  
u su a lly  c lo s e ly  a s s o c ia t e d  o n  t h e  s u r f a c e  o f  t h e  m u s c le ,  b u t  in  
p la ce s  o n e  a x o n  p r o t r u d e s  p a s t  t h e  o t h e r .  A d v a n t a g e  w a s  
taken  o f th is  to  re c o rd  s e le c t iv e ly  f ro m  in d iv id u a l b o u t o n s  o f  
A xo n  1 a n d  A x o n  2  w it h  fo c a l 'm a c r o - p a t c h '  e le c t r o d e s .  In  
h a e m o ly m p h -lik e  s o lu t io n s ,  A x o n  1 g e n e ra te d  a  r e la t iv e ly  sm a ll  
e x c ita to ry  ju n c t io n  p o te n t ia l (e jp ) in t h e  in n e r v a t e d  m u s c le s ,  
w h ich  fa c il it a t e d , w h ile  A x o n  2  g e n e ra te d  a  r e la t iv e ly  la rg e  e jp , 
w h ich  s h o w e d  d e p r e s s io n  a t  s h o r t  in t e r p u ls e  in t e r v a ls .  S t u d ie s  
of s y n a p t ic  p la s t ic it y  in n o rm a l a n d  m u t a n t  D ro s o p h i la  m u s t  
take in to  a c c o u n t  th e  d if f e r e n c e s  b e t w e e n  m o to r  a x o n s .  
(S u p p o rte d  b y  M R C  a n d  N S E R C ,  C a n a d a ,  a n d  N IH , U .S . A . ) .

116 .7

SYNAPTIC TRANSMISSION IN MUTANTS OF DROSOPHILA 
S Y N A P T O T A G M IN  (p65), A MAJOR SYNAPTIC VESICLE MEMBRANE 
PROTEIN. K.D. Parfitt*. A. DiAntonio. and T.L. Schwarz. Dept. of Molecular 
& Cellular Physiology, Stanford Univ. Medical Center, Stanford CA 94305-5426.

Synaptotagmin, an integral membrane protein of synaptic vesicles, is thought 
to dock vesicles at release sites, to function as a calcium sensor during release, 
and to act as a fusion protein during exocytosis. To better clarify the function of 
synaptotagmin, we have identified 5 lethal alleles of the synaptotagmin gene (sy t)  
in Drosophila. All 5 alleles can be rescued by a s y t mini-gene driven by the 
neuronal e la v  promotor, although this rescue is partial and the rescued flies 
exhibit motor defects. One allele appears to be a null, lacking detectable protein. 
Embryos homozygous at this allele are able to hatch, and 1st instar larvae can 
crawl, feed, and respond to stimuli. Thus, they appear to have some form of 
synaptic transmission. To examine synaptic transmission in the null phenotype, 
we have recorded spontaneous excitatory junctional currents (EJCs) from cultures 
of Drosophila embryos. Such dissected embryos appear to develop normally in 
culture (Broadie and Bate, 1993) and whole-cell patch clamp recordings can be 
made from an identified and well-characterized muscle (muscle 6). Since 
homozygous mutants are kept as a balanced stock over a chromosome marked 
with the beta-galactosidase gene, mutants can be identified after recordings are 
made by staining the culture for beta-galactosidase activity. We have observed 
spontaneous EJCs in both normal and homozygous mutant embryos, thus 
confirming that fast synaptic transmission persists in an organism lacking the 
synaptotagmin protein. In our current studies we are trying to characterize 
molecular lesions in our mutants and to identify any alterations of synaptic 
transmission in mutant embryos and partially rescued third instar larvae.

1 1 6 .6
D R O S O P H IL A  L A R V A L  N E U R O M U S C U L A R  P R E P A R A T IO N 'S  
A L T E R E D  P E R F O R M A N C E  IN IM P R O V E D  P H Y S IO L O G IC A L  
S O L U T IO N S . B .A . S te w a r t* 1. H .L . A t w o o d 1·2. J . J ,  R e n a e r2. and
C .- F .  W u 2. D e p t. of P h y s io lo g y , U n iv e rs ity  of T o ro n to , T o ro n to , 
O n ta rio , C a n a d a  M 5 S  1 A 8 1; an d  D e p t. of B io lo g ica l S c ie n c e s ,  
U n iv e rs ity  of Io w a , Io w a  C it y ,  Io w a  5 2 2 4 2 ,  U .S . A . 2

T h e  's ta n d a rd ' p h y s io lo g ica l so lu t io n s  u se d  d uring  th e  p a s t  2 0  
y e a r s  for D ro s o p h ila  la rv a e  (e .g . J a n  & J a n ,  J .  P h y s io l.,  (1 9 7 6 )  
2 6 2 . 1 8 9 )  o fte n  lead  to  p ro fu se  v a c u o la t io n  of m u s c le  f ib e rs  and  
to  rap id ly  d e clin in g  m e m b ra n e  p o te n t ia ls . M e m b ra n e  p o te n tia l in 
s u c h  so lu t io n s  h a s  b e e n  re p o rte d  to  be  b e tte r  m a in ta in e d  by  
c a re fu l o x y g e n a tio n  (Y a m a o k a  & Ik e d a , J .  C o m p . P h y s io l. (1 9 8 8 )  
A 1 6 3 . 7 0 5 ) .  V a c u o le  fo rm a tio n  is  m in im ized  an d  sta b le  
m e m b ra n e  p o te n tia ls  are  o b ta in e d  in so lu t io n s  m o re  s im ila r in 
io n ic  c o m p o s it io n  to  la rv a l h a e m o ly m p h . Im p ro ve d  so lu t io n s  h a v e  
lo w e r  N a + , an d  h ig her C a ++ and  M g + + , th a n  's ta n d a rd ' so lu t io n s ; 
a ls o , th e y  c o n ta in  b ic a rb o n a te , w h ic h  h e lp s  to  s u s ta in  th e  
m e m b ra n e  p o te n tia l of in s e c t  m u s c le .  In th e  n e w  so lu t io n s , 
m e m b ra n e  p o te n tia l s t a y s  b e tw e e n  5 0 - 6 0  m V , s im ila r  to  v a lu e s  
re co rd e d  in h a e m o ly m p h ; d e p e n d e n c e  on o x y g e n a tio n  is  re d u c e d . 
U n d e r n o rm al c o n d it io n s  in h a e m o ly m p h , re s tin g  p o te n tia ls  are  
p ro b a b ly  le s s  th a n  6 0  m V . S y n a p t ic  p o te n tia ls  a re  m o re  pro lo nged  
in th e  n e w  so lu t io n s  and  th e  p re p a ra t io n 's  lo n g e v ity  is  im p ro v e d . 
(S u p p o rte d  b y  N S E R C  an d  M R C , C a n a d a  ( H .L .A .) ,  an d  N IH , g ra n ts  
N S 1 8 5 0 0 ,  N S 2 6 5 2 8  an d  H P 1 8 5 7 7 ,  U .S .A .  ( C .F .W .) )

1 1 6 .8

E V O L U T IO N  O F  S N A P -2 5 , A  P U T A T IV E  M E M B R A N E  V E S I C L E  
D O C K IN G  P R O T E IN ; cD N A  C L O N E S  F R O M  T H E  C O C K R O A C H  
L E U C O P H A E A  M A D E R A E . H. Jo h a rd . C .  R is in o er# . E .  E .  Ja z in # . D. 
N ässe !*  an d  D. Larh a m m ar# . D ept. of Zoology, S to ckho lm  U niversity , 
S to ck h o lm , S w e d e n , a n d  #) D ept. of M e d ica l G e n e t ic s ,  U p p sa la  
U niversity , U p p sa la , S w e d e n .

S N A P -2 5  is  a  neu ro n-sp ecific  protein of 2 5  kD  that is  e x p re ss e d  
p resyn ap tica lly . It b e h a v e s  a s  an  integral m em b ran e  protein an d  is  
p ro b a b ly  a n c h o re d  to the p la s m a  m e m b ra n e  b y  a  c lu s te r  of 
palm itoylated cy ste in e s. S N A P -2 5  w a s  recently  found to b e  a sso c ia te d  
with prote ins n e c e s s a ry  for v e s ic le  d ocking  a n d  fusio n . A  portion of 
S N A P -2 5  is  sim ilar to other prote ins invo lved in v e s ic le  d ock ing , e .g . 
syntax in . T h e  strong evolutionary se q u e n c e  co n servatio n  rev e a le d  b y  
the clon ing of S N A P -2 5  in different v e rte b ra te s , an d  in addition in 
Drosophila, su g g e sts that S N A P -2 5  is of m ajor functional im portance.

In ord er to find a  usefu l sy ste m  to stu d y the ce llu la r distribution of 
in sect S N A P -2 5 , and to extend the evolutionary p e rsp e ctive  further, w e  
d ecid ed  to iso late  c lo n e s from a  large and  distantly  related  in se ct, the 
co ckro a ch  L eu co p h ae a  m ad erae . W e  d e scr ib e  h e re  a  S N A P -2 5  c lone  
from a  C N S  cD N A  library. L eu co p h ae a  S N A P -2 5  co n s is ts  of 195  am ino  
a c id s  and  is 7 7 %  identical to the D ro so p h ila  protein. T h e  L e u c o p h a e a  
protein is  17 am ino  a c id s  shorter than the D ro s o p h ila  protein at the  
carboxy term inus. O therw ise , the two in se ct prote ins cou ld  be perfectly  
aligned. C onsid ering  the su g g e sted  m em brane attachm ent function for 
the centra l cy ste in e s  in S N A P -2 5 , it is interesting that the co ck ro a ch  
protein h a s  only two cy ste in e s  w h e re a s  all other kn o w n  s p e c ie s  have  
four or five re s id u e s. T h e  se q u e n c e  identity b etw e en  c o ck ro a ch  an d  
fruitfly S N A P -2 5  is  sim ilar to that betw een  the ray  Torp ed o  m arm o ra ta  
an d  m am m a ls, sug g estin g  that th e se  two ty p e s of in se c ts  m ay  h ave  
diverged from e a ch  other more than 400  Myr ago.

P O S T S Y N A P T I C  M E C H A N IS M S  I

1 1 7 .1
POSTSYNAPTIC PROCESSING IN RETINAL GANGLION CELLS: NMDA 
INPUTS BOOST RESPONSES TO STRONGER LIGHT STIMULI. Jeffrey S. 
Diamond and David R. Copenhagen*. Bioengineering Graduate Group, University of 
California, San Francisco, CA 94143-0730.

Retinal ganglion cells receive light-evoked, excitatory synaptic input via NMDA 
and non-NMDA ionotropic glutamate receptors. We investigated in ganglion cells 
how the relative contribution of NMDA and non-NMDA inputs to the light-evoked 
spike output changed as light stimulus intensity increased.

Light-evoked spike responses from ganglion cells were recorded with cell- 
attached patch-clamp techniques in the salamander retinal slice. Spike responses were 
recorded over a range of light intensities that spanned the cell's dynamic range. In 
many çells, both cell-attached recordings and whole-cell voltage-clamped recordings 
were performed in the same cell. This enabled us to compare, in a single retinal 
ganglion cell, the dynamic range of the synaptic input with that of the spike output.

AP7 (20 μΜ), which blocks NMDA receptors competitively, had little effect on 
response threshold, i.e., the lowest light intensity that evoked action potentials. AP7 
reduced the light-evoked spike frequency by a greater proportion at higher light 
intensities, suggesting that NMDA receptors contributed to light responses in an 
intensity-dependent manner. In whole-cell voltage-clamped recordings, the 
magnitude of the light-evoked EPSC increased monotonically with stimulus intensity, 
but the shape of the I-V relation, which indicates the relative activation of NMDA and 
non-NMDA receptors, was unaffected by stimulus intensity. This result demonstrates 
that the increased contribution of the NMDA input to the spike response at higher 
light intensities was a result of postsynaptic, voltage-dependent processing.

These data indicate a physiological delineation of the roles of NMDA and non- 
NMDA inputs in the generation of light-evoked spike responses in ganglion cells. We 
conclude that, during larger responses evoked by higher light intensities, the more 
depolarized state of the membrane reduces the voltage-dependent magnesium block of 
NMDA receptor channels, thereby increasing the NMDA receptor contribution to the 
light response.

1 1 7 .2
ENHANCEMENT BY HISTAMINE OF THE NMDA COMPONENT OF 
EXCITATORY SYNAPTIC TRANSMISSION IN HIPPOCAMPAL 
CULTURES. J. M. Bekkers* Division of Neuroscience, John Curtin School 
of Medical Research, Australian National University, Canberra, ACT 2601, 
Australia.

The hippocampus is rich in histamine (HA) receptors, being one of the 
targets of HA-containing neurons located in the hypothalamus. Although HA 
has been shown to inhibit a Ca-dependent K+ conductance in the 
hippocampus, little work has been done in this brain region on the possible 
role of HA as a modulator of synaptic strength. My goal was to investigate 
such a role for HA in cultured hippocampal neurons.

Experiments used pyramidal cells that were dissociated from region CA1 of 
the hippocampi of newborn rats and maintained in cell culture for 1 to 3 
weeks. Most experiments were performed on autaptic excitatory 
postsynaptic currents (EPSCs) measured in isolated single neurons. Control 
external solutions contained 1 μΜ glycine and no added Mg.

It was found that 100 μΜ HA selectively increased the amplitude of the N- 
methyl-D-aspartate (NMDA) component of the EPSC by up to 10 fold (mean
2.7 ± 1.6, n = 10) and also increased its rate of decay. These effects were 
half-maximal at 9 μΜ HA. Increasing the external glycine concentration to 
50 μΜ had no effect on the HA enhancement, suggesting that the glycine 
binding site was not involved. Similar HA enhancement was observed in 
miniature EPSCs and in the whole-cell current elicited by rapidly applying 1 
mM NMDA. It is concluded that HA selectively modulates postsynaptic 
NMDA receptor/ion channels, altering their gating and increasing their net 
current. By such means, HA may modulate processes that depend upon 
NMDA receptors, such as the induction of long-term potentiation.
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1 1 7 .3
METABOTROPIC GLUTAMATE RECEPTOR RESPONSES IN PYRAMIDAL NEURONS 
INDUCED BY SYNAPTIC ACTIVATION OF DIFFERENT PATHWAYS IN 
HIPPOCAMPAL SLICE CULTURES.
Lucas D. Pozzo Miller*. J.J. Petrozzino. and J.A. Connor. Roche Institute of 
Molecular Biology, Roche Research Center, Nutley, NJ 07110-1199

Synaptic responses were investigated in hippocampal slices cultures 
grown on Miniceli membranes in an interface between culture medium and a 
CCfe enriched atmosphere. Combined current-clamp and [Ca2+]j measurements 
were made in CA3 cells injected with fura-2 using KCI microelectrodes. 
Whole-cell voltage-clamp recordings were performed using patch pipettes 
(6-10ΜΩ) filled with (mM): Cs+-gluconate 120, CsCI 17.5, NaCI 10, 
MgATP 2, NaGTP 0.2, NaHEPES 10 (pH 7.2, 280-290mOsm). Stimulating 
electrodes were positioned in s. radiatum or s. oriens of CA4. Orthodromic 
synaptic stimulation (60Hz, 500ms) induced large [Ca2+]i transients, 
evident first in apical and basal dendrites, and with a 3-5sec delay in the 
soma, corresponding to pronounced firing and slow depolarization. Under 
voltage-clamp, synaptic stimulation of either pathway elicited an inward 
current composed of a fast ionotropic current, which was blocked by the 
application of d,l -APV (100μΜ) and CNQX (25μΜ), and a slow response, 
which showed no signs of "run down" for periods up to 3 hours. The slow 
inward current induced by stimulation in s . radiatum was reduced by bath 
application of l-АРЗ (100μΜ). In contrast, the slow inward current elicited 
by stimulation in s. oriens persisted after application of 100μΜ l-AP3. 
Contribution of muscarinic responses was ruled out by application of 10μΜ 
atropine. These results suggest that at least two distinct types of metabotropic 
glutamate receptors can be activated in CA3 cells by stimulation of different 
synaptic inputs. Discrepancies with previous reports on the ability of l-AP3  
to reduce slow synaptic responses elicited by s. radiatum stimulation 
(Charpak & Gähwiler, Proc. R. Soc. Lond. В 243: 221-226, 1991) may 
arise from the use of different culturing and recording techniques.

1 1 7 .5
Ca2+ CHANGES MEASURED IN DENDRITIC SPINES OF HIPPOCAMPAL 
NEURONS IN SLICE CULTURE USING LOW-AFFINITY INDICATORS. LL 
Petrozzino*. Lucas D. Pozzo Miller, and J.A. Connor. Roche Institute of 
Molecular Biology, Roche Research Center, Nutley, NJ 07110

M icrofluorom etric measurements of the low -affinity  Ca2 + 
indicators, mag-fura-5 or mag-fura-2, were made in dendritic spines 
of hippocampal CAI pyramidal cells in organotypic slice cultures (4-13 
days in  v i t r o ) .  Cells were filled with indicator and Cs+ (to block K+ 
channels) using whole-cell patch electrodes containing (in mM): Cs- 
gluconate, 120; CsCI, 18; NaCI, 10; MgATP, 2; NaGTP, 0.2; HEPES, 10 (pH 
7.2); and indicator, 0.2-1.0. Indicators were standardized in Ca2+/m ag- 
fura solutions calibrated with a Ca2+ electrode (Orion #93-20). Ratio 
image pairs were acquired at 4-8 Hz before and during brief tetani 
(400 msec, 50 Hz) delivered to s . r a d i a tu m .  Synaptic stimuli caused 
prolonged (2-3 sec) action potentials which were accompanied by Ca2 + 
accumulations of up to 20 uM in spines and up to 10 uM in fine, 
secondary or tertiary dendrites. Ca2+ changes in large (primary) 
dendrites were much smaller, often not causing a detectable change in 
the fluorescence signal. The magnitude of these changes are 
considerably  larger than those observed during  prolonged 
depolarizations in acute slices. Spine and fine dendritic Ca2+ changes 
were reduced by approximately 50% in the presence of D,L APV 
(lOOuM), but were unaffected by the metabotropic glutamate receptor 
(mGluR) antagonist, L-AP3 (50-100 uM). When synaptic stimuli were 
applied to cells depolarized to potentials at or beyond the EPSP reversal 
potential (approximately 0 mV), the resulting Ca2+ transients were 
reduced by up to 90% with APV. These results demonstrate that 
synaptically-m ediated Ca2+ changes which occur on a second-long 
time-scale in postsynaptic spines and small dendrites of CAI pyramidal 
cells are reduced by APV, and are largely independent of L-AP3- 
sensitive mGluR activation.

1 1 7 .7
IMAGING THE INTERACTION OF PARALLEL FIBER EPSPs IN THE 
DENDRITES OF CEREBELLAR PURKINJE CELLS. J.C. Callaway, N. 
Lasser-Ross and W.N.Ross*. Dept. of Physiology, New York Medical 
College, Valhalla, NY 10595.

We examined the spatial distribution of [Ca2+]; changes caused by parallel 
fiber input to individual fura-2 loaded Purkinje neurons in sagittal slices from 
the guinea-pig cerebellum. Parallel fiber inputs, blockable by CNQX, were 
evoked either in the presence or absence of bicuculline with a bipolar 
stimulating electrode in the molecular layer. Small, graded electrical 
responses, recorded either intrasomatically or intradendritically, were 
associated with almost no detectable [Ca2+]i increase at any location. Slightly 
stronger stimuli, with the suggestion of a regenerative component on the 
electrical record, often caused a small, localized [Ca2+]; increase. Larger 
EPSPs caused more widespread signals. Similar responses were observed 
following focal glutamate pulses. When two stimulating electrodes were 
positioned over different dendritic branches each one produced the above 
pattern. However, when both were activated simultaneously the resulting 
potentials were often larger and [Ca2+]ļ changes more widespread than the 
sum of the two separate responses.

[Ca2+]i increases associated with Na+ spikes, evoked intrasomatically, 
intradendritically, antidromically, or by glutamate puffs on the dendrites, all 
were confined to the somatic region. Na+ spike thresholds recorded in the 
soma were identical for stimuli to either of two branches or to both branches.

These results are consistent with a model where Ca2+ conductances 
contribute to boosting parallel fiber EPSPs towards the spike initiation zone 
at the soma.

Supported by grants from the NSF and the HFSPO, and an NRSA 
fellowship.

1 1 7 .4
DENDRITIC Ca2+ AND METABOTROPIC GLUTAMATE  
RECEPTOR ACTIVATION ARE NECESSARY FOR TEA-INDUCED 
LTP. J. A. Connor* & J.J. Petrozzino Roche Institute of Molecular 
Biology, Roche Research Center, Nutley, NJ 07110

Several paradigms exist in which long lasting potentiation of 
synaptic responses is induced in the presence of NMDA receptor 
blockers. We have examined one where low frequency stimulation is 
delivered in the presence of the K-channel blocker TEA and NMDA 
receptor antagonists (LTPk; Aniksztejn & Ben-Ari, Nature 349: 
67,1991) using fura-2 imaging, with intracellular and field recordings 
from region CAI in acute slices from guinea pig hippocampus. During 
TEA exposure (15-25 mM; 10 min), cells fired prolonged action 
potentials, both to stimuli and spontaneously. Induction o f LTPk 
required micromolar accumulations of Ca2+ that occurred during these 
action potentials, but such changes without synaptic stimulation were 
ineffective. Metabotropic glutamate receptor (mGluR) antagonists, L- 
AP3 (50-200 uM) or L-aspartate ß-hydroxamate (100 uM) blocked 
LTPk. Maximum dendritic Ca2+ changes were unaffected by the mGluR 
antagonists; additionally, >85% of receptor-mediated Ca2+ accumulation 
was blocked by NMDA antagonist alone, implying that IP3 mediated 
Ca2+ release is not a major factor. Pretreatment with PKC inhibitors also 
blocked LTPk. Our results suggest that mGluR function is necessary for 
PKC activation through diacylglycerol (DAG) generation. This 
requirement would impart synapse specificity in NMDA-independent 
LTP where Ca2+ changes are widespread since DAG diffuses very 
slowly. We suggest that the mechanism is also operative in conventional 
LTP and provides an additional mechanism to Ca2+ localization to 
generate synapse-specific plasticity.

1 1 7 .6
CA2+ MEASUREMENTS IN ACUTELY ISOLATED CAI RAT HIPPOCAMPAL 

NEURONS USING CONFOCAL MICROSCOPY OR DIGITAL IMAGING. 
Nishlth K. Mahan tv*. Pavel Belan. Lvnne M. Veršelis, and J,A. Connor. 
Roche Institute of Molecular Biology, Roche Research Center, Nutley, NJ 
07110-1199

Acutely isolated rat CAI neurons are an ideal preparation for 
examining postsynaptic responses to glutamate application or step 
depolarizations without presynaptic or hormonal contributions. Confocal 
microscopy or conventional cooled CCD microscopy in combination with 
fluorescent calcium indicators, allows the acquisition of high spatially and 
temporally resolved fluorescent images of intracellular free calcium.

300 pm thick sections of the hippocampus were digested in Papain, and 
the CAI region was triturated using small diameter Are polished pipettes. 
The resultant cell suspension was plated onto poly- L- lysine coated 
coverslips. Whole cell voltage-clamp recordings were made using patch 
pipettes (2-3 ΜΩ) filled with a variety of internal salines and with either 
Fura-2, Fluo-3, Calcium Green-1, or Calcium Green-2 at 200 μΜ 
concentration. We used ion substitution and TTX in the external saline to 
isolate inward calcium currents. Cells were also incubated with the ester 
form of the dyes and recordings were obtained using perforated patch 
techniques with Nystatin or Amphotericin В in order to avoid, if present 
the effects of "run down" on the calcium response.

Iontophoretic glutamate application, or step depolarizations, showed a 
greater calcium increase in the dendrites than in the soma. The calcium 
increases appeared to begin in the dendrites, suggesting that calcium was 
entering through calcium channels located on the dendrites. Several cells, 
after glutamate application to the basal dendrite, showed a slow 
irreversible increase in calcium, beginning at the point of application and 
spreading to fill the whole cell. Other cells demonstrated a fast calcium 
transient which decayed to near basal levels. Repeated glutamate 
applications finally induced the slow maintained elevation. All the 
elevated cells showed no futher increase in calcium, but we could still 
observe inward glutamate currents.

1 1 7 .8
V isualization  o f  the spread o f  excitation  in brainslices w ith  infrared-darkfield  
m icoroscopy
H.-U. Dodi1, H. Holländer2* and W. Zieglgänsberger1. Max-Planck-Institute of 
Psychiatry, Clinical Institute, Clinical Neuropharmacology, 8000 München 40 and 
2Department of Neuromorphology, 8023 Martinsried, FRG.

We present in this study a further development of the infrared-videomicroscopy 
technique which allows the visualization of neuronal excitation in brain slices w і th 
o u  t the use of voltage sensitive dyes. By means of a combination of darkfield 
techniques and infrared-videomicroscopy we visualized the "intrinsic optical signal" 
as an indicator of neuronal excitation.

Unstained rat neocortical slices were illuminated with a condensor modified for 
infrared-darkfield and inspected with an inverted microscope. To visualize the intrinsic 
optical signal an averaged darkfield image was stored in computer memory and 
subsequently subtracted in real time from the incoming image during tetanic 
stimulation of the slice. The contrast of the resulting difference image was digitally 
enhanced and displayed in false colours.

Stimulation of white matter with trains of 50 Hz for 2 sec induced a column-like 
pattern of increased brightness in the neocortex slice. This response could be blocked 
reversibly by bath application of kynurenic acid (2mM), CNQX (10μΜ) or by 
superfusion with low Ca27high Mg2+ medium. This observation suggests a synaptic 
origin of this signal. The GABAA-receptor antagonist bicuculline (10μΜ) added to the 
bath considerably broadened the area of excitation, whereas 100 μΜ of the GABAB- 
receptor antagonist CGP 35348 was without effect. These findings indicate that the 
"lateral inhibition" in the slice is mediated mainly via GABAA-receptors. The method 
described above will allow the investigation of the functional role of synaptic 
potentials in the spread of excitation in the central nervous system.

Supported by a grant of the BMFT to W.Z.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY PM POSTSYNAPTIC MECHANISMS I 273

117.9

CYTOKINES ALTER SYNAPTIC ACTIVITY IN HIPPOCAMPAL 
NEURONS. F. Eusebi*. F. Grassi. E. Palma and A. Santoni. Labora
tori di Biofisica e di Fisiopatologia, Centro Ricerca Sperimentale, Via 
delle Messi d’ Oro 156,100158.
Cytokines involved in immune responses are suggested to have a role 

in the plasticity of synaptic transmission. In order to ascertain whether 
cytokines may regulate the activity of central neurons, cultured pyrami
dal neurons of embryonic rat hippocampus were acutely exposed to 
tumor necrosis factor-а  (TNFa), interferons (INFs) or interleukins 
(ILs). Spontaneous synaptic currents (epcs) in standard medium or in 
the presence of TTX were examined using the tight seal whole-cell re
cording technique. We give evidence that TNFa, INFs and ILs signi
ficantly alter the epcs frequency. To discriminate the effects of cytoki
nes on the inhibitory and on the excitatory pathways, experiments were 
repeated in the presence of glutamate or GABA receptor blockers. The 
role of cytokines as neuromodulators in the central nervous system is 
discussed. This work has been supported by a CNR grant (ACRO) to
F.E. and A.S.

117.11
MUSCARINIC RECEPTORS INDUCE THE APPEARANCE OF 
A CALCIUM-ACTIVATED CATION CONDUCTANCE IN RAT 
CORTEX. R, Andrade*. Dept. of Pharmacol, and Physiol. Sci., St. 
Louis Univ. School of Medicine, St. Louis, MO 63104.

Administration of cholinergic agonists to pyramidal cells of the rat 
prefrontal cortex results in the replacement of the afterhyperpolarization 
that follows a burst of spikes in these cells by a slow depolarizing 
afterpotential (sDAP). The ionic mechanisms underlying this sDAP has 
now been investigated.

Whole cell recordings were obtained from physiologically identified 
pyramidal cells in brain slices using an intracellular solution exhibiting 
low calcium buffering capacity (20 μΜ EGTA). Under these conditions 
pressure applied acetylcholine or bath applied carbachol (3-100μΜ) 
resulted in a membrane depolarization and the appearance of a sDAP. 
These effects were blocked by atropine (100 пМ-ΙμΜ) or pirenzepine 
(ΙμΜ) and mimicked by muscarine (10-30μΜ) and oxotremorine (10- 
30μΜ) indicating they were mediated by muscarinic receptors. The 
sDAP was inhibited by blocking calcium influx into the cell or by 
strongly buffering intracellular calcium using EGTA or ВАРТА. Thus 
the sDAP appears to be mediated by a calcium-activated current. The 
sDAP or its underlying current were not blocked by either extracellular 
barium nor by the use of a cesium based intracellular solution. The 
sDAP was also independent of the transmembrane СГ gradient. Thus 
the sDAP did not appear to be mediated by changes in either K+ or C1“ 
conductances. In contrast, partial NA+ replacement resulted in a marked 
reduction in the amplitude of this afterpotential. It is proposed that the 
muscarinic receptors in this region induce the appearance of a calcium- 
activated inward current carried principally by sodium. Supported by 
MH 43985 and the Alfred P. Sloan Foundation.

117.13
TRANSLOCATION OF CYTOSOLIC a-SUBUNIT OFCA2+/CALMODULIN- 
DEPENDENT PROTEIN KINASE II (CaMKII) TO PARTICULATE FRACTION 
AND POSTSYNAPTIC DENSITY (PSD) FRACTION AFTER DECAPITATION. 
T. Suzuki*1, K. Okumura -Noji1, R. Tanaka1, andT. Tada21Dept. of 
Biochem, and 2Dept. of Pathol., Nagoya City Univ. Med. Sch.,
Mizuho-ku, Nagoya467, Japan.

Subcellular localization of a-subunit of CaMKII was investigated by 
immunoblotting in rat forebrains placed on ice for varied periods of 
time (0-60 min). Content of the protein was decreased in the cytosol 
and increased in the particulate fraction by the placement. The amount 
of the loss in cytosol was approximately the same as that of the gain in 
particulate fraction, suggesting translocation of the protein from 
cytosol to particulate fraction. Translocated CaMKII was found to be 
resistant to solubilization with Triton X-100. Increase of the 
a-subunit content accompanied by decrease in the cytosol and Sį 
fraction was also observed in the synaptosome, synaptic plasma 
membrane, and PSD fractions. Extent of the accumulation of CaMKII 
was the highest in the PSD fraction among the fractions investigated. 
The result suggests that PSD is a major site to which CaM Kll is 
translocated after decapitation, and that the amount of CaM Kll 
a-subunit immobilized to PSD in vivo is smaller than it has been 
believed.

1 1 7 .1 0

THERMAL DEPENDENCE OF COUPLING BETWEEN FAST 
SPIKING AND SLOW Ca2+-DEPENDENT HYPERPOLARIZA
TIONS IN CAI PYRAMIDAL CELLS. M, P. Thomas, E. Carstens*, 
and J. M. Horowitz, Section of Neurobiology, Physiology and Behavior, 
Univ. of Calif, Davis CA 95616

Previous studies in several labs have demonstrated that the duration 
of the slow afterhyperpolarization (sAHP) that follows high-frequency 
activation of hippocampal CAI pyramidal cells is dramatically increased 
at low temperatures. A Ca2+-dependent potassium current mediates both 
the sAHP and spike frequency adaptation. Here we further examine the 
relationship between fast spiking activity evoked by a sustained depo
larizing current and the development of the sAHP at low temperatures. 
Conventional intracellular recording techniques were used to record spike 
trains and sAHPs from CAI pyramidal cells in the hippocampal slice 
preparation. Interspike intervals (ISIs) and sAHPs were measured at 
30°C and 25°C. Mean ISIs ranged from 12.5 msec (between the first and 
second spike) to 30.2 msec (between the fourth and fifth spike) at 25°C 
(n=T2). In contrast, mean ISIs at 30°C ranged from 9.6 (the first ISI) 
to 28.7 msec (the fourth ISI) (n = ll). Thus, spike frequency decreased 
more rapidly at higher temperatures. ISIs reflect in part the buildup of 
the current responsible for the sAHP during a spike train. In conclusion, 
the data suggest that the current responsible for the sAHP may turn on 
slower as temperature is reduced. [NASA grant NAG-2-788].

1 1 7 .1 2

INHIBITORY ROLE FOR CALCINEURIN IN STIMULUS-SECRETION COUPLING 
REVEALED BY FK-506 AND CYCLOSPORIN A IN PITUITARY CORTI- 
COTROPE TUMOR CELLS F.A, АПІОПГ, SfTIİlh; MRC
Brain Metabolism Unit, Department of Pharmacology, University of Edinburgh, 
Edinburgh EH8 9JZ, Scotland, U.K.

The properties of the Ca2+/calmodulin-dependent protein phosphatase 
(PPase) calcineurin and its potential role in stimulus-secretion coupling were 
examined in AtT20 mouse pituitary corticotrope tumor cells. PPase activity was 
assayed by measuring the liberation of 32P from 32P-casein, secretion of 
adrenocorticotropin was measured by radioimmunoassay. About 60% of the to
tal PPase activity in hypotonic lysates of AtT20 cells was inhibited by 500 nM 
okadaic acid suggesting the presence of PPases 1 and/or 2A. A further 25- 
30% reduction of phosphatase activity was achieved by chelating free Ca2+. 
The remaining activity (10-15% of total) was Mg2+-dependent and blocked by 
NaF, i.e. possibly due to PPase 2C. Ca2+-dependent PPase activity was 
abolished by the EF-hand protein blocker trifluoperazine and markedly reduced 
by a calcineurin autoinhibitorv fragment peptide. Hence, it is reasonable to as
sume that Ca2+-dependent PPase activity is largely due to calcineurin (PPase 
2B) in this system. Calcineurin activity was inhibited by the macrolide 
immunosuppressants FK506 and cyclosporin A, either when added directly to 
the cell lysates or after preincubation of intact cells with the drugs at 3/°C. 
When added to lysates, cyclosporin A inhibited calcineurin more effectively (up 
to 80% inhibition) than FK506 (35% inhibition). However, when tested on in
tact ceils, FK506 proved 10-fold more potent than cyclosporin A inhibiting cal
cineurin up to 80% with an apparent EC50 of 10 nM. Both immunosuppressive 
agents enhanced basal and corticotropin-releasing factor-induced secretion of 
adrenocorticotropin, and these effects were blocked by the Ca2+ channel an
tagonist nimodipine. Once more, FK506 was 10-fold more potent than cyc
losporin A, its EC50 was approximately 10 nM. Taken together, these data 
suggest that calcineurin is an inhibitory element in the signal transduction path
way controling exocytotic secretion in pituitary cells that express voltage-oper
ated Ca2+ channels. This is in direct contrast with leukocytes where voltage- 
operated Ca2+ channels are not found, and calcineurin is an important element 
for agonist-induced activation.

Provision o f FK 506 by Fufsaw a Ltd and cyclosporin A by Sandoz Ltd is gratefully acknowledged

1 1 7 .1 4
GLUTAMATE RECEPTOR-STIMULATED DEPHOSPHORYLATION OF 
THE CYTOSKELETAL PROTEIN MAP2. S. Hatoain* and A. E. Lister. 
Dept. of Neuroscience, University of Virginia Health Sciences Center, 
Charlottesville, VA 22908.

MAP2 is a neuronal microtubule-associated protein that is selectively 
enriched in the somatodendritic compartment of mature neurons. MAP2 is 
believed to function in regulating the dendritic cytoskeleton through its 
interactions with microtubules and actin filaments. Multiple phosphorylation 
sites along the primary amino acid sequence are potential targets for 
transmembrane regulation of the function of MAP2. Previous studies 
demonstrated that MAP2 is rapidly dephosphorylated in response to 
activation of glutamate receptors. Further studies have confirmed that 
activation of the NMDA subtype of glutamate receptor induces a 70-80% 
decrease in MAP2 phosphorylation within 5 minutes of agonist application. 
As little as 30 sec of NMDA receptor activation is sufficient to induce a 
dephosphorylation of MAP2 lasting at least 90 minutes. At equimolar 
concentrations the non-NMDA receptor agonists AMPA and kainate were 
less effective than NMDA at inducing MAP2 dephosphorylation. The 
metabotropic glutamate receptor agonist 1S.3R-ACPD had no significant 
effect on the phosphorylation state of MAP2. Depolarization of slices with 40 
mM K+ induced dephosphorylation of MAP2; however, this effect was largely 
blocked by the NMDA receptor antagonist MK-801. Thus, NMDA receptors 
are potently coupled to a biochemical pathway which targets MAP2 for rapid 
and long-lasting dephosphorylation. Available evidence suggests that the 
calcium-dependent protein phosphatase calcineurin mediates this pathway. 
In support of this hypothesis, okadaic acid (1.5 μΜ), an inhibitor of protein 
phosphatases 1 and 2A, increased basal MAP2 phosphorylation but did not 
block the dephosphorylation of MAP2 induced by NMDA.
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1 1 7 .1 5
BIOPHYSICAL CHARACTERIZATION OF THE OVERLAPPING 
PROTEIN KINASE C AND CALMODULIN-BINDING DOMAINS 
OF RECOMBINANT RC3/NEUROGRANIN; A PUTATIVE POST 
SYNAPTIC COMPONENT OF LTP. D.D. Gerendasv. P. Jennings. S. 
Herron. M.J. Carson J.G. Sutcliffe. Dept. Molecular Biology, The 
Scripps Research Institute, La Jolla, CA 92037.

RC3/Neurogranin is a forebrain-enriched, postnatal-onset, 
thyroid hormone-dependent 78 residue protein found in dendritic 
spines. Like GAP-43/Neuromođulin, RC3 is a substrate for Protein 
kinase C and binds calmodulin in the absence of Ca2+. It’s anatomical 
and cellular distributions, along with its biochemical properties related 
to PKC, Ca2+ and calmodulin, suggest the hypothesis that RC3 plays 
a postsynaptic role with respect to neonatal synaptogenesis, adult 
neuroplasticity and, possibly, LTP. We are exploring this possibility 
through the use of genetic knock-out technology.

As reported previously, we bacterially expressed and purified 
RC3 to homogeneity. We have created over 30 mutants by PCR- 
mediated, site-directed mutagenesis, and purified many of these to 
complete or near homogeneity. Biochemical and biophysical 
characterization (circular dichroism and fluorescence spectroscopy) of 
wild-type RC3, various mutants and overlapping synthetic peptides 
derived from the predicted amino acid sequence of RC3 has yielded 
considerable structural information. Our results indicate that the 
overlapping CaM and PKC binding domains transiently populate a 
positively charged, amphiphilic a-helix conformation whose stability is 
enhanced by calmodulin when Ca2+ is absent. The data suggest 
testable hypotheses concerning the nature of homodimeric interactions 
of RC3 and it’s potential association with lipid membranes, PKC, and 
other, as of yet unknown, molecules.

1 1 7 .1 7

REGULATION OF SYNAPTONEUROSOMAL PROTEIN SYNTHESIS. L J. 
Weiler*. W.S.Childers. X.Li, W.T. Greenough, Depte. Psychol, and Cell & 
Struct. Biol, Neurosci. Prog, and Beckman Inst., Univ. Illinois, Urbana- 
Champaign, IL 61801.

Metabotropic glutamate receptor stimulation and K+ stimulation of rat 
cortical synaptoneurosome preparations triggers rapid aggregation of 
polyribosomes and initiation of protein synthesis. Preformed proteins associate 
with this polyribosomal complex; SDS-PAGE analysis suggests that distinctive 
protein banding patterns appear after calcium ionophore treatment which differ 
from those elicited by metabotropic glutamate receptor stimulation.

When 35S-methionine is present during the reaction, we detect 14-16 nascent 
proteins which are incorporating amino acids more rapidly within 2 min after 
stimulation.

We are also studying the characteristics of synaptoneurosome response to 
patterned electrical stimulation. A pattern of six 20 msec pulses of 200 Hz at 
200 msec intervals, but not at 1 sec intervals, results in polyribosome 
aggregation. Supported by MH35321.

1 1 7 .1 6
PATTERNS OF RYANODINE AND INOSITOL 1,4,5-TRIS- 
PHOSPHATE (InsP3) RECEPTOR DISTRIBUTION IN CULTURED 
MOUSE HIPPOCAMPAL NEURONS. K.T. Sevmour-Laurent* and MR  
Barish. Division of Neurosciences, Beckman Research Institute of 'he 
City of Hope, Duarte, CA 91010.

We have previously reported that activation of intracellular Ca2+ 
release results in spatially non-uniform increases in intracellular Ca2+ 
ion concentration ([Ca2+]}) in mouse hippocampal neurons. We have 
now examined the distributions of ryanodine receptor (RyR) and InsP3 
receptor (InsP3R) using high resolution confocal microscopy and 
appropriate antibodies (kindly provided by Drs. P. McPherson and K. 
Campbell, and A. Sharp and S. Snyder, respectively), and have observed 
non-uniform patterns of immunostaining with both antibodies. 
Hippocampal neurons were dissociated on embryonic days 15-17 and 
studied after 3-7 days in culture, using standard immunofluorescence 
techniques. In pyramidally-shaped neurons, punctate RyR 
immunoreactivity was found throughout the cell body and its processes. 
InsP3R immunostaining was also observed in all neuronal regions, but 
it was less punctate and more diffusely distributed. In addition, strong 
InsP3R immunoreactivity was associated with regions of the cytoplasm 
near the nucleus and close to the underlying glial monolayer, while RyR 
immunoreactivity was distributed more uniformly throughout the cell. 
Faint labelling of both RyR and InsP3R was observed in the nucleus. 
Double labelling experiments indicated that the distributions of RyR and 
InsP3R were similar but not identical, suggesting that the two release 
mechanisms may not always co-exist on the same membrane systems.

PHARMACOLOGY OF SYNAPTIC TRANSMISSION I

1 1 8 .1
ADENOSINE DEPRESSES NMDA-MEDIATED "DENDRITIC SPIKES" 
IN HIPPOCAMPAL CAI NEURONES in  vitro . James L. Henry* & He Li. 
Department of Psychiatry and Department of Physiology, 3655 Drummond St., 
McGill University, Montreal, Quebec H3G 1Y6 

Administration of 50 μΜ of the adenosine receptor antagonist, 8- 
sulphophenyltheophylline (8-SPT) produced depolarization, increased input 
resistance and enhanced the amplitude of EPSPs elicited in hippocampal CAI 
pyramidal cells in vitro  by Schaffer collateral stimulation. In addition, small 
amplitude (3-15 mV), fast-rising (2-6 ms duration), all-or-nothing spikes were 
observed. These small spikes appeared to be independent of the occurrence of 
full action potentials (mean amplitude, 97 mV) and of EPSPs (mean duration, 
36 ms). Hyperpolarization of the membrane potential reduced the frequency of 
these small spikes. Hyperpolarization of the membrane from -70 to -90 mV 
increased the amplitudes of the small spikes, yet hyperpolarization beyond -90 
mV reduced the amplitudes. In other laboratories, spikes sharing these 
properties have been attributed a dendritic origin. In the presence of 50 μΜ of 
8-SPT, administration of the non-NMDA receptor antagonist, CNQX (20 μΜ), 
blocked both spontaneous and evoked EPSPs but had no effect on the occurrence 
of the "dendritic spikes". However, similar administration of 40 μΜ of APV 
or 1 mM of MK-801, antagonists of the NMDA receptor, attenuata! the EPSPs 
and also blocked the "dendritic spikes". Administration of 100 μΜ of NMDA 
alone increased the background noise but could not induce "dendritic spikes". 
However, in the presence of 8-SPT, NMDA increased the frequency of 
"dendritic spikes". The data indicate that adenosine tonically inhibits tonic 
NMDA-mediated inputs to CAI pyramidal cells. The tonic inhibitory effect of 
adenosine may be of importance in protecting pyramidal cells from neurotoxic 
effects of excitatory amino acids mediated via NMDA receptors, for example 
during ischemia or hypoxia.

1 1 8 .2

INHIBITORY ACTIONS OF ADENOSINE ON INTERNEURONES AND 
ON INHIBITORY SYNAPTIC TRANSMISSION IN HIPPOCAMPAL 
CAI NEURONES in  v itro . He Li* & James L. Henry. Department of 
Psychiatry and Department of Physiology, 3655 Drummond St., McGill 
University, Montreal, Quebec H3G 1Y6 

On hippocampal pyramidal cells, adenosine produces hyperpolarization, 
inhibits EPSPs and serves a neuroprotective function. Less is known about 
adenosine effects on intemeurones and on inhibitory synaptic transmission. 
In the present study, intracellular recording techniques were used to study 
effects of adenosine on mono- and polysynaptic IPSPs in pyramidal cells and 
on intemeurones in the hippocampal CAI area in vitro . In the presence of 20 
μΜ APV and CNQX, 100 μΜ of adenosine hyperpolarized pyramidal cells; 
after full recovery of the resting membrane potential, thus avoiding direct 
shunting effects, orthodromic and antidromic polysynaptic IPSPs remained 
depressed at 72±16% and 45±12% of control, respectively. Monosynaptic 
IPSPs, from close stimulation, were unaffected by adenosine. The inhibitory 
effects were blocked by the adenosine receptor antagonist, 8- 
sulphophenyltheophylline (8-SPT; 50 μΜ). Intemeurones were inhibited by 
the preferential adenosine A l receptor agonist, 2-chloroadenosine (CADO). 
At 2 μΜ, CADO blocked the excitatory input from Schaffer collaterals and 
depressed the amplitude (by 44.8±9.6%) and the duration (by 63.4±5.6%) 
of the afterhyperpolarization (AHP) which characterizes intemeurones; 
membrane potential was unaffected. At 20 μΜ, CADO depressed the 
amplitude (by 85±11.4%) and the duration (by 64±5.8%) of the AHP and 
induced a 4±3.4 mV hyperpolarization of the membrane potential. Taken 
together, the data suggest that intemeurones have adenosine receptors limited 
to the somata and/or dendrites where excitatory terminals make synaptic 
contacts. These inhibitory effects of adenosine may be important in protecting 
intemeurones from damage during ischemia and hypoxia.
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118.3
THIOPENTAL DESYNCHRONIZES CORTICAL AND 
HIPPOCAMPAL CA1 ELECTRICAL ACTIVITY. M.B. Maciver*. J. 
Mandema. P.R, Stanski. B.H. Bland. Department of Anesthesia, 
Stanford University Medical Center, Stanford, CA 94305.

The present study characterized effects on forebrain electrical 
activity produced by the induction anesthetic thiopental. Male Wistar 
rats (350gm) were chronically implanted with two cortical surface 
electrodes and a bipolar microelectrode placed across the 
hippocampal CA1 cell body layer. Thiopental was infused via an 
indwelling intrajugular catheter (50mg/Kg; 5 min.), and a femoral 
artery catheter was used to sample drug concentrations and blood 
gases. Thiopental produced a marked activation (240% of control 
FFT power; n=4) within 2 minutes, followed by isoelectric depression 
within 5 minutes at both cortical and hippocampal recording sites. 
Loss of righting reflex (hypnosis) occurred at the peak of the EEG 
activation and anesthesia was associated with the isoelectric EEG. 
Cross-correlation analysis of bust-suppression events in cortex vs. 
hippocampus demonstrated a synchronization for ascending inputs to 
these forebrain structures which become progressively 
desynchronized as anesthetic depth increases. This result suggests 
that cortical structures are most sensitive to thiopental; they are 
markedly depressed while lower (subthalamic) structures are still 
active.

118.5
ACETYL-L-CARNITINE AND SYNAPTIC TRA N SM ISSIO N  IN 
HIPPOCAMPAL SLICES P. Lo Giudice. V. Tancredi*1. G, D'Arcangelo1. 
L· Bongiorno Borbone, A. Siniscalchi 1, L. Pacifici, M.T. Ramacci, Inst, for 
Res. on Senescence Sigma Tau, 00040 Pomezia, Italy. ^Dpt. Medicina 
Sperimentale, "Tor Vergata" Univ. of Rome, Italy.

Acetyl-L-Carnitine (ALCAR) has been reported to be able to improve 
basal synaptic transmission and long term potentiation (LTP) in CAI 
subfield of hippocampal slices of both young and old rats. The aim of this 
work was to study the mechanisms underlying ALCAR action. Synaptic 
transmission was examined in the Schaffer collateral/com m isurai CAI 
pathway in hippocampal slices (400 urn thick) of adult young Fischer 
rats. The excitatory postsynaptic potentials (EPSP) were recorded in the 
stratum radiatum of the CAI region. Orthodromic stimuli (10-500 uA, 20- 
90 us, 0.1 Hz) were delivered through a tungsten electrode placed in the s. 
radiatum. After recording a stable basal EPSP, ALCAR was added to the 
bath at the dose of 0.01 mM. ALCAR administration increased the EPSP 
slope of about 140-150%. When the enhancement reached a plateau, both 
non-NMDA and NMDA antagonists and muscarinic antagonist were added 
to the bath. While the non-NMDA antagonist CNQX, at the dose of 0.01 
mM, did not significantly modify the effect of ALCAR, the NMDA 
antagonists CPP, at the dose of 0.005 mM and AP5, at the dose of 0.001 mM 
reduced the EPSP increase induced by ALCAR of 30% and 50% 
respectively. Furthermore the muscarinic antagonist atropine, at the dose 
of 0.001 mM, exhibited more pronounced effect which was a decrease of 
70%. The above results confirm that ALCAR was able to enhance basal 
synaptic transmission in CAI subfield of rats hippocampal slices and 
suggest that the mechanism of action of this substance could involve 
muscarinic and glutammate NMDA receptors.

118.7

ANTAGONISM OF CHANGES IN RAT HIPPOCAMPUS INDUCED 
BY KAINATE AND TETANIC STIMULATION. S.-C. Chuang 
and H.-M. Hwang*. Department of Anatomy, Chang Gung 
Medical College, Kwei-San, Taoyuan, Taiwan, R.O.C.

It had been shown that seizure-related bursting 
in the hippocampus involves both activation of NMDA 
and AMPA receptors. However, neither non-competitive 
NMDA antagonist, MK-801 (0.3-3 mg/kg, i.p.), nor 
competitve antagonist, APV (1 mg/kg), were effective 
enough to block c-fos expression and to prevent motor 
seizure induced by kainate (KA, 8 mg/kg, i.p.). In 
contrast, DNQX (1 mg/kg, i.p.), an AMPA antagonist, 
was found to block seizure and c-fos expression.
In v i t ro recordings of hippocampal slices indicated 
that neither MK-801 (10 uM) nor AP-7 (5 uM) could 
inhibit synaptic activity induced by KA (5 uM) in the 
CAI area. While three trains of 100 Hz stimulation 
pulses did not potentiate CAI synapses in the slices 
treated with MK-801, only little potentiation was 
found in the АР-7-treated slices. Thus, both MK-801 
and AP-7 may be insufficient to prevent KA-induced 
changes in synaptic activity, but they are effective 
in blocking synaptic potentiation induced by tetanic 
stimulation.

1 1 8 .4

THIOPENTAL BLOCKS PAIRED-PULSE FACILITATION IN 
HIPPOCAMPAL CA1 NEURONS. H.S. Lukatch*. F.A. Monroe. M.B. 
Maciver. Department of Anesthesia, Stanford University Medical 
Center, Stanford, CA 94305.

The present study examined thiopental effects on paired-pulse 
facilitation of population spikes in the rat hippocampal slice 
preparation. Schaffer-collateral fibers were stimulated with a bipolar 
tungsten electrode and extracellular fields were recorded from the 
stratum oriens of area CA1 with a 10 Μ Ω tungsten microelectrode. 
Clinically effective concentrations of thiopental (10 μΜ) produced an 
increase in population spike amplitude (115% of control; n=5), while 
higher concentrations (40 μΜ) produced a brief increase followed by 
depression (55% of control; n=5). Paired-pulse facilitation of the 
population spike was particularly sensitive to thiopental and was 
totally blocked in the presence of 20 μΜ. In contrast, the volatile 
anesthetic halothane produced only depression of spike amplitudes 
and did not block paired pulse facilitation at 1.0 MAC (1.2 voi. %). 
The activation/depression and block of paired-pulse facilitation 
produced by thiopental are difficult to explain via a barbiturate- 
enhanced GABAa inhibition, especially since halothane has also 
been shown to increase GABAa inhibition. These results provide 
further evidence for anesthetic agent specific actions and suggest 
that thiopental's effects may involve more than a single action on 
GABAergic inhibition.

1 1 8 .6
THERMAL DEPENDENCE OF NORADRENERGIC AND SEROTONERGIC 
RECEPTOR SUBTYPE MODULATION OF HIPPO CAMPAL A C T IV IT Y .  
D .J .  H o r r ig a n  , R .D . R yan  a n d  J .M .  H o r o w i t z . S e c t io n  o f  
N e u r o b io lo g y ,  P h y s io lo g y  a nd  B e h a v io r ,  U n iv .  o f  C a l i f . ,  
D a v is ,  CA 9 5 6 1 6 .

P re v io u s  s t u d ie s  h a v e  show n t h a t  a s  te m p e ra tu r e  i s  
lo w e r e d  som e m o n o a m in e s  a p p e a r  t o  r e t a i n  t h e i r  
n e u ro m o d u la to r y  a c t i o n  w h e re a s  o th e r  c e l l u l a r  m e ch an ism s 
a r e  s h u t  d ow n . U s in g  s i m i l a r  m e th o d s  ( J .  Comp. P h y s io l .  
A . 1 6 7 :7 9 -8 8 ,  1 9 9 0 ) ,  h e r e  we e x a m in e  w h e th e r  p a r t i c u l a r  
n e u r o t r a n s m i t t e r  r e c e p t o r  s u b ty p e s  a r e  f u n c t i o n a l  a t  lo w  
t e m p e r a t u r e s  w h e re  lo n g  te r m  p o t e n t i a t i o n  c a n n o t  b e  
e v o k e d .  P o p u la t i o n  s p ik e  a m p l i t u d e  i n  t h e  h a m s te r  
h ip p o c a m p a l s l i c e  was m e a s u re d  b e f o r e ,  d u r in g ,  a nd  a f t e r  
b a th  a d m in i s t r a t i o n  o f  p h e n y le p h r in e ,  i s o p r o t e r e n o l ,  o r  
8-OH-DPAT a t  a b a th  te m p e ra tu r e  o f  2 0 °C . I n  7 o u t  o f  7 
s l i c e s  a m a jo r  e f f e c t  o f  t h e  b e ta  a g o n is t  i s o p r o t e r e n o l  
(5 0 0  nM) was a n  in c r e a s e  o f  p o p u la t io n  s p ik e  a m p l i t u d e  
r a n g in g  f ro m  20% t o  36% g r e a t e r  th a n  c o n t r o l  a m p l i t u d e  
w h e re a s  i n  8 o u t  o f  8 s l i c e s  10 uM o f  t h e  a lp h a  a g o n is t  
p h e n y le p h r in e  d e c re a s e d  s p ik e  a m p l i t u d e  b y  21% t o  89% o f  
c o n t r o l  a m p l i t u d e .  I n  13 o u t  o f  13 s l i c e s  a p p l i c a t i o n  o f  
1 uM t o  30 uM o f  t h e  5-НТ-1Д a g o n is t  8-OH-DPAT le d  t o  a 
r e d u c t io n  o f  p o p u la t io n  ę p ik e  a m p l i t u d e  r a n g in g  f ro m  11% 
t o  98% o f  c o n t r o l  a m p l i t u d e .  T h us  m onoam ine  r e c e p t o r  
a g o n i s t s  r e m a in  e f f e c t i v e  n e u r o m o d u la t o r s  o f  s i g n a l  
t r a n s m is s io n  a t  lo w  te m p e ra tu r e s  e n c o u n te r e d  a s  an  a n im a l 
e n t e r s  h ib e r n a t i o n .  [NASA g r a n t  N A G -2 -7 8 8 ]

1 1 8 .8

SPONTANEOUS AND EVOKED EPSCS FROM BASKET CELLS IN THE DENTATE 
GYRUS. T. Kneisler* and R. Dingledine. Dept. Pharmacol., Emory Univ. Atlanta, GA, 30322 

Spontaneous and evoked excitatory postsynaptic potentials (EPSCs) from intemeurons 
located in the granule cell layer of the dentate gyrus of neonatal rat hippocampal slices were 
recorded from in the whole cell patch damp mode at -70 to -80 mV and+40 to +50 mV.
Cells were tentatively identified as dentate basket neurons by biocytin staining. Differences 
exist between AMPA and NMDA receptor contribution at -70 to -80 mV and +40 to +50 mV 
and between spontaneous and evoked EPSCs. At -70 to -80 mV spontaneous EPSCs, 
recorded in 10 μΜ bicuculline and 1 μΜ tetrodotoxin, rose within 2 ms (1.0±0.2 ms; n=17) 
and decayed with a single time constant of less than 8 ms (4.4Ю.4 ms; n=17). A similar 
EPSC time course was observed at +40 to +50 mV. Addition of 50 μΜ D-APV did not affect 
the EPSC time course at either membrane potential, suggesting that NMDA receptors, if 
present, are not engaged at these spontaneously active synapses. EPSCs evoked by 
stimulating the granule cell layer (200 ps pulses; 10-25 μΑ; every 3-4 sec; 50-250 μτη from 
the recording electrode) revealed a different population of EPSCs. Stimulus intensity was 
determined by the minimal current needed to evoke unitary EPSCs with time courses and 
amplitudes similar to spontaneous EPSCs at -70 mV and a failure rate of 30-50%. Although 
at -70 to -80 mV the evoked EPSCs (decay time constant=4.3±0.6 ms; n=8) were identical 
to spontaneous EPSCs, membrane potentials of +40 to +50 mV revealed EPSCs with 
considerable NMDA contribution. The decay time constant of these EPSCs was best fit with 
two exponentials (63±20 ms and 129±27 ms; n=8). Following treatment with 50 μΜ D-APV 
the decay time constant was best fit with a single exponential (13±3 ms; n=8). These 
results suggest that granule cell synapses onto dentate basket cells are not spontaneously 
active and that these synapses contain NMDA receptors. Another population of synapses, 
which are spontaneously active, appear to lack NMDA receptors. The identification of the 
neuronal population responsible for the spontaneous basket cell EPSCs will enhance our 
understanding of the circuitry of the dentate gyrus.
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1 1 8 .9

ANTAGONISM OF PRESYNAPTIC mGluRs IN THE HIPPOCAMPUS.
C.H. Davies. D E. Jane*1, D.C. Sunter* . J.C. Watkins'* and G.L. Collingridge. 
(SPON: Brain Research Associationi Depts. of Pharmacology, Birmingham 
University, Birmingham and ^University of Bristol, Bristol, U.K.

It was reported recently that a-methyl-4-carboxyphenylglycine (MCμg) 
antagonizes the actions of aminocyclopentanedicarboxylic acid (ACPD) at pre- 
and postsynaptic metabotropic L-glutamate receptors (mGluRs) in the spinal cord 
(Eaton e t  a l ., Eur. J. Pharmacol. (1993) 244:195-197; Pook e t  a i ,  Br. J. 
Pharmacol., in press). In the hippocampus we have shown that MCμ g  blocks the 
postsynaptic mGluR that mediates block of action potential accommodation 
(Bashir e t  a l ,  Nature, in press). The active isomer of MCμg  has now been 
identified as (+)-MCμg (Jane e t  a i ,  Neuropharmacology, in press). To test 
whether MCμ g is active at presynaptic mGluRs in the hippocampus we have 
investigated its effect on ACPD-induced depression of field epsps (f-epsps).

Extracellular recordings were made from stratum radiatum in area CAI of 
hippocampal slices from 2 week old female Wistar rats. F-epsps were evoked by 
low frequency (0.033Hz) stimuli (20 ps, 1-10 V) delivered to stratum radiatum.

1S,3R-ACPD (30-150 μΜ; n=6 ) had no effect on the presynaptic fiber volley 
but caused a reversible depression (25-80%) of the f-epsp slope that persisted for 
the duration of the agonist application (up to 30 mins). (+)-MCμ g (500-1000 μΜ) 
had no effect on control f-epsps in naive slices but caused a rapid and full reversal 
of the lS,3R-ACPD-induced depression (n=5). In contrast, (-)-MCμg (1000 μΜ) 
was inactive (n=2). (+)-MCμg (1000 μΜ) also reversed the depressions of the f- 
epsp induced by the mGluR agonists L-aminophosphonobutanoate (L-AP4) (100 
μΜ; n=2) and 1S,3S-ACPD (50-100 μΜ; n=5).

We conclude that (+)-MCμ g  is an antagonist of the presynaptic mGluR that 
mediates the depression of excitatory synaptic transmission in the hippocampus.

This work is supported by the M.R.C. and U.S.P.H.S. NS26540.

1 1 8 .1 1
RELIEF OF STRYCHNINE SENSITIVE INHIBITION REVEALS NMDA- 
INDUCED OSCILLATIONS IN FROG SPINAL CORD M.-S. Rionlt-Pedotti*. 
Department of Physiology, University of Bern, CH-3012 Bern, Switzerland

Low Mg++-Ringer's evokes spontaneous, long lasting, plateau-like depolarizations 
with superimposed spike activity in frog spinal motoneurons (MN). Consistent 
failure to observe this phenomenon in normal Mg++-Ringer's or after application of 
the competitive NMDA receptor antagonist, APV, suggests that these effects are 
linked to NMDA receptor activation.

Responses were recorded simultaneously from ventral roots and intracellularly from 
identified lumbar MNs in isolated hemisected frog spinal cords. Bath applied NMDA 
(12-200 M) either depolarized cells (Vm=-20mV) or did not show any effect at lower 
concentrations (Mg++-dependent). Bicuculline, Phaclofen, Picrotoxin and Strychnine 
were used to block a possible NMDA-activated indirect inhibition of MNs. Compared 
to controls, responses to dorsal root stimulation evoked a larger number of spikes (> 
30) superimposed on a prolonged (>6s) plateau-like depolarization. NMDA added after 
preincubation with Strychnine (but not when added together) evoked slow TTX 
resistant membrane potential oscillations (.05 Hz) that were reversibly blocked by 
APV. Replacing external Ca++ with Ba++ depolarized cells by 10-20 mV and reduced 
oscillation amplitude. Exposure to Ruthenium red (5 M), an inhibitor of 
mitochondrial Ca++ uptake showed similar effects. In the presence of Caffeine 
(lOmM), a blocker of Ca++-induced Ca++ release, oscillations disappeared and MNs 
remained hyperpolarized.

It is concluded that NMDA receptor activation is responsible for 1) spontaneous 
plateau like depolarizations and 2) membrane potential oscillations revealed after 
blocking a possibly NMDA activated Strychnine sensitive inhibition. Presence of 
external Ca++ as well as intact intracellular Ca++ turnover are critical in maintaining 
oscillatory activity.

1 1 8 .1 3
THE ROLE OF PROTEIN KINASE C ISOTYPES IN 
MODULATING SYNAPTIC TRANSMISSION. Y, Goda1. A  
Abeliovich2. C. F, Stevens*1 and S. Tonegawa2. ^Salk Institute,
La Jolla, CA 92037. 2Center for Cancer Research, Massachusetts 
Institute o f Technology, Cambridge, MA 02139.

We are studying the molecular mechanisms by which protein kinase 
C (PKC) regulates ordinary synaptic transmission and long-term 
potentiation (LTP) in the CAI region o f the hippocampus. We have 
created a strain of mice that lacks the γ subtype o f  PKC to address the 
roles o f PKC isozymes in neuromodulation. Phorbol esters which are 
non-selective activators o f PKC, produce marked potentiation of  
ordinary synaptic transmission in wild type mice. In mutant mice, 
phorbol ester-mediated potentiation o f ordinary synaptic transmission 
is unaltered. LTP, however, is defective in these mutant mice.
Phorbol ester-mediated synaptic potentiation, therefore, is distinct 
from LTP in that it does not require they subtype o f PKC. The 
details o f our findings will be presented.

1 1 8 .1 0

GLUTAMATERGIC TRANSMISSION IN THE NUCLEUS 
MAGNOCELLULARIS. S. Zhang* & L.O. Trussell. Dept. of 
Neurophysiology. U of Wisconsin, Madison, WI 53706.
Auditory nerve fibers make axo-somatic synaptic contacts on neurons of the 
avian nucleus magnocellularis. We have studied the properties of this 
glutamatergic synapse in brain slices in which neurons were current- or voltage- 
clamped with patch electrodes. Slices were maintained between 31-35°C. 
Stimulation of afferent fibers near the recorded cell produced excitatory synaptic 
events after a synaptic delay of 0.9 ms. Under voltage clamp, at -20 to -40 
mV, evoked EPSCs could be as large as -15 nA. They rose within 230 gsec 
(10-90% rise) and decayed bi-exponentially with a dominant time constant of 
about 0.5 ms. Miniature synaptic currents had faster kinetics, rising as quickly 
as 80 μ& and decaying in less than 0.2 ms. These events at negative potentials 
were almost entirely blocked by DNQX or CNQX. At positive potentials, a 
much slower NMDA receptor component was evident. Under current-clamp, 
EPSPs reliably initiated action potentials at stimulus frequencies as high as 300 
Hz. Since action potentials could be initiated by 0.43 nA current steps, the > 
15nA synaptic events have a very large safety factor at low frequencies. 
However, with stimulation at high rates, the EPSP was occasionally sub
threshold, corresponding to synaptic depression of EPSCs. The EPSP consisted 
of two phases, a quickly rising and falling phase, followed by a slow tail 
decaying over tens of ms. The slow tail produced a plateau during repetitive 
stimulation. The slow tail was only partially blocked by APV, and increased 
with hyperpolarization. Surprisingly, it was blocked by DNQX, indicating that 
AMP A receptors may mediate both a last and a slow synaptic event.

1 1 8 .1 2

THE EFFECTS OF AP5 AND STRYCHNINE+PICROTOXIN ON SPONTANEOUS 
PSPS IN SPINAL MOTONEURONS OF FROG.
A.E.Dityatev*+# V.M.Kozhanov*, O.S.Gapanovich*, N.M,Chmvkhova+ and 
H.P.Clamann#. +Inst. of Evolutionary Physiology and Biochemistry, 194223 St. 
Petersburg, Russia and Tiept, of Physiology, Univ. of Bern, 3012 Bern, Switzerland

The basal level of spontaneous activity, size of miniature PSPs and effect of 
disinhibition and blocking of NMDA receptors on the activity were studied. 
Spontaneous PSPs (SPSPs) were recorded from 23 lumbar motoneurons in isolated 
spinal cords of R a n a  r id ib u n d a . Frequency of detected SPSPs in normal conditions 
([Ca2+]=1.5 mM, [Mg2+]=0.5 mM, t=16°-18°) was 51 ±5 Hz, the amplitude was 
298±105 pV. All amplitude histograms were skewed to the right, maximum 
frequency was near threshold of event detection and there were no multiple peaks.

Strychnine (10 μΜ) and picrotoxin (100 μΜ) increased amplitude (175151% of 
control, n=5) and frequency (122110 %) of SPSPs. AP5 (25-50 μΜ) reduced the 
amplitude (82116 % of control, n=3) and frequency (80116 %). Addition of 
strychnine and picrotoxin (St+Px) after AP5 increased frequency to 13615% (n=2). 
Mean amplitude of TTX-resistent (0.5-1 μΜ) SPSPs was 86114 μν (66-126 μν), 
the frequency was 5619 Hz. In 6  cells treated with TTX, some SPSPs had amplitude 
of 200-600 μ ν  after PSPs could no longer be evoked by stimulation of dorsal roots. 
AP5 reduced amplitude of the miniature SPSPs (43 % of control), St+Px increased 
the amplitude (142 %).

The effects of the antagonists on spontaneous activity were in line with changes 
in the width of antidromic spikes of motoneurons and in amplitude of PSPs evoked 
by stimulation of 9th dorsal root. The latter was greatly enhanced by St+Px 
(299169%, n=5) and reduced by AP5 to 3814 % (n=3). We conclude that changes 
in amplitude and frequency of SPSPs produced by the antagonists are mediated both 
by direct action on motoneurons and changes in activity of intemeurons. Supported 
by grants from SNF.

1 1 8 .1 4
ACTIVITY DEPENDENT ENHANCEMENT OF SYNAPTIC TRANSMISSION IN 
THE HIPPOCAMPUS BY THE PROTEIN PHOSPHATASE INHIBITOR 
CALYCULIN A. СЈБ, Herron.* R.M. Mulkev and R.C. Malenka. Dept's of 
Psychiatry & Physiology, University of California, San Francisco, CA 94143.

Synaptic efficacy is regulated by т е  phosphorylation state of a number of critical 
phosphoproteins. Using calyculin A, a specific inhibitor of protein phosphatases 1 
and 2A, we have examined the role of protein phosphatases in regulating excitatory 
synaptic transmission in area CAI of rat hippocampal slices. In control slices, 
prolonged low frequency afferent stimulation (1Hz, 5 min) elicits long-term 
depressimi (LTD). In slices incubated in 1 μΜ calyculin A (1 to 2.5 hrs), LTD was 
blocked (Mulkey et al, 1993, Soc Neuro Sci Abstr) and this same stimulation caused 
an enhancement of field synaptic responses (41/52 slices) and frequently an increase 
in fiber volley amplitude. Applying repetitive periods (3-5) of 1Hz 5 min stimuli at 
10 minute intervals produced a maximum potentiation of 120 ± 44% (SD; n=18) in 
the initial slope of the field EPSP when the fiber volley had been matched to that 
recorded before the application of 1Hz stimulation. A leftward shift in the 
input/output curve (fiber volley amplitude vs epsp slope; n=6 ), indicated that synaptic 
strength was increased by this procedure. The magnitude of paired pulse facilitatimi 
(50 msec ISI) was decreased by each successive period of 1Hz stimulation indicating 
that presynaptic modifications contributed to the synaptic enhancement (8/10  slices).

Under conditions where synaptic transmission was blocked by omitting calcium 
from the perfusion medium, 1Hz stimulation failed to cause synaptic enhancement. 
However, in the presence of normal medium (2.5 mM Ca2+) subsequent 1 Hz 
stimulation of the same slices produced synaptic enhancement (5/5 slices). In the 
presence of glutamate receptor antagonists (2 mM Kynurenate, 25 μΜ D-AP5,25 μΜ 
АРЗ), lHz stimulation caused a potentiation of synaptic transmission that was smallar 
in magnitude than that elicited in the absence of antagonists. These results suggest 
that, 1Hz stimulation causes a  change in [Ca2+]j which is sufficient to activate Ca2+- 
dependent protein kinases in the presynaptic terminal and the postsynaptic cell.
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118.15
SUBSTRATE AND COFACTOR DEPENDENT STIMULATION OF PURIFIED 
BRAIN PROTEIN KINASE C BY HALOTHANE AND PROPOFOL. H.C. 
Hemmings. Jr.* and A.I.B. Adamo. Depts. of Anesthesiology and Pharmacology, 
Cornell Univ. Med. College, New York, NY 10021.

Protein Kinase C (PKC) is an important regulator of neuronal function that has 
been implicated as a target for general anesthetics. Previous reports of the effect of 
the volatile anesthetic halothane (H) on PKC activity have indicated either inhibition 
or stimulation. An analysis of the effects of H and the intravenous anesthetic 
propofol (P) on PKC activity using various substrates and cofactors was undertaken 
in an effort to clarify this issue. PKC was purified to 80% homogeneity from rat 
forebrain and consisted of the a , ß l , ß 2 ,  and у  isozymes. Activity was assayed with 
histone HL, protamine, poly(Lys, Ser) 3:1 or Synapsin I [3-13] as substrate by three 
methods utilizing different lipid cofactors: (Method 1, 40 /ig/ml sn-1,2- 
dioctanoylglycerol (DG) and 0.5 mg/ml phosphatidylserine (PS). Method 2 ,2  mol % 
DG and 8 mol% PS in 0.3% (v/v) Triton X-100. Method 3, 2 μΜ DG and 20 μΜ 
PS±80 μΜ phosphatidylcholine). Both H (2.4 voi%) and P (200 μΜ) stimulated the 
phosphorylation of histone HL by PKC or protamine at clinically relevant 
concentrations, while only propofol stimulated poly(Lys,Ser) phosphorylation. 
Stimulation occured only with certain combinations of lipid cofactors and Ca2+; 
maximum stimulation was about 200% control activity. Both H and P slightly 
inhibited phosphorylation of the peptide Synapsin I[3-13] by PKC. The activity of 
the catalytic fragment of PKC (produced by limited trypsin digestion) was not 
stimulated by either H or P using histone HL as substrate. These data indicate that 
purified rat brain PKC can be stimulated by general anesthetics under specific assay 
conditions, while it is unaffected under other conditions. This stimulatory' effect 
appears to be mediated through effects on the regulatory domain on PKC and its 
interaction with lipid cofactors and protein substrates.
Supported by a FAER/BOC Anesthesiology Young Investigator Award and a Cornell 
Scholar Award in Biomedical Science.
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119.1

NM DA-ACTIVATED C U R R E N T  IN H IB IT IO N  BY  
ETHANOL PO TE N T IA T ED  BY PH O R BO L  EST ER  
USING H ETERO M ERIC ζχ/εχ  SUBUNITS OF NM DA  
RECEPTOR. C W u*, K,  Maşooq amįį.F. F, W eighļ. Lab. 
Molecular & Cellular Neurobiology, NIAAA, National Institutes of  
Health, Rockville, MD 20852.

NMDA-activated ion current was investigated using mouse subunits 
ζχ/εχ of the NMDA receptor expressed in X e n o p u s  oocytes. 
Membrane current was recorded using the two-electrode voltage- 
clamp technique at a holding potential o f -70 mV. Ethanol inhibited the 
ion current activated by 100 μΜ NMDA in the presence o f 10 μΜ 
glycine in a concentration-dependent manner over the range 10 to 250 
mM; the IC50 was 200 mM. The Hill coefficient of NMDA-activated 
current was reduced from 2.39±1.2 to 1.26Ю.4 (n=6) when 100 mM 
ethanol was applied, but the EC50 was not significantly changed. 
Phorbol 12-myristate 13-acetate (TPA), an activator of protein kinase 
C (PKC), increased the amplitude o f NMDA-activated current. After 
treatment with 1 μΜ TPA for 10 min, the inhibition of NMDA current 
by 100 mM ethanol increased from 32.2±2,6 to 47.5±3.7%  
(n=9;p<0.01). Staurosporin, an inhibitor of PKC, had no significant 
effect on the inhibitory action o f ethanol, but staurosporin blocked the 
effect of TPA. The observations raise a question o f whether the 
ethanol sensitivity of NMDA receptors is regulated by PKC.

119.3

ALIPHATIC ALCOHOLS EXHIBIT A CUTOFF Ш  
POTENCY OF INHIBITION OF NMDA-ACTIVATED ION 
CURRENT.
Robert W. Peoples* and Forrest F. Weight. Laboratory o f Cellular 
and Molecular Neurobiology, National Institute on Alcohol Abuse 
and Alcoholism, National Institutes o f Health, Rockville, MD 20852.

Intoxication potency o f aliphatic alcohols has been shown to 
increase as the number o f carbons are increased up to a point known 
as the "cutoff'; beyond this point potency decreases despite 
increasing lipid solubility and membrane disordering potency. In this 
study, we investigated whether a series o f alcohols would exhibit such 
a cutoff for inhibition o f ion current activated by N-methyl-D- 
aspartate (NMDA) in mouse hippocampal neurons in primary culture 
using the whole-cell patch-clamp technique. We found that the 
potency of alcohols in inhibiting NMDA-activated current increased 
as the carbon chain length was increased up to 6-7 carbons, then 
decreased with farther increases in chain length. Similar values for 
the cutoff in intoxication potency o f alcohols have been reported. 
These results suggest that inhibition o f NMDA-activated ion current 
by alcohols is not due to membrane disordering, and that the cutoff in 
potency o f inhibition o f NMDA-activated ion channel function may 
underlie the cutoff in intoxication potency o f alcohols observed in  
vivo. (This work was supported in part by a National Research 
Council-NIH Research Associateship to R.W.P.).

1 1 9 .2

ETHANOL EFFECTS ON FUNCTIONALLY DISTINCT 
SUBTYPES OF NMDA RECEPTOR CHANNELS EX
PRESSED IN XENOPUS OOCYTE, k . M a s o o d ^ .c .  Wu. u. 
Bramisi?, C, YL and F, Weight Lab . M olecular & Cellular 
Neurobiology, NIAAA, NIH., Rockville, MD 2 0 8 5 2 .

T h e  N -m ethyl-D-aspartate (NMDA) rece p to r p lays an im portant role 
in brain function . A lcohol has b een  show n to  inhibit th e  function  of 
NMDA channels. M olecular cloning of NMDA rece p to r subunits and its  
d ifferen t co m b in atio n s have  re v e a le d  fu n ctio n a l d iv e rs ity  w hen  
c h a ra c te r iz e d  e le c tro p h y s io lo g ic a lly . T h is  ra ise d  th e  q u estio n  
w hethe r the  se n s it iv ity  o f NMDA re ce p to r su b u n its to  ethano l a lso  
differs. Hom om eric ( ζ ΐ  ) and d ifferent com binations o f heterom eric  
NMDA re ce p to rs  ( ε ΐ / ζ ΐ ,  ε 2 / ζ 1 , ε 3 /ζ 1 )  w ere  e xp re sse d  in X en opu s  
o o c y te s . NMDA a c t iv a te d  ion c u rre n ts  w ere  re co rd e d  using th e  
c o n v e n t io n a l tw o -e le c t r o d e  v o lta g e -c la m p  te c h n iq u e . B o th  
hom om eric and h e tero m eric  ch an n e ls sh o w ed  inhibition of NMDA- 
induced  c u rre n ts  b y  50m M  eth ano l (ε 2 / ζ 1 >  ε 1 / ζ !>  ε 3 /ζ 1 >  ζ ΐ ) .  
C o n c e n tra t io n -re s p o n s e  c u r v e s  o f e th a n o l in h ib itio n  in th e  
p h y sio lo g ica l ran g e  (2 5  to  lO O m M ) sh o w e d  th a t  ε1/ζ1  w a s  
m axim ally inhibited a t lOOm M  ethanol (4 4 %  o f co n tro l). Inhibition 
o f ε 2 / ζ 1 w a s  m axim al a t  50m M  eth an o l ( 3 7 %  o f co n tro l)  and  
inhibition b y  100m M  ethano l w a s  not sig n ificantly  d ifferent. ε3/ζ1  
and ζ ΐ  w ere  th e  le a st  se n s it iv e  o f all su b u n its , e ven  a t lOOm M  
ethanol ( 2 0 %  and 7 %  o f co n tro ls, re sp e ct iv e ly ). T h e  o b servatio n s  
ind icate  th a t  th e re  is a d ifferentia l se n s it iv ity  to  e thano l b etw een  
hom om eric and h e tero m eric  NMDA re ce p to r subunit co m b inations  
th a t  ap p ears to  be due to  the  m olecular d ivers ity  o f th e  d ifferent 
subunits.

1 1 9 .4

EFFECT OF ETHANOL ON THE TRANSLOCATION OF PKC PRODUCED BY 
GLUTAMATE RECEPTOR AGONISTS IN CEREBELLAR GRANULE CELLS.
S. Liljequist*. Department of Drug Dependence Research,
Karolinska Institute, S-10401 Stockholm, Sweden.

Phorbol esters bind with high affinity to the protein 
kinase C (PKC), activating this enzyme, hence the binding 
of radiolabel led phorbol esters may be used to monitor PKC 
activation and translocation. Earlier data (Liljequist et 
al. 1986) have demonstrated that NMDA/glutamate receptor li
gands markedly increase the binding of the phorbol ester 
ЗН-4-beta-phorbol-12,13-dibutyrate (3H-PDBu) to intact cere
bellar granule cells in primary cultures. Since it has been 
suggested that ethanol produces at least some of its pharma
cological actions via NMDA receptor-sensitive mechanisms, 
we decided to examine the influence of ethanol (20-200 mM) 
on the enhancement of 3H-PDBu binding produced by the gluta
mate receptor agonists NMDA, AMPA, and kai nie acid (KA). 
Ethanol caused a dose-dependent reduction of NMDA- and AMPA- 
enhanced ЗН-PDBu binding (in the absence of Mg2+), but had 
no effect on KA-stimulated ЗН-PDBu binding. Preliminary re
sults indicate that AMPA's action might be mediated through 
an activation of NMDA receptors since it was blocked by the 
specific NMDA receptor antagonist CGP 37849. Furthermore, 
other alcohols like propanol and t-butanol also produced a 
similar inhibition in accordance to their lipophilic proper
ties. These results show that ethanol exerts a specific ac
tion on the translocation of PKC produced by glutamate re
ceptor agonists, a process which is thought to be involved 
in neuronal plasticity, learning and memory.
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SUPERCONDUCTANCE OPENINGS IN SINGLE-CHANNEL CUR
RENTS FROM NMDA-ACTIVATED CHANNELS. IL . Fisher and B.S. 
Pallotta* Dept. o f Pharmacology, University o f North Carolina, Chapel Hill 
NC 27599

NMDA-activated channels in outside-out and cell-attached patches from 
rat cortical neurons in culture open predominantly (95-98% of all openings) 
to a 65 pS level (0.2 mM extracellular Ca2+). In addition to this main conduc
tance level, we observed two higher conductance levels not previously re
ported. 1-3 % of all openings were to a 120-130 pS level. These openings 
were identified by a direct transition either to or from the baseline and 
exhibited symmetry in that transitions from baseline to the 120 pS level were 
as frequent as transitions from that level to baseline. Bursts to the 120 pS 
level, lasting up to 100's o f msec, were occasionally observed. These bursts 
included transitions to and from the main 65 pS level. The 120 pS events did 
not arise from two overlapping main conductance openings because they were 
observed in isolation, with direct transitions to and from baseline. While the 
near simultaneous (i.e. within a sampling interval) opening and closing of two 
independent channels might account for these observations, computer simula
tions predicted that this would occur 10-100-fold less frequently than we ob
served. Openings o f -85-90 pS occurred rarely (<1 % of all openings), but 
often in bursts that lasted hundreds o f msec without transitions to any other 
conductance level. Both the 85 and 120 pS conductances were blocked in a 
voltage-dependent manner by 1 mM extracellular Mg2+ indicating that they 
arose from NMDA-activated channels. Supported by NIH NS29881 and pre- 
doctoral training grant GM07040-18 (JLF).

1 1 9 .7

EFFECTS OF DEVELOPMENT ON NMDA-ACTIVATED SINGLE-CHANNEL 
CURRENTS IN AREA CAI AND DENTATE GYRUS OF RAT HIPPOCAMPUS.
G.J. Strecker*. M.B. Jacksont and F.E. Dudek. Dept. Anatomy and Neurobiology, 
Colorado State Univ., Fort Collins, CO 80523, and ÎDept. Physiology, Univ. 
Wisconsin Sch. of Med., Madison, W I53706.

Previous studies have suggested that the intrinsic properties of NMDA receptors 
show regional and developmental variation. NMDA-activated single-channel 
currents were examined in outside-out patches taken from thin slices of rat 
hippocampus. Patches from CAI and dentate gyms (DG) were taken from neonates 
(0-2 days) and 2-week-olds, and from neonates and 4-week olds respectively. We 
compared several parameters including single-channel conductance, and voltage- 
and Mg2+-dependence of open and closed times.

Open times were usually well fitted by one exponential. Conductance was slightly 
greater in DG at all ages, and patches from both older groups exhibited more 
channel activity. In all groups, open times revealed no voltage dependence in 
nominally 0 Mg2+. The addition of Mg2+ caused strong voltage dependence in 
open times at all ages and both regions. The rate of channel closing showed signs 
of saturation with increasing Mg2+ in neonate DG. This saturation was weakest in 
neonate CAI and intermediate in the other two groups, and is inconsistent with 
simple open-channel block.

Closed times were usually well fitted by three exponentials. The fastest 
component of closed time distributions revealed little voltage dependence in 
nominally 0 Mg2+ (except neonate CAI), while the addition of Mg2+ produced 
clear voltage dependence in this component in all groups. These studies reveal 
subtle differences in receptor properties with age and hippocampal region.

Supported by fellowship NS09120 to GJS and grant HD05958.
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C H A N N E L  B L O C K  B Y  9 -A M IN O  A C R ID IN E  P R E V E N T S D IS SO C IA T IO N  
O F  N M D A  A N D  G L Y C IN E  F R O M  N M D  A  R E C E P T O R S.
M . B en ven iste*  and M . L . Mayer. Lab. C ellu lar and M olecu lar N eu rop h ysio logy , 
N IC H D , N IH , B ethesda, M D  2 0 8 9 2 .

9-am inoacridines produce voltage-dependent b lo ck  o f  N M D A  receptor activated  
currents (A lbuquerque et a l.. 1991; H a sh k o w itz  & R o gaw sk i, 1 9 9 1 ). In voltage- 
clam ped rat hippocam pal neurons 2 0  μ Μ  9-am inoacridine (9 -A A ) produced 79 .3  ±  
5.3%  b lock  at -1 0 0  mV, w h ile  at + 6 0  m V b lo ck  w as 11.7 ±  3.4% . W hen 3 0  μ Μ  
N M D A  w as applied  for 5 0 0  ms in  th e presence o f  2 0  μ Μ  9 -A A  at -1 0 0  mV, a 
transient outward current w as e lic ited  upon depolarization  to + 6 0  mV 1.1 s after 
removal o f  N M D A  (b e lo w ) . T he decay o f  th e transient w as dependent on agonist 
affin ity. 100 μ Μ  N M D A  produced a transient for w hich 80%  charge transfer took  
59.4  ±  3 .7  m s, w h ile  for 6  μ Μ  glutam ate (a  h igher affin ity  agon ist) 80%  decay  
took  5 9 7 .4  ±  7 .0  ms.

Sim ilar experim ents were conducted w ith  g ly c in e  s ite  agon ists . S im ultaneous  
removal o f  6 μ Μ  glutam ate and 1 μ Μ  g ly c in e  1 s prior to  depolarization  from  
-1 0 0  m V  to  + 6 0  m V  yield ed  a transient for w hich  80%  charge transfer took  362 .3  
±  4 2 .9  m s. In contrast, for 150  μ Μ  L -alanine (a  low er affin ity  g ly c in e  agon ist) the 
tim e for 80%  decay was 7 -fo ld  faster (5 L 2  ±  10 .8 m s).

T he correlation o f  agon ist a ffin ities  
for b oth  th e N M D A  and g ly c in e  sites  
w ith  the length  o f  tim e required for 
decay o f  th e transient, su g g ests  that 
9 -A A  may b e  h o ld in g  N M D A  
receptors in an open b locked  state  
during w hich agon ist m olecules are 
'locked on' to  the receptor as predicted  
by a sequential m odel o f  open-channel 
block  (N eh er & Steinbach, 1978;
Neher, 1 9 8 3 ).

1 1 9 . 8

STRUCTURAL A ND  PERMEABILITY PROPERTIES OF THE 
N-METHYL-D-ASPARTATE RECEPTOR CHANNEL  

Masoud M. Zarei and John A. Dani*. D ivision o f  Neuroscience, 
Baylor College o f Medicine, Houston, TX  77030-3498.

Patch-clamp techniques were used to study NM DA receptor 
channels in cultured CAI hippocampal neurons. In the physiologic 
range o f  concentrations, three independent measurements indicated 
that the receptor is a single-occupancy channel (i.e. one cation 
occupies the narrow portion o f the permeation pathway at a time). 
In addition, reversal potential measurements in mixtures of 
monovalent and divalent cations indicated that there is only a small 
local negative "surface" potential in or near the pore. In low ionic 
strength solutions, this local potential influences the ionic 
environment near the pore, but in the higher ionic strength of 
physiologic solutions the local potential is diminished and has little 
influence over permeability ratios. Finally, studies with large 
organic cations indicated that the pore is asymmetric in shape and 
has a narrowest cross-sectional area o f  about 24 A 2 that limits the 
movement o f quaternary amines. The results indicate that the 
mechanism for the high Ca2+ conductance o f  the N M D A  receptor is 
different from that o f the voltage-activated Ca2+ channel and that the 
block by Mg2+ arises because o f the small size o f the narrowest cross 
section. Supported by M DA and NIH.
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C H A N G E S  IN  E X P R E S S IO N  O F  N M D A -R E C E P T O R  C H A N N E L  
T Y P E S  D U R IN G  C E R E B E L L A R  G R A N U LE  C E L L  D E V E LO P M E N T  
M. Farrant*. D. Feldm eyer, T . Takah ash Lan d  S -G . C u ll-C a n d y  
D ept of Pharm acology, U niversity C o lle g e  London, W C 1 E  6 B T
U .K  and Dept of Physio logy, Kyoto U niversity, Kyoto 606, Jap a n .

T h e  N -m ethyl-D -aspartate (N M DA) subtype of glutam ate receptor 
participates in excitatory synap tic transm ission in ce re bellar granule  
ce lls  (S ilv e r et al. Nature 3 3 5:16 3 ,1 9 92 ) and m ay be involved in their 
m igration prior to syn ap se form ation (Kom uro & R a k ic Science 
260:95, 1993). NM DA resp o n se s w ere observed in w hole-cell 
record ings from  6 0 %  of ce lls in the external germ inal layer, all 
m igrating ce lls  and all ce lls  o f the internal granu lar layer in thin 
cerebellar s lice s  (1-23d). In outside-out patch es from  ce lls  at these  
three sta ge s, 8 3 %  of the channel open in gs w ere to a  conductance  
level o f 50p S, with 17%  to a  subconductance of 4 0 p S  (N M D A  1-1 ΟμΜ 
or glutam ate 50-200nM , 1mM C a 2+). T h e se  data directly dem onstrate 
that functional NM DA receptors o ccu r in granule ce lls  prior to syn ap se  
form ation, consistent with a  role in ce ll developm ent and m igration.

In older anim als a  seco nd  channel type with conductance le ve ls of 
approxim ately 35 and 2 0 p S  w as observed in patch es from  internal 
granule ce lls. T h e  properties of th is ch ann el resem ble tho se of 
recom binant receptors com posed of N R1 and N R 2 C  N M DA receptor 
subunits (Stem  et al. Proc. Roy. Soc. 250:271, 1992) and its 
appearance at the end of the seco nd  postnatal w eek co in cid e s with 
the presence of m RN A  for the 2 C  subunit in th ese  ce lls.

1 1 9 .1 0

IFENPRODIL DISCRIMINATES BETWEEN TWO NMDA RECEPTOR 
POPULATIONS IN IMMATURE RAT CEREBELLAR PURKINJE CELLS.
M. L. PERRIER, B. SCATTON* AND J. BENAVIDES
Dept. of Biology, Synthélabo Recherche, B.P. 110, 92225 Bagneux Cedex, France.

The NMDA receptor complex controls a channel permeable to calcium, sodium 
and potassium ions. This reoeptor possesses a recognition site for glutamate, and two 
modulatory sites acted upon glycine and the polyamines spermine and spermidine, 
respectively. Molecular cloning and transfection experiments have demonstrated a 
large heterogeneity of NMDA receptors which is reflected by a differential sensitivity 
to agonists and antagonists and to voltage-dependent block by magnesium. In the 
present study, we have characterized the pharmacological properties of NMDA 
receptors in cerebellar Purkinje cells.

Cerebellar slices (250 pm thick) from 8 to 10 days-old rats were incubated in the 
presence of 20pM INDO I AM in Krebs-HEPES buffer (pH=7.2) for 90 min at 37 
°С and kept at 20 °С until used. [Ca2+], in single Purkinje cells was monitored by 
microfluorimetry in an inverted Nikon microscope at 360 nm excitation and 405 and 
480 nm emission wavelengths. Experiments were carried out in the Krebs-HEPES 
buffer in the absence of magnesium.

Purkinje cell [Ca2+]i was increased in a concentration dependent manner by NMDA 
(ECJ0=5 μΜ). This increase was prevented by the channel blocker MK-801 (ICJ0=5 
nM), by 2-APV, a recognition site antagonist (ICj^OpM) and by 7-chloikynurenate, 
a glycine site antagonist (ICÎO=10 μΜ). Ifenprodil, an antagonist of the polyamine site, 
caused a partial block of the NMDA response (50% inhibition at 10 and 50 pM; IC30 
for the inhibited response=3pM).

These results indicate that ifenprodil discriminates between two NMDA receptor 
populations in cerebellar Purkinje cells. One of these populations is similar to that 
controlling 3H-acetylcholine release in rat striatal slices, which is sensitive to this 
polyamine site antagonist (ICJ0=5 μΜ).
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119.11
ΑΝΡλ RECEPTOR REGULATION BY INTRACELLULAR CALCIUM IN 
ACUTELY DISSOCIATED CAI PYRAMIDAL CELLS. H. Shi* and A. 
Stelzer. Dep. of Pharmacology, SUNY Brooklyn, Brooklyn, NY 
11203.A role of intracellular calcium ([Ca2+]jJ in the regu
lation of AMPA currents was examined in acutely dissociated 
CAI pyramidal cells of adult guinea-pigs. Stable AMPA 
currents in the presence of low [Ca2+)į (6 mM ВАРТА, 0 Ca2+ 
in the whole-cell pipette) became reduced upon experimental 
elevation of [Ca2+]į to 500 nM (0.7 mM Ca2+, 1 mM ВАРТА). 
Properties of the calcium regulation of both, AMPA and 
бАВАд currents were compared by measuring peak current 
amplitudes in the same CAI pyramidal cells alternately 
every 30 sec at -40 mV. GABA and AMPA (both 200 μΜ) were 
applied by pressure ejection from two independent pipettes. 
The differences were as follows: first, GABA& currents are 
far more sensitive to elevation of [Ca2+j£ than AMPA cur
rents: at 500 nM [Ca2+]j_ GABA& currents were reduced to 
lese than 10% of controls 20 min following cell penetration 
as compared to a 50% reduction of AMPA currents. Second, 
omission of intracellular ATP/Mg which results in rapid 
rundown of GABA& currents, had no effect on AMPA responses. 
Third, NMDA-receptor mediated Ca2+ fluxes which represent a 
specific source of suppresing GABA& responses (cf. Shi & 
Stelzer, SNA 18,413.9) had no effect on AMPA currents (AMPA 
response was 101% at 2.5 nC charge, вАВАд response was 
30%). Voltage-activated calcium currents (elicited by a 
voltage step from -70 to +10 mV), however, reduced AMPA 
currents to about 50% of controls at 2.5 nC charge (вАВАд 
responses remained at 103% at 2.5 nC). In sum, the efficacy 
of both, САВАд and AMPA-receptor mediated currents is 
reduced by elevation of [Ca2*]į. Sensitivity, source of 
calcium influx and mechanism of action of [Ca2+]į are pro
foundly different in the regulation of the two receptors.

1 1 9 .1 2

CYCLOTHIAZIDE SELECTIVELY MODULATES AMPA- BUT NOT 
KAINATE-PREFERRING GLUTAMATE RECEPTORS.
L~A. Wong*. K. Partin. C.A. Winters. D.K. Patneau. A. Buonanno"·" 
and M.L. Maver. Labs. Cellular and Molecular Neurophysiology, & 
"•"Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.

Glutamate receptors in rat dorsal root ganglion (DRG) neurons differ 
from those in hippocampal neurons in their selectivity for kainate over 
AMPA and their pattern of response to the willardiine series of agonists 
(Patneau et al. 1992; W ong et a l., 1992). We have found that 
cyclothiazide, which abolishes desensitization to willardiines in 
hippocampal neurons and strongly potentiates responses to kainate 
CPatneau et al., 1993), is inactive in DRG neurons. In contrast, the lectin 
concanavalin-A (Con-А) abolishes desensitization in DRG neurons, but 
has only weak effects in the hippocampus. These results suggest that 
AMPA- but not kainate-preferring glutamate receptors are selectively 
potentiated by cyclothiazide.

To test this, AMPA- and kainate-preferring glutamate receptor 
subunits were expressed in oocytes and ҢЕК 293 cells, and responses to 
glutamate, AMPA and kainate recorded before and after treatment with 
cyclothiazide, and Con-А. Responses typical of those in hippocampal 
neurons were reconstituted in oocytes by expressing GluR А-D; all 
homomeric and heteromeric subunit combinations were strongly 
potentiated by cyclothiazide (7-44 x) but only weakly by Con-A (1-4 x). 
However none of the homomeric or heteromeric combinations of 
kainate-preferring receptor (GluR 5-7, KA 1-2) were potentiated by 
cyclothiazide but all were greatly potentiated (60-120 x) by Con-A. 
Concentration-jump experiments on HEK 293 cells confirmed selective 
block of desensitization by cyclothiazide for AMPA- but not kainate- 
preferring receptors, suggesting that DRG and hippocampal neurons 
express predominantly only a single class of non NMDA receptor.

1 1 9 .13

STRUCTURE-ACUVITY ANALYSIS OF BENZOTHIADIAZINES THAT 
MODULATE DESENSmZATION AT AMPA-PREFERRING RECEPTORS.
D. K. Patneau* and M. L. Mayer. Laboratory of Cellular and Molecular 
Neurophysiology, NICHD, NIH, Bethesda, MD 20892.

The benzothiadiazines diazoxide and cyclothiazide reduce desensitization at 
AMPA-preferring glutamate receptors (Yamada & Rothman, 1992; Patneau et al., in 
press). The effects of several structurally related compounds on desensitization were 
compared using fast perfusion techniques and whole-cell voltage clamp recording 
from cultured rat hippocampal neurons.

Steady-state efficacy measurements and kinetic analysis revealed three structural 
determinants affecting modulation of desensitization: (1) the presence or absence of a 
double bond in the 3-position; (2) the Rļ substituent; and (3) the R2 substituent. 
Only cyclothiazide, with Rļ = Cl and R2 = a hydrophobic norbomenyl group, is of 
high enough affinity to fully block desensitization at concentrations achievable in 
physiological solutions; it also exhibits much slower onset and recovery kinetics 
than compounds in which R2 = H, such as 
hydrochlorothiazide. Similar slowing of 
binding kinetics in other compounds with 
hydrophobic R2 substituents suggest that the 
slow binding kinetics and higher affinity of 
cyclothiazide result from a hydrophobic 
interaction with the AMPA receptor-protein.

The onset kinetics for the action of benzothiadiazines decrease in the presence of 
agonists such as glutamate or quisqualate, which have high affinity for the 
desensitized state of the receptor, in comparison to agonists such as kainate, which 
have low affinity for the desensitized state. This indicates that these modulators do 
not bind to the desensitized state of the receptor, and suggests that cyclothiazide 
prevents a conformational change required for desensitization.

1 1 9 .1 4

MECHANISM OF RECTIFICATION IN THE CURRENT-VOLTAGE 
RELATION OF NON-NMDA RECEPTOR CHANNELS. J. D. Burnii*. C. 
B. McCullum and R.L Hume. Department of Biology, University of 
Michigan, Ann Arbor, MI 48109

When expressed in Xenopus oocytes, some combinations of non-NMDA 
receptor subunits give rise to ion channels that have nearly linear current- 
voltage (I-V) relations, while other combinations of subunits give rise to ion 
channels that have I-V relations that show profound inward rectification. In 
previous experiments we have used site directed mutagenesis to identify 
several amino acids that play an important role in determining these properties. 
The goal of the experiments reported here was to test several different 
mechanisms which might cause inward rectification. Inward rectification might 
result from 1) Voltage dependent gating 2) Block of the channels by an 
impermeant ion 3) Intrinsic rectification in the I-V relation of the channels. 
The first hypothesis was tested by exposing oocytes expressing GluRl or 
GluR3 to solutions that drastically altered the reversal potential. In these 
solutions, the rectification varied around the reversal potential, rather than 
around a constant potential. These results argue against a simple voltage 
dependent gate. The second and third hypotheses were tested by examining the 
responses of outside-out patches expressing many channels. When such patches 
were bathed on the intracellular side with a simple salt solution with a low 
concentration of divalent cations, the inward rectification typical of voltage 
clamp recordings from oocytes was not observed. Instead, the I-V relations 
showed substantial outward rectification. These results imply that some 
substance normally present inside oocytes is required for inward rectification. 
In the absence of this substance, these channels show an intrinsic tendency to 
outwardly rectify.

L I G A N D - G A T E D  I O N  C H A N N E L S :  N O N - G L U T A M A T E R G I C

120.1
ADENOSINE A, RECEPTOR-MEDIATED HYPERPOLARIZATION OF 
NEURONES OF THE LATERODORSAL TEGMENTAL NUCLEUS OF THE 
RAT, IN VITRO. D.G. Rainnie*, R.W. McCarley, and R.W. Greene. 
Neuroscience Lab., Dept of Psychiatry, Harvard Med. School and VAMC, 
Brockton, MA 02401

Whole cell patch-clamp recordings were made from neurones of the 
laterodorsal tegmental nucleus (LDT) using a standard in vitro brainstem slice 
preparation. For whole cell current- and voltage-clamp recordings, electrodes 
were fabricated from 1.5 mm thin wall borosilicate glass (resistance 2-4 ΜΩ 
) and filled with a solution of the following composition (in mM): potassium 
citrate 90, KOI 15, CaCI21, MgCI 3, ATP 4, GTP 4, EGTA 3 and HEPES 4.

Application of adenosine_(AD; 20 μΜ) to LDT neurones resulted in a 
hypeipolarization of 76% of all neurones tested (n=34), the remaining 23% 
were unaffected by AD. The AD hyperpolarization was associated with a 
decrease in membrane input resistance. Current-voltage relationships 
recorded during voltage ramp commands indicated a strong voltage- 
dependence of the AD sensitive current. The conductance change, elicited 
by AD, was greater at more hyerpolarized membrane potentials. In addition, 
the hyperpolarizing response to AD was mimicked by the A, agonist N6- 
cyclohexyladenosine (CHA, 1 μΜ) and blocked by the A, antagonist 8- 
cyclopentyl-1,3-dimethylxanthine (CPX; 500nM). The mechanisms underlying 
the AD induced conductance changes are under study.

These, results support the conclusion that AD acting at A, receptors 
regulates the expitibility of LDT neurones possibly by increasing an inwardly 
rectifying potassium conductance(s).

120.2

ACTIVATION OF A SINGLE CYCLIC AMP-GATED CHANNEL PRODUCES 
A CLUSTER OF CHANNEL OPENINGS. F. Zufall* . S. Firestein and G.M. 
Shepherd. Section of Neurobiology, Yale University School of Medicine, New 
Haven, CT.

Ion channels gated by cAMP/cGMP (cN channels) are a central element of the 
second messenger pathway mediating vertebrate olfactory transduction. Since the 
cAMP production in olfactory receptor neurons (ORNs) seems to be rapid and tran
sient we have previously applied fast pulses of second messenger to cN channels. 
The results unexpectedly yielded relatively slow onset kinetics of macroscopic cN 
currents as well as a slow decay time constant in the range of a few hundred mil
liseconds. This slow decay seemed surprising since channel open times are quite 
brief, about 2 ms on average. Here, we have analysed cN channel activity in patches 
containing only one channel. Patches were taken from extrac Шагу regions of freshly 
isolated salamander olfactory receptor neurons. Undo: steady state agonist conditions 
the open time distribution contained at least three components identified as single 
openings (1-2 ms), bursts (~ 5 ms) and clusters (tens of milliseconds). During a 
cluster, bursts wore separated by gaps as long as 10 ms. Since intraduster closed 
times were not concentration dependent it appears that the cluster length represents a 
lower limit for the time during which at least one agonist is bound to the channel. 
To confirm this view, we applied rapid pulses of second messenger to single chan
nel patches. The channel activity always outlasted the second messenger pulse, 
sometimes for more than a hundred milliseconds, depending on the agonist concen
tration. Control experiments demonstrated that the solution perfusing the inside-out 
patch could be completely and effectively changed during this persistent activation. 
These results confirm the idea that the agonist stays bound during the duration of a 
cluster. Our results suggest that the slow decay of macroscopic cAMP-gated 
currents aft» short {mises of second messeng» may result largely from the fact that 
individual channel activations are long. These findings are remarkably similar to the 
properties that have been described for NMDA-receptor channels.
Supported by the Deutsche Forschungsgemeinschaft, NIH and ORN.
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1 2 0 .3

CATION-SELECTIVE CHANNELS ACTIVATED BY MUSCARINIC AGONISTS 
IN PORCINE ADRENAL CHROMAFFIN CELLS. E.J. Forsberg* and Y. 
Xu. Dept. of Physiology, Univ. Wisconsin, Madison, WI 
53706.

A large portion (70%) of the secretory response to 
muscarinic agonists in porcine chromaffin cells has been 
shown to  be  d ep en d en t on e x t r a c e l l u l a r  Ca2+ and i n s e n s i t i v e  
to high K+-evoked depolarization (Xu et al. (1991) vh 
Neurochem. 56, 1899-1896). In addition, the selective 
muscarinic agonist methacholine was shown to induce 
significant Ca2+ influx measured by 45Ca2+ uptake. In the 
present study, methacholine was shown to promote Mn2+ 
influx2+ as measured by the quenching of fura-2 fluorescence 
by Mn2 . In addition, methacholine was found to activate 
whole cell currents (measured using the perforated patch 
technique) which Reversed at -12 mV in standard salt 
solutions (with Cs+ as the major intracellular cation) and 
which were carried by Ba , Na+, or Ca2+ but not by СГ. 
Single channel studies of outside-out vesicles which were 
electrically accessed using the perforated patch technique 
indicated that methacholine activated a 33 pS channel which 
reversed at -12 mV in standard salt solutions. With Ba2+ as 
the sole permeant cation on the outside, channel 
conductance was 23 pS and current reversal occurred at +5 
mV. We conclude that Ca2+ influx, likely through a 
muscarinic receptor-gated, non-selective, cation channel, 
mediates about 70% of the secretory response to muscarinic 
receptor stimulation in porcine adrenal chromaffin cells.

1 2 0 .5
CALCIUM PERMEABILITY OF NICOTINIC ACH-RECEPTORS IN 
BOVINE CHROMAFFIN CELLS Z. Zhou and E. Neher*. Max Planck 
Institut für biophysikalische Chemie, Am Faßberg, D-3400 Göttingen, 
Germany.

The fraction of cation current carried by Ca2+ through neuronal 
nicotinic Ach-receptor (nAchR) channels in bovine adrenal chromaffin 
cells under physiological internal and external ion conditions was assessed 
by combined whole-cell patch-clamp recordings and fura-2 Ca2+ 
measurements. With 145 mM Cs-glutamate internal solution containing 
high fura-2 concentration (1 mM), the nAchR-induced Ca-influx could be 
well estimated from changes in the Ca-sensitive fluorescence signal ∆F390, 
since fura-2 captures virtually all incoming Ca-influx. Voltage-gated 
current (Ica) and Ica-induced ∆F390 were used as calibration for assessing 
Ca-influx through nAchR channels at voltage-clamped holding potentials 
(Vh). At Vh = -70 mV and in 145 mM NaCl Ringer solution with Ca- 
concentration ([Ca]0) of 2 mM, the ratio of the Ca2+-current integral 
(QAch,ca) to  the total current integral (QAch), termed "fractional Ca- 
current" Pf = QAch,ca/QAch was 2.5 Hr 0.3% (n = 48), which corresponds 
to classical GHK Ca2+-permeability of about 0.52 (with correction of ionic 
activity). Surprisingly, Pf was found to be voltage-dependent: at Vh = - 
50, -70, -90, -100, and -110 mV Pf = 2.0, 2.5, 2.8, 3.1, and 3.5%, 
respectively. Pulse application (1 sec) of 1 mM Ach-induced nAchR 
currents whose peaks (IAch,peak) were strongly dependent on [Ca]0. At Vh 
= -70 mV, maximal IAchpeak was 1-3 nA with [Ca]0 = 2 mM, while (IAch,peak) 
was reduced by more than a factor of 3, if [Ca]0 was changed either to <. 
1 mM or to >  3 mM.

1 2 0 .7
MYENTERIC NEURONS FROM THE RAT COLON CONTAIN 
NICOTINIC RECEPTORS WHICH ARE HIGHLY PERMEABLE TO 
C a2+ IONS.
P.S. Chard*. N.S. Wang. D. Bleakman & R.L M iller. Dept.
Pharmacol, and Physiol. Sciences, Univ. of Chicago, Chicago, IL. 60637.

Enteric neurons are important regulators of intestinal motility, hormonal secretion 
and regional blood flow. To ascertain how these neurons function in both 
physiological and pathological conditions, we have cultured myenteric neurons from 
the rat colon. Myenteric neurons were isolated from the colon of 7 day old neonates 
and grown in culture for up to 21 days. Immunocytochemical staining revealed that 
36% of the neurons were immunoreactive for the calcium-binding protein calbindin. 
Fura-2 based microfluorimetric analysis revealed that 50% of the cells examined 
contained caffeine (3-10mM) sensitive stores. Although no neurons responded to 
rapid application of glutamate (90-300μΜ), large increases in [Ca2+]i were observed 
as a consequence of rapidly applying carbachol (10-30μΜ). These responses persisted 
in sodium-free media and were only partially blocked (50%) by treatment with 1μΜ 
atropine indicating a nicotinic component to the response. Rapid application of the 
nicotinic agonist l,l-dimethyl-4-phenylpiperazinium iodide (DMPP, 5-100μΜ) also 
caused increases in [Ca2+]i. Interestingly, these increases were still observed in a 
sodium-free media and were reversibly blocked by hexamethonium (10-100μΜ). To 
determine whether Ca2+ ions were directly permeating nicotinic receptors, we 
employed combined whole cell patch clamp/Fura-2 based microfluorimetry. Neurons, 
voltage clamped at Vh = -80m V, were periodically depolarized to Vt = OmV. The INa, 
ICa and concomitant increase in [Ca2+]i were monitored. Prior to bath application of 
DMPP (5-100μΜ), the INa and ICa were blocked by treatment with 0.5μΜ 
tetrodotoxin (TTX) and 50μΜ Cd2+ respectively. Under these conditions, DMPP 
caused a large inward current and simultaneously a large increase in [Ca2+]i, both of 
which could be reversibly blocked by treatment with hexamethonium (100μΜ).

These experiments indicate that myenteric neurons contain nicotinic receptors 
which have a significant permeability to Ca2+.

1 2 0 .4

CANNABINOIDS INCREASE POTASSIUM A-CURRENT AND DECREASE 
SYNAPTIC TRANSMISSION VIA cAMP DEPENDENT PROCESSES IN 
HIPPOCAMPUS
J. Mu. M.T. Kirby. V.C. King.BA. Bennett. R.E. Hampson, S.R. Childers and SA. 
Deadwyler. *Bowman Gray School of Medicine. Wake Forest Univ., Winston-Salem 
NC 27157.

P re v io u s  s tu d ie s  h a v e  d e m o n s tr a te d  th a t  v o lta g e  d e p e n d e n t  p o ta ss iu m  
channel А-current in cultured hippocampal neurons is enhanced by cannabinoid 
receptor ligands (Deadwyler e t  a l. 1993). The mechanism whereby the conductance 
properties of the channel are altered has been shown to involve decreased 
inactivation controlled through a Gi-protein. It is not known however, whether 
modulation of the А-current via this mechanism is cAMP dependent. Application 
of both 8-Bromo cAMP (10 μΜ bath) and Forskolin (10 μΜ bath) shifted the A- 
Current voltage dependency curve to the left from control levels, however the 
Forskolin shift was counteracted by pressure pipette application of WIN 55,212-2 (2 
μΜ) which enhanced the А-current to nearly the same extent as in the absence of 
Forskolin. Thus, enhancement of А-current by cannabinoids appears to be 
dependent on the inhibition of cAMP (Howlett e t  a l. 1990). The functional 
significance of А-current enhancement was investigated by examining the effect of 
WIN 55,212-2 and CP 55,940 on extracellular synaptic potentials recorded from the 
dentate gyrus, an area rich in cannabinoid receptors. Input-output curves constructed 
from perforant path (PP) field potentials were systematically shifted to the right by 
WIN 55,212-2 application. Paired-pulse (calcium dependent) facilitation of (PP) field 
potentials was also altered under the same conditions indicating that the reduction 
in PP field potentials reflected altered calcium conductances contributing to PP 
generated synaptic current (Mackie and Hille 1992). These data suggest that 
cannabinoid enhancement of potassium А-current, mediated by receptor coupled 
changes in cAMP levels, reduced transmitter release in the dentate gyrus via 
hyperpolarization of PP axon terminals. [S u p p o r te d  b y  N I D A  T ra in in g  G ran t 
D A 0 7 2 4 6  a n d  D A 0 3 5 0 2 , D A 0 0 1 1 9 , D A 0 7 6 2 5  to  S A .D .J

120.6

ALTERATIONS OF α7 NICOTINIC RECEPTOR BY REPLACING THE CON
SERVED PROLINE RESIDUE WITHIN M-I TO GLYCINE. H. Dang* and J. 
Patrick. Division of Neuroscience, Baylor College of Medicine, Houston, Tx 77030 

Nicotinic acetylcholine receptors are pentameric ligand-gated cation channels 
whose subunits are thought to contain four transmembrane domains (MI, МII, ΜΙΠ, 
and MIV). All subunits that comprise nicotinic acetylcholine receptors contain a 
conserved proline near the middle of MI. One such subunit, α7, forms a homo-oligo
meric nicotine-gated ion channels when expressed in X en o p u s  oocytes. α7 subunits 
in which the proline in MI is replaced with glycine (P220G) by site-directed 
mutagenesis do not form functional nicotinic channels when expressed in oocytes. 
However, receptors containing the α7 do appear on the surface of the oocyte as indi
cated by binding of radioactive α -bungarotoxin. These non-functional receptors can 
be made functional by a second-site mutation in which a leucine residue in MII is 
replaced with threonine (L250T). A corresponding MII mutation in chick α7 has 
been characterized by Reval, F. e t a l , 1991, N A T U R E , 353:846-8, and Bertrand, D., 
e t a l , 1992, P N A S  U SA , 89:1261-5. They reported that L250T (247 in chick) muta
tion increases the single channel conductance, reduces desensitization, and allows 
the receptor to be opened by antagonists such as curare, and DHβE. In our hands, 
addition of the L250T mutation suppresses the null phenotype of the P220G muta
tion creating a receptor with properties remarkably different from both the wild-type 
and L250T single mutant. The distinct features of these receptors may arise from 
altered affinity to ligands, or conformational changes after ligand binding. Since the 
mutations mentioned above are outside the putative ligand binding site, we favor the 
latter explanation.

120.8
DMXB, a novel nicotinic ligand which modulates hippocampal LTP, has agonist and 
antagonist effects on nicotinic α7 receptors Roger L . Papke*1. Christopher M. de

Pharmacology and Therapeutics^and Neuroscience2, University of Fionda College 
of Medicine, Gainesville, FL 32601

DMXB (2,4-dimethoxybenzylidene anabaseine) is an analog of anabaseine, 
a naturally occurring nicotinic agonist found in a marine worm. We have shown 
(Hunter e t  a l . , 1993, submitted) that, within a limited concentration range around 1 
μΜ, DMXB is able to facilitate LTP induced in the CAI region of hippocampal 
slices. Since the nicotinic subunit cc7 is expressed at high levels in the hippocampus 
we chose to study the effects of DMXB on this nicotinic receptor subtype expressed 
in X en o p u s  oocytes. DMXB (500 μΜ) had significant agonist activity for a7-type 
receptors, however the currents stimulated by DMXB were significantly less than 
those evoked by АСҺ. The inability of DMXB to evoke peak currents of the same 
amplitude as АСҺ may indicate that DMXB is only a partial agonist for <x7-type 
nicotinic receptors. An alternative explanation, that DMXB has both agonist and 
antagonist effects, is supported by the observation that the stimulation of a 7 
receptors by DMXB resulted in an inhibition of subsequent responses to АСҺ. It 
remains unclear whether it is the agonist- or antagonist- like activity of DMXB 
which is important for the facilitation of LTP in hippocampal slices. However, the 
observation that the facilitation of LTP by DMXB can be blocked by mecamylamine 
(10 μΜ) suggests that the agonist effects of DMXB may be responsible for this 
phenomena. When DMXB was applied to the hippocampal slice preparation at 
concentrations i> 10 μΜ there was a decrease in LTP, suggesting that DMXB may 
also have two modes of action in this model system for learning and memory.

The ability of DMXB to evoke significant responses from <x7- type receptors 
is in contrast to its effect on a4ß2-type receptors expressed in oocytes. When applied 
to α4β2 injected oocytes DMXB showed only very weak partial agonist effects and a 
small inhibition of subsequent responses to АСҺ through a noncompetitive 
mechanism.
T h is  w o r k  w a s  s u p p o r te d  b y  th e  T a ih o  P h a rm a c e u tic a l C o ., &  N IA  P O I A G 1 0 4 8 5  
(P r o je c t 2 )  to  E M M  a n d  B E H . R a t  a.7 cD N A  k in d ly  p r o v id e d  b y  D r .  J im  B o u lter .
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120.9
GENERATION OF ACTIVATED LOPHOTOXINS BY INCUBATION IN 
AQUEOUS BUFFER. Edward G. Hyde. Judith D. Dumm. Duncan R. Groebe and 
Stewart N. Abramson*. Department of Pharmacology, University of Pittsburgh, 
Pittsburgh, PA 15261

The lophotoxins are a family of site-directed irreversible nicotinic acetylcholine 
receptor inhibitors that include lophotoxin and bipinnatins-A, В and C. The 
lophotoxins, isolated from marine soft coral, are hydrophobic diterpenes that contain 
epoxides, lactones and acetate esters. The lophotoxins interact with the acetylcholine 
binding site and inhibit receptors by covalent reaction with Tyr190 of the a-subunit. 
The mechanism involved in this covalent modification has not been determined, 
however, it has been suggested that Tyr190 reacts with one of the two toxin epoxides. 
The region of the lophotoxins that presumably reacts with Tyr190 has a geometric 
resemblance to acetylcholine. We have recently found that some of the lophotoxins 
become more potent with pre-incubation in aqueous buffer prior to assaying the toxins 
for activity. This work investigates the origins of this increase in activity. The 
lophotoxins were incubated in aqueous buffer, hydrolysis products were separated by 
reverse-phase HPLC, and were collected for further analysis. Each peak was assayed 
for irreversible inhibition of [125I]a-bungarotoxin binding to nicotinic acetylcholine 
receptors on BC3H-1 cells. Bipinnatins-A, В and C hydrolyzed with a t m  of 
approximately one hour and each toxin generated several isolatable products. 
Bipinnatins-B and C produced one major active species. Bipinnatin-A produced two 
apparently active species. In contrast, lophotoxin hydrolyzed with a tI/2 of 
approximately 120 hours and all irreversible inhibition was associated with the parent 
compound. The conversion of bipinnatin-C to a more active species appeared to be 
independent of pH and slowed by increasing concentrations of organic modifiers 
(DMSO, dioxane, DMF). The structures of the activated lophotoxins are currently 
being determined by NMR and mass spectroscopy. Elucidation of the structures of 
the activated lophotoxins will give new insight into the mechanism involved in the 
covalent modification of Tyr190 and into the topography of the ligand binding site. 
(Supported by the Smokeless Tobacco Research Council, the Pharmaceutical 
Manufacturers Association Foundation, NIMH and NIH.)

120.11
EXPRESSION OF THE HUMAN GLYCINE RECEPTOR α1-SUBUNIT 
IN SF9-CELLS USING A BACULOVIRUS VECTOR 
J.F.Morr. B.Schmitt and H.Betz* Max-Planck-Institut für
Hirnforschung, 6000 Frankfurt/M.71, FRG.

A human cDNA fragment bearing the complete coding 
region for the α1 -subunit of the inhibitory glycine 
receptor (GlyR α 1 ) was introduced into the genome of the 
Autographa californica  nuclear polyhedrosis virus 
(AcNPV) under the control of the polyhedrin promotor. 
Following infection of insect ovarian cells (Sf9) with 
recombinant AcNPV the expressed GlyR α1-protein was 
identified by immuno-blotting with mAb 4a. Binding 
studies using [3H ]-strychnine and Sf9-m em branes 
identified strychnine-binding sites with a Kd of 38.5 nM 
and a Bmax of 70 pmol/mg protein. The glycine receptor 
homooligomers expressed in this system were solubilized 
with the nonionic detergent Triton X-100 and purified by 
affinity chromatography on aminostrychnine-agarose 
columns. On sucrose density gradients the solubilized 
receptor shows a sedimentation coefficient of 7.5 S, which 
indicates that the recombinant α1-subunits aggregate into 
a pentameric configuration. In whole-cell recordings 
strychnine-sensitive transient C l- currents could be 
detected after the application of glycine, β -alanine, and 
taurine.

120.13

INHIBITORY AMINO ACID RECEPTORS IN THE OLFACTORY BULB Paul Q. 
Trombley* and Gordon M. Shepherd. Section of Neurobiology, Yale University 
School of Medicine, 333 Cedar Street, New Haven, CT 06510.

A complex picture of inhibitory amino acid (IAA) receptor diversity in the brain 
has evolved from recent molecular biological evidence demonstrating the expression 
of many isoforms of both glycine and GABA receptors each with unique properties 
dependent on subunit composition. These results have led us to explore the diversity 
of glycine and GABA receptors that contribute to synaptic inhibition, using the 
olfactory bulb (OB) as a model system (Trombley and Shepherd, 1992). We examined 
the responses of OB neurons to glycine and GABA using primary cell culture and 
whole cell recording techniques combined with a rapid flow drug application system. 
OB cultures from El 8-P2 rat pups contained both mitral/tufted cells and 
periglomerular/granule cells. All neurons tested (n=63) responded to glycine 
(EC50=125 μΜ) and GABA (EC50=52 μΜ). Both the glycine and the GABA evoked 
currents were blocked by strychnine at concentrations greater than 1 μΜ or picrotoxin 
greater than 30 μΜ. Below these concentrations strychnine was selective for glycine 
and picrotoxin selective for GABA. Zinc (10-100 μΜ) and bicuculline (1-10 μΜ) 
were selective antagonists for GABA. These results suggest that glycine and GABA 
activate pharmacologically distinct receptors.

In most neurons, GABA cross desensitized the response to glycine; in a smaller 
proportion of neurons glycine cross desensitized the response to GABA. In some cells 
there was no cross desensitization in either direction. When cross desensitization was 
rot evident, saturating concentrations of GABA and glycine evoked currents that were 
additive. In cells in which GABA or glycine could cross desensitize the other, the 
currents were less than additive. These variations in cross desensitization did not affect 
antagonist pharmacology. These results suggest that both GABA and glycine 
contribute to inhibition in the OB. The effects of cross desensitization and antagonist 
pharmacology demonstrate the expression of multiple isoforms of IAA receptors 
which could influence synaptic inhibition through selective modulation.
Supported in part by a NIDCD research grant to GMS.

120.10
A FAST SUPERFUSION TECH N IQ U E FO R  TH E STUDY OF 
LIGAND-GATED CHANNELS EXPRESSED IN X E N O P U S  
OOCYTES. A.C.S. Costa*, J.W. Patrick and J.A. Dani. Division of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030-3498.

The study of whole-cell currents from ligand-gated channels expressed in 
X e n o p u s  oocytes has two major limitations. First, due to its large diameter 
and spherical geometry, it is very difficult to achieve fast solution changes 
on the surface of an oocyte. Second, with conventional two electrode 
voltage clamp, the internal medium is not controlled, which may produce 
contamination of the electrophysiological records with endogenous 
components such as calcium activated chloride conductances. This is 
particularly true for neuronal nicotinic receptors and glutamatergic receptors 
with high calcium permeability. Recently, Tagliartela , e t  a l  (B io p h y s . J . 
61, 78-82, 1992) described a novel technique for voltage clamping oocytes 
in which only a fraction of the cell surface is exposed to the external 
solutions and the cytoplasmic medium can be effectively controlled. Here, 
we combined this technique with a fast superfusion system similar to the 
one described by Maconochie & Knight { P f lü g e r s  A r c h i v  414, 589-596,
1989). By using this approach, we were able to make solution changes on 
the surface of the oocyte in 30-50 msec. The speed of the solution changes 
was measured as the 5-95% rise-time of either currents recorded from 
oocytes expressing muscle type nicotinic receptors exposed to pulses of 30 
μΜ of АСҺ or changes in leak currents of noninjected oocytes exposed to 
external solution containing different salts. Because of the improved time 
resolution of this method, the potential results are more suitable for direct 
comparisons with whole-cell currents recorded from cultured cells using the 
patch-clamp technique. Supported by NINDS, NIDA, MDA and CNPq.

120.12
VOLTAGE-DEPENDENCE OF CONDUCTANCE CHANGES EVOKED BY 
GLYCINE RELEASE IN THE IMMATURE ZEBRAFISH BRAIN. P. Legendre* and
H. Korn. Institut Pasteur 75015 Paris, France.
Patch recordings of the M-cell were performed under direct visualization on the 
isolated brain of newly hatched larvae of the Zebrafish (Brachydario Rerio; 52 hours 
after fertilization) with pipettes containing (in mM) CsCl 135; MgCl2 2; NaATP 4; 
EGTA 10; HEPES 10; pH 7.2. Brains were quickly removed, mounted on converslips 
using plasma thrombin embedding and stored in an oxygenated bathing solution 
containing (in mM) NaCl 145; KCI 1.5; CaCl2 2; MgC12 1; NaHC03 26; NaH2 

P04 1.25; glucose 10. Synaptic noise in the presence of 1 μΜ TTX and 10 mM 
MgCl2 consisted in fast glycinergic synaptic currents (mIPSCs). At -50 mV, analysis 
of the decay time constant histograms of mIPSPs revealed one class of decay times 
with a mean of 5 ms. Depolarizing the cell to +50 mV broadened the mIPSCs. The 
averaged decay time became close to 10 ms, and its distribution could not be fitted by 
a single Gaussian curve. Whole cell responses evoked by the application of 50 μΜ 
glycine on M-cell, were also voltage-dependent : at -50 mV, glycine application 
evoked an inward current which inactivated with time while the response evoked at 
+50 mV did not. In confirmation, in outside-out patches exposed to 3 μΜ glycine, 
the open probability of the channels (NPo), increased 7-folds in the same voltage 
range. At -50 mV, the open time histogram of the mean conductance state 43pS was 
well adjusted with two exponentials with time constants of 0.6±0.1 and 4.1±0.5ms 
(n=ll), whereas the closed time distribution was fitted by three exponentials with 
means of 0.59±0.19, 11.7±7.8 and 78.5±50.1 (n=6 ). Depolarizing the patches to +50 
mV did not modify the mean opentimes, but the two longest closed times were 
markedly reduced. Change in the decay time constant of mIPSCs with potential, 
which also occurs in the adult teleost (Faber and Korn, 1987), can account for a 
voltage-dependent inactivation of glycine channels prior to the opening state.

1 2 0 .1 4

DEPOLARIZING GABA RESPONSES OF XENOPUS ROHON-BEARD 
NEURONS IN VIVO STUDIED IN WHOLE CELL RECORDINGS.
J. Rohrboughand N.C. Spitzer*. Department of Biology, UCSD, La Jolla CA. 92093.

Xenopus Rohon-Beard (RB) spinal neurons exhibit depolarizing responses to GABA 
throughout development. We are interested in the developmental significance of this 
response and are investigating its ionic basis with whole-cell recordings from RB cells 
in vivo without enzyme treatment. Bath applied 100 μΜ GABA produces depolari
zations of 10-40 mV from resting membrane potentials, and inward currents of 0.05-
0.3 nA in cells voltage-clamped at -80 mV. Both types of response often reverse at 
depolarized potentials. In normal saline, predicted values for Εκ, EC1, and ENa, are -93, 
-70, and + 6 6  mV, respectively. Reversal potentials (Erev) determined from both 
voltage responses and current-voltage plots are -40 ± 6  mV in mature (3-8 d, 37 cells) 
and -43 ±4 mV in young cells (33-35 hr, 5 cells), indicating the involvement of more 
than one ion. Shifting predicted Ecl to -21 mV by replacing external C1- with S04-, 
acetate, or citrate produces no detectable shift in Erev compared to the value in normal 
[Cl-]0. Overall, Erev in low [Cl ]0 is -42±6 mV in mature (22 cells) and -43±3 mV 
in young cells (4 cells). The absence of a dependency of Erev on [Cl-]o indicates that 
this GABA conductance is largely cationic. A GNa,/GK ratio of ~ 0.5 is estimated 
assuming the conductance is contributed by K+ and Na+. This cationic dependence 
was further tested in mature cells. When external Na+ is removed to shift predicted 
Ena, to -78 mV, Erev is -46±3 mV (7 cells). When predicted EK is shifted to -18 mV 
by reducing internal [K+], Erev is -30±7 mV (2 cells). Each of these shifts is in the 
expected direction, but is much smaller than expected for a Gna/Gk of 0.5.

Our results suggest the GABA response in RB cells is largely homogeneous, and 
confirm its cationic dependency. Under whole cell conditions, however, Erev is more 
negative and the shifts produced by changes in [Na+] and [K+] are smaller than those 
observed in microelectrode recordings (Bixby & Spitzer, 1982).

Supported by NS07220 (J.R.) and NS15918 (N.C.S.).
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120.15
GABA-ACTIVATED MEMBRANE CURRENTS IN ACUTELY 
DISSOCIATED MEDIAL SEPTUM/DIAGONAL BAND (MS/nDB) 
NEURONS IN AGED FISCHER 344 RATS. W. H. Griffith* and
D.A. Murchison. Dept. Medical Pharmacol. & Toxicol., Texas A&M 
University, College of Medicine, College Station, TX 77843-1114.

Whole-cell patch clamp recording techniques were used to investigate gamma-amino 
butyric acid (GABA)-induced membrane currents in acutely dissociated neurons from 
Fischer 344 rats of 1-2 months (young) and 17-21 months (aged). We have previous
ly characterized the GABA currents in MS/nDB neurons (Frye, G.D. and Griffith, 
W. H., N eu ro sc i. A b s tr . 18:1346,1992) to be chloride dependent, bicuculline sensitive 
and modulated by pentobarbital and midazolam. The purpose of the present study 
was to investigate age-dependent changes in GABA-induced currents.

Standard patch-clamp techniques were used to record whole-cell currents in MS/ 
nDB cells. Drugs were applied to the recorded cell by a double-barrel rapid perfu
sion system that enabled complete exchange of solutions in less than 100ms. In both 
age groups, all cells (n=34) responded to GABA (0.3- 10μΜ). Two populations were 
observed, either strong or weak responders. In cells from young rats, 1 μΜ GABA 
produced inward currents of 346±21 pA (strong responders, n=7) vs 109± 13 pA 
(weak responders, n=10; p < 0 .01). Likewise, in aged rats, these two populations 
were observed such that 1 μΜ GABA, generated 370 ±53 pA (strong responders, 
n=6) vs 150±19pA (weak responders, n -7 ; p < 0 .0 l). An age-related increase in 
GABA response was apparent in strongly responding cells when currents were 
corrected for cell size (pA/pF). GABA (1μΜ) generated currents of 37.7±3.4 
pA/pF in cells from aged rats, whereas in young rats only 24.6 ±4.9 pA/pF was ob
served (p=0.06, t-test). This trend towards enhanced GABA current in aged animals 
was not seen in weakly responding cells (13.7±1.9 vs 12.1 ±2.6 pA/pF; p > 0.05). 
(Supported NIH grant AG07805)

120.16
PHYSIOLOGICAL OCCURRENCE OF A DEPOLARIZING GABAA POTENTIAL 
IN HIPPOCAMPAL CA1 PYRAMIDAL CELL DENDRITES. A. Stelzer*. 
Dep. of Pharmacology, SUNY Brooklyn, Brooklyn, NY 11203.

Intracellular recordings from CA1 pyramidal cell den
drites in stratum radiatum show that orthodromic stimula
tion of Schaffer collaterals elicited two distinct GABAA 
potentials (reversing on average at -53 and -78 mV, reap.) 
in the absence of GABA transmission enhancing drugs. 
Recordings from dendrites identified by IV characteristics 
were performed in stratum radiatum of transverse hippocam
pal slices (450 μΜ thick) of adult guinea-pigs. The depo
larizing GABA& potential (reversal at -53 mV) was better 
expressed in dendrites isolated from the cell soma.
CNQX + APV + Saclofen Both GABAA potentials were elic

ited in the combined presence of 
CNQX (20 μΜ), APV (50 μΜ) and 
saclofen (100 μΜ) (figure top) 
and blocked by bicuculline (5 
μΜ) (fig. bottom). The expres
sion of the biphasic GABAA 
potential was voltage dependent 
(between -55 and about -65 mV).

In a limited membrane potential range close to Vrest 
(around -65 mV) both GABAA potentials integrated to a 
silent response whose duration was the same as the duration 
of the biphasic PSP below Vrest and monophasic depolarizing 
potential above Vrest. Does the lack of expresssion of 
phasic IPSPs close to Vrest represent a form of disinhibi- 
tion? Theoretical studies proposed most effective shunting 
inhibition by silent synapses. Such notion is supported by 
the observation that with no phasic IPSPs expressed, 
orthodromic EPSPs exhibited large enhancement upon pharma
cological blockade of GABAA receptors.

120.17
PRESYNAFnC ACTIONS OF GABA AND BACLOFEN IN THE CA1 REGION 
OF THE GUINEA-PIG HIPPOCAMPUS. B. R. Sastry* and W. Morishita. 
Neuroscience Research Laboratory, Dept. of Pharmacology & Therapeutics, The 
University of British Columbia, Vancouver, Canada, V6T 1Z3.

The objective of this study was to examine the actions of GABA and (±) baclofen 
on presynaptic terminals in the CA1 region of guinea-pig hippocampal slices. Using 
a modified form of grease gap recording, D. C. potential shifts were recorded from 
the stratum radiatum in this area. In a Ca2+-free medium containing tetrodotoxin 
(TTX), superfusion of GABA (250 μΜ), glutamate (500 μΜ) and KC1 (3 mM) 
produced depolarizations while the application of baclofen (50 μΜ) produced a 
hyperpolarization. In control medium, increasing the concentrations of GABA 
(0.0025-20 mM) evoked depolarizations in a concentration-dependent manner. 
Maximum depolarization (1.7 ±0.1 mV; n=10 slices) was attained with 10 mM 
GABA. Baclofen (0.125-500 μΜ) produced a concentration-dependent 
hyperpolarization which was maximal following superfusion with 125 μΜ baclofen 
(0.176 ± 0.033 mV; n=7 slices). Similar concentration-response relationships were 
observed in Ca2+-free media containing TTX (depolarization by 10 mM GABA: 1.3 
± 0.1 mV; n=16 slices; hyperpolarization by 250 μΜ baclofen: 0.133 ± 0.007 mV; 
n=7 slices). The GABA-induced depolarizations were decreased by picrotoxinin (50 
μΜ) where as the baclofen-induced hyperpolarizations were blocked by CGP 35 
348 (1 mM) or Ba2+ (1 mM).

It is concluded that in the CA1 area of the hippocampus, GABA and baclofen 
depolarize and hyperpolarize presynaptic terminals, respectively. The GABA- 
induced depolarization primarily arises from the activation of GABAa receptors 
while the baclofen-induced hyperpolarization arises from the activation of GABAB 
receptors. Supported by a grant from the NIH (NS 30959) to B. R. S. and a Ciba- 
Geigy/MRC studentship to W. M.

120.18
Differences in single channel conductances of mouse 5-HT3 receptors may 
indicate the presence of receptor subtypes. N. Hussy* and K. Jones. Glaxo 
Institute for Molecular Biology'. 1228 Plan-les-Ouates. Geneva. Switzerland.

The diversity of ligand-gated channels in the nervous system is attributed to the 
presence of multiple subunits that can endow the receptors with specific 
pharmacological and physiological properties. The 5-HT3 receptor differs from 
other ligand-gated channels in that so far only one subunit has been cloned and no 
pharmacological evidence exists for different receptor subtypes.

We have started a comparative study of the properties of mouse 5-HT3 receptors 
from superior cervical ganglion (SCG) and from the neuroblastoma cell line 
NG108-15. Recordings from isolated patches from acutely dissociated adult SCG 
neurons reveal a main single channel conductance of 12 pS. with lower 
conductances (6 to 10 pS) that are less frequently observed. In contrast, application 
of 5-HT to isolated patches from NG108 cells results in small currents where single 
channels cannot be resolved, indicating a very' low conductance (<2 pS. see Fig.). 
Noise analysis is currently under w ay to estimate the single channel conductance of 
these receptors. For both cell types, channels are activated by the specific 5-HT3 
agonist 2-Me-5HT and antagonized by ICS 205-930. The large difference in single 
channel conductance of 5-HT3 receptors in SCG neurons and NG108 cells may 
reflect the presence of receptor subtypes within this species. Since the cloned 
subunit is also expressed in adult mouse SCG (Werner et al., this meeting), an 
additional subunit may contribute to the receptor in this ganglion.

120.19
EFFECT OF PROCAINE ON THE FUNCTION OF 5-НТз 
RECEPTOR-ION CHANNELS. P. Fan*, and F. F. Weight. 
Lab. of Molecular and Cellular Neurobiology, NIAAA, National 
Institutes of Health, Rockville, MD 20852.

Procaine is a well known local anesthetic that also has effects in the 
central nervous system (CNS). Procaine has been found to have CNS 
effects similar to those of psychomotor stimulants and it can act as a 
positive reinforcer in rhesus monkeys (Ford and Balster, Pharmacol. 
Biochem. Behav.6:289,1977). Procaine has also been reported to 
precipitate Hoigne Syndrome, panic attack, in humans (Green et al.,
N. Engl. J. Med. 291: 223,1974). Since cocaine antagonizes 
serotonin activation of 5-НТз channels (Fan etai., Soc. Neurosci. 
Abst. 18: 800,1992) and has some properties similar to procaine, we 
investigated the effect of procaine on 5-НТз receptor-mediated inward 
current in freshly isolated nodose ganglion neurons using the whole 
cell patch-clamp technique. When applied together with 5-HT, 5 μΜ 
procaine reduced the amplitude of the current activated by 6 μΜ 5-HT 
by 47%. However, if procaine was pre-applied for 15 seconds and 
then applied together with 5-HT, procaine inhibited 70% of the 5-HT 
current. The concentration-response curve of 5-HT current was 
shifted to the right in a parallel fashion when procaine was present. 
With the method of Arunlakshana and Schild, the average pA2 value 
was 5.76 and the apparent Kg was 1.7 μΜ. At concentrations of 
procaine (1 to 10 μΜ) that inhibited 5-НТз current, there was no 
significant effect of procaine on voltage-activated Na+ current The 
observations suggest that procaine has a selective effect on 5-НТз 
channels that may be similar to the effect of cocaine.

120.20
POTENTIATION B Y  ETHANOL O F  5-H T 3 RECEPTOR- 
MEDIATED ION CURRENT IN X E N O P U S  OOCYTES
L  Zhang*, C. W u ,B . E . А kinshola, C. Yi and F.F. Weight, Lab. of
Molecular & Cellular Neurobiology, NIAAA, National Institutes of 
Health, Rockville, M D  20852.
The effect of ethanol (EtOH) on 5-НТз receptor-mediated current 

was studied in X enopus oocytes voltage-clamped at -70mV and 
previously microinjected with RNA transcripts from the cloned 5- 
НТз receptor (Science 254:432,1991). In these cells, 5-HT 
application activated a fast inward current. EtOH concentrations 
from 2 0 m M  to 4 0 0 m M  potentiated, in a concentration-dependent 
manner, currents activated by 250nM or 500nM 5-HT. The 
threshold for significant potentiation was 4 0 m M  EtOH (One Factor 
Anova test; p<0.01) and the EC50 was 126mM. The potentiation 
was consistently observed in all 60 oocytes tested from 9 frogs in 
which 250nM or 500nM 5-HT was applied. With these 
concentrations of 5-HT, the potentiation by 8 0 m M  EtOH was 45% 
and 35%, respectively, whereas with concentrations of 5-HT > 1μΜ, 
no potentiation of 5-HT current was observed. The observations 
indicate that intoxicating concentrations of EtOH can potentiate 5- 
HT3 receptor-mediated responses in Xenopus oocytes injected with 
a single subunit of the 5-HT3 receptor. Since the pattern of this 
potentiation is similar to previous experimental results in NCB20 
cells and nodose neurons (Neurosci. Lett. 122:57,1991 ; Mol. 
Pharmacol.40:263,1991), further molecular biological study on the 
mechanism by which EtOH potentiates 5-HT3 receptor-mediated 
responses can be carried out in this expression system.
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120.21
ALCOHOLS I N H IB IT  A T P -A C T IV A T E D  IO N  
CURRENT BY A DIRECT INTERACTION W ITH THE  
CHANNEL PROTEIN. Chaoying Li*. Robert W. Peoples and 
Forrest F. Weight. Laboratory o f Molecular and Cellular 
Neurobiology, NIAAA, National Institutes o f Health, Rockville, 
MD 20852.

The effects of alcohols on membrane ion current activated by 
extracellular adenosine 5'-triphosphate (ATP) were studied in 
freshly isolated bullfrog dorsal root ganglion (DRG) neurons by 
means of the whole-cell patch-clamp technique. The amplitude of 
the current activated by 2.5 μΜ ATP was decreased by ethanol (3- 
500 mM) in a concentration-dependent manner with an IC5o= l16 
mM. For alcohols with a molecular volume less than 43 ml/mol, 
potency in inhibiting ATP-activated current was correlated with lipid 
solubility. Thus, methanol (IC50=298 mM) was less potent, and 1- 
propanol (IC5o= 37 mM), trifluroethanol (IC50=48 mM) and 
monochloroethanol (IC5o=l10 mM) were more potent than ethanol 
in inhibiting ATP-activated current. However, despite increased 
lipid solubility, alcohols with a molecular volume greater than 46 
ml/mol (1-butanol, 1-pentanol, tr ich loroethanol and 
dichloroethanol) were without effect on the ATP-activated current. 
This distinct cutoff effect for alcohols with molecular volume 
greater than 46 ml/mol, despite increasing membrane solubility, 
suggests that alcohols inhibit ATP-activated current by an 
interaction with a hydrophobic region of the channel protein, rather 
than with membrane lipids.

SODIUM CHANNELS I

121.1
A SODIUM CHANNEL HOMOLOG FROM THE SEA ANEMONE 
AIPTASIA PALLIDA. R. M. Greenberg*. S. Lamers. A. Pfahnl. S. 
Haddock. P. Camey and P.A.V. Anderson. Whitney Lab., Univ. of 
Florida, St. Augustine, FL 32086.

One way of understanding the structural constraints on sodium (Na+) 
channels is to obtain the primary sequence of channels from 
phylogenetically disparate organisms. Cnidarians (jellyfish, sea 
anemones, and corals) are interesting in this regard because they are the 
lowest existing organisms with a nervous system. Scyphozoans such as 
the jellyfish Cyanea capilla ta  produce Na+-dependent action potentials, 
but no evidence for Na+-dependent action potentials has been found in 
die anthozoans (sea anemones). Using degenerate primers made against 
conserved regions of known Na+ channels and RT-PCR, we have 
amplified a 909 bp product from the mRNA of the sea anemone A iptasia  
pallida. Northern analysis reveals a mRNA of ≈ 6.5kb. The PCR 
product encodes an uninterrupted open reading frame that spans IIIS6- 
IVS6, with 53% identity to the Cyanea Na+ channel and approximately 
45% identity to Na+ channels from rat, squid, and D rosoph ila .
Additional sequence is currently being analyzed. Comparisons between 
this and other Na+ channels may provide clues about the structural 
constraints on ion channels, and the evolution of Na+ channels.

Supported by a grant from the Amer. Heart Assoc, and by NSF grants 
BNS 8805885, 9109155, and DIR 8901337.

121.3
IDENTIFICATION AND cDNA SEQUENCE ANALYSIS OF A 
SODIUM CHANNEL GENE FROM RAINBOW  TROUT  
(O N C O R H Y N C H U S  M Y K IS S ). K. A. Pleyte1. S. G. Frackman2. 
and J. T. Eells1*. Department o f Pharmacology and Toxicology, 
Medical College o f W isconsin, M ilwaukee, WI 53226 and 
2Pharmacia P-L Biochemicals, Inc., Milwaukee, WI 53204.

Previous studies have provided evidence of interspecies differences 
in the membrane depolarizing properties o f several sodium channel 
specific neurotoxins in rat and trout brain synaptosomes (Eells e t  a l.,  
Tox. Appl. Pharm., In Press) and suggest that these differences may 
be due to genetic variation in the voltage-dependent sodium channels in 
these species. In order to compare these neurotoxin binding domains 
in fish and mammals on a molecular level, sodium channel cDNA  
sequences from rainbow trout brain were amplified from first strand 
cDNA using the polymerase chain reaction (PCR). The degenerate 
primers used for amplification were designed from conserved regions 
of published rat and eel sodium channel cDNA sequences. DNA  
sequence analysis o f 4000 contiguous base pairs o f the amplified 
products, about 70% of the entire trout sodium channel cDNA, 
revealed 75% similarity to rat brain sodium channel I DNA sequences 
and 80% similarity to the rat amino acid sequence. Further 
characterization o f the trout brain sodium channel will be used to 
identify structural elements that correlate with functional differences 
between fish and mammalian sodium channels. (Supported by 
ES05006 and ES05603).

121.2
AMINO ACID SEQUENCE OF A PUTATIVE SODIUM CHANNEL 
FROM THE JELLYFISH CYANEA CAPILLATA. Peter A. V. Anderson* 
Molly A. Holman. Michael C. Jeziorski. Susanna Lamers and 
Robert M. Greenberg. Whitney Laboratory, University of Florida,
St. Augustine, F1 32086.

Members of the phylum Cnidaria are the lowest extant organisms to 
possess a nervous system and are the first to bear cells that produce action 
potentials carried exclusively by sodium (Na+ ) ions. Thus, they occupy an 
important position in the evolution of Na+ channels. Furthermore, while 
cnidarian Na+ currents are not unusual physiologically, they are completely 
insensitive to standard Na+ channel blockers, including TTX. A cDNA 
encoding a 198 kilodalton protein (CYNA1) with high sequence homology 
to known Na+ channels has been isolated from the scyphozoan jellyfish 
Cyanea capilla ta . The similarity between this and other Na+ channels is 
low in the cytoplasmic loops that link the four domains of the protein and 
greatest in the putative pore regions and the transmembrane segments (mean 
= 52% identity), particularly S4-S6 of each of the domains (mean = 63% 
identity). Furthermore, the last 12 amino acids in S6 of each of the four 
domains shows 90% identity with other Na+ channels. Phylo-genetic 
analysis (PAUP) of the protein reveals that it is closely related to known 
Na+ channels, particularly those of squid and D rosoph ila , and is more 
distantly related to calcium channels. The overall similiarity between 
CYNA1 and other Na+ channel proteins indicates that there are severe 
constraints on the degree to which specific parts of the channel can mutate.

Supported by a grants from the American Heart Association and NSF 
(BNS 8805885 and 9109155).

121.4
ISOLATED EMBRYONIC D R O S O P H IL A  NEURONS EXPRESS 
MULTIPLE ISOFORMS OF P A R A  MRNA GENERATED BY 
ALTERNATIVE SPLICING OF EXON A. D.K. O'Dowd*1,2 C. Tran1,2 
and M.A. Smith1 Depts. o f Dev and Cell Biology1; Anatomy and 
Neurobiology2, UC Irvine, Irvine, CA 92717 

Molecular cloning of the p a r a  locus in D ro so p h ila  has revealed that 
alternative splicing o f the RNA product transcribed from this gene 
may give rise to a number o f distinct sodium channel isoforms 
(Loughney et al., 1989). However, neither the localization nor the 
specific function o f  these various isoform s is known. 
Electrophysiological analysis o f p a r a  mutants has demonstrated that 
functional sodium channels encoded by the p a r a  gene are expressed 
in embryonic D r o s o p h ila  neurons (O'Dowd et al., 1989). We have 
determined the pattern o f alternative splicing o f the p a r a  sodium 
channel gerre in individual embyronic D ro so p h ila  neurons. Following 
whole-cell recording and analysis o f sodium currents in isolated 
neurons, cellular RNA was aspirated into the pipet, reverse 
transcribed, and amplified by PCR using primers flanking exon A. 
Cells exhibiting voltage-gated sodium currents expressed p a r a  
transcripts. The majority of these cells contained both p a r a  transcripts 
resulting from the inclusion or exclusion of exon A (A+ and A-). 
Less than 30% of the cells expressed only A+ or A- p a r a  mRNAs. 
Analysis o f the pattern o f alternative splicing in single embryonic 
D r o s o p h i l a  neurons developing in  v i tr o  provides a unique 
opportunity for examining the function and regulation of alternatively 
spliced sodium channel isoforms. This work was supported by 
NS27501 to DKOT).
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1 2 1 .5
MOLECULAR AND GENETIC ANALYSIS OF tip -E  : A 
MUTATION AFFECTING SODIUM CHANNELS IN 
D R O S O P H IL A . G. Feng*, P. Deak and L. M. Hall. Dept. of 
Biochemical Pharmacology, SUNY at Buffalo, Buffalo, NY 14260.

The tip -E  mutation is an ethyl methylsulfonate induced 
recessive mutation which shows a temperature-induced paralytic 
phenotype at 38°C. Previous biochemical and electrophysiological 
studies have shown that tip -E  is associated with reduced binding of 
saxitoxin to sodium channels and decreased sodium current density. 
These data suggest that tip -E  affects the function or regulation of 
sodium channels. We have induced a chromosome 
deletion/translocation which gives same phenotype when 
heterozygous with tip -E  and have cloned a genomic fragment which 
includes this chromosome deletion/translocation breakpoint. Germ 
line transformation with this 42 kb cosmid clone rescues the tip -E  
paralytic phenotype indicating that the full gene is within this 
cosmid. Northern blots probed with a 7 kb genomic fragment 
around the breakpoint showed that at least 4 different mRNAs (1.4,
3 .2,4.0 and 5.2 kb) were in the immediate region of the 
chromosome breakpoint and additional transcripts are found within 
the rescuing cosmid. Transformation experiments with smaller 
pieces of genomic DNA are in progress to determine which 
transcript represents t i p - E .
This work is supported by NIH grant NS 16204.

1 2 1 .7
NERVE GROWTH FACTOR TREATMENT OF PC 12 CELLS INDUCES THE 
EXPRESSION OF A NOVEL SODIUM CHANNEL GENE, PERIPHERAL 
NERVE TYPE 1 (PNI): B.L. Moss*. J. Toledo-Aral and G. Mandel. Dept. of 
Neurobiology and Behavior, State University of New York at Stony Brook, Stony 
Brook, NY 11794.
Treatment of rat pheochromocytoma (PC 12) cells with nerve growth factor (NGF) 

causes the cells to undergo a transformation strikingly similar to that of 
differentiating sympathetic neurons. In particular, the cells acquire the ability to 
propagate an action potential. We have previously shown that this is due to 
increases in the levels of three distinct sodium channel gene transcripts. The two 
smaller transcripts 9.5 kb and « 10 kb) are products of the brain type П gene. We 
have hypothesized that the third and largest transcript 11 kb), which does not 
hybridize to probes specific for any of the known sodium channel genes, encodes a 
novel sodium channel which we have designated Peripheral Nerve type 1 (PN1).

To characterize the PN1 gene, total RNA from NGF-treated PC 12 cells was used 
to synthesize cDNA, which then served as a template for the polymerase chain 
reaction (PCR). We chose two degenerate oligonucleotide primers that specify a 
400 basepair region in repeat domain ΙΠ of the a subunit gene. This portion of the 
gene encodes the highly conserved pore-forming region of the channel as well as 
regions divergent among different mammalian a subunits. Sequence analysis of the 
PCR products revealed a cDNA encoding a portion of a novel sodium channel gene. 
The deduced primary structure is approximately 70% identical to the corresponding 
region of the types I, П and ПІ sodium channel proteins.

To determine whether the clone encodes a portion of the PN1 gene, the cDNA was 
used to make antisense RNA probes for Northern blot analysis of PC 12 RNA. We 
found that the probe hybridizes to an mRNA species of the correct size, and that the 
level of the detected mRNA increases following NGF treatment. Also, as suggested 
by earlier studies, NGF induction of PN1 mRNA is rapid and transient, and is 
independent of cAMP-dependent protein kinase. Finally, preliminary results indicate 
that PN1 is preferentially expressed in tissues of the peripheral nervous system.

1 2 1 .9

CHARACTERIZATION OF THE SODIUM CHANNEL EXPRESSED IN 
RAT NEURONAL TUMOR CELL LINE, RT4- В AND E CELLS. D. 
Zem£ , D.A. Hanck. and H.A. Fozzard. Cardiac Electrophysiology Labs, 
Univ. of Chicago, Chicago, IL 60637.

Previous reports have suggested, based on Northern blot and sequence 
analysis (Dev. Biol. 147:415, 1991), that the neuronally differentiated 
form of the RT4-AC, RT4-B and RT4-E cells, express the cardiac isoform 
of the voltage-dependent Na channel. We provide electrophysiological 
evidence that indicate these cell lines express exclusively the cardiac 
isoform of the Na channel. Individual RT4-B and RT4-E cells were 
voltage-clamped using an Axopatch 200 with pCLAMP. Bath solution 
contained 140 mM Na+. In the pipette solution K+ was replaced with Cs+ 
to block K currents. INa (mean ± S.D., n=7) activated e-fold over 6.8 ±
0.7 mV with a half-point at -41 ± 5 mV. Gmax was 2.7 ± 1.4  nS/pF.
Single channel conductance, measured in cell-attached patch recordings 
with 140 mM Na+, was 11.3 pS, predicting that these cells express greater 
than two channels/pm2. Steady-state availability changed e-fold over 5.7 
± 0.4 mV with the half-point at -89 ± 4 mV. Consistent with the 
presence of a single cardiac isoform, block by both STX and TTX was 
complete and well described by single-site dose-response curves with 
ED5o’s of 156 ± 5 nM (n=8) and 708 ± 58 nM (n=4). Also INa was 
blocked by low doses of Cd0 with an ED50 of 67 ± 6 nM (n=4). We 
conclude that these cell lines express exclusively the cardiac isoform of 
the voltage-gated Na channel. (Supported by NIH POI HL-20592).

121.6
ANALYSIS OF A SILENCER ELEMENT THAT MEDIATES 
NEURONAL-SPECIFIC EXPRESSION OF THE RAT 
BRAIN TYPE II SODIUM CHANNEL GENE. J.A. Chong,
H.J. Tsav. S.D. Kraner*. G. Mandel. Dept. of Neurobiology 
and Behavior, State University of New York at Stony Brook, 
Stony Brook, NY 11794.

The expression of the rat type II voltage-sensitive sodium 
channel is restricted to specific anatomical regions of the 
vertebrate nervous system. Using transient transfection assays 
we have shown previously that elements in the type II 5' 
flanking region direct reporter gene expression to certain 
neuronal cell lines. A 28 bp sequence, Repressor Element 1 
(REI), in the type I I 5' flanking region silences the type II 
promoter in skeletal muscle and neuronal cells that do not 
express the endogenous type II gene. Additionally, REI binds 
to a protein(s) in nuclear extracts of muscle and neuronal cells 
which do not express the type П channel gene. Mutational 
analysis using transient transfection and protein binding assays 
leads us to hypothesize that there is more than one site in REI 
that is important in silencing and protein binding. Two pan
neuronal genes, SCG10 and Synapsin, have been identified 
which contain sequences similar to REI. We are testing these 
two REI-like elements in transient transfection and protein 
binding assays to determine whether or not they, are functionally 
identical to the type П REI.

121.8
PERSISTENT SODIUM CURRENTS IN CNAIIA-1 CELLS. A.G. Knapp*. T, 

Wolcott. & L.D. Margolin. Cambridge NeuroScience, Inc., Cambridge, MA 
02139.

We have used the whole-cell configuration of the patch-clamp technique 
to examine voltage-activated sodium currents in a Chinese hamster ovary 
cell line that stably expresses the alpha subunit of the mammalian type II 
neuronal sodium channel (CNallA-1) In addition to generating the classic 
rapidly inactivating, inward sodium current, these cells also exhibit a slowly 
inactivating, persistent inward current in response to depolarizing voltage 
steps.

CNallA-1 cells were grown in RPM11640 (MediaTech) supplemented with 
5% FCS (Hyclone), 200 ug/ml G418 (Sigma). Standard whole cell voltage 
clamp methods (Hamill et al., 1981) were employed. Inward sodium 
currents were elicited by stepping from a holding potential of -90 mV to 
various test potentials. Isolated cells were used to eliminate artifacts 
caused by gap junctions and/or poor spatial clamping.

Persistent sodium currents were found to activate in a voltage dependent 
manner and exhibited a current-voltage relationship very similar to that of 
the transient sodium current but usually of a much smaller magnitude. For 
example, at test potentials that evoked maximal inward current, the 
persistent component was approximately 10% of the peak magnitude of the 
transient component. This persistent current inactivated veiy slowly and 
was evident during test pulses lasting several seconds. Persistent sodium 
currents could be blocked by TTX.

Further studies, including single channel recordings, will be performed to 
better determine if the persistent sodium current described above 
demonstrates kinetic properties similar to persistent sodium currents seen in 
other cell types.

121.10
VOLTAGE-GATED SODIUM CHANNELS IN THE NEUROBLASTOMA 
CELL LINE SK-N-SH. A.J. Lombardo* and G.B. Brown. Psychiatry and 
Behavioral Neurobiology, Univ. of Alabama at Birmingham, Birmingham, 
AL 35294.

Voltage-gated sodium channels are important contributors to the intrinsic 
excitability properties of central neurons. We have previously shown that the 
mRNA ratio of the two human brain sodium channel (HBSC) subtypes I and 
II displays a greater variability in epileptic brain tissue than in "normal" post
mortem controls (Lombardo e t al. , Soc. for Neurosci. Abstr. 15:1134, 1992). 
The epileptic group of data, however, represents a heterogeneous population 
of surgical patients from the standpoint of seizure focus, drug therapy, and 
seizure history.

Towards establishing a consistent model for elucidating the relationship 
between repetitive cell firing and the HBSC I:II, we examined the human 
neuroblastoma cell line SK-N-SH. Using the ligase detection reaction on cells 
in log growth phase, we identified both HBSC transcripts in a defined ratio of 
I:II=0.069±0.026 (mean±S.E.M.). Both saxitoxin binding and 22^а+ flux 
assays are consistent with a low density of functional channels (-1300 
channels/cell). Initial whole cell patch clamp recordings reveal a resting 
membrane potential of -45 mV and demonstrate depolarization-induced 
inward spikes that are abolished by the presence of 1 μΜ TTX, thus 
identifying them as sodium currents. To further expand the model, the electric 
field stimulation (EFS) technique is currently being developed to stimulate 
action potential trains within these cells.

We conclude that this cell line possesses both sodium channel subtype 
transcripts as well as sufficient densities of functional channels to serve as an 
in vitro  model for the control of the I:II mRNA. This should provide a setting 
to test the mechanisms involved in the relationship between repetitive firing 
and an altered HBSC Irli mRNA ratio.
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121.11
CULTURED MURINE CORTICAL NEURONS POSSESS BOTH 
INACTIVATING AND NON-INACTIVATING VOLTAGE-GATED 
SODIUM CHANNELS. S.P. Yu* and D.W. Choi. Dept. of Neurology and 
Center for the Study of Nervous System Injury, Washington Univ., School 
of Medicine, St. Louis, MO 63110

Because tetrodotoxin (TTX), when combined with NMDA and 
AMPA/kainate receptor antagonists, protects murine cortical neurons in 
culture from oxygen-glucose deprivation-induced death (Lynch and Choi, 
elsewhere this meeting), we performed whole cell recordings to 
characterize the TTX-sensitive voltage-gated Na+ channels on these 
neurons. Intracellular Cs+ and TEA (intracellular and extracellular) were 
used to block K+ currents; two mM extracellular Mn2+ was used to block 
Ca2+ entry.

When a depolarizing step was applied from a holding potential of -70 
mV, a rapidly-inactivating (< a few ms) Na+ current (INa) was triggered at 
a threshold of about -40 to -50 mV (n = 34). A persistent (> 200 ms) 
inward current was detected in more than 80% of tested cells. This non
inactivating current was triggered at membrane potentials about 5 to 10 
mV negative to the INa threshold. Both INa and the non-inactivating inward 
current were blocked by 100 nM TTX or 100 μΜ QX-314, or by replacing 
external Na+ with equimolar choline or TEA 

These results suggest that cortical neurons in our cell culture 
preparation, like counterparts in other systems, possess both rapidly 
inactivating and non-inactivating, voltage-gated Na+ channels sensitive to 
TTX and QX-314.

Supported by NTH grants NS 26907 and NS 30337 to DWC.

121.13

IONIC REQUIREMENTS AND MUSCARINIC MODULATION OF 
INTRINSIC BURST FIRING IN HIPPOCAMPAL NEURONS. R. Azouz, M.
S. Jensen and Y. Yaari*. Dept. of Physiology, The Hebrew University 
Medical School, Jerusalem, Israel.

We made intracellular recordings from CA1 pyramidal cells in rat 
hippocampal slices. A small subset of CA1 neurons generated bursts of fast 
spikes in response to positive current injection. The number of spikes in a 
burst depended critically on resting Vm ( -70 to -60 mV) and fluctuated from 
1 to 4-5 action potentials. Burst generation was enhanced by block of Ca2+- 
dependent currents, and was suppressed by TTX and by Na+ replacement 
with choline. Brief stimulation of Cs+-loaded neurons evoked prolonged 
bursts consisting of fast and slow spikes. Block of Ca2+-dependent currents 
abolished the slow spikes and induced long-lasting plateau potentials, which 
were suppressed by hypepolarization, by TTX and by Na+ substitution with 
choline.

Application of cholinergic agonists (5-10 μΜ), or stimulation of cholinergic 
fibers in the presence of neostigmine, converted burst firing neurons into 
regular firing cells in an atropine sensitive manner. This effect was most 
probably mediated by suppression of the Na+-dependent burst potential.

We therefore suggest, that intrinsic burst firing in CA1 pyramidal cells is 
underlaid by a persistent, TTX-sensitive Na+ current that may be down- 
modulated by muscarinic agonists.

Supported by BSF and Wolfson Fondation.

121.12
TISSUE-SPECIFIC NA CHANNEL ISOFORMS ARE FOUND IN CHICK 
HEART, BRAIN AND SKELETAL MUSCLE. J.M. Fang*. L, Langstaff. J. 
Şpivak. J, Galper. E. Carroll and R.B. Rogart. Dept. o f Medicine, Section o f  
Cardiology, Univ. o f Chicago, Chicago, IL 60637

A multigene family encodes (Na) channel isoforms in mammalian 
excitable membranes, which show differing properties in electrophysiologic and 
neurotoxin binding experiments. In chick tissue, Na channels show only a single 
class o f high-affinity ΊΤΧ sites with o f 5-8 nM in electrophysiologic and 
toxin binding experiments, suggesting only one type o f chick Na channel. We 
now demonstrate tissue-specific isoforms present in chick tissues, using 
neurotoxin binding and molecular biological approaches. TTX and saxitoxin 
(STX) are heterocyclic guanidinium neurotoxins which are used nearly 
interchangeably to block Na channels. Comparing affinity for TTX and STX for 
chick Na channels by measuring the competition o f [3H]STX binding by 
unlabeled TTX and STX, we found that: STX was a selective antagonist 
distinguishing chick Na channel subtypes over a 20-fold range in affinity for STX 
in heart and brain (Kd = 0.95 nM vs. 0.043 nM). In contrast, TTX was a 
relatively non-selective antagonist, with only a 2.5-fold affinity difference for 
heart vs. brain (K  ̂ = 0.60 nM vs. 0.24 nM). This accounts for failure o f  
previous electrophysiological studies with TTX to recognize distinct chick Na 
channel subtypes. We also cloned by PCR a set o f  ~900 bp fragments obtained by 
RT-PCR from chick brain, skeletal muscle, and heart total RNA. These 
fragments were sequenced and showed a degree o f homology to the Na channel 
sequence from rat, but showed distinct differences in nucleotide sequence, 
frequently in the nucleotide positions in the codon leading to the same amino acid. 
Northern blot analysis using the Random-hexamer primer labeled cDNA from 
these PCR fragments, shows hybridization to Na channel mRNA from only the 
corresponding tissue under high stringency condition. These data demonstrate 
tissue-specific Na channel isoforms in chick excitable tissues.

121.14

TUNICAMYCIN DEMYELINATION/REMYELINATION IN GOLDFISH 
LATERAL LINE NERVE. M.A.Ferguson, S.S.Tinkle, J.D.England*, 
S.R.Levinson.Dept. of Neurology and Physiology, University of Colorado 
School of Medicine, Denver, Co 80262.
Objective: to investigate changes in sodium channel (NaCh) distribution 
after tunicamycin-induced demyelination. Background: Tunicamvcin has 
been shown to inhibit glycosylation of proteins in peripheral myelin, 
disrupt the transport and expression of sodium channels in axonal 
membrane and cause demyelination in rat sciatic nerve.Design/Methods: 
Goldfish posterior lateral line nerves were demyelinated by intraneural 
injection of tunicamycin. The nerves were examined by immunocyto- 
chemistry on multiple days after the injection using a well-characterized 
anti-TTXR antibody. A Ferguson analysis of the electrophoretic behavior 
of sodium channels from treated and untreated nerves and ganglia was 
performed 10 days post-injection. This analysis evaluated the level of 
post-translational modification of the NaCh. Results: Profound 
demyelination was observed two weeks post-injection followed by 
remyelination at four weeks. We did not observe any interim patches of 
NaCh immunoreactivity along the demyelinated axons, in contrast with 
other models of demyelination. The Ferguson analysis showed no 
change in NaCh molecular weight or electrophoretic behavior in the 
treated nerves and ganglia. Conclusions: Tunicamvcin causes a subacute 
demyelination followed by remyelination. The Ferguson analysis 
suggests that the tunicamycin effect is local, and that new channels 
synthesized in the neuron are fully glycosylated. Since the remyelination 
occurs without any observed interim patches of NaCh immunoreactivity 
along the demyelinated axon, this system provides an intriguing 
alternative model for studying sodium channels in remyelination.

121.15
ALTERED Na CHANNEL BEHAVIOR IN EQUINE PERIODIC 
PARALYSIS S.C. Cannon*1’2, R,H. Brown1, and J. Beech3 Department of 
Neurology1 and HHMI2, Massachusetts General Hospital, Boston, MA; and 
Department of Clinical Studies3, University of Pennsylvania, School of 
Veterinary Medicine, Kennett Square, PA

A dominantly inherited form of periodic paralysis occurs in quarter horses. 
As with the human disease, hyperkalemic periodic paralysis, recurrent attacks 
of weakness occur in association with elevated serum K+ . Unlike HPP in 
man, the equine variant is genetically homogenous. All affected horses can 
be traced to one sire and all have the same mutant allele for the skeletal 
muscle Na channel a  subunit: a Phe to Leu substitution at the cytoplasmic 
end of S3 in domain IV (Rudolph e t a l . t Nature Genetics 2:144, 1992).

We have compared the behavior of Na channels recorded from cell-attached 
patches on myotubes cultured from a normal and an affected (heterozygous) 
horse. The primary abnormality was a defect of inactivation (Figure). 
Mutant channels occasionally failed to inactivate and opened repetitively 
throughout a maintained depolarization. The mean open time was also 
prolonged (0.67 vs 0.45 msec). These gating abnormalities added new slow 
components in the rate of decay in Popen(t) and caused a persistent current. 
The steady-state open probability for Na channels in affected myotubes was 
12-fold higher which is sufficient to cause myotonia and paralysis.

121.16

MUSCLE SODIUM CHANNEL INACTIVATION DEFECT IN PARAMYOTO
NIA CONGENITA WITH A THR1313MET SUBSTITUTION. A.J.Tahmnnsh*
P. Zhang. T.Heiman-Patterson. T.Hvslop. K.L. Schallen J.H. Caldwell. Dept. of 
Neurology, Thos. Jefferson Univ., Philadelphia, PA 19107 and Dept. o f Cellular 
and Structural Biology, Univ. o f Colorado HSC, Denver, CO 80262.

Paramyotonia congenita (PC) is an autosomal dominant disorder clinically 
characterized by stiffness and paradoxical myotonia on exposure to cold. Seven 
nucleotide mutations in the adult muscle Na channel gene have been described in 
separate families. Four o f these mutations cause an amino acid substitution at 
position 1306 or 1313 in the m /IV  cytoplasmic loop known to be essential for 
sodium channel inactivation. To date, physiological studies have not been report
ed.

We studied a family with PC in which 5 affected members had the Na channel 
thrl313met point mutation. Patch clamp cell-attached and outside-out single 
sodium channel recordings were performed on cultured myotubes from 2 affected 
patients and 2 controls at 22 and 34° C.

Cell attached recordings from 3 control myotubes at 22°С  showed openings 
which usually occurred within the first 10 msec o f a 50 msec test pulse to -40mV. 
The summated current returned to zero within 15 msec. The mean open time was
1.56 msec and time to first opening was 3.98 msec. 2 o f  3 cell-attached PC 
recordings showed similar results. One cell-attached PC recording showed long 
openings and late reopenings occurring throughout the 50 msec test pulse. The 
mean open time was twice that o f  controls (3.26 msec) and the time to first 
opening was 2.67 msec. The summated current showed a prolonged tail. One o f 
2 PC outside-out patches showed similar findings. Three PC cell-attached patches 
at 34°С did not show long openings. These preliminary studies suggest that the 
Na channel thrl313met substitution is associated with a Na channel inactivation 
defect.
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1 2 1 .1 7
P R O T E C T IV E  E F F E C T S  O F C A R V E D IL O L , A NEW  
ANTIHYPERTENSIVE, AT NEURONAL SODIUM CHANNELS. C.L. 
Webb, T.-L. Yue*, G. Feuerstein, and P.G. Lysko. Dept. of Cardiovascular 
Pharmacology, SmithKIine Beecham Pharmaceuticals, King of Prussia, 
PA 19406.

We have previously reported the protective effects of carvedilol vs. 
oxygen free radicals and acute glutamate toxicity in our in vitro ischemia 
model system of rat cerebellar granule cell neurons, and in gerbil global 
brain ischemia. To further explore neuroprotective mechanisms of 
carvedilol, we have used cultured neurons to examine carvedilol 
modulation of veratridine-opened Na+ channels. We found carvedilol to 
be protective (PC50=310nM) against 40μΜ veratridine-induced 
neurotoxicity, where neurons succumb in 60 min regardless of energy 
state. Carvedilol was also a potent inhibitor (IC50=1.6μΜ) of veratridine- 
stimuiated 3 [H]Aspartate release from neurons preloaded for 15 min. 
Such release was Na+-driven, only 25% Ca2 +-dependent, and was 
evidence for reversal of the Na+-dependent glutamate transporter. As in 
an accompanying Abstract, veratridine caused sustained increases in 
intracellular calcium ([Ca2 +]i) to З6ЗnМ (n=20). Carvedilol reversed the 
[Ca2+]i levels by a maximum of 73% with an IC5 0  of 1.2μΜ. Such reversal 
of [Ca2+]i was facilitated by Na+/Ca2+ exchange, since the stoichiometry 
of exchange could be disrupted by prior treatment with 10μΜ ouabain to 
inhibit the Na+/K+ pump. These results suggest that carvedilol may not 
only provide protection against stroke by reducing the major risk factor, 
hypertension, by acting as an antioxidant, free radical scavenger, and 
NMDA antagonist, but may also provide neuroprotection from ischemia- 
induced injury as a Ca2+ and Na+ channel blocker to limit toxic (e.g. 
glutamate) neurotransmitter release.

1 2 1 .1 8

NEUROPROTECTIVE EFFECTS OF TETRODOTOXIN IN CULTURED 
CEREBELLAR NEURONS AND IN GERBIL GLOBAL BRAIN ISCHEMIA. 
P.G. Lysko*. T.-L, Yue, J.-L. Gu, C.L. Webb and G. Feuerstein. Dept. of 
Cardiovascular Pharmacology, SmithKIine Beecham Pharmaceuticals, 
King of Prussia, PA 19406.

Tetrodotoxin (TTX) may be able to mitigate toxic excitatory amino acid 
release and subsequent damage to vulnerable CA1 hippocampal neurons 
after cerebral ischemia. We have previously examined the pharmacology 
of acute glutamate toxicity in our in vitro ischemia model system of rat 
cerebellar granule cell neurons and have here used them to examine TTX 
modulation of veratridine-opened Na+ channels. We found TTX to be 
protective (PC5o=25nM) against 40μΜ veratridine-induced neurotoxicity, 
where neurons succumb in 60 min regardless of energy state. TTX was 
also a potent inhibitor (IC 5 ø=3 5 nM) of veratridine-stimulated 
3 [H]Aspartate release from neurons preloaded for 15 min. Such release 
was Na+-driven, only 25% Ca2 +-dependent, and was evidence for 
reversal of the Na+-dependent glutamate transporter. Veratridine also 
caused sustained increases in intracellular calcium ([Ca2 +]j), as 
measured in Fura-2/AM-loaded neurons, causing a 4-fold increase to 
ЗбЗпМ (n=20). TTX reversed the [Ca2+]·, levels by a maximum of 80% 
with an IC5 0  of 53nM. Such reversal of [Ca2+]j was facilitated by 
Na+/Ca2+ exchange, since the stoichiometry of exchange could be 
disrupted by prior treatment with 10μΜ ouabain to inhibit the Na+/K+ 
pump. In gerbils exposed to 6  min global brain ischemia and 7 days 
reperfusion, TTX (5ng, i.c .v ., 30 min pre-ischemia) gave 77% 
(n=6,p=0.004) protection of CA1 hippocampal neurons. These results 
suggest that Na+ channel blockers could be efficacious in preventing or 
reversing cell depolarization and subsequent neurotransmitter release.

A C E T Y L C H O L I N E :  N E U R O A N A T O M Y

122.1
ULTRASTRUCTURE OF CHOLINERGIC AND NON- 
CHOLINERGIC NEURONS IN THE LATERODORSAL AND 
PEDUNCULOPONTINE TEGMENTAL NUCLEI IN RAT.
Kazue Semba* and Takashi Honda. Dept. o f Anat. & Neurobiol., 
Dalhousie Univ., Halifax, N .S ., B3H 4H7 Canada.

To understand the synaptic organization o f cholinergic and non- 
cholinergic neurons in the laterodorsal (LDT) and pedunculopontine 
tegmental nuclei (PPT), immunoelectron microscopy for choline 
acetyltransferase (СҺАТ) was used. СҺАТ +  neurons in LDT and 
PPT were ultrastructurally similar. СҺАТ +  somata were larger in 
size and received more synapses than did unlabeled somata. Most 
presynaptic axons were unlabeled and contained round clear vesicles 
and a few dense-cored vesicles. A few axons presynaptic to 
СҺАТ4- neurons were СҺАТ-Ғ; however, the most o f СҺАТ+ axon 
terminals made synapses with unlabeled dendrites. Some СҺАТ+  
dendrites contained round, clear vesicles. The somata o f СҺАТ+  
neurons were partially covered with astrocytic processes, and some 
СҺАТ+ axons and dendrites were closely apposed to endothelial 
cells of blood capillaries. In conclusion, cholinergic neurons in 
LDT and PPT are distinguished by their larger size and more 
synaptic contacts they receive, compared with non-cholinergic 
neurons interspersed among them. Synapses to their somata are 
more frequent than seen with basal forebrain cholinergic neurons, 
suggesting that the activity o f tegmental cholinergic neurons may be 
under more direct synaptic control than in the case o f basal forebrain 
cholinergic neurons. Supported by the MRC and Scottish Rite 
Charitable Foundation.

122.3
QUANTITATIVE DIFFERENCES IN CHOLINERGIC PROJECTIONS TO 
SUBSTANTIA NIGRA (SN) AND VENTRAL TEGMENTAL AREA (VTA). 
SA Oakman*. PE Kerr. C Cozzali PL Faris, and BK Hartman^ Div. of 
Neuroscience Research in Psychiatry, Univ. of Minnesota, Mpls, MN 
55455; Inst. Biologia Cellulare CNR, Roma (ITALY).

Cholinergic cells of the Laterodorsal (LDTg) and Pedunculopontine 
Tegmental (PPTg) Nuclei which project to either the SN and VTA differ 
in their locations. We sought to determine if quantitative differences 
exist between these two projections, based on the anatomical location 
and morphological characteristics of the cells of origin. Stereotaxic 
injections of Fluorogoid (FG, 10-20 nl) were administered in rats to 
SN and VTA. FG was detected and amplified immunohistochemically, 
and locations of cells double-labelled for both FG and choline 
acetyltransferase immunoreactivity were digitally mapped at multiple 
levels through the midbrain and pons. Frequency distributions of cell 
locations were compared using hierarchical log-linear analysis. The 
ipselateral distribution of double-labelled cells projecting to SN was 
shown to differ significantly in all three dimensions from those 
projecting to VTA. SN-projecting cells were also found to be 
distributed differently from non-projecting cholinergic cells in the 
same animals, but VTA-projecting cells were distributed similarly to 
non-projecting cells. Cross-sectional areas of projecting cells were 
significantly larger than non-projecting cholinergic cells. These 
findings demonstrate the possibility of statistically discriminating 
internal subpopulations in anatomical structures. In the case of the 
LDTg and PPTg, it is suggested that these subpopulations may be 
specific for the functions (limbic vs. sensorimotor) of the 
dopaminergic area innervated. Supported by: NS12311 (BKH),
MH47189 (PLF), NSF Graduate Fellowship (SAO).

122.2
MORPHOMETRIC ANALYSIS CONFIRMS THE EXISTENCE OF THREE 
DISTINCT CHOLINERGIC CELL TYPES IN RAT PONTOMESENCEPHALON. 
P-E- Kerr. C. Cozzai! P.L, Faris. JJ. Howard and B.K. Hartman*. Division of 
Neuroscience Research in Psychiatry, Univ. of Minn. Med. School, Minneapolis, 
MN 55455, and Inst. Biologia Cellulare CNR, Roma, Italy.

The pontomesencephalic cholinergic neurons were localized using choline acetyl
transferase immunohistochemistry. Based on morphology, three cell types were 
identified in coronal and sagittal sections. Cells of both Types I and II stained 
intensely. Type I exhibited multiple thick, well-defined dendrites in both planes. 
Type II was fusiform in the sagittal plane, but because they were oriented along the 
anterior-posterior axis, they showed a relatively circular profile with thin or no 
visible dendrites in the coronal plane. Type III neurons were small, round and lightly 
stained in both planes. However, classification based on morphological criteria alone 
is subjective and may be distorted by plane of section, fixation and staining artifacts.

We developed a statistical approach that can be applied to digitized morphometric 
and cell location data in order to test the validity of this or other morphologically 
defined cell types. Digitized data on anatomical coordinates, cross-sectional area, and 
other morphometric parameters were collected on a representative sample (n=2219) of 
the cholinergic neurons from both coronal and sagittal sections. Our statistical 
approach involved defining morphometric criteria optimized to discriminate between 
idealized examples of the three proposed cell types. These criteria were then applied 
to the entire sample cell population segregating them into groups. The critical test 
was to then examine the spatial distribution of cells thus typed on the anatomical 
axes. The differences in distribution of anatomical locations of each cell type was 
highly significant. Furthermore, the anatomical region containing the highest 
concentration of cells typed by statistical criteria corresponded to those based on 
morphological criteria. It is hypothesized that the structural differences present in 
these cell types will reflect a difference in function. In this regard, preliminary data 
on tracing experiments indicate that the neurons projecting to thalamus are of Type I. 
Supported by NS 12311 (BKH) and MH47189 (PLF).

122.4
BUTYRYLCHOLINESTERASE-POSITIVE NEURONS IN THE 
REGION OF THE EDINGER-WESTPHAL NUCLEUS OF THE 
RAT. S.J. Rauth. S. Parvesti. J.A. Armour* and D.A. Hopkins. 
Departments of Anatomy and Neurobiology and Physiology and 
Biophysics, Dalhousie University, Halifax, Nova Scotia, B3H 4H7.

Butyrylcholinesterase (BuChE, EC 3.1.1.8) is specifically  
distributed in the rat brain and is found in sub-populations of 
cholinergic neurons, including parasympathetic preganglionic neurons. 
Many neurons in the region of the Edinger-Westphal nucleus are 
positive for BuChE. To determine the relationship of the enzyme to 
functional groups in this area, the distribution and connectivity of these 
BuChE+ neurons have been studied. Sections were stained for BuChE 
in the presence of inhibitors for acetylcholinesterase. Fluorogoid was 
also injected in the ciliary ganglion or in the cervical spinal cord.

The distribution of BuChE+ neurons extended throughout the 
region of the Edinger-Westphal nucleus from the anterior median 
nucleus anteriorly to the dorsal raphe nucleus caudally. None of the 
BuChE+ neurons projected to the ciliary ganglion, but approximately 
75-80% of the BuChE+ cells in the region of the Edinger-Westphal 
nucleus projected to the spinal cord. A few BuChE negative cells 
projected to the ciliary ganglion and the cervical spinal cord. The 
results show that BuChE is a unique marker for certain spinally- 
projecting neurons in the region of the Edinger-Westphal nucleus 
corresponding to ventral and medial areas of the periaqueductal grey. 
BuChE+ cells in this region are not preganglionic parasympathetic 
neurons. The functional significance of the enzyme in these neurons 
remains to be determined. Supported by the MRC and the Scottish 
Rite Charitable Foundation of Canada.
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122.5
DISTRIBUTION A N D  C O N N E C T I V I T Y  OF  
BUTYRYLCHOLINESTERASE -POSITIVE NEURONS IN THE RAT 
SPINAL TRIGEMINAL COMPLEX A J. Smereczvnskv. S. Darvesh. 
and D.A. Hopkins*. Department of Anatomy and Neurobiology, 
Dalhousie University, Halifax, N.S. Canada, B3H 4H7.

Butyrylcholinesterase (BuChE, E.C. 3.1.1.8.) has a non-uniform 
distribution in the spinal trigeminal complex (SpV). In order to 
determine the subnuclear organization and connectivity of neurons 
expressing the enzyme, BuChE+ neurons were studied by combining 
histochemical techniques with retrograde tracing after Fluorogold 
injections into target areas of SpV. The results show that BuChE+ 
neurons are selectively distributed in SpV pars interpolaris (SpVi) such 
that the enzyme represents a unique marker for this subnucleus, enabling 
amore precise delineation of the borders between pars oralis (SpVo) and 
pars caudalis (SpVc). BuChE+ neurons are most numerous in the 
ventrolateral subdivision with fewer in the dorsal cap, intermediate and 
border regions of SpVi. In SpVo, BuChE+ cells are found only in its 
ventrolateral subdivision and SpVc contains no positive cells. After 
injections of Fluorogold into the cerebellum, thalamus, superior 
colliculus, SpVc and spinal cord many neurons are retrogradely labeled 
in accord with the known projections of the spinal trigeminal complex. 
Small numbers of BuChE+ cells in SpVi and SpVo project to the 
thalamus, spinal cord or SpVc but the vast majority do not project to 
other areas. No BuChE+ neurons project to the cerebellum or superior 
colliculus. In conclusion, BuChE is a marker for the rat SpVi nucleus 
but only small numbers of the positive neurons project outside the 
subnucleus and most may, therefore, represent intemeurons. Supported 
by MRC and the Scottish Rite Charitable Foundation of Canada.

122.7
AN ULTRASTRUCTURAL STUDY OF THE PROJECTIONS 
FROM THE DORSAL RAPHE NUCLEUS TO THE 
PEDUNCULOPONTINE TEGMENTAL NUCLEUS IN THE RAT. 
TL- Steininger‘W d  B.H. W a in er. Comm, on Neurobiol., 
Univ. Chicago, Chicago, IL 60637; and Dept. Pathology, 
Albert Einstein Med. College, Bronx, NY, 10461.

Cholinergic transmission originating from the mesopontine 
cholinergic cell groups, the pedunculopontine (PPT) and 
laterodorsal (LDT) tegmental nuclei, may be important in the 
generation and/or maintainence of arousal and paradoxical 
sleep. The serotonergic dorsal raphe nucleus (DR) has also 
been implicated in the control of behavioral states, and 
projections from the DR to the region of the PPT and LDT 
have been demonstrated with retrograde and anterograde 
tracing techniques (Steininger et. al., J . Comp. Neurol. 321:515-543,1992; 
Steininger and W ainer, So c . N eurosci. Abstr., 1991). In the present 
study, the combination of anterograde tracing from the DR 
and choline acetyl-transferase (СҺАТ) immunohistochemistry 
was employed, with modifications for electron microscopy, to 
examine DR projections to the PPT at the ultrastructural 
level. Very few synaptic contacts were observed between 
axon terminals labeled from the DR and cholinergic PPT 
neurons. Anterogradely-labeled axon terminals were found 
to contact mainly unlabeled dendrites and, to a lesser 
extent, unlabeled terminals. Somatic appositions were 
rarely seen. These observations suggest that the DR may 
influence PPT neurons indirectly, pehaps through local 
interneurons; however, further experiments are needed to 
determine the identity of neurons in direct receipt of this 
innervation. (Supported by NS 17661 and MH 09919)

122.9
TERMINATION OF PREFRONTAL AXONS IN THE BASAL FOREBRAIN. 
L. Zaborszky*. W.E. Cullinan. R.P.A. Gavkema and J. Kiss. Department of 
Neurology, University of Virginia, Charlottesville, VA, 22908 and Ctr. Mol. 
Behav. Neurosci., Rutgers University, Newark, NJ 07102.

Previous studies (Zaborszky et al., 1991; Gaykema et al., 1991; Hurley et 
al., 1991; Sisack et al., I89) using PHA-L tracing indicated that fibers from the 
prefrontal cortex arborize in the vicinity of a subpopulation of cholinergic 
forebrain projection neurons. The present study aimed to identify the 
transmitter type of basal forebrain neurons receiving input from the 
prefrontal cortex. PHA-L was iontophoretically delivered to various portions 
of the prefrontal cortex. After appropriate survival time, rats were perfused 
and sections from the forebrain were processed using double 
immunolabeling techniques to stain PHA-L, choline acetyltransferase 
(СҺАТ), parvalbumin, GABA, glutamate and metabotropic glutamate 
receptor (mGluR). PHA-L axons originating in the orbitofrontal cortex 
showed massive arborization in the area of the horizontal limb of the 
diagonal band and magnocellular preoptic nucleus. These axons terminated 
primarily on small dendritic profiles and occasionally on smaller dendritic 
shafts. Postembedding GABA staining always showed these dendritic 
profiles to be GABA-negative. The synapses belonged in most cases to the 
asymmetric type; however, in a few cases, symmetric synapses were also 
observed. Although PHA-L labeled varicosities were closely apposed to 
cholinergic dendrites, synaptic contact was not unequivocally determined. 
Using postembedding glutamate staining, prefrontal terminals were identified 
as glutamate-positive, and occasionally the postsynaptic dendritic profile 
also contained glutamate immunoreactivity. Our study suggests that 
prefrontal mechanisms could affect basal forebrain cholinergic function 
through different channels.
Supported by USPHS Grants NS23945 and NS30024.

122.6

CHOLINERGIC PROJECTIONS OF MESOPONTINE TEGMENTAL 
NEURONS TO THE PONTOMEDULLARY BRAIN STEM OF THE RAT. 
M. Yanagihara*#, K. Ito, L. Dauphin, & R. W. McCarley. Lab Neurosci., 
Dept. Psychiatry, Harvard Med. Sch./Brockton VAMC, Brockton MA 02401 
& #Dept. Health & Welfare, Okayama Prefectural University Junior College, 
Soja 700, Japan.

We used combined fluorescent retrograde tracing and immunohisto- 
chemical methodology to study the descending cholinergic projections from 
the laterodorsal tegmental (LDT) and pedunculopontine tegmental (PPT) 
nuclei. These nuclei and their projections are thought to be involved in the 
induction and maintenance of the REM phase of sleep.

After injection of fluorescent latex beads into the pontomedullary 
brainstem, double-labeled cells (ChAT-positive and also retrogradely labeled) 
were examined in the LDT/PPT. In the PPT, 7% of cholinergic neurons 
projected to the ipsilateral side of the pons and medial medulla, and 3-4% of 
them projected contralaterally. However, for the PPT projection to the lateral 
medulla, the contralateral projection was more dense than the ipsilateral one. 
LDT cholinergic neurons projected to the lateral and ventro-medial pons and 
to the medial medulla with a contralateral dominance. The density of the 
PPT projection to the pons was 2-3 times that of the LDT. Moreover, in the 
case of the projection to the medulla, the PPT projection was 8 times that of 
the LDT. Our data indicate that, in the rat, the LDT/PPT projects to both 
sides of the pontomedullary brainstem, but the proportion of caudally 
projecting cholinergic neurons differs. This descending projection may 
provide the anatomical substrate for the cholinergic activation of brainstem 
neurons important in REM sleep and other behaviors.

122.8
GLUTAMATERGIC AFFERENTS FROM THE PEDUNCULOPONTINE 
TEGMENTUM TO THE N. BASALIS MAGNOCELLULARIS.
D.D. Rasmusson*. K. Clow, and I.C Szerb  Dept. Physiol. & 
Biophys., Dalhousie Univ., Halifax, NS, B3H 4H7 Canada 

To identify transmitters involved in the activation of n. 
basalis magnocellularis (NBM) neurons during arousal, the 
pedunculopontine tegmentum (PPT) was stimulated 
electrically in urethane-anesthetized rats while monitoring 
cortical АСҺ release and EEG and exposing the NBM to  
various blockers through microdialysis. In the absence of 
any drug, PPT stimulation produced about a 200% increase 
in both АСҺ release and low-voltage fast activity (LVFA). 
Application of TTX (0.3-3 μΜ) or o f 0 Ca2+ + 20 mM Co2+ to the 
NBM reduced the PPT-stimulation-evoked increase in both 
АСҺ release and LVFA. The glutamate antagonist, 
kynurenate (0.25-10mM), also decreased both, the maximal 
effect of kynurenate being about the same as that of 3 μ M 
TTX. In contrast, scopolamine (0.1-30 μΜ) applied to the NBM 
had no effect on either, while 0.5 m g/kg (s.c.) scopolamine 
prevented the increase in LVFA due to PPT stimulation 
without affecting cortical АСҺ release (collected in the 
presence of topical atropine). This suggests that most o f the 
excitatory input to the NBM from PPT that is responsible for 
increased cortical АСҺ release and LVFA is glutamatergic. In 
contrast, the cholinergic input to the NBM is not important 
in controlling the activity of NBM cholinergic neurons or 
LVFA in the urethane-anesthetized animal. (Supported by  
MRC of Canada).

122.10

DISTRIBUTION OF NEURONS CONTAINING IMMUNOREACTIVITY FOR 
METABOTROPIC-1 a GLUTAMATE RECEPTORS (MGIuR-1a) IN THE RAT 
BASAL FOREBRAIN COMPLEX. J. Kiss† . J.A.Jane* and. L.Zaborszkv‡ . 
tMTA SOTE EKSz Neuroendocrinol. Lab. Semmelweis Univ. Med. School 
Budapest, H-1094 Hungary, ‡Dept. Neurol., University of Virginia, 
Charlottesville, VA 22908 and Ctr. Mol. & Behav. Neurosci., Rutgers 
University, Newark, NJ 07102.

The postsynaptic actions of the neurotransmitter glutamate are mediated 
by at least three major types of glutamate receptors, metabotropic, the 
AMPA/kainate and the NMDA receptors. In the present studies 
immunocytochemical approaches were applied by using antibody produced 
against a metabotropic receptor protein (MGIuR-1a) to study the distribution 
of neurons containing receptor-immunoreactivity (IR) in the basal forebrain. 
The distribution of neurons IR for MGIuR-1a was compared with that of 
choline acetyltransferase (СҺАТ) or with parvalbumin (PV).

MGIuR-1a IR neurons were detected in the whole rostrocaudal extent of 
basal forebrain. The medial septum and the vertical limb of the diagonal 
band showed an accumulation of high density of neurons containing MGIuR- 
1a IR in their perikarya and dendrites. In the horizontal limb of the diagonal 
band a medium density of immunolabeled neurons was detected. The 
immunoreactive cells extend laterally and caudally, occupying a region 
including the postero-medial and postero-lateral parts of the olfactory 
tubercle. In the substantia innominata , the ventral pallidum and parts of the 
external capsule very distinctly labeled cells were present and showed 
various density of the MGIuR-1a immunoreactive neurons.

In double-labeled experiments MGIuR-1a immunoreactivity was found to 
colocalize with СҺАТ or with PV, however, a number of MGIuR-1a IR 
neurons showed no co-localization with either СҺАТ or PV.

Supported by USPHS Grants NS23945, NS30024 and OTKA Grant 2615a
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122.11
3-D MAPPING AND STATISTICAL ANALYSIS OF DISTRIBUTION AND 
DENDRITIC ARBORIZATION OF CHOLINERGIC NEURONES IN THE 
BASAL FOREBRAIN OF THE RAT. J.Somogy‡‡. D.Orosz*‡ L.Zaborszky‡. 
tMTA SOTE EKSz Neurobiol. Lab. Semmelweis Univ. Med. School 
Budapest, H-1094 Hungary, ‡Dept. Neurol., University of Virginia, 
Charlottesville, VA 22908 and Ctr. Mol. & Behav. Neurosci., Rutgers 
University, Newark, NJ 07102.

In order to manage large amount of anatomical data on neuronal structures 
a computer-based graphic information library was devised. As an organising 
framework for further detailed data, the distribution and proximal dendritic 
arborization of basal forebrain cholinergic projection neurons were digitised 
and entered into this library.

The animals were perfused with a mixture of paraformaldehyde and 
glutaraldehyde. The basal forebrain area was dissected and cut into 50pm 
sections. After immunostainig for choline acetyltransferase eight 
representative sections were selected for computer reconstruction. Using a 
EUTECTIC Neuron Tracing System™ (NTS) the immunopositive perikarya 
and dendrites along with outlines of the sections and major anatomical areas 
were traced and digitised. To overcome the limitations of NTS in handling 
large amount of data, the files were converted into .DXF exchange format 
and used in AutoCAD for Windows™ and Microsoft EXCEL for Windows™

Dendritic processes could be followed from their parent perikaryon up to 
400pm . This allowed for the measurement and statistical analysis of the size 
and orientation of cell bodies and the orientation of proximal dendritic 
processes.

Supported by USPHS grants NS23945, NS30024 and by grant IMF 081/93

122.13
EVIDENCE FOR A SEVERE CHOLINERGIC NEURONAL 
DEFICIT IN BRAIN IN CONGENITAL ORNITHINE  
TRANSCARBAMYLSE (OTC) DEFICIENCYL.Ratnakumari1,2, I.A. Qureshi*1 and R.F. Butterworth2

1Dept. of Genetics, Hôpital Sainte-Justine; 2Neuroscience Research 
Unit, Hôpital Saint-Luc, Montreal, Canada, H3T 1C5.

Congenital hyperammonemic syndromes resulting from genetic 
defects o f urea cycle enzymes result in cerebral atrophy and 
devastating neurological symptoms including seizures and mental 
retardation. As part o f a series o f studies to characterize 
pathophysiologic mechanisms in these conditions, activities of the 
acetylcholine-synthesizing enzyme choline acetyltransferase (СҺАТ) 
and the degradati ve enzyme acetylcholinesterase (АСҺЕ) were 
measured in brain regions during development in the "sparse-fur" 
mouse, an animal model with congenital hyperammonemia caused by 
an X-linked defect of OTC. Starting at post-weaning periods, СҺАТ 
activities were reduced in cerebral cortex (control; 7.71 

±
 1.5; OTC 

deficient : 3.41 ± 0.4 pmoles/g/h, p < 0.01). Parallel reductions of 
АСҺЕ were also observed. These findings suggest that OTC 
deficiency results in severe cholinergic neuronal loss. Such loss 
could be caused by the neurotoxic effects o f ammonia on brain 
mitochondrial metabolism (Ratnakumari et al., Biochem. Biophys. 
Res. Commun., 184, 746, 1992) during the developmental period in 
these animals. Similar mechanisms could be implicated in the 
pathogenesis o f neuronal loss in congenital OTC deficiency in 
humans. (Funded by the Medical Research Council o f Canada).

122.12
SUBSTANTIA NIGRA-VENTRAL TEGMENTAL AREA PROJECTIONS TO 
BASAL FOREBRAIN CHOLINERGIC AND PARVALBUMIN-CONTAINING 
NEURONS. R.P.A. Gavkema. H.R. Brashear1. and L. Zaborszkv. University 
of Virginia Health Sciences Center, Charlottesville, VA 22908, and Ctr. Mol. 
& Behav. Neurosci., Rutgers University, Newark, NJ 07102.

There is growing evidence that cholinergic neurons in the basal forebrain 
are modulated by catacholaminergic afferent projections. Choline 
acetyltransferase (ChAT)-tyosine hydroxylase (TH) double-labeling immuno- 
cytochemistry at the EM level has revealed monosynaptic specializations 
between TH-positive terminals on cholinergic dendrites in the medial septal 
area (Milner, J . Comp. Neurol. 314:37, 1991) and the substantia innominata 
(Zaborszky et al., Neurosci., in press). Since TH is not a conclusive marker 
for dopaminergic neurons, it was questioned if the midbrain dopaminergic 
nuclei indeed terminate in the basal forebrain cholinergic cell areas.

Ascending projections from the ventral tegmental area (VTA) and 
substantia nigra (SN) were demonstrated with PHAL tracing. 
Immunofluorescence double-labeling confirmed that a large portion of the 
PHAL-labeled neurons in the VTA-SN region contained the dopamine- 
synthesizing enzyme TH. Subsequently, cholinergic or parvalbumin- 
containing postsynaptic elements were characterized by PHAL-ChAT/PV 
double-labeling immunocytochemistry, using the NiDAB-DAB technique. At 
the light microscopic level, PHAL-labeled fibers were detected in close 
apposition to СҺАТ- and PV-positive neurons throughout medial septum, 
diagonal band, ventral pallidum, substantia innominata, globus pallidus, and 
internal capsule. The projections showed a clear medial-to-lateral topographic 
differentiation, such that more lateral parts of the VTA-SN innervate more 
caudolateral parts of the forebrain. Electron microscopic verification of direct 
contacts with cholinergic and PV-containing neurons is currently being carried 
out. The present results indicate that dopaminergic input to cholinergic 
projection neurons and to non-cholinergic neurons in the basal forebrain 
originates in part from the VTA and the SN. Supported by USPHS grants 
NS23945 and NS30024.

ACETYLCHOLINE RECEPTORS: NEURONAL NICOTINIC I

123.1
PHARMACOLOGICAL CHARACTERISATION OF PRESYNAPTIC 
NICOTINIC AUTORECEPTORS IN THE RAT HIPPOCAMPUS. 
Щ . Wilkie1. MÆ . Stephens1, PJL Hutson2*. P. Whiting2 and S. Wonnacott1. 
Dept of Biochemistry, Bath University, Bath, England and 2Merck, Sharp & 
Dohme Neuroscience Research Centre, Tedings Parie, Harlow, England.

Numerous agonist binding (a) and structural (ß) subunits of the 
nicotinic acetylcholine receptor (nAChR) arc expressed in the CNS, giving rise 
to the possibility of several distinct nAChR subtypes. The subtype composed 
of a4 and 62 subunits has been equated with [3H]nicotine binding sites, and 
constitutes a major nAChR in the brain. The presynaptic modulation of 
neurotransmitter release appears to be an important role of neuronal nAChR, 
though the subunit composition of functional nAChR is largely unknown. Here 
we have compared the pharmacological properties of a nicotinic autoreceptor 
with those of a reconstituted o462 nAChR. Hippocampal synaptosomes, 
enriched on Percoli gradients, were loaded with [3H]choline and superfused 
using the Brandei SF-06 apparatus. Agonist-evoked [3H]ACh release was 
Ca2+-dependent and sensitive to ΙμΜ concentrations of DH6E and 
mecamylamine. Dose response curves for nicotinic agonists were bell-shaped, 
indicative of pronounced desensitization at high agonist concentrations. The 
rank order of agonist potency was (+)-anatoxin-a > (-)-nicotine_> cytisine > 
acetylcholine > iso-arecolone-HGL In comparison, agonist potencies were also 
determined in mouse M10 cells stably expressing the chick oc4B2 subtype, 
using a 86Rb+ influx assay. (Whiting et al., Mol. Pharmacol. 40:463, 1991). 
Dose response curves from this system were similarly bell-shaped and ЕСзд 
values obtained correlated with those from the hippocampal superfusion 
studies. Moreover the rank order of agonist potency was the same. These 
results strengthen the possibility that the o4ß2 subtype corresponds to the 
presynaptic autoreceptor modulating acetylcholine release in the rat 
hippocampus.

123.2
EFFECT OF AF64A TREATMENT ON MODULATION OF 
NOREPINEPHRINE RELEASE FROM HIPPOCAMPAL SLICES 
BY MUSCARINIC AND NICOTINIC RECEPTORS P.E. Potted 
Department o f Anesthesiology. Albert Einstein College o f Medicine. 
Montefiore Medical Center. 111 East 210th St.. Bronx. NY 10467

Lesion o f hippocampal cholinergic neurons with the neurotoxin 
AF64A (ethylcholine mustard aziridinium) decreased the inhibition of 
acetylcholine release by presynaptic M2 receptors from rat hippocampal 
slices (Thome & Potter, Neurosci. Abst. 18, 1143, 1992). In the present 
study, the ability o f muscarinic and nicotinic agonists to modulate release 
o f norepinephrine (NE) has been examined. Hippocampal slices were 
incubated with 3H-NE, and then perfused. Release o f NE into the 
superfusion medium was evoked by electrical field stimulation (2 Hz, 2 
min). Drugs were added between the first and second stimulation 
period, and their effect was expressed by changes in the ratio o f the 
amount o f radioactivity released during the second period over that in 
the first (S^S, ratio). Nicotine caused a dose-dependent increase in NE 
release, with a maximal effect at 5xlO‘5M. This is similar to the effect of 
nicotine on АСҺ release which we observed previously. Oxotremorine 
(5xlO'5M) decreased the S /S , ratio from .785±.054 (n=7) to .540±.089 
(n=6). In contrast, oxotremorine had no effect in hippocampal slices 
from rats that had been treated 6 weeks earlier with AF64A (2 nmoles/ 
ventricle), suggesting that the receptors modulating NE release had 
become less functional. (Supported by NIH grant AGI 1384.)
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123.3
NICOTINIC AGONISTS ADMINISTERED INTO THE FOURTH VENTRICLE 
STIMULATE NOREPINEPHRINE SECRETION IN THE HYPOTHALAMIC 
PARAVENTRICULAR NUCLEUS: AN IN  V IVO  MICRODIALYSIS STUDY. B. 
Sharp. J. McCov. C. Foster and S. Matta *. Endocrine-Neuroscience Research Lab, 
Minneapolis Medical Research Fndn and Dept of Medicine, Hennepin County Medical 
Center and Univ of Minnesota, Minneapolis, MN 55404 

We have recently reported that i.p. nicotine stimulated norepinephrine (norepi) 
secretion from the paraventricular nucleus (PVN) of freely moving rats, as determined 
by in vivo microdialysis, and that microinjection of nicotine into specific brainstem 
catecholaminergic nuclei rapidly elevated plasma ACTH levels. Moreover, using 
selective antagonists we have shown that norepi is involved in nicotine-stimulated 
ACTH secretion. The objectives of the present studies were to (i) determine whether 
the instillation of nicotine into the fourth ventricle releases PVN norepi in a dose- 
dependant manner and (ii) compare the efficacy of nicotinic agonists. Rats were 
equipped with a dialysis probe in the PVN and an injection cannula in the fourth 
ventricle: 18 h later, the same amount of csf, nicotine or cytisine was delivered at +40 
min (after collecting 2 basal 20 min dialysates) and again at +140 min. Samples were 
immediately analyzed by HPLC with electrochemical detection. Nicotine (nic) 
significantly stimulated PVN norepi secretion in a dose-dependent manner [values are 
peak response - basal after the first injection, expressed as mean ± s.e.m. (μg/16 μl): 
csf, 1.5 ± 3.2 = nic 1.0 μg, 6.2 ± 2.1 < nic 2.5 μg, 15.8 ± 4.5 (p<0.02) = nic 5.0 
μg, 16.8 ± 6.8]. Norepi responses to the second injection of nicotine 5.0 μg were 
significantly greater than csf, but significantly less than responses to the first dose of 
nicotine by 50%. Cytisine 5.0 μg (5.4 ± 1.7 μg/16 μl) and 25.0 μg (13.8 ± 1.9) 
significantly stimulated norepi release, although the 5.0 μg dose of cytisine appeared 
to be less effective than nicotine. The second injection of cytisine (5 or 25) failed to 
induce norepi release. Thus, brainstem norepinephrinergic regions appear to respond 
directly to nicotine, leading to norepi secretion in PVN. As previously shown for i.p 
nicotine, rapid desensitization occurs. Cytisine appears to be less potent and to induce 
a greater degree of desensitization. (Supported by DA 03977)

12 3 .5

DESENSITIZATION OF NICOTINE-STIMULATED [3H]DOPAMINE 
RELEASE FROM SUPERFUSED RAT STRIATAL SYNAPTOSOMES. 
P.P. Rowell* and J.A. Hillebrand. Dept. of Pharmacology, Univ. of 
Louisville School of Medicine, Louisville, KY 40292.

Nicotine has been shown to stimulate the release of a number of 
neurotransmitters from brain tissue by acting on presynaptic receptors. In 
the present study, the ability o f nicotine pretreatment o f rat striatal 
synaptosomes to affect the subsequent evoked release of [3H]dopamine was 
investigated with in vitro superfusion. Treatment for 20 min with L-nicotine 
produced a concentration-dependent decrease in the ability of a 2-min 
stimulation with 5 μ Μ  nicotine to evoke tritium release, but not in the 
release evoked by 15 mM K + , 1 μ Μ  amphetamine or 3 μ Μ  veratridine. 
The ID50 for the nicotine-induced desensitization was found to be 12 nM 
with a maximum inhibition of over 90% at 300 nM. Further experiments 
were conducted with 30 nM nicotine pretreatment to investigate the time- 
course of this effect. At the experimental conditions employed (32°С, 0.5 
ml/min superfusate) the onset of nicotine-induced desensitization occurred 
with a t1/2 of 43 sec, whereas the recovery from desensitization was slower 
(t1/2=4.33 min) with maximum recovery of 87% achieved at 20 min. Both 
the onset and recovery appeared to follow a single first-order process. 
Several intermittent schedules of 30 nM nicotine exposure (such as 30 sec 
every 1.5 min) were found to be completely effective at inducing and 
maintaining desensitization. The results demonstrate that nanomolar 
concentrations of nicotine can produce a long-lasting desensitization of a 
subsequent nicotine-induced release o f [3H]dopamine from rat striatal 
synaptosomes. (Supported by NIDA Grant DA07479)

123.7

DIFFERENTIAL FUNCTIONAL ACTIVITY OF BRAIN NICOTINIC 
RECEPTORS OBTAINED FROM TH E LS AND S S  MOUSE  
LINES. Y. Luo. W. Wilson". A.C. Collins. IBG. Univ. Colorado. 
Boulder, CO 80309.

R ecent s tu d ie s  su g g e st  se v e ra l b eh av io ra l and 
physiological actions of ethanol (EtOH) and nicotine (Nie) are 
regulated by common genes. For example, the EtOH-sensitive 
long-sleep (LS) mice are more sensitive to several effects of 
Nie than are the short-sleep (SS) mice. Unlike inbred mouse 
strains that differ in sensitivity to Nic, the LS and SS mice do 
not differ in brain nicotinic receptor binding. Recently, we 
developed an ion (86Rb+) flux assay that measures the activity 
Of the L-[3H]Nic (α-4) binding site. Dose-response curves 
were co n stru cte d  for N ic-in d u ced  86Rb + e fflu x  from  
synaptosomes prepared from LS and SS midbrain. The EC50 
values for Nic-induced release were: 0 .27 μΜ (LS) and 0 .50 
μΜ (SS). The maximal response to Nic also differed, the SS  
response to maximally-effective concentrations was 80%  that 
of the LS. These neurochemical differences resemble the 
behavioral differences to Nic that have been reported for the 
LS-SS mice. The potential effects of EtOH on Nic-induced ion 
flux were also measured. Little or no inhibition of activity was 
seen at concentrations that have a marked influence on 
behavior. Thus, the LS and SS  mice may differ in sensitivity 
to Nie because of differential function of brain nicotinic  
receptors, but differential inhibition by EtOH of receptor 
function probably is not a cause of the differential sensitivity 
to EtOH of these mouse lines. Supported by AA-06391 and 
DA-00116.

123.4
INDUCTION OF c-FOS mRNA IN RAT BRAIN BY NICOTINE: 
REGIONALLY SELECTIVE INHIBITION BY PROPRANOLOL. S. 
Matta. K. McAllen. F. Wilson* and B. Sharp. Endocrine-Neuroscience 
Research Lab, Minneapolis Medical Research Fndn and Dept of Medicine, 
Hennepin County Medical Center and Univ of Minnesota, Minneapolis, MN 
55404 and RW Johnson Medical School-UMDNJ, Piscataway, NJ 08854 

We have previously reported that nicotine (nie) stimulates the expression 
in rat brain of both c-fos mRNA and cFos nucleoprotein in a dose-dependent 
manner. Brainstem catecholaminergic regions and hypothalamic regions 
involved in neuroendocrine regulation (paraventricular nucleus, PVN, and 
supraoptic nucleus) respond to lower doses o f nie than the hippocampal 
complex. Since norepinephrine secretion is induced in the rostral regions by 
nic , the role o f catecholamines in mediating c-fos mRNA responses was 
studied using mRNA obtained from brain punches and in situ hybridization 
histochemistry. Northern gel analyses showed that nic 0.05 mg/kg i.v. (free 
base) significantly increased c-fos mRNA in PVN and nic 0.075 and 0.10 
further enhanced expression. Other regions such as hippocampus (H), 
dentate gyrus (DG), cingulate gyrus (CG) were significantly stimulated by 
nic 0.075-0.10. Pretreatment with propranolol inhibited >90% of the 
response to nic in H, DG and CG; PVN was unaffected. Similarly, in situ 
hybridization showed that nic 0.0375 enhanced c-fos expression in a 
majority of PVN and propranol was ineffective, whereas in H, DG and CG 
propranolol abolished the responses to nic 0.075. Spiperone could not 
substitute for propranolol. Thus, the induction of c-fos expression by 
nicotine in H, DG and CG, but not PVN, appears to be mediated by the 
local secretion of catecholamines acting through β adrenergic receptors. 
(Supported by DA 03977)

123.6
STRAIN DIFFERENCES IN DOPAMINE RELEASE. ŞJ^ Gradv*. S.F, 
Robinson. E.U. Grun, A.C. Collins. IBG. Univ. of Co., Boulder, CO 
80309.

Numerous strains of mice differ in locomotor response to 
nicotine (NIC) and can be grouped according to sensitivity to NIC 
(Marks et al., Pharmacol. Biochem, Behav. 33:667-678, 1989). 
The nigrostriatal dopaminergic tract has been implicated as 
important in activity  m easures. NIC stim ulates release of 
dopamine (DA) from striatal synaptosomes of mice (Grady et al., 
J. Neurochem. 59:848-856, 1992). Therefore, a study of NIC- 
evoked DA release in various mouse strains might allow correlation 
of biochemical and physiological effects of NIC. The release of DA 
from striatal synaptosomes of C57BL/6J/lbg, A/J/lbg, and 
C3H/2lbg strains of mice w as compared. A statistica lly  
significant difference was found for DA release stimulated by 10 
μΜ NIC for the A vs C3H strains, for the K +-stimulated DA release 
for A vs C3H and for C57 vs C3H, and for the ratio of NIC : K+- 
induced release for the A vs C3H strains. These differences are in 
agreement with the grouping of the A and C57 strains as NIC- 
sensitive for activity measures and the C3H strain as moderately 
NIC-resistant. Measurements with additional strains are necessary 
before the relationship between NIC-sensitivity for Y maze 
measures and stimulation of DA release can be analyzed fully.

123.8
Desensitization of Nicotine-Induced 86Rb+ Efflux. ML L  Marks* 
and Æ Collins. Institute for Behavioral Genetics, University of 
Colorado, Boulder, CO 80309.

Nicotinic receptor function can be measured biochemically 
in brain by monitoring the stimulation of 86Rb+ (Rb) efflux from 
synaptosomes. In this study Rb efflux was used to evaluate the 
properties of nicotinic receptor desensitization in mouse brain. 
Synaptoso m es prepared from midbrain (thalam us and 
mesencephalon) of C57BL/6 mice that had been loaded with Rb 
were perfused continuously with buffer. Tissue was stimulated by 
exposure to nicotine. The magnitude of efflux measured after 
exposure to stimulating concentrations of nicotine (0.1 to 100μΜ) 
decreased with time. The rate of desensitization increased as the 
concentration of nicotine was increased. In addition, the efflux 
observed with stimulation by 10 μΜ nicotine decreased in a time- 
and concentration-dependent fashion in tissue exposed to nM 
concentrations of nicotine. The decreased responsiveness was 
partially reversible when nicotine was removed. Failure to attain 
full responsiveness was not completely explainable by depletion of 
a releasable pool of Rb. The kinetics of functional desensitization 
w as compared to the k inetics of high affin ity  binding of 
[3H]nicotine. Binding occured as a two phase process with both a 
fast and slow component. The properties of the slow phase 
binding were similar to those measured for desensitization by nM 
nicotine. Dissociation of bound ligand occurred as a monophasic 
process and the dissociation constant was comparable to the rate 
constant for recovery from desensitization. The results indicate 
that functional desensitization of brain nicotinic receptors occurs 
and that this desensitization has many kinetic similarities to high 
affitity [3H]nicotine binding.
Supported by DA-03194 and DA-00116.
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STRAIN UNITS OF DA RELEASE RATIO
NIC-Evoked K+-Evoked NIC/K +

A 245 ± 20 958 ±33 0.26
C57 209 ±24 891 ±44 0.23
C3H 159 ±19 763 ±35 0.21
Units are % baseline release. N= 12 .

Supported by DA-03194 and DA-00116.
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123.9
IN VIVO DESENSITIZATION OF CENTRAL NICOTINIC 
RECEPTORS : MODULATION BY CALCIUM ANTAGONISTS. 
M.I. Damaj * and B.R. Martin. Department o f Pharmacology and 
Toxicology, Medical College of Virginia-Virginia Commonwealth 
University, Richmond, VA 23298.

Desensitization has been demonstrated for nicotinic receptors in 
various preparations. The purpose of this study was to determine 
whether calcium or calcium channels were involved in nicotine- 
induced behavioral desensitization in mice. Male ICR mice were 
pretreated with 4 mg/kg of nicotine 1 or 2.5 hrs prior to behavioral 
testing after a challenge dose of nicotine. This pretreatment regimen 
shifted the dose-response curve for nicotine-induced antinociception 
(tail flick response) from 1.1 to 3.5 mg/kg and for motor impairment 
(rotarod test) from 1.1 to 2.5 mg/kg. Mice became tolerant to 
nicotine-induced hypothermia (3.5 degrees drop instead of 6 at 3 
mg/kg) after this regime as well. Then, mice received nimodipine (5, 
10 and 20 mg/kg, i.p.) 30 min before treatment with the first dose of 
nicotine. Nimodipine, a calcium antagonist, significantly attenuated 
the tolerance to nicotine-induced antinociception and hypothermia. 
These findings confirm that desensitization of central nicotinic 
receptors occurs in vivo and implicate a role for calcium voltage 
channels in this desensitization This research was supported by 
NIDA grant #DA-05274.

123.11
A N A L Y S IS  O F  N IC O T I N I C  R E C E P T O R  S U B T Y P E S  IN  
IM M O R T A L I Z E D  H IP P O C A M P A L  A N D  S E P T A L  F U S IO N  C E L L  
L IN E S .  L.M.Moteggia1*. J.P.Sullivan1. C.A.Briggs1, С .A .B r ig g s1 .M .L .H u g h es1 , S .P ..Arneric1. M. Downen2, B.H. Wainer2 and T. Giordano1, 1Neuroscience Research,

Abbott Labs, Abbott Park, IL 60064 and 2DepL of Pathology, Albert Einstein 
University, New York, NY 10461

Loss of cholinergic neurons from the hippocampus and septal regions are a primary 
feature of Alzheimer's disease. The observations that cigarette smokers have 
increased numbers of nicotinic acetylcholine receptors (nAChR) and exhibit a 
decreased risk of AD has led to the suggestion that the loss of nAChRs is 
fundamental to the progression of the disease. To study the regulation of nAChRs, 
two cell lines derived from the fusion of mouse septal (SNS63S) and hippocampal 
(HN33) cells to the N18TG2 neuroblastoma line (Lee e t  al., J. Neurosci.,
10;1779,1990) were analyzed for expression of nAChR mRNA subtypes by rtPCR. 
In rat brain we confirmed that cc3, a4, a5, a 7 ,82,83, and 84 subtypes are detected 
at moderate to high abundance levels. In both the SN and HN cell lines, low to 
moderate levels of o3 were detected; a 5 ,83 and 84 were detected at low levels; 
levels of 82 expression were low to undectable; and <x7 RNA was not detected. 
Interestingly, the cc4 transcript was consistently observed, albeit at low levels, in 
populations of HN cells but was rarely detected in populations of the SN cell line. 
Levels of [Зң] Cytisine binding sites were 14±5 fmol/mg protein (HN) and 8±3.5 
fmol/mg (SN) in differentiated cells and 16±4 fmol/mg (HN) and 9±5 fmol/mg 
(SN) in undifferentiated cells. Electrophysiologically, <25% of cells showed very 
small nicotinic responses (Briggs et al., Soc. Neurosci. Abstr., 1993). Thus, it 
appears that both cell lines express very little nAChR mRNA and therefore exhibit 
weak or no functional responses in either the undifferentiated state or following 
differentiation with retinoic acid.

123.13
THYMOCYTES EXPRESS TRANSCRIPTS ENCODING FOR MULTIPLE 
SUBUNITS OF NICOTINIC NEURONAL ACETYLCHOLINE RECEPTORS. 
M.Mihovilovic1*. S.Denning2f S.Berrih-Aknin3^and 
A.D.Roses1'4. xDept. of Medicine,Div.of Neurology and 
2Cardiology, 4Dept. of Neurobiology, Duke Univ. Med. Ctr., 
Durham, NC. 3Dept.de Recherche Medicale, Норіtal Marie 
Lannelongue, Paris, France.
Normal thymus, hypertrophic thymus and thymomas express 

transcripts encoding for the a-3, a-5 and 0-4 subunits of 
nicotinic neuronal acetylcholine receptors (AcChRs). This 
pattern of transcription suggests that neuronal AcChRs 
similar to those expressed in ganglia are expressed in 
thymus and that these receptors may be important in 
transducing signals delivered to the thymus through the 
autonomic nervous system. Transcription was observed in 
both thymocytes and cultured thymic epithelial cells. 
Thymocytes expressed transcripts at levels comparable to 
those of the thymic tissue as a whole, while epithelial 
cells expressed lower levels of the transcripts. Isolation 
of thymocytes subsets characterized as CD4+, CD8+ and CD4+ 
CD8+ showed that higher levels of a-3 transcripts were 
expressed in the CD4+ and CD4+ CD8+ subsets and that only 
traces of the transcripts were detected in the CD8+ 
population. These findings and the observation that 
peripheral lymphocytes do not express neuronal AcChR 
transcripts indicate that during the process of thymocyte 
maturation there is transcriptional regulation of neuronal 
AcChR subunit genes.

123.10
EXPRESSION OF A RECOMBINANT NEURONAL NICOTINIC 
ACETYLCHOLINE RECEPTOR IN TRANSFECTED HEK-293 CELLS.
E.T. Wonq*1, S. Mennerick3. D.B. Clifford1. C.F. Zorumski2 and K.E. 
Isenberq2. Depts. of Neurology1 and Psychiatry2, Program in 
Neuroscience3, Washington Univ Sch of Med, St. Louis, MO 63110.

The neuronal nicotinic acetylcholine receptor (nAChR) is 
composed of two homologous subunits designated a  (acetylcholine 
binding) and ß subunits. Subtypes of these subunits have been 
cloned and expressed in Xenopus oocytes. We sought to better 
understand the pharmacological characteristics of the nAChR by 
expressing the σ3/β4 subunit combination in transfected HEK-293 
cells. The cDNAs of σ3 and ß4 subunits (generously provided by 
the Salk Institute) were subcloned into two eukaryotic expression 
vectors, pRC/CMV and pCEP4 respectively. The resulting vectors 
were co-precipitated with calcium phosphate onto HEK-293 cells. 
Whole-cell voltage-clamp currents were recorded from cells 24 hrs 
after transfection, in the presence of agonist. Analysis of the АСҺ 
dose response curve of co-transfected cells in the presence of 
atropine (1μΜ to block an intrinsic muscarinic response) showed 
an EC50 of 202 ± 32 μΜ, and a Hill coefficient of 1.9 ± 0.4.
Cells transfected with only σ3 or ß4 gave no response. The nAChR
l-V curve has a reversal potential near 0 mV and exhibits strong 
inward rectification. The АСҺ response was reversible and blocked 
by d-tubocurarine. Desensitization was observed at high АСҺ 
concentration ( > 500 μΜ) during prolonged applications ( > 500 
msec). Currents were also recorded from co-transfected cells in 
the presence of nicotine, DMPP and cytisine.

123.12
ELECTROPHYSIOLOGIC EVALUATION OF NICOTINIC 
RESPONSIVENESS IN IMMORTALIZED HIPPOCAMPAL 
AND SEPTAL FUSION CELL LINES. C.A. Briggs1*. M.L. Hughes1.
L.M. Monteeeia1. S.P. Amene1. M. Downen2. B.H. Wainer2 and T. Giordano1, 
‘Neuroscience Research, Abbott Laboratories, Abbott Park, IL 60064 and 2Dept. 
Pathology, Albert Einstein University, New York, NY 10461.

The HN33 and SN5635 cell lines, derived from N18GT2 neuroblastoma fusion 
with mouse hippocampal and septal cells respectively, have been found to express 
low levels of mRNA for the nicotinic subunits аЗ, а5, 03 and 04 and low levels 
of [3H]cytisine binding (L.M. Monteggia e t  a l . (1993) S oc . N e u ro sc ie n c e  A b s t.) .  
We evaluated the nicotinic responsiveness of these cells electrophysiologically using 
whole-cell patch-clamp. Agonists were applied rapidly for 5 seconds at known 
concentrations using the U-tube flow-reversal technique (Fenwick e t  a l . (1982) J. 
P h y s io l. 331: 577).

Small nicotinic-like responses to 1 mM carbachol (peak amplitude ^  -25 pA at - 
60 mV) were observed in 2 out of 9 undifferentiated HN33 cells and in 3 out of 12 
undifferentiated SN5635 cells. These responses had a rapid onset, desensitized 
quickly during the 5-second application of carbachol, and were blocked after 
addition of the nicotinic antagonist mecamylamine (100 μ Μ ). Treatment of HN33 
and SN5635 with retinoic acid (10 μ Μ  for 5 days) to induce differentiation did not 
appear to increase the nicotinic responsiveness in either HN33 (n=6) or SN5635 
(n=6) cells. However, PC12 cells differentiated with nerve growth factor 
(50 ng/ml, 5 days) exhibited nicotinic responses an order of magnitude larger than 
in HN33 and SN5635 cells.

Thus, a small population ( ~25 %) of HN33 and SN5635 cells demonstrated weak 
nicotinic responses. This is consistent with functional expression of nicotinic 
receptor mRNA, but to a lesser degree than anticipated from the mRNA analysis.

123.14
CHARACTERIZATION OF NICOTINIC BINDING SITES IN LUNG 
CARCINOMA CELL LINES. M.I. Davila-Garcia*. R.A. Houghtling. S.S. Oasba 
and K.J. Kellar. Department of Pharmacology. Georgetown Univ. School of 
Medicine. Washington, D.C. 20007.

The relatively low density of neuronal nicotinic receptors in brain has hampered 
the study of mechanisms that regulate these receptors. Thus, we have been 
searching for a cell line with high affinity binding for radiolabeled nicotinic 
ligands. Recently, several lung carcinoma cell lines have been reported to bind 
[3H]nicotine but not a-bungarotoxin (Maneckjee and Minna, 1990). We have 
begun the characterization of these binding sites by using pHJnicotine and 
[3H]cytisine receptor binding assays. This latter ligand has been shown to be a 
high affinity ligand for nicotinic receptors in mammalian brain (Pabrėža et al., 
1991; Flores et al., 1992; Hall et al., 1993).

Binding studies were performed with homogenized cells equivalent to 150-300 
/ig protein added to test tubes containing buffer and 2nM pHJnicotine (NEN, S. A. 
64Ci/mmol) or 2-4nM pHJcytisine (NEN, S. A. 30.5 Сі/mmol) in a final volume 
of 250μ1. Nonspecific binding was determined in the presence of nicotine, 
cytisine or carbachol.

Our preliminary data suggest that these lung carcinoma cell lines may have 
multiple nicotinic binding sites and that at least in two of the small-cell lung 
carcinoma lines, NCIH146 and NCIN417, [3H]nicotine binds more sites than 
[3H]cytisine. Furthermore, pHJnicotine was dispaced by nicotine but only 
partially by cytisine or carbachol. Additional studies using specific antibodies to 
the various nicotinic subunits should help us determine Hie nature of these binding 
sites.

This work was supported by NIDA grant DA05417 and NIH grants DA06486, 
and AG09884.
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123.15
DISTRIBUTION OF ACETYLCHOLINE RECEPTORS IN THE 
CENTRAL NERVOUS SYSTEM OF EMBRYONIC AND ADULT 
LOCUSTS. B.Leitch. B.L.Watkins and M.Burrows* . 
Dept. of Zoology, Univ. of Cambridge, England.

A polyclonal antibody raised against locust 
nicotinic acetylcholine receptor (nACHR) was 
used to analyse the distribution of antigenic 
sites within the central nervous system of 
embryonic and adult Schistocerca gregaria.
Axonal outgrowths from the earliest 
differentiated neurons are first labelled at 
30-35% development. In embryos of less than 50- 
55% development, the neuropile is intensely and 
uniformly stained. After 55%, however, 
unlabelled areas appear that represent the 
sites of future tracts and commissures. By 75% 
an adult pattern of staining is established in 
which the synaptic regions appear stained but 
the tracts or commissures do not. Analysis of 
the adult pattern of staining in the electron- 
microscope reveals that the receptor is present 
on specific synaptic and extrajunctional 
membranes in the neuropile and on the membranes 
of three types of glial cells. Antigenic 
granules are also evident within the cytoplasm 
of some neuronal somata adjacent to Golgi 
complexes suggesting that these neurones 
synthesise nicotinic ACHRs. Funded by SERC UK.

EXCITATORY AMINO ACIDS: PHARMACOLOY I

124.1
INHIBITION OF SODIUM-DEPENDENT HIGH-AFFINITY GLUTAMATE 
UPTAKE DOES NOT ALTER AMPA-RECEPTOR MEDIATED MINI EPSCs IN 
CULTURED HIPPOCAMPAL NEURONS. R. Maki*L M.B. Robinson* and NL 
A. Dichter.1,2 ,3 lDavid Mahoney Institute o f Neurological Sciences, 2Depts. of 
3Neurology and Pharmacology, U of PA School of Medicine and Graduate Hospital, 
^Children's Seashore House, Depts. of Pediatrics and Pharmacology, U o f PA, 
Phil., PA 19104.

Whole-cell patch clamp recordings were performed to elucidate the effects of 
inhibition of glutamate transport by the selective and potent uptake inhibitor L- 
fra/w-pyrrolidine-2,4-dicarboxylate (PDC) on excitatory synaptic transmission in 
cultured hippocampal (HC) neurons. Application of three other inhibitors of gluta
mate uptake (dihydrokainate, DL-ß-threo-hydroxyaspartate and L-aspartate-ß-hydrox- 
amate) induced significant inward currents mediated by ionotropic EAA receptors, 
whereas PDC at concentrations up to 1 mM did not produce any significant inward 
current. Spontaneous miniature excitatory postsynaptic currents (mEPSCs) were 
recorded to determine whether PDC produced any alterations o f presynaptic release 
characteristics and/or postsynaptic responses. AMPA-receptor mediated mEPSCs 
were analyzed. Uptake inhibition by 250 μΜ PDC (ca. IC90) did not affect the 
amplitude distributions of the mEPSCs, (mean control -30.7±3.9 pA; РЕЮ -29.9 ±
4.3 pA). Moreover, there was no change in the time course of these mEPSC com
ponents. The rise times for control were 1.33±0.09 msec, and for РЕЮ 1.29±0.13 
msec; the decay time to 1/2 peak amplitude were for control 2.08±0.62 msec, and 
for PDC 2.04±0.59 msec. No consistent change in the frequency of mEPSCs in 
the presence of PDC was seen. Thus, inhibition of high-affinity glutamate trans
port which slows the clearance of ambient glutamate (Robinson et al., in press) 
resulted in neither postsynaptic receptor desensitization nor an increase in the size or 
duration of postsynaptic responses mediated by AMPA receptors. Supported by 
GM-34781.

124.3
INTERACTIONS AMONG A LLO S TER IC  M ODULATORS O F  RECOM BINANT 
AMPA AND KAINATE R EC EP T O R S . A. Chaudhary and T. A. Verdoorn*. Dept. 
of Pharmacology, Vanderbilt Univ. Sch. of Med., Nashville, TN 37232-6600.

We have examined the pharmacology of allosteric modulatory sites on 
recombinant AMPA and kainate receptors. Rapid application of agonists to 
kidney fibroblasts expressing GluR-B plus GluR-D (GluR-B/D) receptors 
showed that 10 μΜ  cydothiazide completely blocked desensitization of 
currents evoked by 300 μΜ  L-glutamate. Cyclothiazide increased the 
L-glutamate peak current by an average of 4.24 ± 0.83-fold (n = 8 ). Currents 
evoked by 300 μΜ  kainate were also potentiated by an average of 2.48 ±
0.51-fold (n = 4). Aniracetam (2  mM) only slowed desensitization from a time 
constant of 10.7 ± 0.8 m s (n = 8 ) to 34.1 ± 2.3 m s (n = 5), but still 
potentiated the peak current by an average of 2.45 ± 0.58-fold. In three cells, 
the effect of aniracetam and cyclothiazide were not additive, suggesting that 
these two com pounds interact at the sam e site. Cyclothiazide did not alter 
currents mediated by GluR -6  receptors (n = 4). In Xenopus oocytes 
expressing GluR-B/D receptors, 3 μΜ  cyclothiazide potentiated currents 
induced by 5 μΜ  AMPA by an average of 3.48 ± 9.6-fold (n = 6 ). To  
determine if cyclothiazide and the antagonist, GYKI 52466, bind to the sam e  
site on the receptor, we measured the interaction between these two 
compounds. GYKI 52466 inhibited AMPA currents with an average ІС50 of 44.6 
(conf. interval = 39.8-50.1) μΜ  (n = 6 ). The IC50 for currents induced by 300 
μΜ kainate w as 53.1 (41.7-66.1) μΜ  (n = 6 ). In the presence of 3 μΜ  
cydothiazide, the IC50 of GYKI 52466 for blocking AMPA-induced currents w as
34.7 (28.8-41.7) μΜ  (n = 6 ), not significantly different from that of control. 
Therefore, it appears that GYKI 52466 and cydothiazide do not competitively 
interact at the sam e site on recombinant AMPA receptors.

124.2

DIETH YLENETRIA M IN E (DET) M OD ULATES NON-PO LYAM INE  
REGULATORY SITES OF TH E NM D A RECEPTOR IN  CULTURED  
HIPPOCAM PAL N E U R O N S.
J . J. L aw ren ce1 and M. A. D ichter* 1·2 1Dept. o f N eurology, U n iver
s ity  o f P en n sy lv a n ia  School o f  M edicine and  2 G rad u ate  H o sp ita l, 
Philadelphia, PA 19104.

In w h o le -ce ll v o lta g e  clam p  reco rd in g s o f cu ltu red  rat  
h ip p o ca m p a l n eu ro n s , th e  e ffe c ts  o f  D E T, a p o ly a m in e  (PA) 
an tagonist, were exam ined on 100 μΜ N M D A-induced currents in the  
p resen ce and ab sen ce o f a n ta g o n ists  a t  var iou s non-PA  regu la tin g  
s ite s . DET alon e co n s is ten tly  in creased  th e  N M D A  cu rren t in a 
co n cen tration -d ep en d en t m anner, w ith  a 15% in crea se  a t 100 μΜ, 
su ggestin g  th at it  acts a s  a w eak partial agonist. There did not appear 
to be any interaction b etw een  APV and DET (10 μΜ and 30 μΜ APV). 
A s expected, 100 μΜ DET partia lly  reversed NM D A current inhibition  
by th e  PA “in verse  a g o n ist” D A 10 (10  μΜ  and 30  μΜ DA10). In 
ad d itio n , 100 μΜ D E T rev ersed  th e  in h ib itio n  by g ly c in e  s ite  
a n ta g o n ist 7-ch lorokynurenic acid (10μΜ  7-Chl). U n exp ected ly , DET  
reversed  М К -801-induced curren t blockade (30 μΜ M K-801). T h ese  
physiological in teractions in  in tact neurons support th e hypothesis that 
th e  b inding o f DET m ay a llosterica lly  m odulate th e  NM D A receptor- 
channel com plex and affect the actions o f com pounds active a t non-PA  
regulatory  s ite s , in c lu d in g  channel blockers.

124.4

INTERACTIO N BETW EEN 2,3-B EN Z O D IA ZE PIN ES AND  
CYCLOTHIAZIDE ON TH E AM PA SU BTY PE OF GLUTAMATE  
RECEPTOR. D^ Lodge*. A, Bond. D. Birds and A.J. Palm er. Lilly 
Research Centre, Erl Wood M anor, W indlesham , Surrey G U 20 6PH, 
and th e  Royal V eterinary College, London NW 1 OTU, U.K.

U sin g  iontophoretic adm inistration to spinal neurones in rats 
an aesth etised  w ith  pentobarbitone, 2 ,3-benzodiazepines (eg. GYKI 
52466) selectively  reduced resp onses to AM PA and to kainate w ith little  
effect on those to NM DA. The 2 ,3-benzodiazepines (2.5-10m g/kg) were 
also effective follow ing in travenous and oral dosing. On th e other 
hand , cyclothiazide, which reduces d esen sitisa tio n  a t AM PA  
receptors, enhanced resp onses to AM PA and k ain ate b u t not those to 
NM D A follow ing local or system ic ( lm g /k g  i.v.; 25 m g/kg p.o.) 
a d m in is tra t io n .

Follow ing bath application to slices o f rat neocortex, 2,3  
-benzodiazep ines and cyclothiazide sh ifted  AM PA depolarisation  
curves to th e right and left resp ectively  in a non-parallel m anner, 
w h ereas the com petitive an tagonist, NBQX, produced a  parallel shift. 
W hen NBQX 316nM  (Dose Ratio 3.3) and GYKI 52466 lOuM (DR 2.8) 
were combined, the resu ltin g  DR o f 16 im plicates separate s ites  of 
a ctio n .

In both preparations, cyclothiazide reversed antagonism  of AM PA by  
2,3-benzodiazepines rather than th at by NBQX, suggesting  th at the two 
form er drugs act a t a common site.
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124.5
PHARMACOLOGICAL DISTINCTIONS BETWEEN RECOMBINANT 
AMPA AND KAINATE RECEPTORS 
E.Q.Nielsen*1, T .H . Jo h a n s e n 1 , J .D re je r1 , and V e r dorn2 
1 NeuroSearch A/S, Smedeland 26B, 2600 Glostrup, Denmark; 
Vanderbilt University School of Medicine, Nashville, TN 37212-6600 

The pharmacological classification of neuronal glutamate 
receptors has been complicated by the multitude of receptor 
subunits identified by molecular cloning techniques. Use of 
antagonists that are selective for particular receptor subtypes will 
be extremely useful in determining the functional role of those 
subtypes in the brain. We have studied the effect of CNQX and 
NS102 on receptors expressed in fibroblasts from either GluR-6 
subunits or a combination of GluR-B and GluR-D (GluR-B/D 
receptors). NS102 selectively blocks low-affinitypH]kainate binding 
sites in brain (Қ of 0.6 μΜ) and receptors made from GluR-6 
subunits (K, of 1.9 μΜ). NS102 has lower affinity for the brain 
PH]AMPA binding site with a Қ  of 7.2 μΜ. NS102 (3 μΜ) 
preferentially blocks currents mediated by GluR-6 but not those 
mediated by GluR-B/D. CNQX showes the opposite spectrum of 
activity at recombinant receptors. The pharmacological properties 
of GluR-6 (including the effect of NS102) are quite similar to those 
of the rat brain low-affinity pHJkainate binding sites. This suggests 
that GluR-6 subunits are constituents of the native low-affinity 
kainate receptor. Moreover, the selectivity of NS102 shows that it 
may be a useful probe for identifying functional receptors in the 
brain that are comprised of GluR-6 subunits.

124.7

ANIRACETAM AND STRUCTURAL ANALOGUES OF CYCLOTHIAZIDE 
IMPROVE WATER MAZE PERFORMANCE IN RATS. I. Zivkovic. M. 
Bertolino. M. Baraldi". D.L. Chenev*. A. Guidotti, and E. Costa. Fidia- 
Georgetown Institute for the Neurosciences, Georgetown Univ Med Sch, 
Washington, DC 20007 and School o f  Pharmacy", University o f  Modena, Italy.

A number o f compounds active at glutamate receptors (antagonists or agonists) 
have been demonstrated to influence rat performance in behavioral models o f  
learning and memory. Recently, it has been suggested that aniracetam and 
cyclothiazide act as positive allosteric modulators o f  glutamate receptor function by 
attenuating AMPA/Kainate-receptor desensitization. In the present study we have 
examined whether oral or intracerebroventricular (icv) administration o f aniracetam 
or a cyclothiazide derivative IDRA 21 (7Cl-3methyl 3,4-dihydro-2H-l,2,4- 
benzothiadiazine), which like aniracetam prefers AMPA over kainate receptors, 
improves the performance o f trained rats in a delayed response task in a water maze 
test. Rats were first trained to reach a platform, in 10 to 30 sec, located at the finish 
of a water maze apparatus in which no doorways were open (Maze A 
configuration). In the drug testing session, rats were tested once in the Maze A 
configuration. This trial was repeated after the administration o f drug or vehicle. 
After 60 min o f intertrial rest, rats were tested on a Maze В configuration in which 
removal o f  doors allowed for increased difficulty o f  the behavioral task. Aniracetam 
treatment (0.9 to 1.8mmole/kg/os or 1.8μιηο1β, icv) significantly reduces the 
number o f errors and the time interval in accomplishing the task in the Maze В 
configuration trial, compared to the vehicle treatment. IDRA 21 given in doses up 
to 0.44mmole/kg/os or in a dose o f 0.2/unole icv, was shown to be more potent and 
at least as efficacious as aniracetam in improving performance o f trained rats in the 
water maze test. The results demonstrated that administration of drugs, that 
preferentially prevent AMPA-receptor desensitization, possess a cognitive enhancing 
effect in water maze performance in rats.

124.9
BLOCK OF AMPA/KAINATE CURRENTS BY GYKI 52466 ANALOGS WITH 
INCREASED POTENCY. S.D. Donevan* and M.A. Roaawski. Epilepsy Research 
Branch, NINDS, NIH, Bethesda, MD 20892.

The 2,3-benzodiazepine GYKI 52466 is a non-competitive antagonist of non- 
NMDA glutamate receptors with anticonvulsant and neuroprotective properties. 
In rodent seizure models, GYKI 53655, the 3-methyl-carbamoyl analog of 
GYKI 52466, had 4.4-fold increased potency compared to its parent (Tarnawa et 
al., Biorg. Med. Chem. Lett. 3:99-104,1993). In the present study, we examined 
the effects of this analog and also GYKI 53405, the 3-methoxylated congener, on 
AMPA- and kainate-evoked currents in whole-cell and patch recordings from 
cultured rat hippocampal neurons. Like GYKI 52466, the analogs blocked AMPA- 
and kainate-evoked currents in a non-competitive manner. GYKI 53655 was the 
most potent analog in blocking AMPA-evoked currents (IC50, 1.2 μΜ) compared 
with GYKI 53405 (IC50, 3.8 μΜ) or GYKI 52466 (ІСБ0, 7.5 μΜ). In kinetic 
experiments, the binding rates for GYKI 53655 and GYKI 53405 were 2.46 x 10B 
and 2.45 x 105 M 'V1 and unbinding rates were 0.58 and 1.79 s'1, respectively. 
The inhibitory effects of GYKI 53655 could be overcome by cyclothiazide (CYZ), 
an agent which reduces desensitization of AMPA currents. However, aniracetam 
(5 mM), which also reduces desensitization, had no effect on GYKI 53655 block 
of AMPA currents. Furthermore, unlike CYZ which enhanced the recovery from 
desensitization of the peak AMPA current in outside-out patches, the rate of 
recovery was the same in the presence and absence of GYKI 52466 (r=89 ms). 
Thus, the reduction of block by CYZ may be unrelated to its effect on 
desensitization. These studies demonstrate that certain structural modifications 
of GYKI 52466 at position 3 can enhance blocking potency on AMPA/kainate 
currents. The parallel increase in potency of GYKI 53655 in blocking 
AMPA/kainate receptor currents and in seizure protection provides further 
evidence that the anticonvulsant activity of GYKI 52466 and its analogs is due to 
antagonism of AMPA/kainate receptors.

124.6
BENZOTHIADIÅZINE POTENTIATION OF GluRl HOMO-OLIGOMERIC, 
GluRl+GluR2 HETERO-OLIGOMERIC AND RAT CORTEX AMPA RECEPTOR 
CURRENT RESPONSES IN RNA-INJECTED XENOPUS OOCYTES. J.C.R. 
Randle*, M.W. Debono, A. Dupuy and L. Prado de Carvalho. 
Rhône-Poulenc Rorer S.A., F-94403 Vitry-sur-Seine and Inst. 
Albert Fessard, C.N.R.S., F-91198 Gif-sur-Yvette, France.

Cyclothiazide (CTZ), trichlormethiazide (TCMZ) and 
al thiazide (ATZ) are benzothiadiazines (BTZs) that 
potentiate AMPA receptor/channel mediated current. We have 
studied the actions of these compounds on responses to AMPA 
(30 μΜ) in Xeno pus oocytes expressing different AMPA 
receptors following injection of: 1) rat cortex poly(A+) 
mRNA, 2) GluRl RNA transcript (provided by S. Heinemann), 
or 3) GluRl plus GluR2 (provided by P. Seeburg) RNA 
transcripts. As expected, AMPA current displayed marked 
inward rectification at positive voltages in GluRl but not 
GluRl+GIuR2 or cortex RNA-injected oocytes. The maximal 
potentiation of steady-state current (15- to 30-fold) by 
each compound was similar in the three groups of oocytes. 
However, their potencies (concentration [μΜ] inducing a 
5-fold increase in AMPA current) differed markedly:

BTZs cortex GluRl GluRl+GluR2
CTZ 6 80 20
TCMZ 80 2000 400
ATZ 80 1000 250

Thus, GluRl homo-oligomeric AMPA receptors possess a func
tional allosteric modulatory site. The affinities of BTZs 
are increased by the association of different subunits 
(GluR2, others) in hetero-oligomeric receptor/channels.

124.8

SELECTIVE INHIBITION OF AMPA RECEPTOR DESENSITIZATION BY A 
CYCLOTHIAZIDE DERIVATIVE: 7-CHLORO-3-METHYL-3,4-DIHYDRO- 2H- 
l,2,4-BENZOTHIADIAZINE-5,5,-DIOXIDE (IDRA 21) M, Bertolino*. M. 
DiBella1. M. Baraldi1. S. Vicini and E. Costa. FGIN, Geogetown Univ., 
Washington D.C.; School of Pharmacy, Modena Univ., Italy.

Among the 1-glutamate receptors, the AMPA selective receptors are characterized 
by a fast occurring desensitization which is considered a possible mechanism that 
terminates the excitatory synaptic transmission. During the last two years, it has 
been reported by different authors (Ito et al. J. Physiol. 424:533-543, 1990; Yamada 
and Rothman J. Physiol. 458:409-423, 1993; Zorumski et al. Neuron 10:61-67, 
1993) the existence of drugs that can attenuate the desensitization of the AMPA 
receptor. Cyclothiazide is the most active of these drugs and it also exibits 
potentiation o f non desensitizing kainate-activated current. By converse, 
aniracetam is the weakest compound and it only acts on the AMPA-activated 
current. In the present study, we have examined three analogs of cyclothiazide (3,4- 
dihydro-2H-l,2,4-benzothiadiazines: IDRA 20-22) on glutamate and kainate- 
activated ionic current in thin hippocampal slices using the patch clamp technique. 
We investigated ionic currents elicited by bath application of the agonists in whole
cell configuration and elicited by the rapid perfusion of the agonists in excised 
outside-out patches. The potentiation o f glutamate-activated current in whole-cell 
and outside-out patches produced by the IDRA compounds tested was never as 
potent as that produced by cyclothiazide: however, IDRA 21 produced a response 3 
times larger than aniracetam and diazoxide. Furthermore at concentrations that 
produce potentiation o f the AMPA current IDRA 21 failed to affect kainate 
current. Therefore, IDRA 21 parallels aniracetam in lacking an action on kainate 
receptor, but has higher potency in the inhibition o f AMPA receptors 
desensitization. Our results indicate that the novel compound IDRA 21 is a 
selective and potent modulator o f the AMPA receptor.

124.10
LY262466, DL-2-AMINO-3-(4-HYDROXY-1,2,5-THIADIAZOL-3-YL)-
PROPANOIC ACID HYDROCHLORIDE, A NOVEL AND SELECTIVE 
AGONIST AT THE AMPA EXCITATORY AMINO ACID RECEPTOR. 
W.H.W. Lunn*1, D.D . Schoepp1, J.D . Leander1. D. Lodge2,3, R .A . T rue1. 
and J.D. Millar3. 1 Lilly Research Laboratories, Lilly Corporate Center,
Indianapolis, IN 46285, USA. 2Lilly Research Limited, Windlesham, Surrey 
GU20 6PH, England. 3Department of Veterinary Sciences, The Royal Vet. 
College, Univ. of London

There are presently no excitatory amino acids in which 
the hydroxythiadiazole ring constitutes one of the acidic 
functions. We anticipated that LY262466, may prove to 
be a ligand somewhat selective for the AMPA receptor. It 
was made from serine amide, using an unprecedented 
mild procedure for forming the hydroxythiadiazole ring. 
Binding studies revealed that, indeed, LY262466 was a 
selective ligand. Binding at the AMPA site was more than 
one hundred-fold that taking place at the NMDA and KA 

receptors. The IC50 values for displacement of [3H] AMPA, [3H] CGS19755 
and [3H] KA from their receptors were 0.379, 77.6 and 117 μΜ respectively. 
When tested on a grease-seal slice preparation of the rat neocortex, 
LY262466 at 100 μΜ concentration produced depolarizations equivalent to 
AMPA and NMDA each at 40 μΜ. When dose-response curves were 
prepared, the rightward shift produced by NBQX (1μΜ) versus LY262466 
was equivalent to that for NBQX against AMPA (and considerably greater 
than those for NMDA or KA). On suppressing schedule-controlled 
responding in pigeons, LY262466 was twice as potent as AMPA (5 mg/kg, 
i.m. of LY262466 suppressing response rates comparably to 10 mg/kg of 
AMPA). The LY262466-induced behavioral suppression was antagonized 
by the selective AMPA antagonist, LY215490. These data indicate that 
LY262466 is a selective, systemically active AMPA receptor agonist.
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124.11
ANXIOLYTIC EFFECT OF THE COMPETITIVE AMPA 
ANTAGONIST LY215490 IN A PIGEON PUNISHED RESPONDING 
MODEL. M. J. Benvenga*r J. D. Leander and P. L. Ornstein. Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285

Some excitatory amino acid antagonists have been reported to be 
effective in models of anxiety, e.g., competitive NMDA antagonists 
have been reported to be anxiolytic-like in both rats and pigeons.
However, non-competitive NMDA antagonists, acting at either the ion 
channel, the glycine site or the polyamine site, are reported as either 
weak or inactive in producing anxiolytic-like activity. This work 
describes the activity of LY215490, a selective, competitive AMPA 
antagonist, in the pigeon punished responding model.

Pigeons were trained to keypeck on a multiple FR30-FR30 schedule. 
In the presence of a white stimulus light (unpunished condition), 
pecking was maintained by food reinforcement. In the presence of a red 
stimulus light (punished condition), pecking was maintained by food 
reinforcement, and simultaneously suppressed by electrical shock. 
LY215490, when administered intramuscularly in a dose range of 1-30 
mg/kg, produced a significant increase in punished responding without 
having an effect on unpunished responding. No other behavioral effects 
were observed. Moreover, the activity was confined to the (-)isomer, with 
the (+)isomer being relatively ineffective in this model. These results 
indicate that the anxiolytic effect of LY215490 may be mediated through 
the AMPA receptor system since our results with the enantiomers were 
similar to the behavioral and physiological results in other species 
which are mediated through the AMPA receptor.

124.13

AMPA INFUSED INTO THE SUBSTANTIA NIGRA RETICULATA ATTENUATES 
DOPAMINE-DEPENDENT HYPERKINESIA. L.H. BumlTK. Sato, U. Wullner and
0. Isacson. Neuroregeneration Laboratory, McLean Hospital, Belmont, MA 02178, 
and Program in Neuroscience, Harvard Medical School.

While the glutamatergic projection of the subthalamic nucleus (STN) to the 
substantia nigra pars reticulata (SNR) appears to be overactive in Parkinson's 
disease and other hypokinesias, this projection may be underactive  in 
hyperkinesia. The present experiment investigated the involvem ent of this 
glutamatergic projection in the hyperkinesia induced by dopamine agonists. The 
hyperkinesia examined in this study was the contralateral rotation induced by 
apomorphine in unilateral 6-OHDA lesioned rats. The glutamatergic projection of 
the STN to the SNR was manipulated by intra-SNR infusions (ipsilateral to the 
lesion) of an agonist as well as an antagonist at the AMPA subtype of glutamate 
receptors. The glutamate receptor agonist a-am ino-3-hyd roxy-5-m ethyl-4- 
isoxazole propionate (AMPA) and its antagonist 6-cyano-7-nitroquinoxaline-2,3- 
dione (CNQX) were infused immediately prior to apomorphine (0.05 m g/kg, s.c.)or 
vehicle (PBS, s.c.) to investigate their effects on rotation. Intra-SNR AMPA 
significantly attenuated apomorphine-induced rotation at a dose (1 nmol in 0.5 μΐ) 
that by itself had no effect on rotation. By contrast, this dose of the antagonist 
CNQX had no effect on rotation when administered either with systemic PBS or 
apomorphine. These results suggest that the STN to SNR projection may be 
underactive in hyperkinesia and that local pharmacological stimulation of AMPA 
receptors in the SNR can compensate for this glutamatergic underactivity, thereby 
suppressing the behavioral hyperkinesia. These findings complement previous 
evidence that glutamatergic antagonism of the STN to SNR projection may have an 
anti-parkinsonian effect. The present findings further support the notion that the 
glutamatergic projection of the STN to the SNR is critically involved in movement 
and that while its overactivation results in hypokinesia, its underactivation 
results in hyperkinesia.

124.15
NEUROPROTECTIVE EFFEC T OF Y M 900, A NO VEL non-NM DA  
RECEPTOR ANTAGONIST, IN FOCAL CEREBRAL ISCHEMIA IN CATS. 
Ш а р 1. M.Takąhąghji, S. Kawasaki-Yatsuei L K. K osh ivaL S. Sakamoto1. X* 
Hanada2. L  . Shishido2, D.,_.Ugmat3U3 and M. Shitmzu-Sasamata*!. 1 Yamanouchi 
Institute for Drug Discovery Research, 21 Miyukigaoka, Tsukuba 305, Japan. 
2Yamanouchi Safety Research Laboratory, Tokyo 174, Japan. 3 Department of 
Neurology, School of Medicine, Keio University, Tokyo 160, Japan.

The excessive synaptic release of glutamate following an ischemic insult is 
considered to play a critical role in the development o f neuronal damage. The glutamate 
acts on two distinct subtypes o f post-synaptic ionotropic receptors, NMDA and non- 
NMDA subtypes. In the present study, we examined the effect o f YM900, [6-(1H- 
imidazol-1 -yl)-7-nitro-2,3( 1H,4H)-quinoxalinedione], a novel non-NMDA antagonist, 
on the neuronal damage induced by focal cerebral ischemia in anesthetized cats. Focal 
cerebral ischemia was produced by occlusion o f the left middle cerebral artery (MCA) 
for 6 hr and then animals were killed without reperfusion. We also monitored EEGs of 
the middle ectosylvian cortex regions, the area mainly supported by the blood flow of 
MCA. To standardize the severity o f ischemia, we used only the cats in which the mean 
ipsilateral EEG amplitude decreased to <30 % during first 5 min o f ischemia compared 
with that before occlusion. The amount o f ischemic damage was assessed in 12 
stereotaxically determined coronal sections. YM900 (i.v. infusion o f 0.5mg/kg/hr) 
administered from 5 min after occlusion for 6 hr markedly reduced the volume o f 
ischemic damage (from 2822.7±163.7 mm3 o f the cerebral hemisphere in vehicle 
treated cats to 1736.61304.6 mm3 in YM900 treated cats). Moreover, in 6 out of 8 cats 
treated with YM900, the ipsilateral EEG amplitude recovered to 60-100 % of the before
ischemia level. There were no significant differences between the two groups in any 
physiological parameters including mean arterial blood pressure, arterial blood gas 
status and rectal temperature. These results demonstrated that non-NMDA receptors 
play an important role in the neuronal damage in focal cerebral ischemia, and suggested 
that YM900 could be useful in the treatment for patients with focal cerebral ischemia.

124.12
IN V IT R O  AN D IN V IV O  C H A R A C T E R IZ A T IO N  O F  A  N O V E L ,  
S Y S T EM IC A L L Y  A C T IV E  C O M P ET IT IV E  AM PA A N TAG O N IST, LY215490  
P.L. .Qmsteint̂ M̂ -AmQld. N.K. Auqenstein. J.D. Leander. D. Lodge, and
D.D. Schoepp. Lilly Research  Lab s, Eli Lilly and Co ., Indianapolis, IN 46285, 
U S A  and Lilly Resqardh Centre, Ltd., W indlesham , Surrey, G U 20 6 PH, 
England

Com petitive A M PA antagonists are  potentially usefu l a s  novel 
th e ra p e u tic  a g e n ts for the  treatm ent of acu te  and ch ro n ic  
neurodegenerative disorders such a s  spinal cord and head trauma, cerebral 
ischem ia, Parkinson ’s  d ise a se , and A lzheim er’s  d ise a se . W e have  
discovered a  se n e s  of competitive AM PA antagonists, exemplified by 
LY215490 , that are highly w ater soluble, potent and system ically active. 
LY215490 selectively displaced the binding of [3 H]AMPA and [3 H ]CNQ X in 
rat brain m em branes, with IC 5 0 S ■ 4.81 ± 1.23 and 1.76 ± 0 .12 uM, 
respectively; w hereas displacement of [3H ]C G S19755 and [3 H]KA binding 
occured  at higher d o ses , with IC 5 0 S = 26 .4  ±1.95 and 247 ± 8  uM, 
respectively. In a  cortical slice assa y , LY215490 inhibited 40uM AMPA- 
induced depolarizations with an IC 5 0  = 6.0 ± 1.0 uM. Antagonism of 5uM 
KA- and 40  uM N M DA-induced depo larizatio ns required higher 
concentrations, with IC 5 0 S » 31 .7  ± 4 .4  and 61 ± 3 uM, respectively. 
LY 21 5490  produced rightward shifts in the AM PA concentration effect 
curves in the cortical slice assay , with a  pA2  value of 6.37 ± 0.02, indicating 
competitive antagonism . In mice, LY 21 5490  potently blocked ATPA - 
induced rigidity (ED 5 0  = 3 .6  mg/kg, i.p.) and maximal electroshock-induced 
se izu re s (E D 5 0  -  9 .0  mg/kg, i.p.), yet w as ineffective against NMDA- 
induced lethality at d o se s up to 320 mg/kg, i.p. Impairment on the 
horizontal screen occured at a  two- to five-fold higer dose than those which 
blocked rigidity and convulsions, with an E D 5 0  = 19.6 mg/kg, i.p.

124.14

AMPA-INDUCED ENHANCEMENT OF THE ELECTROGEN- 
IC SODIUM PUMP IN THE FROG SPINAL CORD. J.C. Hack- 
man*. A.M. H olohean and R.A. D avidoff. Neurology Service, 
DVAM C and D epartm ent of Neurology, University of Miami 
School of Medicine, Miami, FL 33101.

Spinal motoneuron afterhyperpolarizations (AHPs) produced 
by a dorsal root (DR) tetanus (10 sec, 10 v, 25 Hz) or application of 
glutamate (GLU) (1-3 mM, 5-10 sec application) result from activa
tion of an electrogenic sodium pump. We studied the effects of 
excitatory amino acids on this sodium pump in the isolated, hemi- 
sected frog {Rana p ip iens) spinal cord, mounted in a sucrose gap 
apparatus and perfused witn HCO '  - buffered Ringer solution. 
Potentials were recorded from v e n tr i  roots (VR).

CNQX (20 μΜ, 15 min) reduced GLU-induced AHPs by 
6 8 %. Similarly, AHPs following NMDA applications (1.0 mM, 10 
sec) were reduced 8 6 % by CNQX (10 μ M, 15 min). Addition of a 
concentration of AMPA (0.1 μΜ) that does not depolarize moto
neuron m em branes increased the am plitude of tetanus-evoked 
AHPs to 164 ± 18% of control levels. ТЪе hyperpolarization that 
occurs when 2 mM K+ is added to the Ringer after a 30 min period 
of K+-free Ringer is also attributed to activation of a sodium pump. 
In the presence of TTX, AMPA (0.1 μΜ) but not NMDA (0.1 μΜ), 
enhanced the AHP to 174 ± 20% of control. In sum, activation of 
AMPA receptors in the spinal cord appears to enhance the activity 
of an electrogenic sodium pum p. (Supported by USPHS grant 
#NS17577 and DVAMC Funds MRIS #1769 & #3369).

124.16
Y M 9 0 0 [6 -(1  H -im id a zo l-1  -y l)-7 -n itro -2 ,3 (1  /7 ,4 H )-q u in o x a lin e d io n e ]  
A N TA G O N IZES  NON-NMDA R E C E P T O R -M E D IA T E D  N EU R O T O X IC IT Y  IN 
RAT PRIM ARY HIPPOCAM PAL C U L T U R E S . K. Ohno. M. Okada. S . Sakamoto 
and T. Yam aauchi*. Neuroscience/Gastrointestinal Research  Lab., Institute 
for Drug Discovery, Yamanouchi Pharm aceutical C o . Ltd., 21 Miyukigaoka, 
Tsukuba, Ibaraki 305, Japan.

W e have shown that YM 900 had high affinity for AM PA binding sites, 
inhibited AMPA-induced C a 2+ increase in vitro, and had the neuroprotective 
actions against both global and focal ischem ia models in vivo(S. Sakamoto et 
al., Xllth International Symposium on Medicinal Chemistry, 1992; M. Okada et 
al., Soc. Neurosci. Abstr., 18 :86,1992; M. Shim izu-Sasam ata et al., ibid., p8 6 ). 
W e have exam ined the effect of YM 900 on non-NMDA receptor-mediated 
neurotoxicity in rat primary hippocampal cultures . Treatment for 24 hr with 
kainic acid(KA) resulted in excitotoxicity a s  a sse sse d  by the release of lactate 
dehydrogenase into the culture m edia. YM 900 induced a parallel and 
rightward shift of the KA dose-response curve with no change in maximum  
response, showing that YM 900 interacted competitively at the KA-binding 
sites. Cyclothiazide(CYZ) blocks desensitization of the ÄMPA/KA receptor and 
potentiates quisqualate(C.F. Zorumski et äl., Neuron 10 :61 ,1993) and AMPA 
excitotoxicity(P. C . May and P. M. Robison, J . Neurochem., 60 :1171,1993). 
Thus, we have examined the effect of YM 900 on the C Y Z  potentiated AMPA  
excitotoxicity. YM 900 induced a rightward shift of the AM PA dose-response  
curve enhanced by C Y Z  with no change in maximum response, while the C Y Z  
E C 5 0  w as not effected by the presence of YM900.

T h ese  data show that YM 900 is a competitive antagonist at AMPA/KA  
binding sites.
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124.17
EFFECTS OF KAINIC ACID (KA) ON EXTRACELLULAR HIPPOCAMPAL 
AMINO ACID LEVELS: A MICRODIALYSIS STUDY. Shaoshan Wang, 
Ian N. Acworth, Michele D. Greanev , Timothy J. Maher. 
Dept. Pharmacol. Mass. Coll. Pharm., Boston, MA 02115 and 
ESA Inc., Bedford, MA 01730

The effects of the excitotoxin KA on ECF hippocampal 
amino acid levels were determined in urethane-anesthetized 
rats using in vivo microdialysis. KA (12.5 mg/kg, i.p.) 
produced two behaviors in rats: those experiencing motor 
fasiculations (MF) and those not (NMF). Compared to saline 
controls, ECF taurine and citrulline (CIT) were signifi
cantly (p<0.01) elevated in both groups. Glutamate was 
elevated only in the MNF group, while ECF arginine in
creased in the MF group but decreased in the NMF group.
The administration of MK-801 (5 mg/kg) attenuated the 
previously observed elevation in taurine, but failed to 
affect the changes observed with the other amino acids 
measured. Pretreatment with the nitric oxide synthase 
(NOS) inhibitor N-nitro-L-arginine (L-NNA, 50 mg/kg) 
prevented the KA-induced CIT changes. Using our sensitive 
coulometric methodology, we were also able to directly 
determine the hippocampal pharmacokinetics of L-NNA: 
levels peaked 80 min after i.p. administration and were 
maintained between 1.2 - 1.4 μπιο1/20 min sample for an 
additional 2 hrs. KA induced differential effects on 
hippocampal amino acids depending upon the seizure severi
ty. Inhibition of NOS, as determined by CIT production, 
correlated well with the pharmacokinetics of L-NNA.

124.19
CYCLOTHIAZIDE AND GYKI-52466 AFFECT AMPA-INDUCED 
NEURONAL DAMAGE OF CULTURED CORTICAL NEURONS 
BY ACTIONS AT DISTINCT SITES. D. M. Rock* and G. W. 
Campbell. Neuroscience Pharmacology, Parke-Davis Research, 
Division of Warner-Lambert Company, 2800 Plymouth Rd., Ann 
Arbor, MI 48106.

Cyclothiazide, a diuretic related to diazoxide, and GYKI-52466, a 
benzodiazepine derivative, both affect AMPA responses in cultured 
cortical neurons. Cyclothiazide reduces desensitization of AMPA 
responses measured electrophysiologically and reduces the EC50 for 
AMPA-induced neuronal damage as measured by release of the 
cytosolic enzyme lactate dehydrogenase (LDH). GYKI is an 
antagonist of AMPA-induced responses in cultured neurons and 
produces a noncompetitive block of AMPA-induced LDH release 
from cortical neurons. These studies were performed to determine if 
GYKI and cyclothiazide interact with a single site to affect AMPA- 
induced neuronal damage.

The IC50 for GYKI reduction of 10 μΜ AMPA was 12 μΜ. 
Addition of 1, 3,10 and 30 μΜ cyclothiazide enhanced the response 
to 10 μΜ AMPA but had no effect on the IC5Q of GYKI reduction. 
The noncompetitive nature of the block the AMPA concentration 
response curve by GYKI was not affected by cyclothiazide.

While some studies have indicated that cyclothiazide and GYKI 
may interact with similar sites to affect AMPA responses, these data 
indicate that the GYKI and cyclothiazide effects on AMPA-induced 
neuronal damage do not occur at the same site, suggesting distinct 
modulatory sites on the AMPA receptor for these two compounds.

124.18
PROPERTIES OF Ca2+ PERMEABLE GLUTAMATE 
RECEPTORS IN CORTICAL GLIAL CELLS IN CULTURE 
James A Holzwarth* and Richard J Miller T h e D ep a r tm e n t o f  the  
P h a r m a c o lo g ic a l an d  P h y s io lo g ic a l S c ie n c e s  T h e  U n iv e r s ity  o f  
C h ic a g o

We have previously characterized cortical glial cell cultures in terms of 
cell types present and glutamate responses to selected agonists. The cultures 
contained type 1 astrocytes, microglia, 0-2A  progenitor cells and type 2 
astrocytes. Staining for A2B5 showed that cells cultured from younger animals 
had more A2B5+ (0-2A lineage) cells than those from older animals (2 day pups 
44%, 6 day pups 11 %, 9 day pups 9% and 17 day pups 0%). Responses to 
kainate were most common in cells of the 0-2A  lineage, but were also seen in 
type 1 astrocytes.

Using fura-2 based digital imaging we further characterized [Ca^+]j 
responses produced in these cells by kainate. 100 out of 136 cells responded to 
300uM kainate with an increase in [Ca2+]j that was dependent on [Ca2+]0. It has 
been reported previously that Evans blue blocks glutamate receptors containing 
GluR subunits 1 and 2. In these cultures 80% of the Ca2+ rise produced by kainate 
(300μΜ) was blocked in the presence o f Evans blue (10μΜ). Dibutyryl-cAMP 
(100μΜ), which has been shown to activate GIuR6 containing receptors, did not 
increase the magnitude or frequency of the responses. Concanavalin A (ConA) has 
been previously shown to decrease desensitization o f some types o f AMPA and 
kainate receptors. ConA (lOuM) increased the magnitude of the [Ca2+]j response in 
about 20% of the responding cells. In some cells a response to kainate was only 
seen after treatment with ConA. These results suggest a heterogeneity in the 
Ca2+ permeable kainate activated channels existing in these cells.

124.20
DIFFERENTIAL SENSITIVITY OF GLUTAMATE RECEPTOR SU B
UNITS TO A HALOGENATED BUTANE ANESTHETIC. J. E. Dildv- 
Mavfield* and R. A. Harris. Dept. Pharmacol., Univ. of Colorado Hlth. 
Sci. Ctr., Denver, CO 80262.

Since anesthetics are known to inhibit glutamate-gated channels, we 
tested halogenated butane compounds, which have been distinguished as 
anesthetic or nonanesthetic in vivo, for subunit-selective actions on 
individual glutamate receptor (GluR) subunits. The effects of these 
compounds on kainate (KA) currents were compared in Xenopus oocytes 
expressing either GluRl, R3, or R6 subunits. Maximum (400 μΜ) KA 
responses in oocytes expressing GluR3 subunits were inhibited by the 
anesthetic 1-chloro-1,2,2-trifluorocyclobutane (F3) in a concentration- 
dependent manner (up to 35%) whereas 400 μΜ KA responses in GluRl 
expressing oocytes were not affected by F3 (<10%). In contrast, F3 
potentiated KA currents in oocytes expressing GluR6  subunits, and the 
percent potentiation decreased as die KA concentration was increased. For 
example, low (0.1 μΜ) K A concentration responses were potentiated up to 
150% compared to maximum (10 μΜ) KA concentration responses which 
were potentiated up to 50% by F3. Although the nonanesthetic 2,3- 
chlorooctafluorobutane had little effect on maximum KA responses, the 
nonanesthetic 1 ,2 -dichlorohexafluorocyclobutane produced a slight (15- 
20 %) potentiation of maximum KA responses in oocytes expressing 
GluRl, R3, or R6 subunits which may be related to its ability to induce 
convulsions in vivo. F3 is the first general anesthetic reported to produce 
subunit-specific actions on different types of KA receptors and may 
provide a novel pharmacological tool for study of KA receptor function. 
Supported by Denver VAMC and NRS A to J. E. D. -M.

EXCITATORY AMINO ACIDS: RECEPTORS II

125.1
PERFO RATED-PATCH  REVEALS M ETABOTROPIC G LUTA
M ATE RESPO NSES IN RAT HIPPOCAM PUS. N. Akaike*. N. 
Harata and M. M unakata. Dept. N europhysiol., Tohoku Univ. Sch. 
Med., Sendai 980, Japan

Metabotropic glutamate receptor (mGluR) is a subclass o f  guta- 
mate receptors, know n to be coupled to IP3/Ca2+ or cAM P pathway 
for signal transduction. The neuronal responses to direct m GluR  
stimulation are still controversial due to different experimental sys
tem s. Th us, w e conducted  a coheren t e lec tro p h y sio lo g ica l study  
using neurons acutely dissociated from C A I, CA3 and dentate gym s 
regions o f  the rat hippocam pus. N ystatin perforated patch-clam p  
technique was em ployed to record mGlu responses. In CAI pyrami
dal neurons, mGluR activation mainly induced a slow  outward current 
(IffiGiuo) at a holding potential o f  - 4 4  mV. mGluR agonists showed an 
affin ity  order o f  quisqualate (Q A )>G lu>tA C PD . In CA3 pyramidal 
neurons, fnGlii temporise was a slow  inward current (ImClui) with sim i
lar agonist affin ity se n e s  as in C A I. In 34% o f  the neurons 
tested, additionalTmGluo preceded ImGhlJ . The ImGUıö had a threshold  
approxim ately 10  tim es higher than that p f  ImGlui. In dentate gym s  
granule ce lls , m Glu response w as either ImGluo alone, or ImGluo fo l
low ed  by їтСИиГ The inselvatim i o f  ImGluo w as slow er than that in 
C A I neurons. T h ese  results sh ow  an exp lic it regional d ifference in 
mGlu responses in the rat hippocampus, indicating various frictional 
roles o f  mGluR.

125.2
E F F E C T S  O F  TH E M ETA BO TR O PIC  G LU TA M A T E  R EC EP T O R  A G O N IST  
( 1 S.3R1-1 -A M IN O C YCLO P EN TA N E-1 ,3-D IC A R B O X YLIC  A C ID  (1S .3 R-  
A CPD ) ON R A T  S U B ST A N T IA  N IGRA DO PAM IN E N EURON FIRING. K .A . 
Serpa* and L .T . Meitzer. Parke-Davis Pharm aceutical Research, Division 
of W arner-Lambert Com pany, Ann Arbor, Ml 4 8 1 0 5 .

The selective metabotropic glutamate receptor (mGluR) agonist 1S,3R- 
A C P D  w a s m icroiontophoretically applied to dopamine (DA) neurons in the 
substantia nigra zona com pacta (SNZC) of chloral hydrate anesthetized  
rats. Neuronal activity w as monitored using standard extracellular single 
unit recording techniques. 1 S ,3 R -A C P D  had a biphasic effect on the firing 
rate of DA cells, initially decreasing (18t>f 2 6  cells, mean decrease 1.1 ±
0 .1  sp ikes/sec) then increasing the firing rate (peak response 0 . 9  ± 0 .1  
sp ikes/sec, n = 26). Prolonged application of 1S ,3R -A C P D  increased both 
the number of bursts and percentage of sp ikes occurring in bursts in DA 
cells (n = 6 ). Application of the ionotropic receptor (iGluR) agonists AM PA  
or NM DA, onto cells w hich had responded to 1S ,3R -A CP D , increased  
firing rates and bursting, suggesting that m GluRs and iG luRs reside on the 
sam e cells. Combined application of the AM PA  antagonist, N BQ X, and 
the NM DA antagonist, CPP , at currents w hich antagonized the excitatory 
responses to A M PA and NM DA, did not antagonize either the inhibitory 
or excitatory effects of 1 S ,3 R -A C P D . Application of (RS)-4-carboxy-3- 
hydroxyphenyl-glycine (4C3H -μ g ) had no effect on firing rate and 
antagonized both the inhibitory (82 ± 5 %  reduction of response produced 
by agonist alone, n  = 5) and excitatory (49 ± 13 %  reduction, n = 9) 
effects of 1S ,3R -A CP D . 4C 3 H -μg antagonized both NMDA- (82 ± 6 %  
reduction, n = 3 ) and AM PA - (44 ± 18 %  reduction, n = 4) induced 
increases in firing rates. These  results indicate that m GluRs m ay play a 
role in the modulation of dopaminergic activity in the S N ZC .
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125.3
GLU-METABOTROPIC RECEPTOR MODULATION OF VOLTAGE

GATED POTASSIUM CURRENTS. M. Hav* and D. L. Kunze.
Dept. o f Molecular Physiology and Biophysics, One Baylor Plaza, 

Houston, TX 77030. Activation o f glu-metabotropic receptors (glu-M ) has 
been suggested to be involved in the modulation o f  synaptic transmission 
possibly through the regulation o f neurotransmitter release. The purpose o f  
this study was to determine the effects o f  glu-M  activation on voltage-gated  
K+currents in cultured nodose ganglia neurons. N odose ganglia neurons were 
isolated from 1 day-old Sprague-Dawley rats, enzymatically dispersed, 
triturated and plated for cell culture. Perforated w hole-cell patch clamp 
recordings were obtained from these neurons follow ing 12-24 hours in culture. 
Bath solution consisted o f (in mM), 137 NM DG, 5.4 KC1, 1.0 MgC12, .02 
CaC12, 10.0 Glucose, 10.0 HEPES, pH 7.35. Pipette solution consisted of 
145 KAsp, 10.0 G lucose, .02 CaC12, , 2 .2  EGTA, 5.0 HEPES, 0 .12 mg 
Nystatin. From a holding potential o f -80 m V, 10 m V step depolarizations 
up to +30 m V resulted in an outward K+ current comprised o f  both a rapidly 
activating, partially inactivating component, and a slower, non-inactivating 
component. Application o f 100 nM t-ACPD inhibited both the peak and the 
steady state outward K+ current by 34.6 and 38.7%  o f maximum current, 
respectively (n=10). This effect was repeatable and recoverable within a 
given cell. In whole-cell clamp mode, dialysis o f  the cell interior with 
GTPyS from the pipette resulted in a non-recoverable, t-ACPD inhibition of  
the K+ current. These results suggest that activation o f the glu-M  in nodose 
ganglia neurons inhibits the voltage-gated K+ current and that this effect may 
be G-protein mediated. Supported by grant H L08460-2.

125.5
METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED 
POTENTIATION OF IONOTROPIC GLUTAMATE RECEPTOR 
RESPONSES. B A. Ballvk* and J.W. Goh. Queen’s University, 
Kingston, Ontario, Canada, K7L 3N6.

We studied the effects of metabotropic glutamate receptor 
(mGluR) activation on ionotropic glutamate receptor responses in 
the hippocampal CAj region. Rat hippocampal CAj pyramidal 
neurons were voltage clamped at rest, and responses to 
iontophoretically-applied ionotropic glutamate receptor agonists N- 
methyl-D-aspartic acid (NMDA) and kainic acid (KA) were 
monitored. Cells were exposed to the mGluR agonist tram -1- 
amino-cyclopentane-lS,3R-dicarboxylic acid (1S,3R-ACPD), 50 μ M 
for 10 minutes, via the artificial cerebrospinal fluid bathing the 
slices. mGluR activation was found to enhance the neuronal 
responses to both NMDA and KA. mGluRs, as a  class, are coupled 
to a number of second messenger cascades, including increases in 
phosphoinositide hydrolysis, increases in cyclic adenosine 
monophosphate (cAMP), decreases in cAMP, stimulation of 
arachidonic acid release, and changes in ion channel function 
(Schoepp and Conn, TIPS , 1993). Studies are being undertaken to 
identify the second messenger system(s) mediating the observed 
effects of mGluR activation on ionotropic glutamate receptor 
activity.
(Supported by the MRC, Canada)

125.7
(ZS^'R ^’R ^ R M -d ^ -D IC A R B O X Y C Y C L O P R O P Y L )-  
GLYCINE (DCG-IV): A PUTATIVE POSITIVE M O D UL ATO R  
OF METABOTROPIC GLUTAM ATE RECEPTO RS CO UPLED  
TO POLYPHOSPHOINOSITIDE H YDROLYSIS. G. Casabona. 1 
M,R. L’Episęopo,1 A A  Qenazzanj,1 V.M.G. Bruno.1* H. Shinozaki2 aggi
F. Nicolettič. Jnstitue o f  Pharmacology, University o f  Catania^ and Dept. 
Exp. Med. and Biochan. Sci. , University o f  Perugie?, Italy; The Tokyo 
Metropolitan Inst, o f  Med. Sci., Tokyo, Japan2.

DCG-IV has recently been introduced as a metabotropic glutamate receptor 
(mGluR) ligand capable of depressing monosynaptic excitation in the spinal 
cord (Ishida et al., 1992). In adult rat hippocampal slices, DCG-IV was highly 
potent in reducing forskolin-stimulated cAMP formātiem but did not stimulate 
PPI hydrolysis, suggesting a preferential interaction with mGluR subtype(s) 
negatively linked to adenylyl cyclase. However, DCG-IV (ΙηΜ-30μΜ) greatly 
enhanced both the potency and efficacy o f quisqualate in stim ulating PPI 
hydrolysis, hi the presence o f DCG-IV, quisqualate stimulated PPI hydrolysis 
to an extent comparable to that found in slices o f newborn rats. DCG-IV also 
increased the potency - but not the efficacy - o f  1S,3R-ACPD and ibotenaie, 
whereas it was inactive on carbamylcholine-stimulated PPI hydrolysis. The 
action of DCG-IV was insensitive to the ionotropic receptor antagonists, 
DNQX and MK-801. In addition, DCG-IV could not overcome the inhibitory 
action of L-AP4 on quisqualate-stimulated PPI hydrolysis. These results 
suggest that DCG-IV acts as a positive modulator of mGluRs coupled to PPI 
hydrolysis in hippocampal slices.

125.4
METABOTROPIC GLUTAMATE RECEPTOR AGONISTS INCREASE 
TRANSMITTER OUTPUT IN THE RAT CORTEX AND DECREASE 
TRANSMITTER OUTPUT IN THE STRIATUM. G.Lombardi*. ^Leonardi. G. 
Cherid & RMoroni. Dept. Pharmacology, Univ. of Florence, 50134 Firenze, Italy.

It has been shown that 1S,3R-ACPD, the prototype mGLUR agonist, potentiates 
the depolarization-induced release of transmitter from cortical synaptosomes 
(Herrero et al., Nature 360,163-166,1992). Working in brain slices and measuring 
the depolarization (KC1 30 mM)-induced output of previously taken up 
D[^H]-aspartate (ASP), we noticed that the exposure of cortical slices to 
1S,3R-ACPD (30-300 μΜ) significantly increased the output of radioactivity.This 
basically confirmed the observations obtained in synaptosomes. Completely different 
results were obtained when slices obtained from other brain areas were used.In fact, 
1S,3R-ACPD had no effects on transmitter output in the hippocampus and in the 
cerebellum, while in striatal slices it was a potent inhibitor of depolarization- 
induced transmitter output. The maximal degree of inhibition of D[^H]ASP output 
was 60%. Other mGLUR agonists had similar effects. The order of potency of this 
inhibition was: 2S,3S,4S-carboxycydopropylglycine (L-CCG-I; EC50 0.3 μΜ) > 
1S.3R-ACPD (EC50 50 μΜ) > quisqualate (QUIS; EC50 200 μΜ). L-AP4 was 
completely inactive. A  similar order of potency was found by measuring the 
inhibition of cyclic AMP accumulation induced by forskolin in the presence of ImM  
IBMX, while, when the stimulation of inositol phosphate formation was examined 
in the same slices, the order of potency was: QUIS > > ACPD > L-CCG-I. Thus, 
the stimulation of the mGLURs may either decrease or increase transmitter release. 
L-CCG-I, being a relatively selective agonist of the glutamate receptors linked to 
the inhibition of cyclic AMP formation, was particularly potent in inhibiting 
transmitter output. Therefore it is possible that glutamate terminals, similarly to 
noradrenergic terminals, control the stimulation induced transmitter output through 
different types of presynaptic receptors.

125.6
IN T E R A C T I V E  E F F E C T S  B E T W E E N  IO N O T R O P IC  A N D  
M E T A B O T R O P IC  R E C E P T O R S  IN T H E  R E G U L A T IO N  O F  N E U R O N A L  
M A T U R A T IO N  IN C U L T U R E . E . A ro n ic a 1 . N. H a c k 1, F . N ico le tti2 and
R. B a là z s 1 . N eth e rlan d s Institu te  for B rain  R e s . ,  A m ste rd a m , T h e  
N e th e rla n d s1; D e p . Exp . M ed. and B io ch e m . S c i . ,  U n iv e rs ity  of 
P erug ia , Ita ly 2. (SP0N:ENA)

W e  h a v e  stu d ie d  the  e f fe c t s  of m etab o tro p ic  g lu tam ate  
re c e p to rs  (m G lu R s) a g o n is ts  oņ fu n ctio n a l p a ra m e te rs  re la ted  to  the  
m aturatio n  of cu ltu red  ce re b e lla r  g ranule  c e l ls ,  w h ic h  e x p re ss  
m G lu R s co u p le d  to  p o lyp h o sp h o in o sitid e  h y d ro ly s is . M atu ratio n al 
c h a n g e s  in th e se  n eu ro n s w e re  fo llo w ed  by e stim atin g  N M D A  
rece p to r a c t iv ity  -a s  N M D A -stim u late d  45C a 2+ in flux  - a s  w e ll a s  K +- 
in d uce d  G lu  re le a s e . B oth p a ra m e te rs  are  kn o w n  to in c re a se  during  
the  m aturatio n  of g ranule  c e lls  and  a re  su b je c t  to  regu latio n  by 
g ro w th  co n d itio n s. T re a tm e n t  of g ran u le  c e l ls  g ro w n  in " lo w " K + 
co n ta in in g  m edium  (10 m M ; K10) w ith  the  m G lu R  a g o n is ts  1S-3R- 
A C P D  or q u isq u a la te  (in the  p re s e n c e  of D N Q X ) s in c e  d a y  2  in vitro  
(D IV ), s ig n if ica n tly  in c re a se d  d ep o la riza tio n -in d u ce d  re le a se  of D- 
[3H ]a sp a rta te  a s  w e ll a s  N M D A -stim u late d  45C a 2+ in flux  a t 6 -7  D IV . 
C h ro n ic  e x p o su re  of c u ltu re s  to  1 0 μ M N M D A  (a co n ce n tra t io n  th at  
w a s  in e ffe c t iv e  on its  o w n ) w ith  A C P D  s in e rg ist ic a lly  prom oted  
both in d ic e s  of neuro nal m atu ratio n . T h e s e  o b se rv a t io n s  in d icate  
th a t N M D A  re c e p to rs  and m G lu R s  in te ra c t  in reg u lating  neuro nal 
m aturatio n  in cu ltu re .

125.8

HETEROGENEITY OF INTRACELLULAR CALCIUM RESPONSES 
INDUCED BY METABOTROPIC GLUTAMATE RECEPTOR AGONISTS IN 
CEREBELLAR NEURONS. S. Glazewski* and J.T. Wroblewski. Fidia- 
Georgetown Institute for the Neurosciences, Georgetown University School of 
Medicine, Washington D.C. 20007.

Cerebellar granule cells express several subtypes o f metabotropic glutamate 
receptors (mGR) including those coupled to the hydrolysis o f  phosphoinositides. 
In order to asses the ability o f these receptors to induce the release o f calcium 
from intracellular stores we measured [Ca2+]j using Fura-2 fluorescence. In order 
to abolish responses to ionotropic glutamate receptors all experiments were 
performed in presence o f Mg2+ , MK-801 and CNQX. The release o f Ca2+ from 
intracellular stores by mGR agonists was observed after a previous preloading of  
the stores by a pulse o f 25 mM K+. In all cases the application o f thapsigargin 
emptied the Ca2+ stores and abolished the responses to mGR agonists, indicating 
their action at thapsigargin-sensitive Ca2+ stores. The application o f glutamate, 
quisqualate and trans-1 -aminocyclopentane-1,3 -dicarboxylie acid (ACPD) evoked 
increases o f [Ca2+]i , however the responses were not similar. All agonists were 
potent in young granule cell cultures (3 days), while in older cells (9 days) 
responses to ACPD were virtually absent. Moreover, glutamate and ACPD 
evoked short-lasting, spike-shaped [Ca2+]j increase, while the responses to 
quisqualate included an initial spike followed by a longer lasting elevation o f  
[Ca2+]i. Repetitive applications o f mGR agonists resulted in decreased 
amplitudes o f responses even in the presence o f reloading o f intracellular stores 
witìi K+ pulses, suggesting the ability to produce receptor desensitization. A 
further distinction between mGR responses was made by using the putative 
antagonist 4-carboxy-3-hydroxyphenylglycine. This compound abolished the 
ability o f  ACPD to increase [Ca2+]j without affecting the action o f quisqualate. 
Our results indicate that cerebellar granule cells in culture express at least two 
subtypes o f mGRs coupled to InsP3 formation. The expression o f their responses 
changes during the maturation o f the cells, they show a different sensitivity to 
antagonism and produce a dissimilar pattern o f Ca2+ release from intracellular 
stores.
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125.9
ANATOMICAL LOCALIZATION OF EXCITATORY AMINO ACID- 
STIMULATED PHOSPHOINOSITIDE TURNOVER IN DEVELOPING RAT 
HIPPOCAMPUS. В Mehta. S.M. Dudek. E. Hawrot* and M.F. Bear Department of 
Neuroscience, Brown University, Providence, R I02912.

Previously our lab has shown that the developmental profile o f excitatory amino 
acid (EAA)-stimulated phosphoinositide (PI) turnover in kitten striate cortex 
precisely correlates with the critical period for experience-dependent synaptic 
modification (Science 246:673), suggesting a role for PI turnover in plasticity. 
However, forms of synaptic plasticity such as long term potentiation (LTP) and long 
term depression (LTD) have been widely demonstrated in CAI o f hippocampus 
where Hwang et al found (Science 249:802) little if any stimulation of PI turnover by 
ACPD, a selective agonist of the metabotropic glutamate receptor. Nonetheless, 
increased levels o f synaptic plasticity (LTP and LTD) can be demonstrated in the 
hippocampus o f young rats at the same ages that have been reported to be 
characterized by an overexpression o f EAA-stimulated PI turnover (Nicoletti et al, 
PNAS 83:1931). Our aim was to investigate whether EAA-stimulated PI turnover 
occurs in CAI at early postnatal ages.

A variation o f an autoradiographic PI turnover imaging technique described by 
Hwang et al was used on hippocampal slices of 9 rats between postnatal days 7 and 
22. According to this method, 3H-cytidine diphosphate diacylglycerol, which is 
membrane-bound, accumulates in proportion to levels o f PI turnover. ACPD was 
used to stimulate PI turnover in the presence of AP5 and CNQX (to block other EAA 
receptors). As a positive control, adjacent slices in each case were stimulated with 
carbachol. PI turnover in the subfields o f hippocampus was quantified by making 
optical density measurements of autoradiographs.

Comparative analysis of autoradiographs showed that carbachol strongly stimulated 
PI turnover in all subfields of hippocampus at all ages. ACPD stimulated PI turnover 
nonuniformly throughout postnatal development. At all ages examined, CA3 and 
subiculum showed consistently high stimulation. Dentate gyrus was confirmed to 
have insignificant stimulation in adult, but showed significant stimulation before 
postnatal day 12. However, stimulation in CAI was never greater than basal values.

125.11
M E T A B O T R O P IC  G L U T A M A T E  R E C E P T O R  A C T IV A T IO N  B Y  (1 S , 
3 R ) - A C P D  O R  4 C 3 H - μ g  E L I C I T S  M E M B R A N E  H Y P E R -  
P O L A R IS A T IO N  A N D  D E P O L A R IS A T IO N  IN B A S O L A T E R A L  
A M Y G D A LA  (B L A ) N E U R O N E S . K . H , H o lm e sL  D , G , R a m m e d  an d  P. 
S h in n ic k - G a lla q h e r* i. 1 D ept. of P h a rm a co lo g y , U n iv . of T e x a s  M ed ica l 
B ran ch , G a lv esto n , T X  7 7 5 5 0 , an d  2 D ept. of P sych ia try , H arvard  M ed ica l 
Sch o o l and  V A M C , Brockton , M A 0 2 40 1 .

Sta n d a rd  intracellu lar reco rd in g s w ere  obtained  from  rat B L A  n eu ro n es  
(n = 23 ) in the  su b m erg ed  brain s lice  preparation . Drop app lication  of the  
se le c t iv e  m etabotrop ic g lu tam ate  recep to r (m G lu R ) ag o n ist (1 S ,3 R )-1 -  
a m in o c y c lo p e n ta n e -1 ,3 - d ic a rb o x y lic  a c id  ( 1 S .3 R - A C P D , 5 - 4 0  μΜ ) 
re su lte d  in a  co n ce n tra tio n -d e p e n d e n t in c r e a s e  in m e m b ra n e  h y p e r
polarisation w hich o ccu rred  con currently with a  d e c re a se  in neu ron al input 
re s ista n ce  fo llowed by dep o larisa tion  an d  an  in c re a s e  in input re s ista n ce . 
Typ ica lly , how ever, only a  sm all depo larisa tion  w a s  o b se rv ed  at the  lower 
con centration . In th e  p re s e n c e  of drug, s lo w  afterh yp erp o larisa tio n s w ere  
a lso  redu ced  or b locked.

T h e  p re su m e d  m G lu R  a n ta g o n is t, R S -4 -ca rb o x y -3 -h y d ro x y p h e n y l-  
g ly c in e  (4 C 3 H -μ g ), at c o n ce n tra t io n s  ran g ing  from  5 - 4 0  μΜ  did not 
a n ta g o n is e  th e  A C P D - in d u c e d  m e m b ra n e  h y p e rp o la r is a t io n  an d  
depolarisation . In con trast to A C P D , app lication of 4 C 3 H -μ g  a lo n e  c a u se d  
a  sm all depolarisation followed by a  hyperpolarisation. In fact, 4 C 3 H -μ g  w a s  
o b se rv ed  to ac t m ore a s  a  partial ag o n ist by cu m u la tive ly  in cre a s in g  the  
A C P D -in d u ce d  hyperpo larisation.

T h e s e  fin d in g s s u g g e s t  (i) that m e m b ra n e  h y p e rp o la r isa t io n  an d  
d ep o larisa tio n  c a u s e d  by A C P D  a re  a b le  to be d is so c ia te d  at different 
co n cen tratio n s, an d  (ii) that 4 C 3 H -μ g  h a s  m G lu R  ag o n ist a c tio n s  on B L A  
n eu ro n es that a re  additive to A C P D -in d u ce d  m em bra n e  effects.

Su pported  by N S -2 4 6 4 3 .

125.13
POLYAMINES MODULATE POSITIVELY THE FUNCTION OF 
TRANSFECTED METABOTROPIC GLUTAMATE RECEPTOR mGIuRla.
1L,Haney*,__R.M.Manev and N. Gabel lini. FIDIA Research
Labs., Abano Terme 35031, Italy.

Of the six metabotropic glutamate receptors (mGluRs) 
only mGluRl and mGluR5 are positively linked to 
phosphoinositide (PI) hydrolysis. Recently we have 
successfully transfected the full length mGIuRla cDNA 
into the human embryonic kidney 293 cells (NeuroReport, 
4: May, 1993). Because polyamines, which modulate
positively the ionotropic glutamate receptors, might 
affect the mGluR-mediated PI hydrolysis in brain slices 
(J. Neurochem., 59: 610, 1992) we investigated the effect 
of putrescine, spermidine and spermine on the function of 
the transfected mGIuRla. Transfected cells were labelled 
with 3H-myoinositol and challenged with the specific 
mGluR agonist IS,3R-l-aminocyclopentane-l,3-dicarboxylic 
acid (1S,3R-ACPD) in presence of LİCİ2 and in presence or 
absence of polyamines. After the 20 min drug exposure the 
amount of labelled inositol phosphates was measured. 
Spermine did not affect PI hydrolysis in absence of 
IS, 3R-ACPD even at the concentration 1 raM, while it 
potentiated the stimulatory action of 1S,3R-ACPD already 
at the concentration 10 uM. The action of spermine was 
mimicked by spermidine but not by the short polyamine 
putrescine. The polyamine modulation of mGluR function 
might prove important in physiological and pathological 
processes involving this family of glutamate receptors.

125.10

PHARMACOLOGICAL CHARACTERIZATION OF A  
METABOTROPIC GLUTAMATE RECEPTOR POSITIVELY 
COUPLED TO ADENYLYL CYCLASE.
M, A, MŲSGRAVE*, M A  MADIGAN, B.M. BENNETT, and J.W. GOH. 
Department of Pharmacology and Toxicology, Queen’s University, Kingston, 
Ontario, Canada, K7L 3N6.

Glutamate plays a central role in long-term potentiation (LTP), a form of 
synaptic plasticity. We have previously shown that successful induction of LTP 
can be accomplished via co-activation of N-methyl-D-aspartate (NMDA) and 
metabotropic glutamate (mGluR) receptors and that this process ran be 
mimicked by the exogenous application of 8-bromo-cyclic AMP (Musgrave 
et al., 1993). The present study was undertaken to establish the subcellular 
location of this mGluR. The ability of glutamate agonists to activate adenylyl 
cyclase was assessed using two hippocampal membrane preparations: 
synaptosomes (presynatic nerve terminals; SY) and synaptoneurosomes 
(presynaptic nerve terminals and postsynaptic dendritic region; SN). A  water 
soluble form of forskolin (Calbiochem, San Diego, CA) increased adenylyl 
cyclase activity in both preparations. In the SN preparation, the specific 
metabotropic agonist ( 1S,3R)- 1-Aminocyclopentane-1,3-dicarboxylic add 
(1S,3R-ACPD; 100 μ  M) produced a significant increase in adenylyl cyclase 
activity. In contrast, glutamate (ImM, lOmM) produced a significant decrease 
in adenylyl cydase activity, while quisqualate (10 μ  m, 100 μ  m, and ImM) 
produced no change in activity. In the SY preparation, both 1S.3R-ACPD 
(500 μΜ  and ImM) and glutamate ( ImM, 10 mM) produced significant 
decreases in adenylyl cyclase activity, as did quisqualate (ImM). These results 
suggest that there exists a postsynaptic mGluR positively coupled to adenylyl 
cyclase.
Financially supported by the Medical Research Council o f Canada.

125.12

DEGENERATION OF THE DEVELOPING RODENT RETINA  
INDUCED STEREOSELECTIVELY BY AGENTS THAT BLOCK THE 
SECOND M ESSENGER FUNCTIONS OF THE GLUTAMATE  
METABOTROPIC RECEPTOR. MT Price*. C Romano I l ahn.yere 
and JW Olney. Washington University Medical School, St Louis MO 63110.

Activation o f the glutamate (Glu) metabotropic receptor by Glu or the more 
selective agonist, trans-ACPĐ, triggers phosphoinositide hydrolysis (PiH), 
intracellular Ca++ mobilization and protein kinase C activation. AP3 (2- 
amino-3-phosphonopropriomc acid) blocks ACPD-stimulated PiH. Sub
cutaneous treatment of infant rodents with AP3 for several consecutive days 
causes degeneration o f virtually all neurons in the retina and some in the brain 
(Tizzano et al, 1991). These findings suggest that under normal physiological 
circumstances, die Glu metabotropic receptor through its PiH-linked second 
messenger functions may provide vitally important support for developing 
neurons, and that disruption o f this support can cause widespread neuronal 
degeneration. Ormandy found that aspartate-ß-hydroxamate (ΑβΗ) mimics 
AP3 in blocking ACPD-stimulated PiH; the L stereoisomer o f  either 
compound is more potent than the D isomer in exerting this blocking action. 
In the present study, we treated infant mice sc for 3 consecutive days with DL- 
ΑβΗ and found that it mimics DL-AP3 and roughly parallels its potency in 
causing degeneration o f die developing retina. We also found that the L 
isomer of each compound is approximately 3 times more powerful than die D  
isomer in inducing retinal degeneration. The observation that two separate 
compounds that block ACPD-stimulated PiH have similar retinotoxic activity 
and that each compound shows the same stereoselectivity for these two actions 
supports the hypothesis that the PiH blocking action is causally linked to die 
retinotoxic action. Littman et al. recently described both low and high affinity 
sites through which ΑβΗ blocks Glu metabotropic receptor-coupled PiH. AP3 
was active only at the low affinity site. This implicates die low affinity site as 
the site through which the PiH blocking action associated with retinotoxicity is 
mediated. Supported by EY08089 & RSA MH 38894 (JWO).

125.14

SOLUBILIZATION AND PARTIAL PURIFICATION OF mGIuRla AND  
mGluR lß  METABOTROPIC RECEPTORS FROM BHK 570 CELLS 
AND RAT BRAIN. Darrvl S. Pickering* and David R. Hampson Faculty o f  
Pharmacy, University o f Toronto, Toronto, Ontario, Canada.

The cloning of a family of metabotropic glutamate receptors and determination of their 
amino acid sequences has provided the opportunity to express each separately in cultured cells 
and to produce subtype-specific probes that can be used to study these receptors. To date, nine 
metabotropic receptors have been identified Three subtypes of the mGluRl metabotropic 
receptor exist (lot, lß and lc), arising via alternative splicing of the mRNA transcript The 
molecular weights of the la  and lß receptor subtypes, as deduced from the cDNA sequences, 
are 133 kDa and 101 kDa, respectively. Both these receptors have been stably transfected into 
BHK 570 cells, facilitating their purification and characterization. We have snluhili7ied 
mGIuRla and mGluR lß from BHK cells, rat cerebellum and rat hippocampus. Immunoblots 
of transfected BHK membranes revealed bands at Mr= 154 kDa for la  and 96 kDa for lß. The 
feet that the apparent size of the la  receptor is larger than expected, suggests that it m y  be 
glycosylated while the lß subtype may be glycosyLated to a lesser extent Additionally, for the lß 
receptor a band at 186 kDa was seen in both BHK cells and hippocampus which was 
immunoreactive with different antibodies directed against three separate peptide «vjgnres 
within lß. We believe this to be a dimeric form of lß.

The lectin-binding properties of la  and lß wire compared in order to try to develop a 
purification strategy for the two receptors. Wheat germ agglutinin -Sepharose and lens culinaris 
(lentil) lectin - agarose bound both la  and lß receptor subtypes from bain and transfected 
BHK cells. After solubilization, the la  receptor from cerebellum and BHK cells was partially 
purified using a Wheat gam  agglutinin - Sepharose (WGAS) column. Further purification, 
using a combination of different immobilized lectins, is being pursued. Additional stiHi« on 
the glyoosylation patterns erf mGIuRla and mGluRlß are underway to identify the types and 
site(s) of glycosylation. (Supported by NSERC. DSP holds an NSERC Fellowship).
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126.1
RAT F R O N T A L  C O R T E X  S E R O T O N IN  R E L E A S E  M E A S U R E D  U S IN G  A  
NOVEL P L A S T IC  D IA L Y S IS  P R O B E : E F F E C T S  O F  S E R O T O N IN  R E U P T A K E  
INHIBITION O R  5 -H T 1 A  A G O N IS T  A D M IN IS T R A T IO N . K . W . J o h n so n  
and L . A . P h e b u s * . T h e  L illy  R e s e a r c h  L a b o r a to r ie s , E li  L illy  & C o .  
Ind ianapolis, In 4 6 2 8 5 .

M ale , W is ta r  ra ts  w e re  p e rm a n e n t ly  im p la n te d , o n e  d a y  b e fo re  
testing, with a  p la s t ic  lo o p -sty le  d ia ly s is  p ro b e  in th e  fro n tal c o rte x  
(anterior 2  m m  a n d  la te ra l 2  m m  from  b r e g m a ) . T h e  d e p th  of 
insertion w a s  co n tro lled  b y  a  f la n g e  in th e  p ro b e  s o  th a t a b o u t 2  m m  
of d ia ly sis  loop p e n e tra te d  th e  co rte x . T h e  p ro b e  w a s  c o n stru c te d  in 
less than 5 m in u te s  for m in im a l c o s t  u s in g  p o ly e th y le n e , c e llu lo s e  
dialysis a n d  h e a t  s h r in k  tu b in g s . O n e  d a y  a f te r  s u r g e r y , th e  
implanted d ia ly s is  p ro b e s  w e re  p e rfu s e d  w ith  artific ia l C S F  a t  a  rate  
of 1.3 m ic ro lite rs/m in . T h e  o u tflo w  of th e  p ro b e  w a s  c o n n e c t e d  
directly to a n  H P L C  in jec t io n  v a lv e  th a t in je c t e d  10 m ic ro lite rs  of 
dia lysate  o n to  th e  a n a ly t ic a l  c o lu m n  a t  1 5  m in u te  in t e r v a ls .  
Serotonin w a s  s e p a ra t e d  u s in g  a  2  X  2 5 0  m m  c y a n o  c o lu m n  an d  
quantified u s in g  e le c t r o c h e m ic a l  d e t e c t io n . T h e  m o b ile  p h a s e  
consisted of 0 .0 5  M p h o s p h a te  b u ffe r w ith  a  p H  o f 6  a n d  co n ta in in g
0.5 mM E D T A . D ia ly s a te  se ro to n in  le v e ls  o f le s s  th a n  5 0  μ g /ml w ere  
easily and  routine ly d e te c te d .

In trap erito n ea l a d m in is tra t io n  o f th e  s e ro to n in  u p ta k e  inh ib ito r  
S-nor-fluoxetine  in c r e a s e d  fro n ta l c o r t e x  e x t r a c e l lu la r  s e ro to n in  
levels. S u b c u t a n e o u s  a d m in is t ra t io n  o f th e  s e r o t o n in  5 - H T 1 A  
re ce p to r  a g o n i s t  8 - h y d r o x y - N ,N - d ip r o p y l - 2 - a m i n o t e t r a l in  
decreased  e x tra c e llu la r  se ro to n in  le v e ls .  D ru g  in d u c e d  c h a n g e s  in 
frontal c o r te x  e x t r a c e l lu la r  s e r o t o n in  c o n c e n t r a t io n s  m a y  b e  
beneficial in ce rta in  n e u ro p s y c h ia tr ic  d is o r d e r s .

126.3
LONG-TERM FLUOXETINE, BUT NOT DESIPRAMINE, INHIBITS 5-HT1A 
RECEPTOR-MEDIATED HORMONE RESPONSES IN MALE RATS. Q. Li*. 
A.D. Levy, T.M. Cabrera, M.S. Brownfield, G. Battaglia, L.D, Van de Kar, Dept. 
Pharmacol. Sch. Med., Loyola Univ. Chicago, 2160 S. 1st Ave. Maywood IL 60153.

We determined whether 5-HT1A receptor-mediated function is modified by 
chronic exposure to antidepressants. Hormone responses to the 5-HT1A agonists 
8-OH-DPAT or ipsapirone were evaluated after long-term exposure to two 
antidepressants, the 5-HT uptake blocker fluoxetine and the norepinephrine 
uptake blocker desipramine (DMI). The density and affinity of 5-HT1A receptors 
in the hypothalamus and cerebral cortex also were measured. Male rate received 
fluoxetine (10 mg/kg ip), DMI (5 mg/kg ip) or saline injections once daily for 21 
days. 8-OH-DPAT (0-500 μg/kg sc) or ipsapirone (0-5 mg/kg ip) were injected 
18 hours after the final antidepressant injection and 15 minutes before sacrifice. 
Both 8-OH-DPAT and ipsapirone significantly increased plasma ACTH, 
corticosterone, oxytocin and prolactin, but not renin or vasopressin levels. 
Chronic fluoxetine inhibited the ACTH, corticosterone and oxytocin responses 
to both 8-OH-DPAT and ipsapirone, suggesting reduced 5-HT1A receptor 
function. In contrast, chronic DMI did not alter the hormone responses to the 
5-HT1A agonists. The density and affinity of 5-HT1A receptors in the frontal 
cortex or hypothalamus were not altered by either fluoxetine or DMI. To verify 
that the observed effects require prolonged exposure to fluoxetine, rate received 
a single injection of fluoxetine (10 mg/kg, ip), 3 hours before 8-OH-DPAT (0-500 

sc). Acute fluoxetine did not reduce any of the hormone responses to 8- 
OH-DPAT. In conclusion, the results suggest that chronic, but not acute 
exposure to fluoxetine decreases 5-HT1A receptor function. This effect is not seen 
in rats chronically exposed to DMI. The mechanism of the effects of chronic 
fluoxetine on 5-HT1A receptor mediated hormone responses is not likely due to 
reduced density of 5-HT1A receptors, but could be due to changes in signal trans
duction. (MH45812, DA04865 & Am Heart Assn Chicago & Loyola Potts Estate).

126.5

PRENATAL FLUOXETINE ALTERS BRAIN 5-HT RECEPTORS AND 5-HT 
RECEPTOR-MEDIATED HORMONE RESPONSES IN MALE RAT PROGENY. 
T.M, Cabrera\  A.D. LęyyAQtJULLB, Vanj g . ҚшчЗУ, Pinto, D, Quran an_d_G. 
Battaglia. Department of Pharmacology, Loyola University of Chicago, Stritch 
School of Medicine, Maywood, IL 60153.

The objective of the present study was to determine the consequences of 
prenatal exposure to the 5-HT uptake blocker fluoxetine on serotonergic function 
in male progeny. Pregnant rats were administered saline or fluoxetine (10 mg/kg, 
sc) daily from gestational day 13 through 20. All progeny were fostered to non- 
treated lactating dams. Fluoxetine resulted in a small but significant decrease in 
birth weights (-8%), but had no effect on total litter size. At postnatal day (PD) 
70, fluoxetine-exposed progeny exhibited a significant reduction (-35%) in 
hypothalamic 5-HT2/ lc  receptors and an increase (+10%) in cortical 5-HT1A 
receptors. In contrast, at PD30, the densities of 5-HT receptors in these brain 
regions were not different from controls. 5-HT uptake sites were not altered in 
the cortex, hypothalamus, or midbrain at either postnatal time points. Functional 
alterations in serotonergic systems were also determined in PD30 and PD70 male 
progeny by measuring changes in plasma hormones following a single injection 
of saline, the 5-НТјд agonist 8-OH-DPAT (0.5mg/kg,sc), or the 5-HT2/ lc  agonist 
DOI (2mg/kg,sc). In utero exposure to fluoxetine significantly attenuated (-58%) 
the ACTH response to DOI at PD70, but not PD30. In contrast, the renin 
response to 8-OH-DPAT was significantly enhanced (+43%) at PD30, but not 
PD70 in fluoxetine progeny. The prolactin and corticosterone responses to the 5- 
HT agonists, as well as the basal levels o f all hormones measured were unaffected 
by prenatal fluoxetine exposure. These data indicate long-term selective alterations 
in 5-HT systems of progeny prenatally exposed to the clinically used 
antidepressant fluoxetine. (Supported in part by DA07741, MH45812, & Loyola 
Potts Foundation).

126.2
T H E  E F F E C T S  O F  S IB U T R A M IN E  O N  S E R O T O N IN  R E L E A S E  A N D  
M E T A B O L IS M  IN C O M P A R IS O N  T O  O T H E R  A N O R E C T IC  D R U G S .
K .F .M a rtin &  D .J .H ea l. (S P O N :B ra in  R e s e a rc h  A sso c ia tio n ) Boots  
P h a rm a ceu tica ls  R e s e a rc h  D ept., Nottingham , N G 2  3A A , U .K .

S ibutram ine (S IB ), a  potent noradrenaline (NA) and  serotonin (5-H T) 
reuptake inhibitor with no dopam inerg ic actio n s, is  being d eve lo p ed  to treat 
o b esity . O ther d rug s with an o rectic  properties include dexam p hetam in e  
(A M P H E T ) and (+)tenfluramine (F E N ) w hich re le a se  d opam ine and  5-HT, 
re sp ective ly , an d  the  se le ctiv e  5 -H T  reuptake inhibitor, flu oxetine(F L U O X ) . 
U sin g  superfusion  to monitor [ЗН Ј5-Н Т overflow from rat cortical s lic e s , w e  
h a ve  co m pared  the effects of S IB  and  its active m etabolites (1-ΐΟΟμΜ ) with 
th o se  of th e se  other an o rectic  d rugs. Tritium  overflow  w a s  significantly  
in c re a sed  by p o tassiu m  (25m M , 1 70% ), F E N  (1-100μΜ , 5 3 -2 60 % ), A M P H E T  
(10-100μ Μ , 7 3-146% ) and  F L U O X  (100μΜ , 1 87% ). S IB  had no significant 
effect, but its m etabo lites B T S  5 4 3 5 4  an d  B T S  5 4 5 0 5  in cre a sed  re le a se  
(ΐΟΟμΜ  only, 138  & 1 4 6% , respective ly ). W e  h a ve  a lso  d eterm ined  the  
effects of th e se  d rugs at d o se s  of 0 .3 -10  mg/kg i.p. on 5-hydroxytryptophan  
(5 -H TP ) accum ulation in m o u se  brain ex vivo following 5 -H T P  d ecarb o xy la se  
inhibition. A M P H E T  (0 .3  & 1 mg/kg) significantly d e c re a se d  5 -H T P  leve ls , 
but had  no effect at h igher d o se s . B y  con trast, the 5 -H T  re leas in g  agent, 
F E N , only d e c re a se d  5 -H T P  leve ls  at the h igh est d o se . C o n siste n t with their  
ability to inhibit 5 -H T  reuptake, F L U O X  (3 & 10 mg/kg) and  S IB  (1-10 mg/kg) 
both d e c re a se d  5 -H T P  leve ls . T h e se  d ata  ind icate that the an o rectic  effects 
of S IB  are  unlikely to b e  d u e  to e n h a n ce d  5 -H T  re le a se  an d  differentiate S IB  
from  F E N  and  A M P H E T . Although S IB  produ ced  sim ilar e ffects to F L U O X  in 
th is  study, S IB  is clea rly  differentiated from this drug by its potent action s on  
N A  function in vivo.

126.4
PERIPHERAL UPTAKE INHIBITION DECREASES SEROTONIN 
RELEASE VIA SOMATODENDRITIC AUTORECEPTOR ACTIVATION.
Rutter*. C. Gundlah and S.B. Auerbach. Nelson Biol. Lab., Rutgers Univ., 
Piscataway, NJ 08855.

In vivo microdialysis was used to examine the effects of peripheral uptake 
inhibition on extracellular (EC) 5-HT in the hypothalamus. Previous results 
indicated that peripheral fluoxetine caused a decrease in 5-HT when terminal 
uptake was inhibited by local infusion of the uptake blocker. We hypothesized that 
the decrease in 5-HT levels in the terminal region was due to an increase in 5-HT 
in the vicinity of inhibitory autoreceptors in the dorsal raphe nucleus (DRN). To 
test this prediction rats were implanted with probes in both the medial 
hypothalamus and the DRN. After stable baseline was obtained, fluoxetine (10 
mg/kg i.p., n=6) was injected. Within one hour, EC 5-HT increased by 147 ± 53% 
in the hypothalamus and by 130 ± 47% in the DRN. The fluoxetine-induced 
increase in both areas was attenuated by treatment with the 5-HT 1A agonist 8- 
OH-DPAT. In a separate experiment, fluoxetine and penbutalo! were perfused into 
the hypothalamus overnight to block nerve terminal uptake and autoreceptor sites, 
respectively. This pretreatment caused an approximate tenfold increase in 5-HT 
levels. On the second day, baseline was obtained, and fluoxetine was 
administered peripherally. This produced a 50% decrease in EC 5-HT in the 
diencephalon, presumably due to activation of the somatodedritic autoreceptors. 
Consistent with this hypothesis, the 5-HT 1 antagonists spiperone, penbutalol, and 
WAY 100135 reversed the fluoxetine-induced decrease in 5-HT to approximately 
85% of the pre-fluoxetine baseline levels*

126.6

IN C R E A S E D  C O R T IC A L  E X T R A C E L L U L A R  5 -H T  A F T E R  R E P E A T E D , B U T  
N O T  A C U T E , T R E A T M E N T  W ITH  L O W  D O S E S  O F  A N T ID E P R E S S A N T S .  
R E D U C T IO N  A F T E R  T R Y P T O P H A N  D E P L E T IO N . F . A rtiqas. N. B e l. A. 
Ferre r. R . Cortés* Dept. of N eurochem istry, C .S . I .C .  B a rce lo n a  0 8 0 3 4 , S p a in

Electrophysio log ical resu lts ha ve  revea led  a  potentiation of the efficacy  of 
seroton in erg ic (5-H T) neu rotransm ission  following repeated  treatm ent with 5- 
H T  uptake o r M A O  inhibitors (M A O Is). R ec en t e v id e n c e s  ind icate that low  
d o se s  of th e se  an tid ep ressant d rugs in cre a se  the extrace llu lar concentration  
of 5 -H T  (5-H Text) in the raphe nuclei (R N ), but not in fo rebrain , a s  m ea su red  
by m icrod ia lysis in a w a k e  an im als. T h is  is likely to be  a cco u n ted  for by the  
attenuated term inal 5 -H T  re le a se  c a u se d  by the activation of raphe  5 -H T 1A 
au toreceptors by the en h a n ce d  raphe 5 -H T ext. W e  h a ve  exa m in ed  the effects  
of the  treatm ent with low d o se s  of an tid ep ressa n ts  on cortical 5 -H T ext using  
m icrod ia lysis  in aw a ke  rats. F lu voxam ine  (F V X , 1 m g-kg'1 d a y '1, 14 d a y s) a  
se lective  5 -H T  reuptake inhibitor, in c re a sed  six-fold the  b a sa l 5 -H Text 
concentration in frontal cortex (F C )  v s . control rats. In co n trast, no significant 
d ifferen ces em erged  in the R N  betw een sa lin e- an d  FV X -treated  rats. A  further 
d o se  of F V X  transiently in cre ased  5 -H T ext in F C  of con tro ls but not in F V X -  
treated  rats, w h e re a s  large in c re a se s  w ere  s e e n  in rap h e . A lso , 0 .5  mg-kg' 
1d a y '1 of tranylcyprom ine, a  non -se lective  M A O I, in c re a se d  cortical 5 -H T ext 
in F C  to 240  %  of contro ls and  to 180 %  in d o rsa l raphe  n u cleu s, w h e re a s  the  
acute  treatm ent with 0 .5  mg k g '1 w a s  without effect. 5 -H T ext in FV X -treated  
rats w a s  dram atically redu ced  after fasting  p lu s  the oral intake of an  am in oacid  
m ixture lack ing tryptophan. T h e se  re su lts ind icate a  m arked  potentiation of 5- 
H T erg ic tran sm issio n  in forebrain following the  repeated  (but not acute) 
treatm ent with d o se s  of an tid ep ressa n ts  s im ilar to th o se  u se d  clin ica lly  in early  
s ta g e s  of the treatm ent.
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126.7
THE EFFECT OF 5,7-D IH YD RO XY TR YPTAM INE LESIONS ON 
BASAL AND FENFLURAM INE-INDUCED SEROTONIN RELEASE  
IN STRIATUM . L.G. K irbv*. P .S . K reiss. A. Singh, and I. LuckL 
Depts. o f  Psych iatry  and Pharm acology, In st, o f N eurological 
Sciences, University o f Pennsylvania, Philadelphia, PA 19104.

Intraventricular administration of the neurotoxin 5,7-dihydroxytryptamine (5,7- 
DHT) results in widespread destruction of serotonin (5-HT)-containing neurons in the 
rat brain. The purpose of this study was to systematically investigate the 
relationship between the extent of 5-HT depletion after neurotoxin treatment with 
both basal and fenfluramine-induced 5-HT release in the striatum.

Rats were pretreated with desipramine (25 mg/kg, i.p.) and then given bilateral 
intraventricular injections of vehicle (N=10), 100 ug 5,7-DHT (6 6 % striatal 5-HT 
depletion, N=8 ), or 200 ug 5,7-DHT (93% striatal 5-HT depletion, N=10). Four 
weeks later, 5-HT release was measured in the ventral striatum using in  v iv o  
microdialysis. Animals were anesthetized and dialysate samples collected at 20 min 
intervals. Fenfluramine (10 mg/kg, i.p.) was administered after baseline samples had 
been collected, and then six more samples were collected for analysis by HPLC-EC.

Basal 5-HT release was not significantly affected by any lesion. Basal 5-ШАА 
release was dose-dependently reduced by 5,7-DHT. Fenfluramine treatment produced 
an 800% elevation in 5-HT release in animals treated with vehicle, a 300% increase 
in animals treated with 100 ug 5,7-DHT, and no change in animals treated with 200 
ug 5,7-DHT. Maximal fenfluramine-induced 5-HT increase was correlated 
significantly with striatal 5-HT content. Fractional 5-HT efflux, a measure of the 5- 
HT release from remaining striatal terminals, was significantly elevated in animals 
whose lesions exceeded 95% 5-HT depletion.

The inability of 5-HT neuronal destruction to alter basal 5-HT release indicates that 
residual terminals may compensate for the loss of neuronal input in the striatum with 
as little as 5% of the terminals remaining. However, those mechanisms were not 
sufficient to allow the lesioned system to respond to a pharmacological challenge. 
Supported by USPHS grants MH 36262 and MH 48125.

126.9
EFFECT OF 8-OH-DPAT ON SEROTONIN (5HT) RELEASE IN THE DORSAL 
RAPHE NUCLEUS (DRN) OF THE FREELY MOVING CAT: A 
MICRODIALYSIS STUDY. C.M. Portas and R.W. McCarlev*. Harvard Medical 
School/Brockton VAMC, Brockton, MA 02401.
We have recently found that microdialysis measurements of 5HT release in DRN 
parallel the behavioral state-related time course of discharge of presumptively 
serotonergic DRN neurons: highest in waking (W), a decrease in slow wave sleep, 
and a near cessation of activity in REM sleep.. This activity modulation appears 
to have a complex regulation in which 5HT itself may be involved, likely through 
5HT la autoreceptors, which inhibit DRN neurons. We tested the effect of the 
5HT la agonist 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT) on 5HT 
release in DRN in order to investigate the role of autoreceptors in the modulation 
of 5HT release and related behavioral state changes. Microdialysis was performed 
in freely moving adult cats (3-5 Kg) implanted with electrodes for recording 
behvioral state and with a cannula used to guide the microdialysis probe to the 
implantation site (DRN coordinates: AP +0.6 DV-1 ML 0; location confirmed by 
histology). The probe was inserted 20-24 hours before starting the experiment and 
about 10-14 days after surgery. The experiments started by perfusing the probe 
with artificial CSF (flow rate 3ul/min). The samples were collected across behav
ioral states, and injected in a microbore HPLC system. The data were recorded 
and serotonin concentrations determined by Shimadzu integrator. After a stable 
baseline of 5HT was obtained, 8-OH-DPAT (lOOuM) was perfused through the 
probe for two hours. Results: the perfusion of 8-OH-DPAT through the probe in 
the DRN caused a dramatic decrease of 5HT in the dialysate. The concentration of 
5HT fell from the usual value in W of about 7 fmoles/5ul to under the detection 
limit of the system (lfmole/5ul). Such a decrement is consistent with previous 
electrophysiological findings reporting a correlation between 5HT la receptor 
activation and decrease in DRN neuronal discharge activity.

126.11
S D Z  S E R  082, A C E N T R A L L Y  A C T IN G  A N D  S E L E C T I V E  5 -H T -2 CANTAGONIST J. Nozulak, H.O. Kalkman, P. Floersheim, D. Hoyer* and

H R . Buerki P reclin ica l R e s e a rc h , S a n d o z  P h a rm a  Ltd ., C H -4 0 0 2  B a s le  
T he 5-H T-2 receptor fam ily co m p rise s  three m e m b e rs, i.e . the  2 A , 2 B  and  

2 C  sub typ es. S e q u e n c e  a n a ly s is  revealed  an  >80 %  hom ology betw een  
their tran sm em brane  portions. T herefore  it w a s  not surpris in g  that m any  
com pounds o n ce  believed to be  se lective  for 5 -H T -2 A  (form er c la s s ic a l 5- 
H T-2) receptors h a ve  su b seq u en tly  b een  show n to bind con com itan tly to 5- 
H T -2C  and/or -2B  s ite s  (e .g . m ian serin , cypro hep tad ine). W ith the  indolino- 
naphthyridine S D Z  S E R  08 2 , a  5 -H T -2 C  an tag on ist (p K D  7 .8 ) w a s  
d iscovered  which d isp la ys  a  m ore than 30-fold selectiv ity  o ver e very  mono- 
am inerg ic receptor binding site  hitherto te sted . S D Z  S E R  0 8 2  inhibits the  
phosphatidylinositol turnover in the  pig choroid  p lexu s (p K B  7 .6 ). In vivo the  
com pound an tag o n izes m C P P -in d u ce d  hypolocom otion in rats  (E D 5 0  0.1 
mg/kg s c ) , inhibits M K 212-induced  hypophag ia  (E D 5 0  0.1 mg/kg s c )  an d  
prevents M K 212-induced  p la sm a  A C T H  in c re a se . T h e  affinity of S D Z  S E R  
082 tow ards four se le cted  5 -H T  receptor su b typ e s  (1 A , 1D , 2 A  an d  2 C )  ca n  
be predicted an d  v isua lized  applying the  3 D - Q S A R  m ethod C o M F A . 
Therefore a  variety of seroton inerg ic co m po u n d s h a ve  b e en  included in the  
m odels. T h e  stru ctu res w ere  su p erim p o sed  b y the ir com m on b a s ic  
p harm acophore (arom atic ring an d  b a s ic  nitrogen). T h e  Q S A R  m od els help  
to explain the selectiv ity of S D Z  S E R  08 2  an d  ca n  be u se d  for further drug  
design .

126.8
R E L E A S E  O F  [3H ]5-H T FR O M  T H E  IN T E R M E D IA T E  A R E A  O F  R A T  T H O R A C IC  
S P IN A L  C O R D  IS  M O D U LA T ED  B Y  P R E S Y N A P T IC  A U T O R E C E P T O R S . L Y a n g l
H .M .Ja c o ck s  III and  C .J .H e lk e . Dept. of P h arm aco lo g y , Uniform ed S e rv ices  
University of the Health S c ie n c e s , B eth esd a , M D 20814.

Serotonin (5-HT) ca n  m odulate its ow n re lease  by interacting with p resynaptic  
au to recep to rs located  on 5-H T term inals in certain  C N S  system . Although 5- 
H T nerve term inals innervate sym pathetic  p regang lionic neu ron s of the 
interm ediolateral ce ll co lum n (IML), neither the d epolarization-induced  re lease  
of 5-H T nor the p rese n ce  of p resyn ap tic  m odulatory au to recep to rs in this 
system  have  yet been  studied . W e u sed  in vitro superfusion  of the 
m icro d issected  interm ediate a re a  (includes the IML, intercalated  n u cleu s and  
central au tonom ic nu cleu s) of the rat th o rac ic  spinal co rd  to m ea su re  b asal and  
stim ulated re lease  of preloaded [3H ]5-HT. E levated  K + evoked  a  concentration- 
d ep end ent and C a 2+-dependent re lease  of [3H ]5-H T. E x o g e n o u s  5-H T and  the 
5 -H T 1B agonist, C G S -1 2 06 6 B , both d e c re a se d  the evoked  re lease  of [3H]5-HT  
in a  con centration d ependent m anner. T h e  inhibition of [3H ]5-H T re lease  w as  
b locked  by m ethiothepin (5-H T1B antagonist), but not b y  NAN-190 (5-HT1A 
antagonist). 8-O H -D PA T (5-H T1A agonist) had no effect on the re lease  of [3H]5- 
HT. T h e se  d ata  dem onstrate  the d ep olarization-induced  re le ase  of 5-HT and  
the p rese n ce  of a  p resyn ap tic  5 -H T iB inhibitory au torecep tor in the intermediate 
a re a  of the rat th o rac ic  spinal cord . T h e se  findings will be helpful in 
un derstanding the co m plex  role of 5-H T in the spinal regulation of the  
sym pathetic n ervous system , (supported  by NIH grant R 0 1  N $24876)

126.10
EFFECTS OF S-2 (3-METHYLAMINOPROPYLAMINO) ETHYLPHOSPHORO- 
THIOIC ACID (WR-3689) ON THE IN VITRO RELEASE OF 5-HYDROXY- 
TRYPTAMINE (5-HT) FROM THE MOUSE HYPOTHALAMUS. T.M. Cohen 
and D.L. Palazzolo*, RBD, AFRRI, Bethesda, MD 20889

Elevations in brain 5-HT concentrations, are believed 
to trigger emesis and induce sleep. WR-3689, is a radiopro
tectant known to cause nausea, vomiting, and drowsiness. 
These effects may be due to WR-3689-induced changes in the 
metabolism of 5-HT. To test this hypothesis, we used a dy
namic in vitro perifusion system to determine the sponta
neous and stimulated release of 5-HT and its metabolite, 5- 
hydroxyindoleacetic acid (5-HIAA). Mouse hypothalami were 
perifused with Krebs-Ringer Henseleit (KRH) containing 0 
(control, n=8), 200 (n=9), or 400 (n=9) ug/ml WR-3689, at 
37 °С for 100 min at a flow rate of 50 ul/min. Perifusates 
were collected at 5 min intervals. One hr after the start 
of perifusion, 250 ul KRH containing 80 mM K+ was injected 
into the perifusion chamber to stimulate 5-HT release. 
HPLC-EC was used to determine levels of 5-HT and 5-HIAA. 
The results showed that spontaneous and stimulated release 
rates of 5-HT in the 200 ug/ml WR-3689 treatment (1.8±0.2 
and 3.1±0.6 μg/min/mg, respectively) were similar to cor
responding values in the control (2.4±0.2 and , 4.0±0.7 
μg/min/mg, respectively). Spontaneous release of 5-HT in 
the 400 ug/ml WR-3689 group (4.6±0.4 μg/min/mg) was ele
vated (p<0.001), but stimulated 5-HT release (3.8 + 0.6 
μg/min/mg) was comparable to the control. Spontaneous 5- 
HIAA levels increased (p<0.006) with increasing dosage of 
WR-3689 (4.7±0.2, 5.9±0.3, and 8.1+0.6 μg/min/mg for 0, 
200, and 400 ug/ml WR-3689, respectively), but there were 
no differences among the stimulated 5-HIAA levels (3.5+0.5, 
4.0±0.5, and 4.7±0.4 μg/min/mg, respectively). These re
sults suggest that WR-3689 alters the metabolism of 5-HT in 
mouse hypothalamus.

126.12
S Y S T E M IC  N IC O T IN E  E L IC IT S  B R A IN  S E R O T O N IN  R E L E A S E  IN 
A W A K E  R A T S . R . L  Bettiker, M .G . Bogdanov. V . S a v c i. E .B .  
Ribeiro. and  R .J . W urtm an*. D e p t. of B rain  & C ogn itive  S c ie n c e s ,  
M .I.T ., Cam b rid g e , M A 02139.

Seroton in  (5-H T) n eu ro ns contain  n icotine receptors, an d  nicotine  
withdrawal elicits mood and appetite c h a n g e s  treatab le  with 
dexfenfluram ine (a  drug w hich re le a s e s  5 -H T  an d  b lo cks its 
reuptake). H ence , w e  previo usly  exam in ed  n icotine’s  e ffects using  
in vivo  m icrodialysis. B a sa l E C F  5 -H T  le ve ls  (7 .4  fm oles/15 min) 
w ere  transiently e levated  (by 2 1 6% ) by 4-8 mg/kg nicotine; th is 
effect w a s  unrelated to concurrent hem o d ynam ic c h a n g e s . W e  
h ave  now  exam ined  5 -H T  re le a se  from cortex, h ip pocam pus, 
striatum  and lateral hyp othalam us using m icrod ia lysis in freely- 
m oving rats. M icrodialysis p robes w ere  im planted in the  brain  
structures 24-48  h before experim ents pro b es w ere  perfused  with 
R in g er’s  so lution containing fluoxetine (1 μΜ, a  5 -H T  uptake  
blocker). A 1 . 6  mg/kg d o se  m axim ally in cre a se d  5 -H T  (after 80 -100  
min) by 48 % , 3 7 % , 8 6 % , and 3 5 %  in the four reg ions; th is effect 
lasted  for at le a st  120  min. E C F  5 -H IA A  w a s  unaffected. S in c e  rat 
brain nicotine le ve ls  after su c h  d o s e s  probably a re  co m p arab le  to 
le ve ls  attained by so m e  sm o k ers, th e se  d ata  support the  
involvem ent of 5 -H T  in n icotine's behavioral e ffects, and the utility 
of 5 -H T  drug s in treating n icotine w ithdraw al.
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126.13

IN V O L V E M E N T  O F  D O R S A L  R A P H E  B U T  N O T  M E D IA N  
R A P H E  IN  M O R P H I N E - I N D U C E D  I N C R E A S E S  IN  
S E R O T O N IN  R E L E A S E  IN  R A T  B R A I N .  R. Tao* and S.B. 
Auerbach. Nelson Biol. Lab., Rutgers Univ., Piscataway, NJ 08855.

To investigate the effect of morphine on serotonin (5-HT) release, 
we examined nine brain regions using in vivo microdialysis in 
freely moving rats. Artificial CSF containing a 5-HT reuptake 
blocker was perfused via a 2.5 mm probe for 12 h or more prior to 
collection of samples. The largest, most significant (p<.005) 
increases in 5-HT after morphine (10 mg/kg, s.c.) were observed in 
four areas which are targets of 5-HT projections from the dorsal 
raphe (DRN): 5-HT was increased 76.7 ± 6.5% above baseline in 
nucleus accumbens (NAC); 57.4 ± 6.2% in dorsal striatum; 71.1 ± 
16.7% in amygdala; and 54.6 ± 5.9% in frontal cortex. Moderate 
(p<.05) increases were observed in thalamus, 35.6 + 7.4%; 
hypothalamus, 31.4 ± 3.9%; and ventral hippocampus, 29.9 + 
5.3%. 5-HT was not significantly increased in two areas innervated 
predominantly by the median raphe nucleus (MRN); dentate region 
of dorsal hippocampus, 12.0 ± 6.2%; and septum, 10.1 ± 4.6%. 
Morphine was also administered via probes in the DRN or MRN 
while 5-HT was measured in the NAC. Dose-dependent effects 
were observed during DRN perfusion: 10 mM morphine yielded a 
60.4 ± 8.6% increase in NAC 5-HT. In contrast, 10 mM morphine in 
the MRN produced no significant change in NAC 5-HT. These 
results suggest that the increases in 5-HT were due to opiate 
effects in the area of the DRN. Supported by a grant from NSF.

126.15
SEROTONIN-MEDIATED FOS ACTIVATION IN RESPONSE TO P- 
CHLOROAMPHETAMINE IN RAT FOREBRAIN. D.L. Weedman. K.J. Axt. 
D.K. Rvugo*. and M.E. Molliver. Dept. of Neurosci., Johns Hopkins Univ. Sch. 
Med., Balto., MD, 21205.

Fine serotonergic axons, which originate in the dorsal raphe nuclei (DRN), are 
vulnerable to the neurotoxic effects of p-chloroamphetamine (PC A). PC A causes 
release of serotonin (5-HT) from these axons, which are acutely depleted of 5-HT 
and later degenerate. In this study, activation of postsynaptic neurons by PCA- 
induced 5-HT release was assessed using immunocytochemistry to localize c-Fos 
expression in the rat brain. One dose of PCA (10 mg/kg), administered 2 hr before 
perfusion, produced a marked increase in Fos-positive cells in parietal cortex, 
ventromedial striatum, nucleus accumbens, olfactory tubercle, and islands of Calleja 
(ICj), as well as in DRN. Fos-activated neurons in parietal cortex were concentrated 
in layer IV-Va, coincident with the dense band of fine 5-HT terminals. Notably, 
other forebrain areas densely innervated by 5-HT axons, e.g., hippocampus and 
globus pallidus, exhibited no Fos-activation. In brainstem, many neurons in DRN, 
but not median raphe, showed Fos activation in response to PCA. Ablation of fine 
5-HT axons with PCA one week before PCA challenge attenuated the Fos response 
in olfactory mbercle and layer Va of parietal cortex. Fluoxetine, a 5-HT uptake 
inhibitor which prevents neurotoxic effects of PCA, markedly decreased PCA- 
induced Fos-activation, especially in layer Va, fundus of striatum, accumbens, and 
olfactory tubercle; medial striatum and ICj remained Fos-positive. These data 
indicate that PCA-induced 5-HT release from fine axons activates neurons in layer 
Va of parietal cortex, presumably mediated by 5-HT2  receptors. In areas such as 
ICj, Fos activation after PCA is independent of 5-HT release. The observation that 
some 5-HT innervated areas do not exhibit PCA-induced increase in Fos expression 
may be due to other mechanisms such as multiple receptor interactions or neuronal 
resistance to Fos-activation. [Support: NSF, NIDA DA04431, 271-90-7408]

126.17

INCREASE IN THE IN VIVO CONCENTRATION OF THE 
SEROTONIN METABOLITE 5-HYDROXY-INDOLE-ACETIC ACID 
FOLLOWING EITHER CORTICOTROPIN RELEASING FACTOR 
OR COLD STRESS. M* М ю И я ь .Ь А « .Д к £  Ш  & ! ..  AMm u Naval 
Medical Research Institute, Bethesda, MD 20889-5607.

It is well known that following exposure to stress a number of 
peripheral and central biochemical changes occur. In the CNS, 
activation of the catecholaminergic systems have generally been 
reported. Using both a physiological (Corticotropin releasing factor 
(CRF)) and environmental stressor (cold air) we present data that 
involves the serotonergic system in the prefrontal cortex (PFC) o f freely 
moving rats using in vivo microdialysis. Adult male Long Evans rats 
were implanted 3 days prior to dialysis with guide cannulae and 
intraventricular guides for CRF treated animals. Dialysis occurred 18 
hours after the 3mm dialysis probe was inserted at a flow rate of 2.0  
μΐ/min and samples collected into cooled preservative every 20 min. 
Animals were awake and freely moving while attached to swivels during 
perfusion. Cold exposed rats were placed in a thermally controlled box 
24 hr before exposure. Afta* two hours of baseline collections at 2ГС  
the temperature was reduced to 0-ГС and maintained for 4 hr. The 
same animals were also perfused on alternate days in the same box but 
without lowering the temperature. Animals used for CRF experiments 
received 1 to 3 μ% of CRF or saline, I.C .V . Afta* one hr baseline period, 
samples were immediately assayed for 5-HIAA using HPLC with 
electrochemical detection. Both cold exposure and CRF treatment 
resulted in significant increases in extracellular 5-HIAA when compared 
to their respective baselines.

126.14
ROLE OF ENDOGENOUS MONOAMINES IN MDMA 
NEUROTOXICITY. M B. Martello*. T.D. Steele. J.F. Wlos. A. 
Ridenour, and G. A. Ricaurte. Department of Neurology, Johns 
Hopkins Medical Institutions, Baltimore, MD 21224.

Recent evidence suggests that endogenous monoamines may be 
involved in the cytotoxic action of amphetamine analogs. To test the 
hypothesis that serotonin (5-HT) mediates the neurotoxicity of 
MDMA, the potential protective effects of p-chlorophenylalanine 
(PCPA), a 5-HT synthesis inhibitor, were evaluated. PCPA, 
administered at a dose of 350 mg/kg (i.p.), produced a near total 
depletion of rat brain 5-HT 48 or 96 hours later. MDMA, when given 
alone, either in single (40 mg/kg; i.p.) or multiple doses (10 mg/kg s.c. 
every 2 hours X 4), caused a significant reduction in 5-HT neuronal 
markers 4 weeks later . In animals pretreated with PCPA, long-term 
5-HT deficits induced by MDMA were attenuated. The protective 
effects of PCPA were dependent both on the interval between PCPA 
and MDMA treatment, and on the dosing regimen of MDMA 
employed. Since treatment with PCPA was also noted to cause an 
acute depletion of brain dopamine (DA), the possibility that reduction 
of DA, rather than of 5-HT, underlies the protective effect of PCPA 
is under investigation. Specifically, studies to determine whether L- 
DOPA prevents the protective effects of PCPA are in progress. 
[Supported by DA06275]

126.16
FURTHER CHARACTERIZATION OF TISSUE-SPECIFIC 
DIFFERENCES IN CNS AND PINEAL TRYPTOPHAN 
HYDROXYLASE. D.H. Park*. K.S. Kim and T.H. Joh. Cornell Univ. 
Med. Coll., Burke Med. Res. Inst., White Plains, NY 10605.

The nucleotide sequences of full length tryptophan hydroxylase (TPH) 
cDNAs isolated by our laboratory from both the dorsal raphe nucleus 
(DRN) and the pineal gland (μ g ) were identical. A polyclonal anti
serum against a TPH subunit recognized a single identical band in rat 
DRN and μ g . In contrast, the isoelectric point (pi) determined by 
chromatofocusing differed (rat brain; pi 4.90 and μ g ; pi 6.28). Also, 
TPH mRNA levels are greater in μ g  than DRN despite a higher enzyme 
activity in the DRN. The present study sought to delineate elements 
responsible for some of these differences. Enzymatically active 
recombinant TPH was produced in E. coli using the entire coding region 
of mouse TPH. Crude cell extract applied to chromatofocusing resolved 
two peaks of TPH activity. The corresponding isoelectric points were 5.9 
(major) and 4.5 (minor) and the relative abundance was 4 to 1, 
respectively. Application of partially purified TPH to chromatofocusing 
resulted in only one active peak (pi 6.01). Addition of either DRN or 
μ g  supernatant to recombinant TPH produced neither inhibition nor 
activation. Activity of recombinant TPH was not inhibited in the 
presence of high (up to 5x10"^) concentrations of either 5-HT, N- 
acetyl-5-hydroxytryptamine or melatonin, end products which inhibit the 
enzyme in vivo. Our results indicate that the TPH activity differences 
observed in the μ g  and DRN are not due to either the presence of an 
endogenous inhibitor or end product inhibition. Supported by MH 44043.

126.18
INFLUEN C E O F A C U TE R ESERPIN E O N  T H E  R EG IO N A L  
SER O TO N IN  SYNTH ESIS R A TE  IN  R A T  BR AIN . D. Mück-Seler 
and M. Diksic*. Cone Laboratory for Neurosurgical Research, 
Montreal Neurological Institute, McGill University, Montreal, Quebec, 
H3A 2B4, Canada.

Rats were divided into two groups; one sham-injected controls 
and the second reserpine (10 mg/kg) treatment. Under halothane 
anesthesia, arterial and venous catheters were implanted. After rats 
were awakened, they were injected with solvent for reserpine or 
reserpine. Fifty μΟ ί of a-[14C]methyl-L-tryptophan in 1 ml of saline 
was injected over 2 min two hours after reserpine/solvent injection. 
Rats were sacrificed at 60 or 150 min after tracer injection, the brain 
removed, and cut into 30 μΐη slices at -20°С in a microtome. The 
slices, along with the tissue equivalent plastic standards, were contacted 
with an X-ray film for three weeks, developed, and the concentration 
determined in different brain structures by an image digitizer. From the 
tissue concentration and the plasma input function the serotonin 
synthesis rate was calculated (J Cereb Blood Flow Metab 10: 13-21,
1990). Results suggest that acute reserpine reduces the serotonin 
synthesis rate between 20 to 60% in the raphe nuclei, 15 to 30% in the 
visual cortex and accumbent nucleus, and increases the synthesis rate 
about 30% in the thalamus, and 50% in the substantia nigra compacta.

Work was supported in part by ROl NS29629 and MA-10232.
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1 2 7 . 1

CLONING OF A DROSOPHILA GENE CANDIDATE FOR TYRAM INE  
ß -H Y D R O X Y L A SE . K .W hite* and M .M onastirioti. B io logy  Dept. 
Brandeis U n iversity , W altham  M A 0 2 2 5 4 .

O cto p a m in e, a m ajor n eu ro tra n sm itter  in  in verteb rate  
sp ec ies is a lso  observed  in D r o s o p h i l a .  W e are interested in 
stu d yin g its  fu n ction  u sin g  as a too l the m olecu lar  g en etics  
o f  th e  e n z y m e s  in v o lv e d  in  its  b io s y n th e t ic  p a th w a y . 
T yram in e  ß -h y d r o x y la se  c a ta ly s e s  th e  f in a l step  in the  
b io sy n th es is  o f  octop am in e  and p rev io u s b io ch em ica l stu d ies  
h a v e  p r o p o se d  that it  is  f u n c t io n a l ly  r e la te d  to  the  
vertebrate D op am in e  ß -h y d ro x y la se  e n zy m e (B . G. W a lla ce  
1976, J .N e u r o c h e m . 26 , 7 6 1 -7 7 0 ). W e have id en tified  a new  
g en e lo ca lize d  on the X  ch rom osom e, the product o f  w h ich  
shares 39% id en tity  and 59%  sim ilarity  w ith  the m am m alian  
D B H  proteins. Northern a n a lysis  revea ls a ~ 3 .6 k b  transcript 
w h ich  is  first d etec ted  during la te  em b ry o n ic  d ev e lo p m en t  
and is  en r ich ed  in D ro so p h ila  h ead s. In the larval C N S , 
transcripts o f  the gen e  are d etected  in the ventral ga n g lio n  
in a p rom in en t c lu ste r  o f  n eu ron s in the su b eso p h a g ea l  
g a n g lio n  and a row  o f  unpaired neu ron s in the abdom inal 
g a n g lio n . The lo ca liza t io n , d istr ib u tio n  and shape o f  th ese  
c e ll  b o d ie s  h a v e  a s tr ik in g  s im ila r ity  to  that o f  the  
o cto p a m in e  im m u n oreactive  c e ll  b o d ies  su g g e stin g  that th is  
h y d r o x y la s e  g e n e  is  i n v o lv e d  in  th e  o c to p a m in e  
b io sy n th etic  p athw ay. Further stu d ies  on the ex p ress io n  o f  
the gen e and creation o f  m utant f lie s  in order to study its in 
v iv o  fu n ction  are in p rogress.

1 2 7 . 3

PROJECTIONS OF OCTOPAMINERGIC NEUR O N S IN  THE CNS 
OF CRAYFISH, P A C IF A S T A C U S  L E N I U S C U L U S .  B. Mulloney*. J. 
Rat?us+ . M . Eckert+ and W .M. H all. Neurobiology, University o f  
California, D avis CA 95616 U SA , and +Tierphysiologie, Universität 
Jena, 0 -6 9 0 0  Jena, FRG.

Octopamine is known to occur and to be used as a neurotransmitter 
in the CNS o f  crustaceans. The recent development o f  an effective  
imm unocytochemical procedure for labeling octopaminergic neurons 
allowed Schneider et al. (J.C om p.N eurol., 1993) to map these neurons 
in wholemounts o f  segmental ganglia from the lobster, H  omarus. We 
have extended this description by cutting serial plastic sections o f  
crayfish abdominal ganglia that had been labeled with octopamine 
antiserum and a СуЗ-conjugated secondary antibody.

In abdominal ganglia A 1 ..A 6 , cell bodies o f  labeled neurons 
contained bright, punctate inclusions (vesicles?) around their nuclei. 
The nuclei them selves were not labeled. Like the lobster, each crayfish 
A 4 and A5 contained one pair o f  small labeled neurons, but each A l ,  
A 2 and A3 also had a pair o f  tiny labeled neurons.

Within each ganglion, all four major neuropils -  H N , L N , and some 
tract neuropil (Skinner, J.C om p.N eurol.,1985) -  contained labeled 
processes; only the dorsal tract neuropil was free o f  octopam ine-like 
immunoreactivity. Both AVC and D C 6 contained labeled processes 
that crossed the midline. N1 and N 2, nerves that innervate swimmerets 
and extensor musculature, contained 1-3 very fine labeled axons.

A xons from the interganglionic connectives traversed each abdominal 
ganglion through the VLT and either the DIT or the DLT; individual 
animals varied on this point. These axons are probably hom ologs o f  the 
descending axons described by Schneider et a l.(ib id .).

1 2 7 . 5
DOPAM INE RECEPTORS IN THE BRAIN OF THE HONEY  
BEE APIS MELLIFERA  . I.C. Kokav and A.R. Mercer*. Department of 
Zool, Univ of Otago, Dunedin, New Zealand.

Very little is known about the receptors that mediate the action o f the 
biogenic amine dopamine (DA) in the insect CNS. We have used in vitro 
radioligand binding assays to identify dopamine receptors in the brain o f the 
honey bee. Binding of the vertebrate D1 DA receptor ligand [3H]SCH23390 to 
bee brain membrane preparations is saturable, highly specific (>85%) and 
reversible, with an affinity o f ca. 20 nM. Dopamine antagonists displace this 
ligand in the following rank order of potency: SCH 23390 > cis-flupenthixol > 
mianserin > chlorpromazine > fluphenazine > butaclamol > spiperone. The 
synthetic D1 agonist SKF38393 inhibits binding (IC so=4.5pM ) o f 
[3H]SCH23390 more effectively than the endogenous neurotransmitter 
dopamine (IC5o=30pM). Serotonin and octopamine are largely ineffective at 
displacing this ligand. These results suggest that D l-like receptors are present 
in the brain of the honey bee, but the pharmacological profile o f this receptor 
is somewhat different to the vertebrate D1 DA receptor subtype. Using light 
microscope autoradiography, the distribution o f [3H]SCH23390 binding sites 
was found to be markedly different to the distribution o f sites labelled by the 
less specific DA ligand, [3 H]dopamine. Of particular interest is the 
concentration of [3H]DA binding sites in the mushroom bodies of the 
protocerebrum. [3H]SCH23390 binding sites are absent in this region o f the 
brain neuropil. These experiments suggest that at least two different DA 
receptor subtypes are present in the brain o f the honey bee. [3H] Spiperone, a 
ligand selective for vertebrate D2 receptors, is being used currently to 
investigate whether D2-like DA receptors are present also in the bee brain.

Supported by DRG 0892-0794 and DRG 0791-1292

1 2 7 . 2

O C T O P A M I N E  I M M U N O R E A C T I V E  N E U R O N S  IN T H E  
M E D IC IN A L  L E E C H .  L .C .  S is o la · 1 K A .  K lü k a ş l .  J .A , Je ll ie s« . M . 
E c k e r lt .  a n d K A  M e s c e 1. 'G ra d u a te  P ro g ram  in N e u ro sc ie n ce  an d  Dept. 
of Entom ology , U n iv . of M inn esota , S t . P a u l, M N 5 5 1 0 8 ; AN eurob io logy  
R e s e a rc h  C e n te r , U n iv . of A la b a m a , B irm in gham , A L  3 5 2 9 4 , tF r ie d rich -  
S c h ille r  U n iv ., Je n a , 0 -6 9 00  F R G .

O cto p a m in e  is  a n  im portant neu rotransm itter/neurohorm one that contro ls  
va r io u s  b eh a v io rs  in in verteb rates. W e  utilized a n  antibody g en era ted  
ag a in st a n  octopam ine-g iu tera ldehyde-thyroglobulin  co m p lex  to identify 
octop am ine-im m unoreactive  (IR ) n eu ro n s in the  lee ch  H irudo m ed id n a lis .

T h e  nu m b er of o cto p am ine-IR  neu ro n s varied  seg m en ta lly  in the  adult. 
W ithin a n  an im al, particular non -sex  g an glia  con tained  few  IR  ce lls  w hile  
oth ers  co n tain ed  up to ten  brightly sta in e d  c e lls . W e  b e lieve  th is  re flects  
actu a l d iffe ren ces  in o cto p am in e  con ten t an d  not variab ility in the staining  
techn iq ue . T h e  m ost intensely  sta in ed  ce lls , a  b ilateral p air that lie dorsal- 
laterally, o ccu r  only in th e  anterior an d  posterior gan glia , an d  not in m idbody 
g an g lia  7  through 14. T h is  resu lt w a s  highly reproducib le . T h e  d orsa l- 
lateral neuron is  s im ilar in so m a ta  s iz e , position, an d  overa ll m orphology to 
ce ll 21 , a  sero to n erg ic  neu ron . W e  a re  cu rrently attem pting to d eterm ine  if 
ce ll 21 is  in d eed  octopam inerg ic. T h e  brain  an d  term inal abdom ina l gan glia  
e a c h  con tain  a  large nu m ber of o cto p a m in e-IR  n e u ro n s an d  d isp la y  
com plex  stain ing patterns. T h e  s e x  g an glia  (gan g lia 5  an d  6) e a c h  contain  
o v er o n e  hundred IR  ce lls . T h is  is  in striking co n trast with the other 
seg m e n ta l g an g lia . T h e  Leyd ig  c e lls , thought to b e  octo p am inerg ic , 
sh o w ed  no positive  stain ing .

O cto p a m in e-IR  n eu ro n s a p p e a r  late  in deve lopm en t, after seroton in -IR  
c e lls  a re  nearing  their adult stain ing pattern. O n ly  o n e  p air of ventral- 
posterior c e lls  in the anterior seg m en ta l g an g lia  w ere  o cto p a m in e-IR  on  
em bryonic d a y  20 .

1 2 7 . 4

O C T O P A M IN E R G IC  M O D U L A T IO N  O F  SY N A P T IC  AND  
G A P  JU N C T IO N A L  C O N D U C T A N C E S  A T  T H E  IN S E C T  
N E U R O M U S C U L A R  J U N C T IO N . D .N . M bungu* and M E . 
Adam s. D epts. o f  E ntom ology & N euroscience, U niv. California, 
Riverside, CA 92521.

O ctopam ine and proctolin are know n to m odulate synaptic 
transmission at the insect neuromuscular junction, but the precise 
molecular mechanisms remain to be described. W e previously showed 
that proctolin increases postsynaptic excitab ility  at the house fly  
neuromuscular junction by affecting postsynaptic Ca and K currents 
(M bungu and Adams, Soc. Neurosci. Abstr. 18:466). Here w e show 
that octopam ine also increases postsynaptic excitability , but by a 
different mechanism. The normally inexcitable longitudinal ventrolateral 
m uscles 6A  and 7A  in the house fly  larva generate calcium  action 
potentials follow ing exposure to octopamine (IO 7 M ). V oltage clamp 
studies show that Ißa is potentiated by octopamine, indicating activation 
o f  voltage sensitive calcium channels (VSCC). Octopamine also caused 
depolarization o f  Em coupled with decreased Rm. The correspondence 
between Em depolarization and decrease in Rm suggest that these effects 
are not mediated by changes in K conductance. Changes in Rįn and Em 
were reversed rapidly following saline wash.

Octopam ine exposure also increased gap junctional conductance 
between adjacent m uscle fibres. U nlike the non-junctional resistance 
change, gap junctional resistance changes persisted for up to 1 hr after 
saline w ash. The m odulatory properties o f  octopam ine through 
activation o f VSCC and increased electrical coupling between adjacent 
m uscle segm ents may facilitate muscle performance and coordination 
during locomotory behaviors. Supported by NIH grant N S24472.

1 2 7 . 6

The ionic requirements for action potential production in the somata of 
serotonergic DUM neurons - Putative mechanisms for the modulation of 
activity patterns.
H. Cook* and Ĩ. Orchard Dept. o f Zoology, Univ. o f Toronto, Toronto, Canada

In the insect, Rhodnius prolixus,there is a sub-population o f dorsal, impaired, 
median (DUM) neurons that display serotonin-like immunoreactivity. We have 
made current clamp recordings from these cells, and have altered the 
composition o f the bathing medium to determine what ions are involved in the 
production o f action potentials (APs). These experiments have also provided 
indications as to putative mechanisms underlying changes in the pattern o f 
activity in these cells.

DUM cell bodies typically produce overshooting APs with large 
afterhyperpolarizations. Tetrodotoxin severely reduces the amplitude of 
spontaneously occurring APs. Bath application o f barium results in the 
production o f slow wave oscillations, which are blocked by cobalt. At a low 
concentration (10 mM), tetraethylammonium (TEA), causes spike broadening, 
the appearance of depolarizing plateaus, and a decrease in the amplitude o f the 
afterhyperpolarization. Following a brief, high frequency burst o f  APs, the 
pattern of activity changes qualitatively: the cells begin to show a bursting 
pattern o f activity. At a high concentration (100 mM), TEA causes a swift 
abolition of the afterhyperpolarization, and a dramatic increase in the amplitude 
and duration o f spontaneous complex waveforms. The application o f cadmium 
results in an increase in the amplitude and duration o f spontaneous APs, the 
abolition o f the afterhyperpolarization, the production of depolarizing plateau 
potentials, and, ultimately, the expression o f a bursting pattern o f activity.
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127.7

THE SEROTONERGIC AND DOPAMINERGIC INNERVATION 
OF LOCUST SALIVARY GLANDS. D. W. Ali, and I. Orchard*. 
University of Toronto, Dept, of Zoology, 25 Harbord St. Toronto, 
ON, Canada M5S 1A1.

The salivary glands of the locust, Locusta migratoria are directly 
innervated from only two pairs of motoneurons, the SN1 and SN2 
in the suboesophageal ganglion. Tyrosine hydroxylase-like and 
serotonin-like immunoreactivity of the suboesophageal ganglion and 
salivary glands, suggests the presence of dopamine in SN1 and 
serotonin in SN2. HPLC coupled with electrochemical detection 
reveals that these two amines are associated with the salivary 
glands. Serotonin and dopamine induce dose-dependent elevations 
of cyclic AMP in the salivary glands as determined by 
radioimmunoassay. The actions of receptor antagonists and agonists 
suggests the presence of receptors similar to vertebrate 5-HT2 and 
D1 receptors. Stimulation of the salivary nerve, nerve 7b, while 
treating the glands with receptor antagonists confirms the activation 
of these receptor subtypes via the natural transmitters.

INTERACTIONS BETWEEN NEUROTRANSMITTERS I

128.1

NEURONAL INTERACTIONS OF BUPRENORPHINE AND DOPAMINE 
ANTAGONISTS IN RAT NUCLEUS ACCUMBENS. E. P. Schoener*. L  
Reed. S. Hicks. D. Bradley. J. Cruz and Қ, D, Nantwi Department of 
Pharmacology, Wayne State University, Detroit, Ml, 48201 

The observation that dopamine turnover is increased by buprenorphine 
(Cowan, 1976), led to proposals that opioids modulate dopaminergic 
activity. In vivo electrophysiologic experiments were conducted in this 
study to characterize the putative opioid/dopaminergic interactions. 
Effects of buprenorphine alone (0.1-0.5 mg/kg) and with specific 
dopamine antagonists (SCH 23390 and eticlopride) were examined on 
single, spontaneously-active neurons in rat nucleus accumbens.

Buprenorphine elicited changes in neuronal discharge rate that were 
reversible by naloxone at doses of 0.1 and 0.25 mg/kg. The most 
profound changes in activity following buprenorphine were manifested in 
units with a basal discharge rate of <1.25 ips. Neither the magnitude, 
direction, nor duration of these changes were related to the dose of 
buprenorphine. Both excitatory and inhibitory responses were long 
lasting, possibly due to the unusual dissociation kinetics of the drug. 
SCH 23390 (0.25 mg/kg) antagonized the depression elicited by 
buprenorphine, while eticlopride had no such effect. Buprenorphine- 
induced facilitation was not altered by either dopamine antagonist.

The current observations support previous findings of opioid/dopamine 
interactions in nucleus accumbens. They extend the earlier observations 
by demonstrating that buprenorphine-elicited neuronal actions are 
differentially mediated by selective dopamine receptors.

These studies were supported in part by a grant from the National 
Institute on Drug Abuse.

128.3
5-HT1A A N D  5-HT2 RECEPTORS DIFFERENTIALLY REGULATE 
BASAL G A N G L IA  N E U R O PE PTID E T R A N S C R IP T IO N . I. G.
Capodilupo* & P. D. Walker. Departm ent o f Anatom y & Cell Biology, 
Wayne State University School of M edicine, Detroit, MI 48201.

Serotonin neurotransmission regulates neuropeptide m RNA levels in  
the basal ganglia. In order to determ ine w hich serotonin receptors are 
linked  to th e tran scr ip tion  o f p r ep ro ta ch y k in in  (PPT) and  
preproenkephalin (PPE) genes w ithin the basal ganglia, adult m ale rats 
received single i.p. injections of DOI (5-HT2 agonist; 7 m g /k g )  or 8-OH- 
DPAT (5-HT1A agonist; 1 m g /k g ) and were sacrificed six  hours later. 
Northern analysis revealed that DOI increased PPT and PPE m RNAs 
especia lly  in  posterior striatal regions. Surprisingly, 8-OH -DPAT  
exhibited its m ost dramatic effects in  the pallidum  (globus pallidus and 
closely surrounding tissues) where it also raised these transcripts.

To determ ine the locu s o f the 5-HT1A m echan ism  w ith in  the 
pallidum, saline or 5,7-DHT w as injected into the dorsal raphe nucleus to 
remove potential pre-synaptic 5-HT1A actions. After 3 w eeks, these 
animals received 8-OH-DPAT ( lm g /k g /d a y  i.p.) injections for 7 days. In 
animals that received saline injections into the raphe, subchronic 8-OH- 
DPAT produced a slight decrease in PPT and PPE m RNA levels w ithin  
the pallidum. In the 5,7-DHT lesioned group, an even greater suppression  
of neuropeptide m RNA production w as observed in the pallidum . These 
p relim inary stu d ies  su g g e st a p o st-sy n a p tic  5 -H T lA -m ed ia ted  
m echanism  controlling pallidal neuropeptide transcription. O verall, 
5HT1A and 5HT2 receptors appear to exert differential influences on  
neuropeptid es w ith in  the basal ganglia. (Supported by M ichigan  
Parkinson’s Foundation and a 1993 WSU Research Grant)

128.2

SER O TO N IN -D O PA M IN E INTERACTIONS IN  THE REGULATION  
OF BA SAL G A N G LIA  NE UR O PE PTID ES P.D. Walker* & Į.G. 
C a p o d ilu p o . Departm ent o f A natom y & Cell B iology, W ayne State 
University School of M edicine, Detroit, MI 48201.

W e have identified a region o f the ventral basal ganglia that may 
be an important site o f m onoam ine-neuropeptide interactions within the 
forebrain. This region, the pallidum , m ay include cells of the globus 
pallidus, but m ay also involve neuropeptide-producing neurons of the 
ventral pallidum  and regions of the extended am ygdala (e.g. bed nucleus 
of the stria term inalis). To determ ine the effects o f dopam ine or 
serotonin neurotransm ission on neuropeptide transcription within  the 
pallidum , adult m ale rats received intraraphe 5,7-dihydroxytryptam ine 
(serotonin neurotoxin) or intranigral 6-hydroxydopam ine (dopam ine 
neurotoxin) lesions. Removal of serotonin, alone, had little influence on 
pallidal preprotachykinin (PPT) or preproenkephalin  (PPE) m RNA  
levels. In contrast, dopam ine lesions resu lted in large increases in 
transcripts for both neuropeptides.

In order to determ ine dopam ine receptors that m ay be linked to 
pallidal neuropeptide transcription, adult rats w ere treated subchroni- 
cally w ith quinpirole (D2 receptor agonist, 1 m g /k g /d a y  i.p.) for 7 days. 
Pallidal PPT and PPE m RN A levels fell drastically in these animals. 
Interestingly, inhibition of serotonin biosynthesis w ith  pCPA abolished  
the effects of quinpirole on pallidal neuropeptide m RNAs. These data 
su g g est that neu rop ep tid e  transcription w ith in  the p a llid u m  is 
controlled b y dopam ine neurotransm ission w ith  a possible modulatory  
influence of serotonin. (Supported by M ichigan Parkinson’s Foundation 
and a 1993 WSU Research Grant)

128.4
THE 5-НТ,д RECEPTOR SELECTIVE ANTAGONIST ( + ) WAY-100135 
REVEALS REGION SELECTIVITY OF 5-HT1A RECEPTOR MEDIATED 
REGULATION OF DOPAMINE SYNTHESIS. E.A. Johnson* and A.J. Azzaro. 
Depts. of Behavioral Med./Psych., Neurology and Pharmacol./Tox. West 
Virginia University School of Medicine, Morgantown, WV 26506 

We previously reported evidence supporting a role of 5-HT1A receptors in 
modulation of dopamine synthesis in rat striatum (Johnson et al., J PET in 
press). We now report that 5-HT1A receptor modulation of dopamine 
synthesis appears to be a region selective phenomenon in rat brain. The 
effects of two selective antagonists of 5-HT1A receptors were compared 
using an in vivo model of dopamine synthesis . The 5-HT1A selective 
antagonists NAN-190 (0.01, 0.10, 1.0 or 3.0 mg/kg) or ( + )WAY-100135 
(0.01, 0.10, 1.0 or 10.0 mg/kg) were administered s.c. to rats, 15 min 
before NSD-1015 (100 mg/kg, i.p.). Thirty minutes after administration of 
decarboxylase inhibitor brains were dissected on ice to obtain selected brain 
regions. Brain DOPA levels were determined using HPLC-EC. NAN-190 
caused a dose-dependent accumulation of DOPA in both limbic (nucleus 
accumbens, ventromedial striatum) and motor (dorsolateral striatum, 
posterior striatum) structures (n = 8, p < 0.01). DOPA accumulation in 
medial prefrontal cortex and amygdala was not affected by NAN-190 
administration. By contrast the more selective 5-HT1A antagonist ( + )WAY- 
100135 caused a dose dependent elevation of DOPA accumulation only in 
the limbic structures (nucleus accumbens and ventromedial striatum) and 
not in the motor structure examined (posterior striatum) (n = 4, p < 0.01). 
These results support the concept that serotonergic modulation of dopamine 
transmission is prominent in structures associated with limbic function.
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128.5
FENFLURAMINE-INDUCED ACTIVATION OF C-FOS IN THE STRIATUM: 
POSSIBLE INTERACTION BETWEEN SEROTONIN AND DOPAMINE.
Rouillard12. S. Bovetto3. J. Gervais1. A. Parent*14 and D. Richard3 ‘Lab. of 
Neurobiology , 2Dept. of Pharmacology, 3Physiology and 4Anatom y, Laval 
University, Québec, Canada G1J 1Z4.

Fenfluramine (FEN), a 5-HT releasing agent, induces rapid expression of c-fos in 
the dorso-medial part of the striatum (STR) as well as in other brain structures 
receiving a dense 5-HT innervation. This c-fos expression in the STR could derived 
directly from the activation of 5-HT receptors or could be the result of interactions 
between DA and 5-HT neurotransmitter systems. To discriminate between these two 
possibilities, various groups of rats were pretreated with different 5-HT antagonists or 
a D1 antagonist, 50 min before FEN administration (15 mg/kg i.p.). Animals were 
killed 60 min later and their brain removed, sliced and stored at -40 °С until processed 
for Fos-like immunoreactivity. In the STR, FEN-induced expression o f c-fos was 
partially blocked by SCH 23390 (1 mg/kg) while the non-specific 5-HT antagonist 
methysergide (5 mg/kg) and the 5-HT1 antagonist S(-)-propanolol (3 mg/kg) were 
able to block almost completely the c-fos induction. The immediate-early gene 
response to FEN was only slightly affected by pretreatment with the 5-HT2/1C 
antagonist ritanserin. To further probe the possibility of a direct activation of c-fos by 
5-HT receptor subtypes, we evaluated the expression of c-fos after the administration 
of different 5-HT agonists. Our results demonstrate that neither 8-OH-DPAT (2.5 
mg/kg; 5-HT1A), CGS-12066B (10 mg/kg; 5-HT1B), DOI (2.5 mg/kg; 5-HT2/1C) 
nor phenylbiguanide (5 mg/kg; 5-HT3) were able to reproduce the effects of FEN. 
This markedly contrasted with c-fos expression in the other brain areas receiving 
dense 5-HT projections where 8-OH-DPAT and DOI reproduced the effect o f the 5-HT 
releasing agent. These studies reveal that (1) the release o f 5-HT by FEN induced c- 
fos  expression in a striatal territory related to associative functions, (2) this 
immediate-early gene response seems to be under the control of both DA and 5-HT, 
(3) in contrast with other brains areas, the exclusive stimulation of 5-HT receptor 
subtypes is unsufficient to induce c-fos expression. (Supported by FRSQ and CRSNG).

128.7
THE EFFECTS OF ACUTE AND CHRONIC HALOPERIDOL TREAT
MENT ON GABAERGIC AND SEROTONERGIC MODULATION OF 
DOPAMINE RELEASE MEASURED WITH POSITRON EMISSION 
TOMOGRAPHY (PET). S.L. Dewey*. G.S. Smith. J. Logan. R.R. 
MacGregor, J. Brimecombe. M. Kasten, P. King. N. Pappas. J. Brodie. J. 
Fowler. N. Volkow. A.P. Wolf. Chemistry and Medical Depts., Brookhaven 
National Laboratory, Upton, NY 11973; Psychiatry Dept., New York 
University School of Medicine, NY, NY 10016

The examination of the neurochemical consequences of haloperidol 
administration has implications for characterizing its mechanism of 
therapeutic efficacy and addressing the confounding factor of long-term 
neuroleptic exposure in the schizophrenia literature. The present study was 
conducted to assess the impact of acute (1 week) and chronic (5 weeks) HAL 
treatment and its residual effects (10 weeks post-treatment) on GABAergic 
and serotonergic modulation of striatal dopamine release. PET studies were 
performed in adult female baboons (Papio anubis). Two 1 ̂ C-raclopride scans 
were performed prior to and following drug intervention with the GABA-T 
inhibitor gamma vinyl-GAB A (300 mg/kg, IV, 3 hours pre-injection) or the 
selective serotonin reuptake inhibitor citalopram (2 mg/kg, IV, 3 hours pre
injection). These drugs increase ^C-raclopride binding, secondary to 
dopamine decrease. Data were analyzed with the distribution volume method 
(Logan et al., 1990). Acute HAL administration resulted in an elimination of 
die GVG induced increase in ^C-raclopride binding in the striatum, an effect 
which persisted ten weeks after cessation of treatment. The response to 
citalopram, however, was increased acutely (46% at baseline, 69% post
treatment), and remained below normal values at the other two time points. 
Supported by USDOE/OHER, NIH Grants NS15638, NS15380, MH49165, 
and NARSAD.

128.9
OPIATE MODULATION OF STRIATAL DOPAMINE RELEASE 
MEASURED WITH POSITRON EMISSION TOMOGRAPHY (PET) AND 
11C-RACLOPRIDE. G.S. Smith*. S. L. Dewey. J. Logan. R.R. MacGregor. 
J. Brimecombe. M, Kasten. P. King. N. Pappas. N. Volkow, J. Fowler. A.P. 
Wolf. Chemistry and Medical Depts., Brookhaven National Laboratory, 
Upton, NY 11973; Psychiatry Dept., New York University School of 
Medicine, NY, NY 10016

Opiate modulation of striatal dopamine release has been well documented 
using neuroanatomic and neurochemical techniques. In a continuing effort to 
measure modulation of striatal dopamine by other functionally linked 
neurotransmitters, the present study was undertaken to non-invasively 
examine the effects of opiate agonists and antagonists o n 1 ̂ -raclopride 
binding. PET studies were performed in adult female baboons (Papio anubis). 
Two “ C-raclopride scans were performed, prior to and following drug 
intervention with morphine, a mu opiate agonist (0.6 mg/kg, IV, 1 hour pre
injection) or naloxone, the primarily mu antagonist (1 mg/kg, IV, 30 minutes 
pre-injection). Data were analyzed with the distribution volume method 
(Logan et al., 1990). Naloxone administration increased ^C-raclopride 
binding, bilaterally, in the striatum (specific binding), but not in the 
cerebellum (nonspecific binding). Morphine administration, however, 
decreased 1 ̂ -raclopride binding. These changes exceeded the test-retest 
variability of the ligand, determined in the same animals. The rate of 
metabolism of the radiotracer was unaltered. These results are consistent with 
previous neurochemical and neuroanatomic studies (eg. Rada et al., 1991) and 
support the excitatory role of the mu opiate receptor on striatal dopamine 
release in vivo. These data may have implications for the study of 
schizophrenia, addiction and pain management. Supported by USDOE- 
OHER, NIH Grants NS15638, NS15380, MH49165, and NARSAD.

128.6
LO C A L ADMINISTRATION O F  RITANSERIN O R  IC S  205,930 EN H A N CES  
DOPAMINE AND SERO TO N IN  EFFLU X  IN RAT P R EFR O N T A L C O RTEX .
E.A. Pehek*. H.Y. Meitzer, and B.K. Yamamoto. Dept. of Psychiatry, C ase  
Western Reserve Univ., Cleveland, Ohio 44106  

Previous studies have shown that system ic or local administration of the 
atypical antipsychotic drug clozapine produces a  greater enhancement of 
medial prefrontal cortical dopamine (DA) levels than administration of the 
typical neuroleptic drug haloperidol. These  results probably do not reflect 
actions at the D2 DA receptor since clozapine displays a  relatively weak 
affinity at this site, whereas haloperidol is a  relatively potent D2 antagonist. 
Clozapine is, however, a  relatively potent antagonist at serotonin (5-HT) 
5-HT2 and 5 -HT3 receptors and, thus, may modulate DA release via 
actions at these sites. The present study tested this hypothesis by 
infusing the 5-HT2 antagonist ritanserin or the 5-HT3 antagonist IC S  
205,930 through a  microdialysis probe located in the medial prefrontal 
cortex of the freely moving rat. Each  drug w as infused for one hour at a 
concentration of 100 uM (pH = 6.0) after baseline levels of DA and 5-HT 
had stabilized. Dialysate sam ples were collected every 30 min. and 
analyzed by HPLC/ED  for DA and 5-HT levels. The results demonstrated 
that both drugs moderately enhanced extracellular DA levels and this 
effect w as maximal during the second 30 min. of drug infusion (74% 
above baseline for ritanserin and 63% above baseline for IC S  205,930). 
Both drugs also enhanced extracellular 5-HT levels (maximal effect =
153% above baseline for ritanserin and 226% above baseline for IC S  
205,930). These  results indicate that among the m echanism s by which 
clozapine may enhance prefrontal DA efflux is via actions at cortical 5-HT2 
and/or 5 -HT3 receptors. The present results also indicate that these  
receptors contribute to the regulation of cortical 5-HT release.

128.8
MODULATION O F AMPA R ES P O N S E  BY //-OPIOID R EC EP T O R  AGONIST 
DAGO IN A C U TELY  ISOLATED N EURO N S FROM TH E D O RSAL HORN.
M. Randić* and M. Kolaj. Dept. of Vet. Physiol, and Pharmacol., Iowa State 
University, Ames, IA 50011.

To understand how //-opioid receptor activation affects the excitability of 
spinal dorsal horn (DH) neurons, we examined the actions of //-opioid receptor 
agonist Tyr-D-Ala-Gly-N-Me-Phe-Gly-ol-enkephalin (DAGO) on a-amino-3- 
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-induced current responses 
of freshly isolated neurons from the spinal dorsal horn (laminae l-IV) of rats (8- 
13 days) under whole-cell voltage-clamp conditions. Here we report that the 
responses of DH neurons to AMPA were modulated by DAGO in a  complex 
manner. When applied simultaneously with or prior to AMPA (2 x 1 0 '5M), DAGO 
(1СҐ to 10 ‘7M) reversibly reduced (to 74.0 ± 8 .1 % with 5nM DAGO) the peak 
amplitude of the initial transient component (lT) of the AMPA-induced current in 
about 50% of the examined cells. In addition, DAGO produced decrease (to
78.5 ±8.5%  with 5nM DAGO) or an increase (to 117.3 ±5.1%  with 5nM DAGO) 
in the steady-state component (Ικ ) of the AMPA response. Following removal 
of DAGO the AMPA responses were potentiated (lx:by 23.8 ± 6 .6 %; l^iby
42.6 ±10.5% with 5nM DAGO) in 80% of the cells. Both the initial depressant 
and the late enhancing effects of DAGO were reversed by naloxone (1 0 '7M) and 
/Munaltrexamine (1 0 '7M) in 4 of 6  examined cells. Our results suggest that 
DAGO modulates the AMPA receptor signaling function in a proportion of the 
rat spinal DH neurons. This action may contribute to the regulation of the 
strength of primary afferent neurotransmission including nociception (Supported 
by NS-26352 and IBN-9209462).

128.10
MODULATION O F GABAa RECEPTO R-M ED IATED  R ES P O N S ES  IN ACUTELY  
ISOLATED SPINAL DO RSAL HORN N EU RO N S BY DAGO AND TACHYKININS.
R.A. Wana* and M. Randić. Dept. of Vet. Physiol. & Pharmacol, and 
Neuroscience Program, Iowa State University, Ames, IA 50011.

We have previously shown modulation of excitatory amino acid responses in 
spinal dorsal horn (DH) neurons by Tyr-D-Ala-Gly-Me-Phe-Gly-ol-enkephalin 
(DAGO), a //-opioid receptor agonist, and tachykinins. Here we report that the 
responses of the freshly isolated spinal DH neurons from 8-14 day-old rats to 
gamma-aminobutyric acid (GABA) are also modulated by DAGO and tachykinins, 
substance P (SP) and [0 -Ala8l-neurokinin A (4-10) (Ø-ALA^NKA^J in a complex 
manner. When cells were voltage-clamped at -60mV, periodic pressure 
application of HEPES-buffered GABA-containing solution elicited a bicuculline- 
sensitive СГ current. The peak amplitude of the GABA (2//M)-induced currents 
w as potentiated in about 60% and depressed in about 2 0 % of the tested cells 
by DAGO (0.5nM-500nM, 20 seconds to 5 min). Following the removal of 
DAGO, both effects were reversible in a majority of the tested cells. The 
enhancing effect w as present not only during DAGO application (50nM, by 
24 ±3.4%, n = 7; 500nM, by 57 ±25%, n=2), but also up to 30 min after washing 
out DAGO (50nM, by 29 ±3.9% , n=5; 500nM, by 108 ±27% , n= 2 ). The 
depression (50nM, to 60 ±6.4%, n=4) of the GABA response w as observed 
predominantly during DAGO application. Both the enhancing and the 
depressing effects were reduced by naloxone (ЮОпМ). When cells were 
exposed to SP  (1 -50nM) orØ-Ala^NKA^ (0.5-1 OnM) for 2 to 10 min, a  decrease  
(SP:10/20 cells, y9-Ala8-NKA4_10:3/4 cells) or an increase (SP:6/20 cells, 0-Ala8- 
ΝΚΑφ,,,ιΙ/^ cells) of GABA-induced currents w as observed. These results 
indicate that DAGO, SP  and yS-Ala8-NKA4.10 modulate postsynaptic GABAa 
receptor sensitivity in a  proportion of DH neurons. This action may contribute 
to the regulation of the strength of primary afferent neurotransmission, including 
nociception (Supported by NS-26352 and IBN-9209462).
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FG 7142, A NEGATIVE MODULATOR AT THE
GABAa/BENZODIAZEPINE RECEPTOR, INCREASES CORTICAL
ACETYLCHOLINE EFFLUX: INTERACTIONS WITH DOPAMINE
RECEPTOR LIGANDS
J.P. Bruno*. H. Moore, and M. Sarter
Dept. of Psychology and Neuroscience Program
The Ohio State University, Columbus, OH 43210

The effect of the GABAA/benzodiazepine receptor negative modulator,
FG 7142, on АСҺ efflux in the rat frontoparietal cortex was determined 
using m vivo microdialysis. Based on the ability of other GABAa/BZ 
negative modulators to enhance cortical АСҺ efflux, it was predicted that 
FG 7142 would increase АСҺ efflux. It was also predicted, based on the 
ability of DA agonists to increase cortical АСҺ efflux, as well the ability of 
FG 7142 to increase mesocortical DA utilization, that the effects of FG 7142 
would interact with the effects of DA receptor ligands.

Thirty minutes following injection, FG 7142 (8.0 mg/kg, i.p.) increased 
АСҺ efflux from baseline by 216 ± 79 % (mean ±  S.E.M.). Pre
administration of the D1/D5 antagonist, SCH 23390 (0.3 mg/kg, i.p.) 
blocked the FG-induced increase, whereas administration of SCH 23390 
alone moderately decreased cortical АСҺ efflux. The anatomical site of this 
FG 7142 - SCH 23390 interaction is likely not the frontoparietal cortex, as 
local infusion of SCH 23390 (10 μΜ; through the dialysis probe) had no 
effect on the ability of FG 7142 to increase АСҺ efflux. These results, along 
with the effects of D2 receptor ligands and forebrain dopamine depletions on 
the effects of FG 7142, will be discussed.

128.13

EFFECT OF REPEATED MICRODIALYSIS TESTING ON 
STIMULATED CORTICAL ACETYLCHOLINE EFFLUX
S. Stuckman. H. Moore. G. Bemtson*. M. Sarter and J.P. Bruno 
Dept. of Psychology and Neuroscience Program, The Ohio State University, 
Columbus, OH 43210

Previous microdialysis studies in rat frontoparietal cortex have suggested 
that repeated insertion and perfusion of the didysis probe have no consistent 
effects on baseline АСҺ efflux. However, a systematic study of the effect 
of repeated dialysis on baseline and stimulated cortical АСҺ efflux has not 
been reported.

In the present study, administration of the GABAA/benzodiazepine negative 
modulator, FG 7142 ( 8.0 mg/kg, i.p.) was used to increase АСҺ efflux in 
rat frontoparietal cortex. Baseline and FG 7142-increased АСҺ efflux were 
measured in animals during their first dialysis session (Sess. #1). Efflux 
from Sess. #1 rats was then compared to efflux in animals which had been 
injected with vehicle and dialyzed for 6 hours on three previous sessions 
(Sess. #4 group; sessions separated by 24 hours). Sess. #4 animals showed 
decreased baseline cortical АСҺ efflux compared to Sess. #1 animals. More 
importantly, however, FG 7142-induced increases in efflux did not differ as 
a function of repeated testing (Sess #1: 121 + 22 % above baseline;
Sess #4: 207 ±  85 %). Thus, in contrast to other systems in which 
detrimental effects of repeated testing have been shown, repeated dialysis in 
frontoparietal cortex may reduce recovery of АСҺ from surrounding tissue, 
while not affecting the response of intact neurons to pharmacological 
stimulation of АСҺ release.

128.15
A FUNCTIONAL INTERACTION BETWEEN Đ, AND NMDA 
RECEPTORS IN THE DORSOLATERAL STRIATUM. AN IN  
VIVO MICRODIALYSIS STUDY IN THE HALOTHANE 
ANAESTHETIZED RAT. W.T. 0 ‘Connor*. M. Mo rari.
U.Ungerstedt and K. Fuxe. Departments of Pharmacology, 
Histology and Neurobiology, Karolinska Inst., Stockholm, Sweden.

The effects of local perfusion with the D, antagonist SCH 23390 
and the D2 antagonist raclopride on basal and NMDA stimulated 
dopamine (DA), GABA, and glutamate (GLU) levels in the 
dorsolateral striatum was monitored using in vivo microdialysis in 
the halothane anaesthetized rat. Basal DA, GABA and GLU levels 
were 3.5 ± 0.4nM, 8.1 ± InM  and 317 ± 53nM respectively. Local 
Perfusion (10min) with NMDA (ImM) increased striatal DA (1727 
± 245%), GABA (137 ± 10%) and GLU (107 ± 3%) release. Local 
perfusion (90min) with SCH 23390 or raclopride (1 and lOuM) 
dose dependently increased basal striatal DA release (lOum dose; 
146 ± 7%; 147 ± 16% respectively) whereas basal GABA and GLU 
levels were unaffected. However, local perfusion with SCH 23390 (1 
and lOum) unmasked an NMDA mediated inhibitory effect on GLU 
release (a reduction to 64 ± 4% and 74 ± 4% of basal levels 
respectively) and at the higher lOum dose it significantly 
counteracted the NMDA induced increase in striatal DA (-65%) 
and GABA (-55%) release whereas raclopride was without effect. 
These data demonstrate that NMDA induced changes in striatal 
DA, GABA and GLU release are modified by D,, receptor blockade 
and support the view for a functional interaction between Dļ and 
NMDA receptors in the dorsolateral striatum.

128.12
MODULATION OF STIMULATED CORTICAL ACETYLCHOLINE 
EFFLUX BY BENZODIAZEPINE RECEPTOR LIGANDS IS 
MEDIATED IN THE BASAL FOREBRAIN
H. Moore*. M. Sarter. and J.P. Bruno. Dept. of Psychology and 
Neuroscience Program, The Ohio State University, Columbus, OH 43210

Benzodiazepine receptor (BZR) ligands, administered systemically, 
bidirectionally modulate behaviorally-stimulated cortical АСҺ efflux. 
However, these ligands have little effect on resting cortical АСҺ levels. In 
the present study, the effects of BZR ligands, administered locally into the 
ventral pallidum/substantia innominata (VP/SI), on basal and stimulated АСҺ 
efflux in frontoparietal cortex were determined in rats.

Presentation of a complex stimulus (pairing of exposure to darkness with 
a "Fruitloop") reliably increased cortical АСҺ efflux, relative to baseline 
(+  205 ± 67 %). Administration of the BZR agonist, chlordiazepoxide 
(CDP) into the VP/SI dose-dependently (10 or 40 μg/.5 μΐ/hemi) attenuated 
this stimulus-induced increase. However, in the absence of behavioral 
stimulation, the highest dose of CDP had little effect on basal cortical АСҺ 
efflux. Additionally, because the CDP solution had a higher osmolarity and 
lower pH than CSF, a hypertonic/low-pH vehicle containing physiological 
levels of sodium, potassium, calcium and magnesium ions was used as a 
control for the effects of CDP. This vehicle, compared to an isotonic/pH-7.0 
vehicle, had little effect on cortical АСҺ efflux. These results, in addition 
to the effects of BZR inverse agonists infused into the VP/SI, will be 
discussed in terms of how GABA modulates the responsivity of basal 
forebrain cholinergic neurons to behaviorally-relevant stimuli.

128.14

E FFEC T  O F G LU TA M A TE AND DOPAM INE R EC EPTO R  A CTIV A TIO N  ON 
STR IA T A L G A BA R EL EA S E  J.Wanq* & K.M.Johnson. Dept. Pharmacology, 
University of Texas Medical Branch, Galveston, Texas 77555-1031 

The major excitatory and inhibitory inputs to the corpus striatum are the 
glutamatergic corticostriatal pathway and the dopaminergic nigrostriatal 
pathway. In the present experiments, we examined the impact of 
glutamatergic and dopaminergic receptor activation on the release of 
endogenous gamma-aminobutyric acid (GABA) in rat striatum. Male Spraque- 
Dawley rats were sacrificed by decapitation and coronal slices of striatum 
were superfused by oxygenated Krebs-bicarbonate buffer. The content of 
GABA in the superfusate was determined by HPLC. In the presence of 100 
μΜ aminooxacetic acid, striatal GABA release was increased by the 
activation of three types of glutamate receptors (NMDA, AMPA and 
metabotropic). NMDA (from 100 μΜ to 3 mM) and quisqualic acid (Quis) 
(from 3 uM to 100 uM) dose-dependently increased GABA efflux up to 
400% and 250% above basal, respectively. The effect of Quis was 
qualitatively mimicked by coapplication of AMPA (0.1 uM to 1 uM) and 
1 S,3R-ACPD (300 uM), a metabotropic glutamate receptor agonist, and was 
reduced by the AMPA/KA receptor antagonist CNQX (100μΜ), suggesting 
that activation of AMPA receptors is necessary to the actions of Quis. The 
effect of Quis was also reduced by the sodium channel blocker (TTX) and 
GABA uptake carrier inhibitors (NO-711 ) which suggested that the response 
to Quis might be mediated by the activation of an interneuron and that the 
reversal of the GABA uptake carrier might also be involved. Activation of 
dopaminergic receptors does not affect the spontaneous release of GABA, 
but, in preliminary experiments, blockade of D2 receptors appears to elevate 
the basal release of GABA. Pharmacological characterization and studies of 
the mechanisms of NMDA and Quis-induced release of GABA and the 
possible interactions between glutamatergic and dopaminergic receptors on 
striatal GABA neurons will be further explored. Supported by DA-02073.

128.16
BACLOFEN INHIBITS NMDA-INDUCED OSCILLATIONS IN 
RAT DOPAMINE NEURONS IN VITRO V. Seutin*. S.W. 
Johnson and R.A. North Vollum Institute, Oregon 
Health Sciences University, Portland, OR 97201.

NMDA (20 μΜ) induces burst-firing in rat 
mesencephalic dopamine cells (Johnson et al., 
Science, 258, 665, 1992). Intracellular
microelectrode recordings were made from ventral 
tegmental neurons in slices of rat brain. In 
current-clamp, baclofen (1 μΜ) converted burst
firing to regular single spike firing (in 7 of 8 
cells). In tetrodotoxin, baclofen blocked the 
rhythmic potential oscillations induced by NMDA 
(n = 10). These effects of baclofen were blocked 
by barium (1 mM, n = 6) . In voltage-clamp, 
baclofen abolished the current oscillations 
induced by NMDA at -60 mV (12 of 13 cells) . 
Baclofen reduced the current induced by NMDA at 
-60 mV, and shifted the peak inward NMDA current 
to more depolarized potentials; this effect was 
blocked by barium. It also decreased (75 + 8 %) 
the tail current following a l s  depolarization 
to -40 mV in NMDA, which we have previously shown 
to result from electrogenic sodium extrusion. The 
simplest interpretation is that oscillations 
induced by NMDA are predominantly dendritic, and 
that baclofen prevents these from reaching the 
soma by increasing potassium conductance.
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128.17
POTENTIAL INTERACTIONS BETWEEN HIPPOCAMPAL CHOLINERGIC 
AND DOPAMINERGIC SYSTEMS: EVIDENCE FROM RECĘPTOR 
AUTORADIOGRAPHY AND IN VIVO DIALYSIS. A. I. Hersi1’2 ^ .  W. 
Richard1. P. Gaudreau, R. Quirion1. D ou glas Hospital Res. Ctr. , Dept. of 
Neurology and Neurosurg., McGill Univ. Montreal. Neuroendocrinology Lab., 
Hopital Notre Dame, Univ. de Montreal, Montreal, Quebec, Canada.

Recent evidence suggests that acetylcholine (Ach) and dopamine (DA) 
interact in mediating learning of spatial tasks in the rat. There are number of 
loci in the brain where such an interaction can occur. The hippocampus, a 
structure important for spatial learning, receives both cholinergic and a 
dopaminergic innervation. In this study, potential local interactions between 
these two systems within the hippocampus was examined. First, the cholinergic 
input into the rat hippocampus was removed by unilateral fimbriaectomy. Two 
weeks post lesion (СҺАТ activity loss >50%), changes in hippocampal DA  
(D1&D2) receptors were examined by autoradiography. Significant (20%) loss 
of D l  (pH ] SCH23390) receptors was observed in the molecular layer of the 
dentate gyrus of the hippocampus. The functional sequeleae of this anatomical 
relationship was investigated next by examining the effects of D1 drugs on 
hippocampal Ach release using in vivo dialysis in freely moving rats. Local 
administration of either a D1 agonist (SKF 38393 l-10uM ) or a D1 antagonist 
(SCH 23390 l-10uM) both increased hippocampal Ach release 4 to 4.5 and 3.7 
to 5.5 fold over baseline, respectively. The effect of the agonist was tetrodotoxin 
(luM ) insensitive whereas that of the antagonist was tetrodotoxin sensitive. 
These results suggest that a portion of D1 receptors in the hippocampus are 
located on cholinergic terminals and that pharmacological D1 receptors can 
modulate, in a complex fashion, acetylcholine release in the hippocampus . This 
could possibly be due to the existence of both D1 and D5 (D lb ) receptors in the 
hippocampus as suggested by mRNA studies. (Supported by MRCC and 
Alzheimer’s Society of Canada)

128.18
CHOLINERGIC RECEPTOR SUBSENSITIVITY AND 
DOPAMINERGIC RECEPTOR SUPERSENSITIVITY FOLLOWING 
DOPAMINE DENERVATION. L L, Cook1* M H, Lewis1, and R.B 
Mailman2 Dept. of Psychiatry1, Univ. of Florida, Gainesville, FL 32610, Brain 
& Dev. Res. Center2. Univ. of North Carolina, Chapel Hill, NC 27599.

We have previously presented evidence for a polycellular basis for striatal 
D ļ/p2 receptor interactions. We hypothesize that cholinergic intemeurons may 
mediate this interaction. The present study investigated the effects of dopamine 
denervation on cholinergic/dopaminergic interactions. Specifically, these 
experiments were performed to evaluate possible changes in the biochemical 
coupling of cholinergic receptors to adenylate cyclase m a denervation model 
known to produce dopaminergic supersensitivity. Rats were pretreated with 
desipramine (25 mg/ке, ip) 30 min prior to intracistemal 6-OHDA infusions. 
The efflux of cAMP from superfusea striatal slices from control and lesioned 
rats was measured following stimulation by 100 μΜ dopamine, with or without 
the selective E>2 receptor antagonist (-)-sulpiride. Other slices were treated with 
carbachol (0.5 or 10 μΜ) plus dopamine and/or sulpiride. All data are 
expressed as % basal efflux except where noted. Dopamine alone markedly 
increased cAMP efflux from lesioned (252%) and control tissue (175%). 
Sulpiride enhanced cAMP efflux from control (326%) and lesioned (485%) 
tissue. These results demonstrate functional supersensitivity of both Dj and D, 
receptors induced by the 6-OHDA lesion, as well as a persistent Dj/D, 
receptor interaction following the denervation. In control slices, both 0.5 ana 
10 μΜ carbachol completely inhibited cAMP efflux (127% and 117%, 
respectively). In lesioned slices, 0.5 μΜ carbachol was ineffective (494% 
basal) while 10 μΜ carbachol completely inhibited (82% basal) cAMP 
synthesis. This indicates a decrease in sensitivity of cholinergic receptors, 
possibly reflecting a decreased coupling of these receptors to inhibitory G- 
proteins in the presence of enhanced functional activity of Dj and D2 dopamine 
receptors. Additional observations concerning the relationship of striatal 
cholinergic and dopaminergic receptors to second messenger systems may
Êrovide important information regarding the role of cholinergic neurons in 

>j/D2 interactions. (Supported, in part, by Foundation of Hope).
REGIONAL LOCALIZATION OF RECEPTORS AND TRANSMITTERS II

129.1
GABA-, GLYCINE-, AND GLUTAMATE-LIKE IMMUN ORE ACTIVITY 
IN THE INNER NUCLEAR LAYER OF THE POSTHATCH CHICKEN 
RETINA. H. Sun and W. J, Crossland*. Dept. Anatomy & Cell Biology, Wayne 
State Univ. Sdii. Med., Detroit, MI 48201.

The avian retina has been widely used in morphological, biochemical, and 
pharmacological studies of neurotransmitter and neuromodulator localization and 
characterization. It was our purpose to study the location of 3 transmitters; GABA, 
glutamate (GLU) and glycine (GLY) in the posthatch chick retina to determine which 
retinal cell strata of the inner nuclear layer (INL) contained the transmitters.

Posthatch chicks were deeply anesthetized with halothane, the retina fixed by 
immersion in mixed aldehydes. Small strips of central retina were embedded in epon 
and sectioned transversely at 1.5 pm. The sections were stained with primary 
antibodies (Chemicon) to either GLU, GABA, or GLY then visualized using an 
ABC kit (Vector).

GABA-like immunoreactivity (GABA+) was observed in a single layer of cells at 
the junction of the outer plexiform layer (OPL) and inner nuclear layer (INL) and in 
several rows of cells at the junction of the INL and inner plexiform layer (IPL) but 
very few in the midstrata o f the INL. GLY reactivity occurred in a similar pattern to 
GABA at the OPL/INL and INL/IPL junctions but fewer cells were stained. 
However, the midstrata of the INL contained a scattered population of GLY+ 
neurons. GLU+ cells were widespread in the INL with labeled cells in all strata. 
Nearly all presumed bipolare were uniformly GLU+. GLU+ cells at the OPL/ENL 
and INL/IPL junctions exhibited distinct variations in staining intensity.

Our observations suggest that all major neuronal classes in the chick INL are 
GLU+. GLY+ was observed in a more limited group of presumed horizontal, 
bipolar, and amacrine cells whereas GABA+ appears to be restricted to horizontal and 
amacrine cells.
(Support: Michigan Eye Bank & Transplantation Center - W. J. C)

129.2

GABA, G LU TA M A TE AND S ER O TO N IN  R E C E P T O R  G E N E  EX P R E S S IO N  
IN T H E  S U PR A CH IA SM A TIC  N U C LE U S . D .B.Carter*. B .O ’Hara, J.Miller 
and T.Kilduff. C N S  D iseases Research, The Upjohn Company, Kalamazoo, 
Ml 49001 and S leep Research Center, Stanford Univ., Stanford, C A  94305.

Identification of the neurotransmitter receptors within the S C N  may 
provide targets to shift the circadian system, and an understanding of the 
m echanism of the biological clock. The most abundant transmitter within 
the S C N  is G ABA, and the S C N  receives a putative glutamatergic input 
from the retina and a serotonergic projection from the raphe nuclei. We 
have purified RNA from a large number of mouse S C N  and probed 
Northern blots with cDNA probes to receptor subtypes. Among GA BA  
receptors examined to date, a 1 and б produced barely detectable signals, 
while ß2 w as expressed at moderate levels. Despite a common embryologi- 
cal origin with the retina, we were unable to detect p subunit expression in 
the S C N . Both G luR5 and G luR 6  show clear expression in the S C N , with 
G luR5 being the most S C N  specific. Among 5-HT receptors, 5-HT1c mRNA 
expression w as found to be quite high in the SC N . In contrast, using the 
original G21 clone to detect 5-HT1A mRNA, we were able to detect only a 
very faint signal in the SC N , while other brain regions showed clear 
expression. Thus, we predict that responses in the S C N  to drugs such as  
8 -OH-DPAT are due to other 5-HT1A-like receptors distinct from the G21 
mouse homolog. This approach provides a  simple m easure of receptor 
subtype expression and complements in situ hybridization studies.

129.3
IM M UNO CYTO CH EM ICAL LO CA LIZA TIO N OF THE N M D A  R1 
SUBUNIT IN  RAT BRAIN. D.E. Vetter*. N . Brose, and S.F. H einem ann. 
MNL-H, The Salk Institute, 10010 N . Torrey Pines Rd, La Jolla, CA 92037 

Assem blies of homomeric NM D A R1 form  functional receptors while  
all other cloned NM DA receptor subunits require co-assem bly w ith  NM DA  
R1 for functional expression in Xenopus oocytes. Therefore, probes which  
reveal the location of NM D A R1 represent the best m ethod to date for 
revealing CNS regions containing NM D A receptors. A s a first step toward 
m apping the regional and cellular distribution of N M D A  receptors in the 
m am m alian brain, polyclonal and m onoclonal antib odies w ere created 
toward sequence specific regions o f the N M D A  R1 m olecu le. These 
antibodies were then used for the im m unolocalization of N M D A  R l. Adult 
rats were transcardially perfused w ith  4% paraform aldehyde. Follow ing  
dissection, the brains were cryoprotected, frozen, and sectioned  20μπ\ 
thick. In agreem ent w ith prior in situ hybridization studies, NM D A  R l-  
like imm unoreaction product w as located throughout all portions o f the 
brain. H owever, immunocyto-chem ical localization o f N M D A  R l resulted 
in a higher resolution o f cellular detail over that of in situ hybridization. 
In the hippocampal formation, prom inent im m unostaining w as observed in 
the pyram idal cells of CA-1-3 as w ell as in cells scattered throughout 
stratum radiatum and stratum oriens. Granule cells of the dentate gyrus  
were intenesely stained. In the cerebral cortex, pyram idal cells o f layers 
2 /3  and 5 were m ost prom inently im m unostained, although neurons in 
layers 4 and 6 were also immunoreactive. In the cerebellum, Purkinje cells, 
granule cells, and a subpopulation o f G olgi cells w ere im m unostained, 
w hile basket and stellate cells o f the m olecular layer rem ained unstained. 
A postnatal developm ental profile is currently being generated.

129.4

COLOCALIZATION OF ATP AND NICOTINIC ACH RECEPTOR 
IN IDENTIFIED RAT DORSAL MOTOR NUCLEUS OF VAGUS 
(DMV) NEURONS BY Dll. S. Ueno* and N. Akaike. Department of 
Neurophysiology, Tohoku University, School of Medicine, Sendai 980 
Japan

Neurons in DMV (dorsal motor nucleus of Vagus) were labeled by 
retrograde trasport o f D ii ( l , l ’-d io c ta d ecy l-3 ,3 ,3 ’,3 ’- 
tetramethylindocarbocyanine perchlorate) injected into the cervical 
vagus nerve of 12-14-day-old Wistar rats. Dil-labeled neurons were 
dissociated from DMV region, using enzyme treatment and gentle 
pipetting. After confirming the fluorescence o f dissociated DMV 
neurons with a fluorescence microscope, the neurons were prepared for 
electrophysioiogical studies. All neurons tested were sensitive to both 
acetylcholine (АСҺ) and extracellular ATP which activated inward 
currents at a holding potential (Vh) of -50 mV. The currents equally 
reversed the polarity near 0 mV, and the current amplitudes were 
dependent on extracellular Na+ concentrations, suggesting that АСҺ and 
ATP opened the nonselective cation channels. Additional 
pharmacological studies showed that АСҺ and ATP responses were 
evoked via nicotinic and P2y receptors, respectively.
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129.5
AUTORADIOGRAPHIC DISTRIBUTION OF [3H] CYTISINE BINDING TO 
NICOTINIC RECEPTOR SITES IN BRAIN. M.V. Wagster1*. LA. Kotzuk1. M. I. 
Davila-Garcia2 and K.T. Kellar2. 2The Johns Hopkins Univ. Sch. o f  Med., Balto, 
MD 21205 and 2Georgetown Univ. Sch. o f Med., Washington, DC 20007.

Labeling o f neuronal nicotinic receptors has been accomplished with a 
number of ligands, nicotine-sensitive [3H] acetylcholine, [3H] nicotine, and [3H] 
methylcarbamylcholine. Recent studies have used [3H] cytisine to define 
nicotinic binding in homogenate preparations o f rat (Pabrėža et al., Mol. 
Pharmacol., 39:9-12, 1991) and human (Hall et al., Brain Res., 600:127-133, 
1993) brain.

To examine the utility o f the ligand for analysis o f discrete anatomical 
regions, we employed in vitro receptor autoradiography in rat and monkey 
brains. Tissue sections were incubated for 75 minutes (2°C) in a Tris HCl 
buffer containing NaCl, KC1, MgCl2, CaCl2, and 1.0 nM [3H] cytisine. Nonspecific 
binding was assessed in the presence of 100 μΜ nicotine. Labeled sections 
were apposed to tritium sensitive film for 4-5 months.

High levels o f binding were detected in thalamic structures and moderate 
levels in midbrain structures, such as substantia nigra and red nucleus, with 
moderate-to-low levels in striatum and neocortex. Binding was extremely low  
or virtually absent in hippocampus; however, moderate-to-high levels of  
binding were seen in the presubiculum of the monkey. The distribution o f [3H] 
cytisine binding appears to match the reported distribution o f neuronal 
nicotinic receptor binding with other nicotinic ligands. The high-affinity and 
low-nonspecific binding as well as the stability o f this ligand make it an 
excellent choice for autoradiographic labeling o f nicotinic receptors in brain.

129.7
TRANSIENT CONCENTRATION O F CANNABINOID R ECEPTO R S IN TH E  
CORTEX SU B PLA TE ZONE DURING KITTEN  P O S TN A T A L DEVELO PM EN T.
Z.Chen and M.Ş. C vnader*. D ept.o f O phthalm ology, Univ. o f British  
Columbia, V ancouver, B .C . C anata V 5 Z  3 N9.

Marijuana h as a long h is to ry  o f u se  fo r m ed icin a l a s  w ell a s  
recreational p u rp o se s. D e lta  -9  T e tra h y d ro ca n n a b in o l (T H C ) is th e  
major a c t iv e  c o n st itu e n t  o f m ariju an a. It is a lso  a v e ry  p o te n t  
psychoactive ag ent. Many previo us e ffo rts  to  u se  radioligand binding 
tech n iq u e s to  id e n t ify  s p e c if ic  c a n n a b in o id  r e c e p t o r s  w e re  
u n sa tisfacto ry  due to  th e  high lip o p h ilic ity  o f  th e  can n ab in io d s. 
Recently a n o n-cannabino id  am in o -a lky lin d o le , WIN [5 ,7 -n a p h th y l-  
3 H] 5 5 ,2 1 2 -2 , has becom e availab le . A u to rad io g rap h ic  s tu d ie s have  
shown th a t  [ 3 H ]W IN 55 ,21  2-2  and can n a b in o id s sh a re  a com m on  
binding site  (re ce p to r). Here w e in ve st ig a te  th e  [ 3 H ]W IN 5 5 ,2 1  2 -2  
binding s ite s  in th e  d evelop ing  c a t  c o rte x  using au to rad io g rap h ic  
m ethods. In young an im als, b e tw e en  p o stn a ta l d a y s (P D ) 1 0 -7 5  th e  
receptors w ere  highly co n ce n tra te d  not w ithin th e  co rte x  itse lf, but in 
the cortical su b p la te  zo n e  su b ja c e n t  to  c o rt ic a l la y e r  6 . R e ce p to r  
expression increased  in th e  sub p late  betw een  P D 1 0 -4 0 , w ith th e  peak 
expression at th is age. Th ere  w as then  a p ro g re ssive  d ecline  w ith age  
until PD 75 a fte r  w hich on ly  th e  a re a  s u b ja c e n t  to  lim bic co rte x  
retained cannabinoid b inding.The sub p late  zo n e  has been show n to be 
important in setting  up the  a rch ite ctu re  of th e  developing co rtex . The  
tem porary concentratio n  o f cannabinoid re ce p to rs  in th is  zo n e  during 
developm ent ind icates a role for th is re c e p to r sy ste m  in th is  p ro ce ss  
and fu rth erm o re  p o in ts o u t a p o te n tia l h a z a rd  a s s o c ia te d  w ith  
marijuana use  in pregnant wom en or in th e  p re se n ce  o f young children.

1 2 9 .9
AUTORADIOGRAPHIC LOCALIZATION OF a2-ADRENERGIC
RECEPTOR SUBTYPES IN THE RAT AND HUMAN CNS. M.M. 
Durkin, E-L;..Gustafson, J, Bard,, Ç. Fçrray, Ļ.E. Şçheçhter*, A. Illy, Y. 
She. R.L. Weinshank and T.A. Branchek. Synaptic Pharmaceutical Corp., 
Paramus, NJ 07652.

The of2-adrenergic receptors have been classified into three subtypes, a ^ ,  
a2B, and «jc> based on the rank order of potency of oxymetazoline and 
prazosin. The «JA subtype displays a higher affinity for oxymetazoline 
relative to prazosin while die a 2B and ct^c subtypes show a higher affinity for 
prazosin. The antagonist radioligand pH]MK-912 selectively labels the a 2 - 
adrenergic receptors in both rat and human. This specificity has enabled us 
to evaluate the distribution of the a2 subtypes in both the rat and human CNS 
and peripheral tissues. Receptor autoradiography was done using 1 nM 
pH]MK-912 and selective blockade with oxymetazoline or prazosin to 
examine the specific binding of each of the subtypes. Oxymetazoline- 
sensitive c*2a adrenoceptors were the predominant subtype in many brain 
areas, especially the cerebral cortex, limbic areas, lacunosum moleculare of 
the dentate gyrus, locus coeruleus, and medullary catecholaminergic nuclei. 
Lower amounts of prazosin-sensitive binding were also observed in these 
regions. Prazosin-sensitive a -̂adrenoceptor binding was highest in the 
caudate-putamen, olfactory tubercle, stratum oriens of the hippocampus, and 
the substantia nigra, pars lateralis. Our data indicate that in the areas 
examined there may be a concordance in the distribution and relative 
abundance of a2-adrenoceptor subtypes in the rat and human.

1 2 9 .6

THC RECEPTOR IN THE BRAIN: NEURONAL LOCALIZATION, 
REGULATION OF SYNTHESIS BY DOPAMINE AND 
GLUCOCORTICOIDS AND THC MODULATION OF 
NEUROTRANSMITTER GENE EXPRESSION. P. Mailleux. M. 
Verslype and J.-J. Vanderhaeehen*. Unite de Recherche sur le Cerveau, 
Faculté de Médecine, Université Libre de Bruxelles, Bruxelles, Belgique.
We studied the cellular effects of б-9-tetrahydrocannabinol (THC) in the 
brain. First, by receptor autoradiography and in situ hydridization (ISH) we 
have determined the neuronal localization of THC receptor and its mRNA in 
the adult brain of the rat* and humani and during development4 and 
agingS. High concentrations were observed in the cortex, basal ganglia, 
hippocampus, hypothalamus and cerebellum in accordance with the clinical 
effects of cannabis use. In the basal ganglia, THC receptor mRNA were 
exclusively found in the striato-nigral and -pallidal neurons. Secondly, in the 
caudate-putamen, by ISH, mRNA levels were increased after 6 
hydroxydopamine lesion and pharmacological blockade of dopamine receptors 
by the antagonists SCH23390, haloperidol and sulpiride as well as after 
adrenalectomy. Thirdly, in the caudate-putamen, by ISH, THC treatment 
increased mRNA levels of the protooncogene Zif-268, c-FOS and c-JUN, but 
not JUN-D, and of the neuropeptide substance P and enkephalin.
References: Mailleux et al: Neuroscience (1992) 48, 655-668 Neurosci. 
Lett. (1992) 139, 7-92; ibid. 143, 200-2043; ibid. 148, 173-1764 and ibid. 
147, 179-1815.
P. Mailleux is Senior Research Assistant of FNRS. Supported by Belgian Grants 
from the FRSM (3.4574.90), FMRE (1992-95) and Ministère de la Politique 
Scientifique (PAI 1990-95) and Loterie Nationale (1991, 1993).
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MONOAMINE RECEPTORS IN THE AMYGDALA OF THE 
TREE SHREW. G. Flüaae». O. Ahrens and E. Fuchs. 
Division of Neurobiology, German Primate Center, 3400  
Göttingen, Germany.

To investigate the pattern of monoamine receptors in 
the mammalian amygdala, we studied the distribution and 
pharmacology of binding sites for the -adrenoceptor 
ligand (3H)prazosin, the o^drenoceptor ligand 
(3H)rauwolscine, the ß-adrenoceptor ligand 
(125l)iodocyanopindolol, and the 5HT1A ligand (ЗН)8- 
hydroxy-2(di-n-propylamino)tetralin by in vitro- 
autoradiography in the tree shrew (Tupaia b e ia n g eri).

Whereas the highest numbers of 02-adrenergic 
binding sites were detected in the medial and the central 
nucleus as well as in the intercalated nuclei, the majority 
of 5НТ-1Д binding sites was found in the magnocellular and 
the accessory basal nucleus, σ-j -adrenoceptors were 
colocalized with both these receptor types in the nuclei 
mentioned above and were also found in the lateral 
nucleus. In most amygdaloid nuclei, there were only low 
numbers of ß-adrenergic receptors. In the cortical nuclei, 
high numbers of binding sites for all radioligands were 
present. Therefore, according to our data on the tree 
shrew amygdala whose anatomy shows similarities with 
that of cats and primates, ^-adrenoceptors occur primarily 
in the medial part of the formation, 5HT1A-receptors 
occupy predominantly the basal nuclei and a j- 
adrenoceptors are present in both parts of the amygdala.

1 2 9 .1 0
LO CA LIZA TIO N  O F a2C-A D REN ERG IC  R EC EP T O R S  IN C U LT U R ED  C EL L S  
AN D R A T  BRAIN U SIN G A  S U B T Y P E-SP EC IF IC  P O LY C LO N A L AN TIBO D Y.
D .L. R o sin /  M. Salafranca. P . Zeno, F .R . Norton. R. Stornetta. P .G . 
Guvenet, K .R . Lyn ch . Depts. of Pharm acology a n d  Biochem istry, Univ. of 
Virginia Sch . of M ed., Charlottesville, V A  2 2 9 0 8 .

W e have reported previously on the im m unohistochemical localization of 
o2A-adrenergic receptors (o 2A-AR s ) in rat brain {Soc. Neurosci. A b str., 1992; 
N eurosci., in press). W e now  describe the development of a subtype- 
specific polyclonal antibody directed against the rat o2C-AR. The amino acid 
sequence of each of the three subtypes of the o2-A Rs is highly conserved  
with the exception of the third intracellular <i3) loop. A  nucleotide fragment 
encoding 50  amino acids of the o 2C-AR ІЗ loop w as subcloned into the 
μ g E X .K G  vector downstream  of the gene for a 26-kDa helmintic glutathione 
S-transferase (G ST). The resulting G S T/o2C-AR ІЗ fusion protein w as  
expressed in E. coli, purified, and used to immunize chickens. The  
specificity of affinity-purified antibody w as tested by w estern blot and 
im m unocytochemical analysis of C O S  cells transfected with the gene 
encoding either the σ2Α-, σ2Β- or a2C-AR subtype. Immunoreactivity w as  
present only in o2c-transfected C O S  cells and not in a2A- or o2B-transfected  
cells. Immunoreactivity w as eliminated com pletely by preincubation of the 
antibody with the fusion protein but not with G S T . W estern blots of 
membrane fractions of a2C-transfected C O S  cells revealed an 
immunoreactive band of the correct predicted molecular weight and a 
diffuse band of higher molecular weight suggestive of the glycosylated form  
of the receptor. W e are currently conducting im m unocytochemical studies 
of the o2C-AR in rat brain, and will evaluate the utility of our antibodies (one 
from rabbit, one from chicken) for combined imm unohistochemistry of σ2Α- 
and o2C-AR s . (Supported by U .S .P .H .S . Grant DA 0 7 2 1 6 ).
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IMMUNOCYTOCHEMISTRY OF G-PROTEIN COUPLED 
RECEPTOR ANTIBODIES. S. Burke. A. Mansour. C. 
Caamano*. H. Akil. and S.J. Watson. Mental Health Research 
Institute, The University of Michigan, Ann Arbor Ml 48109.

G-protein coupled receptor antibodies were raised in rabbits 
using recombinant peptides produced in bacteria using the 
μ g EX vector system. Specifically, regions of the receptor 
mRNA (200-300 bases) demonstrating low levels of homology 
to other known G-protein coupled receptors were used in a 
μ gEX vector. The μgEX vectors are designed to sythesize 
fusion proteins with a foreign protein fused to the C-terminal of 
glutathione S-transferase. These fusion proteins were 
purified by glutathione affinity chromatography. The purified 
fusion protein was injected into rabbits and subsequent 
bleeds were tested for immunogenicity. A variety of fixation 
techniques and perfusion times as well as affinity purified 
antibodies, secondary antibodies and visualization 
techniques were evaluated. An antibody produced in this 
fashion for the D2 receptor stained cells and fibers in caudate, 
cortex and substantia nigra. This distribution corresponds 
well with the known distribution of D2 receptor mRNA and/or 
binding sites. Several other bacterially produced membrane 
protein antisera are currently being evaluated including the 
dopamine transporter.

1 2 9 .1 3
Different distributions of dopamine Di and D2  receptor in the 
monkey basal ganglia. W.X. Lu* & S.N. Haber. Dept. of 
Neurobiology & Anatomy, Univ. of Rochester Sch. of Med. & 
Dentistry, Rochester, NY 14642

A free-floating method for in situ hybridization (Brain Res. 578:155- 
160,1992) was used to study the distribution of mRNA for dopamine Dļ 
receptor (DļR) and D2  receptor (D2 R) in the monkey (Macaque 
Nemestrina) basal ganglia. 50 pm coronal sections, stored in 
cryoprotectant solution at -20°C up to 22 months, were rinsed in PBS and 
0.02% diethyl pirocarbonate and hybridized at 37 °С for 20 hours with 
ЗЗр-iabeled DļR oligonucleotide probes or 35s-iabeled D2 R 
oligonucleotide probes. Autoradiographs reveal high levels Of specific 
hybridization for DiR and D2 R mRNA with low background in the 
monkey striatum, including the entire caudate nucleus, the putaman and 
the nucleus accumbens. However, the distributions of DiR and D2 R 
mRNA in the striatum are somewhat different, in that there is the denser 
distribution of D2 R labeled silver grains in the dorsal striatum than in the 
ventral striatum. The signal for DļR mRNA on the other hand is 
homogeneous throughout the structure. The distribution of label for both 
DļR and D2 R mRNA in the striatum is patchy, forming mosaic-like 
patterns. The patches for DļR mRNA appear smaller than that for D2 R 
mRNA. In the substantia nigra, high levels of D2 R mRNA are found in 
the ventral tier of this nucleus, and low levels in the dorsal tier. There is 
little or no specific label for DļR mRNA in the substantia nigra. 
Supported by MH 45573 and N S22511.

1 2 9 .1 5
ADENOSINE AND DOPAMINE RECEPTOR SUBTYPES IN PUNCH
ES OF RAT STRIATUJH, GLOBUS PALLIDUS AND SUBSTANTIA 
NIGRA N.R. Zahniser . G. Larson. K. Gillespie and R.D. Mayfield. 
Dept. Pharmacology, Univ. Colorado Hlth. Sci. Ctr., Denver, CO 80262.

Both adenosine (ADO) and dopamine (DA) modulate GABA re
lease in discrete regions of basal ganglia. We are measuring modulation 
of GABA release from micropunches of rat striatum, globus pallidus 
(GP) and substantia nigra pars reticulata (SNr) in order to identify the 
ADO and DA receptor subtypes involved. To characterize these punch
es, membranes were isolated; and ADO A. receptors were measured 
with a saturating concentration of 3H-cyclohexyladenosine, ADO A2a 
receptors with a Kd concentration of 3H-CGS 21680, Dj DA receptors 
with 3H-SCH 23390 saturation curves and D2 DA receptors with a satu
rating concentration of 3H-spiperone. The results are summarized below 
as mean values + SEM (fmol/mg protein) for N = 3-5 rats.

ADO Aj R ADO A^ R Dj DA R d 2 d a r

Striatum 740+ 27 870+50 2500+270 430+27
GP 470+37 270+20 700+ 79 64+ 14
SNr 430+ 18 8 + 7 1600+290 36+ 2

The results were consistent with the literature but also showed for the 
first time that Aj receptors are present in GP and SNr whereas A2a 
receptors are not detectable in SNr. The more heterogeneous distribu
tion of these receptors in SNr, as opposed to GP, raises the possibility of 
a differential modulation of GABA release in these two striatal output 
nuclei. Further, our observations that A ^ and D2 receptors augment 
and inhibit, respectively, GABA release in striatum and GP suggest that 
these receptors may have opposing actions on GABAergic neurons.

1 2 9 .1 2
C E L L U L A R  C O L O C A L IZ A T IO N  O F  C O R T IC A L  D O P A M IN E  D i AND D2 
R E C E P T O R S  ON N O N P Y R A M ID A L  N E U R O N S  IN R A T  M ED IA L  
P R E F R O N T A L  C O R T E X .  S .L .  V in c e n t* . Y . K h an , and F .M . B e n e s . 
Departm ent of P sych ia try  and Program  in N euro sc ience , H arvard  Medical 
Sch o o l and Lab o ra to ry  for S tru c tu ra l N eu ro sc ie n ce , M cLean  H osp ita l, 
Be lm ont, MA 02178.

In a previous investigation in rat medial prefrontal cortex (m P F C ), dopamine 
(DA) D·) receptors were assoc ia ted  with nonpyram idal neurons (N PN s), while 
ce lls  with D2 recepto rs seem ed  to overlap  with both pyram idal (P N s) and 
N PN s. Th is  latter observation ra ised  the possib ility that a  subpopulation of 
co rtica l neurons m ay co e xp re ss  both the D i and D 2 recepto r subtypes. 
C o lo ca liza tio n  stu d ie s have  been conducted  with se ctio n s of rat m PFC  
in c u b a te d  w ith  20  nM S C H  2 3 3 9 0 -B o d ip y  and  20  nM N-(p- 
am inophenethy l)sp iperone-Texas red in the p resence of 100 nM mianserin. 
A  co localization of both fluoroprobes w a s observed on approxim ately 25% of 
all labeled cells in layer V I. When the a rea  of each d ou b le -lab e led  cell body 
w as m easured separate ly with the F IT C  ( D ļ-probe) and rhodamine (D2-probe) 
ep ifluo rescen ce  filte rs , in both c a s e s , the s ize  d istribution w a s  found to 
overlap with that for N PN s (range=21-100 pm2). The average size of double- 
la b e le d  ce lls  v isua lized  with the F IT C  filter (69 + 2 .4  pm2) w a s  significantly 
sm aller that that obtained with the rhodamine filter (80 + 2.6 pm2). Th ese  data 
suggest the possib ility that the D-ι receptor subtype m ay largely be confined 
to the cyto p lasm  of NPN cell b od ies, while the D2 subtype m ay have a 
localization assoc ia ted  with the cell m em brane of the sam e ce lls . In sum , the 
mediation of DA effects in cortex m ay require a  com plex interaction, not only 
with PN s having D2 recep to rs , but a lso  with N PN s having D i and/or D 2 
receptor activ ity localized in d ifferent neuronal com partm ents. Supported by 
M H00423, M H42261, M H31154, and the S tan ley  Foundation .

1 2 9 .1 4
ADENOSINE A2a RECEPTORS INCREASE GABA RELEASE FROM 
SLICES OF RAT GLOBUS PALLIDUS. R.D. Mayfield*. K. Gillespie. 
F, Şyzııki aud N,R, Zahnişgr, Dept. Pharmacol., Univ. Colorado Hlth. 
Sci. Ctr., Denver, CO 80262 and Kyowa Hakko Kogyo Co., Japan.

Adenosine A2a receptors have beai localized to GABAergic striato- 
pallidal neurons, but their functional role is unknown. To address this 
question, the modulation of electrically-evoked endogenous GABA 
overflow by A2a receptors was examined in slices of rat globus pallidus. 
The selective A2a receptor agonist CGS 21680 (3.0-10 nM) significantly 
increased GABA overflow with 10 nM CGS 21680 increasing S2/S1 ratios 
44% over control responses. This increase was abolished by the 
nonselective adenosine receptor antagonist 8-phenyltheophylline (8-PT; 10 
μΜ) and by the A^ receptor antagonist KF-17837 (100 nM) but not by the 
selective Ai receptor antagonist DPCPX (50 nM). Activation of A& 
receptors by the nonselective adenosine receptor agonist NEC A (10 nM 
and 10 μΜ) in the presence of DPCPX (50 nM) increased GABA overflow 
to a similar extent suggesting that the observed increase in GABA overflow 
was a general effect of A2a receptor activation and not a unique 
characteristic of CGS 21680. Higher concentrations of CGS 21680 (0. ΙΟ
Ι. 0 μΜ) decreased GABA overflow by approximately 25%. This attenua
tion of GABA overflow was not affected by KF-17837 (100 nM) but was 
blocked by DPCPX (50 nM) and 8-PT (10 μΜ). NECA (10 nM), as well 
as the selective Ai receptor agonist R-PIA (1-10 nM), decreased GABA 
overflow suggesting that Aj receptor activation was, at least, partly 
responsible for the observed decreases. These results demonstrate that 
activation of adenosine receptor subtypes differentially modulate GABA 
release from globus pallidus and suggest mechanisms by which adenosine 
may modulate GABAergic output from the striato-pallidal efferent system. 
(Supported by NS 26851 and AA 07464)
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CLONING and DISTRIBUTION OF DI, D2, and D5 DOPAMINE 
RECEPTOR SUBTYPE mRNAs IN MONKEY BRAIN. W.S.Choi.
V.L.Brooks*. C.A.Machida, and O.K. Ronnekleiv. Oregon Regional 
Primate Res. Center, Beaverton, OR 97006 and Dept. Physiology, 
Oregon Health Sci. Univ., Portland, OR 97201.

The distribution of the mRNA encoding the dopamine DI, D2, and 
D5 receptors was determined in brain tissues obtained from intact 
female rhesus monkeys, using ribonuclease protection assay. To 
generate the cRNA probes, cDNAs corresponding to the carboxy 
terminus of the rhesus monkey D2 receptor and to the IV-VI 
transmembrane dopamine region of the D5 receptor were cloned and 
sequenced. The monkey D2 and D5 receptor cDNA were 336 and 444 
bp, and 98% identical to the human sequence. The standard curves 
from nuclease protection assays of DI, D2, and D5 receptors were 
constructed using amounts of synthesized sense-standards, hybridized 
with an excess of 32P-labelled anti-sense probe. These mRNAs showed 
largely overlapping yet distinct patterns of expression. In the substantia 
nigra, only D2 and D5 receptor mRNAs were expressed, DI receptor 
mRNA was not detected. The D5 receptor mRNA was expressed in the 
substantia nigra in the highest levels, the D5 receptor mRNA was also 
detected in the striatum, hypothalamus/ thalamus, cerebral cortex, and 
hippocampus. Thus, the distribution of DI and D2 receptor mRNAs 
coincided well with previous reports. However, the D5 receptor mRNA 
appears to be more widely distributed in the monkey brain compared to 
that described previously in the rat. (Supported by PHS grant DA07165)
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IM MUNOCYTOCHEMICAL IDEN TIFICATION  O F  N EU R O N ES  
EX PR ESSIN G  5-HT1A R E C E P T O R S  IN TH E S E P T A L  C O M P LEX . CĻ 
Verøél H K. K ia l, M.J. Brisoroueill. G . D avall. V. Dimitriadou*^ and M. 
Hamon^. 1 CN R S  UA 1488, Univ. Paris VI, 75005 Paris. 'г  Lab. de 
Physiologie, Univ. Paris V, 75006 Paris. 3  IN SERM  U288, CHU Pitié- 
Salpètrière, 75013 Paris, France.

5-HTi a  receptors (5-H TļA-R) have been visualized with specific anti
peptide antibodies on 5-HT cell bodies and dendrites in the raphe nuclei 
(Sotelo et al., Eur. J . Neurosci., 2:1144-1154). Using these antibodies, we 
studied the distribution of 5-HT-jA-R  immunolabelling in the septal complex 
(medial septum and diagonal band nuclei) and investigated with dual labelling 
techniques the chemical identity of neurones expressing 5 -H T įA-R in this 
area, with focus on cholinergic neurones which project mainly to 
hippocampus.

Cryomicrotome sections from rat brain were simultaneously incubated with 
rabbit anti-peptide polyclonal antibodies against 5-HT-jA-R  and rat/mouse 
monoclonal antibody against choline acetyltransferase (СҺАТ).
Immunostaining was revealed by combination of 1) ABC-DAB (5-HT1A-R) 
and ABC-BDHC (СҺАТ) techniques or 2) silver-gold intensified immunogold 
(R-HTi a -R) and ABC-DAB (СҺАТ) techniques. Serial sections were also 
alternatively labelled for the detection of 5-HT.jA-R  on one hand, and glutamic 
acid decarboxylase (GAD), galanin, substance P  or LHRH on the other hand.

AH approaches showed that most of the neurones bearing 5-HT1A-R, 
particularly in the medial septum, were not cholinergic. Conversely, 
numerous, but not all ChAT-immunoreactive neurones were also immuno- 
positive for 5-HT-ļA-R. 5-HT<jA-R and GAD or galanin were less often 
colocalized. Substance P and LHRH were found in few neurones which did 
not express 5-HT<jA-R. The colocalization of СҺАТ and 5-HT<jA-R  
immunoreactivities indicates that serotonin can exert through 5-HT<jA-R  a 
functional control of part of the septo-hippocampal cholinergic neurones.

1 2 9 .19

EARLY DEVELOPMENT OF 5-HT FIBERS, 1A RECEPTORS AND 
LAMININ IN CORTEX AND HIPPOCAMPUS OFTHERATS. F.C, 
Zhou*, T, D. Patel. and S. Bledsoe Department of Anatomy, Indiana Univer
sity,Indianapolis,IN 46202

It is unknown whether the receptor or the terminal fibers develop first, 
whether their distributions correlates on a one to one relationship. Current 
study investigates the first two questions. Rat fetuses of various gestation (E) 
andpostnatal (P)days wereobtainedfor immunocytochemical staining 
against5-HT and 5 -HT1 a receptorpeptide 170-187 (fromDr. Azmitia),and 
laminin.

5-HT 1 a-immunostaining (IM) granules in the cortex appear, at E14 at 
cortical plate, at E16 at subcortical plate (SP)- intermediate zone (IZ) and 
ventricular zone (VZ); atE17 at more discreet layers—layer 1, SP, lower IZ, 
and lower VZ; and become diffuse after E19atSP-IZ-SubVZ. Pioneer5-HT 
fibers arrive in corticex at E16 with two selective rostro-caudal parallel routes 
at layer 1 and SP of cortex. Laminin staining is also distributed at layer 1 and 
SPatthis stage.

Both 5-HT 1 a-IM and laminin-IM appear in hippocampal primodia, are 
already seen at E14 and increase density, with no particular pattem at El 6, 
are diffusely associated with granule cells atE17.5-HTla-IM associates with 
the pyramidal and granule cells at E19, and becomes diffuse into hippocam
pus at P2 andP6. Laminin punctates beginto spread at E17/18and become 
diffuse in the hippocampal after E19. 5-HT fibers don’t appear in hippocam
pus until E19 /E20 with no noted pattem.

Results indicate that (l)5-HTla receptors appears prior to the arrival of 5- 
HT-IM fibers. (2) The initiation of expression of 5-HT 1 a receptor protein is 
not dependent on the stimulation by 5-HT terminal fibers. (3) 5-HT fibers 
choose receptor developed and laminin-rich paths to enter the cortex and 
hippocampus.

1 2 9 .1 8
ONTOGENY AND DISTRIBUTION OF THE SEROTONIN-la RECEP
TOR IN THE DEVELOPING RAT BRAIN. T.D, Patel. J.N. Hingtgen*.
E.C. Azmitia. and F.C. Zhou. Program in Medical Neurobiology and the 
Dept. of Anatomy, Indiana Univ. School of Medicine, Indianapolis, IN 46202.

It is believed that 5-HT receptors are involved in regulating serotonergic 
development (Whitaker-Azmitia et al. 1990). The expression pattem of the 
5-HTla receptor during brain development might be important for 5-HT fiber 
outgrowth and target recognition. Therefore, the ontogeny and distribution of 
the 5-HT la receptor during development of the rat brain was characterized by 
immunocytochemical localization using the antibody (Azmitia et al. 1992) 
against amino acid sequence 170-186 of the rat 5-HT la receptor.

At embryonic day (E) 14,5-HTia immunopositive staining (IM) was 
detected in the brain stem (B7-B8 complex) where 5-HT cell bodies are 
located, hippocampal primordia, striatum, habenulla, cortex and olfactory 
bulb. At E16,5-HTla-IM was in the tectum, anterior thalamic nuclei, 
medial forebrain bundle, basal telencephalon, and frontal and temporal 
cortices. At E17,5-HTla-IM was in the parietal cortex. Density in the 
hippocampus remained at E17 but was reduced through E19. Dense 5- 
HTla-IM appeared in the occipital cortex at E19. At postnatal (P) days 2 
and 6 ,5-HTla-IM appeared in the cerebellum. There was an increase in 5- 
HTla-IM in the parietal cortex at PN 6, and cortical 5-HT 1 a-IM appeared as 
patches of high and low density.

The current study reveals that (1) 5-HT la expression during development is 
consistent with receptor distribution in the adult as revealed by 5-HT 1 a ligand 
binding, (2) during development, 5-HTla appears in regions containing 5-HT 
cell bodies and axonal tracts, and (3) development of 5-HTla in the targets 
may proceed 5-HT innervation, (see next abstract, F.C. Zhou et al.)

1 2 9 .2 0
The 3H-5-HT uptake and 45Ca uptake in High-alcohol 
drinking rats. W.K.Кіш-Park . L. Lumencr, T.-K. Li 
and F.C. Zhou. Department of Anatomy & Medicine, 
Indiana University, School of Medicine and VA 
Hospital, Indianapolis, IN 46202

The specific uptakes of 3H-5-HT and 45Ca were 
compared in high alcohol drinking (HAD) and low 
alcohol drinking (LAD) rats using brain 
synaptosomes. It has been found that the level 
or innervation of 5-HT in HAD or alcohol 
preferring P-1 ine rats were lower than LAD or 
non-alcohol preferring (NP) rats (Murphy et al. 
1987 and Zhou et al. 1991). Also it has been 
demonstrated that 5-HT and fluoxetine stimulated 
*5Ca uptake into rat brain synaptosomes (Park and 
Azmitia, 1991). It was hypothesized that there 
will be less 3H-5-HT uptake in HAD than LAD rats 
and 45Ca uptake will be correlated with the 
specific uptake of 3H-5-HT in these selectively 
bred genetically different rats. Using 96-well 
micro-assay uptake system, the uptake of 3H-5-HT 
and 45Ca were performed at 30° C for 20 min and 1 
sec, respectively using rat brain synaptosomes 
in a total volume of 200 ul. The results show 
that the specific uptake of 3H-5-HT is higher 
(p<0.05, n=7) in LAD than HAD rats frontal 
cortex (28.3±3.30 VS 13.7±2.86 %) . The uptake of 
w Ca is 58 % in basal and 13 % in iC-stimulating 
conditions, higher in LAD than HAD rats. These 
data support that the serotonin system is 
involved in alcohol drinking behavior and has a 
role in regulating calcium channels in the rat.

S E C O N D  M E S S E N G E R S  I I

13 0 .1
DEVELOPMENTAL PROFILE OF DIACYLGLYCEROL AND INOSITOL 
PHOSPHATE PRODUCTION INDUCED BY THE STIMULATION OF 
MUSCARINIC, GLUTAMATE METABOTROPIC, SEROTONIN AND  
ENDOTHELIN RECEPTORS IN THE HIPPOCAMPUS OF NEONATALLY 
HANDLED RATS. A.R. Parent*. S. Sharma. R. Ouirion and M J. Meanev. 
Douglas Hospital Res. Ctre. and Dept. Psychiatry, McGill University, 6875 
LaSalle Blvd., Verdun, Québec. H4H 1R3.

In rats, an environmental manipulation occuring early in life results in 
permanent changes in the adrenocortical axis and attenuates certain deficits 
associated with aging. These effects appear to be related to the differentiation of 
the hippocampal neurons, particularly in regard to the glucocorticoid receptor. 
This could modifiy the general regulation of receptors and associated 
transduction mechanisms such as the phosphatidylinositol cascade. To further 
investigate mechanisms that can be involved in the process of neuronal 
maturation affected by handling, production of diacylglycerol (DAG) and inositol 
phosphates (IP) were evaluated in hippocampal slices following an activation by 
carbachol (Carb, muscarinic; ImM), t-ACPD (glutamate metabotropic, lOOuM), 
serotonin (5HT; lOOuM) or endothelin-1 (ET lOOnM). DAG and IP were 
measured following the incorporation of [3H]cytidine and [3H]myoinositol, 
respectively. We observed a peak of DAG and IP production (Carb, 368%, 
187%; t-ACPD, 200%, 648%; 5HT, 88%, 23%, and ET, 93%, 389% of 
stimulation) few days post-natally (5-10 days). Later on (1 month), the observed 
stimulations declined to a level of 50-200%; these lower values being maintained 
until aging. Interestingly, DAG and IP were transiently decreased in neonatally 
handled vs nonhandled animals. This suggests a role for the various agonists 
tested here in the normal maturation of the hippocampus. Moreover, attenuation 
of DAG and IP production, and hence receptor coupling in neonatal handling 
could have consequence for the differentiation of hippocampal neurons.

1 3 0 .2
САШАСГОЦ-ӀЮиСЕЮ 3 H-PHOSPHOINOSITIDE (3H-PI) TURNOVER IN 
DEVELOPING CHICK RETINA. A.L.M. Ventura* & G.A. Calvet. 
Dept. Neurobiologia, Univ. Fed. Fluminense,Niterói,Brasil.

Developmental changes in biochemical properties of 
muscarinic receptors were described in the CNS. Here, we 
show that muscarinic stimulation of 3H-PI turnover also 
changesduring the development of the retina. Carbachol (5 
mM) induced an 8-fold increase in 3H-PI levels of retinas 
from chick embryos at E15, an effect that could be can - 
pietely blocked by 10uM atropine. The effect of carbachol 
was maximal (900% above basal levels) in early differen
tiating tissues (E9 to E14), decreasing thereafter. In 
hatched chicks, no increase in 3H-PI turnover was observed. 
ĨTX (1uM) did not decrease the response to carbachol, 
suggesting a direct action of muscarinic receptors on PI 
metabolism of embryonic but not of mature retinas. Incu
bations of tissues with ešerine also promoted an accumu
lation of 3H-PI above basal levels. Eserine-induced 3H-PI 
accumulation increased from 50 to 375% above basal levels 
in retinas from E8 to E10, remaining high thereafter. In 
more developed tissues, the response to ešerine decreased 
and in newly hatched chicks, low accumulation was detected. 
Atropine completely abolished the effect of ešerine, 
suggesting that acetylcholine present in the embryonic re
tina could be released and further stimulate PI turnover 
in the tissue. Our results suggest that maturation of ris
tinai cholinergic system may involve uncoupling of musca
rinic receptors from PI turnover.
Supported by: CNPq, FAPERJ, Propp-UFF.
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1 3 0 .3
5-HT2 r e c e p t o r -s t im u l a t e d  p h o s p h o in o s i t id e  h y d r o l y s is
IN C O R TIC A L S L IC E S  FROM M ATURE AND AG ED  R A TS . L. Robson. 
A .J . Gow er.1 D.A. Kendall and C .A . M arsden. (Spon: Brain Research 
Association). Physiology and Pharm acology Department, Medical 
School, Queen's Medical Centre , Nottingham, NG7 2UH, United 
Kingdom. 1 Neuropharmacology Department, UCB Pharma, Chemin du 
Foriest, B-1420 Braine I'Alleud, Belgium.

Previous studies have demonstrated 5-hydroxytryptamine (5HT)- 
induced, 5-HT2 receptor mediated, stimulation of phosphoinositide (PI) 
hydrolysis in rat cortical slices. In this study we examined 5-HT and1-(2,5- 
dimethoxy-4-iodophenyl)-2-aminopropane (DOI)-stimulated PI hydrolysis 
in cortical slices from mature (4-5 months) and aged (19-20 months) 
Sprague-Dawley rats. S lices were prelabelled with [3H] myo-inositol (Ml) 
and stimulated in the presence of lithium chloride. Basal levels of [3H] 
inositiol phosphates and [3H] inositol phospholipids were not significantly 
different in slices from the two age groups. 5-HT stimulated PI hydrolysis 
in a dose-dependent manner with similar Ec50s and maximal stimulations 
in slices from mature and aged rats. 5-HT significantly increased [3H] Ml 
incorporation into the phospholipids of cortical slices from mature but not 
aged rats. The 5-HT2 agonist DOI stimulated PI hydrolysis in a dose- 
dependent, but biphasic manner which was significantly reduced in slices 
from aged compared to mature rats. All slices demonstrated a dose- 
dependent, DOI-induced biphasic increase in phospholipid [3H] Ml 
incorporation. In conclusion, it appears that in rat cortical slices there may 
be age-related changes in the PI hydrolysis induced by the selective 5- 
H T2 agonist DOI but no change in the response to 5-HT itself. In addition 
there may be age-related changes in [3H] Ml incorporation into the slices.

1 3 0 .5
C R O S S - T A L K  B E T W E E N  C Y C L I C  A M P  A N D  C A 2+ P A T H W A Y  IN 
E B V - T R A N S F O R M E D  H U M A N  L Y M P H O C Y T E S .  N . N a t s u k a r i  /
R . J .W y a t t , I . B a k e r .  E . F . T o r r e y ,  H . K u l a q a  a n d  
J . M . M a s s e r a n o .  N I M H  N e u r o s c i e n c e  C e n t e r ,  
N e u r o p s y c h i a t r y  B r a n c h ,  W a s h i n g t o n ,  D . C . 2 0 0 3 2 .

H u m a n  p e r i p h e r a l  b l o o d  m o n o n u c l e a r  c e l l s  c a n  
b e  u s e d  t o  e v a l u a t e  t h e  r e g u l a t i o n  o f  s e c o n d  
m e s s e n g e r  s y s t e m s .  In t h e  p r e s e n t  s t u d y ,  w e  a r e  
e v a l u a t i n g  t h e  e f f e c t s  o f  C a - m e d i a t e d  p r o c e s s e s  
o n  t h e  c A M P  g e n e r a t i n g  s y s t e m  i n  E B V - t r a n s f o r m e d  
В - c e l l  l i n e s  d e r i v e d  f r o m  m o n o z y g o t i c  t w i n s  
d i s c o r d a n t  f o r  s c h i z o p h r e n i a .  C e l l s  w e r e  
p r e t r e a t e d  w i t h  a n d  w i t h o u t  t h e  p r o t e i n  k i n a s e  C 
a c t i v a t o r ,  PM A ,  o r  i t s  i n h i b i t o r  s t a u r o s p o r i n ,  
f o l l o w e d  b y  t r e a t m e n t  w i t h  f o r s k o l i n  (FK), 
c h o l e r a  t o x i n  (CT) a n d  o t h e r  a g o n i s t s  t h a t _a r e  
k n o w n  t o  a c t i v a t e  a d e n y l a t e  c y c l a s e  i n  v a r i o u s  
s y s t e m s .  T h e  c A M P  p r o d u c t i o n  i n  r e s p o n s e  t o  
t h e s e  a g e n t s  w a s  m e a s u r e d  u s i n g  RIA .  FK, CT, 
μ g E. a n d  P M A  i n c r e a s e d  c A M P  a c c u m u l a t i o n  i n  t h e s e  
c e l l s .  T h e  F K -  a n d  C T - i n d u c e d  c A M P  a c c u m u l a t i o n  
w a s  p o t e n t i a t e d  b y  s i m u l t a n e o u s  t r e a t m e n t  w i t h  
PMA, w i t h  m a x i m u m  p o t e n t i a t i o n  ( 3 00%) o b s e r v e d  
b e t w e e n  10~9 a n d  IO"8 M. T h i s  e f f e c t  w a s  
p a r t i a l l y  a n t a g o n i z e d  b y  s t a u r o s p o r i n  ( 1 0 -y M) . 
T h e  s e n s i t i v i t y  o f  t h e  μ g E 1 e f f e c t  o n  c A M P  
a c c u m u l a t i o n  w a s  d e c r e a s e d  b y  P M A  p r e t r e a t m e n t ,  
w h e r e a s  P M A  ' p r e t r e a t m e n t  e n h a n c e d  c A M P  
a c c u m u l a t i o n  b y  2 5 %  i n  r e s p o n s e  t o  t h e  
d o p a m i n e r g i c  a g o n i s t ,  S K F 3 8 3 9 3 .  T h e s e  r e s u l t s  
d e m o n s t r a t e  a n  e f f e c t  o f  p r o t e i n  k i n a s e  C o n  t h e  
c A M P  g e n e r a t i n g  s y s t e m  i n  h u m a n  В - c e l l  l i n e s .

1 3 0 .7

A M O D EL S Y S T E M  FO R  IN V EST IG A T IN G  T H E  R O L E  O F  T H E  
P H O SPH O IN O SIT ID E  S Y S T E M  IN T H E  O N S E T  O F  P IL O C A R P IN E-  
IN D U CED  S E IZ U R E S  IN M ICE. J A  M aslanski*. R .J . Powel and J. Patel. 
Dept. of C N S  Pharmacology, Z eneca Pharm aceuticals, Wilmington, D E  
19897-2300.

System ic injection into Swiss-W ebster mice of high d o ses of the muscarinic 
agonist pilocarpine result in the rapid (< 15 minutes) onset of limbic seizures. 
However, injection of high d o ses of arecoline do not result in limbic se izures  
over the time period studied (60 minutes). The differences se en  in producing 
limbic se izures by these muscarinic agonists may be related to their efficacy 
in stimulating PI hydrolysis and/or their ability to desensitize the receptors.

An i.p. injection of pilocarpine caused a  dose-dependent increase in the 
level of lns(1,4,5)P3 in the m ouse cortex which reached a maximum at 200 
mg/kg: higher do ses than this were lethal. The time course of lns(1,4,5)P3 
produced by an i.p. injection of 2 0 0  mg/kg pilocarpine showed a  linear 
increase which peaked at 15 minutes (2.5-fold increase). By 60 minutes, 
lns(1,4,5)P3 levels were still almost two-fold over basal. Interestingly, an 
injection of 1 0 0  mg/kg pilocarpine, which does not cau se  se izures, resulted in 
a similar level of lns(1,4,5)P3 which peaked at 10 minutes after injection. By 
60 minutes, lns(1,4,5)P3 levels were still significantly greater than basal. The  
arecoline dose-response for lns(1,4,5)P3 w as bell-shaped between 10 and 400 
mg/kg with a peak at 1 0 0  mg/kg, suggesting that arecoline desensitizes  
muscarinic receptors in vivo. The time course for an i.p. injection of 100 
mg/kg arecoline showed a peak of lns(1,4,5)P3 of approximately 3.2-fold over 
basal at 4 minutes. Th is response rapidly desensitized and by 15 minutes 
lns(1,4,5)P3 levels were back to basal. Th ese  data suggest that the onset of 
se izures in mice is not directly related to the magnitude of the increase  in 
cortical lns(1,4,5)P3 in response to m uscarinic stimulation.

1 3 0 .4
EFFECTS OF PRENATAL ETHANOL EXPOSURE ON EXCITATORY 
AMINO ACID-INDUCED PHOSPHOINOSITIDE HYDROLYSIS IN 
CULTURED CEREBELLAR G RANULE CELLS. P.Rhodes*. Z. Cai and N. 
Zhu. Dept. of Pediatrics/Newborn Medicine, Univ. o f Miss. Med. Ctr., 
Jackson, MS 39216.

In utero exposure to ethanol may result in long-term CNS functional 
(behavioral, cognitive and movement) disorders without obvious morphological 
changes. Previous studies have demonstrated glutamate receptor dysfunction 
following exposure to ethanol. In the present study we have examined the 
effects of prenatal ethanol exposure on glutamate metabotropic response to 
NM D A, kainate and quisqualate in cerebellar granule cells procured from 8- 
day old rat pups exposed in utero to ethanol. Alterations in phosphoinositide 
(PI) hydrolysis stimulated by these excitatory amino add (EAA) agonists was 
studied. The dams were fed a Sustacal (chocolate flavored) liquid diet 
containing either 5%  ethanol or isocaloric sucrose (pair-fed) substituted for 
ethanol from gestation day 11 until parturition. N-methyl-D-aspartate or 
kainate (100 μΜ  each), induced a 2.5 to 3.5 fold increase in PI hydrolysis over 
the basal level in either pair-fed or ethanol-treated group. Stimulation with 
quisqualate (100μΜ) increased PI hydrolysis by 9 fold in the pair-fed group 
whereas the increase in PI hydrolysis in the ethanol-treated group was only 4.5 
fold. These results indicate that in utero ethanol exposure may have long- 
lasting inhibitory effects on neuronal signal transduction.

1 3 0 .6

E FF E C T S O F  M O O D  ST A B IL IZ IN G  D R U G S  O N  
L Y M P H O C Y T E  cG M P. E. R isbv. M. Stipetic, R . D on ah oe* . 
Em ory U niv. Sch. o f  M ed., A tlanta, G A  30322.
R ecen t literature indicates that lithium  inhibits the sodium  
nitroprusside-activation (N P ) o f  guanylate cyclase (G C ). 
Inhibition o f  G C  m ay b e im portant in the m echanism s o f  
action o f  lithium, and suggest an abnorm ality in this system  in 
bipolar patients. It is unclear why som e bipolar patients will 
respond to lithium m onotherapy, w hile others require 
anticonvulsant m edications. W e com pared the basal and N P- 
induced accum ulation o f cG M P in cultured lym phocytes from  7 
bipolar patients and 5 controls, in the p resence o f therapeutic  
concentrations o f  lithium, carbam azepine (C B Z ), and valproic  
acid (V A L ). T here w as no effec t o f  lithium , C BZ, or V A L  on  
basal levels o f  cG M P in the subjects. H ow ever, the N P- 
induced stim ulation o f  cG M P w as blunted by C B Z  in all 5 
controls and 5 o f  the 7 bipolars; V A L  blunted the response in 
4 o f  5 controls and in all 7 bipolars. L ithium  had no consistent 
effec t on the stim ulation o f  cG M P. T he data suggest that the 
anticonvulsants have a greater e ffec t on  the cG M P system  than  
lithium. This differential e ffec t m ay explain the d ifferences in 
treatm ent response am ong patients, and suggest heterogen icity  
in the pathophysiology o f  b ipolar disorders.

1 3 0 .8

RECEPTO R -M ED IA TED  SEC O N D  M ESSEN G ER  FORM ATION  
D U R IN G  IN  VITRO H Y PO X IA  IN  PC12 CELLS. H.-M . Huang*. A. 
Seaton and G.E. Gibson Cornell Univ. M ed. Coll, at Burke M ed. Res. 
Inst., W hite Plains, NY. 10605

Hypoxia increases dopamine release from PC12 cells. The underly
ing mechanism for this change is unknown, but it likely involves signal 
transduction systems. Our previous studies demonstrate that alterations 
in cytosolic free calcium are important, but cannot be the total 
explanation. Thus, in the current studies w e examined the response of 
cAM P and phosphoinositide cascade to chemical hypoxia (i.e. KCN) in 
PC12 cells. The cells were depolarized with KC1 or stimulated with 
various agonists, isoproterenol, serotonin or 5 ’-(N-ethylcarboxamido)- 
adenosine (N EC A ) for 5 min. Neither KC1 depolarization, isoprotere
nol nor serotonin induced cAM P formation. N E C A  increased cAMP 
(pmol/mg protein) from 29 ±  6 to 696 ±  42. Surprisingly, KCN  
pretreatment did not affect either basal (30 ±  3) or N E C A  stimulated 
cAM P levels (634 ±  37). U nder parallel conditions, the formation of  
inositol(l,4 ,5) trisphosphate p n s(l,4 ,5 )P 3] after stimulation with KC1 or 
bradykinin for 5 s was examined. The bradykinin induced-Ins(l,4,5)P3 
formation (pmol/mg protein) was 629 ±  28, while in KCN pretreated 
cells, bradykinin increased Ins (1,4,5)P3 only to 397 ±  32. Thus, hypoxia 
reduced bradykinin induced In s(l,4 ,5)P 3 formation by 40%. KCl did not 
increase Ins(l,4 ,5)P 3 formation in either resting or KCN treated cells. 
Thus, Ins(l,4 ,5)P3 formation is far more sensitive to hypoxia than cAMP. 
The precise relation o f these changes to hypoxia-induced dopamine 
release remain to be determined.
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130.9
REGULATION OF BRAIN AMP-DEAMINASE BY CALCIUM AND 
INOSITOL POLYPHOSPHATES. K.Heldman*,В.S ims,A.Marino,
A.В.Theibert.Neurobiology Research Center/Department of 
Physiology&Biophysics, University of Alabama at 
Birmingham, 35294.

AMP-Deaminase is a ubiquitous enzyme involved in regu
lation of energy charge by the metabolism of AMP to IMP 
with the release of ammonia. Numerous isoforms of AMP- 
Deaminase have been cloned, with several expressed in 
brain. In order to investigate the role of AMP-Deaminase 
in regulation of energy charge or ammonia production in 
the brain, we have begun studies to determine its possible 
in vivo regulation and its subcellular localization. 
Recently, we have found that a significant fraction of 
AMP-Deaminase activity in the brain is associated with the 
particulate fraction. We have also determined that both 
membrane associated and soluble AMP-Deaminase from rat 
brain and PC-12 cells interact very strongly with an IP4 
affinity column. This suggests that AMP-Deaminase may be a 
high-affinity IP4 binding protein (IP4BP), or that it is 
tightly associated with an IP4BP. We are exploring the 
modulation of AMP-Deaminase activity by inositol phosphate 
containing compounds. In addition, AMP-Deaminase activity 
appears to be modulated by physiologically relevant 
calcium levels and lipids.

130.11
REGION-SPECIFIC FEATURES OF BRAIN ADENYLATE CYCLASE-cAMP- 
PROTEIN KINASE A SYSTEM. Ventra £ * ,  Porcellini А Д  Feliciello А Д  Talia S,, 
Gallo А л, Avvedimento У.ЕЛ and Schettini G. Dip. di Scienza delle Com. Umane, 
Sez. di Farmaco!, and A Dip. di Biol. e Pato! Cell, e M ol, Π Facolta' di Medicina e 
Chirurgia, Università* degli Studi di Napoli, Napoli, ITALY.

We found intriguing differences in basal and forskolin-stimulated adenylate cyclase 
(AC) activity between discrete brain regions; basal activities were significantly higher 
(hb-AC) in hypothalamus, cerebellum and brainstem than in neocortex, striatum and 
hippocampus (lb-AC). hb-AC regions were characterized by a reduced response to 
stimulation by forskolin (3nM to 10 μΜ), while Ib-AC regions responded more 
potently to the diteipene compound. These results led us to evaluate whether a region- 
specific pattern of PKA activation followed to this varied AC response. lb-AC regions 
showed high levels of cytoplasmic holoenzyme, while low levels were found in 
cerebellum, brainstem and hypothalamus. Conversely, hb-AC regions showed 
cytosolic and nuclear levels of PKA catalytic subunit much higher than lb-AC 
regions. Also, the lowest levels of A Kinase Anchoring Protein 150 were found in 
particulate fractions derived from lb-AC areas. These data could predict the existence 
of two fimctionally distinct modes of response to cAMP in the central nervous system. 
Furthermore, we stimulated slices (175 pm) obtained from neocortex, cerebellum, 
hippocampus and striatum with forskolin (10 pM) (15, 30, 60 min) and found thqt, 
while cAMP-induced dissociation of the holoenzyme occurred in all areas, the 
traslocation to nucleus of PKA catalytic subunit only occurred in neocortex and 
striatum, suggesting a regional specificity also for PKA-mediated nuclear events. The 
semiquantitatìve PCR amplification of PKA regulatory subunits (RIa,ß;RUa,ß) 
mRNA demonstrated a higher degree of expression of ROß in areas where the 
stimulation by cAMP induced nuclear traslocation of PKA catalyst. Taken together, 
our data point out that brain AC-cAMP-PKA system is characterized by region-specific 
differences, conceivably related to their different functions. (TP Aging Grant to G.S.)

13 0 .13
G PROTEIN ALTERATION S IN COCAIN E SELF-ADM INISTERING RATS. 
Carvn Striolin* and Peter W. Kalivas. Department of Veterinary and 
Comparative Anatomy, Pharmacology and Physiology, College of Veterinary 
Medicine, Washington State University, Pullman, WA 99164-6520.

Repeated administration of cocaine to rodents produces a  progressive 
augmentation in the motor stimulant effect of a subsequent cocaine 
challenge, which is termed behavioral sensitization. The mesolimbic nuclei 
are known to have long-term alterations in their responsiveness to cocaine 
following sensitization. Intraperitoneal injections of cocaine cause a decrease 
in G proteins in several mesolimbic nuclei. Previous data gathered on 
investigator-administered studies have shown that 2  weeks following the final 
cocaine challenge a decrease In Gi| is apparent in the nucleus accumbens 
(NA) but not the ventral tegmental area (VTA) regardless of whether or not 
the final challenge injection given 1 hour prior to sacrifice was cocaine or 
saline. While no decline in the NA was observed 1 hour after five daily 
cocaine injections, a decrease in the PTX-catalyzed ADP-ribosylation of G 
proteins was present in the VTA. These data indicate that long-term G  
protein alterations in the NA may be related to the long-term expression of 
cocaine sensitization while alterations of the VTA may be important in the 
initiation of sensitization. Since intravenous cocaine self-administration in rats 
is a better model for drug abuse than investigator-administration of cocaine, 
we have begun experiments to determine if self-administered cocaine results 
in similar G  protein alterations. Western blot measurements indicate that 
differences do exist after cocaine self-administration. While no G  protein 
alterations were obvious in the VTA, the prefrontal cortex appears to have a 
23% increase in G ii and the NA has a  12% increase in G ii at 1 hour following 
the final session of cocaine self-administration.

1 3 0 .1 0
OPPOSITE HIPPOCAMPAL RESPONSES OF mRNAs FOR A RAT BRAIN- 
SPECIFIC DIPEPTIDYL PEPTIDASE-LIKE PROTEIN AND PKI TO 
KAINATE. L. deLecea12. E. Soriano2, J.G. Sutcliffe1 1Dept. Molecular Biology, 
The Scripps Research Institute. La Jolla, CA 92037. 2Unit of Cell Biology, Faculty 
of Biology, University of Barcelona, Spain.

We isolated and sequenced a cDNA, named BSP, encoding a dipeptidyl- 
peptidase-like molecule. Nucleotide sequence analysis of the full-length cDNA 
revealed 50% similarity with rodent and human dipeptidyl ectopeptidases, known 
also as the lymphocyte antigen CD26. CD26 interacts with extracellular matrix 
proteins and has an important role in T-cell activation. By ’Northern blot’ BSP 
appears to be brain-specific, and has a early onset of expression, being present at 
E14. In situ hybridization revealed that BSP mRNA is expressed widely in nervous 
tissue. BSP mRNA is especially enriched in hippocampus, basal ganglia and 
mesencephalon.

In other sets of experiments we looked at putative regulatory molecules 
involved in the modulation of the cyclic AMP dependent pathway in different 
paradigms of synaptic plasticity, namely, long term potentiation and kainic acid 
injection. We conducted ’in situ’ hybridization histochemistry with the alpha 
isoform of PKI, a very potent and specific protein kinase A inhibitor. PKIa is 
endogenously expressed in rat brain and is especially enriched in granule cells of 
the dentate gyrus, consistent with the pattern of mRNA expression of the catalytic 
subunits of protein kinase A. Furthermore, injection of kainate into the 
hippocampus causes a dramatic decrease in the steady state of mRNA 
concentration in granule cells of the dentate gyrus 6 hours post-injection, 
suggesting a stimulus-dependent regulatory role of PKI in the activity of protein 
kinase A  in rat neurons.

In contrast, when expression of BSP mRNA was examined following kainate 
administration, we observed that CA3 neurons displayed a dramatic increase in 
the mRNA concentration 24 hours post-injection, suggesting a link to glutamate- 
induced, second messenger-dependent activities of projection neurons.

1 3 0 .1 2
E F F E C T  O F MECOBALAMIN ON TH E A DENIYLYL C Y C L A S E  SYSTEM

Nabeshima1, H. O za w a 1, T . S a ito 1 a n d  N. Takahata1. D e p . of 
Neuropsychiatry1 and Pharmacology2, Sapporo Med. Univ., Sapporo, 
Japan 060.

It has been reported that mecobalamin (methyl-vitamin В 12) promotes ß- 
adrenergic receptor-mediated phospholipid methyiation and adenyiyl 
cyclase (AC) activity in the rat pineal gland. It has been also suggested 
that the therapeutic dose of mecobalamin modulates the sleep-wake 
rhythm. Mecobalamin donates its methyl residue to S-adenosyl- 
methionine (SAM), which is the major methyldonor in vivo. It is known that 
SAM may protect the neuronal cell membrane and works like an anti
depressant. We sometimes find that mecobalamin deficiency is present 
in  patients with sch izo p hren ia  or d ep ressio n . In this study, we 
investigated the effects of m ecobalam in on the neuronal signal 
transduction system in rat cerebral cortex and striatal membranes. Male
S.D . rats were fed with and without mecobalamin for sixteen weeks and 
sacrificed. AC assays were performed in the absence and presence of 
the nonhydrolyzable guanine nucleotide analog GppNHp or forskolin in 
cere b ra l cortex and striata l m em branes from both control and  
mecobalamin-free rats. Basal and GppNHp- or forskolin-stimulated AC  
activities were significantly higher in control rat m em branes than in 
m ecobalam in-free rat m em branes. Although, we a lso  performed 
photoaffinity labeling and immunoblotting studies to investigate the 
function and quantity of G T P  binding proteins, we did not find any 
change between control and mecobalamin-free rats. T h ese  results 
indicate that mecobalamin may aeffect the catalytic unit and/or the 
coupling between G TP  binding protein and the catalytic unit of the AC  
system.

1 3 0 .1 4
CHRONIC ANTIDEPRESSANT TREATMENT CHANGES G PROTEIN 
FUNCTIONAL INTERACTIONS WITHOUT ALTERING G PROTEIN 
CONTENT J. Chen* and M .M . R asenick , Dept. o f  P h ysiology & 
Biophysics, Univ. Illinois at Chicago, Chicago, IL 60612-7384

A significant increase o f  guanylylim idodiphosphate- (GppNHp) or 
forskolin-stim ulated adenyiyl cyclase (AC) activity was observed in 
synaptic membrane preparations from rat cerebral cortex subsequent to 
chronic, but not acute, tricyclic antidepressant (TAD) and electroconvulsive 
shock (ECS) treatment. This effect seem s unrelated to actions o f  Gi 
proteins, because the Gi mediated inhibition o f  adenyiyl cyclase was not 
affected. Alteration o f  the AC enzym e can not explain this change either, 
since direct activation o f  the AC catalytic m oiety by Mn++ was not altered 
in treated membranes. Thus it seem s likely that Gs protein is a target o f  
antidepressant action. In order to further understand the mechanism o f  
antidepressant effects, a series o f  comparisons on die amount o f  G proteins 
in  control, acute and chronic treated cortex membranes were conducted. 
Western blots showed no increase in a s  or decrease in a i  subunits o f  G 
proteins. Moreover, there was no change in βγ subunit. Furthermore, the 
same amount o f  a s  protein was immunoprecipitated by a s  antibodies from 
detergent extractions o f  control and treated membranes. These results 
indicate that the antidepressant induced increase o f  Gs activated AC was not 
due to a change in the amount o f  G proteins, but rather occurs via  
m odulation o f  Gs function. To further elucidate this m echanism , 
membranes were pre-activated by 0.1 mM forskolin to stabilize the Gs-AC  
complex, and then centrifuged at 15,000 x g. The difference o f  AC activity 
between control and chronic TAD-treated groups was much greater in т е  
supernatant. This suggests that Gs-AC activity is more readily translocated 
from  p lasm a m em brane and/or the c y to sk e le to n  after chronic  
antidepressant treatments. These data are consistent with the idea o f  an 
antidepressant treatment increasing physical interaction ("tighter coupling") 
between Gs and AC.
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1 3 0 .1 5
LITHIUM DIET ENHANCES THE BEHAVIORAL RESPONSE TO CHOLERA 
TOXIN INFUSION INTO THE NUCLEUS ACCUMBENS. A. E. Kellev^ .M .  
Finn! . S. T. Cunningham .̂ P. Renshaw^ and G. Sachs .̂ *Dept. of Psychology, 
Northeastern Univ., Massachusetts General Hospital, Boston, MA 02115.

lithium  has therapeutic efficacy in bipolar disorder. It has been postulated from 
biochemical studies that the therapeutic potency of lithium may be due to its effects 
on the phosphoinositide (PI) and cyclic AMP (cAMP) second messenger systems. 
High levels of cAMP are found in the nucleus accumbens, a structure that may be 
implicated in the motoric and affective symptomatology of manic-depressive illness. 
We have previously shown that intra- accumbens infusion of the bacterial toxin, 
cholera toxin (CTX), produces a long-lasting increase in locomotor activity in rats 
(Cunningham and Kelley, 1993). This effect may be due to long-term upregulation 
of cAMP via G protein stimulation. In the following experiments, we compared the 
motor activating effects of intra-accumbens CTX in rats maintained on a chronic 
lithium diet (lithium bicarbonate, 0. 1%) compared with animals given normal rat 
chow. Although no acute effects of CTX (500 ng/μΐ) were found on either horizontal 
(locomotor) or vertical (rearing) activity, 24 h post-CTX, lithium-treated rats showed 
greater motor activity levels, with longer duration, than that of control rats. This 
enhancement in activity lasted for approximately 4-5 days post-infusion. Moreover, 
the response to systemic amphetamine (0.5 mg/kg) was also potentiated in lithium- 
treated rats. For rearing, a similar profile was found. These data provide behavioral 
evidence that lithium may cause alterations in G-protein activity in a specific brain 
region. These findings are in agreement with a recent study in humans demonstrating 
enhanced cAMP levels in platelets following chronic lithium treatment (Risby et al., 
1991).

1 3 0 .1 7

Z IN C  M E T A L L O T H IO N E IN  IS O F O R M  A N D  ITS  
A C T IV A T IO N  O F  P R O T E IN  K IN A S E  C IN  T H E  R E T IN A . 
M .A . E ĩ-Saved. D .R . C erutis. H .S. Blaxall. A .M . Earle*, and M. 
E badi. D ep ts. Pharm acology and C ell B io logy and A natom y, U niv. 
N ebr. C oll. M ed., O m aha, N ebraska 68198-6260.

Z in c deficiency causes visual im pairm ent, and conditions such as 
retinal dystrophy and retinitis p igm en tosa  are associated  with  
e levated  levels  o f  zinc. W e m easured the d istribution o f  zinc in  
the b ovin e retina and found it to  b e  nonuniform , w ith the outer  
rod segm en t and fraction containing enriched p h otoreceptor cells  
and synaptosom es containing the highest am ounts o f  0 .230 ±  0.040  
and 0.119 ±  0.040 μ% z in c /m g  protein, respectively. In addition, 
bovin e retina contain ed  three major zinc binding proteins w ith an  
H P LC  reten tion  tim e o f  16.67 m in (a  m eta llo th ion ein  isoform ) and
18.4 and 19.71 m in (n on-m etalloth ion ein  zinc binding proteins). 
T h e subcellular distribution o f  p rotein  k inase C  in  b ovin e retina  
expressed as pm ol l32]P 0 4' incorporated per 6 m in revealed  that the 
protein  kinase C  activity w as highest in  rod outer segm en t > 
ph otoreceptor cell =  synaptosom es > nuclear fraction. T he  
activity o f  protein  kinase C  in  retinoblastom a cells in  culture 
b ecam e enhan ced  in  the presence  o f  increasing am ounts o f  zinc  
and m etallo th ion ein  and not ceruloplasm in or copper. T he  
activation o f  protein  kinase C  by m eta llo th ion ein  w as opp osite  to  
that o f  calcium  binding protein  w hich is a  p oten t inhibitor o f  
protein  kinase C.

1 3 0 .1 9
S T U D IE S  O F  P L A S M A  M E M B R A N E  C a 2+- A T P A S E  E X P R E S S IO N  
A N D  IT S  E F F E C T S  IN E X C IT A B L E  C E L L S .  P . B randt* an d  T . C . 
V a n a m a n . D ep artm ent of B io chem istry , U niversity  of K e n tu cky  
M edical S ch o o l, Lexington, K Y  4 0 5 3 6 -0 0 8 4 .

T h e  p la sm a  m em b ran e  C a 2+- A T P a s e s  a re  a  fam ily of e n z y m e s  
d erived  from m ultiple g e n e s  w h o s e  prim ary transcrip ts a re  a lternate ly  
sp liced . T o  date , a  total of 14 d ifferent iso fo rm s of the  e n z y m e  h ave  
b e en  identified in m am m alian  t iss u e s . T h e  alternate  m R N A  sp licing  is 
re sp o n sib le  for chan g in g  the s e q u e n c e s  enco d in g  the regulatory  
reg io ns of the e n z y m e s . C N S  t is s u e s  conta in  all isoform s e xce p t  
P M C A Id , w hich  is m u sc le-sp e c ific . A  P C -1 2  derived  cell line, P C - 6 , 
h a s  b e e n  found to e x p re ss  P M C A Ia  an d  b. Addition of 
p h o sp h o ro th io ate-b ased  a n tise n s e  o ligo n ucleo tid es com p lem en tary  
to a  23-nt region at the initiation co d o n  of all P M C A 1 m R N A s le a d s  to 
le s s  efficient e xp re ss io n  of neuritic p ro c e s s e s  in re s p o n se  to N G F . 
T h e  p ro c e s s e s  a re  fe w e r in num ber, a lthough the a v e ra g e  length did 
not a p p e a r  to be  altered.

C 2  em b ryo nic m o u se  m yo b lasts w e re  allow ed  to fu se  into m yotub es  
by growing them  to co n flu en ce . Contro l cu ltu res w e re  m aintained  at 
low density  (gen era lly  < 50%  co n flu en ce ). C o m p a riso n  of P M CA 1  
m R N A s from fu se d  an d  u n fu se d  m yo b lasts sh o w e d  that the  m u sc le-  
sp e c ific  form of the  C a 2+-pum p, P M Ć A Id , w a s  in d uced  in c e lls  that 
had  form ed m yotubes. T h is  induction of a  m u sc le -sp e c if ic  isoform  of 
the C a 2+-A T P a s e  in re s p o n se  to m u sc le  ce ll d ifferentiation a n d  the  
ab o ve  lo ss  of a  N G F -d e p e n d e n t neuritic p ro c e ss  e xp re ss io n  su g g e sts  
that the  d ifferent isoform s of the  C a 2+- A T P a s e  m ay  p lay  
fundam entally  im portant ro les in differentiated exc itab le  ce lls .

1 3 0 .1 6
EVIDENCE THAT CHOLERA TOXIN INFUSION INTO THE NUCLEUS 
ACCUMBENS SENSITIZES RATS TO THE LOCOMOTOR-ACTIVATING 
EFFECTS OF STIMULANTS AND OPIATES. S. T. Cunningham*. M. Finn and 
A. E. Kelley. Dept. of Psychology, Northeastern Univ., Boston, MA 02115.

The utilization of bacterial toxins has enabled researchers to selectively manipulate 
intracellular signalling molecules. For example, the bacterial toxin, cholera toxin 
(CTX) prevents the hydrolysis of the stimulatoiy GTP-binding protein (Gs) and thus 
renders Gs continually active. This, in turn, results in an upregulation of the cyclic 
AMP (cAMP) second messenger system. We have previously demonstrated that 
stimulation of the nucleus accumbens (N. Acc.) with CTX (10 ng/μΐ) potentiates 
amphetamine- and cocaine-induced locomotor activity 24 h later (Cunningham and 
Kelley, 1993). The following experiments were designed to examine the effects of 
intra-accumbens CTX (25 ng/μΐ) pretreatment on the motor response (N=26) to the 
following compounds: morphine (10 mg/kg, IP), apormorphine (0.1 mg/kg, s.c.), 
A77636 (D1 agonist; 0.5 mg/kg, s.c.) and quinpirole (D2 agonist; 0.75 mg/kg, IP). 
Following a habituation period to photocell cages, animals were administered the 
drug and horizontal (locomotor) and vertical (rearing) activity were recorded. Prior 
exposure to intra-accumbens CTX enhanced the locomotor response to morphine, 
apormorphine and the D2 agonist quinpirole as compared to rats previously 
administered saline. The D1 agonist, A77636 showed a tendency towards enhanced 
locomotor activity in rats pretreated with CTX. These findings suggest that 
alterations in the Gs protein within the nucleus accumbens increases behavioral 
responsivity to dopamine and opiate receptor agonists. Additionally, they provide 
evidence that dopamine and opiate receptors are localized on common nucleus 
accumbens output cells. These findings are also in agreement with biochemical data 
showing that chronic treatment with psychostimulants and opiates can induce long 
term molecular changes in the nucleus accumbens.

1 3 0 .1 8
A P L Y S I A  N E R V O U S  T I S S U E  C O N T A I N S  A N  8(R)- 
LIPOXYGENASE. D.J. Steel, J.H. Schwartz and S.J. 
F e  i n m a r  k * . D e p a r t m e n t s  o f  P a t h o l o g y ,  
Pharmacology and the Center for Neurobiology & 
Behavior, Columbia University, NY, NY 10032.

Earl i e r  w o r k  showed that a r a c h i d o n a t e  is 
m e t a b o l i z e d  by a 1 2 ( S ) - 1 i p o x y g e n a s e  (LO), 
generating products that modulate ion channels. 
We n o w  fin d  t h a t  a m e m b r a n e - a s s o c i a t e d  LO 
produces 8-hydroperoxyeicosatetraenoic acid (8- 
H P E T E ). Th e  s t r u c t u r e  of t h i s  p r o d u c t  was 
verifed by reduction followed by HPLC and GC/MS 
analysis. Chiral HPLC of the product showed that 
the enzyme is an 8(R)-LO. Several products are 
formed from 8(R)-HPETE in homogenates of nervous 
t i s s u e .  O n e  a p p e a r s  t o  b e  p r o d u c e d  
enzymatically: it is not formed from 8(S)-HPETE 
or in incubations with boiled tissue or hematin. 
This metabolite has a UV-spectrum typical of a 
d i e n o n e  a n d ,  u p o n  t r e a t m e n t  w i t h  s o d i u m  
b o r o h y d r i d e ,  is c o n v e r t e d  i n t o  a p r o d u c t  
indistinguishable from 8-H E T E . The product has 
been t e n t atively identified as 8-ketoeicosa- 
tetraenoic acid (8-KETE). A modulatory role for 
8 - KETE or r e l a t e d  8-LO p r o d u c t s  is not yet 
known. In addition, 8-HPETE may be the precursor 
of epoxy alcohols like those previously shown to 
modulate K + channels in A p l y s i a neurons.

1 3 0 .2 0
SEASO NAL EFFECTS ON SERO TONIN 5-H T , RECEPTOR  
RESPONSIVITY: A NON-LINEAR REGRESSION ANALYSIS. B.W. Risalti*. 
TA. Mieczkowski. K M . Malone. D.M. Abbondanza. GL. Haas, TM . Kelly, JA . 
Sweeney, J J . Mann. Laboratories of Neuropharmacology, University o f Pittsburgh, 
Pittsburgh, PA 15213.

Seasonal effects on the serotonin system may contribute to seasonal changes in 
rates of depression and suicide. We have previously shown that platelet serotonin 
5-HT2 responsivity differs in summer versus spring. (Soc. Neurosci. Abstr., 1992, 
Voi. 18:2, P. 1598: 670.6). To examine this pattern further, platelet 5-HT2 receptor 
stimulated phosphoinositide (PI) hydrolysis was assayed in samples collected over 
a year from patients with a major depressive episode (MDE: n=55) and normal 
controls (n=33). The plot o f the MDE subjects showed a strong relationship between 
5-HT2 mediated PI hydrolysis (5-HT PI) and the days of the year. The SAS 
procedure NLIN was used to fit the curve: PI5HT=a*sin(b(DAY-c)) where a is the 
amplitude, 2n/b is the period, and c is the phase angle (how much the sin curve is 
shifted to the right). The multivariate secant method (DUD) was used to estimate 
the parameters of the curve. The resulting F statistic was 3.99 with 3 and 52 degrees 
of freedom (p < 0.05). The parameters (and their asymptotic standard error) were 
estimated to be: a =-24.4 (7.2), b = -0.038 (0.002), and c = 8.03 (12.81). The plot 
of the normal control subjects showed only random variation across days o f the year; 
no pattern in 5-HT PI values was apparent. For an additional analysis o f the 
seasonality, the year was divided into four time intervals (days 1-91, 92-182, 183- 
273, and 274-365) and the mean values of 5-HT PI calculated. There was a 
significant difference between the time intervals in depressed subjects (F(3,51) = 
3.52, p=0.02). There was no .significant difference between the time intervals in the 
control group. This study found evidence for a seasonal effect on platelet 5-HT2 
receptor mediated PI responses that was present in depressed patients but not normal 
controls. Supported by MH46745, MH48514 and MH40695.
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Ш .1
LH.RH NEURONS: ACTIVATION REQUIRED FOR PULSATILE RELEASE OF 
LH. R.G. Dyer*, A. Caratv & B. Delaleu. Station de Physiologie de la 
Reproduction, INRA, 37380 Nouzilly, France.

The optimal activation of LH.RH neurones to elicit release of a pulse of LH is 
unknown. Evidence from oxytocinergic neurons suggests >40Hz activation for Is 
will cause a physiological response from hypothalamic peptidergic neurons. We 
report that similar brief activation is ineffective for release of LH.RH.

Two experiments were undertaken with anestrous Ile-de-France ewes (N=5) 
involving electrical stimulation of LH.RH axons and continuous collection of 
hypophysial portal and jugular blood. Before experimentation animals were 
sugically prepared with guide tubes directed towards the hypothalamus and 
hypophysial portal vessels. On the day of experiment a pair of electrodes was 
placed adjacent to LH.RH axons and some hypophysial portal vessels were cut to 
permit continuous sampling of portal blood.

For the first experiment LH.RH axons were stimulated (biphasic, 0.5ms; 50- 
ΙΟΟμΑ, monitored continuously; 5s bursts every 12s-3750 total pulses) at 60, 45, 
30 and 15Hz for 2.5, 3.3, 5 and 10min respectively. Tests were delivered hourly, 
in random order, and repeated in each sheep. Stimulation as low as 15Hz released 
LH.RH (ΣΔ110μg/ml): optimal release was obtained at 45Hz (lALHRH 524μg/ml).

For the second experiment similar stimuli were applied at 45Hz for 10min in 1,
3,5,7 or 9s bursts every 12s, or continuously: the hourly tests were randomised. 
Repeated Is bursts of stimulation never released detectable LH.RH and 3s bursts 
were marginally effective. Continuous stimulation was no more effective than 
bursts of 7 and 9s, which were optimal (lALH.RH >500μg/ml).

Our data suggest that the hypothalamic pulse generator for LH optimally drives 
LH.RH neurons to generate action potentials in bursts of between 5 and 9s 
(followed by brief quiescent periods) for several minutes at frequencies above 40Hz.

131.3
VALIDITY AND RELIABILITY OF DECONVOLUTION 
ANALYSIS OF LH SECRETION AND HALF-LIFE. Ļ  
Mulligan. J.D. Veldhuis*. University of 
Virginia, Charlottesville, VA 22903.

To date, published deconvolution methods used 
to quantitate hormone secretion and/or clearance 
in vivo have assumed, rather than proven, 
validity. We explicitly tested validity on 
true-positive human, animal, and computer- 
simulated data. We found multiparameter 
deconvolution analysis to have high sensitivity 
(human 91%, animal 81%, computer-simulated 95%) 
and specificity (human 90%, animal 81%, 
computer-simulated 100%) . Sensitivity was 
impaired by low secretory burst amplitude 
(<0.1 IU/L/min), short interpulse interval (<60 
min), infrequent venous sampling (q 20-30 min), 
and high random experimental variation - noise 
(> 10%). Specificity was hindered by noise. 
Deconvolution accurately characterized hormone 
half-life (r=+0.994) and production rate 
(r=+0.991) . Inter-operator reliability was 
exceptionally high (100%) when statistically- 
based criteria for secretory pulse detection 
were applied. We conclude that multiparameter 
deconvolution is a valid and reliable analytical 
tool for in vivo investigation.

131.5
INHIBITION OF LUTEINIZING HORMONE SECRETION BY 
NICOTINE AND MORPHINE TREATMENTS AND INTERACTIONS 
OF THESE DRUGS. C. A. Hodson. A. T. Davenport. G. Price. R. H. 
Rav* and H. W. Burden. Departments o f Obstetrics and Gynecology, 
Physiology and Anatomy and Cell Biology, East Carolina University School 
of Medicine, Greenville, NC 27858

In previous studies we have shown that naltrexone co-administration can 
reduce the acute inhibitory effect o f nicotine treatment on serum LH 
concentrations in rats. The present studies were conducted to determine 
if the inhibitory effects of nicotine and morphine on serum LH 
concentrations were additive. In our first study, male rats castrated for 7 
days were treated with 10mg morphine sulfate and/or .312mg nicotine/kg 
bw. Both nicotine and morphine treatments resulted in significant 
inhibition o f serum LH concentrations. Administration o f nicotine and 
morphine in combination did not have an additive effect over the effect of  
either drug alone. In a second study male rats castrated for 7 days were 
treated with 1 mg morphine sulfate and/or .312 mg nicotine/kg bw. In this 
stucty both nicotine and morphine treatments resulted in reduced serum LH 
concentrations. When morphine and nicotine were co-administered the 
inhibition o f LH was greater on a percentage basis than when nicotine or 
morphine were given alone. D iese results suggest that the effects o f 
morphine and nicotine on serum LH concntrations may be additive if 
appropriate doses are used. With high dose treatments the effects are not 
additive. These data and our previous data on the interactions o f nicotine 
and naltrexone suggest that endogenous opiods may play a role in the 
inhibitory effect o f nicotine on serum LH.

131.2
ALPHA-ADRENERGIC NEURONS INHIBIT LH PULSE AMPLITUDE 
IN BREEDING SEASON EWES. R Ļ  Goodman*. R.L. Havern, C.S, 
Whisnant. Department o f Physiology, West Virginia University, Morgan
town WV 26506

It is now clear that estradiol acts in the brain to inhibit LH pulse amplitude 
(AMPL) in breeding season ewes, but the neurons mediating this effect are 
unknown. These experiments examined a possible role for an «-adrenergic 
neural system in the inhibition o f LH pulse AMPL in breeding season ewes. 
Long-term ovariectomized (OVX) ewes were implanted with bilateral 18- 
gauge stainless steel guide tubes into the preoptic area (POA) early in the 
breeding season. After a 2 week recovery period, the effects o f «-adrener
gic antagonist implants into the POA on LH pulse AMPL were determined 
by monitoring LH pulses in samples collected every 10 min for 3 hr before, 
and 6 hr after implantation, in OVX or estradiol-treated (OVX+E) ewes 
(n=5-6/group). Estradiol (3 cm-long Silastic capsule placed sc) was adminis
tered for 7 days in the O V X +E ewes. Implantation o f an «-adrenergic 
antagonist, phenoxybenzamine, into the POA produced a small, but signifi
cant, increase in LH pulse AMPL (from 2.2 +. 0.5 to 3 .4 + .  0 .7  ng/ml) in 
O V X +E ewes. The same treatment did not increase AMPL in OVX ewes 
(7.0 A  1.0 before vs 5 .4  +. 0 .6  ng/ml during treatment). Blank implants 
had no effect in either OVX or O V X +E ewes. Implants o f  the «  -adrener
gic antagonist, prazosin, also had a stimulatory effect (2.7 +. 0.7 before; 4.2 
i i  0.9 ng/ml during treatment) in O V X +E ewes, but the a 2-antagonist, 
yohimbine, had no effect in O VX+E ewes (2.8 +. 0.7 before; 2 .9  ±  0.7 
ng/ml during treatment). These data raise the possibility that adrenergic 
neurons, acting via öj-receptors in the POA, may play a role in estradiol 
inhibition o f LH pulse AMPL in breeding season ewes. (Supported by NIH- 
H D 17864)

131.4
EVIDENCE THAT NOREPINEPRHINE (NE) RELEASE IN THE PREOPTIC 
AREA (POA) DOES NOT MEDIATE EFFECTS OF OPIATE RECEPTOR 
ANTAGONISM ON LH SECRETION: AN I N  V IV O  MICRODIALYSIS 
STUDY. A.M. Wolfe*. T. Porkka-Heiskanen. J.R. Nörgle and J.E. Levine. 
Department of Neurobiology and Physiology, Northwestern University, Evanston, 
IL 60208

A prevailing hypothesis holds that opioidergic neurons inhibit reproductive 
hormone secretion through tonic restraint of stimulatory noradrenergic input to 
LHRH neurons. We tested this hypothesis by examining effects of peripheral or 
local infusions of the opiate receptor antagonist, naloxone (NAL), on NE release 
in microdialysates of the POA. Intact (n=4) or castrate( >10d, n=5) male rats 
were fitted with POA guide cannulae and jugular catheters at >7d and Id before 
experiments, respectively. Microdialysis samples were collected for 6Һ at 20 min 
intervals and analyzed for NE content by HPLC and electrochemical detection. 
Blood samples were obtained at the same time points and plasma stored for LH 
RIA. Basal levels of NE in the POA were 0.25± .07 in intacts and 0.96± .24 in 
castrate rats. In both intact and castrate groups, peripheral injection of NAL (10 
mg/kg, i.v.) did not significantly alter NE levels in microdialysates. Local infusion 
of NAL (1.0M) for 80 min also did not significantly alter NE levels, although in 
some cases a small and somewhat delayed rise in NE was observed. By contrast, 
peripheral LH levels in castrate and intact rats rose by 28% and 93% respectively 
immediately following peripheral NAL injections, and by 27% and 76% during 
local naloxone infusions. Local dialysis with CSF containing 60 mM K+ at the end 
of experiments resulted in 3 to 10-fold increases in NE levels in microdialysates. 
Our results demonstrate that treatments which remove opioidergic inhibition of 
LH secretion do not produce significant effects on NE release in the POA. Since 
POA NE terminals do not appear to be tonically inhibited by opioid peptide 
neurons, our findings are not consistent with the idea that POA NE terminals 
terminals operate as an intervening step in opioid inhibition of LHRH release. 
Noradrenergic terminals in the POA may, however, play a role in LHRH and LH 
responses to removal of gonadal hormone negative feedback. (HD2Q677, 
HD219121, HD28048)

131.6
Acute luteinizing hormone release following activation of the 
hypothalamo-pituitary-adrenal (HPA) axis in ovariectomized 
monkeys treated with estradiol. Б. Xiao. L. Xia and M . F e r in * . 
Center Reproductive Sciences, Columbia University, New York, NY 
10032.
We have reported an inhibitory effect of interleukin-la on 
gonadotropin release in the OVX rhesus monkey, mediated by 
corticotropin-releasing hormone and vasopressin. We now report on 
the effects of IL-Ία on LH and FSH in a n im a ls  pretxeated with 
estradiol. Eļ capsules were implanted in OVX monkeys (n=5) to 
produce mean Ej concentrations of 110 μg/ml. On day 5, EL-la 
(4.2 μg) or saline was injected intraventriculariy; LH and FSH were 
monitored by RIA at 15 min intervals. While LH remained 
unchanged following saline, IL-Ία increased LH significantly (163% 
by Һ5). We have also tested the effects of an IV ACTH infusion 
and of a combined IL-Ία CRH antagonist administration in these 
animals. ACTH (10/ig/h) (n=3) increased LH progressively (266% 
by Һ5), while coadministration of a CRH antagonist (120Mg/h) (η™1) 
with IL-Ία blocked the LH increase. Surprisingly, FSH 
concentrations did not change throughout the 5Һ period. The results 
indicate that under estrogenic conditions which mimick the 
preovulatory period, activation of the HPA axis results in a 
stimulation rather than an inhibition of LH, suggesting a dynamic 
modulation by the ovarian steroids of the CNS response to stress.
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1 3 1 .7
ESTROGEN FACILITATES NMA-INDUCED LH RELEASE IN MALE 
HYPOGONADAL (Hμg) NICE WITH PREOPTIC AREA (POA) BRAIN 
GRAFTS. Ģ,M. .M iller*, jLa,, S i lyjm » rL l..M J, fi.ifes.gn. Dept 
Medicine & Fishberg Ctr for Neurobiol, Mt. Sinai Sch of 
Medicine, & Dept Anat & Cell B io l, Columbia U. NY, NY.

Implantation of fetal POA tissue containing GNRH 
neurons into the IIIV  of adult Hμg mice in itia tes repro
ductive development. Although female Hμg mice with POA 
grafts (Hμg/POA) respond to NMA with significant LH re
lease, male Hμg/POA fa i l  to do so, despite sim ilar GnRH 
fiber innervation of the median eminence (ME)(Endocrin 
128:2432). To determine whether steroidal milieu affects 
NMA-induced LH secretion, groups of male Hμg/POA were 
challenged repeatedly with NMA (20mg/kg) 2 mos after POA 
implantation. Hμg/POA males castrated and given an es
tradiol (E2) capsule (sc) at graft implantation (n=*5) or 
1 wk prior to testing (n=8) had significant LH secretory 
responses to NMA (by ANOVA), whereas Hμg/POA intact 
(n=5) or castrated at time of graft implantation (n=5) 
did not. Significant gonadal development or immunocyto- 
chemistry for GnRH confirmed the efficacy of POA grafts. 
GnRH fiber innervation of the ME was present regardless 
of treatment. This study demonstrates that E2 affects 
the propensity of male Hμg/POA to respond to NMA with 
significant LH release.
Support: T32DK07645 (GMM) and NS20335 (MJG).

1 3 1 .8
IMMUNOREACTIVITY OF c-FOS IN THE ANTEROVENTRAL 
PERIVENTRICULAR NUCLEUS DURING STEROID-INDUCED 
GONADOTROPIN SECRETION. R E. Watson. Jr.*. S. Seksaria. S.L. 
Carlson, anti M C. Langnh. Jr. Dept. of Anatomy and Neurobiology, University of 
Kentucky Medical Center, Lexington, KY 40536-0084.

Previous studies have shown that the anteroventral periventricular nucleus (AVPv) 
is of critical importance to steroid-mediated control of the preovulatory gonadotropin 
surge (Wiegand et al., 1980). Although the LHRH system is the final common 
pathway underlying the gonadotropin surge and LHRH neurons express increased c- 
Fos at the time of the surge (Hoffman et al., 1990), LHRH neurons themselves do 
not appear to directly respond to estrogen since they do not contain estrogen 
receptors (ERs). Thus, it is believed that other ER-positive neuronal systems, 
possibly including the AVPv, transduce the steroid signal to the LHRH system. 
Therefore, this study tested the hypothesis that AVPv neurons are activated (as 
shown with c-Fos) by a steroid regimen that produces an LH surge prior to the 
manifestation of the surge itself. Seven ovariectomized Sprague Dawley rats were 
injected with estradiol benzoate (50 μg s.c. at 8:00 AM) and three days later with 
progesterone (1.5 mg at 12 noon). Seven control females were injected with sesame 
oil. At 1, 2, 3 and 4Һ after progesterone injection, animals were perfused with 
Zamboni's fixative and the brains immunostained for c-Fos (Oncogene Sci., rabbit 
anti-c-Fos, AB-2). At perfusion, blood was collected for subsequent LH RIA. Image 
analysis (Image program, NIH) was used to determine the density of c-Fos- 
immunoreactive cells at three levels of the AVPv from each animal. The results 
showed that while surge levels of LH were not present until.4h after progesterone 
treatment, within lh of progesterone injection, the density of c-Fos-positive neurons 
in the AVPv was two-fold that of controls, and this increase in density of labeled 
cells was maintained also at 2, 3 and 4Һ (die latest time sampled). Thus, this study 
lends support to the hypothesis that AVPv neurons are activated prior to the LH 
surge and that their activation may lead to the subsequent activation of the LHRH 
system and elicitation of tire LH surge. {Supported by HD 29050}

1 3 1 .9
LOCALIZATION OF NATRIURETIC PEPTIDE mRNAs IN THE 
RAT FOREBRAIN M C. Langub. Jr*. R.E. Watson. Jr., and J.P. Herman 
Dept. of Anatomy and Neurobiology, University of Kentucky Medical Center, 
Lexington, KY 40536-0084.

The natriuretic peptides (NPs), (atrial natriuretic peptide (ANP), 'brain' natriuretic 
peptide (BNP) and C-type natriuretic peptide (CNP)) have the potential to play 
important regulatory roles in the control of neuroendocrine and autonomic nervous 
system functions. The potential importance of NPs in the central nervous system 
warrants careful mapping of ANP, BNP and CNP mRNAs, since current standard 
immunocytochemical methods may not distinguish among NPs. This study was 
undertaken to demonstrate the distribution of ANP, BNP and CNP mRNAs in the 
forebrain of the adult male rat. Coronal sections (20pm) of Sprague Dawley rat 
brains were processed for in situ  hybridization using (35S)UTP-labeled ANP, BNP 
and CNP probes. The results demonstrate that ANP and CNP mRNAs are expressed 
in a number of forebrain regions including the hippocampus, epithalamus and 
hypothalamus. BNP mRNA could not be demonstrated in brain. Both ANP and 
CNP mRNAs were expressed in neocortex, olfactory cortex and in all subfields of 
hippocampus. CNP mRNA was especially enriched in entorhinal cortex. In 
thalamus, the habenular nuclei expressed ANP but not CNP mRNA. In the 
hypothalamus, both ANP and CNP mRNAs appeared to be co-expressed in both the 
anteroventral periventricular and arcuate nuclei. Other regions such as the 
paraventricular, supraoptic and periventricular nuclei expressed only CNP mRNA. 
Taken together, the results indicate the presence of ANP and CNP mRNAs in limbic 
structures, neocortex and discrete neuroendocrine-associated regions. Interestingly, 
coordinate distribution of ANP and CNP suggests colocalization in hypothalamic 
neurons and imply that diese cells may employ one or both peptides to differentially 
respond to a variety of neuroendocrine and stress challenges. {Supported by MH 
49698, HD 29050, Amer Heart Assn, KY affiliate}.

1 3 1 .1 0
REDUCED CO-LOCALIZATION OF LHRH AND FOS IMMUNOREACTIVITY 
IN MIDDLE-AGED FEMALE RATS IN ASSOCIATION WITH THE PREOVU
LATORY AND STEROID-INDUCED LH SURGE. B.S. Rubin*. C.E. Lee.
P.M. Ronsheim and J.C. King. Department of Anatomy and Cellular Biology. 
Tufts Univ. Sch of Med., Boston, MA 02111.

LHRH neurons in young and middle-aged (MA) females were examined for 
evidence of activation in association with an LH surge utilizing nuclear Fos 
immunoreactivity (Ш) as a marker of LHRH neuronal activation. Regularly 
cycling Young (3-4 month) and MA (10-15 month) females were perfused on the 
day of proestrus during the early ascending (1200-1430Һ) or descending (1800- 
2030Һ) phase of the preovulatory LH surge. Forty micron sections were cut 
through the basal forebrain, and detection of Fos Ш. was accomplished utilizing 
avidin biotin protocols and Nickel-DAB as the chromophore. Detection of IR 
LHRH was accomplished using avidin biotin protocols and DAB alone as the 
chromophore. Data analyzed thus far indicate that a higher percentage of LHRH 
neurons were double-labelled in the brains of young compared to MA animals 
during the early ascending (теаП у^ = 2 1 ± 10%; meanMA = 11± 5 %) and 
descending (meaiiyoung =61 ±9%; m ean^ =44 ±7%) phases of the preovulatory 
LH surge. To determine if the lower percentage of LHRH/Fos double-labelled 
neurons might be due to age-related differences in circulating steroid levels, young 
and MA animals were ovariectomized and injected with estradiol and progesterone 
in a paradigm for LH surge induction. Whereas no age-related dimunition in 
LHRH/Fos double-labelled neurons was observed at the earliest time point 
examined, a lower percentage of double-labelled neurons was estimated in aging 
brains at three later time points. These data extend those of an earlier report 
(Lloyd et al., Endocrine Abstracts, 1992) of an age-related decline in LHRH 
neuronal activation during the preovulatory LH surge and further suggest that this 
diminished activation is not a result of altered circulating steroid levels. HD19174

C A R D I O V A S C U L A R  R E G U L A T IO N : S Y M P A T H E T I C  S Y S T E M

1 3 2 .1
THE 10-HZ RHYTHM IN SYM PATHETIC NERVE DISCHARGE (SND) IS 
DEPEN DEN T ON NEURONS O F TH E MEDULLARY RAPHE AND ROSTRAL 
VENTROLATERAL MEDULLA (RVLM). S. Zhona*. Z.-S. Huana. G.L. Gebber. 
and S.M. Barman. Dept. Pharmacol. & Toxicol., Michigan State Univ., East 
Lansing, Ml 48824.

The medullary raphe and RVLM of the cat contain neurons with activity 
correlated to the 10-Hz rhythm in SND (Barman and Gebber, J. Neurophysiol. 
68:1535-1547, 1992). The dependence of the 10-Hz rhythm on these neurons 
was investigated in the current study. We found that chemical inactivation of 
the medullary raphe by microinjection of muscimol eliminated the 10-Hz 
rhythms in left and right inferior cardiac SND of baroreceptor-denervated, 
decerebrate cats. Power in SND at frequencies _< 6  Hz was increased, 
whereas total power (0-100 Hz) was unchanged. Unilateral chemical inactiva
tion or radiofrequency lesion of the RVLM essentially eliminated the 10-Hz 
rhythm in ipsilateral SND and markedly reduced the 10-Hz rhythm (40% of 
control) in contralateral SND. This occurred without a reduction in power at 
frequencies_< 6  Hz. Total power in ipsilateral SND was reduced whereas that 
for contralateral SND was unchanged. The changes in ipsilateral and 
contralateral SND produced by unilateral RVLM inactivation were reproduced 
by unilateral parasagittal medullary section along the lateral border of the 
raphe. Unlike unilateral medullary lesions, rostral pontine or cervical spinal 
hemisection reduced the 10-Hz rhythm only in ipsilateral inferior cardiac SND. 
These results indicate that the 10-Hz rhythm in SND is critically dependent on 
both raphe and RVLM neurons. Moreover, the data suggest that raphe and 
RVLM neurons are interconnected to form circuits on both sides of the 
brainstem that are mutually facilitatory. (Supported by NIH grants HL-13187 
and HL-33266.)

1 3 2 .2
MECHANISMS O F COORDINATION O F CARDIAC-RELAl ED DISCHARGES  
O F DIFFEREN T SYM PATHETIC N ERVES IN CATS AND RATS. H.S. Orer*.
G.L. Gebber. S. Zhona. and S.M. Barman. Dept. Pharmacol. & Toxicol., 
Michigan State Univ., East Lansing, Ml 48824.

The cardiac-related discharges of different sympathetic nerves are strongly 
correlated as evidenced by coherence values near one. We used partial 
coherence to study the mechanisms of this coordination in cats and rats. This 
analytical technique was used to remove mathematically the influences of 
pulse-synchronous baroreceptor nerve activity (as reflected by the arterial 
pulse wave) on the coherence of the cardiac-related discharges of different 
sympathetic nerves. We reasoned that the peak at the frequency of the heart 
rate in the coherence function for two nerves should be eliminated by either 
surgical baroreceptor denervation or mathematical removal of the influences 
of the arterial pulse wave (i.e., partialization) if their central circuits share 
baroreceptor inputs but are not interconnected. This was found to be the 
case in experiments on rats. However, after partialization a large peak at the 
frequency of the heart rate persisted in the coherence function for nerve pairs 
in some of the experiments on cats. This was also the case for rats during the 
pressor response elicited by electrical stimulation of the midbrain periaqueduc
tal gray. As expected, such peaks were eliminated by surgical baroreceptor 
denervation. These results suggest that baroreceptor information is transmit
ted to the central circuits controlling the discharges of different sympathetic 
nerves both directly by elements in the afferent limb of the reflex arc and 
indirectly via crosstalk between the circuits receiving the afferent inputs. 
Indeed, removal of the influences of the central circuits controlling one nerve 
(as reflected by its discharges) often eliminated the coherence of the cardiac- 
related discharges of two other nerves under conditions when arterial pulse 
partialization did not. (Supported by NIH grants HL-13187 and HL-33266.)
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132.3
WHOLE CELL PATCH RECORDINGS FROM SYMPATHETIC 
PREGANGLIONIC NEURONES IN A  NEONATAL RAT BRAINSTEM - 
SPINAL CORD PREPARATION. Susan A. Maries. K.M. Spyer. P.A. 
Brooks & M.P. Gilbev*. Royal Free Hospital School o f  M edicine, Rowland 
Hill Street, London NW 3 2PF U.K.

Using extracellular recording, we have previously demonstrated that the 
neonatal rat brainstem-spinal cord preparation is suitable for studying the 
properties o f  sympathetic preganglionic neurones (SPNs, Marks et al., 
J.Physiol. 459. 360P, 1*993), and their dorsal root evoked inputs (Marks, 
J.Physiol., in press). W e now report our initial observations using whole cell 
patch to record from, and intracellularly label SPNs. Recordings were made 
from antidromically identified SPNs in the T1-T3 segments o f  the spinal cord 
maintained at 26°C. The input resistance o f  these cells ranged from 200-600  
γπΩ and the mean RMP was -50 mV. Action potentials lasted from 4-12 ms 
and the amplitude ranged from 40-80mV. AHPs lasted up to 500 ms and 
consisted o f  fast and slow components. These characteristics o f  the action 
potentials and current-voltage relationships are similar to those seen in whole 
cell recordings from SPNs in the rat transverse slice (Pickering et al., 
Neurosci. Letts. 130. 237-242, 1991). Ongoing epsps and ipsps were also 
readily observed at RMP. Intracellular labelling with 1% biocytin indicated 
from location and morphology that these neurones were SPNs. An important 
advantage o f  this preparation over the slice is the fact that pontomedullary 
and spinal cord circuitry is intact. Therefore the ability to record whole cell 
from SPNs in this preparation will allow detailed analysis o f  the physiology  
and pharmacology o f  their synaptic inputs.
Supported by the British Heart Foundation and the W ellcome Trust.

132.5
EFFECT O F CHRONIC NITRIC OXIDE (NO) INHIBITION ON REN AL AND 
ADRENAL SYM PA TH ETIC  N ER V E  ACTIVITY. K .E . Scroņin. R. Veelken 
J. Nutt*, and F .C . Luft. IV. Dept Medicine, University Erlangen-Nurnberg, 
FRG, Max-Delbruck-Center, Berlin-Buch, FR G  and Dept of Neurology, 
Oregon Health Sciences University, Portland, O R  97201

Acute NO inhibition is known to increase sympathetic nerve activity. This 
study examined the effect of chronic NO inhibition on baroreceptor reflex 
control of pre- and post-ganglionic sympathetic nerve activity.

Rats were fed tap water (n=8 ) or water supplemented with 1 0 mg/100ml of 
the NO inhibitor, nitro-L-arginine methyl ester (LN, n=9), for 5 weeks. 
Simultaneous measurements of blood pressure (BP), renal (RSNA) and 
adrenal (ASNA) sympathetic nerve activity were made in conscious rats 
during i.v. adiministration of methoxamine (2 0 μg), nitroprusside (2 0 μg) and 
during ganglionic blockade (33μg trimethaphane).

LN treatment elevated B P (158±4 vs 126±3mmHg), while ganglionic 
blockade abolished this difference. Reflex decreases in RSN A following BP  
increase (-1.5±.2 vs -1.5±.2 Δ%  baseline activity/AmmHg) and RSN A  
increases following depressor responses (2.3±.4 vs 3.5±.5 Δ% baseline 
activity/AmmHg) did not differ between LN treated and control animals. 
Though reflex increases in ASNA did not differ between the two groups 
(3.2±.3 vs 2.8±.4 Δ% baseline activity/AmmHg), reflex ASNA inhibition was 
blunted in the LN group (-0.761.2 vs -1.31.2 A% of baseline  
activity/AmmHg).

This study confirms that LN-induced hypertension is maintained, in part, by 
sympathetic activity. In addition, NO inhibition alters baroreceptor reflex 
control of adrenal and renal sympathetic activity differentially.

132.7
ROLE OF GLUTAMATE A N D  NITRIC OXIDE ON THE PRESSOR 
RESPONSE TO SPINAL CHOLINERGIC STIMULATION IN FREELY- 
MOVING RATS. P .S . Feldman* and J.J. Buccafusco. Department o f  
Pharmacology and Toxicology, Medical College o f Georgia, and the 
DVAMC, Augusta, GA 30912.

Our earlier studies have demonstrated that stimulation o f spinal muscarinic 
receptors evokes a marked pressor response which is mediated through a 
descending or intraspinal sympathetic pathway. The purpose o f this study was 
to determine whether the hypertensive response to intrathecal (i.t.) injection 
of 5 μg o f carbachol is mediated through an interaction between spinal 
cholinergic and glutamatergic neurons. Male normotensive rats were 
surgically prepared for chronic monitoring o f blood pressure in the freely- 
moving state via exteriorized aortic catheters. The pressor response to i.t. 
carbachol was rapid in onset, reaching levels up to about 40 mmHg. I.t. 
pretreatment with atropine abolished the carbachol response. Since descending 
glutamatergic neurons may provide tonic vasomotor tone to spinal 
sympathetic neurons, the possibility o f an interaction with the cholinergic 
system was investigated. I.t. pretreatment with the NM DA antagonist d-AP7 
blocked the pressor response to carbachol in a dose-dependent manner up to 
85% of control. Since NM DA receptors may be linked to a nitric oxide (NO) 
generating system w e next employed i.t. pretreatment with the NO synthase 
inhibitor L-NAME; or the NO scavenger methylene blue. Both compounds 
blocked the pressor response to subsequent i.t. injection o f carbachol up to 
75% and 50%, respectively. Thus, spinal cholinergic pressor neurons 
ultimately interact with a spinal glutamatergic-NO linked system to produce 
a hypertensive response. Supported by a grant from the DVAMC.

132.4
A ROLE FOR SPINAL NM DA RECEPTORS IN THE CONTROL 
OF RENAL SYMPATHETIC NERVE ACTIVITY. C. Dean*. Depts. 
o f Anesthesiology and Physiology, Medical College o f Wisconsin and 
Department o f Veterans Affairs Medical Center, Milwaukee, WI 
53295.

Activation of neurons of the ventral medulla can elicit a pressor 
response accompanied by changes in regional sympathetic outflow. 
This study examined the involvement o f spinal NM DA receptors in the 
mediation of renal sympathetic nerve activity evoked by stimulation of 
localized regions of the nucleus paragigantocellularis lateralis (μ g L). 
Chemical stimulation at these sites can produce different patterns of 
activation of regional sympathetic outflow. In six cats anesthetized 
with Saffan, arterial blood pressure and sympathetic nerve activity to 
the kidney were recorded. Neurons in the μ g L at the rostral pole of 
the inferior olives were activated by microinjection o f D,L- 
homocysteic acid (50 nl). An increase in renal sympathetic nerve 
activity of 18 ±  2 % was evoked. The NM DA receptor antagonist D-2- 
amino-7-phosphonoheptanoic acid (D -A P 7,200 μg/100 μΐ), was 
administered intrathecally at T8-T9 segments of the spinal cord, the 
level o f the renal sympathetic outflow. The central stimulation was 
repeated and the evoked response pattem re-examined. The excitation 
o f the renal nerve was attenuated to 4 ±  2 %. Activation of neurons 
situated in more lateral and caudal regions o f the μ g L evoked an 
excitation in the outflow to the kidney o f 23 ±  2 %. Following similar 
intrathecal D-AP7 administration the excitation in the renal outflow  
was attenuated to 8 ±  5 %. This study indicates that renal sympathetic 
responses evoked from different sites in the μ g L involve the activation 
o f NM DA receptors in the spinal cord. Supported by the NSF.

132.6
"FEED FORWARD" RELATION BETWEEN ARTERIAL PRES
SURE AND RENAL SYMPATHETIC NERVE ACTIVITY IN 
AWAKE RAT. D.R- Brown. D.C. Randall* & J.M Kilgore. Dept. 
Physiol. & Ctr. Biomed. Eng., Univ. Kentucky, Lexington, KY 40536 

The baroreflex yields an inverse (feedback) relation between sym
pathetic nerve activity (SNA) and blood pressure (BP). We now 
report a behaviorally induced direct relation between SNA and BP. 
Bipolar electrodes were implanted on the renal nerve in rats (n=9) 
trained in classical conditioning (15 sec. tone followed by Уг sec. 
shock). Two days after surgery the tone produced a sudden burst 
(SB) in renal SNA; BP started to increase (the conditional 
response) 0.16 ± 0.03 sec. later. The avg. amplitude of the SB was 
2.9 ± 0.6 times baseline SNA (mean ± SD) with a duration of 0.56 
±0.11 sec. The avg. and peak amplitudes and duration of the BP 
increase were 8.6 ± 3.2 and 16.3 ± 7.4 mmHg and 3.7 ± 1.0 sec., 
respectively. The correlation coefficient (r) between the avg. 
amplitudes of the SB and BP increases was 0.61 ± .16 (range: 0.38 
to 0.80); the BP-axis intercept (ie., BP at "zero" SNA) was 7.1 ± 3.7 
mmHg below resting BP. The correlation between SB amplitude 
times its duration vs. the peak increase in BP was 0.77 ± 0.13 
(range: 0.49 to 0.90). These data show a close relation between the 
amplitude (or "power") of the SB and the ensuing size of the condi
tional BP response; this relation is not baroreflexive in nature. 
(Supported by KY Heart Assoc, and KY Tobacco Health Res. Inst.)

132.8
IDENTIFICATION OF INTERNEURONS ANTECEDENT TO ADRENAL SYMPATHETIC PREGAN
GLIONIC NEURONS IN HAMSTERS EMPLOYING THE TRACT TRACER HERPES SIMPLEX 
VIRUS TYPE 1 (HSV-1). Ş, MhLMA, trørø», Ģ.A. P ^ ņ  gņtļ b,ç, № m t* · The 
John P. Robarts Research Institute, Departments ot Physiology and Microbiology & 
Immunology, University of Western Ontario, London, N6A 5K8, Canada.

Some descending pathways from supraspinal neurons may synapse polysynaptically 
onto sympathetic preganglionic neurons (SPNs). Spinal interneurons may be a functional 
component of these polysynaptic pathways. To Identify spinal interneurons antecedent 
to SPNs, we injected the retrograde transsynaptic tracer HSV-1 into the left adrenal 
gland of 23 hamsters. After a 2-5 day survival period, Immunocytochemlstry was used 
to visualize HSV-1 Infected spinal cord cells. Clear Identification of cells was possible 
only in 5 hamsters that survived 2 days post-infection. Infected SPNs as well as a group 
of cells that were morphologically different from SPNs were identified. SPNs had a 
diameter of approximately 24pm and were present mostly In the intermedlolateral cell 
column and nucleus intercalatus of the spinal cord. The smaller HSV-1 Infected cells, 
with an average diameter of 8pm, were In the same general regions as SPNs but were 
located more medially, and lacked the dendritic arborizations characteristic of SPNs. 
Double-labelling for glial fibrillary acidic protein demonstrated that the smaller HSV-1 
Infected cells were not reactive astrocytes. These findings suggest that a class of cells 
distinct from SPNs and astrocytes that may be Interneurons antecedent to SPNs. Tract 
tracing methods employing HSV-1 are complicated by strain-dependent differences In 
neurovirulence. To alleviate these problems, we are currently engineering Insertlonal 
mutants of an HSV-1 primary isolate. The Escherichia coll /f-galactosidase gene has 
been Inserted Into either the HSV-1 US5 gene encoding glycoprotein J or the vhs gene 
involved in virion host shutoff. Previous studies have suggested that any mutation 
to the HSV-1 genome reduces neurovirulence. These HSV-1 insertlonal recombinants 
may thus be less neurovirulent such that infection with either may permit a more precise 
Identification of spinal cord cells, particularly interneurons.
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132.9
SERO TO N IN  IM M UNOREACTIVE BO UTO N S FO RM  C L O S E  
APPO SITIO N S WITH LUMBAR SYM PA TH ETIC  PREG A N G LIO N IC  
N EURON S. P.M. Pilowskv*. I.J. Llewellvn-Smith. L .F . Arnolda. J.B. 
Minson. Q.-J, Sun and J.P . Chalm ers. Dept of Medicine and Centre For 
Neuroscience, Flinders Medical Centre, Bedford Park 5042, South 
AUSTRALIA: Fax 61-8-2045268.

Serotonin is believed to be an important modulator of sympathetic nerve 
activity. Experimental activation of central serotonergic pathways is known 
to cause large increases in arterial blood pressure and sympathetic nerve 
activity. The extent and location of the endogenous serotonergic input to 
sympathetic preganglionic neurons is still unclear. W e have used a 
combination of intracellular dye-filling in vivo and immunocytochemistry to 
estimate the extent of the endogenous serotonergic input onto 
electrophysiologically-identified neurons. Experiments were conducted on 
pentobarbitone-anaesthetised adult cats. Biocytin (1%) was injected with 
depolarising current pulses into sympathetic preganglionic neurons in the 
lumbar spinal cord that were antidromically activated after stimulation of 
the lumbar sympathetic trunk or L3 white ramus. After processing to reveal 
the injected neuron and immunocytochemistry to reveal serotonin 
immunoreactivity, neurons were examined to see if close appositions 
existed between serotonin immunoreactive boutons and sympathetic 
preganglionic neurons. Eleven neurons were reconstructed from six cats. 
Close appositions were seen on every neuron and occurred on all parts of 
the neurons, from the somata to the distal dendrites. In some cases, 
appositions were seen between serotonin immunoreactive boutons and 
sympathetic preganglionic axons. These data indicate that endogenously 
released serotonin is likely to be important in the regulation of the activity 
of sympathetic preganglionic neurons in the lumbar spinal cord.

132.11
DECREASED NPY EXPRESSION IN SYMPATHETIC GANGLIA OF MALE 
SPONTANEOUSLY HYPERTENSIVE RATS IS NOT SPECIFICALLY 
ASSOCIATED WITH HYPERTENSION. X-M, Fan. K.M. Braas. V. May. E.D. 
Hendley*, CJ. Forehand. Depts. of Mol. Physiol. & Biophys. and Anat. & Neurobiol., 
Univ. of Vermont, Sch. of Med., Burlington, VT 05405.

Alterations of neuropeptide Y immunoreactivity (NPY-IR) in the spontaneously 
hypertensive rat (SHR), relative to its non-hypertensive, Wistar Kyoto (WKY) control 
have been assumed to be related to the hypertensive phenotype. To determine whether 
NPY expression is specifically altered in sympathetic ganglia of hypertensive animals, 
four inbred rat strains (WKY, SHR, WKHT and WKHA) were used. SHR is both 
hypertensive and hyperactive; WKY is neither. WKHA is hyperactive but not 
hypertensive, while WKHT is hypertensive but not hyperactive. Levels of NPY-IR, 
determined by radioimmunoassay, in superior cervical ganglia (SCG) of males of each 
strain were significantly reduced in both hypertensive and hyperactive animals at ages 
1 and 10 months compared to WKY. This reduction of NPY-IR levels in ganglia from 
hypertensive rats preceded the onset of hypertension which usually occurs between 9- 
15 weeks of age. Morphological analysis using immunohistochemistry combined with 
computerized densitometry was employed to quantitate relative intracytoplasmic NPY- 
IR in individual sympathetic neurons. The reduction of NPY-IR in the SCG of both 
hypertensive and hyperactive rats was due to decreases in both NPY-IR cell size and 
NPY/cell (staining optical density) as compared to the WKY strain. Immunohisto- 
chemical detection of NPY-IR was also employed for stellate (STG) and inferior 
mesenteric ganglia (IMG). Similar to the SCG, both hypertensive and hyperactive rats 
had significantly reduced NPY-IR in neurons of the STG and IMG at both ages. These 
results suggest that the decreased NPY-IR in sympathetic ganglia of the SHR is not 
specifically associated with the hypertensive phenotype. Whether there are differences 
in the mechanisms of the decreased NPY-IR in hypertensive versus hyperactive rats 
is under investigation. Supported by NIH NS 26390 (EDH), NIH NS 01344 and AHA 
92011300 (CJF) and HD 27468 (VM).

132.13
D IR E C T  E F F E C T S  O F  E S T R A D IO L  AN D  P R O G E S T E R O N E  ON  
R A T  V A S C U L A R  S M O O T H  M U S C L E : P H Y S IO L O G IC A L  AN D  
B E H A V IO R A L  IM P LIC A T IO N S . J . A. C zą įa * . Psychology Dept., 
Miami University, Oxford, O H  45 056

Multiple stu d ies w ere  conducted to a s s e s s  the in vitro effects of 
gonadal stero ids on fem ale rat aorta. W e m easured  isom etric 
resp o n se s  to norepinephrine of aorta strips and rings m aintained  
in oxygenated tissue  control baths v e rsu s  b aths containing either 
estrad io l-17 ß, estradiol-17 α , or progesterone (N= 5 to 8  for each  
condition). At d o s e s  of 10Λ'4 ·5 Μ, estradiol-17β and  
progesterone, but not e strad io l-17 a , significantly reduced  
contractions of aortic t issue  (p<.05).

Additional tests (N=8 ) com pared  the effectiven ess of estrad io l- 
1 7 β v e rsu s  acetylcho line  to relax norepinephrine-contracted  
control aorta and aorta from w hich endothelial t issu e  had been  
rem oved . T h e  relaxing effects of acetylcho line  w ere  abo lished  by 
rem oval of the endothelial t issu e  - t issue  known to produce nitric 
oxide. In contrast, this m anipulation had no significant im pact on 
the ability of estradiol to relax aorta. T h e s e  resu lts su g g est direct 
steroidal actions on va scu la r  sm ooth m uscle . It is hypothesized  
that su ch  va scu la r actions of gonadal stero ids m ay influence  
peripheral physio logical factors relevant to se xu a l activity (i.e., 
t issue  engorgem ent and coloration) and  m ay even  m odulate  
blood flow in the central nervo us system .

132.10
SERO TO N IN  INPUTS TO  RABBIT SYM PA TH ETIC  PREG AN G LIO N IC  
N EURO N S P RO JEC TIN G  TO  TH E S U P ER IO R  C ER V IC A L  GANGLION  
O R TH E ADREN AL M EDULLA. U .  Llewellvn-Smith*. I. Jensen, P.M. 
Pilowskv. J.B. Minson, L.F. Arnolda and J.P . Chalm ers. Dept. of Medicine 
and Centre for Neuroscience, Flinders University, Bedford Park SA  5042 
AUSTRALIA

Physiological and pharmacological studies indicate that serotonin is an 
important neurotransmitter for regulating the activity of sympathetic 
preganglionic neurons (SPN). Retrograde tracing with cholera toxin В 
subunit and immunocytochemistry for serotonin were combined to 
investigate the input from serotonin-containing nerve fibres onto rabbit SPN  
projecting to either the superior cervical ganglion (SCG ) or the adrenal 
medulla. At the light microscope level, there were rostrocaudal gradations 
in the density of serotonin fibers in the rabbit intermediolateral cell column 
from T1-L4, with maximum numbers of fibers in T3-6 and L3-4 and 
minimum numbers in T10-12. Retrogradely-labelled SPN  projecting to 
either the S C G  or the adrenal medulla received variable densities of close 
appositions from serotonin-immunoreactive fibers. Som e SPN  from each 
population received many close appositions whereas others received 
moderate numbers or few appositions. Appositions occurred on the cell 
bodies, dendrites and occasionally axons of SPN . Rare neurons in each 
group received no appositions from serotonin-containing fibers. At the 
electron microscope level, synapses were found between serotonin-positive 
boutons and SPN  projecting to the S C G  or to the adrenal medulla. These 
results indicate that serotonin released from serotonin-containing, 
presumably bulbospinal, nerve fibers is likely to have a direct effect on the 
vast majority of SPN  that send axons either to the S C G  or the adrenal 
medulla but that some neurons from each population may be more affected 
than others.

132.12
HUMAN NEUROPEPTIDE Y -Y 1-RECEPTOR ANTISENSE OLIGODEOXY- 
NUCLEOTIDE SPECIFICALLY INHIBITS NEUROPEPTIDE Y-EVOKED 
VASOCONSTRICTION David Erlinge*. Lars Edvinsson. Jan Brunkwall. Frances 
Y ee and C laes Wahlestedt Div. of Neurobiology, Dept. of Neurology and 
Neuroscience, Cornell University Medical College, New York, NY, Dept. of 
Internal Medicine, and Dept. of Surgery, Malmö General Hospital, Lund 
University, Sweden.

Neuropeptide Y (NPY) is a 36 amino acid peptide co-stored with 
noradrenaline in sympathetic nerves supplying the cardiovascular system. 
NPY contracts human blood vessels in vitro and in vivo. Here we describe a 
new approach for the development of an inhibitor of the contractile 
responses of neuropeptide Y  in human blood vesse ls by the use of an 
an tisense  oligodeoxynucleotide (ODN) com plem entary to human 
neuropeptide Y-Y-i receptor mRNA. One μΜ of an antisense 18-base ODN 
(hY1 -AS), corresponding to the human Y 1 receptor NH2 -terminus, was 
incubated with segments of human subcutaneous arteries and veins for 48 
hours at 37° C. Control vesse ls were incubated with the corresponding 
sense ODN (hY1-S), or a 3 base mismatched antisense ODN (ҺҮ1-ММ), or 
no ODN. The contractile response to NPY was markedly attenuated in both 
arteries and veins after treatment with hY1-AS, while unaffected by hY 1-S or 
ҺҮ1-ММ. In the arteries contractions to NPY were: 80.8 ± 13.7 % (no ODN),
20.2 ± 6 .8  % (hYl-AS), 79.4 ± 21.7 % (hYl-S) and 88.7 ± 39 % (ҺҮ1-ММ) (% 
of high K+ induced contraction). The pŨ2  values, i.e. the potency of NPY, 
did not differ in ҺҮ1 -АБ treated vesse ls, suggesting a non-competitive 
receptor-interaction a s  a result of down-regulation of Y 1 -receptors. 
Responses to noradrenaline òr high K + were unaffected by ҺҮ1-АЭ. In 
conclusion, this study may represent a new and highly specific method in 
vascular pharmacology, by which the functional characteristics of any cloned 
receptor can be examined.

132.14
SYMPATHETIC HYPERACTIVITY IS RESPONSIBLE FOR 
DIFFERENTIAL CARDIOVASCULAR RESPONSIVENESS TO 
COCAINE IN RATS. M.M. Knuepfer*. C.A. Branch and O. Gan. Dept 
Pharmacol. & Physiol. Science, St. Louis Univ., St. Louis, MO 63104 

Our laboratory has identified a subset o f rats responding to cocaine or 
air jet stress with a decrease in cardiac output (CO) as determined using 
pulsed Doppler flowmetry. These rats were designated responders (R) 
whereas rats with an increase in CO were named nonresponders (NR).
R have a higher incidence of cocaine-induced cardiomyopathies. In the 
present study, we sought to determine the contribution of the sympathetic 
nervous system to the differential CO responsiveness. Cocaine (5 
mg/kg, i. v. ) produced a substantial decrease in CO in 50% o f conscious 
rats (R rats). During acclimation (no cocaine), R had higher levels of 
plasma epinephrine. Pentolinium or adrenal demedullation reduced the 
cocaine-induced decrease in CO in R such that there were no longer 
differences between R and NR. Under chloralose anesthesia, cocaine 
elicited an initial brief increase in renal sympathetic activity more often 
in R. These data suggest that 1) a brief sympathoexcitation is likely to 
be responsible for greater neural and adrenal responsiveness to cocaine, 
and 2) the sympathetic nervous system is likely to be responsible for 
both the differential CO responses and the increase in cardiomyopathies 
observed in R. We propose that differential responsiveness to cocaine 
resembles responses to stress and that the rat may provide a model for 
human cardiac disease since differential sensitivity to cocaine and stress 
mimics many observations in humans. (Supported by DA05180).
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ALPHA1a A D R E N O C E P T O R S  (AR) m e d i a t e  t h e  p r e s s o r  r e 
s p o n s e  TO  S Y M P A T H E T IC  S T IM U L A T IO N  IN P IT H ED  R A T S . L  
ZHOU. H.M. V A R G A S *  and A .J .  G O R M A N . D ept. of B iological R e 
search, N euroscience B u s in e ss  Unit, H o ech st-R o u sse l P harm aceu ti
cals Inc., Som erville , N .J . 0 8 8 7 6 - 1 2 5 8 .

We have show n that iv ch lo ro ethylclon id ine (C E C ) , an irreversib le  
σ1Β AR antagonist, did not lo w er arterial p ressu re  (AP) in u n an esth e 
tized rats, but did inhibit partially the p resso r resp o n se  to iv 
phenylephrine. T h e s e  resu lts su g g e sted  that ton ic sy m p ath etic  
nerve activity and regulation of A P  w a s  coupled  to p o stsyn ap tic  σ1Α 
ARs on resistance arterio les in v ivo. T o  te s t  th is h yp o th es is  d irectly , 
we examined the e ffe c t  of C E C  on the p resso r resp o n se  to e lectrica l 
stimulation (ES) of the  sp inal cord in ad renalecto m ized  pithed rats.
Diastolic pressure w a s  m easured  in pithed ra ts  (Lo ng-Evans) treated  
with iv saline or C E C  (25  m g/kg; 2 4  hr p retreatm ent). E S  of the  
spinal cord produced freq u e n cy  d ependent presso r resp o n se s  w h ich  
were antagonized by αλ (prazo sin), but not a 2 A R  antagon ism  
(idazoxan; IDZ, 1 mg/kg). C E C  inhibited the E S  resp o n se  by 7 5 %  at 
0.6 Hz and 1 8 %  at 10  Hz. T h is  e ffe c t , h o w e ve r, w a s  m ediated by 
activation of p resynaptic  a2 rece p to rs on sy m p a th e tic  term in als s in ce  
IDZ pretreatment co m p lete ly  reversed  C E C 's  inhib itory actio n . In 
contrast, iv 5-m ethylurapid il (se lec tiv e  σ1Α an tagon ist) produced 50-  
80% inhibition of the m axim al A P  resp o n se  to  sy m p a th e tic  stim u la
tion. These data su g g e st that: 1) v a sc u la r  σ1Α A R s  are  functionally  
coupled to norepinephrine re lease  from  sy m p a th e tic  term in als and 2 ) 
ff1B ARs m ay be prim arily lo cated  in p e risyn ap tic  reg ions.
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C-FOS EXPRESSIO N  FOLLOW ING ALTERA TIO N S IN BLOO D P R E S S U R E . 
J. C. Graham *, G. E . Hoffman1 and A. F. Sved. Depts. of Behav. Neuroscience 
and Physiol.1, Univ. of Pittsburgh, Pittsburgh, PA 15260.

This study characterized the regions of the brain that express c-Fos in 
response to altered baroreceptor afferent input in conscious, unrestrained rats. 
Five days after catheterization of one femoral artery and vein, rats received a 
90 min i.v. infusion of phenylephrine (P, 10 μg/kg/min, n=6 ) increasing blood 
pressure (BP) to >150 mmHg for the entire infusion period. Control rats (n=6 ) 
received isotonic saline (BP approx. 110 mmHg). Other rats received 
hydralazine (H, 10 mg/kg over 1 min, n=7) which reduced BP to <75 mmHg for 
at least 90 min. Ninety min following onset of infusion, all animals were 
anesthetized and perfused for immunocytochemistry of Fos (using Oncogene 
Sciences’ antibody). Fos staining in saline treated rats was the same as in 
untreated rats, with few nuclei detected in most brain regions. In P-treated 
rats, increased Fos staining was observed in a limited number of regions 
including the nucleus tractus solitarius (NTS),rostral and caudal ventrolateral 
medulla (RVLM, CVLM), area postrema (AP), preoptic area (POA), and 
hypothalamus though in these regions Fos was present only in relatively few 
neurons. All regions that were stained after P-treatment were also stained in 
H-treated rats, although within each region the staining appeared to be in 
different pools of neurons. Compared to P-treated rats, Fos staining was 
considerably more intense in H-treated rats in the NTS, CVLM , RVLM, and 
specific nuclei of the hypothalamus (supraoptic and paraventicular nuclei). In 
addition, certain areas were stained in H-treated rats but not P-treated rats 
(e.g. islands of Calleja, locus coeruleus and subfornical organ). These results 
suggest that the central neural substrates activated by baroreceptor activation 
and unloading are at least partially distinct and that hypotension is a more 
powerful stimulus at inducing Fos expression than is hypertension. Differences 
in the results obtained in this study compared to other studies examining 
baroreceptor-mediated changes in c-Fos expression highlight the importance 
of studying conscious animals that are exposed to a carefully defined stimulus.

1 3 3 .2

C-FOS EXPRESSION IN THE BRAIN STEM INDUCED BY 
VASOPRESSIN AND ANGIOTENSIN II IN RABBIT. Y. Cai. W. 
Morgan* and V.S. Bishop. Dept. of Physiology, and Cellular and 
Structural Biology*, The Univ. of Texas Hlth. Sei. Ctr., San Antonio, 
TX 78284.

Studies show infusions of arginine-vasopressin (AVP) can 
enhance arterial baroreflex inhibition of sympathetic outflow and 
heart rate (HR) while angiotensin II (Ang II) attenuates baroreflex 
inhibition of HR. Both effects can be abolished by ablation of the 
area postrema (AP). Evidence suggests that alpha-adrenoreceptor 
mechanisms are involved in both cases. In this study, a c-fos and 
tyrosine hydroxylase (TH) double labeling immunocytochemistry 
technique was used to test whether these two peptides could induce 
different patterns of c-fos expression in nuclei related to 
cardiovascular regulation. Rabbits were anesthetized with urethane 
( 1 gm/kg) and were divided into 4 groups. Group 1 was given saline 
(n=2); Group 2, phenylephrine (100 μg/ml, n=l); Group 3, AVP (1 
μg/ml, n=l); Group 4, Ang II (1 μg/ml, n=2). Infusions were given via 
the ear vein (0.05 ml/kg/min) for 60 mins. Two hours after 
infusions, animals were perfused transcardially with 0.5% sodium 
nitrite followed by 4% paraformaldehyde plus 2.5% acrolein. C-fos 
expression was observed in the AP, nucleus tractus solitarius (NTS), 
ventralateral medulla, locus ceruleus, and parabrachial nucleus. In 
4 animals, heavy labeling was found in the superior olivary nucleus. 
Intensity of c-fos expression in the AP and NTS was different among 
groups. AVP induced very intense labeling, Ang II group labeling was 
medium, phenylephrine induced even less c-fos labeling, and saline 
group showed only sporadic labeling in the AP. C-fos labeling was 
observed in neurons with and without TH. Results suggest AVP and 

II may have a differential influence on neuronal activity in the 
and AP. (HL36080-HL12415)

1 3 3 .3 1 3 3 .4

AN AUTORADIOGRAPHIC STU D Y  O F CH ANG ES IN  GLU CO SE U SE  
IN RAT BRAINSTEM  FO LLO W ING  A H Y PO TEN SIV E D O SE  OF  
RILMENIDINE OR B-H T 933. S, E , BRO W NE and I. M . M A C R A E.»  
Wellcome Surgical Institute,U niversity o f  G lasgow ,G lasgow  G o l 1Q H ,U K

The oxazoline Rilmenidine is an anti-hypertensive drug with activity at both 
imidazoline-preferring  receptors (IPR's) and Q!2-ädfenocePtors· The available 
evidence suggests that hypotension is mediated via the IPR and that much 
higher doses of т е  drug are required to stimulate central adrenoceptors. This 
study, designed to identify the brain regions involved in mediating the 
hypotensive response to rilmenidine, employed the [14C]-2-deoxyglucose 
autoradiography technique to map drug-induced changes in functional activity 
within the CNS of conscious, lightly restrained, spontaneously hypertensive 
rats (SHR). The study also examined the response to a selective Oi2~ 
adrenoceptor agonist, B-HT 933.
Rilmenidine (lmg/kg s.c.) and B-HT 933 (2mg/kg s.c.) both elicited a 
significant hypotension and bradycardia in the conscious SHR (-24 -f and 
*30+5 mmHg) and -86+21 and -106 +  19 beats/min. respectively,n=8-10). 

The vehicle saline had~ no significant haemodynamic effects. [14C]-2- 
deoxyglucose was administered following reduction and stabilisation of blood 
pressure. Autoradiography reveal«! significant reductions (p <  0.05) in local 
cerebral glucose use (LCGU) in the following structures o f mmenidine-treated 
rats : intermediolateral cell column o f the spinal cord, area postrema, rostral 
and caudal ventrolateral medulla, caudal nucleus tractus solitarius and cuneate 
nucleus. No significant changes in LCGU were evident in other brain regions 
стятій«! (eg. locus coeruleus (LC) and cortex). Significant changes in LCGU 
were not present in B-HT 933 treated rats.
These results provide direct evidence for the functional involvement of 
brainstem cardiovascular control centres in mediating the central hypotensive 
effects of rilmenidine. The fact that a relatively low dose o f nfmenidine 
elicited a significant hypotension and reduced LCGU in brainstem regions with 
IPR binding but not ш regions with high densities o f Oi2 adrenoceptors (eg. 
LC and cortex) provides evidence for a selective effect for rilmenidine, 
possibly mediated via the IPR. .
The support o f  the Institut de R echerches Internationales Serviar (France) 
and The W ellcom e Trust is gratefully acknowledged.

RETROGRADE TRANSNEURONAL VIRAL LABELING OF NERVOUS 
PATHWAYS CONTROLLING THE HEART IN THE RAT. G.J. TerHorst1*, 
A. VandenBrink2. R.W.M. Hautvast3. M. DeJongste3, G. Rakhorst4, M.C. 
Mettenleiter5. K.I. Lie3 and J. Korf*. Depts. l.Biol. Psychiat., 2.Thoraxsurg„
3.Cardiol. and 4.The Biomed. Technol. Ctr., Univ. Groningen, Groningen, The 
Netherlands and 5.Fed. Res. Ctr. Virus Dis. Animals, Tübingen, Germany.
As a prelude to a study on the mechanism of action of neurostimulation in 
unbeatable angina pectoris, nervous pathways controlling the heart were 
revealed with retrograde transneuronal viral labeling. Male wistar rats were 
injected in the heart muscle with 1-3 μΐ of a solution containing pseudorabies 
virus (PRV: concentration 3*106 PFU/ml), using a ventromedial approach and 
diaphragm transsection for opening of the thoracic cage. In control experiments 
virus was intravenously injected or deposited in the thoracic cage. After 3 to 4 
post-operative days the animals were re-anaesthetized and fixed. Serial sections 
of the brain and cervical and thoracic spinal cord were stained 
immunocytochemically with rabbit anti-PRV (kindly donated by Dr. J. Pol, CDI 
Lelystad, Netherlands) to reveal the presence of virus. Retrograde labeling was 
found bilaterally in the upper segments of the thoracic spinal cord, and in the 
nucleus ambiguus area and the lateral part of the caudal dorsal motor vagus 
nucleus; representing respectively the preganglionic sympathetic and para
sympathetic innervation. The rostral and caudal ventrolateral medulla oblongata, 
the raphe pallidus, the nucleus of the solitary tract and the lateral part of the 
permbrachial area also contained PRV positive cells, as did the ventrocaudal 
periaqueductal gray, the locus coeruleus and several hypothalamic nuclei. The 
hypothalamic labeling was seen in subdivisions of the paraventricular nucleus, 
the dorsal part of the lateral hypothalamic area and in the retrochiasmatic area. 
These findings show that the preganglionic parasympathetic innervation 
originates in cell groups in both the dorsal ventral brainstem and suggest 
different cardiac regulatory functions for these cell groups.
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LOCALIZATION OF VAGAL CARDIAC VENTRICULAR MEDULLARY 
CIRCUITS AS DEFINED BY PSEUDORABIES VIRUS IN THE RAT A. Standish*,
L. W. Enquist and J. S. Schwaben E. I. DuPont Co. and DuPont-Merck Pharmaceutical 
Co., Wilmington, DE 19880.

In previous work, we localized neurons involved in cardiovascular regulatory circuits 
from injecting CT-HRP and the attenuated Bartha strain of pseudorabies virus (PRV-Ba) 
into the ganglia around the heart. However, uncertainties remained concerning whether 
the cardiac ventricles receive significant vagal innervation. We have addressed the issue 
of vago-ventricular innervation by using the ability of PRV to function as a transynaptic 
tracer. Specifically, we sought to determine the origin and extent of vagal cardiac 
ventricular innervation by injecting different strains of PRV known to have altered 
neurotropism and virulence into various sites in the ventricular muscle wall. Our results 
demonstrate that numerous vagal preganglionic cardiac neurons innervate the 
ventricles. Similar distributions of infected neurons were observed following either 
ventricular or ganglionic injections. Cardiac injection of the virulent strain Becker 
(PRV-Be) resulted in neuronal labeling in both cardiomotor populations; within two 
regions of the nucleus ambiguus (NA) and the dorsal motor nucleus of the vagus 
(DMV). In contrast, two attenuated strains of PRV with altered neurotropism (PRV-Ba 
and PRV-91) readily infected neurons in the NA but infected neurons in the DMV 
poorly, if at all. PRV-Ba has multiple deletions while PRV-91 is isogenic with the 
virulent strain PRV-Be but is deleted for a gene encoding the viral evelope protein gL 
Both virulent and attenuated strains also infected neurons located in a band through the 
reticular formation extending between the DMV and the NA. At longer survival times 
neurons in the cardiorespiratory region of the nucleus tractus solitarii were also well 
labeled. Thus, our results indicate that the cardiac ventricles receive extensive vagal 
innervation. The DMV may have a larger role in cardiac innervation than was 
previously believed and a specific viral gene (glycoprotein gl) appears to be required for 
infection of this population of neurons. The observed difference may reflect a functional 
variation between fliese two cardiomotor populations.

1 3 3 . 7

Antagonism of Vasopressin VI Receptors in the Nucleus Tractus 
Solitarius Attenuates Baroreflex Responses to Aortic Depressor 
Nerve Stimulation. A. A. Hegartv* and R. B. Felder. Cardiovascular 
Center and Dept. o f Internal M edicine, University o f Iowa C ollege of 
M edicine, Iowa City, IA 52242.

The nucleus tractus solitarius (NTS), the primary termination site o f 
baroreceptor afferente, receives vasopressin-containing neurons from 
the hypothalam ic paraventricular nucleus. The function o f  these 
vasopressinergic neurons in the central control o f  the circulation is 
unclear. W e tested the baroreflex responses to stimulation o f the aortic 
depressor nerve (AD N ), which carries aortic baroreceptor information 
to the NTS, during blockade o f vasopressinergic activity in the NTS. 
The left A D N  was isolated in urethane-anesthetized rats and placed on 
bipolar silver wire stimulating electrodes. The average decrease in 
mean arterial pressure (MAP) during A D N  stimulation (10 Hz, 8 V, 0.2  
ms pulse duration for 10 s) was 21±4 mmHg and the average % change 
in renal sympathetic nerve activity (R SNA) was -52±9 (mean±SE). To 
block vasopressinergic activity in the N TS, 100 ng in 100 nl o f the 
specific vasopressin V I receptor antagonist d(CH2 )5 Tyr(M e)AVP was 
microinjected bilaterally into medial NTS. The V I antagonist did not 
significantly change baseline M AP or R SN A  but did attenuate A D N  
stimulation-induced decreases in M AP (-6 .4±4 mmHg) and R SNA (- 
21±14, % change). This effect lasted approximately 2 hrs. One-way 
analysis o f  variance with repeated measures revealed a significant 
effect o f  treatment for both M AP and R SN A  (p<0.05; n=5). These 
results suggest that vasopressin neurons innervating the NTS may 
participate in baroreflex regulation. Supported by HL29302.

1 3 3 . 9

A N G I O T E N S I N  I I  I N D U C E D  E X C IT A T IO N  O F  M E D IA L  N T S  
N E U R O N S  C A N  B E  B L O C K E D  B Y  IO N O T R O P I C  G L U T A M A T E  
A N T A G O N I S T S . K. L. B a r n e s .* A . J . M c Q u e en ev . W . JL  B a r r e tt  a n d
W . D- K n o w le s . D e p a r tm e n t o f  N e u r o sc ie n c e s , R e se a r c h  In st itu te ,  
C le v e la n d  C lin ic  F o u n d a tio n , C le v e la n d , O H  4 4 1 9 5 -5 2 8 6 .

M ic ro in jec tio n s o f  e ith e r  fm o l d o se s  o f  a n g io te n s in  (A ng) II or L- 
g lu ta m a te  (G lu ) in to  th e  m e d ia l n u c le u s  tr a c tu s  so lita r ii  (m N T S ) p rod uce  
h y p o te n sio n  a n d  b ra d y ca rd ia  s im ila r  to  a c t iv a t io n  o f  th e  b arorecep tor  
re flex . M o st A n g  I l-r e sp o n s iv e  m N T S  n e u r o n s  a re  a ls o  e x c ite d  b y  G lu , a  
le a d in g  ca n d id a te  fo r  th e  n e u r o tr a n sm it te r  a t  th e  m N T S  b a ro recep to r  
sy n a p se . T o d e te r m in e  w h e th e r  b o th  A n g  II a n d  G lu  a c t iv a te  th e s e  
m N T S  n e u r o n s  v ia  th e  sa m e  or d if fe r e n t re ce p to r  m e c h a n ism s , w e  
e v a lu a te d  th e  e f fe c ts  o f  A n g  II, G lu  a n d  s t im u la t io n  o f  th e  so lita r y  tr a c t  
(T S ) o n  e x tr a c e llu la r ly  recorded  m N T S  n e u r o n s  in  th e  r a t  in  v itr o  
m e d u lla  s l ic e  b efo r e  a n d  a fte r  b lo c k a d e  o f  io n o tro p ic  g lu ta m a te  recep to rs  
w ith  a  m ix tu r e  o f  th e  k a in a te /A M P A  r e ce p to r  a n ta g o n is t  A P 7  a n d  th e  
N M D A  a n ta g o n is t  D N Q X . 4 1  o f  4 9  m N T S  n e u r o n s  e x c ite d  b y  A n g  II 
(1 μΜ ) w e r e  a lso  a c t iv a te d  b y  G lu  (5 0 0  μΜ ). M o st n eu r o n s  (2 9 /3 7 ; 78%) 
w e r e  a lso  e x c ite d  b y  th e  m e ta b o tro p ic  re ce p to r  a g o n is t  1S ,3 R -A C P D  (5 0 0  
μΜ ). A P 7 /D N Q X  (b oth  5 0 0  μΜ ) fa ile d  to  b lo ck  th e  e x c ita tio n  p rod u ced  b y  
su b se q u e n t a p p lica tio n  o f  A C P D , b u t  p r e v e n te d  n e u r o n a l ex c ita tio n  b y  
G lu  in  a ll n e u r o n s , a n d  b lo c k e d  th e  sh o r t la te n c y  a c t io n  p o te n t ia ls  ev o k ed  
b y  lo w  in t e n s it y  s in g le  T S  s t im u li. T h e  io n o tro p ic  a n ta g o n is t s  a lso  
b lo c k e d  A n g  II -in d u ced  e x c ita tio n  in  8  o f  2 0  G lu -r e sp o n s iv e  n eu ro n s  
te s te d . T h e se  s tu d ie s  h a v e  r e v e a le d  th e  e x is te n c e  o f  a  grou p  o f  T S -  
in n e r v a te d  m N T S  n e u r o n s  t h a t  a re  e x c ite d  b y  b o th  A n g  II a n d  G lu  v ia  
io n o tro p ic  G lu  re ce p to r s . M oreover , t h e s e  n e u r o n s  m a y  m e d ia te  th e  
b a r o m im e tic  ca r d io v a scu la r  a c t io n s  o f  A n g  II v ia  th e  b arorecep tor  
p a th w a y s  in  th e  m N T S . (S u p p o rte d  in  p a r t  b y  N IH  H L -6 8 3 5 ).

1 3 3 . 6

IDENTIFICATION OF PUTATIVE TRANSMITTERS IN VAGAL 
AFFERENTS OF THE NUCLEUS TRACTUS SOLITARIUS 
(NTS) OF THE CAT AT ELECTRON MICROSCOPIC LEVEL.
S.Saha, TFC.Batten*, A.Maqbool, RE.Allchin, PN.McWilliam 
Cardiovascular Studies, University of Leeds LS2 9JT, UK.

Previous immunohistochemical and microdialysis studies 
suggest that glutamate (GLU) and substance P (SP) are 
candidate neurotransmitters used by synaptic terminals of 
vagal afferente in the nucleus tractus solitarius (NTS). In 
order to determine whether vagal terminals in the cat NTS 
contain GLU and/or SP, we have combined transganglionic 
transport of horseradish peroxidase (HRP) with post
embedding EM immunohistochemistry. HRP (30%) was 
applied to the cut end of the cervical vagus nerve of cats 
under pentabarbitone anaesthesia (45mg/kg). After 27-30 
hours brains were perfused with 2% paraformaldehyde-2% 
glutaraldehyde. Vibratome sections (50/яп) were processed 
for HRP histochemistry. Ultrathin sections through NTS 
were incubated in primary antibody to GLU or SP, either 
singly or in a double-staining sequence. Bound antibody was 
visualised using colloidal gold particles coated with goat 
anti-rabbit. Both GLU and SP-immunoreactive (IR) terminals 
in the NTS displayed round vesicles and formed asymmetric 
synapses. Coexistence of GLU-IR and SP-IR was seen in 
some terminals. Out of 49 surveyed HRP labelled vagal 
terminals, 53% contained GLU-IR suggesting that many of 
these terminals use glutamate as transmitter. In contrast, 
SP-IR was not seen in HRP labelled vagal terminals.

1 3 3 . 8

DIFFERENCES IN CARDIOVASCULAR REGULATION BETWEEN TOTALLY 
AND PARTIALLY SINO-AORTIC DENERVATED RATS. Alan F. Sved* and 
Ann M. Schreihofer. Dept. of Behavioral Neuroscience, Univ. o f Pittsburgh, 
Pittsburgh, PA 15260.

The baroreceptor reflex plays a key role in the normal regulation o f arterial 
blood pressure (AP) and heart rate (HR). Many studies have used rats in which the 
baroreceptor afferents arising from the aortic arch and carotid sinus have been 
surgically destroyed to assess the role of these baroreceptor afferents in cardiovascular 
regulation. However, baroreceptor afferents are not always completely eliminated. 
Thus, the present study sought to compare cardiovascular regulation in rats with total 
sino-aortic denervation, as assessed by the abolition o f reflex changes in HR to 
increases and decreases in AP, to rats that underwent the same denervation procedure 
but still had residual (although markedly blunted) reflex changes in HR to changes in
AP. Sino-aortic denervated (SAD) rats were prepared (Kreiger, 1964) at least one 
week prior to study. Experiments were conducted while rats were conscious and 
unrestrained; femoral arterial and venous catheters were implanted for measurement of 
AP and HR and iv. administration of drugs respectively. In totally SAD rats, the 
lability of AP was greatly exaggerated compared to sham-denervated rats, although the 
average AP was the same. In contrast, partially SAD rats were hypertensive and 
although AP was more labile than in sham-denervated rats, it was less labile than in 
totally SAD rats. In addition to differences in baseline cardiovascular parameters 
between totally and partially SAD rats, cardiovascular responses elicited by inhibition 
of neural activity in the nucleus tractus solitarius (NTS) were qualitatively different 
between the two groups of rats. Specifically, destruction of the NTS elicited an 
increase in AP in partially SAD rats that did not differ from sham-denervated rats. In 
contrast, this treatment did not alter AP in totally SAD rats. Thus, there are marked 
differences in SAD rats with no residual arterial baroreceptor reflex function compared 
to SAD rats with even a small degree of residual baroreceptor reflex function. These 
studies highlight the importance of carefully characterizing SAD rats used in studying 
the role of the baroreceptor reflex in cardiovascular regulation.

1 3 3 . 1 0

INTERACTION OF MK-801 WITH CARDIOVASCULAR EFFECTS OF 
ANGIOTENSIN II AND VASOPRESSIN AT AREA POSTREMA AND mNTS 
IN RAT. D.K. Hartle* and B. Tian. Department of 
Pharmacology and Toxicology, College of Pharmacy, 
University of Georgia, Athens, GA 30602-2356.

In urethane-anesthetized male Sprague-Dawley rats, 
microinfusion of either MK-801 (20 nl/min/5 min, 3 ng/nl) 
or angiotensin II (20 nl/min/5 min, 0.5 ng/nl) (AI.I) into 
the area postrema (AP) produced no significant changes in 
mean arterial pressure (MAP) or heart rate (HR), but co- 
infusion of MK-801 and All in AP elicited a significant 
decrease in MAP and no change in HR. Co-infusion of MK- 
801 and All into the medial nucleus tractus solitarius 
(mNTS) resulted in an additive increase in MAP. 
Surprisingly, following bilateral infusion of MK-801 into 
mNTS, All produced a total and immediate reversal of the 
pressor effect of MK-801. Microinfusion of either MK-801 
or arginine vasopressin (20 nl/min/5 min, 0.5 ng/nl) (AVP) 
into AP also produced no significant changes in MAP and 
HR, but co-infusion of MK-801 and AVP into AP resulted in 
a significant increase in MAP and HR. Co-infusion of MK- 
801 and AVP into mNTS produced a similar response as 
microinfusion of MK-801 into mNTS. The data suggest 
interactions of both All and AVP with NMDA-mediated 
neurotransmission in both AP and mNTS. Blockade of 
endogenous NMDA receptors with MK-801 reveals significant 
effects of All and AVP on blood pressure in AP. This 
suggests NMDA-mediated neurotransmission buffers the 
effects of All and AVP in the AP. Supported by HLBI 
37705-06 to DKH.
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133.11
DEPRESSOR E F F E C T S  O F SERO TO N IN  IN T H E  SO LITA R Y  
TRACT NUCLEUS. P. D. Feldman*. Dept. of Pharmacology and 
Neuroscience Center, LSU Medical Center, New Orleans, LA 70112.

An abundance of anatomical evidence suggests an important role for serotonin 
(5-HT) in the integration or modulation of visceral regulatoiy systems within the 
solitaiy tract nucleus (nTS). The present study was undertaken to investigate 
changes of hemodynamics consequent to infusion of varying doses of 5-HT into 
the nTS of urethane-anesthetized Wistar rats. Three-barreled microinjection 
pipettes were used to apply 5-HT at doses of 2 ,5 ,10 , or 25 nmol in a volume of 50 
nL. Applications of 2 or 5 nmol 5-HT produced decreases of arterial pressure 
(mean± SE: -9.2 ± 0.9 and -17.9 ±  4.6 mm Hg, respectively), occasionally 
accompanied by decreases of heart rate. Doses of 10 or 25 nmol produced 
variable effects on blood pressure and heart rate, with a preponderance of arterial 
pressure increases that were unaccompanied by changes of heart rate. Effective 
sites were found in the nTS throughout most of its rostrocaudal extent, as well as 
within 200-500 μ m of the nuclear borders. Microinjection into the cuneate 
nucleus or sites greater than 600 μ  m distant from the nuclear borders produced 
variable results, and infusion of vehicle (modified Krebs-Ringer’s bicarbonate 
buffer, pH 12 - 7.4) had little or no effect. Previous studies have noted a biphasic 
dose-dependence of the hemodynamic effects of 5-HT in the nTS (Hall, et al.,
1991, Soc. Neurosci. Abs. 17:614). This study supports the notion of a complex 
role for serotonin in the cardiovascular regulatoiy mechanisms that take place in 
the solitaiy tract nucleus. (Supported by NIH Grant NS-29458).

133.13
AREA POSTREMA STIMULATION DOES NOT INFLUENCE THE 
RESPONSE TO GLUTAMATE INJECTIONS IN THE NUCLEUS 
TRACTUS SOLITARIUS. L. Qu and V.S. Bishop*. Dept. of 
Physiology, The Univ. of Texas Hlth. Sei. Ctr., San Antonio, TX 
78284-7756.

Previous studies indicate that the effects of area postrem a 
stimulation (APS) on renal sym pathetic nerve activity (RSNA) is 
dependent upon an interaction betw een area postrem a (AP) 
projections and baroreceptor afferents. Removal of baroreceptor 
afferente eliminates the effects of APS. In th is study we investigated 
the involvement of excitatory amino acids (EAA) on the RSNA 
response to APS. In the urethane-anesthetized rabbit bilateral 
microinjection of the EAA antagonist, kynurenic acid (KYN) 
(8nmoles) into the n ucleu s tractus solitarius (NTS) abolished  
baroreflex inhibition of heart rate (HR, -60.3±13.7 to -15.8±4.9 bpm) 
and RSNA (-100% to -15.5±5.5%) during phenylephrine infusions 
and attenuated the response to arginine vasopressin (AVP, p<0.05). 
In anesthetized vagotomized and sinoaortic denervated (SAD) 
rabbits, microinjections of glutamate (GLU) into the NTS produced 
dose-dependent decreases in HR, mean arterial pressure (MAP) and 
RSNA Maximum decreases for HR, MAP and RSNA were -9.4±2.4  
bpm, -12.6±3.4 mmHg and -66.8±8.2%. APS in SAD vagotomized 
rabbits had no effect on HR, MAP or RSNA before or during GLU 
microinjection into the NTS. Thus, in the absence of baroreceptor 
afferent input, APS has no effect while the response to GLU is 
maintained, suggesting that the responses to NTS-administered GLU 
is occurring at a site distal to the site of interaction between the AP 
and baroreceptor afferents. (HL36080-HL12415)

133.12
MODIFIED CARDIOVASCULAR SENSITIVITY OF THE AREA POSTREMA 
TO VASOPRESSIN IN SPONTANEOUSLY HYPERTENSIVE RATS. V.L. 
Lowes and A.V. Ferguson. Department of Physiology, Queen’s University, 
Kingston, Ontario, Canada, K7L 3N6.

Vasopressin acts to increase the sensitivity of the baroreceptor reflex. This 
effect is probably mediated through actions at the medullary circumventricular 
organ, the area postrema. We have previously shown that microinjection of 
vasopressin into the area postrema of male Sprague Dawley rats in picogram doses 
elicits pressor effects. This series of studies has therefore examined the effects of 
microinjection of vasopressin into the area postrema of spontaneously hypertensive 
rats (SHR) to determine if there is altered sensitivity of the area postrema to 
vasopressin in this genetic model of hypertension.

A  total of 14 animals were used in this study. Male SHR (n=6) or wistar 
kyoto (WKY;n=8) rats were anaesthetized with inactin (100mg/kg). The effects of 
microinjection of vasopressin into the area postrema at doses ranging from 10- 
lOOμg (lOOμg/μΙ) on mean arterial blood pressure (BP) and heart rate (HR) were 
then evaluated. Changes were analysed as areas under the curve in the 3 minutes 
following microinjection, as compared with the 1 minute prior to microinjection. In 
the SHR animals, no significant changes in BP or HR were observed with all doses 
of vasopressin (after microinjection of lOOμg: BP change = -76.0 ± 130.2 mmHg · 
sec, p=0.58; HR change = 95.6 ± 66.0 BPM · sec, p=0.21). In the WKY animals 
significant increases in BP were observed at doses of 50 and lOOμg, with no 
significant changes in HR (after microinjection of lOOμg: BP change = 699.6 ± 88.8 
mmHg · sec, p = 0.004; HR change = 351.7 ± 175.4 BPM · sec, p=0.14). These 
findings provide the first evidence of altered sensitivity of the area postrema to 
vasopressin in a genetic model of hypertension.
* VLL is supported by a Junior Traineeship from the Heart and Stroke Foundation 
of Canada.

133.14
CA TECH O LA M IN ER G IC  PA RA SYM PA TH ETIC  N EU RO N S IN TH E D O R SA L  
MOTOR N U C LEU S O F  V A G U S. M. Anwar*. E .P . Mtui, E .V . G o lan ov and D A  
Ruggiero . Div. of Neurobiol., Dept. of Neurol. & N euro sci., Cornell Univ. Med. 
Co llege, N ew  York, N Y  10021.

C ard ioaccelerato r fibers in the vag u s nerve contribute to an  intracardiac  
adrenerg ic m echanism  mediating vagal card iac  e sca p e  from parasym pathetic  
inhibition. R ecen t data suggest that so m e vagal m otoneurons m ay 
bio syn thesize  catecho lam in es (C A s) (K alia et al. Neurosci. Lett. 5 0 :5 7 ,1 9 8 4 ).  
O ther stud ies suggest that central CA -n eu ro n s are  intermingled with vagal 
viscerom otor neurons yet form independent subpopulations (B le ssin g  et al., 
Brain Res. 3 4 8 :3 9 7 ,1 9 8 5 ). W e  sought to re-evaluate w hether vagal dorsom otor 
neurons are  catecholam inerg ic. Unilateral cerv ica l vagotom y w a s  perform ed on  
S p rag u e  D aw ley rats anesthetized  with isoflurane (3%  induction; m aintained at 
2 %  in 100 %  0 2. Postoperative survival periods ranged from 2-5 w e e k s and, in 
o n e rat, 18 m onths. D ata w ere com pared to those in age-m atched control 
groups and quantitated. A n im als w ere  anesth etized  (pentobarbital, 120 mg/kg, 
i.p.) and  perfused. Seria lly  sectio ned  t issu e s  w ere p ro cessed  immuno- 
cytochem ically for C A -e n zy m e s (TH , DpH and PN M T) and  СҺ А Т , the  
cholinergic synthesizing  en zym e. T h ree  spatially segregated  populations of C A -  
viscerom otor neurons w ere identified in dorsom otor nu cleus (D M X). i) Neurons  
in central and m edial D M X show ed  fall-off of TH  ipsilaterally at leve ls caudal 
to obex. M ost ce lls  w ere devoid of DßH or PN M T and  thus predom inantly  
dopam inergic, ii) N eurons depleted of DßH and  T H  and not exp ressing  PN M T  
w ere  concentrated  in rostral-lateral D M X and  m ay syn th esize  noradrenaline, iii) 
A  presum ptive adrenerg ic group in the rostral-m edial D M X w a s  depleted of T H , 
DßH and PN M T ipsilaterally. T h is  study provides ev id ence  of catecholam inerg ic  
preganglionic m otoneurons in the cran ial subdivision of the parasym pathetic  
nervous system . (Supported by H L18 97 4  and N S28200)

133.15 133.16
D E P R E S S E D  V A G A L  C O N T R O L  O F  H E A R T  R A T E  D U R IN G  H Y P O X IA -  
INDUCED C A R D IA C  H Y P E R T R O P H Y . B .J . Pardini*. E .A . Beouin. D .D . Lund. 
C.A. Whiteis. A .R . Sub ieta . and P .G . Schm id . J r . Dept. Vet. Affairs M ed. Ctr., 
Cardiovascular Ctr., and Dept. Int. M ed., Univ. of Iowa, Iowa City, Iowa 52246.

D ecreased  ca rd ia c  parasym p ath etic  nerve function is  a sso c ia te d  with 
sudden death in patients with reduced ca rd ia c  function. W e  have  previously  
demonstrated that chron ic exp o su re  to hypoxia c a u s e s  right ventricular  
hypertrophy and failure in rats, a s  w ell a s  alterations in ca rd ia c  sym pathetic  
nerves. T h e  p resen t study w a s  perform ed to in vestigate  ca rd ia c  p a ra 
sympathetic nerve function in this m odel of heart fa ilure. M ale S p rag u e  
Dawley rats w ere  su b jected  to eith er a  s im u lated  altitude of 1 8 ,000  ft 
(HYPOXIA) or am bient p ressu re  (N O R M O X IA ). F iv e  w e e k s  later heart rate 
(HR; bpm) w a s m easured  prior to, and after sequential left and right vagotomy 
(VAGX) in urethane-anesthetized rats (1.2 g/kg) (*: p<0.05 v s  N O RM O XIA ):

B A S E L IN E L E F T  V A G X R IG H T V A G X
NORMOXIA 301 ± 19 3 5 2  ± 15 4 1 2  ± 9
HYPOXIA 3 9 9  ± 14 * 3 9 9  + 1 0 * 3 9 4  ± 1 0

Mean arterial p ressu re  w a s  either greater in the H Y P O X IA  group or not 
different from  N O R M O X IA  in all c a s e s .  T o  d eterm in e  if d e c re a se d  
parasym pathetic control of H R  in H Y P O X IA  w a s  m ed iated  by a ltered  
peripheral p arasy m p a th etic  n e rve  function, H R  re sp o n se s  to e lectrica l 
stim ulation of the p re g a n g lio n ic  (v a g u s )  n e rv e , a c tiva tio n  of the  
postganglionic ce ll body (carbach o l, iv), and activation of the neuroeffector 
site (m ethacholine, iv) w ere  recorded in a n esth etized  rats. T h e re  w ere  no 
differences betw een either group in H R  re sp o n se s  to any type of activation. 
We con clu de that d e p re sse d  p a rasym p ath etic  control of H R  in hypoxia- 
induced c a rd ia c  hypertrophy is  not d u e  to a ltered  p erip h era l c a rd ia c  
parasym pathetic nerve function, but m ay be due to a  defect in e ither the 
afferent or centra l com ponent of the baroreflex pathw ay. (Supp . by Dept. 
Veterans Affairs, NIH H L-38137, and AH A, Iowa Affiliate)

CARDIOVASCULAR (CV) REFLEXES TO RIGHT ATRIAL INJECTIONS OF 
PHENYLBIGUANIDE (PBG) IN DEVELOPING PIGLETS. S.W. Tong, P.M. 
Gootman, K. Koizumi*, S. Atanasio and N. Gootman. Dept. of Physiology, SUNY- 
Hlth. Sci. Ctr., Brooklyn, NY 11203.
Previous studies have demonstrated that PBG induced CV reflexes in neonates (Ped. 
Res.l3:1271,1979). The present study was conducted to determine the roles of the 
autonomic nervous system (ANS) and whether PBG induces age-related CV 
reflexes. Ten saffan-anesthetized, paralyzed open chest piglets (1 wk vs. 6-8 wk old) 
were artificially ventilated with 100% O2. Aortic pressure (AoP) and ECG (lead II) 
were recorded. Stellectomy and/or cardiac vagotomy were performed on each 
animal. Each animal served as its own control for the effect of PBG before and after 
denervation. PBG (80 ug/kg, 0.4 ml/kg) or saline control were delivered via right 
atrium within 3 seconds (s) both before and 40 min after denervation. Bradycardia, 
atrioventricular conduction block (AVB) and a fall in AoP occurred within 3-4s 
following injections of PBG in both age groups. Biphasic responses (an initial fall 
followed by a secondary rise) in AoP was only seen in the younger group. Mean AoP 
was 98±19% of control in younger and 49+6% of control (p<0.05) in older piglets 
after PBG. The maximal R-R interval (maximum AVB) was 458% of control 
(1.19+0.2İS vs. 0.26+0.02S, mean+se, P<0.05) in younger and 1830% of control 
(5.71+1.Is vs. 0.31+ 0.02s, P<0.01) in older piglets. Cardiac rhythm recovered by 
41.4+7.6S in younger and by 129+16.7s (p<0.05) in older piglets after PBG. The 
maximum AVB was more pronouced in older than in younger piglets (p<0.05). 
Bilateral vagotomy eliminated the PBG response completely in younger piglets but 
not completely in older piglets. Preliminary data indicated that unilateral or bilateral 
stellectomy potentiated the responses to PBG in both age groups. These results 
indicated that vagal nerves mediated the PBG induced CV reflexes and that 
sympathetic nerves played an inhibitory role. The results also indicated the 
importance of the age-related development of ANS innervation of the heart. 
Supported by NIH grant HD-28931.
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133.17
SELECTIVE VAGAL INNERVATION OF THE FELINE HEART. P.J. 
Gatti*, T. A. Johnson and V.J, Massari. Depts. Pharmacol, 
and Veterinary Services, Howard Univ. College of 
Medicine, Washington, DC 20059.

We have attempted to determine whether the 
parasympathetic cardiac ganglia that control heart rate 
(HR) and atrio-ventricular (AV) conduction are physically 
segregated and functionally distinct in the cat. Five 
pentobarbital-anesthetized cats were artificially 
respired, the chest was opened, the pericardial sac cut, 
atrial and ventricular electrodes were attached, and the 
right vagus nerve was isolated and stimulated (5-20 Hz, 
1 ms duration). Stimulation decreased heart rate (HR) 
significantly. Injection of the ganglionic blocker 
trimethaphan (TR, 5 ug/10 ul) into a fat pad located at 
the junction of the pulmonary artery and the right atrium 
reversibly blocked the vagally induced bradycardia 
significantly, but did not inhibit AV conduction. 
Injection of TR (5-50 ug/10 ul) into the triangular fat 
pad at the junction of the inferior vena cava and the 
inferior le ft  atrium significantly blocked the vagally 
induced decrease in AV conduction, but did not 
significantly affect HR. These data show that cardiac 
rate and AV conduction are selectively controlled from 2 
anatomically segregated parasympathetic cardiac ganglia. 
Injections of retrogradely transported tracers into these 
ganglia should permit the ultrastructural analysis of 
functionally identified chronotropic and dromotropic 
neurons in the nucleus ambiguus and their synaptic 
interactions. These studies are in progress. Supported by 
the AHA/NCA.

133.19
PLASTICITY OF INTRACARDIAC NEURONS IN HYPERTENSIVE (HT) RATS 
WITH CARDIAC HYPERTROPHY. S.X. Xi-Mov*. W-J. Zhang*. J.E. 
Lawler8. R.D. Wurster*. R.H. Baisden and D.B. Hoover. Depts. 
Pharmacol. & Anat., East Tennessee State Univ., Johnson 
City, TN 37614. #An-zhen Hosp., Beijing, PRC. eDept. 
Psychol., Univ. of Tennessee, Knoxville, TN 37919. +Dept. 
Physiol. Loyola Med. Ctr., Chicago, IL 60150.

The sizes of intracardiac neurons were quantified in 3 
groups of HT and age (i.e., 3 or 6 mon) and/or strain 
matched normotensive rats (1-3 rats/group). Paraffin- 
embedded hearts were sectioned at 10 μ thickness and stained 
with Η & E. Distinct profiles of soma and nuclei with clear 
nucleolei were traced from each third sections using a light 
microscope/camera-lucida apparatus. Data were digitized and 
analyzed using a computerized image analysis system. The 
average areas of soma and nuclei profiles were significantly 
enlarged in HT rats with increased heart/body weight ratio 
(H/BW, SHR-6 mon & BHR-stress), but not in HT rats with 
normal H/BW (SHR-3 mon), in comparison with control. These 
data suggest a possible parasympathetic role in hypertensive 
cardiac hypertrophy.

H/BW N soma μ2 long axis μ nuclei μ2
SHR-6 mon 0.54* 1061 361.4±2.8* 23.4±0.2* 86.6±0.5*
WKY-6 mon 0.38 914 297.6±2.2 19.8±0.3 77.7±0.4
SHR-3 mon 0.39 758 300.5±3.7 20.8±0.1 74.4±1.1
WKY-3 mon 0.37 401 303.2±4.2 21.2±0.2 75.0±0.8
BHR-stress 0.40* 1161 364.0±3.6* 25.1±0.2* 84.1±1.0*
BHR-ctrl 0.33 731 300.3±3.5 21.8±0.2 74.7±1.1
(meanstsem, *p<0.05. vs matched normotensive group)

A U T O N O M IC  R E G U L A T IO N : S U P R A S P IN A L  C O N T R O L

133.18
SUBSTANCE P (SP) IMMUNOREACTVE NERVE TERMINALS SYNAPSE 
O N  CARDIO-INHIBITORY NEURONS IN THE FELINE NUCLEUS 
AMBIGUUS (NA): AN ELECTRON MICROSCOPIC DUAL LABELING 
STUDY. V.J. Massari*1. T.A. Johnson2. I.J. LLewellvn-Smith3. and P.J. 
Gatti1. Depts. of Pharmacology1 and Veterinary Services2, Howard Univ. 
Coll. Med., Washington, D.C. 20059 and Dept. of Medicine and Centre for 
Neuroscience3, Flinders University, Bedford Park, S.A. 5042, Australia.
W e  have recently demonstrated physiologically that there are 

anatomically segregated chronotropic and dromotropic cardiac ganglia in the 
feline heart. W e  have injected cholera toxin В conjugated to horseradish 
peroxidase (CTB-HRP) into the cardio-inhibitory ganglion. After three days 
cats were perfused with 3 %  glutaraldehyde and 1 %  paraformaldehyde, and 
vibratome sections were processed histochemically for the visualization of 
CTB-HRP using tetramethylbenzidine as the chromogen. A  slender 
longitudinal column of labeled neurons was found bilaterally in the 
ventrolateral NA enlarging at the level of the area postrema. Subsequently, 
sections were processed for the immunocytochemical localization of SP with 
diaminobenzidine as the chromogen. SP-immunoreactive processes were 
readily visualized in the light microscope within the NA. At the 
ultrastructural level, we observed large cardio-inhibitory neurons showing 
abundant cytoplasm and organelles, and round non-invaginated nuclei. SP 
immunoreactivity was found exclusively in nerve terminals. Some of these 
terminals were observed to make synaptic contact with the distal dendrites, 
proximal dentrites, and soma of labeled cardio-inhibitory NA neurons. 
These data indicate that SP may modulate the activity of parasympathetic 
preganglionic NA neurons which exert a negative chronotropic effect on the 
heart. Supported by the American Heart Association/NCA & NHLBI 44922

133.20
IN SITU HYBRIDIZATION ANALYSIS OF M1-M4 
MUSCARINIC RECEPTOR GENE EXPRESSION IN RAT 
HEART AND INTRINSIC CARDIAC GANGLIA. DJL 
Hoover*. S.X. Xi-Moy and R.H. Baisden ’. Depts. of 
Pharmacology and ’Anatomy, College of Med., East 
Tennessee State Univ., Johnson City, TN 37614.

The localization of muscarinic receptors in rat heart was 
examined in a previous study by in vitro receptor 
autoradiography (Hancock et al., J. Auton. Nerv. Syst 19:59- 
66, 1987). Atrial myocardium, the conducting system and 
intrinsic cardiac ganglia had highest receptor densities. Five 
muscarinic receptor genes (Le., ml-m5) and corresponding 
receptor subtypes are now widely recognized. Accordingly, 
the present study was initiated to identify the regional 
expression of these genes in rat heart and intrinsic cardiac 
ganglia. Oligonucleotide probes for ml-m4 mRNAs (Du 
Pont NEN) were labelled with 35S and used for in situ 
hybridization histochemistry with 10 μπι tissue sections. Only 
m2 mRNA was detected m the heart while ml-m4 mRNAs 
were identified in control sections of brain. The regional 
density of m2 mRNA in heart was consistent with receptor 
abundance except in the conducting system where it was less 
than expected. This mismatch suggests that a large fraction 
of the muscarinic receptors in the conducting system have a 
presynaptic localization. Expression of m l, m2 and m4 genes 
was detected in the ganglia but the signal with m2 probe was 
strongest The concentration of m2 mRNA was also much 
higher in ganglion cells than in myocytes. (Supported by a 
Grant-in-Aid from the American Heart Association, 
Tennessee Affiliate.)

134.1
E L E C T R I C A L  S T IM U LA T IO N  O F  T H E  C E N T R A L  N U C L E U S  O F  T H E  
A M Y G D A LA  (CN A ) IN D U C E S  E X P R E S S IO N  O F  A N  IM M ED IA T E  E A R L Y  G E N E  
(C - F O S )  IN T H E  B R A IN S T E M : IN V O L V E M E N T  O F  T H E  H Y P O T H A LA M IC  
P A R A V E N T R IC U L A R  N U C L E U S  (PV N ). T . P e tro v*. T .L . Krukoff, a n d  J .H . 
J h a m a n d a s . D ep ts. of A n ato m y a n d  C e ll B io logy  a n d  M ed ic in e  (N eurology), 
Univ. of A lberta, Ed m o n to n , A lberta, C a n a d a  T 6 G  2H 7 .

W e  h a v e  prev io u sly  sh o w n  that e lectrica l stim ulation of th e  C N A  in d u c e s  
e x p re ss io n  of F o s  (the protein  p ro d u ct of c-fos) in n e u ro n s  in the  
p arvo ce llu la r part of th e  PV N  (pPV N ). In th is  stu d y  w e  e lectrica lly  stim ulated  
th e  C N A  a n d  exa m in ed : 1) th e  co n n ectiv ity  of activa ted  p P V N  n e u ro n s  with 
th e  n u c le u s  of th e  so litary  tract (N T S ) a n d  th e  ven tro la teral m ed u lla  (VLM ), 
a n d  identified their c h e m ica l con tent, 2 ) th e  p roportion of th e  
c a te ch o la m in e rg ic  (CA ) n e u ro n s  in th e  N T S  a n d  V LM  that e x p re s s  c-fos.

R h o d am in e-la b e lled  latex m ic ro sp h e re s  (R-LLM ) w e re  ste reo ta x ica lly  in jected  
into th e  N T S  or VLM  of rats. S ix  d a y s  later, th e  ipsila tera l C N A  w a s  e lectrica lly  
stim ulated  for 60  m in (25 -5 0μ  A , 10  s e c  p u lse d  tra in s, 2 0  H z, 100  μ  s e c )  u n d er  
u re th an e  a n a e s th e s ia . In con tro l a n im a ls  th e  e le c tro d e  w a s  p o sitio n ed  in the  
C N A  w ithout delivery  of curren t. B ra in s  w e re  th en  p ro c e s s e d  for F o s  a n d  (TH) 
im m u n o cyto ch em istry . 1) In th e  exp erim en ta l a n im a ls  in c re a se d  n u m b er of 
profiles that co n ta in ed  R-LLM  w e re  F o s  im m un o p o sitive  (IP) in th e  ipsilatera l 
p P V N . F e w  of them  w e re  a lso  T H  IP. 2 ) C N A  stim ulation  of ra ts that d id not 
re ce iv e  R-LLM  in jectio n s resu lted  in in c re a se  of th e  n u m b er of F o s  IP nu cle i 
in th e  ipsilatera l N T S  a n d  V LM . Q uan titative a n a ly s is  rev e a le d  that in th e  N T S  
th e  n u m b er of T H  IP profiles that a lso  co n ta in e d  F o s  IP n u c le i d o u b led  
co m p a re d  to  th e  co n tra latera l s id e ; in th e  VLM  th e  in c re a se  w a s  2 0% .

T h e  resu lts  in d icate  that d irect a n d  in d irect C N A  in p u ts m ay  m o d u late  the  
activity of C A  a n d  n o n -C A  au to n o m ic  n e u ro n s  in th e  N T S  a n d  V LM . C A  a n d  
n o n -C A  activated  p P V N  n e u ro n s  m ay  m ed iate , in part, th e  in d irect input a n d  
transm it in tegrated  s ig n a ls  to w a rd s th e  N T S  a n d  V LM . S u p p o rte d  by M R C  
a n d  A H FM R .

134.2
H E M M O R H A G E -IN D U C E D  F o s  E X P R E S S IO N  IN B R A IN S T E M  N E U R O N S  
P R O J E C T IN G  T O  T H E  P A R V E N T R IC U L A R  N U C L E U S  (PV N ). K .H . H arris. J .H . 
J h a m a n d a s  & T .L . Krukoff*. D ep ts. of M ed ic in e  a n d  A n ato m y & C e ll Biology, 
Univ. of A lberta, Ed m o n to n , C a n a d a  T 6 G  2E1

T h e  p u rp o se  of th is  stu d y  w a s  to in vestigate  th e  ro le  of bra in stem -PV N  
c o n n e c t io n s  in th e  cen tra l r e sp o n se  to  h em o rrh a g e -in d u ce d  h y p o ten sio n . After 
h em o rrh a g e , Fo s-lik e  im m unoreactiv ity  (FLI) w a s  m a p p e d  in PVN -pro jectin g  
n e u ro n s  of th e  n u c le u s  of th e  tra c tu s  so lita riu s (N T S ) a n d  ven tro lateral m edulla  
(VLM ). U n d er a n e sth e s ia , rh o d am in e-lab e lled  latex m ic ro sp h e re s  w e re  in jected  
un ilaterally into th e  PV N  2  w k b efo re h em o rrh a g e ; ra ts w ere  in stru m en ted  with 
arterial a n d  v e n o u s  c a n n u la e  1 w k befo re  h em o rrh a g e . C o n s c io u s  rats w ere  
h e m o rrh a g ed  (5-6 ml) to lo w er arterial p re s su re  (AP) to half of restin g  A P ; 
add itio nal a liq u o ts of b lo od  w e re  rem o ved  to  m ainta in  th is  A P  for 1 .5  h. In the  
N T S , m ost n e u ro n s with FL I w e re  fou nd  at th e  level of th e  a re a  po strem a; 
ab o u t 2 0%  of th e s e  n e u ro n s w ere  retrog rad e ly  lab e lled . C o n v e rse ly , about 
3 0 %  of retrograde ly  lab e lled  n e u ro n s  a lso  co n ta in e d  FL I. M ore c a u d a l and  
rostral p a rts  of th e  N T S  co n ta in ed  few er d o u b le -la b e lled  n e u ro n s  th a n  at the  
level of th e  a re a  p o strem a. In th e  V LM , ab o u t a  third of th e  n e u ro n s  with FLI 
w e re  retrograde ly  lab e lled ; ab o u t a  third with m ic ro sp h e re s  co n ta in ed  FLI. In 
sh a m , n o n -h em o rrh a g ed  con tro l a n im a ls  few , if any , n e u ro n s  with FL I w ere  
fou nd  in th e  N T S  or V LM . T h e s e  re su lts  sh o w  that h e m o rrh a g e-in d u ce d  
h yp o ten sio n  a c tiv a te s  n e u ro n s  in th e  N T S  a n d  VLM  that p ro ject to th e  PVN . 
T h e  d a ta  p ro v ide  further su p p o rt for th e s e  reg io n s in integration of 
c a rd io v a sc u la r  re sp o n se s .

S u p p o rte d  by th e  M ed ica l R e s e a rc h  C o u n c il of C a n a d a .
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134.3
EXCITATORY AM INO A C ID  TR A N S M IS S IO N  W ITHIN T H E  PA RA BR A C H IA L  
NUCLEUS (PBN) P R O JE C T IO N  T O  T H E  A M YG D A LA  (AM YG) IN T H E  RAT. 
J.H. Jham andas* and  K.H . H arris . Dept. of M edicine (Neurology) & Div. of 
Neuroscience, University of A lberta, Edm on ton, Alberta, C a n a d a  T 6 G  2 B7  

The excitatory input from the PBN  to the AM YG  is an im portant projection  
for transm ission of autonom ic information from the periphery. T h is  in vivo  
electrophysiological study exam ined the role of excitatory am ino ac id s  
(EAAs) as  putative transm itters within this pathw ay. W e a s s e s s e d  the  
ability of locally applied  specific  E A A  receptor an tagon ists to b lock PBN- 
evoked excitation of AM YG  n eu ron s. Extracellu lar record ing s in urethane- 
anaesthetized rats w ere  obtained from 79  A M YG  neu ron s following electrical 
stimulation (50-300 μΑ , 200 p s e c  current p u lses  at 0 .5  Hz) applied  through  
bipolar electrodes im planted in the PBN . N -m ethyl-D -aspartate (NMDA) 
antagonist DL-2-am ino-5 phosph onovalerate  (1mM, APV) an d  the non- 
NMDA blockers 6-cyano-7-nitroquinoxaline-2,3-dione (1mM , C N Q X ) and 6- 
nitro-7-sulfamobenzoquinoxaline-2,3-dione (1mM , N BQ X) w ere  applied  by  
micropressure ejection from multi-barreled m icropipettes attached to the  
recording electrode. Quantitative an a lys is  of peri-stim ulus h istogram  data  
revealed that the PBN -evoked excitation cou ld  be reversib ly b locked  by  
APV, CN Q X and N B Q X  in 1 0 ,6  and  4  A M YG  ce lls  respectively . Furtherm ore  
in 2 cells, both A P V and N B Q X  attenuated the excitatory re sp o n se . T h e se  
data provide evid en ce  for EAA-m ediated  neurotransm ission  within the AM YG  
and add to a  growing role for th e se  ch em ica l m e sse n g e rs  in central 
autonomic regulation.

Supported by the M R C  of C a n a d a .

134.5
DESCENDING PROJECTIONS TO THE PERIAQUEDUCTAL 
GRAY FROM CAUDAL HYPOTHALAMIC NEURONS THAT 
ARE STIMULATED BY HYPOXIA OR HYPERCAPNIA. J.W. 
Rvan and T.G. Waldrop*. Dept. of Physiology & Biophysics, College of 
Medicine, University of Illinois, Urbana, IL 61801.

Previous in vivo and in vitro studies from this laboratory have 
demonstrated that hypoxia and hypercapnia stimulate neurons in the caudal 
hypothalamus (CH) whose basal discharge is correlated with cardiorespiratory 
rhythms. The purpose of the present study was to determine if these chemo- 
responsive neurons send projections to the periaqueductal gray (PAG) region. 
Anatomical evidence for projections from die caudal hypothalamus was 
provided in a first group of animals which received injections of rhodamine- 
tagged microspheres into the PAG. These experiments demonstrated strong 
ipsilateral and weak contralateral projections from the CH to the PAG. In a 
second set of experiments, single unit recordings were obtained from neurons 
in the caudal hypothalamus of anesthetized, spontaneously breathing rats; 
each neuron was tested for a response to inhalation of hypoxia (10% 02) and 
hypercapnia (5% C02). In additimi, standard antidromic activation techniques 
woe utilized to determine if neurons that responded to either hypoxia or 
hypercapnia sent projections to the PAG. Twenty-five percent of CH 
neurons studied could be antidromically activated from stimulation in the 
PAG; approximately 66% of these responded to hypoxia and a similar 
percentage to hypercapnia. Computo- averaging revealed that most of these 
neurons had a basal discharge related temporally to the cardiac and/or the 
respiratory cycles. These findings indicate that some of the chemo- 
responsive, cardiorespiratory neurons in the CH project to or through the 
PAG. Thus, both the caudal hypothalamus and the periaqueductal gray may 
be involved in the integrated response to hypoxia and hypercapnia. (Supported 
by NIH 32864 and AHA).

134.7
CENTRAL AMYGDALA AFFERENTS FORM INHIBITORY-TYPE 
SYNAPSES MAINLY WITH NON-CATECHOLAMINE NEURONS IN 
THE NUCLEUS TRACTUS SOLĪTARn D.M. Cestari*, E.J, Van 
Bockstaele. J. Chan and V.M. Pickel, Div. of Neurobiology, Dept. of 
Neurology and Neuroscience, Cornell University Med. College, New York,
N.Y. 10021.

The central nucleus of the amygdala projects to catecholamine containing 
nuclei of the solitary tracts (NTS) thought to mobilize certain autonomic 
responses to stress. We examined (1) the ultrastructure of anterogradely 
labeled terminals from the central nucleus of the amygdala to the NTS, and
(2) the synaptic relations between these afferente and catecholamine neurons. 
Peroxidase detection of anterogradely transported Phaseolus vulgaris 
leucoagglutinin (PHA-L) was combined with immunogold labeling of the 
catecholamine synthesizing enzyme tyrosine hydroxylase (TH) in single 
sections of rat medulla. By light microscopy, PHA-L labeled varicosities were 
seen throughout the medial and commissural NTS, whereas immunogold 
labeling for TH was seen in perikarya and processes within some of the same 
nuclei. By electron microscopy, PHA-L was detected in unmyelinated axons 
and terminals. The PHA-L labeled terminals formed symmetric inhibitory-type 
synapses mainly with unlabeled, but also with a few TH-labeled dendrites. 
More rarely, the PHA-L labeled terminals were apposed to or shared a 
common target with either an unlabeled or TH-labeled terminal. These 
findings suggest that previously reported excitation of neurons in the NTS by 
afferente from the amygdala reflects inhibition (symmetric synapses) of 
inhibitory neurons some of which are catecholaminergic. (Grant support 
MH48776, HL18974)

134.4
M O R P H O L O G Y  O F  T H E  H Y P O T H A L A M IC  P A R A V E N T R IC U L A R  N U C L E U S  
N E U R O N S  P R O JE C T IN G  T O  T H E  P O S T E R IO R  P IT U IT A R Y  IN R A T S : A  S T U D Y  
W ITH  R E T R O G R A D E  T R A N S P O R T  O F  F A S T  B L U E  A N D  IN T R A C E L L U L A R  
L U C I F E R  Y E L L O W  S T A IN IN G  IN F IX E D  B R A IN  S L I C E S .  S .  M iva h a ra * . M. 
K ob ,a m ą , H , ..Qghiai -and.JSu.JMakisabžL D e p a rtm e n t of N e u ro su rg e ry , 
M iya zak i M ed ica l C o lle g e , M iya zak i 8 8 9 -1 6 , J a p a n .

T h e  aim  of the p rese n t stud y w a s  to in vestigate  the m orphology of the 
iden tified  p a ra v e n tr ic u la r  n u c le u s  (P V N ) n e u ro n s  p ro je ctin g  to the  
p o ste r io r  p itu itary by m e a n s  o f in tra ce llu la r  in je c t io n s  in fixed  brain  
s lic e s .  T h e  fo llowing q u estio n  w a s  a d d re s s e d : D o  n e u ro n s  p rojecting  to 
the p o ste rio r p ituitary in the rat’s  P V N  sh o w  m orp ho lo g ica l hom ogen eity  
d e scr ib e d  a s  m a g n o ce llu la r n e u ro se cre ta ry  c e l ls ?  F a s t  b lu e w a s  in jected  
into the p o ste rio r pituitary with tra n sp h a ry n g e a l a p p ro a c h . O n e  or two 
d a y s  a fte r in ject io n , ra ts  w e re  s a c r if ic e d . B ra in s  w e re  re m o v ed  an d  
se ct io n e d  at a  th ic k n e ss  of 10 0  -200  μ . R e tro g ra d e ly  lab e lled  n e u ro n s  
in the  P V N  w e re  s ta in e d  with in trace llu la r in jection  of Lu c ife r  Y e llo w  
(L Y ) , photo-oxidized  an d  a n a ly z e d . T h e  so m a ta  of LY -filled  P V N  n eu ro n s  
w ere  o vo id  or e lo n g a ted  ran g ing  in a re a  b e tw e e n  1 8 9 -3 8 6  μ2 with a  
long a x is  b e tw e e n  1 9 -2 7  μ  an d  a  sh o rt a x is  b e tw e e n  10-21 μ . F illed  
n e u ro n s  h a d  3 -5  d en d rite s  with s p a r s e  to m o d e rate  b ra n ch in g  w hich  
w e re  re la t iv e ly  th ick  p ro x im a lly  a n d  ta p e re d  d is ta l ly . M o st filled  
n e u ro n s  h ad  d en d ritic  tre e s  w h ich  often p a ra lle le d  the  third ven tric le . 
D en d rites  of the other n e u ro n s  w ere  o rien ted  p e rp e n d icu la r  to the third 
ven tr ic le . In c o n c lu s io n , rat's  P V N  n e u ro n s  p ro jectin g  to the  po sterio r 
pituitary sh o w ed  no d istin ct m orpho log ica l d if fe ren ce s  b e tw een  them .

134.6
PERIPHERAL PEPTIDE YY INDUCES C-FOS EXPRESSION IN THE RAT 
BRAIN. B-Bonaz. I .Taylor. J. Walsh*. Y.Taché. CURE, VA 
Medical Center, Brain Res. Inst., Dept. o f  Medicine, UCLA, 
CA 90073 and Dept. o f  Medicine, Duke University Medical 
Center, Durham, NC 2 7 7 1 0 .

P e p t id e  YY (PYY), p r e s e n t  in  th e  i l e o - c o l o n i c  m ucosa o f  
a v a r i e t y  o f  s p e c i e s  in c lu d in g  r a t s ,  i s  w ith  p o ly p e p t id e  
p a n c r e a t i c  a p o t e n t  i n h i b i t o r  o f  v a g a l l y - s t i m u l a t e d  
p a n c r e a t ic  s e c r e t io n  ( 1 ) .  P u r p o s e , t o  i n v e s t i g a t e  w h eth er  
p e r ip h e r a l  PYY may i n f lu e n c e  n e u r o n a l a c t i v i t y  in  th e  CNS 
u s in g  t h e  d e t e c t io n  o f  F o s - p r o te in  im m u n o r e a c tiv ity  (F o s-  
L I ) . M e th o d s . M ale SD r a t s  w ere i n j e c t e d  ip  e i t h e r  w ith  
v e h i c l e  (1ml 0.1% BSA, n=3) o r  w ith  PYY (300 μ g / k g / r a t ,  
n=5) . R a ts  w ere a n e s t h e t i z e d  60 min l a t e r  and p e r fu s e d  
w ith  600 ml 4% p a r a fo rm a ld e h y d e . F rozen  s e c t i o n s  (30 μιη) 
o f  t h e  b r a in  w ere p r o c e s s e d  f o r  F o s-L I  ( 2 ) .  S e c t io n s  were 
in c u b a te d  w ith  t h e  p r im a ry  a n t ib o d y  ( c - f o s  AB-2 r a b b it  
a n t ib o d y ,  O ncogene S c ie n c e ;  1 :5 0 0 )  f o r  24 h a t  +4°C and  
th e n  w ith  th e  b i o t i n y l a t e d  s e co n d a r y  a n t ib o d y  (g o a t  a n t i 
r a b b i t ,  1 :1 0 0 )  f o r  2 h a t  22°C. S e c t io n s  w ere p r o c e s s e d  
f o r  a v id in - b io t in - p e r o x y d a s e  u s in g  d ia m in o b e n z id in e  a s  th e  
chrom ogen . R e s u l t s . In  c o n t r o l  a n im a ls , no o r  few  F o s-L I  
was o b s e r v e d .  A f t e r  i p  i n j e c t i o n  o f  PYY, F o s -L I  was 
d e t e c t e d  in  t h e  h ip p o ca m p u s, a m y g d a la , th a la m u s , a r e a  
p o strem a  and n u c le u s  t r a c t u s  s o l i t a r i u s .  Few F o s-L I  was 
o b s e r v e d  i n  t h e  p a r a v e n t r i c u l a r  n u c l e u s  o f  t h e  
h yp o th a la m u s and th e  d o r s a l  m otor n u c le u s  o f  t h e  v a g u s .  
C o n c l u s i o n s . P e r ip h e r a l  PYY a c t i v a t e s  s e l e c t i v e  b r a in  
n u c l e i  in v o lv e d  in  th e  r e g u la t io n  o f  au ton om ic f u n c t io n s .
1 . Pappas T. e t  a l . ,  G a s tr o e n te r o lo g y  89: 1 3 8 7 -1 3 9 2 , 1 985 .
2 . Bonaz B. e t  a l . ,  B ra in  R es. 600: 3 5 3 -3 5 7 , 19 9 3 .

134.8
CHRONIC KAINIC ACID LESIONS IN THE PARAVENTRICULAR NUCLEUS 
(PVN) OF THE HYPOTHALAMUS ATTENUATE THE REFLEX RENAL 
SYMPATHOINHIBITION DURING ACUTE VOLUME EXPANSION (VE) IN 
R A T S . J,R,. Hasfillfin,* J.D.. Gogjing and K.P, Patti Dept. Physiology & 
Biophysics, Univ. of Neb. Med. Ctr., Omaha, NE.

Excitation of cell bodies in PVN alters renal sympathetic nerve discharge (RSND) 
in rats. However, it is not known if PVN is involved in reflexes that produce 
alterations in RSND. Therefore we determined the effect of bilateral lesions in PVN 
on the response of RSND to VE, and the baroreflex response (RSND & heart rate) to 
increased arterial pressure. Rats were anesthetized with pentobarbital (50 mg/kg, ip) 
and received bilateral injections of either 18 pmol of Kainic acid (0.9 mM, 20 nl, in 
phosphate buffer), or vehicle. Sites were marked with Monastral blue, which had 
been added to the injection solution. Three to four days later the rats were 
anesthetized with Inactin (0.1 g/kg, ip), and RSND was recorded before and during 
acute VE with isotonic saline (0.25% of body weight/min for 40 min), and during 
increases in arterial pressure (0.5- 1 μg phenylephrine) prior to VE. The reflex 
reduction in RSND, which occured during VE, in rats with PVN lesions was 
significantly smaller than that observed in vehicle control rats. This effect was not 
obtained when Kainic acid injection sites were located outside PVN. PVN lesions did 
not alter either the the RSND or heart rate components of the baroreflex.

RSND during graded isotonic VE (expressed as % baseline і  SEM).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993

% VE: 0 25 5.0 7.5 10
Vehicle (n = 5) 100% 81.3 ± 16.7% 61.7 ± 18.3% 48.0 + 13.3% 34.0 + 13.0%
KA-PVN (n = 6) 100% 87.4 ± 4.8% 78.4+ 7.4% 70.9+ 7.4% 67.0 ±  7.3% *
♦Overall treatment sig. different from vehicle control (p < .05; repeated measures ANOVA).
We conclude that the PVN is a relay site in the reflex arc that mediates a reduction in 

RSND during VE, but does not appear to be involved in the baroreflex control of 
RSND or heart rate. Supported by HL50261 (JRH) & Neb. Heart Affli. (KPP).
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134.9
NADPH-DIAPHORASE IS A SELECTIVE MARKER FOR THE 
DORSOLATERAL COLUMN OF THE PERIAQUEDUCTAL GRAY 
(PAG) IN RAT AND HUMAN.
P. Carrive*and G, Paxinos. Schools of Psychology and Anatomy, University of 
New South Wales, P.O. Box 1, Kensington, N.S.W. 2033, Sydney, Australia.

It is generally accepted that the midbrain periaqueductal gray (PAG) is not a 
homogeneous structure. The dorsolateral part of the PAG, for example, differs from 
the rest of the PAG in that it does not receive spinomesencephalic projections and 
does not project to the premotor neuronal groups of the ventral and lateral medulla. 
This area extends over the entire length of the PAG and has been referred to as the 
dorsolateral column of the PAG. We report here that this column, thus far defined by 
exclusion, possesses a specific marker: NADPH diaphorase.

The NADPH diaphorase histochemical reaction was carried out on midbrain 
coronal sections of 3 rats and 1 human. In rat as in human, NADPH diaphorase 
reactivity is remarkably restricted to the region dorsolateral to the aqueduct. The 
labelled neurons in this area are densely stained and are revealed in a Golgi-like 
manner. In the rat, they represent about 17% of the total number of neurons in the 
dorsolateral PAG. Most importantly, these neurons and their processes cover an area 
that corresponds exactly to the area defined as the dorsolateral column in the rat: this 
striking correspondence can be observed at each coronal level of the PAG.

These results confirm previous 
speculations that the dorsolateral 
column of the PAG is a distinct 
anatomical structure in the 
periaqueductal gray matter. This 
simple histochemical reaction 
might prove to be a convenient 
marker for future comparative and 
functional studies of the PAG.

134.11
SOMA-DENDRITIC MORPHOLOGY OF NEURONS IN THE 
PARABRACHIAL NUCLEUS OF THE RAT. H. Herbert*. University of 
Tübingen, Dept. Animal Physiology, 72076 Tübingen, Germany.

The parabrachial nucleus (PB) is a major relay station for ascending visceral 
information from the brainstem to the forebrain. Previous studies demonstrated that 
functionally different fiber systems terminate in a fairly distinct fashion in specific 
PB subnuclei and that axons containing different neuropeptides also appear to be 
localized only in particular subnuclei. This indicates a high degree of specificity of 
anatomical connections within the PB. As yet, however, it is unknow whether the 
dendrites of individual PB neurons also respect the subnuclear boundaries in the PB 
and thus, provide the morphological prerequisite for specific channels through the 
PB.

To demonstrate their dendritic arborization, more than 150 neurons in the lateral 
PB were intracellularly filled in  v itro  with Lucifer yellow (LY). Slices were 
processed immunocytochemically by using an antibody for LY and a PAP-complex. 
Neurons were then reconstructed with the aid of a camera lucida. A subpopulation of 
these neurons had been prelabeled retrogradely from the amygdala and was thus 
identified as parabrachio-amygdaloid projection neurons.

With respect to the dendritic arborization of lateral PB neurons two general 
morphological features could be observed. 1) Neurons with long, elongated dendritic 
fields which are preferentially oriented parallel to the surface of the brain and the 
superior cerebellar peduncle. The majority of their dendrites apparently respect 
subnuclear boundaries. 2) Neurons with irregular or round dendritic fields which 
likely cross the boundaries between adjacent subnuclei of the lateral PB.

In summary, the dendrites of a large proportion of neurons in the lateral PB stay 
within the confines of a particular subnucleus (e.g. the inner/outer portion of the 
external lateral PB). This indicates that the functional specificity of visceral 
afferente, such as those from the nucleus of the solitary tract and the area postrema, 
is maintained by their relay through the PB. In contrast, PB neurons that extend their 
dendrites across subnuclear boundaries are likely to receive input from several 
visceral sensory and brainstem afferente and therefore transmit a more general, 
integrated signal to the forebrain. Supported by DFG (He 1842/3-1)

134.13
WHOLE-CELL PATCH CLAMP RECORDINGS FROM VISUALIZED BULBOSPINAL 
NEURONS IN THE BRAIN STEM SLICES. I .  M. Kanerga* and A. D. 
Loewv. D ept. o f  Anatomy and N e u ro b io lo g y , W ashington U niv . 
Sch. o f  M ed., S t .  L o u is , MO 63110.

The b a s ic  n eu ron a l c i r c u i t r y  in v o lv e d  in  th e  r e f l e x  
c o n tr o l  o f  autonom ic fu n c t io n  i s  lo c a te d  in  th e  m ed u lla  
o b lo n g a ta . A lthough  a la r g e  body o f  d a ta  e x i s t s  reg a rd in g  
th e  a n a tom ica l o r g a n iz a t io n  o f  th e s e  n u c le i ,  l i t t l e  i s  known 
about th e  c e l l u l a r  p r o p e r t ie s  o f  th e s e  h e tero g e n o u s  n eu ron s. 
We p r e s e n t  a method th a t  a llo w s  e l e c t r o p h y s io lo g ic a l  
c h a r a c te r iz a t io n  o f  th e  s p e c i f i c  b u lb o sp in a l n eurons in  th e  
b ra in stem  s l i c e s .  S e v e r a l days a f t e r  th e  s p in a l  cord  
in j e c t io n  w ith  a carb ocyan in e d ye, D i i ,  th e  r e tr o g r a d e ly  
la b e le d  b u lb o sp in a l neurons w ere v i s u a l i z e d  in  th e  b ra in stem  
s l i c e s  ( e p if lu o r e s c e n c e )  w ith  th e  a id  o f  a s i l i c o n  
in t e n s i f i e r  tu be (SIT) cam era. L ab eled  som ata w ere se e n  in  
th e  cau d a l raphe n u c le i ,  r o s t r a l  v e n t r a l  m ed ia l and l a t e r a l  
m ed u lla , and in  th e  A5 group . E le c t r o p h y s io lo g ic a l  
p r o p e r t ie s  o f  th e  D i i - la b e le d  n eurons w ere a s s e s s e d  by w h o le 
c e l l  r e c o r d in g s  u s in g  p ip e t t e s  f i l l e d  w ith  b io c y t i n .  C urrent 
s t u d ie s  a re  b e in g  done th a t  w i l l  a llo w  fo r  d u a l v i s u a l i z a t io n  
o f  b io c y t in  and PNMT or TH im m unocytochem istry so  th a t  
p h y s io lo g ic a l  p r o p e r t ie s  o f  b u lb o sp in a l n eurons can be  
c o r r e la t e d  w ith  t h e ir  m orphology and n eu roch em ica l c o n te n t .  
T h is approach a llo w s  fo r  c h a r a c te r iz a t io n  a t  th e  c e l l u l a r  
l e v e l  o f  s p e c i f i c  s u b s e t s  o f  b u lb o sp in a l neu ron s th a t  may 
r e g u la te  th e  sy m p a th etic  o u tf lo w . Supported  by NIH HL-25449 
and C enter fo r  M olecu lar  and C e llu la r  N eu ro b io lo g y , WUMS.

134.10
ULTRASTRUCTURAL ORGANIZATION OF THE INTERSTITIAL 
SUBDIVISION OF THE NUCLEUS TRACTUS SOLITARIUS (NTS) AND 
LARYNGEAL AFFERENTS IN THE RAT. МіІПІ1 and A. lean* 
Laboratoire de Neurobiologie fonctionnelle. Faculté St Jérôme, 
13397 Marseille Cedex 13, France. (1 p resen t address: 
Departement de Pathologie, Università de Montreal, Montreal, 
Quebec, Canada - H3C 3J7).

To identify the morphological substrates underlying the 
functions of the NTS, we have studied  the ultras true tural 
organization of its interstitial subdivision (iNTS) and that of 
laryngeal axon terminals. The iNTS is a region composed of 
unm yelinated axons, various sized dendrites and numerous 
axon terminals, with few small sized cell-bodies. Small or large 
sized axon term inals (ATs), with round  clear vesicles, are 
associated  with asym m etrical contacts. As shown after 
transganglionic  tran sp o rt of WGA-HRP in the superio r 
laryngeal nerve, some of these ATs are prim ary  afferent 
endings. Other small sized ATs, with pleomorphic vesicles, are 
associated with symmetrical contacts. Most of the synaptic 
contacts are of the axo-dendritic type, frequently involved in 
m ulti-synaptic arrangem ents, which associate the laryngeal 
endings. All the iden tified  axo-som atic contacts exclude 
prim ary  afferent endings and are of the sym m etric type. 
Numerous axo-axonic contacts are present in the iNTS and 
involve laryngeal afferente. These m orphological results 
indicate that a considerable processing of laryngeal afferent 
inputs is potentially possible within the iNTS.

134.12
СМЛМ, RAEHE' 8ТІМШАПШ ETOIKS SEROTONIN (5-НГ) KEIEASE ШГО 
THE DORSAL VASAL OCMPLEX (DVC) Ш  FED BOT ЮГ FASTED RAIS -  
VASAL EEEENDENCE R.L. Stechens Jr.. J.M. Mchanmed, N.J. 
Uretskv*. Department of Physiology & Division of Iharaaoology, 
The Ohio State University, Oolimtous, Ohio 43210.

A putative mediator of brain-gut interactions acting at the 
WC, TRH, is derived principally fron the caudal raphe'. It 
exists co-locallized, in part, with 5-НГ in neurons projecting 
to the WC. Recent studies report that 5-НГ augments the 
effect of ΊΕΗ on gastric function at the DVC. It is important 
to characterize patterns of stimulated release of these 
putative neurotransmitters to ascertain physiological signi
ficance of the 5-НГ/ІШ interaction at the DVC. Extracellular 
levels of serotonin were monitored by microdialysis in 
sections of the dorsal medulla attaining the W C  in anes
thetized rats. Kainic acid (KA) microinjection (423 proles 
/lQnl) into the nucleus raphe' cbscurus (riRD) produced a 
marked release of 5-НГ into dialysates of the W C  of freely 
fed but not 24-hr fasted rats: [Mean 5-ЙГ Rei. (pgrams/30 min;
n = 3 - 51 Basal (1 - 4) KA (5 “  8)
microdialvsate: 1 2 3 4 5 6 7 8
FED 21 7 0 0 83 7 3 0
FASTED 31 12 9 9 11 7 8 12
Bilateral cervical vagotomy abolished nRO-stimulated 5-НГ
release into the W C  of fed animals. The results suggest that 
chemo- or mechanoreceptor-responsive vagal afferents may 
mediate disinhibition of serotonin release into the DVC, and 
may comprise a mechanism of the integrated vago-vagal redense 
to a meal. Supported by EK 42880 & OSU Bremer Research Rinds.

134.14
SUBNUCLEAR ORGANIZATION OF THE SOLITARIUS COMPLEX: 
CAN NADPH-DIAPHORASE STAINING RESOLVE ANY 
CONTROVERSIES? D. Bieger and K.A. Sharkev*. Neuroscience Research 
Group, University of Calgary, AB, T2N 4N1 and Faculty of Medicine, 
Memorial University of NFLD, St. John’s, NFLD, A1B 3V6, Canada.

The subnuclear boundaries within the nucleus of die solitary tract 
(nTS) have been defined according to a variety of criteria such as Nissl stain 
and antero- or retrograde tracing techniques. Cross-species comparison 
reveals a confusion as to the exact topography and even the existence of 
certain subnuclear groups. We have used NADPH-diaphorase (NADPH-d) 
histochemistry to examine the nTS in a number of species: rat, guinea pig, 
cat, dog, ferret and cynomolgus monkey. In all subprimate species, the 
majority of NADPH-d neurons form a heteromorphous medial parafascicular 
group, centred on the intermediate region, with extensions into the interstitial, 
ventral, dorsal, commissural and medial subnuclei. This basic arrangement 
is characteristic of rodents, with the addition of a conspicuous central 
subnucleus possessing a dense neuropil. Carnivores present a more elaborate 
pattern that includes a central subnucleus. The distribution of NADPH-d in 
the primate least resembles that of rodents, since the relative density of cells 
and neuropil is altered and new groups are added (e.g. a subpostremal group). 
The patterns of staining in some subnuclei allow their complete delineation, 
e.g. centralis, in others, e.g. medial and ventrolateral, stained neurons and 
neuropil do not conform to known subnuclear divisions. The demonstrated 
presence of a subnucleus centralis in all species necessitates a re-evaluation 
of the perceived subnuclear organization of the nTS.
Supported by MRC and Alberta Heritage Foundation for Medical Research.
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134.15
T R IG EM IN O -A U T O N O M IC  C O N N E C T IO N S  IN  T H E  B R A I N S T E M  O F  T H E  
MUSKRAT. W . M . P a n n e to n * D ept. o f  A n atom y &  N e u r o b io lo g y , S t. L ouis  
University School o f  M ed ic in e , S t. L ou is , M O  6 3 1 0 4 .

A pnea, peripheral vasocon str ic tion , and b radycard ia are the m ajor 
autonomic sequelae fo llo w in g  su bm ersion  in w ater or stim u lation  o f  nasal or 
paranasal areas. T h ese re spon ses re sem b le th ose o f  the m am m alian  d iv in g  respon se  
and result only i f  the branches o f  the trigem in al n erv e  to nasal areas are functional. 
This implies that second ary trigem inal neurons m ust d irec tly , or in d irectly , m odulate  
respiratory and card iovascu lar neurons m ediating  the d iv in g  re sp o n se . T he p resent 
study investigates tr igem inal p rojection s to b rainstem  au ton om ic areas u sin g  either  
WGA-HRP, P H A -L , or b iotinylated  dextran  am in e (B D A ) as tracer su bstances. 
Injections o f  W G A -H R P  into the p ontine peribrachia l area, the n ucleus tractus 
solitarii, or the ventrolateral m edu lla  retrogradely  labe led  num erou s ce lls  in lam inae  
I, II, and V  o f  the ipsilateral m edullary  dorsal horn (M D H ), b e in g  esp ec ia lly  
prominent in its rostral and ventral parts. T he greatest num ber o f  such  ce lls  w ere  
seen after peribrachial in jections. In jections o f  W G A -H R P , P H A -L , or B D A  into the 
MDH resulted in d en se anterograde label in the ipsila teral peribrachia l area; label 
was most dense in the K o llik er -F u se  area and su b d iv is ion s o f  the caudal lateral 
parabrachial n ucleus, such  that an u n lab eled  ova l-sh ap ed  area w a s  dem arcated  by  
labeled neuropil. T he contralateral p eribrachial area  w a s  labe led  d en se ly  on ly  
rostrally in the superior lateral su bn ucleu s. In the N T S , labe l w a s sp arser but m ostly  
found in areas ju st ventrolateral and dorsolateral to  the so litary  tract. S o m e term inal
like label also w a s seen  in  m edial and com m issu ra l parts o f  the N T S . A x o n s w ith  
swellings w ere d iffu se ly  d istributed in  the ventrolateral m edu lla  after M D H  
injections. In the rostral ventrolateral m edu lla , the tr igem in al p ro jection s innervated  
the neuropil surrounding the com p act n ucleus a m b iguu s, but a vo id ed  its center. 
These projections m ay p rovide the anatom ical substrate for tr igem in al m od u lation  o f  
cardiorespiratory b eh avior . Supported by N IH  grant H L 3 8 4 7 1 .

134 .1 6

COLOCALIZATION OF BOMBESIN AND TYROSINE 
HYDROXYLASE (TH) IN THE CAUDAL MEDULLA OF THE RAT.
R.B. Lvnn* and R.R. Miselis. Dept. of Medicine, Thomas Jefferson 
University and Dept. of Animal Biology and Institute of Neurological 
Sciences, University of Pennsylvania, Philadelphia, PA.

Bombesin (gastrin-releasing peptide 14-27) - immunoreactive (IR) cell 
bodies in the caudal medulla are found exclusively in the dorsal vagal 
complex and in the ventrolateral medulla. These areas known to contain 
catecholamine neurotransmitters are referred to as A2/C2 and A l/C l 
respectively. Colocalization of bombesin with catecholamine neuro- 
transmitters has not been reported in the literature. We performed a 
double immunofluorescent study to determine if these two 
neurotransmitters are contained in the same neurons in these areas. SD 
rats were colchicinized and the tissue sections were incubated in primary 
antisera of rabbit anti-bombesin (Incstar) and mouse monoclonal anti-TH 
(Incstar). Appropriate secondary antisera were used conjugated to Texas 
Red and ҒГГС respectively. Bombesin-IR neurons in the subnucleus 
dorsalis of the nucleus of the solitary tract (NTSd) almost always 
colocalized with TH. Bombesin-IR neurons in the subnucleus medialis 
of the NTS only rarely colocalized with TH. Numerous ΤΗ-IR neurons 
in the subnucleus medialis and other parts of the A2/C2 area did not 
contain bombesin. In the A l/C l area bombesin- and TH-IR neurons 
were intermixed but only rarely colocalized. Bombesin and 
catecholamine neurotransmitters have a high degree of coexistance in the 
NTSd and only rarely coexist in the subnucleus medialis or in the A l/C l 
region. The NTSd is involved in processing vagal cardiovascular 
sensory input. The function of this newly described colocalization 
remains to be determined. DK 02094 (RBL) & GM 27739 (RRM).
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135.1
DEVELOPMENTAL EXPRESSION OF NADPH-DIAPHORASE (NADPH-d) AND 
NITRIC OXIDE SYNTHASE (NOS) IMMUNOREACTIVITY IN NEONATAL RAT 
LUMBOSACRAL SPINAL CORD. M.A. Vizzard*. S.L. Erdman. U. Forstermann8 and 
WC. de Groat. D. of Pittsburgh, Dept. of Pharmacology, Pittsburgh, PA 15261 and aAbbott 
Laboratories, Abbott Park, IL 60064.

Previous experiments revealed that NADPH-d activity in L6-S1 spinal segments of the adult 
rat was present in various populations of neurons and fibers in: (1) in laminae I and Π of the 
superficial dorsal horn (DH), (2) around the central canal (CC), (3) in the dorsal commissure (D 
Com), (4) in the region of the sacral parasympathetic nucleus (SPN), (5) in the dorsolateral 
funiculus (DLF) and (6) in afferent fibers in Lissauer's tract and in lamina I on the lateral edge of 
the dorsal horn (lateral collateral pathway, LCP). The present experiments were performed to 
determine the temporal pattern of expression of NADPH-d activity in cells and fibers in the 
lumbosacral spinal cord during postnatal development and to determine the correlation between 
NADPH-d activity and NOS immunoreactivity (IR). Wistar rats of four different postnatal ages 
(day 0-1,4-5, 10-12 and 20-22, n=7 for each) were anesthetized and then sacrificed via perfusion 
with 4% paraformaldehyde fixative and post-fixed for 1 hour. Alternate sections of the spinal 
cord (L5-S2) (42-56 pm) were then processed on slide for either NADPH-d or NOS-IR with 
standard techniques. Differential NADPH-d cellular and nerve fiber staining was noted at 
various stages of postnatal development. NOS-IR and NADPH-d activity were colocalized at 
some but not all sites. At postnatal day 0-1 and 4-5, NADPH-d and NOS-IR were detected in 
L6-S1 in cells in the region of the SPN, around the CC and in the D Com; however, cellular 
staining in the superficial layers of the DH was not observed. At day 4-5 some cells were 
observed in the deeper laminae of the DH. Fiber staining in the LCP, in the DH and in the DLF 
was also absent in both age groups although some fiber staining in the D Com was detected. At 
postnatal day 10-12 and 20-22, increased NADPH-d and NOS-IR was demonstrated in cells in 
the region of the SPN, around the CC and in the superficial laminae of the DH; however, cellular 
staining in the D Com was reduced compared to younger animals. NADPH-d and NOS fiber 
staining was also observed in the superficial laminae of the DH and in the DLF. NADPH-d 
fiber staining in the LCP was not prominent in postnatal day 10-12; however, dense fiber 
staining in the LCP was observed by postnatal day 20-22. NADPH-d activity in neurons was 
often colocalized with NOS-IR; however, NADPH-d fibers in the LCP did not exhibit NOS-IR. 
These data indicate that NADPH-d and NOS-IR in the spinal cord exhibit marked changes 
during the early postnatal development. The changes in the LCP may be related to maturation of 
visceral reflex pathways including micturition. [Supported by NIMH Training Grant MH 
18273.)

135.2
C O M P A R IS O N  O F  T H E  L O C A T IO N S  O F  A D R E N A L  A N D  R E N A L  P O ST 
G A N G L IO N IC  N E U R O N S IN  SY M PA TH E TIC  G A N G L IA  IN  RA T S. L A . KadLshevitz, 
J.P. Girvin* and L.C. W eaver. The John P. Robarts Research Institute &  Dept. o f  Physiol. 
U n iv . o f  W estern  O ntario., L ond on , O nt., N 6 A  5K 8 , Canada.

Innervation  o f  tw o  d ifferent target organ s b y  a s in g le  s y m p a th e t ic  neuron  w ou ld  
p erm it id entica l in f lu en ce s  on  tw o  targets and a lso  w o u ld  b e a b asis  for g a n g lio n ic  
ax o n  re flex e s . W e stu d ied  th e d istribution  o f  neurons inn ervating  the k id n ey , adrenal 
gland  and sp le en  in  sym p ath etic  para- and prevertebral gan g lia  in  rats. M oreover, the  
innervation  o f  the renal artery and v e in  w ere com pared . S ym p athetic  neurons (T 10-L 1  
o f  paravertebral chain, sp lan ch n ic ganglia  and S o larp lexu s) w ere labelled  b y  application  
o f  fluorescent d yes (F luoro-G old  and Fast B lu e) to  crushed nerves. T he greatest num ber 
o f  renal neurons (46% ) w a s  ob served  in  the T 1 2  and T 1 3  ga n g lia , the greatest n um ber  
o f  adrenal neurons (76% ) w a s loca ted  in  the T 1 2 , T 1 3  and sp la n ch n ic  g an g lia , and  
m ost sp le n ic  neurons (71% ) w ere in  th e sp la n ch n ic  g a n g lia . In 7  rats d ou b le-lab e llin g  
o f  renal and adrenal neurons w a s found  and con stitu ted  o n ly  2%  o f  a ll the labelled  
neurons in para- and prevertebral gan g lia . N o  d ou b le la b e llin g  o f  g a n g lio n ic  neurons 
w a s ob served  w h en  d y es w ere  applied  to  sp le n ic  n erves. T h e  neurons innervating  
the renal artery w ere observed  m ostly  the T 13  g a n g lio n  (47% ) and neurons innervating  
the renal v e in  w ere  found  m ostly  in  the sp lan ch n ic g an glia  (54% ). N o  d ouble labe llin g  
o f  th ese  renal neurons w a s found. T he th eoretica l p o ssib ility  o f  co m m o n  innervation  
o f  th e k id n ey  and adrenal g land  w a s  h igh  b ecau se  b oth  organs h ave a s im ilar pattern  
o f  prenatal d ev e lo p m en t and b eca u se  o n e  n erve b un dle o ften  p rov id es axon s to  both  
organ s. B e ca u se  th is inn ervation  o f  tw o  targets b y  a s in g le  neuron  w a s  not ob served  
w h en  inn ervation  o f  th e sp le en  w a s  stu d ied  or w h en  th e arterial and v en o u s  neurons 
o f  th e k id n ey  w ere com pared , our d em on stration  o f  a sm all popu la tion  o f  gan g lio n ic  
neurons innervating both the k idney and adrenal gland is genu ine. In contrast, the separate 
locations o f  neurons innervating the artery and v e in  o f  the k idney illustrates the capacity  
o f  g a n g lio n ic  o rgan ization  to  p rov ide d iscrete con trol o f  tw o targets in the sa m e organ.

135.3 135.4
ADRENOMEDULLARY (AdM) FUNCTION IN CHRONIC 
INTERMITTENTLY STRESSED ADULT NEONATALLY 
HANDLED (H) AND NON-HANDLED (NH) ANIMALS:
EFFECTS OF EXPOSURE TO VIRALLY TRANSFECTED 
FIBROBLASTS. S. Bhatnagar*. A. Steverman. M. Walker. N. 
Shanks & M.I. Meanev. Developmental Neuroendocrinology Lab, 
Douglas Hosp. Res. Ctr., McGill University, Montreal, Quebec, 
Canada H4H 1R3.

We investigated basal AdM function in adult H or NH rats that 
were exposed to chronic intermittent cold stress or left undisturbed. 
We found that after 21 days of exposure to cold (4 h a day at 4°C, 
adrenal content and plasma levels of catecholamines were not 
different between groups; activity of the catecholamine 
synthesizing enzyme, tyrosine hydroxylase (TH) was higher in NH 
animals regardless of condition. These data suggest that H and NH 
animals do not differ in basal catecholamine release regardless of 
condition, but may differ in response to acute stress. In addition, we 
examined basal AdM function in H and NH animals injected with 
Fujinami sarcoma virus transfected fibroblasts and exposed to 
either intermittent cold (as above), intermittent restraint (20 min a 
day for 21 d; H RES and NH RES) or left undisturbed. We found 
that adrenal content and plasma levels of catecholamines did not 
differ between groups; however, TH activity was decreased in H 
RES and, in parallel, these animals exhibited the lowest incidence 
of tumors. These data suggest that chronic stress modulation of 
tumor growth or tumor rejection is subject to individual differences, 
is stressor specific and may involve the adrenomedullary system.

TYROSINE HYDROXYLASE GENE EXPRESSION IN ADRENAL 
MEDULLA OF COLD INDUCED HYPERTENSIVE RATS. Nihal 
Türner. Muhittin Yürekli. Gopal Raiakumar.* and Melvin J. Freely. 
Geriatric Research and Education Center, VAMC and Depts of 
Pharmacology and Physiology Univ of FL Gainesville, FL 32608-1197.

Chronic cold (5°C) exposure increases both tyrosine hydroxylase (TH) 
gene expression in adrenal medulla and blood pressure. The latter can be 
prevented by dietary administration of prazosin (8 mg/kg food) or arginine 
(20 g/kg food) during the period of cold exposure. To investigate the 
effects of prazosin and arginine on the cold induction of TH we assessed 
TH activity, TH mRNA, and plasma epinephrine concentration following 
cold exposure for 8 weeks with and without concurrent treatment with 
prazosin or arginine.

OD Units TH Activity------
nmol/mg P/H

Epinephrine
ng/ml

Control (5) 0.25±ö.öl 18.64dhz.19 5.İ8L1.89*
Cold (C)(5) l.İl±.İ8* 30.07±1.23* 26.0tó.60*
C+Praz (5) 1.51±.l8 31.46±4.45 14.03±1.47*
C+Arg (5) 1.65±.24 27.7ÖL5.64 44.31±18.47*

TH mRNA was significantly higher in cold-exposed, cold + prazosin 
and cold + arginine-treated animals (p<0.05). There was a corresponding 
elevation in TH activity parallel to increase in TH mRNA. Similarly there 
was an elevation in plasma epinephrine that correlated with the increase in 
TH activity. Both prazosin and arginine prevented the cold-induced 
elevation of blood pressure, but not the increase in TH mRNA, TH activity, 
or epinephrine (p<0.05). These data suggest that cold-induced 
hypertension is unlikely to be maintained by increased epinephrine 
biosynthesis. (Supported by Department of Veterans Administration 
Medical Center and American Heart Association, Florida Affiliate and 
Grant HL 39145 from NHLBI.)
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135.5
EFFECT OF GLUCOCORTICOID HORMONES ON SYMPATHETIC 
NERVOUS SYSTEM ACTIVITY IN BROWN ADIPOSE TISSUE.
A.M. Strack*. M.J. Bradbury. C.J, Horslev. a n d M J , PaUmaiL Dept. 
o f  Physiol, Univ. o f Calif, San Francisco, San Francisco, CA 94143.

Thermogenic activity o f  brown adipose tissue (BAT) is highly 
dependent upon sympathetic innervation. We have used BAT as a model 
to study interactions between the sympathetic nervous system and 
glucocorticoid hormones. Its thermogenic activity, as w ell as its 
secondary function, fat storage, are both altered by circulating 
glucocorticoid levels. We have examined peripheral and central effects 
of glucocorticoids on BAT sympathetic activity.

Peripheral glucocorticoids: we gave systemic replacement of 
corticosterone to adrenalectomized rats. After 5 days, rats were killed, 
hormone and BAT variables were measured. As corticosterone levels 
increased, BAT sympathetic function decreased, (decreased activity o f the 
BAT-specific mitochondrial protein, Uncoupling Protein (UCP), 
decreased UCP content and concentration, decreased BAT protein 
concentration). BAT lipid storage and insulin levels increased.

Central glucocorticoids: we infused saline, 4 or 40 ng corticosterone 
per day intraeerebroventricularly into adrenalectomized rats for 5 days. 
These rats showed increased BAT sympathetic function (increased UCP 
content). A  nonsignificant increase was seen in UCP concentration, 
protein content and concentration. No change was seen in insulin.

Centrally administered glucocorticoids increase sympathetic 
thermogenic capacity; in contrast, peripherally administered 
glucocorticoids decrease sympathetic thermogenic capacity. Many o f the 
apparently inhibitory effects o f peripheral glucocorticoids are likely due 
to insulin which increases in parallel with plasma glucocorticoids.

135.7
IS R ES ID U A L CA RD IA C SY M P A TH ETIC  INNERVATION IN AD ULT RA TS  
A F T ER  NEONATAL 6-H YDRO XYDO PAM IN E T R EA T M EN T  C A U S ED  BY  A 
CH AN GE IN PH EN O TYPE O F INTRINSIC CARDIAC N EU RO N S? D.D. Lund*. 
B.J. Pardini. E.A . Beauin. C.A . Whiteis. A .R . Subieta. and P . G - S c h m id t  
Dept. of Vet. Affairs Med. Ctr., Cardiovascular Ctr., and Dept. of Internal 
Medicine, Univ. of Iowa, Iowa City, Iowa 52246.

A neonatal regimen of 6-hydroxydopamine treatment causes complete 
depletion of cardiac norepinephrine (NE) in rat pups. Eight w eeks later, 
cardiac NE levels rise and cardiac choline acetyltransferase activity, a 
cholinergic neuronal marker, declines (F A S E B  Journal 7:A555, 1993). We 
hypothesized this may have been caused by a change from cholinergic to 
noradrenergic phenotype of the intrinsic cardiac neurons. To test this 
hypothesis, neonatal rats were injected with 6-hydroxydopamine (60H ), 50 
pg/g body wt, ip, or vehicle (VEH) on each of the first five days of life. Seven  
w eeks later the rats received either a stellatectomy (STX) to remove 
postganglionic sympathetic innervation (extrinsic) to the heart or sham surgery 
(SHM). One week later the rats were sacrificed and their hearts removed for 
NE analysis. Cardiac NE levels, ng/chamber, mean ± SEM , are illustrated 
below. *P<0.05 vs SHM from same group. ND=non detecable.___________________

135.9
AGE-RELATED C O H ER EN CE O F  EFFERENT  
SYM PATHETIC (SYM P) ACTIVITY A ND  PH RENIC (PHR) 
ACTIVITY IN N EO N ATA L ŞW IN E PER FU SED  W ITH  
M A G N ESIU M . B. W. Hundley- . P.M .Gootm an. G. Con demi. Æ 
Siddiqi. H. L. Cohen. N . Gootman. Dept. o f  Physiology, SUNY- 
Hlth. Sci. Ctr., Brooklyn, N Y  11203.

Simultaneous recordings o f  cervical SYM P, splanchnic and 
PHR activity along with aortic pressure, EKG and end-tidal 
C 0 2 were obtained in Saffan-anesthestized, paralyzed and 
artificially ventilated piglets (1-38 days o f  age). Piglets 
were perfused with 1 M M gCl2 via a femoral venous catheter 
for 20 min; arterial blood and cerebrospinal fluid samples 
were drawn to measure [Mg]. Power spectra and coherence 
functions o f SYMP and PHR discharge were obtained by a FFT 
routine. PHR discharge also defined the separate inspiratory 
(I) and expiratory epochs used for gating spectral estimates.
The analysis revealed peaks in four regions (3-7 Hz, 8-12 Hz, 
18-24 Hz, 30-38 Hz). Coherence between SYM P and PHR varied 
from insignificant values (Kz  <  .1) in sw ine less than 10 days 
old to significant coherence values (K z >  .30) in animals 13 
days or older. Peak coherence values were obtained for 10 
swine, separated into two age groups. The age-coherence 
relationship for the 3 - 7  and 8 -1 2  Hz peaks was significant 
for the I epoch (p <  .05). For the 30 - 38 Hz and 18 - 24 Hz 
peaks, neither component was significant (p >  .0 5 ).Corre
lation o f  age with the SYM Ps and PHR was significant only in 
the older group ( >  13 days). Results indicate that coherence 
between the SYMP and PHR can be induced at an earlier age by 
the infusion o f Mg. (NIH grants HL-20864 and H D -28931.)

135.6
PHASE-RESPONSE CURVE ANALYSIS OF HEART RATE 
VARIABILITY IN UNANESTHETIZED HUMANS. Ц , 
Cordero, W. Tapp. P. Zhang, S. Reisman and S. Cook*. 
Neurobehavioral Unit, EOVAMC, 127-A, East Orange, NJ 
07018.

We have developed a non-invasive method to estimate a 
cardiac phase-response curve (PRC) in unanesthetized humans. 
The PRC can depict the way a stimulus resets the cardiac 
cycle. The name PRC emphasizes the fact that the direction 
and magnitude of resetting are dependent on the phase of the 
cardiac cycle when the stimulus is delivered. Respiration is 
a common stimulus for resetting the cardiac cycle and is 
thought to be due to respiratory modulation of vagal output 
at the heart. Cardiac PRC's, due to a variety of stimuli, have 
been characterized in v itro  and in v ivo  in anaesthetized, 
stimulated animals. To evaluate the PRC in humans we 
monitored the strength of the respiration stimulus, the time- 
location of it's occurrence in the heart period and the 
amplitude of the change in heart period. Using the PRC and 
other predictors, we can regenerate the change in heart period 
sequence with R2's ranging from .75 to .92 in five normal 
subjects. This novel technique gives us a new way to examine 
respiratory effects on heart period. Supported by VA 
Rehabilitation Research Funds.

135.8
RENAL REACTIVITY TO STRESS IN BORDERLINE HYPERTENSIVE 
(BHR) AND NORMOTENSIVE (WKY) RATS ON NORMAL OR HIGH SALT 
DIETS. JE Lawler*. SK Navior. S-G Li, G-P Zheng and C-H 
Wang. Dept. of Psychology and Physiology Program, Univ. 
of Tennessee, Knoxville, TN 37996.
Blood pressure reactivity to stress has been examined in 
humans with a positive family history of hypertension 
while on either normal or high salt diet. However, 
little has been done related to renal reactivity under 
these same circumstances. Male BHR and WKY were studied 
from 8 weeks of age, and were placed on either a normal 
or high (8%) salt diet for 8 weeks. The renal response 
to acute tailshock stress was then studied in chronically 
instrumented animals. The percent change from rest to 
stress was determined for each of the following 
variables: Na and K excretion, urine volume, renal
plasma flow, glomerular filtration rate and filtration 
fraction. Change scores for systolic blood pressure 
reactivity (mm Hg) are also reported {* p<.05, # p<.10 
compared with zero change for all variables).

SBP NaExc KExc UVol RPF GFR FF
WKY-N 9.1* -14.4 -4.0 5.7 -31.2 -28.0# 21.5

-H 6.1# -30.0# 19.3 8.5 -19.2 -12.1 30.0
BHR-N 13.1* -42.9* -20.8* 18.9 -40.2* -17.1 47.9

-H 8.9* -25.2* 1 o 18.6 -39.3* -27.1* 37.2
Renal reactivity to acute stress is enhanced in the BHR 
on both normal and high salt diets. This may represent a 
mechanism for salt and/or stress-induced hypertension in 
this model. (Supported by HL-19680 and Am Heart Assoc)

135.10
AGE-RELATED CO H ER EN CE O F EFFEREN T SYM PATHETIC  
(SYM P) ACTIVITY AND PHRENIC* (PHR) ACTIVITY IN  
N EO N ATA L SW IN E. P.M .Gootm an- . B.W . Hundley. G.Condemi,
A . Siddiqi. H .L. Cohen. Dept. o f  Physiology, SUN Y - Hlth. Sci.
Ctr.,Brooklyn, NY 11203.

Simultaneous recordings o f  cervical SYM P, splanchnic and 
PHR activity along with aortic pressure, EKG and end-tidal 
C 0 2 were obtained in Saffan-anesthestized, paralyzed and 
artificially ventilated piglets (1-38 days o f  age). Power 
spectra and coherence functions o f  SYM P and PHR discharge were 
obtained by a FFT routine. PHR discharge also defined the 
inspiratory (I) and expiratory epochs used for gating spectral 
estimates. The analysis revealed peaks in four regions (3-7 
Hz, 8-12 Hz, 18-24 Hz, 30-38 Hz). Coherence between SYM P and 
PHR varied from insignificant values (Kz < 0 .1 )  in^wine less 
than 2 weeks old to significant coherence values (K z > .3 0 )  in 
animals 19 days or older. Peak coherence values were obtained 
for 15 swine, separated into two age groups. The age- 
coherence relationship for the 3 - 7  and 8 -1 2  Hz peaks was 
significant for the I epoch (p <  .0 5 ).For the 30 - 38 Hz and 
18 - 24 Hz peaks, neither component was significant (p >  .05). 
Correlations o f  age with the SYM Ps and PHR were significant 
only in the older group ( >  19days). Results indicate that 
coherence can be considered to be a good indicator o f  
postnatal maturation occurring within the SYM P rhythm 
generating system(s) and that the respiratory rhythm generator 
plays an increasing role in the generation o f  SYM P rhythms 
with age. (Supported by NIH grants HL-20864 and H D -28931.)
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GRO UP R. ATR. L. ATR. R.V EN T. L.V EN T.
VEH-SHM(6) 7 2 .3± 5.8 54.1 ± 6.9 157 .2± 0 .6 111.3 ±11.4
VEH-STX(4) 1.5 ± 1.4* ND* 8.8± 3.8* 13.1 ± 4.2*
60H-SHM(3) 3 6 .4± 14.4 2 6 .3± 1.1 4 .9±  4 .0 7.2  ± 3.4
60H-STX(3) ND* ND* ND* ND*

We conclude that residual cardiac norepinephrine does not result from a 
change in phenotype from cholinergic to noradrenergic but rather from 
regrowth of card iac sym pathetic postganglionic (extrinsic) neurons. 
(Supported by Dept. of Veterans Affairs, NIH HL-38137, and AHA-lowa 
Affiliate)
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135.11
COOLING AND REGIONAL CHANGES IN NOREPINEPHRINE TURNOVER 
IN ANESTHETIZED GUINEA PIGS. C.A. Whiteis. B.J. Pardini.

and P.G·.· Schmid * . Dept. of Vet. Affairs Med. 
Ctr, Cardiovascular Ctr,.and Dept. of Internal Medicine, 
Univ. of Iowa, Iowa City, Iowa 52246

Cold exposure in conscious guinea pigs induces marked 
sympathetic activation with only minimal decreases in 
body temperature (J.P.E.T. 2M:447-452, 1986). To 
examine the effects of cooling on norepinephrine (NE) 
synthesis in chloralose-anesthetized guinea pigs, the 
rate constant of norepinephrine turnover, k̂ E, was 
measured in heart and various regions of the kidney.
Body temperature decreased from 38°C to 33°C. The k^E for 
cardiac regions are illustrated below:

RA LA RV LV
kNE at 38°C 0.09+0.03 0.08±0.03 0.06±0.02 0.05±0.01
kNE at 33°C 0.05±0.01* 0.04±0.01* 0.03±0.01* 0.03±0.01*

In parallel with decreases in renal sympathetic nerve 
activity, kNE in renal cortex, medulla, and papilla 
decreased (p < 0.05) from 0.063 to 0.032, 0.084 to 0.034, 
and 0.224 to 0.056, respectively. Thus, in contrast with 
sympathetic activation and maintenance of body 
temperature in conscious guinea pigs, cold exposure in 
anesthetized guinea pigs results in sympathetic 
deactivation and an inability to maintain body 
temperature. (Supported by Dept. of Veterans Affairs,
NIH HL-14388, and a Grant-in-Aid from the Iowa Affiliate 
of the American Heart Association.)

135.12
REG IO N AL SYM PATH ETIC N ER V O U S ACTIV ITY IN HUMANS FOLLOW ING  
FO O D  IN TAKE. H. S . Cox. J. Thompson. D.M. Kave. C . Itsiopoulos. P. 
Brptchie*. A. G. Turner and M.D. Esler . Human Autonomic Function Lab., 
Baker Med. Res. Inst. Prahran 3181, Victoria, Australia.

The body dissipates excess calories via the process of thermogenesis. The 
sympathetic nervous system  has been implicated in the stimulation of 
thermogenesis by food. To investigate this link and the regional patterning of 
the sympathetic response to calorie intake, six young healthy male subjects 
were studied. They underwent central venous catheter placement during 
infusion of tritium labelled norepinephrine (3H-NE) with sampling from the veins 
draining the heart, kidney and liver. Microneurography, the direct measurement 
of sympathetic nerve activity and oxygen consumption were also performed. 
Subjects were fasted overnight and measurements were made before and for 
90 minutes following consumption of a high energy liquid meal.

Whole body oxygen consumption rose 27%, peaking at 40 minutes post 
meal. Total body spillover of norepinephrine into the circulation, measured by 
isotope dilution, rose from 616 ng/min in the fasting state to peak at 997 ng/min 
at 30 minutes post meal. Spillover of norepinephrine from the heart w as 23 
ng/min before the meal and 24 ng/min, and 30 ng/min at 30 and 60 minutes 
post meal respectively. NE Spillover from the hepatosplanchnic circulation 
increased by 24 %  (83 ng/min to 103 ng/min ). Renal spillover of 
norepinephrine showed a 179% increase following the meal (68 ng/min to 189 
ng/min P<0.05 ), with a concurrent 28% increase in oxygen consumption by 
the kidney, and a 12.6% increase in renal vascular resistance. Skeletal muscle 
sympathetic nerve activity (peroneal nerve) increased from 7.7 bursts/min at 
rest to peak at 17.9 bursts/min 60 minutes post meal.

Consumption of a meal produces a substantial and relatively selective 
increase in sympathetic outflow to the kidneys and skeletal muscle, with less or 
no stimulation of the sympathetic nerves of the gut or heart. This may have 
implications in conditions involving overeating, such a s  obesity-related 
hypertension, where renal sympathetic stimulation has been suspected.

SOMATIC A N D  VISCERAL AFFERENTS II

136.2
M O R P H O L O G I C A L  B A S IS  F O R  M E C H A N O - A N D  C H E M O R E C E P T I V E  
P R O P E R T I E S  O F  K N E E  J O I N T  A F F E R E N T S  IN  T H E  C A T
K . M e ß lin g e r * . M , P a w la k . K . S ch ep e lm a n n . H . S te in b a c h . R .F . S ch m id t  
D ep t. o f  P h y s io lo g y , U n iv e r s ity  o f  W ürzb u rg, W -8 7 0 0  W ü rzb u rg , G erm an y

A rticu la r  a fferen te  c o n s is t  m a in ly  o f  p o ly m o d a l А б  a n d  C  fib ers  w ith  "free" 
n erv e  e n d in g s  (F N E ) , u su a lly  c o n s id e red  n o c ic e p tiv e , an d  m e ch a n o r ece p t iv e  A ß  
fib ers  w ith  co rp u scu la r  n erv e  e n d in g s  (C N E ). А б  a n d  C fib ers , h o w ev e r , m a y  be  
h ig h -  a s  w e ll  a s  lo w -th r e sh o ld , w h ile  so m e  A ß  a fferen te  ca n  a lso  b e  a c t iv a ted  by  
a lg o g e n ic  c o m p o u n d s . T h e se  d if fe r in g  p ro p er tie s  w ith in  sa m e  g ro u p s m ay  b e  
re la ted  to  y e t  u n k n o w n  m o r p h o lo g ic a l d iffe r e n c e s  o f  th e  sen so ry  te rm in a ls .

E x tra c e llu la r  s in g le  u n it  r e co r d in g s  w e re  m a d e fr o m  f i la m e n ts  o f  th e  ca t’s sa 
p h e n o u s  n erv e . A ffer en t fib ers  in n e r v a tin g  th e  k n e e  jo in t  w e re  ch a ra c ter ized  by  
th e ir  c o n d u c tio n  v e lo c ity  (c .v .)  a n d  th e ir  re sp o n ses  to  m e c h a n ic a l s t im u li an d  to  
ex c ita to r y  co m p o u n d s . T h e  re ce p tiv e  f ie ld s  w e r e  c lo s e ly  d em a rca ted  an d  th e  
t is su e  w a s  p ro ce s sed  fo r  e le c tr o n  m icr o sco p y . S en so ry  e n d in g s  o f  fu n ctio n a lly  
ch a ra c ter ized  a fferen te  w e r e  id e n t if ie d  a n d  e x a m in e d  b y  3 D -rec o n stru c tio n .

T h r ee  F N E  o f  А б  f ib ers  w ith  c .v . ra n g in g  fro m  6 .4  to  1 2 .8  m /s  w e re  id e n t if ied  
an d  p artly  reco n stru cted  in  la y er s  o f  th e  art icu la r  ca p su le . T h e  te rm in a ls  o f  an  
A ß  fib er  w ith  a  c .v . o f  3 0  m /s  w e re  fo u n d  to  re p r esen t a  n e w  ty p e  o f  tu ft - l ik e  e n 
d in g s  w ith  s im ila r it ie s  to  F N E . F ou r R u ffm i- lik e  C N E  o f  A ß  f ib ers  w ith  c .v . o f  
ab ou t 4 0  m /s  d iffer ed  fro m  e a c h  o th er  in  th e ir  re sp o n se  b e h a v io r  a s  w e ll  a s  in  
th e ir  to p o g ra p h y  an d  th e  m o r p h o lo g y  o f  th e ir  co r p u scu la r  structure.

C o n c lu s io n s: 1) T h e  c .v . o f  th in  a fferen t fib ers  co rresp o n d  to  th e  a x o n  d ia m e
ters  o f  th e  sen so ry  en d in g s . 2 )  A ß  fib ers  w ith  lo w  c .v . m a y  te rm in a te  in  n o n -co r -  
p u sc u la r  R u ff in i- l ik e  en d in g s . 3 ) M e c h a n o se n s it iv e  p ro p ertie s  o f  a fferen ts  see m  
to  b e  l in k ed  to  th e  d en s ity  o f  th e  c o n n e c t iv e  t is su e  su rro u n d in g  th e  sen so ry  e n 
d in g s , an d  to  th e  o r ie n ta t io n  o f  te rm in a ls . 4 )  C h e m o se n s it iv ity  o f  p o ly m o d a l a f
fe ren ts  m a y  d ep en d  in  p art o n  th e  v a sc u la r iz a t io n  arou n d  th e  te rm in a l structu res.

136.3
RESPONSE C H A R A C TE R IST IC S O F TH ERM AL SE N SIT IV E  CO R N EAL 
NO CICEPTO RS. S . Monroe*1. N.Maluf2. G . Kovacs2. D .L. Tanelian1.1 Dept. 
of Anesthesiology, and Pain Mgt, UT Southwestern Med. Ctr., D allas, TX  
75235-9068, and 2Dept.Electrical Engineering,Stanford Univ. Stanford, CA.

Response characteristics of thermal sensitive C  fibers were investigated in 
an in  vitro  preparation of the rabbit cornea using a newly developed thermal 
stimulus system  consisting of a bismuth telluride therm oelectric Peltier 
element. A thermocouple at the tip of the 3mm diameter stim ulus probe 
monitored temperature allowing proportional integral feedback control of 
stimulus temperature. Temperature was controlled to an accuracy of 0.1°C , 
with the maximal rate of temperature change being 1.0 degree / sec. 
Corneas were mounted and maintained at an adapting temperature of 3 5 °C  
in vitro. Extracellular recordings were obtained from 23 single C  fiber 
thermosensitive units. Therm al sensitivity for each fiber was determined 
using a series of temperature steps ranging from 24 to 4 2 °C . The rate of 
temperature change ranged from 0.05 to 0.5 degrees C  / sec. At the 
adapting temperature, C  fibers were tonically active at a mean rate of 13.6 +/- 
3.77 spikes / sec. Activity w as inversely proportional to temperature, 
reaching a maximum of 172 +/- 24 % of control at 2 6 °C . The magnitude of 
the C fiber phasic response was proportional to both the magnitude and rate 
of cooling. Peak sensory response tim es were inversely proportional to the 
rate of cooling. Sensory adaptation occurred and was proportionally related 
to the rate of temperature change, but independent of stim ulus magnitude. 
The rate at which adaptation occurred w as independent of both stim ulus 
magnitude and rate. Future studies will investigate molecular mechanisms 
underlying sensory adaptation. Supported by NIH grant NS28646-02.

136.4
V EN TRA L RO O T A F F E R EN T S  A R E  NOT CAPSAICIN -SEN SITIVE AND FAIL 
T O  IN DU CE EXTRAVASATION  FROM  PIAL V E S S E L S . M. Karisson* and C . 
H ildebrand. Department of C e ll Biology, Faculty of Health S c ie n ce s, 
University of Linköping, S-581 85 Linköping, Sw eden.

Rat ventral roots contain unm yelinated sen so ry  axons. Som e of 
these enter the pia mater and contain sub stance P (SP) and calcitonin 
gene-related peptide (C G R P ). At other locations, axons containing 
these peptides are sensitive to neonatal capsaicin  treatment and may 
be involved in vasodilation and p lasm a protein extravasation . W e 
asked if sensory ventral root axons are sensitive to neonatal capsaicin  
treatment and if they can  induce extravasation from piai v e sse ls . 
Neonatal treatment of rat pups with cap sa ic in  followed by perfusion 
fixation after three m onths and electron m icro sco p ic  (EM ) or 
im m unohistochem ical evaluation show ed that these  axons persist 
after neonatal c a p sa ic in  treatm ent. EM  evaluation of cro ss-cu t  
ventral roots L4 and L5  show ed no significant d ifference in the 
proportion of unm yelinated axons between cap sa ic in  treated (L4: 4- 
11% , L5 : 4-19% ) and untreated (L4 : 6-14% , L5 : 7-10% ) rats. No 
obvious difference in content of im m unoreactive fibers w as seen  in 
longitudinal sectio ns from L4 and L5 ventral roots of neonatally  
cap sa ic in  treated rat pups after immunostaining for S P  and C G R P .  
Supram axim al stimulation of the ventral root L5 in adult rats did not 
induce extravasation of Ev a n s  blue-albumin from piai v e sse ls . T h e se  
results suggest that ventral root afferents are  functionally different 
from otherwise sim ilar afferents at other locations.
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136.1
FURTHER CHARACTERIZATION OF RETROGRADELY -TRANSGANG LIONI- 
CALLY TRANSPORTED ISOLECTIN B4 FROM  GRIFFONIA SIMPLICIFOLIA I, 
FOLLOWING INJECΉ ONS INTO A  PERIPHERAL NERVE.
Ü Grant*»,H, Wang, Ç. Rjverø-Melián,a n d B,R.obe_rt§Qn,
Det)t. of Anat., Karolinska Institutet, Box 60400, S -104 01 Stockholm^ Sweden.

I can be used for transganglionic labeling from a peripheral nerve in the rat (Grant et al., Anat. 
Rec. 1993. Suppi. 1, p.55). This isolectm has previously been shown to bind selectively to 
presumably unmyelinated fibers and terminals m the dorsal horn laminae I-II and to small cells 
in the dorsal root ganglion containing different neuro-peptides or fluoride-resistant acid 
phosphatase (FRAP). We found very mtense immunoreactivity or horseradish peroxidase 
(HRP) labeling in the superficial dorsal horn at 2-4 days survival, following injections o f  20% 
B4 or 4% B4-HRP into the sciatic nerve and application o f  immunocytochemical or HRP 
histochemical procedures. No transneuronal labeling was observed. Very distinct Golgi-like 
labeled fine fibers were seen mainly coursing laterally through lam inai, entering the outer (II) 
and inner (Dj) parts o f  lamina II. Smaller amounts o f fine fibers were also found coursing 
ventrally into lamina III. In addition, labeled fibers were seen in area X  ventral to the central 
canal, and in the gracile nucleus. In our further studies o f  the B4 isolectin as a  potential tracer 
for a selective group o f  afferent fibers we have now examined sections from dorsal root ganglia 
from immuno-fıxed B4-HRP injected cases. These sections were incubated with a mixture o f 
B4-biotin and anti-HRP antibody. Fluorochrome-conjugated avidin and an appropriate 
secondary antibody revealed complete overlap between neurons containing transported B4- 
HRP ana B4-biotin. The cells were small. Cell size measurements are presently carried out 
and co-localization with different neuronal markers investigated. Another approach for 
studying selectivity ofB4 as a tracerwas to inject a mixture ofB 4 and the В-fragment o f  cholera 
toxin into the sciatic nerve. Immuno-staining o f  spinal cord sections showed transported B4 
tobe localized in laminar areas o f  the dorsal horn which are complementary to areas containing 
transported В-fragment. These findings are further support for the usefulness o f  the B4 
isolectin as a selective tracer for a  subpopulation o f  presumably unmyelinated, spinal primary 
afferent fibers.
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136.5
C G R P - L I K E  IM M U N O R E A C T IV IT Y  O F  F I N E  A F F E R E N T S  
IN N E R V A T IN G  P E R IP H E R A L  N E R V E  S H E A T H S .
G.M.Bove*, A.R.Light. Dept. of Physiology, 
Univ. of NC, Chapel Hill, NC 27599.

The connective tissue sheaths of peripheral 
nerves have been shown to be innervated by a 
plexus of fine fibers, often referred to as the 
nervi nervorum. The function of these nervi 
nervorum remains unclear. We have examined the 
distribution of small diameter CGRP- 
immunoreactive nerve fibers in peripheral 
nerves of rat and cat. Small diameter CGRP- 
containing nerve fibers and their terminals 
were found to form a plexus in the nerve 
sheaths of both species in motor, sensory, and 
mixed nerves. Individual fibers were found to 
branch extensively before termination and to 
have numerous varicosities. This termination 
pattern is similar to CGRP-immunoreactive 
terminations described in other epithelial 
tissues in various species. These data are 
consistant with our physiological recordings of 
group IV afferents which have demonstrated 
numerous discrete receptive fields located 
along nerves. Taken together, these data 
support a nociceptive function for the nervi 
nervorum. (Supported by NINDS NS16433, NIAMSD 
AR08239, and FCER 90-6-1)

136.7
INTERLEUKIN-2 ACTIVATES SUB-POPULATIONS OF C-FIBER P0LYM0DAL 
RECEPTORS IN THE RAT HAIRY SKIN: A COMPARATIVE STUDY WITH 
HISTAMINE, BRADYKININ, ACID AND CAPSAICIN. H .A. Martin* and 
P.R. Murphy. Div. of Neurobiology, Medical School, 
University of Newcastle-upon-Tyne, NE2 4HH, U.K.

To elucidate the neurohumoral mechanisms of IL-2-induced 
itch, we compared the response characteristics of single C- 
fibre polymodal receptors to IL-2 (N.I.B.S.C., 0.02υ/μ1), 
histamine (Sigma,100 ng/μΐ), bradykinin (Sigma, 25 ng/μΐ), 
glacial acetic acid (Sigma) and capsaicin (Sigma, 1 /zg/μΐ).

Individual units were isolated in an i n  v i v o saphenous 
nerve preparation and identified by their physiological 
properties (i.e., conduction velocity and response threshold 
to electrical, mechanical and thermal stimuli). Drugs were 
injected (3 μΐ ) into their receptive field in the following 
order: IL-2, HIS, BK, CAP. Acid was applied to the skin and 
washed out before CAP injection.

Out of 13 C-fibre polymodal receptors, 5 were activated 
by IL-2. These units were also activated by HIS and, for 
both drugs, similar short latency, irregular low frequency 
discharges occured. Out of the remaining 8 polymodal units, 
2 were activated by HIS and BK. Interestingly, 11 C-fibre 
mechanical nociceptors were also tested but none of them 
responded to IL-2, HIS or BK.

This study demonstrates that (1) IL-2 directly activates 
sub-populations of C-fiber polymodal receptors which may 
encode itch and (2) the mechanisms underlying IL-2-induced 
itch are not histaminergic.

136.9
A COMPARISON OF THE MECHANICAL RESPONSE PROPERTIES OF 
MYELINATED VS. UNMYELINATED NOCICEPTORS, AND THEIR 
RELATIONSHIP TO PERCEPTION. P.C. Gareli and J.D. 
Greenspan*. Dept. of Neurosurgery, SUNY Health Science 
Center, Syracuse, NY 13210, USA.
Single unit electrophysiological recordings were made 

from cutaneous nociceptors in decerebrate, adult cats of 
either gender. The receptive fields of these nociceptors 
(on the hindlimb) were stimulated with mechanical probes 
of various sizes (surface area of flat tip: 0.1-5.0mm^), 
applied with prescribed forces (2-90g). These results 
were compared to published psychophysical studies of 
sharpness and pain perception which used the same 
stimulus parameters (Greenspan and McGillis, 1991, 
Somatosens. Mot. Res. 8, 137). Seventeen myelinated (Αδ) 
and twelve unmyelinated (C) nociceptors were evaluated. 
For a given probe size, nociceptors generated higher 
firing rates with greater forces. For a given force, 
most nociceptors generated higher firing rates with 
smaller probes. When compared to human psychophysical 
results, all nociceptors had thresholds below pain 
threshold, and many nociceptors had thresholds below the 
threshold for non-painful, sharp sensations. Two 
response properties distinguished Αδ from C nociceptors: 
1) Αδ nociceptors had a greater dynamic response range 
than C nociceptors. 2) Αδ nociceptors showed greater 
response differences across probe sizes. As a group, Αδ 
nociceptors exhibited a trade-off between probe size and 
force that closely matched perceptual thresholds of 
sharpness and pain. C nociceptors had response profiles 
that did not parallel the psychophysical results as well. 
(Supported by NSF grant BNS-8808337.)

136.6
DIFFERENTIAL CORRELATION OF SUBSTANCE P-LIKE IMMUNO
REACTIVITY (SP-LI) WITH THE TYPE OF C-FIBER SENSORY 
RECEPTOR. S.N.Lawson. B.Crepps, J.Bao. B.W.Brighton 
and E.R.Perl* Dept. Physiology, Univ. No. Carolina 
Sch. of Med., Chapel Hill, NC 27599-7545.

To study relationships between functional 
characteristics of DRG neurons and SP-LI, 
intracellular recordings were made from L6-S2 DRGs of 
young guinea pigs anesthetized and maintained 
areflexic with pentobarbital. Units were 
characterized by dorsal root conduction velocities 
and responses to appropriate combinations of 
mechanical and thermal stimuli to the ipsilateral 
hindlimb. After functional testing, C-fiber somata 
were injected iontophoretically with Lucifer Yellow 
(Ch) or ethidium bromide. Immunoreactivity was 
determined using the ABC method with polyclonal SP 
antibodies (Incstar). Approximately half of the 
labelled C-fiber somata had SP-LI. SP-LI positive 
units included several varieties of mechanoreceptors: 
cutaneous low threshold mechanoreceptors (LTM), high 
threshold cutaneous or subcutaneous mechanoreceptors 
(HTM/mechanical nociceptors). Polymodal nociceptors 
of hairv skin (noxious heat and noxious mechanically 
excitable) did not display demonstrable SP-LI. 
Supported by USPHS grant NS-10321 to ERP and MRC-UK 
award G9207879N to SNL.

136.8
A -D E L T A  N O C IC E PT O R S A R E  E X C IT E D  BY  N O X IO U S C O L D  STIM U LI. 
D .A . S im one1,2* and  K .C . K aiander2,3. 'N eurosci. Res. in  P sychia try , 2Grad. 
P rogram  in N eurosci. and  3D ept. o f  O ral S c i., and  Cell Biology & 
N euroanatom y, U niversity  o f  M innesota, M inneapolis M N  55455.

M ost cutaneous Α δ nociceptors a re  excited  by  m echanical s tim uli, and  many 
a re  also excited by  noxious heat. It has been  reported , how ever, that only a 
sm all po rtion  o f  Αδ nociceptors are  activated  by  co ld  s tim uli, w ith  response 
thresholds above 0 °  C . In  the  present study , w e  fu rth e r exam ined  responses of 
Αδ m echanonociceptors in ha iry  sk in  to noxious co ld  stim uli. S ingle fiber 
record ings w ere  m ade from  the  saphenous n erve  o f  anesthetized rats using a 
teased  fiber technique. N ociceptors w ere  located by  m ildly p inching  the skin. 
O nce a  high  thresho ld  m echanoreceptor w as identified and  its receptive field 
m apped, m echanical th resho ld  and  responses to  therm al stim uli w ere  assessed. 
R ecord ings w ere  m ade from  17 Α δ fibers w ith  m ean conduction  velocity  o f  14.0 
( ± 1 .9 )  m /s . M echanical th reshold , determ ined  w ith von  F re y  m onofilam ents, 
ranged  from  2 .5 -2 0 7 .8  m N  (m e d ia n = 1 9 .6  m N ). H eat stim uli o f  5  s duration 
and  co ld  stim uli o f  10 s duration  w ere delivered  in ascending o r  descending 
o rd er, respectively . W hile  none o f  the  fibers responded  to  heat stim uli up  to 53° 
C , a lį w ere  excited  by  noxious cold. R esponse thresholds ranged  from  12° C 
to  -15° C , w ith a  m ean response  th resho ld  o f  -2 .8 °  C  ( ± 1 .5 1 °  C ). Response 
threshold  w as 0 °  C o r  less fo r  15 o f  17 fibers. E voked responses typically 
increased  m onotonically  w ith increasing intensity  o f  co ld  stim uli. I t  is concluded 
that m any Αδ m echanonociceptors a re  excited by  noxious co ld  w ith thresholds 
^ 0 °  C . W e suggest that these nociceptors con tribu te  to  pain  p roduced  by 
in tense co ld  stim uli. T hese  nociceptors m ay a lso  contribu te  to hyperalgesia to 
co ld  stim uli that occurs in  certain  chronic painfu l syndrom es. Supported  by  NIH 
grants N S31223 and N S29567.

136.10
N E U R O M ETER  VS. D ISTA L SEN SORY LA TEN C Y  IN  EARLY 
D E TE C T IO N  O F  C A R PA L  T U N N E L  SY N D R O M E Ν .Ϊ. L am bert*.
G . H a m ilto n , I. E d m u n d  son . Į. H ay es P h y sica l T h e ra p y  D e p a rtm e n t, E ast 
C aro lin a  U n iv ers ity , G reenv ille , N C  27858 

E arly  d e te c tio n  o f  C a rp a l T u n n e l S y n d ro m e  (CTS) can  h e lp  to  p re v e n t 
th e  n ecessity  o f  su rg ica l in te rv en tio n  a n d  p o ss ib ility  o f  p e rm a n e n t 
d isab ility . T he  N e u ro m e te r  C PT  (N e u ro tro n  Inc) is  a  re la tiv e ly  n e w  
d iag n o s tic  d ev ic e  w h ic h  m a y  b e  u se fu l fo r  th e  e a rly  d e te c tio n  o f  CTS. 
T h e  p u rp o se  o f  th is  s tu d y  is  to  d e te rm in e  th e  sen sitiv ity  a n d  re liab ility  
o f  th e  N e u ro m e te r  c u rre n t p e rc e p tio n  th re sh o ld  (CPT) v a lu es  as  
c o m p a re d  to  th e  s ta n d a rd  d iag n o s tic  tec h n iq u e  o f  d is ta l s e n so ry  la ten cy  
a n d  a m p litu d e  m ea su res . F o u r g ro u p s  o f  sub jec ts p a rt ic ip a te d  in  the  
s tu d y : N o rm a l (n=20), sy m p to m a tic  n o rm a l (n=15), k n o w n  CTS ( n = l l )  
a n d  o th e r  (n=  5). N o rm al sub jec ts w e re  te s te d  tw ice  o n  th e  N e u ro m e te r  
a n d  fo r  d is ta l la te n c y  a n d  a m p li tu d e  to  d e te rm in e  re liab ility . A ll subjec ts 
w e re  tes te d  fo r CPT) a t  3  v ib ra to ry  freq u en c ies , a n d  fo r m e d ia n  n e rv e  
d is ta l s e n so ry  la te n c y  a n d  a m p litu d e . R a n g e  a n d  ra tio  c o m p a riso n s  of 
th e  N e u ro m e te r  w e re  m a d e  a n d  fo u n d  to  h a v e  p o o r  te s t-re te s t re liab ility  
(r<0.7). D ista l sen so ry  a m p litu d e  a lso  d e m o n s tra te d  p o o r  reliab ility . C PT  
v a lu e s  a t  5, 250, a n d  2000 H z  a n d  d is ta l s e n so ry  la te n c y  v a lu e s  w e re  
re liab le  (r>0.7). O n ly  4 o f  11 sub jec ts  w ith  k n o w n  CTS d e m o n s tra te d  a  
h ig h  CTS score . O f  th o se  sub jec ts c o n s id e red  to  b e  sy m p to m a tic , 11 o f 
15 h a d  le n g th e n e d  d is ta l latencies , w h e re a s  a t  5 H z , 250 H z  a n d  2000 H z  
th e  C P T  w a s  e le v a ted  in  3 ,1  a n d  0  cases  resp ec tiv e ly . A l th o u g h  a  fo llo w  
u p  s tu d y  is in d ic a te d , w e  c o n c lu d e  th a t  th e  N e u ro m e te r  is  n o t  a s  effec tive  
as  d is ta l sen so ry  la te n c y  in  th e  d e te c tio n  o f  CTS.
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136.11
PRIMARY A FFERENT N EUR O PEPTID ES M EDIATE  
NEUROGENIC SPREAD OF EXPERIMENTAL ARTHRITIS IN THE 
RAT. L.F.Donaldson*. D.S.M cOueen1 and J,R.Seckl. Dept Med, 
Western Gen Hosp and 1 Pharmacology, Univ Edinburgh, U.K.

We have investigated the role of nociceptive primary afferente and the 
induction of neuropeptide gene expresion in dorsal root ganglia (DRG) 
in the symmetrical spread o f arthritis. Capsaicin (which depletes -90%  
of nociceptive afferente) was applied perineurally to the sciatic nerve. 2 
wks later adjuvant was injected around the left ankle in a dose which 
causes bilateral ankle arthritis after 14d. Inflammation and joint swelling 
were monitored for 15d and calcitonin gene-related peptide (CGRP), 
somatostatin (SS), preprotachykinin (PPT) and vasoactive intestinal 
peptide (VIP) mRNA expression determined in L5 DRG using in situ 
hybridisation. Application o f capsaicin to the left (ipsilateral) sciatic 
nerve attenuated left ankle swelling (13.112.1 mm control arthritic, 6.5±
0.9mm capsaicin-lesioned) and treatment of either sciatic nerve prevented 
the contralateral spread o f swelling normally apparent after 14d. 
Contralateral inflammation was associated with increased expression of 
PPT and CGRP (47±17%, p<0.01) but not SS mRNA in innervating 
DRG. VIP mRNA was not expressed. In capsaicin-lesioned animals, 
inhibition o f contralateral spread o f arthritis was associated with 
significant ipsilateral reductions in all DRG neuropeptide mRNAs (SP 
66±4% fall, CGRP 55±8%, SS 100±0%) and attenuated rises in 
contralateral DRG PPT and CGRP mRNA expression. These data 
suggest that an initial inflammatory focus can lead to contralateral 
primary afferent activation and symmetrical inflammation/arthritis that 
may be mediated through synthesis o f substance P/neurokinin A and 
CGRP.

136.13
C-FOS E X P R E S S I O N  I N  G R A C I L O - T H A L A M I C  T R A C T  
NEURONS A F T E R  E L E C T R I C A L  S T I M U L A T I O N  O F  T H E  
INJURED S C IA T IC  N E R V E .
fenas K, g, Persson. Jarin Hongpaisan and Carl Molander*. Karolinska Institutet, 
Department of Anatomy, P. O. Box 60400, S - 104 01 Stockholm, Sweden.

The aim of this study was to make a quantitative analysis of the c-fos protein
like immunoreactive cell population in the rat gracile nucleus after electrical 
stimulation at Aoc/Aß-fiber strength of the previously injured sciatic nerve, and to 
establish the projection of immunoreactive cells by retrograde labeling with 
Fluoro-Gold from the thalamus.

No c-fos protein-like immunoreactive labeled neurons were seen in the gracile 
nuclei after electrical stimulation of the non-injured sciatic nerve, or after sciatic 
nerve injury without stimulation (sham). However, stimulation 21 days after 
sciatic nerve transection resulted in numerous c-fos protein-like immunoreactive 
neurons in the ipsilateral gracile nucleus (mean 2 20 , range 185-283/10 random 
transverse sections).

Combined c-fos protein immunocytochemistry and retrograde labeling from the 
thalamus showed that the majority (76%, range 70-80%) of the neurons in the 
gracile nucleus which expressed c-fos protein-like immunoreactivity after nerve 
injury, projected to the thalamus. Injection of Fluoro-Gold only, without nerve 
injury or stimulation, did not result in c-fos protein-like immunoreactivity in the 
gracile nucleus.

These results indicate that the morphological, biochemical and physiological 
alterations in primary sensory central endings and second order neurons, which 
have earlier been demonstrated in the dorsal column nuclei after peripheral nerve 
injury are accompanied by changes in the c-fos gene activation pattern after 
stimulation of the injured sciatic nerve. A substantial number of the c-fos 
expressing neurons project to the thalamus.

136.15
RECEPTIVE PRO PERTIES  OF N OCICEPTORS IN A PAINFUL 
CONSTRICTION NEUROPATHY M.Koltzenburo*. S.Budweiser. S.Kees.
G.Ochs. K.V.Tovka D e p t. o f  N euro logy, U n iversity  o f  W ürzburg , D -9 7 0 8 0  
Würzburg, G erm a n y.

We have studied the receptive properties of nociceptive afferents innervating 
the rat hairy skin following a chronic constriction neuropathy which produces 
pain behavior (Bennett & Xie 1988). The neuropathy was induced in the 
saphenous nerve of anaesthetized Sprague-Dawley rats by application of 4 
loose chromic catgut ligatures (4-0). Following a survival time of 3-82 days the 
nerve and attached skin was dissected and transferred to an organ bath for 
neurophysiological recordings in vitro using standard teased fibre techniques.

A total of 82 single C-fibers was recorded (c.v. 0.1-1.8 m/s) that projected 
through the constriction. Units which were excited by electrical stimuli applied 
distal to the ligatures had mechanical thresholds and thermal receptive 
properties similar to those of control animals. However, while nociceptors in 
normal animals have no spontaneous activity, many nociceptive C-fibres 
exhibited ongoing activity (1-69 spikes/min.) in the neuropathy model. Local 
superfusion of the receptive field with lidocaine (10"^-10"2 M) determined that 
this activity originated from the receptive endings in the majority of the units. In 
some units the spontaneous activity could be reduced by low concentrations of 
lidocaine which did not produce a conduction block of the fibre as tested with 
electrical stimuli. In the neuropathy model, but not in normal control animals 
some units exhibited afterdischarges following noxious heat stimuli. About a 
quarter of the fibres with low ongoing activity was also excited by application of 
noradrenaline (10“®-10'4 M) to the receptive field.

In conclusion, all types of nociceptive C-fibers which are present in normal 
animals can be recorded after creation of a constriction neuropathy. The ab
normal properties of many units probably contribute to the pain behavior and 
exaggerated nociceptive reflex responses in this animal model of neuropathic 
pain. (Supported by the Sander-Stiftung).

136.12
EXPRESSION OF GAP 43 mRNA IN DORSAL ROOT 
GANGLIA FOLLOWING SURGICAL SYMPATHECTOMY. 
Daphne A. Bolden. Catia Stemini* and Lawrence Kruger. Depts. 
of Anatomy & Cell Biology and Medicine, Brain Research 
Institute, UCLA School of Medicine; CURE/VAM C Wadsworth, 
Los Angeles, Ca 90024.

There is evidence for functional interactions between 
sympathetic and sensory neurons. Sympathectomy is claimed to 
result in increased calcitonin gene-related peptide (CGRP) 
immunoreactive fiber densities in sympathetic ganglia. This 
finding is consistent with the hypothesis that axonal outgrowth 
occurs in sensory neurons, since CGRP is a known marker for 
sensory neurons. We studied the expression of GAP 43 mRNA, a 
marker for axonal outgrowth, in dorsal root ganglia (DRG) 
following surgical sympathectomy. In  situ  hybridization was used 
with an labeled 700 base pair riboprobe against GAP 43 
mRNA. Right and left C7-T2 DRGs were examined 24-48 hours 
following bilateral or unilateral superior cervical ganglionectomy 
and compared to sham operated controls. GAP 43 mRNA 
expression was significantly increased in DRGs following both 
bilateral and unilateral surgeries, with a slightly higher increase in 
the bilaterally operated animals. DRG neurons were examined 
using camera lucida and quantitative computerized image analysis. 
Increased expression of GAP 43 mRNA appears to occur most 
frequently in the population of small to medium size neurons. 
These results suggest that sympathetic denervation elicits axonal 
outgrowth in sensory neurons.

S u p p o rte d  by  N IH  G ra n t N S-5685 a n d  DK -37852.

136.14
EVIDENCE FOR UPTAKE OF FLU ORESCEN T PROBE BY SUBSTAN CE P 
ACTIVATED  M ESENTERIC M AST C ELLS. J.Y . Wei*. Brain Research 
Institute, University of California, Los Angeles, CA 90024.

Release of substance P (SP) from afferent nerve terminals (possibly via 
axon reflex) is thought to cause neurogenic inflammatory responses, including 
mast cell degranulation. We have reported that compound 48/80-activated rat 
peritoneal mast cells take up sulforhodamine В (SFRM-B) (Soc. Neurosci. Abst. 
18:129). The purpose of this study is to determine whether SFRM-B can be 
used as a probe to quantitate the degree of 48/80- and SP-induced activation 
of mesenteric mast cells (MMCs) in situ. Five pieces of mesentery from 
urethane anesthetized rats were mounted on teflon tambours. The specimens 
were incubated (37° C, 0.5% C 02) in SFRM-B (200 рд/т\ in saline) with or 
without 48/80 or SP. After 20-25 min of incubation, the specimens were 
washed with oxygenated saline. The fluorescent image (180 X 250 μ) was 
observed with a Leitz fluorescence microscope equipped with 50X water 
immersion objective and an N2 cube. Images were randomly captured by a SIT 
camera, stored in a S-VHS video recorder and fed to a computer. The number 
of fluorescent MMCs among the first 25 randomly encountered MMCs was 
counted. The fluorescent area (//m2) of each stained MMC was measured 
using Image-1 software (Universal Imaging Co.). The magnitude of uptake was 
evaluated by dividing the sum of the fluorescent area by the total number of 
fluorescent MMC (//m2/cell). Results from 3 experiments with 0, 0 .1 ,0 .3 ,0 .5  
and 1.0 р д Ш  of compound 48/80 and those from 2 experiments with 0 ,1 0'®, 
10‘7, 10 “ and 10'5 mmol/ml SP have shown a dose-dependent uptake of SFRM- 
B by activated MMCs. These results suggest that SFRM-B can penetrate the 
mesenteric mesothelium and can be taken up by 48/80- and SP-activated MMC 
in an activity-dependent manner and thus can be used to visualize the active 
states of MMC in situ. (Supported by NIH grant NS28433)

136.16
A N A L Y SIS O F  m R N A  LEV ELS FO R  C G R P  A N D  S P  IN  D O R SA L  R O O T  
G A N G L IA  A N D  R E L E A SE  O F  T H E SE  PEPTID ES FR O M  SPIN A L C O R D  IN  A 
R A T  M O D EL O F  PE R IPH E R A L  IN FLA M M A TIO N . MJLfíalfiazza1*, M .G . 
G a n x 2, K .M . H argreaves2. H J .  Y ost1 and  V .S . S evbold1. 1D ept. o f  Cell B iol, and 
N euroanaL and  2D ept. o f  R estorative Sci., U niv. o f  M N , M inneapolis, M N  55455.

T he purpose o f  th is study  w as to determ ine w hether peripheral inflam m ation causes 
changes in m R N A  levels for calcitonin gene-related peptide (CG R P) and  substance P  
(SP) in dorsal roo t ganglia  (D RG ) over tim e. A dditionally , the  tim e course o f  
changes in  the release  o f  C G R P and SP  from  the spinal co rd  in response to  peripheral 
inflam m ation w as studied. Inflam m ation w as induced by subcutaneous injection o f  
com plete F reund's ad juvant into die p lan tar surface o f  bo th  ra t hindpaw s. A nim als 
w ere sacrificed 6  hr, 1 ,2 ,4  o r 8 days a fter the injection. A  group o f  uninjected 
an im als served as a  control. D ata w ere analyzed using a  one-w ay A N O  V A  (p<0.05). 
R N A  w as extracted from  L 3-L5 D R G  a nd  levels o f  prepro-CG RP and prepro- 
tachykinin (PPT) m R N A  w ere exam ined using N orthern gel analysis. T he levels o f  
prepro-C G R P and P P T  m RN A  w ere unchanged a t 6  h r and  1 day, bu t w ere increased 
a t  2 ,4  and  8 days after induction o f  inflam m ation. R elease o f  im m unoreactive (i) 
C G R P and  iSP  from  the dorsal h a lf  o f  the lum bar en largem ent w as exam ined  using 
superfusion techniques. T he am ounts o f  iC G R P an d  iSP  w o e  determ ined  using 
R IA . Both basal release and  release evoked b y  application o f  10μΜ  capsaicin w ere 
exam ined. There w as no  change in  the  basal or evoked  release o f  iC G R P at 6  hr,
1 o r 2  days. There w as an  increase in  both  the basal and  evoked  release o f  iC G R P at 
4  and  8 days. There w as no  change in  iS P  basal release  a t 6  h r, 1 o r 2  days. There 
w as a  decrease in  iSP  evoked  release a t 6  hr, bu t no  change a t 1 o r  2  days. These data 
suggest that there is sim ilar regulation  o f  m R N A  fo r C G R P and  S P  in D R G  cells 
during  peripheral inflam m ation. O n the o ther hand , release  o f  C G R P and  SP  in the 
spinal cord  is altered d ifferently  during peripheral inflam m ation, w ith iS P  evoked 
release being decreased early  in the tim e course studied (6 hr) and iC G R P basal and 
evoked release being increased late (4 and  8 days). Studies funded by N IH  NS17702 
and  N ID A  T32D A07234.
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136.17
EFFECTS OF PROSTAGLANDINS AND BRADYKININ ON 
SENSORY NEURONS IN CULTURE MEASURED BY CHANGES 
IN INTRACELLULAR CALCIUM. C.L. Stuckv* and V.S. Sevbold. 
Grad. Prog, in Neurosci., Univ. of Minn., Minneapolis, MN 55455.

Sensitization of nociceptors by inflammatory mediators is one 
mechanism underlying the hyperalgesia which occurs with peripheral 
inflammation. Three inflammatory mediators, bradykinin (BK) and the 
eicosanoids prostaglandin U (μ g I2) and prostaglandin E2 (μ g E2) were 
examined for their effects on primary afferent neurons in culture. 
Cultures of sensory neurons were prepared from 1 day old neonatal rats 
and maintained for 4-10 days before use. Changes in intracellular Ca~ 
concentration ([Ca++]j) were measured using the Ca^-sensitive dye 
Indo-1. Neurons were superfused with 20 mM HEPES-Hanks buffer. 
Carba prostacyclin, a stable analogue o f μ g I2 was used. Viability of all 
neurons was determined by treatment with 50 mM K+. Cells examined 
were 100-300 pm2 in area. Increases in [Ca++]į were observed in 
response to BK, carba prostacyclin and μ g E2 . Approximately 40% of 
the neurons responded to BK (100 nM), 20% responded to carba 
prostacyclin (100 nM), and 20% responded to μ g E2 (100 nM). 
Approximately 50% of the cells that responded to either prostaglandin 
also responded to BK. A portion of neurons responding to eicosanoids 
exhibited spontaneous changes in [Ca+i į  following washout of the 
eicosanoids. The increase in [Ca^jį in response to prostaglandins was 
dependent on extracellular Ca**. These data indicate that endogenous 
inflammatory mediators BK, μ g I2 and μ g E2 , at physiological 
concentrations, increase [Ca++]i in sensory neurons. Actions of these 
mediators on sensory neurons may contribute to sensitization of 
nociceptors. Studies were supported by DE 10414 and T32DA07239.

136.19
NORADRENERGIC EXCITATION OF CUTANEOUS NOCICEPTORS 
TWO WEEKS AFTER LIGATION OF SPINAL NERVE L, IN MONKEY.
D.K. Selig. R.A. Meyer*, and J.N. Cam pbell. Dept. of Neurosurgery, 
School of Medicine and Applied Physics Lab., Johns Hopkins University, 
Baltimore, MD 21205.

In sympathetically maintained pain (SMP), nociceptors are postulated 
to develop adrenergic sensitivity. Ligation of spinal nerve has been 
shown to produce behavioral signs of hyperalgesia in monkey consistent 
with a neuropathic pain state. In this study, we investigated whether 
excitation от cutaneous nociceptors by close arterial injection of 
norepinephrine (NE) occurs with this nerve injury. Teased-fiber 
techniques were used to record from the superficial peroneal nerve in 
cynomolgous monkeys (n = 2) two w eeks after spinal nerve Ц  had been 
tightly ligated with three 3 -0  silk ligatures. All drugs were diluted in 
0.3 ml vehicle and administered at a  rate of 2 ml/min via close arterial 
injection of the saphenous artery. N E w as administered as an 
ascending series ranging from 5 ng to 50 μg by factors of 10. W e 
studied only those cutaneous C-fiber nociceptors that were perfused by 
close arterial injection as evidenced by a  response to 300 mM KCÍ. 
W hereas previous studies have failed to demonstrate noradrenergic 
sensitivity of nociceptors in normal animals, 6 of 8 C-fiber nociceptors 
in this study responded to NE. The median threshold dose w as 500 ng 
(range: 5 ng - 5 μg). At threshold, the peak response occurred within 
the first 30 s  (n = 5) and lasted for 1-2.5 min. The median response  
during the 2.5 min following injection w as 49 action potentials (range: 
10 - TOO). Th ese  data indicate that noradrenergic sensitivity is present 
in cutaneous C-fiber nociceptors that innervate the foot two w eeks after 
ligation of spinal nerve 1-7 in the monkey. Therefore, this model of 
neuropathic pain may be useful in determining the site of action, 
pharmacology, and m echanism s underlying SM P.

136.18
RESPONSE OF A- AND C-FIBER NOCICEPTORS IN MONKEY TO CONTROLLED MECHANICAL STIMULI: INITIAL RESULTS FROM ANEW mechanical stimulator. R.M.Slugg*,. W.Schneider., 
R.A.Mever. and J.N.Campbell. Sch. of Medicine and Applied 
Physics Lab. Johns Hopkins Univ.. Baltimore. MD 21205*

We recently developed a computer-based, servo- 
controlled, linear-motor mechanical stimulator for 
studies of nociception. With this device, stepped force 
(0 - 500 ± 1/8 gm) or displacement (0 - 22,500 ± 1 pm) 
stimuli may be delivered with rise rates of 4000 gm/s or 
50 mm/s. Interchangeable probe tips can be used. The 
motor is mounted on a computer-controlled, 3-axis 
translation system that permits precise movement to 
different positions within the receptive field. Eight A- 
fiber and seven C-fiber nociceptors from hairy and 
glabrous skin of the anesthetized monkey (Maccaca 
fasicularis) were studied with use of a 0.4 mm diameter 
cylindrical probe. (1) These nociceptors exhibited a 
monotonically increasing response to stepped force 
stimuli of 1 s duration over a 1 - 40 gm range. These 
stimuli often required a skin indentation greater than 
4,000 pm. Thresholds ranged from 2 to 25 gm (median =
3.5 gm). (2) During a typical 1-s, suprathreshold,
stepped-force stimulus, the instantaneous action 
potential frequency adapted slowly, whereas the skin 
indentation continued to increase (by about 20%). (3)
When stimuli of fixed intensity were repeated every 30 s, 
a 22% decrease in response between the first and second 
stimulus was observed. Desensitization was often 
observed when a sequence of stimuli was repeated every 
10 min. Thus, many of the stimulus interaction phenomena 
that have been reported for heat stimuli appear to also 
be present for mechanical stimuli.

136.20
RESPONSES OF DORSAL ROOT GANGLION CELLS TO NOREPINEPH
RINE AND TO THERMAL STIMULATION AFTER CHRONIC NERVE 
CONSTRICTION Ш RATS. J.M. Zhang. Y.K Xie and R.H. LaMotte*. 
Department of Anesthesiology, Yale University School of Medicine, 333 Cedar 
Street, New Haven, CT 06510.

Our aim was to test for changes in thermal and chemical sensitivities of the 
dorsal root ganglion cell bodies (DRGs) of primary sensory neurons after a 
chronic constriction injury (CCD to their peripheral axons. Microfilament 
recordings were made from the dorsal root of L5. The responses of A-beta 
and C fibers were recorded while electrically stimulating the sympathetic 
chain (L4-L5) or while heating, cooling or perfusing, with norepinephrine 
(NE), the DRG or the neuroma at the CCI.

Spontaneous activity developed in C-fibers usually after 11 days after 
constriction. NE (0.1-0.5 mM) excited 9 of 10 C-fibers and 2 of 14 A-beta 
fibers when applied to the neuroma. Similarly, NE activated 13 of 16 C-fibers 
but 0 of 6 A-beta Fibers when applied to the DRG. These effects of NE were 
blocked by local perfusion with Yohimbine in 13 fibers tested. Spontaneous 
activity increased in C-fiber after cooling the neuroma (12 of 12 tested) or 
the DRG (3 of 7), but decreased after heating (6 of 7 tested for the neuroma 
and 6 of 7 for the DRG). The effects of NE and thermal stimulation were 
absent in the DRGs and peripheral axons of normal rat. These results 
suggest that the cell bodies as well as the peripheral terminals of certain 
small diameter afferent fibers can become responsive to cooling and develop 
an alpha-2 mediated response to an adrenergic stimulus after chronic nerve 
constriction. (Supported by NEH grant NS14624).
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137.1
N E O N A T A L  IN F R A O R B I T A L  N E R V E  D A M A G E  A N D  T H E  
D E V E L O P M E N T  O F  E A T IN G  B E H A V I O R  I N  T H E  R A T . B .G . 
K le in* . J . P u f f i n  a n d  B . K r a ie . D e p t.  o f  B io m e d ic a l  S c ie n c e s ,  C o lle g e  
o f  V e te r in a ry  M e d ic in e ,  V A  T e c h , B la c k sb u rg , V A  2 4 0 6 1 .

I t  h a s  b e e n  w e l l  e s ta b l is h e d , in  b o th  m a m m a lia n  a n d  a v ia n  s p e c ie s ,  
th a t  th e  tr ig e m in a l  s y s te m  p la y s  a n  e s se n t ia l  ro le  in  b o th  th e  
s e n s o r im o to r  c o n tro l  a n d  m o tiv a tio n a l  a s p e c ts  o f  in g e s t iv e  b e h a v io r .  In  
n e o n a ta l  m o u se ,  u n ila te ra l  r e m o v a l  o f  s e n s o r y  in p u t  f ro m  th e  
w h is k e rp a d , b y  in f ra o rb i ta l  n e rv e  ( IO N )  t ra n s e c t io n , in d u c e s  a  c h ro n ic  
d e c re a s e  in  w e ig h t,  b e g in n in g  a ro u n d  th e  t im e  o f  w e a n in g  to  so lid  fo o d . 
T h is  is s o m e w h a t  p u z z lin g , s in c e  b i la te ra l  I O N  c u t  in  a d u l t  ra ts  h a s  
l it tle  e f f e c t  u p o n  e a tin g . I n  a n  a tte m p t  to  c la r if y  th e  ro le  o f  th e  I O N  in  
th e  c o n tro l  o f  ro d e n t  e a tin g  b e h a v io r ,  w e  e x a m in e d  th e  e f fe c ts  o f  
u n i la te ra l ,  n e o n a ta l  I O N  t ra n s e c t io n  u p o n  w e ig h t  r e g u la tio n  a n d  p o s t-  
w e a n in g  e a tin g  b e h a v io r  in  th e  ra t. T h is  n e o n a ta l  le s io n  h a d  n o  
s ig n if ic a n t  e f f e c t  u p o n  b o d y  w e ig h t,  c o m p a r e d  w ith  n o rm a l c o n tro ls ,  
f ro m  b ir th  to  p o s tn a ta l  d a y  (P N D )  6 1 . A f te r  w e a n in g  to  s o lid  fo o d  
( P N D  2 6 ) , th e re  w a s  a ls o  n o  s ig n i f ic a n t  d if f e re n c e  in  f o o d  in ta k e , 
r e s p o n s iv e n e s s  to  fo o d , b i t in g  a b il ty  o r  in e f f ic ie n c y  o f  m a n d ib u la t io n , 
u p  to  P N D  6 1 . T h e  d if f e re n t  e f fe c ts  o f  u n i la te ra l  I O N  t ra n s e c t io n  u p o n  
in g e s t iv e  b e h a v io r  in  r a t  a n d  m o u se  s u g g e s t  p o s s ib le  s p e c ie s  d i f f e re n c e s  
in  th e  ro le  o f  th e  I O N  in  th e  d e v e lo p m e n t  o f  th e  a b il i ty  to  e a t  s o lid  
fo o d  o r  in  th e  im p o r ta n c e  o f  s e n s o r y  in p u t  f ro m  th e  w h is k e rp a d  in  th e  
n o rm a l s e n s o r im o to r  c o n tro l  o f  e a tin g  in  th e  tw o  s p e c ie s .  S u p p o r t:  
N ID R  D E 0 8 9 6 6  &  N e w  I n it ia t iv e  G r a n t  f ro m  C o ll. V e t. M e d .,  to  B G K .

137.2
MORPHOLOGY OF CENTRAL TERMINATIONS OF DEEP AND 
SUPERFICIAL VIBRISSAL AFFERENTS. F.Shang. P.M.E.Waite* 
and M.F.Jacquin. Anat., Univ. New South Wales, Sydney 2033, 
Australia; Anat./Neurobiol., St. Louis Univ., St. Louis, MO 63104.

The central terminations o f single afferente projecting to the rat 
vibrissae via the deep (DVN) or superficial (SVN) vibrissal nerves have 
been investigated using intracellular recording and labelling with 
neurobiotin. Single afferents were recorded in the trigeminal tract, their 
receptive fields and response properties noted and their projection via the 
DVN or SVN established by electrical stimulation and selective nerve 
section (Waite & Jacquin '92, J. Comp Neurol. 322: 233). Less than 
5% of the fibres recorded intracellularly projected via the SVN (5 out of 
122). Collaterals of 3 SVN, 17 DVN and 2 intervibrissal skin fibres 
were filled from rostral pons to the upper cervical cord. Afferents from 
the DVN, SVN and skin provided collaterals to all trigeminal subnuclei 
(Vp, Vo, Vi, Vc). The number of collaterals and their somatotopic 
organization were similar for the three groups. However, a detailed 
analysis of SA I collaterals in Vp revealed significant differences (p < 
0.05) in collateral morphology between the SVN and DVN inputs. SVN 
collaterals had longer terminal arbours (1200pm vs 920μιη), larger areas 
(7570μηι2 Vs 6160μιη2) and a larger number of boutons (146 vs 86) 
compared with collaterals from the DVN. The SVN collaterals resembled 
those from intervibrissal skin. No differences between groups were 
present for terminal or bouton densities or arbour circularity. In contrast 
to the results reported after bulk labelling (Arvidsson & Rice '91, L  
Comp. Neurol. 309:1), these results indicate that the SVN project to all 
trigeminal sensory nuclei; however, their morphology differs from the 
DVN collaterals and more closely resembles those of skin afferents. 
Supported by NIH DE07662, DE07734 and NH&MRC.
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137.3
QUANTITATIVE ANALYSIS OF RECEPTIVE FIELD PROPERTIES IN THE RAT 
NUCLEUS PRINCIPALIS. P,W, Doherty*, M£..JacquÜLand H.P. КШаскеУ· Dept 
of Psychobiology, University of California, Irvine, CA 92717, Dept. of Anatomy and 
Neurobiology, St Louis University School of Medicine, St. Louis, MO 63104.
The response properties of single neurons in the rat nucleus principalis (PrV) are 

being studied using controlled whisker stimulation and quantitative analysis. 
Whiskers were deflected for 200ms over 49 stimulus trials in each of 4 directions 
(rostral, caudal, dorsal, and ventral) with interstimulus intervals of at least 1 second. 
Additionally, unit responses to each of 4 deflection displacement angles (0.3°, 0.6°,
1.2° and 2.3°) were collected. The on (1st 20ms after stimulus onset) and off (1st 
20ms after stimulus offset) responses for each set of trials have been determined. 
Adaptive properties and directional selectivity are quantitatively defined based on the 
statistical criteria of Lichtenstein et al. (1990). To date, 34 units have been collected. 
Twenty-five units (74%) responded to stimulation of a single whisker and 9 units 
(26%) responded to stimulation of 2 or more whiskers (range 2-20 whiskers). The 
present population's receptive field profile is similar to 64 units collected in earlier 
qualitative experiments; 49 single whisker units (77%) and 15 multi-whisker units 
(23%; range 2-7 whiskers). Across deflection displacement angles, monotonically 
increasing and decreasing functions as well as nonmonotonic functions were observed 
for both the on and the off responses. Preliminary analysis indicates that tonic 
responses are relatively rare in PrV at the deflection angles tested. The data show that 
the full range of directional selectivity, from non-tuned cells (category 0 ) to the most 
highly selective cells (category 3), can be found in PrV. Directional selectivity can be 
sensitive to the stimulus deflection angle. Units with a high degree of directional 
selectivity can become unselective, unselective units can become selective, or a unit's 
directional sensitivity can remain stable with an increase in the whisker displacement 
angle. These data show that many, if not all, response parameters tested can be 
sensitive to the size of the whisker displacement angle. Supported by NSF BNS90- 
22168, NIH DE 07662, and NIH DE 07734.

137.5

ASSEMBLY O F D O R S A L  H O R N  C E L L  C U T A N E O U S  
M ECHANORECEPTIVE FIE L D S . R .J. M illecchia*and P.B. 
Brown, Physiology Dept., WV Univ., Morgantown, W V 26506.

Understanding factors controlling assembly of somatotopic maps 
is essential for developm ent o f CNS repair methods. W e propose 
(1) the dorsal horn representation o f the skin is determined by the 
innervation fields of dorsal rootlets at each rostrocaudal level. (2) 
Peripheral innervation densities determ ine map scale factors. ?3) 
Divergence and convergence are independent of map location. (4) 
Afferent terminal fields and dorsal horn cell dendritic trees are 
determined by (1) - (3). (5) Dorsal horn cell RFs are determined by 
(1) - (4). These hypotheses were tested using data from previous 
studies. Peripheral innervation densities and dorsal horn map scales 
were highly correlated (r =  0.93, p <  0.00001). Somatotopic gradi
ents modeled on the basis of relative incidence of peripheral inner
vation densities were in good agreem ent with observed gradients. 
Simulated primary afferent projections based on map gradients 
were similar to observed ones. Receptive field lengths simulated on 
the basis of somatotopic gradients were very highly correlated with 
observed ones (r =  0.83, p <  0.0002). Constant convergence and 
divergence of connections from primary afferents to dorsal horn 
cells were tested by correlating number of cells with receptive fields 
at different distances from tips o f the toes tim es lengths o f their 
receptive fields, against the inverse of receptive field widths. Corre
lation was very high (r =  0.83, p < 0.00001). Since th ese studies 
were based on indirect calculations, more direct measurements are 
needed, for the purpose of more precise modeling.
We have failed to obtain support for this study from USPHS.

137.7
EFFECTS OF FETAL PERIPHERAL LESIONS UPON THE CENTRAL 
ARBORS OF INDIVIDUAL VIBRISSAE-RELATED TRIGEMINAL 
PRIMARY AFFERENT AXONS. S. Zhang*, N.L. Chiaia. T.D. King and
R.W. Rhoades. Dept. of Anatomy, Medical College of Ohio, Toledo, OH 
43699

Prenatal damage to vibrissae follicles results in significant increases in the 
brainstem representations of the remaining vibrissa as demonstrated by staining 
for cytochrome oxidase (CO). Since CO is primarily a postsynaptic marker, 
this finding could have occurred as a result of either primary afferent 
reorganization or alterations in the clustering of second order neurons. If the 
changes were reflective of primary afferent reorganization, they might have 
resulted from increases in the size of individual axon arbors or a change in the 
way in which axons related to a given vibrissa follicle aggregated in the 
brainstem. To differentiate these possibilities, individual vibrissa-related 
primary afferents were recorded and filled with HRP at the level of trigeminal 
subnucleus interpolaris in adult rats that sustained damage to vibrissae follicles 
on embryonic day 17. All of the vibrissae-related primary afferents responded 
to deflection of one and only one vibrissa and the terminal arbors of axons 
(N=48) recovered from animals that sustained fetal peripheral lesions were 
significantly larger than those (N=25) from normal rats. There were 
significant differences favoring the fibers from the fetally damaged animals 
with respect to cross-sectional areas of arbors, cross-sectional areas of regions 
containing synaptic boutons, and numbers of branch points. These results 
indicate that reduced competition among primary afferent axons results in 
marked increases in the size of those that remain.

Supported by NS 28888, DE 07734, and DE 08971

137.4
A  K IN E S T H E T IC  R O L E  F O R  H A IR  A N D  C U T A N E O U S  A F F E R E N T S  
P R O JE C T IN G  T O  T R IG E M IN A L  S U B N U C L E U S  IN T E R P O L A R IS . J .Y .R o *  
an d  N .F . C ap ra . U niv. o f  M D , Sch. o f  D e n t. B altim ore , M D  21201.

Psychophysical an d  m ic ro n eu ro g rap h ic  exp erim en ts  suggest th a t cu taneous 
m ec h an o recep to rs  p rovide  k inesthetic  in fo rm atio n  d u rin g  passive a n d  active finger 
m ovem en ts in h u m an s (G andev ia  an d  B u rk e  ’92). M o v em en t-re la ted  responses 
from  facial cu tan eo u s an d  h a ir  a ffe ren ts  have b e e n  iden tified  in  rab b it trigem inal 
ganglion  (A p p en ten g  e t al., ’82). M o st s tud ies o f  m o v em e n t-re la te d  n eu ro n s  in  the  
trigem inal nuclei have focused  on  ro stra l p a rts  o f  th e  trigem ina l senso ry  com plex. 
W e re p o r t  significant cau d al re p re se n ta tio n  o f  m o v em en t-re la ted  n e u ro n s  receiving 
in p u t from  facial skin an d  h a ir  in  cats. E x trace llu lar single u n it activity was 
rec o rd e d  in p en to b a rb ita l a n esth e tized  cats. Sm all am p litu d e  ram p  a n d  hold  
s tre tch es  o f  th e  jaw  (1-3 m m ) w ere  u sed  to  identify  m o v em e n t-re la te d  responses. 
T h a lam ic  p ro jec tio n  n eu ro n s  w ere  iden tified  by  a n tid ro m ic  s tim u la tio n  from  the  
v e n tro p o ste ro m ed ia l nucleus. T h e  recep tive  fields an d  resp o n ses  to  o th e r  types 
o f  m echan ica l stim uli w ere  te s te d  fo r each  un it. T w enty-seven  responsive  n eu ro n s 
w ere  reco rd ed . O f  th ese  21 in n erv a ted  h a ir  an d  6 supp lied  facial skin. A ll units 
resp o n d e d  to  jaw  o pen ing  a n d  m any  w ere  a lso  active d in in g  jaw  closing. H ow ever, 
th e  resp o n se  to  open in g  w as d o m in an t in  all b u t 4  units . A ll cells show ed highly 
rep ro d u c ib le  resp o n ses  to  m ovem en ts. C ells te s te d  fo r velocity  sensitivity  show ed 
in creased  firing  frequency  du rin g  m o re  rap id  d isp lacem en t. M o st un its  (2 3 /2 7 ) 
h ad  w ell-localized recep tive  fields. T w elve cells (11 hair; 1 sk in) w ere  activa ted  by 
th a lam ic  stim u la tion . H isto logica l reco n s tru c tio n  show ed  th a t  th e  reco rd in g  sites 
w ere  lo ca ted  in  caudal trigem ina l subnucleus  in te rp o la ris . B ased  o n  th e  ability  to  
reliab ly  s ignal jaw  m ovem en ts, w e conclude  th a t  th a lam ic  p ro jec tio n  n e u ro n s  from  
th is reg ion  m ay c o n tr ib u te  to  jaw  k inesthesia . N o n -p ro jec tin g  n eu ro n s  m ay b e  
involved in  seg m en ta l c o n tro l o f  m o to r  activity in o ro facia l a re a . S u p p o rte d  by 
D E 06027.

137.6

VARIATIO N OF D ENDRITIC M O RPH O LO G Y WITH MAP 
LOCATION IN HINDLIM B DO R SA L HO RN. P.B. Brown* R.J. 
Millecchia, W.E. Gladfelter. J.L. Culberson, and D . Covalt-Dun- 
ning. Physiology Dept., WV Univ., Morgantown, WV 26506.

In order to develop a first-order m odel o f the assembly o f dorsal 
horn cell cutaneous mechanoreceptive fields, we need to know how 
primary afferent bouton distributions and dorsal horn cell dendrite 
m orphologies vary with location in the som atotop ic map. In the 
hindlimb area, the foot and toe representations (m edial dorsal 
horn) are disproportionately large compared to the proximal hind
limb (lateral dorsal horn) representation. Primary afferent bouton 
distributions viewed in horizontal projection are wider, and have 
lower length/width ratios, in the medial than in the lateral dorsal 
horn. The purpose o f this study was to determine whether dorsal 
horn cell dendrites also have dimensions which vary with mediolat- 
eral position. In anesthetized cats, dorsal horn cells were impaled 
with horseradish peroxidase (HRPVfilled micropipettes. After the 
low threshold cutaneous receptive field was determined with hand
held probes, the cell was injected with HRP. The animal was per
fused w hile still deeply anesthetized , and the relevant block of  
spinal cord was cut in serial 50 μτη transverse sections. Sixteen cells 
were sufficiently well stained for analysis. The mediolateral extent 
of dendrite fragments was measured in each section. Dorsal view  
reconstructions were analyzed for correlation between mediolateral 
cell position and: dendritic length (r =  -0.09, p =  0.74), width (r =  
-0.62, p =  0.008), length/width ratio (r =  0.46, p =  0.07), and area (r 
=  -0.55, p =  0.02). Therefore dendritic morphology varies with local 
map scale. (Supported by USPHS grant 1RÓ1-NS12061.)

137.8
P R IM A R Y  D E  A F F E R E N T  A T IO N  A N D  P O S S IB L E  P L A S T IC IT Y  IN  
N E O N A T A L  T R IG EM IN A L N U C LE U S. L. E. W estn im  *. M . A. H enry4. N . L. 
A n d e rso n 1. M . B oth  w ell3. D epts. o f  N eu ro su rg ery 1, B io l. S truct.2, Physio l. & 
B iophys.3, U niv. o f  W ashington , Seattle, W A  98195. D ept. o f  Basic Sci.. & O ral 
Res.4, U niv . o f  C olorado  H. S. C tr., D enver, C O  80262.

W e are  studying the norm al synaptic  organization  o f  the feline trigem inal nuclei 
(T N ) and  a ltera tions in these  patterns caused  by  various lesions a t d ifferen t ages. 
H ere im m unolocalization  studies fo r nerve grow th  fac to r recep to r p75(N G FR ) and  
ca lc iton in  g ene-re la ted  pep tide  (C G R P) a re  b eing  c a rried  o u t in  the  im m atu re  , 
possib ly  m ore  p lastic  system  a fte r deafferen ta ting  lesions to  the  central trigem inal 
nerve  r o o t  F our day  o ld  felines received  near to tal retrogasserian  rh izo tom ies and
4 -5  day s later w ere  sacrificed  and  the  T N  s tud ied  b y  L M  fo r N G FR  and  CG R P 
im m unoreactiv ity  (IR ). E m phasis w as p u t on the  caudal subnuclei pars interpolaris 
(PI) and  pars caudalis(PC ). In  the norm al 4  day  o ld  feline  the N G FR  and CG RP-IR  
patterns a re  s im ilar to  that in  the  young a d u lt  A lso 4-5 days a fter the  lesion the  side 
op p o site  th e  rh izo tom y w as co m parab le  to  no rm als  fo r  bo th  labels. T he  N G FR  
m aterial in  the lesion side show ed a  near com plete depletion  o f  N G FR -IR  in the PC 
and  P I w ith the exception  o f  a  few  pockets o f  IR. Surprisingly the C G R P-IR  p a ttm i 
w as a ltered  only m odestly . T he d istribu tion  w as sim ilar to  the norm al controls and  
often  m ore  than h a lf o f  the  am ount o f  IR  persisted  in these sam e areas. T he IR w as 
seen in both fibers and  particles. S ince the lesion cu t the vast m ajority  o f  trigem inal 
p rim ary  affe ren ts , p e rs is ten ce  o f  th is  p a tte rn  a n d  am o u n t o f  C G R P-IR  m ay be 
explained  by; a) persistence  o f  IR  in the  degenera ting  term inals; b ) persistence o f  
an  undam aged  source  o f  p o ssib ly  tran sien t C G R P -p o sitiv e  a ffe ren ts  o th er  than  
prim ary  afferen ts; o r  c) "sprouting" o f  the undam aged  p rim ary  afferen ts. Thus 
C G R P-IR  patterns m ay be used  in the neonatal deafferen ted  T N  as  a  useful m odel to 
study  p lastic ity  and  rem odeling  o f  cen tra l pa thw ays. (S upported  by  N IH  G rants 
N S30305 and  N S23343. L E W  and M B  are  research  affiliates o f  the CD M R C .)
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1 3 7 .9
NEUROPLASTIC CHANGES OF TRIGEMINAL (V) BRAINSTEM 
NEURONS IN RATS WITH TOOTH PULP (TP) DEAFFERENTATION 
AND/OR NEONATAL TREATMENT WITH CAPSAICIN (CAP). C.L. 
Kwan. J.W. Hu and B.J. Sessle*. Fac. of Dentistry, Univ. of Toronto, 
Toronto, Canada, M5G 1G6

The aim of this study was to test the effects on the functional 
properties of V subnucleus oralis neurons of TP deafferentation and neonatal 
treatment with the C-fibre neurotoxin CAP. Rat pups were injected with 50 
mg/kg of CAP within 48 hours of birth, and the functional properties of their 
oralis neurones subsequently studied in adulthood; some of these adult rats also 
had the coronal TP of all left mandibular molars removed, and oralis neuronal 
properties studied 7-10 days after the TP deafferentation. Data from the CAP- 
treated group and from the CAP-treated and TP-deafferented group were 
compared with data from a control group of rats [Kwan et al., Somatosens. 
Mot. Res., in press]. Compared with control rats, the CAP-treated rats showed 
increased incidences of neurones i) with a mechanoreceptive field (RF) 
involving two V divisions and ii) activated by more than one mechanoreceptor 
type; RF area was also significantly (p<0.01) increased. These three RF 
features were significantly (p<0.05) increased also in the CAP-treated rats 
with TP deafferentation, and in addition, there was a significant (p<0.05) 
increase in the incidence of spontaneously active neurones. These findings 
indicate that neonatal CAP treatment is itself associated with significant RF 
changes in adult rats and that profound TP-deafferentation effects are observed 
in CAP-treated rats. They also suggest an important role for C-fibres in the 
development and neuroplasticity of the V somatosensory system. Supported by 
NIH grant DE04786.

137.10
ELECTRON MICROSCOPIC STUDY OF NGFr(p75) AND CGRP IN THE 
NORMAL TRIGEMINAL GANGLION AND FOLLOWING RHIZOTOMY.
L.R.Johnson*lA M.A.Henryk. L.E.Westrum^S and M.Bothwelft. Depts. of 
Surgical Dent.1, Basic Sciences2 and Cellular & Structural Biology3,Univ. of 
Colo. HSC, Denver, CO 80262 and Depts. of Neurol. Surg.4, Biol. Struct.5 
and Physiol. & Biophys.6, Univ. of Wash., Seattle, WA 98195.

We are studying the response of the trigeminal (V) system to nerve 
lesions. Here, we examine the effect of retrogasserian rhizotomy on the 
localization of nerve growth factor receptor (NGFr) (p75)-immunoreactivity (IR) 
and calcitonin gene-related peptide (CGRP)-IR within the feline V ganglion. 
The V ganglia of both normal adults and adult subjects 9 days after rhizotomy 
were studied with light and especially electron microscopic (EM) examination 
after immunostaining for NGFr(p75) and CGRP. In normal subjects, CGRP-IR 
was seen in ganglion cells, thinly myelinated and unmyelinated axons, while 
NGFr(p75)-IR was seen within these same structures, but in addition was also 
seen in the basal lamina and cytoplasm of occasional Schwann cells. 
Following rhizotomy, many classically appearing growth cone enlargements 
with CGRP-IR were seen in the central root (CR), that when examined with 
EM were seen to be limited to unmyelinated axons. In contrast, NGFr(p75)-IR 
was dramatically upregulated within the part of the CR that was still attached 
to the ganglion and occurred within larger fascicles than seen prior to 
rhizotomy. EM examination of the CR region after rhizotomy, identified 
NGFr(p75)-IR within the cytoplasm and basal lamina of many more Schwann 
cells and axons than seen prior to rhizotomy. Both CGRP-IR and NGFr(p75)- 
IR are seen in regenerating and normal appearing unmyelinated axons 
following rhizotomy, but differ in that CGRP-IR is only of neuronal origin while 
NGFr(p75)-IR is of both neuronal and supporting cell origins. The dramatic 
upregulation of NGFr(p75) suggests that this receptor plays a critical role in 
regeneration. (Support: NIH grants NS30305 & NS23343. LW & MB are 
research affiliates of the CDMRC).

1 3 7 .1 1
FUNCTIONAL PROPERTIES OF PEDUNCULOPONTINE TEGMENTAL 
NEURONS PROJECTING TO ТҢЕ SUPERIOR COLLICULUS 
Krein.H., Grunwerg.B.S.. Tao.P. and Krauthamer.G.M.
Dept. of Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ 08854

The deeper layers of the superior colliculus (SC-d) together with the basal 
ganglia are critical for orienting behavior. The pedunculopontine tegmental 
nucleus (PPTn) constitutes an additional, potentially important element of this 
system due to its nigral input and cholinergic output to SC-d. PPTn has been 
implicated in a multiplicity of functions including the regulation of state 
dependent neuronal activity. Because of the lack of functional information about 
its projection to SC-d we examined the somatosensory responses and spontaneous 
activity of antidromically identified units in chloral hydrate anesthetized rats. 
Contralateral stimulating electrodes were placed in rostral or caudal SC-d. PPTn 
recording sites were verified histologically by NADPH which selectively stains the 
cholinergic neurons. 115 PPTn units with long and brief action potentials were 
antidromically activated, the majority from the posterior half of SC-d. One third 
had small to large contralateral receptive fields responsive to stroking and gentle 
tapping as well as tail pinch. About half had trigeminal fields. Spontaneous 
activity was more common for units without somatosensory responses. Since the 
cholinergic innervation of SC-d originates largely from PPTn the antidromically 
activated units are presumably cholinergic projection neurons. The absence of 
sensory responses in the majority and the prevalence of spontaneous activity 
among these units suggests that the function of the tectal projection is only 
secondarily involved in conveying sensory information. It is likely that the PPTn 
projection to SC-d exerts a state dependent modulation, similar to its thalamic 
action. (Supported by NIH DE00203 and Dystonia Med. Res. Found.)

1 3 7 .1 2

FURTHER EVIDENCE FOR GLUTAMATE AS A SPINOCERVICAL 
TRACT NEUROTRANSMITTER: IMMUNOGOLD ANALYSIS OF 
GLUTAMATE AND GLUTAMINE IN THE CAT LATERAL CERVI
CAL NUCLEUS. S. Kechagias and J. Broman*. Dept. Cell Biology, 
Fac. Health Sciences, Univ. Linköping, S-581 85 Linköping, Sweden.

The presence of glutamate- and glutamine-like immunoreactivity was 
examined in adjacent ultrathin sections of the lateral cervical nucleus 
(LCN) containing spinocervical tract (SCT) terminals that were peroxi
dase labeled following tracer injections into the spinal cord.

The different analyzed tissue structures were found to form three 
different groups with respect to glutamate:glutamine ratios (Fig. 1). SCT 
terminals formed a separate group with high ratios and astrocytes a 
separate group with low ratios. The remaining analyzed structure types 
showed intermediate glutamate.glutamine ratios.

The present findings indicate the presence of a compartmentation of 
glutamate and glutamine in the LCN and provide further evidence for 
glutamate as a neurotransmitter in SCT terminals.
G lu tam in e-like im m u n oreac tiv ity

1 3 7 .1 3
N IT R IC  O X ID E  S Y N T H A SE  A N D  A M IN O  A C ID  N E U R O T R A N SM IT T ER S  
IN  T H E  R A T  D O R SA L  C O L U M N  N U C LE I. I.G. V altschanoff* . R J. W ein b erg  
a n d  A . R u s tio n i. D e p t . C e ll  B io lo g y  &  A n a to m y , U N C , C h a p e l  H i l l ,  N C  
27599.

W e  h a v e  e m p lo y e d  lig h t- an d  e lectro n  m icr o sco p ic  im m u n o cy to c h e m istry  
to  s tu d y  n e u r o n s  a n d  te rm in a ls  in  th e  ra t d o r sa l c o lu m n  n u c le i  th a t co n ta in  
n itric o x id e  sy n th a se  (N O S ). F ifty  p m -th ic k  tr a n sv e r se  s e c t io n s  o f  m e d u lla  
w e r e  im m u n o s ta in e d  fo r  N O S ; so m e  se c tio n s  w e r e  e m b e d d e d  in  p la st ic  fo r  
e le c tr o n  m ic r o sc o p y . S e m i-th in  s e c t io n s  w e r e  u s e d  t o  s t u d y  t h e  s i z e  a n d  
d istr ib u tio n  o f  N O S -p o sit iv e  n eu ro n s. T o te s t  fo r  c o lo c a liz a tio n  o f  N O S  w ith  
a m in o  a c id  n e u r o tr a n s m it te r s ,  w e  c o m b in e d  p r e - e m b e d d in g  im m u n o 
c y t o c h e m i s t r y  fo r  N O S  w i t h  p o s t - e m b e d d i n g  e l e c t r o n  m ic r o s c o p ic  
im m u n o cy to c h e m istry  for G A B A , g lu ta m a te  (G lu), a n d  a sp arta te (A sp ).

N O S -p o s it iv e  n e u r o n s  w e r e  sm a ll (77 .0± 3 .6  p m 2), p red o m in a n t ly  b ip o la r  
ce lls  a n d  represen ted  (a t th e  le v e l  o f  o b e x ) 6% a n d  10% o f  a ll th e  n e u r o n s  in  
c u n e a te  a n d  in  g ra c ile  n u c le u s  re sp e c tiv e ly . A t  E M , th e  re a ctio n  p r o d u c t  in  
n eu r o n s  w a s  o n  th e  c y to p la s m ic  fa c e  o f  c e l l  m e m b r a n e , m e m b r a n e -b o u n d  
o rg a n e lles , an d  sy n a p tic  v e s ic le s  b u t n o t in  th e  c y to p la sm  o r  in  m itochon d ria . 
N o n -n e u r o n a l c e lls  w e r e  n o t  s ta in e d . N O S -p o s it iv e  d e n d r ite s  a n d  s o m a t a  
w e r e  o ften  con tacted  b y  term in a ls w ith  h ig h  c o n ce n tra tio n  o f  G A B A  o r G lu . 
N O S -p o sit iv e  term in a ls w e r e  sm a ll (0 .43±0.02  p m 2), c on ta in ed  tig h tly -p a ck ed  
clear v e s ic le s  a n d  fe w  m ito c h o n d r ia , a n d  m a d e  s y m m e tr ic  c o n ta c ts  w ith  a  
s in g le  d e n d r ite  o r  a x o n  te rm in a l. M o s t o f  th e  N O S -p o s it iv e  te r m in a ls  w e r e  
im m u n o p o s it iv e  for G A B A  b u t n o t for  G lu  or  A sp . A  sm a ll fr a ctio n  (9% ) h a d  
lo w  d e n s ity  o f  G A B A , G lu , a n d  A s p , c o m p a r a b le  w ith  th a t  in  d e n d r it e s  o r  
g lia . W e are te s tin g  w h eth e r  th ese  term in a ls  m a y  b e  e n r ic h e d  in  g ly c in e . T he  
l ik e lih o o d  th a t N O S -p o s it iv e  n e u r o n s  a re  lo c a l c ir c u it n e u r o n s  i s  su p p o r te d  
b y  re tro g r a d e  tr a c in g  e x p er im en ts: T h e se  n e u r o n s  w e r e  n o t  la b e le d  a fte r  
in jections o f  ch o lera  to x in -g o ld  in  th e  th a la m u s o r  in  th e  sp in a l cord .

1 3 7 .1 4
R EC EP T IV E  FIELD  REO RGAN IZATIO N  IN C A T  D O R S A L COLUM N  NUCLEI 
N EU R O N S /O LLO W IN G  SU B C U TA N EO U S  LID O CA IN E IN JECTIO N .
M .J. Pettit* and H.D. Schw ark . Dept. of Biological Scien ces, University of 
North Te xas, Denton, T X  7 6 2 0 3

Within minutes after temporary denervation by subcutaneous lidocaine 
injection, a som atosensory neuron with a receptive field (RF) in the 
denervated site can  begin to respond to stimuli at locations to w hich it 
w a s previously unresponsive (a reorganized RF). To  determine the level 
in the som atosensory system  w here this reorganization first o ccurs, w e  
have examined the capacity for rapid reorganization by neurons in the 
dorsal column nuclei (DCN) of barbiturate-anesthetized cats.

Tem porary denervation w as produced by subcutaneous injections of 
lidocaine into a neuron's RF. All 13 of the single neurons tested show ed  
rapid RF reorganization. To  test whether cortical inputs to the DCN  
mediate this reorganization, som atosensory and motor cortex were  
removed in tw o cats. All 4  single neurons tested following removal of the 
cortex show ed rapid R F  reorganization.

The reorganized R Fs ranged from single, small fields to multiple, non
contiguous fields that w ere m any tim es larger than the original RF. The  
response properties of the new  R Fs w ere often different from the original 
R Fs, and included changes in adaptation characteristics and response class  
(e.g., hair, skin). Reorganizations involved excitatory and inhibitory fields.

Th ese  results demonstrate that rapid RF reorganization can occur in the 
cat DCN, and that the reorganization does not depend on cortical input. 
The results further suggest that the specificity of response properties 
exhibited by cuneate neurons derives in part from physiological 
m echanism s that normally m ask som e of their inputs.
Supported by NIH N S 2 5 7 2 9  & N S F IB N 9 2219 56
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137.15
MODULATION OF DISCHARGES OF CUNEATE NEURONS (CN) BY 
CONDITIONING STIMULI TO THE LATERAL AND MEDIAL VESTIBULAR 
NUCLEI. S.J. Jabbur*, S.F. Atweh, E.D. Al-Chaer and N.E. 
Saadé. Fac. of Med. , American University of Beirut,
Beirut, Lebanon.
Dorsal column nuclei (DCN) have been shown to project 

bilaterally to the vestibular nuclei (VN) (Atweh, et al., 
Soc. Neurosci., '93) and to receive bilateral afferents 
from the VN. We now report the effects of stimuli to the 
medial or lateral VN (MVN or LVN, respectively) on the 
firing of CN, extracellularly recorded, in decerebrate- 
decerebellate cats. Electrical stimuli were applied 
through stereotaxically-placed coaxial electrodes in ipsi- 
and contralateral MVN and LVN.

From a total of 45 CN neurons, 51% were inhibited, 18% 
were discharged, 3% were facilitated and 27% were not 
influenced by stimuli to LVN. MVN stimulation produced 
similar but less pronounced effects and ipsilateral stimu
lation was more effective than contralateral stimulation 
from either MVN or LVN. Most of the influenced neurons 
were located deep in the CN and some were relay neurons.

The VN influences on CN provides another illustration 
to our earlier demonstrations of polysensory interactions 
linking the DCN with trigeminal and cochlear nuclei. 
(Supported by the Lebanese National Research Council and 
the D.T. Sabbagh Fund) .

137.17

DISTRIBUTION O F  S Y N A P T O P H Y S IN  IM M U N O R EA C TIV ITY  
IN THE D O R S A L  C O LU M N  N U C L E I A N D  C E R V IC A L  S P IN A L  
CORD IN T H E  R A T: R E L A T IO N S H IP  T O  C Y T O C H R O M E  
OXIDASE M ETA BO LISM . S . Maslanv*. D.P. Crockett and M.D. 
Eager. Dept. of Neuroscience and Cell Biology, UM DNJ-Robert 
Wood Johnson Med. Sch ., Piscataw ay, N J 08854-5635.

In the cuneate nucleus (CN ) and gracile nucleus (GN) 
synaptophysin immunoreactivity (S N -IR ) w as found throughout 
the entire rostrocaudal axis. However, in the C N , within our 
previously defined middle region (approximately 0.2 - 0.9 mm 
caudal to the obex), dense blotches of S N -IR  correlated with 
regions of cytochrome oxidase (C O ) activity and p75NQFR-like 
immunoreactivity known to be associated with the terminals of 
primary afferent fibers from the digits. S N -IR  blotches associat
ed with the forelimb digits were not detected in adult rats after 
postnatal (PD1, PD 10) unilateral amputation of the digits. In 
the GN, dense S N -IR  w as found in the dorsal region of the 
nucleus, with less dense, uniform staining in the ventral aspect, 
in contrast to C O  staining, which w as uniformly dark with no 
regional differentiation. The densest S N -IR  in the cervical 
spinal cord w as in laminae l-ll, continuing into lamina III in most 
sections.

1 3 7 .1 9

LEMNISCAL INPUTS TO THE MAGNOCELLULAR RED  
NUCLEUS IN THE CAT.
Y. Padel*. D. Bourbonnais. L. Vinav. Centre de Recherche 
"Cerveau et Cognition", CNRS, Faculté de Médecine, Toulouse, 
France.
An extracerebellar somesthetic projection to the magnocellular 

Red Nucleus (RNm) was previously found to exist in the cat 
(Padel et al., 1988). The aim of the present study was to map the 
course of the ascending spino-rubral fibres at the brainstem level. 
Cats anaesthetized with alpha-chloralose (60mg/kg, I.V.) were 

placed in a stereotaxic device. The RNm cells were tested 
mtracellularly and identified by their antidromic activation to 
stimulation in the cervical cord of the rubrospinal tract running in 
the contralateral dorso-lateral funiculus (DLF). Microstimulations 
were performed along systematic tracks in the brainstem with a 
moving electrode. The points giving rise to short latency responses 
in the RNm cells were marked by metal deposits and later snowed 
up as blue dots during the histological processing of the nervous 
tissues.

It was established that: 1- Monosynaptic EPSPs and disynaptic 
IPSPs were evoked from loci located inside the medial lemniscus 
(ML). 2- The somesthetic responses to spinal cord stimulation can 
be blocked by stimulating the ML at a low intensity (60μΑ), which 
leads to collisions.
These results demonstrate that the spino-rubral pathway 

ascending in the ventral spinal cord runs in the ML at the level of 
the medulla oblongata.
Padel e t  a l. (1988), B eh . B ra in  R es. 28,139-151.

137.16
P A R T IA L  D O R S A L  R H IZ O TO M Y  E L IM IN A T E S  LO W -A FFIN ITY  
N E R V E  G R O W T H  F A C T O R  R E C E P T O R  (p75NGFR) IMMUNO- 
S T A IN IN G  IN T H E  R A T  C U N E A T E  N U C L E U S  (CN ) B U T  
D O E S  N O T A F F E C T  T O P O G R A P H IC A L L Y  O R G A N IZ E D  
C Y T O C H R O M E -O X ID A S E  (CO ) M ETA B O LISM . D.P. 
Crockett*. D.R. Foschini and M.D, Eqqer. Dept. of Neurosci
ence and Cell Biology, U M DN J-Robert W ood Johnson Med. 
Sch ., Piscataw ay, N J 08854-5635.

In the C N , the most intense immunostaining for the 75-kDa, 
low-affinity receptor for nerve growth factor and other neuro- 
trophins (р75ш ғ*) is concentrated in the middle region, distribut
ed in a blotchy pattern similar to CO -activity (Crockett et al., 
1993 Brain Res., 603, 324-327). In the adult rat, partial dorsal 
rhizotomy (including the 7th and 8th cervical spinal segm ents; 
1 week survival time) resulted in the ipsilateral disappearance  
of p75NGFR-like immunoreactivity in the somatotopically appro
priate locations of the middle C N , suggesting that p75N G -like 
immunostaining in the C N  is associated with primary afferents 
and their terminals. In contrast, similar partial rhizotomies had 
no effect on the distribution of CO -blotches, supporting earlier 
observations that CO -staining is associated with the postsynap- 
tic cells within the CN .

137.18
BILATERAL PROJECTIONS FROM THE DORSAL COLUMN NUCLEI (DCN)
TO THE VESTIBULAR NUCLEI (VN) IN CATS AND RATS.
S.F. Atweh*, W. Takash, S.J. Jabbur and N.E. Saadé. Fac. 
of Med., American University of Beirut, Beirut, Lebanon.

Vestibular neurons have been shown to receive direct 
projections from primary cervical afferents (J. Comp.
Neurol., 280:231-253, 1989) and to be influenced by 
activation of deep (joint) somatic afferents (Acta oto- 
laryng., 61:168-188, 1966). The present study aims at 
investigating whether the VN receive also direct projec
tions from the DCN.

WGA-HRP (2-4%) was injected (20-50 nl) by pressure into 
the medial and inferior VN in 4 anesthetized cats and into 
all the VN in 4 anesthetized rats. After 24-28 h, the 
animals were reanesthetized and sacrificed and the medullo- 
spinal junction was removed and sectioned. HRP labelled 
cells were observed bilaterally in the cuneate nucleus (CN) 
and gracile nucleus (GN) of both species. More labelled 
cells were observed in cats than rats and in the CN than 
the GN. Most of the labelled cells were observed in 
either the caudal or ventral areas of the CN, and few 
labelled neurons were also observed in the "nest" areas.

Our findings provide a neuroanatomical substrate for 
convergence of and possible interactions between somato
sensory and vestibular inputs into the VN.
(Supported by the Lebanese National Research Council and 
the D.T. Sabbagh Fund).

137.20
CROSS-CORRELA TIO N ANALYSIS O F N E U R O N A L INTERA CTIO N S 
BETW EEN  N U CLEU S CU N EA TU S A N D  TH E  VENTROBA SAL
CO M PLEX . K.D. Allowav*. M. Wallace, and M.J. Johnson. 
Dept. of Neuroscience & Anatomy, M.S. Hershey Medical 
Center, Penn State University, Hershey, PA 17033.

Cross-correlation analysis o f responses from topo
graphically matched neurons in the nucleus cuneatus and
nucleus VPL of the thalamus was used to characterize
neuronal connection strength as a function of receptive field 
overlap. Results from this study will be compared with data 
from a previous study of thalamocortical interactions to 
determine changes in connection strength at progressively 
higher levels of a serially-organized system.

Single neuron responses were recorded simultaneously 
from the nucleus cuneatus and nucleus VPL of halothane- 
anesthetized rats. Hairy skin receptive fields on the
forelimb were stimulated by 2000 ms duration aiijets 
positioned at multiple sites throughout the receptive fields. 
Responses from 69 neuron pairs have been analysed to date 
and, among these, 23 pairs displayed significant excitatory 
interactions as defined by 95% confidence limits on the
neural cross-correlograms. Significant interactions occurred 
when receptive fields overlapped, but the magnitude and 
temporal location o f excitatory peaks in the cross-correlogram 
varied systematically with stimulation site. Supported by 
NIH grant NS29363.
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138.1
Acute nicotine injections induce intense expression of Fos in 
selective subnuclei of the accessory optic system in rats. A. 
fTayaraiimil*. H ito ШЬа and B.V. Updyke. Depts of Neurology & 
Anatomy, LSU Sch of Med., NewOrleans, LA 70112.

Nicotine increases glucose utilization in the central visual 
system. We studied the effects of nicotine on the pattern of 
expression of IEG c-fos.

After nicotine injections Fos reactive cells were absent in 
VTRZ, and more prominent in MTNv, MTNd, inSFp and LTN 
than in NOT/DTN. Fos positive cells were noted in MTN even 
after O.lmg, but maximally after 0.4mg/kg of nicotine. Doses 
higher than 0.4mg/kg of nicotine did not significantly increase 
Fos reactive cells in MTN. Fos-Li in AOS was blocked 
completely by central nicotinic antagonist mecamylamine, but 
not by MK-801, CPP, SCH-23390, YM-09151-2, Clozapine or 
proglumide. Fos immunoreactive cells were also noted in the 
superior colliculus, and interpeduncular nucleus, but not in any of 
the dopaminergic neurons of the different subdivisions of the 
VTA. In drug and saline naive and saline treated rats few cells 
with Fos-Li were noted in LTN & DTN, but not in MTN or VTRZ.

These studies suggest that MTN, inSFp and LTN, which respond 
to slow vertical motion of patterned stimuli, are selectively and 
intensely activated by nicotinic stimulation.

Supported by The Smokeless Tobacco Research Council, NY.

138.2
ВINOCULAR ITY IN THE NUCLEUS OF THE OPTIC TRACT OF THE OPOSSUM IS ACHIEVED 
THROUGH SEPARATE PATHWAYS. A. Pereira Jr. E. Volchan». R.F. Bernardes. A.R. 
Assad. H.B. Bakour and C.E. Rocha-Miranda. Inst, of Biophysics, Fed. Univ. of 
Rio de Janeiro, RJ 21949, Brazil.

The pretectal nucleus of the optic tract (NOT) is the main visual station in 
the afferent branch of the horizontal optokinetic reflex (OKRh) in mammals. In 
the opossum (Didelphis marsupial is), as well as in carnivores and primates, a 
high percentage of NOT cells respond in a direction specific manner to both 
eyes, although the retinal afferente to this nucleus are almost exclusively 
contralateral. NOT cells are excited by ipsoversive and/or inhibited by 
contraversive movement of a wide field random dot visual stimulus. We show that 
binocular NOT cells are dominated by the contralateral eye if excitation is 
considered. On the other hand, when inhibitory responses are compared the ocular 
dominance is evenly distributed. Considering the motor output of OKRh as being 
controlled by the balance between activities in both NOTs, our results can be 
correlated with the assymmetrical monocular OKRh observed in the opossum. 
However, how is the pattern of response to the ipsilateral eye built in the NOT? 
In carnivores and primates it has been shown that the ipsi lateral eye reaches 
the NOT through a geniculo-cortical loop. In the opossum, on the other hand, a 
similar pathway has not yet been evidenced using anatomical methods. The 
analysis, for each eye, of response tuning to stimulus speed and direction led 
us to test if ipsilateral eye modulation could be conveyed through interactions 
between the two NOTs. Using lidocaine we showed that blocking the activity in 
the NOT during monocular stimulation sі stematically impairs the response in the 
other nucleus only if the opened eye is ipsilateral to the latter. This effect 
was much less pronounced if the drug was injected more caudal ly into the 
superior colliculus. These results strongly suggest that binocularity in the NOT 
is due to a direct connection with the contralateral eye and to a pathway that 
crosses twice the midline for the ipisilateral eye. Supported by CNPQ, FINEP.

138.3
PRETECTAL DIRECTION-TUNING IN THE TURTLE COMPLEMENTS ITS 
ACCESSO RY OPTIC SYSTEM RESPONSES. M. Ariel* and T.X. Fan. 
University of Pittsburgh, Pittsburgh, PA 15260.

The mammalian pretectum and accessory optic system (AOS) are retinal 
targets known to encode retinal slip, a measure of global image motion used as 
the error signal for oculomotor reflexes. Yet, the mammalian AOS is segregated 
into sub-nuclei that may overlap anatomically and functionally with the pretectum. 
In contrast, the turtle AOS is a single isolated structure, Basal Optic Nucleus 
(BON), which encodes retinal slip in nearly all directions, due to input from 
direction-sensitive retinal ganglion cells (Rosenberg & Ariel 1991, JNP 65:1022). 
We studied the turtle pretectum, mesencephalic lentiform nucleus (nLM), to 
determine if the direction-tuning of its neurons overlapped with those of the BON.

Extracellular spike recordings were made from nLM in the in vitro turtle brain 
during visual pattern motion presented to the contralateral eye. As with the 
previous BON analysis, the telencephalon was removed so that responses did 
not represent directional processing from the cortex. The responses to 18 
directions were sinusoidally fit to derive preferred directions for each unit which 
was compared to preferred directions of BON neurons. We found that nLM pre
fers nasal motion, which 
complements a paucity in 
the distribution of BON 
preferred directions. Thus, 
turtle AOS and pretectum 
together encode retinal 
slip uniformly without an 
apparent bias to eye 
muscle or canal planes.

138.4
VISUAL RESPONSE CHARACTERISTICS OF OLIVARY 
PRETECTAL NUCLEUS NEURONS IN THE ALERT MONKEY.
R.J. Clarke*. H.Y. Zhang, and P.D.R. Gamlin. Dept. of Physiological 
Optics, Univ. of Alabama at Birmingham, Birmingham, AL 35294

Studies in rats and cats have identified cells in the olivary pretectal 
nucleus that possess characteristics appropriate for mediating the 
pupillary light reflex. However, there have been no reports of pretectal 
neurons in the primate that could subserve this function. Therefore, 
we have surveyed the pretectum of two alert, trained Rhesus monkeys 
to find cells that could mediate this reflex. To characterize the cells, 
monkeys fixated a dim laser spot on a tangent screen while an X-Y 
galvanometer system presented a probe stimulus, which was under 
computer control for location, size, intensity and duration.

Cells with the characteristics appropriate for mediating the pupillary 
light reflex were localized by single-unit recording to a small region of 
the pretectum that appears to correspond to the olivary pretectal 
nucleus. In response to continuous illumination, cells exhibited tonic 
firing that increased with increasing light intensity. They responded 
well to whole field illumination and showed spatial summation up to 
the largest probe stimulus, which was 20° in diameter. Cells were 
binocular and most possessed large receptive fields, which generally 
extended well into the ipsilateral hemifield. Bilateral 
pupilloconstriction could usually be elicited by microstimulation at the 
recording sites of these cells.

These results strongly support the hypothesis that the olivary 
pretectal nucleus is important for mediating the pupillary light reflex 
in primates. (Supported by NEI EY09380 and P30 EY03039).

138.5
DIFFERENTIAL EFFECTS OF BICUCULINE EYE INJECTIONS 
ON SINGLE UNITS IN THE ACCESSORY OPTIC SYSTEM, 
VISUAL CORTEX AND SUPERIOR COLLICULUS. K.L. Grasse^  
and J.R. Mendelson2. Шерї. Psychology, Inst. Space Terr. Sci., Ctr 
Vision Res., York Univ., North York, Ontario, Canada M3J 1P3 and 
2Div. Life Sciences, Univ. of Toronto, Scarborough, Ontario MICI A4.

In previous studies from this lab, we reported that spontaneous and 
evoked activity o f cells in the accessory optic system (AOS) were 
substantially altered for many hours after an intravitreal injection of 
bicuculline methiodide (BMI): spontaneous activity increased and 
direction selective modulation was abolished. Subsequently, when cells 
could be driven only by stimulation of the ipsilateral eye, injections into 
the ipsilateral eye caused either no change, or even slight increases in the 
depth of direction selective modulation. Thus, ipsilateral eye input to the 
AOS (which arrives via the geniculostriate pathway) can function 
entirely independently of direct contralateral eye input from the retina.
To further explore these issues, we have investigated the effects o f BMI 
eye injections in the visual cortex and superior colliculus. Consistent 
with the AOS findings, no detectible changes in receptive field 
properties have been observed in visual cortical cells following BMI 
injections. Nor have we observed any changes in receptive field 
properties in the superior colliculus after these injections. These results 
suggest that BMI eye injections help to distinguish between different 
types of retinal input to diverse visual projection sites. Moreover these 
studies indicate that the mechanisms underlying direction selectivity in 
AOS are more heavily dependent upon retinal inhibitory processes than 
those operating in either the visual cortex or the superior colliculus.

138.6
SEROTON ERGIC AND CHOLINERGIC A FFER EN TS TO THE PIGEON 
A C C ESSO R Y  OPTIC NUCLEUS. C.A.B. Toledo. D.E. Hamassaki-Britto. 
and L.R.G. Britto*. Neurosci. Behav. Res. Nucleus and Dept. Physiol. 
Biophys., University of São Paulo, 05508 São Paulo, SP, Brazil.

Previous studies have revealed serotonergic and cholinergic terminals into 
the nucleus of the basal optic root (nBOR) of the pigeon accessory optic 
system. In order to study the possible sources of those chemically-specific 
nBOR afferente, serotonin (5-HT) and cholineacetyltransferase (СҺАТ) 
immunohistochemistry was combined in this study with electrolytic lesions 
and pathway tracing. Pigeons (Columba livia) were anesthetized and 
euthanized with ketamine and xylazine for all of those conventional 
procedures. Cell groups containing 5-HT-like immunoreactivity (5-HT-LI) 
were observed in several brainstem districts comprising the raphe nuclear 
complex. ChAT-LI neurons were seen in cranial motor nuclei and other 
structures, such as the deep mesencephalic nucleus (MPv), and two small 
cell groups possibly equivalent to the mammalian laterodorsal tegmental 
nucleus (LDT) and pedunculopontine tegmental nucleus (PPT). Injections of 
rhodamine beads or of cholera toxin subunit В into nBOR combined with 5- 
HT and СҺАТ immunohistochemistry revealed double-labeled cells in the 
median and paramedian raphe nuclei (5-HT-LI/retrograde tracers) and MPv, 
LDT, and PPT (ChAT-LI/retrograde tracers). The 5-HT projections to nBOR 
were confirmed by the marked reduction of 5-HT-LI labeling in nBOR 
following electrolytic lesions of MR and PMR. The sources of ChAT-LI 
innervation of nBOR were confirmed with injections of Phaseolus vulgaris 
ieucoagglutinin into MPv, LDT, and PPT. These data characterize diffuse 
sources of 5-HT and СҺАТ innervation of the pigeon nBOR, which may 
modulate the function of nBOR in the optokinetic nystagmus.
Supported by FA PESP  and CNPq (Brazil).
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138.7
CHEMOARCHITECTURE AND CONNECTIONS OF THE INFERIOR 
PULVINAR IN MONKEYS. C. Gutierrez*. J.T. Weber, and C.G. Cusick. 
Neurosci. Training Prog., Tulane University, New Orleans, LA 70112.

The neurochemical organization and cortical connections of the inferior 
pulvinar nucleus (PI) was investigated in rhesus and squirrel monkeys. In 
both species, the medial division of the inferior pulvinar (PIm) straddles 
the corticotectal tract and stains intensely for cytochrome oxidase activity 
and parvalbumin immunoreactivity. PIm stands out as a distinct "hole" in 
the dense calbindin immunostaining in pulvinar. Lateral to PIm, the 
central nucleus (Pic) stains intensely for calbindin immunoreactivity and 
the lateral division (PII) stains less darkly. PII contains a distinctive 
population of large, intensely stained calbindin neurons. Medial to PIm, 
the posterior division (Pip) is calbindin-rich. Injections of 
neuroanatomical tracers into squirrel monkey visual cortex showed that MT 
has its strongest connections with PIm. The cortex caudally adjacent to 
MT, DLr, connects predominantly with Pic. The MT has additional 
connections with Pic and PII, and DLr connects with PII and Pip. In 
macaque monkeys, PIm occupies a portion of the classically defined PI, and 
is relatively smaller than in squirrel monkeys, whereas the PII subdivision, 
in the classical lateral pulvinar (PL), is comparatively larger. Pic appears 
to straddle PI and PL. The macaque cortical areas V4 and V4t have 
connections mainly with Pic, but also with PII. Thus, the PIm subdivision 
connecting to MT in primates has chemoarchitecture similar to the 
"lemniscal" compartments of primary sensory thalamic nuclei, which are 
also cytochrome oxidase- and parvalbumin-dense, and calbindin-poor. 
The PIm-MT pathway may share functional characteristics with primary 
sensory relays, such as those involving intracellular calcium buffering and 
rapid, secure impulse transmission.

138.9
EFFECTS OF INACTIVATION OF AREA 17 ON SPATIAL 
CONTRAST SENSITIVITY OF CELLS IN THE CAT’S LP1 
NUCLEUS. T. Savard1*. S. Molotchnikoff2. C. Casanova1. Departments 
of Ophthalmology and of Physiology and Biophysics, Fac. Med., Univ. of 
Sherbrooke, Canada, J1H 5N4, & Dept. of Biology, Univ. of Montréal.

The striate-recipient zone of the cat’s lateral posterior-pulvinar complex 
(LP-P) receives a strong input from complex cells in layer V of the striate 
cortex (Casanova, Exp. Brain Res. in p ress) . We are investigating the 
possibility that the input from the primary visual cortex is necessary to 
establish the retinotopic map of the striate-recipient zone of LP. 
Experiments were performed with anesthetized and paralyzed normal adult 
cats. Receptive fields of LP1 cells were characterized with drifting or 
counterphasing sine-wave gratings. A glass cryoprobe was used to 
inactivate portions of the primary visual cortex ( «  25-30 mm2). The cooling 
of the cortex and particularly of layer V was monitored by recording 
temperature and field potentials at the site of cooling. A total of 35 cells 
were recorded to date. Around 50% of LP1 units were affected by the 
blockade of area 17. The main effect was a reduction of the cells’ 
responsiveness to low-contrast stimuli (I up to 80%). While almost all cells 
affected were tuned to the grating’s spatial frequency, most of the units 
unaffected were not (low-pass cells). In a few cases, we observed a 
reduction of the bandwidth of the spatial frequency tuning function. These 
observations are consistent with a model in which LP1 cells receive their 
centrifugal input from converging cortical afferents.
Supp. by grant MT-10962 o f MRC o f Canada, FCAR, and FRSQ

138.11
AMINO ACID SYNAPTIC TRANSMITTERS, ACETYLCHOLINE 
AND SUBSTANCE P IMMUNOREACTIVE STRUCTURES IN THE 
CAT LATERAL POSTERIOR COMPLEX OF THE THALAMUS; 
AN ELECTRON MICROSCOPE STUDY. Kaeko Hoshino1*. T. Philip 
Hicks2 and Masao Norita1 Dept. Anatomy, Niigata Univ. Sch. of Med., 
Niigata 951, JAPAN1 and Dept. Biology and Psychology, UNC- 
Greensboro, Greensboro, NC 27412-50012 

The lateral posterior (LP) complex of the thalamus, a member of the 
nammalian extrageniculate visual system, receives a variety of different 
nputs including visual and/or multimodal sensory information from 
liverse brain regions, suggesting a form of coding that may be linked 
with a receipt of several distinct kinds of synaptic transmitters. We have 
previously demonstrated four types of vesicle-containing profiles in this 
complex, and have identified GABAergic terminals (Norita and Katoh, 
JCN 265: 1987). In the present experiments, we examined ultrastructural 
features of the immunoreactivity with antibodies raised against choline 
acetyltransferase (СҺАТ), glutamate (GL), aspartate (AS) and substance P 
(SP) in the LP complex, with the following observations being made: (1) 
СҺАТ: СҺАТ+ terminals are very small (0.2-0.4 μπι in diameter), and 
contain rather large, round vesicles primarily making en p a ssa n t, 
symmetrical contacts with small dendritic profiles; this terminal does not 
participate in the synaptic glomerulus; no СҺАТ+ cells were found. (2) 
GL and AS: immunolabeled terminals are medium-sized (0.5-1.0 pm), 
contain round vesicles, and make asymmetrical synaptic contacts with 
dendritic profile; they are sometimes involved in the glomerulus; 
immunolabeled cells were of medium size (17-28 pm). (3) SP: SP+ 
terminals are small (av. 0.5 pm) containing round vesicles, and make 
asymmetrical contacts with dendritic profiles; SP+ cells were smaller than 
GL+/AS+ (15-20 pm).

138.8
A N A L Y Z IN G  C O N N E C T IO N S  B E T W E E N  TH E  
PULVINAR AND VISUAL CORTEX: AN INTERACTIVE  
GRAPHICAL DATABASE. W.A. Press*. B.A. Olshausen and 
D,C, Van Essen, Dept. of Anatomy and Neurobiology, Washington 
University School of Medicine, St. Louis, MO 63110.

The pulvinar is known to have extensive connections with all of 
visual cortex in the occipital, parietal, and temporal lobes; however, 
the precise relationship between specific cortical areas and particular 
subregions of the pulvinar complex has been difficult to ascertain. This 
is partly because the pulvinari anatomical features do not correlate 
well with its functional organization; for example, the architectonic and 
visuotopically mapped borders of the inferior and lateral pulvinar do 
not match. One therefore needs a representation of pulvinar and cortex 
that is consistent across studies, and that makes few assumptions 
about their organization.

We address this problem by entering published data of monkey 
pulvinar-cortical connections into a graphical database. Injection sites 
and labeling patterns are mapped manually onto a canonical stereotaxic 
representation of the posterior thalamus and an unfolded map of 
cerebral cortex. Our database program then analyzes the data across the 
numerous available studies of pulvinar anatomy, permitting a better 
characterization of the connections between pulvinar and cortex. These 
results can then be mapped onto the architectonic landmarks and 
subdivisions of the pulvinar to provide an improved picture of its 
anatomical organization. This database can be readily generalized to 
study the connectivity of other neuronal systems as well.

138.10
POSTNATAL DEVELOPMENT OF THE CORTICOTHALAMIC 
PROJECTIONS FROM THE CAT LATERAL SUPRASYLVIAN 
CORTEX. M.Norita1*. K.Hoshino1. Y.-S.Chou1. and J.G.McHaffięU  
Dept. Anatomy, Niigata Univ. Sch. of Med., Niigata 951, JAPAN1 and 
Dept. Physiology, Med. Coll. Virginia, Richmond, VA 232982

One of the major sources of projections to the lateral posterior (LP) 
complex of the thalamus is the lateral suprasylvian cortex (LS). However, 
little is know about its postnatal development. In the present study, the 
anterograde tracer biocytin was used to elucidate the postnatal 
development of these projections. In adult cats, corticothalamic projections 
from the medial bank of LS terminated mainly in lateral and medial 
divisions of the LP (LPl/LPm) whereas those from the lateral bank were 
found largely in LPm and the suprageniculate nucleus (Sg). Within these 
regions, two principal types of corticothalamic fibers were present. The 
first (type 1) established a network of fine fibers that terminated 
throughout the LP complex. Type 1 fibers were characterized by a linear 
sequence of small, single terminal boutons which made contact mainly 
with thin dendrites and/or dendritic spines. The other (type 2) was found 
frequently in the medioventral portion of LPm and Sg. Type 2 fibers gave 
off short, side branches near the axon terminus which formed clusters of
5-10 terminal boutons; these made contact predominately with medium
sized dendrites and/or vesicle-containing profiles. Bv the first postnatal 
day (PI), biocytin-labeled fibers were found in the same nuclei as in the 
adult. Neonatal fibers were largely unbranched and many had axons 
tipped with growth cones. No type 2 terminals were observed. It was not 
until P10, that axons having morphological characteristics of the adult 
type 2 fibers could be detected. These findings demonstrate that 
significant postnatal changes occur in the synaptology of corticothalamic 
fibers in the LP complex, particularly with the maturation of type 2 fibers. 
Supported in part by NSF grant INT-9211589.
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139.1
RELATIONSHIP OF EXTRASTRIATE FEEDBACK SYNAPSES TO 
FORWARD PROJECTING NEURONS IN STRIATE CORTEX. R. R,
Johnson and A. Burkhalter. Dept. Anatomy and Neurobiology, Washington 
Univ. Sch. Med., St. Louis, MO 63110.

The gain of geniculocortical input to striate cortex is controlled in part 
by direct corticogeniculate input onto cortically projecting cells. In order 
to determ ine whether the same anatomical relationship exists for cortical 
feedback circuits and forw ard projecting cells in rat striate cortex we have 
combined lesion induced degeneration of feedback circuits with retrograde 
filling of forw ard projecting cells. We have recently discovered that co
injection o f the excitotoxin NMD A (10-120 mM) with the tracers biotin
ylated dextran amine (BDA) or biocytin into extrastriate cortex produces 
a dram atic increase in the num ber of labeled cells in area 17. Labeling is 
topographically precise and dendrites appear to be completely filled since 
numerous spines are visible in layer 1. Provided sufficient NMDA is 
injected to lesion cell bodies, this technique provides a pow erful approach 
to examine reciprocal circuits in the LM and EM.

A lternate sections from animals injected with NMDA (120 mM) and 
BDA (10%) in extrastriate cortex were reacted with ABC and DAB and 
processed for LM or EM. Selected sections were reacted using the Fink- 
Heim er II technique for selective im pregnation of degenerating axon 
terminals. Retrogradely filled forw ard projecting cells embedded in dense 
feedback projections were thin sectioned into unbroken series for EM 
examination and serial reconstruction. Two segments o f apical dendrite in 
layers 1 and 2/3  have been studied. The ratio of unlabeled type I to type 
II inputs is ~8:1. Interestingly, although degenerating terminals are present 
in the surrounding neuropil we have not found any in contact with a 
forw ard projecting cell. This suggests that if feedback circuits modify the 
output of forw ard projecting cells, they must do so by providing input to 
an earlier stage of processing in VI and not directly to forw ard projecting 
cells. Supported by NIH grant EY05935 and Vision T.G. 54670.

139.3
TOPOLOGY OF AREA 18 CONNECTIVITY PATTERNS IN 
FLATTENED CORTEX OF CATS Marcie Pospichal* Brian 
Wimborne and Jon Kaas. Dept. o f Psychology, Vanderbilt 
University, Nashville TN, 37240.

Cortical connectivity o f cat area 18 has generally been 
demonstrated by the presence o f transported axonal tracers in 
coronal sections of cortex. While this technique can identify regions 
with connections to area 18, coronal sections do not optimally reveal 
the topology of such connections. In the present study, single, 
separate injections of WGA-HRP and the fluorescent tracers Fast 
blue, Diamidino yellow and Fluoro ruby were delivered to various 
rostrocaudal locations of area 18 in 5 normal cats. Following 
removal of the brains, cortex was separated from the deep 
structures, manually flattened, and cut parallel to the surface. Some 
sections were reacted for fibers or cytochrome oxidase to assist 
identification of area 18. Results reveal that ipsilateral connections 
with three regions of cortex are topological. In both areas 17 and 19 
separate labeled patches of individual tracers progressed in a rostral- 
caudal sequence corresponding to the order o f the injections. A 
similar but less precise pattem of rostral-caudal labeling occurred in 
more lateral visual cortex, even though presumptive visual areas 
were involved. Thus, anterolateral suprasylvian regions projected to 
rostral area 18 while more posterior and ventral suprasylvian regions 
projected to caudal area 18. There was no evidence of double- 
labeled cells projecting to separate regions in area 18.
(Supported by NEI grant EY-02686 & NSPB-FFS PD92037).

139.5
DISTRIBUTION OF CAT-301 IMMUNOREACTIVITY IN VISUAL CORTEX AND 
LATERAL GENICULATE OF TREE SHREWS. N. Jain. T.M. Preuss. and J.H. 
K aas*. Dept. of Psychology, Vanderbilt University, Nashville, TN 
37 2 4 0 .

In primates and carnivores, the Cat-301 antibody preferentially 
labels visual structures dominated by Y-cell inputs. We used this 
antibody to investigate the compartmentalization of visual structures 
in five tree shrews (Tupaia belangen). In all cases, tissue was 
incubated in primary antibody diluted to 1:10— 1:25, followed by 
incubation in a biotinylated secondary antibody; immunoreactivity was 
demonstrated using streptavidin-HRP complex and DAB.

High levels of Cat-301 immunoreactivity were evident in several 
visual structures. Staining was dense in most layers of the lateral 
geniculate nucleus, which are known to contain a mixture of X- and Y- 
like cells, but light in the middle layer, which contains mainly W-like 
cells. In the primary visual area (V1; area 17), the deep part of layer 
III, layer V, and the deep part of layer VI were strongly 
immunoreactive, while layer IV was labeled weakly. In area 18 (V2), 
layer V and deep llll reacted strongly for Cat-301, while layers IV and 
VI were light. Portions of the lateral extrastriate cortex anterior to 
V2 also exhibited high levels of Cat-301 immunoreactivity, as is the 
case in some primate extrastriate areas, such as the middle temporal 
(MT) area. Cat-301 thus appears to be a useful marker for 
distinguishing different visual areas in tree shrews and may help 
resolve questions about the homologies of visual structures in tree 
shrews and primates. [Supported by EY-02686 and EY-06304.]

139.2
THE INTRACORTICAL PROJECTIONS OF PRIMARY 
VISUAL CORTEX (Oc 1) IN THE G UINEA PIG. F. Lui. R.A. 
Giolli*. R.H. Blanks. H.D. Vuu. D.L. Chew Dept. of Anatomy 
and Neurobiology, University of California, Irvine, CA 92717.

The pattern of the ipsilateral, cortico-cortical connections of Oc 
1 of the guinea pig has beeiynvestigated utilizing the anterograde 
axonal tracers Biocytin and ^H-leucine.

Patches of terminal labeling are found in the cingulate cortex 
(areas C l and C2 of Wree et al., ’81) and in the area precentralis 
medialis (PRCm).

Projections are also seen to the medial secondary visual cortex 
(Oc 2.2), in separate patches, usually 1 medial, and 1-2 
anteromedial, to Oc 1; often an additional patch is located further 
medially in the agranular retrosplenial cortex. Efferents to the 
lateral secondary visual cortex (Oc 2.1) are found in all the cases, 
but contrary to Spatz et al. (’91) there is no consistent pattern of 
projection: our cases show 1-2 patches of terminal labeling 
located rostrolateral to Oc 1, and 0-3 patches directly lateral to 
Oc 1. We always find projection to the perirhinalis cortex, where 
Spatz et al. locate one of their posterior striatal projections, P2. 
These findings indicate that the guinea pig Oc 1 projections to the 
extra-striate cortex are organized into "modules" that, contrary to 
descriptions in other rodents, do not necessarily correspond to 
separate visual cortical areas; our data do confirm the results of 
Choudhury (’78) and Wree et al. (’81), viz., the presence of 2 
secondary visual areas receiving projections from Oc 1.

Research funded by NSF grant IBN 9121376. F.L. supported by 
Fidia Research Foundation.

139.4
NEUROFILAMENT PROTEIN DEFINES CYTOARCHITECTONIC FIELDS IN 
THE MONKEY VISUAL CORTEX. P.R. Hof*. N. Archin. A.M. Edwards.
N. Mehta. W.G. Janssen and J.H. Morrison. Fishberg Res Ctr for 
Neurobiology, Mount Sinai Sch of Med, New York, NY 10029.

The neurofilament protein triplet (NFP) is a major component of the 
neuronal cytoskeleton. Previous studies o f the monkey and human 
cerebral cortex have shown that an antibody to nonphosphorylated 
epitopes on the medium and high molecular weight NFP (SMI32) labels 
particular pyramidal neuron subpopulations with specific regional and 
laminar distribution. In order to further characterize the cellular 
organization of the primate visual system, we performed a quantitative 
analysis o f the distribution o f SMI32-immunoreactive (ir) neurons in 
different regions of the macaque monkey visual pathways. In area VI, 
SMI32 labeling was prominent in layer III, IVB and in the Meynert 
cells. Interestingly, layer IVB and Meynert cells were more numerous in 
the calcarine cortex than in the opercular cortex, suggesting differences 
between the peripheral and central representation o f the visual field. 
There was a progressive increase in SMI32-ir neuron densities in layers 
III and V-VI in areas V2, V3, V4 and MT (up to 90 neurons/mm of 
cortical traverse in V4), while areas LIP, VIP, Iμ g  and TPO had 
relatively lower neuron counts (up to 40 neurons/mm). Areas V3 and 
V4 were characterized by the presence o f large and darkly labeled 
neurons in the upper portion o f layer III and area MT showed a 
distinctive laminar pattern with numerous small neurons in layer VI and 
a band of dark, large neurons in layer V. These results indicate that NFP 
is present in neuronal populations that are differentially represented 
among cortical regions of known function in the primate visual system. 
(Supported by NIH AG06647 and the Brookdale Foundation)

139.6
LOCAL CIRCU IT NEURONS IN THE SU P ER FIC IA L LA YER S  OF  
MACAQUE MONKEY STRIATE CORTEX. J. S. Lund* and Q. Wu Inst, of 
Ophthalmology, Univ. of London, London EC1V 9EL, U. K.
Our previous Golgi studies have described local circuit neurons (largely 
inhibitory, GABAergic neurons, with smooth or sparsely spined 
dendrites) in layers 3B through layer 6 of primary visual cortex; this study 
now describes neurons in the superficial layers 1, 2, and ЗА. Based on 
their axon morphology, we have so far found 7 types of local circuit 
neurons in these layers. Double bouquet cells have the narrowest lateral 
axon spread (about 100pm), and basket cells the widest (more than 
1 mm). Between these two extremes, there are chandelier cells, cells with 
rising columnar axons, neurogliaform cells, and “decorated axon" cells 
(having vertical axon processes with clubbed side spines) which all have a 
lateral axon spread in the range of 200-300 pm; this dimension 
corresponds to the width of dendrite fields of single pyramidal neurons as 
well as the width of blob and inter-blob cytochrome oxidase (CO) 
compartments in the same superficial layers. A class of cells having a 
medium range of axon spread (in the range of 350~400pm) is found in 
layer 2 with dendrites extending through layer 1, but with axon confined 
to layer 2. Most of these local circuit neurons have descending axon 
trunks extending through at least layer 3B and often to deeper layers. 
While we cannot directly relate neurons to CO compartments, the lateral 
dendritic spread of the local circuit neurons (the same or less than that of 
pyramidal neurons) infers that their dendrites can be limited to single 
compartments. The axon spread of medium arbor and basket neurons is 
sufficient to reach beyond single compartments to encompass some 
territory of opposite kind. This study is supported by EY10021 and MRC- 
G9203679N.
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139.7
SPECIFICITY IN THE SUBLAMINAR ORGANIZATION OF LAYER VI 
PROJECTIONS TO LAYER IV IN TREE SHREW STRIATE CORTEX.
W.M. IJsrev* and D. Fitzpatrick. Dept. of Neurobiology, Duke University 
Medical Center, Durbam, NC 27710.

Laminar specificity in the connections of layer IV neurons plays an 
important role in restructuring the information supplied by the lateral 
geniculate nucleus (LGN) and transmitting this information to other layers of 
striate cortex. In the tree shrew, for example, ON and OFF-center LGN axons 
terminate in separate subdivisions of layer IV (IVa and IVb respectively) and 
within each subdivision, there is an additional ocular-specific sublaminar 
arrangement: Axons driven by the ipsilateral eye terminate preferentially at the 
outer edges of layer IV (upper IVa and lower IVb) while those driven by the 
contralateral eye terminate evenly throughout each subdivision. The 
projections from neurons in layers IVa and IVb overlap within the supragranular 
layers but this also occurs in a highly stratified manner: Three distinct target 
strata can be identified within the supragranular layers and each receives 
projections from narrow tiers of neurons that lie at mirror symmetric locations 
in IVa and IVb.

The goal of this study was to determine if the projections from layer VI to 
layer IV are also organized in a laminar fashion and, if so, how this pattern 
relates to the input/output organization described above. The axonal 
projections of individual layer VI neurons were reconstructed from small 
extracellular injections of biocytin. All of the axons reconstructed gave rise to 
terminal fields in both IVa and IVb. On the basis of their sublaminar patterns 
within IVa and IVb, three classes were identified. One class projects to the 
outer edges of layer IVa and IVb; a second class projects to the inner edges of 
IVa and IVb; and a third class projects to the middle of each layer. These 
results suggest that individual layer VI neurons exert a balanced influence on 
the transmission of activity through specific subdivisions of IVa and IVb that 
have a common supragranular target. Supported by EY06821 and EY06661.

139.9

ORGANIZATION OF LAYER IV IN HUMAN PRIMARY VISUAL 
CORTEX REVEALED BY IMMUNOCYTOCHEMISTRY. 3L 
Yoshioka * & Ş.H.C. Hendrv. Krieger Mind/Brain Institute, Johns 
Hopkins University, Baltimore, MD 21218

The organization and neuronal components of layer IV in human 
VI were examined and compared with those in monkey VI by 
characterizing the elements immunostained for cytoskeletal 
proteins and other molecules. In preparations of normal postmortem 
material, the a and ß subdivisions of layer IVC in human visual 
cortex were clearly distinguishable by their different patterns of 
immunostaining. Immunoreactivity for each of the neurofilament 
(NF) triplet proteins labeled large, horizontally running axons in 
layers rVCa and IVB, and smaller, more radially oriented processes 
in layer IVCß. The radial organization in layer IVCß was also 
evident in sections reacted for the calcium binding protein, 
parvalbumin. For each molecule, the radial zones measured 20-50 
pm in diameter. Similar patterns were observed in monkey VI. 
Layer IVB of human VI was apparent as a region containing 
neurons intensely immunoreactive for non-phosphorylated NF 
proteins (recognized by antibody SMI-32) and for a second calcium 
binding protein, calbindin. Dendrites of neurons labeled by SMI-32 
and by calbindin in layer IVB formed periodic upward protrusions 
that invaded layer IVA, where they occupied regions that resembled 
the lacunae in layer IVA of monkey visual cortex. These 
observations show the subdivisions of layer IV in human VI are 
much like those in monkey VI, including the presence of a distinct 
layer IVA, organized into a lattice or honeycomb. (Supported by NIH 
grant EY06432).

1 3 9 .1 1
SEGREGATION OF ON- AND OFF-CENTER AFFERENTS TO CAT VISUAL 
CORTEX. Joshua A. Gordon*. Edward S. Ruthazer and Michael P. Stryker, 
Neurosci. Grad.Prog., Dept. Physiol., UCSF, San Francisco, CA 94143-0444.

In adult ferrets, ON- and OFF-center inputs are segregated both within 
sublaminae of the LGN and into columnar patches in layer IV of primary visual 
cortex (V1). This segregation is hypothesized to arise in development as a con
sequence of the anticorrelated activity patterns of ON and OFF cells from the 
same region of the eye. If this hypothesis is correct, such segregation should 
be evident in other species. Recent evidence has suggested the existence of 
center type specific sublaminae in the cat LGN (Berman & Payne, Neuro
science 32:721). We attempted to determine whether on- and OFF-center 
geniculocortical afferent arbors are segregated where they terminate in cat V1.

Radial electrode penetrations were made into V1 of anaesthetized adult 
cats; a penetration was deemed radial when the preferred orientation of the 
cortical cells encountered did not change throughout the thickness of the 
cortex. The electrode was then withdrawn to layer III, and cortical cell activity 
was abolished by superfusion of muscimol. The absence of cell activity per
mitted isolation within layer IV of the extracellular spikes of geniculocortical 
afferents. Receptive field centers of these afferents were then plotted, and 
center type determined. 171 afferents were mapped in 13 penetrations. Monte 
Carlo analysis demonstrated that afferents of the same center type were 
clustered (p<10'5). Data from individual penetrations suggests a tangential, 
rather than radial, segregation of afferents by center type. While both ON- and 
OFF-center afferents were found throughout the thickness of layer 4, one 
center type predominated (>70% of afferents) in the majority (11/13) of pen
etrations. In 3 penetrations, only one center type was found; 2 others had but 
one afferent of a different type. 4 penetrations with multiple afferents of each 
type appeared to switch from one type to another as the electrode was advan
ced; in two of these the switch occurred at a discrete depth and was absolute.

These findings suggest that ON- and OFF-center afferents are segregated 
into columnar domains, the size and shape of which remain to be determined.

139.8
Patchy intrinsic connections within ferret primary visual cortex

B.R.Sheth*, S.C.Rao, LJ.Toth, M.Sur.
Department of Brain and Cognitive Sciences, MIT, Cambridge MA.

In experiments aimed at examining the physiological and anatomical heterogeneity 
of primary visual cortex in ferrets, small iontophoretic injections of biocytin were 
made near the representation of the area centralis (Law et al., /. C om p. N eurol. 
278:157,1988) within area 17. The distribution of anterograde label in the 
superficial cortical layers following 10-24 hours of survival was examined in sagittal 
sections and reconstructed to form an unfolded dorsal view of the cortex. Overall, 
axon terminals from the injection site ranged 2-3 mm mediolateraUy and 3-5 mm 
anteroposteriorly within area 17. Within this range, however, label was concentrated 
in a small number of asymmetric patches that were roughly 1.5 mm mediolateraUy 
and .7 mm anteroposteriorly. Patches occurred preferentially on the dorsal surface 
of cortex. Thus, the patches extended primarily towards the 17/18 border and the 
midline of the visual field representation within area 17, with individual patches 
elongated parallel to the border. Occasionally, cells were labeled retrogradely from 
these injections; these cells co-existed with the anterograde patches.

The distribution of patchy intrinsic connections we describe differs somewhat from 
the anteroposteriorly oriented connections described by Rockland (J. C om p. Neurol. 
241:225,1985). Mediolateral patches are not likely to correspond to ocular 
dominance columns but may correlate with the distribution of orientation selective 
cells, as suggested in cats. Interestingly, the distribution of on and off center cells 
and afferents in ferret area 17 shows a mediolateral bias (Zahs and Stryker, J. 
N europh ysio l. 59:1410,1988), raising the possibility that patchy intrinsic connections 
in different species may interconnect different cortical attributes.
Supported by EY07023, EY07719 and the March of Dimes.

139.10

COMPARATIVE ANALYSIS OF CALCIUM-BINDING 
PROTEIN-POSITIVE NEURONS IN AUDITORY AND VISUAL 
SYSTEM^ IN CETACEAN AND PRIMATE BRAINS.
Ĩ.I. Glezer . P.R. Hof. P.J. Morgane. A. Kaplan and S. Yang. Dept. 
Cell Biol. Anat. Sci., CUNY Med. Sch., New York, NY 10031, Mt. 
Sinai Med. Sch., Fishberg Res. Ctn. for Neurobiol., New York, NY 
10029 and Worcester Found. Exp. Biol. Shrewsbury, MA 01545.

Light and electron microscopic immunocytochemical analyses 
revealed that in cetacean (Tursiops truncatus, D elph in ap teru s leucas, 
G lob icep h a la  m elaen a, P h o co en a  p h o c o e n a )  visual and auditory 
systems calretinin (CR) and calbindin (CB) are the major calcium
binding proteins, whereas parvalbumin (PV) is present in 
significantly lower number of neurons. In cetacean primary auditory 
cortex, medial geniculate nucleus and inferior colliculus contain 
significantly higher number of the CR-positive neurons than primary 
visual cortex, lateral geniculate nucleus and superior colliculus. This 
may relate to the leading role of acoustic signaling and echolocation 
in cetacean behavior. In addition, laminar distribution and typology 
of the CR-positive neurons permits the differentiation between 
primary auditory and visual cortex in the morphologically 
homogeneous cerebral cortex of cetaceans. In primates (H o m o  
sapiens, M a ca ca  fascicu laris) in both sensory systems the major 
calcium-binding proteins are parvalbumin and calbindin, whereas 
calretinin-positive neurons are significantly lower in number. These 
findings may reflect significant differences in neurochemical 
phylogenesis of sensory systems in aquatic (Cetacea) and terrestrial 
(Primates) mammals. Support, by PSC-CUNY grants of 1990/1993.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



334 STRIATE CORTEX: FUNCTIONAL ORGANIZATION II MONDAY PM

140.1
Periodic Organization of Layer V Pyramidal Cells in Fernet Visual Cortex. L.M. Rasco1. G.H. 
Roseіг . and G .J. Condo*2. Neuroscience Prog.1 and Dept. of Psychology2, Bowdoin College, 
Brunswick, ME 04011

The pattern of cytochrome oxidase (CO) staining is an important cytoarchitectonic feature of 
primary visual cortex in a number of species. We have shown a pattern of CO blob-like staining 
in supragranular layers of ferret area 17 that is similar in organization to that in cats and 
primates (Cresho, et a l.,1992). We evaluated CO-stained cells in layers III and V relative to CO 
ЫоЬ-like staining. Cortices were reacted for CO activity after postfixing for 48hrs in 2% 
paraformaldehyde-1.25% glutaraldehyde. Individual cells in layer III CO-bk>b/non-blob areas, as 
well as layer V cells in sub-blob/sub-nonblob areas were characterized as darkly or lightly CO- 
reactive after counterstaining with neutral red. In layer III there was a trend for all cells in CO- 
blobs to be larger in soma size (X=87.3+41.5um2 for CO-blobs; X=78.3+37.1um2 for non-blob 
areas), with the darkest CO-reactive cells larger in soma size in both CO-blob and non-blob 
areas. Statistical analyses showed, however, that the cells in both CO-blob and non-blob areas 
of layer III were homogeneous in soma size alone. Analysis of layer V neurons, however, 
showed a striking cellular periodicity in both soma size and relative frequency for sub-blob and 
sub-nonblob regions. While there was no difference in soma size between darkly CO-reactive 
cells in sub-blob (X=230.2+67.2um2) and sub-nonblob (X=222.7+52.5um2) areas, lightly CO- 
reactive cells were reliably smaller in both regions (sub-blob: X=95.0+25.0umz, sub-nonblob: 
X=78.1+21.7um2). The density of cells in sub-blob and sub-nonbk>b areas revealed a reliable 
and striking difference in the frequency and relative percentage of darkly and lightly CO-reactive 
cells. Sub-blob areas had significantly fewer cells, than did sub-nonblob areas, and a larger 
proportion of darkly CO-reactive cells in sub-blob (X=20.0+4.8%) compared to sub-nonblob 
(X=6.8+4.3%) areas. Lightly CO-reactive cells showed a similar trend in frequency, with fewer 
cells in sub-blob areas (X=79.5+4.8%) compared to sub-nonblob areas (X=93.4+4.8%). Our 
results suggest that while there is little difference in soma size between supragranular areas 
marked by CO-staining patterns, there is a cellular periodicity of layer V pyramidal cells which 
is in register with the CO-blob like pattern seen in layer III.

140.3
N ADPH-DIAPHORASE AND NEUROPEPTIDE Y IN MONKEY VI: 
RELATIONSHIP TO CYTOCHROME OXIDASE ARCHITECTURE. S.B. 
Fenstemaker*. M. Lubin and C.Ī. Aoki. Center for N eural Science, New 
York University, New York, NY 10003.

NADPH-diaphorase (NADPH-d) colocalizes w ith neuropeptide Y 
(NPY) within some interneurons in the striatum and cerebral cortex in rats 
and monkeys. The larger class of NPY immunoreactive neurons in monkey 
cortex appears identical to that seen with NADPH-d histochemistry, but 
differential distributions have been reported for these molecules in the 
superficial layers of VI. Specifically, NADPH-d neurons lie within 
cytochrome oxidase (CO) blobs, and staining of neuropil tends to match 
that of CO (Sandeli, 1986), while the NPY cells avoid CO blobs (Kuljis & 
Rakic, 1989), and NPY is sparse in IVc, w here CO and NADPH-d are 
dense. We compared the distributions in the superficial layers of monkey 
VI of NADPH-d, NPY, and dually labeled elements to further describe 
the chemical architecture of VI. Semi adjacent frozen or vibra tome 
sections from paraform aldehyde fixed adult M. fa s c ic u la n s  monkeys were 
labeled for CO, NADPH-d, a n d /o r  NPY. We confirmed the reported 
negative relation of NPY to the CO blobs, but found the NADPH-d neurons 
to be uniform ly  d is tribu ted . D ual labeling  suggests extensive 
colocalization of NADPH-d and NPY in cells, w ith NPY-only cells often 
lying at the margins of blobs. In addition, we noted that fibers heavily 
labeled for NPY formed dense plexuses, often centered on blood vessels, in 
layers II and III. These patches tended to avoid CO blobs. Our results 
suggest th a t N A D PH -d and  NPY m ay form  lam ina-specific  
complementary substrates for local influence of modular activity in VI.

140.5
THE C LAMINAE OF THE CAT LATERAL GENICULATE SELECTIVELY TARGET 
CYTOCHROME OXIDASE BLOBS IN AREA 17 J. D. Bovd*and J.A, Matsubara. 
Dept. of Ophthalmology, U. B. C., Vancouver, B.C., Canada, V5Z 3N9.

Clusters of neurons in cat area 17 projecting to the posterior medial lateral 
suprasylvian area (PMLS) are selectively located in the cytochrome oxidase (CO) 
blobs. If the CO blobs mark a particular processing stream in cats, then the blobs 
might be expected to segregate inputs as well as outputs.

We made injections of WGA-HRP into the posterior pole of the LGN where 
lines of isoelevation run at a steep angle to the coronal plane; spillover of tracer 
into the overlying laminae Al and A was thus into representations of higher 
elevation than for the C laminae and cortical labeling from the C laminae could be 
identified by relative position on the cortical visual field map. Anterograde 
labeling was compared to CO staining in alternate 50pm thick tangential sections.

Labeling from the C laminae was restricted to 3-5 serial tangential sections 
spanning the Іаует ΠΙ/IV bord«. This labeling was arranged in rows of 300-400 
pm wide patches with a center to center spacing of about 1mm. These patches of 
labeling alligned perfectly with the CO blobs in adjacent sections. As the CO 
blobs in the cat do not align with ocular dominance columns, the patchy 
distribution of C laminae terminals was likely real and not caused by a bias of the 
injection site towards individual C laminae dominated by one or the other eye.

Three parallel pathways originate from different classes of retinal ganglion cells 
(α, β, γ) and are maintanied in the LGN (Y, X, W). As LGN W cells are found 
only in the C laminae, a γ  cell-driven pathway can now be traced from the retina, 
through the C-laminae, the blobs in striate cortex, and the extrastriate area PMLS. 
This work funded by MRC (CANADA) grant 5-99150 to JAM.

140.2
DOUBLE LABELING OF CYTOCHROME OXIDASE (CO) AND 
GABA IN NEURONS AND SYNAPSES OF MACAQUE PUFFS 
AND INTERPUFFS: A QUANTITAIVE STUDY. F. Nie and M. 
Wong-Rilev*. Dept of Cellular Biology & Anatomy, Medical College 
of Wisconsin, Milwaukee, W I53226.

Our previous EM study indicated that cytochrome oxidase (CO) 
distribution is heterogeneous, and that type C neurons and axon 
terminals engaged in symmetrical synapses contained the highest 
levels of CO in both CO-rich puffs and CO-poor interpuffs of the 
macaque striate cortex. The present study aimed at determining 
whether these neurons and terminals were also GABA(+) by double 
labeling CO and GABA on the sa m e  section. Our results showed that 
almost all GABA(+) neurons were the CO-rich type C cells and that 
they received both symmetrical and asymmetrical axosomatic 
synapses; while GABA(-) neurons were less reactive for CO and 
received only symmetrical or GABA(+) synapses on their somata. 
GABA(+) neurons had similar distributions between puffs and 
interpuffs, but they were larger and more CO-reactive in puffs than in 
interpuffs. Virtually all GABA(+) terminals formed symmetrical 
synapses, with rarely an asymmetric one, and they typically contained 
many darkly reactive mitochondria; whereas GABA(-) terminlas gave 
rise to asymmetrical synapses and contained very few and lightly 
reactive mitochondria. The ratio of GABA(-) to GABA(+) synapses 
also differed between the two regions, being 3:1 in puffs and only 2:1 
in interpuffs. These results suggest that GABA(+) neurons and 
terminals are metabolically more active than other cell types and that 
proportinately more GABA(+) terminals exist in interpuffs than in 
puffs. (Supported by NIH grants EY05439 and NS 18122).

140.4
INTERPUFFS IN THE M ACAQUE STRIATE CORTEX: 
QUANTITATIVE EM ANALYSIS OF NEUROPIL BEFORE AND 
AFTER UNILATERAL RETINAL IMPULSE BLOCKADE. M, 
Wong-Rilev. T. Trusk*. and Z. Huang. Dept of Cellular Biology & 
Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226.

Previously, we have shown that neurons in cytochrome oxidase (CO) 
-rich puffs and CO-poor interpuffs share a number o f ultrastructural 
characteristics, but that interpuff neurons contained fewer darkly 
reactive mitochondria than those in puffs. Retinal impulse blockade 
also exerted differential effects on the two zones. The present study 
aimed at determining if the composition of the neuropil varied between 
interpuffs and puffs, and if monocular TTX had any effect on interpuff 
neuropil. Three regions were examined: intra-normal row interpuffs 
(INI) from normal monkeys; and intra-control row interpuffs (ICI) and 
intra-experimental row interpuffs (LEI) from unilateral TTX-injected 
animals. We found, as in puffs, that close to 60% of mitochondria 
resided in dendrites, and that the majority of CO-reactive mitochondria 
were in dendrites and terminals engaged in symmetrical synapses. 
However, interpuffs differed from puffs in having less reactive 
mitochondria in all profiles and a higher percentage of symmetrical 
synapses (a ratio of 2:1 of asymmetrical to symmetrical synapses in 
interpuffs versus a ratio of 3:1 in puffs). Two weeks of TTX blockade 
induced a downward shift in the level of CO activity in all profiles of 
the neuropil. Thus, our present data indicate metabolic, subcellular, 
and synaptic differences between interpuffs and puffs, and that mature 
cortical neurons and processes remain susceptible to functional insults 
induced at the retinal level. (Supported by NIH grant EY05439).

140.6
THE DISTRIBUTION OF CORTICO-COLLICULAR PROJECTION 
NEURONS CORRELATES WITH CYTOCHROME OXIDASE 
ARCHITECTURE IN STRIATE CORTEX OF MACAQUE MONKEY.
Ī.F. Olavarria & B. Lia*. Department of Psychology & D epartm ent of 
Ophthalmology, University of W ashington, Seattle WA 98195.

The degree of correlation between connectivity patterns and cytochrome 
oxidase staining patterns in supragranular layers of striate cortex has been 
extensively investigated in the monkey. However, w hether connections 
from infragranular layers of striate cortex also relate to the cytochrome 
oxidase architecture has received less attention. We addressed this issue 
by comparing the distribution of cortico-collicular projection neurons within 
infragranular striate cortex w ith the array of cytochrome oxidase blobs.

G uided by electrophysiological recordings of visually evoked 
potentials, multiple injections of HRP were made into the superior colliculi 
of adult monkeys (M a ca ca  fa s c ic u la n s ) . Two-three days later, visual cortex 
was unfolded, flattened, and sectioned tangentially. The areal distribution 
of retrogradely-labeled cells in layer V and layer VI (Meynert cells) of 
infragranular cortex was compared to the cytochrome oxidase staining 
pattern found in overlying supragranular cortex by aligning radial blood 
vessels.

Analysis of the distribution of labeled cells indicates that they are 
preferentially distributed w ithin areas of the infragranular cortex 
underlying interblob regions. A similar distribution has been reported for 
the Meynert cell population alone (Fries '86 ; Payne & Peters '89).

O ur results provide evidence that patterns of infragranular connections 
relate to the cytochrome oxidase architecture in striate cortex of macaque 
monkeys, raising the possibility that similar mechanisms of pathway 
segregation operate in both supragranular and infragranular layers of 
striate cortex.

Supported by NIH EY09343
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140.7
STUDIES OF VISUAL ACTIVATION WITH MEG AND FUNCTIONAL MRI
J.S. George. CJ. Aine.* 1 J.A. Sanders. J.D. Lewine.2 J. Baker. & J.W. Belliveau3 
L̂os Alamos National Laboratory, ^Albuquerque VA Medical Center, 3Massachusetts 

General Hospital. The past two years have witnessed the emergence of MRI as a 
functional imaging modality. Initial demonstrations utilized ultrafast imaging to 
resolve the passage of an injected bolus of paramagnetic contrast agent. Subsequent 
work has exploited endogenous contrast mechanisms to monitor changes in blood 
volume or venous oxygen content. Last year, we and others demonstrated that it is 
possible to make such measurements in a clinical imager. We have undertaken studies 
to compare and cross-validate activation maps produced by functional MRI (fMRI) and 
magnetoencephalography (MEG). Differences in the sensitivity of the techniques and 
the nature of the underlying physical phenomena dictate different optimal stimulus 
paradigms for the two classes of experiments, although we have obtained maps under 
comparable conditions. fMRI is most useful for characterizing the spatial distribution 
of steady-state phenomena. MEG analyses can explore the temporal dynamics of 
neural population responses with msec resolution. We are developing analyses that 
combine information from the two imaging modalities to better characterize the 
spatial and temporal nature of neural activity than is possible with either technique 
alone. Experiments employed visual stimuli consisting of a sector of a circular 
checkerboard pattern confined to single quadrant of the visual field, and utilized 
constrast reversal or transient stimulation over a range of presentation rates. 
Neuromagnetic recordings employed a 37 channel system at the Albuquerque VAMC, 
and were analyzed by multiple dipole fitting procedures or using distributed current 
estimation procedures developed in our laboratory. Multislice fMRI was acquired on a 
Siemens l.S T clinical imager at the AVAMC, or using the 1.5 T echo planar imager 
at MGH. Stimulus-control difference images were constructed, and t-tests were 
performed to assess statistical significance; (we note that physiological processes may 
introduce systematic fluctuations that violate the assumptions of the t-test). fMRI 
studies have identified regions of activation corresponding to each of the primary 
sources observed in our MEG studies: VI/ V2, bilateral occipital-parietal sources, an 
occipital-temporal source, and a source on the ventral surface of occipital cortex.

140.9
FUNCTIONAL TOPOGRAPHY OF CHROMATIC AND LUMINANCE 
PROCESSING IN THE HUMAN RETINA AND CORTEX. H.A. Baseler. E.E. 
Sutter* and M.A. Bearse. Smith-Ketüewell Eye Research Institute, San 
Francisco, CA 94115.
This study focuses on variations in chromatic and luminance processing across 
the visual field. Electrophysiological responses from the retina (ERG) and the 
cortex (VEP) to achromatic and chromatic isoluminant stimulation were 
obtained from human subjects. They were derived for a large number of 
locations in the central visual field (<25° eccentricity) by means of a multi
input technique (Sutter and Tran, 1992. Vision Res. 32:433-46). This technique 
provides information about the nonlinear characteristics of the responses 
through access to higher order binary kernels. The topographies of these 
properties were mapped and compared for the two modes of stimulation. 
Results: At isoluminance a virtual null was found in the first order ERG 
response at the fovea (<2° eccentricity) suggesting that this response 
component is dominated by luminance processing. A slight shift in the 
red/green balance toward green moves the first order response minimum 
toward the periphery. This effect reflects lower extra-foveal green sensitivity 
and is opposite to the filtering effect of the macular pigment. Local differences 
in the ratio of L- and M-cones could account for our findings. Stromeyer et al. 
(1992, Vision Res. 32:1865-73) have demonstrated a similar chromatic shift 
with eccentricity with psychophysical means. At isoluminance a second order 
response was seen near the center only.
In the VEP strong first as well as second order responses were found with 
achromatic stimulation. The first order chromatic response showed a minimum 
at isoluminance while the second order responses remained very large. The 
field topographies suggests that responses to achromatic and isoluminant 
stimulation originate largely from different sources.

140.11
LESIONS OF AREA 17 SPARE THE PERCEPTION MOTION IN 
the c a t . T„ Pasternak*, J, Tompkins, and C, R. Qlsont. university of 
Rochester, Rochester, NY; tUniv. Maryland; Baltimore, MD.

Lesions of area 18 severely reduce sensitivity to lower spatial 
frequency gratings and eliminate the ability to discriminate their direction 
of motion (Pasternak and Maunsell, J. NSC,'92). This loss of motion 
sensitivity with intact area 17 suggests that area 18 plays a key role in 
signaling direction, and that area 17 may make a smaller contribution to 
motion sensitivity. Here we directly examined the role of area 17 in the 
motion perception of two cats whose fixation was monitored with scleral 
search coils. Ibotenic acid lesions were made within the physiologically 
identified representation of the lower left visual field of area 17.

Both cats showed a severe loss of sensitivity to high spatial 
frequencies, but little at low frequencies. There was also a deficit in 
sensitivity for direction of motion, that was less severe than that after a 
lesion of area 18. Global motion perception was then tested with dynamic 
random dot targets, resulting in superior motion integration and an 
increased spatial limit for dot displacement (Dmax) in the lesioned 
hemifield. Such targets contain a broad spectrum of spatial frequencies, 
including some high frequencies. We tested the possibility that the inferior 
motion thresholds in the intact hemifield were due to masking by high 
spatial frequencies in the dot pattern (Cleary & Braddick, 1990) by 
spatially filtering the stimuli to remove higher frequencies. This resulted 
in improved thresholds in the intact hemifield, which now matched 
performance in the lesioned hemifield. This effect suggests that the area 
17 lesion eliminated high spatial frequency masking of motion by 
reducing sensitivity to these frequencies. Thus, area 17 appears to affect 
motion perception primarily by mediating the visibility of high spatial 
frequencies.
Supported by EY06175, EY01319, NS 27287

140.8
FUNCTIONAL MRI MEASUREMENTS OF HUMAN STRIATE 
CORTEX TOPOGRAPHY S.A. Engel1. E.J. Chichilniskv5. G.H.

Shadlen2·3. B.A. Wandell1. Depts. of Psychology1, Neurobiology2, 
Neurology3 and Radiology4 and Neurosciences Program5, Stanford 
University, Stanford CA 94305.

We employed functional MRI to measure the retinotopic map of 
human striate cortex. Prior studies have examined VI activity 
primarily to validate the fMRI technique as a measure of neural activity 
(Ogawa et al., PNAS 87:9868; Belliveau et al., Science 254:716; 
Schneider et al., submitted). These studies demonstrated the coarse 
topography of VI by using hemifield and quadrant stimuli. We now 
report efforts to examine more detailed retinotopy of human VI using a 
conventional 1.5T scanner. We obtained fMRI scans while subjects 
viewed flickering, high contrast noise annuli that varied in eccentricity 
and size. We found several techniques helpful in improving S/N and 
resolution: head stabilization using a bite bar, a rapid T2* weighted 
spiral acquisition sequence, and reliance upon local statistical 
comparisons between images that minimized spatial averaging. 
Measured activity traces the boundaries of individual sulci and is 
largely confined to gray matter. Stimuli at higher eccentricity produce 
activation more anterior in the calcarine fissure. The relation between 
eccentricity of stimulus and location of activity confirms the revised 
map of human striate cortex deduced by Horton and Hoyt on the basis 
of clinical-radiological correlation (Arch Ophthalmol 1991, 109:816). 
These results show that fMRI is capable o f the spatial resolution 
necessary to elucidate fine structure within individual cortical areas.

Supported by the Lucas Foundation.

140.10
AUGMENTING AND REDUCING OF EVOKED POTENTIALS RECORDED FROM 
VISUAL CORTEX AND LATERAL GENICULATE OF ROMAN-HIGH AND LOW- AVOIDANCE RATS. J. Siegel and A. Sharma. School of Life 
& Health Sciences, University of Delaware, Newark, DE 
19716, and P. Driscoll. Laboratory of Behavioral Biology, ETHZ, Zurich, Switzerland.

Human and cat high sensation seekers (SSs) show 
increasing amplitudes (augmenting) of the PI and N1 
components of the visual evoked potential (VEP) to 
increasing intensities of light flash, whereas low SSs show 
VEP reducing. Roman high-(RHA/Verh) and Roman low- 
avoidance ( (LA/Verh) rats have behavioral traits comparable 
to human and cat high and low SSs, respectively. RHA/Verh 
rats show greater exploration, activity, impulsivity and 
aggression than do RLA/Verh rats. Rats of both lines were 
anesthetized with chloral hydrate and VEPs were recorded 
simultaneously from the visual cortex and lateral geniculate of the thalamus at each of five flash 
intensities. At the visual cortex, the slopes of PI 
amplitudes as a function of flash intensity were greater in 
the RHA than in the RLA rats. At the visual cortex, RHA rats were augmenters. This study also explored augmenting 
and reducing of components recorded from the thalamus as 
well as the cortex to determine if the augmenting and 
reducing at the cortex is a reflection of events occurring 
at the lateral geniculate body of the thalamus. (Supported in part by ARO contract DAAL 0388K0043.)

140.12
A NETWORK TRAINED TO DETECT REAL VISUAL MOTION ALSO 
DETECTS APPARENT MOTION. K. A. Havnes* and D. Zipser. 
Department of Cognitive Science, UC San Diego, La Jolla, CA 92093.

The backpropagation through time algorithm was used to train a 
recurrently connected artificial neural network to output the velocity vector 
of a continuously moving spot stimulus. The input was in a format that 
mimicked the magnocellular input to VI. Continuous motion was 
simulated by convolving a moving stimulus with magnocellular like 
gaussian receptive fields and exponential temporal responses. The input 
consisted of an 1 lx l  1 square array of units, toroidally connected to avoid 
edge effects. The activity of the units in this array represented the afferent 
stimulation generated by a continuously moving stimulus. The hidden 
layer sampled this continuous spatio-temporal input at discrete times. The 
hidden unit layer also consisted of an 11x11 array, but with several 
hidden units at each location so different directions of motion could be 
represented. Each hidden unit received input from a limited size receptive 
field in the input array. A ll  the units in the hidden layer were connected 
together to allow the network to learn the dynamical properties required 
for motion detection. The network learned the task over a range of 
velocities and stimulus intensities. The hidden units became tuned to 
orthogonal directions o f motion, had orthogonal receptive field 
connections and strong excitatory and inhibitory recurrent 
interconnections and were tuned for othogonal directions of motion. In 
addition to detecting real motion, this network also detected motion when 
the stimulus made discontinuous jumps, as in apparent motion. 
Psychometric functions for the network's response to simulated apparent 
motion resembled those for humans.
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141.1
NITRIC OXIDE, EXTRINSIC MODULATORS AND ODORS ALTER 
SPATIOTEMPORAL DYNAMICS IN THE OLFACTORY NETWORK OF UMAX.
A. Gelperin* . J.A . Flores. F. Raccuia-Behlina. R. Gervais. D.W. Tank & 

D. Kleinfeld. AT&T Bell Laboratories, Murray Hill, NJ 07974.
The procerebral(PC) lobe of Limax maximus exhibits spontaneous 

intrinsic oscillations in field potential (Gelperin and Tank, 1990). 
Spatially, these oscillations appear as waves that propagate across the 
lobe (Delaney et al., 1993). Nitric oxide (NO) modulates the 
oscillating field potential. Application of NO derived either from 
nitroprusside, diethylamine/NO (30% change for 2-4 μΜ) or 
irradiation of 10 μΜ K2 [R u (N 0 )C ls] with 360 nm light (Figure) 
increases the frequency of the oscillation . The oscillation is slowed by 
oxymyoglobin, an NO scavenger, and unaffected by metmyoglobin. It is 
also slowed by the NO synthase blocker Nco-nitro-L-arginine methyl 
ester (40% decrease at 10 mM). Diaphorase staining reveals intensely 
labelled fibers in the PC (Cooke et al.,1993) and provides evidence that 
NO is intrinsic to the lobe. Exogenous agents like АСҺ affect the 
frequency of the oscillations (30% increase at 100 μΜ) and alter the 
spatial extent and direction of the underlying waves. NO, alone or with 
АСҺ, may modify odor-elicited events in the PC lobe.

141.2
ODORANTS STIMULATE BURST-GENERATING NEURONS IN 
THE CRAYFISH PROTOCEREBRUM. DeF. Mellon. Jr*Dept. of 
Biology, Univ. of Virginia, Charlottesville, VA 22903.

Previous electrophysiological studies of intrinsic neurons (IN) in 
the hemi-ellipsoid body of the crayfish protocerebrum revealed 
spontaneous recurring impulse bursts. IN are driven by electrical 
stimulation of the olfactory-globular tract (OGT), the presumed 
projection pathway from the olfactory midbrain o f these animals. 
Golgi and neurobiotin studies have shown that axons o f OGT 
projection neurons enter the hemi-ellipsoid body and make direct 
synaptic contact with extensively-branched dendritic arbors of IN. I 
now show that IN are driven by stimuli applied to the antennules of 
restrained, perfused crayfishes. Intracellular recordings from IN in 
these preparations exhibit post synaptic activity, including impulse 
bursts, in response to single electrical shocks to the antennules. 
Furthermore, odorant solutions introduced to a continuously-flushed 
chamber bathing the antennules generated impulse trains in IN, while 
plain water was without effect. Spontaneous activity in IN exhibits 
impulses of several amplitudes, perhaps from independent spike 
initiating zones in different dendritic branches. Different modes of 
antennular stimulation also generate impulses o f different amplitudes, 
raising the possibility that OGT pathways mediating different odorant 
stimuli converge upon separate branches of the extensive IN dendritic 
arbors. Supported by The Whitehall Foundation.

141.3
B IO C H EM IC A L A N D E L E C TR O PH Y SIO LO G IC A L A N A L Y SIS O F  L- 
G L U TA M A TE B IN D IN G  SITES IN  T H E  O L FA C T O R Y  O R G A N  O F T H E 
SPIN Y  LO BSTER. M ichele F. B urgess and  C harles D. Derby*. D ept. o f  Biology, 
G eorgia State U niversity , A tlan ta 30303.

Excitatory  am ino  acid (EA A ) system s occur in  vertebrate CN S, invertebrate 
neurom uscular junctions, m ajor ganglionic pathw ays, and  chem osensory systems. 
T he E A A  L -glu tam ate (L-glu) is o f  special in terest due to  its  involvem ent in  
vertebrate synaptic p lasticity  as  w ell as h um an  degenerative m enta l disorders. 
T here  are  two general classes o f  glu tam ate  receptors -- N M D A  and  non-N M D A  -  
each  con ta in ing  several identified subclasses. In  prev ious b ehaviora l and  
electrophysiological studies, the  olfactory o rgan  o f  the  sp iny  lobster has been 
show n to respond to  L -g lu  as well as b inary  m ixtures o f  L -g lu  an d  o ther excitatory 
odorants. H ow ever, the  actual results d iffered s ignificantly  from  the  predicted 
values. U tiliz ing  a  rad io ligand-b inding  assay for L -g lu  receptors from  olfactory 
dendritic  m em brane, kinetic  studies revealed a  h igh-affin ity  site  (K d=  1.2 nM , 
B m ax =  4.5 fm ole/μg  pro tein) and  a  low -affinity  site (Kd = 12.9μΜ , Вмлх = 34.2 
fm ole/μg  protein). Inh ib ition  o f  [JH ]-L-glu b ind ing  by L -g lu  analogues and  their 
m ix tures suggest th a t the  tw o types o f  sites have differen t specificities. T he  h igh- 
affinity  site is exclusively an tagonized  by N M D A , w hile the  low -affinity  site is 
an tagonized  by kainate, A M P A, trans-A C PD , a n d  D -glu  bu t no t N M D A. 
P re lim inary  studies suggest th a t the  odorants 5 -A M P , tau rin e  and  beta ine  inh ib it 
only the  low -affinity  [}H ]-L-glu b ind ing  site. W e believe th a t the  h ig h  affinity  site 
are  receptor sites found on  L -glu-best olfactory receptor neurons, w hile  the  low 
affinity  L-glu sites represent receptors w ith  h igher affinity  for o ther odorants. 
C urrently , the response efficacy o f  L -g lu  analogues on  olfactory receptor neurons 
are  being  studied by ex tracellu lar record ing  m ethods. ( S u p p o r t e d  b y  N IH )

141.4
CONTRIBUTION OF G PROTEINS TO VISUAL-VESTIBULAR INTERACTIONS IN 
HERMISSENDA
R.F. Rogers^. A.C. Talk, and LD . Matzel
Department of Psychology, Rutgers University, New Brunswick, NJ 08903

We investigated the contribution of G proteins to several visual-vestibular 
interactions in the marine mollusk Hermissend a. Type В photoreceptors of the 
animals eye exhibit a K+ mediated IPSP (5-15 mV) to presynaptic hair cell 
stimulation, as well as to GABA (25 μΜ) microapplied to the synaptic field. 
These effects are mimicked by application of the GABAg agonist ± baclofen. In 
addition to these synaptic responses, microapplication of 5-HT (25 μΜ) to the cell 
soma results in a depolarizing (5-15 mV) membrane response. Regulatory G 
proteins were inhibited with iontophoretic injections of stable guanine analogues. 
GTP[t S] (25 mM) injection resulted in the complete blockade of both the 
endogenous IPSP and exogenous GABA response within 40 min of injection. 
GDPJßSJ (25 mM) injections completely attenuated the depolarizing response to 
5-HT microapplication (beyond 50 min), while only partially blocking (50%) the 
endogenous IPSP within similar time frames. Cellular G protein inhibition left 
acetylcholine mediated, interphotoreceptor communication unaffected. 
Preincubation (14-16 h) of isolated nervous systems in pertussis toxin (PTX; 1.0 
μg/ml) or cholera toxin (5.0 μg/ml) had no measurable effect on the hair cell 
induced IPSP. Similarly, В cell responses to GABA and 5-HT microapplication 
were unaffected by preincubation in PTX (5.0 μg/ml). In total, these results 
demonstrate the presence of a PTX-insensitive G protein that mediates, through 
the modulation of K+ currents, both endogenous hair cell-Bcell interactions, as 
well as В cell responses to exogenously applied GABA and 5-HT. Additionally, 
these results implicate the presence of a unique GABAg-Iike receptor, which 
modulates an outward K* current through the activation of a PTX-insensitive G 
protein.

141.5
C IR C A D IA N  R H Y T H M S IN  T R A N SM IT T E R S O F  T H E  F L Y  V ISU A L  SY STEM . 
E , Pvza*. K. G olem biow ska1 and  LA . M einertzhaeen . L ife  Sci. C entre, D alhousie 
U n iv ., H alifax , N o v a  Scotia; lln s t. P harm acol. Jag ie llon ian  U n iv ., K raków , Poland.

M any transm itters have been  detec ted  in  the v isual system  o f  flies, b u t the  function 
o f  m ost is unknow n. H istam ine, how ever, is  know n to  be the  photo recep to r transm it 
te r  in  the  lam ina o f  th e  optic  lobe, a t  inpu t synapses upon tw o in tem eurons, L I  & L2. 
T he  d iam eters o f  L I  &  L 2  increase in  the day , in  a  rhythm  that is  partially  circadian.
In  search o f  the effector o f  th is change, w e have exam ined  tw o  large serotonergic 
neurons located  in the b rain , L B 0 5 H T , w hich p ro jec t bila tera lly  to  the  lam ina. In the 
housefly , M usca dom estica, L I  and  L 2  decreased  in  s ize w hen w e unilaterally  lesioned 
the  axons o f  L B 0 5 H T  a n d  its  partner ce lls  that are  im m unoreactive to p igm ent 
d ispersing  horm one (PD H ). In jections in to  th e  head  o f  the  5-H T  neuro toxin  5,7-D H T 
decreased  L2 's d iam eter about 30% , significantly  so  a t p roxim al depths, bu t left L i ’s 
unchanged, ind icating  that 5H T  m ay b e  involved  in  regu la ting  L 2 's s ize bu t failing  to 
exclude  a  ro le  for PD H . Concentrations o f  5 -H T  and  D A  in the in tac t brain , 
determ ined by  H PLC  w ith electrochem ical detection, w ere sim ilar during  n ight and  day, 
b u t brains from  w hich the optic  lobes w ere detached  contained  m ore  5 -H T during the 
day . D ay/night differences w ere also  detected in  the  5-H T  m etabolite  5-H IA A  and the 
D A  m etabolite  D O PA C , b oth  o f  w hich  w ere m ore  c oncentrated  in  the in tact b rain in 
the  day  than the n ight. In  b rains lack ing  optic  lobes, how ever, 5 -Ш  A A  cou ld  not b e 
detected, w hile  D O PA C  w as m ore concentrated  a t n ight than a t  day. W e will exam ine 
the  possib ility  that larger 5 -H T  concentrations during  the day  in  the  central b rain 
correspond w ith larger 5 -Ш А А  concentrations in the optic  lobes and  that these are both 
linked  to  increased  sizes in L I  and  L2. T he lack  o f  5-Ш А А  in brains w ithout optic 
lobes suggests that m ost 5-H T  produced  in the centra l brain  is m etabolised  in the optic 
lobe, p erhaps in  pa rt th rough release  in to  th e  lam ina. O scillations in D A  m etabolism  
a lso  occur, w hich  in  the  optic  lobes a re  in  an tiphase to  those  in the  central b rain.

Supported  b y  grants E Y -03592 from  N IH  a n d  A  0065 from  N SE R C .

141.6
ANTIBODY TO APLYSIA SENSORY NEURON PEPTIDE (PI) 
LABELS PUTATIVE SENSORY CLUSTERS OF THE CEREBRAL 
GANGLION IN HELIX and PLANORBARIUS. Montarolo P.G..* 
Casadio A.. Morando L. and Sonetti D ." Dept. of Human Anat. & Physiol 
Univ. of Turin; "Dept. of Animal Biology, Univ. of Modena; Italy.

The tentacle retraction reflex in stylommatophoran and 
basommatophoran pulmonate gastropods is one of the appropriate model 
systems for studying the mechanisms underlying behavioural plasticity. 
However the analysis of the neuronal network involved in such a reflex is 
far from being complete. Although some motorneurons mediating the 
tentacle retraction have been described in the cerebral ganglion, the cell 
bodies of mechanosensory cells that contribute to this reflex have not been 
clearly located. By PCR-based differential screening a peptide specific for 
Aplysia mechanosensory neurons has been identified and an antibody 
against a synthetic fragment (PI) was generated (Brunet JF et al. Science 
252: 856-859, 1991). We tested the immunoreactivity (IR) of the cerebral 
ganglion cells from Helix and Planorbarius to such an antibody. In Helix 
there is marked IR to PI in two symmetrical clusters homologous to the 
lateral J clusters in Aplysia. The most of the somata of these neurons are 
visualized by carboxyfluorescein backfills of the ipsilateral cerebro-pedal 
connective and labial nerves. In the cultured neurons IR was observed not 
only in the cell body and the process, but it was remarkably localized at 
varicosities. In Planorbarius a combined method of cobalt backfill of the 
tentacle nerve and immunocytochemistry has shown that previously mapped 
neuronal clusters of cerebral ganglion are immunoreactive to anti-Pl. 
Electrophysiological experiments are in progress in order to establish the 
physiological role of these neurons and their synaptic relation with the 
motor neurons mediating the tentacle retraction reflex.
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141.7
PUTATIVE MECHANOSENSORY NEURONS IN L Y M N A E A  
STAGNALIS CNS. Steffensen I.*, Syed N.I.* Morris C.E.. Lukowiak 
K* & Bulloch A.G.M.* Department of Biology and Loeh Institute, 
University of Ottawa, Ontario. Departments of Anatomy and 
Physiology*, Faculty of Medicine, University of Calgary, Alberta.

Recently, L y m n a e a  has emerged as a model system for studying the 
cellular basis of rhythm generation. Nothing is however known about 
the sensory components that control behaviours such as respiration, 
locomotion, reproduction and feeding. The present study attempts to 
identify putative sensory neurons. Recently a peptide (sensorin-A) 
specific for A p ly s i a  mechanosensory neurons was identified (Brunet et 
al 1991 Science 252:856). In the CNS of L y m n a e a ,  sensorin-A 
immunofluorescence reveals a discrete pattern of staining involving 
well over 100 neurons. Identifiable sensorin-A postive clusters of 
neurons are located in the buccal ganglia, the cerebral ganglia and a 
single large neuron is immunopositive in each pedal ganglion. These 
putative sensory cells do not appear to colocalize with previously 
identified motor neurons, interneurons or neurosecretory cells. As 
would be expected for a mechanoafferent, sensorin-A positive fibers 
are found in nerve tracts innervating the body wall. The functional 
significance of these neurons will require further electrophysiological 
analysis. Supported by NSERC Canada.

141.9
RELIABILITY OF NEURAL CODING AND REA L-TIM E- 
PERFORMANCE OF SPIKING AND NONSPIKING MOTION 
SENSITIVE CELLS IN THE BLOWFLY. A .-K . W arzecha*. A. Borst.
M. Egelhaaf. MPI biol. K ybernetik , Spemannstr. 38, 72076 Tubingen, 
Germany

Moving fast requires quick and reliable responses to sudden changes 
in the visual surround. We determ ined in the blowfly how fast and 
reliably m otion-sensitive neurons involved in visual course control can 
signal a motion stimulus. In the third visual neuropil motion stimuli 
are encoded either by changes in spike frequency (e.g. H I-cell) or, 
alternatively, mainly by graded m embrane potential changes (e.g. HSE- 
cell). Do these response modes d iffe r in their reliability? We evaluated 
individual response traces of both types of neurons with a method 
based on signal detection theory. This technique treats the data as if an 
ideal observer looks through a tim e-w indow  at the response trace and 
decides on the basis of the integrated activity within that window 
whether there is motion or not. By applying this procedure to 
responses elicited by identical stimuli and by sliding the window over 
the response traces, the percentage of correct decisions can be 
determined as a function of time. In both, the H I- and the HSE-cell 
the reliability improves with increasing image contrast. Whereas for the 
HI-cell the reliability also increases with the size of the integration- 
window there is no such increase for the HSE-cell. Hence, if the task 
is to detect m aintained motion as reliably as possible irrespective of 
the response mode one should use large integration-w indow s. However, 
to detect the onset and offset of motion as fast as possible the window 
should not be longer than 100 ms irrespective of the coding strategy. 
This illustrates that the optimal window size is task-dependent.

141.11
ID E N T IF IC A T IO N  A N D  C H A R A C T E R IZ A T IO N  O F  S H A D O W - 
M O D U LA TED  IN T E R N E U R O N S  IN  T H E  G IA N T  B A R N A C L E .*  M . L. 
Cohen a n d  G .F . G w illia m * . D e p t .  o f  B io lo g y , R e e d  C o lle g e ,  P o r tla n d ,  
OR 97202.

P rev io u s s tu d ie s  o f  th e  c e llu la r  b a s is  o f  th e  s h a d o w  re f le x  in  Balanus 
nubilus h a v e  c h a ra c te r iz e d  th e  in it ia l  th r e e  c e ll ty p e s  i n  t h e  p a th w a y ;  
the p h o to re c e p to r s  t r a n s d u c e  th e  s ig n a l a n d  c o n v e rg e  o n  th e  s ig n  
in verting  I -ce lls  w h ic h  in  t u r n  s y n a p s e  w i th  s ig n a l  a m p l i fy in g  A -c e lls .

P a irw ise  in tra c e l lu la r  r e c o rd in g s  a n d  c o b a lt  in je c tio n s  w e r e  u s e d  to  
s tudy  th e  p o p u la t io n  o f  i n te m e u r o n s  t h a t  t r a n s m i t  th is  s ig n a l  f ro m  th e  
s u p ra e so p h a g e a l g a n g lio n  (SE G ) to  th e  v e n tr a l  g a n g l io n  (V G ). 
M orpho log ic  e v id e n c e  s h o w s  th e r e  to  b e  a t  le a s t  f iv e  d i s t in c t  s h a d o w -  
m o d u la ted  in te m e u r o n s  w i th  p ro je c tio n s  to  th e  V G . C o m b in e d  w ith  
their e le c tric a l r e s p o n s e s ,  th e  i n te m e u r o n s  h a v e  b e e n  id e n t i f ie d  a n d  
d e s ig n a ted  a s  a lp h a ,  b e t a ļ ,  befta2, b e ta 3 a n d  g a m m a .
E lectro p h y sio lo g ic  e v id e n c e  s u g g e s ts  t h a t  th e s e  c e lls  a re  p o s ts y n a p t ic  
to the  А -cell, d o  n o t  s y n a p s e  w i th  e a c h  o th e r ,  a n d  a ls o  m a y  d r iv e  m o to r  
n eu ro n s d ire c tly .  T h is  in d ic a te s  th a t  i n  th e  s h a d o w  re f le x  p a th w a y  
there  is s ig n a l  d iv e rg e n c e  a s  w e ll  a s  r a p id  t ra n s m is s io n  to  th e  m o to r  
neu ro n s re s p o n s ib le  fo r  w i th d ra w a l  o f  th e  b o d y  in to  th e  p r o te c tiv e  
s h e ll .

1. S u p p o r te d  b y  N IH -N IN D S  G r a n t  N o . N S  15774 to  G F G .

141.8
VISUAL RECEPTIVE FIELD PROPERTIES OF FEATURE  
DETECTING NEURONS IN THE DRAGONFLY.

M .A. FRYE and R.M . O LBERG * Dept. o f Biological 
Sciences, Union College, Schenectady, N.Y. 12308-2311.

The dragonfly, which feeds on small flying insects, requires a visual 
system capable of signalling the movements o f airborne prey. A group 
of 8 descending feature detectors in the dragonfly are tuned exclusively 
to moving contrasting objects (Olberg, /  C o m p  P h y s io l 159:827-840, 
1986) These "target" intemeurons (TIs) project from the brain to the 
thoracic ganglia. Their activity drives steering movement of the wings.

In this study, we recorded Ή activity intracellularly in the cervical 
connectives o f the dragonfly A e s h n a  u m b r o s a . To define their 
receptive fields, we recorded TI responses to the movement of 4° and 
16° black square targets moving in 4 orthagonal directions at each of 81 
locations on a 90°x90° square screen in front o f the animal. Each 
neuron was identified by Lucifer Yellow injection.

Our results show that 6 o f the T I s  are strongly directionally selective. 
Two TIs, exclusively tuned to small (4°) targets, have receptive fields 
restricted to visual midline. Two other TIs, which are not selective for 
target size, have receptive fields centered laterally. We suggest that the 
small-target selective neurons are active in prey tracking, maintaining 
the image on midline during approach. TIs not selective for target size, 
whose receptive fields are centered laterally, may be involved in initial 
turns toward prey or away from predators.

141.10
Cortex-like neural arrangements characterize an insect visual neuropii 
Nicholas J. Strausfeld* ARL Div. Neurobiol, Univ. Arizona, Tucson 85721.

In cyclorrhaphan Diptera, retinotopic pathways segregate into 
concurrent achromatic relays to the lobula plate, chromatic relays to the 
lobula, and mixed relays shared by both these deeper regions. Lobula 
plate neuropil is dominated by wide-field panoramic motion-sensitive 
neurons involved in visually stabilizing flight and certain lobula neurons 
serving specialized retinal areas are involved in target detection and 
pursuit. Even greater complexity is suggested by Golgi impregnations 
which identify more than 25 distinct morphological species of small field 
efferent neuron from the lobula. Cobalt-silver stains demonstrate that each 
species comprises a palisade of several hundred neurons subtending the 
entire eye. Individual dendritic trees have specific orientations to the 
projected retinal mosaic and each palisade of lobula dendrites receives a 
characteristic combination of terminals from the 40 species of medulla 
retinotopic neurons. Local neurons, and axon collaterals provide intrinsic 
connections within and amongst different lobula levels. Ensembles of lobula 
neurons provide coherent bundles of axons that target optic glomeruli, 
each associated with dendrites of specific descending neurons leading to 
motor neuropils in thoracic ganglia.

As suggested in an earlier study (Strausfeld NJ and Blest AD, Phil 
Trans R Soc B258:81-223) cell arrangements in lobula neuropil are 
reminiscent of those in mammalian visual cortex. Recent studies of edge 
orientation detection (Srinivasan MV, Zhang SW, Rolfe В and O’Carroll D, 
Nature 362:539-540 and 541-543) suggest that vision in insects may be 
more primate-like than hitherto admitted (Collett TS, Nature 362:494). 
Current studies on lobula organization suggests that similar cellular 
arrangements have evolved independently in different phyla to mediate 
similar visual requirements. Supported by NIH Grant NCRR R01 RR08688

141.12
THE N A U T I L U S  STATOCYST: ITS ULTRASTRUCTURE AND 
POSSIBLE FUNCTIONS.
H . N e u m e is te r 1 a n d  B .U . B u d e lm a n n * 1,2. ’M a r in e  B io m e d . In s t ,  a n d  
2D e p t .  O to la r y n g o lo g y , U n iv .  T e x a s  M e d . B ra n c h , G a lv e s to n , T X  7 7 5 5 5 .

T h e  f a s t  m o v in g  c e p h a lo p o d s  a re  fa m o u s  f o r  th e ir  h ig h ly  d e v e lo p e d  
e q u il ib r iu m  re c e p to r  sy s te m s  ( s ta to c y s ts )  a n d  o c u lo m o to r  c o n tro l . T h e  
s lo w ly  m o v in g  N a u tilu s , h o w e v e r ,  h a s  le s s  d e v e lo p e d  s y s te m s , b u t  it  
p ro v id e s  v a lu a b le  m o rp h o lo g ic a l  a n d  p h y s io lo g ic a l  d a ta  in  c o m p a ra tiv e  
e q u il ib r iu m  re c e p to r ,  h a ir  c e ll  a n d  o c u lo m o to r  r e se a rc h .

T h e  c a v ity  o f  th e  tw o  s a c - l ik e  s ta to c y s ts  is  c o m p a ra tiv e ly  la rg e  (ap p ro x .
2 .3  m m 3); i ts  lo w e r  h a lf  is  f i l le d  w ith  a  v isc o u s  m a s s  o f  s ta to c o n ia  a n d  its  
u p p e r  h a lf  w i th  e n d o ly m p h . T h e  in n e r  s u rfa c e  o f  th e  c y s t  is  l in e d  w ith  a  
la rg e  n u m b e r  o f  p r im a ry  s e n so ry  h a ir  c e lls ,  a s  w e ll  a s  w i th  su p p o rtin g  ce lls . 
E f fe re n t  e n d in g s  a re  p re s e n t  in  th e  n e u ro n a l  p le x u s  b e lo w  th e  h a ir  ce lls . 
T h e re  is  n o  o b v io u s  s e p a ra tio n  in to  a  g ra v ity  a n d  a n g u la r  a c c e le ra tio n  
re c e p to r  sy s te m , as  i t  is in  a ll  o th e r  c e p h a lo p o d s .  T h e  h a ir  c e lls ,  h o w e v e r , 
a re  o f  tw o  m o rp h o lo g ic a l  ty p e s  (a c c o rd in g  to  c il ia ry  c h a ra c te r is t ic s )  a n d  a re  
a r ra n g e d  in  a  s p e c if ic  p a tte rn . T h e  h a ir  c e lls  a re  m o rp h o lo g ic a lly  p o la r iz e d  
a n d  th e re fo re  th e  s ta to c y s ts  s h o u ld  b e  a b le  to  p ro v id e  d ire c tio n a l in fo rm a tio n  
d u r in g  e n d o ly m p h  f lo w  a n d  s ta to c o n ia  m o v e m e n ts .

T h e  m o rp h o lo g y  o f  th e  N a u tilu s  s ta to c y s t  a n d  th e  u ltr a s tru c tu re  o f  th e  
h a ir  c e lls ,  to g e th e r  w i th  b e h a v io ra l  d a ta ,  a llo w  o n e  to  d isc u ss  th e  p o ss ib ili ty  
o f  a n  a n g u la r  a c c e le ra tio n  re c e p t io n  o f  th is  o rg a n , a lth o u g h  a  sp e c ia liz e d  
re c e p to r  sy s te m  f o r  a n g u la r  a c c e le ra tio n  d o e s  n o t  e x is t .

Support by NIH grant R01 EY 08312-03/04 and Gottlieb Daimler- and Karl Benz-Stiftung.
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141.13
THE ELECTROTONIC STRUCTURE OF A CRICKET NEURON IS 
PRESERVED DURING NEURONAL GROWTH. A.A.V. Hilf. D.H. Edwards, 
and R.K. Murphey. Neuroscience and Behavior Program, Univ. of Massachusetts, 
Amherst, MA 01003.

Theoretically, the electrotonic properties of a neuron will change during 
growth. The change in electrotonic properties can be compensated for either by 
changes in cell membrane properties such as R m and C m, or by the metrics of the 
increase in length and diameter of the dendritic processes during growth 
(Edwards, 1992, Soc Neurosci Abstr 22:592.15). We have found that growth of 
a cricket intemeuron, MGI, occurs in a manner that preserves its electrotonic 
structure. The structure of MGI was studied at various stages of postembryonic 
development by intracellular injection of Lucifer Yellow and confocal microscopy. 
The main dendrites of MGI increase in length by a factor (2.6) and their 
diameters increase by that factor squared. According to linear cable theory, such 
growth, which will be referred to as allometric, preserves the electrotonic length 
of a cylinder. In order to study how the growth of MGI affects the electrotonic 
properties of MGI as a whole, we constructed Rail type compartment models of 
MGI using the program GENESIS. R m was estimated to be 4 K Ω cm2 based on 
the membrane time constant which was measured in the 8 th through adult (10th) 
instar. As expected from the anatomical data, we found that during growth 
MGI’s electrotonic properties were conserved. This conclusion is based on the 
fact that if R m, R„ and C m are assumed to be constant during postembryonic 
development, then the morphological changes in MGI’s structure were sufficient 
to maintain both its spatial and temporal integrative properties. The attenuation 
of simulated EPSPs and steady-state changes in membrane potential from the 
dendrites to the initial segment of the axon was very similar in the models of the 
2nd instar and the adult MGI. The cost of preserving the electrotonic properties 
of MGI was that the input resistance was much lower in the adult than in the 
2nd instar model (about l/15th). Allometric growth may be a general feature 
of neurons that maintain constant electrotonic properties throughout development

141.15
EVOLUITO!. OF SPECTRAL SENSITIVITY AND COLOR VISION 
IN THE RETINAS OF MANTIS SHRIMPS. T.W. Cronin1. N.J. 
Marshall2. R.L. Caldwell3. N. Shashar1. and A.B. Lall4*. ‘Dept. of Biol. 
Sci., Univ. of Maryland Baltimore Co., Baltimore, MD; 2Sch. of Biol. 
Sci., Sussex Univ., Falmer, Brighton, England; 3Dept. of Integrative 
Biol., Univ. of California, Berkeley, CA; and 4Dept. of Biology, 
Howard Univ., Washington, DC.

The retinas of mantis shrimps (Crustacea: Stomatopoda) are extremely 
complex, and include numerous visual pigments, photostable filters, and 
multiple polarizational receptor classes. Such visual systems are 
evidently specialized for function in the low-contrast environment present 
underwater. Mantis shrimps vary in ocular and retinal anatomy, and 
occupy a range of habitats varying in depth and water quality. We 
determined the spectral sensitivities of photoreceptors in the retinas of a 
diversity of species and characterized the photic environment of each 
species. Diurnal species occupying shallow, clear, brightly-lit waters had 
the greatest diversity and broadest spectral range of photoreceptor 
classes. Adaptations to reduced intensity and spectrum of light included 
a reduced diversity of spectral classes, an abandonment of several classes 
of photostable filters, and a constriction of the spectral range sampled by 
the retina. Photon capture rates were roughly constant in all classes of 
photoreceptors in all species in their own habitats at their normal times 
of activity. Overall, our results provide a detailed look at evolutionary 
optimization of vision in a unique, diverse group of marine invertebrates.

Supported by NSF Grant BNS-8917183 to TWC.

141.14
COMPARATIVE BRAIN ONTOGENY OF THE CRAYFISH AND CLAWED 
LOBSTER: IMPLICATIONS OF DIRECT AND LARVAL DEVELOPMENT.
S. Helluy1*. R, Sandeman2. B. Beltz1 and D. Sandeman2. 1 Dept. of Bio. 
Sciences, Wellesley College, Wellesley, MA 02181, and 2 School of Bio. 
Sciences, U. of New South Wales, Kensington, N.S.W., Australia, 2033.

The freshwater crayfish Cherax destructor and the lobster Homarus 
americanus have many similarities including life style, body form, and neural 
organization. However, the development of Cherax is short and direct 
whereas that of Homarus comprises three pelagic larval stages and takes 
more than twice as long from extrusion to benthic stages at constant 
temperature. The timing of appearance of 22 general and neural 
developmental events clearly identifiable in both species was compared, 
including the onset of serotonin antigenicity in the different parts of the brain.

During the first month of embryogenesis the timing of morphological, 
physiological and neural events is similar in the two species. Development is 
then accelerated in the crayfish near hatching time and over the two 
postembryonic stages before the advent of the independent benthic stage.

Among the characters showing similar timing in the two species is the 
formation of glomeruli (presumptive zones of synaptic contact) in the olfactory 
lobes of the deutocerebrum, although this event is embryonic in Homarus but 
postembryonic in Cherax. In contrast, glomerular formation in the accessory 
lobes appears to be stage-dependent: in both species, the glomeruli of the 
accessory lobes are acquired postembryonically, about 3 months earlier in 
Cherax than in Homarus. These data suggest that the differentiation of the 
olfactory glomeruli is intrinsically driven whereas that of the accessory lobe 
glomeruli is more subject to extrinsic influences. The fact that, in Homarus. 
only the postlarval stages show mature accessory glomeruli may be a 
reflection of the functional requirements of benthic life. (Supported by NIH-NS 
25915, NSF-BNS-8718938, and NSF-PYI BNS- 8958169 to BB, and a grant 
to DS from the Australian Research Council).

141.16
VENTILATORY EFFECTS OF CARBONIC ANHYDRASE INHIBITION IN 
SNAILS. J.E. Erlichman, J.C. Leiter and F.V. McCann*. 
Physiology, Dartmouth Med. Sch., Lebanon, NH 03756.

We tested the hypothesis that carbonic anhydrase 
(CA) activity is required for C02 chemoreceptor function 
in the terrestrial snail, H. aspersa. We studied the 
response of the pneumostome in isolated brain-pneumostome 
preparations during exposure to normocapnic (2-3% C02) and 
focal, hypercapnia (6% C02) stimulation with and without 
CA inhibition. We used the CA inhibitor, acetazolamide 
(AZT), an inactive analogue of AZT, CL-13850, and 
quaternary ammonium sulfanilamide (QAS), which does not 
penetrate into the intracellular space. CA inhibitor were 
used at concentrations 250 times the CA inhibition 
constant (Kx). During normocapnic superfusion of the 
brain, AZT increased pneumostomal opening; CL-13850 and 
QAS had no effect on normocapnic pneumostomal opening. 
During focal hypercapnic stimulation of the C02 
chemoreceptor region of the brain, AZT slowed the 
pneumostomal response to hypercapnia, but did not change 
the maximal response. Cl-13850 and QAS had no effect on 
the rate of pneumostomal response to focal hypercapnia, 
but in some snails, QAS reduced the maximal pneumostomal 
response slightly. Whole mount brains stained for CA 
activity revealed labeling óf cells in and around the C02 
sensitive region of the brain. Inhibition of intracellular 
CA without added C02 increased pneumostomal ventilation and 
with added C02, slowed the response, but did not change 
the maximal C02 response. Inhibition of extracellular CA 
had no consistent effect on ventilation. These findings 
support the hypothesis the chemoreceptor cells respond to 
intracellular pH; but they refute the hypothesis that 
chemosensitivity is dependent on CA activity in snails.

INVERTEBRATE SENSORY SYSTEMS II

142.1
ELECTRICAL AND MORPHOLOGICAL PROPERTIES OF 
SENSORY NEURONS IN A SPIDER LYRIFORM ORGAN.
Ernst-Aupust Sevfarth* and Andrew S. French.
Zoologisches Institut, J.W. Goethe-Universität, D-6000 Frankfurt am 
Main 11, Germany, and Department of Physiology, University of 
Alberta, Edmonton, T6G 2H7, Canada.

An isolated mechanoreceptor organ preparation has been 
developed in which the intact sensory structures are available for 
mechanical stimulation and electrical recording. The anterior lyriform 
slit sense organ on the patella of the wandering spider C upiennius sa lei 
consists of 7-8 cuticular slits, each slit being innervated by a pair of 
large mechanosensory neurons. The neuronal morphology was 
characterized by light microscopy of neurons back-filled with cobalt 
chloride. Intracellular recordings from identified neurons were used to 
measure the active and passive electrical properties of the cells, with 
Lucifer Yellow injection to confirm the identification in some cases. 
One group of neurons adapted very rapidly, producing only one spike 
at the onset of a step depolarization, regardless of the step amplitude. 
Another group produced slowly adapting bursts of spikes, with the 
number of spikes dependent on the step amplitude. Measurements of 
cell impedances and time constants were consistent with the cell 
morphology.

Supported by the DFG, AHFMR, and MRC of Canada.

142.2
POTASSIUM CURRENTS IN A RAPIDLY ADAPTING INSECT 
MECHANOSENSORY NEURON. A.S. French* and P.H. Torkkeli. 
Department of Physiology, University of Alberta, Edmonton, Canada.

The outward currents of the rapidly adapting cockroach tactile spine 
neuron were studied by switching single electrode voltage-clamp. Fast 
and slow inward currents were blocked by TTX, and the outward 
currents were then studied using specific pulse protocols and blockers 
for different K+-currents. Three different K+-currents were identified: 
1) A hyperpolarization-activated, voltage-sensitive transient A-current 
was blocked by 5 mM 4-AP. Its activation and inactivation time 
constants were —0.5 ms and —10 ms when maximally activated. 5 mM 
4-AP caused a prominent increase in the spike frequency of neurons 
not treated with TTX. 2) A voltage-sensitive delayed rectifier type of 
outward current, blocked by 5 mM TEA. The activation and 
inactivation time constants of this current, when maximally activated, 
were —5 ms and —150 ms. 50 mM TEA applied to TTX untreated 
neurons, first increased the spike frequency, then totally removed the 
repolarization phase of the action potentials. 3) A small outward 
current, insensitive to 4-AP and TEA, but blocked by 5 μΜ apamin is 
probably a Ca++-activated K+-current. Its significance is unknown 
because apamin did not have any clear effect on the form of individual 
spikes or spike frequency. It may play a role in long term adaptation.

Supported by AHFMR and MRC of Canada.
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142.3
DYNAMIC RESPONSE PROPERTIES OF FILIFORM 
MECHANORECEPTORS IN THE CRICKET CERCAL SENSORY SYSTEM. 
Cooper Roddev and Gwen Jacobs* Dept. of Molecular and Cell Biology, UC 
Berkeley, Berkeley, CA. 94704

The cricket cereal sensory system extracts information about wind 
direction as well as the dynamic aspects of wind stimuli such as velocity, 
acceleration, and frequency. The mechanical constraints imposed on directional 
selectivity of the sensory receptors (filiform hairs) is well understood, however it 
is not known how the structure (length, stiffness) of the filiform hair affects the 
dynamic response properties of the receptor. Previous studies have indicated that 
the response characteristics of the receptors are influenced by hair length: 
longer hairs are sensitive to low amplitude, low frequency air displacements 
while shorter hairs respond to higher amplitudes and frequencies. To 
understand the dynamic response properties of this system it is necessary to 
determine directly the relationship between hair length and the dynamic range 
of individual receptors. We have used extracellular recordings and the reverse 
reconstruction technique to measure the ability of identified receptors to encode 
the frequency components of white noise air displacements (10-400 Hz) and to 
calculate the filter for a receptor which yields the best estimate of the stimulus 
given the recorded spike train. Results obtained support the hypothesis that 
frequency sensitivity is inversely dependent upon hair length, and longer 
receptors are more tonically active than shorter receptors. These experiments 
also reveal the relationship between hair length and stimulus amplitude 
sensitivity through comparisons of the spike-to-stimulus filter amplitudes for 
different length receptors.

142.5
MECHANOSENSORY INTEGRATION ONTO THE SEROTONERGIC RETZIUS 
NEURONS IN THE LEECH. Lidia Szczupak* and William B. Kristan Jr,
Department of Biology 0322; University of California, San Diego;
La Jolla, CA 92093.

Serotonergic neurons of vertebrates and invertebrates are involved in the modulation 
of arousal. However, there is no clear understanding about how sensory information is 
processed by these neurons to regulate the motivation of individuals to perform 
particular behaviors.

Retzius (Rz) neurons are a pair of serotonergic neurons present in each segmental 
ganglion of the leech. Serotonin regulates distinctive behavioral patems (swimming 
and feeding) in the leech; and, a direct correlation has been shown between serotonin 
levels in blood and the spontaneous locomotor activity of individual leeches. The aim 
of our study is to describe the input/output functions of these neurons.

Pressure mechanosensory (P) neurons convey a polysynaptic excitatory input onto 
Rz neurons in standard midbody ganglia. At least one of the synaptic junctions 
seemed to be mediated by glutamate receptors since 100 mM CNQX abolished the 
response. Rz neurons in reproductive ganglia 5 and 6  are not excited by the 
stimulation of P neurons. The P to Rz connection takes place in each midbody 
ganglion (1-21), as well as in each of the four neuromeres of the subesophageal 
ganglion. Stimulation of P neurons in any midbody ganglion excites Rz neurons in 
the same ganglion and in successively posterior and anterior ganglia: Stimulation of 
any P neuron is able to produce an epsp in Rz neurons located as far as 16 ganglion 
away. The synaptic pathway has a conduction latency of around 20 ms/segmenL 
Currently efforts are made to localize the intemeuron that mediates the P to Rz 
connection.

The results suggest that Rz neurons are synaptically interconnected via a 
intemeuronal layer which spans the central nervous system of the leech, and which 
serves as a link for sensory integration.
This work was supported by an NIH research grant (# NS 25916 to WBK) and the 
International Human Frontier Science Program Organization (LS).

142.7
S Y N A P T IC  IN T E R A C T IO N S  IN  A S M A L L  N E U R O N A L  C I R C U I T  
OF T H E  F L Y  V IS U A L  S Y S T E M . M . E e e l h a a f *. A . - K .  W a rz e c h a  
and A. Borst. MPI biol. K ybernetik , Spemannstr. 38, 72076
Tübingen, G ermany

Relative motion is an im portant visual cue that is frequently 
exploited to segregate objects from  their background. Accordingly, 
nerve cells specifically tuned to relative motion have been found in 
the visual system of many invertebrates and vertebrates. A well 
examined example is the "FD l-cell" in the third visual neuropil of 
the blowfly. This cell is supposed to be involved in the detection and 
fixation of objects that are just defined by relative motion (Egelhaaf 
et al. Trends Neurosci. 11: 351-358, 1988). The F D l-cell represents a 
good model system where the underlying mechanisms can be 
accounted for in terms of a circuit of individually identifiable 
neurons and their synaptic interactions. Using electrophysiological 
and optical recording techniques as well as pharmacological and 
photo-inactivation methods the following results have been obtained: 
(i) The F D l-cell is excited by an array o f retinotopically arranged 
local motion-sensitive elements and inhibited by an identified 
neuron, the "V C H -ceir that responds best to binocular large-field  
motion, (ii) The ipsilateral motion sensitivity of the VCH-cell is 
mediated by local retinotopically arranged m otion-sensitive elements, 
as is the case with the F D l-cell. In addition, the VCH-cell receives 
input from the contralateral side via other identified motion-sensitive 
large-field elements, (iii) The synaptic interaction between the VCH- 
cell and the F D l-ce ll is mediated by the inhibitory transm itter 
GABA, (iv) Most likely, these interactions take place between the 
dendrites of both cells.

142.4
TEMPORAL ENCODING OF REAL-TIME WIND VELOCITY IN THE 
CRICKET CERCAL SYSTEM. S.M. Stufflebeam. F.E. Theunissen. and J.P. 
Miller* Divison of Health Sciences, Havard-MIT, Boston, MA 02115; Mol. & 
Cell Biology Dept., University of California, Berkeley, 94720.

We are interested in how nervous systems encode information in spiking 
patterns. The spiking patterns of primary sensory intemeurons in the cricket 
cereal system encode various aspects of air currents, such as velocity, direction, 
and frequency. Previous studies have characterized the coding of air current 
velocity by the primary afferents and the accuracy of directional discrimination in 
the intemeurons. In the current study, we characterized the ability of intemeurons 
to encode wind velocity with the reverse reconstruction technique. A filter was 
computed which best reconstructed the stimulus frequency and velocity from the 
spiking patterns of primary sensory neurons. Analysis of such filters provides 
information about biophysical properties of the nervous system such as latency, 
integration time, and threshold of cells. The filters, however, do not give a 
measure of the quality of the reconstructed stimulus. To measure the quality, the 
noise of the reconstruction was defined as the difference between the reconstructed 
stimulus and the actual stimulus. Using this definition of the noise, the quality 
of the filters was assessed by calculating the coherence function (gain) at various 
frequencies of the stimulus. The overall quality of the encoding was expressed by 
calculating the information theoretic quantity of transinformation and expressing 
it in units of bits/second or bits/spike. The shape of the filters and the quality of 
the reconstructions varied over different classes of intemeurons, reflecting 
encoding of different aspects of the stimulus by different parts of the nervous 
system. By computing the reverse reconstruction filters in different 
environments, such as prolonged white noise stimuli or background drift, we 
found that the shape and quality of the filters varied, reflecting an optimal 
adaptation of the nervous system to the current environment.

142.6
TACTILE FIELDS FOR THORACIC INTERNEURONS OF THE ESC A P E  
SYSTEM  OF THE COCKROACH. A.J. Pollack and R.E. Ritzmann*. Dept. 
of Biology, Case Western Reserve University, Cleveland, OH 44106.

The escape system of the cockroach is generally associated with 
activation of ventral giant intemeurons (vGIs) which conduct information on 
wind stimulation from the sensory structures on the abdomen to motor 
circuits in the thoracic ganglia. However, Comer et al. (Neurosci. Abstr. 
15:349, 1989) has demonstrated that escape in the cockroach can also be 
generated by tactile stimulation. In this study, we ask whether the type A 
thoracic intemeurons (Т ід б ) which receive input from vGIs are capable of 
extracting directional information from tactile stimuli.

Tactile stimuli were delivered to various locations around the dorsal 
body cuticle. In general the T Ią s  respond with vigorous depolarizations at 
both the onset and termination of a 50 msec stimulus. In many cases the 
response was clearly biphasic, with an early response terminating 
approximately 9 msec after onset followed by a generally stronger second 
phase. The amplitudes of these two phases vary independently over the 
cuticle. The left - right bias of individual Т ІдБ  is consistent with that of wind 
stimulation. That is, cells with unbiased wind fields are unbiased with 
respect to left - right cuticle stimulation, whereas cells with a stronger 
response to wind on one side have a similar bias to tactile stimulation. 
However, the front - back biases for wind and tactile stimulation are not 
always consistent. Two cells with unbiased front - back wind responses 
have decidedly different tactile maps for front to back stimulus location.

We conclude that the ТӀдэ are fully capable of extracting information 
necessary for directing escape movements away from tactile stimuli in the 
same way that they appear to direct escape away from wind stimulation.

Sponsored by NIH grant NS-17411 to RER.

142.8
I N  V I V O  OPTICAL IMAGING OF CALCIUM TRANSIENTS 
IN THE DENDRITES OF A CRICKET AUDITORY NEURON: 
THE ROLE OF CALCIUM IN SELECTIVE ATTENTION.
Erik C. Sobel* & David W. Tank. Biological Computation Research Dept., 
AT&T Bell Laboratories, Murray Hill, NJ 07974.

In the omega neuron a chirp o f a natural calling song produces 
membrane depolarization followed by a transient hyperpolarization 
which effectively raises the cell's threshold to other sounds. This 
hyperpolarization may account for the perceptual phenomena o f  
selective attention in which a cricket ignores all but the loudest calling 
song. To examine the biophysical basis of this phenomenon the omega 
neuron in a semi-intact preparation was filled with the calcium 
indicator fura-2 and changes in intracellular free calcium ion 
concentration ([Ca++]i) were imaged in the dendrites in response to 
tone bursts and calling songs. [Ca++]ļ increased during the sound 
stimulus and subsequently decayed back to resting levels. The spatial 
distribution o f the [Ca^+lį accumulation was extensive and was most 
pronounced in regions postsynaptic to primary auditory fibers and 
presynaptic regions on the contralateral side. [Ca++]į accumulation 
increased with sound intensity and returned to resting levels with a 
time course which closely paralleled the post-stimulus membrane 
hyperpolarization. Our results suggest that the amplitude and time 
course o f the hyperpolarization are a function o f [Ca++]i kinetics 
mediating a Са'И' activated K+ conductance. This observation 
underscores the importance o f non-electrical aspects o f neural 
computation by directly relating the dynamics o f a perceptual 
phenomenon (e.g.. selective attention) to the kinetics o f [Са^4-]!.
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14 2.9
PASSIVE SIGNAL PROPAGATION IS NOT ALW AYS 
WITHOUT IMPORTANT LOSSES IN FLY PHOTO
RECEPTORS. S. Gagné*. and S. Comtois. Lab. o f vision and 
digital systems, Elec. Engn. Dept., Laval University, Québec, 
Canada, G1K 7P4.

Many cells do not have recourse to spike generation when 
transmitting their information to outcoming cells. It is found their 
surface area, soma diameter, overall shape and membrane 
characteristics match well with passive conduction and results in no 
significant losses in the transmission. In photoreceptors, the 
situation is not clear cut because membrane characteristics are light 
dependant and losses impute to passive propagation can be 
important. We have studied the fly photoreceptor structure which is 
made of three different parts: the soma where the light is captured, 
the axon where the signal is transmitted to lamina and the terminal 
where secondary neurons take their information. Two cases of 
interest for electrophysiologists must be differentiated. In the normal 
physiological case, when neglecting the pigment screening effect, 
photons are capture all along the rhabdomere inner segment and 
rather good isopotential responses are to be expected everywhere in 
the photoreceptor parts at all light intensities. The other case 
concerns current injection. It is found losses can be as large as 55% 
at high light intensities when the microelectrode impalement site is in 
the soma distal part. Also, current injection in the terminal part is 
highly sinked by the soma part and isopotentiality cannot be 
obtained. Finally, the input impedance values predicted in all these 
different cases are given.

142.11
S E R O T O N E R G IC  M O D U L A T IO N  O F  T H E  R E C E P T IV E  H E L D  
PR O P E R T IE S  O F  A N  ID E N T IF IE D  M E C H A N O S E N S O R Y  N E U R O N .
A . M ar*  a n d  P . D r a p e a u , C e n te r  fo r  R e s e a rc h  in  N e u r o s c ie n c e ,  M cG ill 
U n iv e rs i ty  a n d  M o n tre a l  G e n e ra l  H o s p i ta l ,  M o n tre a l ,  P Q , C a n a d a  H 3 G  1 A 4.

Id e n t i f ie d  lee c h  m e c h a n o s e n s o ry  n e u ro n s ,  s u c h  a s  to u c h - s e n s i t iv e  (T) ce lls , 
h a v e  b o th  w e ll-d e fin e d  m a jo r  a n d  m in o r  r e c e p t iv e  f ie ld s .  P ro lo n g e d  
s t im u la tio n  o f  th e  m in o r  r e c e p t iv e  f ie ld s  r e s u l ts  i n  a d a p ta t io n  d u e  to  b r a n c h  
p o in t  fa i lu re . In  th e  T  ce ll, th is  is  d u e  to  h y p e r p o la r iz a t io n  fo llo w in g  
re p e t i t iv e  f ir in g  a n d  is  m e d ia te d  b y  a c tiv a tio n  o f  th e  e le c tro g e n ic  s o d iu m  
p u m p .  A c t iv a t io n  o f  s e ro to n e rg ic  R e tz iu s  c e lls  o r  a p p l ic a t io n  o f  s e ro to n in  
(5 -H T ) b lo c k  th e  s o d iu m  p u m p  a n d  s u p p r e s s  th e  h y p e rp o la r iz a t io n  o f  th e  T  
c e ll. W e  e x a m in e d  th e  a b il i ty  o f  5 -H T  to  s u p p r e s s  a d a p ta t io n  o f  th e  T  cell 
m in o r  r e c e p t iv e  f ie ld s.

T ra in s  o f  a c tio n  p o te n t ia ls  w e r e  e v o k e d  in  o r d e r  to  h y p e r p o la r iz e  T  c e lls  b y  
10-30 m V  f ro m  th e ir  r e s t in g  p o te n t ia l  o f  -50  m V . A s  r e p o r t e d  p re v io u s ly ,  
s u b s e q u e n t  s t im u la tio n  o f  th e  m in o r  r e c e p t iv e  f ie ld s  u s u a l ly  e l ic ite d  fe w e r  
a c tio n  p o te n t ia ls  a n d  s o m e tim e s  th e  r e s p o n s e s  w e r e  c o m p le te ly  s u p p re s s e d .  
W h e n  th e  p r e p a r a t io n s  w e re  p e r f u s e d  w i th  50  μ Μ  5 -H T  f o r  s e v e r a l  m in u te s ,  
th e  h y p e rp o la r iz a tio n  in d u c e d  b y  f ir in g  a c tio n  p o te n t ia l s  w a s  g re a t ly  
r e d u c e d .  We a ls o  o b s e rv e d  a n  in c re a se d  n u m b e r  o f  a c tio n  p o te n t ia l s  u p o n  
s t im u la tio n  o f  th e  sk in . I n te re s tin g ly ,  m o re  a c tio n  p o te n t ia l s  w e r e  t r ig g e re d  
a t  a n y  g iv e n  p o te n t ia l ,  d e m o n s t ra t in g  a n  in c r e a s e d  s e n s i t iv i ty  i n  th e  p re s e n c e  
o f  5 -H T . T h e se  re s u l ts  s u g g e s t  a n  i m p o r ta n t  r o le  fo r  5 -H T  in  m o d u la t in g  th e  
re c e p t iv e  f ie ld  p r o p e r t ie s  o f  s e n s o ry  n e u ro n s .

S u p p o r te d  b y  th e  F C A R , FR SQ  a n d  M R C  o f  C a n a d a .

142.13
R E S P O N S ES  OF TENSION  R E C E P T O R S  TO 
NEUROMODULATOR ENHANCED CONTRACTION OF THE 
OPENER MUSCLE. H.B. Hartman* and A.K. Trvba. Dept. of 
Biol. Sci., Duquesne Univ., Pittsburgh, PA 15282

Tension receptors have been located on the opener m uscle  
tendon in the blue crab, Callinectes sap idus. The receptors are 
bipolar sensory cells w hose som ata are located on the distal end 
of the opener apodem e. The dendrite of each unit penetrates the 
hypocuticle, inserts into the endocuticle of the tendon, and is in 
series with the m uscle. The axons converge distally to form a 
discrete nerve which m erges with the opener m uscle motor 
nerve.

The receptors are not spontaneously active at any rest position 
of the dactyl and are unresponsive to passive m uscle stretch. 
Isometric contraction evoked by stimulating the opener excitor 
induces tension receptor discharges; the instantaneous frequency 
of individual units directly parallels the dynam ic rate of tension 
development and settles to a lower static rate during maintained 
tetanus. Increase in isometric force results in the recruitment of 
additional units.

The neuromodulators serotonin and octopamine dramatically 
increase the rate of tension development and total force of 
opener m uscle contraction; the output by the tension receptors 
directly parallels the increase. The neuromodulators do not 
increase resting m uscle tension nor spontaneous activity of the 
tension receptors.

142.10
FUNCTIONAL ORGANIZATION OF THE ACCESSORY LOBE IN THE 
DEUTOCEREBRUM OF THE SPINY LOBSTER. M. Wachowiak. OE, Diebel and
B.W. Ache. Whitney Laboratory and Depts. of Zoology and Neuroscience, 
Univ. of Florida, St. Augustine.

The accessory lobe (AL) is a layered, glomerular neuropil in the 
deutocerebrum of decapod crustaceans that lacks primary olfactory afferent 
input, but that has been implicated in olfactory processing (e.g., Blaustein et 
al. J. Crust. Biol. 8:493,1988). Schmidt et al. (Soc. Neurosci Abs. 405.6,1991) 
morphologically identified presumptive AL input neurons that connect the 
central layer of the AL to glomeruli in the olfactory lobe (OL) and presumptive 
AL output neurons that arborize in either the medial or lateral layers of the AL 
and, like OL output neurons, project to the lateral protocerebrum. Here, we 
functionally characterize AL neurons by whole-cell, current clamp recording 
in a perfused, isolated brain of the spiny lobster. The majority of AL output 
neurons respond to brief electrical stimulation of the olfactory nerve after 70- 
150 ms with a short burst of action potentials. Other AL output neurons 
respond with a long-lasting (10-20 sec) depolarization and train of action 
potentials, and show spontaneous depolarizations identical to those elicited 
by electrical stimulation. AL output neurons also respond to odor stimulation, 
confirming an olfactory function for the AL. The response of AL output neurons 
differs substantially from that of OL output neurons described earlier 
(Wachowiak & Ache, AChemS Abs., 1993). OL-AL local interneurons respond 
to electrical stimulation of the olfactory nerve with a long-lasting (1 -6 sec) train 
of action potentials within 20-30 msec, similar to the latency of OL local 
interneurons described earlier (Diebel & Ache, AChemS Abs., 1993), making 
them candidates for providing olfactory input to the AL. Our results confirm an 
olfactory function for the AL and suggest that the AL processes olfactory 
information in a manner distinct from that in the OL.

142.12
COCKROACH HOMOLOG OF THE MANTIS TYMPANAL NERVE. D.D. Yager* 
and D.J. Scaffidi. Dept. of Psychology, Univ. of Maryland, College Park, 20742.

Mantises have a single ear located in a deep groove in the ventral metathorax. 
This tympanate ear mediates ultrasonic hearing. Cockroaches and mantises are 
closely related and similar anatomically. Using extracellular recording from 
ascending connectives, we find no evidence of hearing at frequencies above
2-4 kHz in six roach species in three families. Comparisons between the 
derived mantis auditory system and the presumably primitive, homologous 
structures in deaf roaches may thus yield clues to the origins of the mantis ear.

Our gross and histological studies of the metathorax strongly suggest that 
Nerve 7 of the roach and the tympanal nerve of the mantis are homologs. Both 
nerves arise from the ventral surface of the ganglion, both have 25-35 axons, 
and both are entirely sensory. Both nerves have a cell body cluster distally from 
which arises anterior and posterior nerve branches and three ligaments. Ten- 
12 scolopales lie at the bases of the ligaments with the caps oriented away from 
the somata. The nerves differ, however, in that the cell body cluster is relatively 
distant from the ganglion, near the ear, in the mantis, but close to the ganglion 
in the roach. A comparison of serial homologs supports the homology of the 
two nerves: the mesothoracic homolog of the tympanal nerve in the mantis is 
virtually identical to both the meso-and metathoracic nerves in the roach. 
Further, the tympanal nerve’ in deaf first instar mantises has the same anatomy 
as Nerve 7 in the adult roach.

The attachment site of the caudal-most ligament from the cell body cluster 
suggests a proprioceptive function for the primitive tympanal nerve. In the 
mantis, the ligament attaches to the tympanum. In the roach, it attaches to 
membranous cuticle at the junction of thorax and abdomen, near the coxal 
joint. It is closely associated anatomically, and possibly functionally, with a hair 
plate and a cuticular fold that detect medial-lateral coxal position.

14 2.14

SENSORY ECOLOGY OF COPEPODS: RAPID DETECTION OF 
SMALL WATER MOVEMENTS BY ” GIANT” SENSORY UNITS 
E. ËL Lenz. D* K, Hartline*. J i  Y* Gassie and i  Yen Békésy Laborato
ry, Univ. o f Hawaii, Honolulu, Ш 96822 

Copepods dominate the oceanic zooplankton, occupying a variety of 
ecological niches. As in insects, niche-specific sensory capabilities 
may be expected, yet little is known about copepod sensory physiology. 
Extracellular recordings from the first antenna of the calanoids P leu ro -  
m a m m a  s p p . showed two reidentifiable large-spike (1-5 mV) primary 
sensory units associated with long hairs on the distal tip. Unstimulated, 
units were nearly silent. Thresholds to near-field water displacement 
parallel to the antenna using trapezoidally-modulated sinusoidal stimuli 
were below 10 nm at frequencies near 700 Hz. Threshold sensitivity to 
peak water v e lo c ity  was nearly flat from 100 to 1000 Hz, ca . 10 pm/s. 
The smaller unit had the lower threshold at frequencies >100 Hz, but 
the threshold order switched below 100 Hz. Neither unit showed much 
directional preference for distal vs proximal movement. Number of 
spikes (N) for a suprathreshold stimulus increased linearly with peak 
velocity. For a fixed intensity factor above threshold, N increased 
linearly with frequency (200-2000 Hz). Spikes were strongly phase 
locked to the stimulus cycle up to 2 kHz. The unique properties of 
these mechanoreceptors may represent functional tuning to specific 
requirements o f the pelagic microscale environment, e .g . sensitivity to 
exceptionally rapid predatory attacks. In some preparations, escape
like antennal flicks were elicited by the same stimuli that triggered 
spikes in giant units. Support: NSF grant ОСЕ 8918019 and 8917167.
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142.15
NONSPIKING S T R E T C H  R E C E P T O R  IN T H E  SA N D  C R A B  

EMERITA a n a l o g a: P H A R M A C O L O G IC A L  
INVESTIGATIONS O F  T H E  R E C E P T O R  P O TEN TIA L. 
D.H.Paul* and J.Bruner. Biology Department, University of 
Victoria, Victoria, B C  V8W 2Y2, Canada

Nonspiking stretch-receptive neurons (NSR) of decapod 
crustaceans have apparently evolved repeatedly from spiking 
precursor neurons, since they occur variably, in different body 
segments, in several families. The evolutionary changes in 
membrane properties of these neurons are largely unknown.

We recorded intracellularly from individual telson-uropod N SR s  
and used pharmacological agents to block K + , N a+ or C a 2 +  
channels in order to study the receptor potentials elicited by 
stretches of the receptor’s  elastic strand (steep ramp-hold-release). 
We have found that TTX  (10-7 M) did not modify the amplitude of the 
initial transient, which it does in the other N SR s so far investigated, 
and that 4-AP (0.1 -1mM) in the bathing solution slowed the fast 
repolarization. This suggests that voltage-dependent early outward 
current, but not N a+ inward current, contributes to the initial 
transient. In the presence of TE A +  (20-50mM), the plateau potential 
increased substantially and sometimes Ca2+-dependent, 
overshooting, regenerative potentials were triggered (these were 
blocked by C d 2 +  or C o 2 +). Thus the plateau is sustained in part 
by voltage-dependent K +  outward and C a 2 +  inward currents. The 
mechano-sensitive ion channels appear unaffected by the K +  
channel blockers.

Supported by N SER C , Canada

142.17
PHYSIOLOGICAL PROPERTIES OF SPINY KENYON INTERNEURONS 
IN THE MUSHROOM BODIES OF THE LOCUST BRAIN. G. Laurent* 
and M. Narayhi. California Institute of Technology, Biology 
Division and C.N.S. Program, 139-74, Pasadena, CA 91125.

The mushroom bodies (MBs) of insects are putative centers for 
multimodal processing and associative learning, whose primary
input is olfactory and originates in the antennal lobes. To 
understand the functional role of the MBs, the properties of 
their intrinsic neurons, the Kenyon cells (KCs) were studied 
intracellularly in  v ivo . KCs have a high input impedance (ca. 
1GD at the soma), produce action potentials upon depolarization, 
and show spike adaptation during long depolarizations. At rest, 
they display a low but irregular level of spike activity in the
absence of sensory stimulation, despite a busy background of
spontaneous synaptic activity. They show no intrinsic bursting 
behavior, nor inward rectification upon hyperpolarization. 
KCs are known from electron-microscope studies to receive 
direct synaptic inputs on their spines from antennal lobe 
projection interneurons. These projection neurons were 
activated by extracellular stimulation of the antennal nerve, 
and the synaptic potentials they evoked in the KCs were studied. 
These were chemically-mediated EPSPs, with salient voltage- 
dependent com ponents, indicative o f active dendritic
properties. As a consequence, the amplitude of a synaptic
potential was remarkably sensitive to the resting potential of 
the KC. Varying the strength o f the antennal stimuli
demonstrated that individual KCs receive converging inputs 
from many projection intemeurons. S u p p o r te d  b y  ONR & NIH.

142.19
INTEGRATION OF SYN APTIC PO TEN TIALS BY TH E D EN D RITES OF 
LOCUST NONSPIKING LO CAL INTERNEURONS: A COMPARTMENTAL 
MODELING APPRO ACH. H. Zhang*1 and G. Laurent2 . Divisions of 
Physics1 and Biology2 , C N S Program, 139-74, California Institute 
of Technology, Pasadena, CA  91125.

We constructed a compartmental model of a locust nonspiking local 
interneuron to study the voltage-dependence of its spatial 
integrative properties. The conductances distributed on its dendrites 
include a leak conductance, two ligand-gated conductances, three 
voltage-dependent conductances (Кд, K đ r , Ca), whose parameters 
were taken from electrophysiological experiments. A putative 
calcium-dependent potassium conductance was also present. We ran 
simulations to study the influence of membrane voltage and 
distribution of voltage-dependent conductances on the integration of 
spike-mediated synaptic inputs.

We showed that the spatial integrative properties of nonspiking 
local interneurons change with membrane potential, and that the 
changes depend both on the distribution of the voltage-dependent 
conductances and on the location of the synaptic inputs. At negative 
potentials, where the membrane behaves passively, the neuron is 
relatively compact. For inputs located on large-diameter neuntes at 
least, the spread of potentials to distant neurites is significant. At 
more positive potentials, the neuron appears to become 
compartmentalized, and the degree of compartmentalization depends 
on the ratios of the three voltage-dependent conductances. Areas 
with high ratio of calcium to potassium conductances could be 
electrically unified and become local integrative units.

This work is supported by grants from NIH and ONR to GL.

142.16
H Y STE R ES IS  REDUCTION IN PROPRIOCEPTION USING PRESYNAPTIC  
SHUNTING INHIBITION. N. G. Hatsopoulos* & G. Laurent. Division of 
Biology, Computation and Neural System s Program, MS139-74, 
California Institute of Technology, Pasadena, CA 91125.

The tonic responses (angular-position sensitivity) of stretch- 
activated afferente from the chordotonal organ in the locust leg exhibit 
considerable hysteresis (Matheson, J  Comp Physiol A, 170, 1992). In 
particular, flexion-tonic afferents (i.e. cells with maximum tonic 
responses at flexed joint angles) show, for a given joint angle, a higher 
tonic firing rate after flexion than after extension movements. The 
reverse holds for extension-tonic afferents. However, a spiking local 
interneuron, which receives direct inputs from these afferents, 
exhibits much less hysteresis (Burrows, J  Neurophys, 54, 1985).

We hypothesize that presynaptic shunting inhibition between afferent 
axons, which has been shown experimentally to exist (Burrows & 
Laurent, J  Neurosci, 13, 1993), reduces the hysteretic effect on the 
post-synaptic local interneuron by acting as an automatic gain control 
mechanism (Grossberg, Reidel Pub Co, 1973). We developed an 
abstract neural model with leaky-integrator and shunting dynamics. 
The results demonstrated that hysteresis was reduced substantially 
(about 30 %). These simulations also suggest a graded weighting 
scheme between the afferents and the interneuron. Results from a more 
realistic compartmental model demonstrated that shunting inhibition 
acts as a gain control mechanism to reduce hysteresis. We are 
conducting a physiological experiment to test this hypothesis by 
superfusing picrotoxin, a GABA receptor antagonist, near the axon 
terminals to eliminate shunting inhibition. Supported by ONR and 
HFSP.

142.18
A CONNECTIONIST MODEL O F LOCUST THORACIC SENSORIMOTOR 
C IR CU ITS. C. Chee-Ruiter* & G. Laurent. Computation and Neural 
Systems Program, Division of Biology 139-74, California Institute 
of Technology, Pasadena, CA 91125

A known sensorimotor circuit with a layered functional 
architecture underlies tactile avoidance reflexes of the locust leg. 
To investigate the general organizational principles governing this 
type of local circuit, we sought to find many network configurations 
(i.e., identify patterns of synapses between neurons, and their 
variability) which solve a set of behaviorally-observed input- 
output relations. A network model of simple computational elements 
representing the afferents, the local neurons, and the motorneurons 
was built, and constrained by experimentally-verified general 
rules (connections were allowed only where they are known to 
exist, and signs of connections were constrained). Several network 
configurations have been obtained which successfully solve a set of 
input-output relationships describing simple tactile reflexes, based 
on sensory signals from filiform hairs on the surface of the leg. The 
results of our simulation reveal the fine structure of receptive 
fields of the modelled local units (such as apparent gradients in 
receptive fields illustrative of varying synaptic efficacies), as well 
as details of the connectivity between individual neurons, not easily 
accessible through electrophysiological techniques.

Supported by grants from NIH and ONR to GL.

142.20
HISTAMINE-LIKE IMMUNOREACTIVITY IN RETINAL 
AND GLIAL CELLS IN THE FIRST OPTIC GANGLION OF 
THE BLOWFLY. M. Järvilehto*. R. Harjula. Orbis Sensorius 
Oulu, Neurobiology Unit, Univ. of Oulu, 90570 Oulu, Finland.

Antibodies specific to histamine were used to examine 
photoreceptors and other cell types in the retina and lamina 
ganglionaris of the compound eye of the fly. The histamine 
antiserum (a generous gift from Dr. P. Panula) was applied on 
prefixed (2%  PA/0.1M PB) cryosections pretreated with 
carbodiimidi solution. The immuno-fluorescence was obtained 
with FITC-conjucated goat anti-rabbit secondary antiserum. 
Histamine-like immunoreactivity was found in photoreceptor 
cells (R8) as well as in the glial cells located as a layer on top 
of the lamina ganglionaris and also along the optic cartridges 
towards the proximal end of the lamina. The glial network 
isolated the cartridges, and immunoreactivity in the receptor cell 
(R1-R6) terminals was hardly detectable. The immunoreactivity 
in the glial cells was found in both light and dark adapted 
conditions. These findings indicate an active role for glial cells 
in the transmission of information through the first optic 
ganglion.
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143.1
G A Z E  D E P E N D E N T  K IN E M A T IC S  O F  T H E  M O N K E Y  A N G U L A R  
V E S T IB U L O -O C U L A R  R E F L E X  (V O R ) D U R IN G  H E A D  R O L L .
S.H. Seidm an*. L. Telford, and G.D. Paige. Dept. o f  N eurol. &  Ctr. for V isual Sci.,
U. o f  Rochester, Rochester, N Y  14642.

H ead rotation around the naso-occipital axis (roll) is accom panied by 
com pensatory torsional eye m ovem ents. H ow ever, w hen gaze is no t parallel w ith the 
roll axis, horizontal and vertical eye m ovem ent com ponents are required  to m aintain 
fixation. The m agnitude and phase o f  these com ponents depend on geom etrical 
factors, including inter-ocular separation, and the distance and eccentricity  o f  
fixation.

To determ ine if  the V O R actually  m eets these kinem atic requirem ents, squirrel 
m onkeys w ere oscillated in roll at 4 H z (peak velocity  o f  30°/s) in the nose-up 
orientation. The roll axis w as either centered betw een the eyes or collinear w ith one 
eye. The horizontal and vertical eye m ovem ents approxim ated the m ovem ents 
necessary to m aintain binocular fixation in space. Vertical com ponents w ere 
m odulated by horizontal gaze eccentricity  and vergence, w hile horizontal 
com ponents w ere m odulated principally  by vertical eccentricity. W hen the axis o f  
rotation was head-centered, the vertical V O R com ponents o f  the tw o eyes properly 
opposed each other, but as horizontal gaze eccentricity  increased, their relative 
am plitudes shifted and predictably becam e parallel. W hen one eye w as centered, its 
vertical V O R com ponent w as appropriately less than  that in the off-centered  eye. 
H orizontal m ovem ents were alw ays conjugate, bu t shifted am plitude and direction 
with vertical gaze eccentricity  and sign. Results w ere com parable w ith and w ithout 
visual targets, as w ould be expected at 4 Hz.

These findings illustrate that the angular V O R (like the linear V O R) includes 
kinem atically  correct responses in 3-D, appropriate for the goal o f  m aintaining 
binocular fixation in space, and includes separate (disconjugate) control attributes for 
the tw o eyes. (Supported by NIH Grant AG06442)

143.3
VISUAL VESTIBULAR INTERACTION (VVI) DURING LINEAR 
STIMULATION. J.C. Mendoza and D.M. Merfeld*. Man-Vehicle Lab., 
Massachusetts Institute of Technology, Cambridge, MA 02139

In order to characterize VVI during linear stimulation, eye movements 
of six human subjects were recorded using scleral search coils during 
sinusoidal linear acceleration (0.4G, 0.25Hz) along the inter-aural axis. 
Each subject was in total darkness or viewed a linear optokinetic (OK) 
display while upright or supine. In four trials the OK stimulus moved at a 
constant speed (74cm/s) in four different directions (right, left, up, down) 
during acceleration, and three trials in which the visual stimulus moved 
sinusoidally (74cm/s peak speed, 0.25Hz): 1) OK alone, 2) with linear 
motion complementary to OK stimulation (e.g., OK stimuli right & motion 
left), or 3) with linear motion anti-complementary to OK stimulation (e.g., 
OK stimuli right & motion right).

Significant sinusoidal horizontal eye movement responses were 
observed in all conditions (p < 0.05). In the upright orientation, dark 
responses had an amplitude of 5.2% and a phase lead of 30° relative to 
perfect velocity compensation. The mean amplitude of the oscillations 
with simultaneous constant velocity OK stimulation increased to 7-10°/s 
with phase lead unchanged. Complementary sinusoidal stimulation 
increased both the amplitude and the phase lead relative to the response 
with OK stimulus alone, while the anti-complementary stimulation 
increased the phase lead but left the amplitude unchanged. Similar results 
were obtained supine, except for the dark condition which showed a 
greatly reduced response (1.3%).

It is possible that a reciprocal effect of the vestibular and visual 
systems exist with the gain of each system being enhanced by the other 
and also modulated by the relative orientation of the gravity vector. 
Supported by NASA grant NAG2-445.

143.5
PERCEPTION OF SELF-MOTION AND ORIENTATION: A FOR
MAL FRAMEWORK AND MATHEMATICAL ANALYSIS.
J.E. Holly* and G. McCollum, R.S. Dow Neurological Sciences Insti
tute, Portland, OR 97209-1595.

Passive whole-body motion and/or active head movement can in
duce disorientation and misperception of the motion, especially in pi
lots and passengers of air- and spacecraft, vestibular patients, and 
subjects in psychophysical experiments.

For example, in the optokinetic pseudo-Coriolis effect, a subject 
sits at the center of a vertical drum that is rotating about a verti
cal axis causing a false sensation of self-rotation, and makes a head 
tilt in the roll direction (left or right). The subject then perceives 
pitch motion, which cannot be explained in the same way that the 
perceptually similar vestibular Coriolis effect (occurring during sub
ject rotation with head tilt) is explained by the cross-product of the 
angular velocity vectors.

The global framework we have developed allows accurate compari
son of motions and their resulting self-motion perceptions. The study 
uses techniques of vector analysis and physics. The space of all pos
sible motions is mapped formally to the set of relevant stimuli (e.g. 
deflection of vestibular hairs and velocity of visual surround), and then 
perception determines a map from these stimuli back to tne space of 
motions. By analysis of these maps, entire classes of perceptually 
equivalent but outwardly different passive whole-body motion have 
been identified. The framework makes sense of such phenomena as 
the optokinetic pseudo-Coriolis effect. The structure of the maps iso
lates functional patterns determining self-motion perception, such as 
the importance of the linear and angular acceleration profiles at the 
beginning of a complex motion.

143.2
C A N A L -O T O L IT H  IN T E R A C T IO N S  IN  T H E  M O N K E Y  V E S T IB U L O - 
O C U L A R  R E F L E X  (V O R ) L, Telford* . S. H . Seidm an. and G .D . P aige .
D ept. o f  N eurol. &  C tr. for Visual Sci., U. o f R ochester, Rochester, N Y  14642

The angular and linear VO Rs (aV O R and IVOR) operate together to m aintain 
b inocular fixation on visual targets during com plex head m ovem ents. K inem atic 
considerations dictate that ocular responses be governed by fixation distance for 
translational com ponents o f  m otion. These com ponents should add linearly  with 
rotational responses during com plex m otion. A n effective m ethod for studying such 
aV O R -/V O R  interactions is eccentric  rotation (ER ), in w hich subjects are displaced 
from  the axis o f  rotation. H orizontal responses should then consist o f  an aV O R  
com ponent, plus (head nose-out) o r m inus (nose-in) an IVOR  com ponent w hich 
should be enhanced as fixation distance decreases (i.e . as vergence increases).

Squirrel m onkeys w ere oscillated at 4  H z about an earth-vertical axis in light 
and in darkness (results w ere sim ilar). M onkeys w ere positioned upright and over 
the axis o f  rotation (horizontal αV O R alone), o r 40 cm  eccentric  (aVO R-İVO R). 
D uring on-axis rotation, horizontal V O R gain w as near unity for all vergences, and 
phase w as 180° with respect to the head. G ain during nose-out E R  w as near unity 
for zero vergence, and increased w ith increasing vergence. W ith the nose in, gain 
w as again near unity for zero  vergence, but as the point o f  fixation approached the 
axis o f  rotation, gain declined to near zero. As fixation distance decreased  further, 
the response inverted (phase 0° w ith respect to the head), and gain increased. 
Responses w ere also recorded  w ith the head nose-up and displaced head out. The 
α VO R then acted in the roll plane, and horizontal responses w ere d riven  by the 
interaural /V O R alone. H orizontal gain w as then near zero  for large fixation 
distances, and increased linearly  w ith increasing vergence. The effect resem bled the 
/V O R com ponent during upright ER . Results are consistent w ith a linear and 
kinem atically appropriate sum m ation o f  the α V O R and /V O R during com plex 
m otion. (Supported by NIH grant AG06442)

143.4
PERCEIVED VELOCITY IN LINEAR TRANSLATION IS AFFECTED BY 
TEMPORAL FREQUENCYT. Carpenter-Smith? E. Katz1. D. Merfeld. C. Oman & K. 
Polutchko. Dept. of Aeronautics & Astronautics, MIT, 
Cambridge, Mass, 02139, 1Dept. of Neurology & Neuroscience, Cornell University Medical College, New 
York, NY 10021.Last year we reported that velocity perception during 
rotation is affected by the temporal frequency of the 
motion profile (MPTF). Subjects judged stimuli with 
higher MPTF's as faster independent of veridical 
velocities (Aisen et al. Soc. N e u r ose!. Abstr.
439.6?1992).We report here on the effect of MPTF on velocity 
perception during inter-aural linear translations of 
upright subjects in the dark. Subjects were firmly 
secured in a seat and white noise was delivered through 
a Bose stereophonic noise cancellation headset to mask 
potential auditory cues. Each stimulus consisted of a 
constant velocity displacement followed by a constant velocity return of the same velocity. Trials were 
initiated at the subject's request and consisted of sequential presentations of two stimuli that varied in 
path length, velocity and duration. At the end of each 
trial the subjects indicated in a 2-AFC protocol which 
of the stimuli was faster.

The data indicate that visual and auditory cues were 
not necessary for our naive subjects to judge velocity 
correctly 80% or higher. However, when both stimuli had 
identical velocities but different MPTF's (manipulated 
by path-length), subjects tended to judge stimuli with 
higher MPTF's as faster. Moreover, as in the previous 
rotation study, this tendency was correlated with better 
overall velocity discrimination.

143.6
H O R IZ O N T A L  V E S T IB U L A R  A N D  V E R T IC A L  V IS U A L  IN T E R A C T IO N . 
R E L A T IO N S H IP  B E T W E E N  E Y E  M O V E M E N T S  A N D  S U B JE C T IV E  
R E SPO N SES. V. H onrubia1*. A. G reenfie ld1. T. Bell Land C. L au 2. 1 U C LA  D iv. 
o f  H ead  &  N eck  Surgery , L .A ., CA ., 90024 and  2O ffice  o f  N av a l R esearch , 
A rlington, V A  22217.
The hypothesis was tested that the perception o f  an object’s m otion is m ade in relation 
to an internal reference (ER) w hose state  param eters are under the influence  o f  the 
vestibular receptors. Subjects w ere seated and instructed to track  a vertically  m oving 
visual target (V T) generated  by a  laser d iode p roducing  a  red  spo t o f  1° diam eter. 
T he laser-spo t w as reflec ted  from  a m irro r m oun ted  on a  sin u so id a lly  m oving 
galvanom eter. Six subjects w ere subm itted to a  com bination o f  stim uli that consisted 
of: i) V T  m otions o f  0.1 and 0.4 H z at 20 ° /s  peak  velocity, and 0.2  H z a t 10, 20 and 
30 ° /s  ii) Sinusoidal rotation in  the horizontal p lane in the dark  (V O R) at the same 
frequencies but with the follow ing peak  velocities: 28 ° /s  at 0.1, 0 .2  and 0.4 H z and 
in addition 14 and 42 °/s at 0 .2  H z and iii) sim ultaneous in terac tive  V T  and VO R 
tests u tilizing  identical stim ulus frequencies (the stim ulus velocities w ere paired  to 
m ain tain  a constan t velocity  ratio). E ye m ovem en ts w ere m on ito red  w ith  EO G  
electrodes in the horizontal plane binocularly  and in the vertical p lane  in  the left eye. 
A ll subjects perce ived  the d irec tion  o f  the laser-spot during  V T /V O R  in teractive 
stim ulation to m ove w ith an angle o f  tilt in the d irection o f  the V O R  response in the 
da rk  d esp ite  the fac t th a t the eye m ovem en t rem ain ed  vertica l. T he ang le  o f  
inclination o f  the spot m otion could be adjusted betw een 0  and 90 ° from  the vertical 
by m eans o f  an analog  com m and signal under the contro l o f  the  subject. W hen 
subjects w ere asked to adjust the light m otion to their subjective vertical planes, they 
com pensated by inclining the light trajectory aw ay from  die absolute vertical. Their 
horizontal in teractive responses (IN T) now  reflected  the pro jection  in the horizontal 
plane o f  the eye m ovem ent as it follow ed the inclined V T  m otion. T he m agnitude o f 
the IN T  responses w ere correlated w ith associated V O R  responses. T he m ean VO R 
gain for all tests was 0.61 ±  0.07. The m ean gain  o f  the IN T  response  w as 0.51 ±
0.09. There w as a linear relationship betw een the m ean V O R and IN T  responses with 
a slope o f  0 .7 and a correlation o f  0 .99. R esults are consisten t w ith the notion o f  an 
egocentric  sense o f  orien tation  w hereby velocity  o f  ex ternal ob jects is evaluated  in 
relation  to a stationary IR. H ead rotations produce an e rro r in the perception  o f  the 
m otion o f  objects w hich is dependent on the V O R  state. (Supported by D C01404)
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143.7
NOVEL GRAVITY STATES DESTABILIZE SPONTANEOUS OCULAR TORSION. 
Charles H. Markham and Shirley G. Diamond*. Department of 
Neurology, UCLA School of Medicine, Los Angeles, C A  90024-1769

Spontaneous ocular torsion, a response governed by the gravity
sensing otolith organs of the inner ear, was examined in 13 astronaut 
subjects seated upright in three gravitational conditions: 1 G  on earth 
and O G and 1.8 G in parabolic flight aboard NASA's KC-135 aircraft.

For each subject, a repeated measure AN OVA was performed 
examining pairs of G level means. Compared to 1 G, 11 of 13 had 
significantly different means in at least one of the novel G  states, and 8 
were significantly different in both. A minority showed 0 G  and 1.8 G  
changes in opposite directions and a majority had such changes in the 
same direction. Levene's test of equal variances showed 12 of 13 
subjects were significantly different in variability of eye torsion in at 
least one of the novel G  states. All 13 subjects had significant dif
ferences in either torsional means or variability, and 10 showed 
differences in both. Comparing O G and 1.8 G, all 13 had significant 
differences in either mean or variance. No relationship was found 
between a history of space motion sickness on previous space 
missions and destabilization of spontaneous ocular torsion in the 
present study.

The findings support the proposition that briefly maintained levels 
of hypo- or hypergravity destabilize the otolith-ocular torsion reflex in 
similar ways. The duration required for a new stable state to emerge 
is unknown.

143.9
REDUCTION O F  O C U L A R  C O U N T E R -R O L L IN G  (O C R ) A F T E R  
SPACEFLIGHT. M .D a i. B .C o h e n . T .R a p h a n * . L .M c G a rv ie . I .B .K o z lo v sk ay a . 
Mt. Sinai M ed .S ch ., B ro o k ly n  C o ll. C U N Y , In s t .  B io m e d .S d .,  M oscow .

O C R is a  co m p e n sa to ry  to rs io n  o f  th e  eye in  resp o n se  to  la te ra l  t il t  o f  th e  
head in a  g rav ita t io n a l  e n v iro n m en t. W e d e te rm in e d  w h e th e r  a d a p ta t io n  to 
microgravity affec ted  th e  m a g n itu d e  o f  O C R . T o rs io n  a b o u t  th e  o p tic  ax is  w as 
recorded w ith  a  sc le ra l s e a rc h  coil im p la n te d  o n  to p  o f  th e  le f t eye u n d e r  th e  
superior rec tus m usc le . T h e  ro ll co il w as  c a lib ra te d  by  ro ta t in g  th e  a n im a l nose 
down abou t a  n aso -o cc ip ita l, s p a tia l  v e rtica l ax is  in  l ig h t. T o  assess s ta t ic  O C R , 
torsional eye p o sitio n  w as sa m p le d  w ith  a n im a ls  u p r ig h t  a n d  t ilte d  90° la te ra lly  
in darkness. T o  assess d y n a m ic  O C R  th e  m o n k ey  w as ro ta te d  a b o u t  axes tilte d  
from the vertica l (o ff-v ertica l ax is  ro ta t io n ;  O V A R ) a t  15° in c re m e n ts  f ro m  0° - 
90°. 5 cycles o f  eye p o s itio n  w e re  a v e ra g e d  to  o b ta in  p e a k  to  p e a k  (p-p) a m p litu d e  
of the roll position  c h an g e. T w elv e  a n im a ls  w e re  tes ted  2  m o n th s  b e fo re  f lig h t. 
Two were selected a s  f lig h t  m o n k ey s , a n d  they  flew  fo r  12 d a y s  in  th e  C O S M O S  
Biosatellite. T hey  w e re  tes ted  f ro m  22  h r s  to  11 day s a f te r  lan d in g .

B efore f lig h t, O C R  w as  a p p ro x im a te ly  ±  10° f o r  s ta t ic  t i l t  in  th e  f lig h t 
monkeys. A fter f lig h t  i t  w as  a b o u t ± 4 “. B e fo re  f lig h t,  th e  p -p  a m p litu d e  o f  O C R  
during O V A R ra n g e d  f ro m  a b o u t  10® f o r  15® o f  t i l t  o f  ro ta t io n  to  a b o u t  22® a t  75- 
90® of tilt. A fte r  f lig h t  th e  p -p  a m p litu d e s  w e re  red u c e d , b e in g  a b o u t  5® a t  15® to  
about 8® a t  75-90® o f  t i l t  o f  th e  r o ta tio n a l  ax is . T h e  re d u c tio n  in  O C R  w as 
approxim ately th e  sa m e  f ro m  th e  f ir s t  to  th e  11 th  d a y  in  b o th  m o n k ey s . C o n tro l 
animals, n o t exposed  to  m ic ro g ra v ity , h a d  no  re d u c tio n  in  O C R . M o b ility  tests 
dem onstrated th a t  th e  eye w as n o t te th e re d  in  ro ll.

T hese resu lts  su g g est th a t  th e  to rs io n a l o to li th -o c u la r  reflex  th a t  occu rs  
on earth , is a d a p te d  in  sp ace . M ov eo v er, th ey  d e m o n s tra te  th a t  in  th e  tw o f ig h t 
monkeys th e  a d a p ta tio n  in  O C R  w as lo n g -lastin g  a f te r  r e n tr y  in to  a  te r re s tr ia l  
environm ent. S u p p o r t:  N A SA  G ra n ts :  N A G  2-573 , N A G  2-706.

143.11
EFFECT O F E A R LY  IN T E R V E N T IO N  O N  T H E  R E C O V E R Y  O F FU N C T IO N  
FOLLOWING RE SE C T IO N  O F  A C O U ST IC  N E U R O M A . SJ H erdm an* and R A  
Clendaniel. D ept o f  O to laryngology-H ead and  N eck S urgery , T he  Johns H opkins 
Hospital, B altim ore, M D  21217.

There is evidence that early  v isuo-m otor experience facilitates recovery o f  
function follow ing acute unilateral vestibu lar loss (U V L) in  non-hum an prim ates; 
there is no such evidence from  contro lled  hum an studies. T his study exam ined the 
effects o f  vestibu lar adaptation  exercises s tarted  on  post-opera tive  day  3 (PO D 3) 
on the recovery o f  postural stab ility  in  hum ans. E ighteen  subjects w ere  random ly 
assigned to either the experim ental g roup  (E xp; n =  10; m ean age  6 1 .4 ) o r  the 
control group (Con; n = 8 ;  m ean age 4 6 .4 ) im m ediately fo llow ing  resection  o f  
acoustic neurom a. T he E xp received exercises designed to increase vestibu lar 
gain plus am bulation. T he  C on received exercises w hich  consisted o f  sm ooth 
pursuit eye m ovem ents (w ithout head  m ovem ent) p lus am bulation . Exercises w ere 
initiated on  PO D 3. Patien ts w ere assessed p re-op  and  on  PO D 3 and  6 using  
dynamic posturography. Subjective com plain ts o f  v ertigo  and  dysequilibrium  w ere 
assessed using  analog sales. D ata  w ere  analyzed using  M ann-W hitney  U  and 
Student's t-test. A P sw ay m easures on  PO D  3 and  6 w ere  com pared to  p re-op  
measures. O n PO D 3, bo th  groups h ad  significantly  grea ter A P  sw ay than  they did 
pre-op. O n PO D 6, the E xp group  had  retu rned  to  th e  p re-op  levels bu t the  Con 
group continued to  have grea ter A P sw ay during  som e tests in  w hich  
somatosensory cues w ere  a ltered . T here  w ere  no  differences betw een the tw o 
groups on m easures o f  subjective vertigo  on  PO D 6. T he E xp  group had  
significantly less dysequilibrium  than the C on group  on  PO D 6. T hese  results 
suggest that early  in tervention  w ith  vestibu lar adaptation  exercises facilitates the 
recovery o f  vestibulo-spinal function and  decreases the subjective com plaints o f  
dysequilibrium  follow ing  U V L .

143.8
O R IE N T A T IO N  O F  H U M A N  O P T O K IN E T IC  N Y ST A G M U S (O K N ) T O  
G R A V IT Y :A  M O D E L  B A SE D  A P P R O A C H . M . G izzi* . T . R a p h a n . B . C o h e n . 
J F K  M edical C e n te r, E d iso n , N J , B ro o k . C o ll. C U N Y , M t. S in a i M ed. School.

O K N  w as in d u ced  by  h av in g  su b jec ts  w a tc h  3.3® s tr ip e s  m o v in g  a t  357 s  fo r  45 
s in  a  b in o c u la r , h e ad -f ix ed  a p p a ra tu s .  T h e  fie ld  (h o r . ,  88°; v e r t . ,  72°), w as 
ro ta te d  a b o u t axes th a t  w ere  u p r ig h t  o r  t ilte d  45° o r  90®. T h e  h e a d  w as u p r ig h t 
o r  t il te d  45® o n  th e  body . H e a d -h o riz o n ta l (yaw  axis) a n d  h ead -v e rtic a l (p itch  
axis) c o m p o n en ts  o f  O K N  w e re  re c o rd e d  w ith  e lec tro -o c u lo g ra p h y  (E O G ). Slow 
p h a se  velocity  v ecto rs  w ere  d e te rm in e d  re la tiv e  to  g ra v ity . W ith  th e  h ead  
u p r ig h t ,  th e  ax is  o f  eye ro ta t io n  d u r in g  y aw  ax is  O K N  w as c o in c id en t w ith  the  
s tim u lu s  ax is a n d  th e  sp a tia l  v e rtica l. W ith  th e  h e a d  t il te d  45® on  th e  bo d y , a  
p e rs is te n t  v e rtica l co m p o n e n t o f  eye velocity  developed  d u r in g  yaw  axis 
s tim u la tio n , a n d  th e re  w as a n  a v e ra g e  s h if t  o f  th e  ax is  o f  eye r o ta tio n  to w a rd  th e  
sp a tia l  v e rtica l o f  *  18® in  six  su b je c ts. D u r in g  o b liq u e  o p to k in e tic  s tim u la tio n  
w ith  th e  h e a d  u p r ig h t ,  th e  ax is o f  eye r o ta tio n  sh if te d  12® to w a rd  th e  sp a tia l 
v e rtica l. W h en  th e  h e a d  w as t il te d , th e  ax is  o f  eye ro ta t io n  ro ta te d  to  th e  o th e r  
s id e  o f  th e  sp a tia l  v e rtica l by  5.4® d u r in g  th e  sa m e  o b liq u e  s tim u la tio n . T h is 
c o u n te r -ro ta tio n  o f  th e  ax is  o f  eye ro ta t io n  is s im ila r  to  th e  " M ü lle r  (E) effec t" , 
in  w h ich  th e  p e rc e p tio n  o f  th e  u p r ig h t  c o u n te r -ro ta te s  to  th e  o p p o s ite  s id e  o f  th e  
sp a tia l  v e rtica l w h en  su b jec ts  a re  t ilte d  in  d a rk n e ss .

T h e  d a ta  w e re  s im u la te d  by  a  m o d el o f  O K N . D esp ite  th e  s h o r t  O K A N  
tim e  c o n s ta n ts , s tro n g  h o r iz o n ta l to  v e rtica l c ross-coup ling  w as p ro d u ce d  if  th e  
h o r iz o n ta l a n d  v e rtica l tim e  c o n s ta n ts  w e re  in  p ro p e r  r a t io ,  a n d  th e re  w as no 
su p p re ss io n  o f  n y sta g m u s  o r th o g o n a l to  th e  s tim u lu s  d ire c tio n . T h is  show s th a t  
th e  sp a tia l  o r ie n ta tio n  o f  O K N  ca n  be  d u e  to  a  re s t ru c tu r in g  o f  th e  system  m a tr ix  
o f  ve locity  s to ra g e  as  a  fu n c tio n  o f  g ra v ity . W e co n c lu d e  th a t  a lth o u g h  h u m an  
O K A N  is w e a k , velocity  s to ra g e  o rie n ts  th e  s low  p h a se  velocity  o f  O K N  to w a rd s  
th e  sp a tia l  v e rtica l. G ra n ts :  E Y 00296 , E Y 04148 , E Y 01867 , E Y 00306.

143.10
CROSS-AXIS ADAPTATION OF THE VERTICAL VESTIBULO-OCULAR 
REFLEX (VOR) IN HUMANS. G. Peng. J.F. Baker*. C. Hanson. B.W. 
Peterson. Northwestern University, Chicago, IL 60611 

Directional plasticity of the human VOR was studied in 10 subjects. The 
adaptation paradigm coupled 0.25 Hz, 19°/sec vertical pitch vestibular rotations 
with 28°/sec horizontal optokinetic oscillations. Electro-oculographic 
recordings in the dark were taken at 0.02, 0.05, 0.1, 0.25, 0.5, and 1 Hž pitch 
rotations before and after training, and at 15 minute intervals during 0.25 Hz 
adaptation. Peak head velocity was kept at 197sec for frequencies above 0.1 
Hz, while constant amplitude was maintained at ±24° from 0.02 to 0.1 Hz.

In all subjects, directional training produced slow phase horizontal VOR eye 
movements that were not present during vertical rotations before adaptation. 
During the 2 hour training period, the cross-axis VOR gain at 0.25 Hz 
increased up to 0.24. The adaptation time constant was 36 minutes (fit 
asymptote = 0.185). Adaptive VOR gain was highest at the lowest frequency, 
and reached a tuned secondary peak at the 0.25 Hz training frequency. Cross
axis VOR phase remained around 0° across all frequencies tested. In all 
subjects, the cross-axis VOR gain was diminished when subjects were 
exposed to 0.25 Hz pitch rotations paired with a stationary visual field. The 
dynamics of the vertical VOR remained constant throughout the experiment.

These results are further evidence that the frequency response characteristics 
of cross-axis VOR gain are very similar in humans and cats, while phase 
behavior is less frequency dependent in humans. The high adaptive gain at 
low frequencies implicates ofolith contributions during cross-axis adaptation. 
The time constant for adaptation is remarkably similar in humans and cats.

Supported by EY06485.

143.12
C O N T R IB U T IO N S  O F  T H E  S E M IC IR C U L A R  C A N A L S T O  T H E  V E S T IB U L O - 
O C U L A R  R E F L E X . S .B .Y a k u sh in . M .D a i. T .R a p h a n .  I .S u z u k i .  B .C o h e n * . 
M t.S in a i  S ch . M ed . 10029, B ro o k ly n  C o llege  C U N Y , T e ik y o  U n iv ., T o k y o .

W e d e te rm in e d  th e  c o n tr ib u tio n  o f  in d iv id u a l s e m ic irc u la r  ca n a ls  to  
com pensato ry  ho rizon tal (H) a n d  to rsional (T) eye m ovem en ts in  cynom olgus m onkeys, 
a n d  c o m p a re d  e x p e rim e n ta l re su lts  to  p re d ic tio n s  b ased  o n  a  g e o m e tric  m odel o f  
th e  c a n a ls . W e  p o s tu la te d  th a t  w h e n  in d iv id u a l c a n a ls  w e re  rem o v e d , th e  re s u lta n t  
eye m o v em en ts  w o u ld  b e  p re d ic te d  hy  su m m in g  th e  co m p o n e n ts  p ro d u ce d  by the  
re m a in in g  c a n a ls . E y e  m o v em en ts  w e re  e lic ited  by  s in u so id a l ro ta t io n  a b o u t th e  
g r a v ita t io n a l  v e rtica l w ith  th e  a n im a ls  t il te d  in  v a rio u s  a tt i tu d e s  o f  p itc h . T h e  
se m ic irc u la r  ca n a ls  w ere  p lu g g ed , a n d  a n im a ls  w e re  a llo w ed  to  a d a p t  b e fo re  tes tin g . 
W h e n  n o rm a l m o n k ey s w e re  u p r ig h t,  h o r iz o n ta l eye m o v em en ts  (H) w e re  ind u ced  
by  ro ta tio n . H  d ecreased  as  th e  a n im a l w as p itc h e d  fo rw a rd  o r  b a c k , a n d  a  to rs io n al 
c o m p o n e n t (T) a p p e a re d , go in g  th ro u g h  zero  a t  th e  p e a k  o f  th e  h o riz o n ta l g a in . 
A f te r  b o th  la te ra l  ca n a ls  w e re  p lu g g ed  ( a n te r io r /p o s te r io r  ca n a ls  in ta c t) , H  w as 
re d u c e d  in  th e  u p r ig h t  p o s itio n  a n d  in c re a se d  a s  th e  ax is  o f  ro ta t io n  w as t ilte d  b ack  
f ro m  th e  u p r ig h t .  T h e  p h a se  o f  T  w as sh if te d  »30®. A f te r  b ila te ra l  a n te r io r  a n d  
p o s te r io r  ca n al p lu g g in g  ( la te ra l  ca n a ls  in ta c t) , H  w as re d u c e d  w h en  a n im a ls  w ere  
t il te d  b a c k w a rd , a n d  T  w as o p p o site ly  sh if te d  *60®. C h a n g e s  in  H  a n d  T  a f te r  
c a n a l lesions a g re e d  w ith  m o d el p red ic tio n s . I f  H  a n d  T  f ro m  th e  a n te r io r /p o s te r io r  
in ta c t  a n d  th e  la te ra l  in ta c t  a n im a ls  w e re  co m b in e d , th e  su m m a tio n  ov erlay  th e  
n o rm a l resp o n ses . T h u s ,  th e  v e rtica l c a n a ls  c o n tr ib u te  a  h o r iz o n ta l co m p o n e n t a n d  
th e  la te ra l  c a n a ls  a  to rs io n a l co m p o n e n t to  th e  V O R  ac co rd in g  to  th e ir  po sitio n  
w ith  r e g a rd  to  th e  p la n e  o f  h e a d  a n d  eye ro ta t io n . S ince  th e  d a ta  co u ld  be  
a p p ro x im ated  by a  su m m atio n  o f  com ponents fro m  th e  ind iv idual canals, it  is unlikely 
th a t  th e re  is sign ifican t a d a p ta tio n  in  th e  p lane  o f  eye m ovem en ts fro m  the  sem icircu lar 
г а п я к  a f te r  canal plugging , a s  prev iously  postu la ted . NS00294, EY 04148 &  EY 08167
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144.1
NEUTRAL DELAY DIFFERENTIAL EQUATIONS BASED  
REFINEMENTS TO A SMOOTH-PURSUIT EYE MOVEMENT 
MODEL. V, Chacko, T. Yamada. A. Sinha, and D.A. Suzuki*. Dept. 
of Ophthalmology, Indiana University, Indianapolis, IN 46202.

The smooth-pursuit eye movement system model of Robinson et. 
al. (Biol. Cvh 55) was utilized in interpreting the results of 
microstimulating cells in the nucleus reticularis tegmenti pontis (NRTP) 
of the monkey. The biological observations and model simulation 
results indicated that (i) NRTP is located after the integration of an eye 
acceleration to eye velocity signal in the pursuit model and (ii) the need 
for an addition time constant before the model plant. The biologically 
evoked eye acceleration had a time constant of about 100 msec in 
contrast to the ~ 15 msec expected for the plant.

The 30 msec delay just before the plant in the model of Robinson et 
al, was split into 20 msec and 10 msec components with an intervening 
block of the form K/(l+sT). The impact of these refinements on the 
design of the controller was determined by utilizing neutral delay 
differential equations. For simulation of the refined model, K=1.0 and 
T=0.08 sec. Simulated system responses to step inputs were very close 
to the results obtained by Robinson et al., including the ~4 Hz ringing 
in eye velocity.

The suggestion, based on simulation results, that NRTP is located 
downstream from eye velocity feedback loops is in contrast to anatomic 
evidence. Given the complexity of anatomic pathways that include 
reciprocal connections between NRTP and the cerebellar nuclei, it is 
difficult to establish a model that incorporates NRTP in a biologically 
plausible position.

Support: RPB & NIH (EY09082) grants; IU-RIF funding.

144.3
MODIFICATION OF PREDICTIVE EYE MOVEMENTS DURING RAMP TRACKING: CLUES TO 
THE PREDICTIVE MECHANISM. Stephen J. Heinen The Smith-Kettlewell Eye Res. Inst., San 
Francisco CA.

Neuronal activity in the dorsomedial frontal cortex peaks before predictable target change 
during smooth pursuit (Heinen, 1992,1993). In ramp-tracking, when ramp duration is changed to 
a new constant length, this peak shifts to again lead the new end-point of the ramp. Since the 
eyes slow down before the ramp ends, the brain must know when the target will stop, and could 
leam this from retinal slip at the end of previous trials. Does changing the amount of slip, and 
when it occurs, adjust the eye movement in successive trials? We assessed this by having a 
monkey track spot motion in the standard jump-ramp paradigm (where the spot stops and goes 
off) (Rashbass, 1961), and a modification of this where the target stopped, and remained on for 
500 ms (J/R/S). For all experiments, eye velocity when the motion stopped, or residual eye 
velocity (REV), was measured. Initially, the monkey pursued a spot that jumped, and then 
ramped 20 deg at 20 deg/sec from the center, in one of eight random directions, for 160 trials. 
Next, the J/R/S paradigm was pursued for 160 trials with the same motion parameters. The REV 
tended to decrease in the J/R/S paradigm, indicating that retinal slip imposed by the stationary 
spot was used to calibrate the predictive mechanism. With the J/R/S paradigm, tracking in a 
single direction in a block of trials where ramp length was extended resulted in a gradual change 
in REV. The most striking case was a significant increase in REV when the ramp was lengthened 
from 10 deg to 30 deg. This suggests that, using retinal slip from previous trials, prediction serves 
to balance the amount of slip before and after the spot stops. When all directions were tested 
with the new ramp length, the REV was initially much smaller in the opposite direction (5.17 d/s) 
than in the previously trained direction (8.25 d/s), suggesting that prediction was not transferred. 
Furthermore, REV for tracking in the opposite direction gradually increased over trials (t=2.98, 
p<.005), whereas in the trained direction it remained stable. These results shed light on how 
retinal slip adjusts the predictive mechanism over trials to more accurately judge target motion 
change, and also suggest that this mechanism has channels for direction of target motion.

Support: Shannon Award 1 R55 EY09260-01, and The Smith-Kettlewell Eye Res. Foundation

144.5
DOES PURSUIT ABNORMALITY IN SCHIZOPHRENIA REPRESENT A 
DEFICIT IN THE FEEDBACK LOOP? G.K. Thakei*D.R. Ross. M.J. Moran.
R.L. Ellsberrv. Maryland Psychiatric Research Center, Baltimore,MD 21228

The purpose of the this study was to evaluate motion processing 
ability in schizophrenic patients compared to normals. Step-ramp targets 
with large initial steps (2°, 3° and 7°) were administered. The gain (i.e., 
ratio of saccadic amplitude/position error at the end of the saccade) of 
the initial saccadic response to a moving target was assessed to obtain a 
measure of the motion processing ability. Also saccadic gain for 
subsequent catch-up saccades (only when the position error >. 2°) was 
obtained. The control condition was the saccadic gain for saccades to 
stationary targets. Data from 12 schizophrenic patients and 11 matched 
normals were analyzed. Results: Repeated measures ANOVA suggested 
that both groups showed equal saccadic gains (0.95 ±  0.06 and 0.94 ±
0.07 in normal and schizophrenic subjects, respectively) for saccade to 
stationary targets and also for initial corrective saccade to the moving 
target (0.72 ±  0.06 and 0.72 ±  0.08, respectively). There was no 
improvement in performance over time, across trials. Interestingly within 
each trial, normals showed significant improvement in the saccadic gain 
for the subsequent catch-up saccades (0.88 ±0.1) compared to the initial 
saccadic response to the step-ramp target. This improvement could be 
because normal subjects were able to retain and utilize the target or eye 
motion information available from the early part of the trial.
Schizophrenic patients failed to show a similar improvement and had 
mean saccadic gain of 0.75 ± 0.08. Consistent with the literature, 
schizophrenic patients also showed significantly low pursuit gain and 
more catch-up saccades compared to normals. Implications of these 
findings will be discussed.

144.2
TORSIONAL OCULAR RESPONSES TO ROLLING OPTOKINETIC STIMULI 
IN HUMANS. D. K. Jackson. L. R. Young*. Man-Vehicle Lab., Massachusetts 
Institute of Technology, Cambridge, MA 02139.

Ocular torsion (ОТ) was recorded in humans viewing a wide-field display 
rotating about the visual axis to investigate torsional optokinetic nystagmus (TOKN) 
and torsional optokinetic after-nystagmus (TOKAN.) ОТ was measured using highly 
accurate magnetic scleral search coils in 6  subjects during and after visual field roll 
rotation. The stimulus was composed of randomly arranged dots filling the subject’s 
visual field. Subjects were tested in upright and supine orientations, using stimulus 
rotation rates of 15,30,45, and 60 deg/sec in both directions. Eye movement 
aftereffects were recorded for 3 conditions: in the light, in complete darkness, and in 
darkness with a fixation LED.

Torsional slow phase velocity (SPV) gain during TOKN averaged 15% at the 
lowest stimulus speed and dropped by half for the higher speeds. These gains ware
2-5 times higher than those reported by Collewijn et al. (E xp. B ra in  R e s ., 59:185-96, 
1985.) In contrast to results for monkeys (Schiff et al., N e u ro sc ie n c e  A b s tr ., 12(2): 
774,1986), SPV gain was higher in the upright than supine orientation for 5 subjects.

Tonic eye deviation opposite the direction of stimulus rotation was observed with 
magnitude proportional to SPV for the supine case. In upright tests, the eye 
deviation was biased in the direction of stimulus rotation. The shift observed upright 
may have resulted from static ocular counterrolling due to perceived tilt induced by 
the visual stimulus (Dichgans et al., S c ie n c e  178:1217-19,19.72.)

Time constants of post-stimulus SPV decay during TOKAN averaged 2.4 sec. 
Both otolith suppression (in the upright orientation) and post-field-rotation visual 
information (full stationary visual field or fixation LED) decreased TOKAN time 
constants. Decay time constants were much shorter than those reported for human 
horizontal and vertical eye movements and t o  monkey TOKAN, indicating 
generally underdeveloped torsional velocity storage in humans.

This research supported by NASA grants NAG2-445 and NAS9-16523.

144.4
EFFECT OF SUPPLEMENTARY EYE FIELD AND PRINCIPAL SULCUS 
LESIONS ON SMOOTH PURSUIT IN RHESUS MONKEYS. M.G. MacAvov* 
and C.J. Bruce. Sec. of Neurobiology, Yale Univ. Sch. of Med., New Haven, CT 
06510.

Dysfunction of the frontal lobes plays a role in schizophrenia. Because 
schizophrenics often have a smooth pursuit (SP) eye tracking disorder, we tested the 
effects of lesions in three areas of frontal cortex with oculomotor functions in the 
monkey: Frontal Eye Field (FEF), Supplementary Eye Field (SEF) and Principal 
Sulcus (PS). Previously, we reported that FEF lesions produce a SP deficit similar to 
that associated with schizophrenia (MacAvoy et al. Cerebral Cortex. 1991). Monkeys 
track targets moving in the direction ipsilateral to the side of the lesion with low gain 
pursuit and catch up saccades and are less able to generate anticipatory SP before 
target motion or to predict SP after target extinction. To obtain these deficits it is 
critical to destroy the fundus of the arcuate sulcus where neurons respond during SP 
and where microstimulation elicits smooth eye movements (Gottlieb et al. L 
Neurophvs. 1993).

Here we report the effects of aspiration lesions of SEF and PS. Two adult rhesus 
monkeys were trained on a battery of SP tasks. One received sequential unilateral 
SEF lesions in which we aspirated cortex medial to the superior limb of the AS. 
Each lesion was 6 mm deep at midline, 6 mm wide and extended 23 mm along the 
midline. The other monkey received a unilateral lesion of the entire PS and 
surrounding cortex.

We then tested eye tracking with sinusoidal, constant velocity, and step-ramp tasks 
and examined SP gain and ability to anticipate and predict target movement. Unlike 
FEF lesions, neither the SEF nor the PS lesions had an effect on SP. SP gain was 
unchanged and anticipatory SP preceding centripetal target motion and predictive 
continuation of sinusoidal tracking following target extinction were also unaffected.

We conclude that of these three prefrontal oculomotor areas it is most likely that a 
dysfunction in the FEF is responsible for the SP disorder strongly associated with 
schizophrenia. Supported by PHS grants MH44866 and EY04740.

144.6
INVERSE-DYNAMICS ENCODING OF EYE MOVEMENTS BY 
PURKINJE CELLS IN THE VENTRAL PARAFLOCCULUS OF THE 
CEREBELLUM. M. Shidara. K. Kawano*. H. Gomi# & M. Kawato#. 
Neuroscience Sect., Electrotechnical Lab., Ibaraki 305, & ATR Human 
Information Processing Research Lab., Kyoto 619-02#, JAPAN.

It has been suggested that the cerebellum is involved in motor control. 
However, it has not yet known what aspects o f movements cerebellar 
neurons encode. For slow tracking eye movements, the activity of Purk
inje cells (P-cells) in the ventral paraflocculus (VPFL) of the cerebellum 
is known to be correlated with eye velocity and acceleration. Previous 
studies, however, analyzed only firing frequency averaged over the re
sponse period or the peak firing frequency o f the P-cells, so that the 
aspects of eye movements that their activities directly represent or en
code have not yet been elucidated. Here, we demonstrate for the first 
time that the complex temporal pattern of the firing frequency of P-cells 
that occurs during the ocular following elicited by movements of a large 
visual scene can be reconstructed by the inverse-dynamics representa
tion, which uses the position, velocity and acceleration o f eye move
ments. Further analysis revealed that the velocity and acceleration 
components could provide appropriate dynamic drive signals to ocular 
motoneurons, whereas the position component often had wrong polarity. 
On the other hand, analysis on the firing frequencies of mossy fibers in 
the VPFL and neurons in the dorsolateral pontine nucleus suggested that 
they do not encode the appropriate dynamic signals. These results sup
port the hypothesis that the cerebellum may be a major site o f the inverse 
dynamics model for controlled movements.
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144.7
THE EFFECT OF VERTICAL DYNAMIC LINEAR ACCELERATON ON 
HORIZONTAL AND VERTICAL OPTOKINETIC NYSTAGMUS. Manning J. 
Correia*1»2. Angus Rupert3»*. Chet Strunk1. Dora Angelaki1. Clem A. SkalskA 
Braden J. McGrath2 and EffreiiTA. Molina·*. Departments of Otolaryngology^ and 
Physiology & Biophysics2, UTMB, Galveston TX, 77555 The Naval Aerospace 
Medical Research Laboratory2, NASA-Johnson Space Center^ and Otis Elevator Co.  ̂

A study was conducted to determine if vertical dynamic linear acceleration modifies 
horizontal (HOKN) or vertical (VOKN). optokinetic nystagmus. OKN was produced 
by having each of 5 human subjects view projected stripes while seated in a tilt chair 
in an elevator. Stripe velocity was 60 °/sec. Following the onset of OKN, each subject 
was vertically translated over a distance of 300 ft. The acceleration and deceleration 
was pulsatile, 8 sec. in duration and 0.2g in magnitude. Each subject was 
prepositioned on each run so that the linear acceleration and gravity acted along their 
front-back (Ax), left-right (Ay) or vertex-base (Az) head axes. It was predicted that: 
elevator down would produce nystagmus with slow phase up and this nystagmus, 
either latent or overt, would augment the VOKN slow phase velocity up produced by 
the OK stripes up stimulus; similarly, elevator up and OK stripes down would 
augment each other and finally, the opposite combinations would result in little or no 
augmentation. OKN was measured using infrared video techniques, scored using 
standard computer algorithms and averaged over a 4 sec period prior to and following 
onset of acceleration. During Az stimulation, average increases in VOKN slow phase 
velocity of 40 and 67% were observed for the elevator up-stripes down and elevator 
down-stripes up conditions, respectively. A smaller change was noted during VOKN 
for Ax stimulation. HOKN did not appear to be modulated by Ay stimulation. In 4/5 
subjects, the plane of OKN slow phase velocity was shifted 11-22 deg. when linear 
acceleration was orthogonal to the ongoing OKN. However, the shift was labile and 
when averaged across subjects did not exceed 5 degrees/sec. Supported in part by the 
vestibular transduction program and an IPA to MJC from NAMRL, Pensacola, Fla.

144.9
INFLUENCE OF GRAVITY ON THE PLANE OF NEGATIVE OPTOKINETIC 
AFTER-NYSTAGMUS IN THE RABBIT. P. Errico1. V.E. Pettorossi2. F. 
Draicchio1 and N.H. Barmack3 Institutes of Human Physiology, Catholic 
University, Rome1, University of Perugia2, Italy, and R.S. Dow 
Neurological Sciences Institute3, Portland, OR, 97209.

If a rabbit is placed in the dark after horizontal, unidirectional, binocular 
optokinetic stimulation (OKS) is stopped, a positive optokinetic after
nystagmus (OKAN) appears in which the slow phase of eye movement is 
in the same direction as the previous stimulus. Following prolonged OKS 
(12-48 hrs), OKAN is followed by a negative OKAN with a velocity of 20- 
60°/s, in which the direction of the slow phase of nystagmus is reversed 
with respect to the inducing OKS. We used horizontal OKS (5°/s for 48 
hr) to induce negative OKAN and we studied the influence of changing 
the orientation of the head with respect to gravity on this induced 
nystagmus. We have measured the velocity and spatial orientation of the 
negative OKAN while the rabbit, restrained in a three axis rate table, was 
pitched at different static angles about the inter-aural axis. Eye 
movements were measured with an infrared light projection technique. 
With the head maintained in the normal prone position, negative OKAN 
was induced in an earth-horizontal plane. When the rabbit was oriented 
at different pitch positions between "nose up" or "nose down" (±90°), 
negative OKAN was still evoked in an earth horizontal plane. Deviations 
from the prone orientation reduced the slow phase eye velocity by a 
factor of 2-3. When pitch angles exceeded ±90°, negative OKAN was 
not maintained in an earth horizontal plane, shifting toward the vertical 
plane. These results demonstrate that gravity influences the orientation 
of negative OKAN by imposing a spatial reference on the circuitry 
controlling eye movements and regulating a compensatory coordinate 
transformation of this circuitry within a range of ±90° of head pitch.

144.11
THE ROLE OF THE PRETECTAL NUCLEUS OF THE OPTIC TRACT IN THE 
EARLY COMPONENT OF OPTOKINETIC EYE MOVEMENTS IN PRIMATES.
M. J. Mustari * and A. A. Perachio The Marine Biomedical Institute and Departments 
of Anatomy and Neuroscience and Otolaryngology, University of Texas Medical 
Branch, Galveston, Texas, 77555

When a large-field pattern, moving at a constant velocity, is suddenly illuminated, 
optokinetic nystagmus (OKN) with slow phase eye movements in the direction of 
visual motion results. In primates, slow phase eye velocity during OKN has two 
components, a rapid jump in eye velocity at stimulus onset and slow build-up in eye 
velocity over several seconds. This slow build-up allows eye velocity to match the 
visual stimulus velocity, up to at least 120% for horizontal OKN. It has been suggested 
that these two OKN components are due to different neural systems, e.g., the rapid-rise 
in eye velocity during OKN could be associated with smooth pursuit utilizing cortico- 
ponto-cerebellar pathways, while the slow build-up in eye velocity could be associated 
with less direct pathways, involving the pretectal nucleus of the optic tract (NOT).

To test whether the NOT might also contribute significantly to the initial rapid-rise in 
eye velocity during optokinetic stimulation we reversibly blocked the NOT in 2 rhesus 
monkeys by micro injections of the GABA agonist muscimol (0.2 μΐ of 1% muscimol 
in normal saline) and examined the optokinetic response in all directions. Visual 
displays, rear projected on a tangent screen (100  x 100 deg), were moved at ramp 
velocities of 100-150 deg/sec to elicit eye movements at an average latency of 75ms. 
We paid particular attention to the early component (first 100 ms) of this optokinetic 
response. Like other investigators, we found that muscimol completely blocks OKN 
and OKAN towards the side of the injection, while the response toward the 
contralateral side remained essentially unchanged. Similarly, when we used oblique 
visual motion to generate an optokinetic response, muscimol blockade resulted in a 
reduced rapid-rise in oblique eye velocity for eye movements with ipsiversive 
components. In summary, our studies suggest that in addition to playing a role in the 
slow build-up in eye velocity during OKN that the NOT may also contribute to the 
rapid-rise in eye velocity during horizontal and oblique optokinetic eye movements. 
Supported by: БҮ06069; DC00385

144.8
Optokinetic responses in barn owls. Hermann Wagner (*), Hans 
Nalbach and Ina Pappe. Max-Planck-Institut für biologische 
Kybernetik, Spemannstraße 38, W-7400 Tübingen

Optokinetic responses (OKR) of lower vertebrates, including 
laterally eyed mammals like the rabbit, typically have a higher gain in 
the temporal-to-nasal (T-N) than in the nasal-to-temporal (N-T) 
direction. Such an asymmetry in the gain is less conspicuous or 
absent in frontally eyed mammals like cats or monkeys. In the latter, 
OKR-gains become symmetrical during postnatal development. We 
were interested whether the barn owl (Tyto a lb a ) having frontally 
oriented eyes has an OKR more closely related to that of other birds 
or to that of frontally-eyed mammals.
With binocular stimulation (velocity=10 deg/s), owls of all ages, 
with possibly the exception of the first few days after eye opening 
(about day 12), had a gain (the owl's angular velocity divided by the 
angular velocity of the drum) close to 1. The gain depended on 
stimulus velocity and decreased with increasing velocity to around .25 
for velocities of 80 deg/s. When one eye was occluded, the gain 
measured with N-T stimulation was lower than the gain in response to 
T-N stimulation in young owls. Under this stimulus condition, 5 of 6 
adult owls showed a smaller asymmetry or no asymmetry at all. T-N 
stimulation elicited a similar gain as binocular stimulation indepen
dent of age, but the gain measured with N-T stimulation increased 
with age. The asymmetry disappeared first for the lower velocities 
(<10 deg/s) and last for the middle range velocities (30, 40 deg/s).

Thus the OKR of owls is more similar to that of monkeys 
and cats than to the OKR of other birds. Consequences 
for the interpretation of pathways mediating the OKR are discussed.

144.10
DIFFERENCES BETWEEN THE HORIZONTAL, VERTICAL AND 
OBLIQUE OPTOKINETIC NYSTAGMUS (OKN) AND 
AFTERNYSTAGMUS (OKAN) IN THE MONKEY. J. Kröller and F. Behrens. 
Institut für Physiologie, Freie Universität Berlin, Germany

An optokinetic nystagmus was elicited by means of a moving random dot 
pattern projected onto a tangential screen (diameter 90 deg). The speed of the 
pattern movement could be varied and its direction could be set at any angle 
between horizontal and vertical. The awake animal was placed in an up-right 
position in front of the screen. Its eye movements were recorded by the scleral 
search-coil technique. Most likely two anatomically distinct pathways originating 
in the retina relay the information on pattern movement to the vestibular nuclei 
which in turn innervate the oculomotor nuclei, one responsible for vertical 
movements the other for horizontal ones. In order to see how these channels 
work together, vertical, horizontal and oblique OKNs and OKANs were studied.

Up to stimulus velocities of about 50 deg/s the nystagmus slow phase followed 
the pattern movements of any movement direction with a roughly similar gain of 
about 0.8. The directions of the slow phase of eye movements were always 
precisely that of the stimulus movements. The duration of the OKAN after 
horizontal stimulation could last for more than 1 min; the slow phase velocity 
decreased roughly linearly with time. The OKAN following vertical stimulation 
never exeeded 2 sec. After oblique stimulation the direction of the OKAN slow- 
phase movement changed immediately when the light was switched off and the 
OKAN tended to proceed in a nearly horizontal direction.

The findings are interpreted to mean that the velocity of the slow phase 
movement is a vector sum of the horizontal and vertical components. The change 
in direction and velocity of OKAN slow phase indicates that there is a velocity 
storage mechanism solely in the horizontal channel of the OKN-reflex pathways.

144.12
MIDDLE-LINE LESION IN THE PRETECTUM IN THE MONKEY: EFFECTS 
ON THE OPTOKINETIC SYSTEM S. Watanabe* I  I. Kato1, S. Sato1, I. 
Takeyama  ̂ and M. Norita 2 Dept. Otolaryngol., St. Marianna Univ. Sch. 
Med., Kawasaki, Japan V  and Dept. Anatomy, Niigata Univ. Sch. 
Medicine, Niigata, Japan2.

The nucleus of the optic tract (NOT) serves as an important visuo-motor 
relay between the retina and preoculomotor structures that mediate 
optokinetic nystagmus (OKN). The one of the efferent targets of NOT using 
biocytin as an anterograde tracer revealed that it traversed the posterior 
commissure to terminate in the contralateral NOT. In order to elucidate the 
role of posterior commissure in relation to OKN, the posterior commissur was 
cut on the middle in three fuscata monkeys. Eye movemente were recorded 
with a magnetic scleral search coil system. Slow phase OKN velocity was 
calculated in responses to steps in stimulus velocity at 30? 60? 90/s. Eye 
movements were recorded with either left or right eye closed by a patch 
(monocular condition) or both eyes open (binocular condition) in the 
horizontal plane. After the eye movements were recorded, biocytin was 
injected into the left NOT in order to clarify whether the commissurectomy 
was complete. In two animals, no labeled terminals were found in the 
contralateral NOT. In both monocular and binocular condition, rapid rise, 
final OKN and initial OKAN were reduced depending on each parameter, 
but without respect to direction of stimulation. On the other hand, pursuit 
eye movemnts and VOR caused no changes postoperatively. Based on the 
model of neural mechanism responsible for OKN (B. Cohen, 1977), these 
results were considered as reduction of the forward gain parametre (gl) and 
either concomitant reduction of the forward parameter (go) or increase of the 
feed-back parameter (ho)·
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144.13
DIRECTIONAL MOTION ADAPTATION IN THE NUCLEUS OF THE 
OPTIC TRACT (NOT). M.R. Ibbotson, R.F, Mark. T. Maddess and L. Reece*. 
Developmental Neurobiology, RSBS, The Australian National University, 
Canberra, Australia.

We determined the directional tuning and velocity response characteristics of 
highly direction-selective neurons in the NOT of a marsupial mammal, the 
wallaby. The general response properties of the neurons were very similar to 
those previously recorded in the NOT of the cat. The stimuli consisted of moving 
sine-wave gratings which could be presented at any orientation throughout 360°. 
Motion in the preferred direction, which was generally temporal-to-nasal over 
the contralateral eye, led to a mean increase in cell firing rate. Motion in the null 
direction led to a mean decrease in the resting activity of the cells and hence 
evoked an inhibitory response. The mean resting activities of the neurons 
recorded in the NOT were between 30 and 40 spikes/s. The directional tuning 
curves for both the excitatory and inhibitory responses were well described by 
cosine functions except at high contrasts which led to saturation of the responses. 
The firing rates of the neurons were modulated about the mean response level. 
The modulation occurred at the fundamental and second harmonic frequencies 
of the sinusoidal input signal. The NOT neurons were tuned to the temporal 
frequency (image velocity x spatial frequency) of motion, not the velocity of the 
image. The peak tuning occurred at 6-7 cycles/s. During stimulation, the 
responses of the NOT neurons declined, the rate of decline increasing as the 
temporal frequency of motion increased. The decline in response reflected an 
active adaptation process that reduced the possibility of response saturation and 
caused a lateral shift in temporal frequency sensitivity. Following a period of 
motion, the background firing rates of the neurons were suppressed. The 
background firing rates recovered after several seconds, the exact recovery time 
depending on the temporal frequency and duration of motion stimulation.

OCULOMOTOR SYSTEM: VERGENCE AND ACCOMMODATION

145.1
B IL A T E R A L  M O D E L IN G  O F  F A S T  V E R G E N C E  E Y E  
M O V E M E N T S . A . C , C o v a  a n d  H . L . G a lia n a *  D e p a r tm e n t o f  
B io m e d ic a l  E n g in e erin g , F a c u lty  o f  M e d ic in e , M c G ill  U n iv e rs ity , 
M o n tre a l,  Q u e b e c , H 3 A  - 2 B 4 , C a n a d a .

R e c e n t s tu d ie s  h a v e  su g g e s te d  th a t  v e rg e n c e  c o n tro l  m ig h t  b e  m e d ia te d  
b y  tw o  c o m p le m e n ta ry  p ro ce s se s  w ith  d iffe re n t d y n a m ic s  (S e m m lo w  e t  al. 
In v . O p th . V is . S c i .'8 6 , H u n g  e t  a l. Т В Е '8 6 ). "S a c c a d ic "  v e rg e n c e  e y e  
m o v e m e n ts  w ith  h ig h e r  a v e ra g e  v e lo c itie s  th a n  th o se  o b se rv e d  d u r in g  s lo w  
tra c k in g  o f  o b je c ts  m o v in g  in  d e p th  ("v e rg e n c e  p u rsu it" ) , a re  p re se n t 
d u r in g  e x p e rim e n ta l  tria ls  re q u ir in g  c h a n g e s  in  v e rg e n c e  w ith  a n d  w ith o u t 
c o n c o m ita n t v a ria tio n s  in  c o n ju g a te  e y e  p o s it io n  (Z e e  e t  al. J N F 9 2 ,  
M a x w e ll  a n d  K in g  JN P '9 2 ). T h e  e x a c t  n e u ra l  m e c h a n ism s  c o n tro llin g  fa s t  
v e rg e n c e  a re  n o t  k n o w n  in  d e ta il  b u t  a re  b e lie v e d  to  re ly  o n  in a c tiv a tio n  o f  
s a c c a d ic  o m n ip a u se rs  (M a y s  N C M 9 1 ,  9 2 ) . T h is  th e o re tic a l  s tu d y  
e x p lo re s  d iffe re n t p o ss ib le  s tru c tu re s  w h ic h  c o u ld  a c c o u n t f o r  th e  o b se rv e d  
resp o n se s  a n d  se ek s  to  m o tiv a te  fu rth e r  n e u ro p h y s io lo g ic a l  e x p e rim e n ts  to  
c o n firm  o r  re fu te  m o d e l p re d ic tio n s .

T h e  p ro p o se d  m o d e ls  re ly  o n  th e  d is tr ib u te d  p ro c e s s in g  o f  n e u ra l  s ig n a ls  
in  se v e ra l  n e u ra l  c e n te rs  lo c a te d  o n  b o th  s id e s  o f  th e  b ra in s te m . T h e  
a n a to m ic a l  c o n n e c tiv ity  o f  th e s e  b ra in s te m  n u c le i  is  p ro p e r ty  re f le c te d  in  
th e  d iffe re n t p o s tu la te d  b ila te ra l  re a liz a tio n s . T h e  m o d e ls  p re se n te d  c a n  
p ro v id e  ten ta tiv e  e x p la n a tio n s  f o r  th e  in te ra c tio n  p h e n o m e n a  b e tw e e n  
v e rg e n c e , c o n ju g a te  sa cc a d e s  a n d  v e s tib u la r  q u ic k  p h a se s .

145.3
EYE POSITION SIGNALS IN THE VESTIBULAR NUCLEI OF MONKEYS 
DURING OCULAR CONVERGENCE. R  DĻ Tomlinson1. Ķ  M  V  
McConville1. W. M, King2, and Q. Paige2* University of Toronto Dept. of 
Otolaryngology, Toronto, Ontario, M5S 1A81 and University of Rochester Medical 
Center, Rochester, NY 142462.

Eye position signals have been extensively documented in the vestibular nuclei. 
However, past experiments were performed using targets located at fixed distances. 
As a result, these experiments failed to assess the effects of target distance (e.g., 
vergence) on unit discharge. When experiments include targets at different 
distances and eccentricities, one can determine if neuronal firing reflects the 
position of one or both eyes. To address this question we recorded from position- 
vestibular-pause (PVP) neurons in the vestibular nuclei of monkeys trained to fixate 
visual targets at different locations so as to require different gaze and vergence 
angles. Eye coils were implanted in both eyes to obtain precise binocular eye 
position measures. Neuronal firing rates were measured during periods of steady 
fixation. Two sets of curves were obtained, one when the monkeys fixated far 
targets (so that right and left eye positions were the same), and another when they 
fixated near targets (left and right eye positions were different). For one eye, the 
regression line during near fixation (convergence) was the same as that during far 
fixation, while for the other eye, the two curves differed. Thus the firing rate of a 
PVP cell during ocular convergence was monotonically related to the position of 
one eye. Of 22 PVP cells, 11 encoded ipsilateral eye position and 11 encoded 
contralateral eye position. VOR gain (and even direction) is a function of the 
fixation position of each eye. Our results indicate that the vestibular nuclei are 
supplied with information selective for the position of each eye. In addition, since 
the eye position signals include vergence, the neural velocity to position integrator, 
and VOR pathways (e.g., the vestibular commissures) may be organized 
independently for each eye. Supported by NIH Grants EY04045 (King), AG06442 
(Paige), Center Grant EY01319 and MRC Grant MA7792 (Tomlinson).

145.2
REVERSIBLE LESIONS OF NUCLEUS RETICULARIS 
TEGMENTI PONTIS AFFECT CONVERGENCE AND OCULAR 
ACCOMMODATION. P. D. R. Gamlin* and K. R. Mitchell. Dept. of 
Physiological Optics, University of Alabama at Birmingham, 
Birmingham, AL 35294

A previous study has shown that a specific region of nucleus 
reticularis tegmenti pontis (NRTP), a precerebellar nucleus, contains 
cells related to vergence and accommodation. We have studied the 
functional importance of this region of NRTP for vergence and 
accommodation by injecting it with 0.4-1.2 μΐ of 10% lidocaine 
hydrochloride in one Rhesus monkey.

These injections produced a consistent deficit in the ability of the 
animal to maintain convergence and accommodation. They also 
resulted in hypometric ipsilateral saccades, but with no apparent 
deficit in conjugate gaze-holding. Before lidocaine injection and after 
recovery, the animal could maintain steady viewing of a near target 
at an effective distance of 11.3 cm. While viewing the near target 
during lidocaine blockade the animal attempted to maintain 
appropriate convergence and accommodation levels. However, both 
convergence and accommodation displayed synchronous fluctuations 
of as much as 1.5° and 2D in amplitude at a frequency of 
approximately 2.5 Hz.

Since this effect of lidocaine blockade appears to be a consequence 
of an increased "leakiness" in the neural integrators for vergence and 
accommodation, these results suggest that some cells in NRTP may 
play a role in neural integration for these eye movements. (Supported 
by NEI EY07558 and P30 EY03039).

145.4
EYE POSITION SIGNALS IN THE ABDUCENS NUCLEUS OF MONKEYS 
DURING OCULAR CONVERGENCE. W  M  King1*. Wu Zhou1. R  D  
Tomlinson2. K.M.V. McConville2. W. ĮC Page1 and Ģ. D. Paige1. University of 
Rochester Medical Center, Rochester, NY 146421 and University of Toronto Dept. 
of Otolaryngology, Toronto, Ontario M5S 1A82.

Numerous studies have shown that burst-tonic neurons in the brainstem encode 
eye position. Since these studies were performed using targets located at fixed 
distances, neuronal responses appeared to reflect conjugate gaze. However, Gamlin 
e t  a l. (JNP 62: pp. 70-81, 1991) and Maxwell & King (Suppi. IOVS 31: p. 81,
1990) reported that the discharge of abducens units depends upon vergence as well 
as conjugate eye position. Our new data imply, alternatively, that burst-tonic 
neurons selectively encode the position of only one eye. We addressed this issue in 
monkeys trained to fixate targets at different eccentricities and distances while 
recording from burst-tonic units in the abducens (ABN) and vestibular nuclei (VN). 
Eye coils were implanted in both eyes to obtain precise binocular eye position 
measures. Neuronal firing rates from 48 burst-tonic units (36 in ABN, 12 in VN) 
were analyzed during periods of steady fixation (see our companion paper; 
Tomlinson e t  a l ., NS Abstr. 1993). Most cells selectively encoded the position of 
one eye. Abducens neurons encoding ipsilateral or contralateral eye position were 
presumably motoneurons or intemuclear neurons, respectively. In the companion 
paper, we showed that position-vestibular-pause (PVP) units in the VN also 
selectively encoded the position of one eye. Our findings suggest that the ocular 
selectivity of PVP cells is maintained by their oculomotor projections, including 
their connections with abducens motor and intemuclear neurons. The selectivity is 
not perfect, however, since most cells exhibited some activity ("crosstalk") related 
to both eyes. Ocular selectivity within oculomotor pathways may provide a 
fundamental basis for monocular adaptation at the level of the motor nuclei and 
their premotor inputs. Supported by NIH Grants: EY04045 & EY06632 (King), 
AG06442 (Paige), Center Grant EY01319, & MRC Grant MA7792 (Tomlinson).
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145.5
LENTICULAR ACCOMMODATION IN CHICKS IS MEDIATED PRIMARILY BY 
A CONTRACTION OF THE IRIS MUSCLE. A. Glasser1* and H.C. 
Howland2. Sections of Physiology1 and Neurobiology and 
Behavior2, Cornell University, Ithaca, NY, 14853.

Our Edinger-Westphal (EW) stimulated accommodation in 
chicks has show that about 60% of the total 25 diopters (D) 
of accommodation is accounted for by lenticular changes, 
the remainder being due to changes in corneal curvature.

We here report results from measurements of changes in 
the focal length of chick lenses using an in vitro 
preparation of the eye which when stimulated will undergo 
accommodative changes similar to that observed in vivo.

Focal lengths of lenses were measured using a laser beam 
scanned across the pupil aperture of enucleated eyes, and 
again during electrical (n=ll) or nicotine (n=8) 
stimulation. Lenses from four-week old chicks were found to 
have focal lengths of 33mm when relaxed and 2 6mm when 
electrically stimulated, representing an 8 D change in lens 
power. Nicotine sulphate (0.011%) induced stimulation 
produced a 14 D change in focal power of the lens. In 
support of our observations that lenticular accommodation 
in the chick eye is mediated primarily by a contraction of 
the iris muscle, we find that after removing the iris only
1.5 D change in focal power of the lens can be induced with 
electrical stimulation. We have measured changes in lens 
thickness using an А-scan ultrasound in EW stimulated 
chicks and in vitro and find that there is a maximal 
increase in lens thickness of up to 0.2 mm in both cases.

We conclude that a 14 D change in lens power probably 
represents the full range of lenticular accommodation, and 
the remaining 3 D of total accommodation not accounted for 
by changes in corneal curvature may be due to a relative 
change in lens position within the eye.

145.7
D IF F E R E N T IA L  A C C O M M O D A T I O N  I N  T H E  L O W E R  V I S U A L  
H E L D  O F  T H E  P I G E O N  E Y E .  J o n a t h a n  T .  E r i c h s e n * 1. W i l l ia m  
H o d o s2 a n d  M a u r a  L ,  K u r k i i a n \  D e p t .  o f  N e u r o b i o l o g y  &  
B ehavior1, S U N Y  S to n y  B r o o k ,  S to n y  B r o o k ,  N Y  11 7 9 4  a n d  D e p t .  o f  
P sychology2, U n iv .  o f  M a r y la n d ,  C o l le g e  P a r k ,  M D  2 0 7 4 2 .

In  t h e  l o w e r  v i s u a l  f i e l d  o f  t h e  p i g e o n ,  t h e r e  is  a  m y o p ia  t h a t  
p ro g re s s iv e ly  in c r e a s e s  w i t h  t h e  a n g le  b e lo w  th e  h o r i z o n .  T h i s  s tu d y  
in v e s tig a te d  w h e t h e r  a c c o m m o d a t iv e  c a p a c i ty  d i f f e r s  in  t h e  l o w e r  
visual f ie ld .  M ic r o s t im u la t io n  o f  th e  n u c le u s  o f  E d in g e r - W e s tp h a l  in  
a n e s th e tiz e d  a d u l t  p ig e o n s  p r o d u c e d  a  c u r r e n t  d e p e n d e n t  c h a n g e  in  
the r e f r a c t iv e  s ta te  o f  th e  e y e ,  a s  m e a s u r e d  b y  r e t in o s c o p y .  In c r e a s in g  
cu rren t m a d e  th e  e y e  p r o g re s s iv e ly  m o re  m y o p ic  u n t i l  a n  a s y m p to t ic  
value w as r e a c h e d .  T h e  m a x im u m  r a n g e  o f  a c c o m m o d a t io n  o b s e rv e d  
in th e  c e n t r a l  v i s u a l  f i e l d  o f  a n y  p i g e o n  w a s  5 - 7  d i o p t e r s ,  i n  
a g re e m e n t w i th  p r e v i o u s  r e p o r t s .  A t  a n y  g iv e n  c u r r e n t ,  h o w e v e r ,  a  
c o n s is te n tly  g r e a t e r  c h a n g e  in  r e f r a c t i v e  s ta t e  w a s  o b s e r v e d  in  t h e  
low er f r o n t a l  v i s u a l  f i e l d  t h a n  in  t h e  c e n t r a l  v i s u a l  f i e l d  a lo n g  th e  
h o r iz o n .  A t  a s y m p t o t i c  c u r r e n t  l e v e l s ,  t h e  t o t a l  r a n g e  o f  
ac c o m m o d a t io n  w a s  3 5  to  8 0 %  g r e a t e r  in  t h e  l o w e r  v i s u a l  f i e l d .  T h e  
value  w a s  d e p e n d e n t  o n  e l e c t r o d e  l o c a t i o n  a n d  t h e  r e g i o n  o f  t h e  
visual f i e ld .  S tu d ie s  o f  a  n u m b e r  o f  b i r d  s p e c i e s  i n d i c a t e  t h a t ,  a t  a  
given a n g le  o f  e le v a t io n ,  l o w e r - f ie l d  m y o p ia  is s y s te m a t ic a l ly  r e la te d  
to a  b i r d ’s h e ig h t  a n d  r e p r e s e n ts  a n  a d a p t iv e  m a tc h in g  o f  fo c a l  l e n g th  
to th e  e y e - t o - g r o u n d  d i s t a n c e .  T h e  d i f f e r e n t i a l  a c c o m m o d a t i o n  
rep o rted  h e re  m ig h t  b e  o n e  m e c h a n is m  b y  w h ic h  s u c h  a  m a tc h in g  is 
e s tab lish ed .

S u p p o r te d  b y  N I H  g r a n ts  E Y 0 4 5 8 7  ( J T E )  a n d  E Y 0 4 7 4 2  (W H ).

145.6
LENS ACCOMMODATION EVOKED BY MICROSTIMULATION OF THE 
SUPERIOR COLLICULUS IN THE CAT. K. Ohtsuka . M. SawaftDept. 
of Ophthalmology, Sapporo Medical Univ., Sapporo 060, Japan 

Following WGA-HRP injections to lens accommodation-related 
area in the lateral suprasylvian area of cats, we found dense 
labeling of terminals in the superficial layers of the superior 
colliculus (SC). In the present experiment, we performed 
systematic microstimulation of the SC in cats, recording lens 
accommodation. The experiment was conducted in 6 cats, 
weighing 2.5-3.5 kg. The animal was anesthetized by ketamine 
and c<-chloralose, immobilized by pancronium bromide, and 
artificially ventilated. The animal was attached to a stereotaxic 
frame. Tungsten microelectrodes were lowered with a 
micromanipulator. An infrared optometer (Nidek, AR-1100) 
was used for recording lens accommodation. Accommodative 
responses were elicited by microstimulation (250 Hz train 
pulses, 500 ms duration) of the SC with low current (< 20 μΑ). 
The latency of accommodative responses was 198.3 ± 34.6 ms 
(mean and sd). Duration of accommodative responses was 
correlated with stimulus duration. The low threshold area for 
evoking accommodation was located in the rostral part of the SC 
which corresponds to the representation of central visual field. 
In this area, some neurons exhibited burst discharges preceding 
spontaneous lens accommodation. These findings suggest that the 
SC could be a key structure for controlling lens accommodation in 
the cat.

145.8
NADPH-DIAPHORASE POSITIVE NEURONS IN THE CILIARY GANGLION. 
Wensi Sun*1. Paul J. May u . and Jonathan T. Erichsen3. Depts. of A natom /, and 
Ophthalmology2, U. of Mississippi Med. Ctr., Jackson, MS, 39216 and Dept. of 
Neurobiology & Behavior3, SUNY at Stony Brook, Stony Brook, NY 11794 

NADPH-diaphorase catalyzes the synthesis of nitric oxide, a novel putative 
neurotransmitter. NADPH-diaphorase reactivity was investigated in monkey, cat and 
pigeon ciliary ganglia. Although virtually all somata were lightly stained in both 
mammalian species, a small number (less than 2 % )  of ganglion cells were densely 
NADPH-diaphorase positive, revealing their dendritic organization. In cat, a cluster 
of tightly packed NADPH-diaphorase positive cells was present, but cells were 
sporadically distributed in monkey. Most of the NADPH-diaphorase positive somata 
were ovoid, and their dimensions were distinctly different from the other neurons. 
In monkey, the mean axis of NADPH-diaphorase positive cells was 19.27 urn (n = 
32, SD = 4.81 urn, range = 14-34 um), which is significantly smaller (P < 0.001) 
than the mean of the other neurons, which was 49.33 um (n = 32, SD = 11.03 um, 
range = 32.75-73.5 um). The mean axis of the NADPH-diaphorase positive neurons 
in cat was 27.21 um (n = 35, SD = 7.31 um, range = 15-44 um), which is also 
significantly smaller (P < 0.001) than that of the other neurons, which was 35.00 urn 
(n = 35, SD = 7.67 um, range = 29.75-53.25 um). All NADPH-diaphorase positive 
cells had at least one dendritic process, and several (19 of 32 in monkey and 5 of 35 
in cat) had two or more dendrites. In both species, the dendrites extend up to 140 
um from the somata, and branched up to 3 times. The presence of small NADPH 
diaphorase positive neurons in the ciliary ganglion may indicate that there are 
interneurons in this ganglion, like the SIF cells in sympathetic ganglion, or, in light 
of the known importance of nitric oxide in vascular control, these neurons may 
supply the choroidal vessels. However, in contrast to the results in mammals, 
numerous large (45 um), and hence non-choroidal, cells were densely stained in 
pigeon, indicating that neurons projecting to the intrinsic eye muscles may utilize 
nitric oxide in the bird. Supported by NEI grant EY07166(PJM) and EY04587(JTE).

CIRCUITRY AND PATTERN GENERATION I

146.1
INTERNEURON 402 DRIVES THE LARVAL PRE-ECDYSIS MOTOR 
PATTERN IN M A N D U C A  SE X TA . Andrea Novickį* and Janis C. Weeks. 
Institute of Neuroscience, Univ. of Oregon, Eugene, OR 97403.

M anduca s e x ta , the tobacco homworm, molts several times as a 
larva (caterpillar) before becoming a pupa and then an adult moth. 
Each molt culminates in ecdysis behavior, during which the old 
cuticle is shed. Prior to each larval ecdysis, the old cuticle is 
loosened by pre-ecdysis behavior, which includes rhythmic 
compressions that are synchronous along the abdomen and on the 
left and right body sides. Prior to the pupal ecdysis, pre-ecdysis 
behavior and its underlying motor pattem are severely attenuated. 
Previous work has suggested that this attenuation is ШІ due to 
changes in sensory neurons or motor neurons (Miles and Weeks, J 
Comp Physiol A 168:179-190). To find the locus of this 
attenuation, we searched for intemeurons that are presynaptic to pre- 
ecdysis motor neurons. We have identified a pair of intemeurons 
(IN-402) located in the terminal ganglion, that make bilateral, 
monosynaptic excitatory connections with pre-ecdysis motor 
neurons along the abdominal nerve cord. IN-402 is rhythmically 
active and provides significant synaptic drive to the motor neurons 
during the pre-ecdysis motor pattern. We can now investigate if IN- 
402 is involved in the developmental attenuation of the pre-ecdysis 
motor pattem.
Supported by NIH grants NS 23208 and NS 01473.

146.2
PH Y SIO L O G Y  AND  SIM U LA TIO N  STU D IE S O F R H Y T H M IC  
M O T O R  PA T TER N S IN  ISOLATED  A N D  C O U PLE D  TH O R A C IC  
G A N G LIA  O F LO CU STS. S. Ryckebusch,* M. Wehr, and G. Laurent. 
Computation and Neural Systems, California Institute of Technology, Pasadena, 
CA 91125.

Rhythmic motor patterns can be induced in leg motor neurons of isolated 
thoracic ganglia of the locust, S c h is to c e rc a  a m e r ic a n a , by bath application of 
the muscarinic agonist pilocarpine (Ryckebusch and Laurent, J. N e u ro p h y s io l. ,  
69(5), 1993). We compare rhythmic activity patterns of trochanteral levator 
and depressor motor neurons in isolated pro-, meso- and metathoracic ganglia. 
The relative phases of levators and depressors of the trochanter differ in the 
three thoracic ganglia. We have developed a simple model circuit which can 
produce the activity patterns and characteristic phase relationships recorded 
in each of the three thoracic ganglia, by modifying a single synaptic weight. 
We show results of a computer simulation of this circuit using the neuronal 
simulator Neuralog/Spike (Lloyd Watts, Caltech/Synaptics). We have also 
built an analog VLSI implementation of this model circuit, which is currently 
in the process of being tested.

We have recorded the rhythmic motor patterns evoked in preparations of 
thoracic ganglia in which the connectives between ganglia remained intact. 
Correlations in the activity patterns of motor neurons in different thoracic gan
glia show evidence for intersegmental coupling between central pattern gener
ator circuits of the different legs. In particular, activity in trochanteral levator 
motor neurons is strongly correlated with activity in trochanteral depressor 
motor neurons in adjacent hemi-ganglia. These results will be used to build 
a complete model of the putative central circuitry underlying leg coordination 
during walking.

This work was supported by NIH and ONR.
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146.3
"REVERSIBLE" PHOTO-AXOTOMY USED TO INVESTIGATE THE 
ROLE OF SENSORY FEEDBACK FROM MUSCLE TENSION IN 
CONTROLLING THE LOCUST KICK. W. J. Hcitler*. The Gatty Marine 
Laboratory, University of St. Andrews, Fife, Scotland KY16 8LB.

The escape jump and defensive kick of a locust are "mission critical" behaviours 
in which leg extension can attain a mechanical performance close to the theoretical 
and practical limits of the system. This high performance is achieved using a 
catapult principle, in which extensor muscle tension develops prior to the actual leg 
movement, and the resulting energy is stored in cuticle springs . Does the locust 
monitor the developing muscle tension and use feedback to optimise the motor 
program? This seems highly likely from an engineering viewpoint, since the most 
effective behaviour requires the maximum possible tension, but w ith o u t exceeding 
the safety limits of the materials, which are very low. There is also a need to 
balance force production from the two legs during a jump.

I have investigated this question using "reversible" de-effercntation. A single 
motorneurone is responsible for tension development in the extensor muscle, and its 
axon can be cut using standard dye-mediated laser photo-axotomy. This leaves the 
central part of the extensor motorneurone, and all the other neurones of the system, 
undamaged. The cut axon can then be reconnected by an electronic "axonal 
bypass", which detects spikes on the proximal, intact side of the neurone, and 
specifically stimulates its terminals distal to the break. In this way, the axon can be 
cut and reconnected at will, and consecutive fictive (no tension) and real (re
connected, full tension) kicks repeatedly compared within a single preparation.

Results to date are surprising. There is no obvious qualitative difference in the 
motor program between fictive kicks in which there is absolutely no extensor 
muscle tension whatsoever, and reconnected kicks in which extensor muscle 
tension is at normal levels. The evidence would appear to suggest that the motor 
program, like the behaviour, is largely ballistic.

146.5
EMBRYONIC NEURAL ACTIVITY AND SERIAL HOMOLOGY UNDERLYING 
GRASSHOPPER OVIPOSITION. K.J. Thompson*. Dept. of 
Biology, Agnes Scott College, Decatur, GA ЗООЗО.

Preliminary anatomical data indicate the presence of 
sexual dimorphism in efferent neural elements of the 
grasshopper terminal abdominal ganglion. The observed 
ontogeny and homology İn the oviposition system suggest 
the possibility that neural components of oviposition may 
represent a female-specific iteration of thoracic 
segmental elements in embryonic development. In female 
embryos after 85% of embryogenes is the motor pattern of 
oviposition was experimentally elicited by nerve cord 
transection (removal of descending inhibition activates 
the pattern in adults also). The rhythmic pattern of 
opener muscle bursts in 85% embryos displayes similarity 
in phase relationships but more variability in period as 
compared to the adult pattern. However, by 90% of 
development, the pattern was regular and recorded bursts 
were characteristic of the mature adult pattern.

Embryonic grasshoppers have homologous appendage 
rudiments ventrally on each head, thoracic, and abdominal 
segment. Two pairs of these are retained in females to 
become the ovipositor valves, which are thus serially 
homologous to thoracic legs. Comparable cellular 
morphology and pattern of embryonic antibody labelling 
in females suggest that motor neurons supplying ovipositor 
and leg muscles are also homologous.

146.7
S W IM -G A T IN G  N E U R O N S  A R E  IN H IB IT E D  D U R IN G  T H E  
B E H A V IO R A L  S W IT C H  F R O M  S W IM M IN G  T O  S H O R T E N IN G  IN 
T H E  L E E C H . В. K. Shaw and W. B. Kristan. Jr.* Dept. of Biology, Univ. of 
California at San Diego, La Jolla, CA 92093-0322.

A strong stimulus delivered to the anterior of a swimming leech causes it to 
switch behaviors from swimming to a whole-body shortening response.
While swimming involves alternating bursts of activity in excitatory motor 
neurons innervating dorsal and ventral longitudinal muscles (DE and VE  
respectively), shortening involves the simultaneous activation of DE and VE, 
as well as the L cell, a motor neuron innervating both dorsal and ventral 
muscle. The neural circuit for swimming is well understood: identified trigger 
and gating cells provide an excitatory drive onto identified oscillator cells, 
which generate the pattern and drive DE and VE. Less is known about the 
interneuronal circuitry underlying whole-body shortening; one set of 
interneurons active during this behavior is the S  cell network, which makes up 
a "fast conducting pathway" in the leech. We have begun investigations of 
the neural basis for the behavioral switch from swimming to shortening.

A long-standing proposal for the mechanism of behavioral choice is mutual 
inhibition between the neural circuits underlying different behaviors, perhaps 
exercised selectively on the "command" neurons for the behaviors. We 
intend to test this hypothesis for the case of the swimming-shortening 
switch. We have begun by recording from cell 204, the most powerful gating 
neuron for swimming. Cell 204, which is excited during swimming, receives 
strong inhibition during the switch from swimming to shortening. To 
determine whether this inhibitory control is selectively exercised on the 
gating neurons, we plan to record from other neurons in the swim circuit 
during shortening and the swimming-shortening switch. Supported by an 
NSF Predoctoral Fellowship to BKS and NIMH grant MH44396 to WBK.

146.4
AN A TO M Y AND O U T P U T  C O N N E C T IO N S  O F  O V IP O S IT O R  
M E C H A N O S E N S O R Y  A F F E R E N T S  IN T H E  F E M A LE  
L O C U S T  E. Kalogianni*. Department of Zoology, University of 
Cam bridge, Downing St, Cam bridge C B 2  3 E J , UK.

Locust egg laying is a rhythmic behaviour produced largely 
by the action of a central neural network. Although, by 
definition, this network is capable of generating the rhythmic 
ovipositional behaviour in the absence of sensory information, 
wind evoked stimulation of hair sensilia on the ovipositor 
excites certain ovipositor motor neurones. Th is prompted a 
detailed anatomical and physiological study of the ovipositor 
afferente. Cobalt stains of these afferents showed that their 
central projections to both genital ganglia differ morphologically 
depending on the position of the sensilia on the ovipositor. By 
m eans of intracellular recordings, direct synaptic connections 
were established between the ovipositor afferents and certain 
groups of ovipositor motor neurones. A group of ascending  
interneurones with cell bodies located in the terminal 
abdominal ganglion also received direct input from specific 
groups of ovipositor sensilia. Their output connections with 
groups of motor neurones involved in the egg laying behaviour 
are currently investigated.

This research w as supported by a Wellcome Trust grant to 
M. Burrows.

146.6
DIRECT EVIDENCE THAT PRIMARY MOTONEURONS ARE SHARED 
BY SWIMMING AND ESCAPE NETWORKS IN GOLDFISH. U L  
F e tc h o *. Dept. Neurobiology and Behavior. SUNY at Stony 
Brook, NY 11794.

Fish can produce escape movements in the m idst of 
swim m ing, indicating that the neural netw orks m ediating 
escape and swimming must sometimes interact. We showed 
previously that the output of the M authner cell (M -cell) can 
override and reset the swimming m otor pattern. We are now 
studying the cellu lar basis of these interactions in spinal cord 
in a preparation in which we can elicit both fictive swimming 
and escape behaviors. Fictive swimming was produced by 
stim ulation o f the m idbrain of decerebrate, paralyzed 
goldfish, and the m otor pattern was m onitored extracellularly  
from motor nerves. An intracellular electrode in one of the 
M -axons was used to activate escape networks, and another 
in tracellu lar electrode was used to record from spinal neurons 
to determ ine w hether they were driven by both escape and 
swim m ing netw orks. In tracellu lar recordings from  the large 
prim ary motoneurons show that they receive mono- and 
disynaptic input from the ipsilateral M -axon. These cells are 
also driven by swimming circuits. D uring fictive swimming, 
they show rhythm ic, som etim es suprath resho ld , o scilla tions 
in membrane potential that are in phase with bursts of 
activity in ipsilateral motor nerves. These data show that 
prim ary m otoneurons are shared by swim m ing and escape 
networks and indicate that these cells are a site where the two 
behaviors interact in spinal cord. Supported by NIH NS26539.

146.8
INTERACTIONS BETWEEN BRAINSTEM AND CENTRAL PATTERN 
GENERATOR FOR LOCOMOTION IN ADULT LAMPREY. A.H.Cohen*.
L. Guan. and J. C. Harris. Department of Zoology, University of Maryland, 
College Park, MD 20742.

Previously, we reported that in larval lampreys, novel spinal motor patterns 
emerged when the caudal brainstem was allowed to interact with the central pattern 
generator (Cμ g) for locomotion. We now report on the phenomena that are seen 
when the adult spinal cord interacts with the caudal brainstem. 1) When the isolated 
spinal cord is bathed in D-glutamate to activate the pattern generator while the 
brainstem is kept in inhibitory solution (GABA, glycine, low calcium), the fictive 
swimming is normal and as seen in spinal cords without brain attached. 2) When 
the brain is bathed in normal saline alone and the spinal cord is bathed in D- 
glutamate, the spinal motor pattem is irregular and display episodes of frequency 
variations never seen without the brain present 3) When the brain is in drug and 
the spinal cord is in saline, there are long silences interspersed with episodes of 
large amplitde often with bursting that is high frequency. 4) Finally, with both 
brainstem and spinal card in D-glutamate, we observe switching between regular or 
somewhat irregular activity and the same type of large amplitude often high 
frequency activity seen in condition #3.

We conclude that when the preparation includes only the brainstem and isolated 
spinal cord, caudal brainstem activity evoked by ascending spinal neurons during 
fictive locomotion can disrupt the Cμ g  in as yet undetermined ways. When the 
brainstem alone (#3) is activated with D-glutamate, we often see irregularly periodic 
episodes of large amplitude high frequency swimming; the same type of descending 
activitation of the Cμ g  is seen in #4 when both brainstem and spinal cord are 
bathed in drug. In the final condition, there is less regular bursting between these 
episodes, presumably because of ascending activity which evokes activity in 
descending neurons which in turn perturb the Cμ g  in the same way as in #2. Thus, 
this preparation exposes a novel molt»: pattern evoked by glutamate stimulation of 
the caudal brainstem. It's relationship to locomotion remains unclear. Supported by 
NIMH MH44809 and NSF BNS 9009570 to AHC.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY PM C IR C U IT R Y  AND P A T T ER N  G EN ER A TIO N  I 349

146.9
ACTIVITIES OF SPINAL NEURONS DURING BRAINSTEM-DEPENDENT 
FICTIVE SWIMMING IN LAMPREY. J.T. Buchanan*. S, Ka&icki. and T. Strauss. 
Department of Biology, Marquette University, Milwaukee, WI 53233.

Previous studies characterized activities of neurons in the isolated spinal cord 
during fıcüve swimming induced by an excitatory amino acid (EAA). While EAA- 
induced ventral root bursting closely resembles the pattern of intact swimming, 
some aspects of the activity are dependent on the EAA agonist used, and cells not 
normally participating in locomotor activity could be recruited by the supervised 
agonist. We have therefore re-assessed the activities of spinal neurons during fictive 
swimming in the brainstem-spinal cord preparation (adult I. u n icu sp is) in which 
swimming activity was induced by brief electrical stimulation of the spinal cord.

Cells were recorded intracellularly and were identified by their axonal 
projections. Swim bouts typically consisted of 10-20 cycles at 2-3Hz. Motoneurons 
displayed deeply modulated membrane potentials (16.4mV, peak-to-trough ampli
tude), and most of the motoneurons fired action potentials (2.2 spikes/cycle). The 
oscillations of lateral intemeurons were weaker (8.0mV), and their spiking was less 
frequent (0.8 spikes/cycle). Their oscillations were delayed about 3% of a cycle 
compared to motoneurons. CC intemeurons were also modulated (11.3mV) with 
some spiking (0.3 spikes/cycle). Their oscillations were phase advanced about 10- 
15%. Edge cells, intraspinal stretch receptors, were only weakly modulated 
(3.5mV) and rarely fired action potentials (0.1 spikes/cycle). Their oscillations were 
delayed about 20%. Primary sensory dorsal cells exhibited no oscillatory activity.

These results compare well with a previous report of glutamate-induced activity 
(Buchanan and Cohen 1982). The major difference was the motoneuron oscillation 
amplitude which was twice that found in the previous study. These results support 
the proposal that edge cells and dorsal cells receive little or no input from the 
swimming network and that CC intemeurons and lateral intemeurons participate in 
fictive locomotor activity.

146.11
A MODEL OF A LAMPREY NEURON BASED ON ADMITTANCE SPEC
TROSCOPY. C.R. Murpheyf, L.E. Moore*f, and J.T. Buchananf. fPhys. Dept., 
UTMB, Galveston TX 77555-0641. *CNRS, U. of Rennes, 35042 RENNES 
Cedex, France. JBiol. Dept., Marquette U., Milwaukee WI 53233.

Neurons in the isolated lamprey spinal cord exhibit periodic activity known 
as ’Active swimming’ upon exposing the entire cord to N-methyl-D-aspartate 
(NMDA) even in the absence of movement-related sensory stimulation. The 
significance of electrotonic structure and membrane conductances properties on 
this periodic activity was investigated in a reduced model of the neuron using 
parameter estimation on voltage clamp measurements of cell soma membrane 
impedance. The influence of spatial variation in NMDA channel density on 
membrane impedance and consequential oscillatory behavior were investigated 
both theoretically and experimentally using frequency domain measurements 
during focal applications of NMDA using a pressure micropipette.

Measured voltage and frequency dependence of cell soma membrane impedance 
with and without application of NMDA was used to develop a Hodgkin-Huxley 
type model characterizing the slow C a 2+ activated K +  conductance, NMDA sen
sitive and leakage currents. Non-linear least-squares optimization was used to 
determine both an equivalent, reduced cable model of the electrotonic structure 
of the cell and the gating kinetics of membrane conductances. In addition, the 
relative influence of spatial distribution and membrane properties was investi
gated using parameter sensitivity analysis. Supported by DHHS-R01-MH45796.

146.13
MODELING THE INTERACTIONS BETW EEN MEMBRANE CURREN TS AND SECOND 
MESSENGERS IN AN ELECTROCHEM ICAL MODEL OF NEURON R15. J.M . Sorenson. 
DA Baxter. J.W . Clark, and J.H . Byrne*. Dept. of Neurobiol. & Anatomy, Univ. of Texas Med. 
Sch., Houston, TX ; Dept. of Electrical & Computer Engineering, Rice Univ., Houston, TX .

The origin and regulation of bursting activity in neuron R15 of Aplysia has been the subject of 
considerable study. A substantial body of evidence indicates that a slow inward Ca2+ current 
Osi) and an anomalous rectifier current (Ip ) play key roles in regulating bursting activity. 
Furthermore, it has recently become clear that these currents are modulated in a complex way 
by both Ca2+ and cAMP (Kramer and Levitan 1990). Thus, to more accurately model the 
dynamic activity of R15, it is necessary to include descriptions of the biochemical processes 
that are postulated to underlie this modulation.

We have extended a realistic model of the ionic currents of R15 (Canavier et al. 1991) to 
include plausible kinetic descriptions of the second messenger system s implicated in the 
modulation of l§ | and Ip . In particular, detailed descriptions of Ca2+ buffering, calmodulin, 
adenylyl cyclase, Ca2+-sensitive phosphodiesterase, protein kinase A, and protein 
phosphatase have been incorporated. Published experimental data for R15 or Aplysia nervous 
tissue, were used whenever available.

With this more complete model, we are able to study the dynamics of Ca2+ influx and the 
concomitant activation of phosphodiesterase, which reduces the level of cAMP and thus 
decreases the conductances of lg | and Ir . With certain parameter values, this interaction can 
account for one component of the activity-dependent neuromodulation which is thought to arise 
from interactions between Ca2+ and cAMP. We also are exploring additional pathways for 
Ca2+-dependent inactivation of lg |, such as the Ca2+/calmodulin-dependent protein 
phosphatase 2B (calcineurin). For example, calcineurin may dephosphorylate the channel 
responsible for l§ | and render it inactive.

We find that the activities of second messengers and levels of phosphorylation can oscillate 
during bursting activity, and may play an important role in determining the particular pattern of 
electrical activity that is generated. Supported by a grant from the ONR.

146.10
PHARMACOLOGY AND PHYSIOLOGY OF BRAINSTEM ACTIVATION OF 
SPINAL LOCOMOTOR NETWORKS IN THE LAMPREY. A. Hagevik and 
A.D. McClellan* Div. of Biol. Science, Univ. of Missouri, Columbia, MO 65211

The pharmacology and physiology of brainstem activation of spinal locomotor 
networks have not been well described in the lamprey, particularly in larval animals. 
Pharmacological micro-stimulation in brainstem locomotor regions was used to 
initiate locomotor activity in spinal ventral roots in a partitioned in vitro 
brain/spinal cord preparation from larval lamprey (Petromvzon marinusi. Receptor 
blockers for excitatory and inhibitory amino acids were added to spinal pools to 
examine the mechanisms of descending activation of locomotor patterns.

General excitatory amino acid receptor blockers (0.5mM kynurate, 0.5mM 
PDA, and ImM DGG) applied to the rostral spinal cord locally blocked brainstem- 
initiated locomotor activity. The NMDA receptor blocker 2-APV (50-400μΜ) 
attenuated brainstem-initiated locomotor activity, and completely blocked activity in 
some "weak" preparations. DNQX, a non-NMDA receptor blocker, attenuated 
locomotor activity at concentrations below 4μΜ, and blocked activity above 4μΜ 
in most preparations. Concentrations of DNQX below 4μΜ could block locomotor 
activity in "weak" preparations. These experiments suggest that in larval lamprey 
both NMDA and non-NMDA receptors are involved in the brainstem-initiation of 
locomotor activity, but either type of receptor is sufficient for locomotor activation.

Strychnine, a glycine receptor blocker, applied locally to the rostral spinal cord 
resulted in synchronous, augmented bursting in that region and synchronous, 
attenuated bursting in more caudal locomotor networks exposed only to Ringer's 
solution. These results suggest that decending pathways from spinal locomotor 
networks have a powerful effect on the phasing of locomotor activity in more caudal 
segments and can overcome the effects of crossed inhibition between the left and 
right oscillators. We are currently investigating whether this effect on phasing of 
locomotor activity in adjacent spinal segments also occurs in the ascending 
direction. (Supported by NIH NS29043, АРА MB 1-9108)

146.12
SIMULATED EFFECTS OF NEUROMODULATORS DRIVE MODEL NEU
RON THROUGH REGIONS OF INCREASED SENSITIVITY TO BOTH 
SYNAPTIC INPUTS AND NOISE. C. C. Canavier*, D. A. Baxter, J. W. 
Clark, and J. H. Byrne. Dept. of Neurobiology and Anatomy, The Univer
sity of Texas Medical School, Houston, TX 77225 and Dept. of Electrical and 
Computer Engineering, Rice University, Houston, TX 77251.

By examining a mathematical model of the bursting neuron R15 in A p ly s ia ,  
we have shown that multiple stable modes of oscillatory electrical activity can 
coexist at a given set of fixed parameters, and that transient synaptic inputs 
can induce a shift from one mode to another (Canavier et al., 1993). We 
have also shown that small changes in two model parameters, the anoma
lous rectifier conductance д ц  and the slow inward calcium conductance g ş ı  
that simulate the known actions of the neuromodulatory agents serotonin 
and dopamine, respectively, can create or annhilate certain coexisting modes 
of electrical activity, such as beating (tonic firing), or bursting. We have 
extended our previous observations by investigating the effect of synaptic 
noise, modeled as a sequence of simulated postsynaptic potentials with an 
equal probability of being inhibitory or excitatory and an interevent interval 
distribution characteristic of independent Poisson events.

At high values of either g ş ı  or g R , only one type of bursting activity can be 
sustained. As the value of either parameter is decreased, beating activity or 
one of several types of bursting activity can be observed depending upon the 
history of synaptic stimulation. As the parameter is decreased still further, 
only beating activity remains. Because a single EPSP can induce a mode 
shift, we have seen that noise composed of EPSP’s also causes mode shifts. 
At most multistable parameter settings, noise does not appear to favor any 
particular mode. (When the beating mode first appears, however, noise favors 
the bursting mode.) Thus at high noise levels, the presence of multistability 
can generate highly variable activity compared to monostability. At low 
noise levels, synaptic inputs could function as mode selectors or even as 
memory switches. These results indicate that the effects of neuromodulatory 
agents may be more complex than previously realized since they modulate 
parameters that may drive the system into a region of increased sensitivity 
to synaptic input and noise. Supported by a grant from the ONR.

146.14
SEROTONIN INHIBITS RHYTHMIC NEURAL ACTIVITY MEDIATED VIA 
NEURONS B31/32 IN THE BUCCAL GANGLIA OF A P L Y S IA . D A. Baxter* 
and J.H. Byrne. Department of Neurobiology and Anatomy, University of Texas 
Medical School, Houston TX 77030.

Serotonin (5-HT) plays an important role in modulating aspects of feeding 
behavior in A p ly s ia . For example, 5-HT, when released from the metacerebral cell 
(MCC), mediates aspects of food-induced arousal (Kupfermann and Weiss 1982), 
regulates aspects of biting (Rosen et al. 1989), and modulates the properties of 
certain sensory neurons in the cerebral ganglia (Rosen et al. 1989), motor neurons 
in the buccal ganglia (Kirk et al. 1988) and muscles in the buccal mass (Weiss et 
al. 1978). We are examining the effects of 5-HT on a central pattern generator 
(Cμg) that mediates rhythmic neural activity in the buccal ganglia.

Rhythmic neural activity was monitored via intracellular recordings from 
neurons B4/5 and elements of the Cμg (e.g., B31/32, B35, B51, and/or B52). 
Rhythmic neural activity was induced by either stimulation of the radular nerve, 
direct depolarization of B31/32 or B35, or by bath application of either small 
cardioactive peptide b (SCPb , 0.5-2 μΜ) or dopamine (DA, 50-100 μΜ).

Bath application of 5-HT (2.5-50 μΜ) profoundly inhibited the patterned 
neural activity that was normally elicited by each of the above methods. 
Moreover, direct stimulation of MCC inhibited rhythmic activity induced by nerve 
stimulation and slowed the rate of rhythmic activity induced by SCPb. The actions 
of 5-HT on the Cμg  were complex. 5-HT decreased the excitability of B31/32 
and B4/5, increased the excitability of B35, enhanced the synaptic connection 
between В 35 and B4/5, inhibited the synaptic connection between B4/5 and 
B31/32, and induced subthreshold oscillations in the membrane potentials of 
B31/32. Thus, 5-HT appears to modulate both the intrinsic biophysical properties 
of the neurons and the strengths of their synaptic connections. Supported by a 
grant from AFOSR.
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146.15
METABOLIC PRECURSORS OF DOPAMINE AND SEROTONIN 
MODULATE RHYTHMIC NEURAL ACTIVITY IN THE BUCCAL GANGLIA 
OF A PLYS1A. Б,А,,.Как>шп§кј, I, ZiîfJO A J a m  and J.H, Byrns- Dept. of 
Neurobiol. and Anatomy, Univ. of Tex. Med. Sch., Houston TX 77030.

In the buccal ganglia of A p ly s ia , dopamine (DA) has been reported to induce 
rhythmic neural activity, whereas serotonin (5-HT) has been reported to inhibit 
rhythmic neural activity (Baxter and Byrne this volume; Rosen et al. 1989). We 
are extending these observations by examining the actions of metabolic precursors 
of DA, L-3,4-dihydroxyphenylalanine (DOPA), and 5-HT, L-5-hydroxytryptophan 
(5-HTP), on neural activity in buccal ganglia. Precursors can elicit rhythmic 
behaviors in moilusks (Kabotyanski and Sakharov 1988) and are believed to act by 
increasing the spontaneous release from synaptic terminals. Thus, precursors have 
the advantage of affecting patterned neural activity via endogenous mechanisms 
and circuitry.

Rhythmic neural activity was monitored via intracellular recordings from the 
multifunctional neurons B4/5 and the pattern generating neurons B31/32. Like 
DA, bath application of DOPA (500 μΜ) induced rhythmic neural activity in 
previously quiescent preparations. Like 5-HT, bath application of 5-HTP 
(400 μΜ) inhibited rhythmic neural activity that had been previously induced with 
either DA or DOPA. Currently, we are examining possible differences between 
transmitter- and precursor-induced neural activity. For example, the DOPA- 
induced pattern of activity exhibited some features (e.g., a long duration burst of 
simultaneous activity in B31/32 and B4/5) that were not often observed with DA. 
5-HTP-mediated inhibition lacked some features (e.g., the subthreshold 
oscillations in the membrane potentials of B31/32) that were reliably induced by 
5-HT. The use of metabolic precursors could provide additional insights into the 
generation and modulation of rhythmic motor activity in the buccal ganglia. 
Supported by a grant from AFOSR.

146.17
EXTRACELLULAR RECORDINGS FROM IDENTIFIED 
NEURONS IN UNDESHEATED GANGLIA USING PATCH 
PIPETTES. |L ÌL Warman* and H. £. Chid. Depts. o f  Biology and 
Neuroscience, Case Western Reserve University, Cleveland, OH 44106 

We are using extracellular electrodes to measure somatic cellular 
activity from identified neurons in A p ly s ia 's  buccal ganglion. 
Experiments were performed on in -v itro  isolated ganglia with intact 
sheaths. Glass pipettes (100- 125pm diameter), stainless steel wires 
(25pm), or tungsten wires (15pm tip) were used to record the selective 
activation o f B4 and B5 generated by electrical stimulation o f the 
branch o f buccal nerve 2 that innervates the inner buccal cavity. The 
flexibility o f the stainless steel wire and its attachment procedure (super 
glue) made this electrode unreliable. The stiffness o f the tungsten made 
this electrode easy to place, but its high resistance generated 
excessively high noise levels. Best results were obtained with glass 
pipettes due to their stiffness and low resistance. Large extracellular 

units were recorded (see figure) by placing the 
electrodes precisely above two cells, identified 
to be B4 and B5 by subsequent desheathing 
and intracellular recordings. The spatial extent 
o f these units was small; their amplitude 
decayed more than 50% when the electrode 
was moved to a neighboring cell. These results 
suggest that extracellular recordings from 
specific neurons o f the intact buccal ganglion 
may be selective enough to infer the cells' 

activity. We are developing smaller glass electrodes in order to apply 
this technique to freely moving animals in an effort to elucidate the 
dynamics oÎ A p ly s ia 's  feeding circuitry. Support: IBN 88-10757.

146.16
CATECHOLAMINERGIC NEURONS IN THE ESOPHAGUS OF A PLYSIA : A 
PERIPHERAL BRAIN? A. J. Susswein. E. A. Kabotyanski. I. Hurwitz and D. A. 
Sakharov*. Dept Life Sci, Bar lian Univ, Ramat Gan, Israel; Dept Neurobiol & 
Anatomy, U Texas Med School, Houston, TX; Inst Devel Biol, Moscow, Russia.

In Aplysia, inputs from the esophageal nerves innervating the gut can modu
late different aspects of feeding. Consuming a small quantity of food amplifies 
subsequent feeding, while eating more food inhibits it (Susswein et al, 1978,
1984). Esophageal nerve inputs also are required for an associative learning 
task affecting feeding (Schwarz and Susswein, 1988). In a related pteropod 
mollusc, Clione, the esophagus and esophageal nerves have an intense 
catecholamine (CA)-ergic innervation (Kabotyanski and Sakharov, 1988). One 
CA, dopamine, elicits or modulates buccal rhythms in many gastropods, includ
ing Aplysia (Rosen et al, 1989; Baxter and Byrne, Kabotyanski et al., this 
volume). Using glyoxylate histofluorescence for whole mounts, we investigated 
the CA-ergic innervation of the esophagus in A. fasciata and A. californica.

Thousands of CA neurons were seen in the foregut. Double-staining with 
methylene blue showed that -20% of the neuronal population in the esophagus 
consists of CA neurons. Most of them are bipolar cells (3-5 pm) that perforate 
the endothelium with short processes. Longer neuntes enter nerve branches 
and/or contact with multipolar "intemeurons" (3-7 pm). Neuntes of both cell 
types form an intense network on the endothelium and adjacent muscle layer. 
Larger multipolar cells (10-20 pm) are seen occasionally at points of nerve 
branching in the muscles layer which they innervate. Giant (25-100 pm) 
fluorescent cells are also found along the esophageal nerves. Many CA-ergic 
axons can be traced from the foregut into the buccal ganglia. Indeed, we found 
that most of the CA-ergic neuropil in the buccal is from these fibers.

The complexity and density of esophageal neurons suggest that they play an 
important role in plasticity and modulation of feeding behavior. Funded by ESF.

146.18
PREM OTOR NEURONS CAN DRIVE TW O DIFFERENT  
M OTOR PATTERNS IN THE FEEDING CIRCUITRY OF 
A P L Y S IA . D. W. Morton*1 and H. J. Chiel2»1. Depts. of Neuroscience 
and 2Biology, Case Western Reserve Univ., Cleveland, OH, 44106.

During feeding in A p ly s ia  c a lifo rn ic a , ingestion and rejection 
responses are mediated by two different motor patterns (Morton and 
Chiel, JCP-A 172:17), that are distinguished by the timing of activity in 
identified neurons B8a and B8b relative to activity in a variety of other 
neurons, such as B4, B5, and B10 (Morton and Chiel, Soc Neurosci 
Abstr, 18:1056). We have identified two premotor neurons that 
participate in the feeding-like patterns produced by a reduced 
preparation, and may contribute to the activity of B8a and B8b. The 
first neuron has a small soma located on the rostral side of the buccal 
ganglion. This neuron produces large, facilitating EPSPs in B8a and 
В 8b, and is active during the protraction portion of ingestion-like and 
rejection-like patterns. Depolarizing this neuron elicits repeated cycles 
of a rejection-like motor pattern. The second neuron has a small soma 
that is found underneath B4 on the caudal side of the buccal ganglion. 
This neuron produces a slow depolarization in B8a and B8b, and is 
active during the retraction portion of rejection-like patterns (we have 
not determined the activity of this neuron during ingestion-like 
patterns). Depolarizing this neuron elicits repeated cycles of a pattern 
that has not been described previously. Understanding the role of these 
premotor neurons in the feeding circuitry could provide insight into the 
mechanisms used to generate different behavioral responses, as well as 
how the animal decides which response to generate. Support: IBN-88- 
10757, HL-25830-11A1, and 5 T 32 GM02750.

LIMBIC SYSTEM I

147.2147.1
MORPHOLOGY OF BACK-LABELLED PROJECTION 
NEURONS IN THE SUBICULAR COMPLEX OF THE RAT: A 
LUCIFER YELLOW STUDY IN VITRO. Ekkehard M. Kasper*. 
Thomas Naumann and Michael Frotscher. Universität Freiburg, 
Anatomisches Institut, Albertstraße 17,79001 Freiburg F.R.G.

Tq investigate the morphological characteristics of subicular projection neurons we 
have combined retrograde tracing techniques with subsequent intracellular injection 
of L u c ife r  Y e llo w  (L Y)in a fixed slice preparation of the hippocamus.
For this set of experiments we have used adult Sprague Dawley rats which were 
deeply anaesthetized and underwent surgery for unilateral injection of Fast Blue 
(Sigma) or rhodamine conjugated microspheres (Luma Fluor Inc.). Tracer injections 
were made in a variety of sites including the septal area, the entorhinal area and the 
nucleus accumbens. After a survival period of two days animals were reanesthetized 
and perfusion-fixed (4% paraformaldehyde/0.25% glutaraldehyde in 0.1M 
phosphate buffer). Transverse sections (ΙΟΟμιη) were prepared with the aid of a 
vibrating microtome and back-labelled projection neurons were subsequently filled 
with LY which was photoconverted for electron microscopy (Buhl and Lübke,1989). 
It was possible to demonstrate that both pyramidal neurons and neurons with a non- 
pyramidal shape send projections to the entorhinal cortex and the septal area. 
Depending on the injection site a varying proportion of cells showed non-pyramidal 
morphology.
Our results show that the classical distinction between pyramidal and non-pyramidal 
neurons as locally acting intemeurons appears to be insufficient for the 
characterization of the neuronal microcircuitry of subicular cells.

3D RECONSTRUCTION OF INTRACELLULARLY-STAINED CA3 CELLS IN 
RAT HIPPOCAMPUS IN VIVO. X-G. Li*. G.K. Pvaoali. A. Ylinen. G. Buzsaki 
and D.A. Turner. Mol. Behav. Neurosci., Rutgers Univ., Newark, NJ 07102; 
Neurosurg. and Neurobiol., Duke Univ. and VAMC, Durham, NC, 27710.

Dendrites of neurons stained with intracellular dyes may vary between cells 
recorded in  v itr o  (in slices) and in  v iv o , due to selection, truncation of processes and 
tissue health. CA3 neurons were stained with biocytin during intracellular recordings 
in  v iv o , revealing both dendritic structure and axon collateral systems. Stained CA3 
neurons (n = 12) were reconstructed using a computer-based 3D system 
(Neurolucida), and compared to the properties of HRP-stained CA3 neurons from 
earlier in  v itro  recordings in slices (n = 9).

The in  v iv o  CA3 neurons exhibited considerable variation, particularly those from 
CA3c, in terms of orientation of dendrites, number of primary dendritic trunks and 
location of processes. Only a few cells exhibited a typical pyramidal cell shape and 
several demonstrated two main apical dendrites. The CA3c and Zone 3 hilar cells 
showed the shortest total dendritic length (7.18 ±  0.98 mm; n = 6), the CA3a cells 
were intermediate (12.5 ± 3 .5  mm; n = 2) and the CA3b neurons showed the 
longest dendritic length (13.7 ± 1 .2  mm; n = 4). The axon collateral systems from 
all cells were bilateral and connections to the CAI stratum radiatum were located at 
the septal end rather than in the plane of a typical transverse slice.

The CA3 neurons recorded in  v i tr o  were primarily from CA3a and b, with a total 
dendritic length of 11.5 ±  3.7 mm (NS compared to in  v iv o ) . These cells also 
showed considerable variation in extent and number of dendritic trunks. The 
populations of CA3 neurons encountered in  v iv o  and in  v itro  appear to be similar by 
both qualitative and quantitative criteria, though axon collateral staining was far 
superior following in  v iv o  staining. Supported by NINDS 29,482 (DAT), VAMC 
(DAT) and NINDS 27,058 and 28,121 (GB).
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147.3
TARGET SPECIFICITY OF PHYSIOLOGICALLY IDENTIFIED INHIBITORY 
GABAERGIC INTERNEURONS IN THE RAT HIPPOCAMPUS. K. Halasv. E.H. 
Biihl*and P. Somogvi. MRC Anat. Neuropharm. Unit, Mansfield Rd., Oxford, U.K. 

GABAergic intemeurons in the dentate gyrus often terminate on mutually exclusive 
domains of their postsynaptic target cells in close association with specific excitatory 
inputs (1,2). Our aim was to determine similar specificity of inhibitory 
microcircuitry in area CAI of rat hippocampus. S tra tu m  p y r a m id a le  in te rn e u ro n s  of 
rat hippocampal slices were physiologically identified with single and double 
recording techniques. The cells were then filled with biocytin and analysed in the light 
and electron microscope followed by postembedding immunocytochemistry for 
GABA. In addition to axo-axonic cells, which we recently described (3), two further 
distinct types of GABAergic intemeurons were found in the stratum pyramidale.
11 Som atic b a s k e t  c e l l s  had their axonal arbor in the cell body layer. Labeled 
terminals made synapses on somata (46%) as well as on proximal apical (33%) and 
basal dendrites (21%). Identified basket cells elicited short-latency IPSPs (0.5 - 2 mV) 
in postsynaptic pyramidal cells (n=12). One filled postsynaptic pyramidal cell 
received a total of 12 labeled synapses from basket cell terminals on its cell body (5) 
and proximal dendrites (7). Basket cells may receive monosynaptic EPSPs from 
Schaffer collaterals (n=5) as well as recurrent excitatory input by synaptically coupled 
pyramidal cells (n=l).
2/ Cells w ith  a  b is tr a t i f ie d  a x o n a l f i e l d  distributed their terminals mainly in the strata 
radiatum and oriens, which corresponds to the termination zone of the Schaffer 
collateral/commissural input. Labeled terminals established symmetrical synapses in 
the strata radiatum ajid oriens on dendritic shafts of pryamidal cells. Double recording 
data revealed that an identified bistratified cell elicited small amplitude IPSPs (0.1 - 
0.2mV) in postsynaptic pyramidal cells (n=3).
In conclusion, three distinct types of GABAergic interneurons provide inhibitory 
input to spatially segregated territories on the surface of postsynaptic principal cells 
in the pyramidal cell layer of area CAI.
References: 1) Han et al., Eur. J. Neurosci. 1993 // in press. 2) Halasy and Somogyi, 
Eur. J. Neurosci. 1993 // in press. 3) Buhl et al., Soc.Neurosci.Abs. 22: 386.1 1992.

147.5
SYNAPTIC RESPONSES OF INTERNEURONS OF S T R A T U M  
L A C U N O S U M -M O L E C U L A R E  IN WHOLE CELL RECORDINGS FROM 
RAT HIPPOCAMPAL SLICES. S. Williams· and J.-C. Lacaille. Centre de 
recherche en sciences neurologiques et Département de Physiologie, Université de 
Montréal, Montréal, QC, Canada НЗС 3J7.

The aim of the present experiments was to characterize the synaptic input to 
intemeurons located at the str. la cu n o su m -m o le c u la re  and s tr . r a d ia tu m  border (L- 
M) of the CAI area. Synaptic potentials were elicited using a stimulation electrode 
placed in str. r a d ia tu m  (25-350 μΑ) and recorded in 37 L-M intemeurons in the 
whole cell configuration (see preceeding abstract). In most cells (n=20), only 
EPSPs were elicited whereas the rest (n=17) displayed both EPSPs and small IPSPs. 
Stimulation at high intensities evoked usually up to 2 action potentials (APs) (35 
of 37 cells), or bursts of 3-5 APs (n=2). Perfusion of the non-NMDA antagonist 
CNQX (20 μΜ) completely blocked the peak amplitude of EPSPs (n=5) and 
uncovered a slower rising EPSP (n=4). In other cells (n=5), perfusion of the 
NMDA antagonist AP-5 (50 μΜ) reduced the amplitude of EPSPs measured either 
at the peak (to 58% of control) or 25 ms after the peak (to 44% of control). 
Perfusion of both AP-5 and CNQX blocked EPSPs and revealed IPSPs (isolated 
IPSPs; 12 of 18 cells). Isolated IPSPs sometimes appeared biphasic with fast and 
slow components, but both displayed similar reversal potentials (-64 mV and -66  
mV, respectively). The GABAa antagonist bicuculline (25 μΜ) reduced the isolated 
IPSPs (n=5) to 26% of control. Isolated IPSPs (n=5) were depressed by paired 
pulse stimulation at intervals of 50 ms and 200 ms but not at 100, 300, 400 and 500 
ms. Isolated IPSPs were reduced by 10 Hz (n=3) but not 3 Hz (n=4) trains of 
stimulation of 10s duration. These results suggest that L-M intemeurons receive an 
important excitatory input mediated by non-NMDA and NMDA receptors, in 
addition to a more subtle GABAa-mediated inhibitory input.

(Supported by the MRC of Canada, FRSQ, FCAR and Savoy Foundation)

147.7
ANATOMICAL EVIDENCE FOR RECIPROCAL CONNECTIONS 
BETWEEN CA3 PYRAMIDAL CELLS AND DENTATE MOSSY CELLS. 
D.P, Kunkel*. B.W. Strowbridee. N.L. Anderson and P.A Schwartzkroin. 
Dept of Neurological Surgery, University of Washington, Seattle, WA 98195. 
Mossy cells have attracted recent interest because of their vulnerability in 

human temporal lobe epilepsy and in some animal models of epilepsy. A 
central question is whether this vulnerability can be explained on the basis of 
intrinsic mossy cell electrophysiology or rather depends on unique aspects of 
hilar circuitry that predispose moesy cells to damage. In support of the latter 
view, we report new evidence of direct input to mossy cells from CA3 
pyramidal cells..
We tested for "backward" projections from CA3 to mossy cells by combining 

intracellular injections of biocytin and lucifer yellow CH in hippocampal 
slices. Biocytin-filled CA3c neurons (2-4/slice) were visualized with 
avidin/HRP/DAB-nickcl. Lucifer yellow-filled mossy cells (1-2/slice) were 
recognized with a polyclonal antibody followed by standard 
immunohistochemical methods. Brown DAB labelled mossy cell processes 
could be clearly distinguished from the blue/black nickel-enhanced DAB 
reaction product in CA3c processes. We observed multiple examples of 
beaded CA3 axon collaterals that directly apposed dendrites of labelled mossy 
cells. These putative contacts were always on distal dendritic segments of 
mossy cells, suggesting that granule cell input and projections from GA3 
neurons were spatially segregated along the postsynaptic dendrite. We also 
observed mossy cell axons directly apposing basal dendrites of CA3 pyramidal 
cells. Thus, a reciprocal connection from mossy cell to CA3 neurons may also 
contribute to this circuit.
Supported by NIH grants NS 18895 and NS09188.

147.4
MEMBRANE PROPERTIES OF INTERNEURONS OF S T R A T U M  
L A C U N O S U M -M O L E C U L A R E  IN WHOLE CELL RECORDINGS FROM 
RAT HIPPOCAMPAL SLICES. J.-C. Lacaille·. S. Williams. D.P. Samulack. and
C. Beaulieu. Centre de recherche en sciences neurologiques et Départements de 
Physiologie et pathologie, Université de Montréal, Montréal, QC, Canada НЗС 3J7.

The intrinsic membrane properties of intemeurons near the s tr . la cu n o su m -  

m o le c u la re  and ra d ia tu m  border (L-M) were examined with whole cell recordings 
from cells visually identified using Nomarski optics. Hippocampal slices (300 pm) 
from male Sprague Dawley rats (12-23 days) were submerged and perfused (3 
ml/min, 22-24°C) on an upright microscope with (in mM) 124 NaCl, 5 KC1, 1.25 
NaH2P04, 2 MgS04, 2 CaCl2, 26 NaHC03 and 10 dextrose, saturated with 95% 
0 2/5% C 02. Patch electrodes (5-10 ΜΩ) were filled with (in mM) 140 K-gluconate, 
5 NaCl, 2 MgCl2, 0.5 CaCl2, 5 HEPES, 5 EGTA, 2 ATP-tris and 0.4 GTP-tris (pH 
7.3), with biocytin (1%) added for cell labeling. Whole cell current clamp responses 
were recorded in 49 L-M and 9 pyramidal cells of the CAI area. Labeled 
intemeurons displayed similar morphology to aspinous stellate cells of the L-M area. 
L-M intemeurons showed a larger input resistance, a shorter action potential (AP) 
half-width, a prominent afterhyperpolarization, and less inward rectification during 
hyperpolarizing responses than did pyramidal cells. Most L-M cells were not active 
at resting membrane potential (RMP), but some fired spontaneous APs regularly or 
in bursts. Unlike pyramidal cells, the usual regular firing during depolarizing pulses 
(at RMP) was preceded by a period of silence at hyperpolarized potentials. Except 
for a larger first equalizing time constant, the other electrotonic cable properties of 
L-M cells were similar to pyramidal cells. Depolarizing pulses elicited a larger and 
longer-lasting voltage-dependent depolarizing response in L-M than pyramidal cells. 
These results provide additional evidence that hippocampal stellate cells in L-M 
have distinct morphological and membrane properties.

(Supported by the MRC of Canada, FRSQ, FCAR and Savoy Foundation)

147.6
INTERNEURONS AND INHIBITION IN THE DENTATE GYRUS OF THE 
RAT I N  V I V O . P.S. Buckmaster* and P.A. Schwartzkroin. Depts. of 
Neurological Surgery and Physiology/Biophysics, Univ. of Washington, Seattle,

Hippocampal intemeurons are thought to play important roles in processing 
information and controlling excitability. However, there are limited data 
regarding the axonal projections of individual intemeurons. To address this 
question, we obtained intracellular recordings and labeled neurons of the dentate 
gyrus in  v iv o . Rats were anesthetized with urethane (1.3 gm/kg IP) and placed in 
a stereotaxic frame. Sharp electrodes filled with 2% biocytin in 1 M K acetate 
were used to obtain intracellular recordings and label intemeurons (n=3), mossy 
cells (n= 2), and granule cells (n= 10). ine intrinsic physiological properties of 
these cell types recorded in  v iv o  were similar to those previously reported from 
slice studies. However, cells recorded in  v iv o  appeared to have stronger synaptic 
inhibition than cells recorded from slices. Perforant path stimulation in  v iv o  
evoked EPSPs and large amplitude biphasic IPSPs in neurons of the dentate 
gyrus; comparable stimulation in  v i tr o  typically elicits bursts of action potentials 
and little inhibition in mossy cells and intemeurons. After recording, animals 
were perfused; hippocampi were dissected, slightly flattened, and sectioned 
perpendicular to the septo temporal axis. Serial sections of the entire hippocampus 
were processed by an ABC protocol. Because of the difference in inhibition 
observed in  v iv o  vs. in  v i tr o , we have initially focused on axonal projections of 
intemeurons. Measurements of axonal length from camera lucida drawings 
confirmed that interaeuron projections in  v iv o  are extensive. For exanmle, one 
fusiform hilar intemeuron шиї a total measured axonal length of over 29 mm, 
ramifying in 49% (59 of 120 60 μΐη-thick sections) of the septotemporal axis. 
Total axon length per section peaked in sections near the soma and tapered off in 
more distant sections. The axon was confined to the dentate gyrus; most (8 8 %) 
of die total axon length was in the molecular layer, and 62% of the molecular 
layer axon was in the middle one-third. This pattern of axonal projections was 
different from that of another hilar intemeuron which projected primarily to the 
outer one-third of the molecular layer. Clearly, much of the extensive 
septotemporal axonal projections of intemeurons would be severed when 
hippocampal slices are prepared for electrophysiological recording.

147.8
EX C IT A T IO N  A N D  IN H IB IT IO N  O F  D E N T A T E  H IL A R  C E L L S A N D  
D E N T A T E  G R A N U L E  C E LLS IN  R E SPO N SE T O  FIM B R IA  ST IM U L A T IO N  
IN  R A T  H IPPO C A M P A L  SLICES. H .E .  S c h a rf m a n *  N e u r o lo g y  R e s e a rc h  
C e n te r ,  H e le n  H a y e s  H o s p i ta l ,  W e s t  H a v e rs tr a w , N Y  1 0 9 9 3 -1 1 9 5 .

T o  e x a m in e  th e  e ffe c ts  o f  f im b r ia  s tim u la tio n  o n  d e n ta te  h i la r  c e lls  a n d  
g ra n u le  c e lls , v a r io u s  c e ll ty p e s  in  th e  d e n ta te  g y ru s  a n d  a re a  C A 3  w e re  
im p a le d  se q u e n tia l ly  in  s ta n d a rd  h ip p o c a m p a l s lic e s .  T o  e n s u re  th a t  g ra n u le  
c e lls  w e re  n o t a c tiv a te d  b y  s tim u la tio n , th e  s tim u la tin g  e le c tro d e  w a s  p la c e d  
in  a n  a re a  o f  th e  f im b r ia  so  th a t  n o  a n tid ro m ic  re s p o n s e  o f  g r a n u le  c e lls  n o r  
p o p u la t io n  re s p o n s e  o f  m o ss y  f ib e rs  c o u ld  b e  d e te c te d .  H i la r  c e lls  w e re  
p re d o m in a n t ly  e x c ite d  b y  f im b r ia  s tim u la tio n , a lth o u g h  so m e  p u re ly  
in h ib i to ry  re s p o n s e s  w e re  o b s e rv e d , p a r t ic u la r ly  in  th e  " fa s t-sp ik in g "  c e lls . 
F a s t- s p ik in g  c e lls  lo c a te d  in  th e  g ra n u le  c e ll  la y e r  a n d  d e n ta te  g ra n u le  c e lls  
p ro d u c e d  n o  re s p o n s e  o r  a n  in h ib i to ry  p o s ts y n a p t ic  p o te n tia l  ( IP S P )  to  
s tim u la tio n  o f  th e  f im b ria .  T h e  o n s e t  o f  h i la r  c e ll  r e s p o n s e s ,  a s  w e ll as  
g ra n u le  c e ll IP S P s , a lw a y s  o c c u rre d  a t a  s tim u lu s  s tr e n g th  th a t  w as  
s u p ra th re s h o ld  f o r  C A 3  p y ra m id a l  c e lls  in  th e  sa m e  s lic e ,  a n d  a t a  la te n c y  
su b s e q u e n t to  C A 3  p y ra m id a l  c e ll re s p o n s e s .  A ll  r e s p o n s e s  o f  h i la r  c e lls  
w e re  b lo c k e d  b y  p e rf i is io n  w ith  th e  e x c ita to ry  a m in o  a n ta g o n is t  C N Q X  (5 
μ Μ ), a n d  w e re  u n a ffe c te d  b y  th e  c h o lin e rg ic  m u sc a r in ic  a n ta g o n is t  a tro p in e  
(1 0  μ Μ ) a n d  n ic o tin ic  a n ta g o n is t  m e c a m y la m in e  (1 0  μ Μ ). T h e s e  d a ta  
s u g g e s t  th a t  a re a  C A 3  p y ra m id a l c e lls  d i re c tly  o r  in d ire c t ly  in n e rv a te  h i la r  
n e u ro n s  a n d  th a t  th e  n e t  e ffe c t  o n  g ra n u le  c e lls  is in h ib i to ry .  In  a d d it io n  o r  
a lte rn a t iv e ly ,  c o m m issu ra l  o r  e x tra h ip p o c a m p a l g lu ta m a te rg ic  p a th w a y s  
tra v e ll in g  in  th e  f im b r ia  m a y  c o n ta c t  h i la r  n e u ro n s .

S u p p o r te d  b y  N IH  g r a n t  3 0 8 3 1 .
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147.9
AN IN VITRO STUDY OF ASSOCIATIONAL INPUT TO DENTATE 
GRANULE CELLS. D.A. Rempe and E.W. Lothman*. Neurology Dept., U.Va. Health Sci. Ctr., Charlottesville, VA 22908.

Traditional transverse hippocampal lamellar slices 
retain the trisynaptic circuit, but lose paths running in 
the rostro-caudal direction. We developed an in vitro 
hippocampal slice preparation to retain ipsilateral 
associational input from regio inferior (RI) of Ammon's 
horn to dentate gyrus granule cells. Previous anatomical 
and electrophysiological studies have determined that the associational pathway to stratum granulosum (SG) runs in 
a rostro-caudal direction. To preserve input from the 
associational pathway to SG in vitro, slices of the 
ventral hippocampus and adjacent parahippocampal areas 
were obtained at angles of 10 to 50° relative to the dorsal surface of the brain. In such slices, stimulation 
of RI elicited in SG a delayed positive wave and super
imposed negative population spike (PS) alone or in 
conjunction with an immediate negative PS. Because both 
the delayed positive wave and superimposed negative PS 
were blocked by CNQX (20μΜ) and D-APV (50μΜ) they were 
judged to be orthodromic. The size of the RI-evoked 
orthodromic PS in SG was not affected when the tempero- 
ammonio pathway was lesioned. Intrasomal recordings from 
granule cells demonstrated that both RI and PP stimula
tion elicited depolarization-hyperpolarization sequences 
in granule cells. Hyperpolarizations peaked at 150ms and 
were blocked by 20H-saclofen. The width of the PP-evoked 
EPSP was found to be significantly longer than the RI- evoked EPSP. We conclude that the ipsilateral associa
tional pathway to stratum granulosum has been preserved 
in our in vitro slice preparation. This preparation gives 
the advantage of studying the responses of granule cells 
to two separate orthodromic inputs in vitro.

147.11
PARALLEL PROCESSING IN  THE HIPPOCAMPAL 
FORMATION DEMONSTRATED BY IN-VIVO
CURRENT SOURCE DENSITY ANALYSIS 
G, .Golam*,. T, Sutula The Neuroscience Training Program, 
& Dept. o f Neurology, Univ. o f Wisconsin, Madison 53792 

Membrane currents evoked in the dentate gyrus (DG) and 
CAI by converging perforant path (PP) input were studied by in 
vivo current source density (CSD) analysis in urethane 
anesthetized rats. PP activation evoked large inward excitatory 
monosynaptic currents in the outer molecular layer (OML) of the 
ipsilateral DG at a latency of 2-3 ms, and lower amplitude 
inward currents in CAI-stratum lacunosum moleculare (SLM) at 
a latency of 6-10 ms, which temporally overlapped with the peak 
amplitude and duration of the current in the DG. PP activation 
evoked only low amplitude inward current in the OML of the 
contralateral DG at a latency of 3-5 ms, but larger temporally 
overlapping inward currents were evoked at 5-7 ms in the inner 
molecular layer (IML) of the DG and at 4-7 ms in the SLM of 
CAI. The temporal overlap of both ipsilateral and contralateral 
evoked currents in the DG and CAI demonstrates parallel 
processing of converging PP inputs, and confirms previous in vitro 
and in vivo studies. Specific spatial and temporal patterns of 
evoked currents in DG and CAI demonstrated with improved 
resolution by in vivo CSD analysis may influence associative 
processes such as LTP, and could have implications for learning, 
memory and information processing in the hippocampal formation.

147.13
DEVELOPMENT OF SOMATIC SPINES ON DENTATE GRANULE CELLS IN 
ADULT HIPPOCAMPAL SLICES. J . Wenzel*. S. Otani. N. L Desmond and 
W. В Lew . Department of Neurological Surgery, University of Virginia, 
Health Sciences Center, Charlottesville, VA 22908.

In normal rat dentate gyrus somatic spines on granule cells have been 
reported both during early development and occasionally in adults.
Tissue culture and recurrent limbic seizure experiments also induce 
somatic spines. In the present study we examined the appearance and 
development of somatic spines on adult granule ceils within rat 
hippocampal slices at 45 min, 3 and 5 hours after preparing the slices.
As judged by field potentials, all slices were electrophysiologically viable 
prior to fixation. Slices fixed immediately after sectioning served as 
controls. Dentate granule cells displayed spine-like profiles (without 
visible presynaptic terminals) and somatic spine synapses at various 
stages of differentiation after 3 to 5 hours in vitro. These somatic spines 
contained polyribosomes, vacuoles and a flocculent cytoplasm clearly 
different from that of the cell body. Quantitative electron microscopic 
analysis showed a significant increase in the number of somatic spine 
synapses (0.51 ±0.12/100|/m somatic membrane) and total spine-like 
profiles (2.04 ± 0.37/1 OO r̂n somatic membrane) as compared with 
controls (0.02 ± 0.01 /100//m and 0.06 ± 0.02/100//m somatic 
membrane, respectively). There was a small but nonsignificant increase 
in the number of nonspiny axo-somatic synapses (14.45±0.47/100 μνη 
somatic membrane vs 13.8 ±0.75/100 μπ\ for the controls). The 
formation of somatic spines on granule cells might reflect synaptogenesis 
in the adult dentate gyrus in vitro and changes in local synaptic circuits 
of the hippocampal slices. Supported by NIH NS15488, NIMH MH48161 
and MH00622.

147.10
INW ARD M EMBRANE CURRENT REVEALED BY 
CURRENT SOURCE DENSITY ANALYSIS AT THE 
SITE OF SPROUTED MOSSY FIBER TERMINALS IN  
KAINATE-TREATED RATS J. Cavazos*. G. Golarai. T. 
Sutula The Neuroscience Training Program, and Dept. o f 
Neurology, Univ. o f Wisconsin, Madison, WI 53792

Spatial and temporal patterns of membrane currents evoked by 
perforant path (PP) shocks were studied by in vivo current source 
density analysis in urethane anesthetized, kainate-treated rats with 
extensive mossy fiber sprouting. The pattem of monosynaptic PP 
evoked inward currents in the middle and outer molecular layers 
of the dentate gyrus resembled the currents in normal rats 
without sprouting. After granule cell discharge during the 
population spike, inward current developed in the inner molecular 
layer in 6 of 8 rats with mossy fiber sprouting. This current 
developed at a latency of 6-13 ms, which preceded the inward 
current associated with the commmisural-association pathway, and 
was not seen in 30 rats without sprouting. The current was 
located at the site of sprouted mossy fiber terminals demonstrated 
by Timm histochemistry, and was not observed in 3 of 3 kainate- 
treated rats studied prior to the development of mossy fiber 
sprouting. The results are consistent with the establishment of 
functional excitatory synaptic transmission at the site of sprouted 
mossy fiber terminals in the inner molecular layer of kainate- 
treated rats, and confirm previous observations in kindled rats 
(Golarai et al., Soc. Neurosci. Abstr. 16(2): 1265, 1990).

147.12
SERIAL SECTION 3-D RECONSTRUCTION OF DENDRITIC SPINES FROM 
HIPPOCAMPAL CA1 S. MOLECULARE. N. L Desmond*. T. N. Dao, C. A. 
Scott, and W. В Le w . Dept. of Neurosurgery, Univ. of Virginia Health 
Sciences Center, Charlottesville, VA 22908.

We are interested in the role played by entorhinal cortical synapses in 
hippocampal CA1 function. Toward this end, we performed serial section
3-dimensional reconstructions of dendrites from s. moleculare of adult 
hippocampal CA1. Two normal adult rats were perfused with a mixed 
aldehyde fixative, and hippocampal sections were prepared for EM. Serial 
thin sections (silver to gray) of CA1 s. moleculare were photographed; 
selected dendrites with their spines and synapses were then 
reconstructed and quantified. Dendritic diameter estimates ranged from 
0.33 to 1.59 μπ\ for the reconstructed sample. Dendritic spine 
morphology encompassed all classic categories. Branched spines, when 
they occurred, were clustered on a dendritic length. Spine density varied 
markedly along the reconstructed lengths (ca. 1-16 spines/2.6 μπ\ length). 
Spine volume ranged from 0.002 to 0.44 μπ\3. Spine surface area ranged 
from 0.07 to 4.17 jum2. PSDs were equally variable in their morphology, 
including disc, annulate, horseshoe, and segmented PSDs. PSD surface 
area estimates ranged from 0.003 to 0.15 μτη2. On average, the PSD 
surface area accounted for 5.4%  of the spine surface area, but there was 
great variability (0.15-25.9%) in this relationship. Compared with CA1 s. 
radiatum (K. M. Harris et al., '92), s. moleculare dendritic spines are more 
variable in size and have more variably sized PSDs. These observations 
confirm and extend our previous light microscopic observations of 
morphological variability in adult CA1 s. moleculare.

Supported by NIMH MH00622 and NIH NS15488 to WBL and 
NS26645 to NLD.

147.14
A DISTAL, AND POSSIBLY NONSYNAPTIC, CA2* CURRENT CAN BE 
EVOKED BY PERFORANT-PATH STIMULATION IN THE MOLECULAR 
LAYER OF CA1. D. X. Zhang* and W. В L e w . Dept. of Neurosurgery, 
Univ. of Virginia, Charlottesville VA 22908.

Stimulation of the monosynaptic perforant path (PP) input to 
s.lacunosum-molecuiare (s.l-m) of CA1 evokes a glutamate-receptor 
mediated pEPSP in s.l-m. Here we report a Ca2+ current evoked by this 
stimulation that is not mediated by the NMDA receptor. Transverse 
hippocampal slices were maintained in an interface chamber in an ACSF 
that always included 10 μΜ bicuculline and 100μΜ DL-APV. Region 
CA3 and the dentate gyrus were removed by dissection after chopping. 
Stimulating and extracellular recording electrodes were placed in s.l-m. 
The PP response was measured at 2.0 and 4.0 mM Ca2*. In order to 
antagonize the increase of the transmitter release induced by the raised 
Ca2*, one of two additional manipulations was simultaneously performed 
when Ca2* was increased. In Group 1 the perfusion medium contained 
0.1 μΜ DNOX, and in Group 2 Mg2* was increased to 3 mM. The PP 
response was compared to controls in three ways: the initial slope; the 
amplitude at the response peak (approx. 5.5 ms after stimulation); and 
the amplitude 10 ms after PP stimulation. For Group 1 (n = 4) the three 
respective changes were: -5 .4± 4.2 , 9.4± 1.6, 24 .6± 3 .9% . For Group 2 
(n = 7) the respective changes were: 2.5 ±5.4, 7.5 ±6.7, 25.5 ±4.3% . In 
each group the 10 ms changes are significant. Thus, Ca2* appears to 
carry a large enough fraction of the current to show up in field potential 
records. Because this current is not present in the early AMPA receptor 
mediated portion of the response and because the NMDA receptor is 
blocked throughout, we suspect a voltage-activated dendritic Ca3* 
current. Supported by NIH NS15488, NIMH MH48161 and MH00622.
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147.15
FUNCTIONAL TH REE-DIM ENSIO NAL DISTRIBUTIO N  
OF M ONOSYNAPTIC ENTORHINAL INPUTS TO CA3 
AND CAI PYRAM IDAL CELLS IN THE in  v iv o  RABBIT  
HIPPOCAMPUS. A.J. Nowak* and tT.W. Berger. * D e p t. o f  
Behavioral N eu ro sc ien ce , U niv. o f  P ittsb u rg h , μ g h, PA  1 5 2 6 0 ;  f D ep t. 
o f  B io m ed ica l E n g in e e r in g  a n d  P ro g ra m  in  N e u ro sc ie n c e , U niv. o f  
Southern C a lifo rn ia , L o s  A n g ele s, CA  9 0 0 8 9 .

We previously have shown that stimulation o f entorhinal perforant 
path axons results in sequential activation o f dentate granule cells in 
both a medial-to-lateral direction across the transverse axis o f the cell 
body layer and in a temporal-to-septal direction along the longitudinal 
axis of the dentate gyrus. There was also an increasing delay in the 
time between the latency o f the fiber volley and latency o f the 
population spike ordered with respect to the same two gradients. 
Finally, the spatial distribution o f activated granule cells was equally 
extensive along both the longitudinal and transverse axes.

The present study examined the three-dimensional spatio-temporal 
distribution o f CA3 and CAI pyramidal cells excited by stimulation o f  
entorhinal axons. The perforant path was stimulated using trains of 
impulses (20 impulses, 10-20 Hz) using electrodes in the angular 
bundle of halothane-anesthetized rabbits; the resulting extracellular field 
potentials generated along the longitudinal and transverse axes o f the 
hippocampus were recorded using multiple electrode arrays. Laminar 
profiles revealed widespread activation o f  pyramidal cells and 
systematic changes in population spike latency and amplitude across 
both axes o f the hippocampus. (Supported by MH18273 to AJN and 
by ONR and MH00343 to TWB)

147.17
ULTRASTRUCTURAL HETEROGENEITY OF ENKEPHALIN-CONTAINING 
TERMINALS IN THE HIPPOCAMPAL FORMATION. K. Commons*. J. Pierce 
and T.A. Milner. Div. of Neurobiology, Dept. of Neurology and Neuroscience, 
Cornell Univ. Med. Coll., New York, NY 10021.

The distribution and morphology of leu-enkephalin-like immunoreactivity 
(LE-LI) was examined in each lamina of the rat hippocampal formation (HF) 
using light and electron microscopy. By light microscopy, LE-LI was densest in: 
the outer molecular layer and hilus of the dentate gyms, and the stratum 
luddum of the CA3 region of the hippocampus. By electron microscopy, intense 
LE-LI was localized to dense-core vesicles (DCVs) found in perikarya and axon 
terminals, suggesting that DCVs are the primary storage site of LE. The 
morphology and synaptic associations of LE-LI containing terminals were 
strikingly distinct in each region of the HF. In the molecular layer, terminals with 
LE-LI were typically small (0.3-0.5pm) and formed primarily asymmetric 
synapses on a single dendritic spine. In the hilus, terminals with LE-LI were 
heterogenous in size (0.4-1 pm) and type of contact. They formed both 
symmetric and asymmetric synapses and converged on small dendrites with 
other similarly labeled or unlabeled terminals. Often they directly apposed 
unlabeled terminals. In CA3, the labeled terminals had the morphological 
characteristics of granule cell "mossy fibers". These terminals were typically 
very large (2.5-5pm) and contained 2-15 labeled DCVs, 0-5 unlabeled DCVs, 
and many small clear vesicles. They often formed puncta adherens with the 
shafts of large dendrites, some originating from CA3 pyramidal cells. Moreover, 
each mossy fiber terminal formed multiple asymmetric synapses on complex 
spiny dendritic processes. These data suggest that terminals containing LE  
form primarily excitatory contacts (asymmetric synapses) on granule and CA3 
pyramidal cell dendrites. Moreover, LE  may have a heterogeneous influence 
on hilar interneurons as indicated by the variation in the type of contact and the 
frequent apposition to other terminals. (Supported by DA08259)

147.19
LIGHT AND ELECTRON MICROSCOPIC STUDY OF PARVALBUMIN- 
IMMUNOREACTIVE NEURONS IN THE ENTORHINAL CORTEX OF 
THE RAT. F.G. Wouterlood* Department of Anatomy, Vrije Universiteit, 
Amsterdam, The Netherlands.

The distribution, morphology and ultrastructure were studied of neurons in 
the entorhinal cortex of the rat immunoreactive with antibodies against 
parvalbumin. The cell bodies of immunoreactive (Pa-IR) neurons are distributed 
in all layers of the entorhinal cortex except in layer I. The Pa-IR neurons 
display multipolar and pyramidal dendritic configurations. Ascending dendrites 
of immunoreactive cells in layers II and ΠΙ extend into into layer I up to the piai 
surface. A dense plexus of Pa-IR fibers occurs in layers II and Ш. In the 
electron microscope, Pa-IR cell bodies, dendrites, myelinated and unmyelinated 
fibers, and axon terminals were studied. Pa-IR axon terminals are medium sized 
and contain pleomorphic synaptic vesicles. They form symmetrical synapses with 
shafts of immunonegative dendrites and with somata of immunonegative cells, 
but also with immunopositive cell bodies and shafts of Pa-IR dendrites. In layers 
Π, ΙΠ and IV we noticed in all ultrathin sections immunonegative cell bodies 
receiving synaptic contacts from several Pa-IR axon terminals. Pa-IR dendrites 
are smooth and are covered with synaptic contacts. A relatively high number of 
the Pa-IR fibers are myelinated. Retrograde tracing from the hippocampus 
failed to label Pa-IR cell bodies in the entorhinal cortex. The results suggest 
that the entorhinal cortex contains several populations of parvalbumin -  
containing interneurons and a dense network of parvalbumin-containing fibers 
and terminals. The latter are so abundant that they may exert strong influence 
on, among others, the projection neurons in layers II and Ш.

147.16
DIFFERENTIAL INDUCTION OF SEIZURE-RELATED PEPTIDE CHANGES IN 
THE HIPPOCAMPUS OF RATS: AN IMMUNOHISTOCHEMICAL STUDY OF 
NPY AND OPIOIDS. J.P. Pierce* and T.A. Milner. Dept. of Neurology and 
Neuroscience, Cornell Univ. Med. Coll., New York, NY 10021.

Epileptiform discharges are known to produce pronounced changes in the expression 
of peptides within the hippocampal formation (HF) and associated limbic regions. To 
determine how different patterns of seizure activity might differentially affect this 
expression, three pharmacological models were used: (1) a single injection of metrazol 
(MTZ) (67 mg/kg, IP), producing from two to five stage 5 seizures; (2) two injections 
of MTZ (67 mg/kg, IP) separated by 2 hours, each producing from one to two stage 5 
seizures (the latter being more robust than the former); and (3) a single injection of 
kainic acid (KA) (15 mg/kg, IP), producing 4 to 5 hours of recurrent stage 4 seizures. 
Two to four days later, all animals were perfused with 3.75% acrolein and 2% 
paraformaldehyde, and the tissue was processed for the light microscopic localization 
of L-Enk, Μ-Enk, Dyn В and NPY. Sections from experimental and control animals 
were reacted in the same vessels. Distinct staining patterns were observed with the 
three models. First, all experimental animals displayed a diffuse NPY-LI in processes 
in the dentate hilus and in the mossy fiber pathway, that was not observed in control 
tissue. However, only groups which underwent repeated seizure activity over a several 
hour period (the KA and 'double' MTZ animals) exhibited observable changes in 
detectable levels of opioid immunoreactivity. In both groups, L- and M-Enk-LI was 
increased while Dyn-LI was reduced, in processes in the dentate hilus and in the mossy 
fiber pathway. These changes were greater in the double MTZ animals, although also 
more regionally restricted: Dyn-LI changes to the dorsal HF, and L- and M-Enk-LI 
changes to the ventral HF. Additionally, only the double MTZ animals displayed 
diffuse NPY-LI and L- and M-Enk-LI in processes in associated ventral limbic regions: 
the amygdala, and piriform and entorhinal cortices. Thus, progressively more 'intense' 
patterns of seizure activity appear to induce a sequential series of peptide changes: first 
NPY expression in the HF, then opioid level changes in the HF, then both NPY and 
Enk expression in associated limbic regions. Differences in labeling at the ultra- 
structural level are currently under examination. Supported by DA08259 & HL18974.

147.18
S E R O T O NI N - C O N T A I N I N G  T E R M I N A L S  S Y N AP S E  ON 
SEPTOHIPPOCAMPAL NEURONS IN THE RAT SEPTAL COMPLEX. ТА.
Milner lind Eroi VeznedaroQlu. Div. of Neurobiology, Dept. of Neurology and 
Neuroscience, Cornell Univ. Med. Coll., New York NY 100021.

The ultrastructure and synaptic contacts of serotonin (5-hydroxytryptamine; 
5-HT)-containing terminals in relation to septohippocampal neurons was studied 
in the septal complex. For this, wheat-germ agglutinated apo-horseradish 
peroxidase conjugated to colloidal gold particles (WAHG) was injected into the 
ventral hippocampal formation of anesthetized adult rats and 1 day later 
sections through the septal complex were labeled with antibodies to 5-HT. 
Electron microscopic analysis revealed that 5-HT-immunoreactivity (5-HT-l) was 
in axon terminals (n -  349) which were 0.35 -1.2 pm in diameter and contained 
numerous small, clear vesicles and 0 - 4 large, dense-core vesicles. The 5-HT- 
labeled terminals: (1) contacted perikarya and dendrites (220 out of 349); (2) 
were closely apposed to other terminals (25 out of 349); or (3) had no neuronal 
contacts in the plane of section analyzed (104 out of 349). The 5-HT-labeled 
terminals formed exclusively symmetric synapses on perikarya; some of these 
perikarya and some large dendrites also contacted by the 5-HT-labeled 
terminals also contained WAHG affiliated with lysosomes, multivesicular and 
"sequestration" bodies in the cytoplasm. However, the majority of terminals with 
5-HT-l formed contacts on the shafts of small unlabeled dendrites (69% of 
220) ; most of these contacts were characterized as either asymmetric synapses 
or appositions not separated by astrocytes in the plane of section analyzed. We 
conclude that 5-HT-containing terminals in the rat septal complex: (1) directly 
modulate septohippocampal and other neurons through inhibitory (symmetric) 
synapses on soma and proximal dendrites; and (2) form primarily excitatory 
(asymmetric) synapses with distal (small) dendrites from neurons of unidentified 
origin. (Supported by MH42834 and HL18974.)
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148.1
MK-801 -INDUCED NEURONAL DAMAGE IN NORMAL 
RATS. Z. Horvath*1 and G. Buzsáki2 ^Department of Physiology, 
Medical School of Pécs, Hungary, H-7643 and 2Center for 
Molecular and Behavioral Neuroscience, Rutgers University, 
Newark, NJ 07102).

In our previous studies we investigated epilepsy- and trauma- 
induced neuronal damage and the "protective" effects of MK-801. 
MK-801 failed to protect terminal degeneration and the cell 
damage seen two days after the lesion of the fimbria-fornix (FF). 
Instead, labelled neurons were observed in the piriform cortex in 
addition to the effects of the FF-lesion. MK-801 treatment in intact 
rats (initial dose of 5mg/kg and consecutive doses of 1 mg/kg i.p. 
every 8 hours for two days or initial dose of 1 mg/kg and 
consecutive doses of 0.5 mg/kg i.p. every 8 hours for two days) 
produced similar results. Neurons in the piriform, retrosplenial, and 
entorhinal cortices, granule cells in the ventral portion of the 
dentate gyrus and a few neurons in the hippocampus proper and 
lateral septum were impregnated. A terminal degeneration-like 
staining of the retrosplenial cortex was also observed. The pattern of 
labeled neurons resembled the pattern observed after status 
epilepticus, despite different physiological patterns. These findings 
confirm previous suggestions that MK-801 may further deteriorate 
neuronal degeneration in damaged and intact rats.

148.3
BETA FREQ UENCY (40-100 Hz) PA TTER N S IN THE  
HIPPOCAM PUS: M ODULATION BY THETA ACTIVITY.
A.Bragin*. G. Jandó, Z. Nádasdy and J. Hetke, K. W ise and G. 
Buzsáki. CMBN, Rutgers University, Newark, NJ 07102 and 
University of Michigan, Ann Arbor, MI 48109

We examined the cellular generation and spatial distribution of beta 
frequency activity in the hippocampus of the awake rat. Multiple site 
recording techniques with silicon probes (5- and 16-site shanks) 
combined with traditional single or stereotrode electrodes were used: The 
power of beta frequency was greater during theta than during immobility 
associated sharp-wave and dentate spike bursts. Current source density 
analysis (CSD) revealed large sinks and sources in the dentate gyrus and 
smaller ones around the pyramidal layer of C A 1. The two generators 
were only exceptionally coupled. The CSD profiles of beta waves were 
different from theta waves but similar to the perforant path evoked 
responses. The frequency of beta waves and theta covaried in a 
predictible manner (6, 8 and 10 Hz theta corresponded to 40 ,70  and 100 
Hz, respectively). The CSD profiles of beta waves were identical at all 
frequencies. Neuronal spike activity was phase-locked to the beta rhythm 
in both the hilus and CAI and the population firing rate changed together 
with the frequency of the extracellular field. Some putative intemeurons 
fired at population frequency. Pyramidal cells were mostly silent but 
when active their spikes were also phase locked to beta waves. Phase 
locking of CAI neurons to the hilus beta waves was poor. We conclude 
that beta waves reflect interneuronal activity on principal cells. Beta 
rhythms are generated locally and the population oscillation may paced 
by the entorhinal or subcortical inputs.

148.5
GABAERGIC INHIBITION IN THE I N  V IT R O  DENTATE GYRUS THREE 
MONTHS AFTER TRANSIENT FOREBRAIN ISCHEMIA I N  V IV O . I. Mody1.
T.S. Otis1, M. Hsu2. H.W. Sershen*3. and G. Buzsáki2. ‘Dept. Neurol. & Neurol. 
Sci., Stanford Univ., Stanford, CA, 2Ctr. Mol. & Behav. Neurosci., Rutgers Univ., 
Newark, NJ, and 3Div Neurochem., Nathan S. Kline Inst., Orangeburg, NJ.

There is a large body of evidence indicating that following transient forebrain 
ischemia CAI pyramidal cells are among the most vulnerable neurons in the rat brain. 
Yet, the CAI region of the hippocampus is not unique in being severely affected. In 
another region of the hippocampal formation, granule cells (GCs) of the dentate gyrus 
are resistant, but at least five types of predominantly spiny hilar neurons (SHNs) are 
severely compromised. As several types of SHNs seem to be involved in the 
regulation of GABAergic inhibition in the dentate gyrus, we have examined both 
GABAa and GABAB receptor mediated inhibition in 400 pm thick slices obtained 3 
months after surgery from sham-operated and ischemic Wistar rats. Transient (15 
min) forebrain ischemia was induced using a modification (Pulsinelli & Buchan, 
Stroke, 19: 913, 1988) of the 4-vessel-occlusion method. Experiments were done 
"blindly", i.e ., the identity of the animals (sham v s  ischemic) was not revealed until 
all electrophysiological data were fully analyzed.

A substantial SHN loss could be demonstrated in ischemic animals using the 
Galiyas silver stain method. Whole-cell recordings in coronal brain slices maintained 
at 34-36°C in the presence of excitatory amino acid receptor blockers (10 μΜ CNQX 
/ 50 μΜ D-AP5) were used to examine spontaneous and stimulus-evoked inhibitory 
postsynaptic currents, and inhibitory bursts induced by 4-ammopyridine (50 μΜ). In 
spite of the significant damage to four types of spiny intemeurons and mossy cells, 
there were no marked differences in the conductance, kinetics, and ratios of synaptic 
GABAa and GABAB responses in GCs. Thus, at least in the slice preparation, there 
appears to be little impairment of GABAergic inhibition three months following the 
massive ischemic damage to spiny hilar neurons.

148.2
SELECTIVE ACTIVATION OF DEEP LAYER RETROHIPPOCAMPAL 
NEURONS DURING HIPPOCAMPAL SHARP WAVES.
J.J. Chrobak*. R. Urioste and G. Buzsâki. Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

Hippocampal sharp waves (SPW) reflect a temporally organized 
activation of a network of CA3-CAl-subicular-presubicular-parasubicular 
and entorhinal neurons. The SPW is a large amplitude field potential 
observed in stratum radiatum of CAI accompanied by a high frequency 
(200 Hz) oscillation within the pyramidal cell layer. The present study 
examined the activity of deep (IV-VI) and superficial (I-III) layer 
retrohippocampal (presubicular, parasubicular and entorhinal) neurons 
during this event.

Hippocampal neurons and EEG were recorded in conscious rats using 
bilateral sets of microelectrodes (50 μπι wires) positioned in the dorsal 
CAI region. Retrohippocampal EEG and neurons were recorded with a 
single, movable tungsten microelectrode. SPW-related activation of 
retrohippocampal neurons was confined to the deep layers (IV-VI) of 
these structures, while superficial layer neurons (I-III)) did not appear to 
participate. In contrast, during hippocampal theta deep layer neurons 
were silent, while superficial neurons were active. In conjunction with 
SPW's a high-frequency oscillation was observed within the deep layers 
of retrohippocampal structures with phase-locked neuronal firing.

The temporally organized activation of distinct populations of CA3- 
CAl-subicular-presubicular-parasubicular and entorhinal neurons during 
SPW’s may allow for alterations in synaptic efficacy and changes in 
network connectivity. The involvement of deep layer entorhinal neurons 
suggests that this network may convey hippocampal information to the 
remaining neocortex. The activation of this temporal lobe circuit may 
represent ongoing memory consolidation processes.

148.4
I N T R A C E L L U L A R  C O R R E L A T E S  O F  H I P P O C A M P A L  S H A R P  
W A V E  B U R S T S  IN VIVO. A. Ylinen*1·2, A, Sik1, A.Bragin1, G. Jandó1 
and G. Buzsáki1. 1CMBN, Rutgers, The State University of New Jersey, 
Newark, NJ Ò7102 and department of Neurology, University of Kuopio, 
Kuopio, Finland

Sharp wave bursts (SPW) are the most synchronous patterns in the 
hippocampus. In conjunction with SPW  CA1 pyramidal cells display high 
frequency (200 Hz) network oscillation (ripple). We recorded the 
extracellular field activity simultaneously from 16 sites in the awake rat and 
studied the intracellular changes of CA1 pyramidal cells and interneurons 
under anesthesia. Current source density analysis revealed circumscribed 
sinks and sources at the vicinity of the cell body layer for ripples. Under 
urethane the frequency of ripples was slower (100-120 Hz) than in the 
awake rat. Both the amplitude (1-5 mV) and phase of the intracellular ripple, 
but not its frequency, were voltage dependent. The amplitude of 
intracellular ripple was smallest between -70 and -80 mV. The phase of 
intracellular oscillation relative to the extracellular ripple reversed when the 
membrane was hyperpolarized. Two histologically verified interneurons, 
that fired on the opposite phase of theta, also increased their firing rates 
during the ripples with phase-locked action potentials. One of the 
intemeurons fired at ripple frequency during the population oscillation. We 
conclude that (1) ripples in CA1 reflect summed I PSPs as a result of high 
frequency barrage of interneurons and (2) such a mechanism can modify 
the occurrence of sodium spikes during a regenerative burst in vivo.

148.6
POTENTIAL HIPPOCAMPAL INFLUENCE ON MEDIAL 
SEPTAL/DIAGONAL BAND CORTICOPETAL NEURONS.
K.E. Kratz* and C .C . Nabors. Dept. of Anatomy and 
Neuroscience Center of Excellence, LSUMC, New Orleans, 
LA 70112.

The cholinergic input to the cerebral cortex derives from 
clusters of neurons scattered throughout the ventral 
telencephalon. In the cat a large percentage of the 
cholinergic neurons which innervate the visual cortex 
occupy the medial septal/diagonal band complex (MSDB). 
The close proximity of corticopetal and hippocampopetal 
neurons suggests that these cells may receive a similar 
pattern of afferent input. In the present study retrograde 
tracers were injected into the MSDB of adult cats in order 
to determine whether the hippocampus projects to the 
region of the MSDB which contains corticopetal neurons. 
Retrogradely labeled cells were located in both the dorsal 
and ventral hippocampus, the amygdala, the 
hypothalamus, and the brainstem. MSDB corticopetal 
neurons, therefore, may come under either indirect or even 
direct influence of hippocampal afferents.
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148.7
CEREBRAL CORTICAL AND HIPPOCAMPAL EXTRACELLULAR  
SPACE MICRO-EEG - HIGH FREQUENCY OSCILLATIONS. C.C . 
Turbes.* Division of Anatomy, Creighton University, School of 
Medicine, Omaha, NE 68178.

The cerebral cortical and hippocampal extracellular space 
electro-magnetic field interactions and related integrative 
mechanisms are important factors in the make-up of the micro- 
EEG.

Combinations of ion currents give rise to complex patterns of 
neuronal electrical activity in the brain cell microenvironment, the 
extracellular space. The flow of ions through populations of ion 
channels in the neuronal plasma membrane and give rise to trans 
membrane ion currents. It is the sum of various currents flowing 
at any point in time that determines the neurons membrane 
potential. The multiple ion channels with their diverse and 
interacting regulatory mechanisms allow the neuron to modulate 
its electrical properties in complex ways of high frequency 
oscillations and electrical fields.

Some of the cortical and hippocampal neurons have ionic 
conductances organized to endow them with auto rhythmicity. 
In many neurons the kinetics of these ionic voltage dependent 
conductances are such that the cells may respond preferentially 
to inputs at a certain frequency or frequencies acting as a 
resonators.

148.9
SIMULTANEOUS SING LE CELL R E C O R D IN G  A N D  IN T R A 
CEREBRAL M ICRODIALYSIS IN TH E H IPPOCAM PUS OF 
FREELY B E H A V IN G  RA TS. N . Ludvig*and S.E. Fox. Dept. o f  
Physiology, S U N Y  H ealth Science C enter, Brooklyn, N Y  11203.

Intracerebral m icrodialysis has em erged as a usefu l tool for studying  
neurotransmitter release in sp ec ific  brain sites. Im portantly, it also 
allows the experim enter to d eliver drugs into the dialysis area. We 
combined this m ethod w ith sin gle cell recording in freely  m oving rats.

In essence, our technique is an advanced form  o f  our previously  
described m ethod (Ludvig et al., 1992, J. N eurosci. M eth. 42:129-137). 
Namely, in the experim ents an assem bly o f  a driveable m icroelectrode  
array (K ubie, 1984, Physiol. Behav. 32:115-137) and a m icrodialysis  
probe (1 mm exposed tip , perfused w ith  artificial cerebrospinal flu id  
at 10 u l/m in ) are m oved downward together in brain, until a com p lex-  
spike cell or a theta cell in C A I is isolated (Fox and Ranck , 1981, Exp. 
Brain Res. 41:399-410). Subsequently, the firing  o f  the isolated neuron  
in the dialysis site is m onitored, and stored for o f f- lin e  analysis, w hile  
the examined rat is behaving freely  in a test cham ber.

Our studies have show n that: (1) during ongoing m icrodialysis with  
artificial cerebrospinal flu id , both com p lex-sp ik e  cells and theta cells 
can be isolated in the dialysis area, (2) the isolated cells display normal 
firing pattern-changes as exploratory a ctiv ity , quiet w akefulness, 
slow-wave sleep and paradoxical sleep alternate in the exam ined rat, 
and (3) the recording/m icrodialysis procedure can be readily  
maintained up to 4 hours w ithout "losing" the m onitored cell.

With this m ethod, it may be possible in future to obtain inform ation  
on the neurochem ical characteristics o f  extracellularly recorded  
hippocampal neurons and their m icroenvironm ent, in vivo.

148.11
DISCHARGE PATTERNS OF SUPRAMAMMILLARY NEURONS IN 
RELATION TO RETICUL ARL Y-ELICITED HIPPOCAMPAL 
RHYTHMICAL SLOW-WAVE ACTIVITY (THETA). I.J. Kilk* and N. 
NfNaughton. Department of Psychology and the Neuroscience Research 
Centre, University of Otago, Dunedin, New Zealand.

Hippocampal rhythmical slow-wave activity (RSA) was elicited in 
urethanized rats, at frequencies of 5-8 Hz, by 100 Hz stimulation of, or 
microinfusion of carbachol (5%; 0.2-0.5 μΐ) in, the reticular nucleus ponds 
oralis (RPO). During redcularly-elicited RSA, supramammillary (SuM) unit 
and multi-unit activity was rhythmic, and locked to the negative-going 
phase of hippocampal RSA recorded from the dentate molecular layer. 
During non-RSA hippocampal EEG states, aihythmic cellular activity was 
observed in the SuM. The possible influence of rhythmical activity in tire 
medial septum or hippocampus on SuM cell activity was assessed by 
bilateral transection rostral to SuM. This transection abolished hippocampal 
RSA, but rhythmical SuM cell activity was still observed over the 
frequency range of RSA, and thus is probably not due to rhythmical 
activity in the septal area or hippocampus. In contrast, the arhythmically 
firing cells, that had previously been correlated with non-RSA states were 
no longer observed. These data support our previous contention (Kirk and 
M'Naughton, 1991; NeuroReport 2, 723-725) that the frequency, as 
opposed to other aspects, of hippocampal RSA is determined in the SuM. 
In addition, descending influences from the hippocampus and septal area 
may antagonize rhythmical SuM cell activity during non-RSA states, and 
may modulate the bursting pattern of SuM cells during RSA.

148.8
IS AC ETYLCHO LINE THE PR INCIPAL N E U R O T R A N SM ITTE R  
C A U SIN G  TH E H IPPOCAM PAL TH ET A  RH YTH M ? E.S.Brazhnik and
S.E .Fox*. S U N Y  H ealth Sci.Ctr., Dept. P h ysiology, Brooklyn, N Y  11203.

Tw o groups o f  rhythm ic cells in the m edial septal nucleus and nucleus 
o f  the diagonal band (M S /nD B ) -  cholinergic and G A B A ergic -  pace the 
hippocam pal theta rhythm. The m uscarinic action o f  acetylcholine on 
pyram idal cells is so slow  that it could not itse lf drive even  a 4 Hz 
oscillation. The hippocam pal theta rhythm and single unit data from  
M S/nD B , som e o f  the hippocam pal subfields and the entorhinal cortex  
were sim ultaneously recorded in freely  m oving rats, before and after  
pharm acological alteration o f  cholinergic transm ission. C ells’ preferred  
firing  phases were com puted w ith respect to the dentate theta rhythm.

M ost cells in M S/nD B (95%), hippocam pus (85%) and entorhinal cortex  
(73%) were found to be s ign ifican tly  phase-locked  to the hippocam pal 
theta rhythm. When scopolam ine was tested, only a few  phase-locked  
firing  cells lost their rhythm icity (6 o f  60 in M S/nD B , 2 o f  12 in the 
hippocam pus, none o f  3 in the entorhinal cortex), and no cells ever shifted  
their firing  phases. So the vast m ajority o f  these cells were therefore  
classified  as “atrop ine-resistant” . R einforcem ent o f  cholinergic  
transm ission by system ically  in jected  ešerine did not change the phase 
relations o f  these cells to the theta wave in either walking or anesthetized  
(ketam ine) rats.

These facts, and the firing  phases o f  principal hippocam pal and 
entorhinal cells, are consistent w ith the hypothesis that the septal 
G A B A ergic, not cholinergic, input is m ost im portant for synchronizing  
the firing o f  the hippocam pal and entorhinal interneurons.
(Supported by NIH  N S17095)

148.10
EFFECTS O F  P R O C A IN E  B LO C K A D E O F  P E R FO R A N T  P A T H  FIBRES O N  
H IP P O C A M P A L  T Y PE  2  R H Y T H M IC  S L O W  - W A V E  A C T IV IT Y  
(T H ET A ). A .Ĩ. H ev n en *  a n d  D .K . B ilk ev . D e p a r tm e n t o f  P sy c h o lo g y  an d  
th e  N e u r o sc ie n c e  R esearch  C en tre , U n iv e r s ity  o f  O ta g o , B ox 56, D u n e d in , 
N e w  Z ea la n d .

P r e v io u s  research  h a s  d e m o n str a te d  th a t th e  in teg r ity  o f  th e  en to r h in a l 
c o r tex  is  cr itica l fo r  th e  a p p e a r a n c e  o f  h ip p o c a m p a l ty p e  1 s lo w -w a v e  
a c t iv ity  (R SA , th eta ). M ore re ce n t c e ll fir in g  d a ta  su g g e s ts  th a t th is  re g io n  
m a y  a ls o  b e  im p o r ta n t in  th e  g e n e r a tio n  o f  h ip p o c a m p a l ty p e  2 R SA  
(S te w a r t e t  a l, E xp . B ra in  R e s . 90 :2 1 ,1 9 9 2 ). T o  te s t  th is  h y p o t h e s is ,  
u r e th a n e  a n a e s th e t is e d  S p r a g u e -D a w le y  ra ts h a d  r e c o r d in g  e le c tr o d e s  
im p la n te d  in  th e  h ip p o c a m p a l s tr a tu m  o r ie n s  a n d  fis su r e  r e g io n s  o f  o n e  
h e m isp h e r e . S tim u la t in g  e le c tr o d e s  w e r e  p o s it io n e d  in  th e  ip s ila te r a l  
p erfo ra n t p a th w a y  a n d  th e  con tra la tera l C A 3  c e ll r e g io n  in  o rd er  to  e l ic it  
e v o k e d  f ie ld  p o te n t ia ls .  A  c a n n u la  c o n ta in in g  p r o c a in e  (20% ) w a s  
p o s it io n e d  a n ter io r  to  th e  p erfo ra n t p a th  s t im u la tin g  e le c tr o d e . E v o k e d  
p o te n t ia ls  p r o d u c e d  b y  s t im u la t io n  o f  th e  p e r fo r a n t p a th w a y  w e r e  
e lim in a te d  w ith in  2 m in u te s  o f  p ro ca in e  in fu s io n  ( 0 2 - 0 5  μ ΐ), w h er ea s  th o se  
e lic ite d  b y  C A 3  stim u la tio n  re m a in e d  u n a ltered . T he lo s s  o f  p erforan t p ath  
r e s p o n s e s  w a s  p a r a lle le d  w ith  a  m a r k e d  r e d u c t io n  in  R S A  a t b o th  th e  
str a tu m  o r ie n s  a n d  f issu r e  re g io n s . P erforant p a th  e v o k e d  p o te n tia ls  a n d  
R SA  retu rn ed  to  b a se lin e  le v e ls  30 -40  m in u te s  fo llo w in g  p ro ca in e  b lo c k a d e. 
T h e p r e s e n t  r e s u lts  in d ic a te  th a t th e  e n to r h in a l c o r te x  in  a d d it io n  to  
m e d ia tin g  ty p e  1 R SA , is  a lso  im p o rta n t for th e  ap p earan ce o f  ty p e  2 R S A  in  
th e  h ip p o c a m p u s . S u p p o rted  b y  the H ea lth  Research  C ou n cil o f  N e w  
Z ealand (g ra n t 91198).

148.12
D I S C H A R G E  P A T T E R N S  O F  P O S T E R I O R -  
SUPRAMAMMILLARY HYPOTHALAMIC CELLS IN 
RELATION TO HIPPOCAMPAL THETA FIELD ACTIVITY.
B.H. Bland*. S.D. Oddie. C.T. Dickson, and C. Trepel. Beh. 
Neurosci. Res. Grp., Dept Psyc., Univ. of Calgary, Calgary, AB, 
Canada T2N 1N4.

The synchronizing effects exerted by electrical activation of the 
ascending brainstem synchronizing pathway on the hippocampus 
(HPC) are mediated via the medial septal region. Evidence suggests 
that the midline posterior hypothalamic region (posterior and 
supramammillary nuclei; PH-SUM) comprises a critical part of the 
ascending brainstem pathway, providing direct afferente to the medial 
septal region. The present study investigated the discharge patterns 
of cells in the PH-SUM in relation to hippocampal formation theta 
field activity (Θ). Cells were recorded with glass microelectrodes in 
urethane-anesthetized rats, during the spontaneous occurrence of HPC 
Θ and large amplitude irregular field activities and during tail pinch- 
induced Θ. Using the classification system of Colom and Bland 
(Brain Res., 442 (1987): 277-286) for theta-related cells, we have thus 
far documented the presence of phasic linear, tonic linear, and tonic 
nonlinear θ-related cells as well as non-related cells, in these nuclei. 
These finding provide additional support for the hypothesis that the 
PH-SUM form a critical part of the ascending brainstem synchro
nizing system. (Supported by NSERC, AHFMR & MRC).
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148.13
T H E  P O S T E R IO R  H Y P O T H A L A M U S  A N D  H IP P O C A M P A L  
S Y N C H R O N Y . S .D . Oddie*. L .V . C olom  & B.H . Bland. Beh. 
N eurosci. Res. Grp., Dept. o f  Psyc., U niv. o f  Calgary, Calgary, AB, 
Canada T 2N  1N4.

The role o f  the posterior hypothalamus (PH) in the ascending 
hippocam pal synchronizing system  (A H SS) w as exam ined in rats. It 
w as previously dem onstrated that the integrity o f  the PH region was 
necessary to generate spontaneous hippocam pal theta (Ө), Ө elicited  
by tail pinch and Ө produced by PH stim ulation (Oddie e t a l., 1991, 
Soc. N eurosci., 17:1036). Further investigations o f  the A H SS have 
revealed that intraseptal application o f  carbachol resulted in 
hippocam pal Ө and PH stim ulation m odulated this Ө. Subsequent PH 
inactivation sign ificantly reduced the am plitude o f  Ө. Another 
experim ent show ed that electrical stim ulation in both the PH region  
and pontis oralis (PO) resulted in hippocam pal Ө. Intrahypothalamic 
application o f  carbachol resulted in hippocam pal Ө which could be 
m odulated by PH and PO stim ulation. Subsequent inactivation o f  the 
PH sign ificantly reduced the am plitude o f  carbachol-induced Ө and 
com pletely blocked the ability o f  PO stim ulation to modulate 
carbachol-induced Ө. PH inactivation w as also able to block Ө 
evoked  by PO stim ulation in the absence o f  carbachol. The results 
support a role for the A H SS in sensorim otor integration. (Supported 
by the Natural S cien ces and Engineering Research Council o f  
Canada).

148.15
OSCILLATORY DRIVING OF HIPPOCAMPAL NEURONS IN VITRO BY SINE 
WAVE CURRENTS. H.Yu and L.Stan Leung*. Dept. Physiology and Clin. 
Nuerol. Sci., Univ. Western Ontario, London, N6A 5A5, Canada.

In hippocampal CAI neurons in the slice in vitro, spontaneous membrane 
potential oscillations (MPOs) at a theta frequency (4-10Hz) and up to 6mV could 
be induced by sustained depolarizing DC currents (Leung and Yim, Brain Res. 
553:261, 1991). MPOs were activated at depolarizations that evoked spiking, and 
the frequency of the MPOs and the spike rate of cells increased with the level of 
depolarization. This study investigates whether neurons could be driven, by injected 
sinusoidal (and DC) currents, to respond maximally at a resonant frequency. The 
input current and output potential were subjected to power spectral analysis. A 
sinusoidal current (1-30 Hz) induced response at the same frequency with a small 
(<  90°) phase shift. At the resting membrane potential (about -65mV), most cells 
were not oscillating spontaneously and only 4 of 10 showed a driven resonant 
frequency in the theta band. In 9 cells which showed a spontaneous MPOs with a 
steady DC current (0.02 -0.4 nA), an additional sine wave current drove 7 cells at 
a resonant theta frequency which was higher than the spontaneous MPO frequency; 
a second harmonic of the theta frequency was sometimes observed during driving. 
The other 4 cells showed a ’low-pass filter’ response with a maximal response at 
1 Hz. The results provide some insight on the interactions among cellular oscillators 
and their extrinsic driving. In vivo, extrinsic septohippocampal driving may induce 
resonance among hippocampal neurons, which may further establish functional 
assemblies within the hippocampus. Thus, both extrinsic and intrinsic mechanisms 
may be important for generation of the hippocampal theta rhythm in vivo (Supported 
by NSERC).

148.17
PR O JE C TIO N S FR OM  R A T E N T O R H IN A L  C O R T E X  T O  
ST R IA T U M . II. NEUR O PH A R M A C O L O G Y . J. G igg*. A .M . Tan 
and D.M . F inch. Departm ent o f  N eu ro logy  and Brain Research  
Institute, University o f  California, Los A n geles, CA 90024.

W e u sed  an io n to p h o r e t ic  tec h n iq u e  to id e n tify  the  
neurotransmitter used in functional projections from the entorhinal 
cortex to the striatum . E xtracellu lar  resp o n ses  from  n u cleu s  
accum b en s and caudate-putam en neurons w ere recorded fro m  
anesthetized rats after electrical stim ulation o f  the entorhinal cortex. 
Recordings were made with 5 -30  Μ Ω “piggy-back” electrodes (single  
record in g p ip ettes  attach ed  to  sev en -b a rre led  io n to p h o retic  
assem blies).

Application o f  the glutam atergic AM PA antagonist D N Q X  could  
se lectiv e ly  decrease excitatory responses. T h e G A B A a  antagonist 
bicucullin e m ethiodide apparently b locked a short-latency, short- 
duration com p onent o f  inh ib ition  as it cou ld  reveal excitatory  
responses or enhance pre-existing excitatory responses. A longer- 
latency, longer-duration com ponent o f  inhibition w as unaffected by 
b icucullin e. B y contrast, the G A B A ß  antagonist C G P -35348  did  
attenuate this late inhibition. In addition, the G A BA ß agonist baclofen  
inhibited spontaneous neuronal firing.

T h ese data provide ev id en ce that: (a) the projection from  the 
entorhinal cortex to the striatum is glutamatergic, acting at least in part 
via AM PA receptors; and (b) this projection is regulated by G ABA  
a ctin g  at both G A B A a  and G A B A ß  p o stsy n a p tic  receptors. 
Supported by the Theodore and Vada Stanley Foundation.

148.14
E X T R IN S IC  M E C H A N IS M S  IN  T H E  P R O D U C T IO N  O F  
C O H E R E N T , Y E T  IN D E P E N D E N T , L IM B IC  T H E T A  
O S C IL L A T IO N S . C.T. Dickson*. C  Trepel and B.H. Bland. Beh. 
Neurosci. Res. Grp., Dept. Psyc., U niv. o f  Calgary, Calgary, AB, 
Canada T 2N  1N4.

Field recordings o f  the entorhinal cortex (EC) were studied and 
compared to those recorded concom itantly in the hippocam pal forma
tion (HPC) during various m anipulations in the urethane-anesthetized 
rat in order to assess the extent o f  extrinsic m odulation. The EC, like 
the HPC, show ed two main variations o f  field  state: 1) a desynchro
nized, large am plitude irregular activity (LIA) and 2) a synchronized, 
rhythmic, slow  frequency field activity (theta; Ө). EC and HPC pro
duction o f  Ө occurred spontaneously, by the application o f  tail 
pinches, by cholinergic agonists, and by electrical stim ulation o f  the 
dorso-m edial region o f  the posterior hypothalamus. Spectral analysis 
revealed that in all cases, Ө w as produced coherently across the two 
lim bic structures. EC and HPC production o f  Ө could be abolished  
by pharm acological treatments disrupting cholinergic transmission, 
and by reversible inactivation o f  the m edial septal region. Although 
coherent and concom itant, theta could be abolished in the HPC, but 
not in the EC, fo llow ing local post-ictal depression. Therefore, the 
production o f  field  states in the EC and HPC w as concluded to occur 
via a parallel m echanism  concom itantly. (Supported by NSERC, 
AH FM R, and M RC).

148.16
PR O JE C T IO N S FR OM  R A T E N T O R H IN A L  C O R T E X  TO  
S T R IA T U M . I. NEU R O PH Y SIO LO G Y . D.M . Finch*, A .M . Tan.
O.P. K osovan and J. G ig e . Departm ent o f  N eu ro logy  and Brain 
Research Institute, University o f  California, Los A ngeles, CA 90024.

Anatom ical studies show projections from the entorhinal cortex to 
the striatum, particularly to the nucleus accum bens. W e studied this 
system  using anesthetized rats and intracellular recording. Electrical 
stim ulation o f  the entorhinal cortex  evok ed  E P SPs in nucleus 
accum bens and caudate-putamen neurons at latencies o f  15-30 msec. 
Intracellular HRP labeling showed that responsive cells  were medium  
spiny neurons. A proportion o f  EPSPs were m onosynaptic, that is 
show ed constant latency with increasing stim ulus intensity. EPSPs 
were fo llow ed by prolonged IPSPs (hundreds o f  m sec). IPSPs were  
associated with a decrease in membrane resistance.

Extracellular recordings were obtained from entorhinal neurons in 
response to striatal stimulation. Antidrom ic responses were evoked at 
latencies o f  15-30 m sec, usually in recordings from deep layers o f  the 
entorhinal cortex (IV ,V ) after nucleus accum bens stim ulation. Such  
responses were resistant to section o f  the ipsilateral fim bria/fom ix  
which suggests that they did not arise from areas that project via the 
fornix, that is, the hippocampus and subiculum.

The results show  that the entorhinal cortex excites neurons in the 
striatum with secondary prolonged inhibition. T his projection is a 
potential route for seizure propagation and m ay also  be an important 
substrate  o f  sch izo p h ren ia , a d isea se  state  a sso c ia ted  w ith  
hippocam pal form ation pathology. Supported by the Theodore and 
Vada Stanley Foundation.
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149.1

VARIABLE COUPLING BETWEEN A STIM ULUS OBJECT A N D  
PLACE CELL FIRING FIELDS. Alexander Rotenberg, John Kubie* and 
Robert Muller. SUNY-BROOKLYN, NY 11203 

The firing fields o f  hippocampal place cells are affected by relocating 
prominent orienting cues. Previously, w e saw that the angular position o f  
a single white cue card on a cylinder wall controls the angular position o f  
firing fields; card rotations o f  90° or 180° caused comparable shifts o f  
firing fields. In the earlier work, card rotation was done after the rat was 
removed from the cylinder. In the present experiment, we instead tested 
the effects rotating the card while the rat was inside the cylinder.

Rotating the card 180° in the animal's presence did not elicit a change 
in firing field position. In contrast, 45° card rotations caused angular field  
shifts also o f about 45°. An interesting outcome o f this variable coupling 
between the cue and firing field position is seen after a 180° cue card 
rotation and 8 subsequent 45° rotations in the same direction. The fields 
of several cells were unaffected by the 180° card shift, but accurately 
followed the smaller rotations. Consequently, after the 180° card rotation 
and four 45° rotations, the original state o f  the cylinder was restored, but 
the field was 180° away from its original position.

Our results show that when large changes in cue card position are made 
in the rat’s presence, the card does not exert the stimulus control seen in 
earlier work. The experiment suggests that after large rotations, the card is 
treated as an unreliable cue. The stability o f  angular field positions after 
180° card rotations implies that other orienting cues are used to maintain 
the field’s position in the laboratory frame. In contrast, small rotations do 
not seem to affect the use o f the card as a polarizing stimulus. It is o f  
interest to determine the threshold that divides rotations which are 
followed and not followed by firing fields, since presumably at this point 
the strengths o f the card and the other stimuli would be equal.

1 49 .3

RECONSTRUCTING THE SHAPE OF AN ENVIRONM ENT WITH 
DISTANCES STORED IN A SET OF SYNAPSES. M. Stead. R.U. 
Muller* and J.L. Kubie S.U.N.Y.-Brooklyn, NY, 11203.
We have argued that the strength o f  a Hebbian synapse connecting tw o  
place cells is expected to be weaker as the distance between their firing 
fields grows. This is because cells with close fields w ill fire in temporal 
proximity whereas cells with distant fields are unlikely to fire together. 
This rule was used to assigned weights to a graph whose connectivity  
mimics the connections made among CA3 place cells. In the graph, 
each node (cell analog) is assigned a location in the plane and a selected  
number of node pairs are randomly connected. The strength o f the 
edge (synapse analog) for connected nodes is set strictly from the 
distance between the locations o f the nodes. If the graph is weakly 
connected, best paths meander, but if  it is richly connected best paths 
îpproximate straight lines. The same graph yields good detours after a 
barrier is put in the environment.

The fact that a graph contains enough information to find direct 
paths and detours suggests that it may store a global representation o f  
the shape o f the environment. To test this idea, we tried to reconstruct 
the shape o f the environment from a list o f  nodes and a list o f  the 
distances from each node to each connected node. It was possible to 
unambiguously find the relative positions o f all nodes even if  the 
average node contacted only about 0.25%  o f  the others, a connectivity  
nearly an order o f magnitude less than in CA3. Even if  an upper lim it 
was set on the distance that could be used, it was still possible to 
reconstruct the environment, showing that the global structure o f the 
environment can be found from strictly local information.

1 4 9 .5

MULTIS ENS OR Y RESPONSE PROPERTIES OF POSTERIOR 
PARAHIPPOCAMPAL GYRUS NEURONS IN THE RHESUS 
MONKEY. G.J. Blatt*. D.L. Rosene. F. Boudreau and D.N. Pandva. 
Dept. of Anat and Neurobiol., Boston Univ. Sch. Med., Boston, MA 
02118 and the Vet. Admin. Med. Cent., Bedford, MA 01730.
We have previously demonstrated that cytoarchitectonically defined areas 
within the posterior parahippocampal gyrus (PHG) constitute a 
multimodal association cortex in the rhesus monkey and receives cortical 
input from unimodal and multimodal sensory association areas as well 
as from limbic structures. Thus, the PHG relays highly processed 
cortical information to the hippocampal formation both directly and 
through the entoihinal cortex. The objective of this study is to investigate 
limbic and sensory interactions physiologically by conducting a 
comprehensive study of responses of PHG single units to visual, 
somatosensory and auditory stimuli. We have begun recording every
3-4 days from the parahippocampal gyrus in monkeys tranquilized with 
ketamine. Single-unit recordings from 62 neurons were obtained from 
28 microelectrode penetrations. Of these 62 units, 20 (32.2%) were 
highly responsive to sensory stimulation whereas the other 42 (67.8%) 
did not respond to simple visual stimuli. Of these units, 12 (19.4%) 
were responsive to visual stimulation only, 3 (4.8%) were responsive 
to auditory stimulation only and 3 (4.8%) were responsive to 
somatosensory stimulation only. Two units (3.2%) have shown 
responsivity for more than one modality (both visual and auditory). 
Together these initial data indicate that only about one-third of PHG 
neurons respond to simple sensory or multisensory stimuli and suggest 
that most PHG neurons may require more complex sensory stimulation. 
Supported by NIH grant #  5R01NS16841-13.

149.2
USE OF DIGITAL VIDEO TECHNIQUES TO FIND CORRELATIONS 
BETWEEN BEHAVIOR AN D THE FIRING OF SINGLE NEURONS 
A. A. Fenton*J.L.Kubie and R.U. Muller SUNY-Brooklyn, NY 11203.

Hippocampal place cells and postsubicular head-direction cells in the 
rat are tw o neuronal classes whose discharge is correlated with the animal's 
overall behavior. In both cases, the correlation was discovered by direct 
observation o f  rats while listening to clicks produced by amplified action 
potentials. The quantitative analyses that came later confirmed the 
original impressions and greatly increased the range o f possible 
experiments. In the case o f  superficial entorhinal neurons, however, 
direct observation was not sufficient to  reveal that in comm on with place 
cells their time-averaged firing varies with the animal’s position. T he 
reason is that the signal is both noisier (larger small-scale rate variations) 
and weaker (smaller large-scale rate variations) than that o f  place cells.
The positional firing properties o f  entorhinal cells were detected only with 
the use o f  a spot tracker that located the position o f  a light attached to the 
rat’s head.

W e have now used the ability to capture video in real time onto a 
computer disk to develop a very sensitive method for revealing 
correlations between neural and behavioral variables. In brief, a 
Brainwaves system  is used to capture neural events and a synchronized 
M acintosh, operating in parallel, captures behavioral events (as a 
Quicktime m ovie). W e then search the Brainwaves record to find intervals 
in which, for example, a cell discharges faster than a selected rate. The 
m ovie sequences that correspond to these intervals can then be viewed to 
look for subtle correlations that might be confirmed with more automatic 
measurements. W e are testing the system first with place cells and head 
direction cells to see how well it does for established correlations.

149.4
ORGANIZATION OF THE HIPPOCAMPAL PROJECTIONS TO THE 
PARAHIPPOCAMPAL AND INFEROTEMPORAL CORTICES IN THE 
MACAQUE MONKEY. M. Yukie*. Dept. of Behavioral Physiology, Tokyo 
Metropol. Inst, for Neurosci. Fuchu, Tokyo 183, Japan.

Recent anatomical studies have demonstrated that the hippocampus, area 
CA1, projects directly to more extensive cortical areas than was hitherto 
believed. The present study investigated the organization of the CA1 
projections to the perirhinal (PR), entorhinal (EC), TF, TH and TG areas of the 
parahippocampal cortex and the anteroventral part of area ТЕ (TEav) of the 
inferotemporal cortex in Japanese monkeys (M . fuscata) using WGA-HRP 
technique. Injections into area ER, PR or TF produced a large number of 
labeled cells in CA1, while injections into area TEav labeled a moderate 
number of cells. After injections into area TG or TH a smal number of cells 
were labeled. The distribution of labeled cells varied according to injected 
areas. Following injections into area ER the majority of labeled cells were 
seen in the rostral half of area CA1 including area CA2. In contrast, injections 
into area TEav or PR labeled cells predominantly in the medial part of the 
caudal two-thirds of CA1. After injections into area TF labeled cells were 
distributed in the lateral part of CA1 with predominance of label in the middle 
one-third of the rostrocaudal axis. Labeled cells after injections into area TH 
were scattered along the rostrocaudal axis of CA1. The dorsal TG received 
inputs from the rostral half of CA1, while the ventral TG had CA1 inputs mainly 
from the caudal half. Similar findings were obtained in part by multiple 
labeling experiments with injections of different tracers (WGA-HRP, Fast Blue 
and Diamidino Yellow). Thus, the present findings indicate that the CA1 
projections to the temporal cortex are widely distributed but have a rough 
topographic organization, and suggest a functional differentiation in area 
CA1 of the macaque hippocampus.

149.6
THE POSTERIOR CINGULATE CORTEX IN MAN. NORMAL STRUC
TURE AND CHANGES IN ALZHEIMER'S DISEASE. R. Insausti*. M. Moreno. A. Insauati, L. Ochoa and L.M. Gonzalo. Dept. of Anatomy, University of Navarra, Apdo. 273, 
31080 Pamplona, SPAIN.The posterior cingulate cortex is a broad cortical area located dorsal and caudal to the corpus callosum. 
It encompasses Brodmann's areas 23, 31, 30 and 29. This brain region has been implicated in memory as 
well as in processing of spatial information. In con
trast to the importance of the region, few anatomical 
studies deal with the relationship to other cortical areas, namely parietal and occipital cortices. Fur
thermore, this region shows neuropathological changes in Alzheimer's disease. We studied 15 control brains 
(age range 12-85 yr) and 8 Alzheimer brains (age range 69-96 yr). 50 μπι serial sections were obtained, stained with thionin and drawn with a camera lucida at 2 mm intervals. Cytoarchitectonic borders were marked 
and two-dimensional reconstructions prepared based on 
the outline of layer IV or the middle or the thickness 
of the cortex. Planimetrie measurements showed that area 30 was the largest, followed by area 23, 31 and 
29. A significant reduction in size between in
dividuals younger or older than 65 years was observed 
in area 23, but not in the remainder areas. Alzheimer cases presented heavy neuronal loss, especially in 
areas 23 and 29, as well as abundant neuritic plaques, 
neurofibrillary tangles and neuropil threads. Planimetrie measurements showed an average reduction of 37% between controls older than 65 years and 
Alzheimer cases. The marked atrophy of the posterior cingulate cortex, presumably subsequent to neuronal 
loss can contribute to cognitive decline in Alzheimer patients. Supported by grants DGCYT 90-0131 and 
Department of Health, Government of Navarra.
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149.7
SEX-RELATED ASYMMETRIES IN THE MORPHOLOGY OF THE 
LEFT AND RIGHT HIPPOCAMPI: EVIDENCE FROM EPILEPSY 
PATIENTS. Dahlia W. Žaidei*. Margaret M. Esiri. and John M. 
Oxburv. Department of Psychology, UCLA, California 90024, and 
Department of Neuropathology and Department of Neurology, Radcliffe 
Infirmary, Oxford, UK.

Cell densities were determined in unilaterally removed left and right 
hippocampal tissue of epilepsy patients. They underwent temporal lobe 
surgery to alleviate drug resistant epilepsy. Pyramidal cells were studied 
in CAI, CA4, and the dentate gyrus in the body of the hippocampus. 
Significantly lower densities were found for males in the right CAI and 
CA4 than in the left while there was no significant difference in females. 
Moreover, we found a probable sex difference in statistical 
intercorrelations among the three subfields. In males, they were high, 
positive, and significant in the left while they were low and 
nonsignificant in the right. In females, positive, significant 
intercorrelations were obtained between some hippocampal subfields and 
not between other subfields, on either side. The present findings suggest 
greater morphological lateralization in males than in females with higher 
neuronal connectivity on the left than on the right side in males.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS I

150.1
SELECTIVE HIPPOCAMPAL LESIONS FACILITATE PERFORMANCE IN A 
PAIRED ASSOCIATE TASK IN RATS. M.Bunsev* & H.Eichenbaum. 
Dept. Psychology, UNC Chapel Hill, N.C. 27599.

In our previous study we found that rats with lesions to 
perirhinal-entorhinal (PRER) cortex were unable to learn an 
odor-guided paired associate task (Bunsey & Eichenbaum, 
Behav. Neurosci. in press). In the present study we 
evaluated the role of the hippocampus itself in paired 
associate learning.

Rats were trained to sniff at an odor port while a 
sequence of two different odors were presented in 
succession, separated by a brief blank interval. When the 
stimulus sequence involved any of four arbitrarily assigned 
paired associates the subject was rewarded for responding 
at a nearby water port. Alternatively, when the sequence 
consisted of any other combination of the same eight odors 
("mispairings") no reward was given and the subject learned 
to withhold the response. In addition, rate learned to 
withhold responses on interspersed non-rewarded "non
relational" trials involving one of the eight odors paired 
with one of four odors from a second set.

Selective neurotoxic lesions of the hippocampus 
significantly affected paired associate learning. However, 
in stark contrast to the severe impairment seen after PRER 
lesions, hippocampal lesions resulted in a facilitation in 
the learning of paired associates. This combination of 
findings indicates that the PRER and hippocampus play 
important but different and interactive roles in paired 
associate learning. We suggest that the hippocampus 
normally supports a representation of the relationships 
between paired odors and that, in the absence of 
hippocampal function, the PRER supports efficient learning 
by representing odor pairs as configurai cues. Support: 
ONR N00014-91-J-1881,NINDS NS07166 & NS26402,NIA AG09973.

150.3
NEONMAL ASPIRATION IESICN5 OF ENPCRHINAL CORTEX 
IMPAIR SPATIAL DELAYED ALTERNATION Ш  WEANLING RATS. 
ЙМЕ,, Stanton1'2. C.S. Hendrix1, T.A. Otto1, and 
H.B. Eichenbaum·1 . xDept. of Psychology. Uhiv. of 
North Carolina, Chapel Hill, NC 27514? 2Neurotoxic- 
ology Division, U.S. EPA, RTF, NC 27711.
In recent years, there has been increasing interest 

in memory functions subserved by entorhinal cortex, 
and its interactions with the hippocampal formation. 
Selective damage to either of these structures produc
es effects in rats that ciré in some cases similar and 
in others unique, depending on the sensory and mnem
onic demands of a given memory task (eg., Otto & Eich
enbaum, Beh. Neurosci.. 1992, 106. 762). The present 
study sou^it to begin to extend this line of inquiry 
to the developmental analysis of memory. T-maze 
delayed alternation was used because performance on 
this task develops around the time of weaning in the 
rat and this development is disrupted by early damage 
to the septohippocanpal pathway or medial prefrontal 
cortex (eg., Freeman & Stanton, Beh. Neurosci.. 1992, 
106, 924). Long-Evans rat pups that received 
bilateral aspiration of entorhinal cortex (see Otto & 
Eichenbaum, ibid, for method) at 10 days of age were 
impaired, relative to sham controls, on delayed alter^ 
nation at 23 days of age (see Freeman & Stanton, ibid, 
for method). The potential role of entorhinal cortex 
in the ontogeny of memory is discussed.

150.2
HIPPOCAMPAL LESIONS THAT IMPAIR PLACE LEARNING 
FACILITATE DELAYED NONMATCHING PERFORMANCE IN 
RATS . J. Willner*. T. Otto. M. Gallagher, and H. Eichenbaum. Dept. 
of Psychology, Univ. of North Carolina, Chapel Hill, NC 27599-3270.

Prior studies with primates and rodents have implicated the 
hippocampus in both spatial and non-spatial learning and memory 
processes. In the present study, rats with ibotenate/NMDA lesions of 
hippocampus (n=6) and controls (n=7) were initially tested for spatial 
learning in the Morris water maze (cf. Gallagher & Holland, 1992, 
Hippocampus. 2, p.81). The rats were then trained on an odor-guided, 
continuous delayed nonmatch to sample (cDNM) task like those used 
to test object recognition memory in non-human primates.

Analyses of escape latencies and probe trial performance showed 
that rats with hippocampal damage were deficient in learning the 
location of the escape platform in the water maze. Hippocampal and 
control rats did not differ in the rate at which they acquired the cDNM 
task, however, nor did their performance differ when the delay interval 
was 3s (85 vs. 86% correct). At longer delays (30 and 60s), lesioned 
rats performed significantly better than did the control rats (30s: 71 vs. 
63% correct; 60s: 71 vs. 64% correct). This facilitation of cDNM  
performance stands in sharp contrast to the effects o f perirhinal- 
entorhinal damage, which causes delay-dependent deficits in cDNM 
(cf. Otto & Eichenbaum, 1992, Behav. Neurosci.. 106. p. 762).

These results reaffirm the importance of the hippocampus in spatial 
learning and memory, and point to complex interactions between 
hippocampus and other systems in mediating cDNM performance.

Supported by NIMH grant MH48429, NIA grant POI AG09973, 
and ONR grant N00014-91-J-1881

150.4
RELATIONAL OBJECT ASSOCIATION LEARNING IN RATS WITH 
HIPPOCAMPAL LESIONS. Y. H. Cho* and R. Kesner. Departm ent of 
Psychology, University of Utah, Salt Lake City, Utah 84112.

In order to stu dy the in volvem en t o f the h ippocam pus in  
relational (configurai) association learning, rats w ere trained using a 
paired association paradigm with 3-dim ensional objects as stim uli.

Tw o object-pairs from a set o f four objects w ere random ly  
assigned as positive pairs (e.g. AB and CD), and the other possib le  
object-pairs (e.g. AC, BD, AD, BC) from the sam e set w ere defined as 
negative pairs. Using a go /  no go  paradigm, rats w ere trained to go  on  
p ositive object-pair presentations and to w ithhold  a resp onse on  
n eg a tiv e  object-pair p resen tation s. The rats reach ed  criterion  
performance, significantly longer latencies for m oving objects on the 
negative trials com pared to the p ositive trials, w ith in  300 trials. 
Upon reaching criterion performance, the rats received electrolytic  
lesions of the hippocam pus or sham  operations. After recovery from  
surgery, they were given 300 additional test trials in order to assess  
retention of the preoperatively learned paired association task.

Preliminary data indicate that the rats w ith  hippocam pal or 
sham  lesions exhibit com plete retention o f the presurgically acquired 
task. At this stage of the investigation, the hippocam pus d oes not 
seem  to be necessary for object-pair association, su ggestin g  that the 
hippocam pus m ay not be important for all types o f relationships.
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150 .5

CONTINUOUS RECOGNITION MEMORY FOR 3-DIMENSIONAL OBJECTS 
IN RATS WITH INFEROTEMPORAL CORTEX LESIONS.
P, Jackson-Smith*. A. A. Chiba., and RL.P, Keaaer· Dept. of Psychology, 
Univ. of Utah, Salt Lake City, UT 84112.

Inferotemporal cortex lesions in primates typically produce deficits in 
recognition memory of 3-dimensional object stimuli. Kolb (1990) has 
suggested that area Te2 in rats may be analogous to inferotemporal cortex in 
primates. Therefore, the purpose of the current experiment was to compare 
performance of inferotemporal cortex-lesioned rats with sham-operates on 
continuous recognition of 3-dimensional objects. The task involved 
sequential presentation of 12 objects within each session. Eight of the 
objects had not been seen for at least one week and four of the eight objects 
were repeated within the session. The objects were 120 3-dimensional toys 
or junk items in various sizes, shapes, textures, and hues. When an object 
was repeated within a session it had from 0 to 4 other objects presented 
between the first and the repeated presentation. The number of intervening 
stimuli was referred to as lag. The objects were presented one at a time and 
latency to approach the stimulus and move it was measured. The first time an 
object was presented within a session it was reinforced with a piece of Froot 
Loop cereal placed in a food-well beneath the stimulus; repeated 
presentations were never reinforced. Therefore, the presurgery latencies to 
approach a stimulus were longest for the repeated presentations at the 
shorter lags and decreased as lag increased. Rats were assigned to groups 
and received sham surgery or electrolytic lesion of Te2 upon completion of 3 
blocks of 15 sessions. The sham-operated animals revealed no deficits on 
the task following surgery. However, the inferotemporal cortex-lesioned rats 
were significantly impaired as compared to presurgery performance and as 
compared to sham-operate performance. In conclusion, recognition memory 
for 3-dimensional objects is severely compromised following lesions of Te2 
in the rat, just as it is following inferotemporal cortex lesions in the primate.

1 5 0 .7

FIMBRIA-FORNIX LESIONS AFFECT PLACE LEARNING  
BUT NOT RESPONSE LEARNING IN THE RAT.
D. B. Matthews and P.J. Best . Dept. of Psychology, Miami Univ. 
Oxford OH 45056

This study examines how fimbria-fornix lesions affect spatial and 
response learning. Twenty-four male Long-Evans rats, 60 days old 
received radio-frequency or sham lesions and were trained on an 
8-arm radial arm maze to go to a specific place, or to follow a 
consistent route for food reward. Subjects were given seven trials 
per day each starting on a different arm. In the place condition, 
reward was always in the same arm oh every trial, irrespective of 
the start arm. In the response condition, the reward was always 
on the arm 90 degrees to the right of the start arm. Sham 
animals trained in the place condition learned faster than all other 
groups (all p 's  <.05). Lesioned animals performed as well as 
sham control animals in the response task.

Thus, the lesions only interfered with learning in the maze if 
processing required a cognitive map. Also, lesioned animals were 
impaired in the place task, even though it did not have a working 
memory component. Thus, the fimbria-fornix and related 
structures, i.e. hippocampus, have an important role in place 
learning but not response learning.

1 5 0 .9

POOR TRANSFER OF SPATIAL BEHAVIOR BETWEEN GOAL 
ARRAYS OF SIMILAR TOPOGRAPHY BUT DIFFERENT SIZE: 
LIMITED ROLE OF COGNITIVE MAPS IN RATS? J.Bures. 
0. Buresova and A. Zahalka. (SPON: ENA). Inst. 
Physiol., Acad. Sci.f Prague, Czech Republic.

An attempt was made to guide rats to a hidden 
target by showing them its position on a map of 
the target space. In Exp. 1, rats (n=10) learned 
to find the bait in one of 9 covered cups in a 
small open field ("map") and were then tested 
in a larger open field ("world") with the same 
geometry of cups. Transfer deteriorated to 
random choice when the map-world ratio changed 
from 1:1 to 1:2.5, probably due to conflicting 
demands of the map guided and target view guided 
navigation. In Exp. 2, the map was an array of 
2x2 horizontal tunnels through one of which the 
rat had to pass from start to a similar goal 
array of drinking spouts. Whereas contact with 
the map-indicated spout was rewarded by water, 
errors opened a trap door and returned the rat 
to start. After 20 days, rats performed with 85% 
accuracy provided that the map and spout arrays 
had the same size. Accuracy dropped to 76% and 
68% for the map-target space ratios 1:2 and 3:1, 
and to 37% when overlap of the two arrays was 
incomplete. Local cues may oppose efficient use 
of cognitive maps for target location. Supported 
by grants AVCR 71141 and JSMF 92-57.

150.6
MEMORY FOR FOOD REWARD MAGNITUDE: DISSOCIATION 
BETWEEN AMYGDALA AND HIPPOCAMPAL FUNCTION 
J.M. Williams and R. Kesner*. Department of Psychology, University of 
Utah, Salt Lake City 84112.

Rats were trained on a go, no-go task measuring memory for 
food reward magnitude. In the study phase of the task, the rats were 
given one of two cereals. One cereal contained 25% sugar, the other 
50% sugar. One of the two cereals was designated as positive and 
the other as negative, so that during the test phase approaching a 
neutral object would result in reinforcement or no reinforcement, 
respectively. Performance was measured as the latency to uncover 
the food well. After reaching criterion level (significant difference in 
latency to respond to the positive vs. negative stimulus), the rats were 
given sham lesions or lesions of either the amygdala, the 
hippocampus, or cortex dorsal to the hippocampus. No significant 
deficits were observed for the hippocampus-lesioned and cortical or 
sham-operated control rats in that they did not show any significant 
changes between their pre- and post-surgery performance levels. In 
contrast, the amygdala-lesioned rats showed significant deficits in post
surgery performance. Furthermore, control and hippocampus-lesioned 
rats transferred to a new set of cereals containing 25% or 50% sugar, 
whereas amygdala-lesioned rats showed no transfer. When delays of 
10 or 20 sec were introduced between the study and test phase, 
hippocampus-lesioned and control rats still performed well, whereas 
amygdala-lesioned rats continued to perform poorly. Thus, it appears 
that the amygdala, but not the hippocampus, plays a significant role in 
memory for food reward or affect.

150.8
H I P P O C A M P A L  F U N C T I O N  I N  T H E  R A T : C O G N IT IV E  M A P  O R  
V I C A R I O U S  T R I A L  A N D  E R R O R .  D , H u .  P .L . G re e n e * . &  A  A m se l. 
D e p t .  o f  P s y c h o lo g y  &  I n s t ,  f o r  N e u ro s c ie n c e ,  U n iv e r s i ty  o f  T e x a s ,  A u s t in ,  
T X  7 8 7 1 2 .

V ic a r io u s  t r i a l - a n d - e r r o r  (V T E ) i s  a  t e r m  w h ic h  M u e n z in g e r  ( J  G e n e t  
P sy c h o l. 1 9 3 8 ) a n d  T o lm a n  (P sv c h o l R e v . 1 939) u s e d  to  d e s c r ib e  t h e  r a t 's  
c o n flic t- lik e  b e h a v io r  p r io r  to  r e s p o n d in g  a t  a  ch o ic e  p o in t .  R e c e n tly ,  V T E  
w a s  p ro p o se d  a s  a  m e c h a n is m  to  r e p la c e  t h e  c o n c e p t o f  "c o g n itiv e  m a p "  in  
a c c o u n ts  o f  h ip p o c a m p a l  fu n c t io n , p a r t i c u l a r ly  in  m u lti- c h o ic e  d i s c r im in a 
t io n  le a r n in g  t h a t  in v o lv e s  r e m o te  e x te r n a l  c u e s  (A m se l, H ip p o c a m p u s . 
1993). T h e  s u g g e s t io n  i s  t h a t  m a n y  p h e n o m e n a  o f  im p a i r e d  l e a r n in g  a n d  
m e m o ry  t h a t  a r e  r e l a te d  to  h ip p o c a m p a l  i n te r v e n t io n s  c a n  b e  e x p la in e d  
b y  b e h a v io r a l  f i r s t  p r in c ip le s :  c o n flic t in g , in c ip ie n t ,  p re -c h o ic e  te n d e n c ie s  
to  a p p ro a c h  a n d  to  a v o id .

T h is  e x p e r im e n t  w a s  a  f i r s t  a t t e m p t  to  i n v e s t ig a te  t h e  r e l a t i o n s h ip s  
a m o n g  h ip p o c a m p a l  f u n c t io n ,  V T E , a n d  d i s c r im in a t io n  l e a r n in g .  H ip p o - 
c a m p a l- le s io n e d  a n d  s h a m - le s io n e d  S p r a g u e - D a w le y  a d u l t  r a t s  w e re  e x 
p o s e d  to  a n  a p p e t i t iv e ,  s im u l ta n e o u s ,  v i s u a l  d i s c r im in a t io n .  O n  e a c h  o f  
2 5  d a ily  t r a i n in g  s e s s io n s  (2 0  t r i a l s  p e r  s e s s io n )  t h e  r a t 's  V T E  b e h a v io r  
w a s  r e c o r d e d  in  t h e  c h o ice  a r e a  o f  a  G r ic e  box : e a c h  m o v e m e n t  o f  t h e  h e a d  
f ro m  o n e  s t im u lu s  to  t h e  o th e r  w a s  c o u n te d  a s  a n  i n s t a n c e  o f  V T E . T h e  
r e s u l t s  w e r e  (1) t h a t  le s io n e d  r a t s  m a d e  f a r  f e w e r  V T E s  t h a n  c o n tro ls ,  
a n d  th e y  l e a r n e d  m u c h  m o re  s lo w ly  o r  n e v e r  l e a r n e d ,  (2) t h a t ,  a f t e r  t h e  
r a t s  l e a r n e d ,  V T E  f re q u e n c y  d e c lin e d , a n d  (3) t h a t  m a le  r a t s  m a d e  fe w e r  
V T E s  t h a n  f e m a le  r a t s .  W h ile  n o  e x p e r im e n t  in v o lv in g  V T E  a n d  im 
p a i r e d  h ip p o c a m -p a l  f u n c t io n  h a s  y e t  b e e n  p e rf o r m e d  in  t h e  m u lti-c h o ic e  
a p p a r a t u s e s  l ik e  t h e  r a d i a l - a r m  m a z e , t h e  p r e s e n c e  o f  V T E -lik e  b e h a v io r  
in  t h e  r a d i a l - a r m  m a z e  p e r f o r m a n c e  h a s  r e c e n t ly  b e e n  o b s e rv e d  a n d  
d e s c r ib e d  a s  " m ic ro c h o ic e s"  (B ro w n . J  E x p  P sv c h o l. 1992). S u p p o r te d  b y  
N IA A A  g r a n t  A A 0 7 0 5 2 .

150.10
CHANGED ENVIRONMENT INFLUENCES HIPPOCAMPUS- 
DEPENDENT LEARNING IN BOTH ADULT AND YOUNG RATS 
Sigrun Ringvold, May-Britt Moser & Per Andersen*, Dept. of Neuro
physiology, University of Oslo, Box 1104 Blindem, 0317 Oslo, Norway.

In order to investigate adult rats' capacity to change their learning 
ability, we compared water-maze learning in young and adult rats 
exposed for 18 days to environments of different complexity. Isolated 
rats (young, 30d, n=9; adult, 100d, n= 21) were housed individually in 
opaque cages in a silent room. Control rats were kept in pairs in 
transparent cages (adult, n=10). Enriched rats (young, n=11; adult, 
n=19) lived in groups (5-7) and were exposed daily (4Һ) to a complex 
environment (2x2x3m) with objects, food and spatial arrangements 
changed daily. In all enriched rats, the latency to leave the home cage 
and to find the hidden food decreased over days, but with different 
rates. Spatial learning was subsequently tested in a Morris water-maze.
At both ages, the enriched rats acquired the standard task faster than the 
other groups. On a subsequent matching-to-place task, the platform was 
moved daily to a new position which was retained for a block of 4 trials.
Six out of seven enriched rats swam directly to the novel position on the 
second trial. In contrast, the paired housed (9 out of 10) and isolated (7 
out of 9) rats continued to search in the position where the platform was 
located the day before, demonstrating a reduced ability to relearn a new 
spatial position. Dorsal hippocampal lesions abolished the improvement 
of spatial learning following enrichment, but had no effect on the amount 
of exploration in a test with novel items. Thus, spatial learning is sensitive 
to the complexity of the rearing environment in both young and adult 
rats. This effect is present only in rats with intact dorsal hippocampi.
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150.11

WITHDRAWN

150.13
APV IMPAIRS CONTEXT REPRESENTATION IN AN EXPLORATION 
TASK. B. M. De Oca and M. S. Fanselowf University of 
California, Los Angeles, CA 90042.

DL-2-am ino-5-phosphonovaleric acid (APV), a 
competitive N-methyl-D-aspartate receptor antagonist, has 
been shown to impair learning in both spatial tasks and fear 
conditioning to contextual stimuli. To further understand the 
type of deficits caused by APV, this experiment examined the 
effect of APV in an open field test. Rats received an 
intracerebroventricular administration of APV or saline prior 
to placement in a novel open field. Exploratory behavior was 
measured by counting the number of lines crossed in a twenty 
minute period. Initially, all rats exhibited a high level of 
exploratory behavior. Rats administered saline gradually 
decreased exploration, indicating normal habituation to the 
context. However, rats administered APV maintained a high 
level of exploration throughout the test. The lack of habituation 
in the rats administered APV suggests that exploration did not 
lead to the encoding of a context representation. These results 
parallel those seen with hippocampal impairment. It is 
suggested that APV impairs contextual conditioning by 
preventing the formation of a contextual representation.

150.15
EFFECTS OF FIMBRIA-FORNIX, SEPTAL, AND AMYGDALA LESIONS ON 
MEMORY, ACOUSTIC STARTLE, ANXIETY, AND LOCOMOTOR ACTIVITY 
IN RATS. M.W. Decker*. P. Curzon. and J.D. Brionia Neuroscience Research, 
Pharmaceutical Products Division, Abbott Laboratories, Abbott Park, IL 60064.

The septohippocampal system and the amygdala have been implicated in theories 
of both cognitive processing and anxiety. Thus, we examined the effects of separate 
and combined lesions o f these areas on a behavioral battery tapping these functions.

Radiofrequency lesions were produced in male, Long-Evans rats under 
pentobarbital anesthesia. Separate groups o f rats received sham lesions or lesions 
o f the fimbria-fornix (FFX), the medial septum (MS), the amygdala (AMYG) or 
both the MS and the AMYG. Performance was then evaluated using a behavioral 
battery including: acquisition o f a spatial discrimination version o f the Morris water 
maze, retention o f inhibitory avoidance training, prepulse inhibition o f the acoustic 
startle response (a test of sensory gating), the elevated plus maze (an anxiolytic 
screen), and open field activity. Both MS and FFX lesions markedly impaired the 
acquisition o f spatial information in the water maze, with the latter producing more 
severe effects. AMYG lesions by themselves had no significant effect on this task, 
but significantly potentiated the effects of MS lesions. In contrast, neither MS nor 
FFX lesions impaired retention o f inhibitory avoidance training or prepulse 
inhibition o f acoustic startle, whereas AMYG lesions produced impairments on 
both o f these measures. AMYG lesions also reduced the magnitude o f the startle 
response itself. Both MS and FFX lesions increased open arm exploration on the 
elevated plus maze, whereas AMYG lesions had no effect on this measure. 
Evidence for increased locomotor activity in the open field were found with MS, 
FFX, and AMYG lesions, but the pattern of open field activity differed markedly in 
these groups.

Our results suggest several interesting neuroanatomical dissociations regarding 
the control of cognitive and emotional processes.

150.12
C O N D I T I O N A L  D I S C R I M I N A T I O N  L E A R N I N G  U S I N G  
E N V I R O N M E N T A L , A S  O P P O S E D  T O  V I S C E R A L , C U E S  IS  
D IS R U P T E D  B Y  H IP P O C A M P A L  A S P IR A T IO N  L E S IO N S . D  M . 
Skinner* and D. van der KflQY· D e p t .  o f  A n a to m y  a n d  C e ll  B io lo g y , 
U n iv e r s i ty  o f  T o ro n to ,  T o ro n to ,  O n ta r io ,  M 5 S  1A8.

W h ile  p e r f o r m a n c e  o n  m a n y  c o m p le x  l e a r n in g  t a s k s  d e p e n d s  on  
t h e  i n t e g r i t y  o f  t h e  h ip p o c a m p u s ,  w e  h a v e  p r e v io u s ly  s h o w n  t h a t  
a c q u i s i t i o n  o f  c o n d i t i o n a l  d i s c r im i n a t io n s  i s  n o t  i m p a i r e d  b y  
h i p p o c a m p a l  l e s io n s .  A n im a l s  w e r e  t r a i n e d  o n  a  c o n d i t i o n a l  
d i s c r im in a t io n  t a s k  t h a t  e m p lo y e d  t a s t e  a v e r s io n s .  O n  s o m e  d a y s  
a n im a ls  w e r e  in je c te d  w i th  a  d r u g  p r io r  to  a  f la v o r -L iC l  p a ir in g .  O n  
a l t e r n a t e  d a y s  i n je c t i o n s  o f  p h y s io lo g ic a l  s a l i n e  p r e c e d e d  a n d  
fo llo w e d  a c c e s s  to  t h e  s a m e  f la v o r e d  s o lu t io n .  A n im a l s  w i th  
a s p i r a t i o n  o r  ib o te n ic  a c id  l e s io n s  o f  t h e  h i p p o c a m p u s  l e a r n e d  a s  
w e ll a s  c o n tro ls ,  c o n s u m in g  s ig n i f ic a n t ly  le s s  f lu id  w h i le  in  t h e  d r u g  
s t a t e  t h a n  a f t e r  s a l i n e  in je c t i o n s .  I n  a  s im i l a r  d i s c r im i n a t io n  
p a r a d ig m  w h e r e  e n v ir o n m e n ta l  ( v is u a l  a n d  t e x t u r a l )  c u e s  r e p la c e d  
d r u g  s ta t e s  a s  p r e d i c to r s  o f  w h e t h e r  a  f la v o r e d  s o lu t io n  w o u ld  b e  
fo llo w e d  b y  L iC l ,  a n i m a l s  w i th  i b o te n i c  a c id  l e s i o n s  o f  t h e  
h ip p o c a m p u s  l e a r n e d  a s  w e l l  a s  c o n tr o l s .  W e  n o w  r e p o r t  t h a t  
l a r g e r ,  a s p i r a t i o n  le s io n s  o f  t h e  h ip p o c a m p u s  d o  im p a i r  a c q u is i t io n  
o f  c o n d i t io n a l  d i s c r im in a t io n  l e a r n in g  u s in g  e n v i r o n m e n ta l  c u e s . 
W h ile  l e s io n e d  a n im a ls  c a n  e v e n tu a l ly  a c q u ir e  t h e  t a s k ,  t h e y  do  so  
a t  a  m u c h  s lo w e r  r a t e  t h a n  s h a m  c o n tro ls .  T h e s e  d a t a  s u g g e s t  t h a t  
w h i le  t h e  h ip p o c a m p u s  i t s e l f  m a y  n o t  m e d ia te  c o n d it io n a l  l e a r n in g ,  
s o m e  s i te  in  c lo se  p r o x im ity  to  t h e  h ip p o c a m p u s  m a y  m e d ia te  t h i s  
ty p e  o f  l e a r n in g  w h e n  e n v i r o n m e n ta l ,  b u t  n o t  v i s c e r a l  ( i.e . d r u g  
s ta t e s ) ,  c u e s  a r e  u s e d .

150.14
EFFECTS OF UNI- AND BILATERAL NEONATAL HIPPOCAMPAL 
LESIONS ON SPATIAL MEMORY AND MOTOR ACTIVITY. H. van
Praag*. I.B. Black and C.F. Dreyfus. Dept. Neuroscience & Cell Biology, 
UMDNJ/RWJ Medical School, Piscataway, NJ 08854.

Hippocampal lesions disrupt memory and increase motor activity. 
Although hyperactivity may affect exploration and habituation, it is 
unclear whether it contributes to the memory deficit. The present study 
provides evidence for a dissociation between activity and memory, and 
suggests that different brain structures may be involved.

Following uni- or bilateral lesions of the hippocampus in neonatal rats, 
we assessed open field behavior and performance of a spatial memory 
task. When tested 6 weeks postoperatively, rats subjected to bilateral 
electrolytic lesions at birth were hyperactive (increased locomotion, 
sniffing and rearing). Their performance of a forced alternation task on a 
T-maze was impaired. The projecting septum and locus coeruleus (le) 
were also affected. Septal choline acetyltransferase (CAT, the 
acetylcholine synthesizing enzyme) activity as well as the number of 
septal cholinergic neurons were reduced. Conversely, the lesions 
produced an increase in tyrosine hydroxylase (TH, the rate-limiting 
enzyme in catecholamine biosynthesis) activity in noradrenergic Ic 
neurons. To study the potential dissociability of motor activity and spatial 
memory function, we made unilateral lesions. Similar to the bilateral 
groups, rats were impaired in performance on the T-maze. However, 
motor activity was unchanged. In addition, septal CAT and Ic TH were 
not affected.

We conclude that a deficit in spatial memory is not necessarily 
accompanied by hyperactivity. It remains to determined whether the 
hyperactivity that accompanied bilateral lesions exacerbates the memory 
deficit, and whether it is associated with altered septal and Ic function. 
Supported by NIH HD23315 and NINDS NS10259.

150.16
IMPROVEMENT OF LONG-TERM RETENTION OF A SPATIAL 
DISCRIMINATION TASK IN MICE BY INTRAHIPPOCAMPAL 
INJECTIONS OF A PKC ACTIVATOR THAT POTENTIATES 
SYNAPTIC TRANSMISSION X. Noguès*. J. Micheau and R. 
Jaffard. Lab. Neurosciences Comportementales et Cognitives, URA 
CNRS 339, Univ. Bordeaux I Av. des Facultés 33405 Talence 
cedex France.

The involvement of Protein Kinase C (PKC) in neuronal plasticity 
has suggested that PKC may be a critical intracellular second 
messenger in learning and memory processes. It has been shown 
that some memory tasks were able to promote modifications of its 
activity in the hippocampus. Interventional approaches have shown 
alterations of performance by injection of PKC inhibitors. In order 
to test the possibility that PKC activators may enhance memory 
function, we performed recordings of transcommissural evoked 
potentials (TEP) following intrahippocampal injections of 1-oleoyl 2 
acetyl glycerol (OAG, lmg/ml in 0.02 ml of ethanol 50% bilaterally) 
and studied the effects of this treatment on a 16 days delayed 
retention of a spatial concurrent discrimination performed in an 8- 
arm radial maze. Results indicated that the activation of PKC by 
OAG promotes potentiation of the TEP 1 hr after the injection, and 
lasts at least 2 hr. Compared to the vehicle group OAG 
administration (15 min before and 3 hr after the end o f the last 
acquisition session) produced an improvement of reference memory 
performances 16 days later The results suggest that facilitation of 
neuronal hippocampal functioning by PKC activation promotes 
long-term modifications o f neuronal plasticity that lead to 
enhancement of long-term memory.
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THE DEVELOPMENT OF HIPPOCAMPAL PHORBOL ESTER BINDING 
PARALLELS THE EMERGENCE OF SPATIAL LEARNING IN C57BL/6 
AND DBA/2 MICE, ą  Paylor ». ί  Bąskąll, Ļ A  Yuvą, ąn<J J. M- Wahner, 
Institute for Behavioral Genetics, University of Colorado, Boulder, CO 
80309.

We have shown that C57 mice perform better on hippocampal-dependent 
tasks compared to DBA mice, and that these performance differences may 
be related to increased hippocampal protein kinase C (PKC) activity and 
phorbol ester binding in C57 mice.

This project determined if the development of hippocampal PKC is related 
to the ontogeny of spatial learning in C57 and DBA mice. Phorbol ester 
binding, spatial and non-spatial versions of the Morris task, and quantitative 
immmunoblot experiments were evaluated in C57 and DBA mice at 10, 17, 
24,31, and 60 days of age. Results from phorbol ester binding experiments 
show that hippocampal binding differences in the membrane emerged 
around 24 days of age; there were no differences between C57 and DBA 
mice at 10 or 17 days, but C57 mice had significantly more binding in 24, 31 
and 60 day olds. C57 mice also had more binding in the cytosol at 24 days, 
but not in 10,17, 31, or 60 day olds. C57 mice were impaired at the hidden- 
platform task at 17 days of age, but could solve the task at 24 days. DBA 
mice were impaired at the spatial task at all ages tested. There were no strain 
differences on the visible-platform task. The quantitative immunoblot 
experiments are ongoing, and should help determine if PKC isozymes play 
differential roles in the development of spatial learning.

These data demonstrate that hippocampal phorbol ester binding 
differences in two inbred strains of mice parallels the ontogeny of spatial, but 
not non-spatial learning in the Morris task. These results provide further 
evidence that hippocampal PKC activity may be directly related to spatial- 
learning performance.
Supported by MH-48663 and RSDA AA-00141.

1 5 0 .1 9

THE BEHAVIOURAL DISSOCIATION OF MEMORY SYSTEMS BY 
CYSTE AM INE INJECTIONS IS ASSOCIATED WITH OPPOSITE TRAINING- 
INDUCED ALTERATIONS IN HIPPOCAMPAL ADENYLATE CYCLASE 
ACTIVITY. J.L Guillou*. J. Micheau & R. Jaffard. Lab. Neurosciences Comport, 
et Cognitives URA 339 Αν. des facultés 33405 Talence France.

We present elsewhere in this meeting results that demonstrate in mice task- 
dependent effects after systemic injections of cysteamine (CYS, a somatostatin 
depletor). Specifically, we showed that CYS dramatically impaired the acquisition of 
a spatial discrimination (SDis) in a radial maze, whereas it improved performance in 
an appetitively reinforced bar-pressing task (BPr). Together with experiments 
showing that intra-hippocampal injections o f both drugs produced similar effects, 
these results suggest that, depending on the task, the hippocampal formation may 
subserve different ("opposite") processing functions. The aim of the present 
experiment was to examine training and/or CYS-induced hippocampal 
neurobiological alterations that could reflect this (dual) processing function. Because 
somatostatin (SS-14) binds to receptors that are coupled to the inhibition of the 
adenylate cyclase, the depletion of central SS-14 induced by CYS may result in 
changes of adenylate cyclase (AC) activity. Mice were trained during 9 days either in 
the SDis task or in the Bpr task. They were divided into 4 groups according to both 
the subcutaneous injection they received before each daily session (CYS, 160 
mg.kg-1 or saline), and their training regimen (trained or "quiet"). After the ninth 
day of training, AC activity was evaluated in the hippocampus by measuring cyclic 
AMP (cAMP) formation with and without (basal level) forskoline (FK) stimulation. 
In the "quiet" control group, CYS (vs. saline) produced an increase in both basal and 
stimulated AC activity; the increase in basal AC activity was significantly 
potentiated in the CYS group trained on the Bpr task. Conversely, whatever the 
treatment (i.e., CYS or saline), the stimulated cAMP formation was greatly reduced 
after SDis learning and a highly significant negative correlation was observed 
between response accuracy and FK stimulated AC activity. Thus, these observed bi
directional task-dependent training-induced alterations in AC activity fit well with 
the opposite effects of CYS in each task.

1 5 0 .2 1

EFFECTS OF A CUE AND DISTRACTER ON SPATIAL 
LEARNING AFTER HIPPOCAMPAL DAMAGE:GENDER 
DIFFERENCES. B, Themen». J.E, Holden and E. Hebda-Bauer. The 
University of Michigan, Ann Arbor MI 48109 

Place navigation ability is disrupted by damage to the hippocampal 
formation (HPC). This study explored effects of cue navigation with 
and without an environmental distracter on spatial learning after HPC 
damage. Adult male (N=47) and female (N=45) rats received 
unilateral or bilateral HPC lesions or sham surgery. Following 
recovery, they were exposed to the Morris water task to determine the 
degree of spatial disorientation. A single visual cue marking the 
location of a submerged platform was then introduced. In the presence 
of the cue, unilateral animals performed as well as controls. Animals 
with bilateral damage remained impaired as compared to controls (p 
<.01) and unilaterals (p <.05); females were most affected. After four 
days of cue testing, a distracter was added. All animals with lesions 
were more distractible than controls (p <01). Repeated measures 
ANOVA showed that females with unilateral damage took more time 
to reach the goal (F=2.83; p=.05) and made greater heading error 
(F=3.49, p <.01) than males. A similar gender effect was observed in 
the bilateral group. No significant differences were found between 
male and female controls. We conclude that following HPC damage;
1) a single cue improves spatial orientation but animals with bilateral 
damage remain impaired, 2) improvements seen with a single cue are 
dampened by a distracter, and 3) females with HPC lesions are more 
distractible than males.

150.18
SOMATOSTATIN IMPROVES AND CYSTEAMINE IMPAIRS SPATIAL 
LEARNING IN THE RADIAL-MAZE BUT PRODUCE AN OPPOSITE EFFECT 
ON AN APPETITIVELY REINFORCED BAR-PRESSING TASK. R. Jaffard* J. 
Micheau & J.L Guillou.. Lab. Neurosciences Comportementales et Cognitives 
URA CNRS 339 Univ. Bordeaux I Av. des facultés 33405 Talence cedex France.

Neuropathological studies disclosed a reduced content of somatostatin (SS-14) and 
a loss in the number of SS-14 receptors in the cerebral cortex and the hippocampal 
region of Alzheimer’s patients. Correlations between the degree of somatostatin 
deficiency and the extent of both cholinergic deficit and cognitive impairment have 
been reported. In a previous set of experiments we (Guillou et al., submitted) 
showed that, in mice, intrahippocampal injections of SS-14 facilitated, whereas its 
depletor cysteamine impaired the acquisition of a spatial reference memory task. The 
present experiment was aimed at comparing the effects of subcutaneous (sc) 
injections of cysteamine (80,160,300mg.kg-l) and intrahippocampal injections of 
SS-14 (0.2μg/0.2pl) on two different learning tasks: a spatial discrimination task in 
a 8-arm radial maze (SDis) and an appetitively reinforced bar-pressing task with 
continuous reinforcement (BPr). Compared to placebo, SS-14 injection given before 
each daily learning session facilitated, whereas cysteamine (160 mg.kg-1) 
dramatically impaired the acquisition of the SDis over the 9 days of training. 
Conversely, cysteamine facilitated and somatostatin slowed down the acquisition of 
the BPr task, notably on the first "retention" session (day 2) that followed the first 
(partial) "acquisition" session (day 1). In a subsequent experiment, somatostatinergic 
and cholinergic interactions were investigated by combining pre-training injections 
of physostigmine (0.05mg.kg-l, ip) and cysteamine (160 mg.kg-1). Results showed 
that physostigmine partially but significantly reversed the Sdis learning deficit 
produced by cysteamine. Taken together, these results indicate a strong task- 
dependent effect of treatments that goes far beyond a double dissociation as evidenced 
by the bi-directional effects of both drugs. Moreover, they provide preliminary 
evidence for a significant functional interaction between somatostatinergic and 
cholinergic mechanisms.

150.20
DIFFERENTIAL EV O LUTIO N OF PO ST-TR A IN IN G  CH AN G ES IN  
BRAIN GLUCOSE METABOLISM  IND UC ED BY REPEATED SPATIAL 
D ISC RIM INA TIO N TR AININ G  IN  MICE: V ISU ALISATIO N OF THE 
CO NSO LID ATIO N PROCESS ? B. Bontempi. R. Taffard and C. Destrade.» 
Lab. N eurosciences C om portem entales et C ogn itives, URA CNRS 339, 
Université d e Bordeaux I, av. des Facultés, 33405*Talence cedex, France.

We previously analysed regional m apping of 14C-glucose (GLU) uptake 
in BALB/c m ice at various post-training (PT) tim e intervals (5min, Ihr, and 
3hrs) follow ing both the first day (Day 1) and last day (Day 9) of a spatial 
discrim ination task in an 8-arm radial m aze (BONTEMPI et al, 1991,
C.R.Acad. Sci. 313; 195-200). On Day 1, a progressive and sequential 
increase in labeling was found from sub-cortical (5min PT) to cortical regions 
(3hrs PT). In contrast, on Day 9, increased labeling was found 5m in PT in all 
subcortical and cortical regions follow ed by a general m onotonie decline at 
Ihr and 3hrs PT. In an attem pt to further characterise these tim e- 
dependent cerebral m etabolic changes as a function of task m astery, we 
have here analysed GLU labeling consecu tive to the 4th daily  session  
(partial acquisition) of training. On D ay 4, by com parison to an active 
control group, increased GLU labeling was found 5min PT in trained animals 
in all sub-cortical and cortical regions. W hile labeling intensity decreased  
at Ihr PT in entorhinal cortex and dentate gyrus, it w as m aintained at this 
time in m edial septum , hippocam pus CAI and CA3, subiculum , cingulate, 
parietal and frontal cortices. N o  sign ificant m etabolic activation was 
found in these regions at 3hrs PT. These data suggest that the acquisition- 
dependent shifts in the pattern o f PT m etabolic labeling observed m ay 
effectiv e ly  p rov id e a m ap of the spatio-tem poral evo lu tion  o f the 
networks of brain structures actively engaged in the consolidation process. 
Supported by CNRS and DRET grants.

150.22
SEX DIFFERENCES IN SPATIAL LEARNING: GEOMETRY VS. DISTANCE. 
S.G. Warren* and L. Nadel.

Numerous reports of sex differences on spatial tasks, 
particularly in humans, have to date produced little 
understanding of the specific nature of these differences. 
Williams, Barnett and Meek (1990), suggested that the sex 
difference in spatial performance stems from a difference in 
how male and female rats approach spatial problems. They 
claimed that males attend to the geometry (shape) of the 
environment to perform a spatial task, whereas females can 
utilize both the geometry and the landmarks in the
environment. As a consequence of this discrepancy, a sex
difference in performance might be observed on certain 
tasks, depending on the shape of the experimental room. 
Warren, Wilson and Nadel (1990) reported a sex difference 
mediated by the distance the cues were from the navigational 
arena, with no sex difference when the cues were proximal to 
the arena, and a male advantage when the cues were distal. 
The shape of the environment was not controlled, however. 
The present study examined these two competing hypotheses by 
systematically manipulating the shape of the environment and 
the distance of the cues from the navigational arena. The
influence of these variables on spatial performance was
examined in the Morris water task. Results indicated that 
performance of the males and females was differentially 
affected by the distance of the cues from the navigational 
area, but not by the shape »or geometry, of the experimental 
environment. The results suggest that males and females 
might differ in terms of the spatial strategies they 
preferentially employ, or in terms of skills, such as 
distance estimation, that are critical to spatial task 
performance. This study provides little support for the 
view that males are generally superior to females in spatial 
abilities.
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151.1
EX PER IENC E-IND UCED N EO C O R TICA L DEN D R ITIC  G ROW TH IS 
REDUCED BY HIPPOCAMPAL FORMATION DAMAGE. R. I. Sutherland*.
B. E. Kolb and R. Gibb. Depts. of Psychology and Physiology, Univ. o f N ew  
Mexico, NM  87131-1161 U. S. A. and Univ. of Lethbridge, Canada, TİK 3M4.

M edial temporal lobe dam age causes a retrograde am nesia in which  
recently acquired in form ation is m ore sen sit iv e  than rem otely  acquired  
inform ation. One explanation for this p henom enon is that h ippocam pal 
form ation (HPC) circuitry interacts over a period o f tim e w ith  cortical areas 
to permit long-lasting alterations in circuitry. These alterations could form  
a basis for permanent, HPC-independent m em ories. W e explored this idea  
u sin g  rats w ith  HPC dam age induced by kainate+colch icine (N  = 10) or 
ibotenate (N  = 10) or perforant path electrolytic lesion (N  = 2) techniques. 
Lesions were m ade in only one hemisphere. For 9 weeks, beginning at least 4 
w e e k s  after su rg ery , h a lf o f  th e rats liv e d  in  la rg e , to y -f ille d , socia l 
environ m ents. The other half liv ed  a lon e in standard, w ire cages. The 
brains o f all rats were stained using a Golgi-Cox m ethod and m easures of 
dendritic m orphology w ere taken using a sem i-autom ated neuron tracing 
system . Ten pyram idal neurons from the parietal area of each hem isphere 
were m easured. A nalyses o f intact hem ispheres show ed that liv ing  in the 
complex environment produced increases in neocortical thickness, number of 
dendritic branches, total dendritic length, and density of dendritic spines. In 
contrast, in enriched, lesion  hem ispheres no statistically  reliable increases  
were detected. In rats that lived alone in wire cages, HPC dam age d id  not 
sign ifican tly  change neocortical th ickn ess, den d ritic  branching, or total 
dendritic len gth , althou gh dendritic sp in e d en sity  w as increased. These  
data su p p ort the id ea  that the H PC perm its lo n g -la s tin g , exp erien ce-  
induced alterations in neocortical circuitry.

151.3

EXTENSIVE RETROGRADE AMNESIA IN RATS WITH IBOTENATE 
LESIONS TO THE HIPPOCAMPUS OR SUBICULUM . J . J . B o lh u ls1 
a n d  C. A. S tew art2 . 1>2 D ept. o f Pharm acology, Univ. o f E dinburgh , 
E d inbu rgh EH8 9JZ, UK an d  ^Univ. o f Cam bridge, Dept. o f Zoology, 
Cam bridge CB2 3E J, UK. (SPON: E u rop ean  N eu roscien ce A ssociation).

R ats (N=57) w ere given a  series o f 4 8  p lace-n av igation  trials in an  
open-fie ld  w aterm aze follow ed, e ith er 3 d ays or 14 w eek s later, by  
iboten ic  acid  les io n s  o f th e h ip p ocam p u s (HPC), su b ic u lu m  (SUB) or 
by sh am -su rgery  (SHAM). Two w eek s after surgery  th ey  w ere given a  
reten tion  te s t  in  w h ich  n o  h id d en  e sca p e  p latform  w a s p resen t. A  
sign ificant tim e-d ep en d en t d ecline in  perform ance w a s observed in  the  
SHAM group, w h ile  b o th  le s io n e d  g rou p s p erform ed a t c h a n c e  a t 
either reten tion  interval. On on e  m ea su re  o f reten tion , th e  14 w eek  
SHAM group perform ed s ig n ifica n tly  b etter  th a n  c h a n c e  lev e ls  and  
b etter th a n  th e corresp on d in g  HPC a n d  SU B grou p s. All ra ts  w ere  
th e n  retra in ed  for 2 4  p la ce-n a v ig a tio n  tria ls  follow ed  b y  a  seco n d  
re te n tio n  te s t .  C o n tro ls  w ere  e sc a p in g  rap id ly  w ith in  2  tr ia ls , 
su g g estin g  a  reactivation  o f m em ory rath er th a n  relearning. T he HPC 
g rou p s w ere sev ere ly  im paired  d u rin g  retrain in g, b u t th ere w a s  a  
develop ing trend tow ards b etter perform ance in  th e  З -day HPC group. 
The rats th en  received  2 4  tria ls  o f  reversal tra in in g  in  w h ich  th e  
esca p e  platform  w a s placed in  th e  op p osite  quad ran t o f th e  pool. This 
n ew  location w as learned by SHAM and SU B rats, b u t th e HPC groups 
w ere sev ere ly  im paired . T h ese  r e su lts  in d ica te  th a t h ip p o ca m p a l  
les io n s  c a u se  deficits in  retrieval, b u t do not reveal a  tim e-d ep en d en t  
gradient o f m em ory consolidation , (supp. by th e MRC a n d  AFRC (UK)).

151.5
RATS WITH HIPPOCAMPAL DAMAGE DEMONSTRATE 
RETROGRADE AMNESIA FOR OBJECT DISCRIMINATIONS.
N. Vnek* and LA. Rothblat. Dept. of Psychology, The George 
Washington University, Washington, D.C., 20052

Retrograde amnesia (RA), the loss of memories that were acquired 
prior to an amnesia-inducing event, is often seen in neuropathological 
syndromes of varying etiologies. The RA that patients exhibit, 
moreover, is sometimes characterized by a temporal gradient. That is, 
in some cases there is a differential vulnerability of stored information, 
where more remote memories are preserved and those formed in 
temporal proximity to the amnesia-inducing event are lost.

The present study was designed to model the RA seen in human 
clinical populations. Based on a paradigm developed by Zola-Morgan 
and Squire (1990) with monkeys, rats were trained on one object 
discrimination problem at three different preoperative intervals and 
then subjected to hippocampal lesions or treated as controls. Rats were 
then retrained on these three problems to measure retention. Retention 
of the oldest problem (mean age = 56.3 days before surgery) did not 
differ between the two groups, but lesioned rats demonstrated impaired 
retention of the intermediate (mean age = 27.4 days) and most recently 
acquired (mean age = 1 day) problems. This finding lends support to 
the view that the hippocampal formation plays a role in memory for a 
limited period of time, after which the neural representation of 
information resides in extra-hippocampal sites. Supported by ONR and 
GWU Facilitating Fund.

151.2
RETR OG RA DE A M N E S IA  AFTER H IP P O C A M P A L  LESION: N O  
TEMPORAL GRADIENT FOR PLACE OR CUE INFORM ATION. M.P. 
W eisend* and R.T. Sutherland. D epts. o f Psychol, and Physiol., Univ. of 
N ew  Mexico, Albuquerque, NM  87131, USA.

Retrograde am nesia is  a central com p onent o f the am nesic syndrom e  
observed after m edial tem poral lobe lesions. In these cases, anterograde 
am nesia affects only certain types of inform ation, here called configurai. Is 
the sam e true for retrograde am nesia? W e exam ined retrograde amnesia 
after hippocam pal lesions w ith  one task requiring a configurai solution and 
one that can be solved elem entally. 24 Long-Evans hooded rats were trained 
daily in the sam e pool on tw o versions of the Morris water task: 1) fixed, 
h id d en  platform  and 2) d iscr im in ation  b e tw een  tw o  v isib le  platform s 
(striped vs. solid ). Rats received 80 trials w ith  the hidden  platform  and 
160 trials on  the v isib le  platform  d iscrim ination . H ippocam pal lesions  
were m ade using microinjections of kainate + colchicine either 1, 4, or 12 
w eeks after training. The lesions produced retrograde am nesia for both the  
con figu rai and e lem en ta l in form ation  w ith  no sp arin g  as  the interval 
betw een training and lesion increased. Rats relearned the visible platform  
discrim ination but not the location of the h idden  platform . Evidence for 
interference betw een the tw o versions of the water task during training the 
n o r m a ls  p r o m p te d  th e  tr a in in g  o f  12 a d d it io n a l  n a iv e  ra ts w ith  
hippocam pal lesions. N o  interference effect w as observed in these rats. We 
conclude: 1) the rap id ly  acquired configurai so lu tion  to the w ater task 
interfered w ith learning the elem ental solution, 2) there is no tem porally 
graded retrograde am nesia after com plete hippocam pal lesions, and 3) the 
intact hippocam pus is  used to learn tasks w hich require configurai solutions 
and at least so m e tasks that can be so lv ed  e lem en ta lly . Supported by 
UNM 's RAC.

151.4

IMPAIRMENT ON "LANDMARK" TEST OF ALLOCENTRIC 
SPATIAL ABILITY FOLLOWS TRANSECTION OF ENTORHINAL- 
HIPPOCAMPAL CONNECTIONS IN THE RAT. T.C. Gleason and
L.A. Rothblat*. Dept. of Psychology, The George Washington University, 
Washington, D.C., 20052

Damage to the entorhinal cortex or hippocampal formation is 
known to produce profound changes in spatial functions. In order to 
help clarify the nature of these changes, rats with transections of 
entorhinal-hippocampal connections were tested on a "landmark" test of 
allocentric spatial orientation, similar to that previously used with 
monkeys (Pohl, 1973).

Rats were trained to approach one of two foodcups, placed 36 cm 
apart, based on the proximity of the landmark. During initial training, 
the landmark was adjacent to the baited foodwell (0 cm). As training 
progressed, the distance of the landmark from the correct foodwell was 
increased in 1.25 cm increments. Rats with damage to entorhinal- 
hippocampal connections were not different from normal animals on 
initial learning (0 cm). Normal rats were able to successfully use the 
landmark as an external referent up to a distance of 11 cm. However, 
the performance of lesioned rats declined dramatically when the 
landmark was moved away from the foodwell. These results indicate 
that the entorhinal-hippocampal region plays an important role in 
allocentric spatial ability, even when the mnemonic demands of the task 
are minimal. Supported by ONR and GWU Facilitating Fund.

151.6
PARALLEL INFORMATION PROCESSING BY HIPPOCAMPAL AND 
DORSAL STRIATAL MEMORY SYSTEMS IN THE MORRIS WATER 
MAZE. Robert J. McDonald* and Norman M. White. Department o f Psychology, 
McGill University, Montreal, Quebec, Canada.

It is well-known that rats with damage to the hippocampal system are unable to 
learn the location o f an invisible (submerged) platform in the Morris water maze. It 
has also been reported that lesions o f the dorsal striatum (caudate nucleus) impair the 
same behavior (Whishaw, et al. Behav Br Res 24:125,1987). However, observation 
of animals with dorsal striatal lesions showed that they tended to stay around die edge 
of the pool and failed to explore the area where the platform was located. We found 
that these animals would swim to the central area o f the pool when a visible platform 
was used. Furthermore, rats with dorsal striatal lesions that had been trained with a 
visible platform found an invisible platform in the same location as quickly as normal 
animals, demonstrating that they had acquired information about its location based 
on spatial cues. The strength o f the influence o f this spatial information on the 
behavior o f dorsal striatal animals was illustrated by the fact that these animals swam 
to a visible platform in a new location only after swimming to the old spatial location 
and failing to find a platform there. Animals with fornix lesions had no difficulty in 
learning to swim to die visible platform during the original training. However, they 
were unable to locate that platform when it was submerged. When the visible 
platform was moved to a new location they swam directly to it. Thus, in the water 
maze, the hippocampal system processed information about the spatial relationship 
of the available cues and lesions of the dorsal striatum potentiated the influence of 
these cues on the animals’ behavior. At the same time, the striatal system processed 
information about die local cues, exemplified by the visible platform. These findings 
are consistent with die hypothesis that neural systems involving the hippocampus and 
dorsal striatum simultaneously and independently process and remember different 
types o f information.
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151.7
AMYGDALA-HIPPOCAMPUS INTERACTIONS IN ACQUISITION OF THE 
CONDITIONED CUE PREFERENCE (CCP) MEMORY TASK. Norman M, 
White* and Robert J. McDonald. Department of Psychology, McGill University, 
Montreal, Quebec, Canada.

In the CCP animals exposed to neutral cues while eating, engaging in sexual 
behavior or experiencing the pharmacological effects of certain self-administered 
drugs acquire approach responses to those cues in the absence of the so-called 
"rewarding" events. We previously showed that rats can acquire a CCP when the 
neutral cues are apparently "spatial" in the sense that they are the kind of distal room 
cues usually used in experiments on spatial memory. Rats were confined fra- equal 
amounts of time in each o f two widely separated locations (arms) of a radial maze, 
but were allowed to eat in only one o f them. When given a choice between the two 
locations, neither of which contained food, they exhibited a CCP for the location that 
had been paired with food. However, when the locations were defined by two 
adjacent maze arms no CCP was observed. Since it is known that animals can 
distinguish adjacent arm locations in other radial maze tasks thought to depend on 
spatial learning, this findings suggests that the CCP does not depend on spatial 
learning, probably because the animals are confined in the arms during training rather 
than being allowed to move through the maze. Although usually called the 
conditioned place preference, the CCP probably involves cue-, or stimulus-reward 
learning. Our previous finding that the CCP with separated locations is impaired by 
lesions of the lateral nucleus of the amygdala and facilitated by fornix lesions 
supports this idea. Post-training lesions o f the fornix did not facilitate the CCP, 
suggesting that a hippocampal function, possibly the formation o f a spatial map while 
actively observing distal cues, interferes with acquisition of the CCP by the amygdala. 
This was supported by the fact that a 10 min session o f maze exploration before the 
start of training inhibited acquistion of the CCP. The formation of a spatial map by 
the hippocampal system may inhibit cue-reward learning involving the amygdala.

151.9
CONFIGURAL THEORY A N D  THE HIPPOCAMPUS: IS LESION TYPE 
CRITICAL? EVIDENCE FROM FOUR TASKS. M.C. Alvarado* and l.W. 
Rudy. Dept. o f Psychology, Univ. of Colorado, Boulder, CO 80309-0345.

Evidence for the configurai theory of hippocam pal function (Sutherland 
& Rudy, 1989) comes from studies using combined kainic acid+colchicine 
(K/C) induced lesions. H owever, contradictory data has been obtained  
with ibotenic acid (IBO) lesions. To illuminate this issue, w e compared 
rats with K /C , IBO or Sham hippocam pal lesions on four tasks that the 
theory predicts depend upon configurai associations: 1) Place learning, 2) 
Transverse Patterning, 3) a Conditional Discrimination [Light/Clicker(+), 
Clicker(-), Tone(+), L ight/T one(-)] adapted from G allagher & H olland  
(1992) and 4) N egative Patterning [Light (+),Tone(+), L ight/T one(-)]. 
Note that Problems 3 and 4 are quite similar and, theoretically require the 
animal to form a unique representation o f the Light/Т оп е compound. As 
predicted by configurai theory, K /C  lesioned rats were impaired on all 
tasks; ӀЮ  lesioned rats were impaired on Place learning and on Transverse 
Patterning. H owever, IBO rats learned the Conditional Discrimination, 
though configurai theory predicts an impairment. Yet, when subsequently 
transferred to N egative Patterning, IBO rats were impaired. In fact, rats 
in all groups increased responding to the Light/Т о п е  com pound when  
transferred to N egative Patterning, though reward contingencies were 
unchanged. Only Control animals recovered to the low  response level they 
displayed on the Conditional Discrimination. These findings suggest that 
a configurai so lu tion  m ay not be ob ligatory for the C on ditional 
Discrimination. W e can conclude that for Place learning, Transverse 
Patterning and N egative Patterning, all o f w hich require a configurai 
solution, IBO and K /C  lesions impair performance. H ow  the Conditional 
Discrimination differs from the other tasks remains to be resolved.

151.11
HYPOBARIC HYPOXIA IMPAIRS SPATIAL MEMORY IN AN 
EXPOSURE-DEPENDENT FASHION. B. Shukitt-Haie*1. M.J. 
Stillman1, B.E. Marlowe1, D.I. Welch. J.A. Devine, R.L. Galli, A. 
Levy2, and H.R. Lieberman. Military Performance and Neuroscience 
Division, United States Army Research Institute of Environmental 
Medicine, Natick, MA 01760-5007, ^EO-CENTERS, INC., Newton 
Centre, MA 02159, and 2DBR, Ness Ziona, ISRAEL.

The effects of hypobaric hypoxia on spatial memory were 
examined. Behavioral deficits in cognitive performance are known to 
occur at altitude and may be attributable to impaired hippocampal 
function. Male Fischer 344 rats were tested in the Morris water maze, 
a test shown to be dependent on spatial memory, to examine the 
behavioral changes produced by hypoxia. Rats were tested at two and 
six hours following ascent to various hypoxic conditions: sea level, 
5500 m, 5950 m, and 6400 m. Reference memory and working 
memory escape latencies were used as the dependent measures in the 
statistical analyses. Altitude exposures above 5500 m adversely 
affected both reference and working memory performance in the maze 
in an exposure-dependent fashion. During sea level testing on the day 
following hypobaric exposure, decrements in reference memory, but 
not working memory, were observed. These results agree with human 
studies which demonstrated impaired spatial memory performance 
following hypobaric hypoxia in an exposure-dependent fashion.

151.8
HIPPOCAMPAL LESIONS DO NOT IMPAIR ALL FORMS OF 
CONFIGURAL OR CONTEXTUAL LEARNING. Robin A.JMurohv. Robert
J. McDonald. Fav A. Guarraci. Judv R. Gortler. A. G.Baker* & Norman M, White. 
Psychology Department, McGill University, Montreal, Quebec, Canada H3A IBI 
We tested the generality of the claim that an intact hippocampus is required for 
learning configurai representations of ambiguous events by training rats on a 
series of operant conditional contextual discriminations. Rats with bilateral 
kainate/colchicine lesions o f hippocampus and control animals were trained once 
a day in one of two contexts on an intramodal discrimination (Tone4", Click") with 
the reverse discrimination in the alternate context (Tone", Click4"). Acquisition c f  
the discrimination, assessed by comparing rates of lever pressing to the stimuli in 
extinction tests in both contexts, proceeded at similar rates in lesioned and normal 
rats. In a second experiment rats with lesions of the fimbria/fomix and control 
animals were trained on a similar discrimination using intermodal stimuli (Tone, 
Light). Again both groups acquired the discrimination at similar rates. In a final 
experiment, using similar preparations and intermodal cues (Tone, Light) we 
trained rats on the negative patterning problem (T4", L+/TL"), that has been 
reported to be impaired by hippocampal lesions (Rudy, Sutherland, Behav Br Res 
34:97"109,1989). Rats with lesions were unable to solve this discrimination. To 
test the hypothesis that another neural substrates mediates configurai learning we 
trained rats with bilateral NMDA lesions o f the dorsal striatum or the amygdala 
and controls on the intramodal conditional contextual discrimination. Neither 
lesion impaired acquisition. These experiments suggest that rats do not acquire all 
tasks that have been labelled configurai or contextual in the same way. The 
learning of some configurai tasks may be mediated by a neural system that 
includes the hippocampus, but the contextual learning task may be capable of 
acquisition by more than a single such system.

151.10
HIPPOCAMPAL NITRIC OXIDE SYNTHESIS INVOLVED IN WORKING 
MEMORY PERFORMANCE OF RATS. M. Ohno*. T. Yamamoto and S. 
Watanabe. Department of Pharmacology, Faculty of Pharmaceutical Sciences, 
Kyushu University, Fukuoka 812, Japan.

In order to elucidate the roles of hippocampal nitric oxide (NO) synthesis in 
working and reference memory performance of rats, the effects of 
intrahippocampal injections of the NO synthase inhibitor, N-nitro-L-arginine 
methyl ester (L-NAME), on this behavior were examined with a three-panal 
runway task. In a working memory task, L-NAME, injected bilaterally at 10 and 
32 /yg/side into the dorsal hippocampus, significantly increased the number of 
errors (attempts to pass through two incorrect panels of the three panel-gates 
at four choice points). This effect of intrahippocampal L-NAME (32 /yg/side) on 
working memory was attenuated by concurrent injection of 100 /yg/side L- 
arginine. Intrahippocampal D-NAME, the inactive isomer, at doses up to 32 
/yg/side had no significant effect on the number of working memory errors. The 
number of working memory errors also increased significantly after rats were 
given intrahippocampal injections of selective and competitive NMDA receptor 
antagonists, such as CPP (10 and 32 ng/side), CGS 19755 (10 and 32 ng/side) 
and D-AP5 (100 and 320 ng/side), but was not affected by intrahippocampal L- 
AP5 at doses up to 1 /yg/side. In a reference memory task, neither the NO 
synthase inhibitor nor NMDA receptor antagonists, injected into the 
hippocampus, affected the number of errors. These results suggest that 
mechanisms mediated by NO synthesis through NMDA receptors in the 
hippocampus are involved in working memory, but not in reference memory.

151.12
S E L E C T I V E  A C T I V I T Y  E N H A N C E M E N T  A N D  P E R S I S T E N C E  
I N  R A T S  A F T E R  H I P P O C A M P A L  X - I R R A D I A T IO N  I N  
IN F A N C Y : P O S S I B L E  R E L E V A N C E  F O R  A D H D . J .L .  D ia z -  
G r a n a d o s * .  P .L . G r e e n e .  & A  A m s e l.  D e p t .  o f  P s y c h o lo g y  &  I n s t ,  
f o r  N e u r o s c ie n c e ,  U n i v e r s i ty  o f  T e x a s ,  A u s t in ,  T X , 7 8 7 1 2 .

T h e  o r d e r  o f  e m e r g e n c e  o f  a  n u m b e r  o f  r e w a r d  s c h e d u le  e f fe c ts  
i n  t h e  i n f a n t  r a t ,  e .g ., p a r t i a l  r e in f o r c e m e n t  e x t in c t io n  e ffe c t  
(P R E E ),  s u c c e s s iv e  n e g a t iv e  c o n t r a s t ,  w h ic h  a r e  k n o w n  to  b e  
a f f e c te d  b y  h ip p o c a m p a l  i n te r v e n t i o n s ,  i s  r e l i a b ly  c o r r e la t e d  w i th  
t h e  le v e l  o f  m a t u r a t i o n  in  t h e  r a t  h ip p o c a m p u s  (A m se l, C a n  J  P s v . 
1 9 8 6 ). T h e  P R E E  i s  a n  e a r ly  o c c u r r in g  b e tw e e n - g r o u p s  e ffe c t  t h a t  
r e f l e c t s  r e l a t i v e  g r e a t e r  p e r s i s te n c e  i f  t r a i n i n g  i s  u n d e r  a  p a r t i a l  
r e in f o r c e m e n t  (P R F )  s c h e d u le  t h a n  i f  i t  i s  u n d e r  a  c o n t in u o u s  
r e in f o r c e m e n t  (C R F )  s c h e d u le .  W e  e x a m in e d  t h e  e f fe c ts  o f  fo c a l  x - 
i r r a d i a t i o n  o f  t h e  h ip p o c a m p u s  in  i n f a n c y  o n  t h e  P R E E  in  
w e a n l in g  r a t s  a n d  o n  r u n n i n g  w h e e l  a c t i v i t y  a t  4 0  d a y s  o f  a g e .
O u r  r e s u l t s  s h o w  a  d o s e - d e p e n d e n t  x - i r r a d i a t i o n  e f fe c t  o n  g r a n u le  
c e ll  n e u r o g e n e s i s  i n  t h e  h ip p o c a m p u s  a n d  a  c o r r e s p o n d in g  
in c r e a s e  i n  r u n n i n g  s p e e d  b o th  i n  a c q u is i t i o n  a n d  e x t in c t io n ,  a n  
i n c r e a s e  i n  p e r s i s te n c e  a f t e r  C R F  a n d  a  d e c r e a s e  i n  p e r s i s te n c e  
a f t e r  P R F  t r a i n in g .  T h e  s a m e  d e g re e  o f  h ip p o c a m p a l  g r a n u l e  c e ll 
a g e n e s i s  h a s  n o  e f f e c t  o n  r u n n i n g  w h e e l  a c t iv i ty .  T h e s e  r e s u l t s  
s u g g e s t  t h a t  t h e  e n h a n c e d  a c t iv i t y  i s  i n c e n t iv e - r e l a te d ,  a  
c o n s e q u e n c e  o f  c o n flic t ,  a n d  t h a t  t h e  i n c r e a s e d  s p e e d s  i n  t h e  
r u n w a y  a r e  n o t  a  r e s u l t  o f  s im p le  h y p e r a c t iv i ty  b u t  r a t h e r  o f  
h y p e r r e a c t iv i t y .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  s o m e  
e x p la n a t io n s  o f  A D H D  in  c h i ld r e n .  S u p p o r te d  b y  N IA A A  g r a n t  
A A 07052 .
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151.13
PERFORMANCE ON A CONDITIONAL ASSOCIATIVE 
LEARNING TASK FOLLOWING LESIONS TO THE 
MAMMILLARY REGION. V. S z ik la s * . M . P e tride s . a n d  F. L e ri. 
D ep t. o f P s ych o lo g y , M cG ill U n ive rs ity , M o n tre a l, Q u e b e c , 
C a n a d a  H 3A  1B1

In th e  p re s e n t s tu d y , ra ts  w ith  ex te n s ive  le s io n s  to  the  
m a m m illa ry  re g io n  (M B -R ), th e  h ip p o c a m p u s  (H ), o r  a  c o n tro l 
o p e ra tio n  (O C ) w e re  tra in e d  p o s t-o p e ra tiv e ly  o n  a  spa tia l 
c o n d it io n a l a sso c ia tive  le a rn in g  (C A L) ta sk , in w h ic h  th e y  had  
to  le a rn  to  m a ke  a  sp a tia l re s p o n s e  d e p e n d in g  o n  th e  p a rt icu la r 
v is u a l/a u d ito ry  s tim u lu s  s h o w n . T h e  a n im a ls  w e re  
s u b s e q u e n tly  tra in e d  o n  a sp a tia l w o rk in g  m e m o ry  ta sk , th e  
e ig h t-a rm  rad ia l m aze . R a ts w ith  M B -R  le s io n s  w e re  a b le  to  
a c q u ire  th e  C A L  ta s k  a t a ra te  c o m p a ra b le  to  O C  an im a ls , 
w h e re a s  th o s e  w ith  H le s io n s  w e re  no t. B y c o n tra s t, b o th  th e  
M B -R  a n d  H g ro u p s  w e re  s ig n if ica n tly  im p a ire d  in c o m p a r is o n  
w ith  th e  O C  a n im a ls  o n  th e  rad ia l m aze.

T h e se  fin d in g s  s u g g e s t th a t le s io n s  to  th e  M B -R  im pa ir 
spa tia l w o rk in g  m e m o ry  w ith o u t a ffe c tin g  th e  c a p a c ity  to  
a s s o c ia te  p a rt ic u la r  c u e s  w ith  sp a tia l lo ca tio n s .

151.15
FUNCTIONS OF THE PRELIMBIC AREA OF THE PREFRONTAL 
CORTEX: BEHAVIORAL ANALYSES IN IBOTENIC ACID 
LESIONED RATS. P. Gisquci-Vcrricr* and B, Dclatour. Laboratoire de 
Neurobiologie de TApprcniissagc ei de la Memoire, C.N.R.S., URA- 
1491, Univcrsilé Paris-Sud, 91405 Orsay, FRANCE.

Medial prefrontal cortex (MPfc) in rats is considered to be homologous 
to the dorsolateral convexity of prefrontal cortex in monkeys. Recent 
studies demonstrated that bilateral lesions restricted to the prclimbic region 
reproduced most of the classical disruption following MPfc lesions. The 
aim of this study was to investigate the role of the prelimbic region in the 
processing of a standard prefrontal-dependent task: the spatial delayed 
alternation. Scries of rats with bilateral ibotenic acid lesions to the 
prclimbic area and sham-operated animals were submitted to different 
behavioral tasks, to test the involvement of this region in the processing 
of one particular aspect of the spatial delayed alternation task. The ability 
of lesioned rats was investigated in the processing of (1) a temporal item 
(i.c. chronological information) using go/nogo discrimination in a runway, 
(2) a spatial item when rats were trained to locate a particular arm of a 
radial-maze, (3) several spatial items in a standard radial-maze task, (4) a 
lemporo-spalial item by using a spatial delayed alternation task in a Y- 
maze, (5) several temporo-spatial items by using successive right/left 
discriminations in a linear maze. In all these tasks, we further analyzed the 
capacity of lesioned animals to maintain specific information during a 
time delay (10 ,40s). We also investigated the ability of the lesioned rats to 
adapt a motor response when fixed rules or conditional rules were required 
in tasks involving spontaneous or acquired behavior. The present results 
suggested that the prclimbic area of the prefrontal cortex is particularly 
important in acquired behavior that required flexible response strategies. 
The problem of whether disruption of flexibility depends on conceptual 
difficulties to perform an “if-then” operation or on an inability to modulate 
a motor response in a relation with a prior information is in progress.

151.17
PROFILE OF RATS WITH QUINOLINATE-INDUCED LESIONS 
OF THE FRONTAL NEOCORTEX.
JCS Furtado* and MF Mazurek. McMaster University Medical 
Centre, Hamilton, Ontario, CANADA. It is recognized that 
the primary pathology in Huntington’s Disease (HD) is likely 
that sustained by the striatum. However, recent research has 
indicated that other areas of the brain, notably the frontal 
cortex, also undergo degeneration in HD. The neural substrate 
for the neuropsychiatric decline in HD remains unspecified, 
although the nature of these changes suggest a role for the 
frontal cortex. Previous research in our lab has shown that 
rats with quinolinate (QUIN)-induced lesions of the striatum 
demonstrate significant cognitive and motor impairments; 
the focus of this investigation was to determine whether rats 
with QUIN-induced lesions of the frontal cortex (FRONT) 
demonstrate similar impairments in relation to controls (CONT). 
Testing in the Morris Water Maze showed a significant impairment 
of acquisition in the FRONT group; however, a battery of motor 
tests demonstrated no differences between the two groups. 
Neuroanatomical analysis demonstrated well localized and significant 
degeneration of the frontal cortex of the FRONT group when 
compared to CONT. Neurochemical analyses will also be discussed. 
This data suggests a role for the frontal cortex in the 
neuropsychiatric changes found in HD.

151.14
MEDIAL PREFRONTAL CORTEX AND RETROSPLENIAL CORTEX 
MAKE DIFFERENT CONTRIBUTIONS TO MEMORY FOR OBJECTS 
AND PLACES. M.J. Palmer*. D.G. Mumbv. B.G. Cooper. S.E. Robison. 
R R  Longstreet. and R.J. Sutherland. Dept. of Psychology, University 
of New Mexico, Albuquerque, NM 87131.
The preponderance of recent evidence suggests that anatomically 

different neural systems underlie memory for objects and memory 
for places. However, the details of these differences are not yet clear. 
In the present experiment, rats with aspiration lesions of either 
medial prefrontal cortex (areas 23, 24, and 32) or retrosplenial cortex 
(area 29a-d) were tested on two tasks: 1) a one-trial object-recognition 
task (nonrecurring-items delayed nonmatching-to-sample), and 2) a 
one-trial place-learning task (moving, hidden platform in a Morris 
water maze). They were tested on both tasks, both before and sifter 
surgery, with retention delays of 4, 15,30, 60, and 120 sec., which 
intervened between the presentation of the sample (i.e., a sample 
object, or a sample hidden-platform location) and the test (i.e., choice 
between the sample object and a novel object, or search for the hidden 
platform in its sample location). Rats with medial prefrontal cortex 
lesions displayed severe deficits on the object-recognition task, even 
at the shortest retention delay, whereas rats with retrosplenial cortex 
lesions performed this task normally at all delays. Both groups 
displayed deficits on the place-learning task, but thése deficits were 
more severe and more permanent in the rats with retrosplenial 
cortex lesions. These findings indicate that the medial prefrontal 
cortex and retrosplenial cortex make different contributions to 
memory for objects and places.

151.16
EFFECTS OF M E D I A L  FRONTAL CORTEX LESIONS IN RATS 
INVOLVING OR SPARING THE PRELIMBIC A REA ON AN 
EIGHT - A R M  MAZE. J.E. H o r t o n , E.T. A s b u r y , M.E. 
F r i t t s , N . G . A m o s , D .A . C o o k / and W.L. I s a a c .* 
Dept. of Psychology/ E T S U / Johnson City, TN 
37614-0561

Female albino C h a r l es-Dawley derived rats 
w ith lesions involving or sparing the prelimbic 
area of the medial frontal c o rtex (MF) were 
tested wi t h  n o n - o perated controls for the 
a c q u isition of an e i g ht-arm radial m aze task. 
Previously, Fritts, A s b u r y , & Isaac (In 
preparation, 1993) found that rats w ith shallow 
medial frontal cortex lesions (S M F ) were 
impaired on the a c q u isition of an avoidance task 
while rats wi t h  deep medial frontal lesions 
(D M F ) and control rats were not. Results of the 
current study d e m onstrate that SMF rats and 
control rats do not differ in the number of 
errors on the eigh t - a r m  maze while DMF rats 
d emonstrate a greater number of errors than the 
SMF and control rats. This suggests that the 
p r e limbic area is diffe r e n t i a l l y  involved in the 
perfor m a n c e  of a voidance and maze tasks.

151.18
FIXED-RATIO (FR) DISCRIMINATION LEARNING IN 
METHYLAZOXYMETHANOL (MAM)-INDUCED 
MICROENCEPHALIC AND SPONTANEOUSLY HYPERTENSIVE (SH) 
RATS. P.S. LouneL D. Williams1. K.Saunders1. and R.E. Tessei1·2*. 
Depts. of Human Development & Family Life1 and Pharmacology & 
Toxicology2, University of Kansas, Lawrence, KS 66045.

Pregnant Sprague-Dawley rats were injected IP with vehicle (controls) or 
MAM (25mg/kg) on GD 15. At 90 days of age, MAM, control, and SH 
offspring were reduced to 80% of free-feeding weight then subjected to FR 
discrimination training using the three-lever method of Moerschbaecher et 
al. (JPET. 230:541. 1984). In some animals, initial training concerned 
discrimination between FR 1 and FR 16. The low ratio was incrementally 
increased from FR 1 to FR 4 and then to FR 8 with error stabilization 
occurring between each change. After re-stabilization on a FR 4 - FR 16 
discrimination, the position of the correct side lever associated with each of 
these FR values was reversed. The remaining controls and MAM-treated 
rats were trained to discriminate FR 8 v. FR 16. There were no differences 
in the error rates of the controls and the MAM-treated rats using the 
incremental training procedure. However, the MAMs required a 
significantly greater number of sessions to reach criterion error rates when 
the correct positions were reversed and when initial training concerned 
discrimination between FR 8 and FR 16. In contrast, SH error rates differed 
from controls only during early FRI v. FR16 training. The present data 
support the view that MAM rats model the cognitive deficits associated with 
mental retardation and that MAM and SH rats manifest different deficits in 
FR discrimination training. (Supported by NICHHD grant PO HD26927)
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SPATIAL LEARNING IMPAIRMENT IN PARASITIZED MICE.
M. Kavaliers*. D. D. Colwell and L.A.M. Galea. Neuroscience 
Program, Univ. Western Ontario, London, Ontario and Agriculture 
Canada, Lethbridge, Alberta.

Parasites have a variety of effects on host behavior even in 
cases where parasitism is subclinical. Many of the behaviors that are 
affected by parasites may be either directly or indirectly related to 
learning and memory and host decision making. Eimeria vermiformis 
is a naturally occurring, enteric, sporozoan (coccidian) parasite which 
has been shown to have at low, subclinical levels a variety of 
behavioral effects in laboratory mice. The present study shows that 
various stages of an acute, subclinical infection with E. vermiformis 
also significantly affects host spatial performance in a Morris water 
maze task. In this task male mice had to acquire and retain the 
location of a submerged hidden platform over one day of testing (6 
blocks of 4 trials). Mice subclinically infected with E. vermiformis 
displayed significantly longer latencies than uninfected (non- 
parasitised) mice to reach the hidden platform. These alterations of 
spatial performance occurred in the absence of any pathology of 
clinical symptoms. The parasite-induced impairments of spatial 
performance were, however, associated with augmented host opioid 
activity. It is suggested that modifications in opioid activity may be 
part of the mechanisms involved in the display of parasite mediated 
alterations of host spatial performance.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS III

1 5 2 .1

EFFECTS OF THIAMINE DEFICIENCY INDUCED DIENCEPHALIC LESIONS 
ON SPONTANEOUS ACTIVITY, RETROGRADE MEMORY, AND 
ANTEROGRADE LEARNING AND MEMORY. L. Savaae*. G. McFetridae. B. 
Sheffield. R. Gordon, and P.J. Langiais. VA Medical Center, San Diego, 
CA 92169, and Dept. of Psychology, SDSU, San Diego, CA, 92182.

Cognitive, memorial and behavioral capacities were examined in a 
rat model of Wernicke-Korsakoff's syndrome. Groups of rats were 
administered one of three treatment conditions: (a) a complete 
pathological bout (14 days) of pyrithiamine induced thiamine 
deficiency (PTD-C); (b) an incomplete (8 days), non-pathological 
bout of thiamine deficiency (PTD-I); (c) pair fed thiamine deficient 
chow plus daily injections of thiamine (PF). On day 8 of the treatment 
phase, all subjects were administered a one trial acqusition of passive 
avoidance (PA). No group differences were observed on PA retention 
trials conducted 1 and 24 weeks following restoration of thiamine and 
regular food. Post-treatment levels of spontaneous activity and 
alternation in the T-maze were similar among the three groups. 
However, the PTD-C animals took significantly more trials to acquire 
an appetitive spatial Non-Matching-to-Sample (NMTS) task in the T- 
maze, than the PTD-I and PF groups. Performance on mixed-delay 
sessions (4, 30, 60, 90 s) was similar in the three groups, declining 
linearly from 90% at the 4 s delay to 65% at the 90 s delay. When 
subsequently trained on a reverse MTS task, PTD-C animals were 
again impaired in acquisition, but were unimpaired on delayed trials. 
These results suggest that PTD-C animals have normal activity levels, 
retrograde memory, and spatial working memory, but have impaired 
cognitive abilities necessary for general rule learning. Supported by 
VA Merit Program Award to P.J.L.

152.3
RF LESIONS OF THE LAT E R A L  INTER N A L  M E D U L L A R Y 
LAMINA A N D  M E D I A L  W A L L  OF  PREF R O N T A L  CORTEX 
PRODUCE SIM I L A R  DE F I C I T S  O N  A  M A T C H I N G  TO  SAMPLE 
TASK. A.A. STEVENS & R.G. M A I R * . P s y c h o l o g y  Dept. 
U n iversity of N e w  Hampshire, Durham, NH  03824. 
Rats w i t h  lesions in the lateral internal 
medullary lamina of thalamus (L-IML) a nd medial 
wall (MW) of frontal c o r t e x  are signi f i c a n t l y 
impaired on spatial d e l a y e d  n o n - m a t c h i n g  to 
sample tasks (D N M T S ). T h ese lesions m a y  disrupt a 
tendency to alternate. If so, p e r f o r m a n c e  on a 
spatial d e l a y e d  m a t c h i n g  to sample task (D M T S ) 
should improve after le s i o n i n g  L - IML or MW. 
Thirty rats w e r e  p r e t r a i n e d  on a spatial DMTS 
task w i t h  a rete n t i o n  interval (RI) of 3 sec and 
an intertrial interval (ITI) of 10 sec. Subjects 
were then m a t c h e d  for p e r f o r m a n c e  a n d  randomly 
assigned to e ither the MW, L-IML, or sham 
surgical group. P o s t - s u r g i c a l l y , b o t h  L - IML and 
MW subjects w e r e  s i g n i f i c a n t l y  im p a i r e d  at RIs of
1.5, 3.0, and 6.0 sec. A l t h o u g h  rats acquire
spatial DNMTS m o r e  e asily than DMTS tasks, 
lesions of L-IML and M W  p r o d u c e  c o mparable 
deficits on b o t h  tasks. This suggests that 
lesions of L-IML or a m e d i o d o r s a l  thalamic 
proj e c t i o n  site in p r e f r o n t a l  c o r t e x  pro d u c e 
consistent i mpairments on spatial del a y e d 
conditional d i s c r i m i n a t i o n  tasks.

152.2
T H A L A M O - C O R T I C A L  C O N T R I B U T I O N S  TO O L F A C T O R Y  N O N 
M A T C H I N G  TO SAMPLE A N D  D I S C R I M I N A T I O N  IN THE RAT. 
S.M. Koqer* & R.G. M a i r . P s y c hology Department, 
U n i v e r s i t y  of N e w  Hampshire, Durham, NH 03824. 
Ma l e  rats w e r e  p r e t r a i n e d  on go / n o - g o  continuous 
o l f a c t o r y  n o n - m a t c h i n g  to sample (CONMTS) and 
a s s i g n e d  to one of four treatments: RF lesions of 
the m edial wall or rhinal* sulcal cortical sites 
of M D n  projections; lesions of the L-IML site of 
thalamus; or sh a m  surgical control. All lesioned 
subjects exh i b i t e d  initial d eficits on CONMTS 
retraining. However, the two cortical groups 
r a p idly i m proved to control levels. The L-IML 
deficit p e r s i s t e d  throughout retraining. Effects 
due to p r o a c t i v e  i n t e r ference and i n creasing the 
intertrial interval we r e  obs e r v e d  in the cortical 
an d  control groups. No diff e r e n t i a l  effect of 
these man i p u l a t i o n s  was o b s e r v e d  in the L-IML 
group, appa r e n t l y  due to a floor effect. All 
subjects i ncluding the L-IML lesio n e d  rats 
learned go/no - g o  odor d i s c r i m i n a t i o n  at 
equivalent rates; thus, the CON M T S  deficit was 
not due to an i nability to suppress responding. 
In sum, s ingular de s t r u c t i o n  of M D n  proje c t i o n 
sites in p r e f rontal cortex did not p e r m a n e n t l y 
disrupt ol f a c t o r y  w o r k i n g  memory. The L-IML 
lesions p r o d u c e d  deficits on working, but not 
reference, m e m o r y  components of the paradigm.

152.4
EFFECTS OF THALAMIC, FRONTAL CORTICAL, AND HIPPO
CAMPAL LESIONS ON TEMPORAL DECAY OF DELAYED NON
MATCHING TO SAMPLE (DNMTS) TASK.
H.L. Young*, and R.G. Mai r . Dept. of Psychology, 
University of New Hampshire, Durham, NH 03824.

36 male Long-Evans rats were trained on the 
DNMTS task. After extensive pretreatment training 
(4,000 trials), animals were matched for perfor
mance and assigned by block randomization to con
trol or 1 of 3 surgical groups: lateral internal 
medullary lamina of thalamus (L-IML), hippocam
pal formation at the dentate nucleus (HP), fron
tal cortical area along the medial wall "(MW). 
DNMTS was measured with three retention intervals 
within session (0.4, 1.6, 6.4 s). Intertrial in
terval was varied between sessions (0.8, 3.2,
12.8 s). All surgical animals were significantly 
impaired compared to controls. The effects of the 
L-IML lesion can be accounted for by the MW 
lesion. MW and L-IML were significantly more im
paired than HP animals.
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152.5
PERFORMANCE DEFICITS IN A DELAYED SPATIAL ORIEN
TATION TASK IN RATS WITH CHRONIC BILATERAL INJEC
TION OF QUINOLINIC ACID INTO THE MEDIAL STRIATUM.
G.K. Rieke*. W.C. Perryman. S.M. Walker, and T. 
Menisher. Department of Anatomy and Cell Biology, 
School of Medicine, University of North Dakota, 
Grand Forks, ND 58202.

The role of the medial striatum in the perfor
mance of a delayed spatial orientation task was 
tested in a quinolinic acid (QUIN) induced animal 
model of Huntington's Disease (HD). Patients with 
HD have difficulty in performing delayed spatial 
orientation tasks. Twenty male rats were trained 
to enter six arms of a twelve arm radial maze. A 
10 sec delay preceded each trial. When trained 
(90% correct response for 4 days) the striata of 
each rat were implanted with stainless steel can
nulas coupled to an osmotic pump filled with QUIN 
(0.3 ug/uL) or 0.9% saline buffered to pH 7.4. 
The performance of the QUIN rats expressed as the 
mean cumulative errors + SEM (working and refer
ence memory errors) was significantly impaired by 
the second day of post-implant testing when com
pared with the control rats (P< 0.02). Post-im
plant performance records were kept through 20 
days. The striatum plays a role in the perfor
mance of the task, but not in the acquisition as 
the same rats learned a reversal task.

152.7
INFLUENCE ON LEARNING AND MEMORY BEHAVIORS OF THE RAT AFTER 
LESIONINO THE MARGINAL DIVISION IN THE RAT STRIATUM.
S.Y. Shu*, X.M. Bao, S.X. Li and Z.W. Xu. Dept of 
Neurobiology, Zhu-Jiang Hospital, Guangzhou, 510282, China.

In the previous study, we have discovered a new 
subdivision, the marginal division, universally existing in 
the caudal border of the striatum of rats, cats and monkeys. 
The neuronal somata of the marginal division are mostly 
fusiform in shape. The marginal division is more densely 
filled with substance P-, enkephalin-, dynorphin B- 
immunoreactive, and zinc-containing fibers and terminals.

The aim of this study was to define the behavioral 
correlates to learning and memory of the marginal division. 
Male Spraque-Dawley adult rats were processed by a Y-maze. 
Rats were examined twice to defined their learning and 
memory behaviors before operation. 0.1-0.2 ul of 0.1% 
kainic acid was microinjected into the brain to lesion the 
marginal division or the striatum. Rats were tested again 
after the operation and sacrificed. Brains of rats were 
sectioned and sections were stained. The results were: 1). 
Lesions in the marginal division of both sides significantly 
decreased learning and memory behaviors of the rats while 
lesions on one side only temporally influence these 
behaviors. 2) Lesions in the rest parts of the striatum did 
not influence learning and memory behaviors of the rat. The 
results suggest that it is probably the marginal division in 
the striatum correlating to the learning and memory function 
of the rat other than the rest of the striatum.

152.9
SPATIAL MEMORY DEFICIT AFTER ADRENALECTOMY 
IN RATS. P. Vaher.* V. Luine. E. Gould. B.S. McEwen. Hunter 
College and Rockefeller University, New York, N.Y. 10021.

Adrenalectomy (ADX) causes granule cell loss in 
the dentate gyrus (DG) 3 to 4 mo. later and neuronal 
degeneration as early as 3 days. Ablations of DG cause memory 
deficits. Rats received ADX (n = 13) or sham surgery (n = 11) and 
tested for spatial memory on an 8 arm radial maze. After recovery 
from surgery, rats were food deprived and then received 9 shaping 
trials, 15 acquisition trials, and 4 trials with a time delay after the 
4th choice. ADX subjects showed impaired performance during 
acquisition which lasted throughout the delay trials. ADX subjects 
made more errors than shams, (4.0±.4 vs 2.5±.2, F I ,86 = 10.83, 
p<.001) and required more visits to complete the task (11.6±.4 vs 
10.4±.2, Fl,87 = 6.17, p<.01). Accessory adrenal tissue was 
assessed by daily intake of 3%  saline (mis). Intake differed 
between groups (16.911.6 vs 1.31.3, F l,20 = 90.08, p<.0001) and 
significantly correlated to errors (r=0.42, p<.05) and visits 
(r = 0.43, p < .04),both measures of poor learning. Serum 
corticosterone (% ßg)  differed between groups (0 .61 .4  vs 
15.012.3, t4.3 = -0.24, p<.003) and also correlated to errors (r = - 
.78, p<.008) and visits (r = -0.75, p<0.01).Thus less accessory 
adrenal tissue is correlated with poorer performance. Cross 
sectional DG area was not reduced in ADX rats and area was not 
correlated to behavior. We have shown (Gould et. al., 
J-Neurosci.l2:3642.’92) cell birth as well as cell death in DG after 
ADX. Enduring spatial memory deficits are evident during a 
period of granule cell instability and adrenocortical hormone 
insufficiency, but prior to overall DG degeneration. (GN41256).

152.6
APPARENT HYPER-RECOVERY OF CENTRAL DOPAMINERGIC FUNCTION 
IN NEONATALLY 6-HYDROXYDOP AMINE (6HD) LESIONED RATS 
FOLLOWING FIXED-RATIO (FR) DISCRIMINATION TRAINING C. Stodge»*1.
P.S. Loupe2 S.R. Schroeder2 and R.E. Tessei1,2. Depts. o f Pharmacol, and Toxicol.1, 
and Human Development and Family Life2. Univ. o f Kansas, Lawrence, KS 66045 

Sprague-Dawley rats were injected ICV with vehicle (controls) or 6HD (100 
ug/10 ul) on postnatal day 5. At 90 days o f age, some (untrained) rats were 
sacrificed for HPLC-EC determinations o f striatal and cortical contents of 
catecholamines and their metabolites. Striatal dopamine (DA) and metabolite contents 
in untrained 6HD rats were less than 10% of those in untrained controls (e.g., 
control DA content =  19.2 +. 0.7 ug/g tissue). Other rats began FR 1 v. FR 16 
discrimination training using the three-lever method o f Moerschbaecher and 
colleagues (JPET 230:541, 1984) with the exception that the center lever retracted 
after FR completion. The FR 1 requirement was then successively increased to FR 
4 then FR 8; error rates were allowed to stabilize at each value. Following 
restabilization on FR 4 v. FR 16, the correct side-lever associated with each of these 
FR values was reversed. Neonatal 6HD had no significant effect on error rates 
compared to trained controls although transient error rate increases occurred when 
increases in FR requirement. Two months after the study, trained rats were sacrificed 
for neurochemical determinations. Striatal DA and metabolite contents in trained 
control rats were highly variable but on average were modestly decreased (-49%) and 
increased (+75% ), respectively, compared to untrained controls. However, in trained 
6HD animals, DA and metabolites contents were significantly greater than in any 
other group (p <  0.01; e.g ., 157 + .5%  and 373 + .58%  above DA and 3- 
methoxytyramine values in untrained controls. Comparable findings were observed 
in cortical tissue. These data are consistent with a selective training-, age- and/or 
food-deprivation induce hyper-recovery o f nigrostriatal and mesocortical dopamine 
neurons following neonatal 6HD lesions. (Supported by NICHHD grant 1 POI 
HD26927)

152.8
HIPPOCAMPECTOMY IMMEDIATELY FOLLOWING FOREBRAIN ISCHEMIA 
PREVENTS OBJECT RECOGNITION MEMORY DEFICITS IN RATS. C.A. 
Pūva*. T.J. Komecook. E. R. Wood. D.G. Mumbv. J.P.J. PineL & A.G. Phillips. 
Dept. of Psych., Univ. British Columbia, Vancouver, B.C., Canada, V6T 1Z4.

Identification of the locus of damage within the medial temporal lobe responsible 
for object recognition deficits has been difficult. Paradoxical effects on delayed non
matching to sample (DNMS) have been found following hippocampal aspirations or 
ischemia-induced CAI cell loss. Hippocampectomized rats were only mildly impaired 
at long delays (120,300 sec) whereas ischemic rats took longer to attain criterion and 
were impaired at all delays (4, 15 ,60 ,120,300 sec). Thus, it initially appeared that 
ischemia-induced hippocampal damage is more deleterious to object recognition 
memory than hippocampectomy. However, subsequent removal of the damaged 
hippocampus in ischemic rats did not reverse memory deficits, and inducing ischemia 
in hippocampectomized rats did not exacerbate their mild impairments (Mumby et 
al.,1993). One hypothesis that would account for these findings is that ischemia- 
induced DNMS deficits are due to damage outside of the hippocampus. However, an 
intact hippocampus must be present following a period of ischemia to mediate this 
functional damage. To test this hypothesis, rats were trained on a DNMS procedure, 
half of the rats then received 20 min of transient forebrain ischemia only (ISC) and 
half received ischemia followed within two hours by bilateral hippocampal 
aspirations (ISC-H). Rats were then retrained to criterion and tested across all delays. 
ISC-H rats reattained criterion faster than ISC rats and showed no difference in 
retention across delays compared to their pre-surgery scores. The ISC rats performed 
significantly poorer at all delays post-surgery compared to pre-surgery and were 
significantly more impaired post-surgery than ISC-H rats. These results indicate that 
extrahippocampal damage contributes to the impairments on DNMS following 
ischemia and that this damage is mediated by post-ischemic processes occurring in the 
hippocampus.

152.10
PSYCHOLOGICAL STRESS INTERFERES WITH WORKING, 
BUT NOT REFERENCE, SPATIAL MEMORY.
D.M. Diamond* and G.M. Rose. Dept. of Pharmacology, 
UCHSC, and Medical Research, VAMC, Denver, CO 80262

Stress blocks hippocampal LTP (e.g., S ci., 244:224, 1989; Psychobiol., 
18:273, 1990; Diamond et al., Behav. Brain R es., in press). By extension, 
stress should block hippocampus-dependent learning. However, Warren et 
al. (Psychobiol., 19:127, 1991) reported that stress did not affect the 
acquisition  of HC-dependent learning. We have tested an alternative 
hypothesis: Stress interferes with the retention  of spatial information.

Male rats were trained on the 14 arm radial maze; 7 arms were never 
baited, while the other 7 arms were baited with a food pellet. The rats ate 
the food in the baited arms and did not re-enter those arms {working 
m em ory). They rarely entered arms that were never baited {reference 
m em ory). Since placement of rats in a novel environment for 4 hrs 
(psychological stress) blocks LTP (see above), we incorporated this stress 
procedure into the spatial memory testing. The rats were removed from the 
maze after they made their 4th correct choice and then were placed in either 
their home cage (familiar environment) or a recording chamber (novel 
environment) for a 4 hr delay. After the delay, the rats were returned to the 
maze and given the opportunity to locate the 3 remaining pellets. Home 
cage rats were unimpaired, while recording chamber rats were 
impaired, in their working memory. Neither manipulation (home cage 
or novelty) affected reference memory. These findings indicate that 
stress selectively impairs hippocampus-dependent spatial working memory.
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152.11
EFFECTS OF CHRONIC EXPOSURE TO TESTOSTERONE 
ON SPATIAL LEARNING IN THE RAT. R. L. Knoth*. R. 
Park, K. Eggebrecht, and A. Clegg. Departm ent of 
Psychology, Chapman University, Orange, CA, 92666.

The u se and abuse of anabolic steroids by ath letes to 
enhance performance in strength intensive activities is 
well documented. At risk populations for steroid abuse  
now include professional, collegiate, and even high school 
athletes. Descriptive and anecdotal evidence from hum ans 
suggests that abu se of anabolic steroids can produce 
sleeplessness, confusion, difficulty concentrating, and in  
rare cases, both affective and p sych otic  disorders. 
Behavioral s tu d ies  o f the effects o f androgens have  
concentrated primarily on aggressive and sexual behavior. 
In this experiment, gonadally intact male Sprague-Dawley 
rats, 60 days old. were treated w ith su b cu ta n eo u s  
injections of .75  mg testosterone proprionate (TP) in oil 
twice a week for 6 weeks. Control anim als were treated 
with sterile sesam e oil. Behavioral testing took place in a 
8-arm radial maze utilizing food reward. No between group 
differences on maze performance were found in  either the 
no delay or the 1 m inute delay condition. These results 
suggest that TP taken in doses equivalent to that abused by 
human athletes does not impair spatial memory processes 
in rats. P h ysio log ica l corre la tes o f chron ic  TP 
adm inistration, in c lu d in g  c ircu la tin g  b lood leve ls, 
testicular weight, and blood lipid concentration will also be 
presented.

152.13
PERINATAL CASTRATION SEX-REVERSES LEARNING IN MALE MICE.
S. W. Yang. J. Fang and W. Fishbein.* Dept. of Psychology, The City College & 
Graduate School, CUNY, New York 10031 

Sleep is sexually dimorphic in mice (SN, 1987 & 1992). Female mice have more 
Paradoxical Sleep (PS) than males. We believe these differences are mediated by 
androgen receptors in target neurons (SN, 1992). To test whether the observed sex 
difference in sleep carries over to cognitive abilities, we manipulated the androgen 
environment by perinatal or adult orchidectomy.

Each animal (n=14-16 mice/group) received two surgical procedures: sham
operation and/or gonadectomy. The first operation was performed less than 24 hrs 
after birth, the second at 60 days of age. At 100 days the mice were trained in a 
brightness discrimination, Y-maze shock-avoidance task for 10 trials/day for 15 days, 
then the S-R relationship was reversed for 10 trials/day for 10 days (total training trial 
days = 25).
Results:
1) Female performance was significantly better than normal males during the first 5 
training days (p<.001) and gonadectomized males on the first training day (p<.02). 
Whereas, discrimination performance was identical in all groups during the last 5 
training days and the first reversal learning day.
2) The last 5 days of reversal learning females performed significantly better than 
normal males (p<.001), but no difference between the perinatally castrated males and 
the females was observed. Indeed, these latter groups were indistinguishable from 
one another throughout the course of the reversal learning trials.
3) Males castrated at 60 days were indistinguishable from normal males.
Conclusion:
The present study provides evidence that androgens exert inhibitory effects not only 
on the amount of PS, but also on cognitive performance.

152.12
ACQUISITION AND RETENTION OF MORRIS MAZE PLATFORM LOCATION 
VARIES WITH AGE, TESTOSTERONE AND DENTATE GYRUS FEATURES. 
K.J. Schultz» and S.J. Duff, Psychology Department, Univ. 
of Winnipeg, Winnipeg, Manitoba, Canada R3B 2E9

In this behavioural and morphometric study, neonatally 
gonadectomized and sham operated pup, adolescent and adult 
male Long-Evans rats were tested for place acquisition, 
retention and relearning over 20 trials in the Morris water 
maze. For the first four trials a visible black platform, 
in a constant position, provided salient proximal cues. For 
the next twelve trials a hidden white platform was posi
tioned at the same location with only distal cues avail
able. For the final four trials the hidden platform was 
moved diagonally across the pool and again, only distal 
cues were available. Both age and testosterone (TP) level 
affected performance. Pups were able to complete the task 
within the 60 sec default time only when the proximal cues 
were available. Further, gonadectomized outperformed 
control male pups. As adolescents, there were no TP dif
ferences in performance when proximal cues were available 
or when relearning was required, but during the distal cue 
learning and retention phases control outperformed gonad
ectomized males. As adults there were no performance 
differences.

Behavioural differences were associated with differences 
in dentate gyrus granule cell layer size and symmetry.

LEARNING AND MEMORY: PHARMACOLOGY—MONOAMINES

153.1
DOPAMINE D1 AGONISTS IMPROVE SPATIAL WORKING MEMORY 
PERFORMANCE IN MONKEYS. A F T Amsten*. J X. Call. B. Murphv and P.S. 
Goldman-Rakic. Section of Neurobiology, Yale Medical School, New Haven, CT 
USA 06510. and 1 Kunming Institute of Zoology, Kunming, Yunnan, China

Previous research has shown that infusions of the D1 receptor antagonist, 
SCH23390, directly into the prefrontal cortex (PFC) impaired the spatial working 
memory performance of young monkeys (Sawaguchi and Goldman-Rakic, 1991), 
suggesting that D1 stimulation is important to proper PFC function. The current study 
examined whether systemic administration of the D1 partial agonist, SKF38393, or the 
newly available, D1 full agonist, dihydrexidine, would improve memory in young 
adult monkeys, aged monkeys with naturally-occurring DA loss, or young monkeys 
experimentally-depleted of catecholamines using chronic reserpine treatment. The D 1 
partial agonist, SKF38393, significantly improved the performance of DA-depleted 
monkeys (aged, reserpine-treated), but did not improve young, intact animals. 
Reserpine-treated monkeys were improved by very low doses (0.0001-0.01 mg/kg) of 
SKF38393; performance improved from a mean of 20/30 trials correct after 
saline+reserpine to a mean of 26.6/30 trials correct after SKF38393+reserpine 
treatment. Aged animals exhibited a more modest, yet significant improvement from a 
mean of 20.8/30trials correct following saline treatment to a mean of 23.8/30 trials 
correct following 0.1 mg/kg SKF38393. This improvement was stereospecific and 
reversed by SCH23390, consistent with D1 receptor mechanisms. In contrast to 
SKF38393, the full D1 agonist, dihydrexidine (0.1-1.0 mg/kg), was able to improve 
working memory performance in young, intact monkeys. Performance significantly 
improved from a mean of 24.7/30 trials correct following vehicle administration to a 
mean of 28.3/30 trials correct following dihydrexidine treatment. Dihydrexidine did not 
alter performance of a fine motor task, suggesting selective effects on PFC cognitive 
functions. The dihydrexidine-induced improvement in working memory performance 
was blocked by SCH23390, consistent with drug actions at D1 receptors. These data 
provide the first evidence for D1 agonists improving cognitive performance in 
nonhuman primates, and underscore the importance of D1 receptor mechanisms in PFC 
cognitive function. Supported by PHS grants MH 44866 and AG 06036.

153.2
LOCAL INFUSION OF THE NICOTINIC ANTAGONIST 
MECAMYLAMINE INTO THE VENTRAL TEGMENTAL 
AREA OR SUBSTANTIA NIGRA IMPAIRS MEMORY 
PERFORMANCE OF RATS IN THE RADIAL-ARM MAZE. 
E.P. Levin*. J.T. AwniUb..ELC, Christopher and SJ. Briggs.
Neurobehavioral Research Laboratory, Department of Psychiatry, 
Duke University Medical Center, Durham, NC 27710

Systemic and intraventricular administration of the nicotinic 
antagonist mecamylamine (MEC) impairs working memory performance 
in the radial-arm maze. With systemic administration, we have found 
important interactions between MEC and dopaminergic (DA) drugs. The 
memory impairment caused by MEC is potentiated by the D2 antagonist 
raclopride and reversed by the D2 agonist quinpirole. Relatively dense 
concentrations of nicotinic receptors are found in the midbrain DA 
nuclei, the substantia nigra (SN) and the ventral tegmental area (VTA). 
Nicotinic innervation of DA neurons in the midbrain may be important 
for optimal memory function. In the current study, the effects of MEC 
(1,3.3 and 10 μg/side) infusions into the SN (N=11) and VTA (N=10) 
on working memory in the radial-arm maze were examined in adult 
female Sprague-Dawley rats. The 10 μg/side dose of MEC significantly 
(p<0.01) impaired radial-arm maze working memory performance when 
infused into either the SN or VTA. After SN infusion the rats averaged 
6.27Ю.41 (±SEM) entries to repeat with placebo and 4.91Ю.50 with 
10 μg/side of MEC. After VTA infusion the rats averaged 6.50Ю.58 
entries to repeat with placebo and 5.30+0.50 with 10 μg/side of MEC. 
No significant effects on response latency were seen. These data 
support the involvement of nicotinic innervation of the midbrain DA 
nuclei in memory function. (This research was supported by the NSE)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



368 LEARNING AND MEMORY: PHARMACOLOGY—MONOAMINES MONDAY PM

1 5 3 . 3

THE AMYGDALOID NORADRENERGIC SYSTEM IS INVOLVED IN THE MEMORY
IMPAIRING EFFECTS OF SYSTEMICALLY ADMINISTERED GABAERGIC AGONISTS.
M.H. Mesches* and J.L. McGaugh. Center for the Neurobio. of Learning & Memory & Dept. of 
Psychobio., Univ. of Calif., Irvine, CA 92717

It is well established that retention is influenced by posttraining administration of drugs that 
affect either the noradrenergic or the GABAergic neurotransmitter systems. Recent findings 
from our laboratory suggest that the two neurotransmitter systems may interact to modulate 
memory. Systemic injections of the noradrenergic antagonist propranolol block the memory
enhancing effects of a systemically administered GABAergic antagonist, bicuculline. 
Furthermore, systemic administration of propranolol potentiates the memory-impairing effects 
of the GABAergic agonist muscimol. There is extensive evidence suggesting that the 
amygdala is involved in the modulatory actions of both the noradrenergic and GABAergic 
neurotransmitter systems. Posttraining administration of either noradrenergic or GABAergic 
drugs into the amygdala modulates memory storage. Intra-amygdala injections of a sub
effective dose of propranolol block the memory-enhancing effects of bicuculline. In addition, 
intra-amygdala administration of subeffective doses of Clenbuterol and bicuculline potentiate 
each other to enhance memory storage. The present study examined whether stimulation of 
the amygdaloid noradrenergic system alone is sufficient to attenuate the memory-impairing 
effects of a systemically administered GABAergic agonist. Two weeks prior to training male 
Sprague-Dawley rats were implanted bilaterally with stainless steel guide cannula aimed at 
the amygdala. Immediately following training in a one-trial inhibitory avoidance task bilateral 
injections of either Clenbuterol (10 ng/side) or phosphate buffered saline (0.5 μΐ/side) were 
administered into the amygdala. Muscimol (2 mg/kg) or saline (1 ml/kg) was then injected i.p. 
Retention was measured 48 h later. Rats that received vehicle/muscimol were impaired 
relative to vehicle/saline controls, while animals that received clenbuterol/saline were not 
different from controls. However, when administered together with Clenbuterol, muscimol no 
longer impaired retention. Thus, the memory-impairing effects of muscimol were completely 
blocked by a dose of Clenbuterol that had no effect on memory. These findings are 
consistent with the view that the memory-impairing effects of systemically administered GABA 
agonists are mediated by the amygdaloid noradrenergic system.
Supported by PHS MH12526 (NIMH & NIDA)(JLM)
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THE EFFECTS OF £ -ADRENERGIC ANTAGONIST ADMINISTRATION ON 
RETENTION OF APPETITIVE AND INHIBITORY-AVOIDANCE TASKS. B.J. 
Focrch . K A, Nielson. K.B. Clark. S.E. Krahl. & R A . Jensen. Dept. of 
Psychology, Southern Illinois University, Carbondale, Illinois 62901.

Recent research conducted in our laboratory indicates that arousal produced 
by increases in muscle tension enhances recognition memory performance in 
humans, and that this enhancement is attenuated or blocked by chronic 
administration of ß  -blocker antihypertensive drugs. Though some research has 
been conducted in laboratory rats looking at the effects of a single administration 
of propranolol (PRO) on memory, little work has been done to investigate the 
effects of chronic propranolol administration on learning and memory. This study 
investigated the effects of three doses of PRO administered chronically on the 
retention of a non-arousing appetitive T-maze task and a shock-motivated 
inhibitory-avoidance task.

Long-Evans rats were water-deprived and administered a solution of 
aspartate-sweetened water either alone (control) or with 25 mg/kg, 10 mg/kg, or 
4 m g/kg of PRO daily. On day twenty of chronic drug administration, the animals 
were trained on either a T-maze or an inhibitory-avoidance task. In the T-maze 
task, animals were trained to obtain water in one arm of the T-maze, and then the 
number of trials to reverse was measured. In the inhibitory-avoidance task, animals 
were given a foot shock, then immediately given an I.P. injection of saline, .01 
mg/kg, or .003 mg/kg of epinephrine (EPI). Retention of the avoidance response 
was then measured 24 hrs later.

Inhibitory-avoidance trained animals displayed a logarithmic impairment in 
task retention with increased PRO doses, while PRO had no significant influence 
on appetitive T-maze reversals. EPI administration produced a significant 
interaction with PRO for inhibitory-avoidance task performance, yet showed no 
effect on T-maze retention. These findings indicate that ß  -adrenergic antagonists 
vitiate memory retention for tasks which induce arousal, but do not significantly 
alter performance on non-arousal tasks.

1 5 3 . 7

THE EFFECTS OF SELECTIVE ^-AGONIST MEDETOMIDINE ON 
MEMORY ARE DEPENDENT ON THE INDIVIDUAL DIFFERENCES IN 
MONOAMINE METABOLISM IN AGED RATS. H. Tanila1’, T. Taira1. T.P. 
Piepponen2 and A. Honkanen2. 'Dept. Physiology and 2Dept. Pharmacy, Div. 
Pharmacology and Toxicology, Univ. Helsinki, Finland.

It has become increasingly clear that the neurobiological effects of aging exhibit 
substantial individual variability (TINS, 15:340-345; 1992). The aim of the present 
study was to relate individual differences in monoamine metabolism of aged rats to 
spatial learning ability, and further, to assess the effects of medetomidine on 
memory against this background. Male and female (n = 8+ 8) Wistar rats (aged 27- 
31 months) were tested in a position discrimination and reversal learning task in a 
T-maze. Half of the rats were given 3 /ıg/kg medetomidine i.m. before each daily 
session, the controls received NaCl. The rats were killed 2-3 weeks after the last 
drug dose. The concentrations of monoamines and their metabolites were analyzed 
with HPLC in the prefrontal cortex, caudate, and hippocampus. ANCOVA showed 
impairment in initial position discrimination learning in the medetomidine group 
(p<0.01) and an interaction of this effect with hippocampal 5-ШАА/5-НТ ratio 
(pCO.Ol). Medetomidine improved learning in the reversal phase of the task by 
reducing perseveration (p<0.05). ANCOVA showed an interaction between 
perseverative errors and prefrontal free MHμ g /NA ratio (p<0.05). The effects of 
medetomidine on spatial discrimination learning (reference memory) and reversal 
learning (working memory) are probably mediated through different neural systems.

(Supported by Sohlberg Foundation, Finland)
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EFFECTS OF CENTRAL AND PERIPHERAL ADMINISTRATION OF NOR
EPINEPHRINE ON WEAK MEMORY FORMATION OF 1-TRIAL PECK 
AVOIDANCE IN CHICKS. D.W. Lee*. E.P, Metcalf. B.M. Aauirre. E.L. 
Bennett & M.R. Rosenzweia. Department of Psychology, University of 
California, Berkeley, CA 94720.

Levels of norepinephrine (NE) increase in the IMHV region of the 
chick brain during imprinting. Forebrain NE levels also rise 
significantly following weak or strong training in a peck avoidance (PA) 
task. Furthermore, peripherally administered beta-adrenergic 
antagonists and NE impair memory following strong training on this 
task. Conversely, when memory is weak and short lived (long-term 
memory, LTM, is not formed) propranolol has no effect, but NE actually 
prolongs the duration of the memory trace. Since NE passes readily 
through the blood-brain barrier of a 2-day-old chick it is unclear 
whether 1 ) these effects are centrally or peripherally mediated and 2) 
if centrally mediated, which brain regions are involved. It is also 
unknown whether these effects extend to weak LTM. Since both the IMHV 
and LPO of the chick brain are involved in memory formation, we 
directed injections to these areas.

Five min pretraining, 2-day-old chicks were administered saline 
(SAL) or NE either i.p. or i.c. into the region of the IMHV or LPO. They 
were then trained on a 1-trial PA task using a target bead dipped in 10% 
methyl anthranilate (a strong aversant) and tested 24 hrs later. 
Controls reliably show weak LTM. Peripheral injections of NE (10 to 
250 џд/кд) had no effect. Central injections into the LPO (.01 to 3.0 
nmol/hemisphere in half log unit steps) also had no effect, but 1.0 and
3.0 nmol/hemisphere doses of NE injected into the IMHV resulted in 
significant amnesia. Therefore, NE's effect on weak LTM is centrally 
mediated through its actions on IMHV but not LPO.

Supported by NIDA grants DA04795 and DA05396.
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THE EFFECT OF REPEATED ATIPAMEZOLE TREATMENT ON 
LINEAR ARM MAZE PERFORMANCE IN AGED RATS. A. Haapalinna.
J. Širvio*. E. MacDonald. E. Heinonen and P. Riekkinen Sr., Orion - 
Farmos Pharmaceuticals, Farmos Research, P.O. BOX 425, SF- 

20101 Turku, Finland. Dept. of Neurology and Dept. of Pharmacology 
& Toxicology, University of Kuopio, P.O. BOX 1627, SF-70211 
Kuopio, Finland.

The ability to perform tasks requiring cognitive functions 
declines with ageing. Noradrenaline (NA) is one of the neuro
transmitters implicated in the memory loss of ageing and dementia. We 
studied the effects of atipamezole (0.3 mg/kg sc.), a highly potent and 
selective cx2-adrenoceptor antagonist, which increases the release (and 
turnover) of NA (in brain), on the performance of aged (22 months) 
male F-344 rats in a food reinforced maze-learning task. Testing 
lasted 5 days and consists 2 trials/ day. Aged rats had clear deficits in 
their performance in the test. They made significantly more errors and 
used more time to solve the task than adult (5 months) rats. In 
neurochemical analysis aged rats had lower ChAt-activity and higher 
NA level in frontal cortex than adult rats. Atipamezole improved the 
performance of aged animals in the test. It diminished the time to solve 
the task and decreased the number of errors. The NA level in the frontal 
cortex was lower in atipamezole treated aged rats, indicating enhanced 
release of NA. There was no difference in ChAt-activity between control 
and atipamezole treated aged animals. These results indicate that aged 
F-344 rats have deficits at least both in central cholinergic and 
noradrenergic systems. These results also suggest that a2-adrenoceptor 
antagonists could have beneficial effects on age-related cognitive 
dysfunction.

1 5 3 . 8

ALTER ED  RESPO N SES TO  C O N S PE C IFIC  NEST O D O R S BY DSP-
4 -T R E A T E D  RATS AN D  TH E IR  C O N T R O L C A G E M A TE S . C.A. 
C o rnw ell-Jones*. H. M cFarlane and Y. Fukada. Behav. Neurosci. 
Lab., Dept. of Psychol., S yracuse Univ., Syracuse, NY., 13244.

Control juven ile  rats tha t have been in jected w ith  w a te r vehic le and 
housed w ith  litte rm a tes trea ted w ith  D S P-4 (a norep inephrine  [NE] 
n e u ro to x in ), sh o w  im pa ire d  h a b itu a tio n  to a r tif ic ia l nes t odors 
(C ornw e ll-Jon es e t al., Br. Res. B u ll.. 1990). The  p resen t study 
e xam in ed  the  e ffe c ts  o f th is  so c ia l s itu a tio n  on response s  to 
conspecific  odors. M ale pups w e re  housed in untreated litters, or in 
litte rs  con ta in ing  6 w a te r-trea ted  and 2 D S P -4-trea ted  m ales. At 
w ean ing (Day 25), each litte r w as d iv ided in to 2 housing groups of 4 
m ales. Each in jec ted  litte r w as d iv ided  in to  a  g roup  of 4 water- 
trea ted rats and a m ixed group of 2 w a te r- and 2 D S P-4-treated rats.

In p re ference tes ts  on D ay 35, com pared to o ther contro ls , water 
trea ted rats from  m ixed g roups exaggera ted the norm al tendency to 
avo id  th e ir  own nest odo r in favo r o f odo rs  from  th e ir estranged 
s ib lin g s ’ nest. D S P -4 -trea ted  ra ts  sh ow ed  no p re fe re nce . In 
add ition, contro ls  from  m ixed g roups w e re  less active  than normal. 
D S P-4 trea tm en t reduced h ippocam pa l NE to  unde tectab le  levels, 
bu t d id  not decrease ca rd iac NE levels. A  b reak-dow n in olfactory 
com m un ica tion  be tw een contro l ju ven iles  and th e ir  D S P-4-treated 
cagem ates m ay lead to  psychosocia l stress.
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REVERSIBLE LESIONS OF THE NUCLEUS OF THE SOLITARY TRACT 
ATTENUATE TH E M E M O R Y -M O D U L A T IN G  E F F E C T S  OF  
POSTTRAINING EPINEPHRINE. C. L. Williams* and J. L. McGaugh. Center for 
the Neurobio. of Learning & Memory and Dept. of Psychobio., Univ. o f Calif., Irvine, 
CA 92717.

It is well established that in rats and mice, systemic administration of epinephrine 
(Epi) in low to moderate doses improves retention performance in a wide range of 
tasks. The mechanisms by which peripherally administered Epi modulates memory is 
not clear, as Epi does not freely pass the blood-brain barrier. There is evidence 
suggesting that Epi may modulate memory via activation of peripheral vagal afferent 
fibers. If the effects of peripheral Epi are mediated by this route, then reversible 
inactivation of brain regions that receive vagal input such as the nucleus of the solitary 
tract (NTS) should attenuate the memory enhancing effects o f peripherally 
administered Epi. To examine this hypothesis, male Sprague-Dawley rats (225-275 
grams) implanted with cannulae tips placed above the NTS were trained to obtain food 
pellets placed in 2 arms of a Y-maze and then given a footshock in one arm of the 
maze. Immediately after the footshock, the rats received bilateral injections of 0.5 ul 
of lidocaine hydrochloride or a phosphate buffer solution into the NTS and peripheral 
injections of saline or Epi (0.01 or 0.05 mg/kg, i.p.). On the retention tests given 24 
and 48 hours after training, the number of seconds to enter either arms of the maze and 
the time required to consume all food pellets in the arm of the maze where footshock 
was received served as indices of retention. The latencies of animals given 
posttraining injections of Epi (0.05 mg/kg) were significantly longer on these 
measures relative to saline-treated controls. Epi (0.05 mg/kg) did not affect the 
retention latencies of the group given lidocaine into the NTS. These findings suggest 
that the NTS is involved in mediating the memory-modulating effects of peripheral 
Epi and that such effects are initiated at least in part by activation of vagal afferente 
projecting to the NTS.

Supported by NSF (BNS-9006175) and UC Presidents Fellowship (CLW) and PHS 
MH12526 (NIMH and NIDA) (JLM).
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EFFECTS OF PIPERAZINE DERIVATIVES, TFMPP OR mCPP,
ON LEARNING. E , Hong* and A. Meneses. Terapèutica
Experimental, Depto. Farmacologia у Toxicología,
CINVESTAV-IPN. Ар. Postal 22026, México, D.F., 14000.
There are evidences that 5-ШЈв agonists impair

learning and memory. In the present work, the effects
of post-training injection (ip) of TFMPP or mCPP
(drug displaying affinity for 5-НТів /5-HTic and
5-HT2 receptors) on associative learning task
(autoshaping) was determined. Animals were
individually trained to find 15 pellets (unconditioned
stimulus, US) in the food magazine. Once the animal
ate the USs, the session begun. Each session consisted
of 20 trials and each trial consisted of illumination
of a retractable lever for 8 sec (conditioned stimulus,
CS) followed by the delivery of an US affter the 8
sec period trials were carried out every 60 sec.
If the animal pressed the lever (conditioned response,
CR) the trial was shortened and the lever was
retracted, the light was turned off and US was
delivered immediately. Results show that TFMPP and
mCPP impaired CR in a dose-dependent fashion. When
TFMPP or mCPP was coadministered with agents that
display affinity for 5-HT1в » 5-HTic » 5-HT 2 or
5-НТз receptors, impairment effects were blocked
by drugs with affinity for 5-HT|b /5-HTic activity.
In conclussion, the effects of TFMPP and mCPP seem
to be mediated by 5-HT1B and/or 5-HT1c receptors.

1 5 3 .1 3

THE 5HT1a RECEPTOR PARTIAL AGONIST IPSAPIRONE IMPROVES
THE PERFORMANCE OF NORMAL AND SCOPOLAMINE-IMPAIRED
RATS IN A DELAYED MATCHING TASK.
M. Hillmann*. B.J. Cole. G.H. Jones and J.D. Turner Department of 
Neuropsychopharmacology, Schering AG, Müllerstrasse 170-178, D-1000 
Berlin 65, Germany.

The distribution of 5 HT1a receptors in the rat brain is anatomically 
specific, with particularly high densities in the entorhinal cortex and the 
prefrontal cortex. Both of these cortical regions are thought to be critical 
neural substrates for learning, memory and attention. The purpose of the 
present series of experiments was to examine the effects of the 5 HT1a 
receptor ligands 8 OH DPAT (a full agonist), ipsapirone (a partial agonist), 
and NAN 190 (a purported antagonist) on short term memory in rats.

The behavioural paradigm used was a discrete trial, operant delayed 
matching to position task, with delays of 0, 5, 15 and 30 s. These delays 
generated an orderly forgetting' curve in control rats. Ipsapirone produced a
significant delay dependent improvement in the performance of normal rats 
(1 and 3 but not 10 mg/kg) and antagonized the delay-dependent 
impairment produced by scopolamine (0.14 mg/kg). However, ipsapirone 
did not improve the performance of aged (28 months) rats. Both 8 OH 
DPAT (0.1, 0.3 and 1 mg/kg) and NAN 190 (1, 2, and 4 mg/kg) had 
relatively minor effects on the performance of delayed matching in young 
rats, although the highest dose of both drugs tended to be sedative. In old 
rats, both drugs produced a large delay dependent impairment in matching 
accuracy and were markedly sedative. In addition, both drugs potentiated 
the scopolamine induced impairment in matching accuracy. These results 
suggest a role for the 5 HT1 a receptor in cognitive function.

1 5 3 . 1 0

EFFECT OF CYPROHEPTADINE ON NEGATIVE CONTRAST DIFFERS
FROM OTHER SEROTONERGIC AGENTS. (λ_ Coppotelli and C.F.
Flaherty*, Psychology Department, Rutgers University, New
Brunswick, NJ 08903.

Rats shifted from 32% sucrose to 4% sucrose consume
less of the 4% sucrose than rats given only the 4%
solution. Recovery from negative contrast is facilitated
by anxiolytics (benzodiazepines, sodium amobarbital,
ethanol, and morphine). Serotonergic agents produce
mixed results. Ketanserin, ritanserin, buspirone, and
gepirone are ineffective. Cyproheptadine (3 mg/kg) both
antagonizes the initial occurrence of contrast (unlike
the benzodiazepines) and promotes recovery from contrast
when injected on the second postshift day. Cinanserin
(10, 15, 20 mg/kg) influences recovery only. Neither
methysergide (3, 6, 9 mg/kg) nor mianserin (2.5, 10
mg/kg) affect contrast. The effect of cyproheptadine on
contrast was not duplicated by the combination of
methysergide (3, 6 mg/kg) and scopolamine (0.5 and 1.0
mg/kg) nor by the combination of methysergide (3, 6
mg/kg) and pyrilamine (3, 6 mg/kg). Thus, cyproheptadine
may influence contrast through unrecognized serotonergic
mechanisms or nonserotonergic systems other than
cholinergic or histaminergic.
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EFFECTS OF FLUOXETINE ON LEARNING: INTERACTION WITH
SEROTONIN RECEPTORS. A. Meneses* and E. Hong.
Terapèutica Experimental, Depto. Farmacologia у
Toxicologia, CINVESTAV-IPN. Ар. Postal 22026, México,
D.F., 14000.

Fluoxetine is a selective inhibitor of serotonin
(5-HT) uptake that increases 5-HT concentrations in
the synaptic cleft, enhancing its neurotransmission.
There are evidences that fluoxetine enhances learning.
Fluoxetine has multiple interactions with 5-HT
receptors and taking into account the complexity of
serotonergic neurotransmission based on the
multiplicity of 5-HT receptors types and subtypes
(5-HTia_d , 5-HT2 , 5-НТз , 5 -HT4 ), coadministration of
fluoxetine with other 5-HT agents offers an excellent
chance for the study of learning and memory and
5-HT receptors. In the present work, the following
work was performed 1) a dose-response curve with post
training injection (ip) of fluoxetine on learning
task (autoshaping) and 2) fluoxetine coadministered
with drugs displaying affinity for the different
5-HT receptors. Results show that fluoxetine enhanced
learning in dose-dependent fashion. These effects
were blocked in the following order by (-) pindolol
>propanolol = mesulergine > ritanserin > 8-OH-DPAT.
It is suggested that the effects of fluoxetine on
learning are mediated by 5-HT|b > 5-HTļc and
5 -HT2 receptors.
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ONDANSETRON ALLEVIATES AN IMPAIRMENT OF WORKING 
MEMORY PRODUCED BY EXPOSURE TO ENVIRONMENTAL 
HEAT STRESS. O.A. Morgan. S.T. Ahlers and 1. R. Thomas .*Naval 
Medical Research Institute, Bethesda, MD 20889-5607 

Several studies have demonstrated that the 5-hydroxytryptamine (5- 
Н Т ) з ,  antagonist ondansetron can improve working memory. The 
present experiment examined the effects of ondansetron (Glaxo - 
GR38032F) on a deficit of working memory produced when rats perform 
a delayed matching-to-sample (DMTS) task during exposure to 
environmental heat stress. Six adult rats were trained on a DMTS task 
in which they were required to respond on one of two levers cued by an 
illuminated light above the lever on the front wall of a standard operant 
chamber. Following a random delay of 1, 2, 4, 8 or 16 seconds, both 
lights were illuminated and rats were required to correctly respond on 
the lever previously cued. Rats responded on a variable-interval schedule 
on the back wall lever during the delay interval to prevent the 
development of position bias. With the delays utilized, there was a 
characteristic delay gradient in nonstressed rats given saline in that 
matching accuracy at the 1-sec delay was 95% and 64% at the 16-sec 
delay. Ondansetron (0.1-1.0 mg/kg) or saline was administered (ip) 
immediately before the test session in which the environmental 
temperature was 23°C or 32*C. Matching accuracy was significantly 
impaired across all of the delays by the heat stress but was not affected 
when ondansetron was administered undor normothermic conditions. 
Systemic administration of ondansetron alleviated the heat-induced 
decrement in working memory.
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SELECTIVE OPIOID ANTAGONISTS FACILITATE PAVLOVIAN CARDIAC 
CONDITIONING. L.L. Hernandez*, K.L. Watson, B.M. Fowler 
and K. Bair. Neuroscience Lab, VA Medical Center, and U. 
South Carolina, Colunbia, SC, 29201.
Pretraining treatment with the non-selective opiate 
antagonist naloxone-HCl augments early acquisition and 
delays extinction of Pavlovian conditioned bradycardia in 
rabbits, whereas it inhibits bradycardiae orienting 
responses to novel, non-signal stimuli. We compared the 
effects of i.v. naloxone-HCl to those of quaternary 
naloxone-methiodide and the selective μ-antagonist CTOP, 
in rabbits tested using tones as novel and conditioned 
stimuli and periorbital shocks as unconditioned stimuli. 
Quaternary naloxone inhibited orienting responses and 
facilitated acquisition of cardiac discrimination, similar 
to naloxone-HCl, but it did not delay disappearance of 
discrimination during extinction. CTOP also augmented 
discrimination during training, but it failed to affect 
orienting responses or extinction of discrimination.
These results support our previous conclusions that μ- 
opioid activity is especially important in modulating 
Pavlovian cardiac conditioning during training but is less 
important than δ-opioid activity in modulating habituation 
and extinction. These results also complement other 
findings that peripheral opioids modulate attention and 
instrumental learning, but they suggest that opioid 
antagonist effects on extinction are mediated centrally. 
Supported by DVA Medical Research and USPHS #R01-DAO6676.
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CONDITIONED FEAR EXACERBATES ACUTE PRECIPITATION OF THE 
MORPHINE WITHDRAWAL SYNDROME, a  C  Abrahamsen. ĮL Stock.
IL Ļ  Caldarone. A. D. Schutz, & R . A  Rosellini*. Dept. of Psychology,
SUNY-Albany, Albany, NY İ2222.

Two experiments examined the effects o f context conditioned fear on naloxone 
precipitated withdrawal following exposure to a low dose o f morphine. In each 
experiment, one group o f animals received 2 days of 20 trials of footshock (5 
sec., .9 mA) while a second group was exposed to the boxes but did not receive 
footshock. Twenty-four (Exp. 1) and 72 (Exp. 2) hours later, animals were 
administered a 3 mg/kg dose (s.c.) o f morphine either in the shock context or a 
neutral context. Following a 30 minute interval, animals were removed from the 
chambers and administered a 3 mg/kg (i.p.) dose of naloxone. Immediately 
thereafter, animals were placed in an observation chamber and individual bouts of 
opioid withdrawal related behaviors were recorded over a 15 minute interval.
The predominant opioid withdrawal symptoms observed at these doses were: 
mastication, teeth chattering, vigorous swallowing, and forepaw tremors. Both 
experiments revealed that the highest frequency o f withdrawal related behavior 
was exhibited by previously shocked animals that received morphine in the shock 
context. Shocked animals that received morphine in the neutral context displayed 
significantly less withdrawal behavior and did not differ from animals in the non- 
shocked control groups. Two pieces o f evidence from this study support the 
notion that context fear can exacerbate acutely produced opioid withdrawal.
First, previously shocked animals only displayed exaggerated withdrawal when 
administered morphine in the presence of shock context cues. Second, this effect 
was observed at both 24 and 72 hours. Since sensitization o f fear systems -- but 
not conditioned fear -- diminishes over a 72 hour period it is likely that this effect 
is mediated by conditioned fear.

154.5

EFFECTS OF THE MU AGONIST DAGO ON MEMORY FORMATION 
IN THE 2-DAY-OLD CHICK. M A  Leissrinqu . M.R. Rosenzweio1· E.L. 
Bennett1 and B.S. Rothman*2, department of Psychology, University 
of California, Berkeley, CA 94720. department of Biology, San 
Francisco State University., San Francisco. CA 94132.

Mu receptor activity has been shown to modulate memory formation 
for several avoidance tasks. We investigated the effects of DAGO 
(Sigma) on the inhibition of memory formation in 2-day-old chicks, using 
the 1-trial peck-avoidance task developed by Cherkin (1969). In this 
task, chicks are presented for 10s with a stainless steel bead dipped in 
methyl anthranylate, a Chemical aversant. At test, a similar but dry 
bead is presented. Chicks pecking at the test bead are recorded as 
amnestic, whereas those that avoid the bead are recorded as 
remembering the aversive stimulus. Latency to peck and number of 
pecks are recorded during both training and test.

Five min pretraining, groups of chicks were given bilateral, i.c. 
injections (10 jdJhemisphere) of either chick Ringer's solution or DAGO 
(0.001, 0.003, 0.01, 0.03, 0.1, 0.3 mM) into the region of the 
intermediate medial hyperstriatum ventrale. Chicks were tested 24Һ 
posttraining. DAGO (0.01, 0.03 and 0.1 mM) produced significant 
amnesia compared to Ringer's controls (N -  48 to 70 chicks per group 
across 3 replications). Chicks injected with these doses did not differ 
significantly from controls on parametric measures of training variables 
(Le., latency to peck and number of pecks) that would indicate 
impairment of acquisition. The highest dose of DAGO (0.3 mM) 
produced behavioral side effects which disrupted training and was 
excluded from later replications. Experiments investigating a 
susceptibility gradient (time window of effectiveness) are in progress.

(Supported by NIDA grant DA04795)
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DECREASING MORPHINE CUE DURATION DOES NOT 
INCREASE IT 'S EFFECTIVENESS AS A CONDITIONED 
STIMULUS FOR FEAR.
N. M. Bormann and l ì  A* Overton. Department of Psychology, Temple 
University, Philadelphia, PA 19122.

An exp. was conducted to determine whether a short duration morphine 
cue (6 mg/kg, i.p.) would be more effective as a conditioned stimulus 
(CS) than a long duration morphine cue when each was paired with a 10 
min intermittent footshock unconditioned stimulus (US) to produce a 
conditioned suppression of drinking (CR) in water deprived rats. Before 
training, baseline measures of water consumption were taken 10 min after 
saline injections in plastic boxes and conditioning boxes. Then 4 groups 
(6 rats each) were exposed to the following conditioning procedures for 
12 days: Group 1 received morphine injections 10 min before shock 
onset, and then received saline injections immediately after shock offset; 
Group 2 received no shock but morphine injections 20 min before saline 
injections; Group 3 received morphine 10 min before shock onset, and 
received naloxone (10 mg/kg, i.p.) immediately after shock offset;
Group 4 received morphine 20 min before naloxone. For 14 days after 
conditioning, Ss received drinking test sessions after no injection or saline 
injection in plastic boxes and conditioning boxes in order to extinguish 
any fear in response to the technician and/or injection procedure. Ss were 
then exposed to morphine in the plastic boxes and conditioning boxes 
before drinking tests in order to test for a CR to morphine. When 
injected with morphine, Ss in Groups 1 and 3 suppressed drinking equally 
and significantly more than subjects in Groups 2 and 4. This exp. 
demonstrates that morphine can act as a CS after only 12 CS-US pairings. 
However, decreasing the duration of the morphine cue does not increase 
it's effectiveness as a CS. Supported by NIDA grant DA04725.

154.4
NEUROCHEMICAL AND PHARMACOLOGICAL EXAMINATION OF 
THE INVOLVEMENT OF [MET1ENKEPHALIN IN MEMORY FOR 
AVOIDANCE TRAINING IN TWO REGIONS OF THE CHICK BRAIN.
P.J. Colombo*. D.T. Rivera. J.L. Martinez. Jr.. E.L. Bennett. M.R. 
Rosenzweig. Dept of Psychology, Univ of Calif, Berkeley, CA 94720.

We examined the role of the opioid peptide [Met]enkephalin (ME) in 
memory formation using two different methods. First, chicks were injected 
with 0.01 to 1.0 mM ME in one of two brain regions implicated in memory 
formation; the medial hyperstriatum (MHV) or the lobus parolfactorius 
(LPO), trained on a one-trial peck-avoidance task, and tested 24 h later for 
retention. The 0.3 mM dose of ME produced amnesia when injected in the 
LPO, however, none of the doses of ME produced amnesia when injected 
in the MHV. Second, non-injected chicks were trained on the peck- 
avoidance task, their brains were removed either 5 or 45 min after training, 
and ME was quantified in the left and right MHV and LPO by 
radioimmunoassay. Basal concentrations of ME in non-injected chicks were 
approximately 90 pmol/mg protein in the LPO and 2 pmol/mg protein in the 
MHV. There was a significant decrease (»  25%) in ME in the LPO of 
trained vs control chicks at both 5 and 45 min after training, but no change 
in ME was detected in the MHV as a result of training. These data suggest 
that ME is involved in formation of memory for aversive training in the 
LPO but not in the MHV.

Supported by NIDA DA05492 (PJC), DA04795 (MRR & JLM), 
DA04195 (JLM), and NSF DIR-9101951 (DTR).
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DYNORPHIN A-G-13) POTENTLY IMPROVES THE IMPAIRMENT OF SPONTANEOUS 
ALTERNATION PERFORMANCE INDUCED BY THE //-SELECTIVE OPIOID RECEPTOR 
AGONIST [D-Ala2. MlePhe4. Gly-ol]ENKEPHALIN (DAMGO) IN MICE.
M. Ukai * , J. Itoh and T. Kameyama. Department of Chemical 
Pharmacology, Faculty of Pharmaceutical Sciences, Meijo University, 
Nagoya 468, Japan.

The effects of intracerebroventricular ( i .c .v . ) administration of 
the / / - s e le c t iv e  opioid receptor agon ist DAMGO and of its  
combination with the endogenous kappa-opioid receptor agonist 
dynorphin A-(1-13) on memory processes were examined in mice using 
spontaneous alternation performance associated with working memory in 
Y-maze. DAMGO (10 and/or 30 ng) impaired spontaneous alternation 
performance and increased total arm entries which are considered to 
reflect locomotor activity. £-FunaItrexamine (5 //g. i .c .v .) almost 
completely antagonized the impairment of alternation performance 
induced by DAMGO (10 ng). Dynorphin A -(l-13)(3 and 10//g, i .c .v .)  
sign ifican tly  improved the impairment of spontaneous alternation 
performance induced by DAMGO (10 ng), whereas it  did not influence 
total arm entries. The effects of dynorphin A-(l-13)(3 //g) on the 
DAMGO-induced impairment of spontaneous alternation were almost 
completely reversed by pretreatment with nor-binaltorphimine (4 //g, 
i . c . v .). The present results demonstrate that DAMGO induces the 
impairment of alternation performance by the activation of //-opioid 
receptors, whereas dynorphin A-(l-13) attenuates the DAMGO-induced 
impairment of alternation performance through the mediation of tc- 
opioid receptors. These findings suggest that / / -  and κ  -opioid 
systems are fu lly  involved in memory function and have opposite 
effects to one another on working memory in mice.
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154.7
THE EFFECTS OF MORPHINE ON MEMORY CONSOLIDATION IN MICE INVOLVE 
BOTH D1 AND D2 DOPAMINE RECEPTORS
У, Cestari*. §. Cabib. §, Pvglisi-Allegra, C. Ça?tellang·
Istituto di Psicobiologia ө Psicofarmacologia del C.N.R. Via Reno, 1 - 
00198 Roma, Italy.

Post-training administration of morphine (0.25, 0.5, 1.0 mg/kg) dose- 
dependently impairs retention of an inhibitory avoidance response in 
mice. The effects on retention performance induced by the drug appear to 
be due to an effect on memory consolidation. In fact, they were observed 
when drugs were given at short, but not long, period of time after 
training, i.e. when the memory trace was susceptible to modulation. 
Moreover, these effects are not to be ascribed to an aversive or a 
rewarding or non-specific action of the drugs on retention performance, 
since the latencies during the retention test of those mice that had not 
received a footshock during the training were not affected by post
training drug administration. Pretreatment with either selective D1 or D2 
DA receptor antagonists SCH 23390 and (-)-sulpiride administered at p e r  
se non-effective doses (0.025 and 6 mg/kg respectively), potentiated the 
effects of morphine, while either selective D1 or D2 receptor agonists 
SKF 38393 and LY 171555 at p e r  s e  non-effective doses (5 and 0.25 
mg/kg respectively) antagonized the effects of the opiate on memory 
consolidation. No significant differences were evident between the 
effects of D1 and D2 receptor active compounds, thus suggesting that D1 
and D2 receptor types are similarly involved in the effects of morphine 
on memory consolidation. These results suggest an inverse relationship 
between endogenous opioid and DA systems in the control of memory

MOTIVATION AND EMOTION I

155.1
NEUROANATOMICAL CORRELATES OF NORMAL HUMAN EMOTION. E.M. 
Reiman*. R.D. Lane. G.L. Ahern. G.E. Schwartz. R.J. Davidson, and L.S. Yun. Dept. 
Psychiatry, University of Arizona, Dept. Computer Science, Arizona State University, and 
the Samaritan PET Center, Good Samaritan Regional Medical Center, Phoenix, AZ 85006.

Positron emission tomographic measurements of regional blood flow (BF), two kinds of 
elicitation tasks, and an adaptation of the Statistical Parametric Method were employed to 
investigate emotion-dependent changes in local neuronal activity. This study was designed 
to elicit potent emotional responses, control for non-specific aspects of task performance, 
and provide subjective and psychophysiologic measures of emotion.

12 healthy females each had 12 BF measurements as they alternated between target and 
neutral emotions. 6 silent film-clips and 6 scripts of recent autobiographical situations each 
were used for the visual and internal generation of 3 target emotions (happiness, sadness, 
and disgust) and 3 neutral emotions.

Visually generated emotion was associated with significant, symmetrical BF increases in 
the vicinity of occipito-temporal and anterior temporal cortex, amygdala, thalamus, 
hypothalamus, midbrain, and lateral cerebellum; significant, symmetrical BF decreases in 
in the vicinity of dorsolateral prefrontal cortex (particularly on the right), anterior cingulate 
gyrus, and occipito-parietal cortex; and no significant BF changes in primary visual cortex.

Internally generated emotion was associated with more restricted but symmetrical BF 
increases in the vicinity of orbito-insulo-temporopolar cortex, thalamus, and midbrain; 
significant BF decreases in the vicinity of right dorsolateral prefrontal and parietal cortex; 
and no significant BF changes in primary visual cortex.

Visually generated emotion was distinguished from internally generated emotion by 
significantly greater, symmetrical BF increases in the vicinity of occipito-temporal and 
anterior temporal cortex, amygdala, hippocampal formation, hypothalamus, and lateral 
cerebellum; and significantly greater BF decreases in the anterior cingulate gyrus.

This study demonstrates neuroanatomical correlates of externally and internally generated 
emotion in normal human subjects.

155.3
RELATIONSHIP BETWEEN EVENT-RELATED BRAIN POTENTIALS AND 
MEASURES OF EMOTIONAL STATUS AND COGNITIVE PERFORMANCE.
K.V. White. J.W. Rohrbaugh, E.Z. Davis. C. Harris, D. Goldman, and M. 
Eckardt*. Laboratory of Neurogenetics and Laboratory of Clinical Studies, 
National Institute on Alcohol Abuse and Alcoholism, Bethesda, MD, 20892.

Preliminary data are reported on the relationships among event-related 
potentials (ERPs) and selected psychometric measures. These data were 
obtained from 52 unrelated index subjects who participated in a larger 
investigation on the heritability of EEG and ERP variants, and their relations to 
psychiatric diagnoses. The P3 component of the ERP was recorded from a 
midline parietal (Pz) site under conditions of heteromodal stimulation with 
concurrent but independent auditory and visual "oddball" sequences. P3 
amplitude and latency measures were obtained for responses to target stimuli 
in both modalities. These measures were analyzed in relation to subjects' 
scores on analog inventories of state depression (Beck Depression Inventory) 
and anxiety (Speilberger State Anxiety Inventory), as well as level of intellectual 
functioning (Wechsler Adult Intelligence Scale). All were found to be related 
modestly to P3 amplitudes. High scores on the depression scale were 
associated with decreased visual P3 amplitudes (r= -.32), whereas high anxiety 
scores were associated with decreased auditory P3 amplitudes (r= -.35), but 
only in female subjects (n=35). Visual P3 amplitude was related positively 
WAIS performance IQ (r= .31). A substantial number of subjects (n=18) were 
diagnosed, on the basis of a structured clinical interview (SADS), with a lifetime 
diagnosis of alcoholism. The mean auditory P3 amplitude for this subset of 
subjects was significantly less than for non-alcoholic subjects. These findings 
confirm that ERPs may provide a useful role in psychiatric genetic studies.

155.2
ALERTING AND THE COVERT ORIENTING OF VISUOSPATIAL 
ATTENTION IN UNIPOLAR DEPRESSION. J. V. Pardo’, P. J. Pardo, S. W. 
Humes, M. I. Posner. Psychiatry Svc., Veterans Administration Medical Center, 
and the Div. Neuroscience Research, Dept. Psychiatry, University o f Minnesota, 
Minneapolis, MN 55417.

Major depression can produce disturbances in right hemisphere 
information processing as well as more generalized deficits in arousal. We studied 
cognitive impairments in depression using a well-characterized Chronometrie probe 
which involves alerting and covert orienting of visuospatial attention. This 
paradigm can detect even subtle asymmetries of attention consistent with left 
hemisphere dysfunction in patients with schizophrenia.

Data from nine depressed patients, mostly unmedicated, and fourteen age- 
matched control subjects were analyzed using ANOVA with DIAGNOSIS 
(depression, control) as the between group variable and target visual FIELD (left, 
right), CUE information (valid, invalid, null), and stimulus onset asynchrony, SOA 
(cue to target interval: 100 ms, 800 ms), as within group repeated measures.
There was no main effect of diagnosis nor interaction effect involving FIELD. 
Noteworthy interactions included DIAGNOSIS by CUE (p<0.0008) and 
DIAGNOSIS by SOA (p<0.067). The depressed group’s means of median reaction 
times for each task condition were highly correlated with those of the controls 
(p=0.98, slope 1.6) accounting for 96% of the variance. These results, analogous to 
those from studies of nomal aging, implicate a global slowing phenomenon- 
presumably an arousal deficit. The lack of performance asymmetries in depressed 
patients, contrasted with findings from schizophrenic patients, suggests that right 
hemisphere dysfunction found in depression does not include brain areas related to 
covert orienting of attention. Furthermore, brain systems mediating sustained 
alertness or vigilance, reported to show right hemisphere bias in normals, probably 
differ fron those associated with phasic alerting, showing symmetric performance 
increments even when impaired during depression.

155.4
HUMAN BRAIN POTENTIALS RELATED TO THE EMOTIONAL 
VALENCE OF FACES. Ί>2>3Κ. Marinkovic. 1>2,4E. Halqren*. 
1INSERM CJF90-12, Neurologie, CHU Pontchaillou, 35033 Rennes, 
France; 2Wadsworth VAMC; 3Psychology, 4Psychiatry, 4Brain Res., 
UCLA.

Evoked potentials were recorded from the scalps of 19 normal 
subjects in response to color slides of unfamiliar faces with happy, 
unhappy, or no expression. In an initial task, the subjects rated the 
emotional valence of the faces with a joystick. In comparison with 
neutral faces, either happy or unhappy faces evoked a larger lateral 
occipito-temporal negativity from 200 to 420m s poststimulus 
onset, superimposed on the N2 and N4 components. Emotional 
faces also evoked a larger midline centroparietal positivity from 
490 to 650ms (P3b). Similar potentials were evoked by emotional 
words in a separate experiment. In a second task, the subjects 
detected repeating faces amongst nonrepeating faces. Facial 
expressions had no effect on the potentials evoked in this task, 
whereas repetition had a large effect, decreasing the N4 and 
increasing the P3b. Overall, in comparison with the memory 
recognition task, faces in the emotional rating task evoked a left 
occipito-parieto-temporal positivity from 200-800ms. This 
difference persisted after equating facial expression and familiarity. 
Recordings from electrodes chronically implanted in order to 
localize patients' epileptogenic zones prior to surgical treatment 
demonstrated a late positivity to emotionally-expressive faces in 
the orbitofrontal cortex from 320 to 700ms. Medial temporal and 
occipito-temporal structures also showed possible expression- 
related differences, but these were shorter latency and not 
consistent across subjects. These results indicate that emotional 
face expression has clear effects on early stages of brain 
processing, very likely prior to face identification or contextual 
integration. Supported by INSERM, USPHS (NS18741), and the VA.
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FURTHER BEHA VIO RAL CH ANGES IN A D U L T  M O N K EYS WITH  
E A R L Y  M ED IA L TEM PO R AL LO BE L E SIO N S. L. M aik ova*. 
J. B achevalier and M. M ishkin. Lab. N europsychology, NIM H, 
B ethesda, M D 20892.

W hen placed in a large run, adult m onkeys with neonatal 
m ed ia l tem p oral lo b e  (A H /N ) le s io n s  d isp la y e d  lo n g -la s tin g  
ch a n g e s  in so c io e m o tio n a l b e h a v io r  as co m p a red  to th eir  
norm al co n tro ls  (N /A H ) or norm al co n tro ls  p aired  to g eth er  
(N /N ). To further study the behavioral changes resu ltin g from  
th ese  early le s io n s , w e ch a llen g ed  the beh av iora l resp o n ses  o f  
the anim als under three con d ition s: (a) in trodu ction  o f  n ovel 
toys in the large run, (b) com p etition  for food  rewards, (c)
separation o f  the dyads by p lacing the tw o anim als in individual 
cages located in d ifferent room s. The results ind icated  that the 
n o v el toys did not induce greater b eh av iora l ch a n g es in the 
A H /N  m onkeys than in the norm al con tro ls (N /A H  and N /N ). 
Furthermore, as com pared to the norm al con tro ls, A H /N  anim als 
did not exh ib it more visu al or oral exp loration  o f  the toys; a 
behavioral resp onse com m on ly  seen  w hen the sam e les io n s  are 
done in adulthood. W hen com p etin g  for food  rew ards, A H /N  
m on k eys d isp la y ed  s ig n if ic a n tly  greater su b m iss iv e  resp o n ses  
than unoperated m on k eys (G roups N /A H  and N /N ). F in a lly , 
A H /N  m o n k e y s  a p p ea red  to be u n r e s p o n s iv e  to  s o c ia l  
sep aration , as com p ared  to the m arked b eh a v io ra l ch a n g es  
seen in normal anim als (N /A H  and N /N ). Thus, early dam age to 
the m ed ial tem poral lob e  y ie ld s  n o ticea b le  b eh av iora l ch an ges  
in resp on se to environ m ental and so c ia l ch a llen g es .
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THE ROLE OF THE CENTRAL NUCLEUS OF THE AMYGDALA IN 
FEEDING AND MONITORING INTERNAL STATE CUES IN THE RAT. 
J.K . Gladwell. L.E. Jarrard* and T.L Davidson. Dept. of Psychol., 
Washington and Lee Univ., Lexington, VA 24450; Dept. of Psychol. 
Sciences, Purdue Univ., West Lafayette, IN 47907.

These experiments examined the role of the central nucleus of 
amygdala (CN) in rats' ability to use internal and external cues as 
signals for shock. Half of the animals received Pavlovian disrimination 
training prior to ibotenate lesions of the CN while the other half were 
trained after surgery. Rats were placed on an alternating 24 hr, 0 hr 
food deprivation schedule and were shocked under one of the two 
levels of deprivation in combination with different auditory stimuli. 
During extinction, rats were tested with deprivation cues alone, then 
with auditory cues alone. Percentage of freezing under each condition 
served as the index of discrimination.

Rats trained prior to surgery were able to learn to discriminate 
between shocked and non-shocked conditions. In postoperative 
extinction, they did not show discrimination between levels of 
deprivation, but did discriminate between auditory stimuli. Rats 
trained after surgery were unable to learn either discrimination. In 
a separate experiment, the amount of food and water consumed 
did not change but CN rats were more active than controls.

These results suggest that the CN plays an important role in 
acquisition but not retention of fear conditioning. Furthermore, it 
appears that there are different mechansims that underly the 
utilization of internal and external cues.

1 5 5 . 9

D O ES "T O L E R A N C E " D E V E LO P  T O  T H E  A N X IO L Y T IC  
EFFEC T O F S E P T A L  LE S IO N S ? J . M e n a rd  a n d  D . T r e i t * .  
D e p a r tm e n t o f  P s y c h o lo g y ,  U n iv e rs ity  o f  A lb e r ta ,  
E d m o n to n , A lb e r ta ,  C A N A D A  T 6 G  2 E 9  

O u r p re v io u s  s tu d ie s  h a v e  s h o w n  th a t  s e p ta l le s io n s  
p ro d u c e  a n x io ly t ic - l ik e  e f fe c ts  in  te s ts  o f  ra t  " a n x ie ty "  [ i.e . ,  
s e p ta l le s io n s  in c re a s e  o p e n -a rm  e x p lo ra t io n  in  th e  e le v a te d  
p lu s -m a z e  te s t  a n d  d e c re a s e  b u ry in g  in  th e  s h o c k -p ro b e  
b u ry in g  te s t ] .  T h e  p re s e n t  e x p e r im e n t e x a m in e d  w h e th e r  
" to le r a n c e "  d e v e lo p s  to  th e  a n x io ly t ic  e f fe c ts  o f  s e p ta l 
le s io n s , in  a m a n n e r  s im ila r  to  th a t  o f  a n x io ly t ic  d ru g s  [e .g . ,  
T re it  e t  a l.,  1 9 9 3 ] .  A c c o rd in g ly ,  s e p ta l-  a n d  s h a m - le s io n e d  
ra ts  w e re  re p e a te d ly  te s te d  in  th e  e le v a te d  p lu s -m a z e . A s  
in  a s im ila r  s tu d y  u s in g  d ia z e p a m  [T re it  e t  a l. ,  1 9 9 3 ] ,  s e p ta l 
le s io n s  p ro d u c e d  a c le a r  a n x io ly t ic  e f fe c t  o n  th e  f i r s t  te s t  
d a y ,  b u t  th is  e f fe c t  v ir tu a l ly  d is a p p e a re d  b y  th e  th ir d  te s t  
d a y .  A lth o u g h  th e s e  f in d in g s  s u g g e s t  to le ra n c e  to  th e  
a n x io ly t ic  e f fe c ts  o f  s e p ta l le s io n s  ha d  d e v e lo p e d ,  w h e n  
th e s e  ra ts  w e re  s u b s e q u e n t ly  te s te d  in  th e  s h o c k -p ro b e  
b u ry in g  te s t ,  th e y  s h o w e d  d e a r  a n x io ly s is .  T h u s ,  th e  
d im in u t io n  o f  th e  a n x io ly t ic  e f fe c t  o f  s e p ta l le s io n s  in  th e  
e le v a te d  p lu s -m a z e  w a s  s itu a t io n -s p e c if ic  a n d  d id  n o t  
re f le c t  a g e n e ra l re c o v e ry  o f  n o rm a l fe a r  re a c t io n s .
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CONDITIONED INHIBITION OF FEAR POTENTIATED STARTLE. W.A. Falk* 
& M. Davis. Depts. of Psychology & Psychiatry, Yale Univ. Med Sch., 34 Park 
St., New Haven, Ct. 06508.

A great deal of effort has been directed toward understanding the neural mechanisms 
underlying the acquisition and performance of Pavlovian conditioned fear. However, 
conditioned fear is not only acquired, but, under certain experimental conditions, can 
be reduced or eliminated. However, the neural mechanisms underlying the reduction 
of conditioned fear are not well understood. As an intial step toward investigating the 
neural mechanisms of fear reduction, we now describe a behavioral procedure that 
may be especially suited for the investigation of fear reduction, namely conditioned 
inhibition of fear-potentiated startle.

Rats underwent 2 days of training in which one stimulus was repeatedly paired with 
footshock (denoted A+). Following this, the rats underwent 5 additional days of 
training in which a serial compound was not paired with shock (denoted X->A-). A+ 
training was continued during this second phase. Conditioned inhibition was 
assessed by measuring the amplitude of noise-elicited startle in the presence or 
absence of A or X-*A. The rats showed substantial fear to A as evidenced by greater 
startle amplitude in the presence of A than in its absence. However, the rats showed 
much less fear-potentiated startle to A when it was preceded by X. This suggests that 
X acquires the ability to inhibit the fear produced by A.
Subsequent control experiments showed that the inhibition of fear-potentiated startle 

by X was not the result of an unconditioned distracter-like effect during testing. 
Instead, it was dependent on X preceding non-reinforcement of A in the training 
phase. The lack of potentiated startle on X->A trials cannot be attributed to a 
configurai discrimination (i.e., A vs XA) because X was also able to inhibit fear- 
potentiated startle produced by a discriminabiy different stimulus.

Conditioned inhibition offers several advantages in the investigation of the neural 
mechanisms of fear reduction. In this procedure, fear reduction (i.e., X-*A) is under 
explicit stimulus control and is assessed at the same time as fear production (i.e., A) 
allowing one to disentangle inhibition from a more global disruption in performance 
or stimulus processing. The specific advantage of conditioned inhibition of fear- 
potentiated startle is that a great deal is known about the neural systems involved in 
the acquisition and expression of fear-potentiated startle. Experiments are underway 
to assess the role of various neural systems in the inhibition of fear-potentiated 
startle.

1 5 5 . 8

THE SEPTUM A ND THE AM YG DALA DIFFERENTIALLY  
M E D I A T E  T H E  A N X I O L Y T I C  E F F E C T S  O F  
BENZODIAZEPINES. C. Pesold* and D. Treit. University of 
Alberta, Edmonton, Alberta, CANADA T6G 2E9.

Recent studies in our laboratory revealed a complete dissociation 
between the effects of septal and amygdaloid lesions in the elevated 
plus-maze and shock-probe burying tests. The purpose of the 
present investigation was to study the role of the septum and the 
amygdala in the mediation of the anxiolytic effects of 
benzodiazepines in these two animals models of anxiety. Following 
anaesthesia, 124 rats were chronically implanted with cannulae in 
either the septum or the amygdala. Intra-septal midazolam (1.0 μΐ 
of 10 μ % /μ \) increased open-arm activity in the plus-maze, which 
was antagonized by a pre-infusion of Ro 15-1788 (1.0 μί of 15 
/xg/μ ΐ), as well as decreased burying behavior in the shock-probe 
burying test, while not affecting number of contact-induced probe- 
shocks. Conversely, intra-amygdaloid midazolam (1.0 μΐ/s id e  of 10 
/ig//xl) caused a dramatic increase in number of contact-induced 
probe-shocks (which was antagonized by a pre-infusion of Ro 15- 
1788), without significantly affecting burying in the shock-probe test, 
or open-arm activity in the plus-maze. Taken together, these results 
suggest that the septum and the amygdala play distinct roles in the 
mediation of the anxiolytic effects of benzodiazepines.

1 5 5 . 1 0

D EFIC ITS IN  PA SSIV E  A V O ID A N C E  O F P U N IS H E D  D R IN K IN O  
PR O D U C E D  B Y  IBO T E N A T E  A N D  ELEC TR O LY TIC  L ESIO N S O F THE  
B A SO L A T E R A L  A M Y G D A L A  O F R A T S. R .C . M e verV G .D . C oover and 
M .E . O akes. Departm ent o f  P sy ch o lo g y , Northern Illinois U n iversity , D eK alb , 
IL  6 0 1 1 5 .

E lectrolytic (EL) lesions o f  the rostral portion o f  the lateral nucleus o f  the 
am ygdala w ere found to produce on ly  a m ild  deficit in  p assive avoidance (PA ) 
o f  drinking, w h ile  no deficits w ere found w ith lesions o f  the caudal portion o f  
the basolateral am ygdala (C oover, M urison  and Jellestad, P hvsio l. Behav. 
5 1 :7 9 5 -8 0 3 ). Ibotenate (IBO) lesions w ere ine ffective in  both sites. H ow ever, 
others h ave reported that lesions in interm ediate rostrocaudal locations w ithin  
the basolateral am ygdala decrease p assive avoidance and fear conditioning.

In the present study a d eficit in drinking P A  w as obtained w ith E L  lesions o f  
1 m m  diam  in  the basolateral nucle i, and a lso w ith  injections o f  4  μ ΰ  o f  Ш О  
in  .4  /iL  pH  7 .4  phosphate buffer (P B ). C ontrols receiv ing  PB in the 
basolateral site  under ketam ine-xylazine (K -X ) anesthesia required 2 4 .1  ± 1 . 4  
(M  ±  SE) footshocks to ach ieve the criterion o f  5  m in  w ithout drinking. 
C ontrol groups receiv ing  K -X  w ithout P B , or N em butal anesthesia w ith PB , 
each required 23  ±  2  footshocks. T he group receiv ing  E L  lesions required
3 5 .6  ± 1 . 3  foo tshocks, and the group receiv ing  IBO injections under K -X  
anesthesia required 3 4 .6  ± 1 . 9  footshocks. T hese P A  d eficits do appear to be  
on ly  m oderate on es. F or exam ple, rats w ith E L  lesions o f  the rostral portion  
o f  the central am ygdaloid  nucleus (rA C E) required 4 5  ±  2  footshocks. 
H ow ever, a  group receiving IBO injections w h ile  anesthetized w ith Nem butal 
required 4 0 .6  ±  2 .4  foo tshocks, so  IBO  w as m ore effec tiv e  in  rats anesthetized  
with Nem butal than w ith  K -X  (g  <  .0 5 , one-tailed  J-test), as w as previously  
found w ith rA C E  lesions (C oover &  M eyer , S o c . N eurosci. A b str .. 1 8 :5 1 9 ) .
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155.11
DISCRIMINATED INSTRUMENTAL PUNISHMENT: ANXIOLYSIS 
PRODUCED BY LESIONS OF THE ROSTRAL CENTRAL 
AMYGDALOID NUCLEUS OR SUBSTANTIA INNOMINATA IN RATS.
G.D. Coover*. R.C. Mever. M.E. Oakes and D.W. Gomel. Department of 
Psychology, Northern Illinois University, DeKalb, IL 60115.

Deficiencies in passive avoidance of punished drinking are produced by 
lesions of the rostral portion of the central amygdaloid nucleus (rACE) or 
the substantia innominata (Meyer & Coover, Soc. Neurosci. Abstr.. 17:480 
& IS: 1565). The deficits are so dramatic that we have interpreted the lesion 
effects as "anxiolysis". The present study examined the effects of 1-mm 
diam bilateral electrolytic lesions of rACE or SI on discriminated 
instrumental punishment.

Rats trained to lever press on a variable interval 20-s (VI) schedule were 
introduced to З-min components of fixed interval 1-s (FI) reinforcement that 
were signalled by white noise. During 9 daily test sessions of 4 VI 
components alternating with 3 FI components, brief footshocks occurred at 
each lever press during signalled FI, at zero intensity on Day 1, 50 μ A on 
Days 2-4, 100 μΑ on Days 5-6, and 150, 200 and 250 μΑ, respectively, on 
Days 7, 8 and 9.

Signalled punishment suppressed lever pressing less in SI and rACE 
groups than in the control group. Also, the SI and rACE groups maintained 
high lever press rates during the non-punished VI components, while the 
control group exhibited a sharp decline after the first punished FI component 
was completed each day. The results indicate that the SI and rACE lesions 
reduced conflict and reduced persistence of fear across time and situations, 
which would seem to be appropriately described as anxiolysis.

155.13
BLOCKADE OF THE BIOCONVERSION OF PROGESTERONE TO 
ALLOPREGNANOLONE PREVENTS THE ANXIOLYTIC EFFECT AND 
POTENTIATION OF CORTICAL GABAA RECEPTOR FUNCTION OBSERVED 
IN PROGESTERONE-TREATED OVARIECTOMIZED RATS. Daniel Bitran*. 
Michael McLeod, and Michael Shiekh. Department o f Psychology, College of the 
Holy Cross, Worcester MA 01610.

Progesterone (P) has been shown previously to elicit anxiolytic behavior and to 
increase the effector response mediated by the GABAA receptor (Bitran et al., 
Pharmacol. Biochem. Behav., in press). It is thought that the effects of P result 
from its bioconversion to allopregnanolone, a potent positive modulator of the 
GABAa  receptor. This hypothesis is based on previous findings that intracranial 
administration of allopregnanolone produced dose-dependent and stereospecific 
anxiolytic behavior (Bitran et al., Brain Res., 561: 157, 1991) and that anxiolytic 
behavior after systemic P administration was correlated to cortical allopregnanolone 
levels (Bitran et al., in press). In a test of this hypothesis, the effect of P (1 mg, 
SC) on anxiolytic behavior was assessed in the elevated plus-maze in the presence of 
5a-reductase inhibitor, 4-MA (10 mg, SC), or a За-oxidosteroid reductase inhibitor, 
indomethacin (0.1 mg, SC). The sensitivity of the GABAa  receptor was assessed by 
GABA-stimulated 36chloride (Cl ) influx in cortical synaptoneurosomes. Anxiolytic 
behavior was observed 4 hours after P administration, as evidenced by an increase in 
the proportion of open arm entries and time spent on the open arms. P was also 
found to increase the potency (decrease the EC50) and the efficacy (increase in the 
Emax) with which GABA stimulates C1' influx. Both behavioral and neurochemical 
effects of P were blocked by pretreatment with 4-MA or indomethacin, suggesting 
that the formation of allopregnanolone is essential to the enhancing effects of P on 
GABAA-mediated receptor function. These results support the hypothesis that the 
GABAa  receptor is involved in mediating the anxiolytic effects observed following P 
administration in the ovariectomized rat.

15 5 .1 5

ANXIOGENIC PROPERTIES OF A BENZODIAZEPINE 
INVERSE AGONIST (FG-7142) WERE MANIFESTED ONLY 
IN RATS WHICH WERE PREVIOUSLY STRESSED IN AN 
OPERANT RUNWAY PARADIGM. T.D. Geist*. J. Wilson and A. 
Ettenberg. Behavioral Pharmacology Laboratory, Dept Psychology. 
Univ. California, Santa Barbara, CA 93106.
We have recently reported rats traversing a runway for cocaine or food 
plus mild footshock had successively slower goal latencies (GL) over 
daily trials. Closer observation of the data revealed that the increasing 
GL were a result of a unique "retreat behavior" (i.e. stopping and 
returning toward the start box). We hypothesized that retreat behavior 
was the result of concurrent reinforcing and punishing stimuli 
associated with the goal box. The attenuation of the retreat behavior 
from moderate doses of diazepam supported this idea. If 
benzodiazepine receptors directly influence the retreat behavior, then 
pretreatment by the inverse benzodiazepine agonist FG7142 may 
increase the frequency of retreats as well as the goal latencies. To test 
this idea rats were trained to traverse a straight alley for food or a 
combination of food and footshock. After the retreat frequencies and 
GL were significantly different between groups, footshock was 
omitted and all groups received only food until the retreat behavior 
was extinguished. Subsequent challenge by FG7142 produced 
increased GL and reinstatement of retreat behaviors only in those 
groups which formerly received footshock.

155.12
INHIBITION OF GABA SYNTHESIS IN THE REGION OF THE ANTERIOR 
BASOLATERAL AMYGDALA ELIO TS INCREASES IN HEART RATE, BLOOD 
PRESSURE, AND EXPERIMENTAL ANXIETY IN RATS. S.K. Sanders*
S.R. Keim, J.R. Simon, A  Shekhar . Institute of Psychiatric Research, 
Indiana University Sch. of Med., Indianapolis, IN 46202.

We have previously shown that blockade of GABA-A receptors in 
the region of the anterior basolateral amygdala (BLA ) of rats elicits 
increases in heart rate (HR), blood pressure (BP), and experimental 
anxiety. This report describes the physiological, behavioral, and 
biochemical effects of inhibition of GABA synthesis in the BLA using 
the glutamic acid decarboxylase (GAD) inhibitor, allyiglycine (AG).

Throughout the CNS, the L-isomer of AG has been shown to be 
active while the D-isomer exerts its activity only in the hind brain.
We have found that in W istar rats fitted with bilateral microinjection 
cannulae in the BLA and a femoral artery catheter for measurement of 
HR and BP, intracerebral (i.c., injection volume = 250 nl/side) 
administration of 40 and 200 nmol D,L-AG, but not 200 nmol D-AG 
elicits significant increases in HR and BP. In addition, 40 nmol D,L- 
AG but not 40 nmol D-AG elicits “anxiety” as measured by the social 
interaction paradigm. Biochemically, GAD activity is significantly 
decreased in the BLA after i.c. administration of 200 nmol D,L-AG, but 
not 40 nmol D,L- or 200 nmol D-AG.

In summary, DL-AG elicits increases in HR, BP, and “anxiety” 
while inhibiting GAD in the BLA. (Supported by R 29 MH 45362-02  
and the IUPUI Research Investment Fund)

1 5 5 .1 4
THE EFFEC T S  O F CR F AND σ-H ELICA L CR F ON AN XIETY IN NORMAL 
AND H YPO PH YSECTOM IZED  R A TS . D .W . McKay* and R. Adam ec. 
Depts. Psychology/Basic Medical Sciences, Memorial University, St. 
John's, NF. Canada A1B 3V6

The effect of corticotrophin releasing factor (CRF) on anxiety in normal 
and hypophysectomized (HYPOX) rats w as investigated. Intracerebrove- 
ntricular injection (icv) of 2 μg of CR F increased anxiety in the elevated 
plus maze test in normal and HYPOX rats. Anxiety w as measured as the 
ratio of time spent in the open arms of the maze to total time spent in all 
arms of the maze. CRF also reduced head dipping and rearing in the hole 
board, and the number of entries into the arms of the plus maze. These  
latter changes in behavior were independent of the changes in anxiety. 
All behavioral effects of CRF in HYPOX rats were blocked completely by 
the CR F receptor blocker, o-helical CR F 1 5 0 џ д ) .

Completeness of hypophysectomy w as assessed  by measuring plasma 
corticosterone (CORT) level changes 20 minutes after ic v  CR F (2 μg). 
CO R T levels of all HYPOX rats given CR F were well below (less than 
1/10th) resting baseline levels of normal rats. Moreover, ic v  injection of 
saline vehicle nearly tripled CO RT levels over resting baseline in normal 
rats, and CR F increased CO R T levels two fold over vehicle.

Taken together, these findings replicate the observation that CRF  
administered ic v  to rats is selectively anxiogenic in the elevated plus 
maze. They also indicate that the anxiety produced by CR F does not 
involve activation of the pituitary-adrenal axis. Rather, CR F induced 
anxiety depends on the binding of CRF to central nervous system  CRF  
receptors. Finally, the plasma CO R T data indicate that i c v  injection of 
saline vehicle is stressful, as is injection of CRF.

1 5 5 .1 6
D I S R U P T I O N  O F  T H E  H A B E N U L O - I N T E R P E D U N C U L A R  
S Y S T E M  R E S U L T S  IN  IN C R E A S E D  A R O U S A L  A S M E A S U R E D  
IN  T H E  E L E V A T E D  P L U S -M A Z E
Amy DiCamillo. Carol A. Murphy. Forrest Наші* and Marion Murray. Department 
of Anatomy and Neurobiology, Medical College of PA, 3200 Henry Ave., 
Philadelphia, PA 19129

Bilateral lesions of the fasciculus retroflexus (FR) result in deficits which 
are both behavioral (failure to learn an active avoidance behavior, elimination of 
spontaneous alternation behavior) and physiological (disruption of normal sleep 
cycles, chronically increased circulating levels of epinephrine, norepinephrine, and 
corticosterone). Because of the similarities of these lesion effects to elements of the 
stress response in rats, we further characterized the effects of FR lesions in a test 
specifically designed to indicate state of arousal in the rat, the elevated plus-maze. 
Control and FR-lesioned rats were placed in the center of a 4-arm maze elevated 1 m 
above the ground, and their movements into 2 open arms and 2 enclosed arms were 
recorded over 5 minutes. The ratio of open arm entries/total arm entries in this test 
is considered a reliable indicator of anxiety or arousal in the rat. Under baseline 
conditions, rats with bilateral FR lesions made significantly fewer entries into the 
open arms (15.9%) than did unoperated controls (27.4%), despite the fact that the 
average total number of arm entries (an index of general activity level) was similar 
between the two groups. Lesioned rats also exhibited significantly more grooming 
behavior (40.8 sec), another index of a stress response, compared to controls (11.7 
sec) over the 5-minute test period. Thus, the behavior of FR-lesioned rats resembles 
that of chronically stressed animals. When control rats were exposed to stressors (24 
hr food deprivation or 5 days isolated housing), they made significantly fewer entries 
into the open arms (13.3%), i.e. the normal response to stress in the plus-maze 
assay. In contrast, FR-lesioned rats made more open arm entries (24.5%) after stress. 
These results provide further evidence that FR lesions may induce a chronic state of 
arousal in the rat, and further, that FR-lesioned rats exhibit inappropriate responses 
when confronted with a stressor.
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155.17
RESPONSES TO NOVELTY IN CXB RECOMBINANT INBRED 
MICE. D. F. Peeler.1* Neurosurgery Department, University of 
Mississippi Medical Center, Jackson, MS 39216 

Activity and response to novelty in an "open field" are correlated with 
the distribution of mossy fiber synapses in area CA3 of the hippocampus 
in mice. Two strains (C57BL/6, BALB/c) which differ in open field 
activity also differ in extent and pattern of mossy fiber distribution. 
Open field habituation is correlated with extent of mossy fiber 
distribution in these strains and their FI hybrids. These two progenitor 
strains and the seven recombinant inbred strains derived from them may 
be dichotomized according to the pattern of mossy fiber distribution in 
area CA3, implying a major single gene effect (Hid). This study 
examines the relationship of differences among these strains in activity, 
habituation and response to novelty in an open field, to Hid. An open 
field (60 X 60 cm) was sectioned by lines on the floor into 10 x 10 cm 
squares, 20 around the periphery, 12 in an interior sector, and 4 in the 
center sector. Activity of 577 male and female mice was measured as 
line crossings or object contacts in two sessions separated by 48 hrs, for 
5 minutes at one of two times of day (TOD). For one set of mice, the 
first session included objects in the interior and center sectors; the 
objects were removed for the second session. For a second set, the 
sequence was reversed. The strains differed significantly in number of 
line crossings and number of object contacts; strains BALB/c, CXBE 
and CXBD consistently (but not invariably) had significantly more than 
the others. There were complex interactions of TOD, sex, session, and 
sequence. In the periphery, objects appeared to affect only BALB/c and 
CXBG; in the center, all but CXBK and BALB/c were significantly 
affected. There were no exact matches of strain distribution patterns 
with that for Hid.

NEUROETHOLOGY: ELECTRORECEPTION

156.1
PLATYPUS ELECTRORECEPTION: BEHAVIOUR, PHYSIOLOGY AND 
ANATOMY. P.R.Manger. J.D.Pettigrew and E.M.McLachlan*. Vision, Touch 
and Hearing Research Centre, Department of Physiology and Pharmacology, 
University of Queensland, St Lucia, Australia. 4072.

A combination of experimental procedures: anatomical, physiological and 
behavioural, were used to study the electroreceptive system of the Platypus. A 20 
times photomontage of the bill surfaces was made and a direct count of superficial 
structures revealed around 40 000 electroreceptors and around 45 000 
mechanoreceptors. Physiological mapping of the cortex with microelectrodes 
revealed three somatotopic and electrotopic bill representations, with an unusual 
alternating “stripe” pattern of mechano- and electro- sensory inputs in the SI bill 
representation. Around 10 000 various weak electrical dipoles were presented to 
freely behaving Platypus. These behavioural studies revealed a reflex response (40 
ms latency) of the Platypus following presentation of a weak electrical dipole. This 
reflex is instrumental in the capture of prey by the Platypus. Thresholds for cortical 
and behavioural studies were investigated, with respective thresholds of 20 and 50 
μ ν /cm. When presented with voltages lower than that required to elicit the reflex 
response a certain number of presentations of the electrical dipole were required 
before a voluntary exploratory movement of the head was elicited. As progressively 
smaller voltages were presented, more repetitions of the electrical dipole were needed 
to elicit this voluntary response. Probability calculations using this behavioural 
data, and also a combination of anatomical and neurophysiological data, lead to a 
theoretical threshold of around 10 μ ν /cm. The capacity o f the Platypus to 
remember these low voltage electrical stimuli, and to filter them from the 
background noise, indicates a biological processing system with a level of 
sophistication that may match modem telecommunication processing systems.

156.3
EFFECTS OF DESCENDING INPUT TO THE DORSAL 
OCT AY OL ATERALIS NUCLEUS IN THE 
ELECTROSENSORY SYSTEM OF SKATES R. A. Conlev»
Biology Department, Wesleyan University Middletown, CT 06459

The dorsal octavolateralis nucleus is the primary electrosensory 
nucleus in elasmobranchs and receives descending input in addition to 
primary afferente from electroreceptors. A major source of descending 
input to the dorsal nucleus is the dorsal granular ridge (DGR), a part of 
the vestibulolateral cerebellum. The role of DGR in determining the 
response properties of ascending efferent neurons (AENs), which are 
the projection neurons of the dorsal nucleus, was investigated. DGR's 
input was eliminated by lesions to or by lidocaine microinjection into 
DGR. These treatments caused on average a 5-fold increase in the 
spontaneous activity and receptive field size of AENs. The 
responsiveness of AENs within the dorsal nucleus to electric field 
stimuli increased by 60%; while threshold sensitivity remained 
unchanged. In addition, the time constant of adaptation increased by 
40%. These results show that the DGR mediates an inhibition that may 
function as part of a gain control mechanism.

Responses of primary electroreceptor afferents and cells of the dorsal 
nucleus to proprioceptive stimuli, produced by displacing the pectoral 
fin, were also examined. In intact animals, the spontaneous activity of 
AENs was much less modulated by changes in fin position than 
primary electroreceptor afferents. DGR lesions appeared to increase 
the responsiveness of AENs to changes in fin position. This suggests 
that DGR may be also be involved in decreasing mechanically caused 
electrosensory reafference.

156.2
T H E  E L E C T R IC  O R G A N  D IS C H A R G E  O F  T H E  S K A T E  (R A JID A E): 
W A V E F O R M , O C C U R R E N C E  A N D  B E H A V IO R  R E L A T IO N S H IP S .
B. Bratton*. A. Christiano. N. McClennen. M. Murray. E. O’Neill. K. Ritzen 
Dept. o f Biology, Bowdoin College, Brunswick, Maine 04011

Previous studies o f freshwater electric fish have shown communicative information 
to be present in the waveform and interval patterns. Electric organ discharge (EOD) 
interaction and pulse duration suggest a possible communication function o f the EOD 
in Raja. The EOD of the skate, recorded from isolated individuals and small groups, 
have shown differences in pulse duration, train length, frequency, and pulse patterns 
that are species specific and associated with specific behaviors. Isolated skates rarely 
discharge whereas groups of skates discharge regularly. EODs are evoked by physical 
contact with other skates and electrical stimulation. During approach and contact, 
skates respond to each other with interacting EOD displays. These displays consist 
of EOD trains that range from 1 to 90 pulses (1-60 s) with intervals o f  180 ms to 
over 2 s. EODs were recorded as both single pulses and trains to study individual 
variability and amplitude modulation. Waveform characteristics in shape (time & 
frequency domain), polarity, number o f phases and amplitude were correlated to size 
(age), sex and species. Six species, Raja erinacea, R. ocellata, R. clavata, R. 
montagui, R. microocellata and R. radiata were found to have characteristically 
different EOD pulse durations ranging from 31 ms to 217 ms depending on species. 
Electric field data has also been acquired on waveform shape and polarity at various 
locations along the body in order to describe field geometry, attenuation and 
distortion. Behavioral responses of the skate to electric stimuli have shown that head 
negative monophasic square pulses, D.C. steps and slow (1 Hz) sine wave stimulation 
will evoke discharges with a fixed latency (280 to 320 ms for R. erinacea). This study 
compliments earlier findings by focusing on the characteristics o f the EOD waveform 
as a social signal in communication, its occurrence with behaviors and what stimuli 
initiate its occurrence under natural conditions.

156.4
A corollary discharge of the ventilatory motor 
command in the dorsal granular ridge of skates; 
implications for electrosensory processing. G.O. 
Hielmstad. G. Parks and D. Bodznick*. Dept.Biol., 
Wesleyan Univ., Middletown, CT 06459.

The dorsal granular ridge (DGR) of the 
elasmobranch cerebellum is the source of a 
parallel fiber projection to the electrosensory 
dorsal nucleus. In addition to proprio- and 
electro-sensory units, we report that DGR in Rana 
erinacea contains units with activity related to 
the ventilatory motor command. Extracellular unit 
recordings in DGR of paralyzed skates provide 
responses correlated with the ventilatory motor 
discharge in the seventh cranial nerve. The 
majority of these corollary discharge units do 
not respond to electrosensory or proprioceptive 
stimuli, they are spread throughout DGR and their 
responses are not uniform with respect to onset 
latency, size of discharge or response polarity.

Ventilatory movements are a major source of 
reafference for the elasmobranch electrosense. 
This noise is reduced in the dorsal nucleus in 
part by a common mode rejection mechanism. The 
finding of a ventilatory corollary discharge 
along with propriosensory units activated by 
ventilation suggests that the parallel fiber 
projection is also involved in reducing the 
effects of ventilatory movements on electroreception.
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PR O PR IO C E PT IV E  A N D  E L E C T R O R E C E P T T V E  IN P U T S  T O  T H E  
GYM NOTIFORM  E L E C T R O S E N S O R Y  S Y S T E M  A R E  M O D U L A T E D  B Y  
CHANGES IN  B O D Y  G E O M E T R Y . J. B a s tia n *. D e p t. o f  Z o o lo g y , U n iv . o f  
Oklahoma, N o rm an , O K  73019.

Weakly e lec tric  fish  c o n tin u o u s ly  a l te r  th e ir  p o s tu re  as  th ey  e x p lo re  th e  
environm ent T h ey  typically  b e n d  th e ir  t ru n k  a n d  ta i l  a d o p tin g  a n  a rc -lik e  
posture as they  ex p lo re  n o v e lties  a n d  th e s e  ch an g es a l te r  th e  e le c tric  o rg an  
discharge (E O D ) field . V a rio u s  s im u la tio n  s tu d ie s  in d ic a te d  th a t  th e se  
postural changes m ay im p ro v e  th e  re s o lu tio n  o f  th e  e le c tro se n so ry  system . 
Measurements o f  c h an g es in  th e  v o lta g e  a c ro ss  th e  a n im a l’s sk in  sh o w  th a t  
small body g eo m etry  changes, d isp lac in g  th e  t ip  o f  th e  ta i l  th ro u g h  a n  a rc  o f  
±  20°, resu lt in  c han g es in  tra n se p id e rm a l v o lta g e  ran g in g  fro m  a p p ro x im ate ly
0.5 to 2% . T h e  size  o f  th e  v o lta g e  c h a n g e  d e p e n d s  o n  th e  p o s it io n  o f  th e  
measurement s ite  a n d  w h e th e r  th e  e n ti r e  t ru n k  is a llo w ed  to  b e n d . R e c e p to r  
afferents resp o n d  to  th e se  sm all ch an g es in  E O D  a m p litu d e ; re s tin g  
frequencies a re  m o d u la te d  by ro u g h ly  +. 5 %  c o rre sp o n d in g  to  c h an g es in  
afferent activity o f  ap p ro x im ate ly  20  sp ikes/s. T h e  re c e p to r  a ffe ren ts  re sp o n d  
well to b o th  s ta t ic  a n d  d y nam ic  (s in u so id a l ta il m o tio n , +. 20 ° a t  0.1 H z) 
changes in  p o s tu re . E le c tro se n so ry  la te ra l  l in e  (E L L )  b a s ila r  a n d  n o n b a s ila r  
pyramidal cells a re  in sen sitiv e  to  s ta t ic  c h an g es in  ta i l  p o s it io n  b u t  re sp o n d  
well to dynam ic changes. P y ram id a l ce ll re s tin g  freq u en cy  ca n  b e  m o d u la te d  
by +  50% w ith  20 ° ta il m o tio n . P ro p rio c e p tiv e  in fo rm a tio n  rea c h e s  p y ram id al 
cell apical d en d rites  v ia  th e  E L L  d o rsa l  m o le c u la r  layer (D M L ) p a ra lle l  fibers. 
Recordings from  axons w ith in  th e  e m in e n tia  g ra n u la ris , th e  so u rc e  o f  th e se  
parallel fibers, show  th a t  p ro p rio c e p tiv e  n e u ro n s  re sp o n d  to  th e  2 0 °  s ta t ic  o r  
dynamic changes in  ta il p o s it io n  w ith  la rg e  ( +  50  to  100 sp ik e /s) c h an g es in  
firing frequency. T h e  effec t o f  th is  p ro p rio c e p tiv e  in p u t  o n  p y ram id al ce ll 
sensitivity to  e le c tro se n so ry  in p u t  is b e in g  in v estig a ted . (S u p p o rte d  by  N IH ).

156.7
PACEMAKING INFORMATION G EN ER A TED  B Y M EDULLARY N EU RO N S IN 
THE AFRICAN W AVE-TYPE E L EC T R IC  FISH, GYM NARCHUS, R EA CH ES  
ONLY THE E LEC T R IC  ORGAN: NO EV ID EN C E FO R CO RO LLA RY  
DISCHARGES FO R S EN S O R Y  GATING. Masashi Kawasaki*. Department of 
Biology, University of Virginia, Charlottesville, VA 22903.

A recent behavioral study on the jamming avoidance response of the 
African wave-type electric fish Gym narchus niloticus (Kawasaki J. Comp. 
Physiol. 1993) revealed that the sensory computation for the jamming 
avoidance response relies solely on afferent signals and does not utilize 
corollary discharges from the pacemaker. This Is in sharp contrast to the 
sensory processing in closely related African pulse-type electric fishes where 
sensory afferents are gated by corollary discharges from the pacemaker. 
Though not used for the jamming avoidance response, Gym narchus may also  
possess a corollary discharge mechanism for other behaviors.

In this study, I recorded and labelled medullary neurons which rhythmically 
fire and drive the electric organ discharges intracellularly to reveal their 
organization and the projection pattern. Corresponding to three distinctive 
negative peaks in field potential, three c lasse s of neurons, pacemaker cells, 
lateral relay cells and medial relay cells, which fire in this sequence, were 
identified. Pacem aker cells project exclusively to lateral relay cells which in 
turn exclusively project to medial relay cells. Medial relay cells exclusively 
project to spinal electromotoneurons. The axons of the lateral relay cells, 
however, detour through the commissural fiber bundle in which phase coding 
sensory fibers exist before projecting to the medial relay cells. The implication 
of this curious organization will be discussed.

156.9
COROLLARY DISCHARGE PATHWAYS TO THE ELECĨROSENSORY  
LOBE OF MORMYRID FISH. C.Bell*. K.Dunn, C.Hodgers. A.Caputi. and 
G. von der Emde. R.S.Dow Neurol. Sci. Inst., Portland, OR 97209.

Corollary discharge signals o f the electric organ discharge (EO D) motor 
command have strong effects on the electrosensory lobe (ELL) of mormyrid fish. 
The goal of this project was to determine the pathways between the EOD  

command nucleus and ELL that mediate these corollary discharge effects.
' All corollary discharge effects must pass through one o f two nuclei that are 

closely coupled to the EOD command nucleus -  the paratrigeminal and 
mesencephalic command associated nuclei (PCA and MCA). All corollary 
discharge effects must also pass through one of the four central structures that 
project to ELL: praeeminential nucleus (PN); juxtalobar nucleus (JLN); 
sublemniscal nucleus (SLN); and eminentia granularis posterior (EGp). The 
contributions of these different structures were evaluated with recording, 
stimulation, and lesion techniques. Corollary discharge effects were monitored 
with field potentials in ELL and in the mesencephalon.

We found: 1) Corollary discharge inhibition in the nucleus o f ELL is mediated 
by MCA through SLN; 2) Corollary discharge input to the deep layers o f ELL 
cortex (granule, plexiform, and ganglion) is also mediated by MCA, primarily 
through JLN; 3) PN cells are driven by corollary discharge input but make only 
a small contribution to ELL field potentials; 4) Corollary discharge input to the 
outer molecular layer of ELL is mediated mainly by PCA through EGp; 5) The 
effect of corollary discharge input from EGp appears to be plastic.

Thus, the corollary discharge input to ELL is mediated by several different 
pathways and has diverse effects. (Supported by NSF.)

1 5 6 .6
NUCLEUS PRAEEMINENTIALIS LESIONS AFFECT 
ELECTROLOCATION BEHAVIOR IN A P T E R O N O T U S .
R. Green*. Dept. o f Zoology, Univ. of Oklahoma, Norman, OK 
73019.

Blinded fish were trained to hover between two metal rods sus
pended vertically 6 cm apart. During the course of each experiment, 
fish position is monitored before and during movement of the rods 
perpendicular to the fish’s long axis at a rate of 2.4 cm/s. Before rod 
movement onset, normal fish hover centrally between the rods. Fish 
with unilateral nucleus praeeminentialis (nPd) lesions hover on 
average 5.56 ±  0.28 mm closer to the rod ipsilateral to the lesion. 
Response latency to the onset o f rod movement in fish with nPd 
lesions is shorter than that of controls for all rod diameters (e.g., 
response latency for 3 mm rods: controls=516 ms, lesioned=479 
ms; p = .007 , t-test). In both lesioned and control fish, response 
latency is negatively related to rod diameter. Decreasing rod 
diameter causes smaller latency increases in fish with nPd lesions as 
compared to controls. Tests in which fish are approached unilateral
ly by a metal sphere suggest that the central representation of 
electrosensory inputs received from the side o f the body ipsilateral 
to the lesion is attenuated. Unilateral nPd lesions may create an 
unbalance in the central processing o f bilaterally equivalent electro
sensory inputs. The fish may adopt an asymmetrical position to 
adjust the strength o f peripheral electrosensory inputs to compensate 
for this central asymmetry. (Supported by NIH).

1 5 6 .8
SINGLE UNITS IN THE TAVO MORMYROMAST ZONES OF THE 
MORMYRID ELL RESPOND DIFFERENTLY TO EOD PHASE SHIFTS. 
G. von der Emde* and C. C. Bell. R.S. Dow Neurol. Sci. Inst., Good Samaritan 
Hospital, Portland, OR 97209

The cortex of the mormyrid electrosensory lateral line lobe (ELL) receives 
afferents from mormyromast electroreceptors. Afferents from A receptor cells 
terminate in the medial zone (MZ) of the cortex, whereas afferents from В 
receptor cells terminate in the dorsolateral zone (DLZ). Afferents from 13 cells 
are sensitive to small phase shifts of the electric organ discharge (EOD), but 
afferents from A cells are not. Comparison of the two types of afferents 
probably allows the fish to sense the capacitive properties of objects during 
electro location.

The present study examined the responses of cells in MZ and DLZ to phase 
shifted EODs and EODs distorted by capacitive objects. Computer stored 
stimuli of constant amplitude were compared. DLZ cells responded to phase 
shifts as small as 1° and were strongly affected by capacitance caused EOD  
waveform distortions. E-cell responses increased, I-cell responses decreased, as 
occurs with stimulus amplitude increases. In contrast, MZ cells were only 
affected by phase shifts as large as 15° and then only slightly. Capacitance caused 
EOD distortions resulted in decreased responses in MZ cells, as occurs with 
stimulus amplitude decreases.

Our results indicate that opposite responses of the two types of receptor 
afferents are preserved in the ELL zones within which they terminate. They also 
suggest that the comparison of A and В inputs necessary for capacitance 
detection might not occur at the level of ELL. (Supported by a NATO grant to 
GE and a NSF grant to CB)

1 5 6 .1 0
S e n so ry  m odulation of the e sc a p e  re sp o n se  In the  w eak ly e lectric  fish  
Eigenm annia. J . G . Canfield* & G . R o se . Dept. Biology, Univ. Utah, Salt 
Lake City, UT 84112

An underwater Y-m aze w as used to determine if sensory cues presented 
immediately before a  sound pressure-evoked startle response could 
influence the direction of the ensuing behavior. In this paradigm, individuals 
of the nocturnal, weakly electric fish genus Eigenmannia tend to occupy one 
arm and orient towards the darkened center of the m aze. This behavior 
facilitates the presentation of unilateral cues which may influence the 
resultant choice of escape direction into either of the two remaining arms.

In a recently completed study (J Com p Physiol, in press), an 
electrosensory stimulus w as presented by shorting a pair of electrodes 
which spanned the entrance to one of the randomly chosen unoccupied 
arms. This cue caused local changes in the amplitude and phase of the 
fish's electric signal as well a s  small galvanic currents, thus stimulating both 
tuberous and ampullary receptors, respectively. When the electrosensory 
cue w as presented 1 0 0  ms before the sound-evoked startle, a  significant 
number of fish avoided the cue and made an initial head turn away from the 
stimulus. W e suggest that these m aneuvers involve the Mauthner (M-) cell 
due to their 10 ms latency. Intracellular recordings from the M-cell have 
detected short latency responses to both tuberous and ampullary stimuli.

For a  sensory comparison, visual cues w ere also behaviorally tested by 
illuminating a small lamp located halfway down one of the randomly chosen  
unoccupied arms. When presented 100 m s before the startle, 9 of 10 fish 
made an initial turn away from the cue. Acoustic modulation of escape  
direction is currently being tested in the Y-m aze by presenting unilateral 
auditory cues with small piezoelectric devises located near the entrance to 
either escape arm. (Supported by NIMH grant #1R03M H50269-01)
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156.11
INTRACELLULAR RESPONSES OF TORAL NEURONS TO 
MULTIPLE JAMMING SIGNALS: TESTING HYPOTHESES 
OF TEMPORAL FILTERING. G.J.Rose*and N. Etter. Dept. 
Biology, Univ. of Utah, Salt Lake City, UT 84112.

The weakly electric fish, Eigenmannia. changes its frequency of 
electric organ discharges (EODs) to increase the frequency 
difference between its EODs and those of a jamming neighbor. 
This jamming avoidance response is greatest for frequency 
differences (i.e., beat rates) of approximately 4 Hz. A neural 
correlate of this behavior is found in the torus semicircularis, 
where most neurons respond well to low beat rates. The stronger 
response to low beat rates might result from the activity of 
channels that open only after maintained depolarization. 
Alternatively, the decline in response as beat rate is increased 
might involve recruitment of inhibitory interneurons that 
preferentially respond to high beat rates. This study tests these 
two mechanisms by recording intracellularly subthreshold 
potentials while employing stimuli consisting of simultaneous low 
and high beat rates. A neuron's response to the low beat rate was 
not diminished by the addition of the higher frequency jamming 
signal (thereby superimposing a high rate of amplitude and phase 
modulation onto the lower rate), and the 'inhibitory intemeuron' 
hypothesis is, therefore, not supported. Also, the responses to the 
high beat rate were not facilitated during maintained depolarization 
resulting from the action of the low beat rate. Supported by NSF 
grant BNS-8901601.

156.13

WITHDRAWN

156.15
IN V IT R O  S T U D IE S  O F  M O R M Y R ID  E L E C T R O S E N S O R Y  L O B E  

N EU RO N S. Y . Sugawara. K. Grant*. C . Bell. M. Veron. J . Serrier and J. Meek.
I.A.F., C .N .R .S ., 91198 Gif-sur-Wette, France and R .S.D ow  Neurol. Sci. Inst., 
Portland, O R  97209.

The mormyrid electrosensory lobe (ELL ) receives both peripheral input 
from electroreceptors and central input. Th e  central input includ es  
electromotor associated corollary discharge signals, proprioceptive signals, 
and feedback from higher order e lectrosensory structures. The E L L  is 
cerebellum-like in its histological structure. An in vitro slice preparation has 
been developed to study the electrophysiological and morphological 
properties of E L L  neurons.

E L L  neurons were recorded intracellularly and labeled with biocytin. 
Morphologically identified cells corresponded with Golgi descriptions and 
included ganglion cells, beard cells and other medium-to-large neurons with 
cell bodies in the ganglion or plexiform layer and with apical dendritic trees in 
the molecular layer.

Intracellular recordings from the deep molecular layer show two types of 
sp ikes in response to current injection or synaptic excitation:- large broad 
spikes (>30 mV, 10-20 m sec) and small, narrow spikes (<15 mV, <3 m sec). 
The broad spikes are blocked by 2 mM C o 2+ and are probably dendritic calcium  
spikes. The small sp ikes are blocked by T T X  and are probably somatic in 
origin. Intracellular recordings from the cell layers, probably from som as, 
showed only large narrow spikes (>30mV, <3 m sec), also blocked by TTX . In 
records of this type, two types of ce lls  could be distinguished by their 
response to intracellular current injection:- p ha sic  ce lls  with a  rapid 
accommodation to such current, and tonic cells which do not accommodate.

Future studies will use this in vitro preparation to examine the cellular and 
circuit properties of sensory processing and its central control in E LL .

156.12
LOCALIZATION OF N M D A  RECEPTORS IN  THE CNS OF 
WEAKLY ELECTRIC FISH U S IN G  A M ONOCLO NAL  
ANTIBODY. LE. Spiro*1 and N. Brose2. Department of Biology1 , UCSD 
and The Salk Institute2, La Jolla, CA 92093-0202.

Using a m onoclonal antibody raised against a subunit of the rat NMDA 
receptor, w e  have mapped the distribution of NM D A receptors throughout 
the brain of three genera of weakly electric fish, Eigenmannia, Hypopomus 
and Apteronotus. We are particularly interested in m atching the functional 
role of the NM DA receptor w ith its anatom ical localization. We have 
concentrated, therefore, on the loca liza tion  w ith in  the well-studied  
m edullary pacemaker nucleus. This small network o f 2 neuronal cell types 
oscillates regularly and triggers each electric organ d ischarge. The 
pacemaker also receives glutam atergic m odulatory input from premotor 
areas in the diencephalon and midbrain.

The antibody was m ade against a 20 kDa fragm ent of an intracellular 
dom ain of the R1 subunit of the rat NM DA receptor and, on Western blots of 
w h ole brain protein, recognizes a single band at approxim ately 100 kDa, 
compared to a 116 kDa protein for rat. On vibra tom e tissue sections, the 
antibody binds to various cell groups in the spinal cord, the electrosensory 
lateral lin e lobe, the te len cep h alon  and the pacem ak er nucleus. 
Immunoreactivity is concentrated in the soma and·dendrites. W e present the 
results o f this study, as w ell as a m odel incorporating these data with 
evid en ce from physio logy and pharm acology experim ents. W e hope to 
understand how  the distribution of the different subtypes of the glutamate 
receptor com plex in the pacemaker nucleus underlies the ability of the 
nucleus to produce distinct outputs with different temporal dynamics.

Supported in part by grant R37 MH 26149-17 to Walter Heiligenberg.

156.14
AN ATOM ICAL P R O JEC T IO N S  O F  T H E  T IM E CO D IN G  PATH W AY O F  THE 
M ORM YRID E L E C T R IC  FISH  ST U D IED  U SIN G  FLU O R E S C E N T -L A B ELE D  
D EX T R A N S  Carl D. Hopkins* and Ursula Schmid. Section of Neurobiology 
and Behavior, Cornell University, Ithaca, New York 14853.

Mormyrid fish detect conspecific electric organ d ischarges with Knollen
organ (KO) electroreceptors which project ipsilaterally to the nucleus of the 
Electrosensory Lateral Line lobe (nELL) in the brainstem. The KO  pathway 
encodes temporal cues in the ultrastructure of sub-millisecond electric organ 
discharges (EO D s) received from receptors on different parts of the body 
surface. W e used fluorescent-labeled dextrans (MV 10,000, Molecular 
Probes, Inc.) to trace projections in the KO  pathway. Rhodamine or FITC- 
labeled dextrans were injected into n E L L  of B rienom vrus niger. Axons 
project bilaterally to the anterior m esencephalic exterolateral nucleus (ELa) 
in two distinct bundles in the lateral lem niscus, the ipsilateral projection is in 
the dorsal half of the LL, contralateral in the ventral half. Single fibers have 
broad projections throughout the E L a . Isilateral and contralateral fibers 
overlap, although we have not yet seen  convergence upon single cells. 
Double labeling w as used  to visualize  converg ence of ascend ing and 
descending inputs into nucleus m edialis ventralis (nMV). Rhodamine 
dextran injected into E L a  retrogradely labels collateral fibers from nELL  
terminating in nMV. FITC-dextran injections into exterolateralis posterior 
(ELp) anterogradely label nMV a s  well. Ascending inputs enter nMV both 
dorsally and ventrally to terminate in the most lateral edge of nMV where their 
inputs overlap with descending fibers from ELp . Fluorescent-labeled  
dextrans injected into E L p  confirm all of the anterograde and retrograde 
targets of E L p  described by Haudge-Carre (1979) Brain R es . 178:179-84: 
nMV, isthmic granule nucleus, sub-preeminential nucleus, inferior olive, as 
well a s  the retrograde projection to ELa .

156.16
THE ELECTRO SEN SO RY "TIME CODING" PATHWAY IN G Y M N A R C H U S  
N IL O T I C U S  (Ga). T. Szabo,* A. Bass. G. Northcutt. M. Ravaille-Veron. 
Inst. Alfred Fessard, CN RS, F-91198 Gif/Yvette Cedex; Dept. Biol., 
Cornell Univ., Ithaca, NY, USA; Scripps Inst., La Jolla, CA, USA.

In the time coding system of gymnotids (Gy) and mormyrids (Mo) the 
large primary lateral line (LL) electrosensory fibers are coupled 
electrotonically to the secondary sensory neurons located in the 
electrosensory lateral line lobe (ELL). In this system where the 
sensory m essage is transmitted in a one-to-one manner to the 
mesencephalon, the secondary neurons in Gy only receive input from 
the primary afferent fibers (M aler,79); in Mo they receive, in 
addition, an inhibitory input from the electromotor command activated 
corollary discharge which suppresses the sensory message evoked by 
the fish's own EOD (Bell & Grant,89). - In Ga large LL fibers terminate 
in the medial zone (MZ) of the ELL (Szabo et al. 92), whereas HRP 
injections into the ELL showed that MZ somata receive giant terminals 
which originate from the ipsi- and contralateral giant cells of the ELL  
deep fiber layer. In turn, the giant cells receive endings which appear to be 
collaterals of the large LL fibers. - S ilver impregnation and 
EM show that the giant terminals form calyciferous endings with the MZ 
cell somata without gap junctions at the membrane appositions. Gap 
junctions, however, were encountered on the dendrites of these MZ cells. 
Giant cell somata also bear gap junctions identified as endings of lateral 
line fibers; they are probably collaterals of the same large peripheral 
LL fibers projecting to the MZ cells. The doubled input to the MZ cells, 
one directly from the periphery and one relayed through the. giant cells, 
may represent a time measuring system at the rhomencephalic level 
(Carr et al.,86).
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156.17

Diencephalic inhibitory projections to the pacemaker 
nucleus of the weakly electric fish, Hypopomus. C.J.H. 
Wong and W. Heiligenberg*. The Group in 
Neurosciences, Scripps Institution of Oceanography, 
UCSD, La Jolla, CA 92093-0202.

The medullary pacemaker nucleus (Pn) of gymnotiform fish 
oscillates regularly and changes its frequency under the influence of 
diencephalic and mesencephalic prepacemaker (PPn) inputs. 
Whereas the Pn of wave-species receives only glutamatergic inputs, 
the Pn of H y p o p o m u s ,  a pulse-species, receives an additional 
GABA-ergic input onto pacemaker cell bodies and dendrites. 
Physiological stimulation studies suggested that a subregion of the 
PPn-complex (PPn-Ι) can elicit bicuculline-sensitive slow-downs in 
the EOD. Previous retrograde studies using HRP and immuno- 
labelling have failed to double-label GABA-ergic cells projecting to 
the pacemaker. НЗ-GABA was used as a retrograde tracer to back- 
label the inhibitory input to the Pn. Silver grains were detected on 
sections of the diencephalon in the area of the PPn-complex. These 
cells were on the ventro-lateral border of the PPn near the "chirp- 
site" (PPn-C), extending towards the glomerular nucleus. This 
region corresponds to the area where stimulation elicits frequency 
drops and also where GABA immunoreactive cell bodies are 
located. These data suggest that there is a direct GABA-ergic input 
from the diencephalic PPn complex to the Pn in H y p o p o m u s.

This research was supported by NIMH grant R37 MH 26149-17 to 
WH and an MRC Canada studentship to CJHW.

156.19

SPECIES DIFFEREN CES IN REQ UEN CY DIMORPHISM AND ESTRO G EN  
SENSITIVITY OF EOD IN A P TER O N O TU S A LB IFR O N S  AN D A. 
LEPTORHYNCHUS.. R K  Zakon, M.S. Zucker. N. B lw e is . P, Th o m as, 
and J. Blundon*. Dept. o f Zoology, Univ. o f T e x a s  a t  A u stin , Austin ,
TX 7 8 7 1 2 .

We find that fem ale A p te ro n o tu s  albifrons exhibit higher 
frequencies than m ale co n sp e c ifics (m a les: 8 7 2 ± 2 6 .4  Hz; fem ales: 
975±80.8 Hz; p < 0 0 4 )  .Th is c o n tra s ts  w ith  th e  sexual dim orphism  
shown in a congeneric sp ec ie s , A . lep torh yn ch u s, in w hich  fem ales  
have lower freq uencies than  m ales.

Like A. leptorhynchus, A . albifrons lo w ers its  EO D  freq u e n cy  in 
response to  te sto ste ro n e  (T )  im plants (T : -5 .9 ± 4 .1 % ; control: 
-0 .94± 0.94%  of pre-operative EOD freq uency ; p < .0 0 9 ), but not to  
dihydrotestosterone.

However, unlike A. leptorhynchus, A . albifrons d o e s not chan g e  EOD  
frequency in response to  17-ß estrad io l (E ) . In both sp e c ie s , E 
implants produced sim ilar blood t ite rs  o f th e  stero id  th a t  w ere  g reatly  
elevated Over th o se  of control fish  (A . le p to rh yn ch u s,: 1 1 .0 ± 2 .0 2 ;
A  albifrons : 12 .2 ± 2 .4 8  ng/m IE) and T  levels. W e are  investig ating  
the possibility th a t  sp e c ie s  d ifferen ces in E se n s it iv ity  m ight acco u nt  
for the inverted sexual dim orphism  se en  in A . lep to rh y n ch u  w ith  
respect to  that seen  in A . a lb ifro n s. This w ork  w as s u p p o rte d  b y  a 
NIH grant to  H.Z. a n d  a NIH training g ra n t aw a rd ed  to  M.Z. th rough the  
Center fo r Developm ental S tu d ies , U. T. A ustin .

DRUGS OF ABUSE: ETHANOL,

1 5 6 .1 8
HIGH FREQUENCY OSCILLATORS IN THE SPINAL CORD OF 
APTERONOTUS ARE CORRELATED TO THE EOD. J. E. Schaefer and H. H. 
Zakon*. Dept. of Zoology, University of Texas at Austin, Austin, Texas 78712.

In the weakly electric fish Apteronotus, the frequency of the electric organ 
discharge (EOD) is sexually dimorphic andean be modulated with estrogen (Meyer 
et. al. 1987) and testosterone (Zucker, unpublished data). The EOD frequency is 
controlled by the pacemaker nucleus in the medulla, but there is evidence that a 
separate oscillator exists in the spinal cord of Apteronotus ( Dye and Meyer, 1986 ). 
We have developed an in vitro slice preparation of the spinal cord o f Apteronotus to 
study this oscillator and it’s plasticity. We recorded from units in the caudal most 
tip of spinal cord from fish having a wide range of EOD’s. The slice preparation 
contains only distal ends of relay axons and electromotor neurons (EMN’s). 
Intracellular recordings revealed that electromotor elements at this level of the cord 
oscillate even though they are completely isolated from the medullary pacemaker 
nucleus. Cells exhibited either of two firing behaviors. One type fired at a stable 
frequency for the duration of the recording session (Type I). The other type 
exhibited a rhythmic cycling of both membrane potential and firing frequency (Type 
II). In Type II responses the peak firing frequency was used for data analysis. Type I 
& II firing rates showed a significant correlation (Type I; r=.65, n=17: Type II; 
r=.90, n=14) to the fish’s preoperative EOD frequency. Since lucifer yellow fills of 
oscillating elements labeled both relay axons and EMN’s, the identity o f the 
oscillator is still in question.

In order to eliminate the influence of relay axons, an additional group of fish had 
their spinal cords transected several weeks prior to the in vitro recording. This 
procedure isolates relay axons from their somata in the pacemaker nucleus leaving 
only the EMN somata in the spinal cord preparation. Preliminary results indicate 
that there are cells remaining in the spinal cord that still oscillate, and that lucifer 
yellow labels electromotor neurons. This suggests that the EMN’s can oscillate 
spontaneously in the absence o f inputs from the pacemaker nucleus and relay 
axons. ( Supported by an NIH training grant )

1 5 6 .2 0

MODULATION OF ASCENDING ELECTROSENSORY 
INFORMATION BY DESCENDING PATHWAY STIMULATION IN 
THE CHANNEL CATFISH. L. Scorna and J.G. New*. Dept. of Biology, 
Loyola University of Chicago, Chicago, IL 60626.

The electrosensory system of catfish provides б useful model for 
investigating mechanisms of sensory processing in the vertebrate CNS. 
The medullary electrosensory lateral line lobe (ELLL) receives afference 
from ampullary receptors via the lateral line nerves. Crest cells in the 
ELLL project to the midbrain lateral torus semicircularis (TS1). Crest 
cell axon collaterals also project to the metencephalic nucleus 
praeeminentialis (nPrd), which projects back down onto the ELLL. We 
have examined the influence of nPrd stimulation on electrosensory 
information ascending from ELLL to TS1.

Channel catfish, Ictalurus punctatus, were anesthetized, immobilized 
and the dorsal aspect of the brain exposed. Uniform electric fields of 
200 jiV/cm were presented to the fish, and then paired with stimulation 
of nPrd by a concentric bipolar electrode. Averaged evoked potentials in 
the TS1 and individual ELLL crest cell responses were recorded to 
determine the effect of nPrd stimulation on ascending activity.

Evoked potential responses recorded in TS1 indicate that stimulation 
of nPrd results in a prolonged inhibition of electrosensory responses. 
Individual crest cells similarly exhibit a brief burst of spikes followed 
by strong inhibition. The mixed excitation and inhibition of ascending 
electrosensory afference by. descending pathways originating in nPrd 
indicates a possible "gain control" function and also suggests a 
mechanism for enhancing spatial resolution by increasing contrast 
between differentially activated neurons.

Supported in part by NIH NS30194 to JGN and a Sigma Xi Grant-in- 
Aid to LS.

DIAZEPINES, BARBITURATES II

157.1
LOW ETHANOL CONCENTRATIONS REDUCE NMDA CURRENTS IN RAT 
NUCLEUS ACCUMBENS NEURONS. Z. Nie. S.G. Madamba* and ĢJL Siggins. 
Dept. of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

The nucleus accumbens (NAcc) is considered an important brain region for the 
rewarding effects of addictive drugs such as opiates and ethanol. Using intracellular 
recording in a slice preparation, we previously showed (Nie et al., Abstr. Soc. 
Neurosci. 18: 371, 1992) that intoxicating concentrations of ethanol (22-66 mM) 
reduced the size of excitatory postsynaptic potentials (EPSPs) evoked in NAcc core 
neurons by stimulation of the peri-tubercle region. The non-NMDA receptor antag
onist CNQX (10 μΜ) nearly abolishes these EPSPs at normal resting potentials (-80 
mV); thus, they are probably glutamatergic. At depolarized membrane potentials (-55 
to -70 mV), there is a CNQX-resistant EPSP component that is blocked by APV (30 μ 
M), suggesting the EPSPs consist of non-NMDA and NMDA components. Therefore, 
we used voltage-clamp recording in the rat NAcc slice to study ethanol effects on 
these components. We studied a total of 37 neurons within the NAcc core (mean 
RMP: -84 mV; mean spike size: 115 mV). Application of NMDA (200 μΜ) by 
pipette (6-15 psi) or superfusion (10-30 μΜ) evoked reversible inward currents (-80 
to -490 pA) that increased with membrane depolarization and were blocked by APV 
(30 μΜ). At holding potentials around -60 mV, ethanol (11-66 mM) decreased the 
NMDA current dose-dependently. Ethanol 44 mM (n = 17) decreased the NMDA 
current by up to 82% (mean: 55%), with recovery on washout. AMPA (15 μΜ; n = 9) 
and kainate (15 μΜ; n = 7) also elicited inward currents. Ethanol (44-66 mM) did not 
alter the AMPA currents and only slightly reduced (mean 16%; p = 0.077) kainate 
currents. These data suggest that NAcc core neurons express NMDA receptors, and 
that some of the depressant effect of intoxicating concentrations of ethanol on EPSPs 
in these neurons at depolarized membrane potentials could involve NMDA receptors.

Supported by grants from NIAAA (AA06420) and NIDA (DA03665).

1 5 7 .2
MODULATION OF ALCOHOL PREFERENCE BY NMDA ANTAGONISTS IN 
MALE RATS. Ph. De Witte* and F. Lamblin. Lab. Psychobiolo
gy, Univ. of Louvain, 1 Place Croix du Sud, 1348 Louvain- 
la-Neuve, Belgium.

Chronic alcoholization by alcohol inhalation was used 
to study the properties of magnesium, a non competitive 
NMDA receptor antagonist, and CGP 39551, a competitive 
NMDA receptor antagonist, on behavioral dependence as esti
mated by the free-choice paradigm (alcohol 10% (v/v) vs 
water), on the hypermotility after alcohol withdrawal and 
finally on the cortical microvascularization. The first 
experimental group received the drugs per os during the 
whole alcoholization period. Magnesium (20 mg/kg/day) de
creased the alcohol dependence while CGP 39551 (5 and 
10 mg/kg/day) increased in a dose-dependent manner, the 
dependence to alcohoļ. A second group of animals received 
the same drugs at the same dosages, not simultaneously with 
chronic alcoholization, but immediately after this latter 
in one shot ip injection. In this case rats receiving 
5 mg/kg CGP 39551 never showed any dependence towards al
cohol while 10 mg/kg CGP 39551 or 20 mg/kg magnesium pro
longated the number of days of alcohol preference. These 
results thus indicate the close interaction between NMDA 
receptor function and preference for alcohol. Magnesium 
had no effects on hypermotility while CGP 39551 treated 
animals presented a decrease in the hypermotility observed 
after alcohol withdrawal.Neither drugs affected the hyper- 
vasculatization accompanying' the chronic alcoholization.
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1 5 7 .3
EFFECT OF CHRONIC ETHANOL ADMINISTRATION ON NMDAR1- 
RECEPTOR SUBUNIT mRNA LEVELS. David J . BuocM. Wendv J. 
Keir2. and A. Leslie Morrow1.2. 1 Curriculum in Neurobiology and 
2Center for Alcohol Studies, University of North Carolina School of 
Medicine, Chapel Hill, North Carolina, 27599.

Previous studies have implicated NMDA receptors in the 
withdrawal/dependence-producing effects of chronic ethanol 
administration. In particular, MK-801 binding is increased in 
specific brain regions such as hippocampus after chronic ethanol 
administration. The present study was undertaken to determine if 
this increase may be due to upregulation of a particular NMDA 
receptor subunit(s). Male rats were administered ethanol by liquid 
diet for 14 days using a pair-fed design. The average daily intake of 
ethanol was 8-10 g/kg. Hippocampi were pooled in each of 2 
separate experiments (n=10/group). PolyA(+) mRNA was 
extracted and NMDA receptor subunit mRNA levels measured by 
Northern blot analysis, using an NR1 subunit selective 
oligonucleotide probe. Increasing concentrations of RNA (0.5-2.0 
μς) were hybridized. Chronic ethanol had no significant effect on 
NMDA-R1 subunit mRNA levels (n=2 blots/expt). This data 
suggests that alterations in NMDAR1 subunit mRNA levels in rat 
hippocampus are not associated with ethanol tolerance and 
dependence. Since MK-801 binding and NMDAR1 subunit expression 
differ in rat brain, the alterations in MK-801 binding following 
chronic ethanol may involve other subunits or post-translational 
modification of the receptor. Further studies are needed to resolve 
these possibilities. (Supported by AA09013).

1 5 7 .5
E T H A N O L  A T T E N U A T E S  L O N G - T E R M  P O T E N T IA T IO N  IN  
B E H A V IN G  R A T S .  K . M c M a h o n *  a n d  B . G iv e n s .  D e p a r t m e n t  
o f  P s y c h o lo g y ,  O h io  S t a t e  U n iv e r s it y ,  C o lu m b u s ,  O H  4 3 2 1 0 .

T h e  n e u ra l b a s is  fo r  e t h a n o l 's  e f f e c t  o n  m e m o r y  is  n o t  
k n o w n . E th a n o l h a s  a  p ro fo u n d  e f f e c t  in  v itro  o n  lo n g -te rm  
p o te n t ia t io n  ( L T P ) ,  a  le a d in g  n e u ra l m e c h a n is m  o f  m e m o r y ,  
b u t e t h a n o l's  e f f e c t  in  v iv o  o n  L T P  h a s  n o t  b e e n  
in v e s t ig a t e d . L T P  w a s  in d u c e d  in t h e  d e n t a t e  h ilu s  b y  t h e ta -  
p a t te rn  s t im u la t io n  o f  t h e  p e r f o r a n t  p a t h . D e n t a t e  e v o k e d  
r e s p o n s e s  w e r e  re c o r d e d  d u rin g  a  3  h r  s e s s io n  in r a t s  
p e rfo rm in g  o n  a  v a r ia b le  in te r v a l ( 2 0  s e c )  s c h e d u le .  
F o llo w in g  th e ta -p a t t e rn  s t im u la t io n , r a t s  in je c t e d  w it h  s a lin e  
(ip) h a d  s ig n if ic a n t  L T P ,  m e a s u r e d  a s  a n  in c r e a s e  in  t h e  
in it ia l s lo p e  o f  t h e  e v o k e d  r e s p o n s e ,  t h a t  w a s  p r e s e n t  
th r o u g h o u t  t h e  s e s s io n .  L T P  w a s  n o t  p r e s e n t  2 4  h o u r s  a f t e r  
s t im u la t io n . E th a n o l ( 0 .5  g /k g  a n d  1 .0  g /k g  ip) a t t e n u a te d  
L T P  in  a  d o s e - d e p e n d e n t  fa s h io n .  E th a n o l a lo n e  d id  n o t  a lte r  
t h e  e v o k e d  r e s p o n s e ,  in d ic a t in g  t h a t  e t h a n o l 's  e f f e c t  o n  c o r e  
t e m p e r a t u r e  m a y  n o t b e  a  s ig n if ic a n t  f a c t o r  in t h e  r e s u lt s .  
T h e  r e s u lt s  d e m o n s t r a t e  t h a t  lo w  d o s e s  o f  e th a n o l a t t e n u a t e  
L T P  in  v iv o ,  a n  e f f e c t  t h a t  m a y  u n d e r l ie  e t h a n o l 's  
im p a irm e n t  o f  m e m o ry .

1 5 7 .7
EFFECT OF ACUTE ALCOHOL ON CALCIUM SIGNALS ELICITED 
BY EXCITATORY AMINO ACIDS AND K+ DEPOLARIZATION IN 
CULTURED CEREBELLAR PURKINJE NEURONS. D .L . G m o l*  and
K. L . P arso n s . Dept. of N europharm acology an d  A lcohol R e s e a rc h  
C en ter, T h e  S crip p s R e s e a rc h  Institute, L a  Jo lla , C A  92 0 3 7 .

T h e  effect acu te  ethanol (30  mM) on C a 2+ s ig n a ls  e vo k ed  by 
glutam ate receptor activation an d  K + depolarization  w a s  exam ined  
in cultured cere b e lla r Purkinje n eu ro ns using  m icro sco p ic  digital 
im aging and  the C a 2+ se n s it ive  d ye  fura-2. M ature Purkin je  n eu ro ns  
~ 3  w e e k s in vitro w ere  studied. G u tam ate  recep to rs w ere  activated  
by dom oate (Dorn; 5 μΜ), a  se le ctive  ka inate  receptor ago nist, and  
q u isqualate  (Q u is; 1 μΜ), an  ago nist at both the A M P A  an d  
m etabotropic receptors. T h e s e  ag e n ts w ere  app lied  from drug 
pipettes by brief (200  m se c) m icro p ressu re  p u lse s . C a 2+ le ve ls  w ere  
monitored at 2-3  s e ç  intervals during pre- an d  p ost-stim ulus periods. 
In both control and ethanol e xp o se d  neu ro ns, K +, Dorn an d  Q u is  
produced abrupt in c re a se s  in intracellu lar C a 2+ (n> 3 0  for all 
groups). T h e  C a 2+ sig n a ls  w ere  ch a racterize d  by m e asu re m e n t of 
am plitude and time co u rse . A  co m parison  of th e se  p aram e te rs  
indicated that ethanol did not significantly a lter the am plitude or time 
co u rse  of the C a 2+ s ig n a ls  produced by Q u is , Dorn and  K+ in the  
dendritic region. In the so m atic  región, ethanol significantly  
d e p re sse d  the duration of re sp o n se  to Q u is , the tim e to p e a k  for the  
re sp o n se  to Q u is  and  Dorn an d  the reco very  p h a se  of the re sp o n se  
to K +. T h e s e  resu lts su g g e st that a cu te  ethanol c a n  in fluence  
stim ulation evo ked  C a 2+ signaling in cultu red  P urkin je  neu ro ns.
S u c h  an  effect could contribute to the ethanol in d uced  alterations in 
physio logical properties of th e se  n eu ro ns reported p revio usly . 
S u p p o rte d  b y  A A A 6 4 2 0

1 5 7 .4
QUANTITATIVE AUTORADIOGRAPHIC ANALYSIS OF NMDA RECEPTOR 
BINDING WITH [3H]MK-801 FOLLOWING CHRONIC ETHANOL 
CONSUMPTION M.F. Tremwel*. KJ. Anderson, and B.E. Hunter. Dept. of 
Neuroscience, Univ. o f Florida, Gainesville, FL 32610.

Previous work has demonstrated that chronic ethanol treatment (CET) produces 
severe and permanent alterations in hippocampal pyramidal cell morphological, and 
functional characteristics. Additionally, memory formation and its likely 
physiological correlate, long term potentiation (LTP) are severely reduced following 
CET. However, under conditions in which GABAergic modulation of LTP induction 
is pharmacologically blocked, the magnitude of LTP is enhanced in CET animals. 
Based on these results we hypothesized that CET produces an enhancement of 
plasticity-related synaptic transmission of both GABAergic and NMDA mediated 
synaptic transmission. The aim of the present study was to examine the effects of 
CET on NMDA receptor number and binding characteristics. Animals were fed a 
nutritionally complete, ethanol containing diet for 28 weeks and then allowed a 48 
hour abstinence period. A control group was fed the same diet except sucrose was 
isocalorically substituted for ethanol. We first examined the effect of CET on the 
binding properties of an antagonist to the NMDA receptor channel, [3H] diclozipene 
([3H]MK-801). Next, we examined NMDA receptor function by measuring the 
ability of glutamate to stimulate channel opening and thus [3H]MK-801 binding. In 
most brain structures examined neither the K<ļ nor the Bmax of [3H]MK-801 binding 
to the NMDA receptor was altered following CET. In the CAI region o f the 
hippocampus and in the dentate gyrus, statistical comparisons of the Bmax showed 
an interaction effect between ethanol and sucrose treated animals and brain region. 
The Bmax was slightly increased in ethanol treated animals in the CAI region of the 
hippocampus. Since pyramidal cell loss occurs in the hippocampal CAI region 
following CET, chronic ethanol may produce a significant change in NMDA receptor 
number. Supported by  NIAAA AA09115 and ADAMHA F31AA05336.

1 5 7 .6
ETHANOL BLOCKS INCREASE IN LTP MEDIATED BY 
DEHYDROEPIANDROSTERONE SULFATE (DHEAS) IN CAI OF 
RAT HIPPOCAMPAL SLICE. R.D. Randall*. J.H. Mever. G. 
Wittenberg and D.L. Gruol. Dept. o f Neuropharmacology & Alcohol 
Research Center, The Scripps Research Institute, La Jolla CA. 92037.

Ethanol consumption is known to cause profound changes in memory 
and learning. DHEAS, an endogenous neurosteroid, may also affect 
these processes. We sought to identify effects of ethanol and DHEAS 
on LTP and synaptic potentials to establish a basis for effects on 
memory and learning. Synaptic potentials were elicited with field 
stimulation at the CA1-CA3 border and recorded with an extracellular 
electrode at CAI in stratum radiatum. LTP was induced with 2 stimulus 
trains (40% Vmax, 100 Hz, 1 sec duration, 20 sec apart). Responses 
increased 80% after LTP induction in control slices. DHEAS (10 μΜ) 
elicited a 65% greater increase in responses compared to control after 
induction of LTP. Ethanol (22 mM) blocked this increase mediated by 
neurosteroid. Paired pulse stimuli were employed to characterize site of 
drug action. The initial slope of the synaptic potential was measured, 
reflecting a non-NMDA glutaminergic component. Ethanol and/or 
DHEAS failed to affect this component of the potential. Peak amplitude 
of the potential reflecting NMDA, GABA and non-NMDA components 
was also measured. Ethanol (22 mM) reduced peak amplitude by 22%. 
DHEAS (10 μΜ) reversed the amplitude depression mediated by 
ethanol. These observations indicate ethanol and DHEAS may interact 
with NMDA, GABA or possibly both potentials. Overall, these 
experiments indicate ethanol and DHEAS interact to affect an in v itro  
model o f memory and learning. Supported by AA6420 and AA0756.

1 5 7 .8
ETHANOL DECREASES ACTION POTENTIAL DURATION IN RAT LOCUS 
COERULEUS NEURONS BY ENHANCING IA. S.S.Osmanović and S.A.Shefher*. 
Dept. Physiology and Biophysics, University o f Illinois at Chicago, Chicago, IL 60612 

Intracellular recordings were made from rat locus coeruleus (LC) neurons in a 
completely submerged brain slice preparation. Bath superfusion o f ethanol (60-200 
mM) decreased the duration o f spontaneous action potentials (AP) in 84% of all LC 
neurons tested (n=31). The ethanol-induced decrease in AP duration was 
concentration-dependent and reversed upon washout. Ethanol (60 mM) reduced AP 
duration at half amplitude by 10.8± 1.3 % (mean±S.E.M ., n = 9). In the presence of 
ΙμΜ TTX, 60 mM ethanol reduced AP duration by 16.8±3.8%  (n=4). Application 
o f 1 mM Ba2+ greatly increased the amplitude and duration o f APs. In the presence 
o f Ba2+, 60 mM ethanol decreased AP duration by 26.8±5.4%  (n = 6). Application of 
300 μΜ 4-aminopyridine increased the amplitude and duration o f control APs and 
prevented any ethanol-induced decrease in AP duration. The mechanism underlying 
these effects o f ethanol was further investigated with single-electrode voltage clamp in 
the presence o f 1 μΜ TTX and 20 mM Mg24. Depolarizing steps to voltages more 
positive than -50 mV from a holding potential of -90 mV, evoked an IA-like transient 
outward current (LJ that declined to a steady-state level in about 250 ms and was 
blocked by 4-aminopyridine. Ethanol (60-200 mM) caused an increase in the maximal 
amplitude o f IA in 8 out o f 10 cells tested, with no change in its time course of decay. 
The mean increase in maximal amplitude o f IA with 100 and 200 mM ethanol was 
24.2±11.8%  (n = 6) and 33 .7±13.7 (n=3), respectively. Ethanol did not change the 
voltage dependence o f IA activation or inactivation. The effect o f ethanol on AP 
duration and IA was tested in the same 6 LC neurons. In 5 cells, ethanol caused both 
a decrease in AP duration and a clear increase in IA amplitude; in one cell, ethanol had 
no effect on AP duration or IA amplitude. These data suggest that ethanol, in 
behaviorally relevant concentrations, decreases the duration o f spontaneous action 
potentials in LC neurons by enhancing an IA-like transient outward current.

GRANT SUPPORT: PHS AA05846 to S.A.S.
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157.9
DIFFERENTIAL REGULATION OF L-TYPE CALCIUM CHANNELS IN 
SUB-CLONES OF NEURONAL CELL LINES BY CHRONIC ALCOHOL 
EXPOSURE. M.H. Hawthom.*Dept. o f Biochemical Pharmacology, School o f  
Pharmacy, SUNY at Buffalo, Buffalo, N Y 14260.

Initially two types PC 12 cells were used. Type 1 required collagai coated 
plates and RMPI medium with 10% HS and 5 % FSC. Type 2 required no collagai 
and DMEM with 10% HS and S % FSC . Both cell types were incubated with 
150mM ethanol for 6 days and L channel doisity determined by [3H]PN200-110 
binding. After ethanol exposure type 2 cells showed a 77 % increase in L-channel 
density with B ^  values increasing from 8.40 ± 1 .0 4  fmol/mg protein to 14.84 ±
2.02 fmol/mg protein. In type 2 cells however ethanol had no effect on L-channel 
density with Вш  values being 61.5 ±  8.8 fmol/mg protein in control and 73.7 ±
8.7 fmol/mg protein in treated cells. Similar observations have beai made with GH3 
and GH4 cells which unlike the PC 12 cells were grown under idoitical conditions 
(Hams F10 with 15% HS and 2.5 %FCS). After exposure to ethanol for 6 days the 
density of L-type calcium channels in GH3 cells doubled with the B ^  increasing 
from 15.0 ±  2.6 fmol/mg protein in control cells to 29.8 ±  5.6 fmol/mg protein in 
treated cells. Ethanol was however without on channel doisity in GH4 cells with Вш  
values being 23.6 ±  3.0 fmol/mg protein and 17.3 ± 1 .9  fmol/mg protein in treated 
and control cells respectively. Ethanol was also without effect on L-channel doisity 
in SY5Y cells. In all studies ethanol had no effect on KD values.

In PC12 cells a differential effect o f ethanol was also observed on G-protein 
levels determined with G.O and G .s specific antibodies. In type 2 cells ethanol 
caused a 30% increase in G0 levels and a 40% decrease in Gs levels. Ethanol did 
not effect G-protein levels in type 1 cells.

Chronic ethanol exposure does not therefore effect calcium channels or G- 
proteins in all neuronal cells. A comparison o f these similar cell types may however 
indicate what determines ethanol sensitivity.
Supported by NIAAA grant R29 AA08182 to MHH.

157.11
AN •'ETHANOL-DEPENDENT" Na+, K+-ATPase ISOFORM.
Timothy D. Folev and Markku Linnoila*.
Laboratory of Clinical Studies, NIAAA, NIH, 
Rockville, MD 20852

Ouabain inhibition of wRb+ (K+) uptake into 
crude nerve ending (synaptosome) preparations 
from rat whole brain was employed as a means to 
distinguish the effect of ethanol (50 mM) on 
Na+, K+-ATPase isoform activities. At 2.5 mM K+, 
in the absence of ethanol, the activities of the 
presumed alpha 1 (IC50= 240 uM) and alpha 2 (IC50=
1.3 uM) isoforms were identified. No ouabain- 
inhibitable K+ uptake was evident at lower 
concentrations (<10'7 M) of ouabain under these 
conditions. However, in the presence of 
ethanol, a third component of ouabain- 
inhibitable K+ uptake was distinguished at the 
lower concentrations of ouabain. This "ethanol- 
dependent" Na+, K+-ATPase activity, defined as 
very sensitive (VS; IC50= 4.2 nM) to ouabain, 
exhibited potent activation (EC50= 3.3 mM) by 
ethanol. Ethanol had no effect on the
activities of the alpha 1 and alpha 2 isoforms. 
Activation of VS by pharmacologically-active 
concentrations of ethanol underscores the 
possibility that this mechanism may contribute 
to the etiology of ethanol sensitivity and/or 
abuse.

1 5 7 .13
EFFECT OF CHRONIC TREATMENT WITH ALCOHOL AND 
ACETALDEHYDE ON ß-ENDORPHIN SECRETION FROM 
THE HYPOTHALAMIC NEURONS IN PRIMARY CULTURES.
N. Bovadiieva. B. Reddv. R.C. Speth*. and D.K. Sarkar. Department 
of VCAPP, Washington State University, Pullman, WA 99164-6520.

We have previously found that acute treatment with ethanol or its 
metabolite, acetaldehyde, increases ß-endorphin secretion from 
hypothalamic neurons in primary cultures. In this study, we 
determined the effect of chronic treatment with ethanol and 
acetaldehyde on ß-endorphin secretion from the cultured hypothalamic 
neurons. The secretion of ß-endorphin was determined after growing 
the fetal (day 18-20) hypothalamic neurons in primary culture for 8-9 
days in serum-free defined media. These cells were challenged with 
different concentrations of ethanol (0 ,12 .5 ,25  and 50 mM) or 
acetaldehyde (0 ,6 .25 ,12 .5  and 25 μτη) for 29 hours. Media was 
collected and replaced with fresh media containing the drug at 1,2, 
and then 6 hr intervals for ethanol and 1 ,2 ,3 ,4 ,5 ,6  and 8 hr intervals 
for acetaldehyde. Determination of ß-endorphin content in the media 
revealed that both alcohol and acetaldehyde produced a concentration- 
dependent increase in ß-endorphin release. The stimulatory effect of 
alcohol lasted only 3 hr. The effect o f acetaldehyde on ß-endorphin 
secretion was more pronounced (2- to 6-fold) and longer lasting 
(approximately 21 hr) than ethanol. These results suggest that the 
ethanol effect on ß-endorphin secretion can be magnified and 
lengthened by conversion to its metabolite acetaldehyde.

1 5 7 .1 0
ALCOHOL SELECTIVELY ATTENUATES STRESS INDUCTION OF 
IM MEDIATE EARLY GENES IN RAT HIPPOCAM PUS.
A.E.RYabinin@.K.R.Melia.M.Cole.F.E.Bloom.M.C.Wilson*. The Scripps 
Research Institute, La Jolla, CA 92037. @TSRI and P.K.Anokhin Institute of 
Normal Physiology, Moscow, Russia 103009.

Many interactions between alcohol and physiological responses to stress 
have been documented, however, the precise mechanisms underlying such 
interactions remain to be defined. To examine the effect of acute alcohol on 
CNS responses to stress at a molecular level, we examined the pattern of 
immediate early gene (IEG) expression, as a marker of neuronal activation, in 
stressed animals pretreated with either saline or alcohol.

Control experiments indicated that intraperitoneal (i.p.) injections of 
alcohol ranging from 1-4 g/kg did not alter the expression of c-fos or jun-B 
mRNA in rat cortex or hippocampus, despite that the highest concentrations (3 
or 4g/kg) of alcohol significantly increased plasma levels of corticosterone. 
The effects of alcohol on stress response were assayed in animals injected with 
alcohol (2g/kg) or saline 10 min before 15 min o f restraint. Changes in 
expression of IEG were analysed at the mRNA level by slot and northern 
blotting, and at the protein level by immunohistochemistry. Restraint stress 
markedly increased the expression of c-fos, c-jun, jun-B and jun-D mRNA in 
cortex and hippocampus relative to alcohol and saline pie-treated, non-stressed 
controls. Surprisingly, alcohol pretreatment did not alter stress-induced 
increases in c-fos or jun-B mRNA in cortex, but significantly decreased the 
expression of these IEGs in the hippocampus.

We propose that alcohol attenuates the stress induction o f IEGs in 
hippocampal neurons by modulating inhibitory input to these cells. Studies 
addressing this hypothesis are now in progress. (Supported by NĪAAA- 
Narcology Center Exchange Program (AER), NARSAD and MacArthur Fnd. 
Depression Network (KRM) and NIAAA 06420).

1 5 7 .1 2
ETHANOL MODULATES THE METABOTROPIC GLUTAMATE RECEPTOR 
COUPLED TO PHOSPHOINOSITIDES (PI) IN HIPPOCAMPAL 
SLICES.R. Labarca1,2. C. Velâscruez1. M.Sequel1,2.G. Bustos3*. 
Lab. of Molecular Psychiatry, СІМ1, and Dept. of 
Psychiatry2, Catholic Univ. Sch. of Med.; Lab. of 
Biochem. Pharmacology3, Dept. of Cell Biology, Catholic 
University, Santiago, Chile.

Metabotropic glutamate receptors are a group of 
heterogenous receptors coupled to multiple second 
messengers systems such as PI hydrolysis, activation of 
phospholipase D, increases or decreases of cAMP formation 
and changes in ion channel function.We have studied the 
effects of acute administration of ethanol (ETOH) and 
the physical dependence induced by this agent, on trans- 
1-amino-l,3-cyclopentanedicarboxylic acid (t-ACPD)- 
induced accumulation of inositol phosphates (IPP)in rat 
hippocampal slices.

ETOH, at 2 and 4 g/Kg (i.p., two days), produced an 
increase in t-ACPD-induced accumulation in IPP in 
hippocampal slices. During physical dependence 
(Majchrowicz, 1975), t-ACPD-induced IPP was augmented 
when compare to controls.

These data suggest that metabotropic glutamate 
receptors coupled to PI hydrolysis are turned-on by acute 
administration of ETOH and during ETOH 
withdrawal.(supported by FONDECYT 0739/91 and 555/93).

1 5 7 .1 4
EFFECTS OF CHRONIC ETHANOL EXPOSURE ON ENDOTHELIN -1 
AND GLUTAMATE - MEDIATED INOSITOL PHOSPHATE 
PRODUCTION IN PRIMARY CULTURES OF RAT CORTICAL 
ASTROCYTES. T.L. Smith.* Res.Service. Vet.Affairs Med.Cntr., 
Tucson,AZ 85723.

Chronic ethanol (E) exposure has been reported by this laboratory to 
selectively inhibit neuropeptide-stimulated polyphosphoinositide (PPI) 
hydrolysis in NIE-115 neuroblastoma (Smith, J. P.E.T. 255:410,1991). The 
aim of the present study was to determine whether (E) had similar effects on 
neuropeptide and metabotrophic receptor-mediated PPI hydrolysis in primary 
cultures of neonatal rat cortical astrocytes. Astrocytes (predominantly type 1) 
were cultured in DMEM with 10% FCS in 35mm cluster dishes at a seeding 
density of 3-4X105 cells/dijsh. At confluency, astrocytes were further cultured 
in the absence or presence of 100 mM(E) for 4 days. After a 24 hr 
preinćubation with [3H]inositol (l/iCi/ml), astrocytes were stimulated with 
maximally effective cones, of either endothelin-1 (lO^M) or glutamate (10'3M) 
for 15 mins at 37°С and subsequent pHJInP production determined. In acute 
studies, astrocytes were exposed to (E) for 15 mins prior to the addition of 
agonists. Acute exposure to (E) as high as 200 mM had no effect on pHJInP 
production by either ET-1 or glutamate. In contrast, chronic (E) significantly 
increased ET-1 mediated pHJInP production by 64% and, in addition, resulted 
in a modest 18% decrease in pHJInP production by glutamate. These results 
suggest that the ET-1 -PLC signal transduction system in astrocytes is a 
potential target for (E) actions and may have important brain developmental 
consequences. (Supported by the Dept. of Vet. Affairs).
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1 5 7 .1 5
E F F E C T  O F CHRONIC ETHANOL (ETOH) ON ADENOSINE A1 
R EC E P T O R S  IN RAT C ER E B R A L C O RTEX . S.M. Rezazadeh, M.W. 
Martin, C.J. Wallis, R.R. Luedtke*,and H. Lai. Dept. of Pharmacology, Texas 
College of Osteopathic Medicine, Ft. Worth, TX, 76107.

Previously, we reported that the A1 receptor antagonist, 8-cyclopentyl-1,3- 
dimethylxanthine (CPT), given chronically, blocked anxiogenic behaviors 
exhibited following withdrawal from chronic ETOH (Rezazadeh et al, Soc. 
Neurosci. Abst. 1S:1073, 1992). In this study, we examined the effect of 
chronic ETOH on the number, affinity, and coupling characteristics of A1 
receptors in rat cortical membranes. Long-Evans hooded-rats were given a 
liquid diet containing 4.5% ETOH (Lai et al., JPET , 2áZ:508, 1988) for 17 d 
(ET group). Control pair-fed rats (PF group) received an ETOH-free diet. A 
third group of rats was maintained on the ETOH diet and injected with the 
CPT, 0.16 mg/kg, bid, from day 9 to day 17. P2 cortical membranes were 
prepared from rats sacrificed 14-18 h after ETOH withdrawal. A selective A1 
receptor antagonist, [3H]-8-cyclopentyl-1,3-dipropylxanthine (3H-CPX), was 
used for radioligand binding. Nonlinear regression analysis of binding data 
showed that there was a small (10%) but significant reduction in A1 receptor 
density in membranes from ETOH-treated rats compared to P F controls. The 
reduction in receptor density was not reversed by concomitant treatment with 
CPT. No significant change in the Kd for 3H-CPX was observed. The A1 
selective agonist, 2-chloro-N6-cyclopentyladenosine (CCPA), was bound to 
two populations of binding sites with high and low affinity. Addition of GTPyS 
markedly decreased the apparent affinity for CCPA at both sites. These 
coupling properties of the A1 receptor were not altered after chronic ETOH. 
Our data suggest that chronic ETOH may result in a modest down regulation 
in A1 receptor not accompanied by changes in coupling of A1 receptor with 
G-protein. (Supported by TCOM Faculty Research Grant).

1 5 7 .1 7
PRETREATMENT WITH LOSARTAN BEFORE ETHANOL REDUCES 
INTOXICATION IN RAT. M.J. Wavner*. J.L. Polan-Curtain. S.C. Chiu and D.L 
Armstrong. Division of Life Sciences, The University of Texas at San Antonio, 
San Antonio, Texas 78249-0662.

Naive male Sprague-Dawley rats pretreated with ethanol (EtOH) or losartan 
and EtOH were tested for 15 min every hour for 4 hours in a one square meter 
open field and behavior, including the righting reflex, muscle coordination, and 
locomotor activity, was evaluated according to criteria developed by 
Majchrowicz (1975) and assigned an intoxication score of one to six. The 
behavior of several control groups received scores of one or normal. Rats 
receiving saline i.p. plus 2.0g/kg of 25% (v/v) EtOH i.p. (n=6) displayed 
impaired righting reflexes, reduced muscle tone, sedation, and reduced 
spontaneous motor activity. Intoxication scores ranged from 2.3 at the end of 
the first hour to 1.2 at the beginning of the fourth hour. Performance was 
significantly different from controls, p<0.05. Rats pretreated with 20.0mg/kg 
of losartan i.p. one hour before the administration of 2.0g/kg of EtOH (n=10) 
exhibited increased alertness and more spontaneous but incoordinated activity 
than rats treated with EtOH alone. Intoxication scores of 1.5 for the first two 
hours were significantly different from the EtOH group, p<0.05. Since losartan 
is a specific angiotensin II (All) specific subtype AT, receptor blocker, these 
results relate to previous data which indicate that EtOH inhibition of 
hippocampal granule cell LTP is mediated by All and AT, subtype receptors 
(Wayner, et al, 1993).

1 5 7 .1 9
BRAIN STRUCTURE AND NEUROPSYCHOLOGICAL PERFORMANCE OF 
SUBSTANCE ABUSERS: A PRELIMINARY MAGNETIC RESONANCE 
IMAGING STUDY. X. Liu*t. R.L. Philliost. D.F. WoneS. R.N. BrvanS and E.P. 
Londont.S-O. tAddiction Res. Ctr., NIDA, NIH, Balto., MD 21224; §Dept 
Radiology, The Johns Hopkins Medical Institutions, Balto., MD 21205; aDept. 
Pharmacol, and Exp. Ther., Univ. of Maryland Sch. Medicine, Balto., MD 21201 
Previous studies have shown that substance abusers have neuropsychological deficits 
which may involve frontal and temporal regions of brain. The present study used 
magnetic resonance imaging (MRI) in conjunction with neuropsychological testing 
to investigate the potential relationship between measures of brain structure and 
neuropsychological performance of substance abusers and controls. Twenty-five paid 
male volunteers (21 - 39 years of age) participated in this study. Subjects included 
14 alcohol and/or polydrug abusers and eleven control subjects with no history of 
illicit drug abuse. MRI studies were performed using either a Resonex Scanner (0.4 
Tesla) or a GE Signa Scanner (1.5 Tesla). Each scan contained twenty-five 4-mm 
thick slices spaced on 4-mm cotters. The slices w o e  parallel to the inferior 
oibitomeatal (IOM) plane. Eight representative planimetrie variables, including 
measures of the whole, frontal and posteri«· brain, w o e  used for correlations with 
neuropsychological performance. MRI meastaes did not differ significantly between 
substance abusers and controls. However, significant correlations w o e  found 
between frontal brain measures, and performance mi the Wais-R scale and verbal 
scores on the Shipley scale in drug abusos, but not in controls. The results indicate 
that frontal brain deficits may contribute to impaired neuropsychological 
performance of substance abusers. Although structural parameters of frontal brain 
may not differ in the two groups, the substance abusers may have functional 
deficiencies in frontal brain areas that affect performance. Additional studies in a 
larger sample will assess relations between frontal brain function and volumetric 
measures o f brain structure.

1 5 7 .1 6
STRIATAL ADENOSINE MODULATE ACUTE ETHANOL-INDUCED 
MOTgR INCOORDINATION (EIMI). Z. H. Mena and M. S. 
Par Department of Pharmacology, School of Medicine, 
East Carolina University, Greenville, NC 27858 
To extend our previous studies of the role of brain 

adenosine in EIMI, we tested the possibility that 
striatal adenosine modulates acute EIMI in male 
Sprague-Dawley rats. Intrastriatal (1ST) Rol5-4513 
markedly attenuated EIMI, suggesting the involvement 
of striatum in EIMI. 1ST administration of adenosine 
Ai-, Aļ*A2~ and Ao-selectivė agonists, CHA, NECA, CGS- 
21680, respectively, significantly and dose-dependent- 
ly accentuated EIMI when evaluated by rotorod test, 
suggesting striatal adenosinergic modulation of EIMI. 
No change in motor coordination was noted when 1ST 
adenosine agonists were followed by saline. Failure 
of intrahippocampal CHA or NECA to alter EIMI indicat
ed specificity to striatal adenosinergic modulation. 
Adenosine Ai- and Ap-selecti ve antagonists, DPCPX and 
DMPX markedly attenuated the effect of CHA and CGS- 
21680, respectively, on EIMI, suggesting participation 
of specific adenosine receptors in the.adenosinergic 
modulation. The adenosine receptors in the striatum 
are linked to Gi protein as 1ST pertussis toxin nearly 
eliminated the accentuation of EIMI by CHA. The data 
suggest modulation by striatal adenosine of acute EIMI 
through a receptor-mediated mechanism linked with G 
protein. [Partially supported by NIAAA #07101]

1 5 7 .1 8
ETHANOL BLOCKS A CTION OF LOCAL ANES T H E T I C S  IN 
P A C EMAKER NUCLEUS OF ELECTRIC FISH.
James S i d i e * and Steve G a b l e . Department of 
B i o l o g y /Ursinus C o l l e g e ,C o l l e g e v i l i e ,PA 19426.

W e a k l y  electric fish g enerate an electric 
field by means of an electric organ. The 
electric organ discharge (EOD) of wave-discharge 
species is quasi-sin u s o i d a l  w ith extreme 
temporal Stability. The EOD frequency is a 
function of the medul l a r y  pacemaker nucleus 
output. We studied the transparent knife fish 
(Eigenmannia v i r e s c e n s ) and the brown ghost 
knife (Aptero n o t u s  l e p t o r h y n c h u s ). While 
a t tempting to u n s t abilize the EOD frequency, we 
d i scovered that ethanol has no effect when 
acting alone, but p artially blocks the action of 
tetracaine and dibucaine. Ethanol exhibits this 
block i n g  action at c o n c e ntrations less than 500 
ppm. E xperiments were conducted at 27C. with a 
local anesthetic conce n t r a t i o n  of 5xlO-5M. 
T e t racaine-HCl produces an EOD frequency change 
of 1.2%/minute; tetracaine plus ethanol yields 
an EOD decrement of 0 . 4 % / m i n u t e . Dibucaine 
alone gives an EOD frequency decrement of up to 
2.0%/minute while together wi t h  ethanol produces 
as littlé as 0 .6%/minute decrease. The 
a n esthetic reaches the b r a i n s t e m  from the 
bat h i n g  solution in less than 30 seconds.

1 5 7 .2 0
CEREBRAL METABOLIC EFFECTS OF ACUTE ETHANOL 
ADMINISTRATION L WiUiams-Hemhv*. J.R. La Rosee, and 
L J. Porrino Departemnt of Pharamcology and Physiology, Bowman Gray 
School o f Medicine, Wake Forest University, Winston-Salem, N.C. 27157 
Ethanol is known to have dose dependent effects on behavior. Specifically, 
the administration of low doses can produce increases in locomotor 
activity , while high doses result in the depression of gross motor activity. 
In this study, we have measured the dose dependent effects of acute doses 
of ethanol on cerebral metabòlic activity using the quantitative 
autoradiographic 2-[l^C]-deoxyglucose method. Rates of glucose 
utilization were measured 10 minutes after IP administration of 0.25,0.50, 
or 1.00 g/kg ethanol to male Sprague Dawley rats. The acute 
administration 0.25 g/kg ethanol significantly increased rates of glucose 
utilization as compared to saline treated controls in the anterior and 
posterior nucleus accumbens, shell of accumbens, posterior olfactory 
tubercle, lateral prefrontal cortex, basolateral amygdala, ventral caudate, 
and ventral pallidum. Animals receiving 0.50 g/kg ethanol demonstrated 
similar increases in anterior accumbens and ventral caudate, but increased 
metabolism was also evident in the substantia nigra compacta and CAI 
and CA2 regions of the hippocampus. In contrast, the administration of
1.00 g/kg ethanol resulted in decreased glucose metabolism as compared to 
saline controls in many brain regions. Significant differences were 
observed in the anterior cingulate cortex, the olfactory tubercle, thalamus, 
locus coeruleus, habenula, and cerebellum. These results indicate that the 
effects of ethanol on cerebral metabolism are dose dependent, with each 
dose appearing to affect a unique subset of structures. This suggests the 
potential involvement of different neurotransmitter systems at each dose. 
Supported by NIDA Training Grant DA07246-02 [LWH] and NIAAA 
Grant AA09291 [LJP].
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157.21

ALCOHOL A LTERS MEMBRANE DISTRIBUTION O F ENDOGENOUS GM1 
GANGLIOSIDE IN CO RTICAL C E LL CU LTU RES; GM1 TREATM ENT RE
STORES TOPOGRAPHY.
H, Laev*. B.L. Hunound. S.E . Karoiak. Div. Neuroscience & Dept. of Analyti
cal Psychopharmacology N YSPI, & Dept. of Psychiatry, Columbia Univ. (P & 
S), NY, NY 10032.

Gangliosides are complex lipids found at high concentration in CN S cell 
plasma membranes, particularly synaptic membranes. When administered, 
exogenous monosialoganglioside (GM1) exhibits neuroprotective effects in 
both animals & humans with CN S injuries (including trauma & stroke). GM1 
ganglioside is involved in critical biological functions, including maintenance 
of cell membrane integrity. Plasma membrane integrity can be affected by al
cohol exposure through a variety of mechanisms. GM1 has been reported to 
reduce alcohol induced sleep-time in mice, and, fetal alcohol effects in rat 
pups (Hungund & Mahadik, 1993). Consequently the study reported here was 
undertaken to examine the effects of alcohol exposure on membrane endoge
nous GM1 ganglioside, and, to assess exogenous GM1's protective effects in 
rat CNS derived primary cell cultures using choleratoxin/antitoxin immunohis- 
tochemistry. Fetal (G14-16) & 0-1 day postnatal rat cortical cultures were 
grown on poly-L-lysine coated coverslips. Cultures were subjected to acute & 
chronic ethanol exposure (10min-7days) with or without GM1 (80μΜ) treat
ment. At varying exposureAreatment endpoints cultures were fixed & the pat
tern (distribution) of plasma membrane endogenous GM1 evaluated. Results 
indicate that there are age, length of exposure to alcohol & cell-type (neuronal 
vs glial) effects on plasma membrane endogenous GM1 after alcohol expo
sure. GM1 treatment ameliorated those alterations that occurred as a result of 
the alcohol exposure. This initial study provides novel data for better defining 
the pathological processes underlying alcohol toxicity as well as the neuropro
tective mechanism of GM1 ganglioside.

157.23

ALCOHOL DEHYDROGENASE (ADH) ACTIVITY IN CYTOSOL FRACTION OF 
CMS'AREAS OF ACETALDEHYDE(AlCHO)GENERATIONAL TREATED RATS.E. 
Egana>*' C. R ē ta in a i, and G. G a b ler  . U n i v e r s i t y  o f  C h i l e ,  
Faculty o f  M e d ic in e ,  I n s t i t u t e  o f  E x p e r im e n ta l  M e d ic in e ,  
Laboratory o f  N e u r o c h e m itr y -S a n t ia g o  7 - C h i l e .

A1CH0, th e  m ajor t o x i c  p r o d u c t  o f  E th a n o l o x i d a t i o n  h a s a 
d eletereo u s a c t i v i t y  on e n e r g y  p r o d u c t io n ,  a c t i v e  t r a n s p o r t ,  
d iffe r en t  e n z y m a t ic  p r o c e s s ,  e t c . I n  p r e v io u s  r e s u l t s  our  
I n s titu te  show ed dam age on t h e  CNS m it o c h o n d r ia l ,  a s  w e l l  
enzymatic s y s te m s ,  and on ADH a c t i v i t y  in  g e n e r a t i o n a l  EtOH 
feeding r a t .  A ls o  t h e  dam age on CNS g e n e r a t i o n a l  f u n c t io n  
(Egana e t . a l  1 9 7 5 ,9 3 ,9 1 ) .  T h is  p r e s e n t  e x p e r im e n ts  d e a l s  
with th e  e f f e c t s  o f  A1CHO on t h e  A lc o h o l  ADH a c t i v i t y . i n  t h e  
five d i f f e r e n t s  C N S 'a r e a s .A d u lt  Q w i s t a r  r a t s :  n o r m a l, 
and A1CH0 in y e c t e d  d a i l y  w it h  a s i n g l e  200 mg A lC H O /K g/rat  
during l i f e  th r o u g h  o u t  16 g e n e r a t i o n s , t h e  r a t s  w ere  
s a c r if ic e d  and e n c e p h a lo n  rem oved .H om ogen ated  from  B r a in  
Cortex, H ip o th a la m u s , H ip p ocam p u s, C e r e b e llu m  and M id b ra in  
and l i v e r  ( c o n t r o l )  w ere  o b t a in e d .  The c y t o s o l  f r a c t i o n  was 
submited to  A c r y la m id e  G el E l e c t r o p h o r e s i s  N a t iv e  (PAGE). 
These G els  w ere t r e a t e d  w ith  C o o m a ssie  B lu e  and N i t r o b lu e  
Tetrazolium  f o r  d e t e c t e d  P r o t e i n s  and th e  ADH a c t i v i t y .  ADH 
a c t iv i ty  in  CNS c y t o s o l  f r a c t i o n  was lo w e r  b o th  in  Norm al 
and th e  t r e a t e d  r a t s .  H owewer, t h e  n a t iv e  PAGE o f  t h e  2 0 ,0 0 0  
g su p ern a ta n t o f  t h e  d i f f e r e n t  CNS a r e a s  s h o w e d _ a  h ig h e r  
a c t iv i ty  in  norm al H ip o th a la m u s r a t s ,  t h e  A1CHO O ^ sh ow ed  a 
lower a c t i v i t y  in  a l l  a r e a s .  However t h e  t r e a t e d Q  a c t i v i t y  
did not shown s i g n i f i c a n t  v a r i a t i o n ,  e x c e p t  in  H ip ĩth a la m u s ,  
Hippocampus, and C e r e b e llu m  who w ere  lo w e r .  We may c o n c lu d e  
that th e  c r o n ic  A1CHO a d m in is t r a t io n  w ou ld  i n h i b i t  t h e  ADH 
a c t iv i ty ,  in  t h i s  t h r e e  C N S 'a r e a s .

157.25

EFFECT OF CHRONIC ETHANOL EXPOSURE ON NEURONAL  
CYTOSKELETON. E, Fifková? P. McMechen and P. Schaner. University of 
Colorado, Boulder, CO 80309.

The effect of chronic ethanol exposure and withdrawal on dendritic microtubules 
of dentate granule cells has been studied in the alcohol-sensitive LSibg  and alcohol- 
insensitive SSjbg  mice, respectively. Mice were fed for 4 months either with a 
control isocaloric liquid diet or with an isocaloric liquid diet containing ethanol 
(23.5% ethanol-derived calories). Half o f  the ethanol-treated mice were withdrawn 
from the diet for 1 month. The density o f microtubules was studied in cross sectioned 
dendrites in the proximal and distal thirds of the dentate molecular layer (DML). A 
statistically significant decreased density o f microtubules (42%) was observed in the 
proximal third o f the DML and LS mice in the withdrawal group. Dendritic 
microtubules play an important role in the integrity and maintenance o f dendrites. 
Our results are in agreement with those reporting reduction of microtubule density in 
proximal dendrites in various pathological conditions (Paula-Barbossa and Tavares, 
Brain Res. 3 3 9 .195,1985; Faivre et al., Dev. Brain in Res., 8 ,21 ,1983; Deitch and 
Rubel, J.C.N., 281.234,1989). Microtubules are polar structures with a fast-growing 
BİUS end and a slow-growing stable minus end. In neurons, the stable microtubules 
serve as loci for microtubule growth. Dendritic microtubules are o f mixed orientation, 
some originate in dendrites and some in the cell body (Burton, Brain Res., 473.107, 
1988; Baas and Black, JCB, 107. 732,1989). The ethanol-induced changes in the 
cytoplasm could affect selectively the stable microtubules through posttranslational 
modifications o f tubulin. If such changes were more severe in dendrites than in the 
cell body, this could result in the reduced microtubule density in the proximal 
segment leaving the density in the distal segment unchanged. The reduced capacity 
of dendritic cytoplasm to polymerize microtubules could affect neuronal functions 
associated with microtubules and alter the morphology o f the dendritic tree. Because 
these changes occur during withdrawal, it indicates complex interactions of ethanol 
and the cytoplasm which triggers a sequence o f events resulting in long-lasting 
modifications. Supported by AA08509 and AA00130.

1 5 7 .2 2

CEREBRAL METABOLIC EFFECTS OF ETHANOL CONSUMPTION IN 
RATS. L-J. Porrino*. L.W . Hembv. J.R . La Rosee. G .J , Gatto, and
K.A. Grant. Dept. of Physiology and Pharmacology, Bowman Gray 
School of Medicine, Winston-Salem, NC 27157 USA.

Adjunctive drinking was used as a model to study the functional 
consequences of self-administered ethanol. Male, Long Evans rats 
(350 g) were induced to self-administer ethanol (10%  w/v) or water by 
noncontingent presentation of sucrose pellets under a fixed time 
schedule (210 sec) in daily sessions. Responding on a lever resulted in 
the presentation of 0.1 mi fluid from a dipper, immediately after the 
end of the final session, rates of local cerebral glucose utilization (LCGU) 
were measured using the quantitative autoradiographic 2-[14CJdeoxy- 
glucose method. Ethanol intake during the final session was 
6 .1 6 ± 1 mis, corresponding to 1 .7 2 ± .3  g/kg. Animals consuming 
ethanol as opposed to water demonstrated increases in LCGU in the 
posterior nucleus accumbens and olfactory tubercle, as well as in the 
locus coeruleus. Ethanol, however, decreased LCGU in portions of the 
limbic system , specifically the Papez circuit, including hippocampus, 
mammillary bodies, entorhinal cortex and anterior ventral nucleus of the 
thalamus. These data indicate that self-administration of large 
quantities of ethanol does not result in generalized reductions in cerebral 
metabolism, but in a highly discrete constellation of changes focussed 
within the limbic system . Furthermore, the alterations in functional 
activity within portions of the Papez circuit may provide an anatomical 
substrate for ethanol's effects on memory and emotion.
S u pported  b y  N IAAA  G rants A A 0 9 2 9 1  (L JP ) and  A A  0 9 3 4 6  (KAG ).

1 5 7 .2 4

NMR STUDIES OF ETHANOL & WATER ON REVERSED 
LIPID MICELLES. L. W. Dennis and W. R. Klemm*. Exxon Re
search & Eng. Co., Baytown, TX 77522 and Dept. Vet. Anat. Public 
Health, Texas A&M, College Station, TX 77843.

Synaptic functions are likely to be affected by solvents, such as 
water or alcohol, that can hydrogen bond to membrane surfaces. We 
used NMR to evaluate solvent effects in a reversed micelle system of 
dipalmitoyl phosphatidyl choline (DPPC) in carbon tetrachloride.
Cosy and double-quantum cosy 2D NMR allowed complete assign
ment of the proton NMR spectra. The water peak in this system shifts 
greatly, upfield from bulk water, and has large changes in linewidth as 
amounts of water and alcohol are varied relative to DPPC. Ethanol 
could make the water peak broader and shift it upfield. In simple 
mixtures of water and ethanol, similar linewidth changes were seen.

In phosphorous-31 NMR studies, water caused a chemical 
shift of the phosphorus that varied with the watenDPPC ratio, but 
ethanol did not seem to cause such a shift. Even ethanol alone did 
not shift the peak. In FTIR studies on this system, the P = 0  band at 
1260 cm'1 shifted upon binding with alcohol. As explanation for this 
apparent contradiction is currently being sought. FTIR may be able to 
reveal different -OH stretching modes because it detects events on a 
much faster time scale than does NMR, which detects more of an 
average effect as reflected in the line width and chemical shift of the 
various species.

1 5 7 .2 6

ACUTE AND CHRONIC ETHANOL TREATMENT OF CELLS IN CULTURE.
D. A. Twomblv*1 and D.L. Colbem2. Dept. o f Pharmacology, Northwestern Univ.1, 
Chicago, IL 60611; U.C.L.A. Brain Research Institute?, Los Angeles, CA 90024.

Cell culture models are extremely valuable for assessing responses to short- and 
long-term ethanol administration. Unfortunately, ethanol can evaporate from solution 
during sustained application, jeopardizing the accuracy and validity o f experimental 
results. The objective o f this study was to evaluate temporal changes in ethanol 
concentrations for a variety o f treatment conditions in culture.

N1E-115 neuroblastoma cells were seeded into 6-well culture plates, and 
incubated in a 10% C 0 2 atmosphere at 37°C. These plates allow gas exchange with 
the environment in order to maintain pH and C 02 levels in the medium. Changes in 
ethanol concentrations in these cultures were analyzed with a Chrompack gas 
chromatograph (Poraplot-U 10 m x 0.53 mm capillary column) and automatic 
headspace sampler, hi one series o f  experiments, ethanol levels were sampled at 2 
hr intervals for 8 hr. Wells initially containing 100-200 mM ethanol lost 
approximately 30% o f their ethanol content within 4 hr, and up to 58% by 8 hr. 
Another series o f plates showed almost complete loss o f ethanol after 24 hr in culture. 
Some plates were sealed in plastic containers together with a reservoir o f  ethanol in 
H20 ,  and incubated for 24 or 48 hr. In general, the sealed containers maintained 
stable ethanol concentrations for up to 48 hr; pH in these plates ranged from 7.4 to 
7.5. The final ethanol concentrations depended upon reservoir concentration and 
volume. Wells initially containing medium alone (DME) gradually accumulated 
ethanol from other plates and from the reservoir. Morphologically, cells grown in 
15-30 mM ethanol for 48 hr were indistinguishable from cells grown without ethanol. 
Cells grown in 80 or 160 mM for 24 hr appeared smaller and more granular than 
controls. Results o f  this study have demonstrated rapid loss o f ethanol from cultures 
under typical incubation conditions. Depending upon the experimental goals, 
however, the loss can be minimized without adversely affecting cell growth.
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1 5 7 .2 7
CHRONIC ETHANOL EFFECTS ON POSTERIOR MAMILLARY NUCLEUS IN 
THE RAT. M.A. Kina. B.E. Hunter. & D.W. Walker*. VAMC and 
Department of Neuroscience, University of Florida, 
Gainesville FL 32610.

In human.alcoholics the mamillary bodies have been 
reported to be the most consistently damaged brain struc
ture, although it is still not clear to what extent the 
pathology results from alcohol apart from nutritional in
teractions, especially those related to thiamin metab
olism. Behavioral and anatomical evidence implicate mam
illary damage in alcoholic memory dysfunction, but prev
ious animal studies failed to control nutritional var
iables and/or found that long periods of ethanol consump
tion were required before mamillary damage was detectable. 
We used a nutrient-supplemented pair-feeding paradigm to 
expose rats to ethanol for 30 weeks followed by 8 wks. on 
standard diets. Nissl-stained sections containing the 
posterior medial mamillary nucleus were sampled using 
digital image analysis * Objects >20uM2 were counted and 
measured for area, roundness, and optical density. Data 
were analyzed by size and density classes based upon ref
erence values for identifiable brain cell types. We found 
only nonsignificant differences in cell numbers, but the 
alcohol group showed l)an increase in the size and round
ness of some of the smallest cells, presumably oligoden
drocytes and microglia, 2)decreased optical density in 
dark astrocyte-sized objects, and 3)an apparent shift in 
the neuron size distribution toward smaller neurons with a 
decreased mean cell area in the >100 uM2 class. These 
results suggest reactive gliosis and neuron shrinkage and 
are similar to effects observed in other pathologies. 
Supported by the Dept. of Veterans Affairs and NIAAA Grant 
AA00200.

1 5 7 .2 8
ULTRAESTRUCTURE CHANGES IN THE RAT SOMATOSENSORY CEREBRAL 

CORTEX DUE TO CHRONIC INTAKE OF E1HAN0L.

J. Truj ilio-Santana* and G. Espinosa.
Dept. Anatomia, Facultad de Medicina, UNAM. Mexico, 04-510

Alcohol’s abuse exerts a deletereus effect on the organism 
and the behavior. The nervous system that controls the 
mechanisms of behavior, is also affected.

In this study, young rats of 8 weeks age were divided in 
two groups: control (C, n=9) and experimental (E, n=9).
The E Group drunk ethanol at 15% for the last two months 
up to 5 months of age, and then they were sacrificed and 
processed for electronic microscopy (EM).

Brain of C and E groups were compared. The E group showed 
mild microcephaly, in most of the individuals. The light 
microscopy showed a decrease in the thickness of each 
layer of the somatosensory cerebral cortex (SSCC). Some 
of the alterations in subcellular structures: increase in 
the interLaminar space, altered distribution of mierotu—  
bules and neurofilaments, were shown trough EM.

These results indicate that 2 months of ethanol intake, 
produces a mild structural effects on the SSCC that 
probably interfers with the behavior of these rats.

Acknowledgement to H. Merchant at IIB-UNAM for the use 
of EM.

PSYCHOTHERAPEUTIC DRUGS: CLOZAPINE

1 5 8 .1
SEROTONINERGIC AND NORADRENERGIC MECHANISMS DO NOT 
MEDIATE CLOZAPINE-INDUCED INCREASES IN C-FOS EXPRESSION 
IN THE FRONTAL CORTEX. N. Guo* and H.C. Fibiger. Dept. of Psychiatry, 
Univ. of British Columbia, Vancouver, B.C. Canada V6T 1Z3

The mechanisms by which atypical neuroleptics such as clozapine exert 
their therapeutic effects without producing concomitant extrapyramidal side 
effects (EPS) remain elusive. Previous studies have found that typical and 
atypical neuroleptics induce regionally specific Fos (and other transcription 
factors) expression in the brain. Fos induction by clozapine in the prefrontal 
cortex (PFC) in the absence of effects in the striatum may be related to its unique 
therapeutic profile, while haloperidol induced increases in Fos immunoreactivity 
in the striatum may be relevant to the EPS produced by this drug.

The failure of the D2 receptor antagonist haloperidol to induce PFC Fos 
expression suggests that D2 receptor antagonism does not account for clozapine- 
induced Fos expression in the PFC. Because clozapine is also an antagonist of 5- 
HT2 and a l  noradrenergic receptors, it is possible that it induces PFC Fos 
expression by acting on 5-HT2 or a  1 receptors. To examine whether 
serotoninergic and/or noradrenergic mechanisms are involved in this induction, 
5,7-DHT lesions of the medial forebrain bundle and 6-OHDA lesions of the 
dorsal noradrenergic bundle were performed on rats. Neurochemical analyses 
showed that there were extensive reductions in 5-HT (-91.5%) and in NA (- 
93.5%) concentrations in the PFC after 5-DHT and 6-OHDA lesions respectively. 
Two to three weeks after the lesions, Fos immunohistochemistry was performed 
to examine the effects of 5-HT and NA depletion on clozapine induced Fos 
expression in the PFC. Statistical analyses showed that neither 5-HT nor NA 
depletion affects clozapine-induced PFC Fos induction, suggesting that neither 
serotoninergic nor noradrenergic mechanisms are involved in this effect of 
clozapine.

1 5 8 .3
EFFECTS OF CLOZAPINE AND CIS-FLUPENTHIXOL ON THE 
DEVELOPMENT AND EXPRESSION OF CONDITIONED ACTIVITY. SA .
Josselvn* and FJ. Vaccarino .̂ Dept. of Psychology and Psychiatry^, University 
of Toronto, Toronto, Canada, M5S 1A1.

Clozapine (CLZ) is an atypical neuroleptic whose antipsychotic efficacy may 
derive from a selective blockade of mesocorticolimbic dopamine (DA) receptors. 
Previous research has demonstrated that DA antagonists block the development 
but not expression of conditioned activity induced by amphetamine (AMPH). 
The present experiments assessed the effects of CLZ in the (1) expression and 
(2) development of conditioned activity.

In the first experiment, Paired groups of rats received four daily 2-hr AMPH 
(2.0 mg/kg)-environment (automated activity monitors) pairings while the 
Unpaired groups received the same number of exposures to AMPH and the 
environment but the stimuli were explicitly unpaired. On the fifth day, all rats 
received saline injection prior to activity monitor placement in a (saline) test of 
conditioned activity. On a subsequent saline test day that followed four 
additional pairing sessions, the effects of £i§-flupenthixol (0.1 mg/kg) and CLZ 
(0.1, 1.0, 5.0 mg/kg) on the expression of conditioned activity were evaluated.

The second experiment was conducted similarly except that rats received 
neuroleptic or vehicle pretreatment prior to the four pairing sessions. Again, 
conditioned activity was measured on a saline test day.

The results show that cis-flupenthixol blocked the development of conditioned 
activity at a dose that did not block the expression. In contrast, preliminary 
results suggest that low doses of CLZ failed to block either the expression or 
development o f conditioned activity, while higher doses antagonized both aspects 
of conditioning. These results suggest potential differences in the mechanisms 
of action of the two representatives of typical and atypical classes of neuroleptics.

1 5 8 .2
ELEVATED CLOZAPINE PLASMA LEVELS AFTER ADDITION OF 
FLUVOXAMINE. C. Hiemke. H. Weigmann. H. Müller. N. Dahmen.
H. Wetzel and E. Fuchs1*. Department of Psychiatry, University of 
Mainz, D-6500 Mainz and German Primate Center, D-3400 Göttingen, 
Germany.

This study describes drug interactions of the atypical neuroleptic 
clozapine with the selective serotonin reuptake inhibitor fluvoxamine in 
two psychiatric patients. The inpatients (1 male, aged 25 yrs and 1 
female, aged 38 yrs) with the diagnosis of chronic schizophrenia and 
depression received fluvoxamine (75-100 mg/day) additional to clozapine 
(200-400 mg/day). Clozapine and its major metabolites N- 
desmethylclozapine and clozapine N-oxide were determined in the sera by 
HPLC at least weekly during a period of 4 weeks. Under monotherapy 
drug monitoring revealed suboptimal levels of clozapine in the female 
patient (255-267 ng/ml). The concentrations were in the range of other 
patients receiving clozapine monotherapeutically. Fluvoxamine co
medication markedly increased the concentrations of clozapine (ranging 
from 1345 to 3151 ng/ml). The serum levels of the metabolites were 
much lower than those of clozapine. This gave evidence that the selective 
serotonin reuptake inhibitor fluvoxamine inhibited markedly N- 
demethylation and N-oxidation of clozapine. It is concluded that the 
combination of the two drugs might be helpful in the treatment of the 
schizophrenia. The combination, however, should be avoided as long as 
systematic investigations including regular drug monitoring has been 
assessed for the combined fluvoxamine/clozapine treatment.

1 5 8 .4
EFFECTS OF CHRONIC TREATMENT WITH A TYPICAL OR ATYPICAL 
NEUROLEPTIC ON THE BEHAVIORAL RESPONSE TO COCAINE. Е Л ,  
LeDuc* and G. Mittleman. Dept. of Psychology, Memphis State 
University, Memphis, TN 38152

Work in our laboratory demonstrated that rats chronically treated with 
haloperidol exhibit both heightened locomotion and higher rates of 
behavioral sensitization to repeated cocaine administration than rats 
given cocaine alone (LeDuc & Mittleman, Psychopharm. 1993, 
110:427). The purpose of this experiment was to examine the 
generalizability of neuroleptic-induced increases in the locomotor 
stimulant effects of cocaine. Female, Long Evans rats received daily 
injections of clozapine (CLOZ, 4.0 or 8.0 mg/kg), haloperidol (HAL, 0.1 
or 0.2 mg/kg) or vehicle (n/group = 24). All rats then received 4 doses of 
cocaine (CHCL, 0.0, 3.0, 7.5, or 15.0 mg/kg) in random order with an 
intervening vehicle day between drug days. The sequence of CHCL was 
repeated 4 times. When initially administered CHCL, rats treated with 
HAL or CLOZ exhibited levels of locomotion equivalent to controls. With 
repeated CHCL injections, control and CLOZ treated rats exhibited similar 
progressive increases in locomotion. In comparison, rats administered 
HAL exhibited significantly more locomotion in response to CHCL than 
control or CLOZ groups. Rats treated with the high dose of HAL 
displayed the greatest increase in CHCL-induced activity. In order to 
examine the neural mechanisms underlying the heightened
responsiveness to CHCL, locomotion in response to apomorphine (APO, 
50 & 250 ug/kg, sc) was determined. Control and CLOZ treated groups 
exhibited a suppression of locomotion following 50 ug/kg injections and 
typical increases in locomotion in response to 250 ug/kg. In contrast, 
groups treated with HAL displayed significantly higher levels of 
locomotion following 50 & 250 ug/kg apomorphine. These results may 
have relevance to understanding the high incidence of drug abuse in 
neuroleptic treated populations as they indicate that chronic treatment 
with HAL or CLOZ has very different effects on the behavioral sensitivity 
to dopaminergic agonists. Supported by NIDA grant DA07517.
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1 5 8 .5

ACUTE CLOZAPINE TREATMENT ALTERS ACTIVE 
MEMBRANE PROPERTIES AT THE AMYGDALA CENTRAL 
NUCLEUS. M.C. Schiess*. Depts. Neurology and Pharmacology, 
Univ. of Texas Medical Branch, Galveston, Texas 77555-1031.

As a preparatory step in the study of neuroleptic mechanisms of 
activity, the acute effects o f micromolar concentrations o f clozapine on 
active and passive membrane properties o f the amygdala central 
nucleus (ACe) were investigated in  v itro . Coronal slices (500 μτη) from 
adult male rats were used for intracellular current clamp recording 
from ACe neurons. Superfusion with clozapine (ΙμΜ) typically a)  
suppressed spontaneous excitatory potentials b ) had no significant 
effect on membrane potential (Mean ±  4mV) c ) decreased Ri with a 
mean change o f 26% d ) decreased time-dependent inward rectification 
(N=9/12 ACe neurons). Active properties of the majority Type A ACe 
neuron were altered with 1 μΜ clozapine in 9/12 neurons tested. At 
-60mV membrane potential, clozapine converted a non-accommodating 
(Acc) neuron into an accommodating neuron; by definition causing the 
cessation of elicited action potentials beyond 250 ms of a 500 ms 
depolarizing current pulse. The mechanism of this inhibitory effect on 
repetitive firing may be related to the increase in duration of the 
medium-afterhyperpolarization (m-AHPcootro,=256±32m s;m AH Pclo2jpinc 
=l±.21secs). The receptor subtypes mediating these effects of 
clozapine on ACe active properties are currently being investigated.

1 5 8 .7

DIFFERENTIAL EFFECTS OF ANTIPSYCHOTIC DRUGS ON 
AMPHETAMINE-INDUCED HYPERMOTILITY, STEREOTYPY 
AND DISCRIMINATIVE STIMULUS EFFECTS IN RATS.
J. Amt* and C. Sánchez. Pharmacological Research, H. Lundbeck 
A/S, Ottiliavej 9, DK 2500 Valby, Copenhagen, Denmark.

Preferential reversal of hypermotility versus stereotypy induced by 
d-amphetamine (AMPH) has for long time been used in the 
development of putative antipsychotic drugs. This strategy is based on 
the anatomical selectivity o f AMPH-induced behaviours, i.e. nigro- 
striatal dopamine systems mediating stereotypy and limbic dopamine 
systems mediating hypermotility, and the hypothesis o f a parallel 
differentiation between the regions mediating extrapyramidal side 
effects versus antipsychotic activity. In the present study these models 
have been compared with AMPH-induced discrimination which is 
believed to be mediated by DA in the nucleus accumbens. Classical 
(e.g. haloperidol, fluphenazine, cis(Z)-flupentixol) and newer or 
putative antipsychotic drugs (clozapine, sertindole, risperidone, ORG 
5222, remoxipride, sulpiride, raclopride, nemonapride) have been 
studied in combination with AMPH 1.0 mg/kg, ip, discrimination; 2.0  
sc, hypermotility; 10 sc, stereotypy, using previously described 
techniques. The classical compounds were equipotent in the 3 models, 
whereas the newer "atypical" compounds preferentially inhibit hyper
motility. There was no correlation between inhibition o f hypermotility 
and discrimination. Sertindole, risperidone and remoxipride failed to 
inhibit discrimination. The implications for evaluation o f antipsychotic 
drugs will be discussed.

1 5 8 .9

Effect of olanzapine on rat brain receptor binding, acetylcholine 
levels and monoamine turnover. S. K. Hemrick-Luecke*. F. P. 
Bvm astar. J. F. Falcons. N. A. Moore. N. C. Tve and R. W. Fuller. 
Lilly Research Laboratories, Eli Lilly and Co., Lilly Corporate 
Center, Indianapolis, IN 46285 U.S.A. and Windlesham,
Surrey, GU20 6PH, U.K.
. Olanzapine (LY170053, 2-methyl-4-(4-methyl-1-piperazinyl- 
10H-thieno[2,3-b][1,5]benzodiazepine)) is an antipsychotic drug 
candidate that has high in vitro affinity for muscarinic Mi, 
serotonin 5HT2, dopamine D2 , alphai and dopamine Di 
receptors. Olanzapine, 1 hour after doses from 1 to 10 mg/kg 
ip, displaced the e x  vivo binding of зн-pirenzepine (a Mi 
antagonist) and зн-ketanserin (а 5HĨ2 antagonist) but only 
partially displaced the binding of зн-spiperone (a dopamine D2 
antagonist) and 3H-SCH23390 (a dopamine Di antagonist). 
One hour after doses of olanzapine from 1 to 10 mg/kg ip, levels 
of acetylcholine were decreased in rat striatum. Olanzapine 
increased levels of the dopamine metabolite, 3,4-dihydroxy- 
phenylacetic acid (DOPAC), in rat nucleus accumbens and the 
norepinephrine metabolite, 3-methoxy-4-hydroxyphenylglycol 
(MHμg-SO4), in rat hypothalamus. The e x  vivo and in vivo  
effects of olanzapine in rat brain lasted up to 4 hours but less 
than 8 hours. These pharmacologic data suggest that 
olanzapine antagonizes Μι, 5ΗΪ2, dopamine D2 and alphai 
receptors in vivo in rat brain.

158.6
CLOZAPINE IN TREATMENT RESISTANT OBSESSIVE COMPULSIVE 
DISORDER. L. C. Barr*. S. C. Aronson. A. Anand. L. H. Price. W. K. Goodman. 
Yale University School of Medicine, New Haven, CT 06519

Repetitive, uncontrollable thoughts and/or actions which the sufferer finds 
senseless form the core of obsessive compulsive disorder (OCD). Up to 50% of 
OCD patients fail to respond to serotonin (5-HT) reuptake inhibitor (SRI) 
treatment, the only established pharmacotherapy for the disorder. It has been 
hypothesized that some forms of OCD may involve both DA and 5-HT 
dysregulation. Indirect support for this hypothesis comes from studies showing 
that obsessive-compulsive (OC) symptoms are reduced by addition of the DA 
antagonist haloperidol to ongoing SRI treatment in OCD patients with a chronic 
tic disorder. Clozapine's actions upon both the 5-HT and DA systems suggest its 
possible utility in the treatment of some forms of the illness. M ethods: Following 
a 2-4 week drug-free period, 8 treatment refractory OCD patients have been 
enrolled in an ongoing 10 week open clozapine trial. Ratings of depressive and 
OC symptoms were obtained weekly during the trial. Clozapine dose was titrated 
to a target dose of 400mg QD. Results: Although mean ratings of OC 
symptoms decreased only slightly with clozapine treatment (YBOCS preRx= 
29.4+ 5.0 post Rx= 25.0+7.3), three of 5 patients experienced a 20% or greater 
reduction in OC symptoms. Clozapine was discontinued at week 6 in one patient 
who experienced auditory phenomenon accompanied by EEG abnormalities. 
Three patients currently are active in the protocol. C onclusions: Further studies 
are needed to determine the efficacy of clozapine in the treatment of OCD. 
Additional data will be presented and discussed in light of clozapine's 
neuropharmacology and recent reports suggesting it may worsen OC symptoms 
in schizophrenic patients receiving the drug.

158.8
CLOZAPINE EXERTS PREFERENTIAL EFFECTS ON EXTRACELLULAR 
LEVELS OF DOPAMINE IN CORTICAL REGIONS OF THE RHESUS 
MONKEY BRAIN. ΚΤλ YoungrenV H.P. Jedema. C.W. Bradberrv. P.S. 
Goldman-RaKic. B.S, Bunney. Д.И Rotti, .and B, Moqhaddam· Neuroscience 
Program, Depts. of Psychiatry and Pharmacology, and Sect, of Neurobiology, 
Yale Univ. Sch. of Med., New Haven, CT 06510, and VA Med. Center, West 
Haven, CT 06516.

Intracerebral microdialysis was employed to assess the effect of clozapine 
on the extracellular levels of dopamine in both cortical and subcortical regions 
of the rhesus monkey brain. Microdialysis probes were lowered through 
guide cannulae that had been placed during MRI-directed stereotaxic 
surgery. Under isoflurane anesthesia, basal levels of extracellular dopamine 
were reliably determined in the dorsolateral prefrontal cortex (Brodmann's 
area 46), medial prefrontal cortex (areas 8 and 9), premotor cortex (area 6), 
and caudate. Basal extracellular levels of excitatory amino adds (aspartate 
and glutamate) were also measured in the dialysate from these brain regions. 
While acute clozapine (2 mg/kg i.v.) produced an increase in extracellular 
dopamine over basal levels in the caudate (~ 200%), it produced 
comparatively greater increases in extracellular dopamine in the dorsolateral 
prefrontal, medial prefrontal, and premotor cortices. The catecholamine 
uptake blocker nomifensine was infused locally through the microdialysis 
probes to these brain regions as well. Preliminary data indicate that infusion 
of nomifensine (1 μΜ) produced sustained increases in extracellular 
dopamine over basal levels in all tested brain regions, although this increase 
was greater for caudate thanlor cortical regions. By showing that clozapine 
produces greater effects in increasing extracellular dopamine in cortical 
regions than in subcortical regions, these results in the non-human primate 
provide further evidence that clozapine exerts a preferential effect on cortical 
dopamine systems. Furthermore, this effect is prominent not only in the rat, 
as shown previously, but also in the non-human primate. Supported in part 
by USPHS Award MH-44866.

158.10
A Comparison of Olanzapine and Clozapine Effects on Dopam ine 
Neuronal Activity: an Electrophysiological Study. Μ. E. Stockton and 
E - - £ n m u $ m  * Lilhj Research Labs, Eli Lilly and Company, 
Indianapolis, IN 46285.
Clozapine is an atypical antipsychotic (i.e., it has utility in treating 
both the positive and negative sym ptom s of schizophrenia, w ith  
reduced propensity for extrapyramidal motor side-effects). Olanzapine 
(LY170053, 2-m ethyl-4-(4-m ethyl-l-p ip erazinyl)-10H -th ieno[2 ,3-  
BJ[1,5] benzodiazepine) has a pharmacological profile similar to 
clozapine, (Moore et al., 1992) and has show n antipsychotic activity 
with reduced propensity for extrapyramidal side-effects in man 
(Beasley, et al., 1992). Previous studies have show n that chronic 
administration o f clozapine inhibits the number o f spontaneously active 
dopam ine (DA) cells in the ventral tegmental area (A10), w ithout 
decreasing the number of spontaneously active DA cells in the substantia 
nigra pars compacta (A9). The ability of clozapine to induce 
depolarization blockade in A10, but not A9 is thought to underlie its 
atypical profile. In this study, extracellular, single-unit recordings 
were used to determine the number of spontaneously active A9 and A10 
DA cells. O lanzapine, like clozapine, w hen adm inistered acutely  
increased the number of spontaneously active DA cells in both A9 and 
A10. Chronic administration of olanzapine significantly decreased the 
number o f spontaneously active A10, but not A9 DA cells. These data 
indicate that olanzapine has effects on midbrain DA neurons similar to 
clozapine. These com m on electrophysiological effects on DA cells may 
underlie the atypical antipsychotic properties of both clozapine and 
olanzapine in man.
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158.11
Effect of typical and atypical neuroleptics on force control in schizophren
ics. P.B.Vrtunski* P.E.Konicki and G.E.Jaskiw. V.A. Medical Center and 
Case Western Reserve Univ., Cleveland, OH 44141.

In the treatment of schizophrenia, there is a considerable need to find 
pharmacological alternatives to typical neuroleptics, the use o f which fre
quently induces undesirable movement disorders. Clozapine is a prototype 
of the 'atypical' neuroleptic which has a markedly reduced incidence of 
movement disorders. Here, we compare a force control task performance of 
a group of schizophrenic patients treated with clozapine (N = 9) with a group 
treated with typical neuroleptics (N =14), and a control (N =17) group. The 
task consisted of a series of trials in which the subject was instructed to 
match a target and maintain steady force output (index finger pressure) at 
this target for 10 seconds. There were 7 targets of increasing force (17.5 to 
478 centi Newtons), each presented 6 times. Force and steadiness o f force 
maintenance were the two dependent measures. The repeated measure 
ANOVAs showed that both main factors (group and target) and their interac
tion were significant, both for force and its steadiness. With both indices, 
the most efficient performance was observed in the control group, while the 
least efficient performance in the clozapine group, and an intermediate 
performance observed in the group on typical neuroleptics. There are at 
least two possible explanations for these data, selection bias or treatment. 
Patient selected for clozapine were chronically ill individuals who had not 
responded to typical neuroleptics. Alternatively, clozapine may have pre
viously unrecognized effects on motor performance. Additional research will 
be required to resolve these issues.

Supported by the Department of Veterans Administration and USPHS 
grant MH 46630.

158.12
PROTECTION AGAINST NMDA ANTAGONIST NEUROTOXICITY 
BY CLOZAPINE AND RELATED ANALOGS CORRELATES WITH 
ANTI-PSYCHOTIC EFFICACY NB Faiber.* MT Price. J Labruyere. J 
Nemnich. H St Peter and JW Olney, Washington Univ.. St. Louis MO 63110.

PCP (phencyclidine), MK-801 and ketamine — all PCP receptor ligands 
(PRL) and antagonists of NMDA glutamate receptors — acutely injure 
cerebro cortical neurons when administered subcutaneously to adult rats. 
Normal humans anesthetized with PCP or ketamine experience acute 
psychotic episodes sometimes termed an "emergence reaction," and patients 
with quiescent schizophrenia respond to PCP by relapsing into a protracted 
acute psychotic state. We have proposed that the neurotoxic and psychotic 
effects of PRL may represent morphological and psychological manifestations 
of the same toxic process, since both of these effects show similar patterns of 
age dependency (onset of susceptibility in early adulthood) and can be 
prevented by the same drugs (benzodiazepines and barbituates). A possible 
link to schizophrenia might also be proposed in view of the early adult onset 
of schizophrenia. Consistent with this proposal, we have found (Olney et al., 
NeuroSci Abst, 1993) that the neurotoxic effects of PRL in the adult rat can be 
prevented by pretreatment with various drugs, including clozapine, that have 
either putative or proven anti-psychotic activity. To forth«* explore the 
mechanism underlying the neuroprotective action of clozapine, we compared 
clozapine with two structurally similar dibenzodiazepine analogs, loxapine and 
amoxapine. These agents protected against MK-801 neurotoxicity in a dose 
dependent manner and displayed an order of potencies paralleling their clinical 
efficacy in treating neuroleptic-resistant psychotic processes (clozapine > 
loxapine > amoxapine). These findings support a potential link between 
mechanisms underlying PRL neurotoxicity and psychotic symptom formation, 
and suggest that NMDA antagonist neurotoxicity is a useful animal model for 
studying mechanisms underlying human psychotic processes. Supported by 
DA 05072, DA 06454, AG 0Š68Ī and RSA MH 38894 (JWO).

158.13
Clozapine Modulation of Latent Inhibition in Rats. L A. Dunn* and R.J. 
Scibilia. Department of Psychiatry, Duke University Medical Center, 
Durham, North Carolina 27710

Latent inhibition (LI) enhancement has been proposed as a model pf 
antipsychotic drug action. Clozapine, an efficacious antipsychotic drug, 
does not enhance LI. Clozapine is a strong 5-HT2/1C antagonist relative 
to its D2 antagonist properties. Reduction of serotonin system activity by 
central lesions abolishes LI. We hypothesize that clozapine fails to 
enhance LI because its 5-HT2/1C antagonism masks the behavioral 
effects of its D2 antagonism in rats. We have assessed the role of these 
dopaminergic and serotonergic receptor system interactions in 
producing the anomolous effect of clozapine on LI. LI was measured in 
groups of rats according to a standard protocol (Dunn et al. 1993, 
Psychopharmacology, in press). Ketanserin, (3mg/kg), a 5-НТ2/1С 
antagonist, abolished LI and reversed the haloperidol (0.3mg/kg) 
induced enhancement of LI. DOI, a 5-HT2/1c agonist, abolished LI at
0.56mg/kg but had no effect at 0.3mg/kg or 0.1mg/kg. The combination of 
clozapine 10mg/kg given daily for 7 days and DOI 0.3mg/kg given 
acutely resulted in LI enhancement. DOI blocks the 5-НТ2/1С antagonist 
effects of clozapine, unmasking its dopamine antagonist induced 
enhancement of LI. In beginning to explore the neurotransmitter receptor 
fields involved in LI, we examined the effect of intra-amygdaloid 
administration of clozapine on LI. The amygdala is involved in attention 
and has D2 and 5-НТ2ЛІС receptors in moderate to low concentration. 
Haloperidol (1 цд in 1 μ I) administered bilaterally into the amygdala 
significantly enhanced LI. Clozapine (1 цд in 1 μΙ 0.3% w/v tartaric acid; 
pH 6.8) administered bilaterally and acutely into the amygdala 
attenuated LI. The amygdala may be an important site of action for 
clozapine's behavioral effects. (Supported by NIMH #MH47503)

158.14
PROFILE OF THE A DENO SINE A 2 RECEPTOR AGONIST M DL 101,483 IN 
R O D E N T  M O D ELS O F PSY C H O SIS A N D  SID E EFFECT LIABILITY: 
COM PA RISON W ITH HALOPERIDOL A N D  CLOZAPINE. J.M. Hitchcock*.
H.J. K etteler. D.L. Braun. S .F. Chanev. Y . Senvah. N .P. P e e l  N .L. Lentz. D R . 
Borcherding. and J.H. K ehne. Marion Merrell D ow  Research Institute, 2110 E. 
Galbraith Rd., Cincinnati, OH 45215.

The neuromodulator adenosine reduces neuronal overactivity. A denosine A2a 
receptors are localized  in dopam ine terminal areas, and A 2a receptor mR NA is 
exclusively  co-expressed with D 2 receptor mR NA in striatal neurons. A2 agonists 
decrease D 2 activity, and A 2 agonists and dopamine antagonists can produce similar 
behavioral effects. A 2 agonists thus may have potential for antipsychotic activity.

M DL 101,483 [(R)-2-[(phenylisopropyl)amino]adenosine], a potent and selective 
A 2 agonist, was tested in a number o f  animal behavioral tests that have been used to 
predict antipsychotic potential and side effect liability. The results were compared to 
those obtained with the standard antipsychotic haloperidol and the atypical 
antipsychotic clozapine. A ll three com pounds show ed potent antagonism  o f  
amphetamine-induced hyperactivity in m ice (ED50S < 1 .5  m g/kg), a test thought to 
indicate antipsychotic activity. M DL 101,483 and clozapine weakly antagonized 
apom orphine-induced clim bing in m ice (ED50S > 9 mgflcg), whereas haloperidol 
was potent (ED50 =  0.1 m g/kg) in this test, a striatally-mediated behavior which 
may be predictive o f  extrapyramidal side e ffec t liability . M D L 101,483 and 
haloperidol both inhibited spontaneous locom otor activity in m ice (ED50S < 0.2  
m g/kg), which m ay be interpreted as a sedative effect; clozapine was less potent 
(ED50 =  4 .8  mg/kg) in this te s t M DL 101,483 and clozapine produced ataxia in the 
rotarod test in m ice (ED50S < 5 m g/kg), but neither induced catalepsy in rats, as 
haloperidol did. In summary, the A 2 agonist M DL 101,483 show ed potential 
antipsychotic effects with little extrapyramidal side effect liability, and its ratio o f 
ataxia to potential antipsychotic activity (2.5) was comparable to that o f  clozapine 
(3 .1). Additional studies are planned with M DL 101,483 and related compounds to 
test whether tolerance to the sedative effect develops after repeated dosing.

158.15 158.16
D IF F E R E N T IA L  D IS P L A Y  O F  m R N A S  F O L L O W IN G  N E U R O L E P T IC  
T R E A T M E N T . D J .  E nnplat* and В .М . C oh en . M cL ean  H osp ita l and Harvard  
M ed ica l S c h o o l, 115 M ill S treet, B e lm o n t, M A  0 2 1 7 8 .

P h arm aco log ic  treatm ent w ith  n eu ro lep tic  an tip sy ch o tic  drugs (N A P s) is e f fe c 
tiv e  in a m eliora tin g  the sy m p to m s o f  sch izop h ren ia . H o w ev e r , c lin ic a lly  re levan t 
an ti-p sych otic  e ffec ts  are s lo w  to appear and m ay  take d a y s, w e ek s  or e v e n  m onths  
to  d ev e lo p . T hus therapeutic e ffica c y  appears to  requ ire s lo w ly  d ev e lo p in g , 
long-term  ch a n g es in the state o f  drug re sp o n s iv e  c e l ls ,  neural c ircu its , or s ign a l 
transduction  m ech an ism s. S uch  a lteration s in  p h en o ty p e  are lik e ly  m edia ted , in  
part, b y  m od u lation  o f  g e n e  ex p ressio n . W e  are u sin g  d ifferen tia l m R N A  d isp lay  
(L ian g  and P ardee, S c ien ce  2 5 7 :9 6 7 -9 7 1  [1 9 9 2 ]) to  id en tify  g en es , regulated  in  re
sp o n se  to  ch ron ic N A P  treatm ent, in th e striatum  o f  m a le , S p ra g u e -D a w ley  (2 5 0 -  
3 0 0 g ) , w h ich  h ave  b een  su bjected  to  14 d ays o f  su b cu tan eou s in fu sio n  w ith  either  
v e h ic le  (0 .005%  lactic  a c id ), 1 m g /k g /d  h a lop er id o l or  2 0  m g /k g /d  c lo za p in e .
T ota l R N A  is iso la ted  from  ind iv idu a l an im a ls  and u sed  a s  a  substrate for syn th esis  
o f  first strand c D N A  w h ich  is  su b jected  to  P C R  a m p lif ica tio n , u sin g  the prim er se t  
A  (G C T G G T A G T T ) and G  (T T T T T T T T T T T C G ). P relim inary  exp er im en ts  ind i
ca te  that three P C R  products, A G 3 4 4 , A G 3 7 2  and A G 3 9 6  m ay b e  N A P -regu la ted  
(s e e  F igure b e lo w ), w h ile  the P C R  products A G 2 5 2  and A G 4 8 7  appear unregu
lated . W e  are currently con firm in g  that A G 3 4 4 , A G 3 7 2  and A G 3 9 6  are N A P -re g 
u lated  m R N A s b y  hybrid ization  o f  N orthern  and R N A  s lo t  b lo ts . T h is  w ork  is  
supported  b y  grants from  N IM H  and N A R S A D . (S tudent's t- test * = p < 0 .0 5 )

PREFERENTIAL DOPAMINERGIC ACTIVATION BY CLOZAPINE IN 
THE MEDIAL PREFRONTAL CORTEX : AN IN VIVO MICRODIALYSIS 
STUDY. T. Koyama*, Y. Takahashi, I. Kusumi and T, Inoue. 
Dep. of Psychiatry, Hokkaido Univ. Sch. of Med., 
Sapporo, Japan.

The acute effects of various antipsychotic drugs 
(haloperidol, clozapine, risperidone, and ORG5222) 
on the in vivo release and metabolism of dopamine in 
three different terminal dopaminergic areas, the medial 
prefrontal cortex, the nucleus accumbens, and the 
striatum, were examined in freely moving rats by using 
brain microdialysis. Although all drug treatments 
stimulated dopamine release and metabolism in all three 
regions, clozapine treatment induced the significantly 
greater increase in dopamine release in the medial 
prefrontal cortex, when compared to the other treatment. 
No significant differences in dopamine releases in 
the nucleus accumbens and striatum were recognized 
between each drug treatment. In contrast, there were 
no differences in the stimulated dopamine metabolism 
by these treatments in all three regions. These data 
suggest that different classes of antipsychotic drugs 
may have distinct effects on the release of dopamine 
from the mesocortical, mesolimbic, and nigrostriatal 
terminals. In addition, these results provide 
biochemical evidence for the hypothesis that the 
preferential dopaminergic activation by clozapine in 
the medial prefrontal cortex might account for one 
or more of the clinical advantages of clozapine.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



MONDAY PM PSYCHOTHERAPEUTIC DRUGS: CLOZAPINE 385

158.17

PROTECTIVE EFECT OF CLOZAPINE, AN ATYPICAL NEUROLEPTIC, ON 
CONDITIONED FEAR. T.lnoue*. T.Kovama and K.Tsuchiva. Dept. of 
Psychiatry., Hokkaido Univ. Sch. of Med., Sapporo 060, Japan.
Atypical neuroleptics, such as clozapine, ORG5222, and 

olanzapine, have been suggested to possess anxiolytic activity in 
conflict test and elevated plus maze test. On the other hand, typical 
neuroleptics are not anxiolytic in several models of anxiety. We 
investigated the protective effects of typical and atypical neuroleptics 
on conditioned fear-induced freezing. Drugs were administered 
subcutaneously to male Sprague-Dawley rats 30 min before footshock 
(2.5mA for 30 min). Twenty-four hours after footshock, rats were 
observed in the shock chamber without shocks. Freezing behavior was 
recorded using time-sampling procedure. Clozapine (1-10mg/kg), 
an atypical neuroleptic, dose-dependently prevented the development 
of conditioned fear. Haloperidol (0.25mg/kg), a typical neuroleptic, 
were not effective. Since clozapine blocks a number of receptors, the 
effects of dopamine(D)i, serotonin(5-HT)2/i C, al-adrenergic, 
muscarinic and histamine(H)i receptor antagonists on conditioned 
fear were further examined. The D1 antagonist SCH23390 
(0.5mg/kg) and the muscarinic receptor antagonist scopolamine 
(0.5mg/kg) had protective effects on conditioned fear. However, the
5-HT2/1C antagonist ICI169,369 (10mg/kg), the al-adrenergic 
antagonist prazosin (0.5mg/kg), or the Hi antagonist pyrilamine 
(5mg/kg) have no effects. These results suggest the anxiolytic 
potential of clozapine in conditioned fear model, whose effect may be 
due to D1 receptor antagonism, muscarinic receptor antagonism, or 
other pharmacological properties.

1 5 8 .1 9

CHOLINERGIC BLOCKADE MEDIATES CLOZAPINE’S 
INTROCEPTIVE CUE IN TWO-LEVER DRUG DISCRIMINATION IN 
RATS. B.M. Kellev and J.H. Porter*. Virginia Commonwealth Univ., Richmond, 
VA 23284.

The neurochemical mechanism responsible for clozapine's (CLZ) atypical 
clinical profile remains unclear. CLZ interacts with a number of neurotransmitter 
systems including cholinergic, serotonergic, adrenergic and histaminergic systems 
and to a lesser extent the dopaminergic system. One method for delinating a 
drugs' mechanism of action in vivo is drug discrimination (DD). In DD a number 
of compounds have failed to substitute for CLZ (e.g., chlorpromazine, 
thioridazine, propranolol, phentolamine, ritanserin, and atropine). The present 
study examined the role of cholinergic mechanisms in a two-lever DD procedure 
by training male Sprague-Dawley rats to discriminate 0.125 mg/kg (i.p.) 
scopolamine (SCP) from vehicle (n=10) or 5.0 mg/kg (i.p.) CLZ from vehicle 
(n=7). Subjects were tested in 15 min. sessions under a FR30 schedule of food 
reinforcement. After generalization testing with CLZ-trained rats 
(ED50=0.11 mg/kg) and SCP-trained rats (ED50=0.036 mg/kg) cross substitution 
tests were conducted. CLZ (2.5-20.0 mg/kg) substituted in a dose dependent 
manner in SCP-trained rats (ED50=2,48 mh/kg) and SCP (.0625-1.0) substituted 
in CLZ-trained rats (ED50=0.10 mg/kg) in a dose dependent manner. There was 
no significant reduction in response rates for any o f the SCP and CLZ doses 
tested. The present results demonstrated that muscarinic antagonism is a sufficient 
mechanism for CLZ's discriminative cue. Clinical research provides support for 
the role of CLZ's muscarinic blockade in the reduction o f negative symptoms as 
well as decreased incidence of extrapyramidal symptoms.

1 5 8 .1 8

3H -C L O Z A P IN E  B IN D IN G  T O  R A T  B R A IN  M E M B R A N E S .
I . K u s u m i* .  S .M a ts u b a ra .  Y .T a k a h a s h i.  T . ls h ik a n e  a n d  
T .K o y a m a . D e p t. o f P s y c h ia try  a n d  N e u ro lo g y , H o k k a id o  U n iv . 
S ch . o f M ed ., S a p p o ro , J a p a n .

C lo z a p in e  is  a n  u n iq u e  a n t ip s y c h o t ic  d ru g  w ith  fe w  
e x tra p y ra m id a l s y m p to m s  a n d  is  e ff ic a c io u s  in s o m e  tre a tm e n t-  
re s is ta n t  s c h iz o p h re n ic  p a t ie n ts .  T h e  c h a ra c te r is t ic s  o f 3H -  
c lo z a p in e  b in d in g  w e re  e x a m in e d  in ra t f ro n ta l c o r te x , lim b ic , 
h ip p o c a m p u s  a n d  s t r ia tu m .  A s s o c ia t io n  a n d  d is s o c ia t io n  
e x p e r im e n ts  re v e a le d  th a t  3H -c lo z a p in e  b o u n d  s p e c if ic a lly  a n d  
w ith  h ig h  a f f in ity  to  a ll th e s e  a re a s . A tro p in e  in h ib it io n  o f 3H - 
c lo z a p in e  b in d in g  in  e a c h  re g io n  y ie ld e d  b ip h a s ic  in h ib it io n  
c u rv e s  w ith  H ill s lo p e s  s ig n if ic a n t ly  le s s  th a n  u n ity .  T h e  
m u s c a r in ic  c h o lin e rg ic  s ite s  re p re s e n te d  a b o u t  5 0 %  o f th e  
s p e c if ic  3H -c lo z a p in e  b in d in g  in  th e  fro n ta l c o r te x , l im b ic  a n d  
h ip p o c a m p u s ,  a n d  2 0 %  in  th e  s tr ia tu m . S im ila r ly ,  s u lp ir id e ,  
k e ta n s e r in  a n d  p y r ila m in e  e x h ib ite d  s h a llo w  in h ib it io n  c u rv e s  
w ith  H ill s lo p e s  o f 0 .4 -0 .7  in  a ll b ra in  a re a s . S u lp ir id e  a t th e  
c o n c e n tra t io n  o f  10  n M  in h ib ite d  2 0 %  o f th e  b in d in g  in  th e  
s tr ia tu m . K e ta n s e r in  a n d  p y r ila m in e  a t 10  n M  in h ib ite d  a b o u t 
2 0 %  o f th e  b in d in g  in th e  lim b ic , b u t in  th e  o th e r  re g io n s  e a ch  
d ru g  w a s  w e a k  to  in a c tiv e  in h ib ito rs . S C H 2 3 3 9 0 , p ra z o c in  o r  
y o h im b in e  d id  n o t in h ib it  th e  b in d in g  u p  to  0.1 uM . F u r th e r  
s tu d ie s  a re  u n d e r  w a y  to  re la te  th e  re m a in in g  3 H - c lo z a p in e  
b in d in g  in e a c h  b ra in  re g io n  to  o th e r  re ce p to rs .

1 5 8 . 2 0

MIANSERIN SUBSTITUTES FOR CLOZAPINE IN TWO-LEVER DRUG  
DISCRIMINATION IN RATS. A.D. Compton*. B.M, Kellev. and J.H. Porter. 
Virginia Commonwealth University, Richmond, VA 23284.

Typical neuroleptics (e.g., haloperidol) show weak discriminability in drug 
discrimination procedures; whereas, the atypical neuroleptics, clozapine (CLZ), 
has demonstrated stronger cue properties. Few studies have provided clear 
evidence pertaining to CLZ's interoceptive cue; however, Hoenicke et al. (1992) 
reported that a number of antiserotonergic comjÄmnds substituted for CLZ in 
CLZ-trained pigeons. Their findings suggest that 5-HT2 and/or 5-HT1C 
receptors play a role in mediating CLZ's cue properties. In the present study, we 
sought to replicate these results in rats.

Six, male Sprague-Dawley rats (85% BW) were trained to discriminate 5.0 
mg/kg CLZ (i.p.) from vehicle and were tested in 15 min. sessions under an FR30 
schedule of food reinforcement. Substitution tests were conducted with CLZ (2.5-
10.0 mg/kg) and mianserin (0.5-16 mg/kg, i.p.). Both CLZ (ED50=1.04 mg/kg) 
and mianserin (ED50=1.37) produced a dose-dependent substitution from the 
training drug. The results support a role for serotonergic systems in the mediation 
of the discriminative stimulus effects o f CLZ.

AGING

1 5 9 .1

AGING IMPAIRS SPATIAL DISCRIMINATION OF PHASE BUT NOT 
ORIENTATION. J. Vernon Odom*. Marc Green. Chervle Cuffia Gung-mei 
Chao. Ke Yao. and Judie F. Charlton. Department of Ophthalmology, W VU  
Health Sciences Center, P.O. Box 9193 Morgantown, W V 26506-9193.

Two studies examined the effects of age on position discrimination. Previous 
studies have shown that age affects position sensitivity, but only on some tasks. 
Vernier acuity is unaffected by age (Odom et al., Invest. Ophthal. & Vis. Sd., 
1989*30:1004-1008), while bisection acuity is impaired (Whitaker et al., Ophthal. 
& Physiol. Opt., 1992;12:29-32). Although both are relative position judgments, 
the difference in age effects suggests distinct underlying mechanisms. Vernier 
acuity may depend on the same ability as orientation discrimination while bisection 
is affected by local luminance differences such as those created by changing 
relative phase. This implies that age should impair relative phase discrimination 
without affecting orientation discrimination. W e measured subjects' thresholds for 
discriminating both grating orientation and relative phase as a function of age. 
Observers viewed a grating patch subtending 2 degrees o f visual angle with a mean 
luminance of 30 cd/m 2 and a peak contrast of 30%. In the orientation 
experiment, observers discriminated between a grating tilted 45° to the right and 
comparison gratings of different angles. In the phase experiment, observers 
discriminated the relative phases of If  and 3f components in compound gratings. 
Both experiments employed a 2 interval forced choice paradigm in which subjects 
signaled the standard stimulus. Significance of effects were determined by 
correlating subject age and log threshold in degrees of orientation or phase. In 
the orientation experiment 12 subjects aged 9-74 years were tested and no effect 
of age was observed (r=-0.09, p > 0.10). In the phase experiment 9 subjects aged 
23-69 years were tested and a significant effect was observed (r=0.67, p_< 0.05). 
The results will be discussed in terms of current models of visual discrimination. 
& (Supported in part by NSERC 46297 to Marc Green)

1 5 9 . 2

SHIFTING ATTENTION IS PRESERVED IN AGED RHESUS MONKEYS. M.L. 
Vovtko*. E.A. Broussard and D.L. Price. The Johns Hopkins Univ. Sch. o f Med., 
Balto., MD 21205.

Aged rhesus monkeys demonstrate some o f the memory deficits observed in 
old humans. It is not known whether aged monkeys have alterations in 
attention that parallel attention impairments reported in aged humans. To 
begin to address this issue, w e examined the ability o f young (9-12 years, n=3) 
and aged (29-31 years, n=3) rhesus monkeys to shift attention in a task used 
to assess orienting o f attention in humans. In this task, the speed o f 
responding to a target at expected and unexpected locations is used as a 
measure o f shifting attention. Monkeys were required to respond to a target 
at one o f two lateral positions. A cue correctly identified the target location on 
80% o f the trials (valid trials) and incorrectly identified the target location on 
20% o f the trials (invalid trials). The time to release a central screen at the 
appearance o f the target and the time to hit the target were measured as a 
function o f cue location. For both groups, the time to release and the time to 
hit were faster on valid than invalid trials. Aged monkeys performed 
comparably to young monkeys on all aspects o f the task. I llese  findings 
indicate that some attentional processes are unaffected by aging in monkeys.
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IMPAIRED SUSTAINED ATTENTION IN RATS AFTER BLOCKADE OF CNS 
MUSCARINIC AND NICOTINIC RECEPTORS. ЩЛ Widzowski* and J.M. 
Ordv, Dept. of Biology, Fisons Pharmaceuticals, Rochester, N.Y. 14623.

Studies in normal human'subjects and Alzheimer's patients have demonstrated 
that disruption of cholinergic function impairs sustained attention, while treatments 
with cholinergic agonists (e g. nicotine) improve it. Studies in rats have shown 
similar results, although the effects of pharmacological manipulations of cholinergic 
systems on attention have not been examined extensively. To examine the 
involvement of cholinergic systems in sustained attention, rats were trained on a 
novel visual sustained attention task in which they responded to repeated 
presentations of a brief flash of a cue light for food reinforcements. The time 
between presentations of light stimuli (inter-stimulus interval, ISI) varied randomly 
(from 3 to 40 seconds) so that the presentation of the stimulus was unpredictable. 
Baseline accuracy (saline injections) was 85% or greater at all ISIs and reaction 
times averaged 1 second. Scopolamine (0.10 mg/kg) significantly impaired 
accuracy, and only affected reaction time at the shortest ISI. Methylscopolamine 
(0.10 mg/kg), which poorly enters the CNS, had no significant effect on accuracy 
and had similar effects to scopolamine on reaction time. The nicotinic antagonist 
mecamylamine (3.5, 5.0 and 10 mg/kg) impaired accuracy in a dose-dependent 
manner, and had significant effects on reaction time only at the highest dose. In 
contrast, equimolar doses of hexamethonium, a nicotinic antagonist which does not 
enter the CNS, did not have significant effects on accuracy or reaction time. 
Nicotine (0.20 mg/kg) alone improved accuracy at all ISIs. Nicotine (0.20, 0.40 
mg/kg) reversed the impairment in accuracy caused by 5.0 mg/kg of 
mecamylamine. These results demonstrated that a blockade of CNS muscarinic and 
nicotinic receptors impaired sustained attention in rats.

1 5 9 . 5

DO THE SUPRACHIASMATIC NUCLEI OSCILLATE IN OLD RATS AS THEY 
DO IN YOUNG ONES? E. Satinoff*. H. Li. C. Liu. A. McArthur. M. Medanic. T. 
Tchena and M. U. Gillette. Depts of Psychology, Physiology, Cell and 
Structural Biology and Neurosci. Prog. Univ. Illinois, Champaign, IL 61820

The basis of the decline in circadian rhythms with aging was addressed by 
comparing three behavioral rhythms in young and old rats with the rhythm of 
neuronal activity (NA) in the suprachiasmatic nuclei (SCN), the primary 
circadian pacemaker. In some old rats, rhythms of body temperature, drinking 
and activity retained significant 24-h periodicities in LD cycles; in others one 
or two of the rhythms became aperiodic. When these rats were 23-27.5 mo 
old, they were sacrificed, single unit firing rates in SCN brain slices were 
recorded for 30 h, and NA running averages were determined. NA from rats 
with prior aperiodic behavioral rhythms was erratic. NA from rats that still had 
24-hr behavioral rhythmicity at the time of sacrifice was erratic in most cases 
but normally rhythmic in others. Thus, there was no more congruence 
between the behavioral rhythms and the brain slice rhythms than there was 
among the behavioral rhythms alone.

Because the brain slice releases each SCN into constant environmental 
conditions in vitro, we compared the data for SCN NA between groups of old 
and young rats. While both groups showed well defined peaks in ensemble 
neuronal firing rates on day 1 in vitro at the expected time, the mean rhythms 
of the old SCN were damped (p < 0.001) for the time bins that span time of 
peak activity, from CT 4-Ю. On day 2 in vitro, the old rats’ mean NA was so 
damped (p < 0.001) that a peak was barely discernable. This change in 
amplitude reflects underlying changes in the behavior of individual NA such 
that there is apparent loss of coherence of the timing of appearance of fast 
units, producing multiple peaks, as well as a general decrease or 
disappearance of the most rapidly firing cells.

1 5 9 . 7

A G IN G  A N D  D IE T A R Y  R E S T R IC T IO N  M O D U LA T E  O XID A TIV E  
D A M A G E , M IT O C H O N D R IA L O X ID A N T  G E N E R A T IO N  A N D  
A N T IO X ID A N T  D E F E N S E S  IN TH E  M O U S E  B R A IN  R.S. Sohal. 
H-H. Ku. S. Aearwal. M.J. Forster and H. Lai *. Dept. Biology, 
Southern Methodist Univ., Dallas, TX 75275 and Dept. Pharmacology, 
Texas College o f Osteopathic Medicine, Fort Worth, TX 76107.

This study was conducted to investigate the role o f oxidative damage 
as a mediator o f age-associated deterioration in brain function o f  
C57BL/6NNia mice (Forster & Lai, B eh av. P h a rm a co l, 3:337, 1992). 
Mice maintained on a caloric intake 40% less (DR) than an ad libitum 
fed group (AL) exhibited a 43% extension in life span and a 31% 
prolongation in mortality rate doubling time. A comparison o f the 
protein carbonyl content in brain heart and kidney o f AL and DR groups 
aged 9, 17, or 23 months suggested that oxidative damage increased 
with age and decreased with DR. Mitochondrial state 4 respiratory rate 
in brain tissue was increased with age in the AL, but not the DR group. 
The rates o f mitochondrial superoxide and hydrogen peroxide genera
tion increased with age and were higher in the AL than DR mice in all 
the three organs at each age. In contrast, there was no clear-cut pattern 
o f age- or diet-related changes in antioxidant defenses provided by Su
peroxide dismutase, catalase, and glutathione peroxidase. The results 
suggest that increased oxidative stress/damage may be an important 
mechanism o f brain aging which can be modulated significantly via ca
loric intake. [Supported by NIH-NIA grants AG07657 and AG07695].

1 5 9 . 4

AGING IMPAIRS TRACE EYEBLINK CONDITIONING IN HUMANS INDEPENDENT 
OF CHANGES IN THE UNCONDITIONED RESPONSE M.C. Carrillo*. L.T. Thompson. 
В J. Naughton1. J. Gabrieli” . & J.F. Disterhoft. Depts. of CMS Biology and tMedicine, 
Northwestern University Medical School and of "Psychology, Stanford University.

Age related deficits in learning and memory have been extensively studied with a well 
understood rabbit eyeblink conditioning model. In both animal and human studies, the 
acquisition of a conditioned response (CR) to a brief tone has been shown to decrease with 
age. The unconditioned response (UR) amplitude elicited by an air puff unconditioned 
stimulus (US) also decreases with age. Previous studies have shown that human subjects 
with low UR amplitudes produce fewer CRs per session (Woodruff-Pak, 1988). If aging 
subjects have a lower UR amplitude and as a result low performance, aging related deficits 
may be nonassociative.

Young and aging populations of human subjects were tested on acquisition of 500 msec 
trace eyeblink conditioning, and the performance of the two groups was matched to ensure 
comparable UR amplitudes. 55 young (20-30 yr) and 52 aging (60-75yr) subjects participated. 
Eyeblink conditioning involved presentation of an 85 db, 3 kHz, 100 ms duration tone, 
followed after a 500 ms trace interval by a 150 ms, 3-6 psi corneal airpuff. The subjects 
also performed a differential visual reaction time task as a distractor.

In a comparison across all subjects, in which UR amplitudes were significantly different 
by age, the aging group showed a lower level of conditioning (mean 18.9 ±  2.4% CRs vs. 
52.8 ±  3.2%; /><0.001). Of the 107 subjects that participated in this experiment, 29 
young were matched with 29 aging subjects for equal UR amplitudes. Performance of 
matched aging subjects remained consistantly lower than the young (mean 23.7 ±  3.6% 
CRs vs. 50.3 ±  4.4%; /><0.001 ). These results support the conclusion that observed 
deficits in eyeblink conditioning over life-span are not attributable to decreased sensitivity 
and reaction time, but to age-related changes in associativity.
(Supported by NIH ROl AG08796 and 5 M01 RR 00048.)

1 5 9 . 6

Effects o f Aging on Photoperiodic Regulation o f  Reproduction in 
Siberian Hamsters. C.C.Purvis*, K .S. Heller,. X .C h en gr M .J.D un can . 
Dept. of Anatomy & Neurobiology, Univ. of Kentucky Med. Center, 
Lexington, KY 40536.

Siberian hamsters exhibit reproductive quiescence in response to a short 
day photoperiod (SD) but this response appears to diminish with age. This 
studyinvestigatedwhetherage-relatedlossesinphotoperiodicresponsiveness 
may be related to decreases in specific 2-[125I]-iodomelatonin(IMEL) binding 
sites. Young (Y, 3-6 mo.) and old (O, 10-11 mo.) male hamsters were 
sacrificed after 10 wks exposure to SD (10L:14D). Testes and seminal 
vesicles were weighed. Specific binding of IMEL (3-250 pM) to the pars 
tuberalis (PT) and suprachiasmatic nuclei (SCN) was measured by 
quantitative autoradiography. The results showed that 7 of 8 young 
hamsters exhibited regressed testes (<100 mg), compared to 2 of 7 old 
hamsters (p<0.05). SD inhibition of seminal vesicle weight was also 
attenuated in the older hamsters (Y: 136±82 mg vs 0 : 311±87 mg, p<0.05). 
There were no significant differences between groups in the density (B ^ ,  
fmol/mg) of specific IMEL binding sites in either the PT (Y: 3.02±0.17, O: 
2.91±0.29) or the SCN (Y: 2 .33±0.19,0:2.11±0.28). The affinity (Kd, pM) 
of the IMEL sites was also not affected by aging (PT, Y: 12.4±3.2, O: 
9.5±2.6; SCN, Y: 21.2±2.6,0:13.4+3.2). These results suggest that the loss 
of photoperiodic responsiveness in aging hamsters is not associated with 
changes in specific IMEL binding sites. (Funded by USPHS #DK-42056).

1 5 9 . 8

AGING AN D FOOD RESTRICTION: EFFECT ON [Ca2+ + M g 2+]- 
DEPENDENT ATPase AN D CALCIUM CHANNEL IN RAT BRAIN.
P. Kumar. TG. Fernandes. J. P. Chambers and J. Lewis*. Division 
of Life Sciences, The University of Texas at San Antonio, San 
Antonio, TX 78249; tDepartment of Medicine, The University of 
Texas Health Science Center, San Antonio, TX 78284.
The aging process is associated with a number of physiological 

and biochemical changes. Food restriction has been found to 
prolong the life span significantly by delaying onset or slowing the 
progression of age-related diseases. In the present study, we report 
preliminary evidence suggesting that age-related changes may be 
modified by food restriction. During aging, the affinity for Ca2+ 
(KCa2+) exhibited by the [Ca2++ M g 2+J-dependent ATPase 
decreased significantly in old (29 months) animals (KCa2+ = 296 nM) 
as compared to young ( 10 months) animals (KCa2+ = 1 5 0  nM) with 
no significant changes in maximal velocity (V^) for ATP hydrolysis. 
Similarly, the affinity for [3H]-nitrendipine binding decreased 
approximately 35% in older animals (29 months) with no change in 
receptor density (Bmax) compared to young (10 months) animals. 
Food restriction in older animals (29 months) results in reduced 
KCa2+ and Kd ([3H]-nitrendipine binding) values to the level observed 
for younger animals while V max and B,^ values remain unchanged. 
These data suggest that diet restriction may be an important factor 
in modifying calcium homeostasis during aging.
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159.9
EFFECT OF MELATONIN AND TESTOSTERONE ON THE BRAIN AND TESTES OF AGING  

HAMSTERS. A MORPHOLOGICAL STUDY. A. Morales-Otal , A. Feria-Velasco*M.T. 
Errasti-Dîddi , M.A. Wens-Flores , M. Gonza I ez-D Iddi and B.G. Ortega- 
Corona. Medical Res. Unit of Neurobiology and Medical Res. Unit of 
Pharmacology, CMN S-XXI Instituto Mexicano del Seguro Social, and 
Hospital General "Manuel G.A. Gonzalez", S.S. Mexico, D. F. MEXICO.

Forty male hamsters were maintained under controlled environmental and 
lighting conditions for 18 months since birth, and divided in 5 groups of 
8 animals each. Control groups consisted in: Dintact animals; 2)vehicle 
Injected, polyethylene glycol intraperіtoneaI I у (I.p.) and sesame oil 
subcutaneously (s.c.); 3)Testosterone (T) was Injected s.c. for 15 days 
500 yug/kg dissolved in sesame oil, 4)Melatonin (MEL) was Injected i.p. 
for 3 days, 1 mg/kg dissolved In polyethylene glycol, 5)T was injected 
for 15 days and last 3 days with MEL too. Immediately after treatment, 
animals were killed by decapitation, and the brain and testes were fixed 
by Immersion in salIne-acetic-acid-formol 10$, embedded In paraffin, 
stained with aniline dyes and examined under a light microscope.

Although no significant differences were seen among all gruoups 
studied in terms of the microscopical structure of all brain areas 
examined, it, cannot be ruled out certain neuroendocrine or biochemical 
changes In some brain areas. On the other hand, the testes from animals 
treated with MEL-T disclosed slight Increase In thickness of the 
seminiferous tubules wall with an apparent activity of spermatogenesis. 
These results may indicate that although aging hamsters showed atrophy of 
seminiferous tubules and markedly reduced number and size of Leydig 
cells, both types of tissues remained reactive to some hormonal stimuli, 
as seen in the present work when analyzing morphological parameters.

159.11
AGE-DEPENDENT CHANGES IN GLUTAMATE RECEPTORS. Ouven 
N'Guven. Georges Tocco*. Richard F. Thompson and M. Baudrv. University 
of Southern California, Neurosciences Program, Los Angeles California, 
90089-2520.

There is an abundant literature suggesting that alterations in glutamatergic 
transmission play a central role in age-related changes in brain structure and 
function. We extended former studies by using quantitative ligand binding 
autoradiography with different ligands labelling different receptors (AMPA 
and NMDA receptors) and in situ hybridization using oligonucleotides 
hybidizing to different subunits of the NMDA or the AMPA receptor.

Fisher 344 rats at 3, 18 or 24 months old were used. Ligand binding 
studies performed on sagittal sections reveal that there is a general decrease 
with age of the binding of both AMPA and CNQX (respectively agonist and 
antagonist of the AMPA receptors) throughout the brain. Binding of 
glutamate to the NMDA receotor was also decreased. We also studied the 
effect of preincubation with calcium at 35 °С which has been shown to 
increase AMPA binding. The effect of calcium preincubation was lower with 
age suggesting that aging is associated with changes in mechanisms regulating 
AMPA receptors properties. In situ hybridization did not reveal important 
differences with age with any o f the probes used (4 for the NMDA receptors 
and 7 for the AMPA receptors).

Our results suggest that there is a general decrease in glutamate receptors 
with age which does not seem due to modulation at the transcriptional level. 
They also suggest age-dependent changes in mechanisms regulating AMPA 
receptors.

This work was supported by NSF 9110377 & a grant from Sankyo 
Pharmaceuticals to MB.

159.13
CATECHOLAMINES AND LHRH DURING AGING: 
RELATIONSHIP TO ENDOCRINOLOGY AND BEHAVIOR.
MA. Ottinger*. O. Li. N. Thompson, and L. Tamarkin. U of Maryland, 
College Park, MD 20742.

Reproductive behavior has proven to be a reliable predictive index of 
aging and reproductive status in quail. Further, noradrenergic systems 
modulate both endocrine and behavioral components of reproduction in 
these birds. In this experiment, LHRH and catecholamine content in 
specific brain regions were compared among young, middle-aged, and 
old male Japanese quail classified as behaviorally active or inactive 
(n=6/age/behavior). Samples were taken by a punch technique from the 
following areas: preoptic area, median eminence, or optic tectum 
(control area). The same samples were assayed for chicken LHRH-I 
(cLHRH-I) by EIA and for norepinephrine (NE), epinephrine (E), and 
dopamine (DA) by HPLC-EC. In preoptic area, cLHRH-I, NE and E 
decreased (p<0.05) in old males, both in sexually active and inactive 
birds. cLHRH-I decreased (p<0.05) in middle-aged males with no 
change in catecholamines. In the median eminence, cLHRH-I content 
remained high in sexually active males, but decreased sharply in inactive 
males. The opposite was observed for NE, E and DA, where the levels 
decreased in old, active birds but increased in old, inactive males. These 
data suggest that age-related changes in cLHRH-I in specific brain 
regions are closely linked to changing levels of catecholamines, which 
in turn also modulate reproductive behavior.

159.10
E F F E C T S  O F  A G E IN G  ON T A C H Y K IN IN  F U N C T IO N  IN T H E  
B A S A L  G A N G L IA . A . J .  S to e ss l* . E. Po lanski & H. Frvd rvsza k. 
Clin ical N eurological S c ie n ce s , U niv. W estern  Ontario, London, 
O N , C a n a d a , N 6 A  5 A 5

A ge in g  o f the nervous syste m  is asso cia te d  w ith alterations 
in a variety o f neurotransm itter receptors and behavioural 
repso n ses. W e a sse sse d  the e ffe cts  o f age in g  on the  
behavioural re sp o n ses to m idbrain in fu sio n s o f the N K -3  
tachykin in  ago n ist senktide in the rat, as w ell as  the e ffects  on 
NK-1 and N K -3  receptor binding in basal gan glia  regions using  
quantitative receptor au toradiography. Male Sp ra gu e-D a w le y  
rats w ere studied at a g e s  ranging from  4 -2 7  m onths. Follow ing  
infusion into the su bstan tia  nigra pars co m p a cta  (S N c),  
senktide induced locom otion (LM ) w h ich  w a s attenuated with  
age, and w et dog sh a ke s  (W D S) w h ich  w ere unaffected  by  
age. In the ventral tegm ental area (V T A ), sen ktid e  induced LM  
and W D S  w h ich  w ere u n affected  by age , and su pp ressed  
groom ing in the O LD  anim als. A g e  had no effect on the d ensity  
of striatal NK-1 receptors, w hile N K -3  receptor d en sity  d eclined  
in the ventrolateral striatum  and to a n o n -sign ifican t extent in 
the S N c , but not in other striatal regions or the V T A .

A ge in g  has little e ffect on tachykin in  receptors in the rat. 
Behavioural alterations likely reflect ch a n g e s  in transm itter 
syste m s respo n sive  to tach y k in in s, su ch  as dopam ine.

159.12
ALTERED SIGNAL TRANSMISSION IN AGING. 
M.Suqawa. T.Mav and H. Coper Dept. Neuropsycho
pharmacology, Free UniV. Berlin, F.R.G (SPON: ENA)

To investigate the involvement of the cAMP signal 
transduction and inositol phosphate turnover in the 
aging process, extremely old (approx. 40 months) in 
comparison to young adult (approx. 3,5 months) female 
Wistar rats were used. Higher phospholipase-C activity 
and drastically higher (almost 2.5>-fold higher) inositol 
(1,4,5)trisphosphate concentration in the corpus striatum 
of old vs young adult rats were monitored. A significantly 
higher endogenous cAMP level and a significant decline 
of the adenylate cyclase activity (AC) were observed in 
striatal tissue from old rats compared to young adults. In 
the nucleus accumbens (NA), no age-dependent 
changes in the cAMP concentration and in the AC basal 
activity occurred. The density ( B J  of the high-affinity 
dopamine (DA) binding site of tne Ьн receptor and DA- 
mediated AC activity via D1 were reduced in the old 
rats.There was no difference in the specific [3H] 
forskolin binding between young and aged animals both 
in the striatum and in the NA.

159.14
REGULATION OF ESTROGEN RECEPTOR mRNA AND PROGESTERONE 
RECEPTOR MRNA BY ESTROGEN IN FEMALE RAT HYPOTHALAMUS 
DURING AGING. T. Funabashi*. S.P. Kleopoulos. P.J. Brooks. J.
Kato. F. Kimura. D.W. Pfaff. and C.V. Mobbs. Rockefeller Univ., & 
Fishberg Center for Neurobiology and Bronx VAMC, Mt. Sinai School 
of Medicine, New York, NY 10029.

To determine possible changes in the regulation of hypothalamic 
sex steroid receptors during reproductive senescence, we examined 
the effects of estrogen on estrogen receptor (ER) and progesterone 
receptor(PR) mRNA in 3- and 10-month-old cycling, and 15-month- 
old acyclic, Fisher female rats. Rats were ovariectomized,10 days 
later given silastic capsules containing 5% E, or empty sham 
implants (n=6/group), and sacrificed 4 days after implantation. In 
SÜuJıybridization was performed using single-stranded cDNA probes 
complementary to either the ER or the PR, labelled with 32p using 
PCR. After hybridization, washing, and drying, sections were 
apposed to X-ray film for 3 days, and hybridization signal was 
quantified by image analysis. Estrogen down-regulated ER mRNA in 
arcuate nucleus (ARC) and ventromedial nucleus (VMN) of 3-month- 
old rats but not in the 10- and 15-month-old rats. In all age groups 
and in both brain areas, estrogen significantly increased PR mRNA. 
We conclude that under the steroid regimen used in this study, ER  
mRNA regulation, but not PR mRNA regulation, is significantly 
impaired with age, even before cycles cease.
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159.15
THE DEFICIT IN ISOPROTERENOL STIMULATION OF SYNAPSIN 
PHOSPHORYLATION IN AGED ANIMALS IS NOT DUE TO AN 
INCREASE IN THE BASAL PHOSPHORYLATION STATE OF 
SYNAPSIN. K.E. Eckles. J.C. Lehman. G,M. Rose, and M.D. Browning,* Dept. 
o f Pharmacology, UCHSC and Medical Research, VAMC, Denver CO 80262.

Long-term potentiation (LTP) is a long-lasting form o f synaptic enhancement that 
is a proposed cellular substrate for learning and memory. Previous work has shown 
that /З-adrenergic agonists produce LTP-like potentiation in the dentate region o f the 
rat hippocampus. Such agonists also enhance synapsin phosphorylation at its 
Ca2+/calmodulin kinase П sites in dentate slices from young (3 mos.), but not aged 
(24 mos) rats. Synapsin is a synaptic vesicle-associated phosphoprotein that is 
thought to regulate neurotransmitter release and its phosphorylation may underlie the 
LTP-like potentiation produced by isoproterenol (ISO). Moreover, the deficit in ISO 
simulation o f synapsin phosphorylation seen in aged animals may be partly 
responsible for the learning deficits, and the impairment in LTP (induced by 
physiologically patterned stimulation) seen in aged animals. Therefore, we have 
been particularly interested in the cause o f this defect. In the present study we tested 
the possibility that old rats may have an abnormally high basal state of synapsin 
phosphorylation. A quantitative "back-phosphorylation" assay was used to determine 
basal synapsin phosphorylation state in extracts from hippocampal slices o f young 
and old male Fischer 344 rats. There was no significant difference in basal synapsin 
phosphorylation between young and old animals. In addition, Western blot assays 
indicated that there were no differences in the levels o f synapsin in young and old 
animals. These results indicate that the age-related deficit in /З-adrenergic stimulation 
of synapsin phosphorylation is not likely to be due to changes in synapsin.

159.17
AGE-RELATED EXPRESSION OF CALBINDIN Ö-28K AND PARVALBUMIN 
IMMUNOREACTIYITY IN THE RABBIT HIPPOCAMPUS. P.A. Naber12, L.T. 
Thompson1. P.O.M. Luiten2 & J.F. Disterhoft*1. ‘CMS Biology, Northwestern University 
Medical School, Chicago, IL & 2Dept. of Animal Physiology, University of Groningen, 
Haren, The Netherlands.

Calcium-binding proteins are considered to buffer intracellular calcium levels. Calbindin 
D-28K (CaB) binds and releases calcium quickly and appears to be involved in the 
sequestration and the translocation of free calcium. Parvalbumin (PARV) is a slow, but 
high-affinity calcium sink, taking up the calcium that enters the cytosol during intense 
neuronal activity. Numerous studies have reported that the intracellular calcium, concentration 
is increased in hippocampal neurons of aged animals. Here we studied the age-related 
immunoreactivity (ir) of CaB and PARV in the hippocampus of rabbits of different age 
groups.

Female rabbits of 1, 3, 6, 12, 24 or 36 mo old were transcardially perfused with 
buffered 4% paraformaldehyde. Frozen 20 pm sections were processed for the presence of 
the calcium-bound form of CaB and PARV by immunocytochemical methods including 
avidin-biotin labeling after primary antibody (Sigma) incubation.

CaB-ir in the hippocampus of young rabbits was the strongest in granule cell bodies 
and dendrites in the dentate gyrus and in the mossy fiber pathway. Less intense staining 
was present in pyramidal cell bodies and dendrites in CAI and CA2. Ölder animals 
showed a gradual but consistent decrease in CaB-ir when compared to younger animals. In 
CAI fewer stained cell bodies were detectable in older animals, while in the dentate the 
intensity of CaB-ir was markedly decreased in granule cell bodies, in the molecular layer 
and in the mossy fiber pathway. PARV-ir was confined to intemeurons in all subfields of 
the cornu ammonis and the dentate hilus. PARV-ir became slightly less prominent in the 
cell bodies during aging and may decrease in dendritic presence. These data support earlier 
hypotheses that calcium buffering capacity is reduced in aging hippocampal neurons. 
Supported by NM  R01 AG06796 and STIR Foundation, The Netherlands.

159.19
MOUSE BRAIN MITOCHONDRIAL DNA DELETION OFFERS 
ANIMAL MODEL FOR HUMAN MITOCHONDRIAL DNA 
DELETIONS. S. Zullo1. G.J. Creed . C. Filbļirn and
C.R. Merril * . Lab. Biochem. Genetics', NIMH 
Neuroscience Center, Wash., DC 20032; and Lab. 
Biol. Chern. , GRC, NIA, Baltimore, MD 21224.

We have identified a 3853 bp deletion from 
9103 to 12956 of mitochondrial DNA (mtDNA) from 
subcortical regions of the brain of an aged 
C57B1/6J mouse. This deletion corresponds 
positionally to the human mtDNA 4977 bp deletion 
identified in various tissue, including the 
brain. The deletion is bounded by 15 bp direct 
repeats, 9089-9103 and 12956-12970. The mouse 
brain was sliced into 50 џ т coronal sections. 
Eighty-eight 1 mm diameter punches of the 
sections were digested with proteinase K, 
dialyzed, heat denatured and aliquots subjected 
to the polymerase chain reaction (PCR) with DNA 
primers which bind outside the deleted region 
(8644-8665 and 13364-13383). With reaction 
conditions designed to amplify only deleted 
mtDNA, a deletion-specific PCR product was 
generated from 10 of the punched regions. These 
techniques allow us to investigate defined 
regions of the brain and further our development 
of an animal model of human mtDNA maladies 
affecting the brain and aging.

159.16
GLUTAMATE INDUCED HYPOTHALAMIC NEURONAL DEGENERATION AS A 
POTENTIAL NEUROENDOCRINE MODEL OF AGING IN FEMALE RATS. N.S. Norton*,. 
M.C. Thompson. J.F. Rodriguez-Sierra. and L. Lippiello. Departments of Cell Biology and 
Anatomy and Orthopaedics, University of Nebraska Medical Center, Omaha, NE 68198.

The reduction in pituitary growth hormone (GH) observed accompanying aging 
is a well recognized occurrence. There is a growing body of evidence in the literature 
which suggests that the decrease involves age-related neuronal degenerative changes in 
the hypothalamus, specifically those nuclei which regulate growth hormone releasing 
hormone (GHRH). In our study, we attempted to further examine the systemic 
dysfunction observed in an animal model by inducing hypothalamic neuronal 
degeneration with monosodium glutamate (MSG) to disrupt the role of GHRH neurons. 
Female Sprague-Dawley rats were divided into two groups upon birth: 1.) an 
experimental group (n=12) which received subcutaneous injections of MSG (4 mg/g) on 
days 1, 3, and 5, and 2.) a control group (n=16) which received an appropriate saline 
vehicle. All animals were monitored for the onset of puberty and weighed on days 1, 3, 
5, 7, 9, and weekly thereafter until euthanasia. At day 60, all animals were anesthetized 
and challenged with 5 /ctg GHRH at times 0 and 60. Blood samples (0.3 ml) were 
withdrawn at 15 minute intervals to detemiine plasma GH. Following euthanasia, the 
pituitaries, kidneys, adrenals, ovaries, and femurs were prepared for analysis. The results 
showed that MSG treatment significantly delayed the onset of puberty (p <0.01). Gross 
body and kidney weights also displayed significant reductions (p<0.05), however no 
differences were noted in weight between adrenals and ovaries. Circulating GH levels 
were significantly decreased (p<0.05) when compared to controls, but no difference was 
seen in pituitary GH content. Analysis of the femurs revealed statistical differences 
(p<0.05) in maximum mid shaft diameter and minimum fracture force although there 
was no difference in length. Our results suggest that hypothalamic degeneration 
involving GHRH neurons lead to reduced circulating GH levels and other various 
systemic complications, including a susceptibility to bone fracture. These findings 
warrant further investigation as a potential model for studying aging.

159.18
AGE-RELATED MITOCHONDRIAL DNA DELETIONS IN HUMAN 
BRAIN. Др Ј , Sabourin*. 2W.C Wallace. 3M. Zito and 2C.R. Merril. 
^Molecular Geriatrics Corp., Lake Bluff, IL 60044, ^Laboratory of 
Biochemical Genetics, NIMH Neuroscience Center, Washington, DC 
20032 and ^Clinical Brain Disorders Branch, NIMH Neuroscience Center, 
Washington, DC 20032.

It has been shown in our laboratory that a 4977 bp mitochondrial (mt) 
deletion increases with age in human cortex. We wanted to determine 
whether the increase was correlated with neuronal loss in the cerebral 
cortex. Quantitative PCR of cortical DNA revealed that the deletion was 
below detectability until age 27, then rose with age such that in a 40 year 
old individual the deletion comprised .001% of the total mt DNA. At 80 
years the deletion was approximately .01%. We have more recently assayed 
specific brain regions that typically exhibit neuronal loss with increasing 
age. Our preliminary results indicate that in patients aged 40-60 years, 
tissue from rostral segments of the superior frontal and right temporal gyri 
exhibits deletion percentages which are approximately similar to whole 
cortex (.001%). By age 70, the deletions in the rostral middle frontal gyrus 
comprise .01% which is comparable to 80 year-old cerebral cortex. 
However, both the middle frontal and superior temporal gyri from a 77 
year-old brain contain a deletion content o f .2%, significantly greater than 
that exhibited by whole cerebral cortex. These observations suggest a 
correlation between brain regions exhibiting neuronal loss (an indication of 
aging), and the percentage of mt DNA that is deleted.
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160.1
FOCALNEURITEPROLIFERATION INS100/8 TRANSGENIC MOUSE. 
PJ. Yarowsky1*, S. Buck", R.H. Reeves*, and D.C. Hilt". Depts. of 
Pharmacology & Exp. Therap. *, and Neurology", Univ of Maryland Sch. of 
Med., Baltimore, MD 21201 and Dept. of Physiology*, Johns Hopkins 
University Sch. of Med., Baltimore, MD 21205.
Recent evidence suggests that SI00/3, an astrocyte-derived protein, promotes 

neurite extension and astrocyte proliferation in vitro. Levels of S100/3 are 
elevated in Alzheimer’s disease (AD) and in patients with Down Syndrome, 
who invariably develop AD. Two lines of S100/3 transgenic mice have been 
produced which overexpress mouse S100/3 mRNA 2-fold and 7-fold higher 
than normal levels in whole brain, with concomitant elevation of S100/3 
protein. Changes in neurite outgrowth were examined in the brains of these 
adult transgenic S100/3 mice with an antibody to H- and M-neurofilaments. 
Increased neurofilament immunoreactivity was present in the cerebellum and 
hippocampus in both transgenic Įmes. In the molecular layer of the 
cerebellum, increased neurofilament reactivity was present in basket cell axons 
surrounding Purkinje cell bodies and basket cell dendrites. In the 
hippocampus, increased immunoreactivity was present in axons in the 
molecular layer and hilar region of the dentate gyrus and in the s. lacunosum 
moleculare. Immunostaining of the cerebellum and hippocampus of transgenic 
S100/3 mice using a mono-specific antibody to S100/3 demonstrated increased 
expression of SI00/3 in astrocytes in the hippocampus and astrocytes and 
Bergmann glia in the cerebellum. Neurons in these regions were not S100/8- 
immunoreactive. These results suggest that S100/8 functions as a promoter of 
neurite outgrowth in the CNS in vivo  in the same regions where astrogliosis 
occurs (Yarowsky et al., Soc. Neurosci. Abstr. 18: 728 (1992). NIH and NSF

160.3
FINE STRUCTURE ANALYSIS OF THE MOUSE R ETIN AL  
D EG E N E R A TIO N  S L O W  (rd s) MUTANT LOCUS.
A,C. Allen. J.E. Bums. J.G, Sutcliffe and G.H. Travis*.
U.T. Southwestern Med. Ctr., Dallas, TX 75235 and Scripps Research Institute, 
La Jolla, CA 92037.

R etin a l d e g e n e ra tio n  s lo w  is a neurological mutation of mice 
causing abnormal development and slow degeneration of rod and cone 
photoreceptors. Using a differential screening procedure, we cloned 
the rds mRNA and gene. These were found to encode an integral 
membrane glycoprotein present in outer segment discs. We have 
proposed that the rds  protein functions as an adhesion molecule 
involved in disc stabilization through homophilic or heterophilic 
interactions across the intradiscal space. Mutations in the human 
homolog of rd s  (R D S) have been shown to result in several inherited 
retinal dystrophies including autosomal dominant retinitis pigmentosa.

To characterize the locus in rd s  mutant mice, we screened genomic 
libraries with the rd s  cDNA. The resulting λ  clones were submitted 
to restriction mapping and DNA sequence analysis. The mutation is 
caused by an insertion of foreign DNA into a protein coding exon in 
the rds gene. The inserted element is normally present in several tens 
of copies in the mouse genome. This entire element appears to be 
included in the mutant transcription product. This results in a highly 
abnormal mRNA that is not transported out of the photoreceptor 
nucleus. We conclude that rds  is a null allele in mice.

160.5
EFFECT OF SHUNTS AND CARBONIC ANHYDRASE INHIBITOR TREATMENT 
ON HYDROCEPHALUS IN H-TX RAT PUPS STUDIED BY MAGNETIC 
RESONANCE IMAGING H.C. Jones.* R.W. Briaas. N.G. Harris 
Dept. Pharmacology and Radiology, Univ. of Florida Health 
Science Center, Gainesville FL 32610.

The H-Tx rat has inherited congenital hydrocephalus 
which develops before birth due to aqueduct stenosis. The 
aim of this study was to treat hydrocephalic pups using 
shunt surgery or with carbonic anhydrase inhibitors, and to 
monitor their subsequent progress by quantitative magnetic 
resonance imaging. Ventriculosubcutaneous shunts were 
placed in hydrocephalic rat pups 3-12 days old and another 
group of pups was given the carbonic anhydrase inhibitor, 
methazolamide (100mg/kg/day) from 1-3 days, for 3 weeks. 
Rats were imaged weekly in a 2Tesla magnet using a T,- 
weighted protocol and a multislice technique. Values for 
the volume of the lateral ventricles and thickness of the 
cortical mantle were obtained using Dispim software and 
compared to age-matched groups of untreated hydrocephalic 
rats. The ventricles of shunted rats decreased in volume 
within 3-4 days of the shunt operation when compared to 
untreated rats and the results were similar for early 
shunts (3-6 days) and for late shunts (8-12 days). The 
ventricles continued to remain small for the first week. In 
some rats the ventricles enlarged in the 2nd and 3rd week 
but at a much lower rate than for untreated rats. 
Methazolamide treatment reduced the ventricles in 3 rats, 
slowed the rate of expansion in 6 rats and had no effect in 
a further 3 rats. Cortical thickness was improved by both 
types of treatment when compared to untreated hydrocephalic 
rats, with the exception of the methazolamide-treated rats 
with large ventricles. Overall, shunt treatment was more 
reliable than inhibitor treatment.

160.2
A LOCUS ON MOUSE CHROMOSOME 2 SYNTENIC WITH 
HUMAN 2q MODULATES ETHANOL WITHDRAWAL SEVERITY.
J.C. Crabbe*.P. Metten. D. Glenn. J.K. Belknap 
and K.J. Buck. VA Med. Ctr. and Ore. Hlth. Sci. 
Univ., Portland, OR 97201, USA.

Severity of withdrawal from ethanol and other 
drugs is partially determined by heritable 
factors, but neither the function nor the 
location of those genes is known. A two-step 
gene mapping strategy to identify such major 
genes has: (1) identified, in a panel of BxD RI 
mouse strains, 6 candidate quantitative trait 
loci (Q T L ), i.e., genes or marker loci with a 
BxD RI strain distribution pattern (SDP) highly 
correlated with the SDP of the trait (ethanol 
withdrawal severity); and (2) for one QTL, 
verified the association of a candidate locus on 
mouse chromosome 2 in a segregating population 
of F2 intercross progeny of the C57 and DBA 
parental strains. This locus is in close 
association with D2Mit9, mapped to a position 
approximately 38 cM distal to the centromere, 
and may control 40% of the genetic variability 
in withdrawal severity. To our knowledge, this 
is the first report in which this strategy has 
identified a candidate locus and verified the 
QTL in a segregating population. Supported by 
R01 AA08621, T32 AA07468, and a VA grant.

160.4
THE EFFECT OF UNTREATED AND SHUNT-TREATED 
HYDROCEPHALUS ON CORTICAL PYRAMIDAL CELL 
MORPHOLOGY IN THE H-Tx RAT. N.G. Harris*. J.P. McAllister iP. 
H.C.Jones Department Pharmacology & Therapeutics, University o f Florida, 
Gainesville, FL.32610-0267 USA. department o f Neurosurgery, The Cleveland 
Clinic Foundation, Cleveland, OH 44106 USA

Despite the use of shunt surgery to reduce the mortality rate for infants with 
hydrocephalus, the prognosis for intellectual development is often poor and altered 
neuronal morphology is possibly the cause. The H-Tx rat develops hydrocephalus 
prenatally and if  left untreated, gross expansion o f the lateral ventricles and severe 
cortical thinning occur with death at 30 -40 days after birth. By shunting early in 
development these gross morphological changes are avoided.

Pyramidal cells form the main efferent connection to subcortical structures, 
therefore any structural abnormality might be implicated as a cause o f the impaired 
cortical function in the unshunted hydrocephalic rat. We have investigated (1) the 
effect o f  untreated hydrocephalus on layer V pyramidal neurone morphology in the 
severely thinned auditory cortex and (2) the ability o f shunting to prevent any 
abnormalities of pyramidal neurone morphology. Tissue from unshunted, shunted and 
control rats at 21 days-old was processed for the rapid Golgi technique and the 3- 
dimensional profiles o f pyramidal neurones were traced and digitised by a 
Neurolucida image analysis system to produce a quantitative analysis o f each neurone.

In unshunted rats the basal rather than the apical dendrites were more severely 
affected and compared to controls, the total basal dendrite length was reduced by 78% 
in contrast to only 18% in shunted rats. The mean number o f basal dendrites was 
reduced to 5 ±0 .5  in the unshunted group in contrast to 8 ±1 .3  and 10 ±2 .8  in 
control and shunted respectively and the maximum vertical and horizontal basal extent 
was reduced by 48% and 45% in unshunted compared to 32% and 16% in shunted.

160.6
NEUROANATOMICAL MAPPING OF FOCAL MYOCLONIC EPISODES IN 
THE NEUROLOGICAL MOUSE MUTANT TOTTERING (tgltg). EJ. Hess* 
and M.C. Wilson. Dept of Neuroscience & Anatomy, M.S. Hershey Medical Center, 
Penn State University, Hershey, PA 17033 and Dept. of Neurophannacology, 
Research Institute of Scripps Clinic, La Jolla, CA 92037.

Tottering (tg) is an inherited autosomal recessive mutation in the mouse that 
results in a triad of neuropathologies including spike and wave discharges, ataxia and 
focal myoclonus. Although the spike and wave discharges and ataxia have been 
fairly well characterized, the myoclonus expressed by these mice has been difficult to 
study because these seizures have no obvious electrical correlates. To identify the 
neuroanatomical substrate(s) of these seizures, the expression of the immediate early 
gene (IEG) c-fos in response to a myoclonic episode was assessed in tottering mice. 
IEGs are transcription factors that are rapidly and transiently expressed in the 
nucleus of activated neurons and are, therefore, thought to chart the progression of 
nervous system activity. When c-fos expression was examined by in situ 
hybridization in the tottering mouse 20 min after seizure onset, c-fos mRNA 
expression was induced only in the cerebellum, pontine nucleus and faintly in motor 
cortex with the highest levels of expression in the cerebellum; c-fos expression was 
not induced in any brain region in either the control littermate or a tgltg littermate 
with no seizure. It should be noted that c-fos expression was not broadly induced in 
all motor regions or nuclei such as the basal ganglia nor was c-fos expression 
observed in the hippocampus or amygdala, regions generally associated with seizure- 
induced c-fos expression. Interestingly, a major cytological abnormality in tottering 
mice also occurs in the cerebellum where ectopic expression of the catecholamine 
synthetic enzyme tyrosine hydroxylase (TH) has been observed in the Purkinje cells, 
a region where ΊΉ is not normally expressed. These results suggest that the 
cerebellum, where abnormal TH expression is observed, likely plays a role in the 
generation and/or maintenance of myoclonus in tottering mice.
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160.7
GENETIC ANALYSIS OF BENZODIAZEPINE-RESPONSIVE 
BEHAVIORS IN AXB AND BXA RECOMBINANT INBRED STRAINS OF 
MICE. J.N. Crawlev*1, C. Mathis1 « P.E.Neumann3. H. Gershenfeld2 and
S.M. Paul2 Section on Behavioral Neuropharmacology, ETB1, and 
Section on Molecular Pharmacology, NSB2, National Institute of Mental 
Health, NIH, Bethesda, MD 20892, and 3Neurology Research, Children's 
Hospital, Boston, MA 02115.

C57BL/6J and А/J inbred mice show large differences on anxiety- 
related behaviors, and differential sensitivity to agonists and inverse 
agonists of the GABA-A/benzodiazepine receptor complex.
Recombinant inbred strains (RIS) derived from the C57BL/6J and A/J 
cross were used for behavioral studies designed to estimate the number 
and location of chromosomal loci responsible for anxiety-related 
behaviors. The phenotype of the parental strains and of 28 RIS were 
characterized for number of transitions in the two chambered light «*dark 
exploratory model of anxiety, anxiolytic response to diazepam (2 mg/kg, 
i.p.) in this model, the vertical and ambulatory parameters in a Digiscan 
open field, and sensitivity to the convulsant properties of methyl-ß- 
carboline-3-carboxylate (ß-CCM, 5 mg/kg, i.p.). The strain distribution 
pattern and statistical analyses of baseline exploratory behavior, response 
to diazepam, open field exploratory parameters, and latency to ß-CCM- 
induced seizures, suggest that several chromosomal loci contribute to the 
variability within the RIS. The behavioral differences between C57BL/6J 
and А/J mice therefore appear to be determined by multiple genetic loci.

160.9
DIFFERENTIAL SENSITIVITY TO KAINIC ACID-INDUCED SEIZURES IN 
MATURE C57BL/6J AND DBA/2J MICE. T.N. Ferraro*. G.G. Smith. W.H. 
Berrettini. G.T. Golden. Dept. o f  Psychiatiy, Thomas Jefferson University, 
Philadelphia, PA 19107 and Research Service, DVAMC, CoatesviUe, PA 19320.

DBA/2J mice are very sensitive to seizures induced by various chemical 
and physical stimuli. In particular, the immature DBA/2J mouse has been the 
focus o f numerous studies addressing genetic aspects o f  epilepsy due to die 
exquisite sensitivity o f these animals to audiogenic seizures. As a first step 
toward the characterization o f genetic elements which may be involved in 
seizure susceptibility in mature DBA/2J mice, we have compared 8 wk old 
DBA/2J and C57B1/6J mice regarding their sensitivity to behavioral seizures 
induced by subcutaneous (sc) injection o f kainic acid (KA). Dose/response 
data (n =  3-5 mice/dose) revealed a marked difference between the strains 
with 100% o f C57B1/6J mice remaining seizure free for the full (4 hr) 
observation period following KA doses o f  10 or 20 mg/kg and 20% exhibiting 
seizures at a dose o f 30 mg/kg. DBA/2J mice were also resistant to seizures 
at KA doses o f 10 and 20 mg/kg; however, 30 mg/kg caused seizures in 75 % 
o f animals tested. In a separate experiment, 8 wk old C57B1/6J and DBA/2J 
mice (n =  10 for each strain) were given 25 mg/kg KA. All C57B1/6J mice 
remained seizure free for the full observation period whereas 80% o f DBA/2J 
mice exhibited seizures; 40% o f DBA/2J mice entered status epilepticus and 
eventually died (up to 6 days later). Results demonstrate clear and robust 
differences in susceptibility to KA-induced seizures between C57B1/6J and 
DBA/2J mice and suggest that studying intercross offspring from these two 
strains may be a useful strategy for identifying genes associated with this 
phenomenon.

160.11
SPARING OF THE DOPAMINE MESOCORTICAL PROJECTIONS IN 
THE MUTANT MOUSE WEAVER CORRESPONDS WITH A SELECTIVE 
PRESERVATION OF DA NEURONS CONTAINING CALBINDIN-D28K.
P.Gaspar *.N.Ben Jelloun. A.Febvret. INSERM U 106, Hôpital Salpêtriére, 
75013 Paris, France.

In the cerebral cortex of patients with Parkinson's disease (PD) there is 
a laminar-specific depletion of dopaminergic (DA) fibers suggesting a 
heterogeneity of the DA mesocortical projection with a differential 
vulnerability. We questioned whether similar vulnerabilty patterns could be 
found in the cerebral cortex of the mutant mouse Weaver (wv), since patterns of 
neuronal deģenerātiem in the mesencephalon are comparable in weaver and PD. 
Two and 7 months old homozygous (wv/wv) mice were compared to littermate 
controls. DA fibers were revealed with tyrosine hydroxylase immunocyto- 
chemistry after lesioning of noradrenergic fibers with DSP4. Separate 
subpopulations of DA mesencephalic neurons were quantified with double- 
immunolabeling, : a) neurons colocalizing with calbindin-D28k (CABP), part of 
which project to the cerebral cortex, and b) DA neurons lacking CABP. 
Contrasting with the reduction o f  D A  fibers in die, dorsolateral striatum, 
quantified analysis revealed no reduction of DA fibers in the main cortical 
targets of weaver mutants. In the mesencephalon, DA neurons with no CABP 
immunolabeling were reduced by 70% whereas neurons colocalizing with CABP 
were remarkably preserved in A10,A9, and A8. CABP was localized in both the 
nucleus and cytoplasm of DA neurons.
The differences in the involvement of DA mesocortical projections in weaver and 
PD could be due to differences in the organization of these projections across 
species or to more severe lesions in PD. The elective survival of CABP 
containing DA neurons in weaver mutants further suggests a protective role of 
this protein in neuronal death.

160.8
A MOUSE MODEL k ) R  STUDYING GENETIC FACTORS INVOLVED IN 
MORPHINE PREFERENCE. R.C. Alexander*. T.N. Ferraro. A.M. Buchberg. 
W.H. Vogel. W.H. Berrettini. Dept. o f Psychiatry and Human Behavior, Thomas 
Jefferson University, Philadelphia, PA 19107.

C57B1/6J and DBA/2J mice are characterized as "morphine preferring" 
and "morphine avoiding", respectively. We want to localize genes responsible 
for this difference in morphine preference as a means o f approaching human 
genetic vulnerability to drug addiction. Morphine phenotyping was carried out 
in parental (n =  13 C57B1/6J; n =  15 DBA/2J), FI (n =  28) and F2 (n =  606) 
mice. In an 8 day trial, mice had access to two bottles, one containing 
morphine (0.2 mg/ml on days 1-4; 0.7 mg/ml on days 4-8) in 0.2% saccharin 
and the other containing quinine (0.2 mg/ml on days 1-4; 0.4 mg/ml on days 
4-8) in 0.2% saccharin. Phenotype results are expressed as a morphine 
preference score (MPS) calculated by dividing daily morphine intake by the 
sum o f daily morphine intake and daily quinine intake and multiplying this 
number by 100. Results for the parental strains showed that C57B1/6J mice 
consumed fluid almost exclusively from the morphine bottle [mean (+  S.D.)
MPS =  94.2 +. 3.4] whereas DBA/2J mice consumed fluid almost exclusively 
from the quinine bottle [mean MPS =  8.6 +. 6.4]. F2 mice had a morphine 
preference score o f 75.5 +. 26.5. The highest (mean MPS =  96.3 +. 1.0, n =
49) and lowest (mean MPS =  21.5 +. 11.7, n =  46) morphine consumers were 
selected for genotyping using PCR-based microsatellite DNA markers.
Genotype data analyzed by Chi-square analysis revealed positive results at 
the following marker loci: D4M itl2, D4M itl6, D6Mit9, D6MitlO, D8Mit4, 
D 8MU8, D8Mit45 and D10Mit20 suggesting that genes located in the vicinity of 
these markers are involved in mediating differences in morphine preference 
seen in parental C57B1/6J and DBA/2J mice. Systematic genomic screening 
for additional markers associated with these phenotypes is in progress.

160.10
E n k e p h a lin  m R N A  in ca u d a te  n u c le u s  of tottering  
m ice. A. de Bartolomeis*. V. Koprivica. D. Piekar. J.N. Crawley 
and L.C. Abbott§. Experimental Therapeutics Branch, NIMH, NIH, 
Bethesda, MD 20892 and §University of Illinois, Dept. of Vet. 
Biosci., Urbana II 61801.

Tottering (tg/tg) mice carry a single locus autosomal recessive 
mutation whose phenotypic manifestations are characterized by the 
presence of spontaneously occurring spike and slow wave 
discharges; tg/tg mice also exhibit moderate ataxia. Previous 
studies have reported several neurochemical abnormalities in 
different brain structures of tottering mice. In particular it has 
been shown that enkephalin levels are increased in striatum (Patel 
etai., 1990). In this study, we investigated enkephalin gene 
expression in subregions of caudate nucleus in tg/tg mice and 
normal controls (C57BL/6J: +/+). Coronal brain sections were 
cut at the level of the caudate nucleus and processed for in situ 
hybridization using a 48-base synthetic oligonucleotide 
complementary to bases 1441-1488 of rat preproenkephalin 
mRNA. Quantitation of film autoradiographic signal by computer- 
assisted image analysis revealed an increase of detectable 
enkephalin mRNA of 70% (p<0.01) in dorsolateral and 48% 
(p<0.01) in medial caudate, in tg/tg mice compared with normal 
controls. This finding suggests that the reported increase in 
enkephalin peptide in tottering mice striatum could be regulated by 
an increase in gene transcription.

160.12
DEFICIENT LEARNING PERFORMANCE IN THE SPATIAL 
TASK OF MORRIS TANK TEST IS NOT ACCOMPANIED BY 
IMPAIRED HIPPOCAMPAL LTP IN S100ß TRANSGENIC 
MICE. R. Gėriai . J. M. Woitowitz & J, Roder*. Mount Sinai 
Hospital Research Institute, Ontario M5G 1X5, and University of 
Toronto

SlOOß, a calcium-binding brain specific protein, may affect brain 
development and long term potentiation. Its gene maps to a region 
of chromosome 21 duplicated in Down's Syndrome (DS), and its 
levels are elevated in DS. To test the hypothesis that elevated SlOOß 
levels cause brain dysfunctioning in a mammalian system, transgenic 
mice carrying multiple copies of the human SlOOß gene have been 
generated and their learning in the Morris Tank Test and their 
hippocampal Long Term Potentiation (LTP) have been analyzed. 
Two lines of transgenic and normal age matched control mice were 
compared in the behavioural tests. Transgenic mice showed learning 
impairment in the spatial task of the test, however, they performed 
well in the non-spatial task. Though the findings are consistent with 
the assumption that the learning impairment of SlOOß transgenic 
mice is due to hippocampal dysfunctioning, LTP in the CAI area 
was normal in the transgenic mice. Further studies are needed to 
ascertain the neuroanatomical and physiological basis of the 
observed behavioural abnormality. Nevertheless, the SlOOß mouse 
is the first experimental model in which a correlation between 
overexpression of a chromosome 21 gene product and a learning 
impairment could be shown. Supported by NCE and MRC of 
Canada.
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160.13
LYSOSOMAL ABNORMALITIES ARE ASSOCIATED WITH NEURO
DEGENERATION IN THE MOTORNEURON DEGENERATION MUTANT 
MOUSE. A. Messer*. A.M. Cataldo. D J. Hamilton, and R.A. Nixon. McLean 
Hosp., Harv. Med. Sch., Belmont, MA, Wadsworth Ctr. Labs. Res., NYS Dept. 
of Health, Albany, NY

Many late-age neurodegenerative diseases are associated with accelerated cell 
death. Lysosomes are known to participate in cell death mechanisms, but details 
concerning lysosomal participation in neurodegeneration remain vague. To 
examine the interaction of the lysosomal system in chronic cell death processes, we 
studied alterations in several lysosomal hydrolases in neurons from the motor- 
neuron degeneration (mnd) mouse, a mutant with protracted adult-onset motor- 
neuron cell death. Sections from regions of the spinal cord, cranial nerve nuclei, 
and midbrain (most affected) and forebrain (less affected) of control and mnd mice 
3 to 12 months of age were analyzed by LM and EM with antibodies to cathepsins 
В and D, hexosaminidase A, Nissl and silver stains. Many perikarya of affected 
neurons that displayed no atrophy/chromatolysis, contained increased numbers of 
immunoreactive lysosomes that were not observed in control mice. With advanc
ing severity of the disease, affected neurons that exhibited overt histopathologic 
changes were often completely filled with hydrolase-positive lysosomes. Ultra- 
structural inspection of serial adjacent sections from affected spinal cord neurons 
during progressive stages of the disease revealed the presence o f atypical tertiary 
lysosomes that were dramatically increased and structurally different from control 
mice. Our results suggest that lysosomal system abnormalities appear to be an 
early and progressive marker of compromise in affected mnd neurons and may 
mediate cell death. The abundance of tertiary structures in affected cells may 
reflect alterations in membrane turnover and/or lysosomal trafficking. Supported 
by the AHA Fnd. (AC) and the ALS Assoc. (AM).

160.15
EXPRESSION OF AN NPY CDNA CONTAINING ADENOASSOCIATED VIRUS 
VECTOR IN BRAIN AND NEUROBLASTOMA CELLS AFTER SENDAI VIRO- 
SOMAL INFUSION. Ę.M. Meyer*, P, Wu, C.M. de Fiebre, D. 
Notabartolo, M. Bonell, M. King and W.J. Millard. Depts. of 
Pharmacology, Pharmacodynamics and Neuroscience, U. Florida 
Health Sciences Center, Gainesville, FL 32610.

We developed a Sendai viral envelope (virosome) prepara
tion and procedure for infusing an adenoassociated virus 
vector (pJDT95npy) functionally into primary astrocytes 
from rat brain as well as neuroblastoma cells (dividing 
and post-mitotic). This vector was demonstrated concomi
tantly to permit expression of NPY-mRNA and immunoreacti- 
vity in several neuronal cell types using standard trans
fection techniques. Using virosomes encapsulating pJDT95- 
npy, it was possible to demonstrate: 1) that this vector,
which contains rat NPY cDNA immediately downstream from 
the AAV p40 promoter, which in turn is downstream from the 
p5 and pi9 promoters, expresses several exogenous NPY-mRNA 
species when added to CHP 126 human neuroblastoma cells;
2 ) that the p40 promoter was the predominant promoter in 
these ÇHP 126 cells over the intervals studied (up to 
several days post-transfection); 3) that astrocytes simil
arly express pJDT95npy driven NPY mRNA species following 
transfection with the virosomes; and 4) increased immuno- 
reactivity and NPY-mRNA species could be detected in rat 
cerebral cortices infused with pJDT95npy laden virosomes. 
Controls for these studies included empty virosomes or 
virosomes containing pJDT95 (without NPY cDNA).

160.17
X-LINKED CEREBELLAR ATAXIA IN ENGUSH POINTER DOGS: CLINICAL 
SIGNS AND LINKAGE TO THE ANDROGEN RECEPTOR GENE.
DP O’Brien*. GC Johnson. GS Johnson. H Shibuva. College of Veterinary 
Medicine, University of Missouri, Columbia, MO 65211 

In this study, we characterized the phenotype of a family of English pointer 
dogs with X-linked cerebellar ataxia (XCA) and performed initial genetic linkage 
analysis. Four males from two litters from the same mother presented with 
signs of ataxia and episodes of disorientation and dystonia with downbeat 
nystagmus. Nystagmus could be induced by rapid dorsifiexion of the neck 
and was abolished by diazepam in 1 dog tested. Signs began at 6-12 weeks 
age and progressed to marked ataxia by 16 months. A microsatellite DNA 
marker for the androgen receptor gene in the X chromosome was linked to 
the cerebellar ataxia phenotype (no recombinations in 9 informative meioses; 
LOD=2.4). Tissues from 3 affected dogs aged 5, 12 and 17 months were 
examined at post mortem and compared with those from 6 young adult mixed 
breed dogs. Affected dogs had a striking reduction in the number of Purkinje 
cells throughout the cerebellar cortex, particularly the vestibulocortex. 
Collapsed basket cells marked the sites of Purkinje ceil lose on 
Bielschowsky's stain. The arbor vitae was attenuated both grossly and 
histologically, and there was slight thinning of the granular layer. Morphometric 
assessment of Purkinje cell spacing revealed a range of 9.2-10.5 cells/mm 
cortex for control animals and 2.2-3.6 for patients. The size of the Purkinje 
cells with a distinct nucleolus was similar for the two groups. In XCA, the 
degeneration is more limited than previously described canine ataxias, but 
similar to some X-linked and Holmes’ type hereditary cerebellar ataxias of 
human beings. XCA is also similar to the Purkinje cell degeneration mutant 
mice although that is not a X-linked trait. The linkage to the androgen receptor 
may allow identification of genotype prior to the onset of clinical signs.

160.14
USE OF ADEN0-ASS0CIATED VIRUS VECTOR TO EXPRESS EXOGENOUS 
NEUROPEPTIDE Y IN NEURAL CELLS. P. Wu*, W.J. Millard, E. 
Grouzmann, M.A. Bonell, Y. Gao, M. King and E.M. Meyer. 
Depts. Pharmacology, Pharmacodynamics, Neuroscience, U. 
Florida, Gainesville, FL, and Div. D'Hypertension, CHUV, 
Lausanne, Switz.

To test the possibility of using the adeno-associated 
virus (AAV) as a vector for the expression of an eucary- 
otic gene in neural cells, we constructed a pJDT95npy 
recombinant with rat neuropeptide Y (NPY) cDNA following 
the AAV p40 promoter in an AAV-derived plasmid (pJDT95). 
Transfection of neuroblastoma CHP 126 cells with pJDT95npy 
increased the expression of several NPY signals including 
chimeric mRNA apparently derived from p5, p19, and p40 AAV 
promoters. This AAV-driven expression was stable for at 
least 1 mon post-transfection, some species increasing 
over time. Similar patterns of NPY expression were seen 
in dibut. cAMP-differentiated CHP 126 cells after trans
fection. While only a low level of pro-NPY immunoreactiv- 
ity was found in cell extracts of dividing cells, high 
levels of both mature and pro-NPY were recovered from cell 
extracts of transfected post-mitotic neuronal phenotypes. 
Untreated or pJDT95-transfected cells little or no NPY- 
mRNA and no immunoreactivity. Integration of the AAV-NPY 
into CHP 126 genome was demonstrated by Southern blots. 
Finally, postmitotic neurons derived from NT-2 cells ex
pressed exogenous NPY mRNA after pJDT95npy transfection, 
also showing transmitter-gene delivery into neurons.

160.16
Generation of HSV Defective Viral Vector Expressing the 
ß-Amyloid Precursor Protein
L isa  M cConlogue1 . Dora G a m e s1* . M ichael Kaplitt2 · І Ш 1 

Lie b e rburo1 , Christina De Wit1 , 1 Athena N eurosciences, 2  The  
Ro ckefe lle r

Am plicons are H S V  defective vectors in which plasmid DNA containing 
the H SV  ori and packaging signals is packaged by helper virus into 
H SV  virions. Generally an e x c e ss  of helper virus is initially 
generated and it is n ecessary  to enrich for the amplicon particles by 
serial passag es.
W e generated amplicons from plasm ids expressing the human 
ß-amyloid precursor protein (ß A P P), which is the protein that is 
processed  to form amyloid deposits in Alzheim er's d iseased  brains.
W e found, however* that these  am plicons were unstable during the 
p a ssa g e s usually required for amplicon enrichment. W e therefore 
optimized conditions for generation of the am plicons so  that initial 
production w as increased . Titration of helper virus and titration of 
ß-galactosidase expressing am plicons show ed that a  1 to 1 ratio of 
amplicon to helper virus particles could be generated without the 
usual "enrichment" p a ssa g e s. Wildtype and various familial 
Alzheim er's d isease  mutant forms of ß A PP  expressing am plicons 
have been generated using these methods. Experim ents on the 
expression of ßAPP  from these am plicons in primary neuronal tissue  
culture are in progress.

160.18
TRANSDUCTION OF HUMAN HPRT WITH A HERPES-DERIVED 
VECTOR. B.E. Wojcik*. H.A. Tinnah. P.A. lohnson, and T. Friedmann. 
Dept. of Pediatrics, UCSD School of Medicine, La Jolla, CA 92093.

The Lesch Nyhan syndrome results from a deficiency of 
hypoxanthine guanine phosphoribosyl transferase (HPRT) and is 
characterized by abnormalities in purine metabolism and in the 
dopamine systems of the basal ganglia. We have studied purine 
metabolism in the brain of HPRT-deficient mice and have found 
essentially normal purine pools, accelerated de novo purine synthesis, 
and significantly reduced levels of dopamine and of the activities of 
tyrosine hydroxylase (TH) and aromatic amino acid decarboxylase in the 
caudoputamen of the mutant mice. Studies of radioligand binding to the 
dopamine uptake transporter have suggested a reduction in the number of 
dopaminergic fibers innervating the basal ganglia. To study approaches 
toward the correction of the HPRT-deficient phenotype by virus- 
mediated gene transfer, we have constructed an HSV-1 vector expressing 
the human HPRT cDNA from the HSV LAT (latency associated 
transcript) promoter. This vector is replication defective due to a deletion 
in the UL42 gene and also expresses the E. coli ß-galactosidase gene 
(lacZ) from the human cytomegalovirus (HCMV) immediate early 
promoter. Infection in vitro of differentiated HPRT-deficient PCI 2 cells 
at a multiplicity of infection (MOI) of 2 results in expression of the HPRT 
transgene at levels maintained at 20-25% of that present in HPRT 
positive PC12 cells for at least one week. Preliminary studies after direct 
vector injection into the brain have shown histochemical evidence for 
lacZ expression in neurons, glia and ependymal cells for at least 5 days 
after infection.
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160.19
Mice Transgenic for Cu, Zn - Superoxide Dism utase Exhibit 
Specific Neurochem ical A bnorm alities. P. J. Schwartz*, U. V. 
Berger, and J. T. Coyle The Laboratory of Molecular and Developmental 
Neuroscience, Massachusetts General Hospital, Boston, MA 02129

Investigations of neurochemical abnormalities in human trisomy 
21 (Down syndrome, DS) have recently focused on transgenic mouse 
models which overexpress specific genes found on this chromosome. 
We have examined the neurochemical profile of mice transgenic for Cu, 
Zn - superoxide dismutase (SOD-1), an anti-oxidant enzyme triplicated in 
DS. A mutation for SOD-1 has recently been shown to be responsible for 
an autosomal dominant inherited form of amyotrophic lateral sclerosis 
(ALS, Lou Gehrig's disease) (R o sen  e t a i  1993).

Transgenic and control mice were obtained from Y. Groner and 
raised in our facilities. Biogenic amines and amino acids were determined 
as described (Z a c ze k  a n d  C o y le  1982, and T sa i e t  a l  1991). Tissue was 
sonicated in 10 volumes 0.1N perchloric acid and analyzed by HPLC. 
Enzymatic assays were performed as previously reported (M iy a m o to  a n d  
C o yle , 1990).

We found a 23% increase in striatal dopamine, increases of 30- 
40% in cortical, cerebellar, and hypothalamic norepinephrine and 50% 
increases in cortical and hypothalamic serotonin in the SOD-1 transgenic 
mice. Glutamatic acid decarboylase (GAD) activity was decreased 
modestly in striatum of transgenic mice, while choline acetyl transferase 
(СҺАТ) activity was unchanged. The neurochemical profiles of mice 
transgenic for human SOD-1 are thus dissociated from those seen in 
Down syndrome, where the general pattern is one of biogenic amine 
deficit. These results suggest that over-expression of SOD-1 elevates the 
level of oxidant vulnerable biogenic amines.

EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS I

161.1
CHANGES IN DENTATE GRANULE CELL FIELD RESPONSES THAT 
PRECEDE AFTERDISCHARGE INITIATION DURING 5 HZ PERFORANT 
PATH KINDLING. L. J. Burdette*. Dept. Neurology, Graduate Hospital, 
Philadelphia, PA 19146

Dentate granule cell field responses were evaluated in vivo during the 
delivery of a 5 Hz train (30-60 pulses, 0.1 ms duration) to the perforant path 
that culminated in an afterdischarge (AD). An AD was defined by the 
presence of repetitive spike activity that lasted longer than 6 seconds. All 
responses were expressed relative to the first response in the train. AD 
threshold testing was conducted by increasing stimulus intensity of the 
train at 5 minute intervals. The first AD elicited was preceded by an increase 
in waveform duration (125%) and a subsequent increase in waveform area 
(75%). Inspection of waveforms corresponding to the same relative 
intervals in the stimulus train indicated that an initial broadening of the 
waveform (11 ms peak latency) was followed by the development of a late 
positive wave (28 ms peak latency) which contributed substantially to the 
increase in waveform area. Daily kindling stimulation was then delivered at 
twice the stimulus intensity of AD threshold. Following the establishment of 
kindled motor seizures, waveform area did not change appreciably during 
the 5 Hz train. Waveform duration, however, exhibited the same increase 
as that observed during the first kindling trial. This discrepancy is explained 
by the replacement of the late positive potential with a prolonged, low 
amplitude recovery to baseline. The NMDA receptor antagonist, MK-801 
(0.25 mg/kg ip), reduced but did not eliminate the significant increase in 
waveform duration preceding the kindled AD. These results suggest that 
the remaining increase in waveform duration that is independent of NMDA 
receptor activation may be predictive of AD initiation. The dramatic 
difference in kindled waveform changes preceding AD initiation are 
consistent with previous reports of enhanced inhibition following kindled 
seizure development. Supported by NIH MH45961.

161.3
EFFECTS OF CHRONIC POSTNATAL PCP TREATMENT ON SEIZURE 
SUSCEPTIBILITY. R, Sircar*. J. Veliskova. S.L. Moshe. C. Li. Depts. of 
Psychiatry and Neurology, Albert Einstein College of Medicine, Bronx, NY.

The developing rat brain is more susceptible to A/-methyl-D-aspartate 
(NMDA)-induced seizures compared to adult. In adult brain, phencyclidine 
(PCP) - a noncompetitive antagonist at the NMDA receptor - acts as a potent 
anticonvulsant. The long-term effects of PCP treatment on seizure 
susceptibility in the developing rat is not known. Here we report the effects of 
chronic postnatal PCP treatment in two animal models of seizure. Rat pups 
were treated with PCP (5 mg/kg/day) from postnatal day 5 till day 15; control 
pups received equivalent volumes of saline. Groups of normal and 
experimental rats were subjected to pentylenetetrazol-induced seizures on 
specific postnatal days. The incidence and latency to reach each seizure 
stage - first episode, minimal, maximal (generalized tonic-clonic) seizures - 
were measured. In 21 and 40 day-old rats, there was no difference in the 
latency to reach minimal seizure between saline-treated and PCP-treated rats 
but in 60 and 120 day-old PCP-treated rats latencies were significantly 
increased. In 21 day-old rat, the latency to reach maximal seizure was 
significantly reduced in the PCP-treated group compared to normal. In 60 
day-old PCP-treated rats, only 2 out of 11 rats exhibited maximal seizures 
compared to 7 out of 11 in the saline-treated group. Even in the PCP-treated 
animals that did have maximal seizures, the latencies were longer than in the 
saline-treated rats. Separate groups of saline- and PCP-treated rats were 
subjected to amygdala kindling on days 21-23. In PCP-treated rats, the 
number of stimulations required to reach stage 4 of kindling was significantly 
reduced compared to saline-treated controls. Together, these findings 
suggest that neonatal PCP treatment produce long-term changes in seizure 
susceptibility in rats. Support: National Institute on Drug Abu se

161.2
Fe2+-INDUCED Ca2+ RESPONSE IN ASTROCYTES AS A 
MODEL FOR EPILEPTOGENESIS. D. L. Kraemer. W T. Kim. D.
D. Spencer*, and A. H. Comeli-Bell. Depts. of Neurosurgery and 
Cell Biology, Yale Univ. Sch. of Med., New Haven, CT 06510.

Cavernous angiomas are often associated with epilepsy. Cortical 
regions surrounding these lesions are hyperexcitable by EEG and 
exhibit a 70-fold increase in Fe2+ over normal brain. To monitor 
[Ca2+]įn changes in cultured rat hippocampal astrocytes in response 
to Fe2+ (5 nM-500 μΜ) we used time-lapse confocal laser 
microscopy and Fluo-3. In 50 nM Fe2+, Ca2+ oscillations had an 2- 
fold greater amplitude over baseline [Ca2+]m and a period of 30-50 
seconds with a return to baseline after wash out. Astrocytes 
responded to Fe2+ not with an elevation of [Ca2+]in throughout the 
cell but rather with multiple focal rises in [Ca2+]jn which initiated 
intracellular waves. With increasing [Fe2+]> a greater percentage of 
cells responded with Ca2+ oscillations and waves. In 500 μΜ Fe2+, 
40-77% of astrocytes in the field responded. When the Fe2+ was 
washed out, there was a prolonged [Ca2+]įn elevation as well as 
oscillations and occasional spikes with a 3.5-fold increase in peak 
amplitude. In some cases, intercellular waves propagated between 4- 
5 cells. Fe2+ has both immediate and delayed effects on [Ca2+]įn 
regulation in astrocytes and may contribute directly to 
epileptogenesis.

161.4
MK-801 REDUCES THE SEIZURES, HIPPOCAMPAL NEURON 
LOSS, AND SPATIAL NAVIGATION DEFICIT PRODUCED BY 
ELECTRICAL STIMULATION OF THE PERFORANT PATHWAY 
IN RATS. K. L. Sanderson. C. A. Frye, and J. E. Kelsev*. Dept of 
Psychology, Bates College, Lewiston, ME 04240.

Temporal lobe seizures in humans are often associated with loss of 
neurons in the hippocampus and amnesia. In an animal model o f these 
effects, electrical stimulation of the perforant pathway of rats (20 Hz 
biphasic pulses of 0.1 ms duration/pulse at 12.5 V for 1 hr) was used 
to produce tonic-clonic seizures. When tested in a Morris water tank 
approximately 2 weeks later, these stimulated rats were deficient in 
their ability to find a hidden platform compared to unstimulated 
controls. Histological examination revealed a loss o f neurons in CAI, 
CA3, and the hilar region of the hippocampus, but not in CA2 of the 
stimulated rats. Injection with the noncompetitive NMDA receptor 
blocker, MK-801 (1 mg/kg s.c.), 1 hr prior to electrical stimulation 
significantly reduceid the number of seizures, the neuron loss, and the 
spatial navigation deficit produced by the stimulation. These data 
suggest that the spatial navigation deficit was due to seizure-induced 
glutamate excitotoxicity in the hippocampus and is consistent with the 
notion that the hippocampal neuron loss and amnesia observed in 
some patients with temporal epilepsy has a similar etiology. 
Pretreatment with the CA2+ channel blocker, nimodipine (15 mg/kg 
i.p.), 30 min prior to the stimulation, failed to affect the seizures or 
spatial navigation deficit and only mildly reduced the neuron loss. 
Thus, the role of CA2+ influx in these effects is unclear.
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161.5

EVIDENCE THAT SEROTONERGIC MECHANISM MAY BE 
INVOLVED IN THE ANTICONVULSANT EFFECT OF FLUOXETINE IN 
GENETICALLY EPILEPSY-PRONE RATS. Yarx* P. C. Jobe and J. W. 
Dailey-. Department o f Basic Sciences, University o f Illinois College of Medicine at 
Peoria, Peoria, Illinois 61656.

The goal o f this study was to elucidate further the mechanism of the 
anticonvulsant action of fluoxetine, a selective serotonin reuptake blocker, in 
genetically epilepsy-prone rats (GEPRs). Fluoxetine (15 mg/kg, i.p.) decreased the 
audiogenic seizure intensity in a maximum of 33% of severe seizure GEPRs (GEPR- 
9s). 5-hydroxytryptophan (5-HTP, 12.5 mg/kg, i.p.) produced no anticonvulsant 
effect in GEPR-9S. When GEPR-9s were treated with a combination of these two 
drags, the combination treatment prevented complete hindlimb extension in 83% of 
the animals tested. Brain microdialysis studies showed that the same combination of 
5-HTP and fluoxetine also produced a marked potentiation o f the effects on 
extracellular 5-HT concentrations in the thalamus o f freely-moving GEPR-9s when 
comparing with either agent alone. Negative correlations between audiogenic 
seizure intensity and extracellular 5-HT concentration existed for both fluoxetine 
alone and the combination treatment. The increase in extracellular 5-HT induced by 
combination of 5-HTP and fluoxetine was greatly reduced by addition of 
tetrodotoxin (ΙμΜ) to the perfusion medium. No significant changes in extracellular 
norepinephrine concentrations in the thalamus were observed after the combination 
of 5-HTP and fluoxetine. Additionally, when varied doses o f 5-HTP (12.5, 25 and 50 
mg/kg i.p.) along with a fixed dose o f fluoxetine (15 mg/kg, i.p.) were administered 
to groups of GEFR-9S, the audiogenic seizure intensity was decreased in a dose- 
dependent fashion. These results coupled with earlier reports from this laboratory 
strongly suggest that serotonergic mechanism may be involved in the anticonvulsant 
effects of fluoxetine in GEPRs.

161.7

B E H A V IO R A L D E F I C I T S  F O L L O W IN G  L O N G - T E R M  
PILO CARPIN E S E IZ U R E S  IN IM M A TU R E R A T S . Z . LIU*. A. 
GATT. M. M IK A TL J . N E IL L  and G .L .H O L M E S . Dept. of 
Neurology, Harvard Medical School, Children’s  Hospital, Boston, 
MA 02115.

Clinical studies su gg est that se izu res early in life are frequently 
associated with long-term cognitive and behavioral abnorm alities. 
The present study w as aim ed to investigate whether pilocarpine  
seizures in pubescent rats ca u se  long-term behavioral deficits. T o  
this purpose, 45  day-old rats w ere injected with 380  mg/kg of 
pilocarpine. Behavioraltestsincludinghandlingtest(em otionality), 
the open field test (response to a novel environment), and Morris 
water m aze (visual-spatial learning and m em ory) w ere performed  
starting at a g e  80  days.

Pilocarpine produced prolonged se izu res in all rats (N =6). 
Spontaneous recurrent se izu res w ere observed in 5/6 rats. 
Behavioral tests showed that pilocarpine-treated rats w ere m ore 
aggressive when handled, more active in open field, and had  
deficits in learning platform position and spatial b ias in the water 
maze as com pared to controls (N =6). Furtherm ore, se izu re  
latency to flurothyl w as significantly lower in pilocarpine-treated  
rats than controls.

These results su gg e st that se izu res in pubescent rats can  ca u se  
long-term behavioral deficits.

1 6 1 .9

KINDLED SEIZURES AND THE RECOVERING BRAIN: 
DELINEATION OF A CRITICAL PERIOD T.D. Hernandez* and
L.A. Warner. Department o f Psychology, University o f Colorado, 
Boulder, CO 80309

If one considers that anti-convulsants may be detrimental to the 
recovering brain because they exacerbate post-traumatic neuronal 
depression, then it is worth discussing by what means the brain might 
attempt to counteract this functional neuronal depression. One 
possibility is by seizure activity. That is, post-traumatic seizures may 
initially be an adaptive mechanism initiated in an effort to restore 
normal neuronal activity. It is only when the seizures are severe 
enough to cause further brain damage or frequent enough to develop 
into epilepsy that they may be detrimental to functional recovery. 
Thus, the present studies were undertaken to assess the effects o f focal 
epileptogenesis (using amygdala kindling) on behavioral recovery 
following unilateral frontal cortex damage in rats.

Daily electrical stimulation o f the amygdala began 48 hours aft»* 
cortex lesion. When amygdala-kindled seizure activity, Stage 0, 
occurred in the first week affer frontal cortex lesion, kindled animals 
recovered more rapidly than did non-kindled/lesioned controls. In 
contrast, kindled animals that experienced Stage 1 seizure(s) within the 
first week after lesion, failed to recover from somatosensory deficits in 
3 months o f  testing. Thus, it appears that not only is there a critical 
period after brain damage during which the recovery process is 
vulnerable to seizure activity, but the way in which recovery is affected 
ultimately depends upon the type o f kindled seizure that is experienced.

161.6
SELECTIVE INBREEDING FOR SEIZURE TRAITS HAS FURTHER  
REFINED CONVULSIVE CHARACTERISTICS OF THE TWO  
GENETICALLY EPILEPSY-PRONE RAT STRAINS. Pravin K. Mishra». 
John W. Dailey and Phillip C. Jobe. Department of Basic Sciences, University 
of Illinois College of Medicine, Peoria, IL 61656.

The genetically epilepsy-prone rat is the subject of ever increasing use as a 
model for the pathophysiological and behavioral study of epilepsy. It is 
characterized by a broad-based seizure predisposition. The severe seizure strain 
(GEPR-9) displays overt tonic extensor convulsion and the moderate seizure strain 
(GEPR-3) displays generalized clonic seizure in response to sound and a variety of 
seizure provoking stimuli. We have previously reported (1,2) that only 48.6% of 
adult males of the GEPR-9 colony exhibited a complete tonic extensor 
convulsion upon first exposure to sound in contrast to 84.8% of their female 
littermates. By third exposure to audiogenic stimulation, 94 and 98% of males 
and females display the tonic extensor convulsions. Such a difference between 
males and females is not observed in the GEPR-3 colony where 86-88% animals 
display their designated convulsive response of generalized clonus upon first 
exposure to sound. Since these two reports were published, the GEPRs have been 
inbred for the seizure traits for additional 5-6 years. We have analyzed the 
fractions of male and female animals exhibiting a designated audiogenic response 
score, for the first second and third exposure to sound according to each 
generation of inbreeding since both colonies have been incepted. This analysis 
revealed that a low seizure severity in the GEPR-9 males has diminished as the 
selective breeding has proceeded. This data suggests that successive inbreeding has 
further "concentrated" the seizure disposition traits in these two strains.
1. Mishra, P.K. et al., Epilepsy Res, 2 (1988) 309-316.
2. Mishra, P.K. et al., Epilepsy Res, 3 (1989) 191-198.

161.8
RESISTANCE TO SEIZURE INDUCED ACUTE 
HIPPOCAMPAL DAMAGE IN IMMATURE RATS. E.F. 
Sperber*. J. Ortiz and K.Z. Haas. Dept of Neurology , Albert 
Einstein Coll, o f Med., NYC, NY and Dept of Pharmacology, 
Univ. of Puerto Rico Sch. of Med., San Juan, Puerto Rico.

Temporal lobe epilepsy (TLE) is the most common form of 
idiopathic epilepsy in adults. Several studies#suggest TLE is a 
result of seizure induced damage during childhood. We address 
this issue by studying whether seizures in the immature brain 
result in damage by using an animal model of TLE. Kainic acid 
(KA) seizures in adult rats have many parallels to TLE in human 
adults including a distinct pattern of hippocampal damage. We 
have demonstrated that in adult rats, KA seizures result in cell loss 
and synaptic reorganization in the hippocampus. In contrast, 5 
and 15 day old rats appear to be resistant to hippocampal damage.

We hypothesize that kainic acid seizure induced damage may 
occur acutely in the immature brain. However, as a result of the 
greater plasticity and recuperative processes in the developing 
brain, seizure induced damage is not apparent at 2 to 8 weeks after 
seizures. Therefore, the present study examined acute effects of 
seizures. Damage was assessed at 24 hrs after kainic acid seizures 
by using the Silver Impregnation Technique Method which stains 
degenerating neurons. Results confirm our previous findings that 
the immature brain is resistant to seizure induced hippocampal 
damage.

161.10

NEONATAL IRRADIATION PREVENTS THE FORMATION OF 
HIPPOCAMPAL MOSSY FIBRES AND THE EPILEPTIC ACTION OF 
KAINATE ON RAT CA3 PYRAMIDAL NEURONES. Ì.L. Gat arsa. !.. 
Z agre a n . T. H irsch * & Y. B en-A ri IN SER M  U 2 9 , 123 Bd d e  P ort-R oya l, 75014  
P a ris , FR A N C E .

K a in ic  a c id  (K A ) a  r ig id  a n a lo g u e  o f  g lu ta m ic  a c id  h a s  b e e n  
e x te n s iv e ly  u se d  as a  c o n v u ls iv e  a g e n t in  b o th  in v ivo  a n d  in v itro  s tu d ie s . K A  
h a s  ra ther c o m p le x  e f fe c ts  w h ic h  in c lu d e s  : ( 1 ) a  r e d u c t io n  o f  th e  fa s t  an d  
s lo w  IP SP s, (2) a re d u ctio n  o f  sp ik e  a cc o m o d a tio n  an d  tw o  v o lta g e  d e p e n d e n t  
K + c o n d u c ta n c e s  a n d  (3 ) a c tiv a tio n  o f  h ig h  a ff in ity  b in d in g  s ite s  w h ic h  are  
p r e sy n a p tic a lly  lo c a liz e d  o n  m o s s y  fib re te rm in a ls. W e h a v e  re ce n tly  sh o w n  
th at γ -ray  irra d ia tio n  o f  th e  h ip o c a m p u s  a t b ir th  in d u c e d  a clear  r e d u ctio n  o f  
th e  n u m b e r  o f  g r a n u le  c e l ls  a n d  th e ir  m o s s y  fib res  w ith o u t  a lte r in g  th e  
m o r p h o lo g y  o f  C A 3  p y ra m id a l n e u r o n e s  (G aiarsa  e t  a l., J. C o m p . N e u r o l., 
1 9 92) W e h a v e  n o w  te s te d  in  a d u lt  h ip p o c a m p a l s l ic e s  o b ta in e d  fr o m  
u n ila te r a lly  irr a d ia te d  ra ts th e  p h y s io lo g ic a l c o n se q u e n c e s  o f  m o s s y  fib res  
d e a ffe r e n ta t io n .

Intra- an d  ex tra ce llu la r  re co r d in g s  s h o w n  th a t irr a d ia tio n  d e s tr o y s  
th e  m o s s y  f ib r e s  le a v in g  in t a c t  th e  o th e r  e x c ita to r y  p a th w a y s  a n d  
G A B A er g ic  in h ib it io n . In  a d u lt  irrad ia ted  h ip p o c a m p a l s l ic e s , K A  fa iled  to  
in d u c e d  e p ile p t ifo r m  a c t iv ity  b u t s t i l l  r e d u c e d  G A B A er g ic  in h ib it io n  a n d  
s p ik e s  a c c o m o d a t io n . F u rth er m o re , a s  in  co n tr o l, b ic u c u l l in e  a n d  h ig h -  
p o ta ss iu m  are  still  a b le  to  g e n e r a te  e p ile p tifo r m  a c t iv ity  in  irr a d ia te d  C A 3  
re g io n . T h e  p o stsy n a p tic  re sp o n se s  to  g lu ta m a te rg ic  a n d  G A B A erg ic  a g o n is ts  
w e r e  n o t  a ffec ted  b y  irrad iation .

It is  c o n c lu d e d  th a t th e  m o s t  c o n s p ic u o u s  e f fe c t  o f  n e o ta ta l γ - r a y  
irr a d ia tio n  is  to  p r e v e n t  th e  e p ile p t ic  a c t io n  o f  K A . W e  p r o p o s e  th a t K A  
g e n e r a te s  e p ile p tifo r m  a c t iv ity  in  th e  in ta ct C A 3  r e g io n  b y  a c t iv a t in g  h ig h  
a ffin ity  b in d in g  s ite s  lo ca te d  o n  th e  m o s s y  fib ers term in a ls.
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161.11
REPEATED EXPO SURE TO HYPERBARIC OXYGEN  
(H BO ) SE N SITIZ ES RATS TO O X Y G E N -IN D U C E D  
SEIZURES. L. H. Fenton* and M. B. Robinson. Children's 
Seashore House, Depts. of Ped., Pharm., Inst, of Neurological 
Sciences, Inst, for Environmental Med., U. of PA, Phila., PA 19104 

HBO is an aggressive form of O2  therapy that is the standard of 
care for the treatment of arterial gas embolism and decompression 
sickness. Rats and humans exposed to HBO develop hypothermia and 
convulsions. The purpose of this study was to test the hypothesis that 
repeated exposure to HBO changes the sensitivity to convulsions 
during subsequent exposure to HBO, and to determine if  the 
hypothermia caused by exposure to HBO affects the time to onset of 
convulsions. Rats were repeatedly exposed to HBO, 2ATA for 2 
h/day for ten days. 72 h later they were challenged with 4 ATA O2 . 
Rats repeatedly exposed to HBO had convulsions significantly earlier 
(84 ± 8 min) than naive controls (147 ± 10 min, p < 0.05). This 
increased sensitivity persisted for at least 10 days. Although repeated 
exposure to HBO also reduced the hypothermia induced by a 4 ATA 
O2 challenge (p = 0.001), control experiments demonstrated that 
repeated mild restraint, similar to that used for exposures to HBO, also 
decreased the hypothermia induced by a 4 ATA 0 2  challenge (p <
0.001). Repeated restraint had no effect on the sensitivity to 
convulsions induced by an O2 challenge. Although the mechanism 
causing this increased sensitivity is unknown, increase and persistence 
of the sensitivity suggest an effect like that of kindling. If this 
increased sensitivity can be generalized to other convulsive stimuli, and 
if the effect occurs in humans, these observations will be clinically 
relevant (NS 29868).

161.13
STATUS EPILEPTICUS AND SPONTANEOUS SEIZURES IN THE PILOCARPINE 
AND KAINIC ACID MODELS O F EP ILEPSY . R.V. Duran. E.M. Bastos. D.K. 
Arashiro. A. Goraulho. M.C.S.C. Purcelli, R.L^Rivero. Kohmann. C.M. and L.E.A.M. 
Mello*. Depto. Fisiologia, Ėscola Paulista de Medicina, 04023-062 São Paulo, Brazil 

Sprouting of mossy fibers onto the supragranular layer of the hippocampal dentate 
gyrus in both human tissue and animal models of epilepsy was suggested to be 
involved in seizure generation. However, because kainic acid (KA)-induced 
spontaneous recurrent seizures (SRS)were thought to subside after a period of 60 
days, some authors hypothesized that supragranular sprouting would contribute to 
seizure blockade. On the other hand, in the pilocarpine (PILO) model of chronic 
seizures (SRS) do not subside, and there is intense mossy fiber sprouting. Here we 
compare the PILO and the KA models of seizure. Adult Wistar rats (males and 
females) were injected with either KA (10 mg/kg, i.p.) or PILO (320 mg/kg, i.p.). 
Approximately 2 h after S E  initiation animals were given thiopental (25 mg/kg, i.p.). 
Rats that developed S E  and survived were thereon behaviorally observed 5 
days/week, 5 h/day on the subsequent days (up to 325 days after SE). Induction of 
S E  with KA had a significantly lower success rate than with PILO, for the tested 
doses (p < 0.01 ). Survival rate after S E  was significantly worse for the KA group (p < 
0.02). Every rat showing S E  developed spontaneous recurrent seizures (SRS), 
irrespective of the drug. Rats that did not develop S E  never developed SRS. A total 
of 1966 SRS were observed. Mean latency for the occurrence of the first SRS after 
SE, and mean SRS frequency, was similar for both groups. PILO and KA female rats 
showed a much wider range of latencies for first SR S  and of S R S  frequencies than 
males. We conclude that S E  induced with either PILO or KA invariably leads to a 
similar state of SRS that seem to last for as long as the animals are allowed to live. 
Thus, our results dismiss one of the tenets upon which supragranular sprouting was 
proposed to be an adaptive change Supported by: FAPESP (91/2965-2 and 
92/0370-4), CNPq (50.2018/91-7) and CAPES (Brazil).

161.15
ACUTE EFFECTS OF NIMODIPINE ON KAINIC ACID 
INDUCED SEIZURES IN PREPUBESCENT RATS. S^ 
Werner, A. Gatt, Z. Liu, G. L. Holmes, M. A. 
Mikatl*. Dept. of Neurology, Children's Hosp., * II III
Harvard Med. Sch., Boston, MA 02115.

Although nimodipine (ND) delays latency to 
kainic acid (KA) induced seizures in adult 
rats (Epilepsy Res. 6:33-8,1990), its acute 
effects on the severity of those seizures in 
the immature brain are not known. As a prelude 
to investigating the long term neuroprotective 
effects of ND in this model we studied 4 
groups of 35 day old rats (8 each). Group I 
received KA 12mg/kg ip and vehicle μ g , group
II KA and concurrently ND lmg/kg μ g , group
III KA and 3mg/kg ND, group IV was a control 
group. Rats were video taped for 6 hrs after 
KA and clinical seizures were scored according 
to their severity. In the ND groups the number 
of rats achieving stage V seizures (100% and 
87%), the number of stage V seizures/rat (3.5 
+ 0.7, and 5.5 + 2.0) and mortality (0%), were 
not different from those in the KA group (6.5 
+ 3.0 seizures, 25% mortality, p>0.14 in all 
comparisons). Conclusion: ND does not increase 
mortality from KA induced status in 
prepubescent rats and does not manifest a 
major antiepileptic effect.

161.12
VIGABATRIN PROTECTS AGAINST KAINIC ACID-INDUCED SEIZURES 
AND NEURONAL DAMAGE. T. Halonen*. T. Kotti. A. Toppinen. J. 
Tuunanen, R. Miettinen, and P. Riekkinen Sr. Dept. of Neurology and 
A.I.Virtanen Institute, Univ. of Kuopio, SF-70211 Kuopio, Finland 
Systemic injection of kainic acid produces severe seizure activity that 

is accompanied by histopathological changes in the limbic structures. 
In the present study, we investigated whether the pretreatment of rats 
with vigabatrin, an antiepileptic drug which is efficient in complex 
partial epilepsy, attenuated kainic acid-induced epileptic seizures and 
subsequent neuronal damage. Rats were pretreated 24 hr before kainic 
acid injection with 500 mg/kg (i.p) or 1000 mg/kg (i.p.) of vigabatrin. 
After kainic acid injection (9 mg/kg, i.p.), the behavior of animals was 
observed for at least 3 hours. In the group of saline treated controls 
(n = 11), 82% of the rats had generalized convulsions. Instead, only 
65% (500 mg/kg; n = 20) and 41.7% (1000 mg/kg; n = 12) of the rats 
treated with vigabatrin had generalized seizures. Two weeks after the 
induction of seizures, rats were sacrificed and brains were fixed for 
histological analysis. In cases where vigabatrin attenuated behavioral 
seizures, the loss of pyramidal cells in CA3 and CA1 regions of the 
hippocampus was less or even completely prevented compared to that 
of control rats. Interestingly, when saline and vigabatrin treated rats 
had behaviorally analogous seizures, vigabatrin treated rats had less 
severe hippocampal cell damage than control rats. This study suggest 
that vigabatrin might have clinical implications for the treatment of 
status epilepticus.

161.14
P IL O C A R P IN E -IN D U C E D S E IZ U R E S IM P A IR A C Q U IS IT IO N  O F  
A U D IT O R Y  D ISC R IM IN A T IO N S  U S IN G  LO C A T IO N  C U E S  JLQ, 
Neill. Z. Liu. A. Gatt. M. Mikati and G .L. Holm es? Dept. of 
Neurology, Harvard Medical School, Children’s  Hospital, Boston, 
MA 02115.

Pilocarpine (P C ) w as administered i.p. to rats at a g e  20 days  
(200 mg/kg); saline w as administered to controls. P C  induced long 
duration seizures. At a ge  105 days rats were trained to p ress two 
levers for milk on a variable interval schedule. An S +  (pulsed  
noise) w as presented on discrete trials from either lever. A  
response on the lever adjacent to the sounding speaker produced  
milk; non-adjacent responses ended the trial. Control rats 
acquired the sound location discrimination in one session. P C -  
induced seizure rats acquired the sound location discrimination 
slowly, to a low asymptote. A  quality+location (Q + L) discrimination 
began. An S -  (2 kH z pulse), w as presented during the S + , but the 
S -w a s  located at the non-reinforced lever. R esponding increased  
to 90%  correct in both groups after 10-15 se ss io n s  of training. 
Th u s the P C-induced se izu res did not impair acquisition of the 
Q + L  discrimination.

161.16
INHIBITION OF THE PROCONVULSIVE ACTION OF PERIPHERAL-TYPE 
BENZODIAZEPINE RECEPTORS BY NOOTROPIC AGENTS IN El MICE.
Y. Nakamoto* and M. Yoshii. Dept. of Neurophysiology,
Tokyo Institute of Psychiatry, Tokyo 156, Japan.

Peripheral-type benzodiazepine receptors (PBRs) in the 
brain play a proconvulsive role in the El mouse, an animal 
model of epilepsy (Nakamoto et al., Soc. Neurosci. Abstr. 
18, 380, 1992). In the present study, we have examined 
anticonvulsant action of the so-called "nootropic agents" 
(or cognitive enhancers) and investigated their relation 
to PBRs. The nootropic agent, nefiracetam (DM-9384), was 
effective to prevent seizures naturally induced in El mice 
at dosages of»20 mg/kg (i.p.). In DDY mice (control), 
seizures induced by Ro 5-4864 (30 mg/kg, i.p.), a specific 
agonist of PBR, were also inhibited by nefiracetam (10 mg/ 
kg, i.v.) as those inhibited by PK 11195 (10 mg/kg, i.v.), 
an antagonist of PBR. Binding assays using [3H]Ro 5-4864 
and [3h]PK 11195 revealed no marked differences between El 
and DDY brain tissues. However, bindings of [3H]PK 11195 
to the El cortex were more significantly inhibited by 
nefiracetam (IC50 = 0.45 mM) than those to the DDY cortex 
(IC50 = 3.0 mM). The inhibition of [3H]Ro 5-4864 binding 
by various nootropic agents as examined in a mixture of El 
and DDY cortices was in the sequence of (IC50 in mM): 
nefiracetam (1.2) »aniracetam (3.2) »»■ oxiracetam = 
piracetam (»300). The results suggest that anticonvulsant 
action of nootropics may result, at least in part, from 
their inhibitory effects on PBRs in the brain.
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161.17
ELECTRICAL STIMULATION AN D LESIONING OF HYPOTHALAMIC 
NUCLEI DURING FOCAL MOTOR SEIZURE IN THE RAT. J.G. Zoll* and
V.P. Markowski. Hubbell Research Center, Buffalo, NY 14215 

Several decades ago, neurosurgical destruction of the posterior 
hypothalamus was reported to be a  successful treatm ent for behavioral and 
epileptic disorders in humans. R esults from clinical investigations employing 
this approach suggested that destruction of hypothalamic nuclei attenuated  
or eliminated temporal lobe epilepsy and aggressive or violent behavior 
(Sano, 1966; Sano & Mayanagi, 1988). However, the central m echanism  of 
action of these effects remains unclear. The following report is an attem pt to 
replicate these findings in a rat model of focal motor epilepsy.

Individual groups of adult F isher rats were surgically implanted with  
bipolar depth electrodes in several brain sites, including either the  
paraventricular or posterior hypothalamic nuclei. In separate tests, the  
hypothalamic sites were first stim ulated then lesioned during an ongoing 
penicillin focus initiated in the motor cortex. Changes in rectal temperature, 
heart rate, and EEG were monitored. The frequencies of focal spike 
discharges at various tim e epochs following hypothalamic stim ulation were  
calculated. Post-stimulation discharge frequencies w ere compared to tim e  
epoch matched discharge frequencies observed during a control test. 

Paraventricular stimulation increased the frequency of focal spike 
discharges while posterior hypothalamic stim ulation was w ithout effect. 
Unilateral lesions of either hypothalamic site induced a transient 
suppression of focal spike discharges. Potential methodological influences 
such as anesthesia and body tem perature are also considered in the analysis. 

These results suggest that the paraventricular, but not the posterior 
hypothalamus may serve a functional role in the effects of penicillin foci in 
rat motor cortex.

Ш .1 9
BEHAVIORAL DIFFERENCES BETWEEN SLOW AND FAST 
KINDLING RAT STRAINS: A FOCUS ON EMOTIONALITY. R  
Mohapel and D.C. McIntyre*. Dept. o f Psychology, Carleton 
University, Ottawa, Canada, KIS 5B6.

We have previously reported (Dufresne et al., E p ile p s ia , 1989, 
30.652) that two strains of rats selected for their FAST versus SLOW 
amygdala kindling rates now are approximately 40% faster versus 
400+% slower, respectively, than their original parent population - a 
Long-Evans Hood and Wistar cross. The relative specificity of the 
selection for amygdala kindling was indicated by the near-normal rates 
of hippocampal kindling evident in the two strains (McIntyre, et al., 
Epilepsia, 1992, 33:46). Since local amygdala excitability is different 
between the two strains, and the amygdala is implicated in emotion- 
mediated behaviors, in the present project, we determined strain 
differences in an assortment of behavioral and learning tasks known to 
have an emotional component.

There were significant strain differences in an open field test, an 
elevated plus-maze task, an inhibitory avoidance task and a one-way 
active avoidance task. The SLOW strain showed less activity over days 
in the open field, a lower ratio of open to closed arm entries in the 
elevated plus-maze, greater freezing in the inhibitory avoidance task and 
slower acquisition in the one-way avoidance task than the FAST rats. 
All of these experiments suggest that the SLOW rats are more 
expressively fearful than the FAST rats. Further, this observation might 
imply that the relatively suppressed excitability of the amygdala in the 
SLOW rats mediates their relatively greater expression of fear compared 
to the FAST rats.

161.18
WHAT AGE IS CRUCIAL FOR THE DEVELOPMENTAL SWITCH OF 

MUSCIMOL FROM PROCONVULSANT TO ANTICONVULSANT EFFECT?

J.Vehsková, E.F.Sperber, D.S.Garant and S.L.Moshé*. Departments of Neurology 

and Neurosience, Albert Einstein College of Medicine, Bronx, NY.

In our previous studies intranigral microinjections of muscimol, a GABAa  agonist, 

have been found to produce age specific effects on flurothyl seizures. Muscimol is 

proconvulsant in 15 day old rat pups and anticonvulsant in adult rats. This study was 

designed to determine the age that the change from the proconvulsant to the 

anticonvulsant effect occurs. Thirty and 35 day old rats were bilaterally implanted with 

intranigral cannulae. Following a two day recovery, rats were infused bilaterally with 

100 ng/0.25 μΐ of muscimol or saline. The rats were exposed to flurothyl and the 

latencies to onset of clonic and tonic seizures were recorded. In 30 day old animals 

muscimol was still proconvulsant for both seizure types. However, at 35 days of age, 

the muscimol group did not differ from the saline group.

The data suggest that the hypothesized switch from the proconvulsant isoform of 

GABAa  receptor to the anticonvulsant isoform may take place during puberty along 

with extensive hormonal changes.

161.20
SYMPTOMS OF LEAD TOXICITY, SEIZURES AND 

PICA ARE ATTENUATED BY NIMODIPINE. P. E.Yoder.
R. L. Isaacson. R. G.Burriqht. and P. J. Ponovlck*. 
Psychology Dept., Binghamton Univ., Binghamton,
N.Y. 13902-6000.

Albany Heterogeneous Stock mice were placed on a 0.5% lead 
acetate solution for 15 weeks while receiving an iron sufficient diet 
or an iron deficient diet. After 4 weeks, major motor and partial 
complex seizures with automatisms developed. Animals were 
repeatedly tested with a hole-board containing 9 different food or 
non-food substances. Eating, head dipping, grooming, rearing, 
locomotion, and freezing behaviors were timed and recorded.
After a few weeks on these diets, animals in the lead groups began 
to show significant clay and sand ingestion [i.e., pica behavior] 
which became progressively more common. Control animals 
received the same diets but not the lead-treated water and did not 
show pica. After 14 weeks on these regimes, animals were 
injected (i p ) with nimodipine (70 μg) or its vehicle before testing in 
a counter-balanced design. None of the animals injected with 
nimodipine in the lead-treated group had seizures but 83% of the 
animals treated with the vehicle did. Control animals had no 
seizures. A substantial decrease in pica activity occurred in the 
lead group after injection with nimodipine. Clay and sand ingestion 
after the nimodipine was about 10% of that after vehicle. Food 
ingestion, rearing, square crossing and grooming were not 
significantly different between the 3 groups or across treatments. 
Future research using nimodipine in lead toxicology research may 
give us a better understanding of the mechanisms by which lead 
affects the central nervous system.

D E G E N E R A T I V E  D I S E A S E :  A L Z H E I M E R 'S — ß  -A M Y L O I D  I I I

162.2162.1
EFFECTS OF B A F IL O M Y C IN  A N D  PE P TID Y L  
DIAZOMETHYLKETONES ON LYSOSOMAL PROCESSING OF 
AMYLOID PRECURSOR PROTEIN IN HELA AND  
LYMPHOBLASTOID CELLS.
F. Astiali1. S. Shears1. E. Shaw2 and A. M. G oate*1. ^ ep t. of 
Psychiatry, Washington University School of Medicine, StLouis, MO
63110.2 Friedrich Miescher-Institut, Basle, Switzerland.

Bafilomycin A l, which is a fungal antibiotic inhibitor of vacuolar- 
type H+-ATPases and which raises the pH of lysosomes, caused 
accumulation of C-terminal 10 kD fragments of the amyloid precursor 
protein (APP) in HeLa cells and in EBV-transformed lymphoblastoid 
cells. The fragment accumulated mainly within lysosomes/ endosomes, 
since it was found to be increased in abundance in these organelles 
when they were purified. The effect was pronounced after 5 h 
treatment of cells with 500 nM bafilomycin A l; lower concentrations 
of the antibiotic also produced accumulation of the 10 kD C-terminal 
fragment. Bafilomycin A l had no obvious effect on the rate of 
secretion of the major N-terminal, secreted APP fragment, which is the 
other major product of alpha-secretase cleavage of membraņe-bound, 
intact APP. In initial experiments, Cbz-Phe-Ala-diazomethane and 
several other peptidyl diazomethylketone inhibitors of cathepsins В 
and L caused an increase in level of the lOkD C-terminal APP peptide 
as well as elevated levels of a 15-20 kD C-terminal fragment that may 
correspond with the amyloid-containing fragments detected previously 
in lysosomes.

BETA-AMYLOID POTENTIATED NEURONAL INJURY DUE TO 
GLUTAMATE AGONISTS OR HYPOXIA IN AN HT-4 CELL LINE. J.A. 
Kelleher*. S. Tatarewicz. J. Estrada and D. Eveleth. Laboratory of 
Cell Biology, Cortex Pharm. Inc., 15241 Barranca Blvd., Irvine, 
CA 92718.

ß-amyloid peptide (BAP) of 42-43 amino acids in length is 
consistently found in senile plaques in brains from Alzheimer's 
patients. Evidence suggests a neurotoxic effect of ß-amyloid in 
v itro  pointing to a causal role for BAP in Alzheimer's disease.
A mouse neuronal cell line, HT-4, was injured when exposed to 
μΜ concentrations of quisqualate and mM concentrations of 
glutamate. After 30hrs of hypoxia in normal glucose media the 
HT-4 cells showed injury. In the presence of peptides ßl-42 and 
ß25-35 cell death was potentiated at least two fold compared to 
quisqualate or hypoxia treatment alone. Potentiated cell injury 
was not observed if cells were pretreated for one or four hours 
in the presence of 100μΜ cycloheximide prior to quisqualate 
and BAP exposure, ß-amyloid also increased the number of cells 
in S-phase using a 4hr BUdR pulse at 20hrs following BAP 
exposure. Data indicate a possible ß-amyloid effect on cell 
division and protein synthesis under these potentiated 
conditions.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



396 DEGENERATIVE D ISEASE: ALZHEIMER'S—  ß -AMYLOID III MONDAY PM

1 6 2 .3

TARGETING OF THE AMYLOID PROTEIN PRECURSOR TO THE 
ENDOPLASMIC RETICULUM: STUDY OF APP METABOLISM. S.G. Chen*. 
P. Gambetti. R. Xue. A.C. LeBlanc. Inst. Pathol. Case Western Reserve U. 
Cleveland, OH 44106.

Amyloid precursor protein (APP) gives rise by some yet unknown 
mechanism to ß-amyloid peptide (SAP) which is found abundantly in 
Alzheimer's disease (AD) and aging brains. Aß is known to be secreted by 
most cell types. We have investigated the role of a specific organelle, the 
endoplasmic reticulum (ER) in the proteolytic processing of APP by creating 
a truncated C-terminal APP construct (ΑΡΡΔ651-695) which should target 
APP to the ER. The ΑΡΡΔ651-695 construct ends with the amino acid 
sequence KKKQ which happens to be localized at the C-terminus of the 
APP transmembrane domain and is a putative signal proven to target 
glycoproteins to the endoplasmic reticulum (ER) when present as the last 
four amino acids of a protein. Transfection of ΑΡΡΔ651-695 in K562 cells 
shows that very little ΑΡΡΔ651-695 accumulates intracellularly yet 
equivalent levels are secreted compared to APP695-transfected K5562 
cells. The 3 kDa Aß but very little of the 4 kDa Aß were secreted from the 
ΑΡΡΔ651 -695-transfected cells. The results suggest that in the K562 cells, 
processing of the APP into 4 kDa Aß is independant of the known secretase 
pathway which produces the secreted N-terminal APP and 3 kDa Aß 
peptides. In addition, the rapid secretion of the ΑΡΡΔ651 -695 indicates that 
the last 43 amino acid residues at the C-terminus of APP are important in 
targetting and retaining cellular APP. Supported by NIH NIA AGO8992-01 
and the Britton fund, JA Hartford fund.

1 6 2 .5

INVOLVEMENT OF PROTEIN KINASE DEPENDENT AND INDEPENDENT 
PROCESSES IN MUSCARINIC CONTROL OF AMYLIOD PRECURSOR 
PROTEIN (APP) PROCESSING. P.D. Dovle*. C.J. Moore. R. Carroll. M R. 
Emmerling. R.E. Davis. Parke-Davis Pharmaceutical Research Division, Warner- 
Lambert Co., Ann Arbor, MI 48105.
Muscarinic agonists stimulate the release of N-terminal non-amyloidogenic 

fragments derived from APP (APPs) in a variety o f cultured cells. We have 
replicated these finding using CHO cell lines transfected with human m i.4 
muscarinic receptors. The muscarinic agonist carbachol increases secretion of 
APPs into the culture media o f cells transfected with m i and m 3 but not m2 and 
пц receptors. CI-979, a balanced nonselective partial muscarinic agonist, similarly 
increased APPs secretion in mi and m3 but not m 2 and 1П4 CHO cells. This 
suggests that muscarinic control o f APPs release is mediated through 
phospholipase C but not adenylate cyclase linked receptors. APPs secretion is 
enhanced by phorbol esters, presumably through activation o f protein kinases. 
Further, carbachol and phorbol ester stimulated release of APPs is decreased by 
inhibitors of protein kinases. Additionally, APPs release is enhanced by raising 
and is decreased by lowering intracellular Ca++ levels. Slowing protein transport 
from the ER to the Golgi with the fungal metabolite brefeldin A abolishes basal 
and carbachol-stimulated release of APPs from mj CHO cells. This suggests that 
carbachol stimulates the release of newly synthesized and transported APPs. Down- 
regulation of muscarinic receptors by prior exposure to carbachol blocked the 
ability of muscarinic agonists and phorbol esters to increase APPs secretion. In 
contrast, down-regulation of protein kinases with PMA blocked phorbol-ester but 
not carbachol stimulated release of APPs. Thus, muscarinic agonists alter the 
processing of APP through both phorbol ester sensitive and insensitive signalling 
pathways. Intracellular Ca++ appears to play a modulatory role in this process.

162.7
INTRACELLULAR TRAFFICKING OF CELL SURFACE ßAPP IN LIVING 
CELLS. I .  Yamaraki, ЕЛ- KoQ, E X  Hedlev-Whvte* and Ш · Sclkoc- Center for 
Neurologic Diseases, Harvard Medical School, Brigham and Women's Hospital and 
* Massachusetts General Hospital, Boston, MA.

Cerebral deposition of the amyloid ß-peptide (Aß) is an early and invariant feature 
of Alzheimer's disease. Aß is cleaved from a large transmembrane glycoprotein, ß 
amyloid precursor protein (ßAPP), suggested to be a cell-surface receptor. We 
previously reported that cell-surface ßAPP is reinternalized and targeted to 
lysosomes, where an array of potentially amyloidogenic ßAPP fragments is found. 
Here, we present a detail«! morphological analysis of this pathway in living βΑΡΡ- 
transfected or non-transfected CHO cells. Surface ßAPP was labeled with 
monoclonal antibodies against the mid-ectodomain at 4 ‘C and the cells then 
incubated at 37* for varying times. By fluorescence microscopy, cell surface ßAPP 
at time 0  showed punctate staining. After 3 min at 37*. fine ßAPP-reactive granules 
appeared in the peripheral cytoplasm. After 15 min, these had moved toward the 
perinuclear regim, where coarse ßAPP-reactive granules also now appeared. At 30 
min, ßAPP granules were located mainly around the nucleus. Immunoelectron 
microscopy (JEM) confirmed these results and directly demonstrated that cell surface 
ßAPP is internalized via coated pits, early endosomes, late endosomes (multi- 
vesicular bodies) and subsequent targeting to lysosomes. These pathways were 
highly similar in transfected and non-transfected cells. Moreover, some ßAPP was 
recycled rapidly back to the cell surface after internalization. ШМ demonstrated that 
some o f this recycled ßAPP is finally targeted to lysosomes. Our results show that 
cell-surface ßAPP enters at least 3 trafficking routes: rapid recycling back to the 
cell-surface; direct targeting to lysosomes; or targeting to lysosomes after recycling.

162.4
H EA T SH O C K  AL T E R S AM YLO ID P R E C U R S O R  P R O T E IN  
E X P R E S S IO N  IN  H U M A N  E N D O T H E L IA L  C E LL S J.R. Ciallella*
V.V, Rangnekar, and «T.P. McOillis. Micro-Immunol., Univ. Kentucky, 
Lexington, KY 40536-0084
The supposition addressed in this research is that amyloid 
precursor protein (APP) plays a role in cellular stress and 
inflammation at the endothelial cell/vascular barrier. A cellular 
stress role is supported directly and indirectly by recent 
observations, including the presence of APP in cells which 
mediate inflammatory processes, inhibition of a blood 
coagulation factor by APP, and the ability of APP to protect 
neurons from hypoglycemic stress. In these studies, cultured 
human umbilical vein endothelial cells (HUVEC) were heat 
shocked at 42°C for 30 minutes. Northern blot, western blot, 
and immunocytochemical analyses were then performed to 
examine the expression and localization of APP in endothelial 
cells undergoing hyperthermic stress. Heat shock caused a 7-8 
fold induction of APP mRNA by four hours after exposure to 
increased temperature. Immunoreactivity of a C-terminal 
portion of APP decreased by 20 fold at 2 hours after heat shock, 
then levels began to rise by 20 hours. Also, immunoreactivity of 
an extracellular region of APP increased after heat shock. APP 
was localized to perinuclear and discrete granular cytoplasmic 
regions in heat shocked HUVEC. These data suggest a stress 
and/or inflammatory role for APP.

162.6
MODULATION OF PHOSPHOLIPASE A2 ACTIVITY AFFECTS SECRETION 
OF THE AMYLOID PRECURSOR PROTEIN (APP) BY m l CHO CELLS. CJ. 
Moore *. P.D. Dovle. R.T, Carroll. R.E, Davis and M.R. Emmerling. Parke-Davis, 
Pharmaceutical Research, Division o f Warner-Lambert, Ann Arbor, MI, 48106

Our recent work shows that carbachol stimulation of CHO cells transfected with the 
ml human muscarinic receptors increases the secretion of a 115 kDa APP through 
dependent and independent protein kinase C events (see previous abstract).
Stimulation of ml receptors activates phospholipase A2 (PLA2) and may affect 
protein secretion by these cells. We treated ml CHO cells with inhibitors of PLA2 to 
determine what if any effect they have on APP secretion. The reversible PLA2 
inhibitor quinacrine (50 μΜ) and the irreversible inhibitor manoalide (1 μΜ) decrease 
the amount of basal APP secretion after 4 hours of treatment by about 50 % to 60% 
of control. Manoalide (1 μΜ) and quinacrine (50 μΜ) also reduce carbachol 
stimulated secretion of APP by about 80% and 60 %, respectively. Melittin (1 
μg/ml), a peptide from bee venom that stimulates PLA2 activity, increases the 
secretion of APP from CHO cells over control levels. At concentrations of 5 μg/ml, 
or greater, melittin stimulation increases dramatically the presence o f a 97 kDa 
protein, presumably an immature species of APP. This species is barely detectable in 
control media. These results suggest that PLA2 activity is involved in regulating the 
basal and stimulated secretion of APP by m l CHO cells and this process is influenced 
by muscarinic agonists. Because PLA2 activity is known to increase upon brain 
injury, it is possible this increase contributes to the accumulation of APP at sites of 
neuronal injury. Whether or not PLA2 activity also influences the production of the 
amyloid (B/A4) peptide remains to be determined.

162.8
FACILE ANALYSIS OF GENE STRUCTURE AND FUNCTION BY  
CONSTRUCTION OF ISOGENIC CELL LINES USING CRE RECOMBINASE.
W. B au b on ls, R W . M anning. L.G. Davis*, an d  B. Sauer. Experim ental 
S ta tio n  E 4 0 0 , D u Pont M erck P h arm aceu tica l C o., W ilm ington, D E 19880.

DNA tran sfer in to  cu ltu red  c e lls  to  g en erate sta b le  ce ll l in e s  
ex p ressin g  a  p articu lar gen e  o f Interest h a s  b eco m e a  stan d ard  technique  
in  th e  a n a ly s is  o f gen e  fu n ction . A  se r io u s  lim ita tio n  o f t h is  
m ethodology, how ever, i s  th a t th e  resu ltin g  c e ll l in e s  are n ot isogenic . 
T h u s , it  i s  d ifficu lt to  q u an tita tively  com p are su c h  sta b le  ce ll lin es  
con stru cted  to exp ress  eith er related g e n e s  or m u ta n t g en es . Th is is  
b e c a u se  stan d ard  gen e  tran sfer  m eth o d s  resu lt in  ce ll lin e s  con ta in in g  a 
variab le n u m b er  o f  co p ies  o f  th e  gen e  in tegrated  a t va r io u s p o sitio n s in  
th e  gen om e. W e have developed a  s im p le m eth o d  to  co n stru ct isogen ic  cell 
l in e s  u s in g  th e  Cre site -sp ec ific  DNA recom b in ase .

T h e Cre reco m b in a se  c a ta ly zes  s ite -sp ec ific  DNA recom b in ation  at 
3 4  bp  loxP seq u en ces . T h ese  s ite s  do n ot norm ally  ex ist  in  th e  
m am m alian  genom e. W e have engineered  a  CHO ce ll line to  co n ta in  a  
s in g le  loxP  target. DNA tran sfer  in to  th is  ce ll lin e w ith  a  loxP  targeting  
vector  a n d  Cre recom b in ase  re su lts  in  sin g le  co p y  in ser tio n  o f th e  
targetin g  vecto r  a t th e  ch rom osom al p o sitio n  sp ec ified  b y  th e  loxP  
target. Cell lin e s  con stru cted  b y  th is  procedure are isogen ic  and  
e lim in ate  variab ility  from  variab le  co p y  n u m b er  a n d  p o sitio n  effects on  
g en e  exp ression .

W e h ave u se d  th is  procedure to  gen erate isogen ic  ce ll l in es  expressing  
v a r io u s iso form s a n d  m u ta n ts  o f  th e  h u m a n  am yloid  p recu rsor protein  
(APP) g e n e  in  order to  b etter  u n d erstan d  th e  role o f  th is  g en e  in  
A lzheim er’s  D ise a se . A s w e  h a d  p rev io u sly  d em o n stra ted  w ith  isogen ic  
ce ll l in e s  ex p ressin g  th e  h u m a n  a n g io ten s in  ΑΤχ a n d  rat AT l a  and  
A T i b  receptors, th is  stra tegy  a llo w s u s e  o f sta b le  ce ll l in e s  to  m onitor  
s lig h t d ifferen ces in  g en e  ex p ressio n  a n d  fu n ction .
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162.9
PHORBOL ESTER ACTIVATED CLEAVAGE OF ALZHEIMER 
AMYLOID PRECURSOR PROTEIN. O.A.B. da Cruz e Silva. K. Iverfeldt. T. 
Oltersdorf#. S. Sinha#. S. E. Gandy*+ and P. Greengard. Laboratory of 
Molecular and Cellular Neuroscience, The Rockefeller University, 1230 York 
Avenue, NY 10021, + Cornell University Medical College, New York NY 
10021 and # Athena Neuroscience, South San Francisco, CA 94080.

Alzheimer amyloid precusor protein (APP) is an integral membrane 
protein, aberrant metabolism of which is believed to be involved in Alzheimer’s 
disease. Phosphorylation of APP is thought to be a key mechanism in APP 
processing. Several putative phosphorylation sites have been identified in APP, 
including Ser655 and Thr654. A set o f mutant cDNAs, where Ser655 was 
mutated to Ala or to Glu, and a double mutant where both Ser655 and Thr654 
were mutated to Ala, were introduced into the APP695 isoform, and the 
constructs were subcloned into expression vectors. COS-1 cells were 
transiently transfected with mutant and wild type constructs. Both the wild type 
APP-transfected and the mutant APP-transfected cells showed similar increases 
in APP cleavage and secretion when the cells were treated with phorbol ester. 
Furthermore, deletion of the entire cytoplasmic tail of APP695 resulted in a 
similar phorbol ester-regulated cleavage. We have also investigated the effect 
of okadaic acid on both the amino acid mutants and the deletion mutant and 
again no significant differences between these mutants and the wild type 
construct could be detected. In conclusion, our results indicate that protein 
kinase C phosphorylation of some trafficking or processing molecule, instead 
of or in addition to phosphorylation of APP itself, may be involved in the 
phorbol ester activated cleavage. (Supported by grants USPHS AG09464, 
USPHS AG10491 and USPHS AGI 1508.)

162.11
SECONDARY STRUCTURE OF ß AMYLOID PEPTIDE 
CORRELATES WITH TOXICITY IN  V IT R O . L. K. Simmons. P, C. 
May. K. J. Tornaseli!. R. E. Rvdel. K. S. Fusoti. E. F. Brigham. S. 
Wright. I. Lieberburg*. G. W. Becker. D. N. Brems and W. Li. Lilly 
Research Labs, Eli Lilly & Co., Indianapolis, IN 46285, and Athena 
Neurosciences Inc., South San Francisco, CA 94080.

One of the primary features of Alzheimer's disease (AD) is the 
extracellular accumulation of ß amyloid peptide (Aß) in the brain and 
cerebrovasculature. Aß is believed to be involved in the 
neurodegeneration that occurs in AD, but attempts to understand the 
mechanisms underlying Aß-dependent toxicity in  v itro  have been 
confounded by the reported variable trophic and toxic activities o f this 
peptide across different labs.

Because chemically equivalent lots of synthetic Aß (1-40) still 
exhibited different neurotoxic potencies within one experimental 
paradigm (May et al., 1992), we used circular dichroism (CD) 
spectroscopy to determine if Aß activity could be correlated with 
peptide conformation. In three different neurotoxicity assays Aß was 
maximally toxic when the peptide adopted a ß-sheet structure.
Incubating weakly toxic Aß in a water solution for several days at 
37°C (aging) induced a conformational transition from random coil to 
ß-sheet and increased peptide neurotoxicity. Also concentration and 
pH during aging were important determinants of Aß secondary 
structure. Because ß-sheet structures are known to promote oligomeric 
aggregation and enhance the neurotoxic potency of this peptide, our 
findings are consistent with aggregate state being important for Aß 
toxicity.

162.13
ALZHEIMER DISEASE ß-AMYLOID POLYPEPTIDE INCREASES 
PERMEABILITY OF PC12 CELLS MEMBRANE. Zygmunt Galdzicki*, 
Ryuichi Fukuyama, Kishena C.Wadhwani, Gerald Ehrensteiri* 
and Stanley I. Rapoport, LNS, NIA, CNB», Nlffôá', NIH, 
Bethesda, MD 20892-010
The ß-amyloid peptide (ßA4(l-40)) is a major constituent 
of amyloid plaques in the Alzheimer disease brain. 
ßA4 (1-40) at a concentration of 4.62 mM dissolved in DMSO 
was added PC12 cells cultured in serum-free medium to 
produce concentrations of 4.6 μΜ to 92 μΜ (1% of DMSO). 
Control cells were treated with 1% DMSO. Growth rate, ,5Ca 
uptake and electrical conductance were evaluated.(1)
Cells, counted by trypan blue exclusion for 3 days,showed 
at concentration about 1.2-4.6 μΜ trophic effect and for 
concentration over than 18.4 μΜ significant inhibition of 
growth was observed. Inhibition was dose-dependent and 
most dramatic at day 3. In Ca free medium the βΑ4 effect 
on cell growth was reversed.(2) 45Ca uptake was measured 
after overnight treatment with βΑ4. A 1.7-fold increase in 
45Ca uptake into cells was detected at a concentration of 
βΑ4 of 13.8 μΜ. The level of increase also was dose 
dependent up to 92 μΜ.(3) Electrophysiological recordings 
in a whole-cell configuration were carried out after 1 day 
treatment with βΑ4. Membrane passive conductance was 
elevated 2-fold at 4.6 μΜ of βΑ4. A  concentration of 46 μΜ 
caused a 12-fold increase in conductance. We can conclude 
that βΑ4, in a dose dependent manner, increases membrane 
permeability of PC12 cells, measured by 45Ca and patch 
clamp respectively. These changes correspond to low dose 
trophic effect and high dose growth inhibition(toxic 
effect) . We speculate that the degeneration of neurons in 
Alzheimer disease brain is caused by leakiness of cell 
membranes, which cause an increase of demands on energy 
and/or disruption of calcium homeostasis.

162.10
NEURONS DERIVED FROM A HUMAN CELL LINE SECRETE β/Α4 PEPTIDES 
AND EXPRESS A UNIQUE PROFILE OF POTENTIALLY AMYLOIDOGENIC 
CARBOXY-TERMINAL FRAGMENTS A.M. Wertkin1. R.S. Turner1*. S.J. 
Pleasure1, T.E, Oplde2, S-G, Ypunkin2, J.Q, Trojanowski1, and v.M.-Y, Lee1. •Dept. 
of Path, and Lab. Med., Univ. of Pennsylvania Med. Sch., Philadelphia, PA 19104. 
2Inst. of Path., Case Western Reserve Univ., Cleveland, Ohio 44106.

The ß-amyloid or ß/A4 peptides that accumulate as filamentous aggregates in the 
extracellular space of Alzheimer's disease (AD) brains are internal cleavage products 
derived from one or more of at least three alternatively spliced amyloid precursor 
proteins (APPs). The more abundant APPs in CNS glia and neurons are the 695 
(APP695), 751 (APP751) and 770 (APP770) amino acid long isoforms, and each 
could be the source of ß-amyloid or A4 peptides (ß/A4) that accumulate in the AD 
brain. It is plausible that altered metabolism of these APPs by CNS neurons could 
lead to the release and deposition of ß/A4 in brain parenchyma. Thus, we examined 
the synthesis, degradation, secretion and maturation of the 3 major brain APPs in 
human neurons (NT2N cells) derived from a teratocarcinoma cell line (NTera2/cl .D1 
or NT2 cells) after retinoic acid treatment. Although both the NT2N and NT2 cells 
generated abundant intracellular low molecular weightß/A4 containing carboxy- 
terminal fragments, the synthesis, turnover, maturation and secretion of the APPs and 
APP fragments differed considerably in each cell type. Further, the processing of the 
APPs in NT2N cells was distinct from the manner in which NT2 and non-neuronal 
cells produce, modify and metabolize the APPs. Indeed, the NT2N cells constitutively 
generate intact ß/A4 as well as a highly abundant and unique array of potentially 
amyloidogenic ß/A4 containing carboxy-terminal APP695 fragments. Finally,ß/A4 
was recovered from the NT2N culture medium but not from the NT2 cell medium. 
Overall, our data indicate that human neurons process APP695 in a way that appears 
to îavor amyWıdogenes'ıs because substantially more ß) A4 is released. Thus, cultured 
NT2N cells may provide a unique model system for understanding the contribution of 
neurons and APP695 to amyloidogenesis in the AD brain.

162.12
Heat Shock Partially Protects Rat Pheochromocytoroa PC12 
Cells From Amyloid Beta Peptide Toxicity
C. Behl, J. B. Davis* & D. Schubert. The Salk Institute for Biological 
Studies, P.O. Box 85800, San Diego, CA 9218^-5800

Cells from many organisms increase the expression of stress or heat 
shock proteins (hsps) in response to changes in their environment. The 
most prominent and highly conserved hsps of the hsp70 kD family may 
function as chaperones in different cellular processes. Several recent 
studies indicate that hsp induction during CNS injury may be protective 
for the affected cells. In addition, induction of hsp70 kD has been 
suggested to protect nerve and glial cells from glutamate excitotoxicity in 
v itro  (Lowenstein et al. and Rordorf et al., 1991).

Rat pheochromocytoma PC 12 cells are killed by amyloid ß protein 
(AÍ3P), a component of plaques and other amyloid deposits in 
Alzheimer's disease. To investigate the possibility of protection from 
AßP toxicity by induced hsps, PC 12 cells were heat treated for 60 min 
at 42 °С. The stress response of the PC 12 cells was examined, at the 
protein level, using hsp72 specific monoclonal antibodies. Hsp72 
immunoreactiviy was highly induced following heat treatment The toxic 
effect of the 25-35 AßP fragment, the major cytotoxic sequence within 
AßP, was reduced in heat pretreated PC 12 cultures by 35 % at 0.1 μΜ 
ß25-35 compared to non-heated control cells.These data indicate a 
protective role of inducible hsps in neuronal cells exposed to AßP.

162.14
NEUROTRANSMITTER-RELATED EFFECTS ON AMYLOID PRECURSOR 
IN STRESSED PC 12 CELLS. M-T. Webster1. P.T. Francis1, B.R. Pearce2. G.J. 
Michael 1 & D .M . Bowen1. 1 Inst. Neurol., 2 School o f  Pharmacy London UK.

Mismetabolism o f  amyloid precursor protein (APP) is probably essential for 
the generation o f ß-amyloid in non-familial Alzheimer’s Disease (AD). Abnormal 
energy metabolism has been implicated in this process. Here the effect o f  
oxidative stress, in combination with kinase stimulation and chloroquine, on APP 
metabolism in PC 12 cells has been investigated. For oxidative stress cells were 
incubated in medium (no glucose or pyruvate), with 5mM deoxyglucose and
0.2jtg/ml oligomycin and nerve growth factor (NGF, 400ng/ml). Chloroquine 
(50μΜ ), where added, was present throughout the incubation period. Kinase 
stimulation was with 100 and 500nM phorbol-12 ,13-dibutyrate and bradykinin, 
respectively. Oxidative stress reduced ATP by 50%, but did not affect cell 
viability (69 ± 1 5  and 64 ±  18% o f  total cells were viable, control and stressed 
cells respectively, mean ±  SEM, NS, Students’ Mest). The stress significantly 
decreased (r-statistic) intracellular as well as secreted APP751/770 (60 ±  11 and 
68 ±  7% o f  value for control, intracellular and secreted respectively) and A P P ^  
(77 ±  3 and 65 ±  8 %). This was not reversed by chloroquine except for 
intracellular APP695 (116 ±  10%), there was no affect on APP in medium (66 
±  2 and 67 ±  11%). In contrast, bradykinin and phorbol ester significantly 
increased (r-statistic) both APP751/770 and APP695 in the medium o f  normal cells 
(172 ±  25 and 202 ± 2 2 %  respectively) and in stressed cells both compounds 
restored values to normal (89-101% , compare with 100%). These data support 
the hypothesis that in situ conditions favouring potential amyloidogenic 
degradation o f  APP may be ameliorated by neurotransmitter based therapies, in 
particular those linked to phosphoinositide breakdown. Supported, in part, by 
Astra Arcus and Brain Research Trust.
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U L T R A S T R U C T U R A L  ANALYSIS OF PC12 CELLS 
T R A N S F E C T E D  WITH BETA-AMYLOID-C-TERMINAL DNA.
J. Macruire, R.E. Maiocha, B. Tate# Ü. Gyba,
G. Simon. C.A. Marotta*. Hamilton General 
Hospital, L8L 2X2 and McMaster University 
M e d i c a l  Centre, Ontario, Canada, M i r i a m  Hospital 
and B r o w n  University, Providence, RI, 02906.
A PC12 cell line (AC127) transfected with 
the ß-amyloid-C-terminal DNA of the amyloid 
precursor protein was studied to ascertain the 
role of ß-amyloid in the establishment of 
cytoskeletal alterations. Transmission 
electron microscopy (ТЕМ) demonstrated large, 
well-defined cellular processes measuring 200- 
500 nm in AC127 cells alone. Within these 
processes, intermediate filaments and 
microtubules were arranged parallel to the 
length of the process. Small perpendicular 
branches reminiscent of dendritic sprouting, 
were observed in the AC127 cells alone.
Localized fuzzy areas of increased electron 
density were observed along the cellular 
membranes of AC127 cells; these areas were 
associated with a perpendicular arrangement of 
microtubules and intermediate filaments within 
the underlying cellular cytoplasm. This 
cellular model can provide insights into 
amyloid-associated ultrastructural alterations.

1 6 2 .1 7

AMYLOID PRECURSOR PROTEIN ON THE SURFACE OF CORTICAL 
NEURONS IN PRIMARY CULTURE: A ROLE IN NEURITE ADHESION? 
F Storey*. K. Bevreuther and C.L. Masters. Department of Pathology 
University of Melbourne, Australia and the Centre for Molecular Biology, 
University of Heidelberg, Germany.

Immunofluorescence on unfixed or paraformaldehyde-fixed primary 
dissociated cortical neuronal cultures from P1 rat pups was used to 
investigate the pattern of distribution of cell surface amyloid precursor protein 
(APP). Antibodies directed against the extracellular (N-terminal) portion of 
APP or against the entire molecule, but not against the intracellular C-terminal 
portion, revealed large patches of immunoreactivity along neuntes (both 
axons and dendrites). This pattern first developed between 24 and 48 
hours in culture, and was not infulenced by the substrate on which the 
neurons were plated. These APP patches co-localized with those 
demonstrated by antibodies to ß1 integrin. They were not abolished by 
treatment with Brefeldin A (lOμg/ml, 4 hours) or Monensin (10μΜ, 3 hours), 
suggesting that they comprise a more stable pool of APP than that 
delineated in previous pulse-chase experiments. Moreover, surface APP 
immunofluorescence followed by membrane permeabilization and GAP 43 
immunocytochemistry showed non-correspondence: neurons or segments 
of neurons tended to react with either APP or GAP 43, but not both. This 
suggests that surface APP is associated with stable rather than rapidly 
growing neuntes. In contrast, intracellular APP was distributed much more 
diffusely, within all neurons.
Surface APP may have a role in neurite-substratum adhesion at specific 

sites. This is consistent with the known heparin-binding properties of APP. 
Furthermore APP at these sites may comprise a more stable pool than would 
have been expected on the basis of pulse-chase experiments, and may 
mark static rather than rapidly growing neuntes.

1 6 2 . 1 9

CA2* CHAN N EL B L O C K E R S  ATTEN UA TE ß-AMYLOID N EU R O TO X IC ITY  
TO  C U LT U R ED  C O R TIC A L N EU RO N S. J.H . W eiss'. C .J . Pike. D. Lu. R. 
Lamtetla and Ç.W. Cotman- Dept. Neurology, U .C . Irvine, Irvine CA  92717.

ß-Amyk>id protein (ß-AP) accumulates in Alzheimer’s  d isease  brain, and 
likely contributes to the associated neurodegeneration. While little is known 
about the mechanism of ß-AP neurotoxicity, it has been found to produce a  
destabilization of intracellular C a 2+ homeostasis (Mattson, J. Neurosci. 
12:376). The present study w as undertaken to determine whether 
antagonists of C a 2* entry might attenuate ß-AP neurotoxicity.

Exposure of murine cortical cultures (1 0 -1 5  days in vitro) to the insoluble 
ß-AP (25-35) peptide fragment,produced variable neurotoxicity. In 21/70 
(30%) of the experiments 1 0  μΜ ß-AP produced greater than 40%  
neurodegeneration within 48 hours. The cau ses of this variability likely reflect 
differences in the aggregation state of the ß-AP peptide itself (Pike, 
J.Neurosci. 13:1676), a s  well a s  culture differences, and are the subject of 
ongoing study. Among the 21 experiments in which ß-AP caused significant 
injury, it w as attenuated in a  dose dependent fashion by the presence of the 
C a 2+ channel blockers, nimodipine (2  - 2 0  μΜ) or C o 2+ ( 1 0  -1 0 0  μΜ). 
Nimodipine produced over 60% attenuation of the injury in 11/13 experiments 
in which K w as used, while C o 24 protected in all 5 experiments where it was 
used. The glutamate receptor blockers, MK-801 and NBQX, had no effect on 
ß-AP toxicity.

W e suggest that C a 2+ influx through voltage sensitive C a 2+ channels may 
exacerbate the injurious loss of intracellular C a 2+ homeostasis caused by ß- 
AP, and that C a 2+ channel blockers, by attenuating such influx, may have 
beneficial effects on ß-AP neurotoxicity.

1 6 2 . 1 6

Effects o f A lum inum  on C u ltu red  Cells o f R a t C erebral 
C ortex: Increased  Im m unoreactivity  fo r ß-amyloid protein.
M . K A W A H A R A i * .  M . I C H I K A W A 2 . K .M U R A M O T O L
K . K O B A Y A S H I 1.H . M O R I 3  a n d  Y . K U R O D A 1. D e p a r tm e n ts  i 0 f 
M o le c u la r  &  C e l lu la r  N e u ro b io lo g y , 2of A n a to m y  a n d  E m b ry o lo g y , T o k y o  
M e tro p o li ta n  In s t i tu te  fo r  N e u ro sc ie n c e , F u c h u -sh i, T o k y o  183,
3 D e p a r tm e n t  o f  M o le c u la r  B io lo g y ,  T o k y o  I n s t i tu te  fo r  P s y c h ia t ry ,  
S e ta g a y a -k u , T o k y o  156, J a p a n .

Aluminum is a suspected risk factor for Alzheimer’s disease as 
suggested by many epidemiological studies. We have already reported 
that long-term application of aluminum causes morphological and 
functional changes suggested accumulation of tau and loss of synapses in 
cultured neurons (M.KAWAHARA etai. B.B.R.C. 189:1317 (1992)).

More detailed immunohistochemistry was studied using antibodies for 
ß-amyloid protein, amyloid precursor protein (APP), microtubule 
associated protein 2 (MAP2), and glial fibrillary acidic protein (GFAP). 
cell bodies were stained faintly by antibody for ß-amyloid protein, and 
some processes were clearly stained. These processes were also stained 
by antibody for GFAP, but not by antibody for MAP2. Both APP- and 
G FA P-im m unoreactive processes were also observed. 
Aluminum-intoxicated cells (2 5 μ Μ  for 50 days) were aggregated and 
stained more densely by antibody for ß-amyloid protein. Morphological 
changes were also observed by electron microscopy. These results 
suggest that ß-amyloid protein exists in glial cells and that aluminum has 
an effect on the mechanism of accumulation of ß-amyloid protein.
This work was supported in part by Grant-in-Aid for Encouragement of Young 
Scientists, No.0471977, from the Ministry o f Education, Science and Culture of 
Japan.
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A M Y L O I D  ß - P R O T E I N  A P P L I C A T IO N  T O  R A T  C O R T E X  
O R G A N O T Y P IC  C U L T U R E S  P R O D U C E S  M O R P H O L O G IC A L  A N D  
E L E C T R O P H Y S IO L O G IC A L  C H A N G E S  IN  N E U R O N S . L . S h a ien k o * . T .S. 
D o n ta , a n d  J .A . L o n d o n . C e n te r  fo r  N e u ro lo g ic a l S c ien c e s  a n d  D ep t. o f 
B io s tru c tu re  an d  F u n c tio n , U n iv . C T  H e a lth  C e n te r, F a rm in g to n , C T . 06030.

T o  c o rre la te  th e  m o rp h o lo g ic a l an d  e le c tro p h y s io lo g ic a l  c h a n g e s  in d ica tiv e  
o f  A lz h e im e r ’s  p a th o lo g y , w e  u til iz e  o rg an o ty p ic  b ra in -s l ic e  c u ltu res  o f  rat 
c e re b ra l co rte x . T h e se  c u ltu res  re ta in  n o rm a l c o rtica l la y e r in g  a n d  can  be  
m ain ta in e d  fo r se v era l m o n th s , w h ic h  a llo w s  o b se rv a tio n  o f  th e  long-te rm  
e ffe c ts  o f  a m y lo id  ß -p ro te in  (A ß P )  e x p o su re . T h e  b ra in s  o f  L o n g -E v an s 
h o o d e d  ra t  p u p s  (P 5 -7  d a y s)  w e re  tra n sv e rse ly  se c tio n e d  (3 0 0 μ  th ic k  sec tio n s) 
an d  o n e  h e m isp h e re  o f  e a ch  se c tio n  tra n s fe r re d  to  a  t is su e  c u ltu re  m em b ran e  
in se rt (M illip o re ) . A  1.0 μ Μ  A ß P  (B a c h em , 1 -40  fra g m e n t)  so lu tio n  w as 
a liq u o tte d  o n to  ea ch  c u ltu re . A t  v a ry in g  t im e  p o in ts  a f te r  A ß P  a p p lica tio n , 
a c tiv ity  w a s  e ith e r  rec o rd e d  in th e  c u ltu re s  o r  th e  c u ltu res  w ere  
im m u n o h is to ch e m ic a lly  s ta in e d  fo r  A ß P  d e p o s itio n  a n d  n e u ro f i la m e n t pro te in  
(an ti-A ß P  a n d  an ti-n fp  160kd , B o e h rin g e r-M a n n h e im ). A f te r  1 w e e k , e n h an ced  
n e u ra l a c tiv ity  a s  c o m p a re d  to  c o n tro ls  w a s  e x tra c e llu la r ly  rec o rd e d  in 
resp o n se  to  a  lo w  c o n c en tra tio n  N M D A  a p p lic a tio n . A f te r  3 0  d a y s  in cu ltu re, 
A ß P  a n d  n e u ro fila m en t s ta in in g  re v e a le d  re g io n s  o f  A ß P  d e p o s it io n  th a t  w ere  
d e v o id  o f  c e lls  an d  su rro u n d e d  b y  ax o n a l p ro ce sse s . I t  is  c o n c lu d e d  th a t  A ß P  
a p p lic a tio n  to  o rg a n o ty p ic  r a t  c o rt ic a l  tis su e  c u ltu re s  in c re a se s  neura l 
e x c ita tio n , in d u ce s  ce ll d e a th  a n d  c a u se s  m o rp h o lo g ic a l  c h a n g es  su rro u n d in g  
A ß P  d e p o s itio n  site s .

This work was supported by USPH Grant 2P01-NS16993-09.
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E X P O S U R E  T O  ß -A M Y L O ID  P E P T ID E  IN D U C E S  IN C R E A S E S  IN  
IN T R A C E L L U L A R  F R E E  C A L C IU M  IN  R A T  C O R T IC A L  N E U R O N S  IN  
P H Y S IO L O G IC A L  S A L IN E , B U T  N O T  IN  C U L T U R E  M A IN T E N E N C E  
M E D IU M . E.R . W hittem ore* and  C.W . Cotm an. Irv ine R esearch  U n it in Brain 
Aging, U niversity  o f  C alifornia, Irvine, California 92717

I t has  b een  hypo thesized  th a t the  dep o sits  o f  ß-am ylo id  o bserved  in 
A lzheim er's d isease (A D ) m ay directly  contribute to  the neuronal loss observed in
A D . In  support o f  th is, it has been  dem onstra ted  th a t aggregated  synthetic  B- 
am yloid peptides (BAPs) are neurotoxic in vitro. In addition, exposure to  BAPs has 
been show n to  accentuate excitotoxic and  hypoglycem ic dam age. W e have been 
investigating the d irect and  indirect ro le o f  calcium  in βΑ Ρ-induced neurotoxicity in 
vitro  using  the calcium  d ye F ura-2  in ra t co rtica l and  h ippocam pal neurons in 
culture. In these experim ents w e have confirm ed earlier w ork by M attson, et a l. Ų. 
N eurosci., 12 (1992) 376) by  dem onstrating that the toxic ßA P fragm ent 625-35 (25 
μΜ ) does not induce significant increases in intracellular free calcium  ([Ca**],) in 
ra t cortical neurons in w hich the Fura-2  record ings and  exposure to  625-35 w ere 
undertaken in D M EM  culture m aintenence m edium . In contrast, neurons grow n in 
D M E M  b u t sw itched  to  a  physio log ica l sa lin e  b u ffe r w idely  used  in Fura-2 
experim ents during  the  Fura-2  record ing  and  exposure to 625-35 dem onstrate a  
rap id  and  large increase in  [Ca++],. T his increase is accom panied by  dram atic cell 
sw elling and  subsequent cell lysis. Control neurons have stable [Ca++], a nd  do not 
swell nor lyse after m ore than 6  h is in this physiological buffer.

These experim ents ex tend  the evidence that exposure o f  neurons to BAPs 
causes neurons to  becom e vulnerable to  o ther external insults, in this case the fairly 
innocuous change from  D M E M  to  a  s im ple  physio logica l sa line  buffer. This 
suggests th a t neurons in vivo  that a re in  contact w ith BAPs are m ore vulnerable to a  
variety  o f  stresses, such as excitotoxicity , hypoglycem ia, o r as o u r da ta  suggest, 
o ther sm all changes in  the external e n v ironm en t Furtherm ore, ou r results suggest a  
need fo r caution w hen interpreting Fura-2 and/or toxicity  data  in  βΑ Ρ-treated cells 
that m ay be  under a  variety  o f  stresses that alone  m ay b e  insignificant, bu t w hich 
m ay b e  a  confounding variable in  conjunction with BAP exposure.
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TRANSMITTER REGULATION OF AMYLOID PRECURSOR 
PROTEIN SECRETION IN CULTURED RAT CORTICAL 
NEURONS. J, Mills. P.B. Reiner- Kinsmen Laboratory of 
Neurological Research, Dept. o f Psychiatry, University of British 
Columbia, Vancouver, B.C. Canada, V6T 1Z3.

The amyloid precursor protein (APP) is a ubiquitous membrane 
spanning glycoprotein containing the amyloid ß protein (AßP) 
sequence. APP is normally cleaved by the enzyme APP secretase 
within the AßP sequence, releasing secreted forms of non- 
amyloidogenic APP fragments. Deposition o f amyloid in 
Alzheimer's disease is thought to arise via abnormal processing of 
APP leading to the production o f intact AßP. Studies on the 
regulation o f APP secretion using stably transfected cell lines 
suggest that activity in the secretase pathway is modified by one or 
more cell-surface receptor mediated signal transduction pathways. 
However, little is known regarding receptor regulated APP 
secretion in central neurons. In the present study we assayed 
culture media derived from primary cultures o f rat cortical neurons 
to determine whether central neurons secrete APP and whether 
agonists can modify this process. Following appropriate 
purification, culture media was subjected to western blot analysis 
using the anti-amino-terminal monoclonal antibody 22C11. We 
were able to detect basal levels o f APP secretion from primary 
neuronal cultures. Moreover, stimulation of secretion was observed 
with 1 μΜ carbachol. These data indicate that APP is secreted 
from neuronal cultures, and that release is receptor regulated.

DEGENERATIVE DISEASE: ALZHEIMER'S— NEUROPHARMACOLOGY AND
NEUROTRANSMITTERS II

1 6 3 .1

RECEPTORS ON CORTICAL PYRAMIDAL CELLS- IMPLICATIONS FOR 
AMYLOID PRECURSOR PROTEIN (APP) PROCESSING. I.P. Chessell1. P.T. 
Francis1. R.C.A. Pearson2. P. Kirkwood*1 & D.M . Bowen1, ‘inst. Neurol., 
London, 2Univ. Sheffield, UK.

Loss of excitatory transmission between pyramidal cells may contribute to the 
primary cognitive deficit in Alzheimer’s Disease. Treatments aiming to restore 
transmission without excitotoxicity may be viewed with optimism, especially where 
this favours normal metabolism of APP. Following striatal injection o f the 
retrogradely transported toxin, volkensin, pyramidal cells of lower cortical layers 
are destroyed. Pyramidal cells in the upper layers, together with GAD mRNA 
positive cells of all layers are preserved. In 6 rats receiving 2ng volkensin, receptor 
localisation was investigated by incubating cryostat sections with [3H]pirenzepine, 
and [3H]prazosin, with and without 5-methyl-urapidil, for phosphoinositide linked 
muscarinic mlt oq, and a lb adrenoceptors respectively. Kainate receptors were 
localised using [3H]kainate for comparison. Specific binding was determined by 
autoradiogram image analysis, in upper and lower cortex (middle cortex included 
for adrenoceptor binding), ipsi- and contralateral to the injection site. Binding of 
[3H]pirenzepine was reduced to 83% of that measured on the contralateral side 
(49.1 ±1 .4 , mean ±SEM , fmol/mg tissue, vs 58 .7 ± 1 .9 , p = 0 .0 1 8  paired i-test) in 
lower but not upper layers. Binding to a ltotal, and a lb receptors was increased to 
108 and 118% respectively (p = 0.009 and 0.013) in upper layers with no change 
in middle layers. Binding to a ltoUl receptors was also increased (p=0.016) to 
122% in lower layers. Binding o f [3H]kainate was reduced to 82% of that 
measured on the contralateral side (94±3 .9  vs 114.2±6.7  fmol/mg tissue, 
p = 0.002) in lower but not in upper layers. The data suggest that mj and kainate, 
but not a] adrenoceptors are present on glutamatergic pyramidal cells which form 
the corticostriatal pathway. Corticocortical cells are probably subject to 
qualitatively similar regulation, so treatment with agonists, including 
acetylcholinesterase inhibitors, may improve transmission and favour normal APP 
processing. Support by Astra Arcus, BRT, and Wellcome Trust.

1 6 3 .3

RS-56812 ENHANCES DELAYED MATCHING-TO-S AMPLE
PERFORMANCE IN NON-HUMAN PRIMATES. A.V. Terry Jr*. J.J. 
Buccafusco. W.J. Jackson. ГРЈ. Fontana. fE.H.F. Wong. fR.L. Whiting and 
fR.M. Eglen. Department of Pharmacology and Toxicology, Medical College 
of Georgia, and the DVAMC Augusta, GA 30912, U.SA. and institute of 
Pharmacology, Syntex Discovery Research, Palo Alto, CA 94304, U.S.A.

The effects of the (R) and (S) isomers of RS-56812, a potent 5-HT3 
receptor antagonist, on learning and memory was evaluated in 5 macaques 
well trained to perform an automated delayed response task — delayed 
matching-to-sample (DMTS). Acute oral administration (30 min pretreatment) 
of the compounds significantly enhanced DMTS performance. (S) RS-56812 
increased the overall accuracy (% correct of the 96 trials/session) by 6.2% 
points and (R) RS-56812 increased accuracy 5.1%. Furthermore, accuracy at 
particular delay intervals was differentially sensitive to the isomers. 
Performance was most improved at either medium or long delay interval. For 
example, (S) RS-56812 increased accuracy significantly during the medium 
delay trials (9.2%), and (R) RS-56812 increased accuracy most during the 
long delay trials (11.8%). In addition, (S) RS-56812 improved performance 
in not only the session conducted 30 min after administration, but also in the 
session conducted 24 hr later in the absence of drug (7.3%). Our results 
suggest that the two isomers may be differentially sensitive to the relative 
demands on mnemonic processes exerted by different delay intervals in 
DMTS. Furthermore, (S) RS-56812 may have a longer duration of action. 
Therefore, RS-56812 offers potential for cognition enhancement in disorders 
involving cognitive decline. The results are also consistent with a role for 
central 5-HT3 receptors in learning and memory.

1 6 3 .2

D R U G  T H E R A P Y  A N D  ß-A M Y L O ID  P R E C U R S O R  P R O T E IN  (A P P ) O F  
C O R T IC A L  P Y R A M ID A L  N E U R O N E S . P .T . F ra n c is . N .A . C la rk e . A .W . 
P ro c te r . M -T . W e b ste r  &  D .M . B o w e n . (S P O N . B ra in  R e se a rc h  A ssocia tion ) 
Institu te  o f  N e u ro lo g y , L o n d o n , U K .

C a rb o x y  te rm in a l tru n c a te d  A P P s  p re se n t in c e re b ro sp in a l flu id  (C S F ) 
p ro b ab ly  re f le c t  th e  ac tiv ity  o f  se c re to ry  p a th w a y s  p rev io u s ly  d e sc rib ed  in  cell 
cu ltu re  stud ies. O n e  such  p a th w ay  is s tim u la ted  by  ph o p h o in o sitid e  (P I) 
b rea k d o w n . E v id en ce  h a s  b e e n  so u g h t in  h u m an  b ra in  th a t a lte re d  functional 
sta tes  (d em en tia  a s so c ia ted  w ith  red u c e d  e x c ita to ry  n e u ro tran sm iss io n  and  d ru g  
th e ra p y  c o n s id e red  to im p a ir  P I  h y d ro ly sis)  red u c e  the se c re tio n  o f  A P P . S ix teen  
d em e n te d  pa tien ts  (14  w ith  co rtica l p y ram id a l cell lo ss , b u t on ly  h a lf  w ith  sen ile  
p laq u es) h ad  lo w e r lu m b a r C S F  A P P 751/770 (33 ± 6 , m ea n  ±  S E M , a rb itra ry  
un its  P < 0 . 0 5 )  co m p a re d  to co n tro l ( 5 7 ±  10, n = 1 2 ) .  In  a  so lu b le  fra c tio n  o f  
fro n ta l co rte x  p o s tm o rte m  fro m  15 d em en ted  p a tie n ts , h ig h e r  a m o u n ts  o f  
A P P 751/770 w e re  asso c ia te d  w ith  fe w e r  p y ram id a l n e u ro n e s  in  co rtica l lay e r  III 
( r s =  -0 .6 5 , P  =  0 .0 0 9 ), possib ly  a lso  re f lec tin g  re d u c e d  se c re tio n . S am p les  o f  
v e n tr icu la r  C S F  f ro m  p a tien ts  u n d e rg o in g  p sy c h o su rg e ry  fo r  in trac tab le  
d e p re ss io n  w e re  c lass ified  a c co rd in g  to  d ru g  th e ra p y . P a tie n ts  rec e iv in g  both  
lith ium  a n d  an tid e p re ssa n ts  h ad  lo w e r A P P 751/770 ( 1 6 ± 3 ,  n = 3 8 ,  F = 0 .0 4 9  
P  <  0 .0 5 , L S D  test) c o m p a re d  to  p a tien ts  rec e iv in g  n e ith e r  tre a tm e n t (33  ± 7 ,  n =  
15), lith ium  a lo n e  ( 2 4 ± 6 ,  n = 7 )  o r  an tid e p re ssa n ts  a lo n e  ( 2 3 ± 6 ,  n = 2 5 ) .  O th er 
d e m o g ra p h ic  fa c to rs  d id  no t a ffe c t  C S F  A P P 751/770. T h e re  w e re  no  s ig n ifican t 
e ffe c ts  on  A P P 695. Both lith ium  a n d  an tic h o lin e rg ic  e ffe c ts  o f  a n tid ep ressan ts  
w ou ld  be  e x p e cte d  to re d u c e  n eu ro n a l ex c itab ility  by  im p a irin g  P I  hy d ro ly sis. 
H e n c e  th e re  is n o w  ev id e n c e  th a t A P P  se c re tio n  in  v iv o  a n d  in  v itro  is  reg u la ted  
by  n eu ro n a l d ep o la risa tio n  and  P I  a c tiv a tio n . S u p p o rt b y  A stra  A rc u s  an d  B R T .

1 6 3 .4

REDUCED [3H]-NISOXETINE BINDING TO NOREPINEPHRINE 
TRANSPORTER SITES IN ALZHEIMER'S DISEASE LOCUS 
COERULEUS. S. M. Teiani-Butt ». J. Yang & H, Zaffar. 
Department of Psychiatry, University of Pennsylvania School of 
Medicine, Philadelphia, PA 19104.

Post-mortem studies of subjects with Alzheimer's Disease 
(AD) report decreased NE levels, reduced enzyme activity and loss of 
noradrenergic (NA) neurons from the locus coeruleus (LC). Such 
data implicate the NA system in AD. To date, little work has been 
done to investigate the role of presynaptic norepinephrine transporter 
(NET) sites in AD. We have recently shown that 3H-nisoxetine (3H- 
NIS) is a useful radioligand for the mapping of NET sites in rat brain 
by quantitative autoradiography (J. Pharmacol. Exp. Ther., 260:427,
1992). We have also reported that 3H-NIS binding to NET sites is 
significantly reduced with normal aging in the human LC (Brain Res., 
583:312, 1992). In order to investigate whether NET sites would be 
altered uniformly throughout the LC in AD, the present study 
measured the binding of 3H-NIS in coronal sections (20u) taken from 
the rostral, middle and caudal regions of the LC from 12 AD and 11 
non-AD cases. A significant decrease (p<0.01) in 3H-NIS binding 
was seen in the middle and caudal regions but not in the rostral region 
of the LC in AD. Since the loss of 3H-NIS binding appears to parallel 
cell loss in the LC, it is possible that NET sites are decreased due to a 
loss of NE-containing neurons in the LC in AD. (Research funds 
from the Alzheimer's Association and USPHS grant MH 45472. The 
authors thank the University of Pennsylvania Alzheimer's Disease 
Center for providing the tissue).
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163.5
EFFECTS OF CHRONIC PHYSOSTIGMINE ON PLASMA AND 
CEREBROSPINAL FLUID NOREPINEPHRINE AND VASOPRESSIN IN 
ALZHEIMER'S DISEASE E.R. Peskind*, D. Winaerson. M. Pascualv.
L. Thal. R.C. Veith. D.M. Dorsa. M.A. Raskind. Dept. of Psychiatry, Univ. 

of Washington School of Medicine, and Seattle VA GRECC, Seattle, WA 
98195

Physostigmine is a centrally active cholinesterase inhibitor which has 
been associated with improved cognitive function in Alzheimer's disease 
(AD). By enhancing central cholinergic activity, physostigmine may affect 
neurotransmitter and/or neuromodulator systems involved in cognitive 
function and demonstrated to be abnormal in AD. We estimated the effect 
of chronic oral physostigmine on both peripheral and central noradrenergic 
and vasopressinergic systems by measuring norepinephrine (NE) and 
vasopressin (VP) in cerebrospinal fluid (CSF) and plasma in nine persons 
meeting diagnostic criteria for probable AD. Mean age of the subjects was 
7Q±2 years, all were in the earlier stages of AD (Mini-Mental State Score = 
18±2), and all were free of medications except for oral physostigmine in 
the drug condition. Subjects underwent two lumbar punctures at least two 
weeks apart, and the order was randomized for treatment condition. 
Lumbar punctures were performed after at least six weeks of 
physostigmine (mean dose = 12±1/mg qd) and after at least two weeks of 
no medication. Substantial CSF concentrations of physostigmine were 
present in the drug condition in all subjects. Plasma NE was significantly 
lower (p=0.02) in the physostigmine condition (226±23 μg/ml vs. 
298±59/μg/ml) and CSF NE tended to be lower in the physostigmine 
condition (153±21 μg/ml vs. 173±31 μg/ml). CSF and plasma AVP did not 
differ between conditions. These data suggest that chronic 
physostigmine may decrease both peripheral sympathetic nervous system 
and central noradrenergic activity in AD. Supported by AG05136, 
AG08419, and the Dept. of Veteran Affairs.

163.7
BETA ADRENERGIC RECEPTOR SUBTYPE DENSITY AND 
DISTIBUTION IN CEREBELLUM: ALTERATIONS IN 
ALZHEIMERS DISEASE A. Russo-Neustadt*. K.A. Nielson. R. 
Shankle and C. Cotman. Irvine Research Unit in Brain Aging and 
Dept. o f Psychiatry and Human Behavior, University of California, 
Irvine, CA 92717.

Receptor autoradiography was performed to examine beta 
adrenergic receptor subtypes in the cerebellar cortices o f Alzheimer’s 
disease (AD) patients. Cerebella from four individuals with clinical 
diagnoses o f Alzheimer dementia and agitation or wandering 
behavior in their histories were examined, along with controls 
matched for age and post-mortem delay. [125I]Iodopindolol 
([125IJPIN), along with the beta 1 and beta 2 subtype-selective 
antagonists ICI-118,551 and ICI-89,406, were used to visualize 
total beta-adrenergic receptor distributions as well as those o f the 
individual subtypes. The demented patients show significant 
increases in total beta adrenergic receptor density in the granule cell 
layer and cortical white matter, with no change in the molecular layer 
and Purkinje cell layer compared to the controls. Analysis o f the 
receptor subtypes indicates that beta 2 receptors show increased 
density in the granule cell layer and proximal white matter, while 
beta 1 receptors are increased in density in proximal and distal while 
matter of demented patients. These findings indicate that beta 
adrenergic receptor alterations occur in cerebellum in AD. These 
changes may have particular importance for patients with agitation or 
wandering behavior.

163.9
GLUTAMATE INDUCES AN INCREASED PHOSPHORYLATED TAU 
PROTEIN IMMUNOREACTIVITY IN NEURONAL CULTURES. J. Huņon*. 
Ph. Sindou. Ph. Couratier. C. Yardin. M. Lesort. Unrté de neurobiol. cell. - 
Lab. Histologie - Fac Medecine 87025 Limoges France.

One of the neuropathological hallmarks of Alzheimer’s disease 
(AD) consists in neurofibrillary tangles (NFT) which are composed of Paired 
Helical Filaments (PHFs). Abnormally phosphorylated microtubule- 
associated protein Tau is a main constituent of PHFs. AT8 (Innogenetics) is 
a recent monoclonal antibody which seems specific for abnormally 
phosphorylated Alzheimer Tau. The goal of the present study is to analyse 
in primary neuronal cultures Tau immunochemical and immunocytochemical 
modifications, using AT8 antibody, after glutamate exposure. Cortical cell 
cultures were carried out from 18 day-old embryonic rats in MEM/Earle’s 
salts containing 5 % fetal calf serum and different hormones. After 8 to 10 
days, cultures were exposed to 200 μΜ or 500 μΜ of glutamate for 5 mn. 
Immediatly and 30 sec., 1, 2, 4 mn after glutamate exposure, cell cultures 
were processed for electrophoresis (10 % polyacrylamide gel) and 
immunoblottings, or fixed for laser confocal immunocytochemistry. Using 
AT8 monoclonal antibody, Tau immunoblottings revealed a marked 
increased in Tau immunoreactivity 1 and 2 mn after glutamate exposure 
compared to control cultures not exposed to glutamate. Similarly, confocal 
immunocytochemical study showed increased neuronal immunostainings 1 
mn after glutamate exposure. This was confirmed by image analysis. In 
conclusion our results show that glutamate produces a rapid modification of 
abnormally phosphorylated Tau protein immunoreactivity (AT8 epitope) in 
primary neuronal cultures. (We thanks Innogenetics for providing AT8).

163.6
ENHANCED CEREBROSPINAL FLUID NOREPINEPHRINE RESPONSE 
TO YOHIMBINE IN AGING AND ALZHEIMER'S DISEASE. M.A. Raskind*.
E.R. Peskind . D. Winqerson. M. Pascualy. D.J. Dobie. R.C. Veith. Dept. 
of Psychiatry, Univ. of Washington School of Medicine, and Seattle VA 
GRECC, Seattle, WA 98195

Despite loss of locus coeruleus (LC) noradrenergic neurons in normal 
aging and even greater loss in Alzheimer's disease (AD), resting 
concentrations of cerebrospinal fluid (CSF) norepinephrine (NE) are 
increased in normal aging and in the early stages of AD, and may even be 
further increased in advanced AD. These findings could be explained by 
increased release of NE by surviving LC neurons in AD. To evaluate 
central noradrenergic function in AD, we measured CSF NE following the 
alpha-2 antagonist yohimbine (0.65 mg/kg), the alpha-2 agonist Clonidine 
(5 μς/kg), or placebo in 9 AD outpatients (age 70±3 yrs) with 
predominantly early stage disease (Mini Mental State Exam=l6±2), 10 
older normals (71±1 yrs) and 11 young normals (27±1 yrs). Each subject 
underwent 3 lumbar punctures separated by at least one week and 
randomized for order of treatment. In all groups, CSF and plasma NE 
significantly increased following yohimbine and decreased following 
Clonidine. The increase in CSF NE in the yohimbine vs. placebo condition 
(AD=184±57 μg/ml; old=178±39 μg/ml; young=96±17 μg/ml) was 
significantly greater in the two older subject groups than in the young 
subjects. The increase in plasma NE following yohimbine also was greater 
in the 2 older groups. In contrast, the decrease in CSF NE following 
Clonidine (AD=-38±17; old=-39±19; young=-40±28) did not differ among 
groups. The increase in CSF NE following reduction of alpha-2 adrenergic 
inhibition of central noradrenergic systems by yohimbine is enhanced with 
human aging. These results suggest increased functional capacity of 
central noradrenergic neurons in aging and AD. Supported by AG05136, 
AG08419, and the Dept. of Veterans Affairs.

163.8
NEUROBIOLOGICAL CORRELATES OF AGGRESSION AND 
AGITATION IN DEMENTIA PROVIDE BASES FOR EFFECTIVE 
TREATMENT: A STUDY OF PROPRANOLOL. K. A. Nielson*. W R. 
Shankle. and C. W. Cotman. Irvine Research Unit in Brain Aging, Univeiisty of 
California, Irvine, CA 92717.

Treatment for aggression often uses dopamine blockade, but this often has 
unacceptable side effects. Propranolol may represent an alternative treatment which 
is both effective and safe. The use of low-dose propranolol (10-80 mg/day) in 12 
mildly to severely demented patients with aggression/agitation effectively relieved 
these symptoms in 75% within one week and without significant side effects. 
Responsivity (as measured by caregiver questionnaires and feedback) was 
significantly better in 1) females than males and 2) more- rather than less-severely 
demented patients. Six of the 7 patients with aggression showed an aggressive 
syndrome similar to that seen in patients with orbitofrontal lesions, and was 
supported xenon SPECT, psychometrics, and neurological exam. The two 
adequately dosed nonresponders had characteristics o f  amygdalar or hypothalamic 
lesions, which have few beta adrenergic receptors.

Aggression is controlled by neuronal systems whose better understanding will 
improve treatment It is suggested that the primary loci controlling aggressive 
behavior are arranged hierarchically: orbitofrontal, dorsolateral prefrontal, medial 
temporal, other association cortices, amygdala, hypothalamus, autonomic nervous 
system, and brainstem motor nuclei. Moderate to severe stages o f most dementias 
produce extensive association cortical dysfunction, affecting many transmitters, 
leading to complex changes in receptor density and function. Because these 
receptors are not uniformly distributed, the types o f aggressive dysfunction arising 
and the most effective treatment will depend upon the predominant loci o f the 
lesions in the network. The effect o f propranolol is probably greatest on the cortical 
aggression centers since these have relatively higher beta-receptor densities than 
subcortical centers. Responsiveness to propranolol could be a useful probe in 
identifying different neuropathologies in dementia.

163.10
D-CYCLOSERINE TREATMENT OF ALZHEIMER’S 
DISEASE. C. Randolph*. J.W. Roberts. M. Tierney. D. Bravi.
M. M. Mouradian. and T.N. Chase. Experimental Therapeutics 
Branch, NINDS, Bethesda MD 20892.

Degeneration o f cortical glutamatergic projections may 
contribute to the cognitive decline in Alzheimer’s disease. To 
evaluate whether glutamate system stimulation might confer 
symptomatic benefit, we administered D-cycloserine, a putative 
partial indirect agonist at certain (NMDA) glutamate receptors, 
to 12 patients with probable Alzheimer’s disease. A 
dose-escalation phase, in which the drug was given in daily oral 
doses from 25 to 500 mg, was followed by a "best-dose" 
crossover comparison with placebo under double-blind 
conditions. We observed no significant or consistent effect on 
neuropsychological outcome measures. The results suggest that 
potentiation o f NMDA mediated glutamatergic transmission may 
not prove useful in the symptomatic treatment o f Alzheimer 
dementia.
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G l u t a m a t e  T r a n s p o r t e r  S u b -t y p e s  in  P a t h o l o g i c a l l y  
Dam aged  C o r t ic a l  R e g io n s  in A l z h e im e r  D i s e a s e , p . r . Dodd*.
H. L. Scott and R. I. Westphalen C lin ic a l R e se a rc h  L a b o r a to r y , R o y a l  
Brisbane H o sp ita l F ou n dation , B r isb a n e  Q 4 0 2 9 , AUSTRALIA.

Regionally variant brain damage in Alzheimer disease (AD) may be 
mediated by locally reduced efficiency of reuptake of released glutamate, 
leading to overactivation of receptors on postsynaptic cells and ultimately 
to cell death. In the rat, regional variations in the sensitivity of glutamate 
uptake to inhibitors is evidence for multiple transporter sub-types. We 
detected a similar sensitivity with a binding-site assay. D-[3H] aspartate 
binding was studied in the presence of Na+ ions with synaptic membrane 
homogenates prepared from human brain tissue obtained at autopsy from 
AD and control cases. Incubations for 30 min at 22°C were terminated by 
centrifugation, and data processed by the LIGAND programme. A two-site 
binding model gave a significant improvement of fit c f  a one-site model 
(Ғ = 94 , df = 2,10; P  = 0 005). Analyses of variance of logarithmic 
transforms of the high-affinity association constants (KA) for the 
displacement of D-[3H]aspartate binding by D-aspartate and die inhibitors 
i/ireo-3-hydroxy-L-aspartate, dihydrokainate and L-a-aminoadipate were 
significant between case groups (F  = 3*513, df = 3,105; P  = 0 018), and 
across susceptible and spared areas (F  = 3*256, df = 3,105; P  = 0*025). 
The results suggest that different sub-types of glutamate transporter may 
be expressed in brain regions susceptible to damage in AD. In addition, 
synthetic ß-amyloid25_35 (5 μΜ) selectively inhibited (to 77 ± 10% of 
control) the transporter sub-class detected by the displacement of low- 
affinity D-[3H]aspartate binding by D-aspartate. Since the affinity for 
D-aspartate was unchanged (Control KD: 5*0 ± 2*7 μΜ; KD with 
ß-amyloid25- 35* 6*5 ±4*9 μ Μ ), the blockade was non-competitive.

163.12
O P I O I D  R E C E P T O R  D E N S I T Y  CHANGES IN A L Z H E I M E R  A M Y G D A L A  A ND 
P U T A M E N . H.D. Chung*». J. Bare**. M.M. Belcheva*. J. 
R o w l n s k i * . A. Ho*. W.J. B u r k e * . C.A. Schmidt*. C.J. 
C o s c i a * . Depts. of  Biochem*. . Path*, a n d  Neurol*. St. Louis 
Univ. Sch. Med., St. Louis, M O  63104, Hieizmann Inst. 
Sci., Dept. Neurobiol., Rehovot, Israel 76100.

Since opioids c a n  influence the release of 
acetylcholine, substance P a nd a n u m b e r  of other 
n e u r o t r a n s m i t t e r s  imp l i c a t e d  in the pathog e n e s i s  of 
A l z h e i m e r ' s  disease (AD), it is of  i n terest to assess 
o p i o i d  r e ceptor levels in AD. We e x a m i n e d  μ, б and к 
o p i o i d  r eceptor b i n d i n g  parameters, b i n d i n g  s e n s i t i v i t y  to 
a G TP an a l o g  a n d  d i s t r i b u t i o n  in amygdala, frontal cortex 
a n d  p u t a m e n  of A D  brain. C o ntrol b r a i n s  we r e  m a t c h e d  
a c c o r d i n g  to age, sex, p o s t - m o r t e m  interval a n d  storage 
time. К<1 va l u e s  a nd G T P  a n a l o g  b i n d i n g  se n s i t i v i t y  did 
n o t  diff e r  in A D  a nd control brains. Bmax v a l u e s  for μ 
(3H - [ D - A l a 2 ,MePhe4,Gly-ol5] enkephalin) sites also app e a r e d 
unaffected. In contrast, κ (3H-U69593) a n d  б (3H-[D- 
S er2 ,L-Leu5]enkephalyl-Thr) o p i o i d  recep t o r  levels, w ere 
changed. In A D  amy g d a l a  к v a l u e s  incr e a s e d  from 
con t r o l  levels of  123±12 to 168±13 fmo l / m g  protein, 
w h e r e a s  d ensities of κ a n d  б sites we r e  d e c r e a s e d  from 
94±8 to 48±8 a n d  10213.6 to 6918.5 fmo l / m g  protein, 
r e s p e c t i v e l y  in putamen. A u t o r a d i o g r a p h y  re v e a l e d  
c o r r e s p o n d i n g  d i f f e rences in κ a n d  б distribution. The 
findings indicate that the ic b i n d i n g  site, q u a n t i t a t i v e l y  
the m a j o r  o p i o i d  recep t o r  type in h u m a n  brain, u n d e rgoes 
m a r k e d  changes in A D  a m y g d a l a  a n d  putamen.

DEGENERATIVE DISEASE: PARKINSON'S—FREE RADICALS

1 6 4 .1

CHARACTERIZATION OF DOPAMINE QUINONE BINDING TO STRIATAL 
PROTEIN. T.G. Hastings* and M.J. Zigmond Dept. of Behavioral 
Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

Oxidation of dopamine (DA) results in the formation of reactive oxygen 
species and DA quinones. Whereas brain is normally protected against the 
toxic effects of these compounds, prolonged exposure to high concentrations 
of DA could exceed the antioxidant capacity of cytoplasm and extracellular 
fluid, leading to cellular damage. We have shown that DA can bind to proteins 
and that this process occurs subsequent to the oxidation of DA (Zigmond and 
Hastings, S o c  Neuro Abst, 1992). In the present experiments we sought to 
determine whether these events occur within cells or on their external surface. 
Striatal slices (350 pm) were incubated for 60 min with зн-DA (60 nM) in a 
modified Krebs buffer at 37°C. We observed that tritium uptake was increased 
(+380%) and tritium binding to protein was decreased (-70%) in the presence 
of ascorbate (0.85 mM). A similar effect occurred with the addition of 
glutathione (.010-1.0 mM), a sutfhydryl-containing tripeptide believed to 
remain in extracellular fluid (uptake +440%; binding -89%). On the other hand, 
nomifensine (10 μΜ), which blocks DA transport, reduced tritium uptake 
(-58%), but did not alter tritium binding to protein. Likewise, incubation of 
cerebellar slices with 3H-DA resulted in reduced tritium uptake (-77%) when 
compared to striatal slices, but tritium binding was unchanged. These findings 
suggest that binding of DA to protein may occur external to dopaminergic 
neurons, and may explain the lack of specificity of the toxicity induced by 
exogenous catecholamines in cell culture. On the other hand, conditions 
such as ischemia and amphetamine administration release large amounts of 
endogenous DA. This should lead to the exposure of dopaminergic terminals 
to high concentrations of catecholamines in the local extracellular 
compartment, and thus may cause more selective toxicity. (Supported in part 
by USPHS grants NS19608, MH00058, and NS09076.)

164.3
EVALUATING THE LONG-TERM IMPACT OF NEUROACTIVE SUBSTANCES 
APPUED BY INTRACEREBRAL DIALYSIS: A METHODOLOGICAL STUDY
A. Giovanni*, and M.J. Ziomond. Department of Behavioral Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260.

In vivo microdialysis has become an accepted means with which to evaluate 
the content of extracellular fluid in brain. It also permits the direct administra
tion of compounds into specific brain regions. Thus, many studies have been 
conducted to examine the immediate response of specific brain areas to the 
direct exposure to neuroactive substances. In the present study we have 
developed a method that enables us to investigate the long-term impact of the 
infusion of compounds through a microdialysis probe on the tissue directly 
adjacent to the probe. The method Involves removal of a cylinder of tissue of 
approximately 600 microns in diameter centered around the probe implantation 
site. Utilizing this technique we have investigated the neurochemical deficits 
induced by probe implantation Itself as well as those changes that occur in 
response to the infusion of MPP*, a dopaminergic neurotoxin. MPP* (10 mM, 
15 min) induced a dramatic efflux of DA and eliminated the response to a 
second infusion of MPP* on the following day, suggesting the destruction of DA 
terminals in the vicinity of the dialysis probe. Moreover, whereas there was 
only a 5-10% decrement in striatal DA content in rats exposed to MPP* when 
asseyed 2-5 days later, analysis of the cylinder of tissue around the site of the 
probe indicated marked deficits in DA and tyrosine hydroxylase content. Taken 
together, these data suggest that the combination of microdialysis and analysis 
of the tissue surrounding the microdialysis probe implantation site will provide 
a useful method for examining local neurochemical changes that would not be 
detectable from assays of larger brain regions. (Supported in part by NS19608, 
MH18273, and MH00058.)

164.2
ESTIMATION OF HYDROXYL RADICAL CONTENT IN RAT BRAIN USING 
SALICYLATE M.J. Ziomond*. T.G. Hastings. L.P. Liana, and A. Giovanni. 
Department of Behavioral Neuroscience, University of Pittsburgh, Pitt., PA.

Free radicals have been implicated in many neurodegenerative conditions, 
including several in which dopamine may play a causal role. However, 
because free radicals are highly reactive and short-lived it has been difficult to 
test these hypotheses. Thus, we have adapted the method of Floyd and 
colleagues (1984) in which the trapping of hydroxyl radicals by salicylate results 
in the stable and quantifiable products 2,3-dihydroxybenzoic acid (DHBA) and
2,5-DHBA. Both the systemic and intraventricular administration of salicylate 
to adult, male Sprague-Dawley rats resulted in the formation of DHBA in brain 
2 hr (systemic) and 15 min (ҺА.) later. In both cases, the amount of DHBA was 
correlated with the amount of salicylate observed. However, whereas systemic 
salicylate (100 mg/kg), resulted in a ratio of total DHBA to salicylate in brain of
0.216, an intraventricular injection (1.2 mg) yielded a ratio of 0.019. These 
observations indicate that when salicylate is administered systemically, a large 
percentage of the DHBA recovered from brain is formed in the periphery. We 
are now using this approach to examine the role of free radicals in the 
neurotoxicity associated with systemically administered methamphetamine 
which appears to depend on dopamine release. Six hours after methamphet
amine (4 X 15 mg/kg, s.c.), salicylate was given systemically or 
intraventricularty. In either case methamphetamine increased the ratio of 
DHBA to salicylate. These results suggest (1) measurement of DHBA after 
salicylate administration permits assessment of the formation of free radicals, 
although it may be necessary to give the trapping agent via a central route, and
(2) neurotoxic doses of metamphetamine increase the formation of free radicals 
in brain. (Supported in part by USPHS grants NS19608 and MH18273.)

164.4
DOPAMINE SYNTHESIS IN NEOSTRIATAL SLICES AFTER INTRA
VENTRICULAR 6-HYDROXYDOPAMINE. L.P Liang & M.J. 
Zigmond. University of Pittsburgh, Dept. Behav. Neuroscience. Pitts
burgh, PA 15260.

We previously documented an increase in fractional dopamine (DA) 
overflow in the neostriatum of rats with 6-hydroxydopmine (6-OHDA)- 
induced lesions. In these studies, we wished to determine if the 
apparent increase in DA release was accompanied by an increase in DA 
synthesis. Rats (280-320g) were pretreated with desmethylimipramine 
(25 mg/kg, i.p.) 30 min prior to administration of 6-OHDA (250 μg free 
base, İ .C .V .) . This resulted in the depletion of neostriatal DA to 15% of 
control. Four days or 1 mo post-surgery, slices (350 pm) were prepared 
from neostriatum. DA synthesis was determined by measuring the 
accumulation of L-DOPA after incubation of the tissue with the 
aromatic amino acid decarboxylase inhibitor NSD-1015 (200 pM) for 20 
min. Basal DA synthesis increased to 186 + 19% of control within 4 
days after application of 6-OHDA, and to 263 + 18% of control within 
1 month (control = 17.2 + 1.1 ng DOPA/mg pro/20 min). When exposed 
to 55 mM K* for 20 min, DA synthesis in intact tissue was 40.6 + 1.9 
ng DOPA/mg pro/20 min. DA synthesis increased still further in 
lesioned tissue: 4 days after 6-OHDA, DA synthesis rose to 127 + 11.5% 
of control and 1 month later synthesis was 235 + 11.7% of control. 
Preliminary date indicate that there also is an increase in TH protein 
in residual dopaminergic terminals after 6-OHDA treatment. These 
neurochemical changes may help to explain the ability of residual DA 
terminals to sustain a higher rate of DA release after subtotal lesions. 
(This work was supported in part by U.S.P.H. grant NS 19608.)
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164.5
THE ROLE OF TYROSINE HYDROXYLASE GENE TRANSCRIPTION IN 
THE NEURONAL COMPENSATIONS OBSERVED FOLLOWING 6- 
OHDA LESIONS OF THE NIGROSTRI AT AL BUNDLE. C.A. Moody*, 
M.K. Hahn, M J. Zigmond and T.G. Sherman, Department o f Behavioral 
Neuroscience, University o f Pittsburgh, Pittsburgh, PA 15260-7700.

Neurochemical compensations are evident in remaining dopamine 
neurons fo llow in g  6 -hydroxydopam ine (6 -OH DA) lesion s o f the 
nigrostriatal bundle (NSB). These compensations include increases in the 
activity o f the rate-limiting enzyme tyrosine hydroxylase (TH), as well 
as increases in dopamine synthesis and release. Although TH activity is 
elevated in lesioned animals, it is unclear if this is accompanied by a 
similar increase in TH gene transcription. The present studies examined 
the effects o f 6-OHDA lesions o f the NSB on TH gene transcription and 
mRNA levels via intron- and exon-directed in situ  hybridization , 
respectively. Animals received a single injection o f either vehicle or 2μg 
of 6 -OHDA in a 2μ1 vehicle solution directed at the right NSB. One 
week following lesions animals were sacrificed and brains were removed. 
Frozen coronal sections 10 pm thick were taken at the level o f the 
substantia nigra for in situ  hybridization. Serial sections were 
hybridized for 20 hours with 35S-lab eled  antisense cRN A probes 
containing either TH intron or exon sequences and grain counts per neuron 
were determined. The results revealed that TH gene transcription and 
mRNA levels are not increased in response to 6-OHDA lesions and in fact 
there was trend for a decrease in TH mRNA content in remaining neurons. 
These data suggest that the increase in TH activity observed in lesioned 
animals does not necessarily involve compensatory changes at the level 
of TH gene transcription.

This research was supported by NINCDS grant NS 19608 and NIMH 
Training grant MH18273.

164.7
COMPARSION OF DEPRENYL (SELEGILINE) A N D  MPP+ O N  
COCAINE-SENSITIVE DOPAMINE UPTAKE SITES. T. I. Tolliver.
S. I. Huang. C.C. Chiueh, D. L. Murphy, and Ĩ. M. Tolliver**. LCS, 
NIM H, NIH, Bethesda, M D 20892 and +DEA, W ash., D.C. 20537

Wu et al. (this meeting) report that deprenyl com pletely preserved  
A9 nigral neurons against MPP +-induced oxidative injury in the rat 
brain. These data confirm a prior report that deprenyl can protect 
d op am in e neurons in prim ary cu lture against M PP+ toxicity. 
Furthermore, deprenyl, w ithout changing M AO activity, suppressed  
the dopam ine autoxidation and *OH generation elicited b y MPP+ 
(Chiueh et al., this m eeting).

Currently, w e compared the effects of deprenyl and MPP+ on  ^H- 
dopam ine uptake in striatal synaptosom al preparations sin ce a 
prom inent hypothesis is that deprenyl protects nigral neurons by  
inhibiting the MPP+ uptake by dopam ine neurons. CFT, a more potent 
cocaine analogue, com petitively inhibited dopam ine uptake w ith  an 
IC50 of 0.06 μΜ. The IC50 for MPTP and M PP+ against dopam ine  
uptake were 3.6 and 0.31 μΜ, respectively. Deprenyl, a classic MAO  
В inhibitor, inhibited dopam ine uptake with an IC50 of 50 μΜ.

In conclusion, MPP+ effectively com petes for dopam ine uptake and 
is >100X m ore effective than deprenyl. H ence, it appears unlikely  
that inhibition of MPP+ uptake by nigral neurons by deprenyl is an 
im portant contribution to the apparent neuroprotective effects o f  
deprenyl.

164.9
LACK OF NEUROPATHOLOGY IN DEPRENYL TREATED RATS. 
1,2G.O. Ivv. 2J. Parker. ‘N.W. Milgram, 3K. Kitani, 4R.C. Switzer*. 
‘Department of Psychology and 2Anatomy and Cell Biology, Univ. of 
Toronto, Ontario, Canada, 3Radioisotope Research Unit, Tokyo Univ. 
and 4Neuroscience Associates, Knoxville, TN.

We and others have previously shown that chronic deprenyl 
treatment in rats can significantly prolong both mean and maximum 
lifespan. While the cellular mechanisms for this life prolonging effect 
are not known, it is interesting to speculate on the basis of data from 
Kitani and colleagues that deprenyl’s ability to increase the free 
radical scavengers superoxide dismutase and catalase in certain brain 
regions may be responsible. However, in one study (Carrillo et al., 
1992, Exp. Neurol. 116:286-294) certain doses of deprenyl were found 
to decrease striatal weight in young female but not male rats. We thus 
decided to treat 3 female F344 rats each with deprenyl at .2mg/kg/d 
for 1, 3, 7 or 22 days, or by osmotic pump for 22 days as this dose 
maximally decreased striatal weight in the female rats. Rats were 
sacrificed and the brains processed with the cupric silver degeneration 
technique, nissl and PAS stains and immunocytochemistry with anti- 
GFAP. No pathology of any kind was found in any brain region. The 
decreased striatal weights thus remain puzzling, but reinforce the facts 
that optimal doses of deprenyl for increasing lifespan and for raising 
brain levels of free radical scavengers vary greatly with sex, age and 
species of rat. Supported by Deprenyl Animal Health.

164.6
SUPPRESSION OF IRON-CATALYZED DOPAMINE AUTO
OXIDATION AND HYDROXYL RADICAL GENERATION BY 
DEPRENYL (SELEGILINE). C .C . Chiueh*. R.M. Wu, S .- J .  Huana 
and D .L. Murphy, L C S ,  NIMH, NIH, Bethesda, MD 20892

Wu et al (this meeting) show  that deprenyl protects A 9  nigral 
dopamine neurons from oxidative injury ca u se d  by intranigral 
infusion of M PP+. Thus, we investigated neurorescue m echanism s  
of deprenyl against M P P + toxicity in the basal ganglia  where high 
levels of dopamine, iron, and oxygen are concentrated.

In vitro experiments reveal that deprenyl blocked the iron- 
catalyzed dopamine autoxidation, the formation of free radicals 
and dopamine-m elanin pigm ents a s  well. Sa licylate (Ό Η  radical 
scavenger) and ascorbate a lso  supp ressed  melanin formation. 
T h e se  data infer that deprenyl m ay be an novel antioxidant.

In vivo studies indicate that deprenyl and clorgyline inhibited 
Ό Η  formation during a sustained dopam ine overflow elicited by 2 ’- 
m ethyl-M PTP. In addition, deprenyl (pmol) reduced the generation 
of cytotoxic Ό Η  radicals in the basal ganglia  elicited by M PP+ 
(nmol). Moreover, this free radical scaven g ing  property of deprenyl 
is not a consequence of its inhibition of M AO or M P P + uptake.

T h is  apparent antioxidant property of deprenyl m ay contribute 
to its neuroprotective action against nigral injury ca used  by 
endogenous oxidants (e.g., dopamine, iron, and oxygen) that can 
readily be influenced by environmental toxins in the brain.

164.8
PROTECTION OF SUBSTANTIA NIGRA A9 NEURONS BY 
DEPRENYL AGAINST MPP+-INDUCED OXIDATIVE INJURY.
R.M. Wu*. C .C .  Chiueh. and D .L. Murphy. Lab. of C lin ical Sci., 
Natl. Inst, of Mental Health, NIH, Bethesda, MD 20892

O bata and Chiueh (1992) dem onstrated that M P P + increases  
the formation of Ό Η  free radicals through dopam ine autoxidation 
in the striatum. In addition, deprenyl (selegiline), without 
changing M AO activity, su p p re sses the Ό Η  generation  
stimulated by M P P + in vivo (Chiueh et al., this meeting). Thus, 
we propose that deprenyl m ay protect A 9  com pacta neurons 
against oxidative dam age ca used  by intranigral infusion of M PP+.

Intranigral infusion of M PP+ (4.2 nmol) ca u se d  a 47 ±  2 %  
decrease  in dopamine in the ipsilateral caudate nucleus (Sun et 
al., 1988). In sham  controls, infusion of R in ger’s  solution (1 μΙ) 
or deprenyl (4.2 nmol) led to a  sm all, approxim ately 10 %  
dopam ine decrease. W hen deprenyl w as co-adm inistrated with 
M P P +, it completely reversed the M P P +-induced nigral injury.

T h e se  in vivo data confirm a prior in vitro report that deprenyl 
can protect dopam ine neurons in primary culture against M PP+ 
toxicity (Mytilineou and Cohen, 1985). O ur data further su ggest 
that deprenyl m ay be useful in slowing the p rogressive loss of 
A 9 nigral neurons in "subclinical" parkinsonian c a s e s  with a 50 
%  or less nigral injury. T h is  neuroprotective effect of deprenyl 
m ay be a co n sequence of its overt antioxidant properties.

164.10
T H E R A P E U T I C  LEVELS OF L E V O D O P A  IN VI V O  DO NOT 
INCREASE O X I D I Z E D  GLUT A T H I O N E  Ĩ Ê V E L S  IN RAT 
STRIATUM. P. L e W i t t 1. D. L o e f f l e r 1*. A. D e M a q q i o 1. 
M. H a v a i c h 2. P. J u n e a u 3, and J. F i n k e l m a n 1. 'Clin. 
Neurosci. Program, Sinai H o s p . , Detroit, MI 
48235, ^ e u r o c h e m .  Pharm. Res., W a y n e  State Univ., 
Detroit, MI 48201, 3Preclin. Biometrics, War n e r  
Lambert Co., A n n  Arbor, MI 48106.

D opamine (DA) turnover, w h i c h  pro d u c e s  H 202, 
increases in s u r viving d o p a m i n e r g i c  n e u rons in 
P arkinson's disease (PD). O x i d i z e d  glutat h i o n e 
( GSSG), indicative of oxidant stress, increases 
w h e n  striatal s y naptosomes are i ncubated wi t h 
levodopa. We i n v e s tigated w h e t h e r  levodopa 
ad m i n i s t r a t i o n  in v i v o  increases striatal GSSG. 
Rats r eceived c a r bidopa (2.5 m g / k g ) , 30 min. 
later levodopa (0-100 m g / k g ) , t hen were 
sacrif i c e d  1 hr. later at p e a k  c o n v e r s i o n  of DA 
to DOPAC. G SSG was m e a s u r e d  u s i n g  a m i c r o t i t e r 
p l ate G SSG r eductase assay. Striatal GSSG 
f ollowing levodopa was not s i g n i f icantly 
dif f e r e n t  from controls; GS S G  levels (mean + SE, 
3 experiments) f ollowing 0, 5, 15, 50, and 100 
m g / k g  levodopa we r e  1 5 . 8 + 2 . 2 ,  1 5 . 9 + 0 . 9 ,  19.2 
±  6.3, 16.2 ±  3.1, and 18.5 + 0.1 uM. T h ese data 
suggest that ther a p e u t i c  levels of levodopa do 
not induce signif i c a n t  o x i dant stress in intact 
striatum. (Funded b y  Mich. Pa r k i n s o n  Foundation)
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164.11
IN V I V O  T R A P P I N G  O F  H Y D R O X Y L  R A D I C A L  B Y  
M I C R ODIALYSIS B R A I N  P E R F U S I O N  O F  S A L I C Y L A T E  : 
EFFECTS O F  MP D P -  an d  M P P - . T . Obata* a n d  C . C . 
C h i u e h . Dept. of P harmacol., Oi t a  M e d i c a l  Univ., 
H a s a m a - M a c h i , O i t a  879-55, Japan, and Lab. of 
Clinical Science, NIMH, N I H , , Bethesda, M D  20892
U.S.A.

l - m e t h y l - 4 - p h e n y l - l ,2,3,6 - t e t r a h y d r o p y r i d i n e  
(MPTP) is b i o a c t i v e  to l - m e t h y l - 4 - p h e n y l - 2 ,3- 
dihy d r o p y r i d i n i u m  (MPDP4-) and l - m e t h y l - 4 - p h e n y l -  
pyridinium ion (MPP-). M P P ^  is one of the m o s t 
potent d o p a m i n e  ( D A ) . H y d r o x y l  free radic a l s
( O H )  react w i t h  s a l i c y l a t e  a nd g e n e r a t e  2,3- 
and 2 , 5 - d i h y d r o x y b e n z o a t e s  (DHBA) w h i c h  can be 
measured e l e c t r o c h e m i c a l l y  in p i c o m o l e  q u a n t i t y  
by H P L C - E C  procedure. The f o r m a t i o n  of 2,3- or
2,5-DHBA or wa s  i n c r e a s e d  d o s e - d e p e n d e n t l y  
during the D A  o v e r f l o w  i n d u c e d  b y  MP P -  or M P D P ^  
(15 to 150 nmol). We p r o p o s e d  that o x y g e n  free 
radicals, s uch as Ό Η  c o uld be f o r m e d  d u r i n g  D A  
oxidation in the p r e s e n c e  of F e 2^ . The 
MPP-*·-enhanced D A  r e lease a nd -OH f o r m a t i o n  w e r e  
decreased s i g n i f i c a n t l y  b y  l o w e r i n g  the b o d y  
temperature to 31 °С. In conclusion, O H  free 
radicals c o u l d  be f o r m e d  d u r i n g  o x i d a t i o n  of DA  
especially in b r a i n  a r eas a s s o c i a t e d  w i t h  high 
levels of brain. T h erefore, i n c r e a s e d  -OH 
g e n e r a tion/oxidant stress in the s t r i a t u m  
produced b y  M P P -*· a n d / o r  M P D P ^  m a y  be p art of the 
mechanism u n d e r l y i n g  the r e t r o g r a d e  d e g e n e r a t i o n  
of the n i g r o s t r i a t a l  n e u r o n s  in the m o d e l  of 
p a r k i n s o n 's d i s e a s e  induced b y  M P T P .

164.13
ANTIOXIDANT ENZYMES IN AN ANIMAL MODEL OF PARKINSONS 
DISEASE C* Thiffault * N. Aumont. R, Quirion and JL Poirier. Douglas Hospital 
Research Centre, Department of Psychiatry, Department of Pharmacology and 
Therapeutics, McGill Centre for Studies in Aging, McGill University.

Neurotoxin(s) and/or free radicals have been proposed among other 
mechanisms as an underlying causes of the nigro-striata! pathway 
degeneration in Parkinson's disease (PD). The best known example of a 
neurotoxin is that of N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 
which required bioactivation to form MPP+. The later has been found 
responsible for inducing an irreversible PD-like syndrome. In addition, free 
radicals have been implicated in the mechanism of MPP+ toxicity. They can 
induce lipid peroxidation leading to an alteration in calcium homeostasis and 
in turn may result in the death of neurons. The major antioxidant enzymes are 
superoxide dismutase (SOD), glutathione peroxidase (GLU-PX) and catalase 
(CAT). Lipid peroxidation and SOD activity were found increased in the PD 
brains as well as a decrease in GLU-PX activity. L-deprenyl currently used in 
the treatment of PD has been shown to increase the activity of SOD in the 
striatum (ST) and substantia nigra (SN). To date, it is not clear whether SOD 
is protective against lipid peroxidation induced by free radicals. Results obtain 
in our laboratory indicate that chronic administration of l-deprenyl (10mg/kg) 
and deprenyl/MPTP (3X20mg/kg, every 2hrs) induces a two fold increase in the 
activity of SOD in the ST of C57BL76 mice. No concomitant increase in GLU- 
PX or CAT was observed. MPTP treatment results in a decrease in the activity 
of SOD in the ST in contrast to that observed in PD. The above regimen result 
in a decrease in striatal lipid peroxidation. In the SN, however, no significant 
changes in lipid peroxidation was observed, although a small reduction in 
GLU-PX activity could be detected. These results may suggest that an acute 
increase in SOD activity is sufficient to protect against lipid peroxidation induce 
by free radicals. Supported by Parkinson Foundation of Canada and by Fond 
de Recherche en Santé du Québec.

164.15
OVEREXPRESSION OF GLUTATfflON PEROXIDASE IN THE BRAIN OF TRANSGENIC 
MICE INCREASES THEIR RESISTANCE TO MPTP-MEDIATED NEUROTOXICITY. M.- 
E. Miratili1. Ą^lrsmlžlay1, G . Trépanier1. B. Furling1. Т. Di Paola2* and L  
Puvmirat1. ^ b .  of Ontogenesis and Molecular Genetics and 2Lab. o f  Molecular 
Endocrinology, CHUL Research Center and Laval Univ., Quebec, Canada, G l V 4G2.

There is accumulating evidence for a role of free radical-mediated oxydative damage 
in the pathogenesis o f Parkinson’s disease. Dopamine (DA) neurons o f the substantia 
nigra, which are lost in Parkinson’s disease, are the site o f production o f H2O2 by 
monoamine oxydase and of enrichment of iron. These two factors favour formation of 
hydroxyl radicals which can induce oxydative damage to membranes, proteins and 
DNA. Seleno-glutathione peroxidase (GSHPx) is the principal enzyme which can 
eliminate H2O2 in the brain. To assess its role as a protective agent, we have exposed 
transgenic mice overexpressing GSHPx to l-methyl-4-phenyl-1,2,3,6-tetrahydro
pyridine (MPTP) a toxin destroying mainly DA neurons o f the nigrostriatal pathway. 
Two groups o f mice of 3 months o f age, transgenic and non-transgenic were injected 
with MPTP (3 X 20 mg/kg/2 h) or a saline solution. Striatal DA and its metabolites 
dihydroxyphenylacetic acid (DOPAQ and homovanillic acid (HVA) were assessed by 
HPLC with electrochemical detection. No difference was observed in the levels of 
striatal biogenic amines assayed between normal and transgenic mice whereas 
depletion by MPTP of DA and its metabolites was significantly less in transgenic 
mice. In normal mice, a decrease to 17% of control values (p<0.01) o f  striatal DA  
concentrations was observed whereas a smaller (p<0.05) decrease to 43% in MPTP 
transgenic mice was observed compared to saline injected mice (p<0.01). In MPTP 
non-transgenic mice striatal HVA levels were lower than in MPTP-transgenic mice 
(p<0.05) whereas this was not significant for DOPAC levels. More DA neurons w o e  
present in the substantia nigra o f transgenic compared to non-transgenic mice three 
weeks after MPTP. These results support the hypothesis o f a role o f oxydative stress 
in Parkinson’s disease and the importance o f GSHPx in the susceptibility o f  
nigrostriatal cells to MPTP toxicity. Supported by the Parkinson Foundation of 
Canada and Alzeimer’s Association (USA).

164.12
SCREENING OF PARKINSON'S DISEASE PATIENTS FOR MUTATIONS 
IN SUPEROXIDE DISMUTASE. P.C. Sapp1'2 . J.S. Fink*3 .
H.R. Horvitz2 . R. H. Rrcwn. Jr.1 . Day Neuromuscular 
Research and Moleocular Neurobiology Tabs1'3, MSH-East, 
Charlestcwn, MA 02129? Department of Biology, Howard 
Hughes Medical Institute (H.H.M.I.), MIT1 ,Cambridge,MA.

Free radical damage to neurons has been inplicated in 
the etiology of Parkinson's Disease (FD). The enzyme 
superoxide dismutase-1 (SODI) protects cells from free 
radical damage by converting Superoxide to hydrogen 
peroxide. Like PD, amyotrophic lateral sclerosis (ALS) 
is a neurodegenerative disorder characterized by 
selective loss of functionally significant subsets of 
neurons. We have recently reported mutations in SODI in 
patients with familial ALS. We have new used PCR 
amplification and single strand conformational 
polymorphism (SSCP) analysis to screen all five exons of 
SODI for mutations in PD. We have also sequenced SODI in 
selected PD patients. In 87 patients with idiopathic PD 
we have failed to detect any mutations in coding sequence 
of SODI. Three PD patients revealed an intronic 
polymorphism (J. Esteban, R. Brown et al., in progress). 
These results suggest that mutations in SCOI are unlikely 
to cause idiopathic PD.

164.14
INVOLVEMENT OF FREE RADICALS IN LEVODOPA-INDUCED INHIBITION 
OF BRAIN COMPLEX I ACTIVITY IN RATS. V. Jackson-Lewis*. H. Jiang, and 
S. Przedborski Dept. of Neurology, Columbia Univ., New York, NY 10032.

Last year, we reported that chronic administration o f levodopa causes a 
significant reduction in rat brain mitochondrial complex I activity (Przedborski et al, 
1992). To better understand the mechanisms involved in levodopa-induced complex 
I inhibition, we have examined the role of monoamine oxidase (MAO) and 
autooxidation in the mediation of this effect in active mitochondria freshly prepared 
from whole rat brain.

We found that incubation of whole brain mitochondria in vitro wth both 
levodopa and dopamine inhibits complex I activity in a dose- and time-dependent 
manner. In contrast, other compounds such as homovanillic acid (HVA), 3,4- 
dihydroxyphenylacetic acid (DOPAC) and 3-O-methyl-dopa were minimally 
effective. Reduced glutathione, ascorbate and catalase prevented the effect of 
levodopa and dopamine on complex I. Various inhibitors o f monoamine oxidase 
also prevented the effect of dopamine. Confirming the critical role of monoamine 
oxidase in this effect in vitro, was the observation that noncatecholamine substrates 
of this enzyme such as serotonin and fi-phenylethylamine were potent inhibitors of 
complex I. Autooxidation may also be involved in this process since the effect of 
levodopa, 6-hydroxydopa and 6-hydroxydopamine on complex I activity was only 
partially suppressed by monoamine oxidase inhibitors.

These observations demonstrate that the chronic administration o f levodopa can 
cause alterations in mitochondrial respiratory chain activity in rats that are most 
likely related to an oxidative stress provoked by the increase in dopamine turnover. 
We suggest that this mechanism may exaggerate a mitochondrial defect already 
present in the brains of PD patients.

Supported by the Parkinson's disease Foundation, New York, USA

164.16
CHRONIC TREATMENT OF MPTP-MONKEYS WITH L-DOPA COMPARED TO A D2 
AGONIST: BEHAVIORAL AND BIOCHEMICAL EVALUATION. J.C. Martel1·2*. F. 
Calon2- P. Blanchet1, M. Piercev3. PJ. Bédard1 and T. P i Paolo2. ‘Neurobiol. 
Res. Ctr. Enfant-Jesus Hosp., Québec, Canada, 2Department o f Molecular 
Endocrinology, CHUL Research Center, Quebec, Canada and 3CNS Res. Div., 
The Upjohn Co., Kalamazoo, MI, USA

This study was undertaken to improve our understanding o f the neural 
mechanisms responsible for L-DOPA-induced dyskinesias. Ten cymomolgous 
monkeys (Macaco fasciculatis) were rendered parkinsonian by intravenous injection 
of the neurotoxin MPTP. All developed severe parkinsonism. Animals were 
treated for 1 month and divided as follows: 3 animals received 2 daily s.c. 
injections o f the D2 selective dopamine agonist U91356A, 3 animals were given 
L-DOPA/Benserazide (100 mg/25 mg) p.o. daily and the remaining 4 animals were 
without treatment and used as MPTP controls. Three toxin- and drug-free monkeys 
were also included as controls. Cerebrospinal fluid homovanillic acid levels were 
assessed by HPLC-EC shortly after the lesion and one month later, and remained 
below 30% of controls showing no spontaneous recovery. D1 and D2 dopamine 
receptors were assayed by saturation binding experiments on homogenates of 
dissected brain areas with [3H]SCH-23390 and [^Hjspiperone, respectively. L- 
DOPA and U913S6A treatments relieved the parkinsonian symptoms of MPTP- 
monkeys, however both treatments also induced dyskinesias. L-DOPA-treated 
monkeys had in general higher D1 but not D2 receptor density in the striatum 
compared to controls, MPTP controls от U91356A-treated monkeys whereas 
affinity was unchanged. Treatment with U91336A did not change D1 от D2 
receptor density and affinity compared to untreated monkeys. In summary, 
treatment with a non-selective dopaminergic agonist (L-DOPA) as well as with a 
D2-selective agonist (U91356A) can induce similar dyskinesias in MPTP- 
monkeys. This is associated with increased density of striatal D1 receptors only in 
L-DOPA-treated MPTP-monkeys suggesting no simple relationship between 
dyskinesias and increased striatal dopamine receptor density. Supported by the 
Parkinson Foundation of Canada and the MRC of Canada.
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164.17
NON-MAO В DEPENDANT MECHANISMS OF DEPRENYL.
KT Finnegan* and JA Clikeman. Depts o f Psychiatry and Pharmacology, Univ. 
o f Utah Sch. Med. and the VA Med. Ctr., Salt Lake City, U T 84148.

Deprenyl delays the need for L-DOPA in Parkinson’s disease, perhaps by 
inhibiting MAO B. In animals, however, deprenyl pretreatment blocks the 
toxic effects o f DSP-4, an NE neurotoxin, by a non-MAO В dependant 
mechanism. Even more intriguing are the recent reports that deprenyl can 
rescue neurons damaged by the neurotoxin MPTP via a neurotrophic-like 
action (Tatton et al., 1991).

NE reuptake inhibitors are known to prevent DSP-4-induced toxicity, and the 
reported ability o f deprenyl to inhibit catecholaminergic (both D A  and NE) 
reuptake in vitro may therefore explain its neuroprotective effects. If so, 
deprenyl pretreatment should also block the toxic effects o f  methamphetamine 
(METH), a D A  neurotoxin whose actions are prevented by D A  reuptake 
inhibitors. To test this idea, male CF-1 mice were given deprenyl (10 
mg/kg/inj, ip) 1 hr before the first and last o f four doses o f  METH (10 mg/kg 
q 2 h X 4, sc). In another experiment, mice received a total o f 3 injections o f 
deprenyl, given before the first, third, and fourth doses o f  METH. Animals 
were killed one week later for the assay o f D A  in the striatum. Neither 
deprenyl dosing regimen provided any protection against METH-induced DA  
depletions. To test whether deprenyl would rescue D A  neurons from METH, 
as has been reported for MPTP, mice were given METH (10 mg/kg/inj x 4) and 
then treated with deprenyl (either 0.25 mg/kg/inj x 10 days or 10 mg/kg/inj 
given every other day x 8 injections). Deprenyl failed to rescue D A  neurons. 
Nor were NE neurons rescued when deprenyl was given daily for two weeks 
after DSP-4 administration. Conclusions: 1) deprenyl, given after METH or 
DSP-4, does not rescue D A  or NE neurons; 2) the protective effects of 
deprenyl when given before DSP-4 may not involve NE uptake inhibition.

164.18
DEPRENYL INCREASES SURVIVAL OF RAT FETAL NIGRAL NEURONS 
IN CULTURE. E. R o v *  and P. J. Bédard. Neurobiology Res. Center, Fac. 
of Med., Laval Univ., Québec, Canada, G1J 1Z4.

Primary cultures of fetal nigral neurons were prepared by dissecting the ventral 
midbrain of 16 day old rat embryos, and dissociating the cells enzymatically with 
trypsin (0.08%) and then mechanically. The cells were then placed in HBME+1% 
fetal bovine serum and supplements. One hour after the initial period of plating on 
the substrate poly-L-omithine, we added either L-Deprenyl to obtain final 
concentrations of 0.1, 1 and 10 μΜ or the vehicle solution (HBSS). The cultures 
were kept at 37° C (5% CO2 and saturated humidity) and allowed to survive for 1, 
5 and 10 days. They were then fixed using paraformaldehyde (2%) and stained for 
tyrosine hydroxylase (TH) immunohistochemistry, with or without histological 
staining (Coomatie) to reveal the totality of cells.

After one day, TH-positive neurons were observed in similar number for all 
culture disks, and no difference in growth processes is observed between treated and 
control cultures. The density o f TH positive profiles increased progressively at 5 
and 10 days due mainly to increased development of processes. There was clearly 
more staining in the wells treated with Deprenyl already at 5 days and even more so 
at 10 days. This was associated mainly with an increase in the number of TH 
positive cells, although an increase in length or density o f the processes could not 
be ruled out

An effect of Deprenyl was visible in cultures treated with 0.1 μΜ, when 
compared to controls but was more evident at 1 and 10 μΜ. There was little 
difference between these last two concentrations.

Since nigral neurons from 16 day old embryos are not expected to multiply, we 
interpret our data as indicating that Deprenyl either increases survival o f TH 
positive neurons or favors the expression of TH in more neurons. [Supported by 
FRSQ and MRC and the Canadian Network of Centers of Excellence].
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165.1
3-O-METHYL-DOPA IS NOT INVOLVED IN THE DEVELOPMENT OF L-DOPA-INDUCED 
BEHAVIORAL SUPERSENSITIVITY IN UNILATERALLY 6-OHDA LESIONED RATS.
K. Bräutigam, R. Sohr, 'G. ten Brugqencate* and R. Morgenstern. Inst, of Pharmacology and 
Toxicology, Humboldt-Univ. at Berlin, P.O. Box 140, 0-1040 Berlin and 'Inst, of Physiology, 
LMU Munich, Pettenkofer Str. 12, W-8000 Munich 2, Germany.

The 6-OHDA model in rats (unilateral lesion of the median forebrain bundle) was 
used to investigate the effect of repeated administration of L-DOPA/Carbidopa in combination 
with the peripherally (OR-462) or Ihe peripherally and centrally acting (OR-486) catechol-0- 
methyltransferase (COMT) inhibitors on rotational behavior induced by l-DOPA itself and by 
challenge doses of apomorphine (APO) and on dopamine (DA) metabolism in vivo measured 
by differential pulse voltammetry using electrically pretreated carbon fiber electrodes.

Six weeks after lesion rats were treated for 11 days with L-DOPA/Carbidopa (18/2 
mg/kg, IP) in combination with or without OR-462 (4 mg/kg, IP) or OR-486 (4 mg/kg, IP). Daily 
doses of l-DOPA produced contralateral rotations, which increased continuously. Rotations 
following challenge doses of APO given 1 hr prior to L-DOPA/Carbidopa increased too, 
indicating "postsynaptic DA receptor supersensitivity". This increase was accompanied with an 
increase of 3-O-methyl-DOPA (OMD) plasma levels. OR-486 and OR-462 did not influence the 
L-DOPA/CarbkJopa-induced rotations. However both COMT inhibitors were capable of inhibiting 
the increase of OMD plasma levels, OR-486 being more potent than OR-462. In the voltamme- 
trie study OR-486 reduced the increase of peak 4 (predominantly homovanillic acid) following 
L-DOPA/Carbidopa, supporting the idea that OR-462 acts peripherally and that OR-486 acts 
peripherally and centrally.

Taken together, these results demonstrate that OMD is not involved in the 
development of the L-DOPA-induced increase of l-DOPA induced contralateral rotations. 
Supported by grant 01 ZZ 9101 (BMFT Germany).

165.3
6-HYDR0XYD0PAMINE (60HDA) LESION OF SUBSTANTIA NIGRĄ 
(SN): TIME COURSE AND MORPHOLOGY OF CELL DEATH. B.S.Jeon 
and R.E.Burke.. Seoul National University Hospital, Seoul, Korea, and 
Columbia University, NYC, NY, 10032.

The 60HDA model of nigral injury has been in use as a standard animal 
model of parkinsonism for many years. Injection of 60HDA into the 
midbrain (in the presence of an inhibitor of norepinephrine uptake) is 
believed to induce a lesion specific for the dopaminergic (DA) neurons of 
the midbrain. While earlier studies established the time course for loss of 
catecholamine histofluorescence or tyrosine hydroxylase immunostaining 
in the cell bodies and terminals, these alterations in phenotype expression 
do not define the time course of morphologic degeneration. We therefore 
used a silver impregnation method (Galiyas et al, 1980) to characterize the 
time course and morphology of the degeneration of neurons in the pars 
compacta of the SN. 60HDA (8 μ g) was injected into the midbrain of 
Sprague Dawley rats after pretreatment with 25 mg/kg desipramine. 
Degenerating neurons retained a neuronal appearance and showed dark 
silver staining of nucleolus and nucleus with punctate cytoplasmic silver 
staining. We did not observe chromatin clumping typical of apoptosis. 
There appeared to be a biphasic pattern of neuronal degeneration; an 
initial rapid phase followed by a slow and progressive course with evidence 
of continuing neuronal degeneration up until 60 days after the lesion. 
Degeneration of striatal fibers was observed only within the first 7 days of 
lesion. We made an unexpected observation of massive fiber degeneration 
in the fornix from 5 to 60 days following toxin injection. We conclude that 
SN ceil death is a progressive phenomenon in this model, and that 
neuronal degeneration is not limited to the SN DA system. NS26836, PDF.

165.2
INTRASTRIATAL 6-HYDROXYDOPAMINE-INDUCED PARTIAL LESION OF 
THE NIGROSTRIATAL PATHWAY IN RAT. H, Jiang. V. Jackson-Lewis, 
M. Levivi«*0. M. Ferreira and S. Przedborski. Dept of Neurology, Columbia Univ., 
New York, NY 10032, °Dept of Neurosurgery, Univ. Libre de Bruxelles - Hop. 
Erasme, Brussels B-1070, Belgium.

Injection of 6-hydroxydopamine (6-OHDA) into the median forebrain bundle of 
rats causes an extensive anterograde lesion of the nigrostriatal dopamine (DA) 
pathway which does not reflect the partial loss of DA neurons that occurs in 
Parkinson's disease (PD). In contrast, intrastriatal injection of 6-OHDA induces a 
limited retrograde degeneration of the DA system which may be a better model to 
study therapies aimed at the protection of or the regeneration of the remaining DA 
neurons in PD. Herein, we define the effects of intrastriatal 6-OHDA injections.

Adult male rats received a unilateral intrastriatal injection (3.5 μΐ) of various 
doses of 6-OHDA (5.0, 2.5, 1.25, 0.625 μg/μΐ or vehicle). Amphetamine (3 mg/kg)- 
induced rotations correlated well with the dose of 6-OHDA while apomorphine (0.5 
mg/kg) stimulated robust rotations only at the highest 6-OHDA dose. There was a 
dose-dependent reduction in [3H]mazindol-labeled DA uptake sites (40-90%) 
ipsilateral to the lesion. Striatal neurons were not affected as demonstrated by 
[3H]SCH 23390-labeled DA D l, [3H]sulpiride-labeled DA D2 and [3H]CGS 21680- 
labeled adenosine A2 receptor binding. For the two highest doses of 6-OHDA, Nissl 
staining demonstrated a restricted area of neuronal loss without necrosis but with 
extensive gliosis as confirmed by the 130-400% increase in [3H]PK 11195-labeled 
glial cells binding, and in myelin as suggested by [3H]isoleucine.

This study reports on the conditions necessary for a partial lesion of the 
nigrostriatal DA pathway in rat which can be used to assess new therapeutic 
approaches for PD.

Supported by the Parkinson's Disease Foundation, NY.

165.4

COMPARATIVE ANALYSIS OF THE ULTRASTRUCTURAL 
NEURODEGENERATION OF THE CAUDATE NEUROPIL IN 
PARKINSON'S DISEASE PATIENTS AND RATS BEARING 
6-HIDROXI DOPAMI NE LESIONS. L. Colin-Barenaue. M.R. 
Avila-Costa. V. Anaya-Martinez. J. Espinosa-Villanueva. F, 
García-Hemández. and F. Femandez-de-Miouel*. Neuroscience, 
ENEP, Iztacala, UNAM. México.

Parkinson's disease (PD) is characterized by the extensive loss of 
dopaminergic neurons, degeneration of the nigrostriatal pathway and 
caudate nucleus pre and postsynaptic alterations. A comparable 
phenomenon may be observed in the rat models of PD produced by 
6-OHDA lesions. The propose of this study was to compare the 
ultrastructural neurodegeneration of the caudate nucleus of PD 
patients and 6-OHDA lesioned rats. Brain fragments were taken from 
the dorsomedial quadrant of the caudate nucleus of PD patients and 
6-OHDA lesioned rats. The tissue was processed for conventional 
transmision electron microscopy. Ultrastructural analysis consisted of 
the following measures: synaptic endings diameter, vesicular 
distribution and synaptic contact type. The results showed that in both 
cases the degenerative process exhibited a similar pattern 
characterized by a significant increase of synaptic endings diameter; 
predominance of disperse and mixed vesicular distribution and double 
and axodendritic synaptic contacts. These degenerative alterations 
were not found in control patients and rats.

SUPPORTED BY IN203193, DGAPA, UNAM
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165.5
EVOLUTION O F  U LT R A S T R U C T U R A L  A L T E R A T IO N S  O F  T H E  
CAUDATE N U C LE U S  N E U R O P IL  A F T E R  6-H ID R O X ID O PA M IN E  
LESION O F  T H E  N IG R O S T R IA T A L  PA TH W A Y O F  T H E  RAT.
García-Hem ández. F *„  A v ila -C o sta . M R .. C o lin -B a re n a u e . L .  
Espinosa-Villanueva. J ..  an d  A n ava-M artíne z. V . N e u ro sc ie n ce , 
ENEP-lztacala, UNAM . M E X IC O .

Unilateral lesions of the nigrostriatal pathway with 6-hidroxidopamine 
(6-OHDA) produces destruction of dopamine containing cells and 
ultrastructural alterations of the caudate nucleus (CN) neuropil. The present 
study was designed to analyze the ultrastructural alterations in the CN at 
several stages of experimental model of Parkinson's disease. The 
experiments were performed in male Wistar rats lesioned with 6-OHDA in the 
left medial forebrain bundle. Rats were sacrificed 3, 4, 10, 20, 40 and 60 days 
after lesioning, before rotational behavior was tested. Brain fragments were 
taken from right (control) and left (lesioned) caudates and then analyzed: 
measuring the synaptic endings, the distribution of synaptic vesicles and the 
synaptic contact type. Our results showed that there is progressive increase 
of the synaptic endings diameter since day 3 after lesioning, becoming more 
evident there after. Vesicular distribution: 3, 4 and 10 days after lesioning the 
disperse type was predominant, while disperse and mixed were predominant 
by days 20, 40 and 60. Finally, the synaptic simple, axospinous and 
symmetric contacts were predominant by day 3, 4 and 10, while doubles, 
axodendritic and asymmetric contacts were predominant at 20, 40 and 60 
days after lesioning. 6-OHDA induced degeneration of CN neuropil follows a 
continuing changing pattern that lasts for as much as 60 days leading to a 
new synaptic arrangement.

SUPPORTED BY I N 2 0 3 1 9 2  DG APA, UNAM.

165.7
G E N D E R  D I F F E R E N C E S  IN S E N S I T I V I T Y  T O  
METHAMPHETAMINE-INDUCED DOPAM I N E  DEPLETIONS. 
C. T. Cheo*. T.L. Tek i r i a n  and G.C, W a g n e r . 
Dept. of Psychology, R utgers Univ e r s i t y 
New Brunswick, NJ 08903

Methamphetamine has b een s h own to c a use a 
long-lasting depl e t i o n  of striatal dopam i n e  
along wi t h  a d e crease in the num b e r  of 
dopam i n e  t r a n s p o r t  p u m p s  a n d  t y r o s i n e  
hydroxylase activity. In an effort to 
determine if gen d e r  differ e n c e s  e x i sted in 
the s ensitivity to m e t h a m p h e t a m i n e - i n d u c e d 
neuronal damage, m a l e  a nd female mi c e  w ere 
t r eated w i t h  S C  m e t h a m p h e t a m i n e  (10.0 
mg/kg/injection for four injections) and 
sacrificed two we e k s  later. It was obser v e d  
that the me t h a m p h e t a m i n e  tr e a t m e n t  caused 
depletions in striatal do p a m i n e  w h i c h  were 
significantly gre a t e r  in mal e s  (74%) than in 
females (56%). These results indicate that 
a g e n d e r - s p e c i f i c  h o r m o n e  m a y  have a 
protective e ffect a g ainst me t h a m p h e t a m i n e - 
induced dopam i n e  deplet i o n s  and ma y  relate 
to the fact that males are m o r e  likely to 
incur Parkin s o n ' s  d i s ease t han females.

165.9
FORELIMB MOTOR FUNCTION, NEOSTRIATAL DENDRITIC SPINE 
ASYMMETRIES, AND EFFECTS OF INTRANIGRAL MUSCIMOL 
AFTER UNILATERAL NEOSTRIATAL DOPAMINE DEPLETION IN 
ADULT RATS. D. Norton. D. James, and T. Schallert*. Neuroscience Inst, 
and Dept. o f Psychology, Univ. o f Texas, Austin, TX 78712

Severe unilateral 6-hydroxydopamine (6-OHDA)-induced neostriata! 
dopamine (DA) depletion resulted in asymmetrical forelimb sensorimotor 
behavior, which included contralateral forelimb akinesia and disuse o f the 
contralateral forelimb during weight-shifting stepping movements. We 
previously reported that during DA agonist-induced circling, the ipsilateral 
forelimb o f 6-OHDA-treated rats initiated stepping movements and controlled 
the direction of circling, whereas the contralateral forelimb failed to initiate 
weight-shifting steps, and made only equilibratory or “catching up” steps to 
re-establish support o f the body's weight. We examined Golgi-impregnated 
neostriatal medium-sized spiny neurons in an attempt to correlate 
asymmetrical sensorimotor (unction consequent to unilateral DA depletion 
with neuroanatomical asymmetries. The number of spines on the first order 
dendrites o f  medium-sized spiny neurons in the ipsilateral neostriatum was 
reduced compared to the number of dendritic spines in the contralateral 
striatum or in either striata o f sham controls. In ongoing studies, we are 
looking at the time course o f diese morphological changes which occur 
following unilateral DA depletion. To investigate possible neural substrates of 
forelimb akinesia, we examined the behavioral effects o f  unilateral infusions 
of the gamma-aminobutyric acid agonist muscimol into the substantia nigra 
pars reticulata o f intact rats. Muscimol produced severe contralateral forelimb 
akinesia and circling that was controlled by the ipsilateral forelimb. These data 
suggest that analysis o f isolated forelimb stepping may be a useful adjunct to 
quantification o f circling behavior in animal models o f  nigrostriatal and 
striatonigral function. (Supported by NS 23964)

165.6
M E T H A M P H E T A M I N E - I N D U C E D  6-HYDROXYDOPAMINE 
F ORMATION FOLLOWING M A O  A N D  COMT INHIBITION.
£д__C. Wagner*.__Η,Ε.^__Lpwntfeş ąpd T, kita-
Depts. of Psychology & Pharmacol. & Toxicol. 
R u tgers Univ., New Brunswick, NJ 08903

Exposure to high doses of methamphetamine 
(MA) results in formation of striatal 6- 
hydr o x y d o p a m i n e  (6 - H D A ) . We now report that 
a single dose of M A  (100 mg/kg, SC) causes a 
long lasting depletion of striatal dopamine 
(26% deple t i o n  1 we e k  after treatment). 
H o wever we were unable to detect striatal 6- 
H D A  at any time point following M A  alone, 
but found a robust response following the 
co-admin i s t r a t i o n  of M A  plus pargyline (100 
mg/kg, IP 18 h pretreatment) and pyrogallol 
(25 m g / k g  IP 1 h pretreatment). 6-HDA 
formation peaked 30-min after M A  at a 
concent r a t i o n  of 0.021 u g/g striatal tissue. 
R esults indicate a role for endogenously 
formed 6-HDA in media t i n g  MA - i n d u c e d  damage.

165.8
P R O T E C T I V E  EFFFCTS OF U R I DINE ON M E T H 
AMPHET A M I N E -  INDUCED DOPAMINE DEPLETIONS.
c . s .  Mvers*__ and, ..fiuC ,__ Wagner- Dept. of
P s y c h o l o g y ,  R u t g e r s  U n i v e r s i t y ,  N e w  
Brunswick, NJ  08903

M e t h a m p h e t a m i n e  ( M A  ) - induced dopamine 
d e p l etions depend, in part, on the release 
of the t r a n s mitter from nerve terminals. 
Therefore, uridine, a c o mpound known to 
b l unt amphetamin e - i n d u c e d  d o pamine release,, 
m a y  pro t e c t  against M A - i n d u c e d  dopaminergic 
damage. Male Long-Evans rats we r e  treated 
SC w i t h  12.5 m g /kg M A  for 4 injections at 2 
h intervals. Additional rats r eceived the 
same M A  t r e atment in combin a t i o n  wi t h  a 5- 
da y  u r i dine p r etreatment (32 mg/ k g / d a y  IP). 
Control rats r e ceived c o m p arable vehicle 
injections. It was found t hat M A -treated 
rats had a 54% dopam i n e  d e p letion 3 weeks 
after tre a t m e n t  and u r idine afforded a 31% 
p r o t ection a g a inst this effect. Results 
indicate the importance of d o pamine release 
in me d i a t i n g  M A - i n d u c e d  damage.

165.10

BILATERAL M ODEL OF PARKINSONISM  IN RATS. D.M. 
Gash* and K. Sakai Department o f  N eurobiology and Anatomy, 
U niversity o f  R ochester S chool o f  M edicine and Dentistry, 
Rochester, NY 14642.

Perese et al. CBrain Res. 494:285, 1989) have developed a 
hemiparkinsonian rat model in which the mesolimbic system is left 
intact. Carman et al. (Brain Res. 553:275, 1991) have also  
developed a similar partial 6-OH DA lesion model. Both selective, 
partial lesion m odels better mim ic the neuropathology o f  human 
parkinsonism where there is  usually an incomplete destruction o f  
dopam inergic neurons in the substantia nigra pars com pacta  
(SNpc) and a relative sparing o f  ventral tegmental area cell groups. 
H ow ever, such hem ipark insonian m od els w hich  p o ssess  
dopaminergic asymmetry cannot demonstrate bradykinesia, one o f  
the main sym ptom s in human parkinsonism . Therefore, w e  
undertook development o f  a bilateral partial lesion rat model using 
6-OH DA to lesion the medial and lateral SNpc on both sides. W e 
have m easured spontaneous locom otor activ ities as w ell as 
levodopa, amphetamine and apomorphine induced activities before 
and after the lesion. The relationship between dopamine neuron 
loss in the SNpc and changes in locomotor activity was analyzed. 
Spontaneous activity was significantly decreased in animals with 
extensive  (>90% ) SN  lesion s on both sides. R esponses to 
amphetamine and apomorphine were variable. H owever, rats with 
extensive bilateral lesions consistently demonstrated a marked 
increase in activity in response to levodopa administration. 
Supported by NIH NS25778.
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165.11
THE EFFECTS OF L-DOPA ON THE DEVELOPMENT OF 
DOPAMINE RECEPTOR SUPERSENSITTVITY IN THE 
HEMIPARKINSONIAN ANIMAL MODEL. Robert JL Carev* and 
Marinete Pinheiro Carrera VA Medical Center Syracuse, NY 13210 

In rats with severe unilateral lesions o f  dopamine neurons, L- 
DOPA can induce vigorous contralateral rotation behavior. This 
motoric response is mediated by dopamine derived from L-DOPA  
which stimulates supersensitive dopamine receptors in the 
dopamine denervated striatum. With repeated treatments, this 
response becomes enhanced indicating an agonist induced up- 
regulation o f  the dopamine receptors. Since denervation 
supersensitivity develops in the absence o f  dopaminergic 
stimulation; this agonist induced facilitation o f  receptor 
supersensitivity appears paradoxical. Seem ingly, i f  L-DOPA  
treatments were begun shortly after dopamine denervation but prior 
to the development o f  receptor supersensitivity then, the dopamine 
derived from L-DOPA should maintain receptor stimulation and 
prevent or attenuate the development o f  dopamine receptor 
supersensitivity. In this study, rats with unilateral 6- 
hydroxydopamine lesions were treated either once or tw ice daily 
with 25 mg/kg L-DOPA methyl ester and 2 m g/kg carbidopa and 
locomotion and rotational behavior was monitored every other day 
for 15 days. L-DOPA treatments not only did not prevent the 
development o f  receptor supersensitivity but supersensitivity was 
enhanced up to several weeks following the cessation o f  L-DOPA  
treatments. The effects o f  this early L-DOPA treatment on 
behavioral processes and L-DOPA and dopamine metabolism is 
presented.

DEGENERATIVE DISEASE: PARKINSONS— NEUROTOXICITY II

166.1
S-ADENOSYLMETHIONINE (S A M )- DEP E N D E N T  D O PAMINE (DA) 
M E T A BOLITES IN PARKINSON'S DIS E A S E  (PD)-LIKE 
A B N O R M A L  MOVEMENTS. C. Charlton*. R. Ben s o n  and B. 
Crowell. J r . Dept. of Pharmacology, M e h a r r y  
M e d ical College, Nashville, TN 37208.

The CNS toxic i t y  of SAM resembles PD, and is 
pr o p o s e d  to be due to the m e t h y l a t i o n  and d e p l e t 
ion of DA. This suggests that the m o n o -  and d i 
methyl derivatives of DA, 3- m e t h o x y t y ramine (3-MT) 
and 3 , 4 - d i m e t h o x y p henylethylamine (DIMPEA) m a y 
contribute to the CNS toxic i t y  of SAM. This idea 
was test e d  by i n j ecting PBS, 3-MT or D I M P E A  into 
the b r a i n  of rats and m e a s u r i n g  the total dista n c e 
trave l e d  (TD), the n umber of m o v e m e n t s  m ade (NM) 
and TD/NM. Doses of 0.5x and 2x 10"6 mol of 3-MT 
de c r e a s e d  TD by 40 and 47%, had no effect on  NM 
and decr e a s e d  TD/NM by 32 and 49%. Similar doses 
of D I M P E A  increased the TD b y  195 and 138%, the NM 
b y  28 and 52% and the T D /NM by  132 and 58%.

The results show that 3-MT and DIMPEA, mod u l a t e 
basic movements, and respectively, d e c r e a s e d  and 
i n c reased TD/NM, w h i c h  represents the d esire or 
m o t i v a t i o n  to continue moving. This finding, along 
wi t h  the reported effects of methyl-dopa, m a y  help 
to e x p lain abnormal mo v e m e n t s  (e.g. the on-off 
effects) seen duri n g  p r o l o n g e d  L - d o p a  therapy, 
because L - dopa induces the synthesis of SAM, and 
SAM reacts wi t h  DA, formed from L-dopa, to p r oduce 
pote n t i a l l y  toxic levels of 3-MT and DIMPEA. This 
study m a y  add special s i g n i ficance to the 
p r o p o s i t i o n  that SAM is i n volved in PD.

S upported by  NIH R01 NS28432 and R01 NS31177.

166.3
T H E  O P IA T E  A N T A G O N IS T  N A L O X O N E  IS  W IT H O U T  E F F E C T  
IN A  R O D E N T  M O D E L O F  P A R K IN S O N IS M . M. D eakin. C . J .  
G ib so n *  and A . J .  S to e ss l. C lin ica l N eu rological S c ie n ce s ,  
U niv. W estern  Ontario, Lo ndon, O N , C a n a d a  N 6 A  5 A 5

Lo ng-term  treatm ent o f P a rk in so n 's  d isea se  (PD) with  
levodopa is co m plicated  by the em ergen ce o f flu ctu atio n s in 
m otor function  and d ysk in e sia s. Striatal dopam ine depletion  
results in increased exp ressio n  o f en d o ge n o us opiates and both  
anim al and clin ica l stu dies have su gg e ste d  that opiate  
a n tago nists m ay be beneficial for the m anagem ent of 
hyperkinetic d isorders. W e have a sse sse d  the e ffe cts  of 
naloxone on the behavioural respo n se to levodopa in a rodent 
m odel o f PD . Bilateral 6 -hyd ro xyd o p am in e lesions o f the  
substantia  nigra resulted in > 7 0 %  depletion o f striatal 
dopam ine com pared to sham -operated  co n tro ls. Levo d op a (3 0  
m g/kg) +  carb idopa (2 5  m g/kg) given  2 -4  w ee ks p o st-su rgery  
resulted in m arked stereotyped sn iffin g  and self-in jurious  
groom ing in the lesioned anim als. N either th ese  re sp o n ses nor 
other levodopa-induced b ehaviours su ch  a s  locom otion or 
rearing w ere affected  by naloxone (0 -1 .5  m g/kg S C ) .

In that levodopa-induced stereo typies in th is m odel m ay be 
seen as an alo gou s to d ysk in e sia s  in h um ans w ith P D , our data  
su g g e s t  that opiate a n ta go n ists  are unlikely to play a major 
beneficial role in the m anagem ent o f th is disorder.

166.2
EVALUATION OF THE OVERT BEHAVIORAL EFFECTS OF 
DIHYDREXEDINE IN RODENTS. B.W. Sandacre , K.M. Barbieri 
and K.W. Locke. Intemeuron Pharmaceuticals Inc., 
Lexington, MA 02173.

The influence of route of administration and species 
on the overt behavioral effects of dihydrexidine (DHX), a 
novel full-efficacy D1 dopamine agonist that may be 
useful in the treatment of Parkinson's disease, was 
examined in rodents. DHX was evaluated for its effects 
on sniffing, groaning and locomotion in rats and mice. 
Following ip or po administration, each animal was 
observed for these behaviors for one min (in 15 sec 
blocks) every five min during a test period of 30 min.
In rats, DHX (ip) stimulated grooming at lew doses (3.0 
mg/kg) and decreased grooming at higher doses (30 
mg/kg). Dose-related increases in sniffing were also 
observed. In contrast to the nonselective dopamine 
agonist apomorphine, DHX had little effect on locomotion 
at doses up to 30 mg/kg. DHX was approximately 0.5 log 
dose unit less potent given orally than when injected 
ip. In general, only subtle species differences in the 
effects of DHX were noted between rats and mice. In 
contrast to the rat, DHX (ip) produced a modest 
dose-related increase in locomotion in the mouse. The 
oral activity of DHX may also be greater in the mouse 
than in the rat. The results suggest that rodents may be 
used to evaluate the novel pharmacological properties of 
DHX administered orally or systemically.

166.4

CHRONIC CORTICAL LESIONS PRODUCE PARKINSON’S 
DISEASE-LIKE CHANGES IN THE SUBSTANTIA NIGRA OF THE 
RAT. M.F. Mazurek* and E.T. Kiriakopoulos. Division of Neurology 
and Neuroscience, McMaster University Medical Centre, Hamilton, 
Ontario, L8N 3Z5.

The neuropathological hallmark of Parkinson’s disease (PD) is 
degeneration of the dopaminergic neurons in the substantia nigra. 
The present study examined the effect of cortical lesions on the 
nigrostriatal dopaminergic system in the rat. Animals received 
unilateral excitotoxic or aspirate lesions of the frontal cortex and 
were allowed to survive for fifteen months. Frozen transverse 
sections of the forebrain and brainstem were processed 
immunohistochemically for tyrosine hydroxylase (TH) while adjacent 
sections were Nissl stained. There were marked atrophic changes in 
the substantia nigra on the side of the cortical lesion, including a 
depletion of TH immunoreactive neurons. The depletion of TH 
neurons was most pronounced in the ventral substantia nigra pars 
compacta and in the adjacent portion of the substantia nigra pars 
reticulata. TH fibre and terminal bouton labelling were reduced in 
the striatum ipsilateral to the cortical lesion. These results indicate 
that long-standing lesions of the prefrontal cortex can produce 
degenerative changes in dopaminergic neurons of the substantia 
nigra, similar to those observed in PD.
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166.5

LATERAL CHO RO ID P LE X U S  P R O T E C T S  TH E  C S F  FROM E LE V A T ED  
BLOOD M A N G A N E S E  W H IL E  IN T R A T H E C A L  M A N G A N E S E  
ADM INISTRATION IN D U C E S  N E U R O T O X IC IT Y  IN T H E  R A T .
R.T. InqersollS. E.B. Montgomery*. E.D. French* and H.V. Aposhian*. Depts. 
of §Pharmacology & Toxicology, ^Neurology, ‘ Pharmacology and 'Molecular 
& Cellular Biology Univ. of Arizona, Tucson, AZ 85721.

We have investigated the protection of the C S F  by the lateral choroid 
plexus after i.p. manganese (Mn+2) and the inhibition of motor activity after 
intrathecal Mn+2 administration. Male Sprague-Dawley rats were injected 
i.p. with 10,20,30, or 50 mg Mn+2/kg and tissues were removed 5 hrs later. 
Mm2 in the lateral choroid plexus increased with the increase of dose. In the 
50 mg Μη/kg dose, Mn+2 was twenty-five times greater in the lateral 
choroid plexus than in the brain cortex. Rats given 10 mg Mn+2/kg 
intrathecally had no change of Mn concentrations in the lateral choroid 
plexus. One day after 1 or 2 mg Mn+2/kg intrathecal administration, 
spontaneous motor activity was decreased to 10.6% or 8.9% of pre
manganese activity, respectively. Five days after 1 mg Mn+2/kg 
intrathecally, dopamine levels in the caudate/putamen were 2.46 цд 
dopamine/g compared to 5.97 цд/д in controls. Concentrations of dopamine 
metabolites, D O PA C and HVA, were not altered. After intrathecal 
administration of 1 mg Mn+2/kg, there was a 16.4 fold increase in Mn in the 
mesencephalon, 7.6 in the cerebellum and 6.4 in the caudate/putamen as  
compared to controls. These results indicate that intrathecal administration 
of Mn+2 causes decreased motor activity and decreased dopamine levels by 
a preferential increase of Mn in mesencephalon tissue.

166.7

EFFECT OF SUBCHRONIC LOW-DOSE 1-METHYL-4-PHENYL-1,2,3,6- 
TETRA-HYDROPYRIDINE (MPTP) TREATMENT ON SUSCEPTIBILITY TO 
SUBSEQUENT MPTP CHALLENGE. J.N. Johannessen*. Roscoe Brown 
and T.J. Sobotka. FDA/HFS-507, 8301 Muirkirk Rd., Laurel, MD 20708

We have previously characterized dose-response relationships between 
MPTP and striatal dopamine (DA ), dihydroxyphenyl acetic acid (DOPAC), 
and homovanillic acid (HVA) in the dog. The MPTP metabolite, MPP+, was 
retained in DA neurons for at least 6 weeks even after a low (0.1 mg/kg), 
single non-toxic dose. The ability of striatal neurons to retain MPP+ for such 
long periods suggests that these neurons may be susceptible to cumulative 
effects of multiple, low doses of MPTP.

Dogs were injected weekly with a non-toxic dose of MPTP (0.2 mg/kg, i.v.) 
for 5 or 12 weeks (cumulative doses 1.0 and 2.4 mg/kg). After a 6 week 
survival, striatal DA, DOPAC, HVA and MPP+ were measured by HPLC . 
Five weeks of treatment had no effect on striatal DA levels, but DOPAC and 
HVA were decreased by 56% and 44% respectively. Twelve weeks of 
treatment did not produce a significant loss of striatal DA, but caused a 42% 
and 56% loss of DOPAC and HVA. Striatal DA/DOPAC ratios were 
positively correlated with the striatal MPP+ (r2=.728, p=.0308). The longer 
treatment time lead to increased MPP+ in the adrenal but not in caudate.

Next, dogs treated weekly with MPTP (0.2 mg/kg) for 12 weeks were 
challenged with an MPTP dose (1.0 mg/kg i.v.) which is marginally toxic to 
DA neurons. The challenge dose was given 1 day or 6 weeks after the last 
low dose. Animals which had a 6 week interval between the last chronic 
dose and the challenge dose showed no loss of striatal DA, but did exhibit a 
30% decline in striatal DOPAC. In contrast, animals challenged 1 day after 
the last chronic dose had a complete loss of striatal DA and DOPAC. A role 
for retention of striatal MPP+ in the subsequent sensitivity to MPTP is 
suggested. Cumulative effects of low doses of MPTP, given weekly, are 
much less than those elicited by the same dose given in a single dose.

1 6 6 .9

INTERACTION O F 1-M E T H Y L -4-P H E N Y L P Y R ID IN IU M  IO N  
(MPP+) W ITH THE RO TE N O N E BIN DING  SIT E  O F CO M PLE X  I 
OF THE EL EC TR O N  T R A N SPO R T  C H A IN  JT Greenamvre* & 
PS Higgins University o f Rochester, Rochester, NY 14642.

M P P +, the tox ic  m etabolite o f  l -m e th y l-4 -p h e n y l- l,2 ,3 ,6 -  
tetrahydropyridine (M PTP), is believed  to exert its toxicity  by 
inhibiting mitochondrial respiration at the level o f  com plex I o f  the 
electron transport chain. S p ecific ity  o f  M PP+ for dopam inergic  
neurons is conferred by its uptake by the dopam ine transporter; 
however, M PP+ is capable o f  k illin g  all neurons under appropriate 
conditions. There is evidence that MPP+ acts at or near the rotenone 
binding site o f  com plex I (Ramsay et al., J. N eurochem . 5 6 :1 1 8 4 ;  
Greenamyre et al, J. Neurochem . 59:746). We now report that MPP+ 
interacts in a com plex, possibly allosteric, fashion with the rotenone 
site. U sing quantitative autoradiography o f  [3H Jd ih yd roroten on e  
(DHR) binding to com p lex I Ų . N eu roch em . 5 9 :7 4 6 ), w e have 
examined the ability o f  MPP+ to inhibit DHR binding in various brain 
regions o f male Sprague-Dawley rats. Under basal binding conditions 
(no added NADH)» MPP+ inhibited binding with an IC50 o f  3.4 ±  1.0 
mM in striatum (STR), 5.6 ±  2.4 mM in dentate gyrus (DG), and 2.4 ±  
0.6 mM in cerebellar molecular layer (MOL). Except in STR, the Hill 
number was significantly higher than 1 (p <  0 .03), suggesting that 
M PP+ was not a com petitive inhibitor o f  DHR binding. Under 
stimulated binding conditions (500  μΜ  N A D H ), M PP+ showed a 
tendency toward higher IC50s in MOL and DG which was significant in 
MOL (2.4 ±  0 .6  vs 4 .6  ±  0.3 mM, p < 0.02). In the presence o f  
NADH, the Hill number was higher than 1 in all regions (p < 0.05). 
Our results suggest that (i) MPP* does not act com petitively at the 
rotenone binding site; (ii)  its interaction w ith com p lex  I can be 
modulated by NADH· and (iii) its interaction with com plex I may vary 
regionally. (N S 0 1 4 8 7  , T 32 A G 1 0 7  & S 7 R R 0 5 4 0 3 -2 9 )

166.6
CARDIAC GLYCOSIDES POTENTIATE ЕХСГГОТОХӀСПТ 
O F R A T  D O P A M IN E  N E U R O N S  R E C O R D E D  
INTRACELLULARLY. S.W. Johnson*. Departments of 
Pharmacology and Neurology, Oregon Health Sciences 
University, Portland OR 97201.

The present study was undertaken to test the hypothesis that 
cardiac glycosides potentiate N-methyl-D-aspartate (NMDA)- 
induced toxicity in dopamine neurons. Microelectrodes were 
used to record membrane currents in dopamine neurons in the 
rat midbrain slice. In voltage clamp (-60 mV), a 10 min 
superfusion with 10 - 30 μΜ NMDA produced inward currents 
of 100 - 400 pA which reversed completely upon washing NMDA 
(« > 40). However, higher concentrations of NMDA (50 - 100 
μΜ) produced inward currents of 500 - 1500 pA which did not 
completely reverse (n  = 3). In the presence of strophanthidin (5 
μΜ), a previously non-toxic dose of NMDA (20 μΜ) now 
produced a persistent inward current (n = 3). It is concluded that 
cardiac glycosides potentiate the toxicity of NMDA in dopamine 
neurons, possibly by raising intracellular accumulation of Na* 
which may be exchanged for extracellular Ca2+. These data raise 
the possibility that cardiac glycosides might facilitate the 
progression of Parkinson's disease.

166.8
EFFECT OF MPTP ON DOPAMINERGIC NEURONS IN THE GOLDFISH 
BRAIN: A LIGHT AND ELECTRON MICROSCOPE STUDY. G.Goping.
G-̂ А..Ј .Kui jpets,_Q.M.Adeyemo,__P„.Porga!__and__H . В . Pollard.
NIDDK, NIH, Bethesda, MD 20892.

The neurotoxin MPTP (l-methyl-4-phenyl-l,2,3,6 
tetrahydropyridine) causes a Parkinsonian syndrome in the 
goldfish (Carassius auratus), characterized by transient 
bradykinesia and a decrease in the forebrain and midbrain 
content of catecholamines (Pollard et al., FASEB 
J. 6:3108-3116,1992) . We studied the effect of MPTP on the 
distribution and ultrastructure of dopaminergic neurons in 
the goldfish brain. Fish were injected with MPTP (50 mg/kg) 
and/or L-deprenyl (10 mg/kg), and after 3 days the brains 
were removed, fixed and embedded in gelatin. 50 pm 
Vibratome sections were cut, stained for tyrosine 
hydroxylase (TH) using an indirect immuno-peroxidase 
labelling method, and processed for light or electron 
microscopy. Following MPTP treatment, we observed a 
decrease in the amount of TH-positive dopaminergic neurons,
mainly in the forebrain's nucleus__telencephali pars
medialis. and the midbrain's nuclei paraventriculares. 
Ultrastructurally, MPTP caused membrane distortions, 
dendrite swelling and cell death. In the telencephalic 
nucleus, L-deprenyl appeared to prevent the degenerative 
changes. We conclude that in the goldfish MPTP causes 
marked histochemical changes in selected dopaminergic brain 
systems coincident with the locomotor deficit, and that the
N. telencephali.__paxa__medialis may be the anatomical
correlate of the substantia nigra in higher animals.

166.10
K IN E TIC S  O F MPTP A D M IN ISTERED  INTO TH E RAT STRIATUM: 
M E A S U R E M E N T  O F  M PTP A N D  M P P + B Y  IN V IVO  
V O LTA M M E TR Y . T. Nakazato*1 and A. Akivam a2. 1Dept. of 
Physiol., Juntendo Univ. Sch. of Med., 2-1-1 Hongo, Tokyo, Japan, 
2Dept. of Electrochem., Graduate Sch. at Nagatsuta, Tokyo Inst, of 
Tech., Yokohama, Japan.

This study was designed to investigate the kinetics of 1 -methyl-4- 
phenyl-1,2,3,6-tetrahydropyridine (MPTP) and its metabolite, 1- 
methyl-4-phenyl-pyridinium (MPP+), in the rat striatum using 
microcomputer-controlled in vivo voltammetry. First, we examined in 
vitro whether MPTP and M PP+ could be measured with this 
technique. When MPTP or MPP+ was added, measured current 
intensities were increased almost linearly. MPP+-current intensity 
could be measured without influence of MPTP-current intensity, 
but, Measurement of MPTP-current intensity was influenced by 
MPP+-current intensity. This system was applied to the in vivo 
examination. A carbon fiber electrode (7 μητι in diameter) for 
measuring MPTP and MPP+ was implanted in the rat striatum, and a 
cannula was inserted ipsilaterally into the striatum for the 
administration of drug. More than four weeks after the operation, 
MPTP (5 mM, 6 μΙ, 24 min) was injected intrastriatally in freely- 
moving rats , and the extracellular concentrations of MPTP and MPP+ 
were measured every 45 s. MPTP began to increase 12 min after the 
start of injection, and decreased soon after the end of injection. But, 
MPP+ began to increase after the decrease of MPTP and reached a 
maximum about 1 hr after the end of injection.
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1 6 6 .1 1
THE EFFECT OF MPTP TREATMENT AND UNILATERAL 
ADRENALECTOMY ON THE CATECHOLAMINE CONTENT OF THE 
ADRENAL MEDULLA IN MICE. Jennifer A. Cook. Glenn J. Merkel, and 
Susan L. Stoddard*. Depts. of Anatomy and Microbiology, Indiana Univ. 
Sch. of Med., Fort Wayne, IN 46805 

Levels of catecholamines were measured in the adrenal glands of mice 
following MPTP treatment, to determine if this neurotoxin similarly depleted 
levels of catecholamines as seen in the adrenal medullae of Parkinson’s 
disease patients (Stoddard et al., Exp. Neurol. 104:22 and 218, 1989). A 
within-subjects design, utilizing unilateral adrenalectomy, was employed to 
reduce the large between-groups variance seen in preliminary studies. 
Mice (C57BL, <?) were unilaterally adrenalectomized at 8 weeks of age; at 
10 weeks they received intraperitoneal injections of MPTP (20 mg/kg; 3.0 
mg/ml) or saline at 0, 4, 8, and 24 hours. The remaining adrenal gland 
and the brain of each mouse were removed after sacrifice, 4 weeks 
following MPTP or saline injections. MPTP treatment depleted striatal 
dopamine to less than 19% of control levels. In contrast, MPTP treatment 
did not alter the catecholamine content of the adrenal medulla. Unilateral 
adrenalectomy caused an increase in epinephrine, norepinephrine, and 
dopamine in the remaining adrenal gland; this change was not affected by 
treatment with MPTP. In addition, a left-right difference in adrenal 
medullary catecholamine content, but not in tissue weight, was seen in 
intact mice, at both 8 and 14 weeks of age. These findings demonstrate 
that, although MPTP does not produce the same depletion of adrenal 
medullary catecholamines as Parkinson’s disease, compensatory changes 
in levels of adrenal medullary catecholamines occur following unilateral 
adrenalectomy.

1 6 6 .1 2
CAN GANGLIOSIDE GM3 PREVENT MPTP TOXICITY IN THE AGING 
MICE. M. Gupta . F.J. Roisen and X.L. Chen. Department of Anatomical 
Sciences and Neurobiology, University of Louisville School of Medicine, 
Louisville, KY 40292.

Previous studies from this laboratory have shown that pretreatment of 
the young adult mice with a mixture of bovine brain gangliosides 
(containing GM1 19%, GD1a 43%, GD1b 15% & GT1b 20%) can prevent 
MPTP toxicity on the dopaminergic neurons of the substantia nigra (SN). 
However, our results reveal that pretreatment of the aging mice with this 
ganglioside mixture does not have any effect on MPTP toxicity in the SN, 
thereby suggesting that not all gangliosides can prevent neuronal damage 
in the aging mice. The present studies were carried out to investigate if 
ganglioside GM3 had any effect on MPTP toxicity in the aging mice. Aging 
male C57BL/6 mice (18 months old) were stereotaxically injected with 2 μΐ 
of ganglioside GM3 (concn. 200 mg/ml) into each lateral ventricle under 
anesthesia. MPTP injections were given 16-18 hrs later. Control and 
treated mice were anesthetized, perfused with the fixative and their brains 
were removed. Adjacent brain sections were processed for tyrosine 
hydroxylase (TH) immunocytochemistry. The number of TH-positive 
neurons in the substantia nigra (SN) and the ventral tegmental area (VTA) 
were quantitated and the area of neurons was analyzed using an image 
analysis system. The results show that while MPTP caused a significant 
decline in the number of TH-positive neurons in the SN and VTA, 
pretreatment with the ganglioside GM3 prevented such a significant loss. 
Since Parkinson’s disease is a neurodegenerative disorder that mainly 
affects the elderly, these data suggest that GM3 may have a better 
therapeutic potential in the treatment of Parkinson’s disease than other 
ganglioside species tested thus far. Supported by NS24291 to MG.

DEGENERATIVE DISEASE: OTHER II

1 6 7 .1
COMPUTATIONAL MODELING OF BASAL GANGLIA: NORMAL,
HUNTINGTON’S DISEASE (HD) and PARKINSON’S DISEASE (PD).
T.C. Hedreen* and A.K. Dubev. The Johns Hopkins Univ. Sch. o f Med., Balto., 
MD 21205.

The familiar box-and-arrow circuit diagrams of the basal ganglia provide an 
intuitive understanding o f why activity in pallido-receptive thalamocortical 
neurons increases with decreased activity in enkephalin-containing 
striatopallidal neurons and decreases with loss o f dopaminergic nigrostriatal 
neuron activity. These changes are associated with chorea in HD and 
bradykinesia in PD, respectively. We have developed computational models 
o f this circuitry to better understand the dynamics o f the system and the effects 
of lesions or drugs at each site. Models include units that represent activity in 
corticostriatal, striato-extemal pallidal, striato-intemal pallidal, external pallidal, 
internal pallidal, subthalamic, nigrostriatal, and thalamocortical pathways. 
Circuit activity was analyzed with high and low  corticostriatal activity and with 
varying activity in extrinsic inputs to the nigrostriatal, subthalamic, and 
thalamocortical units.

Changes thought to correspond to chorea, hemiballism, and bradykinesia 
were modeled. The restoration o f thalamocortical activity in the parkinsonian 
situation was achieved by "lesioning" the subthalamic unit. In certain 
configurations of extrinsic inputs, both hemiballism and reversal of 
bradykinesia by a subthalamic lesion displayed abnormal temporal patterns of 
thalamocortical unit activity in addition to changes in the level of this activity. 
These models provide a simple means o f predicting changes in basal ganglia 
dynamics with lesions or drugs and make clear the need for a better 
understanding of correlative activity in the different extrinsic inputs to the basal 
ganglia.

1 6 7 .3
H U N T IN G T O N ’S  D IS E A S E - L I K E  C H A N G E S  I N  S T R IA T U M  
F O L L O W I N G  C H R O N I C  C O R T I C A L  L E S IO N S  I N  T H E  R A T .
E .T . K ir ia k o n o u lo s* . S . G a r s id e .  J .C .S . F u r ta d o  a n d  M .F .  M a z u r e k . 
M c M a s te r  U n iv e r s i ty  M e d ic a l  C e n tre ,  H a m il to n ,  O n ta r io ,  L 8 N  3 Z 5 .

H u n t in g to n ’s d is e a s e  (H D )  is  c h a ra c te r iz e d  p a th o lo g ic a l ly  b y  
d e g e n e r a tio n  o f  th e  m e d iu m  s p in y  p r o je c tio n  n e u ro n s  o f  th e  s tr ia tu m , 
w ith  r e la t iv e  s p a r in g  o f  a s p in y  p o p u la t io n s .  W e  w e r e  in te r e s te d  to  s e e  
w h e th e r  l o n g -s ta n d in g  le s io n s  o f  th e  c e re b r a l  c o r te x  m ig h t  p r o d u c e  a 
s im ila r  p a tte rn  o f  c h a n g e s  in  th e  s tr ia tu m . R a ts  r e c e iv e d  e x c ito to x ic  o r  
a s p ir a te  l e s io n s  o f  th e  f ro n ta l  c o r te x ,  a n d  w e r e  th e n  m a in ta in e d  fo r  15  
m o n th s  p r io r  to  s a c r i f ic e .  F r o z e n  t r a n s v e rs e  s e c t io n s  o f  th e  fo re b ra in  
a n d  b r a in s te m  w e r e  c u t  a n d  a d ja c e n t  s e c t io n s  w e r e  p r o c e s s e d  fo r  
s u b s ta n c e  P  (S P ) ,  a  m a r k e r  f o r  s p in y  p r o je c t io n  n e u ro n s ,  o r  fo r  
N A D P H - d ia p h o r a s e ,  w h ic h  s ta in s  a  s u b p o p u la t io n  o f  a s p in y  c e lls .  A  
th ir d  s e r ie s  o f  s e c t io n s  w a s  N is s l  s ta in e d  to  d e l in e a te  a rc h i te c to n ic  
b o u n d a r ie s .  F o l lo w in g  c o r t ic a l  l e s io n s ,  a  m a r k e d  a t r o p h y  o f  th e  
ip s i la te ra l  s tr ia tu m  a n d  s u b s ta n t ia  n ig ra  w a s  o b s e rv e d .  T h is  w a s  
a c c o m p a n ie d  b y  a  s ig n if ic a n t  d e c re a s e  o f  th e  n u m b e r  o f  S P  n e u ro n s  
in  th e  s tr ia tu m  a n d  r e d u c e d  in te n s ity  o f  S P  f ib re  l a b e l l in g  in  th e  
ip s i la te ra l  s u b s ta n t ia  n ig ra .  In  c o n tr a s t ,  th e  n u m b e r  o f  N A D P H -  
d ia p h o r a s e  s ta in e d  n e u ro n s  w a s  p r e s e r v e d  o r  in c r e a s e d .  T h e s e  re s u l ts  
s u g g e s t  th a t  c h ro n ic  a b e rr a n t  s ig n a l l in g  in  th e  c o r t ic a l - s t r i a ta l  t ra c t  c a n  
p r o d u c e  a  p a t te rn  o f  a tro p h y  a n d  s e le c tiv e  c e ll lo s s  in  th e  s tr ia tu m  
s im ila r  to  w h a t  i s  o b s e rv e d  in  H D .

1 6 7 .2
DISTRIBUTION OF IT15 mRNA IN HUMAN AND 
RAT BRAIN.
S . McNeil. G . B. Landw ehrm eyer. L. S .  Dure. P. G e, H. 
Aizaw a. Q. H uana. M. D iF ig lia, J .  G olden, E . Bird. J .  P. 
Vonsattel. J .  B. P enn ey, A. B. Y o u n g , M. M acDonald and J .  

G u se l l .
Departm ents of Neurology and Pathology and the 
M olecular N eurogenetics Unit, M assach u setts G eneral 
Hospital, Boston, M A 02114 and M cLean Hospital,
Belmont, MA 02178.
Huntington's D ise a se  is a  p rogressive neurodegenerative  
disorder with the most pronounced neuropathology  
occurring in the basal ganglia. IT15, a recently identified 
gen e  on human chrom osom e 4  contains a  variable length 
trinucleotide repeat (C A G )n  which is expanded and 
unstable in Huntington's d ise a se  (H D ) chrom osom es. Th e  
regional and cellular distribution of IT  15 is being  
investigated to better understand the role of the IT1 5  gene  
in the developing and mature m am m alian brain. W e have  
performed in situ hybridization using multiple
oligonucleotide probes specific for various regions of the 
coding seq u en ce of IT 1 5 in mature and developing brains  
in human and rodent. In addition, the distribution of IT15  
m R N A  in H D  brains is exam ined and com pared to normal 
controls.

1 6 7 .4
STRIA TA L PATH O LO GY O F IM PAIRED M ITOCHONDRIAL 
M ETABOLISM  IN PRIM A TES P R O F IL E S  HUNTINGTON’S 
DISEASE. Robert J. Ferrante*. Philippe Hantrave. Emmanuel BrouilleL 
Neil W. Kowall, and M. Flint Beal. Bedford VAMC, Bedford, MA; 
Boston Univ. Med. Sch., Mass. Gen. Hosp., Boston, MA, and 
CNRS, URA 1285 Service Hopitalier Frederic Joliot, Orsay, France 

The striatal pathology of Huntington’s disease (HD) demonstrates 
neuronal loss and marked gliosis, with selective early involvement of 
spiny neurons. A recent hypothesis in HD postulates that a defect in 
mitochondrial energy metabolism could secondarily lead to slow 
excitotoxic neuronal death by making neurons more vulnerable to 
endogenous glutamate. Repeated systemic administration of 3-nitro- 
propionic acid in two non-human primates (Macaca nemestrina) 
induced selective bilateral striatal lesions in the caudate nucleus and 
putamen. Nerve cell depletion and astrogliosis were prominent 
throughout the striatum. Intense immunoreactivity for glial fibrillary 
antigen protein was present. Enzyme histochemical ana 
immunocytochemical markers for both large and medium-sized aspiny 
striatal neurons and spiny striatal neurons demonstrated a selective 
neuronal vulnerability and resistance to the ongoing degenerative 
process. Medium-sized calbindin-positive neurons were 
disproportionately lost, while medium-sized aspiny and large aspiny 
(NADPH-diaphorase and АСҺЕ) neurons were relatively preserved. 
The ratio of aspiny to spiny striatal neurons was significantly 
increased within the lesioned striatum. Although there was some 
pallor, patch-matrix compartments were preserved using АСҺЕ 
staining. There was a dorso-ventral gradient of striatal damage, with 
the dorsal aspects more severely affected. These alterations 
resemble the profile of neuronal degeneration observed in HD and 
suggest that the genetic abnormality in HD may be associated with a 
defect of mitochondrial energy metabolism.
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167.5
UBIQUITIN & aB-CRYSTALLIN-IMMUNOREACTIVE SPHEROIDS IN 
STRIATUM IN HUNTINGTON'S DISEASE. S. Murayama*. K. Inoue. Y. Ihага.
K. Ikeda. J. Satoh. Y. Tashiro & I, Kanazawa Department o f Neurology and 
Neuropathology, University o f Tokyo; Tokyo Metropolitan Institute for 
Neurological Sciences; Tokyo Metropolitan Institute for Psychiatry; and Yokohama 
Rosai Hospital; Tokyo, 113, Japan

Ubiquitin (Ub) and α B-crystallin (α Bc) are stress-induced small heat shock 
proteinş and co-localized in Rosenthal fibers from a brain of Alexander's disease 
(Iwaki et al 1989) and oligodendroglial cytoplasmic inclusions in multiple system 
atrophy (Murayama et al 1982). We found Ub & aBc-immunoreactive spheroids in 
striatum in Huntington’s disease as well. These spheroids were variable in shape 
from small homogeneous globules to large round granular profiles. Some of the 
spheroids were histochemically positive for PAS and iron staining and immuno- 
stained by anti-phosphorylated neurofilament, synaptophysin, and N- and C- termini 
of amyloid precursor proteins antibodies, but were negative for microglial (LN1, 
LN3), astrocytic (GFAP) and oligodendroglial (MBP, Leu7) markers. 
Ultrastructurally the spheroids were surrounded by unit membrane with occasional 
membrane thickening and contained dense bodies, myelin-like figures and other 
organella, features similar to "foamy spheroid bodies" reported in neurodegenerative 
disorders (Arai et al 1992). Although Ub & aBc-immunoreactive spheroids were 
observed in striatum, pallidum and susbstantia nigra in control aged brains, they 
were markedly increased in number in Huntington's disease, progressive supranuclear 
palsy and multiple system atrophy respectively. Our study demonstrated wide-spread 
distribution o f Ub & aBc-immunoreactive spheroids in human brain, suggesting 
that the spheroids may represent a final common form of degenerative process 
involving axon terminals in the relay nuclei of the central nervous system.

167.6
NEOCORTICAL PATHOLOGY IN HUNTINGTON'S DISEASE USING  
A NOVEL IM MUNOIMPREGNATION. B. Quinn*. W.W. Tourtellotte. &
A.W. Toga. D ivision o f Neuropathology, Laboratory o f  Neuroimaging, & 
National Neurologic Research Specimen Bank, UCLA M edical School, Los 
Angeles CA 90024.

The nature o f  neocortical changes in Huntington's disease (1) is o f  
considerable interest, because changes could either reflect direct dysfunction 
o f  the HD gene, or pathologic effects secondary to disruption o f  complex 
cortico-striatal-cortical circuits. Recent studies have focused on changes 
receptors and neurons in deep cortical layers. Glial fibrillary acidic protein 
could be a good marker for cortical neuropathology, but may not be 
optimally sensitive in routine formalin-fixed human brain (2). W e have 
developed an extremely sensitive GFAP technique using flash-frozen 
cryopreserved brain retrieved with cryofixation or thaw-fixation procedures 
(3,4), and alcohol fixation/silver immunoimpregnation (5). In neocortex 
from three controls and three HD cases, this approach allows a 
cytoarchitectonic approach to GFAP-positive astrocytes. Light microscopic 
histologic quality was excellent. Care is required in interpretation, since this 
technique visualizes even normal astrocytes due to its sensitivity but this 
sensitivity should allow better discrimination o f  subtle cortical or striatal 
changes in early disease. Cytologically, long transcortical glial fibers were 
more predominant in HD cortex. Analysis o f  the full neocortical mantle in 
HD using this approach may now help discriminate striatum-dependent 
pathology from intrinsic cortical dysfunction. Sponsored by the Hereditary 
Disease Foundation and CorText Institute. (1) Hedreen, Neurosci Lett 
1991; (2) Stevens, SchizRes 1991; (3) Tourtellotte, J Neural Trans Supp 39;
(4) Jones, J Neurosci Meth 1992; (5) Quinn & Toga, J Histochem Cytochem 
(abst, 8/93).

167.8
ANALYSIS OF LOCOMOTOR ACTIVITY IN NON-HUMAN PRIMATE 
MODELS OF PARKINSONS AND HUNTINGTONS DISEASES. Robert 
Dolan*. Joseph McIntyre. Emmanuel Brouillet. Marina Varastet. Mariannick 
Mazière and Philippe Hantraye Service Hospitalier Frédéric Joliot, CEA-DSV 
and CNRS URA 1285, 4 place du Générai Ledere, 91401 Orsay CEDEX 
FRANCE.

To better characterize the movement disorders associated with Parkinsons 
(PD) and Huntingtons (HD) diseases, we analyzed locomotor activity in non
human primate models of these diseases. Three different categories of animals 
were tested: chronic MPTP-treated, chronic 3NP-treated and normal. The first 
group consisted of two baboons treated with low doses of MPTP for at least 21 
months; such treatment has been shown to closely replicate idiopathic PD 
(Hantraye et al. 1993, Neuroscience 53:169-178). The second group consisted 
of one baboon and one macaque, which received low dose regimens of the 
mitochondrial toxin 3-nitroproprionic acid (3NP) to produce progressive striatal 
degeneration. This treatment, when followed by intramuscular apomorphine 
injection, provides a behavioral replicate of HD (see related abstract this issue, 
Brouillet et al.). The normal animals were two baboons and one macaque, 
tested under normal and apormorphine conditions.

The animals' movements were measured and analyzed from top-view 
images using a video-based motion tracking and analysis system. Tangential 
velocities of the estimated center-of-mass of the animals were determined at 20 
msec resolution, and individual movements were extracted using an adaptative 
filter and characterized by their peak velocity. Analysis revealed a large upward 
shift in the distribution of peak velocities for 3NP-treated animals under 
apomorphine compared to normal animals under apomorphine, while the 
animals treated with MPTP showed a large downward shift in the peak velocities 
compared to normal. In confirmation with these changes, we found large 
differences in the fourier-based power density spectrum of these velocities. We 
conclude that in conjunction with previously established techniques for 
qualitative behavioral assessement, this technique can accurately describe 
movement disorders in PD and HD. Furthermore, this method should prove 
highly sensitive for monitoring changes in movement behavior during drug and 
transplantation rehabilitation.

167.9
EFFECTS OF SELECTIVE D1 AND D2 RECEPTOR AGONISTS ON 
LOCOMOTOR FUNCTION IN A RODENT MODEL OF HUNTINGTON’S 
DISEASE. E.E. Concepcion*. R.G. Heros. L.L. Pundt. Y.J. Li. S.M. Efanee. 
and W.C. Low. Depts. of Neurosurgery, Physiology, and Radiology, and Program 
in Neuroscience, University of Minnesota Medical School, Minneapolis, MN 
55455.

Previous studies in our laboratory demonstrated a heterogeneity of 
locomotor function in the rodent striatum. Rats with quinolinic acid (QA) lesions 
of die striatum 1.4 mm anterior to bregma exhibited ipsiversive rotational responses 
while rats with QA lesions 3.0 mm anterior to bregma displayed contraversive 
responses. These studies employed apomorphine, a non-selective D1 and D2 
receptor agonist, to induce rotational responses following QA injections. In the 
present study we examined the locomotor effects of using selective D1 and D2 
receptor agonists, SKF-38393 (10 mg/kg, s.c.) and LY-171555 (10 mg/kg, s.c.), 
respectively. In animals with striatal QA lesiems 1.4 mm anterior to bregma D1 
receptor activitation resulted in a З-fold increase in net ipsiversive rotations when 
compared with spontaneous rotations, D2 receptor activation produced a 7.4-fold 
increase in ipsiversive rotations, and combined D1/D2 receptor activation produced 
a 42.9-fold increase in rotational bias. In animals with striatal lesions 3.0 mm 
anterior to bregma D1 receptor activation resulted in a 1.25-fold increase in 
ipsiversive rotations, and D2 receptor activation produced a 15.6-fold increase in 
ipsiversive rotations. Combined D1/D2 receptor activiation, however, resulted in a 
prominent contraversive rotational asymmetry. These results suggest that the 
combined used of D1/D2 receptor agonists produce synergistic arm non-linear 
effects on locomotor function. In addition the results further support the concept of 
a heterogeneous compartmentalization of motor function within the rodent striatum. 
After the behavioral tests animals were processed to examine D1 receptor 
distribution in the striatum using iodinated TISCH as the ligand. Autoradiograms 
revealed discrete areas within the striatum corresponding to die QA-induced 
degeneration of cells which express D1 receptors. These regiems were correlated 
with the 3.0 mm and 1.4 mm striatal target sites for QA injections. Extrastriatal 
regions also exhibited marked absence in D1 binding. In particular, loss of D1 
binding was observed in the substantia nigra ipsilatenu to the side of the lesiem and 
may represent striatemigral projections expressing D1 receptors at die terminal 
region. (This work was supported in part by NIH grant ROl-NS-24464).

167.10
SYSTEMIC 3-NITROPROPIONOIC ACID ADMINISTRATION: STRIATAL Dl- 
DOPAMINE RECEPTOR BINDING AND LOCOMOTOR BEHAVIOR. 
PR. Sanbere*. T.K. Koutouzis. I. Creese. T.A. Scorcia. T.B. Freeman and D.W. 
Cahill. Division of Neurosurgery, Departments of Surgery, Psychiatry and 
Pharmacology, University of Semth Fiorirla College of Meelicine, Tampa, FI 33612; 
and Ctr. for Molecular and Behavioral Neuroscience, Rutgers Univ., Newark, N J.

Systemic administration of the mitochondrial toxin 3-nitropropionoic acid (3-NP) 
results in striatal atrophy (predominantly putaminal) by irreversibly inhibiting the 
citric acid cycle enzymes succinate dehydrogenase and fumarase, thereby resulting in 
cellular ATP depletion. Neuropathology resembling that seen in Huntington's disease 
results from 3-NP injections. Beal (Ann. Neurol. 31, 119, 1992) suggested that 
reductions in mitochodrial activity may secondarily allow voltage-dependent NMDA 
receptor ion channels to become supersensitive to endogenous glutamate. Bossi et 
al. Neuroreport 4,73,1993) recenüy demonstrated that striatal neuronal death by 3- 
NP was age related. The current study administered systemic injections of 3-NP every 
four days in order to investigate in young (6-week old) and older (10 week old) 
animals, the effects of repeated low dose 3-NP on striatal D1-dopamine receptor 
binding and locomotor behavior. Experimental animals received 3-NP (10mg/kg in
0. 9% saline) intraperitoneally (i.p.) (lml/kg). Control animals received 0.9% saline
1. p. All groups received subsequent injections every four days for a one month 
period. Animals were analyzed behaviorally one week prior to 3-NP injection and 
before sacrifice (me month later. Brains were then removed and the striatal tissue 
samples were analysed for dopamine D1 receptor binding using SCH23390. 
Systemic 3-NP injections resulted in variable behavioral and neurochemical results. 
The older 3-NP group tended towards hypoactivity and resulted in the lower 
SCH23390 binding in the striatum. Although mean D1 binding and activity 
measures for the young 3-NP group did not differ from controls, they showed an 
inverse correlation between D1 binding and total distance travelled. Both the control 
and older 3-NP group showed a positive correlation. Supported in part by the STRC.
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The primary cause of Huntington's disease (HD) remains unknown 
despite tne recent discovery of likely candidate genes, whose function is 
still undefined. We recently demonstrated that chronic impairment of energy 
metabolism in rats by systemic administration of the mitochondrial toxin 3- 
nitropropionic acid (3NP) can reproduce some of the histological alterations 
seen in HD patients (Beal et al. J. Neurosci. in press). We now report the 
behavioral effects of repeated systemic administration of 3NP in 2 
monkeys (Macaca Nemestrina). Monkey 1 received daily injections of 3NP 
for one week. Motor symptoms, including bradykinesia, dystonia and 
severe loss of muscle tone, developed rapidly during the 3 weeks 
following the treatment. Dramatic changes in T1 and T2-weighted magnetic 
resonance imaging were observed bilaterally in the putamen and to a 
lesser extent in the caudate nucleus. In monkey 2 chronically treated with a 
tower dose regimen to produce a more progressive striatal degeneration, 
no marked behavioral changes could be observed after 3 weeks of 
treatment. However, under apomorphine challenge (1 mcj/kg), this animal 
displayed bilaterally a variety of motor symptoms, including foot dystonia, 
ballistic movements of the forelimbs and severe dyskinesias, typical of 
striatal excitotoxic lesions in primates (Hantraye et al. 1990 Exp. Neurol 
108:91-104). These symptoms remained during 3 months post-treatment. 
Histological evaluation showed selective striatal alterations resembling 
those observed in HD patients (see Ferrante et al. this volume). These 
preliminary observations demonstrate that chronic impairment of oxidative 
energy metabolism can reproduce in monkeys some of the 
neuropathoiogical and behavioral alterations which characterize HD.

167.7
CHRONIC ADMINISTRATION OF 3-NITROPROPIONIC ACID 
INDUCED S E L E C T IV E  STRIA TA L DEG ENERATIO N  AND ABNORMAL CHOREIFORM MOVEMENTS IN MONKEYS. Emmanuel
Brouillet*. Philippe Hantraye. Robert Doląn. Anne Leroy-Willig. Michel

Bottlaender. Ole sacson3, Mariannick  Maziere., Robert. J . Ferrante2 and

M. Flint Beal1. Service Hospitaller Fréaéric Joliot,  CNRS URA 1285. 
CEA-DSV, 4place du Général Ledere, 91401 Orsay, FRANCE;

1-Department of Neurology. Mass. General Hosp., Boston MA 02114.
2-Grecc Unit 182B, Bedford VA Medical Center, Bedford MA 01730;
3-Neuroregeneration Lab., McLean Hosp., Belmont MA 02178.
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NGF PROTECTS STRIATAL CHOLINERGIC INTERNEURONS FROM 
DEGENERATION IN THE QUINOLINIC ACID MODEL OF HUNTINGTON’S 
DISEASE. J.L. Venero*. K.D. Beck and F. Hefti. Division of Neurogerontology, 
Andrus Gerontology Center, University of Southern California, Los Angeles, CA 
90089-0191.

Excitotoxic striatal lesions induced by quinolinic acid (QA) represent the best known 
model for Huntington’s disease. We have used this model to test for neuroprotective 
actions of NGF on two different striatal populations; GABAergic neurons and 
cholinergic interneurons. Expression of the trkA receptor for nerve growth factor 
(NGF), choline acetyltransferase(ChAT) and glutamic acid decarboxylase (GAD) were 
analyzed by mRNA in situ hybridization in atļult rats following quinolinic acid lesion 
(150 nmol) and daily treatment with NGF (1 /xg) or control protein for 1 week. At 
anterior levels, (close to the injection site) the number of cells expressing trkA mRNA 
decreased 40% one week after toxin administration as cömpared with intact animals. 
Moreover, the surviving cells showed a severe down-regulation of this messenger as 
deduced from grain count analysis of sections processed for emulsion autoradiography 
(50% as compared with the untreated animals). Daily intrastriatal NGF administration 
for 1 week completely prevented the lesion-induced decrease of both markers, the 
number of trkA expressing cells and the number of grains/cell (99% and 109% 
respectively as compared with unlesioned animals). At posterior levels, there was no 
change in the number of cells expressing trkA after lesions, however, a down- 
regulation of this messenger was still detected (72% of the unlesioned animals). NGF 
treatment prevented this decrease (98 % of the unlesioned animals). Sections processed 
for СҺАТ mRNA in situ hybridization paralled the changes seen in trkA mRNA. In 
NGF treated animals there was a strong up-regulation of this messenger at anterior and 
posterior striatal levels. Evaluation of GABAergic neuron function by GAD mRNA 
in situ hibrydization revealed that this neuronal system was greatly affected by QA 
lesions. Optical density values in the whole striatum of lesioned animals revealed were 
by 75 % at anterior levels and 45 % at posterior levels. NGF treatment failed to protect 
the lesion-induced decrease of GAD mRNA levels.

1 6 7 .1 3

WESTERN BLOT ANALYSIS OF GLUTAMATE RECEPTOR 
SUBUNITS IN HUNTINGTON'S DISEASE. Gutekunst C.-A*.. 
Hersch S.M.. Wimpev T.. Yarlagadda S.. Blackstone C.t . Huganir R.t  
& Levev A.I. Neurology, Emory University School of Medicine, 
Atlanta, GA 30322, tNeuroscience, The Johns Hopkins University, 
Baltimore, MD.

A library of membrane fractions has been prepared using frozen 
unfixed brain tissue from postmortem grade 3-4 HD cases (n=9) and 
from neurologically normal controls (n=7). Selected regions include four 
cerebral cortical areas, caudate, putamen, globus pallidus and 
cerebellum. Matched aliquots from these membrane preparations were 
subjected to SDS/PAGE electrophoresis, transferred to Immobilem P 
membranes and immunoreacted with affinity-purified polyclonal 
antibodies selective for glutamate AMP A receptor subunit GluRl. 
Membranes were also probed with polyclonal glial fibrillary acidic 
protein antibodies as a marker for gliosis, and a monoclonal 
synaptophysin antibody as a synaptic density marker. Following 
application of secondary antibody, the blots were visualized by ECL and 
alterations in receptor immunoreactivity were quantified using computer- 
based optical densitometry. GluRl expression was increased in occipital 
cortex (-50%) but there were no significant changes in other cortical 
regions. GluRl expression was decreased in caudate (-40%), which 
receives massive glutamatergic innervation from the cortex. GluRl 
expression also appears increased in globus pallidus which may indicate 
secondary upregulation. Other changes in expression of AMPA, kainate 
and NMDA receptor subunits will be presented. Supported by NS- 
01624. Tissue provided by the Brain Tissue Res. Center, McLean Hosp.

1 6 7 .1 5

LOSS OF CANNABINOID RECEPTORS IN THE SUBSTANTIA 
NIGRA IN HUNTINGTON’S DISEASE. M Glass1*. RLM Faull2. 
M Dragunow1. Dept of Pharmacology1 and Anatomy2, Univ. of 
Auckland, Auckland, New Zealand.

Previous autoradiographic studies in rats using [3H]CP55,940 have 
demonstrated the cannabinoid receptor to be located on the axon 
terminals of striatal efferent neurons projecting to the globus pallidus 
and substantia nigra (Herkenham et al., 1991). Because these neurons 
are selectively lost in Huntington’s disease (Graveland et al., 1985), 
a loss of [3H]CP55,940 binding is predicted in the substantia nigra of 
the human Huntington’s disease brain. We have used autoradiography 
to compare the binding of [3H]CP55,940 in the substantia nigra of 
Huntington’s disease and neurologically normal brains. The results 
have demonstrated that cannabinoid receptors in the normal substantia 
nigra are discreetly localized within the substantia nigra pars 
reticulata. In contrast, the Huntington’s disease brains show a 
massive loss of cannabinoid receptor binding in the substantia nigra 
pars reticulata. These results show that in the substantia nigra of the 
human brain cannabinoid receptors are located on striatonigral 
terminals which degenerate in Huntington’s disease.

Herkenham M., et. al. (1991) J. Neurosci. 11, 563-583.
Graveland G.A., Williams, R.S., and Difiglia, M.(1985) Science 227, 
7 7 0 -7 7 3

1 6 7 .1 2

GABAa  RECEPTOR CHANGES IN HUNTINGTON'S DISEASE AND IN A 
RAT MODEL OF HUNTINGTON'S DISEASE. L .F .B .N ich o lso n . 
RJL.M.Fąull* and H.J.Waldvogel Dept. of Anatomy, School o f Medicine, 
University of Auckland, Auckland, New Zealand.

The regional distribution of GABAa  receptors has been investigated using 
autoradiographic, immunohistochemical and molecular biological techniques (at 
the light and electron microscopic levels) in the basal ganglia of the normal and 
Huntington's diseased human brain and in a rat model of Huntington's disease 
(quinolinic acid lesioned striatum). The results in the human studies showed 
that Huntington's disease is characterised by a major loss o f GABAa  receptors 
in the striatum (caudate nucleus and putamen) and an increase in GABAa  
receptors in the globus pallidus and the substantia nigra. The same pattern of 
GABAa  receptor changes in the basal ganglia has been demonstrated in the 
quinolinic acid lesioned rat model. Studies in the animal model provided 
further details on the GABAa  receptor changes in the globus pallidus and the 
substantia nigra: the increase in the numbers of GABAa  receptors occurs within 
2 hours after lesioning; the topographical pattern of the increased receptor 
immunoreactivity reflects the topography of the degenerating striato-pallidal and 
striato-nigral fibres; electron microscopic observations show that the increased 
receptor immunoreactivity is located at intact synaptic junctions; in situ 
hybridization studies show that the GABAa  receptor has the same subtype 
configuration (oq, β2- 3, γζ) in the normal and lesioned sides of the brain in this 
rat model. These findings show that the quinolinic acid lesioned rat is a useful 
experimental model of Huntington's disease which provides important 
information on GABAa  receptors in the basal ganglia. Supported by the New 
Zealand Neurological Foundation and the Medical Research Council of New 
Zealand.

1 6 7 .1 4
ENKEPHALIN IMMUNOREACTIVITY IS REDUCED IN THE 
STRIATOPALLIDAL PROJECTION TO THE OUTER SEGMENT IN LOW 
GRADE HUNTINGTON’S DISEASE. E. Sanp. P. Ge. H. Aizawa. E. Bird. J.-P. 
Vonsattel, and M. DiFiglia*. Laboratory of Cellular Neurobiology, Massachusetts 
General Hospital, Boston, MA 02114.

A study of immunoreactive enkephalin (iENK) and substance P (iSP) 
localization in the globus pallidus of HD brains by Reiner, et al., (1988) had 
suggested that the striatopallidal ENK pathway may be more affected in HD. 
Ferrante, et al., (1990) reported no difference in the relative loss of 
immunoreactivity in these peptide-containing pathways. We examined this issue 
in the present study using a quantitative approach. Frozen, 7 /xm serial sections 
of control and HD globus pallidus were stained for iENK and iSP and examined 
at lOOx so that individual axon terminals could be resolved. Digitized microscopic 
fields of the outer (151 fields) and inner (212 fields) segments of the pallidum 
were subjected to image analysis (Java, Jandel Scientific), and the mean cross- 
sectional areas occupied by immunoreactive profiles were evaluated statistically 
in 10 brains (controls (3), grade 1 (2), grade 2 (3), grade 3 (2). In control brains, 
no significant difference was seen between the overall density of iENK and iSP 
terminals in the outer and inner segments, respectively. In all HD brains, 
however, there were significantly fewer (p< 0.002) iENK terminals in the outer 
segment than iSP boutons in the inner segment of the adjacent section. ENKi 
terminals in the outer pallidum of all HD brains including the grade 1 brains 
were significantly reduced (p<0.001) compared to controls. In contrast, iSP 
terminals in the inner segment were significantly lower compared to controls 
(p<0.05) in two of three grade 2 brains and in the grade 3 brains. Findings 
provide further support that the striatopallidal projection containing iENK is 
affected sooner and to a greater extent in HD than the pathway containing iSP 
(Supported by NIH grants NS 16367 to MD, ED and J-PV and the H.D. Fdn.
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CO-ADMINISTRATION OF TAURINE PREVENTS THE 
EFFECTS OF SEMI-CHRONIC HALOPERIDOL ON 
STRIATAL NEUROCHEMISTRY. T.I.Lidskv. LZuck.
E.Yablonsky-Alter. S.P.Banerjee Inst Basic Res., S.I., N.Y.

Chronic administration of antipsychotic drugs in humans leads 
to a host of motor side effects. In animals, chronic neuroleptic 
treatment produces changes in striatal neurochemistry followed 
much later by cell loss and movement dysfunction. The present 
work assessed whether taurine, a sulfonated amino acid with 
possible neuroprotective functions, could counteract some of the 
deleterious effects of neuroleptics.

Repeated administration of haloperidol (Hal) resulted in 
decreased levels of striatal dopamine and increased numbers of 
D2 receptors. Co-administration of taurine prevented these 
changes in striatal neurochemistry. In contrast, taurine co
administration did not block the acute effects of Hal on striatal 
electrophysiological responses.

It has been suggested that taurine’s neuroprotective actions 
involve modulation of increased intracellular calcium 
concentrations brought about by glutamate. If true, these data 
indicate that some of the negative effects of antipsychotic drugs 
may involve excitotoxicity. In this context, taurine may hold 
promise as an adjuvant to neuroleptic treatm ent

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993
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GM1 GANGLIOSIDE ATTENUATES NEUROCHEMICAL 
AND BEHAVIORAL EFFECTS OF HALOPERIDOL
S. P.Banerjee*. J.S.Schneider. E.Yablonskv-Alter. LZuck.
T. LUdskv Inst. Basic Res., S.I., N.Y. & Hahnemann Med.
School, Philadelphia, Pennsylvania

Prolonged therapy with antipsychotic drugs is associated with a 
concatenation of motor side effects while, in laboratory animals, 
similar treatment disrupts dopaminergic transmission and induces 
catalepsy. GM1 has been shown to be neuroprotective in neuro- 
pathologic disruptions due to a variety of causes. The present 
work sought to determine if GM1 would have similar influences 
on dysfunctions caused by neuroleptics.

Repeated administration (21 days) of haloperidol resulted in 
decreased levels of striatal dopamine and tyrosine hydroxylase 
activity and increased numbers of D2 receptors. In association 
with these striatal changes were increasing levels of catalepsy. 
Co-administration of GM1 prevented these neurochemical 
changes and attenuated neuroleptic induced catalepsy.

GMl’s neuroprotective influences involve, in part, attenuation 
of excitotoxic processes triggered by excess glutamate. In this 
context, the present results may indicate that some of the 
negative effects of neuroleptics involve influences on synaptic 
transmission involving excitatory amino acids.

TUESDAY AM SYMPOSIA

170

SYMPOSIUM. R O L E  O F  C A L C IU M  IN S T IM U L U S -S E C R E T IO N  
COUPLING. J .R .  L e m o s. W o rce ster Found. Exp . Biol. (Chair);
R.H. Scheller. Stanford  U niv.; Ey N eh er. M a x-P la n ck  Inst.; E .L .  
Stuenkel. Univ. M ich igan; M .-m . P o o . Colom bia Univ.

The objective of this sym p o sium  is to try to understand w hat  
calcium sp ecifica lly  does o n ce  it enters the release site to 
promote fusion of secreto ry  v e s ic le s  w ith the plasm a  
membrane (Lem os). Sch e ller will ch a ra cte rize  the large num ber 
of synaptic v e s ic le -a sso cia te d  proteins and describe  
interactions betw een th ese  and plasm a m em brane proteins 
which app ear to  be in vo lved  in C a 2+-stim u late d  
neurotransmitter release. Neher will an alyze  intracellular C a 2+ 
levels and their relation to secretio n  rates using  ca ge d  C a 2+ 
compounds, cell d ia lysis  and ca p a cita n ce  m easurem ents  
coupled to electro ch em ical detection  of catech o lam in e release. 
Stuenkel will d escribe  the correlations betw een depolarization, 
intracellular C a 2+, and peptide release and a lso  ch aracte rize  a 
Na+-dependent but C a 2+-independent m echa nism  of 
neurosecretion. Poo will d escribe  w h at are the n e ce ssa ry  
molecular co m p o nen ts required for reconstitution  of 
Ca2+-stimulated transm itter secretio n  from  non-neuronal ce lls. 
Lemos will sum m arize the m olecular m echa nism (s) th o ugh t to 
underlie C a 2+-dependent stim ulu s-secretio n  co u p ling.

171
SYMPOSIUM. MOLECULAR PLASTICITY TO PSYCHOTROPIC DRUGS.
E.J. Nestler. Yale University School of Medicine (Chairperson), M.E. 
Greenberg. Harvard Medical School, S.E. Hyman. Massachusetts 
General Hospital, A.M. Gravbiel. Massachusetts Institute of Technology.

Studies of psychotropic drug effects on the brain offer a unique and 
clinically important window on molecular mechanisms underlying 
neural plasticity. Recent advances in our understanding of the long
term changes that psychotropic drugs produce in the brain will be 
reviewed, as will the critical signal transduction mechanisms involved.

M.E. Greenberg will discuss the signaling pathways that trigger 
immediate early gene transcription in neurons. This will include 
consideration of the role of glutamatergic neurotransmission, 
neurotrophic factors, and the MAP-kinase system in mechanisms of 
neural plasticity. S.E . Hyman will focus on changes in gene expression 
induced in the brain, particularly in striatum, by long-term 
administration of antipsychotic drugs and other drugs that influence 
the dopamine system. Recent progress in identifying the specific 
transcription factors regulated by these drugs, and their interactions 
with putative target genes, will be covered. A.M. Graybiel will provide 
an overview of drug-induced neural plasticity in the striatum. 
Particular attention will be given to the cell-type specific changes in 
gene expression induced in the striatum by several classes of 
psychotropic drugs, as well as interactions between dopaminergic and 
glutamatergic systems. E J .  Nestler will discuss adaptations in signal 
transduction proteins induced in specific brain regions by long-term 
administration of opiates or cocaine. Recent efforts to identify the 
molecular mechanisms underlying these adaptations, and their possible 
role in drug addiction, will be presented.

LEARNING AND MEMORY: PHYSIOLOGY I

1 7 3 .1

РКСү MUTANT MICE ARE DEFICIENT IN HIPPOCAMPAL LTP AND 
DISPLAY INTACT SPATIAL LEARNING IN THE MORRIS WATER 
maze t a s k . A, AbeliQyich.C, .CfífiíL Y^.Goda, R, Payton A, McKee, 
LSbustef. J. W ehnei.C , L· Stevens, and 5. Tonegawa, hhm i, m it, 
Cambridge, MA, 02139.

We are investigating the role of protein kinase C in the modulation 
of synaptic plasticity and in learning. We have generated mice 
deficient in the γ isotype of protein kinase C (РКСү) by homologous 
recombination into the germline. These mice are viable and develop 
normally, but can be distinguished from wild-type mice by a mild 
ataxia displayed by a majority of mutant offspring. Histochemical 
analysis of the CNS of mutant offspring did not reveal any 
abnormalities. Because PKC has been implicated in long term 
potentiation (LTP) of synaptic transmission at synapses between 
Shaeffer collateral/commisural fibers and CA1 pyramidal cells in the 
hippocampus, we tested whether LTP of this pathway is affected by a 
PKCy mutation. We found that mutant mice were deficient in LTP as 
measured in hippocampal slices in terms of field potentials (f-EPSP) 
and excitatory post-synaptic currents (EPSC), although we did 
observe LTP in occasional slices (1/7 of the mutant slices tested vs. 
9/11 in wild-type mice as measured by f-EPSP). The LTP deficit in 
mutant mice appears to be specific as baseline synaptic transmission, 
the votage-dependence of NMDA receptors, paired pulse facilitation, 
phorbol ester-mediated potentiation of synaptic transmission, and 
long term depression in the hippocampus are all normal. To 
investigate the role of PKCyand LTP in spatial learning, we tested 
mutant mice in the Morris water maze task. Surprisingly, these mice 
performed as well as wild-type in this task. We are currently testing 
mutant mice in other behavioral tasks.

1 7 3 .2
LAMINAR DIFFERENCES IN THE CHOLINERGIC SUPPRESSION OF 
SYNAPTIC TRANSMISSION IN REGION CAI OF THE RAT HIPPOCAMPUS.
E. Schnell and M.E. Hasselmo*. Dept. of Psych., Harvard Univ., Cambridge, MA 02138.

Acetylcholine suppresses intrinsic but not afferent fiber synaptic transmission in rat 
piriform cortex. In associative memory models of piriform cortex, this selective 
suppression prevents recall of previous input from interfering with learning of new input 
(Hasselmo et al., J. Neurophysiol. 67:1230-1246). Previous models of the hippocampus as 
an associative memory have ignored the fact that synaptic transmission during learning 
will cause interference. We hypothesized that if the Schaffer collateral synapses in Stratum 
radiatum (S. rad) of hippocampal region CAI store associations between region CA3 
activity and activity in CAI induced by perforant path input to Stratum lacunosum- 
moleculare (S. 1-m), then cholinergic suppression should be stronger in S. rad than S. 1-m.

Using extracellular recording in hippocampal slices, we tested the effect of the 
cholinergic agonist carbachol on synaptic transmission in S. rad and S. 1-m. The GABAa 
antagonist bicuculline (20μΜ) was perfused in . all cases to block feedforward inhibition 
evoked by stimulation of the perforant path in S. 1-m. Perfusion of bicuculline increased 
initial EPSP slope in S. 1-m by 160.9 ±111.1% (n=12), and by 25.8 ±7.0% in S. rad (S. rad 
stimulus amplitude was decreased to prevent population spiking, which appeared in 7 of 
12 slices). Perfusion with carbachol produced a significantly stronger suppression of 
stimulus-evoked EPSPs in S. rad than in S. 1-m, although the effect was significant in both 
layers. At 100 μΜ carbachol, EPSP amplitudes were suppressed by 87.6 ±1.8% in S. rad, 
but only by 53.1 ±3.9% in S. 1-m (n=13, recordings taken in both layers from the same 
slices). EPSP initial slopes showed a differential suppression of 89.1 ±3.0% in S. rad and 
only 40.1 ±4.1% in S. 1-m. After wash, perfusion of the muscarinic antagonist atropine 
(ΙμΜ) prevented subsequent cholinergic suppression in both layers, indicating that the 
suppression is mediated by a muscarinic receptor. A dose-response curve was calculated 
in both layers at carbachol concentrations of 0.1 to 100 μΜ, yielding a Kd = 2.17 μΜ with 
17.4% unresponsive fibers in S. rad, and a Kd = 6.68 μΜ with 46.0% unresponsive fibers 
in S. 1-m. This data supports our hypothesis about associative memory function in CAI. 
Support: French Foundation for Alzheimer Research and ONR young investigator award.
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1 7 3 .3
EFFECTS OF 192 IgG SAPORIN-INDUCED MEDIAL SEPTAL LESIONS ON 
HIPPOCAMPAL ACTIVITY IN FREE-MOVING RATS. J. Jenkins. S. Heckers. 
M. Mesulam. R.G. Wilev and J. Berger-Sweenev*. Dept. of Biology, Wellesley 
College, Wellesley, MA; Dept. of Neurology, Harvard Medical School, Boston, MA; 
Dept. of Veterans Affairs, Medical Center, Nashville, TN.

The medial septal area (MSA) plays a major role in the pacing of hippocampal 
theta activity. In rats, there is an accepted classification of theta into 2 categories: 
Type I (7-12 Hz) is associated with voluntary movement, resistant to atropine, and 
presumably non-cholinergic. Type II (4-9 Hz) is associated with alert immobility, 
sensitive to atropine and presumably cholinergic. 192 IgG saporin, an immunotoxin 
which targets NGF receptors, produces a virtual complete loss of cholinergic fibers 
the hippocampus when it is injected into the MSA. The purpose of this study is to 
examine the effects of 192 IgG saporin-induced MSA lesions on the presence and 
frequency of theta activity in free-moving rats. Seven male Sprague-Dawley rats 
received either saline or 192 IgG saporin injections into the MSA. Additionally, a 
recording electrode was placed in the hippocampus. One week after surgery, each rat 
was observed in an open field while electrophysiology data were collected. 
Recordings were subsequently classified into theta and non-theta activity based on fast 
fourier transforms of the frequency. In controls, theta was observed during Type I 
behaviors (walking, rearing and sniffing) and during Type II behavior (alert 
immobility). The frequency of theta activity ranged from 5.4 to 10.1 Hz. In the 
lesion group, theta activity occurred significantly less in both Type I and Type II 
behaviors than in controls; theta frequency, however, was similar to that of controls. 
Histology showed a virtual complete loss of cholinergic neurons in the MSA and 
cholinergic fibers in the hippocampus. Results indicate that 192 IgG saporin-induced 
complete lesions of cholinergic fibers in hippocampus reduce, but do not abolish, the 
occurrence of both Type I and Type II theta activity. These data, therefore, do not 
support the simple classification of Type I as non-cholinergic and Type II as 
cholinergic theta.

1 7 3 .5

MORPHOLOGY AND ELECTROPHYSIOLOGY OF RAT SUBICULAR 
NEURONS IN VITRO. D MATTIA*. GGC HWA. M AVOLI. MNI, 
McGill Univ., Montreal, Que., Canada.

Conventional intracellular recordings were performed on the subiculum 
of rat brain slices maintained in vitro. Intracellular injection of biocytin 
revealed that all stained neurons (n=7) were of pyramidal shape with spiny 
basal dendrites descending into the white matter and an apical dendrite 
projecting to the hippocampal fissure. Fifty-one subicular neurons had a 
resting membrane potential (RMP) of -66+7.2mV, input resistance of 
23.6+8.2ΜΩ, time constant of 7 .1± 1.9ms, action potential amplitude of 
85.8+13.5mV and width of 2 .9 + 1.2ms. Analysis of current/voltage 
relationship revealed membrane inward rectification in both depolarizing 
and hyperpolarizing direction. The latter type was insensitive to the Na+- 
channel blocker tetrodotoxin (TTX, ΙμΜ) and was readily abolished by Cs+ 
(3mM, n=6 cells). Following the injection of depolarizing current pulses 
of threshold intensity all subicular neurons fired (at RMP) a burst of 2-3 
action potentials riding on a slow depolarizing envelope followed by an 
afterhyperpolarization. Similar bursts were generated at the break of a 
hyperpolarizing current pulse as well. These bursts persisted in presence of 
the Ca2+-channel blockers Co2+ (2mM) and Cd2+ (ImM, n=5 cells) but did 
disappear during application of TTX (ΙμΜ). Our findings demonstrate that 
subicular neurons exhibit a homogeneous bursting behaviour presumably 
related to a Na+ conductance. We propose that this bursting mechanism 
might play a role in modulating incoming signals from the classical 
hippocampal circuit within the limbic system. Supported by MRC of 
Canada, FOREP and Savoy Foundation.

1 7 3 .7
AROUSAL AND HABITUATION TO NOVELTY INDUCE NITRIC OXIDE 
SYNTHASE ACTIVITY IN THE RAT BRAIN, A.G.Sadile1 and M.Papa2. 
(SPON: European Brain and Behaviour Society). 1Dept. Human Physiol. & 
2lnst. Anatomy, 2nd Univ. of Naples (SUN), Naples, Italy.

The effects of exposure to spatial novelty on nitric oxide synthase (NOS) 
and NADPH-diaphorase (NDP) were mapped in the rat brain by immunohisto- 
chemistry. Adult male Sprague-Dawley rats were tested for 10 min in a 
Làt-maze and sacrificed at different time intervals thereafter (0, 2, or 24 h). 
Handled unexposed rats served as controls. The brains were perfused with 
formaldheide, cryoprotected with sucrose and processed for immunocytoche- 
mistry for NDP reaction or NOS, by a monoclonal antibody against the 
neuronal isoform of the enzyme, on adjacent slices with avidin-biotin method 
and diaminobenzidine as chromogen. In unexposed control rats the consti
tutive expression of NDP and NOS was low and scattered. It pertained to few 
cells in the neostriatum, cerebral cortex, CA1 hippocampal region. In contrast, 
rats that had been exposed for the first time to the maze (spatial novelty) 
showed NDP and NOS activity in the dorsal hippocampus (granule cells, few 
hilar neurons and some CA1 pyramidal cells), the caudate-putamen complex, 
the cerebellum, and all layers of somatosensory cortex. The positivity was not 
due to activity per se, since it was not different from baseline immediately 
after exposure. In contrast, it was present by 2Һ to disappear 24Һ later. In 
addition, a strong neuronal discharge induced by the convulsant pentylen- 
tetrazol did not induce NDP nor NOS 2 h afterwards. There was a high 
congruence between NOS and NDP activity. The wietespread induction of 
NOS and NDP by exposure to novelty suggests that spatial and emotional 
information processing activates a neural network across different organiza
tional levels of the CNS.

Supported by CNR 92.01092.CT04 and MURST 40% grants.

1 7 3 .4
INTRINSIC MEMBRANE OSCILLATIONS AND REPETITIVE FIRING 
PROPERTIES OF RAT SUBICULAR NEURONS IN VITRO. M AVOLI*.
D MATTIA. GGC HWA. MNI, McGill Univ., Montreal, Que., Canada.

Intracellular recordings were made from rat subicular cells in vitro. Oscillations 
of the membrane potential were observed during injection of DC depolarizing 
subthreshold current. These rhythmic oscillations occurred at 5±0.8H z (n=7 cells) 
and reached the maximum amplitude at -55.8 ±  3 .3mV. This oscillatory activity was 
still observed in presence of the Ca2+-channel blockers Co2+ (2mM) and Cd2+ 
(ImM), but it was abolished by the Na+-channel blocker tetrodotoxin (TTX, ΙμΜ). 
Suprathreshold depolarizing current pulses (300-1000ms, 0.1-2. In A) induced in all 
subicular cells tested (n=51) a biphasic pattern o f repetitive firing (RF). At resting 
membrane potential (-66±7.2m V) the response to these pulses consisted o f an 
initial phasic mode of RF followed by a regular, rhythmic firing o f single fast APs 
(tonic mode). The coexistence o f the two modes o f RF did not occur when the cells 
were held at levels o f 5-10 mV more depolarized than rest. This procedure 
consistently aborted the phasic mode, whereas the tonic phase remained unaffected. 
The frequency of firing remained fairly constant during the phasic mode 
(212.7 ±90Hz, n=13 cells), while during the tonic phase the rate o f discharge 
increased upon injection of progressively larger amounts of current. The tonic 
firing rate decreased with time (i.e. adapted throughout the pulse) and eventually 
reached a steady level after few hundred milliseconds. A medium-like 
afterhyperpolarization (217 ± 3 .9ms, n =  10 cells) was apparent upon termination of 
the RF in all cells. Our findings indicate that voltage-gated, subthreshold, Na+ 
dependent rhythmic membrane oscillations are present in subicular neurons. 
Furthermore, these neurons display both phasic and tonic mode o f RF. Supported 
by MRS of Canada, FOREP and Savoy Foundation.

1 7 3 .6

NITRIC OXIDE SYNTHASE INHIBITION REDUCES A CHOLINERGIC 
MARKER BUT DOES NOT IMPAIR ACQUISITION OF VISUAL OR 
SPATIAL MATCH-TO-POSITION DISCRIMINATION.
J.R. TOBIN. L.K. GORMAN. M.G. BAXTER. P.S. OLTON*. R.J. 
TRAYSTMAN. Depts. of Anesthesiology/Critical Care Medicine and Psychology. 
Johns Hopkins University, Baltimore MD, 21218.

Nitric Oxide (NO) is linked to cholinergic and glutamatergic receptor systems 
throughout the brain. NO is a candidate retrograde messenger that may be 
important in synaptic plasticity, such as long-term potentiation. The present study 
examined the role of NO in learning. Male Fischer-344 rats, 3 mos old, were 
randomly assigned to receive saline (n = 6) or L-nitroarginine methylester (L- 
NAME), 75mg/kg i.p. (n = 6) daily, to inhibit NO synthase, one hour prior to 
behavioral training. Following the acquisition of a brightness discrimination, the 
same rats were trained on a match-to-position spatial discrimination. After 
behavioral testing, the same drug dose was given one hour prior to decapitation. 
The brain was dissected and assayed for NO synthase activity by 14C-arginine to 
14C-citrulline conversion, and number of Na+-dependent high affinity choline 
uptake binding sites using hemicholinium-3 (HC-3). In both tasks, the acquisition 
rate and asymptotic accuracy level were not different between groups. E-NAME 
reduced NO synthase activity by 85% in all brain areas (anterior and posterior 
cortex, hippocampus, and cerebellum), and HC-3 binding by 38% in hippocampus 
and 48% in posterior cortex. These data provide evidence that NO is not 
important in the acquisition or performance of these tasks. However, NO synthase 
inhibition results in changes in cholinergic function. Supported by NIH Grant: NS 
20020.

1 7 3 .8
A MICRODIALYSIS STUDY OF THE EFFECTS OF COGNITIVE 
PROCESSING ON NOREPHINEPRINE RELEASE IN THE HUMAN 
HIPPOCAMPUS . l l. Fried*. ^.Leone^M .G. Kaiser. ^ I.A. Puce. ^ А .С .  
Nobre. Įp j )-  Snencer.L2G- McCarthy. ^МЈ. Purine. 1 Dept. Neurosurgery, 
Yale Univ. Sch. Med., New Haven, CT 06510; ^Neuropsychology Lab., VAMC, 
West Haven, CT 06516.

The locus coeruleus noradrenergic projection to the hippocampus appears to 
be involved in memory and associative learning. The purpose of this study was 
to monitor the release of norephineprine and excitatory amino acids in the 
human hippocampus during the performance of a visual association memory 
task. Patients underwent surgical implantation of combination microdialysis / 
depth electrodes for the localization of epileptogenic foci (intrahippocampal 
localization was verified using MRI). A minimum of 24 hours following probe 
implantation, patients were studied with microdialysis samples collected over 3 
minute intervals. The experimental protocol consisted of 3 phases of a visual 
association task: during the 1st phase (encoding) subjects were presented with 
10 names and faces to learn; during the 2nd phase (distractor) the gender of 10 
faces was discriminated; during the 3rd phase (recall) the subjects were asked to 
recall the names corresponding to the faces based on phase 1. The 
norepinephrine concentration in the dialysate collected during the task was 
consistently elevated compared to baseline values. In contrast, aspartate and 
glutamate concentrations were not effected by the cognitive task. These results 
suggest a selective involvement of norepinephrine, as determined by 
microdialysis (a technique limited in time resolution and which primarily 
monitors extrasynaptic, volume transmission), in attentional and associative 
memory processes. Furthermore microdialysis combined with 
electrophysiological recording may be a useful experimental approach to explore 
the neurochemical substrates underlying learning and memory processes in 
humans.
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173.9
THE DOUBLE ANATOMICAL DISSOCIATION OF VERBAL AND VISUAL 
SHORT-TERM MEMORY: A PET ACTIVATION STUDY. E. Paulesu. G. 
Bollini. C.J. Bench, P.M. Grasby. C.D. Frith and R.S.J. Frackowiak* MRC 
Cyclotron Unit, Hammersmith Hospital, DuCane Road, London W12 , UK.

A double dissociation between verbal and visual short-term memory has 
been demonstrated but still seeks definitive anatomical support. At the 
psychological level, this dissociation is well described by Alan Baddeley's 
working memory model1 which includes two separate "slave systems" 
specific for language and for visual material: the "articulatory loop" (AL) and 
the visuo-spatial ”sketch-pad” (VSSP)1. Our aim was to relate these 
processes to functional anatomy. Six volunteers underwent measurements 
of regional cerebral blood flow (rCBF) with H2150  and positron tomography 
during tasks which engaged the AL and the VSSP. The AL was challenged 
with a phonological short-term memory (STM) task and a rhyming task for 
English letters. The VSSP was challenged with a visual STM-task and a 
shape-similarity judgement task for asymbolic line drawings. Statistical 
analysis on the rCBF brain images, after transformation into a standard 
stereotactic anatomical space, was performed on a pixel by pixel basis, by 
statistical parametric mapping (SPM). Comparisons of rCBF across different 
conditions identified left Brodmann's area (BA) 44, insulae, BA 22/42 and 
left supramarginal gyrus (BA 40) as the functional anatomy of the AL. The 
VSSP was associated with bilateral activation of BA 19/39, BA 19/40 and of 
BA 19/37 and BA 47. Comparison of the STM tasks with other tasks 
identified areas that were activated specifically by STM demands: the left 
supramarginal gyrus for the AL; BA 19/39 and BA47 bilaterally for the 
VSSP. Our study suggests that performance of verbal and visual STM tasks 
engages these structures which we propose are modality-specific short
term stores. Our results provide an anatomical basis for the distinction 
between verbal and visual short-term memory.
1. Baddeley, A. Science 255, 556-559 (1992).

173.11

PLASTICITY OF AUDITORY RESPONSES OF LOCUS 
COERULEUS NEURONS: STUDIES IN ANESTHETIZED  
RATS. S J . Sara* and A. Hervé. Inst des Neurosciences, Univ P & 
M Curie, Paris, FRANCE.

During learning in freely moving rats, marked but short-lived 
phasic responses occur in Locus Coeruleus (LC) units when 
stimulus- reinforcement contingency is changed. LC units also 
respond robustly to novel stimuli and habituate rapidly (1,2). To 
further investigate the responsiveness o f noradrenergic neurons to 
novel stimuli and to changes in significance o f the stimulus such as 
occur during learning, LC unit activity in response to tones was 
recorded in 40 rats anesthetized with ketamine or urethane. As in 
awake rats, about 70% of the units respond to 4 and 8KHz tones of 
Isec duration with a short burst at tone onset, then rapid habituation, 
followed by renewed responding when reinforcement is introduced. 
The LC response endures for only a few conditioning trials, but 
reappears vigorously at the very first extinction trials. The phasic 
response is independent o f fluctuations in tonic levels o f firing which 
occur during the conditioning protocole. The results demonstrate 
that even under anesthesia, LC cells respond most reliably and 
robustly to change in significance o f stimuli, particularly when 
reinforcement is withheld, suggesting that this system is involved in 
shifting of attention during learning. These results are consistent 
with our previous reports that stimulation o f the LC is particularly 
effective in situations requiring shifts in attention and/or behavioral 
strategies.
1) Sara, SJ & Segal, M Prog Brain Res, 88, 571-585, 1991. 2) Sara, 
SJ et al, Soc Neurosci Abstr, 1992.

173.13
SPATIAL AND TEMPORAL CHANGES OF PATTERNS OF 
SYNCHRONOUS OSCILLATION IN CULTURED CORTICAL 
NEURONAL NETWORK BY STIMULATION. Y. KURODA1*. K . 
MURAMOTOL M. KAWAHARAL K. KOBAYASHI1. y . s e k in o ». 
EMAEDA2. A. KAWANA λ ‘Dept. of Molecular & Cellular Neurobiology, 
Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi, Tokyo 183, 
2NTT Basic Research Laboratories, Musashino-shi, Tokyo 180, JAPAN.

Recent data on oscillation of neuronal activity suggest that co-activation 
of "cell assemblies" is important for the processing of information and 
short-term memory in the cortex. In 1988, we observed spontaneous 
synchronous oscillations of Ca2* (which represent bursts of action 
potentials) and self-organized synapse formation of rat cortical neurons in 
culture (Muramoto, et a l., Proc.Japan Acad., 64, 319, 1988; Kuroda, et al., 
Neurosci.Lett., 135, 255, 1992). Using a multi-site, video-assisted Ca2+ 
fluorometry system,the neuronal activity in the network can be examined at 
single neuron level. Without any treatment, the frequency of synchronous 
oscillation and member of the oscillatory cell assembly is stable. By the 
addition of bicuculline to the medium, the frequency was not changed or 
was even slightly lowered. When we applied electrical stimulation using a 
planar electrode, the oscillation pattem was modified. For example, clear 
0.09 Hz oscillation was observed in 19 neurons out of 48 cells examined. 
During the single stimulation at 0.2Hz for 3 min, all 19 neurons showed 
Ca2* transients at 0.2Hz and after the stimulation, the spatial and temporal 
pattem of the neuronal activity in the network was changed. The average 
frequency of the oscillation shifted to 0.12Hz. Some neurons out of the 
oscillatory cell assembly increased activity and other neurons decreased 
compare to before stimulation. The modification of oscillation pattern and 
neuronal activity may be caused by dynamic changes of synaptic 
connectivity in the neuronal network during the stimulation.

1 7 3 .1 0

μ g  AND IT NEURON ACTIVITY WITH GOAL 
DIRECTED EYE MOVEMENTS. Jam es L . Ringo* and 
Stanislaw Sobotka. Physiology, Univ of Rochester

Ventral temporal lobe visual areas are thought to be 
involved in object recognition. One way to study unit 
responses in these areas is to use images flashed to a fixating 
monkey. In normal vision, however, primates make eye 
movements to acquire visual targets. Neural response then will 
be a combination of the visual response plus any extraretinal 
signal due to the eye movement. The extraretinal signals from 
spontaneous eye movements to these areas are in fact large. 
The present work was to extend that inquiry to the effects of 
directed eye movements.

Cells were recorded from parahippocampal gyrus (μ g ) and 
inferotemporal (IT) cortex of two macaques working in a 
directed saccade task. The monkeys fixed their gaze on the 
center of a blank display monitor. A small target flash (on for 
200 ms) indicated the place to saccade to. The targets were 10 
deg away from the initial fixation position either up, left, 
down or right. One-third of 123 units showed vigorous 
activity, coupled to the goal directed eye movement. These 
responses usually displayed directional sensitivity.

1 7 3 .1 2

CHANGES IN HIPPOCAMPAL EEG RESULTING FROM INJECTIONS OF 5- 
HT|A AGONISTS INTO THE MEDIAN RAPHE NUCLEUS. G. G. Kinney*. R.
P. Vertes. В. Kocsis. and W. J. Fortin. Center for Complex Systems, 
Florida Atlantic University, Boca Raton, FL 33431.

Several lines of evidence indicate that the median raphe nucleus 
(MR) inhibits hippocampal theta rhythm. For example, MR 
stimulation desynchronizes the hippocampal EEG , while lesions result 
in constant theta. Few reports, however, have attempted to examine 
the role of MR serotonergic neurons in this effect. This was the aim of 
the present study. The hippocampal EEG of urethane anesthetized rats 
were recorded with bipolar electrodes implanted bilaterally in the 
dorsal hippocampus. Procaine HCI (a local anesthetic), 8-OH-DPAT, 
and buspirone HCI (both 5-НТід agonists) were injected into the MR 
using a 1.0 pL Hamilton microsyringe. It was found that procaine 
(3.0 μg/0.3 μΙ. of H2O) resulted in theta with latencies of 24-40 s 
and durations typically lasting š  35 min. 8-OH-DPAT (0.5-3.0 
μg/0.1-0.5 pL of saline) resulted in theta with dose dependent 
latencies ranging from 0 to 12 min post injection, and durations 
typically lasting < 2 hr. Buspirone (0.5-3.0 μg/0.1-0.3 pL of 
saline) resulted in theta with similar latencies at all doses (0 to 2.5 
min post injection), and durations typically lasting < 40 min. 
Injections of these substances into structures surrounding the MR 
resulted in either no theta, or effects at extremely long latencies. 
Saline injections had no effect. Since 5-HT-ia  agonists reduce the 
activity of 5-HT neurons by activating 5-HT-ia  autoreceptors, the 
results suggest that serotonergic neurons of the MR are responsible 
for the inhibitory action of the MR on hippocampal theta rhythm.

1 7 3 .1 4

ACIDIC FIBROBLAST GROWTH FACTOR (aFGF) FRAGMENT 
C A N  MO D UL A T E  S Y N A P T I C  E F F I C A C Y  IN RAT  
HIPPOCAMPAL SLICES. K. Sasaki.« Y. Oomuraf A. Figurov., H. 
Yagi. N. Yanaihara. Fac. Eng., Toyama Univ., Toyama 930, Inst. 
Bio-Active Sci., Nippon Zoki Pharmaceu. Co., Hyogo 673-14, Fac. 
Pharmaceu., Sci., Univ. Shizuoka, Shizuoka 422, Japan 
aFGF, which has memory facilitating effects  when tested  by 
passive avoidance and Morris water maze tasks in mice, promotes 
th e gen era tion  o f lon g-term  p o ten tia tio n  (LTP) in th e  
hippocampus. In the present study, N-terminal (N-aFGF) and C- 
terminal aFGF (C-aFGF) fragments, which consist of 1 to 15 and 
114 to 140 amino acids of aFGF respectively, were synthetized 
and their e ffects  on the generation of LTP were examined in rat 
hippocampal slices. A population spike evoked by stimulation to  
the stratum radiatum was recorded from CAI pyramidal cell 
layer. N-aFGF or C-aFGF was applied 30 min before tetanic 
stimulation (100Hz, 7 impulses). Perfusion of slices with 100 to 
400 ng/ml N-aFGF significantly and dose-dependently increased 
the magnitude of population spike after tetanic stimulation. N- 
aFGF also increased the paired-pulse stimulation. Perfusion of 
slices with 650 ng/ml C-aFGF had no e ffects  on the magnitude of 
population spike and the paired-pulse. aFGF inhibits food intake 
in rats, but not C-aFGF, and suggested that the N-terminal site  
of aFGF is active in the CNS. Present results confirm it and 
further indicate that N-terminal fragment can influence synaptic 
efficacy.
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H Y PO TH ALAM IC-PITUITARY-ADRENAL A XIS REGULATION: FOCUS ON

CRF AND GLUCOCORTICOID TUESDAY AM

1 7 4 .1
THE INFLUENCE OF CYTOKINES ON THE HPA SYSTEM 
DURING DEVELOPMENT. SEYMOUR LEVINE* and INGVILD 
GANGSAAS. Dept. of Psychiatry & Behavioral 
Sciences, Stanford Univ. Sch. of Med. CA 94305

Recent evidence has indicated that during 
the Stress Hyporesponsive Period (SHRP) the 
ne-'onatal rat can elicit an ACTH response to 
specific stimuli while the corticosterone (CORT) 
response is minimal. One of the purposes of the 
present study was to determine the response of 
rat pups at postnatal days (pnd) 6, 12, and 18 to 
the immunological challenges of Lypopolysacharide 
(LPS) and Interleukin-1. A dose response curve to 
both LPS and IL-1 indicated that during 
development significant elevations of ACTH are 
elicited in response to both of these challenges. 
However, the response at pnd 6 was significantly 
reduced to both challenges. In response to IL-1 
pups at pnd 18 responded at lower doses. It has 
been demonstrated that 24 hr of maternal 
deprivation markedly alters the HPA system of the 
rat pup. In response to LPS & IL-1 the ACTH 
response was significantly lower in maternally 
deprived pups, whereas the CORT response was much 
higher. These data indicate 1) a dissociation 
between the pituitary and adrenal responses 
during ontogeny and 2) the presence of negative 
feedback during development.

1 7 4 .3
REDUCTION OF HYPOPHYSIAL-PORTAL PLASMA ARGININE 
VASOPRESSIN CONCENTRATION IN AGED FISHER 344 RATS. Е Ж
Plotskv* and R.L. Hauger. Stress Neurobiology Laboratory, Dept. of 
Psychiatry, Emory University, Atlanta, GA 30322 and Neuroendocrinology 
Laboratory, Dept. of Psychiatry, UCSD, VA Hospital, La Jolla, CA 92037.

Aging is frequently associated with dysfunction of the hypothalamic- 
pituitary-adrenal (HPA) axis. Activity of this axis is controlled by multiple 
hypothalamic secretagogues including corticotropin releasing factor (CRF) and 
arginine vasopressin (AVP). We previously reported increased hypothalamic 
release of corticotropin releasing factor (CRF), down regulation of corticotrope 
CRF receptors and attenuation of stress-induced ACTH secretion in aged rats. 
Therefore, we postulated that defective hypothalamic release of other ACTH 
secretagogues, such as AVP, may play an important role in the diminished 
corticotropes responsiveness in aged rats. In the current study, we assessed 
hypophysial-portal plasma levels of AVP during initial and stressor conditions 
in young (4.0+0.3 mo old) and aged (24.2±0.8 mo old) populations of Fisher 
344 male rats . Hypophysial-portal blood was collected under urethane 
anesthesia (0.11 g/100 gBW, ip) in sequential 45 min collections (5-7 μΐ/min) 
before and during controlled venous hemorrhage (20% estimated blood 
volume), extracted and AVP determined by RIA. The initial portal 
concentrations of AVP were 0.89±0.01 nM and 0.56+0.01 nM (mean + sem) in 
young (n=8) and aged (n=8) rats (p< 0.01). Following hemorrhage, portal AVP 
rose 1.98-fold in the young rats as compared to 1.50-fold in the aged animals 
(p< 0.01 vs initial). Bilateral adrenalectomy with pellet replacement of 
corticosterone for 5 days, achieving circulating levels of 63+7 ng/ml (young) 
and 52+6 ng/ml (aged), significantly increased portal concentrations of AVP of 
the aged rats as compared to young rats. Thus, it appears that the mild 
hypercorticosterolemia observed in the aged rats may suppress AVP gene 
expression in neurons within the parvocellular division of the hypothalamic 
paraventricular nucleus. This reduction in AVP may contribute to the impaired 
corticotrope responsiveness observed in the aged rats.

1 7 4 .5
PURIFICATION OF THREE CRF-BINDING PROTEIN SUBTYPES 
FROM SHEEP BRAIN. D.P. Behan. W.H. Fischer. M. Park. E. Potter. 
P.J. Lowrv. S. Sutton. D. Parkes*and W.W.Vale. Clayton Foundation 
Laboratories For Peptide Biology, The Salk Institute, CA, 92037 

A high affinity CRF-binding protein [CRF-BP] related to the human 
plasma protein was cloned and found to be broadly distributed 
throughout the rat brain. Rat and sheep brain extracts contain 
immunoreactive CRF-BP much of which is membrane associated. We 
have now purified 3 different subtypes from NP-40 solubilized sheep 
brains by hCRF-affinity chromatography: Type I- 33 KDa, Kd hCRF 
0.05- 0.5 nM, binds antibody 5144 [raised to whole recombinant]; 
Type II- 35 KDa, Kd hCRF 5-10 nM, binds antibody 5144; Type HI- 
35 KDa, Kd hCRF 1-5 nM, binds antibody 5160 [raised to residues 1- 
26 of rat sequence]. Purified proteins were subjected to SDS 
electrophoresis and blotted onto immobilon-P membrane. Sequence 
analysis of 6 tryptic fragments generated from the 33 KDa band [type 
I] revealed a high degree of homology [90%] to the cloned human and 
rat recombinant sequences. N-terminal sequence analysis of the type I 
protein revealed it to be truncated beginning at residue 23 of the 
mature CRF-BP's. Furthermore, we have identified a number of post- 
translational modifications of Type I which could contribute to 
membrane association. N-terminal sequence analysis of the type III 35 
KDa protein revealed a 14 amino acid stretch which had only 35% 
homology to residues 6-20 of thè mature CRF-BP's. These data 
present evidence for the presence of three classes of CRF-BP in brain 
and suggest that post-translational modification of type I may be 
important in membrane association. CRF-BP's may serve to 
temporally and anatomically limit the actions of CRF.

1 7 4 .2
GENOMIC AND NON-GENOMIC EFFECTS OF A  NEUROSTEROID ON 
HYPOTHALAMIC CORTICOTROPIN-RELEASING HORMONE 
REGULATION. V.K. Patchev. F. Holsboer, G.P. Chrousos* and O.F.X. 
Almeida. Max Planck Institute for Psychiatry, Clinical Institute, Munich, Germany 
and *DEB, NICHD, NIH, Bethesda, MD.

The ring-A-reduced steroid derivative 5a-pregnan-3a-ol-20-one (THP) is 
synthesized under normal physiological conditions in the brain and is a potent 
modulator of the GABA/benzodiazepine receptor. This neurosteroid has 
significant sedative and anxiolytic properties. Corticotropin releasing hormone 
(CRH) plays a major role in stress-induced activation of the hypothalamic- 
pituitary-adrenal (HPA) axis. Sustained hyperactivity of hypothalamic CRH 
neurons may be causally related to both increased HPA activity and several 
behavioral symptoms observed in affective disorders. We investigated the effects 
of different concentrations of THP on the basal and methoxamine-stimulated 
release of CRH from hypothalamic organ explants in vitro. THP did not alter 
basal CRH release, but suppressed the stimulatory effect of the al-agonist in a 
dose-dependent fashion. In addition, measurements of CRH mRNA by in-situ- 
hybridization histochemistry in the paraventricular nucleus of rats systemically 
treated with THP, revealed that this neurosteroid prevented adrenalectomy- 
induced upregulation of CRH gene expression. These results suggest that the 
anxiolytic effects of THP (or its metabolic derivatives) might result from 
modifications of cerebral CRH gene expression and release.

Support from the Max Planck Society and the Deutsche Forschungsgemeinschaft 
(SFB 220/C8) is gratefully acknowledged.

1 7 4 .4
STRESSOR-SPECIFIC PATTERNS OF FOS PROTEIN EXPRESSION IN THE 
RAT BRAIN IN RELATION TO HPA AXIS ACTIVATION. K.V. Thrivikraman*. 
Y. Su. L. Vergnani. J.J. Mulchahev and P.M. Plotskv. Stress Neurobiology Laboratory, 
Deptartment of Psychiatry, Emory University, Atlanta, GA 30322.

Although major pathways activating the hypothalamic-pituitary-adrenal (HPA) axis 
have been identified, the stress«· specific nature of these inputs has not been delineated. 
Toward this goal, we utilized nuclear Fos protein expression as a marker of neuronal 
circuit activation following presentation of either 20% venous hemorrhage (HEM; 
n=10), a physical stressor, or air-puff startle (START; n=10), an emotional stressor. 
Experiments were initiated in the morning in chronically catheterized rats (250-300g) 
and sequential blood samples (0.3 cc each) were obtained for ACTH and corticosterone 
(B) determinations. After the stimulus, rats (2/time point) were anesthetized and 
perfused immediately before (control) or at 3 0 ,6 0 ,1 2 0  and 150 min intervals after the 
stressor. Frozen coronal brain sections (30 pm) were cut and immunostained for Fos 
protein using polyclonal antiserum (Oncogene Sciences). HEM elicited a 20-fold 
increase in ACTH and a 10-fold increase in B, whereas START evoked a 5-fold 
increase in ACTH and a 4-fold increase in B. By 150 min following HEM, intense Fos 
immunostaining was visible in brainstem neurons (NTS, VLM, LC), paraventricular 
hypothalamus (PVN), supraoptic nucleus (SON), bed nucleus of the stria terminalis 
(BNST), paraventricular thalamus, and central amygdala (CeAMY). In contrast, 
following START, Fos immunostaining was not above background levels in brainstem 
and magnocellular PVN or SON neurons. Fos expression was sparse in the 
parvocellular PVN, BNST and CeAMY after START as compared to HEM. These 
differences after START were not due to timing, since neurons expressing Fos protein 
in rats perfused at earlier time points were not increased. However, the number of Fos 
positive neurons in the hippocampal region (START=37±4, HEM=24±1, control=21+2) 
and the posterior caudate-putamen area (START=91±9, HEM=68±5, control=51±7) 
were greater after START than after HEM. These results illustrate stressor-specific 
activation of neural pathways which impinge upon and, in part, modulate activity of 
CNS neurons regulating the HPA axis.

1 7 4 .6
DIFFERENTIAL EXPRESSION OF THE CORTICOTROPIN RELEASING- 
HORMONE GENE IN MOUSE DEVELOPMENT. C. Keegan*2. 1. Herman1.
I. Karolvi2 . L. Knapp2 . A. Seasholtz^. and S. Camper2 , 1 Departm ent of 
Anatom y and Neurobiology, University of Kentucky. ^Department of Human 
Genetics and ^Biological Chemistry, U niversity of M ichigan Medical 
School, Ann Arbor, MI 48109.

Glucocorticoids(GC) produced by the adrenal cortex m ediate the body’s 
adaptive response to stress. The synthesis and secretion of these steroids is 
m ediated by corticotropin releasing horm one (CRH) via the hypothalamus- 
pituitary-adrenal (HPA) axis. K now ledge o f the regulation of CRH gene 
expression w ill provide the groundwork for understanding both normal and 
abnormal responses to stress. W e genetically m apped the m ouse CRH locus to 
Chrom osom e 3. This location suggests that there are no existing mouse 
m utants w ith  a defect in the CRH gene. Toward establishing the basis for 
tissue specific activation of the CRH gene, w e generated a comprehensive 
catalog of CRH expression  in  adult and d ev e lo p in g  m ice by in situ 
hybridization. In the adult brain, high levels of CRH expression were noted 
in the hypothalam ic paraventricular n u cleu s (PVN ), inferior olivary  
nucleus, and Barrington’s nucleus (BAR). In the developing m ouse brain, CRH 
m RNA w as evident in the PVN by day 13.5; expression decreased markedly 
at birth, concomitant w ith the stress hyporesponsive period of the neonatal 
rat. CRH expression in BAR did not change significantly at birth, showing  
differen tia l regulation  of the CRH gen e in d ifferen t regions o f the 
develop ing m ouse brain. CRH expression w as detected during development 
in regions outside the CNS, such as lung and celiac ganglion. To define the 
D N A  sequence elem ents responsible for cell-specific and developm ental 
regulation of the CRH gene, transgenic m ouse studies are currently underway. 
(Supported by NIM H R29 MH49463-01, NARSAD, and NIH  P30-HD18258.)
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174.7
DISTRIBUTION OF THE TYPE II GLUCOCORTICOID RECEPTOR IN 
SELECTED AREAS OF THE FETAL BABOON BRAIN IN LATE GESTATION. 
TJ. McDonald*. S. Wu. D A  Mvers. P.W. Nathanielsz. Laboratory for Pregnancy 
and Newborn Research, Cornell University, 817 VRT, Ithaca, NY 14850.

Control of circulating glucocorticoids in response to acute stress is modulated 
in adult rats by areas of brain with high concentrations of Type II glucocorticoid 
receptor (GR; de М оєї & Reul, 1987, Psychoneuroendocrinol. 12:83). In addition 
glucocorticoids play an essential role in organ maturation in late gestation (Liggins, 
1976, AmJ.Obstet.Gynecol. 126:931). Recently the GR has been demonstrated 
immunocytochemically as early as 120 days of gestation (dGA) in fetal sheep 
brains (McDonald et al., 1993, J.Physiol. 459:331).

SPECIFIC AIM: To determine distribution of GR in selected areas of late 
gestation fetal baboon brains using a GR antibody (#57) that shows cytoplasmic 
staining when GR is not bound to glucocorticoid and nuclear staining when GR 
is is activated by steroid (Cidlowski et al., 1990, Mol. Endo. 4:1427).

METHODS: Under halothane anesthesia, late gestation fetal baboon brains 
(n=5) were perfused and immunostained for GR by the avidin biotin complex 
method.

RESULTS: Hypothalamus - GR immunostaining, both cytoplasmic and nuclear, 
was seen in PVN neurons, but not in neurons of the SON or SCN. Presumptive 
glial cell nuclei were lightly stained throughout the hypothalamus. Hippocampal 
Formation - GR immunostaining was present in dentate gyrus and Ammon’s horn 
and was mostly cytoplasmic. Presumed glial cells were stained lightly. Brainstem - 
Some A j and A2 monoaminergic neurons exhibited nuclear localization of GR 
antibody while others demonstrated cytoplasmic localization. GR immunostaining 
of presumed glial elements was robust in brainstem.

CONCLUSION: GR appear to be in position in specific areas of fetal baboon 
brain to potentially participate in feedback regulation of glucocorticoid secretion 
during organ maturation and in response to acute stress.

174.9
INTRACAROTID VASOPRESSIN INFUSION NORMALIZES THE ACTH 
RESPONSE TO HYPOTENSION IN NEUROHYPOPHYSECTOMIZED, 
CONSCIOUS DOGS. H. Raff*. P.E. Papanek. J-F. Liard, and 
A.W. Cowlev. Jr. Depts. of Physiol, and Med., Med. Col. 
Wisconsin and St. Luke's Med. Ctr., Milwaukee, WI 53215.

Hypothalamic vasopressin (AVP) interacts with 
corticotropin-release factor (CRF) in the control of ACTH 
release. Since neurohypophysectomy (NHX) inhibits the 
ACTH response to hypotension, we hypothesized that 
hypothalamic AVP entering the anterior pituitary from the 
neural lobe is an important controller of ACTH release.
We used 30 min of nitroprusside-induced hypotension as a 
stimulus in 4 conscious dogs before and after (>14 d)
NHX. ACTH increased from 40+3 to 268+96 μg/ml before 
NHX; the response after NHX (55+10 to 88+17 μg/ml) was 
significantly attenuated. To determine if the loss of 
AVP was the mechanism of the attenuated ACTH response in 
NHX dogs, AVP was infused (0.7 ng/kg/min) during 
hypotension either IV or into both carotid (IC) arteries 
via chronic indwelling Barger catheters. IC AVP infusion 
during hypotension increased ACTH from 52+12 to 200+33 
μg/ml. This was not different than in the intact state 
and was significantly greater than the response when AVP 
was given IV (from 44+8 to 106+33 μg/ml). We conclude 
that cephalic AVP infusion normalizes the ACTH response 
to hypotension in NHX dogs. These data suggest that AVP 
from the neural lobe is an integral component of the ACTH 
response to hypotension. (Supported by HL39103).

174.11
MODE OF REGULATED SECRETION OF B-ENDORPHIN AS RELATED TO 
SECRETORY PATTERNS OF ACTH IN NORMAL MEN. А.ІгашиапеаЬ»,
J.D. Veldhui». Divisions of Endocrinology, V.A. Medical 
Center, Salem, VA 24153 and University of Virginia, 
Charlottesville, VA 22908.
We have previously defined pulsatile release and a 

circadian pattern inherent in the plasma concentrations of 
B-endorphin, which closely temporally correlate with plasma 
concentrations of ACTH. In order to estimate B-endorphin 
secretory dynamics in vivo and determine the secretory 
correlates between B-endorphin and ACTH, we applied 
■onoexponential deconvolution analysis to B-endorphin (22 
■in half-life) and ACTH (17 min half-life) concentrations 
time series in 9 normal men, in each of whom blood was 
sampled at 10-min intervals for 24-h. The secretory 
patterns of B-endorphin and ACTH were characterised by 
discrete secretory bursts superimposed on basal secretion 
(μg/ml/min) estimated at 0.82 + 0.12 (SEM) and 0.25 + 0.05 
(SEM), respectively. Episodic release of these peptides 
was identified as demarcated bursts occurring at a mean 
frequency of 17 + 1.6 (B-endorphin) and 23 + 1.5 (ACTH) 
peaks per 24-h, with respective mean secretory masses 
(μg/ml) of 16.9 ± 1.6 and 13.7 ± 1.3. The total 24-h 
production rates of B-endorphin (μg/ml) and ACTH (μg/ml) 
were calculated at 1456 + 178 and 675 + 88, of which 25% 
(B-endorphin) and 49% (ACTH) were released episodically and 
the remainder "tonicallyM. A We conclude that plassui 
concentrations of B-endorphin* and ACTH are maintained by 
both tonic and pulsatile release of these peptides.Since 
B-endorphin is thought to be co-secreted with ACTH from 
pituitary corticotropes, its higher basal release (compared 
to ACTH) may suggest additional secretory origin(s).

1 7 4 .8
A FUNCTIONAL PROMOTER DIRECTING EXPRESSION OF THE 
MINERALOCORTICOID RECEPTOR. Маца Castrén. Matti Airaksinen*. and 
Klaus Damm. Max-Planck-Institute for Psychiatry, Munich, FRG.

Mineralocorticoid receptor (MR) is predominantly expressed in hippocampus 
and kidney. We have identified two types of hippocampal cDNAs for the rat MR 
which are identical in the protein coding domain but differ in their 5’-untranslated 
sequences. One of these clones encodes a rMR cDNA with a high homology 
(90%) to a previously described human MR cDNA isolated from the kidney. We 
also isolated a genomic clone containing the 5’-end of the rat MR gene. The 12.7 
kb genomic region contains the 5’-coding exon with the translational start site and 
contiguous DNA sequences encoding the N-terminal domain of the rMR. The 5’- 
untranslated sequence highly conserved between rat and human cDNA was located
5.2 kb upstream of the protein coding region. Characterization of the nucleotide 
sequence upstream of this exon revealed several features characteristic for 
promoters of so-called "housekeeping genes". The sequence analyzed is 635 bp in 
length, is rich in G+C nucleotides (63%) and lacks TATA or CAAT regulatory 
elements. It contains three putative binding sites for transcription factor Spi as 
well as several short sequences that are similar to known cis-acting enhancers or 
binding sites for transcription factors. In transient transfection experiments 
employing the luciferase reporter gene and the neuroblastoma (Neuro2A) and 
kidney (CVI) cell lines this region exhibits substantial promoter activity. These 
experiments demonstrate that expression of the rat MR gene in the hippocampus 
results in at least two transcripts with different 5’-untranslated exons. This 
sequence information together with the nucleotide sequences upstream of one of 
the exons, which were shown to encode a functional promoter, provide a valuable 
tool to elucidate the mechanisms involved in the tissue-specific regulation of the 
rat MR gene.

1 7 4 .1 0
EFFECT OF ADRENALECTOMY (ADX) AND CORTICOSTERONE 
(CORT) REPLACEMENT ON RESPIRATORY EXCHANGE RATIO (RER) 
AND BODY WEIGHT. ę,Hąmęlmkt P, Curry, В, Wp n g t,J. Çhamforş, D. 
Coscina. and T.W. Castonpuav U  Maryland, College Park, MD, Clarke Institute 
of Psychiatry, Toronto, Ont. and Baylor Coll. Dentistry, Dallas, Texas.

Glucocorticoids are known to be important in both the development and 
maintenance of obesity as well as influencing substrate flux through the metabolic 
pathways. Glucocorticoids released in response to stress stimulate gluconeogenesis 
and lipolysis. AD X promotes decreased carbohydrate utilization and increased 
reliance on fat metabolism for energy. Male Sprague-Dawley rats weighing 232 ±_ 
1.5g; mean +. SEM) were randomly divided into four groups: ADX, ADX + low 
dose CORT replacement, AD X + high dose CORT, or sham operated controls 
(SHAM). Either 50 or 100 mg CORT was dissolved in 250mg cholesterol pellets 
and placed subcutaneously between the scapulae for sustained gradual release. 
Body weight and food intake were measured for 30 days. Each rat was monitored 
for 90 minutes four times during the pre-operative period, twice at lights on and 
twice at light off. Following a 1 week post-surgical recovery period, each rat was 
once again monitored a total of 4 times, twice at light on and twice at light off. 
Body weights of the ADX group fell significantly below the SHAM, A D X + low 
and A D X + high (343±6, vs. 379±11, 372±11, 369±5g final body weight). Both 
levels of CORT replacement prevented ADX-induced suppression of rate of 
weight gain. ADX decreased food intake dramatically in the dark period and 
moderately in the light period. CORT replacement attenuated the decrease in 
intake during the dark hours, though failed to fully restore PM intake to levels 
observed in SHAM controls. Significant between animal variability was observed 
in the relationship between activity and RER. Initial results reveal decreases in 
pm RER values post adrenalectomy with a dose related attenuation in decreases 
seen with CORT replacement. (Supported in part by NIH grant DDK 42446)

1 7 4 .1 2
EFFECTS OF THE TRIAZOLOBENZODIAZEPINE ALPRAZOLAM ON THE 
STRESS- AND CRH-INDUCED ACTIVATION OF THE PITUITARY-ADRENAL 
AXIS. T. Rohren V. v. Richthofen. D. Hellhammer*. J. Bever and H. Lehnert.. 
Dept of Endocrinology, University Hospital, 6500 Mainz, *Dept. of Psychology, 
University of Trier, 5500 Trier FRG 

A number of experimental studies clearly suggests that benzodiazepines at
tenuate CRH-secretkm through inhibitory GABAergic neurons in the paraventri
cular hypothalamus. We investigated the effects of alprazolam on the stress- 
end CRH-induced increase in ACTH, cortisol and prolactin secretion as well as 
on hemodynamic variables. 10 healthy volunteers received either alprazolam 
(0.5mg orally) or placebo 90 mins prior to administration of CRH (lOOug iv) and 
to the performance of a stress procedure which entailed an interview before a 
sham-recording video camera. Blood samples, blood pressure and heart rate were 
taken every 15 mins. The administration of alprazolam led to a highly signifi
cant attenuation of the ACTH increase following the interview stress. While 
ACTH increased from 12.4+10.6 to 26.7+18 μg/ml after 15 mins during the stress 
procedure, there was almost no increase following alprazolam intake (4.1+2.4 to 
5.5±23 μg/ml). Both basal and stimulated ACTH concentrations were significant
ly different. An identical effect was found for cortisol secretion. Basal 
levels of prolactin appeared to be slightly enhanced in the alprazolam situ
ation, while the stress-induced increase was not attenuated. Basal and stimu
lated systolic and diastolic blood pressure levels as well as heart rate were 
also significantly attenuated by alprazolam intake. Following administration of 
CRH, the ACTH augmentation was only slightly attenuated following alprazolam, 
while there were no changes in cortisol and prolactin secretion. Thus, our data 
show that alprazolam inhibits the stress-induced activation of the pituitary- 
adrenal axis while exerting no major effects after application of exogenous 
CRH, suggesting a hypothalamic interaction of GABA and CRH-containing neurons.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993 ;



416 NEUROTROPHIC FA C TO R S: BIOLOGICAL EFFECTS I TUESDAY AM

1 7 5 .1
REGULATION OF CNS DEVELOPMENT BY INTERLEUKINS (ILs) AND 
BONE MORPHOMETRIC PROTEINS. M. F. Mehler*. H. Xu and J. A. 
Kessler. Departments of Neurology and Neuroscience, Albert Einstein 
College of Medicine, Bronx, New York 10461.

Recent studies with hippocampal progenitor cells suggest that specific 
bone morphometric proteins (BMPs) and hematolymphopoietic 
interleukins (Mehler et al., Nature. 1993) selectively regulate neuronal 
lineage commitment and differentiation. To clarify the specific role for 
these and related cytokines in normal neuronal development, we 
established primary dissociated cultures of five rat embryonic CNS 
regions in serum-free media at densities favoring cytokine effects on 
survival and differentiation. ILs 5, 7 and 9, later-stage hematolymphoid 
and neuronal growth factors, exhibited similar dose-dependent effects on 
neurite outgrowth, terminal branching and survival in all brain regions 
examined. By contrast, ILs 11 and 12, mediated through distinct signal 
pathways, showed qualitatively different neurotrophic effects that were 
limited to striatum and hippocampus. BMPs 2 and 6, but not BMP 4 or 
transforming growth factor ß1, TGFß superfamily factors with 
predominant growth-inhibitory properties, significantly enhanced survival 
and process outgrowth only in cortex and cerebellum. IL4, an early 
hematopoietic cytokine, was also active but on different neuronal 
subpopulations in these regions, and in striatum. Finally, ILs 8 and 10, 
demonstrated selective trophic effects in hypothalamus and 
hippocampus. These observations suggest that a hierarchy of 
hematopoietic and osteogenic cytokines can significantly alter CNS 
development, with an array of trophic effects that rival the traditional 
neurotrophins.

1 7 5 .3

MOTONEURON SURVIVAL IN VIVO AFTER TREATMENT WITH 
COMBINATIONS OF MUSCLE- AND CNS-DERIVED TROPHIC 
FACTORS. R. W. Oppenheim*. D. Prevette. S. McKay and 
C. Cardwell. Neuroscience Program, Wake Forest University, 
Bowman Gray School of Medicine, Winston-Salem, NC 27157.

Previous studies have shown that crude extracts as well as 
partially purified fractions of both embryonic chick muscle and brain 
contain proteins that rescue motoneurons (MN) from normal cell 
death in vivo and in vitro. Because MN survival may normally depend 
on trophic factors from targets as well as from other sources, we have 
been attempting to isolate and characterize the activities present in 
both target muscle and the CNS. As a part of this effort, we have 
screened a number of previously purified growth and trophic factors 
expressed in muscle and the CNS. Although several of these (e.g., 
CNTF, BDNF, PDGF, TGF/3, IGF, S100) promote MN survival, none 
were able to rescue all MN that normally die. Accordingly, we have 
begun to test several of these in combination. Of the combinations 
tested so far (CNTF/FGF, PDGF/TGF/3, BDNF/CNTF), only 
BDNF/CNTF appears to have a significant additive/synergistic effect. 
Whereas both CNTF and BDNF treatment alone (5 μg/day, embryonic 
day 6 to day 10) results in approximately 15,000 surviving MN on E10 
(vş 12,000 for control, p<0.01), when administered together there 
were almost 18,000 MN on E10 (pcO.001). Studies in progress 
include examination of additional combinations (e.g. CNTF/IGF, 
TGF/FGF, IGF/BDNF) as well as different doses of effective 
combinations.

1 7 5 .5
LONG-TERM EFFECTS OF CILIARY NEUROTROPHIC 
FACTOR (CNTF) ON MOTONEURON SURVIVAL IN RATS. Ü
G. Forger*. S. Watamura & S.M. Breedlove. Dept. Psychology, 
Univ. California, Berkeley, CA 94720.

Motoneuron death in the spinal nucleus of the bulbocavernosus 
(SNB) is regulated by androgen and is sexually dimorphic: many 
more SNB cells die in perinatal females than in males. Last year 
we reported that CNTF mimics some effects of androgen in the 
developing SNB. When female rat pups were treated with CNTF 
from embryonic day 22 (E22; one day before birth) through post
natal day 3 (P3), motoneuron number in the SNB on P4 was 
markedly enhanced. We now report the long-term consequences 
of perinatal CNTF treatment. Female rat pups were delivered by 
cesarean section on E22 and treated with 1 Mg CNTF (Regeneron) 
or vehicle alone from E22 through P3. Half of the animals in each 
group were killed 1 day after the last injection (P4) while the 
remainder were sacrificed at least 60 days later (P63 - P66). Adult 
females that had been treated with CNTF as neonates had 44% 
more SNB cells than did adult controls (p < 0.05, 1-tailed). 
However, the absolute number of SNB cells in adults was sig
nificantly lower than that at P4 in both groups. Although CNTF 
apparently has some lasting effect on motoneuron number, many 
SNB cells present on P4 in treated animals eventually degenerate. 
We are now evaluating the long-term effects of CNTF treatments 
that more nearly span the entire cell death period, which extends 
to at least P7 in the SNB. (Supported by NIH grant NS28421).

1 7 5 .2
NEUROTROPHIN-3 PROMOTES DIFFERENTIATION OF MOTONEURONS 
FROM CULTURED AVIAN NEURAL TUBE PROGENITORS. 
Kalcheim*. L. Averbuch-Heller. M. Proainin, N. Каһапе 
and A. Rosenthal.1 Dept. Anatomy & Embryology, Hebrew 
Univ. Med. Sch. Jerusalem 91010, Israel and ^Dept. 
Neurosciences Genentech, San Francisco, CA 94080, USA.

Neurotrophin-3 (NT-3) promotes primary differen
tiation of neural tube progenitors into motoneurons 
expressing the BEN/SC1 epitope. A 1.75-to-6.7-fold 
increase in motoneuron number was obtained when neural 
tube cells derived from 2-day-old quail embryos were 
cultured in the presence of 0.1-10ng/ml of NT-3. Since 
the overall number of neural tube cells, as well as the 
proportion of motoneurons that developed from cycling 
precursors remained unchanged upon treatment with NT-3, 
we conclude that NT-3 stimulates differentiation rather 
than survival or proliferation of progenitors that 
become BEN ( + ) motoneurons. In contrast, NT-3 had no 
effect on survival of already differentiated avian 
motoneurons. Consistent with these findings is the 
expression of TrkC mRNA. TrkC expression is homogeneous 
in the E2 neuroepithelium, becomes restricted to the 
mantle layer on E3 where differentiation occurs, and is 
down-regulated from the ventral third of the E4-5 
spinal cord right before the onset of normal motoneuron 
death. Thus, the NT-3-TrkC complex is likely regulate 
early neurogenesis in the avian CNS.

1 7 5 .4

D IFF E R IN G  T R O P H IC  D E P E N D E N C IE S  O F  IN T A C T  AND  
E X P E R IM E N T A L L Y  A L T E R E D  D E V E L O P IN G  AVIAN N EU R O N S  
IN VIVO. Y. Qin-Wei*. R. W. O ppenheim , and D. Prevette. Dept. 
of N eurobiology & Anatomy, Bowman G ray Sch . of Med., Wake 
Forest Univ., W inston-Salem , N C  27157.

Previous studies su g g e st that som e trophic agents can  rescue  
neurons following injury, but are ineffective on naturally occurring  
cell death. We have exam ined this question by creation of a 
spinal "transection" in early (em bryonic day 2, E2) chick 
em bryos, by removal of 2-3 segm ents of thoracic neural tube, 
which results in lo ss of the targets and/or afferents of lumbar 
m otoneurons (MN), interneurons (IN), and peripheral sensory  
neurons (SN ). Examination of transected em bryos on E16  
indicates that all three neuronal populations exhibit significant 
reductions in cell num bers. Treatment with various trophic 
agents (10/i/g/day) from E 9  to E1 5  can rescu e both MN and SN  
from this cell death. P D G F, b F G F , C N T F , LIF, IG F -1 , S100, NT-3, 
B D N F and N G F  rescu ed  MN, w hereas B D N F, NT-3, N G F, S100, 
C N T F , P D G F  and IGF-1 rescued SN . Partially purified fractions 
of E1 5  brain extract rescu ed  MN, but w as ineffective on SN . 
B eca u se  som e of the trophic agents tested also  rescue MN and 
S N  from naturally occurring cell death, w hereas others do not 
(e.g., F G F , NT-3). Th e se  data s u g g e st that intact developing  
neurons m ay have different trophic requirem ents than 
experimentally altered neurons.

1 7 5 .6
CNTF INHIBITS APOPTOSIS IN SERUM-DEPRIVED NSC34 MOTOR 
NEURON HYBRID CELLS. I.T. Shaw* <£N.R. Cashman. Neuroimmunology Unit, 
Montréal Neurological Institute, McGill University, Montréal, Canada H3A 2B4.

The NSC34 neuroblastoma x spinal cord cell hybrid is a proliferating cell line which 
constitutively expresses many properties of developing motor neurons (Cashman et aL, 
Dev Dyn 1992). NSC34 cells undergo apoptotic death on withdrawal of fetal calf 
serum supplements (Cashman et a i. Soc Neurosci Abs 1991), characterized by uptake 
of vital dyes, generation of nucleosome ladders and aggregation of chromatin. Death 
of serum-deprived NSC34 cells can be partially blocked by inhibitors of gene 
expression (e.g. cycloheximide) or nuclease activity {e.g. aurintricarboxylic acid). We 
now demonstrate that ciliary neurotrophic fartor (CNTF) can also inhibit death of 
serum-deprived NSC34 cells.

Viability of serum-deprived NSC34 cells over a 6-day time course was quantitated 
by exclusion of propidium iodide on flow cytometry, allowing for the rapid objective 
assessment of large cell numbers. As previously reported, 0.5 μΜ cycloheximide (CyH) 
significantly inhibited NSC34 cell death induced by serum deprivation (paired Mest; 
p=0.0003). The N18TG2 parent neuroblastoma for the NSC hybrids, which also dies 
upon serum deprivation, underwent accelerated cell death with CyH treatment 
(/»=0.0024). CNTF 10 ng/mL significantly slowed apoptotic progression of serum-de
prived NSC34 cells (/»=0.0001) to a similar degree as CyH, but had no effect on cell 
death of serum-deprived N18TG2 cells (/»=0.2752). These data suggest that the genetic 
expression patterns subserving apoptosis and CNTF responsiveness in serum-deprived 
NSC34 cells are derived from the embryonic motor neuron parent of the NSC fusions, 
and not from the N18TG2 neuroblastoma parent. NSC34 cells may thus provide a 
convenient donally manipulable model for investigating motor neuron apoptosis in 
development and disease. (Supported by ASLA and MRC Centres of Excellence)
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NEUROTROPHIN 4  SELECTIVELY PROMOTES NEURON SURVIVAL IN 
ORGANOTYPIC SLICES OF MOUSE STRIATUM. A enieszk a A. Ardelt. 
Nicolaos Flaris and Kevin A. Roth*. D epartm en t o f  Pathology, 
Washington University School o f  M edicine, St. Louis, MO 6 3 1 1 0  

Neurotrophin 4 (NT-4) is the m ost recently characterized m em ber o f  
the nerve grow th fa cto r-re la ted  fam ily  o f  p ro te in s  know n as 
neurotrophins. The neu rotrop h in s in teract with several receptor  
subtypes encoded by the trk gene family. Sub populations o f  neurons 
in the central and peripheral nervous system  m ay require selective  
neurotrophic factor support for their survival. To determ ine which, if 
any, neurotrophic factor in flu en ces  the su rv iv a b ility  o f  striatal 
neurons we have exam ined  organ otyp ic  s lices o f  neon ata l m ouse  
striatum m aintained for one w eek in serum  free m edium  (con trol 
slices) or m edia supplem ented with NGF, BDNF, NT-3, or NT-4. At the 
conclusion o f the culture period , slices were sta ined  w ith the Nissl 
procedure, coded, and photographed blindly. Neurons, identified  by  
their N issl-p ositive cy to p la sm  and p ro m in en t n u c le o lu s , w ere  
quantitated from the photom icrographs by two blinded observers. The 
results of the ce ll cou n ts show ed that s lices m ain ta in ed  in the  
presence o f NT-4 contained four and a half tim es m ore neurons than  
control slices (X+SEM; Control=28±8, n=26; N T -4=127±20,n=12). NGF, 
BDNF, and NT-3 failed  to show  a statistica lly  sign ifican t e ffect on  
striatal neuron num bers. Prelim inary im m unohistochem ical stu dies  
revealed frequent substance P im m unoreactive n eurons, as well as 
somatostatin im m unoreactive neurons, in the NT-4 treated striatal 
slices. These resu lts suggest that NT-4 m ay be a se lectiv e  trophic  
factor for striatal n eu ron s in c lu d in g  th ose  th at d eg en era te  in 
Huntington's disease.

1 7 5 .9

NEUROTROPHIN-З PROMOTES NEURONAL AND GLIAL DIFFERENTIATION IN 
CULTURED NEURAL-CREST-DERIVED CELLS FROM FETAL RAT GUT. A-Chalazonitis*. 
TP. Rothman and M.D. Gershon. Dept of Anatomy & Cell Biol, Columbia Univ. CoH., of P & S. 
New York, NY 10032

Migrating precursor cells derived from the vagal and sacral regions of the neural crest 
colonize the bowel and there give rise to the enteric nervous system. In order to test the role of 
growth factors in neuronal and glial development, crest-derived cells were isolated from E14 rat 
gut by immunoselection using an antibody against the crest-specific surface antigen, NC1. Two 
populations were thus obtained, one Nghly enriched in crest-derived cells, the other, non- 
selected population relatively depleted of such cells. The two populations were plated at equal 
cell density and maintained in a  defined medium (containing EGF, insulin and bFGF) for 6-7  
days. The ability of the neurotrophins, NG F, BDNF, NT3 and N T4/N T5, (supplied by 
Regeneron Inc.) to promote cell growth and differentiation as neurons or glia was tested. 
Neurons were identified as cells that exhibit either neurofilament or neuron specific enolase 
activity; glia were considered cells that express S -100 immunoreactivity. None of the 
neurotrophins enhanced cell proliferation, either in the selected or the non-selected population. 
No increase was found in the proportion of neuronal or glial labeled nuclei following a  24  hrs 
exposure to bromodeoxyuridine. In contrast, NT-3 induced a greater than 2-fold increase in the 
proportion of cells differentiating as neurons or glia. This effect was seen only in the NC1- 
selected cells, was not shared by any other neurotrophin, and was not apparent in cultures of 
non-selected cells. The differentiating effect of NT-3 was concentration-dependent; the 
threshold concentration was 1 ng/ml and saturation w as reached at 10-40 ng/ml. The effect of 
NT-3 was associated, within 1 hr, with increased expression of the c-fos proto-oncogene, as  
evidenced by an increase in the proportion of cells in which nuclear FOS immunoreactivity 
could be detected. Only process-bearing cells, which were thought to be neuronal or glial 
precursors showed Fos immunoreactivity. These data suggest that NT-3 plays a  role in 
promoting the differentiation of enteric neurons and glia. Supported by NIH grants NS 15547, 
NS 26766, HD 21032 and HD 20470.

1 7 5 .1 1

CILIARY N EU RO TRO PH IC FA CT O R  (CN TF) STIM U LA TES LOW  AFFIN ITY  
NERVE GROW TH FA CTO R  R EC E P T O R  (LN GFR) AND CD4 EX PR ESS IO N  
BY RAT CN S MICROGLIA T. HaotT. S . Varon and J-C . Louis 
Dept. of Biology 0601, University of California San Diego, La Jolla, CA  92093

Ramified parenchymal microglia may provide immune surveillance in the 
nervous system and become activated in response to injury, an event 
characterized by increases in antigens found normally on peripheral 
macrophages, e.g. CD4 and the major histocompatibility complexes. CN TF is 
a nervous system -associated cytokine with known trophic and LN G FR- 
regulating effects on several types of C N S neurons and supportive/trophic 
effects on oligodendrocytes. In an effort to expand the range of cells known 
to be responsive to C N TF, we investigated its potential effects on CN S  
resident microglia. Adult rats received a 2-week continuous intraventricular 
infusion of recombinant human C N TF (S C IO S  NOVA, Mountainview, CA) 
close to the normal and aspiration-injured corpus callosum. C N TF caused  
morphological changes (thicker microglial processes), induced the expression 
of LNGFR and CD4 and increased the expression of complement receptor 3, 
but not the total number of (CR3+) microglia. Such changes were also 
observed in other fiber tracts not directly damaged by the cannula. C N TF  
greatly enhanced CD4 and LN G FR  expression in pure cultures of neonatal rat 
microglial cells, suggesting a direct responsiveness to CN TF.

Thus, endogenous astroglial and Schwann cell-derived C N TF may be an 
important component of the immune responses of the nervous system.

Support; NINCDS grant NS-16349 and 27047.

1 7 5 .8
TROPHIC EFFECT OF CNTF ON DENERVATED RAT 
SKELETAL MUSCLE. P.S. PiStefanoVD.J. ParrvL H.L. Davis1.
G.D. Y a n c o p o u lo s . R.M. Lindsay and M.E. Helgren. Regeneron 
Pharmaceuticals, Inc, Tarrytown, NY 10591; 1Dept. of Physiology, 
University of Ottawa, Ottawa, Canada.

Ciliary neurotrophic factor (CNTF) exerts trophic actions on a 
variety of neuronal types, however, the receptor for CNTF

S/NTFRa) is expressed in skeletal muscle as well as neural tissues.
enervation of hind limb muscle resulted in greatly enhanced 

expression of CN TFRa and, to a lesser extent, other CNTF receptor 
components, LIFRß and gp130. CNTF treatment caused a transient 
increase in Tis-11 mRNA in normal and denervated soleus with a time 
course suggestive of a direct effect of CNTF on muscle. CNTF was 
thus administered to rats over 4-42 day periods to determine if 
denervated muscle is a target for CNTF actions. Denervation-induced 
atrophy of muscle, as assessed by wet weight, was reduced by 
systemic administration of CN TF in a dose-dependent fashion. 
Morphologically, this was manifested as a preservation of cross- 
sectional area of muscle fiber types. CNTF also attenuated the 
reduced twitch and tetanic tensions of denervated muscles. CNTF 
had no effect on muscle wet weight or physiological parameters in 
innervated muscle. CNTF represents a polypeptide factor capable of 
partially preventing the biochemical, morphological and functional 
changes associated with denervation of rat skeletal muscle.

1 7 5 .1 0

BDNF in the development of the visual system of X e n o p u s  
la e v i s .  £, .Cah£Q-£ory*. Bu Esęandėn and. S,E,. Eraser,, Div. of 
Biology, California Institute of Technology, Pasadena, California 
91125, and Dept. of Neuroscience, Genentech Inc., South San 
Francisco, California 94080.

A great deal is known about the molecules and mechanisms that 
control early development and differentiation in amphibians. However, 
little is known about neurotrophic mechanisms in these species. We 
have previously shown that BDNF is expressed in the developing 
X en opu s  visual system, and that the peak in expression in both the eye 
and optic tectum coincides with the formation of retinotectal maps. To 
further investigate the possible roles of BDNF during X en o p u s  visual 
system development, we studied BDNF receptor expression, and the 
role that BDNF plays during retinal ganglion cell (RGC) development 
in culture. Cross-linking and immunocytochemical studies show that 
tr k B -like receptors localize to the developing retina and tectum, 
coincident with BDNF expression, and that receptors are first localized 
to RGC axons as they first leave the retina. In culture, BDNF elicited a 
significant increase in RGC numbers. The ability of BDNF to rescue 
differentiated RGC that had projected to the tectum, the time course of 
the effect, and the lack of a mitogenic response indicate that BDNF 
promoted RGC survival rather than mitogenesis or differentiation. In 
contrast to BDNF, NGF and NT3 had no effect on survival. Our 
results indicate that BDNF is a relevant neurotrophin for X e n o p u s  
RGC development, and suggest that it may play an important role in the 
formation of retinotectal maps. (Supported by the Muscular Dystrophy 
Association, the Helen Hay Whitney Foundation and NIMH).

1 7 5 .1 2

I N  V IV O  INFUSION OF NGF CAN REVERSE DENDRITIC  
ATROPHY IN AGED # SYMPATHETIC NEURONES. 
T. Andrews and T.Cowen*. Department o f  Anatomy and 
Developmental Biology, Royal Free Hospital School of 
Medicine, London, UK.

Previous studies have shown reduced density o f sympathetic 
nerves on the middle cerebral artery (M CA) and loss o f  
dendrites in the same neurones o f ageing rats. In an attempt to 
reverse dendritic atrophy, we have infused NGF or vehicle 
using osmotic minipumps over the MCA o f  old and young 
freely moving rats for a period o f  2  weeks. Sympathetic 
neurones in the superior cervical ganglion were retrogradely 
traced, fixed in paraformaldehyde, impaled and filled 
iontophoretically with neurobiotin. NGF induced greater 
dendritic growth from aged neurones compared to young 
neurones. However, NGF induced the growth o f  new primary 
dendrites in young but not old neurones. Furthermore, dendritic 
growth in young neurones included increased dendritic 
branching, in contrast to aged neurones where no new branches 
were detected. We conclude that NGF is able to elicit significant 
dendritic growth from aged neurones undergoing atrophy. 
However, the different patterns o f  dendritic growth in young 
and old animals indicated reduced plasticity in aged neurones.
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1 7 6 .1
AN OLIGODENDROCYTE-SPECIFIC, NUCLEAR PROTEIN-DNA COMPLEX 
IS ASSOCIATED WITH LOSS OF REPRESSION IN THE PROXIMAL 
MYELIN BASIC PROTEIN PROMOTER L. Wrabetz1. ML. Feltri .̂ J. 
Crinspan2*. and J. Kamholz2. *IRCCS S Raffaele, Dept. of Neurology, Milano, 
Italy; 2University of Pennsylvania School of Medicine, Philadelphia, PA.

The CNS expression o f myelin basic protein (MBP) is regulated at the level o f 
initiation of transcription. In transient transfection studies o f primary 
oligodendrocytes, 149 nucleotides of upstream flanking MBP promoter sequence is 
sufficient for oligodendrocyte-specific expression o f MBP. This region may be 
subdivided into two functional segments. In oligodendrocytes, the proximal 
segment activates expression, while the distal segment is inactive. In Cos-7 cells, 
which do not produce MBP, die proximal segment also activates expression. The 
distal segment, however, represses expression, and this may explain the restriction 
of MBP expression to oligodendrocytes. Deletion and mutational analysis of this 
distal segment reveal a negative activity localized to a consensus NFI binding site 
in both oligodendrocytes and Cos-7 cells. However, in oligodendrocytes the 
sequence just upstream of the NFI site activates expression, resulting in an inactive 
distal segment. Furthermore, electrophoretic mobility shift assays demonstrate that 
this same sequence produces a nuclear protein-DNA complex from an 
oligodendrocyte, but not from a Cos-7 nuclear extract Finally, the nuclear 
proteins from oligodendrocytes binding to the NFI site also differ from those of 
Cos-7 cells. Oligodendrocyte-specific expression of MBP, therefore, depends on 
the unique combination of oligodendrocyte nuclear proteins interacting with this 
distal ш -acting segment within 149 nucleotides upstream of the MBP gene.

1 7 6 .2

E-M BP; A N O V EL E M B R Y O N IC  ISO FO R M  OF  
M YELIN BASIC PROTEIN EXPRESSED W IDELY IN 
THE MOUSE EMBRYO Peter M. Mathisen*. Stephanie Pease. 
Leroy Hood and Carol Readhead. California Institute of 
Technology, Division of Biology 147-75, Pasadena, CA 91125.

During development o f die mammalian nervous system, the 
myelination o f neuronal axons is accomplished by glial cells that 
produce the multilamellar myelin sheath by coordinately regulating 
the expression of a number of genes. One of these genes, myelin 
basic protein (MBP) is activated in two different cell types; the 
CNS-specifc oligodendrocyte and the PNS-specifc Schwann cell. 
We have used a sensitive quantitative reverse transcriptase-PCR 
(RT-PCR) assay to measure the expression o f the various isoforms 
of MBP mRNA during development of the CNS and PNS and have 
found MBP gene expression begins much earlier than has been been 
measured previously. A new MBP isoform from the embryo of the 
mouse has also been identified. This new isoform, the embryonic- 
neonate MBP isoform (E-MBP), contains a previously unidentified 
upstream exon. The E-MBP isoform is expressed at the protein 
level in the embryonic nervous system at a time when other MBP 
protein isoforms are not detected. In addition to the CNS and PNS 
of the embryo and neonate, the E-MBP isoform is also expressed at 
the protein level in the thymus, spleen and testis. The expression of 
E-MBP protein in cell types distinct from the nervous system 
strongly suggests that this new MBP isoform has a novel role apart 
from participating in the formation of myelin.

1 7 6 .3 1 7 6 .4
ACTIVATION OF MBP KINASES IN OLIGODENDROCYTE PROGENI
TORS. N.R. Bhat*. Neurol Dept. MÜSC, Charleston, SC 
29425

A protein kinase cascade involving a family of kin
ases known as extracellular signal-regulated kinases 
(ERKs) or mitogen-activated protein kinases (MAPKs) is 
considered to play an important role in the growth sig
nal transduction in a variety of cell systems. These 
enzymes phosphorylate MAP-2 and myelin basic protein 
(MBP) in vitro. Since mitogenic stimulation of oligo
dendrocyte (OL) progenitors might involve such a kinase 
cascade, a study was undertaken to test for MBP kinases 
that may be activated by mitogenic factors, i.e., PDGF, 
FGF and phorbol 12 myristate 13 acetate (PMA), a tumor 
promoter previously shown to be mitogenic to rat OL pro
genitors (Bhat et al: J  N e u r o s c i  R e s 32:340. 1992). MBP 
kinases were detected by a renaturation assay using MBP 
as the substrate in SDS gels. It was found that OL pro
genitors express a family of MBP kinases with Mr ranging 
from 42kD to HOkD. Three of these kinases with Mr 42kD, 
44kD and 60kD (PK42, PK44 and PK60) were activated by 
PMA. FGF and PDGF also stimulated the activities of PK42 
and PK44. A combination of FGF and PDGF which is known 
to induce continued proliferation of OL progenitors fur
ther enhanced this activation. Interestingly, PMA by 
itself and the combination of FGF and PDGF down regu
lated the activity of PK110, a developmentally regulated 
MBP kinase. Immunoblot analysis of the cell extract with 
antiMAP kinase antiserum identified two immunoreactive 
bands corresponding to PK42 and PK44. The results imp
licate a set of MBP kinases in the epigenetic control of 
OL development. Supported by NMS Society grant RG2481.

S C H W A N N  C E L L  G F A P  R E G U L A T E D  B Y  T R A N S M IT T E R  R E L E A S E .
J. Georaiou*. R. Robitaille and M.P. Charlton. Departm ent o f  Physiology, 
U niversity  o f  Toronto , Toronto , ON, Canada M 5 S  1A8.

In the CNS, glia embrace synapses and react to neurotransmitter (NT) 
release and nerve damage. Because CNS glia are difficult to study at 
the single cell level, we investigated synaptic regulation in a simple 
system, the perisynaptic Schwann cells (PSCs) at the neuromuscular 
junction. Glial fibrillary acidic protein (GFAP) was labelled using a 
monoclonal antibody and detected with confocal microscopy.

The number of PSCs containing GFAP increased following nerve 
transection (o, see figure). The application of translation and 
transcription inhibitors prevented this increase, suggesting expression 
of GFAP is dependent on gene regulation. Evoking N T release, after 
nerve transection , prevented the expression  of G F A P  ( ·) . However, 
w hen  N T release w a s  blocked w ith  
ω -conotoxin G V IA , nerve stim ulation  
failed to prevent G F A P  expression .

We conclude that there is a neuron  
to glia signal, requiring NT release, 
w hich  regulates the state  of P S C s , at 
the single cell level. The prevention of 
GFAP expression by nerve stimulation, 
suggests that stimulation or NT 
application may serve as clinical 
in te r vent i o ns  to amel i orate  
denervation-associated changes in the 
nervous system.

1 7 6 .5
DIFFERENTIAL EXPRESSION OF ALTERNATIVELY SPLICED CD25 AND 
SR13 TRANSCRIPTS RELATED TO DUAL FUNCTION OF PMP22 IN 
MYELINATION AND CELL GROWTH. H.W.Müller. F.Bosse. G.Zoidl. 
H.G.Kuhn. S.Wilms and C.O.Hanemann*. Mol. Neurobiol. Lab., 
Dept. Neurol., Univ. Düsseldorf, D-4000 Düsseldorf, FRG.

Different 5'-leader sequences were reported for two rat 
PMP22 cDNAs (CD25/SR13), indicating expression of alter
natively spliced transcripts in peripheral nerve. Altered 
gene dosage or mutations within the PMP22 coding region 
cause dysmyelinating neuropathies in man (CMT1A, HNPP) and 
mouse (trembler, trembler*7). PMP22 has previously been 
identified as a growth arrest-specific gene (gas3) in 
mouse 3T3-fibroblasts, suggesting a regulatory function in 
cell growth. SR13 mRNA is expressed at similar levels in 
neural and nonneural adult tissues, whereas CD25 is pre
dominantly expressed in PNS. While CD25 mRNA is upregula- 
ted during PNS myelination, the level of SR13 declines. 
Both transcripts are expressed at constant levels in 
embryonic and postnatal brain. Following sciatic nerve in
jury, CD25 and SR13 levels transiently decline and recover 
at different time courses. In growth arrested fibroblast 
cultures only the SR13 mRNA behaves like gas3. While both 
transcripts are stimulated by forskolin in Schwann cells, 
CD25 expression is predominantly induced by cell contact. 
In conclusion, the differential expression of the alterna
tively spliced CD25 and SR13 transcripts in vivo and in 
vitro strongly support the hypothesis of a dual function 
of PMP22 in myelination (CD25) and cell growth (SR13). 
Supported by BMFT.

1 7 6 .6

AXONS MODULATE THE EXPRESSION OF ß4 INTEGRIN IN SCHWANN 
CELLS IN DEVELOPING AND REGENERATING PERIPHERAL NERVE. 
M L,Feltril i S.S.Scherer2; RJfemnil  J.Kamholz2: H.VogelbackeA M.Oronzi- 
Scott2; J.Garbem2*. N.Canall : V.Ouaranta3 and L. Wrahetzl.  İIRCCS 
S .Raffaele, Dept. o f Neurology, Milano, Italy; 2Univ. of Pennsylvania, Dept of 
Neurology, Philadelphia PA and Зтһе Scripps Res. Institute, Dept o f Cell 
Biology, La Jolla CA.

The development of Schwann cells (SC) is directed by axonal contact In 
addition, a second contact between SC and their basal laminae is required for 
normal myelination. Therefore, both cell/cell and cell/ECM interactions determine 
the mature phenotype of a myelinating SC. Integrin receptors can mediate both of 
these interactions. Since ß4 integrin subunit is expressed in SC, we investigated 
the pattern of expression o f ß4 and its heterodimeric partner, a 6  subunit, during 
peripheral nerve development and regeneration.

The expression of ß4, but not a6, is modulated by axons in peripheral nerve, and 
this modulation is transcriptionally mediated. Similarly, the expression of ß4, but 
not <x6 mRNA is modulated in Schwann cells cultured in the presence of forskolin, 
a model o f axonal signalling. Finally, a6  and ß4 protein co-localize at the ab- 
axonal surface of myelinating Schwann cells, interfacing with their basal laminae. 
Some Schwann cell basal lamina components, such as laminin, are required for 
myelination and are possible ligands of ct6ß4. This taken together with the timing 
and location of ß4 expression suggest that this integrin receptor may play an 
important role in the process of myelination in the peripheral nervous system.
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NEU. KIT. PHOSPHOTYROSINE EXPRESSION: DISTINGUISHING 
ASTROCYTOSIS FROM ASTROCYTOMA. D.A. Kristi. A. Sontag.
A.L. Wolf*. M.S. Fiandaca. Y. Yarden. Neuropathology, Univ. 
Maryland, Balt. Md. 21201, and Weizmann Institute, Israel (YY).

Some protooncogenes encode growth factor receptors with tyrosine 
kinase (RTK) activity. In this study the expression of RTKs and 
phosphotyrosinyl proteins (PT) was assessed in graded astrogliosis and 
astrocytomas. Human biopsies and cell lines were examined for PT and 
RTKs neu and kįl, using semi-quantitative immunocytochemistry, Western 
blotting and in vitro kinase assay. In both mild Gliosis and Low Grade 
Astrocytomas no RTK expression was found. But, RTKs are well 
expressed in Severe Gliosis, Malignant Astrocytomas, and cell lines. In 
contrast, high levels of PT expression were seen in all neoplasms. Rarely 
was PT detected in reactive astrocytes. In vitro inhibition of RTKs showed 
decreased 3H-thymidine uptake. We conclude that (1) the high levels of 
phosphotyrosine accumulation distinguish glioma from gliosis. This is 
hypothesized to reflect alterations in receptor function and transduction 
pathways that may underlie the different proliferative potentials of reactive 
and neoplastic processes; (2) the expression of RTKs per se does not 
differentiate gliosis from glioma, but probably contributes to the increased 
pool of phosphotyrosinyl proteins in gliomas. These data have implications 
for diagnosis and therapy. [NIH Grant Support]

1 7 6 .9
MACROPHAGE R ES P O N S E  IN MAST C ELL -D EF IC IEN T  AND CO M PLEM EN T  
5-DEFICIENT M ICE. R. George. C . Lobato, and J.W . Griffin*. Peripheral 
Nerve Lab., Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287

In response to Wallerian degeneration (WD), circulating m acrophages (CM) 
enter the peripheral nervous system (PNS) promptly; here they express C lass  
II marker, phagocytose both myelin and axonal debris, and set the stage for 
axonal regeneration. In the central nervous system  (CN S), in response to 
WD we have not found CM; instead, resident microglia are transformed into 
macrophages. Thus, factors that facilitate entry of circulating m acrophages 
are of interest, since the manipulation of CM entry into the C N S during WD 
has implications for regeneration.

Is complement activation or production of C5-a — a  potent macrophage 
chemoattractant — necessary for CM entry? Do various substances 
produced by mast cells — histamine and serotonine — increase blood-nerve 
barrier permeability and secondary CM entry? To answer these questions, 
we studied the course of WD post-axotomy in four groups of animals: mast 
cell-deficient W W  mice, the C5-deficient B10D2Sn-C5 substrain, and their 
normal littermates.

Axonal breakdown (2 days) and macrophage responses (4-14 days) were 
virtually identical in all 4 groups. M acrophages expressed the major 
histocompatibility complex C la ss  II la phenotype and cleared myelin equally 
well in all 4 animals.

We have previously reported that WD proceeds normally in the Seid 
(lymphocyte-depleted) strain. This would suggest that the response of 
circulating macrophages to WD in the PN S is unrelated to C5, mast cells, or 
lymphocytes.

1 7 6 .1 1
IN CREASED  CO N D U CTIO N  V E L O C IT Y  IN M Y ELIN -D EF IC IE N T  (MD) SP IN A L  
CORD AXO N S A F T ER  G LIA L C E L L  TRA N SPLAN TATIO N . D .A . Utzschneider*1.
D.R. Archer2. O. Honmou1. J . D. K o csis1. S .G , W axm an1.1.D. Duncan2 ’Dept. 
of Neurology, Yale Univ. Med. Sch ..N ew  Haven C T  06510 and 2Dept. of Med. 
Sci., Sch. of Vet. Med., Univ. of W isconsin. Madison, W l 53706-1102.

T h e  d iso rd e rs  of m yelin  p re s e n t  a s e t  of prototype d is e a s e s  in 
w hich re c e n t s tu d ie s  have  d e m o n stra te d  varying  d e g re e s  of 
histologically d efin ed  m yelination  after a large n u m b e r of host/donor 
tissue p e rm u tatio n s involving autografts, allografts, or xen o g rafts of 
central or periphera l m yelin-form ing c e lls  into d ysm y elin atin g  m utan ts  
or after induction  of dem yelinatio n  in g e n e tica lly  norm al h o st  an im als . 
To d e te rm in e  the  physio lo g ica l e ffe c ts  of m yelin -form ing  glial cell 
transplants on am yelin ated  C N S  a x o n s w e  transp lan ted  glial cell 
su sp e n s io n s  from  norm al n eonatal sib lin g s into P3 mcf sp ina l co rd s and  
studied im p u lse  co n d uctio n  in vitro  at P 2 0 . Extracellu lar d o rsal co lu m n  
field p o tentia ls and sin g le  cell do rsa l root ganglion  reco rd in g s of action  
potentials retrogradely c o n d u cte d  from  th e  do rsa l c o lu m n s s h o w e d  a 
three-fold in cre a se  in co n d uctio n  v e lo city  in th e  region of m yelin  fo rm ed  
by the transp lan ted  ce lls . W e  a lso  s h o w  that im p u lse s  can  propagate  
into and out of the  transp lan t reg ion, and that ax o n s  m yelin ated  by 
transplantation do not have  im paired fre q u e n c y -re sp o n se  pro p erties . 
M icro sco p ic  s tu d ie s  of th e  sp ina l co rd s  stu d ie d  in vitro  d e m o n stra te d  
exte n sive  m yelin  form ation  of th e  d o rsa l c o lu m n s by transp lan ted  
olig od end rocytes. T ransp lantation  of norm al glial c e lls  can  th erefo re  
restore function  and m ay  provide a th e ra p eu tic  stra teg y  for 
e n h a n ce m e n t of co n d uctio n  in inherited  an d  acq u ired  d iso rd e rs  of 
m yelin.

1 7 6 .8

MICROGLIAL PHAGOCYTES EXPRESS HIGH LEVELS OF 
THE ANTI-INFLAMMATORY PROTEIN LIPOCORTIN 1.
JA McKanna and VA Casaarande* Cell Biology, Vanderbilt 
University, Nashville, TN 37232

In both developing and injured CNS, the phagocytosis of 
debris resulting from neuronal death is accomplished with 
minimal inflammation despite the potential for generating 
pro-inflammatory substances during the digestive process. 
We have demonstrated that lipocortin 1 (LC1) immuno- 
reactivity identifies a population of resident dendritic glia 
that comprises most or all microglia. In response to 
unilateral cortical ablation in adult rats, LC1 glia of the 
ipsilateral thalamus become activated. Morphometry shows 
that by eight days post-lesion, the LC1 glia have proliferated 
and differentiated into phagocytes that engulf the dying 
thalamocortical neurons. In the same specimens, astrocytes 
identified by S I 00-/? staining are virtually unchanged. Our 
results show that these two separate populations of 
dendritic glia are evenly distributed throughout the CNS.
The demonstration of tight correlation between CNS 
phagocytes and LC1 suggests that the anti-inflammatory 
activities of this highly restricted Ca++-phospholipid-binding 
protein may play a role in limiting the inflammatory 
consequences of apoptosis.

1 7 6 .1 0

CONDUCTION P R O P E R T IE S ^  IDENTIFIED DEMYELINATED 
CENTRAL AXONS. P.A. Felts and K.J. Smith. Depts. of Neurol, and 
of Anat. and Cell Biol., UMDS, Guy’s Campus, London, U.K., SEI 9RT.

Multiple sclerosis lesions can be either composed of demyelinated axons 
ensheathed by an astroglial matrix, or axons largely free of astroglial 
contacts. To ascertain whether differences in astroglial ensheathment 
affect the conduction properties of the demyelinated axons we examined 
single demyelinated axons to determine 1) if any central, segmentally 
demyelinated axons can conduct, and 2) if conduction is blocked in 
astrocyte-deprived axons. Demyelination was induced in rats under 
halothane anaesthesia by the injection of ethidium bromide into the 
dorsal columns (lui of 0.5mg/ml). 17-30 days later the animals were 
reanesthetised, the dorsal columns excised, placed in a brain slice 
recording chamber, and the conduction properties of 1-2 axons per dorsal 
column determined by intraxonal recording. The particular axons were 
then labelled by ionophoresis of horseradish peroxidase (HRP), and after 
a period to allow for HRP transport the tissue was fixed, processed to 
visualise the HRP, and examined using both light and electron 
microscopy. All the axons labelled in this study (n=18) 1) were able to 
conduct, 2) exhibited prolonged latency, 3) had a prolonged refractory 
period of transmission, and 4) had a reduced ability to conduct trains of 
impulses at high (e.g. 100Hz) frequencies. Morphologically, all the 
labelled axons were segmentally demyelinated and most were at least 
partially ensheathed by the processes of astrocytes or Schwann cells in all 
sections examined. However, two axons lacked cellular contacts over 
lengths <200um. We conclude 1) that some segmentally demyelinated 
central axons can conduct and 2) that short lengths of unensheathment do 
not inevitably result in conduction block.
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1 7 7 .1
OPIOID MODULATION OF EVOKED CALCIUM SIGNALS IN 
ACUTELY DISSOCIATED NEURONS FROM THE RAT NUCLEUS 
TRACTUS SOLITARIUS (NTS). H. Rhim* and R.J. M iller . 
Department of Pharmacological and Physiological Sciences, The 
University of Chicago, Chicago IL 60637.

We are investigating the mechanism of the action of opioids in the NTS 
of the rat. In the present studies, [Ca2+]jwas measured in acutely 
dissociated neurons from 1- to 3-week-old rats. The neurons were 
prepared according to the method of Nakagawa et al. (Neurosci. Res. 
8:114-123, 1990). These neurons showed increases in [Ca2+]į through 
depolarization by high K+ (50mM KC1) and by several kind excitatory 
amino acid receptor agonists (NMDA, AMPA and 1S,3R-ACPD). The 
increase in [Ca2+]į by 50K was characterized by using different Ca2+- 
channel blockers. Nimodipine (ΙμΜ) did not generally block the [Ca2+]j 
increase. The N-type Ca2+-channel blocker ω-conotoxin GVIA (0.5μΜ) 
and the P-type blocker ω-Aga IVA (Ο.ΙμΜ) reduced the [Ca2+]į signal by
48.0 ±5.9% and 58.5 ±  15.5%, respectively.

In order to study the action of opioid receptors in the NTS, selective 
opioid receptor agonists were tested. The μ-selective receptor agonist 
DAMGO (ΙμΜ) suppressed the 50K induced increase in [Ca2+]į by 36.7 ±  
6.9%. The DAMGO-mediated inhibition of [Ca2+]i increase was blocked 
by ΙΟμΜ naloxone in a concentration-dependent manner. The ĸ-selective 
receptor agonist U-69593 (ΙμΜ) also reduced the [Ca2+]j increase by
34.6 ±  22.2%. However, the selective б receptor agonist, DPDPE, had 
no effect. These findings suggest the involvement of calcium channels in 
the action of opioid receptors in the NTS.

1 7 7 .3
NMDA RECEPTORS PLAY A ROLE IN OPIOID 
ANTAGONIST-INDUCED SUPERSENSITIVITY. A. Duttarov, Ş 
Shah. T. Davis. C. E. In turrisi+ &  В. C. Y obum * College o f  Pharm acy, St. John 's 
Univ., Queens, N Y  11439; and  "^Cornell Univ. M ed. College, N .Y .C ., N Y  10021.

Recent reports suggest that excitatory am ino acids play a  role in  the developm ent 
o f  opioid tolerance. Studies show  that the non-com petitive N -m ethyl-D -aspartate 
(N M DA ) antagonist M K801 (M K ) blocks the developm ent o f  tolerance to 
m orphine. Since NM D A  antagonists block one consequence o f  long term  opioid 
treatm ent it is im portant to determ ine if  o ther effects o f  chronic opioids are also 
altered. Chronic treatm ent w ith  opioid an tagonists like naltrexone (NTX), 
increases opioid receptor density (upregulation) and  opioid agonist potency 
(supersensitivity). Therefore in  this study, the effect o f  M K  on N TX -induced 
opioid receptor upregulation and supersensitivity w as exam ined  in  m ice. M ale 
m ice w ere im planted s.c. w ith a  placebo (PLA ) pellet or a n  osm otic m inipum p 
w hich infused M K  (500 μg/kg/day). M ice w ere also im planted w ith  a  15 m g NTX 
pellet or another PLA pellet, yielding 4 groups: PLA -PLA, PLA -N TX , M K-PLA, 
M K-NTX. Seven days later, w hole brain  w as rem oved for saturation b inding 
(pH ļD A M G O ). In o ther mice, pum ps and pellets were rem oved after 7 days and 
24 hrs later mice were tested for m orphine antinociception (tail-flick). M K  did not 
a lter μ receptors com pared to controls. N TX  increased receptor density sim ilarly 
(«100% ) w ithout affecting affinity in groups PLA -N TX  and M K -N TX . Thus, M K 
did not modify NT X -induced receptor upregulation. ( B ^ s  =  204±5, 409±6, 207± 
3, 420±5 fm oles/m g proteiiufcsem; PLA -PLA , PLA -N TX , M K -PLA , M K -NTX). In 
the antinociception study, w hile  chronic N T X  produced a significant increase («2- 
fold) in  m orphine potency, concurrent treatm ent w ith  M K  blocked the developm ent 
o f  supersensitivity. C hronic M K  itse lf did not significantly  alter m orphine's 
analgesic potency w ith respect to controls (ED 50S = 2.00 (1.37-2.83), 0 .96 (0.61- 
1.46), 2.67 (1.90-3.62), 2.46 (1.68-3.65) m g/kg ±95%  CL; PLA -PLA, PLA -N TX , 
M K-PLA , M K-NTX). These effects o f  M K  on ch ronic antagonist-induced 
supersensitivity are s im ilar to find ings in  w hich M K  blocks tolerance following 
chronic agonist adm inistration  and  suggest that N M D A  receptors m ay be involved 
in chronic opioid effects. (Supported by N ID A  DA  04185, DA  01457)

1 7 7 .5

LONG-TERM  TREA TM EN T WITH SIGM A LIGANDS M O DIFIES TH EIR  E F F E C T  
ON T H E  NMDA R E S P O N S E . G . Debonnel*. R. Beraeron, and C . de Montianv. 
Neurobiological Psychiatry Unit, Department of Psychiatry, McGill University, 
Montréal, Québec, Canada.

Long-term treatment with the sigma antagonist haloperidol has been reported 
to induce a down-regulation of sigma receptors. In our laboratory, several sigma 
ligands have been shown to act a s  sigma agonists by potentiating, at low doses, 
the response of pyramidal neurons to NMDA in the C A 3 region of the rat dorsal 
hippocampus. The present experiments were carried out to determine the effects 
of short- and long-term treatments with sigma agonists and antagonists on the 
potentiation of the NMDA response by sigma agonists. Animals were treated 
with the following sigma ligands: haloperidol (200 μg/kg/day), JO-1784 (200 
μg/kg/day) and D TG  (100 μg/kg/day) for 2 or 21 days, delivered subcutaneously 
by osmotic minipumps. The effects of low intravenous doses of L-687-384 and 
(+)pentazocine and of microiontophoretic applications of D TG and JO-1784 were 
assessed , after a  2 -day washout period, by extracellular unitary recordings of 
the neuronal response to microiontophoretic applications of NMDA, Q U IS  and 
АСҺ, in urethane-anesthetized male Sprague-Dawley rats.

The 2-day treatment with any of the sigma ligands did not modify the effects 
of the acute administration of sigma ligands. The 21 -day treatment with haloperidol 
suppressed the potentiating effects of all sigma ligands tested. The long-term 
treatment with JO-1784 did not alter the effects of DTG, L-687-384 and 
(+)pentazocine, but suppressed that of JO-1784. The 21 -day treatment with D TG  
suppressed the effect of L-687-384 and D TG  on the NMDA response, but did 
not modify the potentiations induced by (+)pentazocine and JO-1784.

The present results, in keeping with previous reports, suggest a down-regulation 
of sigma receptors by a  long-term treatment with sigma ligands. Furthermore, 
they provide novel functional evidence for the existence of several subtypes of 
sigma receptors.

1 7 7 .2
N E U R O T R A N S M IT T E R  M O D U L A T IO N  O F  C A + C U R R E N T S  IN AN  
ID E N T IF IED , N O C IC E P T IV E  S U B S E T  O F  A D U L T  R A T  T R IG E M IN A L  
G A N G LIO N  N EU R O N S . A b ra ha  T a d d e s e , D avid  T .  M iller. Ed w in  
M c C le s k e v " , D ept. of Cell B iology and P hysio lo g y , W ash ing to n  
U n iversity  M edical S ch o o l, S t . Lo u is M O 6 3 1 1 0 ,  U S A

Physio lo g ica l activatio n  of trigem inal ganglion n eu ro ns projecting  
to the  tooth pulp e lic its  on ly se n sa t io n s  of pain. U sing  a retrograde  
flu o re sce n t label, w e  obtain tooth pulp pro jecting  neu ro ns. T h is  
pro v id es a prim ary cu ltu re  of n o c icep tive  c e lls  for the  stu d y  of a 
p o ssib le  an a lg e sic  m e ch a n ism , the m odulation  of vo ltag e  se n s it ive  
C a 2+ chan n e l cu rren ts . W e stud ied  C a 2+ cu rren t m odulation  by 
vario u s n eu ro tran sm itters using w ho le -ce ll p atch  c lam p  m etho d s, y- 
A m in o b u tyric  ac id , norepinephrine, do p am ine , g lu tam ate , bradykin in , 
and vario u s μ , б, and к  opioids inhibit C a 2+ cu rre n ts  in a su b stantia l 
fractio n  of c e lls ; N europeptide Y  and ca lc ito n in  gene related  protein  
have  no e ffe c t . C ell body s ize  and /у-opioid (З //M D A M G O )  
se n s it iv ity  ca n  d istingu ish  tw o  pop ulations am ong tooth pulp 
n o c ice p to rs . S m all d iam eter n o c ice p to rs , 2 5 -2 8  //m, sh o w  a 
re lative ly  large//-opioid e ffe c t  (2 0 _+ 5 %  C a 2+ curren t inhibition) w hile  
large d iam eter c e lls , 3 3 -4 8  //m, sh o w  lo w  //-opioid se n s it iv ity  (5_±4  
%  inhibition). A ssu m in g  a correlation  b e tw e e n  cell-b ody d iam eter 
and axonal co n d uctio n  v e lo city , th e se  find ings su g g e st  a p o ssib le  
m e ch an ism  for the  se le c t iv e  inhibition of s lo w  pain se n sa t io n s  by 
m orphine, a //-opiate recep to r ag o nist w h ic h  sp a re s  fa s t  pain  
se n sa tio n .

1 7 7 .4

B IPH A SIC  E F F E C T S  O F  S E L E C T IV E  SIGM A LIGAN DS ON T H E  NMDA 
R E S P O N S E . R. Beraeron*. G . Debonnel and C . de Montianv. Neurobiological 
Psychiatry Unit, McGill University, Montréal, Québec, Canada.

We have previously reported, using in vivo extracellular unitary recording 
in the C A 3 region of the dorsal hippocampus, that the intravenous administration 
of several sigma (σ) ligands [DTG, JO-1784, (+)pentazocine, BD-737, L-687-384, 
sertraline and clorgyline] potentiate, with bell-shaped dose-response curves, the 
neuronal response to NMDA, doses higher than 500 μg/kg i.v. of all of these 
ligands failing to produce a potentiation of the NMDA response. The present 
experiments were undertaken to determine if a  desensitization could underlie 
this phenomenon.

Male Sprague-Dawley rats were anesthetized with urethane. Five-barrelled 
micropipettes were used for extracellular recording of C A 3 dorsal hippocampus 
pyramidal neurons and microiontophoresis of NMDA, Q U IS, АСҺ and of the σ  
ligands DTG, JO-1784 and (+)pentazocine. The full potentiation of the NMDA 
response by D TG  (1 μg/kg, i.v.) lasted for about 60 min, and then vanished 
progressively over the next 30 min. The injection of a second dose of 1 μg/kg 
of DTG at that time induced the sam e degree of potentiation a s  the first one. 
Similar results were obtained with JO-1784 and (+)pentazocine. In a second 
series, (+)pentazocine, JO-1784 and DTG, applied microiontophoretically with 
low currents, potentiated the NMDA response, whereas there was no such 
potentiation when high currents were used. However, a potentiation could be 
induced again by a  subsequent application of the σ  ligand with a low current. 
Moreover, the potentiation induced by continuous applications with low currents 
of the σ  ligands could be maintained for a s  long as three hours.

The present results suggest that a desensitization of σ  receptors does not 
underlie the bell-shaped dose-response curve of the effects of σ  ligands on the 
NMDA response. The possibility of the activation of distinct subtypes of σ  receptors 
by high and low doses of σ ligands is presently under investigation.

1 7 7 .6

SIGM A R EC EP T O R -M ED IA T ED  C H A N G ES  IN M O RPH O LO G Y, DIVISION, 
AND VIABILITY O F  C 6  GLIOM A C E L L S . W.D. Bowen. B .J. У ііпеґ. and B.R. 
de Costa. Lab. Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 20892.

Several neuroleptics which are active at sigma receptors produced marked 
changes in the morphology and viability of C 6  glioma cells in culture (E u r J . 
Pharm acol. 244: 199-201, 1993). We have now extended these studies to 
additional neuroleptics as well a s to other novel and prototypic sigma ligands. 
Over 90 compounds were routinely screened at a concentration of 100 uM by 
addition directly to culture medium. Sigm a ligands cau sed  withdrawal of 
p ro ce sse s, "rounding up", and cessatio n  of cell division. Continued  
exposure to sigma compounds ultimately resulted in cell death. The potency 
of compounds to produce these effects generally correlated with binding 
affinity at sigma receptors. Haloperidol, reduced haloperidol, fluphenazine, 
perphenazine, trifluperazine, BD737, LR172, BD1008, and SH344 produced 
significant effects in 3-6 hours of exposure. Other compounds, such as  
trifluperidol, thioridazine, and spiperone, produced significant effects by 24 
hours of exposure. Neuroleptics lacking potent sigma binding affinity (eg. (-)- 
sulperide, remoxipride, (+)-butaclamol) and other com pounds which lack 
significant sigma affinity but which are agonists or antagonists at dopamine, 
serotonin, a-adrenergic, ß-adrenergic, glutamate, G A BA, P C P , opiate, or 
muscarinic cholinergic receptors were without effect at concentrations up to 
300 uM over a period of 72 hours. Interestingly, DTG, (+)-perrtazocine, (+)- 
cyclazocine and other sigma-benzomorphans appeared inactive in up to 72 
hours of culture. However, these compounds interacted synergistically with a 
sub-effective dose of BD737 (30 uM) to produce effects usually in 6  hours or 
less. Inactive compounds which lack sigma affinity remained inactive in the 
presence of BD737. This confirms the sigma specificity of these effects. The 
low efficacy of DTG, (+)-pentazocine, and other benzomorphans may suggest 
that they are partial agonists at the sigma site mediating these effects. These  
results are consistent with a possible role of sigma receptors in cell growth and 
development and/or in neurodegeneration and neuroprotection.
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177.7
SIGMA-Ì R E C E P T O R S  M O D U L A T E  IM M U N E F U N C T IO N  IN R A T  
S P L E E N . S .A . W olfe. Ј г Л  B .B . W hitlock. T .W . Barrett and Y . Liu. 
Dept. Med. Micro, and Immun., Ohio State Univ., Colum bus, OH  43210.

Sigma agonists su p p ress immune functional activities in vitro. W e 
have recently found e v id en ce  for three d istinct binding s ite s  for σ 
ligands in rat sp leen  and hum an peripheral blood leuko cytes: a t  
receptors, that can  be labeled with [3H]haloperidol in the p resen ce  of 
50 nM spiperone; σ2  receptors, that can  be labeled with [3 H ]D TG  in 
the presence of 1 μΜ d - S K F 1 0 ,0 4 7 ; and a  novel haloperidol- and  
D TG-inaccessib le site , presen t in co n ce n tra tio n s three  o rd e rs of 
magnitude higher than σ 1 or σ 2 receptors, that can  be labeled with 
d-[3H ]pentazocine or d - [3 H ]-3 -P PP  in the p re s e n c e  of 50  μΜ  
haloperidol. Th e  ability of σ ag o n ists and related  co m p o u nd s to 
suppress the proliferation of rat sp len o cytes in resp o n se  to the T  cell 
mitogen concanavalin A (Con A) w a s com pared with the pharm acology  
of these binding s ite s. Th e  relative potency to inhibit proliferation  
was: haloperidol metabolite II > rim cazo le  > haloperidol T C P  > 

butaclamol = d-butaclam ol > D T G  >  d -p en tazo cin e  > haloperidol 
metabolite I = sp ipero ne  > P C P  = d - S K F  10 ,0 4 7  = d -3 -Р Р Р  > 

pentazocine > /-3 -Р Р Р  >  / -S K F  1 0 ,0 4 7  > B M Y -1 4 8 0 2  > 
sulpiride. P C P , T C P  and d-butaclam ol w ere  m ore potent in the 

bioassay than could be justified by their binding p o te n cie s  at σ 1 
receptors. O th e rw ise , th is p h a rm aco lo g y  co rre la te d  w ell with 
[3H]haloperidol-labeled σ 1 receptors in sp leen  and cerebellum , and  
not with σ2  receptors or the haloperido l-inaccessib le  s ite s. Th e  b asis  
for the potency of P C P  and T C P , and the biological significance of the 
ηοη-σ1 sites rem ains to be determined.

177.9
INITIAL C H A R A C T E R IZ A T IO N  O F  P U T A T IV E  S IG M A  R E C E P T O R  
ANTAGONISTS. R .R . M atsumoto*. W .D . B ow en. D .D . Truong. M.A. 
Tom. J.M. W alker and B .R . de  C o s ta . Dept. of Neurology, Univ. 
California Irvine, Irvine, C A  92717, Lab . Med. C h em ., NIDDK/NIH, 
Bethesda, MD 2 0 8 9 2 , and Dept. of P sych o lo g y , Brow n U niv., 
Providence, R l 02912.

We have begun characterizing three novel com pounds (BD 1047, 
BD1063, and B D 1 1 3 9 ) that m ay be putative  sig m a  recep tor  
antagonists. In ligand binding stu d ies, all three com pounds had  
nanomolar affinities for sigm a binding s ite s  in rat and gu inea pig 
brain. With the exception of B D 1047 at beta adrenoceptors, the 
novel ligands show ed m arked selectivity for sigm a binding s ite s  in 
rat brain, generally having a  1 0 0  fold or better affinity for sigm a  
sites com pared to n ine other tested  rece p to rs  (o p iate , P C P ,  
muscarinic, dopam ine, alpha-1, a lpha-2, beta, 5 -H T1 , 5-H T2). In 
behavioral stu d ie s , torsio nal head  p o stures w ere  produced  by 
unilateral m icroinjection of the sig m a ligand D T G  into the red 
nucleus of rats. Coadm inistration of B D 1047 or B D 1063 attenuated  
the dystonia produced by D T G  although a lo ne , neither of the  
compounds had an effect of their own. P relim inary stu d ies with 
BD1139 yielded a  sim ilar pattern of results. Future stu d ies using  
these drugs in other sy ste m s will be instrum ental in confirm ing  
their m echanism (s) of action sin ce  at this time w e cannot rule out 
partial agonist/antagonist actio n s, or activity at different s ig m a  
subtypes.

177.11
ISOLATION AND PARTIAL AMINO ACID  S E Q U E N C E  O F  A PRO TEIN  
WITH PH YSICA L AND P H A R M A CO LO G IC A L C H A R A C T E R IS T IC S  O F  
THE SIGMA RECEPTO R/BIN D IN G  S IT E . G . K. Ehrlich/ G, Sinah. X. Xie. 
R, B. Murphy. P . I. Schuster. P, Bailon, Y . Pan and K. Holtfelder. Dept. of 
Chemistry and Center for Neural Science, Washington Square, New York 
University, New York, NY 10003, and Hoffmann La  Roche, Inc., Nutley, NJ 
07110.

An oximino derivative of haloperidol (OB101) w as synthesized and 
used as an affinity ligand for the purification of the sigm a 
receptor/binding site (S R B S ) from rat liver. OB101 immobilized on an 
amino-derivatized silica matrix allowed for high flow rate and rapid 
purification of the S R B S  in a  single pass through the affinity column. 
The SR B S  was first partially purified by ammonium sulfate precipitation 
and passage through a  control gel. The eluted material showed 
pharmacology characteristic of the S R B S  and enrichment by >3,000 
fold. SD S-PA G Eof this material showed enrichment in bands migrating 
at 28, 40, and 65 kDa. Concentration of this material before blotting 
onto PVD F mem branes caused  loss of the 65 kDa band and 
enrichment of the 28 and 40 kDa components. Attempts to obtain an 
amino add sequence on the 40 kDa component were not successful, 
indicating N-terminal blockage. However, a  15 residue sequence w as 
obtained for the 28 kDa component which is identical to the N-terminal 
sequence of rat cydophilin A, a  17 kDa protein that is the site of action 
of the immunosuppressant agent cyclosporin A. Th ese  results suggest 
the S R B S  has a  role in immune responses in the brain and the 
periphery in addition to its neuromodulatory function. Various models 
for the sigma receptor based upon these findings will be presented. 
(Supported by NiMH)
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PH EN Y LA M IN O TETR A LIN S AS LIGA ND S FO R A N O V EL RECEPTO R W ITH 
SIG M A -LIK E N E U R O M O D U LA TO R Y  A C TIV ITY . C.E. Ow ens. A.M . M vers. 
N_.£, K u la . R J .  Baldessarini. C .P. Law ler. R .B. M ailm an. S.D. W vrick . and R.G. 
B o o th *. D iv ision  o f  M edicinal Chem istry , Schools o f  Pharm acy and M edicine, 
U niversity  o f  N orth C arolina, Chapel H ill, N C , 27599 and  H arvard M edical School 
and  M cLean H ospital, Belm ont, M A  02178.

A series o f  (±)-rranj-l-phenyl-3-dim ethylam ino-6,7-(disubstituted)-tetrahydronaph- 
thalenes (PA Ts) w as synthesized and evaluated  for effec ts on tyrosine hydroxylase 
(TH ) activity  in rat striatum . At 0.1 μΜ , 6,7-C l,O H - and  6 .7 -H2-PA T  stim ulated 
T H  activity  {ca. 30%  over basal levels). E xperim ents w ith resolved (±)-H 2-PA T  
indicated that T H  m odulatory activity  resides prim arily  in the (-)-isom er. The TH 
stim ulatory  effects o f  C l,O H - and  H 2-PA T w ere selectively blocked  by  the sigm a 
antagonist BM Y -14802. T o  characterize this T H  neurom odulatory site, pH ]-C l,O H - 
PA T  (p H ]-P A T ) was synthesized. p H ]-P A T  bound saturably and with high affinity 
(Kd=31 pM ) to  m em branes prepared  from  guinea pig brain. The pharm acological 
pro file  o f  this b inding site was inconsisten t with o ther CN S sites, including know n 
sigm a, dopam inerg ic , sero tonerg ic, adrenerg ic , op io id , N M D A /PC P, P-450, and 
M A O . It is proposed that p H ]-P A T  labels a  unique neurom odulatory receptor. The 
m ost active com pound in the TH  functional assays, (-)-H 2-PAT, also had the highest 
affinity  (IC5o=0.2 nM ) for the p H ]-P A T  site. O ther PA Ts potently  displaced p H ]-  
PA T  from  its  binding  sites bu t had no effec t on T H  activ ity  up to 10 μΜ . These 
a n a lo g s m ay rep resen t p o ten tia l a n tag o n is ts  fo r the  p H ]-P A T  b in d in g  site. 
A utoradiographic studies using 15 μ π ι coronal sections o f  guinea pig brain indicate 
that w hile p H ]-P A T  sites are m oderately localized in striatum , highest density occurs 
in hippocam pus and lateral septal nucleus. T he functional role o f  the PA T binding 
site  in these brain regions is currently  under investigation. A lso , p H ] - ( - ) - / /2-PA T 
has been synthesized and its binding profile  is being evaluated. [Supported by UNC-CH 
5-44339 and 6-69410, NIMH grants 34006 and 47370, and the Anderson Foundation].

1 7 7 .1 0

CHROMATOGRAPHIC EVIDENCE FOR MULTIPLE FORMS OF 
SOLUBILIZED SIGMA RECEPTORS. L.-I. Tsao. S. Yu* and T.-P. Su. 
Neuroimaging and Drug Action Section, Addiction Res. Ctr., NIDA, NIH, 
Baltimore, MD 21224.

We have previously provided evidence for heterogeneity of σ receptors, by 
demonstrating low affinity σ receptors that mediate the closing of tonic K+ 
channels in NCB 20 cells (Wu e t a l., J. Pharmacol. Exp. Ther. 257:351,
1991). The present study presents chromatographic evidence for multiple 
forms of σ receptors. Hepatic membranes of Fischer-344 rats were applied to 
an anion exchange column (MonoQlóxlO, FPLC, Pharmacia; in 50 mM Tris- 
HC1, pH 7.4, with 0.2% CHAPS), and were eluted with a linear gradient from 
0 to 1 M KC1. Each fraction from the column was tested for σ receptor 
binding. Two peaks containing σ receptors were obtained (peak I at 0.44 M 
KC1, and peak Π at 0.55 M KC1). Peak Π was applied to a hydrophobic 
interaction column (Phenylsuperose 10x10, Pharmacia), and was eluted with a 
linear gradient from buffer A (50 mM Tris-HCl, pH 7.4, with 0.5 M KC1 and 
0.2% CHAPS) to buffer В (5 mM Tris-HCl, pH 7.4, with 0.2% CHAPS). The 
eluates contained σ receptors in two positions: the flow-through (peak IIA) and 
a peak (peak IIB) obtained at 8 min after totally replacing buffer A with buffer
B. These results indicate that solubilized σ receptors may exist in 
biochemically distinct, multiple forms. The exact biochemical and/or 
pharmacological nature of these multiple forms of σ receptors remains to be 
established.

1 7 7 .1 2

NOVEL ACTIONS OF A DELTA OPIOID PEPTIDE DADLE: FROM 
HIBERNATION TO ORGAN PRESERVATION. T.-P. Su*t. PR, 
OeltgenS. J.N. DianaP. R.K. Sallevi and S.F. Chient tAddiction Research 
Center, NIDA, NIH, Baltimore, MD 21224, and Departments of §Pathology, 
■̂ Physiology and Biophysics, and iSurgery, University of Kentucky Medical 
Center, Lexington, KY 40536.

Infusion of the delta  opioid peptide DADLE induced hibernation in summer- 
active ground squirrels {Life Sci. 43: 1565, 1988). This effect was similar to 
that induced by a hibernation-inducing peptide factor [hibernation induction 
trigger (HIT)]. We have previously examined the effect of HIT on tissue 
survival time in a multiorgan block preparation, and demonstrated that HIT 
extended organ survival time from 14.8 hours to 44 hours (/. Thorac. 
Cardiovasc. Surg. 102: 224, 1991). In the present study, we examined the 
effect of DADLE on tissue survival time in the multiorgan block preparation. 
Mongrel dogs, 15 to 25 kg, received 25 mg of DADLE, i.v., 2 hours before 
the surgical removal of the organ block. The heart, lungs, liver, pancreas, 
duodenum, kidneys, abdominal aorta, and inferior vena cava were removed en 
bloc. The block of organs was placed in a tissue bath, and DADLE was 
injected into a vein every 2 hours (1 mg/kg). Survival time was defined as the 
time that all tissues survived and functioned normally. DADLE extended 
tissue survival time to 46.6 hours - one of the longest durations in the history 
of organ preservation. The mechanism of action of DADLE in organ 
preservation is currently under investigation.
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1 7 8 .1
G R O W TH  O F M O TO R A N D  SEN SO R Y  A X O N S A FT E R  T R A U M A T IC  LESIO N S 
IN  TH E SPIN A L CO RD ; D ISTR IB U TIO N  O F  E X T R A C E L L U L A R  M A TR IX  AN D  
CE L L  A D H E SIO N  M O LE CU L ES IN T H E  SC A R  T ISSU E . M . R is iine* . J. Frisén. 
M .L . D eckner. K. Fried. A. H æ gerstrand and  S. Cullheim . D epartm ent o f  Neuroscience 
and  A natom y, K arolinska Institutet, P.O . Box 60400, S-104 01 Stockholm , Sw eden. 
A xons from  spinal m otoneurons penetrate CN S-scar tissue after traum atic lesions in the 
ventral funiculus. C N S-scar tissue has also  been  show n to  a llow  for the grow th and 
survival o f  ascending prim ary sensory axons after dorsal fun icu lus lesions. This cicatrix 
w hich is m ainly com posed o f  astrocytes, nerve fibers, invading  lep tom eningeal cells, 
b lood vessels and  collagen fibers has several structural and  functional properties that are 
m arkedly d ifferent from  the norm al spinal co rd  w hite m atter. Fo r instance, a  persistent 
blood-brain barrier defect has been observed and there is a  significant expression o f low 
and  high affinity  neurotrophin receptors. In this study w e have studied  the distribution 
o f  various m atrix  and  ce ll ad hesion  m olecu les. F o r c o m p ariso n , a  reg ion  w ith 
continuous axonal grow th, i.e. the nerve fiber layer o f  the o lfac to ry  bulb  (O B ), was 
included. The binding o f  antibodies against lam inin, tenascin, N -C A M  and  the collagen 
types I, III and IV  was studied by light and electron m icroscopy. T he results indicated a 
strong expression  o f  lam inin and  tenascin  by  reactive  as trocy tes  in  the scar tissue. 
Im m unoreactivity for collagen IV, bu t not type I and  HI, w as overlapping  with lam inin. 
Exam ination o f  sections from the O B revealed a com pletely differen t distribution o f cell 
adhesion m olecules in this region com pared  to the scar tissue. F o r exam ple , N -CA M  
expression  was strong in the nerve layer o f  the O B b u t v irtua lly  ab sen t in the  scar 
tissue, whereas tenascin-like im m unoreactivity  occurred troughout the scar tissue while 
it was restricted  to  the deep perig lom erular level in  the O B . A xons in  the scar tissue 
show ed an intimate relation to  astrocyte-associated lam inin bu t occurred  also in relation 
to  tenascin-reactive glia. Furtherm ore, adhesive and  neurite  orien ting  properties o f  the 
scar tissue were assessed in an in vitro system  w here PC  12 cells w ere cultured  on spinal 
cord  sections. PC -12 cells adhered  to  the scar tissue but no t to the  in tact w hite  matter. 
N eu n tes  predom inantly  follow ed processes show ing lam in in -like  im m unoreactivity . 
These results suggest that the scar tissue m ay support and  guide regrow ing axons after 
spinal cord injury.

1 7 8 .3

REG E N ER A TIO N  OF AD U LT RAT S E N S O R Y  AXO N S IN TO  INTRASPINAL  
PERIPHERAL NERVE GRAFTS: P R O M O TIN G  EFFE C TS OF C O N D ITIO N IN G  
LESION, GRAFT DEGENERATION AND NGF M. Oudeaa*. S . Varon. T. Haoa 
Dept Biology, University of California San  Diego, La Jolla, C A  92093.

The effect of intraspinally implanted degenerated peripheral nerve grafts 
(dPNG) and/or conditioning lesions (transection of sciatic nerve) on the 
regenerative capacity of rat central ascend ing sensory axons w as 
investigated. Regenerating sensory fibers were transganglioni-cally labeled 
with cholera toxin В subunit and analyzed after one month. The number of 
regenerating fibers in a dPNG w as similar to that found in a  fresh graft (not 
pre-degenerated before implantation). After a conditioning lesion on the day 
of grafting, twice as many sensory fibers were found in a fresh graft. A 
conditioning lesion one week before the transplantation resulted in four times 
as many fibers in the fresh graft. In the latter case , a small portion of the 
fibers (10%) had reached the other, rostral, end of the graft. The combination 
of a  dPNG and a conditioning lesion strongly promoted the regenerative 
ability of the central sensory fibers. Conditioning on or one week before the 
day of grafting resulted in, respectively, 12 or 30 times more fibers in the 
degenerated graft. In the latter case , most (>90%) of the regenerating fibers 
had reached the rostral graft-host border. A time-course study with dPNG's 
and a one week conditioning demonstrated that after fibers had entered the 
graft after only three days. Between one and two weeks, a maximum number 
had reached the rostral end of the nerve graft. The presence of a large 
number of fibers at the rostral graft-host border opens the possibility to 
investigate the effect of neurotrophic factors on the regenerative capacity of 
the ascending adult rat sensory fibers in vivo. Preliminary results have shown 
that continous N G F infusion into the denervated dorsal funiculus greatly 
promotes the exit of sensory fibers from the graft over 2-3 mm into the host 
spinal cord. Support: NINCDS grants NS-16349 and 27047.

1 7 8 .5
X E N O PU S SPIN A L  C O R D , - B U T N O T  O PT IC  N E R V E  - D E R IV E D  
O L IG O D EN D R O C Y TE S IN H IB IT  G R O W T H  C O N E  EL O N G A T IO N . C .A .O . 
S tuerm er* and D . L a n e . U . K onstanz, D -7750 K onstanz

W hile m yelinated fiber tracts o f  X enopus spinal cord  (SC) express the neurite  
grow th  inh ib itors N1 (Schw ab and C aroni 1988), N1 is  absent from  optic nerve 
(О Т) and tectum  (see N eurosci. A bstr. 1993). W e iso lated  oligodendrocytes from  
X enopus tadpoles, studied their developm ent and  m onitored  w ith  tim e lapse 
v ideom icroscopy w hether they caused collapse o f  go ldfish  (G F) retinal G F  grow th  
cones, g row th  cones retract w hen they encounter rat O L, that express N1, b u t G F 
grow th  cones cross o ligodendrocytes that a re  N I-free (Bastm eyer e t a l.,  1991).

O ligodendrocytes from  О Т  and  SC in v itro  in itially  w ere  elongated , H N K 1/L 2  and 
O4  positive ( + ) ,  and G alC , M B P, P L P  negative. A t 12-21 div. they differentiate  
in to  H N K 1/L 2 negative, 0 4 ,  G alC , M B P, P L P  positive  round  and  highly  
branched oigodendrocytes.

G row th  cones g rew  on  elongated О Т - and SC oligodendrocytes. They also crossed 
h ighly  branched  oligodendrocytes o f  the О Т . U pon contact w ith  h ighly  branched 
o ligodendrocytes o f  SC , how ever, g row th cones collapsed o r  g rew  around the 
oligodendrocytes.

T hus, differentiated o ligodendrocytes o f  X enopus SC are non-perm issive for 
axonal grow th , w hile  those o f  О Т are  g row th  perm issive. T h is correlates w ith  the 
situation  in  vivo  w here axons are capable o f  regenerating  in  the  X enopus О Т  but 
fail to regrow  in  SC.

1 7 8 .2

NEUROTROPHIN RECEPTOR EXPRESSION BY GLIAL CELLS IN 
THE NORMAL AND INJURED NERVOUS SYSTEM.
J. Frisén*. K. Fried. S. Cullheim. V.M.K. Verge. D. Lindholm, H, 
Pçrşşpn, T, Hökfçlt ąn<J M, Rişling
D ept o f  N euroscience  and  A natom y and  D ep t o f  M ed ical C hem istry , K aro linska 
Institute, Stockholm , Sweden. M ax-Planck Institute for Psychiatry, M unich, Germany.

The expression of the tyrosine kinase neurotrophin receptors trk, trkB, 
and trkC was investigated with in situ hybridization, Northern blotting, 
and immunohistochemistry in the normal adult rat and cat, and after 
spinal cord or sciatic nerve injury. trkB and trkC mRNAs were 
expressed by glial cells in CNS white matter as well as by Schwann cells 
in the sciatic nerve. In order to establish which CNS glial cells expressed 
trkB mRNA, Northern blots were made on cultured astrocytes, 
microglia, and oligodendrocytes. This demonstrated that astrocytes and 
oligodendrocytes, but not microglia, contained trkB mRNA. mRNA 
encoding full-length receptors was detected in cultured hippocampal 
neurons, but only transcripts encoding truncated receptors lacking the 
signal transducing domain could be detected in glial cells. After an 
incision in the dorsal or ventral funiculus in the spinal cord, high levels 
of trkB mRNA and trkB-like immunoreactivity were expressed by 
astrocytes and leptomeningeal cells in the scar tissue. In situ 
hybridization with an oligonucleotide complementary to the trkB 
tyrosine kinase domain failed to detect any mRNA in the scar, indicating 
that the increased trkB expression was restricted to truncated receptors. 
In the transected sciatic nerve trkB and trkC mRNAs were reduced 
distal, but not proximal, to the injury. Truncated trkB receptors in glial 
cells may possibly be involved in cell adhesion and/or presenting 
neurotrophins for neurons.

1 7 8 .4

EVALUATION OF CORTICOSPINAL AND RAPHESPINAL AXON GROWTH 
INTO COLLAGEN OR MATRIGEL IMPLANTS AFTER MID-THORACIC 
SPINAL CORD LESIONS. E.A.J.Joosten* and B.S. Bregman, Department 
of Anatomy and Cell Biology, Georgetown University Medical School, 
3900 Reservoir Road NW, Washinghton DC 20007. ’ Present address: 
Researchlab. Neurology and Rudolf Magnus Institute, University of 
Utrecht, 3508 GA Utrecht, The Netherlands.

Components of the extracellular matrix (ECM) play an important role in 
axonal elongation during development and during regrowth after injury. In 
order to examine the contribution of terrain to axonal elongation after 
injury, lesions were made at a mid-thoracic spinal cord level at postnatal 
day 3 (P3), P7, or P16. Collagen- or matrigel-impiants were introduced 
into the lesion site. After acute (7 days) or chronic (30 days) survival 
times corticospinal (CST) axons were labeled by anterograde tracing with 
horseradish-peroxidase and raphespinal (RaST) axons were visualized 
immunocytochemically. Spinal cord lesion at P3 damages the terrain of 
the CST pathway but does not injure CST axons directly, P7 lesions 
damage the CST pathway directly. RaST axons are injured directly at all 
timepoints examined. There are extensive areas of apposition between 
host spinal cord and both implants. CST axons extend into the implants 
after injury at P3 and are maintained within the collagen and matrigel. 
After injury at P7, the amount of CST ingrowth decreases in both 
implants, and is maintained only in matrigel. Neither collagen nor matrigel 
was able to support the growth of CST axons after injury at P16. RaST 
axons are unable to extend into the ECM implants at any of the 
timepoints examined. These results suggest that environmental cues may 
be sufficient for elongation of developing axons, but are insufficient for 
regrowth of injured axons. Supported by NIH grant NS 19259 to BSB.

1 7 8 .6

A C R IT IC A L  TIM E P ER IO D  FO R  G RO W TH  O F  N EU R IT E S  A C R O S S  A 
LES IO N  IN N EO N ATAL O P O SSU M  SPIN AL C O R D  IN C U LT U R E .
Z. Varga. S . Erulkar and J. Nicholls*. Dept. Pharmacology, Biocenter, 
University of Basel, 4056 Basel, Switzerland
The C N S  of a  neonatal opossum, Monodeiphis domestica, shows profuse 

growth of fibers across a lesion. A s in other mammals, such repair is not 
seen in adults. Experiments have been made to define the age of the 
animal and stage of development at which repair c e a se s  to occur. The 
entire C N S  w as removed from animals aged 3-6 days or 11-14 days after 
birth. The spinal cord w as crushed and growth of fibers assesse d  5 days 
later by electrical recording of impulses conducted through the crush. 
Repair after lesions to spinal cords of younger animals occurred in 38%  of 
the trials (45 animals, aged 3-6 days). In nervous system s from older 
animals (11-14 days after birth) the su ccess rate w as low (only 4 out of 38 
preparations). Similarly, the carbocyanine dye Dii labeled numerous fibers 
in spinal cords of younger animals ( 1 2  out of 2 1 ), w hereas only one 
preparation out of 15 showed scant outgrowth into lesions in the older 
animals. Our results suggest that there is a critical period for neuronal 
repair; at about 1 2  days nerve fibers lose the ability to grow across lesions. 
It is an advantage that at this stage the nervous system  is still small 
enough to survive in vitro. Features correlated with these changes are 
oligodendrocyte differentiation and myelin formation which begin in the 
second week of life. It will be of interest to analyze cellular and molecular 
components that could play a  part in promoting or preventing repair. 
Supported by Grants to J.G .N . from the S w iss Nationalfonds (31 -3626292) 
and from the Internat. Res. Inst, for Paraplegia.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM REGENERATION I 423

178.7
EVIDENCE FOR GAP-43 IN RUBROSPINAL AXONS OF THE 
NORTH AMERICAN OPOSSUM AFTER THE CRITICAL PERIOD 
FOR RUBROSPINAL PLASTICITY. X. Zou. X.M. Wancr and
G.F. Martin*. Dept. of Anatomy, The Ohio State 
Univ., Coll, of Med., Columbus, Ohio 43210.

We have shown that rubrospinal axons grow 
around a lesion during early development in the 
opossum and that a critical period exists for 
that plasticity. Since GAP-43 is associated with 
growing and regenerating axons, we asked whether 
the end of the critical period for plasticity 
correlates temporally with loss of GAP-43 as 
demonstrated immunohistochemically. During the 
critical period, GAP-43 immunoreactivity was 
abundant in the area of the rubrospinal tract. 
Evidence for GAP-43 decreased with age, but it 
was still present after the critical period and 
in the adult animal. When the rubrospinal tract 
of adult opossums was labeled with Fluororuby and 
GAP-43 was demonstrated using fluorescence 
immunohistochemistry, a few rubrospinal axons 
still contained evidence for GAP-43. Our results 
suggest that some rubrospinal axons contain GAP- 
43 after they no longer grow around a lesion of 
their pathway and that loss of plasticity may not 
be due solely to loss of growth potential. 
(Supported by NS-25095 and 10165).

17 8 .9
DOES LONG-TERM  AXOTOM Y CO M PRO M ISE N ER V E  R EG EN ER A T IO N ?
S. Fu*. M. Rail. N. Tvreman. T. Gordon. Div. of N euroscience, Univ. of Alberta, 
Edmonton, CANADA T 6 G  2S2.

This study ad d resses the question whether long-term axotomized 
motoneurons (MNs) progressively lose their ability to grow, branch and 
reinnervate m uscle using a  cross-anastom osis paradigm. Tibial (TIB) nerve at 
the ankle of a  rat is cut and its regeneration is prevented for up to 6  months 
before promoting reinnervation of freshly denervated tibialis anterior (ТА) 
muscle with a  tibial-common peroneal (CP) nerve suture directly or via a  
contralateral fresh C P  nerve autograft. At least 6  months later, reinnervation 
success is determined by measuring num bers and size  of reinnervated motor 
units (MUs) and total m uscle force. A s shown in the figure, an average of 145 
+ 46 (no graftio) and 110 + 23 (g ra ft:·) TIB MNs reinnervated ТА  m uscle  
when there is no delay and unit size  is 14.3 + 2.5 mN and 20.5 + 4.5 mN 
respectively which are com parable with the normal MU size  of 13.9 + 1.5 mN. 
There is a  small but significant fall in MU num ber and increase  in MU force a s  
a function of delayed suture after TIB nerve axotomy. Ongoing experiments 
are investigating the molecular basis for the reduced regenerative capacity. 
The increased MU size  show s that long-term axotomy d o e s not reduce nerve 
branching and synap se formation. (Supported by C anad ian  M RC and MDAC).

D e la y e d  c r o s s - s u t u r e  ( w e e k s )

1 7 8 .1 1
TH E P IN C H  T E S T  A S A M O D E L  F O R  ST U D Y IN G  R E G E N E R A T IO N  O F  
RAT SU R A L  A N D  T IB IA L  N E R V E S  F O L L O W IN G  S C IA T IC  N E R V E  
CR U SH IN G  O R  F R E E Z IN G ; E F F E C T S  O F  A C O N D IT IO N IN G  L E S IO N , 
V IN C R IST IN , C IS P L A T IN , IG F -1  A N D  IS A X O N IN . G  S .F . R u ie t*  and M . den
Brok-Bardoel. O rganon In t. BV , PO B 2 0 , 5340 B H  O ss, T he N etherlands.

R egeneration o f  ra t s u ra l  a n d  t ib ia l  ne rv e s  fo llow ing  a  c ru s h  les io n  o f  the sciatic 
n. was studied  by  using  the "pinch test" (see a .o . K anje e t a l, B rain res. 475 , 254- 
258, 1988) p rovid ing  estim ates fo r a) th e  ra te  o f  n erve  regenera tion  and  b ) th e  in itial 
delay betw een the m om ent o f  lesioning  and  the traversal o f  the  regenerating  nerve 
front across the  s ite  o f  the lesion. O ver a  series o f  experim ents the  fo llow ing  results 
were obtained: 1) Sural and tibial n . regenera tion  p rogressed  linearly  ov er tim e; the 
rate o f  regeneration  o f  the  tibial n . w as faster than  that o f  the  sural n. 
(3 .8 8 ± 0 .1 3 (s .e .m .)  vs. 3 .3 2 ± 0 .1 1  m m /day  ov er 10 experim ents; p < 0 .0 0 0 1 ),  
whereas no  difference w as observed  fo r the  in itia l delay  ( 1 .5 2 ± 0 .0 7  vs. 1 .5 5 ± 0 .0 7  
day, resp .). 2) S im ilar resu lts  w ere  obtained  after a  fre e z e  les io n  excep t th a t the 
initial delay fo r  regeneration  o f  bo th  nn . a fter freeze lesions (2 .5  and 3.1 days for 
tibial and  sural n . resp .; average o f  2  experim ents) w as longer than the  in itial delay 
after a crush . 3) V in c ris tin  locally  applied  by  an osm otic m inipum p (2 to  50 
ng/day) at the  s ite  o f  the crush  dose-dependently  reduced  the  rate  o f  regeneration  o f  
sural and tibial nn . w ith  the sural n . being  m ore  sensitive than  the  tibial n .. 4) I .p . 
injection o f  400m g vincristin  tw ice p e r  w eek (fo r 6w ks) had  effects sim ilar to  local 
application at 20  ng /day . 5) Local c isp la tm  applica tion  (6 to  60  ng/day) had  no 
effect on regeneration  after a  crush . 6) A  distal c o n d itio n in g  c ru s h  les ion  set 7 days 
prior to  the proxim al crush  lesion reduced the in itial delay  o f  the sural n . (from  1.9 
to 1.3 days) and  increased the regeneration  rate  o f  the  tib ial n . from  3 .9  to 4 .6  
m m/day. 7) IG F -1  increased the  regeneration  rate  o f  tib ial and  sural nn . T h is effect 
was larger a fte r a  freeze than  after a  c rush  lesion. 8) Isa x o n in e  (150  m g/kg  i.p . 
daily for 6 days) had no  effect a t day 6 fo llow ing  a  crush  n o r  d id  isaxonine change 
the v incristin -(local; 20  ng /day)-induced  reduction  in  the  ra te  o f  regeneration  o f  
sural and  tibial n . fibers. T hese  data  show  that the  p inch  test is a  su itab le m odel for 
studying peripheral n . regeneration  and  the  activ ity  o f  neu ro troph ic  as w ell as 
neurotoxic com pounds.

178.8
G M - C S F  p ro d u c tio n  in  in ju re d  m ic e  p e r ip h e ra l n e r v e s  in d u c e s  
u p  re g u la t io n  o f M A C-2  e x p r e s s io n  b y  m a c r o p h a g e s  a n d  
S c h w a n n  c e l ls .  S .  R o tsh e n ke r* . A , S a a d a  an d  F . R e ich e rt . Dept. 
A nato m y & Em b ryo logy, H e b rew  Univ. M ed. S c h . Je ru sa le m , Israe l.

W e  h a v e  recently  docu m en ted  that during the c o u rs e  of W alle rian  
deg eneratio n  of m ice  p eriphera l n e rv e s  S c h w a n n  c e lls  a n d  blood  
bom  m a cro p h a g e s e x p re ss  the  g a la c to se  sp e c if ic  lectin  M A C-2  in 
their cytop lasm  an d  on their su rfa ce . W e  h a v e  fu rther d em o nstrated  
that cell su rfa ce  M A C-2  m ed iates m yelin  p h a g o cyto sis . M A C-2  
e xp re ss io n  is, therefore , a  sign ificant m o le cu la r e ve n t in W alle rian  
deg en eratio n . T h e  v a st  m ajority of m a c ro p h a g e s  an d  S ch w a n n  
ce lls  that take  part in W alle rian  d e g en eratio n  e x p re s s  M A C -2  on  
their su rfa ce . In contrast, M A C-2  is  d isp lay ed  on the su rfa c e  of a  
sm alle r proportion of blood m o n o cytes, the  pool from  w hich  
m a cro p h a g e s a re  recruited into the in jured n erve . Fu rth er m ore, 
S ch w a n n  ce lls  that res id e  in intact n e rv e s  do not e x p re s s  M A C-2  at 
all. A  m ech an ism  m ust be  p resen t for the  up regulation  of M A C-2  
by m a cro p h a g e s an d  S ch w a n n  ce lls . W e  p resen tly  d e m o nstrate  
that n erve  injury in d u ce s G M - C S F  production by non n eu ro n a l ce lls  
that re s id e  in intact an d  d e g en eratin g  n e rv e s . In turn, G M - C S F  
in d u ce s an  up regulation of M A C-2  e x p re ss io n  by m a cro p h a g e s  
an d  S ch w a n n  ce lls

178.10
D IFFER EN TIA L AND LO N G-TERM  INDUCTION O F TRA N SCRIPT IO N  
FA CT O R  G EN ES  IN R ESP O N SE TO  PER IPH ERA L N ERV E LESIO N . C .A . 
H aas, E^Arm storfer, M. Reddington* and G .W . Kreutzberg. Dept. of 
Neuromorphology, M ax-Planck-lnst. for Psychiatry, Martinsried, FRG.

Peripheral nerves regenerate and restore their function after lesion. 
W e have investigated the expression of a number of transcription factor 
(TF) genes in the regenerating facial nucleus to see if they could 
contribute to long-term changes occurring after nerve cell damage. 
Northern blot analysis of RNA extracted from the operated rat facial 
nucleus revealed that axotom y results in a characteristic pattern of T F  
gene induction. c-Jun, /un В  and T/S 11 m RNA w ere strongly induced in 
a long-term fashion after nerve injury. Increased levels of these m RNAs 
w ere first detectable at five hours, reaching a maximum (3 0 0 %  - 5 0 0 %  
compared to control) within tw enty four hours followed by a gradual 
decline. Elevated levels w ere maintained at least up to eleven days 
compared to the unoperated side. On the other hand, c-fos  m RNA w as  
not detected at any of the time points studied. The three axotomy- 
induced m RN As, c-jun, /ип В  and T/S 11 , w ere all localized in the facial 
motoneurons by in situ  hybridization histochem istry indicating that their 
induction occurs as part of the retrograde reaction of the motoneurons 
in response to lesion. In addition, nervous system -specific transcription  
factors were found to be induced in a differential manner in regenerating 
facial nucleus. Brain-1, Brain-2 and Brain-4 m RN A s, m em bers of the 
POU-domain protein family, w ere all present in unoperated facial 
nucleus. However, only Brain-2 and Brain-4, w ere induced in the facial 
nucleus after axotom y. These  data suggest that peripheral lesion cau ses  
a differential induction of transcription factor genes w hich m ay play a 
role in triggering the regeneration program of motoneurons.

178.12
EXPRESSION OF NUCLEAR 3,5,3' TRIIODOTHYRONINE 
RECEPTORS BY DORSAL ROOT GANGLIA AND SCIATIC NERVE 
DURING DEVELOPMENT AND REGENERATION. I. Barakat- 
Walter. C. Due and B. Droz*. Institut d'Histologie et d'embryologie, 
Università de Lausanne, CH-1005 Lausanne, Switzerland.

Thyroid hormone (T3 ) is required to ensure the development and 
maturation of central nervous system. Only few studies were carried out 
to test the effect of T 3 in peripheral nervous system. Since the action of 
thyroid hormone on responsive cells is mediated through nuclear T3  
receptors (NT3R), we have studied the expression and distribution of 
the NT3 R in rat dorsal root ganglia (DRG) and sciatic nerve by 
immunocytochemistry using the specific 2B3 monoclonal antibody. In 
rat embryo DRG the first NT3R immunoreactivity was discretely 
revealed in a few neurons at embryonic day 14 (E14), then strongly 
expressed by all neurons at E17 and during the first postnatal week. 
The nuclei of sensory neurons continued to express the NT3R in adult rat 
DRG. In the developing sciatic nerve, Schwann cells exhibited 
transient NT3 R immunoreactivity from E17 to postnatal day 10. 
Afterwards the expression of NT3 R by Schwann cells was no more 
detected. However transection or crushing of an adult sciatic nerve 
caused within 2 days a rapid re-expression of NT3R by Schwann cells 
in distal stumps. 15 days later, the nuclei exhibiting the NT3 R 
immunoreactivity extended along the distal segment. When the 
regenerating axons were allowed to re-occupy the distal segment, the 
re-expressed NT3R disappeared again from Schwann cell nuclei. Tliese 
results suggest that thyroid hormone receptors could be involved in 
peripheral nerve development and regeneration (SNF 31-33671.92).
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1 7 9 .1
FUNCTIONAL MAGNETIC RESONANCE IMAGING (FMRI) OF 
VISUAL CORTEX IN HUMAN SUBJECTS USING A UNIQUE 
VIDEO GRAPHICS STIMULATOR. E.A. DeYoe! J. Neitz. D. Miller & 
J. Wieser. Med. Col. Wisconsin, Dept. Cell. Biol., Milwaukee, WI 53226.

FMRI produces tomographic images of stimulus-induced changes in 
brain activity. To exploit this technique, we developed a flexible, high 
quality visual stimulator that operates in an MR scanner and used it to 
map the retinotopic organization of human visual cortex. The stimulator 
uses custom optics to provide a Maxwellian view of a distant, 
transilluminated LCD image plane driven by a computer-based video 
graphics driver. The unique stereoscopic design provides animated, 320 X 
200 pixel images with a 60o field of view, high color saturation and 
brightness, and minimizes effects of pupil dilation and refractive error. 
(Patent applied for.) FMRI was performed on a GE Signa MR scanner 
with a three-axis local gradient coil producing 64 X 64 images with a 
voxel size of 3.75mm X 3.75mm X 8.0mm. Foci of significant activation 
were identified by cross-correlation with an ideal response waveform. To 
map the retinotopic organization of visual cortex, subjects viewed a 
counter-phase modulated checkered annulus having a mean radius of 0.9, 
2.9, 5.3, 8.7, 14.4, or 24 degrees from a central fixation point. Annulus 
width and check size were scaled in proportion to eccentricity. Annuli of 
increasing radii evoked activity that progressed anteriorly in successive 
steps along the calcarine sulcus from the posterior occipital pole almost to 
the parieto-occipital sulcus. Limited retinotopy was seen at some 
additional sites in medial cortex above the calcarine sulcus. These maps 
provide a view of human retinotopy at higher resolution than previously 
attainable. FMRI mapping of cortical pathways subserving color, motion, 
form and depth perception will be possible. Supported by grant EY08406

1 7 9 .3

SPATIO-TEMPORAL RESPONSE PROPERTIES AND INTER
ACTIONS OF NEURONS IN AREAS VI AND V2 OF THE MONKEY 
M.H.J. Munk». L.G. Nowak and J. Bullier
Groupe Cerveau et Vision INSERM U371, 69500 BRON/LYON, FRANCE 

Areas VI and V2 in the macaque monkey are thought to be organized in 
a serial fashion. One would expect therefore that activity in area V2 
neurons is temporally displaced with respect to activity in area VI. We 
have tested this hypothesis in anaesthetized and paralyzed monkeys by 
measuring response latencies of single and multiple units and calculating 
cross-correlation histograms from the activities under two different 
stimulus conditions.

Flashed stimuli evoked responses in VI and V2 with an overlapping 
range of latencies (Vl:36-205ms; V2:43-230ms). But as could be 
expected, the mean latency of V2 neurons was 11ms longer than the mean 
latency of neurons in VI (p< 0.001). Cross-correlated activity showed 
narrow (modal width 40ms N=48) and broad peaks (modal width 600ms). 
Narrow peaks were most often centered on zero, indicating that the 
majority of the coupled spikes in the two neurons were synchronized. 
When moving stimuli were used, the same types of correlogram peaks 
could be observed, even in the same cell pair. The most frequent position 
of the narrow correlogram peak was at -5ms (p< 0.0001), suggesting that 
coupled spikes during moving bar stimulation tended to occur a few 
milliseconds earlier in V2 than VI. A possible explanation for this 
surprising observation is that V2 neurons with their larger receptive fields 
are activated earlier than VI neurons with overlapping fields.

We conclude that different types of visual stimuli can influence the 
timing of neuronal interactions and cause different temporal relationships of 
neuronal responses in areas VI and V2 of the monkey.

1 7 9 .5
T H E  RE SPO N SES O F  A D JA C E N T  C O R T IC A L  N E U R O N S A R E  H IG H LY  
IN D E PE N D E N T  T H R O U G H O U T  T H E  V ISU A L  SY STEM . T J.G aw n e* .
T .W .K iaer. J .A .H eitz . and B JJR ichm ond. L ab  o f  N europsychology, N ational 
Institute o f  M ental H ealth , B ethesda, M D  20892.

A djacent neurons in  visual cortex  have m any sim ilarities, such  as receptive 
field  or o rien tation  sensitivity . H ow ever, because o f  co rrelated  noise, preservation 
o f  in form ation  w ould  provide strong pressure to  have adjacent neurons process 
inform ation  as differen tly  as is  b io logically  possib le. W e have recorded the 
responses from  14 pairs o f  neurons w hile b lack  and w hite pa tterns w ere displayed 
on  the receptive fields. E ach  w as recorded  from  a  s ingle m icroelectrode located in 
V I  o f  a  fixating m onkey. W e separated  the responses in to  signal (average 
response to  each  stim ulus) and  noise (deviation  from  the average). L inear regres
sion show ed that a  m ean o f  only 19.8%  o f  the m agnitude o f  the signal carried  by 
one neuron  could  be  p red icted  from  die m agnitude o f  the signal o f  the other. Only 
4.0%  o f  the noise on  one neuron  could  be pred ic ted  from  the noise on  the other.

W e calcu lated  the transm itted  inform ation  fo r each  cell o f  a  p a ir  alone, and 
for bo th  jo in d y . T he inform ation  for bo th  jo in tly  w as 92.2%  o f  the sum  o f  that for 
each  separately, ind icating  that ad jacent cells carry substan tially  independent infor
m ation. H ow ever, even  th is sm all am ount o f  redundancy p laces severe lim its on 
the am ount o f  in form ation  that can  be carried  by a  neunm al pool. A n  unlim ited 
num ber o f  neurons w ith  th is degree o f  independence could  carry  no  m ore than  five 
tim es the am ount o f  in form ation  about ou r stim ulus set than  any  one alone.

These resu lts a re s im ilar to  ours in  in ferio r tem poral cortex  (J.N eu ro sd , ’93), 
and  to  others in  M T  (Z ohary  e t al, N S abs ’92). T he independence o f  adjacent 
neurons both  provides a  rich  descrip tion  o f  m any stim ulus properties and  m inim 
izes the problem s o f  redundant in form ation  in  a  local group o f  neurons. The 
independence seen  fo r ad jacent neurons in  3 d ifferen t areas suggests that th is trend 
tow ards independence is  a  fundam ental p roperty  o f  cortical com putation.

1 7 9 .2
O R IE N TA TIO N  SELECTIV ITY  A N D  T H E  T O PO G R A PH IC  O R G A N IZA T IO N  
O F  H O R IZO N TA L C O N N EC TIO N S IN  S T R IA T E  C O R T E X . D . F itznatrick*. 
Y. Z hang . B .R . S c h o fie ld  an d  E .C . M u lv . D ep t. o f  N eu ro b io lo g y , D uke 
U niversity  M edical Center, D urham , N C  27710.

S tudy ing  the  c o nnections  o f  o rien ta tio n  se lec tiv e  c o rtica l n e u ro n s  has 
proved  to be  a  usefu l approach  fo r ga in ing  in sigh ts in to  the rela tion  betw een 
ho rizon tal connections and  functionally  defined  co lum ns in v isual cortex. O ne 
im p o rta n t ru le  rev e a led  by  th ese  s tu d ie s  is  th a t  h o r iz o n ta l  co n n e c tio n s  
se lec tive ly  link  co lum ns o f  neu rons w ith  s im ila r o rien ta tio n  preferences. The 
"like connects w ith like" ru le  addresses the m odu lar a rrangem en t o f  ho rizontal 
c o n n e c tio n s , b u ts  leav es  o p en  the  issu e  o f  to p o g ra p h y —h o w  h o riz o n ta l 
c o n n ectio n s  a re  d istr ib u ted  w ith  resp e c t to  the  m ap  o f  v isu a l space . T he 
e x p e rim e n ts  d e sc r ib e d  h e re  w e re  d e s ig n e d  to  d e te rm in e  w h e th e r  the  
topographic features o f  ho rizontal connections, like  the m odu lar features, m ight 
be rela ted  system atically  to  the functional properties o f  co rtica l co lum ns.

W e used  ex tracellu lar in jec tions o f  b iocytin  to study  the axonal p ro jec tions 
o f  sm all populations o f  neurons w ith know n orien tation  preferences in layers II- 
III o f  tree shrew  striate  cortex . T he axon  arbors o f  these  ce lls  ex ten d ed  for 
distances o f  2-3 m m  from  the in jection  site in  an  an iso trop ic  m anner, traveling 
farther and  giving rise  to  m ore  term inals along  one ax is o f  the co rtica l surface 
than  o thers. By using  the a rea  17-18 b o rd er as a  refe ren ce  fo r the vertical 
m erid ian , w e found a  system atic  re la tio n sh ip  betw een  the  ax is  o f  e longation  
across the visual field  m ap  and  the orien tation  p reference  o f  the neurons a t the 
in jec tion  site . S pecifically , term inal fie lds w ere  alw ays e longa ted  across the 
v isual field  m ap, along the ax is o f  p referred  stim u lus orien tation . F o r exam ple, 
neurons that p referred  vertica l edges h ad  axons th a t w ere  e lo n g a ted  along  the 
vertical ax is o f  the visual field  m ap. T hese  resu lts  ind ica te  that the contribu tion  
o f  h o riz o n ta l c o n n e ctio n s  to  the  resp o n se  p ro p e r tie s  o f  c o rt ic a l  neu ro n s 
depends, a t least in  part, on the specific ity  o f  their to pograph ic  arrangem ent. 
Supported by E Y 06821  and E Y 06661 .

1 7 9 .4

S IM IL A R IT Y  B E T W E E N  T H E  S P A T IO T E M P O R A L  R E S P O N S E  P R O F IL E S  
O F  N E A R B Y  C E L L S  IN  T H E  C A T ’S A N D  K IT T E N ’S V IS U A L  SY S T E M .G  M
G hose*. I. Ohzaw a. R .D . Freem an. G roups in Biophysics and N eurobiology, School o f 
O ptom etry, U niversity o f  C alifornia, Berkeley, C A  94720.

The grouping o f  neurons according to specific receptive field (RF) properties is 
a com m on feature o f  sensory system s. For exam ple, w ithin the ca t’s visual cortex, 
neurons are system atically organized according to preferred orientation and R F  location. 
W e focus on tw o central questions with regard to the visual cortex and L G N  o f kittens 
and cats: 1) exactly how  sim ilar are the RFs o f  nearby neurons, and 2) do the RFs o f 
nearby cells becom e progressively m ore sim ilar o r d issim ilar during postnatal 
developm ent?

Extracellular recordings w ere m ade within the LG N  and area 17 o f  anesthetized 
and paralyzed adult cats and kittens at postnatal age 4  weeks. R everse correlation o f  the 
action potentials elicited by random  stim ulation was used to reveal spatiotem poral RFs. 
For pairs o f  sim ple cells, six param eters w ere extracted from  each R F  profile: position, 
width, duration, optim al spatial and tem poral frequency, and optim al velocity. For pairs 
o f  LG N  cells, position, width, and duration w ere extracted. F inally, sim ilarity indices 
w ere com puted for each pair by taking the dot products o f  the 1-D spatial, 1-D tem poral, 
and 3-D  spatiotem poral R F profiles. T he value o f  this index ranges from  0 for 
com pletely dissim ilar RFs, to 1 for com pletely identical RFs.

Individual R F  param eters for nearby cells are rem arkably sim ilar in both age 
groups and in both the L G N  and the cortex. A lm ost all receptive fields are located within 
a degree o f  one another; receptive field widths are w ithin 0.25 degree o f  one another; RF 
durations are within 50 ms. o f  each other; optim al spatial and tem poral frequencies differ 
by 30%  or less; and optim al velocities tend to be within 5 deg/sec o f  each other. None 
o f  the sim ilarity indices show  any change d ev e lo p m e n ta l^ . 3-D sim ilarity indices have 
the sam e low m ean o f -0 .1 5  in the adult cortex, kitten cortex, and adult LG N. T he low 
level o f  sim ilarity betw een 3-D  RFs m ay underlie discrim ination by ensuring the 
differential encoding o f  visual inform ation by nearby neurons.(E Y 01175)

1 7 9 .6
EXCITATORY CONTACTS OF FEEDBACK CONNECTIONS IN 
LAYER 1 OF AREA VI: AN EM-BIOCYTIN STUDY IN THE 
MACAQUE. K,S. Rockland* and K.L. Douglas. Dept. of Neurology, 
Univ. of Iowa, Coll. Med., Iowa City, IA 52242.

Feedback connections from area V2 terminate mainly in layer 1 of area
VI. In order to specify further the anatomical and functional 
characteristics of these connections, we have undertaken an EM analysis 
of axons and terminations anterogradely labeled by biocytin injections in 
V2. Seventeen (17) boutons have been followed through short series of 3- 
11 sections (1 section = 90 nm), and an additional 22 have been 
surveyed in random fields. The following has been established. (1) All 39 
boutons contain round vesicles and can thus be classified as excitatory. 
(2) In at least 18 instances, the postsynaptic element could confidently be 
identified as a spine, with an obvious spine apparatus. (3) The average 
bouton size was 0.56 x 0.77 x 0.85/ші (width x length x thickness), and 
all presynaptic profiles so far have been < 1.33μηι. (4) Both boutons 
terminaux and boutons en p a ssa n t could be distinguished, in confirmation 
of light microscopic analyses. Thirteen labeled axons have also been 
analyzed in this material. In layer 1, all of these are myelinated. Axons 
range from 0.3-0.7μιη, inner diameter, and 0.5-1. Ιμπι, outer diameter. 
These results are consistent with an excitatory role for feedback 
connections, and suggest that most contacts are made with dendritic 
spines. These spines probably belong to pyramidal cell apical dendrites, 
as these are the most common neuronal element in layer 1. Inhibitory 
effects, however, might be mediated by GABAergic interneurons in layer 
2 which extend sparsely spinous dendrites into layer 1. (EY07058, 
NS 19632, and the Carver Trust).
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179.7
LATERAL INTERACTIONS IN VISUAL CORTEX.
E. Katz* and J. Victor. Dept. of Neurology and Neuroscience, 
Cornell University Medical College, New York NY 10021.

Visual stimuli based on m-sequences (Sutter, 1987) allow 
simultaneous electrophysiological characterization of the 
influence of multiple regions in visual space on the activity of a 
neuron or neural population. In the near-foveal representation of 
macaque VI, the "receptive field" of a local field potential mapped 
In this fashion subtends about 1 deg (E. Katz et al. Soc. N eurosci. 
1992). This served as the baseline condition for the present study 
In cats (3) and monkeys (3).

Replacement of the standard m-sequence stimulus by one in 
which not all regions are modulated enhanced responses to the 
adjacent regions. This enhanced responsiveness was apparent 
within 1 minute, and showed evidence of interocular transfer.
Data from cat area 18 shows responses to 30 minute m-sequence 
stimuli (A) without and (B) with masking of the central regions. 
These lateral interactions may represent a gain-control 
mechanism that enhances responsivity to weak Inputs when 
strong inputs are not present. S u p p o r ted  b y  E Y 9 3 1 4 .

179.9

SYNAPTIC C O N N E C T IV IT Y  B E T W E E N  L G N  A N D  V IS U A L  
CO RTEX  IN T H E  C A T : C R O S S - C O R R E L A T IO N S  A N D
R EC E P T IV E  F IE L D  O V E R L A P . Jo se -M a n u e l A lonso . R . C lay  
Reid and Torsten N. W iesel*. Laboratory of N eurobiology, Th e  
Rockefeller University, N ew  York, N Y 10021.

We have studied the influence of sing le  LG N  afferents on the  
generation of cortical sim p le  cell receptive  fie lds (R F s) by  the  
method of cross-correlation. S ing le  units w ere  recorded  
simultaneously with severa l e lectro d es in both LG N  and  cortex. 
Each R F  w a s m ap p ed  with a  p seudo-random  dynam ic  
checkerboard stim ulus (m -seq uence) s o  that the structure an d  the  
position of LG N  and  cortical R F s  cou ld  be  co m p ared . A  narrow  
positive p eak d isp lace d  from zero  in the cro ss-correlation  w as  
taken a s  e v id en ce  of m onosynap tic  input. A s  expected , both 
spatial location and R F  sig n  determ ined connectivity. Fo r  
example, cross-correlation  an a lys is  sh o w ed  that on LG N  afferents 
projected m onosynaptically  to sim p le  ce lls  with su p e rim p o se d  on 
subregions. T h e  objective of th e se  m easu re m e n ts is to determ ine  
the extent to w hich row s of d irect  LG N  inputs determ ine the axis 
of cortical R F s .

The correlation betw een sing le  LG N  afferents an d  cortical 
neurons is not dep en d ent so le ly  on the d irect input, but a lso  on  
interactions within the LG N  and  within the cortex. W e are  in the  
process of exam ining the role of th e se  interactions with c ro s s 
correlation a n a lys is  under different stim ulus conditions. 
(Supported by Fulbright/M EC, NIH E Y 0 5 2 5 3  an d  EY 1 0 1 1 5 , and  
the Klingenstein Fund).

179.11

R E G U L A T IO N  O F  A M P A - S E L E C T I V E  S U B U N I T S  O F  T H E  
G L U T A M A T E  R E C E P T O R  IN  M O N K E Y  S T R I A T E  C O R T E X  A N D  
LGN. R .K . C a rd e r1*. C .D . B lacksto n e 2 R .L . Huganir2 and S .H .C .  
Hendry3, Dept. P sychology, U C L A 1, L o s  A n g e les , C A  90 024 ; Howard  
Hughes M edical Institute2 and Dept. N eu ro sc ie n ce 3, Jo h n s  H opkins 
University, Baltim ore, M D 21218.

The glutamate receptor (G lu R ) chan ne l m ed iates m ost excitatory  
synaptic transm ission  in the C N S  and p la ys a  key role in synap tic  
plasticity. Initial m olecular cloning stu d ies identified four subunits 
designated a s  G lu R 1 -G lu R 4  w hich represent A M PA -se lective  receptor 
classes. In the present study im m unocytochem ical m ethods w ere  u sed  
to reveal details of the distribution and  p lasticity of th e se  A M PA -selective  
subunits in the v isual cortex an d  L G N  of adult m onkeys. W e  found that 
immunoreactivity for G lu R 1 , G lu R 2 -3  and G lu R 4  is u nevenly distributed 
through the th ick ne ss of V I ,  but d o e s not norm ally vary  a c ro ss  o cu lar  
dominance colum ns. Within the normal L G N , staining for e a c h  of the 

^AMPA-selective subunits is d e n se st  within the principle layers. Following  
intravitreal in jections of T T X  into o ne e y e  of adult m onkeys, the subunits 
are differentially regulated within V1 su ch  that G lu R 2 -3  staining is  m ore  
intense in the intact e y e  colum ns, an d  both G lu R 1 and  G lu R 4  staining  
are more intense in the deprived e y e  colum ns. In the L G N , staining for 
GluR1 , G lu R 2-3  an d  G lu R 4  is  reduced  in deprived e ye  layers. T h e s e  
data suggest that e a ch  of the three subunits of the A M P A  receptor a re  
independently regulated by v isu a l activity an d  the m ech a n ism s of this 
regulation differ betw een regions of the m onkey v isu a l system .
Supported by E Y  06344 and E Y  06432.

179.8
ROLE OF RECIPROCAL CONNECTIONS BETWEEN SUPRA- AND INFRA- 
GRANULAR LAYERS IN HORIZONTAL PROPAGATION OF EXCITATION IN 
THE VISUAL CORTEX. M. Tanifuii , H. Yamada, and K. Murase, 
Dept. Information Science, Fukui Univ., Bunkyo, Fukui 910,
Japan

The neural circuitry of the primary visual cortex (VC) 
consists of vertical (interlaminar) and horizontal
(intralaminar) connections. In the present study, we used 
optical imaging of neural excitation to understand the 
excitation flow in VC based on these connections.

VC slices dissected from rats (4-6W) were stained with the 
voltage sensitive dye, RH482, and neural excitation evoked by 
WM stimulation was visualized by a high speed image sensor 
(SD1001, Fujifilm Microdevices co. Ltd.; spatial resolution, 
128x128, time resolution, 0.6 ms). As shown previously (1), 
horizontal propagation was prominent in the layer 2-3 and in 
the layer 5-6, and became more pronounced by the application 
of 1 uM bicuculline (BMI). To test the relationship between 
the supra- and infra-granular reciprocal connections and 
horizontal propagation, a cut was made vertically in the 
layer 2-3 or in the layer 5-6 under the presence of BMI. The 
vertical cut in the layer 2-3 suppressed the horizontal 
propagation, and consequently the horizontal propagation in 
the layer 5-6 was suppressed as well. In some cases,
however, the horizontal propagation crossed over the cutting 
edge. Sequential pictures of the optical imaging showed that 
the excitation just over the cutting edge was evoked by the 
vertical propagation from the layer 5-6. We obtained similar 
results when the cut was made in the layer 5-6. These 
results indicate (1) that the excitation in the layer 2-3 and 
in the layer 5-6 propagates mainly in the vertical direction 
even in the presence of BMI, and (2) that these reciprocal 
propagations between the layers 2-3 and 5-6 are necessary for 
maintained horizontal propagation.
1) M. Tanifuji et al. Soc. Neurosci. Abstr. 17, 114 (1991)

1 7 9 .1 0

CALCIUM-BINDING PROTEIN EXPRESSION CORRELATES 
WITH PRIMATE VISUAL PARALLEL PATHWAYS. I. Kelly 
ĩohnson1 %  Vivien A. Casagrande.1'2 Depts. Cell Biology1 & 
Psychology2, Vanderbilt Univ., Nashville, TN 37232-2175.

Primates possess at least three parallel pathways that extend from the 
eye to VI. The calcium-binding proteins, parvalbumin (PV) and 
calbindin (CB), typically show complementary regional distributions that 
may be associated with functional aspects o f labeled neurons (e.g., 
cytochrome oxidase (CO) expression). Therefore, we have asked, can 
PV+ and CB+ staining differentiate parallel pathways from the LGN to 
VI in a prosimian (bush baby) and a simian (owl monkey) primate.

CO+ staining was inversely related to CB+ cell and neuropil staining, 
but positively correlated with PV+ cell and neuropil staining. In the 
LGN, CB+ staining was primarily restricted to the small cell layers of 
both species. PV+ was densest in the magnocellular (M) and 
parvocellular (P) layers, with isolated cells present in the small cell layers 
(K layers (bush baby) and intercalated layers (owl monkey), and ILZs) of 
both species. Analysis o f cell size in bush baby LGN suggested CB and 
PV were present primarily in relay cells. In VI, PV+ was found in layers 
II-VI in both species with neuropil staining densest in the target zones of 
LGN afferents from all three pathways: IVa (M), IVß (P), and CO blobs 
in ΠΙ (small cells). CB+ cell and neuropil staining in both species was 
primarily restricted to supragranular layers which project to area V2.

The complementary Staining patterns of PV and CB, and the 
correlation of PV+ with CO expression in bush baby and owl monkey is 
consistent with the view that three functionally distinct pathways project 
to VI. We conclude that the association of these proteins with parallel 
pathways may be a general feature of primate visual systems.

Supported by EY01778 and core grants P-30-EY08126 & HD15052.
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1 8 0 .1
TWO FORMS OF SHORTENED SACCADIC EYE MOVEMENT 
LATENCY IN A POPOUT VISUAL SEARCH TASK. AA Skavenski* 
RM McPeelc V. Malikovic. and K. Nakavama. Dept. o f Psychology, 
Harvard University, Cambridge, MA 02138 

Maljkovic e t  a l  (1992) found that attentional deployment to an odd 
colored target is speeded-up by prior presentations o f the same target 
color. This "priming" effect extended over 5 to 8 trials and summated 
such that longer strings o f same feature trials produced shorter manual 
reaction times. Saccadic eye movements are closely connected to 
attentional deployment and we asked whether similar effects held for 
saccades latencies.

Three subjects were required to make a saccade to an odd-colored 
target within a circular array and report which side o f the target 
contained a tiny marker as rapidly as possible. We made two new 
observations: 1) Latencies o f primaty saccades were >200msec and 
progressively decreased when preceded by increasing numbers o f 
same-color trials. This result is consistent with the manual reaction 
time findings. 2) When primary saccades went to the wrong stimulus 
(a distractor), corrective saccades were made with very short latency 
(<100 msec) and formed a latency distribution non-overlapping that o f 
primary saccades. Most corrective saccades were shorter latency than 
express saccades and this result suggests a higher degree o f concurrent 
processing o f multiple saccade goals than was previously suspected. 
M aljkovic, V ., B ravo, M ., & N akaym a, K. (1992) Perception, 21 , su pp l.2 , 68.

1 8 0 .3
L E F T /R IG H T  ASY M M ETRIES IN TH E D ISTR IB U TIO N S O F SA CCA D IC 
RE A CT IO N  TIM ES IN M A N . H . W eber* and B. F ischer. D ept. N europhysiology, 
H ansastr. 9a, D -7800 Freiburg

W hen tested with a single target (Tg) gap saccade task (fixation  poin t (Fp) offset 
precedes T g onset by 200m s), and random  Tg presentation a t 4 deg to  the left o r 
righ t o f  the F p , m any hum an subjects show  asym m etric d istribu tions o f  saccadic 
reaction tim es (SRT) for left versus righ t target presentation. F o u r subjects w ith 
left/righ t asym m etric SRTs w ere trained in  the gap task w ith  a gap du ration  o f  200m s 
until their SRT distributions rem ained constant. I t  w as found that the observed 
asym m etries becam e m ore pronounced during train ing  (even though all subjects w ere 
trained w ith equal am ounts o f  left and righ t T g  trials), and that they consisted m ostly 
in different num bers o f  the short-latency express saccades to  e ither side. Three 
subjects produced a high frequency o f  express saccades to the righ t bu t alm ost none 
to the left, one subject showed the reverse behaviour. N ext w e tested the effect o f  
different gap durations on asym m etric SRTs. G ap durations o f  0 , 100, 200, 300, 
400m s, and an overlap task (Fp rem ains on w hen the T g  is presented) w ere applied 
in d ifferent experim ental sessions. T he results show ed that the occurrence o f  
asym m etric SRTs depended on the gap duration; w ith  the shortest and  longest gap 
durations, and w ith the overlap task the SRTs becam e rather sym m etric. T his effect 
resulted m ainly from  a decrease o f  Express saccades in  these conditions, w hile  the 
d istributions o f  the rem aining m odes o f  fast and slow  regular saccades w ere largely 
sym m etric to the left and right. To find out w hich process o f  saccade preparation is 
lateralized, w e designed another gap task w here an eccentric  attention target was 
presented a t the left o r  righ t side. It was found that the observed asym m etries were 
strongly affected and could even be reversed, depending on  the  relative location o f  
the attention target. W e suggest that the phenom enon o f  left/righ t asym m etric SRTs, 
w ith  respect o f  the occurrence o f  express saccades, is no t stable, bu t can be 
influenced in a dynamic way by the location o f  the subject’s a ttention.

1 8 0 .5

A C TIV ITY  IN  M A C A Q U E FR O N T A L EY E FIELD  DU RIN G  N A TU R A L SC A N 
NIN G  EY E  M O V EM EN TS. D. D. Burm an and M . A. Seeraves*. Dept. o f  N eurobiol
ogy and Physiology, N orthw estern U niv., Evanston, IL  60208.

B ehavioral studies o f  the frontal eye field (FEF) suggest that it  is im portant for the 
guidance o f  eye m ovem ents that require a  high degree o f  cognitive processing (Deng 
e t al. 1986; G uitton e t al. 1985). D uring conventional visuom otor t a d a ,  cells in the FEF 
respond to the appearance o f  visual stim uli and  are active in association with saccades 
(Bruce and G oldberg, 1985). In those tasks, m onkeys m ake saccades to small target 
lights presented on a  uniform  background. T he m onkeys are highly trained, and, in a 
single experim ental session, typically repeat the task one-thousand tim es or m ore to ob
tain a  liquid rew ard. W e a ttem pted here to devise a  m ore natural paradigm  for the gen
eration o f  saccades and com pared FE F  activity  evoked  during natural scanning eye 
m ovem ents with the activity  evoked during conventional visuom otor tasks.

E ye position w as sam pled a t 1 kH z w ith a  search coil w hile each o f  2  rhesus mon
keys scanned im ages o f prim ates, other anim als, and  natural scenery rear-projected 
onto  a  tangent screen. T he m onkeys w ere perm itted to look w herever they wished. The 
pattem  o f  saccades and  fixations during the presentation o f  each im age was com pared 
w ith patterns m ade in the dark, o r obtained w hen the im age w as displaced from its  orig
inal position, inverted, o r blurred beyond recognition. The pattern o f  saccades and fix
ations g enerated w as h ighly dependent upon the im age presented. A s in earlier studies 
(e.g. K eating &  K eating 1982), the m onkeys preferred to  look a t som e objects, like the 
m outh o r eyes o f  a  prim ate, and  avoid others, such as the face o f  a  predator.

W e com pared cell activity recorded during the scanning paradigm  with activity 
during visuom otor tasks. Cells with saccade-related activity  in conventional tasks were 
active during scanning eye m ovem ents, bu t no t during saccades m ade in the dark. Cells 
w ith visual responses in conventional tasks were typically non-responsive during 
scans, although som e w o e  active when the endpoint for the next saccade was within 
the c e ll’s receptive field. ____

T he scanning paradigm  has helped to elucidate the ro le o f  the FE F  in the genera
tion o f  self-directed saccades, extending the findings for cell activity  during conven
tional tasks to activity occurring during natural scanning eye m ovem ents.

Supported by NIH Grants EY08212, M H 48185, and The Sloan Foundation.

1 8 0 .2
SIM ILA R CHAN GES IN  TH E LA TEN C Y  O F PU RSU IT AN D  SA CCA D IC E Y E  
M OV EM EN TS IN  TH E "GA P PA RAD IG M " R, J. Krauzlis* and  F. A. M iles Lab. 
Sensorim otor Res., N ational Eye Institute, Bethesda, M D  20892.

It has been proposed that shifts o f  gaze are preceded by shifts o f  attention. 
This idea is supported by the decreases in saccadic latency observed with the "gap 
paradigm ". W e have extended  this paradigm  to investigate w hether pursuit latency 
can be altered in the sam e way. Three R hesus m onkeys were trained to  first fixate 
a  central po in t and then m ake an eye m ovem ent to a  target located 4° eccentric. 
The eccentric target could appear at the sam e tim e (no gap) or after (gap) the 
fixation poin t was extinguished, and either rem ain stationary (saccade trial) or 
m ove tow ard the fixation point at 20°/s (pursuit trial) on separate random ly 
interleaved trials.

O n gap trials, saccadic latencies w ere bim odal, corresponding to express 
saccades and  regular saccades, bu t pursuit latencies rem ained unimodal. Express 
saccades could occur on pursuit trials, preem pting the norm al initiation o f  pursuit. 
The frequency o f  express saccades w as greater with longer gaps, p redictable target 
locations, and textured backgrounds.

W hile gaps did no t bring out "express" pursuit, they d id  result in m ore m odest 
decreases in latency, with clear dependence on gap duration. The latencies o f 
regular saccades show ed a  sim ilar decrease and dependence on gap duration. For 
both pursuit and regular saccades, these effects were largest for a  200 m s gap 
when the average decrease in  latency w as 13.9 m s for pursuit and  14.3 m s for 
saccades.

Express saccades have often been attributed to  an attentional m echanism  and 
w e suggest that this m echanism  could  also be responsible for the m ore m odest 
changes in  latency described here. T hat the quantitative details are so sim ilar for 
pursuit and regular saccades further suggests that w hatever the m echanism , it is 
com m on to both eye m ovem ent system s.

1 8 0 .4
FRONTAL EYE FIELD ACTIVITY IN CONJUNCTION WITH SHORT- 
LATENCY ("EXPRESS") SACCADES MADE IN A GAP PARADIGM. E.ÇtDiaş* 
and C.J.Bruce. Section of Neurobiol., Yale Univ. Sch. Med., New Haven, CT 06510.

Under certain conditions primates can make visually-guided saccades with extremely 
short latencies, as low as 80 ms in the monkey. Such very short-latency or "express" 
saccades are most readily elicited in gap paradigms wherein the fixation light is 
extinguished a few hundred ms before the peripheral target appears. Because monkeys 
without their superior colliculus (SC) cannot make express saccades, but monkeys 
without their frontal eye fields (FEF) can, the express-saccade circuitry is thought to 
be largely subcortical. However, it is still quite possible that in the intact brain FEF 
has an important, or even critical, role in express-latency visually-guided saccades. To 
investigate this possibility, we studied FEF activity in the context of the gap 
paradigm, testing 100 cells that had pressacadic activity in conventional tasks.

Our findings indicate at least two activities in the FEF that could help generate 
express saccades, one being a new type of FEF activity. First, almost every cell 
(94%) with presaccadic activity in the conventional saccade paradigm (simultaneous 
disappearance of the central fixation target and appearance of the peripheral saccade 
target) also had presaccadic activity in conjunction with short-latency saccades in the 
gap paradigm. Burst lead relative to saccade onset and burst rate were comparable 
across paradigms. Furthermore, half (51/100) of these cells also had an early activity 
on the gap task, which we call a "readiness signal", apparently triggered by the 
disappearance of the fixation light in the context of the gap-saccade paradigm. The rate 
of this signal was generally less than the saccade-related burst, but still well above the 
cell's baseline or fixation rate. It continued until near the time of the saccade, when it 
either accelerated into the more intense saccade-related discharge for saccades into the 
cell's movement field, or was sharply curtailed to baseline or lower for saccades 
opposite the cell's field. It would seem that most FEF cells with projections to the 
SC carry this readiness signal in the gap paradigm, and we suggest it could serve to 
prime the SC for more rapid responding to both their visual inputs and to the pre
saccadic bursts from their FEF afferente.

Supported by PHS grants EY04740 and MH44866 and by CNPq (Brazil).

1 8 0 .6
RE LA TIO N  O F PR ESA C CA D IC D ISC H A R G E IN FR O N T A L  A N D  
SU PPLEM EN TA R Y  EY E FIELD S T O  SA CCA D E IN ITIA TIO N . D .P . Hanes* 
and J .D . Schall. D ept. Psychology, V anderbilt U niversity , N ashville , T N  37240 

Traditional analyses o f  neural m odulation use d ischarge rate  averaged across 
trials. H ow ever, a  full understanding o f  the  neural basis o f  saccade generation 
dem ands an account o f  saccade latency variab ility . T his requires an  analysis o f  
the relation betw een neural m odulation and saccade in itiation  on  a trial-by-trial 
basis. T he activity  o f  single neurons w as recorded in  frontal eye field  (FEF) and 
supplem entary eye field (SEF) o f  rhesus m onkeys perform ing  a  go-nogo instructed 
delay visual tracking task. T im es o f  m odulation w ere  identified using the Poisson 
surprise index for each spike train . O nset and offset o f  activity  w ere defined as 
the portion  o f  the spike tra in  w ith  a  Poisson surprise o f  p  <  0 .0001. Bursts were 
defined by m axim izing the surprise index. M ovem ent cells had  a  prelude o f 
activity  w ith  variable onset tim e (50-130 m s) and  a  bu rst w ith  less variability  (5- 
30 m s) before the saccade. T he onset o f  the bu rst w as significantly  m ore related 
to  saccade in itiation  than stim ulus presentation. N otably, the tim e o f  burst onset 
corresponds to  latency o f  saccades elicited by m icrostim ulation o f  F E F  o r  SEF.
In contrast, the onset o f  the p relude w as w eakly related to  saccade initiation or 
stim ulus presentation. A lso, the strength o f  the relationship betw een the prelude 
o f  activity  and saccade in itiation  varied  w ith  differen t task contingencies. Set 
cells began to  discharge after target presentation and quit before the saccade. We 
now  report that the term ination o f  set cell activity  is tim e-locked (70-100 ms) to 
saccade initiation; this relationship held  even for anticipatory saccades. Thus, set 
cells cease firing  w hen the prelude o f  m ovem ent cells begins. A nalyzed trial-by
trial, certain  cells in  frontal cortex reliably pred ict saccade initiation. Specifically, 
set cell cessation predicts saccade in itiation  earlier than the m ovem ent cell burst. 
Therefore, set cells may be  responsible for regulating saccade initiation.

Supported by EY 08890 and M cD onnell-Pew .
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180.7
IN FO R M A T IO N  C O N T E N T  O F  E Y E  M O V E M E N T  N E U R O N S  
IN M O N K E Y  P A R IE T A L  C O R T E X . Ĩ.W . G n ad t* Dept. 
Neurobiology & Behavior, S U N Y  at Stony Brook, N Y  11794.

Neurons bom  parietal area L IP  that w ere related to m aking  
saccadic eye movements were analyzed to determ ine their 
signal re liab ility. Variance in  firing  rate w as quantified  as a 
function of saccade metrics. For 16 neurons, the activity  profile  
for a large num ber of sam ples w as fit w ith  a 2-dim ensional 
Gaussian m odel (horizontal and vertical motor error) using  
nonlinear regression. Th e  residual variance w as used to 
estimate the in trinsic 'noise' in  ratio to the m agnitude of the 
activity at the center of the response fie ld . T h is  provided a 
signal-to-noise ratio used to estimate the m axim um  num ber of 
discriminable levels of activity at 50% detection. T h e  data were  
well fit by  the G aussian  m odel (mean r2 = 0.806), dem onstrating  
response fie lds that were sim ila r in  form to those of superior 
colliculus. D ue to residual variance that w as proportional to 
peak firing  rates, there w as an average of o n ly  about 4 
discrim inable levels of activity. T h is  corresponds to 2 b its of 
information. A  comparative analysis u sing  a m odel based on 
Signal Detection Theory revealed a sim ila r, but s lig h tly  lower, 
estimate of inform ation content. T h is  conclusion is  consistent 
with theories of course coding of inform ation b y  a population  
code. Supported  b y  N IH  EY08217

180.9
EFFECT OF FRONTAL LESIONS ON MEMORY-GUIDED  
SACCADES IN MAN. C. Pierrot-Deseillignv*. I. Israel. A. Berthoz.
S. Rivaud and B. Gavmard. Dept. Neurol., INSERM 289, Hôpital de 
la Salpetrière, and Lab. Physiol. Neurosensorielle, CNRS, Paris, 
France.

Two paradigms of lateral memory-guided saccades were studied in 
14 patients with unilateral (right or left) focal vascular lesions, 
affecting the frontal eye field (FEF), the supplementary eye field (SEF) 
or area 46 of Brodmann in the prefrontal cortex (PFC), and in 13 age- 
matched control subjects. In the first paradigm, the subject had to 
remember the position of a flashed lateral visual target with the body 
and eyes immobile and, in the second, the position towards which 
gaze was directed before a body rotation (performed with VOR 
supression), i.e. with a vestibular input. Then, in both paradigms, 
after a few seconds' delay, the subject had to make a memory-guided 
saccade to the remembered positions. In control subjects, the 
percentage of error in saccade accuracy was greater in the second than 
in the first paradigm (37 and 14 p. cent on average, respectively). 
Compared to controls, amplitude error was markedly and significantly 
increased in the FEF group for the first paradigm only, in the SEF 
group for the second paradigm only, and in the PFC group for both 
paradigms (with abnormal percentages of error of around 30 p. cent in 
the first paradigm and 64 p. cent in the second). It may be 
hypothesized 1) that the PFC is a part of the network contributing to 
short-term memorization of both visual and vestibular signals, and 2) 
that the FEF and SEF control two different types of memory-guided 
saccades, with separate calculation modes (and perhaps separate 
reference systems) to determine saccade amplitude.

180.11
YO KIN G O F  T H E  E Y E S  F O R  V E R T IC A L  S A C C A D E S  IN T H R E E  
DIM EN SION AL S P A C E . P .S . Zee* and J. Yooe. Johns Hopkins Hospital, 
Baltimore, MD. 21287.

When normal subjects make saccad e s between vertical targets located 
closer to one eye than to the other, the two eyes rotate by different 
amounts. Th is is to be expected since the angle subtended by the target 
differs for the two eyes. W e investigated this observation further in three 
emmetropic humans in whom we recorded m ovem ents of both eyes  
(search coil). W e quantified the yoking of the two e yes using the total 
change in ocular alignment (ΔΑ) during the saccad e  plus the immediate 
160 m s following the saccade. For targets 10 deg apart and located in the 
midline, both at distance (115 cm) and at near (11 cm), the ΔΑ w as less  
than 0.15 deg. W hen a vertical disparity of 1.14 deg w as introduced, e.g. 
by placing a 2  diopter fresnel prism on the top half of a piano lens in front 
of one eye, the ΔΑ w as still < 0 .1 5  deg, though slow motor fusion followed 
saccades made between the center and upper targets.

For targets displaced 10 deg apart vertically but close to (11 cm) and in 
front of one eye (requiring a 1.15 deg change in vertical alignment), the ΔΑ 
was 0.8 deg. Even  when disparity cues were removed, with the subject 
making saccad e s in the dark to the remembered locations of the near 
targets, ΔΑ w as still 0.8 deg. Finally, when the natural disparity w as 
nullified by placing a 2  diopter fresnel prism on the top half of a piano lens 
in front of one eye, ΔΑ w as also 0.8 deg, though followed by a slow fusional 
movement to restore vertical alignment.

W e conclude that the C N S  preprograms a change in alignment for 
vertical sa ccad e s whenever the point of regard is away from the midline 
and nearto  the head. Th is three dimensional map of the yoking of the eyes 
for vertical sa ccad e s is likely learned and under adaptive control.

180.8
S U P P L E M E N T A R Y  M O T O R  A R E A  A N D  P R E C E N T R A L  G Y R U S  
A R E  B IL A T E R A L L Y  A C T IV E  D U R IN G  IM A G IN E D  S A C C A D E S  IN  
H U M A N S . P e t i t  L ,. L a n e  W ., T z o u r io  N .. H ö l l i n e e r  P .. P i e t r z v k  U , .  
M a z o v e r  В .* . B e r th o z  A. G IN  S .H .F . Jo lio t.  C E A  O rs a y , C H U  B ic h a t U n iv . 
P a r is  7 ; L P P A  C N R S -C o llè g e  d e  F ra n c e  P a r is ;  N e u ro l.  U n iv .  K l in ik  W ie n , 
A u s tr ia ;  M a x -P la n c k  I n s t i tu t  f ü r  N e u ro l.  F o rs c h u n g  K ö ln , G e rm a n y .
W e  p re v io u s ly  r e p o r te d  o n  th e  h u m a n  J u n c t i o n a l  n e u ro a n a to m y  o f  se lf -  
p a c e d  a n d  m e m o r iz e d  s a c c a d e s  u s in g  d ie  p o s it r o n  e m is s io n  to m o g ra p h y  
(P E T )  a c tiv a tio n  p a ra d ig m  ( B e r th o z  e t  a l. S o c . N e u r o s c i .  A b s tr .  1 9 9 2 , p  
2 1 4 ) . In  th is  w o rk , w e  in v e s t ig a te d  th e  m o to r  im a g e ry  o f  s a c c a d e s .  F iv e  
su b je c ts  w e re  in s t ru c te d  to  im a g in e  p e r fo rm in g  la rg e  a m p li tu d e  h o r iz o n ta l  
s a c c a d e s  w h ile  k e e p in g  th e ir  g a z e  f ix e d  o n  a  l i t  c e n tra l  d io d e . T h is  ta sk  w a s  
c o m p a re d  to  a  c o n tr o l  c o n d it io n  d u r in g  w h ic h  s u b je c ts  w e re  a s k e d  n o t  to  
m o v e  th e i r  e y e s ,  th e  c e n tr a l  d io d e  b e in g  k e p t  l i t .  E y e  m o v e m e n ts  w e re  
c o n tr o l le d  b y  E O G . F o r  e a c h  c o n d it io n  ( re p e a te d  tw ic e ) ,  a  s e t  o f  8 0  se c  
d u ra t io n  c o n tig u o u s  P E T  b ra in  s lic e s  w a s  a c q u ire d  fo llo w in g  i.v . in je c tio n  
o f  8 0  m C i o f  H 2 O 1 5 . I n d iv id u a l  h ig h  r e s o lu t io n  m a g n e t ic  r e s o n a n c e  
im a g e s , a l ig n e d  w ith  P E T  s lic e s ,  w e re  u s e d  fo r  th e  d e lin e a tio n  o f  re g io n s  o f  
in te re s t  w ith  a n a to m ic a l  b o u n d a rie s .

C o r t ic a l  a c tiv a tio n s  w e re  fo u n d  in  th e  p re c e n tra l  g y ru s  ( le f t:  4 .3  ±  
2 .7 ,  m e a n  ±  S D  in  % , p  =  0 .0 0 0 7 ,  p a ir e d  t - te s t ;  r ig h t :  3 .6  ±  2 .2 ,  p  =  
0 .0 0 0 5 ) ,  in  th e  s u p p le m e n ta r y  m o to r  a re a  (S M A  o r  s u p p le m e n ta r y  e y e  
f ie ld , S E F , le f t :  6.8  ±  6 .4 , p  =  0 .0 0 8 ; r ig h t: 8 .1 ±  2 .8 , p  <  0 .0 0 0 0 1 ) ,  a n d  th e  
m e d ia n  c in g u la te  g y ru s  (2 .6  ±  3 .4 , p  =  0 .0 4 ).

T h e  p r e c e n t r a l  a c t iv a t io n ,  th a t  m a y  c o n s is t  o f  b o th  m o to r  a n d  
p r e m o to r  c o n tr ib u tio n s ,  w a s  lo c a l iz e d  a t  th e  le v e l  o f  th e  f ro n ta l  e y e  f ie ld s  
(F E F )  in  h u m a n s . T h e s e  f in d in g s  s u g g e s t  th a t  o m m o n  c o r t ic a l  s tru c tu re s  
a re  in v o lv e d  in  b o th  th e  e x e c u t io n  o f  s e l f - p a c e d  s a c c a d e s  a n d  th e i r  
im a g in a t io n .  (S u p p o r te d  b y  R é s e a u  C o g n iS e in e ,  C N R S , P a r is ;  a n d  b y  
F o n d s  z u r  F ö r d e ru n g  d e r  W is s e n s c h a f tl ic h e n  F o r s c h u n g  P 9 2 3 9 -m e d )

180.10
D O U B L E -S T E P  S A C C A D E S  IN P A T IEN T S  WITH FR O N T A L  O R  P A R IET A L  
L E S IO N S . W. Heide. E . Zimmermann and D. Kömpf (SPO N : European Brain 
and Behaviour Society). Dept. of Neurology, Medical University, Ratzeburger 
Allee 160, DW-2400 Lübeck, Germany.

In double-step experiments, subjects have to perform two successive  sa c 
cad es to fixate two sequentially flashed visual targets. If both targets have 
disappeared before the end of the first saccade, a  dissonance is created bet
ween the retinal location of the second target and the saccad e  necessary to 
acquire it ("retino-spatial dissonance" condition), requiring the use of ex- 
traretinal information (corollary discharge) about the motor vector of the first 
saccade  for updating the spatial representation of the next target - a possible 
function of the posterior parietal cortex (PP C) and the frontal eye fields (FEF ). 
This hypothesis, based on monkey experiments, w as tested in the present 
lesion study in humans.

Saccad ic  responses to horizontal doubie-step visual stimuli of 7* and 15* 
eccentricity in either the sam e or opposite hemifiekJs were recorded using in
frared reflection oculography in patients with right frontal (n=5), left frontal 
(n=10) and right parietal lesions (n=10) and in 30 age-matched normal adults. 
Stimulus duration w as 180 and 100 m sec for the first and second step. Parietal 
patients showed not only a  reti notopic impairment of all leftward sa ccad e s into 
left hemifiekJ, but also dysmetria or a complete failure of the second saccade  
following a first leftward step, even if this saccad e  w as directed rightward. The  
latter finding w as significant (p<0.05) only in the "retino-spatial dissonance" 
condition and not in frontal patients. In those with lesions of the supplementary 
motor area (SMA), however, contralateral sa ccad e s were generally delayed. 
We conclude that the P P C  is predominantly involved in the spatial coding of 
double-step sa ccad e s , particularly in c a se  of a  retino-spatial dissonance, and 
the SM A more in their triggering, w hereas an important contribution of the F E F  
cannot be derived from our data.

180.12
POSITION DISPARITY CONTROLS DISCONJUGATE 
POST-SACCADIC EYE DRIFT ADAPTATION. Z. Kapoula*. T. 
Eggert and M.P. Bucci. Lab. de Physiologie de la Perception et de 
Г Action, CNRS-Collège de France, Paris, France.

This study tests the ability of normal subjects to create 
post-saccadic drift in opposite directions in the two eyes. Identical 
images (size 35 deg at 1 m) were projected one to each eye 
(dichoptic viewing). At first the images were superimposed; subjects 
saw a fused image. At the end of each horizontal saccade (recorded 
by an Ш. device) fusion was broken by drifting the images in opposite 
directions. The drift was exponential (50 ms tc), its amplitude was 
10% of the antecedent saccade producing a convergent or divergent 
disparity of 20%. Five subjects were trained for 2-3 hrs. Pre and post 
training binocular recordings were made with search coils.

All subjects developed zero-latency, exponential, compensatory 
drifts. The group mean drift disconjugacy was 3% for divergent 
motions of the images but 9% for convergent motions; the time 
constant was 310 and 132 ms correspondingly. These drifts persisted 
even in an open loop condition (1% and 5%; tc: 189 and 83 ms). To 
test the role of the position disparity, one subject was trained with 
non-fuseable random dot patterns. In another experiment (2 subj) 
fuseable images stepped apart during the saccade and drifted back 
to zero disparity at the end of the saccade. In both experiments, no 
adaptation occurred. The results indicate that sustained position 
disparity is needed to produce disconjugate post-saccadic eye drift 
adaptation. They also suggest that such adaptation is achieved by 
pre-programmed, saccade-initiated vergence fusional movements.
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181.1
A RO LE FOR PR O TEIN K IN ASE C IN TR A N SC R IPTIO N A L  
REGULATION OF 5-HT2 RECEPTOR GENE EXPRESSION. R. C. 
ҒүГГУ*. Ç, Dr Uns^prtiu....an4 P, P , MpHnoff. Dept. o f  Pharm ., 
Univ. o f Pennsylvania Sch. o f M ed., Philadelphia, PA 19104-6084.

PII cells, an immortalized cell line derived from rat pituitary tumor 7315a, 
express 5-HT2 receptors coupled to stimulation of PI hydrolysis and have been used 
as a model system to study the regulation of 5-HT2 receptors. Exposure of PI 1 cells 
to 5-HT, lysergic acid diethylamide (LSD), or 2,5-dim ethoxy-4-iodo- 
phenylisopropylamine (DOI), which results in down-regulation of 5-HT2 receptors, 
unexpectedly leads to a transient increase in levels of mRNA encoding the receptors. 5-HT2 receptor mRNA levels are also increased after activation o f a  1-adrenergic 
receptors by 6-fluoronorepinephrine. Because 5-HT2 and ai-adrenergic receptors are 
coupled to stimulation of PI turnover, protein kinase C, an intracellular enzyme 
activated by metabolites of PI hydrolysis, was considered as a candidate effector that 
may regulate expression of 5-HT2 receptor mRNA. Treatment of PII cells with 
100 nM phorbol 12-myristate 13-acetate (PMA) for 105 min resulted in a 2-fold 
increase in levels of 5-HT2 receptor mRNA measured using a ribonuclease protection 
assay. This increase was similar in magnitude to that observed after exposure to 
10 μΜ 5-HT for 90 min. Coincubation with 5-HT did not lead to an additional 
increase in receptor mRNA levels. The effect of PMA was specific for protein kinase 
C because the PMA-induced increase in receptor mRNA levels was blocked by 
coincubation with the selective protein kinase C inhibitor, bisindolylmaleimide 
(GF 109203X). The inactive phorbol ester 4a-phorbol 12,13-didecanoate did not 
affect levels of 5-HT2 receptor mRNA. Bisindolylmaleimide prevented 5-HT from 
increasing levels of 5-HT2 receptor mRNA, demonstrating that protein kinase C 
activation is required for 5-HT-induced elevation of receptor mRNA levels. These 
findings identify protein kinase C as an essential component of a regulatory pathway 
that is capable of modulating 5-HT2 receptor gene expression and suggest that 
elevation of 5-HT2 receptor mRNA levels after activation of homologous (5-HT2) 
and heterologous (a  1-adrenergic) receptor systems is due to stimulation of PI 
turnover and subsequent activation of protein kinase C.

(Supported by USPHS Grants MH 48125 and NS 18591.)

181.3
ENDOGENOUSLY EXPRESSED D2 DOPAMINE RECEPTOR IN 
GH4C1 CELLS IS UNDER CONTROL OF A METALLOTHIONEIN 
PROMOTER.
S. Allard and P. Falardeau*. Génétique Moléculaire, CHUL, and 
School of Pharmacy, Laval Univ., Québec, Canada, G1V 4G2

GH4C1 cells (a prolactin-secreting cell line) are devoided of 
dopaminergic D2 receptor. We recently demonstrated that expression 
of the short isoform of D2 receptor is induced in GH4C1 cells after 
transfection with a plasmid which confers neomycin resistance 
(pRSVNeo) (Allard e t a i . ,  Soc. for Neurosci., 18:1537, 1992). The 5' 
region of the D2 receptor gene present in native GH4C1 cells was 
cloned and sequenced. No homology was observed between the 
obtained sequence and the one of the published D2 promoter region. 
However, a search for homology in Genbank revealed a perfect match 
beetwen the obtained sequence and the metallothionein (MT) gene 
promoter. Those results suggest that a recombination occured between 
D2 receptor gene and MT gene promoter. We showed that the MT 
promoter present upstream from the D2 gene is functional. In fact, D2 
receptor mRNA and binding levels are varying in a dose dependent 
manner with Zn2+ and Cd2+. [3H]spiperone binding is raised from 500 
to 3000 fmol/mg of protein following a 16 hours treatment with 120 
μΜ Zn2+. The recombination between D2 receptor gene and MT gene 
promoter could be held responsible for the induction of D2 gene 
induction after pRSVNeo transfection in GH4C1 cells. In fact, it has 
been observed that SV40 promoter regions can compete with MT 
regulation factors and modulate MT promoter efficiency. (Supported 
by MRC grant)

181.5
IN H IB IT IO N  O F  B2 -A D R E N E R G IC  R E C E P T O R  D E S E N S IT IZ A T IO N ,
S. W . M il le r .T . N. H a sk e . C  A  R a b v *  a n d  H  L e V in e  I I I .  D e p a r tm e n t  o f  
N e u r o s c i e n c e  P h a r m a c o l o g y ,  P a r k e - D a v i s  P h a r m a c e u t i c a l  
R e s e a r c h  D i v i s i o n  o f  W a r n e r - L a m b e r t  C o . ,  A n n  A r b o r ,  M I  
4 8 1 0 5 .

T h e  ß 2- a d r e n e r g i c  r e c e p to r  u n d e r g o e s  h o m o lo g o u s  d e se n s itiz a tio n  in  
r  e sp o n  se  to  a g o n  ists . Th e  m e d i  a n  ism  is  th  o u g h  t  to  b e  th  e  u n  c o u p lin  g  o f  
r e c e p to r  a n d  G p r o t e i n ,  m e d ia te d  b y  p h o s p h o r y l a t i o n  o f  t h e  r e c e p to r  b y  ß -  
a d r e n e r g ic  r e c e p to r  k in a s e  (ß -A R K ). ß - a r r e s t i n  c a n  p o te n t ia te  t h e  
in h ib i to r y  e f f e c ts  o f  r e c e p to r  p h o s p h o r y l a t i o n  b y  ß - A R K  Tb f u r t h e r  
e lu c id a te  th  e  c o m p o n  e n  t s  o f  d e se n  s itiza tio n  w e  h  a v e  e x a m in  e d  th  e  e f f e c ts  o f  
i n h ib i to r s  o f  d e se n s itiz a tio n  t h a t  a c t  on  t h e  r e la te d  rh o d o p s in  sy s te m . In o s ito l  
h  e x a p h  o sp h  a te  ( ӀР б ) , ( t h o u g h t  to  b e  a  s e le c tiv e  a r r e s t i n  a n ta g o n is t ) ,  in o s ito l  
h e x a s u l f a te  (IStø), h e p a r i n  a n d  s u r a m in  (ß -A R K  i n h ib i to r s )  w e r e  ad d e d  to  
p e rm e a b i l iz e d  A431 c e lls  p r io r  to  d e se n s itiz a tio n  w ith  a g o n is t .  S u r a m in ,  
h e p a r i n  a n d  ІР б  c o m p le te ly  i n h i b i t  d e se n  s itiza tio n  a t  0.1, 0.1 a n d  1 μΜ , 
r e s p e c t iv e ly .  IS 6 i n h ib i te d  d e se n  s itiz a tio n  b y  a  m a x im u m  o f  80%  u s in g  
c o n c e n t r a t i o n s ^  Ο .Ιμ Μ  T h e l C s o  for ІР б  w a s  0.1 μΜ , w h ic h  is  2 0 -fo ld  m o re  
se n  s it iv e  th  an  ІР б  b in  d in g  to  v is u a l  a r r e s t i n .  T h e s to c h ic m e t r y  o f  b i n d in g  o f  
ІР б  to  a r r e s t i n  in d ic a te s  n =  1.0 b i n d in g  s ite s  w ith  a n  I C 5 0  o f  2  μ Μ  
C o n c u r r e n t  ad d itio n  o f  ІР б  a n d  h e p a r  in  o r  ІР б  a n d  IStø a t  s u b m a x im a l  le v e ls  
r e s u l ts  in  s y n e r g i s t i c  i n h ib i t i o n  o f  d e se n s itiz a tio n  in d ic a t in g  p o ss ib le  
in d e p e n d e n t  p a th w a y s  o f  i n h ib i t i o n .  S u r a m in ,  IS ó a n d  h e p a r i n  i n h ib i t  
p u r i f ie d  ß -A R K  m e d ia te d  p h o s p h o r y l a t i o n  o f  r h o d o p s i n / b r a m - β γ  a t  
сен іc e n t r a t i o n s  k n o w n  to  i n h i b i t  d e se n s itiz a tio n  w h i l e  ІР б  i n h ib i t s  ß-A RK  
a c tiv ity  a t  le v e ls  £ 3  m M  T h e  s u lf a te d  c o m p o u n d s  m a y  i n h i b i t  d e se n  s itiza tio n  
t h r o u g h  ß -A R K in  a c tiv a tio n  w h i le  ІР б  in h ib i t s  ß - a r r e s t in .

181.2
E X P R E S S IO N  O F  T H E  a 2_-A D R E N E R G IC  R E C E P T O R  G EN E: 
IDENTIFICATION O F  A PUTATIVETRA N SLATIO N ALREG ULA TO RYELEM EN T  
IN TH E 3 ’ UNTRANSLATED REG IO N . J.D , Sherlock. E . Duzic, S  Lanier*. Dept. 
of Cell and Mol. Pharmacol., Med. Univ. South Carolina, Charleston, 29425.

The rat a 2c- and a 2A/D-AR are the products of distinct genes that exhibit 
56% amino acid homology and are expressed in a  tissue-specific manner. 
Differences in the expression of these two receptors w as observed during 
stable transfection of NIH-3T3 fibroblasts with receptor gene constructs 
(protein coding region and gene segm ents 3 ’ to the stop codon (3’UTR) in 
pMSV.neo (a 2c- coding = 1374 nt, 3 ’segm ent = 466 nt; a ^ p -  coding = 1350 
nt, 3 ’ segm ent ~ 750 nt). With either receptor construct, 90%  of clonal 
transfectants expressed receptor m essage indicating adequate gene insertion. 
Each of the a 2A/D-AR transfectants expressed receptor protein (100-5000 
fmol/mg). In contrast, only 15% of the a 2c-AR transfectants expressed 
receptor protein (1 0 0 - 2 0 0 0  fmol/mg) a s  determined by radioligand binding 
with the a 2-AR antagonist 3H-rauwolscine.

The role of the a 2c"AR 3 ’UTR as a  translational repressor w as investigated 
by transfecting fibroblasts with UTR deletion constructs in pMSV.neo (a 2c-AR - 
3 ’UTR 1-82 or 3 ’UTR 1-146). In contrast to the results with the original 

construct (a2c-AR 3’UTR 1-466), 90% of the transfectants generated with the 
deletion constructs expressed receptor protein (500-3000 fmol/mg). The 
original and UTR deletion contructs expressed similar levels of receptor 
mRNA. Transfectants generated with a  heterologous construct (a 2A/D-AR 1- 
1350 with a 2c-3’UTR 113-466) did not exhibit m easurable receptor binding. 
These data suggestthat a segm ent found in the 3 ’UTR of the rat a 2c-AR gene 
may influence translational efficiency.

181.4
A N T IS E N S E  O L IG O D E O X Y N U C L E O T ID E  A D M IN IS T E R E D  IN  VIVO 
IN H IB IT S  D 2 D O P A M IN E  R E C E P T O R -M E D IA T E D  BE H A V IO R , D2 
D O P A M IN E  R E C E P T O R S  A N D  D 2 D O P A M IN E  R E C E P T O R  m RN A  IN 
M O U S E  ST R IA T U M . L.-W . Z h o u * . S .-P . Z h a n g . Z .-H . Q in  a n d  B. W eiss, Div. 
N e u ro p sy c h o p h arm ac o l., D e p t  P h a rm a c o l., M ed . C oll. PA , P h ila ., PA  19129.

T o d e te rm in e  if  a  sp ecific  d o p a m in e rg ic  b e h a v io r  c a n  b e  in h ib ite d  using 
a n tis e n se  c o m p o u n d s  h i vivo, a  20-m e r  p h o sp h o ro th io a te -m o d if ie d  an tisense  
o lig o d eo x y n u c leo tid e  ta rg e te d  to w a rd  th e  D 2 d o p a m in e  (DA) re c e p to r  mRNA 
(D 2 a n tis e n se ) ,  w as a d m in is te re d  to  m ice  w ith  u n i la te ra l  6 -hydroxydopam ine 
le s io n s  a n d  ro ta t io n a l  b e h a v io r  in d u c e d  by d ru g s  a c tin g  o n  d iffe re n t types of 
r e c e p to rs  w as m e a su re d . L evels o f  D j a n d  D 2 D A  r e c e p to rs  w ere  a ssessed  by 
r e c e p to r  a u to ra d io g ra p h y , a n d  levels o f  D ļ a n d  D 2 D A  r e c e p to r  m R N A  were 
a s se s se d  u s in g  in  s itu  h y b r id iz a tio n  h is to c h e m is try . T h e  re s u l ts  show ed th a t  D2 
a n tis e n se  (2 .5  n m o l/ 2 μ ΐ  g iven  3 tim e s  every  12 h r )  in h ib ite d  ro ta tional 
b e h a v io r  in d u c e d  by th e  D 2 a g o n is ts  q u in p iro le  a n d  N -0437 b u t  n o t by th e  Dļ 
a g o n is t  S K F  38393 o r  th e  m u sc a r in ic  re c e p to r  a g o n is t  o x o tre m o rin e . T he ID 50 
v a lu e  o f  th e  D 2 a n tis e n se  fo r  in h ib itin g  q u in p iro le - in d u c e d  ro ta tio n s  was 
a p p ro x im ate ly  0.5 n m o l D 2 a n tis e n se /in je c tio n . R e p e a te d  t re a tm e n t  w ith D2 
a n tis e n se  fo r  9  day s s ig n if ic a n tly  r e d u c e d  th e  d e n s ity  o f  D 2, b u t n o t D ļ DA 
r e c e p to rs  a n d  th e  levels o f  D ^  b u t  n o t  D ļ  DA re c e p to r  m R N A , in  d o rso la te ra l 
s tr ia tu m . N o s ig n if ic a n t c h a n g e s  w ere  a p p a re n t  in  d o rso m e d ia l  s tr ia tu m . A 
o lig o d eo x y n u c leo tid e  w ith  ran d o m ly  p lac e d  n u c le o tid e s  fa iled  to  a l te r  ro ta tio n a l 
b e h a v io r  in d u c e d  by a n y  o f  th e  a g o n is ts  a n d  fa iled  to  a l te r  e i th e r  th e  recep to r 
o r  m R N A  levels in  a n y  a re a  o f  th e  s tr ia tu m . T h e se  re s u l ts  in d ic a te  th a t  m  vivo 
a d m in is t r a t io n  o f  a  se lec tive  D 2 a n tis e n se  re s u l ts  in  se lec tive  b lo ck ad e  of a 
sp ecific  D 2- m e d ia te d  b e h a v io r  a n d  su g g e s t  t h a t  th e  u se  o f  o ligodeoxynucleo tides 
a n tis e n se  to  o th e r  D A  re c e p to r  m R N A s m ay  p ro v e  u se fu l fo r  u n c o v e rin g  the 
b io log ical e ffec ts  th a t  th e s e  r e c e p to rs  su b se rv e . S u p p o r te d  by M H 42148.

181.6
D IS T A L  R E G U L A T O R Y  E L E M E N T S  R E Q U IR E D  F O R  E F F IC IE N T  
T R A N S C R IP T IO N  O F  T H E  N IC O T IN IC  A C E T Y L C H O L IN E  R E C E PT O R  γ 
SU B U N IT G E N E. G .C . Chu. J. M udd and  J.P . M erlie*. D epartm ent o f  Pharmacology 
and M olecular B iology, W ashington  U niversity  School o f  M edicine, St. Louis, MO 
63110.

T he sk e le ta l m u sc le  n ico tin ic  a c ety lch o lin e  rec e p to r  (A C hR ) undergoes a 
developm ental transition: A t around the tim e o f  birth, the pentam eric A C hR complex, 
α 2βγδ, is rep laced  by receptors contain ing  the ε (adult) subunit in p lace o f  γ  (fetal) 
subunit. The o ther subunits, oc, β, and  δ  are identical in fetal and  adult receptors. This 
transition is characterized  by a  cessation o f  transcription by the A C hR γ  gene: No γ  
subunit m R N A  is de tec ted  in norm al innervated  adu lt m uscle. U pon denervation, 
how ever, transcrip tion  o f  the γ  subunit can rein itiate . To d issec t o u t the regulatory 
e lem en ts  invo lved  in  the expression  o f  the γ  su b u n it gene , w e fu sed  prom oter 
constructs to  the reporter gene chloram phenicol acety ltransferase (CA T ) and tested 
these  construc ts  in sev era l exp ressio n  system s. In  tran s ien t transfec tion , short 
constructs (extending 750  bp  and  2,900  bp  5' o f  the transcrip tion  start site) and long 
constructs ( 10,000 bp  o f  upstream  p rom oter sequence) w ere sufficien t to d irect cell- 
type and  differentiation-specific  expression in m uscle cell lines. H ow ever, transgenic 
m ice carrying the shorter constructs failed  to express the transgene efficiently: Few of 
the transgene-positive adult m ice expressed C A T upon denervation, and  in these cases 
expression  w as low . In the few  m ice that d id  express, transgene expression  was 
appropriate : C A T  ac tiv ity  w as o bserved  only  in d enerva ted  m uscle , b u t not in 
innervated m uscle nor in other tissues. In contrast, m ice carrying substantially  longer 
lengths o f  the у  p ro m o te r (10 kb) e x h ib ited  high  frequency  and  h igh  levels of 
ap p ro p ria te  g en e  ex p re ss io n . C u rio u sly , these  ad d itio n a l s e q u en ces  d id  not 
d ram atica lly  affec t C A T  expression  w hen tested  in a  transien t transfection  system. 
W e have subsequently  found that the expression o f  reporter gene constructs in stably 
transfected  m uscle cell lines m ore  accurately parallels the ability  o f  these constructs 
to be expressed  in transgenic m ice. T his stab le transfection  system  has given us a 
rapid m eans to  define the distal regulatory  sequences necessary for expression o f  the 
A C hR subunit γ  gene w hen stably integrated into the genom e.
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181.7
UP-REGULATION O F MUSCARINIC R EC EP T O R S  IN RAT BRAIN BY TH E  
ORGANOPHOSPHATE (OP) IN SECTICID E, CH LO RP Y R IFO S (CPF). C . Pope, 
vl. Çhaudhuri, T. Chakraborti, $. Chanda, P. Harp, J, Liu, and D. Roane . Sch. 
Pharm., NE Louisiana Univ., Monroe, LA, 71209.

OP insecticides exert toxicity through inhibition of acetylcholinesterase 
(АСҺЕ). We previously noted, however, that C P F  could produce extensive 
(>95%) inhibition of brain regional АСҺЕ in adult rats with few signs of overt 
toxicity. As modulation of cholinergic receptors often occurs with extensive 
АСҺЕ inhibition, we examined cholinergic receptor changes after C P F  
treatment. Adult male rats were given C P F  and signs of toxicity measured. 
Subsets (n=5-6/group) were sacrificed at 2 , 7 or 14 days after treatment for 
assay of АСҺЕ, [3 H]quinuclidinylbenzilate binding (QNB, total muscarinic 
receptors), [3H]AFDX-384 binding (AFDX, M2 receptors), and [3 H]cis- 
methyldioxolane binding (CD, high-affinity muscarinic receptors). C P F  (279 
mg/kg.sc) caused extensive АСҺЕ inhibition (85-95%) in brain regions at all 
time points but minimal signs of toxicity. W hereas both QNB and AFDX binding 
were reduced (13-51%) in cortex and striatum, binding to these ligands was 
increased (14-16%) in cerebellum. CD  binding w as increased (13-33%) in all 
three brain regions. Rats treated with parathion (18 mg/kg) exhibited similar 
levels of cholinesterase inhibition but more severe toxicity: binding to all three 
ligands was reduced in all brain regions. C P F  (15,45,135, and 270 mg/kg,sc) 
caused dose-related decreases in АСҺЕ activity in brain and heart and in QNB 
binding in cortex, dose-related increases in QNB binding in pons-medulla, and 
no apparent change in heart QNB binding. Dose-related increases in CD  
binding were observed in both cortex and pons-medulla but no change was 
noted in heart. The results suggest that high-affinity muscarinic receptors in 
brain up-regulate in response to C P F  exposure. We propose that up-regulation 
of these receptors modifies the effects of acetylcholinesterase inhibition, 
possibly through autoreceptor mechanisms.

181.9
INH IBITO RY E F F E C T S OF N IT R IC  O X ID E  AND  
RELATED N IT R O SO -C O M PO U N D S ON G A BA - AND  
GLYCINE-EVOKED CURRENTS. ZhŲO-Hyą i W W  SttW  A. 
Lipton. Department of Neurology, Children’s Hospital and Program in 
Neuroscience, Harvard Medical School, Boston, MA 02115.

Nitrogen monoxide (NO), including nitric oxide (NO ) and related 
redox states, is an important messenger in the CNS. The NO group can 
be generated by reactions o f various exogenous nitroso-compounds, 
including nitroglycerin (NTG), 3-morpholino-sydnonimine (SIN-1), 
and S-nitrosocysteine (SNOC), all o f which have been reported to 
inhibit responses mediated by the NMDA subtype of glutamate receptor. 
In the present study, we examined the effects o f these nitroso- 
compounds on responses mediated by receptors for the inhibitory 
neurotransmitters GABA and glycine. We monitored GABA- and 
glycine-evoked currents during whole-cell recordings o f acutely 
dissociated retinal ganglion cells from rat; GABA responses were also 
recorded from cultured cortical neurons. NTG (75 μΜ-l mM) displayed 
a dose-dependent, reversible blockade of both GABA- and glycine- 
evoked currents, as well as spontaneous synaptic activity. NTG (1 mM) 
inhibited 64% (n = 6) and 70% (n  = 11) o f the GABA- and glycine- 
evoked currents, respectively. In contrast, kainate-evoked currents were 
not affected by NTG. Neither extracellular N-ethylmaleimide (NEM) 
nor intracellular GDP-ßS prevented the effects, suggesting that external 
thiol groups and internal G-proteins were not involved. Similar to 
NTG, SIN-1 (1 mM) or SNOC (500 μΜ-l mM) significantly attenuated 
GABA- and glycine-evoked currents. Further investigation will be 
required to elucidate the mechanism o f these potential effects on 
inhibitory transmission of compounds generating the NO group.

181.11
CHRONIC FLU O X ETIN E V S . CH RO N IC DM I: B EH A V IO R A L AND  
BIOCHEM ICAL E F F E C T S . E. Y ad in *. H .-Y. W ano. E. Friedman and W .H. 
Bridaer. Department of Psychiatry, Medical College of Pennsylvania/EPPI, 
Philadelphia, PA 19 129 .

The behavioral and biochemical effects of a chronic course of the 
selective serotonin reuptake inhibitor fluoxetine (FLX) w ere compared to 
that of a chronic course of desipramine (DMI). Three groups of rats were  
injected daily with FLX  (10 mg/kg), DMI (10 mg/kg) or saline (SA L), for 
a period of 21 days, and tested every other day on a 4-arm spontaneous 
alternation task. One day after the last injection all groups w ere tested  
in the maze following a single dose of the nonselective 5-HT agonist 5- 
MeODMT (1 .25  mg/kg). The rats received one further w eek of daily 
FLX/DMI/SAL injections and then decapitated for biochem ical analysis. 
The cortex w as assayed  for receptor-G protein interaction. The  
behavioral results suggested that chronic FLX , but not chronic DMI, w as  
effective in preventing the spontaneous alternation disruption produced 
by a single challenge with the 5-HT agonist. The effects of DMI itself 
were intermediate between FLX  and S A L . The biochem ical results 
showed that chronic FLX  effectively desensitized 5-HT- but not 
isoproterenol (ISO)- or carbachol (CAR)-induced increases in (36S ]G T P kS  
binding to the respective receptor-associated G proteins. In contrast, 
chronic DMI markedly diminished ISO-induced increases while moderately 
reduced 5-HT-evoked increases in [36S lG T P y S  binding to G proteins, 
without affecting the response to C A R  stimulation. Taken together, these  
data suggest that FLX  exerts its pharmacological effectiveness on 
serotonergic receptors, w hereas DMI primarily affects ß-adrenergic 
receptors with moderate activity on serotonergic receptors. The  
behavioral response is consistent w ith the biochem ical response.

181.8
E X P R E S S IO N  O F  IM IDAZO LIN E R E C E P T O R S  CAN  B E  U P O R  DOWN  
R E G U L A T E D  IN VITRO. S . Reaunathan*. H. Xu and D.J. R e is . Div. Neurobiol., 
Dept. Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.

Clonidine, idazoxan and related agents bind to Oj-adrenergic receptors 
and a non-adrenergic binding site, the imidazoline receptor (IR). However, 
since the endogenous ligand for IRs is not known nor has a  functional 
response to IR stimulation been established, it is not clear whether agents 
binding to the receptor act as  agonist or antagonist. W e sought to determine 
whether IRs of bovine adrenal chromaffin cells (which express IRs, not t v  
adrenergic receptors) can be up and/or down regulated and to a s se s s  whether 
such regulation can characterize ligands as agonists or antagonists. Bovine 
adrenal chromaffin cells were incubated from 12-72Һ in the presence or 
absence of idazoxan or cirazoline and binding kinetics m easured in membranes 
from control and drug-treated cells. Binding of 3H-idazoxan w as of high affinity, 
saturable and reversible with drug displacement profile indicating the presence  
of I-2 subclass of IRs (Reguanthan et al. Biochem. Pharmacol. 45 :1667,1993). 
Incubation with 10 μΜ idazoxan increased the almost 3-fold (315 vs. 937 
fmol/mg protein) without altering the affinity (KD: 2.3nM vs 3.4nM). The  
maximum response occurred by 24Һ and recovered by 72Һ. The increase in 

w as dose-dependent. One μΜ w as the threshold and 10μΜ the maximum 
dose. Cirazoline (10μΜ) on the other hand decreased the number of binding 
sites ( B ^ :  247 vs 404 fmole/mg protein) without changing affinity. 
Rauwolscine, which binds to c^-adrenergic but not imidazoline receptors w as 
without effect. We conclude that: (a) I-2 imidazoline receptors in adrenal 
chromaffin cells can be up or down regulated by appropriate ligands; (b) 
idazoxan and cirazoline act, respectively, a s  an antagonist (up-regulating) and 
an agonist (down-regulating) at the I-2 receptor. The results provide further 
evidence that the imidazoline binding sites are functional receptors.

181.10
E F F E C T S  O F  A D EN O S IN E AND DO PAM INE A N T A G O N IS T S  ON  
A D EN O S IN E R E C E P T O R S  S U B T Y P E  1 AND 2. B. Parsons. S . Kassir. H. 
Jiang. V. Jackson-Lewis. M. Ferreira. M. Stanley* and S . Przedborski. 
Departments of Psychiatry and Neurology, College of Physicians & 
Surgeons, Columbia University, New York, N Y 10032.

Adenosine antagonists potentiate dopamine agonist-induced 
rotations in unilateral 6 -hydroxydopamine-lesioned rats. The demonstration 
that adenosine-2 (A-2) and dopamine-2 (D-2) receptors are co-localized on 
the sam e type of striatal neurons strengthens the importance of 
adenosine/dopamine interactions. Thus, we examined the effects of 
adenosine and dopamine antagonist on brain A-1 and A-2 receptors in rats. 
Sprague-Dawley rats received haloperidol (1.5 mg\kg daily for 28 days), 
theophylline (25 mg\kg twice daily for 14 days followed by 45 mg/kg twice 
daily for 14 days) or control (saline twice daily for 28 days) injections. Three  
days after the last injection, all rats were decapitated. Striatal A-2 receptors 
were measured using 10 concentrations (0.2-150 nM) of 3 H -C G S  21680; 
non specific binding w as determined with 20 μΜ XA C . Cortical A-1 
receptors were measured using 9 concentrations (0.1-30 nM) of 3 H-CHA; 
non specific binding w as determined with 2 μΜ R-PIA. A-2 receptors were 
significantly increased (p<0.05; 29%) in theophylline-treated rats (436.9 +
26.4 fm/mg protein) while haldol produced a trend towards an increase  
(360.9 + 13.5 fm/mg protein; 7%) compared to saline (337.6 + 20.8 fm/mg 
protein). A-2 receptors did not differ significantly in their affinity for 3 H -C G S  
21680 among treatment groups (Kd: 5.9±0.3 nM, theophylline, 6.4±0.4 nM, 
haloperidol, 5 .7Ю .З nM, saline; n;s.). A-1 receptors were not present in 
significantly different concentrations in anim als which received theophylline 
(460.5±27.5 fm/mg), haloperidol (416.3±10.5 fm/mg) or saline (422 .0 H 8.6  
fm/mg); however, theophylline caused a trend towards an increase (8 %).
Th is work is supported by the Parkinson's D isease Foundation (N .Y., USA)
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182.1
BETA-AMYLOID PROBES WHICH CROSS THE BLOOD-BRAIN 
BARRIER AND DISTINGUISH HOMOGENATES OF 
ALZHEIMER'S AND CONTROL BRAIN. W.E. Klunk. MD. PhD*. 
Manik L. Debnath. M.S.. and J.W. Pettearew. MD.
L ab . o f  N eu roph ysics, Univ. o f  P ittsbu rgh , W PIC, P ittsbu rgh , РЛ 15261  

Th e  b eta-am ylo id  protein is  dep o sited  in ab n o rm ally  large am o u nts  
in the  b rains of p atie n ts w ith  A lzh e im e r's  d ise a se  (AD ) and th is  
d eposition  m ay be instrum enta l in the  p a th o g e n e s is  of th is  dem entia . 
A t p resen t, all availab le  m eth o d s for quantitating  the  d eposition  of 
b eta-am ylo id  in brain req u ires a u to p sy  or b io p sy , n either of w h ich  lend  
th e m se lv e s  to  longitudinal stu d ie s . W e have  been  develop ing  sm all 
m olecule  d e rivative s of C o ng o  red, a h isto lo g ic  d ye  w h ich  b inds to  
am ylo id  but d o e s not c ro ss  the  b lood-brain barrier, a s  antem ortem  
pro b es for the  qu antificatio n  of b eta-am ylo id  d e p o sitio n . H ere, w e  
report the  sy n th e s is  of se vera l d e riva tive s, includ ing  a fluorinated  
d erivative  (18F and 19F d e rivative s cou ld  be u sed  w ith  P E T  and N M R, 
rep e ctive ly ), w h ich  c ro ss  the  blood-brain barrier and bind beta-am yloid  
in v itro . A  radio labeled probe also  b in d s to h o m o g en ates of A D  brain  
at app ro xim ate ly  tw o -fo ld  the am ount bound to contro l brain . Th e  
sp e c if ic  binding in brain is  sa tu rab le  and h a s  a K D sim ilar to  that for 
binding b eta-am ylo id  in v itro . T h e  ab ility  to q u antify  beta-am yloid  
deposition  w ou ld  be helpful in a c c u ra te ly  d ia gnosing  A D  in con fusin g  
or early  c a s e s ,  w ould  a llo w  longitudinal s tu d ie s  of g ro u p s su ch  a s  
D o w n  sy nd ro m e or fam ilial A D  p atie n ts  like ly  to deve lo p  beta-am yloid  
d ep o sitio n , and w ould  allo w  m onitoring of the  e ffe c t iv e n e s s  of 
th e ra p eu tic  ag e n ts desig n ed  to p revent the  dep o sitio n  o f b eta-am ylo id .

182.3
THE SECR ETED  FORM OF AMYLOID ß/A4 PROTEIN  
PRECURSO R BINDS TO TWO DISTINCT SITES ON 
B103 NEUROBLASTOMA C E L L  SU RFACE. L -W . J in * .
H . N in o m iv a .  J . -M .  R o c h , a n d  T . S a ito h .  D e p t. o f 
N e u ro s c ie n c e s , U C  S a n  D ie g o , La  Jo lla , C A  9 2 0 9 3 .
P re v io u s ly  w e  s h o w e d  th a t a  1 7 -m e r p e p tid e  (A P P 3 1 9 -3 3 5 ) 

w ith in  th e  s e c re te d  fo rm  o f a m y lo id  ß /A 4  p ro te in  p re c u rs o r  
(sA P P ) b in d s  to  th e  s u rfa c e  o f B 1 0 3  n e u ro b la s to m a  c e lls  and  
p ro b a b ly  m e d ia te s  th e  tro p h ic  e ffe c t o f s A P P  (S o c  N e u ro s c i 
A b s tr  1 8 :1 4 6 6 ,1 9 9 2 ). T h e  1 7 -m e r b in d in g  w a s  to ta lly  in h ib ite d  
by b a c te r ia -p ro d u c e d  sA P P  (n a m e d  K B 7 5 ). K B 7 5 , bu t no t 17- 
m er, b o u n d  to  h e p a r in -a ff in ity  c o lu m n . M o re  K B 7 5  b o u n d  to  
B 1 0 3  c e lls  th a n  1 7 -m e r ( 140  fm o l/1 0 6 c e lls  v s  8 0  fm o l/1 0 6 
c e lls ) , bu t th e  b in d in g  c o n s ta n ts  w e re  c o m p a ra b le  (a b o u t 20  
nM  fo r  b o th ). T h e  p re s e n c e  o f h e p a rin  re d u c e d  K B 7 5 , bu t no t 
1 7 -m e r, b in d in g  to  B 1 0 3  c e lls . H e p a r in a s e  tre a tm e n t o f c e lls  
re d u c e d  th e  b in d in g  s ite s  fo r  K B 7 5  to  6 0 %  w ith o u t a ffe c tin g  Kd 
va lu e , w h ile  it d id  no t a ffe c t th e  1 7 -m e r b in d in g . T h e  b in d in g  
o f K B 7 5  to  c e lls  tre a te d  w ith  h e p a rin a s e  w a s  s im ila r  to  1 7 -m e r 

b in d in g . B o th  1 7 -m e r a n d  К В 7 5 б , a  K B 7 5  v a r ia n t la ck in g  th e  
1 7 -m e r d o m a in , o n ly  p a rt ia lly  d is p la c e d  K B 7 5  b in d in g . T h e s e  
d a ta  s u g g e s t th a t B 1 0 3  c e lls  h a ve  tw o  d is tin c t  b in d in g  s ite s  
w ith  s im ila r  a ffin ity  fo r  K B 75 , o n e  re c o g n iz in g  1 7 -m e r d o m a in  
a n d  th e  o th e r  re c o g n iz in g  h e p a r in -b in d in g  d o m a in  w ith in  
sA P P .

182.5
AM YLOID ß PRO TEIN  P R E C U R S O R -L IK E  P R O TE IN S  (APLP): S T U D IES  
O F  A FAM ILY O F  C EL L -S U R F A C E  R E C E P T O R S  IN FAMILIAL AND 
S PO RA D IC  ALZH EIM ER'S  D IS EA S E  W. W asco* M. Paradis, J. 
Peppercorn. W. Pettinqell. A .I.Bush. B. T. Hvman. I. Nishimoto. and R .E . 
Tanzi. Laboratory of Genetics and Aging, Cardiovascular Research  
Center and Department of Neurology, M assachusetts General Hospital, 
Boston, MA 02129.

The amyloid ß-peptide precursor protein (APP) is a  member of a  
evolutionary conserved protein family including the Drosophila A P P L  
gene. W e have previously reported the isolation of the gene for the 
Amyloid precursor -like protein 1 (APLP1) and mapped it to human 
chromosome 19q. More recently, we have isolated a  second A P LP , 
A P LP 2  and mapped it to human chromosome 11q. Like A P P , A P LP 2  is 
expressed ubiquitously throughout the body and in most brain regions, 
while A PLP1 appears to be most highly expressed in brain. Within brain, 
m essages for A P P  and the A P LP s appear to have a  similar regional 
distribution and cellular localization. Both A P L P 1 and A P LP 2  contain an  
alternatively transcribed KPI domain similar to that in A P P. Mutations in 
A P P  are associated with a  small subset of early-onset familial Alzheimer's 
D isease  (FAD). It has recently been shown that A P P  is coupled to the 
major G  protein in brain,Go, which is associated with learning and memory. 
This has lead to speculation that mutations in A P P  may affect signal 
transduction. B ased on the observed homology between the 20 amino 
acid G  protein coupling domain in the C-terminus of A P P  and the C- 
termini of A P LP 2  and to a  limited extent, A P L P 1 , w e propose that 
together, these proteins make up a  family of cell surface activators for Go. 
W e will present the results of our investigations of the expression of A P P  
and the A P L P s  and their interaction with G  proteins in both the healthy 
state and in patients with familial and sporadic Alzheimer's disease.

182.2
GROW TH C O N E  A S S O C IA T E D  P R O T E I N  ( G A P 4 3 )  AN D 
A M Y L O ID  P R E C U R S O R  P R O T E I N  ( A P P )  I N  T H E  
O L F A C T O R Y  B U L B S  ( O B )  I N  A L Z H E I M E R 'S  D I S E A S E .
R.G. Struble* and M. G h o b r i a l . Cen t e r  for 
A l z h e imer's Disease and R e l a t e d  Disorders, 
Southern Illinois U n i v e r s i t y  School of 
Medicine, Springfield, IL 62794

GAP4 3 is a ~50 kD p e ptide enric h e d  in growth 
cones. Olfa c t o r y  nerve rege n e r a t i o n  is 
a s sociated with substantial amounts of GAP43 in 
the regrowing o lfactory nerve axons. In a 
previous paper (Nbiol of A g i n g  1993;13:469) we 
d e s cribed mitral cell loss and abnormal 
sprouting of the o l f actory nerve in the OB in
AD. We also identified A P P  in some cases 
disp l a y i n g  mild cortical lesions. We have 
i m m u n o h i s t ochemically stained these same cases 
for GAP43. In all seven cases w h i c h  d isplayed 
APP, GAP43 was subst a n t i a l l y  increased over 
even that seen in you n g e r  control subjects (7- 
65 years o l d ) . In AD cases not d i s p l a y i n g  APP 
in the OB, GAP43 staining was at t e n u a t e d  when 
compared to a g e -matched controls

These o b servations suggest that A P P  is 
a s sociated w ith abnormal r egrowth in the OB. 
Failure to identify OB /З-amyloid in any cases 
may reflect the ability of the OB to process 
the APP to a no n - a m y l o i d o g e n i c  form.

182.4
C E L L -S U R F A C E  ß -A M Y L O ID  P R E C U R S O R  P R O T E IN  ST IM U L A T E S  
H IPPO C A M P A L  N E U R O N A L  A D H E SIO N  A N D  N E  U R IT E  O U T G R O W T H  IN 
A N  ISO FO R M -D E PE N D E N T  M A N N ER . W .O . O iu. A. Ferreira. C . M üler.
W J .  N auta». E .H . К оо . and  D.J. Selkoe . C en ter for N eurologic  D iseases, H arvard 
M edical School, B righam  and W om en’s H ospital, B oston, M assachusetts 02115.

B-am yloid p recu rso r  p ro te in  (BAPP) o ccu rs  in p a rt  a t the  ce ll su rface  and 
undergoes proteolytic processing to release the large soluble ectodom ain (APPs) and 
the  am ylo id  ß -peptide (AB), bo th  o f  w hich have apparen t trophic ac tiv ity  in vitro. 
D espite  in tense in terest in BAPP expression  and  m etabolism , the function m ediated 
by  ce ll-su rface  BAPP is unknow n. W e estab lished  a  co -cu ltu re  system  in which 
B A PP-transfected CHO cells  serve as a  substra te  for the g row th  o f  p rim ary  rat 
hippocam pal neurons. C om pared to  non-transfected CHO cells, the increased surface 
BAPP o f  the transfec tan ts s tim ulated  neuronal a ttachm en t and  neurite  outgrow th, 
w hereas secreted  A PPS and  AB in the conditioned  m edium  p roduced  no such effects 
w hen neurons w ere grow n on a  poly lysine substrate. M oreover, a  synthetic peptide, 
E R M SQ V M , w hich has been show n to block  the trophic effec ts o f  secreted  A PPS 
(N inom iya e t a l., J . C e ll B io l .. 1993) failed  to  in te rru p t th is neu rite  prom oting  
activity . In addition, no  neurite  enhancem ent occurred  w hen neurons w ere grow n on 
CHO tra n s fe c ted  w ith  a  BA PP770 c o n s tru c t tru n c a te d  a t  re s id u e  6 o f  the 
transm em brane reg ion  (am ino ac id  709); this p ro tein  is quan titatively  secreted  into 
the m edium  apparently  because o f  its lack  o f  m em brane insertion. Surface-expressed 
B A PP7 5 1 o r BA PP770 iso fo rm s m ed ia ted  m ore  neu rite  ou tg row th  than  d id  the 
BAPP695 isoform . A ntibody b locking  and  reg ional deletion  experim ents indicated 
that the  m id -reg ion  o f  the BAPP ec todom ain  (res idues  361-648) is involved  in 
prom oting neurite outgrow th. W e conclude that surface-expressed cellu lar BAPP has 
a  neuron adhesion/neurite-prom oting function w hich is m echanistically  d istinct from 
th e  tro p h ic  fu n ctio n  o f  th e  se cre ted  BAPP d eriv a tiv es . In  v iew  o f  the high 
expression  o f  BAPP in developing  neurons and  their low  level o f  A P PS secretion, 
the bio logical activity  o f  the surface inserted  holoprotein w hich w e define here may 
have special significance during brain developm ent.

182.6
Comparison of the Aß Released  from Normal Amyloid ß Protein Precursor 
(BAPP) and from Mutant BAPPs Linked to Familial Alzheimer's Disease. X-D 
Cai*. T. T. Cheung, and S . G . Younkin. C a se  W estern Reserve University, 
Cleveland, OH 44106.

W e have recently shown that human neuroblastom a (M17) cells 
expressing a mutant BAPPANL linked to familial AD (FAD) secrete 6  times 
more Aß and contain five times more of an Aß-bearing carboxyl-terminal 
derivative than M17 ce lls  expressing wild-type B APP. However, cells 
transfected with the FAD-linked mutant ΒΑΡΡΔΙ showed no increase in 
secretion of Aß. In these experiments, we have tested the hypothesis that 
the ΒΑΡΡΔΙ mutation produces AD because  it favors production of the 
longer Aß1 -42 or Aß1 -43 as compared to the shorter Aß1 -40 forms thereby 
increasing  production of the longer form s without increasing  the 
production of total 4 kD Aß. To a s se s s  secretion of AB1-43, M17 cells were 
labeled with [14C]-threonine or [35S]-methoinine, and 4 kD a Aß w as 
immunoprecipitated from the conditioned media. S ince  the threonine at 
Aß43 is the only threonine in Aß, only Aß of 43 amino acids or longer will be 
labeled by [14C]-threonine, w hereas all Aß will be labeled by [35S]- 
methionine incorporated at AB35. Secreted 4kDa Aß, labeled with [35S]- 
methionine, w as released from M17 ce lls expressing wild type ßAPP, 
ΒΑΡΡΔΙ, or BAPPAN L in amounts that were detected after overnight 
exposure. However, no [14C]-threonine-labeled Aß w as detected even  
after 1 month exposure. Com parison of the large, secreted NH2-terminal 
B APP derivative after labeling with [14C]-threonine or [35S]-methionine 
established that our failure to detect [14C]-threonine-labeled Aß w as not 
due to inadequate labeling. Thus it appears that little if any Aß of 43 
residues or longer is released from either wild type or mutant BAPPs. 
Additional experimentation is underway to analyze the release of Aßs with 
40-42 residues.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM DEGENERATIVE DISEASE: ALZHEIMER'S—  ß -AMYLOID IV 431

182.7
Processing of a Mutant BAPP (ΔΙ) Linked to Familial AD and of Other BAPPs 
with Experimental Mutations in the Transmembrane Domain. T. E . Golde*. 
X-D Cai. M. Shoii. L. H. Younkin. and S . G . Younkin. C ase  Western Reserve  
University, Cleveland, OH 44106; Gunma University, Gunma, Japan.

Recently, we analyzed the processing of two mutant amyloid В protein 
precursors (BAPPANL and ΒΑΡΡΔΙ) linked to familial Alzheimer's D isease  
(AD). Human neuroblastoma (M17) cells expressing the BAPPANL mutant 
(i) contained more of an AB bearing carboxyl terminal derivative than M17 
cells expressing wild-type BAPP and (il) secreted more of the 4 kD amyloid 
ß protein (AB) found in AD amyloid,. In contrast cells transfected with 
ΒΑΡΡΔΙ (val717 in BAPP770 to ile) showed no increase in secretion of AB. 
We have observed, however, that M17 cells expressing ΒΑΡΡΔΙ secrete  
relatively less of the large secreted amino-terminal BAPP derivative, and 
they show a concomitant decrease in the corresponding cell associated 8.7 
kDa carboxyl-terminal fragment. S ince  cells expressing ΒΑΡΡΔΙ show no 
increase in holoprotein or in the production of any ΒΑΡΡΔΙ derivative 
including AB, it appears that the ΒΑΡΡΔΙ escaping secretase cleavage is 
rapidly and completely degraded within M17 cells. Thus both ANL and ΔΙ 
mutations alter BAPP processing, but the altered processing of the intra
membrane ΔΙ mutant is not obviously am yloidogenic (for a possible  
explanation se e  Cai et al. this meeting). To further a s s e s s  the intra
membrane cleavage that releases AS, we are examining the effect of a 
variety of experimental mutations in the transmembrane region of BAPP. 
Specifically we are (i) replacing nearly the entire transmembrane domain of 
the BAPP with transm em brane dom ains from the IL-6 , LAM P-1, or 
Mannose 6 -Phosphate receptors, (ii) changing the residues corresponding 
to AB38-43 to either glycine or tryptophan and (iii) creating additional 
mutants at va l7 l7 . Analysis of these mutations should provide insight into 
the intra-membrane cleavage that releases AB, and it could clarify the 
pathogenic effect of the ΔΙ mutation.

182.9
C E L L U L A R  A N A L Y S IS  O F  P H E N O T Y P IC  C H A N G E S  A S S O C IA T E D  
W IT H  M U T A T IO N S  O F  T H E  A M Y L O ID  P R E C U R S O R  P R O T E IN  (A P P ) 
G E N E . B . Z h a o ( U * > S . S . S is o d ia (2). a n d  J. W . K u s i a k d ). M o le c u l a r  
N e u ro b io lo g y  U n i t ,  G R C /N IA /N IH , B a l t im o r e ,  M D  2 1 2 2 4 0 ) ;  D e p t. 
P a thology, Jo h n s  H o p k in s  U n iv . B a ltim o re , M D  2 1 2 0 5 0 ) .

G e n e tic  s tu d ie s  in d ic a te  th a t  m u ta tio n s  in  A P P  g e n e s  c o -s e g re g a te  w ith  
severa l p e d ig re e s  o f  f a m ilia l  A lz h e im e r 's  d ise a s e  (F A D ) a n d  H e re d ita ry  
C ereb ra l H e m o rrh a g e  w ith  A m y lo id o s is -D u tc h  T y p e  (H C H W A -D ). T o  
in v estig a te  th e  p h e n o ty p ic  c o n s e q u e n c e s  o f  m u ta te d  v e rs u s  w ild -ty p e  A P P  
gene ex p re ss io n  in  c u ltu red  ce lls , A P P  co n s tru c ts  h a rb o rin g  F A D  o r  H C H W A - 
D m u ta tio n s  an d  w ild -ty p e  g en e s  w e re  s tab ly  tra n sfe c ted  in to  n e u ro n a l (P C  12, 
S H -S Y 5 Y ), g lio m a  (C 6 ) a n d  e n d o th e lia l  (H E P 1 )  c e lls . B y  W e s te rn  b lo t 
analysis u s in g  an  A P P  sp ecific  C -term in a l an tib o d y  C 1 5 , u n tra n sfe c ted  con tro l 
cells  sh o w e d  d is t in c tiv e  p a tte rn s  o f  C - te rm in a l fra g m e n ts  (C T F s). N e u ro n a l 
and en d o th e lia l c e lls  e x p re s s in g  m u ta n t c o n s tru c ts  g e n e ra te d  la rg e r  C T F s as 
co m p a re d  w ith  c o n tro l  (C ) , m o c k  (v e c to r  o n ly , M )  a n d  w ild -ty p e  (W T ) 
tra n sfe c ted  c e lls .  T h is  s h if t  in  p a tte rn  o f  C T F s  w a s  n o t  s e e n  in  C 6 c e lls  
transfec ted  w ith  th e  sa m e  c o n stru c ts . W h e n  P C 1 2  c e lls  w e re  tre a te d  w ith  N G F  
and c A M P  fo r  48Һ, th e  c e ll b o d ie s  o f  th e  c e lls  e x p re s s in g  m u ta n t A P P s  w ere  
severe ly  c o m p a c te d , ro u n d e d  a n d  sh o w e d  e le v a te d  e x p re s s io n  o f  A P P  and  
large r C T F s  as  c o m p a re d  w ith  C , M  a n d  W T  c e lls . T h is  w a s  fo llo w e d  by  
d e tach m en t o f  c e lls  f ro m  th e  p la te s  a n d  c e ll d e a th . In itia l d a ta  f ro m  th e  S H - 
SY 5Y  c e lls  tre a te d  w ith  re t in o ic  a c id  sh o w e d  s im ila r  r e su lts . T h e se  resu lts  
suggest th a t A P P  is p ro ce sse d  d iffe re n tly  am o n g  th e se  c e ll lin e s , th a t n eu ro n a l 
and  e n d o th e lia l  c e lls  a re  c a p a b le  o f  g e n e ra tin g  p o te n tia l ly  a m y lo id o g e n ic  
fragm en ts  f ro m  th e  m u ta n t A P P s, an d  th e  m eta b o lic  p ro d u c ts  o f  m u ta n t A P P s 
are to x ic  to  p o s t-m ito tic  n e u ro n s  p o s s ib ly  b y  p r o d u c in g  la r g e r  C T F s . 
Im m u n o p rec ip ita tio n  and  W e ste rn  b lo ttin g  w ill fu rth e r  id en tify  th e  larg e  C T F s 
and d e te rm in e  w h e th e r  th e  β /Α 4 p e p tid e  is a s so c ia te d  w ith  th e  m o rp h o lo g ic a l 
changes in  th ese  ce llu la r  m odels.

182.11
PO LA RIZED  SEC RETIO N  O F  ß-A M Y LO ID  PR EC U R SO R  PR O T E IN  A N D  
Aß. C . H aass. E. H K nn S Sguazzo and  D J .  Selkoe*. Center fo r N eurologic 
Diseases, H arvard M edical School, B righam  and W om en’s H ospital, Boston MA.

Recently , w e found that the am ylo id  ß-peptide (A ß) is norm ally  secreted  by a  
variety o f  cell types expressing the gene encoding  the ß-am yloid precursor protein 
(BAPP). V ery  little  is k now n  a bou t the  c e llu la r p ro cessin g  m echanism  that 
generates A ß. T o  date , tw o  general p rocessing  pathw ays o f  ßA P P  have been 
described , a  secre tory  pathw ay w hich p revents A ß  fo rm ation , and  a  lysosom al 
pathw ay w hich  can  produce  A ß-conta in ing  ßA P P  break -dow n  products. BAPP 
reaches the lysosom e by reintem alization from  the cell surface and perhaps also  by 
d irect sorting  from  the trans G olg i. T o  investiga te  in trace llu la r traffick ing  o f  
ßAPP, w e exam ined its  p rocessing  pathw ays in hum an um bilical vein endothelial 
cells (H U V EC ) and  M D C K  cells. In  culture, these cells are know n to show  a  well- 
defined p olarized transport o f  proteins w hen grow n on  a n  appropriate  support (e.g. 
T ransw ell cham bers). In  H U V E C , ßA PP is constitu tively  secreted  both  apically  
(lum inally ) and  b aso la tera lly  (ab lum inally ). H ow ever, a fte r  s tim u la tion  o f  
secre tion  w ith  ca lc ium  io nophore , ß A P P  is  p refe ren tia lly  secre ted  in to  the 
baso lateral c o m p artm en t In  M D C K  cells , BAPP is a lm ost exclusively  secreted 
from  the  b aso la tera l surface. By im m unoprecip itation , w e find  >90%  o f  the 
secreted  soluble form  o f  BAPP (APPs) in the baso lateral com partm ent and  <10%  
in the apical c om partm en t In  pulse chase experim ents, A PPS can be  detected  after 
10 m in  on the baso lateral side  b u t n o t a t a il on  the ap ica l side. P horbol ester- 
m ediated stim ulation o f  secretion  resu lts  in an  80%  increase o f  A PPs secretion. 
H ow ever, polarized trafficking o f  BAPP is unchanged: m ore  than 90%  o f  A PPs is 
still recovered from  the basolateral com partm en t W e also  analyzed the secretion o f 
A ß and  a  related  previously described 3 kD a peptide (p3). A ß and p3 are secreted 
alm ost exclusively  in to  the baso la tera l (ab lum inal) com partm ent. T he strik ing  
polarized secretion o f  A ß in these epithelial cells w ill be discussed in  the contex t of 
our p revious finding that AB is deposited preferentially  in the ablum inal basem ent 
m em brane o f  capillaries in A lzheim er’s disease.

182.8
Amino-terminal Derivatives Produced from Mutant and Wild Type Amyloid В 
Protein Precursor (BAPP). S , G. Younkin*. X-D Cai. L. H. Younkin. and T. E. 
Golde. C ase  Western Reserve University, Cleveland, OH 44106.

In previous studies, we showed that sh o rte n e d  B A PPs generate a 
complex set of 8-12 kDa carboxyl terminal derivatives and a single secreted 
NH2-terminal derivative.On this basis, we concluded that the the complex 
set of COOH-terminal derivatives could not be generated in a secretory 
pathway and must be generated through alternative processing that 
probably involved the endosom al/lysosom al system . Subsequently, 
Seubėrt et al. used Ab92 to show  that the secreted NH2-terminal 
derivatives generated from full length BAPP end not only at AB15orl6 as 
reported previously (alpha se cre tase ) but also at the methionine 
immediately preceeding Aß (В secretase), a cleavage that could generate a 
potentially amyloidogenic COOH-terminal fragment with AB at its NH2 
terminus. Using Ab92 (generously provided by P. Seubert), we find that 
human neuroblastoma (M17) cells expressing either full length wild type 
BAPP or ΒΑΡΡΔΙ also release  derivatives generated by B-secretase. 
However, analysis of AB and the large secreted derivative produced by 
shortened BAPP constucts in M17 cells reveals that these constructs 
secrete large amounts of AB and only a  single amino terminal derivative 
which is recognized by anti-AB antibodies. Thus our data indicate that 
although secretion of B-secretase cleaved derivatives occurs in M17 cells 
transfected with full length BAPPs, shortened constructs secrete only a 
single derivative cleaved at the alpha secretase site. Furthermore our data 
indicate that AB secretion can occur without concomitant secretion of 
derivatives produced by B-secretase. To clarify these findings, we are 
assessing  the possibility that B-secretase cleavage occurs intracellulary to 
generate amino terminal derivatives that may either be rapidly degraded 
intracellularly (shortened BAPP constructs) or secreted (full length BAPP).

182.10
IN F L U E N C E  O F  TH E  A ß C -T E R M IN A L  SE Q U E N C E  A N D  O F  A  FA D  
M U TA T IO N  A T  BAPP692 O N  TH E FO R M A T IO N  O F  A M Y LO ID  ß-PEPTID E. 
D J .  Selkoe. D. W atson. A.Y. H une. D .B. Teplow * and  C. H aass. H arvard M edical 
School, B righam  and  W om en's H ospital, Boston, M A  02115, USA.

A lzheim er's disease (A D ) is characterized by the accum ulation o f  the am yloid ß- 
pep tide  (A ß) in cerebral p laques and  vascu lar deposits . W e have analyzed  the 
potential sequence requirem ents for the C-term inal cleavage o f  A ß, predicated in part 
on the finding o f  an  a la  to  vai m utation a t position  42  o f  A ß (Jones e t al., N a tu re  
G enetics. 1992). W e used site  d irected m utagenesis to  change A ß42 to  all possible 
hydrophob ic  am ino  a c id s  an d  expressed  th e  c o n stru c ts  in  k idney  293 cells. 
Surprisingly, w e found no am ino acid  change w hich abolished A ß production o r led 
to the generation o f  a lternatively sized products. T his indicates that the C-term inal 
cleavage o f  A ß is sequence independent. Interestingly, am ino  acid  changes a t Aß42 
did affect the am ount o f  the 10 kD a C -term inal fragm ent o f  ßA PP, w hich is retained 
in the m em brane after A PP secretion . Som e Aß42 su b s titu tio n s  resu lted  in a  3-6 
fold increase in the 10 kD a fragm ent. These results define som e characteristics o f  the 
as-yet-unidentified protease w hich generates the C -term inus o f  Aß. In addition, we 
analyzed  an FA D  m utation  a t codon 692 (А В гі), w hich changes an  a la  to a  gly. 
This c onstruct causes enhanced form ation o f  a  3.8 kD a fragm ent starting a t G lu 11 o f  
Aß. W e previously identified this fragm ent in cells transfected with w ild-type ßA PP 
bu t in m uch low er quantities. The A ß2 i  a la  to  g ly  resu lts  suggest that structural 
changes m ay lead to alternative N -term inal cleavage o f  the A ß region. Suprisingly, 
an ala  to pro  substitution a t АВгі d id  no t result in  the enhanced production o f  the glu 
11 peptide. In  contrast, a  phe  to  pro substitution a t position  690  (A ß i9) causes a 
m arked reduction o f  A ß and the related 3 kD a peptide and produces several alternative 
A ß-like peptides with a  M W  o f  ~3.8 kD a. In parallel, a lternative form s o f  soluble 
A PP are created; based  on im m unochem ical studies, these  form s appear to lack at 
least som e o f  the firs t 10 am ino  ac ids o f  Aß. T h is e ffec t is n o t seen with a 
conservative  p he  to tyr substitu tion  a t A ß i9 . O ur data  show  that a  second FA D 
m utation (codon 692) can cause a  change in A ß form ation.

182.12
PROCESSING OF CELL SURFACE AMYLOID PRECURSOR 
PROTEIN IS ALTERED WITH CODON 717 MUTATION.
E. H. Koo*. R. G. Perez. C. Haass. Ctr. Neuro. D is., Brigham 
and Women's Hospital and Harvard Medical School, Boston, MA 

At the cell surface, amyloid precursor protein (APP) may 
either be secreted or reinternalized. Unlike the secretory pathway, 
the endocytic pathway does not result in proteolytic cleavage of APP 
within the B-amyloid protein (Aß) domain. We therefore 
hypothesized that alterations in the utilization of the two pathways 
may play a role in Aß formation. To test this hypothesis, we asked 
whether the processing o f cell surface APP is different in molecules 
carrying APP point mutations identified in familial Alzheimer's 
disease. Chinese hamster ovary cells were stably transfected with 
full length APP751 with or without codon 717 mutations (Val to 
Iso, or Val to Phe), or APP with deletion o f residues 729-770 
(751-б), including the -NPTY- sequence in the cytoplasmic region. 
Trafficking o f surface APP molecules was monitored by using an 
iodinated monoclonal antibody (MAb) generated against native 
APP. MAb binding was performed either under steady state 
conditions or at timed intervals to follow the kinetics o f APP 
transport. Our results showed that APP was rapidly secreted or 
reinternalized, with over 50% o f surface m olecules being 
endocytosed. As predicted, 75 l -б showed prolonged cell surface 
residence time, increased secretion, and diminished internalization. 
751-Phe molecules, but not 751-Iso, demonstrated approximately 
30% less secretion and more internalization than wild type APP. 
Therefore, the results are consistent with the hypothesis that FAD 
mutations may alter the kinetics of cell surface APP trafficking.
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183.1
HIPPOCAMPAL LONG-TERM DEPRESSION IS DEPENDENT ON PROTEIN 
PHOSPHATASE ACTIVITY. R.M. Mulkev*. C.E. Herron and R.C. Malenka. 
Dept's of Psychiatry & Physiology, Univ. of California, San Francisco, CA 94143.

Experiments were performed to examine the biochemical processes essential for 
homosynaptic long-term depression (LTD) elicited by prolonged low frequency 
afferent stimulation in area CAI of the hippocampus. Hippocampal slices were 
prepared from rats (12-20 days) and standard extracellular and whole-cell recording 
techniques were used. LTD involves the reversal of some biochemical processes 
implicated in long-term potentiation (LTP), as potentiated synapses can be decreased 
to a previous saturated depressed level (10/12 slices). Applying 1 Hz, 5 min 
stimulation elicited LTD in control slices (n=16,-27±4%, mean±SEM) but not in 
slices which had been incubated in 1 μΜ okadaic acid (4±5%л=10) or 1 μΜ 
calyculin A (12±6%,n=12), both specific inhibitors of protein phosphatase 1 and 2A. 
Incubation in 1-nor-okadaone (1 μΜ), which lacks phosphatase inhibitory activity, 
had no effect on LTD induction. Loading CAI cells with microcystin-LR, a cell 
impermeable phosphatase inhibitor, blocked LTD (-2±7%,n=12) in slices in which 1 
Hz stimulation elicited LTD in the simultaneously recorded field EPSP (-28±3%). To 
determine if Ca2+/calmodulin is essential for LTD induction, cells were loaded with 
the calmodulin antagonists, CBP_3 or calmidazolium. LTD was significantly reduced 
(-14±5%Д1=12) compared to the LTD observed in the simultaneously recorded field 
EPSP (-33±3%, pc.005). These results suggest that a relative increase in postsynaptic 
protein phosphatase activity is necessary for LTD induction.

To determine whether LTD requires maintenance of critical phosphoproteins in 
their dephosphorylated state, the effect of calyculin A was examined on a control path 
and also on a path in the same slice in which LTD had previously been induced. 
Calyculin A had no effect on synaptic transmission in the control path (-1±4%ji=6) 
but caused an increase in synaptic strength in the depressed path (24±5%). These 
results suggest that the dephosphorylation of critical pre- от postsynaptic 
phosphoproteins is necessary for LTD maintenance.

183.3
WEAK EXCITATION AND SIMULTANEOUS INHIBITION INDUCE 
REVERSIBLE LONG-TERM DEPRESSION IN CAI HIPPOCAMPAL 
NEURONS X.-D, Yang*. R  S u n . D, S. Faber + a n d J. A  Connor 
Roche Institute of Molecular Biol., Roche Research Center, Nutley, 
NJ 07109 & +Med. Col. of Pennsylvania, Philadelphia, PA 19129  

Although both excitation and Inhibition are important In 
controlling neuronal activity, the role of inhibition  In long-term  
activity-dependent synaptic plasticity Is not w ell established. Here 
we report that w hen w eak Schaffer collateral excitation  to rat 
hippocam pal CAI neurons (0.1 or 0 .2  Hz) is  accom panied with  
repeated brief exposure to the inhibitory transm itter GABA, the 
Intracellularly recorded excitatory postsynaptic potential from the 
Schaffer collateral pathway exhibits long-term  depression  (LTD). 
The depression can be reversed by high frequency stim ulation. The 
amplitude and duration of the LTD are dependent on  GABA doses 
and the can be induced with either GABAa  or GABAß receptor 
agonists m uscim ol and baclofen, respectively. While NMDA receptor 
antagonist APV failed to block th is  LTD. It w as blocked by the  
metabotropic glutamate receptor antagonist L-AP3. Moreover, In the 
presence of APV, stim uli of 10 Hz w ithout applying GABA can also 
produce the depression. These resu lts  su ggest th at blockade of 
NMDA ch an n els  w ith le ss  ca lciu m  in flu x and s im u ltan eou s  
activation  of m etabotropic glu tam ate receptors are the proper 
conditions for Inducing the LTD, and that the Inhibition contributes 
to the process by preventing the NMDA receptor activation in  the 
stimulus-GABA pairing protocol. In a larger context, the ratio of 
activated NMDA receptors versus activated metabotropic glutamate 
receptors will probably determine w hether the tran sm ission  will 
potentiate or depress after a certain kind of synaptic activity.

183.2
CH A N G ES IN  P A IR E D -P U L S E  FACILITA TIO N  (P P F ) SU G G EST 
P R E S Y N A P T IC  IN V O LV EM EN T IN  T H E  E X P R E S S IO N  OF 
LO N G -T E R M  D E P R E S S IO N  (LTD) IN  H IP P O C A M P A L  AREA 
C A I. P .E . S ch u lz* &  D . J o h n s to n , Department of Neurology & Division of 
Neuroscience, Baylor College of Medicine, Houston, Tx 77030.

LTD is a use-dependent decrease in synaptic efficacy induced by stimulation 
frequencies lower than those which induce long-term potentiation (LTP). We 
previously reported that the locus of LTP expression includes a presynaptic 
site since PPF, a short-lasting presynaptic form of potentiation, is altered by 
LTP expression (Schulz L· Johnston, Soc. Neurosci. Abstr., 1992). To better 
understand the relationship between LTP and LTD, we tested the hypothe
sis that the mechanism underlying LTD expression also includes a presynaptic 
site. Extracellular recordings were made using the rat hippocampal slice prepa
ration in area CAI with picrotoxin and 4.5mM Ca2+ in the bath. PPF, with 
an interstimulus interval of 55msec, was examined using a single stimulus in
tensity throughout the experiment that initially yielded a 1.3mV pEPSP. PPF 
was elicited at 20 second intervals except during LTD induction when it was 
elicited at one second intervals for 15 minutes. The induction of 20% LTD was 
associated with an increase in PPF from 19 to 24% (n=5). APV blocked the 
induction of LTD and the associated changes in PPF (n=3), suggesting that 
changes in PPF are specific to LTD and do not represent a nonspecific change 
in pre- or postsynaptic excitability. Wash-in of CNQX reduced the pEPSP 
slope by ~50% but did not affect PPF (n=9), suggesting that the amplitude 
of the postsynaptic response does not affect our measure of PPF. We conclude:
(1) that the mechanism of LTD expression includes a presynaptic locus, but 
these results do not exclude possible additional postsynaptic mechanisms, and
(2) that we are measuring a presynaptic process that changes specifically with 
LTD. (AG00432, MH44754, MH48432)

183.4
RESAMPLING PROVIDES STATISTICAL RELIABILITY TO 
QUANTAL ANALYSIS OF LTP IN CAI PYRAMIDS. Ch. Strieker*. 
A > C JEifild ja n d -S J. Itedm an, JCSMR, ANU, Canberra, Australia.

Quantal analysis in CAI pyramidal cells is used to calculate the 
changes in current amplitudes and associated probabilities before and after 
the induction of LTP to determine the relative contributions of pre- and 
postsynaptic changes. Statistical criteria are needed to provide measures 
of the reliability of deconvolution results. Resampling techniques have 
been developed to provide confidence intervals for all model parameters. 
They also generate MLE distributions from which comparisons of 
different models of transmitter release can be made. Transverse slices 
(400 μπι) of rat hippocampus (16-28 d) were cut and maintained at 30° C. 
Whole cell recording techniques were used to measure minimal EPSCs 
evoked by e/c stimulation of Schaffer collaterals through a 50 pm tissue 
bridge in stratum radiatum. Also, single fibre responses between CA3- 
CA1 were recorded using current injection into CA3 pyramids. Control 
(600) and conditioned (>1000) responses were evoked at 1 Hz and -70 
mV while continuously monitoring access resistance. Conditioning was 
induced by 50 to 100 stimuli at 2 Hz paired with somatic depolarisation to 
-20 mV. The peak amplitude o f each response was measured 
interactively. In all conditioned results analysed to date (4) a reliable 
increase in quantal size has always been detected together with a 
significant increase in release probability for 3 of the EPSCs. In all the 
four examples non-quantal models of transmitter release could be rejected. 
The quantal current was similar for unconditioned single fibre and 
minimal EPSCs (2-3 pA). Release probability for unconditioned single 
fibre EPSCs was very low (p<0.1).

183.5
RELATIONSHIP BETWEEN CHANGES OF CV"2 AND 
QUANTAL CONTENT DURING LTP IN CAI HIPPOCAMPUS.
D. Liao* and R. Malinow. Dept of Physiology and Biophysics, 
University of Iowa, Iowa City, IA52245, U.S.A.

We have investigated whether the coefficient of variance of excitatory 
postsynaptic current (EPSC) is a good measurement for quantal content in 
the central nervous system. Seven experiments for which EPSC amplitude 
histograms showed equally spaced peaks before and after LTP were chosen 
to calculate quantal content and coefficients of variance of transmission. The 
figure below shows that CV“2 is strongly correlated with quantal content (r = 
0.85, the slope of regression line = 0.87). This suggests that CV"2 is a good 
measurement for quantal content if both the noise/signal of EPSC's and the 

quantal variance are small enough to see 
reglular peaks in histograms. For a 
binomial release process, 
CV“2=np/(l-p)=quantal content/(l-p). 
Thus, this figure also suggests that the 
release probability of one quantum may 
be low in our experiments, since the 
slope of regression line is close to 1. We 
also found that for linear sums of epsc's 
with different quantal sizes CV"2 was 
not a good measure of quantal content.

183.6
LOCAL DENDRITIC CALCIUM TRANSIENTS INDUCED BY QUANTAL 
SYNAPTIC TRANSMISSION. T.H. Murphv*. J.M. Baraban. У.О. 
Wler and L.A. Blatter. Dept. Neuroscl., Johns Hopkins 
Univ. Sch. of Med., Dept. Physiol., Univ. of MD Sch. of 
Med. Baltimore, MD.

Quantal transmitter release and the resulting miniature 
excitatory synaptic current (MESC) comprise a fundamental 
unit of neuronal communication. Using cultured cortical 
neurons that were treated acutely with tetrodotoxin (TTX) , 
we have resolved postsynaptic [Ca++]1 transients associated 
with MESCs. The transients originate from 1-2 /да2 foci, 
presumably at single synapses on spiny distal dendrites. 
Over 2 s these transients spread 10-15 μ τ α to the vicinity 
of several adjacent synapses. The frequency of the minia
ture synaptic [Ca^li transients (MSCT) was similar to that 
of the MESCs and both fit a Poisson distribution, consis
tent with random "quantal" behavior. However, the sites at 
which MSCTs occurred were not randomly distributed along 
dendritic segments, suggesting that the probability of 
quantal transmission varies among synapses innervating the 
same dendrite. MSCTs were not observed in the presence of 
the NMDA receptor antagonist D,L APV. NMDA receptor block
ade also reduced the activation of Ca++/ calmodulin depen
dent protein kinase type II, suggesting that MSCTs can 
trigger the activation of intracellular signalling path
ways. These findings indicate that the spread of [Ca^L 
may define a local domain, by which a single impulse at an 
individual synapse can influence its neighbors.
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183.7
LONG-TERM PO T E N T IA T IO N  O F L O W -A M P L IT U D E  E PSC s E L IC IT E D  BY 
MOSSY FIB ER  ST IM U L A T IO N  IN  R A T  H IPPO C A M P U S. R onald B. L anedon  . 
Jon W. Johnson , and G erm an B arrionuevo. D epts. o f  B ehavioral N euroscience and 
Psychiatry, U niversity  o f  P ittsbu rgh , P ittsbu rgh , P A , U SA  15260

The hypothesis w as exam ined that induction  o f  m ossy fiber po ten tiation  (M FP) 
is independent o f  postsynaptic  events such as depo larization  o r  increased [C a++]. 
EPSCs in CA3 pyram idal cells w ere stud ied  by w hole-cell record ing  (W C R ), w ith 
test stimuli applied at 0 .25  H z  to the dentate gyrus (D G ) and  (as a  contro l) the 
fimbria. T he W C R  pipette  so lu tion  contained C sF  and  e ither E G T A  o r ВА РТ А , and 
cells w ere "dialyzed" for 20 m in o r  longer p rio r  to  attem pts to  induce M F P  (w ith 
trains o f  100 H z  stim ulation , "H F S"). Cells w ere  clam ped at -70 m V  during  H FS 
and throughout recordings. T he A C SF contained 3 m M  C a ++ and  M g ++ and no 
GABA receptor antagonists. M ean E PSC  am plitudes ranged  from  9 to 254 pA . 
Polysynaptic contam ination  o f  m ossy fiber-driven  E PSC s is un likely  under these 
conditions (L angdon, et a l. , J. Physiol. , in press). H FS trains w ere  either short o r 
long: Group A received 6 to 8 trains o f  50  to 70  m sec duration . G roup В received 
2 to 4 trains o f  1 sec duration . P o ten tiation  w as defined as a statistically  significant 
(p <  0.05) increase in D G -evoked (but no t fim bria-evoked) E PSC  am plitudes lasting 
for at least 20 m in. T his occurred  in only one o f  6 slices in G roup A . In  contrast, 
potentiation occurred in 9 out o f  10 o f  the G roup В slices, w ith  an overall m ean 
increase in am plitude o f  43%  (1 SD =  26). A  sub-group w ith in  G roup В w as sub
jected to m ore s tringent conditions (G roup B2, N  =  7). F o r  G roup B2, W C R  pipettes 
contained 10 m M  В А РТА , cells w ere dialyzed for a t least 60  m in , and  the A C SF 
contained 25 μΜ  D -A PV  and 1 to 2  μΜ  CN Q X  to further reduce the likelihood o f  
polysynaptic contam ination. F o r G roup ІЦ cells , the m ean p re-H FS  am plitude w as 
36 pA (1 SD =  18). P o ten tiation  occurred  in  6 o f  the 7 G roup Вг cells , w ith  a  m ean 
amplitude increase o f  36%  (1 SD =  23). T hese data support the hypothesis that 
MFP does no t require postsynaptic  m ediation , prov ided  that induction  is  by H FS 
trains o f  1 sec duration. Supported by N S24288, M H 00944 , M F 45145 , &  H F R P.

183.9
LO N G -T E R M  P O T E N T IA T IO N  IN D U C E D  IN  A  S IN G L E  C A I  P Y R A M ID A L  
N E U R O N  C A N  E N H A N C E  N E A R B Y , B U T  N O T  D IS T A N T , SY N A P SE S. E . 
M. Schum an* an d  D . V . M ad ison . D e p t. o f  M o lecu lar  a n d  C e llu la r Physiology. 
Stanford U niversity  M ed ica l C e n te r, S tan fo rd , C A  94305-5426.

Diffusible m essengers  such  as arach id o n ic  acid, c a rb o n  m onox ide  a n d  n itric  oxide 
have b een  p ro p o se d  to  ac t as in te rce llu la r signals in  th e  p ro d u c tio n  o f  L T P . T h e  
postsynaptic g e n e ra tio n  o f  any  o n e  o r  co m b in a tio n  o f  th ese  m olecu les  lead s  to  th e  
prediction th a t  synapses in th e  vicinity o f  th e  m essen g er-p ro d u cin g  synapse  will a lso  
be influenced. W e have te s te d  th is p red ic tio n  d irec tly  by rec o rd in g  sim ultaneously  
from two postsynap tic  C A I n e u ro n s  a n d  reco rd in g  synaptic  s tre n g th  in  resp o n se  to  
Schaffer co lla tera l s tim u la tio n  b e fo re  an d  a fte r  L T P  in d u ctio n  (by  p a irin g  1 H z  
stimulation w ith  postsynap tic  d ep o la riza tio n )  in  o n e  n e u ro n  (see  also, B onhoeffer, 
1989). In  experim en ts  w h ere  w e im p a led  tw o pyram id al n e u ro n s  in  close proxim ity  
(132.9 + / -  39.6 μ Μ  in te r-so m atic  d istance; IS D ), th e  p a ire d  cell exh ib ited  ro b u st 
LTP (186.0 + / - 15.6 m ea n  p e rc e n t o f  b ase lin e) a n d  th e  n e a rb y  ne ig h b o rin g  n e u ro n  
also exhibited a  significant in crease  in synaptic  s tre n g th  (130.6 + / -  9 .5% ; n  = 19). 
Postsynaptic in jec tion  o f  th e  N O  syn thase  in h ib ito r L -M e-A rg  in to  th e  p a ire d  cell 
blocked L T P  p ro d u ctio n  in  th a t cell ( 95.8 + / -  6 .9% ) as w ell as in  th e  n e a rb y  cell 
(102.2 + / -  10.1 % ; IS D  = 143.3 + / -  43.6 μ Μ ; n  = 18). T h is  sp read in g  o f  
potentiation w as spatially  res tric te d  as it w as n o t o b se rv ed  w h en  th e  neighboring  
cell was > 500 μ Μ  aw ay (p a ired  cell L T P : 170.1 + / - 11.8 % ; d istan t ne ighbor: 97.6 
+ /-  0.7 % ; ISD  = 674.0 + / -  38.3 μ Μ ; n  = 15). W e fo u n d  th a t  a  com b in a tio n  o f  
dialysis, C a2+ chela to rs , a n d  m em b ran e  h y p erp o la riza tio n  in  th e  n e a rb y  neighboring  
cell blocked th e  sp read in g  o f  en h a n ce m e n t usually  ob se rv ed  (p aired : 195.7 + / -  43.1; 
neighbor: 105.6 + / -  24.7; n  = 8). T h e se  resu lts  suggest th a t  th e  ne ig h b o rin g  cell 
may play an  active ro le  in  th e  en h a n ce m e n t describ ed , e ith e r  as a  ta rg e t s ite  fo r a 
diffusible signal, o r  p e rh a p s  for th e  g e n e ra tio n  o f  a n  ad d itio n al m essen g er(s).

183.11
MECHANISMS O F  SY N A PTIC  PL A ST IC IT Y  IN  V ISU A L  C O R T E X  I: 
ESSENTIAL C IR C U ITS IN  T H E  IN D U C T IO N  O F  L T P . A . K irkw ood* a n d M . F. 
Bear D epartm ent o f  N euroscience Brow n U niversity , Providence R I 02912.

Previous woric in visual cortex  slices has  show n that the synaptic  responses o f  
layer III cells to  w hite m atter (W M ) stim ulation  can undergo  LTP , b u t o n ly  w hen 
synaptic inhibition is partly  b locked  by b icuculline. Recently , w e found that L T P  
can be induced reliably w ithout bicuculline i f  layer IV  rather than W M  is  stim ula
ted. W ithout b icuculline high  frequency stim ulation  (H FS) induces L T P  in 80%  o f 
the trials if  applied  to layer IV , bu t o n ly  in 15% o f  the trials w hen applied  to  the 
WM. W e have investigated  w hy layer IV  stim ulation is m ore  effec tive  than W M  
stimulation in  inducing LTP.

To test the possib ility  that layer IV  stim ulation  m ay  evoke a  differen t pattern  
or amount o f  depolarization during HFS, layer ΠΙ intracellular responses w ere record- 
ded while H FS w as applied  to  the W M  o r layer IV . S tim ulation  in tensity  w as adjus- 
ed to evoke a  test E PS P  o f  abou t 2/3 the  sp ike  threshold  an d  the  responses to  HFS 
were quantified b y  integrating the area  o f  depolarization during H FS. H FS applied 
to layer IV resu lted  in larger depolarization (69±8 m V m sec, n=6) and  larger po ten
tiation o f  the EPS P 's am plitude  (24±6%  a t 20  m in  after H FS) than H FS app lied  to 
the W M  (48±4 m V m sec a n d  2±2% , n= 9). T hese resu lts  suggested  that inputs 
preferentially recru ited  by  layer IV  stim ulation can  p rovide  a  level o f  activation that 
permits the induction  o f  L T P  in layer III cells. I t  w as o f  interest, therefore, to  
determine i f  the activation  o f  those  inputs cou ld  fac ilitate  the  induction  o f  L T P  in 
the W M ->layer ΠΙ pathw ay. W e found th a t H FS delivered  sim ultaneously  to both 
WM and layer IV  resu lted  in  L T P  o f  the responses evoked  by  W M  stim ulation. T o 
test the idea that postsynaptic depolarization p rovided  by  layer IV  H FS is the  crucial 
variable to induce LTP , w e attem pted  to  induce L T P  by  p airing  depolarization with 
low frequency stim ulation. D epolarization paired  w ith layer IV  stim ulation resu lted  
in substantial po ten tiation  o f  the E P S F s  (24±6,n= 8) but, surprising ly , the  sam e 
pairing pro tocol applied  to  the W M  gave L T P  o n ly  in  1 o u t o f  8 cases. T aken  to
gether, these resu lts suggest that inputs necessary  fo r inducing  L T P  in layer III are 
normally recru ited  by  layer IV  stim ulation  b u t n o t by  W M  stim ulation .

183.8
E F F E C T S  O F  S Y N A P T IC  M O D ULATIO N  AND LO N G -TER M  
P O TEN TIA TIO N  (LT P ) ON P A IR E D -P U L S E  FA C IL IT A T IO N  (P P F ) AND  
E P S C  V A R IA N C E  IN T H E  CA1 R EG IO N  O F  H IP P O C A M P A L S L IC E S .
T. Manabe*. D. J. A. Wyllie. D. J. Perkel and R. A. Nicoli. Depts. Pharmacol, 
and Physiol., U C S F , San  Francisco, C A  94143-0450.

L T P  in the CA1 region of the hippocampus is initiated postsynaptically, 
while the site of LT P  expression has remained controversial. One approach to 
address the site of expression has been to examine the effect of LT P  on P P F . 
This phenomenon is attributed to an increase in the amount of transmitter 
released in response to the second stimulus of paired pulses. When P P F  is 
changed by som e manipulation, the change is thought to be presynaptic in 
origin. Another approach, which has recently been used, is to examine the 
E P S C  variance. When the release of quanta is described by a  simple binomial 
distribution, m ean2/variance (m2/o2) of evoked responses is independent of 
postsynaptic factors. Although there is controversy over the exact nature of 
the statistics describing synaptic transmission in the C N S, this parameter has 
been shown to reflect correctly changes resulting from presynaptic 
manipulations. Using whole-cell recording techniques we have examined how 
sensitive P P F  and m2/o2 are to known changes in synaptic transmission. We 
have also compared, in the sam e cells, the relative change in these two 
param eters during LT P . All the presynaptic manipulations examined, which 
were likely to affect release probability, gave the predicted changes in P P F  
and m2/o2, while the postsynaptic manipulations did not change these  
parameters. LT P  caused no change in P P F , but did increase m2/o2, although 
the increase w as le ss than that expected for a  purely presynaptic change. 
The results are consistent with a  postsynaptic m echanism  for LT P  expression  
in which there is a  non-uniform change in postsynaptic sensitivity, or with a  
m echanism  in which there is a  recruitment of additional active synapses.

183.10
IN PU T-SP EC IFIC  INDUCTION O F  C E R E B E L L A R  LO N G -TERM  D E P R E S S IO N  
IN T IS S U E  C U L T U R E . D .J . Linden*. Departm ent of N eu ro sc ie nce , T h e  
Jo h n s Hopkins University Sch o o l of M edicine, Baltim ore, MD 21 205 .

C e re b e lla r  long-term d e p ressio n  (LT D ) is  attractive  a s  a  m odel 
sy stem  for the study of information sto rag e, not on ly b e c a u s e  of its 
duration, but a lso  b e c a u s e  it d em o nstrates input sp ecificity ; L T D  is 
confined  to tho se  para lle l fiber-Purk in je  neuron s y n a p s e s  that a re  
active  at the tim e of clim bing fiber stim ulation (Ek e ro t an d  K a n o ,
1985). T h is  property confers enorm ous com putational pow er upon the  
PN b e c a u se  it a llow s the strength of sm all groups of the -1 5 0 ,0 0 0  
parallel fiber inputs to be independently attenuated. T o  allow  for an  
unam biguous an a ly s is  of postsynaptic p ro c e sse s , an LT D  protocol h as  
b een  d eve loped  in w hich p u lse s  of qu isq u ala te  and  Purkinje  neuron  
d ep olarization  rep lace  p ara lle l fiber and  clim bing fiber stim ulatio n , 
resp ective ly . Input sp ecificity  is  p reserved  w hen L T D  is  induced  by  
q u isqualate/dep olarization  conjunction  in cu ltu red  P urk in je  n eu ro n s ; 
w hen multiple, non-overlapping quisqualate  application s ite s  are  used , 
L T D  is  co nfined  to th o se  s ite s  that a re  stim u lated  together with 
depolarization. A s  th e se  experim ents are  con d ucted  in tetrodotoxin/ 
picrotoxin  s a lin e , it is  unlike ly  that sy n c h ro n o u s  r e le a s e  from  
presyn ap tic  term inals contrib utes to th is p heno m en o n. In addition, 
input sp ecific  L T D  in culture p e rs is ts  w hen the target Purkinje neuron  
is  iso lated  by scrap ing  c le a n  the su b stra te  surrounding the ce ll 24  
hours prior to recording suggesting that slow  re lease  p ro c e sse s  are  not 
involved a s  well. T h is  m ay represent the first experim ental e v id e n ce  
that input specificity of long-term ch a n g e s in neuronal responsiv ity can  
be achieved  without presynaptic p ro ce sse s.

183.12
M E C H A N ISM S O F  SY N A P T IC  PL A S T IC IT Y  IN  V ISU A L  C O R T E X  Π: T H E  
R O L E  O F  PH O SPH A T A SE S IN  T H E  IN D U C T IO N  O F  LT D . M . F. Bear* and  A. 
K irkw ood D epartm ent o f  N euroscience, B row n U niversity , P rovidence R I 02912.

R ecent w ork  has dem onstrated that low  frequency stim ulation (LFS) induces 
long term  depression (LT D ) o f  synaptic responses in h ippocam pal and  visual cortical 
slices. L T D  induction by L FS requires N M D A  receptor activation and  an increase in 
in tracellu lar Ca. H ow ever, the subsequent s teps o f  die induction m echanism s rem ain 
to  be  identified. L ism an proposed  (PN A S 86:9 5 7 4 )  that activation  o f  C a  regulated 
phosphatases m ight trigger LT D  and  there is now  evidence that phosphatase 
inh ib itors can  b lock  L T D  in hippocam pal slices (M alenka, personal com m unication). 
W e h ave exam ined  the possib le ro le  o f  phosphatases in L T D  in the ra t  v isual cortex.

LFS (1 H z for 15 m in) causes a  lasting depression  o f  the am plitude o f  the layer 
ΙΠ field  potentials evoked by  layer IV  stim ulation. T o  address the ro le  o f  
phosphatases in this depression, 1-2 μ Μ  o kadaic acid, a  specific b locker o f  
phosphatases 1 and  2a , w as locally  applied in the  recording site using a  picospritzer. 
A pplied in this w ay and  a t these dosages, okadaic acid had  no  e ffect on  either naive o r 
previously depressed responses. H ow ever w hen okadaic acid w as applied before LFS, 
the m agnitude o f  L T D  w as substantially  reduced  (only -10 ±  6 % reduction  at 30 m in 
after LFS , n  =  6 ) com pared  to  untreated  contro l slices (-30  ±  6  % , n  =  8). In  contrast 
to  the  effec t on  L T D , okadaic ac id  h ad  n o  e ffect on  the induction o f  L T P  by  tetanic 
stim ulation  (+ 30 ±  4  % a t 20  m in  in  7  treated  slices vs. 33 ±  5 % in the control 
slices)

T he m agnitude o f  L T D  depends on  the stim ulation frequency in  both 
hippocam pus and  visual cortex. F o r exam ple, in  visual cortex  900  pulses delivered at 
4  H z causes little  effec t (-4  ±  2  % , n  =  5). It w as o f  in terest to  exam ine w hether this 
lack  o f  effec t m igh t b e  due to  poten tiation  canceling  the depression . C onsisten t with 
th is possibility , w e found that in okadaic trea ted  slices 4  H z resu lted  in  a  slight 
poten tiation  w hich is  significantly  differen t from  contro l (p<0.05). O ur data  are 
consisten t w ith the  hypothesis that phosphatases ac tivated  by  low  levels o f  C a  trigger 
L T D  w hereas k inases activated  by  h igher C a levels trigger L T P  in visual co rtex .
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184.1
WHOLE BRAIN SURVEY OF NEURONS THAT EXPRESS FOS 
FOLLOWING BARORECEPTOR LOADING OR UNLOADING IN 
CONSCIOUS RABBITS. R.A.L. Dampnev* and Y.-W. Li. Dept. of 
Physiology, University of Sydney, NSW 2006, AUSTRALIA.

In this study we examined the effects of baroreceptor loading and 
unloading on Fos expression (a marker of neuronal activation) in the 
entire brain. Loading or unloading (raising or lowering arterial pressure 
by 20-25 mmHg) was produced in conscious NZW rabbits by 
continuous i.v. infusion of phenylephrine or sodium nitroprusside, 
respectively, for 1 hr. Subsequently, the distribution of neurons 
immunoreactive for Fos alone, and those immunoreactive for Fos and 
either tyrosine hydroxylase or vasopressin was mapped systematically 
and quantitatively. Following both loading and unloading, significantly 
increased numbers (compared to a sham control group infused with the 
vehicle solution alone) of Fos-positive neurons were found in the 
nucleus tractus solitarius, area postrema, lateral parabrachial nucleus, and 
amygdala. In all other regions, there were marked differences in the 
distribution pattern and/or chemical properties of the Fos-positive 
neurons between the loaded and unloaded groups. In particular, 
baroreceptor unloading but not loading induced Fos expression in 
neurons in all pontomedullary catecholamine cell groups, and in the 
caudal periaqueductal grey, paraventricular nucleus, supraoptic nucleus, 
arcuate nucleus and medial preoptic area. In the supraoptic and 
paraventricular nuclei, 92% and 37%, respectively, of Fos-positive cells 
were immunoreactive for vasopressin. The results demonstrate that 
baroreceptor loading and unloading each induce reproducible and specific 
patterns of Fos expression in the brain, but the distribution and chemical 
properties of Fos-positive neurons following the two stimuli are 
significantly different.

184.3
STRUCTURAL BASIS FOR A RO LE OF NITRIC OXIDE IN CHOLINERGIC- 
AUTONOMIC CONTROL. D.A. Ruggiero*. E .P . Mtui, M. Anwar. K. Otake and 
D.J. R e is . Div. Neurobiol., Dept. Neurol. & Neurosci., Cornell Univ. Med. Coll., 
New York, NY 10021.

Nitric oxide (NO), a labile transcellular m essenger has been implicated in 
sensory processing and hom eostasis. Neurons generating NO contribute to 
cardiovascular reflex function in nucleus tractus solitarii (NTS) (Harada et al. 
Cire. R e s. 72:511, 1993). However, their spatial relationships to v isce rotopically 
organized subnuclei have not been analyzed systematically. Nicotinamide 
adenine dinucleotide phosphate diaphorase (NADPHd) w as mapped in N TS as  
a marker of neurons generating NO. Sprague-Dawley rats were anesthetized 
(pentobarbital 125mg/kg, i.p.) and perfused (heparinized saline and 4%  
paraformaldehyde in 0.1 M P B S). Serial free-floating 30μπι sections were 
incubated (15-60 min) at 3 7 °C  in 1mM NADPHd and 0.2mM nitroblue 
tetrazolium in 0.1 M Tris HCl buffer (pH 7.2). NADPHd-stained neuropil w as 
concentrated in subnuclei conveying afferents from gastrointestinal (n. centralis, 
gelatinosus), laryngeal (n. interstitialis), hepatobiliary (n. subpostrema) and 
chemo-receptors (orosensory: n. rostralis: carotid body: n. commissuralis). 
Dorsal and intermediate n. were less intensely stained. NADPHd-stained soma 
occurred in ventral orosensory N TS, n. parvocellularis et commissuralis. We 
next sought to determine, with double-label methods, whether NADPHd and 
acetylcholine co-exist in neurons engaged in autonomic control. Sections 
through medulla and upper thoracic cord were stained for NADPHd and 
immunoprocessed with a monoclonal antiserum raised against porcine choline 
acetyltransferase. Dually-labeled som a and/or processes were detected in N TS, 
n. ambiguus compactus, raphe, n. paragigantocellularis, lateral tegmental field 
and sympathetic columns. NO may be involved in viscerosensory processing 
and cholinergic autonomic reflex control. (Supported by HL18974 and NS2820)

184.5
IN TR A C E R EB R O V EN T R IC U L A R  (IC V ) IN SU LIN  PR O D U C ES SPE CIFIC  
A C T IV A T IO N  O F L U M B A R SY M PA TH ETIC  N E R V E  A C TIV ITY . M .S. 
M untzel. D .A . M organ , A.L. M ark , and  A.K. Johnson* . D epts. o f  Psychology, 
Pharm acology, and  M edicine and  the  C ard iovascular C enter, U niversity  o f  Iowa, 
Iow a City, IA  52242.

R ecent find ings suggest th a t hyperinsu linem ia  and  in su lin  resistance elevate 
blood p ressure (BP) th rough  activation  o f  th e  sym pathetic  nervous system  (SNS). 
W hile it is generally  agreed  th a t in su lin  acts in  the  cen tra l nervous system  (CNS) 
to  increase  SNS activity, the  m echanism  a n d  centra l sites rem ain  to be elucidated. 
T o determ ine w hether iev in su lin  excites periphera l SNS activity, in su lin  (10 μ  
U /m in; n  =  7) o r vehicle (n  =  8) w as infused  in to  the  th ird  ven tricle  o f  chloralose- 
anesthetized  m ale W istar rats w hile  record ing  m ultifiber activity  from  the  lum bar 
sym pathetic  nerves (LSN). L SN  activity , expressed  as percen tage  change from  
baseline, increased  m ore in  in su lin-infused  rats  (110+13% ) th an  in  controls 
(20+4.3% ; p  <  0.001). W hereas m ean arteria l B P decreased  sligh tly  in  controls 
(from  119+4 to 109+5 m m H g; ß  <  0 .001), p ressure rem ained  stable in  rats given 
in su lin  (from  129+4 to  132+4 m m H g). H eart rate  d id  not change in  e ither group. 
Im portan tly , ne ither b lood glucose concentrations (from  93+5 to 87+5 m g/dl, 
contro ls vs. 85+2 to  84+5 m g/dl, in su lin  group) no r p lasm a insu lin  concentrations 
(from  56+4 to  58+8 pU /m l, contro ls vs. 67+4 to  54+9 pU /m l, insu lin  group) were 
altered  by the  procedure. In  additional experim ents, com parable central insu lin  
infusions failed  to a lte r ad renal sym pathetic  nerve (A D SN ) an d  renal sym pathetic 
nerve activity. T h is  dem onstrates th a t  iev in su lin  e licits  nonuniform  increases in 
sym pathetic  neura l outflow. T he fac t th a t cen tra l in su lin  does no t increase A D SN  
activity  suggests th a t L SN  activation  is  no t due to  b ra in  glucopenia. In  sum m ary, 
th e  dem onstration  o f  a  specific ac tivation  o f  L SN  activity  by iev in su lin  suggests 
th a t th is  peptide horm one m ay genera te  a  specific pa ttern  o f  periphera l SNS 
activity  th rough  a  CN S action.

184.2
STRUCTURAL BASIS FOR VISCERAL SENSORY AND MIDLINE THALAMIC 
INTEGRATION. K. Otake. M. Anwar, DJ, Reis. Y. Nakamura* and D.A. Ruggiero. 
Dept. of Neurology & Neuroscience, Cornell Univ. Med. Coll., New York, NY 10021. 
Visceral afferents are integrated and autonomic outflow modified by neurons 
influencing forebrain function. Neural pathways through which visceral afferents 
influence cerebral electrocortical activity by way o f the diffuse thalamocortical 
projection system are ill-defined. We sought to determine: a) Origins of afferents to 
midline-intralaminar dialamic nuclei (MITn.) implicated in global regulation of 
electrocortical and striatal (-limbic) activity; b) whether diese afferents issue collaterals 
to die nucleus tractus solitarii (NTS) - die principal relay of primary visceral afferents. 
Experiments were performed on chloral hydrate-anesthetized Sprague-Dawley rats. 
Study 1: Deposits of cholera toxin В subunit or FluoroGold (FG) were centered 
stereotaxically on the MITn.; paraventricular, intermediodorsal and/or central medial 
dialamic subnuclei. Prethalamic-retrogradely labeled cell bodies were identified in 
commissural division of NTS and NTS-projection fields. Strong overlap was observed 
between predialamic soma and nuclei labeled by iontophoretic deposits of Phaseolus 
vulgaris leucoagglutinin into the NTS: lateral and mediobasal hypothalamic area, zona 
incerta, central amygdaloid nucleus, raphe dorsalis et magnus. Diagonal laminae 
radiating between a) die pontomesencephalic central gray, mesencephalic redcular 
formation and pedunculopontine/parabrachial complex and b) NTS and lateral 
tegmental field. Study 2 : Two tracers, FG and rhodamine microbeads, were centered 
on MITn. and NTS in die same animals. The majority of MITn. and NTS afferents 
were spatially segregated. Dually-labeled soma were detected in insular cortex, 
dorsomedial, ventral and lateral hypodialamic nuclei, dorsal-lateral and medial 
parabrachial nuclei, lateral tegmental field and medullary reticular formation. We 
conclude: a) Visceral afferents may influence widespread areas of the cortical mande 
by way of direct and indirect relays to die diffuse-thalamic projection system. 
Afferents from ventrolateral medulla may provide a relay for global increases in 
cerebral blood flow in response to reticular formation activation; b) collaterals may 
coordinate changes in visceral reflex excitability and thalamo-cortical rhythms during 
behavioral expression and phases of sleep-wake cycle. (HL18974; NS28200)

184.4
AN GIO TEN SIN  II M ICRO IN JECTIO N S IN T H E  A N T ER O V EN T R A L THIRD  
V E N T R IC L E  (AV3V) R E D U C E  B RA D YCA RD IA  IN D UCED  B Y  
B A R O R E C E P T O R  A C TIV A TIO N . S .L . Bealer*. Dept. of Physiology, Univ. 
T e n n e sse e , M em phis, TN 38163

Both peripheral and central angiotensin II (ang II) attenuates 
baroreflex-induced resp o n se s. However, the C N S  s ite s which mediate 
this effect are  unknown. Th e  A V 3V  h a s been shown to control m any 
resp o n se s evoked by central and peripheral ang II. T h e se  studies 
determ ined the effects of m icroinjections of ang II (200 ng in 200nl 
A C S F )  into the A V 3 V  on baroreflex-induced ch an g es in heart rate. 
R ats w ere  im planted with fem oral artery and femoral vein catheters 
and a  guide can nu la  aim ed at the A V 3 V  or the lateral ventricle (LV). 
Th e  following day, ch an g es in blood p ressu re  and heart rate w ere  
m onitored in the co n sc io u s an im als following intravenous 
adm inistration of phenylephrine and nitroprusside after central 
in jections of 200 nl A C S F  and 200 ni ang II. IV phenylephrine  
in creased  blood p ressu re  (27±2 mmHg) and d e cre a se d  heart rate 
(-52± 4 bpm) after A V 3 V  adm inistration of A C S F .  Following  
injection of ang II in the A V 3 V  the phenylephrine-induced fall in 
heart rate w a s  significantly sm alle r (-23±5 bpm ), d esp ite  a  
sim ilar in cre a se  in blood p ressu re  (19±,5 m m Hg). H ow ever, ang II 
in the A V 3 V  had no effect on the hypotension-induced tachycardia  
after iv n itroprusside. Furtherm ore, L V  adm inistration of ang II had 
no effects on heart rate resp o n ses evoked by increased  or d ecreased  
blood pressu re . T h e se  data suggest that the A V 3V  region is a  central 
site mediating ang ll-induced attenuation of baroreflex resp o n se s to 
in cre ase d  blood p ressu re . (Supported by U S P H S  G rant H L-25877  
and grant from the Am erican  Heart A ssociation.)

184.6
C O R T IC O T R O P IN  R E L E A S IN G  F A C T O R  (C R F ) E F F E C T S  O N  A IR P U F F  
S T A R T L E  E L I C I T E D  C A R D IO V A S C U L A R  R E S P O N S E S  IN  
N O R M O T E N S IV E  A N D  H Y P E R T E N S IV E  R A T S . K .L . Y o u n g b lo o d . L .H . 
C o n ti, S .L . F o o te , M .P . Printz*. D ep ts . o f  P h arm a c o lo g y  an d  P sy c h ia try , U.
C . San  D ieg o , L a  Jo lla , C A  92 0 9 3 .

W e hav e  sh o w n  that a  m ild  a irp u f f  s ta r tle  s tim u lus  ap p lied  to  n a iv e , conscious 
rats  elic its  co m p o u n d  b ehav io ra l a n d  asso c ia ted  c a rd io v a sc u la r  (C V ) responses 
co n sis tin g  o f  p re s so r , tach y card ia  and  b rad y c a rd ia  co m p o n en ts  reflecting  
s im ultaneous com p etin g  au to n o m ic  p ro ce sse s . C R F , h y p o th esized  to  be 
in v o lv ed  in  in teg ra ting  resp o n ses  to  v a rio u s  s tre sso rs , has  been  sh o w n  by  others 
to  po ten tia te  acoustic  s ta r tle  m o to r  resp o n se s . W e so u g h t to  d e te rm in e  if  
ex o g en o u s C R F  affec ts  th e  co m p etin g  au to n o m ic  p ro ce sse s  e lic ited  by  the 
a irp u ff. N o rm o ten siv e  W ista r-K y o to  (W K Y CR) an d  sp o n tan eo u sly  hypertensive  
(S H R U) ra ts , acclim ated  to  th e  s ta r tle  ch a m b e r, rece iv ed  IC V  in jec tions o f  
e ith e r  1 μ g  C R F  in 2  ß L  o f  a rtific ia l c e reb ro sp in a l sp inal f lu id  (a C S F )  o r  aC SF 
a lone . A t 45  m in  p o st-in jec tio n  rats rece iv ed  15 tria ls  o f  a  1 2 .5  psi a irp u ff  
s ta r tle  stim u lu s . O v er all tria ls  w ith  aC S F , S H R U sh o w ed  g rea te r  tachycard ia  
th an  W K Y cr. O n T ria l 1, C R F  sig n ifican tly  d im in ish ed  tach y c a rd ia  in  SH RU 
b u t h ad  no  effec t o n  th e  resp o n se  in  W K Y cr; h o w e v e r, o v e r  all tria ls  th ere  was 
no  s ig n ifican t e ffec t o f  C R F  o n  tria l- in d ep en d en t tac h y c a rd ia  resp o n ses  in  SH R u 
o r  W K Y cr. C R F  b lu n ted  th e  n o rm al tria l-d e p en d e n t a tten u a tio n  o f  th e  p resso r 
resp o n se  in  S H R u  b u t n o t in  W K Y cr. T h ese  resu lts  p ro v id e  fu rth e r  ev idence  
fo r  m u ltip le  b eh av io ra l-asso c ia ted  ca rd io v a sc u la r  resp o n ses  e lic ited  b y  ou r 
a irp u f f  p a rad ig m  and  in d ica te  th a t sen sitiv e  c en tra l C R F  n e u ra l pa th w ay s exhib it 
h igh ly  se lec tive  in fluences  o n  a u tonom ic  o u tflo w . F u r th e r , C R F  in fluences  CV  
resp o n ses  in  a  q u a litative ly  d iss im ila r  fash io n  in  S H R U and  W K Y cr.
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184.7
EFFECT O F V E N T R O L A T ER A L  M ED U LLA R Y  (VLM) AND A O R TIC  
D EPRESSOR N ER V E  (ADN) STIM U LATIO N  ON AM YG D ALA N EU R O N S  
PROJECTING TO  B ED  N U C L E U S  O F  T H E  S T R IA  TER M IN A LIS  (B ST). Ş ,
Roder*and J. Ciriello. Department of Physiology, University of Western 
Ontario, London, Ontario, Canada, N6A 5C1.

Recently, we have shown that cardiovascular responses elicited by 
stimulation of amygdala (AMG) involve projections to BST. In addition, we 
have shown that AMG receives direct projections from VLM and neurons 
in AMG alter their activity to VLM and ADN stimulation. Taken together, 
these data suggest that AMG neurons projecting to BST may receive inputs 
from VLM and ADN. Therefore, experiments were done in a-chloralose 
anesthetized rats to electrophysiologically identify neurons in AMG that 
project directly to BST and to determine their response to stimulation of 
VLM and ADN. Extracellular single unit recordings were made from 56 
neurons in AMG. Twenty-four units responded antidromically (mean latency, 
12.4±1.0 ms) and 20 responded orthodromically with excitation (mean 
onset latency, 12.3±1.2 ms; mean duration 17.4± 3.2 ms) to BST 
stimulation. The antidromic latency corresponded to a mean conduction 
velocity of 0.9±0.1 m/s. All of the antidromically activated units were not 
spontaneously active and none of these units were activated 
orthodromically by VLM and/or ADN stimulation. Of the 20 AMG units that 
were orthodromically excited by BST stimulation, 6 responded 
orthodromically to VLM stimulation and 2 also responded to ADN 
stimulation. These data provide electrophysiological evidence indicating 
that AMG units projecting to BST are not activated by VLM and ADN 
inputs. However, AMG neurons integrate BST, VLM and ADN inputs. These 
data suggest that AMG neurons that receive cardiovascular information 
from VLM and ADN have alternate output pathways that do not involve 
BST. (Supported by HSFO and MRC of Canada).

1 84 .9
SE R O T O N E R G IC  D O R S A L  R A P H E  N U C L E U S  P R O JE C T IO N S  T O  T H E  
RO STRA L V E N T R O L A T E R A L  M E D U L L A  IN  T H E  R A T . S, Sile. M .D. 
Underwood*, M J . Bakalian, T.F. Lagattuta, L A . Peton, J.J. Mann and V. Arango. 
Labs o f N europharm acology, U niversity  o f  P ittsburgh , P ittsburgh , P A  15213

Stim ulation o f  the dorsal raphe nucleus (D RN ) alters arterial p ressure, heart 
rate and cerebral b lood  flow , yet projections from  the D R N  to m edullary autonom ic 
nuclei have not been described. W e determ ined  w hether there are serotonergic (5- 
HT) projections from  the D R N  to the rostral ventro lateral m edulla  (RVL).

S tudies w ere perform ed in adu lt m ale Sprague-D aw ley rats. T o  identify 
descending D R N  anatom ical pro jections, H R P  (2% ) w as injected (30-60 nL) 
unilaterally o r bilaterally  into die RV L. T o determ ine w hether the  pro jection  w as 
serotonergic, 5-H T, its precursors L-tryptophan  (L-tyr) and  5-hydroxytryptophan (5- 
HTP) and the m etabolite  5-hydroxyindole acetic  ac id  (5-Ш А А ) w ere exam ined in 
the RVL by  H PLC  three  w eeks follow ing p lacem ent o f  electrolytic  lesions in D R N  
(750 μΑ for 30 sec). T o exam ine 5-H T  innervation o f  R V L , autoradiographic 
localization o f  the 5-H T transporter (3H -cyanoim ipram ine; 0 .4 nM ) w as m easured 
in DRN lesioned  anim als (n=5), sham -operated  (n=5) and  unlesioned  controls (n=5).

H R P  injections into the m edulla  a t the  level o f  the R V L  (n=3) resu lted  in 
retrogradely labeled  neurons bilaterally , w ith ipsilateral p redom inance, in the D RN . 
Labeled cells w ere found in the  largest num bers in  rostral ventro lateral portions o f 
the DRN, b u t w ere also  observed  in the  dorsal, lateral and  interfascicu lar D R N  
subnuclei; few er neurons w ere observed in caudal portions o f  the D R N . N eurons in 
the m edian raphe nucleus w ere also labeled. Three w eeks follow ing placem ent o f  
electrolytic lesions in the D R N  (n=6), the concentrations o f  5-H T and  5-Ш А А , bu t 
not L-try o r 5-H TP, w ere reduced  (p<0.05) in the m edulla  by 45 and  48% , 
respectively com pared  to sham -operated (n=6) o r unoperated (n=6 ) controls. 
Similarly, D R N  lesions reduced  b inding to  the 5-H T transporter in the R V L  by 
approxim ately 30%  (p<0.05) com pared  to unlesioned  controls.

T hese studies dem onstrate that the D R N  has descending pro jections to  the 
RVL that are  likely serotonergic in phenotype. T hese  projections m ay m ediate the 
autonom ic changes elicited by D R N  stim ulation. (N  ARS A D , A A 09004, M H 46745)

184.8
ACTIVATIO N  O F D E P R E S S O R  A R E A S  IN TH E B ED  N U C L E U S  O F TH E  
S TR IA  TER M IN A LIS  A L T E R S  S IN G LE  UNIT A CTIV ITY  IN TH E  
V E N T R O L A T ER A L M ED ULLA. S.B. Giancola^nd J. Ciriello. Dept. of 
Physiology, University of Western Ontario, London, Canada, N6A 5C1.

Recently, we have demonstrated in the spontaneously hypertensive rat 
(SHR) that activation of the bed nucleus of the stria terminalis (BST) elicits 
depressor responses that are mediated in part by the ventrolateral medulla 
(VLM). This study was done to investigate the effect of activation of BST 
and arterial baroreceptor on the discharge rate of neurons in VLM in the 
chloralose-anesthetized, paralyzed and artificially ventilated SHR (7-14 
weeks of age). Extracellular single unit recordings were made from 92 
spontaneously active single units throughout VLM. These units were 
assessed for their response to electrical stimulation of functionally and 
histologically verified sites in BST. Of 47 cells responding to stimulation of 
the ipsilateral BST, 26 (55%) were excited with an onset latency ranging 
between 50 and 245 ms, and 21 (45%) were inhibited with onset latencies 
of 30-271 ms. Of the 26 excited VLM units, 13 (50%) were also excited 
following baroreceptor activation as a result of injecting a pressor dose of 
phenylephrine (2 дд/kg, i.v.) and 11 (42%) were inhibited by baroreceptor 
activation. The 13 baroreceptor excited neurons were histologically 
localized to the caudal VLM, whereas the 11 baroreceptor inhibited neurons 
were in the rostral VLM. These data suggest that BST activates caudal 
VLM neurons that also receive baroreceptor inputs and in turn may inhibit 
rostral VLM neurons that are components of descending 
sympathoexcitatory pathways controlling arterial pressure (Supported by the 
MRC of Canada).

184.10
C H E M O R E C E P T O R  AND B A R O R E C E P T O R  IN PU TS T O  T H E  L A T ER A L  
PARA B RA CH IA L N U C LE U S  (LPBN ) IN R A T S . L .F . Hayward * and R.B. 
Felder. Cardiovascular Center and Dept. of Internal Med., University of 
Iowa College of Medicine, Iowa City, IA 52242.

Recent anatomical and electrophysiological evidence suggests that the 
LPBN  may play an important role in regulation of cardiovascular function. 
The objective of the present study w as to characterize the response of the 
LPBN  neurons to both chemoreceptor and baroreceptor inputs. In 
urethane anesthetized rats the area overlying the LPBN  w as exposed by 
cerebellectomy. Arterial pressure (AP) and extracellular neuronal activity 
were recorded during increases or d ecreases in A P  (via iv phenylephrine 
or nitroprusside) and during chemoreceptor stimulation (via NaH2 P 0 4  
injected into the carotid sinus). The responses of 23 LPBN  neurons, with a  
baseline firing rate of 8+ 1  imp/s (m ean+SE), were recorded. 14/23 neurons 
demonstrated a  decline in firing rate (-27+5%) in response to an increase in 
A P  (37+3 mmHg), 7 showed an increase in firing rate (38+13%) during a  
similar increase in AP, and 2 showed no response to changes in AP. 1 0  
neurons were recorded during chemoreceptor stimulation. 6  of these 1 0  
neurons showed a sharp increase in firing rate (210±94%) during 
chemoreceptor activation that preceded the associated reflex increase in 
AP. The remaining 4 neurons showed a d ecrease  in discharge rate 
(-58+12%). 4 of the 6  neurons excited by chemoreceptor stimulation also  
showed a  decrease in their discharge rate during an increase in AP  (via iv 
phenylephrine). To our knowledge this is the first study to demonstrate the 
convergence of chemoreceptor and baroreceptor inputs on neurons in the 
LPBN . These  findings suggest that the LPBN  is an important integration 
center for cardiorespiratory inputs. (Support; HL44546 & HL08458)
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185.1
P U R IF IC A T IO N  O F  A G L IA L  P R O T E O G L Y C A N  W ITH  N E U R IT E  
O U TG RO W TH  PRO M O TIN G  P R O P E R T IE S . A. F a issn er1*. A. Lochter2 . A. 
Streit1, A. C lem ent1 , C . Mandl1 , M. Sch achner2 , 1 Dept. of Neurobiology, 
University of Heidelberg, Heidelberg, G erm any (F R G ), and 2 Dept. of 
Neurobiology, S w iss Fed. Inst, of Technology, Zurich, Switzerland.

Glial cells play an important role in the regulation of neural pattern forma
tion during neurohistogenesis. In order to obtain further insight into the 
molecular basis of neuron-glia interactions, we have characterized the chon- 
droitin sulfate proteoglycan identified by the monoclonal antibody (mAb) 
DSD-1 (formerly designated 473, A. Faissner, So c. Neurosci. Abstr. 14, 920 
(1988)). D SD-1-μ g  is selectively expressed on the surface of immature a s 
trocytes and oligodendrocytes, but not detectable on the surface of neurons 
or fibroblastoid cells. DSD-1-μ g  w as enriched from detergent-free extracts of 
postnatal m ouse brains by immunoaffinity chromatography and w as further 
purified by ion-exchange chromatography. Purified D SD -1-μ g  displays an 
apparent molecular weight of 800-1000 kD in size  exclusion chromatography 
or S D S -P A G E  and a major core glycoprotein of Mr 350-400 kD after digestion 
with chondroitinase A B C . Specific polyclonal rabbit antibodies recognized the 
sam e m olecule  a s  mAb DSD-1 accord ing  to W estern  blots, im- 
munolocalisation experiments and sequential immunoprecipitation studies, 
consistent with the notion that DSD-1 recognizes one singular μ g . The DSD- 
1-epitope proved sensitive to chondroitinase A B C , suggesting that the anti
body reacts with chondroitin sulfate. In order to investigate its functional prop
erties, embryonic day 18 rat hippocampal neurons were grown on DSD-1-μ g  
adsorbed to poly-ornithine. Under these  conditions, D SD -1-μ g  promoted 
neurite outgrowth, an effect which could be blocked by mAb DSD-1 and by 
enzym atic removal of the glycosam inoglycan chain(s). W e propose that 
D SD -1-μ g  might be one of the com ponents of immature glial su rfaces  
favouring neurite extension. Supported by D FG  (Fa  159/5-1 to AF).

185.2
D IFFE R E N T IA L  E F F E C T  O F G A G S O N  N E U R IT IC  G R O W T H  O F 
T H A L A M IC  A N D  H IPPO C A M P A L  N E U R O N S. Bovolenta. P .*. Fem aud- 
Espinosa, L and N ieto-Sam pedro. M . N eural P lasticity  G roup , In stitu to  Cajal,
C .S .I .C ., D r. A rce 37, M adrid , 28002, Spain.

D uring  developm ent and regeneration  o f  the  m am m alian C N S, process 
ou tgrow th  is  m odulated by  m olecules w hich  favour o r  in h ib it neu rite  extension. 
Sulfated proteoglycans are a  class o f  com plex m acrom olecules w hich  have  been 
reported  to exert bo th  effects, m ainly through the g lycosam inoglycan  (GA G) 
p ortion  o f  the m olecule. T o determ ine the m echanism s underly ing  such opposite  
behaviour, w e have cu ltured  ra t em bryonic h ippocam pal and  thalam ic neurons in 
the presence o f  tw o d ifferen t GA G s: chondroitin  su lfate  type C (C S), isolated from  
shark cartilage, and chondroitin  sulfate type В (derm atan  su lfate, D S ), iso lated  from  
bovine m ucosa. W hen added to the cu lture  m edium , bo th  types o f  G A G s low ered 
adhesion o f  bo th  hippocam pal and thalam ic neurons to  lam inin  and  poly lysine. 
H ow ever, only CS prom oted  axonal g row th  from  thalam ic neu rons, b u t n o t from  
hippocam pal neurons. T he effect on  thalam ic neurons w as concentration  dependent 
and  w as m ediated by the selective b inding  o f  CS to  the neuronal surface and its 
subsequent internalization. O n hippocam pal neurons, CS bound  to  their plasm a 
m em brane b u t w as no t internalized. T he CS specific effect on  thalam ic neurite  
ou tg row th  correlated  w ith  a  tem porally  restricted  (E 17-P 0) expression  o f  CS in  both 
the thalam us and  the subplate reg ion  o f  the  cortex , to  w hich  thalam ic neurons 
transien tly  project.

T hese resu lts indicate that pro teoglycans, and  in  pa rticu la r the GA G 
com ponent o f  these m olecules, can d ifferen tially  m odulate n eu rite  ou tgrow th , 
depending on  their biochem ical com position and on  the type o f  neu rons they bind 
to , and  they m ay be involved in  axonal guidance in vivo.
Supported by  grants SA F 0212-92 and  F A R /IN F  90-0179 from  the  Program a 
N acional de Investigación у D esarro llo  Farm acèutico.
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185.3
IMPAIRED GROWTH CONE FORMATION AND RESPONSIVENESS IN 
PRIMARY SENSORY NEURONS DEPLETED OF GAP-43. P. Careni* and
L. Aigner. Friedrich Miescher Institute, P.O. Box 2543, CH-4002 Basel.

The 43-kD growth-associated protein (GAP-43) is a major protein kinase C 
substrate of growing axons, and of developing nerve terminals and glial 
cells. It is a cytosolic protein associated with the cortical cytoskeleton and 
the plasmalemma. In neurons it is rapidly transported from the cell body to 
growth cones and nerve terminals, where it accumulates.To define the role 
of GAP-43 in neurite outgrowth, we analyzed neurite regeneration in 
cultured E16 chick dorsal root ganglia (DRG) neurons that had been 
depleted of GAP-43 with any of three non-overlapping antisense 
oligonucleotides. We report that neurite outgrowth and morphology 
depended on the levels of GAP-43 in the neurons in a substrate-specific 
manner. When grown on a laminin substratum, GAP-43-depleted neurons 
extended longer, thinner and less branched neuntes with strikingly smaller 
growth cones than their GAP-43-expressing counterparts. In contrast, 
suppression of GAP-43 expression prevented growth cone and neurite 
formation when DRG neurons were plated on poly-L-ornithine. To 
determine whether GAP-43 affects the morphogenetic responsiveness of 
growth cones to external signals we removed NGF for 4Һ from the medium 
of DRG neurons growing on a laminin substratum. Starting about 5 min 
upon reapplication of 20 ng/ml of NGF to the culture medium extensive 
growth of lamellipodia and filopodia was detected in the growth cone 
region. These growth cone responses to NGF were reversible and were 
abolished in GAP-43-depleted neurons.These findings indicate that GAP- 
43 plays an important role in growth cone activity and neurite outgrowth. It 
may be involved in the potentiation of growth cone responses to external 
signals affecting process formation and guidance.

185.5
R E G U L A T IO N  O F  L A M IN IN  R E C E PT O R S BY  SE N SO R Y  N E U R O N S IN  
RE SPO N SE  T O  CH O N D R O ITIN  SU LFA T E PR O TEO G LY CA N . M . L. Condic*.
D . M . Snow  and P. C . Letourneau. C ell B iology and  N euroanatom y, U niversity  o f 
M innesota, M inneapolis, M N  55455.

Sulfated  p ro teoglycans are expressed  abundan tly  in the ne rvous system  and  are 
lik e ly  to  p lay  d iv erse  ro le s  in  n eu ro n a l d ev e lo p m en t. C h o n d ro itin  su lfa te  
proteoglycan (CSμ g ) is ffequendy observed  in areas o f  th e  em bryo into w hich axons 
do  no t grow, suggesting that C Sμ g  in vivo  m ay constitute a  barrier to  axon extension. 
In vitro, C Sμ g  is know n to inh ib it neurite outgrow th on  perm issive substrata such as 
lam inin (LM ). H ow ever, neurons cu ltured  on a  step  gradien t o f  C Sμ g  (Snow  and 
Letourneau, 1992, J. N eurobiol. 23: 322-336) o r in  the continued p resence o f  CSμ g  
and  LM  w ill eventually  ex tend  axons, suggesting that ce lls  adapt to the inhibitory 
effects o f  C Sμ g . A daptation  cou ld  be  due e ither to  a  decrease in  the efficacy o f  
C Sμ g  inhibition over tim e, to  a  dow n-regulation o f  cellular receptors for C Sμ g  o r to 
an  up-regulation o f  receptors for LM  or other grow th p rom oting m olecules.

W e have investigated the m olecular m echanism  o f  neuronal adaptation to C Sμ g  by 
exam ining  the  effects o f  C Sμ g  on levels o f  in tegrin  recep to r expression  in  chick 
p rim ary  sensory  neurons. D orsal ro o t gang lia  (D R G s) from  E 8-E 12  chicks were 
dissociated, preplated for 3 hrs on tissue culture plastic , the neuronal (non-adherent) 
cells w ere harvested  and  cultured  on glass coverslips coated  w ith e ither L M  (10 
μg/m l) o r  L M  in com bination  w ith  C S μ g  (250  μ g /m l) fo r 12-16 hours. C ells 
ex tended  axons under both  conditions, a lthough outgrow th  w as m ore  abundant on 
L M  alone than on LM /C Sμ g . The expression  level o f  integrin а З  LM  receptor was 
e xam ined  using northern analysis. Interestingly, w hile  L M  substrata p lated  a t 10 
μ g /m l prom oted  optim al ou tgrow th from  sensory neurons in vitro, the level o f  а З  
L M  receptor expressed under this condition w as only 25%  o f  the level expressed by 
D R G  neurons in vivo. M oreover, w e observed a  five fold increase in the am ount o f  
in te g r in  а З  m essage  w hen  ce lls  w ere  c u ltu red  in th e  p resence  o f  L M /C Sμ g  
com pared to  cells cultured  on LM  alone. (Supported by  N IH  grants E Y 06331  to 
D M S and H D 19950 and  N S28807 to  PCL).

185.7
A PHOSPHATASE IN GROWTH CONE MEMBRANES 
ACTIVATED BY LI- AND NCAM-ANTIBODIES. S.G.Klinz.
L. Petronella. M. Schachner. and P.F. Maness*. Dept. of 
Biochemistry, university of North Carolina School of 
Medicine, Chapel Hill NC 27599; Dept. of Neurobiology, 
Swiss Federal Institute of Technology, 8032-Zurich, 
Switzerland.

Preincubation of membranes from a subcellular 
fraction of nerve growth cones from fetal rat brain 
with antibodies directed against LI or N-CAM induced 
dephosphorylation of endogenous protein substrates such 
as tubulin and a 200 kd protein in phosphorylated 
growth cone membranes. Dephosphorylation of phospho- 
serine/-threonine residues was also observed. 
Antibodies against the integrin ßl subunit, N-cadherin, 
Na/K ATPase or nonimmune IgG had no effect, zinc 
cations, heparin, sodium pyrophosphate, and vanadyl 
sulfate, but not sodium orthovanadate or phenylarsine 
oxide, inhibited dephosphorylation. Degenerate oligo
nucleotide primers matching the conserved sequences 
within the catalytic domain of PTPases were used to 
amplify several cDNA fragments by PCR from El8 rat 
brain cDNA. Primarily receptor-type phosphotyrosine 
phosphatases were isolated, prominent among them LAR- 
and HPTPô-like sequences.

This is the first report of a phosphotyrosine 
phosphatase modulated by cell adhesion molecules of the 
immunoglobulin superfamily. Our results imply a 
combined role for tyrosine kinases and phosphatases in 
signalling events mediated by certain cell adhesion 
molecules in growth cone-enriched membranes.

185.4
N EU R IT E  G U ID A N C E B Y  D ISCO N TIN U O U S P A T T ER N S  O F  LAMININ: AN 
A S S A Y  FO R  FILO PO D IAL FUN CTION . R.M. Kindt* and A.D. Lander. Dept. of 
Biology and Dept.of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139 

Filopodia are thought to play a  pivotal role in the pathfinding ability of growth 
cones in vivo, but it is not well understood how filopodia recognize guidance 
cues such a s  molecules or guidepost cells and thereby influence the direction 
of axon outgrowth. In vitro, the outgrowth of neuntes does not require the 
presence of filopodia-neurites can elongate in the presence of cytochalasin D- 
so most tests of neurite outgrowth may not provide a good basis for identifying 
m olecules involved in the proper functioning of filopodia. However, 
Hammarback and Letourneau (Dev. Biol. Ц 7 :6 5 5 ) demonstrated that filopodia 
play a critical role in one type of in vitro growth cone behavior: crossing 
discontinuities in neurite-promoting substrata. In those studies, growth cones 
crossed gaps less than or equal to the lengths of their filopodia and filopodia 
were observed in the act of guiding growth cones across some gaps. We have 
now devised an assay  in which the ability of a  large population of growth cones 
to repeatedly exhibit this behavior can be rapidly and reliably quantified. In our 
assay , neurites are faced with a  path of discontinuous laminin (LN): a  series of 
40 by 20 pm rectangles of active LN each separated from the next by 5, 10  or 
20 pm  gaps of inactive LN. The  distance travelled by neurites on these 
discontinuous stripes of LN is compared with elongation on uninterrupted 
stripes of LN. Th is pattern is created by selectively UV-inactivating areas of a 
LN-coated coverslip through a quartz photomask. Embryonic chick dorsal root 
ganglia are immobilized on the coverslip and allowed to extend neurites onto 
the continuous and discontinuous stripes for 48 hours. The mean distances 
travelled by neurites on stripes containing 5, 10 and 20 pm gaps between 
rectangles is typically 50%, 30%  and 5%  respectively of the mean distance on 
the uninterrupted stripes (typically 2000 pm). A treatment affecting filopodia 
would be expected to alter the outgrowth distances on the discontinuous but 
not continuous stripes. Thus this a s sa y  can  be used a s  a  rapid screen for 
reagents that interfere specifically with fiiopodial function.

185.6
D ISTIN CT A D H E SIO N  D O M A IN S IN  TH E D E V ELO PIN G  OLFACTORY 
EPITHELIUM, OLFACTORY NERVE, A N D  FOREBRAIN. I. G . W h ite s id e s* . S. 
F a r g h e r .  P . M a n e s s .  B. M u r r a y ,  a n d  А -S. L a M a n tia . D e p a r tm e n t  of 
N e u ro b io lo g y , D u k e  U n iv e rs i ty , IX xrham , N C  27710.

W e h a v e  d e f in e d  th re e  d is t in c t  a d h e s io n  d o m a in s :  th e  o lfa c to ry  e p ith e liu m , 
th e  n e rv e  a n d  a d ja c e n t  m e s e n c h y m e , a n d  th e  v e n tr o la te ra l  f o re b ra in ,  b a sed  
u p o n  th e  e x p re s s io n  o f  u n iq u e  su b s e ts  o f  C a ++- in d e p e n d e n t,  C a ++-d e p e n d e n t, 
a n d  e x tra c e l lu la r  m a tr ix  c e ll a d h e s io n  m o le c u le s  (C A M s). A t  m id -g e s ta tio n  
c e lls  in  th e  o lfa c to ry  e p ith e liu m  e x p re s s  N -C A M , E - c a d h e r in  a n d  a lp h a -  
k e ra tin .  In  c o n tra s t,  o n ly  C a ++- in d e p e n d e n t  C A M s a re  s e e n  in  th e  o lfac to ry  
n e rv e .  H ig h ly  s ia la te d  N -C A M  a n d  L I  a re  f o u n d  o n ly  o n  o lfa c to ry  axons 
a n d  g ro w th  c o n es. In  a d d it io n , la m in in  is  a sso c ia te d  w i th  m e s e n c h y m a l cells 
a r o u n d  th e  n e rv e .  T h e  v e n tr o la te r a l  f o r e b r a in , th e  t a r g e t  o f  i n g ro w in g  
o lfa c to ry  a x o n s ,is  c h a ra c te r iz e d  b y  th e  C a ++- in d e p e n d e n t  C A M s fo u n d  in  the 
o lfa c to ry  n e rv e ;  h o w e v e r ,  m a t r ix  m o le c u le s  a re  n o t  p r e s e n t ,  a n d  C a ++- 
d e p e n d e n t  C A M s  a r e  f o u n d  th r o u g h o u t  th e  n e u r o e p i th e l iu m .  T he  
n o n r e c e p to r  ty ro s in e  k in a se , p p 6 0 c_src, is  c o lo c a liz e d  w ith  N -C A M  a n d  L I in  
th e  o lfa c to ry  e p ith e liu m , n e rv e , a n d  v e n tro la te ra l  fo re b ra in .

T h e  d i s t in c t  a d h e s io n  m o le c u le  p ro f i le  in  e a c h  d o m a in  m a y  s u p p o r t  o r 
c o n s tr a in  n e u r i te  o u tg ro w th . A c c o rd in g ly , w e  e x a m in e d  n e u r i te  o u tg ro w th  
f ro m  e m b r y o n ic  o lfa c to r y  e p i th e l iu m  e x p la n ts  o n  a d h e s io n  m o le c u le s  
e n c o u n te r e d  in vivo.: la m in in  a n d  L I  (c o a te d  o n to  g la s s  c o v e rs l ip s )  a n d  N - 
C A M -( m o n o la y e rs  o f  N C A M -tra n s fe c te d  L ce lls). L I ,  la m in in ,  a n d  N C A M  
s u p p o r t  v a ry in g  d e g re e s  o f  n e u r i te  o u tg r o w th  f ro m  th e s e  e x p la n ts .  T h u s, 
c o o rd in a te d  e x p re s s io n  o f  a d h e s io n  m o le c u le s  in  d i s t in c t  d o m a in s  in  th e  
d e v e lo p in g  o l fa c to r y  p a th w a y  m a y  b e  i m p o r ta n t  in  e s ta b l is h in g  th e  
sp e c if ic ity  o f  th is  e a rly  a x o n a l p ro jec tio n .
S u p p o r te d  b y  H D 29178-01A 1 to  А -S. L.

185.8
C O C L U S T E R IN G  A N D  F U N C T IO N A L  C O O P E R A T IO N  O F  N G -C A M  
A N D  A X O N IN -1  I N  T H E  S U B S T R A T U M -C O N T A C T  A R E A  O F  
G R O W T H  C O N E S . Ę .T . Stoeckli», U^Z j£g\sL ·.. and X  Sondareggei;. 
B io c h e m is try  In s t i tu te ,  U n iv e rs i ty  o f  Z u e r ic h ,  Z u e r ic h ,  S w itz e r la n d .

G r o w th  c o n e s  a n d  n e u r i te s  o f  c h ic k e n  D R G  n e u ro n s  c u ltu r e d  o n  la m in in , 
N g -C A M , o r  a x o n in -1 sh o w  s u b s tr a tu m -d e p e n d e n t  m o rp h o lo g y  a n d  g r o w th  
p a t t e r n s  w h ic h  a r e  a c c o m p a n ie d  b y  sp e c if ic  d i s t r ib u t io n s  o f  s u rfa c e  
p ro te in s ,  s u c h  a s  a x o n in -1  a n d  N g -C A M . N g -C A M  h a s  b e e n  s h o w n  to  b e  th e  
r e c e p to r  r e s p o n s ib le  fo r  n e u r i te  g r o w th  o n  b o th  a x o n in -1  a n d  N g -C A M . 
A x o n in -1 , l in k e d  to  th e  n e u r i t ic  m e m b ra n e  v ia  a  G P I-a n c h o r  a n d  th e re fo re  
h ig h ly  m o ti le ,  u n d e r g o e s  a  r e d i s t r i b u t i o n  to  th e  s u b s tr a tu m - f a c in g  
m e m b r a n e  o f  g r o w th  c o n e s  g r o w in g  o n  e ith e r  a x o n in -1  o r  N g -C A M . O n  a n  
a x o n in -1 s u b s tr a tu m ,  a x o n in -1 is  c o m p le te ly  d e p le t e d  f ro m  th e  a p ic a l  
s u rfa c e .  O n  a  N g -C A M  s u b s tr a tu m , a x o n in -1  is  fo u n d  in  p a tc h e s  b e in g  
a b s e n t  f ro m  s o m e  s u rfa c e  a re a s  o n ly .  A  s im ila r  a l th o u g h  les s  e x te n s iv e  
r e d is tr ib u tio n  is  fo u n d  fo r  N g -C A M . In  c o n tr a s t  o n  la m in in ,  w h e r e  n e u r i te  
g r o w th  is  m e d ia te d  b y  in te g r in ,  b o th  a x o n in -1  a n d  N g -C A M  d o  n o t  fo rm  
p a tc h e s  b u t  a r e  d i s t r ib u t e d  h o m o g e n e o u s ly  o n  th e  a p ic a l  g r o w th  c o n e  
s u rfa c e . T h e  r a p id i ty  w i th  w h ic h  g r o w th  c o n e s  u n d e rg o  re d is tr ib u tio n  o f  
s u r f a c e  a x o n in -1  a n d  N g -C A M  w h e n  c ro s s in g  s u b s t r a tu m  b o u n d a r ie s ,  
s u g g e s te  a  r e d is t r ib u t io n  o f  p r e - e x is t in g  s u rf a c e  m o le c u le s  r a th e r  th a n  
in se r t io n  o f  n e w  m o le c u le s  in to  th e  s u b s tr a tu m -f a c in g  m e m b ra n e . Specific  
r e m o v a l  o f  a x o n in -1  f ro m  g r o w th  c o n e s  in d ic a te s  t h a t  N g -C A M  c a n  
g e n e ra te  a  g r o w th  p r o m o t in g  s ig n a l o n ly  if  a c tiv a te d  b y  in te r a c t io n  w ith  
a x o n in -1 in  th e  p la n e  o f  th e  s a m e  m e m b ra n e .
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185.9
E X P R E S S IO N  O F  G P I- A N C H O R E D  O R  V A S E  C O N T A IN IN G  
IS O F O R M S  O F  N C A M  IN N E U R O N S  IN H IB IT S  N C A M  D E P E N D E N T  
N E U R IT E  O U T G R O W T H . P. Doherty*. J .  Saffe ll an d  F .S .  W a lsh  Dept. 
of Experim ental Pathology, U M D S , G u y ’s  H ospital, London .

The neural ce ll ad h esio n  m olecu le  (N C A M ) prom otes axo n al growth 
via a hom ophilic binding m e ch an ism , acting  a s  a  neu ron al receptor  
and a substratum  ligand. Differential sp licing  of the N C A M  g en e  
generates three  m ain s iz e  c la s s e s  of m em bra n e  a s so c ia te d  N C A M : A  
GPI-anchored 120  kD a  isoform  an d  140  an d  180  k D a  tran sm em b ran e  
isoforms with short and  long cyto p lasm ic  d o m a in s  re sp ective ly . T h e  
structure of the extrace llu lar d om ain c a n  b e  altered  by a  ten  am ino  
acid insert en co d ed  by the V A S E  exon and  the  proportion of V A S E -  
containing N CA M  in c re a s e s  during deve lopm en t. In the p resen t study  
we have directly tested  the effects of alternative sp licin g  on N C A M ’s  
ability to act a s  a  receptor. T h e  P C 1 2  neu ron al ce ll line w a s  
transfected with cD N A  for the m ajor N C A M  isoform s and  c lo n e s  w ere  
tested for N C A M  d ep en d en t neurite outgrowth. O u r re su lts  sh o w  that 
NCAM requ ires a  cyto p lasm ic  dom ain  in o rd er to tra n sd u c e  a  
homophilic binding sig na l to a  neurite growth re sp o n se . Both 140 and  
180 kD a isoform s a re  equ ally  effective , and  u se  of the V A S E  exon  
changes the function of N C A M  from  a  neu ron al recep to r that will 
promote neurite outgrowth to o n e  that will not. T h u s  the in creas in g  
use of V A S E  by n eu ro n s during d eve lop m en t is likely to acco u n t for 
their previously reported lo ss  of re sp o n s iv e n e ss  to N C A M  and  this 
may contribute to a  g en era l lo ss  of m orphologica l plasticity in the adult 
central ne rvo u s system .

185.11
EVIDENCE THAT ACUTE NEURITE RETRACTION 
IS REGULATED BY TYROSINE PHOSPHORYLATION. N. R. 
Smalheiser.* Dept, of Pediatrics, U of Chicago, Chicago, IL 60637.

NG108-15 cells were plated on laminin/polylysine coated Petri dishes 
in serum-free medium, allowed to form "rapid-onset" neurites for 2-3 
hrs, then exposed to retraction-eliciting agents at doses which cause loss 
of 80-90% of neurites within 20 min: trypsin, nocodazole, phorbol ester 
TP A, serum, lysophosphatidic acid (LYSO), ATP, ortho vanadate or 
ganglioside GM1. In all cases, the tyrosine kinase inhibitor genistein 
protected neurites against acute retraction maximally at -100 μΜ; in most 
cases, half-maximaUy at -25 μΜ. Thus, a central (genistein-sensitive) 
cellular event integrates multiple extrinsic and intrinsic biological signals, 
and helps regulate whether or not neurites will execute retraction.

An elevation of phosphotyrosine residues was also observable within 
neurites exposed to LYSO (10 μΜ) for 1-2 min at room temp, fixed in 
4% p-formaldehyde, permeabilized in MeOH, blocked in 1% В SA, and 
examined by immunocytochemistry (MAb anti-tyr PO4 (4G10,1 pg/ml); 
biotin anti-mouse Ig (1:300); Vectastain elite ABC reagent; developed 
with DAB/ H2O2). In the control group, cell bodies had high basal 
staining, while most rapid-onset neurites had none or very faint, uniform 
staining. Staining was abolished by absorbing MAb with free phospho- 
L-tyrosine (2 mM). LYSO treated neurites showed a large, selective 
increase in phosphotyrosine staining within retraction bulbs and proximal 
segments; these regions are the earliest to become detached (shown by 
interference reflection microscopy), and proximal segments are actively 
contractile (shown by time lapse recordings). The LYSO-induced 
increase in phosphotyrosine staining appeared to be associated with 
cytoskeletal elements, and was blocked by genistein. Supported by NIH 
HD 09402, NS 26055, and the Dysautonomia Foundation.

185.10
T Y R O S IN E  K IN A S E  IN H IB IT O R S  C A N  D I F F E R E N T IA L L Y  IN H IB IT  
IN T E G R IN  D E P E N D E N T  A N D  C A M  S T IM U L A T E D  N E U R IT E  
O U T G R O W T H . E J .  W illiam s, F .S ,  W a lsh * an d  P . D oh erty . Dept. of 
Experim enta l Pathology, U M D S , G u y 's  Hospital, London S E 1  9 R T .

W e  h a ve  u se d  m o n o layers of parental 3 T 3  ce lls  and 3 T 3  ce lls  
exp re ss in g  o ne  of three tran sfected  cell ad h esio n  m o lecu les  
(C A M s)(N C A M , N -cadherin  and  L1) a s  a  cu lture su b stra te  for rat 
ce reb e lla r  neu ron s. A  nu m ber of tyrosine k in a se  inhibitors h a ve  b e en  
tested  for their ability to inhibit neurite outgrowth o v er  parental 3 T 3  
m o n o layers  w hich w e  sh o w  to be largely d ep end ent on neuronal 
integrin receptor function, a s  co m pa red  to neurite outgrowth stim ulated  
by the ab o ve  three  C A M s. W h e re a s  gen iste in  (100μΜ ) laven dustin  A  
(20μΜ ) and tyrphostins 34  and 4 7  (both at 150μΜ ) had  no effect on  
integrin dependent or C A M  stim ulated  neurite outgrowth, the erbstatin  
an a lo g u e  (10 - 15μg/ml) an d  tyrphostins 23  an d  25 (both at 150 μΜ) 
specifica lly  inhibited the re sp o n se  stim ulated  by all th ree  C A M s. C A M  
stim ulated  neurite outgrowth ca n  be acco u n ted  for by a  G-protein  
d ep en d en t activation of neuronal ca lc iu m  ch a n n e ls ; exp erim en ts with 
ag en ts  that directly activate this p athw ay lo ca lised  the erbstatin  
an a lo g u e  site of action up stream  of both the G -protein  an d  the ca lc iu m  
ch a n n e ls , w h e re a s  tyrphostins h a ve  site of action d o w nstream  from  
ca lc iu m  ch a n n e l activation. T h e se  d ata  su g g est that in c re a se d  tyrosin e  
phophorylation is a n  im portant step  up strea m  of ca lc iu m  ch a n n el 
activation in the seco n d  m e sse n g e r  p athw ay underlying the neurite  
outgrowth re sp o n se  stim ulated  by a  variety of C A M s.

186.1
NEONATAL HIPPOCAMPAL DAMAGE AND THE LONG-TERM 
DEVELOPMENT OF SPATIAL LEARNING. K. L. Altemus* 
& C. R. Almli. Lab Develop. Neuropsychobiol., 
Washngton Univ. Schl of Med.,St. Louis,MO 63110.

Neonatal hippocampal damage and development 
of spatial memory was studied in rats from 
weaning to adulthood. On PN1, the hippocampi of 
rats were ablated bilaterally (HIPP), or were 
sham operated (SHAM). Rats were assigned 
randomly to proximal(visible platform,fixed 
location),distal (hidden platform, fixed 
location) or random (hidden platform,random 
location) cue conditions for testing in the 
Morris water maze. Beginning on PN20,PN50, or 
PN90, independent groups of rats were tested for 
6 consecutive daily sessions (12, 1-min 
acquisition trials). Latency to escape the maze 
was recorded. To test retention, a 1-min trial 
was conducted, (total time spent in the quadrant 
previously contained the escape platform was 
recorded). At all ages, HIPP rats had longer 
escape latencies than SHAM rats. During 
retention trials, HIPP rats under distal and 
random conditions spent less time in the probe 
quadrant than did SHAM rats. Results indicate 
that neonatal hippocampal damage results in 
long-term (permanent?) deficits in spatial 
learning and memory.

186.2
LTP SATURATION CONTRALATERAL TO A HIPPOCAMPAL LESION 
IMPAIRS PLACE LEARNING IN RATS. D.G. Mumbv». M.P. Weisend. P.B. 
Barela, and R.Ĩ. Sutherland. Depts. of Psychology and Physiology, Univ. of 
N ew  Mexico, Albuquerque, NM 87131-1161, U. S. A.

An important finding that links hippocampal long-term potentiation 
(LTP) to mnemonic processes is the observation that if hippocampal LTP is 
"saturated" by repeated episodes of high-frequency stimulation in the 
perforant path (PP), place learning is impaired. Recent failures by several 
laboratories to find a similar deficit following bilateral saturation of 
hippocampal LTP cast doubt on this link (H ippocam pus , 3,1993). However, 
another possibility is that it is difficult, with a single PP stimulation site 
in each hemisphere, to reliably saturate enough synapses at homologous 
sites to sufficiently impair information processing in the hippocampus. To 
address this problem, we examined the effects on place learning of LTP 
saturation in the intact hemisphere of rats with unilateral neurotoxic 
hippocampal lesions. Experimental rats received 20 daily sessions of high- 
frequency PP stimulation. Enhancement of dentate gyrus evoked potentials 
was maximal by day 13. On the last 7 days of PP stimulation, the rats were 
trained on the Morris water task with a fixed hidden platform location, 
beginning 15 minutes after the end of the stimulation session. Control rats 
were treated identically, except that they did not receive high-frequency 
PP stimulation. On probe trials with the platform removed, control rats 
displayed a strong preference for the correct quadrant; experimental rats did 
not. These findings are consistent with the conclusions of Castro et al. (1989) 
that saturation of hippocampal LTP can impair place learning.
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1 8 6 .3
F O R N IX  B U T N O T  E N T O R H IN A L  C O R T E X  L E S IO N S  IN T E R F E R E  
W IT H  C O N T E X T U A L  F E A R  C O N D IT IO N IN G  R.G. Phillips*. J.E. 
LeDoux and H. Eichenbaum*, Dept. of Psychology and Center for Neural 
Science, New York University and *Dept. of Psychology, University of 
North Carolina.

Lesions of the dorsal hippocampus interfere with contextual fear 
conditioning, possibly by preventing information about context from 
reaching the amygdala (Phillips and LeDoux, 1992). In the present study 
we examined the effect of lesions of the entorhinal cortex and fornix, 
typically viewed as major components in the input and output pathways of 
the hippocampus, on contextual conditioning in rats. Aspiration lesions of 
the entorhinal cortex (EN, n=8) and electrolytic lesions of the dorsal fornix 
(Fx, n=3) were made. After 14 d, the animals underwent fear conditioning 
(involving a tone conditioned stimulus (CS) paired with footshock) and 
subsequent assessment of conditioned freezing to the CS as well as to the 
conditioning context (Phillips and LeDoux, 1992). EN lesions had no effect 
on conditioning to the CS or the context. In contrast, Fx lesions interfered 
with conditioning to the context, but not to the CS. EN lesions included the 
entire entorhinal cortex, as well as the ventral subiculum and in some cases 
ventral CAI and posterior perirhinal cortex. Fx lesions primarily involved 
the dorsal fornix, parts of the fimbria and overlying areas of the cortex.
These findings indicate that damage to the Fx, like damage to the dorsal 
hippocampus, interferes with contextual fear conditioning. The failure of EN 
lesions to affect contextual conditioning raises questions concerning the input 
required for hippocampal processing of context. Supported by NSF9209646 
and MH38774.

1 8 6 .5
MEMORY DEFICITS ASSOCIATED WITH IBOTENIC ACID LESIONS OF THE 
HIPPOCAMPAL FORMATION IN RHESUS MONKEYS. L . B eason-H eld*. D.L. 
R osene and  M .B . M oss. Boston U niv . Sch. M ed., B oston , M A  02118

A  variety o f  m em ory im pairm ents have been show n follow ing aspiration lesions o f  
the hippocam pal form ation in  m onkeys. B ecause these  lesions invo lve  rem oval o f 
overlying parahippocam pal co rtices as w ell as the h ippocam pal form ation  (H F), the 
exact contribu tion  o f  the h ippocam pus rem ains problem atic. T o  address this, five 
an im als received  stereo tac tic  lesions o f  the  H F  using  ibo ten ic  ac id . H isto log ica l 
analysis o f  tw o brains revealed  partial dam age (< 25% ) lim ited  to  the  H F. Follow ing 
a  three w eek post-operative recovery period , the  an im als w ere trained  on the D elayed 
N on-M atching to  Sam ple task  (D N M S) and  D elayed  R ecognition  Span T ask  (DRST). 
T he  D N M S task , u sed  to  assess th e  an im al's  ab ility  to  d istingu ish  a  novel from  a 
prev iously  presented  object, w as adm inistered  in both  acquisition  and  2 and  10 m in. 
delay  phases . T he D R ST , w hich  tests the  a b ility  to  iden tify  the  novel s tim ulus 
am ong an  increasing  array  o f  stim uli, w as adm in istered  in  spatia l, co lo r and  object 
m odalities. T he perform ance o f  the H F  anim als w as com pared  w ith  that o f  young 
adult norm al controls (n=5).

In com parison to  n orm al m onkeys (C), those w ith H F  dam age w ere  im paired in the 
acqu isition  phase  o f  D N M S in term s o f  bo th  tria ls (C = 202; H F = 658) and  errors 
(C=52; H F=154) to  criterion. In  term s o f  errors, H F  anim als w ere a lso  im paired  a t 
bo th  2 (C =8; H F=23) and  10 m in. (C=15; H F=25) d elay  in tervals . W ith  respect to 
D R ST  span scores, H F  m onkeys perfo rm ed  s ignificantly  w orse  than  contro ls on all 
th ree  m odalities (spatial C =4.25 , H F=2.02; co lo r  C = 3.1 , H F = 2.33; ob jec t C=3.69 , 
HF=2.69). Thus even partial dam age lim ited to the H F  produces significant impairments 
m i these m em ory sensitive tasks, confirm ing  the ro le  o f  the  H F  in m em ory p rocesses. 
(Supported by  N M  G rants A G 04321 and  NS 16841)

1 8 6 .7
E FFE C T S O F  LESIO N S O F  RH IN A L  C O R T E X , H IPPO CA M PU S, O R 
PA R A H IPPO C A M PA L GY RU S IN  RH ESU S M O N K EY S O N  O B JE C T  AN D 
SPA T IA L  RE V ER SA LS E .A . M urray* and  D. G affan . L ab  N europsychol, NIM H, 
N IH , B ethesda, M D  20892, U .S.A . and  D ep t E xp  Psychol, O xford  U niversity , O xford 
0 X 1  3U D , U .K.

E arlie r w ork (Jones and  M ishkin , 1972, E x p  N eurol, 36:362-377) ind icated  that 
rem ovals o f  the tem poral po le and  am ygdala  yield  im pairm en ts on  both object and  
spatial reversals, and  th a t rem ovals o f  the hippocam pal form ation  p lus underlying 
parahippocam pal gyrus produce im pairm en ts on spatial b u t no t object reversals. T he 
present study sought to define fu rther the  neural basis for these  im pairm ents. Rhesus 
m onkeys were first tra ined  on a  sing le v isual d iscrim ination . F our groups, m atched 
for p reoperative learn ing  scores, each  received one  o f  the  follow ing treatm ents: 
bilateral asp ira tion  lesions o f  the rh ina l cortex (en to rh inal p lus p e rirh in a l cortex; Rh) 
or the cortex on the parahippocam pal gyrus (PH G ), excitotoxic lesions o f  the 
hippocam pus (fields C A 1-C A 4 p lus denta te  gyrus; H ) based  on  m agnetic  resonance 
im ages from  those an im als, o r reten tion  as unoperated  contro ls (C O N ). A fter surgery 
o r rest, a ll m onkeys w ere tra ined  on a  new  visual object d iscrim ination  follow ed by 7 
reversa ls and  then on a  place  d iscrim ination  follow ed by 7 reversals. Both G roups Rh 
a n d  H , but no t G roup PH G , were sign ificantly  im paired  rela tive  to the controls on 
object reversal learn ing . A lthough the lin ea r trends across reversals d id  not differ 
betw een the groups, on the last o f  the 7 reversals G roup R h  m ade m ore  e rro rs than  
e ith e r G roup H  o r  G roup C O N . By contrast, none o f  the operated  groups was 
im paired  on spatial reversal learn ing . T he resu lts  po in t tow ard  the contribu tions of 
the rh inal cortex to object learn ing  and  m em ory, a n d  to the selective contribu tions of 
d ifferen t portions o f  the hippocam pal form ation  to spatial learn ing  an d  mem ory. 
Future  experim ents w ill need to assess the rela tive  contribu tions o f  subicu lar com plex, 
H , and  PH G , a lone and  in com bination , to  d ifferen t k inds o f  spatial learn ing  and  
m em ory.

1 8 6 .4
E F F E C T S  O F  E X C IT O T O X IC  A M Y G D A L O -H IP P O C A M P A L  L E S IO N S ON 
V ISU A L R E C O G N IT IO N  IN  RH ESU S M O N K EY S. V. J. O 'B ovle Jr.. E .A . Murray. 
and  M . M ishkin* . Lab. N europsychology, N IM H , N IH , Bethesda, M D  20892

E arlie r stud ies (M ishkin , 1978; M urray  and  M ishkin , 1984) had  ind icated  that 
com bined (but not separate) rem oval o f the am ygdala (A) and  hippocam pus (H) together 
w ith the cortex underlying each o f  these tw o structures leads to  a  severe im pairm ent in 
visual recognition  m em ory  as m easured  by delayed  nonm atching-to-sam ple (DNMS). 
M ore recen t w ork, how ever, has show n that rem oval o f  the underly ing  cortex alone, 
specifica lly  the rh inal (i.e. en to rh inal and  perirh inal) co rtex , y ields nearly  the same 
im pairm ent as the o rig inal rem oval (M urray e t al., 1989, Soc. N eurosci. Abstr.. 15: 
342). This recent finding has raised  the possib ility  that the earlier results w ere likewise 
due to CMnbined dam age to the rostral and  caudal rhinal cortex rather than to the A+H. 
T o  exam ine the contributions to visual recognition  o f  the A +H  alone, w e evaluated the 
perform ance o f  m onkeys w ith excitotoxic lesions lim ited to these tw o structures.

Three naive  rhesus m onkeys (M acaca m ulatta ) w ere tra ined  preoperatively on 
D N M S w ith trial-unique objects a t a  10-second delay  betw een acquisition  and choice. 
A fter attaining the criterion o f  90  correct responses in 100, the m onkeys w ere scanned 
w ith m agnetic  resonance im aging  (M R I) to de term ine  the stereo tax ic  coordinates of 
their lim bic s tructures and  then given  a  Series o f  ibo ten ic-ac id  in jections designed to 
destroy selectively the neurons o f  the am ygdala and h ippocam pus (i.e. fields CA1-CA4 
p lus dentate gyrus). Postm ortem  h isto logical analysis o f  the three cases revealed that 
b ila tera l dam age to  the am ygda la  av eraged  89% , and  to  the h ippocam pus, 81%. 
Follow ing recovery from  surgery, the m onkeys w ere retrained on 10-second DNM S and 
then given a  perform ance test w ith successively longer delays (3 0 ,6 0 , and  120 seconds) 
and  lo n g er lists  (3, 5, and  10 ob jec ts; the  la tte r  invo lv ing  d e lay s  o f  abou t 3 1/2 
m inu tes). T he an im als re lea rn ed  D N M S a lm ost im m edia te ly  (X = 27 trials and 6 
errors) and  obtained  a  m ean score on the perform ance tes t o f  91 %, w hich d id  not differ 
significantly  from  the m ean score o f  93%  obtained by  four sim ilarly  trained, unoperated 
contro ls. T hese  prelim inary  resu lts , com bined  w ith  those o f  M urray  e t al. (1989), 
suggest that v isual recognition  m em ory  over de lays o f  abou t 1/2 to  3 1/2 m inutes is 
m ediated by rhinal cortex and  probably not by the am ygdala and/or hippocam pus.

1 8 6 .6
A  G E N ER A L IM PA IRM EN T IN M EM O R Y  FO R  O B JEC TS, PLA C ES AND 
SCENES A FTER FO RN IX  TR A N SECTIO N  IN  RH ESU S M O N K EY S. D . G affan*. 
E xp  Psychology, O xford  U niversity, O xford O X I 3U D , U .K.

H um an am nesic patients are im paired in nonspatial m em ory  as w ell as in spatial 
m em ory, bu t m onkeys with fornix transection are n o t im paired  in nonspatial 
m em ory (e.g. ob ject discrim ination learning) w hen that is  the only  task  they leam. 
H ow ever, recent results (Eur. J. N eurosci. 4, 381-388) show ed that such m onkeys 
w ere im paired in object m em ory w hen the scene o f  the objec t m em ory  task w as one 
am ong m any scenes held  in their long term  m em ory. T o  investigate the generality 
o f  this effect I trained m onkeys in discrim ination learning problem s with 
background scenes and foreground objects defined  by  a  form al algorithm . Each 
problem  w as se t in a  differen t scene, and  in every  scene there w as one  correct 
response and  one incorrect response. The types o f  problem  were: Spatial (S) - here, 
the correct response was to  a  constant location, w ith no  d istinctive object a t that 
location; O bject (O) - here, the correct response w as to  a  co rrect object, whose 
location in terchanged random ly from  trial to trial w ith that o f  a  different, incorrect 
object; and  O +S - here, the correc t response w as to a  d istinctive object, which 
occupied  a  constan t location. Fornix transection produced  an  im pairm ent in  all 3 
problem  types; the errors produced by  norm al and  am nesic m onkeys show ed no 
interaction betw een problem  type and lesion. These resu lts  show  that m em ory for 
m ultiple com plex scenes is im paired by fornix transection even  in  scenes which 
(considered alone, independently o f  other contents o f  long term  m em ory) require 
only an object discrim ination. T he O +S problem s are analogous to natural hum an 
m em ory for events, w hich typically involve a  particu lar ob jec t as the focus of 
attention in a  scene w hich is one scene am ong m any in w hich long-term  m em ories 
have been acquired. This im pairm ent is the closest analogue yet seen in the m onkey 
to the hum an am nesic im pairm ent in m em ory for discrete events (episodic mem ory).

1 8 6 .8
D A M A G E  L IM IT ED  T O  T H E  H IP P O C A M P A L  R E G IO N  
P R O D U C E S  L O N G -L A S T IN G , M ILD  M EM O R Y  IM P A IR M EN T  IN 
M O N K EY S . P .A lvarez-Rovo*. S . Zola-Moroan. L . R . Squire, and R.P. 
Clower. U C S D  Depts. of Neuroscience and Psychiatry, La  Jolla, C a  92093, 
and V.A. Medical Center, S an  Diego, C a  92161.

Research in humans, monkeys, and rodents has shown that a  system  
of anatomically linked structures in the medial temporal lobe is important for 
memory function. Th is system  is comprised of the hippocampal region (i.e., 
the dentate gyrus, hippocampus proper and subiculum) and the entorhinal, 
perirhinal, and parahippocampal cortices. W hereas the hippocampal region 
has long been thought important for memory, there are few studies of the 
effects of dam age limited to the hippocampal region on memory in 
primates. W e used magnetic resonance imaging techniques, together with 
a stereotaxic approach, to produce bilateral electrolytic lesions limited to the 
hippocampal region (the H lesion) that spared the adjacent perirhinal, 
entorhinal, and parahippocampal cortex.

Monkeys with the H lesion exhibited a significant and long-lasting 
impairment on the delayed nonmatching to sample task at long delays (1 0  
and 40 minutes). The H lesion did not produce significant impairment on 
two other am nesia-sensitive tasks, retention of object discrimination and 
concurrent discrimination. Overall, m onkeys with the H lesion performed 
better than monkeys with larger lesions that included the hippocampal 
region and dam age to the entorhinal and parahippocampal cortices (the H+ 
lesion). The pattern of the impairment produced by the electrolytic H lesion 
w as similar, however, to that observed following bilateral fornix lesions or 
following ischem ic lesions of the hippocampus. Th ese  findings make two 
points. First, the hippocampal region itself is necessary for normal memory 
function. Second, the adjacent entorhinal and parahippocampal cortices 
are also an essential part of the medial temporal lobe memory system.
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186.9
SEVERITY OF MEMORY IMPAIRMENT IN MONKEYS AS A 
FUNCTION OF LOCUS AND EXTENT OF DAMAGE WITHIN 
THE MEDIAL TEMPORAL LOBE MEMORY SYSTEM.
S. Zola-Morgan*L.R. Squire and S J . Ramus. V.A. Medical Center, 
San Diego, and Dept. of Psychiatry, U .C .S.D. School of Medicine, 
La Jolla, CA 92093.

During the past decade, work with monkeys has helped identify 
the structures in the medial temporal lobe important for memory: 
the hippocampal region (i.e ., the hippocampus proper, dentate 
gyrus and the subicular complex), and adjacent cortical areas 
anatomically linked to the hippocampus, i.e ., entorhinal, perirhinal, 
and parahippocampal cortices. One idea that has emerged from 
this work is that the severity of memory impairment might increase 
as more components of the medial temporal lobe are damaged.
We evaluated this idea by examining behavioral data from 10 nor
mal monkeys and 20 monkeys with bilateral lesions o f the medial 
temporal lobe that completed testing on a standard memory bat
tery. Damage limited to the hippocampal region produced a mild 
memory impairment. More severe memory impairment was 
produced when the damage was increased to include the adjacent 
entorhinal and parahippocampal cortices (H +  lesion). Finally, 
memory impairment was even more severe when the lesion 
was extended forward toinclude the anterior entorhinal cortex and 
the perirhinal cortex (H+  +  lesion). These findings support the view 
that the hippocampal region itself is critical for memory function. In 
addition, these findings emphasize the importance for memory 
function of the cortical regions adjacent to the hippocampus.

186.11
PROBABILISTIC CATEGORY LEARNING IN AMNESIA B.J. 
Knowlton. M.A. Gluck.4- & L.R. Squire. VA Med. Ctr. and Dept. 
of Psychiatry, UCSD, LA Jolla, CA 92093; +Ctr. for Molecular & 
Behavioral Neurosci., Rutgers Univ., Newark, NJ 07102.

Amnesic patients (N=7) and control subjects (N=10 in task 1, 
N=14, in task 2) were trained on 2 category learning tasks in 
which each of 4 cues was probabilistically associated with 1 of 2 
outcomes. Because the associations were probabilistic, information 
learned on single trials was not as relevant as information learned 
across trials. In one task, the cues were medical symptoms and the 
2 outcomes were ficticious diseases. In a second task, the cues were 
visual patterns that predicted either sunshine or rain. On each of 
350 trials 1-4 cues appeared, and subjects attempted to predict the 
outcome. During the first 50 trials of both tasks, amnesic patients 
and control subjects exhibited significant learning, and the learn
ing curves were virtually superimposable. Nevertheless, the am
nesic patients exhibited severely impaired memory for the learn
ing episode itself. Normal subjects improved somewhat more than 
normal subjects during trials 51-350. This difference approached 
significance for task 2 (p=.06). The results suggest that learning 
cue-outcome associations is nondeclarative early in training and 
independent of the structures damaged in amnesia. The findings 
provide additional evidence that the capacity for implicit learning 
in humans extends beyond the learning of perceptual and motor 
skills. These findings are relevant to recent connectionist theories 
of category learning, and raise the possibility that the learning of 
cue-outcome associations is fundamentally similar to conditioning 
as studied in experimental animals.

186.13
INTEROCULAR TRANSFER OF LEARNING ON A 
RANDOM DOT DISCRIMINATION TASK SUGGESTS A 
MECHANISM BASED ON A COMPUTED SPATIAL 
PARAMETER. Joy Hirsch* Vision Lab, Dept o f Neurology, 
MSKCC, New York, NY 10021.

The mechanism by which observers improve performance with 
practice on many visual tasks remains unknown. One recent 
model1 postulates interpolation between stored representations of 
a specific stimulus, and is supported by findings that show 
improvement on a Vernier task does not generalize across 
orientations2. We investigate the stimulus specificity constraint 
of this model by measuring generalization of learning when a 
unique stimulus is reconfigured from trial-to-trial. Observers 
with no prior psychophysical experience participated in 
monocular experiments that measured dot displacement 
performance in random dot arrays3. Performance improved 
asymptotically and transferred interocularly in all cases. We 
conclude that perceptual learning can be based on a neurally 
computed and stored spatial parameter rather than representation 
of the actual stimulus.
1. Poggio, Fahle & Edelman (1991) Science. 256,1018-1021.
2. Fahle & Edelman (1993) Vision Res. 33,397-412.
3. Hirsch & Mjolsness (1992) Vision Res. 32,335-346.

186.10
PERCEPTUAL THRESHOLDS AND PRIMING IN AMNESIA. 
Hamann and L.R. Squire*. VA Med Ctr. and Dept. of Psychiatry, 
UCSD, La Jolla, CA 92093. The widely-accepted idea that 
perceptual priming is intact in amnesia has been challenged by the 
suggestion that perceptual identification thresholds may be 
elevated in amnesia, which could mask a priming deficit by 
artificially inflating priming. That is, when identification 
thresholds increase, it is often the case that the magnitude of 
priming also increases. Previous studies of priming in amnesia 
have yielded mixed results, some finding elevated thresholds, and 
others finding thresholds to be normal. No studies have 
systematically examined perceptual thresholds of amnesic patients 
across a wide range of stimulus conditions. We examined 
perceptual identification thresholds across 6 exposure durations 
ranging from 33 to 116 msec, using two kinds of verbal material. 
Twelve amnesic patients and matched controls were tested for their 
ability to identify visually presented large-print (approx. 2 deg. X 
12 deg. of visual angle) 6-letter words that were followed by a 
pattern mask. Perceptual thresholds for amnesic patients were 
entirely normal across the full range of exposure durations 
examined, during which performance ranged from just above 0% to 
nearly 100% correct. When the size of the words was greatly 
reduced to approximately .25 deg. X 1 deg. of visual angle, the 6 
amnesic patients with Korsakoff’s syndrome exhibited elevated 
identification thresholds. However, the 6 amnesic patients with 
other etiologies, including patients with medial temporal lobe or 
diencephalic lesions, exhibited normal identification thresholds. 
Our results indicate that elevated perceptual thresholds are not a 
necessary consequence of amnesia, supporting the conclusion that 
normal priming in amnesia is not an artifact of threshold 
differences. The results strongly support the conclusion that 
priming is a dissociable memory function, independent of the brain 
structures important for declarative memory.

186.12
PRIMING OF POPOUT: AN EXAMPLE OF IMPLICIT 
SHORT-TERM MEMORY. V. Malikovic and K, Nakavama* 
Vision Sciences Lab., Dept. Psychology, Harvard University, 
Cambridge, MA.

We studied a variant of a popout task in which human observers 
identified the shape of an odd-colored target. Target color, position 
and shape in this task were completely unpredictable from trial to 
trial (Bernoulli sequences). Repetition of either color or position in 
this task improved performance, repetition of shape did not. When 
color changes were made totally predictable, observers' prior 
knowledge of upcoming target color did not alter the repetition 
effect, indicating priming is a passive and autonomous process.

To confirm that this is an example of implicit short-term memory 
as distinct from more frequently reported examples of explicit short
term memory, we compared the characteristics of each. In the 
priming of popout, a single trial most strongly facilitated the next 
consecutive trial with its influence gradually decaying over the 
following 5-8 trials (~30 seconds). Furthermore, improved 
performance over repeated exposures indicated that priming is 
graded and cumulative. In contrast, cued free recall of previous trials 
indicated a conscious awareness of only the previous trial, and, 
unlike priming, it also existed for the previous shape. This 
qualitative difference together with the very different time course 
indicates that the priming of popout is mediated by a distinct implicit 
short-term memory process.

186.14
INDIRECT ASSESSMENT OF MEMORY USING EYE MOVEMENT 
MONITORING. R.R. Althoff, M. Maciukenas,& N.J. Cohen*, Dept of 
Psychology & Neuroscience Program, Beckman Institute, University of Illinois at 
Urbana-Champaign.

We report a series of studies using eye movement monitoring as an implicit or 
indirect measure of memory for visual materials. This technique provides a novel 
qualitative measure of experience-dependent changes in on-line perceptual processing 
during the viewing of visual materials, permitting an opportunity for characterizing 
the nature of perceptual learning and memory in amnesic subjects as compared to 
normal control subjects.

In one study involving discriminating famous versus nonfamous faces, 
clustering and discriminant analyses of eye fixation patterns showed that eye 
movements distinguished between viewing of the famous and nonfamous faces at 
greater than 90% accuracy for a group of normal subjects. We applied this technique 
to the study of one densely amnesic patient, whose explicit recognition of famous 
faces was only 7 of 48 (15%) whereas her eye movement patterns resulted in 
classifying 40 of the 48 famous faces (83%) correctly. A second study involved 
visual search task of targets presented in the periphery of a display in which the to-be- 
located targets appeared in the center of the display. The targets repeated across 
presentations either in the same peripheral location or in different random locations. 
We have found rapid perceptual learning across 12 presentations of 24 objects in a 
densely amnesic patient, with learning manifested both in terms of reduced reaction 
times to repeated targets and in terms of actual eye movement behavior, e.g., reduced 
median number of fixations to reach the target, both of about 25%. The effects were 
equivalent for trials on which the target repeated in the same location and trials on 
which the target repeated in different locations, suggesting an impairment in binding 
together object and location information.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



440 NEURONAL DEATH I TUESDAY AM

187.1
BOTH NMDA R E C E P T O R  AG O N ISTS AND AN TAGO N ISTS IN CR EA S E  
C E L L  DEATH IN OVO  IN C H ICK  SPIN AL M O TO N EURO N S. M.A. Roberts.
J. Brunso-Bechtold, *and R.W. Oppenheim . Dept. of Neurobiol. and Anat., 
The Bowman Gray Sch . of Med., Winston-Salem, N C 27157-1010.

Both target and afferent inputs influence the survival of developing spinal 
motoneurons(MN). Much is known about the role of the target while little 
is known about how C N S  activity influences survival. During development, 
MN have both non-NMDA and NMDA(NMDA-R) type receptors (O ’Brien and 
Fischbach ,’8 6 ). S ince  preliminary experiments suggested a role for the 
NMDA-R in cell survival, we decided to investigate this receptor further. 
NMDA-R agonists or antagonists were injected daily onto the chorioallantoic 
membrane of the embryo from E 6 -E 8 . Effects on hindlimb motility were 
recorded. On E9, both healthy and pyknotic cells in the lateral motor 
column(LMC) were counted. No changes were seen  with low d o ses of 
NMDA or glutamate alone, but when injected together, >50% of embryos 
showed greatly reduced motility or paralysis and a  significant loss of MN. 
Neuronal death w as specific to the LM C. The competitive antagonist 2-APV 
w as ineffective. MK-801, a  non-competitive antagonist gave equivocal 
results. Initial experiments with low d o ses showed no significant difference 
in cell death, but higher d o ses resulted in increased cell death. In contrast, 
blockade of the NMDA-R using C PP , a  highly potent and selective 
antagonist, resulted in a significant increase in cell death and reduced  
motility. These  data suggest that, within a very narrow range, activation of 
this receptor may have a survival effect, but that above or below this range 
cell death occurs. Such  effects could be due to the regulation of 
intracellular С а г+ Studies are now underway to further explore this 
possibility.

187.3
SCIATIC NERVE TRANSECTION CAUSES EXPRESSION OF NITRIC 
OXIDE SYNTHASE (NOS) AND DEATH OF SPINAL MOTONEURONS 
IN NEWBORN AND EARLIER POSTNATAL RATS. Y. Li. W, Wu, F.
P.Schinco. and G.E.Goode* Depart, of Neurosurgery and Anatomy, 
Eastern Virginia Medical School. Norfolk.VA 23501.

In newborn rats, sciatic nerve transection caused motoneuron 
loss which was first evident 2 days and increased from 3 days to 10 
days post-injury. By 10 days post-injury, more than 90% of lesioned 
motoneurons had died and completely disappeared. No further cell loss 
was observed by 15 days post-injury. In earlier postnatal rats, 
motoneuron loss due to the lesion decreased while the postnatal age of 
animals increased. No significant motoneuron loss was evident when 
sciatic nerve was cut in 2 week old animals.

NOS was induced in the lesioned motoneurons when sciatic 
nerve was cut in newborn through 10 day old animals. Expression of 
NOS in lesioned motoneurons was first observed 2 days post-injury. 
Over the next few days the number of positive motoneurons and 
staining intensity increased and reached the maximum 5-7 days post
injury. By two weeks postnatal, however, sciatic nerve transection did 
not cause induction of NOS in the lesioned motoneurons, neither the 
cell loss which was similar to the results of sciatic nerve cut in the adult 
rats. These data indicate that there is a correlation between induction 
of NOS in lesioned motoneurons and the death of these cells. NOS may 
play a important role on the motoneuron death due to axotomy at 
earlier postnatal development (Supported by a grant from the PVA 
Spinal Cord Research Foundation).

187.5
DIPHENYLPIPERAZINES PROTECT MOTONEURONS FROM DEATH 
AFTER FACIAL NERVE INJURY J.X. Tone. M.E. Eichler. S B. Bailev. A.S. 
Villadieeo. and K.M. Rich* Department of Neurological Surgery, Washington 
University School of Medicine, Saint Louis MO 63110.

Some diphenylpiperazines can prevent trophic-factor-induced neuronal 
death after NGF deprivation and after peripheral axotomy in rat sensory neurons. 
We asked whether diphenylpiperazines are effective in retarding neuronal death in 
CNS motoneurons after injury.

Newborn rats, injected subcutaneously with flunarizine, cinnarizine, or 
PBS (control) every 12 hours beginning on PND-1, received facial nerve cut or 
crush at the stylomastoid foramen on PND-2 under hypothermic anesthesia. On 
PND-9, the facial nerve nucleus was processed. The diphenylpiperazine groups 
demonstrated significant improvement in neuronal survival. Compared to 
uninjured controls, flunarizine and cinnarizine provided 47% and 46.3% neuronal 
protection, respectively, after facial nerve cut but only 23% of the cells survived 
in PBS-treated animals. Similarly, flunarizine- and cinnarizine-treated rats had 
enhanced neuronal survival, 58% and 57%, respectively, in the facial nerve 
nucleus after crush injury compared to PBS-treated rats (38%).

Another group of rats was injected subcutaneously with flunarizine or 
cinnarizine every 12 hours from PND-1 through PND-30. These rats had facial 
nerve crush on PND-2; twelve weeks after this injury, HRP was injected distal to 
the original crush site. HRP labeling revealed that 32.1% of the neurons in the 
facial nerve nucleus survived in the flunarizine- or cinnarizine-treated animals 
while only 21.9% of these neurons remained in PBS-treated rats.

The diphenylpiperazines, flunarizine and cinnarizine, provide 
motoneuronal protection for prolonged periods after injury in the CNS.

187.2
N EURO NAL DEATH IN  THE CERVICAL CORD OF 
EM BRYONIC CH ICK -Q UAIL C H IM ER A S. H .  Y a g in u m a *  
and N. Takashita. Dept. Anatomy, Inst. Basic Med. Sci., Univ. 
Tsukuba, Tsukuba, Ibaraki 305 Japan.

Massive cell death occurs in the ventral horn o f the chick cervical 
cord. Striking features of this cell death are precocity o f onset, short 
duration and large numbers of synchronously dying cells. This cell 
death begins on embryonic day (E)4 and lasts less than one day in the 
chick embryo. We have confirmed that this cell death also occurs in the 
quail embryo and its onset is approximately a half day earlier than that in 
the chick embryo, reflecting the faster progress of development of the 
quail embryo. We utilized this time difference between the two species 
to determine how much environment affects the time o f initiation of this 
cervical cell death. Three segments of the cervical neural tubes were 
transplanted either from chicks to quails or from quails to chicks on E l.5 
when the developmental stages of both species are similar to each other. 
Cases in which the cervical segments were exchanged between the same 
species were made as controls. At E4 and E4.5 the number of dying 
and dead cells was counted in the cervical segments, including 
transplanted grafts, and compared with that in controls. It was 
observed that following both chick-to-quail and quail-to-chick 
transplantations, the number of dying and dead cells was similar to that 
in the controls. Thus, the cervical cell death occurs in the transplanted 
grafts according to the time schedule of the donors but not to that of the 
hosts. These results suggest that the time o f initiation o f the cervical 
neuronal cell death in the avian embryos is determined by intrinsic 
programs.

187.4
INDUCTION OF NITRIC OXIDE SYNTHASE (NOS) IN SPINAL 
MOTONEURONS AND GLIA BY AVULSION INJURY. W. Wu*. F.J, 
Liuzzi. F.P. Schinco. T.M. Dawson and S.H. Snvder. Depart, of 
Neurosurgery, Eastern Virginia Med. Sch., Norfolk, VA 23501 and Dept. of 
Neuroscience, The Johns Hopkins Univ. Sch. of Med., Baltimore, MD 
21205.

Spinal root avulsion in adult rats induced NOS gene expression in 
injured motoneurons and surrounding glia as shown by NADPH-diaphorase, 
immunocytochemistry, and in situ hybridization. Motoneuron expression was 
first evident within a week of the injury. Both NADPH-diaphorase and NOS 
immunocytochemistry stained the same population of motoneurons which 
expressed NOS. Over the next 2 weeks the number of positive motoneurons 
and the staining intensity increased and reached the maximum by 3-4 weeks 
post-injury. Subsequently, coincident with a dramatic loss of motoneurons in 
the affected segment, the number of NOS-positive motoneurons decreased. 
Finally, by 8-10 weeks post-injury, NOS-positive motoneurons disappeared.

At earlier post-injury times, microglia (OX-42 positive) increased 
dramatically on the lesioned side of the cord. These microglial cells were 
found to surround the lesioned motoneurons which were NOS positive. 
However, by 6 to 8 weeks post-injury, a time of maximal motoneuron loss, 
NOS-positive astrocytes (GFAP positive) predominated while microglia were 
no longer evident in the region. These data indicate that NOS expression is 
induced in motoneurons and glia following root avulsion and is coincident 
with a significant loss of injured motoneurons. Studies are now underway to 
determine whether NOS expression is directly involved in the death of these 
cells, (supported by the PVA Spinal Cord Research Foundation).

187.6
R(-)-DEPRENYL ALTERS BOTH THE TIM E-COURSE FOR MOTONEURON 
DEATH AND THE EXTENT OF REACTIVE ASTROCYTE HYPERTROPHY 
FOLLOW ING FACIAL NERVE AXOTOMY. W .Y.H.Ju*. D.P, Holland. H. Huamr. 
M.M. Kwan and W.G.Tatton. Centre for Research in Neurodegenerative Diseases, Tanz 
Neuroscience Building, University o f  Toronto, Toronto, Ontario, Canada M5S 1A8.

There is an age-dependence for motoneuron survival following axotomy, where axotomy 
in immature animals results in significant cell death(l). Astrocytes are known to undergo 
reactive, morphological changes in response to facial nerve axotomy primarily by the 
increased expression of glial fibrillary acidic protein (GFAP). W e have previously reported 
25% survival o f  axotomized 14 day old (P14) rat facial motoneurons (FMns) by 21 days 
post-axotomy (DPA), this present study examined the time-course for both die death of the 
motoneurons and the accompanying reactive astrocyte hypertrophy. Death o f  axotomized 
P14 FMns was examined at 1,3,5,7,9,14, and 21 days post-axotomy, and motoneuronal 
death was apparent as early as 1 DPA (68% survival), while both the magnitude and rate of 
death reached peak levels by 3 to 5 DPA (43% survival by 5 DPA). W e also found that 
80% of the death was completed by 7 DPA. The temporal increases in thdtfeactive 
astrocyte hypertrophy as estimated by the relative extent o f  GFAP immunoreactivity, were 
observed as early as 1 DPA (a 325% increase over detectable GFAP in age-matched 
controls) and reached peak levels o f 3650% by 7 DPA and declined to levels o f 1690% by 
21 D P A  The results show that the maximum rate o f  death o f axotomized FMns precedes 
the maximal reactive astrocyte hypertrophy. W e also examined whether R(-)-Deprenyl, 
which has been shown to increase FM n survival at 21 DPA (2), independent of 
monoamine oxidase В (MAO-B) inhibition (3), was also effective in al tiring  the time- 
course o f  motoneuronal death and the resulting reactive astrocyte response. Treatment of 
axotomized P14 rats with 0.1 mg/kg/2 days o f  R(-)-Deprenyl not only increased the 
survival fremi 24% to 52% but also markedly shifted the motoneuronal death curve to the 
right by 24-48 hours. Interestingly, the same dose o f  R(-)-Deprenyl also increased the 
relative extent o f  the GFAP response to 428% at 1 DPA (p<0.02, Maim-W hitney U-test). 
Other work indicates that the FMns are lost via programmed cell death. The role of R(-)- 
Deprenyl and astrocytes in altering motoneuronal death will be considered.
1. W igston and Crews. Journal o f  Neuroscience 10(5): 1643(1990)
2. Salo and Tatton. Journal o f Neuroscience Research.31:394(1992)
3. Ansali et al. Journal o f  Neuroscience. In press (1993)
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187.7
(-)DEPRENYL INCREASES OR DECREASES THE SURVIVAL OF 
AXOTOMIZED FACIAL MOTONEURONS IN DIFFERENT STRAINS OF 
MICE. C3JQÌL· В J. Murray, D.R Holland.. RBhattacharya, W.G.
Tatton*CRND & Univ. of Toronto, Toronto, Ontario, M5S 1A8, Canada 

Most adult motoneurons(Mns) survive axotomy, presumably due to Mns 
receiving multiple source of trophic support as compared to immature animals 
after axotomy. In immature P14 rats, only 25% of axotomized facial 
motoneurons (FMns) survive and (-)deprenyl markedly increases the survival of 
FMnsl. In order to determine relative Mn vulnerability to axotomy and the effect 
of (-)deprenyl in different strains of mice, one facial nerve was transected in adult 
А/J, C57BL/6J and C57BL/Mnd mice. Animals were treated with saline or 
lmg/kg/2d (-)deprenyl for 3 weeks. Whole nuclear FMn counts were obtained 
from serial Nissl and СҺАТ stained sections. In the А/J strain, more than 90%
FMns survived axotomy which is similar to previous findings. In C57B1/6J 
strain, only 38+2% of FMns survived axotomy and (-)deprenyl increased this to 
52±3%(p=.002). In the C57BL/6J strain, a genetic trait maybe responsible for 
greater vulnerability of FMns to axotomy since others have found decreased 
ability to regenerate its peripheral axons in this strain2. C57BL/Mnd mice 
showed 69±2% FMn survival, however, (-)deprenyl treatment decreased the 
surviving FMns to 55+2%. To test the possibility that the metabolites of (- 
)deprenyl, (-)amphetamine and (-)methamphetamine, are toxic to the damaged 
FMns, axotomized C57BL/Mnds were treated with these metabolites at a dose 
equimolar to lmg/kg (-)deprenyl. Decrease in FMn survival to 42±3% showed 
that metabolites of (-)deprenyl can be toxic to Mns with an underlying 
neurodegenerative defect as in the case for C57BL/Mnd mice3· We conclude that 
the genetic variants between different strains of mice are responsible for the extent 
to which Mns are vulnerable to axotomy and their differential response to (- 
)deprenyl. (l)Salo&Tatton(1992)J.Neurosci.Res. 31:394-400
(2) Xin,Richardson,Gervais&Skamene(l990)Brain Res.510:144-146
(3) Messer,Plummer, Maskin,Coffin & Frankel(1992)Genomics.l8:180-191

187.9
EVIDENCE FOR PROGRAMMED CELL DEATH IN MOTOR NEURONS IN THE 
RAT CENTRAL NERVOUS SYSTEM (CNS). В.Ї. Wilcox*. R.E. Clatterbuck, D.L. 
Price and V.E. Koliatsos. The Johns Hopkins Univ. Sch. o f Med., Balto., MD, 
21205.

Axotomy o f  th e  facial n erve  o f  th e  n eo n a ta l rat resu lts  in  re tro g rad e  d e a th  o f  
75% of m otor n e u ro n s in  th e  facial m o to r  n u c leu s  (FMN). H ow ever, little is 
known about th e  ce llu lar m echan ism s b y  w h ich  re tro g rad e  n e u ro n a l d e a th  
occurs in  th e  CNS. Seven  days p ostle s ion , a x o to m ized  n e u ro n s  d isp lay  
characteristic u ltrastructural fea tu res  o f  p ro g ra m m e d  cell d e a th  (PCD ), in clud ing  
clumping o f  n u c lea r DNA, cy top lasm ic  vacuolization , a n d  b leb b in g . W e 
hypothesize th a t a xo tom y o f  th e  facial n e rv e  a t p o s tn a ta l d a y  0 in itiates 
PCD-like m echan ism s in  th e se  ax o to m ized  m o to r n eu ro n s. A m ark er for PCD 
is the fragm en ta tion  o f  nu c le a r  DNA. T o  d e te rm in e  if a x o to m ized  m o to r 
neurons in  th e  facial n u c leu s  d isp lay  th is  fea tu re , w e  h av e  u se d  th e  TUNEL 
(tdt-m ediated dU T P-biotin  nick  e n d  labeling ) m eth o d  fo r  labeling  cells 
undergoing PCD in  situ. A nalysis o f  sec tio n s  from  an im als sacrificed  a t 4, 5, 
and 6 days p o s ta x o to m y  sh o w e d  lab e le d  n u c lea r p ro files sc a ttere d  th ro u g h o u t 
the axotom ized  FMN at all tim e po in ts . N o la b e le d  pro files w e re  o b se rv e d  o n  
the contralateral u n les io n e d  s ide. For v a lida tion  o f  th e  se lec tiv ity  o f  th e  
method, w e  h av e  e x a m in e d  d e v e lo p in g  rat sp in a l c o rd  w h e re  natu ra lly  
occurring PCD is th o u g h t to  occur. W e o b se rv e d  lab e le d  pro files in  th e  
developing m o to r c o lu m n  a t e m bryon ic  d a y  16. T h e se  resu lts  su p p o rt  th e  
hypothesis th a t PCD c a n  o ccu r in  th e  m am m alian  CNS a n d  th a t th e  TUNEL 
method m ay b e  a  usefu l too l fo r se lec tive ly  m ark ing  d y in g  neu ro n s.

187.11
THROMBOSPONDIN (TSP) AND O THER EXTRACELLULAR MATRIX 
(ECM) M O LECU LES ENH AN CE TH E SURVIVAL O F RAT 
SYMPATHETIC NEURONS. D. Higgins* and D.J. Osterhout. Dept. 
of Pharmacology, State University of New York, Buffalo, NY 14214.

We have previously reported that TSP  enhances axonal growth 
from many types of neurons. To further characterize the effects of 
this ECM protein, we have examined the possiblity that it might 
modulate responses to nerve growth factor (NGF). Sympathetic 
neurons dissociated from embryonic rat sympathetic ganglia were 
plated onto a substrate consisting of either polylysine alone or of 
matrix molecules adsorbed to polylysine. When the serum-free 
culture medium contained sub-optimal concentrations of N GF (< 1 
ng/ml), most neurons grown on polylysine died within 3 days. 
Under these conditions, precoating the substrate with TSP  enhanced 
neuronal survival 2- to-5 fold and also increased process formation. 
A survey of other matrix proteins revealed that similar increases in 
survival could be obtained with laminin, merosin and type IV 
collagen, but not with fibrinogen or BSA. These data confirm the 
observations of Edgar et al. (EMBO J . 7:1463-146) that laminin can 
enhance neuronal survival and further suggest that this may be a 
rather general property of neurite-promoting ECM  molecules.

187.8
R(-)DEPRENYL, NO T ITS M AJOR M ETABOLITES, RESCUES AXOTOM IZED 
IM M ATURE RAT FACIAL M OTONEURONS.
K.S .A nsari*.F .Zhang.D .P .H olland.P .H .Y u & W .G.Tatton. CRND, Univ. o f  Toronto, 
Toronto, O N T & N europsych. Res.Unit, Univ. o f Saskatchew an, Saskatoon, SASK.

R(-)deprenyl rescues M PTP-dam aged murine dopam inergic neurons and P14 rat facial 
m otoneurons (FM ns) a fter axotom y (1). The rescue is stereospecific and independent o f 
MAO-inhibition (2). We investigated w hether deprenyl metabolites might be responsible 
for the rescue and w hether som e related com pounds had efficacy .Saline or selected drugs 
w ere g iven every 2. day. Am phetam ine and metham phetam ine were not responsible for 
the rescue as neither m etabolite affected survival when given at a dose equim olar to the 
R(-) deprenyl dose that produced maximal rescue. MAO-inhibitors differing with respect
to enzym e selectivity, structure and binding reversibility w ere tested:
DRUG Increased ED50 Propargyl Inhibition(% )*)

Survival (%) mEq/kg Terminus MAO-B MAO-A
Saline 0 None Yes 0 0
R(-)Deprenyl 120 0.02 Yes 0 0
S(+)Deprenyl 0 None Yes 70 10
Pargyline 83 22 Yes 90 70
Clorgyline 0 None Yes 0 80
(-)Amphetamine 0 None No 0 0
(-)M ethamphetamine 0 None No 0 0
2H xM P 71 >20 Yes 90 0
M 2PP 0 None Yes 90 0
Ro 16-6491 0 None No 70 0
Iproniazid 0 None No 90 90
*)at minimal drug  dose producing rescue or, if no rescue, largest dose tested 
Pargyline and 2HxM P also induced rescue w hereas tw o other propargylam ines, 
clorgyline and M2PP, had no effect. The dose-response curve for pargyline w as shifted 
100-fold to the right indicating that som e other structural feature confers efficacy upon 
R(-)depreny!.W e propose that M A O -independent rescue o f P14 FM ns involves the 
interaction o f R(-)deprenyl with a high affinity stereospecific site that induces 
com pensation for loss o f target derived trophic sup p o rta i]S a lo  &
Tatton,J.N eurosc.R es.31:394,1992[2]A nsari et al.J . N eurose.,in press,1993.

187.10
REDUCED SURVIVAL OF POSTGANGLIONIC SYMPATHETIC NEURONS IN 
EXPERIMENTAL (THOR-BR) CHICK EMBRYOS. P. Cauwenberqst Anat. 
Dept., CMCC, Toronto, Ontario, Canada. M4G 3E6

To determine the effect of altered preganglionic inner
vation on neuronal survival in sympathetic trunk ganglia 
(STG)total numbers of live postganglionic neurons were 
counted in serial cross-sections of experimental and con
trol chick embryos from embryonic day 8E to day 16E.Exper
imental (Thor-Br) embryos were prepared by transplantation 
of a donor thoracic neural tube into the brachial neural 
tube region of host embryos at day2E, while brachial neural 
tube transplant (Br-Br) or unoperated (UC) embryos served 
as controls.Previous analyses showed that STG are structur
ally normal but reduced in size (Soc. Neurosci.Abst.30.3: 
50,1992), even though the STG are dually innervated by both 
transplanted donor and in situ host thoracic neural tubes 
in Thor-Br embryos. The present study revealed that the 
total number of live postganglionic neurons within individ
ual STG was significantly reduced (52%) from control(Br-Br 
and UC) values at all stages analysed.These results suggest 
that although a slight reduction in the postganglionic 
neuronal pool was observed in some control (Br-Br) embryos, 
the greatly reduced cell numbers seen in STG of Thor-Br 
embryos may be due, not to aberrant neural crest cell dev
elopment following the transplantation procedure,but rather 
to abnormal neuronal survival patterns.
(Supported by the Chiropractic Foundation for Spinal 
Research and CMCC)

187.12
LIF AND CNTF INDUCE PROGRAMMED DEATH OF 
CULTURED SYMPATHETIC NEURONS. J. A. Kessler*. W. H. 
Ludlam, M. M. Freidin. D, H, Hall. M. D. Michaelson. D. C. Spray. 
M. Dougherty and D. K. Batter. Departments of Neurology and 
Neuroscience, Albert Einstein College of Medicine Bronx, NY 10461 

Programmed death of sympathetic neurons is inhibited by nerve 
growth factor (NGF). However, factors which induce programmed 
death of these cells are unknown. Treatment of cultured sympathetic 
neurons with leukemia inhibitory factor (LIF) or ciliary neurotrophic 
factor (CNTF), caused neuronal death in a dose dependent fashion. 
The doses required to induce cell death (> 20 ng/ml) were greater 
than those necessary to stimulate transmitter gene expression 
(Yamamori et al, 1989; Saadat, 1989). Inhibition of RNA or protein 
synthesis, or treatment with elevated potassium, all of which prevent 
programmed death of sympathetic neurons after NGF-deprivation, 
prevented LIF-induced death. The morphologic and ultrastructural 
characteristics of the neuronal death induced by LIF and by NGF 
deprivation were similar. Further, increasing NGF concentration 
antagonized LIF-induced neuron death. LIF did not alter membrane 
levels of NGF receptors and did not inhibit binding of NGF to its 
receptor. LIF also did not significantly alter levels of cytoplasmic 
calcium. These observations suggest that neuron numbers may be 
regulated by factors which initiate programmed cell death as well as 
by factors which prevent it
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187.13
DIFFERENTIAL EFFECTS OF NGF AND CHRONIC DEPOLARIZATION 
ON THE SURVIVAL AND NEURITE OUTGROWTH OF SYMPATHETIC 
NEURONS IN CULTURE. J.L. Franklin*. C. Sanz-Rodrieuez. A. Juhasz and
E.M. Johnson. Jr. Dept. of Mol. Biol, and Pharmacol., Washington Univ. Sch. 
of Med., St. Louis, Mo 63110.

Superior cervical ganglion neurons were dissociated from E21 rats and 
maintained in medium containing NGF and 5 mM K+0. Tight-seal whole-cell 
recordings showed that the resting membrane potentials (Vm) of these neurons 
was -50 ± 3 mV. Five days after plating, withdrawal of NGF caused 80-100% 
of the cells to die within 2 days. Replacement of NGF-containing medium at 
day 5 with one having 50 mM K+0 w/o NGF chronically depolarized Vm to -21 
± 3 mV and prevented death; 100% of the cells survived for at least 11 more 
days. Withdrawal of NGF in medium containing either 5 or 50 mM K+0 for the 
first 2 days after plating resulted in the death of all neurons. Thus, NGF can 
promote survival at the time of plating while the ability of depolarization to 
support survival develops over a period of several days. Previous work has 
shown that the effect of prolonged depolarization on survival is mediated by a 
sustained increase of [Ca2+]i. Fura-2 measurements showed that, 5 days after 
plating, mean steady-state [Ca2+]j in neurons with Vm = -50 mV was » 60 nM 
while at -21 mV it was » 235 nM. One day after plating [Ca2+]j at Vm = -50 
mV was * 48 nM while at -21 mV it was » 94 nM. Thus, the failure of 
depolarization to promote survival of newly plated cells may be accounted for 
by lack of the ability of the cells to respond to depolarization with a sufficient 
rise of [Ca2+]j. At -50 mV in medium containing NGF neurites grew at a linear 
rate of »0.5 mm/day for at least 3 weeks. The neurites of cells maintained at -21 
mV w/o NGF for the same period did not grow or retract while at -21 mV + 
NGF neurite outgrowth was sustained. These data indicate that chronic 
depolarization supports survival and stabilizes neurites but does not support 
neurite outgrowth. Supported by Ronald McDonald Foundation and Amgen 
Corp.

187.15
THE ROLE OF NEURITE DISINTEGRATION IN TROPHIC 
FACTOR DEPRIVATIO N-INDUCED PROGRAM M ED  
NEURONAL DEATH. T.L. Deckwerth* and E.M. Johnson. Jr. 
Washington University School of Medicine, Department of Molecular 
Biology and Pharmacology, S t Louis, Missouri 63110, USA.

Trophic factor-dependent neurons die by apoptosis when 
undergoing programmed cell death after trophic factor deprivation 
(Deckwerth et al. 1992. Soc. Neurosci. Abs. 18:49). Preceding loss 
of viability, the neurites disintegrate, the neuronal somata atrophy, 
and the trophic factor-deprived neurons lose the ability to respond 
to re-addition of trophic factor with long-term survival, thus 
committing them to die. The regulation of these degenerative 
processes is unknown. We show, that the mutation causing delayed 
Wallerian degeneration in C57BL/6-Wld/01a/HSD mice (Perry et al. 
1990. Eur. J. Neurosci. 2:802-808) affects programmed neuronal 
death of highly purified cultured neonatal sympathetic neurons 
deprived of their trophic factor nerve growth factor by greatly 
retarding neurite disintegration. In contrast, soma atrophy, commit
ment to die, and loss of viability occur with timecourses indistin
guishable from those of neurons of non-mutant mice. We conclude 
that the mutation is an intrinsic neuronal property independent from 
non-neuronal cells, that the processes activating or executing 
degeneration in soma and neurites must differ, and that neurite 
disintegration is not required for programmed neuronal death.

187.14
PROMOTION OF SYMPATHETIC NEURONAL SURVIVAL BY 
LEUKEMIA INHIBITORY FACTOR AND CILIARY NEUROTROPHIC 
FACTOR P. Kotzbauer. P.A. Lampe. S. Estus. J. Milbrandt.* and E.M.
Johnson. Jr.. Department of Molecular Biology & Pharmacology and Department 
of Pathology, Washington Univ. School of Medicine., St. Louis, MO 63110.

Leukemia Inhibitory Factor (LIF) and Ciliary Neurotrophic Factor (CNTF) 
promote the cholinergic differentiation of sympathetic neurons in culture. We 
examined the ability of these factors that regulate transmitter phenotype to 
promote the survival of superior cervical ganglion (SCG) sympathetic neurons in 
vitro. Embryonic-day-21 rat SCG neurons were maintained for 5 days in medium 
containing NGF. After NGF deprivation on the 5th day of culture, 85-90% of the 
neurons underwent programmed cell death over the next three days. Cell death 
was prevented when either LIF or CNTF was added to the culture medium at the 
time of NGF deprivation. The dependence of siuvi vai on LIF or CNTF 
concentration was similar to the concentration dependence of cholinergic 
differentiation in response to these factors, with half-maximal neuronal survival 
observed at 500 μg/ml (10 pM) for LIF and 250 μg/ml (10 pM) for CNTF. In 
agreement with previous reports, we found that survival-promoting activity of 
these growth factors is not initially present in E-21 neurons. Rather, the ability of 
LIF or CNTF to promote neuronal survival in the absence of NGF develops 
gradually after 2 days of culture in the presence of NGF and reaches a maximum 
on the fifth day of culture, when nearly all these neurons are able to survive in 
their presence. Preliminary results indicate that the ability of LIF or CNTF to 
maintain freshly isolated neurons developed in vivo, as well; both LIF and CNTF 
were immediately able to support the survival of SCG neurons prepared from 
animals on postnatal day 6.

187.16
CELL DEATH IN THE RAT DORSAL ROOT GANGLION DOES NOT 
PLAY A MAJOR ROLE IN ESTABLISHING THE PATTERN OF 
SENSORY INNERVATION. CM. Poveri. R.E. CoggeshaU1. and M. 
Fitzgerald2. The Marine Biomedical Institute and Dept. of Anatomy and 
Neuroscience, The University of Texas Medical Branch, Galveston, TX 
775551 and The Dept. of Anatomy and Developmental Biology, University 
College London, UK2.

The classical view of mammalian dorsal root ganglion (DRG) cell 
development is that early over-proliferation is accompanied and followed by 
target-dependent cell death, resulting in a stable population of adult neurons.

Current experiments using stereological counting techniques in plastic 
sections of rat lumbar DRG from embryonic day (E)14 to adult show that 
there is no reduction in cell numbers at any stage between E14 and birth, 
despite the fact that the major innervation of the hindlimb and dorsal hom is 
taking place over this period. There is a significant fall of 17% (p=0.02) in 
cell numbers between birth and postnatal day (P)3, after which the values 
remain constant.

We presume the differences between our results and the classic literature 
are due to improved histology and counting methods, plus the finding that 
some of the cells previously thought to be dying neurons are now shown to 
be nuclei of embryonic red blood cells. Our data would then suggest that rat 
lumbar DRG cell death is limited and not related in any obvious way to 
target innervation.

Supported by NIH grants NS10161, NS11255, a Bristol Myers Squibb 
unrestricted pain grant and the Medical Research Council, UK.

187.17
B D N F  A N T IS E N S E  O L IG O N U C L E O T ID E S  E L I C I T  S E L E C T I V E  
N E U R O N A L  D E A T H  IN C U L T U R E S  O F  A D U L T  R A T  S E N S O R Y  
N EU R O N S : E V ID E N C E  TH A T A N EU R O T R O P H IN  A U T O C R IN E  L O O P  
S U S T A IN S  N EU R O N A L S U R V IV A L . A. Acheson*. N.Y. Ip. S .P . Squinto 
and R.M . L in d sav . Regeneron Pharm aceutica ls, Inc., Tarrytown, NY 
10591.

B D N F m RNA is present in sensory neurons of the adult dorsal root 
ganglion (D RG), as shown by in situ analysis, suggesting the possibility of 
local actions of BDN F within the ganglion. In contrast to developing sensory 
neurons, adult rat D R G  neurons survive in culture, even as single cells, in 
the absence of any added neurotrophic factor. Taken together these finding 
suggest that in the adult BD N F may function through an autocrine loop to 
maintain the survival of a sub-population of D R G  neurons. To explore this 
we examined the effect of 5 sense-antisense pairs of oligonucleotides (18- 
mers directed against the 3' end of the B D N F coding sequence) on adult 
D RG  neuronal survival in vitro. Over the range 0.5 -10pM, antisense (but 
not sense) BDN F oligonucleotides produced a dose dependent decrease  in 
neuronal survival; this cell death, which affected about 40%  of the neurons, 
w as prevented by the addition of exogenous BD N F. In addition to BDNF, 
other ligands of the Trk В receptor - NT-3, NT-4 - rescued neurons from the 
effects of antisense BD N F oligonucleotides, w hereas there w as no rescue  
with N G F, FG F , CN TF, or E G F . The specific, rescueable effect of antisense  
oligonucleotides w as seen  at cell densities a s  low a s  a single neuron/well 
(i.e. where paracrine action w as not ..possible). Taken together these data 
suggest that B D N F produced locally by D R G  neurons acts through an 
autocrine loop to maintain the survival of mature sensory neurons. We 
propose that autocrine action may be a more general feature of the 
neurotrophins, a role that may have an important implications in the etiology 
of neurodegeneratiave d iseases.
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188.1
Effect of unilateral zinc sulfate injection into the olfactory epithelium: 
a study of glial ECM changes in the olfactory bulb. M. de L. Gonzalez* 
and I. Silver. Dept. of Neurosci., Case Western Reserve Univ., 
Cleveland, OH 44106.

Rat olfactory axons make synapses with primary dendrites of 
mitral cell in the shape of glomeruli within the outer edge of the olfactory 
bulb (OB). In a previous developmental study of the OB, we suggested that 
Cytotactin/Tenasin (CT) and chondroitin-6-sulfate containing 
proteoglycan (C-6S-μg) form a molecular wall in the core of the 
developing OB, which grossly helps position the ingrowing olfactory 
axons in the glomerular layer (GL) (Gonzalez and Silver, Soc. Ns. Abs. 18: 
620, 1992; paper in press Exp. Neurol., 1993). What controls the formation 
of the CT/C-6S-μg ring pattern around each glomerulus? Gonzalez and 
Silver (paper in press, İ993) found that olfactory axons bundle in the 
shape of glomeruli before the glycoconjugates form rings around them, 
suggesting that axons control glial ECM patterning. We nave studied the 
effect, in me OB, of unilateral injection of a neurotoxin (10% zinc sulfate) 
into the olfactory epithelium after 5, 10 or 20 days. Using olfactory marker 
protein (OMP) and B-tubulin antibodies, we found that after 5 ana 10 days 
the number of glomeruli decreased by 74.3% in the injected side. At tne 
same time, we observed that the CT/C-6S-μg rings formed around each 
glomerulus were only present in the remaining small number of glomeruli in 
the OB. Elsewhere, the expression of CT/C-6S-μg was more homogeneous 
and disorganized in the GL. The expression of glial fibrillary acidic 
protein (GFAP) did not change significantly in tne injected side, as 
compared to the control side. We found that OMP-like and B-tubulin-like 
immunoreactivity was reexpressed as glomeruli reformed after 20 days. As 
glomeruli reappeared, CT/C-6S-μg -like immunoreactivity was 
reexpressed in rings around the new glomeruli. Again, at this later stage, 
the expression of GFAP was similar in both control and experimental sides. 
In the present study, we suggest that thegross positioning of glomeruli is 
controlled by the overall positioning of CT/C-6S-μg, but that formation of 
CT/C-6S-μg in the precise ring pattern is dependent upon contact with 
olfactory axons. Also, formation of glycoconjugates in rings may occur due to 
down regulation of matrix in the core of the glomerulus as it reforms.

188.3
SYNAPTOPHYSIN EXPRESSION IN OLFACTORY PIONEERING AXONS

M.T. Shiplev*. Q. Gona and W. Liu.
Dept of Anatomy & Cell Biology, University of Cincinnati Col. of Med., Cincinnati, OH45267.

We have reported that pioneering olfactory axons penetrate into the ventricular zone of 
the rostral telencephalon in E13-14 rat embryos. In addition, we have presented evidence that 
these axons regulate cell cycle kinetics in the olfactory bulb primordium (Gong & Shipley, this 
meeting). Pioneering olfactory axons could influence neurogenesis/differentiation in the 
olfactory primordium by releasing trophic/cell cycle regulatory molecules from their growth 
cones; these axons could also form transient synapses with bulb precursor cells. To explore 
these possibilities, we are investigating the expression of proteins involved in vesicular release 
in pioneering axons. Specifically, we have examined the expression of synaptophysin (P38), a 
transmembrane protein located in small presynaptic vesicles.

We observed P38-IR in pioneering olfactory axons as early as E13. Punctate P38 staining 
appeared in these nerve endings deep in the ventricular zone at E14. At E15, when most of the 
olfactory axons are limited to the superficial half of the developing olfactory bulb, P38-IR is 
significantly reduced or absent from the ventricular zone. At E14-15 there is also intense, 
punctate P38-IR at the surface of the olfactory primordium where the olfactory nerve layer is 
forming. Olfactory axons extending from the epithelium to the bulb are lightly labeled by P38- 
IR. No P38-IR is observed in the mantle layer of the olfactory primordium at E14-15. At E16- 
17, P38-IR is present in the bulb deep to the nerve layer. As previous EM studies report that 
the first synapses are not formed until E18, we are currently examining P38-IR at the EM level 
from E14-18. By E21, when abundant synapses have formed between olfactory axons and 
mitral cells, P38-IR is present in a glomerular-like pattern.

The expression of P38-IR in the terminals/growth cones of the pioneering olfactory axons 
suggests that these axons have releasable vesicles. These vesicles may contain trophic factors 
and/or molecules that regulate the kinetics of dividing bulb precursor cells. It is also possible 
that the synaptophysin is associated with transient synapses between pioneering axons and the 
cells of the olfactory primordium. EM studies are in progress to investigate contacts made by 
P38-IR pioneering axons in the bulb primordium.
(Supported by NİDCD DC00347 and N/NDS NS29218)

188.5
A ROLE FOR TENASCIN-LIKE MOLECULES IN THE 
DEVELOPING INSECT OLFACTORY SYSTEM. C E. Knill*. D.B. 
Morton. L.P. Tolbert. A. Faissner. and M. Schachner. ARL Neurobiology,
U. of Arizona, Tucson, AZ 85721; Dept. of Neurobiology, Heidelberg, 
Germany; Swiss Fed. Inst, of Technology, Zurich, Switzerland.

Previous studies in our laboratory have shown that molecules 
antigenically similar and of comparable size to tenascin are present during 
development of the olfactory lobe of the brain in the moth M anduca  
sexta. We are exploring whether tenascin-like molecules associated with 
glial cells participate in the formation of olfactory glomeruli, distinct units 
of synaptic neuropil in the lobe. Using immunogold-labeling methods to 
analyze tenascin-like immunoreactivity at the ultrastructural level, we find 
that glial cells that form borders around glomeruli as well as glia that 
bundle sensory axons into fascicles in the olfactory nerve display 
intracellular and extracellular labeling. Tenascin-like immunoreactivity also 
is found primarily in a soluble fraction of olfactory lobe proteins in 
biochemical assays.In combination, these results suggest that tenascin-like 
molecules are most likely secreted into the extracellular space by glial 
cells. To examine in more detail potential effects of tenascin on the 
development of olfactory-lobe neurons, we have grown these neurons in 
vitro on alternating stripes of concanavalin A/laminin and mouse CNS 
tenascin (with con A/laminin). At 24-48 hours in culture, some neurons 
whose cell bodies attach to con A/laminin alone grow neuntes that extend 
into tenascin stripes while other neurons extend processes that turn away 
from contact with tenascin. By 4 days in culture, many of the neurons 
extending processes on tenascin stripes have retracted them; some 
neurons confined to con A/laminin stripes have elaborate processes. These 
results suggest that the tenascin-like molecules on olfactory-lobe glial cells 
help to restrict dendritic outgrowth to the developing glomeruli.
[Supported by NIH (LPT: #NS20040) and the DFG (AF: #SFB 317/A 2,and MS).]

188.2
PIONEERING OLFACTO RY AXONS MAY INFLUENCE CELL CYCLE KINETICS IN THE 

DEVELOPING OLFACTORY PRIMORDIUM
Q PQng* and M.T. Shipley

Dept of Anatomy &Ceii Biology, University of Cincinnati Coi. of Med., Cincinnati, OH45267 
Pioneering olfactory axons reach the telencephalon and penetrate to the ventricular zone at 
the earliest stages of olfactory system development (E13 and E14). Subsequent to the 
arrival of these pioneering axons, the cellular architecture and morphology of this part of the 
telencephalon, the olfactory bulb primordium, undergoes a dramatic alteration to form what 
we call the olfactory bulge at E15. Since the stem cells for the olfactory bulb are located in 
the ventricular zone where the pioneering axons penetrate, we hypothesized that these 
pioneering olfactory axons may selectively influence the cell cycle kinetics and/or 
differentiation of the stem cells in the germinal zone.
Here, we compared cytokinetics in the olfactory primordium and the adjacent neocortex at 
ages when we observed pioneering axons. Cum ulative S-phase labeling with 
Bromodeoxyuridine (BrdU) was used to estimate the duration of the cell cycle (Tc), the 
duration of the S phase (Ts) and the percentage of the proliferating cells in these two 
telencephalic compartments (J Neurocyto. '89,18:311).
Tc in the olfactory primordium was 11.2 hr versus 11.7 hr in the rostrally adjacent neocortex 
at E13. By E14, after abundant pioneering olfactory axons penetrated into the ventricular 
zone, Tc in the olfactory primordium was 14.2 hr versus 11.7 hr in the rostrally adjacent 
neocortical compartment. Therefore, the appearance of the pioneering olfactory axons 
temporally coincides with a significant prolongation of the cell cycle in the olfactory 
primordium. In addition, the proportion of proliferating cells in the olfactory primordium was 
reduced to half of that in the adjacent cortex 0.5 hr after the BrdU injection. This indicates 
that more cells have exited the mitotic cycle in the olfactory primordium.
We suggest that (1) the increased proportion of postmitotic cells and (2) the longer 
duration of the cell cycle in the olfactory primordium plays a key morphogenic role in the 
formation of the olfactory bulb from the primative telencephalon. Specifically, we propose 
that pioneering olfactory axons regulate the mitotic cycle of the stem cells and cause 
daughter cells to exit the mitotic cycle. Thus, pioneering olfactory axons may induce the 
formation of the olfactory bulb. {Supportedby: N/HDC 00347& NS 29218)

188.4
THE 5HT NEURON IN THE OLFACTORY LOBE OF M A N D U C A  
SE X TA  DOES NOT PARTICIPATE IN PROTOGLOMERULUS 
FORMATION. LA Oland. AR Mercer. SR Kirschenbaum*. LP Tolbert. 
ARL Division of Neurobiology, U Arizona, Tucson, AZ 85721.

A single 5HT-immunoreactive neuron arborizes in the adult olfactory 
lobe of the moth M andu ca sexta with a dense tuft in each glomerulus 
(Kent e t a l ,  ’87); the neuron appears to receive little direct input from 
olfactory sensory axons (Sun e t a l ,  ’93) and has branches in the 
protocerebrum. We have followed its morphological development using 
immunocytochemistry and confocal microscopy to determine whether its 
pattern of development more closely resembles that of local interneurons 
or of uniglomerular output neurons. Local interneurons, which receive 
input from sensory axons and arborize in most or all glomeruli, depend 
heavily upon the axons for normal development; uniglomerular output 
neurons, which send processes to the protocerebrum and receive little, if 
any, direct input from sensory axons, develop more autonomously (Oland 
e t a l , ’90) and might participate in forming the glomerular template.

Processes of the 5HT neuron were never seen in the protoglomeruli as 
early as the processes of output neurons. Rather, they extend into the 
protoglomeruli and begin to become tufted a day after the protoglomeruli 
have formed, following the same timetable as the local interneurons. In 
lobes deprived of antennal sensory input, 5HT-neuron processes fail to 
become tufted, resembling unafferented local interneurons. Thus, the 
processes of the 5HT neuron do not physically participate in 
protoglomeruli; they do depend upon sensory axons for their normal 
development. This uniquely identified neuron provides a ready assay for 
the developmental influence of sensory axons under various experimental 
conditions. [LAO supported by NS28495, ARM by NZ/USA 
Cooperative Science Program, SRK and LPT by NS20040.]

188.6
DO UNIGLOMERULAR OUTPUT NEURONS PARTICIPATE IN 
FORMING THE TEMPLATE FOR OLFACTORY GLOMERULI IN 
THE MOTH? D. Malun. L.A. Qland*L.P. Tolbert. ARL Div 
Neurobiology, Univ AZ, Tucson, AZ 85721 

To further our understanding of the role of uniglomerular output 
neurons in the formation of olfactory glomeruli, we have followed their 
morphological development during the stages in which glomeruli are 
constructed (stages 4-7 of the 18 stages of metamorphosis). During stages
4-5, sensory axons from the antenna grow into the lobe and groups of 
axons coalesce to form protoglomeruli in a layer outside the core neuropil 
that is occupied by the neuntes of antennal-lobe neurons. The process of 
protoglomerulus formation begins at the lateral margins of the neuropil 
and proceeds across the lobe toward the ventral-medial margins. Using 
the confocal microscope we examined (1) groups of uniglomerular output 
neurons stained with Dii and sensory axons filled simultaneously with 
DiO and (2) individual neurons filled with Lucifer Yellow. Prior to the 
formation of protoglomeruli, output neurons form sparsely branched 
tufted arbors that overlap, but are not in register. The subsequent wave 
of protoglomerulus formation by sensory axons coincides temporally and 
spatially with the appearance of a glomerular arrangement of output 
neuron arbors with at least 3-4 neurons superimposed in each 
protoglomerulus. In comparison with local interneurons, whose processes 
are excluded from the protoglomerular layer until stage 6 (Oland et al., 
1990), processes of output neurons are found in the protoglomerular 
region immediately. The tufted arborization of the output neurons and 
the early presence of their processes in the protoglomerular region 
indicate that we must consider a role for output neurons as well as 
sensory axons in the formation of the protoglomerular template.
DM supported by DFG Ma 1449/1-1; LAO by NS28495; LPT by NS20040.
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188.7
C ER T A IN  FO R EB R A IN  N U C LEI MAY A R IS E  FROM  P R E -P A T T E R N S  O F  
U M -C L A S S  H O M EO BO X G E N E  E X P R E S S IO N  IN X E N O P U S  N EU R U LA E  
AND TAILBU D  EM B R Y O S. W .P. H ayes*. M. Ta ira . H. Otani. and L B. Dawid. 
Labs, of Dev. Neurobiol. & Mol. Genetics, NICHD, NIH, Bethesda, MD 20892.

Three new members of LlM -class homeobox genes (Xlim-1, 2  & 3) that 
identify discrete subsets of embryonic frog cells as early as  gastrulation and 
neurulation were recently cloned, and shown to have region-specific and 
distinct expression patterns; eg., anteriorly, Xlim-1 m RNA is localized to 
posterior forebrain, w hereas Xlim-3 is restricted to the pineal and pituitary 
primordia (Taira et al. 1992. G enes & Dev, 6. 356-366; Dev. Biol., in press; 
unpublished results). Others have shown that two LlM -class homeobox 
genes (lin-11, mec-3) specify cell fate in the nematode, C. elegans.

W hole mount and section in situ hybridization histochem istry on 
X en op us  embryos show that Xlim-1 expression is detected in bilateral rows 
in the neural plate and then expands anteriorly and posteriorly. Furthermore, 
fate m aps by others have shown that this anterior region forms posterior 
forebrain where Xlim-1 is found in later tailbud embryos. Interestingly, Xlim-1 
gene expression in the C N S  is also persistent. Seria l section in situ 
hybridization of the larval and adult Xenopus C N S  showed labeling of certain 
more posterior forebrain nuclei (lateral septum , medial am ygdala ventral 
thalamus, suprachiasmatic, dorsal hypothalamus, posterior tuberculum, but 
not anterior preoptic a rea , h a b e n u la , cen tra l th a la m u s, or v e n tra l 
hvpothalamusL and none in the more anterior nuclei of the olfactory bulbs or 
telencephalon. For neuropeptide phenotypes, this Xlim-1 pattern could 
include som e, but not all forebrain ce lls  that exp ress TR H , LFIRH or 
proenkephalin, but not POM C. In addition to these forebrain nuclei, Xlim-1 is 
also expressed in more posterior C N S  nuclei and kidney. In light of the 
established role of other LlM -class homeobox genes in C. elegans, present 
findings suggest that the diversification of neuronal phenotypes in the 
vertebrate C N S  may be preceded by neural plate signals, including Xlim-1, 
that specify brain cytoarchitecture correspondent to individual brain nuclei.

188.9
R e g io n a liz a t io n  in  th e  C h ic k  T e le n c e p h a lo n  J .M . M o n tg o m e ry  . D .J .  
A n d e rso rf t and  S.E . F rase r. D iv isio n  o f  B io lo g y , C a lifo rn ia  In stitu te  o f  
Technology, Pasadena, CA  91125; H ow ard H ughes M edical Institute.

Little is know n about the process by w hich the telencephalon becom es parcellated 
d u ring  developm en t in to  reg ions that w ill b ecom e bo th  m o rpho log ica lly  and 
functionally  distinct in the adu lt forebrain. R ecently , a  num ber o f regulatory genes 
have been shown to be expressed in d istinct subregions o f  the m urine telencephalon 
during early  em bryonic developm ent. An attrac tive  hypothesis for the m echanism  
that underlies the earliest stage in the process o f  telencephalic parcellation is that the 
expression  b o undaries  o f  these  regu la to ry  g enes rep re se n t lineage  restric tion  
b o u n d a rie s  w ith in  the te len cep h a lo n , thus  a llo w in g  d isc re te  reg io n s  o f  the 
telencephalon separated by these boundaries to acquire unique identities. W e have 
been using the chick, an organism  highly am enable to experim ental em bryology, to 
perform  in vivo focal injections o f  D ii to analyze early  patterns o f  cell m igration in 
the telencephalon . H isto logical and  scanning e lec tron  m icroscopy p repara tions 
confirm  that a t H am burger-H am ilton stage-17 (em bryonic day 3), the stage a t w hich 
D ii is in jected  into the telencephalic  ventricu lar zone, the ch ick  telencephalon  is 
spatia lly  uniform  by m orphological criteria . B u t by em bryon ic  day  6  (E6), the 
stage at which the labelled cells and their descendants are analyzed, the telencephalon 
has  becom e d istinc tly  reg ionalized . T h e  D il-labelling  experim en ts reveal non- 
random  patterns  o f  m igra tion  in specific  reg ions o f  the  telencephalon . M ost 
s tr ik in g ly , a reg ion  know n to s e p ara te  the p a lliu m , lo ca te d  in the  do rsa l 
telencephalon, from the subpallium , located in the ventral telencephalon, appears to 
ac t as a boundary to cell m igration a t these early  stages. A t th is sam e stage, the 
regulatory gene C A SH -1, the chick hom ologue o f  M A SH -1, is expressed  ventrally 
in the subpallium , bu t no t do rsa lly  in the p a llium , w ith  a  do rsa l boundary  o f  
expression  that m ay c o in c id e  w ith  th is a p p aren t bou n d ary  to  ce ll m igration . 
CA SH-1 is restricted in its expression  to the ventral region o f  the telencephalon at 
s ta g e -17, well before  any m orphologica l signs o f  reg ionaliza tion  have  becom e 
apparent.

188.11
LAYER-SPECIFIC EXPRESSION OF THE HOMEODOMAIN GENE OTX1 
DURING CEREBRAL CORTICAL DEVELOPMENT. G.D. Frantz.
J.M . W eim ann*. and S.K. M cConnell. Dept. o f  B iological Sciences, Stanford 
U niversity , Stanford, C A  94305.

O tx l is one  o f  two m am m alian hom ologs o f  the D rosophila  hom eobox gene 
orthodenticle·, O tx l expression is restricted to  rostral brain regions, including the 
cerebral vesicles, during early em bryonic developm ent in the m ouse (Sim eone e t a i ,  
N ature 3 5 8 :6 8 7 ,1 9 9 2 ). H om eodom ain genes have been im plicated in the generation 
o f  patterning in the m am m alian CN S, thus Otx-1 m ay p lay  a  ro le  in patterning the 
layers o f  the m am m alian cerebral cortex. T o address this possibility , w e have 
exam ined in detail the expression o f  the m RN A  encoding O tx l using  in situ  
hybridization. In adult rats, O tx l m R N A  is strongly expressed in  a  subpopulation o f  
layer 5 neurons throughout the cerebral cortex. W eaker hybridization is present in 
layer 6 , bu t the superficial layers 1-4 are  devoid o f  signal. Thus, in the adult, O tx l is 
expressed by neurons o f  the deep cortical layers, raising the possibility  that this gene 
is expressed only by neurons w ith subcortical axonal projections. During 
developm ent, w e observed O tx l signal in the cortical ventricular zone o f  em bryonic 
day (E) 13-15 rats, ages when deep layer neurons are being generated. Previous 
transplantation experim ents have revealed that neurons m ake a com m itm ent to a  deep 
layer fate w hile in their final cell cycle in the ventricular zone (M cConnell and 
K aznow ski, Science 254: 2 8 2 ,1 9 9 1 ). Thus the expression o f  O tx l m RN A  by 
progenitor cells correlates tem porally and spatially with the acquisition o f  deep-layer 
fates. O n E20, an  age a t w hich layer 5 and 6 neurons occupy their final positions, 
hybridizing cells are present in the deep layers o f the developing cortical plate. This 
lam inar specificity  is m aintained throughout postnatal life: O tx l is expressed strongly 
by layer 5 neurons and m ore w eakly in layer 6 , bu t signal is never observed in layer 
2/3 o r layer 4. T he expression pattern  o f  O tx l raises the possib ility  that this gene 
m ay play a  role in specifying the fates o f  deep-layer cortical neurons.

W e thank A. Sim eone for generously providing the O tx l probe. Supported by 
N IH  EY 06342, the C ancer Research Fund o f  the D am on R unyon-W alter W inchell 
Foundation (D R G -1227) and N IH  E Y 0 8 4 11.

188.8
R E G IO N A L IZ A T IO N  O F  O L FA C T O R Y  T E L E N C E P H A L O N . M a d e lv n e  
K raft* , M e la n ia  M e rc a d o , a n d  S a lly  H o s k in s . C ity  C o lle g e  o f  th e  C ity  
U n iv e rs i ty  o f  N e w  Y o rk , N e w  Y o rk  N Y  10031.

W e  h a v e  g e n e ra te d  th re e  m o n o c lo n a l a n tib o d ie s  ( ip s l ,  ip s3 2 , a n d  g r o l)  th a t 
d e f in e  th e  o lfa c to ry  re g io n  o f f ro g  te le n c e p h a lo n . Ip s  1 a n d  32 s ta in  
t h r o u g h o u t  th e  te le n c e p h a lo n  e x c e p t in  th e  o lfa c to ry  te rm in a l  z o n e , w h ile  
g r o l  s ta in s  s tro n g ly  in  th e  th e  o lfa c to ry  b u lb  a n d  s o m e  d e s c e n d in g  o lfac to ry  
t ra c ts . W e  a re  u s in g  th e  a n tib o d ie s  to  d e te r m in e  h o w  th e  c a u d a l  b o r d e r  o f  the  
o lfa c to ry  te le n c e p h a lo n  is  e s ta b l is h e d  d u r in g  d e v e lo p m e n t.

I p s l  a n d  ip s3 2  w e re  p r o d u c e d  f ro m  m ic e  im m u n iz e d  w ith  fix e d  r e t in a s  of
X. laevis. T h e  a n tib o d ie s  d iffe r , b u t  b o th  s ta in  o p tic  n e rv e  a n d  re t in a l  in n er  
p le x ifo rm  la y e r , a s  w e ll  a s  g r a y  a n d  w h i te  m a t te r  th ro u g h o u t  th e  b ra in ,  w ith  
th e  e x c e p tio n  o f  th e  ro s t ra l  t ip  o f th e  te le n c e p h a lo n , w h e re  o lfa c to ry  g lo m e ru li 
a re  lo ca te d . G r o l ,  in  c o n tra s t ,  s ta in s  th e  o lfa c to ry  n e rv e  a n d  o lfa c to ry  b u lb , 
a s  w e ll a s  th e  o p tic  n e rv e  a n d  p a r t s  o f  th e  r e t in o fu g a l p a th w a y s .  A  s h a rp  
b o r d e r  is  fo rm e d  b y  th e  l im its  o f  i p s l / 3 2  a n d  g r o l  e x p re s s io n  a t  th e  e d g e  of 
th e  g lo m e ru la r  zo n e .

T h e  c o m p le m e n ta ry  p a t te rn s  o f  e x p re s s io n  o f  g r o l  a n d  i p s l / 3 2  e p ito p e s  
s u g g e s ts  th a t  th e  fo rm a tio n  o f  th e  c a u d a l  b o r d e r  o f  o lfa c to ry  te le n c ep h a lo n  
d u r in g  d e v e lo p m e n t  m a y  b e  d u e  to  a  "refusa l"  o r  in a b il ity  o f  g ro l-e x p re s s in g  
o lfa c to ry  n e rv e s  to  e n te r  a n  i p s l / 3 2  p o s it iv e  re g io n :  A s  a  co n seq u e n c e , 
o lfa c to ry  a ffe re n te  w o u ld  re m a in  c o n fin e d  to  th e  ro s t ra l  i p s l / 3 2  f re e  zone. 
E x p e r im e n ts  in  p ro g re s s  w ill te s t th is  p o s s ib ili ty  b y  d e te r m in in g  w h e th e r  
i p s l / 3 2  e x p re s s io n  in  m o re  c a u d a l  te le n c e p h a lo n  is  e x tin g u ish e d  w h e n  the 
o lfa c to ry  n e rv e  e n te r s  th e  te le n c e p h a lo n  a t  u n u s u a l  s ite s  fo llo w in g  g raftin g  
o f  o lfa c to ry  p lac o d e s . S u p p o r te d  b y  N IH  N S25042, M BR S G M 08168, a n d  NSF 
B N S895-8100.

188.10
CORTICAL EXPRESSIO N OF THE H UM AN  
HOMEOGENE, DLX-2. D. J. Selski*. K. E. Rogers and P. D. 
Coleman. Department o f Neurobiology and Anatomy, University of 
Rochester Medical Center, Rochester, NY 14642.

Homeogenes are becoming increasingly accepted as important 
regulators o f mammalian brain development, and recent studies have 
shown that they are involved in morphogenesis o f the forebrain as well 
as the hindbrain and spinal cord. Our interest in the human 
telencephalon has lead us to search for homeogenes which might be 
involved in regulating its development. We have previously reported 
the nucleotide sequence o f one such gene which was originally called 
HBH-1 (1990 SFN abstract #477.2) and which is now named D L X -2  
(Selski e t  a l ., 1993, Gene, in press) because o f its similarity to the 
D r o s o p h i la  D i s t a l - l e s s  homeotic gene and to the murine D lx  
homeogenes. Hybridization histochemistry has localized the 
expression o f D L X -2  in the developing human brain to the insular 
cortex directly overlying the striatum. Areas with no positive signal 
include the striatum, perforant cortex, pons and cervical spinal cord. 
Expression is detected at the time o f birth, and studies using insula as 
well as other regions (including all major brain divisions) at mid- 
gestational age reveal no detectable signal. Current studies are under 
way to track the cortical expression o f D L X -2  in the adult and aging 
brain. Supported by NIH grants AG00107 and AG09016

188.12
Ш Ӏ  GENE EXPRESSION IN DEVELOPING NERVOUS SYSTEM OF CHICK EMBRYO. 
M. Hollvdav*t. J, McMahont* and A.P, McMahonK  TRoche Institute Molec. Biol., Roche 
Research Center, Nutley NJ 07110, and *Dept. of Biology, Bryn Mawr College, Bryn Mawr, PA 
19010. «-Present address: CelW. & Develop. Biol., Harvard Univ., Cambridge, MA 02138.

Wnt genes encode for a large vertebrate family of secreted proteins which are thought to 
play roles in inductive interactions and pattern regulation. Partial cDNAs for chick ЭД1 family 
members were obtained using a PCR-based strategy. Temporal and spatial patterns of Wnt 
gene expression were studied in the chick embryo using dgoxigenin-labeled anti-sense RNA 
probes for whole mount in situ hybridzation. At least 6 dfferent Will genes are expressed in the 
developing CNS. The domains of expression overlapped either partially or completely, and were 
frequently correlated with with morphological boundaries defined by physical features of the 
neural tube. Wnt-1 and Wnt-За are expressed during neural tube closure. When the embryonic 
subdvisions of the neural tube become apparent (St 9-11), Wnt-1. Wnt-За and Wnt-4 are 
broadly expressed in partially overlapping domains in the mesencephalon and caudal 
diencephalon, às well as in the rhombencephalon and spinal cord. The mesencephalic 
expression patterns are subsequently modfied such that by St 14, Wnt-1 and Wnt-4 are 
expressed in a characteristic ring just rostral to the isthmus, at the mesencephaJic/metencephaJic 
junction; Ш - 1  and Ш - З а  expression is restricted to the dorsal midine at this time. The 
dencephalic expression patterns of W ũH, Wnt-За and Wnt-4 vary within subdvisions of the 
developing dencephalon, with Wnt-4 showing the broadest distribution. Wnt-5a expression was 
observed in dorsal parencephalon, and in the ventral mesencephalon and synencephalon. Wnt-6 
is expressed in the dorsal midine of the mesencephalon and dencephalon, extendng as far 
rostral as the epiphysis. Wnt-8b is expressed dorsally in the caudal prosencephalon as early as 
St 9. In older embryos, the domain of Wnt-8b expression expands and extends rostrally into 
dorsal regions of the secondary prosencephalon. These observations further support the 
hypothesis that Ш  genes play key roles in patterning the nervous system.

MH was partially supported by a Career Advancement Award from the National Science 
Foundation and by NIH (R01- NS25340).
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188.13
HNF-3ß, A POTEN TIAL A5 (HOX1.3) TA R G ET , IS E X P R E S S E D  
IN MIDLINE STR U C T U R ES  OF TH E EM BRYONIC MURINE CNS.
P.Vos*. J .F . Mill*. S.-D. Zhang. & W .F. Odenwald. Lab. of Neurochemistry, 
»Lab. of Molecular Biology, NINDS.NIH, Bethesda, MD 20892

Homeodomain proteins are regulatory factors that control expresston of 
target genes. A5 is a  murine homotogue to the Drosophila homeobox gene 
sex combs reduced  (s c r ). The Drosophila transcription factor fork head (fkh) 
is a target of both A5 and scr. Som e mammalian homologues of fkh are  
represented by the family of DNA binding proteins known collectively as  
hepatocyte nuclear factor-3 (HNF-3). Three members of the HNF-3 family (a, 
ß, and γ) have been characterized in adult rats. HNF-3 is expressed in adult 
liver (α, β, and γ) and lung (a and β o n ly), but not in adult CN S.

To test A5 function in vivo, we generated transgenic mice in which A5 
expression w as placed under the control of an interferon (IFN) inducible 
promoter. Northern analysis and gel-mobility shift a ssays were used to study 
the effect of ectopic A5 expression on HNF-3 expression. Liver RNA from 
transgenic and wild-type mice were compared for HNF-3 expression after IFN 
administration. HNF-3 expression decreased only in transgenic mice. Liver 
extracts from transgenic and wild-type mice were compared for HNF-3-like 
DNA binding activity after IFN administration. DNA binding activity decreased  
only in transgenic mice. We conclude that A5 can negatively regulate HNF-3 
(α, β, and γ) expression in these adult transgenic mice.

Since HNF-3ß is a potential target for A5, we report its expression in the 
developing mouse using in situ hybridization. It is first detected in neural 
tube floor plate, with a  sharp anterior boundary of expression in the hindbrain 
(E11+). Later, it is also detected at the ventral midline of the third and fourth 
ventricles, and throughout the thalamus (E13+). HNF-3ß is also detected in 
developing bone, tongue, intestinal tract (E15+), liver, and lung (E13+). 
However, HNF-3ß is not found in the spinal cord at birth (PO). Experiments 
are in progress to determine if A5 can regulate HNF-3ß expression in utero.

188.15
POSITIONAL ID E N T IT Y  O F  D R G  IN  T H E  C H IC K  E M B R Y O . R . S . 
Goldstein* a n d  C, A v iv i. D ep t. L ife  S e i., B a r-I la n  U n iv ., R a m a t-G a n , Israe l.

An im portan t a sp e c t  o f  p a tte rn  fo rm a tio n  is th e  g e n e ra tio n  o f  p o s itio n -  
dependent d istinc tions  be tw een  se ria lly  h o m o lo g o u s s tru c tu re s . F o r  ex am p le , in 
mature v e rteb ra tes  th e re  is  v a ria tio n  in  s ize  b e tw een  th e  d o rsa l  ro o t g a n g lia  
(DRG) a t d iffe ren t a x ia l  levels, th a t  reflec ts  th e  e x te n t o f  th e  se n so ry  fie ld  th ey  
innervate. W e  h a v e  recen tly  show n  (J. N e u ro b io l. 2 4 :8 ,1 9 9 3 )  th a t  a  size  
asymmetry b etw een  ce rv ica l a n d  b rac h ia l D R G  is p re se n t in  c h ic k  e m b ry o s 
from the tim e o f  gang lio g en esis , H & H  s ta g e  (S t.)  2 0  (em b ry o n ic  d a y  (E )3 ). 
Brachial D R G  14 an d  15 a re  m o re  th a n  8 0 %  la rg e r  o n  th e  a v e ra g e  th a n  
cervical D R G  5 a n d  6 a t  th is  stage . T h is  d iffe ren ce  in  v o lu m e is d u e  to  
increased n um bers  o f  ce lls  in  b rac h ia l  g a n g lia . T h e re fo re , f ro m  th e  o n se t, these  
DRG have a n  "identity" b a se d  on  th e ir  ge n e ra l a x ia l  p o sitio n .

In order to  fu rth e r  c h a ra c te r ize  th is  "p o sitio n a l id en tity " , w e  hav e  n o w  
examined these  D R G  in  St. 18 (E 2 .5 , p reced in g  th e  c o m p le tio n  o f  
gangliogenesis a t  b rac h ia l levels), S t.2 3  (E 4 , th e  la s t  s ta g e  b e fo re  a p o p to s is  
(cell death)), S t.2 8  (E 6 , h e ig h t o f  a p o p to s is )  a n d  S t.3 7  ( E l  1, p o s t-a p o p to s is )  
embiyos. T h e  av e ra g e  d iffe ren ce  in v o lu m e b e tw een  b ra c h ia l  a n d  c e rv ica l 
ganglia grow s f ro m  6 0 %  a t  S t. 18 to  a lm o s t 2 0 0 %  a t  S t. 37 . S e ria l rec o n s tru c 
tion reveals th a t  sh a p e  a s  w ell a s  v o lu m e c a n  b e  u se d  to  d is tin g u ish  be tw een  
ganglia from  th ese  reg ions. A t S t. 20  &  2 3 , b ra c h ia l  g a n g lia  a re  lo n g er  th a n  
cervical, an d  b y  S t. 28  th ey  h a v e  b e co m e w id e r  a s  w ell.

In addition  to  d istin g u ish in g  b e tw e en  D R G  fro m  d if f e re n t  reg io n s, g a n g li
onic volum e c a n  b e  a n  iden tify ing  fea tu re  w ith in  a  reg io n  o f  th e  a x is . A  sign ifi
cant difference be tw een  th e  v o lum es o f  b ra c h ia l  g a n g lia  14 a n d  15, th a t  
reaches 5 0 %  b y  S t. 37 , is n o t  o b se rv e d  a t  S t. 20  o r  23 . W e  a re  n o w  s tudy ing  
the cellular p ro ce sse s  th a t  g e n era te  th e se  m o rp h o lo g ic a l c h a ra c te r is t ic s , 
features th a t  p ro v id e  e a rly  D R G  w ith  p o s itio n a l iden tities.

188.17
AN IDENTIFIABLE DOMAIN OF TAIL-FORMING 
CELLS IN THE ZEBRAFISH GASTRULA A. E. M e lbv .
R. K. Ho, and  C. B. K im m e l*. Inst, o f N e u ro sc ie n ce . U n iv . o f 
Oregon. E u gene . O R  974 0 3

L ittle  is  k n o w n  a b o u t th e  re g u la tio n  o f v e r te b ra te  ta il 
deve lopm en t. A  ta il d o e s  n o t fo rm  in z e b ra f is h  e m b ry o s  
mutant fo r th e  g e n e  no tail {Ш ђ, th e  ze b ra fis h  h o m o lo g  o f th e  
m ouse g e n e  Brachyury. W ith  l in e a g e  t ra c in g , w e  h a ve  
characte rized  th e  d e v e lo p m e n t o f th e  d e ta c h e d  ce lls , a sm a ll 
group o f g a s tru la  c e lls  th a t p la y  a ro le  in z e b ra f is h  ta il 
deve lopm ent. T h e  d e ta c h e d  ce lls  s e g re g a te  fro m  th e  d o rsa l 
margin of th e  b la s to d e rm  e a rly  in g a s tru la tio n , m o ve  ca u d a lly  
during ep ib o ly , an d  th e n  fo rm  th e  lin in g  of K u p ffe r ’s v e s ic le , a 
tran s ien t s tru c tu re  th a t a r is e s  d u r in g  s o m ito g e n e s is . T h e  
p rogeny o f th e  d e ta c h e d  c e lls  u ltim a te ly  d if fe re n tia te  in to  a 
varie ty of m e s o d e rm a l d e r iv a tiv e s  in th e  c a u d a l p a rt o f th e  
tail. T h e  N tl p ro te in  is e x p re s s e d  b y  th e  d e ta c h e d  ce lls , and  
is a lso  e x p re s s e d  in th e  d e v e lo p in g  ta ilb u d . In ntl m u ta n t 
em bryos, d e ta c h e d  ce lls  a re  p re s e n t in th e  g a s tru la , bu t th e  
deve lopm en t o f K u p ffe r ’s v e s ic le  is d is ru p te d . (S u p p o rte d  by 
NIH g ra n ts  G M 0 7 2 5 7  and  H D 2 2 4 8 6 .)

188.14
ALTERED  O R G A N IZA TIO N  O F  T H E M U RIN E H IN D BR A IN  FO LLO W IN G  
LO SS O F  ІЮ Х-А1 G E N E A C TIV ITY . E. M. C arpenter*. J. M . G oddard. O. 
C hisaka. N. R . M anlev. and M . R. C apecchi. D e p t o f  H um an G enetics, Univ. o f  
U tah, SLC, U T  84112

T he rhom bom ere-specific expression patterns o f  vertebrate hox genes suggest 
that these  genes m ay be invo lved  in  the  form ation  and /o r specifica tion  o f  
segm ental identity in the  hindbrain during d ev e lo p m en t Targeted d isruption o f 
one  o f  these genes, the hox-A l gene, resu lts in defec ts in the form ation o f  the 
hindbrain and  associated cranial ganglia  and nerves (Chisaka e t al. (1992) N ature 
3 5 5 : 516-520). W e have exam ined  the developing  hindbrain  in m utant and  
control m ouse em bryos using carbocyanine dye  tracing, in situ hybridization, and 
reporter gene expression. Carbocyanine dye in jections into cranial nerves and 
gan g lia  labeled  a ffe ren t p ro jec tio n s  to  and  e ffe ren t p ro jec tio n s  from  the 
hindbrain. These injections also labeled efferent cell bodies w ithin the hindbrain. 
In hox-Al m utant anim als, defects w ere observed  in the positions o f  these cell 
bod ies  as w ell as in th e ir p ro jec tio n  pa tte rn s . In p a rticu la r, ce ll bod ies 
con tribu ting  fibers to the V llth  and  V H Ith cran ia l nerves w ere  aberran tly  
positioned  and their projection patterns w ere rearranged  in the  m utant anim als. 
Further exam ination o f  tiie organization o f  the hindbrain w as perform ed using in 
situ  hybridization and report«· gene expression to  visualize the expression o f  the 
krox-20 , h ox-B l, and int-2 (fgf-3)  genes. In hox-Al m utant m ice, expression o f  
these three genes is altered , suggesting changes in  segm ental identity  and/or 
organization in the m utant hindbrains. Both carbocyanine dye tracing and gene 
expression  patterns suggest that rhom bom ere 5 is  a bsen t and  that hindbrain 
reo rganization  w as seen encom passing  rhom bom eres 3 through 8 in hox-Al 
m utant m ice. This suggests that hox-A l acts in  the form ation and  specification 
o f segm ental identity in the developing m ouse hindbrain.

188.16
N EU R A L T U B E  PO TEN TIA LS  AND TH EIR  P O S S IB L E  R O L E  IN AX O LO TL  
D EV ELO P M EN T. R. Sh i*, and R. B. Borgens. Ctr. for Paralysis Res., Dept of 
Anatomy, Purdue Univ., Sch. Vet. Med., W. Lafayette, IN. 47907-1244.

It is well documented that many embryonic and adult vertebrates maintain an 
inwardly positive electrical potential acro ss their skin. This transepithelial 
potential (TEP) has been detected acro ss the ectoderm of amphibian and 
avian embryos and across the wall of the neural tube which is derived from 
surface ectoderm. Using microelectrode recording techniques, we detected a 
negative neural tube potential with respect to the outside of the embryo in a 
total of 46 axolotls. The neural tube potential (NTP) w as first detected at stage 
21 with a value of -4± 2 mV (n=5), and gradually increased to -39± 4 mV (n=5) 
by stage 28. The NTP increased a s a  function of the developmental stage of 
axolotl embryos. The T E P s  of the sam e embryos were also measured and 
compared to the NTPs. It was clear that the increase in the NTP w as correlated 
with an increase in TEP , which indicates that both potentials may share a similar 
m eans of production. Since the T E P  is known to be dependent on the uptake 
of Na+ from the bathing medium, we tested the influence of a  Na+ channel 
blocker known to transitorily inhibit the T E P . Amiloride significantly reduces 
the T E P  in amphibians, also significantly reduced the NTP in axolotl embryos 
(n=14). Following 15 minutes of exposure to amiloride, the maximal effect on 
the NTP is seen  (it is reduced by about 80% of its original value). About 6  
hours, the NTP recovers, rising to about 60%  of its original value. The time 
course of the initial reduction, adaptation and recovery of the T E P  in the 
presence of amiloride correlates reasonably well to that of the NTP. This 
further supports the idea that they share a common physiology producing the 
potential across themselves. Preliminary results show that injecting amiloride 
into the neural tube cau ses developmental defects in axolotl embryos. These  
abnormalities are most obvious in the developing head region. Further 
histological study is currently being conducted to elucidate the developmental 
abnormalities of axolotls following chronic NTP reduction.

188.18
Expression o f murine H o x a -6  causes Homeotic Transformations in 
Drosophila. M . H unter-E nsor* , S. H an , R . F in k e ls te in , J .G arb em . D ept. of 
N eurology, U niversity  o f  PA , Phila., P A  19104

The m urine hom eobox gene Hoxa-6  is  expressed in  die dorsal m edulla and  ventral 
caudal spinal cord during m idgestation. W e have used a  biological assay for H oxa-6  
function w hich m ay allow  us to deduce regulatory  targets for th is gene. W e have 
generated  tw o independent lines o f  transgenic D rosophila  w hich express the Hoxa-6 
protein after heat shock , as confirm ed by  W estern  b lo t analysis. Though m ice and  
flies are  w idely  d ivergent evolu tionarily , expression  o f  the m urine pro te in  during 
D rosophila  developm ent resu lts  in  hom eotic segm ental transform ations sim ilar to  
those due  to m utations in endogenous fly  hom eotic genes. E xpression o f  the  Hoxa-6 
protein  during  em bryonic developm ent p roduces phenocopies o f  the  bithoraxo id  
m utation o f U ltrabithorax. In  these larvae the first abdom inal segm ent is  transform ed 
into a  thoracic segm ent, as show n by  its acquisition o f  cu ticu lar b ristle  patterns and 
sensory organs unique to thoracic segm ents. A  se t o f  sensory organs, the K eilin ’s 
organs, is incom plete in the ex tra  thoracic segm ent, how ever. R ather than having 
three  sensory hairs each, the supernum erary K eilin ’s organs usually  have only tw o 
bristles. K eilin’s organ straddles the border betw een developm ental com partm ents. 
T w o bristles arise from  the  an terio r com partm ent o f  the  segm ent, and  the  o ther 
bristle  arises from  the posterior c o m p artm en t T his suggests that there has been  a t 
least a  transform ation o f  the an terior com partm ent o f  the first abdom inal segm ent to 
an anterior thoracic com partm ent. H oxa-6 expression during  late  larval developm ent 
causes transform ation o f  an tennae in to  legs in  the adult D rosophila. S ince H oxa-6 
can produce larval and  adu lt hom eotic phenotypes H oxa-6  is  both structurally  and  
functionally  hom ologous to  D rosophila  hom eotic genes such  as  U bx and  A ntp. By 
ex p lo itin g  the  num erous ex p erim en ta l a d v an tag es  o f  fly  g e n e tic s  and  h igh  
conservation o f  genetic  regulatory hierarchies, w e hope to  identify  genes w hich are 
downstream  targets o f  hom eodom ain protein action.
Supported by a  С Ш А  aw ard  (N IN D S) to JG  and  by the M arch o f  D im es
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188.19
REQUIREMENT OF NOTCH ACTIVITY FOR MUSCLE DEVEL
OPMENT DURING METAMORPHOSIS IN DROSOPHILA. Joe 
Flannery and Walter J. Costello*. Dept. of 
Biol. Sci., Ohio University, Athens, OH 45701.

The neurogenic gene Notch (Ņ) functions to 
establish neuronal lineage in Drosophila 
melanogaster. N has also been implicated in 
normal development of mesodermally derived 
tissues, including muscle (Corbin et al (1991) 
Cell 67:311; Hartenstein et al (1992) Develop. 
116:1203).

To test for Ņ requirement in myogenesis 
during metamorphosis we used the temperature- 
sensitive allele of N (HÜ). This enabled us to 
selectively delete N activity at particular 
periods of pupal development. ŅŪ pupae were 
exposed § particular times to a 30° heat pulse 
(HP) for 6Һ and returned to 22° to develop. HP 
applied to 12-18Һ pupae (age §25°) caused muscle 
abnormalities. The indirect flight muscles 
lacked the proper number of fibers; fibers were 
fused into one unit where normally two would 
occur. Interestingly, the time of this critical 
HP coincides with the period when adult myo
cytes migrate to larval muscle substrates and 
split the substrates into two units. These 
results indicate a general requirement for N in 
post-embryonic development of muscles.

188.20
ISOLATION O F  LO X5 AND LO X 6 , L E E C H  H O M O LO G U ES O F  
D RO SO P H ILA  S EG M EN T  ID EN TITY G E N E S . D.K. Lokhorst*, D.Nardelli- 
Haefliaer. M. Shankland Dept. of Neurobiology, Harvard Medical School, 
Boston, MA 02115

Annelids exhibit a  segmented body plan. How the segments acquire their 
unique identity is poorly understood. In Drosophila, homeotic genes play a 
pivotal role in specifying segment identity. The purpose of this study w as to 
identify genes in the leech which serve a similar function. Homologues of 
two Drosophila homeotic genes were isolated from a Helobdella robusta 
cDNA library. The proteins predicted by the DNA sequence exhibit high 
homology to Antp-Wke c lass homeodomain proteins. Both clones possess 
the highly conserved 61 amino acid homeodomain as  well a s  the YPWM  
sequence upstream from the homeodomain. The relative positioning of Lox5  
and Lox6  expression domains along the anterioposterior axis of the leech 
body corresponds to the expression pattern seen in their Drosophila 
homologues. The homeodomain of Lox6  is identical to Deformed at 53/61 
residues. Lox6  RNA is expressed in 30 of the 32 body segments, with a 
sharp anterior boundary of expression in the segmental portion of the 
leech’s  head brain. LoxS  is most similar to Antp with 55/61 identical amino 
acids within the homeodomain and 10/16 residues downstream from the 
homeodomain. In late embryos, Lox5  RNA appears to be restricted to 28 
body segments. Earlier in development, in situ hybridization analysis reveals 
that Lox5  is expressed in the segment founder cells immediately following 
their birth. This initial expression pattern suggests that Lox5 may impart 
information concerning segment phenotype to the blast cell’s  progeny, 
consistent with a role in defining segment identity.

GLIA AND OTHER NON-NEURONAL CELLS: RESPONSE TO INJURY

189.1
U p r e g u la t io n  o f  th e  A s tro c y te -D e riv e d  T e n a s c in  G ly c o p ro te in  in  H u m a n  
B ra in  In ju ry :  Im p l ic a t io n s  fo r  C N S  W o u n d  H e a l in g  a n d  F a i le d  R e g e n e ra t io n  
J .A .  B ro d k ev , E.D. L ayw ell. T.F, O ’B rien . A. F a issn e r , K. S te fa n sso n , U. D o m e s . 
M . S c h ach n er, D .A . S te ind ler* . D ep t. o f  A n a t. &  N e u ro b io lo g y  a n d  
N e u ro s u rg e ry ,  U n iv . o f  T en n ., M e m p h is , T N  38163, D e p t. o f  N e u ro b io lo g y , 
U n iv . o f  H e id e lb e rg , D ep t. o f  N e u ro lo g y , U n iv . o f C h ic a g o , a n d  E T H , Z u r ic h .

T e n a sc in  (T N ) is  a n  e x tra c e llu la r  m a tr ix  g ly c o p ro te in  e x p re s s e d  d u r in g  
n o rm a l d e v e lo p m e n t  a n d  n e o p la s tic  g r o w th  in  b o th  n e u ra l  a n d  n o n -n e u ra l  
tis su e s . D u r in g  C N S  d e v e lo p m e n t, T N  is p r o d u c e d  b y  im m a tu r e  a s tro c y te s  a n d  
c o n c e n tra te d  in  d isc re te  b o u n d a r ie s  w h ic h  c o rd o n  o ff e m e rg in g  fu n c tio n a l 
n e u ro n a l  a rra y s . In  th e  n o rm a l a d u l t  C N S, T N  is  e x p re s s e d  in  v e ry  lo w  levels. 
F o llo w in g  tra u m a tic , p e n e tra tin g  in ju ry  to  th e  h u m a n  c e re b ra l  co rte x  (su rv iv a ls  
o f  12, 21 a n d  96 h o u rs ) , th e re  is  a n  u p re g u la tio n  o f T N  b y  G F A P +  rea c tiv e  
c o rtica l a s tro c y te s  a s  s e en  u s in g  im m u n o c y to c h e m ic a l  a n d  in situ  h y b r id iz a tio n  
a n a ly s is . M o n o c lo n a l a n d  p o ly clo n a l a n tib o d ie s  to  h u m a n  T N  a n d  a  r ib o p ro b e  
th a t  rec o g n iz es  h u m a n  T N  m R N A  w e re  u se d . T h is  e n h a n c e d  T N  e x p re s s io n  is 
in  p u ta t iv e  w o u n d  h e a lin g  site s , a n d  a lso  c o in c id e s  w ith  a re a s  o f  n e u ro n a l a n d  
a x o n a l d e g e n e ra tio n  (e.g. a s  s e en  w ith  n e u ro f i la m e n t im m u n o s ta in in g  th a t  
d e m o n s tra te s  sw o lle n  re a c tiv e  a x o n s  a n d  r e tr a c tio n  b u lb s) . T N  e x h ib its  
f u n c tio n a l d iv e rs ity , in c lu d in g  b o th  a d h e s iv e  a n d  a n ti - a d h e s iv e  p ro p e r t ie s  th a t 
c a n  a ffec t n e u n te s  in  d iffe re n t w a y s , a n d  i t  is  c o n s id e re d  to  b e  a  m o d u la to r  o f 
n e u ra l  g ro w th  in  th e  C N S. It c o u ld  b e  th a t  th e  in it ia l  e n h a n c e d  e x p re s s io n  of 
T N  se rv e s  to  s lo w  d o w n  e a rly  n e u rit ic  g r o w th  fo llo w in g  in ju ry , a llo w in g  tim e 
fo r  t is su e  h e a lin g  to  occur; w h e n  p o s t  in ju ry  e x p re s s io n  ce ase s , i t  m a y  a lso  p lay  
a  ro le  in  c irc u it  rem o d e lin g . T N , in  a sso c ia tio n  w ith  o th e r  w o u n d - re la te d  
m o le c u le s  in c lu d in g  p ro te o g ly c a n s  a n d  g ro w th  fac to rs , m a y  b e  in v o lv e d  in  
reg e n e ra tiv e  a s  w e ll a s  fa iled  re g e n e ra tiv e  p ro ce sse s .

S u p p o r te d  b y  - N IH /N S 2 0 8 5 6  a n d  th e  H e re d ita ry  D ise ase  F o u n d a tio n .

189.3
D E  A F F E R E N T  A T IO N  R E S U L T S  IN  I N C R E A S E D  G L IA L  
IM M U N O REA CTIV ITY  FO R A TY R O SIN E PH O SPH A TA SE. P  I. Lurie*. F  F. 
Solca. E .H . Fischer, and E .W  R ubel. V irg in ia M errill B loedel H earing Research 
Center, and  the D epts. o f  O to laryngology-H N S and B iochem istry , U n iversity  o f  
W ashington, Seattle, W A. 98195

The astrocytic  response  to injury and  d isease is poorly  understood. R eactive 
astrocytes have been show n to increase the num ber and  length o f  their processes, up- 
regu la te  the in term ed iate  filam ent, g lia l f ib rilla ry  ac id ic  p ro te in  (G FA P), and 
proliferate. P rotein tyrosine phosphorylation is an im portan t m echanism  by w hich 
ce lls  regu la te  grow th  and  p ro lifera tion , tw o even ts  th a t cha rac te rize  reactive  
astrocytosis. P ro tein  tyrosine phosphatases (PT P’s) contribu te in m ain tain ing  the 
levels o f  tyrosine phosphorylation o f  p ro teins w ithin the cell. T he  205 antibody, 
raised against the purified recom binant phosphatase PTP1C (a cytosolic phosphatase 
usually restricted in hem atopoietic cells; courtesy o f  Dr. Shen, M ontreal) was found 
to  label a  subset o f  glia resem bling astrocytes, in the ch ick  brainstem . It is no t clear 
w hether this antibody recognizes the PTP1C enzym e o r another closely related PTP. 
W e evaluated the effect o f  cochlea rem oval on 205-im m unoreactivity  in the auditory 
brainstem  nucleus, n. m agnocellularis (NM ).

Postnatal chicks received a  unilateral cochlea rem oval and  w ere allow ed to survive 
for either 6 hr. or 3 days; brains w ere then processed for 205 histochem istry. A t 6 
hr., a  very sm all num ber o f  astrocytes w ithin deafferen ted  N M  show ed a  sligh t 
increase in 205-im m unoreactivity  in the cell som a and  som e o f  the processes. By 
three days follow ing deafferentation, m any astrocyte cell bodies and processes w ere 
im m unopositive for the 205 antigen. The 205-im m unopositive ce lls  w ere located 
alm ost exclusively within N M  on the deafferented side. This contrasts w ith previous 
deafferen tation  studies in the ch ick  w here G F A P-positive astrocy tes w ere found 
around the perim eter o f  N M  as w ell as w ithin the nucleus. T hese resu lts suggest 
that a  PTPase is involved  in the g lial response  to  d eafferen ta tion  in  the  ch ick  
brainstem . Supported by N IH  grants D C 00520 and N S09053 , SN F 823A-033355 , 
and M .D .A .

189.2
R O LE  O F  LIMBIC S E IZ U R E S  IN UPREG ULA TIN G  G FA P  mRNA A FTER  
ENTORHIN AL C O R T E X  LESIO N S. M S . Kellev* and O. Steward. 
Department of Neuroscience, University of Virginia, Charlottesville, VA  
22908.

We have been interested in identifying the signals that lead to the 
dramatic upregulation of glial fibrillary acidic protein (GFAP) mRNA levels 
in the hippocampus after electrolytic lesions of the entorhinal cortex (EC ). 
Unilateral E C  lesions result in dramatic increases in G FA P  mRNA ipsi- and 
contralateral to the lesion, with the largest increases occurring 1 -2  days 
postlesion. The increases on the contralateral side have been enigmatic 
because they occur in some but not all animals. In the present study, we 
evaluated whether the increases are due in part to the recurrent limbic 
seizures that may occur after E C  lesions (Dasheiff and McNamara, Brain 
Res., 221:444-450). We evaluated G FA P  expression following unilateral 
electrolytic lesions of the E C  in two groups of rats: 1) animals that 
received a single dose of phenobarbital (60 mg/kg I.P.) 2 - 3  hours 
following lesion production; and 2 ) animals that received E C  lesions plus 
a single injection of saline. Levels of G FA P  mRNA were assessed  by dot 
blot and in situ hybridization 24 hours postlesion. Animals that received 
lesions but no phenobarbital exhibited the sam e increases in G FA P  
mRNA that we have described previously -  5.8-fold increases ipsilateral 
to the lesion and 4.1-fold increases on the contralateral side. In animals 
that received lesions plus phenobarbital, 5.5-fold increases were 
observed on the ipsilateral side, and 1.4-fold increases were observed 
contralaterally. The increases on the contralateral side were significantly 
le ss that those in saline-treated animals (p=.036). These results are 
consistent with the hypothesis that postlesion limbic seizures play a  role 
in upregulating hippocampal G FA P  mRNA, especially on the side 
contralateral to the lesion. Supported by NIH #NS29875 to O S . M SK  
received predoctoral fellowship support from NIH #NS07199.

189.4
DECREASED VOLUME AND GLIAL CELL NUMBERS IN THE 
THALAMIC VENTROBASAL COMPLEX FOLLOWING NEONATAL 
BRAIN INJURY IN CATS. G.F. Jackson. L.D. Loopuiit. J.R. Villablanca*. 
Mental Retardation Research Center, UCLA, Los Angeles, CA 90024.

To further understand the anatomical consequences following perinatal 
brain injury, quantitative morphometric analysis was performed on the thalamus 
of kittens (N=4) receiving a unilateral (left) frontal cortical resection between 
P9 and P14 and compared to intact controls (N=3). Using stereological 
methods, volumes of the ipsilateral thalamus and ventrobasal (VB) complex 
were calculated for the neonatal-lesioned (NF) and intact (IN) groups. In 
addition, neuronal and glial cell packing density (CPD) as well as total cell 
numbers (TCN) were calculated (±SD). Mean ipsilateral thalamic volumes were 
very similar between the two groups (NF: 347.3 mm3; IN: 337.3 mm3), but the 
mean ipsilateral VB vokime of the NF group was 27% smaller than for IN (NF:
26.9 mm3; IN: 36.9 mm3). Although, VB mean neuronal CPD (cells/17200 pm3) 
was similar between the two groups (NF: 5.1 ± 2.8, IN: 4.6 ± 3.2), glial CPD 
was significantly decreased by 27% in the NF group (NF: 22.0 ± 5.8, IN: 30.3 
± 9.43; Pc.05). In addition, VB mean neuronal TCN was similar between the 
groups (NF: 8.0 x 104 ± 5.3 x 104, IN: 9.9 x 104 ± 6.6 x 104), but glial TCN was 
significantly decreased by 48% in the NF group (NF: 3.6 x 105 ± 1.5 x 105, IN:
6.8 x 105 ± 2.0 x 105; Pc.001). These results (a) suggest that the reduced 
VB volume in NF animals is due to the decreased number of glial cells;
(b) confirm previous findings of reduced or absent gliosis after neonatal 
brain injury (e.g., Brain Res. 368: 221-225, 86); and (c) contrast with 
results in fetal-lesioned cats showing a decreased thalamic volume with 
small changes in CPD (Soc. Neurosci. Abs., 17:1124,91). Grants US PHS 
HD-05958, HD-04612.
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189.5
THE EFFECTS O F  BA SIC F IB R O B L A ST G R O W TH  FA CTO R (bFG F) A N D 
ΑΝΤΙ-bFGF ANTIBO DY ON M ECH AN ICALLY W O U N D ED  CU LTU RED  
ASTROCYTES. Y-J H ou. J .M .R .Z . G arica. A .C.H . Yu. Y-L. Lee. L .F. Eng and 
V.K. Viiavan*. Dept. o f  Cell Biol. & Hum . A nat., U niv. Calif. D avis, CA  95616 
and Dept. Path., V.A. M ed. C tr., Palo  A lto, CA  94304 & Stanford U niv., Sch. o f  
Med., Stanford, CA  94305

Previous studies have dem onstrated that follow ing brain injury both the level o f  
basic fibroblast growth factor (bFGF) and its m essenger R N A  are increased in brain 
tissue. This increase m ay contribute to astrocyte proliferation and  hypertrophy 
resulting from injury. In this study, w e used a  previously characterized m odel (Yu, 
et al., J. Neurosci. Res., 34:295-303, 1993) o f  m echanically  w ounded m onolayers o f  
cultured rat astrocytes to identify the role o f bFG F, if  any, in injury-induced cell 
division of astrocytes. At 12 hours follow ing w ounding o f  a  confluent m onolayer, 
more dividing cells (Brd-U positive cells) were found along the edge o f  injury, 
compared to the rest o f  the culture, with m axim um  cell division occurring a t about 
24 hours. A fter 72 hours, the num ber o f  div id ing  cells had returned to that at 12 
hours post-injury. The presence o f  bFG F (20 ng/m l) in the culture m edium  resulted 
in a sharp increase in the num ber o f  d ividing cells, w ith a tem poral pattern sim ilar to 
that of control. T he presence o f  an ti-bFG F IgG (100 μg/m l) in the culture m edium  
significantly reduced cell division. H ow ever, the addition o f  bFG F along  with anti- 
bFGF IgG again increased cell division, although the m agnitude o f  this response was 
still lower than control. A nti-bFG F IgG also  m odified astrocyte hypertrophy in the 
presence and absence o f  exogenous bFGF. In dibutyryl cyclic AM P-treated cultures, 
the number o f  proliferating cells decreased, bu t the response to bFG F was m agnified 
relative to untreated cells. Heparin-Sepharose extracts o f  cultured astrocytes 
demonstrated three m olecular species o f bFG F which w ere unaltered by m echanical 
injury. The results suggest that both endogenous and  exogenous bFG F play a  role 
in the induction o f  astrocyte cell division follow ing a  m echanical injury to cultured 
immature and differentiated astrocytes.

189.7
NEURONAL-GLIAL CO-CULTURES AS A MODEL TO STUDY 
REACTIVE GLIOSIS M. K.McMillian*»L.Thai . G.-C.Wu.
K.L.Simmons. J.P.O' Callaghan*. J.-S. Hong, and 
K.R.Pennvpacker NIEHS/NIH/EPA, RTP, NC 27709 
Primary rat glial cell cultures synthesize and 
secrete a number of growth factors, neuro
transmitters and neuropeptides, including 
[^et]enkephalin (ENK)-containing peptides. 
Recent evidence suggests that in response to 
brain injury reactive astrocytes also 
synthesize ENK peptides (Thai et al, Soc. 
Neurosci.Abstr. , 1992) . We have developed a 
simple model system to study reactive gliosis 
in vitro. Co-culture of fetal neuronal/glial 
precursor cells with glia strongly suppresses 
glial enkephalin production and also inhibits 
expression of the marker protein glial 
fibrillary acidic protein (GFAP) . Dexamethasone 
plus forskolin treatment, which increases glial 
ENK production, overcomes the neuronal 
inhibition. More interestingly, treatments 
which selectively kill neurons—  mechanical 
disruption and NMDA—  increase ENK and GFAP 
production in these cultures. Using ENK and 
GFAP as markers in this model system should 
allow us to examine which signal transduction 
pathways are involved in reactive gliosis.

189.9
ENDOTHELIN R EC E P T O R S  A R E  U P-REG U LA TED  IN G LIA  IN  V IVO  
AFTER NEURONAL INJURY
JJL-Ghilardi. C .J. Allen. S .D . Rogers. E.R^Stimaon. G .J. Maletta«. S .R . 
Viona. J .E . Maggio. P.W. Mantyh. Mol. Neurobio. Lab (151) and 
GRECO, VA Med. Cntr., Mpls., MN 55417; Depts. of Cell Biology and 
Med., Duke University Med. Cntr., Durham, NC 27710; Dept of Biol. 
Chem. and Mol. Pharm., Harvard Med. School, Boston, MA 02115 

Previous studies have suggested that astrocytes can express both 
endothelin and endothelin receptors both in vivo  and in vitro. Other 
studies have demonstrated that endothelin can act as a potent 
hypertrophic and mitogenic agent. To explore whether endothelin may 
be involved in the astrocytic response to neuronal injury, we have 
examined the expression of endothelin receptors using quantitative 
receptor autoradiography after unilateral optic nerve transection in the 
rabbit and rat. In the normal rat or rabbit optic nerve 125|-endothelin-1 
receptor binding sites are present in the same locations in which GFAP  
immunoreactive astrocytes are present, namely around the axon bundles, 
blood vessels and in the intemodal spaces. After optic nerve transection, 
an increase in the density of 125l-endothelin-1 binding sites is evident by 
day 7 and the density of125l-endothelin-1 binding sites increases 
dramatically up to 90 days after transection. These results suggest that 
endothelin receptors are normally expressed by astrocytes in vivo and 
that they are up-regulated by these sam e cells in response to nearby 
neuronal injury. Currently we are examining whether endothelin 
antagonists can block the astrocytic hypertrophy and mitogenesis that 
occurs in response to neuronal injury. Supported by the VA and the NIH.

189.6
CULTURED ASTROCYTES IMPLANTED INTO DAMAGED NBM 48 
HOURS AFTER IBOTENIC ACID LESIONS FACILITATE PASSIVE 
AVOIDANCE PERFORMANCE IN RATS. I. ErmakovaL Z. Fulop*i. H.M. 
Geller2. J. Chachąį1. N. Modv* and D.G. Stein i . 1 Brain Research Lab.,
I.A.B., Rutgers Univ., Newark, NJ 07102 and 2UMDNJ-Robeit Wood 
Johnson Med. Sch., Piscataway, NJ 08854.

As an alternative of using fetal neural tissue transplants, we examined 
whether grafts of cultured astroglial cells (TpAST) could be used to promote 
behavioral recovery in rats with nucleus basalis (NBM) lesions. Three μΐ of 
primary astrocyte cell suspensions (15,000/μΙ) were transplanted into the left 
NBM 24Һ (L+TpAST24) and 48Һ (L+TpAST48) after ibotenic acid (IA) 
injections into NBM. The IA and AST were delivered through implanted 
cannulas. Passive avoidance (PA) behavior of rats with TpAST was evaluated 
in animals with NBM-lesions-only, with lesions+vehicle, with cannula-only 
and in intact rats. The rats were tested for PA one week after surgery. 
Acquisition trials continued until each rat attained the criterion of 3 consecutive 
trials without entering the daric compartment during 5 min period. Retention 
testing was performed 4 consecutive times on days 2, 9, 16, 23 after 
acquisition (corresponding to the 11th, 18th, 25th and 32nd postsuigery days). 
On PA acquisition, animals with astrocyte grafts made 24Һ or 48Һ after lesions 
were not different from the lesions-only groups; however, the L+TpAST24 
group was also not significantly different from the sham control groups 
indicating an intermediate effect of the grafts on behavioral performance. 
Retention testing indicated significant (P<05) reduction of the deficit in group 
L+TpAST48 on the 2nd, 3rd and 4th trials. Rats in group L+TpAST24 did not 
differ from lesion rats on retention. We conclude that astrocytes transplanted 
into damaged NBM 48Һ after injection of IA may exert a positive effect on 
behavioral recovery. Supp. by GenRe Coip. and NIH P01-NS21469.

189.8
DECREASE IN EXPRESSION OF GFAP AND JUN TRANSCRIPTION 
FACTORS IN NEURON:GLIA CO-CULTURES. K.R. Pennvpacker*. 
J.S. Hong and M.K. McMillian. Neuropharmacology Section, 
LIB NIEHS/NIH, Research Triangle Park, NC 27713.

After neuronal damage, astroglia become reactive in 
that they undergo morphological changes and express high 
levels of glial fibrillary acidic protein (GFAP). 
Primary astrocyte cultures behave in a similar manner as 
reactive astrocytes in vivo both morphologically and 
biochemically. We have examined the basal expression of 
transcription factors in primary astrocyte cultures that 
could be involved in the regulation of the GFAP gene and 
the effects on gene expression of plating neuronal-like 
cells onto the astroglial monolayer. Immunoreactivity 
for c-jun, junD, CREB and NFkB p65 transcription factors 
were detected in the glial cultures by 
imraunocytochemistry. NFkB p65 immunoreactivity was 
detected in about 20% of the cells in both the nuclei and 
cell body while immunoreactivity to the other 
transcription factors were detected in the nuclei of the 
majority of the cells. Plating of embryonic brain cells 
onto the astroglial culture resulted in a decrease in the 
size of the glial cell and immunoreactivity against GFAP. 
Co-culture also decreased the immunoreactivity to c-jun 
and junD declined in the glial nuclei while 
immunoreactivity to CREB and NFkB did not change. These 
data suggest that the c-jun and junD proteins may be 
regulating GFAP expression and that these proteins are 
regulated through neuronal:glial interactions. 
Furthermore, these results are consistant with the notion 
that neuron:glial interactions may regulate GFAP in vivo.

189.10
C H A N G E S  IN EM B R Y O N IC  N C A M  EX PR ESSIO N  F O L L O W IN G  
LES IO N S  IN TH E A D U L T  RAT SPIN AL C O R D . W . P. Battisti*. K. 
Bozek. G . Rougon. and  M . M urray D ept. Anat. & N eu ro b io l., M ed. 
C o ll. Pa., Phila., Pa. 1 9 1 2 9

Th e  e m b ry o n ic  fo rm  of N C A M  is im p lica ted  in axo n a l g ro w th  
d u rin g  d e ve lo p m e n t of the  n ervo u s sy stem  a n d  re ce n t e v id e n ce  
suggests th is h ig h ly  p o lysia ly la ted  fo rm  of N C A M  (P S A -N C A M ) is 
exp ressed  in stru ctu res cap ab le  of p lastic ity  in the  ad u lt C N S . W e  
used a m o n o clo n al an tib o d y to co m p are  ch an g es in the  expression  
and  distribution  of PSA -N CAM  in the  rat sp ina l cord  fo llow ing  e ither 
dorsal rh izotom y or sc ia tic  nerve sectio n . In both  cases, PSA -N CA M  
exp re ssio n  w as in cre ase d  in th e  sp ina l co rd , b u t th e  p attern  of 
expression  d iffered. Dorsal rh izotom y results in increased  expression  
of PSA -N CA M  in the dorsal co lu m n s and  the u p p er lam in ae  of the  
dorsal horn on the lesio ned  side that is still p ro m in e n t at 60 d  P O . 
Fo llow ing  sciatic nerve lesion, ch an g es in P SA -N C A M  exp ressio n  on  
the lesioned side are app arent at 4 d  PO , fu rther in creased  at 10d  PO  
and  return to the con tro l levels at m ore ch ro n ic  tim e  p o ints. Th e  
increased  expression  is m ost ap p aren t in the  g ray m atter, particularly  
the  dorsal horn , but is also  seen  m ore ventrally  e. g . LV  an d  LIX. In 
b oth  le sio ns, the  in cre ase d  exp re ssio n  is a sso c ia te d  w ith  ste llate  
sh ap ed  cells. T h e  p atterns of in creased  exp ression  and  the labelled  
cells  are  sim ila r to ch a n g e s  in G FA P  e xp re ssio n  fo llo w in g  sim ila r  
lesions. A lth o ug h  PSA -N C A M  is u sually  aso c iated  w ith  d e ve lo p ing  
n eu ro nal stru ctu res, it ap p ears that P SA -N C A M  e xp re ss io n  is also  
asso ciated  w ith  reactive  g liosis fo llo w in g  lesion  in th e  ad u lt C N S . 
N IH # N S 2 4 7 0 7
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189.11
EXPERIMENTAL GLIOPATHY DURING CNS DEVELOPMENT: 
EVIDENCE FOR GLIAL METABOLIC HETEROGENEITY. J.M. 
Krum*. Dept. of Anatomy, The George Washington University 
Medical Center, Washington, D.C. 20037.

Although it is now apparent that glial cells, particularly astroglia, 
are heterogeneous in terms o f their ability to modulate the neuronal 
environment, little is known about differences in glial energy 
metabolism in various regions of the adult CNS or during 
development. Adult rats and pups ranging in age from 7-25 days 
received a single injection o f 6-aminonicotinamide (6-AN) and were 
perfused after 24 hours. 6-AN is a nicotinamide antagonist that 
interdicts glucose utilization by shutdown o f the pentose phosphate 
shunt. This metabolic pathway is more vital to glial cells than to 
neurons and endothelial cells; thus, at the dosages used in these 
experiments, cytotoxic edema and cell death occurred only in 
astrocytes and oligodendrocytes. In adult animals, glial cell 
destruction occurred only in specific regions o f the spinal cord, 
cerebellum, medulla and thalamus, while the remainder o f the CNS 
appeared normal. The 7-9 day old animals exhibited a uniform pattern 
of swollen glial cells throughout the CNS. However, with advancing 
age, a consistent pattern of progressively increasing numbers of 
spared glia in cerebral and cerebellar structures occurred. The adult 
pattern of glial degeneration was manifested after four weeks 
postnatal. There appear to be heterogeneous populations o f glia whose 
preferred use of the pentose-phosphate pathway is predicated on both 
the age o f the animal and their location in the CNS. (NS-17468).

189.13
HUMAN ASTROCYTE CELL LINES FROM ADULT SPINAL CORD 
S.R. Whittemore*1’2, J.T. Nearv3-4. N Kleitman1*2. H.R. Sanon1. & M.D. 
Norenberg3,4, The Miami Project1, Depts. Neurological Surgery2, 
Pathology3, Univ. Miami Sch. Med. and VA Med. Ctr.4, Miami, FL 33136 

A cellular preparation of highly enriched oligodendrocytes and their 
precursors (> 9 6 %  04/01-positive) obtained from adult human spinal 
cord was infected with a retrovirus encoding the temperature-sensitive 
mutant of SV40 large T antigen. Six immortal cell lines were obtained. 
At permissive temperature (33° C), all cell lines showed intense nuclear 
T antigen immunoreactivity and were positive for vimentin. At 
non-permissive temperature, all cell lines were positive for vimentin, 2 
were positive for GFAP, and none of the cell lines expressed either 
oligodendrocyte or microglial markers. The 2 GFAP-positive cell lines 
(HSC2 and HSC6) were further characterized. Cytogenetic analysis 
indicated that chromosomal polyploidy and abberation had occurred in 
both cell lines. However, the physiological properties of HSC2 and HSC6 
cells, glutamine synthetase activity, Na+-dependent glutamate uptake, K+ 
uptake, purinergic receptor-mediated Ca2+ influx and mobilization, and 
the ability to support neurite outgrowth from embryonic rat retinal 
explants, were indistinguishable from primary human astrocytes. The 
HSC2 and HSC6 cell lines may prove to be valuable models for studying 
the physiological properties of adult human astrocytes. Supported by The 
Miami Project to Cure Paralysis, The American Paralysis Association, 
NS26887, DK38153, NS30291, and Department of Veterans Affairs.

189.15
A  S E R U M  P O L Y P E P T ID E  A C T IV IT Y  IN D U C E S  S C H W A N N  C E L L  
PR O L IFE R A T IO N  IN VITRO . S.R. M aertens* . D ept. o f  A natom y, U niv. o f  U tah; 
S .L .C ., U T  84132

Peripheral nerve injury engenders a  Schw ann ce ll p ro lifera ty ive  response, and  it is 
b e lieved  that th is traum a-induced  g lia l p ro life ra tio n  is  e sse n tia l fo r  subsequen t 
successfu l n eu rona l reg en era tio n  to  d is ta l ta rg e ts  in vivo. T o  in v es tig a te  the  
possib ility  o f  a  putative serum  m itogen that stim ulates Schw ann ce ll pro liferation , rat 
Schw ann cells in m ulti-w ell tissue culture plates were incubated in m edium  containing 
10% heat-inactivated fetal bovine serum  and serial d ilu tions o f  norm al ra t serum , and 
control preparations w ere incubated  in  the sam e cu ltu re  m edium  w ithou t ra t serum . 
Rates o f  cell proliferation  w ere assayed  by  m easuring D N A  incorporation  o f  tritiated 
th y m id in e  u sin g  liq u id  sc in tilla tio n  co u n tin g . A  p ro m in a n t d o se -d e p e n td e n t 
proliferative response w as observed am ong Schw ann cells incubated  w ith rat serum  and 
ra t p lasm a d ilu tions  as com pared  to  con tro ls; th is  a c tiv ity  is  a b o lish ed  by  heat 
inactivation and by proteolytic digestion w ith the enzym e pro te inase  K; a  p roliferative 
response w as not observed when rat Schw ann cells w ere incubated  w ith standard adult 
bovine serum . In contrast, no increase in D N A  up take  o f  tritia ted  thym id ine  was 
observed w hen rat astrocyte and  o ligodendrocyte cu ltu res w ere incubated  w ith  serial 
dilutions o f  rat serum . These resu lts dem onstrate that a  po lypeptide activ ity  p resent in 
ra t serum  and rat p lasm a specifically  induces a  p ro lifera tive  response  in  cu ltu red  rat 
Schw ann cells , and  based  upon these experim ents a  m odel is  p roposed  fo r Schw ann 
cell proliferation induced a t the tim e o f  nerve injury; w ith  the occurance  o f  peripheral 
nerve traum a a  factor norm ally present in the in travascular com partm ent and  otherw ise 
iso lated  by an intact endothelial barrier is liberated  in to  the ex travascular, perineural 
space due to the increased vascular perm eability  and  endothelial dam age a t the site  o f  
nerve  in jury , and  Schw ann ce lls  a re  induced  to  p ro life ra te  upon  exposure  to  this 
putative facta·.
Supported by an NIN DS N ational Research Service A w ard N S-08899-02.

189.12
EFFECT OF CISPLATIN AND BCNU ON THE LEVELS OF 
PLASMINOGEN ACTIVATORS IN HUMAN GLIOBLASTOMA 
CELL LINES IN  VITRO . J.S. Rao*. A. Rayford. E. Gagucas. F. A1İ- 
Osman and R. Sawava. Dept. Neurosurgery and Experimental 
Pediatrics, The University of Texas M. D. Anderson Cancer Center, 
Houston, TX 77030.

Plasminogen activators play an important role in various physiological 
and pathological conditions such as cell migration, trophoblast 
implantation, mammary gland involution, angiogenesis, tumor invasion 
and metastatic potential. In this study, we treated glioblastoma cell 
lines with 25 μΜ cisplatin 50 μΜ BCNU and estimated the levels of 
plasminogen activators in serum free medium and cell extracts at 
different time intervals. Fibrin zymography revealed significantly 
increased levels of PAs in serum free medium of nontreated 
glioblastoma cell cultures at 72 h. Significantly decreased levels of PAs 
in cisplatin treated serum free medium and in cell extracts were 
observed relative to untreated controls. In contrast, no significant 
changes o f PA levels in BCNU treated cells. Quantitative analysis of 
enzyme activity by densitometry and uPA content by ELISA with 
specific uPA antibodies showed significantly decreased levels o f uPA in 
cisplatin treated cells compared to BCNU and nontreated glioblastoma 
cells. Decreased levels of uPA might represent an additional 
mechanism through which cisplatin provides its antineoplastic effects.

189.14
AXOTOMY OF THE ADULT TRIGEMINAL GANGLION RESULTS IN THE NEURONAL 
r e l e a s e  OF a  GUAL m it o g e n ic  FACTOR J.Y.M. Wen*. C.M. Mofshead and D. van der
Кеш, Neurobiology Research Group, University of Toronto, Toronto, Ont., Canada M5S1A8 .
Injury of the adult rat trigeminal ganglion leads to a significant proliferation of satellite glial 

cells in an explant culture system 27 hr after injury. We suggest that the injured neuronal 
perikarya releases a glial mitogen because the addition of NGF attenuates the proliferative 
response as measured by scintillation counting after continuous 3H-thymidine uptake. This 
NGF response acts only through neurons because only neurons and not satellite glial cells in 
the trigeminal ganglion possess the trk A (NGF) receptor. The addition of BDNF has very 
similar effects on satellite cell proliferation. The explant culture system also reveals the 
presence of both inhibitory and mitogenic factors which serve to dynamically regulate glial 
proliferation. These signals appear to be diffusible factors that are temporally separated, 
since each signal can be independently collected in conditioned media. Conditioned mede 
collected between 0-3.5 hr post-injury produce inhibitory effects on glial proliferation while 
conditioned media collected between 0-27 hr post-injury result in a mitogenic effect. These 
diffusible factors are heat labile and their production can be blocked by a protein synthesis 
inhibitor. Extending culturing times to 48 hr results in a significant increase in the level of 
3H-thymidine incorporation above 27 hr control ganglia. Double labeling studies using BrdU 
and 3H-thymidine reveal the existence of 3 subpopulations of proliferating satellite cells. 
There is a small population that enters S phase once early and hence only possesses the early 
proliferation marker, another small population that enters S phase twice, and a large 
population that enters S phase after 34 hr in culture and hence only possesses the late 
proliferation marker. Experiments using conditioned media collected between 0-48 hr post
injury failed to demonstrate facilitative effects on glial proliferation compared to 
conditioned media collected between 0-27 hr. Perhaps, a membrane bound signal, a 
different diffusible signal that is transiently released, or the same mitogenic signal 
activating a population possessing a long cell cycle is responsible for the induction of this 
later proliferating population. Collectively, these results suggest that injured neurons 
release diffusible, heat labile factors that regulate glial proliferation.

189.16
DIFFERENTIAL REGULATION OF FOS AND JUN EXPRESSION IN 
SCHWANN CELLS OF PERIPHERAL NERVE DURING WALLERIAN 
DEGENERATION. A. Wang, D.M. Campbell. F.J. Richmond*, 
and M.A. Bisbv. Dept. of Physiology, Queen's University, 
Kingston, Ontario, K7L 3N6, Canada.

FOS-immunoreactivity (FOS-IR) increases in Schwann 
cells of mouse facial nerve following nerve crush. The 
increase is not detectable at ЗҺ or Id, except 
immediately adjacent to the crush site. By 3d, the 
entire distal nerve shows FOS-IR, and the FOS-IR reaches 
a maximum at 7-14d. Increases in FOS-IR follow 
macrophage invasion as detected by F4/80 
immunoreactivity, both at the crush site, where the 
invasion is immediate, and distally in the nerve, where 
macrophage invasion occurs l-3d after injury.

In contrast, an increase in JUN-IR occurs within the 
distal nerve by ЗҺ following injury, reaches a maximum at 
3d, and declines by 7d. Thus, increase in JUN-IR is one 
of the earliest events in Wallerian degeneration. This 
event is not mediated by exogenous macrophages, since it 
occurs prior to macrophage invasion. We conclude that 
expression of FOS and JUN is regulated by different 
mechanisms in Schwann cells following peripheral nerve 
injury. JUN, but not FOS, may be important in regulation 
of the early events in Wallerian degeneration.
(Supported by Medical Research Council of Canada grant 
MT5198 to МАВ)
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189.17

AXONAL EFFECT ON SC H W A N N  CELL PR O LIFER A TIO N  AFTER RA T 
SCIATIC NERVE TRA N SECTIO N  Siironen J. M iettinen T*. Rfivttá M. P ep , o f 
Pathology and Pharmacology*, U niversity o f  Turku, Turku, Finland 
Axonal plasmamembrane acts as a Schw ann cell m itogen in vitro. W e studied the 

ability of reinnervating axons to  ac t as Schw ann cell m itogens in vivo.
Left sciatic nerves o f  50 W istar rats w ere transected. In the o ther ha lf o f the 

animals the axonal reinnervation w as allow ed to take place w hile in the other half 
(he reinnervation was prevented by sutures. Axonal reinnervation and Schwann cell 
proliferation were follow ed from  3 days up to 8 w eeks a fte r the transection  
proximally, just distally and 1cm distally from the poin t o f transection. The number 
of axonal sprouts and Schw ann cells were counted from  B ielchow sky-stained and 
S-100- immunostained paraffin sections, respectively.
The axonal sprouts arrived to  the distal site o f  the injury 2 weeks after the nerve 

transection in the freely reinnervating nerves. A fter 8 weeks the num ber o f  axons in 
these nerves was close to the control. In the denervated  d istal stum ps only few 
axonal sprouts were seen at 8 weeks. D istally to the site o f  transection the num ber 
of the Schwann cells incrased  5- fo ld  in the d enerva ted  as w ell as in the 
reinnervated nerves during the first 6 w eeks, a fter w hich their num ber started to 
decline. Also the num ber o f  fibroblasts distally  to the site  o f  injury increased and 
their proliferation p attern  w as e ssen tia lly  s im ila r w ith  and  w ithou t axonal 
reinnervation. Proxim ally to the site  o f  transection  the num ber o f  initial axonal 
sprouts increased if the nerve stum p w as sutured. The num ber o f  the Schwann cells 
at the proximal stump was increased in the sutured nerves as com pared to the freely 
reinnervating nerves, w hile the num ber o f  fibroblasts w as essentially  the sam e in 
the both experimental groups.
Axonal reinnervation to the distal site o f  the transection propably has no effect on 

the proliferation o f  Schw ann cells. O n the o ther hand, su turing  o f  the proxim al 
stump seems to lead to an extensive axonal sprouting which m ay act as a mitogen to 
the Schwann cells, but not to the fibroblasts.

189.19

CELLULAR R E S P O N S E S  TO  C N S  IN JURY IN A  MUTANT M O USE  
EXHIBITING D ELAYED  W ALLERIAN D EG EN ERATIO N : II A S T R O C Y T ES . 
PA Trimmer* and O. Steward. Departments of Neuroscience and 
Neurosurgery, Univ. of Virginia, Charlottesville, VA 22908.

This study evaluates the time course of reactive changes in astroglial gene 
expression in a substrain of mice carrying the "WLD" mutation which leads to 
a substantial delay in the onset of Wallerian degeneration (Perry et al.. 1990. 
Eur. J. Neurosci. 2:408; Steward, 1992. Exp. Neurol. 118:340; 
accompanying abstract). Other studies have shown that the mutation also 
leads to delays in the onset of degenerative changes in C N S  axons, in 
microglial reactivity, and in sprouting responses that normally occur following 
denervation. A comparison of the time course of the different cellular 
responses may provide clues about the signals that trigger the different 
responses and the inter-relations between responses in the different types 
of cells.

We evaluated the time course of changes in the levels of G F A P  mRNA  
levels in the hippocampus of W LD and control mice after unilateral lesions of 
the entorhinal cortex using quantitative in situ hybridization. In control mice, 
the time course of up-regulation of G F A P  expression appeared comparable 
to what has been described previously in rats. G FA P  mRNA levels increased 
dramatically to a peak at 2 days postlesion (DPL), decreased by 4 days, and 
then increased again between 6  and 8  days. A s in rats, the highest levels of 
expression were at 2 DPL. In W LD mice, there w as a  modest increase in 
GFAP mRNA levels at 2 DPL, but the peak in G FA P  mRNA levels w as not 
evident until 8  DPL. These  results indicate that up-regulation of gene 
expression in reactive astrocytes is delayed in the W LD mice to about the 
same extent as the delay in the onset of degenerative changes in lesioned 
axons. Supported by NIH grant NS12333 to O .S . and a  grant from the 
Alzheimer's and Related D iseases Research Award Fund to P.T .

189.18
O V E R L A P S  IN  T H E  SET S O F  P R O T E IN S  SE C R E T E D  BY A STR O C Y T ES 
T R E A T E D  W IT H  IL - lß ,  T N F a ,  A N D  bF G F . I.W . C h a n g * . M .R . M a rtz e n . T. 
W e n g en a c k . D .A . Y o u n g . P .D . C o le m a n  a n d  M .K . O ’B a n io n . D e p a r tm e n ts  o f 
N e u r o b io lo g y  a n d  A n a to m y ,  N e u r o lo g y ,  a n d  M e d ic in e ,  U n iv e rs i ty  o f  
R o c h e s te r  M e d ic a l C e n te r , R o c h e s te r , N Y  14642.

F a c to rs  s e c re te d  b y  a s tro c y te s  d u r in g  d e v e lo p m e n t  a n d  in  r e s p o n s e  to  
in ju ry  a re  b e lie v e d  to  b e  c r i t ic a l  m o d u la to r s  o f  n e u ro n  su rv iv a l  a n d  n e u rite  
o u tg ro w th . T o  id e n tify  m o d u la to r s  o f  n e u ro n a l /g l ia l  in te ra c tio n  in  in ju ry  w e  
h a v e  p e rf o r m e d  g ia n t  tw o -d im e n s io n a l g e l e le c t ro p h o re s is  o f  m e ta b o lic a lly  
la b e le d  p r o te in s  s e c r e te d  b y  In te r le u k in -1  ß  ( IL - lß )  t r e a te d  p r im a r y  ra t  
a s tro c y te s .  T h e se  s tu d ie s  r e v e a l  a  g r o u p  o f  8 d i f f e re n t  p r o te in s  r a n g in g  in  
m o le c u la r  w e ig h t  f ro m  24 to  150 k D a  a n d  p i  v a lu e s  o f  4 .9  to  7.5 th a t  a re  
in d u c e d  b y  a t  le a s t  5 -fo ld  a f te r  24 h  o f  h u m a n  re c o m b in a n t  IL - lß  tre a tm e n t. 
I n d u c t io n  o f  th e s e  p ro te in s  is  o b s e rv e d  a s  e a r ly  a s  3 h  a f te r  tre a tm e n t  a n d  is 
m a x im a l w i th  1 u n i t /m l .

C o m p a r i s o n s  o f  th e s e  I L - lß - re s p o n s iv e  p r o te in s  to  th o s e  in d u c e d  b y  
t r e a tm e n t  o f  a s t r o c y te s  w i th  T N F a ,  IL -6, a n d  b F G F  r e v e a l  a n  id e n t ic a l  
r e s p o n s e  w i th  T N F a , n o  o v e r la p  w ith  IL-6, a n d  e x c e p t fo r  o n e  p ro te in ,  a n  
id e n tic a l  r e s p o n s e  w ith  bFG F. In  th e  la te r  c a se , a n  IL - lß -  re s p o n s iv e  p r o te in  
(M W  2 4 /2 5  k D a , p i  5 .6) w a s  n o t  in d u c e d  b y  b F G F . T h e se  o b s e rv a t io n s  
c o n f i rm  th e  s im ila r  a c tio n s  o f  I L - lß  a n d  T N F a  in  a s tro c y te s  a n d  re v e a l  a 
s ig n if ic a n t o v e r la p  in  th e  se ts  o f  se c re te d  p ro te in s  in d u c e d  b y  I L - lß  a n d  bFG F. 
I d e n t i f ic a t io n  o f  th e s e  p r o te in s  b y  m ic r o s e q u e n c in g  e f f o r ts  c u r r e n t ly  in  
p r o g re s s  w ill h e lp  u s  u n d e rs ta n d  th e  r a n g e  o f  a s tro c y tic  r e s p o n s e  to  in ju ry  
a n d  n e u ro d e g e n e ra t iv e  d iso rd e rs .  [ S u p p o rte d  b y  L E A D  a w a r d  A G 09016 a n d  
R O l A G 0 1 1 2 1  to  P .D .C .j.

GLIA AND OTHER NON-NEURONAL CELLS: MICROGLIA/MACROPHAGE

190.1
CELLULAR R E S P O N S E S  T O  C N S  IN JURY IN A  MUTANT M O USE  
EXHIBITING D ELA YED  W ALLERIAN D EG EN ERATIO N : I M ICRO G LIA  &  
Steward*. Departments of Neuroscience and Neurosurgery, Univ. of 
Virginia. Charlottesville. VA 22908.

This study evaluates the time course of reactive changes in C N S  microglia 
in a substrain of mice carrying the "WLD" mutation which leads to a  
substantial delay in the onset of Wallerian degeneration in amputated 
axons. Previous studies have shown that activation of peripheral 
macrophages is delayed in the mutant mice to the sam e extent a s  the delay 
in the degeneration of peripheral nerves (Perry. V.H. e ta i. S . Eur. J . 
Neurosci., 2 :408-413,1990). How the mutation affects the reactive 
responses of C N S  glia is not known.

We compared the extent of microglial proliferation in the denervated 
dentate gyms after unilateral entorhinal cortex lesions in mutant and control 
mice. Microglial proliferation w as evaluated using histochemical techniques 
(purine nucleoside phosphorylase-PNPase and mucleoside 
diphosphatase-NDPase). The former stains one c lass of microglia; the 
latter stains microglia a s  well a s  astrocytes.

In normal control mice, the response of microglia to the E C  lesion 
appeared comparable to the response that has been characterized 
extensively in rats. There w as a  substantial increase in the number of 
PNPase positive cells within the denervated neuropil of the dentate gym s 
and a dramatic increase N DPase staining. In mice carrying the W LD  
mutation, however, there w as no increase in P N Pase positive cells in the 
denervated neuropil of the dentate gym s even by 6  days postlesion and 
Kttle increase in N DPase staining. Increases in PN Pase and N DPase  
staining were present only in the area immediately surrounding the wound 
cavity where tissue w as directly damaged. These  results indicate that 
activation of C N S  microglia is delayed in the W LD mice to the sam e extent as  
the delay in the onset of degenerative changes in amputated axons. 
Supported by NIH grant NS12333.

190.2
ACTIN FILAMENT DYNAMICS IN LIPOPOLYSACCHARIDES 
(LPS)-STIMULATED MOUSE MICROGLIA DURING Fc 
RECEPTOR-MEDIATED PHAGOCYTOSIS.E.A Abd-El-Basset* and Fedoroff, Canadian Network of Centres

of Excellence for Neural Regeneration and Functional Recovery, 
Department of Anatomy, University of Saskatchewan, Saskatoon, SK 
S7NOWO Canada.

The phagocytic ability o f microglia in culture during their 
differentiation and before and after stimulation with LPS has been 
investigated using Fc receptor-mediated phagocytosis of 
immunoglobulin-coated sheep erythrocytes (IgG-SRBCs). Not all 
microglia in cultures are phagocytic originally; however, on further 
culturing all the microglia become phagocytic. LPS-stimulated 
microglia are able to phagocytose larger numbers of IgG-SRBCs and 
at a faster rate than non-stimulated microglia. Visualization of the 
arrangement of actin filaments in LPS-stimulated microglia before 
and after Fc receptor-mediated phagocytosis, using rhodamine 
phalloidin, indicates that a change in the extensive actin filament 
pattern takes place. Within the first 5-10 minutes of phagocytosis 
actin filaments become depolymerized, leaving only actin filament 
bundles around the phagocytosed SRBCs (phagosome cups). Thirty 
minutes after the beginning o f phagocytosis the microglia start to 
polymerize actin filaments and within two hours the original pre
phagocytosis pattem of actin filaments is established. The non-LPS- 
stimulated microglia do not exhibit these dramatic changes in actin 
filament dynamics during phagocytosis.

Supported by NCE Fellowship to E.M.A. and MRC grant MT4235 
to S. F.
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190.3
HEMOPOIETIC COLONY-STIMULATING FACTOR-1 (CSF-1) IS 
REQUIRED FOR MICROGLIAL RESPONSE TO AXOTOMIZED 
MOTOR JSIEURONS IN THE FACIAL NUCLEUS.
Fedoroff.'S.. Blevins. G. Department o f Anatomy, University of 
Saskatchewan, Saskatoon, Sask.

Transection o f the facial nerve leads to motor neuron 
degeneration/regeneration in the facial nucleus. Such injury does not 
disturb the blood-brain barrier, nor does invasion of blood-derived 
cellular elements occur. Microglia are the first cells to respond to injury 
of the central motor nucleus after an ipsilateral axotomy of facial nerve. 
Microglia increase the number of their CSF-1 and GM-CSF receptors, 
proliferate and displace the synaptic terminals from the surface of 
regenerating neurons without becoming phagocytic cells (Raivich et al., 
Metabolic Brain Disease 4:81-85,1989).

The op/op mice carry a mutation in the CSF-1 gene (C-sfm) on 
chromosome 3. (Yoshida et al., Nature 345:442-443, 1990). Because 
of this mutation there is a systemic absence of CSF-1 and a marked 
decrease in the number of macrophages. We found that in op/op mice, 
although the number of macrophages is decreased drastically, the 
number of microglia in the parenchyma o f the CNS appears to be 
normal. However, the microglia in op/op mice do not respond to injury 
of the motor neurons in the facial nucleus caused by transection of the 
facial nerve. There is no proliferation of microglia. We have shown 
previously that microglial proliferation depends on the secretion of 
CSF-1 by astroglia (Hao et al., J. Neurosci. Res. 57:314-323, 1990). 
Astroglia in op/op mice do not secrete CSF-1. Supported by Canadian 
NCE for Neuronal Regeneration and Functional Recovery and MRC 
Canada grant MT4235.

190.5
CHARACTERIZATION OF MICROGLIAL CELLS CULTURED FROM ADULT 
INJURED RAT BRAIN. Fem aud-E spinosa I . N ieto-Sam pedro  M .* . B ovolenta P . 
N eural P lasticity  G roup, Instituto Cajal, CSIC , D r. A rce 37, M adrid , 28002, 
Spain.

In the adult CNS m icroglial cells a re norm ally  quiescent b u t ge t ac tivated  in m any 
pathological conditions. T hey increase in  num ber a t the dam age s ite  and  acquire 
m acrophage-like characteristics. In  addition , m icroglia  appear to  segregate 
neuro toxic products and express surface m olecules, that m ay be  involved  in neu rite  
ou tgrow th  inhibition. T he cell b iology o f  neuron-m icroglia  and  astrocyte-m icroglia  
interactions is, how ever, poorly  understood . T o  gain  in sigh t in to  these  processes, 
w e have cultured  m icroglia  from  adult ra t h ippocam pus, a fter un ilateral 
in traventricu lar kainic acid injection. T he m icroglia  ob tained  bound  the m arker D il- 
ac-L D L  and the lectins from  Griffonia S im plicifolia  and  Vicia Villosa, w ere 
im m unopositive for OX -42 and E D I and produced  in terleuk in  1. T hese  m icroglial 
cells, how ever, show ed im portan t d ifferences w ith  respect to  those  iso lated  from  
either norm al adult o r  postnatal ra t b rain . W hile  the la tte r had  m acrophage-like 
appearance and, once separated from  the astrocytes, stopped d iv id ing  and  form ed 
d ispersed cultures, the m icroglia  isolated from  in jured  h ippocam pus w ere  highly 
p ro liferative, had  fusiform  m orphology and  form ed o rganized  m onolayers. U pon 
T P A  stim ulation, m icroglia  from  unin jured  brain  rounded  up  and  expressed  h igher 
C D  l i b  levels. In  contrast, in jured brain  m icroglia  d id  n o t change th e ir m orphology 
o r  CD  l i b  expression, b u t becom e strongly  positive  for D i-ac-L D L  and  expressed 
proteoglycan-like m olecules. W hen added to  em bryonic n eu ron  cu ltu res, bo th  types 
o f  m icroglia  cells inhibited neurite  extension. C urren t experim ents are  direc ted  to 
determ ine w hether these m icroglial cells a re  unique to  the in ju red  ad u lt b rain , o r 
w hether they represent a specific stage o f  d ifferen tiation  com m on to m icroglial cells 
th roughout developm ent.

Supported by grants SA F 0212-92 and  F A R /IN F  90-0179 from  the Program a 
N acional de  Investigación у D esarro llo  Farm acèutico

190.7
MICROGLIA SUPPORT NEURON GROWTH IN VITRO
S.C. Zhang* and S. Fedoroff. Dept. of Anatomy, Univ. of 
Saskatchewan, Saskatoon, Saskatchewan, S7N 0W0, 
CANADA

The interaction between neurons and microglia was 
studied by co-culturing neurons from E15 СзН/ОиЈ 
mouse neopallium with microglia isolated from astroglial 
cultures of newborn СзН/ОиЈ mouse neopallium. 
Neuronal cells attached to microglia and extended their 
neuntes onto other microglia, where the neurites formed 
a network. No neuronal death or injury was observed up 
to 10 days in co-culture. Treatment of these cultures with 
20 μg/ml of lipopolysaccharide ( LPS ) for 24 to 72 hours 
did not cause neuronal damage. Microglia, on the other 
hand, flattened and became round in shape when they 
were in contact with neurons, whereas microglia in 
neuronal conditioned medium did not change their 
morphology. The phagocytic activity of the microglia in 
co-cultures, as evaluated by Fc receptor-mediated 
phagocytosis of sheep erythrocytes, did not change. This 
observation suggests that microglia support neuronal 
growth. The interaction at the molecular level between 
neurons and microglia under steady state and stress 
conditions are under investigation.

190.4
I N D U C T IO N  O F  A  M IC R O G L IA L  M IT O G E N  BY H Y P O G L Y C E M IC  RA T 
B R A IN  S L IC E S . M . K . O 'B a n io n » . S. S u l l iv a n .  P . D . C o le m a n  a n d  M . R. 
M a rtz e n . D e p a r tm e n ts  o f  N e u r o lo g y  a n d  o f  N e u r o b io lo g y  a n d  A n a to m y , 
U n iv e rs i ty  o f  R o c h e s te r  S ch o o l o f  M e d ic in e , R o c h e s te r , N Y  14642.

T o  b e t te r  u n d e r s t a n d  th e  n e u r o n / g l i a  a n d  g l ia / g l i a  in te r a c t io n s  in  in ju ry  
w e  h a v e  in v e s t ig a te d  th e  e ffe c ts  o f  in c u b a t in g  m ix e d  g lia l  c u l tu r e s  p re p a re d  
f ro m  n e w b o r n  r a t s  w i th  a d u l t  r a t  b r a in  s lic e s  m a d e  h y p o g ly c e m ic  fo r  v a rio u s  
le n g th s  o f  t im e . In  th e s e  e x p e r im e n ts  th e  f la t, ty p e  1 a s tro c y te s  in  th e  m ixed  
g l ia l  p o p u l a t i o n  u n d e r g o  a  d r a m a t i c  m o rp h o lo g ic a l  c h a n g e  w i th  th e  
a p p e a r a n c e  o f  m a n y  lo n g  p ro c e s s e s .  F u r th e r m o r e ,  th e  c o n d i t io n e d  m ed ia  
f ro m  th e s e  c o -c u l tu r e s  in d u c e s  m ic ro g lia l  p r o li f e r a tio n  in  o th e r  m ix e d  glial 
c u ltu re s ,  a s  d e te r m in e d  b y  s ta in in g  w i th  th e  le c tin  R C A -1 . M a x im a l in d u c tio n  
o f  t h i s  m ic r o g l ia l  m ito g e n  a p p e a r s  to  o c c u r  w i th  b r a i n  s l ic e s  m a d e  
h y p o g ly c e m ic  fo r  6  o r  m o re  h o u r s .  T h e  c o n d it io n e d  m e d ia  h a s  n o  q u a li ta t iv e  
e ffe c ts  o n  th e  a p p e a r a n c e  o r  G F A P  s ta in in g  in te n s i t ie s  o f  a s tr o c y te s  in  the 
m ix e d  c u ltu r e s .  P r e lim in a ry  d a ta  in d ic a te  t h a t  th e  m ito g e n  is  p r o d u c e d  by  
a s tro c y te s ,  is  g r e a te r  th a n  10  k D a  in  s iz e , a n d  is  s ta b le  in  m e d ia  fo r  a t  lea s t 7 
d a y s  ( a t  4 °C ). A n t ib o d y  n e u t r a l i z a t i o n  e x p e r im e n t s  a r e  u n d e r w a y  to 
d e te r m in e  w h e th e r  th is  m ito g e n  r e p r e s e n ts  o n e  o f  th e  a l r e a d y  k n o w n  
m ic ro g lia l  m ito g e n s  p r o d u c e d  b y  a s tro c y te s .  T h is  s y s te m  s h o u ld  p r o v id e  a 
m e a n s  to  i d e n t i f y  th o s e  f a c to r s ,  p r e s u m a b ly  r e l e a s e d  b y  c o m p r o m is e d  
n e u r o n s ,  t h a t  l e a d  to  t h e  p r o d u c t i o n  o f  t h e  m ic r o g l ia l  m ito g e n  a n d  
c o n s e q u e n t  g l ia l  a c t iv a t io n  in  C N S  in ju r y .  [ S u p p o r te d  b y  L E A D  a w a rd  
A G 09016 a n d  R O l A G 0 1 1 2 1  to  P .D .C .].

190.6
b F G F  E X P R E S S IO N  IN  R E A C T IV E  M IC R O G L IA  F O L L O W IN G  FA C IA L  
N E R V E  A X O T O M Y  IN  A G E D  F3 4 4  R A T S .
A .N . K alehua*, J . G ehrm ann, G .W . K reutzberg , M ax P lanck Institu te o f 
P sychiatry , D ept. o f  N eurom orphology, am  K lopfersp itz  18a, 8033 M artinsried, 
G erm any

Basic fibroblast g row th  factor (bFG F) is localized w ith in  astroglial cells, and 
only w ith in  reactive m icroglial cells follow ing in jury . It has been recently  shown 
that bF G F  may be a trophic factor for cu ltured  m otom eurons. T o  exam ine the 
possib le trophic interactions betw een m otom eurons and  g lial cells, w e perform ed a 
unilateral axotom y o f  the facial nerve  in 24-m onth-o ld  and  3-m onth-o ld  F isher 344 
rats, and em ployed im m unocytochem ical techniques to  identify  bF G F  containing 
cells a fter 1 ,4 ,7 , and 21 days o f  survival.

bF G F  w as observed w ith in  astroglial cells in the  norm al, un in jured  facial 
nucleus in both young and old anim als, w ith  som e s tain ing  o f  the facial nucleus 
m otom eurons. D ouble-labeling  w ith  G F A P  revealed that nearly  all o f  the bFG F- 
im m unoreactive (bFG F-Ir) cells w ere  also G F A P -positive  astroglia . A fter 4  days 
o f  surv ival, there w as a m arked increase in  b F G F -Ir  cells in the  operated  facial 
nucleus o f  aged anim als, w ith  a  m arginal increase in young anim als. Follow ing  7 
days o f  surv ival, the level o f  b F G F -Ir  cells in  the aged an im als rem ained elevated, 
w h ile  it increased in the- young anim als. H ow ever, the overall num ber o f  bFG F - 
Ir  cells w as h igher in aged as com pared to young anim als. D ouble-labeling  with 
the m icroglial m arker O X -42 show ed b F G F -Ir perineuronal m icroglial cells in 
both  aged and young anim als. By day 21 , the bF G F  response had subsided to 
baseline levels, how ever, b F G F -Ir  perineuronal m icroglia  w ere  s till present in 
both  young and old anim als.

O ur resu lts suggest that bF G F  is found in m icroglial cells only following 
injury and may therefore  suggest that m icroglia  m ay participa te  in the trophic 
support o f  m otom eurons follow ing  facial nerve  axotom y. T he  rapid and 
p ro longed  bF G F  response in the aged anim al as com pared to  young adults may 
then indicate a grea ter need for trophic support in the aged central nervous system. 
T his research is supported by the D FG  Schw erpunktprogram m , "Functions o f  
G lial C ells".

190.8
CY TO K IN ES R E G U L A TE G E L A T IN A SE  (M A T R IX  M ETA LLO PR O T EIN A SE; 
M M P) A C T IV IT Y  S E C R E T E D  BY  C U L T U R E D  R A T  A S T R O C Y T E S  A N D 
M IC RO G LIA . P. E . G ottschall*. U niversity  o f  South F lo rida  C o llege  o f  M edicine, 
D epartm ent o f  Pharm acology and  Therapeutics, T am pa, F L  33612-4799

It has been proposed  that a lte red  pro tease/pro tease  inh ib ito r activ ity  contributes 
to  the  developm en t o f  A lzheim er’s d isease  (A D ). A lthough  m any  s tud ies  have 
m easured  in tracellu lar pro tease activ ity  associa ted  w ith  processing  o f  the am yloid 
precursor, little  is know n about changes o f  M M Ps in  A D . R ecently , several M M Ps 
w ere detected  in A D  hippocam pal tissue and  an  M P w ith  a  M r o f  130 k D  w as found 
p red o m in an tly  in  A D  tissu e  c o m p ared  to  ag e-m a tc h e d  co n tro l h ippocam pus 
(B ackstrom  e t al., J  N eurochem  5 8 :9 8 3 ,1 9 9 2 ). S ince cy tok ines are  p resen t in glia 
that surround the neuritic plaques o f  A D  and cy tokines regulate M M P production by 
peripheral cells, th is study w as pe rform ed to  determ ine  w hether cy tok ines regulate 
M M P production  in  astrocytes and  m icrog lia  grow n in  p rim ary  cu lture. Enriched 
astrocyte and  m icroglia  cultures w ere p repared  from  brains o f  o ne-day  o ld  ra t pups 
an d  experim en ts w ere perfo rm ed  a fte r  13-17 days in cu ltu re. G e la tinases  in  the 
conditioned-m edia (cm ) w ere detec ted  by  zym ography using  gela tin  incorportated 
in to  SD S-PA G E . Cm  from  24 h astrocy te  cu ltu res con ta ined  M Ps o f  58 (M P-58) 
and  66 kD  (M P-66). M icroglial cm  contained  a  m ajor M P o f  94 k D  (M P-94). The 
ac tiv ity  o f  each o f  these proteinases w as m axim al in  the  presence  o f  m M  levels o f 
C a++ and  w as inhibited by  1,10 phenanthro line an d  by  E D T A . U pon stim ulation o f 
a strocy tes w ith  lipopo lysaccharide  (L PS), in te r le u k in -1 (IL -1 ) a  o r  ß  o r tum or 
necrosis factor (T N F )a  bu t no t with interleukin -6 (IL-6), there w as increased  activity 
o f  M P-58 and  M P -66 and  the appearance o f  an  M P-94. T he  stim u la tion  o f  M PP 
activ ity  by  each  cy tokine w as dose  and  tim e-related . IL -1 -induced , b u t no t LPS- 
induced , stim ulation o f  M P-58, M P -66 and  M P-94 w as inh ib ited  b y  the  hum an IL-1 
receptor antagonist. LPS increased  production  o f  M P-94 in  m icrog lia  cu ltures and 
L P S -induced  secretion  appeared to be inh ib ited  by ra t in terferony  (IN Fy). These 
resu lts  ind icate that the cy tokines IL -1 , T N F -a  and  IN F -γ reg u la te  M P  production 
from  cultured astrocytes and  m icroglia, (supported b y  the A lzheim er’s A ssociation).
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190.9
A QUANTITATIVE ANALYSIS OF ASTROGLIAL AND MICROGLIAL 
CELL REACTIONS IN PRIMARY SENSORY PROJECTION AREAS 
FOLLOWING SCIATIC NERVE INJURY IN THE ADULT RAT. 
N, P. Eriksson. J. K. E, Persson*. M. Svensson, B. Meijer and H. Aldskogius. 
Dept. Anat., Karolinska Institutet, Box 60400, S-104 01, Stockholm, Sweden.

Previous quantitative immunohistochemical studies have shown that the 
microglial cell reaction in primary sensory projection areas after peripheral nerve 
injury follows a very rapid exponential growth phase which is succeeded by a 
considerably slower decline phase; the peak being approximately 7-10 days after 
injury (Eriksson et al, Exp. Brain Res., In Press).

Pulse labelling experiments with the thymidine analogue bromodeoxyuridine 
showed that cell proliferation was initiated in the lumbar dorsal horn 36Һ and in 
the gracile nucleus 48Һ after injury. Double labelling experiments indicate that 
only microglial cells proliferate. Still, astrocytes respond to injury by an increase 
in glial fibrillary acidic protein (GFAP). Using image analysis we have examined 
quantitatively the appearance of the astroglial reaction to sciatic nerve injury as 
revealed by the area of immunoreactive profiles in the dorsal horn and the gracile 
nucleus. The results show a maximum around 14d postlesion whereafter there is 
a slow decline with levels still above normal after three months. However, 
examining the expression of GFAP-mRNA by in situ hybridization showed a 
maximum already two days after sciatic nerve injury in the locations above.

These reactions of the glial cells are the so far first observed morphological 
changes after peripheral nerve injury and favour the hypotheses that reactive 
microglial and astroglial cells could have a role in the development of 
transganglionic neuronal changes.

190.11
MACROPHAGES FROM M OLLUSCS MIGRATE RAPIDLY TOWARD 
SITES OF AXON INJURY Michael Spadv and Robert C. Berdan* Dept. of 
Physiology, University of Alberta, Edmonön, AB, Canada T 6G 2H7

Many invertebrate species possess "white blood cells" that function in 
internal defense and tissue repair. In different invertebrates these cells have 
been called hemocytes, leucocytes, granulocytes, ameobocytes, microglia 
and macrophages. In all species examined these cells are phagocytic. We 
are examining the role that macrophages from two molluscs, Helisoma 
trivolvis and Lymnaea stagnalis play in axon regeneration. Initially we 
observed that macrophages migrating on the outside of a nerve would move 
toward injuries inflicted to the nerve by crushing. Subsequently, we have 
examined the apparent chemotactic behavior of macrophages toward sites of 
nerve injury induced by crushes or cuts using time-lapse video microscopy 
and image processing. Macrophages were obtained by prodding the foot of 
the snail so that it would retract into the shell and deposit approximately 0.5 
ml of hemolymph enriched in macrophages (1-5 X 105 cells) onto a 
microscope slide. Time lapse studies revealed that the macrophages often, 
but not always moved toward the injury sites on the nerve at a rate of 6-10 
/vmVnin. Cut nerve endings provided a much better stimulus for the attraction 
of macrophages than crushed nerves. We are attempting to identify the 
nature of the chemoattractant. We have tested several neurotransmitters 
and amino acids (glutamate, dopamine, serotonin, glutamine) and found that 
although some of these agents could induce distinct morphological changes 
in the macrophages, none provided a chemotactic stimulus. Examination by 
both transmission and scanning electron microscopy revealed that 
macrophages often extend fine processes around the neuntes of isolated 
buccal neurons in culture. We have also observed that the macrophages 
leave "tracks" on the substratum and that the tracks often merge suggesting 
that they may have a guidance function. Studies in progress are attempting 
to determine if molluscan macrophages can direct neurite outgrowth or 
release neurite promoting factors. Supported by AHFMR.

190.13
THALAMIC ASTROCYTE AND MACROPHAGE RESPONSES AFTER 
CORTICAL ASPIRATION LESIONS IN THE NEWBORN RAT. L. M.
Olszanski ». T. P. Hoean. P. L. Shaw. J.A. McNulty and A. J. Castro.
Neuroscience Program, and Dept. of Cell Biology, Neurobiology and Anatomy, 
Loyola Univ. School of Medicine, Maywood, IL 60153.
This study was initiated to examine the astrocyte and brain macrophage responses 

associated with the thalamic degeneration that occurs after sensorimotor cortical 
aspiration lesions in the newborn rat.
Long Evans, black-hooded rats received unilateral aspiration lesions of the 

sensorimotor cortex at postnatal day 0 or 1. The animals were sacrificed and 
perfused transcardially at either 4 or 14 days post-lesion. Frozen brains were 
sectioned frontally at 10 pm and processed for Nissl stain, acetylcholinesterase 
(АСҺЕ) and by immunocytochemical methods for the astrocyte specific 
intermediate filament glial fibrillary acidic protein (GFAP) and the 
macrophage/monocyte specific EDI cytoplasmic antigen.
Atrophy of the ipsilateral anteroventral (AV) and ventrolateral (VL) thalamic 

nuclei were evident with АСҺЕ staining. Furthermore, the AV and VL nuclei 
showed the most consistent and prominent GFAP and EDI immunoreactivity (DR). 
Sparse to moderate GFAP-and ED1-IR was also observed in the thalamic 
ventromedial, posterior, and ventrobasal nuclei as well as the zona incerta and 
medial lemniscus. At 14 days post-lesion, ED1-IR cells displayed ramified 
processes. The prominent GFAP- and ED1-IR in the AV and VL thalamic nuclei 
corresponds to the AV and VL atrophy following sensorimotor aspiration lesion of 
the newborn rat
Ongoing studies are examining this gliotic response in newborn rats which 

received embryonic neocortical grafts following cortical aspiration lesions. 
(Supported by NIH Grant 13230 and a grant from the Bane Estate.)

190.10
BRAIN MACROPHAGES IN THE DEVELOPING WHITE MATTER OF THE 
RAT MAY PRODUCE NITRIC OXIDE (NO)
G. Bertini1. T. Savio2*, D, Zaccheo2. H.H.H.W. Schmidt3 and M. Bentivoglio1. 
Institutes o f Anatomy, Universities of'Verona and 2Genoa, Italy,
3Medizinische Universitätsklinik, Klinische Forschergruppe, Würzburg, Germany.

During early postnatal life, the brain undergoes an extensive reshaping which 
includes natural death and elimination of axonal branches. Non neuronal phagocytic 
cells may play critical roles in such regressive processes. Populations of glial cells 
with macrophagic activity have been demonstrated in the developing mammalian 
brain. In particular, large, round amoeboid cells, often referred to as brain macro
phages (BMO), have been detected in the maturing white matter. We performed on 
the postnatal rat brain NADPH-diaphorase histochemistry (ND), known to selec
tively stain cells that contain NO synthase (NOS), the NO synthetic enzyme. A 
prominent population of ND-positive cells was found in the white matter in several 
areas, including corpus callosum and internal capsule, during the first postnatal 
week and was not detectable in the adulthood. The distribution and morphology of 
these ND-positive cells and the temporal schedule of their occurrence were consis
tent with those of BMO. Accordingly, we obtained with 0X42 antibodies, which 
recognize macrophages and microglia, a pattern of immunostaining supcrimposable 
onto the ND-positivity in the developing white matter. Antibodies raised against the 
neuronal subtype of NOS (NOS-I) resulted at early postnatal stages in immunostain
ing of neurons but not of white matter ND-positive BMO-like cells. This finding is 
consistent with a non-neuronal origin of ND activity in such cells and indicate that, 
as in general described for macrophages, BMO may express the NOS subtype II. 
Direct demonstration of identity between BMO and ND-positive cells in the white 
matter is presently being pursued with double staining protocols. These data suggest 
that macrophages transiently occurring during brain development may produce NO. 
Thus, NO could be involved in the regressive events that bring to the wiring of the 
mature brain.

190.12
INDUCTION BY MACROPHAGES OF REGENERATION 
ASSOCIATED MOLECULES IN SENSORY NEURONS. X. Lu* 
and P.M. Richardson. Montreal General Hospital 
and McGill University.

Previous studies have shown that the presence 
of macrophages in the dorsal root ganglion (DRG) 
can be beneficial to axonal regeneration and 
that macrophages enter the DRG following 
peripheral nerve injury. In situ hybridization 
studies were undertaken in rats to investigate 
how injection of Corynebacterium parvum into the 
DRG influences regeneration-linked events within 
neurons (C. parvum was used in earlier studies 
to recruit macrophages into the DRG). Neuronal 
concentrations of mRNA for GAP-43 and c-jun were 
increased after injection of C. parvum as after 
axotomy. However, CGRP mRNA was up-regulated 
by C.parvum injection in contrast to its down- 
regulation after axotomy. The findings are 
consistent with the hypothesis that some but not 
all of the changes in axotomized sensory neurons 
are mediated by molecules present in 
macrophages.

190.14
EARLY CHANGES OF MACROPHAGE-LIKE 
IMMUNOREACTIVITY IN THE RAT INFERIOR OLIVE AFTER 
INTRAPERITONEAL 3-ACETYLPYRIDINE INJECTIONS  
Ogawa. K. Niiiima* and M. Yoshida. Departments of Neurology, Jichi 
Medical School, Tochigi 329-04, Japan,

Early changes of macrophage-like immunoreactivity were observed 
in the inferior olive of 8 -weeks-old male Wistar rats (250g) after 
intraperitoneal injection of 3-acetylpyridine (3AP) using seven 
monoclonal antibodies recognizing macrophage subpopulations (OX- 
42, OX-6 , ED-1, RM-1, TRPM-1, TRPM-2, and TRPM-3). Four 
hours after 3AP injection, the processes of ОХ-42-positive microglia 
had increased in number and became thicker than resting microglia. 
Between 24 hours and the 7th day after 3AP injection (day 7), OX-42- 
positive microglia gradually increased in number. At 24 hours after 
3AP injection, round cells appeared that stained with all seven 
antibodies. These disappeared by day 3. Double staining indicated that 
ОХ-42-positive activated microglia on day 7 were divided into 
subpopulations by their immunoreactivity to ED-1. We suggest that the 
round cells derived from blood monocytes and entered the brain only 
transiently while ОХ-42-positive activated microglia originated from 
parenchymal resting microglia and continued to increase in number after 
the disappearance of the round cells.
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190.15
MACROPHAGE-CONDITION MEDIUM INCREASES THE 
PRODUCTION OF EXTRACELLULAR MATRIX MOLECULES 
BY ASTROCYTES. George M. Smith*. Dept. of Anesthesiology and 
Pain Management, UT Southwestern Medical Center, Dallas, Texas 
75235.

Astrocytes responding to central nervous system trauma produce 
higher than normal amounts of the extracellular matrix molecules 
laminin, tenascin, and chondroitin sulfate proteoglycan (CS-PG). 
Increase in these molecules coincides with the infiltration of 
macrophages into the wound cavity. To determine if factors secreted by 
macrophages effect astrocyte production of extracellular matrix 
molecules, cultured rat astrocytes were grown in the presence of 
condition medium isolated from non-stimulated and zymosan-A 
stimulated macrophages. Astrocytes grown in the presence of non- 
stimulated macrophage-CM showed only a modest increase in the 
production of laminin, tenascin, and CS-PG. Astrocytes treated for 48 
hrs in the presence of zymosan-A stimulated macrophage-CM showed 
a 2.0 to 2.5 fold increase in the production of these molecules as 
determined by Western and Northern blot analysis and ELISA. 
Zymosan-A along induced no increase in astrocyte production of 
extracellular matrix molecules. To determine if cytokines released by 
stimulated macrophages effect astrocyte production of laminin, tenascin, 
and CS-PG, astrocytes were grown in the presence of either IL-1, IL-6, 
TNF, GM-CSF, or bFGF. Of these cytokines IL-1 and bFGF increased 
astrocyte production of CS-PG and tenascin, respectively. These results 
indicate that factors released by stimulated macrophages increase the 
production of extracellular matrix molecules by astrocytes.

191.1
PATTERNS OF SPONTANEOUS, INTRINSIC ACTIVITY IN THE 
DÉNERVATED OPTIC TECTUM OF GOLDFISH. A.W. Lvckman* 
and R.L. Mever. Developmental Biology Center, University of 
California, Irvine, CA 92717.

Current models of synaptic specificity in developing and 
regenerating neural systems typically invoke Hebb’s rule, /a?., synaptic 
connections are stabilized by contemporaneous excitation of 
presynaptic and postsynaptic elements. Most systems studied to date 
have focused on the role of differing levels and patterns of presynaptic 
excitation. We are examining patterns of postsynaptic activity in the 
goldfish tectum to determine whether tectal neurons alter their intrinsic 
discharge patterns after different intervals of optic denervation or 
activity blockade, and whether patterns of postsynaptic activity are due 
to locally correlated discharge by sets of tectal neurons.

Extracellular recordings were made using 1 or 2 glass- 
insulated tungsten microelectrodes (0.1-1 ΜΩ) inserted into the optic 
fiber termination lamina of the tectum. Optic activity was blocked by 
intraocular injection of tetrodotoxin (TTX, l^L, 10'5M). Multi-unit 
activity was digitized and sorted into single unit records and analyzed 
for cross-correlations using BrainWave software.

Normal tecta with unblocked optic activity had average multi
unit discharge rates of lOhz in light or dark. TTX-blockade of optic 
activity reduced average tectal activity to lhz. Tecta denervated 13-29 
days prior to recording had spontaneous (non-optic) activity of lhz 
which occurred mainly as O.Ssec bursts at 0.03hz. Such bursting in 2- 
electrode recordings was often locally independent and thus could serve 
as a substrate for a Hebbian mechanism involving multiple target cells. 
Supported by EY 6746 to R.L.M.

191.3
PREMATURE PLASTICITY: NMDA ACCELERATES
REORGANIZATION OF BINOCULAR CONNECTIONS AFTER 
EARLY EYE ROTATION IN XENOPUS. S.B. Udin*.W.J. Scherer &
J. Bandarchi. Dept. of Physiology, SUNY, Buffalo, NY 14214.

The ipsilateral visual input to Xenopus tectum comes into register with 
the contralateral map during development. The initial map is established 
via chemoaffinity cues, while the final order is determined by a Hebbian 
mechanism involving binocular visual input. The two stages of 
organization are illustrated by the two-step process of map formation 
after surgical rotation of one eye in a tadpole. Up to about 1 month after 
metamorphosis, the ipsilateral eye's map develops as if there had been 
no intervention; over the next 2-3 months, however, the ipsilateral map 
becomes reoriented to match the input from the contralateral eye. The 
reorganization is prevented by application of NMDA receptor blockers.

We have tested whether the balance between chemoaffinity- and 
activity-dependent processes can be altered by increasing the activation 
of NMDA receptors during the first month post-metamorphosis. 
NMDA was applied via slow-release Elvax implants on the right tectal 
lobe after the left eye had been rotated 90°. Control implants contained 
Holtfreter's solution. Electrophysiological mapping demonstrated that 
maps in NMDA-treated tecta showed significantly more reorganization 
than maps in matched controls. Thus, NMDA does accelerate the 
process by which visual activity brings tectal maps into register.

Supported by March of Dimes Birth Defects Foundation (Basic 
Research Grant 0904 to SBU &  Predoctoral Graduate Research 
Training Fellowship for WJS) & by USPHS Grant EY-03470 to SBU.

191.2
E F F E C T S  O F  C H R O N I C  N - M E T H Y L - D - A S P A R T A T E  T R E A T 
M E N T  O N  S P O N T A N E O U S  E P S C S  R E C O R D E D  F R O M  RANA 
PIPIENS O P T IC  T E C T U M . P eter  W . H ick m o tt* and M artha C o n sta n tin e -  
P aton . D e p t  o f  B io lo g y , Y a le  U n iv .,  N e w  H a v en , C T  0 6 5 1 1 .

P rev io u s  w ork  in  our laboratory h as in d ica ted  that the N M D A  receptor is  in v o lv ed  
in  th e a ctiv ity -d ep en d en t re fin em en t o f  the retino tecta l m ap  in  Rana pipiens. C hronic  
treatm ent o f  th e tectum  w ith  th e a n tagon ist, D L -2 -a m in o -5 -p h o sp h o n o v a lera te  (A P V ),  
c a u ses  d isorgan iza tion  o f  th e retiontecta l m ap  (C lin e  &  C on stan tin e-P aton , N euron  
3 :4 1 3 ,1 9 8 9 ) .  C h ron ic N M D A  treatm ent sharpens e y e -s p e c if ic  str ip es (C lin e , e t  a l., 
P N A S  8 4 : 4 3 4 2 ,1 9 8 7 )  and a lso  d ecr ea ses  th e s e n s itiv ity  o f  tecta l neu ron s to  a cu te ly  
ap p lied  N M D A . T here is , h o w ev er , n o  d ecrea se  in the num ber o f  N M D A  receptors  
d etected  w ith  receptor b in d in g  autorad iography (D eb sk i, e t  a l., J. N e u r o sc i. 1 1 :2947 ,
1 9 9 1 ). B y  record in g  from  s in g le  tecta l neurons in a  s l ic e  preparation , w e  h ave  
d eterm ined  that th is d ecrease in sen sitiv ity  re flec ts  a  d ecrease  in  the am ount o f  N M D A  
current that can  b e  ev o k ed  u sin g  a g o n is t io n to p h o res is  (H ick m o tt &  C on stan tine-  
P aton . S o c  N e u r o sc i A b str 1 7 :1 1 3 4 , 1 9 9 1 ). T h is  io n to p h o re s is  p ro to c o l, h o w ev er , 
a ctiva tes  both  syn aptic  and extrasyn aptic  receptors. S in c e  w e  are m o st interested  in  
e ffe c ts  o n  syn aptic  currents, w e  d irectly  ex a m in ed  th e e ffe c ts  o f  ch ron ic N M D A  
treatm ent o n  sp o n ta n eo u s syn ap tic  currents.

W e  v o lta g e  c la m p ed  neurons in the tecta l s l ic e  p reparation , and ex a m in ed  
sp o n ta n eo u s E P S C s in  0  M g ++  b ath in g  so lu tio n  to  m a x im iz e  the con tr ib u tion  o f  
N M D A  current to the E P S C s. 2 5  μ Μ  b ic u c u llin e  m e th io d id e  w a s  ad ded  to  b lock  
IP S C s. W e  com pared  th e rise  tim e , the p ea k  a m p litu d e, an d  th e fa ll t im e o f  th ese  
E P S C s b efo re , d ur in g , and a fter b a th -app lica tion  o f  1 0 0  μ Μ  A P V . A P V  ap plication  
cau sed  a  s ig n ific a n t d ecrease  in  b oth  th e am p litud e (m ean: -13% ) and fa ll t im e (m ean: - 
24% ) in  untreated  tad p o le s , w ith  n o  ch a n g e  in  r ise  tim e  (m ean: -5% ). Prelim inary  
resu lts (n = 4  neurons) su g g est that th ese  d ecreases  are n ot ob served  in  tad p oles  
ch ro n ica lly  treated  w ith  N M D A . T h u s, ch ron ic N M D A  treatm ent o f  th e tad p o le op tic  
tectum  d o w n -regu la te s  the p h y s io lo g ic a l e ffe c t iv e n e ss  o f  syn aptic  N M D A  receptors in  
tecta l neu ron s. S upported  b y  N IH  E Y 0 6 0 3 9  to  M C P .

191.4
ORIGINS OF SEROTONIN-LIKE IMMUNOREACTIVITY IN THE OPTIC 
TECTUM OF ADULT RANA PIPIENS. O. Liu*knd E.A. Debski. Sch. of 
Bio. Sci., University of Kentucky, Lexington, KY. 40506.

We wish to determine whether the NMDA receptor 
mediated topographic map formation in the optic tectum of 
Rana pipiens (Cline & Constantine-Paton, Neuron, 3:413-426,
1989) is modulated by serotonin. As a first step we have 
investigated the distribution of 5HT in the visual system of the 
frog. Using immunocytochemical methods, we found that in 
the optic tecta of R. p ip iens, 5HT-like immunoreactive (5HT-ir) 
fibers showed clear evidence of laminar organization with 
high concentrations of fiber plexi located in the layer in 
which retinal ganglion cells (RGCs) terminate (layer 9). 5HT-ir 
somas, in addition to being present in the cellular layers of the 
optic tectum, were also detected in the RGC layer, the 
hypothalamus, the tegmentum and the nucleus isthmi (N1). 
Injection of either HRP or rhodamine-labelled latex beads into 
optic tecta in combination with immunocytochemical 
techniques showed that some 5HT-ir RGCs projected to the optic 
tectum. However, optic nerve lesions did not result in the loss 
of layer 9 5НТ-ІГ fiber plexi, suggesting that these fibers did 
not originate from the retina. A subset of 5HT-ir cells in the N1 
were also retrogradely labelled by tectal injections. It is likely 
that both these cells and the 5HT-ir tectal cells contribute to 
the observed 5НТ-ІГ fiber plexi seen in layer 9. 5HT-ir cells in 
other brain areas did not project to the optic tectum. This 
project was supported by NSF grant IBN-9209651.
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191.5
EXPRESSION OF СаМКП BY VACCINIA VIRUS TO STUDY 
THE PLASTICITY IN FROG RETINOTECTÀL SYSTEM.

DJ. Zou*. D. Pettit and H.T. Cline. Dept. of Physiol. & Biophysics, 
Univ. of Iowa, Iowa City, IA 52242.

During development the frog retinotectal projection undergoes 
dynamic changes that depend on NMDA receptor activity. Ca2+ influx 
through the NMDA receptor may act through a Ca2+/Calmodulin- 
dependent protein kinase II (CaMKII) pathway. We are studying this 
possibility by using recombinant vaccinia virus (VV) to infect and 
express constitutively active CaMKII (lacking the regulatory domain) 
and 0-galactosidase (ß G )  as a reporter in tectal cells. VV is injected 
into the ventricles and the subdural space lateral to tecta of stage 46-49 
albino Xenopus tadpoles. 1-3 days later, brains were removed, 
infection was checked by examining the expression o f ß G . Very few 
cells expressed ß G  on 1 day. More cells expressed ß G  after 2 days 
and most were concentrated in the ventricular zone. Intense expression 
throughout the tectum occurred at day 3. In cryostat sections, ß G  
appears to be located in neurons and glia, based on morphological 
criteria. Infected cells appear healthy. We have begun to study the 
influence of CaMKII on the development o f the retinotectal system.

Supported by the McKnight Foundation.

191.7

miNOCOLLICULAR TOPOGRAPHY FOLLOWING MONOCULAR 
ENUCLEATION IN THE NORTH AMERICAN OPOSSUM O. S. Fischer*1. P.
D. Wilson1, and M. A, Kiitov2. 'Dept. of Psych., U. of Calif., Riverside, CA 92521. 
Dept. of Pediatrics, Sch. of Med., Loma Linda Univ., Loma Linda, CA 92350.

Previous studies of retinocollicular topography in eutherian (cat: Fischer et al, 
1992, Invest. Oph. & Vis. Sci. Suppi. 33:1059; rat: Jeffery et al, 1986, Exp. Brairt 
Res. 63:351), but not marsupial (South American opossum: Lent et al, 1980, 
Neurosci. Let. 18:37) mammals report an abnormal representation of the ipsilateral 
temporal field following monocular enucleation. We have examined the effect of 
monocular enucleation on development of the retinocollicular projection in the 
marsupial North American opossum. Multi-unit recordings of light evoked 
responses in superior colliculus (SC) neurons of 8 adult opossums (4 monocularly 
enucleated on postnatal day 17-31) were obtained using tungsten microelectrodes. 
Receptive fields (RF) were mapped on a tangent screen with reference to the position 
of the optic disk. Following RF mapping unilateral injections of horseradish 
peroxidase (HRP) were made into the SC. Animals were perfused 72 hours later 
with mixed aldehydes and the retinae and brain sections were reacted for HRP.

Topography in controls appeared closely similar to that described for the South 
American opossum (Ramoa et al, 1983, Exp. Brain Res. 49:373). Several features of 
enucleate topography: expansion of the ipsilateral projection, rerepresentation of 
central/peripheral visual field for rostral/caudal SC, and non-responsive regions in 
caudal SC are similar to those observed in South American opossum (Lent et al, 
1980). However, unlike South American opossum, but like cat and rat some caudal 
SC recording sites in enucleate North American opossums responded to stimulation 
of the ipsilateral temporal field; and retrograde labeling with HRP showed a 
corresponding increase in the number of ganglion cells in ipsilateral nasal retina. 
These results suggest that binocular interactions contribute to the refinement of 
retinocollicular topography in both eutherian and marsupial species.

191.9

DEVELOPMENT OF SUBSTANCE-P IMMUN ORE ACTIVITY IN THE RAT 
SUPERIOR COLLICULUS. M. Behan*. N. Kirne. P P. Appell and M. ГиЫопе. 
Dept of Comparative Biosciences, University of Wisconsin, Madison, WI53706.

Immunocytochemical techniques have been used to examine the distribution of 
substance-P labeled (SP) neurons in the superior colliculus of rats from birth to 
adulthood. At birth, there are almost no SP immunopositive neurons in the 
tectum. A small number of SP neurons appear over the next several days. 
However, the vast majority of SP neurons appear between P9 and P10, and by P12 
have attained adult-like numbers and distribution. Neurons are confined to the 
superficial layers of the colliculus, specifically the upper two-thirds of the stratum 
griseum superficiale (SGS). There is no indication of a differential developmental 
sequence along rostrocaudal or mediolateral axes. Neuronal types can be 
distinguished as early as P6 and include horizontal, vertical and multipolar cells. 
Substance-P immunoreactive axons and boutons are also present in the superior 
colliculus at birth, and are for the most part confined to the deep layers. Boutons 
are generally of the en passant type. The density of labeled axons and boutons 
increases progressively, and by P10 there is an almost adult-like lamination and 
patchiness. In the adult, labeled axons and boutons are most dense in the stratum 
opticum and stratum griseum intermedium. Bridges of dorsoventrally oriented 
labeled axons span the relatively label-poor stratum album intermedium. SP label 
in the stratum griseum profundum is dense and patchy, and there is also dense 
label in the stratum album profundum bordering the periaqueductal grey. The role 
of substance-P labeled neurons in the superior colliculus is still a matter of 
speculation. The findings of this study indicate that SP neurons may play a role in 
intrinsic collicular circuitry. These studies are being extended to examine the 
influence of visual cortex on the expression of substance-P in collicular neurons.

191.6
LEUCINE INCORPORATION INTO PROTEIN AND DE0XYGLUC0SE UPTAKE 
LOCALIZATION IN CHICK OPTIC LOBE. A .Starnatakišį A. Mitsacoã^ 
and C.R. Dermori. t)ept. of Biology, Univ. Crete, Iraklion, 
Greece.̂ Dept. Physiology, Univ.Sch. Med., Patras, Greece.

The avian optic lobe is composed of the well laminated 
retino-recipient area of optic tectum and a region, which 
includes nuclei of the isthmic complex (10, Ime, Ipc) and 
mesencephalicus lateralis pars dorsalis (MLd). The metabolic 
and protein synthesis activities within optic lobe were stu 
died by means of in vivo autoradiographic C-deoxyglucose 
and “+C-leucine methods, respectively. The produced auto
radiograms of coronal optic lobe sections were analysed 
with the use of computerized image analysis system.

Semiquantitative analysis of the autoradiograms showed 
differential pattern of metabolic and protein synthetic 
activities within the optic lobe subregions. High levels of 
deoxyglucose uptake were observed in the superficial layers 
(SGF; stratum griseum fibrosum) of the optic tectum. The 
nuclei of the isthmic complex exhibited low levels of deoxy
glucose uptake. However, these nuclei (10, Ime, Ipc) showed 
high levels of leucine incorporation into protein. The audi
tory nucleus MLd was characterized by increased values of 
both protein synthesis and deoxyglucose uptake. The optic 
tectum showed marked differences in the laminar distribution 
of biosynthetic activity, with higher levels observed in 
the deep layers (SGG; stratum gr. centrale, paraventricular 1.).

These data show that the state of protein synthesis 
and metabolic activity did not always coincide in the 
visual related areas of the chick optic lobe.

191.8
IPSILATERAL RETINOTECTAL PROJECTION IN NEONATALLY 
ENUCLEATED MICE. A. Fahmev. E. Garcia-Valenzuela. N. 
Nawar. S.C. Sharma» New York Medical College, 
Department of Cell Biology and Anatomy and Department 
of Ophthalmology, Valhalla, NY 10595, USA, Ains-Shams 
Medical College, Department of Anatomy, Cairo, Egypt.

The uncrossed retinal projections to the superior 
colliculus have been investigated in adult C-Dl mice 
(2-4 months old) that were subjected to monocular 
enucleation at birth. The goal was to study the effect 
of disparity between afferent input and their target 
availability on retinal axonal terminal distribution 
and morphology in the optic tectum. HRP (40% in 1% 
lysophospatedyl choline) was injected intravitreally in 
the remaining eye and HRP-filled axonal terminal 
profiles were studied in the ipsilateral colliculus. 
Both U and L types of retinal axonal terminals were 
uniformly distributed throughout the superficial optic 
layers of the superior colliculus with the exception of 
the caudal tectal end which remained a terminal free 
zone. Terminal field morphology for both varieties 
showed no significant alteration from the normal. 
However the average percentage of tectal area covered 
by a single retinal axonal arbor was increased from 1.1 
to 1.4% for type L terminals and from 0.9 to 1.18% for 
U type terminals. This increase in percentage of 
terminal to tectal size corresponded to reduction of 
total tectal volume. In addition, growth cone like 
profiles persisted in the stratum opticum in adults. 
These data suggest that induced retinal terminal field 
sizes remain constant whereas, the ratio to the 
availability of the tectal space increases.

191.10

CALCIUM AND CALMODULIN-DEPENDENT KINASE ACTIVITY 
IN THE DEVELOPING RAT SUPERIOR COLLICULUS. A.J. 
Schcetz* G.T. Pruskv and M. Constantine-Paton. Department of 
Biology, Yale University, New Haven, CT 06511.
The Calcium and Calmodulin-Dependent Kinase П (СаМ-П) may play an 
important role in many forms of synaptic plasticity. It detects brief 
increases in intracellular calcium by becoming calcium-independent. It is 
the major postsynaptic density protein, and it is important for in v itro  and 
behavioral models of synaptic plasticity. Our laboratory has been 
investigating the mechanisms involved in the postnatal development of the 
rat retinocollicular projection. The establishment of topographic order in 
this projection is dependent on activation of the NMDA receptor. This 
implies that postsynaptic calcium is an important signal involved in 
retinocollicular development. Here we report that the activity of СаМ-П in 
the superficial layers of the superior colliculus (SC) is developmentally 
regulated and that different substrates are phosphorylated by CaM-II 
when the retinocollicular map is disorganized (postnatal day 0, P-0) 
compared to when the map is organized, P-19. Furthermore, in P-19 rat 
SC treated with AP-5 from birth, a treatment which blocks the 
developmental refinement of the retinocollicular projection, there is a 
reduction in the overall СаМ-П activity. This chronic treatment also 
results in the phosphorylation of proteins that are usually phosphorylated 
in normal P-0 rats. These results suggest that CaM-II activity may 
correlate with the formation of topographically appropriate synapses 
Also, these data suggest that chronic AP-5 treatment halts normal synaptic 
development and its associated change in СаМ-П substrate specificity.
This work supported by NRSA EY06289 to AJS, NSERC to GTP and NIE EY06039 
to MCP

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



454 VISUAL SYSTEM: OPTIC TECTUM/SUPERIOR COLLICULUS TUESDAY AM

191.11
SPECIFICITY OF THE RETINOCOLLICULAR PATHWAY IN 
DEVELOPING CAT AND FERRET. Cara I. Snider & Leo M. Chalupa*. 
Dept. of Psychology & Center for Neuroscience, University of California, 
Davis, CA 95616.

In carnivores as in other mammalian species the early retinal projection 
to the superior colliculus (SC) is considerably more widespread than at 
maturity (Williams & Chalupa, 1982). We have examined the 
topographic organization of this projection in developing cats and ferrets 
using focal implants or injections of the lipophilic tracer Dii in animals of 
known gestational ages. Dii deposits were made in preparations fixed with 
4% paraformaldehyde as well as in vivo. Anterograde labelling patterns 
were visualized using fluorescent and confocal microscopy in wholemounts 
of the midbrain as well as in sagittal sections. Following small deposits of 
Dii into peripheral temporal retina the first contingent of fibers was 
observed entering the SC at gestation (G) age 37. This is at about the time 
that the peak number of fibers is attained in the developing optic nerve 
(Williams et at. 1986). By G42 a well-defined terminal zone of anterograde 
labelling was observed in both the contralateral and ipsilateral SC in the 
topographically appropriate region. In all cases, only a few fibers were 
seen to extend caudally and medially from the terminal zone; many of these 
ending in well defined growth cones. About one week later (G49), the 
terminal zone appeared adult-like with aberrant fibers rarely present. 
These observations are in marked contrast to the major topographic 
targeting errors observed with similar methods in the developing rat's 
contralateral retinocollicular projection by O’Leary and colleagues. Our 
results, in contrast, indicate a remarkable degree of precision in the 
developing carnivore retinocollicular pathway. (Supported by EY03391 
from the NEI)

191.13
A TWO STAGE PROCESS IN THE DEVELOPMENT OF A MAMMALIAN 
RETINOCOLLICULAR PROJECTION: ANATOMICAL AND
ELECTROPHYSIOLOGICAL EVIDENCE. Y. Ding, T. Freeman, R.F. Mark* 
and L.R. Marotte. Developmental Neurobiology, RSBS, The Australian 
National University, Canberra, Australia.

The retinotopic order and onset of synaptic transmission in the developing 
optic projection to the superior colliculus (SC) has been investigated in the 
marsupial mammal, the wallaby. Small groups of axons from different 
retinal quadrants were labelled with Dii in vivo in animals from 12-95 days 
and responses to optic nerve stimulation recorded in the SC in animals from 
38-146 days. At birth retinal axons have not reached the SC. At 12 days they 
are yet to reach the far caudal and medial borders of the SC. Nevertheless, 
axons are coarsely topographically organized even at this early stage. 
Between 42-52 days axons begin branching to form terminal zones in their 
retinotopically correct regions. Concomitant with this, the first evoked 
potentials to optic nerve stimulation can be recorded in the SC. By 65 days 
many of the initially more widely distributed axons have disappeared and 
by 95 days discrete terminal zones are present.

There is a protracted period during which axons continue arriving in the 
SC and are distributed in coarse topographic order with no evidence of 
synaptic transmission between retinal and collicular cells. They then begin 
forming terminal branches in their topographically appropriate position and 
this is coupled with the emergence of conduction in the optic nerve and 
synaptic transmission between retinal and collicular cells. Such a two stage 
process strongly suggests that shifting connections, a feature of the 
developing retinotectal projection of nonmammalian vertebrates, does not 
occur in the mammalian system.

191.15
DEVELOPMENT OF SUPERIOR COLLICULUS VISUAL RESPONSES 
AND THEIR CONTROL BY SUPRASYLVIAN CORTEX. B.E. Stein* and
M.T. Wallace. Department of Physiology, Medical College of 
Virginia/Virginia Commonwealth University, Richmond, VA, 23298 

Visually responsive neurons in the deep layers of the superior colliculus 
(SC) play important roles in attentive and orientation responses. The 
selectivity with which these neurons respond to visual stimuli and, thus, 
their likelihood of initiating overt responses, is controlled largely by 
inputs from lateral suprasylvian (LS) cortex (Ogasawara et al. 1984; 
Hardy and Stein 1988). In the present study we sought to determine: (a) 
when deep SC neurons first develop visual responses, and (b) when these 
neurons are first influenced by LS cortex. We examined the incidence and 
visual response properties of SC neurons in the cat at different ages (21 
DPN-adult), and then studied the effects on these properties of 
reversibly deactivating (i.e., cooling) LS cortex. Deep layer SC neurons 
exhibit a surprisingly late maturation. Whereas a number of superficial 
layer neurons respond to visual stimuli in 6-7 DPN animals, no deep layer 
visual responses were seen until 21 DPN. A significant number (22% of the 
population) of visually-responsive neurons were not apparent in the deep 
layers until 35 DPN. The earliest visual responses in these neurons were 
not affected by LS deactivation. It was not until 28 DPN that some SC 
neurons showed influences from LS, and by 35 DPN the majority (60%) of 
visual neurons were affected by LS deactivation. These data are 
consistent with, and may help explain, the protracted developmental 
time course of visual attentive and orientation behaviors (Norton 1981; 
Sireteanu and Maurer 1982). They also underscore the critical 
developmental interplay between cortex and the SC. Supported by NIH 
grants NS08902 and EY06562.

191.12
INCREASED SEROTONINERGIC INNERVATION IS ASSOCIATED WITH 
ABNORMAL RETINOTECTAL PROJECTIONS IN THE HAMSTER. R.W. 
Rhoades*. C. A. Bennett-Clarke and R.D. Moonev. Dept. of Anatomy, Medical 
College of Ohio, Toledo, OH 43699

Anterograde tracing with HRP was used to compare the organization of 
retinotectal projections in normal adult hamsters and in animals that sustained 
subcutaneous injections of the neurotoxin 5,7-dihydroxytryptamine (5,7-DHT) 
on the day of birth. Neonatal injection of this neurotoxin decreases the density 
of the serotoninergic (5-HT) innervation of the cerebral and cerebellar cortices, 
but increases the density of these fibers in the brainstem including the superior 
colliculus (SC). Analysis of tissue from the retinorecipient laminae of the SC 
by high-pressure liquid chromatography indicated that these lesions increased 
the amount of 5-HT in the adult by 47%. The increased serotoninergic 
innervation of SC was associated with a marked change in the distribution of 
the uncrossed retinotectal projection. In normal adult hamsters, fibers from the 
ipsilateral eye form dense clusters in the lowermost stratum griseum 
superficiale (SGS) and stratum opticum  (SO). A small number of uncrossed 
fibers are also visible in the more caudal portions of these layers. In the 
animals that sustained neonatal 5,7-DHT injections, uncrossed retinotectal 
fibers formed a nearly continuous band in rostral SO and lower SGS and 
numerous labelled fibers were present in the caudal SC, primarily in the SO. 
Neonatal treatment with 5,7-DHT also produced alterations in the crossed 
retinotectal pathway. These results indicate that the 5-HT input to the 
developing brainstem may strongly influence the development of retinoftigal 
projections.

Supported by EY 04170, EY 08861, and EY 08015

191.14
ONTOGENY OF AMINO ACIDS IN SUPERIOR COLLICULUS AND VISUAL CORTEX 
G.T. Golden*, G.G. Smith, F.A. Grau, P.F. Reyes, T.N. Ferraro. Department 
of Veterans Affairs Medical Center, Coatesville, PA 19320 and Jefferson 
Medical College of Thomas Jefferson University, Philadelphia, PA 19107 

Recent studies suggest a role for amino acids (AAs) in the development 
of the nervous system, in the present study, an ultrasensitive gradient 
(two buffer) ion-exchange HPLC with post column derivitization was used 
to measure levels of 25 AAs and related amino compounds in Long-Evans 
rat superior colliculus (SC) and visual cortex (VC) at 15 developmental 
time points from post conception day (PCD) 15 through 33. Seventy-two 
time-mated dams were used to provide fetal and neonatal SC and VC. 
Newborn and fetal rat pups (removed from anesthetized dams) were 
weighed, C-R length recorded, sexed, euthanized and tissues dissected and 
frozen at -70° C in less than four minutes. Results showed highly 
significant positive correlations between body weight and C-R length, age 
and C-R length, age and body weight. There was a low negative correlation 
between body weight and litter size. Developmental AA profiles in SC  
and VC showed a close correspondence; however, the two regions could be 
distinguished on the basis of relative levels of GABA, glutamate and glycine 
(early fetal and late neonatal), taurine (late neonatal), lysine and histidine. 
Comparison of SC and VC levels of AAs before and after the day of birth 
(PCD 22) revealed that levels of many AAs including histidine, 
phosphoserine, phosphoethanolamine, phenylalanine, methionine, leucine, 
valine, tyrosine, glutamate, glycine, aspartate, and arginine decreased at 
birth but recovered to pre birth levels by PCD 23. Exceptions were 
phenylalanine, methionine, leucine and valine which maintained the lower 
levels postnatally up to PCD 33. B-alanine (SC only), GABA, glycine, 
glutamate and phosphoserine were at adult levels by PCD 33.
Developmental AA profiles are discussed in terms of significant 
developmental events that occur in the rat visual system. Supported by 
the Department of Veterans Affairs.

191.16
VISUAL CORTICOTECTAL PROJECTION IN THE RABBIT: POSTNATAL 
DEVELOPMENT AND ITS MODIFICATION AFTER MONOCULAR 
DEPRIVATION. LMartinez-Millán*. F.J. Sampedro, G. García del Catto and 
LGerrikaaoitia. Dept. Neurosciences, Fac. of Medicine. University of the 
Basque Country, 48940-Leioa. Bizkaia. Spain.

Anterograde transport of iontophoretically administered biocytin in the 
Primary Visual Cortex of the rabbit was used to visualize the corticotectal 
connections in normal animals of PO. P3. P6. P7. P8. P11. P15. P20, P45 and 
adult stages. The same tracer was applied to 20 additional animals of P45. 
whose retinae were eliminated under deep anesthesia at postnatal day 2.

During the first postnatal week, the corticotectal connection consisted of 
thin and poorly ramified fibers, which distributed diffusely in the stratum 
opticum (SO), stratum griseum superficially (SGS) and stratum zonale (SZ). 
Most of these fibers were tangentially oriented with respect to the collicular 
surface and were more abundant in the lower half of the SGS. Superficial 
corticotectal fibers presented en passant swelling scattered along their length. 
At the beginning of the second postnatal week, corticotectal fibers showed an 
increased concentration in the posterolateral portion of the strata superficiale. 
At this stage a remarkable number of growth cones was detected in the 
superficial half of SGS. In subsequent days a higher number of fibers in the 
superficial half of SGS and SZ. together with a general increase of the en 
passant swellings, was observed. Towards the beginning of the third postnatal 
week, the corticotectal connection was organized into a column, containing 
vertical and oblique fibers, which ramified abundantly in the SZ.

In visually deprived animals, the corticollicular projection was very extensive 
in comparison with normal animals of the same age. The high density of fibers 
and en passant swellings always lay in the posterolateral sector of the SGS. 
At this level abundant oblique fibers and a high density of terminals in the 
superior half of the projection were observed. Furthermore, in these deprived 
animals, abundant fibers ran in the SZ and superior half of the SAGS from 
lateral to anteromedial direction reaching nearly the total extension of the 
superior colliculus (SC). At variable intervals along the length of all these 
fibers abundant en passant swellings were present.
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191.17
POSTNATAL DEVELOPMENT OF THE RAT OCCIPITAL 
CORTICOCOLLICULAR PROJECTION. J-P. Jepp and G. Pruskv*. Department of 
Psychology, The University of Lethbridge, Lethbridge, Alberta, Canada TİK 3M4.

There are two retinotopic projections to the superficial layers of the mature 
superior colliculus (SC); one directly from the retina and one from visual cortex. 
Previously, we have investigated the mechanisms underlying the development of the 
rat retinocollicular projection, and we are now extending this investigation to include 
the developing visual corticocollicular projection.

Both anterograde and retrograde in vivo Dii labelling techniques were used to 
assess the time course of normal development and the topographic refinement of this 
projection in postnatal rats. Perinatal injections of Dii, restricted to a very small 
portion of the caudal superficial SC, demonstrated that pyramidal cells, scattered 
throughout layer V of the ipsilateral cortex, are the source of the incipient cortical 
projections to posterior SC. Similar precise cortical injections revealed that the 
subset of collicular-projecting axons whose cell bodies are localized to a small 
portion of area 17 arrive in the SC within two days of birth. These axons widely 
mistargeted along both the rostral-caudal and medial-lateral axes of the SC, and even 
extended into the inferior colliculus. Most visual cortical axons at this age formed 
few collaterals along their length within the SC, and those that were present, 
appeared to be randomly distributed. By postnatal day (P) 5, the density of labelled 
axons in the SC had increased, but the projection showed no signs of visual 
corticocollicular topography. Retrograde labelling of cortical cell bodies from 
posterior SC after PS demonstrated that collicular-projecting neurons became more 
areally restricted, first to visual cortex (PIO), and later to the caudal pole of visual 
cortex (P12). However, there was consistent labelling of a group of cell bodies in the 
middle cortical layers of area 7 at these time points.

The results indicate that in rats, developing corticocollicular axons show no 
preference in their initial targeting and branching in the SC, and that mechanisms in 
addition to directed axon growth are required to establish order in the mammalian 
corticocollicular projection. Supported by an NSERC Research Grant to G.P.

191.19
THE ROLE OF LATERAL INHIBITION IN THE DEVELOPMENT OF 
PINWHEEL MOSAICS BY A HEBBIAN MECHANISM. S. E. Hua». L. L. 
Massone, and J. C. Houk. Dept. of Physiology, Northwestern University Medical 
Center, Chicago, IL 60611-3008.

Neural projections in the nervous system exist in a variety of highly organized and 
specific patterns. Several of these patterns have been extensively studied in the visual 
system. Recent studies using voltage sensitive dyes have described in detail the 
organization of the afferent projection to the visual cortex. This projection is primarily 
organized in a topographic fashion, but superimposed on this topography are ocular 
dominance columns and orientation patches. Patches selective for specific orientations 
are organized around singularities forming pinwheel-like mosaics. Theoretical studies 
have shown that this configuration of the visual cortex may be the result of a dimension 
reduction process which maps the 5-dimensional visual parameter space onto the 2- 
dimensional cortex; however, the mechanisms underlying this dimension reduction is 
unknown. Computer models have shown that a Hebbian mechanism can account for the 
formation of topographic maps and ocular dominance columns.

To investigate if a Hebbian mechanism can also account for the formation of 
pinwheel mosaics, we constructed a two-dimensional neural network based on Whitelaw 
and Cowan's (1981) one-dimensional model of topographic map formation in the 
retinotectal projection. We have shown that our model allows the formation of two- 
dimensional topographic maps. In addition, input specific columns resembling ocular 
dominance columns develop when two input layers are made to project to one target 
layer. Furthermore, increasing the lateral inhibition in a Mexican hat configuration 
decreases the width of these columns. Using the same network as in the simple one 
input to one target layer case, we find that pinwheel-like mosaics form by simply 
increasing the amount of lateral inhibition above a threshold level. Units with spatially 
distinct receptive fields and therefore with weakly correlated activity cluster into 
repetitive pinwheel-like patterns. We propose that the Hebb rule functions to both group 
together inputs with correlated activity and segregate inputs with uncorrelated activity. 
Our results show that lateral inhibition helps the Hebb rule segregate uncorrelated inputs 
as shown by the decreased width of monocular columns and by the formation of 
pinwheel-like mosaics when lateral inhibition is increased.

191.18
COMPENSATORY PLASTICITY OF SUPERIOR COLLICULUS NEURONS. 
V.L.Silakov*, Pavlov's Physiological Institute of Russian 
Ac.of Sci. L. M. Ganley, Dep.of Neurology, VA Medical 
Center, Newington, CT

As a model of posttraumatic compensatory plasticity of 
the brain structures, long-term functional reorganizations 
in the system of corticotectal connections were studied in 
cats with unilateral dissection of cortical subcortical 
projection fibers. Neuronal responses to light stimuli 
and electrical stimulation of contralateral neocortex 
(ESCN) were registered in superior colliculi (SC) of normal 
and operated animals in 2 hrs and 3, 12, and 24 months 
following the operation. In 2 hrs, ipsilateral SC neurons 
ipsilateral to operated neocortical hemisphere slackened 
the rate of their background impulsation; most of them 
(92.9%) were unresponsive to any light stimuli. Only 7.1% 
collicular neurons responded to illumination of entire 
retina. In 3 months after the operation 32% cells in SC 
reacted to stationary light stimuli covering not less then 
30-40 degrees of visual field. But in 12 or more months 
nearly all (90%) cells in SC generated distinct phasic 
reactions to stationary local light stimuli. Amongst them, 
17% enhanced their reactions under the action of moving 
light spots and 16% revealed directional sensitivity. The 
data obtained show clearly that it is completely impossible 
for SC to function as a visual structure immediately after 
massive traumatic disruption of ipsilateral cortical 
subcortical fibers. Nevertheless, compensatory mechanisms 
which are activated after brain injuries restore SC 
visual circuitry with great effectiveness, although slowly.

191.20
DISTRIBUTION OF INNERVATION A C R O SS OPTIC T A R G ET  A R EA S  
FROM ECTOPIC HEMIRETINAE AND DOUBLE RETINAE K.T. Үеө» and 
R.D. Lund Dept. of Anatomy, University of Cambridge, Cambridge CB2 3DY U.K.

Previous work has shown that ectopic retinae introduced into postnatal day 
(P) 1 rat hosts innervate a subset of primary visual centers and that 
distribution of innervation is largely unaffected by retinal location (Radei, et al., 
'89). We have altered the amount of retinal tissue implanted into the brain of 
host animals with host optic input either intact or lesioned and assessed the 
distribution of ectopic retinal innervation across target areas.

Embryonic day (E)12 mouse retinal tissue was transplanted, alone or in 
combination with E13 rat retinae, into P1 hosts to compare the distribution of 
innervation from hemiretinae and double retinae to that from single ectopic 
retinae. Animals were sacrificed at 3-5 weeks of age and sections were 
stained with the mouse-specific antibody anti-M4, alone or in combination with 
anti-M6, to identify projections from the transplanted mouse retinal tissue.

While afferents from hemi-, single and double retinae can innervate the 
same optic target areas, including the intergeniculate leaflet (igl) and the 
ventral lateral geniculate nucleus (vlgn), the distribution of innervation is a 
reflection of the amount of input introduced. For example, single retinae are 
more likely to innervate nuclei such as the igl and vlgn when the host optic 
input is intact, double retinae implanted to rats with both host eyes removed 
are most likely to innervate the igl and vlgn and hemiretinae implanted to rats 
with one host eye removed are the least likely to innervate these regions. 
Under no conditions was innervation of the SCN observed.

These results suggest that there is a finite limit to the size that can be 
attained by a retinal ganglion cell axonal arbor and the subsequent distribution 
of innervation across target areas is dependent on competing inputs. These 
results also suggest that the mechanism(s) for innervation of the SCN differ(s) 
from those determining innervation of other optic target regions.

MRC, NIH EY 05308 and Action Research
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192.1
STABILITY OF OLFACTORY BULB STRUCTURE 
VISUALIZED OVER TIME IN LIVING ADULT MICE. 
L.W. HARRIS* Division of Neurosurgery, 
University of Alabama School of Medicine, 
Birmingham, AL 35233

To study the structural change which 
occurs in the brains of adult mammals, adult 
male mice (CF1) were studied using 
fluorescent microscopic techniques for 
visualization of olfactory glomeruli. The 
animals were anesthetized, intubated, and 
ventilated, and a small craniectomy was 
performed. Glomeruli on the dorsal surface 
of one olfactory bulb were transiently 
stained by transdural application of the 
fluorescent dye, RH-414. The bulb surface 
was then visualized and images were recorded 
for later reference. Animals were then 
awakened. They were subsequently sacrificed 
at intervals ranging from a few hours to 
several months. The olfactory bulbs were 
fixed and stained for comparison with the 
previous images.

Few, if any, changes in the pattern of 
the glomeruli could be detected over periods 
up to several months. This provides evidence 
of the normal stability of brain circuitry in 
adult animals.

192.2
AXON TERMINALS IN THE DENTATE GYRUS OF AGING RHESUS MONKEYS 
(MACACA MULATTA). J. Tigges*, O.G. Herndon and D.L. Rosene. 
Yerkes Regional Primate Research Center, and Dept. of 
Anatomy and Cell Biology, Emory University, Atlanta, GA 
30322, and Dept. of Anatomy and Neurobiology, Boston 
University, Boston, MA 02118.

The decline in memory function observed in aging rhesus 
monkeys suggests an impairment in the hippocampal 
formation. A critical locus is the outer molecular layer 
of the dentate gyrus where the input from the entorhinal 
cortex terminates. Studies in rodents reporting synapse 
loss in this area also support this hypothesis. To 
investigate this, pieces of the dentate gyrus of 10 rhesus 
monkeys (4 to 35 years old) were embedded for electron 
microscopy. In each monkey, 10 strips of tissue were 
photographed; each was 6 μχη X 60 μηι, with the long axis 
perpendicular to the pia in the outer third of the stratum 
moleculare. The photographs (X28,500) were used to obtain 
the number, cross-sectional area, length of apposition (to 
a dendrite or spine), and length of synaptic specialization 
of each axonal terminal that contained round synaptic 
vesicles. Statistical analysis indicated that the number 
of terminals and all their parameters did not change with 
age. We interpret the results to mean that the synaptic 
constituents in the outer portion of the molecular layer of 
the dentate gyrus are stable during aging and simple loss 
of synapses is unlikely to account for the decline in 
memory function. (NIH grants RR-00165 and 2P01-AG00001).
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192.3
AN AGE-RELATED SHIFT IN THE DISTRIBUTION O F HUMAN MOTOR 
AXON CONDUCTION VELO CIT IES . T.J. Dohertv* and W.F. Brown. 
Faculty of Kinesiology, The University of Western Ontario, London, ON, 
N6A 3K7 and Department of Neurology, New England Medical Center and 
Tufts University, Boston, MA, 02111.

Aging in humans is associated with significant reductions in maximal 
motor nerve conduction velocity (CV). These reductions might be related 
to selective losses of the largest and fastest conducting fibers, random 
fiber losses, or possibly generalized slowing of all motor fibers.

To investigate the potential mechanism, we studied the distributions of 
median motor axon CVs in young (n = 15; age 33 ± 11 yrs) and older (n = 
15; age 68 ± 3 yrs) healthy subjects using a method based on the F- 
response. Stimuli (n=300) evoking 25-30% of the maximum compound 
muscle action potential were delivered to the median nerve at the wrist 
and surface-detected EMG was recorded from the thenar muscles. F- 
responses representing the activity of single motor units (MUs) were 
visually extracted with the aid of a computer and their latencies were 
measured. The distance from the stimulus site at the wrist to the C7  
spinous process was determined and MU CVs were calculated.

The range in F-response MU latencies for young subjects was between 
8 and 20% which translated to CVs of 48 - 68 m s '1 (mean 59 ± 4) for the 
group. In older subjects, similar ranges of latencies were found (6 - 39 %), 
however, the distribution of conduction velocities was markedly shifted to 
reflect a slower population of motor fibers (38 - 61 m s '1; mean 52 ± 3). 
These results suggest that age-related axonal slowing may equally affect 
all median motor fibers and provides evidence for a non-selective 
degeneration of all MUs with aging.

192.5
INDUCTION OF TYROSINE HYDROXYLASE mRNA IN LOCUS 
COERULEUS NEURONS FOLLOWING 6 -HYDROXYDOPAMINE 
TREATMENT IN YOUNG AND OLD FISHER 344 RATS. J.R. 
Unnerstall* and M.M. Long. Dept. Anatomy and Cell Biology, University of 
Illinois at Chicago, College of Medicine, Chicago, IL. 60612.

Partial insults to locus coeruleus (LC) neurons induce a rapid 
compensatory response in this neuronal system. This response is marked 
by: (1) rapid activation of the enzyme tyrosine hydroxylase (TH) in surviving 
LC terminals in affected brain regions; (2) induction of the synthesis of new 
TH protein in LC cell bodies and transport of new enzyme to affected 
terminal regions; and (3) eventual sprouting of new LC terminals to replace 
those that were damaged. However, we have shown that in 24 month Fisher 
344 rats, the specific activity of TH is not rapidly increased in cortical 
targets of LC neurons following intraventricular infusions of the neurotoxin
6-hydroxydopamine (6-OHDA, 200 μg). This is in contrast to the activation 
of TH seen in 2 and 12 month old rats. In an accompanying abstract, we 
also show that ß-tubulin II mRNA levels, a structural marker for sprouting 
neurons, is not increased in LC neurons of 24 month old rats following this 
same insult. In this report, changes in the synthetic capacity for new TH 
protein were assessed by measuring relative levels of TH mRNA using in  
s itu  hybridization histochemistry in serial sections through the LC in these 
same 2, 12 and 24 month old animals (i.e. 3 days following 6-OHDA 
treatment). At all three ages, relative levels of TH mRNA increased from 
65% to 80%. Increases were restricted to a subset of LC neurons in the 
dorsal and medial portions of this nucleus, consistent with the topographical 
organization of the projections of this neural system. Thus, it is probable 
that the various adaptive responses of LC neurons to injury are regulated 
by several signals that are differentially affected during the aging process.

192.7
A CELLULAR STRESS MODEL FOR THE BIOGENESIS OF 
ASTROCYTE INCLUSIONS IN SITU HM. SchİPPer*, MB,. 
Mvdlarski and X. Wana. Bloomfield Centre for 
Studies on Aging, Montréal, P.Q. (Canada) H3T 1E2 

Objective: To determine whether systemic cyste- 
amine (CSH) administration to young male rats 
stimulates the accumulation of peroxidase-positive 
astrocyte granules in the context of a cellular 
stress response. Background: In cultured astro
glia, CSH induces over-expression of heat shock 
proteins (HSPs) prior to the accumulation of 
cytoplasmic astrocyte granules. Identical astro
cyte granules accumulate in the aging perivent
ricular brain. Methods: Sprague Dawley rats were 
subcutaneously injected with CSH«HC1 ^(150-300 
mg/kg) twice weekly for 3 wks.  ̂Brains were 
sectioned for peroxidase histochemistry and HSP 
immunolabeling. Results: CSH administration ind
uced HSP27, 72, 90 and glucose regulated protein 
94 in astrocytes and significantly increased 
numbers of peroxidase-positive astrocyte granules 
in various brain regions. Similar patterns of HSP 
expression were observed 24Һ following CSH treat
ment. Conclusions: Cellular stress may be an early 
event promoting proliferation of astrocyte inclus
ions. CNS regions replete with peroxidase-positive 
glia may represent areas prone to oxidative stress 
during normal aging and in pathologic states.

192.4
TA R G ET IN FLUEN CE ON AGING O F MYELINATED SEN S O R Y  N ERVE  
F IB E R S . C .S . Johansson* and C . Hildebrand. Department of Cell 
Biology, University of Linköping, S-581 85 Linköping, Sweden  

The inferior alveolar nerve (IAN) of old rats exhibits distinct 
age-changes although it is protected from m echanical injury by 
coursing in a bony canal. The IAN splits into the mental nerve (MN) 
and the inferior dental nerve (IDN) which project to cutaneous and 
dental domains, respectively. Since teeth tend to deteriorate with 
age and cause a partial target deprivation, we hypothesized that the 
age-changes seen in the IAN might be accounted for mainly by its 
IDN component. In the light microscope teased MN and IDN fiber 
preparations from rats aged 20 months or less showed internodes 
with smooth conventional myelin sheaths. In both, internodal 
lengths (L) were 100-800 pm and fiber diameters (D) were 2-12 
pm. In rats older than two years some myelin sheaths in the MN 
were wrinkled. In the IDN many internodes had myelin bubbles and 
the paranodes tended to be very wrinkled. Compared to younger 
animals, the slope of the regression line relating L to D was slightly 
lower in MN preparations and much lower in IDN preparations. In 
the MN, few very short internodes (VSIs) indicative of past de- and 
remyelination were seen. In the IDN, several V S Is were found. We 
conclude that large myelinated fibers in the IDN branch of the IAN 
are more severely affected by aging than corresponding fibers in the 
MN branch. It is proposed that the relatively more marked effect of 
aging on the IDN is related to the age-related deterioration of its 
target.

192.6
CHANGES IN ß-TUBULIN mRNA WITH RESPECT TO AGE IN 
LOCUS COERULEUS NEURONS FOLLOWING INJURY. M.M. Long,
C.H. Anderson* and J.R. Unnerstall. Dept. Anatomy and Cell Biology, 
University of Illinois at Chicago, College of Medicine, Chicago, IL. 60612 

The aim of this study was to determine if there are differences in the 
regenerative capacity of a specific CNS neuronal system as a function of age. 
Specifically, relative levels of ß-tubulin II mRNA were measured in locus 
coeruleus (LC) neurons following intraventricular infusions of 6- 
hydroxydopamine (6-OHDA, 200 μg) into male Fisher 344 rats (2,12 and 24 
months), ß-tubulin II mRNA, which codes for a neural specific cytoskeletal 
protein necessary for neuronal sprouting, was chosen as a marker since it 
has been shown to be rapidly upregulated in peripherally projecting neurons 
following axonal injury. The animals were sacrificed 3 days following 6- 
OHDA or vehicle treatment. In s itu  hybridization was performed on 
sections through the LC using [35S]dATP labeled oligonucleotide probes 
directed at the C-terminal sequence of rat ß-tubulin II. There was a 
significant increase in grain density over a subpopulation of LC neurons in 
lesioned 2 month old rats as compared to the 2 month controls (+76%). No 
differences in grain densities were observed over cerebellar Purkinje neurons 
in the same sections, or in serial sections labeled with sense-oriented probe. 
Significant decreases in grain densities were noted in lesioned 12 (-47%) and 
24 month rats (-37%) when compared with their corresponding controls. In 
conclusion, at least in young animals, this is one of the first demonstrations 
of the upregulation of relative levels of ß-tubulin II mRNA in a CNS 
neuronal system following injury. However, using the expression of ß- 
tubulin mRNA as a measure of neuronal plasticity, these results suggest 
that the structural responsiveness of CNS neurons to injury declines during 
aging. Thus, this model may be useful for identifying mechanisms 
underlying age-related neurodegenerative vulnerability.

192.8
STEADY STATE mRNA LEVELS IN RAT HIPPOCAMPAL 
NEURONS AS A FUNCTION OF TIME IN CULTURE. Y.Cao*. 
D-J. Oh. M.A-Dichter and J.H.Eberwine. Depts. of Pharmacology 
and Neurology, School of Medicine, University of Pennsylvania, 
Philadelphia, PA 19104.

There is evidence to suggest that the expression of general genes is 
altered during the aging process in CNS. Few studies have focused 
on individual cells where cell specific mRNA changes will not be 
diluted by the mRNA from surrounding cells. As a first step towards 
understand how a single neuron alters its molecular composition 
during aging, the antisense RNA amplification technique was 
applied to study gene expression profile of multiple mRNAs from 
single dispersed hippocampal neurons between 3 days and 4 months 
in culture. Reverse transcriptase, oligo, (dT)2 4 -T7 amplification 
primer and dNTPs were diffused into single live pyramidal cells 
using patch pipettes after obtaining electrophysiological recordings 
from cells. The cytoplasmic contents were then aspirated into the 
pipettes and mRNAs were amplified using published protocols. The 
radiolabeled RNA population was used as a probe in reverse 
northern screening of several groups of candidate molecules 
indicated by other invetigators to be involved in the aging process. 
We found that multiple GABA receptor subunits and glutamate 
receptor subunits were present in the same cell and their relative 
abundance were shifted. Additionally several ion channels, growth 
factors and their receptors are also altered as function of time. Our 
data indicated that BDNF mRNA has no significant time-dependent 
change in culture. These studies may provide a fingerprint of mRNA 
population change during senescence at single cell level.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM AGING PROCESSES I 457

192.9

THE EFFECTS OF AGING AND CALORIC RESTRICTION ON SPINAL CORD 
OXYTOCIN LEVELS IN BOTH MALE AND FEMALE RATS. D.K. Sundbero *  
and C. Thore. Department of Physiology and Pharmacology, Bowman Gray 
School of Medicine, Winston-Salem, North Carolina 27157.

The hypothalamic peptide oxytocin is secreted from the posterior 
pituitary to influence lactation and parturition and also transported to other 
areas of the brain to serve specific brain functions. These include maternal 
and sexual behavior as well as regulation of autonomic activity. One of the 
major oxytocinergic pathways is to the spinal cord. Previous studies in our 
laboratory have shown an intensive oxytocin innervation of these areas, 
originating from neurons of the paraventricular nucleus that are sensitive 
to the excitotoxin ibotenic acid. In this report we examined the effects of 
aging on this pathway in male and female rats and whether dietary 
restriction prevents any age related effects. Male and female Brown 
Norway rats (from the Biomarkers of Aging Grant of the NIA) were raised 
to 10, 16 and 28 months of age. The animals were divided among groups 
that either received food and water ad libitum or were fed a moderate 
caloric restricted diet (60% of the calories). The animals were all sacrificed 
within the same week by rapid decapitation. The spinal cords (cervical, 
thoracic and lumbar/sacral segments) were weighed and extracted for 
measurement of oxytocin by radioimmunoassay. Results demonstrated 
that spinal cord oxytocin levels are generally higher in the male than the 
female rat, particularly in the lumbar/sacral part of the cord. Aging induced 
a significant decrease in spinal cord oxytocin at sixteen months of age that 
was most pronounced at 28 months of age. Moderate caloric restriction 
had no significant effects. These alterations may be associated with the 
age related changes found in cognition or autonomic nervous system 
activity. (Partially supported by the Claude D. Pepper Older Americans 
grant and NIA grant 07752 to Dr. William Sonntag.)

192.11

RELATION OF MORPHOLOGICAL CHANGES IN THE PREFRONTAL CORTEX 
0FT H | AGED RH ESU S MONKEY TO COGNITIVE IMPAIRMENT. Alan 
Peters and Mark. B. f^oss. Dept. of Anatomy and Neurobiology, Boston 
University School of Medicine, Boston, MA 02118.

In a delayed recognition span task (DRST), aged rhesus monkeys 
(Macaca mulatta) are impaired relative to young adult monkeys 
(Beason et ai., Soc. Neurosci. Abstr., 17, 479,1991). Since such an 
impairment might be due to alterations in the prefrontal cortex, an 
examination was carried out of the changes that occur with aging in 
the cortex in the floor of the principal sulcus, area 46. Tissue from 
area 46 of three young monkeys (5 to 6 years of age) and one 12 
year old monkey, was compared with that from five monkeys between 
25 and 32 years of age. There was no change with age either in the 
thickness of the cortex or in the numbers and sizes of neuronal 
profiles that contain nuclei. Hence it w as concluded that there is no 
loss of neurons with age. Also, there were no structural changes in 
the neurons from the old monkeys beyond a slight increase in the 
amount of lipofuscin in their perikarya and some vacuolation within 
the cytoplasm of dendrites in the outer layers of the cortex. However, 
all of the old monkeys showed some degenerating myelinated fibers 
within the deep layers of the cortex and within the white matter. 
This was the only neuronal age change that correlated significantly 
with the results of the D R ST task. These results suggest that the 
observed cognitive dysfunction in the aged monkeys might be a 
consequence of impairment of neuronal connectivity, and not a loss of 
neurons. Supported by NIH grants P01 AG 00001 and RR-00165.

192.13

AGE-RELATED CHANGES IN GABAa FUNCTION IN RAT HIPPOCAMPAL 
SLICES. D.J. Post-Munson. J.T. Lum-Raaan*. C.D. Mahle and V.K. Gribkoff. 
Bristol-Myers Squibb Pharmaceutical Research Institute, 5 Research 
Parkway, Wallingford, C T  06492.

Aging produces a general decline in the efficacy of synaptic transmission, 
although its effects on different systems is variable. In hippocampus, most 
studies have found an age-related reduction in synaptic efficacy, but an 
enhanced cellular response to a given level of synaptic stimulation. 
Previously, we have found that the removal of adenosinergic inhibition in 
hippocampal slices from aged rats produced a disproportionate increase in 
synaptic efficacy, and resulted in repetitve cell discharge, an effect similar in 
appearance to the removal of recurrent inhibition (Bauman, et. al. 
J.Neurophvs. 68,1992). In the present study we have examined age-related 
changes in gamma-aminobutyric acid (GABA)-mediated recurrent inhibition in 
rat hippocampal slices. Population spike amplitudes and burst durations were 
recorded from CA1 pyramidal cell bodies before and after the application of 
bicuculline (1 ,10 and 100 μΜ), a GABAa antagonist, to hippocampal slices 
from young (1-3 mo) and aged (2 yr) rats. As expected, half-maximal pre- 
drug population spike amplitudes from aged rat slices were significantly 
reduced compared to young slices. Bicuculline significantly increased 
population spike amplitude in slices from young (1,10 and 100 μΜ) and aged 
(100 μΜ) rats. Bicuculline also produced a burst of evoked activity similar to 
an epileptiform discharge in both age groups. While the population spike burst 
duration significantly increased in young and aged slices in bicuculline (10 
and 100 μΜ), the burst duration increase in young slices was significantly 
greater than the increase in aged slices. [3H]Muscimol binding studies 
revealed a reduction in GABAa binding sites in aged rat hippocampal tissue. 
These findings suggest that GABA-mediated inhibitory neurotransmission may 
be reduced in aged rat hippocampal slices and may contribute to changes in 
synaptic function associated with aging.

192.10
AGE DIFFERENCES IN THE EFFECTS OF NITRIC OXIDE
RELEASING AGENTS ON ENDOGENOUS, KCl-INDUCED 
DOPAMINE RELEASE FROM STRIATAL SLICES. J.A. 
Joseph* and R.C. Cutler. Gerontology Research 
Center/NIA, Baltimore, MD 21224.

Age-related effects of two NO-generating 
agents (nit r o p r u s s i d e , NIPRI and 
methylnitropropane, MNP on KCl-induced dopamine 
release (K+ERDA) were examined in striatal slices 
from 6 (young) and 24 mo (old) Fischer 344 rats. 
Slices were perifused (30 min, 37° C ) with a 
modified Krebs low KC1 (2.5 mM) medium. The 
medium was then switched to a "HiKCl" (22.5 mM) 
medium with graded cones, of NIPRI (0-60 uM) or 
(MNP 0-1 mM). HPLC analysis indicated that both 
NIPRI and MNP significantly enhanced K+ERDA (e.g. 
MNP, 50 uM, mean diff. from HiKCl 152 + 31 
pmoles/mg prot.) in the young. However K+ERDA 
enhancement was reduced in the old to MNP, and at 
the higher cones of both agents (NIPRI > 3 uM, 
MNP > 50 uM) K+ERDA was reduced to levels below 
that seen with HiKCl alone. Results suggest that 
at low cones, of MNP there may be age-related 
reductions in NO elevation of cyclic GMP levels 
and K+ERDA is reduced. At higher cones, of both 
NIPRI and MNP, the NO produced may have toxic 
free radical effects on the striatum similar to 
those seen previously following OH generation.

192.12

AGE RELATED PO ST-JUNCTIONAL CHANGES IN 
N EURO M USCULAR TR AN SM ISSIO N : EFFECT OF
ANESTHETICS. B. Bhattacharvva* and M.D. Sokoll. Dept. of 
Neurology & Pharmacology, Univ. o f Minnesota, MN 55455.

Significant pie- and postjunctional morphological and physiological 
changes are reported in aging neuromuscular junction (NMJ). The 
relative potency of inhalation anesthetics (halothane) is reported to be 
increased with age. It is not known whether the development of 
anesthetized state is due to its actions on pre- or post synaptic 
transmission. Using dual microelectrode voltage clamp technique, our 
present studies demonstrate that halothane at the relevant concentration 
for clinical anesthesia (0.3-0.8 mM) significantly reduced the 
amplitude of miniature end plate current (mepc) and end plate current 
(epe) and was unable to produce signifìcant decrease in time constant 
of decay recorded from 3 and 30 month old diaphragm muscle of rat. 
Besides, in control 30 month old rat 22-25% increase in time constant 
of mepc and epe decay is observed when compared with 3  month old 
rat. Moreover, 22- 24% of muscle fibers from 30 month old rat 
diaphragm preparation manifested changes in the shape of mepc decay 
from monoexponential to biexponential. Similar results are obtained 
from mouse diaphragm preparation ( 2  month old compared with 18 
month old). The rate of decay of current flow in either mepc or epe 
reflects the duration of channel opening, which is directly determined 
by the properties of acetylcholine receptor associated ion channel at 
postjunctional sites of NMJ. Our results indicate a change in the gating 
properties of acetylcholine receptors in aged muscle and these changes 
apparently are not significantly modified by inhalation anesthetics.

192.14

A MORPHOMETRIC STUDY ON MESENCEPHALIC TRIGEMINAL NUCLEUS 
OF RAT WITH AGE. M.K.Kim*. D.K.Lee, Dept. of Oral Anatomy 
College of Dentistry* Seoul National University.

The purpose of this study was to investigate the number 
of neurons, surface area and volume in the mesencephalic 
trigeminal nucleus of the rat with age by image analyzer. 
Male Sprague-Dawley rats of 3,12,24 and 36months old were 
used in this study. The paraffin-embedded brain stem was 
serially sectioned in 15pm thickness. The sections were 
stained with Nissl method. In each section the mesencepha
lic trigeminal nucleus was photographed at a magnification 
of 13X. The outermost nucleus was dotted onto a sheet of 
photographic paper. Morphometry of the surface area of me
sencephalic trigeminal nucleus was done by analysis with 
an image analyzer. The total volume of the nucleus was fo
und by multiplying the total surface areas (in square mm) 
by the section thickness (0.015mm). This was divided by 
169 (13X13, magnification of nucleus). The weight of the 
brain were 1.82gm, 2.68gm, 2.94gm and 2.08gm in the groups 
of 3,12,24 and 36month-old rats respectively. The weights 
of the brain were decreased after 24months. The average 
numbers of cells in the mesencephalic trigeminal nucleus 
were 1,506, 1,489, 1,502 and 1,494 in the groups of 3,12, 
24 and 36month-old rats respectively. The number of the 
nerve cells were not changed significantly with age. The 
volume of the nucleus gradually increased to 0.30 cubic mm 
by 24months, and then gradually decreased to 0.21 cubic mm 
by 36months.
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192.15
A G E - R E L A T E D  A L T E R A T IO N S  IN L O C A L  C E R E B R A L  
G L U C O S E  UTILIZATIO N  IN T H E  RA T . M .H .Bassant*. E .Jaza t and 
Y .Lam o ur. IN SERM  U 1 6 1 ,75014 Paris , France.

Conflicting reports have been published on age related 
changes in cerebral metabolism. The aim the present study w as 
to determine if local cerebral glucose utilization (LC G U ) is altered 
in the very old (30-month-old) Sprague-D awley rat. The  LC G U  
w as m easured in young (3-month-old, n=6), middle-aged (11- 
month-old, n=6) and aged (30-month-old, n=6) male rats, using 
Sokoloff's autoradiographic 2-deoxyglucose method. LC G U  did 
not differ among 3 and 11-month-old rats, with the exception of a 
decrease in the globus pallidus in the 11-month-group. In the 30- 
month-old rats, the whole brain mean glucose utilization w as 
significantly reduced by about 6%  (p<0.05) as compared with the 
1 1 -month-old rats. However, decreases in LC G U  were restricted 
to spec ific brain regions (9 out of the 53 regions stud ied). 
Significant decreases were observed in the prefrontal, insular 
and visual cortices, in the extrapyramidal motor system  (caudate- 
putamen, globus pallidus, substantia nigra, ventral tegmental 
area), in the superior colliculus and in the white matter (corpus 
callosum ). These  results show that in the aged Sprague-Dawley 
rat, g lucose utilization is significantly decreased  in the visual 
system  and in the nigrostriatal and mesocortical dopaminergic 
system s whereas it remains virtually unchanged in the other parts 
of the brain, including the cholinergic system s. The  effects of 
various drugs on age-related changes in LC G U  is currently under 
study (Supported by a grant from Bayer-Pharm a, France)

192.17
AGE-RELATED REGIONAL CHANGES IN HYDROXYL RADICAL 
STRESS AND ANTIOXIDANTS IN GERBIL BRAIN. J.-R.Zhang. 
P.K.Andrus and E.D.Hall*. CNS Diseases Research, The Upjohn 
Company, Kalamazoo, Ml 49001.

The hydroxyl radical stress in young (3 months), middle-aged 
(15 months) and old (20 to 24 months) gerbti hippocampus, cortex 
and striatum was examined by measuring the salicylate hydroxyl 
radical trapping products 2,5- and 2,3-dihydroxybenzoic acid 
(DHBA). The stress was significantly higher in the older gerbils, up 
to 66.0%. Regional comparison shows that the stress is highest in 
the cerebral cortex. The ratio of oxidized to total GSH, also used as 
an index of oxidative stress, increased progressively with aging up 
to 41.1%. Parallel to this increase in oxidative stress, a significant, 
albeit slight (8%) decrease in neuronal number in the hippocampal 
CA, region was observed. Total GSH levels are similar among age 
groups but are highest in striatum. However, vitamin E levels are 
significantly higher in the older animals, particularly in the oxidative 
stress-sensitive hippocampus (up to 70.4%). Total ascorbic acid 
level also increases significantly in the hippocampus with age. It is 
the most regional specific antioxidant of all three examined, with 
hippocampus > cortex > striatum for all age groups up to 64.4%. 
The results suggest that the age-related, regionally specific increase 
in oxidative stress stimulates a parallel accumulation of antioxidants.

192.19
FAST AND RETROGRADE TRANSPORT RATES IN MATURE AND OLD 
F344 RATS. Jane M. Jacob*. Univ. of Oklahoma HSC, Dept. of 
Anatomical Sciences, Oklahoma City, OK 73190.

The purpose of this project is to directly measure and compare the rates 
of fast anterograde and retrograde axonal transport in sciatic motor axons 
of intact mature and old Fischer 344 rats. The effect of age on axonal 
transport is known only for the slow component of axonal transport in 
F344 rats: with age, the rate of slow axonal transport decreases. It 
cannot, however, be assumed that the rates of other components of axonal 
transport will slow down. For example, in pathophysiologic states like the 
wobbler mouse, only the rate of fast anterograde transport is retarded 
while the rates of other subcomponents remain normal. Thus, it is 
essential to characterize the rates and the possible changes in rates, of 
axonal transport during aging.

Fast anterograde and retrograde axonal transport rates were measured in 
6 and 24 mo F344 rats by injecting [3H]-proline into the spinal cord, killing 
the rat 2, 3.5 or 5 hr later, and locating the distance from the spinal cord 
the isotope had traveled in each nerve. Fast axonal transport rates in 6 mo 
(n = 16) and 24 mo (n = 12) F344 rats were 307 ± 28 mm/d and 318 ± 
36 mm/d, respectively. To measure retrograde transport rates, Gelfoam 
pledgets containing the retrograde tracer WGA-HRP were placed on the cut 
end of the sciatic nerve at one of two locations-behind the knee or at the 
sciatic notch. Nine to 17 hr later, the rats were killed and the accumulation 
of WGA-HRP measured in motoneuron cell bodies. Preliminary results in 6 
mo rats indicate a retrograde transport rate of - 1 5 0  mm/d.

This study completes a survey of the axonal transport rates in intact 6 
and 24 mo F344 rats and provides the necessary baseline data to assess 
the effects of age on the ability of motor axons to regenerate.

19 2.16
ALTERATIONS OF G ABAg-MEDIATED EVENTS IN CAI HIPPOCAMPAL 
NEURONS IN THE AGED RAT ARE ASSOCIATED WITH A LOSS OF 
CALBINDIN-IMMUNOREACTIVE GABAERGIC INTERNEURONS IN 
STR. RADIATUM. В. Potier, Ĩ.M. Billard, P. Krzywkowsky, Y. Lamour and 
P, Dutar*. INSERM Ul61, 75014 Paris, France.

Presynaptic GABAp mediated events are altered in aged rats : i) the 
paired-pulse depression of IPSP, which is an index of the presynaptic 
inhibitory effect of GABA on its own release and, ii) the slow IPSP induced 
by electrical stimulation of stratum radiatum (sr), are strongly depressed in 
aged rats. In contrast, the postsynaptic effect of baclofen as well as the 
GABAA-mediated events are unaltered in aged animals. We report in this 
study that the number of calbindin-immunoreactive (CaBP-IR) interneurons 
in the hippocampus is decreased in aged rats. The hippocampal slices used 
for elcctrophysiologieal studies were processed for CaBP immunohisto- 
chemistry. The mean number of CaBP-IR interneurons was 18.5 ±1.0 per slice 
(n=36) in young vs 9.2 ± 0.6 (n=45) in aged rats. The most severe loss was 
observed in the sr of CAI (5.6 ± 0.4 CaBP-IR intemeurons per slice in young vs
1.2 ± 0.1 in aged rats). The loss of CaBP-IR reached 78% in sr of CAI but only 
35% in CA3. In addition, we found a significant positive correlation in sr of 
CAI, between the density of CaBP-IR interneurons and the duration of the 
slow GABAß IPSP. In contrast, the number of interneurons containing 
parvalbumin (PV), was unchanged in aged rats.

In conclusion, CaBP-IR interneurons, which innervate the dendrites of the 
pyramidal neurons, may be responsible for the GABAß responses, and are 
altered in the aged rat. In contrast, PV-containing intemeurons located close 
to the pyramidal layer may mediate the GABAa responses and are 
preserved throughout the lifetime of the rat.
Supported by a grant from BAYER-Pharma France.

19 2.18
THE IN CREASES IN THE mRNA FOR THE a, AND SUBUNITS OF THE 
GABAa RECEPTO R IN BRAIN OF AGED FISCH ER 344 RATS ARE  
REGIONALLY SPECIFIC . E.Dunn* L.R.Williams and D.B.Carter. CNS 
Diseases Research, The Upjohn Company, Kalamazoo, Ml 49001.

The selective effects of the inhibitory transmitter, GABA, are believed to 
be mediated via the molecular heterogeneity and specific distribution of the 
GABAa receptor. Thirteen different subunits of the GABAa receptor have 
been identified. We have begun to examine alterations in the distribution of 
the GABAa subunits due to age using in situ hybridization with oligonucleotide 
probes, and quantitative autoradiographic densitometry. Localization of the 
a, and a , subunits in 4M old rats largely confirms the report of Wisden et al. 
(1991). The a, mRNA was most abundant in cerebellum (-3.5 ng RNA/g 
tissue, n = 7) and dentate gyrus (-1.6); piriform cortex and inferior colliculus 
also had high expression (-1.4). The c į mRNA was most abundant in the 
neuronal layers of the hippocampus (-0.7), piriform cortex (0.4), and 
amygdala (0.3). In 24M old rats, consistent changes in сц mRNA expression 
were observed only in the inferior colliculus, where expression was signifi
cantly increased 125% above that observed in 4M controls. Changes in щ 
mRNA expression were more apparent. Abundance was increased 170% 
above 4M control values in the raphe n. and lateral geniculate n., and was 
significantly increased 130% in several regions of cerebral cortex. These 
data indicate that a, and ô  subunit mRNA are selectively and differentially 
increased in aged rat brain, and suggest that the responsiveness to GABA 
may be altered differentially in specific regions of the aged brain.

192 .20
THE INCREASE OF Mn-SOD mRNA IN THE BRAIN OF AGED 
FISCHER RATS IS REGIONALLY SPECIFIC. L.R. Williams*. 
F, Diinn. and Ώ. Carter. CNS Diseases Research, The Upjohn 
Company, Kalamazoo, MI.

Oxidative stress and free radical injury are hypothesized to cause 
age-related neurodegeneration. In particular, aberrations or increases 
in superoxide dismutase (SOD) are implicated in the etiology of 
amyotrophic lateral sclerosis and Alzheimer's disease. In the Fischer 
344 ra t model of aging, we examined the expression of mRNA by in 
situ hybridization of 4M and 24M coronal brain sections using specific 
oligonucleotide probes for Cu/Zn SOD (the cytoplasmic enzyme) and 
Mn-SOD (the mitochondrial enzyme), and quantitative computer- 
assisted autoradiographic densitometry. In the 4M brain, Cu/Zn-SOD 
mRNA was most abundant in the m. habenula, dentate gyrus and 
CAI, and d. raphe (-1.2 ng RNA/g tissue, n=7); mRNA for Mn-SOD 
was also most abundant in the m. habenula, hippocampus and d. 
raphe (-0.47 ng RNA/g tissue, n=10). In 24M brain, there was no 
apparent change in the amount of expression of Cu/Zn-SOD mRNA in 
any of the 63 brain regions examined. However, there were signifi
cant increases in the expression of Mn-SOD (150 - 200% above 4M 
values) in striatum, motor & sensory cortex, parietal cortex, and 
auditory cortex. These are terminal projection regions of the 
mesencephalic dopaminergic neurons and basal forebrain cholinergic 
neurons that are reported to degenerate in aged Fischer rats. Thus, 
elevated striatal and cortical Mn-SOD might result in increased local 
production of H20 2, present increased oxidative stress to nerve 
terminals, and cause retrograde degeneration of the projection neurons.
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193.1
MODULATION OF L1 EXPRESSION BY CELL-CELL 
CONTACT IN PC12 CELLS. H. Kobavashi*. T. Mizuki and
F. Izumi. Department of Pharmacology, University of 
Occupational and Environmental Health, School of Medicine, 
Kitakyushu, 807, Japan
Cell to cell contact plays an important role in cells 

differentiation, growth and maintenance. L1 is a cell adhesion 
molecule which is involved in neuron to neuron adhesion, 
neurite fasciculation, out growth of neuntes and neuron 
migration. However, it is not known how the expression of L1 
is regulated. In this study, we examined how the expression of 
L1 in PC 12 cells is regulated by cell contact with the same 
cells or with glial cells. PC12 cells were cultured at various 
densities and L1 expression of the cells were detected by 
immunoblot. The addition of nerve growth factor promoted the 
expression of L1. The expression of L1 was higher when the 
cells were cultured at high density than when done at low 
density both in the presence or absence of nerve growth 
factor. On the other hand, when PC12 cells were cultured with 
rat astrocyte cell line, RCR-1, the L1 expression was greatly 
decreased. These results suggest that cell contact with the 
same cells increases but that with glial cells decreases the 
expression of L1 in PC12 cells.

193.3
CHARACTERIZATION OF THE BINDING SITE FOR THE 
L2/HNK-1 CARBOHYRATE EPITOPE ON THE E8 
FRAGMENT OF LAMININ. H. Hall. R. TlmPl+. E. 
Ipngiorgi, B, Schmitz and M. Schachner*
SPON: European Neuroscience Association.
Dept. of Neurobiology, Swiss Federal Institute of Technology, 
Hönggerberg, Zürich, Switzerland;4· Max-Planck-lnstitute for Biochemistry, 
Dept. of Protein Chemistry, Martinsried, Germany.

The cell surface expressed L2/HNK-1 carbohydrate epitope has been 
shown to mediate specifically the adhesion of early postnatal cerebellar 
neurons and astrocytes to the extracellular matrix molecule laminin 
(Künemund et al., J. Cell Biol. 106, 213-223, 1988; Hall et al., Eur J. 
Neurosci. 5, 34-42, 1993). We observed by rotary shadowing electron 
microscopy and in binding studies with laminin fragments that the 
L2/HNK-1 epitope has a single binding site at the terminal globule of the 
long arm of laminin (Hall et al., in preparation). Binding studies with the 
laminin E8 fragment, its derivatives (Deutzmann et al., Eur. J. Biochem. 
191, 513-522, 1990) and synthetic peptides localized the L2/HNK-1 
binding site on the E 8 fragment on laminin. More precisely the L2/HNK-1 
epitope binds to the part of the laminin A chain which represents the G I 
GS repeating units of the terminal globular domain. Furthermore, binding 
of the L2/HNK-1 epitope to laminin could be inhibited by a 21 amino acid 
synthetic peptide derived from G2 whereas the scrambled version of this 
peptide and peptides derived from G3 or G4 do not interfere. From these 
experiments we conclude that these 21 amino acids from the G2 
repeating unit of the terminal globular domain of laminin are involved in 
the binding to the L2/HNK-1 carbohydrate epitope and are distinct from 
the heparin binding sites on laminin.

193.5
CHARACTERIZATION OF THE ENDOGENOUS RETINAL 
PROTEASE WHICH CATALYZES N-CADHERIN 
TURNOVER. M.C. Ferreira*, N.E. Paradies, and G.B. 
Grunwald. Dept. of Anatomy and Developmental Biology, 
Thomas Jefferson University, Philadelphia, PA, 19107.

We have previously shown that control of N-cadherin 
expression in the developing chick retina is mediated in part by 
proteolytic turnover at the cell surface. This results in the 
generation of NCAD90, a soluble 90 kDa N-terminal fragment 
of N-cadherin, which retains adhesion and neurite-promoting 
activity. To further characterize this protease, membranes 
containing intact 130 kDa N-cadherin were isolated from 
embryonic retinas. Specific cleavage of N-cadherin was found 
to occur even in these isolated membranes, resulting in the 
release of NCAD90 and retention of an approximately 40 kDa 
membrane-associated fragment. This enzymatic activity is 
similar to that of intact tissues, insofar as both generate 
NCAD90. Both activities were also inhibited specifically and in 
a dose-dependent fashion by the metalloprotease inhibitor 1 , 10- 
phenanthroline and were unaffected by other classes of protease 
inhibitors. Enzymatic activity could not be removed from 
membranes using methods which remove peripheral membrane 
proteins. We conclude that the N-cadherin protease, like N- 
cadherin itself, is tightly associated with the cell surface. We 
are currently developing a method for the solubilization of 
active enzyme which will permit its purification and further 
characterization. Supported by NIH grants EY06658 and 
EY06470 and the Foerderer Foundation.

193.2
THE DISTRIBUTION OF LI AND THE POLYSIALYLATED FORM OF 
N-CAM DURING THE DEVELOPMENT OF HIPPOCAMPAL NEURONS 
IN CULTURE. T.Esch*. M.Jareb. andG.Banker. Department of Neuroscience, 
University of Virginia School of Medicine, Charlottesville, Virginia, 22908.

We used immunofluorescence microscopy to determine the distribution of two 
cell adhesion molecules in cultured hippocampal neurons at different stages of 
development, and to compare their distribution with that of two established 
markers of neuronal polarity. In mature cells, LI is expressed predominantly in 
the axon, while the polysialylated form of N-CAM (N-CAM-PSA) is uniformly 
distributed throughout the cell. In contrast, the transferrin receptor (TFR) and 
the microtubule associated protein MAP2 are both restricted to the soma and 
dendrites of mature neurons. At stage 2 of development, when neurons have 
several minor processes but no morphologically distinct axon, all four proteins 
are found in minor processes; LI is particularly concentrated in the growth cones 
of minor processes. At the beginning of stage 3, when axonal outgrowth begins, 
LI is found predominantly in the growth cone of the nascent axon. Later in 
stage 3, LI staining increases along the length of the axon in a distal-to-proximal 
gradient and decreases in the minor processes. Throughout stage 3, the 
distribution of N-CAM-PSA, TFR, and MAP2 remains uniform in all processes. 
During stage 4, when minor processes begin to differentiate into dendrites, TFR 
and MAP2 expression becomes polarized to the soma and dendrites. N-CAM- 
PSA expression remains uniform in all processes. These observations, together 
with the results of previous studies, suggest that axonal proteins become 
selectively distributed before somato-dendritic proteins, in parallel with the 
morphological differentiation of axons before dendrites. This work was 
supported by NIH grant NS17112, by an NSF graduate research fellowship 
(T.E.), and by NIH training grant HD07323 (M.J.).

193.4
SOME ADHESIVE INTERACTIONS MEDIATED BY 
N-CADHERIN CAN OCCUR WITHOUT THE 
CYTOPLASMIC DOMAIN AND IN THE ABSENCE OF 
CALCIUM. G.B. Grunwald*, K. Chagin and N.E. Paradies, 
Dept. of Anatomy and Developmental Biology, Thomas 
Jefferson University, Philadelphia, PA, 19107.

N-cadherin is a cell surface transmembrane molecule which 
mediates neuronal cell adhesion and neurite growth. These 
processes depend in part on interaction of N-cadherin with the 
cytoskeleton and on the extracellular presence of calcium. 
However, it is not clear if all N-cadherin-mediated interactions 
absolutely depend on these parameters. To investigate this 
further, we utilized purified NCAD90, a truncated soluble form 
of N-cadherin which we have previously shown is generated in 
vivo  by proteolytic processing and functions in v itro  as a 
substrate for adhesion and neurite growth of neurons which 
express intact N-cadherin. We found that like intact N- 
cadherin, NCAD90 is protected against proteolysis by calcium. 
Furthermore, purified NCAD90, when bound to covaspheres, 
mediates their adhesion to a substrate of NCAD90. However, 
unlike N-cadherin-mediated adhesion of cells, covasphere 
adhesion mediated by NCAD90 was found to be calcium- 
independent. These results indicate that certain adhesive 
interactions mediated by N-cadherin may not require 
cytoskeletal interactions, and that some of the requirements for 
calcium may be due to its role in N-cadherin stability and 
transmembrane signalling, and not necessarily on adhesive bond 
formation p e r s e .  Supported by NIH grant EY06658.

193.6
MOLECULAR GENETIC ANALYSIS OF CADHERIN 
DIVERSITY IN THE DEVELOPING AVIAN RETINAL 
PIGMENT EPITHELIUM. J.S. Schiffman* and G.B. 
Grunwald. Dept. of Anatomy and Developmental Biology, 
Thomas Jefferson University, Philadelphia, PA, 19107.

The chick embryo retinal pigment epithelium, a highly 
specialized derivative of the neural tube, expresses N-cadherin, 
although at a much lower level than in the neighboring neural 
retina. The adhesive behavior of the chick RPE suggests that 
additional cadherins could be expressed by that tissue. In order 
to approach this problem, we have used molecular genetic 
techniques to potentially identify all cadherins expressed in the 
RPE. Poly A mRNA was isolated from 10 day embryonic chick 
RPE tissue, reverse transcribed into cDNA, and used as a 
template for polymerase chain reaction (PCR) amplification. 
Five different combinations of degenerate oligonucleotides 
corresponding to conserved regions in avian cadherins were 
synthesized and used as PCR primers. Three such pairs yielded 
expected products, and subsequent sequencing of 139 
independently isolated subclones identified three cadherins 
corresponding to N-cadherin, R-cadherin, and B-cadherin or L- 
CAM. Thus even a histologically simple tissue such as the RPE 
seems to require expression of multiple cadherins during 
development. We are currently investigating the detailed 
expression patterns and functional roles of these various 
cadherins in RPE development. Supported by NIH grant 
EY06658 and by the Foerderer Foundation.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



460 MEMBRANE COMPOSITION AND CELL-SURFACE MACROMOLECULES II TUESDAY AM

193.7
BIOCHEMICAL ANALYSIS OF N-CADHERIN 
PHOSPHORYLATION IN DEVELOPING CHICK EMBRYO 
TISSUES. M.M. Lee* and G.B. Grunwald. Dept. of Anatomy 
and Developmental Biology, Thomas Jefferson University, 
Philadelphia, PA, 19107.

The neural cell adhesion molecule N-cadherin can be 
phosphorylated and its function affected in virally transformed 
cell lines. In embryonic nervous tissues, we have previously 
demonstrated that N-cadherin is phosphorylated, however, the 
nature and function of these endogenous modifications remain 
unexplored. To initially address this, N-cadherin was purified 
by immunoprecipitation and SDS-PAGE from 32Р-НзРС>4 
labelled embryonic tissues, and recovered from gels for V8 
protease peptide analysis or transferred to PVDF membrane for 
phosphoamino acid analysis. We found that N-cadherin from 
embryonic day 10  retina, brain, lens and heart is phosphorylated 
on serine. Peptide mapping revealed two similar N-cadherin 
phosphopeptides in all four tissues. While no phosphothreonine 
was detected, phosphotyrosine could be revealed by inhibition 
of tyrosine phosphatases by sodium orthovanadate and hydrogen 
peroxide. Peptide mapping indicated that this phosphorylation 
occurs at a third site. The results obtained indicate that N- 
cadherin is phosphorylated by endogenous kinases at multiple 
sites which include both serine and tyrosine residues. 
Experiments are currently underway to determine if these 
modifications correlate with changes in N-cadherin expression 
or function in the developing chick nervous system. Supported 
by NSF grant BNS9021703 and the Foerderer Foundation.

193.9
H O M O P H IL IC  A N D  H E T E R O P H IL IC  B IN D IN G  D O M A IN S  IN N C A M  
A N D  S IG N A L  T R A N S D U C T I O N .  Sulaiman Sheriff. Kouichi Itoh* and 
Richard A. Akeson. Children's Hospital Research Foundation, Division of Basic 
Research, Elland and Bethesda Ave., Cincinnati, Ohio 45229-2899 

Neural cell adhesion molecule (NCAM) plays important roles in vertebrate 
morphogenesis. NCAM mediates cell interaction through homophilic (NCAM to 
NCAM) and heterophilic (NCAM to heparin) binding events. However, the 
precise mechanism of how the NCAM mediated extracellular stimuli are 
propagated and transduced by intracellular signals inside the cell remains to be 
investigated. Therefore, the present study was undertaken to define the effects 
of homophilic and heterophilic binding on NCAM mediated signal transduction. 
Labeling studies using intact B35 neuroblastoma cells showed that both NCAM 
180 and 140 are maximally phosphorylated at 15 min and dephosphorylated by 
30 min. Pretreatment of cells with okadaic acid (1 nM) a phosphatase inhibitor 
abolished the dephosphorylation of NCAM suggesting the involvement of 
okadaic acid sensitive phosphatases in NCAM dephosphorylation. Okadaic acid 
also inhibited cell aggregation by 25% in B35 cells compared with untreated 
control. Treatment of monolayer cells with anti NCAM IgG but not with 
preimmune IgG strongly inhibited the phosphorylation of NCAM 180 and 140. 
This inhibitory effect of anti NCAM IgG is significant at 7 and 15 min. Heparin also 
inhibited NCAM phosphorylation and this effect was significant at 3 min. 
Moreover, heparin did not inhibit NCAM phosphorylation in mouse fibroblast 
cells (L cells) transfected with NCAM 140 lacking the heparin binding domain. 
These results suggest that both homophilic and heterophilic ligands for NCAM 
inhibit NCAM phosphorylation, but the timing of responses is distinct. Inhibition 
of NCAM phosphorylation may enhance cell-cell interaction. (Supported by 
grant HD 21065).

193.8
D E V E L O P M E N T A L  A N D  R E G IO N A L  V A R IA T IO N  IN N C A M  E XP R ES S IO N  
IN ß rM A N N O S ID A S E -D E F IC IE N T A N D  N O R M A L  G O A T  CN S. K.L. 
Lovell* . Pathology Dept., Mich. State U niv., E. Lansing, Ml 48824.

T h e  neural cell adhesion molecule (NCAM ) is a glycoprotein found in 
both neurons and glia. Different molecular form s o f  N C A M  s h o w  
regional and cell-type-specific m odulation in their expression, and 
differences in extent of sialylation, during developm ent. In caprine ß- 
m annosidosis, deficiency o f ß-m annosidase, a lysosom al en zym e that 
degrades oligosaccharides from  N-linked glycoproteins, is associated 
w ith  regionally variable dysm yelination in the CN S. Th is  research w a s 
designed (a) to  investigate regional and developm ental differences in 
N C A M  expression in the goat CN S, and (b) to test the hypothesis that 
abnormalities in one o r m ore isoform s o f N C A M  (with attention 
focussed on N C A M -1 20 w h ich  is expressed in oligodendrocytes) 
contribute to  the regionally variable dysm yelination in caprine ß- 
m annosidosis. Tissu e from  selected regions (including spinal cord, 
brainstem , cerebellum, optic nerve, and cerebral hem isphere gra y matter 
and w h ite  matter) w a s  obtained from  118/150 da y gestation fetuses (3 
affected, 5 control), from  n e w born goats (4 affected, 6 control), and 
from  older goats (2 control). S D S -P A G E  and im m unoblotting w e re 
perform ed on crude tissue hom ogenates to reveal th e  three protein 
isoform s o f N C A M . Quantitative densitom etric analysis w a s perform ed. 
Results indicated substantial regional and age-related variations in the 
expression of N C A M . H o w e ve r, w h e n  equal am ounts of protein w e re 
loaded on the gels, there w e re  no differences betw een affected and 
control animals in the m obility or d en sity o f bands revealed b y  
im m unoblotting. (Supported b y  M S U -A U R IG  funds and N S 202 14 , and 
b y  N S 16886 to  M .Z. Jones.)

193.10
DNA SEQUENCE ANALYSIS AND DISTRIBUTION OF THE HUMAN 
CELL ADHESION MOLECULE CONTACTIN. 1.1. Hemperiv and R.
A. Reid. Becton Dickinson Research Center, P.O. Box 12016, Research 
Triangle Park, NC 27709.

We have determined the DNA sequence encoding a human homolog 
of the chicken contactin/Fll and mouse F3 adhesion proteins. The 
nucleotide and deduced amino acid sequences of human contactin are 
8 6 % and 95% identical to the respective mouse F3 sequences. 
Structural features shared with contactin/Fll/ҒЗ include six 
immunoglobulin-like and four fibronectin type Ш-Ііке domains, 
multiple sites for asn-linked glycosylation and a COOH-terminal signal 
peptide presumably involved in the generation of a glycophosphatidyl- 
inositol (GPI) cell surface linkage. The potential for glycosylation and 
GPI-linkage is also consistent with protein chemical studies on human 
contactin detected by our monoclonal antibody Neuro-1. Human 
contactin mRNA expression was characterized by Northern blot 
analyses of various human tissues and cell lines. High level expression 
of a single contactin transcript in adult brain, and low level expression 
of multiple transcripts in lung, pancreas, kidney and skeletal muscle 
were observed. Highly expressed multiple transcripts, similar in 
pattern to those of pancreas, lung, kidney and muscle, were observed 
in human retinoblastoma and neuroblastoma cell lines.

ACETYLCHOLINE RECEPTORS: MUSCARINIC ANTAGONISTS AND AGONISTS

194.1
STRUCTURE ACTIVITY RELATIONSHIPS FOR STIMULATION OF ml 
MUSCARINIC RECEPTORS COUPLED TO PHOSPHOINOSITIDE 
METABOLISM IN A9 L CELLS. S. Periyasamy*, Y. Liu, P.G. 
Dunbar, T. Rho, Y.F. Abuh, and W.S. Messer, Jr., Dept. of 
Med. & Biol. Chem., Ctr. for Drug Design & Development, 
Coll, of Pharmacy, Univ. of Toledo, Toledo, OH 43606

Muscarinic agonists that stimulate Mi receptors coupled 
to phosphoinositide (PI) metabolism in the forebrain 
might be useful in the treatment of Alzheimer's disease. 
As part of a program to develop selective muscarinic 
agonists, a series of 1,4,5,6-tetrahydropyrimidine esters 
and 1,2,4-oxadiazoles was synthesized. Their abilities 
to stimulate PI metabolism in A9 cells expressing ml 
receptors were compared with known muscarinic agonists.

Carbachol stimulated PI turnover to 630 % above basal 
levels, while arecoline was less efficacious (180 %). 5- 
Methoxycarbonyl-1,4,5,6-tetrahydropyrimidine (CDD-0034) 
and 5-(3-methyl-l,2,4-oxadiazol-5-yl)-1,4,5,6-tetrahydro- 
pyrimidine (CDD-0098) both stimulated PI turnover to 
maximal levels comparable to carbachol (> 600 %). CDD- 
0098 (5.4 μΜ) was more potent than CDD-0034 (200 μΜ) . 
The ethyl ester (CDD-0078) was more potent (44 μΜ) , yet 
less efficacious (330 %) than CDD-0034 and the 3-ethyl 
oxadiazole (CDD-0102) was less efficacious (330 %) than 
CDD-0098. Also, the propargyl ester (CDD-0097) was more 
potent (33 μΜ) and as efficacious (590 %) as CDD-0034.

These data indicate that several amidine derivatives 
are efficacious ml agonists. Bioisosteric substitution 
with the 1,2,4-oxadiazole moiety improved potency, 
without effect on efficacy. These data point to 
structural features important for ml agonist activity and 
will direct further development of ligands to treat 
Alzheimer's patients. Supported by NS 01493.

194.2
MUSCARINIC SUPPRESSION OF SYNAPTIC TRANSMISSION IN CA1 
NEURONES IN HIPPOCAMPUS S U C E  IS NOT MEDIATED BY M1 R ECEP
TORS. Karen Eskesen and Malcolm J. Sheardown*. Novo Nordisk A/S, 
Pharmaceuticals Division, Novo Nordisk Park, DK-2760 Måløv, Denmark.

Previous studies have given conflicting data with respect to determination 
of the receptor subtype responsible for suppression of synaptic transmission 
in CA1 neurones of the hippocampus slice since both M1 and M2 receptors 
have been suggested. Our investigation of the pAj, values for pirenzepine and 
AF-DX 116 against carbachol shows a higher affinity for pirenzepine (pAg = 
6.96) than for AF-DX 116 (pAj = 6.55), which indicates that the effect is not 
mediated by a cardiac like M2 receptor. However, the estimated affinity for 
pirenzepine is almost 10 fold lower than literature values given for the M1 
receptor, but is in the same range as for the pharmacologically determined M3 
receptor. To further clarify the receptor subtype involved, we tested a new 
potent and selective muscarinic agonist, 3-(3-hexyloxy-1,2,5-thiadiazol-4- 
yl)-1,2,5,6-tetrahydro-1-methylpyridines (hexyloxy-TZTP), which is a very 
potent agonist for inhibition of twitch height in rabbit vas deferens (IC^ = 0.008 
nM, M1 -effect), and >106 times less potent on inhibition of force of contraction 
in guinea pig atria (IC^ > 27000 nM, M2-effect)(Sauerberg et al., J. Med. 
Chem. 35, 1992). Hexyloxy-TZTP did not suppress the extracellularly 
measured EPSP  when tested up to a concentration of 100 μΜ. The results 
indicate that inhibition of CA1 EPSP  may be mediated by pharmacologically 
defined M3, and not M1 receptor subtypes.
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194.3
NEUROCHEMICAL EFFECTS OF THE MUSCARINIC Ml AGONIST 3- 
HEXYLTHIO-TZTP (LY287041/NNC 11-0309). F.P . Bvmaster*.
J£. Falcone. C.H. Mitch. J.S . Ward. D.O. Calliaaro. H.E. Shannon. M.J. 
Stearetowo, P,D, Suzdak. P.O. Qlesen. and P, Sauerberq, Eli uiiy 
Research Laboratories, Eli Lilly and Co., Indianapolis, IN 46285 and 
Novo Nordisk CNS, Malov, Denmark.

We have previously reported that the 3-hexyloxy analog of
1,2,5-thiadiazol-4yl 1,2,5,6-tetrahydro-1-m ethyl-pyridine  
(LY246708/NNC 11-0232, TZTP) was a functionally selective M1 
agonist. The 3-hexylthio-TZTP (TZTP-S) is also a selective M1 
agonist. TZTP-S inhibited the in vitro binding of 3 H-pirenzepine to 
M1 receptors and 3H-QNB to M2 receptors with an IC50 of 5 and 
46 nM, respectively. TZTP-S functionally acted as an efficacious 
ml agonist by releasing preloaded 3H-arachidonic acid from A9L 
cell lines transfected with ml receptors, in vivo, TZTP-S dose- 
dependently increased striatal levels of dihydroxyphenylacetic acid 
(DOPAC) which is mediated by M1 receptors, but produced only 
modest increases in acetylcholine levels which is mediated by M2 
receptors. The increases in DOPAC levels induced by TZTP-S were 
antagonized by the M1 antagonist trihexyphenidyl. In the same dose 
range that neurochemical changes occurred, 3H-pirenzepine ex vivo 
binding was inhibited by TZTP-S with an ED50 of 3 mg/kg s.c. Oral 
administration of TZTP-S increased the levels of striatal DOPAC and 
inhibited ex vivo binding with an ED50 of 19 mg/kg. TZTP-S was of 
moderate duration with an apparent t i/2 of 3.6 hours. Thus, TZTP- 
S is a selective M1 agonist in vivo and has suitable properties for 
development as a M1 agonist for treatment of Alzheimer's Disease.

194.5
AGONIST-STIM ULATED P H O S P H O IN O S IT ID E  
METABOLISM IN RAT CEREBRAL CORTEX AND IN 
A9 L CELLS EXPRESSING ml AND m3 MUSCARINIC 
RECEPTORS. Y,E Abulu S.Psriyasamy. W.S, Messer Jr* and
P.G. Dunbar. Center for Drug Design and Development, 
Department of Medicinal and Biological Chemistry, College of 
Pharmacy, The University of Toledo, Toledo, OH 43606-3390.

In order to provide a direct measure of agonist potency, efficacy 
and selectivity, structurally-related muscarinic agonists were 
evaluated for their ability to stimulate phosphoinositide (PI) 
metabolism in rat cortical slices and in A9 L cells expressing ml and 
m3 receptors. Rat brain slices and intact A9 L cells were incubated 
with 0.3 μΜ рНЈ-myo-inositol and 10 mM LiCl at 37°C before 
incubation in the presence o f agonists. l,4,5,6-Tetrahydro-5- 
methoxycarbonyl-pyrimidine (CDD-0034-C) [1] and its 3-methyl-
1,2,4-oxadiazole derivative (CDD-0098-J) [2] stimulated PI 
metabolism to maximal levels greater than 600% above basal in rat 
cortical slices and in A9 L cells expressing m l receptors with 
comparable efficacy to that of caibachol. They however appeared to 
be less efficacious than carbachol at m3 receptors. Arecoline was a 
partial agonist in the rat cortical preparation, at m l receptors and at 
m3 receptors expressed in A9 L cells. The 3-methyl-1,2,4- 
oxadiazole derivative of arecoline (CDD-114) [3] was not active in 
the three systems. The data suggest some measure of selectivity of 
compounds [1] and [2] for ml versus m3 muscarinic receptors.

194.7
C/S-METHYLDIOXOLANE BINDS SPECIFICALLY TO m2 
MUSCARINIC RECEPTORS. Robin A. Huff. James J. Corcoran. 
and Moframed B. Abou-Poma*· Department of Pharmacology, Duke 
University Medical Center, Durham, NC 27710.

C/s-methyidioxolane (CD) is a muscarinic receptor agonist. In the 
literature, [3H]CD has been used to label a subpopulation of muscarinic 
receptors described as exhibiting high agonist affinity. Pharmacological 
evidence suggests that the population of receptors labeled by [3H]CD 
consists of m2 and/or m4 subtypes, however, no studies have directly 
addressed the subtype selectivity of [3H]CD. The present study 
completely characterizes binding of this ligand to individual receptor 
subtypes expressed in transfected Chinese hamster ovary cells. Results 
indicate that [3H]CD binds solely to m2 receptors, but not to all m2 
receptors, suggesting that a particular conformational state may be 
required for [3H]CD binding. Twenty-eight percent of m2 receptors 
bound [3H]CD with a Kd of 3.5 ±  0.5 nM. Binding of [3H]CD by only 
a subpopulation of m2  receptors is in agreement with data generated 
from studies of [3H]CD binding in mammalian brain. Because 
muscarinic receptors have been implicated to play a role in the 
pathogenesis of both Alzheimer’s and Parkinson's disease, as well as the 
neurotoxicity of organophosphorus compounds, knowledge of the 
subtype-specificity of the muscarinic agonist [3H]CD should aid research 
in these areas.

RAH is a Howard Hughes Predoctoral Fellow.

194.4
M1 AGONIST FUNCTIONAL SELECTIVITY IN -V IT R O  OF 
HEXYLTHIO-TZTP (LY287041/NNC110309). C.H. Mitch.* F.P. 
gyinas^LlLQ.CalligmS.JuOuimbŷ -B.D, Sawyer, J.S>Ward. P.H. Qlesen. P. SauerberøiMvLSJieardQwrb P.CL.̂ .uzdahu.H,Et 
Shannon. Lilly Research Laboratories, Eli Lilly and Co., 
Indianapolis, IN, USA 46285 and Novo Nordisk, CNS Division, 
MâlØv, Denmark.

Hexylthio-TZTP (3-(4-hexylthio-1,2,5-thiadiazol-3-yl)-tetra- 
hydro-1 -methylpyridine, LY287041/NNC110309) inhibited 3H- 
pirenzepine binding and 3H-oxotremorine-M binding with IC50 
values of 5 nM and 2 nM, respectively, in rat brain membranes. 
In cloned ceils expressing ml receptors, hexylthio-TZTP 
increased phosphoinositide turnover. Hexylthio-TZTP also was 
selective for M1 receptors in isolated tissues. At M1 receptors 
in rabbit vas deferens, it inhibited twitch height with an IC50 of 1 
pM. Pirenzepine blocked the effects of hexylthio-TZTP in rabbit 
vas deferens and had a Kb value of 10 nM. At M2 receptors in 
guinea pig atria, hexylthio-TZTP had an IC50 of 2.4 uM. In 
guinea pig bladder, it was neither an agonist nor an antagonist. 
The present results demonstrate that hexylthio-TZTP is a 
potent, efficacious and selective M1 muscarinic agonist in-vitro.

194.6
PARAOXON AND MALAOXON INHIBIT cAMP FORMATION BUT 
DO NOT AFFECT INOSITOL PHOSPHATE ACCUMULATION IN 
RAT BRAIN CORTICAL SLICES. T.R. Ward. S. Padilla* and W.R. 
Mundv. Neurotoxicology Division, Health Effects Research Laboratory, U.S. 
Environmental Protection Agency, Research Triangle Park, NC 27711.

Recent reports indicate that organophosphate insecticides, in addition to 
inhibiting acetylcholinesterase, can act directly at a subset of muscarinic 
receptors which bind m-methyldioxolane with high-affinity. Muscarinic 
receptors are known to act through at least two second messenger systems, 
either the stimulation of phosphoinositide turnover (mediated through the ml 
and m3 receptor subtypes) or the inhibition of cAMP foimation (mediated 
through the m2 and m4 receptor subtypes). We have investigated the actions 
of the active forms of parathion and malathion, paraoxon and malaoxon, 
respectively, on these second messenger systems in cortical slices from adult 
male Long Evans rats. Both paraoxon and malaoxon (1-1000 nM) inhibited 
forskolin-stimulated cAMP formation in a concentration-dependent manner. 
The effect on cAMP formation was blocked by the muscarinic antagonist 
atropine (10 μΜ). These results suggest that paraoxon and malaoxon can act 
as agonists at the m2 and/or m4 subset of muscarinic receptors. In contrast, 
neither insecticide had any affect on basal or carbachol-stimulated 
phosphoinositide turnover. The differential activity on these two second 
messsenger systems make it unlikely that the observed effects are due to 
increases in endogenous acetylcholine resulting from inhibition of 
acetylcholinesterase.

194.8
CHARACTERIZATION OF MUSCARINIC RECEPTOR ANTAGONIST 
BINDING OF INTACT CEREBELLAR GRANULE CELLS 
P,A, Sawders*, C,J, Hough, F, JPukamaupfri, ahd P.-M, Chuaņg 
Section on Molecular Pharmacology, Biological Pshchiatry Branch, 
NIMH/NIH Bethesda, MD 20892

Northern blot and immunoprecipitation data indicate that granule 
cells cultured from neonatal rat cerebella produce m2 and m3 but not 
m l, m4 or m5 muscarinic receptors. Displacement of [3H]QNB 
binding from isolated granule cell membranes by the antagonists, 
AFDX-116, 4-DAMP, and pfHHSiD yielded Kj values consistent 
with those found in the literature (eg Mei et al, Life Sciences 45:1131, 
1989). Intact cell binding assays, however, showed that AFDX-116 
had a much higher selectivity for the m2 receptors and 4-DAMP had a 
higher selectivity for m3 receptors than previously described. In 
contrast, the whole cell Ki values for pfHHSiD were similar to those 
found in the literature. The increased selectivity persisted when the 
cells were cooled to 4°C to minimize binding of radioligand to 
intracellular receptors, suggesting that the annomalous affinity 
constants were not due to sequestered receptors. When the cells were 
exposed to the agonist, carbachol, for 24 hr both binding and 
immunoprecipitation assays showed that the m3 receptor was 
preferentially down-regulated, indicating that a functionally coupled 
pool of recepors was being measured. These observations suggest 
that disruption of the cells to produce membranes used in binding 
assays causes the loss of factors which influence the binding 
selectivity of muscarinic antagonists. Experiments are in progress to 
characterize what such factors might be.
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194.9
SCOPOLAMINE APPEARS TO DISTINGUISH m2 MUSCARINIC RECEPTORS 
CAPABLE OF SHOWING HIGH AND LOW AFFINITY FOR AGONISTS. M.P. 
Santiago. H.H. Valentine and L.T. Potter*. Molecular and Cellular Pharmacology, 
University of Miami School of Medicine, P.O. Box 016189, Miami, FL 33101.

Competition curves between agonists and several 3H-antagonists for rat brainstem 
m2 muscarinic receptors show equal numbers of guanine nucleotide-sensitive high 
affinity (H) sites and guanine nucleotide-insensitve low affinity (L) sites. The H sites 
can be selectively blocked with acetylethylcholine mustard, leaving predominantly L 
sites, and the L sites can be blocked after H site protection with agonists, leaving 
predominantly H sites (Potter et al, Mol Pharmacol 39, 211,1991). The same results 
are obtained with pure m2 receptors. We have interpreted these data as evidence for 
dimeric receptors, and this idea is in keeping with evidence for cooperative inter
actions between the G proteins associated with cardiac m2 receptors (Chidiac and 
Wells, Biochemistry 31, 10908, 1992), and for multimene G proteins at CNS 
synapses (Coulter and Rodbell, PNAS 89, 5842, 1992). A problem with the idea of 
paired receptors is that it is difficult to test the physiology of separate H and L sites. 
While H sites can be blocked in tissues with irreversible agonists (Baker and Posner, 
Mol Pharmacol 30, 411,1986; Baker et al, JBC 260, 15820, 19985), there has been 
no way to selectively block L sites in cells containing GTP. Three results suggest 
that the use of scopolamine may help. First, competition curves between scopolamine 
and 3H-N-methylscopolamine for brainstem m2 receptors in Tris-Μη buffer show a 
Hill coefficient of 0.7, and can be fitted (1̂ =0.999) with an equal two-site model. 
This phenomenon persists in the presence of GppNHp but is lost in phosphate-EDTA 
buffer. Second, 3H-scopolamine dissociates biphasically from approximately equal 
populations of brainstem receptors. Third, when scopolamine is allowed to dissociate 
from one site, and that site is then blocked and scopolamine is removed, most of the 
remaining receptors behave as H sites. This result suggests that scopolamine can be 
used in intact tissues to allow the selective blockade of L sites for functional studies.

194.11
SR-46559 IS AN ANTAGONIST OF THE m2  SUBTYPE OF 
MUSCARINIC RECEPTORS. R. Tasse*. S. Amburn. J, Cutrera. 
D, Fairman. P. Kowal and D. Malhotra. Wyeth-Ayerst Research, 
Princeton, NJ 08543-8000.

The muscarinic agent SR-46559, 3-[N-(2-diethyl-amino-2-methyl- 
propyl)-6-phenyl-5-propyl]pyridazinamine sesquifumarate, from 
Sanofi Recherche has been reported (Bioorganic & Medicinal Chem
istry Letters, Voi. 2, No. 8 , pp.833-838, 1992) to possess an 
ameliorative effect in preclinical models o f memory impaired animals. 
The compound was, therefore, evaluated for muscarinic activity in 
CHO.K1 cells transfected with CMV vector containing cDNA for the 
expression of individual human muscarinic receptor subtypes. Using 
homogenates of individual cell lines, [3H]QNB/SR-46559 displace
ment curves revealed SR-46559 to lack significant muscarinic recep
tor subtype selectivity. Ki values ranged from 0.46 μΜ in the m2  
clone to 1.2 μΜ in the m5  clone. Results of phophatidylinositol (PI) 
hydrolysis experiments performed with the mi clone revealed that 
over the concentration range expected to yield from approximately 30 
to 98% mi receptor occupancy, SR-46559 failed to increase the 
recovery of total inositol phosphates. In subsequent PI studies, these 
concentrations of SR-46559 produced a righthand shift of the carba- 
chol concentration-response curve. In cyclic AMP accumulation 
experiments performed with the m2  clone, concentrations of SR- 
46559 which failed to inhibit forskolin stimulated cAMP levels, 
blocked the effect of carbachol on forskolin stimulated cAMP levels. 
These results suggest that the memory enhancing action of SR-46559 
may result from a muscarinic m2  antagonist action versus an mi 
agonist action.

194.13
m4-TOXIN, A SELECTIVE, REVERSIBLE, ALLOSTERIC ANTAGONIST OF 
m4 MUSCARINIC RECEPTORS. S.I. Max*. J.-S. Liang, S.L. Purkerson and L.T. 
Potter. Department of Molecular and Cellular Pharmacology, University of Miami 
School of Medicine, P.O. Box 016189, Miami, FL 33101.

Most of the anti-muscarinic activity of the venom of the green mamba, 
Dendroaspis angusticeps is due to the presence of ml-toxin, a highly specific, 
pseudoirreversible and allosteric antagonist of ml receptors (Potter et al, Life 
Sciences 52, 433, 1993; Max et al, J. Neurosci in press). The next most active toxin 
in the venom is m4-toxin. Like MTX1 and MTX2, which are reversible antagonists 
of ml receptors (Adem et al, BBA 968, 340, 1988; Jerusalinsky et al, Neurochem 
Int 20, 237, 1992), m4-toxin filters in Sephadex G-50 like other toxins of about 8000 
Daltons, and is not adsorbed by cation exchange to Bio-Rex 70 in 30 mM ammonium 
acetate at pH 7.3. Purification was completed by reversed-phase HPLC in 0.1% 
TFA and about 29 % acetonitrile. Two mg of toxin were recovered from one gram 
of dry venom. The toxin moves during SDS-PAGE slower than ml-toxin or a- 
bungarotoxin, suggesting a molecular mass of about 9000 Daltons. The activity of 
the toxin was tested on genetically-pure ml-m5 receptors in membranes from CHO 
cells by co-incubation with 1.0 nM 3H-N-methylscopolamine for 2 hours at 25°C in 
50 mM phosphate buffer-1 mM EDTA. Binding curves with m4 receptors showed 
an ICjq of 0.56 μg/ml (about 60 nM) and a Hill coefficient of 1.5. Thus m4-toxin, 
like ml-toxin, can bind allosterically to receptors which already have a traditional 
antagonist bound to their primary binding site. m4-Toxin dissociated from m4 
receptors at 25°C with a half-time of 15 minutes. The affinity of m4-toxin for ml 
receptors in membranes was 13-14 fold lower, and no blocking activity was apparent 
with m2, m3 or m5 receptors. m4-Toxin was even more selective for m4 receptors 
in digitonin-solution at 37°C, and again showed a Hill coefficient above one. The 
specificity of m4-toxin for m4 receptors is thus better than that of himbacine, which 
was previously the most selective m4 antagonist (Döıje et al, JPET 256, 727, 1991).

194.10
A NOVEL CNS-ACTIVE M2-SELECTIVE MUSCARINIC ANTAGONIST. Ļ 
Baumgold*. R.L. Prvzbvc and R.C. Reba. Depts of Radiology and of 
Pharmacology, The George Washington University Med. Ctr., Washington, DC 
20037.

A profound loss of m2 muscarinic receptors in various brain parts have been 
described in Alzheimer’s disease. Our goal has been to quantitatively image this 
loss of m2 receptors in human brain using SPECT or PET imaging, as a potential 
diagnostic for Alzheimer’s disease. Although several potent m2-selective 
muscarinic antagonists have recently been described, they are either incapable of 
crossing the blood-brain barrier, or lose activity upon halogenation. In an effort at 
finding a potent m2-selective compound that does cross the blood brain barrier, we 
studied a series of steroidal alkaloids having antimuscarinic activity. We performed 
competition binding assays with these compounds, using pHJNMS binding to 
membranes from transfected CHO cells. The most potent compound in this series, 
3-a-chlorimperialine, had IC50 values of 7.6, 0.7, 44 and 4.7 nM at ml, m2, m3 
and m4 receptors, respectively. In order to determine whether this compound 
crosses the blood-brain barrier, we performed ex-vivo studies in Swiss-Webster 
mice. Mice were sacrificed at various times after injection (IP) of 100 nmol of 3-a- 
chlorimperialine, and the [3H]NMS binding was assayed in homogenates of various 
brain parts. One hour after injection, [HjNMS binding was reduced by 56 and by 
53 % in cerebellum and hindbrain, respectively, but was reduced by only 3 % in 
forebrain. Four hours after injection, pH]NMS binding was still considerably 
reduced in cerebellum (20%) and hindbrain (46%) and still remained relatively 
unchanged in forebrain (9%). These ex-vivo studies demonstrate that 3-a- 
chlorimperialine is capable of penetrating into brain. The in-vitro studies show that 
3-a-chlorimperialine is a highly potent m2-selective muscarinic antagonist. Taken 
together these studies indicate that 3-a-chlorimperialine is a good candidate for a 
radioligand for quantitatively imaging m2 receptors in humans.

194.12
STUDIES OF BRAIN MUSCARINIC AND NICOTINIC CHOLINERGIC RECEPTORS 
WITH SOME NEW AFFINITY LIGANDS AND RELATED AGENTS M. Saraswati.
N. Lerner-Marmarosh. L. G. Abood*. Department of Pharmacology, 
University of Rochester Medical Center, Rochester, NY 14642.

This study describes the chem ical synthesis, receptor binding 
characteristics, and pharmacology of various affinity ligands and related 
ligands for brain muscarinic and nicotinic cholinergic receptors, including 
the 4-bromoacetamidobenzoic acid esters of dimethylaminoethanol (DMBAB) 
and choline (BABC) and 4-iodoacetamidobenzoyl choline (IABC). The Ki 
values for irreversible inhibition of [3H]-QNB binding were 0.8, 0.1, and
O. 2 μ M for DMBAB, BABC, and IABC respectively; and for[3H]- 
m ethylcarbam ylcholine ([3HJ-M CC) binding, 80, 10, and 20 μΜ 
respectively. Although DMBAB inhibited the QNB-induced hyperactivity 
in mice, it did not antagonize the pharmacologic effects of oxotremorine. 
Structure-activity studies with nonaffinity an alog ues of the 4- 
aminobenzoate ester of dimethylaminoethanol and choline revealed that 
removal of the NH2 from the phenyl group increased affinity for the 
muscarinic but not nicotinic cholinergic site; and quaternization of the ester 
side chain greatly increased affinity for the muscarinic site. Dimethylation 
of NH2 in 4-aminobenzoylcholine decreased the affinity for both cholinergic 
sites. Replacement of NH2 by N02 increased affinity for the muscarinic but 
not the nicotinic site, while quaternization of the 4-nitrobenzoyl ester 
increased affinity for the nicotinic site while diminishing affinity for the 
muscarinic site. The findings indicate that DMBAB and its analogues are 
useful affinity ligands for examining the biochemical, and functional 
characteristics of brain cholinergic receptors, particularly the muscarinic 
which has an affinity near submicromolar range. [Supported by DA 00464]

194.14
A NOVEL STRATEGY FOR THE SELECTIVE LABELING OF THE M4(m4) 
MUSCARINIC RECEPTOR SUBTYPE. G. Ferrari-DiLeo. M. Waelbroeck*. M. 
Basile*. D.C. Mash and D.D. Flynn. Depts. of Pharmacology and Neurology, 
Univ. of Miami School of Medicine, Miami, FL 33101 and +Dept. of Biochemistry 
and Nutrition, Universite Libre de Bruxelles, B-1000 Brussels, Belgium

Differential labeling and autoradiographic localization of muscarinic receptor 
subtypes has been hampered by the overlapping affinities of most muscarinic 
ligands. To date, no muscarinic antagonist demonstrates greater than 5-fold 
selectivity between receptor subtypes. We have recently demonstrated that the 
distinct kinetic binding properties of N-pH]-methylscopolamine permits the selective 
labeling and localization of Ml(ml), M2(m2) and M3(m3) muscarinic receptor 
subtypes in the primate brain (Flynn and Mash, Synapse, in press). We report here 
selective labeling conditions for the M4(m4) receptor subtype based on the distinct 
kinetics of the muscarinic antagonists dexitimide and NMS and on the partial 
selectivity of guanylpirenzepine in the ml-m5 CHO transfected cell lines. Greater 
than 90% occupancy of the ml-m5 receptor subtypes was obtained with 10 nM 
dexitimide. Based on the relatively short half-lives (<30 min) of the dexitimide- 
ml,-m2,-m4 and -m5 complexes vs. the longer half-life of the dexitimide-m3 
complex (4.5 hr), short incubation times with [3H]-NMS favored the labeling of the 
ml, m2, m4 and m5 receptor subtypes. A short pulse of cold NMS and/or a short 
dissociation in 1 μΜ atropine prevented the binding of labeled NMS to the m2 sites. 
Inclusion of guanylpirenzepine occluded the binding of pH]-NMS to the remaining 
ml and m5 receptors. Under these conditions, the ratio of pH]-NMS binding to the 
m4 vs. the ml, m2, m3 and m5 receptor subtypes was greater than 4:1. 
Autoradiographic studies are currently underway to map the distribution of the 
M4(m4) muscarinic receptor in the primate brain. (Supported by NS 19065 and DA 
06227).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM ACETYLCHOLINE RECEPTORS: MUSCARINIC ANTAGONISTS AND AGONISTS 463

194.15
MUSCARINIC C a++ RESPONSES UNAFFECTED BY MUSCARINIC 
ANTAGONISTS. B.S. Jahromi*. R. Robitaille and M.P. Charlton.
Dept. of Physiology, Univ. o f Toronto, Toronto, Canada M 5S 1A8 

АСҺ induces release of intracellular Ca + + in perisynaptic Schwann 
cells (PSCs) (Jahromi et. al, Neuron 8:1069-1077). We tried to 
characterize the receptor(s) involved. Ca + + responses induced by local 
application of cholinergic and muscarinic agonists were studied in PSCs 
at the neuromuscular junction of Rana pipiens frogs. Confocal 
microscopy w as used to detect the C a++ response using the 
fluorescent Ca + + indicator fluo3. Nicotinic blockers did not prevent 
Ca++ responses induced by АСҺ in PSCs. Nicotine itself had no effect 
on PSCs while muscarine triggered Ca + + responses in the same cells. 
This Ca++ response w as present without external Ca + + and w as not 
affected by pertussis toxin, suggesting a muscarinic receptor linked to 
internal C a++ stores through a pertussis toxin-insensitive mechanism.

Atropine has been shown to block all five muscarinic receptor 
subtypes in other systems. Surprisingly, atropine did not block the 
Ca++ response to muscarine in these cells (even at concentrations 
2000-fold in excess of muscarine). This lack of blockade is not simply 
due to a cascade response to muscarine, since the percentage of cells 
responding to a threshold dose of muscarine w as not changed by the 
presence of atropine. Other nonspecific antagonists such as 
n-methylscopolamine and quinuclidinyl benzylate also failed to prevent 
the response to muscarine. Hence, we propose that this Ca + + 
response is mediated by a new muscarinic receptor subtype not 
blocked by classical antagonists.
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195.1
NICOTINE POTENTIATES SYNAPTIC TRANSMISSION THROUGH 
PRESYNAPTIC, a-BGT SENSITIVE ACETYLCHOLINE RECEPTORS. P.S. 
McGehee. X.Yang. P.Devav* & L.Role Dept of Anat & Cell Biol in the Ctr for 
Neurobiol and Behav, Columbia Univ P&S, 630 W 168th St, NY, NY 10032.
Cholinergic transmission between pre and postganglionic sympathetic neurons is 

mediated by nicotinic АСҺ receptors (nAChRs). We have examined the regulation 
of this synaptic transmission in co-cultures of embryonic chicken preganglionic 
and target sympathetic neurons. Synaptic formation occurs within 24 hrs and both 
spontaneous and action potential-driven synaptic currents (SCs) are readily 
recorded. Application of 0.5μΜ nicotine to synaptically active cells causes an 
increase in the frequency of recorded SCs (254+/-90% increase, n= 13) with no 
change in holding current. Pretreatment of the cultures with TTX, to block action 
potential-evoked release, decreased SC frequency revealing that the spontaneous 
SC frequency was < 25% of the total synaptic activity. Under these conditions 0.5 
μΜ nicotine potently increased the SC frequency (488+/-120% increase, n=16). 
Nicotine had no effect on SC amplitude distributions, which is consistent with 
modulation via presynaptic nAChRs. Using PCR detection we have determined 
that neurons of the chick preganglionic nucleus express several a  subunits, 
including a2,4,5,7,8. A possible mechanism of presynaptic facilitation would be for 
nicotine to activate presynaptic nAChRs permeable to Ca2+ and thereby increase 
presynaptic Ca2+. The a-7 subunit of the nAChR is a neuronal a-bungarotoxin 
(aBGT) binding site and homo-oligomers of this subunit are highly conductive for 
Ca2+. Also, aBGT blocks nicotine-induced increases in intracellular [Ca2+J. 
Therefore, we pretreated cultures with 500nM aBGT and found that the 
presynaptic facilitation by nicotine was completely inhibited ( 0% increase, n=7). 
Antisense deletion experiments are underway to investigate the contribution of the 
aBGT-binding subunits, a7 & a8, to this presynaptic facilitation.

195.3
NEURONAL ACH RECEPTORS BINDING a-BGT ARE 
LIGAND-GATED ION CHANNELS THAT PERM IT CA++ 
ENTRY. Z.-w. Zhang^ S. V iiavaraghavan. and D.K. Berg*. 
Dept. of Biology, UC San Diego, La Jolla, CA 92093.

Acetylcholine receptors that bind a-bungarotoxin  (aB gt- 
AChRs) are widely distributed on neurons along with other 
AChRs. Though aB gt-A C hRs elevate in trace llu la r free 
calcium levels, numerous attem pts previously to document a 
functional ion channel for the native receptor have failed. 
Using whole-cell voltage clamp techniques, we examined the 
nicotinic responses of chick ciliary ganglion neurons freshly 
dissociated from 14-15 day embryos. Rapid application of 
20 μΜ nicotine produced a m ultiphasic response in cells 
voltage-clamped at -60 mV. A new and large, quickly- 
desensitizing com ponent ( t i/2 of 10-20 ms) was observed 
along with smaller, more sustained components. aBgt at 60 
nM completely abolished the large component while having 
little effect on the others. All were reversibly blocked by 20 
μΜ d-tubocurarine as expected for nicotinic responses. The 
aBgt-sensitive current peaked at 20 μΜ nicotine, reversed at 
about 0 mV, and showed inw ard rectification a t positive 
membrane potentials. Ca++-fluorescence m easurem ents with 
fluo-3 in voltage-clamped cells showed that a B g t-A C h R s 
elevated cytosolic calcium levels w ithout activating voltage
gated channels. Release from caffeine-sensitive stores was 
also excluded. The results dem onstrate tha t native aB g t- 
AChRs are  ligand-gated ion channels possibly influencing 
Ca++-dependent cellular events. (NS12601 and TRDRP)

195.2
Participation of the a7/a-Bungarotoxln binding subunit in 
neuronal nAChR channel currents C. Yu* & L. Role. Dept. of Anat. 
& Cell Biol, in the Ctr for Neurobiol. & Behav., Columbia Univ., P&S, 630 W. 
168 St. NY, NY 10032

a-Bungarotoxin (aBG T) binding sites on neurons have recently been 
elevated from curious but non-functional sites to respectable neuronal 
nAChR subunits due to evidence that 1/ a 7  (a-BGT-BP-1; Lindstrom and 
colleagues) homo-oligomeric channels are highly permeable to Ca (Dani, 
Patrick and their colleagues) 2/ nicotine-evoked increases in [Ca]i are 
blocked by a-BGT (Berg, Changeux and their colleagues) and 3/ a-BGT 
blocks nicotine evoked synaptic facillitation (see Abstract by McGhee et al.,
1993). To examine the role of a-BGT binding subunits in native nAChR 
channels we examined the effect of a-BGT and a7 antisense deletion on 
channels expressed by chick sympathetic neurons. (Previous experiments 
demonstrate that these neurons express the a7 but not a  8 subunit gene). 
In 5mM Ca containing media, currents evoked by 500 μΜ  АСҺ are 
unaffected by a-BGT but are reduced by -30% by a7 antisense deletion. 
Furthermore, although the peak currents evoked by low concentrations of 
АСҺ (20 μ  M) are also unaffected by a-BGT, the time course of the 
macroscopic currents were dramatically altered. Under control conditions, 
the t У2 of the evoked currents range from 8-20 sec; a-BGT decreases the 
duration of these currents so that the t1/2 is 1-2 s. Block of a7 by a-BGT  
may accelerate the decay of ACh-evoked currents by increasing nAChR 
desensitization or by blocking a subset of slowly desensiting nAChRs that 
include the a7  subunit, (supported by NS29071)

195.4
NEURONAL ACH RECEPTORS THAT BIND a -B G T  
M EDIATE NEURITE RETRACTION IN A CALCIUM- 
DEPENDENT MANNER. P.C. Pugh* and D.K. Berg. 
Dept. of Biology, UC San Diego, La Jolla, CA 92093.

Neuronal acetylcholine receptors that bind a-bungarotoxin  
(aBgt-AChRs) have recently been shown to function as 
ligand-gated ion channels that can elevate intracellular levels 
of free calcium. On chick ciliary ganglion neurons the 
aBgt-AChR subtype is extrasynaptic, abundant, and present 
on soma and processes. Since calcium levels in growth 
cones can regulate neuronal morphology, we tested whether 
activation of aBgt-AChRs affects neurite outgrowth.

Nicotine (1 μΜ) was applied by p ressu re  from  a 
m icropipette to individual neurites and/or growth cones of 
isolated ciliary ganglion neurons m aintained overnight in 
culture. A series of 3 brief pulses over a 12 minute period 
induced an average 30% retraction in neurite length within 
an hour while application of vehicle alone allowed neurites 
to grow in length an average of 20% during the same period. 
The retraction was prevented by aBgt (50 nM), required 
external calcium, and was confined to the individual neurite 
being stim ulated. Application of 25 mM potassium also 
induced neurite retrac tion , and both the potassium- and 
nicotine-induced retractions were prevented by the calcium 
channel blocker ω-conotoxin. The results suggest that 
activation of aBgt-AChRs triggers voltage-gated channels to 
open, and that the resulting calcium fluxes induce neurite 
retraction. (NS12601, NS25916, and TRDRP)
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195.5
CALCIUM PERMEABILITY OF NICOTINIC RECEPTORS 
LOCATED PRIMARILY AT SYNAPSES ON NEURONS. 
M.M. Rathouz* and D.K. Berg. Dept. of Biology, UC San 
Diego; La Jolla, CA 92093.

Some neuronal acetylcholine receptors (AChRs) are highly 
permeable to calcium. Chick ciliary ganglion neurons have 
two classes of AChRs. One class binds the monoclonal 
antibody mAb 35 (mAb 35-AChRs) and is largely synaptic 
in location while the other binds a-bungaro tox in  (aB g t- 
AChRs) and is almost exclusively nonsynaptic. aB gt-A C hR s 
appear highly permeable to calcium. We examined whether 
mAb 35-AChRs shared this feature or were dedicated solely 
to synap tic  transm ission  and had the low calcium  
permeability characteristic of synaptic AChRs in muscle.

Activation of mAb 35-AChRs by nicotine induced a 
substantial fluorescence response in neurons loaded with the 
calcium indicator fluo-3. (aBgt was present to block aB gt- 
AChRs.) The response was inhibited by antagonists of mAb 
35-AChRs, depended on extracellular calcium, and persisted 
when cells were voltaged-clamped a t -70 mV to prevent 
contributions from voltage-gated channels. Measurement of 
reversal potentials with whole-cell voltage clamp techniques 
revealed equivalent permeabilities for calcium and sodium. 
When calcium was the sole extracellu lar cation present, 
activation of the receptors produced a large inward current. 
The perm eability of mAb 35-AChRs to calcium suggests 
they may have signalling roles that extend beyond synaptic 
transmission. (NS12601, NS25916, and TRDRP)

195.7
NICOTINIC ACETYLCHOLINE RECEPTORS IN PRIMARY 
CULTURES OF HIPPOCAMPAL NEURONS. G.E. Barrantes. A.T. 
Rogers and $. Wonnacott* . Biochemistry Department, University of 
Bath, Bath BA2 7AY, UK.

The rat hippocampus is characterized by dense [125I]a-bungarotoxm ([125I]aBgt) 
labelling. Until recently, the identity of aBgt sites with nicotinic acetylcholine 
receptors (nAChR) has been controversial. However, expression in Xenopus oocytes 
of the a7 cDNA coding for an aBgt binding protein results in functional channels 
gated by nicotine and acetylcholine Г The a7 nAChR desensitize rapidly1, and have 
high relative permeability to Ca2+lrcf 2l Furthermore, similar aBgt-sensitive nAChR 
have been disclosed in hippocampal neurons using electrophysiological techniques3.

We have characterized nAChR in primary hippocampal neuronal cultures of fetal 
rat (E18) using pharmacological and functional approaches. [125I]a-Bgt binding 
assays showed the presence of a single population of high affinity binding sites 
(Kd=0.73±0.06nM; В max=56±3 fmol/10̂  cells). Binding of [12̂ I]a-Bgt was inhibited 
by a-Bgt (IC50=0.24nM), methyllycaconitine (MLA, IC50slnM) and nicotine 
(IC5(fe3pM). [3H]nicotine and Plljcy tisine binding assays failed to show any 
detectable high affinity sites for these radioligands, in agreement with 
immunocytochemistry studies carried out with antisera against a4 and ß2 nAChR 
subunits4. Using Fura-2, nicotine (ΙΟΟμΜ) elevated the intracellular free [Ca2+] from 
lOOnM to 400nM. This response was blocked by MLA (ΙμΜ), a selective probe for 
neuronal a-Bgt nAChR3. Longer term modulation of hippocampal nAChR was also 
observed: chronic exposure to nicotine (ΙΟμΜ) for 7 days produced a small but 
significant upregulation (12.7±0.3%) of [ I25I]aBgt sites.

This in vitro system amenable to long term manipulation permits the 
characterization of aBgt-sensitive nAChR in the hippocampus.

1. Couturier, S. et al., (1990) Ate«ron,5,847-856.
2. Séguéla, P. et al., (1993) /. Neurosci., 13(2):596-604.
3. Alkondon, M. et al., (1992) Mol. Pharmacol., 41:802-808.
4. Flores, C. et al. (1991) M ol Pharmacol., 41:31-37.
Acknowledgements: We are grateful to Dr. Scott Rogers and Prof. John Westwick. 

Supported by MRC grant G9219250N, RJR Tobacco Co and CONICET.

195.9
EVIDENCE THATa-BUNGAROTOXIN BLOCKS INCREASES 
IN INTRACELLULAR CALCIUM IN PC12 CELLS. L. Chen, G. 
Kemp*, and B.J. Morley, Boys Town Nat’l Research Hospital, Omaha, 
NE 68131, and The University of Alabama in Birmingham, B’ham, AL 
35294.

The PC 12 cell line has been used extensively as a model for studying 
neuronal function. PCI 2 cells possess two populations of nicotinic 
acetylcholine receptors (nAChRs). One population of nAChRs is 
coupled to a sodium channel and a second population is labeled by a- 
bungarotoxin. The function of the a-bungarotoxin receptor is not 
known, although data from other neuronal tissues suggest that it may be 
involved in the regulation of intracellular calcium. We investigated 
calcium influx in PC12 cells using the fluorescent calcium dye, fura-2. 
Nicotinic agonists increased the intracellular calcium in concentrations 
over a range of 0.1-100 μΜ. Rises in intracellular calcium produced by 
nicotine were prevented by d-tubocurarine and a-bungarotoxin 
(IC50=0.87 and 0.31 μΜ, respectively) and calcium channel blockers. 
Preincubation of the cells with the potent nAChR blocker, mecamyla- 
mine, or the antibody WF6 , which recognizes the agonist binding site on 
nAChRs, did not affect the rise in intracellular calcium by nicotine nor 
the prevention of the intracellular calcium increase by a-bungarotoxin. 
These data suggest that the increase in intracellular calcium by cholin
ergic agonists may be mediated by the nicotinic receptor site labeled by 
a-bungarotoxin.

195.6
FEEDBACK REGULATION OF NICOTINIC RESPONSES 
IN NEURONS BY ARACHIDONIC ACID. B. Huang. S. 
Yiiavaraghavan* and D.K. Berg. Dept. of Biology, UC San 
Diego, La Jolla, CA 92093.

The second messenger arachidonic acid (AA), a fatty acid 
released enzym ically from  m em branes in a calcium- 
dependent m anner, influences the function of NMDA 
receptors along with some voltage-gated ion channels. Like 
NMDA receptors, neuronal acetylcholine receptors that bind 
a-bungaro tox in  (aBgt-AChRs) are  highly perm eable to 
calcium and may trigger release of AA. If  so, feedback 
regulation should be considered. We examined this with 
chick ciliary ganglion neurons which have AChR subtypes 
both sensitive and insensitive to aB gt.

Nicotine stim ulated the release of [3H]AA from  the 
neurons in culture. The release was maximal at 50 μΜ 
nicotine, calcium-dependent, and blocked by the nicotinic 
antagonists d -tubocurarine (20 μΜ) and aB gt (60 nM). 
Application of 5 μΜ AA to freshly dissociated neurons or to 
Xenopus oocytes expressing the a7 gene product (the only 
known component of aBgt-AChRs) inhibited about 80% of 
the nicotinic responses assayed by m easuring whole cell 
currents with patch clamp techniques. Measurement of fluo- 
3 fluorescence in neurons indicated that AA also inhibited 
the intracellular calcium increases caused by activation of 
AChRs. Structurally related fatty acids had no effect. Thus 
AA may provide negative feedback regulation for neuronal 
AChRs. (NS12601, NS25916, and TRDRP)

195.8
FAST KINETICS AND CALCIUM PERMEABILITY OF σ-BUNGAROTOXIN- 
SENSITIVE HIPPOCAMPAL NICOTINIC RECEPTOR CHANNELS. N.G. Castro1·2. 
A.T. Eldefrawi2* and E.X. Albuquerque1'2. 1Dept. Pharmacol. Exp. Thar., Univ. 
Maryland Sch. Medicine, Baltimore MD 21201 and 2Lab. Mol. Pharmacol. II, 
IBCCF/UFRJ, Rio de Janeiro RJ, Brazil 21944.

Cultured neurons of the rat hippocampus show at least three pharmaco
logically and electrophysiologically distinct nicotinic-receptor-gated, cationic 
whole-cell currents. The most prevalent response (type IA) is subject to fast 
desensitization, has low sensitivity to acetylcholine (АСҺ), and is blocked by 
both a-bungarotoxin (o-BGT, 10 nM) and methyllycaconitine (1 nM) (Alkondon 
& Albuquerque 1993, JPET  265, in press). The unitary correlates of these 
currents were investigated by recording in both whole-cell and outside-out 
patch-clamp modes from the same neurons (25-29 days after plating). We 
identified a novel ACh-gated channel of high conductance and very brief 
lifetime which is likely to underlie the σ-BGT-sensitive response. The mean open 
time was 0.11 ms at -80 mV (7 kHz), and became briefer with depolarization. 
The unitary current showed a large scatter suggesting the existence of 
subconductances, but these could not be resolved. The average slope conduc
tance, estimated from single Gaussian fits to open point amplitude distributions 
between - 120 and -60 mV, was 73 pS. During transient АСҺ application, a 
concentration-dependent desensitization was observed on single channel 
currents that paralleled that of the o-BGT-sensitive macroscopic response. The 
channels were reversibly blocked by methyllycaconitine (10 pM). The role of 
Ca2 + as a carrier of the a-BGT-sensitive currents was examined in experiments 
of reversal potential (VR) shift. Raising extracellular Ca2+ from 2 mM (control) 
to 10 mM, shifted the VR of type IA whole-cell currents by +3.7±0.1 mV 
(n = 3) and that of NMDA-gated currents by +5.5±1.3 mV (n = 8). These 
results indicate that neuronal, σ-BGT-sensitive receptor channels have a high 
Ca2 + permeability, comparable to that of NMDA-gated channels. This o-BGT- 
sensitive receptor, by mediating Ca2+ influx, may participate in the modulation 
of the diverse Ca2+-dependent processes affecting neuronal plasticity. Support: 
USPHS NS25296, ES05730; CNPq & FINEP/UMAB Mol. Pharm. Training Prog.

195.10
BARIUM PERMEABILITY OF NEURONAL NICOTINIC 
RECEPTOR a7 EXPRESSED IN X E N O P U S  OOCYTES. 
S.B.Sands*, A.C.S.Costa. J.A.Dani & J.W.Patrick. Division of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030.

The rat neuronal nicotinic receptor a7 was expressed and studied in 
X en opu s  oocytes, using 2 electrode voltage clamp. The magnitude and 
reversal potential of instantaneous whole-cell currents were measured in 
external solutions containing varying concentrations of either calcium 
(Ca) or barium (Ba), and with or without pre-incubation in the 
intracellular Ca chelator ВАРТА. Application of nicotine (50 μΜ) in 
external Ba elicits an inwardly rectifying response; currents obtained in 
high external Ca with or without ВАРТА are larger, have a linear IV 
relation, and are shown to result from activation of Ca-dependent 
chloride channels. Incubating oocytes in 70 μΜ BAPTA-AM for 1-2 
hours prior to recording did not prevent activation of these chloride 
channels in high external Ca ( 10 mM). The reversal potential of nicotine- 
induced currents varies linearly with a slope of 18.5 mV/decade in 1-20 
mM external Ba. Using an extended GHK equation, the permeability 
ratio Рва/Рыа ° f  the a7 receptor was ~ 17. Our results suggest that the <x7 
nicotinic receptor channel is highly permeable to divalent cations.
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195.11
Ca++ PERMEABLE a8 ACHR FUNCTIONALLY EXPRESSED IN 
XENOPUS OOCYTES EXHIBITS SIGNIFICANTLY DIFFERENT 
PHARMACOLOGY FROM <x7 ACHR.
V.Gerzanich.R.Anand.and J.Lindstrom*. Dept. of Neuroscience, Univ. 
of Pennsylvania, Philadelphia, PA 19104-6074 
a 8 subunits of abungarotoxin-sensitive chick neuronal nicotinic 
receptors(AChRs) are shown to form functional homomeric ACh-gated 
channels when expressed from cRNA in X e n o p u s  oocytes. a8 
homomers are expressed on the oocyte surface less efficiently (surface to 
total binding =10%)than are a l  homomers (surface to total binding 
*40%). Both a8 and a7 homomers are highly permeable to Ca++ ions 
which in oocytes trigger a large endogenous Ca^ dependent Cl· current. 
Both a8 and ot7 homomers exhibit very rapid desensitization and strong 
inward rectification. Since native a7 AChRs have been reported not to 
exhibit rectification, any structural subunit which may be present in 
native oc7 and cc8 AChRs might play a significant role in their channel 
properties.

a8 homomers exhibit higher affinity for nicotinic agonists as 
compared to a7 homomers. The order of potency for a8 was: 
nicotine(EC50=lpM)=cytisine=ACh>DMPP>TMA(10pM). For a 7 
DMPP was a very weak partial agonist and TMA was ineffective as an 
agonist. The a8 homomers have the same order of affinity for most 
antagonists as do a 7 homomers, except for aBgt, for which a  8 
homomers have lower affinity (EC50=14nM). These pharmacological 
differences between a8 and a7 homomers are also observed in native <x8 
and a l  AChRs immunoisolated from chick retina. This suggests that 
any structural subunits present in native ct8 and a l  AChRs might have a 
limited role in determining most of their pharmacological properties.

195.13
IMMUNOLOCAL1ZATION OF THE <x7 SUBUNIT OF RAT NEURONAL 
NICOTINIC RECEPTORS. P. Séguála1 . A. Germain1 . T. Patrick? and IL 
Baxter  ̂* 1 Montreal Neurological Institute, McGill University, Montreal, 
Quebec, Canada H3A 2B4, and 2 Baylor Coll, of Med., Div. Neuroscience, 
Houston, TX 77030.

Despite early neuroanatomical and pharmacological evidence for 
abundant high affinity a-bungarotoxin (a-BTX)-binding sites in the 
mammalian nervous system, the role of these proteins in cholinergic 
neurotransmission remains unclear. A major component of rat brain a-BTX- 
binding proteins, a7, has been cloned and functionally expressed as an 
homo-oligomeric nicotinic channel highly permeable to Ca++ (Séguéla et 
al. (1993) ). Neurosci. 13:596-6041. To visualize the rat a7 gene product in 
situ, polyclonal antibodies were raised against GST fusion proteins 
containing 40-60 aa-long non conserved segments of a7 subunit, using μgEX- 
2T as inducible bacterial expression vector. Immune sera were affinity- 
purified and their specificity was checked in Western blot. To detect <x7- 
containing receptor subtypes in transfected cells, a7 cDNA was subcloned 
in CMV promoter-driven transfection vector pcDNAI/neo and mutated by 
PCR to add in-frame hydrophilic epitope tags recognized by 
characterized mAbs. Tagged a7 mutated in C-terminal and expressed in 
Xenopus oocytes behaved electrophysiologically like wild-type a 7 
receptors, suggesting that this presumed extracellular domain of nicotinic 
receptor subunits does not participate in assembly of receptor complex or in 
response to agonist. Specific labeling of a7 subunit in neurons and in 
heterologous expression systems should provide new information about 
stoichiometry and intracellular localization of mammalian a-BTX- 
sensitive nicotinic receptors.

195.15
EVIDENCE THAT aB U NG AR O TO X IN -SEN SITIV E  
ACETYLCHOLINE RECEPTORS IN CHICK'S COCHLEA  
CONTAIN a7 SUBUNITS
R, Anand*. P.A. Fuchs»,IF. Cooper. X̂ -Peog. and J, Lindstrom, 
Dept. of Neuroscience, Univ. of Pennsylvania, Philadelphia, PA 19104 
and Dept. of Physiology, Univ. of Colorado School of Medicine, 
Denver, CO 80262.
aBungarotoxin-sensitive acetylcholine receptors (otBgt-AChRs) have 
been detected electrophysiologically in chicken cochlear hair cells 
(Fuchs and Murrows, Proc. Roy. Soc. Lond. B. 248: 35-40, 1992). 
By determining the binding of subunit-specific antibodies to 125IaBgt 
-labeled AChRs from TritonX-100 extracts of chick cochlea in solid 
phase radioimmunoassays, we show that ctBgt-AChRs containing a l  
subunits (a l  AChRs) are expressed in chick cochlea. However, no 
binding of 125IaBgt -labeled AChRs by antibodies to a l ,  a3, a8, or ß2 
is detected. Additionally, using the same methodology, we are also able 
to detect a majority of these a l  AChRs at the level of microdissected 
cochlear sensory epithelium (containing tectorial membrane, hair cells, 
some supporting cells, and ends of nerve fibres that innervate the hair 
cells).
Competitive inhibition of 125IaBgt binding by various ligands to 
cochlear a7 AChRs and brain a l  AChRs indicate that they are 
pharmacologically indistinguishable from each other. Finally,we have 
also detected a7-specific transcripts in micro-dissected cochlear sensory 
epithelia using PCR. We suggest that these cochlear a l  AChRs 
contribute to the aBgt-AChRş detected electrophysiologically in hair 
cells.

195.12
REDUCED a7-CONTAINING NICOTINIC RECEPTORS FROM 
CHICK BRAIN ARE NOT ARSENYLATED WITH HIGH AFFINITY 
BY AROMATIC ARSENOXIDES. R.H. Loring*. O.-B. Zhu. X.-G. 
Zhang. & J. Lindstrom ’ Dept. of Pharmaceutical Sciences, 
Northeastern U., Boston, MA 02115 and ’Dept. of Neuroscience,
U. of Pennsylvania Medical Center, Philadelphia, PA 19104.
Aromatic arsenoxides, such as p-aminophenylarsenoxide (АРА), 

form stable complexes with appropriately spaced dithiols. Since all 
nicotinic a-subunits have a disulfide bond between adjacent 
cysteines near the agonist binding site, we have investigated the 
interaction of АРА with nicotinic receptors (nAChRs) reduced with 
dithiothreitol (DTT). We have demonstrated that DTT-reduced 
nAChRs from Torpedo or chick brain (a l, a4  or a5-containing 
subtypes) are protected by АРА against irreversible alkylation with 
bromoacetylcholine (ВАС) with an EC^q «  30 nM, and that dimer- 
captopropanesulfonate (DMPS) reverses APA’s effects. In contrast, 
we now find th a t АРА is *1000 fold less potent at blocking 
bungarotoxin ( ^ I -B G T )  binding to reduced a l  nAChRs immuno
isolated from chick brain than to reduced Torpedo nAChRs. As in 
other subtypes, DMPS does restore ^ I - B G T  binding to arsenyl- 
ated a l  nAChRs. However, treatment of reduced a l  nAChRs with 
> 100 μ-Μ АРА only protects «  80% of the 12^I-BGT binding sites 
against alkylation by ВАС, suggesting that arsenylation of a l  
nAChRs is incomplete. Studies are underway to determine whether 
neighboring amino acids affect the reactivity of АРА to dithiols in 
peptides, and to see if АРА has similar reactivity with a8-containing 
AChR subtypes. (Supported by NS22472, NS1Í323 and the STRC.)

195.14
A STRAIN COMPARISON O F ALPHA 7 NICOTINIC R EC EP T O R  GEN E  
EXPRESSION IN MOUSE BRAIN J .R. Paulv«. E.U. Grün. S.D. Gross. M.J. 
Marks and A.C. Collins. Department of Pharmacology, Medical College of 
Georgia, Augusta, GA 30912 and Institute for Behavioral Genetics, University 
of Colorado, Boulder, CO 80309.

Mouse strains differ extensively in the number of brain nicotinic cholinergic 
receptors identified by a-bungarotoxin (BTX) binding. A nicotinic receptor 
gene product (a7) that encodes for brain BTX receptors has recently been 
characterized. The purpose of the present study was to quantitate a l  gene 
expression in the brains of mice known to differ in BTX receptor binding. 
Brains of ST/b and DBA/2 mice were sectioned on a cryostat and alternate 
sections were processed for 1251-BTX autoradiography and jn situ 
hybridization with a 35S-labeled a7 cRNA probe. A video densitometer was 
used to quantitate binding/hybridization in each brain region that 
demonstrated a signal that was above background. ST/b animals had a 
significantly greater number of BTX receptors in 27 of 129 (21%) brain 
regions quantitated. Areas demonstrating the greatest strain differences in 
binding included the hippocampus (CA1/2, dentate gyrus), medial habenula, 
inferior colliculus and lateral lemniscus. ST/b animals had a significantly 
higher level of a7 gene expression in 13 of 86 (15%) brain regions examined, 
including each of the regions listed above. In several brain regions, STB  
animals had a significantly higher level of alpha 7 gene expression, but no 
differences in receptor binding were detected (CA3, cerebellum, preoptic 
area, premammillary nucleus). These data suggest that factors which 
regulate CNS a l  gene expression differ among mouse strains. Differences in 
gene expression are correlated with BTX receptor binding in some, but not all 
brain regions, indicating that factors such as the cellular distribution of 
receptors are important determinants of these relationships. Supported by 
DA-05131 (ACC), DA-00116 (ACC), DA-03194 (ACC) and the Callaway 
Foundation (JRP)

195.16
HIPPOCAMPAL CA3 α -BUNGAROTOXIN BINDING IS 
CORRELATED WITH AUDITORY GATING ABILITY IN 
INBRED MOUSE STRAINS. K.E. Stevens*. R. Freedman. M. 
Hall. S. Leonard and G.M. Rose. Depts. of Pharmacol.. & 
Psychiatry, UCHSC, and Med. Res., VAMC, Denver, CO 80262 

The midlatency auditory evoked potential recorded to the second of a 
closely-spaced (0.5 sec) pair of tones is reduced, compared to the first, in 
unmedicated rats and normal humans. This phenomenon is termed auditory 
gating. Recent studies have suggested a role for the a-bungarotoxin (a- 
BTX) subtype of nicotinic cholinergic receptors in the modulation of 
auditory gating. To further evaluate this idea, we. tested gating in inbred 
strains of mice having differing numbers of the α-ВТХ binding sites in the 
hippocampus. We recorded auditory evoked potentials in 4 strains: ST/b 
(high α-ВТХ binding); C3H and C57/BL (intermediate binding) and DBA 
(low binding). ST/b mice showed consistent gating, C3H and C57/BL mice 
had variable gating scores, but DBA mice consistently failed to gate. As a 
further test of nicotinic modulation of gating, DBA mice were given 
systemic nicotine. Nicotine produced a transient period of normal auditory 
gating in these mice. Autoradiographic assessment of α-ВТХ binding in the 
hippocampus of all the mice revealed a high correlation between the ability 
to gate and the amount of α-ВТХ binding in the area CA3 of hippocampus, 
but not area CAI or the dentate gyrus. A similar correlation in CA3 was 
found between gating and mRNA levels for the a7 nicotinic receptor 
subunit. This subunit is purported to contain the α-ВТХ binding site. In 
summary, the present studies provide further support for a functional role 
for the α-ВТХ binding site in auditory information processing.
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195.17
HOMO-OLIGOMERIC a7 NICOTINIC RECEPTOR EXPRESSION IS 
DEPENDENT ON THE PROLYL ISOMERASE CYCLOPHILIN.
SantQsh A. Helekar*, David Char. Shawn Neff and Jim Patrick. Division of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030.
Ligand-gated ion channels appear to be oligomeric molecules composed of 
one or more polypeptide subunits with complex transmembrane topologies. 
The mechanisms governing their folding and assembly, however, remain 
unclear. In an attempt to study these processes, we have previously shown 
that long-term (3-6 day incubation) inhibition of the prolyl isomerase 
cyclophilin (CyP) with cyclosporin A (CsA) causes a dose-dependent 
reduction of nicotine-induced maximal currents of a l  nicotinic receptors 
expressed in Xenopus oocytes. A possible explanation for this result is that 
CyP activity is required for the formation of homo-oligomeric a l  receptors, 
at a step subsequent to the synthesis of the a l  polypeptide chain. To test 
this hypothesis we investigated: 1) whether a l  polypeptide was expressed in 
oocytes in the presence of CsA, following injection of subunit cDNA in 
pcDNA vector, and 2) whether CsA blocked the insertion of a l  receptors in 
the oocyte membrane. The expression of a 54-56 KD immunoreactive a l  
polypeptide did not appear to be reduced in CsA-treated oocytes in Western 
blots of solubilized oocyte membranes. Yet, nicotine-induced maximal 
currents were reduced by 80-90% in the same oocytes. Saturation binding 
assays using I125-a-bungarotoxin or anti-a7 extracellular peptide antibody 
on intact oocytes revealed a mean 68% and 64% reduction, respectively, in 
surface binding sites in CsA-treated compared to untreated oocytes. We also 
ascertained the presence of a 17-18 KD CyP in oocytes by Western blotting 
with anti-CyP peptide antibodies. These findings demonstrate that CyP 
activity is critical to the proper folding, assembly and/or membrane insertion 
of functional a l  homo-oligomeric nAChRs. Supported by grants from NIH 
(JP) and a MDA fellowship (SAH).

195.19
TRANSIENT EXPRESSION OF RAT NEURONAL NICOTINIC ACETYL
CHOLINE RECEPTOR SUBUNIT ALPHA 7 IN COS CELLS. D. Chen* and J. 
Patrick. Division of Neuroscience, Baylor College of Medicine, One Baylor Plaza, 
Houston, TX, 77030.

COS cells were transiently transfected with the cDNA encoding the α7 subunit 
using the DEAE-dextran method. Production of the α7 protein in transfected COS 
cells was detected by Western Blot. The two polyclonal antibodies used in these 
experiments were raised in rabbits against peptides synthesized according to the 
sequence of portions of either the presumed extracellular or intracellular domain of 
the α7 subunit. The antibody was affinity purified through a column covalently cou
pled with the peptide used for immunization. The results from Western Blot analyses 
indicated that α7 protein was made in transfected COS cells. The size of the protein 
was around 57 KD. Furthermore, the α7 protein was glycosylated as demonstrated 
by incubating the samples with Endo F and/or Endo H prior to the Western Blot. The 
deglycosylated α7 protein was about 53 Kd. It is known that both PC12 cells and rat 
brain have mRNA encoding the α7 subunit Therefore, both whole cell lysates of 
PC12 cells and membrane proteins prepared from rat brain were analyzed by West
ern Blot. The results showed both PC12 cells and rat brain have one band around 55 
KD which is immunoreactive to both α7 antibodies. However, the protein was insen
sitive to deglycosylation treatment. Together, these data suggest that the α7 protein 
expressed in transfected COS cells is processed differently from the α7 protein 
expressed in PCI 2 cells and rat brain.

195.18
EXPRESSION OF NICOTINIC ACH RECEPTOR SUBUNITS IN 
CULTURED RAT SYMPATHETIC NEURONS: RAPID DECREASE IN 
α7 mRNA LEVELS. P.De Koninck* and E.Cooper#*. Depts. of Biology+ and 
Physiology#, McGill Univ. Montréal, Québec, Canada H3G 1Y6.

We are studying factors that regulate the expression of neuronal nicotinic 
acetylcholine receptor (nAChRs) subunits during post-natal development of rat 
sympathetic neurons in order to understand their role in synaptic function. For 
these experiments, we have measured, with RNAse Protection Assays, the 
levels of nAChR subunit mRNAs in neonatal Superior Cervical Ganglia (SCG) 
neurons developing in vivo and in culture. We find that, in culture, mRNA 
levels for at least two of the major nAChRs subunits in SCG neurons, аЗ and 
62, increase at rates similar to that in vivo over the first week. However, 
unlike in vivo development, a7 mRNA levels, unexpectedly decrease by 70% 
within 48 hours after plating and stay low for at least 2 weeks in culture. As 
this result can be due either to a decrease in synthesis or an increase in a l  
mRNA degradation, we are using RNA synthesis inhibitors to estimate a l  
mRNA stability. Preliminary results indicate that mRNA instability cannot 
fully explain this drop. These results suggest that an extrinsic factor controls 
the synthesis of a l  mRNA. One potential factor could come from 
preganglionic innervation; however, our results from denervation experiments 
on neonatal rats indicate that this drop in a l  mRNA in culture is not due to 
the absence of preganglionic nerve alone. As a l  is a component of the 
a-Bungarotoxin (oe-BTX) binding protein in central neurons, understanding the 
mechanisms that regulate a l  expression may help determine the role of oc- 
BTX binding protein in the CNS. This work is supported by MRC of Canada.
P.D.K. is supported by NSERC of Canada.

195.20
A ROLE FOR THE NICOTINIC a-BUNGAROTOXIN 
RECEPTOR IN CELL PROLIFERATION IN SMALL CELL 
LUNG CARCINOMA. J.Chan*. J. Patrick and M. Puik. Dept. 
Pharmacol., McGill U., Montreal, Can. and Division of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030.

The function of the neuronal nicotinic a-BGT receptor is 
currently unclear; however, the а -toxin site has been implicated in 
growth related activities. The present studies demonstrate that 
nicotine (10 "6, 10' 5 and IO' 4 M) increased cell number in H69 
cells, a lung tumor cell line, with a 50-100% increase in cell 
number after 8 days in culture. This effect of nicotine was both dose 
and time dependent. Similar results were observed with another 
nicotinic agonist, cytisine. Interestingly, a-BGT (10*8M) was able 
to prevent the increase in H69 cell number which occured after 
nicotine exposure. This effect of a-BGT exhibited a dose response. 
а -Toxin in the absence of nicotine had no effect on H69 cell 
number. 125I-a-BGT binding demonstrated the presence of high 
affinity a-BGT binding sites (Kd= 25 nM, Bmax= 10.4 fmol/106 
cells) in H69 cells. Experiments are in progress to determine which 
nicotinic a-bungarotoxin binding subunit(s) are involved. The 
present results suggest a role for the nicotinic a-bungarotoxin 
receptor in tumor cell proliferation.

EXCITATORY AMINO ACIDS: ANATOMY AND PHYSIOLOGY I

196.1
NMDA EXPOSURE PRODUCES A LASTING Ca2+- 
DEPENDENT REDUCTION IN INTRACELLULAR pH IN 
CORTICAL NEURONS; RECOVERY DEPENDS ON 
EXTRACELLULAR BICARBONATE. S.Sensi*.
L.M.T.Canzonieri) and D.W. Choi. Dept. of Neurology and Center 
for the Study of Nervous System Injury, Washington Univ. School 
of Medicine, St. Louis, MO 63110.

Consistent with studies on hippocampal neurons reported last year 
by Irwin and Paul (Soc. Neurosci. Abstr. 18: 257, 1992) and Raley- 
Susman et al. (Soc. Neurosci. Abstr. 18: 803, 1992), BCECF 
microfluorimetry revealed that cultured cortical neurons exposed to 
20-300 μΜ NMDA in the presence of extracellular HC03‘ exhibited 
an NMDA concentration-dependent reduction in intracellular pH 
(typically 0.2-0.4 pH units) lasting 20-40 min. Addition of MK-801 
or D-APV, of removal of extracellular Ca2+ attenuated this 
acidification.

Subsequent recovery of baseline intracellular pH was markedly 
slowed if the extracellular medium was changed to a HEPES- 
buffered solution lacking HC03'. Similar slowing of recovery was 
also noted if the HC03‘ transport inhibitors, 1 mM SITS or 200 μΜ 
DIDS, were added immediately after NMDA exposure.

These results support the idea that lasting acidification of 
intracellular pH may contribute to NMDA receptor-mediated actions 
on cortical neurons, and that HC03~ transport may be important in 
limiting the duration of this acidification.

Supported by NIH grant NS 30337 to DWC.

196.2
VOLTAGE-DEPENDENCE AND MG++-SENSITIVITY OF NMDA 
RESPONSES IN NEONATAL RAT NEOCORTEX. E C, Bureard* and J J. 
Hablitz. Neurobiology Research Center, Univ. of Alabama at Birmingham, 
Birmingham, AL 35294.

Evoked synaptic currents in neocortical neurons exhibit a large NMDA 
component at resting and hyperpolarized membrane potentials during the first 
postnatal week (J. Neurophysiol. 69: 230-240). We have examined whether 
possible differences in either NMDA receptor voltage-sensitivity or a 
decreased block by Mg-*4- at negative membrane potentials in immature 
neurons accounts for the large NMDA responses. Slices of frontal neocortex 
were prepared from rat pups 3-14 days of age. Current responses to applied 
voltage ramps (-90 to +40 mV) were recorded from layer II/III pyramidal 
neurons using patch clamp electrodes filled with a CsF solution. Bath 
application of NMDA (10-50 μΜ), in the presence of tetrodotoxin, produced 
a net inward current at negative membrane potentials which reversed between 
0 and +20 mV. In zero extracellular Mg+"*', NMDA responses were linear 
and reversed near 0 mV (N=5) in neurons from all ages. In 1.3 mM 
extracellular Mg++, inward current amplitudes peaked (200-300 pA) near - 
40 mV, and displayed a region of negative slope conductance at more 
negative potentials in neurons from all ages (N=6). The ratios of current 
amplitudes measured at -80 mV and the point of peak inward current ranged 
from 0.3 to 0.7, indicating less NMDA-induced current at hyperpolarized 
potentials even in slices from the youngest animals. These results indicate 
that a voltage-dependent Mg-14" block of the NMDA receptor channel is 
present early in postnatal development. The enhanced synaptic NMDA 
component in neonates cannot be explained by an absence of Mg·4- block.
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196.3
TRH MODULATION OF NMDA RESPONSES IN RAT HIPPOCAMPAL 
NEURONES. G.Stocca, R.Corradetti*1 and A.Nistri. Biophysics Lab., SISSA, 
Via Beirut 4, 34013 Trieste and Pharmacol. Dept., Univ. Florence, Italy.

Since in hippocampal slices TRH facilitates LTP induction, dependent on 
NMDA receptor activation, the present study examined if TRH might 
increase the responses to NMDA. Intracellular recording with 3 M KCl-filled 
microelectrodes under discontinuos current clamp was performed from CAI 
neurones of the adult rat hippocampal slice preparation at room temperature. 
Neurones (n=32) with -61±1 mV (mean±sem) resting membrane potential 
and 70±7 ΜΩ input resistance were reproducibly depolarized (11±3 mV) by 
repeated bath-application of NMDA (5-15 μΜ). AMPA (5-10 μΜ) produced 
similar depolarizations (11±3 mV) which showed tachyphylaxis upon 
repeated application. TRH (5 μΜ) increased spontaneous synaptic activity 
althought it did not significantly change membrane potential or cell 
resistance. In 7/9 neurones TRH increased, up to three-fold, NMDA 
responses in a reversible fashion but it elicited minimal potentiation of 
AMPA responses. In TTX solution responses to 15-30 μΜ NMDA were 
reliably reproduced and in 5/11 neurones enhanced by TRH. These data 
suggest that TRH facilitated NMDA-mediated effects partly by releasing 
endogenous neurotrasmitters and partly by a direct modulation of NMDA 
receptors on CAI neurones. Supported by EEC Science Plan.

196 .5
AN NMDA RECEPTOR-MEDIATED EPSP  CONTRIBUTES TO NEOCORTICAL 
PAIRED-PULSE FACILITATION: WHOLE-CELL RECORDINGS IN VIVO AND IN 
VITRO. John H. Ashe*. Raiu Metherate. Charles L. Cox. V. Bessie Aramakis. 
Departments of Neuroscience and Psychology, University of California, 
Riverside, CA 92521.

Activity-dependent plasticity in sensory neocortex is hypothesized to 
critically depend on N-methyl-D-aspartate (NMDA)-type glutamate receptors. 
Here we report findings from whole-cell recordings in vivo and in vitro on an 
NMDA receptor-mediated, late-EPSP (l-EPSP), previously identified in the in 
vitro auditory cortex (Cox et al. Brain Res. Bull. 28:401,1992).

In the auditory cortex of urethane-anesthetized rats, a l-EPSP whose 
amplitude increased with membrane depolarization could be elicited by a 
thalamic (medial geniculate) stimulus when preceded by an identical, 
priming stimulus (paired-pulse stimulation). The mechanisms underlying this 
phenomenon were subsequently examined in vitro, where the second 
stimulus of a pair either elicited or facilitated the l-EPSP (optimal IPI 200-300 
ms). The facilitation, like the l-EPSP itself, was increased by membrane 
depolarization and was blocked by the NMDA receptor antagonist D-2- 
amino-5-phosphonovalerate (APV, 50 μΜ). The l-EPSP overlaps temporally 
with early and late IPSPs, and when these IPSPs were suppressed by 
picrotoxin (10 μΜ) and 2-OH saclofen (50 μΜ), respectively, the l-EPSP was 
enhanced in amplitude. However, paired-pulse stimulation now resulted in 
suppression of the enhanced l-EPSP. These data suggest that facilitation of 
the l-EPSP normally results, at least partly, from a reduced ability of IPSPs to 
follow the second in a pair of stimuli. These findings bear on the conditions 
needed to elicit NMDA receptor-mediated events in auditory cortex, and may 
underlie some forms of activity-dependent plasticity.

Supported by NSF (IBN 9008818, IBN 9118872).

1 9 6 .7
NMDA CHANNEL OPEN PROBABILITY DOES NOT AFFECT KETAMINE 
BLOCKING AFFINITY. T. A. Blanpied* and J. W. Johnson.
Dept of Behavioral Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260

A wide variety of molecules including dissociative anesthetics such as ketamine 
block current flow through NMDA-gated channels by binding within the pore when 
the channel is opened by agonists. These blockers allow channel closure even when 
bound, and can remain trapped in the channel when agonists are removed. However, 
it is not known whether ketamine when bound affects the channel open probability. 
If it does, then the ICj0 of ketamine will depend on agonist concentration. This is 
often assumed to be die case because ketamine blocks more quickly in higher 
concentrations of NMDA; if equilibrium is not reached with a low [NMDA], the 
slowly developing block may be misinterpreted as less complete.

We determined the potency of ketamine by measuring equilibrium blockade 
during continuous application high (30 μΜ or 300 μΜ) or low (5 μΜ) concentrations 
of NMDA+10 μΜ glycine to cultured cortical neurons whole-cell voltage-clamped 
at -60 mV. The equilibrium fractional blockade produced by intermediate 
concentrations of ketamine was the same in low and high NMDA concentration; the 
ICjo for ketamine was approximately 0.7 μΜ in each case. The time constants of 
ketamine unblock and block depended strongly on [NMDA]. The mean observed xoff 
was 137.0, 36.6, and 19.2 sec and the mean observed for 1 μΜ ketamine was 
120.0, 28.7, and 12.7 sec for 5, 30, and 300 μΜ NMDA respectively (N=3-8).

These observations indicate that the open probability of the NMDA channel is the 
same whether or not it is blocked by ketamine. In this respect, ketamine block is 
similar to Mg** block of the NMDA channel, but is unlike the blockade of the nACh 
channel by local anesthetics, which prevent channel closure. These data suggest that 
the ketamine binding site is distinct from the channel gate. Furthermore, the apparent 
affinity of ketamine during synaptic transmission should not depend on the frequency 
of channel activation. (Supported by NIMH)

196.4
NITRIC OXIDE INHIBITS NMDA-ACTIVATED CURRENTS IN 
ISOLATED TRIGEMINAL NEURONS. Y. Gu]*and L.-Y.M. Huang1·2 
Marine Biomedical Institute and Department of Physiology and 
Biophysics2, The University of Texas Medical Branch, Galveston, Texas 
77555-0843.

Nitric oxide (NO) has been shown to function as a trans-synaptic 
messenger mediating long-term potentiation in the hippocampus and long
term depression in the cerebellum. In the nociceptive system, neuronal 
plasticity following tissue injury requires activation of NMDA receptors. 
To investigate whether NO plays any role in the development of synaptic 
plasticity in the nociceptive system, we studied the effects of NO on 
NMDA responses in trigeminal neurons.

The experiments were performed on acutely dissociated neurons isolated 
from the caudal medulla of 9-16 day old rats. Whole cell currents were 
measured using the patch clamp technique. A fast perfusion method was 
used to apply excitatory amino acids to the cell. Sodium nitroprusside 
(SNP), a NO donor, blocked NMDA-activated currents, but had no effect 
on AMPA- or kainate- activated currents. The actions of SNP were 
suppressed when hemoglobin, a NO scavenger, was perfused onto the cells. 
A more specific NO generator, S-nitrosocysteine (S-NOC), also blocked 
NMDA responses, but did not have any effect on non-NMDA responses. 
In the absence of NO generator, NMDA-activated currents were potentiated 
by treatment of NO synthesis inhibitor NG-nitro-L-arginine methyl ester 
(L-NAME). This result suggests that endogenous NO is generated in 
trigeminal neurons, thus preventing excessive activation of NMDA receptor 
channels. Supported by NIH grants NS30045, NS 11255 and NS23061.

196.6
ADAMANTANE DERIVATIVES INDUCE FLICKERING OF N-METHYL-D- 
ASPARTATE (NMDA)-ACTIVATED CHANNELS. S.M.Antonov, V.E.Gmiro* and 
J.WJohnson*. Dept. of Behavioral Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 
15260, institute of Experimental Medicine RAMS, St.Petersburg, Russia.

It has been shown that a derivative (lEM 1460) of adamantane (AD) blocks the 
open state of excitatory glutamate activated channels of insect muscle (Magazanik 
et al., 1984). We now report that IEM 1460 and two closely related substances (IEM 
1857, IEM 1592) affect the kinetic properties of NMDA-activated channels in a 
voltage-dependent fashion. Each of these compounds evokes fast flickering of single 
channels between an open and blocked state. Single channel currents were recorded 
in outside-out patches excised from cultured neurons of embryonic rat brain cortex. 
In Mg** free solution at -80 mV the mean open time was 4.1±0.7 ms (n=8) in 
control, 2.3±0.8 ms (n=3) in 3 μΜ IEM 1857 and 1.3Ю.1 ms (n=5) in 10 μΜ IEM 
1857. The rate constant of association with the open channel (kJ, which was 5.8±2.2 
xlO7 M'V (n=7) at -80 mV, increased with hyperpolarization. An additional shut 
time inside bursts, which reflects the blocked state of the open channel, was used to 
calculate the rate constant of dissociation (kJ. kb was independent of concentration 
of blocker. Hyperpolarization decreased kb, which was 542±96 s ' (n=5) at -80 mV. 
The apparent dissociation constant (KD) of IEM 1857 with the open channel, 
calculated as a ratio of Қ/к,, was 10.4±4.0 μΜ (n=5) at -80 mV. In comparison, the 
KD of IEM 1460 and IEM 1592 were 11.1Ю.6 μΜ (n=2) and 11.8±1.3 μΜ (n=2), 
respectively. For all of these substances, KD varied e-fold for approximately 25 mV 
of membrane potential. Prolongation of burst duration from 9.4±2.6 ms (n=6) at -80 
mV in control to 42.5±15.7 ms (n=6) in the presence of 30 μΜ IEM 1857 favors the 
conclusion that a simple sequential model of blockade could be applied to describe 
the mode of action under study. The dependence of the blocking effect on chemical 
structure of blockers will be discussed. Supported by NIMH. 
AD-CH2-NH2-(CH2)5-N=(CH3)3 - structure of IEM 1460.

196.8
KINETICS OF THE BLOCK BY INTRACELLULAR MG2* OF THE NMDA- 
ACTIVATED CHANNEL. Y. Li-Smerin* and J.W. Johnson. Department of 
Behavioral Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

Blockade of the NMDA-activated single-channel current by intracellular Mg2* 
(Mg2*̂  causes an apparent reduction in the current amplitude without clear flickering. 
This apparent reduction was hypothesized to be due to very fast Mg2* binding 
kinetics. We now have estimated the blocking and unblocking rate constants of 
blockade by Mg2* using amplitude distribution analysis based on beta distributions.

The responses to 30 μΜ NMDA plus 10 μΜ glycine were recorded from outside- 
out patches taken from cultured neurons. The current was measured with 1, 3, and 
10 mM MgCl2 in the pipette solution and all-point amplitude histograms of the 
NMDA single-channel current were constructed. Theoretical amplitude probability 
density functions were predicted assuming that the observed single-channel current 
reflects filtered flickering of channels between the open and the Mg2* blocked states. 
Predicted curves were produced by convolving a beta distribution, calculated from 
Mg2*į blocking (β) and unblocking (a) rates, with a baseline noise histogram. The 
values of β and a were estimated for each measured amplitude histogram by selecting 
the best fitting computer-generated distribution. The results show that β increases 
with increasing concentration of Mg2*. At +60 mV, and with 1,3, and 10 mM Mg2*, 
β is (s'1) 1.2Xİ03, 6.1x10s, and 1.1x10®, respectively. The blocking rate constant 
(ß/[Mg2*]) increases with depolarization; with 3 mM Mg2*, for example, at +60, +40, 
and +20 mV, it is (M'1 s"‘) 2.1x10®, 9.9xl07, and 6.4xl07, respectively, a is dose- 
independent, less voltage-dependent and decreases with depolarization; with 3 mM 
Mg2* and at +60, +40, and +20 mV, it is (s'1) 2.4x10*, 2.9x10* and 3.6x10*, 
respectively. The voltage-dependence of a suggests that when unblocking, Mg2* 
returns to the intracellular solution. The dose- and voltage-dependence of the blocking 
and unblocking rates are consistent with the predictions fron the open channel block 
model. Supported by NIMH.
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196.9
SYNERGISTIC ACTIVATION OF CYCLIC AMP-DEPENDENT 
PROTEIN KINASE BY CONCOMITANT ACTIVATION OF 
METABOTROPIC GLUTAMATE RECEPTORS AND ß- 
ADRENERGIC RECEPTORS INDUCES LASTING INCREASES 
IN EXCITABILITY OF HIPPOCAMPAL CAI PYRAMIDAL 
CELLS. R.W. Gereau IV* and P.J. Conn. Dept. of  
Pharmacology, Emory Univ. Sch. o f Med., Atlanta, GA 30322 

We recently reported that activation o f metabotropic 
glutamate receptors (mGluRs) potentiates cAMP responses to 
agonists o f other receptors that are coupled to adenylyl cyclase 
through Gs. We now report that coapplication of the ß- 
adrenergic agonist isoproterenol (ISO) plus the mGluR agonist 
1S,3S-ACPD induces a lasting (>30m in) increase in the 
amplitude of evoked population spikes at the Schaeffer 
collateral-CAl synapse and a lasting increase in excitability of 
CAI pyramidal neurons. These effects are not mimicked by 
ISO (30-100nM) or 1S,3S-ACPD (ΙΟΟμΜ) alone, and are 
blocked by the protein kinase inhibitor, staurosporine (0 .5 -ΙμΜ). 
Taken together with previous studies showing that cAMP has 
similar effects, these data suggest that this response is mediated 
by synergistic activation o f cAMP-dependent protein kinase. This 
is the first demonstration o f a physiological role for this 
receptor interaction, and could provide a novel mechanism for 
an associative form o f synaptic plasticity in mammalian brain.

196.11
REVERSAL OF PRESYNAPTIC METABOTROPIC RECEPTOR 
FUNCTION BY PKC: INTERACTION WITH EFFICACY OF 
TRANSMISSION. E. C. Tvler*. D. M. Lovineer and A. Merritt. Dept. 
of Mol. Physiol. Biophys., Vanderbilt Med. Sch., Nashville TN 37232.

PKC activation potentiates synaptic transmission and prevents the 
depressant effect o f some presynaptic receptors. ACPD inhibits synaptic 
transmission at corticostriatal synapses, in rat brain slices, by activating a 
presynaptic metabotropic glutamate receptor. Activation o f PKC by 
phorbol ester blocks this effect o f ACPD. In normal artificial CSF 
(aCSF) 50μΜ ACPD reduces the synaptically-driven population spike 
(PS) by 67±4% and reduces the EPSP by 74±4%. When slices are 
pretreated with 5.5μΜ of the phorbol ester PDAc (causing a 26±7% 
potentiation o f the PS and similar potentiation o f the EPSP), ACPD 
reduces the PS by only 6.0±4% and the EPSP by only 34±7%. 
Concentrations of phorbol ester that do not increase transmission also 
reduce the effect o f ACPD. 500nM of the phorbol ester PDBu increases 
the PS by only 4.5±3% but still reduces the effect of ACPD to 33±9% 
inhibition. To further examine the interaction between efficacy of 
transmission and phorbol ester action, we have used two conditions that 
reduce synaptic transmission, aCSF containing 2.5mM Mg2+ (normal 
l.OmM) or l.OmM Ca2+ (normal 2.0mM). In high Mg2+, ACPD still 
causes a significant inhibition o f transmission, but when the slices are 
pretreated with 5.5μΜ PDAc, ACPD only causes a 9.1±5% inhibition of 
the PS and a 13±3% inhibition of the EPSP. Preliminary studies indicate 
that in low Ca2+ ACPD still inhibits synaptic transmission and that PDAc 
still reduces the effect o f ACPD. These observations suggest that the 
effect of PKC activation on presynaptic receptor function is not mediated 
by saturation of release mechanisms. Supported by NS30470.

196.13
OSCILLATIONS OF INTRACELLULAR CALCIUM IN NEURONES 
FROM HIPPOCAMPAL SLICES. Y. Ben-Ari. V. Tseeb. K. Pevsner*.
P. Bregestovski. INSERM, Unite 29,75014 Paris, FRANCE.

It was recently reported that repetitive bath application of glutamate or 
its analogues in presence o f TTX and K+ channel blockers induce long- 
lasting oscillations of inward currents in rat hippocampal slices due to 
spontaneous transmitter release from presynaptic terminals (Cherubini et 
al., J.Physiol., 426Д988). In order to investigate possible mechanisms 
underlying these “periodic inward currents”(PICs), intracellular free 
calcium (CaO levels were measured in the soma and dendrites of neurones 
in thin slices (2 0 0 pm) from the rat hippocampus using a confocal laser 
scanning microscope (BIO-RAD MRC-600). Neurones were loaded 
either directly with Fluo-3 (cell impermeant, ΙΟΟμΜ) using patch-clamp 
pipettes (whole-cell recording configuration) or by incubation (20-30 
min) of slices with Fluo-3 AM (cell permeant, ΙμΜ). After loading with 
Fluo-3 AM, spontaneous oscillations of Caj with a period about 5 -10 s 
were observed asynchronously outside the pyramidal cell layer. In 
contrast, pyramidal cells (CA1-CA3 areas) loaded directly with cell 
impermeant Fluo-3, showed strong increases of Caj in the soma and 
dendrites in response to depolarization (up to 20 mV) or pressure 
application of NMD A. Repetitive NMDA applications induced persistent 
oscillations of Caį at different “hot spots” on dendrites. These results 
suggests that repetitive application of NMDA may induce periodic 
oscillations of Caj in presynaptic terminals and an oscillatory release of 
glutamate.

196.10
REPEATED APPLICATIONS OF 1S,3R-ACPD INDUCE PERSISTENT 
PULSATILE RELEASE OF GLUTAMATE FROM IMMATURE HIPPOCAMPAL 
CA3 NEURONES. M .Sciancalepore*, L .Aniksztejn, Y.Ben Ari and
E.Cherubini. Biophysics Lab., SISSA, Via Beirut 34013 
Trieste (Italy) and INSERM,U.29, 75014 Paris (France).

The single electrode voltage clamp technique was used 
to investigate the effects of 1S,3R-ACPD, a specific 
glutamate metabotropic agonist, on hippocampal CA3 
neurones in slices obtained from neonatal rats (P6-P10). 
In the presence of TTX (ΙμΜ), TEA (lOmM) and CsCl (2mM), 
repeated applications of 1S,3R-ACPD (5-10μΜ), induced at 
a holding potential of -45 mV, inward currents (134 ± 21 
pA) which were often associated with fast inward 
transients. In addition, after repeated (6-8) applications 
of 1S,3R-ACPD, periodic inward currents (PICs) developed 
which were maintained for several hours after the drug was 
washed out. PICs were generated by cationic fluxes and 
reversed polarity near 0 mV. They were reversibly blocked 
by CNQX (10μΜ) or kynurenic acid (ImM) . Like the NMDA- 
induced PICs (J. Physiol. 436, 531-547, 1991), also those 
produced by 1S,3R-ACPD were network driven events. PICs 
were abolished by a low (0.1 mM) Ca*+ solution containing 
2 mM Mg*+; however in this condition 1S,3R-ACPD was still 
able to produce a few transient currents. PICs were 
blocked in a reversible manner by caffeine (1-2 mM). This 
effect was independent of cAMP accumulation since 8-brcAMP 
(ΙΟΟμΜ) had an opposite effect. PICs were irreversibly 
blocked by thapsigargin (10μΜ) but insensitive to 
ryanodine (20μΜ). It is concluded that the increase in 
[CaJj released mainly from a IP3 sensitive store, following 
glutamate metabotropic receptor activation, produces 
periodic oscillations in [Ca]į leading to pulsatile release 
of glutamate from presynaptic terminals.

196.12
SYNCHRONIZED OSCILLATIONS INDUCED BY METABO
TROPIC GLUTAMATE RECEPTOR AGONISTS IN HIPPOCAM
PAL NEURONS. G.W. Taylor* and R.K.S. Wong. State Univ. N.Y. 
Health Science Ctr., Brooklyn, NY 11203.

We report that addition o f mGluR agonist produced oscillatory 
responses in CA3 cells o f rat hippocampal slices. Focal application of 
lS,3R(trans) l-aminocyclopentane-l,3-dicarboxylate (ACPD, 70 uM 
to 1 mM) produced phasic plateau depolarizations (5-7 sec duration, 
once every 20-30 sec). Action potentials were elicited during the 
plateaus. When action potentials did not occur, subthreshold ripples 
of depolarizations (7-25 Hz) were observed. Extracellular recordings 
suggest that the depolarizing events (plateaus and ripples) were gen
erated synchronously in a population o f cells.

To examine synaptic interactions underlying the ACPD elicited 
events, we applied picrotoxin (PTX, 70 uM) and excitatory amino acid 
blockers (CPP and CNQX, 10 uM each) to the solution. ACPD 
elicited events were not obviously affected by CPP. PTX did not 
block the ripple depolarization but prolonged the plateau depolariza
tion (to about 25 sec). In addition, intermixed with the ripple depolar
ization, phasic IPSPs o f up to 8  mV, and 100 msec duration occurred 
rhythmically (0.5 Hz). Addition o f CNQX reversibly blocked both the 
ACPD-events. The events were also blocked in low Ca2+ (high Mg2+) 
solution. Our results suggest that activation o f mGluR receptors 
provoked a stereotypic intrinsic oscillatory response from the CA3 
neuronal population. The spatial and temporal sequence o f mGluR 
action in bringing about this effect remain to be examined.

196.14
Ca2* INFLUX THROUGH AMPA RECEPTORS IN RAT CEREBELLAR 
GRANULE CELLS (RCGCs) F. S. Menniti*. K. Richter. M. DucaL M. 
Prochniak. and M. Pagnozzi Dept of Neurosciences, Pfizer Inc., Central 
Research Division, Groton, CT 06340

AMPA receptors mediate fast excitatory transmission in the CNS. Their 
aberrant activation contributes to neurodegenerative processes, epilepsy, and 
Parkinson’s disease. Signaling through AMPA receptors is mediated, at least in 
part, by changes in [Ca2+]i; however, the mcchanism(s) by which these changes 
occur are not fully understood. AMPA receptor channels are thought to have a 
low Ca2+ permeability in situ, due to the influence of the widely distributed, 
RNA-edited GluR2(R) subunit Nonetheless, we report that in RCGCs (which 
express GluR-2 and -4) activation of AMPA receptors results directly in 
significant increases in [Ca-̂ ji.

[Ca2+]i was determined using the Ca2*- sensitive fluorescent dye, fura-2.
Basal [Са^]і in primary cultures of RCGCs was 40 nM. Following maximal 

stimulation with famum*. (300 uM), [Ca2>]i increased З-fold and then relaxed to a 
steady-state of 100 nM. This response is of the magnitude induced by maximal 
NMDA receptor activation and is 35- 45% of that after ionomycin. A maximal 
concentration of AMPA (30 uM) increased [Ca2+]i only slightly. However, 
AMPA caused parallel shifts to the right in the concentration response 
relationship for kainate. Furthermore, after inhibition erf desensitization by 
pretreatment with cyclothiazide, the Ca2+ response to AMPA was similar to that 
after kainate. Pretreatment with die Lchannel antagonist, nimodipine, only 
slightly (25-35%) reduced the Ca2+ response to kainate. Furthermore, 
replacement of extracellular Na+ with the impermeant ion, N-methylglucamine, 
did not alter the magnitude of the Ca2+ response to kainate. Thus, our data 
indicate that activated AMPA receptor channels in RCGCs have sufficient Ca2* 
permeability to significantly increase [Ca2*]!. Whether this is mediated by the 
small but finite Ca2+ permeability of GluR2/4 heteromers or by homomeric 
GluR4 assemblies remains to be elucidated.
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196.15
PROTO-ONCOGENE c -fo s  IS ACTIVATED DIFFERENTIALLY IN 
BRAIN REGIONS DEPENDING UPON THE ROUTE OF IN  VIVO  
NMDA ADMINISTRATION. L.E. Robles*. F.C. Tortella. T. Dang. R 
Bednarek . J. Rose. X-C. Lu and J.R. Dave. Neuropharmacology 
Branch, Walter Reed Army Inst, of Res., Washington, DC 20307-5100.

Earlier studies have demonstrated that glutamate/NMDA receptor 
stimulation results in activation of the oncogene c -fo s  both in v ivo  and in 
vitro. In an in v itro  study, we recently observed that glutamate has 
differential specificity for anatomical regions of the brain and that 
treatment of neuronal cells with c -fo s  antisense oligonucleotide partially 
prevented glutamate-mediated neurotoxicity. The present studies were 
undertaken to determine 1) if NMDA in v iv o  exhibits differential 
specificity for anatomical regions of the brain in stimulating c -fo s  and 2 ) if 
the route of NMDA administration is important. Adult male S.D. rats 
were treated with either vehicle or 12.5 nM NMDA i.c.v. or 100 mg/kg 
NMDA i.v., sacrificed 15, 30, 60 or 120 min later and cerebral cortex, 
hippocampus and cerebellum were removed. NMDA treatment produced 
a transient increase in c -fo s  mRNA levels in different brain areas with a 
maximum stimulation occurring 30 min post treatment. The changes in c- 
fos mRNA level in cortex, hippocampus and cerebellum varied 
significantly with the route of administration. For example, a maximal 
stimulation in c -fo s  mRNA was observed in cerebellum following i.c.v 
NMDA administration, however, cerebral cortex exhibited greater c -fo s  
stimulation following i.v. NMDA administration. Collectively, our 
results suggest that NMDA has differential specificity for anatomical 
regions of the brain. In view of observed pharmacological data (Robles et 
al, Neurosci. Abstract 12:1991), these results also suggest that the route 
of NMDA administration may influence its physiological response.

196.17
EXCITATORY AMINO ACIDS MODULATE ELECTROTONIC COUPLING 
BETWEEN SYMPATHETIC PREGANGLIONIC NEURONES.

LOGAN S-P„* SPANSWICK P.. PICKERING A.E. & GIBSON I.C.
Cellular and Molecular Neurosciences Group, University of Birmingham, 
Birmingham, B15 2TT, U.K.

Experiments were performed ικχ>η transverse slices of neonate rat 
thoraco-lumbar spinal cord. Spontaneous oscillations in membrane 
potential can be recorded in approximately 25% of sympathetic 
preganglionic neurones (SPN) using either intracellular or whole-cell patch- 
damp recording techniques. Extracellular application of TTX, but not 
intracellular dialysis of the quaternary Bdocaine derivative, lidocaine N-ethyl 
bromide (OX-314), blocks the oscillations suggesting that they arise from 
action potential discharge in electrotonically coupled neurones. In 
approximately 50% of SPN tested we have observed coupling between 2 
to 4 neurones when biocytin is included in the patch-pipette solution.

Approximately 45% of non-spontaneously oscillating SPN can be made 
to oscillate by application of a variety of excitatory agents including 
glutamate, ACPD, NMDA and quisqualate (in the presence of CNQX and 
MK-801) but not AMPA. Other neurotransmitters such as 5-HT acting at 5- 
HT2 receptors and АСҺ at nicotinic receptors also induce oscillatory 
behaviour. Inhibition of spontaneous oscillations concomitant with a 
membrane hyperpolarisation has been observed after application of 
noradrenaline and of carbachol.

Due to the coupling of this sub-population of SPN it is possible to 
produce synchronised action potential discharge via activation of a wide 
range of receptor types.

This work is supported by the Wellcome Trust and the British Heart 
Foundation.

196.19
EFFECTS OF EXCITATORY AMINO ACID AGONISTS AND ANTAGONISTS 
ON CARDIORESPIRATORY RESPONSES AT THE CAUDAL 
VENTROLATERAL MEDULLA OBLONGATA OF THE RAT. R.M. Douglas.
L.M. Sexcius. D.G. Bernard. R.M. Miliis. C.O. Trouth. Department of Physiology 
& Biophysics, Howard University, College of Medicine, Washington, D.C. 20059 
The cardiorespiratory effects of excitatory amino acid (EAA) agonists and 

antagonists applied topically to the caudal ventral medullary surface (cVMS) in 
spontaneously breathing rats were examined. Respiration was recorded with a low- 
inertia Krogh spirometer and blood pressure via a Statham strain gauge transducer. 
Compared to control values, topically applied glutamate (Glu) evoked dose-related 
increases in mean arterial blood pressure (MABP) and tidal volume (VT) with no 
effect on respiratory frequency (/). N-methyl-D-aspartate (NMDA) produced an 
increase in MABP and VT and a decrease in f ,  whereas the NMDA antagonists 
MK801, DL-2-amino-7-phosphonoheptanoic acid (AP-7) and 3-((_+)-2- 
carboxypiperazin-4-yl)-propyl-l-phosphonicacid (CPP) decreased MABP and VT and 
increased /. At the surface, 1 % kainic acid (KA) produced a transient increase in VT 
and MABP and a decrease in/, however, VT and /gradually declined to apnea while 
MABP stabilized at a level lower than control. Microinjection of KA and NMDA 
1mm beneath the cVMS (Al area) decreased MABP. Since MABP increased in re
sponse to superficially applied EAA agonists while it decreased when EAA’s are 
microinjected into Area Al, it is concluded that the cardiorespiratory effects of EAA 
might be useful for demarcation of the caudal chemosensitive respiratory zone 
(cVMS) from the deeper lying caudal vasodepressor area (Al-area).
SUPPORT: NIH-NIGMS GRANT 0SO6GMO8O16

196.16
ANTAGONISM OF THE METABOTROPIC GLUTAMATE RECEPTOR 
INDUCED ELEVATION IN PERINUCLEAR Ca++ IN ACUTELY 
DISSOCIATED RAT HIPPOCAMPAL NEURONES.
S.Phenna. S.D.Jane. E.Stocklev. H.V.Wheal & J.E.Chad*. Biosciences Imaging 
Group, University of Southampton, S09 3TU, UK.
Confocal Laser Scanning Microscopy permits the investigation of the sub-cellular 
localisation of elevated Ca++ signals caused by the addition of the selective 
metabotropic glutamate receptor agonist ACPD (lS,3R-l-aminocyclo- pentane-1,3- 
dicarboxylic acid) to dissociated hippocampal neurones isolated from 10 day old 
Wistar rats. Neurons were loaded with the ratiometric Ca+ + sensitive dye Indo-1 AM, 
and responses to ACPD examined in a perfusate containing the NMDA recognition 
site antagonist D-AP5 (D-2-amino 5-phosphonovaleric acid) [10/xM], the AMPA 
receptor antagonist CNQX (6-cyano-7-nitroquinoxaline 2-3-dione) [20μΜ] and the 
voltage-dependent calcium channel blocker cadmium [ΙΟΟμΜ]. Elevation of 
perinuclear Ca+ + from a background level of < lOOnM was detectable within 60s of 
ACPD exposure, and was maximal (>500nM) after 3-5mins in the ca.90% of 
pyramidal neurones which responded. Application of a ’death mix’ of ionophores 
(ionomycin 10/zM, valinomycin 6μΜ, monensin ΙΟΟμΜ, nigericin 6μΜ), and pump 
blocker (ouabain 5mM) to eradicate ion gradients for in-situ calibrations, resulted in 
uniform ratio signals throughout the cell. Thus the subcellular localisation of the 
ACPD signal is unlikely to be an artefact of indo-1 interactions with cellular 
constituents other than Ca+ + . The ACPD induced elevation of Ca++ activity could 
be prevented in > 80 % of neurones by the perfusion of the selective metabotropic 
receptor antagonist (RS)-4-carboxy-3-hydroxy phenylglycine [300μΜ] for 5mins 
before and during perfusion of ACPD. Following a wash (lOmins), re-exposure to 
ACPD caused perinuclear elevation of Ca+ + activity. Thus, under these conditions, 
ACPD appears to elevate perinuclear Ca+ + via metabotropic receptor activation alone. 
Supported by the MRC & SERC

196.18

BICUCULLINE UNMASKS A FAST EPSP RESISTANT TO 
GLUTAMATERGIC ANTAGONISTS IN RAT NEOCORTEX. F M, 
Zhou* and J.J. Hablitz. Neurobiology Research Center, University of 
Alabama at Birmingham, Birmingham, AL 35294.

In rat neocortex, studies have indicated that glutamate (Glu) mediates 
EPSPs and Glu antagonists can block the EPSPs. In trying to isolate 
directly evoked late IPSPs, an EPSP resistant to known Glu antagonists was 
observed. Intracellular recordings were made from adult rat frontal cortical 
slices. Typical PSPs were evoked in control saline. When Glu antagonists ( 
in combination: 20-40uM D-APV + 10-20uM CNQX ± 100 μΜ ketamine; 
30 uM CPP + 10-20uM CNQX; 3mM Kynurenate) were added to the 
perfusion solution, EPSPs were blocked as reported in many studies. When 
Bicuculline (BIC) (10-20 uM) was also included in the Glu antagonist- 
containing solutions, an EPSP was unmasked, followed by a late IPSP. This 
Glu antagonist-resistant EPSP was recorded in every neuron tested. It had a 
duration of approximately 20 mS, an amplitude of 4.2 ± 1 mV at -70 mV 
(N=15) and could trigger action potentials. Whole-cell patch clamp 
recordings revealed an EPSC with an amplitude of 241 ± 127 pA at - 70 
mV (N=13). The EPSC current-voltage relation was linear and reversed 
around OmV. Nicotinic, 5-HT3 and ATP antagonists (hexamethonium-1 
mM; MDL72222-0.1-4 uM and Suramin-50-100 uM, respectively) were 
unable to suppress this EPSP. In the presence of Glu-antagonists and BIC, 
a similar EPSP had been observed in die amygdala, which was attributed to 
kindling (J. Neurophysiol., 67:443, 1992). This EPSP could be due to 
activation of an unidentified transmitter receptor or a novel Glu receptor 
insensitive to the antagonists employed here. (Supported by NS 18145)

196.20

STIMULATION OF G LU TA M A TE  R E C E P T O R S  
IN D U C ES ACTIVATION OF Ca2+/CALMODULIN- 
D E P E N D E N T  P R O T E IN  K IN A S E  II AND 
PHOSPHORYLATION OF INTERMEDIATE FILAMENT 
P R O T E IN S  IN C U L T U R E D  RAT CORTICAL  
A S T R O C Y T ES .
S.-Yano1’2*. K. Fukunaga1. Y. Ushio2 and E. Miyamoto1. 
Departments of 1 Pharmacology and 2Neurosurgery, 
Kumamoto University School of Medicine, Kumamoto 860, 
Japan.

Glutamate plays an important role in neuronal death and 
neuronal plasticity through an increase in intracellular Ca2+ 
concentration. Recent studies have demonstrated that 
astrocytes also express a variety of glutamate receptors and 
thereby the intracellular Ca2+ levels are regulated. In this 
study, we have examined activation of Ca2+/calmodulin- 
dependent protein kinase II (CaM kinase II) induced by 
glutamate in cultured rat cortical astrocytes. CaM kinase II was 
converted to the Ca2+/calmodulin-independent form by 
stimulation of glutamate receptors and vimentin and glial 
fibrillary acidic protein were in turn phosphorylated in intact 
cells. These effects were blocked by non-NMDA receptor 
antagonists but not by NMDA receptor antagonist. The results 
suggest that CaM kinase II may be involved in the cellular 
functions of astrocytes induced by glutamate through the 
phosphorylation of intermediate filament proteins.
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PERTUSSIS TOXIN (PTX) SELECTIVELY BLOCKED BURST FIRING 
INDUCED BY 1S,3R-ACPD AT RAT DORSOLATERAL SEPTAL NUCLEUS 
(DLSN) NEURONS. F. Zheng* and J. P. Gallagher. Dept. of Pharmacol. & 
Toxicol., Univ. of Texas Medical Branch., Galveston, TX 77555-1031

We have reported previously that, at rat dorsolateral septal nucleus (DLSN) 
neurons, activation of metabotropic glutamate receptors (mGluRs) modulates both 
synaptic transmission and various intrinsic membrane properties of these neurons. 
We now examine which subtype of mGluRs is responsible for the modulation of 
specific intrinsic membrane properties at rat DLSN.

A selective mGluR agonist, (is,3R)-l-aminocyclopentane-l,3-dicarboxylic acid 
(1S,3R-ACPD), caused an inward current with a conductance increase measured with 
the single electrode voltage-clamp technique at rat DLSN neurons. In pertussis toxin 
(PTX)-treated rats, the same inward current was observed when 1S.3R-ACPD was 
applied. PTX also failed to block the potentiation of slow afterdepolarizing potentials 
(sADP) by 1S,3R-ACPD, or the inhibition of EPSPs by 1S,3R-ACPD. Only the burst 
firing induced by 1S,3R-ACPD was blocked by PTX treatment. These data suggest 
that there are more than one subtype of met-GluRs postsynaptically at rat DLSN 
neurons. Of the reported clones, mGluR2, which is negatively coupled with adenyl 
cyclase, is sensitive to PTX. We therefore examined whether the mGluR2 mediated 
ACPD-induced burst firing at rat DLSN. Both 8-bromo-cyclic AMP, a 
nonhydrolyzable analogue of cAMP, and H-89, a selective protein kinase A inhibitor 
failed to either mimic or block the burst firing, suggesting that cAMP is not the 
second messenger involved in the burst firing caused by 1S,3R-ACPD. Furthermore, 
the rank order of agonist potency to induce burst firing is 1S.3R- 
ACPD> quisqualate > > glutamate, which is not similar to that of the mGluR2, or 
any known subtypes of mGluRs. Our data suggest that there may be an additional, 
not yet cloned, subtype of met-GluR at rat DLSN.
(Supported by NIMH Grant MH39163)

197.3
METABOTROPIC GLUTAMATE RECEPTO R MODULATION OF cAMP 
ACCUMULATION IN THE NEONATAL RAT HIPPOCAMPUS. B. G. Johnson* and 
D.D. Schoepp. Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, 
Indiana 46285.

The pharmacology and cellular mechanism by which metabotropic 
glutamate receptor (mGluR) activation modulates cAMP formation was studied in 
cross-chopped hippocampal slices from neonatal (7 day old) rats. The selective 
mGluR agonist 1S,3R-aminocyclopentane-1,3-dicarboxylic acid (1S.3R-ACPD), 
and other non-selective mGluR agonists produced concentration-related 
stimulation of basal cAMP formation in this tissue. The relative agonist potency 
order was 1S.3R-ACPD = quisqualate > ibotenate »  1R.3S-ACPD. 1S,3R- 
ACPD stimulated cAMP accumulation was antagonized in a stereoselective 
manner by L-2-amino-3-phosphonopropionate (L-AP3), but not by higher chain 
homologues such as L-2-amino-4-phosphonobutyrate (L-AP4) and 2-amino-5- 
phosphonopentanoate (AP5). 1S,3R-ACPD-enhanced cAMP formation was 
greatly inhibited by incubation with adenosine deaminase. In the adult rat 
hippocampus, 1S.3R-ACPD did not appreciably increase basal cAMP, but 
inhibited forskolin-stimulated cAMP formation, and this effect was observed with 
or without adenosine deaminase. In the presence of the adenosine receptor 
antagonist and cAMP phosphodiesterase inhibitor 3-isobutyM -methyl-xanthine 
(IBMX), 1S.3R-ACPD did not enhance cAMP formation in the neonatal 
hippocampus, but inhibited forskolin-stimulated cAMP (like in the adult tissue). 
These results demonstrate that mGluRs that increase cAMP in the neonatal 
hippocampus have a unique pharmacology when compared to mGluRs that 
decrease cAMP accumulation and increase phosphoinositide hydrolysis. 1S.3R- 
ACPD stimulation of cAMP in the neonatal rat hippocampal slice involves 
potentiation of responses to endogenous adenosine. Negatively coupled cAMP 
linked mGluRs are also presence in the neonatal tissue, but are masked by the 
predominance of the positively coupled mGluR cAMP response.

197.5
(RS)-4-CARBOXY-3-HYDROXYPHENYLGLY CINE IS A SELECTIVE 
ANTAGONIST OF PHOSPHOINOSITIDE HYDROLYSIS STIMULATED IN 
CEREBELLAR NEURONS BY fra/w-AMINOCY CLOPENTANE-1,3-
DICARBOXYLIC ACID. S. Ikonomovic* and J.T. Wroblewski. Fidia- 
Georgetown Institute for the Neurosciences, Georgetown University School of 
Medicine, Washington D.C. 20007.

In our previous work we have demonstrated that in cerebellar granule cells 
phosphoinositide (PI) hydrolysis, as measured by the formation of [3H]inositol 
phosphates, is enhanced by metabotropic glutamate receptors (mGRs) sensitive to 
glutamate quisqualate and ibotenate. Now we report that this pharmacological 
profile may be changed by reducing K+ concentrations in the culture medium 
from 25 to 10 mM. Granule cells cultured in 10 mM K+ show a strong activation 
of PI hydrolysis in response to trans-1 -aminocyclopentane-1,3 -dicarboxylic acid 
(ACPD) which is virtually absent in cells cultured in 25 mM K+. The decrease in 
K+ concentration caused also an increase in maximal responses to glutamate, 
quisqualate and ibotenate, but it failed to affect PI hydrolysis stimulated by 
carbachol, suggesting selective changes in the expression of metabotropic 
glutamate receptors. The pharmacological differences between mGRs expressed 
in 10 and 25 K+ cultures were further stressed by the action of (RS)4-carboxy-3- 
hydroxyphenylglycine (CHμg). This compound was previously reported to 
inhibit electrophysiological responses to ACPD, but not the ACPD-stimulated PI 
hydrolysis in brain slices. In granule cells cultured in 10 mM K+, CHμg 
inhibited totally and in a competitive fashion Pi-hydrolysis stimulated by ACPD. 
However, CHμg only partially reduced the responses induced by glutamate and 
quisqualate, suggesting the action of these agonists at two CHμg-sensitive and - 
insensitive mGRs. Our results indicate that in cerebellar granule cells, culture 
conditions affect the expression of at least two different mGRs coupled to PI 
hydrolysis. However, the differences in their pharmacological profiles do not 
correspond to the known pharmacology of cloned and expressed Pi-coupled 
mGRs (mGRl and mGR5). It is possible that the quisqualate-induced PI 
hydrolysis which is not stimulated by ACPD nor inhibited by CHμg is mediated 
by the activation of another, yet unknown mGR subtype.

197.2
(1S,3R)-1-AMINOCYCLOPENTANE-1,3-DICARBOXYLIC ACID (1S,3R-ACPD)- 
SENSITIVE L-3H-GLUTAMATE BINDING TO QUISQUALATE INSENSITIVE 
METABOTROPIC GLUTAMATE RECEPTORS IN REGIONS OF ADULT AND 
NEONATAL RAT BRAIN. R.A. True* and D.D. Schoepp. Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285.

Studies of metabotropic glutamate receptor (mGluR) pharmacology and 
function are currently hampered by the lack of a specific receptor radioligand. We 
have used the displacement of 3H-glutamate by the highly selective agonist, 
1S.3R-ACPD, to define mGluR binding sites in rat forebrain. 1S,3R-ACPD- 
sensitive 3H-glutamate binding sites appeared heterogeneous, with both 
quisqualate (QUIS)-sensitive and QUIS-insensitive components (Neurosci. Lett. 
145: 100-104, 1992). In this study, we optimized 3H-glutamate binding 
conditions to select for 1S,3R-ACPD-sensitivity and QUIS-insensitivity. In the 
presence of 100 mM bromide ions (instead of chloride ions), 1S.3R-ACPD- 
displaceable 3H-glutamate binding was 75-80% of total binding in the rat 
forebrain. Under these conditions only about 5% of 3H-glutamate binding was 
QUIS (100 nM)-sensitive. This 1S,3R-ACPD-sensitive/QUIS-insensitive 3H- 
glutamate binding was present in the rat forebrain at 1 day of age and gradually 
increased approximately 2-fold by day 50. In neonatal (11 day old) and adult (50 
day old) rats, 1S,3R-ACPD-sensitive/QUIS-insensitive 3H-glutamate binding was 
higher in forebrain and midbrain regions than in the cerebellum, brainstem and 
olfactory bulb. When agonist-stimulated phosphoinositide (PI) hydrolysis was 
examined in brain slices, 1S.3R-ACPD and QUIS were equally efficacious 
agonists in the neonatal tissue, regardless of brain region. However, in adult rat 
forebrain tissues such as cerebral cortex and hippocampus, 1S,3R-ACPD was a 
much more efficacious activator of PI hydrolysis than QUIS. These data suggest 
that 1S,3R-ACPD-sensitive/QUIS-insensitive 3H-glutamate binding may 
represent 1S,3R-ACPD-sensitive PI linked sites such as those which 
predominate in the adult rat cerebral cortex or hippocampus.

197.4
4-BROMO HOMOIBOTENATE (BRHI) IS A SELECTIVE 
AGONIST OF A PHOSPHOINOSITIDE HYDROLYSIS-LINKED 
METABOTROPIC GLUTAMATE RECEPTOR. P.S. Chung* and 
P.J. Conn. Dept. of Pharmacology and Program in Neuroscience, 
Emory Univ., Atlanta, GA 30322.

Glutamate activates a family of receptors, known as metabotropic 
glutamate receptors (mGluRs), that are coupled to a variety of second 
messenger systems through GTP-binding proteins. All mGluR 
subtypes characterized to date in rat brain slices are activated by the 
glutamate analog tran s- l-amino- 1,3-cyclopentane-dicarboxylic acid 
(tran s-A C P D ). However, no agonists are available that selectively 
activate specific mGluR subtypes. We report that the glutamate 
analog, 4-bromo homoibotenate (BRHI) stimulates phosphoinositide 
hydrolysis in rat cortical slices in a concentration-dependent manner. 
The response to BRHI is stereoselective and is not blocked by 
ionotropic glutamate receptor antagonists. In addition, BRHI- and 
f/ms-ACPD-stimulated phosphoinositide hydrolysis have similar 
regional distributions in rat brain, and both responses are 
developmentally regulated in a similar manner. However, unlike 
tra n s-A C P D , BRHI does not activate mGluRs coupled to increases or 
decreases in cAMP accumulation or activation of phospholipase D. 
Thus, BRHI may selectively activate phosphoinositide hydrolysis- 
coupled mGluRs.

197.6
DISTINCT SUBTYPES OF PERTUSSIS TOXIN-RESISTANT 
METABOTROPIC GLUTAMATE RECEPTORS AT RAT DORSOLATERAL 
SEPTAL NUCLEUS (DLSN) NEURONS. J. P. Gallagher* and F.Zheng. Dept. of 
Pharmacol. & Toxicol., Univ. of Texas Med. Br., Galveston, TX 77555-1031.

Metabotropic glutamate receptors (mGluRs) are glutamate receptors coupled with 
second messenger systems. So far, six members of this receptor family have been 
cloned. We have reported previously that a selective mGluR agonist, (1S,3R)-1- 
aminocyclopentane-l,3-dicarboxylicacid (is,3R-ACPD), caused an inward current at 
rat DLSN neurons in pertussis toxin (PTX) pretreated rats. We now examined the 
agonist profile of this inward current at DLSN neurons in PTX-treated rats.

Different agonist profiles were observed in different types of DLSN neurons. In 
some DLSN ’burster’ neurons, 1S.3R-ACPD evoked only an inward current. The 
rank order of agonist potency was 1S.3R-ACPD > IBO Ž: QA > is,3s-ACPD, while l - 
AP4 is a partial agonist. The inward current evoked by all mGluR agonists were 
blocked by either L-AP3 or L-AP4. In DLSN ’non-burster’ neurons, QA evoked an 
additional fast inward current in the presence of ionotropic glutamate receptor 
antagonists. L-aspartate-jS-hydroxymate blocked the fast inward current induced by 
QA, but failed to block the slower inward current induced by QA or 1S,3R-ACPD. 
L-AP4 blocked the slower inward current induced by QA, but failed to block the fast 
inward current induced by QA. These observations suggested that there were 
probably multiple subtypes of PTX-insensitive mGluRs at rat DLSN. One type was 
most sensitive to QA and was only present in ’non-burster’ neurons; while a second 
type was most sensitive to 1S,3R-ACPD and was present in ’non-burster’ and some 
’burster’ neurons. Finally, in some DLSN ’burster’ neurons, L-AP4 was a full 
agonist. The rank order of agonist potency was is,3R-ACPD= is,3s-ACPD > IBO > L- 
AP4, suggesting a third subtype, of PTX-resistant mGLuR at rat DLSN. We suggest 
that one subtype resembles the mGluR5 clone, while the other two subtypes at rat 
DLSN are novel, not yet cloned, metabotropic glutamate receptors.
(Supported by NIMH Grant MH39163)
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197.7
DIFFERENTIATION O F M ETA BO TRO PIC  R E C E P T O R S  USING L- 
ASPARTATE-ß-HYDROXAMATE (L-AßHA). L. Liftman*. B.S.GIatt. D R. 
Pritchett, and M.В. Robinson. Children's Seashore House, Departments of 
Pediatrics and Pharmacology, University of Pennsylvania; Phila., PA 19104.

L-AßHA and 2-amino-3-phosphonopropionate (AP3) non-competitively 
block phosphoinositide (PI) metabolism stimulated by quisqualate, 
ibotenate, and trans-(±)-1-amino-1,3-cyclopentanedicarboxylate (trans-ACPD) 
in hippocampus. Several cDNAs (m GluRla, mGluRIß, m GluRIc, and 
mGluR5) encode receptors activated by these agonists (Nakanishi, Science,
1992). In the current studies, the effects of L-AßHA and AP3 were 
examined in two model systems, hippocampal slices and HEK 293 cells 
transfected with a cDNA encoding m GluRla. In hippocampal slices, L- 
ABHA (100 U.M) and AP3 (1 mM) blocked PI hydrolysis stimulated by 300 
μΜ trans-ACPD (L-AßHA, 53 ± 4%; AP3, 43 ± 12%), but did not block PI 
hydrolysis stimulated by 1 mM L-glutamate (L-Glu), L-aspartate (L-Asp), or 
D-Asp. Since previous data for L-AßHA were best fit to two sites that had 
IC50S of approximately 3 and 1000 μΜ (Littman et al., J. Neurochem., 
1992), a higher concentration of L-AßHA was also tested. At 3 mM, L- 
ABHA blocked PI hydrolysis stimulated by trans-ACPD (76 ± 3%), L-Asp (77 
±4%), L-Glu (59 ± 10%), and D-Asp (63 ± 11%). These results suggest that 
L-Glu, L-Asp, and D-Asp activate a subtype of metabotropic receptors that 
is stimulated by trans-ACPD and is sensitive to inhibition by high 
concentrations of L-AßHA. The basal levels of PI hydrolysis were 2.2 ± 0.4- 
fold higher in 293 cells that were transiently transfected with m GluRla than in 
controls (mock or un-transfected cells), even though the levels of Glu in the 
media were 0.65 ± 0.07 μΜ by HPLC analysis. These results suggest that 
mGluRla may be constitutively active when expressed in 293 cells. The 
levels of PI hydrolysis (expressed as an increase over basal) were 210 ± 
20% for trans-ACPD and 150 ± 10% for D-Asp; these agonists did not 
stimulate PI hydrolysis in controls. PI metabolism stimulated by trans-ACPD 
was not blocked by either L-AßHA (100 μΜ) or AP3 (1 mM). These results 
indicate that multiple metabotropic receptor subtypes are coupled to PI 
metabolism in hippocampus. (GM-34781)

197.9
A COMPARISON OF THE PHARMACOLOGY OF TYPES I, II AND IV 
OF THE METABOTROPIC GLUTAMATE RECEPTOR FAMILY 
STABLY EXPRESSED IN BABY HAMSTER KIDNEY CELLS.
C. Thomsen*. E. Mulvihill. B. Haldeman, E. Boel, and P.D. Suzdak. 
Novo Nordisk A/S, Pharmaceuticals Division and Molecular Genetics, 
Novo Nordisk Park, DK-2760 Måløv, Denmark and ZymoGenetics 
Corp., Seattle, U.S.A.

The metabotropic glutamate receptor (mGluR) family consists of 6 
subtypes of G-protein-coupled receptors. These subtypes, designated 
mGluR1 through mGluR6, are associated with several second 
messenger systems including phosphoinositide hydrolysis (mGluRI and 
mGluR5) and inhibition of adenylate cyclase (mGluR2, mGluR3, 
mGluR4 and mGluR6).

In the present study we have compared the pharmacology of 
subtypes mGluRI, mGluR2 and mGluR4 stably expressed in baby 
hamster kidney (BHK) cells. Standard agonists at the mGluRs showed 
a distinct selectivity for these subtypes. In the case of mGluR1, the 
agonist selectivity was: quisqualate > glutamate > ibotenate > t-ACPD 
»  L-AP4, which was different from that of mGluR2 (glutamate > t- 
ACPD > ibotenate > quisqualate >> L-AP4), and mGluR4 (L-AP4 > 
glutamate > t-ACPD > quisqualate > ibotenate).

The distinct pharmacologies of subtypes mGluRI, mGluR2, and 
mGluR4 were also prominent when the activities of other confor- 
mationally restricted analogs of glutamate were examined, suggesting 
that these subtypes of mGluRs serve different functions in the brain.

197.11
METABOTROPIC AGONISTS POTENTIATE ACTION OF 
EXCITATORY AND INHIBITORY AMINO ACIDS ON SPINAL 
NEURONES IN RATS ANAESTHETISED WITH 
PENTOBARBITONE. S,R. Baker*. J. Goldsworthy, A, Bond and
D. Lodge. Lilly Research Centre, Erl Wood Manor, Windlesham, 
Surrey GU20 6PH, U.K.

Using iontophoretic administration and recording extracellularly 
the firing rate of rat spinal neurones, 1S,3R ACPD (l-20nA: 50mM in 
150mM NaCl) enhanced the excitatory responses to NMDA by 81 ± 18%, 
AMPA by 76 ± 17%, kainate by 114 ±  27% and L-glutamate by 89 ± 22%. 
Using either NMDA or AMPA to maintain a steady basal firing rate, 
1S.3R-ACPD enhanced the inhibitory action of glycine from 64 + 3% to 
96 ± 2% and of GABA from 55 ± 4 to 94 + 3%. Both the above effects were 
dose-dependent and at least partially reversible.

These actions of 1S,3R-ACPD were weakly mimicked by quisqualic 
acid (QA) which also appeared to reduce the ability of 1S,3R-ACPD to 
potentiate the actions of glycine suggesting a partial agonist role at the 
metabotropic receptor concerned.

3,5-dihydroxyphenylglycine (DHμg) mimicked the action of 1S, 3R- 
ACPD but was somewhat less potent. Ejected with the same currents, 
DHμg enhanced AMPA and NMDA responses 20-40% less than did 
1S,3R-ACPD.

Our results are not consistent with the pharmacology of a QA- 
sensitive mGluR, ie. 1 & 5, but are more likely due to a cyclase- 
coupled receptor inhibiting potassium channels.

197.8
REVERSAL OF THE ELECTROPHYSIOLOGICAL EFFECTS OF 1S, 3R-ACPD 
INDUCED METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION IN 
THE RAT HIPPOCAMPAL SLICE USING RESOLVED ISOMERS OF 4-C-3- 
Hμg. G.L. WOODHALL. L.E, SUNDSTROM . J.E. CHAD . H.V. WHEAL. 
Physiology and Pharmacology dept. University of Southampton U.K. SPON: Brain 
Research Association.

Using simultaneous intra- and extracellular recording of CAI pyramidal cell 
activity in the rat hippocampal slice preparation we have studied the effects of 
activation of the metabotropic glutamate receptor with 50μΜ lS,3R-lamino- 
cyclopentane-l,3-dicarboxylic acid. Extracellularly there is a reduction in paired- 
pulse inhibition at inter-pulse intervals of 10, 20, 30 and 300 ms suggesting 
decreased early and late GABA mediated inhibition. Intracellularly, increased input 
resistance, decreased spike frequency accommodation and decreased early and late 
IPSPs are seen together with a slowly developing ramp depolarization. Whole-cell 
patch clamping study of CAI neurons shows that the EPSC is also reduced by 
1S,3R-ACPD.

Here we report that these effects can be reversed using the putative metabotropic 
receptor antagonist 4-carboxy-3-hydroxyphenyl glycine at 200 μΜ, and that the R 
and S isomers of this compound have different effects. Although the two 
compounds used have widely differing pharmacokinetic properties the reduction in 
inhibition observed extracellularly is readily reversed using RS or S 4-C-3-Hμg 
and the intracellular effects are, with more difficulty, also blocked. The R isomer 
of 4-C-3-Hμg is ineffective at blocking the 1S,3R-ACPD response. Early data 
from animals unilaterally lesioned with Kainic acid (the kainic acid model of 
temporal lobe epilepsy) suggest that there is a qualitatively enhanced response to 
metabotropic receptor activation with 1S,3R-ACPD.
Supported by The Wellcome Trust.

197.10
STEREOSELECTIVE ACTION OF /ra/w-AZETIDINE-2,4-DICARBOXYLIC 
ACID AT METABOTROPIC GLUTAMATE RECEPTORS IN CEREBELLAR 
NEURONS. A.P. Kozikowski*1. S. Ikonomovic2. Y. Liao1, W. Tuckmantel1. 
S. Glazewski2. and J.T. Wroblewski2. 1 Neurochemistry Research, Mayo 
Foundation, Jacksonville, FI., 32224, and 2Fidia-Georgetown Institute for the 
Neurosciences, Georgetown University School of Medicine, Washington D.C. 
20007.

We have shown previously that the cis isomer of azetidine-2,4-dicarboxylic 
acid (ADA) positively modulates the NMDA receptor at low (< 50 μΜ) 
concentrations. Upon considering the structure of 1 -aminocyclopentane-7S,3R- 
dicarboxylic acid (ACPD), an agonist of metabotropic glutamate receptors 
coupled to phosphoinositide (PI) hydrolysis, and carrying out overlay 
comparisons with die azetidines, we concluded that the trans diacid might show 
metabotropic receptor activity. The biological properties of this rigidified 
glutamate analogue were examined using primary cultures of cerebellar neurons 
by measuring receptor-stimulated PI hydrolysis and increases of intracellular 
Ca2+ concentration. In these cells, cultured in presence of 10 mM K+, ACPD 
elicits a robust PI response and increases [Ca2+]j. The application of trans-AD A  
caused a dose-dependent increase of PI hydrolysis with an EC50 of about 100 
μΜ, a potency three-fold lower than that of ACPD. The effect of trans-AD A  was 
stereoselective being restricted to the (-)-(S,S)-isomer. The maximal response 
induced by trans- AD A was about 40% lower than that produced by ACPD, 
suggesting that trans-ADA may be more selective for a specific subtype of 
metabotropic glutamate receptors. This selectivity was also apparent in 
measurements of [Ca2+]·, where a strong response to trans-ADA was observed in 
young granule cells cultured in 10 mM K+ , but not in those cultured in 25 mM 
K+ which express pharmacologically distinct Pi-coupled metabotropic glutamate 
receptors. Since trans-ADA is more rigid than 1S.3R-ACPD and embodies a 
conformationally fixed amino group, it may provide important information as to 
the precise nature of the glutamate conformation responsible for recognition by 
the metabotropic receptor.

197.12
PLASTICITY OF ASTROCYTE METABOTROPIC SIGNAL  
T R A N S D U C T IO N  D E P E N D IN G  U P O N  C U L T U R E  
CONDITIONS. S. Miller» *, R.J, Bridges2  , and C.W. CotmanU .  
Departments of Psychobiology1 and Neurology2 and Irvine Research 
Unit in Brain Aging, Univ. of California, Irvine, CA 92717.

The morphology and signal transduction properties o f cultured rat 
cortical astrocytes can be altered depending upon the composition of 
culture medium. Changing from a 10% fetid calf serum-supplemented 
medium to a serum-free defined medium transformed astrocytes from a 
flat, epithelial-like morphology with few processes to a highly 
branched, stellate morphology. When astrocytes were cultured in the 
defined medium there was also a dramatic enhancement in the ability of 
the glutamate metabotropic receptor agonist l-aminocyclopentane-ira/tf- 
(± )-l,3 -d icarb oxy lic  acid ( fra л $-(± )-ACPD) to stimulate 
phosphoinositide hydrolysis. The stimulation o f phosphoinositide 
hydrolysis by 500 μΜ tr a n s - (± ) -A C P D  was 2 to З-fold in astrocytes 
cultured in serum-supplemented medium while it was greater than 2 0 - 
fold in astrocytes cultured in defined medium. This enhancement was 
not a generalized phenomenon as there was little or no difference in the 
phosphoinositide response to carbachol or norepinephrine between the 
two culture conditions. These results indicate a greater potential for the 
phosphoinositide pathway in glutamatergic signal transduction in 
astrocytes than had been previously estimated.
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197.13
THE ANTICONVULSANT ACTION OF A NOVEL NMDA/GLYCINE SITE 
ANTAGONIST, MDL 104,653, FOLLOWING SYSTEMIC 
ADMINISTRATION TO DBA/2 MICE OR KINDLED RATS. A.G. 
Chapman*, NJX ırmüüar, N. Paryez, ELL Harrison1. B.M, Baron 1̂ and
B.S. Meldrum Dept. of Neurol., Inst, of Psych., De Crespigny Park, 
London, U.K. ; 1 Marion Merrell Dow Res. Institute, Cincinnati, OH 45215.

The therapeutic prospects of most of the current NMDA/glycine site 
antagonists are limited by poor CNS uptake and short duration of action. 
MDL 104,653 (3-phenyl-4-hydroxy-7-chloro-quinolin-2-(1H)-one; McQuaid 
et al., 1992, J. Med. Chem. 35:3423-3425), is a novel glycine antagonist 
as shown by IC50 values of 270nM vs. [3H]glycine and 1,100 nM vs 
NMDA-stimulated cGMP accumulation in neonatal cerebellar slices. This 
compound potently protects against sound-induced seizures in DBA/2 
mice following i.p. (ED50 = 6.1 μπΊθΙ/kg at 15 min.) or oral (EDso = 23 
μπιοΙ/kg at 2 hrs) administration with a therapeutic index (i.p. 
administration, rotarod test) of 4.0.

Cortical after-discharge duration (ADD) in amygdala-kindled rats is 
potently suppressed by AMPA antagonists, while NMDA antagonists are 
weaker in this model (Meldrum et al. 1992 in Engel et al., eds."Molecular 
Neurobiology and Epilepsy", Elsevier, pp. 307-311). Likewise, quite high 
(37-74 μηηοΙ/kg; i.p.) doses of the glycine antagonist MDL 104,653 are 
required to inhibit cortical ADD and motor seizures in kindled rats. Both 
the kindled rats and the DBA/2 mice exhibited ataxia and sedation (but 
normal EEG) at these high doses of MDL 104,653.

197.15
ANXIOLYTIC EFFECTS OF NMDA-ASSOCIATED 
GLYCINE RECEPTOR LIGANDS ΕΝ THE RAT 
POTENTIATED STARTLE TEST. Μ. E. Nevins* and E. W. 
Anthony. Neurological Diseases Research, SEARLE, Skokie, 
II 60077.

Competitive and non-competitive NMDA receptor 
complex antagonists have been shown to be active in 
various models of anxiolytic activity. This study examined 
the effects of ligands at the NMDA receptor - associated 
glycine site and two competitive NMDA antagonists on the 
fear-potentiated startle response model for anxiolytic 
activity. The results show that the NMDA antagonists, 2- 
amino-7-phosphonoheptanoate (APH) (30 mg/kg) and 3-(2- 
carboxypiperazin-4-yl)propyl-l-phosphonate (CPP) (3 
mg/kg), the glycine antagonist 7-chlorokynurenate (7-C1- 
KYN) (100 mg/kg), and the glycine partial agonists 3-amino- 
l-hydroxy-2-pyrrolidinone ((+)-HA-966) (30 mg/kg), 1- 
aminocyclopropane carboxylate (ACPC) (200-500 mg/kg) and 
D-cycloserine (30-300 mg/kg) blocked the potentiated startle 
effect. These results extend the findings of earlier studies 
showing anxiolytic effects of NMDA antagonists and glycine 
receptor ligands by demonstrating their effectiveness in the 
rat potentiated startle paradigm. These results also 
demonstrate the anxiolytic potential of D-cycloserine.

197.14
A N T IN O C IC EP T IV E  E F F E C T S  OF A N TA G O N ISTS O F TH E G LYC IN E 
M ODULATORY S IT E  A SSO C IA TED  WITH TH E N-M ETHYL-D-ASPARTATE 
(NMDA) R E C E P T O R . K. Lutfv^  J .F .W .K e a n a 2 and E . W eber1 . 1 Dept. of 
Pharmacology, UC Irvine, Irvine, CA 92717; 2Dept. of Chemistry, University of 
Oregon, Eugene, CA  97403.

A role for the N-methyl-D-aspartate (NMDA) receptor has been proposed in 
tonic pain. It is well known that glycine is required for the activation of the NMDA 
receptor. In the present study we examined the antinociceptive activities of two 
novel, systemically active antagonists of the glycine modulatory site associated 
with the NMDA receptor in the formalin test in Sw iss Webster mice. In pilot 
studies, a microinjection of formalin (20 μΙ of 5%) into the dorsal surface of the 
right hindpaw of mice caused a biphasic response consisting of vigorous licking 
and/or biting of the injected paw (early phase = 0-5 min; late phase = 15-50 
min). In separate experiments, mice were injected intraperitoneally (i.p.) with 
the glycine antagonists ACEA-1011 (1-30 mg/kg; N = 6-11 mice/dose) or 
ACEA-1021 (1-20 mg/kg; N = 6-11 mice/dose), or with DMSO (1 ml/kg; N = 8 
mice). Thirty min later, mice were injected with formalin and observed for licking 
and/or biting of the injected paw for one hour. Pretreatment with the glycine 
antagonists produced dose-dependent antinociception in the early and late 
phases of the formalin test. The sensorimotor performance of animals was 
measured using the rotarod test. Although the two antagonists impaired the 
motor performance to some degree, ACEA-1011 had no such effects at doses 
that were analgesic (i.e., the ED 50 in the rotarod test was approximately 10-fold 
higher than the analgesic ED 50). These data show that the glycine antagonists 
produce antinociception in the formalin-induced tonic pain and suggest a role 
for the glycine modulatory site associated with the NMDA receptor in tonic 
nociception. (Supported by NIDA Grant DA 06356)

197.16
B E H A V IO R A L  STU D IES O F  T H E  N O V E L  G L Y C IN E -S IT E  NMDA 
A N TA G O N IST S A C EA  1011 A N D  A C E A  1021 IN  R A T S. R .L . B alster. D.M. 
Grech. R .S. M ansbach_. H . Li and E. W eber. D epartm ent o f  Pharm acology & 
Toxicology, M edical College o f  V irginia, Richm ond, V A  23298 and D epartm ent of 
Pharm acology, U niversity  o f  California, Irvine, C A  92717.

A C EA  1011 and A C EA  1021 are effective in vitro  N M D A  antagonists with putative 
antagonist effects a t the N M D A -asso c ia ted  glycine regulatory  site , and  they posses 
an ti-convulsant and an ti-ischem ic  effects in vivo. W e evaluated  them  in tw o drug 
discrim ination procedures in rats that have been used  to  characterize o ther classes of 
s ite -se lec tiv e  N M D A  antagonists. L ike com petitive N M D A  antagonists, A C EA  1011 
w as ab le  to  partially  antagonize N M D A  (30  m g/kg) discrim ination. A C E A  1021 was 
not an effective antagonist in this m odel, sim ilar to  resu lts  ob tained  w ith P C P-site  
noncom petitive antagonists. N either A C EA  1011 nor A C E A  1021 produced  PCP (2 
m g/kg)-likc  discrim inative stim ulus effec ts, although doses o f  6  m g/kg and  above were 
effective in decreasing rates o f  responding, showing that behaviorally  active doses were 
studied. These compounds p roduced less P C P -le v e r  selection than d id  either PC P-like  
antagonists, which com pletely substitute, o r  com petitive antagonists, which partially 
substitute. The effects o f  A C EA  1011 on prepulse inhibition o f  the sta rtle  response 
w as studied in rats subjected to  122dB acoustic stim uli, p resented  a lone o r  preceded 
by non-startling  80dB p iestim uli. A C E A  1011 (1 -3 0  m g/kg) p roduced  a  significant, 
d o se -re la ted  decrease in overall startle  m agnitude w ithout d isrupting prepulse 
inhibition, an effect unlike that o f  PC P. These resu lts  suggest that A C E A  1011 and 
A C EA  1021 m ay not produce disturbing P C P -lik e  subjective effec ts that w ould limit 
their clinical usefulness. Supported by N ID A  G rants D A 01442 and D A 07027.

198.1 198.2
NMDA RECEPTORS IN MONKEY CEREBRAL CORTEX: DISTRIBUTION 
OF NMD ARI SUBUNIT mRNAs AND ORGANIZATION AND SYNAPTIC 
LOCALIZATION OF NMD ARI SUBUNIT PROTEINS. GW HuntlevI*. 
J.C.Vickers 1. N. Brose2. W.G. Janssenl. N.Archinl. G.P. Gasic2. R. ЈаһпЗ. 
S.F.Heinemann2 and J.H, Morrisonl. 1 Fishberg Res. Ctr. for Neurobio., Mt. 
Sinai Sch. o f Med., New York, NY 10029; 2 Mol. Neuro. Lab., H ie Salk Inst., La 
Jolla, CA 92037; 3 H.H.M.I Yale Univ. Sch. o f Med., New Haven, CT, 06510.

NMDA receptors are composed of multiple subunit proteins and are likely to 
play a critical role in many aspects of normal cerebral cortical function, develop
ment and excitotoxicity. The organization and distribution o f NMDAR1 subunits 
was examined at both mRNA and protein levels across sensory, motor and 
association areas o f monkey cerebral cortex. In situ hybridization using cRNA 
probes revealed a widespread distribution of mRNAs across all areas o f  frontal, 
parietal and occipital cortex. Autoradiographically labeled cells were present in 
all cell-dense layers in each area, but showed a greater concentration in layers II, 
IV and VI. In primary sensory areas (SI and VI), virtually every cell appeared 
labeled. In association areas of the prefrontal cortex, more cells by comparison 
showed low levels o f hybridization or were unlabeled. The organization of 
immunocytochemically identified subunit proteins was determined, using a 
monoclonal antibody directed against an intracellular portion o f the subunit 
protein. The regional pattern was similar to that described for the corresponding 
mRNAs. In layers II, III, V and VI of each area, somatic and dendritic 
immunoreactivity of varying intensities was present. Layer IV cells, by contrast, 
showed only somatic staining. In layer I, a dense meshwork o f labeled fibers was 
present which likely corresponds to the distal segments o f apical dendrites. 
Electron microscopy confirmed the dendritic localization o f the immunoreactiv
ity, and revealed labeled asymmetric postsynaptic densities. A double-labeling 
paradigm using markers for other neurochemicals was used to localize NMD ARI 
subunits to subpopulations o f functionally defined cortical neurons. These data 
support the role of NMDA receptors in mediating the function of sensory, motor 
and association areas, and suggest that NMDA receptors mediate excitatory 
inputs to many classes of corticaloutput neurons. Supported by grant AG06647. 
G. W .H. is an Aaron Diamond Foundation Fellow; J.C.V. is an Aus. NH and MRC
C.J.Martin Fellow.

D IF F E R E N T IA L  D IS T R IB U T IO N  O F  N M D A R  1 IM M U N O R E A C T IV IT Y  IN 
PR E FR O N T A L  A N D  E N T O R H IN A L  C O R T IC E S O F  M O N K E Y  A N D  HUM AN. 
L H . M o rriso n * !. J .C . V ic k e rs l. G .W . H u n tlev l. N . B rose2. G .P . G asic2. R . ЈаһпЗ 
an d  S .F . H e inem ann2  1 F ishberg  Res. C tr. fo r  N eurob io l., M t. S inai School o f 
M edicine, N ew  Y ork, N Y  10029, 2  M ol. N euro. Lab ., S alk  Inst, for B iol. Stud., La 
Jolla, C A  92037, 3 H .H M .I.,Y a le  U . N ew  H aven, C T  06510.

T he d istribution o f  NM D AR1 im m unoreactiv ity  was investigated  in the prefrontal 
and  tem poral cortex  o f  m onkeys and  the fronta l cortex  o f  hum ans w ith  an antibody 
ra ised  to  an  in trace llu la r sequence  be tw een  th e  th ird  and  fou rth  transm em brane 
d o m ain s  o f  the  recep to r  su b u n it p ro te in . In  m on k ey  co rtex  as w ell a s  hum an 
dorso la tera l frontal cortex , N M D A R 1 labeling  o f  vary ing  in tensity  w as present in 
m any ce ll bod ies th roughou t all co rtica l layers an d  in tense  punc ta te  labeling  was 
p resent in  processes likely to  correspond to  basal and  apical dendrites. N um erous well 
labeled  processes w ere a lso  observed  in lay er I  and  its  bordo- w ith  lay er II. Cells in 
layers II, III and  V  w ere  p a rticu larly  w ell labeled , w ith  im m unoreactive  dendritic 
segm ents being  m o re  abundan t in the sup rag ranu lar layers th an  the infragranular 
la y e rs . D o u b le  la b e lin g  in  m o n k ey  c o rte x  d e m o n s tra te d  th a t  N M D A R 1 
im m unoreac tiv ity  show ed  a  high  deg ree  o f  co -lo ca liza tio n  w ith  an  an tibody to 
G lu R s5 ,6  and  7. M ost non-pyram idal neurons labeled w ith  calretinin o r parvalbum in 
con ta ined  low  to  m oderate labeling  fo r N M D A R 1 in th e ir cell bod ies  w hich  rarely 
e x ten d ed  in to  the  d endrites . In  th e  m onkey  en to rh in al co rtex , h ig h er  levels o f  
N M D  A R I labeling w ere p resen t in the cell bodies and  dendrites in  the external layers 
as com pared  to  layers IV, V  and  V I. Furtherm ore , in frag ranu lar calretinin-labeled 
pyram idal cells contained relatively low  levels o f  N M D A R  1 labeling in  both their cell 
bodies and  apical dendrites as com pared to  pyram idal cells in layers II and  III. Large, 
c lu ste red  m u ltip o la r ce lls  in  e n to rh inal lay e r  II  a lso  c o n ta in ed  a  h igh  level o f  
N M D A R  1 im m unoreactivity  in  both their perikarya and  dendrites. These studies show 
th at N M D  A R I im m unoreactivity  is p resen t in m any  cortical ce ll bodies, b u t m ay be 
preferentially  d istributed to  specific dendritic  segm ents in subsets o f  cortical neurons. 
T he p rec ise  d istribu tion  o f  th is recep to r subunit m ay  define  the  ro le  o f  neurons in 
excita to ry  am ino  ac id  pathw ays an d  contribu te  tow ards differen tia l vulnerability  to 
glu tam ate  excito toxic ity . S upported  by  A G 05138 a n d  A G 06647  from  the N .I.H . 
J.C .V . is  an  A ustralian N .H .& M .R .C . C.J. M artin  R esearch  Fellow  and  G .W .H  is an 
A aron D iam ond Foundation Fellow .
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198.3
GLUTAMATE RECEPTOR SUBUNIT AND NEUROFILAMENT PROTEIN 
IMMUNOREACTIVITIES DIFFERENTIATE SUBSETS OF CORTICO- 
CORTICALLY PROJECTING NEURONS IN THE MONKEY CINGULATE 
CORTEX. E.A. Nimchinskv*1. P.R, HofUN^Brnsg2. S.W, Rogers3. T. Moran1, 
GJ>. Gasic2. S. Heinemann2 and J.H. Morrison1. iFishberg Res Ctr, Mt Sinai Sch 
of Med, New York, NY 10029, 2Mol Nęurobio Lab, Salk Institute, La Jolla, CA 
92037 and 3Dept of Pharm, Univ of Colorado, Denver, CO 80262.

Corticocortically projecting cells represent a neurochemically heterogeneous 
population of neurons. The current study characterizes cells providing specific 
projections with respect to their content of neurofilament protein (NFP) and 
glutamate receptor (GluR) subunits. Immunocytochemistry and retrograde transport 
techniques were used to analyze identified projections arising from agranular anterior 
(ACC) or isocortical posterior cingulate cortex (PCC) to areas of the macaque frontal 
neocortex. Antibodies specific for GluR2 (AMPA/kainate), GluR5/6/7 (kainate), and 
NMDAR1 GluR subunits were used to characterize the GluR content of retrogradely 
labeled cells. The NFP content of these projections was similarly determined using 
an antibody to nonphosphorylated NFP. Immunoreactivity for GluR2 and NMDAR1 
showed widespread labeling throughout the cingulate gyrus, whereas GluR5/6/7- 
immunoreactive (ir) somata and dendrites had significant regional and laminar 
specificity among the various cingulate areas. Preliminary data indicate that all of the 
retrogradely labeled pyramidal cells analyzed in ACC (area 24b) and in PCC (area 
23b) that project to area 9 are GluR2· and NMDARl-ir. In contrast to this 
homogeneous pattern, only about 60% of the retrogradely labeled cell bodies in layer 
ΙΠ and 40% in layer V in area 24b are GluR5/6/7-ir, in comparison with 85-90% in 
both layers in area 23b. In ACC, fewer retrogradely labeled cells are NFP-ir in layer 
Ш than in layer V, while in PCC, about 50% are NFP-ir in both layers III and V. 
These data suggest that corticocortically projecting cells in agranular ACC and 
isocortical PCC may have distinct neurochemical characteristics, even when they 
have a common target cortical field. In this context, the study of die distribution of 
NFP and GluR subunits may be a valuable approach to the fine characterization of 
corticocortical projections.

198.5
LIGHT AND ELECTRON MICROSCOPE DISTRIBUTION OF THE 
NMDA RECEPTOR SUBUNIT, NMD ARI, IN THE RAT USING A 
SELECTIVE ANTIPEPTIDE ANTIBODY. R.S. Petralia*. N. Yokotani 
and R.J. Wenthold. Lab. of Neurochemistry, NIDCD, NIH, Bethesda, MD 
20892.

NMDA receptors are the most widely studied glutamate receptors due 
to their putative roles in plasticity, development and compensation from 
injury. An antibody was made against the C-terminus portion of the 
subunit, NMDAR1, which is the most widespread subunit - probably part 
of all NMDA receptor complexes. Fifty micrometer sections of rat brain 
were incubated with the primary antibody, followed by an avidin-biotin- 
peroxidase procedure. Thin sections from hippocampus, cerebral cortex, 
and cerebellar cortex were examined with electron microscopy (EM) 
without further staining. Staining was present in many neurons in most 
brain structures, and in spinal cord and sensory ganglia, with densest 
staining in pyramidal cells of the hippocampus, some hypothalamic 
nuclei, cerebellar Purkinje cells, inferior olive, some reticular nuclei, 
dorsal cochlear nucleus, and motor nuclei of brainstem and spinal cord. 
Moderate to moderately dense staining was found in the olfactory bulb, 
neocortex, striatum, some thalamic nuclei, colliculi, and brainstem 
sensoiy neurons. Staining with EM was most prevalent in postsynaptic 
densities and dendrites. In the CA3 region of the hippocampus, dense 
staining was seen in postsynaptic densities in small spines apposed by 
unstained, small terminals, but staining was lighter and uncommon in 
postsynaptic densities apposed by mossy fiber terminals. Comparison of 
NMDAR1 distribution with that of other glutamate receptor types 
revealed apparent colocalizations in many types of neurons, e.g., with 
GluR 1-4 and KA2 in pyramidal cells of the hippocampus, with GluR2/3 
in Purkinje cells, with GluR 1-4 in mitral cells of the olfactory bulb, and 
with GluR6/7 in rat barrel fields.

198.7
DEVELOPMENT OF NMD ARI SUBUNITS IN RAT 
CORTEX IN  VIVO  AND IN  V ITR O . V.Rema. L.M. Smith* and
F.F. Ebner. Institute for Developmental Neuroscience, Vanderbilt 
University, Nashville, TN 37203.
The N-methyl-D-aspartate (NMDA) type of glutamate receptor 

has been shown to be essential for activity-dependent synaptic 
plasticity at all ages. We are interested in the initial expression 
an<1 localization of each of the NMDAR subunits found in high 
density in the forebrain. Our goal is to determine whether the 
NMDAR1 subunit (Nakanishi et al., Nature 354, 31-37, 1991) 
develops without sensory activity in vitro with the same time 
course and density as age-matched sensory cortex neurons in  
vivo. We have raised and tested polyclonal antibodies against 
two different regions of the NMDAR 1 subunit. Pstl restriction 
fragments from aminoterminal (483 bp) and carboxyterminal 
(201 bp) extracellular domains of the NMDAR1 cDNA were 
subcloned into expression vectors. The plasmids were induced to 
express ß-galactosidase fusion proteins against which antibodies 
were raised. The nuclei-free fraction of rat brain homogenate was 
analyzed by western blot. The antibodies mainly recognized a 
band of approximately 110 kDa. Initial immunocytochemistry of 
rat forebrain sections using these antibodies showed punctate 
staining along dendrites and some cell body staining. As 
expected, some neurons in all brain regions showed 
immunoreactivity. Comparisons of NMDAR 1 development using 
these antibodies are in progress, (grants N S-13031 and HD- 
15052)

198.4
ULTRASTRUCTURAL LOCALIZATION OF KAINATE CLASS GLUTAMATE 
RECEPTOR SUBUNITS GLUR5/6/7 IN MONKEY HIPPOCAMPUS AND 
ENTORHINAL CORTEX P.F. Good**. S.W. Rogers2. S, Н е іп етап п З. and J.H. 
Morrison1: İFishberg Rsrch. Ctr. for Neurobiology, Mt. Sinai Med. Ctr., NY, NY 
10029; 2(jniversity of Colorado Med. Ctr., Denver, CO. 80262; and 3Salk Institute 
for Biological Studies, La Jolla CA 92037 

Glutamate receptor subunits GluR5/6/7, and kainate binding proteins KA1-2 
compose pharmacologically defined kainate class glutamate receptors. 
Immunocytochemistry using a mAb which recognizes GluR5/6/7 was used at the 
light and electron-microscopic levels to examine the distribution of GluR5/6/7 
immunoreactivity in cynomolgus monkey hippocampus and entorhinal cortex. In 
hippocampus immunolabeling of neurons was present in all fields and the dentate 
gyrus, with the greatest intensity of immunoreactivity occurring in neurons of CAI 
and subiculum when compared with dentate or CA3. Ultrastructural analysis 
revealed immunolabeled dendritic profiles and many asymmetrical postsynaptic 
densities. In stratum lucidum and pyramidale of field CA3, immunoreactivity was 
observed in apical and basal dendritic shafts and in postsynaptic densities along such 
shafts. Immunoreactivity was also observed within dendritic spines. In stratum 
moleculare of field CA3 immunolabeled dendrites 2-3 pm in diameter, and labeled 
postsynaptic densities were seen, while GluR5/6/7 immunoreactivity was not 
observed in spines. In field CAI numerous immunoreactive dendritic shafts were 
observed throughout stratum pyramidale, stratum radiatum and stratum moleculare, 
and many of these processes possessed labeled spines. Light microscopic analysis 
revealed GluR5/6/7 immunoreactivity in all layers of the entorhinal cortex. 
Immunolabeling in layer V of entorhinal cortex was found in apical dendritic shafts 
and postsynaptic densities along such shafts. Numerous small profiles containing 
labeled postsynaptic densities, some arising from primary dendritic shafts, were also 
seen in layer V. Layer II/III neurons also showed immunoreactivity in dendritic 
shafts. These data support a high degree of synaptic specificity in the organization of 
GluR5/6/7 subunits in the circuitry of the hippocampal formation. Supported by 
grants AG06647 and NS 30990R29

198.6
DISTRIBUTION OF GLUR2/3 GLUTAMATE RECEPTOR SUBUNITS IN 
RAT AND CAT SPINAL CORD STUDIED WITH LIGHT AND ELEC
TRON MICROSCOPIC IMMUNOCYTOCHEMISTRY.
D. Jaarsma. J.C. Holstege. M. Godschalk* and J. Vooed. Dept. Anatomy, 
Erasmus Univ. Med. Sch., 3015 GE Rotterdam, The Netherlands.

The distribution of the GluR2/3 AMPA-selective glutamate receptor 
subunits in rat and cat spinal cord was investigated using a specific antiserum 
kindly provided by Dr. R.J. Wenthold (Ab 25; Wenthold et al., J. Biol. 
Chem. 267: 501-507, 1992). Animals were perfused with 4%
paraformaldehyde (light microscopy) or with 4% paraformaldehyde with 
either 0.05% glutaraldehyde and 0.2% picric acid, or 1% acrolein (electron 
microscopy) in phosphate buffer. 40 μΐη frozen or 50 μΐη Vibratome sections 
from cervical, thoracic, lumbar and sacral spinal cord and dorsal root ganglia 
(DRG) were cut and treated for immunocytochemistry using the ABC method. 
The distribution of GluR2/3 immunoreactivity was essentially similar in rat 
and cat spinal cord. Labeling was observed in all laminae and all neuronal cell 
bodies with varying intensity. Glial cells were unstained. The strongest 
labeling occurred in the substantia gelatinosa in both neuropil and cell bodies. 
Motoneurons and neurons in the intermediolateral cell column were also 
strongly stained. Other neurons showed weak or moderate staining. DRG 
neurons of both rat and cat showed moderate immunoreactivity. The same 
pattern of labeling was observed in semithin (1-2 μΐη) sections. Electron 
microscopy showed DAB precipitate within cell bodies and dendrites with 
many, but not all, post-synaptic densities being strongly labeled. A detailed 
analysis of the types of terminals associated with labeled post-synaptic 
densities of motoneurons is in progress.

198.8
GROWTH CONDITIONS DIFFERENTIALLY REGULATE THE 
EXPRESSION OF AMPA RECEPTOR SUBUNITS IN
CULTURED CEREBELLAR GRANULE CELLS. D.F.
Cofldprellj,1 E -Dell'Albini, 1 E. Aronica.2 M. Corsaro.1 R. Balazs2 and F. 
NkfttettP*· Institute o f  Biochemistry, University o f  Catoni? and Dept: Exp. 
Med. and Biochem. ScL, University o f  Perugie?, Italy; Netherlands Inst, for  
Britin Res., Amsterdam, The Netherlands2.

We have studied the expression of AMPA receptor subunits in mature 
cultured cerebellar granule cells grown in media containing 10% FCS and 
different concentrations of K+ (10, 25 or 40 mM) with or without NMDA 
(100 μΜ, present since day 2 in vitro - DJV -> The expression of both GluRl 
mRNA and receptor protein was low in cultures grown in K10 and increased 
dramatically in cultures grown in K25, with intermediate levels found with all 
the other conditions (K10+NMDA, K25+NMDA or K40). Acue changes in 
K+ concentration Crom K25 to K10 rapidly down regulated the expression of 
GluRl mRNA, whereas the reverse effect required a lag-time of at least 24 
hours. In contrast, the expression of GluR2 and 3 subunits was high in K10 
and progressively decreased to the lowest levels in K40. GluR4 mRNA levels 
did not differ between K10 and K25. AMPA-stimulaied 45(^2+ influx and 
[̂ HJphorbol ester binding was maximal in cultures grown in K40, in 
coincidence with the lowest levels of the GluR2 subunit. These results 
indicate that functional diversity of AMPA receptors can be generated by 
chronic depolarization or continuous exposure to NMDA in developing 
cultured cerebellar neurons.
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198.9
METABOTROPIC GLUTAMATE RECEPTOR GENE EXPRESSION IN THE 
DEVELOPING HYPOTHALAMUS. A.N. van den Pol*. L.Kogelman, 
P.Ghosh. C .Blackstone1. Sect.Neurosurg., Yale Med. Sch., 
New Haven, СГ. 06510, 1Dept.Neurosci., Johns Hopkins 
Med.Sch., Baltimore, MD. 21205.

Expression of the metabotropic glutamate receptor 
(mGluRl) was studied in the developing rat hypothalamus 
with imiminocytochemistry and Northern blots. In the PI 
brain, mGluRl immunoreactivity was found in the 
dorsomedia1 and lateral hypothalamus, preoptic area, and 
suprachiasmatic nucleus, a region where functional 
activity was confirmed (Bina et al, this volume). During 
development the staining appeared to get stronger in the 
cells in seme regions. In the adult brain similar 
patterns of expression were found, and the immunostaining 
was suggestive of a synaptic localization with small 
puncta distributed along the dendrites and perikarya of 
some neurons. Northern blots showed the mGluRl RNA level 
expressed in the adult hypothalamus was less than 
that expressed in cerebellum but similar to the cortex. 
Relative to total RNA in the hypothalamus, mGluRl RNA 
showed similar levels of expression during postnatal 
development. These data suggest that the metabotropic 
receptor is expressed early in development and may 
function both during synaptogenesis and in the mature 
hypothalamus. An exaggerated IP3 response via the mGluR 
in early development is probably due to developmental 
changes in second messenger systems or other mGluR genes 
and not due to an increased expression of mGluRl.

198.11
CELLULAR AND SUBCELLULAR LOCALISATION OF 
IONOTROPIC (GIuRl) AND METABOTROPIC (mGluRla) 
GLUTAMATE RECEPTORS IN RAT HIPPOCAMPUS A. Baude. Z. 
Nusser. J.D.B, Roberts. E, Molnâr. R.A.J. Mcllhinnev, t E. Mulvihill. # R. S. G. 
Jones*, and P. Somoevi. Medical Research Council, Anatomical Neuropharmacol. 
Unit, and # Dept. Pharmacology, Oxford Univ., Mansfield Rd., Oxford, U.K. 
tZymoGenetics, Roosevelt Way, Seattle, U.S.A.

To establish the precise location of glutamate receptors with respect to 
synaptic terminals and cell classes, antibodies to mGluRl a and the GluRl subunit of 
the AMPA receptor were used with immunogold and immunoperoxidase techniques at 
both light and electron microscopic levels.

1) Different populations of cells show high levels of mGluRl a and GluRl. 
Light microscopic examination revealed that mGluR la  was only detectable at the 
somatic and dendritic membrane of the somatostatin-immunopositive neurons as 
demonstrated by double immunocytochemical experiments. Most of these neurons had 
densely spiny dendrites with a very specific distribution coinciding with the recurrent 
axon collaterals of principal cells, suggesting that mGluRla is mainly activated by 
feed-back glutamatergic inputs. In contrast, GluRl was present at a high 
concentration in the dendritic fields of pyramidal and granule cells, the CAI region 
being the most strongly reactive. The soma and dendrites of some intemeurons were 
also strongly immunoreactive for GluRl, some of them containing somatostatin.

2) mGluRl a and GluRl are present in peri- and extrasynaptic membranes of 
postsynaptic cells. Electron microscopic immunogold experiments have demonstrated 
that both GluRl and mGluRla receptors were associated with synapses with the 
immunoreactivity preferentially located at the lateral margins of the postsynaptic 
density but very rarely seen in the main body of the synaptic junction. Perisynaptic 
immunoreactivity was always associated with type 1 synapses established by axon 
terminals thought to use glutamate as neurotransmitter. Both receptors were also 
present at extrasynaptic membranes of immunoreactive dendrites. Immunoreactivity 
was not associated with presynaptic membranes or axon terminals for either receptors.

198.13
DISTRIBUTION OF A GLUTAMATE BINDING PROTEIN IN BRAIN MAPPED 
BY IMMUNOCYTOCHEMISTRY AND IN SITU HYBRIDIZATION. A.E. Allen .
M.J. Eaton. G. Hoel. E.K. Michaelis. Dept. of Pharmacology and Toxicology, 
Univ. Kansas, Lawrence, KS 66045.

Activation of glutamate receptors has been linked to early development of events 
in the nervous system to synaptic plasticity, memory formation, seizures, and 
neuronal degeneration. Previous studies from our laboratory have led to the 
characterization of a complex of proteins that form an NMDA receptor ion 
channel(Ly and Michaelis, 1991; Kumar et al., 1991). A protein subunit of this 
complex is the »70 kDa glutamate binding protein (GBP). The cDNA encoding the 
GBP was cloned (Kumar et al., 1991) and antisense probes were used in the present 
study, together with antibodies raised against the protein, to map the distribution and 
expression of this protein in rat brain. 2q situ hybridization studies indicate that the 
protein is most heavily expressed in granule cells of the cerebellum and dentate 
gyrus, in pyramidal neurons of the hippocampus, and in neurons of the olfactory bulb 
and tract and the cerebral cortex. Expression in the cortex and subcortical regions 
was not uniform, with cortical regions II, III, and V, VI being most heavily labeled. 
Immunocytochemical studies performed on serial sections of fixed rat brain tissue 
confirm these observations and provide a map of neuronal populations in different 
subcortical nuclei that are labeled by the antibodies. This information is being used 
to construct a 3-dimensional map of neurons expressing this subunit of a putative 
NMDA receptor. Supported by grants from DAAL-03-91-G-0167(ARO), KS-86-G- 
22(AHA, KS Affiliate), and AA04732(NIAAA).

198.10
DEVELOPMENTAL EXPRESSION OF GLUTAMATE RECEPTORS IN 
CEREBELLAR GRANULE CELL CULTURES: ENHANCEMENT OF
EXPRESSION BY DEPOLARIZATION. K. Kumar*1. Y. Xia1. R. Balazs2. A. 
Resink2, and E. Michaelis1. Pharmacol. & Toxicol. Dept.1, Univ. of Kansas, 
Lawrence, KS; Netherlands Inst. Brain Res.2, Amsterdam, Netherlands.

Survival of cerebellar granule cells (GC) in culture is enhanced by exposure 
to depolarizing conditions produced by elevated KC1 concentrations or activation of 
glutamate receptors by agonists such as NMDA. Both treatments enhance the 
differential expression of glutamate receptor sensitivity during the maturation 
process, specifically, the functional expression of NMDA receptors (Balazs, R. et 
al., Nėurosci. Let. 137, 109, 1992). Exposure of neurons to elevated K+ 
concentrations (25 mM, K25) or 140 μΜ NMDA, led to increases in the levels of 
a glutamate binding protein (GBP), a subunit of an NMDA receptor complex 
(Kumar, K. et al., Nature 354, 70, 1991). The present studies were undertaken to 
determine whether mRNA levels for NMDA receptor proteins, such as the GBP and 
NMDAR1, are also increasesd. Northern blot analyses o f total RNA isolated from 
GC’s grown in culture for 2, 5 and 9 days in the presence of normal K+ (10 mM, 
K10) or elevated K+, K25, and RNase protection assays were performed on the same 
RNA samples from these cells. For the RNase protection assays, probes of 275 for 
the GBP and 428 bp for the NMDAR1 were constructed in pBS and labeled during 
transcription of the linearized phagemid. Both the Northern blots and the 
autoradiograms of RNase protection assays were analyzed by densitometry. There 
was a developmental increase in the expression of both GBP and NMDAR1 in 
cultures of GC’s regardless of the concentration of K+ in the medium. However, 
GC’s exposed to K25 exhibited greater levels of GBP RNA ( + 30-40%) than cells 
grown in K10. The differential expression of NMD ARI determined by Northern 
analyses was not as great. These results indicate a close relationship between 
NMDA receptor protein expression and receptor responses. [Supported by 
D A AL031 -91 -G-0167 and АА04732].

198.12
CORTICAL NEURONS SU B JEC T TO KAINATE TR IG G ERED  C 0 2+ 
ACCUMULATION DISPLAY DIFFERENTIAL AMPA/KAINATE RECEPTOR  
IMMUNOREACTIVITY. S. Reid*. H. Yin and J.H. W eiss. Depts. of Neurology, 
Anatomy and Neurobiology, U.C. Irvine, Irvine CA 92717.

Small subsets of central neurons possess C a2+ permeable AMPA/kainate 
channels. Study of cloned channels suggests that C a2+ permeability is a 
property of channels lacking the GluR-2 subunit. The recently described 
subsets of neurons that accumulate Co2+ ions in response to kainate (Co2*(+) 
neurons), but not in response to NMDA or to high K +, likely are those that 
possess divalent cation permeable AMPA/kainate channels (Pruss et al., 
Neuron 7:509). The present study was undertaken to examine the pattern of 
AMPA/kainate receptor immunoreactivity displayed by Co2+(+) neurons.

Murine cortical neuronal cultures were Co2+ loaded in the presence of 
kainate, fixed, and immunostained with antibodies against GluR-1, GluR-2/3, 
or GluR-4. Fields of immunostained neurons were photographed before and 
again after development of the Co2+ stain. While near 15% of cortical 
neurons are Co2+(+) (Turetsky et al., Soc Neurosci· Abstr. 18:81), in 2-3 
experiments, 53±6% (mean ±SEM) of Co2+(+) cells were GluR-2/3(-) while 
89±3% of GluR2/3(-) cells were Co2+(+). Conversely, among Co2+ (+) cells, 
65±5% were GluR-1(+) and 69±6% were GluR-4(+), while 92±2% of GluR-1 
(+) cells and 93±3% of GluR-4(+) cells were Co2+(+). These data are 
consistent with the hypothesis that cortical Co2+(+) neurons lack or express 
tow levels of GluR-2 (and often express larger amounts of GluR-1 or GluR-4). 
Further studies will be needed to clarify the pattern of expression of GluR-2 vs 
GluR-3.

198.14
DEVELOPMENTAL CHANGES IN AMPA RECEPTORS IN 
RAT H IPPO C A M PU S. S. S tandlev. G. Tocco. M .F . 
T ourienv. G. M assicotte. R. Thompson an d M. Baudrv*. 
Neuroscience Program , USC, Los Angeles, CA.

The ontogeny o f AMPA receptors in rat hippocampus was 
evaluated with quantitative ligand autoradiography and in situ 
hybridization performed in adjacent sections with antisense 
oligonucleotides for the subunits (GLU R l-3 , flip and flop splice 
variants). Specific AMPA binding in different hippocampal subfields 
(cell body + dendritic layers) exhibited a modest overexpression at 
postnatal days (PND) 15-20. When the binding in the cell body layer 
only was analyzed, the overexpression o f receptors was more marked, 
representing up to 2-fold the values found in adult.The binding of the 
antagonist, CNQX, was extremely low at PND 7, increased rapidly 
between PND 7 and 15 and slowly between PND 15 and adult. No 
binding was observed in the cell body layer at any postnatal ages. The 
changes in the expression o f mRNAs for the different subunits o f the 
AMPA receptors were well correlated with the changes in high affinity 
AMPA binding sites in the cell body layers. The relative expression of 
Glu R-2 subunit decreased during the postnatal period and the time 
course o f the decrease paralleled the time course for the increased 
vulnerability o f CA3  pyramidal neurons to a variety o f insults. Overall, 
AMPA binding to cell body layers was well correlated with the sum of 
the mRNAs for the different subunits. The results indicate that both the 
messengers and the subunits of the AMPA receptors are overexpressed 
during the postnatal period. The changes in subunit composition of the 
receptors during the postnatal period might have important implications 
for mechanisms of plasticity as well as neuropathology!
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198.15
EXPRESSION PATTERNS OF METABOTROPIC mRNAs AND BINDING 
SITES DURING DEVELOPMENT. M.V. Catania*. B. Landwehrmever. J.B. 
Penney and A.B. Young. Massachusetts General Hospital, Neurology Service, 
Boston, MA 02114.

The expression pattern of metabotropic receptors was studied by 
autoradiographic [3H]glutamate binding and in situ hybridization techniques in 
developing and adult rat brain. Two distinct binding sites with high (meti) and 
low (met2) affinity for quisqualate were detected both in 7 day old pups and 
adults. Meti binding sites were low at birth and gradually increased to adult levels 
during the second or third postnatal (PN) week. In the striatum, globus pallidus 
and cerebellar granule cell layer, meti binding sites transiently peaked during the 
second week PN. In constrast, met2 binding sites were high at birth and decreased 
during the second and third week PN, particularly in the thalamic reticular nucleus 
and globus pallidus. In situ hybridization studies using specific oligonucleotides 
for mGluRl, mGluR2, mGluR3, mGluR4, and mGluR5 revealed two distinct 
developmental patterns. mGluRl, mGluR2 and mGluR4 transcripts gradually 
increased during development in most o f the regions examined, to reach, in the 
adult, maximum levels in the Purkinje cells, dentate gyrus and cerebellar granule 
cell layer respectively. In contrast, mGluR3 and mGluRS were highly expressed 
at birth and decreased during development. Comparison between the distribution 
of binding sites and mRNAs showed that the increasing developmental pattern of 
mGluRl in Purkinje cells corresponded to the increase of m eti sites in the 
molecular layer. In the thalamic reticular nucleus the decrease in mGluR3 
corresponded to the decremental profile of met2 sites in the same region. On the 
contrary, no mGluR transcript explained the early transient expression of met2 
sites in the globus pallidus suggesting a presynaptic localization. The observed 
temporal expression patterns of distinct metabotropic receptors subtypes suggests 
that mGluR3 and mGluR5 are involved in the mechanisms underlying neuronal 
maturation and synaptogenesis. The maximal expression of mGluRl, mGluR2 
and mGluR4 in the adult indicates their functional role in the mature neuronal 
circuit. Supported by USPHS grant NSI9613 and DGF grant LA702/2-1 (BL).

198.17

EX P R ESS IO N  O F  N -M E T H Y L -D -A S P A R T A T E  (N M D A) 
GLUTAM ATE R E C E P T O R  G E N E S  IN T H E  B A S A L  G A N G L IA  
OF THE RAT. D. G . Standaert*. C . M. Testa. J . B. Penney. Jr., and A.
B. Young. Dept. Neurology, M ass. Gen. Hosp. Boston, MA 02114  

Glutamate is an important basal ganglia neurotransmitter. Of the four 
classes of glutamate receptors, the NMDA type are of particular interest 
because they have been implicated in both long term plasticity and 
excitotoxic injury .They are believed to be hetero-oligomers of subunits 
from two families: NM DAR1, encoded by a single gene but alternatively 
spliced to produce at least seven distinct isoforms, and NMDAR2, 
encoded by at least four separate genes 

We have used in situ hybridization with oligonucleotide probes to 
examine the expression of these genes in the rat basal ganglia. NMDAR1 
subunits are expressed throughout the basal ganglia. However, the 
amino terminus cassette Insertion I (Sugihara et al., 1992) is abundantly 
expressed only in the subthalamic nucleus (STN ), and is not detectable 
in the neostriatum (STR), globus pallidus (GP) or substantia nigra (SN). In 
contrast, expression of the Deletion I sequence is prominent in the S T R , 
but not observed in other elements of the basal ganglia. NMDAR2 
subunits also exhibit differential expression: NMDA2B is abundant in the 
STR, and present at lower levels in the G P , SN  and STN . NMDAR2A is 
detectable only in the S T R  and at a low level, while NMDA2C is not 
present in any of these regions.

Since each isoform of the NMDAR1 and NM DAR2 subunits can  confer 
distinct properties on the resultant NMDA receptor, these data imply that 
there is a high degree of compartmental specialization in the properties of 
NMDA receptors in the basal ganglia.

D G S is a HHMI Physician Research Fellow and recipient of an 
AAN Fellowship Award. Supported by U S P H S  NS19613 and AG 08671.
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E X P R E S S I O N  O F  M E T A B O T R O P I C  G L U T A M A T E  
R E C E P T O R S  IN  T H E  B A S A L  G A N G L I A  O F  T H E  R A T .
C.M. Testa*. D.G, Standaert. A.B. Young, and J.B. Penney. Jr. 
Department of Neurology, Massachusetts General Hospital, Boston, 
MA 02114.

Glutamate is the major excitatory neurotransmitter in the brain, and is 
used in both afferent pathways to and connections between basal 
ganglia nuclei. Recent evidence suggests an important role for the 
metabotropic subtype of glutamate receptors (mGluRs) in the 
modulation of basal ganglia neurotransmission. In situ hybridization 
was used to determine the expression patterns of five mGluRs in the 
adult rat basal ganglia. MGluRl and mGluR5 were expressed in 
neurons throughout the basal ganglia, with mGluR5 particularly 
prominant in the striatum and mGluRl in the substantia nigra pars 
compacta. MGluR3 was expressed in glial cells in all basal ganglia 
structures, but was observed in neurons only in some nuclei, such as 
the striatum. MGluR2 and mGluR4 had the most restricted 
distributions: mGluR2 was expressed at moderate levels only in the 
subthalamic nucleus, while mGluR4 was only readily detected in the 
striatum. Of the basal ganglia nuclei, the most complex expression 
profile was observed in the striatum, where all mGluRs were present in 
widely varying amounts and cellular distributions. Supported by 
USPHS grants NS 19613 and AG08671. DGS is a HHMI Physician 
Research Fellow and a recipient of an AAN Research Fellowship 
Award in Neuropharmacology.
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D I F F E R E N T I A L  E X P R E S S I O N  O F  K A I N A T E  R E C E P T O R S  
I N  R A T  B R A I N  - A N  IN  S IT U  H Y B R I D I Z A T I O N  S T U D Y . 
U . W ũ l ln e r » .  J .B .  P e n n e y  a n d  A .B .  Y o u n g .  N e u r o lo g y  
S e r v i c e ,  M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l ,  B o s t o n ,  M A  
0 2 1 1 4 .
T h e  g lu ta m a te  r e c e p to r  a g o n is t  k a in ic  a c id  (K A )  is  a  p o te n t  
n e u r o e x c i t a t o r y  a g e n t  t h a t  i s  in v o l v e d  in  n e u r o n a l  
d e g e n e r a t i o n  a n d  in d u c t io n  o f  s e i z u r e  a c t i v i t y .  L ig a n d  
b in d in g  s tu d ie s  h a v e  id e n t if i e d  h ig h  a n d  lo w  a f f in i t y  b in d in g  
s i t e s  f o r  [3 H ]K A  in  v a r io u s  a n im a l  s p e c ie s  a n d  h u m a n s .  
M o le c u la r  c lo n i n g  r e c e n t ly  r e v e a le d  s t r u c t u r a l l y  d is t in c t  
r e c e p t o r  p r o t e in s  fo r  tw o  s u b u n it  c la s s e s  o f  K A  r e c e p to r s :  
K A -1  a n d  K A -2 , d e f in in g  a  5 -1 5  n M  s i t e  w h e n  e x p r e s s e d  a s  
h o m o m e r ic  r e c e p t o r s  a n d  G lu R - 5 ,- 6  a n d - 7 ,  w h ic h  c a n  fo r m  
f u n c t io n a l  h o m o m e r ic  K A  a n d  A M P A  g a t e d  c h a n n e ls  w ith  
d is t in c t  e le c t r o p h y s io lo g ic a l  a n d  p h a r m a c o lo g ic a l  p r o p e r t ie s .  
U s in g  in  s itu  h y b r id iz a t i o n  w i t h  o l i g o n u c l e o t i d e  p r o b e s  
s e le c t iv e  f o r  th e  r e s p e c t iv e  m R N A s  e n c o d in g  K A -1 , -2 , a n d  
G l u R - 5 ,- 6 , -7  w e  c o m p a r e d  t h e  e x p r e s s io n  p a t t e r n s  in  r a t  
b r a in  a n d  in  p a r t ic u la r  th e  b a s a l  g a n g l ia .  W h e r e a s  K A -1  is  
p r o b a b ly  r e s t r i c t e d  to  C A 3 , d e n t a t e  g y r u s  a n d  P u r k in j e  
c e l l s ,  K A -2  w a s  fo u n d  in  s t r ia t u m , a c c u m b e n s ,  s u b th a la m ic  
n u c le u s  a n d  s u b s t a n t ia  n ig r a .  In  t h o s e  fo u r  s t r u c t u r e s  w e  
a ls o  f o u n d  h ig h  le v e ls  o f  G lu R * 6 . G lu R -5  w a s  p r e s e n t  o n ly  
in  P u r k in je  c e l ls ,  G lu R -7  in  P u r k in je  c e l ls  a n d  th e  m o le c u la r  
la y e r  o f  th e  c e r e b e l lu m , r e t i c u la r  n u c le u s  o f  th e  th a la m u s ,  
s t r ia tu m  a n d  s u b s ta n t ia  n ig r a  p a r s  c o m p a c ta .
Supported by USPHS grant NS19613 and DFG grant WU184/1- 
1(UW).

199 .1
The topobiology o f GABAa  receptor subunits in primary cultures o f rat 
cerebellar granule cells. H.J. Caruncho*. G. Puia and E. Costa. Fidia- 
Georgetown Institute for the Neurosciences. Georgetown University School 
of Medicine. Washington, DC 20007.
Cultured cerebellar granule cells contain mRNAs for most o f the GABAa  
receptor subunits; however, there is no comparable evidence o f the 
expression of the receptors in the plasma membrane. To check this point 
we have used freeze-fracture immunocytochemical techniques with 
antibodies that recognize the a l ,  a2 , a3 , a  total (reacts with several a  
subunits), β2-3, γ2 and б. The most intense labelling was found for the β2- 
3 subunits (44 receptors/ μ2). The a l  subunit shows a labelling o f 16 
receptors/ μ2 . However the labelling of the a2  and аЗ subunits was less 
than 5 receptors/ μ2 . The antibody that recognizes most o f the a  subunits 
presents a labelling o f 37 receptors/ μ2 . Both γ2 and б antibodies label 
around 10 receptors/ μ2 . The proportion o f the label o f the a  total, β2-3 
(the ß l subunit is weakly expressed in cerebellar granule cells), γ2 and б 
subunits is 4:4:1:1. If we consider that the GABAa  receptor is a hetero- 
pentameric structure, these results suggest that the stoichiometry o f the 
receptor in granule cells might be 2 α , 2β, and 1 γ2 or 1 б subunits per 
receptor (the proportions o f receptors containing the γ2 or б subunits might 
be 50:50). The number o f receptors containig the a l  subunit might be 50% 
(if receptors contain only one type o f a  subunits) or from 50 to 100% (if, at 
least some receptors, contain more than one type of a  subunits).

1 9 9 .2
STIMULATION OF THE NMDA-SELECTIVE GLUTAMATE RECEPTOR 
CHANGES GABAa RECEPTOR SUBUNIT PROTEINS AND mRNAs IN 
PRIMARY CULTURES OF RAT CEREBELLAR GRANULE NEURONS. 
Harris. B.T.*. Costa. E.. and Grayson. D.R. Fidia-Georgetown Institute for the 
Neurosciences, Georgetown University. Washington, D C . 20007.

With the hypothesis that neurons continuously adjust their transcriptional programs 
depending on afferent synaptic information impinging on them, we studied how 
excitatory receptor stimulation regulates the expression GABAa receptor subunits and 
mRNAs. Using a competitive PCR method with subunit-specific internal standards, 
we determined that the absolute amounts o f  mRNAs encoding the a l ,  a5, 01, and 03 
subunits o f  GABAa receptors were significantly greater in cultures maintained for 5 
days in depolarizing conditions (25 mM KC1) when compared to those maintained at 
lower KC1 concentrations (12.5 mM): a l  at 12.5 mM KC1- 280 amol//zg RNA vs. 
25 mM KC1- 510 amol//xg, a5- 21 amol/μg vs. 89 amol/^g, 01- 150 amol/^g vs. 300 
amol/^g, 03- 200 amol//xg vs. 300 amol/^g. Similarly, in low KC1 conditions, a 24 
hour treatment with glutamate (5 μΜ) or N-methyl-d-aspartate (NMDA) (10 μΜ), 
significantly increased the mRNA content o f the a l  and a5 receptor subunits to 730 
amol//ig RNA and 55 amol//tg RNA, respectively. This increase was prevented by 
a co-treatment with MK-801 (1 μΜ). Also, for both a l  and a5 the effect o f NMDA 
on this increase was both dose-dependent (EC50 =  5 μΜ) and time-dependent with 
significant increases observed at 6 hrs (a5) and 12 hrs (a l) . Maximal increases were 
detected at 24 hrs post treatment (both a l  and a5) and were maintained for 48 hrs. 
Other GABAa receptor subunit mRNAs such as the об, 02, and 03 subunit mRNAs 
failed to change after NMDA treatment. Using subunit specific polyclonal antibodies, 
we observed qualitative increases by immunocytochemistry and Western analysis and 
quantitative increases by ELISA in a l  (0.37 pmol/mg membrane protein in 12.5 mM 
KC1 cultures compared to 2.7 pmol/mg after NMDA treatment (10 μΜ) for 48 hours 
or to 2.5 pmol/mg in 25 mM KC1 cultures) and a5  (0.048 pmol/mg in 12.5 mM KC1 
cultures compared to 0.35 pmol/mg after NMDA treatment or to 0.41 pmol/mg in 25 
mM KC1 cultures) subunit immunoreactivity, as well. These findings suggest a 
differential regulation o f GABAa receptor subunit biosynthesis in the two cultural 
conditions and in response to glutamate receptor stimulation.
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199.3
ISOLATION AND CH ARACTERIZATIO N OF THE RAT  
G A B A a RECEPTOR ocl-SUBUNIT GENE. A.N. Bateson^ *  
and P.R. Paetsch1. departm ent of Pharmacology and d iv is io n  of 
Neuroscience, Faculty of Medicine, University of Alberta, Edmonton, 
Canada T6 G 2H7.

Molecular cloning has revealed a large family o f GABAa  receptor 
subunits, each encoded by separate genes, and demonstrated the 
existence of a superfamily of ligand-gated ion-channels (GABAa , 
nicotinic acetylcholine, glycine and 5НТз receptors). Individual 
GABAa receptor subunit genes exhibit developmental- and cell-specific 
expression. Furthermore, recent studies from a number of laboratories 
have indicated that chronic exposure to certain GABAa receptor ligands 
can result in specific changes in transcript levels of some of these genes, 
suggesting a molecular mechanism for such clinical phenomena as 
benzodiazepine tolerance. We are interested in better understanding the 
transcriptional regulation of this gene family both in normal and clinically 
relevant situations. We have previously reported the isolation and partial 
characterization of the chicken GABAa  receptor a l -subunit gene 
promoter (Ultsch et al., Biochem. Soc. Trans., 1990) and we have now 
used an approximately 300 bp fragment of this gene to screen 5x l0 5 
recombinants of a rat liver λ ϋ Α 8 Η genomic DNA library (Stratagene). 
A single positive clone was isolated to plaque purity and directly 
sequenced by linear amplification. Our results indicate that there is 
significant sequence conservation between the chicken and rat GABAa 
receptor a l -subunit gene promoters and that they are likely to contain 
similar sequence motifs that are involved in transcriptional regulation.

PRP is in receipt of an AHFMR Postdoctoral Fellowship.

199.5
CHARACTERIZATION OF GABAA RECEPTOR ANTIBODY FOR 
THE ALPHAg SUBUNIT. B.X. Carlson and R.W. 
Olsen. Department of Pharmacology, UCLA School 
of Medicine, Los Angeles, CA 90024.

The alpha6 subunit of the GABA^ receptor is 
a 56 kilodalton (kd) protein. In situ 
hybridization has shown that alpha6 mRNA is 
primarily localized to cerebellar granule cells. 
Thirty percent of cerebellar Ro 15-4513 binding 
is diazepam-insensitive (DZ-IS), and recombinant 
GABA* receptors with alpha6 have demonstrated 
Ro 15-4513 binding that is not displaceable by 
diazepam. The purpose of the present study was 
to develop and characterize an alpha6, subunit- 
specific antibody. Polyclonal antibodies were 
produced in rabbits against a synthetic peptide 
from the putative cytoplasmic loop between the 
third and fourth membrane spanning domains of 
the alpha* cDNA seguence. Alpha6 antiserum 
recognized in western blots a 56 kd band in 
crude rat and human cerebellar membranes and rat 
cortical membranes. Anti-alpha6 antiserum was 
able to immunoprecipitate 100% of DZ-IS [3H]Ro 
15-4513 binding from detergent-solubilized, 
cerebellar receptors as well as approximately a 
fourth of the diazepam-sensitive sites. This 
result suggests that some alpha6 subunits may be 
part of GABA» receptors that bind diazepam. 
(Supported by NS28772, RWO)

199.7
PROPYL-6-AZIDO-ß-CARBOLINE-3-CARBOXYLATE; A NEW 
PHOTOAFFINITY LABEL FOR THE GABA -BENZODIAZEPINE 
RECEPTOR. J. Zezula, S. Karali, R.H. Dodd° and
W. Sieghart*. Dept. of Biochem. Psychiatry,Univ. 
Klinik f. Psychiatrie, Währinger Gürtel 18-20, 
A-1090 Vienna,Austria.°Inst. de Chimie des Subst. 
Naturelles, Centre National de la Recherche 
Scientifique, 91198 Gif-sur-Yvette Cedex.

In the present study binding of the tritiated 
form of propyl-6-azido-ß-carboline-3-carboxylate 
(3H-Azido-ßCCP) to purified GABA.-benzodiazepine 
receptors was investigated. In tne absence of UV 
light binding was reversible and saturable and 
binding equilibrium was reached after 60 min at 
4°C.The KD of 3H-Azido-ßCCP binding was calcula
ted to be 2.72 + 0.65 nM. Binding of 3H-Azido-ß- 
CCP could be displaced by diazepam, ß-CCE and Ro 
15-1788 with IC50 values in the low nanomolar 
range, while GAb A concentrations up to 100μΜ had 
no effect on this binding.When affinity purified 
GABAA receptors were irradiated at 254 nm in the 
presence of 3H-Azido-ßCCP and then subjected to 
SDS-PAGE, a protein with apparent molecular 
weight of 51kDa was specifically and irreversib
ly labeled by this compound.These results indic
ate that 3H-Azido-ßCCP could be used as a photo
affinity label for GABAAbenzodiazepine receptors.

199.4
A N T I B O D IE S  T O  A  F U S IO N  P R O T E IN  O F  T H E  ß 2 
SUBUNIT OF THE GABAa RECEPTOR. J.I. Moreno. M .A  
Piva. C.P. Miralĩes and A.L. D e Bias*. Div. M olec. Biol, and 
Biochem, SBS, UMKC, Kansas City, MO. 64110.

The large intracellular loop (IL), located between M3 and M4, 
of the ß 2 subunit of the rat GABAA/Benzodiazepine receptor has 
been expressed as staphylococcal protein A  (SPA) fusion protein 
in K  c o ii N4830-1. The ß ^ L  D N A  was synthesized by polymerase 
chain reaction (PCR) and inserted into pRTT33. The SPA-/32IL 
fusion protein was purified by affinity chromatography on IgG- 
Sepharose.

Rabbits were immunized with the fusion protein. The antisera 
were assayed for the presence o f specific antibodies by immuno- 
precipitation of the solubilized GABA^Benzodiazepine receptors 
determined by radioligand binding assays with [3H]flunitrazepam 
and [3H]muscimol. The antibody titer was determined by ELİSA 
with immobilized purified ß 2l L  protein. The latter was obtained 
after controlled protease cleavage of the SPA-/3?IL fusion protein 
with factor Xa and elim in ation  o f  the SPA  m oiety by affinity 
chromatography on IgG-Sepharose. The antisera were affinity 
purified on /yU Sepharose. Rat brain immunocytochemistiy with 
affinity-purified antibodies has revealed the localization o f the 
GABAA/Benzodiazepine receptors containing ß 2 subunits.

199.6
IMMUNOCHEMICAL DISTINCTION OF GABAa-RECEPTOR SUBTYPES 
DIFFERING IN DRUG BINDING PROFILES AND CELLULAR DISTRIBUTION. 
J.M. Fritschv. D. Benke. S. Mertens. В. Gao, and H. Mohler*. Institute of 
Pharmacology, University of Zurich, CH - 8006 Zurich, Switzerland.

The identification of a wide variety of GABAA-receptor subunits points to an 
extensive heterogeneity whose functional significance is not well understood. In this 
study, the abundance, drug binding profiles and distribution of native GABAa- 
receptors were characterized immunochemically with subunit-specific antibodies. 
The al- and ß2-subunits were present in 60-70% of GABAA-receptors, as shown by 
immunoprecipitation. These receptors had typical benzodiazepine (BZD) type I 
ligand binding properties. By contrast, only 20-25% of GABAA-receptors contained 
the a2- or ß3-subunits, displaying a BZD type II pharmacology. Both subsets are 
expected to contain the widely expressed y2-subunit, which confers BZD-sensitivity 
to GABAA-receptors. The selective association of the subunits α1β2γ2 and α2β3γ2 
was confirmed immunohistochemically by triple staining. Small populations of 
receptors were immunoprecipitated with antibodies to the α3-, α5- or δ-subunit, 
which all contained BDZ-binding sites. Marked variations in the pharmacology of 
receptors containing the a5-subunit were observed among different brain areas. In 
keeping with studies on recombinant receptors, the a4-subunit was associated with 
BZD-insensitive binding sites. Evidence for a cell-specific expression of GABAa- 
receptor subtypes was provided e.g. in hippocampus by the selective co-localization 
of the subunits α2β3γ2 in pyramidal and granule cells, contrasting with the restricted 
distribution of the subunits al and β2 in a subset of intemeurons. Furthermore, 
monoaminergic and cholinergic neurons selectively expressed the α3-, but not the 
a l -subunit The results point to the subunit combinations α1β2γ2 and α2β3γ2 as 
representing two main subtypes of GABAA-receptors, which may comprise up to 
80% of BZD-binding sites in brain. Additional GABAA-receptor heterogeneity is 
largely restricted to less abundant subtypes expressed in various cell populations.

199.8
IDENTIFICATION OF A [3H]MUSCIMOL PHOTOAFFINITY 
SUBSTRATE IN GABA-A RECEPTOR ALPHA SUBUNIT G.B. 
Smith* and R.W. Olsen. Department of Pharmacology, UCLA 
School of Medicine, Los Angeles, CA 90024.

An agonist binding site on GABA-A receptor a subunits 
has been identified by photoaffinity labeling with [3H]muscimol 
([3H]MUS). Previous evidence suggested the β subunit as the 
major photolabeled subunit, although homomeric expression 
studies have shown the potential for a functional GABA binding 
site on all classes of subunits. Sigel, £t sL  (EMBO J., 1992) 
showed that a point mutation of F64 to L in rat a1 subunit 
strongly decreased agonist affinity when coexpressed with 
ß 2 y2 . We have attempted to identify agonist binding domains 
by microsequencing [3H]MUS photolabeled chymotryptic 
peptides, purified from bovine cortex receptor by 
benzodiazepine affinity column and SDS-PAGE. Electrocuted 
polypeptides were digested with TLCK Chymotrypsin and 
products separated by HPLC. Sequencing of one peptide gave 
the sequence TIDVFRD with release of 3H label in the fifth 
cycle, corresponding to F. The first five residues match the 
bovine a1 published sequence beginning at T61, following the 
chymotryptic substrate Y60. This sequence is found in a1-3 of 
rat and cow and a5 of rat. The F carrying the label is 
conserved among all a subunits and is identical to that shown 
by Sigel, ū i ļ .  to affect function. Supported by NS28772.
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199.9
GABAa r e c e p t o r  h e t e r o g e n e i t y  i n  t h e  r a t
CEREBELLUM FURTHER DISTINGUISHED BY β  
SUBUNITS. K.H. Huh*. T.M. DeLorev. S. Endo and R.W. 
Olsen. Department o f Pharmacology, UCLA, Los Angeles, CA 
90024.

GABAa receptors in the cerebellum have distinct pharmacological 
properties from other brain regions in that they are enriched with 
high affinity muscimol and DZIS (diazepam insensitive) Rol5-4513 
binding sites. The «6  and б subunits, which are most highly 
expressed in the cerebellum, are possible candidate clones for these 
binding characteristics, without knowing the subunit combinations 
in vivo. In the present study, antibodies thought to recognize all ß  
subunit polypeptides at cytoplasmic epitopes, immunoprecipitated 
about 70 % o f DZIS and also a similar degree o f DZS (diazepam 
sensitive) Ro 15-4513 binding sites from crude soluble extracts of 
the rat cerebellum. On the other hand, /33 subunit-specific 
antibodies recognized about 13 % and 7 % o f DZIS and DZS 
binding sites, respectively. These results suggest the majority of 
cerebellar GABAa receptors contain ß  subunits other than /33 and 
that DZIS and DZS binding sites are heterogeneous in their subunit 
assemblies implying further functional diversity o f these 
populations. Supported by NIH grant NS 282772.

199.11
DISTRIBUTION OF ZOLPIDEM IN RAT BRAIN: RELATIONSHIP TO  
GABAa  REC EPTO R SUBUNITS. G.R. Breese*. G .E. Duncan, and A.L. 
Morrow. Brain and Development Research Center and Dept. of Psychiatry, 
Univ. of North Carolina, Chapel Hill, N.C., 27599 

Zolpidem is classified as a type-1 benzodiazepine agonist. 
Electrophysiological data from our laboratory has indicated that ethanol 
enhances responses to GABA at sites where zolpidem binding is localized.
In order to demonstrate sites of action where ethanol may produce its 
sedative and anticonflict actions, binding for zolpidem was defined in rat 
brain using high resolution autoradiography. Zolpidem binding was found in 
the highest concentrations in the medial septum, diagonal band, ventral 
pallidum, substantia nigra reticulata, inferior collicular cortex, specific layers 
in the cortex and the molecular layer of the cerebellum. At each of these 
sites, we found mRNA for the α1, ß2, and γ2 GABAa  receptor subunits, 
suggesting that these receptor components are responsible for zolpidem 
binding. In general, this combination of GABAa  receptor subunits was not 
found at sites where zolpidem binding was absent or at extremely low levels 
(e.g., lateral septum and ventral tegmental area). These data provide 
information about the molecular basis of zolpidem binding and predict brain 
sites where acute ethanol administration would be expected to enhance 
GABAa  receptor function or influence specific behaviors associated with 
these brain regions. However, recent electrophysiological data suggest that 
ethanol does not enhance GABA on all neurons sensitive to zolpidem (e.g., 
see abstract by Criswell et al., 1993), suggesting that zolpidem binds to 
more than one GABAa  isoreceptor. Further studies are required to 
determine whether the in vivo difference between ethanol and zolpidem 
enhancement of GABA on some cells can be attributed to the presence or 
absence of specific subunits or splice variants of the GABAa  receptor. 
Supported by USPHS grants AA-08024, AA-09122, HD-03110, NS-26595 
and AA-09079.

199.13
CHARACTERIZATION OF DIAZEPAM-INSENSITIVE fHJRo 15-4513 
BINDING IN RODENT BRAIN AND CULTURED CEREBELLAR 
NEURONAL CELLS. Y. lto*E. Abiko. K. Mitani and H. Fukuda. Dept. 
of Pharmacology, Coll, of Pharmacy, Nihon Univ., Funabashi-shi, Chiba 
274, Japan.

Experiments were performed to characterize diazepam-insensitive 
pH]Ro 15-4513 binding sites (DZ-IS sites) in discrete regions of rodent 
brain and cultured cerebellar granule cells. Scatchard analysis of 
pHJRo 15-4513 binding in the presence of 10 μΜ diazepam revealed 
that DZ-IS sites in the rat brain were most abundant in the cerebellum, 
followed by the hippocampus, cerebral cortex and olfactory bulb. DZ
IS sites represented approximately 80% of the total [3H]Ro 15-4513 
binding sites in the membranes of cultured cerebellar granule cells, 
whereas diazepam-sensitive binding sites and sites labeled by 
pHJdiazepam represented 20% of total fHJRo 15-4513 binding sites 
in this preparation. Although some annelated [1,5-a]benzodiazepine 
analogues such as Ro 15-4513, Ro 16-6028, flumazenil and Ro 
15-3505, and an imidazothienodiazepine, Ro 19-4603, showed high 
affinity for cortical and cerebellar DZ-IS sites, all the annelated 
benzodiazepine compounds tested showed higher affinity for cerebellar 
DZ-IS sites than cortical ones. In contrast, a pyrazoloquinoline 
compound, CGS 8216, and /3-carboline analogues such as 
/3-carboline-3-carboxylate ethyl ester and /3-carboline-3-carboxylate 
methyl ester exhibited higher affinity for cortical than cerebellar sites. 
These results suggest that DZ-IS sites are heterogeneous in brain 
areas with respect to ligand specificity.

19 9.10
MOLECULAR PROFILING OF GABAa RECEPTOR SUBUNITS IN INDIVIDUAL 
NEURONS OF THE RAT RETINA. E.V. Griaorenko. H.H. Yeh and S.F. 
Sawver*. Dept. Physiology & Pharmacology, Bowman Gray School of 
Medicine, Wake Forest University, Winston-Salem, NC 27157.

The multiplicity of GABAa receptor subunits suggests considerable 
heterogeneity in the make-up of GABAa receptors within the central 
nervous system (CNS). However, the complement of subunits expressed 
in any given CNS neuron remains unknown. Using reverse transcription 
followed by polymerase chain reaction (PCR) with gene-specific primers, 
we have begun to profile the expression of certain GABAa receptor 
subunits (σ1, /91-3 and γ2) in single retinal cells.

Rod photoreceptor cells, putative horizontal cells, bipolar cells and 
ganglion cells were chosen based on morphological features which were 
retained following acute dissociation of the adult rat retina. The cDNA 
used for PCR was synthesized from mRNA harvested from a single cell. 
Within the family of /9-subunits, rod photoreceptor cells consistently 
expressed βλ and ß l  subunit messages, bipolar cells the /91 and β3 while 
ganglion cells displayed significant variability, the majority expressing all 
three /9-subunit messages. Thus far, the σ1 message has been detected 
exclusively in putative horizontal cells while that for γ2 could be found in 
all but the rod photoreceptor cells. The eventual goal is to employ as many 
subunit-specific primers as possible in profiling each neuron.

Our results indicate not only that expression of GABAa receptor 
subunits is dependent on the type of retinal neuron but also that multiple 
subtypes of certain subunits may be found in an individual retinal neuron. 
The latter implies that a neuron in situ may coexpress mulitple forms of 
GABAa receptors. Ultimately, our approach may also be extended towards 
profiling other classes of receptors or candidate genes in CNS neurons. 
Supported by PHS NS01340, NS24830 and BGSM start-up funds.

199.12
C O RRELATIO N OF THE D ISTR IB U TIO N  OF G A BA a 
R E C E P T O R  a l -  AND a 2 -S U B U N IT  m R N A s W IT H  
BENZODIAZEPINE BINDING SITES IN CHICK BRAIN. T.A. 
G lencorse1’2. M.G. Darlison1. S.M.J. Dunn2* and A.N. Bateson1’2. 
]MRC Molecular Neurobiology Unit, MRC Centre, Hills Road, 
Cambridge CB2 2QH, UK and department of Pharmacology, Faculty 
of Medicine, University of Alberta, Edmonton, Canada T6G 2H7.

The GABAa  receptor, the major site of neuronal inhibition in the 
vertebrate brain, contains a number of allosteric modulatory sites for 
pharmacologically important compounds such as the benzodiazepines. 
Classical pharmacological studies described the existence of two 
GABAA/benzodiazepine receptor classes, type I (BZI) and type II 
(BZII). Molecular cloning techniques have revealed a multiplicity of 
receptor subunits and subunit isoforms (a l-6 , β 1-4, γΙ-З, б), each of 
which have been shown to exhibit distinct developmental-, regional- and 
cell-specific expression patterns. Previously we have shown that the 
distribution o f a l  subunit transcripts correlates mainly, but not 
completely, with BZI binding sites in avian brain. To examine the 
relationship between a l -  and a2-subunit transcript distribution and 
receptor BZ type pharmacology in more detail, we performed in s itu  
hybridization and ligand-binding autoradiography on 1-day-old chick 
{G a l lu s  d o m e s t ic u s )  brain serial sections. Our results indicate that 
regions which exhibit BZI type pharmacology, contain only a l -subunit 
transcripts. In contrast, regions which were shown to contain both a l 
and a2-subunit transcripts, primarily exhibit ΒΖΠ type pharmacology. 
These results suggest that BZ pharmacology cannot necessarily be 
predicted on the basis of alpha subunit gene expression.

199.14

E F F E C T  O F SUBUNIT COMPOSITION ON GABA/BENZODIAZEPINE  
R E C E P T O R  BINDING C H A R A C T E R IS T IC S  IN A B A C U LO V IR U S  
EXPRESSION  SYSTEM . C. Hartnett*. J. Yu. M. Brown. K. Gerber. R. Primus. 
T.V. Ramabhadran. and D. Gallaaer. Neurogen Corp. Branford, CT. 06405 

The GABAA receptor complex is composed of subunits from at least 3 classes 
of isoforms. Using a high efficiency expression system of SF9 cells infected 
with baculoviruses containing cDNAs for various GABAA receptor subunits, we 
measured mRNA levels and characterized GABA and benzodiazepine 
recognition sites using radioligand binding techniques. In these studies, we 
have demonstrated subunit requirements for ligand binding are similar to those 
seen with receptors expressed in mammalian cells. Minimal requirements for 
muscimol binding were at least 1 a  and 1 β; no significant binding was seen with 
homomeric constructs containing α, β, үог б. In addition, constructs containing 
αγ, βγ , αδ or βδ produced no significant binding. For significant 
benzodiazepine binding to occur, a γ subunit was also required. The 
timecourse for appearance of 3H-muscimol binding differed from that of 3H- 
Ro15-1788 despite simultaneous infection with α, β and γ subunit-producing 
baculoviruses. No binding was seen for either ligand at 24 hrs following 
infection. However, by 48 hrs postinfection, expression of muscimol binding 
was maximal whereas Ro15-1788 binding was not maximal until 60-72 hrs 
postinfection. The ratios of α, β and γ subunit virions required for optimization 
of binding to both ligands were determined. Using these optimized 
parameters, pharmacological and modulatory properties of the constructs were 
characterized using subtype selective compounds.
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199.15
DEPHOSPHORYLATION OF GABAa RECEPTORS IN MOUSE BRAIN BY A 
CALCIUM-INDEPENDENT PHOSPHATASE. M, H. Jalilian Tehrani* and E.M. 
Barnes. Jr. Dept. of Biochemistry, Baylor Col. of Med., Houston, TX 77030

There is general agreement that GABAa receptor (GaR) currents are reduced by 
the phosphorylation of GaR peptides by protein kinase A (PKA). We have recently 
shown that a 57-kDa ß subunit of GaR in mouse cortical homogenates is 
phosphorylated by endogenous PKA [Tehrani and Barnes, 1992]. This in situ 
incorporation of 32P shows a t1/2 = 10 sec, a maximum level in 30 sec, and a decline 
thereafter to 35% of the maximum level in 5 minutes at 30°C. The latter suggests 
that phosphorylated GaRs are rapidly attacked by a phosphatase. This 
dephosphorylation of GaRs occurred in the absence of Ca2+ (1 mM EGTA) and 
required relatively high concentrations of okadaic acid (0.3-1 μΜ) and microcystin 
LR (100-300 nM) for inhibition. In order to study this phosphatase further, affinity- 
purified GaR was phosphorylated with the catalytic subunit of PKA and ΑΤΡ[γ-32Ρ], 
In cortical homogenates, dephosphorylation of the 57-kDa 32P-peptide from purified 
GaR showed a sensitivity to okadaic acid and microcystin LR which was similar to 
that found with the GaR substrate generated in situ. When endogenous divalent 
cations were chelated with EDTA or EGTA, addition of a 0.5 mM excess of Ca2+, 
Ni2+, Mg2+, or Mn2+ failed to stimulate GaR phosphatase activity. The low 
sensitivity of GaR phosphatase to okadaic acid and microcystin LR appears to be 
inconsistent with a role for phosphatases PP1, PP2A, and PP3. Furthermore, the 
lack of a divalent cation requirement seems to eliminate PP2B (calcineurin) and 
PP2C as possible candidates. This suggests that, in mouse cerebral cortex, 
dephosphorylation of the major PKA substrate present in GaR is catalyzed by an 
activity which is distinct from the major classes of previously described protein 
phosphatases.

[Supported by DK17436, NS11535, and MH47715 from NIH]

199.17
E V ID E N C E  FO R  T H E  SU B U N IT S T O IC H IO M ET R Y  O F  A 
RECO M BIN A N T GABA-A R E C E P T O R . K.H. Backus. U. Drescher. M. 
Ariqoni. L. Scheurer. H. Möhler and J.A . Benson*. Institute for 
Pharmacology, University of Zürich, CH-8006 Zürich, Switzerland.

The GABA-A receptor is composed of several different transmembrane 
subunits. Until now, it has proven difficult to determine precisely how 
many of each subunit are present in the GA BA-A receptor. Here we 
describe a method to determine the subunit stoichiometry of a 
recombinant GABA-A receptor composed of «3, ß2 and γ2 subunits. By 
point-mutation of the cDN As coding for these subunits, we substituted 
negatively-charged amino acids for positive and neutral residues located 
near the ion channel pore. In cells co-transfected with combinations of 
these cDNAs, the l-V relations of the currents mediated by the expressed  
GABA-A receptors were measured. Cells expressing solely wild-type 
subunits exhibited linear l-V relations, w hereas cells expressing mutated 
subunits displayed outward rectification. The degree of rectification 
varied, depending on the types of subunit transfected. The six possible 
combinations for wild-type and/or mutated subunits were rank-ordered by 
the degree of rectification they induced. Assuming a  correlation between 
the total charge change at the sites of point-mutation and the degree of 
rectification, the total charge change for all possible wild-type and/or 
mutated subunits combinations could be calculated for tetrameric, 
peritamene and hexameric receptors and compared with the 
experimental rank order of rectification. S ince  the theoretically possible 
subunit combinations are distinguished from one another by unique rank 
orders of charge change, it w as possible to deduce a pentameric 
structure consisting of two a, one β and two γ subunits.

199.16
CHARACTERIZATION OF A PUTATIVE GABA RECEPTOR β 
SUBUNIT GENE FROM D R O S O P H IL A  M E L A N O G A S T E R . Joseph
E. Henderson*. Douglas C. Knipple and David M. Soderiund. Field 
of Environmental Toxicology and Dept. o f Entomology, New York 
State Agrie. Expt. Station, Cornell Univ., Geneva, NY 14456.

A cDNA encoding a novel member of the ligand-gated chloride 
channel gene family from D r o s o p h i la  m e la n o g a s t e r  has been 
isolated and characterized. The 1488 nucleotide open reading frame 
of this cDNA (designated LCCH3) encodes an amino acid sequence 
having structural features conserved among ligand-gated chloride 
channel subunit proteins, including four hydrophobic domains 
capable of forming transmembrane helices (TM1-4), an octapeptide 
(TTVLTMTT) "signature motif" occurring in TM2, a large 
intracellular domain TM3 and TM4, and cysteine residues postulated 
to form a disulfide-bridged loop structure in the extracellular domain. 
Among characterized members of this gene family, this gene exhibits 
the greatest similarity to GABA receptor β subunit genes, with the 
core region (TM1-3) having amino acid sequence identities of 98% to 
a GABA receptor β subunit o f the pond snail, L y m n a ea  s ta g n a lis , and 
about 77% to vertebrate β subunits. Sequence analysis o f genomic 
DNA clones derived from the LCCH3 locus demonstrates the 
conservation of both the position and sequence context o f several 
intron-exon splice junctions between this gene and other 
characterized GABA receptor subunit genes. This high level of 
structural similarity suggests that LCCH3 may be a functional 
homologue of the β subunit family in the D . m e la n o g a s te r  nervous 
system.

199.18

GABAa RECEPTO R ACTIVATION: A TWO STEP  PRO CESS?
R. P. Shank* and A, B , Carter· Drug Discovery Research, The R. W.
Johnson Pharmaceutical Research Institute, Spring House, PA 19477.

For membranes prepared from most areas of the rat CN S, GABA and 
its agonist analogs exhibited a biphasic effect on 35S -T B P S  (l-butyl 
bicyclophosphorothionate)binding. At low concentrations GABA  
enhanced binding by increasing the affinity between T B P S  and its 
binding site, whereas at high concentrations it inhibited binding by 
decreasing T B P S  affinity. Normalized concentration-response curves 
for GABA, fourteen analogs and pentobarbital were modeled to Eq.1 ;

%  control = ( l0 0  + ----------— ------- =-) ( ---------- ----------=-) Eq.1
'  1 + ( E C 5 o / C ) n ' V1 + ( C / IC 5 o )n /  4

w here C is concentration, E m is the theoretical maximum 
enhancement of T B P S  binding, E C 50 is the concentration at half
maximum enhancem ent, IC50 is the concentration at which TBPS  
binding is inhibited to one-half the maximum value, and n is a slope 
factor. Concentration-response data for all com pounds except 
imidazole acetic acid were modeled well by this equation. In all 
instances the IC50 value appeared to be coincident with the E C 50 for 
enhancing 3H-flunitrazepam binding. The results of this study are 
consistent with the view that the activation of GA BA a  receptors 
involves two conformational changes. The first shifts the receptor 
into a "primed" state in which the channel remains closed, but which 
"unmasks" sites to which GA BA binds and induces a second  
conformational change that opens the Cl* channel. The effect of 
diazepam on GABA concentration-response curves suggests that 
agonist benzodiazepines can shift the receptor into the "primed" state.

PEPTIDES: PHYSIOLOGICAL EFFECTS I

200.1
EFFECTS OF NEUROTENSIN U PO N  ACTIVITY OF NEURONS IN THE 
SUPERIOR COLLICULUS (SC) OF THE HAMSTER. Y. Zhang*. R.D. 
Moonev. and R.W. Rhoades. Medical College of Ohio, Toledo, OH 43699 

The presence of neurotensin (NT) receptors in the superficial layers of the 
rodent SC, where evidence for NT-containing afferents or intrinsic neurons is 
lacking, has prompted the suggestion that such receptors are non-functional. 
We have tested this by recording from superficial SC neurons during 
micropressure application of 1-10 μΜ NT from multibarrelled pipettes. Visual 
responses were suppressed in 74% of the cells tested (n=65) and were 
abolished in 9% of the sample. In 5% of the sample, responses were 
enhanced. In order to determine whether these actions were specific to 
different pathways, cells that could be activated by both electrical stimulation 
of the optic chiasm (OX) and visual cortex (CTX) were tested with NT. Of 
the cells tested (n=28), 32% had their OX-evoked responses reduced by more 
than 30% while 52% had their CTX-evoked responses suppressed as strongly. 
The correlation between these variables was significant (r=0.51; pc.01). Thus, 
both afferent projections to the SC are affected to some extent by NT. This 
could occur if the NT receptors were located either upon both retinotectal and 
corticotectal terminals or upon postsynaptic membranes common to both 
inputs. Limited data from 6 neurons, which were directly activated by 
iontophoretic glutamate injections while synaptic activity was blocked by 
iontophoretic application of Mg2* from a second barrel, showed that 83% of 
these cells had their glutamate-evoked response strongly suppressed by NT. 
These data suggest that NT receptors in the SC are indeed functional, and that 
their activation typically inhibits visual cells, probably by postsynaptic 
mechanisms. Supported by EY 04170, EY 08015 and BNS-9208211.

200.2
ELECTROPHYSIOLOGICAL PROPERTIES OF NEUROTENSIN 
LIGANDS ON DOPAMINE NEURONS USING IN VITRO 
NIGROSTRI AT AL AND MESOLIMBIC RAT EXPLANT CORES.
¥ , p , Pay is*, H,C, Akynnę. P,L, WvSttQw ąpd M,J, Ңү<Де, 
Neurosciences Section, Parke-Davis Research Division,
Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105.

Neurotensin, a tridecapeptide, has been shown to modulate 
dopamine neuronal cell activity as indicated by an increase in 
firing rate and elevation of dopamine turnover in several CNS 
regions. It has been suggested that this peptide reduces 
potassium ion while increasing sodium ion conductances. Here we 
investigated the effects of neurotensin peptide ligands on the щ  
vitro electrophysiology of identified dopamine cells recorded from 
tissue explants containing the nigrostriatal (NS) or mesoaccumbens 
(MA) pathway.

Male, 14-21 day old rats were decapitated, their brains removed 
and the intact soma-to-terminal projection of the NS or MA system 
was "cored" out using a sharpened steel cannula. The resulting 
cylinder of tissue was perifused with warmed, oxygenated media and 
standard electrophysiological studies performed. Native rat 
neurotensin (NT 1-13) caused a concentration-dependent increase in 
firing rate at 10, 100, and 1,000 nM. In about half the trials, 
the highest concentration of NT 1-13 produced an apparent 
depolarization block resulting in complete, reversible inhibition 
of spike activity. NT 8-13 produced equipotent responses, while 
NT 9-13 was somewhat weaker. The newly identified marsupial NT 8- 
13 was ten-fold less active in elevating the firing rate of these 
neurons. No differences between the NS and MA systems were seen 
in these drug trials.
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200.3
ENDOGENOUS NEUROTENSIN ANTAGONIZES METHAM- 
PHETAMINE ENHANCED DOPAMINERGIC ACTIVITY.
J.D. Wagstaff *. L. Bush. J.W. Gibb, and G.R. Hanson, Dept. 
Pharmacol, and Toxicol., Univ. of Utah, Salt Lake City, UT 
84112.

Neurotensin (NT) has been proposed to be an endogenous 
neuroleptic based on observations that i.c.v. administration of this 
peptide antagonizes dopamine-mediated behavior. Because NT ap
pears to modulate dopaminergic systems, it is speculated to con
tribute to the pathogenesis o f psychotic disorders such as 
schizophrenia. Because of the lack of selective NT antagonists, the 
physiological effects of NT remain speculative. In an attempt to 
elucidate the function of endogenous NT, a selective NT antiserum 
(NTA) was administered i.c.v. through a push-pull cannula in 
unanesthetized, freely moving rats in combination with the 
dopamine-enhancing drug, methamphetamine (METH). METH 
(0.5 mg/kg)-induced locomotor and rearing activity were substan
tially enhanced (4-5 fold) in rats receiving NTA compared to con
trol animals receiving METH alone. To determine a possible 
mechanism for these observations, cerebrospinal fluid was collect
ed and dopamine release was assessed using HPLC with electro
chemical detection. METH-induced dopamine release was also in
creased 4-5 fold in animals receiving NTA. These findings 
demonstrate that the endogenous NT system antagonizes stimula
tion of dopamine pathways, and supports the hypothesis that NT 
is involved in the pathogenesis of schizophrenia. (Supported by 
USPHS grants DA 00869 and DA 04222.)

200.5
Effects of S ubstance P and CGRP on C orneal E pithelial 
Wound H ealing in R abbits after n-H eptanol L esions. a  E.
Kinaslev* & C. F. Marfurt. South Bend Center for Med. Edu., 
Indiana Univ. Sch. of Med., Notre Dame, IN 46556.

The purpose of this study was to assess the effects of neuroactive peptides 
on the wound closure rate of rabbit comeal epithelium after n-heptanol lesions. 
Male New Zealand White Rabbits were deeply anesthetized with 4% thiamylal 
sodium (Bio-tal·) i.v. The corneas were wounded bilaterally by placing a 7mm- 
diameter filter paper disk, moistened with n-heptanol, on the center of the 
cornea for 20 seconds and then rinsed with normal saline. In all animals the 
left eye was treated topically with one of three peptide solutions (drops bid); 
whereas the right eye was treated with vehicle only. The sizes of the wounds 
were determined at regular intervals by fluorescein staining. The wound radii, 
fully corrected for the curvature of the cornea, were determined by computer 
assisted planimetry. Using linear regression analyses, straight lines were fitted 
through the data points and the slopes compared with a paired t-test.

When SP @ 10"3M was applied to the eyes alone, the rates of wound closure 
were -0.096 mm/hr treated vs -0.085 mm/hr control (p á 0.1, n=6). When SP 
@ lÔ M + CGRP @ 10"SM were combined,the closure rates were -0.096 treated 
ps -0.086 control (p >-0.1, n=5). When SP @ 104M + CGRP @ 10~5М were 
combined, the closure rates were -0.088 treated vs -0.078 control (p áO.l, n=6). 
In an effort to demonstrate greater significance, the data from the 17 animals 
reported here and 6 additional animals were combined. The combined rates 
of closure were -0.0883 treated vs 0.0798 controls (pi 0.05 n=23). We conclude 
from these data that SP and CGRP enhance epithelial wound closure under the 
conditions reported and that the relatively low level of significance reported 
here is an effect of sample size, not treatment effect. Support: NIH EY4)5717.

200.7

CALCITONIN GENE-RELATED PEPTIDE AUGMENTS EXCITATORY SYNAPTIC RESPONSES AND INDUCES C-F0S GENE EXPRESSION IN RAT HIPPOCAMPUS NEURONI IN VITRO. F.Z. Wang*, C.H. Feng, Z. P. Liu and A.S. Ding Department of Neurobiology, Institute of Basic Medical Sciences, Beijing 100850, ChinaOur previous studies have shown that calcitonin gene-related peptide(CGRP) enhances the neural outgrowth and protein synthesis in central neurons (Vang et al, Neurosci.Soc.Abstr. 1990). Also, CGRP has protective effects on hypoxia of hippocaipus in vitro (Vang et al, Neurosci.Soc.Abstr. 1991). In the present study, the effects of CGRP on synaptic transmission in rat hippocampal slice were examined using extracellular recordings of the population spike (PS) and field excitatory postsynaptic potential (fEPSP) in CAI area by stimulating the Schaffer collateral pathway. When 4nM ØCGRP-containing medium was superfused to the slice the amplitude and the slope of both PS and fEPSP were gradually increased. In addition, CGRP augmented both post-tetanic potentiation and LTP maintenance phase.To further study the effects of CGRP at the level of gene expression, the activation of c-fos gene were examined in rat hippo- capus cell cultures which were stained using polyclonal anti-Fos protein antibody visualized with immunocytochemical technique.The labeled neurons were found in parts of CGRP-treated neuron and non-labeled cell were seen in control. These results suggest that 1) the effects of CGRP on excitatory synaptic interactions in hippocampal slice are facilitatory and 2) the action of CGRP on hippocampus neurons involves rapid induction of oncogene c-fos expression. [Supported by NSFC 39070331].

2 0 0 .4
CGRP ACTIVATES ATP-SENSITIVE POTASSIUM CURRENTS IN 
GALLBLADDER SMOOTH MUSCLE. L. Zhanq*t. A. Bonev°. M.T. 
Nelson0, and G.M. Mawet. Departments of fAnat. and Neurobiol., and 
°Pharmacology, Univ. of Vermont, Burlington, VT, 05405.

In the gallbladder, calcitonin gene-related peptide (CGRP)-immunoreactivity 
is found in nerve fibers that are abundant in the muscularis of the organ. 
C G R P  has been shown to reduce gallbladder muscle strip tension. In 
vascular smooth muscle, which is also relaxed by CGRP, the peptide acts, in 
part, by activating a class of potassium channels which is regulated by 
intracellular ATP concentration ([ATP]*), known as ATP-sensitive K channels 
(КАЇР) [Nelson et al., Nature, 344:770-773]. We used intracellular recordings 
from intact preparations and whole-cell patch-clamp recordings from 
myocytes to determine whether or not C G RP modulates К д тР  channels to 
relax guinea pig gallbladder smooth muscle cells. We found that: 1) CGRP  
hyperpolarized the membrane potential when microejected onto the whole 
mount preparations. Spontaneous action potentials of the smooth muscle 
cells were abolished throughout the response. These effects were inhibited 
by sulfonylurea drug glibenclamide (10 μΜ) which has been shown to block 
К д тР  channels. 2) C G R P  (10 nM) activated voltage-independent and 
potassium-selective currents from isolated smooth muscle cells. 
Glibenclamide (10 μΜ) reversed the CGRP-induced currents. 3) Increasing 
intracellular ATP from 0.1 mM to 5.0 mM reduced the glibenclamide-sensitive 
potassium current in the presence of C G R P  (10 nM) by 2.7-fold, and 4) 
Forskolin (10 μΜ), an activator of adenylate cyclase, mimicked the CGRP  
action in intact and isolated cells, and the forskolin response was also 
blocked by glibenclamide. We conclude that CG RP activates КдтР channels 
to hyperpolarize the membrane potential, and presumably decrease the 
muscle tone\ It is likely that this action is mediated by adenylate cyclase- 
cAMP signaling pathway. Supported by NIH grants NS26995, DK45410, and 
HL44455, and NSF-DCB-90195663.

200.6
THE MICROENVIRONMENT OF EARLY NEUROMAS: HYPEREMIA 
AND CGRP IMMUNOREACTIVTTY D.W. Zochodne*. J.A. Racicot,
L.T. Ho. K.A. Sharkey. Neuroscience Research Group, University of 
Calgary, Calgary, AB, Canada T2N 4N1

‘Neurogenic* inflam m ation may be an important response of the peripheral 
nerve trunk to focal injury. We studied local perfusion and CGRP 
immunoreactivity (IR) in early (1-14 day) neuromas of the sciatic nerve in 
Sprague-Dawley rats. To create the neuromas, the sciatic nerve was sectioned 
in its midportion, above the trifurcation and distal nerve and branches (2-3 cm) 
were resected. Two methods were used to evaluate local perfusion: hydrogen 
clearance (HC) within the substance of the neuroma and laser doppler 
flowmetry (LDF) of its extrinsic surface vessels. CGRP-IR was detected using 
indirect immunofluorescence.

There was a large increase in blood flow of extrinsic vessels (LDF) noted 
24 hours following nerve section, that reached a maximum at 48 hours but was 
still present at 7 and 14 days. Within the neuroma substance very high blood 
flows (HC) were recorded in 14 day old neuromas (neuroma: 36.5±2.4 
ml/100g/min,n=8; vs. mean blood flow in intact nerve from our pooled 
control values (n=161): 19.1 ±0.4. CGRP-IR was present within the 
endoneurium of contralateral control nerves or sham exposed nerves but 
epineurial and perineurial structures had only limited staining. By contrast, 
in 7 and 14 day neuromas, CGRP-IR was disorganized and more intense 
within the neuroma interior and its exterior connective tissue (in some samples 
directed in a circumferential fashion around the neuroma).

Our results are consistent with the hypothesis that CGRP may contribute to 
hyperemia in early neuromas.

Supported by MRC, AHFMR, MDAC.

200.8
NEUROPEPTIDE EXPRESSION IN DORSAL ROOT GANGLION 
CELLS IS CHANGED IN ADJUVANT-INDUCED MONOARTHRITIS
U. Hanesch- B. Hepoelmann. H.-G. Schaible. R.F. Schmidt*
Dept. of Physiology, University of Würzburg, D-W 8700 Würzburg, Germany

Neuropeptides like CGRP, SP and SOM have been identified in small and 
medium sized dorsal root ganglion cells of primary afferent neurons, many of 
which are thought to be nociceptors. Activation of nociceptors by inflammatory 
stimuli may lead to changes in the expression of these neuropeptides.

Inflammation was induced in the left ankle joint of 18 rats by injection of 
Freund's adjuvant. Animals were fixed by perfusion 2 days (n=7) or 20 days 
(n=ll) post inoculation; 7 rats served as controls. Dorsal root ganglia L4-L6 of 
both sides were cut and processed for detection of CGRP-immunoproduct, 
SP-mRNA, and SOM-mRNA and the proportions of positive perikarya were 
calculated.

CGRP was found in 24%, SP-mRNA in 13%, and SOM-mRNA in 8% of cell 
bodies of control rats. In arthritic rats, the proportion of peptide containing 
perikarya remained stable on the unaffected side. On the inflamed side, the 
proportion of CGRP-positive cell bodies significantly increased (32% at day 2, 
27% at day 20), as did the SP-mRNA containing neurons (17% at day 2, 15% 
at day 20). The proportion of SOM-mRNA expressing perikarya, however, 
remained constant.

These data demonstrate that a unilateral inflammation influences the 
synthesis of neuropeptides in primary afferent neurons. The expression of 
CGRP and SP seems to be induced in neurons that do not synthesize these 
peptides under normal conditions. The transcription of genes coding for SP and 
CGRP may take place in the same neurons as both peptides were shown to be 
colocalized to a great extent. SOM, however, is present in a different cell 
population, which may be regulated by other stimuli.
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20 0 .9
STREPTOZOTOCIN-INDUCED D IA B ETES PRO D U CES A D EC R EA SE  
IN ANTERIOR PITUITARY SUBSTAN CE P mRNA. PARittenhouse.*
J.Chen. R.Kaae. J.E.Marchand*. R.M.Kream1 and S.E.Leeman. Dept. 
Pharmacology, Boston Univ. Med. Ctr., Boston, MA 02118 and 'Dept. 
Anesthesiology, Tufts Univ. Sch. Med, Boston, MA 02111.

Complications arising from diabetes mellitus include hormonal 
dysfunctions such as gonadatroph and corticotroph impairment. 
Preprotachykinin (PPT-I) mRNA encoding the peptide Substance P (SP), 
has been identified in the anterior pituitary. SP  has also been associated 
with increased secretion of LH/FSH. The goal of the present study was to 
determine if streptozotocin (STZ)-induced diabetes influences the mRNA 
level of S P  in the pituitary of male rats. We injected STZ  (55 mg/kg) to 6- 
week old rats which developed hyperglycemia (blood glucose >400 mg/dL) 
by 6 weeks post-injection. In situ hybridization was performed on the 
pituitary using an S P  specific 43 mer ^S-labeled oligonucleotide 
complimentary to exon 3 of PPT-I mRNA, and visualized using standard 
autoradiographic techniques. Differences in silver grain signal were 
distinguished using an image analysis system, which quantified signals as 
fci/pm2. Distribution of silver grains was observed directly over anterior 
pituitary cells stained with thionin. Normal pituitary had a regional 
distribution of PPT-I mRNA: there was no detectable signal in either the 
posterior or intermediate lobes, while the anterior lobe showed densest 
staining in medial portions. In 6-week STZ-diabetic rats there was a 20% 
decrease in the SP-mRNA hybridization signal, as compared to control. 
These changes in anterior pituitary SP  expression may be an additional 
factor participating in the hormonal complications seen in diabetes mellitus.

200.11
MIRROR-IMAGE EFFECTS OF PERIPHERALLY ADMINISTERED 
SUBSTANCE P ON ACETYLCHOLINE AND DOPAMINE RELEASE IN 
NEOSTRIATUM AND NUCLEUS ACCUMBENS. J.P.Huston*. M. Pfister.
R.K.W. Schwarting and F. Boix. Inst. Physiol. Psychology I, University of 
Düsseldorf, W-4000 Düsseldorf, Germany.

Studies in our institute have shown that the peripheral administration of 
substance P (SP) is reinforcing and can promote functional recovery after 
unilateral partial lesion of the nigrostriatal dopamine projection. These two 
behavioral effects indicate that peripherally administered SP may interact with 
neurotransmitter systems in nucleus accumbens (NAc) and/or in neostriatum
(NS). In order to test this hypothesis, we used in vivo microdialysis in freely 
moving rats to measure the effects of intraperitoneally administered SP on ex
tracellular concentrations in NS and NAc of dopamine (DA; experiment I) and 
acetylcholine (АСҺ; experiment II). In NS, SP 50 μξ/kg induced a steady 
increase in extracellular DA which lasted at least five hours, and which was 
paralleled by a decrease in АСҺ levels. In NAc, SP 250 /Ag/kg caused an 
acute increase in extracellular DA, which lasted about two hours, and an acute 
decrease in АСҺ levels, which remained for about three hours. In contrast, the 
administration of vehicle induced an acute rise in АСҺ levels (to 160%) in 
NAc, which was not observed in DA. These results show that the peripheral 
administration of SP is able to modulate both DA and АСҺ in NS and NAc in 
an opposite direction. Furthermore, factors related to the injection procedure 
can selectively increase АСҺ activity in NAc, an effect which seems to be 
blocked by SP administration.

20 0.13
NEUROKININ NK-1 REC EPTO R MODULATION OF NIGROSTRIATAL 
DOPAMINE NEURONS. R. M. Simmons*. D. Li. P. Hipskind and S. Ivenaar. 
CNS Research, Eli Lilly and Company, Indianapolis, IN 46285.

Substance P is present in very high concentrations in the substantia nigra 
[Brownstein et al., 1976, Brain Res. 116:299-305; Hokfelt et al., 1975, Science 
190:889-890). More recently Bannon et al. (1992, Regulatory Peptides (S1): 
S189] have reported presence of NK-1 receptor mRNA in striatum. Using RP 
67580, we have evaluated the effect of a selective NK-1 antagonist on striatal 
dopamine metabolism and release in the rat. RP 67580 was injected 
intracerebroventricularly at doses of 0.3,1,3 and 10 μgs. Dopamine and its 
metabolites were measured by GC/MS. RP 67580 caused a dose-dependent 
increase in dopamine and its metabolites in the striatum 30 minutes after 
intraventricular injection and returned to baseline by 60 minutes. While 
substance P has been reported to increase dopamine release in the striatum 
after intranigra! injections and this effect was blocked by less selective peptide 
antagonists, Spantide I and II (Hokfelt et al., 1991, Ann. N.Y. Acad. Sci. 632, 
192), which by themselves produced a short-lived decrease in striatal 
dopamine release, it is interesting that the selective non-peptide antagonist, 
RP 67580, when injected intraventricularly showed the opposite effect. It is 
possible that the effects observed in these studies are reflective of activity on 
striatal NK-1 receptors. These data are suggestive of NK-1 receptors 
increasing dopamine metabolism in the A9 neurons.

200.10
ELECTROPHYSIOLOGY OF SUBSTANCE P RECEPTORS OF 
RAT MOTONEURONES. G.Baranauskas. N.D.Fisher. С.А.Маееі1 
and A.Nistri*. Biophysics Lab., SISSA, Via Beirut 4, 34013 Trieste, 
and Cenarmi Pharmaceuticals, Florence, Italy.

Substance P binds all three types of neurokinin (NK) receptor for 
which selective agonists are: NK1- substance P-methylester (SPM); 
NK2- [6Ala8]NKA4.10 (NKA); NK3- [MePhe7]NKB (NKB). A 
functional study of these receptors in the isolated neonatal rat (P5-P12) 
spinal cord used 3M KC1 electrodes to impale lumbar motoneurones 
(rest potential -69+1 mV, mean+s.e.m.). Fast superfusion of SPM, 
NKA or NKB (200 nM) depolarised cells by <30 mV and usually 
increased input resistance. For comparable depolarisations SPM (and 
often NKA) evoked sustained firing while NKB induced characteristic 
spike bursts. In TTX solution (1 μΜ; used to restrict drug effects to 
motoneurones) SPM elicited a 14+3 mV depolarisation with a 46+10% 
resistance increase (n=8), NKA depolarised 5/10 cells by only 2 mV 
with no resistance change while NKB depolarised 3/11 cells by 
12+4 mV (50+15% resistance rise). For comparison substance P 
(2 μΜ) elicited a 19+3mV depolarisation and a 50% resistance 
increase: both effects were antagonised by the selective NK1 blocker 
RP 67580 (1 pM) but were insensitive to its inactive isomer. These 
results suggest that all three classes of tachykinin receptor were 
present in the rat spinal cord and that NK1 receptors were the 
predominant type found on motoneurones.

200.12
CHARACTERIZATION OF ACUTE INFLAMMATION PRODUCED BY THE INTRA-ARTICULAR INJECTION OF CARRAGEENAN IN THE RAT. L.D. Aimone*, C.W. Emery, and S.M. Chippari,Sterling Winthrop Pharmaceuticals Research Division, Collegeville. PAThe role of synovial fluid contents.in the production of acute inflammation (Inf) is not known. The contribution of substance P (SP) and free amino acids (FAAs) to the development of acute Inf was examined.Acute Inf was induced in female Lewis rats by the intra-articular (IA) injection (50 ul) of carrageenen (Carra) into the left knee. Saline (50 ul) was injected into the right knee as control. Swelling was measured with calipers. Knee joints were lavaged with saline (100 ul) and levels of SP-like immunoreactivity were quantified by RIA. FAAs were separated by HPLC, derivatized with ninhydrin and guantitated.Carra (1-4?) produced a dose and time 
dependent increase in clinical signs of Inf. Maximal swelling was observed at 8 hrs and remained above control levels for >48 hrs post IA Car. Elevations in SP and FAAs correlated well with the development of Inf. Increases in SP and FAAs were not seen in control or noninflammed knees.These data suggest that increases in SP and FAAs levels in the joint space may contribute to the development of acute inflammation.

20 0.14
ENHANCEMENT OF BRADYKININ-EVOKED INWARD CURRENT BY CY
CLIC AMP AND OKADAIC ACID. J .V . Nadler* and G.S. Oxford. Dept. 
Physiology, Univ. of North Carolina, Chapel Hill, NC 27599.

Bradykinin depolarizes sensory neurons and differentiated PC 12 
cells by inducing a strongly-desensitizing inward cation current. In this 
study, differentiated PC 12 cells were used to determine the effect of 
cAMP and protein phosphatase inhibitors on the magnitude and desensi
tization of the bradykinin-evoked inward current. Cells were studied by 
the whole cell patch clamp technique after being differentiated for 3-7 
days in culture with nerve growth factor. The internal recording solution 
contained 2m M  ATP, 100 μΜ GTP and cesium as the predominant 
cation to block Ca2+-activated K + channels.

A 10-s application of bradykinin evoked a measurable inward cur
rent with a highly variable time course in 12 of 14 cells. The peak cur
rent density was 1.2 ± 0.3 pA/pF. When bradykinin was applied again 
1 min after complete recovery from the first response, the peak current 
density was, on average, only 22% as large as the initial value. Peak 
current density increased to as much as 50-60 pA/pF when the cell was 
dialyzed internally with 1 μΜ okadaic acid or 2 mM cAMP. However, 10 
nM okadaic acid was considerably less effective and neither 10 nM 
calyculin A nor 10 nM microcystin-LR much affected the response.
None of these inclusions consistently altered the degree of desensitiza
tion. These results suggest that the magnitude of the bradykinin-in- 
duced inward current depends on the cellular concentration of cAMP, 
perhaps due to phosphorylation of the PKA consensus site on the BK2 
receptor. The response may also be limited by enzymatic dephosphory
lation, but if so, the protein phosphatase involved is probably not PP-1 
or PP-2A. (Supported by NIH grant NS 18788.)
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200.15
BRADYKININ ENHANCES INSULIN-STIMULATED [Ή]- THYMIDINE 
INCORPORATION IN SK-N-SH HUMAN NEUROBLASTOMA CELLS. J.S. 
Händen* and J. Baumcold. Depts. of Radiology and of Pharmacology, and the 
Neuroscience Program*, The George Washington University Med. Ctr. 
Washington, D.C. 20037.

Bradykinin has been shown to stimulate [3H]thymidine incorporation in some 
cells (e.g. NIL8 hamster cells and R51 rabbit dermis fibroblasts) and to inhibit 
[3H]thymidine incorporation in other cells such as human breast fibroblasts. 
These diverse effects are mediated through activation of B1 bradykinin 
receptors. In order to determine whether bradykinin is mitogenic in 
neuroblastoma cells, we examined the effect of bradykinin alone, and of 
bradykinin in combination with insulin in SK-N-SH human neuroblastoma cells. 
We have previously shown that bradykinin elicits phosphoinositide hydrolysis 
and calcium mobilization in these cells through a B2 receptor subtype. Bl- 
selective agonists or antagonists had no effect on this response.

In the present studies, we serum-starved SK-N-SH cells for 24 hours, then 
added [3H]thymidine along with the indicated drugs for another 24 hours. The 
cells were then harvested and the acid-precipitable counts were assayed. We 
found that up to 10 μΜ bradykinin by itself had no effect on pH]thymidine 
incorporation in serum-starved SK-N-SH cells, whereas insulin (10 nM) alone 
stimulated [3H]thymidine incorporation by 1.5 fold. However, we found that 
when added together, bradykinin (1 nM) and insulin (10 nM) resulted in 3-4 fold 
increase in [3H]thymidine incorporation, thereby demonstrating a pronounced 
synergy between these two compounds. This effect was dose-dependent for each 
compound and was maximal at approximately 1 nM bradykinin and 10 nM 
insulin. These findings demonstrate that in combination, bradykinin and insulin 
can have a profound effect on cell growth in neuroblastoma cells.

200.16
BRADYKININ ELEVATES TYROSINE HYDROXYLASE 
AND DOPAMINE 0-HYDROXYLASE mRNA LEVELS IN 
PC12 CELLS. Kagnew Gebrevesusf Edward J. Kilboume and 
Esther L. Sabban. Dept. Biochemistry and Molecular Biology, 
New York Medical College, Valhalla, NY 10595 

Bradykinin is known to be a mediator of pain, inflammation, 
vascular permeability and smooth muscle tone in vascular and 
other tissues. It is also known to increase Ca+2 levels in PC 12 
cells. In this study we examined the effect of bradykinin on 
mRNA levels of tyrosine hydroxylase (TH) and dopamine 0- 
hydroxylase (DBH), two regulated enzymes in the pathway of 
biosynthesis o f catecholamines. PC 12 pheochromocytoma cells 
were treated with 1 μΜ bradykinin and total RNA isolated. The 
levels o f TH and DBH mRNA were compared to levels from 
control (untreated) PC 12 cells using Northern blots analysis. 
The same blots were hybridized with cDNAs to rat TH and 
DBH or cyclophilin (IB 15) and genomic clone for 18S rRNA. 
After treatment of PC 12 cells for 3 hrs, a 3 to 4-fold elevation 
of TH mRNA was observed. Both the 2.7 and 2.5 kb mRNAs 
for DBH were also elevated at least as much under these 
conditions. These findings may suggest a role o f BK in the 
regulation of catecholamine biosynthesis.

PEPTIDES: PHYSIOLOGICAL EFFECTS II

201.1
NEUROPEPTIDE Y-LIKE IMMUNOREACTIVITY IN THE RAT MESEN CEPHALIC 
TRIGEMINAL NUCLEUS AFTER PERIPHERAL AXOTOMY. P. Raaopana^J. 
Arvidsson1 and T. Hökfelt2. Department of Anatomy1 and Department of 
Histology and Neurobiology2, Karolinska Institutet, S-104 01 Stockholm, 
Sweden.
Previous studies have shown that neuropeptideY-like immunoreactivity (NPY- 
ir) may appear in rat primary sensory neurons after peripheral axonal injury. 
This increase appears to occur in primary afferent cell bodies of all sizes, but 
less is known whether all or just some functional categories of neurons react 
in this way. The mesencephalic trigeminal Me5 nucleus constitutes a unique 
group of primary sensory neurons considered to have purely proprioceptive 
functions and with their cell bodies located within the central nervous system. 
In the present study this group of proprioceptive neurons has been studied 
with regard to NPY-ir following peripheral injury. Adult Sprague-Dawley rats 
were subjected to unilateral section of the masseteric nerve. The rats were 
perfused with standard immuno fixative 1, 2 or 4 weeks postoperatively. 
Transverse sections through the entire Me5 nucleus were cut on a cryostat, 
incubated for the visualization of NPY-ir and coverslipped. Me5 neurons 
showing NPY-ir were observed ipsilaterally at all survival times investigated. 
No NY-ir Me5 neurons were present on the contralateral side. The NPY-ir 
activity appeared to be most prominent 2 weeks postoperatively when it could 
be seen also in axonal arbors from Me5 neurons. Examination of adjacent Nissl 
stained sections and comparisons with previous studies indicate that the NPY- 
ir does not appear in all axotomized Me5 neurons, in contrast to many other 
sensory neurons, which contain numerous peptides, the Me5 neurons have up 
till now appeared to lack this group of messenger molecules. Thus NPY seem 
to be the first peptide described so far in Me5 neurons, albeit only after 
axotomy.

201.3

A C TIV A T IO N  O F  N E U R O P E P T ID E  Y G ENE BY  
VASOACTIVE INTESTINAL PEPTIDE (VIP) IN PC 12 
CELLS. D. Balbi. J. Allen*. Physiological Laboratory, University 
of Cambridge, Cambridge CB2 3EG. U.K.
Neuropeptide Y (NPY), a 36 amino acid peptide, coexists and is 

coreleased with noradrenaline in post-ganglionic sympathetic nerves. 
VIP regulates catecholamine secretion in adrenal medulla. There is 
also evidence that preganglionic nerve activity regulates NPY 
synthesis in sympathetic neurons. To investigate whether this effect 
was mediated by transcriptional regulation we studied the ability of 
VIP to induce changes in the NPY promoter activity. PC 12 cells, 
transfected with a chloramphenicol acetyl transferase (CAT) reporter 
gene construct under the control of 700 base pair of the 5' flanking 
region of the NPY gene, were used to examine the effect of VIP on 
NPY gene activity. VIP (5 μΜ) induced NPY gene activity by 3 fold. 
Pituitary Adenylate Cyclase Activating Peptide (PACAP) had similar 
effects but the threshold was 1000 fold lower. The effect of VIP was 
mediated through activation of cAMP dependent protein kinase (PKA) 
as this was selectively inhibited by 10 μΜ H-89, an inhibitor of PKA. 
Calphostin C, an inhibitor of protein kinase C had a smaller inhibitory 
effect. It is interesting to note that NPY gene lacks a cAMP response 
element consensus sequence. Two AP-2 sites on the 5' region of the 
gene are the most likely candidate to mediate this response. VIP also 
induces morphological changes in PC 12 cells which were not 
inhibited by H-89 showing the existence of an independent second 
messenger mediator. The effect o f VIP, a preganglionic sympathetic 
neurotransmitter, on the activity o f the NPY gene could represent 
evidence for excitation transcription coupling in the nervous system.

201.2

LHRH AND NEUROPEPTIDE Y POTENTIATE AORTIC 
CONTRACTIONS EVOKED BY PREGANGLIONIC 
STIMULATION OF THE BULLFROG SYMPATHETIC C SYSTEM 
R Thome* and JP Horn Department of Neurobiology, University of 
Pittsburgh, School of Medicine, Pittsburgh, PA 15261.

Ganglionic LHRH and postganglionic NPY have been hypothesized 
to enhance synaptic gain in the vasomotor C system (Horn, Can J 
Physiol Pharmacol, 70:S19, 1992) To test this possibility, effects of 
exogenous peptides upon nerve-evoked contractions were studied in 
isolated preparations of paravertebral sympathetic ganglia and the aorta.

Preganglionic stimulus trains (50-150 shocks, 1-2 Hz) were applied 
at 20 min intervals to spinal nerves 7 & 8 and the corresponding set of 
control aortic contractions was recorded. Superfusion with 6 nM 
LHRH (chicken II) had no effect on resting aortic tension, but 
potentiated the nerve-evoked responses 2-3 fold. During washout of 
LHRH, neurogenic contractions recovered to their initial values within 
30 min. In control experiments, LHRH had no effect upon aortic 
contractions elicited by exogenous epinephrine applied from a puffer.

In separate experiments, preparations were superfused with 3-10 nM 
NPY. In addition to increasing resting tension, NPY potentiated 
neurogenic contractions 2-10 fold. Upon washout, the preparation 
recovered within 1 hour. In similar experiments using puffs of 
epinephrine to mimic nerve stimulation, NPY potentiated adrenergic 
contractions.

The present results indicate that LHRH and NPY, acting at 2 
synapses in series, may enhance synaptic gain in this circuit by 30-fold.

Supported by NIH grants NS21065 and NS01427.

201.4
NEUROPEPTIDE Y IN THE ARCUATE NUCLEUS IS MODULATED 
BY ALTERATIONS IN GLUCOSE UTILIZATION. C.T.B.V. Zaia. A. 
Akabavashi. I. Silva. H.J. Chae. S.E. Kvrkouli*. and S.F. Leibowitz, The 
Rockefeller University, New York, NY 10021.

After hypothalamic injection, neuropeptide Y (NPY) has been shown 
to be a potent stimulant of feeding behavior, particularly carbohydrate 
ingestion, and to modulate the release of hormones that control the uptake 
and metabolism of glucose. The present study examined in the male 
Sprague-Dawley rat whether endogenous NPY in hypothalamic nuclei may, 
in turn, respond to alterations in glucose utilization. After intraperitoneal 
administration of the glucose analogue, 2-deoxy-D-glucose (2-DG; 200 
mg/kg), which blocks glucose utilization, NPY levels measured via 
radioimmunoassay were significantly potentiated in the arcuate nucleus (93.3 
±  12.4 vs 57.0 ±  5.1 ng/mg protein, relative to saline, p<0.05) and 
suprachiasmatic nucleus (28.0 ±  1.9 vs 18.0 ±  1.3 ng/mg protein, relative 
to saline, p<0.05), but not in other nuclei of the hypothalamus. The 
antimetabolite mercaptoacetate (MA; 600 μ ιη ο ^ ^ ) , in contrast, which 
blocks fatty acid oxidation, tended to reduce NPY levels specifically in the 
ARC (38.9 ±  4.0 vs 57.0 ±  5.1 ng/mg protein, p<  0.10 relative to saline), 
possibly due to a consequent increase in glucose utilization. Analyses 
relating circulating corticosterone, aldosterone, insulin and glucose levels to 
brain NPY levels failed to reveal any significant relationship. Based on this 
result, it is concluded that glucose utilization, in particular, may constitute 
an important signal in the modulation of NPY production in the 
hypothalamus.
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201.5
MEDIAL AM YGDALOID INH IBITIO N OF EVOKED  
HIPPOCAMPAL FIELD POTENTIALS DURING SEXUAL 
BEHAVIORS. Garrì tano, JM Martinez, C„ Grossman, К„ Internami, P., 
Merritt, K., Pfoff, R., and Smock, T:* Behavioral Neuroscience Program, 
Department of Psychology, University of Colorado, Boulder, CO 80309.

A peptide similar in structure to vasopressin acts as a transmitter in a 
projection from the medial amygdala (AME) to the hippocampus in the rat 
(Brain Res., 1990, 511:7 and 15; Peptides, 1991, 12:47 and 53). Electrical 
stimulation of the cells of the AME results in a peptide-mediated excitation of 
inhibitory intemeurons in the CAj hippocampal region. A secondary effect 
of the peptide release is an inhibition of hippocampal pyramidal cells. In this 
study, we observed the output of pyramidal cells in the hippocampus of the 
chronically behaving male rat. Excitation of AME cells in the male rat occurs 
upon the presentation of a sexually receptive female (submitted, 1993). In 
order to study the effect of AME activation on the hippocampus,field potential 
recording techniques were used. Output of the hippocampal pyramidal cells in 
the CAI region was observed during stimulation of afferents in the stratum 
radiatum. Changes in the evoked field potential were found in the freely 
behaving animal with the presentation of various environmental stimuli. Five 
male rats were tested, each with a sexually receptive female (ovariectomized 
and steroid-primed), a non-receptive female, and a male. Inhibition of the 
compound action potential was observed only under circumstances where 
sexual behavior occurred (n=8). In each case, the field potential recovered to 
its baseline value following the removal of the stimulus from the behavior 
chamber. No inhibition was observed during non-sexual social circumstances 
or during non-social circumstances, such as food presentation.

201.7
Vasopressin Induction of Phosphatidylinositol 
Turnover in Cultured H ippocam pal Neurons

T.M. Gonzalez* and R. D. Brinton. Molecular Pharmacology & 
Toxicology, Univ of Southern California, Los Angeles, CA 90033 

We have shown that vasopressin (AVP) enhances hippocampal nerve 
cell growth in culture (Brinton, 1990) and induces long-term vasopressin 
potentiation (LTVP) in the dentate gyrus (Chen et al., 1993). Both of 
these processes occur via VI receptor activation. We therefore 
investigated the biochemical mechanism which may underlie these 
responses by determining the effect of AVP on phosphatidylinositol (PI) 
turnover in cultured hippocampal neurons.

Results of our study showed that (250 nM) AVP (170% + 23; p < .02) 
and a VI receptor agonist (250 nM) induced a significant increase in PI 
turnover, (257 ± 3 1 %  over basal; p < .03). Dose response analysis 
indicated that VI receptor activation of PI turnover is an inverted-U 
shaped function. The ascending arm of the curve peaked at 250 nM (200 
± 3 1 %  over basal; p < .03) and subsequently declined with 1000 nM, 
which was 142% above basal. Temporal analysis indicated that PI 
turnover, in the presence of lithium, was significant following 20 min of 
VI agonist exposure (p < .04) and continued to increase up to 60 min of 
exposure. Induction of PI turnover by VI receptor agonist was blocked 
by a VI receptor antagonist. These results demonstrate that AVP induces 
PI turnover in hippocampal neurons and strongly suggest that AVP- 
induced generation of the second messenger IP3 is the underlying 
mechanism for AVP-induced neurotrophism and LTVP.

S u p p o r ted  b y  N IH  g r a n t M H 4 6 0 3 6  to  R D  В .

201.9
EFFECTS OF AN EXTENDED SODIUM DEPLETION ON THE 
EXPRESSION OF VASOPRESSIN AND ANGIOTENSINOGEN 
mRNAs IN THE RAT BRAIN.
F.Riftina. P.Pompei. J.Angulo. R.Canbevli* and B.McEwen. Lab. of 
Neuroendocrinol., The Rockefeller University., New York, NY 10021 
and Dept. Dev. Psychobiol*., New York State Psychiat. Inst., NY 
10032.

Sodium depletion activates peripheral renin-angiotensin system 
(RAS) in the rat. An increase in plasma aldosterone (ALDO) level, 
changes in Na+ and K+ excretion, urinary output, water retention, and 
salt intake follow. It has been shown that central RAS and vasopressin 
(AVP) play a role in some of these changes. This study correlates these 
physiological responses with the levels of AVP mRNA in the 
supraoptic nucleus (SON) and angiotensinogen (ANG) mRNA in 
forebrain areas associated with fluid-electrolyte homeostasis after 3, 7, 
and 21d of sodium deprivation. AVP and ANG mRNAs were 
determined by quantitative in s itu  hybridization.

Male Sprague-Dawley rats were injected with furosemide and 
placed (Mi a sodium deficient diet Control rats received injections of 
0.9% NaCl and were maintained on a regular diet. Over the time 
course, plasma level of ALDO in Na+deficient rats exceeded by 40- 
fold that of controls. Plasma Na+ level and osmolality were unchanged. 
Urine output increased whereas water retention decreased. By the 7th 
day the level of AVP mRNA in the SON decreased by 32%; no further 
decrease was observed by the 21st day. The level of ANG mRNA in 
the septum-diagonal band region by the 3rd day of sodium deprivation 
was elevated by 40%. (Supported by MH 43787).

201.6
Vasopressin Induced Calcium M obilization in 

Cultured Cortical Glial Cells
R. D. Brinton* and T.M. Gonzalez . Molecular Pharmacology & Toxicology, Univ 
of Southern California, Sch of Pharmacy 1985 Zonal Ave. Los Angeles, CA 90033 

We have shown that vasopressin (AVP) induces the primary response gene, zif/268 
in cultured glial cells (Brinton et al., 1992) via VI receptor activation. We therefore 
investigated the biochemical mechanism which may underlie AVP-induced gene 
induction by determining the effect of AVP on calcium mobilization in cultured glia 
using fluo-3 fluorometry analysis along with biochemical determination of^- 
calcium (^Ca) uptake.

Results of fluo-3 determinations showed that AVP and a VI receptor agonist 
induced a pronounced increase in intracellular calcium within the first 25 sec of 
exposure which was followed by calcium oscillations lasting, on average, 15 min. 
Video imaging of fluo-3 loaded glial cells revealed AVP and V1 agonist exposure 
induced intracellular oscillations and intercellular wave induction. Oscillations within 
cells and calcium wave conduction was cell specific in that not all cells responded to 
AVP. This finding is consistent with our previously described pattern of zif/268 
expression. Results of ^Ca uptake determinations showed that AVP and a VI 
receptor agonist (250 nM] following 1-10 min of exposure induced a significant 
inhibition of extracellular ̂ Ca uptake, (52 ± 2.4% of basal; p < .0001) which was 
followed by a significant increase of Ca uptake, (558 ± 156% of basal; p < .0001) at 
20 min. Peptide specificity analysis indicated that VI agonist was the most efficacious 
peptide (p < .0001) at inducing ^Ca uptake. These results demonstrate that AVP- 
induces calcium mobilization in cortical glial cells which may be underlying 
mechanism for AVP-induction gene expression in these cells. Studies are currently 
underway investigating AVP-induction of PI turnover in cultured cortical glial cells.

Supported by NIH grant MH46036 to R.D.B.

201.8
GALANINU-16) DEPRESSES THE ACTIVITY OF 
MAGNOCELLULAR NEUROSECRETORY CELLS IN THE 
RAT SUPRAOPTIC NUCLEUS. S. Papas* and C.W. Bourque. 
Centre for Research in Neuroscience, Montreal General Hospital and 
McGill University, Montreal, Quebec, Canada, H3G 1A4.

Galanin (GAL) is a 29 amino acid peptide colocalized with 
oxytocin and vasopressin in the magnocellular neurosecretory cells 
(MNCs) of the hypothalamus. In addition, the supraoptic nucleus 
(SON) has been shown to receive GAL-containing projections. 
Although its role in this system is unclear, GAL has been 
hypothesized to be involved in the regulation of fluid homeostasis. 
Hyperosmotic stimuli result in parallel increases in GAL and 
vasopressin synthesis and release, and intracerebroventricular GAL 
blocks vasopressin release in response to salt loading in the rat. We 
have examined the effects of bath application of GAL(1-16) on 
MNCs in the SON using current clamp techniques in the rat 
superfused hypothalamic explant. In 15 of the 17 MNCs tested, 
GAL(1-16) (20 nM to 500 nM) resulted in a hyperpolarization (2.5 
±  0.6 mV, n=10) and/or an increase in conductance (16 ±  2%, n=9). 
The latency of effects ranged from 1 min to 3.5 min and the cells 
usually recovered within 15 min. In the case of 15 MNCs which 
were spontaneously firing, the activity of 14 of the cells was 
inhibited by GAL. Thus, it appears that endogenously released GAL 
may act in the SON to depress neurohypophysial hormone release. 
F u n ded  b y  the M R C  o f  C an ada .

201.10
ANGIOTENSIN П STIMULATION OF PROLACTIN RELEASE 
FROM RAT ANTERIOR PITUITARY CELLS IN CULTURE: 
EFFECTS OF AGE AND SEX OF THE DONORS. E. Robinson and P. 
Callahan.* Department of Zoology, Miami University, Oxford, OH 45056.

Angiotensin II (All) stimulation of prolactin secretion was examined in 
vitro. Anterior pituitary glands from young (3-4 mo), mature (7-8 mo) or 
old (20-22 mo) male and female rats were enzymatically dispersed and 
placed in culture. After 4 days of incubation, dose response and time 
course studies were conducted. The 1 and 10 nM doses of All significantly 
increased prolactin secretion from cells obtained from mature, female 
donors. This prolactin response was abolished by pretreatment with 1 μΜ 
Saralasin, an antagonist of All. However, these doses of All, as well as a 
100 nM dose, did not stimulate prolactin release from cells obtained from 
young or old females. In addition, prolactin release was not stimulated by 
All administration in cells obtained from males, regardless of the age of 
the donor. Interestingly, the basal prolactin release from cells obtained 
from old donors was significantly higher than those obtained from the 
young or mature rats. Finally, total prolactin released in the media over 
time was greater from cells obtained from females and this was true 
regardless of the age of the donor rat.

These results suggest that there is a gender and age-related alteration in 
the sensitivity of the anterior pituitary lactotroph to All administration. In 
addition, prolactin secretion in vitro  is increased when cells are obtained 
from old donor rats, which is consistent with the hyperprolactinemia 
associated with age. (Supported by AG09029-02).
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201.11
PEPTIDASE DEGRADATION LIMITS MODULATION OF GLUTAMATE 
RESPONSES BY EXOGENOUSLY APPLIED ANGIOTENSIN I I  IN LOCUS 
COERULEUS NEURONS. K. C. M a r sh a ll*  and H .X io n g . D e p t . o f  
Physiology, U n iv . o f  O ttaw a, O ttaw a, Canada K1H 8M5.

We have p r e v io u s ly  shown t h a t  i o n t o p h o r e t i c a l l y  a p p l ie d  
Angiotensin I I  (A l l)  s t r o n g l y  and s e l e c t i v e l y  d e p r e s s e s  
responses o f  lo c u s  c o e r u le u s  (LC) n e u r o n s  t o  g lu ta m a t e .  
This e f f e c t  o f  A l l  i s  m ed ia te d  by th e  AT2 r e c e p t o r  s u b - t y p e .  
P arad oxically , w h ile  i o n t o p h o r e t i c a l l y  a p p l ie d  A l l  s t r o n g l y  
depressed g lu ta m a te  d e p o l a r i z a t io n s ,  b a th  a p p l ie d  A l l ,  e v e n  
at 10μΜ, had l i t t l e  o r  no e f f e c t  on t h e s e  r e s p o n s e s .  We 
have t e s t e d  w h eth er  th e  d i f f e r e n c e  i s  due t o  d e g r a d a t io n  o f  
All by en d ogen ou s p e p t id a s e s .

I n t r a c e l lu la r  r e c o r d in g s  o f  LC n e u r o n s  w ere  made in  
submerged b r a in -s t e m  s l i c e s .  A l l  and s e l e c t i v e  p e p t id a s e  
in h ib ito rs  w ere added  t o  th e  p e r f u s i o n  f l u i d .  The 
am inopeptidase i n h i b i t o r s  a m a s ta t in  and  b e s t a t i n  and th e  
carboxypeptidase i n h ib i t o r  P lu m m er's i n h i b i t o r  ea ch  
appeared t o  m ild ly  en h a n ce  th e  d e p r e s s io n  o f  g lu ta m a te  
responses by A l l ,  b u t much g r e a t e r  e f f e c t s  w ere o b t a in e d  
when a m a sta t in  was u se d  in  c o m b in a t io n  w ith  P lum m er's  
in h ib ito r . In  a d d i t io n ,  th e  A l l  a n a lo g  s a r 1- A I I ,  w h ich  i s  
resis ta n t t o  a m in o p e p tid a s e  d e g r a d a t io n ,  was fo u n d  t o  h ave  
much s tr o n g e r  a c t i o n s  th a n  A l l  on g lu ta m a te  r e s p o n s e s ,  when 
applied by b a th .  I t  was a l s o  fo u n d  t h a t  EPSPs m e d ia te d  by  
e x c ita to ry  am ino a c id s  w ere d e p r e s s e d  b y e i t h e r  s a r 1-A H  or  
by A ll in  c o m b in a tio n  w ith  th e  p e p t id a s e  i n h i b i t o r s .

These r e s u l t s  may have im p o r ta n c e  f o r  th e  c o n c e p t  o f  
vo lu m e-tra n sm issio n  by p e p t id e  n e u r o t r a n s m i t t e r s .
Supported by th e  M e d ic a l R e se a r c h  C o u n c il  o f  C an ada.

201.12
WHOLE-CELL PATCH CLAMP RECORDINGS FROM PARAVENTRICULAR 
MAGNOCELLULAR NEURONS IN RAT HYPOTHALAMIC BRAIN SLICE.
Z. Li and A.V. Ferguson. Dept. o f  Physiology, (Queen's University, Kingston, Ont., 
Canada K7L 3N6

Using patch electrodes filled with potassium gluconate, whole-cell intracellular 
recordings were obtained from 52 paraventricular (PVN) magnocellular neurons 
in coronal brain slices (400 jun) of adult male Sprague-Dawley rats (140-220 g). 
The resting membrane potentials, membrane input resistances and the amplitude 
of action potentials were -58.6 ±0.7 mV (MEAN±SEM), 757.2 ±53.7 ΜΩ and 
87.3 ±1.9 mV, respectively. The majority of these PVN cells fired irregular 
spontaneous action potentials with pronounced afterhyperpolarizations. Large TTX- 
sensitive spontaneous EPSPs and IPSPs (up to 10 mV) were observed. In voltage- 
clamp mode three types of outward currents were identified after blockade of 
sodium channels with TTX (1-2x10"** M). In the external medium containing Ca^+ - 
free/EGTA or Co^+ , an early transient outward current was induced by a 
depolarizing voltage step from a holding potential (-50 mV) after a 60 mV 
hyperpolarizing prepulse. The decay rate of the transient current fitted a single 
exponential, and the decay time constant was voltage dependent. Bath application 
of 4-AP (5-7.5 mM) but not TEA potently suppressed this current (N=5). 
Depolarizing voltage steps positive to -40 mV also evoked a slow inactivating 
outward current, which could be blocked by 10-30 mM TEA (N=11). In addition, 
a Ca^+ -dependent outward current was recorded when 2 mM Ca^+ was present 
in the external medium. These observations suggest that patch clamp recording 
techniques in hypothalamic brain slices provide a feasible approach for 
understanding both the electrophysiological characteristics of neurosecretory 
neurons, and the ionic mechanisms underlying the responses of these neurons to 
chemicals involved in modulating their excitability.

201.13
ANGIOTENSIN II MODULATES THE TRANSIENT OUTWARD CURRENT OF 
HYPOTHALAMIC PARAVENTRICULAR NEURONS THROUGH ACTIVATION 
OF AT| RECEPTORS. A.V, Ferguson* and Z. Li. Dept. o f Physiology, Queen’s 
University, Kingston, Ont., Canada K7L 3N6
Recent in vivo electrophysiological evidence suggests that angiotensin (ANG) II 

is utilized as a transmitter within the hypothalamic paraventricular nucleus in rats 
(Li & Ferguson; AJP 1993). ANG II has also been shown to directly enhance 
neuronal activity within the PVN, an effect which can be completely blocked by 
ANG II subtype 1 (ATj) receptor antagonist losartan. In this study we have used 
patch-clamp recording techniques in brain slice preparations to investigate the ionic 
mechanisms by which ANG II activates PVN neurons.

Using patch electrodes filled with K gluconate, whole-cell intracellular recordings 
were made from PVN magnocellular neurons in brain slices of adult male Sprague- 
Dawley rats. Bath administration of angiotensin II (2-5xl0‘7 M) for 2-4 min 
increased neuronal firing frequency, and induced a variable (3-10 mV) membrane 
potential depolarization (N =5). In an external medium containing TTX and Ca^+ - 
free/EGTA, a transient outward current ( І д )  was separated according to its 
kinetics and pharmacology. Bath application of ANG II suppressed the activation 
of Ід (-31.0±4.1%; N=12), and increased its inactivation (28.0±4.5%; N =9). In 
PVN cells pretreated with losartan (5xl0‘7 M, 3 min), ANG II exerted only 
minimal effects on both the activation and the inactivation of this current (- 
9.0±3.7% and 5.0±7.5%, respectively; N = 5 for both groups). In addition, ANG II 
also decreased the sustained outward current (Ig ) although losartan did not block 
such effects (-16.0 ±4.0% in control (N=13) and -14.0 ±5.8% after losartan 
treatment (N=5)). These results suggest that ANG II directly excites PVN neurons 
partially through its modulatory influence on IA, an effect resulting from 
peptidergic action at ATj receptors.

OPIOIDS: ANATOMY AND PHYSIOLOGY I

202.1
LOCALIZATION OF a-N-ACETYL-ß-ENDORPHIN IMMUNOREACTIVΓΓΥ IN 
ANTERIOR LOBE CORTICOTROPHS AND NEURAL LOBE AXONS OF THE 
HUMAN PITUITARY. A.B. Manning·. B.M. Chronwall, V.R. Evans and W.R. 
Millington. School of Biological Sciences, Univ.of MO-Kansas City, MO 64108.

The adult human pituitary lacks a well-defined intermediate lobe although a few 
ACTH immunoreactive cells remain along the anterior/neural lobe border. Previous 
immunohistochemical analyses have questioned whether these cells are truly homolo
gous to intermediate lobe melanotrophs of other species, however. In the present 
study, we examined the cellular distribution of immunoreactive a-N-acetyl-ß-endor- 
phin, which in rat pituitary is exclusively synthesized by intermediate lobe melano
trophs, but not anterior lobe corticotrophs. Clusters of a-N-acetyl-ß-endorphin im
munoreactive cells were observed along the border of the human anterior and neural 
lobes. Serial pituitary sections (n=4) further revealed that ACTH, a-MSH and ß- 
endorphin immunoreactivities were co-localized in these cells indicating that they 
resemble melanotrophs immunochemically. Unexpectedly, a-N-acetyl-ß-endorphin im- 
munoreactivity was also localized in a subpopulation of ACTH immunoreactive cells 
dispersed throughout the anterior lobe. These cells were localized primarily in rostral 
and lateral regions, displaying a different cellular distribution than ACTH and ß- 
endorphin immunoreactivities. Consistent with previous reports in rat, immunoreactive 
ACTH and ß-endorphin were also localized in human neural lobe axons. Further, we 
observed a-N-acetyl-ß-endorphin immunoreactivity in a subset of axons indicating that 
neural lobe axons differentially process ß-endorphin. Sequential gel filtration and ion 
exchange chromatography confirmed that small amounts of a-N-acetyl-ß-endorphin-1- 
31 are present in the human pituitary comprising less than 1% of total immunoreactive 
ß-endorphin. These results indicate that, in the human pituitary, a-N-acetyl-ß- 
endorphin is localized in both neural and endocrine cells. Unlike the rat, however, a 
subset of anterior lobe cells a-N-acetylate ß-endorphin, suggesting that human 
corticotrophs are heterogeneous with respect to their ability to differentially process 
ß-endorphin. Supported by NIDA DA04598 (WRM) and NS 28019 (BMC).

202.2

WIDESPREAD EXPRESSION AND ESTROGEN REGULATION OF PRE
PROENKEPHALIN INTRON A-LIKE NUCLEAR RNA IN RAT BRAIN. 
Philip L Brooks*. Toshiva Funabashi. Steven P, Kleopoulos. 
Charles Mobbs. and Donald Pfaff. The Rockefeller University 

We have previously identified a population of cells in the 
ra t basal forebrain and reticular thalamic nucleus which 
express a  high levels of a novel preproenkephalin intron A 
(PPE-IA)-like RNA species (Neurosci. AbsL 18:112.13. Mol. Br. 
Res, in press). These cells contain an abundant nuclear RNA 
which hybridizes with probes derived from downstream of an 
alternate start site in PPE intron A, but not with probes to PPE 
exon 2 or 3 RNA. We now report that this RNA species is 
present in cells in a number of additional brain areas. In the 
forebrain, cells expressing PPE-IA-like RNA are also found in 
the medial septum and amygdaloid area. PPE-IA-like RNA is 
dramatically induced by estrogen in the ventromedial and 
arcuate nuclei of the hypothalamus. Populations of PPE-IA-like 
RNA containing cells were found throughout the pontine and 
medullary reticular formation. Particularly dense 
concentrations of cells expressing high levels of PPE-IA-like 
RNA were found in the trapezoid body and superior olive, the 
vestibular complex, and all of the deep cerebellar nuclei.

Taken together, these results indicate that the ra t brain 
contains a distinct, widespread population of neurons which 
express an abundant, novel nuclear RNA species containing 
PPE intron A sequences, We hypothesize that this transcript 
represents a functional nuclear RNA that is expressed and 
regulated in a cell-specific manner.
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202.3
ORIGIN O F TH E EN KEPH A LIN  IM M UNOREACTIVE INNERVATION  
O F  T H E  P A R A V E N T R IC U L A R  N U C L E U S  O F  T H E  
HYPOTHALAMUS. J. Beaulieu* and G. Prolet. Unité d'Hypertension, Centre 
de Recherche du CHUL, Università Laval, Québec (Qc), G1V 4G2.

The paraventricular nucleus of the hypothalamus (PVN) is densely innervated 
by fibers immunoreactive for opioid peptides. However, the origin(s) of these 
inputs has not been determined. In the present study we used retrograde 
transport of wheat germ-conjugated-gold particles (WGA-Au) and immuno- 
histochemistry for the proenkephalin-derived octapeptide met-arg6-gly7-leu8 
enkephalin (ENK-ir) to determine the origin of the ENK-ir input to the PVN. 5-7 
days after tracer injection, the rats received colchicine (100 μg, icv) and were 
perfused 24 hours later. Results for retrograde labeling with discrete pressure 
injections of WGA-Au restricted to PVN demonstrated retrograde labeling of 
the previously established afferent projections to the PVN, including the 
subfornical organ, the medial preoptic area (MPA), the median preoptic nucleus 
(MPO), the dorsomedial hypothalamic nucleus (DMH), the arcuate nucleus 
(Arc), the lateral hypothalamic area (LH), the locus coeruleus, the C1/A1 and C3 
regions and the nucleus solitary tract (SOL). Following the injection of the 
retrograde tracer into the PVN and subsequent immunohistochemical staining 
for ENK, numerous retrogradely labeled (*3-4 cells per 40 μηη-thick section) 
ENK-ir neurons were observed in MPA, MPO, Arc, LH, and in the C1/A1 
region. Smaller groups of ENK-ir neurons that were consistently retrogradely 
labeled were found in the C3 region, DMH, SOL (1-2 cells per 40 μίτι-thick 
section). Retrogradely labeled neurons were also observed in the ventromedial 
hypothalamic nucleus and in the parabrachial nucleus; although these areas 
contained populations of ENK-ir perikarya, no double labeling was observed.

These enkephalinergic pathways from the forebrain and the medulla could 
represent an anatomical substrate underlying opioid effects on PVN neurons 
during physiological processes (cardiovascular, feeding and stress responses). 
Support: MRC, HSFQ, Fonds de la Recherche en Santé du Québec.

202.5
CHRONIC MORPHINE ALTERS PROTEIN KINASE С-б IMMUNOREACT- 
IVITY IN CEREBRAL CORTEX, THALAMIC NUCLEI AND CEREBELLUM OF 
RAT BRAIN. Meredith M. Garcia* Jason Güster and Richard E. Harlan. Department 
of Anatomy, Tu lane University School of Medicine, New Orleans, LA 70112.

The protein kinases C (PKC) are a family of serine-threonine kinases, comprised 
of at least 10 different isoforms, many of which are highly expressed in brain. The б 
isoform of PKC (РКС-б) is a member of the calcium-independent subgroup of PKCs 
and has a highly restricted distribution in rat brain, including thalamic nuclei which 
express the μ opiate receptor (Garcia et al., 1993). As there is some evidence for 
coupling of the μ opiate receptor to PKC (Chen and Huang, 1991), we studied the 
effect of chronic morphine on РКС-б immunoreactivity (ir) in rat brain. Male 
Sprague-Dawley rats were injected with vehicle or morphine (10 mg/kg), daily for 5 
days and sacrificed on day 6, day 12 (7 days post-dependent [PD]) or day 19 (14 days 
PD). At day 6, chronic morphine treatment significantly decreased the intensity of 
immunostaining in cell bodies of the lateral posterior, mediodorsal, and ventral 
posteromedial thalamic nuclei; no changes were detected in several other thalamic 
nuclei which lack μ receptors. Conversely, chronic morphine treatment increased 
РКС-б-іг in certain axonal projections to cortex, especially from the anterior nuclear 
group, and in axons of layer 6 òf frontal cortex. Interestingly, cells in layer 6 project 
preferentially to the patch compartment of striatum, where we have found an increase 
in calbindin D28k in response to chronic morphine (Garcia and Harlan, Abstr. Soc. 
Neurosci., 1992), suggesting a thalmocortical-corticostriatal pathway which may be 
activated by MOR. Co-administration of the NMDA receptor antagonist MK-801 
(0.2 mg/kg) with vehicle or MOR had no effect on РКС-б-іг. In brains of rats which 
were 7 days PD, levels of РКС-б-іг remained low; however, at 14 days PD, levels 
were increased above that seen in control brain. Similar responses were also observed 
in Purkinje cells in cerebellum. These findings suggest that some effects of chronic 
morphine may be mediated by morphine-induced changes in the abundance and 
intracellular distribution of the б isoform of PKC, and that morphine-induced changes 
in РКС-б may play a role in the development of morphine tolerance. (Supported by 
DA-05411 to MMG and DA-06194 to REH.)

202.7
ONTOGENIC CHANGES IN THE ANATOMICAL DISTRIBUTION OF LEU-EN* 
KEPHALIN IN THE ADENOHYPOPHYSIS OF THE AXOLOTL, Ambystoma 
mexicanum. Le6n-01ea M, Sanchez-Islas E, Pellicer F, San- 
chez-Alvarez M, Rocha LÝ Div. de Neuroci, Instituto Mex. de 
Psiquiatria, Av. Mex-Xochimilco 101, CP 14370, Mexico D.F. 
In a previous work we showed the distibution of the immuno- 
reactivity (IR) to leu-enkephalin (LE), met-enkephalin (ME) 
B-endorphin (BE) and dynorphin (DYN) in the hypophysis of 
the neotenic amphibian A. mexicanum. A relevant result of 
this work was the presence of IR to LE in the adenohypophy
sis (AL) (Leon-Olea et al., J Comp Neurol 305:412, 1991).
In this study we compared the distribution of this opioid 
peptides in the hypophisis of neotenic species and in sala
manders 10 days and 6 months after the metamorphosis, arti
ficially induced by tiroxine (T4, 2.5ug/g, i.p.), had been 
completed. The results show that the IR to ME and DYN is 
present in fibers of the median eminence (ME) and of the 
posterior lobe (PL). The IR to BE is present in the cells 
of the intermediate lobe and in a few cells of the AL in 
both the neotenic adult and in the salamander. However the 
IR to LE in the cells of the AL that were present in the 
neotenic organism, is not present in the salamander, remain 
ing only the IR fibers in the median eminence and in the PL 
The IR to LE in the AL is characteristic trait of the onto
geny of A. mexicanum and it remains to be elucidated the 
role this peptide may play in the neotenic animal.
We thank M. Asai for kindly proving the antisera and Feli
ciano C. for tecnic asistence. This study partially support ed by CONACyT MLO-(1183-N9203).

202.4
ACUTE DESENSITIZATION FOLLOW ING PROLONGED LOCAL 
ADMINISTRATION OF OPIOID PEPTIDE IN THE DENTATE. JH Maver*. 
SC Steffensen. SJ Henrikscn. Dept. Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037

We investigated the electrophysiologic changes seen in the dentate gyrus of the 
hippocampus with prolonged local administration of opioid peptide. A mu receptor 
agonist, [D-Ala^, NMe-Phe^, Gly-ol]-Enkephalin (DAGO), was administered 
iontophoretically in anesthetized rats. Field potentials, evoked by perforant path 
stimulation, and spontaneous single unit activity (both dentate granule cells and 
interneurons) were recorded from the granule cell layer. We have previously 
reported the early effects (seen within 5 -1 0  minutes) of iontophoretic administration 
of DAGO in this region. This includes a marked increase in responsiveness to 
perforant path stimulation as measured by an increase in primary population spike 
(PS) amplitude and early disinbibition in the paired pulse paradigm. After 
approximately 10 - 20 minutes of electrophoresis of DAGO, a second, late effect is 
noted. There is a loss o f the early disinhibition seen in the paired pulse paradigm 
while the primary PS amplitude remains the same (or slightly increases). 
Furthermore, in a time course parallel to the loss of disinhibition, single cell activity, 
that is initially inhibited by DAGO, appears to lose its responsiveness. This 
desensitization persists long after DAGO is discontinued and the primary PS 
amplitude has returned to baseline. Local administration of B-funaltrexamine, a mu 
receptor antagonist, blocks the effects of DAGO, but does not selectively reverse the 
loss of disinhibition. Pretreatment with nor-binaltorphimine, a kappa receptor 
antagonist, appears to block the onset of disinhibition with only a mild reduction in 
primary PS amplitude. Studies performed with GABA agonists and antagonists do 
not seem to affect the development of desensitization. The gradual, acute loss of 
responsiveness to opioids in the dentate may be related to the eventual involvement 
of other opioid sensitive cells located at a distance from the iontophoresis barrel or 
possibly to nonselective effects on non-mu opioid receptors. (Supported by DA 
00143 to JHM)

202.6

MORPHINE DECREASES CALBINDIN D28K IMMUNOREACTIVITY IN 
CEREBELLAR PURKINJE NEURONS. R.E. Harlan* Ĩ. Gilster and M.M. 
Garcia Dept. of Anatomy, Tulane Medical School, New Orleans, LA 70112 

Calbindin D28K (CD) is an intracellular calcium-binding protein that is 
expressed in nearly all Purkinje neurons in the cerebellum. We have found 
previously that chronic treatment with morphine (MOR) increases CD 
immunoreactivity (ir) in thè mu receptor-enriched patch compartment of 
the striatum (Garcia and Harlan, Abst. Soc. Neurosci. 1992). In the 
striatum, this effect was blocked by prior administration of the NMDA 
receptor antagonist MK-801, suggesting that increased CD-ir may be a 
compensatory response to increased levels of intracellular calcium induced 
by increased glutamatergic transmission. We now report that chronic Mor 
decreases CD-ir in many Purkinje cells in rat cerebellum. Male rats were 
injected with vehicle or MOR (10 mg/kg), twice daily for 5 days, and 
sacrificed on day 6. Immunocytochemical analysis using a mouse monoclonal 
antibody to CD (Sigma) revealed that in vehicle-treated rats, nearly all 
Purkinje cells contained CD-ir in cell bodies, nuclei, dendrites and axons. 
Following chronic MOR, however, long stretches of unlabeled Purkinje cell 
bodies were noted in various folia. Similar results were found in rats 
implanted with morphine pellets (75 mg; 1 per day for 5 days). At day 7 
after cessation of MOR injections, many Purkinje cells contained only nuclear 
CD-ir, while at day 14 after cessation of MOR injections, CD-ir was 
returning toward a normal pattern of expression. These results extend the 
findings of Tirumalai and Howells (Abst. Soc. Neurosci 1992) that chronic 
Mor decreases CD mRNA in the cerebellum. Moreover, the results suggest 
that chronic Mor treatment may decrease intracellular calcium levels in 
many Purkinje neurons, resulting in a compensatory decrease in CD-ir. 
(Supported by DA 05411 [MMG] and DA 06194 [REH].)

202.8
IMMUNOHISTOCHEMICAL LOCALIZATION OF ENKEPHALINS IN THE CEN 

TRAL NERVOUS SYSTEM OF THE AXOLOTL, Ambystoma mexicanum . 
Sânchez-Islas, E., Sânchez-Alvarez, M., Pellicer, F. * and 
Leon-Olea, M. Division de Neurociencias, Instituto Mexica 
no de Psiquiatria, Av. México-Xochimilco 101, CP.14370 , 
Mexico , D . F .

We have demostrated the existence and anatomical distri 
butio of the immunoreactivity to opioid peptide (OP) in 
the pituitary and hypothalamus of the axolotl, A.mexicanum 
In this study we determined the localization of the im
munoreactive neurons (IRN) and (IRF) to Leu-, Met- enkepha 
lins (LE, ME) and octapeptide (MERGL) in the brain of the 
A.mexicanum. We carried out experiments using the indirect 
immunofluorescence method with antibodies directed against 
LE, ME and MERGL. The show IRN and IRF widely distributed 
throughout the central nervous system. IRN were mainly 
found in the preoptic, thalamus and hypothalamic regions. 
IRF in the pallium, septum, strio-amigdaloid, preoptic , 
hypothalamic regions and reticular formation. The A.mexi
canum showed a wide distribution of enkephalins in theCNS. 
This pattern is similar to the one found in mammals. The 
distribution of these OP in the different cerebral regions 
suggests the possibility of a modulation of the somatosen
sorial and motor information exerted by these peptides, as 
is the case in other vertebrates. Since the A.mexicanum is 
a neotenic amphibian, it can be a useful model to study 
the ontogeny of OP.
We thank M. Asai for kindly providing the anserà. This study partially supported by CONACyT MLO-(1183-N9203).
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202.9
REGIONAL DISTRIBUTION OF ß-CASOMORPHIN-IMMUNOREACTIVI
TY IN THE HUMAN INFANT BRAIN STEM.
A ^.Pasi. H. M a h ler . N. L a n s e l ,  C. B e r n a s c o n i  and  F .S .  
M essiha*. E n d o r p h in  R e s .  L a b .,  U n iv .  Z u r ic h ,  S c h . o f  
Med., C H -8057 Z u r ic h ,  S w i t z e r l a n d ,  an d  T e x a s  T ech  
Univ. H l t h . S c i .  C t r . ,  S c h .  o f  M e d ., L u b b o ck , TX. 
79409, USA.

Milk ß - c a s e in  i s  m e t a b o l iz e d  p e r i p h e r a l l y  t o  ß - c a s o -  
morphin-8 w h ic h  may p e n e t r a t e  i n f a n t  b r a i n ,  p o s s i b l y  
producing CNS e f f e c t s ,  an d  p r e s u m a b ly  a l s o  " su d d en  i n 
fant d e a th  sy n d ro m e" . The ß -c a s o m o r p h in - im m u n o r e a c t i-  
v ity  (CMI) was a s s a y e d  i n  37 d i s t i n c t  b r a in  s te m  s u b -  
regions o f  18 human i n f a n t s  b y  p u n c h in g  t e c h n iq u e  o f  
frozen b r a in  s te m  s l i c e s  b e f o r e  s e p a r a t i o n  a n d  d e t e r 
m ination b y  HPLC an d  r a d io im m u n o a s sa y , r e s p e c t i v e l y .  
The CMI was fo u n d  in  19 b r a in  s te m  a r e a s ,  t h e  h i g h e s t  
le v e ls  b e in g  fo u n d  i n  5 r e g io n s  o f  m e d u lla  o b lo n g a t a .  
The CMI i n  n u c l e u s  ( N. )  d o r s a l i s  n e r v i  v a g i ,
N. r e tr o a m b ig u u s ,  a n d  N. i n t e r c a l a t u s  ( 8 . 6  ± 2 . 9 ,
6.9 ± 2 . 6  and 6 . 6  ±  2 . 3  fmol/mg tissue) were compared 
to the concentrations' range ( 0 . 3  -  4 . 7  units) present 
in the remaining subregions. The distribution of CMI 
in the infantile brain stem correlates with that of 
the binding of two μ-opioid ligands: DAGO and nalo
xone. Results suggest the association of CMI with μ- 
opioid receptors and allow to speculate about various 
transport mechanisms of CM into the CNS. [Supported in 
part by the Foundations Walter Goerlich, Wolfermann- 
Nägeli, Olga Mayenfisch, and by M. Seibel.]

202.11
ESTROGEN'S INDUCTION OF PREPROENKEPHALIN (PPE) 
mRNA IN VENTROMEDIAL HYPOTHALAMUS (VMN) OF 
FEMALE RATS IS NOT AUGMENTED BY VOLUNTARY
EXERCISE. B ra w n ,.I...S..-Р м іж * ^ .  J. B rooks,.and D„ Æ
EfflL__ The Rockefeller University, Ш 0  York A ys.,., Mew...XqîL·
Ы Ү Л Ш Һ
Voluntary exercise in running wheels (RWA) increases 

lordosis frequency in steroid-replaced ovariectomized rats 
(Axelson et al., 1987, Horm. Beh., 21: 384-392). We tested 
whether sensitization o f lordosis-relevant neurons to 
estrogen as reflected by augmentation of estrogen-induced 
PPE mRNA in VMN (Romano et al., 1988, Mol. Endocrinol., 2: 
1320-1328) might explain this effect.

Adult ovariectomized rats were singly housed in running 
wheels or standard wire cages for 2 weeks. To look for 
augmentation by RWA, rats in both conditions received a low 
dose (2 μg) of estradiol benzoate (EB) or vehicle im 18-20 h 
prior to euthanasia. Quantitative in situ hybridization of 
brain sections containing VMN and caudate-putamen (CP) 
was performed with a 206-bp p32 -labeled cDNA probe.

In VMN but not in CP, EB produced a significant increase 
(76%) in PPE mRNA. Alone or in conjunction with EB, RWA 
did not affect PPE mRNA either across groups or within 
individual animals. We conclude that (a) if RWA sensitizes 
VMN neurons to EB, then PPE mRNA does not reflect this 
sensitization and (b) the previously reported effect of RWA 
on lordosis is dissociable from PPE mRNA expression in VMN.

202.13
POMC GENE EXPRESSION IN LACTATING RATS CHANGES 
WITH REPRODUCTIVE EXPERIENCE. P.E. Mann*, A.A. 
Alcivar, M. Faggart, C. Rich, R.S. Bridges, Dept. of Comparative 
Medicine, Tufts Univ. Sch. o f Veterinary Medicine, N. Grafton, MA 
01536.

Previous studies have shown that pregnancy and/or lactation 
change both the content of endogenous opioid peptides and opioid 
receptor densities in the brain. In addition, rats that have undergone 
multiple pregnancies are less sensitive to the behavioral and 
physiological actions o f opiates and opioid peptides. The present 
study examined whether there are concomitant changes in neural and 
pituitary POMC gene expression as a consequence o f reproductive 
experience. Northern blot hybridizations were performed on 
pituitary glands collected from age-matched, primparous and 
multiparous rats on day 13 of lactation. Preliminary studies using a 
cDNA probe specific for the 337 base pairs o f exon 2 and 500 base 
pairs of exon 3 of the POMC gene reveal that primiparous rats have 
higher pituitary POMC mRNA levels than age-matched, multiparous 
rats. The reduction in pituitary POMC gene expression in 
multiparous rats suggests a shift in POMC mRNA levels which may 
underlie the apparent "down regulation" o f this endogenous opioid 
system in females with repeated reproductive experience.
(Supported by NIH DA04291 to RSB)

202.10
INHIBITION OF PROOPIOMELANOCORTIN TRANSLATION BY AN
ANTISENSE OLIGODEOXYNUCLEOTIDE. S. Spampinato*.___TL
Canossa. L. Carboni. G. Campana and S.Ferri. Dept. 
PharmacolUniv.Bologna, Irnerio 48,40126 Bologna, Italy 

Gene expression in mammalian cells can be suppressed 
by nucleic acid sequences complementary to endogenous 
transcripts.We employed this strategy to block the 
synthesis of peptides derived from the precursor 
proopiomelanocortin (POMC) in AtT-20 cells or in rats 
exposed to a 30-base pair oligodeoxynucleotide
complementary to mRNA nucleotides which are translated 
into the first ten aminoacids of ß-endorphin. In 
alternative, treatments were done with a "non sense" 30- 
base pair oligonucleotide.In AtT-20 cells, 
oligonucleotides (10-100 nM) were added at time 0, and 
than 24 and 48 h after seeding and cells were harvested 
12 h after the last treatment.A maximal reduction of ir- 
ß endorphin and ir-ACTH (>90%) was detected in cells 
treated with the antisense oligonucleotide as well as 
in the culture medium. A significant reduction of POMC 
mRNA (>50%) was found by a solution hybridization assay. 
Cell viability and proliferation this latter evaluated 
by measuring ornithine decarboxylase activity) were not 
affected by these treatments. In rats, oligonucleotides 
were infused with osmotic minipumps (1 μΐ/һ) in the 
medial-basal hypothalamus through permanent catheters. A 
significant reduction (> 70%) of ir-ACTH and ir-ß
endorphin was observed after a З-day infusion of the 
antisense oligonucleotide (0.1 nMol/μΙ).

202.12
REGULATION OF DYNORPHIN EXPRESSION IN THE STRIATUM BY 
METHAMPHETAMINE (METH): ROLE OF IMMEDIATE EARLY GENE 
(IEG) PROTEINS. D. Bronstein * & J.-S. Ηοπα. Lab. Integrat. Biol, 
NIEHS, NIH, Research Triangle Park, NC 27709.

In the medium spiny neurons of the striatum, repeated activation 
of dopamine D1 receptors leads to increased biosynthesis of the 
opioid peptide dynorphin (DYN). There is some evidence to suggest 
that this increase is mediated by two families of lEG's: c-fos and c- 
jun and their related proteins, fos-related antigens (FRA's), jun B, 
and jun D. In the present study, the relationship between activation 
of DYN expression and various IEG proteins was examined following a 
single injection of the dopamine releasing agent METH. Male Fisher 
rats were injected with METH (4-10 mg/kg, s.c.) and striata were 
collected. One side of the striatum was processed for DYN peptide 
(by RIA) and mRNA (by Northern) while Western and gel shift 
assays were performed on the other side. Six hr after a single METH 
injection, levels of DYN-ir peptides were decreased and DYN mRNA 
levels increased relative to vehicle-injected controls. By 18 hr, 
peptide levels had significantly increased to above basai levels and 
DYN mRNA remained elevated. These data suggest that METH 
activated peptide release and induced a compensatory increase in DYN 
gene transcription. At the 6 hr time point, levels of two FRA's, 
corresponding to 35 and 46 kDa proteins, were increased in the 
striata of METH-treated rats compared to controls. Thus, these two 
lEG's may be involved in the induction of DYN gene expression by 
METH. We are currently performing other experiments to examine 
the mechanism of METH's effects and the roles that other lEG's may 
play in regulating DYN biosynthesis in the striatum.

202.14
PROENKEPHALIN A EXPRESSION IS RELATED TO PROLIFERATIVE 
AND DIFFERENTIATIVE EVENTS DURING BRAIN DEVELOPMENT. 
I.S. Zagon*. T. Isavama. Denise M. Glbo and P.J. 
McLaughlin. Dept. Neuroscience and Anatomy, Penn 
State Univ. College of Medicine, Hershey, PA 17033.

[Met3]-enkephalin is an opioid growth factor (OGF) 
encoded by the preproenkephalin (PPE) gene. OGF 
exerts a tonically active inhibitory influence on 
proliferative and differentiative events. This study 
examined the relationship of PPE mRNA expression to 
late prenatal and postnatal rat brain development. 
Northern blot analysis of whole brain and cerebellum 
showed that PPE mRNA was present on E15, expresssed at 
stable levels during the first 2 postnatal weeks, and 
reached adult levels by thè third postnatal week. In 
situ hybridization revealed that PPE mRNA was 
prominent in all areas associated with cell 
generation. Message was found in sites of primary and 
secondary cellular replication, as well as in discrete 
foci of cell proliferation. PPE mRNA was also 
expressed in some postmitotic cells. During 
development, patterns of PPE mRNA could be detected in 
different regions of the brain that corresponded to 
cellular proliferation and differentiation, as well as 
the presence of enkephalin immunoreactivity. These 
results suggest that OGF is produced by developing 
neural cells and are consistent with earlier studies 
showing the important role of OGF on neuro-ontogeny. 
Supported by NIH grant NS-20500.
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202.15
OPIOID PRECURSOR GENE EXPRESSION IN HUMAN HYPOTHALAMUS.
R.R. Sukhov1. L.C. Walker1. N.E. Rance2. D.L. Price1 and W.S. Young III*3. JThe 
Johns Hopkins Univ. Sch. of Med., Balto., MD 21205 and ^ һ е  University o f  
Arizona College of Med., Tucson, AZ 85721 and laboratory o f Cell Biology, 
NIMH, Bethesda, MD 20892.

Neurons that contain the mRNA for preproopiomelanocortin (POMC), 
preprodynorphin (PDYN), and preproenkephalin (PENK) were mapped in the 
human hypothalamus and immediately surrounding structures. Hypothalami 
from four adult males were snap-frozen, sectioned serially, and every 20th 
section was incubated with 48-base synthetic cDNA probes. Computer-assisted 
microscopy was used to map labeled neurons. Marked differences were found 
in the distribution o f the three opioid peptide precursor mRNA. POMC neurons 
were located predominantly in the infundibular nucleus and retrochiasmatic 
region, in agreement with previous studies in other mammals. In contrast, 
numerous cells that express PDYN gene transcripts were identified in the 
premammillary nucleus, caudal paraventricular nucleus, and posterior 
hypothalamus. In addition, a few  PDYN cells were scattered within the 
ventromedial, dorsomedial, and supraoptic nuclei and in the retrochiasmatic 
region. PENK neurons were found in virtually all hypothalamic regions except 
for the mammillary bodies. The chiasmatic region had the greatest packing 
density of PENK neurons, particularly in the medial preoptic area, intermediate 
nucleus, dorsal suprachiasmatic nucleus, and lateral hypothalamic area. In the 
human paraventricular nucleus, as in other mammals, PENK neurons were 
parvicellular in morphology and PDYN neurons were magnocellular. The 
tendency toward anatomical segregation of these opioid systems is consistent 
with different roles for them in hypothalamic function.

20 2.16
IDENTIFICATION OF MULTIPLE DNA ELEMENTS REGULATING 
BASAL, FORSKOLIN, AND PKA-INDUCED TRANSCRIPTIONAL 
EXPRESSION OF THE RAT PRODYNORPHIN GENE. J, O. Douglass*, 
A. A. McKinzie and K. M. Pollock. Vollum Institute, Oregon Health 
Sciences University, Portland, OR 97201

The prodynorphin gene encodes the precursor molecule from which the 
dynorphin family o f opioid peptides are generated. The gene is 
transcriptionally active in a wide variety o f brain regions and endocrine 
tissues. Much is known regarding the physiological and receptor-mediated 
events which regulate prodynorphin gene expression in vivo. However, the 
molecular mechanisms by which specific cis- and trans-acting factors control 
activity of the prodynorphin promoter are not as clearly defined. In the study 
described here, transient transfection of prodynorphin promoter-CAT plasmid 
constructs into CV1 cells served to identify several regions o f the rat 
prodynorphin promoter which regulate basal, forskolin- and PKA-induced 
transcription. Two regions from -1858/-1500 and +65/+135 were found to 
affect basal levels of transcription. Additional dissection o f the -1858/-1500 
region, including site-specific mutational analysis, revealed that multiple 
regulatory elements are present within this DNA fragment. In co
transfection studies, the catalytic subunit o f protein kinase A was capable of 
dramatically inducing transcription from the prodynorphin promoter, and here 
too, multiple DNA elements appear to mediate this induction. One specific 
region from -1602/-1500 was additionally characterized by gel shift analysis. 
Within this region is the sequence, TGCGTCA, identical to the ENKCRE-2 
motif within the human proenkephalin gene which mediates both cAMP- and 
TPA-induced expression. This motif was capable of directing the formation 
of specific DNA-protein complexes when incubated with rat brain protein 
extracts, further identifying this element as one which plays an important 
functional role in mediating expression from the prodynorphin promoter.

CATECHOLAMINES II

203.1
LC АСШАТММӀHCREASES PBVTHRESHOLD SBVSORY EXCITATION OF OLFACTORY ШИВ MITRAL CELLS

M. J iang*, E R  Griff,Į A  Zimmer, ,M., Ennis, & M .T ,Shiplęy.
Dept. of Anatomy & Cell Biology, University of Cincinnati Col of Med., Cincinnati, OH45267.
A major modulatory input to the main olfactory bulb (MOB) is the noradrenergic (NE) system 
which arises exclusively from the pontine nucleus locus coeruleus (LC) and terminates densely 
in the internal plexiform and granule cell layers and moderately in the external plexiform layer. 
Reports of the actions of exogenous NE are contradictory: iontophoretic application of NE 
decreased the activity of mitral cells (MCs); this reduction was blocked by bicuculline 
suggesting that NE excites granule cells to release GABA which inhibits MCs. In the turtle {in 
vitro) NE increased MC firing; this was blocked by GABA. Thus, it was argued that NE 
inhibits granule cells. In dissociated MOB cell cultures NE inhibits synaptic transmission 
between mitral and granule cells and calcium currents via a-2 receptors. These findings are 
difficult to assess because exogenous NE application may not mimic the functional effects of 
NE released at synapses in vivo. Thus, we have characterized the actions of endogenously 
released NE on MC discharge in anesthetized rats. Microinjection of nl quantities of АСҺ in 
LC caused sustained (5 min), 4-1 OX increase in LC discharge rate and simultaneous EEG 
desynchronization. This had no consistent effect on MC spontaneous activity. However, there 
was nearly a doubling of MC excitatory responses to peri-threshold, electrical stimulation of 
the olfactory epithelium (OE); the magnitude of evoked-excitation was increased from 42.3 +
4.3 to 77.4 + 9.7 spikes/100 epithelium shocks (n = 19; p < 0.001). This increased sensitivity 
to OE stimulation lasted for 5 to 30 min. In contrast, suprathreshold excitatory responses to 
OE stimulation were not increased, but slightly decreased (8%) after LC activation (n = 7, p 
< 0.02). Olfactory cues evoke NE release in the olfactory bulb and NE release is increased 
during reproductive/maternal behaviors. NE plays an important role in olfactory learning and 
pheromonal regulation of pregnancy. The present results suggest that endogenousNE release 
preferentially increases the sensitivity of MCs to weak olfactory stimuli. Future experiments 
will determine: (1) Which class(es) of adrenergic receptors mediate NE's actions, (2) if 
increased sensory-evoked mitral responses are mediated by NE actions on GABAergic 
granule cells, and (3) if endogenous NE release increases MC responses to weak odors. 
Supported by N/H DC00347, NS24698, 29218 and DAMD 17-19-C-1071.

20 3 .3
PROM INENT GABAergic PROJECTIONS TO THE LOCUS COERULEUS 
FROM THE DORSOMEDIAL AND VENTROLATERAL MEDULLA. Y. Zhu*.
V. Keribone1. M. Ennis2. M. Shiplev2 and G, А&Ш:Ј9ВД£,. Div. Behav. Neurobiol., 
D ept Mental Health Sci., Hahnemann Univ., Philadelphia, PA 19102; ^Rockefeller 
University, NY, NY; ^Dept. Anat. Cell Biol., U. Cincinnati, OH 45267.

Previous studies have indicated that the nucleus locus coeruleus (LC) in rat 
receives prominent GABAergic innervation. In particular, LC neurons are strongly 
inhibited by stimulation o f a major afferent, the nucleus prepositus hypoglossi (РгН) in 
the dorsomedial rostral medulla, and this inhibition is eliminated by local 
microinfusion o f GABA antagonists (Ennis and Aston-Jones, 1989). Here, we 
identified GABAergic projections to the LC from the PrH and other areas using lesions 
or retrograde tracing combined with immunohistochemistry for markers of GABA 
neurons. In normal rats, antibodies against glutamate decarboxylase (GAD) confirmed 
a dense GABAergic innervation throughout the LC. Surprisingly, a high density o f  
GABAergic innervation remained in the LC of rats sustaining large lesions o f the PrH. 
Injections o f a retrograde tracer (WGA-apoHRP-Au or cholera toxin В subunit) were 
made into the LC, and the brain was stained with antibodies against either GAD (n=6) 
or GABA (N=6). Consistent results were obtained regardless o f the tracer or antibody 
used. A  large fraction (-50% ) o f PrH neurons projecting to the LC stained with 
antibodies against either GABA or GAD. In addition, a substantial proportion (-20%) 
o f neurons in the ventrolateral medulla (nuc. paragigantocellularis) that were 
retrogradely labeled from the LC also stained for either GABA or GAD. Furthermore, 
numerous neurons in Barrington's nucleus were also doubly labeled for WGA- 
apoHRP-Au and GABA or GAD. Although the close proximity o f Barrington's 
nucleus to the LC injection site renders these findings difficult to interpret, this 
indicates that local GABAergic neurons may innervate the LC. The presumed 
GABAergic neurons in the ventrolateral medulla (and possibly those in Barrington's) 
that innervate the LC may explain why lesions of the PrH failed to markedly decrease 
GABA staining in the LC despite the strong GABA projection from the PrH. This 
result may also indicate that PrH projections are less branched within the LC than other 
GABA inputs. Supported by PHS grant NS 24698.

20 3 .2

L O C U S  C O E R L E U S  N E U R O N S  IN R A T S  B R E D  F O R  
D IF F E R E N C E S  IN A N X IE T Y  E X H IB IT  D IF F E R E N C E S  IN MU O P IO ID  
R E C E P T O R  S E N S IT IV IT Y . J .S .  Verbanac*. R .L . C om m issa ris, H .J. 
Altman and D .K. Pitts. W ayne State University, C o lle g e  of Pharm acy  
& A H P , Detroit, Ml 48202.

M audsley Reactive (MR) and N on-Reactive (M N RA) rats have been  
selectively bred for extrem es in anxiety behaviors, and ha ve been  
shown to perform differently in various anim al m odels for anxiety. 
U sing extracellular single-unit recording techniques, we have  
previously reported that norepinephrine-containing locus coeruleus  
(L C ) neurons from M NRA rats are le ss  sensitive to the inhibitory 
effects of i.v. clonidine on d ischa rge rate than are L C  neurons from 
MR or S p ra g u e  Dawley (S D ) rats. G iven that alpha-2 and mu opiate 
receptors m ay share a com m on transduction m echanism  in the L C ,  
the present study w as designed to a s s e s s  mu opioid sensitivity in 
these rat strains. Extracellular single-unit recording techniques were 
utilized to a s s e s s  L C  neuronal sensitivity to i.v. fentanyl (0 .6  - 5  μg/kg) 
in urethane anesthetized rats. Preliminary results su g g e st  that L C  
neurons from M N RA rats are significantly le ss  sensitive to the 
inhibitory effects of fentanyl on d ischa rge rate than are L C  neurons 
from MR or S D  rats. No differences were observed between MR and  
S D  rats. T h e  inhibitory effects of fentanyl on L C  neuron activity were 
reversed by the opioid antagonist, naloxone, in all three strains. Th e  
results su g g e st  that both alpha-2-adrenergic and mu opiate receptors 
on L C  neurons in M NRA rats are le ss  sensitive to ago nists relative to 
MR or S D  rats. (Support: M H#48171 to R L C  and M H #47857 to D KP).

20 3 .4
ROLE OF THE NUCLEUS PARAGIGANTOCELLULARIS (μ g i) IN THE 
ACTIVATION OF LOCUS COERULEUS (LC) NEURONS BY BLADDER 
d is t e n t i o n . Ç. ChiangfrMÆ. Page, RJ...YabotinQ>Æid..Ĝ AsĩfiiL-lQflSS. Dept. 
of Mental Health Sciences, Hahnemann Univ., Philadelphia, PA 19102.

Bladder distention increases the spontaneous discharge of noradrenergic LC neurons 
(Elam et al., 1986); this has recently been shown to be mediated via an excitatory 
amino acid (EAA) mechanism within the LC (Page et al., 1992). The present study 
tested the hypothesis that the μ g i, a source o f EAA input to LC, mediates activation 
o f LC neurons by bladder distention. We recorded extracellular LC activity in 
halothane-anesthetized rats, while simultaneously monitoring bladder pressure and, in 
some cases, cortical electroencephalogram activity (EEG). Confirming previous 
reports, bladder distention (0.5 ml bolus in 5 sec) increased LC spontaneous firing to 
41 ±  4% above baseline in 35 cells tested. Increased LC discharge after bladder 
distention was also usually associated with activation o f the EEG. Lidocaine 
injections into medial μ g i (n = 16) did not alter this activation (39 ±  4% before and 
35 ±  4% after lidocaine), but similar injections in lateral μ g i (n = 5) attenuated the 
effect (50 ±  13% before and 22 ±  10% afta- lidocaine), with two injections yielding 
complete blocks. Vehicle injections in lateral μ g i (n = 11) were ineffective (30 ±  5% 
before and 49 ±  10% after vehicle). In addition, activation in 1/5 LC cells tested was 
blocked after GABA injection in μ g i. One μ g i cell tested was also strongly activated 
by bladder distention. These results indicate that there may be two anatomically and 
functionally distinct subregions within the μ g i, a ventromedial area which relays 
phasic noxious somatosensory input (Chiang and Aston-Jones, 1993) and a lateral 
area which relays tonic non-noxious visceral input to the LC. This is consistent with 
previous work describing two physiologically distinct subpopulations of μ g i cells 
which innervate the LC (Ennis and Aston-Jones, 1987). This work was supported by 
PHS grants MH40008, MH00840 and NS24698.
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203.5
CORTICOTROPIN-RELEASING FACTOR (CRF) NEUROTRANSMISSION IN 
THE LOCUS COERULEUS (LC): SUBSTRATE FOR STRESS-INDUCED 
AROUSAL. M.E. Page*. C.W. Bemdge. S,L, Foote, and RJ. Valentino- Dept. of 
Mental Health Sciences, Hahnemann Univ., Philadelphia, PA 19102, and Dept. of 
Psychiatry, Univ. California, San Diego, School o f Medicine, La Jolla, CA 92093.

CRF, the hypothalamic neurohormone responsible for initiation of 
adrenocorticotropin release during stress, is also thought to serve as a 
neurotransmitter outside o f the hypothalamic-pituitary axis to affect neuronal 
populations engaged in autonomic and behavioral responses to stressors. The 
presence of CRF-immunoreactive fibers in the LC and the potent excitatory effects of 
exogenous CRF on LC neurons suggest that the major brain noradrenergic nucleus, 
LC, is one potential target for CRF neurotransmission. Moreover, hypotensive 
stress activates the LC and this effect is prevented by local microinfusion of CRF 
antagonists into the LC. Although these findings suggest that CRF serves as a 
neurotransmitter to activate the LC during hypotensive stress, the consequences of 
this activation for LC target regions are unknown. The present study tested the 
hypothesis that one function of LC activation during hypotensive challenge is to 
increase arousal. LC discharge o f halothane-anesthetized rats was recorded 
simultaneously with cortical EEG during a hypotensive challenge produced by an 
intravenous (i.v.) infusion of nitroprusside. Nitroprusside increased LC discharge rate 
and produced EEG activation characterized by a decrease in low frequency activity. 
Bilateral inactivation of the LC by peri-LC infusion of the ctļ agonist, clonidine (35- 
50 ng) prevented nitroprusside-induced EEG activation. Similarly, bilateral peri-LC 
infusion of CRF antagonists, α -helical CRF9.41 (150 ng) or D-Phe CRF12-41 (10 
ng), prevented both LC and EEG activation by this challenge. The results indicate 
that LC activation during hypotensive stress is necessary for EEG activation and 
suggest that one function o f CRF neurotransmission in the LC is to increase or 
maintain arousal during hypotensive stress. This work was supported by PHS grants 
MH40008 and MH00840.

203.7
EFFECTS OF ACUTE AND CHRONIC S T R ES S  ON TH E M ESO CORTICAL  
DOPAMINE AND SEROTONIN SYSTEM S. A. J. Bourdelais*. A. C  Grobin. 
and A. Y. Deutch. Departments o f Psychiatry and Pharmacology, Yale 
University School o f Medicine, New Haven, CT 06510.

Acute stressors, such as mild footshockor short duration restraint, increase 
dopamine (DA) metabolism and release in the prefrontal cortex (PFQ o f the 
rat Paradoxically, we have found that animals exposed to footshock stress for 
five days and then acutely stressed exhibited no increase in DA utilization in 
the PFC. We suggested that this may indicate that the PFC DA response to 
stress is necessary for the acquisition-but not execu tion -of a coping response. 
We now report on the effects o f a different stressor, restraint stress, on 
mesotelencephalic DA function.

Adult male rats were subjected to 30 min restraint at room temperature for 
six successive days. On the seventh day, half o f the animals were again 
restrained, the other half not. DA and serotonin (5-HT) utilization 
(metabolite/amine) and tyrosine hydroxylase (TH) protein levels were 
measured. Naive animals that were acutely stressed showed a 80% increase 
in DA utilization; 5-HT utilization increased by 75%. Consistent with our 
previous data, animals exposed to chronic stress and then acutely challenged  
did not increase DA utilization in the PFC. In contrast, the response of the 
cortical serotonergic innervation did not diminish at all following chronic 
stress. In an attempt to determine if there were corresponding changes in TH 
protein levels in the midbrain neurons that project to the PFC, Western blots 
of substantia nigra (SN), ventral tegmental area (VTA), and retrorubral field 
(RRF) were performed. No changes in TH protein levels were observed. The 
observation of a neurochemically-specific "tolerance" to stress in the PFC DA 
but not 5-HT system is consistent with the hypothesis that the PFC DA 
innervation is critical for the development o f coping strategies.

203.9
NEUROGENETIC ANALYSIS OF THE EFFECT OF NOVELTY ON BRAIN 
DOPAMINE AND SEROTONIN. C-QPK and B.Ç.. Јиша!.
Program in Biobehavioral Health, The Pennsylvania State University, 
University Park, PA 16802-6508.

Male and female mice from two inbred strains, C57BL/6 (C57) and DBA/2 
(DBA) were exposed to a novel environment (vs. control) for 10 min. 
Immediately afterwards, the animals were sacrificed, the brains removed and 
dissected into ventral midbrain, caudate-putamen, nucleus accumbens and 
medial prefrontal cortex. Analyses of dopamine (DA) and its metabolites, 
dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA) and serotonin 
(5HT) and its metabolite, 5-hydroxyindoleacetic acid (5HIAA) were made by 
high-performance liquid chromatography. Utilization of the parent amines 
was estimated by the ratios, DOPAC/DA, HVA/DA and 5HIAA/5HT. Novelty 
increased DA utilization (DOPAC/DA) in caudate-putamen in DBA males, 
tended to decrease utilization in female DBAs and was without effect in the 
C57s. HVA/DA measures, however reflected novelty-related increases in DA 
utilization in males of both strains but not in females. Novelty increased DA 
utilization in the nucleus accumbens in C57s of both sexes (DOPAC/DA) and 
was replicated by HVA/DA in male C57s; however, no effect in either 
measure was seen in the DBAs. Novelty decreased 5HT utilization in the 
frontal cortex of C57 males only and in the nucleus accumbens, novelty 
increased 5HT utilization in female C57s only. The results indicate that 
strain, sex and brain area are important factors in determining effects of 
environmental manipulation on biogenic amines. Furthermore, utilization 
estimates by the two different ratios for DA may prove useful in determining 
which mechanisms, pre- or post synaptic, are important indices of 
environmentally-induced DA activation. Supported by USPHS Grants # DA 
07171, AA 08454 and AA 08125.

20 3 .6
COLLATERALIZED PROJECTIONS FROM THE VENTROLATERAL 
MEDULLA TO THE LOCUS COERULEUS AND SPINAL CORD: LINKING 
ALERTNESS AND SYMPATHETIC ACTIVATION. G. Aston-Jones*. H. Hirata 
and Y. Zhu. Div. Behav. Neurobiol., Dept Mental Health Sci., Hahnemann Univ., 
Philadelphia, PA 19102.

The nuclei paragigantocellularis (μ g i) and prepositus hypoglossi (РгН) in the 
ventrolateral and dorsomedial rostral medulla, respectively, are prominent afferents to 
the nucleus locus coeruleus (LC) in rat. These regions also send projections to other 
areas, including the hypothalamus and spinal cord. Branched projections to multiple 
areas from the same neurons would functionally link co-innervated targets. Here, we 
used double retrograde tracing to determine whether neurons that innervate the LC also 
project to the spinal cord or hypothalamus. Microinjections o f WGA-apoHRP-Au 
(400-600 nl) were made into the electrophysiologically identified LC nucleus. In the 
same animals, Fluoro-Gold (FG) was injected into the upper thoracic cord (4%, 2-4 μΐ; 
n=6) or the ventromedial hypothalamus (1%, 100-200 nl, n=6). An antibody against 
FG was used for half the sections, and others were stained fluorescendy using 
antibodies to PNMT. Numerous doubly retrogradely labeled neurons were found in the 
mid and rostral (juxtafacial) μ g i (12% and 19% o f LC afferents, respectively) 
following LC+cord injections, some o f which also stained for PNMT. Only a small 
number o f doubly retrogradely labeled neurons were found in the caudal μ g i or PrH 
(2% or less). A small number o f doubly retrogradely labeled neurons were also found 
in other areas, including the Kolliker-Fuse nucleus and the periaqueductal gray. In 
animals with LC+hypothalamus injections, fewer doubly retrogradely labeled neurons 
were identified in the μ g i or PrH overall, but most (8-9% of LC afferents) were located 
in the caudal aspect o f each nucleus. In view o f previous findings that μ g i neurons 
innervate preganglionic sympathetic neurons in thoracic cord, these results for 
collateralized μ g i projections reveal a common circuit linkage between the 
sympathetic and LC systems, and indicate a possible substrate for previously reported 
co-activation o f LC neurons and sympathetic nerves by the same sensory stimuli. Such 
co-activation may increase alertness (via LC) simultaneously with sympathetic activity 
to promote adaptive responses to urgent stimuli. Supported by PHS grant NS 24698.

20 3 .8
THE E FFEC T S  OF COLCHICINE LESIO NS O F THE DENTATE G YRUS OF 
THE RAT ON DOPAMINE R ELEA S E  IN THE NUCLEUS ACCUMBENS AND 
ON BEHAVIORAL ACTIVITY. J.M. Klancnik* and E.D. Abercrombie. Center 
for Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ.

Selective lesions of dentate granule cells were produced in adult male rats 
by bilateral injections of colchicine (3.5 μg/site) into the dorsal and ventral 
hippocampus. Control animals received vehicle injections. Two weeks later, 
the animals were assessed for locomotor activity. Lesioned rats were more 
active than controls when first placed into the testing chamber, but not after 
45 min; the lesioned animals were also more active during 30 min of tail-pinch 
stress. Therefore, the behavioral hyperactivity often reported following 
hippocampal damage, and thought to be mediated at the level of the nucleus 
accumbens (NAc), may reflect hypersensitivity to novelty and/or stress. The 
rats were then implanted with a chronic microdialysis probe in the NAc. One 
day following implantation, the lesioned animals showed significantly higher 
baseline dialysate levels of dopamine (DA) (27.4±1.8 vs 17.2±2.1 μg/15 min 
sample), but not of the DA metabolites 3,4-dihydroxyphenylacetic acid 
(DOPAC), homovanillic acid (HVA), or of 5-hydroxyindoleacetic acid (5-HIAA), 
as assayed by HPLC-EC. Lesioned animals did not differ from controls in 
baseline locomotor activity. Two 30 min periods of tail-pinch stress produced 
significant increases in locomotor activity and dialysate levels of DA, DOPAC, 
HVA and 5-HIAA in both groups; the lesioned animals showed significantly 
greater stress-induced increases in both DA release (to 126±5 vs 108±4 % of 
baseline) and locomotor activity. Thus, hippocampal damage can lead to tonic 
hyperactivity of the NAc dopamine system, and induce both behavioral and 
neurochemical hypersensitivity to stress. These data support the suggestion 
that hippocampal dysfunction may underlie the dopaminergic hyperactivity 
thought to occur in schizophrenia, and suggests a mechanism underlying the 
sensitivity to stress associated with the disease. Supported by a NARSAD 
Young Investigator Award [JMK), and by USPHS Grant MH43947 [EDA].

20 3 .10

G E N E T IC S  O F  D O P A M IN E  A N D  C H O L IN E R G IC  C E L L  NU M B ER : 
C O N F IR M A T IO N  O F  Q T L  A N D  R E L A T IO N S H IP  T O  N E U R O L E P T IC -IN D U C E D  
C A T A L E P S Y .  K .M . Pains. B .A . H itzem ann . S .J .  Kanes, and R .J. 
H itzem ann *. Departm ents o f P sych ia try, N e u ro b io lo g y and P h arm a cology, 
S U N Y  at S to n y  Brook, N Y  11 794 & P syc h ia try  S e rvice, V A M C , N orthp ort, 
N Y .

A n a lys is  o f the strain m eans fo r the B X D / Ty series, has revealed 
m ultiple significant quantitative trait loci (Q TL) fo r haloperidol-induced 
catalepsy (Kanes et al. 1993). M ost o f the Q T L  d isco ve re d  b y  this stra tegy 
m ap to  regions o f the m ouse gen om e not associated w ith  candidate genes. 
T o  assign function to  these Q T L , w e  h a ve beg un a Q T L  a na lysis o f traits 
k n o w n  to  be associated w ith  the genetic variance in haloperidol response. 
T w o  o f these traits are the d e n sity o f dop am in e neu ro ns in the substantia 
nigra and the d e n sity  o f cholinergic neu ro ns in the striatum  (Hitzem ann et 
al. 1993). W e  h a ve  o b se rve d  that the m icrosatellite D 4 M it1 7 rhrnmn>nmn 1 is 
a c o m m o n  candidate Q T L  fo r catalepsy and both dop am in e and cholinergic 
cell den sity. C a ta le psy and cholinergic cell n um b er h a ve  t w o  additional 
c o m m o n  candidate Q T L ,  D9 M rt2 1Chromoeomeeand M s6 -5 ChromoTOme 14. D9M it21 
is o f interest since it m aps near the D 2 receptor gene. T o  confirm  the 
associations a m ong these Q T L ,  fo rty  F2 h yb rid s  fo rm e d  fro m  C57BL/6J and 
DB A/ 2J strains will be typ e d  fo r haloperidol s e n s itivity  and then gen o typ e d  
fo r the Q T L  noted a bo ve. T h e  Q T L  con firm ed b y  this ana lysis will be 
suitable candidates fo r positional cloning or reverse genetics.
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203.11
CONFIRMATION OF GENOMIC MARKERS FOR NEUROLEPTIC 
SENSITIVITY. S.J. Kanes*. K.M. Pains. B.A. Hitzemann. J.K. Belknap and
R.J. Hitzemann. Depts. of Psychiatry and Pharmacology, SUNY Stony 
Brook, NY 11794-8101 and Dept. of Medical Psychology, VA Medical 
Center, Portland, OR 97201

Our laboratory has been exploring the genetic and biochemical basis of 
individual differences to neuroleptic induced catalepsy (NIC}. We have 
developed selectively bred lines that are either neuroleptic responsive (NR) 
or neuroleptic non-responsive (NNR) These lines differ 20 fold in their ED^ 
to haloperidol induced catalepsy. We have also investigated NIC among 15 
inbred strains of mice. There is a 20 fold difference between the most 
sensitive (BALB/c, DBA/2J) and the least sensitive (LP/J, C57L/J) strains.

In this study we have employed BXD/Ty recombinant inbred mice to 
identify putative quantitative trait loci (QTL) for neuroleptic sensitivity. We 
have identified 22 markers correlated with neuroleptic sensitivity at the 
p<0.05 level with no marker having an r > 0.6. The list is as follows: 
chromosome 1 (CRH1), Udptg-1 and D1Mit 17; CRH2, D2Mit7; CRH3, 
D3Tu51, Egf, Adh-1, and Adh3; CRH4, Lyb-2, Lyb-4, D4Mit17, Ifa, 
Ms6hm; CRH5, D5Mit11; CRH6, D6Mit9; CRH9, Ncam, D9mit21; CRH 13, 
D13Mit3; CRH 14, Ms6-5; CRH 15, Cyp2d, Sis, D15Mit2, D15Mit1. It is 
interesting to note that the markers on CHR9 are near ( ± 3 cM) the D2 
receptor gene. Many of these markers are microsattelites and thus are 
ideal for large scale genetic studies.

We report here the confirmation of several of these markers using the F2 
cross of C57BL/6J and DBA/2J mice. All of these mice have been divided 
into four groups based on neuroleptic sensitivity. The presence of 
C57BL/6J and/or DBA/2J allele has been screened in each and the 
correlation of between phenotype and genotype has been obtained.

203.13
EFFECTS OF HYPOTENSION ON IN VIVO STRIATAL DOPAMINE 
RELEASE AFTER SODIUM CHANNEL BLOCKADE BY TETRODOTOXIN. 
Jian Yu*, Ian N. Acworth, Kathleen C. Gariepy, Timothy J. 
Maher. Dept. Pharmacology, Mass. Coll, of Pharmacy, 
Boston, MA 02115 and ESA, Inc., Bedford, MA 01730

Previous studies have demonstrated significant in
creases in striatal extracellular dopamine (DA) levels in 
response to reductions in blood pressure (BP). No such 
changes occur in the hippocampus and the prefrontal cor
tex. In the present study, we estimated, using microdial
ysis, striatal DA release following perfusion with artifi
cial cerebral spinal fluid (aCSF) or aCSF containing tet- 
rodotoxin (TTX) prior to administration of either hydral
azine (H; 5 mg/kg, i.v.) or nitroprusside (NPr; 0.05-0.30 
mg/kg/min, i.v.). A loop-design probe was stereotaxically 
implanted into the striatum of urethane-anethetized rats 
and three basal samples were analyzed for DA; meanwhile BP was also recorded. By employing a liquid switch, either 
aCSF as control or aCSF containing TTX (3μΜ) was perfused 
through the microdialysis probe for an additional 100 
minutes. Then, NPr or H was administered. Striatal DA 
levels increased significantly in the control group (123 
and 98 fold, respectively, p<0.01) following decreases in 
BP (50% and 40% of baseline, respectively, pcO.Ol) induced 
by H or NPr. One hour following perfusion with TTX, stri
atal DA release approximated our limit of detection (300- 
fg). In the TTX pretreated group DA release was not al
tered during reduction of BP (50% and 47% of baseline, re
spectively, p<0.01) by either H or NPr. DA release did, however, increase by about 500 fold (p<0.01) as a result 
of ischemia during sacrifice induced by urethane overdose 
in both groups. The present data clearly demonstrate that 
increases in striatal DA release induced by hypotension is 
mediated via voltage-dependent sodium channel mechanisms.

203.15
BEHAVIORAL DISTURBANCES, PHARMACOLOGY, DOPAMINE 
NEUROCHEMISTRY AND NEURO ANATOMY OF BORNA DISEASE (BD) 
IN RATS. M-V. Solbrig. G.F. Kooh. J.H. Fallon. S. Reid and W.I. 
Lipkin* University of Califomia-Irvine, Irvine CA 92717

Boma Disease Virus (BDV) is a neurotropic RNA virus causing 
movement and behavior disorders in a wide variety of animal 
species. Forty five days after intracerebral inoculation, BDV 
adult-infected rats show a significantly increased locomotor 
hyperactivity effect of d-amphetamine, selective sedative effect 
of low (presynaptic) doses of apomorphine, and differential 
effects, depending on dose, to SCH23390. BDV infection resulted 
in dopamine (DA) depletions in caudate-putamen (CP), nucleus 
accumbens, olfactory tubercle, and, to a lesser extent, in 
prefrontal cortex (PFC). The decrease in DOPAC level in CP and 
limbic areas was less severe than changes in DA concentration. 
DOPAC level was increased 630% in PFC of BDV-infected rats. 
Using in s itu  hybridization techniques, BDV viral nucleic acid 
was found in ventral tegmental area (VTA), basal-lateral nuclei 
of the amygdala, and prefrontal/orbital cortex, areas 
anatomically and functionally linked as the "prefrontal'' 
system, as early as day 7 of infection. Viral RNA was especially 
abundant along closed loops of the prefrontal circuit at day 45. 
Based on DA system observations, we hypothesize the 
hyperkinetic movement disorder in BD is a consequence of 
viral activity along open and closed loop circuits of CNS.

203.12
HYPOTENSION AFFECTS CENTRAL MONOAMINE RELEASE: 
DIFFERENCES BETWEEN THE STRIATUM, HIPPOCAMPUS AND 
PRE-FRONTAL CORTEX. 1. N. Acworth*. J. Yu. K. Gariepy and T. Maher. 
ESA Inc., 45 Wiggins Ave, Bedford, MA 01730. Massachusetts College of 
Pharmacy, Boston, MA 02115.

We have previously demonstrated that hypotension induced by either 
hydralazine (H) or nitroprusside (NPr) promoted striatal dopamine (DA) 
release by approximately 120 and 44 fold respectively, suggesting that the 
striatum may participate in the regulation of blood pressure (BP). To 
investigate whether the striatum is unique in its response to hypotension 
we examined the extracellular levels of DA and norepinephrine (NE) in 
perfusates collected from a 3mm loop-design microdialysis probe placed 
into either the CA1 region of the hippocampus (Hip) or into the pre-frontal 
cortex (PFC) of urethane anesthetized rats. Monoamine levels and 
peripheral BP (carotid) were measured before and after the administration 
of H (10mg/kg) or NPr (0.05-0.3mg/kg/min) through an heparinized jugular 
cannula. Compared to saline treated controls, H caused a 52% decrease 
in BP while increasing Hip DA and NE levels by 102+41% and 161+69% 
at 40min, respectively. Similarly, NPr decreased BP by 51% while 
increasing Hip DA and NE levels by 462+297 and 401+145% at 40min 
respectively. Both H and NPr failed to affect monoamine release in the 
PFC. These data show that both the Hip and the PFC are significantly less 
responsive than the striatum to the effects of hypotension and that 
increased monoamine release is unlikely to be due to ischemia. Taken 
together with our previous results, these data indicate that the striatum is 
unique in its sensitivity to altered BP and that it may play a critical role in 
the regulation of cardiovascular system function in response to 
hypotension.

203.14
EFFECTS OF HYPOTENSION ON IN VIVO STRIATAL DOPAMINE RE
LEASE AFTER BLOCKADE OF NMDA-RECEPTORS BY MK-801. Timothy 
J. Maher , Jian Yu, Kathleen C. Gariepy, Ian N. Acworth. 
Dept. Pharmacol. Mass. Coll. Pharm., Boston, MA 02115 and 
ESA Inc., Bedford, MA 01730

Previous studies have demonstrated the ability of 
lowered blood pressure (BP) to significantly increase 
striatal extracellular dopamine (DA) levels. To examine 
the possible interaction between glutamatergic and DAergic 
systems in the striatum, we estimated, using microdialy
sis, striatal DA levels following administration of MK-801 
prior to hypotension induced by hydralazine (H; 5 mg/kg, 
i.v.) or nitroprusside (NPr; 0.05-0.30 mg/kg/min, i.v.). 
After a loop-design microdialysis probe was stereotaxical- 
ly-implanted into the striatum of urethane-anethetized 
rats and following stabilization of injury-mediated re
lease of DA, three basal release samples of striatal DA 
were quantitated while BP was recorded. MK-801 (5 mg/kg, 
i.p.) was then administered followed 80 minutes later by 
NPr or H. In the control group, striatal DA levels in
creased 44 and 123 fold (p<0.01) while BP decreased to 41% 
and 50% of baseline by NPr and H, respectively (p<0.01).
In the MK-801 group, striatal DA levels did not change 
after administration of MK-801. However, during reduction 
of BP to 55% and 51% of baseline by NPr and H, striatal DA 
levels increased 106 and 192 fold (pcO.Ol). Thus NMDA 
receptors appear not to mediate the increases in DA during 
hypotension.

203.16
CHRONIC HALOPERIDOL TREATMENT GREATLY INCREASES SPONTANEOUS 
ORAL ACTIVITY IN NEONATAL 6-HYDR0XYD0PAMINĖ-LESIONED RATS.
N.Y. Huang. R.M. Kostrzewa and M.D. Miyamoto*. Department 
of Pharmacology, East Tennessee State University, Johnson 
City, TN 37614.

In neonatal 6-hydroxydopamine (6-OHDA)-lesioned rats 
oral activity dose-effect curves are elevated and shifted 
to the left with SKF 38393 and m-chlorophenylpiperazine (m- 
CPP), respective dopamine (DA) D, and serotonin1c (5-НТ1С) 
receptor agonists. To test the ability of chronic 
haloperidol (HAL) to induce spontaneous oral activity, the 
following study was done. Rats were treated at 3 days 
after birth with either 6-0HDA (134 μg ICV) or vehicle. 
At 2 months half the group received HAL in drinking water 
for 2 days per week (1.5 mg/kg per day). Starting at 3 
months HAL was administered via drinking water on a 
continuous schedule (1.5 mg/kg per day). In the 15th week 
of continuous HAL administration, there was an increase in 
spontaneous oral activity in the 6-OHDA group, to a level 
of 36 ± 7 oral movements (6 min observation), vs. 15 ± 4 
oral movements in intact rats receiving HAL. There were 
fewer than 10 oral movements in intact and 6-OHDA-lesioned 
rats that drank tap water. SKF 38393 HC1 (1.0 mg/kg IP) 
and m-CPP 2HC1 (1.0 mg/kg IP) produced the greatest 
increase in oral activity in the 6-OHDA group receiving 
HAL. These findings indicate that there is a tendency for 
HAL to induce oral activity in rats in which DA fibers have 
been ontogenetically destroyed. Supported by NS 29505.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM CATECHOLAMINES II 489

203.17

IMPAIRMENTS I N  M O V E M E N T , P O S T U R A L  
ADJUSTMENT A N D  THEIR IN TEG R A TIO N  IN  RATS 
WITH UNILATERAL DOPAM INE DEPLETION. Elena I. 
Miklyaeva and  Ian O. W h ish a w * D ep t. P s y c h o lo g y ,  
University of Lethbridge, Lethbridge, AB, Canada, TİK 3M4.

Rats g iven  unilateral d op am in e  (D A ) le sio n s w ith  6- 
hydroxydopamine w ere tested  on  tw o  sk illed  reaching tasks 
over 100 days postsurgery. They w ere profou ndly  im paired  
when using the lim b contralateral to  the le sio n  (bad lim b) 
and moderately im paired in  usin g  the lim b ipsilateral to the 
lesion (good lim b). The b asis o f the im p airm ents w ere  
studied u s in g  h ig h -s p e e d  v id e o r e c o r d in g , m o v e m e n t  
notation, and k inem atic analysis. Im pairm ents o f the bad  
limb were rela ted  to an in a b ility  to  m ake com p o n en t  
movements o f a reach (aim ing, pronation, supination , grasp  
and release), p ostural adjustm ents, and their in tegration , 
whereas im p airm ents o f the g o o d  lim b w ere  related  to  
postural im pairm ents on ly . The results sh ow  that D A  is 
important for s k ille d  m o v e m e n ts , p o s tu r e , an d  the  
integration o f posture and m ovem ent.

203.19
ENVIRONMENTAL TEMPERATURE AND ION CHANNEL MODULATOR 
DECREASES METHAMPHETAMINE NEUROTOXICITY IN MICE.
S.F. Ali*. G.D. Newport, R.R. Holson. W. Slikker, Jr. and J.F. Bowver. 
Neurochemistry Laboratory, Division of Neurotoxicology, National Center 
for Toxicological Research, Jefferson, AR 72079.

Recently we have reported that methamphetamine (METH) neurotoxicity 
in rats depends on the environmental temperature. Here, we evaluate 
whether a cold environment (4°C) or drugs which affect chloride and 
glutamate ion channel function block METH neurotoxicity in mice. Adult 
male CD mice received METH i.p. (4 x 10 mg/kg METH at 23°C and either 
4 X 10 or 4 X 20 mg/kg METH at 4°С) along with 2.5 mg/kg ( + )MK-801, 
40 mg/kg phenobarbital or 2.5 mg/kg diazepam. Three days post 4 x 1 0  
mg/kg METH at 23°C an 80% decrease in striatal dopamine (DA) occurred 
while the same dose at 4°C  produced only a 20% DA decrease, and 4 x 
20 mg/kg METH at 4°C  produced a 54% DA decrease. At 23°C ( + )MK- 
801 completely blocked while phenobarbital (40% decrease) and diazepam 
(65% decrease) partially blocked decreases in striatal DA produced by 4 
x 10 mg/kg METH. A similar pattern of DOPAC and HVA decrease was 
observed as seen wih DA after METH and antagonists administration. 
Drugs which block METH neurotoxicity such as haloperidol (D2 receptors), 
pentobarbital and phenobarbital (chloride channels) and MK-801 
(NMDA/glutamate receptors), do not necessarily have the same mechanism 
of action, but all either induce hypothermia or block induction of 
hyperthermia. Therefore, it is not clear how much of their protection 
against METH neurotoxicity is due to the blockade of the hyperthermia 
produced by METH.

203.18
EFFECT OF STRIATAL KAINATE LESIONS ON METHAMPHETAMINE 
OR MPTP-INDUCED DOPAMINERGIC NEUROPATHOLOGY IN MICE. 
P.K. Sonsatla.* M.D. Hammer and G.D. Zeevalk. Neurology Dept., 
UMDNJ-RWJMS, Piscataway, NJ 08854.

Dopamine (DA) receptor antagonists prevent methamphetamine 
(METH)-induced dopaminergic neuropathology. This suggests that 
events mediated post-synaptic to the METH-induced DA release may 
be important in the neurotoxicity produced by the administration of this 
CNS stimulant to experimental animals. In contrast, MPTP toxicity is 
not prevented by DA antagonists. To test for the potential involvement 
of striatal outflow pathways in METH-induced neurotoxicity, mice 
received an intrastriatal infusion of kainate (KA, 1 nmol/2 μΙ/2 min). 
After a one-week recovery period, they received a neurotoxic regimen 
of METH or MPTP and were sacrificed one week later. Efficacy of the 
KA lesion and the extent of METH/MPTP toxicity were determined by 
measuring neostriatal GABA and DA, respectively. The decrease in 
GABA in the lesioned caudate averaged 39 ± 18 % when compared 
to the contralateral side. DA content in the KA-lesioned and non- 
lesioned caudates, respectively, were 4.9 ± 2.4 and 4.2 ± 1 .9 //g/g 
tissue (x ± SD) in METH-treated mice and were 6.1 ±3 .1  and 3.9 ± 
2.3/yg/g tissue (x ± SD, p<.05, left vs right side, paired t-stats) in 
MPTP-treated mice. The results suggest that either the lesion was 
inadequate to prevent post-synaptic mediated events or that striatal 
outflow pathways are not important in the mediation of METH-induced 
neuropathology. The mechanism for the slight protection observed in 
the lesioned caudate of MPTP-treated mice is presently unknown.

TRANSMITTERS IN INVERTEBRATES: AMINO ACIDS

204.1
GABAERGIC INPUTS OF IDENTIFIED AUDITORY INTERNEURONS 
OF THE CRICKET. M.Hardt*1) and A.H.D.Watson2): ^Zoologisches 
Institut J.W.Goethe-Universität,Frankfurt am Main,FRG;2)Anatomy 
Department,University of Wales College of Cardiff,UK.

Within the prothoracic ganglion of the cricket Gryllus bimaculatus dif
ferent types of auditory intemeurons receive direct excitatory inputs from 
tympanic afferente. In order to characterize the inhibitory inputs these 
intemeurons also receive they were labelled intracellularly with horseradish 
peroxidase and examined in the electronmicroscope after immunostaining 
for GABA, a transmitter known to mediate inhibitory effects in many sen
sory and motor systems.

The local intemeurons ONI and ON2 both receive gabaergic inputs but 
also synapse onto unknown neurons immunoreactive for GABA. GABA- 
immunoreactive inputs appear more abundant on the neurites of the 
ascending intemeurons ANI and AN2 where they represent 27% and 19% 
respectively of the total input.

From these results and from neurophysiological experiments on the des
cribed interneurons we suggest, that GABA may play an important role in 
mediating frequency dependent and directional dependent inhibition within 
the prothoracic auditory system of the cricket.
Supported by Hermann Willkomm-Stiftung(MH) and SERC(AHDW).

204.2
CHARACTERIZATION OF A N  U N U SU A L  M EM BER OF THE 
LIG A N D -G A TED  CHLORIDE C H A N N EL G ENE FAM ILY OF 
D R O S O P H IL A  M E L A N O G A S T E R . D ouglas C. Knipple. Joseph E. 
H enderson. Patricia M arsella-Herrick and D avid  M. Soderlund.*  
Field o f  Environmental T oxicology and Dept. o f  Entom ology, New  
York State Agrie. Expt. Station, Cornell U niv., Geneva, N Y  14456 

A  polym erase chain reaction (PCR)-based hom ology probing 
strategy was em ployed to screen D r o s o p h ila  m e la n o g a s te r  genomic 
D N A  for sequences encoding a conserved am ino acid "signature 
m otif' (TTVLTM T) known to be present in vertebrate G A BA  
receptor and glycine receptor subunit genes. This approach yielded  
several discrete am plification products that contained open reading 
frames, including one (designated LCCH2) that was equally divergent 
(46-49%  amino acid identity) from all known ligand-gated chloride 
channel genes in the amplified region. A nalysis o f  genom ic D N A  
and cD N A  c lon es corresponding to LC CH 2 revealed  putative  
transmembrane domain sequences and other structural features that 
are conserved in members o f  the ligand-gated chloride channel gene 
fam ily. H ow ever, com parative sequence analysis show ed that 
LCCH2 does not have high degree o f  sequence hom ology to any 
known receptor subunit class within this fam ily. In s itu  hybridization 
o f  the LCCH2 probe to D . m e la n o g a s te r  poly  tene chrom osom es  
consistently labeled cytogenetic region 75A , an interval in which no 
mutations conferring altered nervous system  function have been 
described. These findings suggest that LCCH2 may represent a new  
subunit or receptor class within the ligand-gated chloride channel 
gene family.
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204.3
The development of GABA- and glutamate-like immunoreactivity in the 
embryo of Cherax destructor. L. C. Foa and I. R. C. Cooke*. School of 
Biological and Chemical Sciences, Deakin University, Geelong, 3217. 
Australia.

The expression of neurotransmitter phenotype in the developing embryo 
of the crayfish Cherax destructor was studied using immunohistochemical 
techniques. Embryos were staged according to the criteria of Sandeman 
and Sandeman (1991) Roux's Arch. Dev. Biol. 200: 27 - 37. Tissues were 
fixed in 4% paraformaldehyde and processed for immunohistochemistry to 
visualize structures immunoreactive to GABA and/or L-glutamate, the 
excitatory and inhibitory neurotransmitters in the crustacean neuromuscular 
system. The primary antisera to GABA and glutamate were provided by Dr D. 
Pow. GABA-like immunoreactive cells were first detected in the CNS at 40% 
development as scattered cells or pairs of cells in the supra- and 
suboesophageal ganglia. Fibres immunoreactive for GABA were first 
detected in the circumoesophageal connectives at 45-50% development. 
The appearance of GABA-like immunoreactive fibres and cells proceeded in 
a rostro-caudal fashion and by 65% development cells and fibres were 
present in all ganglia. GABA-like immunoreactive fibres were present in all of 
the thoracic and abdominal appendages by 70% development. The 
sequence of development of glutamate-like immunoreactive cells and fibres 
proceeded in parallel with the development of GABA-like immunoreactivity.

204.5
EVIDENCE THAT L-GLUTAMATE IS THE EXCITATORY  
TRANSM ITTER TO BUCCAL M USCLE 13 IN A P L Y S I A .
Ļ* ÍL Fqx and E. ÍL Llovd* Committee on Neurobiology, University 
of Chicago, Chicago, IL. 60637

A p ly s ia  buccal intrinsic muscle З (13) is innervated by 2 excitatory 
motor neurons (B3 and B38) and an inhibitory motor neuron (B47). 
Biochemical and pharmacological experiments indicate that B47 is 
cholinergic while the 2 excitatory neurons are not. To identify the 
excitatory transmitter, over 50 putative transmitters and their analogs 
were tested for their ability to cause contractions of 13. Compounds 
that caused contractions were L-glutamate, D and L-aspartate, D and 
L-а  aminoadipate, cysteate, cysteinesulfinate, homocysteate and the 
dipeptide n-acetyl asp-glu. Of these compounds, L-glutamate was 
the most effective. When tested on the cholinergic 15 muscle, none 
of these compounds produced contractions. This receptor appears to 
be different from the vertebrate glutamate receptors since NMDA, 
AMPA, quisqualate and kainate do not cause 13 contractions. 
Testing the same 50 substances for their ability to block glutamate- 
evoked contractions indicated that L-glutamate was the only 
substance to selectively block these contractions, presumably by 
desensitizing the receptor. L-glutamate was also the most effective 
substance at reducing B3-evoked EJPs. 1 mM glutamate reduced 
these EJPs by 50% whereas 10 mM glutamate had no effect on BIS- 
evoked cholinergic EJPs in 15, indicating that its action was 
selective. These results suggest that the non-cholinergic transmitter 
for 13 is an excitatory amino acid and that the most likely candidate 
is glutamate itself.

204.7
ASPARTATE-LIKE IMMUNOREACTIVITY IN THE 
GRASSHOPPER (SCHISTOCERCA AMERICANA) NERVOUS 
SYSTEM. D.A. 0 1 Dell.* Dept. of Biology, Mary 
Washington College, Fredericksburg, VA 22401.

The distribution of aspartate-like immuno
reactivity in the nervous system of the grass
hopper was investigated using a commercially 
available antibody to an aspartate-bovine serum 
albumin conjugate (SeraLab). Immunostaining 
followed a modified PAP technique (after 
Sternberger, Immunocvtochemistrv.1974) performed 
on serially sectioned wax embedded meso- and 
metathoracic ganglia. The results of the stain 
revealed three populations of cells in these 
ganglia. One population showed no staining and 
included the common inhibitory motorneurons.
This population is unlikely to use aspartate as 
a neurotransmitter. A second population showed 
moderate immunoreactivity and included the FETi 
motor neuron of the hindlimb. These neurons may 
use aspartate, but probably not as their major 
neurotransmitter. The third population shows 
intense immunoreactivity. This suggests that 
aspartate is used as the primary neurotrans
mitter in these cells. The role of aspartate in 
the functioning of these intensely stained cells 
is currently being investigated.

204.4
EXCITATORY AMINO ACID NEUROTRANSMISSION AT CENTRAL 
SYNAPSES OF APLYSIA CALIFORNICA. L.-E. Trudeau* and V.F. 
Castellucci. Lab. o f Neurobiol. and Behav. IRCM, Università de Montréal, 
Québec.

Although the gill and siphon withdrawal (GSW) reflex o f Aplysia has 
been used as a model system to study learning-associated changes in synaptic 
transmission, the identity o f the neurotransmitter released by the sensory neurons 
o f the network is still unknown. We report that monosynaptic connections from 
sensory neurons to motoneurons and from excitatory intemeurons to 
motoneurons within this circuit are mediated through the activation o f an 
excitatory amino acid receptor which is blocked by the non-NMDA excitatory 
amino acid receptor antagonists 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) 
(86% and 65% block respectively by 75 μΜ, n=7 and n=5). Similar results were 
obtained with another antagonist, l-(4-chlorobenzoyl)-piperazine-2,3- 
dicarboxylic acid (CBPD). Potential agonists were puff-applied in the intact 
abdominal ganglion. Homocysteate (HCA) was found to depolarize motoneurons 
and this effect was blocked by CNQX. Kainate and domoate were also effective 
agonists. The actions o f L- and D-glutamate as well as quisqualate were found to 
be mainly hyperpolarizing. Although several reasons may be proposed to explain 
the inability o f puff-applied glutamate to excite the postsynaptic neurons in the 
intact ganglion, it is possible that other endogenous amino acids such as HCA act 
as a neurotransmitter at these synapses.

204.6
HOMOSYNAPTIC DEPRESSION AND CONCURRENT ENKEPHAUNERGIC 
AND GABAER6 IC PRESYNAPTIC INHIBITION IN A NEWLY IDENTIFIED 
SYNAPSE OF HELIX A  SPERSA . R. Gutiérrez*. Lab. of Neurophysiology, Inst. 
Mex. de Psiquiatria. Calz. México-Xochimilco 101, Tlalpan 14370, México DF.

It has been established on vertebrate neurons that opioid peptides (OP) inhibit 
neurotransmitter release. In molluscs, excitatory and inhibitory effects of OP on 
neural activity have been described and various authors have demonstrated the 
existence of an endogenous enkephalinergic system in the terrestrial snail (Leung et 
al., Brain Res. 531:66,1990; Gutiérrez and Asai, Comp. Biochem. Physiol., 100C:609, 
1991) but their functional involvement is obscure. In order to test if  theses peptides 
had any involvement in synaptic modulation, OP were tested and compared to the 
effect of GABA in an identified chemical excitatory synapse between a neuron in the 
border of ganglia E and D (Pre) and a neuron just above cells FI and F2 of ganglion 
F (Post) of the perioesophageal ganglia in vitro. Quantal parameters were determined: 
q=0.33±0.45 mV±SEM; m=4.8810.56 (n=19 pairs). Homosynaptic depression was 
elicited by repeated activation of the synapse (ISI 5 sec) and, after profound 
habituation, EPSPs amplitudes roughly resemble those of the spontaneous EPSPs. 
Spontaneous recovery could be elicited by withdrawal of the presynaptic stimulation 
for a short time (100% recovery took 25 s after 25 stimuli and 2 min after profound 
habituation) which suggests a fast neurotransmitter mobilization rate. Quantal content 
after profound habituation decreased to m=1.23±0.17 without any modification of q. 
Successive habituation-dishabituation trials led to habituation of spontaneous 
recovery. Perfusion of OP and GABA reduced the amplitude of the evoked EPSPs 
but not that of miniature EPSPs. When applied during a habituation series, these 
neurotransmitters facilitated habituation. Although OP reduced EPSPs amplitude, 
spontaneous recovery could be obtained during perfusion o f OP. This work describes 
an identified synapse modulated by OP and GABA which provides a useful model 
for studying opioid modulation of synaptic activity. Quantal analysis suggests that OP 
and GABA diminish neurotransmitter release in this mollusc.

204.8
Taurine-like immunoreactivity in the Motor Nerve Net of the jellyfish 
C ya n ea  ca p illa ta . Mats Carlberg*. K. Alfredsson. $ -0  Nielsen and 
Peter A. V. Anderson. Dept. o f Zoology, Univ. o f Lund, Sweden 
and Whitney Laboratory, Univ. o f Florida, St. Augustine, FI 32086.

Neurons in the Motor Nerve Net (MNN) of C ya n ea  are connected 
by fast (synaptic delay 1ms), bidirectional, chemical synapses. It has 
previously been shown that applications o f taurine to exposed MNN 
synapses evokes depolarizations whose reversal potential are 
consistent with those o f the endogenous EPSPs. Other 
neurotransmitter candidates are completely ineffective. To determine 
the cellular distribution o f taurine, antisera raised against taurine-BSA 
complexes were applied to preparations o f the perirhopalial tissue. 
Taurine-like immunoreactivity was found in endodermal and 
ectodermal nerve nets. In the ectoderm immunoreactivity was 
restricted to the MNN; other ectodermal nerve nets were not 
immunoreactive. Taurine-immunoreactive fibers formed 
intemeuronal synapses en  p a ssa n t. Electron microscopic examination 
of taurine immunoreactivity revealed that the immunoreactivity was 
localized to tubular cisternae. The presence of a taurine 
immunoreactivity in these neurons is further support for the 
hypothesis that taurine or a closely related molecules is the 
neurotransmitter at synapses within the MNN. (Supported by grant 
B-BU 1781-303 from the Swedish Natural Research Council to MC 
and NSF grant BNS 9109155 to PA VA).
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205.1
EFFECT OF BRAIN GLUCOSE AVAILABILITY ON NEUROTRANSMITTER 
RELEASE IN VIVO MEDIATED BY ATP-SENSITIVE POTASSIUM 
.CHANNELS. K.E. Davis*. K.L. Burns M J. During. Dept. Neurosurgery and 
Ncuroendociine Progrpm, Yale Univ. Sch. Med., New Haven, CT 06510.

ATP-sensitive channels regulate GABA release from subtantia nigra neurons in 
culture. Both high glucose concentrations and sulfonylureas increase GABA release, 
whereas ATP depletion by 2-deoxyglucose and anoxia inhibit GABA release. We used 
microdialysis in conscious rats to test the hypothesis that altered brain glucose 
availability might effect brain function via this mechanism. Specifically, we looked 
at effect of manipulation of the regional microenvironment on substantia nigral 
GABA release. This characterization included local perfusion of the following: lOmM 
glucose; the sulpbonylurea, glipizide; the KAjp channel activator, lemakalim; or 2- 
deoxyglucose with oligomycin. In addition, we investigated the effect of a systemic 
alteration in glucose levels by the arterial infusion of insulin producing a controlled 
hypoglycemia (plasma glucose 1.85±0.22mM). Perfusing the dialysis probe with 
lOmM glucose increased GABA release by 111±42%. In addition, local perfusion of 
50 μΜ glipizide increased GABA release by 84±20%. In contrast, perfusion of the 
Katp channel activator, lemakalim, or perfusion of 2-deoxyglucose with oligomycin 
inhibited GABA release by 44±8 and 45±11% respectively. Moreover, the inhibition 
of GABA release by 2-dexoyglucose and oligomycin was blocked by glipizide. 
Hypoglycemia obtained via systemic perfusion of insulin inhibited nigral dialysate 
GABA concentrations by 49±4% whereas levels of dopamine in the striatal dialysates 
increased by 74±24%. In summary these data support the hypothesis that both local 
and systemic glucose availability influences nigral GABA release via an effect on 
Кдтр channnels and that the inhibition o f GABA release by hypoglycemia may in 
part mediate the activation of the mesostriatal dopamine pathway and the lowering of 
seizure threshold associated with hypoglycemia.

205.3
GABA RESPONSES OF HIPPOCAMPAL THETA NEURONS CAN BE 
FACILITATED BY ISOPROTERENOL AND 8 -Br cAMP. Ronald K. 
Freund* and Michael R. Palmer. Dept. of Pharmacology, Univ. of 
Colorado Health Sci. Ctr., Denver CO 80262.
Hippocampal CAI pyramidal neurons, like cerebellar Purkiąje neurons, 

show GABA responses that are not potentiated by ethanol. However, we 
found that in cerebellum the GABA responses can be sensitized to the 
potentiative effects of ethanol if they are first modulated by a β- 
adrenergic agonist such as isoproterenol. Furthermore, we found that 
the catecholamine sensitization of cerebellar GABA effects to ethanol 
may involve a cAMP second messenger system since membrane-permeant 
analogs of cAMP, such as 8 -Br cAMP and Sp cAMP, mimic this effect of 
isoproterenol. In this study, we sought to determine if isoproterenol 
and/or 8 -Br cAMP might sensitize hippocampal GABA responses to the 
potentiative effects of ethanol. Using stereotaxic methods, we recorded 
single pyramidal neurons and theta neurons from dorsal hippocampus 
using multibarrel micropipettes. Isoproterenol and 8 -Br cAMP were 
locally applied by microiontophoresis from other barrels of the same 
micropipettes. Although we found isoproterenol did not modulate GABA 
effects on slow, bursting neurons (pyramidal neurons) in the CAI region 
of the hippocampus, theta neurpns in the same region expressed GABA- 
induced depressions that were facilitated by isoproterenol and 8 -Br 
cAMP. We are now investigating the interactions of ethanol with these 
facilitated GABA responses.

(Supported by USPHS grants AA05915 and AA00102. MP is supported 
by an ADAMHA Research Scientist Development Award.)

205.5
ACUTE TREATMENT WITH VALPROATE D ECREASES THE 
SYNTHESIS OF CATECHOLAMINES IN THE CEREBRAL 
CORTEX. N. MOTOHASHI*. Y, OKAMOTO, H. SAITO. T. 
HAYASHI and S. YAMAWAKI. Dep. Neurol. Psychiat., 
Hiroshima Univ. Sch. Med., Hiroshima 734, Japan.

Although valproate, an anticonvulsant drug, has been 
classified as mood stabilizers, its mechanisms of action have 
not been clarified. We have examined the effects of acute 
and chronic treatment with valproate on the synthesis of 
monoamines in the cerebral cortex of mouse brain. The  
monoamine synthesis was determined by 3,4- 
dihydroxyphenylalanine (DOPA) and 5-hydroxytryptophan 
(5-HTP) accumulation following treatment with NSD1015 
(100 mg/kg, i.p.), an inhibitor of aromatic L-amino-acid 
decarboxylase. Acute administration of sodium valproate 
(200 or 400 mg/kg, i.p.) decreased DOPA accumulation in a 
dose-dependent manner, while the same treatment did not 
change 5-HTP accumulation. Furthermore, acute treatment 
with muscimol (2 mg/kg, i.p.), a γ-aminobutyric acidA (GABA/0 
receptor agonist, decreased DOPA, but not 5-HTP, 
accumulation. Baclofen (20 mg/kg, i.p.), a GABAß receptor 
agonist, or MK-801 (1 mg/kg, i.p.), a N-methyl-D-aspartate 
(NMDA) receptor antagonist, failed to change DOPA or 5- 
HTP accumulation. Chronic treatment with valproate, on the 
contrary, did not change 5-HTP or DOPA accumulation. 
These results suggest that acute valproate may decrease 
cortical catecholamine synthesis through GABAa receptors.

205.2
ACTIVATION OF G.-COUPLED GABAB RECEPTORS INHIBITS
0-ADRENERGIC RESPONSES IN CA3 PYRAMIDAL CELLS 
FROM RAT HIPPOCAMPAL SLICE CULTURES
Urs Gerber and Beat H. Gahwiler*
Brain Research Institute, University o f  Zürich, C H -8029Zürich, Switzerland  

The calcium-dependent potassium current underlying adaptation of cell 
firing and the slow afterhyperpolarization potential (AHP) is known to be 
suppressed with increasing levels of intracellular cyclic-AMP. Thus the ß- 
adrenergic agonist, isoproterenol (5-500 nM), which activates G,-linked 
receptors, reduced the amplitude of evoked AHP current by 53 ± 6% in 
voltage-clamped CA3 pyramidal cells in TTX (n=14). The ability of 
isoproterenol to inhibit AHP current was greatly curtailed (by 44 + 6 %, 
p < 0.001) in the presence of baclofen (10 μΜ), which activates Gj-coupled 
GABAB receptors. In contrast, baclofen did not significantly alter the 
effectiveness of 8-Br-cAMP in reducing AHP current amplitude. This 
indicates that baclofen, via Gi5 inhibits adenylyl cyclase activity directly and 
is not acting at a more distal point in the signal transduction cascade. These 
results are opposite to those published in a study on CAI hippocampal 
pyramidal neurons (Andrade, 1993), and thus consistent with a reported 
difference in the subtype of adenylyl cyclase expressed in CAI versus CA3 
neurons. Surprisingly baclofen, when applied alone, reduced evoked AHP 
current by 19.6 ± 3.7% (n=12). However, baclofen increases potassium 
conductance which may cause a shunting of AHP current. In support of such 
a mechanism we found that comparable increases in membrane conductance 
elicited by muscimol, which raises chloride conductance without activating 
second messengers, caused a similar reduction in AHP current.

205.4

FUNCTIONAL ANTAGONISM BETWEEN THE RESPONSES 
TO ADENOSINE AND METHOXAMINE H L. Wiener* and
G.P, Thalodv. Department o f  Pharmaceutical Sciences, College o f 
Pharmacy, St. John's University, Jamaica, NY 11439.

Functional interactions between activated receptor systems are important 
mechanisms in the control of blood vessel tone. The present communication 
describes quantitative aspects of the functional antagonism between the responses 
to adenosine (through adenosine Aj receptors) and methoxamine (through a r  
adrenergic receptors) in the adventitia- and endothelium-denuded isolated rabbit 
thoracic aorta. Adenosine or methoxamine produced concentration-dependent 
relaxation or contractile responses, respectively. A 32-fold increase in the 
methoxamine concentration markedly attenuated the maximal response to 
adenosine (80% decrease) and shifted the adenosine concentration-response curve 
10-fold dextrally. In contrast, a 3000-fold increase in the adenosine concentration 
shifted the methoxamine concentration-response curve 3.25-fold dextrally and 
attenuated the maximal response by a modest 18%. Analysis of these data by the 
operational model of agonism indicated that the operational efficacy parameter, x, 
for adenosine or methoxamine was reduced by 99 or 71%, respectively, under these 
conditions. The operational model also allowed for the estimation of the agonist 
dissociation constant, KA, for adenosine (80 μΜ) or methoxamine (33 μΜ) by the 
method of functional antagonism. The availability of an irreversible a  j-adrenergic 
receptor antagonist allowed for the estimation of the KA for methoxamine (39 μΜ) 
by the receptor inactivation method. The results suggest that the denuded rabbit 
aorta is good model to study functional antagonism quantitatively and that the 
functional antagonism between the responses mediated by these two receptors 
allows for the reliable estimation of the agonist dissociation constant for a r  
adrenergic receptor agonists.

205.6
SPINAL CLONIDINE HYPOTENSION: MECHANISM OF REVERSAL BY 
SPINAL NEOSTIGMINE. C. Tong.* P. Li. A. Lothe. J.C. Eisenach. 
Department of Anesthesia, Wake Forest University Medical Center, 
Winston-Salem, NC 27157-1009.

This study examines the muscarinic receptor subtype involved in 
neostigmine’s protection against spinal clonidine-induced hypo
tension. After animal care and use committee approval, iv, arterial 
and thoracic intrathecal (i.t.) catheters were inserted in 18 sheep. 
Three days after surgery, sheep received in random order i.t. saline 
or neostigmine with saline, the Mļ antagonist, pirenzepine, the M2 
antagonist, A FDX 116, or the NO synthase inhibitor, NMLA. 
These injections were followed in 75 min by clonidine 200 ug. 
Clonidine following saline treatment decreased MAP (-13 ±2% ) 
whereas clonidine following neostigmine decreased MAP insignifi
cantly (-2 ±2% ). Neostigmine counteraction of clonidine-induced 
hypotension was unaffected by Mj antagonist (-5±3%  change in 
MAP), but was antagonized by M2 antagonist (-12±3% ) and NMLA  
(-19 ±2% ). Injection o f antagonists alone did not affect MAP. 
These data are consistent with others in rats and sheep which 
demonstrate that spinal muscarinic receptor stimulation enhances 
sympathetic outflow and counteracts spinal clonidine hypotension. 
In addition, these data support an action on M2-subtype receptors 
and a mechanism which involves local NO release.

Supported in part by NIH Grant GM35523
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205.7
The effect of Haloperidol, scopolamine, and MK-801 on 
amphetamine-induced increases in ascorbic acid in the 
rat caudate nucleus. D. Krug*r R.M. Saponjir:. and K .  

M ueller■ Dept. of Psychology, Texas Christian 
University, Fort Worth, TX 76129.

Amphetamine (which enhances dopaminergic, 
cholinergic, and glutamatergic activity) increases 
release of ascorbic acid (AA) in the caudate nucleus. 
In this study, linear sweep voltammetry with carbon 
paste electrodes was used to investigate the effect of 
haloperidol, scopolamine, and MK-801 on amphetamine- 
induced increases in AA in the rat caudate.

Haloperidol (.1 mg/kg, ip) alone failed to 
significantly reduce amphetamine (2.0 mg/kg, sc) - 
induced increases in AA. However, both scopolamine 
(.5 mg/kg, ip) and MK-801 (.3 mg/kg, ip) alone 
significantly reduced amphetamine-induced increases in
AA. In combination, haloperidol plus scopolamine 
significantly reduced amphetamine-induced increases in
AA. However, /*̂ fc-801 plus scopolamine did not 
significantly reduce amphetamine-induced increases in
AA.

Therefore, the data suggest that acetylcholine 
and glutamate release in the caudate are essential 
components of amphetamine-induced increases in AA. 
However, the mechanisms of interaction between the two 
systems in modulation of amphetamine-induced increases 
of AA have yet to be determined.

205.9
CODISTRIBUTION OF CHOLINERGIC NEURONS AND NEURO- 
TENSINERQIC FIBRES IN THE RAT BASAL FOREBRAIN 
A.J. MORIN*. B.E. JONES and A. BEAUDET. Neuroanatomy Lab, Montréal 
Neurol. Inst., 3801 University, Montréal, Québec H3A 2B4, Canada.

The cholinergic (АСҺ) cells o f the basal forebrain (BF) play an important role 
in the control o f limbic and neocortical activity. These neurons are endowed with 
receptors for neurotensin (NT) and fire in burst upon application o f NT in brain 
slices. In order to document the anatomical substrate for NT/ACh interactions in 
rat BF, the regional and cellular relationships between NT axons and choline 
acetyltransferase (ChAT)-immunoreaetive neurons were investigated using 
double-labelling immunohistochemistry. Rostrally, NT fibres were densely 
distributed in the lateral septum, but only sparsely in the medial septum where 
the bulk o f СҺАТ neurons were detected. Nonetheless, a few NT-positive beaded 
axons were occasionally visible at high magnification in the vicinity o f  СҺАТ+ 
perikarya and/or proximal dendrites. More caudally, NT fibres were very densely 
distributed in the anterior substantia innominata but very sparse in the adjacent 
diagonal band o f Broca where СҺАТ +  neurons were most highly concentrated. 
However, at high magnification, NT beaded fibres were often apposed to 
СҺАТ +  neurons. In the magnocellular preoptic area, NT fibres were sparse, but 
again often in the proximity o f the numerous СҺАТ + neurons. Most caudally, 
NT +  fibres and СҺАТ +  neurons overlapped heavily in the posterior substantia 
innominata. Only a few N T +  fibres were apparent in amongst СҺАТ+ cells in 
the medial portion o f the globus pallidus. These results demonstrate that although 
cholinergic areas o f  the rat basal forebrain usually show only low densities of  
NT- immunoreactive fibres, many o f the axons detected in those areas are in 
close proximity to the perikarya and dendrites o f  cholinergic cells.

205.11
EFFECTS OF UNILATERAL LESION OF THE CHOLINERGIC 
NUCLEUS BASALIS (NBM) ON CARBACHOL- AND SEROTONIN 
(5-HT)-STIMULATED [3H]-IP1 ACCUMULATION IN RAT 
CORTICAL MINIPRISMS. A. Erfurth*. T.C. Holmes and
R.J. Wurtman. M.I.T. E25-604, Cambridge, MA 02139.

In the rat nbM lesions in addition to their 
cholinergic effects are known to increase [3H]- 
ketanserin binding. We examined the effects of nbM 
lesion (10mg/ml ibotenate in PBS, 0.5μ1, 7 days 
before) on carbachol- and 5-HT-stimulated 
phosphoinositide breakdown in rat cortex. Receptor 
sensitivity was determined by comparing the ratio 
of lesion side agonist response to control side 
agonist response. Muscarinic receptor sensitivity 
linearly increased relative to the severity of the 
nbM lesion as measured by ChAT activity (p<0.01, 
n=12). 5-HT receptor sensitivity showed a similar 
increase (p<0.05, n=7). Impairment of acetyl
choline (АСҺ) release thus leads to super
sensitivity of postsynaptic muscarinic receptors 
in the cortex. Possible explanations for the 5-HT 
effect might include (a) an independent effect of 
the ibotenate injection on 5-HT neurons, (b) a 
dying back of 5-HT neurons starting from the 
common 5-HT/muscarinic synapses in the cortex and
(c) a feedback mechanism activated by the АСҺ 
dysfunction as there is less need for the tonic 
inhibition of cortical АСҺ release by 5-HT.

205.8
TONIC INFLUENCE OF EXCITATORY AMINO ACIDS ON STRIATAL 
DOPAMINj: RELEASE: EVIDENCE FOR AN EXCITATORY ACTION. M. L. 
Bolinao and B. Moahaddam. Dept. of Psychiatry, Yale Univ. 
Sch. Med. VAMC 116A/2, West Haven, CT 06516.

Previous studies reporting a dose-dependent increase in 
extracellular dopamine (DA) levels by excitatory amino acid 
(EAA) antagonists have been interpreted as a lack of tonic 
excitatory effect exerted by EAAs on striatal DA release. 
Alternatively, EAAs may increase the release of DA but this 
effect is contained within the space between the point of apposition of GLU and DA terminals, and does not reach the 
dialysis probe. The mechanism of action of EAA antagonists 
on striatal DA release was studied with the following 
conclusions: (1) In the presence of DA uptake blockers, the 
EAA antagonists, in particular the non-NMDA antagonist 
CNQX, decreased extracellular DA levels in the striatum of 
conscious (but not anesthetized) rats, suggesting that EAAs 
may exert a tonic facilitatory influence on striatal DA 
release. The lack of effect of these drugs in the anes
thetized rats may be attributed to the inhibitory effect of 
anesthesia on cortical neurons that will decrease the level 
of tonic excitation exerted on DA release, (2) As for the 
mechanism behind the EAA antagonist-induced DA release (in 
the absence of DA uptake blockers), we have found that 
although both NMDA and non-NMDA antagonists; applied alone, 
caused an increase in extracellular GLU and DA levels, when 
the antagonists were applied together, only extracellular 
levels of GLU increased while extracellular levels of DA 
were unaffected. Thus, the EAA antagonist-induced increase 
in extracellular DÀ levels may be due an initial release of 
endogenous EAAs which then will increase DA release through 
other types of EAA receptors that are not blocked by the 
antagonist. Supported in part by MH-48404.

205.10

GENETIC AND ONTOGENETIC ASPECTS OF 
CHO UNERGIC/SERO TONERGIC INTERACTION IN AN 
ANIMAL MODEL OF DEPRESSION. D.H. Overstreet* and L.C. 
Daws Department of Psychiatry, University of North Carolina 
Chapel Hill, NC 27599-7175 and School of Biological Sciences, 
Flinders University, Adelaide, S.A. 5001 Australia.

Ontogenetic and genetic approaches were used to investigate the 
connection between the sensitivity of the Flinders Sensitive (FSL) 
and Resistant Line (FRL) rats to muscarinic and serotonergic 
agonists. The FSL rats were more sensitive to the hypothermic 
effects of both the muscarinic agonist oxotoremorine (O) and the 
serotonin ļ  a agonist 8-OH-DPAT (D) than the FRL rats. 
Sensitivity Tor O and D was high early postnatalty (10 days post
partum) and in adults. However, both lines showed a period of 
relative insensitivity to O and D before adult sensitivity levels were 
observed. This occurred earlier for O (18 days post-partum) than 
for D (25 days post-partum). Interbreeding of FSL and FRL rats 
resulted in FI, F2, and Backcross progeny. The response 
distributions for hypothermia induced by O and D were different 
Male crosses resembled the FRL parent for O, suggesting that 
muscarinic supersensitivity in the FSL rats involves recessive alleles, 
but were intermediate between the two parents for D, suggesting 
that sensitivity to serotoniniA agonists is under the control of 
additve genetic factors. Therefore, the apparent association 
between muscarinic and serotonergic sensitivities seen in adult FSL 
and FRL rats can be separated in either genetic cross-breeds of the 
two lines or by observing the time course of their development. 
Different and common genes influence the responses.

205.12
Strychnine and Glycine Interactions with the Acetylcholine  
R eceptor: E vidence from  a N uclear M agnetic Resonance 
Study. Gal Yadid. Yigal Fraenkell and Irwin J. Kopin*. C lin ic a l  
N e u ro sc ie n c e  B ran ch , N a tio n a l In s titu te  o f  N e u ro lo g ic a l D is o rd e rs  & 
S troke, a n d  1 L a b o r a to r y  o f  B io o rg a n ic  C h em istry , N a tio n a l In stitu te  o f  
D ia b e te s  à K id e n y  D ise a se s , N IH , B e th e s d a , M D , 2 0 8 9 2 .

The strychnine (Stry) binding site on the inhibitory glycine receptor 
and the acetylcholine receptor (AChR) share cDNA sequencing and 
amino acid homology. The results in the present study indicate that Stry 
and glycine (Gly) can interact with acetylcholine (АСҺ) specific binding 
site on the AChR. These results were observed using nuclear magnetic 
resonance (NMR) selective T i relaxation times (T is) for monitoring 
ligand interactions in bovine adrenal medulla membranes. Stry 
completely displaced АСҺ from its binding site with an apparent Km of
1.8 μΜ and HiU coefficient (пң) of 0.97, compared with hexamethonium 
(Hexa) that showed two apparent Km values (1.72 and 5.6 μΜ) and a 
пн of 2.1. Gly was able to displace only 50% of the specific bound АСҺ 
with a Km of 5.9 mM and with пн of 0.65 . A combination of Gly and 
Hexa were used to identify the possible site interaction on the receptor 
complex. The current data indicates that Stry and Gly interact specifically 
with the AChR and suggest Stry and Gly recognition sites within the 
nicotinic AChR. Our data suggest, therefore, the possibility that Stry and 
Gly can be modulators of the AChR. This data also suggest that Stry can 
be associated with the cholinergic receptors as well as Sie the inhibitory 
Gly receptor. Together with previous evidence it appears that there may 
be at least two strychnine sensitive glycine receptor subtypes, one of 
which is associated with the AChR.
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205.13
ADRENERGIC ENHANCEMENT OF GLUTAMATE INDUCED INTRACELLULAR 
FREE CALCIUM INCREASE IN CULTURED VISUAL CORTICAL NEURONS.
B. Yana* and M.S. Cvnader. Department of Ophthalmology,University of 
British Columbia, 2550 Willow St., Vancouver B.C., Canada V5Z 3N9.

Emerging evidence implicates glutamergic receptors as well as 
several neuromodulatory systems (adrenergic, cholinergic and 
serotonergic) in the developmental plasticity of the visual cortex. 
Previous studies have shown a temporary overlap in the distribution of 
glutamate receptors (NMDA) and adrenergic receptors (a2) within 
the cortex during this plastic period. This led us to examine 
interactions between the responses to these transmitters. Cells from 
visual cortex of postnatal day one Long Evans rats were dissociated and 
grown for 10 days before experiments. Cultured neurons were loaded 
with the calcium sensitive dye fluo-3. Intracellular free calcium 
levels, [Ca2+]j , were measured on a laser scanning confocal 
microscope and calibrated by Kao's method (J Biol Chem, 264:8179). 
Neurons in our preparation had a resting [Ca2+]j around 50 nM. Upon 
bath application of glutamate, [Ca2+]j increased in a dose dependent 
manner. Ca2+ response upon noradrenaline application alone was 
nominal. However, when glutamate concentrations eliciting modest 
increases in [Ca2+]j were applied together with 50 μΜ noradrenaline, 
the [Ca2+]j increase in some neurons could be enhanced by 300 to 
500%. These results suggest that adrenergic and glutamergic receptors 
colocalize on at least some cortical neurons and that adrenergic 
modulation of ocular dominance plasticity may be at least partially 
implemented through a calcium dependent cascade.

205.15
SEROTONIN DOPAMINE INTERACTION IN THE STRIATUM OF 
HALOTHANE ANESTHETIZED RATS: A MICRODIALYSIS STUDY. U  
Spampinato. N. Bonhomme. M. Le Moal and M. Cador*. INSERM U.259 - 
Université de Bordeaux II - Domaine de Carreire - 33077 Bordeaux Cedex - France.

The interaction between serotonin (5-НТ) and dopamine (DA) neurons was 
investigated in the striatum of halothane-anesthetized rats, by measuring the in vivo 
release of endogenous DA, a biochemical index of DA neuron activity.

A microdialysis probe (CMA/11, 3 mm) was implanted in the striatum of rats 
anesthetized under a mixture of halothane-N0 2 /0 2 - and perfused with an artificial 
CSF (NaCl 145, KC1 2.7, CaCl2 1.2, MgCl2 1 mM, pH = 7.4) at a constant flow 
rate of 2 μΐ/min. Two hours after the onset of perfusion, 15 min fractions were 
collected over a 240 min period of time and analysed by H.P.L.C. coupled with 
electrochemical detection. Results are expressed as the percentage of the averaged 
basal release calculated from the 3 fractions collected before the drug application. In 
control rats, the resting release of DA was stable during the 4 h of the experiment. 
In the absence of Ca4̂  in the perfusion medium, the efflux of DA was reduced by 
75 %, whereas the local application of tetrodotoxine (IO*6 M) decreased it to 
undetectable levels. DA release was enhanced (+400 %) following depolarisation by 
K+ application (30 mM during 15 min). The striatal release of DA was studied 
during the local application ( 60 min) of various 5-HT antagonists. The addition of 
Ondansetron (GR 38032), a selective 5-HT3 antagonist, did not modify the basal 
release of DA at the different concentrations examined (IO-6, IO"5 M). In contrast, 
a 5-HT1A/B receptor antagonist, (-) pindolol, at 10'^ M significantly increased DA 
release during its application, whereas a transient but significant enhancement was 
observed following the administration of Ketanserin (İO-^ M) or Cinanserin (10*^ 
M), two 5-HT2/İC receptor antagonists.

The present results demonstrate the neuronal origin of dialysate DA and suggest 
that, in halothane-anesthetized rats, endogenous 5-HT may exert an inhibitory 
control on DA striatal release via 5-HT1 and 5-HT2, but not 5-HT3 receptors.

205.17
RITANSERIN, A 5HT2/5HT1C ANTAGONIST, PARTIALLY REVERSES 
THE D2 AGONIST QUINPIROLE INDUCED INHIBITION OF SUBSTANTIA 
NIGRAL DOPAMINE NEURON P.D. Nathaniel. W.-X, Shi. B.S. Bunnev*. 
Departments o f  Psychiatry and Pharmacology, Yale University School o f  
Medicine, New Haven, CT 06510, USA.

The effects o f ritanserin on the single unit activity o f  substantia nigra dopamine 
(DA) neurons were evaluated in chloral hydrate anesthetized rats. Ritanserin (i.v.,
0. 4-6.0 mg/kg) had negligible effect on the basal firing rate and the firing pattern 
of these cells. However, in the same dose range, it significantly reversed (75%) 
the inhibition induced by i.v. injection o f quinpirole, a selective D2 agonist. 
Pretreatment o f ritanserin (1.5 mg/kg, i.v., 2-5 min prior to quinpirole, n=9) 
significantly shifted the dose response curve o f quinpirole to the right, with a 
change o f ED50 from 8 μg/kg to 96 μg/kg. To determine whether the observed 
effect o f  ritanserin was mediated by S H T ^ ıç  receptors, two other 5HT2/ jç  
antagonists, mianserin (5-10 mg/kg, i.v., n=5) and ketanserin tartrate (5-10 mg/kg,
1. v., n=5), were tested. Both antagonists, though less effective, were also found to 
partially reverse quinpirole induced-inhibition (42% and 48% respectively). 
However, MDL 100,907 (0.05-3.2 mg/kg, i.v., n=9 ) l ’2 an antagonist 300-fold 
more selective for 5HT2 than 5HTj showed no effect. The selective 5HT2 
agonist, DOI (0.16-8.40 mg/kg, i.v., n=3), also had no effect. These results 
suggest that ritanserin's effect is not mediated by 5HT2 receptors. The possibility 
that ritanserin reverses quinpirole-induced inhibition by blocking 5 H T ļ£  or D2 
receptors is currently under investigation.
1. Carr et al. (1991) Abstracts o f  the III International Congress on Schizophrenia 

Research. Tucson, AZ;
2. Schmidt et al (1992) Eur J Pharmacol 223:65-74.

205.14
INCREASED DOPAMINE OVERFLOW DURING PERFUSION 
OF A CCK-B ANTAGONIST IN THE NUCLEUS ACCUMBENS 
OF ANESTHETIZED RATS. R.L. Corwin*, and J.N. Crawley. 
NIMH, Building 10, Room 4N214, Bethesda, MD 20892.

CI-988, a water soluble, selective cholecystokinin (CCK)-B 
antagonist was perfused at 1.3 pl/min through a microdialysis probe 
in the anterior nucleus accumbens, medial posterior nucleus 
accumbens and caudate nucleus of anesthetized rats. Dopamine (DA), 
DOPAC, and HVA concentrations were analyzed using HPLC-EC.
In the anterior nucleus accumbens, DA overflow increased 
significantly in a concentration dependent manner, temporally 
correlated with CI-988 perfusion. The lowest concentration of CI-988 
that increased DA overflow significantly, 617 pM, increased DA from 
a basal level of 61 fmoles/sample to 252 fmoles/sample (p<0.01). 
DOPAC and HVA were unaffected by CI-988 perfusion, suggesting 
that these results are not due to neurotoxicity. CI-988,617 μΜ, also 
significantly increased DA in the posterior nucleus accumbens and 
caudate nucleus, suggesting that the effect is not topographically 
specific to areas of CCK/DA coexistence. Preliminary experiments 
perfusing the CCK-A antagonist, CAM 1481, and the relatively 
inactive (S,S) enantiomer of CI-988, CAM 1241, as well as 
preliminary experiments perfusing CI-988 in a calcium-free perfusion 
solution, suggest that the effect is neither mediated by selective activity 
at CCK-B receptors nor is it dependent upon vesicular release. These 
results demonstrate large increases in DA overflow during CI-988 
perfusion. Studies are ongoing to determine the mechanism 
responsible for this effect.

205.16
S erotonergic m echanism s in neurolep tic-induced  catalepsy  in 
the rat.
Wadenberg. Marie-Louise*.
Dept o f Behavioral Pharmacology, Astra Arcus AB, Södertälje, Sweden; 
dept o f Psychology, University o f Stockholm, Stockholm, Sweden.

It has been proposed that clozapine owns its atypical clinical profile to a 
combined blockade o f DA D2 and 5 -HT2 receptors. However, catalepsy 
induced by the selective DA D2 receptor antagonist raclopride (16 mg k g 1 
sc) was not antagonised by treatment with the selective 5-НТг receptor 
antagonist ritanserin (0.1-2.0 mg kg*1 sc). On the other hand, the 
catalepsy induced by raclopride was antagonised by treatment with the 5- 
H T ia  receptor agonist 8-OH-DPAT (0.1 mg kg*1 sc). Furthermore, 
catalepsy induced by the selective DA Di receptor antagonist SCH 23390 
(0.2 mg kg*1 sc) was also antagonised by 8-OH-DPAT, but not ritanserin 
treatment.
Relative potency for suppression o f conditioned avoidance behavior and 
on DA synthesis o f clozapine, as compared to SCH 23390 and raclopride 
treatment, showed closest similarity to the DA D ļ antagonist, and, in 
addition, clozapine produced a statistically significant decrease in 5-HT 
synthesis. The latter observation, in fact suggests a stimulation o f brain 5- 
HT receptors by clozapine.
I n  c o n c l u s i o n : It is suggested that the atypical clinical profile o f  
clozapine may be, at least partially, due to a combined DA D ļ receptor 
blockade and 5-HT receptor stimulation.

205.18
MODULATION OF EXTRACELLULAR DOPAMINE BY LOCAL 
APPLICATION OF SEROTONIN IN RAT PREFRONTAL 
CORTEX Raj N. Iver*. and C.W. Bradberrv Yale Univ. Sch. Med., 
Dept. of Psychiatry and the West Haven VA Medical Center, West 
Haven, CT 06516.

The nature and extent of interaction between dopamine (DA) and 
serotonin (5-HT) neuronal systems has been described in varying and 
often contradictory terms. The impact of 5-HT on DA neuronal firing 
has been described in terms ranging from inhibitory, to modulatory, to 
excitatory. In in vivo studies, it has been shown by Benloucif and 
Galloway (1991) that local application of 5-HT through dialysis 
probes in the rat striatum induces an increase in extracellular DA, and 
by Yoshimoto and McBride (1992) that excitation of 5-HT neuronal 
firing increases extracellular DA in the nucleus accumbens. As part of 
an examination of the regional impact of 5-HT on DA release, we have 
infused 5-HT locally through a microdialysis probe placed in the 
prefrontal cortex of the unanesthetized rat. The extracellular levels 
measured were quite low (estimated extracellular concentration 1-2 
nM), and were decreased by 80% following infusion of 5 μΜ 
tetrodotoxin. A 20 min. infusion of 3 μΜ 5-HT through the dialysis 
probe caused a 2-3 fold increase in DA levels. The time course of the 
increase appeared to be delayed in comparison with results reported 
from striatum, with the peak appearing in either the second or third 
sample post-infusion. This work was supported by DA 08073, the 
Yale-VA Center on Alcoholism, and a NARSAD Young Investigator 
Award to C.W.B.
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205.19
EFFECTS OF DOPAMINERGIC STIMULATION ON SEROTONIN RELEASE 
IN DORSAL RAPHE NUCLEUS AND STRIATUM AS MEASURED WITH 
MICRODIALYSIS IN AWAKE RATS. S. Ferré and F. Artigas*. Dept. of 
Neurochemistry, C.S.I.C. Barcelona 08034, Spain

Anatomical and pharmacological evidences suggest the existence of a 
reciprocal interaction between the nigrostriatal dopamine (DA) system and the 
serotonin (5-HT) system originating in the dorsal raphe nucleus (DRN). While 
the effects of 5-HTergic transmission on the DA system are partly understood, 
little is known on the opposite. Therefore, we have examined the local effects 
of DAergic agents on extracellular 5-HT (5-HText) in the DRN and the striatum 
(STR) using microdialysis in awake rats. The intra-DRN infusion of 
apomorphine increased 5-HText in this nucleus dose-dependently (+100 % at 
10'4M). This effect was prevented by the previous infusion of the D2 antagonist 
raclopride, but not by the Dt antagonist SCH 23390. Besides, the local infusion 
of the selective D2 agonist LY-171555 (quinpirole) increased 5-HText in the 
DRN, an effect which was also prevented by the previous infusion of 
raclopride. It is postulated that DA, either from projections from the substantia 
nigra or the ventral tegmental area or from dopamine containing neurons of 
the DRN, may increase 5-HT release in the DRN, which, through autoreceptor 
stimulation, can inhibit the activity of ascending serotoninergic neurons. In 
contrast, these agents failed to modify the terminal release of 5-HT when given 
locally in the STR, while inducing profound changes on DAext (decreases after 
10'5M of SKF-38393, quinpirole and apomorphine; increase after raclopride). 
Hence, it appears that a DAergic regulation of 5-HTergic activity occurs at the 
somatodendritic level. In contrast, the present results discard the presence of 
D1 and D2 receptors on striatal 5-HT terminals controlling its release.

205.20
A T Y PIC A L  NERVES I N  THE P IT U IT A R Y  INTERM EDIATE  
LOBE: LOCAL CO -STORAGE OF DOPAMINE AND 
SE R O T O N IN , LACK OF NEUROFILAM ENTS AND FA ILUR E  
TO TAKE UP CARBOCYANINE DYE ( D i i ) . S .  S p i n i l a *
S .  V a n h a t a l o  a n d  N . B ä c k . D e p t .  o f  A n a t o m y ,
P .O .  B o x  9 ,  0 0 0 1 4  U n i v e r s i t y  o f  H e l s i n k i ,  
F i n l a n d .

N e r v e s  c o n t a i n i n g  d o p a m i n e ,  s e r o t o n i n ,  GABA 
o r  e n k e p h a l i n  o c t a p e p t i d e  a n d  o r i g i n a t i n g  i n  
s e v e r a l  s o u r c e s  i n  CNS a n d  PNS c o n t r i b u t e  t o  
t h e  i n n e r v a t i o n  o f  t h e  r a t  p i t u i t a r y  p o s t e r i o r  
(P L ) a n d  i n t e r m e d i a t e  ( I L )  l o b e s .  We h a v e  c h a 
r a c t e r i z e d  I L  i n n e r v a t i o n  h i s t o c h e m i c a l l y  t o  
r e v e a l  i t s  p r o p e r t i e s  a s  a  m o d e l  o f  d y n a m i c s  
i n  m u l t i - i n n e r v a t e d  t a r g e t  t i s s u e s .  I L  n e r v e s  
s h o w  s e v e r a l  a t y p i c a l  c h a r a c t e r i s t i c s :  A l l  
d o p a m i n e r g i c  t e r m i n a l s  i n  I L ,  b u t  n o n e  o f  
t h o s e  i n  P L , a l s o  c o n t a i n  s e r o t o n i n .  I n  t h e  
b r a i n  n u c l e i  i n n e r v a t i n g  I L  d o p a m i n e  a n d  s e 
r o t o n i n  l o c a l i z e  i n  d i f f e r e n t  n e u r o n s .  P h a r m a 
c o l o g i c a l  m a n i p u l a t i o n s  w i t h  t r a n s m i t t e r  p r e 
c u r s o r s ,  n e u r o t o x i n s  a n d  u p t a k e  i n h i b i t o r s  
s u g g e s t  t h a t  c o l o c a l i z a t i o n  i s  a  l o c a l  p h e 
n o m e n o n  i n  I L .  I L  n e r v e s ,  u n l i k e  t h o s e  i n  P L , 
l a c k  i m m u n o r e a c t i v i t y  f o r  n e u r o f i l a m e n t  p r o 
t e i n s  a n d  e l e c t r o n  m i c r o s c o p i c a l l y  o b s e r v a b l e  
i n t e r m e d i a t e  f i l a m e n t s .  T h e y  d i d  n o t  s t a i n  
a f t e r  a p p l i c a t i o n  o f  D i i  o n  p i t u i t a r y  s t a l k .

U P T A K E  A N D  T R A N S P O R T E R S  III

206.1
STRUCTURE AND FUNCTION OF PLASM A M EM BRANE  
SEROTONIN TRANSPORTERS H.E.Melikian*. K.R.Moore. Y.Oian. 
H-L-Kimmel. S.B.Tavlor. R.W.Gereau. A.Levey. and R.D.Blakelv Dept. Anatomy 
and Cell Biology, Dept. Neurology, and Graduate Program in Neuroscience, Emory 
University Sch. Medicine, Atlanta, GA 30322.

The plasma membrane serotonin (5HT) transporter (SERT) regulates the level of 
synaptic 5HT, is a high-affinity target for many antidepressants, and has been 
implicated in mental illness. Recently, rat, mouse, and human cDNAs encoding 
SERTs have been cloned and sequenced, providing an initial topological model based 
largely on hydrophobicity. Each cDNA encodes a 630 amino acid polypeptide with 
twelve potential transmembrane domains (TMD), cytoplasmic NH2 and COOH 
termini, and a large hydrophilic loop bearing two sites for N-linked glycosylation 
between TM3 and TM4 which is likely to be extracellular. Conserved phosphor
ylation sites suggest the potential for regulation via post-translational modifications. 
Lacking at present is a confirmation of SERT topology and the manner in which 
specific domains and residues contribute to SERT assembly and sorting, substrate 
translocation, or acute regulation. We have begun an exploration of these issues 
through 1) the development of anti-peptide and fusion protein antibodies to blot or 
immunoprecipitate the 5HT transprater from transfected and native membranes, 2) the 
generation of chimeras between norepinephrine (NE) and 5HT transporters, 3) cross
species comparisons of SERT pharmacology , and 4) site-directed mutagenesis of 
SERT residues likely to be critical for function. Human and rat SERTs from 
transiently transfected HeLa cells migrate as broad immun oreactive bands of 65-75 
kDa bearing N-linked carbohydrates as assessed by PNGase F digestion. Although 
many 5HT/NE chimeras produce wild-type levels of properly sized immunoreactive 
protein, only chimeras containing twelve TMDs from a single transporter retain 
substrate transport or [125l]RTI-55 binding, suggesting the interaction of multiple 
TMDs in these functions. HeLa cells transfected with either rat or human SERT 
cDNAs exhibit significantly different antidepressant potencies, focusing attention to a 
limited number of nonconserved residues for antagonist recognition. In addition, 
altered transport following mutation of a TMD1 Asp residue in either the 5HT or NE 
transporter, despite normal levels o f immunoreactive protein, implicates this residue 
as critical for substrate recognition or translocation in both carriers.

206.3
C L O N IN G  A N D  E X P R E S S IO N  O F  A  S E R O T O N E R G IC  
T R A N S P O R T E R  F R O M  D R O S O P H IL A  M E L A N O G A S T E R .
L .L .D em ch ysh vn*. Z .B . Pristupa^ K .S. Sueam ori. M .A . ForteA and
H .B. N iznik. D epts. o f  P sych ia try  & Pharm acology, Univ. o f  Toronto; 
Vollum Inst. Adv. B iom ed. R esΛ  P o rtla n d , O R a n d  Lab. M ol. 
Neurobiol., C larke Institute o f  Psychiatry, Toronto, Canada, M 5T  1R8.

Sodium  dependent transporters are m em bers o f  a gene fam ily  
e n c o d in g  p ro tein s  w h ich  term in ate  th e sy n a p tic  a c tio n  o f  
neurotransmitters through reuptake into presynaptic terminals. In an 
attempt to understand the structural and functional evolution o f  these  
genes, w e screened a D rosoph ila  cD N A  library using lo w  stringency  
hybridization conditions with a human dopam ine transporter probe. A
3.1 kb cD N A  clone was isolated and found to encode a protein o f  619 
am ino acids [A A ] p ossessin g  12 putative transmembrane dom ains. 
The protein d isp layed  seq u en ce hom ology, w ithin transmembrane 
dom ains, to the m amm alian serotonin (58% ), noradrenaline (56% ) 
and dopamine (51% ) transporters. Overall hom ologies were 49%, 46%  
and 45%  , respectively. C loned m em bers o f  the sodium  dependent 
transporter fam ily display 100 absolutely conserved A A s, suggesting  
strong involvem ent in  structural /  functional roles. Preliminary data 
su ggest that C O S-7/C H O  ce lls  transfected w ith D ro so p h ila  cD N A  
express 5-H T  uptake in a saturable and sodium -dependent manner. 
[3HJ5-HT uptake d isp layed  a rank order o f  p o ten cy  o f  5 - 
H T » N E > D A  w ith transport inhib ited by several anti-depressants 
(desipramine, amitryptiline, imipramine, chloripramine, fluoxetine), and 
D A  uptake inhibitors (G B R -12909, mazindol .cocaine). Data obtained  
from  this work may aid in  the identification  o f  those A A  residues 
conferring pharm acological sp ecific ity  and regulation o f  the 5-H T  
transport process.

206.2
CHARACTERIZATION OF THE HUMAN NOREPINEPHRINE TRANSPORTER 
WITH AN ANTI-PEPTIDE ANTIBODY R.D. Blakely. H.E. Melikian. J. K, 
McDonald*. H. Gu. and G. Rudnick. Dept. of Anatomy and Cell Biol., Emory Univ. 
Sch. of Med., Atlanta, GA 30322 and Dept. Pharmacology, Yale Univ. Sch. of 
Med., New Haven, CT 06510.

Structural, regulatory and cellular analyses of the antidepressant and cocaine- 
sensitive human norepinephrine transporter (hNET) have been limited by a lack of 
specific antibodies suited to the visualization o f expressed protein in situ or in 
vitro. Using a synthetic peptide corresponding to a putative intracellular loop 
between transmembrane domains 8 and 9 of hNET, we have generated affinity- 
purified antisera (N430) to probe for hNET expression in native and transfected cells. 
We have characterized N430 antibody using HeLa cells transiently transfected with 
hNET cDNA or LLC-PK1 cells containing a stably integrated hNET cDNA (LLC- 
NET), both of which exhibit robust desipramine-sensitive [3H] norepinephrine 
transport Western blot and immunoprecipitation analyses reveal a major broad band 
of 66-72 kDa. Immunoreactivity is absent in experiments conducted with 
preimmune sera, peptide-absorbed antibody, or non-transfected cells. Single bands are 
also visualized in various rat, mouse, and human tissues. PNGase F digestion of cell 
extracts increases band mobility, consistent with inferred canonical N-linked 
glycosylation sites. Indirect fluorescence immunocytochemistry reveals distinctive 
perinuclear and border staining in LLC-NET cells which is absent both in the parent 
cell line (LLC-PK1) and when preimmune sera or peptide-absorbed antibody are used. 
Notably, NET immunoreactivity is absolutely dependent upon membrane 
permeabilization, supporting the intracellular localization of the targeted epitope. 
These studies substantiate the present hydrophobicity-based topological model of the 
hNET protein (Pacholczyk et al., Nature 350:350-354,1991), directly reveal the 
presence of N-linked glycosylation, and demonstrate the versatility of the N430 
antibody for structural and functional analyses.

206.4
HETEROGENEOUS PLATELET 3H-IMIPRAMINE BINDING 
DIFFERENTIATES DEPRESSED PATIENTS FROM NORMAL 
CONTROL SUBJECTS. J.R. Magliozzi*. D.W. Gietzen, E.J. 
Lisanskv. P.K. Hochla. V.B. Tuason. Dept. of Physiol. Sci., 
University of California, Davis Sch. o f Veterinary Med., 
Sacramento, CA and Dept. o f Veterans' Affairs Med. 
Center/University of New Mexico Sch. of Med., Albuquerque, NM.

3H-imipramine binding has been widely studied as a marker in 
depressive disorders but the literature has many discrepancies. The 
agent used for nonspecific binding has been implicated in these 
discrepancies. We examined 3H-imipramine binding in platelet 
pellets of 51 patients with major depression and 44 nondepressed 
control subjects. Parallel incubation with 10 micromolar desipramine 
was employed to determine nonspecific binding. Under these 
conditions we could resolve two binding sites. Mean values of 
Bmax for the high affinity site did not distinguish patients from 
controls. However, a combined Bmax differentiated female patients 
from female controls: Bmax for female controls =700.0 ±  72.96 
fmol/mg; Bmax for female patients =458.0 ±  71.54 fmol/mg, 
p=0.02. The expression of the low affinity site also differentiated 
depressed from control subjects: of the 44 controls, the low affinity 
site was expressed in 17, and of the 51 patients, it was expressed in 
6  (X2 =9.3, df= l, p=0.002). These results suggest that multiple 
imipramine binding sites may be involved in the pathogenesis of 
depression, and may help to resolve discrepancies in the literature.
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206.5
CHANGES IN PAROXETINE BINDING FOLLOWING THE 
DEVELOPMENT OF SCHEDULE-INDUCED POLYDIPSIA ARE 
REVERSED BY FLUOXETINE. J.E. Roehr. A.T. Woods & S. 
Konasamut*. Biological Research, Neuroscience SBU, Hoechst- 
Roussel Pharmaceuticals Inc., Somerville, NJ 08876. 
Schedule-induced polydipsia (SIP) is an adjunctive behavior 
that is generated in food deprived (80% body weight) rats by 
subjecting them to a fixed time feeding schedule (90 second 
interval) for 150 min daily for 4-5 weeks. Chronic 
administration of serotonin reuptake inhibitors (SRI) reduces 
this SIP over the course of 2-4 weeks (Woods et al., 
Psychopharm acol. in press, 1993). We asked whether any 
changes in the serotonin uptake carrier occurs during the 
development of SIP and following its reduction by the SRI, 
fluoxetine. We measured [3H]paroxetine binding and found a 
small but significant increase in KD from 0.07 nM to 0.11 nM 
in polydipsic rats vs. age-matched controls. We further found 
that this increase could be reversed by chronic treatment with 
fluoxetine (5 mg/kg for 4 weeks). No consistent changes in 
Bmax were observed. These observations suggest that changes 
in the serotonin uptake carrier may underlie the development 
and reversal of schedule-induced polydipsia.

206.7

EFFECTS OF DULO XETINE O N CORTICAL 3H -PA RO XETINE  
BINDING IN FIVE SPE CIES A N D M ONOAM INE LEVELS A N D  
THEIR M ETABOLITES IN  TH E H YPOTHALAM US AS M EASURED  
VIA M ICRODIALYSIS IN  RAT. Eric A, E n glem an*. K en neth  W.
Perrv. and David T. W ong. L illy  R esearch  Laboratories, E li L illy  and  
Company, Lilly Corporate Center, Indianapolis, IN  46285  

Duloxetine (D U ) is  a potent inhib itor o f both norepinephrine (NE) and  
serotonin (5-HT) reuptake in  rat hypothalam u s and  cerebral cortex in  
vitro and in vivo  (W ong e t al., 1993). W e report th a t D U  in h ib its 3H- 
paroxetine binding to 5-H T uptake s ite s  in  m em brane fragm ents  
derived from cortical synaptosom al preparations o f h u m an , pig, gu inea  
pig, mouse, and rat brain w ith Ki o f 0 .21, 0 .26, 0 .16, 0 .42, and 0.86, 
respectively. D U  also in h ib its 3H -tom oxetine binding to th e  N E  uptake  
site in rat cortex w ith a  Ki o f  2 .1 nM. In separate experim ents, we  
examined th e effect o f  D U  on extracellu lar concentration s o f 5-HT, NE, 
DA, and their  m etabolites in  th e  hypothalam u s o f Sprague-D aw ley rats  
implanted w ith  u n ila tera l m icrodia lysis probes (Perry and  F uller,
1992). One hour after adm in istration , D U  (7m g/kg, IP) increased  N E  
and 5-HT leve ls to 89 and 72% above basal v a lu es and a t th e 15m g/kg  
dose to 1200 and 314%, resp ectively, w h ile  5-hydroxyindoleacetic acid,
3,4-dihydroxyphenyl acetic acid , hom ovanillic  acid , and  4-hydroxy-3- 
m ethoxyphenylglycol in th e  sam e d ia lysate  sam p les w ere decreased. 
The presen t d a ta  confirm  th a t  D U  b in d s w ith  high  a ffin ity to th e 5-HT  
and NE uptake s ites  and dem onstrate th a t th is  characteristic is  
conserved across five m am m alian  species. T he in crease o f  
extracellular concentrations o f 5-HT and N E  in  th e  hypothalam u s  
reflects greater ava ilab ility  o f th ese  m onoam ines upon in h ib ition  o f  
their presynaptic reuptake by D U  adm in istration  in  vivo.

206.9
LOCALIZATION OF SEROTONIN TRANSPORTER mRNA TO THE 
RAPHE NUCLEI OF THE MOUSE MIDBRAIN. S. Schroeter*. A L. Bauman. 
A.S. Chang, and R.D. Blakely. Department of Anatomy and Cell Biology, Emory 
University School of Medicine, Atlanta, GA 30322.

The serotonin transporter (SERT) has been shown to be critical for the recovery of 
serotonin (5HT) released by presynaptic terminals in the adult and may also play 
roles in morphogenesis and differentiation. The identification of a cDNA for the 
mouse SERT (mSERT) has enabled us to visualize mSERT gene expression by 
Northern analysis and in situ hybridization. Previous findings in the rat (Blakely et 
al., Nature, 354:66-70,1991; Hoffman et al., Science, 254:579-580, 1991) 
document the presence of a single mRNA species highly localized to 5HT- 
transporting tissues and brain regions, particularly enriched in the medial and dorsal 
raphe'nuclei. In the mouse, we detected a single 3.4 kb species on blots of total 
RNA prepared from mouse midbrain, brainstem, and lung, known sites of SERT 
expression, whereas mRNAs were not detected in liver and heart. In situ 
hybridization performed on 6 and 10 pm frozen sections through the transverse 
plane of the adult midbrain revealed intense hybridization overlying the mouse 
raphe complex. In order to optimize the sensitivity of our system for detecting 
transcripts likely to be in low abundance during embryonic development, we have 
incorporated 33P-UTP into synthetic RNA probes transcribed from mSERT. The 
signal to noise ratios in emulsion-coated sections which had been hybridized with 
33P-labeled mSERT probes were dramatically improved as compared with 35S- 
labeled RNA probes, and the exposure times were reduced greater than 6-fold 
relative to 35S-labeled oligodeoxynucleotide probes. These results document the 
localization o f mSERT gene expression in the raphe complex in the adult and 
provide a basis for comparison of mSERT gene expression during embryonic 
development.

206.6
FENFLURAMINE AND MDMA DOWN-REGULATE SEROTONIN 
TRANSPORTER MESSENGER RNA IN SUBDIVISIONS OF THE RAT 
DORSAL RAPHE COMPLEX. M.Rattrav*. G. Wotherspoon. D.Saverv.
C.Marden. J.J. Lopez Costa. C.Bendotti1 and J.V.Priestley. Divisions of 
Biochemistry and Physiology, UMDS, University of London, Guy’s Hospital, 
London SE1 9RT U.K. and 1 Mario Negri Institute, Milan, Italy.

The serotonin transporter is an important target for many drugs including 
antidepressants, anorexics and drugs of abuse. Using a 27mer ^S-labelled 
oligonucleotide probe directed against the rat serotonin transporter (SERT), 
we carried out in situ hybridisation combined with liquid emulsion 
autoradiography on coronal sections of rat brain. We compared the 
distribution of SERT mRNA expressing neurones with serotonin
immunocytochemistry and found that not all serotonin neurones express 
SERT mRNA at the same levels. Cell bodies in the lateral wings of the 
dorsal raphe complex express high levels of serotonin, but low levels of 
SERT mRNA. Conversely, cells which lie on the midline express SERT 
mRNA at high levels, but have lower levels of serotonin. After chronic 
treatment with fenfluramine, there is a transient down-regulation of SERT 
mRNA within neurones of the dorsal raphe complex. SERT mRNA levels in 
the ventral part of the dorsal raphe nucleus fell significantly from 0.185 + 
0.020 grains/μίΐΐ2 (controls) to 0.124 + 0.008 grains/ pm2 (5 days after 
fenfluramine, 10 mg/kg i.p., twice daily for four days). Mean SERT mRNA 
expression returned to control levels after 15 and 30 days. In the dorsal part 
of the dorsal raphe nucleus, however, there was not a significant decrease in 
expression of SERT mRNA. Similar results were observed with a drug of 
abuse, methylenedioxymethamphetamine (MDMA). The results suggest that 
there are subclasses of serotonin neurones within the dorsal raphe nucleus 
which exhibit differential sensitivity to regulation by serotonin uptake 
blockers.

206.8

LOCALIZATION OF A SEROTONIN TRANSPORTER IN THE MUCOSA OF 
RAT SMALL INTESTINE. P.R. Wade*, J. Chen, B. Jaffe, J. Novotna, T.P. 
Rothman and M.D. Gershon. Department of Anatomy and Cell Biology, College of 
Physicians and Surgeons, Columbia University. New York, NY 10032 USA.

Enterochromaffin cells (EC) are specialized epithelial cells of the gastrointestinal 
tract that synthesize and store large amounts of 5-HT. It has been proposed that EC 
cells are pressure transducers, which initiate the peristaltic reflex by secreting 5-HT 
that activates the mucosal processes of intrinsic sensory neurons. 5-HT is also the 
neurotransmitter o f a subset of neurons of the myenteric plexus. The purpose of this 
study was to determine whether epithelial cells possess a plasmalemmal transporter 
for 5-HT. Uptake o f 3H-5-HT was studied radioautographically. Segments of rat 
duodenum were incubated in vitro with 3H-5-HT (0.1 μΜ) for 40 min in the presence 
of pargyline (100 μΜ). Uptake of 3H-5-HT was detected in a subset of EC cells 
(identified immunocytochemically) and also in all of the other cells of the crypt 
epithelium. This uptake was Na+-dependent and inhibited by fluoxetine (10 μΜ). In 
order to determine whether epithelial 5-HT uptake was mediated by the same 5-HT 
transporter (5-HTT) that is present in central serotonergic neurons, we investigated the 
expression of mRNA encoding the 5-HTT by in situ hybridization. Full length 
cDNA clones were obtained from B. Hoffman and R. Blakely and used to generate 
radioactive sense and antisense cRNA probes. Specific hybridization (to the antisense 
probe) was detected in raphe neurons, the epithelium of duodenal crypts, and in the 
spleen. In the intestine, the labeling o f epithelial cells declined apical to the crypt- 
villus junction and cells were not labeled at the apices of the villi. Some EC cells 
were labeled by the probe, while others were not. These data suggest that epithelial 
cells o f  the small intestine synthesize the 5-HTT and specifically take up 5-HT. The 
role of epithelial transport of 5-HT remains to be determined; it is possible that the 
epithelial 5-HTT inactivates 5-HT released from EC cells and prevents the 
desensitization o f 5-HT receptors on sub-epithelial sensory nerve endings. The 
epithelial 5-HTT may also act as a barrier to the diffusion of 5-HT that protects 
myenteric neurons from the effects of EC cell-secreted 5-HT. Supported by NIH 
grants NS 12969, HD21032.

206.10

CLONING AND EXPRESSION OF THE MOUSE BRAIN SEROTONIN 
TRANSPORTER. Albert S. Chang*. Sharon M. Chang. Diane M. 
Starnes and Randy D. Blakely. The Center for Biotechnology, 
Baylor College of Medicine, The Woodlands, Texas 77381.

Reuptake of extracellular serotonin (5-HT) is mediated by 
the 5-HT transporter (SERT) and critical for the regulation 
of indoleaminergic neurotransmission in the CNS. We have 
identified and characterized cDNAs for the mouse brain 
SERT. The nucleotide sequence bears >90% homology with 
both the rat and the human SERT sequences in the translated 
region, and only 50-70% homology in the 3’ untranslated 
region. The deduced amino acid sequence of mSERT predicts 
a protein of 630 amino acids, and its hydropathy profile 
indicates the presence of at least 12  putative membrane- 
spanning domains. Transient expression of the mouse SERT 
sequence in transfected COS-1 cells revealed the following 5- 
HT transport properties: (1) Temperature dependent and 
kinetically saturable; (2) Na+ and Cl- dependent with a likely
5-HT:Na+ :Cl’ coupling ratio of 1:1:1 per transport cycle; (3) 
sensitive to several known inhibitors of high-affinity 
serotonin transport, including antidepressants and addictive 
substances, with appropriate rank order of inhibitory 
potencies. This sequence now enables a systematic analysis 
of the structural domains of the mouse brain SERT 
responsible for inhibitor interactions as well as molecular 
mechanisms of serotonin translocation.
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E LE C T R O P H Y S IO LO G Y  OF THE GAT-1 GABA  
TRA N SPO RTER EX P R ES S E D  IN HEK293 C E L L S .
S.V. Rakhilin. J.N. Cammack . M. Applebury and E.A. 
Schwartz*Dept. Pharm. & Phys. Sci., Univ. Chicago, Chicago, 
IL 60637.

Membrane currents produced by the stable expression 
of GAT-1 cDNA in HEK293 cells were characterized during a 
whole-cell voltage clamp. Three modes of transporter 
function were identified.

Influx. Extracellular GABA produced an “influx current” 
that was inward at -70 mV and decreased with depolarization. 
The influx current required Na+ and Cl- in the extracellular 
solution and either an alkali metal cation or Cl- in the 
intracellular solution.

Efflux. Intracellular GABA produced an "efflux current" 
that was small at -70 mV and increased with depolarization. 
The efflux current required Na+ and Cl- in the intracellular 
solution and an alkali metal cation in the extracellular 
solution. However, influx and efflux were not symmetrical.

Le a k a g e . In the absence of GABA, a “leakage current” 
required an extracellular alkali metal cation. A transient, 
voltage-dependent component required alkali metal cations 
in both the intracellular and extracellular solutions.

We conclude that the GAT-1 transporter mediates 
electrogenic influx, efflux, and leakage. Each mode of 
operation depends upon ions on both sides of the membrane.

206.13
LOCALIZATION OF GABA TRANSPORTER (GAT-1) 
IMMUNOREACTIVITY IN THE RAT NERVO US SYSTEM.
N. Brecha*. G. Casini. jQ. Evans, and D_. Rickman. Depts. of 
Anatomy & Cell Biology, Medicine, Psychiatry, Brain Research 
Institute, and CURE, UCLA School of Medicine and VAMC- 
Wadsworth, Los Angeles, CA 90073.

High-affinity GABA uptake systems located in the plasma 
membrane of neurons and glia play a critical role in the 
termination of GABA's synaptic activity in the nervous system. 
Three GABA transporters, GAT-1, GAT-2 and GAT-3 have been  
cloned and our in  s itu  hybridization studies have shown that GAT-1 
mRNA is abundant in the nervous system. The present study 
evaluated the localization of GAT-1 immunoreactivity in the rat 
nervous system using a newly developed polyclonal antibody 
directed to the C-terminus of GAT-1. Sections were fixed with 4% 
paraformaldehyde and processed by immunohistochemistry. 
Specific immunostaining was mainly observed in axonal processes. 
Immunostaining was distributed along the neuraxis and was 
prominent in many structures including the retina, olfactory bulb, 
septal nuclei, basal forebrain nuclei, cortex, hippocampus, 
superficial layers of the superior colliculus, interpeduncular 
nucleus, cerebellar cortex, spinal trigeminal nuclei and the spinal 
cord. Immunostaining was not observed when the antibody was 
preabsorbed with 10'® M GAT-1 peptide. This immunostaining 
pattern indicates that GABA uptake by the GAT-1 GABA  
transporter occurs at axonal processes, and that this transporter is 
widely distributed throughout the nervous system.
Supported by NEI EY 4067, VAMC Research Funds and WM Keck Foundation.

20 6.15
PHARMACOLOGICAL CHARACTERIZATION OF CLONED  
HUMAN GLUTAMATE TRANSPORTER SUBTYPES. W.A. 
Fairman. J.L. Arriza. and S.G. Amara* Vollum Institute, Oregon 
Health Sciences Univ., Portland, OR, 97201.

The reuptake of excitatory amino acids plays an important role in 
regulating synaptic and extracellular concentrations of glutamate. We 
have isolated cDNAs from human motor cortex that encode three 
distinct functional subtypes of glutamate transporters. The kinetics 
and pharmacology of these subtypes, termed EAAT1, EAAT2, and 
EAAT3 (for excitatory amino acid transporter), were compared in 
transfected COS-7 cells expressing each transporter. Cells were 
assayed for for the uptake of radiolabeled [3H]-L-glutamate or [3H]- 
D-aspartate relative to control transfected cells. Transport was 
stereospecific for L-glutamate over D-glutamate, and dependent on 
both sodium and potassium ions. The Km's for L-glutamate transport 
were determined to be 57 μΜ, 101 μΜ, and 70μΜ for EAAT1, 
EAAT2 and EAAT3, respectively. A variety of compounds were 
screened for their ability to compete for uptake of [3H]-glutamate by 
each transporter. All three subtypes were specifically inhibited by L- 
tra n s  -Pyrrolidine-2,4-dicarboxylic acid, DL-i/ir^o-hydroxyaspartic 
acid, l-am inocyclobutane-/rû«5 - 1,3 dicarboxylic acid and L- 
cysteinesulfinic acid. Kainic acid and its analogue dihydrokainate 
specifically inhibited EAAT2, a putative glial transporter. This result 
is significant since kainic acid is a neurotoxin widely used in animal 
models to assess excitotoxicity. Glutamate transporters may play a 
key role in modulating the extent of neuronal damage incurred during 
excitotoxicity.

206.12
Regional and Cellular Co-localization of Four GABA Neurotransmitter 
Transporter mRNAs in the Adult Mouse Brain. Sutherland. M.L* Nelson. N.1. 
Noebels. J.L. Developmental Neurogenetics Laboratory, Dept. of Neurology, Baylor 
Coll, of Medicine, Houston, TX 77030, İRoche Inst, o f Mol. Biol. Nutley, N.J. 07110.

Termination o f synaptic transmission occurs through the removal of neuro
transmitter from the synaptic cleft by ion-coupled, high affinity transport proteins 
located in neuronal and glial plasma membranes. With oligonucleotide-directed in situ 
hybridization we have studied the distribution o f four pharmacologically distinct 
murine GABA transporters (GAT) in adult mouse brain. GATI has a of 7 μΜ for 
GABA and is inhibited by cis-3 -aminocyclohexanc carboxylic acid, a neuronal-specific 
inhibitor of GABA transport. GATI mRNA is distributed in layers II-VI of cortex, 
diffusely throughout the thalamus and in cerebellar granule cells. GAT2 has a 1 ^  of 
79 μΜ for GABA, transports betaine, is not inhibited by nipecotic acid, shares an 88 % 
identity with the canine kidney betaine transporter, and is inhibited by ß-alanine which 
traditionally characterized glial GABA transport. GAT2, however, shows a distribution 
similiar to GATI and hence is found predominantly in neurons as well as glia. GAT3 
and GAT4, like GAT2, can also transport ß-Alanine as well as GABA, with fc^s for ß 
-alanine of 44, 28 and 99 μΜ respectively. Unlike GAT2, GAT3 and GAT4 also 
transport taurine. GAT3 mRNA expression is localized predominantly in cerebellar 
granule cells. GAT3 has a o f 18 μΜ for GABA uptake. GAT4 mRNA distribution 
was similiar to that reported for GATB (Clark, J.A. et al, 1992) and is found in 
olfactory bulbs, inferior and superior colliculi, thalamus, and amygdala; but unlike 
GATB, is present in cerebellar granule cells and absent in hippocampal pyramidal 
cells. GAT4 has a o f 0.8μΜ for GABA uptake. These data define the anatomical
expression of 4 GABA transporter genes, and suggest that multiple, pharmacologically 
distinct GABA transporter isoforms are co-expressed in the same neuronal 
subpopulations. Furthermore, we demonstrate that GABA transporter subtypes showing 
"glial" pharmacology are also expressed in neurons in the mammalian CNS.

20 6.14
TH E EFFECTS OF Q U IN ID IN E ON TH E G ABA TRANSPO RTER  
AND SO D IU M /PO T  A S S IU M / ATP ASE O F RETINAL  
H O R IZO N TA L CELLS. R. P, M alchow* and H, R ip p s. Depts. 
O phthalm ology and Anatom y & Cell B io logy, U n iv . Illinois C ollege  
o f  M edicine, Chicago, IL. 60612.

The cinchona alkaloid quinidine has long been known to 
have potent e ffec ts  on voltage-gated  conductances o f  neurons and 
m uscle. H ow ever, the e ffe c t  o f  this com pound on neuronal 
transporters has received m uch less attention. We have used the 
w h o le-ce ll version o f  the patch clam p technique to assess the e ffects  
o f  qu inidine on the G A B A  transporter and the sod iu m /p otassiu m / 
ATPase o f  horizontal cells enzym atically  isolated from  the retina o f  
the skate (R a ja  erinacea an d R. ocella ta ). 500 uM  G A B A  prepared 
in normal skate Ringer was superfused onto cells to in itiate G ABA  
transport activity. Exam ination o f  sod iu m /p otassiu m /ATPase 
function  was accom plished using internal and external solutions 
designed to m inim ize voltage-activated  channel currents and any 
possible sod ium -calcium  exchange current w h ile  sustaining vigorous 
sodium /potassium  pum p activity.

Q uinidine was found to be a potent inhib itor o f  G A B A  
transport activity: 200 uM o f  the alkaloid reduced the inward current 
induced by G A B A  to only 18% o f  that obtained in R inger. On the 
other hand, the same concentration o f  qu inidine was found to be 
in e ffectiv e  in inhib itin g the outward current resulting from  the 
translocation o f  sodium  and potassium  via the sod iu m /p otassiu m / 
ATPase pum p. Q uinidine thus appears to exert selective e ffec ts  on 
transporters present in retinal horizontal cells.
Supported by N.E.I. grants E Y -09411 , E Y -0 6 5 1 6 , and E Y -01792.

206.16
FUNCTIONAL ANALYSIS AND DISTRIBUTION OF EXPRESSION OF THE 
NEURONAL HIGH AFFINITY GLUTAMATE TRANSPORTER. Y.KANAL W-
S.Lee*. P.G.Bhide and Matthias A.Hediqer. Department of 
Medicine, Brigham and Women’s Hospital, and Neurology, 
Mass.Gen.Hospital»Harvard Medical School»Boston,MA 02115.

In the central nervous system, high-affinity glutamate 
transporters play a critical role in the termination of 
synaptic transmission at glutamatergic synapses and in 
the maintenance of the extracellular glutamate 
concentration below neurotoxic levels. We have previously 
isolated a cDNA encoding a high-affinity glutamate 
transporter (EAAC1) from rabbit small intestine (Nature, 
360, 467-471, 1992) and demonstrated that its message is 
expressed in brain. Using in situ hybridization we 
localized EAAC1 message in specific neuronal structures, 
suggesting that EAAC1 may function as a presynaptic 
uptake carrier. In contrast, the two recently cloned rat 
brain high affinity glutamate transporters GLAST and GLT- 
1 are glial specific transporters. To investigate the 
functional role of EAAC1 in brain and its relationship to 
the function of GLAST and GLT-1 we have cloned, sequenced 
and functionally expressed a cDNA (2.3 kb) encoding EAAC1 
from rat brain cerebral cortex. The deduced amino acid 
sequence is 523 residue long and has 89.5 % identity to 
that of rabbit EAAC1. Rat EAAC1 expressed in Xenopus 
oocytes increased the uptake of u C-L-glutamate (50μΜ) 
1,700 fold above controls. Antibodies are being produced 
against rat EAAC1 and will be used to investigate the 
cellular and subcellular location of EAAC1 in brain.
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206.17
GLUTAMATE-INDUCED WHOLE-CELL CURRENTS IN ASTROCYTES SUGGEST 
ELECTROGENIC TRANSPORT. C D . Lascola*1, M.V. Jones2 DJ. Nelson1. & R.P. 
Kraig1· ‘Dept. of Neurology and 2DepL of Pharm & Phys Sci., The University of 
Chicago, Chicago, IL 60637.

Flux studies demonstrate high affinity, sodium-dependent uptake of dicarboxylic 
amino acids into astrocytes in several preparations, yet conclusions on the kinetics and 
ionic requirements are varied. Pharmacological and molecular evidence suggest 
different subtypes of the L-glutamate transporter are present in different cell types, and 
within different brain regions [Fletcher and Johnston, J. Neurochem. 57, 911, 1991; 
Amara, Nature 360,420,1992]. If transport is electrogenic, whole-cell patch clamping 
offers a means for studying neurotransmitter uptake in a particular cell, and provides 
excellent temporal resolution for studying kinetics and pharmacology [Barbour et. al., 
J. Physiol.,436, 1991; Schwartz & Tachibana, J. Physiol, 426, 1990].

Cultures of astrocytes were prepared from both neonatal and adolescent rat pups, and 
maintained in DMEM (10% FBS), following standard techniques. Initial whole-cell 
patch-clamp reordings were made at 25°C using 145mM KC1 intracellular and 145mM 
NaCl/6mM Ba2+ extracellular solutions, both of which also contained Mg2* Cells were 
voltage-clamped as 100μΜ L-glutamate was pressure applied from a micropipette. 
Whole cell currents at hyperpolarized potentials (-60mV to -80mV) were typically 
>500pA with little to no apparent noise increase during glutamate application, yet 
exhibited only a slight, if any, reversal at depolarized potentials. The presence of 
unusually high concentrations of barium, magnesium, or of DNQX, did not produce any 
change in the magnitude of the currents. No inactivation in the current was seen after 
prolonged (>lmin) application of agonist

These results provide support for earlier electrophysiological observations of amino 
acid uptake in type-1 astrocytes of the cerebellum [Wyllie e t  al., J. Physiol, 432, 
1991]. Four human glioma and astrocytoma cell lines were also investigated, but no 
similar currents were found. Supported by NIH POI NS24575 (DJN) and R01NS19108 
(RPK).

206.19

IMMUNOCYTOCHEMICAL IDENTIFICATION OF QUISQUALATE UPTAKE 
SITES IN HIPPOCAMPAL SLICES; POSSIBLE RELATIONSHIP TO 
GABAERGIC NEURONS. R.K. Price Jr.’*. M.K. Schulte2, J.F. Koerner2,
W.M. Renno’, and A J . Beitz1. Departments of ’Veterinary Pathobiology 
and biochemistry, University of Minnesota, Minneapolis, MN 55414  

The excitatory amino acid analogue quisqualic acid (QUIS) has been 
shown to interact with several glutamic acid receptor subtypes and 
uptake sites. We have previously demonstrated that a brief exposure of 
hippocampal cells to L-QUIS sensitizes them to depolarization by AP4, 
AP5 and AP6 ГВгаіп Res. 6 05 . 85-92 (1993)]. This L-QUIS induced 
sensitization is accompanied by the active uptake of L-QUIS. In order to 
localize the major sites of uptake of QUIS into hippocampal slices, 
polyclonal antibodies were raised against QUIS coupled to a carrier 
protein with glutaraldehyde. Slices were pre-treated with L-QUIS, 
washed, and then stained with the QUIS antibody. A relatively selective, 
widely distributed population of non-pyramidal, non-granule cells were 
found to contain QUIS immunoreactivity. The immunolabeled cells were 
localized predominantly in the stratum radiatum and lacunosum moleculare 
in CA1, CA2, CA3 and the hilus of the dentate gyrus. Double labeling with 
antibodies for QUIS and either GABA or GFAP indicates that these QUIS- 
positive cells are neuronal and in many instances co-contain GABA. 
Ultrastructural studies further demonstrate that these QUIS immunore- 
active neurons show signs of marked degeneration in comparison to cells 
which contain no QUIS immunoreactivity. These data demonstrate that L- 
QUIS is taken up into a select group of cells in the rat hippocampus and 
further suggest that the QUIS-induced sensitization observed in hip
pocampal neurons may involve GABA interneurons. (NIH DA06687 
DE06682 DC01086 and NS17944.)

206.18
PROPERTIES OF N a+-DEPENDENT GLUTAM ATE (Glu) 
UPTAKE IN GLIAL CELLS PREPARED FROM CORTEX  
AND CEREBELLUM . S. Jee. J.D. Sinor. A.D, Sinor, and M.B. 
Robinson*. Children's Seashore House, Depts o f Ped., Pharm., and 
Inst, of Neurological Sciences, U. PA., Phila., PA, 19104.

Several excitatory amino acid (EAA) analogs that selectively inhibit 
N a+-dependent, high-affinity (SDHA) Glu uptake in crude 
synaptosomal membrane preparations have been identified (see 
Robinson et al., J. Neurochem. 60 (1993) 167). These pharmac
ological data imply that there are at least four subtypes of SDHA Glu 
transport, two expressed in cerebellum, and two expressed in cortex. 
Recent molecular biological studies have also differentiated subtypes of 
SDHA Glu transport systems (see J. NIH Res. 5(1993)55). The goal 
of these studies was to compare the properties of SDHA [3H]-Glu 
transport in glial cells prepared from rat neonatal cortex and cerebellum 
with its previously reported properties in synaptosomes prepared from 
the same brain regions. The Km for Na+-dependent Glu transport was 
50-100 μΜ(η>5) in these cultures. None of the compounds tested 
selectively inhibited [3H]-Glu transport measured in glial cells prepared 
from either brain region. The approximate IC50S were (in mM, n>2): 
DL-i/ireo-ß-hydroxyaspartate (0.05), L-cysteate (0.02), L-cysteine 
sulfinate (0.05), L-aspartate (0.05), L-aspartate-ß-hydroxamate (0.4), 
L-ira/w-pyrrolidine-2,4-dicarboxylate (0.05), L-homocysteate (>2), 
kainate (>3), dihydrokainate (>6 ), α ,γ -diaminoglutarate (>3), a -  
methyl-DL-glutamate (>5), L-a-aminoadipate (2). In general, these 
IC5 0 S are 10- to 50-fold higher than that observed in synaptosomes. 
The data suggest that glial cells express an additional subtype of 
transport activity. (NS29868)

RECEPTOR MODULATION, UP- AND DOWN-REGULATION II

207.1

INCREASES IN THE DENSITIES OF CEN TRA L AND PERIPH ERAL-TYPE  
BENZODIAZEPINE R EC EPT O R S FOLLOWING OLFACTO RY BULBECTOM Y  
IN THE RAT. V. Beauchemin*. N. Lavoie and T. Dennis. Neu robio logical 
Psychiatry Unit, McGill University, Montréal, Canada.

We recently reported persistent increases in GABAa receptor binding 
densities in rat cortical membranes at weekly intervals up to 1 month after 
bilateral olfactory bulbectomy (OBX). Although no changes in central 
benzodiazepine (ĐZD) receptor binding parameters were observed (Dennis et 
al., Pharmacol. Biochem . Behav. in press), this lack of effect may have been 
due to inherent limitations of membrane binding techniques. The present 
quantitative autoradiographic study investigated the discrete regional effects of 
OBX on central and peripheral-type BZD receptors.

One to 4 weeks following OBX or sham surgery, male Sprague-Dawley rats 
were sacrificed, brain sections were cut and processed for autoradiography. 
Tissue sections were incubated with 1 nM of [3HJflunitrazepam or [3HJPK-11195 
to label central and peripheral BZD receptors, respectively. Following OBX, 
central BZD binding levels were persistently increased in the cingulum and in 
the frontal and parietal cortices. Smaller increases were observed in thalamus, 
hypothalamus, amygdala and substantia nigra. Persistent major increases in 
(’НЈРК-ШӘб binding levels, proposed as a reliable index of neuronal injury, 
were observed after OBX in anterior olfactory nuclei, lateral olfactory tract and 
piriform cortex.

These observations confirm the usefulness of [3HJPK-11195 binding as a 
marker of neuronal insult in the brain. Moreover, the persistent regional 
increases in pHJflunitrazepam binding to central type BZD receptors suggest 
that GABAergic transmission is altered following OBX and that this may be 
related to the behavioral deficits elicited by OBX, currently used as an animal 
model of major depression in humans.

20 7 .2
REG U LA TIO N  O F GLU TA M ATE R E C E P T O R S  IN TH E B A SA L  
GANGLIA BY DOPAM INERGIC AG EN TS. L.W. Fitzgerald*, G. Gasic2,N. Brose2, S. Heinemann2, and E.J. Nestler.

Psychiatry, Yale University School of Medicine, New Haven, CT; 2Molecular 
Neurobiology Laboratory, Salk Institute, La Jolla, CA.

Based on the growing evidence for dopamine (DA)-glutamate interactions 
in the basal ganglia under normal and pathophysiological conditions, we are 
examining the regulation of individual glutamate receptor subunits following 
manipulation of central DA pathways. We used two antibodies to the 
NMDAR1 subunit: one which is directed against the cytoplasmic domain 
between TM3 and TM4, and a second directed against a carboxyl terminal 
region which is deleted from several NMDAR1 splice variants. Both 
NMDAR1 antibodies recognize a 116 kD protein by Western blot. A GluR2 
(AMPA) subunit antibody was also used which recognizes a 106 kD protein.

Rats were administered oral haloperidol (2 mg/kg/day) for 30 days without 
any withdrawal period. Regional levels of NMDAR1 and GluR2 
immunoreactivity were determined by Western blotting. HaloperidoMreated 
rats showed significant elevations in NMDAR1 immunoreactivity in the 
striatum (40%), and cingulate cortex (55%), but not in the globus pallidus, 
nucleus accumbens, hippocampus, frontal cortex, or medial prefrontal 
cortex. Levels of GluR2 immunoreactivity remained unaltered after chronic 
haloperidol treatment in all regions examined. We are currently examining 
haloperidol regulation of glutamate receptor binding and mRNA expression, 
as well as the effects of other DA agonists and antagonists on glutamate 
receptor levels. Region-specific regulation of NMDA receptor subunits may 
represent part of the neural plasticity responsible for the long-term effects of 
haloperidol.
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20 7 .3
D2 DOPAMINE RECEPTOR mRNA IS ALTERED TO A GREATER EXTENT 
BY BLOCKADE OF GLUTAMATE RECEPTORS THAN BY BLOCKADE OF 
DOPAMINE RECEPTORS IN MOUSE BRAIN. Z.-H. P in . L.-W. Zhou and B. 
W eiss*. Div. Neuropsychopharmacol., Dept. Pharmacol., Med. Coll. PA, Phila., 
PA 19129.

To study further the molecular mechanisms by which glutamate and 
dopamine interact in regulating basal ganglia functions, the effects of persistent 
inhibition of dopamine and NMDA receptors on receptor densities and mRNA 
levels of D ļ and D2 receptors were examined in mouse brain. To block 
dopamine receptors, mice were repeatedly administered either EEDQ, a 
relatively non-selective irreversible D ļ and D2 receptor antagonist, or 
fluphenazine-N-mustard (FNM), a relatively selective irreversible D2 receptor 
antagonist. To block NMDA receptors, mice were continuously infused with 
MK-801, a non-competitive NMDA receptor antagonist. The densities of Dj 
and D2 receptors were measured by receptor autoradiography, and the levels 
of D ļ and D2 receptor mRNA were measured by įn situ hybridization 
histochemistry. The results showed that EEDQ blocked about 90% of both the 
Dļ and D2 receptors. FNM was as effective as EEDQ in blocking D2 receptors 
but had little effect on Dļ receptors. Neither of them had any effect on the 
levels of Dļ and D2 receptor mRNA. MK-801 slightly reduced the density of D2 
receptors and significantly decreased the levels of D2 receptor mRNA in 
striatum, nucleus accumbens and olfactory tubercle. MK-801 failed to change 
Dļ receptors and caused a small but significant decrease in the levels of Dļ 
receptor mRNA in striatum. This study demonstrates that, compared with the 
effects o f persistently blocking D ļ or D2 receptors, blockade of NMDA receptors 
produces a more rapid and profound decrease in the levels of D2 receptor 
mRNA. These results suggest that NMDA receptors play an important role in 
the expression of D2 receptors in basal ganglia. Supported by MH42148.

20 7.5
INTERHEMISPHERIC MODULATION OF DOPAMINE D, RECEPTOR 
SUPERSENSITIVITY IN THE UNILATERAL 6-OHDA RODENT MODEL
C.P. Lawler1*. J.H. Gilmore1. O.D. Walker1. S.B. Southerland1. L.L. Cook2. C.A. 
Mathis3 and R.B. Mailman1. University of North Carolina1, Chapel Hill, NC, 
27514-7250, University of Florida2, Gainesville, FL 32610 and University of 
Pittsburgh3, Pittsburgh, PA 15213.

Unilateral destruction of substantia nigra dopamine neurons with 6-OHDA 
results in denervation of ipsilateral dopaminergic targets in caudate/putamen and 
limbic areas. The corresponding contralateral structures provide a convenient 
within-subject control to assess the effects of the lesion. A critical assumption is that 
interactions between the intact and denervated hemispheres do not influence the 
response to insult, although recent data have raised questions about this view. To 
examine this issue further, the present studies assessed the effects o f 6-OHDA lesions 
after interhemispheric influences were minimized by corpus callosum transection. 
Adult rats received callosum transections prior to unilateral 6-OHDA (5 μg) 
substantia nigra lesions. When examined four months post-lesion, dopamine (DA) 
levels in 6-OHDA lesioned striata were decreased by greater than 90%. 
Autoradiography ([125I]-epidepride) in caudate-putamen revealed an increase in D2- 
like receptors, as expected from 6-OHDA. Furthermore, [125I]-SCH23982 binding 
revealed no treatment effects on Dj receptor density. Although receptor binding was 
not affected, functional measures revealed an interaction between 6-OHDA lesion 
and transection. DA-stimulated cAMP efflux in striatal slices was measured in the 
presence of sulpiride (to block D2 inhibitory effects of dopamine). DA stimulation in 
the 6-OHDA denervated striatum was enhanced in subjects with a corpus callosum 
transection (relative to all other treatment groups), suggesting an increased 
functional sensitivity of D t receptors. Inasmuch as corpus callosum transection 
removed a significant part of the cortico-striatal glutamatergic input to the striatum, 
our results may be analogous to recent findings that antagonism of glutamate 
receptors potentiates Dj behavioral supersensitivity induced by 6-OHDA.

207.7
MELATONIN MODULATES THE SENSITIVITY OF 5-HT2 
RECEPTOR-MEDIATED NEUROTRANSMISSION: 
BEHAVIORAL AND BIOCHEMICAL STUDIES IN THE RAT.
A.S. Eison. V.L. Brazee. R.P. Freeman. U.L. Mullins and R.N. 
Wright*. CNS Special Projects, Bristol-Myers Squibb Co., 
Wallingford, CT 06492.

Previous investigations demonstrated an interaction between 
melatonin and serotonin type 2  (5-HT2) receptor-mediated regulation 
of the sleep-wakefulness cycle in the rat (Dugovic et al., 1989). 
Pretreatment with melatonin counteracts the discrete sleep effects 
induced by both 5-HT2 agonists and antagonists. We studied the acute 
effects of melatonin and related analogs on 5-HT2 neurotransmission 
as reflected in behavioral (head shake) and biochemical 
(phosphoinositide (PI) hydrolysis) responses to 5-HT2 receptor 
stimulation. Acute administration of melatonin and related analogs 
inhibited the 5-HT2-mediated DOI-induced head shake in a dose- 
dependent manner similar to 5-HTi a  agonists and antidepressants. 
Consistent with the behavioral findings, incubation of cortical slices 
with melatonin and its analogs in vitro robustly inhibited 5-HT2 
receptor-mediated PI hydrolysis in a non-competitive manner. 
Melatonin-induced reductions in 5-HT2-stimulated PI hydrolysis were 
blocked by preincubation with the melatonin antagonist N-acetyl- 
tryptamine. Further, pretreatment of rats in vivo with melatonergic 
agents also produced reductions in the cortical PI hydrolysis response 
to 5-HT2 agonist stimulation. The present data support an interaction 
(possibly allosteric) between melatonin receptors and 5-HT2 receptors 
in the CNS.

20 7 .4
DOPAMINERGIC AND GLUTAMATERGIC BLOCKING DRUGS 
DIFFERENTIALLY REGULATE GLUTAMATE ACID DECARBOXYLASE 
(GAD) mRNA IN MOUSE BRAIN. S.-P. Zhang* Z.-H. P in  and B. Weiss. 
Dept. of Pharmacol., Med. Coll, of PA., Philadelphia, PA 19129 

To understand more fully the role of dopaminergic and glutamatergic inputs 
in regulating the activity of GABA neurons in basal ganglia, the effects of 
inhibiting dopamine (DA) and glutamate (N-methyl-D-aspartate) (NMDA) 
receptors on GABA neurons were examined. The activity of GABA neurons 
were assessed by measuring the expression of GAD mRNA. Persistent blockade 
of DA receptors was achieved by daily injections of EEDQ, a relatively non- 
selective irreversible Dj and D2 DA antagonist, or FNM, a relatively selective 
irreversible D2 DA antagonist. Persistent blockade of NMDA receptors was 
achieved by continuously infusing MK-801, a non-competitive NMDA receptor 
antagonist. The levels of GAD mRNA in mouse brain were measured by in situ 
hybridization histochemistry. Repeated administration of EEDQ increased the 
levels of GAD mRNA in corpus striatum and frontal and parietal cortex. FNM 
elicited effects similar to those produced by EEDQ, except FNM also 
significantly increased GAD mRNA in nucleus accumbens. Neither EEDQ nor 
FNM produced significant effects on GAD mRNA in olfactory tubercle or 
septum. MK-801 produced a rapid and marked decrease in the levels of GAD 
mRNA in corpus striatum, nucleus accumbens, olfactory tubercle, septum and 
frontal and parietal cortex, but not in globus pallidus. Cellular analysis of 
emulsion autoradiograms from corpus striatum revealed that MK-801 reduced 
the amount of GAD mRNA in individual cells as well as in the proportion of 
cells expressing high levels of GAD mRNA. These results suggest that DA, 
though its interaction with D2 DA receptors, exerts an inhibitory effect on GAD 
mRNA expression. They show further that the regulation of gene expression 
by DA receptors or NMDA receptors is different in different regions of the 
brain. Supported by MH 42148.

2 0 7 .6
REGIONAL DIFFERENCES IN 3H-CITALOPRAM BINDING IN 
RESPONSE TO SALINE INJECTIONS OR FENFLURAMINE-INDUCED  
LESIONS. D.L. Knight*. M.J. Owens. W.N. Morgan and C.B. Nemeroff. 
Laboratory of Neuropsychopharmacology, Department of Psychiatry & 
Behavioral Sciences, Emory Univ. School of Medicine, Atlanta, Georgia 30322.

Considerable evidence has accumulated to implicate serotonergic neuronal 
dysfunction in the pathophysiology of major depression. In order to examine 
the effects of depletion o f CNS 5-HT on peripheral measures of serotonergic 
function, we first investigated the time-course o f effects of saline or 
fenfluramine injections on regional brain 3H-citalopram binding, a measure of 
serotonergic nerve integrity.

Rats received either saline or (4/)-fenfluramine (12 mg/kg b.i.d. X 4 days) 
and groups of 12 were then sacrificed at various times afterwards (1.5, 3, 6.5, 
and 10 weeks). The brains were removed and Scatchard analysis was 
performed on the prefrontal cortex, frontal/parietal cortex, and caudate 
utilizing 3H-citalopram with chloroimipramine to define non-specific binding. 
The results at 1.5 weeks showed fenfluramine-induced decreases of 3H- 
citalopram binding o f 75%, 74%, and 68% for the prefrontal cortex, 
frontal/parietal cortex, and caudate, respectively. By 10 weeks, the reductions 
were lesser in magnitude to 55%, 59%, and 40% for the respective regions. Of 
particular interest was the finding that the saline injections resulted in a 
gradual and continual increase in 3H-citalopram binding at all time points 
examined in the prefrontal cortex, but not in the frontal/parietal cortex or 
caudate. These preliminary findings suggest the possibility that the mild stress 
associated with saline injection can result in long term alterations in 
serotonergic neurons. The functional consequences of these changes are 
unknown but are worthy of further study.

20 7 .8
DO PROLONGED CHANGES IN CNS 5-HT NEURONS OR 
HYPERCORTICOSTER ONEMIA ALTER PLATELET SEROTONIN  
TRANSPORTER BINDING? C.A. Ballenger. M.J. Owens. S J . Pio», W.N. 
Morgan. G.S. Oxford* and C.B. Nemeroff. Laboratory of 
Neuropsychopharmacology, Department of Psychiatry & Behavioral Sciences, 
Emory Univ. School of Medicine, Atlanta, Georgia ЗЮ322, Dept. of Physiology, 
University o f North Carolina School of Medicine, Chapel Hill, NC 27599.

Considerable evidence has accumulated to implicate serotonergic neuronal 
dysfunction in the pathophysiology of major depression. One such line of 
evidence is the reduction in the density of binding sites for 3H-imipramine or 
3H-paroxetine, markers o f the 5-HT transporter, in platelets of drug-free 
depressed patients. In an attempt to determine whether changes in platelet 
receptor binding represent changes in CNS serotonergic function or are 
secondary to hypercorticosteronemia, we investigated whether depletion of 5- 
HT by parachloroamphetamine, 5-Ш У5-НТ1С agonist (DOI) administration, or 
exogenous corticosterone administration alters 3H-citalopram binding to the 
platelet 5-HT transporter in rats.

Parachloroamphetamine-induced depletion (10 mg/kg sc q weekly X 3) of 
brain 5-HT had returned to 80% of normal by 12 weeks post-injection with no 
changes in platelet 3H-citalopram binding. Chronic infusion of the 5-НПУ5- 
H T1C agonist DOI (0.3 mg/kg/day X 60 days, sc.) did not alter either brain or 
platelet 3H-citalopram binding. A  final set of rats received corticosterone 
supplementation in order to maintain plasma levels of 200 ng/ml (daily 
circadian peaks are 150-175 ng/ml). This ratio approximates the 
hypercortisolemia observed in some patients with major depression. These 
data will be presented. These data suggest that changes in platelet 5-HT 
transporter binding are not correlated with changes in CNS 5-HT functioning.
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207.9
DEXAMETHASONE ALTERS SUBTYPE RATIO W ITHOUT CHANGING  
TOTAL ß-ADRENERGIC RECEPTOR DENSITY IN C6 GLIOMA CELLS. H. 
Zhong and K. P. Minneman*. Dept. o f Pharmacology, Emory Univ. Sch. o f  Med., 
Atlanta, GA 30322

Norepinephrine (NE) and epinephrine (EPI) act through multiple closely-related 
adrenergic receptor (AR) subtypes which often coexist on the same cells. To 
examine interactions between these subtypes, we studied the regulation o f ßr  and 
ß2-AR density and responsiveness by dexamethasone (DEX ). Binding studies 
showed that rat C6 glioma cells contained both ß,- (80%) and ß2- (20%) ARs. 
cAMP responses to each subtype were examined using agonists (NE and zinterol) 
and antagonists (CGP 20712A and ICI 118,551) selective for ß r  and ß2-ARs 
respectively. Treatment with 500 nM DEX for 48 hours increased the proportion 
of ß2-AR from 20% to 60%, however a reciprocal decrease in ß r ARs resulted in 
no change in total ß-ARs. DEX also increased the ß2- and decreased the β Γ 
cAMP responses, but did not change the response to isoproterenol. Studies on the 
time- (12 to 72 hrs) and concentration- (5 to 5000 nM) dependence o f DEX  
treatment showed that increases in β2 were closely-linked to decreases in β 2 
subtype, with little or no change in total receptor density observed. Northern blots 
showed 2-3 fold increases in ß2-AR m RNA but no change in β ,-AR mRNA levels 
after exposure to 50 or 500 nM DEX for 48 hours. In control cells, NE and EPI 
were equally potent in activating cAMP accumulation, as expected for a 
predominantly ß r  response. Surprisingly, after DEX treatment, NE and EPI were 
still equally potent, although responses to zinterol were increased. These studies 
show a close reciprocal regulation by dexamethasone o f the relative proportions of 
ßr and ß2-AR subtypes in C6 cells. Despite these changing subtype ratios, 
responsiveness to NE and EPI was unaltered. Control o f  expression and coupling 
efficiency o f closely-related subtypes co-expressed on the same cells will be 
important in understanding responses to endogenous transmitters. Supported by 
NS21325.

207.11
MODULATION OF C-FOS EXPRESSION BY ELECTRO
CONVULSIVE SEIZURE (ECS) AND ANTIDEPRESSANTS IN 
RAT FRONTAL CORTEX. H.l. Strausbaueh. S. Morinobu and R.S. 
Duman*. Lab. of Mol. Psychiatry , Depts. of Psychiatry and 
Pharmacology, Yale Univ. School of Med. New Haven, CT 06508.

Immediate early gene transcription factors are rapidly 
induced by extracellular stimuli and could thereby mediate 
changes in neuronal gene expression. To elucidate the action of 
antidepressants, we investigated the effect of acute ECS and 
tranylcypromine (TCP) treatments on the expression of c-fos 
mRNA and Fos immunoreactivity (Fos-ir) in rat frontal cortex. 
Acute TCP (10 mg/kg, ip) or ECS significantly increased c-fos 
mRNA and Fos-ir after 2 hr, and levels returned to control 16 hr 
after treatment. To study the types of receptors involved in ECS 
and TCP induction of c-fos, rats were pretreated with specific 
receptor antagonists including propranolol (B-adrenergic), 
SCH23390 (D 1 -dopaminergic) and ketanserin (5-HT2). ECS and 
TCP induction of Fos-ir was partially blocked by pretreatment 
with propranolol (-40%), SCH23390 (-30%), and ketanserin 
(-30%). The results demonstrate that these antidepressant 
treatments acutely increase c-fos expression via activation of 
several monoamine receptor systems. Additional studies of acute 
as well as chronic administration of these and other 
antidepressant treatments (i.e., imipramine and sertraline) will 
also be presented. Regulation of c-fos and other transcription 
factors could contribute to the long-term adaptive changes which 
occur in response to chronic antidepressant treatments.

207.13
PERIPHERAL NERVE INJURY ENHANCES a2-ADRENERGIC 
RECEPTOR EXPRESSION BY SOME DRG NEURONS K. Nishivama.
B.W. Brighton. D.F. Bossut* and E.R. Perl. Physiology, 
Univ. of No. Carolina, Chapel Hill, NC 27599-7545.

To determine changes induced by partial nerve 
injury on expression of a-adrenergic receptors by 
dorsal root ganglion (DRG) neurons we used autj^ 
radiography with the a2-adrenergic agonist p-[ I] 
iodoclonidine (PIC) as a ligand. In deeply anesthe- 
sized (pentobarbital) adult rats, sterile partial cuts 
were made of a limb nerve (n-23) or the lumbar 
sympathetic trunk (n-2). After re-anesthesia 1 or 2 
weeks later, L4-L5 DRGs were collected and fresh 
frozen. Tissue sections were incubated in buffered 
PIC (0.5 nMol/1) for 45 min at room temperature. After 
washing, fixation with 5 % glutaraldehyde and drying, 
the sections were exposed to film and photosensitive 
coverslips (modified Niehoff's method). Silver-grain 
clusters over neuronal profiles (positive cells) were 
rare in controls and were sharply increased on the 
average (200-300%) in DRGs ipsilateral to the injured 
limb nerve and in one animal with a sympathetic 
lesion. The degree of change varied substantially 
amgng animals. Positive cells were small (200-400 
μ α Γ) . These findings suggest that a2-adrenergic 
receptor molecules increase in some DRG somata 
following partial peripheral nerve injury. Supported 
by NIH grants NS10321, NS14899, & NRSA DE05585 (DFB).

207.10
AGONIST-MEDIATED REGULATION OF Bf-ADRENERG IC  
RECEPTOR (BiAR) mRNA AND GENE TRANSCRIPTION IN RAT 
C6 -GLIOMA CELLS. L. Rvdelek-Fitzgerald*. G.K. F e u s s n e A  P.H, 
F ish m a n ^. R.S. Duman. Laboratory of Molecular Psychiatry, Dept. of 
Psychiatry, Yale Univ. Sch. o f Med., New Haven, CT 06508 and 
2NINDS, NIH, Bethesda, MD 20892.

We have previously demonstrated that levels of B \AR mRNA in 
C6 -glioma cells are regulated in a biphasic manner by isoproterenol or 
forskolin (Soc. N eurosci. Abs. 18:343.6, 1992). Short-term exposure to 
isoproterenol leads to an increase in B ļA R  mRNA levels whereas long
term exposure (>2 hr.) leads to decreases in the levels of В \ AR mRNA 
and receptor protein. The down-regulation, but not the up-regulation, 
was shown to be sensitive to inhibition of protein synthesis suggesting 
the existence of two distinct mechanisms of regulation. The present 
study was performed to investigate these mechanisms. Nuclear run-off 
analysis revealed that BļA R  gene transcription increases after exposure 
to isoproterenol for 60 min., while a 90 min. exposure decreases the 
transcription rate. These results, together with previous data, provide 
evidence that isoproterenol induces a transcriptional repressor in C6 - 
glioma cells. Analysis o f transcription factors by northern blot 
demonstrates that isoproterenol increases the levels of c-fos and jun-b 
mRNA suggesting that these factors may play a role in altering the 
transcription rate. Further studies will be performed to analyze the 
promoter region o f the В  i AR gene to determine which regions are 
important in repressing transcription. This cell line provides a useful 
model for investigating factors mediating transcriptional repression of 
В 1-adrenergic receptors.

207.12
INDUCTION OF BDNF mRNA BY ELECTROCONVULSIVE 
SEIZURE (ECS) AND ANTIDEPRESSANTS IN RAT FRONTAL 
CORTEX. S. Morinobu* and R.S. Duman. Depts. of Psychiatry and 
Pharmacology, Yale Univ. School of Med. New Haven, 06508.

Neurotrophins, including brain derived neurotrophic factor 
(BDNF), are thought to be involved in neuronal growth and 
plasticity, and could thereby play a role in the etiology and 
treatment of neurobiological disorders. Here w e examine the 
regulation of BDNF mRNA by acute and chronic ECS and 
tranylcypromine (TCP) treatments. Acute ECS significantly 
increased BDNF mRNA levels by 200% after 2 hr, and levels 
returned to control 18 hr after treatment. BDNF mRNA was 
slightly decreased by chronic ECS (10 d), but acute ECS- 
stimulated levels of BDNF mRNA were enhanced by chronic ECS. 
To study the types of receptors involved in ECS induction of 
BDNF, rats were pretreated with specific receptor antagonists 
including propranolol (BAR), SCH23390 (Dl), MK801 (NMDA) and 
ketanserin (5-HT2). ECS induction of BDNF mRNA was partially 
blocked by pretreatment with propranolol (-33%), SCH23390 
(-30%), MK801 (-45%), and ketanserin (-20%). Acute TCP 
administration (10 mg/kg, ip) also increased BDNF mRNA by 20% 
after 2  hr, and levels returned to control 18 hr after treatment. 
In addition, chronic TCP (21 d) increased BDNF mRNA levels by 
55%. The results demonstrate that ECS as well as TCP increase 
BDNF mRNA expression, and raise the possibility that such 
regulation could be involved in the therapeutic action of these 
treatments.

20 7.14
ESTRADIO L REGULATION OF HYPOTHALAM IC a 2- 
ADRENOCEPTOR BINDING. George B. Karkanias* and Anne
M. Etaen. Depts. of Neuroscience and Psychiatry, Albert Einstein 
College of Medicine, Bronx, NY, 10461

A major inhibitor of norepinephrine (NE) release in both central 
and peripheral sites is the o2-adrenoceptor, of which there are 
presently four known subtypes. We previously demonstrated that
o2-adrenergic inhibitory mechanisms are active in the hypothalamus 
of ovariectomized rats and that estradiol, a steroid hormone known 
to facilitate hypothalamic NE release, attenuates these 
mechanisms. The present studies test the hypothesis that estradiol 
regulates o2-adrenoceptor function by altering a2 receptor binding 
characteristics in the hypothalamus of female rats. Receptor 
binding studies using 3H-RX821002, an o2-adrenoceptor 
antagonist, indicate that the o2D-adrenoceptor is the major subtype 
present in the hypothalamus. Additional binding studies examined 
the effects of estradiol on receptor number and on the rate 
constants and energetics of 3H-RX821002 binding to a2D- 
adrenoceptors. Interestingly, while estradiol treatment had 
moderate effects on receptor number and no effect on rate 
constants, hormone treatment markedly increased the entropie 
contribution to the free energy of RX821002 binding. This 
observation suggests a novel mechanism of steroid regulation of 
ligand-adrenergic receptor interaction which may in part explain 
estradiol attenuation of o2-adrenergic inhibitory mechanisms.
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207.15
NPY(13-36), Leu31Pro34NPY AND ANGIOTENSIN II INCREASE THE 
AFFINITY OF cc2 AGONIST BINDING SITES IN VITRO IN THE NUCLEUS OF 
THE SOLITARY TRACT OF THE RAT. A QUANTITATIVE RECEPTOR 
AUTORADIOGRAPHICAL ANALYSIS. D.R. Fior1, P.Hedlund1. Y. Shaonian1.
O. Johansson*1 L.F. Agnati2 and K. FuxeL *Dept o f Histology and Neurobiology, 
Karolinska Institute, BOX 60 400, S-104 01, Stockholm, Sweden. 2Dept. of Human 
physiology, University o f Modena, Italy.
Based on the distribution of oc2, neuropeptide Y (NPY) and angiotensin II (Ang II) 
receptors in the nucleus of the solitary tract (NTS), we have evaluated the modulatory 
effect of Leu31Pro34NPY (Y1 agonist), of the C-terminal fragment NPY (13-36) (Y2 
agonist) and Ang II on the a l  adrenergic receptors in the NTS of normotensive adult 
male rats (n=6). Based on competition experiments using quantitative receptor 
autoradiography we have evaluated the displacement o f the a 2  agonist 3H- 
paraminoclonidine (3H-PAC) (10 nM) in the NTS by ten different concentrations of
1-noradrenaline (NA) (10'5 to 1 0 12M) in the absence and presence o f 10 nM of 
Leu31Pro34NPY, NPY (13-36) or Ang II in the incubation medium. These peptides 
produced a significant decrease in the IC50 values (Y1 agonist: 54±4%, p<Q.01; Y2 
agonist: 52±4%, pcO.Ol and Ang II: 4Q+2%, pcO.OOl vs control) of NA at 3H-PAC 
binding sites. The B0 values of the 3 H-PAC binding sites were significantly 
increased by 10 nM o f NPY (13-36) (40±3% pcO.OOl) and decreased by 
Leu31Pro34NPY (36±3% pcO.Ol) and Ang II (10±1% p< 0.001). These findings 
suggest that Ang II receptor and selective Y1 and Y2 stimulation, in contrast to 
combined activation of Y1 and Y2 receptors with NPY 1-36, increases the affinity of 
a l  adrenergic receptors which may explain the increase in the B0 value with NPY 13- 
36. The reduction in the B0 values with the Y 1 agonist and Ang II may reflect a 
reduction in the population o f a l  agonist sites in the high affinity state. This 
heteroregulation by NPY peptides appears to be dependent on the patterns of 
activation of the subtypes o f NPY receptors. Thus, the a l  transduction in the NTS 
may be controlled in a differential way by Y l, Y2 and Ang II receptors which can be 
of basic importance for integration of chemical signals in central cardiovascular 
regulation.
Support: CNPq (20.1409/92.5)

207.17
CHRONIC MORPHINE ADMINISTRATION INCREASES LEVELS OF 
ßARK IN THE RAT LOCUS COERULEUS. R.Z. Terwillfrer. J. Ortiz. X. 
Guitart. and E.J. Nestler*. Laboratory of Molecular Psychiatry, Yale 
University School of Medicine, New Haven, CT.

Noradrenergic neurons of the locus coeruleus (LC) have served as 
a useful model of opiate action in the nervous system. LC neurons 
develop tolerance and dependence in response to chronic morphine 
exposure. Previous studies have shown that such changes in the 
physiological state of LC neurons can be explained in part by an 
upregulation of the cAMP pathway, including increased levels of 
cAMP-dependent protein kinase (PKA) in the chronic morphine- 
treated state (Nestler, J. Neurosci. 12:2439,1992).

The current study examined the possibility that chronic morphine 
exposure might also alter levels of BARK (ß-adrenergic receptor 
kinase) in the LC. ßARK was identified originally aş a protein kinase 
that, like PKA, desensitizes the ß-adrenergic receptor through 
receptor phosphorylation, and has more recently been implicated in 
the desensitization of other G-protein coupled receptors (Árriza et al., 
J. Neurosci. 12:4045,1992). Male Sprague-Dawley rats were im
planted with morphine pellets (75 mg sc) daily for 5 days and, on day 
6, ßARK levels were quantified by ipnmunoblotting (with antibodies 
provided by W.C. Stone and R.J. Lefkowitz, Duke). Chronic morphine 
treatment increased levels of ßARK-1 immunoreactivity in the LC by 
~35%. Chronic morphine-induced increases in ßARK and PKA do not 
reflect general increases in all protein kinases in the LC, as chronic 
morphine had no effect on levels of calcium/calmodulin-dependent 
protein kinases, protein kinase C, or protein tyrosine kinases.

Chronic morphine-induced increases in ßARK ievels could 
increase opioid receptor phosphorylation and desensitization, and 
thereby contribute, with upregulation of the cAMP pathway, to opioid 
receptor tolerance that occurs in the LC and some other brain regions.

207.19
ROLE OF PROTEIN KINASE C IN INTERNALIZATION AND LOW 
AFFINITY BINDING OF AGONISTS TO CHINESE HAMSTER 
OVARY CELLS EXPRESSING ALPHA-1 ADRENERGIC 
RECEPTORS. S.-J. Zhu and M.L. Toews* Dept. Pharmacology, 
Univ. Nebraska Med. Ctr., Omaha, NE 68198-6260 

The relationship between receptor internalization and low 
affinity binding of agonists to intact cells was investigated in 
Chinese hamster ovary (CHO) cells expressing hamster alpha-1 В 
adrenergic receptors (A1ARs). In assays of competition by 
epinephrine (EPI) for [3H] prazosin binding to intact cells, about 
90% of receptors were in the low affinity form. The protein kinase 
C (PKC) activator phorbol 12-myristate 13-acetate (PMA) did not 
further increase the fraction in the low affinity form, but the PKC 
inhibitor staurosporine reduced the low affinity fraction to about 
50%. Sucrose density gradient centrifugation assays were 
performed to assess A1AR internalization. The percentage of 
internalized receptors was 25% for control, 53% for EPI, 44% for 
PMA, and 53% for EPI plus PMA. Staurosporine blocked PMA- 
induced internalization, but only partially blocked agonist-induced 
internalization. These results suggest a relationship between low 
affinity binding and internalization for A1 ARs and the involvement 
of PKC in both processes. (Supported by GM34500 and 
American Heart Association-Nebraska Affiliate.)

207.16
CGRP IN RAT CSF: RELEASE BY  SQ A N D  IT CAPSAICIN AND 
M ODULATION BY OPIOIDS A N D ALPHA ADRENERGIC AGONISTS. 
J. D. Jang * and T. L. Yaksh, Dept. o f A n esth esio logy, Univ. of 
California, San D iego, La Jolla, CA 92093 .

In rats, the le v e ls  o f  c a lc ito n in  gen e  related peptide 
(CG RP) w ere m easured in lum bar cereb rosp in a l flu id  (CSF) 
sa m p les  (10  ul) taken  w ith  ch ro n ic  p ercu ta n eo u sly  placed  
intrathecal (IT) catheters. Under resting conditions, CGRP levels 
w ere just d etectab le  (2 .4  ±  0 .4  n g /m l). The intrathecal (IT) 
adm in istration  o f  ca p sa ic in  ( 1 0 -1 0 0  ug) resu lted  in a dose 
dependent e levation  o f CGRP in lumbar CSF. Subcutaneous (SQ) 
injection o f capsaicin  (1 m g) into both hindpaws increased CGRP 
le v e ls  in the lumbar, but not c istern a l C S F  sam p les. Prior 
e x p o su r e  to  IT c a p s a ic in  (2 4  hr in te r v a l)  re su lted  in 
d esen sitiza tion  o f CGRP release by intrathecal and subcutaneous
adm inistration o f  cap sa icin . The IT in jection  o f antinociceptive
d o se s  o f  mu o p io id  (m orphine; 30u g) and alpha adrenergic 
a g o n ists  (ST -91 or d exm ed etom id in e; 30 ug) , but not delta 
(DPDPE: lOOug), the kappa op io id  agonist (U 50.488H ; lOOug), or 
th e lo ca l a n esth etic  (b u p iv a ca in e: 0 .7 5 % /1 0 u l), s ig n ifica n tly  
reduced the release o f CGRP evoked  by the intrathecal injection 
o f  cap sa icin  (30u g). Sub stance P w as not d etectab le  in CSF
sam p les w ith  up to IT lOOug or SQ lm g  o f  capsaicin . These 
resu lts ind icate that 1) in the resting C S F  sam p les, CGRP is 
m od estly  detectable, 2) the activation o f  C fiber term inals by 
direct stim ulation  in the dorsal horn, or b y  activation  o f the
peripheral term inals w ill increase the spinal lev e ls  o f  CGRP, and 
3) this evoked  release is m odulated by mu and alpha 2 agonists 
at spinal d oses w hich w ill produce a sign ifican t antinociception.

207.18
C O N E  A R R E STIN  ID E N T IFIE D  BY  T A R G E T IN G  EXPRESSION  
O F  A  F U N C T IO N A L  FA M IL Y . C. M. Craft^ . D . H. Whitmore2and
A . F . Wiechmaruv* . ^Dept. Psychiatry, U niv. TX  Southwestern Med. 
Sch. & V A  M ed. Ctr., Dallas, T X , ^Dept. B io logy, U niv. T X , Arlington, 
T X ., ^Dept. Neurobio./A nat., Bowman Gray M ed. Sch ., Winston-Salem, 
NC.

Cone phototransduction initiates high-acuity, color vision in humans 
through a receptor/G-protein linked cascade. Rapid deactivation o f 7- 
domain spanning membrane/ G-protein linked receptors occurs through 
phosphorylation and binding o f  arrestin (AR). Retinal AR (S-antigen 
[SAG]) binds to phosphorylated opsin in rod photoreceptors. Structurally 
similar, but distinct, ARs (ß A R l & ßA R2) bind to the ß-adrenergic 
receptor. Divergence in the carboxy terminal domain o f  each AR suggests 
functional diversity. The AR family was targeted with an "anchor" PCR 
technique. SAG and C-arrestin (CAR) were highly enriched in the retina. 
The cD N A  encoding human retinal CAR was isolated and sequenced. The 
translated amino acid comparison o f  CAR revealed 33% identity and 29% 
similarity to SA G , ß A R l and ßA R2. By in situ  hybridization, the CAR 
mRNA is identified only in cone nuclei and a subpopulation o f  
pinealocytes. The CAR gene is localized to the X chromosom e, which 
makes it a potential candidate for X-linked retinopathies. Detection o f a 
cone arrestin suggests down-regulation o f  phototransduction in cones 
occurs through receptor /  arrestin interactions like those o f  rod 
photoreceptors and ß-adrenergic receptors.
Supported by NIH NS28126-02, EY00395. ЕҮ0Ө006, VA & Ella C McFadden 
Charitable Trust

207.20
DESENSmZATION OF CHIMERIC TACHYKININ RECEPTORS. M*
A . Sanders. K. S p ieg e l* , and H. L eV in e . III. D epartm ent o f  
N e u r o s c ie n c e  P h a r m a c o lo g y , P a r k e -D a v is  P h a rm a ceu tica l  
R esearch  D iv is io n  o f  W arner-Lam bert C o ., A nn Arbor, MI 
4 8 1 0 5 .

E x p ressio n  o f  rat tach yk in in  recep tors in X e n o p u s  
o o c y te s  has revea led  that the su b stan ce  P  recep tor (SP R )  
d e se n s it iz e s  stron g ly  and the su b stan ce  K recep tor (SK R ) 
d oes not d esen sitize  at all in resp onse to agon ist. In order 
to  e lu c id a te  structural d eterm in an ts o f  d e se n s it iz a t io n  in  
th e  S P R , tw o  c h im e r ic  r e c e p to r s  (S P R (N )S K R (C );  
SK R (N )S P R (C )) h ave been  created in  w h ich  the C-term inal 
cy to p la sm ic  dom ain  has been  exch a n g ed  b etw een  th e tw o  
r e ce p to r s . C h in e se  h a m ster  o v a ry  (C H O ) c e l l  l in e s  
exp ressin g  either the SPR , SK R , or one o f  the tw o chim eric  
co n stru cts  h a v e  b een  m ade (C H O -SP R ; C H O -SK R ; CH O - 
S P R (N )S K R (C ); C H O -S K R (N )S P R (C )). E xam in ation  o f  the
1 ,4 ,5 -in o s ito l trisphosphate (IP 3) resp on se  for the CH O -SPR  
and C H O -S P R (N )S K R (C ) c e ll  l in e s  h as in d icated  that for  
both c e ll  lin es  the lev e l o f  1,4,5-EP3 peaks at 10"-15" after  
exposure to 1 uM  substance P, has begun to d ec lin e  by 30", 
and returns to basal lev e ls  by 5'. A t th is lev e l, there w as no  
o b v io u s  s ig n if ic a n t  d iffe r e n c e  in  the 1 ,4 ,5 -IP 3  r esp o n se  
b etw een  the tw o c e ll  lin es.
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208.1

ENDOTOXIN ACTIVATION OF CEREBRAL CATECHOLAMINES 
AND SEROTONIN INVOLVES DIFFERENT MECHANISMS.
Adrian J. Dunn*. Department of Pharmacology, Louisiana State 
University Medical Center, Shreveport, LA 71130-3932.

Endotoxin (LPS) treatment increases the cerebral metabolism of 
dopamine (DA), norepinephrine (NE) and serotonin (5-HT) as well as 
activating the hypothalamo-pituitary-adrenocortical (HPA) axis.
However, peak increases in the NE catabolite, MHμg, DA catabolites 
and corticosterone(Cort) occur about 2 h after LPS, whereas those of 
tryptophan (Trp) and the 5-HT catabolite, 5-HIAA occur at 8-12 h, 
suggesting a different mechanism. When LPS was administered to 
endotoxin-resistant (C3H/HeJ) mice, the MHμg increases were 
diminished along with those in Cort, whereas the Trp and 5-HIAA 
increases were unaffected. Hypophysectomy and treatment with 
antibody to CRF largely prevented the LPS-induced increase in Cort, but 
did not alter the increases in MHμg, and diminished the responses in Trp 
and 5-HIAA. By contrast, pretreatment of mice with the nitric oxide (NO) 
synthase inhibitor, Νω-nitro-L-arginine methylester prevented the 
increases in Trp and 5-HIAA, but did not alter those in MHμg and Cort, 
suggesting that NO mediates the changes in indoleamines. Taken 
together these results suggest strongly that the LPS-induced activation of 
cerebral catecholamine metabolism and the HPA axis occurs by a different 
mechanism from the increase in cerebral Trp and 5-HT metabolism. This 
is consistent with our earlier observations that the latter changes appear 
to be related to sympathetic activation, whereas the noradrenergic 
activation appears to be related to that of the HPA axis.

Supported by the National Institute of Mental Health (MH 46261).

208.3
EFFECTS IL-1, IL-6 , TNF, AND MURAMYL PEPTIDE ON 
CATECHOLAMINE TURNOVER IN THE RAT HYPOTHAL AMU S USING 
MICRODIALYSIS.D. Kaur. M. Masana. K. Suvama*. WZ.  Potter.ANP I.N. 
Mefford Exp Ther Branch and BiolPsych. Branch, NIMH,Bethesda, MD 20982 

The "acute phase response" consisting o f inflammatory and immunological 
responses occurs following injury or infection and is mediated by a chain of events, 
including the production of cytokines, corticosteroids, and biogenic amines. Thus, 
there is an increased release o f norepinephrine (NE) in the hypothalamus of rats 
subjected to peripheral systemic challenge with endotoxin.To further explore this 
observation we infused a variety o f agents that either invoke or are involved in the 
acute phase response such as IL-1, IL-6, muramyl peptide and TNF to the 
hypothalamus and monitor the effect of these agents by measuring the extracellular 
NE. Using in vivo microdialysis IL-1 and EL-6, muramyl peptide and TNF were 
delivered to rat hypothalami through either the CMA-12 microdialysis probes or 
adjacent cannula. Analysis o f dialysate for NE was done by HPLC with 
amperomatic detection (Mefford et al., 1987). We observed no significant increases 
in NE values post treatment with IL-1, EL-6 , muramyl peptide, or TNF. Values 
expressed in fmol/20min collection; (IL-1: n=17, Basal 23.6+/-2.1, Post IL-1 
26.1+/-4; IL-6 : n=5, Basal 23+/-4, Post IL-6 21.2+/-2.6; muramyl peptide: n=9. 
Basal 91.8+/-14.1, Post muramyl peptide 105.4+/-15.5; TNF: n=3, Basal 35.0+/- 
12, Post TNF 42.7+/-10). These findings are in contrast to previous reports of 
increased hypothalamic NE efflux following systemic delivery of these agents. Our 
experiments suggest that the mechanism of NE release may not be mediated by 
direct stimulation of the hypothalamus but probably requires other intermediate 
steps.

208.5
CENTRAL CATECHOLAMINE AND HPA ALTERATIONS FOLLOWING 
IMMUNE CHALLENGE IN AGED MICE. N. Shanks- D. Francis. S. Zalcmant
M.J. Meqpey & H. Anisman*. Depte. of Psychiatry, Neurology & Neurosùrgexy, 
Douglas Hospital Res. Ctre, McGill U., Montreal, tManitoba Inst, of Cell 
Biology, Winnipeg & *Dept. of Psychology, Carleton U., Ottawa. CANADA 

Central catecholamine alterations associated with immune activity are similar to 
those seen following stress exposure. Inasmuch as aged animals exhibit more 
pronounced central amine alterations in response to stress relative to younger 
animals, it was of interest to determine whether immune challenge would 
similarly induce central amine variations in older animals. Fifteen- and 3-month 
old CD-I mice challenged with sheep red Mood cells (SRBC) revealed an 
equivalent peak splenic plaque forming cell response (4 days after antigen 
challenge) at doses of 107 and 10Ć, respectively. Brain amines and plasma steroids 
were determined in independent groups on each of 5 days following immune 
challenge. Plasma ACT Ή and corticosterone levels did not vary with immune 
responding in any of the treatment groups, although ACTH levels were generally 
higher in the older mice. Reductions of hypothalamic and locus coeruleus 
norepinephrine (NE) and increased accumulation of the metabolite MHμg were 
associated with increased immune responding in both age groups; however, these 
effects occurred earlier and were of a greater magnitude in the aged mice. Elevations 
of prefrontal cortex NE and MHμg concentrations were associated with immune 
activation, and more pronounced in aged animals relative to the younger mice 
exhibiting an equated immune response. Nucleus accumbens dopamine (DA) levels 
were reduced and metabolites elevated during the immune response in both age 
grotų». Prefrontal cortex DA levels were not affected by antigen challenge, but 
metabolite levels were elevated, suggesting increased DA activity in this brain 
region. These data indicate that CNS-immune interactions vary in an age-dependent 
fashion and may, therefore, represent an important factor when assessing the role 
of immune factors in pathologies such as depression in the elderly.

208.2
I N T E R L E U K I N - 1 β  I N C R E A S E S  C A T E C H O L A M I N E  S E C R E 
T I O N  F R O M  C U L T U R E D  B O V I N E  A D R E N A L  M E D U L L A R Y  
C E L L S .  fF, Y a n a g i h a r a * , K . M i n a m i , F . S h і r a k a -  
w a , S . E t o a n d  F . I z u m i . De pt . of P h a r m a c o l o 
g y  a n d  1s t D e p t .  of Int. M e d i c i n e ,  U n i v .  of 
O c c u p . f e  E n v i r .  H e a l t h ,  S c h o o l  o f  M e d i c i n e ,  
K i t a k y u s h u  80 7, Ja p a n .

I n t e r l e u k i n - 1 (IL-1) m a y  p l a y  a r o l e  in the 
m o d u l a t i o n  of n e u r o e n d o c r i n e  a n d  n e u r a l  f u n c 
t i o n s .  In the p r e s e n t  s t u d y ,  we i n v e s t i g a t e d  
t h e  e f f e c t  o f  r e c o m b i n a n t  h u m a n  I L - 1 β  o n  
c a t e c h o l a m i n e  s e c r e t i o n  f r o m  c u l t u r e d  b o v i n e  
a d r e n a l  m e d u l l a r y  c e l l s .  (1) E x p o s u r e  o f  
c u l t u r e d  c e l l s  w i t h  IL-l^ß (10 n g / m l )  f o r  24 
hr i n c r e a s e d  an a c c u m u l a t i o n  of c a t e c h o l a m i n e s  
( a b o u t  4 0 - 6 0  %) in the c u l t u r e d  m e d i u m .  (2) 
T h e  a c c u m u l a t i o n  of c a t e c h o l a m i n e s  s t i m u l a t e d  
b y  IL-ljS w a s  o b s e r v e d  In t i m e  (4 - 48 h r ) -  
a n d  c o n c e n t r a t i o n  (1 - 30 n g / m l ) - d e p e n d e n t  
m a n n e r s .  (3) T h e  s t i m u l a t o r y  e f f e c t  of I L - β  
(10 n g / m l )  w a s  c o m p l e t e l y  i n h i b i t e d  by r e c o m 
b i n a n t  I L - 1  r e c e p t o r  a n t a g o n i s t  (1 i i g / m  1).
( 4 ) I L - l ß  h a d  l i t t l e  e f f e c t  o n  ^ H  - 
n o r e p i n e p h r i n e  u p t a k e  to c u l t u r e d  c e l l s .  
T h e s e  r e s u l t s  s u g g e s t  th at IL-ly9 h a s a s t i m u 
l a t o r y  e f f e c t  on c a t e c h o l a m i n e  s e c r e t i o n  in 
a d r e n a l  m e d u l l a r y  c e l l s .

208.4
TIME-DEPENDENT CENTRAL DOPAMINE ALTERATIONS 
ASSOCIATED WITH ANTIGENIC CHALLENGE. S. Lacosta13.
Z. Merali1,2. R J, Bialik* and H. Anisman3. 'Sch. o f psychology & 
2Dept. of Pharmacology, University of Ottawa, *Royal Ottawa 
Hospital & 3Dept. of Psychology, Carleton University, Ottawa.

Administration of an antigen, such as sheep red blood cells (SRBC), 
has been shown to alter the central levels of biogenic amines. The 
present investigation assessed the time-course of interstitial DA 
variations in the nucleus accumbens (nAcb) following immune stress, 
using microdialysis. Male Sprague-Dawley rats equipped with guide 
cannulae aimed at the nAcb were acclimated to the testing chambers 
for 2 days. Rats were then injected with SRBC (5 X 106 cells; i.p.) on 
day = 0 . Sample collection began on day 2 . Seven 30 min samples 
were collected daily for the next 5 to 6  days. Within subjects analysis 
of our data revealed that accumbal interstitial DA levels began to 
increase on day 3 post SRBC challenge, and reached a peak on day 4 . 
By day 5, DA levels had declined significantly to baseline or below 
baseline levels. Control animals injected with vehicle failed to show 
alterations across days. Zalcman et al., (1991) found post-mortem 
accumbal DA levels to decline significantly in mice on days 3 and 4 
following SRBC. Our results suggest that the reported decline may be 
due to enhanced release of DA. This time-course corresponds with the 
peak immune response and supports the view that the immune 
response may be interpreted as a stressor by the nAcb.

208.6
RESPONSES OF HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) AXIS 
TO CHANGES IN PLASMA INTERLEUKIN-lß  (Il-lß) LEVELS AFTER 
ENDOTOXIN CHALLENGE IN RATS. L.T. Chen1. J. Oliver1·2. J.M. Dong1. 
R A . Menzies1,2. E. Horvath1. L.L. Poole1. M. Denker2, N.R.S. Hall*2 and C.P. 
Phelps1. ‘Depts. of Anatomy and Psychiatry and Behavioral Medicine, University 
of South Florida Coll, of Medicine, Tampa, FL 33612.

Results of experiments performed in several laboratories have demonstrated 
multiple Il-lß effects on the HPA axis. Synthesis and release of Il-lß is a 
characteristic feature of the acute phase response to endotoxin administration. 
Here we report on experiments designed to identify HPA component responses 
to changes in plasma Il-lß concentrations measured in blood withdrawn after iv 
endotoxin (ENDO, E. Coli. lm g/100g bod. wt.). Control (CONT) male rats 
(350-400g) received atrial cannulas for blood withdrawal before and again at 0.5, 
1, 3, 6 and 24 hr post ENDO. Other groups of rats also received either artificial 
CSF (aCSF) alone or with N-Methyl-D,L,-Aspartic Acid (NMA, 0.6 M in 0.1 and 
0.15ul aCSF) at 2 sites in the anterior hypothalamic area (AHA) before ENDO. 
Plasma corticosterone (CORT) and ACTH were assayed by RIA and plasma Il- 
lß  was assayed using an immunoradiometric assay specific for rat Il-lß (reagents 
were a gift from A.F. Bristow, J. Mol. Endocr. 7:1-7, 1991). Plasma Il-lß levels 
reached a peak at 6 hr. after ENDO in control rats and at 3 hr in rats with AHA  
damage. Plasma Il-lß concentrations were significantly lower in rats with a brain 
lesion than in CONT at 3 and 6 hr after ENDO. Brain lesions also resulted in 
lower plasma ACTH levels when compared to those of CONT. Both ACTH and 
CORT were elevated at 0.5 hr. and lasted for 3 hr. in all groups. Thus, small 
(0.1mm3) lesions made in the AHA not only influenced the ACTH component of 
the HPA axis, but also Il-lß concentrations in plasma. Supported by MH46808.
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208.7
RELEASE OF INTERLEUKIN-lß (IL-lß) INTO HYPOTHALAMIC 
EXTRACELLULAR FLUID (ECF) IN RATS. C.P. Phelps*1. A. Saha2. J. 
Oliver1. X.-L. Ma1, P.S. Kaira2, S.P. Kaira2. RA.. Menzies1. E. Horvath1. L.L. 
Ppole1. M. Denker1, and L. Chen1. ‘Dept. of Anatomy, Univ. of S. Florida Coll, 
of Med., Tampa, FL 33612 and 2Dept. O B/GYN, Univ. of Florida Coll, of Med., 
Gainesville, FL 32610.

Implantation of push-pull cannulas (PPC) into brain for sampling ECF has 
yielded important data about function. Brain surgery is associated with tissue 
damage, glial responses and opening of blood-brain and meningeal barriers. 
Consequently, there may be cytokine release into brain from neurons, glia and 
blood monocytes. PPC were lowered into the hypothalamus lateral to the 
paraventricular nucleus of nine male SD rats (250-300g) in order to remove ECF 
for measurement of II-lß  using an immunoradiometric assay specific for the rat 
cytokine (reagents provided by A.F. Bristow, J. Mol. Endocr. 7,1-7, 1991). Rats 
were perfused with artificial CSF at 1, 3 and 7d after PPC implantation. The 
range of mean Il-lß concentrations at 10 min. intervals were similar on all three 
days, (day 1 overall mean, 31.8 ±3.8 μg/m l, rg: 17.3 ±2.9-71.8 ±10, n=9; day 3 
mean, 24.7 ±4.7 μg/m l, rg: 13.3 ±3.5-46.1 ±19.7, n = 9, and day 7 mean, 40.2 ±14.8 
μg/m l, rg: 5.0 ±2.3-45.0±19.1, n = 8). Five of the rats exhibited brain Il-lß 
concentrations of 50 μg/m l or less over 7d, the remaining 4 animals had similar 
basal levels associated with clear episodic increases to 250 μg/m l or more, usually 
on day 7. Bacterial cultures of ECF were negative. In other experiments, plasma 
Il-lß concentrations were found to be equal or below basal brain ECF levels. In 
conclusion, rat Il-lß concentrations measured with a sensitive and specific assay 
are uniformly detectable in hypothalamic ECF sampled repeatedly after brain 
damage produced by cannula implantation and perfusion. It appears that 
implantation of PPC results in stable Il-lß levels in brain ECF. Supported by 
MH46808(C.P.) and HD11362(P.S.K.).

208.9
UP-REGULATION OF THE INTERFERON-SPECIFIC GENE GUANYLATE 
BINDING PROTEIN-1 IN THE CENTRAL NERVOUS SYSTEM. L.S. 
Crnic* and P.J. Schaner Depts. of Pediatrics and Psychi
atry, Univ. Colorado School Med., Denver, CO 80262.

Exogenous interferon alpha {IFN-a) alters behavior, 
but is too large to be expected to cross the blood-brain 
barrier (BBB). While evidence exists for IFN-a affecting 
the circumventricular organs which lack a BBB (Shibata & 
Blatteis, 1991), the ability of IFN-a to affect behavior 
via the CNS has yet to be conclusively demonstrated.

We adopted the strategy of looking for the up-regula
tion of IFN-specific genes in the CNS as a method of 
conclusively demonstrating IFN action in the CNS. Re
verse transcription followed by 25 cycles of polymerase 
chain reaction amplification (RT-PCR) was used to deter
mine the presence of guanylate binding protein-1 (GBP-1) 
mRNA in the CNS after IFN treatment. GBP-1 is not const- 
ituitively expressed, and is specifically, rapidly and 
abundantly induced by IFN (Staeheli et al, 1983).

Low levels of GBP-1 mRNA were detected in the brains 
of Balb/c mice treated with an IFN inducer polyinosinic- 
polycytidylic acid (.lmg), and 2,4,6 and 8 hrs after an 
IP injection of 1600 U/g of recombinant mouse IFN-a. No 
GBP-1 mRNA was detected with the same parameters in mice 
injected with the IFN-a or Poly I:C vehicles. However, 
GBP-1 mRNA was detected in the spleens of control ani
mals, indicating a low level of constitutive expression 
of IFN. These results indicate that peripherally inject
ed IFN-a can up-regulate genes in the CNS, but does not 
rule out the possibility that this occurred in endothelium or circumventricular organs. Indeed, the low level of 
expression of GBP-1 mRNA would indicate such sites of 
action. Supported by MH00621, MH49043 and MH44970.

208.8
H I P P O C A M P A L  P A T H O P H Y S I O L O G Y  D U E  TO  
O VEREXPRESSION OF INTERLEU K IN-6 IN TRANSGENIC MICE 
Steffensen. S.C.*. Henriksen. SJ. and Campbell. I.L.. Scripps Research Institute, La 
Jolla, CA 92037

Transgenic mice expressing the cytokine interleukin-6 (IL6) from astrocytes exhibit 
hippocampal intemeuron pathology as well as overt seizure activity. We sought to 
identify the electrophysiological basis of the seizures in glial fibrillary acidic protein- 
IL6 transgenic (IL6tg) mice. Hippocampal EEG activity was recorded by a 
microelectrode in the dentate hilus of halothane-anesthetized mice and frequency 
spectra were generated from 4 sec EEG epochs. Age-matched normal mice EEG was 
characterized by a prominent 4-6 Hz theta power band. IL6tg mice demonstrated little 
or no theta activity and exhibited a predominant 0.3 Hz power band. There were no 
differences in CAI and dentate afferent-evoked field potential responses between 
normals and IL6tg mice; however, paired-pulse (PP) field potential studies revealed 
significant site-specific differences. While there were no significant CAI PP 
differences between normals and IL6tg mice, dentate PP responses in IL6tg mice were 
characterized by increased absolute and relative inhibition of conditioned population 
spikes (PSs). Since IL6 shows homology to cholinergic neuronal differentiation 
factor, we sought to determine if the pathologic EEG and PP response seen in the 
IL6tg mice resulted from a dysfunctional septohippocampal cholinergic input to the 
dentate gyrus. In normal animals, septohippocampal conditioning stimuli produced 
interval-dependent depression, facilitation and disinhibition of PSs. The disinhibition 
component was atropine-sensitive. In IL6tg mice, septohippocampal facilitation was 
present; however, inhibition was decreaşed and disinhibition was absent. The 
dysfunctional hippocampal physiology may result from cytokine-mediated toxicity on 
interneurons or on the cholinergic input to them. These results corroborate the 
anatomical findings in this model and suggest a selective vulnerability of 
hippocampal intemeurons to cytokines. These findings have implications for human 
neurodegenerative disorders (e.g., human HIV encephalitis) where similar pathology 
has been described and where cytokines have been found to be inappropriately, 
expressed. This work was supported by USPHS Grant #MH50426-01 to ILC.

208.10
IL16 ENHANCES ATP RECEPTOR RESPONSE IN 
CULTURED ASTROCYTES CELL LINE. G.Y. Sun*. T.A. Lin. 
J. Wu. Z.Y. Hu and G.A. W eisman. Dept. Biochem., Univ. 
Missouri, Columbia, MO 65212.

Cytokines have been implicated in the pathogenesis of several 
immune-mediated diseases in the central nervous system. Pro- 
inflammatory cytokines are synthesized and released by the glial 
cells in brain. Previously, we reported that cytokines such as 
interleukin (IL-1/3), tumor necrosis factor (T N Fa) and lipopoly- 
saccharide (LPS), could enhance the secretion and mRNA level of 
Type II phospholipase A 2 (PLA2) in an imortalized astrocyte cell 
line (DI TNC). The main purpose of this study was to examine 
whether cytokine exposure may lead to alterations of the receptor- 
mediated signaling event involving poly-PI turnover. These cells 
exhibit functional P2 purinergic receptors, and similar dose response 
curves were obtained with ATP and UTP. Using the radioreceptor 
binding assay, the ability of ATP (100 μ M) to stimulate the release 
of inositol 1,4,5-trisphosphate (IP3) in these cells was examined. IL- 
1/3 pretreatment had no effect on the basal levels of IP3, but it 
enhanced ATP-induced release of IP3 by 1.6 fold. Similarly to our 
previous observations, exposure of cells to IL1/3 was associated with 
an increased secretion of PLA2 into the culture medium. Experi
ments are in progress to further examine whether the increase in IP3 
is associated with other events in the signaling pathway.

NEURAL-IMMUNE INTERACTIONS: NEUROPHYSIOLOGICAL RESPONSE
TO IMMUNE STIMULATION

209.1
NEURAL AND BIOCHEMICAL MEDIATON OF ENDOTOXIN AND STRESS 
INDUCED C-FOS PROTEIN IN THE BRAIN. D. M. Nance*. W.Wan. L. 
Wetmore. C. M. SorensenA. and A. H. Greenberg. Departments o f Pathology, 
Physiology and Institute of Cell Biology, University of Manitoba, Winnipeg, MB, 
R3E 0W3, Canada and 'Oncogene Science, Uniondale, NY, 11553, U.S.A.

The induction of c-fos protein in the hypothalamus and brain stem of the rat 
occurs following central or peripheral injections of lipopolysaccharide (LPS). We 
examined mechanisms through which LPŠ induces c-fos protein in the brain. Rats 
were injected with either prostaglandin inhibitors, histamine antagonists, NMDA 
excitatory amino acid antagonist or else vehicle. Thirty min later, rats were given IP 
or IV LPS (40 μg) and perfused 2 hr later for the localization o f c-fos protein. In 
LPS injected rats pretreated with saline c-fos positive neurons were observed in the 
paraventricular nucleus and supraoptic nucleus o f the hypothalamus and the A1/A2 
regions of the brain stem. Inhibition of c-fos protein in the brain induced by LPS 
was observed only in rats pretreated with the cycloxygenase inhibitor Indomethacin or 
else the NMDA antagonist MK-801. We found that Indomethacin failed to attenuate 
the induction of c-fos protein in the brain following stress (footshock), but MK801 
blocked the effects of stress on c-fos protein. Thus the activation of μ g E synthesis 
is linked with the induction o f c-fos protein in the brain by endotoxin whereas 
glutamate mediates the induction of c-fos protein in the brain by both endotoxin and 
stress. In addition, we tested the effects of subdiaphragmatic vagotomy on the induc
tion of c-fos protein in the brain by LPS and stress. The induction of c-fos protein 
in the brain following IP injections of LPS was eliminated in the vagotomized rats 
whereas vagotomy had no effect on the induction o f c-fos protein following IV injec
tions of LPS or stress. Thus μ g E synthesis and visceral afferente represent func
tional substrates through which IP injections of endotoxin induce c-fos protein in the 
brain. Prostaglandin synthesis and glutamate neural transmission may also mediate 
the effects o f IV injections of LPS. Finally, NMDA glutamate receptors may repre
sent a final common pathway for the induction o f c-fos protein in the brain induced 
by both endotoxin and stress. Research supported by MRC, NIMH and HSCRF.

209.2
LATERAL HYPOTHALAMUS SITE OF ACTION FOR a-INTERFERON ANOREXIC 
EFFECTS. B. Prieto-Gómez1*; N. Dafny2 and C. Reyes-Vàzquez3 iDept. of 
Physiology and з Pharmacology, Faculty of Medicine, UNAM, Mexico, CP 
04510 and ?Dept. of Neurobiol. and Anatomy, Medical School, Univ. of 
Texas, Houston, TX.

Besides their crucial roles in the coordination of the host defense 
mechanisms against infection, inflammation and tissue injury, interferons 
(IFNs) can participate in the regulation of various cellular processes of the 
neuroendocrine system. In this context, it has been found that patients 
treated with daily a-IFN show prominent side effects such as fever and 
anorexia, the mechanisms and sites of action for these interferon effects 
are unknown. Rats implanted with an intracerebroventricular (icv) cannula 
for local injection, and semimicroelectrodes in the lateral hypothalamic area 
(LH) for neural electrical recording, were used. Animals were kept in 
metabolic cages, food and water intake was measured daily at 7 : 0 0  and 
19:00 hrs during 35 days, which includes 5 days before and 10 days of 
daily a-IFN application (either, ip 1500 U.I./g body weight, or icv 150 or 
1500 U.I./animal), followed by 20 days after the a-IFN treatment. 
Recordings of the LH unitary activity were made before (30 min), during 
(10 min) and after (200 min) a-IFN applications. Alpha-IFN elicited a 
reversible dose-related decrease of both food intake and body weight. This 
decrease of food intake was correlated with a depression of LH neural 
activity. Since the icv and ip a-IFN treatment elicited identical 
observations, it is possible to assume that this cytokine decreases food 
intake by a direct action on LH neurons. Our observations support the idea 
that there is a functional communication between the immune system and the 
CNS, which is, at least in part, mediated via cytokines like the IFNs.
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209.3
INVOLVEMENT OF PARAVENTRICULAR CORTICOTROPIN RELEASING 
FACTOR IN STIMULATION OF ACTH BY DIFFERENT CYTOKINES. K.J. 
Kovács*. L  Takács and I.E. Elenkov. Lab. Neuroendocrinology Inst. Exp. 
Medicine, BUDAPEST, Hungary.

Cytokines released from activated macrophages stimulate the 
hypothalamo-pituitary-adrenal axis. To test the involvement of hypothalamic 
corticotropin releasing factors we measured ACTH responses to different 
cytokines in rats with lesion of the paraventricular nucleus (PVN), the major 
source of hypophyseotropic corticotropin releasing factors. PVN has been 
surgically lesioned five days before experiments, then the rats were implanted 
with jugular cannula and two days later blood samples were taken before and 
5,15,30,60,90,120 and 240 min after v. injection of different cytokines. The c- 
Fos expression in the hypothalamus and in the pituitaries has been also 
monitored. IL-1a only slightly elevated ACTH levels of sham-operated rats, and 
the ACTH releasing activity of IL-1 a in PVN-lesioned rats did not differ 
significantly from that of the controls. Although the IL-1ß-induced ACTH was 
less after PVN lesion than in sham-operated controls the difference was not 
statistically significant. There was a 10-fold increase of ACTH plasma 
concentration after injecting IL-6 iv. The peak was between 60 and 90 min; and 
this effect of IL-6 on ACTH release was blocked in PVN lesioned rats. TNF 
injection resulted a prompt release of ACTH, with a peak at 15 min, then there 
was another ACTH peak at 90 min in sham operated rats. Both ACTH peaks 
were attenuated in paraventricular lesioned rats. These data indicate that the 
ACTH releasing effect of IL-6 and TNF Is mediated by corticotropin releasing 
factors from the paraventricular nucleus, while ACTH release in IL-1 treated 
rats is triggered (at least partially) by corticotropin releasing factors not 
originating from the PVN.

209.5
INTERFERON-ALPHA STIMULATES THE HYPOTHALAMIC- 
PITUITARY-ADRENAL AXIS (HPA). RA.M enzies*, C.P.Phelps, L.T.Chen,
N.R.S.Hall, J.Oliver, M.P.O’Grady, L.PooIe, T. Nicol, S. Peckenpaugh. Dept. of 
Anatomy and Dept. of Psychiatry, U. of South Florida, Tampa, FI, 33612.

We report here the preliminary characterization of an animal model suitable 
for testing hypotheses concerning the mechanism of the neuromodulatory 
effects of peripherally administered Interferon-alpha (IFNa). Male Sprague- 
Dawley rats, 350-450g, were cannulated in the jugular vein and were habituated 
to handling and sampling arenas. Natural rat IF N a/ß  and a "mock" IFN 
preparation was obtained from Lee Biomolecular Research Laboratories.
Human recombinant IFNa (hrIFNa) was obtained as a gift from Hoffman La 
Roche. Rats were injected via catheter, with different doses; 75,150,300 or 600 
antiviral units (U) per g body weight. Controls were injected with either a) 
mock IFN, b) human serum albumen or c) saline. In each experiment animals 
were set up in the sampling arena 1 hour before injections. Zero time blood 
samples (0.7 ml) were taken at about 9 AM in each experiment and test or 
control substances injected in the same volume. Blood samples were withdrawn 
at intervals up to 2 hours and replaced by the same volume of saline.
Hematocrits and corticosterone (Cort) assays (RIA) were done on all blood 
samples. Representative blood samples were tested for bacterial infection.
Either ACTH or ß endorphin (ßE) assays (RIA) were performed with the 
remaining plasma. Injection of hrIFNa caused little on no stimulation of the 
HPA. When rat IF N a/ß  was injected, the plasma levels of all three hormones 
were significantly elevated. When expressed as an estimate of total secretion for 
30 minutes, Cort was elevated from <50 to 300 ng/ml in a dose dependent 
manner, r=0.97 . ßE also was elevated from 200 to 700 μg/m l, r=0.66.
ACTH was also elevated but was maximal at 150 U and therefore was not dose 
dependent in the range studied. Supported in part by MH46808 and DA 05723.

2 09 .7
INTERLEUKIN 1ß(IL-1ß) D ECR EA SES URINARY SODIUM AND 
POTASSIUM EXCRETION IN CONSCIOUS RATS : PO SSIBLE  
INVOLVEMENT OF RENAL SYMPATHETIC NERVE ACTIVITY.
Kannan. H1*.. Iki, K1.. Kunitake. T1.. Hirota. K1.. Hanamori. T1.. Tanaka. 
Ң2., Ueta. Y2.. Hahashida. Y3. and Yamashita. H2
Dept. Physiol1., Miyazaki Med. College., Miyazaki 889-16., Dept. Physiol2, 
and Dept. Systems Physiol3., Univ. of Occup. and Environ. Health, 
Kiyakyusyu, 807 Japan

Interleukin 1ß(IL-1ß) not only plays a role during the immune response but 
also affects other target tissue such as the brain and endocrine glands and is 
thus considered a biological mediator among the immune, autonomic 
nervous and endocrine systems. We previously demonstrated that IL-1 ß 
elicited an increase in renal sympathetic nerve activity (RSNA) accompanied 
by increases in blood pressure, heart rate and body temperature in conscious 
fats. The present study investigated the effects of IL-1 ß on daily urinary 
excretion of water and electrolytes in conscious rats. Intraperitoneal 
administration of IL-1 ß elicited decreases in urinary excretion of sodium and 
potassium as well as food and water intake, while urinary volume did not 
change. In renal denervated rats, the IL-1 ß induced decreases in urinary 
sodium and potassium excretion were attenuated, while the suppression of 
food and water intakes was unaffected,. We conclude that IL-1 ß decreases 
urinary sodium and potassium excretion through the RSNA. Whether the IL- 
1ß induced changes in urinary electrolyte excretion cause beneficial 
homeostatic adjustments during infectious and inflammatory processes 
remains to be elucidated.

209.4
SERUM PROLACTIN LEVELS IN CONGENITALLY ATHYMIC 
(nude/nude) MICE GRAFTED WITH A THYMUS AND/OR PITUITARY 
gland. G.o. GaufQ* M . Hiismilln. and  M .C. Diamond*. Department of 
Integrative Biology and Group in Endocrinology, University of California at 
Berkeley, Berkeley, CA 94720.

This pilot study examined the prolactin level in 60-day old female immune- 
competent and immune-deficient mice. Our objective in a series o f experiments is 
to investigate the neuroanatomical and endocrinological status o f immune-deficient 
mice which may help in understanding the brain's modulatory role over the immune 
system.

Preliminary data compared serum levels o f prolactin in two immune-competent 
strains of mice (balb/c/balb/c and nude/balb/c) to that of the congenitally athymic 
immune-deficient mouse strain (nude/nude). Immune-competent mice 
(balb/c/balb/c and nude/balb/c) showed the highest levels o f serum prolactin, 2.87 
ng/ml and 2.62 ng/ml, respectively, while the nude/nude mouse showed the lowest 
level, 1.92 ng/ml. Although a trend in prolactin levels is present with respect to the 
immune status o f the animal, these values were not statistically significant

In the same study, we investigated the effects of thymus and/or pituitary grafts in 
modulating the levels o f prolactin in the immune-deficient mouse. The 
experimental groups included nude/nude mice that underwent several subcutaneous 
grafting procedures at postgestational day 27 and serum collected at day 60. The 
groups included: (1) sham-operated; (2) thymic grafted; (3) pituitary grafted; and
(4) thymic/pituitary grafted. The difference in serum prolactin values for the non
opera ted (7.92 ng/ml), sham-operated (2.74 ng/ml), and thymic grafted Џ.93 ng/ml) 
mice were not statistically significant Serum levels in the pituitary grafted group 
(39.2 ng/тђ was significantly higher compared to all groups. Although the serum 
value far the thymus/pituitary grafted group (4.9 ng/ml) was significantly higher 
than the non-operated, sham-operated, and thymus grafted groups, it was 
significantly less compared to the pituitary grafted group. These preliminary 
findings suggest that a factors) derived from the thymus may modulate the excess 
production o f prolactin through negative feedback inhibition.

209.6
LETHAL EFFECTS OF ENDOTOXIN AND INTERLEUKIN-1 IN 
HYPOPHYSECTOMIZED AND ADRENALECTOMIZED RATS.
L. P. Kapcala*. T. Chautard. R. L. Eskav and L. E. E iden. 
E n docrinology D iv., U. o f  M D Sch. o f  M ed., Baltim ore, M D 21201  
and L C S/N IA A A , and LC B/NIM H , Bethesda, M D 20892.

A drenocorticosteroid  (C S) secretion  has been h y p oth esized  to  
protect again st p o ten tia lly  d e leter io u s, c a ta b o lic  e ffe c ts  o f  
c y to k in e s  p rod u ced  d uring in fla m m a to ry /im m u n e  p r o c e sse s  
by dow n m odulation o f  cy to k in e  production , re lease and action. 
Lethal e ffects o f  endotoxin  (E T X N ) and cytok in es, TN F-a and IL- 
1 h ave been reported in adrenalectom ized  (A D X ) and hypop hy-  
sectom ized  (H Y PO X ) m ice but not in intact m ice, and lethality  
w as reversed w ith p h arm acological d o ses  o f  dexam eth ason e or 
co rticosteron e. W e tested the h yp oth esis that p h y sio lo g ica l CS 
secretion  protects against cy to k in es  and is a general adaptive  
resp on se w h ich  is not sp ec ie s  sp ec if ic . A d ult m ale Sprague- 
D aw ley  rats were treated with IL -l-B  (6 -6 0  ug/kg) or ETXN (4- 
4 0  m g/k g) i.p ., and survival over a 12-hour period was noted. 
N o dose o f  IL-1 or ETXN was lethal in intact rats. In A D X  
anim als, ET X N  w as lethal at all doses tested and IL-1 show ed dose  
d ep en d en t leth a lity . C o rticosteron e  (2 4  m g/k g) and d exam eth 
asone (0 .2  m g/kg) g iven  1 hr i.p. before ET X N  or IL-1 to m im ic  
stress-in d u ced  sy stem ic  p h y s io lo g ica l CS lev e ls  g a v e  67-100%  
protection from lethality in A D X  rats. ETXN A N D  IL-1 produced  
sim ilar, lethal e ffects in acutely H YPO X and A D X  rats. Th ese  
resu lts illu stra te  the p h y s io lo g ic a l im portance o f  cy to k in e -  
induced  CS secretion  by an intact pituitary-adrenal axis to  
protect again st e x c e s s iv e  ca ta b o lic /le th a l e ffe c ts  o f  cy to k in es .

209.8
BACTERIAL LIPOPOLYSACCHARIDE REDUCES GENERAL ACTIVITY, 
CONSUMPTION, AND TEMPERATURE IN LONG EVANS RATS.
H .M . Carman. B.H. Newberry, and S.B. Fountain*. Dept. o f  Psychology, Kent 
State University, Kent, OH 44242.

Due to the highly integrated nature o f  the central nervous system and the 
immune system, the effects felt by the CNS probably involve both direct and 
indirect influences o f  the immune system, and particularly o f  
monocyte/macrophage activation. Given the connections between the nervous 
and immune systems, behavior may prove to be a sensitive index by which the 
monocyte/macrophage cascade, and possibly the progression o f  disease itself, 
can be followed. Two experiments used bacterial lipopolysaccharide (LPS) to 
induce an acute (2.5 hr) monocyte/macrophage response in rats. Dependent 
measures included consumption o f a highly-palatable food, general activity, and 
temperature. Rats injected with LPS showed reduced food consumption, general 
activity, and temperature compared to saline control animals. The time at which 
the effects occurred corresponded to the dose o f  LPS (50, 450, and 1000 Mg/kg) 
(E xp.l); and the time at which measures were taken relative to when the 
injection was given (Exp.2). The Experiment 2 results suggested a very rapid 
behavioral effect (ten minutes post-injection). Therefore in a third experiment, 
behavior was monitored for one hour after LPS injection in order to replicate the 
10-minute effect. LPS-injected animals again showed a suppression in activity 
10 minutes post-injection compared to saline-injected and alkaline-detoxifled LPS 
animals. The results o f  these studies indicate that the response to LPS is dose- 
dependent and rapid. More generally, this paradigm appears to be sensitive to 
the behavioral changes that result from the activation o f the immune system.
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209.9
NEUROTOXIC AND NEUROENDOCRINE CONSEQUENCES OF CHRONIC 
INTRACEREBROVENTRICULAR ADMINISTRATION OF THE T CELL 
GROWTH FACTOR INTERLEUKIN-2 IN RATS IJ.-K. Hamsc-h*. S. Кяг. W  
Rowe. S. Sharma. U. Beffert. M. J. Meaney. J. Poirier, and R. Ouirion. Douglas 
Hospital Research Centre and Dept. of Psychiatry, McGill University Montreal, 
Verdun, Quebec, H4H 1R3 Canada.

The immunoregulator interleukin-2 (IL-2) is also produced in the CNS, where it 
controls cell growth and differentiation, neuronal activity as well as the release of 
various neurotransmitters. As a modulator of the neuroendocrine system, IL-2 
exhibits a stimulatory action on hypothalamic-pituitary-adrenal (HPA) activity. The 
effects of chronic IL-2 administration were studied in animals receiving the cytokine 
at a rate of 5 units/hr (2.5 ng/hr) into the lateral ventricle for up to 14 days. This dose 
increased plasma ACTH levels, resulting in significantly elevated levels of plasma 
corticosterone. Ipsilateral to the injection site, the ventricle lumen was enlarged due 
to a damage of the surrounding tissue. Immunocytochemical staining revealed the 
presence of activated astrocytes and microglia in the vicinity of the ventricular system. 
Increased binding of [12SI]insulin-like growth factor II was observed in the affected 
brain regions, whereas the number of cells staining for the cell cycle marker, statin, 
was reduced. The results demonstrate that persistently elevated CNS levels of IL-2 
(i) chronically activate the HPA axis likely by a central mechanism and (ii) lead to a 
considerable brain tissue damage that is accompanied by reactive gliosis. These 
findings most likely relate to some of the centrally mediated adverse side effects 
frequently observed during IL-2-based immunotherapy of cancer. Supported by the 
Medical Research Council of Canada and the Fonds de Recherche en Sante du 
Quebec. U.-K.H. is a recipient of a fellowship of the Human Frontier Science 
Program.

209.10
EFFECTS Of IN-SITU INTERLEUKIN-2 ON RAT 
PERIPHERAL NERVE. S. Jaradeh, G. Schuelke. and
R.S. Goldman* Dept. of Neurology, Medical 
College of WI, Milwaukee, WI 53226

Interleukin-2 (IL-2) is secreted by 
sensitized T-lymphocytes. Its increase in 
Guillain-Barre' sera suggests a pathogenetic 
role, but direct evidence is lacking. We 
performed intraneural injections of recombinant 
IL-2 into one sciatic nerve of four rats (three 
Wistar, one Lewis), while injecting the other 
side with saline. The doses increased from
25,000 to 500,000 units per nerve. Clinical 
evaluation showed no detectable abnormalities. 
Serial electrophysiologic studies revealed 
minimal decrease in the plantar motor response 
at higher doses only. Histologically, the 
sciatic nerves exhibited mild edema, capillary 
proliferation and angiogenesis, perivascular 
inflammatory infiltrates, and myelinophagia with 
axonal loss particularly at higher doses. The 
proximal muscles also revealed significant 
changes with atrophic fibers, internal nuclei, 
and at higher doses, few ragged red fibers; 
there were no inflammatory infiltrates. Saline 
control news remained unaffected. We conclude 
that IL-2 at high doses may produce lesions 
resembling inflammatory neuropathies.

NEURAL-IMMUNE INTERACTIONS: CNS EFFECTS ON IMMUNE RESPONSE

210.1
CONDITIONED IMMUNOSUPPRESSION IS DISRUPTED BY NMDA 
INSULAR CORTEX LESIONS. V. Ramirez-Amava. C.E. Ormsbv. R.D. 
Martinez. R. Pérez-Montfort and .F. Bermùdez-Rattoni*. Instituto de Fisiologia 
Celular and Facultad de Medicina, UNAM, México, D.F. 04510.

It is known that insular cortex (IC) lesions disrupt the acquisition and reten
tion of conditioned taste aversion (СТА). Conditioning immunosupresion (CIS) 
has been obtained through СТА paradigm, using an immunosuppressive drug 
as the unconditioned stimulus. The aim of the present work is evaluate the 
effects of insular cortex lesions on the acquisition of a conditioned immuno
suppression task. Male Wistar rats were separated in 3 groups: on day 0, one 
group received bilateral IC lesions (ICLx) with 0.6 μΙ of N-Methyl-D- 
Aspartate (10 mg/ml in phosphate buffer solution) another received parietal 
cortex (PC) lesions and the last group remained as unoperated control. On 
day 8, the rats were deprived and baseline water consumption was taken for 
4 days. At day 12, animals recieved CIS acquisition by pairing saccharin 
(0.1% in drinking water) with an ip injection of 50 mg/kg of cyclophosphamide 
(CY). On day 31 the animals were reexposed to the saccharine and 
immunized with sheep red blood cells (SRBC). Blood samples were obtained 4, 
8 and 12 days after immunization and titrated for hemagglutinating antibody 
activity. Additional control groups were run to evaluate the effect of IC 
lesions on the immune response (IR) and on the immunosuppressive effect of 
CY. The results show that IC, but not PC lesions disrupt the acquisition of 
CIS, indicated by the significant increase of SRBC antibody titers on ICLx 
rats. Additional control groups showed that IC lesions did not affect neither IR 
or the immunosuppressive effect of CY. These results suggest that IC is 
involved in the regulation of immunosupresive conditioning.

210.3
THE EFFECTS OF CONSTANT AND ROTATING LIGHT/DARK (LD) CYCLES 
ON THE RESPONSIVENESS OF MICE TO MURINE LEUKEMIA VIRUS 
INFECTION. D,L, McEachron*. K. M, Tumas. K. J. Blank and M.B. Prvstowskv. 
Depts. of Psychology and Pathology, Univ. of Pennsylvania, Philadelphia, PA 
19104.

The murine leukemia virus, E-55+, induces a thymic lymphoma/leukemia in 
100% of BALB.K mice infected as adults after a latency period of 4-7 months. The 
typical pattern in immunocompetent animals consists of an acute phase characterized 
by high numbers of cells containing pravirus DNA ( 1-5 weeks postinjection) 
followed by a period during which provirus DNA drops to background levels in most 
tissues until the actual development of lymphoma/leukemia. This study was designed 
to examine the effects o f altered environmental lighting on the infection process.

Three groups of mice were examined. Group 1 was exposed a consistent LD 
10/14 cycle (lights on 0600 EST). Group 2 was exposed to constant light (LL).
Group 3 was exposed to a rotating cycle. This cycle was characterized a LD 10/14 
cycle which phase shifted every three 24 hour days. The pattem consisted of the 
following repeating sequence: 6 hour advance, 8 hour advance, 8 hour delay, 6 hour 
delay. All three groups were exposed to these cycles for 2 weeks before being infected 
(i.p.) with E-55+. Animals were sacrificed at 1, 5 ,10, and 15 weeks. Analysis of 
tissue levels of provirus DNA followed protocols developed at the Dept. of 
Pathology (Tumas, et.al., 1993).

Considerably less provirai DNA was detected at five weeks in the bone marrow 
and spleen of Groups 2 and 3 than was present in Group l(controls). This difference 
was approximately 10 fold when comparing Groups 1 and 2 and З-fold comparing 
Groups 1 and 3. At fifteen weeks, thymuses from Group 1 controls were showing 
signs of infection whereas tissue from Groups 2 and 3 remained nearly at background 
levels. We conclude that environmental lighting does alter the infective pattern 
displayed by this retrovirus although whether this effect is mediated by changes in the 
target stem cells or through immunoenhancement has not yet been determined.

210.2
THE LATERAL SEPTAL AREA: INTERACTIONS WITH STRESS/NEURO- 
IMMUNE PROCESSING. L. Wetmore*. J. Gartner. C.M. SorensenA and D. M. 
Nance. Departments of Physiology and Pathology, University of Manitoba, 
Winnipeg, MB, R3E 0W3, CA and AOncogene Sci., Cambridge, MA, 02142,U.S.A.

One major focus in the field of Psychoneuroendocrinoimmunoloy involves the 
investigation of complex stress effects on immune functioning. Stress is a central 
nervous system (CNS) phenomenon involving detailed processing at various levels 
of the neuroaxis. Importantly, various forms o f stress have been found to have 
profound immunomodulatory capabilities which must be mediated via the CNS. 
Moreover, others have found that stress induced immunosuppression can be 
classically conditioned, indirectly implicating extrahypothalamic associational brain 
regions in the neural control of immune function. The acquisition and maintenance 
of conditioned fear is dependent on the intact functioning of certain brain regions, 
including the lateral septal area (LSA). We have utilized c-fos protein as a marker of 
functional brain activity following exposure of rats to footshock stress and have 
consistently observed increased c-fos expression in the LSA of stressed rats, as 
compared to controls. Additionally, we have been able to classically condition the 
expression of c-fos in the LSA, as well as other brain regions, in animals trained in a 
conditioning paradigm. Thus, the LSA is selectively activated during both footshock 
stress and conditioned fear and may therefore represent a neural region involved in 
stress processing and the subsequent mediation of stress induced immune alterations. 
Thus, we produced cell body specific lesions in the LSA with the neurotoxin kainic 
acid (KA) and subsequently analyzed the ability of lesioned animals to mount a co
ordinated immune response to antigen (SRBC). The results suggest that LSA 
lesioned rats have significantly reduced PFC numbers and splenic macrophage TNF 
alpha secretion profiles, relative to sham operated controls. These data suggest that 
the lesioning o f an extrahypothalamic brain region that is consistently activated by 
physical/psychological stress has immunomodulatory consequences, further 
supporting the complex nature o f stress/neuroimmune interactions.Research 
supported by MRC, NIMH and HSCRF.

210.4
IM MUNE FUNCTION IS INFLUENCED PRENATALLY BY THE 
MATERNAL PHOTOPERIOD IN DEER MICE.
Joan M.C, Blonff Jonathan M, Gerber and Randy J, Nelson. Department of 
Psychology, The Johns Hopkins University, Baltimore, M D 21218.

Precise timing of physiology and behavior is critical for individual survival, 
reproductive success, and subsequent fitness. Many animals have evolved a suite 
of adaptations to cope with the seasonal changes in ambient temperature and 
energetic availability. Reproductive and thermoregulatory adaptations respond to 
environmental cues (e.g., photoperiod) in anticipation of predictable environmental 
changes. The breeding season for most temperate rodents ranges from spring to 
autumn. Offspring produced at the end of the breeding season face challenging 
ambient conditions soon after birth. Maternal communication of photoperiodic 
conditions to her offspring in utero allows development of seasonally-appropriate 
adaptations (e.g., reproductive inhibition, fur development). In addition to the 
seasonal cycle of birth, there is a pronounced seasonal cycle of death. Because of 
this strong seasonal selective pressure, we hypothesized that photoperiodic 
information is used to bolster immune function early in development. Deer mice, 
Peromyscus maniculatis, born in short days (LD 8:16) had higher white blood cell 
numbers, lymphocyte numbers and Immunoglobulin G antibody titers than mice 
born in long days (LD 16:8) when 21 days old. A  crossfostering experiment in 
which pups gestated in one day length, but were reared in another suggested that 
immune function is affected by photoperiod in utero. Pups gestated in short-, but 
reared in long-days had more lymphocytes and white blood cells as well as a 
stronger antibody response than pups gestated in long-, but reared in short or long 
days. In summary, these results suggest that photoperiod affects immune function 
in utero, potentially improving the odds of survival.
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2 10 .5
A MON-HUMAN PRIMATE MODEL OF STRESS-INDUCED ALTERATIONS IN 
CELL SURFACE ANTIGENS. L.L. Wing*, S.E. Shelton, N.H. Kalin 
and H. Kulaqa. Psychiatry, B6/210 CSC, Univ. of Wisconsin, 
Madison, ‘WI 53792, and Unit on Molecular Neurobiology, NIMH 
@ St. Elizabeths Hospital, Washington, D.C. 20032.

In humans, rapid immune cell changes, such as the re
lease of Cluster Designation 8 (CD8), and increases in nat
ural killer cell activity, as well as increases in Inter
leukin-2 and CD2 in animals, have been associated with 
acute psychological stress. We have studied the effects of 
acute stress on cell surface antigen markers in peripheral 
blood mononucleocytes from adult female rhesus monkeys 
(5.4-12.7 yrs) and their infants (3-5 mos). Comparisons 
were made between blood samples drawn at baseline versus 
those drawn following a 30 min separation period of mother 
frcm infant.
Using flow cytometry, blood samples were processed for

2-color analysis of cell surface antigens, including CD3, 
CD4, CD5, CD8, CD20, and CD72. CD8+DR+ lymphocytes were 
elevated in both stressed adults and infants, while CD4+CD3 
values were decreased, and in the adults only. CD20+CD5+ 
В-cell populations, however, were not significantly differ
ent in either the mothers or their infants. In contrast, 
both CD72+CD3+ and CD72+CD20+ cells were decreased in 
mothers and infants.
These results indicate that there is modulation of immun- 

ologically important cell surface antigen following acute 
stress.

210.7

EVIDENCE FO R TH E IN V O L V EM E N T O F  C O R T IC O TR O PIN  
RELEASING H O R M O N E IN PA V L O V IA N  CO ND ITIO N ED  
IMMUNE A L TE R A T IO N S. Lynn Perez and Donald T. Lysle*, 
Department o f  Psychology & Curriculum in Neurobiology, University o f  
North Carolina, Chapel H ill, NC 27599.

Previous work from our laboratory has demonstrated that a Pavlovian 
conditioned aversive stimulus (CS) produces pronounced and reproducible 
decreases o f  in vitro measures o f  immune status, including natural killer cell 
activity and lymphocyte proliferation in the presence o f  Con-А , LPS, and 
ionomycin/PMA. A series o f  studies being conducted in our laboratory is 
directed towards determining mechanisms within the central nervous system  
which mediate conditioned immunomodulation. Many investigators have 
shown that corticotropin releasing hormone (CRH) is released in the central 
nervous system in response to stress. The present study, therefore, was 
designed to investigate the role o f  corticotropin releasing hormone (CRH) 
in these alterations o f  immune status. The CRH receptor antagonist, « -  
helical CRF^.4i, was administered (0, 0 .5 , 5 .0 , or 5 0 .0  /ig/rat) into the 
lateral ventrical 35 minutes prior to re-exposure to the CS. «-H elical CRFg. 
«і dose-dependently blocked the ability o f  the CS to alter NK cell activity. 
This data suggests that CRH receptors located within the CNS may be 
involved in mediating alterations o f  NK cell activity follow ing the 
presentation o f  a conditioned aversive stimulus. Further characterization o f  
the role o f  CRH in modulating immune status will include an assessment o f  
the effects o f  «-helical C R F,^  on CS-induced alterations o f  spleen and 
blood lymphocyte proliferation in response to m itogens, and interleukin-2 
and gamma-interferon production by spleen T lymphocytes. (M H 46284)

210.9
MECHANISMS OF MORPHINE-INDUCED IMMUNOMODULATION.
K. Ғесһо.1" K. A. Maslonek. L. A, Dvkstra and D. T. Lvsle. Dept. o f  Psychology 
& Neurobiology Curr., University o f North Carolina, Chapel Hill, NC 27599.

Considerable progress has been made by our laboratory in elucidating the 
mechanisms whereby morphine alters immune status in Lewis rats. Initial studies 
in our laboratory demonstrated that the administration o f either nadolol (a 
peripherally-acting, nonselectiveß-adrenergic antagonist), atenolol (aperipherally- 
acting, flļ-selective antagonist) or ICI-118,551 (a ß2-selective antagonist) 
completely antagonizes morphine’s suppressive effects on the mitogenic 
responsiveness o f splenic T and В lymphocytes and the production o f γ -interferon 
by stimulated splenocytes. The ß-adrenergic antagonists do not alter morphine’s 
suppressive effects on mitogenic responsiveness in the blood or splenic NK cell 
activity. Thus, peripheral ß,- and ß2-adrenergic receptors are involved in some 
of morphine’s immunomodulatory effects in the spleen. Subsequent studies were 
conducted to investigate whether the involvement o f peripheral ß-adrenergic 
receptors reflects the involvement o f the SNS in morphine’s effects on immune 
status. The administration o f chlorisondamine, a ganglionic blocker, completely 
antagonizes morphine’s effects on mitogenic responsiveness and γ -interferon 
production in the spleen. On the contrary, the administration o f DMPP, a 
ganglionic stimulant, augments morphine’s effects on mitogenic responsiveness in 
the spleen. Neither compound alters morphine’s effects on blood mitogenic 
responsiveness or splenic NK cell activity. Collectively, these studies indicate that 
morphine modulates mitogenic responsiveness and γ -interferon production in the 
spleen via the SNS and the activation o f peripheral ß-adrenergic receptors, 
presumably those on splenic lymphocyte membranes. Since different mechanisms 
appear to be involved in morphine’s effects on the mitogenic responsiveness of 
blood leukocytes and splenic NK cell activity, ongoing studies in our laboratory 
are exploring alternate possibilities. (Supported by MH46284 and DA07481)

210.6
DIFFERENTIAL ALTERATIONS IN CELL-MEDIATED VERSUS HUMORAL 
IMMUNITY FOLLOWING EXPOSURE TO THE PHEROMONES FROM 
STRESSED MICE. J. D. Karp*. R. Cocke and J. Movnihan. Department of 
Psychiatry, University of Rochester Medical Center, Rochester, NY 14642

Olfactory cues initiate many physiological and behavioral processes. For 
instance, the odor of a stressed animal signals possible danger to a conspecific, 
eliciting a stress response in the odor recipient. We are interested in the 
consequences of this etiologically-relevant stimulus on immune function.

Previously, we reported that exposure o f BALB/c mice to the odors emitted 
from footshock-stressed conspecifics results in decreased cell mediated immune 
function, decreased interleukin-2 (IL-2) production, and increased antibody 
responses to the protein antigen keyhole limpet hemocyanin compared to either 
control odor exposed or home cage control mice. Because T helper (TH) cells 
type-2 (TH2) promote humoral immunity via the cytokines they produce and 
downregulate production of TH1 cell-derived cytokines, we predicted that BALB/c 
mice, in response to the pheromones from footshock-stressed conspecifics, would 
exhibit enhanced TH2 cell activity as determined by increased production of 
interleukin-4 (IL-4) and decreased cell mediated immune responses.

Here we report that splenocytes from male BALB/c recipients o f pheromones 
from footshock-stressed BALB/c mice display 4-fold increases in mitogen-induced 
IL-4 production. In contrast, the same odor exposure paradigm using C57B1/6 
male mice does not affect antibody responses or cytokine production. We 
speculate that these strains may differ in the relative contribution o f TH1 and TH2 
cells to their immune responses. In addition, because others have observed that 
glucocorticoids can increase IL-4 production and decrease IL-2 production, 
BALB/c mice may either produce higher levels of glucocorticoids than C57B1/6 
mice, or be hyperresponsive to the levels o f glucocorticoids produced during a 
stress response.

210.8
EV IDENCE FOR THE INVOLVEM ENT OF M ACROPHAGE-DERIVED  
NITRIC OXIDE IN THE M ODULATIO N OF IM M UNE STATUS BY A 
CO NDITIONED AVERSIVE STIM ULUS. Donald T. Lvsle. Marv E. 
Coussons. Kimberly A. M aslonek. Mark Lvte*. & Linda A. Dvkstra. 
Department o f  Psychology & Curriculum in Neurobiology, University o f  
North Carolina at Chapel H ill, Chapel H ill, North Carolina 27599.

Our research program has been directed at the characterizing the 
immunomodulatory effect o f  a conditioned aversive stimulus (CS) in rats. 
This work has demonstrated that presentation o f  a CS induces a decrease in 
the proliferative response o f  lymphocytes, a reduction in natural-killer cell 
cytotoxicity, a decrease in the production o f  interleukin-2 and interferon, 
and suppression o f  the development o f  adjuvant-arthritis. Recent 
investigations have suggested that nitric oxide plays a role in the central 
nervous and immune system s. H owever, the role o f  this m olecule in neuro- 
immune interactions is unknown.

In present study, the role o f  macrophage-derived nitric oxide in the 
CS-induced suppression o f  lymphocyte proliferation was examined by 
depletion o f  macrophages and the use o f  a specific-inhibitor o f  the nitric 
oxide synthesizing pathway, № -m onom ethyl-L-arginine (NM M A). Both the 
depletion o f  macrophages and the use o f  NM M A completely eliminated the 
CS-induced suppression o f  Con-А stimulated lymphocyte proliferation. 
Additional studies are being  performed to determ ine the role o f  macrophage- 
derived nitric oxide in other CS-induced immunomodulatory effects. The 
present findings suggest that the neural or endocrine alterations induced by 
a CS potentiate macrophages to produce nitric oxide which is suppressive 
to lymphocytes. (Supported by M H 46284.)

210.10
E N H A N C E D  E M O T IO N A L IT Y  IN  A U T O IM M U N E  M R L -lpr M ICE.
B . Šakić , H . Szechtm an. H . Talangbavan . S. D enb urg. R. C arbotte anH 
J. A . D enburg. Departments o f  Biom edical Sciences, Psychiatry and 
M edicine, McMaster University, Hamilton, Canada L8N  3Z5.

Affective and cognitive disorders are frequent and severe behavioural 
manifestations in system ic autoimmune disease - lupus eıythem atosus (SLE). 
The lack o f  an appropriate animal model is one o f  the factors that precludes 
a better assessm ent o f  this pathogenic neuro-immune interaction. To address 
this issue, our studies examine the usefulness o f  autoimmune MRL-lpr mice  
as a model in study o f  autoimmunity-associated behavioural dysfunction. 
These m ice spontaneously develop an accelerated form o f  system ic 
autoimmune disease and have a short life span in comparison to age- 
matched, congenic M RL-+/+ mice. Our previous studies have shown that 
in parallel with the development o f  autoimmunity, the behaviour o f  young, 
autoimmune MRL-lpr m ice changes in respect to undiseased M RL-+/+ mice. 
M ost o f  the data were consistent with the notion that behavioural 
performance o f  MRL-lpr m ice is disturbed due to enhanced emotional 
reactivity. The present study was aimed to test this hypothesis by comparing 
the behaviour o f  two MRL substrains in animal m odels o f  anxiety and 
depression (open-field, pole test, P orso lf s swim  task, M ontgom eiy’s conflict 
test etc.). Different performance in a number o f  tasks supports the idea that 
autoimmune MRL-lpr m ice are more "timid" than M RL-+/+ controls. It is 
hypothesized that development o f  autoimmunity is a stress-generating 
process mediated by immune factors that interfere with functioning o f  
structures involved in exploratory behaviour and emotionality. (BS is an 
OMHF Postdoctorate Fellow; supported by funds from NSERC )
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210.11
RELIABILITY OF IMMUNOLOGIC MEASUREMENT IN CLINICALLY 
DEPRESSED OUTPATIENTS OVER A 3-WEEK PERIOD. L.A. 
Heiden*1.C.McAllister2, A.Miller2, and D .Kupfer2. ’San Jose State University, 
San Jose, CA 95192-0120 and 2Westem Psychiatric Institute and Clinic, 
Pittsburgh, PA 15213.

The reliability of hematologic, flow cytometric and bioassay data in clinical 
situations depends significantly on the degree of variability caused by technical 
and biological factors unrelated to the disease being studied. Reliability of 
immunological measurement over time is an important research issue. For 
example, if variations are great, whether due to normal fluctuation or 
measurement error, repeated measurements would be necessary to establish 
representative baseline and clinical periods. If, on the other hand, fluctuations 
over time are minimal, single measures may be justified. To evaluate variation 
in blood values in a clinical population over time, three weekly blood samples 
were drawn on 36 recurrently depressed, medication-free outpatients. 
CBC/differentials, flow cytometry (CD3, CD4, CD8, CD19, CD56 counts and 
percentage), and NK lytic activity against K562 target cells were determined for 
each blood sample using standard laboratory procedures. Pairwise comparisons 
were performed on each blood sample variable, contrasting Time 1 with Time 
2, Time 1 with Time 3, and Time 2 with Time 3. Stability coefficients for the 
CBC/Differential values over the three week period ranged from .49 to .84. 
Flow cytometry values were less stable and ranged from .28 to .73. Coefficients 
for the NK assay were conducted for effector.target ratios of 50:1,25:1, and 6:1, 
and for lytic units. Similar to the flow cytometric data, all NK coefficients fell 
within a range (r= .29 to .67) suggesting unacceptable reliability (r <  .70) in this 
population. These findings suggest that repeated assessments are needed to 
accurately evaluate immunologic status in clinically depressed patients.

210.13
T-CELL FUNCTION CORRELATES WITH ATTRIBUTTONAL STYLE 
IN A HEALTHY, MALE STUDENT POPULATION E, Zorrilla* and E. 
Redei Dept. of Psychology, University of Pennsylvania, Philadelphia, PA 19104 

Previous studies in psychoimmunology have focused on stimulus properties of 
the environment that affect immunity (i.e., situational determinants) or on immu
nity in psychopathological populations. In this study we examine stable, idio
syncratic characteristics (i.e., dispositional determinants) of a healthy population 
that moderate the effect of situational determinants. Forty healthy, non-de- 
pressed, male students were selected on the basis of their attributional style. 
Subjects completed a battery of state and trait psychological questionnaires at 
recruitment and at their blood draw. Peripheral lymphocytes were isolated from 
fresh blood individually, and lymphocyte proliferative responses to the T-cell 
mitogen, Concavai in A (Con A), were measured at three doses (0,1, or 10 
ug/ml). Prospectively- and simultaneously-measured pessimistic attributional 
style for negative events and trait anxiety were inversely proportional to lym
phocyte proliferative response to Con A. Moreover, after partialling out the ef
fects of confounding variables and state-like psychological variables in a step
wise regression, attributional style for negative events was still significantly as
sociated with proliferative response to Con A. In addition, trait self-esteem and 
hypomanic personality were positively correlated with proliferative response to 
Con A. In contrast, state-like measures tended to be uncorrelated with prolif
erative response. Of the scales assessed measuring mood and psychopathologi
cal symptoms, only state anxiety correlated significantly with proliferative re
sponse to Con A. Taken together, these data suggest that in a normal popula
tion, relevant dispositional factors may be more associated with T-cell func
tional response than situational factors.

210.15
STRESS-INDUCED CHANGES IN THE DISTRIBUTION OF LEUCOCYTE 
SUBPOPULATIONS IN PERIPHERAL BLOOD. F. S. Dhabhar*. A. H. Millert. 
H. J. Modav. R. Rheet . M. Steint . B. S. McEwen. R. L, Spencer, Laboratory of 
Neuroendocrinology, The Rockefeller University, New York, NY 10021; 
t  Department of Psychiatry, Mt. Sinai School of Medicine, New York, NY 10029.

We have previously shown that corresponding to either a stress- 
induced increase, or a circadian rise in corticosterone (CORT), there is a 
significant reduction in leucocyte numbers in peripheral blood. This is 
largely accounted for by a reduction (40-60 %) in В cell and NK cell 
numbers. Intrigued by the magnitude of change induced by a mild, 
acute, stressor (1  hr restraint), we decided to further investigate this 
phenomenon. In this study we followed changes in numbers and 
percentages of leucocyte subpopulations during 2  hr restraint stress. 
Rats were placed in Plexiglas restrainers and blood was collected at 0, 
10, 30, 60, and 120 min after the beginning of restraint. Total leucocyte 
counts, and lymphocyte and neutrophil percentages were determined. 
Specific subpopulations of leucocytes (CD4+ T cells, CD8 + T cells, В 
cells, NK cells, and monocytes) were measured using two-color flow 
cytometry. We observed a significant reduction (44%) in total leucocyte 
number which was largely accounted for by a reduction in В cells 
(55%), NK cells (6 8 %) and monocytes (72%) after 120 min of stress. 
While there was an overall reduction in leucocyte numbers with time, an 
examination of earlier time-points suggested that there might be an 
“early” and a “late” component to the overall effect and in some 
subpopulations, the early component consisted of a slight increase in 
numbers followed by a drop. Our results support a role for hormonal 
regulation of leucocyte turnover and/or redistribution between immune 
compartments. We are currently investigating the hormone dependency, 
and kinetics of this phenomenon. (MH 47674, McArthur Foundation.)

210.12
EFFECT OF NEONATAL HANDLING ON IMMUNE 
RESPONSIVENESS IN MICE. R.W. Geib. M.J.B. 
Paramanathan. M. Jaffe. Z.N. Lebaric. S. Schnitzer, R.J. 
Cross, and W. Anderson*. Biomedical Research Institute, 
Indiana Unv. Sch. of Med., and Departments of Life Sciences 
and Psychology, Indiana State University, Terre Haute, IN 
47809.

Previous studies have indicated that handling during 
infancy (the first 21 days of life) alters the development of 
specific biochemical systems in the rat brain leading to 
individual differences in biological responses to stressful 
events. We have studied the the effect of early handling ib 
the immune response of mice. In our studies, we defined 
handling as removing pups from the mother and placing them 
separately in individual containers for 3 min each day during 
the treatment period. Our data indicate that nonhandled mice 
and mice handled with gloves do not show any difference in 
immune response. However, mice handled without gloves 
show a significant suppression of mitogen-stimulated T and В 
lymphocyte proliferation. Direct immunofluorescense staining 
and FACS analysis also revealed some alterations in the 
splenic cell subpopulations. We are currently examining the 
handled mice for alterations in adrenergic innervation of the 
spleen as well as brain structures including olfactory bulb, 
hippocampus and spinal cord.

210.14
PHYSICAL EXERCISE, PSYCHOLOGICAL STRESS, AND IMMUNE 
FUNCTION. J.E. Cunnick*- K. L. Gruis. L. D. Koiic and S. H. Chou. 
Dept. of Microbiology, Immunology, and Preventive Medicine; 205 Science 
I; Iowa State University, Ames, IA 50011.

Recent studies are clear in demonstrating that psychological stress 
can suppress immune function. Moderate, long term exercise has been 
touted as a means to relieve or prevent the aversive effects of stress. 
However, most studies of immunity and exercise examine the acute effects 
of exercise on immune function. The current study was designed to examine 
physical exercise as a modulator of stress induced immune suppression.

All rats were exposed to a Pavlovian conditioning paradigm at the 
start of the study that paired a novel environment with foot-shock. The rats 
were randomly assigned to 2 exercise groups and 2 control groups. The 
exercise groups were trained to run on a treadmill and physically 
conditioned by running 45 min/day, 6  days/week, at 17.1 m/min for either 
8 or 4 weeks. The controls consisted of handled (treadmill exposed: no 
running) and non-handled controls. The morning following the last exercise 
session half of each group was re-exposed to the conditioned stimulus, but 
no shock. The dry-heart weight: body weight ratio showed a significant 
linear increase in the exercised groups indicating successful exercise 
training. Exercise did not attenuate the baseline levels of NK activity nor did 
it attenuate the stress-induced suppression of NK activity. Exercise training 
significantly suppressed thymus size, thymus:body weight ratio, and thymus 
mitogenic response to ConA in a linear manner. Interestingly there was a 
main effect of stress which showed a significant increase in the thymus 
mitogenic response.
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211.1
MANIPULATION OF AUTOIMMUNE-ASSOCIATED BEHAVIORAL 
DEFICITS VIA PROLACTIN. L. L. Badura. N. S. Waters. S. Ansar Ahmed, 
and V. H. Denenbera*. Biobehav. Sei. Grad. Deg. Prog, and Div. Behav. 
Neuroscience, Univ. of Conn., Storrs, CT 06269, and Dept. Pathobiology, 
College of Veterinary Medicine, VPI & SU, Blacksburg, VA 24061.

Autoimmune mice fail to avoid shock in a two-way active avoidance task. 
The severity of the deficit is related to the severity of the autoimmune 
syndrome. Previous studies have relied on prenatal manipulations to 
manipulate autoimmunity. Behavioral effects of manipulation of 
autoimmunity in adulthood have not been addressed. Prolactin (PRL) is 
an anterior pituitary hormone with immune enhancing effects, and its 
release is regulated by inhibitory D2 receptors. The current experiment 
studied the autoimmune-behavior relationship in adult mice, in which 
secretion of PRL was altered by pharmacological manipulation.

Beginning at 6 weeks of age, autoimmune NZB X NZW F1 (BW) mice 
received pimozide (PIM) or CB-154 solution in their drinking water. Control 
subjects received plain water. In the fifth week of treatment, blood 
samples were obtained for PRL assay. The following week, subjects were 
tested in active avoidance learning for 5 days (50 trials/day). Blood 
samples were then obtained for assay of levels of autoimmune antibodies.

Circulating PRL levels, as measured by RIA, were significantly 
increased by PIM and significantly decreased by CB-154. PIM treated 
animals of both sexes showed significantly more failures to escape the 
shock in avoidance conditioning. In addition, CB-154 resulted in a near 
significant improvement in females over days (p=.10).

Autoimmune-related behavioral deficits were increased by 
pharmacological elevation of circulating PRL, which is known to have 
immune-enhancing effects. These findings suggest that the behavioral 
deficits are a result of current immune activity, rather than of a 
developmental history of immune dysfunction. It also may be possible to 
ameliorate behavioral deficits of autoimmune mice in adulthood, though 
this possibility requires further study.

211.3
SEX AND ESTROUS PHASE DIFFERENCES IN ANTIBODY 
RESPONSES TO KEYHOLE LIMPET HEMOCYANIN (KLH) IN 
THE RAT. D.R. Rager* and K.J. Coleman. Dept. of Psychology, 
University of Georgia, Athens, GA 30602.

We investigated effects of brief restraint stress on antibody 
responses to KLH in male rats and in female rats at different 
phases of estrous. Males and females in proestrus, estrus, 
metestrus, and diestrus were immunized with KLH, and then 
were either restrained for 30 mins or returned to their cages. 
Blood samples were obtained from tail veins at 3, 5, 7,14, and 
21 days post-immunization, and serum levels of anti-KLH IgM 
and IgG determined using an enzyme-linked immunosorbent 
assay (ELISA). Although antibody levels were unaffected by 
stress, females produced more anti-KLH IgM and IgG compared 
to males, and females immunized during metestrus and diestrus 
exhibited higher antibody levels compared to those immunized 
during proestrus and estrus. These results are consistent with 
previous reports of enhanced humoral immunity in females. 
Furthermore, these data provide the first evidence that specific 
humoral immune responses in female rats vary depending upon 
the stage of estrous during which antigen exposure occurs.

211.5
INTERCORRELATIONS OF BEHAVIOR, PLASMA CORTISOL AND GROWTH 
HORMONE ASSOCIATED BRIEF MATERNAL SEPARATION. M.L Laudenslaoer’ 
. C.L. Berger. M.L Boccia. Behavioral Immunology Laboratory, University of 
Colorado Health Sciences Center, Denver, CO 80220.

Early social separation experiences have important implications for both 
endocrine and immune regulation in nonhuman primates. Herein, we describe 
the impact of a brief (2 wk) maternal separation in bonnet (7 separated and 
matched control pairs) and pigtail macaque infants (5 separated and matched 
control pairs) on behavioral responses to separation and plasma cortisol (CORT) 
and growth hormone (GH) levels. Separation occurred in the infants' natal social 
group. Nonseparated matched controls in the same social group were studied 
simultaneously. Blood samples were rapidly obtained from both subjects. 
Although behavioral responses of the two species to maternal separation are 
quite different due in part to modulation by social affiliation in bonnet monkeys, 
a significant rise (p=.0 0 2 ) in plasma CORT was noted in both species during 
separation. CORT levels rose following separation and declined on return of the 
mother to the social group. The return to baseline levels was more protracted in 
pigtail infants in comparison to bonnet infants. In contrast, plasma GH levels rose 
only in pigtail infants during separation when compared to matched controls 
(p=.023), returning to baseline after reunion. For berth species, plasma CORT 
levels during separation were correlated (pc.05 or better) with a number of 
behaviors noted during this time whereas plasma GH levels were unrelated to any 
behaviors observed. In general, plasma CORT was negatively related to 
behaviors reflecting play, contact, and proximity to others and positively related 
to vocalization and time spent in withdrawn postures. Plasma CORT and GH 
were uncorrelated. Plasma CORT was unrelated to immune parameters collected 
suggesting that a rise in glucorticoids is not a necessary condition for immune 
modulation. (Supported in part by PHS Grant MH37373)

211.2
ALTERATIONS IN SUSCEPTIBILITY TO BREAST CANCER METASTASIS 
DURING THE ESTROUS CYCLE: A ROLE FOR NATURAL KILLER 
CELLS S. Ben-Elivahu! G.G. Page. T.. Ludwig. T. Hv. S.A. Boun. J.C. 
Lieheskind Ā A N. Taylor Brain Research Institute, and Dept. of Psychology 
UCLA; and West LA VAMC, Los Angeles, CA 90024.

Women undergoing mastectomy during a certain phase of the menstrual 
cycle (unopposed estrogen synthesis) are reported to show a 3-fold 
increase in long-term mortality rate related to malignant recurrence at remote 
locations. Studying estrous effects on tumor metastasis and natural killer
(NK) cell activity in Fischer 344 rats, we used mammary adenocarcinoma 
(MADB106) and colon (4047) tumor cell lines; both syngeneic tumors 
metastasize to the lungs following i.v. inoculation. Normal and NK-depleted 
cycling females were injected i.v. with 106 radiolabeled tumor cells; lungs 
were removed 9 h later to assess tumor retention. In a 2nd study, number 
and activity levels of NK cells from rats at different estrous phases were 
assessed using flow cytometry (mAb 3.2.3 +) and a whole blood NK assay, 
respectively. In a 3rd study, the effect of different concentrations of ß- 
estradiol, progesterone, and prolactin on NK cytotoxicity were studied in 
vitro. Rats injected with the MADB106 during proestrus or estrus 
demonstrated higher levels of tumor retention relative to diestrus days; NK 
depletion caused a marked increase, demonstrating the role of NK cells in 
controlling lung retention of this tumor. On the other hand, rats injected with 
the 4047 tumor showed no effects of NK depletion or estrous cycle. NK 
activity per cell (but not per ml blood) was lower during proestrus/estrus, and 
all hormones tested in vitro suppressed blood NK cytotoxicity. These 
findings show increased susceptibility to metastasis during unopposed 
estrogen synthesis and suggest mediation of this effect by decreased NK 
activity levels. Supported by NIH-HD07228, NIH/NS 07628, VA Medical 
Research Service, and the UCLA Psychoneuroimmunology Task Force.

211.4

OVARIAN HORMONES, STRESS AND IMMUNOLOGIC 
RESPONSIVENESS IN NORMALLY CYCLING WOMEN
A.R. Caggiula*. C.G. McAllister. K.A. Matthews. S.L. Berga. 
J.R. Owens. Univ. o f  P ittsbu rgh , P ittsb u rg h  C ancer In stitu te  
a n d  M agee-W om eris H ospita l, P ittsbu rgh , P A  15260  

We are studying the relationship between ovarian hormones & 
immunologic responsiveness to psychological stress in healthy 
women. Assessment is at 3 hormonally distinct stages over 7 
months in an А^В-Аз design: A2= follicular; B= ovarian suppression 
by Lupron, a GnRH agonist; A2= hormonal "replacement" by an 
estradiol patch & extended Lupron or by withdrawal of Lupron & 
verified resumption of cycling. Blood is drawn before & after a 
counter-balanced series of 3 stressors. A concurrent, untreated 
group controls for measurement variability. We here report interim 
results for A y  & В stages for 16 experimental & 8  controls. Stress 
reduced: proliferation of PBLs to PHA (p=0.003) & PWM (p=0.03); 
IgG production (p=0.015); %CD4+ cells (p=0.04); & the CD4 7 CD8 * 
ratio (p=0.001). Stress increased NK activity as reflected in both 
lytic units (p=0.002) & in % specific lysis (p=0.003). These changes 
were not seen in controls (p>0.20). The following measures 
increased from the first (follicular) to the second (Lupron- 
suppressed) visit in experimentale but not controls (p>0 .2 0 ), 
suggesting a true hormonal effect: the number & % of T-cells 
(p=0.02 for both) & CD4+ cells (p=0.03 & p=0.004); CD47CD8* ratio 
(p=0.003); number of В cells (p=0.046); & serum IL -la  (p=0.01).

211.6
GLUCOCORTICOIDS INHIBIT CRF EXPRESSION IN THE RAT 
THYM US.
F. Aird*, I. Halasz and E.Redei. Department o f  Psychiatry, University o f  
Pennsylvania, Philadelphia, PA 19104-6141.

W e have previously demonstrated the presence o f  locally 
synthesized CRF in the rat thymus. In this study we have started to 
investigate the role o f  glucocorticoids in the regulation o f  thymic CRF 
expression. Immature (25 day old) male Sprague-Dawley rats were 
adrenalectomized (AD X) or sham-adrenalectomized (SHAM ). A D X  rats 
received daily sc injections o f  20 or 100 ug dexamethasone (DEX) or 
saline for 7 days following surgery. CRF mRNA levels in the 
hypothalamus were measured by northern blotting and in the thymus by 
the semi-quantitative reverse transcription-polymerase chain reaction. In 
both hypothalamus and thymus, CRF m RNA levels increased after ADX, 
and were decreased to below SHAM  levels by both doses o f  DEX. These 
results suggest that locally synthesized thymic CRF is negatively 
regulated by glucocorticoids, similar to the negative feedback regulation 
o f  hypothalamic CRF. W e propose that in the initial response to 
environmental challenges such as infection, local "immune" CRF levels 
are increased. Later, elevated glucocorticoids resulting from 
hypothalamic CRF activation reverse this increase by suppressing thymic 
CRF synthesis. This model also helps explain the dual role that CRF 
seems to play in immune function. (Supported by A A 07389)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



508 NEURAL-IMMUNE INTERACTIONS: ENDOCRINE EFFECTS ON IMMUNE RESPONSE TUESDAY AM

21 1.7
STRESS AND DEXAMETHASONE EFFECTS ON CALMODULIN rnRNAs' 
IN RAT BRAIN AND IMMUNE TISSUES.
M. N. Gannon*. A. Rai and B. S. McEwen.
Lab. Neuroendocrinology, Rockefeller University, New York, NY 10021.

We have previously reported that of the 3 calmodulin (CaM) genes 
transcribed in rats (CaMI, CaMII and CaMlli) only CaMIII mRNA is 
attenuated by adrenalectomy in rat brain 11]. In vitro thymus CaM 
mRNA levels are rapidly induced by dexamethasone [2,3]. Here we 
report the effects of in vivo acute dexamethasone, and chronic stress, 
on CaM gene expression in immune tissues and brain. In preliminary 
studies, dexamethasone (0.5 mg/kg, s.c.) rapidly induced all 3 CaM 
mRNAs' in thymus. No effects were seen in spleen, hippocampus, or 
cerebral cortex. Chronic stress (21 days) also elevated CaM mRNA 
levels in thymus about 2  fold, without causing significant effects in 
spleen, hippocampus or cortex. This latter change occurred despite 
reductions in total RNA levels (2.2 ± 0.2 vs. 3.3 ± 0.3 j/g/mg tissue, 
n = 6 ) and thymus weight (486 ± 36 vs. 663 ± 34 mg, n = 6 ). 
Thymic induction of CaM rnRNAs' by acute or chronic elevation of 
glucocorticoids may be involved in steroid-dependent mechanisms of 
thymus involution. Overall these studies provide further evidence for 
tissue selective glucocorticoid regulation of CaM-mRNA levels. The 
relationship of these changes to alterations in calcium-dependent 
enzymes such as adenylate cyclase requires further elaboration. 
Supported by NARSAD (MNG) and MH41256 (BSM).
1. Gannon and McEwen, N eurosci.Abst. (1991) 17:1096.
2. Baughman et al., M ol.Endocrinol. (1991) 5:637-694.
3. Dowd et al., J . Biol.Chem . (1991) 266:18423-18426.

211.8
IMMUNE CELL SUBTYPES EXHIBIT SIGNIFICANT 
HETEROGENEITY IN THE EXPRESSION OF TYPE II 
ADRENAL STEROID RECEPTORS. A.H. Miller*, R.L. Spencer, H. 
Moday, R. Rhee, H. Vaananen, M. Stein, B. McEwen. Mount Sinai 
School of Medicine, NY 10029 and Rockefeller University, NY 10021.

We have recently characterized type II adrenal steroid receptor 
expression in immune cell subtypes using immunocytochemical 
techniques and Western blot analysis. In additiçn, in vitro cytosolic 
exchange assays have been used to quantify type Iİ receptor binding in 
immune cells. In young, adult male Sprague-Dawley rats, lymphocytes 
and monocytes were found to exhibit approximately 3 and 8 -fold higher 
receptor levels, respectively, than neutrophils. In addition, marked 
heterogeneity was found among monocytes in type II receptor 
expression with an 8 -fold difference between cells at the highest and 
lowest levels of receptor expression. Lymphocytes exhibited more 
homogeneity than monocytes in type II receptor expression with 
roughly a 2 -fold difference between cells at the highest and lowest 
level. Neutrophils reliably exhibited low type II receptor numbers with 
minimal variability. Similar results have been found in human immune 
cell subtypes. Since several in vivo  and in vitro studies have found a 
significant correlation between receptor expression and steroid 
sensitivity, these results indicate that endogenous adrenal steroids are 
capable of having varied and complex effects on immune function 
depending on the type of cell involved and the level of hormone.

AUTONOMIC REGULATION: GENITAL INNERVATION

212.1
PERICELLULAR BASKETS OF NADPH-DIAPHORASE TERMINALS IN THE 
INTACT AND DECENTRALIZED PELVIC GANGLION. W. G. Pall*.
J. Bordegaray and B. Galloway. Dept. of Anatomy, Univ. 
New Mexico, Sch. of Med., Albuquerque, NM 87131.

Evidence suggests that partial restoration of synapses 
often follows chronic decentralization of autonomic 
ganglia. As neurons with different phenotypes are 
present in ganglia, this study asks whether cells 
containing NADPH-diaphorase (NADPH-D), a nitric oxide 
synthesizing enzyme, participate in this process. 
NADPH-D staining in pericellular neuronal baskets was 
studied in pelvic ganglia of control rats and in rats 
receiving acute and chronic lesions of preganglionic 
fibers. In control animals, only a portion of neurons in 
the major pelvic ganglion were enclosed by a plexus of 
NADPH-D + fibers. Pericellular baskets were rare 
following acute (3 days), unilateral interruption of the 
pelvic and hypogastric nerves and acute, bilateral nerve 
lesions did not further reduce their incidence, However, 
4-5 weeks after unilateral lesions, pericellular baskets 
reemerged, reaching a level between that of normal and 
acutely lesioned animals. Varicose baskets also survived 
staggered lesions (chronic unilateral then an acute 
lesion of contralateral preganglionics). These results 
indicate that decentralized neurons reacquire some of 
their lost innervation and, that the emergent innervation 
may be of intrinsic origin. Supported by NIH NS19839-09.

21 2 .3
POSTPARTUM HYPERINNERVATION IN THE UTERUS OF THE RAT.
E.B. Haase and L.P. Schramm.* Depts. of Biomedical Eng. and Neuroscience, 
Johns Hopkins Sch. of Med., Baltimore, MD 212Ò5.

The innervation of the guinea pig uterus undergoes a well-documented, preg
nancy-induced denervation followed by a partial reinnervation post partum. 
Previous studies in rat have also reported a pregnancy-induced degeneration of 
uterine innervation, but few observations have been made in post partum rats. 
We studied the pattern of innervation in the uteri of virgin, late pregnant, 1 day 
postpartum, 9-day postpartum and 23-day postpartum Sprague-Dawley rats. 
Immunohistochemistry for μgP 9.5 (as a ubiquitous neuronal marker), tyrosine 
hydroxylase (TO) and dopamine-beta-hyroxylase (DBH) demonstrated a moderate 
number of fibers within the circular and longitudinal myometrial layers of the 
virgin uterus. There was a rich innervation between the two muscle layers, 
particularly around blood vessels. We observed the expected degeneration of 
uterine nerve fibers during pregnancy. The 9-day postpartum rats exhibited 
significant reinnervation in the region between the circular and longitudinal 
layers of the myometrium and also around blood vessels within the myometrial 
layers. By 23-days postpartum, a larger number of fibers were observed both 
in the circular muscle and in the intramyometrial region. Surprisingly, the 
longitudinal muscle of the uterus was hyperipnervated compared to the virgin, 
exhibiting more numerous radially oriented fibers. ТН-Ш and DBH-IR fibers 
followed a pattern which was similar to that of μgP 9.5-Ш fibers, indicating that 
at least part of the hyperinnervation of the longitudinal muscle was sympathetic. 
Post-part um hyperinnervation of the uterine myometrium is a unique obser
vation. Its onset, duration, and functional significance remain to be determined. 
Supported by NIH grants HL16315 and 5T32-HL07581.

212.2
INTRINSIC INNERVATION OF THE CAUDAL OVIDUCT IN THE 
TURKEY. S.L. Freedman* and M.R. Bakst. Dept. of Anatomy and 
Neurobiology, Univ. of Vermont, Burlington, VT and Germplasm and 
Gamete Physiology Lab., USDA, Beltsville, MD 20705.

The Baljet and Drukker (1975) gross АСҺЕ stain revealed the 
extrinsic and intrinsic innervation of the turkey uterus and vagina. 
Pelvic ganglia are present at the origin of oviductal blood vessels and 
concentrate at the uterovaginal junction. Postganglionic nerves run 
parallel with muscle bundles in the outer longitudinal and inner 
circular smooth muscle layers of the uterus. A nerve network is 
present on both the abluminal and adluminal surfaces of the outer 
layer of the uterine muscularis. Isolated neurons are contained in the 
abluminal plexus. Muscle slips originate from the inner circular 
smooth muscle layer and, along with a neurovascular bundle, traverse 
the lamina propria of the uterine mucosa. Nerves could not be 
detected in the uterine epithelium. Nerve fibers also parallel the outer 
longitudinal muscles of the vagina. The inner circular layer of vaginal 
muscularis is densely innervated by nerve fibers that course 
perpendicular to the smooth muscle. Many individual and paired 
neurons are present within the nerve plexus of the vaginal muscularis. 
A scant nerve supply accompanies blood vessels in the lamina propria 
of the vaginal mucosa, but nerves were not identifiable in the vaginal 
epithelium. The results and unique perspective provided in the 
current study significantly augment and clarify the results of previous 
histological investigations.

21 2 .4
HISTOCHEMICAL CHARACTERISTICS OF THE FEMALE RAT INFERIOR 
MESENTERIC GANGLION RELEVANT TO UTERINE INNERVATION. R.E. 
Papka*. D.L. McNeill and B.D. Thompson. Dept. Anatomical Sciences, 
Univ. Oklahoma HSC, Oklahoma City, OK 73190.
The rat uterus is innervated by sensory and autonomic nerves. Sensory 

and sympathetic fibers travel in the hypogastric nerve and are 
associated with the thoracolumbar spinal cord levels T 1 3 -L3  and inferior 
mesenteric ganglion (IMG). Sensory and parasympathetic fibers travel in 
the pelvic nerve and are associated with the lumbosacral cord levels Ц$- 
S<l and pelvic ganglion (μg). We previously reported data concerning the 
neurochemical anatomy of the μg with regard to the uterine innervation; 
the present study was undertaken to characterize the neurochemical 
anatomy of the IMG with regard to the Uterine innervation. Retrograde 
axonal tracers were used to verify projections of IMG neurons to the 
uterus. Immunostaining of IMG cryostat sections revealed neurons 
immunoreactive for NPY and for tyrosine hydroxylase (TH). 
Immunostaining for the synaptic terminal protein synapsin I revealed 
numerous fine terminals immediately surrounding the principal neurons 
and in the interneuronal spaces. Varicosities immunoreactive for galanin 
(GAL), calcitonin gene-related peptide (CGRP), vasoactive intestinal 
polypeptide (VIP) and enkephalin (ENK) appeared to be in association 
with principal neurons. Additional varicosities stained for NADPH- 
diaphorase, thus indicating sites of neuronal nitric oxide synthesis. 
Studies are underway to determine if retrogradely labeled "uterine" 
neurons contain NPY, TH or both NPY/TH and the pattem of association 
between retrogradely labeled "uterine" neurons and varicosities labeled 
for GAL, CGRP, VIP, ENK, substance P, or NADPH-d. (Supported by 
NIH Grant NS22526).
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212.5
EFFECTS OF NEURECTOMIES AND ANESTHESIA ON 
UTERINE AND VAGINAL COMPLIANCE IN CYCLING 
VIRGIN RATS. Charles W. Parker. Monica Little. Elizabeth Wood. 
Charles H. Hubscher. Patrick Basco, and Karen J, Berkley*. Program 
in Neuroscience, Dept. of Psychology (R-54), Florida State Univ., 
Tallahassee, FL 32306-1051.

Female reproductive organs are composed in part of smooth 
muscle whose physical properties may be under active neural control. 
This control was examined by measuring uterine and vaginal 
compliance in different estrous stages and testing how the compliance 
was affected by bilateral hypogastric and pelvic/pudendal 
neurectomies, respectively, and anesthesia. Compliance values were 
obtained by measuring pressures produced by different distension 
volumes recorded in balloons previously implanted in the uterine horn 
or inserted into the vagina in awake and ketamine/xylazine- 
anesthetized rats. Neurectomies increased uterine compliance and 
anesthesia decreased uterine compliance, mainly in diestrus and 
metestrus. No effects were observed for vaginal compliance. These 
results suggest that there are differences in the neural regulation of the 
uterus and vaginal canal in adult virgin rats in different estrous stages. 
These differences have implications for the dynamics of sensations 
provoked by stimulation of different parts of the reproductive tract in 
different biological conditions. Supported by NIH grant NS 11892.

212.7
UNILATERAL DENERVATION INDUCED WEIGHT INCREASE IN 
EPIDIDYMIS SUPPRESSED BY FASTING AND REINSTATED BY 
REFEEDING. M.F. Wiater and N.J. Kennev*. Dept. of Psychology, N1-25, 
Univ. of Washington, Seattle, WA 98195.

The effect of fasting and refeeding on weight of the denervated epididymis 
was investigated in adult Long-Evans rats. Unilateral denervation o f the vas 
deferens, epididymis, testis and epididymal white adipose tissue was 
accomplished through topical application of phenol (90% aqueous solution) to 
the internal spermatic bundle and vas deferens (n=14, DEN rats). Other rats 
received sham-denervations (n=14, SHAM rats). After a 7-day recovery period, 
animals were deprived of food for 2 days. Seven DEN and 7 SHAM rats were 
then sacrificed. The remaining DEN and SHAM rats were refed for 3 days 
before sacrifice. The effects of denervation on organ weight were calculated as 
follows:

manipulated (DEN or SHAM) organ weight
weight ratio= -----------------------------------------------------------

contralterai organ weight.
For fasted rats, weight ratios of testes or of epididymides o f DEN and SHAM 

rats did not differ (p<.96). For refed rats, weight ratios o f testes o f DEN and 
SHAM rats did not differ (p<.53). The denervated epididymis o f refed DEN rats 
but not of refed SHAM rats weighed more than its intact contralateral mate 
føc.Ol). Thus, the increase o f weight of the denervated epididymis, due to 
increased sperm retention expressed by 7 days (Billups et al., Fertility and 
Sterility. 5 3 :1076), is suppressed by fasting and reinstated by refeeding.

212.6
AUTONOMIC INNERVATION OF THE RAT TESTIS. W.D. Steers*.
M. Rauchenwald. C. Desjardins. Depts. of Urol./Physiol., Univ. of Va., 
Charlottesville, VA. 22908. Retrograde axonal tracing and 
electrophysiological methods were used to examine afferent and efferent 
pathways of the rat testis. Injections (10(1) of Fluoro-Gold and Fast Blue 
(n=7) revealed that the ipsilateral pelvic accessory (PAG) (32%) and major 
pelvic ganglia (Mμ g ) (30%) provide the predominant efferent input to the 
testis rather than the spermatic plexus (3%). Up to 9% of contralateral 
neurons supply the testis. Significant labelling in the PAG & Mμ g  was not 
seen following scrotal, intraluminal vas, or vascular injections o f tracers. 
Afferent neurons to the testis originated in the L1/L2 (57%) and the L6/S1 
(7%) DRGs corresponding to sympathetic and parasympathetic levels. 
Immunohistochemical staining showed that efferent neurons were ER for TH 
(35%), NPY (26%) and VIP (23%) while afferente contained CGRP (34%), 
SP (21%) and VIP (24%). Electrostimulation of the hypogastric nerve and 
sympathetic chain (0.8-30V) produced vasoconstriction in the ipsilateral 
testicular artery (7.5%) A(DIA) in contrast to vasodilation (5.5%) followed 
by vasoconstriction (5.4%) with stimulation of the pelvic nerve. 
Vasoconstriction was prevented by phentolamine while vasodilation was 
abolished by atropine. These results suggest that classical descriptions of 
testis innervation should be revised and that sympathetic and 
parasympathetic pelvic neurons provide the major input to this organ.

212.8
NEURONS ACTIVE DURING SPINAL SEXUAL REFLEXES IN MALE RATS 
PROJECT TO THE Nμ g I. A.M. Petemel*. L. Marson and K.E. McKenna. Dept. 
of Physiology, Northwestern University Medical School, Chicago IL 60611 

Urethral stimulation in spinalized, anesthetized male rats reliably elicits a spinal 
sexual reflex, the urethrogenital (UG) reflex. It can also be evoked in animals with 
bilateral lesions of the nucleus paragigantocellularis (nμ g i) which provides tonic 
descending inhibition o f the UG reflex. Injections o f WGA-HRP have revealed 
reciprocal connections o f the nμ g i and the lumbosacral spinal cord. We have also 
reported lumbosacral neurons which showed fo s -like immunoreactivity (FLI) after 
repetitive dictation o f the UG reflex. Experimental animals showed distinctive 
patterns of FLI in the IML, Lamina X, and the ventral horn when compared to 
control animals in which UG reflexes were not elicited.

In order to address whether any of these neurons also project to the nμ g i, 
fluorogold was injected into the nμ g i at least 10 days prior to the elicitation of UG 
reflexes, and the lumbosacral spinal cord was processed for fos  immunoreactivity 
with sheep anti-/<w antibodies using the ABC method and diaminobenzidine with 
nickel-intensification. Rats that had UG reflexes elicited demonstrated double- 
labelled cells whereas controls with similar numbers o f fluorogold-labelled neurons 
displayed virtually no double-labelled cells. Experimental animals undergoing UG 
reflexes exhibited double-labelled cells in T13-L3 in Laminae I and IV and in the 
IML. The sympathetic preganglionic neurons o f the hypogastric nerve are located 
in Lamina X and the IML from T13-L2. Rats in which UG reflexes were elicited 
also demonstrated double labelled cells in L5 in Laminae VII and X as well as the 
IML. In an animal with a larger nμ g i injection site, double-labelled cells were also 
seen in Laminae V and VI of L5 and from L6-S2 in Laminae V-VII, Lamina X, and 
the SPN. The parasympathetic preganglionic neurons o f the pelvic nerve are found 
in the SPN from L6-S1. Thus, in regions putatively important to sexual function, 
there are cells active during spinal sexual reflexes which project to the the 
brainstem site of tonic descending inhibition, the nμ g i.

AUTONOMIC REGULATION: URINARY SYSTEM INNERVATION

213.1
RELATIONSHIP OF NITRIC OXIDE SYNTHASE (NOS) TO L6/S1 SPINAL 
NEURONS THAT PROJECT TO THE PONTINE MICTURITION CENTER 
(PMC) IN THE RAT. D.L. McNeill*. R.E. Panka. M.O. Hamilton. D.L. 
O’Donoghue and B. Maver. Dept of Anat. Sci., Univ. of Oklahoma Hlth. Sci. 
Ctr, Oklahoma City, OK 73190 and Inst for Pharm, and Toxicol., Karl-Franzens 
Univ., Graz, Austria.

Previous studies have demonstrated that spinal neurons located in the sacral 
parasympathetic nucleus (SPN) and lamina X project to supraspinal loci. In 
addition, numerous neurons immunoreactive for NOS in the L6/S1 spinal cord 
are located in the SPN and lamina X. Thus, this study was performed to 
determine if neurons of the L6/S1 SPN and lamina X that project to the PMC 
contain NOS immunoreactivity. Using anesthetized male Sprague-Dawley rats, 
the retrograde axonal tracer Fluorogold (FG) was injected stereotaxically into 
the PMC. Eight days post-injection the rats were perfusion fixed and the L6/S1 
spinal cord segments were removed and processed for NOS immunoreactivity. 
The antigen-antibody binding site was visualized by using a fluorescein 
isothiocyanate-labeled secondary antibody. In each cryostat section of the L6/S1 
spinal cord, approximately 4 FG-labeled neurons were present in lamina X and 
in the SPN ipsilateral to the PMC iąjection. Occasional FG-labeled neurons 
were observed in the contralateral SPN. Neurons immunoreactive for NOS were 
abundant in the SPN and lamina X. Interestingly, NOS immunoreactivity was 
not observed in FG-labeled neurons of lamina X. In addition, FG-labeled 
neurons in the SPN appeared to represent a separate population of neurons that 
was located immediately dorsal to those SPN neurons containing NOS 
immunoreactivity. These data suggest that although neurons in the L6/S1 SPN 
and lamina X project to the PMC, they represent a different, but adjacent, 
subpopulation of neurons from those that contain NOS immunoreactivity.

213.2
LUMBOSACRAL SPINAL CORD AND PONTINE MICTURITION 
CENTER NEUR O N S LABELLED FOLLOWING THE INJEC
TION OF PSEUDORABIES VIRUS INTO THE RAT URINARY 
BLADDER L Nadelhaft f l .2 .3 )  and P.L. V era fU L  *VA Med Ctr 
& D ep ts  o f  2Pharm acology & 3Neurosurgery, U niversity o f 
Pittsburgh Medical School, Pittsburgh, PA.

The urinary bladders o f m ale Sprague-Dawley rats were in
jected with pseudorabies virus (PRV, Bartha strain) following the 
transection o f one pelvic nerve. In som e cases the hypogastric 
nerves and sympathetic chains were also transected. Rats were 
maintained for 2, 2.5 and 3 days following viral infection. In the 
L6-S1 spinal cord, ipsilateral preganglionic neurons in the sacral 
parasympathetic nucleus (SPN) were labelled after 2 days. After
2.5 days labelled neurons were also found in the dorsal gray com- 
m issu r e  (D G C ) and  in  th e  c o n tr a la te r a l SP N  area . Im- 
m u nohistochem istry  show ed that som e o f the PR V -positive  
neurons in D G C  and contralateral SPN were also cholinergic. 
After 3 days, labelling was extensive in L6-S1 cord and appeared, 
for the first tim e, in the superficial dorsal horn and also in the 
brain stem. In the brain, cells in both pontine micturition centers 
(PM C) were labelled in equal numbers. The only other labelled 
neurons in the brain were found in the raphe and lateral reticular 
regions. These results show that contralateral SPN neurons are 
connected with ipsilateral SPNs either directly or via intermediates 
in the DGC. Neurons in the medullary reticular and raphe regions 
and in the PMC are the nearest supraspinal cells afferent to the 
SPN neurons. Finally, neurons from each PMC project to targets 
in both SPNs.
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213.3
INHIBITORY FUNCTIONS OF EFFERENT AND A FFERENT PATHWAYS 
IN THE PELVIC NERVE ON BLADDER ACTIVITY IN THE IN VITRO 
NEONATAL RAT SPINAL CORD-BLADDER PREPARATION. K, Sugava 
and W.C. de Groat. Dept. of Pharmacology, Univ. of Pittsburgh, PA 15261.

Bladder activity of the neonatal rat is tonically inhibited by input from the 
lumbosacral spinal cord via the pelvic nerve. This study was undertaken to 
examine the inhibitory functions of efferent or afferent pathways in the pelvic 
nerve on bladder activity using ventral or dorsal root transected spinal cord- 
bladder preparations of the neonatal rat. The bladder and the spinal cord 
caudal to LI were isolated together from 2- to 6-day-old rats under 
hypothermic anesthesia. The spinal roots rostral to L3 and the ventral or 
dorsal roots rostral to S3 were transected. The preparation w as placed in a 
chamber perfused w ith Krebs solution that was equilibrated with 95% 0 2-5% 
C 0 2 and maintained at 26-27°C. Isovolumetric bladder contractions occurring 
spontaneously or induced by electrical stim ulation (ES) of the bladder wall 
were measured by a needle inserted into the bladder. In ventral (n=10) or 
dorsal root (n = 6) transected preparations, removal of the spinal cord enhanced 
(9.0-58.6 %) the amplitude of spontaneous and ES-evoked contractions. In 
ventral (n =3) or dorsal root ( n = l)  transected preparations in which the 
bladder was filled with a volume that was subthreshold for eliciting 
spontaneous contractions, removal of the spinal cord produced spontaneous 
contractions. In dorsal root transected preparations, MK-801 (10 μΜ) but not 
bicuculline methiodide (10 μΜ) enhanced (34.5-56.4 %) the amplitude of 
spontaneous and ES-evoked contractions. These results dem onstrate that 
bladder activity of the neonatal rat is tonically inhibited by input from the 
lumbosacral spinal cord via both parasympathetic and sensory pathways in the 
pelvic nerve. Glutamatergic transm ission in the lumbosacral spinal cord 
appears to facilitate the spinal m echanism which generates the inhibitory 
parasympathetic outflow to the bladder.

213.5
COMPARISON OF MICTURITION REFLEXES IN URETHANE- 
ANESTHETIZED AND UNANESTHETIZED DECEREBRATE 
RATS. M. Yoshivama*. J.R. R o p p o Io & W.C. de Groat. Dept. of 
Pharmacol., Univ. of Pittsburgh, Sch. of Med., Pittsburgh, PA 15261.

The differences in bladder reflexes between urethane-anesthetized 
(1 .2  g /kg s.c.) intact (Al, л = 1 0 ) and unanesthetized precollicular 
decerebrate (UD, n  = 5) Sprague-Dawley female rats (220-280 g) were 
examined by evaluating the volume threshold (VT), voided volume 
(W ), amplitude (AMP) and duration (DUR) of micturition 
contractions using slow rate (0.04 m l/m in) or fast rate (0.21 m l/min) 
infusion cystometrograms (CMG). Decerebrate animals were prepared 
while anesthetized with 2% halothane. Anesthesia was then stopped 
and the experiment begun one hour later. In AI rats, changing the 
infusion rate between slow and fast, did not affect either AMP or 
DUR. These observations are consistent with those of Maggi e t a l  
(Am. J. P h y s io l ,  251: R250-R257,1986). On the contrary, during fast 
infusion, in the UD rat, the AMP was increased by 2.9 times but 
DUR was not changed. There was no significant difference between 
AI and UD in either AMP or DUR during slow infusion CMG. 
However, during fast infusion CMG, AMP and DUR in UD were 2.9 
and 2.4 times larger respectively than in AI. VT of AI and UD were
0.51 and 0.28 ml. Voiding efficiency (voided volume/volume 
threshold) of AI and UD were 56% and 91%, respectively. These 
differences in lower urinary tract function in AI and UD may be due 
in part to the effects of urethane anesthesia. However, removal of 
forebrain descending inhibitory pathways may also contribute to the 
enhanced micturition reflex seen in the decerebrate animal.

213.7
E F F E C T  O F A C U T E  S P IN A L  C O R D  B L O C K  O N  M IC T U R IT IO N  
R E FL E X E S IN  T H E  A D U L T  R A T . W.F. C ollins. III.* and D. Alspaugh. 
Dept. o f  Neurobiology and Behavior, SU N Y , Stony Brook, N Y  11794.

In rats, the external urethral sphincter (EUS) is inactive during bladder 
filling and active during bladder contraction. V oiding occurs at the peak o f  
bladder contraction when the EUS abruptly sw itches from tonic activity to 
phasic bursts o f  contractions. Supraspinal input is essential for this bursting 
behavior since it is abolished by chronic spinal cord transection (Kruse, et. 
al., 1992). In the present study, we examined the effect o f  acute spinal cord 
block with lidocaine on bladder and EUS activity in an attempt to identify  
spinal com ponents o f  micturition reflexes. In urethane anesthetized adult 
fem ale rats, micturition reflexes were elicited by constant infusion o f  warm  
saline through a tube in the bladder dom e, and bladder pressure and EUS  
EMG activity were monitored. Saline infusion (0 .08-0 .22  m l/min) produced 
a repetitive series o f  m icturition even ts every  2 -4  m in that were  
characterized  by sm all am plitude (1 -2  m m H g) rhythm ic bladder  
contractions fo llow ed by a single large amplitude (25 -3 0  m mH g) bladder 
contraction. Tonic EUS activity was observed during bladder contractions, 
and phasic bursts o f  EUS activity and voiding occurred only during the 
large amplitude bladder contraction. Follow in g application o f  lidocaine  
(1%) to the thoracic spinal cord (T10), the pressure threshold for bladder 
contraction and EUS activation was increased by 5-15  m mHg. Bladder 
contractions were rhythm ic and ranged from  sm all (1 -3  m m H g) to 
m oderate (1 5 -2 0  m m H g) in am pltude. Large a m p litu d e bladder  
contractions with phasic bursts o f  EUS activity and void ing were not 
observed. The effects o f  lidocaine block were reversed by flushing with 
saline. Our results indicate that reflexes controlling bladder and EUS  
contraction are normally present in the rat spinal cord and that the gain and 
threshold o f  these reflexes are modulated by supraspinal inputs. Supported 
by B N S -9111207 (W FC).

213.4
MICROSTIMULATION OF THE SACRAL CORD WITH TWO 
MICROELECTRODES PRODUCES ADDITIVE AND SYNERGISTIC 
BLADDER CONTRACTIONS (BC). J.R. RodpoIq·. A.M. Booth & W.C. de 
Groat. Univ. of Pittsburgh, Dept. of Pharmacol. μgh, PA 15261.

Previous studies from this laboratoiy have shown that microstimulation of 
S2 spinal cord near the sacral parasympathetic neurons or axons could produce 
large (20-50cm H20 )  bladder contractions w ith minimal (5-20cm H 20 )  external 
urethral sphincter (EUS) activity. This study investigated the use of two 
microelectrodes placed at different sites in the Sj cord with the goal of 
maxim izing the amplitude of BC and m inim izing EUS activity. Male cats were 
anesthetized w ith a-chloralose (70 m gД g) and cannulae were placed in bladder 
and urethra for pressure recordings. A laminectom y exposed the lumbosacral 
spinal cord. Sacral ventral root stim ulation was used to determine the 
segm ent (usually S^ which produced the largest BC. Two activated iridium 
microelectrodes (200 p2-tip surface) were positioned so that each produced a 
large BC w ith minim um  EUS activity. Sub-maximal, bilateral stimulation 
(15HZ, 0.2msec, lOsec, 5-50/jA) w ith electrodes on opposite sides of the cord 
produced BC which were additive or supra-additive (synergistic). Stimulation 
w ith both electrodes on the same side of the cord separated by 4  - 8 mm 
rostro-caudally produced at best additive effects and synergism  w as never seen. 
Sim ultaneous stim ulation of both electrodes produced the largest bladder 
responses; while delaying the onset of stim ulation of one electrode relative to 
the other, by 1 to 10 sec, produced a smaller response. These studies have 
identified m echanism s which produce synergistic bladder facilitation with 
bilateral stim ulation but not w ith  unilateral stim ulation. W hile the location of 
this synergy (central or peripheral) is not established, a central location seems 
likely. Supported by NIH contract #  N 01N S22374.

213.6
EFFECT OF BLADDER DISUSE ON MICTURITION REFLEXES 
AFTER SPINAL CORD INJURY. M.N. Kruse*. B. Bennett, and 
W.C. de Groat. Dept. of Pharmacology, Univ. of Pittsburgh, 15261.

Patients with suprasacral spinal cord injury usually exhibit 
severe lower urinary tract dysfunction which is generally 
attributed to loss of supraspinal input to the spinal micturition 
centers. However some of the dysfunction may also arise 
secondarily to bladder overdistension during the initial period of 
bladder areflexia. This study evaluated the consequences of 
bladder overdistension by surgically diverting the ureters to the 
colon or fallopian tubes in spinalized (T8 - T10) female rats. 
Bladder function was evaluated in urethane anesthetized control 
and spinalized animals ~24 days after urinary diversion. 
Chronically spinalized diverted rats exhibited similar micturition 
dysfunction as spinalized non-diverted rats: bladder/sphincter 
dyssynergia, incomplete voiding, and ineffective (non-voiding) 
bladder contractions. These data indicate that neither the 
condition of the bladder (e.g., chronic overdistension, bladder 
hypertrophy) nor afferent input from the bladder to the spinal 
cord dictate the development of automatic micturition and 
micturition dysfunction after spinal cord injury, suggesting that 
the dysfunction is intrinsic to spinal micturition reflex pathways. 
(Supported by the PVA Spinal Cord Research Foundation.)

213.8
DIFFERENTIAL DISTRIBUTION OF NADPH-DIAPHORASE (NADPH-d) 
AND NITRIC OXIDE SYNTHASE (NO S) IMMUNOREACTIVITY IN 
THE THORACOLUMBAR-SACRAL SPINAL CORD OF THE CAT. W.C. 
de Groat*. M.A. Vizzard. S.L. Er dm an. V.L. Erickson. R.J. Stewart. I.R.

Pittsburgh, PA 15261 and aAbbott Laboratories, Abbott Park, IL 60064.
Previous histochemical and pharmacological studies have raised the possibility 

that nitric oxide (NO) is a transmitter in visceral afferent and preganglionic 
efferent neurons. The present studies were performed to determine whether 
NADPH-d activity is also associated with lumbosacral afferent and spinal 
autonomic neurons in the cat and to determine the correlation between NADPH-d 
and NOS localization within these regions. NOS immunoreactivity (IR) and 
NADPH-d activity were examined with standard histochemical methods. Tissue 
was obtained from 11 adult cats (3-5.4 kg) o f either sex. NADPH-d was 
detected at various levels o f the cord in cells: ( 1) around the central canal and 
dorsal commissure, (2) in lamina II o f the dorsal horn, (3) in lateral lamina V in 
the sacral cord and (4) in sympathetic preganglionic neurons (Sμ g N) in the 
intermediolateral nucleus but not in parasympathetic μ g Ns in the sacral 
autonomic nucleus. These NADPH-d positive cells also exhibited NOS-IR. 
Intense NADPH-d staining was also prominent in fibers in Lissauer's tract and in 
lamina I on the lateral edge o f the dorsal horn in the sacral segments. These 
fibers were eliminated by sacral dorsal root transection. The fibers did not exhibit 
NOS-IR. NADPH-d and NOS-IR neurons were also detected in lumbosacral 
dorsal root ganglia. These results indicate that: (1) at certain sites in the cat spinal 
cord NADPH-d and NOS-IR are not colocalized, (2) nitric oxide may function as 
a transmitter in lumbar sympathetic preganglionic pathways and (3) sacral 
preganglionic neurons probably do not synthesize nitric oxide. [Supported by 
NIH grants DK 37241 and DK 42369, NSF grant BNS-890-8934 and NIMH 
Training Grant MH 18273.]
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213.9
ROLE OF NITRIC OXIDE IN REFLEX URETHRAL SPHINCTER RELAXATION 
DURING MICTURITION. B.C. Bennett. M.A. Vizzard. A.M. Booth* and W.C. de 
Groat University of Pittsburgh, Dept. of Pharmacology, Pittsburgh, PA 15261.

Micturition requires the coordinated contraction of the bladder and the reciprocal 
relaxation of bladder outlet. This study investigated bladder outlet activity during 
micturition and the role of nitric oxide (NO) in urethral relaxation. Isovolumetric 
bladder contractions, urethral pressure, and external urethral sphincter (EUS) EMG 
activity were recorded in urethane anesthetized female rats. After ligating the urethra, 
intraurethral pressure was recorded via a catheter through which saline was infused at
0.1 cc/min. Another catheter, inserted through the bladder dome, recorded intravesical 
pressure. The bladder was filled with saline until reflex micturition was induced, 
evident as rhythmic (0.25-1/min), large amplitude (20-40 cm H2O) bladder 
contractions. The reflex urethral and detrusor contractions were eliminated by 
emptying the bladder. The urethral response consisted of an initial reduction in tonic 
urethral pressure followed by high frequency oscillations (HFO) and then a return of 
pressure to baseline levels. The HFOs were associated with maximal urethral 
relaxation and a period of bursting EUS EMG activity. Administration of N-nitro-L- 
arginine (L-NOARG; 10 mg/kg, IV), a nitric oxide synthase inhibitor, reversibly 
decreased the magnitude (62%, P< 0.05) and the duration (40%, P< 0.05) of urethral 
relaxation (N=7) but did not effect baseline pressure. L-NOARG had no effect on 
amplitude or duration of bladder contractions. Neuromuscular blockade (Vercuronium 
bromide, 0.5 mg/kg, IV) reversibly decreased baseline urethral pressure and inhibited 
the HFOs. The urethral smooth muscle relaxation that remained following 
neuromuscular blockade was of slow onset and prolonged duration. Administration of 
L-NOARG (10 mg/kg, IV) during neuromuscular blockade inhibited urethral smooth 
muscle relaxation in 2 of 3 animals. NADPH diaphorase (NADPH-d) histochemistry 
was used in combination with axonal labeling techniques to determine if NADPH-d is 
present in postganglionic efferent pathways to the rat urethra. In the major pelvic 
ganglion, 43.7 ± 3.5% (N=6) of urethral postganglionic neurons labeled with 
fluorescent dyes were NADPH-d positive. Since NADPH-d activity commonly 
reflects the presence of nitric oxide synthase, these findings support the view that NO 
has a neurotransmitter role in efferent pathways to the urethra. The results also suggest 
that reflex urethral responses during micturition involve changes in both smooth and 
striated muscle activity and that reflex urethral smooth muscle relaxation is mediated 
by NO.

213.11
Unexpected effects of norepinephrine re-uptake inhibitors on 
hypogastric nerve evoked urethral contractions in the cat. K.B. 
Thor*. B. Kropp. J, Springer. Lilly Research Labs, Indianapolis, IN 
46285

Release of norepinephrine (NE) from hypogastric nerve (HGN) 
terminals produces an a  receptor-mediated contraction of the urethra. 
It was hypothesized that blockade of NE re-uptake would increase the 
amount of NE reaching the a receptors and increase the magnitude of 
the contraction. Thus the present study examined the effects of 2 
selective NE uptake inhibitors, nisoxetine (NIS) and tomoxetine 
(TOM), on HGN-evoked urethral contractions (HGN-contractions). 
In anesthetized cats, the HGNs were electrically stimulated while 
recording urethral pressure through a catheter. NIS or TOM were 
administered i.v. and HGN stimulation repeated. Both NIS (0.03-1.0 
mg/kg) and TOM (0.3-3 mg/kg) produced dose-dependent decreases in 
HGN-contractions (to 50% and 60% of control). Subsequent 
administration of propranolol (PROP), a ß antagonist, produced 15-16 
fold increases in the HGN-contractions. In separate experiments, 
PROP was administered prior to NIS, and PROP produced 3-4 fold 
increases in HGN-evoked contractions. Subsequent NIS 
administration produced increases (to 200% of post-PROP control 
levels) in HGN-contractions. Since NIS decreased HGN-contractions 
in control cats but increased HGN-contractions in PROP-treated cats, 
NIS must increase the amount of NE that reaches urethral ß receptors. 
This occurrence is explained by different distributions of a and ß 
receptors in the urethra, where a receptors are predominantly 
junctional, while ß receptors are predominantly extrajunctional, with 
respect to the nerve terminal.

213.10
MECHANICAL STRETCH INCREASES NGF PRODUCTION AND ELICITS 
SPINAL CORD NEUROPLASTICITY AFTER BLADDER OUTLET OB
STRUCTION S.D. Herrell. W.D. Steers. D.J. Creedon and J.B. Tuttle*. 
Departments of Urology and Neuroscience, University of Virginia School 
of Medicine, Charlottesville, VA 22908

Nerve growth factor (NGF) may cause plasticity in the adult spinal 
cord accompanying bladder hypertrophy from outlet obstruction. 
Cultures of bladder smooth muscle cells were subjected to mechani
cal deformation (1-10 cycles/min; 10-24% elongation) and compared 
to unflexed control cultures. NGF accumulation in the culture 
medium was measured by 2-site ELISA. Flexed cells secreted up to 
100% more NGF than controls (p<0.05), suggesting mechanical 
activation stimulates NGF production. Adult 9 rats immunized with 
purified murine 2.5S NGF were titered for anti-NGF by bioassay. NGF 
immunity in obstructed (OBS) rats prevented all of the following: 
urinary frequency (p<0.05), hypertrophy of bladder DRG somata 
(p<0.05), increased WGA-HRP label (p<0.05) in L6/S1 spinal cord 
and an enhanced spinal reflex. Increased GAP-43 expression by OBS 
animals in sacral spinal cord (GAP-43 densitometry: Cntl = 6.6±
4.3% area above background; OBS = 26.7±6.5% ; Immune + OBS = 
3.0±2.8% ) was also blocked by NGF immunity. This data provides 
compelling evidence that elevated peripheral NGF supply following 
bladder outlet obstruction mediates changes in micturition by altering 
afferents projecting to the sacral spinal cord. Stretch-induced bladder 
smooth muscle hypertrophy is implicated as the initiating process. 
Supported by NINDS, NIDDK and the Alexander Foundation.

213.12
D O PA M IN E  R E C E PTO R S ACTIVATE CENTRAL E F
FERENT MICIIJRITION PATHWAYS IN THE RAT.
Pęd rp U  V e ra * !) and Irving Nfrdęlhąft (1 -3 ), D epts. o f  
Neurosurgery(l) and Pharmacology(2), U. of Pittsburgh Medi
cal School; VA Med. Ctr (3), Pittsburgh, PA.

Bladder post-ganglionic nerves (BPNs) were isolated and 
cut distally in urethane-anesthetized rats. The efferent ac
tivity of BPNs was recorded at rest (bladder empty) and dur
ing filling (transvesical). At rest, the BPNs were quiescent and 
rem ained so during most of the filling cycle. However, ac
tivity increased during a bladder contraction  and ended  
abruptly at urethral closing.

Activation of dopamine receptors with the mixed agonist 
apomorphine (0 .1-1  mg/kg; iv) induced massive firing in the 
BPNs at rest (empty bladder). The activation time was dose- 
dependent and could be abolished by haloperidol (1  mg/kg; 
iv), sulpiride (20 mg/kg; iv) or Arfonad (15 mg/kg; iv).

Intrathecal adm inistration o f apom orphine (40 ug) pro
duced essentially the same results on the activity of BPNs. In
hibition of bladder contractions produced by the spinal action 
of MK-801 (30 ug; it) was reversed by apomorphine (iv).

Therefore, dopamine receptors appear to activate central 
efferent micturition pathways in the absence of any bladder 
afferent stimulation (empty bladder). Some of the activation is 
taking place at a spinal level, although a supraspinal site of 
action cannot be ruled out.

213.13 213.14
NERVE GROW TH FACTOR LEVELS IN  THE URINARY  
BLADDER A N D  H Y P E R T R O P H Y  O F D O R SA L  R O O T  
GANGLION N EURO NS IN  STREPTOZOTOCIN-DIABETIC  
RATS B.C. Steinbacher Ш . P.L, ҮегаП .З). I. Nadelhaft (1.2.3) 
and PJ. Jannetta*(3) . 1 V A  Med Ctr & Depts of Pharm acology & 
3Neurosurgery, U n iversity  o f  P ittsburgh M edical School, 
Pittsburgh, PA

We have measured the levels of nerve growth factor (NGF) in 
the urinary bladder and the sizes o f lum bosacral dorsal root 
ganglion neurons (D R G ) in streptozotocin-diabetic and in control 
rats. Female rats (175-200 gm) were made diabetic by injection 
into a tail vein. B ladder N G F  was m easured tty ELISA and 
neuron sizes were measured in LI, L2, L6 , and SI DRG s two 
days after the injection o f the retrograde tracer Fast Blue into 
the bladder. M easurements were made at 4, 7, 14, 2 1  and 28 
days. NGF levels increased shaiply to reach a peak o f 256 + / -  34 
μg/100mg wet wt (M EAN + / -  SEM) at 7 days, after which there 
was a slow decline to 131 + / -  9.3 at 28 days. Control values dis
played no time dependence and were about 71.6 + / -  15.2. The 
average L6-S1 D R G  areas increased m ore slowly than NG F  
levels, reaching a peak o f 816.3 + / -  76.5 at 21 days and declin
ing to 690.5 + / -  9.2 square microns at 28 days. L1-L2 DR G  
areas displayed a similar time dependence with a peak value of 
870 + / -  30 between 14 and 21 days. L1-L2 D R G  areas of STZ  
rats were always significantly larger than the non-diabetic con
trols. D R G  areas for the control animals were 450 + / -  30 for 
both L1-L2 and L6-S1.

TACHYKININ RECEPTORS ON CAPSAICIN-SENSITIVE FIBERS IN THE 
RAT URINARY BLADDER- IN VIVO FUNCTIONAL STUDIES. A. Lecci.
S. Giuliani, S, Meinl and C.A. Maggi*. Pharmacol. Res. Dept. Menarlni 
Pharmaceuticals, Florence 50131, Italy.

Binding and  functional s tud ies  have shown the p resence of 
tachykinin (TK) NK-1 and NK-2 receptors in the ra t urinary bladder 
(UB) which are located on the smooth muscle. A portion of NK-2 
binding, which is localized in the submucosa, disappear after neonatal 
capsaicin (CAP) pretreatm ent suggesting a neuronal localization. 
Likewise, the  num ber of NK-1 receptors decreases after CAP 
pretreatm ent in the adult life. In the present study we investigated the 
effect of CAP pretreatm ent in the adulthood to modify the reflexogenic 
properties (vesico-vesical reflex) of various TK receptor agonists after 
topical application on the UB of urethane-anesthetized rats. Septide 
and [Sar^JSP sulfone, selective NK-1 receptor agonists, L3Ala8]NKA(4- 
10), selective NK-2 receptor agonist, and neurokinin B (NKB), which is 
capable to stimulate both receptors, induced a low amplitude tonic UB 
contraction, due to a direct stim ulation of smooth muscle, and high 
amplitude phasic contractions of reflex origin abolished by bilateral 
pelvic ganglionectomy. In control rats, ED50 (c.l. 95%) for inducing 
reflex contractions are: 1.5 (0.2-10.3) pm ol/rat for septide, 3.1 (0.7- 
13.5) pm ol/rat for (Sar^SP sulfone, 1.4 (0.1-13.9) for [£Ala8jNKA(4-10) 
and 0.9 (0.2-3.1) for NKB. CAP pretreatm ent (50 m g/kg s.c., 4 days 
before experiments) significantly increased ED50s for septide (95.6, 
15.8-578.4 c.l.), [Sar^SP sulfone (96.1, 22.7-406.7 c.l.) and NKB (23.9, 
4.18-136.4 c.l.) bu t not tha t of [£Ala8)NKA(4-10) (1.7, 0.1-21.4 c.l.). 
The present results suggest that excitatory NK-1 receptors are present 
on sensory fibers sensitive to the neurotoxic effect of CAP in the 
adulthood and NKB could be a ligand for such  receptors. NK-2 
receptors could be located on a different subset of sensory fibers which 
are resistant to the toxic effect of CAP in the adult Ufe.
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213.15
NADPH-DIAPHORASE ACTIVITY IS PRESENT IN MANY 
NEURONS WITHIN THE CAT PELVIC PLEXUS AND URINARY 
TRACT. I. R. Keast* and M. Kawatani, *Dept. Physiol, and Pharmacol., 
Univ. Queensland, Q 4072, Australia and Dept. Physiol., Showa 
University, Tokyo 142, Japan.

Nitric oxide synthase (NOS) is found in many autonomic 
postganglionic neurons and its product, nitric oxide, is a 
neurotransmitter causing smooth muscle relaxation at some of their 
targets. This study examines the distribution of NOS within the lower 
urinary tract of the cat (both genders), and its associated vesical and 
pelvic ganglia. NADPH diaphorase (ND) staining was used as an 
indicator of NOS distribution. ND axons were w idely distributed 
throughout the detrusor and trigone smooth muscle of the bladder. 
ND axons were also present in the mucosa, surrounding blood vessels 
and beneath the epithelium. The most prominent ND staining was in 
the urethra, where an increased density of ND fibres was present 
within the smooth muscle and mucosa. Small ganglia containing 
darkly stained somata were also found in the mucosa of some urethra 
sections. Larger ganglia with ND somata were found on the serosal 
surface of the urethra and bladder and within the pelvic plexus. Within 
these ganglia ND somata appeared to constitute at least half of the 
neurons and, in some cases, virtually all of the somata. These studies 
have shown that nitric oxide may be an important transmitter within 
many regions of the cat lower urinary tract.

SO M A T IC  A N D  V IS C E R A L  A F F E R E N T S  III

214.1
R E P E T IT IV E  A D M IN IS T R A T IO N  O F C IS P L A T IN  
AUGMENTED CISPLATIN-INDUCED EMESIS IN S U N C U S  
M U R I N U S . bL Matsuki*. Yį. Torii. Y, Ikegaya and ÍL Saito. Dept. of 
Chem. Pharmacol., Fac. of Pharmaceut. Sci., The Univ. of Tokyo, 
Tokyo 113, Japan.

Nausea and vomiting are frequently results of anticancer therapy, 
and the involvement of serotonergic 5-HT3 receptor-mediated mecha
nism in cisplatin-induced emesis has been demonstrated. Specific 5- 
HT3 antagonists prevent acute cisplatin-induced emesis, but are less 
effective against anticipatory nausea and vomiting which is generally 
considered as Pavlovian type conditioning. In the present study we 
found that repetitive administration of cisplatin exaggerates cisplatin- 
induced emesis in S u n cu s m u rin u s  (house musk shrew). Cisplatin (5- 
1 0  mg/kg/day) was injected for three days, and emetic effects of 2 0  
mg/kg cisplatin were tested on fourth day. Numbers o f vomiting 
episodes in cisplatin-treated group were significantly higher than 
those in saline-treated group. Serotonin- but not veratrine-induced 
emesis was also augmented in the cisplatin-treated group. The con
tent o f serotonin in the intestine did not change after the repetitive 
treatment with cisplatin. Tropisetron was less effective in cisplatin- 
treated group. These results suggested that repetitive administration 
of cisplatin specifically exaggerates the subsequent cisplatin-induced 
emesis probably through the sensitization to serotonin and that this 
augmentation cannot be explained by simple Pavlovian type condi
tioning.

214.3
ELECTROPHYSIOLOGICAL PROPERTIES OF NEURONS IN THE 

JUGULAR/PETROSÀL GANGLION COMPLEX OF THE GUINEA PIG. J A ,  
Τοαο and E.P. Christian *. Department of Pharmacology, Zeneca 
Pharmaceuticals Group, Wilmington, DE 19897.

Neurons in the jugular and petrosal ganglia provide major sources of 
afferent innervation to organs in the cardiovascular, gastrointestinal and 
respiratory systems, but little is known about their excitable properties. 
Microelectrode and whole cell patch clamp techniques were used to 
characterize membrane properties and ionic conductances in acutely 
dissociated neurons from these ganglia. Current-clamp recordings 
(n = 17) showed a mean (±SEM) membrane potential of -49±2 mV, input 
resistance of 68±14 ΜΩ, action potential amplitude of 86±3 mV and 
duration 2.2±0.4 ms, and spike afterhyperpolarization (AHP) amplitude 
of -33±2 mV and duration of 8.0±1.5 ms. 7/15 neurons revealed a long 
duration (>1 sec) Ca2 +-dependent AHP.

The profile of ionic conductances in most jugular/petrosal neurons 
appears to differ from that previously published for visceral afferent 
neurons in the nodose ganglion, as follows: 1) "А-like" (inactivation τ 
.<50 ms) voltage-dependent K + current was rarely observed (1/16) in 
jugular/petrosal neurons, 2) only 1/8 jugular/petrosal neurons revealed 
tetrodotoxin (1 pM)-sensitive action potentials, and 3) no inwardly 
rectifying current was observed during hyperpolarizing (-70 to -120 mV) 
voltage steps in 7/7 jugular/petrosal neurons. Differences between 
jugular, petrosal and nodose neurons are being investigated further, as 
they may provide insight into divergent functional adaptations of these 
visceral afferents.

214.2
O RAL IR R IT A T IO N  B Y  A C ID  ST IM U LI: R O L E  O F T H E  
E P IT H E LIU M  A N D R E SPO N SE  PR O PE R T IE S O F L IN G U A L  
T R IG E M IN A L N EUR O N S. P A. Moore and B, Brvant* (Monell Chemical 
Senses Center, 3500 Market St. Philadelphia, PA  19104)

The lingual trigeminal nerve signals die presence o f  noxious and innocuous 
stimuli in the oral cavity. In order to determine how potentially irritating acidic 
stimuli are encoded by trigeminal neurons, we studied the response properties 
o f  lingual trigeminal neurons using both single- and multiunit extracellular 
recordings from anesthetized rats. Stimuli were presented at 30° C to the 
dorsal surface o f  the tongue for 5-10 s and were rinsed with deionized water at 
the same temperature. Chemical stimuli consisted o f  saturated fatty acids 
(carbon chain length 1 to 6) at two different concentrations: 86 mM (C6 to 
C l), and 300 mM (C5 to C l) . These concentrations were determined by the 
solubilities o f  hexanoic acid (86 mM), and pentanoic acid (300 mM). Thermal 
stimuli consisted o f  hot (40-50° C), cool (16-20° C), and cold (4-8° C) 
deionized water. LaCİ3 (10 mM) was used to examine the role o f  paracellular 
routes o f  access. Initial integrated multiunit recordings indicated that hot (>45° 
C) sensitive nerve bundles were not sensitive to any o f  the acids. Conversely, 
cool and cold sensitive bundles were excited by acids and were inhibited by hot 
water. Single units that responded to cool and cold water also responded to at 
least some o f  the acids testai, while a high-threshold cold nociceptor responded 
to none. Acid and cool/cold stimuli are encoded by some o f  the same neurons 
and therefore these classes o f  stimuli may have sensory interactions. The mean 
o f  the responses o f  single units to acid stimuli increased with increasing carbon 
chain length. Differences in latency o f  response onset were also observed 
which, similar to response amplitude, may be attributable to the physico
chemical characteristics o f  the organic acids (i.e., o c ta n o k ^ O  partition 
coefficients). Supported by NIH DC-01921 and Kirin Brewery Co., Ltd.

214.4
CHARACTERIZATION OF MECHANOSENSmVE PELVIC NERVE 
AFFERENT FIBERS INNERVATING THE LOWER URINARY 
TRACT OF THE RAT. G.F.Gebhart* and J.N.Sengupta. Department of 
Pharmacology, The University of Iowa, Bowen Science Building, Iowa City, 
IA 52242.

Single-unit activity was recorded from the SI dorsal root. A total of 146 
afferent fibers, identified by pelvic nerve stimulation, responded to urinary 
bladder distension (UBD; 80 mmHg, 30s). Sixty-nine percent (n= 101) of 
these fibers were unmyelinated C-fibers with a mean conduction velocity of
1.5 ± 0.04 m/s. Thirty-one percent (n=45) fibers were thinly myelinated 
Аб-fibers with a mean conduction velocity of 6.4 ± 0.5 m/s. Eighteen 
fibers were characterized to graded, isotonic UBD. The responses of these 
fibers were studied both to phasic distension and slow filling of the bladder. 
Of 18 fibers, 15 fibers had ongoing resting activity and three were silent. 
The mean resting activity was 1.4 ± 0.3 impulses/s. All fibers 
demonstrated slow adaptation during the 30s period of distension. The 
stimulus-response function (SRF) to graded UBD (5 to 100 mmHg) 
demonstrated linear increases in firing. The mean maximum response of 
fibers to 80 mmHg UBD was 30.4 ± 4.0 impulses/s. SRF to graded UBD 
indicated two subgroups of pelvic nerve afferent fibers: low threshold and 
high threshold afferent fibers. Fifteen (83%) fibers were identified as low 
threshold (mean: 1.25 ± 0.6 mmHg). These fibers also responded to 
urinary bladder contraction. Three (17%) fibers were identified as high 
threshold (mean: 35.0 ±  2.5 mmHg).
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214.5
CHARACTERIZATION OF DISTENSION-SENSITIVE VAGAL 
AFFERENT FIBERS INNERVATING THE STOMACH OF THE RAT.
J.N.Sengupta.* T.Hummel. G.F.Gebhart Department of Pharmacology, The 
University of Iowa, Iowa City, IA 52242.

Single-unit activity was recorded from the cervical vagus nerve. A total of 
27 afferent fibers were identified that responded to gastric distension (GD, 
60 mmHg, 30s). The receptive fields of 19 fibers were located in the fundus 
(n=5), corpus (n=4), antrum (n=7) and lesser curvature (n=3) of the 
stomach. The receptive fields of 8 fibers were not studied. Twenty-six fibers 
had resting activity and one was silent. The mean resting activity was 5.9 ±
1.0 impulses/s. Repeated GD for 10 trials at 4 min intervals caused either 
inhibition (n=6) or no change (n=6) in subsequent responses. All fibers 
demonstrated slow adaptation during the 30s period of GD. The stimulus- 
response function (SRF) to graded GD (5 to 100 mmHg) revealed two types 
of fibers: 23 fibers had low thresholds for response (mean: 7.0 ±  1.5 
mmHg) and 4 fibers had high thresholds for response (mean: 37.1 ±  0.9 
mmHg). The mean maximum response of these fibers to 80 mmHg of GD 
was 24.0 ± 4.4 impulses/s. Chemosensitivity to bradykinin (BK) was tested 
in 7 fibers. In 2 fibers, BK (up to 100 μg/kg) did not produce any response. 
BK administration at a short interval (5 min) produced tachyphylaxis in 2 
fibers. The dose-response function to BK (0.1 to 100 jig/kg) was studied in 
3 fibers which showed a dose-dependent response associated with gastric 
muscle contraction. HOE 140 (50 Mg/kg), a B2 receptor antagonist, abolished 
BK-induced muscle contraction and the response of the fibers to BK.

214.7

NUTRIENTS IN T H E  IN T E ST IN E  IN D U C E  c-fos PR O T E IN  
IM M UNOREACTIVITY IN R A T  N TS. T.T. Z ittel, R. D e  
Giorgio, C. Sternini and H.E. R aybould*. C U R E /U C L A  D igestive  
Diseases Center, D epartm ent o f  M edicine and Brain R esearch  
Institute, U C LA , Los A ngeles, CA.

Intestinal perfusion o f different com ponents o f a m eal decreases  
gastric emptying. Inhibition o f gastric motility in response to 
carbohydrate, fat and acid is partly m ediated  by vagal capsaicin- 
sensitive afferent pathways in rats. In order to characterize the 
vagal reflex pathways involved, w e have determ ined the effect o f  
intestinal stimuli on activation o f N TS neurons by im m unoreactivity  
to c-fos protein. R ats w ere trained to accept light restraint in 
Bollman cages. M annitol (0.33 M ), g lucose (1 M ), acid (HC1 0.1 N ) 
or Intralipid (20% ) w ere perfused into the duodenum  via an 
implanted cannula for 30 min (3 m l/h ) and rats w ere euthanized  
after 2 h. Light restraint or perfusion o f  an iso-osm otic control 
(mannitol 0.33 M ) did not induce c-fos protein expression in the 
NTS. In the N TS o f anim als which received intestinal perfusion  
with acid or glucose, small num bers o f  c-fos im m unopositive cells 
were seen. Only perfusion with Intralipid (20% ) induced c-fos 
expression a significant num ber o f cells in the NTS. T h ese  results 
suggest that intestinal nutrients stim ulate sensory neurons which 
activate brainstem neurons. T h ese neurons may be in the pathway 
regulating gastric m otility changes and food  intake in response to 
intestinal nutrients.
Supported by N IH  D K 41004 and D K 41301.

214.9

PERIPHERAL AXOTOMY-INDUCED PLASTICITY OF CALCITONIN GENE- 
RELATED PEPTIDE (CGRP) mRNA EXPRESSION IN VISCERAL AFFERENT 
NEURONS OF THE NODOSE AND PETROSAL GANGLIA. F.-L. Huana*. H. Zhuo.
C. Sinclair. M.E. Goldstein, and C.J. Heike. Uniformed Services Univ. of the 
Health Sciences, Bethesda, MD 20814 and NINDS/NIH, Bethesda, MD 20892.

Visceral sensory neurons of the glossopharyngeal and vagus nerves are located 
in the petrosal and nodose ganglia. Our previous studies showed that peripheral 
axotomy of visceral afferent neurons decreased the number of CGRP-immuno- 
reacth/e (ir) neurons in the petrosal but not the nodose ganglion (Heike and 
Rabchevsky, 1991). To evaluate axotomy-induced changes In CGRP expression, 
we used In situ hybridization histochemistry with 35S-labeled oligonucleotide 
probes. CGRP mRNA-containing neurons were studied 1, 3, 7 & 14 d after 
transection of the left cervical vagus, superior laryngeal, glossopharyngeal and 
carotid sinus nerves to peripherally deafferent the left nodose and petrosal 
ganglia. The numbers of CGRP mRNA-containing neurons in the deafferented 
petrosal ganglion were significantly reduced at 3, 7 and 14 d compared to either 
intact or sham-operated control ganglia. However, the density of hybridization 
product in the remaining positively-labeled petrosal ganglion cells was un
changed. The numbers of CGRP mRNA-containing neurons in the deafferented 
nodose ganglion were significantly reduced at 3 and 7 d but were slightly 
Increased at 14 d. These data suggest that axotomy-induced changes in CGRP- 
ir neurons of the petrosal ganglion correlate with changes in CGRP mRNA 
expression and probably result from altered CGRP expression. In addition, In 
situ hybridization revealed axotomy-induced changes in CGRP neurons of the 
nodose ganglion which were not apparent with immunocytochemistry.

214.6
FUNCTIONAL A N D  MORPHOLOGICAL HETEROGENEITY OF 
NEURONS OF THE NUCLEUS OF THE SOLITARY TRACT (NST).
X.Zhang*. R .Fogel and W.E. Renehan. D ivision o f  Gastroenterology, 
Henry Ford Hospital, Detroit MI 48202  

Stimulation o f  mechanoreceptors in the stomach and duodenum  
activates vagal primary afferents. To date, the effects o f  distention on the 
activity o f  NST neurons has not been studied systematically. Although a 
morphological heterogeneity for N ST  neurons has been proposed, there 
is no evidence that these structural differences are o f  functional 
importance. To enhance our understanding o f  information processing by 
the neurons o f  the NST w e investigated the response o f  N ST neurons to 
gastric and duodenal distention. Glass micropipettes filled with 2% 
Neurobiotin (Vector Labs) were used to label physiologically- 
characterized N ST  neurons. Neurons were reconstructed using the 
Eutectics Neuron Tracing System . Thirty eight neurons were labeled in 
the NST. Fourteen neurons responded to intestinal distention only, 9 
responded to gastric distention only, and 15 neurons responded to both 
stimuli. These 3 functional groups differed in m orphology. Neurons 
responsive to intestinal distention alone had smaller cell volum es, less  
dendritic spread in the Y axis and fewer dendritic branch segments than 
neurons responsive only to gastric distention. Intestine-responsive only 
neurons had fewer dendritic segments than neurons responsive to both 
inputs. These results demonstrate a) three functional groupings o f  NST  
neurons, b) convergence o f  gastric and duodenal inputs on NST neurons 
and c) morphological differences among the three groups.

214.8

PLASTICITY OF TYROSINE HYDROXYLASE AND VASOACTIVE INTESTINAL 
PEPTIDE mRNAs IN VISCERAL AFFERENT NEURONS OF THE NODOSE 
GANGLION UPON VAGUS AXOTOMY. H. Zhuo*. C. Sinclair and C.J. Heike. 
Dept. of Pharmacology, Uniformed Services University of the Health Sciences, 
Bethesda, MD 20814.

Transection of the peripheral axons of visceral afferent vagal neurons reduces 
the number of tyrosine hydroxylase (TH)-immunoreactive (ir) and increases the 
number of vasoactive intestinal peptide (VlP)-ir neurons in the nodose ganglion 
(Heike and Rabchevsky, Brain Res., 551:44-51, 1991). The present study was 
conducted to determine whether these axotomy-induced changes are 
associated with changes in the expression of TH and VIP mRNAs in the nodose 
ganglion. We used in situ hybridization histochemistry with 35S-oligonucleotide 
probes for TH and VIP precursor mRNAs. Peripheral axotomy of afferent inputs 
to the nodose and petrosal ganglia in rats reduced TH mRNA and increased VIP 
mRNA expression in neurons of the nodose ganglion. The number of TH 
mRNA-containing neurons was significantly reduced at 3, 7, and 14 days post- 
axotomy compared to intact and sham-operated controls. Labeling density of 
TH mRNA-containing neurons was significantly reduced at 3 and 7 days. 
Conversely, the number of VIP mRNA-containing neurons increased significantly 
at 3, 7, and 14 days, while the cellular density of labeled VIP mRNA also 
increased at 1, 3, 7, and 14 days. The alteration of TH and VIP mRNA 
expression following axotomy-induced deafferentation implies the existence of 
an ongoing target-derived modulatory influence on neurotransmitter/peptide 
synthesis in the neurons of the nodose ganglion. (Supported by NIH grant R01 
NS20991)

214.10
INHIBITION OF AXOPLASMIC TRANSPORT IN THE VAGUS NERVE ALTERS 
PUTATIVE NEUROTRANSMITTER CONTENT IN VISCERAL AFFERENT 
NEURONS OF THE NODOSE GANGUON. A.C. Lewin and C.J. Heike*. 
Uniformed Services University of the Health Sciences, Bethesda, MD 20814.

Transection of the cervical vagus nerve alters the putative neurotransmitter 
content of the visceral afferent vagal neurons of the nodose ganglion (Heike and 
Rabchevsky, 1991). Besides damaging the peripherally projecting axon, 
transection alters axonal transport and the conduction of impulses. We studied 
the effect of altered axonal transport on transmitter content of nodose ganglion 
neurons by application of vinblastine (VB, 0.15 mM), an axoplasmic transport 
inhibitor, to the cervical vagus nerve. Rats were sacrificed 1,3, 7, and 14 days 
after VB application and the numbers of calcitonin gene-related peptide (CGRP)- 
immunoreactlve (ir), tyrosine hydroxylase (TH)-lr, vasoactive intestinal 
polypeptide (VlP)-ir, and galanin-ir neurons were analyzed. Following VB 
treatment, the number of CGRP-lr neurons increased slightly from days 1 
through 7. The number of TH-ir neurons in the nodose ganglion decreased 
markedly by 7 d whereas the number of VIP-ir neurons increased from < 1 to 
>20 cells/section by 7 d. Galanin-ir neurons were also increased at 7 d after 
VB treatment. By 14 d after VB treatment, transmitter contents In nodose 
ganglion neurons were not different from controls. VB-induced changes in TH- 
and VIP-ir were similar to the axotomy-induced changes previously reported in 
nodose ganglion neurons whereas the effect on CGRP-ir neurons was different. 
In conclusion, axonal transport in the vagus nerve is involved in the regulation 
of transmitter content of nodose ganglion neurons and may be an important 
factor in many of the changes produced by axotomy. (NIH grant NS20991)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



514 SOMATIC AND VISCERAL AFFERENTS III TUESDAY AM

214.11
NEUROPEPTIDE IMMUNOREACTIVITY IN THE THORACIC AND SACRAL 
DORSAL HORN OF PREGNANT RATS. P. Rai and C.C. LaMotte*. 
Section of Neurol. Surgery, Yale Univ. Sch. of Med., New Haven, CT. 
06510.

Recent studies have reported a loss of innervation of the 
uterine horns during pregnancy. In addition to the light 
microscope appearance of degenerating axons, dramatic decreases 
in immunoreactivity or histochemical staining for NE, TH, DBH, 
АСҺЕ, NPY, μ g P 9.5, and NSE (Lundberg et al., '89; Thorbert et 
al., '79; Renegar and Rexroad, '90) have been reported in several 
species. In unilateral pregnancies, the loss is much less on the 
non-fetus bearing uterine horn (Lundberg et al, '89). We 
hypothesized that such a profound peripheral denervation would 
affect the central terminals of the visceral afferents supplying the 
uterus. Female Sprague-Dawley rats were initially anesthetized 
and the right oviduct tied to prevent pregnancy on that side. After a 
10 day recovery period, they were mated and then sacrificed by 
perfusion with Zamboni fixative on day 18 of pregnancy. Segments 
T10-L2 and L6-S3 were sectioned and immunostained, using the 
ABC method, for the peptides CGRP, SP, VIP, NPY and Gal, and for 
synaptophysin, which identifies synaptic terminals of all types. 
Right and left sides were compared, and no obvoius differences 
were apparent at any segmental level for any of the substances. 
These consistent negative results indicate that if there is an actual 
peripheral loss of nerve terminals in the pregnant uterus, the 
central terminals are preserved and appear to maintain their 
peptidergic integrity. (NIH NS 13335).

214.13
EXPANSION OF LUNG EXTRAVASCULAR FLUID VOLUME (LEFV) REFLEXLY 
INCREASES RESPIRATORY RATE (RR) BY ACTIVATING PULMONARY 
RAPIDLY ADAPTING RECEPTORS (RAR). K. Ravi. A.C. Bonham. C.T. 
Kappaaoda. C.S. Stebblns*. Dept. of Int. Med., Univ. of Ca, Davis 95616 

Mild expansion of LEFV significantly increases RAR activity. We 
hypothesized that such an increase in RAR activity may lead to a reflex 
increase in RR. Experiments were performed on a-chloralose-anesthetized, 
spontaneously-breathing rabbits. LEFV was increased by plasmapheresis 
(PP) and by pulmonary lymphatic obstruction (PLO). PP was achieved by 
withdrawing 10% of the blood volume twice. PLO was produced by 
increasing the pressure in the right external jugular vein. RR was measured 
by counting the deflections of the tracheal pressure pulse. PLO alone did not 
increase RR (40±10 vs 48±23 breaths min'1; n=4; x±SD) nor did PP alone 
(49±23 vs 52±33 breaths min1; n = 4). However, PLO performed in the 
background of PP (n=8) significantly increased RR (52±33 vs 93±70 breaths 
min'1, with partial recovery to 67±43 breaths min'1 after PLO was relieved 
(*p;.05, ANOVA; Scheffe F-test). Cooling the cervical vagi (n=4) bilaterally 
to 8-9° C markedly attenuated the increase in RR, and vagotomy (n=7) 
abolished it. These results suggest that an expansion of the LEFV reflexly 
increases RR in the rabbit by activating myelinated vagal afferents, most likely 
RAR.

Supported by Tobacco-Related Disease Research Program of the 
University of California, RT411, and NIH HL-49484.

214.15
INHIBITION OF WITHDRAWAL REFLEX BY PELVIC NERVE 
ELECTRICAL STIMULATION. Cueva-Rolón. Rİ.. Komisaruk. B.
R. . i and Mu r o z-Martinez E. J .̂ Institute of Animal 
Behavior. Rutgers University, Newark, NJ USA^ and Dept. 
Physiol. Biophys. and Neurosci. Centro de Investigaciôn у 
Estudios Avanzados I.P.N., México^.

It has been shown that the ability of vaginocervical 
mechano-stimulation to inhibit withdrawal reflexes is 
blocked by combined pelvic and hypogastric neurectomy, and 
vaginocervical mechano-stimulation increases firing rates 
in pelvic and hypogastric nerves. The present study 
ascertained whether electrical stimulation of the pelvic 
nerve inhibits withdrawal reflexes. In the anesthetized 
rat, the pelvic nerve was stimulated with brief (0.05 
msec; 3-20 V) monophasic square wave pulses at selected 
frequencies (40-200 Hz). The duration of stimulation was 
varied from 1-10 seconds. The electromyographic activity 
of the flexor muscle, biceps posterior, in response to 
foot compression was inhibited by pelvic nerve electrical 
stimulation. The inhibition started approximately one 
second after the onset of stimulation, persisting for 
several (2-4) seconds and up to one minute after the end 
of stimulation, depending on the duration of the 
electrical stimulus. The type(s) of afferent fibers of 
the pelvic nerve that mediate this long-lasting withdrawal 
reflex inhibition effect are currently being investigated. 
Support: MBRS-NIH GMS08223-09 and Busch Foundation.

214.12
EXPANSION OF LUNG EXTRAVASCULAR FLUID VOLUME (LEFV) STIMULATES 
PULMONARY RAPIDLY ADAPTING RECEPTORS (RAR). C.T. Kappaqoda, 
K. Ravi. A.C. Bonham*. Dept of Int Med, Univ of Ca, Davis 95616

We have shown that selective manipulations of Starling forces to alter the lung 
extravascular fluid volume (LEFV) stimulate RAR. Specifically, either decreases 
in plasma protein concentration by plasmapheresis (PP) or obstruction of 
pulmonary lymphatic drainage (PLO) stimulates RAR. This study was 
undertaken to determine whether PP augments the activation of RAR produced 
during PLO. To test this hypothesis, experiments were performed on a- 
chloralose-anesthetized, artificially ventilated, and thoracotomized rabbits. RAR 
activity (n=9) and pulmonary C-fiber receptor activity (n = 6) were recorded from 
the cervical vagus nerve. LEFV was increased by PP and by PLO. PP was 
achieved by withdrawing 10% of the blood volume. PLO was produced by 
raising the pressure in the right external jugular vein by 35 cm H20. PLO alone 
slightly and reversibly increased RAR activity from 220±12 to 257±14 imp min1 
(p<.05, ANOVA;Scheffe’s). PP also reversibly increased RAR activity from 
219±17 to 251 ±9 imp min1 (p< .05, paired t). PLO performed in the background 
with PP had an additive effect, increasing RAR activity from 251 ±9 to 343±15 
imp min'1. After PLO was relieved, RAR activity recovered to 290 ±13 imp min'1. 
In contrast, neither PLO nor PP alone increased pulmonary C-fiber receptor 
activity (192±11 vs 202±11 imp min1 for PLO and 153±4 vs 157±7 imp min'1 for 
PP). However, PLO performed in the background of PP produced a slight but 
statistically significant effect, increasing pulmonary C-fiber receptor activity from 
157±7 to 193±6 imp min1 (p<0.05, ANOVA; Scheffe F-test).

These results suggest that mild expansion of LEFV by PLO, PP, or the 
combination activates the RAR, while only the combination of PLO and PP 
activates pulmonary C-fiber receptors. Supported by Tobacco-Related Disease Research 
Program of the University of California, RT411, and NIH HL-48484.

214.14
STIMULATING PHRENIC NERVE FIBERS ROSTRAL TO THE HEART 
EXCITES UPPER CERVICAL (Сг Сз) SPINOTHALAMIC TRACT (STD 
CELLS IN MONKEYS. M.J. Chandler* and R.D. Foreman. Dept. 
Physiology, Univ. of Okla. HSC, Okla. City, OK 73190.

Phrenic afferent fibers from the diaphragm enter the spinal cord 
primarily from C4-C6 dorsal root ganglia. Phrenic nerve endings also 
supply the parietal pericardium. Pain from the heart generally is referred 
to the chest and arm and involves sympathetic afferent fibers that enter 
TrT4 segments. After sympathectomy, anginal pain still may be referred 
to the neck and inferior jaw. This study examined a neurophysiological 
basis for phrenic afferent fibers in mediating pain referred to the neck 
and jaw. In 23 anesthetized male monkeys, extracellular action 
potentials of 64 CrC3 STT cells were tested for responses to electrical 
stimulation of phrenic nerve fibers above or below the heart. Stimulating 
phrenic nerve fibers above the heart excited 36 cells, inhibited 2 cells 
and did not affect 26 cells. Stimulus intensity- and frequency-dependent 
excitatory effects were observed. In contrast, stimulating phrenic nerve 
fibers below the heart excited only 14 С,-С3 STT cells. Most responsive 
cells showed a differential effect, i.e., at the same stimulus strength 
activity increases were greater when phrenic fibers were stimulated 
above the heart compared to effects of stimulating below the heart. 
Somatic receptive fields generally included the neck. These data show 
that afferents traveling in the phrenic nerve can increase activity of Cr 
C3 STT cells with somatic fields located in the neck region. Most input 
to CrC3 STT cells appeared to result from activation of nerve fibers that 
originated in structures rostral to the diaphragm. (NIH grant HL22732)

214.16
NEURONAL RESPONSES TO STIMULATION OF UTERUS, 
CERVIX, VAGINAL CANAL AND COLON IN THE RAT 
SOLITARY NUCLEUS. C.H. Hübscher and K.J. Berkley. Dept. 
Psych., Florida State Univ., Tallahassee, FL 32306.

The present study examined responses of 90 neurons in 
the solitary nucleus (NTS) of 25 female rats in estrus 
anesthetized with ketamine/xylazine or urethane to stimulation of 
the skin and pelvic viscera. Testing was as follows: gentle 
brushing and pressure of the caudal body surface, gentle probing 
of the vaginal canal and cervix and inflation of water-filled latex 
balloons in the uterus, colon and vaginal canal. None of the 
neurons responded to cutaneous stimuli. Of the 90 neurons 
tested, 30% responded with excitation or inhibition to one (26%) 
or rarely more than one (4%) of the visceral stimuli. In the 
caudal NTS (60 units), 10% of the neurons tested responded to 
cervix stimulation, 10% to vaginal distension, 7% to uterine 
distension and 7% to colon distension. In a more rostral zone of 
the NTS (30 units located 0.9-1.5 mm rostral to obex), 17% of 
the neurons tested responded to cervix stimulation, 17% to 
vaginal distension, 13% to uterine distension and 0% to colon 
distension. These results expand the domain of visceral 
functions of NTS neurons to include pelvic reproductive organs. 
The failure of NTS neurons to respond to gentle cutaneous 
stimuli contrasts with the convergent responses of neurons in the 
gracile nucleus to skin and pelvic visceral stimuli (Hübscher and 
Berkley, Soc. Neurosci. Abstr. 1992), suggesting the two nuclei 
are involved in different aspects of visceral function. Supported 
by NS11892.
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214.17
LUNG FUNCTION MODULATES EVENT-RELATED POTENTIALS 
TO AIRWAY OCCLUSION. A. Harver* and E. Bloch-Salisburv. 
Department of Psychology, UNC-Charlotte, Charlotte, NC 28223.

No consensus has emerged either about the physical stimuli underlying 
respiratory sensations or about which sensory attributes underlie 
psychophysical decisions. In this study, event-related potentials (ERPs) to 
inspiratory and expiratory airway occlusion were compared among 18 
young controls (M =  19.72), 8 patients with obstructive airway disease 
(M = 58.50), and 18 age-matched controls (M =  53.94). On each ERP 
trial an occlusion balloon inflated and subjects were obliged to breathe 
against the closed portion of a breathing assembly. The occlusions were 
brief (<300 msec) and occurred once every 2 to 8 breaths. ERPs to both 
types of occlusion were observed in all subjects. P3 amplitudes were larger 
in young than in old subjects and were comparable between the patients 
and age-matched controls and between the patients and young subjects. P3 
latency to inspiratory occlusion was correlated with both age (r=0.36, 
P<.01) and lung function (r=-0.43, p < .0 1 ); P3 latency to expiratory 
occlusion was correlated also with both age (r=0.42, p <  .01) and lung 
function (r=-0.39, p <  .01). Multiple regression analyses demonstrated that 
age and lung function were significant and independent predictors of ERP 
latencies elicited by airway occlusion. These observations show that along 
with age variations in lung pathophysiology affect CNS processing of 
respiratory stimuli.
Supported by NIMH/MH45731 and in part by funds from the Foundation 
of The University o f North Carolina at Charlotte and from the State of 
North Carolina.

214.18
THE INDUCTION OF C-FOS  EXPRESSION IN SUBCORTICAL BRAIN AREAS 
BY COPPER SULFATE IN RATS WAS UNAFFECTED BY SUB- 
DIAPHRAGMATIC VAGOTOMY. D.Y. Chen*. M.F. Gonzalez. J.A. Deutsch. S.C. 
Heinrichs, and Y. Gu. Department of Psychology, UCSD, La Jolla, CA 92093 

Two mechanisms for nausea induction have been suggested. Emetic agents affect 
area postrema receptors directly, or they influence peripheral receptors that relay 
their signals to the brain via the vagus nerve. The action of intragastric CuS04 has 
been advanced as an example of the later mechanism. However, in previous studies 
in which c-fos immunoactivity in the brain was mapped, we showed that unilateral 
cervical vagotomy did not affect the degree of c-fos expression induced by 
intragastric CuS04. In the present study, the effect of complete subdiaphragmatic 
vagotomy on c-fos expression in brain areas responsive to CuS04 was investigated.

Male Wistar rats were anesthetized with ketamine/xylazine (100 mg/ml and 25 
mg/kg IP). The abdomen was opened and both trunks of the sub-diaphragmatic 
vagus were identified, tied off, and cauterized. Retrograde fluorescent dye, fluorogold 
(1.5 mg/kg), was infused into the abdominal cavity before the wounds were sutured. 
Four days later, the subjects were tested after a 15 hour-fast. Experimental animals 
were injected intragastrically with a CUSO4 solution (200 mg/kg) isotonic to body 
fluids. Control subjects were given the corresponding volume of normal saline. Two 
hours later, the rats were perfused and their brains extracted and sectioned. The 
sections were reacted for fo s  immunohistochemistry using fo s  antibody and ABC 
reagents.

In rats with complete vagotomies confirmed by the absence of fluorogold staining 
of the dorsal motor nucleus of the vagus nerve, no significant reduction of the 
elevated c-fos expression following CuS04 treatment was observed in the nucleus of 
the solitary tract, the paraventricular nucleus and the supraoptic nucleus of the 
hypothalamus, and the amygdala. These data suggest that routes other than vagus 
nerve should be explored in the mediation of the action of CuS04.

SUBCORTICAL SOMATOSENSORY PATHWAYS: THALAMUS

215.1
THALAMIC FIRING MODES ARE BLOCKED BY ISOFLURANE
C.R. Ries. E. Puil.* Depts. of Anaesthesia and Pharmacology & 
Therapeutics, Univ. o f British Columbia, Vancouver, Canada V6T 1Z3 
Anaesthesia represents a spectrum of drug effects. Studies on evoked 
cortical responses suggest that anaesthetics may prevent sensory processing 
by a thalamic mechanism. Barbiturate anaesthesia and non-REM sleep 
produce spindle activity that may impede the transfer of sensory impulses 
from the thalamus to the cortex. Some of this activity in thalamic neurons 
is due to Ca2+- and voltage-dependent rhythmic burst discharges. Previous 
studies in cortical neurons show that voltage-gated calcium channels are 
sites of anaesthetic action. We investigated die actions o f a volatile 
anaesthetic on thalamic firing modes using patch-clamp whole-cell 
techniques in ventrobasal neurons o f rat brain slices. Isoflurane application 
in clinical concentrations (0.5-2%) reversibly prevented voltage-dependent 
transitions to repetitive spike and burst firing modes. In voltage-clamp 
studies, isoflurane increased leak current, which shunted tonic firing. 
Isoflurane also blocked the low-threshold Ca2+-current underlying die burst 
mode of firing, by increasing die leak current and additionally depressing 
membrane Ca2+-channel function. We conclude that anaesthetics produce 
changes in neuronal function distinct from non-REM sleep, although both 
states critically involve the excitabilities o f neurons in the thalamus. During 
anaesthesia, the failure o f thalamocortical neurons to transfer sensory 
information and the synaptic unresponsiveness of cortical neurons would 
account for the unconscious state.

215.3
TOPOGRAPHY OF TACTILE AND KINESTHETIC VENTRAL POSTERIOR 
NEURONS IN THE ALERT MONKEY. Susan Warren* and Eddie Perkins. Dept. 
of Anatomy, University of Mississippi Medical Ctr., 2500 North State Street, 
Jackson MS 39216-4505.
We have previously described responses of ventral posterior (VP) neurons in 

the alert monkey to the application of non-noxious tactile stimuli to the upper 
limb. Intermixed among the static and movement sensitive tactile neurons were 
cells activated by the OPTACON. OPTACON responsive cells were centered 
on the glabrous digits or palm, had low force thresholds (676 mg), and usually 
had a sustained discharge to pressure. Here, we report that, in addition to 
these tactile neurons, some VP neurons displayed varied kinesthetic responses 
evoked by manipulation of joints, muscles and tendons of the upper limb. The 
appearance of kinesthetic fields usually heralded the entry into the cutaneous 
portion of the VP nucleus. Although, some kinesthetic neurons were mixed 
with the tactile neurons. These same responses predominated at the rostral 
pole of the VP nucleus. A curious finding was the appearance of receptive field 
(rf) progressions passing from face to arm, trunk, and terminating in the hind 
limb on a single penetration. These shifts suggest that the body map may be 
rotated off the midline. All these findings within the VP nuclear complex 
remained stable over time. Unlike reports of reorganization of rfs within the 
somatosensory cortex, penetrations placed in the same location within VP and 
separated over periods ranging up to six months showed the same rf 
sequences. Taken together these results suggest that submodality specific 
cells are intermingled, as opposed to segregated, within VP thus forming a 
complex matrix that is relatively invariant over time under normal conditions. 
Supported by NINDS Grant NS27996.

215.2
MORPHOLOGICAL STUDIES OF A LOCAL CIRCUIT NEURON 
(LCN) IN THE PRIMATE SOMATOSENSORY THALAMUS. L. A. 
Havton* and P. T, Ohara. Dept. of Neurology and Neurological Sciences, 
Stanford University Hospital , Stanford, CA 94305 and Dept. o f Anatomy, 
University of California, San Francisco, CA 94143.

Intracellular cell filling was used to characterize and label single neurons 
in the ventrobasal (VB) complex of the primate thalamus. The detailed 
morphology of thalamocortical projection (TCP) cells have been presented 
previously (Havton and Ohara; Ohara and Havton, 1991, Soc. Neurosci. 
Abstr. 17, p623) and here we present details o f an intracellulary labeled 
LCN.

One LCN with a rapidly adapting response to touch on the glabrous skin 
of a finger was labeled intracellularly with Neurobiotin. The animal was 
perfused with 4% paraformaldehyde and, following sectioning and 
histochemical processing, the LCN was reconstructed with a camera lucida 
equipped light microscope. The LCN had thin dendrites which branched 
repetitively and gave rise to numerous en-passant and terminal swellings, 
presumed to correspond to presynaptic dendrite boutons. The perisomatic 
distribution of the dendritic arbors was asymmetric with heavy projections 
into some areas, while other areas were devoid of projections. The most 
distal branches of the dendrites project beyond 600 pm from the cell body 
and the LCN demonstrated longer dendritic path distances than found in 
primate TCP neurons. No obvious axon could be detected.
Support: NS23347, NS21445 and NS26488

215.4
PARVALBUMIN, C ALBINDIN AND TRIGEMINAL IMMUNOST AIN- 
ING PATTERNS IN RAT THALAMUS. M.N, Williams". P .S . Zahm and
M.F. Jacquin. Anat. & Neurobiol., St. Louis Univ., St. Louis, MO 63104.

In monkey, antisera to parvalbumin (PA) and calbindin (CA) mark VPM 
rods and matrix that receive principal (PrV) and spinal trigeminal (SpV) 
inputs, respectively (Rausell and Jones, J. Neurosci. 11, 1991a,b). To assess 
the generality of this finding, adjacent sections through rat thalamus were 
processed for dextran or choleragenoid labeling of the SpV and PrV inputs 
and PA and CA immunoreactivity. PA failed to stain somata in VPM and 
provided rather homogeneous terminal staining patterns in VPM, unlike the 
monkey. A whisker-related PA pattern was only clear in dorsalmost VPM 
and it was less obvious than that seen with cytochrome oxidase or antero
grade labeling of PrV inputs. As such, PA did not as clearly demarcate 
somatotopic modules in VPM as anterograde tracers in adjacent sections, and 
it appeared to more robustly stain thalamic reticular inputs. CA failed to 
reveal a matrix-like pattern in VPM, unlike the monkey; cells were only 
weakly stained and darkly stained terminals were sparse. Inter- and extra- 
barreloid regions of VPM containing matrix-like patches of SpV terminals 
did not show diminished levels of PA staining, nor did they show heightened 
CA staining, unlike the monkey. Thus, PA and CA failed to distinguish the 
rat’s lemniscal and paralemniscal pathways in and around VPM. These data 
suggest that rat and monkey VPM have different neurochemical properties, 
although patch/matrix properties can be revealed in both species with 
anterograde tracers. Moreover, in rat, CA does not mark the majority of the 
SpV-thalamic terminals which are known to be CA positive.
Supported by NIH DE07662, DE07734, NS 17763, NS23805, NS29885.
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215.5
SPINAL AFFERENT TERMINATIONS IN THE CENTRAL LATERAL 
NUCLEUS OF THE MONKEY THALAMUS: A QUALITATIVE AND  
QUANTATIVE ANALYSIS. D.D.Ralston* and HJ.Ralston. III. Department of 
Anatomy, WM Keck Foundation Center for Integrated Neurosciences, University of 
California, San Francisco, Ca. 94143-0452.

The central lateral nucleus (CL) in the monkey is known to receive spinothalamic 
tract (STT) afferente involved in processing affective aspects o f nociceptive 
information and may possibly be involved in the ascending modulation of pain, as 
suggested in the rat (Condes-Lara et al, 1989). In this study in the monkey, we 
sought to elucidate the synaptic circuitry that underlies the projections of high 
threshold STT afferents in this species (Applebaum et al, ‘79) and compare the 
electron microscopic results to those found in the cat (Ilinsky et al, ‘91). Three 
monkeys, cared for according to established protocols, were used in this study of 
STT afferents utilizing anterograde transport from cervical cord o f 5% wheatgerm 
agglutinin horseradish peroxidase (WGA-HRP). Thalamic tissue was reacted for 
HRP with tetramethyl benzidine (TMB) and the tissue processed for electron 
microscopy (EM). Post-embedding immunocytochemistry for GABA was carried 
out on thin sections. Results indicate that STT projections to CL form clusters of 
synaptic terminals in regions of CL. The majority of terminals were of the RL 
type, containing primarily rounded synaptic vesicles and forming asymmetrical 
axodendritic synaptic contacts with CL projection neurons. Although there are both 
axonal and dendritic profiles that are GABAergic within CL, there are relatively few 
interactions with these GABAergic profiles, such as glomerular relationships or 
triadic feed forward inhibitory synaptic arrangements. Unlabeled glomerular 
arrangements are present within the nucleus and presumably represent afferents from 
other sources. This is in contrast to the cat in which STT afferents form primarily 
glomerular relationships with GABAergic neurons. Thus, the synaptic circuitry of 
STT afferents carrying pmcipally noxious information to the primate CL is similar 
to what we have previously described in monkey VPLc and Po/SG, in that there is 
little modification of the incoming signal before being transmitted to the cerebral 
cortex. Supported by NS 21445 from N.I.H..

215.7
THERE ARE FEW DENDRO-DENDRITIC SYNAPTIC CONTACTS IN 
PRIMATE THALAMIC RETICULAR NUCLEUS (TRN). A M . 
Williamson* and HJ. Ralston. Ш· Dept. o f Anatomy and the W.M. Keck 
Center for Integrative Neuroscience, U.C.S.F., San Francisco, CA 94143.

The synchronization of the EEG in certain sleep states is controlled by the 
TRN. As has been shown in cat (Deschenes e ta i , Brain Res. 334: 165, 
1985), synchronization o f TRN output to the thalamus could result from 
dendro-dendritic contacts within the TRN. We wanted to determine whether 
or not primate TRN possessed the same high level o f dendrodendritic 
contacts observed in cat.

All experiments were performed on Macaca fascicularis monkeys 
according to the regulations o f the N.I.H, U.S.D.A., and the Committee for 
Animal Research, at U.C.S.F. Tissue was prepared for electron microscopy 
using immunocyto chemical techniques adapted for our laboratory.

Examination o f tissue from anterior and posterior TRN showed few if  any 
well-defined dendrodendritic contacts. There were asymmetric contacts 
(roughly 5%) in which both pre- and post-synaptic elements contained 
vesicles, but we saw only one postsynaptic element becoming presynapdc 
elsewhere. Few contacts o f this type showed GABA immunoreactivity 
presynaptically, an indication that these were probably axo-dendritic 
contacts. A more common synaptic type (12%) involved a GABAergic 
presynaptic profile (F-type) contacting large dendrites and cell bodies. The 
origin o f the F profiles forming symmetric contacts is unknown. They 
could be recurrent axon collaterals from within TRN, or may arise in 
nucleus basalis.

We conclude that the primate TRN differs significantly from that o f cat 
because there are few if  any dendrodendritic contacts. Therefore, it is 
possible that synchronization within TRN may result from another mecha
nism. This work supported by NS 23347 and NS 21445.

215.9
A MODEL OF 7-14 HZ SPINDLING IN THE THALAMUS AND THALA
MIC RETICULAR NUCLEUS: INTERACTION BETWEEN INTRINSIC AND 
NETWORK PROPERTIES A. Destexhe*, W.W. L y tto n į,T  J. Sejnowski,
D.A. McCormick^, D. Contreras§ and M Steriadeįį. The Salk Institute, Com
putational Neurobiology Laboratory, PO Box 85800, San Diego, CA 92186, USA; 
j Dept. Neurology, University of Wisconsin, Madison, WI 53706-1532, USA; 
5  Section of Neurobiology, Yale University, New Haven CT-06510, USA; § Lab. 
of Neurophysiology, Laval University, Quebec, CANADA G1K 7P4.

We have developed models of thalamocortical (TC) and reticular thalamic 
(RE) neurons that included voltage-dependent currents with Hodgkin-Huxley 
type kinetics based on voltage-clamp and current-clamp measurements.

Single TC neurons generated slow (0.5-4 H z)  rhythmic firing through an 
interaction of the low-threshold C a2+ current and a hyperpolarization-activated 
cation current /д. We studied how the various patterns of slow oscillation can 
be controlled by current injection, synaptic input and degree of activation of 
Ih · Slow oscillations could wax and wane if the voltage dependence of 1ң was 
sensitive to intracellular C a 2+. Single RE neurons generated 8-10 H z  rhythmic 
burst firing through an interaction of It  and a C a2+-activated K + current. These 
oscillations were generated following injection of a current step and were followed 
by tonic tail activity. We also investigated similar oscillatory modes in networks 
of RE cells interconnected via inhibitory synapses.

We investigated networks in which EPSPs were included onto RE cells from 
TC cells and IPSPs from RE onto TC cells. We found waxing and waning 8- 
10 H z oscillations separated by silent periods of 8-30 s. The properties of these 
oscillations are characteristic of the spindles observed in vivo and in ferret slices 
in vitro.

This mathematical model confirms previous in vivo and in vitro data em
phasising the role of both intrinsic and network properties in the generation of 
synchronized oscillations in the thalamus.

215.6
CROSS-CORRELATION ANALYSIS OF THALAMOCORTICAL 
INTERACTIONS IN THE CAT SOMATOSENSORY SYSTEM.
M .J. Johnson* and K .D . Allowav. Dept. o f  Neuroscience & 
Anatomy, M .S. Hershey Medical Center, Penn State
University, Hershey, PA.

The ventrobasal (VB) thalamus projects to 
somatotopically-matched columns in primary somatosensory 
(SI) cortex w hile sending collaterals to adjacent columns. 
Simultaneous extracellular recordings from single neurons
with matched receptive fields (RFs) in VB and SI were 
made during computer-controlled airjet stimulation o f  hairy 
skin at 20, 10, 5 , and 0 psi. Cross-correlation analysis was 
used to measure connection strength as a function o f  RF 
overlap, stimulus intensity, and stimulus position. To date,
analyses have been performed on data acquired from 152 
neuron pairs. Significant excitatory interactions were 
observed in 56 o f  these pairs which shared extensive RF 
overlap, while 7 pairs demonstrated significant inhibitory
interactions when RF overlap was minimal. Preliminary 
findings indicate a timing shift in the interaction between
VB and SI neurons with respect to time zero coincident
with changes in stimulus position in two overlapping RFs. 
Supported by NIH grant N S29363.

215.8
THE TERMINAL FIELD OF SINGLE THALAMIC RETICULAR CELLS IN 
THE RAT THALAMUS. PJPINAULITJ. ШиКА55.А.АҺШ.М« JDESC.HENES.· 
Research Center for Neurobiology, Laval Uni v. Sch. of Med. Québec City, Canada 
G1J 1Z4.

Golgi studies have demonstrated that cells of the thalamic reticular (TR) 
nucleus sent their axons into the dorsal thalamus and the drawings of Scheibel and 
Scheibel [Brain Res. 1:43 (’66)] have emphasized the fact that single axons could 
ramify widely through several dorsal thalamic nuclei. Subsequent studies, however, 
using retrograde and anterograde transport techniques have suggested a more 
restricted pattern of intrathalamic arborization as each sector of the TR nucleus 
appeared related to a particular region of the dorsal thalamus. In the present study 
the axonal arbor and synaptic terminals of single TR neurons were mapped in the 
rat thalamus using small iontophorelic injections of biocytin. After a survival period 
of 2-5 hours, rats were perfused with a solution o f paraformaldehyde (4%). 
Horizontal sections o f the thalamus were cut at 80 pm and processed by the avidin- 
biotin histochemical technique. From the mapping of the axonal arborization of 
more than 50 TR cells located in different sectors o f the TR nucleus, the following 
conclusions can be drawn: (1) A single TR cell projects to a single thalamic nucleus 
and often, as is the case in the ventrobasal complex or in the medial geniculate 
nucleus, to a restricted portion of these nuclei where it terminates in patches or 
bands. Similar patchy foci o f terminals confined within the nuclear limits were also 
observed in intralaminar and midline nuclei. (2) As a rule, cells projecting to lateral 
thalamic nuclei were located in the lateral 2/3 of the TR nucleus while cells of the 
inner tier projected to the posterior nucleus (Po). Cells projecting to intralaminar 
and midline regions were located in the rostral pole of the TR complex. (3) All 
terminal fields were characterized by the presence o f dense dusters of grape-like 
boutons and varicosities. From these observations it is concluded that the inhibitory 
projection of TR cells to the rest of the thalamus is notdiffuse, but spatially restricted 
and finely organized. Supported by the MRC of Canada.

215.10
SYNAPTIC ORGANIZATION OF AFFERENTS FROM THALAMIC 
RETICULAR NUCLEUS IN VENTROPOSTERIOR NUCLEUS OF THE 
CAT. X.-B. Liu*. R A . Warren and E.G. Jones. Department of Anatomy and 
Neurobiology, University of California, Irvine, CA 92717

Much attention has recently been paid to the role of the thalamic reticular 
nucleus (RTN) in controlling state dependent changes in the activity of the 
dorsal thalamus. Although the GABAergic nature of the RTN projection to 
the dorsal thalamus is well established, the exact pattern of termination is not 
known.

In the present study, we combined PHA-L anterograde tracing with 
postembedding immunogold labelling for GABA to determine the proportion 
of RTN terminals ending on relay neurons and on GABAergic interneurons 
in the ventroposterior lateral nucleus (VPL) of the cat. Following PHA-L 
injection in the somatosensory sector of RTN, labeled fibers and terminals 
were densely concentrated in the VPL nucleus. A  total of 70 labeled terminals 
have been examined at the EM level. Of these, 56 formed synaptic contacts 
on dendritic shafts of different sizes and 8 contacted somata of relay cells; 6 
made contacts on presynaptic dendrites belonging to GABAergic interneurons. 
All synaptic contacts were of the symmetrical type and were GABA 
immunopositive in immunogold labeled thin sections. This preliminary result 
suggests that relay cells are the major targets of the inhibitory inputs from 
GABAergic neurons in RTN. The precise localization of PHA-L labeled 
terminals and a quantative analysis of postsynaptic targets are being 
investigated.

Supported by NIH grant NS22317.
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215.11
EVOKED AND SPONTANEOUS ACTIVITY IN THE VENTROBASAL 
COMPLEX OF THE RAT FOLLOWING SMALL LESIONS IN THE 
THALAMIC RETICULAR NUCLEUS. G.A. Marks*. Dept. of Psychiatry, 
Southwestern Med. Center., Dallas TX 75235

As in other thalamic nuclei, thalamocortical neurons of the ventrobasal complex 
(VB) express a period of decreased responsiveness following activation. The 
phenomenon of postexcitatory inhibition (PEI) has been attributed to an inhibitory feed
back loop mediated by GABAergic neurons of the thalamic reticular nucleus (TRN). 
In addition, VB neurons exhibit profound changes in spontaneous activity across the 
sleep/wake cycle. Some of these changes also have been attributed to the influence of 
inhibitory mechanisms. Inasmuch as the VB in rat lacks inhibitory GABAergic 
intemeurons, inhibition in VB underlying both PEI and sleep/wake changes may be 
provided solely from the TRN.

To test this hypothesis, small lesions were performed in the somatosensory receptive 
region of the TRN by the microiontophoretic application of kainic acid (4 μΑ, 3 min). 
One week later, extracellular recording in anesthetized rat VB resulted in most neurons 
expressing PEI as measured by a lack of responding to the second of paired shocks to 
the medial lemniscus (50ms ISI). A few neurons, however, in each descent 
consistently responded to both shocks. These data support the role of the TRN in 
mediating PEI and are consistent with the restricted and specific neuron-free regions 
of the TRN observed in the histological material.

Spontaneous activity of VB neurons has been monitored across the sleep/wake cycle 
in several prelesioned, freely moving rats. These preliminary data indicate no 
difference between VB neurons with PEI and those without. Both groups exhibit mean 
discharge rates approximately four times higher in REM sleep and waking than SW 
sleep, and both groups express the same degree of spike-burst discharges during sleep 
states. We are currently analyzing for differences in rhythmicity o f discharge. If the 
lack of PEI following TRN lesions is a measure of TRN deinervation, then, the TRN 
appears not to be necessary to alterations in sleep/wake-activity in VB.

215.13

DIFFERENTIAL PHASIC MODULATION OF SHORT AND 
LONG LATENCY AFFERENT SENSORY TRANSMISSION TO 
SINGLE NEURONS IN THE VFL THALAMUS IN BEHAVING 
RATS. H.C. S h i#  H.J. Park, and J. Ҝ. Chapin*». Dept. o f  Physiology, 
School o f Medicine, Hallym Univ. Chunchon, Korea 200-702, D ept.. o f 
Physiology & Biophysics, ^Hahnemann Univ. Broad & Vine S t s . ,
Philadelphia, PA, USA, 19102.

S ingle neurons were recorded in the forepaw area o f the VPL 
thalamus o f awake rats during re st  and running behaviors. Locomotor 
step cycle dependent changes o f the transm ission o f the short (4 .0 ±  
0.3 -10 .1± 0.3ms, SEURs) and the long (10 .2  ± 0 .2 -2 6 .0 ±  2 .1 ms, LEURs) 
latency somatic sensory responses were tested  by generating
post-stimulus time histograms o f these neurons' responses to
stimulation through electrod es ch ron ically  implanted under the skin  
of the forepaw. The magnitudes o f f ir in g  during these responses were 
measured and normalized as percent increases over background fir in g .  
Times o f fo o tfa ll  were determined through frame-by-frame analyses o f  
video recordings and p e r i- fo o tfa ll  histograms were generated to 
differen tiate a to ta l o f 40 VPL thalamic neurons in to  two types, 
footfall responsive (n=21, FR) and unresponsive (n=19, FU) neurons. 
Peri-footfa ll ga tin g  patterns were determined for both types o f
cells. The SEURs and the LEURs showed s ig n if ic a n t ly  d iffe r en t phasic 
sensory modulation patterns across the locomotor step  cyc le . Major 
difference o f the sensory modulations between FR and FU c e l l s  was 
noted during swing phase o f  the locomotor step  cycle . In FR c e l l s  the 
the SEURs were suppressed most strongly ju st  a fte r  fo o tfa ll ,  while  
the LEURs were to n ic a lly  suppressed during the la te  stance and swing 
phases. The SEURs were d is in h ib ited  during the middle stance phase. 
In FU c e ll s ,  the LEURs were suppressed more strongly  around fo o tfa ll  
event than the SEURs were. These re su lts  suggest that the short and 
the long latency sensory responses o f  FR and FU VPL thalamic c e l l s  
may be subject to temporally s p e c if ic , d iffe r en tia l gating  processes 
during locomotion.

215.15
EXPRESSION OF C-FOS WITH ELECTRICAL STIMULATION OF 
SOMATOSENSORY AREAS. R.T. Stevens*. B,R, Krauss. and A.V. Apkarian. 
Dept. of Neurosurgery, SUNY Health Science Center at Syracuse, NY, 13210.

This study attempted to elucidate the central connectivity of the somatosensory 
system. Rats received electrical stimulation while in the anesthetized or awake state. 
Each procedure had an appropriate sham control. Baseline controls were also 
determined. Electrical stimulation (1-400 Hz, 300 uA 0.5 ms pulses for 3 min) was 
done in: the spinal cord ventrolateral white matter (STT), Gracile n. (DC), primary 
somatosensory cortex (SI), cingulate, and lateral or medial thalamus (LT, MT). Tissue 
was reacted for C-fos and labeled cells were collected throughout the brain.

Stimulation of the STT resulted in the largest increase in C-fos in both ipsi- and 
contralateral cortex (in ipsi cortex: 334 C-fos cells/50um section in stimulated rats 
versus 113 in controls). Below the cortex, C-fos decreased in the ipsi amygdala and 
increased in the contra amygdala; increased bilaterally in the basal ganglia and in the 
LT and MT. DC  stimulation resulted in: bilateral C-fos decrease in olfactory, insular, 
and cingulate cortices; decreases in ipsi amygdala; and bilateral increase in 
hypothalamus and ventral tegmentum. Stimulation of SI resulted in C-fos increase in 
the ipsi MT and tegmentum; decrease in the periaqueductal grey; increases in 
paraventricular areas, and contralateral increase in the hypothalamus. LT and M T  
stimulation resulted in decreased C-fos bilaterally in subcortical areas, mainly in the 
thalamus and paraventricular regions. LT stimulation resulted in decreased cortical 
C-fos, bilaterally. MT stimulation increased C-fos in the cortex. None o f these 
paradigms induced C-fos in lateral thalamic VPL/VPM.

Thus, C-fos activity is modulated by central electrical stimulation and is highly 
dependent on the stimulation site. SIT stimulation activated the whole cortex; while 
other stimulation sites resulted in more discrete patterns. These results also show that 
the C-fos technique cannot be used to map monosynaptic connectivity at least in the 
somatosensory system.

215.12
MORPHOLOGY OF SOMATOSENSORY THALAMOCORTICAL NEURONS IN 
THE SQUIRREL MONKEY. T.Shi* and A.V.Ankarian Dept. of Neurosurgery, 
SUNY Health Science Certer at Syracuse, NY 13210.

The dendritic field of thalamocortical cells has been described only for a handful of 
neurons in the monkey. In this study, thalamocortical neurons were retrogradely 
labeled from the hand region of primary somatosensory cortex (hSI) and intracellularly 
filled to reveal their complete dendritic geometry. Diamidino yellow (2%) was 
deposited on the surface of the physiologically mapped hSI, or green beads were 
injected in all layers of hSI, in squirrel monkeys. After perfusion, 150 urn sections 
were used to fill the retrogradely labeled neurons with 4% Lucifer Yellow (LY). The 
LY filled neurons were photoconverted or immunoreacted with LY antibody.

More than 300 neurons had adequately filled dendrites. Of those, the dendritic 
patterns of 95 cells were studied. The soma diameters of cells in CM, PO and CL were 
equal (19.3+/-3.0um); but the soma diameters in VPL, VPI and PULo were smaller, 
19.1, 18.7, and 18.5 urn, respectively. The number of primary dendrites was different 
for cells in different thalamic nuclei: neurons in Pulo had 8.13/+-2.6 primary 
dendrites, in VPI 7.19, in VPL 6.72, in CL 6.39, in PO 6.1, and in CM 4.75. The 
dendritic field sizes was distinct for each thalamic nucleus. The mean dendritic field 
diameter was: 303+/-91.5um in Pulo, 281um in CM, 257um in CL, 255um in VPI, 
235um in VPL, and 200um in Ю . Some VL neurons were retrogradely labeled from 
primary motor cortex due to tracer spread. Compared with hSI projecting neurons, 
these neurons had larger soma diameters (23.8um) and more primary dendrites (10.2) 
Neurons projecting to superficial hSI (18.4um) had smaller soma sizes than those 
projecting to all layers of hSI (19.7um), more primary dendrites (9.34+/-3.8 vs. 6.1+/-
1.7), and similar dendritic fields. The complexity of these dendritic fields will be 
quantified by fractal dimensions.

Therefore, the morphology of thalamocortical somatosensory cells seem distinct 
between thalamic nuclei. This is a reflection of the distinct information processing 
properties o f each of these nuclei.

215.14
THERMOSENSORY DISCRIMINATION BY CATS WITH SPECIFIC THALAMIC 
LESIONS. U. Norrsell and A. D. (Bud) Craio. {SPON: European Neuroscience 
Association). Dept. of Physiology, Univ. of Göteborg, S-41390 Göteborg, 
Sweden and Div. of Neurobiology, Barrow Neurological Inst., Phoenix, AZ 
85013.

A lesion in the middle of the lateral funiculus of the cat's cervical, spinal cord 
causes a profound, permanent deficit in the ability to utilize the contralateral 
paws for discriminative, thermosensory behavior. Such a lesion interrupts 
thermoreceptive-spebific lamina I spinothalamic tract fibers, which terminate in 
identified regions of the thalamus. Therefore we have investigated the outcome 
of unilateral lesions of two of these lamina I projections, the dorsal submediai 
n. (Smd) and the dorsomedial aspect of the ventral posterior medial n. (dmVPM) 
with the same behavioral technique.

Eight cats were trained preoperatively to discriminate with their paws floor 
panels held at ambient temperature or at 2° or 4° C below this. Thalamic 
lesions were directed at Smd or dmVPM or both on the basis of physiological 
recordings. Testing was resumed within 7 days after surgery at the 
preoperative, discriminatory level, and the animals were sacrificed 3 months 
later regardless of the behavioral result. The study was blind in that one of us 
(UN) did the behavioral analysis and placed the lesions, and the other (ADC) 
analyzed the lesions without knowing their effects.

Major destruction of Smd, dmVPM, or both, did not result in a specific, 
contralateral thermosensory deficit in any of these cases. All cats accomplished 
the initial task during the postoperative survival period. Thus, other thermo- 
receptive lamina I spinothalamic targets (e.g., vVMb) or spino-mesencephalic 
projections may be individually more important, unless the behaviorally essential, 
thermosensory information is relayed via several, redundant subcortical sites.
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216.1
ADJUVANT-INDUCED INFLAMMATION CAUSES CUTANEOUS 
NOCICEPTORS TO BE EXCITED BY ACTIVATION OF ALPHA 
-2 ADRENERGIC RECEPTORS. J. Sato*. S. Suzuki. T. 
įseki and T. Kumazava, Res. Inst. Environ. Med., 
Nagoya Univ., Nagoya, 464-01 Japan.

We have shown that in adjuvant-induced 
inflamed rats but not in normal rats, sympa
thetic nerve stimulation (SS) or intraarterial 
norepinephrine administration (NE) excite a pro
portion of cutaneous C-fiber polymodal receptors 
(CPR). To test whether these effects on noci
ceptor activity are mediated by peripheral adre
nergic receptors, chronic inflammation was in
duced by an inoculation of Af. butyricum 0.6 mg 
into the tail of male Lewis rats. Two to 28 
weeks after treatment, under deep anesthesia, 
responses of CPR units to NE were recorded from 
the saphenous nerve filaments. The relatively 
specific alpha2 antagonists, yohimbine or CH- 
38083 (0.5-1.0 mg/kg, iv) reduced or blocked CPR 
excitation by NE for 60-180 min. On the other 
hand, the relatively specific alphai antagonist, 
prazosin (0.1mg/kg, iv) did not block NE excita
tion. These results suggest that sympathetic 
excitation of nociceptors in adjuvant-induced 
inflamed rats is mediated by alpha2 membrane 
receptors, phenomena possibly related to the 
pathogenesis of some chronic pain syndromes.

216.3
A c t iv a t i o n  o f  n o c ic e p t o r s  b y  a  p e p t i d e  f r a g m e n t  o f  a  
PHOSPHOLIPASE A 2 ACTIVATING PROTEIN (PLA P). B. Cooper*, 
and J.S. Bomalaski. D ept. o f  Oral and M axillofacial Surgery, Univ. 
o f Florida, Gainesville, FL> 32610.

M echanonociceptors (M N ) are a group o f A  delta high 
threshold m echanoreceptors with properties indicative o f an 
important role in mechanical nociception. M Ns, A M H  and CMH  
nociceptors o f the palate are activated by the bee  venom  peptide, 
m elittin (C ooper and Bomalaski, 1993). A ntibodies raised against 
m elittin recognize a phospholipase A 2 (PLA 2) activating protein  
(PLAP) that is found in soluble form in the synovial fluid o f 
patients with rheumatoid arthritis (Bom alaski et al., 1990). A  
peptide fragment o f  PLAP containing m elittin sequences also has 
powerful PLA2 activating properties (Clark et al., 1991). We 
exam ined whether this fragment could also activate nociceptors. 
Nociceptors innervating the palate o f the goat w ere isolated from  
the trigeminal ganglion. PLAP was injected in doses o f 5-200 
nm ol in 5 or 10 ul volum es. PLAP activated 6 o f 9 M Ns, 1 o f 1 
A M H  and 3 o f 3 CM Hs tested. PLAP was ineffective at doses less 
than 12.5 nmol, and much less effective than melittin, which is veiy  
active in doses less than 1.75 nmol. Both compounds are far more 
effective than bradykinin or serotonin on M Ns. Supported by 
N ID R  D E  08701 and A R  39382.

216.5
AN ACIDIC M ILIEU AROUND THE RAT SCIATIC NERVE  
PRODUCES A REVERSIBLE THERMAL HYPERALGESIA.
T.J. Maves1*. P.S. Pechman1. G.F. Gebhart2 . S.T. Meller2 . Departments of 
Anesthesia1 and Pharmacology^, University of Iowa, Iowa City, IA, 52242, 
USA.

In a previous study, we demonstrated that a chemical interaction between 
chromic gut sutures and the sciatic nerve may be important in the development of 
thermal hyperalgesia and postural changes in a model of neuropathic pain in the 
rat. In the present study, we examined if a component of chromic gut (pyrogallol) 
and/or changing the acid environment around the nerve resulted in behavioral 
effects consistent with neuropathic pain. Fresh solutions of 1) pyrogallol (pH=3- 
5), 2) pyrogallol (pH adjusted to 7.4), 3) preservative-free normal saline (pH=7.5) 
and 4) preservative-free saline acidified to pH=3.5-5, were continuously delivered 
around the left sciatic nerve for 7 days by a miniosmotic pump (ALZA, #2001) 
connected to a non-constrictive scilastic nerve cuff. Thermal hyperalgesia was 
tested using radiant heat focused on the plantar hindpaw at intervals on days 1-18; 
the posture of the hindpaw was also recorded.

Rats receiving saline(pH=7.5) or pyrogallol (pH adjusted to 7.4) did not 
reveal any postural changes or evidence of thermal hyperalgesia during any test 
period. Pyrogallol 40 mg/cc (pH=5) produced a progressive thermal hyperalgesia 
that was maximal (-22.6%) on infusion day 6 and returned to baseline values by 
day 20. Rats administered saline acidified to pH=3.5 and 5 also developed a 
progressive thermal hyperalgesia that was maximal on infusion day 6 (-23.4% and 
-17%, respectively). There were no consistent postural changes noted in these rats.

It is likely that multiple factors play a role in the development of behavioral 
evidence of neuropathic pain; however, these data support the hypothesis that an 
acidic environment around the sciatic nerve may be sufficient to produce the 
thermal hyperalgesia documented in models of neuropathic pain in the rat.

216.2
BRADYKININ EXCITES TETRODOTOXIN-RESISTANT 
PRIMARY AFFERENTS. S. Jeftiniia*. Dept. Vet. Anatomy and 
Neuroscience Program, Iowa State University, Ames, IA 50011, USA 

Bradykinin (BK) is a nonapeptide that plays a central role in the 
production o f pain and inflammation. Horizontal spinal cord slice 
preparation with attached dorsal root (DR) and dorsal root ganglion 
(DRG) was used to study the effect o f bradykinin on afferent fibers by 
intracellular recording from DRG and dorsal horn neurons. Bath 
application of BK (ΙμΜ ) to DRG produced a depolarization 
(5±0.8mV) and firing o f action potentials in eight neurons. 
Simultaneous intracellular recording from DH neurons revealed that 
in cells receiving input from both small and large fibers application of 
BK to DRG, peripheral nerve trunk or DR resulted in synaptic 
activation o f DH neurons. Depolarizing effect o f BK on DRG 
neurons and synaptic excitatory effect on DH neurons was abolished 
by a B2 receptor antagonist. Bath application o f tetrodotoxin (TTX, 
0 .2 -ΙμΜ ) to the sensory neurons blocked electrically-evoked APs in 
large DRG neurons and consequently EPSPs in dorsal horn neurons. 
Stimulatory effect o f BK was resistant to TTX. Replacement of 
sodium ions with TRIS completely abolished stimulatory effect of BK 
on sensory neurons. BK potentiated the postsynaptic potentials 
induced by electrical stimulation o f TTX-resistant afferent fibers. The 
facilitation o f transmission was measured as an increase of 214±34%  
in the size (area under the curve) of the TTX-resistant slow EPSP.
Our data suggest presence of a population o f primary afferent fibers 
that become responsive to electrical stimulation in presence of BK. 
Work was supported by NIH Grant NS27751.

216.4
RESPONSES OF CULTURED RAT TRIGEMINAL NERVES TO  
CHEM ICAL STIMULI L. Liu and S.A. Simon* Dept. of 
Neurobiology Duke University, Durham, NC 27710.

The responses elicited by capsaicin, pH, menthol, nicotine (or 
DMPP) , and carbachol were investigated in primary cultures of adult 
rat trigeminal ganglia using whole cell patch clamp. At a HP = -60 
mV, DMPP (20 μΜ) activated an inward current in 65/132 in cells 
having soma diameters (D) > 28pm. Capsaicin (0.25 μΜ) induced 
inward currents in: 25/38 cells with D <30 pm; 38/70 cells 
between 30-40 μηι and in 6/26 cells with D >40 μηι. Carbachol 
induced small inward currents in only 3/58 cells with D > 30 pm. 
Lowering the pH to 6 induced inward currents in 6/8 ceils having 
20<D<50 pm. Menthol ( 1-50 μΜ) activated inward and outward 
currents in 30/59 in cells with 20<D<50 pm. Addition of 0.25 μΜ 
capsaicin activated two inward currents, a rapidly inactivating one 
that was inhibited about 90% by removal of extracellular calcium and 
a slowly inactivating one that was inhibited 68% by removal of 
sodium. Both of these currents were inhibited by 1μΜ ruthenium 
red. Six of nine cells tested were activated by both pH and capsaicin. 
The responses to lowering the pH resembled that of capsaicin in time 
course, suggesting they may have a common origin. Work supported 
by grants from NIH DC 01065 and the S.T.R. C.

216.6
C O N T R IB U T IO N  O F IN JU R E D  A N D  U N IN JU R E D  
A F F E R E N T  INPU TS TO  PAIN B EH A V IO R S IN A  R A T  
N E U R O P A TH IC  M O DEL. Y.W . Yoon*. H.S. Na. and J.M. Chung. 
Marine Biom ed. Inst., Depts. o f  Anat. & Neurosci. and o f Physiol. 
& Biophys., Univ. Texas Med. Br., Galveston, TX, 77555.

The aim o f this study was to compare contributions of 
peripheral inputs from injured and uninjured afferent fibers on pain 
behaviors in a rat neuropathic m odel.

Neuropathic injury was produced by tightly ligating the left 
L 5/L 6 spinal nerves o f rats under halothane anesthesia. Five days 
later, peripheral inputs to spinal cord w ere blocked by placing a 
small p iece o f cotton soaked with 0.5% bupivacaine on the L 5/L 6  
or the L 3/L 4 dorsal roots. Behavioral tests for spontaneous pain 
and m echanical allodynia were conducted for the next 1 week.

Blocking afferent inputs from the injured afferente by 
anesthetizing the L 5/L 6 dorsal roots (injured segm ents) reduced 
signs o f both spontaneous pain and m echanical allodynia for at least 
1 day. On the other hand, anesthetization o f the L 3/L 4  dorsal roots 
(uninjured segm ents) selectively reduced signs o f  mechanical 
allodynia while preserving spontaneous pain behaviors.

The data suggest that afferent inputs from injured and uninjured 
fibers m ediate different com ponents o f neuropathic pain. 
(Supported by N IH  grants NS21266 and NS11255 and a grant from  
Bristol-M yers Squibb C o.)
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216.7

DOES INJURY DISCHARGE INITIATE THE DE AFFERENTATION SYNDROME 
FOLLOWING C5-T2 GANGLIONECTOMIES IN THE RAT ?
T. Harris. J. Qvelmen-Levitt. B. Iskandar. E. Rossitch. M. Levitt. B. Urban. B.S. 
Nashold. Jr.* Dept of Anesthesiology and Div of Neurosurgery, Duke U. Med. Ctr., 
Durham, N.C. 27710

Rats develop a behavioral syndrome of biting and scratching a deafferented limb 
which has been correlated with neuropathic pain. In this study we investigate the 
effect of the local anesthetic Bupivacaine on the development of this syndrome, 
fifty-nine (59) Sprague-Dawley rats anesthetized with 90 mg/kg Ketamine underwent 
C5-T2 rhizotomy/ ganglionectomy. Twenty (20) rats served as controls (Group 1). 
Bupivacaine, 1.25 mg/kg, was administered 20 minutes prior to nerve section to the 
dilaterai ganglia in 10 rats (Group 2), to the contralateral ganglia in 5 rats (Group 
3), subcutaneously at a location distant from the operative site in 14 rats (Group 4), 
and subcutaneously 20 minutes after nerve section in 10 rats (Group 5). The groups 
receiving Bupivacaine were not different from each other in terms of mean onset (20 
days), initial location and incidence of the syndrome. They were significantly different 
in mean onset from controls (12 days). There was a significant tendency for 
biting/scratching to occur first on the shoulder and forearm in rats treated with 
Bupivacaine rather than the paw as in controls. By day 45 the syndrome was present 
in 98% of Bupivacaine treated rats and 100% of controls. Injury discharge at the time 
of nerve section is thought to be a causative factor in the development of neuropathic 
pain. Topically anesthetizing the ganglia with Bupivacaine should reduce or block 
injury discharge and, thus, change or prevent the syndrome. Although there was a 
different expression of the syndrome in Group 2, incidence was not different from 
controls. Administration of Bupivacaine to the contralateral roots and systemically 
before and after nerve section produced the same effects which cannot be explained by 
block of injury discharge. We propose that a central mechanism rather than injury 
discharge is responsible for the development of the deafferentation syndrome, and that 
Bupivacaine is acting at a central location to modify the expression of the syndrome 
rather than by blocking injury discharge.

216.9
DRG NEURONS PROJECTING TO DORSAL COLUMN NUCLEI EXPRESS 
PREPROTACHYKININ mRNA AFTER PERIPHERAL AXOTOMY 
K. Noguchi *. Y. Kawai and E. Senba Dept. of Anatomy & Neurobiology, 
Wakayama Medical College, Wakayama 640, Japan
The regulation of tachykinins in DRG neurons by the peripheral nerve cut has 

been reported to show a reciprocal pattern; repression in small neurons and 
induction in large neurons. This study was designed to characterize these 
large DRG neurons which express preprotachykinin (PPT) mRNA after 
peripheral nerve cut and to examine the change of substance P 
immunoreactivity (SPir) in the terminal area of central branches. Male Sprague 
Dawley rats (250-300g) received a unilateral injection of fluorogold (0.2 μΙ of 
2% solution) into the gracile nucleus. The L-5 spinal nerve was cut at the exit 
from the intervertebral foramen 7d after fluorogold injection. Control animals 
received a sham operation. Seven days later, animals were sacrificed and L-5 
DRGs were dissected out. Using in situ hybridization with radiolabeled 
oligonucleotide probe, we examined PPT mRNA expression in the fluorogold- 
labeled DRG neurons. The change of SPir in gracile nucleus 14d after 
unilateral sciatic nerve cut was also examined using ABC method.

In control DRG, very few neurons expressing PPT mRNA were labeled for 
fluorogold. DRG neurons labeled for fluorogold were large or medium-sized, 
while PPT mRNA was expressed mainly in small neurons. However, in 
axotomized DRGs, there was a dramatic increase in the number of double- 
labeled neurons. About 20 % of fluorogold-labeled neurons expressed PPT 
mRNA. Gracile nucleus ipsilateral to the sciatic nerve cut exhibited an 
increased SPir in the terminals. These data mean that the peripheral axotomy 
induces PPT mRNA in a new subpopulation of DRG neurons which normally do 
not synthesize tachykinins. Considering the increased SPir in dorsal column 
nucleus ipsilateral to the sciatic nerve cut, newly synthesized tachykinins in 
large DRG neurons may be transported to the dorsal column nuclei and play a 
role in altered sensory transmission.

216.11
Physiological characteristics of dorsal horn neurons in animals with 
partial sciatic nerve ligation: effects of adenosine agonist and antagonist.
MM. Behbehani* and Orit Dollbere-stolik. Depts. of Physiology and Biophysics 
and Anesthesia. U.of Cincinnati College of Medicine, Cincinnati, OH 45267-0576

In this study we examined the effect of partial sciatic nerve ligation (PSNL) on 
the receptive field size, the baseline firing rate and the response of spinal dorsal 
horn neurons to mechanical stimulation. In addition we tested the effect of 
adenosine agonist, NECA, and adenosine antagonist caffeine, on these cells.

One third to 1/2 of one sciatic nerve of male Sprague Dawley rats was tightly 
ligated. Two weeks following this surgery the animals that showed hypersensitivity 
to mechanical stimulation (40% of animals) were used. Extracellular recordings 
were made from dorsal horn neurons of chloral hydrate anesthetized rats.
We recorded from 40 neurons in unoperated and 38 cells in operated animals. The 

mean baseline firing rate (BFR) in the operated animal was 2.65 ±  1.07 rtz and 
BFR of unoperated animals was 2.46 + 0.76 Hz There was no significant difference 
between these rates. The mean receptive field of the operated animals was 180+ 11 
mm̂  as compared to 66 + 4.5 mm^ in control animals. Twenty four percent of all 
neurons in the operated group had bilateral receptive field; in contrast, only 1% of 
the neurons in the control animals showed bilateral receptive field. The baselines 
firing rate and the receptive field size of neurons in control or operated animals 
were not affected by either NECA or caffeine. NECA increased both the magnitude 
and the duration of the response of neurons of the operated animals to noxious 
stimulation; an effect that was blocked by caffeine.
Together these results suggest that PSNL alters the functional characteristics of 

dorsal horn neurons in part by changing purinergic transmission within the spinal 
cord. Supported by NIH grant #20643

216.8

C H A N G E S  IN SY M PA T H E TIC  IN N E R V A T IO N  TO  T H E  
SE N SO R Y  G A N G L IA  A F T E R  A  N E U R O P A T H IC  N E R V E  
IN JU R Y . K. Chung*. H J . Kim. H .S. N a. M J. Park and J.M, Chung. 
Sch. o f  A llied  H ealth  Sci., M arine B iom ed. Inst, and D ept. Anat. & 
N eurosci., Univ. Texas M ed. Br., G alveston, T X  77555.

In a rat m odel which exhibits sym pathetically maintained  
neuropathic pain (SM P) behaviors, putative sym pathetic  
postganglionic fibers w ere exam ined in the injured spinal nerve and 
the dorsal root ganglion (D R G ).

N europathic injury was produced by tightly ligating the L5 
spinal nerve o f  on e side. A fter 4-7 days o f behavioral tests, rats w ere  
sacrificed by perfusion. T he L5 spinal nerve and D R G  were  
rem oved and im m unostained with antibody against tyrosine 
hydroxylase (T H ).

A ll tested  rats developed  signs o f  m echanical allodynia on the 
affected  hindpaw. In the neuropathic rats, there was an increase in 
the number o f T H -im m unolabeled  fibers in the spinal nerve. 
E lectron m icroscopic exam ination revealed  that all labeled  fibers 
w ere unm yelinated. Furtherm ore, there was evidence suggesting the 
labeled  fibers m ade close contact w ith som e D R G  cells.

T h ese changes in sym pathetic postganglionic innervation o f  the 
injured spinal nerve or the D R G  may be part o f  the m echanism  
underlying the developm ent o f  SM P. (Supported by N IH  grants 
N S21266 and N S11255)

216.10
NEUROTRANSMITTERS IN THE SPINAL CORD DORSAL HORN IN A 
MODEL OF PAINFUL NEUROPATHY AND IN NERVE CRUSH. C. Sommer* 
and R. R. Myers. Anesthesiology Research, Univ. of California San Diego, San 
Diego, CA 92093

W e pursued the question of which neurochemical changes in the spinal 
cord dorsal horn are associated with neuropathic pain. 
Immunohistochemistry w as performed on spinal cord sections from a rat 
m odel of neuropathic pain (chronic constriction injury, CCI) produced by  
tying four loosely constrictive ligatures around one sciatic nerve, and from  
animals with a nerve crush injury. Immunohistochemistry w as quantified by  
computer assisted densitometry. Calcitonine-gene related peptide- 
immunoreactivity (CGRP-IR) and substance P-immunoreactivity (SP-IR) 
were decreased from 1 to 4 w eeks after injury in CCI and from 2 to 6 weeks 
in crush. Gamma-amino butyric acid-immunoreactìvity (GABA-IR) was 
unchanged in both conditions at all time points. M et-enkephaline- 
immunoreactivity (met-enk-IR) w as increased in CCI and unchanged in 
crush. Although SP and CGRP are involved in pain transmission, w e  
conclude that their decrease in IR is not specific for the CCI m odel, but rather 
is a more general event in nerve de- and regeneration. The increase in IR for 
the opioid peptide met-enk, however, w as only seen in CCI, and m ay be 
specific for conditions associated with neuropathic pain.

216.12
SPINAL NEURONAL DEGENERATION AND GLIAL 
PROLIFERATION IN RATS FOLLOWING SCIATIC 
CRYONEUROLYSISL A MODEL OF NEUROPATHIC PAIN. IL 
W a pierò. J. A. DeLeo \  and D. W. Coombsļ Depts.of Pharmacology and 
Toxicology!, and Anesthesia ,̂ Dartmouth Medical School, Hanover, NH 
03756

Sciatic cryoneurolysis (SCN) was developed in this laboratory as a rat 
model of neuropathic pain, a debilitating chronic pain syndrome. The 
sciatic nerve is subjected to a freeze lesion with a cryoprobe cooled to -60° 
C in a 30-5-30 freeze-thaw-freeze cycle. Following SCN, rats display 
nociceptive behaviors, such as prolonged bilateral mechanical allodynia, 
touch-evoked allodynia, and autotomy. In this study, 18 rats received SCN 
and 10  rats received a sham operation, where the sciatic nerve was exposed 
but not frozen. A subset of rats was sacrificied by trans-cardiac perfusion at 
various timepoints and spinal cord sections removed, post-fixed, and 
sectioned on a cryostat. Spinal lumbar (L) sections 2,3, and 4 were 
assessed for changes in Nissl (Cresyl violet) and immunocytochemical glial 
fibrillary acidic protein (GFAP) staining. Sections were observed under 
light microscopy and cells positively stained were counted on both 
ipsilateral and contralateral sides of the lesion. There was an apparent 
increase in GFAP immunostaining as well as a decrease in Nissl staining on 
the ipsilateral side of lumbar sections from treated rats. Using Student’s 
paired t-test, statistical significance between the operated and control side 
of SCN sections was found for L2 [pc.001], L3 [pc.003], and L4 [p<.05] 
GFAP staining as well as Nissl staining [pc.0001]. Sham-operated animals 
show no statistically significant difference between the operated and control 
sides for either Nissl or GFAP staining. We conclude that this model of 
neuropathic pain results in measurable pathological central changes that 
may contribute to the development and expression of nociceptive behaviors 
following a peripheral nerve injury.
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216.13
IMMUNOSTAINING OF CGRP AND SP IN THE SPINAL CORD OF A RAT 
NEUROPATHIC PAIN MODEL INVOLVING TIGHT LIGATION OF L5 AND 
L6 SPINAL NERVES. M.J. Park*. S.M. Carlton. H.S. Na. K. Chung and J.M. 
Chung. Sch. o f Allied Health Sci.,Marine Biomedical Institute, UTMB, Galveston, 
TX 77555-0843.

Aim o f the study was to determine the density and distribution of 
immunoreactivity for calcitonin-gene-related-peptide (CGRP) and substance-P (SP) 
in the superficial dorsal horn o f the rats which display neuropathic pain behaviors.

Neuropathic surgery was done by tightly ligating the left L5 and L6 spinal 
nerves. Signs o f neuropathic pain were measured by behavioral tests throughout the 
survival period. Immunostaining was done in the lumbar spinal cord o f 4 groups of 
rats with different survival times: 3, 7 and 14 days and 3 months.

The first 3 groups o f rats showed behavioral signs o f neuropathic pain 
throughout survival period. However, all pain behaviors disappeared in the 3 month 
group by the time of sacrifice. In the L5-6 spinal segments, the density o f SP in the 
superficial dorsal horn decreased on the neuropathic injury side (left) as compared 
to the contralateral side in all experimental groups, including the 3 months survival 
group. The depletion was particularly noticeable in the lateral two-third o f the 
dorsal horn. The same was true for CGRP staining densities at the 3 ,7  and 14 day 
survivals. It is anticipated that a significant decrease will also be found in the 3 
month group.

The results suggest that neuropathic nerve injury results in depletion o f CGRP 
and SP in the spinal cord and long-term down regulation o f their synthesis 
persisting even after pain behaviors have resolved. (Supported by NIH grants 
NS21266, NS 11255 and NS27910and a grant from Bristol-Myers Squibb Co.)

216.15
ANALYSIS OF GALANIN IMMUNOSTAINING IN THE DRG AND DORSAL 
HORN OF NEUROPATHIC RATS FOLLOWING A TIGHT LIGATION OF 
L5 AND L6 SPINAL NERVES. G.L.Hargett*. H.S.Na. J.M.Chung. G.Terenghi.
J.Steel. J.Polak and S.M.Carlton. Marine Biomedical Institute, UTMB, Galveston, 
TX 77555, and Royal Postgraduate Medical School, London, England.

The development o f animal models o f neuropathic pain has made it possible to 
analyze neurochemical changes in the dorsal horn at selected time points post
injury. The present study analyzed the changes in Galanin (GAL) in the dorsal 
horn and dorsal root ganglia (DRG) at 2 time points in neuropathic animals.

Rats (male, Sprague Dawley, 150gm) were anesthetized with nembutal and the 
L5 and L6 spinal nerves were tightly ligated on one side, a sham operation was 
performed on the contralateral side. At 3 (n =  5) and 14 (n =  5) days post
surgery, the rats were perfused with 4% paraformaldehyde, L5 and L6 DRG and 
corresponding spinal segments removed, frozen sectioned and immunostained for 
GAL. Percentages o f labeled and unlabeled cells were determined in experimental 
and control DRGs. The density of GAL immunostaining in the experimental and 
control dorsal horns was determined using computer image analysis. Significant 
differences in percentages o f labeled DRG cells (Mann-Whitney U, p<.05)and  
density levels in the dorsal horn (Willcockson rank test, p< .05)w ere determined.

Within 1 to 3 days post-surgery, rats demonstrated increased sensitivity to von 
Frey hair stimulation compared to pre-surgery levels. At 3 and 14 days, a 
significant increase in the percentage o f cells labeled for GAL was observed in the 
ipsilateral compared to the contralateral L5 and L6 DRG. A similar increase was 
also observed in the ipsilateral L5 and L6 dorsal horn. Although these results do 
not rule out other sources, they strongly suggest that the increase in GAL arises 
from the corresponding primary sensory neurons. Furthermore, the data confirm 
that peripheral nerve injury results in a presumed up-regulation o f GAL which may 
contribute to the sensory abnormalities observed in these neuropathic animals. 
(Supported by NS11255,NS27910,NS21266and Bristol Myers-Squibb. Co.)

216.17
Chronic Pain Induced by Mononeuropathy Alters Immune 
Responses in Rats. U. Herzberg. M. Murtauah. A. J. Beitz.* Dept. Vet. 
Pathobiology, Univ. of Minnesota, St. Paul MN 55108.

In order to investigate the possible relationship between pain and the 
immune system, Sprague-Dawley rats were subjected to mono neuropathy 
induced by sciatic ligation. Animals in which mononeuropathy was induced 
exhibited enhanced cell mediated immunity as demonstrated by delayed type 
hypersensitivity testing. One of two groups of sciatic nerve ligation was tested 
for delayed type hypersensitivity in the ligated leg while the other group was 
tested in the contralateral leg. Two sham surgery groups and a normal control 
group were tested similarly. Paw withdrawal latency time was measured twice 
throughout the experiment in the sciatic ligature and sham surgery groups. 
Sciatic nerve ligated animals showed hyperalgesia in the ligated leg when 
compared to the contralateral leg. No differences in latency withdrawal times 
existed in sham operated animals. All groups were sensitized to keyhole limpet 
hemocyanin (KLH) three days following surgery, or sham operation, and 
received a secondary sensitization a week following initial immunization. 14 
days after the initial sensitization delayed type hypersensitivity was assessed 
by injecting KLH into a hind paw and the vehicle to the contralateral paw. 24 
hours later thickness changes in both paws were measured and animals were 
bled to test for anti-KLH immunoglobulin. Delayed type hypersensitivity was 
significantly increased in both hyperalgesia groups when compared to control 
and sham operated groups. Immunoglobulin levels against KLH were 
significantly reduced in both hyperalgesia groups when compared to control 
animals but were similar when compared to sham operated animals. This study 
suggests that chronic pain causes alterations in immune function. (NIH 
DA06687, DE06682, DC01086).

216.14
DISTRIBUTION OF THE NILE GLYCOPROTEIN IN THE SPINAL CORD 
IN A MODEL OF PERIPHERAL NEUROPATHY. A.A. Cameron*. W.D. 
Willis. H.S. Na. J.M. Chung and S.M. Carlton. Marine Biomedical Institute, 
UTMB, Galveston, TX 77555-0843.

An experimental model o f peripheral neuropathy which produces hyperalgesia 
and allodynia has recently been described (Kim and Chung, 1991). We have 
investigated the changes in distribution of the NILE glycoprotein within the 
spinal cord. Rats were anesthetized and the L5 and L6 spinal nerves were 
exposed and ligated with 6.0 silk. At various times (3, 7 and 14 days) after 
operation, the animals were deeply reanesthetized, perfused and 25μπι frozen 
sections o f the L4, L5 and L6 spinal segments were incubated with an antibody 
prepared against a NILE/beta galactosidase fusion protein. Preadsorption of the 
antibody with beta galactosidase was used to determine staining specificity. All 
animals demonstrated behavioral hyperalgesia. On the unoperated side staining 
attributable to NILE was observed in fibers in the superficial dorsal horn. In 
addition, staining attributable to beta galactosidase was observed in some 
neuronal nuclei in the dorsal and ventral horns. On the operated side, there was 
an increase in the density o f NILE-stained fibers at 7 but not 3 or 14 days. There 
was an increase in the number o f beta galactosidase-stained nuclei in the dorsal 
and ventral horns at 3,7 and 14 days. The results show that the NILE 
glycoprotein is transiently increased in the superficial dorsal horn and beta 
galactosidase is induced in neuronal nuclei following the neuropathy. Supported 
by NS11255, NS09743,NS27093 and Bristol Myers-Squibb.

216.16
BEHAVIORAL AND ELECTROPHYSIOLOGICAL CONSEQUENCES OF
PHENTOLAMINE ADMINISTRATION IN NEUROPATHIC PRIMATES 
S.M.Carlton*.K.Gondesen. J. Palecek. H.Rees. P.J.Doughertv.W.D.Willis.Marine 
Biomedical Institute, UTMB, Galveston, TX 77555-0843.

It has been hypothesized that an upregulation o f alpha 1 adrenergic receptors 
occurs in neuropathic patients and blocking these receptors leads to relief of their 
pain. The goal o f the present study was to document in primates with neuropathic 
pain, changes in behavioral responses to mechanical and cooling stimuli following 
administration o f IM phentolamine (PHEN) and changes in responses o f STT cells 
in acute recordings following i.v. PHEN.

In anesthetized monkeys (Macaca fasciculatis, n =  4), the L7 spinal nerve was 
tightly ligated with silk suture on one side and a sham operation was performed 
on the contralateral side. Compared to pre-surgery levels, animals demonstrated 
an increased sensitivity to mechanical stimulation with von Frey hairs and brushing 
and to cooling, 5-6 days post-surgery. Following the 1st injection o f PHEN (5- 
7mg/kg, i.v .) sensitivity to mechanical stimuli consistently decreased in each animal 
2hrs. post-injection with recovery by 3-3.5hrs.On subsequent injections, however, 
the behavioral changes following daily PHEN were unpredictable: mechanical 
allodynia was again attenuated in 2 animals with slight or no effects on cooling 
stimuli. In 2 other animals, subsequent PHEN injections had no effect on 
behavioral responses. There was evidence o f a placebo effect on 2 occasions 
following i.v. saline. Preliminary recordings demonstrated no clear effect on the 
responses o f STT cells to brush, pressure, pinch and squeeze with the exception 
o f 1 cell, where all responses were significantly reduced. In 2 cells, the responses 
to cooling were significantly reduced and in a further 2 cells the responses to von 
Frey hair stimulation were depressed. The results suggest PHEN has variable 
effects on mechanical and cold allodynia in neuropathic primates and emphasize 
that placebo controls are an important factor when determining efficacy o f drugs. 
(Supported by NS 11255 and NS27910).
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117.1
Local Tissue Release Of Im m unoreactive Substance P, Bradykinin, 
PGE2, And LTB4 In A M odel Of Surgically-Induced Inflam m ation.
MX Roszkowski*. J.O. Swift. K.M. Hargreaves. Depts. Rest. Sci., Surgical 
Sci., and Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455.

Comparatively little is known about tissue levels o f inflammatory mediators in 
human pain conditions. To address this issue, we have developed a method in which 
microdialysis probes are implanted into surgical wounds of awake patients who can 
simultaneously provide post-operative pain reports.

Healthy patients were randomly administered, on a double-blind basis, either iv 
saline placebo or corticosteroid (125 mg methylprednisolone) prior to surgical 
removal of impacted third molars (N=15/group). Immediately post-operatively, a 
3,000 and 20,000 Da cut-off microdialysis probe was implanted into the surgical 
site, which was then closed with sutures. Thirty-minute dialysate samples and 
subjective VAS reports were collected for a total o f four hours after surgery. 3KDa 
probe dialysate samples were assayed for either İ-PGE2 and İ-LTB4 by ELISA or, 
with prior lyophilization, for i-BK by RIA. 20KDa probe samples were lyophilized 
and assayed for i-SP by RIA. Data was analyzed by ANOVA and Duncan’s Test. 

Results summarized below: (*p<0.05 vs placebo)
Mediator Peak Release P la ceb o S tero id

( fm o l/m l) ( fm o l/m l)
i-SP 120 minutes 951 ± 167 223 ± 57 *
i-BK 150 minutes 9417 ± 1320 4866 ± 855 *
İ-PGE2 240 minutes 20483 ± 2371 14701 ± 1144 ♦
İ-LTB4 240 minutes 3915 ± 4 3 3 1853 ± 742 *

Since local concentrations o f all four of these inflammatory mediators exceed their 
respective receptor binding Kd values, it is probable that these mediators are of 
physiologic significance in mediating post-surgical inflammation and pain. Since 
steroid pre-treatment reduces levels o f i-SP, this microdialysis method may have 
utility for evaluating the physiologic regulation o f i-SP release in human models of 
pain. Supported in part by NIDR Grants P30DE09737 and K16-DE0027-03.

217.3
0KADAIC ACID AND PROSTAGLANDINS ENHANCE THE RELEASE OF 
NEUROPEPTIDES FROM RAT SENSORY NEURONS IN CULTURE. C.M.
Hingt gen*. M.R. Vasko. Dept. of Pharmacology and Toxicology, Indiana U. School of 
Medicine, Indianapolis., IN 46202.

Prostaglandins (μ g s) enhance the release of the peptide transmitters, substance P 
(SP) and calcitonin gene-related peptide (CGRP), from rat sensory neurons. One 
potential mechanism for the μ g -induced release is a change in the phosphorylation state 
of proteins in the sensory neurons. To test this possibility, we studied the effects of 
carta prostacyclin (Cμ g I2), a stable analog of prostaglandin I2 (μ g I2), and of the 
phosphatase inhibitor, okadaic acid (OA) on peptide release in rat sensory neurons.

Release experiments were performed by incubating embryonic rat sensory neurons 
grown in culture with a HEPES buffer containing 3.5 mM KC1 (basal release) or buffer 
containing various concentrations of OA, Cμ g I2, or capsaicin (CAP). Buffer was 
assayed for SP and CGRP using radioimmunoassay.

OA caused a concentration dependent enhancement of resting release of SP and 
CGRP. Basal release of SP increased significantly from a mean ± S.E.M. o f 7.1 ± 1.0 
to 24.6 ± 4.9 fmol/well/10 min in the presence of 500 nM OA, whereas, the release of 
CGRP increased from 23.6 ± 3.4 to 87.3 ± 19.7 fmol/well/10 min. This is similar to 
the effects of Cμ g I2 on peptide release. Ten nM Cμ g I2 increased the release to 22.0 ±
2.4 and 125.8 ± 19.0 fmol/well/10 min for SP and CGRP, respectively. Pretreatment 
of the neurons with 250 nM OA (a non-stimulating concentration) potentiated the effect 
of 50 nM CAP on the release of SP and CGRP from 7.2 ± 1.3 to 38.8 ± 5.3 and from
58.2 ± 1.9 to 97.4 ± 17.2 fmol/well/10 min, respectively. Similarly, InM Cμ g I2 (a 
non-stimulating concentration) caused an increase in the effect o f 50 nM CAP to 64.2 
+ 11.4 and 291.8 ± 51.6 fmol/well/10 min for SP and CGRP, respectively.

These results demonstrate that OA, a phosphatase inhibitor, enhances release of 
neuropeptides from rat sensory neurons in a manner similar to that observed with 
CμgI2. The data suggest that alterations in the phosphorylation state of proteins 
facilitate release of transmitter and may explain the effects o f μ g s on sensory neurons. 
(Supported by PHS AR20582).

217.5
STIMULATION OF cGMP IN DORSAL ROOT GANGLION AND 
SPINAL CORD CULTURES. M.B, Bauer*. S. Murphy and G.F. 
Gebhart. Dept. of Pharmacology, Univ. of Iowa, Iowa City, LA 52242.

Dorsal root ganglia (DRG) or spinal cords (SC) from embryonic 15- 
16 day old Sprague-Dawley rats were dissociated and maintained in media 
containing mitotic inhibitors to produce primarily DRG and SC neuronal 
cell cultures. Previously we demonstrated that the algesic chemicals, 
bradykinin (BK) and capsaicin (CAP), stimulate cGMP in DRG neuronal 
cell cultures via a nitrosyl factor, but do not affect cGMP in DRG 
nonneuronal cells. Neither Substance P (1 μΜ) nor CGRP (1 μΜ) 
stimulated cGMP production in DRG cultures or affected BK- or CAP- 
stimulated cGMP production. Other putative algesic agents, histamine (10 
μΜ) and serotonin (10 μΜ), or glutamate (1 mM), aspartate (10 μΜ), and 
ATP (10 μΜ) did not affect cGMP production in DRG neuronal cultures.

In SC neuronal cultures, sodium nitroprusside (SNP; 100 μΜ) or KC1 
(50 mM) stimulated cGMP production, while BK, CAP, glutamate, 
aspartate, and N-methyl-D-aspartate did not. Addition of NGF to the 
growth media did not alter the effect of BK, CAP or SNP on cGMP 
production in SC neurons. Furthermore, neither L-arginine (100 μΜ), a 
substrate of nitric oxide synthase (NOS), nor L-nitro-arginine-methyl ester 
(1 μΜ), an inhibitor of NOS, affected basal cGMP production. On the 
other hand, methylene blue (10 μΜ), an inhibitor of soluble guanylate 
cyclase, attenuated basal cGMP production.

These results demonstrate that certain algesic agents, specifically BK 
and CAP, stimulate production of a nitrosyl factor and cGMP in first order 
neurons but not in higher order neurons. Perhaps specific agents cause the 
release of a nitrosyl factor from first order neurons which modulate cGMP 
production in higher order neurons.

217.2
EFFECTS OF IN T R A T H E C A L  P R E -T R E A T M E N T  W ITH  
M ORPHINE, M K -801, OR BACLOFEN ON PROSTAGLANDIN  
F2a-INDUCED ALLODYNIA. M .K aneko*L Y .SaitoL Y.KiriharaL 
J .G .C o llin s2 and Y .K osak aL Dept. o f  A nesthesiology., iShimane 
M ed.Univ., Izumo, 693 Japan ana 2Yale Univ. Sch. 01 Med., New  
Haven, CT 06511

This study evaluated the effect o f  i.t. pretreatment with morphone, 
MK-801, or baclofen on μ g F 2a-ind uced  long-lasting allodynia that we 
have preveously reported (Neurosci. Abst., 1992)

Male Sprague-Dawley rats w eighing 300-350 g were used. The 
response 01 the animals to innocuous mechanical stimulus produced by 
three kinds o f Semmes-W einstein monofilaments ranging 0.08 to 2.35 
g was graded with the score (agitation scoresrASs) from 0 (=no  
response) to 3 (=vigorous escape and frequent vocalization). Morphine 
(1-10 μ g ), MK-801 (1-30 μ g ), baclofen (0 .1-1 .0  μ g ), or saline was 
administered throuth the i.t. catheter implanted in the lumbar region, 30 
min before i.t. injection o f  μ g F2a (100 ng). A Ss were measured for 3 
hours and at 24 and 48 hours after injection o f μ g F2a.

I.t. administration o f μ g F 2a resulted in significant increases in ASs 
in the neck, flank and hip regions o f  the animal within 20  min and 
lasting for at least 48 hours after injection. Morphine, MK-801 and 
baclofen suppressed the μ g F 2a-induced allodynia in dose- and time- 
dependent fashion, while saline had no effect. The highest dose o f  
morphine and MK-801 almost completely relieved the allodynia for 120- 
180 min, and after that, the hypersensitive state was restored to the 
level o f saline control group. In contrast, five out o f seven treated with 
1 μg o f baclofen showed no allodynia for 48 hrs. These results suggest 
that GABA в receptor system in the spinal cord may be involved in the 
initiation o f  μ g F2a-induced allodynia.

217.4
CYCLIC AMP MEDIATES THE PROSTAGLANDIN E2-INDUCED  
POTENTIATION OF BRADYKININ EXCITATION IN RAT SENSORY 
NEURONS. G.D. Nicol* and M. Cui. Dept. o f  Pharm acology and 
Toxicology, Indiana Univ. School o f Medicine, Indianapolis, IN 46202.

Prostaglandins (μ g s) enhance the sensitivity of sensory neurons to 
bradykinin (BK), in part, by altering the threshold of excitability. We 
investigated the neuronal transduction cascades that m ediate this 
prostaglandin-induced hypersensitivity. Sensory neurons were dissociated  
from the dorsal root ganglia of 15-17 day-old rat embryos, plated on small 
plastic cover slips coated with collagen, and grown for 5 to 7 days. The 
effects o f μ g Ej, PCF2a, and BK were examined by utilizing the whole-cell 
patch-clamp technique. The focal application of either 100 or 300 nM BK 
produced a small depolarization that w as accompanied by the generation 
of action potentials (APs). After exposure to 1 uM μ g Ej, BK again 
produced the small depolarization but the num ber of APs w as increased 
about 4-fold. Under control conditions, BK elicited 8 + 6 APs in 1 min, 
w hereas 10 min after μ g Ej, BK elicited 28 + 21 APs (mean+SD, n=7, 
p<0.05 paired t-test). Exposure to 1 uM μ g Fle did not alter the number 
of APs produced by BK; 1 1 + 9  APs for the control compared to 9 + 12 
for μ g FZa treatment (n=8, p>0.05). To investigate the role of cyclic AMP 
in m ediating this μ g E2 potentiation, neurons were exposed to either 100 
uM  chlor-phenyl-thio cyclic AMP (CPT-cAMP) or 1 uM forskolin. 
Incubation w ith CPT-cAMP did not produce a significant increase in the 
number o f BK-elicited APs in the initial 10 min, however, after 20 and 30 
min a 2-fold increase in the num ber of APs w as observed (n=9, p<0.05). 
Forskolin produced a sim ilar 2-fold increase in the number of APs elicited 
by BK at 10 min (n=8, p<0.05); this potentiation w as sustained through the 
30 min period and even after a 20 m in w ashout period. These findings 
are consistent with the notion that μ g E2 m ay act to increase the levels of 
cyclic AMP, which then enhance the excitability o f these sensory neurons 
to chemical mediators such as BK.

217.6
THE NONPEPTIDE TACHYKININ (NK1) RECEPTOR ANTAGON IST, RP 
67580, BU T NOT CP-96,345, INTERACTS AT VANILLOID (CAPSAICIN) 
RECEPTORS IN THE RAT SPINAL CORD Arpad SzallasiV Cristina Goso 
Stefano Manzini and Peter M. Blumberg*. Dept. Pharmacology, Menarini 
Ricerche Sud, 00040 Pomezia (Roma), Italy and + National Cancer 
Institute, Bethesda, MD 20892, USA.

The nonpeptide NK1 receptor antagonists, RP 67580 and CP-96,345, 
have marked antinociceptive activity in the rat which, in some models, is 
clearly NK1 receptor-unrelated. Since capsaicin also induces spinal 
antinociception, we have examined whether antinociception by RP 67580 
and CP-96,345 may be partly due to an interaction at vanilloid (capsaicin) 
receptors in the rat spinal cord.

Interaction at vanilloid receptors was examined by inhibition of specific 
binding of [3H]resiniferatoxin (RTX), an ultrapotent capsaicin analogue, to 
spinal cord membranes. RP 67580, but not the inactive enantiomer RP 
67581 or CP-96,345, inhibited specific [3H]RTX binding. RP 67580 
inhibited binding with a Kj of 2 μΜ without having any measurable effect on 
Bmax or on the cooperativity index; these changes are consistent with a 
competitive mechanism of action. In parallel experiments, capsaicin 
inhibited binding with 4-fold higher affinity. Although the affinity of RP 
67580 to the vanilloid receptor is orders of magnitude lower than its affinity 
to NK1 receptors, our findings imply that interaction at vanilloid receptors 
may contribute to the antinociceptive activity of RP 67580 when high 
(capsaicin-like) doses are administered intrathecally. Conceptually, our 
results suggest that development of capsaicin antagonists with 
antinociceptive activity is a feasible therapeutic objective, and the [3H]RTX 
receptor assay provides a potential screen for this evaluation.
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217.7
LO W  D O S E  IN T R A T H E C A L  C L O N ID IN E  R E L E A S E S  
TACHYKININS IN RAT SPIN AL CORD. Z. W lesenfeld-Hallin* and
L . Lu o . K a ro lin s k a  In s t itu te , S e c t io n  of C lin ic a l  
Neurophysio logy, S-141 8 6  Huddinge, Sw eden.

The a 2~adrenoceptor agonist Clonidine has a com plex effect 
on the sp inal cord. At lower d o ses , Intrathecal (IT) Clonidine  
e xc ite s dorsal horn Interneurons and fac ilita tes the flexor 
reflex. At high d o ses it is inhibitory, which reflects its analgesic  
property. Th is  b ip hasic  effect of c lon id lne  is  sim ilar to that 
seen  with IT m orphine. We have prev io usly  show n with the 
n onspecific  tachykin in  antagonist spantide  II that low dose  
m orphine re le a s e s  ta ch y k in in s , su b s ta n c e  P (SP ) and/or 
neurokinin A (NKA), probably from prim ary afferent term inals  
(W lesenfeld-Hallin et al., Brain R es ., 1991, 551, 157). We now 
exam ined the pharm aco log ica l p roperties of the excitatory  
effect of clonidlne with the sp ec ific  NK-1 receptor antagonist 
CP-96,345 and the NK-2 receptor antagonist MEN 10,207.

In decerebrate, sp ina lized , unanesthetized rats 37 pmol IT 
clonidlne facilitated the flexor reflex. T h is  effect w as blocked  
by racem ic CP-96,345 (2.4-24 nmol) or MEN 10,207 (2.4 nmol). 
In som e experim ents either drug totally blocked the effect of 
c lo n id ln e .

We conclude that IT clonidlne re leases both S P  and NKA In 
the spinal cord. SP  and NKA coexist in primary afferents. S ince  
antagonism  of the receptor for e ither tachykin in  can totally 
block c lon id ln e 's effect and IT S P  and NKA sy n e rg istica lly  
Interact (Xu and W lesenfeld-Hallin, Acta P hysio l. Scand ., 1992, 
144, 163), there may be a functional coupling between the NK- 
1 and NK-2 receptors.

217.9
TACHYKININ RECEPTOR INVOLVEMENT IN C-FEBER EVOKED SLOW 
SYNAPTIC POTENTIALS IN VITRO AND CENTRAL SENSITIZATION IN VIVO. 
OP Ma. LG Sivilotti*. I Nagy. CJ Woolf. Dept. of Anatomy, University College 
London, London WC1E 6BT, UK.

C-afferent fibers induce prolonged increases in the excitability of spinal neurons 
(central sensitization). This may result from temporal summation of slow synaptic 
potentials (Thompson et al. J. Neurophysiol. June 1993) leading to 2nd messenger 
mediated changes in membrane properties. We have investigated whether neurokinin 
receptors contribute to this activity-dependent plasticity. The effect of NK1 
(RP67580, lOOnM) and NK2 (MEN10376, lOOnM) receptor antagonists on slow  
ventral root potentials (VRP) produced by C-fiber stimulation was studied in neonatal 
rat (8-12d) hemisected spinal cords. Both antagonists only reduced the prolonged 
components (> 100ms) of the synaptic responses with the greatest effect on the very 
late phase of the VRP (1.0-10s). The NK2 antagonist had a larger effect than the 
NK1, particularly on the cumulative depolarization produced by low frequency (1Hz) 
stimulation. Central sensitization was monitored as the marked increase of the 
normally low/absent touch-evoked response in biceps-femoris flexor motoneurons in 
decerebrate-spinal rats following C-fiber inputs generated electrically or by 
cutaneous application of mustard oil. RP67580,2.28nmole intrathecally, significantly 
reduced this enhancement, whereas MEN10376, at doses that did not alter the 
baseline reflex (0.7nmole), had no significant effect. NK1 receptors may contribute, 
like NMDA receptors (Woolf & Thompson, Pain 44:293, 1991) to the induction of  
acute allodynia and hyperalgesia (Xu et al. Eur. J. Pharmacol. 216:337,1992) in the 
adult rat spinal cord following cutaneous C-nociceptor input NK2 receptors may 
have a particular role in C-fiber evoked activity in immature spinal cords.

217.11
The H3 antagonist thioperamide releases histamine and induces 
antinociception in the rat periaqueductal grey (PAG). J.W. Nalwalk, B. 
Li. K.E. Barke. K.K. Thoburn and L.B. Hough*. Dept. Pharmacology & 
Toxicology, Albany Medical College, Albany, NY 12208.

Recent studies from this laboratory support the hypothesis that the 
release of neuronal histamine in the PAG can inhibit pain transmission. 
Since the activity of histaminergic neurons is thought to be tonically 
regulated by H3 receptors, the effects of the H3 receptor antagonist 
thioperamide were studied in rats on PAG histamine release and on hot 
plate (52° C) nociceptive responses. When extracellular levels of 
histamine in the PAG were measured in conscious rats by in vivo 
microdialysis, systemic administration of thioperamide (5 mg/kg, i.p.) 
increased histamine release to 250% of baseline levels within 60 min. In 
the antinociceptive studies, intracerebral microinjections were made into 
the dorsolateral PAG at the level of the dorsal raphe in conscious 
animals. Thioperamide (0.28 ng - 28 Ag, i.c.) showed an inverted U- 
shaped dose-response curve, with peak antinociceptive effects (16% 
MPE) occurring 5 min after 280 ng. Higher doses induced no significant 
antinociceptive effects, suggesting pro-nociceptive actions as well. These 
results indicate that: 1) extracellular histamine levels in the PAG appear 
to be regulated by the activity of histamine H3 receptors, and 2) 
thioperamide exerts both pro- and anti-nociceptive actions in the PAG. 
The thioperamide dose-response curve closely resembles that found 
previously with intracerebral histamine, suggesting that the pain 
modulatory effects of thioperamide are likely to be attributable to the 
release of endogenous histamine (Supported by DA-03816 and DA- 
05460).

21 7.8
D IF F E R E N T IA L  E F F E C T S  O F S E L E C T IV E  NK-2 R E C E P T O R  
A N TA G O N ISTS IN RA T S P IN A L C O R D . X.-J. Xu*. L. Luo. Z. 
W lesen fe ld -H allin  and C .A . M aa a lt .  K a ro lin sk a  Institute , 
Section  of C lin ica l N europhysio logy, Huddinge, Sw eden and 
tA . Menarlnl Pharm aceutica ls, F lo rence, Italy.

It has been proposed that the NK-2 receptor, w hich has 
selective affinity for the tachykinin neurokinin A (NKA), may be 
c la ss if ie d  into two su b typ es. The NK-2 receptor antagonists 
MEN 10,207 and MEN 10,376 have higher affinity for the NK- 
2A receptor and R396 h a s  h igher affinity for the NK-2B 
receptor. The effect of these three drugs Injected intrathecally  
(IT) on lumbar sp inal cord on the excitatory effect of NKA on 
the flexor reflex w as stu d ied  in d ece reb rate , sp in a lized , 
u nanesthetized  rats.

The facllitatory effect of 7 pmol NKA w as dose-dependently  
inhibited by pretreatment with MEN 10,207 (EDgg 56.5 pmol) 
and MEN 10,376 (ED 5 0  75.1 pmol) with sim ilar and high anta
gonistic potency. IT R396 by Itself facilitated the flexor reflex 
and at low d o ses it potentiated NKA-Induced facilitation. R396 
only m oderately antagonized NKA-Induced reflex facilitation at 
even high d o ses (ED 5 0  12.8 nmol).

Our resu lts suggest that the NK-2A receptor In rat spinal 
cord m ediates the excitatory effect of NKA.

217.10
INDUCTION OF BRADYKININ Bl-M EDIATED HYPERALGESIA 
IN THE RAT. M.N.Perkins*. D.Kelly. A  Davis & A. Pray.
Sandoz Institute for Medical Research, Gower Place, London WC1E 6BN, 
UK.

During acute inflammation bradykinin (Bk) activates nociceptors via a B2 
receptor. We have studied the involvement o f Bk receptors in the 
hyperalgesia produced during persistent inflammation in the rat.
Mechanical hyperalgesia was induced by unilateral intra-articular injections 
o f  Freund's complete adjuvant into the knee. The subsequent reduction in 
load (g) tolerated by the injected leg, indicating hyperalgesia, was measured 
72hr later. Thermal hyperalgesia was produced by exposing one hindpaw 
to UVA light. The withdrawal latency to focused radiant heat applied to both 
hind paws was measured 24 hr later.
In both models the B2  antagonist HOE 140 was weakly effective in 
alleviating the hyperalgesia (lnmol-5mmol/kg iv). The B l antagonist, 
desArg^Leu^Bk (10nmol/kg iv) significantly reduced both the mechanical 
and thermal hyperalgesia. The B l agonist, (10nmol/kg iv) increased both 
thermal and mechanical hyperalgesia 60min after injection. desArg9Bk was 
inactive in naive animals In addition, in the UVA model desArg9Bk (1- 
100nmol/kg iv) induced thermal hyperalgesia in both the UVA-trealed paw 
and the contra-lateral paw. The desArg9Bk-induced hyperalgesia was 
reversed in both models by co-administration o f desArg9Leu8Bk 
(200nmol/kg iv) but not by HOE 140 (500nmol/kg iv).
The data suggest that during persistent inflammation B l receptors have a 
role in maintaining the accompanying hyperalgesia.

217.12
ERGOTAM INE DOES NO T ATTENUATE NO XIO US SENSO RY INPUT 
FROM  THE D U R A  M ATER B Y  A N  AC TIO N  O N DESCENDING  
INHIBITION FROM THE RAPHE M A G N U S G.A.Lambert’- V.Gordon and 
J.Michalicek Institute of Neurological Sciences, University of New South Wales, 
Sydney, Australia.

We have reported that the upper cervical spinal cord of the cat contains cells 
which receive trigeminal fibers originating in the dura mater. Neurons in the 
region respond to mechanical, electrical and chemical stimulation of the superior 
sagittal sinus (SSS) or other dural vessels. These responses are blocked or 
reduced by intravenous or iontophoretic application of the antimigraine ergot 
alkaloids. The mechanism of this block is unknown. These experiments were 
designed to test if the block involved descending serotonergic mechanisms from 
the raphe magnus (nrm). In cats anesthetized with alpha-chloralose (60mg/kg), 
the SSS was prepared for electrical stimulation, a tungsten recording electrode 
was positioned in the cervical spinal cord, and a stimulating electrode was placed 
in the nrm. Units in the spinal cord discharged in response to SSS stimulation 
with latencies of 10-20 msec. Stimulation with single shocks at low intensities 
in the nrm, 30-500 msec prior to SSS stimulation inhibited the responses to SSS 
stimulation. This inhibition was sometimes obscured or complicated by the 
occurrence of “auto-inhibition”, resulting from an excitation induced by 
stimulation of the nrm. Such “auto-inhibition” could be produced by any 
mechanism which induced responsive cervical neurons to discharge. However, 
a significant proportion of spinal neurons were inhibited by prior nrm 
stimulation without any excitation. Inhibition was maximal at 70 msec after nrm 
stimulation, at which latency up to 95% block of responses occurred. 
Intravenous injections of the antimigraine drug ergotamine tartarate (40 ug/kg) 
produced a gradually-developing block of responses to SSS stimulation. At no 
stage was the inhibition produced by nrm stimulation altered by ergotamine. The 
proposition that ergotamine acts through facilitation of descending serotonergic 
influences from the raphe magnus is not supported by these experiments.
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217.13
APPLICATION OF METHYSERGIDE BY MICRODIALYSIS ATTENUATES 
THE INHIBITION OF PRIMATE NOCICEPTIVE SPINOTHALAMIC TRACT 
NEURONS PRODUCED BY STIMULATION IN PERIAQUEDUCTAL 
GRAY. 0 . Lin and W .D.W illis*.Marine Biomedical Institute, UTMB, Galveston, 
TX 77555-0843.

Serotonin (5-HT) is known to be involved in the mediation o f descending 
inhibitory effects from periaqueductal gray (PAG) to the dorsal horn neurons. But 
its action site still remains obscure. In this study, microdialysis fibers were used for 
administration within the dorsal horn to observe the change in inhibition of 
nociceptive spinothalamic tract (STT) neurons produced by stimulation in PAG 
during release o f the 5-HT receptor antagonist, methysergide, into the vicinity of 
STT cells. Experiments were performed on anesthetized young adult monkeys 
(Macaca fascicularis). STT cells were identified by antidromic activation and 
recorded using a carbon filament electrode. The inhibitory effect o f electrical 
stimulation of PAG on pinch- and heat-evoked activities were recorded before and 
then after a one-hour infusion o f methysergide (0.5 mM). Of 8 STT cells, PAG- 
induced inhibitions were significantly reduced in six cells after administration of 
methysergide. Reduction in amplitude in pinch-evoked activity was greater than 
that in heat-evoked activity. In addition, infusion o f 8-OH-DPAT (2.0 mM), a 5- 
HTla agonist, produced a decrease both in pinch and heat responses. These data 
provide evidence that 5-HT receptors in the dorsal horn participate in PAG 
descending inhibitory transmission to STT cells and the related receptor subtype 
may be 5-HT la receptors. This work was supported by NIH grants NS09743 and 
NS11255.

217.15
THE ROLE OF THE ROSTROVENTROMEDIAL MEDULLA IN a2- 
ADRENERGIC ANTINOCICEPTION. A. Pertovaara* and M.M. 
Hämälälnen. Dept.Phyaiol.,P.O.Box 9, 00014 Univ.
Helsinki, Finland.
The antinociceptive effect of medetomidine (MED), a 

selective a2-adrenoceptor antagonist was studied 
following microinjection (1 μΐ, 1-30 μg) into the 
rostroventromedial medulla (RVM), periaqueductal gray 
(PAG) or the cerebellum in rats. Also, we microinjected 
lidocaine into the RVM in an attempt to reverse the 
antinociception induced by s.c. MED.
MED microinjected into the RVM produced a dose- 

dependent antinociception in the tail-flick and hot-plate 
tests, which effect was completely reversed by 
atipamezole (1 mg/kg, s.c.), an a2-adrenoceptor 
antagonist. MED microinjected into the PAG or cerebellum 
produced an identical dose-response curve as that 
obtained following injection into the RVM. Lidocaine (5%) 
microinjected into the RVM did not attenuate 
antinociception induced by s.c. MED. Also in spinalized 
rats MED produced increased tail-flick latencies 
following microinjection into the RVM.
The results indicate that the RVM is not a critical 

site for producing a2-adrenergic antinociception.

217.17
EVIDENCE THAT ALPHA, ADRENOCEPTOR AGONISTS MODULATE 
NOCICEPTIVE RESPONSES EUCITED BY THE ACTIVATION OF A-DELTA 
NOCICEPTORS. V.Pirec. D.C. Yeomans and H.K.Proudfit. Dept. of 
Pharmacology, Univ. of Illinois College of Medicine at Chicago, Chicago, IL 
60612

Experiments were designed to determine whether « -̂adrenoceptor agonists 
produce antinociception by selective inhibition of responses evoked by the 
activation of As nociceptors. Three criteria were used to distinguish 
responses mediated by the activation of C-fiber or As nociceptors: 1) the 
selective sensitization of C-fiber nociceptors by topical capsaicin, 2) the 
selective sensitization of As-fiber nociceptors by DMSO, and 3) differential 
sensitivity to high and low heating rates of noxious skin heating.

Experiments were designed to determine whether i.t. injection of ou, 
agonists selectively reduces the nociceptive responses produced by high or 
low heating rates. Intrathecal administration of low doses of « -̂adrenoceptor 
selective agonists, clonidine or guanabenz, in normal rats produced 
significant antinociception only when high heating rates were used. However, 
a high dose of clonidine also produced an antinociceptive effect on 
responses to low heating rates. Antinociceptive effects using high, but not 
low skin heating rates were attenuated by i.t. injection of the <*, antagonist, 
idazoxan.

These results indicate that the antinociceptive effects of a, agonists in the 
spinal cord are mediated by selective inhibition of responses mediated by the 
activation of Ai nociceptors. This work was supported by USPHS grant DA 
03980 from the National Institute on Drug Abuse.

217.14
T A IL S H O C K -IN D U C E D  A N A L G E S IA  IS B L O C K E D  BY  
S E R O T O N IN , B U T  N O T  N O R E P IN E P H R IN E , 
D E P L E T IO N  IN L U M B A R  SP IN A L  C O R D . LC  S u tton * . 
W W  W ood m an see . E P  W ie r te la k l .  SF M aier & LR  
W a tk in s .  D ep ts P sych , U C O , B ou ld er , C O  80309  & 
M aca lester  C oll, St P au l, M N  5 5 1 0 5 İ

Inescapable tail shock produces 3 sequential analgesic states as the 
number o f  shocks (5 s, 1 mA) increases: an early opiate (2 shocks), a 
"non-opiate" (5-40 shocks), & a late opiate (80-100 shocks). We 
tested whether depletion o f  serotonin (5HT), norepinephrine (NE), or 
combined 5HT-NE depletion would affect any o f these analgesias. 
5HT depletion was done using IT 5,7-DH T (100 μg) plus IP 
desipramine (25 mg/kg). NE depletion was done using IT D SP4 (300 
μg). Combined 5HT-NE depletion was accomplished by IT injection 
o f  5,7-DHT (100 μg). Control rats received equivolume vehicle (20 
pi). HPLC analysis o f 5HT & NE levels in lumbar & cervical cord 
w ill ensure that depletions were restricted to lower spinal cord.

Pain sensitivity was assessed using the tail flick (TF) assay at 10 
days post-neurotoxin. After baseline (BL) testing, TF latencies were 
recorded after 2, 5, 10, 20, 40, 60, 80, & 100 shocks. The 4 groups 
did not differ in BL pain sensitivity. 5HT & 5HT-NE depletions 
blocked analgesia only after 80-100 shocks. In contrast, NE depletion 
had no effect on any o f the 3 sequential analgesias. Thus, it appears 
that 5HT, & not NE, is critical to analgesia after 80-100 shocks.

217.16
IN T E R A C T IO N S  O F  S E R O T O N E R G IC ,  N O R A D R E N E R G IC  A N D  
O P IO ID  N E U R O N A L  S Y S T E M S  IN S P IN A L  A N A L G E S IA . D .J .
Sm ith*. P .J . M onroe. T . C r isp  a n d  D .L . S m ith . Dept. of A n e s ., W V U -  
H S C , M organtow n, W V  2 6 5 0 6 ; N E O U C O M , R ootsto w n, O H  44 2 7 2 .

T h e  an tag o n ists, m ethyserg id e  (sero to nerg ic), id a zo x an  (adrenerg ic) 
an d  na ltrexone  (opioidergic), w e re  e va lu ate d  for the  sp ecificity  of their 
inhibitory action  a g a in s t  the  sp in a l an tino cicep tive  action  of seroton in  
(1 pm ol), c lon id ine (a  ad re n e rg ic  ag o nist, 0 .4  pm ol) an d  D A M G O  (p 
opioid ago nist, 0.1 nmol) in the  rat tail flick test. Intrathecal 
adm inistration  of the  a g o n ists  an d  an tag o n ists  w a s  tim ed to allow  
p e a k  p h arm aco lo g ica l actio n s to co in c id e . A n tag o n ist dose-inhibition  
cu rv e s  w ere  co n structed  for sp e c ific  ag o n ist-an tag o n ist p airs. T h en , 
the m axim ally  effective  d o se  (M ED ) of e a c h  an tag o n ist w a s  tested  
a g a in st the  d issim ila r ag o n ists . M e thyse rg id e  (M ED  ag a in st serotonin, 
3 nmol) did not alter the  an tino cicep tive  re s p o n s e s  to e ither c lon id ine  
or D A M G O . H o w ever, id a zo xan  (M E D  a g a in st clon id ine , 12 .5  nmol) 
inhibited re s p o n s e s  to D A M G O  an d  sero to n in , 8 0 %  an d  2 5 %  of 
control, resp ective ly . A lso , na ltrexone  (M ED  a g a in st D A M G O , 3 .0  
nmol) inhibited re s p o n se s  to c lon id ine an d  seroton in , 7 5 %  and  4 2 %  of 
control, resp ective ly . T h u s  in addition to direct in teractio n s with 
an tino cicep tive  p ro c e s s e s , the a g o n ists  stu d ie d  a p p e a r  c a p a b le  of 
recruiting other p ha rm aco lo g ica lly  d istinct neuro nal m e c h a n ism s at the  
sp ina l level. Fu rtherm ore, th e se  neu ro nal p ro c e s s e s , e a c h  of w hich  
h a s  b e en  im plicated  in d e sce n d in g  pain  m odulation, m ay  be  
physio lo g ica lly  in terco nn ected . A lternative ly , so m e  of the  c r o s s 
an tag o n ism  cou ld  be related  to n o n -se lective  recep to r interactions.

217.18
EFFEC TS O F  A LPH A  A G O N IST S O N  PH Y SIO L O G IC A LL Y  
C H A R A C TE R IZ E D  SP IN A L  D O R SA L  H O R N  N E U R O N S IN  
T H E  C A T. S.L . Jones*. Department o f  Pharmacology, University 
o f  Oklahoma, Oklahoma City, OK 73190.

The mechanisms and specificities o f  action o f  iontophoretically 
applied norepinephrine and selective alpha adrenoceptor agonists on 
the unit activity o f  physiologically characterized dorsal horn neurons 
were examined. Cats were anesthetized with sodium pentobarbital 
and paralyzed with gallamine triethiodide. Dorsal horn neurons were 
isolated, and characterized physiologically as low  threshold (LT), 
high threshold (HT) or multireceptive (M ULTI) neurons. In the 
absence o f  spontaneous unit activity, the excitatory amino acid, DL- 
hom ocysteic acid (DLH ), was used to evoke background activity.

Norepinephrine (N E), clonidine (CLON) and phenylephrine (PE) 
affected unit activity o f  all classes o f  neurons. However, NE, 
CLON, and PE inhibited a larger proportion o f  HT neurons compared 
to LT neurons. O f the 20 LT neurons examined to date, 42% (8/19), 
23% (3/13) and 25% (2/8) were inhibited by N E , CLON and PE, 
respectively. O f the 11 HT neurons examined to date, 75% (6/8), 
57% (4/7) and 75% (3/4) were inhibited by N E , CLON and PE, 
respectively. Thus, it appears that HT neurons may be inhibited by 
iontophoretically applied alpha adrenoceptor agonists to a greater 
extent than LT neurons. Supported by D A 07196.
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217.19
a l p h a 2-a n a l g e s ia  a f t e r  s y s t e m ic  a d m in is t r a t io n
OF ADRENERGIC AGENTS IN AMPHIBIANS. L L. Deason*. G.
M. Brenner, and C. W. Stevens. Dept. of Pharm/Phys, Oklahoma State 
University, College of Osteopathic Medicine, Tulsa, OK 74107.

Pain research using mammalian models indicates that adrenergic 
agents produce analgesia after peripheral administration. Our research 
focuses on the processing of noxious stimuli in amphibians, using the 
Northen grass frog, Rana pipiens. To determine if amphibian pain 
physiology is likewise modulated by adrenergic agents, the analgesic 
activity of epinephrine (EPI), norepinephrine (NEPI), clonidine (CLO) 
and dexmedetomidine (DEX) was assessed using the acetic acid test. 
The specific alpha-adrenergic antagonists, yohimbine (У0И-а1рһа2), 
atipamezole (ATl-aIpha2), and prazosin (PRA-alphaj), were used to 
determine alpha-adrenergic receptor type. Pain thresholds were 
estimated using the acetic acid test.

Adrenergic agents produced a long-lasting and dose-dependent 
analgesia with rank order of potency = DEX > EPI > NEPI > CLO. 
Pretreatment with the selective alpha y-aniagomsts, YOH and ATI, 
blocked analgesic activity. Pretreatment with the alpha у-antagonist, 
PRA, potentiated CLO and but did not block DEX. These results 
suggest that adrenergic analgesia in amphibians, like similar mechanisms 
in mammals, is mediated by alpha-2 adrenergic receptors. Supported by 
the Whitehall Foundation and the NIH (DA07326).

217.20
ANALGESIC ACTION OF INTRASPINAL ADRENERGIC 
AGENTS IN AMPHIBIANS. C. W. Stevens*. L, L. Deason, and G. 
M. Brenner. Oklahoma State University, College of Osteopathic 
Medicine, Tulsa, OK 74107-1898.

The analgesic activity of adrenergic agents administered to the 
spinal cord in mammals has been amply demonstrated by Yaksh and 
colleagues. These studies mimic the action of endogenous 
catecholamines released in the spinal cord from descending neurons 
situated in the brainstem. To determine if comparable mechanisms 
exists in non-mammalian vertebrates, we used a behavioral model for 
assessing analgesia in the grass frog, Rana pipiens. Pain thresholds 
were estimated using the acetic acid test. Serial dilutions of epinephrine 
(EPI), norepinephrine (NEPI), clonidine (CLO), and dexmedetomidine 
(DEX) were administered i.s. at the level of the lumbar spinal cord 
using a hand-heldmicrosyringe. All agents produced a long-lasting and 
dose-dependent analgesia compared to saline-injected controls. The 
rank order of potency = DEX > NEPI > EPI > CLO. Further studies 
using selective alpha-adrenergic antagonists are needed and are in 
progress. These studies confirm and extend previous studies in 
mammals, and suggest that descending adrenergic modulation of spinal 
pain transmission may be a common characteristic of the vertebrate 
nervous system. Supported by the Whitehall Foundation of West Palm 
Beach, FL, and NIH grant DA07326.

LATERAL GENICULATE NUCLEUS: STRUCTURE AND FUNCTION

218.1
BRAINSTEM INFLUENCE ON THE CENTER-SURROUND ANTAGONISM OF 
CELLS IN THE DORSAL LATERAL GENICULATE NUCLEUS OF THE CAT. 
LT. Field. P. Heggelund* and O. Rukšėnas. Dept. of Neurophysiol., Univ. of Oslo, 
Oslo, Norway.

The visual response of cells in the dorsal lateral geniculate nucleus (dLGN) can be 
strongly modulated by input from cholinergic neurones in the peribrachial region 
(PBR) of the brainstem. Increased activity of these neurones is assumed to be related 
to behavioral arousal. Electrical stimulation of PBR can give a strong enhancement of 
the visual response to a small spot presented in the receptive field center of dLGN 
relay cells. Similar effects can be obtained by local application of acetylcholine 
(АСҺ). The effects of increased PBR input on the center-surround antagonism in the 
receptive field are less well understood.

We studied the influence of electrical PBR stimulation on the center-surround antag
onism of single dLGN cells in anaesthetized and paralyzed cats. We compared the 
response without and dunng PBR stimulation to a series of light spots differing in 
size.

During PBR stimulation there was an enhancement of the response to all the spot 
sizes, from the smallest spots that covered only a part of the center to the larger spots 
covering the center as well as different portions of the surround. The enhanced 
response could not be explained by the increased spontaneous activity. Thus, there 
was a decrease of the center-surround antagonism during the PBR stimulation. In the 
surround the enhancement was generally stronger in the proximal than in the distal 
parts. The reduced center-surround antagonism is consistent with the findings that 
PBR stimulation or АСҺ application inhibits the inhibitory elements of the geniculate 
circuit (Ahlsén et al., J. Physiol. 347: 593, 1984; McCormick & Pape, Nature 334: 
246,1988) in addition to having a facilitatory effect on the relay cells (McCormick & 
Prince, J.Physiol. 392: 147,1987).

218.3
MAPPING OF RETTNOGENICULATE PROJECTIONS IN ACHIASMATIC 
MUTANT BELGIAN SHEEPDOGS. D. Hogani*. P. E. Garraghtv2. and
R. W. Williams, і iDept. AnaL & Neurobiol., Univ. Tenn., Memphis 
TN 38163 and 2Dept. Psychol., Indiana Univ., Bloomington IN 47405.

We have previously reported a mutation carried in a family o f  
Belgian sheepdogs in which the entire retinal projection extends into 
the ipsilateral optic tract. These animals have a persistent pendular 
nystagmus with features that resemble congenital nystagmus in 
humans. In this study we address the problem o f how the single 
massive ipsilateral projection from both nasal and temporal regions of 
the retina is mapped in the lateral geniculate nucleus (LGN). Tne LGN 
o f the mutants is laminated with clearly distinguishable A and C layers, 
and interlaminar zones. Lamination is not noticeably disrupted in tnese 
mutants as in Siamese and albino cats. Unilateral peroxidase injections 
into the LGN of two mutants confirm that there is a direct ipsilateral 
nasal input to LGN.

We recorded from the LGN o f three animals with nystagmus using 
low impedance tungsten electrodes. Receptive fields were plotted every 
100-200 pm along penetrations through the main laminae o f the LGN.
In all three cases, visual stimulation o f the nasal retina evoked strong 
responses in the ipsilateral LGN. Reconstructions o f electrode tracts 
demonstrate that these ipsilateral nasal fields were recorded in lamina
A. As the electrode was advanced from the aberrant ipsilateral nasal A  
layer into the normal ipsilateral A l, there were abrupt, symmetrical 
reversals in field azimuth across the vertical meridan. The polarity of  
visual maps in A  and A l were mirror images, with progressively 
greater horizontal disparaties in field position as eccentricity increased. 
This demonstrates that nasal and temporal projections map 
autonomously in the LGN even when they arise from the same eye.

Supported by NEI R01-6627.

218.2
COMPARISONS OF SYNAPTIC INPUTS TO NEURONS IN THE DORSAL 
LATERAL GENICULATE NUCLEI OF NORMAL AND M0N0CULARLY 
DEPRIVED SQUIRREL MONKEYS. J.R. Wilson* and D.M. Forestner. 
Yerkes Research Center, Depts. of Anatomy and Cell Biology, 
and Ophthalmology, Emory University, Atlanta, GA 30322.

Intracellular injections of horseradish peroxidase were 
used to label cells in the dLGNs of normal and monocularly 
lid-sutured squirrel monkeys. Their synaptic inputs were 
then examined with the electron microscope. Four deprived 
and four normal cells from the parvocellular laminae were 
studied. The total dendritic lengths were not signifi
cantly different between the two groups although there was 
a tendency for those of the deprived cells to be shorter 
(normal avg. » 5500 џ т versus deprived avg. = 3900 /im). 
The distribution of types, numbers, or densities of 
synapses on the dendrites was also not different between 
the two groups. However, a much greater number of synapses 
was found on the somata of the deprived cells compared with 
those of the normal cells (dep. avg. = 24 vs. normal avg. 
= 6). Nearly all of the synapses made onto the normal 
cells were of the F type whereas all types contacted the 
deprived somata. These results indicate that the synaptic 
inputs to the dendrites of monocularly deprived dLGN 
neurons is normal, but there are abnormal inputs to the 
somata. This abnormal synaptic pathway could cause 
improper visual signals to be sent to cortex. (Supported 
by NIH grants EY-04976 and RR-00165.)

218.4
SPATIAL INFLUENCES ON ORIENTATION BIASES EXHIBITED BY DORSAL 
LATERAL GENICULATE NUCLEUS (dLGN) CELLS.
H.E. Jones* and AM . Stililo. Dept. of Visual Science, Inst, of Ophthalmology, Bath 
St., London EC1V 9EL, UK.

Cells in the dLGN are generally regarded as having a concentrically arranged 
centre-surround type receptive field structure. Nevertheless, it has been previously 
reported that some dLGN cells exhibit orientation biases when tested with long bars 
and full-field gratings (Shou and Leventhal, 1989, J. NeuroscL 9ç.4287-4302). Our 
recent work has addressed the relative contribution made by subcortical and 
corticofugal synaptic mechanisms to the generation of centre-surround antagonism 
in geniculate receptive fields. Given that the responses of cortical layer VI cells are 
strongly dependent on both stimulus length and orientation, any corticofugal 
contribution to geniculate orientation biases might be predicted to be heavily 
influenced by the spatial extent of the stimulus. In this report, we have 
systematically evaluated geniculate orientation biases as a function of both bar 
length and grating patch diameter. We recorded from single cells in the A laminae 
of the dLGN of anaesthetized, paralysed, adult cats. We examined the relationship 
between orientation bias and stimulus size by varying orientation and either bar 
length or grating patch diameter in a randomised, interleaved sequence. While some 
cells showed very little orientation bias irrespective of the spatial extent of the 
stimulus used, the responses of many cells were strongly influenced by stimulus 
orientation. For these cells, our results indicate that both the magnitude of the bias, 
and the preferred orientation, are highly dependent on stimulus length/grating patch 
size. These data suggest that the orientation biases exhibited by dLGN cells 
probably arise from the interaction of a number of different synaptic inputs, and that 
their nett balance is strongly influenced by the area over which the influences are 
recruited.
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218.5
CORTICOFUGAL FEEDBACK AN D STIM ULUS DEPENDENT  
CORRELATIONS IN THE FIRING OF SIMULTANEOUSLY RECORDED 
CELLS IN THE DORSAL LATERAL GENICULATE NUCLEUS (dLGN).
A.M. Sillito*. H.E. Jones and J. Davis. Dept. of Visual Science, Inst, of 
Ophthalmology, Bath St., London EC1V 9EL, UK.

The corticofugal projection from layer VI of the visual cortex to the dLGN contacts 
both relay cells and the inhibitory intemeurons influencing relay cell activity. The 
functional significance of the direct projection to the relay cells is not clear, although 
there is evidence regarding the influence of the drive to the inhibitory intemeurons 
(e.g. Sillito, Cudeiro and Murphy, 1993, Exp. Brain Res. 93:6-161. Here, we present 
evidence relevant to the possibility that the corticofugal system influences the 
synchronisation of the firing between dLGN cells. A stimulus of a given orientation 
will drive layer VI cortical cells tuned to that orientation and dLGN cells with 
receptive fields falling along the line of the orientation. For dLGN cells with 
receptive fields that are separated by a distance falling within the known length 
summation profile of layer VI cells, and aligned so that they are simultaneously 
activated by a given orientation, the feedback might be expected to induce correlation 
in the firing pattem. Our experiments have simultaneously recorded from 2-4 cells 
in the A laminae of the cat dLGN, and used drifting gratings or bars of varying 
orientation, together with bipartite concentric stimuli, to explore the correlation in the 
firing patterns of dLGN cells. The data show clear evidence of strong shifts in the 
correlation between the firing patterns of pairs o f cells when simultaneously activated 
by an iso-orientation contour. These are sensitive to the shift predictor suggesting the 
presence of a common input underlying the correlated discharge. The most likely 
source of this apparently orientation dependent influence is the feedback from layer 
VI, thereby serving to increase the effectiveness of the synaptic transfer to the cortex.

218.7
NO BINOCULAR RIVALRY IN LGN O F  A L E R T  M ACAQUE. S  R . Lehkv* and 
J.H.R. Maunsell Division of N euroscience, Baylor College of Medicine, 
Houston, TX  77030.

LGN single-unit responses to rivalrous and non-rivalrous stimuli were 
measured using either orthogonally-oriented or identical drifting gratings 
presented to the two eyes, with a trial duration of 5 sec. Data were analyzed 
by calculating the power density spectrum of the spike histogram. The  
spectra below 100 Hz showed almost equally large peaks at the stimulus 
frequency (usually 2 Hz) and monitor frame rate (75 Hz), smaller peaks at the 
first and second harmonics of the stimulus, and additional small peaks of 
unknown origin, particularly at 50 Hz. The ratio of power spectra for rivalrous 
and non-rivalrous conditions were flat at a value close to 1.0 across all 
frequencies, and thus provided no evidence for rivalry in either 
magnocellular (23 units) or parvocellular layers (41 units). This w as true even 
when the contrasts of the rivalrous gratings were made unequal in a  manner 
known from psychophysics to enhance the probability of suppression.

As controls, monocular gratings to the dominant and non-dominant 
eyes, as well as blank trials, were randomly interleaved with the above stimuli. 
Responses to completely blank screen s w ere curious, with units firing 
intermitent bursts with the sam e periodicity as the drifting gratings presented 
during earlier trials, as if there were a  “temporal afterimage”. The overall 
amplitude of these spontaneous oscillations w as around 2%  that of the 
stimulated condition, and the phase w as not locked to trial onset, but 
randomly varied from trial to trial. Presenting a  monocular grating to the 
nondominant eye did not affect the amplitude of the spontaneous 
oscillations, but resulted in a limited degree of phase entrainment.

Supported by the McDonnell-Pew Foundation and NIH R 0 1  05911

218.9
CELL TYPES AND RESPONSE TIMING IN THE MEDIAL  
INTERLAMINAR NUCLEUS (MIN) AND C-LAMINAE OF THE CAT 
LGN. AL. Humphrey* and A  Murthy. Dept. of Neurobiology, Univ. of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

The X- and Y-cells in the A-laminae of the cat LGN are divisible into 
lagged (Xl.Yl) and nonlagged (Xn,Yn) types, which display different timing 
in response to spots undergoing sinusoidal luminance modulation. Lagged 
cells are characterized by phase lags and long visual latencies whereas 
nonlagged cells display phase leads and short latencies (Saul & Humphrey, 
J.Neurophys. 64:206,1990). Lagged and nonlagged response timing is also 
demonstrable in receptive field subzones of simple cells of area 17 (Saul & 
Humphrey, J.Neurophys. 68:1190,1992). These and other close parallels 
between LGN and cortex indicate that the timing properties of the 
geniculate afferente contribute to the spatiotemporal structure of cortical 
receptive fields.

Simple cells in area 18 can also display lagged and nonlagged timing. 
This has led us to investigate the timing properties of cells in the MIN and 
geniculate C-laminae, two mąjor sources of input to area 18.

Preliminary results reveal that the mąjority of cells in the MIN are YN, 
but a sizeable fraction (>35%) are non-Y; they consist of X^-cells and linear 
and nonlinear W-cells. The W-cells display lagged-like, nonlagged-like, or 
intermediate response timing. In lamina C, most cells are Yn, but we have 
recorded 2 Xj/cells there. Our sample of non-Y cells in these geniculate 
divisions is greater than that reported by others and may be attributed to 
our use of high impedance electrodes which sample small neurons. Taken 
together, our results reveal that cells with lagged and nonlagged response 
timing exist in the МШ and lamina C, and may contribute to the response 
timing of cortical cells in area 18. Supported by EY06459 and EY08098.

218.6

M O D ELLIN G  T H E  V A R IA B IL IT Y  IN T H E  MAINTAINED D IS C H A R G E  O F  
N EU R O N S  O F  T H E  C A T  L A T E R A L  G E N IC U L A T E  N U C LE U S .
P. M ukherįee* an d  E. K aplan. Rockefeller University, New York, NY 10021 

Studies of cat retinal ganglion cells have concluded that their maintained 
discharge lacks significant temporal structure, and thereby can be well described by 
a renewal process. A study of cat lateral geniculate nucleus (LGN) demonstrated 
that the spontaneous activity o f some relay cells is also Poisson noise, whereas such 
recordings from other relay cells showed clear temporal structure indicative of 
high-pass filtering of the retinal noise (Levine & Troy 1986). Neurons in this latter 
group showed a preponderance of short interspike intervals (ISI) in their 
maintained discharge. Here we report, using biophysical modelling of the relay 
cell response to Poisson noise synaptic input, that this diversity in the statistics of 
the LGN noise can be accounted for by changes in resting membrane polarization.

The recent thalamic relay cell model of McCormick & Huguenard (1992) was 
implemented using the NEURON simulator. This single-compartment numerical 
model incorporates the kinetics of ten ion channels. Resting membrane potential 
was adjusted by altering the values of the Na+ and K+ leak conductances. EPSPs 
were simulated with parameters typical of AMPA glutamatergic synapses.

At depolarized membrane potentials, the modelled LGN response to Poisson 
synaptic input fit well the prediction of a renewal process. At hyperpolarized 
potentials, however, temporal structure appeared in the model output, as there was 
a much higher incidence of short ISIs in the spike train due to low-threshold Ca2+ 
bursts. The reduced variance of the output spike train indicated high-pass filtering 
of the input noise. This is consistent with our previous result that hyperpolarization 
causes low-frequency attenuation of the LGN response to sinusoidal stimuli. The 
present findings suggest that this high-pass filtering action of the LGN extends to 
the retinal maintained discharge as well as the driven retinal response.

Supported  b y  EY -4 8 88  & EY -1 4 28

218.8

ROLE OF THE BLIND SPOT IN THE LAM INAR MORPHO
GENESIS OF THE RHESUS LATERAL GENICULATE NUCLEUS: 
A THERM ODYNAMIC M ODEL. D . Lee* and J.G. M alpeli. Dept. 
o f  Psychology, University o f  Illinois, Champaign, IL 61820.

The laminar pattern o f  the rhesus LGN abruptly changes midway 
along the major axis o f  the nucleus: 4 layers anteriorly for peripheral 
binocular vision, and 6 layers posteriorly for central vision. The 
transition occurs in a plane perpendicular to the major axis, passing 
through cell-free "gaps" in layers 1 and 6 that represent the blind spot. 
W e propose that the blind spot precipitates this stereotypic transition by 
introducing an anomaly in an otherwise smooth developmental gradient 
favoring 4 layers anteriorly and 6 posteriorly. To evaluate this idea, w e  
modelled the distribution o f  retinal terminals in a 2-dimensional LGN. 
Energies were assigned to individual axons according to retinal location, 
position in the LGN, and functional class (contra/ipsi, M /P, on/off). 
Simulated annealing was used to move terminals from initially random 
distributions to energetically favorable states. Incorporating an inverse 
relationship between interaction distance and eccentricity results in a 
transition between 4 and 6 layers. In the absence o f  a blind spot, the 
position o f  the transition is quite variable. When a blind spot is added, 
there is a strong tendency for the line o f  transition to be drawn to the 
resulting laminar gaps. This suggests that some relatively large-scale, 
regular features o f  brain morphology might be stabilized by small-scale, 
singular anomalies. (Supported by NIH grant EY 02695).

218.10

CONTRAST TRANSFER CHARACTERISTICS OF X-LGN 
NEURONS IN CATS. H. Cheng. Y. Chino*. E.L. Smith III. K. 
Yofihida, a n d J . JĩamamQtQ. College of Optometry, University of 
Houston, Houston, TX 77204-6052.
The mammalian lateral geniculate nucleus (LGN) is known to 
function as a non-linear contrast gain control device; the 
efficiency of signal transfer from the retina to the LGN is 
inversely proportional to stimulus contrast (Kaplan et al, 1987). 
Since recurrent inhibition by perigeniculate neurons has been 
suggested as a possible basis for this contrast-dependent 
response attenuation and the strength of such inhibition appears 
to depend on stimulus spatial frequency, we examined contrast 
transfer characteristics of X-LGN cells at three key spatial 
frequencies (i.e., the optimal, one octave higher and one octave 
lower than the optimal; mean luminance = 21 cd/m2; temporal 
frequency = 3.12 Hz). Action potentials and their S-potentials were 
extracellularly recorded from X-LGN cells in anesthetized and 
paralyzed cats. We found that not all units showed the same 
contrast transfer characteristics. Consistent with the previous 
result, many units exhibited a monotonie reduction in transfer as 
stimulus contrast increased. In a significant number of cells, 
however, signal transfer increased with stimulus contrast. 
Moreover, some cells did not show any consistent changes with 
contrast. With a few exceptions, the pattern of signal transfer 
was independent of stimiilus spatial frequency. Thus, LGN X- 
cells exhibit a more complex pattern of contrast gain control than 
previously thought. Supported by EY-08128, EY-03611, &EY-07551.
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218.11
M ONOCLO NAL ANTIBODY CAT-301 IM M UNOREACTIVITY IN  
THE V ISU A L SYSTEM  OF THE TREE SHREW  (!Tupaia belangen). 
M .L. Shuck*1 and H .M . Petrv1’2.
JDept. o f  Psychology, 2Dept. o f  Ophthalmology & Visual Sciences, 
University o f  Louisville, Louisville, KY 40292.

In the mammalian visual system, Cat-301 has been shown to 
preferentially label magnocellular neurons in monkey (Hendry et. a l.,
1988) and Y -cells in cat (Hockfield & Sur, 1990) through its 
recognition o f  a cell surface antigen. The present study was
undertaken to assess whether Cat-301 (kindly provided by Dr. S. 
Hockfield) recognizes a subset o f  neurons in the tree shrew visual 
system. In dorsal lateral geniculate nucleus, dense immunoreactivity 
was observed in layers 1 ,2 ,4 ,5  (which contain mixed X - and Y -cells). 
Layers 3 and 6 (which contain primarily W -cells), showed little 
staining. The superior colliculus showed dense labeling in stratum 
opticum and deep cellular levels. H ow ever, superficial collicular 
layers, as w ell as pulvinar, showed little immunoreactivity. Cat-301 
labeling in visual cortex was limited to a sparse, but well-localized  
band o f  immunoreactive neurons at the IV /V border in Area 17. This 
band o f  labeled cells extended into Area 18, where immunoreactivity 
was stronger, both in the number and intensity o f  labeled cells. This 
pattern o f  relatively sparse, but w ell-localized, Cat-301 immunoreactive 
neurons in visual cortex differs from that observed in other species. 
(Supported by NIH grant R 29-EY 07113 to HM P)

LATERAL GENICULATE NUCLEUS: BIO PH Y SIC S AND PHARMACOLOGY

219.1
A TRANSIENT K+ CURREN T PREVEN TS Ca2+-MEDIATED ACTION 
POTENTIALS IN GABAergic LO CA L CIRCUIT NEURONS OF THE 
THALAMUS. H.-C. Pape*. T. Budde. R. Mager and Z. Kisvárdav. Abteilung 
Neurophysiologie, Ruhr-Universität, D-W-4630 Bochum, Germany.

The state-dependent gating function of the thalamus relies heavily 
upon the presence of an intricate network of local synaptic contacts, of which 
G ABAergic local circuit neurons provide one prominent element. These  
intemeurons have been shown to lack a  C a 2+-mediated action potential with 
low-threshold of activation, which -by comparison- induces the typical burst 
firing in relay neurons leading to resonant oscillatory activity in thalamocortical 
system s during E E G  synchronization. W e investigated the intrinsic cellular 
m echanism s underlying these differences, using acutely dissociated neurons 
from the rat dorsolateral geniculate nucleus (LGNd). Local circuit neurons and 
relay cells were identified by morphological/immunohistochemical criteria, and 
their membrane properties were analyzed using whole-cell patch-clamp 
techniques. The results indicate that local circuit neurons and relay cells 
appear to not p o sse ss  a  completely different set of membrane conductances. 
Rather, the distinctive characteristics of two voltage-gated membrane 
currents, the t-type C a 2+ inward current and the А-type K+ outward current, 
largely account for the basic differences in the electrogenic behaviour 
between the two c la sse s  of neurons. In particular, these opposing membrane 
currents functionally interact, such that generation of a  C a 2+ spike is 
prevented in interneurons, w hereas in relay celts the balance is shifted toward 
a  regenerative depolarization and production of C a 2+-mediated burst firing.

T h ese  distinctive interactions between intrinsic membrane 
conductances in distinctive c la sse s of neurons may in turn support regulatory 
influences that control the integrative function of intrathalamic circuits during 
various functional states of the brain.

219.3
HISTAMINE-CONTAINING MAST CELLS IN THE CAT LATERAL 
GENICULATE -COM PLEX. K.A.Manning*. T.P.Pienkowski &
D.J.Uhlrich. Dept. o f Anatomy, Univ. o f Wisconsin, Madison W I53706

Mast cells are concentrated in the thalamus, and much o f the brain's 
histamine is thought to be contained in mast cells. Yet, mast cells in the 
brain have been little studied and their normal function is unclear. To 
better understand their role in the thalamus, we examined mast cells in the 
thalamic lateral geniculate complex (LGN) o f adult cats in sections labeled 
immunohistochemically with an antibody to histamine (HA) and/or with 
other non-HA mast cell stains, primarily pinacyanol erythrosinate (PE).

Histamine-containing mast cells are plentiful throughout all regions 
o f the LGN, especially in the C laminae and in and around rostral LGN. 
Mast cells are always associated with blood vessels (20-100 μπι diam), 
arterioles twice as often as venules. The mast cells, typically oval or 
crescent shaped (5-15 μτα diam) are usually seen alone with light 
microscopy (LM), but large clusters and long lines o f cells are also 
apparent within a single section. When HA-labeled material is stained with 
PE, an additional 35% mast cells are revealed with LM. Electron 
microscopy (EM) shows that mast cells lie on the brain side o f the blood 
brain barrier. HA is contained throughout or in a portion o f granules as 
large as 600 nm diam. Granules appear to fuse with the cell membrane on 
both the lumen and neuropil sides. More cells were apparent with EM 
than were expected from LM observation, and these were usually 
degranulated. Since virtually all relay cells in the cat dorsal LGN have HA 
receptors (McCormick & Williamson, 1991) and neurally derived HA in 
much o f LGN is relatively meager, the possibility that HA from mast cells 
could influence neurons should be examined. Supported by NIH EY06610.

219.2
EFFECTS OF  DOPAMINE ON A C T I V I T Y  OF  GENICULATE 
A N D  L A TERAL POSTE R I O R  NEURONS IN THE RAT. IĻ. 
Albrecht*. U. Zippel and H.-J. Gabriel. 
Institute of P h ysiology (Charitė), Humboldt 
Univ e r s i t y  Berlin, 0-1040, Germany.

It has b een shown by imm u n o c y t o c h e m i s t r y  that 
d o paminergic fibers from u n k n o w n  sources 
innervate the lateral geniculate nucleus (dorsal 
and ventral L G N ) . Therefore, the effects of 
i o n t o phoretically applied dopam i n e  on unit 
a ctivity of visua l l y  r e sponsive thalamic 
structures in rats anesth e t i z e d  w i t h  urethane 
we r e  examined. The v isual s t i m ulation was 
perfo r m e d  by a light emitting diode p l a c e d  in 
front of the eye. Dopamine m a i n l y  inhib i t e d  the 
a c tivity of the neurons (p < 0.02), but 
e x citatory effects w e r e  also observed. The 
highest p e rcentage of e x c i tatory effects of 
d opamine we r e  found in the shell of the dLGN. No 
d ifferences we r e  o b tained in re l a t i o n  to the 
overall resp o n s i v i ty. In half of the neurons of 
the d LGN (N = 137) and the v L G N  (N = 21) as well 
as of the LP (N = 29) the light e v o k e d  activity 
was significantly changed by dopamine. Effects 
c o uld be b l o cked by d opamine antagonists. 
Results show that dopamine is i nvolved in visual 
proc e s s i n g  not only at the level of the retina 
but also at the level of the thalamus.

219.4
ULTRASTRUCTURAL LOCALIZATION OF MUSCARINIC RECEPTORS IN 
THE RAT DORSAL LATERAL GENICULATE NUCLEUS. K.L. Plummer. H. 
Rees, and A.I. Levev. D.J. Uhlrich*. University of Wisconsin-Madison, Dept. of 
Anatomy, Madison, WI and Emory University, Dept. of Neurology, Atlanta, GA.

The dorsal lateral geniculate nucleus (dLGN) in mammals is heavily innervated 
by cholinergic fibers from the brainstem. While it is known that cholinergic fibers 
form synaptic contacts with both relay cells and intemeurons, neither the type nor the 
ultrastructural localization of the cholinergic receptors in the dLGN is known. We 
have used a standard immunocytochemical procedure with primary antibodies 
directed against the M l, M2, M3, and M4 receptor subtypes to localize muscarinic 
receptors at the electron microscopic level in rats.

The M2 and M3 receptors appear to be the predominate subtypes in rat dLGN. 
At the light microscopic level the M2 antibody stained primarily dendrites and sprays 
of terminal boutons. At the electron microscopic level, M2-labeled profiles included 
dendritic shafts, some o f which contained synaptic vesicles, and at least two 
morphological types of terminals. One type was classified as F2 terminals as they 
were postsynaptic and contained pleomorphic vesicles. The second type represented 
presynaptic terminals with densely packed round vesicles and darkly staining 
mitochondria. Immunostaining with M3 revealed robustly stained cell bodies and 
dendrites. Only occasional immunopositive profiles were observed at the electron 
microscopic level with the M l and M4 antibodies.

The M3 receptors on somata and dendritic shafts could underlie the 
muscarinic-mediated depolarization that is seen in geniculate relay cells. That F2 
terminals possess M2 receptors supports the idea that the M2 receptor subtype 
mediates the cholinergic inhibition o f intemeurons. The second type o f M2-positive 
profiles resemble RSD terminals. Although we cannot exclude the possibility that 
M2-positive RSD terminals arise from visual cortex, they probably arise from 
brainstem cholinergic neurons suggesting an autoreceptor function.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY AM LATERAL GENICULATE NUCLEUS: BIOPHYSICS AND PHARMACOLOGY 527

219.5
MODULATION OF CALCIUM CURRENTS BY ACTIVATION OF
GABAB r e c e p t o r s  in  t h a l a m o -c o r t ic a l  c e l l s , a ,
GUYON and N. LERESCHE*. Dept. de Neurochimie-Anatomie, 
Institut des Neurosciences, Univ. Paris VI, 9 quai St. Bernard, Paris 
75005, France.

Low and high threshold calcium currents were recorded in 
thalamo-cortical cells. Experiments were performed on thin slice 
preparation of the rat dorsal lateral geniculate nucleus using the 
whole-cell patch-clamp technique. The low threshold calcium 
current had a mean amplitude of 1760 ± 638 pA, and its half
activation and inactivation values were -69.7 ± 0.3 and -86 ± 0.1 
mV with k=4.3 ± 0.2 mV and 4.2 ± 0.1 respectively. Baclofen (10 
and 50 μΜ) had no effect on the amplitude and kinetic of this 
current.

High threshold calcium currents activated around -40 mV and 
reached a maximum amplitude between -10 and 0 mV. Baclofen 10 
and 50 μΜ decreased the peak amplitude of the current by 21 ± 6 
and 55 ± 10% respectively without affecting the activation curve. 
However following the addition of the N-type calcium channel 
blocker w-conotoxin (20 μΜ) which decreased the peak amplitude 
of the current by 34 ± 6%, 50μΜ baclofen induced only a 16 ± 4% 
decrease. In conclusion, in thalamo-cortical cells, activation of 
GABAß receptors modulates high threshold calcium currents 
preferentially through the N type, and has no effect on the low  
threshold calcium current.

219.7

GABA-MEDIATED CONTROL OF VISUAL SIGNAL TRANSMISSION AT 
THE LATERAL GENICULATE NUCLEUS D. W. Godwin1*. T. T. Norton1·2 and 
M. Sullivan. Dept. of Psychology1 and Dept. of Physiological Optics2, University of 
Alabama at Birmingham, Birmingham AL 35294 

We have previously shown that microiontophoretic application of GABA can reduce 
the number o f action potentials emitted by cat LGN relay cells, and reveal the retinal 
afferent response pattern, monitored in the form of S-potentials (Godwin and Norton, 
Soc. Neurosci Abstr, 16, 1990). We have extended this technique to examine the role 
of the GABAergic circuitry o f the LGN in controlling the transmission o f retinal 
signals to visual cortex. Responses o f LGN relay cell action potential/S-potential pairs 
to spots and sinewave gratings were recorded in anesthetized, paralyzed cats before, 
during and after application o f GABA and bicuculline (BIC). Responses were 
evaluated with a measure o f retinogeniculate transfer efficiency (the transfer ratio), a 
measure o f signal strength (mean separation o f visually-driven and maintained 
activity), and a measure o f response pattern (phasic-tonic index: Bullier and Norton, 
/. Neurophysiol. 42, 1979, pp 244-273). Results are reported from 26 LGN neurons 
(10 X, 12 Y and 4 W) with clearly discemable S-potentials. GABA significantly 
decreased the transfer ratio below predrug control levels (often to 0.0), an effect 
antagonized by BIC. BIC application yielded transfer ratio values that were 
significantly higher than the predrug records, and increased the tendency o f LGN 
neurons to emit high frequency bursts o f action potentials. Parallel effects o f the same 
direction as the transfer ratio effects were observed in LGN signal strength. Relay cell 
responses during BIC administration more closely resembled the underlying S-potential 
response pattern. In addition, the response pattern o f LGN Y cells, but not X cells, 
became significantly more tonic under BIC application. The data suggest that an 
important role o f the LGN GABAergic, inhibitory circuitry is the control o f  the 
transfer ratio which, in turn, controls LGN response strength and response pattern. 
Because ascending brainstem and descending cortical influences are positioned to 
modulate the activity o f the GABAergic circuitry, this inhibitory mechanism may allow 
both global and focal regulation o f the transmission o f retinally-generated signals to 
the visual cortex. (Supported by: F32 MH09693 & T32 EY07033; ROl EY02909, 
BRSG RR 05932 & (CORE) EY03039)

219.9

DEVELOPMENT OF THE M EM BRANE PROPERTIES A N D  
LOW-FREQUENCY OSCILLATIONS IN  THE CAT  
THALAMUS. J.P  Turner*. S .R . W illiam s. M . Pirchio and V. 
Crunelli. Dept. Physiology, U niv. o f  W ales, C oll. Cardiff, 
Cardiff, CF1 ISS, U .K .

The development o f  the passive and active membrane 
properties o f  cat thalamocortical (TC) cells was examined in an 
in vitro slice preparation o f  the dorsal lateral geniculate nucleus 
using intracellular recording techniques. The values o f  resting 
membrane potential, input resistance, tim e constant and action 
potential half width decreased from post-natal day 0  (P0) to P10, 
so that values at P10 approached those o f  the adult. In addition, 
the low-threshold (LT) Ca2+ potential was present in all cells  
from P0. Between P0 and P 10 action p o ten tiis  evoked either by 
positive current injection or the LT Ca2+ potential were followed  
by an after-hyperpolarization (AHP) with a tim e course o f  4-10  
sec. This AHP did not allow  TC cells to fire tonically, but 
produced periods o f  intermittent firing.

Oscillatory patterns similar to those in the adult were not 
observed until P40, when a continuous pacemaker oscillation 
appeared. Between P12 and P40, an increasing number o f  cells 
exhibited a spindle-like oscillation i .e . intermittent pacemaker 
oscillation. Further experiments are underway to investigate the 
delay in the onset o f  the pacemaker oscillation in TC cells.

2 1 9 .6
ACH HAS VOLTAGE-INDEPENDENT EFFECTS ON LOW THRESHOLD 
CALCIUM SPIKES IN LGN CELLS OF THE CAT. F.-S. Lo and S. M. Sherman*. 
Department of Neurobiolqgy, SUNY, Stony Brook, NY 19104-5230

Thalamic relay cells display a voltage-dependent, low threshold (LT) Ca2+ 
conductance, the activation of which dramatically alters cell responsiveness and often 
leads to rhythmic burst firing. In the LGN, this conductance greatly affects 
retinogeniculate transmission. It is activated via a T channel, leading to inward 
current and depolarization (the LT spike). Depolarization inactivates the LT 
conductance. АСҺ, which depolarizes most relay cells, prevents the LT spike. We 
sought to test whether АСҺ might also have a voltage-independent effect on the T 
channel of cat LGN cells using an in vitro slice preparation with single electrode, 
discontinuous current and voltage clamp intracellular recordings. The slice was bathed 
in oxygenated ACSF at 33 °С, often with TTX (0.5-1.ΟμΜ), and CsCl (3-5mM) was 
used to improve the space clamp (Müller & Lux, J. Neurophysiol. 69:241, 1993). 
АСҺ droplets (1-2/xl of lOmM in ACSF) were applied to the slice surface. We evoked 
LT spikes during current clamp with and without АСҺ by current injection, varying 
both pulse strength and Vm. We also determined the effects of АСҺ on T channel 
currents using voltage clamp, and these recordings met the following criteria (Coulter 
et al., J. Physiol. (Lond.) 414:587, 1989): consistent latency for the T channel 
current; smooth activation and inactivation curves; and dependence of the evoked 
current on Vm. Our preliminary data are based on 15 experiments. The main effect 
of АСҺ was a 30-70% reduction of the LT conductance (12 cells), although for 2 the 
reduction followed an initial increase, and for 3 only an increase was seen. Activation 
and inactivation curves suggest that the effects are due to changes in the T current and 
not to a change in the voltage dependency. We conclude that АСҺ can affect the T 
channel in a manner independent of Vm. We are presently investigating the cholineigic 
receptor subtype(s) responsible for this phenomenon.

(Supported by USPHS Grant EY03038.)

2 1 9 .8

BIFURCATION ANALYSIS OF A BIOPHYSICAL MODEL OF A 
THALAMOCORTICAL CELL T.I. Tóth* and V. Crunelli. Dept. Physiol., 
University of Wales College of Cardiff, Cardiff, U.K.

The existence of intrinsic oscillatory modes is well-known in 
thalamocortical (TC) cells. Recent biophysical models based on the results 
o f voltage-clamp experiments successfully reproduced them in both 
qualitative and quantitative terms. These models can thus be regarded as 
good approximations o f the TC cells, and submitted to quantitative analysis 
that will in general yield results valid for the TC cells themselves.

A bifurcation analysis was carried out on our model in which we used 
numerical methods of the continuation of solutions o f systems o f differential 
equations as provided by the software package AUTO. The free parameter 
was chosen from the following parameter set: the injected current, L  and the 
maximal conductances for IT (g ^ ), Ih (gho) and II (gD in a simplified system, 
i.e. the one without INa. The analysis revealed, in general, two Hopf 
bifurcation points with the oscillatory regime lying between them. If, in 
addition to Ib, a second parameter, other than g^, was varied, we could find 
the point in the parameter space at which the two bifurcation points 
collapsed, i.e. the oscillatory regime became confined to one point. In the 
case in which gw was varied as second parameter the two bifurcation points 
did not converge, a result pointing to the inherently different nature of Ih. 
During the variation o f both g ^  and gL within physiological ranges, an 
unusual oscillatory pattern emerged at a critical point o f the bifurcation 
diagram. Although this pattern has occasionally been observed in 
experiments the mechanism underlying it has not yet been analysed.

2 1 9 .1 0

G AM M A-HYDROXYBUTYRATE HYPERPOLARIZES RAT  
THALAM OCORTICAL CELLS BY A DIRECT ACTION ON  
GABAB RECEPTORS. S .R . W illiam s. J.P. Turner and V. 
Crunelli*. Dept. Physiology, U niv. W ales, Coll. Cardiff, 
Cardiff, CF1 1SS, U .K .

Gamma-hydroxybutyrate (GHB), a structural analogue o f  
GA BA , is present in the mammalian brain, and high levels are 
found in the rat thalamus. In the present study, the effect o f  
GHB on thalamocortical cells was examined in slices o f  the rat 
dorsal lateral geniculate nucleus in vitro, using standard 
intracellular recording techniques.

The application o f  GHB (0 .1-3  mM) produced a dose- 
dependent hyperpolarization (3-15 mV) and a decrease in the 
input resistance (10-65% ). This effect was completely blocked 
by the G ABAB antagonist CGP35348 (0.4-1 mM) in a reversible 
manner. In addition, the effect o f  GHB was resistant to TTX  
(0 .5  μΜ ).

These results indicate that GHB acts at postsynaptic G ABAB 
receptors on thalamocortical cells. Since GHB and the GABAB 
agonist baclofen cause spike and w ave discharges typical o f  
absence epilepsy when injected into the thalamus in vivo , GHB 
may be involved in the generation o f  absence seizures by the 
activation o f  GABAB receptors.
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2 1 9 .1 1
R O L E  O F  P ER IG E N IC U L A T E  N EU R O N S  IN A  TH ALAM IC S YN C H R O N IZ ED  
O S C IL L A T IO N  T . B a lV M . Von Krosiak. and D A . M cCormick Section of 
Neurobiology, Y a le  Univ. Sch . Med., New Haven, C T  06510.

Intracellu lar recordings from G A B A e rg ic  neurons of the ferret 
perigeniculate nucleus (PGN) during generation of spindle w aves in vitro (A) 
revea led  AM PA/kainate receptor m ediated E P S P  barrages that w ere  
synchronized with neuronal discharge in neighboring LG N d relay cells (B, 
vertical arrows) which often activated a  low threshold Ca2+ spike and 
associated burst of action 
potentials. During the 
sp in d le  w a v e , P G N  
n eu ro ns p ro g re ssive ly  
hyp erp o larized , w hich  
initially e n h an ced  act
ivation of low threshold  
C a2+  sp ikes. Block of 
G A B A A  rece p to rs re 
sulted in high frequency 
and prolonged bursts of 
action potentials in PG N  
neurons, resulting in the 
stro n g  act iv a t io n  of 
G A BAB  receptors in relay 
ce lls  and absen ce-like  
se izures from enhanced  
Ca2+  de-inactivation (not 
sh o w n ). S e e  a ls o  
abstract and publication 
(S c ie n ce , 1993) by von  
Krosigk et al.

2 1 9 .1 2

C E L L U L A R  M ECH AN ISM S O F  TH ALA M IC SYN C H R O N IZ ED  
O S C ILLA T IO N S  IN TH A LA M O C O R T ICA L R E L A Y  N EU R O N S . M. von 
Krosiak*. T . Bai and D.A, McCormick. Y a le  Univ. Med. Sch . New Haven, C T  

In vitro intracellular recordings of ferret dorsal lateral geniculate 
(LGNd) relay neurons revealed recurring (0.1 Hz) spontaneous spindle wave 
oscillations (7-12 Hz) lasting 2-6 second s (A). During spindle wave activity, 
relay neurons respond to barrages of G ABAergic I P S P s  (A,C) with rebound 
low threshold calcium sp ikes (A,C) and action potential bursts (A,C) which 
were synchronized 
with local extracellular 
multiunit activity (B).
Block of G A BAA  re
ceptors slowed (2-4 
Hz) and enhanced the 
spontaneous oscilla
tions (not shown).
Th ese  slowed oscilla
tions resembled ab
sence  se izures and 
were mediated by the 
activation of G A B A g  
receptors (not shown).
S e e  ai so  accompany
ing abstract by Bai et 
al. and publication by 
von Krosigk et al.,
(Science, 1993).
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220.1

RETINALLY DERIVED FAST OSCILLATIONS CODING FOR GLOBAL 
STIMULUS PROPERTIES SYNCHRONISE MULTIPLE VISUAL SYSTEM 
STRUCTURES. Rowshanak Hashemiyoon* and John K. Chapin. Department 
of Physiology and Biophysics, Hahnemann University, Philadelphia, Pa. 19102 

Much attention has recently been given to fast oscillations in the visual 
system. In order to investigate the possible functional significance of such 
oscillations in subcortical visual structures, we performed multi-site single neuron 
and unit cluster recordings in the optic tract (ОТ), pretectal area, superficial gray 
layer of the superior colliculus (SGS), and the lateral geniculate (LGN) and lateral 
posterior (LP) thalamic nuclei in awake and anaesthetised rats. Spontaneous, 
highly synchronised oscillations approximating 10, 20, and 40Hz were recorded 
in all of these areas, the lowest frequencies predominating in deep anesthesia. 
These oscillations were shown to be retinally derived by the following: 1) they 
were abolished by contralateral enucleation, 2) multi-fiber recordings from the 
ОТ revealed oscillations synchronised with those in target nuclei, e.g. the SGS, 
and 3) target nuclei, such as the SGS and LGN were also synchronised. Dual 
electrode recordings in the SGS revealed synchronisation with phase shifts of 
up to 15 ms, suggesting that the oscillations propagate as waves across the 
retinotopic map in the SGS; such waves could be transmitted from the retina. 
In all of these recordings the oscillations revealed similar physiological proper
ties: they occurred spontaneously in the dark and were suppressed by tonic light 
stimulation to a degree correlated with the Intensity and total area of illumination. 
Because the receptive field of this "light- off1 effect encompasses nearly the 
entire contralateral visual field, the dynamical state of these oscillations appear 
to code globally for luminosity. Supported by grants NS23722, A FO SR- 90-0266, 
andAA06965 to JK C .

2 2 0 .3
DO RETINAL GANGLION CELLS PROJECT BILATERALLY IN 
GROUND SQUIRRELS? N. Lugo and E. Kicliter*. Institute of 
Neurobioiogy and Dept. of Anatomy, Univ. of Puerto Rico Sch. of Med., 
San Juan, PR 00901.

In many animals ganglion cells in the temporal retina project to ihe 
ipsilateral side of the brain while those of the nasal retina project 
contralaterally. On the nasotemporal boundary ganglion cells may project 
both ipsi- and contralaterally. Recently, it has been reported that in 
Japanese macaques some cells in this transition region project bilaterally 
(Kondo et o l., Brain Res. 597:155-161). In the present experiments we 
sought to determine whether such was the case in the 13-lined ground 
squirrel (Spermophilus tridecemlineatus). We injected rhodamine-coqjugated 
latex microspheres into the right optic tract, superior colliculus and dorsal 
lateral geniculate nucleus; we injected FITC-conjugated latex microspheres 
into the same structures on the left side. After an appropriate survival 
period, the anesthetized squirrel was perfused intracardially with 4% 
paraformaldehyde in phosphate buffer (pH 7.4). Retinas were removed 
from the eyecups, mounted on microscope slides and observed with 
fluorescent illumination using either rhodamine or FITC filter sets. We 
observed that ganglion cells in the nasal retina projected contralaterally 
while those in the temporal retina projected ipsilaterally. In the transition 
zone both types of latex beads were found. However, the two types were 
almost always (perhaps always) found in separate cell populations. In 
occasional instances we observed groups of beads close together but never 
mixed. We interpret these observations as indicating that ganglion cells in 
this species do not project bilaterally to any significant degree. (Supported 
by ONR Grant N00014-89-J-3070 and NIH Grant MH-48190).

220.2
CORTICAL PROJECTIONS TO TH E REPRESENTATION OF THE 
IP S IL A T E R A L  V ISU A L  FIE L D  IN T H E  CA T SUPERIOR 
CO LLICU LU S. G. A m er-F errer and F. R einoso-S uárez*. D ept. 
M orfologia, Fac. M edicina, Univ. Autònoma de M adrid, 28029 Madrid, 
Spain.

The distribution of cortical neurons projecting to the representation of the 
ipsilateral visual field (IVF) in the rostral fourth of the superior colliculus 
(SC) was investigated with the retrograde tracing technique of horseradish 
peroxidase (HRP). The HRP injections included different collicular layers in 
nine adult cat brains. In order to determine the visual field representation of 
the injection areas, the location o f the HRP-labeled ganglion cells of both 
retinas was studied in the same animals.

The stratum griseum superficiale (SGS) in the representation of the IVF 
was the target of layer V neurons situated in the transition zone between 
areas 17 and 18 (TZ) o f the ipsilateral hemisphere. Injections placed outside 
the IVF region, even when they were next to the vertical meridian 
representation in the contralateral visual field (CVF), did not label neural 
som ata in the TZ. Electrophysiological studies have dem onstrated a 
representation of the IVF in the TZ (B.R. Payne, V is u a l  N e u r o s c i .  4, 445, 
1990). The TZ-collicular projection is, moreover, organized retinotopically.

The stratum opticum and the deep layers below the IVF representation of 
the SC were the targets of neurons located in the extrastriate visual areas 19, 
anterior ectosylvian, and lateral suprasylvian.

T hese findings show that the rostral SC corresponding to  the 
representation o f the IVF is, like the caudal sector that contains the 
representation o f the CVF, innervated by two fiber systems: 1) that from the 
TZ terminating in the SGS, which is equivalent to the projection from areas 
17 and 18 to the SGS in the CVF representation, and 2) that from the 
extrastriate visual cortex innervating the deeper collicular layers.

Supported by DGICYT Grant PR 83-3339

2 2 0 .4
MORPHOLOGY OF RETINOTECTAL AXONAL TERMINALS IN MOUSE. S_, 
Sbarra . E. Garcia-Valenzuela. F. Horvath? A- Fahrey. ~ 
New York Medical College, Department of Cell Biology and 
Anatomy and Department of Ophthalmology, Valhalla, NY 
10595, USA, Ain-Shams Medical College, Department of 
Anatomy, Cairo, Egypt.

The terminal arborization of retinal axons in normal 
C-Dl mouse was investigated using anterograde labelling 
with 40% HRP in 1% lysophosphatedyle choline injected 
into one eye. Terminal arbor analysis was confined to the 
contralateral optic tectum. Majority of terminals were 
either U type (terminating in upper level of stratum 
griseum superficiale) or L type (confined to the lower 
stratum griseum superficiale and/or stratum opticum). U 
type axons were of relatively small diameter and formed 
dense, finely varicoeed arbors in upper portion of the 
stratum griseum superficiale. Terminal fields of these 
axons showed fairly consistent dimensions throughout the 
colliculus. The terminal field area ranged from 11349 ματ 
to 14180 ματ and the average tectal area covered by each 
terminal was about 0.9%.

L type axons were of large diameter and formed less 
compact arbors in lower stratum griseum superficiale 
and/or stratum opticum. Terminal fields of these axons 
were 12053 μπ»2 to 19857 μιη2 and they showed variations in 
relation to tectal location. Terminals in the middle 
tectal zone tended to be smaller in size compared to 
lateral and medial tectal terminals. The average 
percentage of terminal to tectal area for this type was
1.1%. In addition a third axonal arbor type was 
occasionally seen coursing in the lower stratum griseum 
superficiale or in the upper stratum opticum, before it 
bends ventrally to arborize deep in stratum opticum.
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220 .5
AXON CONDUCTION VELOCITIES OF FUNCTIONALLY IDENTIFIED 
RETINAL GANGLION CELLS IN GOLDFISH. D.P.M. Northmore* 
and D.-J. Oh. Neuroscience Program, Univ. of Delaware, 
Newark, DE 19716.

What little is known of the functional properties of 
the various size classes of retinal ganglion cells and 
their axons in goldfish comes from recordings in isolated 
retinae.

We have recorded retinal units extracellularly in the 
intact visual system, confirming them as retinal ganglion 
cells by antidromic activation with shocks to the optic 
tract and by spike collision. Receptive field properties 
were determined with an array of red light-emitting 
diodes. Units were classified by their receptive field 
center responses: ON, ON-OFF or OFF. Typically, OFF
units had larger receptive field centers than did ON units. 
Increasing background radiance reduced spontaneous firing 
in OFF units, and increased it in ON units.

Maximal electrical stimulation of the tract evoked 
population spikes in the retina representing conduction 
velocity classes of 1.5-2.5, 2.5-4.0, 4.5-5.5, 6.0-7.5 
m/s. Most cells with OFF receptive field centers 
conducted at 6.0-7.5 m/s; most ON center cells at 2.5-4.0 
m/s; and ON-OFF cells at 3-7 m/s.

Previous studies in fish with regenerating optic nerves 
have shown 1) the largest caliber optic fibers are the 
first to invade tectum, and 2) behavioral and physiological 
responses to dimming recover first, predicting the present result: OFF cells have the fastest conduction velocities.

220.7

IS GENICULATE MAGNIFICATION SCALED TO GANGUON-CELL DENSITY IN 
THE CAT? J.J. Stein and D.M. Berson*. Dept. Neuroscience, Brown Univ., 
Providence, Rl, 02912

Magnification in visual maps iš often said to be proportional to ganglion
cell density. However, in the cat this is not so for the retinocollicular 
projection (Neurosci. Abstr. 16:108,’90), and we wondered if it is true of the 
retinogeniculate pathway. We first used existing data (Bowling & Caverhill,
’90; Sanderson, 71 ; Wong & Hughes, ’87) to compute ratios of A-layer 
volumetric magnification to total ganglion-cell density at various topographic 
locations. These ratios should have remained constant if LGN magnification 
were scaled to ganglion-cell density. Instead, they were 10 times higher for 
the central retina than for the periphery, much as they are in the colliculus.

Might А-layer magnification be scaled instead to the density of the subset 
of ganglion cells that innervates the А-layers (i.e., Y- and X-cells)? The map’s 
metric cannot be scaled to the density of Y-cells, which are underrepresented 
in central retina, but might follow the density of X-cells were they 
overrepresented centrally. We have estimated X-cell densities from the 
distribution of non-alpha cells labeled by retrograde-tracer deposits centered 
in the А-layers and confined to the LGNd. Preliminary results suggest that 
X-cells are indeed disproportionately represented in the central retina, 
constituting 60-70% of ganglion cells in the area centralis and as few as 40% 
in the periphery. (This fits with our finding that collicular-projecting ganglion 
cells, which appear to include nearly all non-X cells, account for only 30-35% 
of ganglion cells centrally but up to 60% in the periphery). Despite this, the 
ratio of LGN magnification to presumed X-cell density is still > 4 times larger 
for the area-centralis representation than for the periphery. Thus, it appears 
that magnification in the cat LGN is not scaled to ganglion-cell density.

Supported by EY06108 and a Sloan Foundation Fellowship to DMB.

2 2 0 .9

THE RETINAL REPRESENTATION ALONG THE 
FOVEAL-TO-PERIPHERAL AXIS IN THE MONKEY  
OPTIC CHIASM. J. Naito? Lab. o f Animal Morphology 
and Function, Sch. of Agriculture, Nagoya Univ., Chikusa- 
ku Nagoya 464-01, Japan.

The fiber arrangement of the retinogeniculate pathways 
was investigated in the Japanese monkey’s chiasm. After the 
identification of retinotopies of the LGN, WGA-HRP was 
iontophoretically injected into the lateral geniculate 
nucleus. The present findings demonstrate neither clear 
representation o f the retinotopic quadrants nor the foveal- 
to-peripheral segregation of fibers in the chiasm. Temporal 
retinal fibers from the fovea to periphery have a tendency 
to strongly overlap in the lateral part o f the hemi-chiasm. 
In contrast, the foveal-to-peripheral axis o f nasal retinal 
fibers is re-formed in a gross dorsoventral order in the 
chiasm. That is, the foveal fibers located in the dorsal 
chiasm overlap perifoveal fibers which are positioned in 
the dorsal and central parts o f the chiasm, and the 
perifoveal fibers overlap peripheral fibers which are 
positioned in the central and ventral parts o f the chiasm. 
Furthermore, the peripheral fibers overlap far peripheral 
fibers which are located in the most ventral chiasm.

220.6
SEGREGATION ACCORDING TO AXON SIZE IN THE HUMAN 
OPTIC TRACT. C.A. Marzi*. D. Campara. G, В alercia1. M.Chilosi2. £L 
Marti gnoni2. and G. Tassinari. Inst, of Physiology, 1Inst. of Anatomy, and 
2Inst. o f Pathology, University of Verona, 37134 Verona, Italy.

In cats and monkeys optic tract (ОТ) fibers are distributed according to 
axon diameter while such is not the case in the optic nerve. This finding is of 
considerable importance because it represents a clear anatomical substrate for 
parallel functional channels in the visual system.

The purpose of the present study is to verify whether such a size 
segregation is present in the human ОТ as well. Human OTs were obtained 
from autopüc material o f 4  patients (age range: 66-74 years) with no 
abnormality of the visual pathways. The interval between death and fixation 
ranged between 27 and 40 hours. For each ОТ two blocks were obtained by 
means of sections perpendicular to the fibers at 3-5 mm and at 10-12 mm 
caudal to the chiasm. From each block sections of 200 μ were cut on a 
vibratome, osmicated, dehydrated and included in Epon/Araldite. For 
morphometric analysis of axons 2 μ semithin sections were cut on a 
microtome and stained with Toluidine Blue.

In all OTs examined there was a marked segregation according to axonal 
diameter both in the sections obtained immediately caudal to the chiasm and 
in the more distal ones. The largest axons were most numerous in the ventral 
part of the ОТ while the dorsal portion contained a great number of middle- 
size axons but very few coarse fibers. Throughout the whole ОТ there was a 
continuous distribution of very fine axons. Illese data extend to humans the 
results obtained in carnivores and monkeys and suggest that segregation 
according to size of ОТ axons is a trait common to a wide variety of 
mammalian species.

220.8

CONDUCTION VELOCITY GROUPS IN THE PIGEON'S VISUAL 
SYSTEM. J. MDQdozis*. J-C. Leteiier. W. Mora1' Н̂ . 
Maturane. Dpto de Biologia, Facultad de Ciencias, 
Universidad de Chile, Casilla 653, Santiago, Chile. & 
Universidad Diego Portales1.

We recorded in pigeons the characteristics of the 
antidromically evoked compound action potential at the 
level of the optic radiation, after stimulation of the 
tectum, the visual thalamus and the optic tract.

Tectal stimulation produced a compound action 
potential with two clear peaks that have conduction 
velocities of 10 & 6 m/s, and a third broad peak with a 
velocity spectrum between 4-2 m/s. Thalamic stimulation 
produced four peaks at 30, 20, 10 & 4 m/s. Optic tract 
stimulation revealed six events: an inflexion point at 
30 m/s and five peaks at 20, 10, 6, 4 and 2.5 m/s. The 
10 & 20 m/s groups project only to the thalamus while 
the 6 and 2.5 m/s groups seem to project to the tectum 
only. The 10 m/s group projects to both centers. The 4 
and 2.5 m/s groups account for at least 80% of axons and 
the tectum receives at least 90% of retinal fibers.

A fundamental feature of the mammalian visual system 
is that the optic nerve contains three conduction 
velocity groups (X/Y/W), originating from subpopulations 
of ganglion cells that differ in their visual properties 
and central projections. Thus, our results reveal 
fundamental features of the avian visual system that 
deeply differ from the mammalian model. Supported by 
Fondecyt #1081

220.10
NEURONAL ARCHITECTURE OF THE ISTHMIC NUCLEUS IN THE 
FROG, RANA ESCULENTA. Gv. Lázár. P. Tóth and K. Elekes*. Dept. 
Anat., Univ. Med. Sch., H-7643 Pécs, and Balaton Limnol. Inst., H-8237, 
Tihany, Hungary.

Cobaltous lysine complex (0 ,4M, pH 7,2) was injected by iontophoresis into 
the optic tectum or the postoptic commissure. Pulsating positive DC current 
(0.5 Hz, 1-2 μ A) was applied for 20-30 min. GABA immunoreactivity was 
studied using postembedding immunohistochemical staining method.

Retrogradely labeled neurons projecting to the ipsilateral optic tectum have 
piriform or multipolar perikarya. Neurons projecting to the contralateral tectum 
occupy the rim cortex, posterior non-rim cortex and the posterior half o f the 
medulla. Four types o f cortical and seven types o f medullary cells were 
identified among contralaterally projecting neurons. The most frequently 
occurring cortical cell have piriform perikaryon and an apical dendrite 
arborizing in the rim neuropil in a narrow cylindrical space. Part o f the 
medullary cells are multipolar with extensive dendritic arborization. Some of 
them are the largest neurons in the isthmic nucleus. The other cells are piriform 
with different size and orientation. The maximum number o f retrogradely 
labeled cells was always less than the total number o f cells in the nucleus. Since 
the only target o f isthmic projection neurons is the optic tectum, part o f the 
unlabeled cells may be local circuit neurons.

GABA immunostaining revealed immunoreactive neurons and loose fiber 
plexuses. We suppose that GABA positive cells are local circuit neurons, which 
may be involved in information processing in the isthmic nucleus.
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220.11
C E N T R IF U G A L  PR O JE C T IO N S U P O N  B IO C H E M IC A L L Y  
D IS T IN C T  S U B P O P U L A T IO N S O F A M A C R IN E  C E L L S IN  
T H E  P IG E O N  R E T IN A  (<C o lum ba liv ia ) .  W. Woodson*. A. 
Brzozowska-Prechtl. and H.J. Karten. Dept. of Neurosciences, 
University of California, San Diego, 92093.
Visual efferents upon the retina (centrifugals) arise from a distinct 
nucleus located at the caudal and medial portion of the optic tectum, 
the isthmo-optic nucleus (ION). Centrifugals terminate upon 
association amacrine cells located at the border of the inner nuclear 
and inner plexiform layers (INL and IPL, respectively) of the retina 
Cajal (1911). Following injections of 1% cholera toxin subunit b into 
the ION and surrounding tegmentum, the immunohistochemical 
content of presumptive centrifugal recipient amacrine cells in the 
retina was examined.
Three morphologically distinct types of centrifugal arborizations 
mainly terminate within the ventral portion of the retina upon 
amacrine cell bodies and their dendrites, which extend into sublamina 
lb  of the IPL (Woodson et al., 1990, Soc. Neurosci. Abstr. 16: 1313). 
Presumptive centrifugal terminal endings were observed upon choline 
acetyltransferase, tyrosine hydroxylase, glucagon, enkephalin, and 
somatostatin positive amacrine cells within the ventral retina. 
Approximately 3%  of the glucagon positive amacrine cells were in 
receipt of centrifugal terminal arborizations.
These studies indicate that : (i) centrifugals make axo-somatic and 
axo-dendritic terminal endings upon amacrine cells, and (ii) 
centrifugals differentially innervate biochemically distinct 
subpopulations of amacrine cells within the ventral retina.
(Supported by NIH/NEIEY06890 to W.W. and H J . K.)

SUBCO RTICAL AUDITO RY PATHWAYS I

221.1
MODIFICATION OF INFERIOR COLUCULAR ORGANIZATION BY A  
GLEANING BAT? Z. M. Fuzesserv*. Depts. Z o o lo g y /P h y sio lo g y  and  
Psychology, Univ. W yom ing 82071.

The pallid bat, w hen hunting, uses passive listen ing to locate terrestrial 
prey, and echolocation for general orientation. Faced w ith  the need to 
sim ultaneously process two different forms of auditory input, this species 
m ay have both specialized and reorganized the neural circuitry o f its 
inferior colliculus (IC). This stu dy com pares the response properties on  
neurons in the m edial tw o  thirds o f the IC, p resum ab ly the central 
nucleus, and the lateral third o f the IC, presum ably the external or 
pericentral nucleus. The tw o regions share a contiguous frequency map, 
w ith isofrequency layers that appear to extend the entire m ediolateral 
extent of the IC. R esponse properties, how ever, differ considerably. In 
the m edial region, none o f over 200 recorded neurons responded to noise. 
M oreover, the majority o f these neurons are in sen sitive to am plitude- 
m odulation o f the stim ulus w aveform . In contrast, m any cells in  the  
lateral IC respond preferentially to n oise, and tim e-lock to am plitude  
m odulation rates as high as 250 H z. A  surprising finding is that response 
latencies in the lateral IC are, on average, 8 m sec shorter than those in 
the m edial IC. In short, the m ore "primary-like" response properties and  
shorter latencies o f external nucleus neurons suggest they receive fast, 
direct lateral lem niscal input, rather than secon dary in p u t from  the  
central n u cleu s, as su g g ested  in  other sp ec ies . O ne fu n ction al 
interpretation is that the lateral reg ion  o f th is bat's IC has been  
m odified to detect and locate prey-generated noise transients.

Supported by NIH  DC00054.

2 2 1 .3

B IN A U R A L  IN T E R A C T IO N  O F  F IE L D  P O T E N T IA L S  IN  
T H E  S U P E R IO R  O L IV A R Y  C O M P L E X , P.G. Finlavsonll and
R.M .Douglasl. University of British Columbia, 1 : Rotary Hearing 
Center, 2: Dept. of Ophthalmology, Vancouver B.C. V5T-2B5.

The binaural interaction component (BIC) is derived by subtracting the 
sum of monaural evoked potentials from the binaural evoked potential. 
The presence of the BIC wave ß from human brainstem auditory evoked 
potentials (BAEP) is present when the interaural interval delays of 
dichotic click stimuli are short enough that a localizable single click is 
perceived, and is not present at large interaural intensity differences 
(Fürst et al., 1990, Hear. Res. 49:347-349).

In this study, binaural interaction components were derived from 
BAEPs and near field potentials recorded with microelectrodes in various 
locations in the superior olive of Sprague Dawley rats. The BICs from 
BAEPs were similar in shape to those recorded from cat, rat and human, 
and the amplitude of the BIC wave ß decreased when interaural time 
differences (ГГО) were greater than 500μβ and when interaural intensity 
differences (HD) were greater than 40dB. The BICs derived from field 
potentials in the superior olive were much larger and generally consisted 
of a series of at least 2 fast often multi-peaked waves before 5 ms, 
beginning with early (before 3ms) negative peaks, followed by much 
broader and larger negative and positive waves peaking at approximately
5-6 ms and 8-11 ms, respectively. The amplitudes and timing of these 
peaks varied with the recording location, and all decreased as ITD and 
IID were increased. However, the components of the BIC in the 5 to 
20ms time period were more sensitive to differences in IID and ITD than 
earlier components. The dependence of the BIC on ӀШ and ITD are now 
being applied to aging studies on the superior olivary complex.

221.2
CONTRASTING RESPONSES OF IC, INLL AND VNLL NEURONS 
IN THE MUSTACHED BAT TO LINEAR FREQUENCY MODU
LATIONS. W.E. ONeilfand M. Gordon . Dept. of Phvsiol. and Prog, 
in Neuroscience, Univ. of Rochester Sch. of Med. and Dent., Rochester,
N.Y. 14642.

We are studying the responses of cells in the intermediate (INLL) and ventral 
(VNLL) nuclei of the lateral lemniscus to temporally complex sounds, in order to com
pare them with cells in the inferior colliculus (IC) of the mustached bat. We report 
here the responses of cells to linear frequency modulations. Single units were isolated 
along vertical penetrations that passed through the 1C and the nuclei of the lateral lem
niscus. Frequency sweeps of 12 kHz bandwidth, centered on the tonal best frequency 
of each cell at 10-20 dB above threshold, were presented at 5 per sec. Data were gath
ered in response to upward and downward sweeps with durations of 30, 20 and 10 ms. 
Firing rates and latencies were measured for each condition.

IC and INLL units typically prefered downward to upward sweeps, but many cells 
showed no preference by contrast to cells at higher levels, and their latencies shifted 
with changes in sweep duration, suggesting that they were responding to a small band 
of frequencies in the stimulus when it entered their excitatory areas. By contrast, 
VNLL units, characterized previously by their broad tuning, onset discharge patterns, 
and rapid recoveiy cycles, responded to the onset of downward sweeps at a fixed la
tency regardless of sweep duration, suggesting they were responding to onset tran
sients and not specific sweep frequencies. To upward sweeps, their latencies changed 
with sweep duration, suggesting selectivity to individual frequencies despite their 
broad tuning. The results support the conclusion that VNLL cells are transient detec
tors. (Supported by NIDCD grant DC-0267).

2 2 1 .4
BACK-PROPAGATION GENERATION OF HYPOTHESES FOR THE 
PROJECTION PATTERNS WHICH GIVE RISE TO NEURONS TUNED TO 
INTERAURAL LEVEL DIFFERENCE IN THE BARN OWL’S MIDBRAIN.
J.C. Pearson* and C.D. Spence. David Samoff Research Center, CN5300, Princeton, 
NJ 08543.

The asymmetry of the ears of the bam owl ( ty to  a lb a ) allows it to obtain the eleva
tion angle of a source of sound from the binaural difference of intensity (BID). In ear
lier work we described a model of the generation of the representation of BID in the 
owl’s nucleus VLVp. This representation is imperfect, because the VLVp neurons are 
also sensitive to the average binaural intensity (ABI). Our model matches the data 
well, both in the way the neuron’s BID-response curve changes with ABI and in the 
shape of the BID-response curve, which is sigmoidal as a function of BID. Because of 
this shape, these neurons are said to be BID-sensitive. We also described a model for 
the derivation of the response properties of neurons in the owl’s inferior colliculus (IC) 
which are tuned to BID, that is they respond only if the BID is in a fairly narrow range. 
This model essentially took the spatial derivative of the sigmoidal pattem of activity in 
the contralateral VLVp. Our previous models did not account for the ABI-indepen- 
dence of the response of IC neurons. To investigate how ABI-independence might 
arise, we trained an artificial neural net whose inputs were the output firing rates from 
our model of VLVp and whose desired outputs were ABI-independent BID-tuned 
response functions. The model neurons used in this simulation had single passive com
partments driven by several conductances. The output firing rates were modeled as sig
moidal functions of the membrane potential. The resulting networks had response 
functions which were about 80% less ABI-dependent than our previous model. Their 
input came from VLVp and from a layer of neurons with ABI-independent BID-sensi
tive response functions. The pattern of projections from VLVp to each IC neuron came 
from a moderately broad area of VLVp. For BID-sensitive IC neurons with a threshold 
BID at ipsilateral-loud sounds, ABI-independence was achieved purely through its 
connections from VLVp, while those neurons with thresholds at contralateral-loud 
sounds balanced changes in inhibition from VLVp with changes in excitation from the 
monaural cochlear nucleus angularis.
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221.5
A BINAURAL M O D EL FO R  R O BU ST E S T IM A T IO N  OF D Y NA M IC  
INTERAURAL TIM E D IFFER E N C ES. Z  Shu*. C. A. Las?lo2. an d  
M. S. Cvnader1. Depts. o f  O p h th a lm o lo g y  and 2E lectrica l Engineering, 
University o f British Columbia, Vancouver, B.C., Canada V 6 T IN4.

In localizing sound events the auditory system  makes use o f  interaural 
time differences (ITDs) in the signals reaching the two ears. Current models 
of binaural processing for ITD estim ation  are prim arily based on 
coincidence detection between such signals. As the signals being correlated 
in these models are inherently narrow band, the perform ance o f  these 
models shows poor resolution, and suffers from noise interference. By 
taking a novel viewpoint o f  possible input representations to the binaural 
processing centers, we have developed a new model that can robustly  
estimate dynamic ITDs.

Our model consists o f  a cascade o f  parallel peripheral m odels that 
simulate auditory-nerve-fiber responses from the two ears, and a back- 
propagation neural network simulating binaural processing. The inputs to 
the binaural network are small fractions o f  the two-dim ensional “im age” 
representation o f  the spectro-temporal characteristics o f  the stimulus. This 
modelling scheme allows the implementation o f  optimal spectro-temporal 
binaural filtering by the binaural neurons in the network. Our simulation 
study shows that, even when sensory or ambient noise is present at the two 
ears, small fractions o f  the image representation described above provide 
adequate and robust information for ITD estimation. The binaural network 
can be trained with pure sinusoidal stimuli. It is able to learn to estimate 
instantaneous ITDs as it scans the auditory fiber signals through a time 
window of short duration. Thus the network is capable o f  estimating time- 
varying ITDs, providing a capacity for analysis o f  a u ditory  motion. 
Furthermore, the network works well for signals with signal-to-noise ratios 
as low as 5 dB.

221.7
A PRECEDENCE E F F E C T  IN TH E O W L'S  A U D ITO R Y  S P A C E  M AP?
CH Keller*. TT Takahashi and P Janata
Institute of Neuroscience, University of Oregon, Eugene, OR 97403.

The natural acoustical environment contains many reflective surfaces 
that give rise to echoes, complicating the task of sound localization 
and identification. In an experimental version of this task, sound 
source(s) must be localized when identical sounds are presented 
through two loudspeakers separated in the horizontal plane. Human 
listeners report a single source at the location of the loudspeaker 
whose onset time leads that of the other loudspeaker by several 
milliseconds. This phenomenon, known as the "precedence effect," 
also was seen in preliminary behavioral results from the barn owl. We 
have now begun to study a possible neurophysiological basis for this 
effect in the external nucleus of the barn owl's inferior colliculus (ICx). 
The ICx contains a retina-like map of space composed of so-called 
"space-specific" auditory neurons, that have spatial receptive fields. 
While recording extracellularly from space specific neurons (N = 34 
cells in 3 birds), we broadcast identical Gaussian-enveloped noise 
bursts from a pair of speakers with a delay of 0-5 msec. One of the 
speakers was centered on the cell's receptive field while the other was 
located 45° to one side. The response of the neurons was monitored 
as the inter-speaker delay was varied. All of the cells studied 
responded strongly when the sound from the speaker located in the 
receptive field led the peripheral sound. Typically, however, if the 
speaker outside the receptive field was activated 0.5 to 3.0 msec 
earlier, the neuron's response to the speaker in its receptive field was 
suppressed. If the delay between the two speakers' sounds was 
increased beyond 3 msec, the cell once again responded to the 
speaker in its receptive field. A network for lateral inhibition, known 
to be present in the ICx, may play a role in these effects.
(Supported b y  the grants from ONR and N/H.J

221.9
MONITORING OF THE BINAURAL INTERACTION IN THE 
IMMATURE BARN OWL. O. Calvo* and A. Moiseff. Dept. of 
Physiology and Neurobiology, Univ. of Connecticut, Storrs, CT 06269

Studies have shown that the bam owl uses interaural time difference 
(ITD) to localize sounds in azimuth. The present study investigated in 
the immature bam owl the changes in the brainstem auditory evoked 
potential (BAEP) correlated with ITD processing. In the adult owl, 
nucleus laminaris is the first structure where ГГО processing takes place. 
Previous experiments performed in adult bam owls demonstrate that the 
BAEP provides a non-invasive method of assessing ГГО processing (O. 
Calvo and A. Moiseff, Soc. Neurosci. Abstracts 18: 149).

Newly hatched Bam owls were fed until satiated to cause them to 
sleep. Averaged BAEPs were recorded in response to a 5 Khz click 
delivered through earphones. The BAEP was used to monitor the 
development of the computed binaural interaction (CBI) and indirectly 
the development of the time processing pathway. Being non-invasive it 
was possible to track the changes throughout the development of 
individual owls. Preliminary results showed that the CBI of the BAEP at 
earliest ages tested (4 to 6 days after hatching) differed substantially from 
the adult owl in shape, magnitude and duration of the peaks. As the bam 
owl chick matured we saw progressive, often daily, changes in the form 
of the peaks. At these early ages, there was no obvious correlation 
between ГШ of the click and the magnitude of the CBI peaks as in found 
in adults.

This study was supported by NIH NIDCD DC 00277 to AM. OC is a 
LASPAU scholar.

221.6
RESO LVIN G  M ULTIPLE SO U N D  S O U R C E S  IN TH E O W L'S  MIDBRAIN
TT Takahashi*. CH Keller and P Janata
Institute of Neuroscience, University of Oregon, Eugene, OR 97403.

The barn owl's inferior colliculus contains a retina-like map of space 
on which a sound generates a focus of activity whose position 
corresponds to the location of the sound source. Unlike visual stimuli, 
however, sound waves from multiple sources sum and may generate 
binaural cues that activate spurious portions of the space map thereby 
degrading the auditory image. We investigated the signal conditions 
under which neurons in the owl's auditory space map are able to 
resolve two simultaneously active acoustic targets. We recorded from 
space-map neurons responding to sounds from a pair of speakers 
separated in azimuth by 45° and mounted on a rotatable arm. Stimuli 
consisted of a sum of discrete sinusoids or pseudorandom noisebursts 
(100 msec) emitted simultaneously and at equal levels. The sine-wave 
composition or the degree of correlation between noises were varied 
between speakers, and the neuron's response was plotted as a 
function of the speaker pair's position. When the sounds from the 
speakers were identical and the binaural cues therefore identical to 
that of a single speaker between the two speakers, the neurons 
responded when the speakers straddled their receptive fields. By 
contrast, when the sounds differed, the cells responded once to each 
speaker separately, i.e., the cells were able to resolve two separate 
targets. Interestingly, the cells resolved two separate targets when 
the noisebursts from the two speakers were simply temporally 
reversed versions of each other. Since the overall spectra of such 
waveforms are identical, we suggest that the space map relies on 
differences between noisebursts that exist over brief time spans and 
that it builds a neural image of the acoustic environment from multiple 
samples gathered over time.
(Supported by grants from NIH and ON Ri

221.8

RESPONSES OF SINGLE UNITS IN VLVa OF THE BARN OWL 
TO CONTINUOUSLY VARYING INTERAURAL PHASE AND 
INTENSITY DIFFERENCES. J. Wang* and A. Moiseff. Dept. of 
Physiology and Neurobiology, Univ. of Connecticut, Stores, CT 
06269.

Sound stimulus delivered through earphones with continuously 
changing interaural phase and intensity disparities (IPDs and IIDs) 
mimics to some degree a moving sound source. We recorded single 
units extracellularly in the anterior division of the ventral lateral 
lemniscus (VLVa) of anesthetized bam owls in response to apparent 
motion in horizontal or/and vertical dimension, as well as to static IPDs 
and IIDs. Horizontal motion was simulated by continuously varying 
IPDs generated by a binaural beat. Vertical motion was simulated by 
continuously varying IIDs generated by a biphasic ramp.

These units commonly demonstrated sharper IPD tuning and higher 
firing rate at best IPD as compared with their responses to stationary 
sound stimuli. About half of the units showed modulation of firing rate 
at best IPD by beat frequency, or the velocity of horizontal motion. 
About half of the units showed different latencies to sound of different 
vertical directions. However, units commonly showed no sensitivity to 
the direction of vertical motion. The results suggest possible 
involvement of the neurons in' detection or processing of acoustic 
motion in horizontal dimension. Differences were found between units 
in VLVa and those in ICc (the central nucleus of inferior colliculus) in 
response to auditory motion. Our results were also consistent with 
previous findings that VLVa was involved with processing of time 
information only, from which horizontal locations were computed.

This study was supported by NIH NIDCD DC00277 to A. Moiseff.

221.10

SUPPRESSION OF NEURAL ACTIVITY IN DNLL BY LOCAL 
INJECTION OF KYNURENIC ACID ALTERS BINAURAL 
EVOKED RESPONSES IN CONTRALATERAL INFERIOR 
COLLICULUS. L. Li * and J.B. Kelly. Laboratory of Sensory 
Neuroscience, Psychology Department, Carleton University, Ottawa, 
Canada KİS 5B6.

Previous studies have shown that unilateral injection of kynurenic 
acid into the dorsal nucleus of the lateral lemniscus (DNLL) alters 
binaural response properties of single neurons in the central nucleus of 
the inferior colliculus (Li and Kelly, 1992). Following kynurenic acid 
injection, stimulation of the ipsilateral ear exerts less inhibitory effect 
on binaural responses and interaural intensity difference (ӀЮ) functions 
are shifted in favor of the contralateral ear. The presđnt study was 
undertaken to determine whether kynurenic acid injections also affected 
slow potentials recorded from the central nucleus of the inferior 
colliculus. The recordings were made with a glass micropipette 
lowered into the inferior colliculus. Tone-evoked responses were 
band-pass filtered at 0.3-500 Hz and averaged. Peak to peak evoked 
response amplitude was measured for monaural and binaural stimulus 
conditions. Interaural intensity difference (IID) functions were 
obtained before and after injection of kynurenic acid into the DNLL 
through a second micropipette, which was also used to monitor the 
activity of neurons in DNLL. The suppression of activity in DNLL 
was associated with a shift in the evoked response IID function in the 
contralateral inferior colliculus. The degree of response suppression 
produced by stimulation of the ipsilateral ear was reduced and 
responses evoked by monaural ipsilateral stimulation were enhanced.

Supported by Natural Sciences and Engineering Research Council.
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221.11
SYNAPTIC POTENTIALS IN D N LL EVOKED BY  ELECTRICAL  
STIM U LA TIO N  O F THE C O M M ISSUR E OF PR O B ST  A N D  
LATERAL LEM NISCUS IN RAT BRAIN SLICE. S.H. Wu* and 
J.B. K e lly . Laboratory o f  Sensory N eu roscien ce, P sych ology  
Department, Carleton University, Ottawa, Canada K İS 5B6.

Brain slices (400 pm ) were taken through the dorsal nucleus o f  the 
lateral lem niscus (D N LL) o f  young albino rats (Wistar) and were 
maintained in a small bath perfused with warm oxygenated saline 
solution. Intracellular recordings were made with 4 M potassium  
acetate filled glass micropipettes inserted into the DNLL under direct 
visual control. The fibers o f  the commissure o f  Probst and the lateral 
lemniscus were stimulated by current pulses delivered through bipolar 
tungsten microelectrodes. Stimulation o f  the lateral lemniscus evoked  
both EPSPs and IPSPs in D N LL often in the same neuron. The 
EPSPs were blocked by the non-NM DA antagonist, C NQ X, and the 
IPSPs were blocked by the glycine antagonist, strychnine. Stimulation 
o f the com m issure o f  Probst also elicited  both EPSPs and IPSPs 
frequently in the same neuron. The EPSPs were blocked by CNQX  
and the IPSPs were blocked by the G A B A  antagonist, bicuculline. 
Each D N LL neuron w as sen sitive to both G A B A  and glycine. 
Intracellular injections o f  biocytin revealed that recordings were made 
from various morphological cell types in DNLL. The data indicate that 
D N LL neurons receive a convergence o f  ipsilateral and contralateral 
excitation and inhibition mediated by glycine, G A BA  and non-NM DA  
postsynaptic receptors.

This research was supported by the Natural Science and Engineering 
Research Council (NSERC) o f  Canada.

SUBCORTICAL AUDITORY PATHWAYS II

222.1
SU PPRESSIO N O F TH E RESPONSES T O  CLICKS IN TH E VENTRAL  
COCHLEAR N U CLEUS. R.E. W irkesherg*. H earin g  Research Lab., 
SUNY - Buffalo, B uffalo, NY 14226 and D ep artm en t o f  Psychology, Univ. 
o f  Illinois, C h am paign , IL 6 1820

A delayed , frequ en cy-specific inhib itory in p u t to  n eu ron s in th e  
ventral coch lear  n u cleu s (VCN) has b een  h yp oth esized  to orig in ate in  
th e dorsal co ch lear n u cleu s (D C N ) and to  suppress resp onses to the  
seco n d  click in a pair. T h ese  hyp oth eses w ere tested  in ketam ine- 
a n esth etized  ch inchillas. R esponses to pairs o f  clicks 1, 2, 4 and  8 m sec  
apart and  p resen ted  at two in tensities w ere record ed  extracellu larly from  
n eu ron s in the VCN. After record in g  th e resp onses o f  an isolated  
n eu ron  to pairs o f  clicks, a m icrop ip ette  co n ta in in g  2% lid o ca in e  was 
inserted  in to  the DCN and a small a m o u n t o f  lid o ca in e  was pressure- 
in jected . T h e  resp onses o f  th e n eu ron  to pairs o f  clicks 2 m sec apart 
p resen ted  at two levels 20  dB  apart w ere m o n ito red  from  b efo re  th e  
in jection  until any effects o f  the lid o ca in e  adm in istration  were reversed.

F ollow ing th e in jection  o f  lid oca in e  in th e D C N, the resp onses to  th e  
trailing click  increased in a b o u t one-th ird  o f  the VCN un its tested. 
U n ex p ected ly , resp onses to  the in itial click  o f  th e pair d ecreased  after  
th e in jection  for ab ou t two-thirds o f  th e n eu ron s tested . In this case, the  
resp onses to the trailing click were o ften  u n ch a n g ed . For several units, 
resp onses to the initial click  w ere red u ced  at th e h ig h er  intensity, w hile  
th e resp onses to  pairs o f  clicks p resen ted  20  dB  low er w ere n o t affected . 
Increased resp onses to th e trailing click  and d ecreased  resp onses to the  
initial click were fo u n d  in b o th  primary-like and c h o p p er  units .

(S u p p orted  by N ational S c ien ce  F ou n d ation  grant BNS 91-20618)

222.3
SOMATOSENSORY INPUTS TO DORSAL COCHLEAR NUCLEUS 
(DCN) E.D. Young*. I. Nelken, and R.A. Conlev. Johns Hopkins University, 
Baltimore, MD 21205.

Electrical stimulation in dorsal column nuclei (DCoN) and natural touch 
stimuli were used to investigate somatosensory effects in DCN. DCN 
principal cells are inhibited by electrical (10-50 μΑ, 200 ps bipolar pulses) or 
natural (light touch on the head or rotation of the pinna) stimuli. Type II 
inhibitory intemeurons are weakly inhibited or not affected by somatosensory 
stimuli, so that inhibition of principal cells occurs through intemeurons other 
than type Π units.

DCoN electrical stimulation produces a long-lasting (»20 ms) positive 
evoked potential in DCN with onset latency «5 ms. The potential is 10-100 
times smaller than auditory-nerve evoked potentials. It grows in amplitude 
through superficial DCN and changes slowly in deep DCN. This behavior is 
consistent with a shell of current sinks in superficial DCN, which is expected 
from the anatomical distribution of DCoN terminals in the granule cell 
domains (Itoh et al., Brain Res. 400:145,1987).

The amplitude of the evoked potential varies with DCoN stimulation site. 
The largest potentials result from stimulating sites with receptive fields on the 
head. Pinna-sensitive sites consistently produce large potentials, but equally 
laigė potentials can be seen at sites sensitive to other areas of the head, such as 
the vibrissae, lips, and snout

To control for effects mediated by weak sounds produced by natural 
stimuli or by small movements evoked by electrical stimulation, one cat was 
deafened by puncturing the round window and injecting KC1 into the cochlea. 
A progressive threshold shift (>60 dB) was produced: no changes in 
somatosensory evoked potentials were observed following deafening and 
single units studied after deafening showed the same inhibitory effects as in 
normal preparations.

(Supported by grants from NIDCD, Fulbright and Keck Foundations.)

222.2
THE CAT DORSAL COCHLEAR NUCLEUS (DCN): MECHANISMS AND 
FUNCTION. I Nelken* and E. D. Young. Center for Hearing Sciences, Johns 
Hopkins School of Medicine, Baltimore MD 21205.

Type IV units in DCN have complex response properties; their importance for 
signal processing in the auditory system is not well understood. They are suppressed 
by tones, narrow noise bands and band-reject stimuli, but excited by broadband noise. 
Narrow-band stimuli are known to suppress type IV activity by activating inhibitory 
type Π units. However, die inhibition of the type IV units by band-reject stimuli is as 
yet unexplained. We show that the combination of auditory nerve excitation and type 
Π inhibition cannot explain the inhibition of type IV units by band-reject noise, even 
qualitatively.

We tried to unravel the properties of the band-reject inhibitor by studying the 
responses of type Π and IV units to a variety of stimuli, including single tones, pairs 
of tones, noise bands, pairs of noise bands, and band-reject noise. We postulate the 
existence of a weak inhibitor, which has a broad tuning curve and is facilitated by 
broadband stimuli The inhibitor is able to suppress type IV spontaneous activity, but 
not to reverse completely their tonotopic excitation. We show that this postulated 
source and type Π inhibition are sufficient to explain the responses of most of the type 
IV units in our sample to all die stimuli that we used. In this model, properties of type 
Π units determine what is a narrow peak, and the spectral width of the excitatory input 
on the type IV units determines what is a detectable notch.

The typical DCN type IV unit is inhibited by narrow features (peaks or valleys) in 
the spectrum and excited by wide bands of supra-threshold energy overlying BF. 
Therefore, it sends information about sharp features of the spectral envelope to higher 
centers. We demonstrate this behaviour by using a continuum of stimuli consisting of 
a fixed-level band-reject noise added to a narrow noise band of increasing levels just 
filling the notch. Type IV units are inhibited at both extremes of the continuum, but 
are weakly excited at the middle, when the spectral levels of the two components 
match. In this way the DCN may direct the attention of the higher centers to die parts 
of die spectrum which carry interesting information about natural sounds.

Supported by grants from NIDCD, Keck Foundation and a Fulbright Scholarship.

222.4
RESPONSE MAP MEASUREMENTS OF UNITS IN THE DORSAL COCHLEAR 
NUCLEUS (DCN) OF UNANESTHETIZED, DECEREBRATE GERBIL. K.A. Davis and 
H.F. Voigt*. Dept. of Biomed. Engineering, Boston University, Boston, MA 02215.

The electrophysiological responses of single units in the DCN of unanesthetized, 
decerebrate Mongolian gerbil {Meriones unguiculatus) were recorded with either 
glass micropipette or platinum-iridium electrodes. Spike time data were collected 
in response to single tone bursts (32-ms duration, 250-ms trial) spanning the unit's 
receptive area and to a level series of 200-ms noise bursts. Units were classified 
according to the response map scheme of Evans and Nelson (1973) as modified by 
Young and Brownell (1976), Young and Voigt (1982), and Shofner and Young 
(1985). Type I units have a V-shaped excitatory region, spontaneous activity 
(SPAC)>2.5 spks/s and respond to noise; type II units have a V-shaped excitatory 
region, no SPAC and little noise response; type III units have a V-shaped excitatory 
region, inhibitory sidebands, SPAC >2.5 spks/s and respond to noise; type І/Ill units 
have a V-shaped excitatory region, no detectable inhibition due to a SPAC rate 
<2.5 spks/s and respond to noise; type IV units have an island of excitation, 
inhibition above, inhibitory sidebands, SPAC, and respond to noise; and type V 
units have an inhibitory region, SPAC and respond to noise. Of the 85 units 
recorded with glass micropipettes, 1 is a type I (1.2%), 8 are type II (9.4%), 60 are 
type III (70.6%), 8 are type l/lll (9.4%), 6 are type IV (7.1%), and 2 are type V 
(2.3%). Of the 112 units recorded with metal electrodes, 14 are type II (12.5%), 
69 are type III (61.6%), 4 are type l/lll (3.6%), and 25 are type IV (22.3%). These 
results suggest that metal electrodes may preferentially record from pyramidal and 
giant cell somas which give rise to type IV properties and that, regardless of 
electrode type, the percent of type III units in gerbil is larger than in decerebrate 
cat. In comparison, Kim etai. (1990) using glass micropipettes had approximately 
50% type III units and 9% type IV units while Shofner and Young (1985) using 
metal electrodes had approximately 23% type III units and 34% type IV units. This 
work establishes a normative response map data base in this species for ongoing 
structure/function and correlation studies. (Work supported by NIH.)
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222.5
JUNCTIONAL INTERACTIONS BETWEEN NEURONS IN THE DORSAL 
COCHLEAR NUCLEUS OF BARBITURATE-ANESTHETIZED GERBILS 
(MERIONES UNGUICUIATUS). G.T. Gdowski*. H .F. Voigt Department of 
Biomedical Engineering, Boston University, Boston, MA 02215.
The purpose o f this study is to determine the modes and stimulus dependencies o f 

correlated neural activity in the dorsal cochlear nucleus (DCN) o f barbiturate- 
anesthetized gerbils. In this study, trains o f action potentials from two neurons were 
recorded simultaneously using two independent glass micropipette electrodes. A 
single-tone stimulus paradigm was used to study the joint temporal response 
properties of unit pairs and to compare the results to previous studies. Cross
correlation analysis is used to test the null hypothesis that two simultaneously- 
recorded units are uncorrelated. Non-flat cross-correlograms are used to infer 
functional interactions or shared-input. Results o f these experiments demonstrate 
that shared-input to pairs o f neurons exists in the DCN o f barbiturate-anesthetized 
gerbils (16 of 31 pairs). Cross-correlograms o f spontaneous activity yield central- 
mounds (CMs) similar to those reported by Voigt and Young in decerebrate cat 
DCN (1985, 1988) and is consistent with other reports o f shared-input in 
anesthetized rat DCN (Gochin et al., 1989,1990). For pairs where multiple level 
data are available (6 o f 16 correlated pairs), all 6 pairs had stimulus-dependent CMs 
that are masked by the presence o f a single-tone at supra-threshold intensities. In 
contrast to results o f Gochin et al. (1989, 1990), no evidence o f excitatory 
interactions between neurons in the cochlear nucleus were seen. The primary aim 
of this on-going study is to obtain a better understanding o f both the physiological 
function of the neural circuitry in the DCN and the resulting signal processing it 
provides for audition. This information provides a better understanding o f the 
physiological properties o f  the neural circuitry o f the DCN. [Work supported by 
NIH.]

222.7

EFFECTS OF LARGE BRAIN STEM LESIONS ON AM INO ACID  
CHEMISTRY IN THE RAT COCHLEAR N UCLEUS S. Shannon- 
Hartman1*. D.A. Godfrey1. J.D. Dunn2. T.G. Godfrey1, and W.B. Farms1. 
’Dept. of Otolaryngology, Medical College o f Ohio, Toledo, OH 43699, 
Tiept, of Anatomy and Physiology, Kansas State Univ., College of 
Veterinary Medicine, Manhattan, KS 66506

Previous research suggests that some centrifugal fibers to the cochlear 
nucleus from higher brain centers are cholinergic. One major evidence 
for this is the drastic reduction o f choline acetyltransferase activity in the 
cochlear nucleus following extensive brain stem lesions which transect 
these descending inputs (Godfrey et al., 1983). The present study 
measured the effects o f these large lesions on amino acid concentrations 
in the rat cochlear nucleus. Lesions were 5-mm-long rostral-caudal knife 
cuts just medial to the right cochlear nucleus. Animals were sacrificed 
one week later, and brain stem segments containing the cochlear nuclei 
were isolated, sectioned and the sections freeze-dried. Amino acid 
concentrations were mapped for cochlear nuclei ipsi- and contralateral to 
the lesion site using HPLC. GABA concentrations were most 
dramatically affected by the lesion, with levels decreasing throughout the 
ipsilateral cochlear nucleus by as much as 65%. Concentrations of 
aspartate and glutamate also decreased somewhat on the lesioned side, 
whereas those o f the other amino acids measured (glycine, arginine, 
threonine, alanine, taurine, serine and glutamine) increased. These 
findings implicate GABA in the neurotransmission o f centrifugal fibers 
innervating the rat cochlear nucleus.

(Supported by NIH grant DC00172)

222.9

THE ROLE OF γ - AMINOBUTRYIC ACID AND GLYCINE IN REGULATING 
NEURONAL RESPONSE PROPERTIES IN THE SUPERIOR OLIVE OF 
THE LEOPARD FROG, RANA P IP IEN S  P IP IEN S . Ж-М- Zheng* and J.£. 
Hall. Dept. of Zoology, Univ. of Tennessee, Knoxville, TN 37996.

We investigated the role of GABA and glycine in regulating the response 
properties of single neurons in the leopard frog superior olive by comparing 
sound evoked responses before and during iontophoretic application of 
GABA, glycine, and their respective receptor antagonists, bicuculline (BIC) 
and strychnine (STR). The major findings of this study were as follows:

Iontophoretic application (10 -100 nA) of 10 mM BIC (pH 3.0) or 10 mM 
STR (pH 3.0) from multibarrel microelectrodes (1) increased levels of 
spontaneous activity in 75% (BIC), 100% (STR), of the cells studied; (2) 
lowered threshold at best frequency in 90% (BIC), 8% (STR), of the neurons 
examined; (3) broadened the tuning curves of 60% (BIC), 17% (STR), of the 
cells tested; (4) increased maximal discharge rate, but not the overall shape 
of the rate level function, for 65% (BIC), 8% (STR), of the units studied; had 
no effect on the (5) discharge pattern to tone bursts or responses to 
temporally patterned stimuli having different (6) rise-fall times or (7) pulse 
repetition rates. Response properties were never altered by current (100 nA) 
passed through the balancing barrel of the electrode assembly, nor by pH. 
Significantly, for individual neurons, BIC- and STR-induced changes in a 
given response property did not predict a change in other response features. 
For example, in some cells tuning curves broadened but response threshold 
did not change. These results indicate that many of the response features of 
neurons in the superior olive of the leopard frog are regulated by different 
inhibitory circuits. Moreover, no specific response property appears to be 
under the exclusive control of either GABAergic or glycinergic circuits. 
(Work supported in part by BRSG RR-07088/NIH)

222.6
MUSCARINIC MODULATION OF PARALLEL FIBER SYNAPTIC 
TRANSMISSION IN THE DORSAL COCHLEAR NUCLEUS. A.E.Balogh*.
P.B.Manis. Center for Hearing Science, Departments of Biomedical Engineering and 
Otolaryngology-Head and Neck Surgery, The Johns Hopkins University School of 
Medicine, Baltimore, MD 21205.

Synaptic transmission between parallel fibers (PFs) and their postsynaptic targets 
in the DCN is thought to be mediated by glutamate. However, DCN cells also 
receive a cholinergic input, and muscarinic receptors have been autoradiographically 
localized to layers 1 and 2 (Frostholm and Rotter, 1986). Experiments in the 
hippocampus and the visual cortex have demonstrated cholinergic modulation of 
glutamatergic inputs and a potential role of acetylcholine in modulating neural 
plasticity. Markram and Segal (1990) have shown selective potentiation by 
acetylcholine of the NMD A receptor-mediated component of the EPSP in area CAI 
of the hippocampus. We investigated the effects of bath-applied muscarine-Cl on both 
the non-NMDA and the NMDA receptor mediated components of the PF-evoked 
response in guinea pig DCN.

The PFs of DCN slices (400 μιτα) were stimulated at the piai surface (l/30s); field 
potentials were recorded in layer 2. Four solutions were used: control, control + 
muscarine (10 μΜ), low Mg2+(0.02 mM), and low Mg + muscarine. All solutions 
additionally contained strychnine (2 μΜ), bicuculline (5 μΜ) and glycine (50 μΜ). 
Under control conditions, a CNQX-sensitive fast component dominates. Muscarine 
consistently depressed the peak amplitude of the fast component. Under low Mg2+ 
conditions, during which the Mg2+ block of the NMDA receptor ion channel is 
relieved, an APV-sensitive slow component is revealed. Muscarine added to the low 
Mg2+ solution consistently depressed the slow component. Thus, muscarine 
modulates both the fast and slow components of PF synaptic transmission in the 
DCN. [Supported by DC00425 and DC00048 to PBM, and an NSF Predoctoral 
Fellowship to AEB.]

222.8
THE ROLE OF GABA AND GLYCINE IN BINAURAL PROCESSING IN 
THE DORSAL NUCLEUS OF THE LATERAL LEMNISCUS OF 
MUSTACHE BATS L. Yang and G. D. Poliak* Dept of Zoology, Univ. of Texas, 
Austin, TX 78712

The dorsal nucleus of lateral lemniscus (DNLL) is an important station along 
binaural processing pathway. Amost all DNLL neurons are excitatory-inhibitory 
(El), and are excited by contralateral ear stimulation and inhibited by ipsilateral ear 
stimulation. With regard to the origin of their El properties, one idea suggests that it 
may derive from the excitatory inputs from the contralateral LSO, which is 
dominated by El neurons. Another idea, however, proposes it may be created by 
interactions between excitatory inputs from the contralateral ear and inhibitory 
inputs from the ipsilateral ear. To test which idea is correct, we recorded from 
single DNLL neurons in mustache bats and examined their El properties before and 
after blocking GABAergic and glycinergic inputs with bicuculline an-· strychnine. 
The major findings were that the influence of GABAergic inhibition c Tered from 
that of glycinergic inhibition. Blocking GABAergic inputs increaseo ueuronal 
discharge rates, and in some neurons changed the temporal discharge patiem from 
an onset chopper to a tonic chopper. However, blocking GABAergic inhibition did 
not change the El properties of most DNLL neurons: neither the maximum 
inhibition evoked by ipsilateral ear nor the 50% point of the IID were affected. In 
contrast, blocking glycinergic inhibition caused little or no increase in neuronal 
firing rates but substantially changed the El properties in about 30% of the neurons. 
The major result was that the 50% point of the IID functions shifted by more than 
10 dB, such that a more intense ipsilateral sound was required to achieve a 50% 
reduction of the firing rate evoked by the contralateral stimulus. The results suggest 
that, most DNLL neurons appear to derive their El properties from the excitatory 
inputs of the contralateral LSO without intervention of inhibitory inputs. In other 
neurons, glycinergic inputs may be involved in shaping or creating their El 
properties. However, GABAergic inputs appear not participate in shaping El 
properties, but more likely provide inhibition which modify the cell’s discharge 
pattern for some purpose. (Work supported by NIH grant DC 00268)

222.10
NON-DESENSITIZING GLYCINE CURRENTS IN DISSOCIATED NEURONS 
OF THE VENTRAL COCHLEAR NUCLEUS. T.P. Hartv*. P.B. Manis. Center 
for Hearing Sciences, Johns Hopkins School of Medicine, Baltimore, MD 
21205.

Acutely dissociated neurons in the ventral cochlear nucleus (VCN) of the 
adult guinea pig respond to iontophoretically applied glycine with a current 
that is chloride-dependent and strychnine-sensitive. However, the duration 
(500-1500 ms) of responses to brief pulses of glycine is 2-3 orders of 
magnitude longer than the duration of glycine-mediated IPSP's recorded from 
the VCN in mouse slice preparations (Wu and Oertel, 1986). EPSP's in VCN 
neurons also are very brief, and data from the chick nucleus magnocellularis 
suggests that this is due to rapidly desensitizing glutamate receptors (Raman 
and Trussell, 1992).

We investigated desensitization of glycine responses in the VCN using pairs 
of iontophoretic pulses applied to neurons that were voltage-clamped at -60 
mV. Glycine (1 M) was iontophoresed with 10-30 ms, 300-500 nA pulses over 
a holding current of 50-80 nA at a disance < 5 urn from the cell. With 
equimolar chloride concentrations inside and outside the cell, glycine 
application produced an inward current that reversed near 0 mV. For inter
pulse intervals (IPi's) of 2-32s, the amplitudes of the first and second 
responses of a pair were similar. Preliminary results using IPI's < 1s suggest 
that there is either no change in, or a potentiation of response amplitude for 
intervals as short as 0.1s. In addition, responses evoked during iontophoretic 
pulses up to 400 ms in duration do not exhibit decreases in amplitude. Our 
results indicate that glycine receptors do not desensitize on a time scale 
appropriate to explain the brief duration of glycine-mediated IPSP’s in the 
VCN. Supported by DC00979 and DC00048.
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222.11
IDENTIFICATION OF CELLS POSSESSING NMDA RECEPTORS IN THE 
GUINEA PIG DORSAL COCHLEAR NUCLEUS. P.B. Manis* and S.C. Molitor. 
Center for Hearing Science, Otolaryngology-Head and Neck Surgery and Biomedical 
Engineering, The Johns Hopkins Univ. Sch. of Med. Baltimore, MD 21205.

We previously identified in field potentials a component of synaptic transmission 
from parallel fibers (PF) to postsynaptic cells in the dorsal cochlear nucleus (DCN) 
that appeared to be mediated by NMDA receptors. The present experiments were 
designed to determine which cell types have an NMDA receptor-dependent synaptic 
response. Intracellular recordings were made from cells in layers 1 and 2 of guinea 
pig DCN brain slices. Cells were classified as simple spiking (SS; pyramidal cells) 
or complex spiking (CX, cartwheel cells (Spirou et al, ARO Abstr. 1991)).

First we examined the synaptic response to PF stimulation under low-Mg 
conditions with strychnine and bicuculline. In 2/2 SS cells and 5/6 CX cells, EPSPs 
exhibited a slow component that was blocked by APV (50 μΜ) to the bath. In one 
CX cell, the slow component remained in the presence o f CNQX. In a second set of 
experiments, we tested the direct responsiveness of the 2 cell types to NMDA applied 
from a puffer pipette over the molecular layer. Eleven o f thirteen SS cells responded 
to the NMDA; 5/5 responded to the NMDA in the presence of CNQX or DNQX 
(C/DNQX) and 0/5 showed a response to NMDA in the presence o f C/DNQX and 
APV. In the presence of TTX, 2/2 SS cells responded to NMDA. Three of 4 CX 
cells responded to NMDA; 1/1 responded in CNQX and APV blocked the response.

The interpretation o f these data rests partly on the effects o f C/DNQX; if all 
excitatory transmission in this area is blocked by C/DNQX, then slow EPSPs and 
NMDA responses can only be mediated directly by NMDA receptors on the cells we 
record, since these responses persisted in C/DNQX and were blocked by APV. In 
this case, our data suggest that both DCN pyramidal cells (SS cells) and cartwheel 
cells (CX cells) have NMDA receptors that can be activated by PFs. (Supported by 
DC00425 and DC00048 to PBM and an NSF Predoctoral Fellowship to SCM).

222.13

DIVALENT CATION ACCUMULATION IN CHICK BRAINSTEM AUDITORY 
NEURONS INDUCED BY SYNAPTIC STIMULATION OR BY APPLICATION 
OF EXCITATORY AMINO ACIDS. N. Zhou* and T. N. Parks. Dept. of 
Neurobiology & Anatomy, Univ. of Utah Sch. Med., Salt Lake City, UT 84132.

Agonist-induced accumulation of Co2+, which is thought to reflect influx through 
calcium-permeable channels, can be used to distinguish functional subtypes of 
excitatory amino acid (EAA) receptor when intracellular Co2+ is converted to 
histologically-detectable cobalt sulfide (Pruss et al., Neuron 7:509, 1990). We have 
examined Co2+ accumulation induced in neurons o f the hatchling chick brainstem 
auditory nuclei angularis (NA), magnocellularis (NM) and laminaris (NL) by electrical 
Stimulation of the cochlear nerve or by application of EAA receptor agonists. Direct 
stimulation of the nerve in vitro (cf. Hear. Res. 60:20, 1992) induces Co2+ uptake 
into many brainstem auditory neurons; this effect is blocked by low-Ca2+ high-Mg2+ 
conditions or kynurenic acid, blocked partially by NBQX or γ- D - 
glutamylaminomethyl sulfonic acid (GAMS), and unaffected by nifedipine, co- 
conotoxin or the NMDA antagonist CPP. Although neither L-glutamate (GLU) nor 
L-aspartate (ASP) induce Co2+ uptake into auditory neurons, strong uptake is 
produced in ΝΑ, NM and NL by application of other candidate EAA neurotransmitters: 
L-cysteine sulphinic acid, L-homocysteic acid, L-homocysteic acid sulphinic acid, S- 
sulpho-L-cysteine, and quinolinic acid. L-cysteinic acid induces Co2+ uptake that is 
blocked by Mg2+ but not by nifedipine or conotoxin. NMDA itself also induces 
Co2+ uptake. Kainic acid, but not AMP A, induces strong and dose-dependent Co2+ 
uptake that is antagonized by kynurenic acid but not by nifedipine and conotoxin, CPP 
or AMPA. Thus, it appears that 1) at least with respect to Co2+ entry, the effects of 
the transmitter released by nerve stimulation resemble those of GLU and ASP much 
less than those of the other endogenous EAA transmitter candidates tested, and 2) 
Stimulation of EAA receptors on brainstem auditory neurons results in divalent cation 
influx through those receptors.

Supported by USPHS grant DC00144.

222.12
GLUTAMATE STIMULATED CHANGES IN INTRACELLULAR CALCIUM 
IN NEURONS OF THE AVIAN COCHLEAR NUCLEUS. L  Zirpel * and E W 
Rubel. Virginia Merrill Bloedel Hearing Research Center and Depts. of Physiology 
& Biophysics and Otolaryngology-HNS, Univ. of Washington, Seattle, WA 98195.

Neurons of the second-order auditory nucleus, nucleus magnocellularis (NM), of 
young chicks undergo dramatic changes in morphology and metabolism upon 
cessation of excitatory afferent input from the eighth nerve. The cellular mechanisms 
underlying this form of afferent regulation are not known. One possible mechanism 
is via neurotransmitter-mediated activation of a second messenger system. We 
previously reported that glutamate stimulates an increase in phosphatidylinositol (PI) 
metabolism in isolated NM tissue. The goal of this study is to determine if 
glutamate also stimulates changes in the intracellular calcium concentration ([Ca2+], ) 
of NM neurons, the next step in the IP3 second messenger cascade.

Transverse brain stem slices from E l7 to P2 chicks were loaded with the calcium 
indicator dye Fura-2 AM. Agonists and antagonists were applied while [Ca2+]j of 
individual NM neurons was monitored using ratiometric fluorescence imaging. 
Glutamate (10 μΜ -500 μΜ) increased [Ca2+], in NM neurons up to 250% above 
resting levels (EC5o=65 μΜ). In Ca2+-free media, the same concentrations of 
glutamate increased [Ca2+]; up to 100% above rest with the same EC50. AMPA, 
quisqualate, kainate and NMDA all produced 200-500% increases in [Ca2+]j in normal 
media with descending potencies. Only quisqualate produced an [Ca2+]j increase in 
Ca2+-free media. The kainate/AMPA receptor antagonist CNQX combined with the 
NMDA receptor antagonist APV eliminated the response to kainate but had no effect 
on glutamate responses. The putative metabotropic receptor antagonist AP3 (ImM) 
had no effect on the response to kainate, but slightly decreased the magnitude of the 
glutamate response. Thus, NM neurons express a functional metabotropic glutamate 
receptor similar to the mGluRl subtype described in other systems. (Supported by 
NIH grants GM07108 and DC00520 and the W. M. Keck Foundation.)
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223.1

COM PARISON O F M ETHODS FO R A S S ESS IN G  D ISCH A RG E 
R A TE  CH A N G ES AMONG P E R IP H E R A L  AU D ITO RY NEURONS. 
J .L . Fitzakeriev*. J . McGee and E .J . Walsh. Boys Town National 
Research Hospital and Creighton University, Omaha, NE 68131.

Many single-unit physiology studies involve the comparison of 
discharge rate between control and experimental conditions, and 
the conclusions are therefore dependent upon the reliability of the 
method employed to detect rate differences. As auditory neurons 
have been shown to exhibit Poisson rate distributions, and the 
nature of the distribution may change with age, the goal of this 
study was to evaluate a statistical measure which was not 
dependent upon the nature of the rate distribution. Receiver 
operating characteristic (RO C) curves were plotted for rate data 
collected as part of a study designed to evaluate the expression of 
facilitation and suppression among peripheral auditory neurons 
during postnatal development. The area under the RO C curve 
was compared to other standard measures, including rate 
differences, ratios, and d1. At all ages, a significant percentage of 
RO C curves exhibited shape distortions indicating that the rate 
distributions were not normal, and these distortions were more 
pronounced for neurons exhibiting facilitation. In addition, there 
were differences between the responses recorded from immature 
animals and adults with respect to the expression of suppression. 
(Supported by NIDCD #DC1007.)

223.2

D EVELO PM EN TA L CH A N G ES O F AU D ITO RY N ER V E  R E S 
PO N SES  TO E F F E R E N T  STIMULATION J .J .  Jenkins. J . McGee 
and E .J . W alsh*. Boys Town National Research Hospital and 
Creighton University, Omaha, NE 68131.

Although the physiology of the olivocochlear system has been 
well characterized in mature animals, very little is known about its 
development. Since anatomical studies indicate that the olivo
cochlear system matures postnatally in the cat, the purpose of this 
investigation was to characterize its physiological development. 
Standard extracellular recording techniques were used to inves
tigate single unit responses of afferent auditory neurons in the cat 
during efferent stimulation. The efferent pathway was stimulated 
using acoustic stimuli presented to the ear contralateral to the 
auditory nerve from which recordings were made. Ipsilateral probe 
tones at the unit's characteristic frequency (C F) were presented in 
the presence of varying intensities of contralateral broadband 
noise or matching C F  tones. In the mature animal, responses are 
dependent on the C F  and the spontaneous rate (SR ) of the unit 
and the nature and intensity of the contralateral stimulus. Units 
having medium C Fs  and low and medium S R s  were most easily 
suppressed by contralateral stimulation. Afferent neurons can 
show suppression, enhancement or no effect with contralateral 
stimulation, with suppression being more prominent in mature 
animals and enhancement being more prominent in immature 
animals. (This research is supported by NIDCD PO I DC00215.)
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223 .3

RESPONSES OF SINGLE NEURONS IN THE CHINCHILLA 
INFERIOR COLLICULUS TO CONSONANT-VOWEL SYLLA BLES  
DIFFERING IN VOICE ONSET TIME. G-D. Chen. S.S. Naravan.
S.C. Nudino, and D.G. Sinex*. Boys Town National Research 
Hospital, 555 No. 30th St., Omaha, NE 68131 

Responses of single neurons in the inferior colliculus (IC) of the 
anesthetized chinchilla were elicited by syllables from an alveolar 
voice-onset time (VOT) continuum previously used in a study of 
primary auditory neurons. The goal of the present study was to 
describe the temporal features of the responses of IC neurons to 
VOT syllables. Most units responded with one of three temporal 
response patterns. For both "sustained" and "transient" units, VOT 
elicited discharge rate increases. Sustained units continued to fire 
until the offset of the stimulus, but transient units did not. For 
"inhibited" units, the onset of voicing caused an abrupt discharge 
rate decrease. This inhibition continued at least until the offset of 
the stimulus. For neurons within the frequency range from 0.3 to
1.0 kHz, latencies increased with increasing VOT, especially for 
VOTs from the middleof the continuum. For neurons in other 
frequency regions, latencies were independent of VOT. Mean 
latencies computed for all neurons preserved more information 
about VOTs from the middle of the continuum than from either 
extreme.

2 2 3 .5

RESPONSE OF INFERIOR COLLICULUS (IC) NEURONS TO CLICK 
PAIRS IN THE UNANESTHETIZED RABBIT. D.C. Fitzpatrick1. R. Batra1*.
S. Kuwada1. C. Trahiotis2. and L. Bernstein2. Departments of Anatomy1 and 
Surgery2, Univ. of Connecticut Health Center, Farmington, CT 06030.

In most natural environments, wavefronts from a single sound source 
reach a listener through both direct and reflected paths. Despite the 
multiplicity of information, the listener perceives a spatially distinct sound 
localized at the position indicated by the direct wavefront. It has commonly 
been thought that the perception of reflected sounds, or echoes, is 
suppressed through neural inhibition.

To determine if neural responses to "reflected sounds" are suppressed, 
we presented binaural pairs of clicks to simulate direct and reflected sounds, 
while recording from IC neurons that were sensitive to interaural time 
disparities (ITDs). For most neurons, responses to the second click-pair 
were suppressed, but recovered to 50% of their maximum response when 
the interval between the first and second pair of clicks was within 2-16 ms. 
These recovery intervals are consistent with those reported behaviorally for 
a variety of stimuli. A few neurons required longer intervals to recover. In 
many neurons, recovery intervals were similar if the ITD of the first pair of 
cficks was set at the neuron's "best" or "worst" ITD. In other neurons, one 
or the other ITD caused longer recovery times.

We also tested cells in the IC and superior olivary complex (SOC) to two 
clicks delivered monaurally. Recovery times of IC neurons were similar to 
those measured binauraliy. In contrast, recovery times in the SOC to 
monaural click-pairs were quite short (usually <4 ms). The longer recovery 
times in the IC, compared to the SOC, may reflect inhibitory mechanisms 
within the IC or in the nuclei of the lateral lemniscus. (Supported by 
NIHgrants NS18027 and DC01366).

2 2 3 .7

NEURAL REPRESENTATION OF THE TEMPORAL FEATURES OF SOUND 
UNDERGOES TRANSFORMATION IN AUDITORY MIDBRAIN: EVIDENCE 
FROM E X T R A C E L L U L A R  R E C O R D IN G , A P P L IC A T IO N  OF  
PHARMACOLOGICAL AGENTS AND IN VIVO WHOLE CELL PATCH CLAMP 
RECORDING. E. Соүеу, B.R, Johnson. D. Ehrlich and J.H. Casseday*. Department of 
Neurobiology, Duke University M ed Ctr., Durham, NC 27710.

In the echolocating bat Eptesicus fuscus, three different experimental approaches 
provide evidence of extensive neural transformations in the representation of sound at 
the level of the inferior colliculus (IC). We have previously shown that the precision 
with which neural responses lock to temporal features o f sound is sharpened between the 
cochlear nucleus and nuclei o f the lateral lemniscus, resulting in one population of 
neurons that provide highly accurate real-time markers for sound onset and other 
populations of neurons that provide an accurate real-time measure of sound duration. 
Both excitatory and inhibitory outputs from lower brainstem auditory structures 
converge at the IC. The present results show that this convergence yields a 
transformation from a real-time representation to an expanded time scale or 
transformation to selectivity for specific temporal features. Inhibition plays a key role 
in these transformations. For example, in most IC neurons, the initial evoked synaptic 
event is inhibition, followed by excitation. This order o f events produces a wide range 
of latencies. In addition to lengthened latency, many IC neurons have periods of 
decreased responsiveness, or "time-outs" following a sound; others have periods of 
facilitation. "Time-outs" arc at least partially produced by neural inhibition. Many 
neurons intheIC respond only to sounds of a specific duration. This duration selectivity 
is created through interaction o f neural inhibition and excitation, each with a different 
latency and time-course. Research supported by NIH grants DC-00607 and DC-00287 
and NSF grant IBN-9210299.

223.4
SPATIAL ORGANIZATION OF THE CHINCHILLA INFERIOR 
COLLICULUS. S.C. Nudino*. S.S. Naravan. G-D, Chen, and D.G. 
Sinex. Boys Town National Research Hospital, 555 No. 30th St., 
Omaha, NE 68131

Responses to contralateral tone bursts were obtained from the 
inferior colliculus (IC) of the anesthetized chinchilla. Most of the 
recordings were from multineuron clusters, but in some cases 
single neurons were also isolated. The goal was to determine the 
extent to which fundamental characteristics of the responses of 
neurons vary systematically along the three spatial axes of the IC. 
The properties that were studied included characteristic frequency 
(CF), sharpness of tuning, first spike latency, and the shape of the 
peristimulus-time (PST) histogram. C F increased along the dorsal- 
to-ventral axis of the IC, with a slope of approximately 1 octave per 
200 micron increase in depth. Similar tonotopic maps have been 
described for other mammalian species. Location-dependent 
changes in the other response properties were examined for 
clusters with C Fs falling within one-octave bands. The sharpness 
of tuning decreased as the recording location was moved from 
medial to lateral; however, the changes were small, and they were 
not seen in every animal. First-spike latencies recorded at medial 
locations tended to be longer than latencies at more lateral sites. 
Within an individual animal, some spatial segregation of PSTs with 
similar shapes was observed. These patterns of segregation were 
idiosyncratic across animals.

223.6
RESPONSES OF MONAURAL CELLS IN THE SUPERIOR OLIVARY 
COMPLEX (SOC) OF THE UNANESTHETIZED RABBIT. S. Kuwada* and R. 
Batra. Dept. Anatomy, U. Connecticut Health Center, Farmington, CT 06032.

Although the SOC is considered the primary site for binaural pro
cessing, it also has many neurons that respond exclusively to stimulation of 
only a particular ear. These neurons may be part of a parallel pathway 
devoted to processing and conveying monaural information to higher centers.

We considered a neuron to be monaural if it only responded to 
stimulation of a particular ear and if the response to monaural stimulation did 
not appreciably differ from that to binaural stimulation. About 2/3 of the 
monaural neurons responded to contralateral and -1/3 responded to ipsilat- 
eral sounds. Discharge pattern to tone bursts varied and many could be 
classified using the schema for cochlear nucleus neurons. However, the most 
prominent response pattern (-1/3) was complete suppression to contralateral 
tonal stimulation followed by a vigorous and tightly-locked burst of action 
potentials when the tone was turned off. The magnitude of this off response 
increased over an intensity range of 50-60 dB. Although these off cells were 
suppressed during a tonal stimulus, they could precisely synchronize to 
sinusoidally amplitude-modulated tones at modulations rates as high as 800 
Hz and to modulation depths as shallow as 5%. Presumably the fluctuations 
from maximal to minimal intensity created by the envelopes evoke a periodic 
release of inhibition and consequent firing of action potentials. Apparently, 
these off cells use this mechanism, i.e., anodai break, to precisely code 
envelope frequencies over a wide range. Off cells are present in at least two 
regions: the ventral nucleus of the lateral lemniscus and an area coextensive 
with the dorsal medial and ventral medial periolivary nuclei. Thus, it is likely 
that these off cells convey information about the envelopes of sound to the 
midbrain. Supported by NIH grants NS18027 and DC01366.

223.8
GABA STAINING OF NEURAL IMPLANTS IN THE RAT INFERIOR COLL
ICULUS D.G CAMPBELL. J.R.COLEMAN AND M.G. WELSH*. DeptS. 
of Psychology, Physiology and Developmental Biology & 
Anatomy, Univ. of South Carolina, Columbia, SC 29208.

Neural grafts implanted into the rat inferior collicu
lus (IC) show structural and functional features resem
bling the normal host structure. Immunohistochemistry for 
GABA in the rat IC was performed in normal and le- 
sion/graft male Long-Evans rats using a free-floating 
avidin-biotin complex peroxidase reaction. Staining of 
cell bodies, fibers and terminal-like puncta were observed 
in sections under light microscopy. In control animals 
GABA staining was most prominent in the ventromedial 
region of the central nucleus of the IC. This region 
contained cell body and fiber staining within the commis
sure and the lemniscal afferente projecting to the IC. 
Heavy fiber staining was also observed in and around the 
dorsal nucleus of the lateral lemniscus.

Animals at 3 months of age received bilateral grafts of 
embryonic tectum (E16-17) and were examined at 3 to 4 
months post-implant. The distribution of GABA stained 
neurons in graft material paralleled that of control IC. 
Several cells within the graft region were rimmed with 
terminal-like puncta suggesting that graft neurons receive 
GABA input from extrinsic or intrinsic sources. Ultra- 
structural characteristics of synaptic profiles in normal 
IC and neural grafts are currently under investigation.

These results suggest that GABA staining is character
istic of both control IC and graft tissue which has 
matured from prenatal implantation into host animals.

(Work supported by The Deafness Research Foundation and 
NSF DBS-9200624.)
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2 2 3 .9
THE EFFECTS OF ESTROGENS ON THE AUDITORY BRAINSTEM RESPONSE 
AND MIDDLE LATENCY RESPONSE IN RAT. J.R. Coleman.* D.G. 
Campbell, M.G. Welsh and W.A. Cooper. Depts. of Psycholo
gy, Physiology, Developmental Biology & Anatomy, and 
Speech-Language Pathology & Audiology. Univ. of South 
Carolina, Columbia, SC 29208.

The goal of this research was to examine the effects of 
ovariectomy (ovex) and estrogen replacement on evoked 
potentials in the auditory system. Female Long-Evans rats 
90 days of age were divided into ovariectomy, ovariectomy 
plus estrogen treatment (10, 100 or 500 ug/kg Premarin
subcutaneous in peanut oil) and control/vehicle groups. 
Vertex/chin recordings under Rompun/Ketamine anesthesia 
began 3 weeks following ovariectomy procedures and 1 week 
after onset of daily drug treatment. Stimulation at 40 kHz 
revealed longer latencies for ovex animals than for 100 
ug/kg treatment animals at Waves la, Ian, lb, II, H i n  and 
IV/V and at 8 kHz at Waves Ibn and Vn of the auditory 
brainstem response (ABR). Control and 100 ug/kg treatment 
animals were also different at Waves lb, Ibn, II and III at 
40 kHz. Ia-II interpeak latencies were shorter for the 10 
and 100 ug/kg groups than ovex and control groups. N2 of 
the middle latency response (MLR) was lengthened in ovex 
animals at 40 kHz. ABR Waves Ibn, II, Iln and IV/V showed 
reduced amplitude in ovex animals at 40 kHz. These results 
demonstrate that ovariectomy influences components of the 
ABR and estrogen replacement alters response latencies of 
the ABR and MLR.

(Supported by Wyeth-Ayerst Research.)

2 2 3 .1 1

ELECTROPHYSIOLOGICAL PROPERTIES OF RAT INFERIOR 
COLLICULUS (IC) NEURONS IN DORSAL CORTEX AND 
CENTRAL NUCLEUS IN VITRO Y. Li, M.S. Evans*. C.L. Faineold. Depts. 
Pharmacology and Neurology, So. Illinois Univ., Med. Sch., Springfield, IL 62794.

Intracellular recordings were made from neurons of the dorsal cortex of inferior 
colliculus (ICd, N=32) and central nucleus of IC (ICc, N=12) (according to the atlas 
of Paxinos and Watson, 1986). Slices were pre-incubated >.30 min in artificial CSF 
with NaCl replaced with sucrose and then transferred to CSF containing NaCl and 
ImM ascorbic acid. A stimulating electrode was placed in the ipsilateral lateral 
lemniscus (LL) or in the commissure of IC (CoIC). Input resistance was 49+15ΜΩ 
(meanlS.D.) in ICd neurons and 33±14ΜΩ in ICc neurons. The mean amplitude of 
the action potential (AP) of ICd cells was 68±21mV (width=0.71±0.4ms at 1/2 
height). The mean amplitude of the AP of ICc cells was 70±12mV (width=0.37 
±0.14ms at 1/2 height). Depolarizing current pulses revealed a "hump" at the onset 
of the pulse in ICd cells not seen in ICc cells. This hump may result from activation 
of a calcium conductance. Neurons in the ICd and ICc had different spike firing 
frequency-current relationships. These relationships for some ICc cells (2 of 6) 
became nonlinear with increased firing with higher currents, while ICd cells (n=9) 
maintained linearity. These findings suggest that neurons in ICd and ICc have 
different membrane properties. A consistent difference between the synaptic responses 
elicited by stimulation in CoIC and LL pathways was also observed. In ICd neurons 
stimulation of the CoIC elicited a single AP followed by a late depolarization (8 of 
11). Stimulation of the LL elicited an AP followed by a hyperpolarization and a late 
depolarization in both ICc and ICd cells (7 of 9). These findings suggest a greater 
complexity of the LL pathway ipsilateraily to ICc and ICd neurons than the CoIC 
pathway contralaterally to ICd neurons. (Supported by: K 08 NS 01503, NS 21281)

2 2 3 .1 3

EXPRESSION  OF SODIUM-DEPENDENT CHOLINE TRANS
PORT mRNA IN AUDITORY AND VESTIBULAR NUCLEI. H. Hiel. 
W.B. Warr* and B.J. Morlev. Boys Town National Research 
Hospital, Omaha, NE 68131.

Previous researchers have isolated cDNAs from rat spinal cord 
and brainstem that encode a choline transporter which generates 
sodium-dependent choline uptake when expressed in oocytes 
(Mayser e t al, 1992). We localized putative high-affinity choline 
transport (НАСТ) sites in auditory and vestibular nuclei using non- 
radioactive oligonucleotide in s itu  hybridization. Intense labeling 
was observed in brainstem motor nuclei, suggesting that this 
oligonucleotide recognizes mRNA for НАСТ. Several auditory and 
vestibular nuclei were also labeled, although not all were labeled 
as intensely as motor nuclei. The labeling for the НАСТ using this 
probe did not coincide completely with the distribution for choline 
acetyltransferase as determined by immunocytochemistry, acetyl
cholinesterase histochemistry, or the distribution of binding for the 
НАСТ ligand, hemicholinium-3. These data may suggest that the 
localized transport sites represent the expresion of a choline 
transporter not uniquely expressed in cholinergic neurons.

2 2 3 .1 0
NON-PRIMARY THALAMIC CONTRIBUTIONS TO THE MISMATCH 
NEGATIVITY GENERATING SYSTEM . N. Kraus*. T. McGee. T. Liftman.
T. Nicol, C. King.. Northwestern Univ., Searle Bldg., Evanston, IL 60208.

Intracranial sources contributing to the mismatch negativity auditory 
evoked potential (MMN) were investigated. The relative contributions of 
the primary and non-primary thalamo-cortical pathways were assessed 
using a previously developed guinea pig model (Kraus and McGee, Ear 
Hear, 14:36-48,1993, review). In the medial geniculate body of thalamus, 
recordings were obtained from the ventral (primary, MGv) and caudo- 
medial (non-primary, MGcm) subdivisions. Surface responses were 
recorded from the temporal lobe contralateral to the stimulated ear and 
from the posterior midline.

The MMN was obtained in response to monaural, 90 dB SPL, tonal 
stimuli using an oddball paradigm, the deviant stimulus (2300 Hz, 
probability = 10%) was presented in a series of standard stimuli (2450 Hz). 
As a control, the response to the deviant stimulus presented in the oddball 
paradigm was compared to the response to the same (2450 Hz) stimulus 
presented alone. The MMN by definition, should occur only in response 
to a change, or Hmismatchu between the standard and deviant stimuli.

Significant negativities (at 30-80 ms, and 135-170 ms) were obtained in 
the caudomedial MGB but not in the ventral subdivision. Á corresponding 
negativity occurred in the midline surface waveform (between 30 and 150 
ms). No significant negative waves were evident in the surface temporal 
response. These results provide evidence for non-primary auditory 
thalamic contribution to the MMN generating system. The MGcm may 
contribute directly as a source or may provide critical input to auditory 
cortex.

2 2 3 .1 2

FOS PRODUCTION IN CENTRAL AUDITORY NUCLEI OF MICE: 
EFFECTS OF SO UND LEVEL AN D  ANESTHESIA. M.C. Brown* 1- 
4 and T. S. Liu4. ^Dept. o f Cellular and Molecular Physiology and 
^Dept. o f Otology and Laryngology, Harvard Medical School, 
^Harvard-MIT D ivision o f Health Sciences Technology, and ^Eaton- 
Peabody Lab., Mass. Eye & Ear Infirmary, Boston, M A 02114.

Fos is the protein product o f the immediate-early gene, c-fos, and is 
produced by neurons when they are stimulated. W e studied the 
production o f Fos in response to acoustic stimuli in nuclei o f the 
auditory brainstem, mainly in the dorsal cochlear nucleus. Fos was 
visualized by using an anti-Fos antibody (Oncogene Science). Sound 
stimuli were 6 kHz tone bursts presented for 2 hours.

The first series o f experiments was in awake mice where sound was 
presented binaurally in free field. Fos-labeled neurons were present for 
sound levels above about 30 dB SPL, with higher sound levels showing 
progressively more labeled neurons. Unstimulated mice showed few  
labeled neurons. M ice anesthetized with Nembutal, Avertin, or an 
Innovar-Nembutal combination had few Fos-labeled neurons in 
response to sound stimuli, whereas those anesthetized with Ketamine or 
urethane showed labeled neurons in response to sound. In a second 
series o f experiments with Ketamine-anesthetized mice, where sound 
was presented monaurally in a closed-field system, the number o f Fos- 
labeled neurons was also a function o f sound level. Although sound 
was presented monaurally, both ipsilateral and contralateral dorsal 
cochlear nuclei had labeled neurons.

These results demonstrate that Fos can be produced in anesthetized 
preparations and further demonstrate that sounds o f moderate level can 
stimulate neurons to produce Fos. (Supported by NIH grant DC01089)

2 2 3 .1 4

BRAIN STEM  A U D ITO R Y EV O K ED  R ES P O N S ES  (BAERs) IN SHAKING  
PUP H EM IZ YG O TES  AN D M YELIN M O SA IC  FEM A LE  CA R R IER S. 
P.A .Cuddon. I.D. Duncan, and V . M iletic*. University of W isconsin, 
Madison Wl 5 3 7 0 6 .

The shaking pup, the only proven canine X-linked myelin mutant, 
is characterized by severe CN S hypomyelination & dysmyelination in 
affected m ales, and myelin m osaicism  in som e female heterozygotes. 
Clinically, hemizygotes develop a severe tremor of the limbs, trunk, head 
& eyes at 12-14 days of age, while female heterozygotes with myelin 
m osaicism , develop a much milder tremor, w hich disappears at 4-6 
w eeks of age. Possible functional abnormalities of the peripheral and 
central auditory pathw ays w ere investigated via assessm ent of sequential 
B AER recordings in hemizygotes, female heterozygotes and normal age- 
m atched control pups. Sequential BAER recordings show ed normal 
development of the peripheral auditory pathw ays, from 3 w eeks to 20  
w eeks, a s  evidenced by a parallel decrease in W ave I latency in all 3 
groups. There w as, how ever, a consistent dramatic prolongation of 
latency and a marked amplitude decrease in all w aves in the central 
conduction pathw ays of the hem izygotes at all ages tested. There w as  
no evidence of improvement in function over time. The female 
heterozygotes demonstrated consistently prolonged W ave ll-V latencies, 
with decreased W ave V/W ave I ratios during the period of gross clinical 
tremor (2-5 w eeks of age),but show ed a return to normal BAER patterns 
at the time of tremor cessation. In sum m ary, B A ER s appear to be a 
sensitive tool in assessing  the degree of functional impairment in central 
auditory pathw ays of this canine hypomyelination model, w ith excellent 
correlation with the degree of clinical abnormality. (Supported by NIH 
IN S 2 3 1 2 4  and the Myelin Project)
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224.1
THE STRETCH R EFLEX  A M P L IT U D E  IS S E X U A L L Y  
DIMORPHIC. P.W . N a n c e * . D ept. M ed ic ine , U niversity  o f  
Manitoba, Winnipeg, Manitoba, Canada R3A 1M4 

One of the defining characteristics o f  spasticity associated with 
upper motor neuron lesions is hyperreflexia. In a comparative study 
of spinal cord injured (SCI) and non-SCI subjects, a sex difference in 
the Achilles stretch reflex amplitude (SRA) was detected in the non- 
SCI subjects such that the average reflex response amplitude o f  
females was greater than that o f  age-matched male subjects (Nance, 
Soc Neurosci A bs, # 4 86 .25 , 1989). The present study w as to 
investigate further the basis o f  the sex difference in the SRA. In 10 
pre-pubertal subjects, 5 m ales and 5 fem ales (mean age = 10 years), 
the quadriceps SRA was tested using an electrogoniometer and hand 
held reflex hammer, the average reflex amplitude o f  the girls was 
greater than the boys, p=.018. After exercising for 2 m inutes, the 
reflex amplitudes for the tw o groups were comparable. U sing a 
solenoid-driven hammer as a quantified mechanical stimulus for the 
Achilles stretch reflex, 6  able-bodied fem ale subjects (mean age = 26  
years) were tested daily over the course o f  their menstrual cycle. No 
systematic variation in the stretch reflex amplitude relative to the phase 
of the menstrual cycle  was detected, p=.24. The absence o f changes 
in the SRA during the menstrual cycle  and the sex difference in SRA  
observed in pre-pubertal children indicates that this difference is due to 
an intrinsic sexual dimorphism and not related to sex-specific steroid. 
Therefore, sex-matched subjects should be used as control subjects if  
the SRA is to be used as a dependent measure. (Supported by the 
Health Science Centre Foundation)

224.3

ALTERATION IN FIRING THRESHOLD AND AXONAL CONDUCTION 
VELOCITY OF PRIMATE SPINAL MOTONEURONS BY H-REFLEX 
OPERANT CONDITIONING: EXPERIMENTAL STUDY. J.S. Carp*.
X.Y. Chen. J.R. Wolpaw. Wadsworth Labs, New York State Department of 
Health and State University of New York, Albany, NY 12201.

Operant conditioning of monkeys (M acaca nem estrina) can gradually 
increase or decrease the triceps surae H-reflex (HR), the electrical analog of the 
monosynaptic stretch reflex. This conditioning changes the spinal cord (TINS 
13:137-42, 1990). To define this spinal plasticity and its role in the behavioral 
change, intracellular recordings from 255 motoneurons (MNs) were performed 
in 11 animals in which one leg's HR had been trained down (HR 4) and in 149 
MNs from 14 naive animals. Animals were deeply anesthetized throughout and 
sacrificed by overdose. Six of the 11 HR4 animals had successfully reduced HR 
size in the trained leg, to 24-58% of initial values. The other 5 HR 4 animals had 
been unsuccessful: HR size remained 92-114% of initial values (see Wolpaw et 
ai, this volume, about the importance of age in HR4 conditioning).

MNs from the trained side of successful HR4 animals differed from those 
of naive animals in firing threshold (-52 ±  1 vs  -56 ±  1 mV, p < 0.01), 
depolarization needed to reach firing threshold ( 14.0 ±  0.7 vs 11.9 ±  0.5 mV, p < 
0.02) and conduction velocity (66.8 ±  0.7 vs 71.2 ±  0.6 m/s, p < 0.001). No 
other differences were noted. MNs from the trained side of unsuccessful HR4 
animals showed no differences from naive MNs.

These data are consistent with the hypothesis that operantly conditioned 
decrease in HR size is due to a positive shift in MN firing threshold and a 
consequent increase in the depolarization needed to reach that threshold. The shift 
in threshold could also underlie the observed decrease in conduction velocity (see 
Halter et a l . , this volume). (Supported by NEH NS22189 & Paralyzed Veterans 
of America Spinal Cord Research Foundation.)

224.5

EFFECTS OF TRICEPS SURAE H-REFLEX OPERANT  
CONDITIONING ON SYNAPTIC COVERING OF PRIMATE  
MOTONEURONS: INITIAL STUDIES. K.A. Starr* & J.R. W olpaw. 
Wadsworth Labs, NY S Dept. o f  Health & State Univ N Y , Albany, 
NY 12201.

Monkeys (M acaca nem estrina) can gradually increase or decrease 
the amplitude o f the triceps surae (TS) H-reflex, the electrical analog 
of the spinal stretch reflex, and this conditioning changes the spinal 
cord (TINS 13:137-142, 1990). To define this plasticity, w e are 
comparing, at the EM level, TS motoneuron (M N) terminals in naive 
(i.e., untrained) animals and animals in which one leg ’s TS H-reflex 
has been trained up (H R Î) or down (H R 4). M otoneurons are labeled 
retrogradely with cholera toxin-HRP.

To date, we have examined somata and proximal dendrites o f  12 TS 
MNs from 3 naive animals (263 terminals) and o f  10 TS M Ns from  
the trained side o f 2 HR4 animals (163 terminals). A lm ost all 
terminals (97%) were classified as F-type (flattened or pleomorphic 
vesicles), S-type (spherical vesicles), or C-type (postsynaptic 
subsurface cisterns). The F terminals were 50% (+ 4% S.E.) o f  total 
terminal length in naive M Ns and 66% (+ 5%) in HR4 M N s. The S 
terminals were 29% (+ 4%) in naive M Ns and 25% (+ 3%) in HR4 
MNs. The C terminals were 19% (+ 5%) in naive M Ns and only 9% 
(+ 4%) in HR4 M N s . Thus, these initial data suggest that operantly 
conditioned decrease in the primate TS H -reflex is associated with 
type-specific changes in M N synaptic covering. (Supported by ΝΙΗ  
NS22189.)

224.2

OPERANT CONDITIONING OF PRIMATE H-REFLEX: FACTORS 
AFFECTING MAGNITUDE OF CHANGE. J.R. W olpaw*. J.S. Carp, &
P.A. Herchenroder. Wadsworth Labs, NYSDO H /SUNY, Albany, N Y  12201.

Primates (Macaca nemestrina) can gradually increase (HRup mode) or 
decrease (HRdown mode) H-reflex (HR) size in one leg when reward 
depends on that size. Magnitude o f  change varies greatly across animals. 
This study sought to define the factors that control it. In 28 HRup animals, 
HR size in the trained leg rose to an average final value o f 177% o f  initial 
size. In 26 HRdown animals, it fell to an average o f  69%.

Animal age, as assessed by weight, did not affect HRup conditioning. 
However, HRdown conditioning was much more successful in heavy (>6 kg) 
animals than in light (<6 kg) animals (p=.001). This difference was not due 
to weight-related differences in other factors. Established correlations 
between weight and age indicate that heavy animals were young adults, 
while many light animals were adolescents.

Initial HR size affected magnitude o f  change. In HRup animals, HR size 
in the trained leg tended to rise more if  initial size was small, and in 
HRdown animals it fell more if  initial size was large. These relationships 
appear to reflect limitations imposed by motoneuron and la synaptic 
function, as well as inter-animal variation in la afferent excitation.

Performance intensity (trials/day) did not affect magnitude o f change. 
Together with human data, this finding suggests either that the chronic 
descending influence causing the gradual HR change need only be present 
for a brief period each day or that it persists between performance periods.

Final HR size in the control leg varied greatly across animals, and did not 
correlate with final HR size in the trained leg. These findings are consistent 
with evidence that operant conditioning o f the H-reflex produces plasticity 
at multiple spinal and supraspinal sites both ipsilateral and contralateral to 
the trained leg. (Supported by NIH NS22189, United Cerebral Palsy Res & 
Educ Found, and Paralyzed Veterans o f  America Spinal Cord Res Found.)

224.4

ALTERATION IN FIRING THRESHOLD AND AXONAL CONDUCTION 
VELOCITY OF PRIMATE SPINAL MOTONEURONS BY H-REFLEX CONDI
TIONING: THEORETICAL ANALYSIS. J. A. Halter*, J. S. Carp1 and J. R. Wolpaw1. 
Division of Restorative Neurology and Human Neurobiology, Baylor College of 
Medicine, Houston, TX, 77030 and 'Wadsworth Labs, New York State Department 
of Health/State University of New York, Albany, NY, 12201.

A recent study (Carp et al, this volume) o f primate motoneuron properties after 
operantly conditioned decrease in H-reflex size noted a more positive firing threshold 
(Vthr) and a reduced axonal conduction velocity (CV), without a significant change 
in resting potential. Using a mathematical model of the mammalian myelinated nerve 
fiber (Halter & Clark, J theo Biol 148:345-82 ’91), the present study tested the 
hypothesis that operant conditioning alters Vthr and CV by modifying sodium (Na*) 
channel properties.

Changes in the voltage-dependence of Na* channel activation/inactivation that 
would be produced by protein kinase C (Dascal & Lotan, Neuron 6:165-75 ’91) and 
that could account for the observed increase in V ^  were inserted into the model and 
the resulting change in CV and action potential amplitude (АРА) were calculated. 
Reductions of 7.3% in CV and 0.5% in АРА were predicted. These predictions 
correspond well with the reductions of 6.2% in CV and 1.7% in АРА that actually 
accompanied operantly conditioned decrease in H-reflex size.

These modeling results provide support for a common origin o f the observed 
changes in Vthr« CV and АРА and are consistent with the hypothesis that operant 
conditioning of the H-reflex modifies Na+ channel properties. (Supported by the 
Whitaker Foundation, Vivian L. Smith Foundation for Restorative Neurology, NSF 
CCR-9120008 (JAH), Paralyzed Veterans o f America Spinal Cord Research 
Foundation (JSC) & NIH NS22189 (JRW)).

224.6

DENDRITIC MORPHOLOGY OF PRIMATE TRICEPS SURAE 
MOTONEURONS: QUANTITATIVE ANALYSIS. D.M. M aniccia. C.L. 
Lee, and J.R. Wolpaw. Wadsworth Labs, NYS Dept o f  Health/SUNY, Albany, 
New  York, 12201.

Operant conditioning o f  the primate triceps surae (TS) H-reflex changes the 
spinal cord (TINS 13:137-142, 1990). In an effort to define the sites and 
mechanisms o f  this plasticity, we are studying TS motoneurons at the light and 
electron microscopic levels. In the present work, TS motoneurons o f  male 
monkeys (M acaca nemestrina) were intracellularly injected with horseradish 
peroxidase (HRP) in Tris-KCl buffer. Motoneurons were initially reconstructed 
using camera lucida. They are now being reconstructed with a computer-based 
system (Eutectic Electronics) in order to obtain a quantitative analysis o f  
dendritic structure.

To date we have reconstructed and analyzed 37 dendrites from three TS 
motoneurons located in L6-7 ventral horn. Somata were 44-64 pm in diameter 
and each had 7-13 primary dendrites. Dendrites had an average o f  17 segments 
and an average total segment length o f  3294 pm. Highest segment order was 
12, and 4*-order segments were most common and longest. Number o f  
segments, number o f  terminations, total volume, total surface area, and total 
length were all correlated with primary segment diameter. Taper was greatest 
in the primary segment. Rail’s ratio was close to one throughout the dendritic 
tree.

These data will facilitate interpretation o f  current electron microscopic 
studies o f  motoneuron synaptic morphology (Starr & Wolpaw, this volume) 
and will also serve as a basis for subsequent modeling o f  relationships between 
motoneuron physiological properties and behavior (Carp et al and Halter et al 
this volume). (Supported by NIH NS22189 and Paralyzed Veterans o f  America 
Spinal Cord Research Foundation.)
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224.7

H-REFLEX OPERANT CONDITIONING IN THE RAT. X.Y. Chen* 
and J.R. Wolpaw. Wadsworth Labs, NY State Dept of Health and  
State Univ of NY, Albany, NY 12201

Operant conditioning of the primate H-reflex (HR) is a new  
experimental model for defining CNS substrates of memory 
(TINS 13:137-142, 1990). We are developing th is model in the  
rat in order to increase its practical and theoretical potential.

Male Sprague-Dawley rats (300-450gm ) are chronically 
im planted with fine-wire EMG electrodes in right so leu s m uscle, 
stim ulating cuff on right posterior tibial nerve, and bipolar 
stim ulating electrode in left median forebrain bundle. Electrodes 
connect to a head-m ounted tether cable. Monitored and  
rewarded by computer, each rat learns to keep background EMG 
in a specified range. At a random time, nerve cuff stim ulation at 
M response threshold elicits the HR. Reward (60-Hz intracranial 
stim ulation, 10-30 μΑ, 250-500m s) always occurs 2 0 0  m s later 
(control mode) or occurs only if the HR is  above (HRup mode) or 
below (HRdown mode) a criterion.

R esults to date appear to indicate that m ost rats can increase  
HR amplitude in response to the HRup mode. Nine o f 12 anim als  
exposed to the HRup mode increased average daily HR 
amplitude significantly (p<0.01) over a period of 2 -3  w eeks. Final 
amplitude averaged 150% (+ 12% S.E.) of initial am plitude. The 
normally small size of so leus HR in rat m akes HRdown 
conditioning technically more difficult, and potential solutions  
are under investigation. (Supported by NIH N S22189.)

224.9

EXOT ABILITY OF MOTONEURONS DURING DIFFERENT PHASES OF 
AFTERHYPERPOLARIZATION IN MAN. K.E.Jones and P. Bawa*. 
Sch. o f Kinesiology, Simon Fraser Univ., Burnaby, B.C., V5A1S6.

When an input from Ia-afferents excites a rhythmically 
firing motoneuron (MN), the MN responds to this input with a 
peak seen in the post stimulus time histogram (PSTH). For 
human MNs it has been reported previously that the response 
probability, P, either decreases or remains unchanged with 
increasing firing rate. These observations are inconsistent 
with what one would expect from the shape of  
afterhyperpolarization (AHP) trajectories in cat MNs.

To examine this problem in detail experiments were carried 
out on four normal human subjects. Single motor units (SMU) 
were recorded from flexor carpi radialis (FCR) muscle while H- 
reflexes were elicited by stimulating the median nerve. The
stimulus for H-reflex was applied either randomly w.r.t. the 
discharge o f SMUs (random mode) or triggered at a fixed 
interval w.r.t. a spike in the spike train (trigger mode). This
interval ranged from 20 to 60 ms. The P values depended on the 
spike-to-stimulus interval, the mode o f stimulation and the 
firing rate o f the unit. As the spike-to-stimulus value decreased 
P value decreased. In the random mode P was in general higher 
at the slower firing rate. In the triggered mode however, P was 
always higher at the faster firing rate at every spike-to-
stimulus interval. Shallower AHP trajectories at faster firing
rates, observed for cat MNs, would predict higher P values at 
these rates. Supported by NSERC to K.E. Jones and P. Bawa.

224.11

ALTERED SYNAPTIC TRANSMISSION FROM la AFFERENTS AND TO 
MOTONEURONS CROSS-UNITED INTO THE SURAL NERVE: THE 
AXOTOMY CONTROL. J JL  Munson1. J.S. Taylor1. R.D. Johnson1 and L.M. 
Mendell*2. Univ. of Florida1 and SUNY, Stony Brook2.

When the medial gastrocnemius (MG) nerve in cats is cross regenerated 
into skin, heteronymous EPSPs produced by crossed MG afferente in intact 
lateral gastrocnemius- soleus (LGS) MNs, and by intact LGS afferents in 
crossed MG MNs, exhibit greater synaptic depression during high frequency 
stimulation (Nembutal anesthesia) than corresponding EPSPs in unoperated 
cats (Munson et al., Neurosci Abst, 1992). An important control is MG 
axotomy because cross innervation requires nerve transection with afferents 
and motoneurons remaining axotomized for several weeks. We now report 
that EPSPs produced by MG afferents axotomized and capped 10- 50 weeks 
have smaller amplitudes than in controls (Goldring et al., J.Physiol. 1980), 
and exhibit more synaptic depression during high frequency (bursts of 32 
shocks at 167 Hz) and low frequency stimulation (Amp18 Hz/ Amp 0 5 Hz)· 
Synapses made by afferents reinnervating skin show some recovery (i.e., 
EPSP amplitude and synaptic depression, particularly low frequency 
depression). EPSPs from intact LGS on axotomized MG MNs (10- 50 wks) 
also exhibit more synaptic depression than in controls. More complete 
recovery was observed for synapses on crossed MNs (particularly Type S 
MNs) than in synapses from crossed afferents. In intact preparations the 
smallest EPSPs exhibit the least depression or even facilitation (Koerber and 
Mendell, J. Neurophysiol. 1991). After axotomy or nerve cross into skin the 
reduction in EPSP  amplitude was accompanied by more, not le ss , 
depression, i.e., these synapses operate differently from those in controls. 
Experiments are underway to determine whether recovery improves when 
the MG nerve reinnervates its normal target. Supported by NIH.

224.8

PR E SY N A P T IC  IN H IB IT IO N  OF Ia-A FFE R E N T  TERM INA LS  
DURING STANDING AND WALKING IN HUMANS. B.L. Lavoie. C. 
Capadav* and F. Comeau. Centre de Recherche en Neurobiologie, Université Laval, 
1401, 18e Rue, Québec, Qué., Canada, G1J 1Z4.

Experiments were done to test the hypothesis that presynaptic inhibition of the 
intraspinal terminals of Ia-afferents projecting to the soleus α -motoneurons increases 
in going from standing to walking, and thus underlies the reduction of the soleus H- 
reflex which occurs in going from standing to walking (see Stein and Capaday, 
TINS, 11:328-332, 1988). During standing, a conditioning stimulus to the common 
peroneal (CP) nerve at group I intensity (C-T interval 100-120 ms) produced a 
marked reduction of the soleus test H-reflex by an average of 45.8% (n=10 subjects). 
At these intervals the background level of soleus EMG activity, measured 20-50 ms 
before the test stimulus, was essentially the same as the background control level. 
This is strong evidence that the reduction of the H-reflex at these C-T intervals is due 
to presynaptic inhibition of the Ia-afferents projecting to the soleus α -motoneurons 
(see Capaday and Stein, J. Neurosci. Meth. 21:91-104, 1987). The striking and 
unexpected observation was that when the same conditioning stimulus was delivered 
early in the stance phase of walking there was little, if any, inhibition of the test H- 
reflex. The results obtained during standing and walking where compared at equal 
soleus M-wave amplitudes and background soleus EMG activity.

There are at least three explanations of the above results. These explanations are 
not mutually exclusive and may in fact be complementary. Firstly, the terminals of 
the flexor group I afferents, which carry the conditioning volley towards the 
presynaptic inhibitory intemeurons in the spinal cord, may be, themselves, 
presynaptically inhibited during walking. Secondly, the presynaptic inhibitory 
network, which is minimally disynaptic, may be saturated during walking as a result 
of an increased central drive. Finally, during walking peripheral influences on the 
presynaptic inhibitory network may be specifically inhibited, at the interneuronal 
level, by central control mechanisms. All three explanations point to the same 
conclusion viz that presynaptic inhibition of the la-afferent terminals of ankle 
muscles increases during walking.

224.10

ESTIMATING THE AMPLITUDE OF THE COMPOUND CORTICO- 
MOTONEURONAL EPSP PRODUCED IN UPPER LIMB MOTONEURONES 
IN MAN R.N. Lemon*. P, Bawa and E. Olivier. Anatomy Dept. Cambridge 
University, Cambridge CB2 3DY, England

Spontaneously firing motor units in human upper limb muscles can be activated 
by transcranial magnetic stimulation (TMS). The shortest latency component of the 
response is probably cortico-motoneuronal (CM) in origin.

We examined responses to TMS of 23 rhythmically active motor units in hand 
and forearm muscles of 4 subjects. For the maximum intensity at which the unit 
could be clearly discriminated (every sweep was checked), response probability 
varied from 0.16 to 0.85 (mean 0.42); in cases of multiple peaks in the PSTH, we 
took the response probability of the first subpeak only to represent the CM EPSP, 
since TMS elicits repetitive volleys in the corticospinal tract (Edgley et al., 
J. Physiol., 1990). From Ashby and Zilm's (Exp. Brain Res., 1982) model, and 
assuming an AHP of 10 mV, the underlying EPSPs would have ranged from 1.6 
to 9.2 mV, considerably larger than earlier estimates (Day et al., J. Physiol., 
1989).

A further indication of the strength of TMS was that, at submaximal intensities, 
it could still discharge FCR motor units when delivered immediately after 
voluntary motor unit discharge, with probabilities as high as 0.32 at 1 ms unit- 
TMS interval (n=7 MU, range 0.04-0.32) and 0.63 at 10 ms interval (n=12 MU, 
range 0.02-0.63). Probabilities were strongly influenced by firing rate. Since these 
discharges must have resulted from CM-EPSPs that arrived at the motoneurone 
after not more than 15 or 16 ms of the AHP had elapsed, the EPSPs must have 
been in the range of 5-10 mV. These results confirm the powerful CM control of 
upper limb muscles by the human motor cortex.

Supported by Action Research, MRC, Canadian NSERC.

224.12

EFFEC TS OF G ABA-B M AN IPULATIO N ON EPSP AM PLITUDE  
AND FR EQ UEN CY DEPEN D E N T M O D U L A TIO N  AT RAT Ia- 
M OTONEURO N SYNAPSES - EV IDEN CE FOR TO NIC GABA-B  
ACTIVITY. K.R. Peshori*. W.F. Collins. Ill, and L.M. Mendell. Department of 
Neurobiology and Behavior, SUNY , Stony Brook, NY 11794.

Manipulation of presynaptic GABA-B receptors alters transmitter release by 
m odulating presynaptic voltage-gated calcium  channels (Dunlap,K., 
Br.J.Pharm.,74:579,'81). In in vivo intracellular recordings of composite heteronymous 
EPSPs in gastrocnemius motoneurons (MNs) in the spinal cord of ketamine/xylazine 
anesthetized rats, we have observed that the GABA-B agonist, Baclofen (10mg/kg iv), 
produces a marked decrease in EPSP amplitude and a change from synaptic depression to 
facilitation (Peshori et al, Neurosci. Abstr.,'91). We now show that this effect is 
partially reversed by the GABA-B antagonist, CGP35348. Furthermore, CGP35348 
alone (100-200mg/kg iv) produces an increase in EPSP amplitude during low frequency 
(18Hz) stimulation suggestive of tonic GABA-B activity in the system. In addition, 
during high frequency stimulation (32 shocks at 167Hz), facilitation of EPSPs is 
progressively converted to depression (or depression becomes larger), which is correlated 
with the progressive increase in 18Hz EPSP amplitude. No change in MN input 
resistance, rheobase, or resting membrane potential is observed. These changes are 
partially reversible with Baclofen. An additional, unexpected result following Baclofen 
is that, despite the reduction in EPSP amplitude, potentiation (measured 50msec and 
2sec after the burst) is markedly reduced. Our results support the hypothesis that 
probability of transmitter release is an important factor in the regulation of EPSP 
amplitude and frequency dependent modulation at Ia-MN synapses. The uncoupling 
between facilitation during high frequency stimulation and potentiation after such 
stimulation suggests that different mechanisms underlie the two phenomena. Supported 
by BNS9111207(WFC), NS 16996 and NS 14899 (LMM).
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224.13
FAST-TO-SLOW CONVERSION OF MOTONEURON PROPERTIES AFTER 
CHRONIC LOW-FREQUENCY STIMULATION OF MEDIAL GASTROCNEMIUS 
MUSCLE IN CATS. Gordon. T.1. Tvreman. N.1. Taylor. J.S.2.
Mao. J.1 and Munson, University of Alberta^· and

2University of Florida·
Electrical properties of motoneurons and mechanical 

properties of the muscle fibers they innervate are 
normally closely matched (Žengei et al., J. Neurophysiol. 
1985). It is well established that fast-twitch muscles 
become slow contracting and adopt slow phenotype following 
low-frequency chronic stimulation. This study asks 
whether motoneurons show the plasticity required to 
maintain their normal matching after fast-to-slow muscle 
conversion. Cuff electrodes were implanted in 4 cats for 
chronic stimulation of the medial gastrocnemius (MG) nerve 
and monitoring of muscle properties. Eight or 11 weeks 
later motoneurons were impaled for motoneuron and muscle 
unit recording. Mean experimental values (n=44-49), 
compared with [normal MG type-S: (n=23-72)] were: twitch
time: 52ms [62ms]; rheobase: 8nA [5nA]; conduction
velocity: 82m/s [86m/s]; input resistance: 1.6Mohm
[1.6Mohm]; AHP half decay: 43ms [44ms]. Chronically
stimulated MG motor units thus acquired both motoneuron 
and muscle properties of MG type-S motor units, thereby 
maintaining the proper match between muscle and motoneuron 
properties and suggesting an instructive role for muscle 
and/or for activity in determining motoneuron properties. 
Supported by Canadian MRC and AHFMR (TG) and NIH ( JBM).

224.14

MOTONEURON ELECTROPHY SIOLOGIC AL PROPERTIES
REMAIN UNCHANGED FOLLOWING TWO WEEKS OF AXON  
CONDUCTION BLOCK WITH TETRODOTOXIN IN RAT. Phillip 
Gardiner. *  Physical Activity Sciences, University o f  Montreal, 
Montreal, Quebec, Canada H3V 3J7.

The purpose o f  the study was to determine i f  interruption o f  
motoneuron axon conduction using tetrodotoxin (TTX) results in 
changes in motoneuron electrophysiological properties. Sprague- 
Dawley rats (n = ll)  had one hindlimb paralysed using a surgically 
implanted osmotic pump/silastic tubing/cuff system which delivered 
TTX to the sciatic. After 2 weeks o f  complete paralysis, the cuff was 
removed, and motoneuron properties were measured in situ 24 hours 
later. Tibial motoneurons (n=61) from TTX rats were not different 
from controls (n=168) in rheobase current, input resistance, or AHP 
1/2 decay time, but had slower (8%) mean conduction velocity. 
Gastrocnemius muscle units (n=20) o f  TTX rats had significantly 
prolonged twitch time-to-peak (34%) and 1/2 relaxation (47%) times, 
with a high proportion (6/20) resembling slow  units (twitch 1/2 
relaxation time )  26 ms). However, their innervating motoneurons 
were not different in electrical properties from those innervating 
control fast units. Thus, axon conduction block, w hile causing atrophy 
and prolongation o f  twitches in innervated fast muscles, has no effects 
on motoneuron properties. (Supported by NSERC Canada.)

224.15
LOCATION AND CELL SIZE OF LUMBAR BACK AND ABDO
MINAL MOTONEURONS AND THEIR SYNAPTIC RESPONSES 
IN CATS. A. Nakata, A. Jozaki, N. Wada and M. 
Tokuriki* . Lab. of Veterinary Physiology, Dept. 
of Veterinary Medicine, Fac. of Agri., Yamagu- 
chi Univ., Yamaguchi 753, Japan.

Our purpose was to investigate the morphology 
and synaptic responses of intrasegmental trunk 
motoneurons. Motoneurons of 3 lumbar back mus
cles, the multifidus (M), longissimus (L) and 
iliocostalis (I), and 2 abdominal muscles, the 
obliquus externus abdominis (OEA) and rectus 
abdominis (RA) in the 1st lumbar spinal cord 
were labeled retrogradely with H R P . M, L and I 
motoneurons existed medially, intermediately 
and laterally in the order, and abdominal ones 
dorsally over 3 back motoneurons. Averaged di
ameter of each motoneuron was longer in the 
horizontal plane (41-45 ,μιη) than in the trans
verse plane (27-31 літ) . Intracellular record
ings of 5 muscle motoneurons in the 1st lumbar 
spinal cord in spinal cats revealed that poly
synaptic EPSPs were dominant in 5 muscle moto
neurons to electric stimulation of each muscle 
nerve, and few reciprocal innervations were 
found between back and abdominal muscles.
Crossed Ia IPSP was not found in the OEA and RA 
motoneurons.

224.16

MECHANICAL AND EMG RESPONSES OF CAT LATERAL RECIUS MOTOR 
UNIT TYPES TO SHORT AND IONG DURATION FREQUENCY VARYING 
STIMULATION PARADIGMS. M.S. Shall* and S.J. Goldberg. 
Depts. of Physical Therapy and Anatomy, Medical College 
of Virginia - VCU, Richmond, VA 23298.

We are continuing to examine cat lateral rectus motor 
units which have been classified into 5 types: fast 
fatigable (FF), fast fatigue resistant (FR), slew 
fatigable (SF), slow fatigue resistant (S) and nontwitcih
(NT). These motor units were stimulated, to date, with 
two frequency varying stimulation paradigms. The short 
stimulation train lasted for 200 ms (350 Hz for 10 ms,
200 Hz for 15 ms, and 100 Hz for 175 ms). The long train 
lasted for 2 sec (all parameters were the same except 
that the 100 Hz segment lasted 1,975 ms). These 
stimulation paradigms are similar to abducens motoneuron 
firing patterns observed in cats making saccades and 
fixating visual targets.

Most motor units can maintain constant tension during 
the 100 Hz train segment, regardless of stimulus train 
duration. But the tension generated at 100 Hz after the 
initial higher frequency "burst" is quite different than 
the tension produced during 100 Hz monotonie stimulation 
(i.e. 100 Hz without a preceding stimulation "burst"). 
Motor unit EMG was also monitored, at various muscle 
locations, during these stimulation paradigms.
[Supported by an MCV-VOT A.D. Williams faculty support 
grant and EY-07924.]
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225.1
EVIDENCE OF FICTIVE SPINAL LOCOMOTION IN THE MARMOSET 
(CALUTHRIX JACCHUS). H. Hultbom*N. Petersen, R. Brownstone and J. Nielsen. 
Division of Neurophysiology, Department of Medical Physiology, University of 
Copenhagen, Blegdamsvej 3, 2200 Copenhagen N., Denmark.
It is well known that the basic circuitry for generating rhythmical activity resembling 
locomotion excist in the isolated spinal cord o f various mammalian species including 
cat, rat and rabbit (Grillner 1981, Handbook of Physiol, Sect 1, Voi П, P 1179). 
However, previous experiments have failed to demonstrate a similar central pattern 
generator in the spinal cord of primates (Eidelberg et al, Brain, 1981, 104, P 647). In 
the present study we reinvestigated this possibility. Experiments were performed on 8 
marmosets. During general anaesthesia the animals were decerebrated and later 
spinalized at low thoracic level. The anaesthesia was then discontinued and the animals 
were paralyzed. The tibial, deep peroneal and quadriceps nerves on both sides were 
mounted on electrodes for stimulation and recording. Following a combination of 
nialamide (50 mg/kg), methyl-dopa (50-100 mg/kg) and naloxone (0.5 mg/kg) 
rhythmical synchronized activity was observed in all nerves (5 monkeys). Local 
application on the cord of NMDA (1 mM) either alone or in combination with 5-HT 
(0.2-1.0 mM), noradrenaline (2 mM) or dihydrokainate (5 mM), likewise, elicited 
synchronized acitivity in the nerves (7 monkeys). In contrast, intravenous injection of 
Clonidine (1 mg/kg) alone and especially in combination with naloxone (0.5 mg/kg) 
produced rhythmical alternating activity between the two limbs and between extensors 
and flexors in the individual limbs in two of three investigated monkeys. In one o f these 
monkeys fictive locomotion was also observed during stimulation o f the mesencephalic 
locomotor region before spinalization. We consequently suggest that a spinal rhythm 
generator capable of generating locomotion does indeed exist in primates. The particular 
combination of monoaminergic drugs effective in these experiments were not tested in 
the monkey before. These results may have important implications for the rehabilitation 
of patients with spinal cord injury.

225.2

SPONTANEOUS AND EVOKED OUTPUT PATTERNS OF THE CENTRAL 
PATTERN GENERATOR (Cμ g ) OF THE NEONATAL, SPINALIZED RAT. 
J.W . Commissione*. Unit o f  Neural Transplantation, LMCN-NINDS-NIH, Park 
Bldg. 10/Rm 415, Bethesda, MD. 20892.

After complete spinalization at the middle thoracic level o f the 7 day old (PN7) 
neonatal rat, spontaneous recovery o f coordinated stepping occurs in the hindlimbs, 
and persists for up to 18 months. Neonatal rats spinalized at PN14 show little or 
no recovery. Results from the H-reflex and the tonic stretch reflex testing indicate 
that the Gpla afferent is functionally tightly coupled to the a-M Ns that innervate the 
hindlimb muscles in the PN7, but not in the PN14 animals. We have hypothesized 
that the lumbosacral central pattern generator (Cμ g ) in the PN7 rat may be 
activated by peripheral afferente, including Gpla muscle afferents. In the present 
experiments, we have recorded from the ipsilateral and/or contralateral medial 
gastrocnemius (MG), soleus (S) and tibialis anterior (ТА) muscles, and studied the 
spontaneous and evoked output patterns of the lumbosacral Cμ g . The following 
results were obtained: 1) A consistent 2:1 spontaneous burst pattern was observed 
for MG/S and ТА respectively. The burst duration varied from <  1.0 - > 2 .5  sec. 
This pattern persisted for up to 30 min, and usually terminated with a prolonged 
burst from ТА. 2) Electrical stimulation o f the right sciatic nerve at 5.0 Hz, at an 
intensity to selectively activate the Gpla fibre (H-reflex present, M response absent), 
caused a rhythmic, post-stimulation burst o f 3.0 cycles, o f  < 5 0 0  msec each in ТА, 
but never in S or MG. Attempts to elicit a second output of this pattern usually 
resulted in a continuous, poststimulation burst from ТА o f > 1 .5  sec. 3) 
Stimulation o f the right sciatic nerve at x5.0 threshold for the H-reflex in the right 
MG, caused a synchronized output from the left MG, with a latency o f 40 msec. 
Experiments designed to elicit an evoked, prolonged, rhythmic output from the Cμ g  
are in progress. We will then study the ability o f muscle, skin and joint afferents 
to modulate the output o f the Cμ g .
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225.3
EFFECTS ON LOCOMOTOR RHYTHM OF ACUTE TRANSVERSE AND 
MTOSAGITTAL LESIONS OF THE IN VITRO NEONATAL RAT SPINAL CORD. 
K.C. Cowley*. B.J. Schmidt. Department o f Physiology, University o f Manitoba, 
Winnipeg, MB, Canada, R3E 0W3.

Little is known about the intraspinal distribution of the neural elements constituting 
the mammalian locomotor network. The in vitro rat spinal cord model permits a 
study o f the effect on locomotion of acute spinal cord lesions that cannot otherwise 
be readily accomplished using in vivo preparations. In the present series, experiments 
were performed on bilaterally intact spinal cords isolated from 2-7 day old rats, 
initially transected at the Cl level. Rhythmic activity was induced by the bath 
application of NMDA, acetylcholine (Ach), or serotonin. Hindlimb flexor (peroneal) 
and extensor (tibial) electroneurograms were monitored bilaterally. .

Complete transections at the L 1 level abolished serotonin-induced locomotor rhythm, 
while activity could still be induced by either Ach or NMDA. Consistent with these 
observations were the results of experiments involving the addition of these substances 
to either the rostral or caudal portion of a bath partitioned at the T13 level. Thus, 
Ach and NMDA were capable of inducing rhythmic activity when applied to the 
lumbosacral side o f the partitioned bath whereas serotonin induced tonic activity only. 
However, subsequent addition o f serotonin to the cervico-thoracic portion of the bath 
induced hindlimb rhythmicity. Left-right and flexor-extensor phase relationships were 
maintained following midsagittal sections which completely separated the left and 
right halves of the lumbosacral cord. In other experiments, midsagittal sections from 
C1-T6 failed to disrupt either left-right or flexor-extensor coordination during 
locomotion, however, further extension to the T13 level resulted in a loss o f hindlimb 
rhythm induced by serotonin. The results suggest that, in the neonatal rat, supralumbar 
portions o f the spinal cord may make important contributions to the generation and 
coordination of hindlimb rhythm, and different exogenous rhythm activator substances 
mediate their effects through regionally different elements of the locomotor network.

225.5
COHERENCE SPECTRA DEM ONSTRATE SYNCHRONIZATION  
BETWEEN MOTOR POOLS OF HIP AND ANKLE EXTENSORS OF THE 
CAT DURING ПСТ1ҮЕ LOCOMOTION. M.L, McCurdy* and T.M. Hamm. 
Div. Neurobiology, Barrow Neurological Inst., Phoenix, AZ, 85013.

Short-term synchronization of motoneurons has been attributed to activity in 
common presynaptic neurons (Sears and Stagg, 1978). Recent work has 
demonstrated that the size o f the crosscorrelation peaks representing 
synchronization is related to peaks in the coherence spectra (Farmer et al., 1990). 
To determine the extent to which extensor motor pools that innervate the cat 
hindlimb receive common mputs from spinal pattern generators, we have computed 
coherence spectra from the neurograms of hip- and ankle-extensor motor nuclei of 
the cat during ficti ve locomotion. Peaks in the coherence spectra are evident at: 
1) low frequencies ( <  15 Hz); 2) the frequency (20-25 Hz) and harmonics of 
stimulation of the mesencephalic locomotor region that evokes locomotion; and 3) 
a broad peak at higher frequency centered about 80-100 Hz. The high frequency 
peaks, which likely reflect the frequency of common inputs during pattern 
generation, were not observed in all trials, and were typically seen with longer 
lasting bursts of activity. They were also observed during episodes o f spontaneous 
locomotion, and can thus be distinguished from effects of the MLR stimulus. The 
high frequency coherence peaks and the other peaks were found not only between 
ankle extensors (medial and lateral gastrocnemius), but also between these ankle 
extensors and a hip-extensor pool (anterior biceps femoris), suggesting that pools 
acting at the hip and ankle receive motor commands from common sets of neurons 
during pattern generation. Supported by NS 22454, NS 30013, NS 07309 and GM 
08400.

225.7
REVERSAL OF THE EFFECTS OF CUTANEOUS AFFERENTS ON PAD 
OF lb FIBERS DURING FICTIVE LOCOMOTION S, Dueflas and P. 
Rudomin*. Dept. of Physiol. CINVESTAV and Instituto de Psiquiatria y Neu- 
rociencias, Universidad de Guadalajara, Mexico 

In thalamic cats, we analyzed the intraspinal threshold changes of gas- 
trocnemius-soleus (GS) la and lb single afferente produced by segmental in
puts before and during fictive locomotion. Six fibers were classified as lb 
and eight fibers as la. All la afferent fibers were tested in the motor nucleus. 
In the absence of fictive locomotion, SU nervé stimulation (2-10 xT) pro
duced PAD in lb afferents and no PAD in la fibers. SU conditioning facilitated 
the PAD elicited in lb fibers by stimulation of group I fibers of biceps- 
posterior and semitendinosus nerve (PBSt) and inhibited the PBSt-PAD 
elicited in la fibers. During fictive locomotion, SU nerve stimulation could 
change the GS motoneuron phasic activity to tonic activity, but the phasic 
changes in PAD of la and lb afferents persisted. The inhibition of the PAD of 
la fibers produced by SU conditioning was not modified during fictive 
locomotion. However, the facilitation produced by SU conditioning.of PAD in 
lb fibers was changed to inhibition. This could result either because of 
activation of inhibitory intemeurons acting on the pathway mediáting the PAD 
of GS lb fibers or because of increased presynaptic inhibition of PBST group 
I fibers. Our results suggest in addition that the Cμg effects on GS group I 
afferents and on motoneurons can be subjected to an independent control. 
Partly supported by NIH grant 09196 and CONACyT grant 039-N9107.

225.4
EFFECTS OF INHIBITORY AMINO АСШ ANTAGONISTS ON LOCOMOTOR 
RHYTHM IN THE DECEREBRATE CAT. B.R. Noea. K.C. Cowlev. A. Himne. L.M. 
Jordan and B.J. Schmidt*. Department of Physiology, University o f Manitoba, 
Winnipeg, MB, Canada, R3E 0W3.

Using an in vitro neonatal rat preparation, we recently reported that inhibitory 
amino acid (I AA) antagonists transform pharmacologically-induced locomotor patterns 
into rhythms characterized by bilaterally synchronous bursts o f flexors and extensors 
(Soc. for Neurosci. abstr. 139.17,1992). In the present series, we further examine the 
role of IAAs in mammalian locomotor networks using an adult in vivo preparation.

Experiments were conducted on paralysed decerebrate (precollicular- 
postmammillary) cats. Fictive locomotion was evoked by stimulating the 
mesencephalic locomotor region (MLR). Hindlimb electroneurograms (ENGs) were 
monitored. Drugs were infused intrathecally into the lumbar region of the spinal cord.

During MLR-evoked locomotion the GABAa antagonist bicuculline (Bic, 0.1 mM) 
enhanced ENG burst frequency and amplitude, lowered the threshold for recruitment 
of previously inactive nerves, and resulted in periods o f increased variability of ENG 
burst and cycle duration. At higher concentrations o f Bic (1-20 mM) the 
effectiveness o f the MLR stimulus diminished coincident with the appearance of 
spontaneous ENG activity which persisted in the absence o f MLR stimulation. This 
spontaneous activity consisted of alternating flexor and extensor bursts, including brief 
periods o f high frequency alternation (4-8 Hz), as well as episodes of overlapping (but 
asynchronous) flexor and extensor activity. In addition, periods o f activity similar to 
that observed during MLR-evoked locomotion were observed. Subsequent intrathecal 
administration of the glycinergic receptor antagonist strychnine (0.25 mM) promoted 
episodes of synchronous rhythmic discharge of flexors and extensors bilaterally. 
Consistent with our recent observations involving in vitro rat preparations, these 
results suggest that IAAs are not essential for the generation of basic rhythmicity in 
the mammalian spinal cord, but may mediate inter- and intralimb coordination.

225.6
REGULATION OF THE HETERONYMOUS MONOSYNAPTIC REFLEXES  
DURING FICTIVE SCRATCHING IN THE CAT. Lara J.. Dueňas S.*. Castillo 
L, Carlllo M. and Velasco R. CUIB, Universidad de Colima, IPN, Universidad 
de Guadalajara and CB, Universidad de Aguascalientes, México 

We analized the changes in amplitude of heteronymous monosynaptic 
reflexes (HMR) in synergist motoneurons (MN) and the excitability of the 
corresponding la afferent fibers. The analysis was performed in thalamic and 
spinal cats before and during fictive scratching (FS). During FS, in thalamic 
cats, the MG-MN were activated in phase with other extensor MN but Sol-MN 
remained silent. The HMR produced in Sol-MN by MG stimulation was 
reduced tonically, wereas the excitability of MG la afferent fibers remain 
unchanged. The reduction in HMS was associated with an hyperpolarization 
of Sol-MN. In some cats, however, the excitability of Sol la afferents 
decreased tonically during FS. The reduction coincided with a maximal tonic 
inhibition of HMR in Sol MN. During FS, in spinal cats, activation of Sol-MN 
preceded the activation of MG-MNs and the HMR of Sol-MN had a maximal 
amplitude during the phasic activity of Sol-MN. A second increase in 
amplitude in HMR also occurred before the Sol electroneurographic activity. 
The excitability of MG and Sol la afferent fibers not changed during FS. 
During scratching, in thalamic and spinal cat, FDL and FHL MN were 
activated out of phase as also ocurred with PB and ST MNs. A waxing and 
waning of the HMR similar to that in Sol MN was seen in all these MN in both 
preparations. The excitability of FHL, PB, ST, la afferents, no changed 
during FS. The excitability of FDL la afferent fibers decreased but only when 
ocurred a tonic rather than a phasic activity in FDL MN. These observation 
suggest that in absence of afferent input and without cerebral cortex, 
subthalamic neural elements generating scratching are unable to produce a 
reduction in PAD in heteronymous afferents contacting active MN nor an 
increase in PAD in homonymous and heteronymous afferents synapsing with 
sinergyst silent MN. Partly supported by CONACyT D111-904289

225.8
NEURAL ACTIVITY IN THE MIDBRAIN CORRELATED WITH 
LOCOMOTION INITIATED BY STIMULATION OF THE 
HYPOTHALAMUS OF THE ANESTHETIZED RAT. A.W. 
Salvaponase. J.S. Laosanskv. H.M. Sinnamon*. 
Neuroscience. & Behavior Prog., Wesleyan 
University, Middletown, CT 06457.

To identify neurons that might mediate 
locomotor initiation, the midbrain was mapped 
for specific responses to perifornical 
stimulation (5-sec trains of 30-50 uA pulses) 
which produced bilateral hindlimb stepping by 
Nembutal-anesthetized rats. We varied the 
stepping onset by using the priming paradigm. 
We looked for neurons with increased activity 
that covaried with the facilitated stepping 
onset. Type I neurons of the anterior dorsal 
tegmentum showed activity increases correlated 
with the onset of stepping generally, i.e., the 
increases appeared earlier on primed trials in 
which the stepping appeared earlier. This 
pattern is consistent with their possible role 
in the initiation of stepping. Type II neurons 
in this region showed activity increases to 
stimulation that generally correlated with 
neither stepping or the priming effect. To 
date, no neural activity in this region 
correlates with the phase of stepping.
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225.9
RETICULAR NEURONS THAT RECEIVE DIRECT INPUT FROM MIDBRAIN 
L O C O M O T O R  R E G IO N S  (M L R ) I D E N T I F I E D  U S IN G  A 
TETRAMETHYLRHODAMINE-DEXTRAN (TMRD) CONJUGATE AND 
CONFOCAL MICROSCOPY. C.A.Livingston*. S.Pvlvpas. L.M Jordan. D.M.Nance. 
Dept.of Physiology, University of Manitoba, Winnipeg, MB, Canada R3E OW3.

The reticulospinal (RS) pathways of the medial pontomedullary reticular 
formation (MRF) are activated by input from the MLR during locomotion. To 
identify those RS cells that are directly activated from the MLR we intracellularly 
injected TMRD into identified reticular neurons in fixed brainstem tissue taken from 
rats in which efferent fibers from the MLR were labeled with an anterograde tracer. 
The lumbar spinal cords of adult rats were injected with Fast Blue (FB); the MLR 
was injected with biotinylated dextran (MW 10,000) and Fluoro-gold (FG). One 
week later the rats were perfused with 4.0% paraformaldehyde and 100 um thick 
sections of the brainstem were examined to identify neurons in the MRF that were 
labeled with FB (RS cells) or FG (MLR-projecting cells). Identified cells were 
injected with a TMRD conjugate (MW 3,000). Subsequently fibers efferent from 
the MLR were visualized with avidin fluorescein. Reticular neurons that were 
intracellularly filled were examined with a conventional microscope or a confocal 
laser scanning microscope to determine if fibers labeled from the MLR were closely 
apposed to the soma or dendrites. RS cells and MLR-projecting neurons were 
classified as one of five morphological types. Fibers efferent from the MLR were 
found closely apposed to both RS cells and MLR-projecting neurons in each of 
these morphological categories. 50-55% of the RS cells studied using this technique 
had MLR efferents in close apposition. No single morphological class of RS cells 
was found to be more likely to receive direct input from the MLR than any other 
class. The input from the MLR is via en passant contacts along either the soma or 
the dendrites of the RS cells of the MRF. Sites of apparent contact from fibers 
efferent from the MLR onto RS cells were sparsely distributed; rarely were the 
fibers from the MLR closely apposed to the RS cells over long distances. Our 
results indicate that direct input from the MLR is distributed to a subset of 
morphologically heterogeneous RS cells within the MRF, and suggest that synaptic 
input from the MLR is diffusely distributed to various classes of reticular neurons.

225.11

EXCITATION OF LUM BAR M OTONEURONS FROM THE M EDIAL  
L O N G IT U D IN A L  F A S C IC U L U S  (M L F ) A N D  L A T E R A L  
VESTIBULOSPINAL TRACT (LVST) DOES NOT CONVERGE ON 
COM M ON LA ST-O R D E R  IN T E R N E U R O N S. J.-P. Gossard*. M.K. 
Floeter and R.E. Burke. Lab. of Neural Control, NINDS, NIH, Bethesda, MD 20892.

The MLF carries reticulospinal axons that excite lumbar motoneurons (MNs) 
through mono- and disynaptic contacts. Recent work (Floeter et al., Exp Br Res 
92:407, 1993) suggests that disynaptic MLF excitation is relayed through sets of 
lumbar intemeurons that also receive input from segmental central pattern generators, 
as well as from the pyramidal tract and descending pathways activated by the 
mesencephalic locomotor region (MLR). The present work extends the functional 
characterization of excitatory last-order intemeurons (EINs) interposed in the MLF 
pathway. Skinner and Remmel {Neurosci Lett 10:259, 1978) have described three 
subsets of lumbar intemeurons that are monosynaptically excited by the MLF, the 
LVST, or both, respectively. We placed stimulating electrodes in the MLF and 
Deiter’s nucleus (origin of the LVST) in 6 decerebrate cats, and obtained intracellular 
recordings from a-M Ns in L6-7 segments. Most MNs showed short-latency EPSPs 
from at least one of these sources. We tested for spatial facilitation in MNs that 
received EPSPs from both MLF and LVST stimulation (24 extensors, 11 flexors). In 
32 of these 35 cells, we found no spatial facilitation between MLF and LVST EPSPs. 
We also studied locomotion-related modulation of MLF and LVST PSPs in 5 MNs 
during ficti ve stepping in two decerebrate cats. Preliminary analysis indicates that 
LVST EPSPs (or IPSPs) and MLF EPSPs exhibit maximum amplitudes in different 
phases o f the Active step cycle. Taken together these results suggest that the MLF and 
LVST project to MNs largely through different sets of EINs.

225.13

A STUDY OF TECTORETICULAR PATHWAYS IN THE LAMPREY.
I.C. Zompa and R. Dubuc*. Dép. kinanthropologie, Université du Québec à 
Montréal, НЗС ЗР8, and Centre de recherche en sciences neurologiques, Université 
de Montréal, Montréal, Québec НЗС ЗТ7 

Reticulospinal (RS) neurones are involved in the initiation and control of 
locomotion in lampreys. They recieve inputs from several sensory modalities, which 
are responsible for adapting their control during ongoing locomotion. This study is 
concerned with tectal inputs to RS neurones. Tectoreticular pathways were studied 
anatomically by iontophoretically injecting cobalt-lysine, in vitro, in either the middle 
(N =8) or the posterior (N = 5) rhombencephalic reticular nucleus (MRRN or 
PRRN). Neurones were retrogradely labelled in the ipsilateral (40-45 cells) and 
contralateral (20-30 cells) tecti mesencephali. Somata were elongated with laterally 
projecting dendrites. Cell bodies were larger on the contralateral (12-34 pm) than 
on the ipsilateral (8-12 pm) side. Axons from contralateral tectal cells crossed ventral 
to the large mesencephalic Müller cells in the tegmentum mesencephali. A third 
population of cells was retrogradely labelled in the ipsilateral diencephalon (10-15 
cells of 4-6 pm). In order to test whether the retrogradely labelled neurones within 
tectum mesencephali make synaptic contacts with RS neurones of the MRRN and 
PRRN, intracellular recordings from RS neurones of these two nuclei were carried 
out while the tectum mesencephali on both sides was microstimulated with glass- 
coated tungsten electrodes. Synaptic responses elicited in RS neurones consisted of 
mixed excitation and inhibition. The short latency and the sharp onset of the early 
excitatory component are consistent with monosynaptic inputs. The excitation relies 
on excitatory amino acid transmission and the inhibition is glycinergic. The effects 
of stimulating the tectoreticular pathways during locomotion are under study. 
Funded by MRC Canada, FCAR and FRSQ Québec.

225.10
INTRACELLULAR LABELLING OF SPINAL LOCOMOTOR NEURONS USING 
ATETRAMETHYLRHODAMINE-DEXTRAN CONJUGATE. Р Л . Carr*. B. Nona. 
A. Huang. X.Dai. D.M. Nance and L.M. Jordan. Dept. of Physiology, University 
of Manitoba, Winnipeg, MB, CANADA, R3E 0W3.

A combination of intracellular recording, intracellular labelling and 
immunocytochemical techniques were utilized to investigate electrophysiological, 
morphological and neurochemical characteristics of rhythmically active spinal 
neurons in the lumbar (L) enlargement of the paralysed, decerebrate cat during 
fictive locomotion evoked by electrical stimulation of the mesencephalic locomotor 
region (MLR). Spinal neurons which received short-latency synaptic input from the 
MLR have been labelled in laminae IV-VIII. The cell bodies of a subpopulation 
of these neurons were located in lateral lamina VII (L4-6). Their axons 
immediately crossed the midline and ascended in the ventromedial funiculus. Some 
of these cells gave off axonal collaterals to contralateral laminae VII and VIII. 
Many of these cells received input from group I and II muscle afferente and low 
threshold cutaneous afferents. Neurons were iontophoretically injected with a 
tetramethylrhodamine (TMR)-dextran conjugate (3000 mol. wt., Molecular Probes, 
2% solution in 0.9% saline) for 2 to 30 minutes using 3 to 10 nAmps of pulsed 
positive current (80% duty cycle). The intracellularly injected neurons could be 
visualized using fluorescence microscopy following as little as 3.2 nAmp x minutes 
of dye injection. Axons could be followed for up to 7270 pm and many fine axon 
collaterals could be observed. The use of TMR-dextran intracellular filling allows 
anatomical reconstruction using a confocal microscope as well as double labelling 
with a variety of antibodies including anti-choline acetyltransferase and anti-c-fos. 
This method is being used to develop a morphological and electrophysiological data 
base of spinal locomotor neurons.
Sponsored by MRC Canada, Human Frontier Science Program and the Health 
Sciences Centre Foundation.

225.12

INCOMPLETE RECOVERY AFTER SPINAL CORD CONTUSION IS 
ASSOCIATED WITH A NEARLY COMPLETE LOSS OF VESTIBULOSPINAL 
SYSTEM (VSS) AND LONG DESCENDING PROPRIOSPINAL NEURONS 
(LDPN) IN RATS. D. M. Basso*. J. C. Bresnahan. M, S, Beattie. Department of 
Cell Biology, Neurobiology and Anatomy, The Ohio State University, Columbus, OH 
43210.

The VSS and LDPN control hindlimb (HL) extension and forelimb-hindlimb (FL- 
HL) coordination during quadrapedal locomotion, respectively. It remains unclear 
whether these systems play a role in the recovery which occurs after spinal cord 
injury (SCI) in rats. To determine the anatomical and behavioral integrity of the 
VSS and LDPN, we performed midthoracic SCI by displacement of the cord surface 
(1.1mm, ~20ms) in 6 rats. Behavioral assessments of vestibular righting and open 
field locomotion were made pre-op and at least once a wk for 10 wks postop using 
newly developed righting and locomotion rating scales. After final behavioral 
testing, fluorogold (2% solution) was injected bilaterally (6 sites; ,2pL/site) from T13 
to LI (1 wk survival).

SCI produced large central core lesions. Rats rarely demonstrated FL-HL 
coordination during locomotion and were unable to right to prone when released in 
the air. Anatomically, nearly complete cell loss was observed in the VSS and LDPN 
when compared to normals (N=2). The lateral vestibular nucleus o f SCI rats had 
only a few labeled cells; these were usually located near the perimeter of the nucleus. 
LDPN cells were rarely found after SCI and were isolated to laminae VIII and X 
from C1-C8. C6 and C7 had the fewest labeled cells while C l-4 had the most.
These findings suggest that large central core lesions result in incomplete recoveiy of 
righting and coordination with a concomitant loss of vestibulospinal and 
propriospinal neurons. Ongoing studies suggest that smaller central core lesions 
spare righting and FL-HL coordination. We propose that VSS and LDPN are spared 
as well. Supported by NS07291 and NS10165.

225.14

THE EFFECT OF BICUCULLINE ON FORCE FIELDS ELICITED BY 
MICROSTIMULATION OF THE FROG SPINAL CORD. P. Saltiel*. Dept of Brain 
and Cognitive Sciences, MIT, Cambridge, MA.

It has been suggested that the selection of appropriate subpopulations of interneurones 
for movement could in part arise directly from interactions among the intemeurones 
themselves. In the frog spinal cord, microstimulation of different intemeuronal regions 
gives rise to convergent force fields (CFF’s) of different orientations, recorded from 
the isometrically contracting hindlimb. At the site of microstimulation we applied 
bicuculline either by iontophoresis от microinjection (100 urn diameter droplet). The 
goal of the experiment was to observe the influence of bicuculline on the CFF’s that 
were electrically elicited both from that site (drug site) as well as from a distant site.

Of 24 drug sites in 13 frogs, bicuculline 1.5-2.5 mM depressed the CFF in 2/3 of 
cases and potentiated it in 1/3. In 10 of the 16 cases with a depressive effect, the CFF 
kept the same orientation. In the 6 other cases depression was accompanied by a 
change in orientation. The force vectors changed from flexor to extensor in 4 cases and 
abductor and more rostrally flexor in one case each. There were 8 flexor sites 
depressed by bicuculline for which a distant site (on the average 4.9 mm caudally) was 
monitored and it was almost invariably affected. Forces from distant flexor sites either 
also got depressed от switched to extensor. One distant extensor field got potentiated 
and another one showed no change.

When bicuculline potentiated the CFF elicited from the drug site, the field orientation 
almost never changed. Distant effects, although milder than in cases of depression, 
followed a similar pattern: distant flexor fields were potentiated when the potentiated 
drug site field was also a flexor, and depressed in one case where it was an extensor.

The existence of distant site effects and their correlation with the the drug site effects 
suggests that the intemeurones at sites evoking CFF’s have an extensive connectivity 
which may play a role in coordinating the changes associated with alterations of the 
flexor-extensor balance. (Supported by MRC of Canada, and NIH NS09343, AR26710, 
ONRN00014/90/J/1946).
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225.15
INTERACTIONS OF MICROSTIMUIATION OF THE SPINAL CORD AND 
SPINALLY GENERATED BEHAVIORS IN THE FROG. Tresch M.C.*. 
Giszter S.F.; Massachusetts Institute of Technology

Movements generated by spinalized frogs are less flexible 
than those generated by frogs with the brainstem intact. One 
proposed means of generating such flexible behavioral 
repertoires is vector summation of the force fields revealed by 
microstimulation of the spinal cord. To discover if we could 
tune spinal behaviors by these means we examined the 
interaction between hindlimb forces elicited by
microstimulation of the spinal cord and by noxious cutaneous 
stimulation. We measured the isometric forces at the ankle for 
several different configurations of the hindlimb, creating a 
force field. We used a quantitative analysis to compare the 
observed stimulus interactions to the predictions from three 
hypotheses of how the combined stimulus force fields were 
generated: 1) vector summation of the single stimuli's elicited 
forces, 2) winner-take-all and 3) other linear combinations of 
the individual stimuli's force responses. A number of combined 
responses were best described by the winner-take-all
hypothesis, in which microstimulation dominated the response 
elicited by skin stimulation. In general the skin stimulation 
was contralateral to the microstimulation in these cases. We 
also observed several cases where the forces appeared to be 
combined by a true vector summation. Unexpectedly, another set 
of responses showed a 'staggered blend', by which we mean that 
there was a winner-take-all phase dominated by one response, a 
summation phase, and a final winner-take-all phase dominated by 
the other response. These results suggest that although in 
some instances the force fields revealed by microstimulation of 
the frog spinal cord can be combined with ongoing movements in 
a flexible manner, there do exist situations in which the 
combined response is constrained. Understanding these 
contraints and their mechanisms is a prerequisite for 
understanding descending control of .spinal motor programs. 
Supported by NIH NS09343 and AR26710 and ONRN00014/90/J/1946.

225.17

BRAINSTEM  INHIBITION OF LUMBOSACRAL SPINAL  
CIRCUITS IN RATS. G.M. Holm es*. R.C, Rogers. J.C. Bresnahan. 
M.S. Beattie. Depts. o f  Cell B iol., Neurobiol.,and Anat., Physiol., and 
Surgery. The Ohio State University, Columbus, OH 43210.

The effects o f  spinal cord injury or transection upon sexual and 
eliminative functions indicates supraspinal control o f  the lumbosacral 
circuits controlling these behaviors. The nucleus paragigantocellularis 
has been implicated in the regulation o f  urethro-genital reflexes. We 
present evidence that the nucleus raphe obscurus (nRO) modulates 
several lumbosacral circuits. Following spinal laminectomy, sensory 
and motor branches o f  the pudendal nerve were stimulated, and L6 
neurons were antidromically identified through extracellular recording 
electrodes. A  midline electrode, 2.0 mm deep, centered at obex, 
stimulated nRO (500 psec, 300 μΑ at 0.5 Hz). Stimulation o f  nRO 
briefly inhibited spontaneous firing o f  pudendal motoneurons (PMNs) 
in the dorsomedial nucleus. Confirming previous reports, dorsal horn 
neurons orthodromically activated by dorsal penile nerve (DPN) 
afferents were located throughout L6. Spontaneously firing cells in 
the dorsal laminae (c. lamina III) received excitatory D PN input, while 
deeper cells (c. lamina V-VI) were inhibited. Stimulation o f  nRO 
inhibited spontaneously firing neurons affected by penile and scrotal 
afferents. Unlike the PMNs, inhibition o f  dorsal horn neurons was o f  
longer duration. These data suggest that multiple brainstem sites 
regulate perineal function. (Support: NS07291 & N S 10165).

225.19
PELVIC INNERVATION IN THE FEM ALE RABBIT. M. Martinez- 
Gómez*. M. Carro. R. Hudson. H. Distel. P. Pacheco. Centro de 
Investigaciones Fisiológicas-UAT, México; Institut für Medizinische 
Psychologie -Munich University, Germ any; Instituto de 
Investigaciones Biomédicas-UNAM, México.

A precise description of pelvic innervation basic to an 
understanding of reproductive p ro cesses and olfactory 
communication is lacking for the rabbit. The gross anatomical 
distribution of the S1, S2 and S3 spinal nerves were therefore 
investigated in the female.

In deeply anesthetized animals, S1-S3 nerve fascicles 
were traced and found to connect with a branch of the L7-S1 trunk 
to form the sacral plexus (SP). While S1 gave off a branch (caudal 
gluteal nerve) similar to that described in other species, S2 sent a 
branch to muscles close to the clitorial sheath, and formed a 
bifurcation joining with S1 and S3 respectively. Together, these 
connections form the basis of the SP. From the SP , branches 
arose to semitendinosus muscle, external anal sphincter, clitorial 
sheath, perineal skin, and the anal and inguinal glands. S3 gave 
off 5 nerves leading to the rectum, bladder, cervix and vagina, and
3-4 nerves innervating the ilio-, pubo-, and coccygeous muscles, 
and passing close to the inguinal glands to end in the perineal 
skin.

Thus, while S3 gives off axons that in other species are 
associated with the pelvic nerve, the main interconnections of the 
SP appear associated with the pudendal nerve.

DGAPA-UNAM (MMG)

225.16

MICROSTIMULATION OF THE SACRAL SPINAL CORD FOR MICTURITION 
ASSISTANCE: ACUTE STUDIES. R R Carter* D B McCreerv. T.G.H. Yuen. 
L A. Bullara. B.J. Woodford, and W.F. Agnew. Neurological Research Laboratory, 
Huntington Medical Research Institutes, Pasadena, CA 90115.

Injury to the spinal cord often leads to hyper-reflexive bladder paralysis and 
detrusor/extemal urethral sphincter (EUS) dyssynergia. This study is designed to 
explore the feasibility of effective control of bladder and EUS by microstimulation 
of the sacral cord with the objective of determining both the optimal stimulation 
sites and stimulation parameters, to produce elevations in bladder pressure and 
inhibition of the EUS to effect voiding.

Results from these studies have delineated three depth ranges in the sacral cord 
that consistently produce changes in bladder and EUS pressure. Stimulating just 
beneath the piai surface elicited only a small change in bladder pressure while the 
decrease in EUS pressure was large. At a depth ~1 mm below the cord surface the 
change in bladder pressure was moderate while the change in EUS pressure was 
small or absent. At a depth ~2 mm below the cord surface the change in bladder 
pressure was largest and the change in EUS pressure was also large. Significant 
changes in bladder pressure were obtained at sites separated by several millimeters 
in the anterior-posterior direction. Pressure changes in both the bladder and EUS 
were generally consistent and not prone to fatigue if an interrupted duty cycle (1 s 
on, 2 s off) was used rather than continuous stimulation. Variation in stimulation 
pulse duration and pulse amplitude effectively modulated the pressure changes 
while variation in stimulus frequency did not. The background bladder pressure did 
not significantly effect the changes in either bladder or EUS pressure. These results 
will be used to design multiple microelectrode arrays that can stimulate several sites 
within the sacral spinal cord to effect micturition while maintaining a high degree 
of specificity and using levels of stimulation below that which might induce damage 
during chronic use. Supported in part by NIH Contract No. N01-NF-2-2376.

225.18

EFFECT OF BRAINSTEM  STIMULATION ON EXTERNAL  
ANAL SPHINCTER CONTRACTIONS. J.M. Mariau.
G.M, Holmes. R C, Rogers. M.S. Beattie. J.C. Bresnahan*. 
Neuroscience Program, Depts. o f  Cell Biol., Neurobiol.,and Anat., 
Physiol, and Surgery. The Ohio State Univ., Columbus, OH 43210.

Disruption o f  bladder and bowel reflexes after spinal cord injury 
suggests supra-spinal regulation o f  sphincter control. Anatomical 
studies have verified the input o f  neurons originating in the nucleus 
raphe obscurus (nRO) to lumbosacral motoneurons (M Ns). The 
objective o f  this experiment was to assess the effects o f  nRO 
stimulation on external anal sphincter (EAS) contractions. Midline 
electrodes, centered at obex, were inserted at depths from 1 to 2 mm. 
Histologically verified nRO stimulation (constant current 500 psec, 
25-100 μΑ, 20 H z for 60 seconds) reduced spontaneous EAS 
contractions. This reduction lasted approximately 57 seconds (SEM  
= 6.4) and began an average o f  14 seconds (SEM  = 1 .8 )  following the 
onset o f  stimulation. Recent work has shown that direct projections 
from the medullary raphe to lumbar M Ns contain TRH and 5-HT. 
Intrathecal injections o f  5-HT rapidly reduce EAS tone. The pressure 
reduction seen in this experiment suggests that supra-spinal inputs 
may inhibit action o f  the EAS through the release o f  5-HT. Such 
reductions are consistent with previous work demonstrating that 
medullary reticular formation stimulation inhibits other perineal 
reflexes. (Support: NS07291 & N S 10165 & Roessler Foundation).

225.20

ONTOGENESIS OF THE ASCENDING SPINAL PATHWAYS FROM THE 
LUMBOSACRAL ENLARGEMENT IN THE OPOSSUM, M O N O D ELP H IS  
D O M ESTICA . Ç, Pę?TQ?ierS, Q, CaSSidy.and T, Çafrgna*· Dép. de sciences 
biologiques, Université de Montréal, Montréal, Canada НЗС 3J7.

The spinal cord develops precociously and the pathways connecting it 
to the brain are largely established at birth in eutherian mammals. 
The opossum M. d om estica , a marsupial, may be a good model to 
investigate the formation of spinal connectivity: at birth it is very 
immature and its hindlimbs (HL) resemble embryonic buds. In the 
frame of a study of the nervous control of the HL, we report on the 
ontogeny of pathways which originate in the lumbosacral enlargement 
(LS) and carry sensory feedback to brain regions involved in motor 
control. Dii and WGA-HRP were used to orthogradely trace axons from 
LS to the brain in opossums of increasing ages. At days 1-2, axons are 
labeled in the ventral and lateral funiculi of the rostral cord, but not 
in the medulla. Axons are labeled ventrolaterally in the myelen
cephalon by day 4 and the metencephalon by day 5. At day 5, some 
axons penetrate the medullary reticular formation and precerebellar 
relays as well as the cerebellar anlagen. At later ages, labeled axons 
become more numerous in the latter areas and are also seen in the 
pontine reticular formation and nuclei. By day 12, labeled axons 
terminate in the ventrocaudal tectum and sparse fibers approach the 
ventrobasal complex of the thalamus, where they are not numerous 
even at older ages. The development of the cerebellum is very 
protracted and terminals therein appear late. It is thus possible to 
study postnally the formation of the projections from LS to the brain 
and to correlate these findings with the development of the descending 
projections to LS, some of which also form postnatally in the opossum.
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226.1
AFFER ENT IN F L U E N C E S  A N D  C E N T R A L  C O N T R O L  OF  

FORCE-FIELDS IN  T H E  W IP IN G  F R O G . Loeb, E .P *, Gisztei, S.F; 
Dept of Brain and Cognitive Science, MIT, Cambridge, MA 02139 
Using microstimulation, previous work has described a few hindlimb postures 
apparently encoded in the spinal interneuronal grey (Bizzi et al. 1990). These 
postures and their stability can be described as convergent force fields. The 
role of afierence has been examined in detail in microstimulation elicited fields. 
We previously examined effects o f chronic deafferentation (Giszter et al. 1993). 
Convergence was preserved. Acute deafferentation was examined in detail in 
a rostral flexion field elicited in the rostral region o f the lumbar enlargement 
(Loeb 1991, Loeb et al. 1993). Afferente were not critical to convergence. These 
studies showed that neither the composition o f the muscle synergy nor the force 
vector orientations required afferent feedback -  spinal micro-stimulation acti
vates fixed composition muscle synergies, leading to force-fields. Nonetheless, 
the amplitude of the forces evoked by spinal stimulation were modulated by limb 
position so as to produce more spring-like force fields. Recently we have exam
ined the properties of force fields underlying phases of natural behaviors more 
directly. We again found configuration based modulation o f the forces and the 
muscle activity evoked. This consisted primarily of an amplitude modulation 
that requires the afferente. However, in contrast to the microstimulation results, 
the naturally evoked force fields also had an angular modulation of force vec
tor orientation due to afference. This differs from the angularly un-modulated, 
spinally evoked, force fields examined previously. Despite this change in force 
orientation in some regions of the workspace, the equilibrium point of the field 
persisted in approximately the same location. This corresponds to the fact 
that unilaterally deafferented animals can perform successful wiping movements. 
The equilibrium location is presumably specified by the unmodulated muscle 
synergy. Taken together, these results suggest that the spinal circuitry compen
sates for the non-linearities o f the skeleto-muscular plant by modulating muscle 
activity in accordance with configuration. Acknowledgements: NIH NS09343 
and AR26710, and ONR N00014/90/J/1946.

226.3
ORGANIZATION OF ELECTROMYOGRAPHIC ACTIVITY PATTERNS FOR 
MULTIPLE DEGREE OF FREEDOM ARM MOVEMENTS L.E. Seraio* and D.J. 
Ostrv. McGill University» Montreal, PQ, Canada H3A 1B1 

We investigated the coordination of mono- and bi-articular muscles during 
movements involving one or more degrees of freedom at the elbow. The aim 
was to characterize the relationships between muscle activation patterns 
during unrestricted arm movements and the change in pattern with motion 
in different degrees of freedom. Subjects performed elbow flexion (or 
extension) alone, forearm pronation (or supination) alone and combinations 
of the two. Electromyographic patterns associated with these movements 
were recorded from eight elbow muscles. Arm position was recorded in 
three dimensions using Optotrak. For many muscles, agonist burst timing 
and magnitude varied with motion in both degrees of freedom. For example, 
during pronation both the pronator teres and the pronator quadratus acted 
as agonists, while during a flexing supination, pronator teres acted as an 
agonist while pronator quadratus acted as an antagonist. In addition, for 
muscles whose EMG activity was dependent on motion in two degrees of 
freedom, agonist burst amplitude for combined movements was 
approximately the sum of the agonist burst amplitudes for movements in the 
individual degrees of freedom. Activity levels in individual degrees of 
freedom were, in turn, greater than activity levels observed when a muscle 
acted as agonist in one degree of freedom and antagonist in the other. For 
some mono-articular muscles, activity was modulated during movements in 
which there was no biomechanical involvement. For example, triceps 
showed activity during supination. This countered the flexor action of the 
biceps, which both flexes and supinates the elbow. These data are 
consistent with the isometric data of van Zuylen et al. (1988).

226.5
A MODEL ACCOUNTING TOR INVARIANCES AND VARIABILITY IN 
MULTIIOINT MOVEMENT. S. R. Gutman*. Dept.of Physiology, Rush- 
Presbyterian Medical Center, 1635 W.Congress Parkway, Chicago, 60612 
Properties of trajectories of multijoint movements observed in human experiments 
include, first, those ninvarianttt to movement conditions (initial limb position, 
movement direction, distance, target location, speed, loads, etc.), and second, those 
expressing movement variability (they vary during repetitive movements in the 
same conditions.) Unfortunately, formal descriptions o f multijoint movements 
resulting from both attempts to express experimental data and studies in the area of 
robotics, do not embrace the experimentally observed properties o f human reaching 
movement An appropriate analytical description can be represented in the form of 
a differential equation of individual joint angle control, where the solution o f the 
redundancy problem is given in multiplicative forai:

q'(0 = (ortn O ^ -'zW r'A C xar .  x(t)), j(t) = F(q(t)), 
where t is time, q is a vector of joint angles, q*(t) is a vector of joint angle 
velocities, x(t) is position o f the limb end point, F is limb end point position as a 
function o f joint angle, J is a Jacobian matrix o f F, х&г is location o f the target, A 
is an arbitrary matrix defining the bending o f the straight path for constant х&г> Z 
is an arbitrary matrix o f the size of J defining the variation o f the angle trajectories 
for a given movement path, xm is a constant defining movement duration, a  is a 
constant defining symmetry o f the velocity time profile. Computer simulation has 
shown that this equation can account for paths o f the limb end point, speed time 
profiles, joint angle time profiles, and other characteristics o f multijoint reaching 
in different experimental conditions. This equation can be also used as a tool to 
analyze and predict some other kinematic movement properties, as didactic material 
for representation o f the experimental facts in a concise form, and as a bridge 
between biology and engineering.

(Supported in part by NIH grants AR 33189, NS 28176, and NS 28127)

226.2
POST-CONTRACTION EFFECTS ON FRACTIONATED REACTION TIME.
B. R. Etnvre Г Т. Kinuoasa2- 1 Human Performance and Health Sciences 
Dept., Rice University, Houston, TX 77251,2College of Medical 
Technology & Nursing, University of Tsukuba, Tsukuba, Ibaraki, Japan.

The purpose of this study was to compare the fractionated reaction time
(RT) components between normal and post-contraction conditions. 
Reaction time is the time from a response to an unanticipated stimulus and 
can be fractionated into two parts: premotor time (PMT) and motor time 
(MT). Premotor time is the processing time from the stimulus to the first 
appearance of electromyographic activity (EMG). Motor time is the muscle 
contraction time from the beginning of the EMG to initiation of movement. 
Twelve subjects performed 20 trials each of control RT and post
contraction RT by knee extension in response to an auditory stimulus. 
The auditory stimulus followed a ready signal by a 0.5,1.0, 2.0 or 3.0 sec 
forewarning period (FWP). For the post-contraction condition the 
subjects performed a half-maximum isometric contraction of the knee 
extensors for three seconds prior to the ready signal. EMG recording 
electrodes were placed over the rectus femoris muscle. Analysis of 
variance results revealed the post-contraction condition was significantly 
faster (F(1,11), p < .001) for RT, MT and PMT than the control condition. 
Significant differences (F(3,33), p < .001) were also revealed among 
FWP’s as the 1.0 and 2.0 sec FWP’S resulted in faster times in the post
contraction condition for PMT and RT. We concluded reaction time, 
processing time and muscle contraction time can be significantly reduced 
following a half maximum isometric contraction, particularly for one and two 
sec post-contraction latencies.

226.4
VIRTUAL TRAJECTORIES PREDICTED FROM SURFACE EMG  
SIG NALS. Y. K oike and M. Kawato*  ATR Human Information 
Processing Research Labs, Kyoto, Japan.

In the virtual trajectory control hypothesis, it is assumed that the brain 
sends a simple virtual trajectory to the periphery, hence does not need to 
worry about complicated calculations o f torque (in other words, the 
inverse dynamics problem). Katayama et al. (1992) simulated virtual 
trajectories during human arm m ovem ent w hile assum ing stiffness 
values measured by Bennett et al. (1991,1992) during elbow  joint 
movements and Gomi et al (1992) during multi-joint movements. They 
found complicated virtual trajectory shapes even for relatively slow  (1 
second) movements, and the virtual trajectories were oscillatory for fast 
(500 m s) and medium (750 ms) m ovem ents. W e trained a neural 
network m odel based on p h ysio log ica l data o f  EM G , torques, 
acceleration, velocity and position for two-joint movements so that the 
network can predict movement trajectory from EMG wave forms. Each 
point in the virtual trajectory at a given time during a discrete movement 
can be estimated as a stable equilibrium point predicted by the trained 
dynamical neural network m odel, when w e freeze the instantaneous 
values o f  EMG at that time and maintain them indefinitely. W e found 
that virtual trajectories predicted by the network from EMG have 
complicated shapes. Summarizing these different studies, w e conclude 
that, in order to realize the roughly straight hand paths observed, the 
virtual trajectory must be planned carefully in order to compensate for 
the dynamic interaction forces o f links that exist among arm segments. 
This planning problem could be almost equivalent to solving the inverse 
dynamics problem and might be similarly difficult

226.6
EARLY AND LATE MUSCLE RESPONSES EVOKED BY TRANS- 
CRANIAL MAGNETIC STIMULATION REFLECT THE PROCESSING 
DIFFERENCES IN SIMPLE AND CHOICE REACTION TIME TASKS. 
I.M. Tarkka*. W.B. McKay. A.M. Sherwood and M.R. Dimitriievic. Div. of 
Restorative Neurology, Baylor Coll, of Medicine, Houston, Tx 77030.

Transcranial magnetic stimulation (TMS) evokes not only an early 
muscle evoked potential (МЕР) but also a late response which can be 
modified by voluntary activity (McKay et al. Soc Neurosci Abstr 18(2) 
1406, 1992). Late responses in lower limb muscles appear in relaxation at 
about 107 ms but during voluntary activity they are observed 20 ms 
earlier. The purpose of this study was to find out whether the late 
response is independent of movement and of central origin. Muscle 
responses were evoked during the processing of simple and choice reaction 
time (RT) tasks in 4 subjects. TMS was delivered at CZ between the 
auditory signal (go) and the execution of an ankle dorsiflexion RT task. 
Choice RT consisted of the choice of foot. Eleven delays (20 ms - 300 ms) 
from the go command to TMS were randomized. Surface EMG from 
anterior tìbial (T) and soleus (S) muscles bilaterally were recorded.

RT lengthened in both simple and choice RT tasks when the delay to 
TMS lengthened (r=.9). Early responses in simple RT had larger 
amplitudes (p<0.01) than in choice RT. The late response appeared in 85 
% of S recordings and had a larger (pcO.Ol) amplitude than the early 
response. Late response latency was shorter in the simple RT task than in 
the choice RT task (pcO.Ol). Amplitudes of both early and late responses 
reflect the increase in the excitatory level of the alphamotoneuron pool 
preceding voluntary activity. The late response presumably is an 
involuntary response of central origin. It reflects, probably via a 
polysynaptic pathway, the faster central processing of the simple RT task.
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226.7

COORDINATION DYNAMICS OF TRAJECTORY FORMATION: I. EXPER
IMENTAL RESULTS. J.J. Buchanan*, J.A.S. Kelso, Z. Song and A. Fuchs. Pro
gram in Complex Systems and Brain Sciences, Center for Complex Systems, 
Florida Atlantic Univ., Boca Raton FL 33431.

We examined the temporal and spatial stability of drawing geometric figures 
with 1:2 and 1:1 frequency ratios between vertical ( у) and horizontal (z) motion, 
respectively. Six subjects were required to draw two figures with their right index 
finger: (1) a figure eight (1:2); and (2) a figure zero (1:1). The patterns were pro
duced rhythmically and movement frequency scaled by an auditory metronome 
from .8 to 1.7 Hz in .1 Hz steps, with 10 cycles of motion per step. Overall, 
pattern (2) was more stable than pattern (1). Switching from pattern (1) to 
pattern (2) was observed at a critical cycling frequency, and was identifiable in 
(a) the spatial trajectory, (b) the power spectra of * and y, and (c) unfolded toral 
plots of X and у continuous phase. Enhancement of fluctuations was observed en 
route to the transition in the 1st and 2nd fourier components of x motion, and 
in point estimates of relative phase between the x and у time series. Such results 
support loss of stability  as a  mechanism underlying pattern switching in biolog
ical systems. The toral plots show phase entrainment at specific points in the 
trajectory; such points are relevant for the spatial stability of the pattern. These 
results show that spatial forms of coordination (trajectory formation) may be 
captured by phase entrainment and frequency locking processes whose dynamics 
are multistable and highly nonlinear, thereby assuring stability and flexibility of 
function.

This work was supported by ONR Grant N00014-92-J-1904 and NIMH 
Grant MH42900.

226.9

A NEW REPRESENTATION FOR MEASURE OF MUSCLE COORDINATION 
PATTERN FROM EMGS. J. He*. Y. Wang and M. Mesure. Depts. Neurosurgery & 
Phys Therapy, Thomas Jefferson University, Philadelphia, PA 19107

Muscle coordination patterns of two upper extremity movements 
were studied. This study was to characterize the muscle coordination 
patterns for the two functional movements: feeding oneself and 
reaching for an object in front. Five healthy subjects and five 
individuals with either stroke or cerebral palsy participated in this 
study. The subjects performed trials of the two activities at normal, 
slow and fast speeds using their preferred arms. Surface EMG was 
recorded from six muscles of each subject: trapezius, anterior and 
medial heads of deltoid, biceps, triceps and brachioradialis.

Algorithms for automatic detection of muscle activity On and OFF 
times and calculation of relative intensity were developed and 
implemented. The ON and OFF times of a muscle's activity was 
detected by a formula modified from Marple-Horvat and Gilbey's 
algorithm of moving window difference. The muscle activity intensity 
was calculated by taking the ratio between the total area under the 
EMG envelop and the duration of activity. This algorithm allowed us 
to generate a quantitative measure of each muscle’s activity intensity, 
duration and phase relative to the prime mover of a movement. A 3-D 
surface plot was generate to represent the muscle coordination 
pattern for each movement.

The advantage of the algorithm is that it is robust against 
variations in EMG recordings and it is automatically performed by 
computer program on a set of muscle EMG recordings. The 
preliminary data suggests that the activity plot gives an intuitive and 
quantitative measure of muscle coordination patterns by combining 
information from multiple muscles involved in a movement.

226.11

THE RELATIONSHIP OF VENTROLATERAL THALAMIC NEURONS TO 
THE KINEMATICS OF MOVEMENT. D.I. Finkelstein. E.G. Butler, M.K. 
Horne. P.R. Churchward. L.M. Forlano and R. Raiari* Department of 
Anatomy, Monash University, Clayton 3168, Victoria, Australia.

The aim of the experiment was to study whether the ventrolateral 
thalamus receives information about movement kinematics. The 
animals were trained to resist unexpected perturbations of the wrist 
and to perform skilled, ballistic wrist movements, producing reflex and 
active movements with a range of durations and amplitudes. 
Extracellular single-cell recordings were made in two conscious 
monkeys from the cerebellar thalamus (ventro-posterior lateralis pars 
oralis, ventrolateralis caudalis, area X and ventrolateralis pars postrema; 
40 cells) and the ventro-posterior lateralis pars caudalis (VPLc; 44 
cells). Analysis was performed on individual trials of movement. Over 
one-third of cerebellar thalamic neurones received information 
concerning the amplitude or temporal characteristics of movement 
kinematics. The majority of these neurones had a deep sensory field, 
and commenced firing at 10 ± 10 ms (mean ± S.E.M.) before the 
onset of voluntary movement. Over one-half of VPLc neurones 
encoded information concerning kinematics in their neuronal discharge. 
All of these neurones had receptive fields which were either cutaneous, 
deep or mixed cutaneous and deep. These neurones commenced firing 
at 24 ± 8 ms after onset of voluntary movement. In conclusion, the 
cerebello-thalamo-cortical pathway may be partly responsible for the 
transmission of kinematic parameters. It is speculated that this 
information is compared with cortico-cerebellar input in a dynamic loop 
of movement control.

226.8

COORDINATION DYNAMICS OF TRAJECTORY FORMATION: II. THE
ORETIC’AL RESULTS A. Fuchs, J.A.S. Kelso* and J.J. Buchanan. Program in 
Complex Systems and Brain Sciences, Center for Complex Systems. Florida At
lantic Univ., Boca Raton FL 33431.

We show how the experimental findings in (I) can be modelled as a dynami
cal system in a potential landscape where noise is present. A model is presented 
which shows the observed phenomena, i.e. bistability in t he low frequency range 
(co-existence of two stable fixed points corresponding to the movement pat terns 
eight and zero), annihilation of the fixed point corresponding to the 1:2 pattern 
as the frequency exceeds a critical value, and hysteresis (if the subjects start, 
with the 1:1 pattern no spontaneous transition is observed). The figure shows 
the change in the shape of the potential when a parameter d which is related to 
movement frequency is changed.

We also show how the distribution function of the system can be derived 
from the experimental data by applying the Maximum Information Principle 
(see [1]). This allows us to reconstruct the entire coordination dynamics (i.e. the 
potential) and its evolution as a parameter, movement frequency is varied.

Potential landscape: Solid circles represent stable fixed points. As d increases, 
one fixed point looses its stability (open circle) and is eventually annihilated.

This work was supported by ONR Grant N00014-92-J-1904 and NIMII 
Grant, MH42900.

[1] H. Haken: In form ation  and S e lf organ iza tion , Springer Verlag, Berlin (1988)

226.10

THE ONTOGENY OF MOVEMENT SEQ U EN CES IN WEAVER 
MICE. V.J. Bolivar*, K. Manley and J .C . Fentress. Department 
of Psychology, Dalhousie University, Halifax, Nova Scotia, 
Canada, B3H 4J1.

The weaver mutation results in deficiencies in cerebellar 
Purkinje, granule, and Bergmann glia cells, as  well as a 
dopamine deficiency resulting from cell loss in the substantia 
nigra. Double recessive weaver mice exhibit ataxia, tremors 
and poor limb coordination. While much precise neurological 
work has been done, only a few studies have focused on the 
behavior of these animals. Furthermore no one has quantified 
the ontogeny of motor behavior. We examined the ontogeny 
of limb coordination during swimming in weaver double 
recessive and littermate controls. As the mutant mice have 
difficulty with normal locomotion, supported swimming was 
selected as the behavioral assay, thus enabling detailed 
examination of limb movement while also providing buoyancy. 
The animals were videotaped (30 fps) at 2 day intervals from 
the 3rd to the 21st day postpartum. Differences between 
mutants and littermate controls were examined in terms of 
ontogeny of limb coordination and general style of swimming. 
Preliminary results indicate that mutants display a 
developmental lag in the use of the hind limbs during 
swimming. Mutant and control animals also display differences 
in terms of stroke duration, a s  well a s  in general style of 
swimming. The differences between mutant and littermate 
controls indicate some of the early behavioral manifestations of 
the weaver mutation and provide a  way to relate movement 
patterns to alterations in brain structure and function. 
(Supported by MRC grant MA7660 to J .C .F .) .

226.12

ROBUST ENSEMBLE DATA IDENTIFICATION OF TIME-VARYING EL
BOW JOINT DYNAMICS DURING A NORMAL MOTION TRACKING TASK.
Y. Xu and J.M. Höllerbach*, Department of Biomedical Engineering, McGill U- 
niversity, Montreal, Quebec, Canada H3A 2B4.

To determine the time-varying dynamic stiffness parameters (inertia, viscos
ity, stiffness) of the elbow joint during a normal movement, ensemble averaging 
methods must ordinarily be used (Bennett et al., Exp. Brain Res., 1992)). It can 
be shown that the methods are sensitive to inter-trial variation. Even though a 
single trial method we proposed in the past (Xu et al., 13th Conf IEEE EMBS, 
1991) eliminate the trial alignment it cannot track fast time-varying dynamic 
stiffness parameters (up to 1. H z). One of the differences in the single-trial and 
the ensemble methods is that the former removes the mean (or voluntary) move
ment by highpass filtering while the later by subtracting an average movement 
calculated from the ensemble data. Recently we discovered that removing the 
mean movement from each trial by using highpass filtering and lining up the tri
als based on a kinematic feature in the lowpass filtered trial data form a robust 
ensemble data method, more than ten time robust . The method is accurate up 
to 5 H z  of the parameter and mean movement variation simultaneously, which 
is above a normal human arm movement speed. In the experiments, the subject 
is instructed to track a target point at the wrist level. The target movement 
spans ±30° in the vertical plane around a vertical line. The maximum speed in 
a trial is about 25 deg /s . Pseudorandom binary force perturbations are applied 
to the wrist by an airjet system (Xu et al., IEEE Trans. Biomedical Eng., 38, 
1991, pp. 1111-1122), and we record force, wrist position and target position. 
Our results indicate that the inertia is essentially constant, the stiffness and 
damping do not vary very much in the movement, and the mean values are in 
the range obtained from the posture experiments. This research is supported by 
the Medical Research Council of Canada.
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226.13
REACTIVE AND PREDICTIVE SCALING OF POSTURAL RESPONSES IN 
PATIENTS WITH DIABETIC PERIPHERAL NEUROPATHY. J T. Inylis*. F 
Horak. C. Shupert. C. Jones-Rvcewicz R.S. Dow Neurological Sciences Inst., 
Good Samaritan Hospital & Medical Center, Portland, OR 97209.

To clarify the role of somatosensory information from the lower limbs in scaling 
the magnitude of automatic postural responses, seven patients with sensory/motor 
diabetic peripheral neuropathy and 7 age-matched controls were exposed to 
posterior horizontal support surface translations. Translation velocity was varied 
to test the patients’ ability to use sensory feedback to scale response magnitude 
(reactive scaling), and translation amplitude was varied to test their use of prior 
experience (predicitive scaling). The magnitude of postural responses were 
quantified by measuring torque forces at the platform’s surface, EMG latencies 
from 6 representative shank, thigh, and trunk muscles, and body kinematics 
(Watsmart). Sensory and motor deficits in all peripheral neuropathy patients 
were quantified electrodiagnostically (motor and sensory nerve conduction).

All patients were capable of reactive scaling of torque responses to different 
perturbation velocities. However, there was a lack of predictive scaling of the 
torque responses to different amplitudes in all but the most severely affected 
patients. Patients and controls showed the same distal-to-proximal muscle 
activation pattern, but the EMG onset latencies in patients were characteristically 
delayed by 20-30 ms at all segments.

These results suggest that somatosensory information from the feet is not 
necessary for reactive scaling of postural responses, but may be involved in using 
knowledge of results to predict optimal response magnitude. Sensory information 
from body segments above the lower limb can trigger intact postural synergies, but 
these intact synergies are delayed.
Supported by grants from NIH (AG06457 & DCOI 104) and MRC.

2 2 6 .1 4
MAINTAINENCE OF STABILITY IN THE HUMAN KNEE DURING STATIC 
POSTURES: A STUDY OF MUSCLE COORDINATION. T.S. Buchanan*. D.G. 
Lloyd and P. Trpkovski. Sensory Motor Performance Program, Rehabilitation 
Institute of Chicago, 345 E. Superior St, Chicago, II 60611.

Although both ligaments and muscles can contribute to stabilizing the knee joint 
(or other hinge joints) against varus and valgus loads, their respective roles have yet 
to be determined. The knee typically allows for a few degrees of motion in the 
varus-valgus plane and there are several muscles which have moment arms that 
allow them to produce considerable varus or valgus torques. Hence, such muscles 
could play an active role in maintaining joint stability.

In this study, EMGs were simultaneously recorded from up to 12 muscles that 
cross the knee during static, isometric tasks. These tasks involved combinations of 
loads at the lower leg that would result in flexion-extension and varus-valgus loads 
at the knee. Subjects were instructed to produce forces in this plane while producing 
no flexion-extension or abduction-adduction loads at the hip. Visual feedback of all 
four force types were given to the subjects and were recorded to ensure that proper 
loading was maintained.

It was observed that, for many muscles, the activation profiles or tuning curves 
in the flexion-extension-varus-valgus plane were primarily oriented along the 
flexion-extension axes. That is, the muscles showed little activation during varus or 
valgus loads under these static, isometric conditions. For example, the vastus 
medialis and the vastus lateralis showed nearly identical spatial profiles. However, 
there were some notable exceptions. The medial and lateral heads of the 
gastrocnemius as well as the tensor fascia latae showed significant activation during 
varus and valgus torques. In fact, for some subjects the gastrocnemius were more 
active during varus-valgus torques than during flexion-extension torques.

These data suggest that different muscles may play different roles in joint 
stabilization and that their actions may depend on more than just the orientation of 
their moment arms.

This work has been supported, in part, by NIH R29 AR40408.

226.15 2 2 6 .1 6

REACTION TIMES DIFFER FOR HAND MOVEMENTS MADE TO VISUAL 
TARGETS ALONE COMPARED WITH TARGETS AND VIBRATORY GO-
CUES. R. J. Nelson*. E. D. Thomas and J. M. Denton. Department of Anatomy and 
Neurobiology, College of Medicine, University of Tennessee, Memphis, 875 Monroe 
Avenue, Memphis, TN 38163.

Previously, it has been shown that reaction times (RTs) are ~50ms faster for ballis
tic hand movements made in response to vibratory as compared with visual go-cues 
(Somatosens. M o to r  R es., 7 :3 3 7 ) . This study sought to determine if this performance 
benefit persists as behavioral task requirements increase in complexity. Subjects made 
flexion and extension wrist movements following the onset of a visual cue (VC) or the 
VC in combination with a vibratory go-cue delivered to the palm (combined cue; CC). 
Movements were made from a centered position, indicated by a cursor on a visual 
display, to a position that aligned that cursor with the target. In the Fixed Task, subjects 
(n=12) knew the movement direction and amplitude (5°). In the Variable Task (n=7), 
movement direction was predictable but movement amplitude (4°, 8° or 12°) was not.
In the Random Task (n=5), neither movement direction nor amplitude could be 
predicted before target onset. VC and CC trials were presented pseudo-randomly in all 
tasks. Subjects performed 14 sessions, so that improvement could be assessed.

Results from each task indicate that RTs are faster in response to a CC compared 
with a VC. This performance benefit decreased with increasing task complexity.
Mean RTs in each task improved with daily practice.
Movement times, in general, were not different as a 
function of go-cue type, but increased, for same amp
litude movements, with greater task complexity.

These findings suggest that the initiation of hand movements improves with prac
tice and the addition of somatosensory go-cues. This improvement occurs seemingly 
without loss of movement accuracy. Supported by USAF Gr AFOSR 91-0333 to RJN.

g -  Task
I I  Fixed

CC-RT VC-RT Difference Paired t-teet
238.1 ±34.0 289.2 ±33.1 51.1 ± 14.1 pc.0001

Variable 289.6 ±47.6 329.8 ±53.9 40.1 ±24.8 pc.0001
·*■ ·3· Random 316.3 ±42.2 340.7 ± 43.3 24.4 ±14.6 pc.0001

M O TO R S E Q U E N C E  E X EC U T IO N , N O T M O TO R S E T , IS  IM PAIRED  IN 
P A R K IN S O N ’S  D IS E A S E . P . J . Jennžnas.* M Mapstone. S . Corkin. & 
J. H. Growdon. Dept. of Brain and Cognitive S c ie n ce s and the Clinical 
Research  Center, M ass. Institute of Technology, Cambridge, MA 02139.

Motor set refers to the readiness of the C N S  to execute a  planned motor 
action. Previous studies suggest that Parkinson's d isease  (PD) impairs the 
ability to switch motor set, especially when responses are generated from 
memory. Our study examined the performance of nondemented PD sub
jects (n=12; m ean age, 66.0 years) and normal control subjects (NC) (n=15; 
m ean age, 64 .7  years) on a motor set-switching task that distinguished 
movement preparation from movement execution. PD subjects (Hoehn & 
Y ah r Stag es I-III) w ere taking anti-Parkinson medications. Subjects per
formed keypress seq u en ces in a  cueing paradigm. In som e trials, a cue  
accurately predicted the target response; in others the cue w as inaccurate. 
Subjects executed the keypress seq u en ces under two conditions. In one, 
the go signal explicitly identified the target response, in another, the go 
signal specified that the response w as to be retrieved from memory. 
M ovem ent preparation p ro ce sse s w ere reflected in reaction time (RT) 
benefits from prior information about a response (establishing motor set), 
and in R T  costs from switching to an unexpected response (switching motor 
set ). M ovem ent execution  w as reflected in movement time (MT) (time to 
complete the response). The PD  and N C  groups did not differ in baseline  
R T, R T  benefits, and R T  costs, even when responses were retrieved from 
memory. MT, however, w as prolonged in the PD  group and w as unaffected 
by cueing. O ur results show that, contrary to previous studies, motor set 
switching is intact in PD , even when responses must be retrieved from 
memory. The prolongation of MT (bradykinesia) m ay result from striatal 
dysfunction in PD . Normal striatal function m ay coordinate response  
preparation with movement initiation.

226.17
FUNCTIONAL HYPOTHESIS FOR THE RELATION BETWEEN 
SPEED AND CURVATURE IN DRAWING MOVEMENTS.
Pellizzer*. P. Sargent, and A.P. Georgopoulos. Brain Sciences Center, 
VAMC, Minneapolis, MN 55417, and Dept. of Physiology, Univ. of Minnesota 
Medical School, Minneapolis, MN 55455.

During drawing or handwriting speed varies with curvature, so that 
the hand slows down when the path is more curved (Viviani & Terzuolo 
1982). The same type of relation is observed in isometric conditions 
(i.e., trajectory in the force space), which suggests that it results from 
central constraints, and not from the motion of the inertial load of the 
arm (Massey et al. 1992). One possible constraint when producing a 
curved trajectory is that part of the time is spent transforming the coding 
of motor (i.e. movement or force) direction. Assuming that this time 
increases linearly with the angle of change, as suggested by the results 
obtained in visuomotor mental rotation experiments (Georgopoulos etai.
1989), one obtains the relation: Speed'1 =VMAX'1+<*T1Curvature, where 
VMax represents the speed in straight portion of the trajectory, and ω 
the angular velocity of transformation of the coding of motor direction 
(viz., neuronal population vector). To test whether the inverse of speed 
increases linearly with curvature, we asked normal human subjects to 
draw ellipses, figure-eights and scribbles in 2-D and isometric 
conditions. In every conditions the above relation described well the 
data, and supports the idea that the relation between speed and curvature 
derives from time spent transforming the coding of motor direction. 
(Supported by NSF and Swiss NSF).

2 2 6 .1 8

EFFECTS OF SIZE AND TEMPO ON DRAWINGS IN 2-D AND 
ISOMETRIC CONDITIONS. P. Sargent*. G. Pellizzer. and A.P. 
Georgopoulos. Brain Sciences Center, VAMC, Minneapolis, MN 55417, and 
Dept. of Physiology, Univ. of Minnesota Medical School, Minneapolis, MN 
55455.

Subjects spontaneously increase the average speed of drawing movements 
when asked to draw the same pattern at increasing sizes (Viviani and 
McCollum 1983). This effect pertains to global properties of the geometry 
and kinematics of the movement trajectory, unlike the relation between 
instantaneous speed and curvature which relates local aspects of the 
movement trajectory. We compared the effect of size on drawing 
movements, and when no movement was involved (i.e., isometric 
conditions) where the trajectory is defined in the force space. We analyzed 
the data using the relation: Speed-1=ҮМАХ'1+ы"1Сигүатге, where VMAX 
represents the speed in straight portion of the trajectory, and ω the angular 
velocity of transformation of the coding of motor direction. Normal human 
subjects were asked to draw ellipses of different sizes at a self-chosen tempo 
in both 2-D and isometric conditions. In both conditions VMAX increased 
with the size and the self-chosen tempo of the movement, while ω increased 
only with the tempo. In a second series of experiments we constrained the 
tempo of the movement. The relations obtained between VMAX, ω and 
tempo were the same as in the previous task. These results extend the 
observations on the effect of size to the isometric case. Moreover, they 
suggest that the transformation of the coding of motor direction (i.e., 
neuronal pop. vector) increases with the tempo of the movement. (Supported 
by NSF and Swiss NSF).
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227.1

COMPARISON OF SINGLE AND TWO-JOINT PLANAR ARM  
MOVEMENTS IN HUMANS. N. Уігіі-ВаЬиГ1, J.D. Cooke1, S.H. Brown2. 
Faculty of Applied Health Science, University o f Western Ontario, London, 
Canada, N6A 5C11, Center for Human Motor Research, University of 
Michigan, Ann Arbor, Michigan, 481092

Rotation about two or more joints introduces specific complexities (i.e. joint 
interactional effects) not present in the single joint case. How does the CNS 
simplify the task of producing such movements? We compared the kinematics 
and muscle activation patterns during single joint elbow and wrist movements 
to two-joint movements involving rotation about both elbow and wrist joints. 
During a visual step-tracking task, subjects made single joint movements of 
specified amplitudes and combined two-joint movements where the amplitudes 
of both joints were also specified. For elbow movements, amplitude-dependent 
scaling o f movement duration (MD) and peak velocity (PV), observed in the 
single joint case, was not affected when combined with movements about the 
wrist. In contrast, at any given wrist amplitude, wrist MD increased and PV 
decreased linearly with increasing elbow amplitude. O f particular interest was 
that single joint wrist MD and PV could be predicted from extrapolation of 
the PV/MD - amplitude curves obtained during two-joint movements.

In general, in both single and two-joint movements, a bi or triphasic pattern 
of muscle activation was associated with movements at each joint. However, 
in two-joint movements involving large amplitude elbow movements (70 deg), 
initial phasic activity in the wrist agonist was replaced by a tonic pattern of 
activation accompanied by increased activity in the antagonist.

Taken together, these findings suggest that fundamental kinematic 
relationships may be utilized by the CNS to produce one and two-joint 
movements.

227.3

ACCURACY OF TARGETED FORCE PULSES IN SUBJECTS WITH 
AND WITHOUT CONTROL OF ANTAGONIST ACTIVATION. 
M.M. Wierzbicka and A.W. Wiegner*. Brockton/West Roxbury VA 
Medical Center & Harvard Medical School, Boston MA 02132.

Variability o f learned motor responses among trials is a characteristic 
feature of human motor behavior, for which several models have proposed 
a role for the antagonist muscle. Gordon and Ghez (Exp Brain Res 67: 
253, 1987) have suggested that the antagonist might reduce variability of 
motor responses by providing corrections to errors arising in the early 
part of the force trajectory. Darling and Cooke (J Mot Behav 19: 333, 
1987) have proposed the concept of reducing variability of net joint 
torque by means of linkage between agonist and antagonist muscle forces. 
The current study examines the effect o f an absent antagonist on force 
variability. Four C5/C6 quadriplegic (Q) subjects, with relatively well 
preserved biceps function but little or no voluntary control o f triceps, and 
four age-matched control (C) subjects produced 50 isometric elbow 
flexions "as fast and accurately as possible" to each o f 3 visual targets: 
15%, 30% and 45% of maximum voluntary force (MVF). Q and C 
subjects produced the required forces with similar constant errors (CE, 
average % overshoot) and variable errors (VE, std. dev. of within-subject 
CE). Time to peak force (TPF, ms) was prolonged in Q subjects but not 
correlated with accuracy. We conclude that antagonist activation enables 
production of briefer force pulses but has no effect on accuracy in this 
single-effort task. (Data below are mean±SD across subjects:)
%MVF: CE(Q) CE(C) VE(Q) VE(C) TPF(Q) TPF(C)
15% 6 + 3 15+15 20+ 3 2 0+ 3 140+15 116±10
30% 7 + 8 3 + 5 18 +  3 17+2 142+20 114+7
45% -1 +  3 4 + 7 11 +  1 11+2 142+15 113 ±  14

227.5
TRAJECTORY PARAMETER SPECIFICATION IN SUBJECTS POST STROKE. 
M.R. Velicki1. C.J. Wtfistein1 *. K. Altman2, and P.S. Pohl1. 1Univ. of 
Southern California, Dept. Biokinesiology, Los Angeles, CA 90033. 
2Neurology Center of Northern Arizona, Flagstaff, AZ 86001.

This study examines the extent to which human subjects status post 
cerebral vascular accident (CVA) can specify amplitude and direction of a 
targeted arm movement when programming time is constrained. Previous 
work with healthy young subjects showed that both direction and 
amplitude of targeted force impulses can be completely specified when the 
stimulus-response (S-R) interval is at least 300 ms (Favilla et al., 1989). 
After extensive practice, subjects performed targeted ballistic arm 
movements to one of four visually cued targets specified by one of two 
amplitude (short, long) and direction (flexion, extension) conditions. 
Response accuracy of six subjects (3 R-CVA and 3 L-CVA) with chronic 
unilateral cerebral lesions who used the ipsilateral arm was compared to 
that of controls matched by age (62.6 yrs) and arm tested. A timed- 
response paradigm (Hening et al., 1988) allowed systematic variation of 
the S-R interval with predictable (simple) and unpredictable (choice) target 
presentations. Start time was controlled by training subjects to move with 
the last of a series of four predictable tones. The visual target was 
presented between 0 and 400 ms prior to the 4th tone, creating variable 
stimulus-tone (S-T) intervals. For both CVA and controls, absolute error 
increased as S-T interval decreased in the choice but not the simple 
condition. L-CVAs but not R-CVAs showed over two times the number of 
direction errors to extension targets than their respective controls, and this 
effect was greater as S-T interval decreased (< 300 ms). Independent of 
direction, overall amplitude errors were somewhat greater for L-CVAs than 
for R-CVAs relative to controls. Together, these results suggest that the 
left hemisphere may play a greater role than the right in trajectory 
parameter specification. (Funded by Calif. Physical Therapy Fund.)

227.2

EFFECTS OF RHYTHMIC AUDITORY CUEING ON TEMPORAL 
SEQUENCING OF COMPLEX ARM MOVEMENTS. S.H.Brown*1, 
M.H.Thaut2, J.Benjamin1. J.D.Cooke3. Center for Human Motor Research, Univ. 
Michigan1, Center for Biomedical Research in Music, Colorado State Univ.2, 
Faculty o f Applied Health Science, Univ. Western Ontario3.

The effects o f auditory cueing on the temporal organization of sequential 
movements were examined in a forward arm reaching task. Each sequence was 
comprised of 4 movements made to different target locations oriented vertically 
in front of the subject. Two tasks were examined: (1) alternating (right arm 
followed by left arm) and (2) simultaneous (movements o f  both arms). In each 
task, subjects were instructed to touch target markers (3 cm2) in a given order at 
a regular rate of 2 Hz. Subjects first performed each task without auditory cueing. 
In this condition, subjects tapped out the desired movement frequency with their 
finger before starting the movement sequence. In the second condition, subjects 
moved in time to a rhythmic auditory cue delivered as a metronome beat 
imbedded in an instrumental musical background.

Without auditory cueing, subjects were unable to produce sequential movements 
having a regular tempo. In contrast, auditory cueing led to a significant decrease 
in variability of movements duration, particularly for alternating movements in 
which variability decreased between 30 to 60 per cent. Thus, movement durations 
remained relatively constant despite a З-fold increase in intertarget distance. In 
addition, auditory cueing in the alternating task led to a significant reduction in 
variability in the time required to switch movement from one arm to the other.

The data suggest that, in the presence of à rhythmic auditory cue, velocity was 
appropriately scaled so as to produce evenly timed movement sequences. These 
findings support a role for auditory facilitation in the generation o f sequential 
movements and extend recent studies showing improved gait function in 
hemiparetic patients with rhythmic auditory cueing (Thaut et al., 1993).

227.4

HEMISPHERIC DIFFERENCES IN THE CONTROL OF RAPID AIMING 
MOVEMENTS. P.S. Pohl* and C.J. Winstein. Movement Performance and 
Learning Lab, Univ. of S. Calif, Dept. Biokines., Los Angeles, CA 90033.

Successful performance of complex movements requires information 
processing (IP) pertaining to the planning and selection of movement 
parameters. Previous work has shown different roles for each hemisphere 
in the control of skilled movements (Haaland et al., 1987). The purpose 
of this study was to determine if movement-related IP capabilities are 
associated with hemispheric differences in the control of aiming 
movements. An established reciprocal aiming task (i.e., Fitts' paradigm) 
was used to determine the IP rate (bits/s) as a function of task complexity 
(index of difficulty-ID) for matched subjects with unilateral cerebral 
vascular lesions (CV) and healthy controls (C). CV subjects performed 
three 10 s trials to each of three unique distance-target width ID 
conditions using the arm ipsilateral to the lesion. Controls performed with 
the same arm. Both R- and L-CVs showed prolonged average movement 
times (MT), R-C 260 ms, R-CV 410 ms; L-C 240 ms, L-CV 350 ms. 
Kinematic analyses revealed differences in strategies between R- and L- 
CVs relative to controls. In particular, L-CV subjects showed a marked 
reduction in all measures of movement velocity, relative to R-CVs, 
reflecting poorer control of the ballistic, open-loop phase of the movement. 
In contrast, a greater frequency of movement adjustments was found in 
the R-CVs relative to controls, but not in the L-CVs. The relationship of 
MT to ID revealed IP rates that were 33% lower than controls for L-CVs 
and 41 % lower than controls for R-CVs. Together, these results suggest 
that the left hemisphere may be particularly involved in the open-loop, 
programmed component of the movement while the right is specialized for 
feedback-based adjustments in motor control. (Supported by a USC 
Zumberge Innovation Fund Award to CJW.)

227.6
GRIP FORCE CONTROL DURING WRIST AND ELBOW ACTIONS. M. 
hLWerremeyer and K. J. Cole*. Dept. of Exercise Science, The University 
of Iowa, Iowa City, Iowa 52242.

When holding an object we apparently regulate our grip force to a level 
determined by the friction and load forces that are present. We examined 
the quality of this regulation under constant conditions of friction and load 
while subjects produced isometric and isotonic contractions of non-hand 
upper limb muscles. Changes in the object’s inertial loads on the hand 
during limb movement were minimized by an apparatus that coupled the 
movements of the object and limb.

Surprisingly, subjects increased their grip force, and thus their ’safety 
margin’ against slips, during all conditions of wrist and elbow muscle 
activation. Grip force increases were greater for wrist flexion versus 
extension movements, and increased with the velocity of movement. 
Likewise, the grip force increases were proportional to the rate of wrist or 
elbow torque increase during isometric limb activation. Analysis of limb 
and hand muscle EMGs revealed simultaneous activation, suggesting 
either a spreading facilitation from limb to hand motoneuron pools, or 
similar descending commands to these motoneuron pools. Subjects could 
prevent their grip force from increasing during isometric wrist flexion when 
they were provided visual feedback of their grip force.

Grip force (or safety margin) is coupled to the activity of non-hand arm 
and forearm muscles that are activated phasically, unless task demands 
warrant independence of grip and limb force. Nevertheless, this coupling 
may be functional, because phasic activation of arm and forearm muscles 
is often associated with limb motion. This movement causes increased 
inertial loads on the hand.
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127.7
DETERMINATION OF THE TASK SPECIFICITY OF HUMAN MOTOR 
POTENTIALS USING SPATIO-TEMPORAL DIPOLE SOURCE ANALYSIS
CD. MacKinnon*. M.C. Verrier. W.G. Tatton. Departments of Physiology and 
Rehabilitation Medicine, University of Toronto, and the Clarke Institute of 
Psychiatry, Toronto, Ontario, Canada M5T 1W5
Advances in dipole source analysis of surface EEG recordings have been utilized 

to determine the spatio-temporal characteristics of aggregate synaptic potentials 
during sensory processing and prior to movements. We have developed specific 
motor tasks which, when evaluated using dipole source analysis, appear to activate 
different areas of the motor system.

Recordings were made from 10 normal subjects using 32 channels of EEG and 2 
channels of EMG (1st dorsal interosseous and thenar muscles). Signals were 
recorded 3 s prior to and 1 s after EMG onset. Four movements were performed: 1) 
a repetitive finger pinch between the index finger and thumb, 2) an alternating set 
of self-paced complex finger pinch sequences, 3) a visual reaction time task in 
which the movement was performed irrespective of the stimulus light colour 
(VRTS), and 4) a visual reaction time "go-nogo" task in which the movement was 
performed upon the presentation of a specific stimulus light colour (VRTC). Dipole 
sources for each task were determined using brain electrical source analysis (BESA, 
Neuroscan Inc ). Dipole source solutions were validated on a subset of subjects by 
superimposing source locations on MRI scans and C^C>2 PET.

The simple finger pinch movement produced a characteristic ramp potential 
which was generated by a strong horizontal dipole in the hand region of the 
contralateral primary motor cortex. The complex finger pinch sequence was 
dominated by an earlier dipole in the SMA region. The VRTS task produced a 
strong radial dipole in the region of the contralateral premotor area. In contrast, the 
VRTC task generated predominant dipoles in the region of the anterior cerebellum. 
(C.D.M supported by Ontario Ministry of Health Research Fellowship # 04515.)

227.9
ARE INACCURATE OVERARM THROWS DUE TO DISORDERS IN HAND 
TRAJECTORY OR IN HAND OPENING? J ,  H ö re * . S , W a tts  and D. 
Tweed. P h y s io lo g y  D e p t . ,  U n iv . W e ste r n  O n ta r io ,  London, 
Ont. Canada.

In a s e r i e s  o f  overa rm  th r o w s s u b j e c t s  o c c a s i o n a l l y  
throw th e  b a l l  h ig h  o r  lo w . The c a u s e  o f  t h i s  in a c c u r a c y  
was i n v e s t i g a t e d  a s  6 s u b j e c t s  s a t  w i t h  a f i x e d  tr u n k  and  
threw b a l l s  a t  a 6 cm s q u a r e  t a r g e t  1 .5  m aw ay. R o t a t io n s  
in 3-D o f  th e  d i s t a l  p h a la n x  o f  t h e  m id d le  f i n g e r ,  h a n d , 
forearm, u p p er  arm and c l a v i c l e  w ere  s im u l t a n e o u s ly  
recorded a t  1000  Hz u s in g  th e  s e a r c h - c o i l  t e c h n iq u e .  Hand 
t r a n s la t io n  was o b t a in e d  from  c o m p u ter  s im u l a t i o n  and  from  
photography. B a l l  r e l e a s e  was m ea su red  from  p r e s s u r e  
sw itches on th e  m id d le  f i n g e r .

For th e  m o st a c c u r a t e  h a l f  o f  t h e  th r o w s i n  e a c h  
su b ject, b a l l  r e l e a s e  t im e s  (w in d o w s) m ea su red  t o  a h ig h  
th resh old  v e l o c i t y ,  p ea k  v e l o c i t y  o r  v e r t i c a l  hand  
p o s itio n  w ere 5 - 1 0  ms in  d u r a t io n  f o r  th r o w s l a s t i n g  7 0 -9 0  
ms. Thus t im in g  o f  b a l l  r e l e a s e  was p r e c i s e l y  c o n t r o l l e d  
but n ot to  f r a c t i o n s  o f  a m i l l i s e c o n d .  H igh  o r  lo w  th ro w s  
were a s s o c i a t e d ,  n o t  w i t h  c h a n g e s  i n  h an d  t r a j e c t o r y ,  b u t  
with b a l l  r e l e a s e  t im e s  o c c u r r in g  e a r l i e r  o r  l a t e r  th a n  
th is  r a n g e . H igh  th r o w s w ere  a s s o c i a t e d  w i t h  e a r l i e r  o r  
larger th a n  n orm al f i n g e r  e x t e n s i o n s  w h i l e  lo w  th r o w s w ere  
a s s o c ia te d  w i t h  s m a l l e r  o r  l a t e r  th a n  n o rm a l f i n g e r  
e x te n s io n s . I t  i s  c o n c lu d e d  t h a t  p r e c i s e  t im in g  and  
amplitude o f  f i n g e r  e x t e n s i o n  i s  c r i t i c a l l y  im p o r ta n t  f o r  
accuracy in  overa rm  th r o w in g .

227.11
TIMING VARIABILITY IS REDUCED DURING BIMANUAL 
REPETITIVE TAPPING IN COMPARISON TO UNIMANAUAL 
MOVEMENTS. L-L- Helmuth* and R.B. Ivrv. Dept. of 
Psychology, Univ. of California, Berkeley, CA, 94720.

We stuaied the timing variability of normal subjects 
in a repetitive tapping task. Subjects tapped at 2.5 hz, 
first with a pacing signal and then in an unpaced phase. 
Within-hana variability was reduced during bimanual 
tapping in comparison to unimanual tapping. When 
the total variability was decomposed into central timing 
and peripheral motor components (Wing, 1980), the 
Improvement was attributed to reduced central 
variability. The bimanual advantage was also found in 
an experiment in which the pacing signal continued 
throughout the trial. Thus, it does not appear to result 
from increased sensory feedback. Similar results were 
obtained even when the bimanual movements were 
made with different joints (e.g., left finger and right 
elbow flexion), suggesting that the improvement does 
not depend on activation of homologous muscles.
These results can he modelled by assuming that 
separate timing mechanisms are accessed during 
bimanual movements, and that the two signals are 
integrated prior to movement execution. The model 
provides an account of the improved performance of 
unilateral cerebellar patients during bimanual 
movements.

227.8
A M O D E L  F O R  F U N C T IO N A L  R E L A T IO N S H IP S  
BETW EEN  CER EB R A L CO RTEX  AND BASAL GANGLIA 
IN  V O LU N TA RY  M O V EM EN T S. Y. Tamori1*bnd S Tanaka^ ,  
laboratory for Neural Networks, The Institute of Physical and Chemical 
Research (RIKEN); fundamental Research Laboratories, NEC.

Program m ing of voluntary m ovements is ach ieved by 
interactions among cortical areas and basal ganglia. We built a 
mathematical model for the function of this system, in which we 
took into account neural circuits connecting among primary 
motor area (MOT), supllementary motor area (SM A), sensory 
area (SEN ) and basal ganglia. Dynamic behavior of membrane 
potentials and firing rates in cortical and striatal neurons is 
described in the model. Motor com m ands for elementary 
movements are assum ed to be related to firing of neurons in 
MOT. Sequences of the motor commands coded in intracortical 
connections in the model SM A are selected by model striatal 
neurons in a winner-take-all fashion. A param eter in the 
dynamic equations of striatal neurons, whose value is regulated 
by both dopam inergic innervation from nigrostriatal neurons 
and feedback signal from proprioceptive receptors through 
S E N , determines the time course for transition from one 
com m and to another. It is dem onstrated that SM A can 
autom atically learn given possib le m ovements based on 
unsupervised learning. The model also consistently reproduces 
rigidity, tremor, akinesia and hyperkinesia, as observed in 
Parkinson’s and Huntington's diseases.

227.10
DYNAMIC AND CONSTANT CONTROL STRATEGIES FOR JOINT 
STIFFNESSES IN FAST AND SLOW MULTI-JOINT MOVEMENTS, N Ϊ-an* and 
B. Gopakumaran. Center for Biomedical Engineering, University of Kentucky, 
Lexington, KY 40506.

Control of joint stiffnesses during fast and slow multi-joint movements is studied 
with a computational model. A two-joint musculo-skeletal system is used in this 
simulation study. Three pairs of antagonist muscles control the movement of the two 
joints. There are two pairs of single joint muscles, and one pair bi-articular muscles. 
Each pair of antagonists is controlled by an excitation signal, and each joint is guided 
by an equilibrium position. The equilibrium positions and excitation signals converge 
at the spinal cord motoneuron pools, where efferent and afferent signals are integrated to 
yield motor commands to individual muscles. At the higher level of movement 
planning, an optimization algorithm based on an extended minimum effort criterion 
determines the temporal variations of the equilibrium states and the excitation signals. 
With sensitivity analysis, we find that the maximal level o f the excitation signals 
(pulse height) is the key parameter for regulating hand trajectories in the Cartesian 
space. Parameter search indicates that a proper combination of the three pulse heights 
can elicit a near straight hand movement. Curved hand trajectories occur with ill-fitted 
pulse height values. For fast movements, the excitation signals display three bursts, 
varying in a bang-bang manner. The pulsed excitation of motoneuron pools leads to a 
tri-phasic activation pattern for antagonists, and dynamic modulations of joint 
stiffnesses. For slow movements, it is found that the joint stiffnesses must be kept 
constant in order to elicit a near straight hand trajectory. This discrepancy in modulating 
joint stiffnesses implies that different strategies may be used to generate slow and fast 
arm movements. These results may help understanding motor control by the nervous 
systems, and designing control algorithms for functional neuromuscular stimulation. 
A ckn ow led gem ents: this work is supported by the Whitaker Foundation and 
Pittsburgh Supercomputing Center.

227.12
PRACTICE-RELATED CHANGES IN GLOBAL STIFFNESS AND JOINT 
DEGREES OF FREEDOM DURING MULTIJOINT PULLING. W. A. Lee* 
and A.M. Russo. Programs in Physical Therapy & The Inst, for Neuroscience, 
Northwestern University Medical School, Chicago, IL 60611 USA

Bernstein (1967) proposed that learning a multijoint action involves a 
decrease in "rigidity" and an increase in joint degrees of freedom (DFs). This 
study tested those hypotheses as standing adult human subjects made 
bilaterally symmetrical pulls on a handle in the horizontal plane to force 
targets, over three days' practice. Pulling force and body motion were recorded 
on the first 10 trials of Day 1 and the last 10 trials on Day 3. A previously 
developed dynamic model of the relationship between pulling force and 
anterior-posterior center o f mass motion was used to estimate global system 
stiffness, K (Michaels, Lee & Pai, J. Motor Beh. in press). The independence 
o f ankle, knee and hip joint angular motions was assessed with time series and 
principal components analyses.

Force errors were significantly less variable, i.e. subjects improved on the 
pulling task. Mean K was significantly lower on Day 3 but did not differ with 
target force. Peak angular displacements did not, however, consistently increase 
with practice. The number o f independent joint motions tended to remain 
constant across practice. Generally, two joints' motions were highly correlated 
while the third joint was either fixed (e.g. knee was fixed when an ankle 
extension-hip flexion pattern was used) or moved independently. A few subjects' 
joint coordination patterns changed qualitatively with target force or practice. 
These results support the hypothesis that stiffness decreased from Day 1 to Day 
3, but they do not support the hypothesis that the number o f joint DFs increase 
over this period (joint motions might become more independent with further 
practice). The results also are consistent with proposals that the CNS may 
independently control impedance and movement.
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227.13
TEMPORAL FEATURES OF DIRECTIONAL TUNING IN 
SPINOCEREBELLAR NEURONS. G.Bosco and R. Poppele* 
Dept. of Physiology, Univ. o f Minnesota, Minneapolis, MN 
55455.

The activity of DSCT neurons is broadly tuned with respect 
to hindlimb postures generated by passive placements of the 
hind foot. Small passive perturbations of the hind foot evoked 
responses having excitatory components that are maximal for a 
particular direction of movement. Different components of the 
same response were often tuned to different directions. A  
nonlinear cosine regression analysis showed that 92% of 204 
units recorded were directionally tuned (R2 > 0.75).

The distribution of tuning directions was nonuniform across 
cells and it depended on the post-stimulus time interval. In the 
first 40 ms, there were no cells tuned for downward move
ments. From 40 to 65 ms the cells were mostly tuned for 
downward movements, while later response components were 
tuned mostly for backward and forward movements. Overall 
the tuning directions were mostly for changes in limb length 
(up, down movements) and changes in limb orientation (back, 
forth movements).

The results suggest that population coding specifies changes 
in limb length and orientation at separate post-stimulus times.

Supported by NIH grant NS21143 and Human Frontiers Science Program.
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228.1
THE DISTINCTION BETWEEN HAND PREHENSION AND MOVEMENT 
TRAJECTORIES IN LIMB APRAXIA
A. Siriqu1, L.Cohen2. J.R .Duhamel3*. B.Pillon1, ËJQuhüiS1, YAflid1 ■ 
11NSERM U289, 2Service de Neurologie, Hôpital de la Salpètrière, 47, 
Boulevard de l'Hòpital, 75651 Paris Cedex 13, FRANCE. 3 Laboratoire 
de Physiologie de la Perception et de l'Action, CNRS UMR-C9950.

Psychophysical and neurological studies show that distinct mechanisms 
contribute to the proximal and distal components of coordinated 
reaching-and-grasping actions, as a result of the different visual cues 
required for the control of each limb segment: spatial location of the 
object for arm trajectory, object size and orientation for finger grip 
(Jeannerod, Behav. Brain Res. 19, 99-116,1986). Gestures made when 
utilizing objects also involve different contributions of proximal and distal 
limb segment, although the movement trajectory is often a complex 
pattern dictated primarily by a functional goal, and hand prehension is 
closely tied to intrinsic mechanical properties of the object. Thus, in 
addition to perceptual information, object utilization implies a reference to 
knowledge of object identity and associated action patterns. Here we 
report the case of a brain-damaged patient with apraxia, whose difficulties 
in using objects mainly involved a severe impairment in manual 
prehension, while movement trajectories remained consistent with the 
actions' goal. A parallel dissociation was observed between her inability to 
visually recognize hand postures, contrasting with her intact recognition 
of the functional attributes of objects and of the actions made with them. 
These results suggest the existence of representations of complex 
manual configurations, that is, a store of canonical hand postures 
specifically suited to the functional geometry of objects. We propose that 
such representations are normally accessed at an intermediate stage 
between visual processing and motor planning of a gesture.

228.3
MUSCULAR PRODUCTION OF INDIVIDUATED FINGER MOVEMENTS. 
Marc H. Schieber*. Departments of Neurology and of Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63119.

If each finger were flexed and extended by its own muscles, then production 
of individuated finger movements might resemble operation of a robotic hand in 
which each finger is controlled independently by a separate motor. But the 
main flexors and extensors of primate fingers are complex muscles that provide 
tendons to multiple digits. Production of individuated finger movements by 
these muscles may require complex patterns of activity providing a net flexion 
or extension torque on one finger while balancing the net torque on others, 
thereby moving one finger while holding others still.

To study how finger muscles individuate finger movements, EMG activity 
was recorded from muscles of the forearm and hand as rhesus monkeys 
performed visually-cued individuated finger movements. Most multitendoned 
muscles were activated during instructed movements of more than one finger, 
the degree o f activation varying according to the instructed digit. This suggests 
that individuated movements of different instructed digits were produced by 
varying the balance of tension on different fingers. Furthermore, many muscles 
were activated during instructed movements that did not require motion of the 
digits they serve, suggesting their activity stabilized non-instructed digits. The 
group of muscles activated during any given individuated movement thus 
includes: i) agonists, which contract to produce the instructed movement but 
may put tension on non-instructed digits as well; ii) antagonists, which may be 
coactivated with the agonists to improve control, and which may likewise put 
tension on non-instructed digits; and iii) stabilizers, which cannot directly affect 
the instructed digit, and so presumably stabilize non-instructed digits.

Support: R01-NS27686.

228.2
An Empirical Study of Joint-Level Motor Equivalence at the End-Point of 
Planar Aimed Arm Movements. Rebecca A. States* & Charles E. Wright. 
Psychology Dept., Columbia U.; 406 Schermerhom Hall; New York, NY 10027.

We study how the human nervous system solves problems of indeterminacy 
associated with joint-level motor equivalence in aimed arm movements. Previous 
authors have suggested unique mappings between segment orientations and 
workspace position, or minimization of cost functions to resolve joint-level in
determinacy. We investigate these hypostheses by studying joint postures at the 
end-point of aimed arm movements performed in a horizontal plane.

Two to six college students were tested in various conditions. Movements 
were constrained to four degrees of freedom: flexion/extension of right wrist and 
elbow, horizontal flexion/extension of right shoulder, slight rotation of torso.

Results describe 1) the relationship between posture and target position, 2) 
factors influencing final postures for repeated movements to a single target. 
Results partially confirm the observation that over 90% of the variance in final 
shoulder and elbow postures depends on end-effector (EE) position. Also, hand 
orientation, but not wrist angle are substantially determined by EE position. 
Despite this, considerable variation in final postures remains for movements to a 
single target. About 70 to 90% of this variance can be accounted for regardless 
of joint w  target. Final shoulder or wrist angles are modelled by starting position 
of the EE and trial-to-trial deviation in starting posture (DSP). Several parameter- 
izations of starting position produce significant but complex non-linear effects. 
DSP makes a significant linear contribution. Hence, joint posture depends not 
only on final EE position, but also on starting position and configuration.

Although the effects of starting position and DSP are small compared to the 
influence of EE position, they speak more directly to the motor equivalence issue. 
Our work shows that the variability associated with movements to a single target 
reveals complex rules governing the resolution of indeterminacy associated with 
joint-level motor equivalence. Previous models have generally ignored these ef
fects and should be amended accordingly.

228.4
A KINEMATIC ST U D Y  OF APRAXIA. R. J. C aselli*. D . Timmann.
U. Castiello. G. E. Stelmach. Section o f  Neurology, Mayo Clinic 
Scottsdale, Scottsdale, AZ 85259 and Motor Control Lab., Arizona State 
University, Tem pe, AZ 85287.

Erythrocyte antigen confirmed m onozygotic 63-year-old, right-handed 
twin men were clinically discordant for progressive apraxia due to 
asymmetric cortical degeneration syndrome (corticobasal degeneration). 
The kinematic features o f  apraxia in the less affected right arm o f  the 
patient were compared to his unaffected twin (the patient’s primarily 
affected left arm was too impaired to permit adequate data collection). 
Infrared emitting diodes (IRED) were affixed to the index finger, thumb, 
and wrist o f  each subject. Ten reaching and grasping movements were 
performed for each o f  four conditions that varied movement distance 
(28cm and 42cm ) and object size (diameter o f  1.5cm  and 7.5cm ) testing 
both precision grip and whole hand prehension. The three dimensional 
coordinates o f  each IRED were recorded bidim ensionally at 100 Hz with 
an OPTOTRAK camera system  equipped with three cameras. Onset o f  
grip aperture and time to maximum grip aperture were significantly 
delayed in the apraxic patient (paired t-test, pC O .O l). Peak wrist velocity  
and acceleration were significantly decreased (pC O .O l). For the large 
object, a significant correlation (r <  0 .001) between movement onset o f  the 
wrist and grip aperture was observed in the unaffected brother (which was 
normal). This, however, could not be demonstrated in the patient. The 
time interval between these variables was significantly prolonged 
(p < 0 .0 5 )  for the large object in the patient. This patient with apraxia 
demonstrated overall slow ing o f  movement, and temporal
desynchronization o f  finger/wrist grasping synergies depending on the 
object size.
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228.5
SPATIAI/TEMPORAL TUNING OF PHASIC EMG FOR REACHING.
J.J. Pellegrini* and M. Flanders. Dept. of Physiology, Univ. Minnesota, 
Minneapolis, MN 55455

Electromyographic (EMG) data provide a great deal o f information about 
the neuromuscular patterns o f activity which generate human arm movement. 
Phasic muscle activity was extracted from postural muscle activity by sub
tracting time- 
scaled EMG traces 
for very slow move
ments from the more 
complex EMG 
traces for faster 
movements. We 
examined phasic 
EMG from 9 elbow 
and/or shoulder 
muscles for 20 
movement directions 
in sagittal or frontal 
planes. Each muscle 
exhibited a distinct 
pattern. For anterior 
deltoid, the inset 
shows the magnitude 
(shading) of phasic 
EMG over time 
(radius=500 ms, 
center=0 ms, move--  
ment onset=200 ms, movement time=500 ms) and the ends of the hand paths. 
This muscle exhibited an agonist burst for upward and forward reaches. For 
downward reaches, this EMG burst occured progressively later, such that for 
reaches down and back, the timing was that o f an antagonist burst.

2 2 8 .6

INTRINSIC AND EXTRINSIC REPRESENTATIONS OF HAND 
ORIENTATION. Һ Ғ, SQfichting* and M, Fl.andgrş, Physiology 
Dept., Univ. Minnesota, Minneapolis, MN 55455.

Information about location and orientation are used to reach and 
grasp a cylindrical object. Is the neural representation of hand 
orientation in a frame of reference based on the arm (an intrinsic 
representation) or in a frame of reference based on an earth-vertical 
axis (an extrinsic representation)? (Or is it based on a frame 
intermediate to those two?)

To find out, we previously assessed the abilities of human subjects 
to match only the orientation of a target rod, presented in various 
locations. Error-free performance would have suggested the effective 
use of an extrinsic frame of reference. Actual performance, however, 
was consistently compromised by the spatial location of the target and 
the location of the arm, suggesting a partial use of a more intrinsic 
representation, i.e., the frame of reference was intermediate to the 
extrinsic and intrinsic ones.

To further test this hypothesis, we have now asked subjects to 
orient cylindrical objects with their hands in orientations specified 
either in intrinsic or in extrinsic coordinates. For example, we have 
asked subjects to orient the cylinders vertically (in extrinsic 
coordinates) or perpendicularly to the forearm (in intrinsic 
coordinates). If an intermediate coordinate frame is used, predictable 
errors should be produced in either task.

228.7 2 2 8 .8

MOVEMENT PERTURBATIONS DUE TO TICS DO NOT AFFECT ACCURACY 
ON POINTING TO REMEMBERED LOCATIONS IN 3-D SPACE IN A SUBJECT 
WITH TOURETTE’S SYNDROME. O .W . Sacks*, O. Fopkson. M. Berkinhlit B. 
Smetanm. R.M. Şiegpl. H, Poizner. Ctr. tor Mol. and Beh. Neuroscience, Rutgers U., 
Newark, NJ 07102’ Tourette Syndrome Clinic, NYU Med. Ctr., NY, NY 10016.
We studied three-dimensional pointing errors for movements in an adult subject 

(SF) who has had very severe Tourette s Syndrome since the age o f eight. Striking 
excess and acceleration of motor activity have always been features of his syndrome, 
as well as tics: there is compulsive running, compulsive lunging, and reaching- and a 
strong disposition to physical activities and sports, in which nis motor speed and 
exuberance can be channeled. SF has a brown belt in karate- and shows extraordinary 
speed and agility in this, and excellent coordination; he is an excellent horseman. 
This subject and 5 control subjects were instructed to point to remembered 3-D target 
locations presented by a robot arm. Movements were made without visual feedback at 
a comfortable speed and at very fast speeds. Movements of multiple joints of the 
subject’s arm were recorded in three dimensions with an Optotrak system. SF 
exhibited involuntary tics in thirteen of sixty trials. These tics occulted at the 
beginning or during the movement to the target, and involved all or part of the body 
with a variety of amplitudes. Errors in azimuth and elevation obtained for 
undisturbed pointing movements were not significantly different from errors obtained 
for controls. When tics occurred, the end position of the index finger was beneath the 
target 5υ more than to undisturbed movements. This deviation in elevation may be 
explained by changes that tics induced in head position (Abstract: "Head rotation 
shifts patterns of 3-D pointing errors", Smetanin et al., 1993). However, azimuth 
errors were unaltered by tics, suggesting corrections without visual feedback for limb 
movements perturbed by tics. This indeed is what the subject has found even in very 
demanding athletic activities. Analysis of finger trajectories showed that a tic led to 
changes in trajectory direction, which would be followed by a return to the initial 
direction at the end of the tic. This on-line compensation for perturbation can be 
explained if the motor outflow initiating the tic also sent signals to the motor regions 
controlling the pointing movement using a similar mechanism to that proposed in the 
oculomotor system for eye movement compensation (Sparks & Mays. 1983). When 
subjects were instructed to make as rapid movements as possible while maintaining 
accuracy, SF increased his movement speeds by 5-6 fold reaching tangential 
velocities of up to 7 m/sec without substantially altering his pointing accuracy. 
Control subjects only increased their speeds 2-2.5 times unless instructed to point as 
rapidly as possible without regard to accuracy. Surprisingly, accuracy was not 
necessanly affected at this maximum speed. The increased motor speed of SF was 
echoed m a visual reaction time task. His RTs were k-mean clustered into two groups 
of 285+55 msec and 483+83 msec; the faster RTs were lower than that of controls.

KINEMATIC DEFICITS IN APRAXIA RESULT FROM LACK OF ACCESS 
TO MOVEMENT REPRESENTATIONS IN LEFT PARIETAL CORTEX. ML 
СІаг-kÜL-A. Merians. H. Poizner. B, Macaulev. L. Rothi. K, M. Heilman. Center 
for Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102; 
VA Medical Center and University of Florida, Gainesville.

Apraxia is a disorder of the execution of learned, skilled movements in subjects 
with intact afferent and efferent systems, and, as such, its study can illuminate 
cerebral organization for movement. It has been proposed that apraxia results from 
the destruction of visuo-kinesthetic motor representations stored in the left parietal 
cortex. We report a unique case of apraxia that lends new support to this 
hypothesis. We studied the trajectories of repetitive "slicing" gestures made by four 
apraxic subjects with lesions the included the left parietal lobe, one subject with a 
left occipital and inferior temporal lesion that spared the parietal area, and eight 
normal controls. Subjects were asked to produce the gesture to verbal command and 
to imitate a visual model of the movement. Movements of the left hand, wrist, 
elbow and shoulder were digitized from neighboring views, reconstructed in three 
dimensions, and analyzed graphically and numerically. The four subjects with left 
parietal damage were unable to maintain the normal linearity and planarity of 
individual or successive movement cycles, and showed interjoint coordination 
deficits. Their deficits were most pronounced to verbal command, with the 
movement improving though remaining poorly performed when they imitated. The 
subject with the left occipital and inferior temporal lesion that spared parietal cortex, 
however, showed an opposite pattern. This subject exhibited close to normal 
performance when producing the movement to verbal command, but significant 
deficits when imitating . A model of apraxia based upon lack of access to visuo- 
kinesthetic motor representations can account for this pattem of deficits. Since die 
lesion in this case spared parietal cortex, the movement representations were spared 
and thus there was no apraxia to verbal command. However, this lesion may have 
destroyed areas important for processing visual input or disconnected left parietal 
cortex from these visual areas, producing the unusual pattem of apraxia only for 
imitation.

2 2 8 .9

HEAD ROTATION SHIFTS THREE-DIMENSIONAL POINTING ERRORS. Ж  
SmglanilL Q. Fookson. M. Berkinblit. S. Adamovich. G. Feldman. H. Poizner*. 
Center for Molecular and Behavioral Neuroscience, Rutgers University, Newark, 
NJ 07102. Institute for Problems of Information Transmission, Russian Acad, of 
Sci. Moscow.

Subjects pointed to remembered target locations with their eyes closed when the 
head was free to move or was fixed; when the head was rotated to the extreme 
right or left, and when the head was tilted backward. The target was presented by a 
robot arm to one of five locations in two planes in space. One target location was 
60-70 cm anterior to and centered on the subject's shoulder. The other locations 
were in a vertical plane 15 cm closer to the body at the vertices of a diamond that 
was 50 cm in width and also centered on the subject's shoulder. The initial 
position o f the forearm, hand, and index finger was vertical. Movements o f 
multiple joints of the subject’s arm were recorded in three dimensions with an 
Optotrak system and were analyzed graphically and numerically. Azimuth errors. 
When subjects were free to move their heads, they showed left shifts to all targets 
except the leftmost one, for which there was a shift of the arm to the right of the 
target This pattern of errors was retained when the head was tilted backward or 
was fixed. Extreme head rotations to the right increased left or decreased right 
shifts, and conversely, head rotations to the left increased right shifts and 
decreased left shifts of target-directed movements. Elevation errors. When 
subjects were free to move their heads, they pointed beneath all targets. Elevation 
errors did not depend on head rotations in the horizontal plane. However, when 
the head was tilted backward downward shifts increased, but azimuth errors were 
unaffected. Radial distance errors. Head movements did not significantly 
influence radial errors. In conclusion, extreme head rotations did not change the 
pattem of pointing errors across target locations but disturbed the accuracy of 
pointing movements by shifting them in a direction opposite to that of the head 
rotation. It is suggested that the influence o f extreme head rotations on pointing 
may be explained by changes in the internal representation of extrinsic space.

2 2 8 .1 0

POINTING ERRORS IN 3-D SPACE TO ACTUAL AND MEMORIZED 
TARGETS PRESENTED IN THE DARK: VISUAL AND PROPRIOCEPTIVE 
ROLES. Ω. Fookson*. M.Berkinblit. B. Smetanin. S. Adamovich . H. Poizner, 
Center for Molecular and Behavior Neuroscience, Rutgers University, Newark, NJ 
07102.

Pointing errors to memorized targets were compared with errors to actual targets 
for stimuli presented in the dark. Subjects had no visual feedback when pointing 
to memorized targets; when pointing to actual targets, subjects saw the target but 
not their arms. Subjects were seated with the initial position of the forearm, hand, 
and index finger vertical. They were instructed to point to the target and return to 
the initial arm position in one smooth movement. The target was a small light- 
emitting diode presented in one o f five locations in two planes in space via a 
programmable robot arm. Movements of the target and of multiple joints of the 
subject's arm were recorded in three dimensions with an Optotrak system and 
analyzed graphically and numerically. When subjects pointed to memorized 
targets radial distance errors were typically overshoots, and were larger the closer 
the target was to the shoulder. Azimuth errors were left shifts to all targets, except 
for the leftmost target, to which both right and left shifts occurred. Elevation 
errors were always below the targets, and were larger in magnitude than azimuth 
errors. When subjects pointed to actual as compared to memorized targets, they 
produced faster pointing movements and all errors decreased significantly. 
However, subjects showed the same pattem of errors in both conditions. Elevation 
errors remained larger than azimuth errors when pointing to actual targets, but both 
elevation and azimuth directional errors decreased much more than did radial 
distance errors. Thus, vision of the target reduced pointing errors, but the effect of 
vision was quantitatively different for errors in direction as opposed to errors in 
radial distance. Moreover, subjects showed a mean error o f only 0.5 degrees in 
azimuth when pointing to actual targets without vision of their arms, indicating 
that proprioceptive information from the arm itself is sufficient for accurate finger 
localization.
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228.11
PREHENSION: IS AVAILABLE VERSUS CONTACTED SURFACE AREA 
MORE INFLUENTIAL? P.L. Weir*. S. Desiardins-Denault. and N. Gvurcsik. 
Dept. o f  Kinesiology, University o f  Windsor, Canada, N9B 3P4.

Weir & MacKenzie (1992) have shown that the available contacting surface 
area influences both the kinematics and kinetics o f  prehension. Do these 
findings hold over a range o f surface areas, or is there a point where an 
increase in surface area no longer influences the movement? The purpose o f 
this experiment was to examine the effects o f  available surface area (1 .5 , 2 .0 ,
2 .5  and 3 .0  cm2) and target size (0.95 and 4 .4  cm in diameter) on reaching and 
grasping. Subjects were required to reach over a 20 cm distance to contact and 
grasp the dowel, and then transport the dowel an additional 20 cm to the target 
location. Both kinematic and kinetic measures were used, and the movement 
was divided into four phases: free motion, dowel acquisition, transport and 
release.

Kinematic analyses o f  the arm transport over the free motion phase prior to 
contact revealed longer movement times for the small contact plates. In 
addition, the percentage o f movement time after peak velocity was greater for 
the 1.5 cm2 contact plate. Thus, when the available surface area is small, 
subjects take longer to home in on the contact plate. The actual area contacted 
on the plates was significantly lower for the 1.5 cm2 plate than the other three, 
providing support for this finding. Over the transport phase to the target, peak 
wrist velocity was lower and reached earlier in the phase for the small contact 
plates as compared to the large, supporting previous work. The kinetic measure 
o f peak load force was greater for the larger plates indicating a greater upward 
acceleration o f the dowel during the transport phase. Target size did not 
influence the transport phase. These data suggest that available surface area is 
influential only if  the contacted surface area differs.
(Supported by NSERC)

228.13
THE PRIMATE SUPERIOR COLLICULUS IS INVOLVED IN 
VISUALLY-GUIDED ARM MOVEMENTS.
W. Werner*. S. Dannenberg. D. Kutz and K.-P. Hoffmann. Dept. 
Zoology & Neurobiology, Ruhr-Univ., D-44780 Bochum, Germany.

While 2 monkeys (M. mulatta) performed eye or arm movements to 
visual targets, activity of single neurons in the superior colliculus (SC), 
EMG of 25 forelimb and trunk muscles and the position of the eyes were 
recorded.
40% of neurons tested (223/560) showed activity related to arm 
movement. While some neurons were active for the entire duration of 
accompanying EMG activity, others modulated during a restricted part of 
movement only, i.e. movement towards the target, contact period or 
return movement. The eye position remained absolutely constant during 
the arm movement. Most of the cells began to modulate their activity 
before movement onset, some even earlier than the earliest increase of 
EMG activity of any of the recorded muscles. 28% of reach neurons 
tested (62/223) exhibited a visual response and/or presaccadic activity. 
30 cells of those neurons, which could be tested for at least 4 (generally 
8) positions, showed graded changes in activity depending on the 
direction of movement. Different neurons showed different preferred 
directions. The activity of all reach neurons tested was modulated during 
arm movements towards all of the target positions. It is likely that the 
primate SC is not only involved in the control of orienting movements of 
the eyes but also of reaching movements of the arms. Supported by the 
DFG (Ey 8/17-2) and ESPRIT 6615 (MUCOM).

228.15
BEHAVIOUR OF HUMAN MUSCLE AFFERENTS FROM THE DIGITS DURING 
RESTRAINT OF AN OBJECT HELD IN THE PRECISION GRIP.
V.G. Macefield* and R.S. Johansson. Department of Physiology, 
University of Umeå, S-901 87, Sweden.

Tactile afferents in the glabrous skin of the digits can encode the rate 
at which pulling or pushing forces are applied during restraint of a 
gripped manipulandum (Johansson et al., E u r  J  N eurosci, suppi. 4: 
2072, 1991). In the present study, we assessed the capacities of 
muscle afferents from the extrinsic and intrinsic flexors of the digits to 
signal imposed load forces. Single-unit recordings were made from 36 
muscle spindle and tendon-organ afferents via tungsten microelectrodes 
in the median or ulnar nerves of 12 awake subjects. Ramp-and-hold 
load forces (0.5-4.0 N, 2-32 N/s) were applied to a servo-controlled 
manipulandum in both the pulling and pushing direction. Afferents from 
the long flexors of the fingers (n=19), irrespective of their muscle- 
spindle or tendon-organ origin, never responded to the loading ramps 
b e fo re  the onset of the automatic grip response to the loads, increasing 
their discharge only when grip force had started to increase. Their peak 
discharge closely followed the peak rate of increase in grip force. 
During the hold phase their sustained discharge was lower with pushing 
loads, due to the lower contribution of the parent muscles to grip force 
in this direction. Most afferents from the intrinsic muscles of the hand 
(n«17) did not respond at all, even with the fastest ramp rates. We 
conclude that mechanoreceptors in the flexors of the digits cannot be 
awarded a significant role in encoding tangential load forces imposed on 
the digits, but may provide information to the CNS on the output forces. 
Tactile afferents of the skin in contact with the object appear to be the 
only species of receptor in the hand capable of initiating and specifying 
the features of the automatic grip response to unexpected load forces.

228.12
VISUAL PERCEPTION OF ANTERIOR DIRECTION A .J. Butler*. W.G. Darting, T.E. Williams. 
Department of Exercise Science, University of Iowa, Iowa City, IA 52242.

Transformations of external target coordinates specified in visual space into kinaesthetic and 
motor coordinate frames are necessary for accurate reaching and grasping objects in 
extrapersonal space. However, the actual axes of these coordinate systems have not been 
experimentally determined. It has been implicitly assumed in past research that visual axes 
would be fixed in the head while kineasthetic axes would be fixed in the trunk. Thus, the 
coordinate transformation fot- reaching would involve transformations between head and trunk 
fixed coordinate systems. The purpose of this experiment was to determine the preferred 
anterior direction for a visual coordinate system. Twelve normal healthy college-aged individuals 
served as subject for this research. We examined subjects’ ability to specify anterior directions 
by positioning a pointer under visual guidance such that its long axis was parallel to the anterior 
direction of trunk or head (i.e. perpendicular to frontal planes of trunk or head) under conditions 
in which subjects: viewed eccentric visual targets by motion of their eyes only, head only or trunk 
only( with the head rotation angle manipulated by the experimenter prior to voluntary trunk 
motion). Orientation of the long axis of the pointer and of the anterior axes of the head and 
trunk were recorded optoelectronically using a WATSMART system (Northern Digital, Waterloo, 
Canada). Infrared emitting diodes were attached directly to the pointer to define its longitudinal 
axes and to two aluminum bars, one attached to a weight belt worn about the thoracic region 
of the trunk and another secured firmly to the forehead with adhesive tape. Constant and 
variable errors were used to evaluate the accuracy of placing the pointer parallel to the desired 
axis. Perceptual errors were lowest when subjects moved only their head to view the targets 
and positioned the pointer parallel to the trunk anterior. The errors were highest when the trunk 
was moved to view the targets. These results suggest that the visual anterior direction is trunk- 
fixed rather than head-fixed. Thus, transformation between visual and kineasthetic coordinate 
systems to program reaching movements may not require rotation involving the anterior axes 
at least at the perceptual level, because these axes may be fixed on the trunk for both systems.

228.14
AN ALGORITHM TO CORRECT ERRORS IN 2D KINEMATIC DATA DUE TO 
MOVEMENT OUT-OF-PLANE. M.D. Orosz. N.S. Bradley* and S.H. 
Chambers. Depts. of Computer Science, UCLA, Los Angeles, CA 90024, 
Biokinesiology & PT, Univ. Southern California, Los Angeles, CA 
90033 and School of P&OT, McGill, Montreal, QC, Canada H3G 1Y5.

Occasionally 3D kinematic methods are unfeasible. For example, to 
video record chick embryos in ovo, we were limited to 1 camera and 
2D (X-Y) kinematic measures that were distorted due to movement 
out-of-plane (Z direction). Here we describe CONVERT, an algorithm 
that uses a rule-based approach to calculate 3D joint angles from 2D 
kinematic data to correct errors due to movement out-of-plane.

To correct joint angle errors for embryonic movements, CONVERT 
requires a free-floating rod (FR), stationary reference (SR) and 
limited translation of the trunk point (P1) in the camera reference 
(X-Y) plane. Changes in FR length are used to eliminate data distorted 
by the body bobbing in the Z direction. Changes in the length of SR to 
P1 are assumed due to the trunk rotating out-of-plane. The Z 
coordinate is calculated for the end point of each segment in the 
multi-linked body segment model in a proximal-distal sequence based 
on changes in segment length and a rule base specifying if the next 
adjacent end point is located up or down in the Z direction.

The accuracy of CONVERT was tested by video recording and 
digitizing a stick body model similar in dimensions to 9-day-old 
chick embryos. The model was rotated out of plane along a diagonal 
axis through P1 and a short distance from P1 to replicate embryonic 
rotations. Simulations indicate CONVERT calculates 3D movements 
from 2D data with minimal error (<7° vs <79° error for segment 
length changes <73%). This work was supported by FCAR and NSERC.

228.16
SOM ATOSENSORY FEEDBACK M ECHANISM S IN FINE FORCE 
CONTROL. H. H enningsen*. S. Knecht. В. Ende-H enningsen, Ī. Abbs. 
Speech and M otor C ontrol Laboratories, Dept. of N eu ro logy  and 
Neurophysiology, Univ. of Wisconsin, Madison W I53705 

Fine motor control of the hand and fingers depends on m ultiple sensory 
feedback m echanism s, including proprioceptive input from m uscle 
sp indles and G olgi tendon organs as w ell as sensory feedback from  
cutaneous mechanoreceptors and visual control. The interdependence of 
these mechanism s and their compensatory interactions are complex and 
not fully understood. We therefore developed a paradigm  to study fine 
force control of the index finger with different combinations of feedback 
m echanism s. Subjects were asked to perform a minimal isometric flexion 
force increase w ith their right index finger, starting at a low  starting force. 
The angles of the index finger joints were kept constant throughout the 
experiment. Proprioceprive feedback from the muscle spindles was either 
left unaltered, or w as influenced by vibrating the belly of the M. flexor 
indicis superficialis at 150 Hz. Cutaneous feedback was either allowed by 
h avin g the fingerpad o f the index finger in contact w ith  the force 
transducer (13 mm diameter), or denied by attaching the force transducer 
to the finger nail. Visual feedback was either given, highly amplified on an 
oscilloscope, or denied. Am ong the num erous combinations of effects, our 
results indicate two tendencies m ost clearly: (1) Visual feedback appears to 
compensate for effects on the m otoneurones by vibration and (2) when fine 
force control dep en d s on proprioceptive feedback alone, i.e. in the 
nonvisual finger nail condition, vibration causes a significant reduction in 
m uscle control accuracy, indicating the importance of m uscle spindles in 
fine force control.
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228.17

SCALING OF ARM MOVEMENTS TO M OVING TARGETS. N. F. Port*.
P. Dassonville. D. N. Lee. & A, P. Georeopoulos. Brain Sciences Center, VAMC, 
Prog. Neurosci., & Dept. Physiology, Univ. o f Minn., Minneapolis, MN

Whereas previous studies of reaching investigated the spatial aspects of 
movement, this study focused instead on the temporal aspects. Five human 
subjects were asked to use a 2D articulated manipulandum to intercept moving 
targets on a computer screen. In random order, six targets decelerated from initial 
velocities ranging from 0.1 to 1.0 mm/ms, and two traveled at constant velocities. 
Targets appeared randomly in either the right or left lower corner of the screen, 
then traveled along a 45° path until they crossed the vertical meridian. Subjects 
were required to intercept the moving target as it crossed the vertical meridian. 
They made an upward movement (12 cm) from an initial hold position. An 
interception was considered successful when the movement entered, within ±  100 
ms of the target, a 4 cm radius positional window centered on the point at at 
which the target crossed the vertical meridian.

For all subjects, most o f the errors were for the slowest and fastest targets, 
indicating that the targets were at the subjects' limits in performance. For the 
slowest targets, subjects often arrived too early, whereas for the fastest targets they 
arrived too late. For the faster targets, subjects' movements had consistent bell 
shaped velocity profiles. However, for the slower targets, there were two distinct 
strategies, with some subjects producing scaled bell shaped profiles and others 
tracking the target. For all subjects and 
target velocities, the peak velocity of the 
movement scaled exponentially with 
movement time (see figure). These results 
indicate that subjects can utilize visual 
information concerning target motion to scale 
the temporal components of their movements.
(Supported by 1-PSMH48185-01).

228.18
THE ROLE OF SA CCADIC INTRUSIONS IN CEREBELLAR  
DYSM ETRIA DURING A M AN UA L TRACKING TASK. P. van 
Donkelaar. and R.G. Lee *. Dept. o f  Clinical N eurosciences, University o f  
Calgary, Calgary, Alberta, Canada T2N  4N 1.

Subjects with cerebellar dysfunction and age-matched controls were 
required to track a m oving target with their extended index finger (1) with 
full vision o f  the hand and unrestricted eye m ovements; (2) without vision  
o f  the hand; or (3) while visually fixating a stationary LED. The cerebellar 
subjects had a significantly higher amount o f  variability in their hand 
m ovem ents under the normal conditions. This appeared to be related to the 
high frequency o f saccadic intrusions in their smooth pursuit eye  
movements: at each target velocity the variability o f  the tracking movement 
increased with saccadic frequency. Hand gain (hand velocity/target velocity) 
was found to be increased before and decreased after the occurence o f  each 
saccade. The increase in hand gain during the pre-saccadic period is 
analogous to the perceptual and manual overestim ation o f  target velocity  
observed in normal subjects required to visually fixate.

Further support for the influence o f  saccadic intrusions on hand 
movem ent variability was found in the remaining conditions. When vision  
o f  the hand was restricted both saccadic frequency and hand movement 
variability were reduced. A  similar result was observed in the visual 
fixation condition where saccadic frequency was, by definition, abolished. 
Taken together, these results suggest that a significant amount o f  the 
variability that is characteristic o f  cerebellar limb movem ents can be 
accounted for by the inaccuracies o f  the simultaneously-produced eye 
m ovements. More generally, they imply that the neural signals associated 
with eye m ovem ents contribute to the control o f  hand m ovem ents.

C O N T R O L  O F  P O S T U R E  A N D  M O V E M E N T  V I

2 2 9 .1

HEAD STABILITY AS A FUNCTION OF AGE, J.Goldberg*. Clayton Lab., 
ОТО Dept., Baylor College o f Medicine, Houston, TX 77030

Amplitudes and frequencies of spontaneous head and body oscillations were 
studied in 89 normal subjects S.6 - 83.1 years old. Lightweight sensors worn on a 
headband recorded angular head velocity in space about roll, pitch, and yaw axes 
during quiet standing and sitting. Mean frequency (Fmean) and root mean square 
(RMS) amplitude of head oscillations were computed from power spectral density 
distributions averaged over 4 contiguous 10-second intervals. Fmean and RMS 
measured in the pitch axis during standing with eyes closed are shown below.

The common presumption that lower lengths and weights of body links in 
children translate into higher oscillation frequencies is not borne out by these data. 
Since children oscillate at lower frequencies and larger amplitudes than adults, 
metrics of postural oscillations cannot be determined by size and weight alone. 

Supported by the Clayton Foundation for Research

229.3
NON-INVASIVE, REAL-TIME ELECTRONIC MEASUREMENT OF 
PINNA A N D  HEAD MOVEMENTS IN THE AWAKE CAT. 
M. A. Berkley. R. S. Paulv. & 1. T. Blumsack.* Program in Neuroscience, 
Florida State University, Tallahassee, FL 32306

W e have devised  a m ethod o f recording horizontal pinna and 
head m ovem ents separately in the cat that is easy to use, allow s natural 
motion, tolerates translation, yields electronic signals linearly related to 
horizontal rotation angle, has 12 minare accuracy, and a DC-170Hz 
bandpass. The system  is a m odification o f the phase difference eye- 
m ovem ent recording system  described by Collewijn (J. Physiol., 1977, 
266, 471-498) which em ploys search coils in a 600H z rotating magnetic 
field. To m ake recordings, a lightly restrained cat is trained to stand 
quietly w ithin the m agnetic field, and search coils consisting of several 
turns o f fine, Teflon-insulated SS wire attached to the shaved posterior 
surfaces o f each pinna and the head using double-sided adhesive  
electrode disks. Coil leads are led to detection electronics where zero- 
crossings o f each search coil signal are com pared w ith  zero-crossings 
derived from  a reference coil fixed within the field to produce a voltage  
whose am plitude encodes the phase difference (and hence angle) between  
the search and reference coil signals. Preliminary m easures o f pinna and 
head m ovem ents elicited by unexpected, novel sounds delivered on the 
horizontal plane y ielded horizontal head velocities in the range o f 200-400 
d eg /se c  w ith  pinna alone velocities in the range o f 100-200 d e g /se c . In 
addition, the recording system  has a llow ed the docum entation of 
vestibulo-pinna and audio-pinna reflexes as w ell as a variety of 
disjunctive p inna m ovem ents.

229.2
ELECTRICAL MICROSTIMULATION IN THE FOREBRAIN ELICITS 
SACCADIC HEAD TURNS IN THE BARN OWL. T. Masino* and E.I. 
Knudsen. Dept. Neurobiology, Stanford University. Stanford CA 94305-5401.

Saccadic head movements in response to electrical stimulation were elicited 
from forebrain sites in five alert barn owls. Stimulation (biphasic pulse trains, 
150psec cathodal/anodal pulses, 300Hz, 80msec trains, 50-400μΑ) was 
delivered with microelectrodes positioned with a head-mounted micro-drive. 
Sites which produced saccadic head movements (>200°/sec) were localized 
mainly in two forebrain regions: the rostral paleostriatum and the 
archistriatum (homologs of mammalian striatum and motor cortex, 
respectively). Saccades were almost exclusively contraversive, with 
directions that depended in part on starting head position and with 
trajectories that were described well as a rotation in two dimensions. 
Latencies ranged from 38-57 msecs. Movement producing regions were 
localized using small electrolytic lesions. Despite large continuous areas from 
which movements could be elicited in both forebrain regions, no systematic 
mapping of movement direction was observed in either region.
The dependency of forebrain elicited movements on the optic tectum, which 

also produces saccadic head turns, was tested following 1) unilateral ablation 
of the optic tectum, or 2) reversible unilateral tectal inactivation using the 
GABA-ergic agonist, Muscimol (2-5μg). Both methods of tectal inactivation 
completely abolished sacades resulting from paleostriatal stimulation. Tectal 
inactivation did not abolish the archistriatal elicited movements or 
fundamentally alter their direction, speed, or duration. It did, however, 
decrease the amplitude of the movements (45-80%, on average) and 
increase their latency (4msec, on average). These results indicate that 
archistriatal initiated head turns can be elicited independently of tectal 
circuitry, implying the existence of a second pathway to saccade generating 
circuitry in the brainstem tegmentum.

(This work was supported by NIH R01 N5278687-01).

229.4
HEAD AND NECK DYNAMICS OF ELDERLY ADULTS DURING 
SEATED VERTICAL ROTATIONS. R.L. Cromwell* and E.A. Keshner. 
Dept. of Physiology, Northwestern Univ. Medical School and Dept. of 
Physical Therapy, Univ. of IL at Chicago. Supported by grants NS22490 
and DC01125.

Previous studies of vertical rotations in young adults (YA) have shown 
that head stability was maintained at frequencies below 1 Hz through 
voluntary mechanisms. Reflex mechanisms predominated at frequencies 
between 1.5-2.5 Hz. Above 3 Hz, attempts at head stability became less 
successful as the ability to use reflexes decreased and contibutions of 
system mechanics became more pronounced (Keshner et al., Soc. 
Neurosci. Abstr., 1992). In this study, we examined the influence of 
aging on the frequency characteristics of head and neck stabilizing 
mechanisms. Elderly adults (EA) underwent vertical seated rotations 
about an interaural axis, in the daile, with a random sum of sines stimulus 
having five frequencies (0.35 - 3.05 Hz). Subjects were asked to 
perform three tasks: 1) voluntary stabilization (VS) with and 2) without 
visual feedback, and 3) mental arithmetic to minimize voluntary 
intervention. Trunk and head velocities and bilateral surface EMG’s of 
semispinalis and sternocleidomastoid muscles were recorded. Measures 
of neck velocity (i.e., head re trunk) gain and phase generally revealed 
age related characteristics. Muscle EMG responses demonstrated 
reciprocal activation and the characteristic U-shape pattern of activation 
observed in YA. In their 60’s, EA were able to stabilize their heads at low 
frequencies (<1 Hz) during VS. In the other conditions and at higher 
frequencies, gains rose above 1 but phases were maintained around 180°, 
indicating continued attempts to compensate. Those in their 70's 
exhibited an inability to fully compensate for truncal rotations (neck 
velocity gains > 1, 90° phase lags) even at low frequencies. An 82 year 
old subject demonstrated a complete absence of head stability, however, 
an exceptional 88 year old was able to compensate as well as YA.
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2 2 9 . 5

LINEARITY IN THE STABILIZING RESPONSES OF THE HEAD- 
NECK SYSTEM. E,A. Keslmer* and R.L. Cromwell· Dept. of Physical 
Therapy, Univ. of IL at Chicago, and Dept. of Physiology, Northwestern 
Univ. Medical School. Supported  by grants D C 01125  arid N S22490.

Seated rotations about the interaural axis when only the head was free to 
move (Keshner et al., Soc. Neurosci. Abstr., 1991, 1992) have revealed a 
linear response range of operating frequencies for mechanisms that 
control stability of the head. Shifting the axis of rotation to a more 
distant location causes an increase in the moment of inertia of the head 
and neck, and may cause the nonlinearities of this second-order system to 
emerge. In this study, head velocity and neck EMG responses were 
recorded in 4 standing  subjects receiving pitch rotations in the dark about 
an axis approximately at body's center of mass. A random sum-of-sines 
(SSN) stimulus with 6 component frequencies ranging from 0.35 to 2.65 
Hz was presented, as well as two partial SSN, each containing 3 of the 6 
frequencies. Velocities were constant and amplitude varied. Subjects also 
received single sine and SSN rotations of varying frequencies and 
velocities, but constant amplitudes. Subjects were instructed to voluntarily 
stabilize (VS) the head with vision or to perform mental arithmetic (MA) 
to minimize voluntary intervention. In all cases, responses were linearly 
related to frequency. The head, however, was poorly stabilized except at 
frequencies < 0.6 Hz in both VS and MA. Neck (head re trunk) velocity 
gains > 1 and phases exhibiting a 90°-180° shift with frequency indicated 
a resonant response of the head. EMG response gains exhibited a U- 
shaped pattern to the SSN stimulus (gains dropped off around 1 Hz then 
rose steeply) and were constant across all single sine frequencies, 
suggesting participation of neural mechanisms at high frequencies. 90°- 
180° phase shifts were observed as frequency increased. Results suggest 
that neural mechanisms for stabilization of the head to rotations about a 
distal axis were ineffective. During normal activities, these mechanisms 
might be primarily reactive to forces occurring at the cervical spine.

2 2 9 . 7

CORRELATION ANALYSIS BETWEEN ANTERIOR CINGULATE NEURAL 
ACTIVITY AND VOCALIZATION IN MONKEYS. R. West* and C. R. Larson. 
Dept. Of Communication Sciences and Disorders, Northwestern University, Evanston, 
IL 60208.

Anterior cingulate (AC) neural activity was recorded while monkeys (Macaca 
Nemistrinal vocalized to obtain a fruit juice reward. 30 neurons judged to modulate 
most strongly with vocalization were chosen for further analysis. For each neuron, 
measures were made of neural activity associated with individual vocalizations, and the 
vocalizations were then spectrographically analyzed. Correlations were performed 
between all voice and unit measures.

Strong correlations were observed between mean voice amplitude and fundamental 
frequency (PO) for all vocalizations, and between F0 and other vocal measures in most 
vocalizations. Correlations were also observed between burst latency and duration in 
17/30 neurons. This result suggests that AC unit firing briefly pauses at or during 
vocalization. No correlations were found between measures of neural firing and 
vocalization.

These results may be related to differences between vocalization and goal directed 
limb movements. Several different systems must interact to produce vocalizations, and 
the resulting variables describing the calls are not independent In contrast, parameters 
of limb motor activity can be evaluated independently. Additionally, often vocalization 
measures are not normally distributed, and so require non-parametric statistical methods 
which rule out multiple correlation analysis. The fact that cingulate neurons are at least 
2 synapses removed from lower motomeurons also suggests correlation analysis may 
be unsuited to examining cingulate motor activity. Finally, and perhaps most 
importantly, the "target" of vocal behavior is production of a meaningful gesture that 
communicates an emotional state, rather than an arbitrary gesture. Neurons sensitve to 
an emotional state may be poorly locked to parameters of an arbitrary movement, but 
strongly locked to parameters of a movement which is communicative of that state.

Supported by NIH/NIDCD DC00208 and NIH/NIMH MH10346-01

2 2 9 . 9

A COMPUTER GRAPHICS-BASED MUSCULOSKELETAL MODEL OF THE 
CAT HEAD AND NEÇK. K.D. Statler. B.W. Peterson*. S.L. Delp. Northwestern 
University, Chicago, IL 60611

We developed a biomechanical model to estimate the moment-generating capacity 
of the major neck muscles. The surfaces of the skull, C1-C7, and T1 were digitized 
and displayed on a computer-graphics workstation. The origin-to-insertion path of 
each of 28 neck muscles was represented as a series of line segments. The maximum 
force (based on measurements of physiologic cross-sectional area) and moment that 
each muscle can develop was computed for a variety of neck positions. Revolute 
joints allowed pitch at Skull-Cl and pitch at C7-T1. Bony constraints limited pitch 
at Skull-Cl to 80° and pitch at C7-T1 to 20°. Evenly distributing pitch in the lower 
vertebrae between revolute joints at C5-C6, C6-C7, and C7-T1 enabled 100° of 
motion.

We computed the moment generated by each muscle for a vertically oriented 
cervical column, and for 5° of flexion or extension. The largest extension moments 
about Skull-Cl were generated by biventer cervicis (.19 Nm), splenius (.15 Nm), and 
complexus (.10 Nm). The largest flexion moments were generated by longus capitis 
(.12 Nm), stemomastoid (.03 Nm), and cleidomastoid (.03 Nm). For 5° movements 
in either direction, stemomastoid moments varied 2 0 %, biventer cervicis, 
cleidomastoid, complexus, occipitoscapularis, rectus major, rectus medius, and 
splenius varied 3-8%, and longissimus capitis, longus capitis, oblique inferior, 
oblique superior, and rectus minor varied less than 1%.

The moment generated for each muscle about the lower pitch axes was also 
computed. Splenius (.37 Nm), biventer cervicis (.16 Nm), and occipitoscapularis 
(.09 Nm) produce extension moments. Stemomastoid (.15 Nm) and cleidomastoid 
(.13 Nm) produce flexion moments. These moments varied 2-13% for 5 degree 
movements. Supported by NS 22490.

2 2 9 . 6

COMPARISON OF NECK MUSCLE EMG-PATTERNS DURING THREE 
STEREOTYPIC HEAD MOTIONS. J.L. Smith* and P. Carlson-Kuhta. 
Neuromotor Control Laboratory, Dept. Physiological Science, UCLA, Los Angeles, 
CA 90024-1568.

Cats exhibit several stereotypic head motions, including scratching, headshaking, 
and grooming. To examine the muscle activation patterns during these motions, we 
implanted patch electrodes in four dorsal-neck muscles, bilaterally (i, ipsilateral; c, 
contralateral): biventer cervicis (BC), splenius (SP), complexus (CM), and obliquus 
capitis inferior (OC).

During scratch responses, the head tended to move in response to paw contact and 
to orient the head for each cycle. Scratch responses averaged 13 cycles/response and a 
mean cycle period of 160 ± 23 ms (293 cycles, 4 cats). The iBC was active for most 
of the scratch cycle and was largely coactive with the iSP and iOC. In contrast the 
cOC was reciprocally active with the ipsilateral muscles.

The headshake response consisted of rapid head rotations, with an average of 6 ± 2 
cycles/response. During a headshake response, the cycle period progressively 
decreased during each consecutive cycle and averaged 106 ± 14 ms (81 cycles, 4 cats). 
For the CM, OC, and SP, the ipsi- and contralateral muscles were reciprocally 
activated. The iOC, iSP, and cCM were coactive. The BC tended to be biphasic 
activity with the ipsi- and contralateral muscles being fairly coactive. In general, the 
amplitude of EMG activity recorded during head-shake responses was higher than 
during scratching and grooming.

Muscle activation patterns were most variable during grooming, depending largely 
on the area being groomed. The cycle period was slower than headshaking and 
scratching with an average of 618 ± 58 ms (33 cycles). During some grooming 
sequences the cOC, iOC, iBC, and iSP were activated synchronously, while during 
other sequences, activations were sequential.

Little is known about the neural circuitry controlling these three stereotypic 
movements and it is possible that the movements are produced via a pattern 
generating circuitry, as has been proposed for limb movements in the cat. Funded by 
NIH NS19864.

2 2 9 . 8

NECK POSTURE AFFECTS THE PATTERN OF NECK MUSCLE ACTIVITY 
OBSERVED DURING VOLUNTARY H EAD MOVEM ENTS IN CATS. 
Thomson D.B.*. Loph G.E.. and Richmond F.T.R. MRC Group in Sensory-Motor 
Physiology, Q ueen’s University, Kingston, Ontario K7L 3N6, Canada.

Earlier studies of voluntary head m ovem ents in cats have primarily focused 
on the roles played by superficial neck m uscles such as splen ius, biventer 
cervicis and com plexus during m ovem ents m ade w ith  the neck oriented 
vertically. H owever, cats can make similar head m ovem ents w hen their necks 
are held horizontally (i.e., w hile walking or hunting). W e have examined the 
effect o f posture on the pattem  of neck m uscle activation in four chronically- 
instrumented cats trained to make horizontal turning and compensatory head 
m ovem ents under a barrier w h ose height above the supporting surface could 
be varied. When the barrier was lowered, the cats were forced to adopt a more 
horizontal neck posture, and the patterns of EMG activity observed during 
head m ovements in this posture were compared to those observed during head 
m ovem ents in a vertical neck posture.
The superficial neck m uscles (splenius, biventer cerivcis, com plexus, obliquus 
capitis inferior) show ed no major differences in their patterns o f activation as a 
consequence of the altered posture, although differences in EMG amplitude 
w ere identified. In contrast, som e of the more laterally- and caudally-situated 
m uscles changed their pattem  of activation as a consequence o f the altered 
posture. W hen the neck w as held horizontally , longissim us capitis and 
semispinalis cervicis were strongly active on the ipsilateral side, but when the 
neck w as held vertically, these m uscles w ere inactive. The m ost complex 
changes were observed in the pattern of activity of obliquus capitis superior 
and scalenus anterior. In the vertical posture, one or both o f these muscles 
discharged on  the contralateral side, but in the horizontal posture, both 
m uscles were always active on the ipsilateral side. (Supported by MRC)

2 2 9 . 1 0

WHAT IS THE ROLE OF ACCOMMODATION IN THE PERCEPTION 
OF TARGET DISTANCE AND PECKING BEHAVIOR IN CHICKS?
D. Stull. D. Troilo, and H.C. Howland* Section of Neurobiology and 
Behavior, Cornell University, Ithaca, NY 14853

The degree of ocular accommodation and its corresponding plane of 
focus has been shown to be used by chameleons, frogs, and bam owls in 
the perception of target depth and the guidance of snapping or pecking 
behavior. In this study we report that accommodation is also involved in 
the control of pecking behavior in domestic chicks.

Using a video technique we quantified pecking behavior in 6 chicks (3 
weeks of age) under normal and accommodation-blocked conditions. The 
pre-peck target distance, the length of the peck, and any post-peck target 
error were measured. Accommodation was blocked by paralyzing the 
chick's striated ciliary muscles with vercuronium bromide topically 
applied to both eyes. After accommodation was blocked none of the 
chicks pecked normally; they consistently missed the target by a mean 
undershoot of 8.6 mm (±3.7 s.d.). This undershooting behavior was 
determined to be due to a pre-peck target distance that was significantly 
longer than normal; the peck length was not significantly different than 
under normal conditions (17.7 ±2.2 vs. 17.2 ±2.0 mm respectively).

These results, and those from a report in bam owls, support the 
hypothesis that birds use accommodation mainly to specify the range from 
which a fixed-length peck could be initiated, not as in chameleons or 
frogs where it appears to regulate snapping length. We propose to test this 
hypothesis further by measuring pecking in chicks wearing positive or 
negative spectacle lenses.
Supported by Howard Hughes Medical Institute (DS), NIMH-19389 
(DT), and EY-02994 (HCH).
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SOMATOSENSORYINPUT EXAMINED IN THE SUPERIOR COLLICULUS OF 
THE UNRESTRAINED, UNANESTHETIZED CAT. SOMATOTOPY OR NO 
SOMATOTOPY? V.C. Abrahams* Y. Xu and D.P. Munoz. MRC Group in 
Sensory-Motor Physiology, Queen’s University, Kingston, Ontario, K7L 3N6.

For many years the somatosensory projection to the superior colliculus (SC) o f 
the cat has been described in terms o f somatotopy. Recorded in the non- 
anaesthetized immobilized animal, the animal anaesthetized with one o f a range of 
anaesthetics, and in the decerebrate cat, the somatosensory input has defied 
description in terms o f a simple somatotopy. Receptive fields are generally large, 
frequently discontinuous, and adjacent neurons with widely separated receptive 
fields may be found in a single microelectrode penetration. We have recorded 
neuronal activity from up to 20 chronically implanted microwires inserted into the 
SC of the unrestrained, non-anaesthetized cat. Somatotopic input has been tested 
by manual manipulations and by controlled air jets. The majority o f  SC neurons 
examined have large receptive fields including fore and hind limbs, face, and trunk. 
These neurons discharge consistently to stimuli such as air puffs and discharge is 
not consistently related to orientation movements o f  the head. On occasion, air 
puffs to a limb producing SC neuronal discharge may be associated with small 
reflexic flexions confined to that limb. Unexpected air puffs to the face producing 
SC response may, however, lead to a vigorous aversion movement o f the animal. 
Responses may be "state dependent". Responses from one limb may then only be 
elicited when the animal is concentrating on another part o f  the body surface, e.g ., 
grooming another limb. We have found no evidence o f a simple somatotopic 
representation within the SC nor do we find that activity in neurons o f the SC 
provoked by somatosensory input is consistently related in any way to the motor 
activity o f head orientation or any other specific motor act.

2 2 9 .1 3

SENSORIMOTOR TRANSFORMATIONS IN A NEURAL MODEL OF 
MOTOR EQUIVALENT SPEAKING. F. H. Guenther* Cognitive and 
Neural Systems Department, Boston University, Boston, MA 02215.

This work details a neural network model that addresses acquisition and 
motor equivalent production of phonemes. An action-perception cycle pro
vides information for learning two mappings using local synaptic learning 
laws. The model thus requires no external teacher. First, phonemic repre
sentations are mapped to orosensory targets specifying appropriate vocal 
tract shapes. These targets take the form of convex hulls in vocal tract 
configuration space. Coarticulation results from articulator movements 
targeted to the intersections of convex hulls corresponding to adjacent 
phonemes. The second mapping occurs between orosensory cells and cells 
controlling articulator movements. To achieve the flexible control made 
possible by redundancy, desired movement d ir e c t io n s  in vocal tract con
figuration space are mapped into articulator v e lo c i t ie s . Because each cell 
coding a desired orosensory movement direction learns to simultaneously 
activate several appropriate articulators during babbling, the model pro
vides a natural account of the formation of coordinative structures. Model 
simulations verify motor equivalent behavior: the model automatically 
compensates for unexpected constraints such as a blocked jaw despite no 
previous learning under these constraints. A similar direction-to-velocity 
mapping between 3-D space and joint rotations has been used to explain 
motor equivalent reaches in a related model. After learning, a subset 
of neurons in this model strongly resemble primate motor cortical cells. 
Together, these models thus suggest a role for motor cortex in the senso
rimotor transformations underlying reaching and speaking.
Supported in  part by AFOSR F 4 9 6 2 0 -9 2 -J -0 4 9 9 .

2 2 9 . 1 5

UP MUSCLE ACTIVATION AND MOTOR UNIT FIRING RATES DURING 
SIMPLE SPEECH UTTERANCES. M.D. McClean*, J.L. Clay, Audiology and 
Speech Center, Walter Reed Army Medical Center, Washington, D.C. 20307 

Description o f the timing and magnitude o f muscle activation via EMG 
recording is a basic step to understanding control processes affecting motoneuron 
discharge for speech. In the present study the activation o f different lower lip 
muscles was described in relation to lower lip displacements during simple speech 
utterances. Repeated experimental sessions on two subjects involved EMG and 
kinematic recording during syllable repetition at varying rates (1-4/sec). High- 
impedance hooked-wire EMG electrodes were used to record from depressor labii 
inferior (D U ), mentalis (MENT), and orbicularis oris inferior (OOI). Lower lip 
displacement was recorded in two dimensions o f the midsaggital plane. Results 
obtained on both subjects indicate a strong tendency for MENT and DLI to be 
reciprocally activated, with MENT active during lower lip elevation and DLI 
active during lower lip depression. In contrast, OOI has shown a more complex 
and less predictable temporal activation pattern which varies markedly with the 
particular syllable and rate. For example, in rapid syllable production o f /f/ or 
Ip/, some OOI motor units coactivate with D U , suggesting that they function to 
set the mechanical properties o f the lower lip and/or assist in stopping its 
downward motion. In other contexts some OOI motor units function primarily 
as agonists for anterior and superior lip movements. In cases where single motor 
unit action potentials could be reliably identified, interspike interval histograms 
were constructed in order to describe how firing rate varies with temporal-spatial 
aspects o f lip movement. Motor unit firing rates generally have shown a 
monotonie increase with rate o f  syllable production and systematic modulation 
with changes in speech sound characteristics.

2 2 9 .1 2
ACTIVITY OF NUCLEUS AMBIGUUS NEURONS DURING 
VOCALIZATION, SWALLOWING AND RESPIRATION. C.R. 
Larson*. Y. Yaiima. G. Chiao and P. Ko. Depts. o f Communication 
Sciences & Disorders, and Gastroenterology, Northwestern University, 
Evanston, IL 60208, and Dept. of Physiology, Hyogo College of 
Medicine, Nishinomiya, Hyogo, 663 Japan.

Neurons in and near the nucleus ambiguus were recorded from 
monkeys trained to vocalize for a food reward. Antidromically 
identified laryngeal motoneurons (MNs) were related to vocalization 
(V) and swallowing (S; N=16), S only (N=1) and respiration (R) only 
(N=1). Non-M Ns were related to V only (N =147), S only N =23), R 
only (N=9), V & S, (N=32) V & R (N=40), S & R (N=3), or V & S & 
R (N=17). Most V-related cells increased their rate (N=216) while 
some decreased their rate (N=34) with vocalization. R cells were either 
inspiratory- (N=39), phase spanning-(N=19) or expiratory-related 
(N=6). Of 75 S cells, 58 increased their rate and 17 tonically active cells 
decreased their rate with S. S cells were further divided into groups that 
fired prior to (N=22), during (N=16) or after (N=17) vocal fold 
closure. Cells active with both V & S discharged with a shorter burst 
duration and a higher rate for S than with V. Cells active with both V & 
R had a shorter burst duration and a higher rate with V than during quiet
R. Most R cells were either inactive during S (N=41), or if active, were 
suppressed (N=16) during the period o f vocal fold closure. A few 
(N=7) R cells became active during vocal fold closure; results o f 
parametric correlation analysis suggest these may be related to laryngeal 
or pharyngeal muscle activity. In summary, cells related to two or more 
activities, alter their discharge properties depending on the behavior.

Supported by NIH, NIDCD DC00208.

2 2 9 .1 4

TASK-DEPENDENT ACTIVITY OF THE ANTERIOR 
TEMPORALIS MUSCLE IN THE RAT. K.E. Bvrd*. 
Department of Anatomy, Indiana University School 
of Medicine, Indianapolis, IN 46202-5120.

In order to test the null hypothesis that the 
anterior temporalis (AT) muscle in the rat does 
not display different EMG patterns during 
mastication (MC) and brux/thegosis cycles (BTC), 
optoelectronic mandibular tracking (OMT) and 
fine-wire EMG data were collected/digitized at 1 
kHz from five male Sprague-Dawley rats at 39 
days old. Results indicated that MC had both 
opening burst (OB) and closing burst (CB) AT 
activity patterns, while BTC showed only OB 
activity. In addition, loci of OB activity in 
relation to physiologic centric occlusion during 
MC and BTC were significantly (PcO.Ol) different 
from each other. Mandibular frontal-horizontal 
acceleration during BTC OB (x+sd mm/ms2 : 0.00068 
± 0.00054, n=102) was almost three times that 
shown during MC OB (0.00023 ±  0.00015, n=101)
activity. The rejected null hypothesis suggests 
that AT activity patterns in laboratory rats 
during MC and BTC are strongly task-dependent 
and may reflect different neurophysiologic 
mechanisms for effecting these oral behaviors. 
Funded by NIH grant R29 DE07380, Bethesda, MD.
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2 3 0 .1
COMPARISONS OF VASCULARIZED AND NON-VASCULARIZED 
PERIPHERAL NERVE TRUNK AUTOGRAFTED IN THE SPINAL CORD
AM Wang*1 ' 2 , SP Chow*. RMW Chau3 , LM Br uce4 and WHA Yu3 , 
Ч /’e p t  o f  O r t h o p  Sur g ,  DaPi ng  Ho s p , Chong' Qing,  Ch i n a .  
2Dept  o f  Or t hop  Sur g ,  3Dept o f  Anatomy,  4Dept  o f  Phys i o ,  
Univ o f  Hong hong,  Hong Kong.

On t h e  b a s i s  o f  e s t a b l i s h i n g  t h e  new a d u l t  r a t  
model o f  v a s c u l a r i z e d  n e r v e  t r u n k  a u t o g r a f t e d  in s p i n a l  
co r d ,  we compared i t  w i t h  n o n - v a s c u l a r i z e d  ne r ve  t r u n k  
a u t o g r a f t e d  i n t o  s p i n a l  c o r d .  The g r a f t  in v a s c u l a r i z e d  
n e r ve  group ( VNG) was i n n e r v a t e d  by many new f i b r e s  and 
ba d some b e h a v i o r a l  improvement .  In f r e e  ne r ve  group 
(FNG),  h o we v e r ,  t h e r e  wer e  o n l y  a few new a x o n s
r e g e n e r a t i o n  e n t e r i n g  t h e  g r a f t .  The o r i g i n  and 
t e r m i n a t i o n  o f  a x o n s  in t h e  g r a f t  wer e  s t u d i e d  by-
r e t r o g r a d e  n e u r o n a l  1a b e11i n g wi t h  h o r s e r a d i s h  
p e r o x i d a s e  (HRP).  The r e s u l t s  showed t h a t  axons  in VNG 
o r i g i n a t e d  from i n t r i n s i c  CNS n e u r ons  wi t h  t h e i r  c e l l
b od i e s  l o c a t e d  from b r a i n  s tem t o  s a c r a l  s egment s  o f  t h e  
s p i n a l  c o r d  and t h a t  o t h e r s  a r o s e  f r om d o r s a l  r o o t  
g a n g l i a  a t  t h e  l e v e l s  o f  t h e  g r a f t  and  at. t h e  19
s e g m e n t s  d i s t a l  t o  t h e m .  E l e c t r o n  m i c r o s c o p i c , 
e l e c t r o p h y s i o l o g i c a l , and s i l v e r  and H&E s t a i n  s t u d i e s ,  
d e m o n s t r a t e d  t h a t  p e r i p h e r a l  n e r v e  t r u n k  a u t o g r a f t e d  
i n t o  s p i n a l  co r d  in VNG r e g e n e r a t e d  much more t ha n  t h a t  
in FNG. The f i n d i n g s  s u g g e s t e d  t h a t  neu r ona l  axon in 
CNS i s  a b l e  t o  r e g e n e r a t e  b e t t e r  w i t h  v a s c u l a r i z e d  ne r ve  
a u t o g r a f t e d  in t h e  s p i n a l  co r d .

2 3 0 .3

COMPARISON OF PASSIVE JOINT IMPEDANCE IN SPASTIC HEMIPARET- 
IC STROKE AND SPINAL CORD INJURED SUBJECTS WITH NORMAL CON
TROL SUBJECTS. J.D. Given. J.P.A. Dewald. and W.Z, Rymer*. Sensory Motor 
Performance Program, Rehab. Institute of Chicago, and Dept. of Physical Medicine 
and Rehabilitation, Northwestern University Medical School, Chicago, IL.

The primary goal of this study was to compare passive joint impedance in spastic 
limbs of hemiparetic stroke and spinal cord injured (SCI) subjects with normal con
trol subjects. Slow ramp extensions of the elbow, stretching the triceps brachii mus
cle, were performed on spastic upper limbs of stroke (n=7) and spinal cord injured 
subjects (n=3), and compared with a normal control group (n=10). The subject’s arm 
was positioned in 120° of elbow extension or 60° of elbow flexion depending on 
whether the stiffness in flexors or extensors was estimated (180 ° is designated as 
full extension). The arm was moved through an arc of one radian (57.3 degrees) at a 
constant angular velocity which was varied according to the level of spasticity in the 
arm. In addition, EMG signals of biceps, brachioradialis, and triceps muscles were 
collected. The passive elastic and viscous stiffnesses were estimated using the 
torque responses recorded in the absence of any significant triceps brachii, brachio
radialis or biceps brachii EMG activity.

Preliminary results indicated no significant difference in passive elastic stiffness 
over the mid range (i.e.60 to 120 degrees) of elbow extension between the normal 
and test groupswith the exception of one SCI subject. However, the tested range of 
motion did not exceed or approach the end of range of all but one of the tested sub
jects. This SCI subject exhibited elbow contractures within the tested range which 
resulted in significant increases in passive elastic stiffness compared to the control 
group.

Based on these experimental data it can be postulated that the difference in clini
cally observed torque responses between the spastic and unaffected limbs of neuro- 
logically impaired subjects during slow stretching are due to unwanted tonic muscle 
activity and initiation of the stretch reflex and not changes in the underlying passive 
properties of muscle. The absence of significant increases in passive elastic stiffness 
in most spastic subjects can be attributed to therapeutic interventions such as range 
of motion exercises.
This work is supported by the American Paralysis Association Grant RBI-9203-1

2 3 0 .5
ANTICIPATORY LOCOMOTOR ADJUSTMENTS OF SPASTIC PARETIC 
SUBJECTS DURING OBSTRUCTED OVERGROUND WALKING.
M. Ladouceur and H. Barbeau*. School of Physical and Occupational Therapy, 
McGill University. Montréal, Qc, Canada. H3G 1Y5.

Anticipatory locomotor adjustments (ALA) to obstacles of different heights 
are studied in one normal and in 5 spastic paretic subjects (SPs). The SPs have 
overground walking speeds from 0,14 m· s'1 to 0,44 m- s'1. The experimental 
conditions are no obstacle, a 5 mm obstacle and a 30 mm obstacle placed at the 
point of mid-swing. The positions of the reflective markers placed on the left side 
of the body on the acromion, greater trochanter, estimated knee center, lateral 
malleolus, heel and head of the fifth metatarsal are reconstructed in 3 dimensions 
and angular displacements are calculated from the projection of those markers on 
the sagittal plane. Temporal-distance parameters are calculated from the 
footswitch signals. Electromyographic activity of the tibialis anterior, medial 
gastrocnemius, soleus, vastus lateralis, medial hamstring and gluteus maximus is 
recorded. All subjects except for the one with the slowest walking speed (SPI) 
were able to do all conditions. The maximal vertical displacement of the foot is 
variable; it depends on the ALA used by the subjects but seems to be related to 
obstacle height. The maximal vertical displacement at the hip is similar across 
conditions except for SPI. The angular excursion results of the normal subject 
confirms previous reports from McFadyen and Winter (Neurosci Res Comm 
1991;9:37-44) of an increased angular excursion at the three joints. The same 
result concerning the hip and knee, but not for the ankle, is found in 4 SPs but not 
SPI who only increases his hip flexion. The increase in flexion is related to the 
obstacle height. The ALA in SPs ranges from a quasi-normal adaptation to a 
completely different adaptation involving only the raising o f the hip. Preliminary 
analysis of the strategies involved suggests that the ALA used by SPs is related to 
walking speed. Supported by MRC Canada, FCAR and FRSQ.

2 3 0 .2

THE EFFEC T  OF PRE-STIMULUS INFORMATION ON POSTURAL 
RESPONSES IN PATIENTS WTTH ALZHEIMER’S  DISEASE (AD) OR 
PARKINSON’S  DISEASE (PD). D J, Becklev*. K.R. Thompson. M.P. 
Remler, B.R. Bloem, R.D. Ratal and W.J. Jaaust. Dept. of 
Neurology, U.C. Davis, CA, USA and University Hospital, Leiden, 
The Netherlands.

In this study we asked if advance information, relevant to the 
parameters of an impending force plate movement, might influence 
long-latency postural EMG responses in patients with neuro- 
degenerative disorders. To answer this question, we studied 4 AD 
patients (4 female, mean age 73.0, +. 7.4), 5 PD patients (3 male, 
mean age 55.0, ±  4.8), and 5 controls (3 male, mean age 66.8 +.
11.9) by recording normalized EMG activity with surface electrodes 
from the tibialis anterior (ТА) and medial gastrocnemius (MG) 
muscles in both legs during varying conditions of rotational 
forceplate amplitude (5°, 15°), direction (up, down), and visual pre
stimulus information (none, simple, and complex). Six sets of 20 
randomized trials were collected for each subject and analyzed by 
repeated measures MANOVA. We found no significant effect for 
advance visual information on the amplitudes or latencies of the 
postural EMG responses in any of the groups. There was 
significant shortening of the latency for the ТА EMG response (p <
0.0001 ) for each subject during all large 15° toe-up rotations. This 
result is consistent with our earlier findings in young normal 
subjects and further suggest that these EMG responses are more 
reflexive than volitional in nature.

2 3 0 .4

SPATIOTEMPORAL PATTERNS OF MUSCLE ACTIVATION ASSOCIAT
ED WITH THE INITIATION OF PLANAR TWO-JOINT ARM MOVE
MENTS m  HEMIPARETIC STROKE. R.F. Beer*. J.P.A. Dewald and W.Z. 
Rvmer. Depts. of Biomedical Engineering and Physiology, Northwestern Univer
sity, Chicago, IL 60611

The pattern of muscle activation used to initiate a movement is necessarily gener
ated in an “open-loop” fashion. Studies of upper limb movements in normal subjects 
have demonstrated that the choice of agonists and their magnitude of activation vary 
systematically with the direction of movement, as does the relative timing between 
agonist onset at the shoulder and elbow. The extent to which disorders of this open- 
loop component contribute to disturbances in the control of upper limb movements 
following stroke remains unclear and formed the focus of this study.

Each subject was seated in a dental chair in front of a table with his/her torso and 
shoulder girdle immobilized by a set of straps and the wrist and finger joints immobi
lized using a fiberglass cast. Support of the upper limb in a horizontal plane was 
provided by a balsa wood platform designed to float on a cushion of air. Movement 
kinematics and the EMGs from 12 muscles were recorded while the subject moved 
as rapidly as possible from a central starting point to each of 16 targets located equi- 
distantly around the circumference of a circle. EMG onset times and the magnitude 
of the initial 100ms of each agonist’s activation were determined for each movement. 
Both upper limbs of five hemiparetic stroke subjects have been tested to date.

The most obvious disturbances in the initial pattern of muscle activation were re
lated to the control of the proximal musculature. Four of the five subjects (all mod
erately spastic) exhibited a reversal of the normal proximodistal sequence of muscle 
activation for reaching movements due to a delayed and reduced activation of anteri
or deltoid. Normal sequencing was preserved for retractive movements and for all 
movements made with the “unimpaired” limb. In contrast, the remaining subject, 
whose primary clinical deficit was weakness, exhibited no impairment in shoulder- 
elbow timing. A more detailed study of EMG spatial tuning and an analysis of 
movement kinematics is in progress.

This work was supported by NS 19331 to WZR.

2 3 0 .6
COORDINATION OF LIMB MOVEMENTS IN GAIT. B.M. Mvklebust.» T.B. 
M vkleb ust. T. Prieto. N . R eyn old s. Laboratory o f Sensory-M otor  
Perform ance, VA  M edical Center & M edical C ollege o f W isconsin , 
M ilwaukee, WI 53295

Objective m easures of hum an gait traditionally are reported in  kinematic 
parameters (gait cycle duration, velocity, equivalent cadence, step or stride 
length). Joint angle profiles are used to qualitatively compare m ovem ents of 
the hip, knee, ankle, and trunk in space during level walking. Representative 
sagittal-plane m ovem ents for healthy adults, you n g  children, and healthy  
elderly have been reported and are used as templates to compare m ovem ents 
in patients w ith orthopedic or neurologic disease.

N on e  o f these techniques identifies features of lim b coordination (or 
incoordination in neurologic disease). Sagittal plane angle-angle plots (e.g., 
hip vs. knee, knee vs. ankle) and phase plane plots (for a single joint) have 
been used to qualitatively describe deviations in limb m ovem ents in  patients 
with spasticity. Clark & Phillips (in Posture & Gait Control Mechanisms, Voi 2, 
p. 350, 1992) have m apped lim b segm ents onto a lim it cycle attractor to 
characterize the develop m ent o f coordinated m ovem ent in gait in  early  
childhood.

W e w ill present angle-angle-angle plots (e.g., hip-knee-ankle) and phase 
plane plots for gait of patients w ith  H untington's d isease and Parkinson's 
d isease. W e w ill com pare th ese data w ith  age-m atched controls to . 
qualitatively characterize the types of gait deviations in these patients, and to 
highlight the differences in loss o f m otor control o f the trunk and lower limb 
segm ents in these patients w ith  very different abnormalities of pathways of 
the basal ganglia.

This work has been supported by VA Rehabilitation R&D
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230.7
POSTURAL ASYMMETRIES IN PARKINSON’S AND HUNTINGTON'S 
DISEASE L-M. Milkowski. T.E. Prieto. J.B. Mvklebust. B.M. Mvklebust. N.C. 
Reynolds*. Laboratory of Sensory-Motor Performance, VA Medical Center, 
Milwaukee, W I53295.

Parkinson's disease (PD) is a dopaminergic nigrostriatal insufficiency causing 
striatopallidal cholinergic overactivity. Huntington’s disease (HD) is a GABA-ergic 
caudonigral insufficiency resulting in nigrostriatal dopaminergic overactivity. The 
changes in core pathology in PD and HD represent opposite extremes in basal 
ganglia control which lead to opposing clinical symptoms. HD patients are 
hyperkinetic whereas PD patients are hypokinetic. This study examines 
asymmetries in postural sway and weight distribution o f HD and PD subjects.

A dual plate force balance platform was used to evaluate postural sway in 5 
patients with PD, 5 with HD and age-matched controls. Each subject was asked to 
stand on the balance platform for 30 seconds as steadily as possible with eyes open. 
After resting in a chair for 2 minutes, the subjects were tested with eyes closed. 
Postural sway was characterized with the displacement of the center of pressure 
(COP) for the left and right plates. The combined COP was also computed using a 
weighted average of the left and right COP.

The COP time series were used to compute measures of postural steadiness 
including mean distance, mean velocity, sway area, 95% confidence ellipse area, 
frequency spectrum, asymmetry, weight shifting, and two-dimensional magnitude 
squared coherence (2-D MSC). 2-D MSC estimates the extent of the linear 
relationship between the left and right COPs.

Comparison of the combined COP measures for mean distance, mean velocity, 
sway area, and 95% confidence ellipse area all showed larger values for the PD and 
HD subjects than the age-matched controls. The weight shifting was generally 
higher in PD and HD subjects than the age-matched controls. When each patient is 
compared to his age-matched control, the asymmetry measures showed no trends 
between the HD, PD, and normals.

The Laboratory of Sensory-Motor Performance is supported with research funds 
from the VA Rehabilitation R&D.

2 3 0 .9

KINEMATIC VA RIA TO N BETWEEN POINTING AND GRASPING IN 
YOUNG AND ELDERLY SUBJECTS. S. Desļardins-Denault1. T, Winchester2, 
EA. Rov*2. and P.L. Weir1. ‘Department of Kinesiology, University of Windsor, 
Windsor, N9B 3P4. ^Department of Kinesiology, University o f Waterloo, 
Waterloo, Ont. N2L 3G1.

Pointing and the reaching to grasp movement share the common goal of 
moving the arm to a target/object position. However, grasping has the additional 
requirement of posturing the hand to grasp the object. To date, the work on 
pointing and grasping suggests that it is the precision required by smaller targets 
that influences the kinematics of movement in both young (Gentilucd et al., 1991; 
Mackenzie et al., 1987) and elderly (Goggin & Stelmach, 1990) subjects. As 
target size decreases, the profiles become markedly skewed reflecting a 
lengthened deceleration phase. Marteniuk et al., (1987) directly compared 
pointing and grasping and reported this lengthened deceleration phase for the 
grasping task.

To examine the relationship between pointing and grasping in young and 
elderly subjects, six subjects of each age group were asked to point to or grasp 
objects of two different sizes (2.5 and 7.5 cm diameter) placed at two different 
amplitudes (15 and 30 cm). Elderly subjects were significantly slower on all 
temporal measures (ms), and exhibited lower peak kinematic values. In addition 
they spent an increased percentage o f movement time following maximum 
deceleration. Pointing and grasping tasks were differentiated on several 
measures. Peak kinematic values were lower, and the percentage of movement 
time spent in deceleration was greater for grasping than pointing. Supporting and 
extending previous work, decreasing object size results in lower maximum velocity 
and a lengthened deceleration phase for both pointing and grasping. Results 
support performance slowing with aging, and proposes that pointing and grasping 
differ on several dimensions, (supported by NSERC)

2 3 0 .1 1

AGE AND GENDER FACTORS IN ADOLESCENT MOTOR 
PERFORMANCE. P.L. Davies* and J.D. Rose. 
Psychology Dept., Univ. of Wyoming, Laramie,
WY 82071.

To identify gender differences and devel
opmental trends in motor performance and coor
dination across three stages of development; 
pre-puberty, puberty and post-puberty, 60 
subjects, 30 males and 30 females, were as
sessed on 12 motor tasks; balance beam, peg 
displacement, head movement, cup placement, 
arm movement, obstacle course, standing on one 
leg, jumping in place, running speed, broad 
jump, riding a scooter board, and throwing a 
ball. Physical characteristics that accompany 
puberty were used to classify the subjects 
into the stages. Analyses of variance, ANCOVA, 
and discriminant analyses demonstrated that 
motor performance improves throughout adoles
cence in both males and females and that gen
der differences exist in motor performance, 
males performing better than females. Broad 
jump, running speed and throwing a ball prin
cipally distinguished between the males and 
females. Female performance differed less 
from male performance after puberty. Results 
showed no evidence of impaired coordination or 
awkwardness at puberty for either sex.

2 3 0 . 8

VISUAL CORRELATES OF MOBILITY PERFORMANCE IN INDIVIDUALS 
WITH AGE-RELATED MACULOPATHY. S. J. Spaulding1*, A. E. Patla2, S. 
Rietdvk2. J. Flanaoan2, D. Elliott2 & S. Brown2 1. Applied Health Sciences. 
University of Western Ontario. London. Ontario. Canada. N6G 1H1 2. 
Kinesiology. Optometry, and Statistics. University of Waterloo. Waterloo, 
Ontario. Canada. N2L 3G1.

The relationships between components of visual function and selected 
biomechanical gait measures which delineate gait adaptations of individuals 
with low vision as a result of age-related maculopathy (N = 20, mean age
75.3 _+_ 8 years) from age-matched individuals with normal vision (N = 20) 
were examined. Their vision was evaluated using the following tests; high 
and low contrast visual acuity, contrast sensitivity, and Humphrey visual 
field analyser for peripheral and central visual fields. Selected gait 
parameters, including stride time, heel contact velocity on an altered 
surface, metatarsal to hip displacement over a surface edge and head 
angular displacement differed significantly between the groups. Principle 
components factor analysis of the correlation matrix of 12 ARM vision test 
results revealed three factors which can be designated as 'contrast', 'field 
defect depth', and 'central field loss and acuity' factors. A multiple 
stepwise regression analysis was used to predict mobility performance from 
these three vision test factors. Only the field defect depth factor 
(represented by mean deviation) accounted for a significant amount of 
variance in the regression analyses for metatarsal to hip horizontal 
displacement and heel contact velocity, suggesting that the visual field 
extent provides significant information for making safe gait adaptations. 
Supported by NHRDP.

2 3 0 . 1 0

GAIT REFLECTING RESIDUAL SUPRASPINAL MOTOR CONTROL IN 
CHRONIC UNILATERAL STROKE; IS THIS NEWLY ORGANIZED MOTOR 
CONTROL? E.B. Titianova. I.M. Tarkka, A.M. Sherwood*. M.R. Dimitrijevic. 
Div. of Restorative Neurology, Baylor College of Medicine, Houston, TX 77030

Different types of disturbed motor control in hemiparetic gait have been 
described, however the underlying mechanisms of restoration of ambulation 
following stroke are unclear. Gait of 15 ambulatory patients with residual 
hemiparesis due to supratentorial ischemic chronic unilateral stroke and 5 controls 
were studied. Surface EMG from paraspinal, quadriceps, hamstring, anterior tibial
(ТА) and triceps surae (TS) muscles were recorded bilaterally. Muscle activity and 
foot position patterns during self-selected, ordinary speed gait were evaluated.

EMG patterns of hemiparetic gait showed high individual variability. In 
comparison to healthy subjects, changes in distal muscle output (MO) on the 
affected side (AS) and/or on the non-affected side (NS) were observed in 14 
patients. Based on the preserved reciprocity between ТА and TS during the gait 
cycle, 4 types of activation patterns were identified in the patient group. Although 
there was variability in the duration of stance and swing phases, comparing the two 
sides a prolonged swing on the AS and a prolonged stance on the NS were 
observed. The degree of asymmetry in duration of stride phases varied; it increased 
in patients with reduced MO on the AS.

Our study shows that in chronic unilateral stroke gait motor control is associated 
with different strategies of muscle activation of lower limbs in order to overcome 
the motor deficit. The patterns of muscle activity seem to be determined by the 
residual supraspinal control reflecting the multifactorial relationship between motor 
function, morphological lesion, and structural and functional reorganization of the 
brain associated with recovery after stroke. We hypothesize that in chronic stroke 
ambulation is achieved by newly organized motor control.

2 3 0 . 1 2

AGE-RELATED DIFFERENCES IN TEMPORAL SCALING OF POSTURAL 
EMG ACTIVITY: FEMALE DATA. P.L. WEEKS*.
Motor Behavior Laboratory, Ball State Univ., Muncie, IN 
47306.

Electromyographical (EMG) burst onset times for 
postural muscles were compared in young (M=24.8 years, 
n=6) and elderly (M=72.5 years, n=6) female subjects 
performing a forceful abrupt pull with the right arm 
against a load cell apparatus while standing. EMG was 
collected via surface electrodes from the posterior 
deltoid, and right and left hamstring and quadriceps 
muscles. Pulls were performed at varying force levels 
from 100% to 50% of a subject's maximum effort. 
Regression equations were developed for each postural 
muscle for each group using force production values as 
the independent variable and postural muscle onset 
latencies (relative to deltoid onset) as the dependent 
variable. Regression slopes for postural muscles of 
elderly females ranged from .46 to .33, while slopes 
for the young females ranged from .71 to .64. Less 
elevated slopes for the elderly suggested a reduced 
ability to temporally scale postural muscle onset 
latencies to variations in the force of the voluntary 
movement. It was concluded that a reduction in the 
ability to temporally scale postural activity to changes 
in voluntary movement conditions could be a contributing 
factor to instability in the elderly.
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2 3 0 .1 3
ASSESSMENT OF SPEED AND ACCURACY OF MOVEMENT IN OLDER 
ADULTS USING FITTS' TAPPING TEST G.L. Williamson. C.Ĩ. 
Lejpęr & N.H. Maver*. Beaver College, Glenside, PA 
19038 and MossRehab, Philadelphia, PA 19141.

Fitts' Tapping Test has been used in a variety of 
circumstances to evaluate speed and accuracy of 
movement. The aim of the present study was to determine 
how older adults (29 women and 11 men, 55-93 years of 
age) without neurological impairment perform on Fitts' 
Tapping Test. Subjects were asked to perform 8 tasks (4 
target sizes x 2 hands): alternately tapping between 
two equal-sized targets (spaced 30.5 cm apart) as 
rapidly and as accurately as possible for 15 seconds. 
Target sizes were 10 cm long by 50, 25, 13, and 7 mm 
wide. Six subjects did not meet the accuracy criterion 
(5% or less error rate) on tasks involving the smallest 
target. Two way ANOVAs with repeated measures indicated 
that there was no significant difference between the 
performance of men and women (p>0.05), and that 
performance with the dominant hand was significantly 
higher than with the non-dominant hand (p=0.03). Linear 
regression determined that performance was significantly 
related to age (p^O.001) on all tasks except those 
involving the largest target. The smaller the target, 
the stronger the relationship was between performance 
and age. Subjects exhibited the expected speed-accuracy 
trade-off: speed decreased as greater accuracy was 
required to tap smaller targets. However, speed and 
accuracy performance values were lower than those 
previously reported for younger subjects.

2 3 0 .1 5

H IP-C EN T ER ED  O R G A N IZ A TIO N  OF LA TE R A L B A L A N C E  
C O NTRO L IN TO D D LE R S.
C. Assalente. В. Thomachot. R. Aurcntv. B. Aroblard and M. 
Woollacott*. UPR NBM, CNRS, B.P. 71, 13402 Marseille Cx 9, 
FRANCE. Dept. of Exercise and Movement Science, University of 
Oregon, Eugene, Oregon 97403-1240, U.S.A.

Balance control has been said to be the main difficulty 
encountered by infants learning to walk (Thelen, 1984, Brenière et al, 
1989). In the present study, we have made the hypothesis that lateral 
body stabilization might be first initiated at the hip level, in order to 
minimize the upper body destabilization induced by the feet movements 
and to prevent falls. Infants were simply asked to walk, under normal 
vision, on the flat ground towards their mother. The kinematics of the 
feet, hip, shoulder and head rotations were analyzed by means of an 
automatic optical TV-image processor (E.L.I.T.E. system). We defined 
the "anchoring index" of a given body segment as its stabilization with 
respect to external space and with the adjacent supporting anatomical 
segment. This was determined for lateral component of rotation. The 
cross correlation functions were also used for extracting the temporal 
patterns of the body segments occurring during locomotion. Two main 
results emerge from this study. First the hip stabilization in space 
appeared from the first week of autonomous walking and clearly 
preceeds those of the shoulder and of the head. This suggests an 
ascending progression with age of the ability to control lateral balance 
during locomotion. Second, the hip movements occur before shoulder 
and head movements as well as before feet movements, indicating an 
anticipatory activity at the hip level and suggesting a hip-centered 
organization of balance control (Gurfinkel, 1981) in toddlers.

2 3 0 .1 4
QUANTIFYING PATTERNS OF MUSCLE ACTIVATION IN HEALTHY 
YOUNG AND ELDERLY SUBJECTS C.H.Chen. A.S.Buchman. D.M.Corcos*. 
G.L.Gottlieb. University o f Illinois, Chicago, IL 60612, Rush-Presbyterian St. 
Lukes Medical Center, Chicago, IL 60612.

Recent studies of movements in young normal subjects have shown that brief 
bursts of muscle activation are modulated in predictable ways. Our recent work has 
shown that when healthy aged and normal subjects were asked to perform identical 
tasks o f various movement speeds or distances, that some healthy older subjects 
showed similar patterns to those observed in young normals. However, in most of 
the older subjects, instead o f normal brief, sequenced activation o f agonist and 
antagonist muscles, prolonged, simultaneous activation o f both muscles was 
observed. The development o f this “senescent” pattern suggest that individuals may 
have limited ability to modulate the activity of the motor neuron pool with the same 
degree of precision observed in young adults and may utilize different strategies for 
movement. The difficulties in analyzing such data will be discussed in the context of 
a set of experiments that were conducted to determine whether these patterns of 
activation differ from those observed when young individuals move slowly. Subjects 
under the age of 30 were asked to perform a series of 36° movements “as fast as 
possible” and the mean movement time was calculated. Joint angle, acceleration, and 
electromyograms (EMG) from agonist and antagonists muscles were measured. The 
target movement time was increased by increments of 100ms for subsequent blocks 
of trials until about 1000 ms.

Fast movements (< 600ms) which demonstrated pulses o f EMG showed intensity 
modulation characteristic of the SS strategy. Slow movements (>600ms) lacked 
discernible pulses of EMG activity and could not be characterized in terms of the 
intensity modulation of a simple rectangular pulse used to characterize faster 
movements (< 600ms). We will present work that has focused on ways to quantify 
differences in patterns of muscle activation observed in young and older subjects 
performing slow movements.

Funded by NIH grants AR33189, NS 28176, 01508 & 28127.

2 3 0 .1 6

SYNCHRONOUS MOTOR UNIT ACTIVITY IN YOUNG AND 
OLD ADULTS DURING MAXIMAL EFFORT CONTRACTIONS.
G. Kamen*. D.C.C. Du. S.V. Sison. and A. R o v . 
Department of Physical Therapy, Boston Univer
sity, Boston, MA 02215.

Previous reports (Kamen et al., 1989) have 
suggested some irregularities in motor unit re
cruitment behavior in older adults. The pres
ent study was conducted to determine whether 
synchronous motor unit discharge behavior, 
purportedly an important mechanism for strong 
muscular effort, would differ in young and 
older individuals. Seven young (X=28 yrs) and 
8 old (X=75 yrs) adults performed isometric 
contractions of the first dorsal interosseous 
muscle (FDI) at either 50% or 100% of maximal 
effort (MVC). A quadrifilar needle electrode 
was used to identify individual unit discharg
es. For both 50% and 100% MVC contractions, 
the frequency of synchronous motor unit activi
ty was the same (p > .05) in both groups for 
five of the six measures of motor unit synchro
nization studied. The results suggest that the 
phenomenon of motor unit synchronization is un
changed in healthy older adults, even during 
maximal effort contractions.
Supported by NIH R01-AG09662.

CIRCUITRY AND PATTERN GENERATION II

2 3 1 .1
3-D RECONSTRUCTION OF THE SPATIAL DISTRIBUTION OF 
BURSTING ACTIVITY IN THE CEREBELLORUBRAL NETWORK 
OF TURTLE USING SULFORHODAMINE. L. H e* . L. N. E ise n m a n . X. 
H u. R. S a r ra fn a d e h . a n d  J. C . H ouk . Department of Physiology, Northwestern 
University Medical Center, Chicago, IL 60611-3008.

Anatomical data on the cerebellorubral network of turtle were recently used to 
generate a 3-D reconstruction of this system (He et al. Soc. Neurosci. Abs., 18 рЗ 17). 
Sulforhodamine (SR) has been demonstrated to label bursting neurons in the turtle 
cerebellorubral system (Keifer et al. J. Neurosci. 12:3187, 1992). In the present study, 
our goal is to assess the spatial distribution of burst activity in the cerebellorubral 
network of turtle by mapping 3-D reconstructions of this system labeled with SR onto 
a standard anatomical reconstruction.

The in v itro  turtle brainstem-cerebellum is bathed in a 0.01% solution of SR in 
physiological Ringer. The spinal cord is stimulated at 0.1 Hz with 500 ms trains (5 
mA, 0.1 ms, 100 Hz) for 1 hour. After washing for 30 min in physiological Ringer, 
the brain is fixed, cryoprotected, and cut into 50 pm transverse sections. Images 
illuminated with rhodamine epifluorescence are captured with a CCD camera, after 
which the section boundaries are manually traced and cell positions are marked. 
Sections are aligned using anatomical landmarks, the third dimensional coordinate is 
assigned to each section, and a 3-D model of the preparation is constructed. 
Anatomical landmarks are again selected and the image is warped to match the standard 
model. The SR labeled cells are then mapped onto the standard model, and 3-D images 
are created using surface rendering techniques.

Preliminary results demonstrate scattered labeling of large cells in the rostral red 
nucleus, whereas a cluster of small cells labeled caudally. Labeling in the lateral 
reticular nucleus was also strongest rostrally. We estimate that 30% of all neurons in 
these nuclei were labeled with SR. We conclude that this technique may be used to 
reconstruct the spatial distribution of activity in the cerebellorubral network, and to 
compare differences in labeling resulting from various experimental manipulations.

2 3 1 .2

ACUTELY ISOLATED CEREBELLAR PURKINJE CELLS FROM 
POSTNATAL RAT DISPLAY SPONTANEOUS ACTIVITY
S.C. Nam* and P.E. Hockberger# Institute for Neuroscience and the 
#Dept. of Physiology, Northwestern University Medical School, Chicago, 
IL 60611

Cerebellar Purkinje cells (PCs) display spontaneous electrical activity in 
vivo  and in vitro. This activity may result from either synaptic inputs or 
endogenous properties of the cell. We have investigated the latter using 
acutely isolated PCs from postnatal rats (P7 to P20). Cerebella were 
dissociated using a combination of enzymatic (0.3% papain) and 
mechanical methods, and cells were identified using immunocytochemical 
staining techniques. Elimination of synaptic inputs was ensured by either 
scraping the area around cells before recording or lifting cells off the 
coverslip during recording. Depending upon the preparation, up to 100% 
of the cells (and 55 out of 93 total) displayed spontaneous electrical 
activity. The activity included rhythmic (beating and bursting) as well as 
non-rhythmic repetitive firing. Hyperpolarizing the membrane potential 
frequently turned irregular activity into rhythmic bursting with large 
inteiburst hyperpolarizations. Spontaneous activity persisted in 10 mM 
magnesium saline but was blocked by TTX (0.5 μΜ). Voltage clamp 
experiments in normal saline evoked a fast, transient inward current that 
was blocked by TTX but not by 5 mM NİCİ2 or 0.5 mM amiloride. In 
TTX saline, inward current carried by Ca2+ was hidden by overlapping 
outward current. In saline that blocked all ionic currents except Na (i.e., 
Na-only saline), there was significant overlap between activation and 
inactivation curves of the Na current in 50% of the cells. We found no 
evidence for a non-inactivating inward current in either normal, TTX, or 
Na-only salines. Our results are consistent with the hypothesis that PCs are 
endogenous pacemaker cells, and that the source of the pacemaker activity 
is a Na-dependent "window" current.

Supported by NIH grants (NS-26915 & NS-17489).
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231.3
SPINAL LOCOMOTOR NETWORK IN THE NEONATAL RAT 
REVEALED BY NEURONAL UPTAKE OF SULFORHODAMINE.
Q, Kigtøi*, o , Kjggrulff and I, fi.ąrąjpn, Section of Neurophysiology, 
University of Copenhagen, Denmark.
Sulforhodamine 101, a fluorescent dye, is believed to be internalized in 
an activity-dependent manner in nerve cells. It has recently been used to 
label active neuronal circuits in the isolated turtle brain (Keifer e t  a l ., J. 
Neurose. 1992, 12: 3187-99). We have used sulforhodamine in order to 
label spinal neurones engaged in locomotion in the neonatal rat in v itro .

Long-lasting (3.5-4 hours) continuous locomotion was induced by 
5-HT and NMDA in combination in hindlimb-attached spinal cord or 
isolated spinal cord preparations from rats aged 0-3 days. Locomotor 
activity was monitored with EMG or ventral root recordings and 
sulforhodamine (0.2-0.5 mg/100 ml; 0.0002-0.0005%) was added to the 
extracellular medium.

In hindlimb-attached locomoting rats with intact dorsal roots labelled 
cells were found in the lumbar spinal cord (L i-Lğ) in the superficial 
layers of the dorsal horn, in the intermediate zone (lamina VII; mostly the 
medial part) and lateral and dorsal to the central canal (lamina X). In 
some preparations motoneurones were labelled. Very few cells were 
observed in non-locomoting control animals. The labelled cells in the 
dorsal hom may largely be due to afferent inflow, since when dorsal 
roots were cut, or preparations were isolated, the number of cells in the 
dorsal hom was reduced. Our results are consistent with those obtained 
in the adult locomoting cat using the activity-dependent marker c-fos (Dai 
et a l., Soc. Neurosci. Abstr. 1990, 16: 889). We suggest that the 
labelled cells located in the intermediate lamina and around the central 
canal are part of the spinal locomotor network in the neonatal rat.

231.5
CHANGES OF AXONAL TERMINAL ARBORIZATION OF SUBSTANTIA 
NIGRA EFFERENTS IN POSTNATAL RAT DEVELOPMENT. O.B. Gboneeun*. 
UCLA School of Medicine, Los Angeles, CA 90024.

The substantia nigra (SN) has a central role in the modulation of motor 
mechanisms (Alexander et al., 1986) and has been implicated in a variety of 
motor and behavioral disorders (Leigh et al.,1983; Steven, 1977). This study 
is aimed at characterizing the morphology of the axonal terminal fibers of SN 
efferents during postnatal development. Six adults and 26 postnatal rats of P7, 
P10, P15, P25 and P35 were iontophoretically injected with the anterograde 
marker PHA-L in the SN. The efferent terminals were visualized after an immu- 
nohistochemical procedure involving sequential incubation of tissue sections 
in goat antiPHA-L antibody, rabbit antigoat whole serum, goat peroxidase anti 
peroxidase, and diaminobenzedine. Caudatoputamem nucleus has thin and 
sparsely branched labeled terminals in few clusters with most terminals ending 
in terminal swellings in P10 and P15. P25 and P35 lack these terminal 
swellings. In adults, both the ipsilateral and contralateral internal capsules 
axonal fibers were labeled with the ipsilateral being substantially heavier. No 
labeled contralateral fibers were observed in the postnatal rats. The ventral 
pallidum and the accumbens nuclei had few labeled terminals with few 
branchings making contact with several cells. Labeled terminals with varico
sities were found for P7, PIO, P15, P25 and P35 in the basolateral, 
posterolateral corticoid amygdaloid nuclei, with most terminals ending in 
swellings, and extending into the overlying cortex. Superior colliculus showed 
terminal fibers in the intermediate layer in P35 and adults only. In P15 and 
P25, labeled axons were observed streaming to the colliculus with terminal 
swellings at the tips. The terminals in mediodorsal and ventrolateral thalamic 
nuclei were not present in P7, P10 and P15 but were in several hypothalamic 
nuclei.

23 1 .7
FIRING PATTERNS AND MEMBRANE PROPERTIES OF 
RHYTHMICALLY ACTIVE INTERNEURONS IN EMBRYONIC CHICK 
SPINAL CORD. Amv Ritter* and Michael J. O'Donovan Lab of Neural 
Control, NINDS, NIH, Bethesda, MD, 20892 

The isolated embryonic chick spinal cord generates spontaneous episodes 
of motor activity beginning early in development. The activity patterns of 
motoneurons have been well characterized in this preparation and here we 
examine the behavior of intemeurons during rhythmic motor activity. Whole 
cell patch recordings were made from intemeurons in the lumbosacral cord 
E10-E12 embryos. Intemeurons were all found to be activated synchronously 
with motoneurons, and most displayed clear oscillations of membrane 
potential in phase with cyclic ventral root potentials. The firing patterns of 
these cells were heterogeneous. Of those cells which fired action potentials 
during the episode, some were clearly flexor-like in their discharge pattern, 
exhibiting a pause in firing during each cycle. Heterogeneity in the underlying 
synaptic drive could explain some of the differences in firing patterns: some 
cells received largely excitatory drive, while synaptic activity in others was 
dominated by depolarizing IPSPs. Cells filled with neurobiotin or biocytin 
were found to display a variety of morphologies, and no dye coupling was 
observed. This makes it unlikely that electrical coupling is a major 
contributing factor to the synchrony among intemeurons and motoneurons. 
Current-voltage relationships in intemeurons were remarkably uniform, with 
all cells displaying a linear relationship between injected current and voltage. 
No cells were encountered with pacemaker-like bursting activity, nor could 
such properties be evoked by changing DC membrane potential or in the 
presence of bath-applied NMDA. Thus, we find no evidence that spontaneous 
activity in chick spinal cord is generated by endogenous rhythmic properties 
present in intemeurons. Therefore, other mechanisms must be invoked to 
account for the genesis of rhythmic activity.

2 3 1 .4
ORGANIZATION OF THE MESOPONTINE TEGMENTAL-STRIATAL 
PATHWAY IN RAT. Angela M alm,. Brian. СШд?6щсі David Ryę. Dept. of 
Neurology, Emory University, Atlanta GA 30322.

While the existence of mesopontine tegmental afferente to the basal ganglia 
have been recognized, it is unclear how these connections contribute to its 
functional circuitry. To study the functional organization of these connec
tions, we injected WGA-HRP into the nucleus accumbens, striatum, ventral 
stria tum /ventral pallidum  of rats (n=12). Tissue was processed for the 
visualization of the WGA-HRP alone and in combination with СҺАТ and TH 
im m unohistochemistry. The identity of an injected striatal region was 
defined by the resulting patterns of cortical retrograde labeling (McGeorge 
and Fault, N e u r o s c i e n c e ,  1989). P redom inant retrograde labeling of 
retrorubral field (RRF) was seen following injections into the dorsolateral 
striatum  (i.e. sensorimotor striatum), but particularly the ventral striatum 
(i.e. limbic striatum) and ventral pallidum. The bulk of these projections was 
found  to be dopam inergic. M axim al labeling of the m idbrain  
extrapyram idal area (MEA) was seen following injections involving the 
dorsolateral striatum. These projections were found to be non-cholinergic. 
Injections into nucleus accumbens, medial and dorsomedial striatum (limbic, 
visual, and auditory zones) revealed sparse labeling w ithin the RRF and 
MEA. To confirm these general organizational features, the anterograde 
tracers PHAL (n=2), biocytin (n=3) and biotinylated dextran (n=5) were 
injected into different areas of the mesopontine tegmentum. These injections 
dem onstrated unique patterns of termination of brainstem-striatal axons 
predom inantly restricted to the striatal matrix compartment. The results 
support the hypothesis that dopamine cells within RRF participate in limbic 
circuitry of the basal ganglia while the non-cholinergic MEA preferentially 
engages the sensorimotor circuitry at the striatal level..

2 3 1 .6
DISINHIBITION PRODUCES SUBSTANCE P-MEDIATED SLOW SYNAPTIC 
POTENTIALS IN SPINAL MOTONEURONS OF NEWBORN RAT.
B.S. Seebach*. and L. Ziskind-Conhaim. Dept. o f Physiology, and Dev. Biology 
Prog., Univ. o f Wisconsin, Madison WI 53706.

High-intensity dorsal root stimulation, at 2-4 times the threshold for fast mono- 
and polysynaptic potentials, generated slow synaptic potentials ( >  3 s) which were 
recorded intracellularly in neonatal motoneurons of hemisected rat spinal cord. The 
slow potentials were reduced by CP-96,345 (Pfizer, Inc.), a nonpeptide antagonist 
of the NKļ receptor. These findings suggested that substance P (SP) contributed 
to the generation o f the slow polysynaptic potentials.

To study the possible interaction between SP and other neurotransmitters in 
producing the slow potentials, the effects of antagonists o f glutamate, glycine and 
САВАд receptors were studied. APV and CNQX, antagonists o f glutamate 
receptors, reversibly blocked the fast and slow synaptic potentials, while 
disinhibition by strychnine and bicuculline, antagonists o f glycine and САВАд 
receptors, increased the amplitude and duration o f the slow synaptic potentials. The 
duration o f strychnine- and bicuculline-induced slow synaptic potentials was 
>  10 s. A mixture o f glutamate, glycine and GABA antagonists blocked the fast 
synaptic potentials (< 2 0 0  ms), but not the late component o f the slow potentials 
which was generated after 200 ms. However, those strychnine- and bicuculline- 
induced slow potentials were significantly reduced by CP-96,345.

Our data suggested that high-intensity stimulation o f the dorsal root generated 
SP-mediated, slow synaptic potentials. Moreover, additional SP-mediated synaptic 
pathways were activated following the disinhibition o f glycine- and GABA- 
mediated neuronal pathways.

Supported by a postdoctoral fellowship HD07118-15 to B.S.S, and RCDA 
(NS01314) and NS23808 to L. Z-C.

2 3 1 .8
G PROTEIN MODULATION OF SPONTANEOUS MOTOR ACTIVITY IN 
THE EMBRYONIC CHICK SPINAL CORD. Anne Y.M.H. Ponevan* and 
M.J.P.O'Donovan. Lab. of Neural Control, NINDS, NIH, Bethesda, MD 
20892.

Episodes of rhythmic activity can be induced by diverse 
pharmacological agents in the isolated spinal cord of the chick embryo. 
One way such agents could act is by modulating G Proteins or second 
messenger systems which can be coupled to K+ conductances which can 
regulate cell excitability. The purpose of the present study was to 
investigate this hypothesis.

Bath application of 5mM NaF, a non-specific G Protein activator, 
increased the rate of occurrence of spontaneous episodes. These episodes 
were unusually long and exhibited an abnormal burst pattern. The effects 
reversed rapidly during washout. We also found that application of cAMP 
analog Sp-cAMPS and its inhibitor Rp-cAMPS (100-500pm) produced 
modest changes in the frequency of episodes but did not alter their burst 
pattern. Therefore, it seems unlikely that the responses seen after G 
Protein manipulations are mediated exclusively through cAMP.
Bath application of RbCI, a K+ channel blocker specific for the inward 
rectifier, initiated cyclical activity similar to that seen within normal 
episodes and that persisted until the drug was washed out (up to 30 mins). 
These results suggest that G Protein activation and certain K+ 
conductances may play an important role in modulating spontaneous 
motor activity.
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2 3 1 .9
OPTICAL LESIONING OF NEURONAL POPULATIONS IN THE SPINAL 
CORD OF THE CHICK EMBRYO. Michael J. O’Donovan* and Amv Ritter 
Lab. of Neural Control, NINDS, NIH, Bethesda, MD, 20892.

Optical lesioning is a powerful method for establishing the causal 
role of neurons in networks but its use has so far been limited to individual 
neurons or ganglia in invertebrates. We have now developed methods that 
allow this technique to be applied to neuronal populations in the spinal cord 
of the chick embryo to test their role in the genesis of rhythmic motor 
activity. Our initial experiments have focussed on motoneurons but the 
technique can also be extended to interneurons.

Motoneurons supplying the crural plexus (LS1-LS3) were 
retrogradely filled with fluorescein dextran. The cells were labelled by 
holding the plexus in a suction electrode filled with a 25mM solution of the 
dye. After 8-16hr the motor nucleus was brightly fluorescent and could be 
imaged through the underlying white matter. The LS1-LS3 cord section 
was isolated and then exposed to continuous high intensity illumination at 
480nm to induce phototoxic damage of the labelled motoneurons. To 
assess the efficacy of the lesion we monitored rhythmic ventral root 
potentials together with synaptic and antidromic field potentials from within 
the motor nucleus. During continuous illumination of the motor nucleus the 
ventral root potentials and intranuclear responses declined substantially 
together with the fluorescence of the labelled cells. The small, remaining 
responses in the neurogram may have been due to the presence of 
unlabelled cells in the motor nucleus. These results indicate that specific 
neuronal populations can be successfully lesioned within the spinal cord. 
We are currently using the technique to establish the role of motoneurons 
and interneurons in the genesis of rhythmic motor activity.

2 3 1 .1 1

PLATEAU POTENTIALS IN MOTOR NEURONS OF THE CRAB GILL 
VENTILATION SYSTEM. R. A, DiCaprio*. Department of Biological 
Sciences, Ohio University, Athens, OH 45701.

Intrinsic membrane properties play an important role in the 
structuring of rhythmic motor output in many invertebrate and 
vertebrate nervous systems. One such property observed in various 
neurons is a long-lasting regenerative depolarization that may be 
initiated by a brief depolarizing current (plateau potential). The drive 
to the motor neurons innervating the gill bailer in C arcinus maenas 
was originally thought to consist only of inhibitory synaptic input from 
premotor interneurons. The motor neurons in this system typically 
exhibit a very large amplitude oscillation in membrane potential (15- 
40 mV). However, when a motor neuron is hyperpolarized using 
intracellular current injection, the amplitude of the oscillation is 
abruptly reduced to 5-10 mV. Short (50 msec) injections of 
depolarizing current applied during this maintained hyperpolarization 
will trigger plateau potentials in the motor neurons when the current is 
applied during the appropriate phase of the motor pattern. These 
results demonstrate that active membrane properties in the motor 
neurons are essential for motor pattern generation in this system.

2 3 1 .1 3

DRINKING BEHAVIOR AND JAW MUSCLE (EMG) ACTIVITY IN PIGEON.
H. P. Zeialer* and R. G. Bout. Biopsychology Program, Hunter College, 
City University of New York, New York, NY 10021. Department of 
Organismal Zoology, University of Leiden, The Netherlands.

In contrast to the "tip-up" mechanisms of other birds, in which gravity 
plays the primary role, drinking in pigeons involves an intraoral transport 
mechanism, generating low pressure areas within the oral and pharyngeal 
regions, and producing a rostral-to-caudal flow of the liquid. Water intake in 
pigeons involves the repetitive generation of a series of jaw-opening and 
closing movements with a small, relatively constant gape. The amplitude of 
these movements varies with water level. To clarify the organization of jaw 
muscle activity mediating this behavior, the EMG activity of each of the 
pigeon's functional jaw muscle groups, was recorded during drinking, 
digitized at 1 kHz and related to jaw movement kinematics during drinking. 
Drinking bouts are composed of individual jaw movement cycles, each of 
which consists of an initial rapid jaw-opening component, a sustained 
opening phase of variable duration and a closing movement. The intial and 
final phases of each jaw movement cycle are related, respectively, to activity 
in the upper beak levator (protractor) and the jaw closer (adductor, 
pterygoid) muscles. The amplitude and duration of the sustained phase 
are correlated with the magnitude and duration of activity in the lower jaw 
opener (depressor). The kinematic and EMG findings are related to the 
topography and functional requirements of the behavior and the 
morphology of the jaw apparatus. Supported by Grants N S F  88-10722, MH  
08366 and Research  Scientist Award MH-00320 to H .P .Z . and the Program  
in Neurobehavioral Morphology, Leiden University.

2 3 1 .1 0
MEMBRANE POTENTIAL TRAJECTORIES OF RESPIRATORY NEURONS IN 
THE Vllth NUCLEUS STUDIED IN VITRO AT INTERMEDIATE STAGES OF 
DEVELOPMENT IN TADPOLES (RANA CATESBEIANA). G.-S. Liao. L. Kuhin.
R. Galante. A.I. Pack* and A.P. Fishman. Center for Sleep and Respiratory 
Neurobiology, University of Pennsylvania, Philadelphia, PA 19104 

Study of the developmental changes in the respiratory motor output in tadpoles 
may provide important insights into the evolution of the central respiratory pattern 
generator. Across the 25 identified developmental stages, tadpoles gradually transform 
from gill to lung breathers. The goals of the present study were to classify neural 
activity patterns related to the gill and lung rhythms and assess the character of 
inhibitory inputs in individual neurons recorded intracellularly from the region of the 
7th motor nucleus in isolated in vitro brainstems of tadpoles at intermediate stages (X- 
XVII) of development when both lung and gill activities are present simultaneously. 
We recorded from 81 neurons (resting membrane potentials (MP): 40-80 mV) showing 
a modulation o f their MP related to the inspiratory bursts in the 7th nerve 
characteristic of fictive lung breaths (43 depolarized, 38 hyperpolarized). Seventy of 
those cells also had a modulation o f their MP related to gill activities (50 
motoneurons and 20 not antidromically activated (NAA) from the 7th nerve). Of the 
70 cells, 47 were depolarized during, and 23 hyperpolarized during, and/or depolarized 
between, gill bursts. Patterns of MP trajectories specifically related to characteristic 
sub-phases of both gill and lung bursts were seen in both motoneurons and NAA 
cells. In 19 cells hyperpolarized (5-10 mV) during lung bursts, the hyperpolarization 
could be reversed by 1-5 min of chloride ion or intracellular negative DC current 
injections. These data demonstrate that the patterns of activity related to lung and gill 
rhythmicities seen in the 7th nerve motor output result from distinct patterns of 
excitatory and inhibitory inputs that converge onto individual motoneurons, as well as 
on putative premotor cells. Chloride ion-dependent inhibition may play an important 
role in shaping the MP trajectories in these neurons. (Supported in part by NIH grant 
HL-07713)

2 3 1 .1 2
DEVELOPMENT OF THE RESPIRATORY MOTOR PATTERN IN THE FETAL 
LAMB FOLLOWING VAGOTOMY. I.R.C. Cooke and P.J. Berger*. School of 
Biological and Chemical Sciences, Deakin University, Geelong, Vic 3217, 
Australia and Monash University Institute of Reproduction and Development, 
Clayton, Vic 3168, Australia.

Maturation of the respiratory motor pattern in mammals occurs across a 
broad span of gestation. The stereotyped, rhythmic bursting activity which is 
produced in the diaphragm of fetal lambs at 45 days gestation (G45; 
term=147 days) is elaborated progressively into the mature respiratory motor 
pattern over the second half of gestation (Cooke & Berger, 1990, Brain Res. 
522: 333-336; Cooke et. al., 1992, Soc. Neurosci. Abs. 18:1279). We have 
examined the dependence of this maturational process on sensory 
mechanisms by studying the development of the respiratory motor pattern in 
fetal lambs chronically deprived of pulmonary stretch receptor input to the 
CNS. Using maternal general anaesthesia, 10 fetal lambs at G63 were 
instrumented via bilateral thoracotomies for the chronic recording of 
diaphragm EMG activity. The vagus nerves of 5 fetuses were transected in 
the thorax posterior to the origin of the recurrent layngeal nerves to eliminate 
feedback from pulmonary stretch receptors. Spontaneous EMG activity was 
recorded for 4-hour periods at 10-day intervals from G65-G135. The 
respiratory motor pattern of vagotomized fetuses late in gestation differed 
markedly from control fetuses in that it included episodes of extremely high 
frequency bursting (up to 8Hz, cf. 1-2Hz in controls). Burst shapes in 
vagotomized fetuses also differed markedly from the smoothly-augmenting 
burst profiles typical of control fetuses late in gestation. These results 
suggest that sensory mechanisms have a major influence on the maturation 
of the respiratory motor pattern prior to birth.

2 3 1 .1 4

RELIABILITY OF CORRELATION DIMENSION IN REPETITIVE BITING,
R.G.Nentwich and W.D.McCall. Jr.*, Oral Sciences Program, SUNY 
©Buffalo, Sch. Dent. Med., NY, 14214

We investigated the reliability of the saturated correlation dimension 
in repetitive biting by conducting two trials with the same subjects.

Ten subjects were instructed to repeatedly bite on a force transducer 
with acrylic pads, simulating chewing. Each subject completed two 
trials, separated by at least one hour, of 250 bites. The peak force for 
each bite was measured.

The correlation dimension (Physical Review Letters, 50:346-349, 
1983) was calculated as follows. Each of eight embedding dimensions 
was generated by shifting the peak forces one cycle through each 
successive dimension. For each embedding dimension the distances 
(forces) between all pairs of points were calculated and counted in a 
cumulative histogram. These counts and forces were converted to 
logarithms and graphed. The log-log slope was calculated by least 
squares. Saturation was defined as the slope (correlation dimension) 
changing less that ±0.2 from one embedding dimension to the next.

Six of the twenty trials did not saturate. In the data from four 
subjects only the second trial saturated, in two subjects only the first 
trial saturated and in four subjects both trials saturated. In three of 
these latter four subjects the two slopes differed by more than 0.2. 
Thus, in only one of ten subjects did we obtain a correlation dimension 
with a similar saturation level.

Therefore, within the limitations of this experiment we were unable 
to demonstrate reliability for the correlation dimension.
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23 1.15
SPINAL REFLEX MODULATION DURING SWING PHASE. A.H. Seif- 
Naraghi* W. Norling. S.C. D'Luzanskv. and R.M. Herman. 
Samaritan Rehabilitation Institute, Phoenix, AZ 85006 USA. 
Phase dependent amplitude modulation of spinal reflexes in 
ipsi- and contralateral lower limb muscles to a non-nocicep- 
tive electrocutaneous stimuli has been observed. These 
functionally oriented reflexes are in response to weak 
stimuli (below threshold intensity for eliciting a long- 
latency reflex response during standing posture) delivered 
to the posterior tibiai nerve (PTN) during the step cycle in 
healthy human subjects. Prior studies demonstrated a unique 
transition during swing phase, characterized by clear 
modulation of the reflex from early (1/3) to late (2/3) 
swing. This study (n-10) was designed to further identify 
the subtle temporal characteristics of this transition by 
dividing swing phase into ten equal intervals and stimulat
ing the PTN at each location with a similar weak non-noci- 
ceptive stimulus. EMG activity was recorded from bilateral 
uni- and biarticular muscles of the lower limbs. The 
response characteristics were obtained by calculating the 
difference between EMG patterns of stimulated and unstimula
ted step cycles. The mean absolute magnitude of EMG respons
es demonstrated a strong dependency on the stimulus location 
during the swing phase. Modulation of the EMG patterns and 
alteration in swing and stance times identified the transi
tion from swing to stance to occur at or near the mid-swing. 
The modulatory behavior was most evident in the responses to 
stimuli delivered at 30% and 70% of the swing phase.

HUMAN COGNITION: HEMISPHERIC LATERALITY, GENDER DIFFERENCES

2 3 2 .1
INTERHEMISPHERIC COM MUNICATION IN AN ACALLOSAL  
SUBJECT WITH SUPERIOR VERBAL INTELLIGENCE 
A. Schiavetto*1. S.Caillé1. Р.Роіпег1. F. Andermann2 and M, Lassende1 
^Dept of Psychology, Université de Montréal, C.P. 6128, Succ. A, Montréal, Qué. 
НЗС 3J7, Canada and ^Dept. of Neurology, Montreal Neurological Institute and 
Hospital, Montréal, Canada.

Agenesis o f the corpus callosum (CC) has frequently been studied in 
subjects o f below-average intelligence. The purpose o f this study was to 
investigate interhemispheric transmission time (ITT) in the visual, somesthetic 
and auditory modalities in an acallosal subject with superior verbal intelligence. 
Given the intellectual capacities of the subject (verbal IQ=138), interhemispheric 
comparisons (IC) of verbal stimuli were also tested. Sensory ITTs consisting of 
lateralized flashes of light, puffs of air and pure tones were presented to evaluate 
visual, somesthetic and auditory П Т respectively. In the verbal task, pairs of 
letters were presented intra-(one letter above the other) and interhemispherically 
(on either side of the fixation point). The stimuli were either the same letters, in 
large or small case or completely different. The subject was required to 
determine if the letters were the same or different. Results indicated that the 
subject's somesthetic and visual ITTs (27,6ms and 23,5ms) were longer than 
normal. Furthermore, they were significantly longer than auditory П Т  (2ms). 
The subject's results on IC of letters showed that there was a significant 
difference between intra- and interhemispheric response time (43,95ms). In view 
of the literature, these results support the notion o f the importance of the CC in 
sensory processing of visual and somesthesic information. In audition, his results 
confirm the bilaterality of this system, and the relative unimportance of the CC 
for ITT of monaurally presented stimuli. Finally, results on the verbal task 
favor the hypothesis that the CC is implicated in efficient cognitive 
interhemispheric processing. Taken together, these results highlight the limits of 
cerebral plasticity in agenesis of the CC even in a subject of superior intellectual 
capacities.

2 3 2 .3

COGNITIVE ORGANIZATION IN A RIGHT HEMISPHERE DOMINANT 
"SPLIT BRAIN" PATIENT. H.L. Lutsep. C.M. Wessinoer. M.S. 
Gazzaniņa and R.D. Ratal.* Center for Neuroscience, UC Davis, 
Davis, CA 95616.

To date, all patients described who have undergone corpus 
callosotomy for seizure control have been left hemisphere dominant. 
To aid in further delineation of the organization of cerebral 
functions, the first right hemisphere dominant corpus callosotomy 
patient was studied. K.O., a 15-year-old female with familial left- 
handedness, underwent two-stage callosotomy in 1988. MRI 
revealed 1.5 cm of spared callosal body. Preoperative Wada testing 
suggested bilateral language. Tasks Involved lateralized presentation 
of visual stimuli, generated by a Macintosh II computer. Tasks 
requiring picture same-different comparisons between visual fields 
showed chance performance (p>0.10). Oral naming (p<0.005) and 
reading (p<0.005) revealed significantly better performance by the 
right hemisphere than the left. Active voice syntax (p<0.005) and 
auditory comprehension (p<0.005) were above chance only in the 
right hemisphere. Face recognition was significantly better in the 
right hemisphere than the left (p<0.005). Tasks requiring tactile 
comparisons between hands revealed above chance performance 
(pcO.005). In summary, patient K.O. demonstrated visual 
disconnection but not tactile disconnection, corresponding to the 
findings on MRI. She was right hemisphere dominant for language. 
In addition, a task (face recognition) typically associated with the 
right hemisphere in left dominant "split brain" patients was also 
performed more proficiently by the right hemisphere in patient K.O. 
Funded by NIH/NINDS P01 NS17778-11

2 3 2 .2
THE DISCONNECTION SYNDROME: BASIC FINDINGS REAFFIRMED.
S, Ę, Seymour1, p, A, Ręuter-L.oreiiz*2 and M, $ , Oazzaniga3· ^rog. in 
Cognitive Neuroscience, Dartmouth Med. Sch., Hanover, NH; ^Dept. of 
Psychology, University o f Michigan, Ann Arbor, MI 48104;  ̂Center for 
Neurobiology, University of California, Davis, CA 95616.

Recent challenges to the traditional view of the disconnection syndrome have 
been based primarily on evidence o f information shared between the hemispheres 
in commissurotomy patients L.B. and N.G. o f the West Coast series. In 
particular, it has been proposed that abstract information may be more readily 
integrated than low-level, perceptual information. To evaluate the generality of 
these claims, patients J.W., V.P. and D.R. were tested on a series o f experiments 
which replicated and extended some of those carried out on the West Coast series. 
Using comparisons of numerical identity and value as the model tasks, we found 
no indication that the separated hemispheres of J.W. or D.R. could share 
information on any o f the tasks they performed. V.P., who has spared callosal 
fibers and has shown highly specific transfer in previous investigations, 
performed above chance (60%) on one of three between field tasks. With this one 
exception, subjects were generally no better at tasks requiring comparisons of 
numerical value than at tasks comparing numerical identity. J.W. was also tested 
and showed no improvement with the longer viewing times permitted using 
image stabilization. Together the data fail to support the claims that split-brain 
patients show evidence of unified cognitive functioning particularly for more 
abstract, nonperceptual tasks. The data suggest that the corpus callosum normally 
serves as the primary interhemispheric pathway by which sensory and high-level 
cognitive integration is achieved. (Supported by NINDS grant no. ROl NS22626- 
07 and the McDonnell-Pew Program in Cognitive Neuroscience).

2 3 2 .4

AVERAGED BRAINS ARE NOT REAL BRAINS: DEMONSTRATION OF 
HUMAN BRAIN VARIABILITY WITH RESPECT TO ANATOMICAL 
ASYMMETRY.
J. J. Hutsler*. W.C. Loftus and M.S. Gazzaniga. Center for Neuroscience, UC 
Davis, Davis, CA 95616.

In order to assess regional hemispheric anatomical asymmetries, three-mm 
thick T1-weighted MR images were acquired of 13 normal right-handed males 
(ages 21-29). Surface areas of twenty-seven gyri in each hemisphere were 
computed by the following procedure: 1) contours of the cortical ribbon on each 
section was hand traced with a cursor; 2) contour points were labeled according to 
the various gyri; 3) a triangular mesh surface was automatically interpolated 
between contours on adjacent slices, and 4) surface areas of triangles were 
measured and attributed to a region based on the labels o f the vertices. For each 
subject and for each region, a left-right asymmetry coefficient ((L-R)/((L+R)0.5)) 
was computed based on the surface area o f the homologues in each hemisphere. 
The region for a particular subject was classified as asymmetric if the magnitude 
of the asymmetry coefficient exceeded a threshold of 0.2.

The total number of asymmetric regions in any one subject ranged from 4 - 1 5  
(mean = 9.07). However, the mean of the asymmetry coefficient o f any region, 
over all thirteen subjects, never exceeded the threshold. Thus, each subject 
displayed a different regional distribution of asymmetry, but the asymmetry for 
any one region over all subjects did not show any left or right bias. Illese 
results show that when the data are averaged over a group the actual 
asymmetries observed in individual brains disappear. These asymmetries vary 
markedly in each individual and the data thereby suggest that no one asymmetry 
can explain a functional capacity. Supported by ONR N00014-89-J-3035, 
NIH/NINDS P01 NS 17778-10, and the McDonnell-Pew Foundation.
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2 3 2 .5
T H E  A D V A N TA G E O F DIV ISIO N  O F IN P U TS B E TW E EN  
T H E  H E M IS P H E R E S  D IF F E R S  B Y  T A S K . Y . Sohn Park* 
and J. Liederman, Psych Dept. Boston University, Boston, 
MA 02215
The bilateral advantage refers to the observation that 
performance is better when input stimuli are divided between 
the two hemispheres than when all of the stimuli are 
presented to one hemisphere. Subjects were presented with 
two two-letter pairs either unilaterally (uni-hemispherically) or 
bilaterally (divided between the hemispheres). During an 
adjacent match task, subjects had to decide whether the two 
adjacent letters in a single letter pair were the same. During 
a non-adjacent match task, they had to decide whether two 
letters from opposite letter pairs were the same. For half of 
each of the no-match trials, a distractor was presented which 
consisted of a matching letter in the wrong position. A 
bilateral advantage was found a) during the adjacent match 
task, when there was a letter match; and b) during the non- 
adjacent match task, when there was an intrusion. This 
pattern was strengthened during the unsorted as compared 
to the sorted trials for a) but not b). This demonstrates that 
between hemisphere division of inputs is not uniformly 
advantageous and that more than just task difficulty 
influences the advantage.

2 3 2 .7

ASYMMETRY OF THE HUMAN CENTRAL SULCUS. G.M. 
Lucas. L.E. White and D. Purvey* Dept. of Neurobiology, Duke 
University Medical Center, Durham, NC 27710.

The purpose o f this study was to determine if there is a 
difference in the extent of the right and left central sulci in man. 
Our interest is based on the possibility that asymmetry of the 
cortical regions containing the primary motor and sensory 
representations of the upper limb is related to hand preference. 
Eleven brains were obtained from autopsies o f neurologically 
normal adults. One cm-thick slices of each brain were cut at 30° 
from the horizontal, creating a plane orthogonal to the course of 
the central sulci. Blocks from the relevant areas in the two 
hemispheres were then serially sectioned. Measurements were 
made from these histologic sections at regular intervals through the 
central sulcus in each hemisphere. The summed measurements for 
each hemisphere showed the extent of the central sulcus to be 
greater on the left in 9 of 11 brains examined (w <  0.05 by 
Wilcoxon paired sample test). The asymmetry was largely 
restricted to the superior half of the central sulcus, where the 
primary motor and sensory representations of the hand and arm are 
located. Since 90% of adults are right-handed, these results 
suggest that hand preference is associated with an asymmetric 
allocation of cortex devoted to the preferred limb.

2 3 2 .9
S E X  D I F F E R E N C E S  IN T H E  L A T E R A L IZ A T IO N  O F  
F R O N T A L  L O B E  F U N C T IO N S . E . G oldberg* and K. 
P o d ė li. Departm ent of P sych ia try  M edical C o lle g e  of 
Pennsylvania, Philadelphia, P A  19129.

W e present evidence that the frontal lobe functions are  
m ore lateralized in hum an m ales than fe m a le s d u e to 
sexual dimorphism of the left frontal system . W e studied  
the perform a nce of patients with late ra lized  frontal 
lesions on a  novel ta sk  m easuring  cognitive re sp o n se  
se le ctio n  b ia s  a lo n g the set-m ain ta in ing/set-sh iftin g  
continuum. Extrem e set-shifting behavior w as produced  
by left (N =5), and extrem e set-m aintaining behavior by  
right (N =7), frontal lesio n s in m ales on this task . In 
fe m a le s  extre m e se t-m a in ta in in g  b e h a v io rs  w ere  
produced by both left (N =5 ) and right (N = 4 ) lesio n s. 
Th is  su gg e sts  that the left frontal system  is characterized  
by a set-m aintaining, and the right frontal system  by a  
set-sh iftin g  re sp o n se  se le ctio n  b ia s  in m a le s. In 
fem ales, both frontal system s are characterized by a  set- 
shifting response selection bias.

2 3 2 .6
ANTERIOR COMMISSURE IN RELATION TO CORPUS CALLOSUM 
ANATOMY, HAND PREFERENCE AND SEX. S.F. WITELSON* and D.L 
KĨGAR. Dept of Psychiatry, McMaster Univ., Hamilton, ON, CA L8N 3Z5.

The anterior commissure (AC) connects right and left temporal and 
inferior frontal cortex, the latter being part of the frontal language region. 
The rostrum and the isthmus of the corpus callosum (CC) contain 
interhemispheric axons from the frontal and temporoparietal language 
regions, respectively. In our previous work, both CC subregions showed a 
relationship with hand preference and, by inference, with the pattern of 
cerebral lateralization of motor and language functions. These CC regions 
were greater in non consistent-right-handers (nonCRH) than CRH, but in 
men only. We hypothesized that 1) AC area varies with hand preference,
2) AC area is related to rostral and isthmal areas and 3) sex differences 
exist in AC structure-function relationships. A sample of 73 postmortem 
brains (mean age=54 yr) were studied (Men:CRH=16 cases; nonCRH=15; 
Women: CRH=25; nonCRH=17). Results: 1) The factors of hand 
preference and sex were not statistically significant, but the interaction was, 
with AC larger in nonCRH than CRH men, and no difference between 
CRH and nonCRH women. 2) AC was smaller in CRH men than in women.
3) AC area correlated with the rostrum (r = 0.6) and the isthmus (r = 0.6) 
in CRH women only. These are the first results indicating an association in 
women between hand preference and a pattern of morphological 
intercorrelations. The relationship between AC and callosal anatomy 
suggests that a network of bihemispheric anterior and posterior language 
regions exists in CRH women but not in men. In men, the AC, like CC, was 
larger in nonCRH than CRH, consistent with greater interhemispheric 
communication in nonCRH. Supported by US NINDS.

2 3 2 .8
GENDER-RELATED DIMORPHISM OF THE PLANUM  TEMPORALE: AN 
MRI SURFACE RENDERING INVESTIGATION. T.T. Kulvnvch. B. Fantie*. K. 
Vladar, P,W, tones and D,R, Weinberger, Clinical Brain Disorders Branch, 
NIMH, W ashington, D.C. 20032.

The planum  temporale (PT), a supratem poral cortical structure containing 
auditory association cortex (Galaburda et al.,1980), has been the subject of 
MRI m orphom etry studies (Larsen, 1989; Steinm etz et. al. 1989,1990,1991,) 
that replicated postm ortem  reports o f pronounced hem ispheric asymmetry 
(Von Econom o and Horn,1930; G eschw ind and Levitsky, 1968). Gender 
d ifferen ces , h o w ev er , h a v e  n ot b een  ex a m in ed  in vivo, d esp ite  
n europsychological ev id en ce that m en and w om en  m ay differ in the 
lateralization o f language function attributable to the supratem poral cortex 
(McGlone, 1980). Additionally, serial-slice approaches to MRI morphometry 
of the PT are lim ited by the difficulty o f  identify ing  gyri and discerning  
relevant boundaries. We have previously show n that MRI surface rendering 
morphometry permits more reliable m easurem ent o f the PT (Kulynych et al.
1993). U sing surface rendering m orphometry, asym m etry o f the PT was 
in vestigated  in  norm al, strongly right-handed m en and w om en, and in 
normal, right-handed tw in pairs. We also report what is, to our knowledge, 
the first quantitative analysis o f Heschl's gyrus (HG), a supratemporal region 
of primary auditory cortex. We found a significant gender-by-hem isphere 
interaction for PT area in both the singleton and tw in databases, with post hoc 
tests indicating that in m ales left PTs were significantly larger than right PTs, 
while no sim ilar lateralization w as detected for fem ale PTs. N o asymmetries 
or interactions were detected for the area of HG in either group. This gender- 
related dim orphism  in PT laterality is consistent w ith  neuropsychological 
evid en ce for reduced  lateralization o f language functioning in fem ales 
(McGlone, 1977,1980, Inglis, 1981,1983).

2 3 2 .1 0
COGNITIVE PATTERN AND FINGER RIDGE ASYMMETRY. 
Doreen Kimura* & Michael W. Carson. Psychol,
U. Western Ont, London Ont, Canada N6A 5C2.

The number of ridges on the fingertips 
varies with the amount of material in the sex 
chromosomes, and is determined by the 4th 
fetal month. Typically, males have a higher 
count than females, and the rieht hand has a 
higher count than the left in both sexes. We 
assessed ridge count in 250 R-handed under
graduates, confirming the sex and hand 
difference. We found a slightly higher incid
ence of L> count in women than men (PC.03).

82 Ss were selected for cognitive testing, 
based on sex and direction of higher ridge 
count. Tests were chosen on the basis of 
previous sex differences: Masculine (Spatial, 
Math; Ms better), Feminine (Perceptual Speed, 
Fluency; Fs better). Neutral (Vocabulary, 
Reasoning). Overall, R> Ss of both sexes had 
higher scores than L> Ss, but composite Mase 
tasks were performed better by R> Ss (PC.02), 
Fern tasks by L> Ss (PC.03). Unexpectedly, a 
Neutral test (Inferences) favored R> Ss 
(PC.01), and Math alone showed a R> effect 
(PC.03). unlike Spatial tests. Cognitive 
pattern appears to be associated with events 
which occur early in prenatal life.
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232.11
MORPHOLOGICAL AND FUNCTIONAL ASYMMETRY IN HOMO
SEXUAL MALES. J.A. Hall* and D. Kimura. Dept. of 
Psych, U. Western Ont., London, Canada N 6A 5 C 2 .

Dermal ridges on the finger tips are formed 
early in fetal life and remain unchanged 
throughout the lifespan. Although most Ss have a 
higher count on the right (R>), more females are 
L> than males.

Finger ridge counts were enumerated from a 
sample of self declared homosexual (N=2 0 ) male 
students. Compared to 182 heterosexual males 
previously scored, more gay men had L> counts 
than did non-gay men [X2( 1) =7.196, pc.01)]. Our 
inter-rater reliability for ridge count was .98.

A dichotic listening task was administered to 
the gay sample and a sub-sample of heterosexual 
males. Both heterosexual males (R>&L>) and R> 
homosexual males showed a greater right ear 
effect than L> gay men [t(16)=2.81, p<.02; 
t (14)=2.87, p < .02) respectively]. Within the 
limits of sample size, handedness did not account 
for the difference on dichotic listening.

Our data suggest a relationship between an 
aspect of physical asymmetry, functional brain 
asymmetry, and sexual orientation. The data are 
consistent with a biological contribution to 
homosexuality, and indicate that such an 
influence may occur early in prenatal life.

232.13

PATTERNS OF INTELLECTUAL ABILITY IN MALES WITH 5-а  
REDUCTASE DEFICIENCY. M. P. Brvden*. J, Imoerato-McGinlev.
R. Pichardo. T. Gauthier, and D. Vover. University of Waterloo, 
Waterloo, Ont., Canada, N2L 3G1 and Cornell Medical School, New 
York, NY 10021.

We have previously found that chromosomal males with androgen 
insensitivity have lower performance IQ than expected. These 
individuals have normal male levels of prenatal testosterone, but 
effective levels are zero. They are bom with female genitalia, and are 
raised as females. We report here a study of males with 5-а reductase 
deficiency. These chromosomal males produce normal to high levels 
of testosterone, but are unable to metabolize it into dihydro
testosterone. They are bom with ambiguous genitalia, and most are 
raised as females until puberty, when high levels of circulating 
testosterone cause a masculinization, resulting in a gender change.

We assessed the pattern of intellectual abilities in 12 individuals with 
5-alpha reductase deficiency (5-alphas), using the Spanish language 
version of the Wechsler Adult Intelligence Scale. In addition, we 
tested 5 sisters, 8 brothers, 5 mothers, and 6 fathers of the 5-alphas, 
and 20 men and 2Ò women from the same rural community who were 
of comparable age to the 5-alphas, but were unaffected. When 
performance (P) and verbal (V) skills were compared, 5-alphas had a 
significantly higher log (P/V) ratio than all other male groups, and 
higher than all female groups except their female siblings. Thus, 5- 
alphas, with high levels of prenatal testosterone, have a higher 
performance IQ than expected, and androgen insensitives, with very 
low effective prenatal testosterone levels, have lower performance IQ 
than expected. This pattem suggests a role for prenatal testosterone in 
the organization of perceptual or performance skills.

232.12
A U D ITO R Y  E V O K ED  P O T E N T IA LS  AND C O G N IT IV E  S E X  D IF F E R E N C E S  
IN P R E -A D O L E S C E N T  C H ILD R EN . J .L . Shucard*. D.W. S hucard . R.L. 
Clopper. S.A . Kubow. G .L. C iupak. R. Dixon. Dept. of Neurology, SUN Y @  
Buffalo, 100 High Street (D-6), Buffalo, NY 14203.

Neuropsychological and neurophysiological studies have shown the 
presence of sex differences in the processing of certain types of spatial and  
verbal tasks. Although exposure to sex horm ones is believed to play a 
significant role in brain organization, it is unclear at what point during human 
development cognitive sex differences becom e apparent. It is commonly 
believed that cognitive sex differences begin to appear following puberty. W e 
hypothesize that the substrates for cognitive sex differences are determined 
during the pre - or perinatal period. The purpose of this study w as to 
examine behavioral and neurophysiological evidence of patterns of cerebral 
organization and cognitive sex differences in prepubertal children.

Children between 8 and 11 years of age who were determined to be 
prepubertal by the Tanner S ca le  of pubertal development participated in (a) 
neuropsychological assessm ent of verbal and spatial abilities, and (b) 
electrophysiological testing to obtain auditory evoked potentials (AEPs) to 
probe stimuli from left and right hem isphere scalp  sites during the 
performance of spatial and verbal tasks. Here, results will focus on the 
com parison of WISC-III subtest sco res and A E P s  from temporal and parietal 
scalp  sites obtained during a two-dimensional rotation task. The findings 
indicated that A EP  amplitude differences occurred between temporal and 
parietal scalp  sites and left and right hemisphere recordings during spatial 
processing. Different patterns of A EP  amplitude asymmetry occurred between 
m ales and females. Further, A EP  amplitude asym m etries were related to 
WISC-III Verbal-Performance difference scores. The results support the 
hypothesis that sex differences in cognitive abilities and cerebral organization 
are present before puberty. Supported in part by NIH grant HD25718.

232.14

RACE AND SEX DIFFERENCES IN CRANIAL CAPACITY FROM 
INTERNATIONAL LABOUR OFFICE DATA. J. P, Rushton*. 
Department of Psychology, University of Western Ontario, 
London, Ontario, N6A 5C2, Canada.

Recent studies have shown that even after 
correcting for body size, significant sex and race 
differences exist in brain size whether estimated from 
weight at autopsy, from endocranial volume, or from 
external head measurements (Ankney, In te lligen ce . 1992, 
1£, 329-336; Rushton, Intelligence. 1992, ÜL, 403-413).

In this new study, cranial capacities are calculated 
from external head measurements reported for 40 samples 
from a 1990 review of ergonomically important body 
measurements compiled by the International Labour Office 
in Geneva. The measurements had been gathered over the 
previous 30 years from tens of thousands of men and 
women aged 25 to 45. A 3 (geographic area) x 2 (sex) 
ANOVA showed statistically significant differences. After 
adjusting for the effects of stature and sex, people living in 
6 east Asian regions averaged 1312 cm3 (SD = 30), in 18 
European regions 1284 cm3 (SD = 110), and in 4 African 
regions 1228 cm3 (SD = 60). After adjusting for the effects 
of stature and geographic area, men averaged 1361 cm3 
and women 1188 cm3.
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233.1
THE EFFECTS OF A DOPAMINE AGONIST ON THE COMPONENTS OF 
SHIFTING COVERT VISUAL ATTENTION M.J.Moran. G.K.Thaker. 
S.Cassadv. D.L.Ross*. &D,Smith. MPRC,Baltimore MD 21228 

Global deficits of sustained and focused visual 
attention in schizophrenic patients have been recognized 
for many years. Recently, an asymmetric deficit in the 
ability to shift covert visual attention from an 
invalidly cued location was demonstrated in patients 
compared to normal controls. Specifically, schizophrenic 
patients had slower responses to right visual field 
targets than to left, when they were invalidly cued 
(Posner et al, 1988). It has been hypothesized that this 
is due to a left hemispheric dopamine hyperactivity 
(Early et al, 1989). However, inconsistent replication of 
this finding may be due to the effects of neuroleptic 
medications in patients. To test this hypothesis, one 
could administer a dopamine agonist to schizotypal 
subjects, who would then be expected to mimic 
schizophrenic patients in the visual attention task. 
Normal controls (n-8) and schizotypal subjects (SSPD, 
n—7) were administered d-amphetamine in a placebo 
controlled, double blind study and tested approximately 
3 hours post-drug. Although there was no relative right 
visual field disadvantage after amphetamine in either 
group, the benefit of valid cuing was differentially 
affected in the two groups after the dopamine agonist 
compared to the placebo. Implications of this finding 
will be discussed.

233.2
SYSTEMIC NICOTINE FROM CIGARETTE SMOKING MODIFIES 
COVERT ORIENTING IN HUMAN SUBJECTS. R.T Marrocco* and E.A 
Witte. Inst. ofNeuroscl, Univ. o f  Oregon, Eugene, OR 97403.

Patients with mild to moderate dementia o f  the Alzheimer's type (DAT) have been 
shown (1) to have altered orientation o f  attention as compared to their age-matched 
controls. This result implied that reduced cholinergic activity, often seen in DAT, 
could affect attentional processing. We sought to extend this understanding o f  the 
role o f  the cholinergic system in attention and arousal by assessing the attentional 
effects o f  nicotine, a nicotinic agonist, in human smokers completing a cued covert 
target detection (CTD) task.

During the CTD task, subjects pressed a bar to illuminate a fixation spot in the 
center o f a video monitor. Following a random delay interval, a peripheral cue was 
presented to one, both hemifields, or omitted on some trials. A target was presented 
to either the left or right hemifield at intervals o f  100, 400, or 700 msec after the cue. 
The cue was presented to either the same hemifield as the target (valid condition); the 
opposite hemifield (invalid condition), to both hemifields (neutral condition), or was 
omitted (no-cue condition). Subjects’ reaction times (rfs) to target detection were 
measured immediately after smoking, as well as many hours afterward.

Systemic nicotine from cigarette smoking dramatically reduced the size o f  the 
validity effect (invalid condition rfs minus valid condition rfs) which is an index o f  
visuospatial orienting. Cessation o f smoking caused a return o f the validity effect to 
control values over a period o f  about 4 days. Nicotine did not, however, affect 
arousal as measured by the alerting effect (no-cue rfs minus neutral condition rfs). 
Thus, changes in activity in the nicotinic cholinergic system selectively affects 
attention shifting but not arousal. The results are comparable to alterations in validity 
effects found in monkeys following injections o f  nicotine.
Supported by the Pew Memorial Trust and James S. McDonnell Foundations.
(1) Parasunman, Greenwood, Haĸby, and Grady. Brain. 1992, Jun., 115/3
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233.3
PHARMACOLOGICAL MANIPULATION OF BRAIN CHOLINERGIC 
ACTIVITY MODIFIES COVERT ORIENTING IN RHESUS MONKEY. E.A. 
Witte* and R.T. Marrocco. Inst, o f  Neurosci., Univ. o f  Oregon, Eugene, OR 97403.

Patients with mild to moderate dementia o f  the Alzheimer's type (DAT) have been 
shown (1) to have altered orientation o f attention as compared to their age-matched 
controls. This result implied that reduced cholinergic activity, often seen in DAT, 
could affect attentional processing. We sought to extend this understanding o f the 
role of the cholinergic system in attention and arousal by assessing the attentional 
effects o f nicotine, a nicotinic agonist, on rhesus monkeys completing a cued covert 
target detection (CTD) task.

During the CTD task, rhesus monkeys pressed a bar to illuminate a fixation spot in 
the center o f a video monitor. Following a random delay interval, a peripheral cue 
was presented to one, both hemifields, or omitted on some trials. A target was 
presented to either the left or right hemifield at intervals o f  100,400, or 700 msec after 
the cue. The cue was presented to either the same hemifield as the target (valid 
condition); the opposite hemifield (invalid condition), to both hemifields (neutral 
condition), or was omitted (no-cue condition). The monkey's reaction times (rt’s) to 
target detection were measured.

The primary effect o f nicotine was a dose-dependent reduction in the size o f the 
validity effect (invalid condition it's minus valid condition it's) which is used to 
measure the orientation o f attention. Nicotine did not, however, affect arousal as 
measured by the alerting effect (no-cue rt’s minus neutral condition rfs). Thus, 
changes in activity in the nicotinic cholinergic system selectively affect attention 
shifting but not arousal. These results are in agreement with those o f  Parasuraman et 
al., who found that the decreased levels o f  cholinergic activity associated with DAT 
were associated with increased size o f  the validity effect.
Supported by the Pew Memorial Trust and James S. McDonnell Foundations.
(1 ) Parasuraman, Greenwood, Haxby, and Grady. Brain. 1992, Jun., 115/3

233.5
PROCESSING OF TACTILE STIMULUS CHANGES IN EARLY BLIND 
HUMANS AS REVEALED BY EVENT-RELATED BRAIN POTENTIALS. 
H.Hämäläinen*, T.Kujala, K.Alho, J.Kekoni, K.Reinikainen 
and R.Näätänen. Depts. of Psychology, Univ. Helsinki and 
Univ. Turku, Finland.

Event-related brain potentials to standard and deviant 
tactile stimuli were recorded frcm 8 blind adults with 
peripheral visual deficits starting early in life, and 8 
sighted subjects, during a tactile-auditory selective 
attention task. The subject's task was to discriminate 
deviant (p=.05) stimuli presented randomly among standards 
(p=.45) in a designated modality. The deviation was deter
mined as the stimulation site on the fingers, and location 
of the auditory stimuli in the auditory space.

In the sighted, deviants among attended tactile stim
uli elicited a distinct N250 deflection over the lateral 
areas of the scalp. In the blind, the N250 was enhanced in 
amplitude and centro-posteriorly distributed. Addi
tionally, larger somatosensory P200 amplitudes were ob
served in the blind compared to those of the sighted.
These results suggest differences in mechanisms of pro
cessing of attended tactile information between early 
blind and sighted humans.

233.7
STREAMING MODULATES AUDITORY CORTICAL ACTIVITY DURING 
SELECTIVE LISTENING. C. Alain* and D.L. Woods. Clinical Neurophysiology 
Laboratory, Dept of Neurology, UC Davis, VA Medical Center, Martinez, CA 
94553, USA.

The clustering of auditory events plays an important role in perception. When 
target tones and distractors are mixed in a sequence, order judgments of targets is 
improved by distractor clustering (i.e., when the distractors have similar frequen
cies). Distractor clustering also enhances the speed and accuracy of target 
detection. Conversely, performance declines when target tones and distractors have 
similar frequencies. Although auditory clustering has been extensively studied by 
psychophysicists, the neural basis underlying these effects remain unknown. We 
investigated the cerebral substrates of auditory clustering with event-related 
potential (ERP) recording. Subjects attended to binaural tone bursts of a designated 
frequency and responded to occasional long duration targets at that frequency while 
ignoring distracting tones of two competing frequencies. Three conditions were 
used. In one condition, the two distractors were clustered together (i.e., attended 
tones differed from the distractors by 8 and 9 semitones). In another, the attended 
frequency was clustered with the nearest distractor (i.e., attended tones differed 
from the distractors by 1 and 8 semitones). In a third condition, attended and 
distractor frequencies differed by 8 and 16 semitones. In all conditions, ERPs to 
attended stimuli showed a long-latency negativity enhancement. In addition there 
was an earlier negative enhancement during the rising phase of the N1 wave (70 
to 110 ms) associated with enhanced positivity (P90) at posterior temporal sites. 
The performance as well as the late and early ΝΓ/Ρ90 attention effect on ERPs 
were enhanced with distractor clustering. Since the ΝΓ/Ρ90 is generated in 
tonotopic regions of auditory cortex, the results suggest that clustering modulates 
activity in a tonotopically organized cortical field.

Supported by grants from NIDCD, FCAR and the VA Research Service.

233.4
THE MIXED al/cx2 AGONIST CLONIDINE HAS SPECIFIC AND NON
SEDATIVE EFFECTS ON TESTS OF FRONTAL LOBE FUNCTION IN MAN. 
JT Coull. HC Middleton. BJ Sahakian and TW Robbins (SPON: European Brain and 
Behaviour Society). Depts. of Exp. Psychology, and Psychiatry, University of 
Cambridge, Downing St., Cambridge CB2 3EB.

The mixed a l/a 2  agonist clonidine (CLO) has sedative effects in normal humans, 
which presumably result from reduced coeruleo-cortical noradrenergic transmission. 
Recent studies of the effect of CLO in aged monkeys and Korsakoff s syndrome have 
implicated the frontal cortex as a major site of action of the drug, a possibility 
supported by the high density of a2  receptors in that region. However, since CLO 
has sedative side-effects it is necessary to compare its effect on cognition with that 
of a sedative benzodiazepine, in order to assess the pharmacological selectivity of 
CLO's actions.

We examined the effects of 1.5μg/kg CLO (i.v) on cognitive functioning using 
neuropsychological tests, including those sensitive to frontal lobe dysfunction, and 
compared the results to that of 10mg oral diazepam (DZP) on the same battery of 
tests. Twenty-eight normal volunteers (mean age 23) were tested in a mixed within- 
and between-subjects, placebo-controlled, counterbalanced design.

A selective pattern of impairment was found. Specifically CLO increased 
impulsivity in initiating solutions to difficult (4 and 5) move problems on a 
computerized version of the Tower of London task of planning, whilst prolonging 
time taken to subsequently complete the solution. Furthermore, performance on the 
Rapid Visual Information Processing (RVIP) test of sustained attention was 
significantly impaired by CLO, especially in subjects naive to the task. Conversely 
DZP had no effect on either of these tests, which are known to be sensitive to 
frontal lobe dysfunction, but instead slowed overall reaction times during tests of 
both focused attention and visual search. In conclusion, the mixed a l /a 2  
adrenoceptor agonist clonidine has specific and non-sedative effects on frontal lobe 
function in man.

This work was funded by a Wellcome Trust Programme Grant awarded to Drs. TW 
Robbins, BJ Sahakian, and BJ Everitt.

233.6
PROCESSING OF AUDITORY STIMULUS CHANGES IN EARLY BLIND 
HUMANS AS REVEALED BY EVENT-RELATED BRAIN POTENTIALS.
K. Alho*, T. Kujala, J. Kekoni, Ҝ. Reinikainen,
H. Hämäläinen and R. Näätänen Department of Psychology, 
SF-00014 University of Helsinki, Finland.

Eight blind young adults, with a peripheral visual 
deficit starting early in life, and 8 sighted control 
subjects were presented with random sequences of stereo
phonic tones and tactile pulses. Standard tones (p=.45) 
were perceived to occur "at the middle of the head" and 
deviant tones (p=.05) at the right. Standard tactile 
pulses (p=.45) were delivered to the left index finger 
and deviant pulses (p=.05) to the left middle finger. The 
subjects' task was to discriminate deviant stimuli in a 
designated modality.

During somatosensory attention, deviant tones elicited 
a mismatch negativity (MMN; mean peak latency 144 ms) of 
the event-related brain potential recorded from the scalp. 
The MMN was enhanced in the blind, suggesting enhanced 
processing of unattended auditory stimuli. During auditory 
attention, the deviant tones also elicited a negative N2b 
component (mean peak latency 213 ms). The scalp distribu
tion of the N2b in the blind was posterior to that in the 
sighted, suggesting that the blind use posterior brain 
areas in processing of attended auditory stimuli.

233.8
AN ELECTROPHYSIOLOGICAL TEST OF THE AROUSAL-HEMISPATIAL 
NEGLECT HYPOTHESIS. H.J. Stome-Baker* S J . Seealowitz. S.E. Black. 
D.P. Crowne. J.A.G. McLean and N. Sullivan. Dept. o f Psychology, Univ. of 
Waterloo, Waterloo, ON, Canada N2L 3G1.

Focal damage from stroke can cause alterations in arousal and attention, 
with the most striking condition being hemispatial neglect. Neglect is 
associated predominantly with right hemisphere (RH) damage, and is an 
impaired ability to report, respond, or orient to contralesional stimuli, 
presenting in 50% o f RH stroke patients (25% o f these severely affected) 
and in about 33% o f left hemisphere (LH) patients (virtually all mildly). 
An arousal model for this asymmetry is the focus o f  this research. In this 
study, power spectra EEG and event-related potentials (ERPs) provide an 
independent, on-line assessment o f attentional processes. To determine 
whether reduced cortical arousal is associated with neglect and RH damage, 
we are examining a consecutive series o f  patients admitted to Sunnybrook 
Health Science Centre with CT-confirmed unilateral stroke. Presence of 
neglect is verified with paper and pencil tests (Sunnybrook Neglect Battery) 
and reaction time (RT) paradigms (based on Posner’s and Treisman’s 
work), while arousal is measured by RT scores and EEG desynchronization. 
Scalp EEG is recorded by the QSI 9000 during a standard auditory oddball 
paradigm (high tones/low tones) for off-line ERP analysis. We hypothesize 
that neglect is a dual deficit, a combination o f impaired visuo-spatial 
attention and hypoarousal. Only subjects manifesting neglect, therefore, 
would exhibit diminished arousal. We predict that depressed arousal will be 
associated with enhanced slow wave EEG activity, delayed N1, P2, N2, and 
P3 ERP latencies, and decreased ERP peak amplitudes. Subjects are 20 
LH-nonneglect, 10 RH-neglect and 10 RH-nonneglect patients. Preliminary 
findings support the predicted electrophysiological factors to be associated 
with RH versus LH stroke.
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233.9
Narrowed Regions of Visual Sensory Enhancement Associated 
With Parietal Volume Loss. J. Townsend * & E. Courchesne.
(UCSD, Dept. of Neuroscience) Neuropsychology Research Lab, 
Children's Hospital, 8001 Frost St., San Diego, CA 92123.

Patients with parietal volume loss showed electrophysiological and 
behavioral signs of abnormally narrow regions of enhancement of 
sensory stimulation around an attended location. On a test of spatial 
attention, when compared to normal control subjects and autistic 
patients without parietal abnormality, autistic patients with abnormalities 
of parietal cortex demonstrated: larger than normal P1 ERP attention 
effects (i.e. greater than normal enhancement of sensory responses at 
an attended location) combined with earlier P3b ERP latencies to 
targets and faster button press RTs to targets. These data are evidence 
for visual attention distributed as a spotlight at the attentional focus with 
little processing enhancement at locations surrounding the attended 
location. This dysfunctional distribution of visual attention creates an 
attentional map that facilitates simple responses within the attentional 
beam quite well, but hinders responses outside the beam. Severely 
gated sensory responses outside the immediate attentional focus result 
in severely delayed responses to information in those locations. This 
evidence is consistent with the response delays seen in patients with 
parietal damage following an incorrect spatial cue (extinction-like 
pattern), and also with clinical observations of inattention in such 
patients. The patterns of sensory enhancement seen in these data 
suggest a mechanism that may underlie the impairments in spatial 
attention that follow damage to parietal cortex, and help to specify the 
role of parietal cortex in spatial attention.

233.11
ERP CORRELATES OF SPATIAL SELECTIVE ATTENTION IN FIRST AND THIRD GRADERS OF 
VARYING READING SKILL IN COMPARISON TO ADULTS. Alvin L. Keves and Robert 
G. Eason*. Dept. of Psychology, U. of N. Carolina at Greensboro,
Greensboro, NC, 27412.

Using a spatial selective attention paradigm designed to produce 
attentional shifts from the central to the peripheral visual field (right 
or left), event-related potentials (ERPs) obtained from three groups of 
children during their first and third grade years who previously had been 
classifeid from behavioral and neuropsychological tests as being "reading 
disabled," "at risk for a reading disability," or "normal readers" (N > 50 
for each group) were compared to a sample of young adults (N = 20). On a 
given trial, a foveally-presented arrow cue directed the subject to shift 
attention (without moving the eyes) to a peripheral location in either the 
right or left visual field. Six hundred msec later a small square stimulus 
(target) appeared randomly in either the validly cued or invalidly cued 
field. The subject was instructed to respond as quickly as possible to 
validly cued (relevant) targets but to ignore and not respond to invalidly 
cued targets. ERPs evoked by the arrow cue varied as a function of grade 
level and reading ability among the three groups of children. In addition, 
ERPs obtained from the adults differed markedly from those obtained from 
the children. Both the ERP and RT data indicate that the capacity to 
spatially attend and the time required to shift attention varied with grade 
level, reading ability, and between children and adults. The results 
strongly suggest that the adults shifted attention 150-250 msec sooner, and 
far more completely, than did the children.

233.13
ATTENTION TO COLOR: EVIDENCE FROM MULTICHANNEL 
HUMAN ELECTROPHYSIOLOGY. T. C. Rubin. S, J. Luck. L. Anllo-Vento. 
J, C. Hansen* and S. A. Hillvard. Department of Neurosciences, 0608, University 
of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0608.

This study was designed to characterize and localize changes in cortical 
activity obtained when humans selectively attend to the color of a visual stimulus. 
Multichannel event-related brain potentials (ERPs) were recorded while subjects 
viewed checkerboards consisting of red òr blue checks superimposed onto an 
isoluminant gray background. Stimuli were presented at a rapid rate (150-450 ms 
SOA) either at the fovea or in the upper right visual field. Subjects were required 
to attend to red or blue and to press a button each time they detected a dimmer 
shade of the attended color. The brightness of these infrequent, dimmer target 
stimuli was adjusted to equate task difficulty across the attend-blue and attend- 
red conditions and across subjects.

The responses elicited by attended and unattended stimuli began to diverge 
approximately 150 ms after stimulus onset; no attentional modulation was 
observed for the early, color-sensitive exogenous ERP components. The 
attentional difference initially consisted of a prominent P2 attention effect over 
frontal cortex that did not vary in amplitude or scalp distribution as a function of 
stimulus location. Starting approximately 175 ms post-stimulus, a "selection 
negativity” began to emerge at extreme ventral posterior electrode sites (at the 
level of the inion); this effect was not observed at more dorsal posterior sites 
where selection negativities are typically found. Current source density maps 
suggested a ventral occipital source that moved interiorly with increasing 
stimulus eccentricity. These results suggest that attention to color involves both 
an anterior area and a topographically organized posterior area analogous to 
color-sensitive areas that have been reported in non-human primates.

233.10
ATTENTIONAL CONTROL IN A PATIENT WITH BILATERAL INFERIOR 
PARIETAL LESIONS. M. Graboweckv. R. Ealv. L.C. Robertson*. & R 
Ratal. Center for Neuroscience, U.C. Davis, CA 95616.

The inferior parietal lobe is said to be involved in the control of attention 
and of eye movements within a visual frame of reference. We report a 
case of a human subject (RM) with bilateral, nearly symmetrical, lesions of 
the inferior parietal lobes as a consequence of two CVA's. These lesions 
resulted in Balint's Syndrome, characterized by simultanagnosia (an 
inability to see more than one object at a time), ocular apraxia (deficits in 
visual scanning), and ocular ataxia (deficits in visually guided reaching). 
Visual attention in RM was investigated in a series of experiments. 
Search for targets defined as a conjunction of two features (search for a 
red X among blue X's and red O's) was disproportionately impaired 
compared to search for an X in O's or for red in blue. This result is 
consistent with a deficit in directing spatial attention that is more severe for 
complex than for simple objects. In an experiment examining the effect of 
the frame of reference on search for an orientation feature, RM searched 
for vertical lines in distractors at 45° from vertical, or for 45° targets in 
vertical distractors. When the frame of reference was upright relative to 
the environment, search for a vertical target was much slower than search 
for a target at 45°. When the reference frame was rotated 90° in the 
frontal plane these differences disappeared. These results demonstrate 
that RM is sensitive to spatial information in the reference frame. In 
another experiment, RM was instructed to name the first object seen in 
displays that consisted of a Q in O's (“pop-out" displays) or an O in Q's. 
As hypothesized, RM named Q's more often than O's in both types of 
display. The presence of an additional feature may summon attention 
automatically, a process unaffected by bilateral parietal damage.

233.12
NEURAL PROCESSES INVOLVED IN REFLEXIVE AND VOLUNTARY 
SHIFT OF VISUOSPATIAL ATTENTION: AN AGING STUDY. S. Yamaguchi* 
and S. Kobayashi. Third Div. of Internal Medicine, Shimane Med. Univ., Izumo 
693, JAPAN

The neural mechanisms underlying covert shift of visuospatial attention were 
examined using event-related potentials during a spatial cuing task in young and aged 
subjects. Subjects responded to a lateral target following a central arrow pointing right 
or left visual field (central cue) or an open square occurring in either visual field 
(peripheral cue) with central fixation. The target was flashed with variable intervals 
(200, 500, or 800 msec) after the cue in the cued or non-cued visual field. The central 
cue elicited negativities over occipito-temporal regions contralateral to the cue 
direction starting 250 msec post-cue. The negativity also emerged chronologically at 
contralateral central and frontal regions up to 500 msec. After 500 msec post-cue the 
right temporal region showed larger negativities than the left hemisphere irrespective 
of the cue direction. These negativities in the central cue condition were substantially 
small in the aged subjects. On the other hand, peripheral cues generated negativities 
over occipito-temporo-parietal regions contralateral to the cued visual field in the 
latency range of 450-800 msec post-cue comparably in both young and aged subjects. 
These results suggest that each hemisphere separately contributes to orienting 
mechanisms of visuospatial attention toward the contralateral visual field and that the 
right hemisphere is dominant for sustaining the spatial attention. Aging may affect 
the neural processing for voluntary but less for reflexive orienting of visuospatial 
attention.

233.14
SELEC TIVE A T T E N T IO N  TO  L O C A T IO N  A N D  CO LO R: 
ELECTROPHYSIOLOGICAL EVIDENCE FOR SEPARATE NEURAL  
PROCESSES. S.R. Friedman-Hill^*3 and G.R. M angun,*l/2,3 ^Graduate 
G roup in  N eu rob io logy , ^Departm ent o f P sych ology, and 3 Center for  
N euroscience, U niversity o f California, D av is, CA 95616.

Orienting attention to the location or color of a target stim ulus w as  
investigated in a trial-by-trial cuing paradigm. Subjects w ere presented  
with a central arrow cue that pointed left or right and w as red or green. A 
bilateral d isp lay o f red and green letters follow ed the cues. In different 
conditions, the task w as to attend to either the cued location or cued color 
and indicate the presence or absence of the letter "T" in  the cued  
dim ension. For location cuing, the event-related potentials (ERPs) to the 
left and right cues were m ore negative from 275-375 m s latency over  
fronto-central scalp sites contralateral to the direction of the cue (Harter 
et al., 1987). H ow ever, from  375-500 m s the effect w a s a greater  
negativity for left cues over the right hem isphere.

S ignifican t d ifferen ces w ere obtain ed for ERPs elicited  by the 
location versus color cues. The first differential effect w as an enhanced  
negativity for location cuing between 250-400 ms. This effect w as greatest 
in am plitude at centro-parietal scalp sites bilaterally and at tem poro- 
occipital sites o f  the left hem isphere. In addition, color cues elicited a 
greatly reduced anterior negative component (CNV) between 500-800 ms.

The differing patterns of brain electrical activity for location and  
color cues suggest distinct underlying neural mechanism s for spatial versus 
feature selection.
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233.15
CUED VISUAL SEARCH IN ALZHEIMER’S DISEASE. S. Panicked P.M. 
Greenwood. R. Parasuraman. and J.V. Haxbv. The Catholic University ot 
America, Washington, DC 20064 and NIA, Bethesda, MD

Both age and dementia of the Alzheimer type (DAT) change the way spatial 
cues are processed. In a cued visual discrimination task, effects of spatial cues 
on RT increase with normal age (Greenwood et al., 1993) and increase further 
in DAT (Parasuraman et al., 1992). Visual search for conjunctions of features 
is also slowed in normal elderly whereas search for single features is not. 
Further, in the old even a valid cue precisely locating a target representing a 
conjunction of features does not reduce RT to the level of feature search; in 
the young such a valid cue results in faster conjunction search than feature 
search. Moreover, in cued visual search, combined cue validity effects (invalid 
RT - valid RT) are greater in the old than the young (Greenwood et al., 1992). 
In this study Old and DAT Ss (11 each) searched for both features and 
conjunctions of features over 10 or 15 display elements comprised of 3 colors 
and 3 letters. Cues were rectangles adjusted in size to encompass either one 
letter, a column of letters or the entire display of letters. Cues proceeded the 
display by 500 msec and were 60% valid (contained the target) or 40% invalid 
(did not contain the target). Compared to normal elderly, DAT patients 
showed (a) overall longer RT, (b) little effect of valid cue size on conjunction 
search (valid cues reduced RT linearly with decreases in cue size in elderly Ss 
but not in DAT Ss, (c) similar effects of invalid cue size on conjunction search 
(invalid cues lengthened RT particularly for the smallest and largest cues), and
(d) smaller combined cue validity effects in both conjunction and feature 
search due to a greater RT difference between the groups for valid than for 
invalid cues. These results suggest that, compared to the enhanced cue 
validity effects reported previously in DAT in a discrimination task, in a visual 
search task DAT effects differently the ability to shift attention and the ability to 
control the aperature of attention.

2 3 3 .1 7
A PERSISTENT ALPHA SYNDROME IN CHILDREN.

W.C. Com ing, R.A. Steffv. D. Velikonia and S. Reinis*. Dept. o f  
Psychology, University o f  W aterloo, W aterloo, Ont., Canada N2L-3G1.

Grey Walter (1963) originally suggested that there might be certain 
psychological typologies associated with persons displaying high and 
unchanging alpha bandwidth (8-12 Hz) activity ("P" types). The alpha 
rhythm typically attenuates in the posterior head regions when the eyes  
are closed. This attenuation o f  the alpha rhythm is attributed to sensory 
arousal or attention. In a population o f  children (ages 10-15 years) 
referred for clinical services, a subgroup emerged that was characterized 
by high, unblocking alpha activity. Experimental attempts to induce 
normal blocking levels o f  alpha activity resulted in only minor shifts. 
Comparisons o f  this group with high, blocking alpha and normal alpha 
groups yielded physiological and behavioural differences. "P" subjects 
had lower interhemispheric posterior waveshape correlations and lower 
unilateral posterior-occipital correlations (eyes closed recording 
conditions), features characteristic o f  the inattentive, visually unaroused 
brain. Within group analyses showed that "P" types had different 
functional organizations and indicated a right posterior brain 
dysfunction. Concurrently, psychological and neuropsychological 
measures revealed that this group performed more poorly on subtests 
reflecting the ability to concentrate (FD and ACID factors) and on 
certain attentional tasks. Physiological and Behavioural measures 
indicate selective attentional patterns in these children.

2 3 3 .1 9
IMPULSIVE AGGRESSION AND CORTICAL DYSFUNCTION.
E. S. Barratt*. M. S. Stanford. A. Felthous and T. A. Kent. Dept. of 
Psychiatry and Behavioral Sciences, Univ. o f Texas Medical Branch, 
Galveston, TX 77550.

Impulsive aggression is defined as an agitated state condition which is 
precipitated by a "hair trigger" response that is socially inappropriate to the 
provocation. The agitated behavior is not premeditated or secondary to other 
medical disorders. It was hypothesized that anterior and posterior cortical 
attention areas are related to the "hair trigger" response. These cortical areas 
were hypothesized to relate to "signal to noise" processing o f information as 
measured by event-related potentials (ERPs). ERPs were recorded during the 
performance o f three contiguously presented visual oddball paradigms including 
one with deviant stimuli. Three groups o f subjects were compared: 
nonimpulsive aggressive prisoners (n =  35); impulsive aggressive prisoners (n 
=  34); and nonprisoner matched controls (n =  39). Data were analyzed from 
19 electrodes rising multivariate and topographical analyses. Within groups 
analyses indicated that nonimpulsive aggressive prisoners and nonprisoner 
matched controls had a significant p300 amplitude difference between high and 
low probability stimuli while the impulsive aggressive prisoners did not. There 
was also a lack o f independence o f functioning o f the anterior and posterior 
attention areas in the impulsive aggressive prisoners compared to the other two 
groups. Overall, the results indicate that both inability to discriminate signal 
from noise and a lack o f specificity o f function between anterior and posterior 
attention areas relate to impulsive aggression.

2 3 3 .1 6
SMART SEARCH: LATERALIZED CONTROL OF STRATEGIC 
PROCESSES IN THE HUMAN SPLIT-BRAIN
A. Kingstone. J. T. Ennşl G. R. Mangun. and M. S. Gazzaniga* Center for 
Neuroscience, UC Davis, Davis, CA 95616;  ̂Department of Psychology, 
University of British Columbia, B.C. V6T 1Z4 

The idea that people can extract, in parallel, preliminary primitive information 
from the environment and then guide subsequent serial analysis contingent on it, is 
fundamental to attentional theories o f human information processing. We asked 
whether each hemisphere of patients who have undergone surgical section of the 
corpus callosum is capable o f recognizing and adopting optimal visual search 
strategies. Three split-brain patients and 10 normal controls searched for targets 
defined by a conjunction o f color and shape (e.g., a black circle or a gray square 
target surrounded by an equal number of black square and gray circle distractors). 
Set size was randomly varied (2, 4, 8, or 16) and reaction times were measured. 
Items were presented in one visual field or divided equally between fields. 
Unpredictably, on 50% of the 8 and 16 item displays, gray circle distractors 
outnumbered black square distractors by a ratio of about 5:2. These trials provided 
an opportunity to engage in what we call "smart search" -  that is, the chance to 
constrain search to a small subset of objects that share a common target feature 
(e.g., the color 'black' when the target is a black circle). Results showed that, for 
all subjects, search latency increased with display size. Split-brain patients JW and 
DR found a target more quickly in smart search arrays only when the array was in 
the right visual field (RVF-left hemisphere). On standard serial search arrays target 
detection was faster for RVF targets. Patiem V P failed to exhibit reliable smart 
search performance. On standard arrays VP was faster to detect a target in the 
LVF. Normal controls produced smart search performance for arrays in either 
visual field, and were faster for standard arrays shown in the RVF. These findings 
suggest that strategic visuospatial control processes are lateralized in a superior left 
hemisphere. (Supported by NIH/NINDS P01 NS 17778-11).

2 3 3 .1 8

EVENT RELATED POTENTIALS TO ATTENDED AND UNATTEN
DED STIMULI DURING A VIGILANCE TASK. F.Freeman*,
S. Cunningham, M.Scerbo, D. Bartolome, A.Pope,
E.Bogart, & R. Comstock. Psych. Dept., Old Domin 
ion University, Norfolk, Va. 23529, & NASA Lang
ley Research Center, Hampton, Va. 23681.

EEG and ERPs were recorded during performance 
of 2 vigilance tasks. Subjects were presented 2 
numbers on a monitor. For one task, subjects 
responded if the sum of the numbers fell within 
a preassigned range; for the second task, they 
responded if the numbers differed in size. Two 
task irrelevant tones were presented over head
phones every 6 seconds. Subjects also indicated 
when they realized that their mind had been wan
dering, a task-unrelated thought (TUT). Perform
ance remained high throughout each task, not dif
fering between tasks. TUTs increased significant 
ly from the first to second half of each task. 
ERPs to task irrelevant tones revealed a N1 wave 
at approximately 150 msec and a PI wave at 250 
msec. ERPs to the task relevant visual stimuli 
yielded expected P3 waves. Comparisons of ERPs 
from the first and second half of the tasks 
along with the increased TUTs, suggested that 
the ERPs were more highly correlated with subjec- 
tive measures of attention than with actual per
formance .

2 3 3 .2 0
H IP P O C A M P A L  R E S P O N S E S  T O  N O V E L  S O M A T O S E N S O R Y  
S T IM U L I .  pb Srafrini*_fln0 J3, McCarthy, N europsychology Lab , W est 
H aven  V A M C  and Dept of N eurosurgery, Y a le  S chool of M edicine, 333  
C ed ar S t, N ew  H aven, C T  06510

Tem p o ral-p arie ta l junction  an d  do rso latera l prefrontal co rtices  
contribute to the sc a lp  P 3  to target an d  non target novel stimuli. 
R e co rd in g  from in tracran ia l e le c tro d e s  in e p ilep tic  p atie n ts h a s  
revea led  task  dependent h ippocam pal activity to target stim uli. W e  
recorded  re s p o n se s  to target an d  novel so m a to se n so ry  stim uli in 
patien ts with e le c tro d e s im planted in h ip pocam pal an d  entorhinal 
cortex. S u b jects  p re sse d  a  key  in resp o n se  to m echan ica l tap s of the  
fifth finger (targets, p = 0 .10 ) in tersp erse d  with ta p s  of the  third 
finger (standard , p = 0 .80 ) and random  rare  sh o ck  stim uli to the  
wrist (sho ck novel, p = 0 .10 ). Ta rg et stimuli e licited a  sc a lp  P 3  (22  
uv; 4 3 9  m se c ) , a  n eg ativ ity  (-13 2  uv; 521 m se c)  w ithin the  
hip pocam pus and a  positivity (25 uv; 38 8  m se c) at s ite s  anterior to 
the h ip pocam pus. T h e s e  re sp o n se s  did not habituate over repeated  
tria ls. R a re  sh o ck  stimuli g enerated  an  earlier latency  sc a lp  P 3  (31 
uv; 34 0  m se c), a  hippocam pal negativity (-135 uv; 43 7  m se c) and  
a  p ositiv ity  anterio r to th e  h ip p o ca m p u s (47  uv; 3 1 4  m se c ) .  
H ip p o cam p al re s p o n s e s  to sh o ck  stim uli d e livere d  to o n e  hand  
habituated over repeated  trials. R e s p o n se  am plitude reco vered  after 
sw itch ing  the  hand  of stim ulation. T h e s e  re su lts  su g g e st  that the  
hippocam pal formation is  involved in detection of unexp ected  stimuli.
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234.1
EFFECT OF O L F A C T O R Y  B U L B  G A B A  O N  O L F A C T O R Y  
ASSOCIATIVE L E A R N IN G  A N D  B U L B  P H Y S IO L O G Y  IN  
NEONATAL R A T S . R ebecca S. Smart*. Donald A. W ilson and 
Regina M. S u l l i v a n . D e v e lo p m e n ta l  P s y c h o b io lo g y  Lab, 
Department o f  P sy ch o lo g y , U n iversity  o f  O klahom a.

Olfactory bulb G A B A erg ic  granule c e lls  play a critical role 
in both local circu it in h ib itio n , and in r e ce iv in g  d escen d in g  
modulatory inputs to the bulb. O lfactory  a sso c ia t iv e  learning  
in newborns is know n to rely on these d escen d in g  inputs, and 
is also correlated w ith an en h an cem en t o f  m itral/tu fted  c e ll  
inhibitory responses to the CS odor. It seem s lik e ly , therefore  
that olfactory bulb G A B A  may be in vo lved  in early learning.

A classica l con d itio n in g  paradigm  w as used  to a ssess  the 
effects o f G A B A  on early o lfactory  learning. PN 5 pups w ere  
trained in either PA IR ED  (concurrent U C S=intraoral m ilk  and 
CS=citral odor), O D O R -only , or B A C K W A R D  (m ilk  then odor) 
conditions. During the training, p icrotoxin  (0, 0 .1 , 1 or 2 mM; 
2 pL tot. v o i.)  w as infused b ilaterally  into the o lfactory  bulbs. 
Pups were tested for a conditioned  odor p reference 24  hr after 
training. To in su re that th ese  in fu s io n s  w ere n ot g ro ssly  
disrupting norm al bulb fu n ctio n , p a ired -p u lse  in h ib itio n  was  
examined during s im ila r  in fu sio n s  in sep arate p up s. Pups  
were a n e s th e t iz e d  and b u lb  r e sp o n s e s  to  p a ir e d -p u ls e  
stimulation o f  the LOT w ere m onitored . R esu lts su ggest that 
picrotoxin m o d u la te s  a s s o c ia t iv e  o l fa c to r y  lea r n in g  and  
olfactory bulb in h ib it io n  in a d o se -d ep en d e n t  m anner in 
newborn rats.
Supported by NSF grants IBN9209929 to DAW and BNS9110506 to RMS.

234.3
B1CUCULLINE ADMINISTERED INTO THE AMYGDALA, BUT NOT THE SEPTUM, BLOCKS 
BENZODIAZEPINE-INDUCED AMNESIA. H. Dickinson-Anson*. M.H. Mesches. K. Coleman & 
J.L. McGauņh. Ctr Neurobio. Learning & Memory, Dept. Psychobio., UC, Irvine, CA 92717 

It is well known that benzodiazepines (BZD) produce anterograde amnesia and that the 
amnesia is due to modulation of GABAergic activity. Recent findings suggest that the 
amygdaloid complex is involved in mediating BZD-induced memory impairment. Lesions of the 
amygdala block the impairing effects of a BZD on retention of inhibitory avoidance training 
(Tomaz et a l.,1991, 1992) and intra-amygdala injections of a BZD produce retention 
impairment comparable to that induced by systemic injections of BZDs (Dickinson-Anson & 
McGaugh, in press). The findings of Wolfman et al. (1991) indicating that brain levels of BZD- 
like molecules and binding sites change in the amygdala, septum and hippocampus following 
training on an inhibitory avoidance task suggest that BZD-induced amnestic effects may also 
be mediated by structures other than the amygdaloid complex. The present experiments were 
conducted to clarify the role of the amygdaloid complex (AC) and the medial septal area (MSA) 
GABAergic systems in BZD-induced memory impairment. Male Sprague-Dawley rats (250- 
300g) were used. In the first experiment, bicuculline methiodide (BMI) (56ρπιοΙ/.5μΙ) or vehicle 
was infused into the AC followed immediately by a systemic (ip) injection of midazolam (MDZ) 
(1.0mg/kg) or saline ten minutes before training in a multiple trial inhibitory avoidance task. On 
a 48 hr retention test the performance of the MDZ-treated animals was significantly poorer than 
that of the controls. However, the retention performance of animals given intra-AC injections of 
BMI prior to the systemic (ip) injection of MDZ was comparable to that of the saline-controls. In 
a second experiment BMI (56ртоӀ/0/5цӀ) or vehicle was infused into the MSA followed by a 
systemic (ip) injection of MDZ (3.0mg/kg) or saline ten minutes before training in a multiple trial 
inhibitory avoidance task. On a 48 hr retention test the retention scores of the rats treated with 
MDZ were lower than those of the controls. Furthermore, the retention performance of animals 
given intra-MSA injections of BMI prior to the systemic injection of MDZ were also impaired 
compared with those of the controls and the BMI alone groups. Taken together the present 
results suggest the amygdaloid GABAergic system, but not the medial septal GABAergic 
system, mediates the impairing effects of midazolam on retention of inhibitory avoidance 
training. [Supported by PHS MH12526 (NIMH & NIDA) (to JLM) and PHS Training Grant 
2T32MH14599-16 (KC)J.

234.5
GALANIN MICROINJECTED INTO THE HIPPOCAMPUS DISRUPTS 
DELAYEDtgONMATCHING-TO-SAMPLE (DNMTS) IN RATS.
J.K. Robinson* and J.N. Crawley
Section on Behavioral Neuropharmacology, Experimental Therapeutics 
Branch, NIMH, Bethesda, MD 20892

Galanin is a 29-amino acid neuropeptide that inhibits cholinergic functions jo 
vitro and in vivo and disrupts performance in several learning and memory 
tasks, including the Morris water maze, delayed-altemation T-maze, radial arm 
maze, and DNMTS. Galanin coexists with acetylcholine in the medial septum, 
with norepinephrine in the locus coeruleus, with serotonin in the raphe 
nucleus, and with dopamine in the tuberoinfundibulum. Galanin receptors 
are present in several discrete regions of the rat brain associated with learning 
and memory, including the medial septum, diagonal band, ventral 
hippocampus, amygdala, and prefrontal cortex. Topographic microinjection 
experiments were conducted to determine the anatomical site(s) at which 
galanin acts to disrupt DNMTS. Galanin (0.1,0.4,1.6 nmoles) was 
microinjected into the ventral hippocampus, amygdala, medial septum, basal 
forebrain, and prefrontal cortex. Galanin disrupted DNMTS in a dose 
dependent manner only when microinjected into the ventral hippocampus. 
These findings suggest that galanin impairs working memory by inhibiting 
hippocampal activity, and are consistent with reported inhibitory effects of 
galanin on cholinergic and noradrenergic afferents.

234.2
B IL A T E R A L  6-O H D A  LE SIO N S O F T H E  L O C U S C O E R U L E U S  
IM P A IR  A S S O C I A T I V E  O L F A C T O R Y  L E A R N IN G  IN  
N E W B O R N  R A T S . R egina M. S u llivan * . D on ald  A. W ilson . 
C h ristia n  L em o n . C ue Pham  and G reg  A . G erh a rd t1 , 
D ev e lo p m en ta l P sy c h o b io lo g y  Lab, D ept. P sy c h o lo g y , U . o f  
O klahom a and ^ e p t .  Psychiatry, U. o f  Colorado.

O lfa cto ry  bulb n o rep in ep h rin e  (N E ) is  n ecessa ry  for 
a sso c ia t iv e  o lfa cto ry  learn ing in new b orn  rats. In fu sion  o f  
p r o p r a n o lo l in to  th e  o lfa c to r y  b u lb  d u rin g  a s s o c ia t iv e  
tra in in g  b lo c k s  a c q u is it io n  o f  a lea rn ed  od o r  approach  
response. The primary source o f  o lfactory bulb NE is believed  
to be the locu s coeru leus (lc). The present study exam ined the 
effec ts  o f  lc les io n s on o lfactory learning in rat pups.

On P N 4 , pups w ere a n esth etized  and rece iv ed  bilateral 
in fu sions o f  6-O H D A  into the lc or v eh icle  infu sions. On PN 6, 
pups w ere trained in a c la ss ica l con d ition in g  paradigm  (U C S=  
intraoral m ilk; CS= citrai odor) in either PA IR ED , O D O R -only, 
M IL K -only or B A C K W A R D  (m ilk  then odor) con d ition s. On 
PN 7, acq u isition  o f  a learned odor preference to the CS was 
tested in a tw o-odor ch o ice  test. F o llo w in g  the test, o lfactory  
bulbs w ere rem oved for HPLC analysis  o f  m onoam ine content. 
Pups rece iv in g  lc les io n s  did not appear to d iffer  in w eigh t  
g a in  or b e h a v io r a l  r e sp o n s e  p a tte r n s  d u r in g  tra in in g  
com p ared  to th e ir  litterm a te , v e h ic le  co n tro ls . H o w ev er , 
p relim inary resu lts su g g est that lc le s io n s  im pair acq u is itio n  
and/or ex p ressio n  o f  early o lfactory  m em ories.
Supported by NSF grants BNS9110506 to RMS and IBN9209929 to DAW.

234.4
BEHAVIOURAL EFFECTS OF SUPERIOR CERVICAL 
GANGLIONECTOMY IN RATS WITH SEPTO-HIPPOCAMPAL 
LESIONS:INFLUENCES UPON SPATIAL WORKING MEMORY.
A.M.Bratt. J.C.Cassel, P.L. Greene. & B.E.Will.* Lab. 
da Neurophysiologie et Biologie des Comportements, 
Centre de Neurocnimie, UPR 419 du CNRS, 12, Rue 
Goethe, F-67000 Strasbourg, FRANCE.

Lesions of the septo-hippocampal system in the rat 
have previously been reported to cause mnemonic 
disturbance, with functional recovery impaired by the 
ingrowth of sympathetic fibres into the hippocampus 
(Harrell et. ai., Pharm. Biochem. Behav. 5, 21-28,
1990). This study used the technique of superior 
cervical ganglionectomy to surgically prevent such 
ingrowth following partial cholinergic denervation of 
the hippocampus. 50 male Long-Evans rats,90 days of 
age at the time of surgery, were given electrolytic 
lesions of the infracallosal septo-hippocampal 
pathways. Simultaneously, half of the sham and 
lesioned rats sustained bilateral removal of the 
superior cervical ganglia. Recovery of function was 
assessed using tests of activity in an open field, 
home cage activity, spontaneous alternation, and 
performance in an 8-arm radial maze. Data collected 
following two post operative delays, of 2 and 10 
months, will be presented and discussed in relation to 
the neuromodulatory effects of noradrenaline and 
acetylcholine in processes of spatial working memory.

234.6
REPEATED SEQUENCE ACQUISITION IN THE RADIAL-ARM MAZE. Ļ  
Cohn*1. H. Cockerham2, and R.C. MacPhail3. ‘Curriculum in Toxicology, UNC, 
Chapel Hill, NC 27514; TDept Psychology, NCSU, Raleigh, NC 27695; 3US EPA 
HERL/NTD (MD-74B) Research Triangle Park, NC 27711

Repeated acquisition (RA) is a method by which learning can be continually 
assessed in single subjects over many experimental sessions. Studies using this 
procedure traditionally require subjects to learn a different sequence of lever presses 
or key pecks in an operant chamber within each experimental session. The radial-arm 
maze (RAM) provides an alternative approach in which spatial learning processes can 
be evaluated over extended periods of time. In the present study, four adult male 
Long-Evans rats, maintained at 300g body weight, were required to enter the arms of 
an 8-arm RAM in a specific order to obtain food reinforcers. A nose poke breaking 
a photobeam in a foodcup at the distal end of each arm defined the response. Four 
randomly selected arms were available on a given session and, as training progressed, 
sequence length was increased from two to four (e.g. 2,4; 3,5,8; or 6,2,8,3) across 
sessions. Two rats were each assigned to one of two procedure groups: (1) Rats in 
the Reset group were required to begin the sequence over again after an error (a nose 
poke in an incorrect arm); while (2) rats in the Noreset group would continue from the 
same serial position within the sequence following an error. Rats in the Reset group 
maintained higher accuracy levels across 15 trial sessions. While learning sequences 
of length three, the rats were administered saline, scopolamine (1.0 mg/kg) or MK-801 
(0.2 or 0.3 mg/kg). Drug and saline days were always conducted using the same 
sequence (367) to eliminate effects due to potential differences in sequence difficulty. 
MK-801 produced clear decrements in RA performance, reducing accuracy over trials. 
Scopolamine produced some decreases in some rats. Due to rapid acquisition of this 
baseline in rats, RA in the RAM may provide a valuable alternative to standard RA 
procedures using operant chambers.
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2 3 4 .7
THE EFFECT OF K F15372, A  NOVEL AD EN O SIN E Αχ ANTAGONIST, 

ON TH E ELECTROENCEPHALOGRAM  IN  RO DENTS. J. N akam ura,

S. Shiozaki. M. Kurokawa. J. Shim ada. F. Suzuk i. Y. M atsuda* and A. 

Ish ii. Pharm aceutical R esearch Laboratories, K yowa H akko Kogyo Co., 
Ltd., Shizuoka 411, Japan.

K F 15372 (8 -d icy c lo p ro p y lm eth y l-l,3 -d ip ro p y lx a n th in e ) is  a novel 

se le c tiv e  a d en o s in e  Α χ a n ta g o n ist. T he e ffects o f  K F 15372 on the  

electroencephalogram  (EEG) were in vestigated  w h ether or not th is  drug  

affected the arousal state  o f rodents.
K F15372 (0.31-5 m g/kg i.p.) increased theta  w aves in the hippocam pus, 

and alpha and b eta  w aves in th e cerebral cortex o f rabbits. (R)-N^-(2- 

p h e n y liso p r o p y l)a d e n o s in e  (R -P IA ), an a d e n o s in e  Α χ a g o n is t,  

desynchronized the EEG at the dose of 1 m g/kg i.p. K F15372 (1.25 m g/kg  

i.p .) reversed  th e  d esyn ch ron ization  o f th e  EEG  ind u ced  by R-PIA. 

K F15372 (1.25-5 m g/kg p.o.) also restored the alpha and beta w aves in the  

cerebral cortex o f in ternal capsule lesion ed  rats.
T hese resu lts su ggest th a t endogenous adenosine regu lates the arousal 

sta te  o f rodents v ia  adenosine Αχ receptors. K F 15372 w as reported to 

exhib it antiam nesic  a ctiv ities in p a ssive  avoidance tests . The elevation  

of arousal state m ay be related to th ese effects.

2 3 4 .9

EFFECTS OF NITRIC OXIDE SYNTHASE INHIBITION ON THE 
ACQUISITION AND EXTINCTION OF A CONDITIONED FEAR 
RESPONSE. P.L. Malen*. C.M. Atkins & P.F. Chapman. Graduate Program in 
Neuroscience and Department o f Psychology, University o f Minnesota, 
Minneapolis, Minnesota, 55455.

Inhibition of nitric oxide synthase (NOS) blocks the induction of certain forms 
of long-term potentiation (Haley, Wilcox, Chapman, Neuron, 1992;8;211) and 
disrupts the acquisition o f different forms o f learning (Chapman et al, 
Neuroreport, 1992;3;567). We examined the effects of NOS inhibition on the 
acquisition and extinction of a conditioned fear response.

Male rats were maintained on a 22-hour water deprivation schedule throughout 
the experiment. The conditioning paradigm extended for a ten minute period 
during which the animals were allowed free access to water via a spout. The 
paradigm was composed of: 1) a pre conditioned stimulus(CS) period of two 
minutes; 2) a CS period of one minute during which a tone was continuously 
sounded. A 0.5 second shock was given coincident with tone offset.; 3) a post 
CS period o f seven minutes. The extinction paradigm was identical to the 
conditioning paradigm less the shock. The conditioned fear response to the tone 
was measured as a relative decrease in licking during the tone.

Animals treated systemically with 75 mgs/kg 1-NAME (a NOS inhibitor) 1-3 
hours prior to testing did not differ from controls in the acquisition phase but did 
show dramatic differences in the extinction phase. By day four of extinction 
training a significant difference between 1-NAME treated animals and controls 
became apparent (Fi ,23=26.305, p=0.0001). This difference was also significant 
at day ten of extinction training (Fi, 19=18.386, p=0.004). Thus, it appears that 
without effecting the acquisition of a conditioned fear response, NOS inhibition 
did disrupt the extinction of the conditioned fear response. It remains to be seen if 
nitric oxide plays a generalized role in extinction behaviors. (Supported by 
Whitehall Foundation & U of MN Graduate School grants to PFC.)

2 3 4 .1 1

EFFECTS OF CA2+ CHANNEL ANTAGONISTS ON LEARNING AND 
MEMORY IN THE CHICK. R. A. Devo* and J. M. Hittner. Department of 
Psychology, Winona State Univ., Winona, MN 55987.

Ca2+ channel antagonists have been shown to facilitate recovery of 
plasticity in several animal models of neurological deficits (Scriabine, et al., 
1989\F A S E B  Journal, 3, 1799-1806). The present series of experiments 
extends testing to include an analysis of the behavioral and neuronal effects 
of the Ca2+ channel antagonists nifedipine and flunarizine on neurologically 
intact subjects.

In the first experiment, 60 five-day-old male chicks received i.p. injections 
of 0, 0.25, 0.5 or 1 mg/kg/cc nifedipine. Behavioral testing was completed on 
a visual discrimination task and an open-field at 5 minutes, 30 minutes and 24 
hours post-injection. Nifedipine did not produce any detectable changes in 
behavior during acquisition trials. Retention, however, was improved 24 h 
after training in the 0.25 mg/kg nifedipine treated chicks, which made 
significantly fewer errors than controls. Effects on the open-field test were 
time and dose dependent.

In a second experiment, 72 chicks received i.p. injections of 0,1,10 or 
25 mg/kg/cc flunarizine. Chicks were tested according to the methods 
described in Experiment 1. Flunarizine produced a dose-dependent 
improvement in the acquisition but not retention of the visual discrimination 
task, as well as increased spontaneous activity and decreased distress 
vocalizations in the open-field chamber.

Histological analyses were completed using creysl violet staining for cell 
bodies and the immunohistochemical identification of the calcium binding 
protein parvalbumin distribution in brain.

In summary, these data indicate that the calcium channel antagonists 
nifedipine and flunarizine improve specific aspects of learning and memory.

2 3 4 .8
BEHAVIORAL AND ELECTROPHYSIOLOGICAL EFFECTS OF DIETARY FATTY 
ACIDS. C.R. Park*. P.A. Schwartzkroin and S.C. Woods. Program in 
Behavioral Neuroscience, University of Washington, Seattle, WA 
98195

Animals maintained on a diet with high levels of specific fatty acids 
incorporate these fatty acids into their neuronal membranes. It has 
been proposed that cis-fatty acids freed from neuronal phospholipids 
are important in the storage of new memories . One implication of this 
hypothesis is that consuming a diet high in cis-fatty acids may bestow 
increased capability to learn and remember certain tasks. We fed rats 
(n=30) a diet composed of either chow supplemented with 20 % w/w 
olive oil (a source high in cis-fatty acids), chow supplemented with 
20% w/w beef tallow or unsupplemented chow. Memory was assessed 
by several standard behavioral tests . Ability of the animals to 
maintain long-term potentiation was also measured. Additionally, 
neuronal membrane phospolipid fa tty  acid composition was 
determined.

Animals fed olive oil showed significantly increased ability to learn 
two tests of spatial memory (radial arm maze and Morris water 
maze). They were no different from controls on two tests of non- 
spatial memory (object recognition and step-down latency). General 
motor activity was unaffected. Maintenance and level of long-term 
potentiation in the dentate gyrus was also altered in the olive oil 
group. Membrane analysis is not yet complete, but pilot data indicates 
that this dietary regimen alters the fatty acid composition of neuronal 
membranes. We conclude that dietary manipulation can modify both 
behavioral and electrophysiological co rre lates of learning and 
memory.

2 3 4 .1 0

EFFECT OF NITRIC OXIDE (NO) SYNTHASE INHIBITOR ON THE 
OLFACTORY DISCRIMINATION TASK. E. Marchetti-Gauthier. F. A. Chaillan.
F. S. Roman. A. Nieoullon* and B. Soumireu-Mourat. Lab. de Neurobiologie des 
Comportements - URA 372 CNRS ; CNRS LNCF -1 3  Marseille - France.

Nitric oxide (NO) is considered a diffusible messenger involved in neuronal 
communication. Many studies suggest that NO /cGM P (guanylate-mono-phosphate) 
system may be of great significance for sensory processing in the olfactory pathway 
as well as for initiation of LTP in hippocampus slices. In a previous study, we 
observed LTP in rat piriform cortex, using an olfactory discrimination learning task. 
The present study examines the effect of NO synthase inhibitor (Nw-nitro-L- 
arginine : LNA) on the same task. Rats were trained to associate positive smells, 
from a first set, to water reward, and negative smells, from a second set, to aversive 
light stimulation. Two experiments were run, each one with two separate groups of 
rats including a control group and a treated group. In the first experiment, the 
control group received an intraperitoneal injection of saline solution while the 
treated group received an injection of the LNA solution which is supposed to block 
NO synthesis. Animals were injected twice a day (90 mn before morning training 
and at 6 PM). In the second experiment control and treated animals were 
stereotaxically implanted with cannula, bilaterally, in the hippoccampus. Control 
group received saline solution while treated group received LNA solution. Both 
control groups reached 80% level of correct responses after 5 sessions. The learning 
of this olfactory discrimination task was disturbed in both LNA injected groups. 
Learning deficit was much larger in the intraperitonealy treated animals than in the 
centraly injected animals, suggesting that NO synthesis could play a role in learning 
and memory of an olfactory discrimination task as well as in olfactory bulb neuronal 
activity.

2 3 4 .1 2

L-2-amino-4-phosphonobutanoic acid (L-A P4) has 
amnestic effect in a passive avoidance task in the chick

C H ölscher and SPR R ose ( spon: bra)
The Open University, Brain and Behaviour Group, Milton Keynes, 

MK7 6A A , U.K.
L-A P4 is an antagonist o f  the AC PD  receptor and an agonist o f  the 
presynaptic L -A P4 receptor. The A C PD  receptor p lays a role in 
neuronal development, synaptic plasticity and consolidation o f  LTP 
in the hippocampal slice. To test i f  the A CPD receptor or the L-AP4 
receptor play a role in learning and memory, the effect o f  L-AP4 was 
tested in a one-trial passive avoidance task in day-old chicks, in 
which the birds peck at and subsequently avoid a bitter tasting bead, 
displaying a typical disgust reaction. Chicks injected with L-AP4 (5 
μΐ o f  a 10 mM  solution per hemisphere i. c.) 30 min before training 
and tested 2 h after training showed amnesia for the training and the 
birds pecked the test bead (75% avoidance o f  test group compared to 
53 % o f  control group with received saline injections). Injection 5 
min after training and testing 2 h after training also produced amnesia 
(78 % test vs. 47 % control group), as did injecting 2  h after training 
and testing 4  h after training (51 % test vs. 80 % control group). 
Injection o f  D-A P4 did not have any amnestic effects when injected 
30 min before and testing 2 h after training.

The results are further support to the theory that the ACPD receptor 
plays an important role in  synaptic plasticity and in the process o f  
memory formation. Furthermore, the L-A P4 receptor might play a 
role in memory formation by regulating transmitter release. Further 
studies with more specific drugs w ill be conducted to differentiate 
between these receptors.
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234.13
PROTEIN KINASE INHIBITORS USED TO CHARACTERIZE 
THE ROLES OF THE IMHV AND LPO DURING MEMORY 
FORMATION OF THE 2-DAY OLD CHICK. P.A. Serrano*. 
W.A. Rodriguez. E.L. ąanne^t & M.R. Rç>senzwe_igt. 
University of California, Department of 
Psychology, Berkeley, CA 94720.

Four protein kinase inhibitors (PKIs), TFP, W- 
9, W-13 and H - 7 , injected unilaterally into the 
left or right intermediate medial hyperstriatum 
ventrale (IMHV) showed lateralizea amnestic 
effects on memory formation of a 1-trial peck- 
avoidance task, but HA-156 did not. Memory- 
related PK activity was lateralіzed to the left 
IMHV. These PKIs injected unilaterally into the 
lobus parolfactorious (LPO) showed clear amnesic 
effects, but little evidence of lateralization. 
This suggests that memory related PK activity is 
utilized differently during memory formation in 
two areas, the IMHV and LPO.

Bilateral injections into the LPO of either 
TFP or W-13 produced amnesia at 45 min post
training; H-7 produced amnesia at 90 min post
training which is significantly different from 
TFP and W-13 induced amnesia. The time courses 
for these PKIs show later onsets of amnesia than 
the time courses for these PKIs injected into the 
IMHV. Together these results show that (1) CAM- 
kinase and PKA-, PKG-, and/or PKC-dependent 
kinases disrupt distinct stages of memory 
formation in two areas, the IMHV and LPO. (2) 
Memory formation processing involving PK activity 
occurs significantly earlier in the IMHV than in 
the LPO.

234.15
PROTEIN KINASE C AS COMMON TARGET FOR COGNITION 
ENHANCERS. L. Lucchi, A. Pascale. AF. Battami. S. Govoni and-^M. 
Trabucchi*. Inst. Pharmacol. Sci., Univ.Milan and ADept. Exptl. Med. 
and Biochėm. Sci., Univ. of Rome, Italy.

The in  v iv o  and in  v i tr o  effect of oxiracetam (ΟΧΙ), a - 
glycerylphosphorylcholine (GPC), glycerylphosphorylethano-lamine 
(GPE), acetylcamitine (ACL) and aniracetam (ANI) on Protein kinase C 
(PKC) activity was studied in rat brain cortex and hippocampus. 
Oxiracetam, a-GPC and acetylcamitine following in  v iv o  administration 
produced a rapid (Ihr following the administration) increase (40-50%) of 
histone-directed particulate PKC activity accompanied by a decrease of 
soluble activity in cortex (25-30%). At later times (3 to 5 hours) PKC 
was down-regulated (-30-40%). A similar effect was observed also in  
v itro  when directly adding the studied drugs. Using nanomolar 
concentrations of OXI (200 nM), GPC (100 nM), GPE (100 nM), ACL 
(100 nM) PKC in cortical slices was translocated following 5-15 min of 
incubation (30-50%) and down-regulated (-30%) after longer times of 
incubation. ANI had no effect in cortex but promoted PKC 
activation/down regulation in hippocampus after in  v iv o  oral 
administration (30 mg/kg). In v i tr o , the direct addition of 200 nM ANI 
produced an increase (+50%) of particulate PKC. No PKC down- 
regulation was detected in in  v i tr o  studies using aniracetam in 
hippocampal slices. The results suggest what appears to be a common 
mechanism for cognition enhancers belonging to different chemical 
families: the activation/down regulation of PKC either in cortex or in 
hippocampus.

234.14
AMNESIC EFFECTS OF CHELERYTHRINE ON A 1-TRIAL 
PECK-AVOIDANCE TASK ON 2-DAY OLD CHICKS. E.L. 
Bennett*. P.A. Serrano. B. Pope. W.A. Rodriquez & 
M.R. Rosenzweia. University of California, 
Department of Psychology, Berkeley, CA 94720.

Chicks trained on a 1-trial peck-avoidance task 
were given one 10 sec exposure to a chrome bead 
dipped in methylanthranilate, an aversive sub
stance. At test, chicks were shown a similar but 
dry chrome bead. Chicks that pecked the bead at 
test were scored as amnesic while those that 
avoided the bead were scored as remembering. 
Injections (10 μΐ/hemisphere) of either chele- 
rythrine (CHELE) (0.33, 1.04, or 3.3 mM) , a 
selective PKC inhibitor (LC Services), or dH20 
(control) were given 5 min pretraining into the 
intermediate medial hyperstriatum ventrale. CHELE 
(1.04 and 3.3 mM) produced significant amnesia 
(<20% avoidance) at a 24hr test compared to 
controls (>60% avoidance) (p<0.01).

Preliminary results of a susceptibility 
gradient for the amnesic effects of CHELE (1.04 
mM) showed evidence that this agent produces 
amnesia for a 24 hr test when given 5 min 
pretraining but not 10 min pretraining or 5 min 
posttraining. To control for behavioral side 
effects of CHELE, a chrome bead dipped in water 
was used. The results showed that chicks injected 
with CHELE and trained on a water-dipped chrome 
bead do not avoid pecking at various times post 
training, indicating that the peck-response is not 
affected by CHELE. The time course for CHELE 
induced amnesia is currently under investigation.

234.16
INCREASE IN SELF-STIMULATION THRESHOLDS IN 
THE RAT AFTER INTRA-ACCUMBENS INJECTION OF A 
PROTEIN KINASE INHIBITOR. Shinshu Nakaiim a*  
Dalhousie University, Halifax, Nova Scotia, Canada.

Brain self-stimulation critically depends on the activation of 
both D1 and D2 dopamine receptors, particularly those in the 
nucleus accumbens. Since the action o f dopamine on the neurons 
in the nucleus accumbens is usually inhibitory, there is a possibility 
that the reinforcing effect of brain stimulation is mediated by the 
second messengers in some o f the accumbens neurons. It is 
known that the activation of D1 receptors increase cAMP. To 
examine a possibility that the activation o f cAMP-dependent protein 
kinase is necessary for the reinforcing effect, the threshold of self
stimulation was examined after injection of H-8, a protein kinase 
inhibitor, into the nucleus accumbens.

Rats were implanted with bilateral cannulae into the nucleus 
accumbens and a bipolar electrode into the lateral hypothalamus. 
The animals were trained to press a bar for electrical stimulation, 
and the frequency-response curves were plotted. Injection of H-8 
(40μg) into the nucleus accumbens ipsilateral to the electrode 
increased the response threshold about 0.1 log unit without 
changing the maximal response rate. The effect was evident in 2 
hours after injection and disappeared in 24 hours. Contralateral 
injection had no effect. The results suggest a possibility that 
protein kinase in the accumbens neurons play an important role in 
the reinforcement o f an operant behaviour.

BIOLOGICAL RHYTHMS AND SLEEP I

EEG-SYNCHRONIZATION AND THE RETICULAR THALAMIC NUCLEUS 
IN RATS. G. Marini. R. Giglio. G. Macchi. M.Mancia (SPON: European 
Neuroscience Association).
Istituto di Fisiologia Umana II, Università degli Studi, 20133 - Milano (Italy).

There is accumulating evidence that the feline reticular thalamic nucleus 
(RE) is the conditional pacemaker of synchronized spindle sequences. 
In rodents the only thalamic nucleus with GABAergic intrinsic neurons 
appears to be the dorsal lateral geniculate nucleus. The aim of this study 
was to investigate the role of the RE cells in EEG-synchronization in the 
rat.
Multiple circumscribed electrolytic lesions (70μΑ cathodal for 60-30s) 

were made stereotaxically in the rostral, lateral and ventral parts of RE in 
12 adult rats chronically implanted to monitor frontal-parietal EEG and 
nuchal EMG activity. EEG activity was studied by means of spectral 
analysis. The lesions were histologically assessed. The damage was 
restricted to RE. The lateral thalamus adjacent to RE was only marginally 
affected.
After RE unilateral lesion slow oscillations in the frequency range of delta 
waves (1-2 Hz) characterized the EEG recorded over the hemisphere 
ipsilateral to the lesion. Spindle-related rhythmicity during sleep and 
rhythmic bursts during waking were absent in the lesioned side, while 
present in the intact hemisphere. The power spectra revealed an 
asymmetry in spindle and delta bands. After RE bilateral lesion EEG  
delta/theta activity prevailed on both sides. Occasionally spike-and-wave 
complexes were seen. Rats displayed a continuous waking behavior 
without any engagement in alimentary activities for 48 hrs after surgeiy. 
The results support a crucial role of RE in generating EEG spindle activity 
and synchronized sleep.

NEURONAL ACTIVITY IN THE CAUDO-LATERAL PERIBRACHIAL PONS: 
RELATIONSHIP WITH μgO WAVES AND REM. S. PATTA* and J. A. 
HOBSON. Lab. o f Neurophysiology, Dept. o f Psychiatry, Harvard Medical 
School, Boston, MA 02115.

Our earlier studies demonstrated that the cholinergic stimulation of the 
caudo-lateral peribrachial area (C-PBL) produces short latency state- 
independent ipsilateral LGB μgO waves. In the present study we have 
recorded 44 high frequency μgO-on bursting neurons in the C-PBL of 5 
behaving cats. These neurons discharged either very slowly (<3 Hz) as 
single spikes or did not discharge at all during W and S. This slow firing rate 
increased 15 to 5 Sec before the first μgO wave of SP and was maintained 
at high level until the end of REM sleep ( 35-40 Hz). The ISIH of these cells 
during SP and REM sleep showed bimodal distribution. The first peak of the 
intervals reflected a high frequency (>500 Hz) burst type of firing and the 
second one represented for the tonic high firing rate. Peri-μgO spike 
histogram showed that these cells fired high frequency bursts on a 
background of tonic activity in association with each ipsilateral primary μgO 
wave. The first spike of a burst (3-5 spikes/ burst) preceded the beginning 
of the negative component of the ipsilateral LGB μgO waves by 35-20 mS. 
These high frequency bursts were also temporally correlated with the 
ipsiversive REM. The latency between the first spike of the first burst and 
the beginning of the REM was between 45 and 30 mS. In earlier studies, 
similar type μgO-on burst neurons have been recorded in the rostral PBL 
(R-PBL) with shorter latency (15-5 mS). This difference in latency between 
R-PBL and C-PBL μgO-on burst neurons together with our earlier 
cholinergic stimulation studies offers us two tentative interpretations: 1. C- 
PBL μgO-on burst cells may act prior to R-PBL μgO-on burst cells in the 
μgO generating network; 2. the C-PBL μgO-on cells may be driving 
element of the R-PBL μgO-on cells. Supported by NIH grant MH-13923.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993

235.1 23 5.2



568 BIOLOGICAL RHYTHMS AND SLEEP I TUESDAY AM

235.3
HIPPOCAMPAL EEG THETA POWER AND VIGILANCE STATES 
ULTRADIANS DURING DARK- AND LIGHT PHASES IN RATS. 
J.M.Gaztelu*1, M,Romero1. V.Abraira1 and E.García-Aus«2. ’Dpto. 
Investigation, S° Neurologia Experimental, Hospital Ramón у Cajal, 
Madrid. 2Facultad de Ciencias, Montevideo, Uruguay.

To investigate the time course of hippocampal electrogram (EEG) 
power density in relation to vigilance states, sleep-wake data were 
continuously recorded in albino male rats during several days. These, 
kept under a constant photoperiod (LD 12:12), were implanted for 
recording the EEG and the temporalis muscle EMG. A computer 
sampled the filtered EEG and an activity signal (ACT) proportional to 
the rat head movements. It calculated the EEG power spectral density 
(PSD) and assigned three values to a vigilance variable (VIG), 
corresponding to wakefulness, REM- and non-REM sleep. Data were 
stored and analyzed separately for dark- and light periods. Activity 
and PSD values in the theta (5-8 Hz) band were off-line averaged, 
every minute. Their oscillation periods, and the oscillation periods of  
VIG, were calculated by spectral analysis by recursive regression to 
cosine functions (Abraira and lbarz, Comput. Biomed. 1986).

Theta power density oscillated with the same ultradian periods as 
the vigilance variable during the constant photoperiods, dark- and light 
phases. Sleep-wake rhythms could, therefore, be indexed by the 
spectral power of hippocampal theta activity in our conditions.

Aided by Grant FIS 92/0207.

235.5
AUDITORY STIMULATION IN C R EA SES REM SLE E P  IN FRL, BUT NOT F S L  
RATS. R.K. Zoltoski*. D.H. Overstreet. R. Salin-Pascual. and J.C.Gillin. Dept. of 
Psychiatry, San Diego VAMC and Univ. of CA, San Diego, La Jolla, CA 92093, 
Univ. of NC, Chapel Hill and Univ. Nacional Autonoma de Mexico.

In humans, cats, and rats selective auditory stimulation (AS) increased REM 
sleep; however, in depressed patients, AS did not increase REM sleep. Since 
muscarinic upregulations has been hypothesized in depression, we studied the 
cholinergically upregulated Flinders Sensitive (FSL) and Resistant (FRL) Line of 
rats. We hypothesized that in the FSL, AS would not increase REM sleep, while 
AS in the FRL would. Seven rats in each Flinders group were instrumented with 
a standard sleep recording implant. Following recovery, habituation and baseline 
recordings (1100 through 1500), the experimental and yoked-control animals 
received an auditory stimulus (a 80 dB 10 ms 2 khz tone every 10 seconds) 
during every REM sleep bout that occurs in the experimental animal. The 
amount of REM sleep stimulation as well as the characteristics of a 2 day follow 
up period were observed. There were no differences between the groups under 
baseline conditions. In the FR L rats (n=5), AS caused an increase in REM 
sleep total % (p<0.05) over baseline when compared to yoked-controls 
(baseline values have been subtracted): AS1 =3.0±1.9% , AS2 = 7.2 ±3.2%, 
AS3 = 7.9±2.8%, A S 4 =3.4 + 1.2%, with no effect on the followup days. In the F SL 
(n = 4), however, no increase was observed: AS1 =1.2+.1.7%, AS2 = -1.5±2.3%, 
A S3 = 0.5 +_2.7%, AS4=-0.4+.1.8%. Normal sprague-dawleys (n=5) also showed 
an increase in REM sleep (p<0.05), but not as robust as the FR L group: 
AS1 =2.0±2.2%, AS2 = 4.0±0.6%, AS3 = 0 .8±1.5%, AS4 = 4.5±1.6%. From these 
results, we conclude that the upregulated cholinergic system of the F S L  may 
prevent a further increase in REM sleep by AS. This data supports the idea that 
the F S L  rats resemble depressed humans and may be a good model to further 
study depression.

235.7
SLEEP  PARALYSIS IN NON-NARCOLEPTICS. N .R.M vsIinski*. 
Neuroscience Group, Dept Physiology, Univ Maryland, Baltimore, MD 21201 

Sleep paralysis (SP) is a brief neurological phenomenon occurring 
immediately after waking up characterized by the inability to move. Although 
a sign of narcolepsy it also occurs in normal people. This study was 
conducted to obtain baseline data for SP in normals. A total of 561 
anonymous male (40.3%)and female (59.7%) volunteers from the U of 
Maryland were surveyed. They included faculty, staff and students, 18 to 61 
yrs of age. Each volunteer was asked to complete a questionnaire consisting 
of 33 multiple choice questions. Three different researchers were trained to 
administer the survey in an identical manner. The definition of SP and the 
purpose of the survey were explained to each of the volunteers. A total of 
26% indicated having experienced SP. The difference between females 
(27.8%) and males (24.3%) was slight but significant. Of those with SP, 
incidence ranged from once to several times a week; 41.2% experienced it 1 
to 3 times, 31.8% 4 to 8 times, 6.1% 9 to 12 times and 20.9% more than 12 
times. Whereas only 17% of the of the total population normally sleep on their 
backs, an overwhelming 72.7% said that were sleeping on their backs during 
their SP episodes. Most subjects (62.8%) usually experience SP during sleep 
at night; 37.2% usually experience it during naps. It was not surprising that 
94.4% of the subjects did not find SP pleasurable, however, 8.6% did. During 
the SP episodes 12.8% experienced macrosomatognosia, and 7.4% 
experienced microsomatognosia. Forty-five percent felt a heaviness on their 
chests. Other phenomena that accompanied SP included visual 
hallucinations (19.6%), auditory hallucinations (18.7%), dizziness (10.3%), 
tactile hallucinations, "falling" sensations, time distortions and out-of-body 
experiences. When asked what characterizes the "stress" level in their lives a 
slightly higher percentage of those with SP (50%) than without SP (43%) 
indicated a "high" stress level. These data, especially those regarding race 
and body position, may contribute to understanding the mechanism of SP.

235.4
CIRCADIAN VARIATION IN PERFORMANCE ON A COMPLEX VIGILANCE- 
DISCRIMINATION TASK BY RHESUS MONKEYS. L, Schultz, W. Tapp*, and
R. Servatius. Neurobehavioral Unit, DVA Medical Center, East Orange, NJ 
07018.

We have developed a rhesus monkey model which allows us to separate 
time-of-day effects on attention and working memory. Monkeys earned all of 
their daily food ration by responding correctly on a chained vigilance-delayed 
same/different (DSD) task and could initiate a trial by responding with a lever 
pull to a check-in light that was delivered approximately once per minute over 
the course of the 24Һ light/dark cycle. The proportion of trials initiated provided 
an estimate of willingness-to-work that varied significantly over the day. 
Vigilance length (5, 10, or 20 sec) and DSD delay(1,2,4,8,16,32 sec) were 
selected randomly for each trial.

There were consistent, task-dependent changes in performance over the 
course of the day. Specifically, there was a peak in the proportion of correct 
responses on the DSD portion of the task at -1500Һ for the shortest delay. 
While this pattem was maintained at all delays, increasing the length of this 
delay served to flatten and delay the peak. Vigilance performance also showed 
significant time-of-day variation. Vigilance was maximal at -1500Һ and 
increasing the length of the vigilance period delayed this peak. However, the 
likelihood of correct responding on vigilance depended only upon willingness-to- 
work. That is, there was no effect of length of the vigilance interval on 
performance that was not explained by time-of-day variation in willingness-to- 
work. Our results suggest that the diurnal pattern of performance on a 
vigilance task is strongly influenced by willingness-to-work, but that 
performance on a task requiring a significant working memory component 
depends, to a greater extent, on the difficulty of the task. Supported by DVA 
Research Funds.

235.6
LENGTH OF REM SLEEP MENTATION REPORTS DEPEND ON 
TIME OF NIGHT RATHER THAN PRIOR REM DURATION. N. Z. 
Rosenlicht*. I. Feinberg and T. Maloney. VA/UCD Sleep Laboratory, UC 
Davis, Davis, CA 95616

Early studies suggested that narrative length from REM awakenings is 
proportional to the length of time in REM sleep prior to awakening. These 
experiments failed to control for time of night Here, we compare sleep 
mentation report length after 5 and 10 minutes of prior REM, controlling for 
ordinal REM period.

Twelve healthy adult Ss (5 female and 7 male, mean age 22.0 yrs) were 
studied for two consecutive nights. Ss were awakened during the second 
(REMP2) and fourth (REMP4) REM periods, after either 5 or 10 minutes 
with counterbalancing on successive nights. Sleep mentation reports were 
elicited via scripted interview, and recorded on audio tape. Reports were 
transcribed and scored for total word count (TWC) by a judge blind to 
subject identity and awakening condition. Mean TWC after 5 minutes of 
REM sleep (287) was not significantly different from that obtained after 10 
minutes (384) (P=0.115). However, Mean TWC from REMP4 awakenings 
(447) was twice that of REMP2 (224) (P<0.001).

These findings are consistent with the hypothesis that sleep mentation 
recalled from experimental REM awakenings depends on central arousal 
level rather than on the duration of REM prior to awakening. Arousal level, 
and its effects on memory, may also explain the difference between REM 
and NREM narrative length.

Research supported by a Faculty Research Grant from UC Davis, VA 
Research Funds, and NIA AG 5 ROl-07224

235.8
SLEEP DISORDERS, CIRCADIAN PHASE DESYNCHRONIZATION, 
AND SUPRACHIASMATIC NUCLEUS PATHOLOGY IN ALZHEIMER'S 
DISEASE. A. Satlin. E.G. Stopa*. L. Volicer. D. Harper. Dept. of 
Psychiatry, McLean Hospital, Belmont, MA 02178 and GRECC, E.N. 
Rogers Memorial Veterans Hospital, Bedford, MA 01730.

Sleep disturbances are a frequent cause of institutionalization among 
patients with Alzheimer's disease (AD). The normal circadian 
organization of sleep is coupled to the circadian rhythm of core body 
temperature (CBT). The present study sought to test the hypothesis that 
sleep fragmentation in late-stage AD patients would correlate with 
alterations in the CBT rhythm and with neuropathologic changes in the 
suprachiasmatic nucleus (SCN). Continuous locomotor activity (LA) and 
CBT measurements were obtained for 72 hours from 28 late-stage AD 
patients and 10 healthy age-matched controls, and the data were 
subjected to cosinor analysis. Compared to controls, AD patients had 
markedly increased percent nocturnal activity (28.2% v. 12.6%, 
p=0.00004), reflecting severely fragmented sleep. There was a phase- 
delay of the circadian rhythms of both LA (p=0.007) and CBT (p=0.0005) 
compared to controls. AD patients had a significantly greater time- 
difference (phase-angle) between the LA and CBT acrophases, and the 
magnitude of this difference strongly correlated with the degree of sleep 
fragmentation. Patients with phase-angles outside the range of controls 
also had decreased CBT rhythm amplitude, suggesting impaired 
pacemaker function. Among 10 subjects who have come to autopsy, we 
found decreased neuron/glia ratios (p=0.002) and vasopressin 
immunoreactivity (p=0.000009) in the SCN, but these measures did not 
correlate with the phase-angle disturbance. We conclude that an altered 
phase relationship of the LA and CBT rhythms in AD patients is 
associated with poorer sleep, suggesting that treatments that adjust 
circadian phase may result in behavioral improvement. These disorders 
may have a basis in compromised SCN function. Supported by AG09301.
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235.9
ONTOGENY O F A PH OTIC R E S P O N S E  IN TH E SUPRA- 
CHIASMATIC NUCLEUS IN THE SIBERIAN HAMSTER.
John M Dickerson and Francis J P Eblina*. Dept. Anatomy, University 
of Cambridge, UK.

The ontogeny of photic responses in the suprachiasmatic nucleus 
of the Siberian hamster ( P h o d o p u s  su n g o ru s) was studied using the 
induction of the immediate early gene c - fo s  as a marker of photic 
response. C -fo s  expression was assessed by immuno-cytochemical 
localization of its protein product. Hamsters were housed on a 16Һ 
light: 8Һ dark photocycle. The adult Siberian hamster showed an 
increased number of c-fos positive cells within the suprachiasmatic 
nuclei in response to a 1 hr light pulse delivered 2 hr after lights off 
compared to controls kept in the dark. The development of the photic 
response was examined by investigating the effects of a light pulse on 
c-fos induction in groups of 5, 9, 12 and 25 day old pups. The 
suprachiasmatic region was identified by immunocytochemical 
localization of PHI in adjacent sections, a peptide expressed early in 
the development of the rodent SON. At all four ages, an increased 
number of c-fos positive cells occurred in the light pulsed animals as 
compared to control animals of the same age which were moved in the 
non-illuminated room to provide a “dark" pulse. Induction of c- fo s  was 
limited to the ventral part of the PHI+ve area. The number of c-fos 
positive cells in the SCN region in light pulsed animals increased 
significantly from day 5 to adult. These results indicate that retinal 
input can activate cells in the SCN even before the eyelids open on 
~day 11, and that the SCN could potentially be entrained by photic 
inputs as early as day 5 after birth.
[Supported by A F R C  Grant AG8/606 and The Royal Society]

235.11
LOCOMOTOR RHYTHMS OF CONGENITALLY ANOPHTHALMIC 
MICE. L. K. Laemle* and J.E. Ottenweller. Dept. 
of Anatomy, Cell Biology and Injury Sciences 
and Dept. of Neuroscience, New Jersey Medical 
School, Newark, NJ 07103.

Wheel-running activity was recorded in adult 
male sighted and bilaterally anophthalmic mice 
under a variety of lighting conditions.

The mean r  for sighted mice was 23.7Һ in DD 
and 24.6 in LL. The active phase was character
ized by an onset of running followed by a short 
inactive period, a condensed area of running, a 
short resting phase, and a second short burst 
of running. The mean length of was 13.8Һ in 
LL and in DD. The mean T  of anophthalmic mice 
(24.2Һ) was longer than that of sighted animals 
in DD,and did not vary with lighting conditions; 
o< was shorter (mean 9.8Һ); the pattern of activ
ity was different from, and more intense than 
in the controls. 10% of anophthalmic animals 
exhibited unstable rhythms, 15% were either ar
rhythmic or grossly abnormal: 75% had stable 
rhythms: (15% with Τ' less than 24Һ, 60% withT* 
greater than 24Һ). All sighted mice had stable 
rhythms. Our data suggest that circadian 
organization and control may be different in 
anophthalmic and sighted m i c e .(Supported by a 
grant from the Whitehall Foundation)

235.13
SLEEP DEPRIVATION DIFFERENTIALLY MODULATES BACTERIALLY- 
INDUCED SLEEP ENHANCEMENT IN RABBITS. L.A. Toth , M.R. 
Qpp and J.M. Krueger. Department of Physiology and 
Biophysics, University of Tennessee, Memphis, TN 38163.

Microbial inoculation of rabbits induces biphasic 
sleep alterations characterized initially by enhanced 
and subsequently by suppressed slow wave sleep (SWS). 
This pattern is similar to that observed during recovery 
sleep after sleep deprivation (SD). To investigate the 
impact of SD on sleep after microbial inoculation, we 
used gentle handling to deprive rabbits of sleep for 4 h 
before or after intravenous inoculation with Ê . coli. 
Sleep was monitored for the next 20 h. Data were 
analyzed in terms of a "sleep quality score" (SQS), 
which was derived as the product of SWS time and delta 
wave amplitude during SWS. Rabbits that were not sleep- 
deprived demonstrated enhanced SQS for the initial 4 h 
after inoculation and reduced SQS for the following 16 h 
(n=16). SD for 4 h prior to inoculation increased the 
magnitude and the duration of Ê . coli-induced sleep 
enhancement (n=7). In contrast, SD for 4 h immediately 
after inoculation (i.e., the period in which ĮĮU coli 
would normally induce enhanced sleep) was followed by 
only 2 h of enhanced sleep (n=9). This pattern was 
similar to the recovery sleep of rabbits subjected to SD 
alone (n=8). Thus, SD prior to infectious challenge 
amplified microbially-induced somnolence, whereas SD 
after microbial inoculation resulted in an apparent 
sleep deficit. These data indicate that SD 
differentially modulates the sleep enhancement that 
occurs subsequent to bacterial inoculation in rabbits.
Supported by NS-26429 and NS-25378.

235.10
ROD PHOTORECEPTORS ARE NOT REQUIRED FOR CIRCADIAN 
RESPONSES TO LIGHT IN THE MOUSE. R.G. Foster*. S.M. Areamaso. 
A. Lederman. L. R. Stanford.4· M.A. McCall*. Dept. of Biology & NSF Science and 
Technology Center for Biological Timing, University of Virginia, Charlottesville, 
VA 22903. + The Waisman Center, Dept. of Comparative Biosciences & Center for 
Neuroscience, University o f Wisconsin, WA 53705.

Circadian responses to light were investigated in transgenic mice with 
an integrated fusion gene consisting of a 1 kb fragment of the human 
rhodopsin promoter linked to the attenuated diphtheria toxin (DT-A) gene 
(McCall et al., Soc. for Neurose. Abst., 1992). Morphological analysis 
of the retinae has demonstrated that rod photoreceptors are eliminated, 
but cone cell bodies (with no outer segments) remain for at least 11 
weeks after birth. Despite this loss, circadian locomotor rhythms entrain 
to a light:dark cycle, and freerunning rhythms in constant darkness can 
be phase shifted by a single non-saturating exposure to light (15 min.; 
515 nm; 1.3 xlO'1 pW/cm2). The magnitude of the phase shift in 
transgenic mice was within the range of normal mice of the same strain 
(C57/BL). In this respect the transgenic mice show circadian responses 
to light that are identical to those reported for r d  mice (Foster et al 1991, 
J. Comp. Physiol. 169: 39-50), and r d s  mice (Argamaso et al, ARVO 
Abst., 1993). Bilateral optic nerve section in r d  and r d s  mice abolishes 
circadian responses to light. Collectively these data support the 
hypothesis that rods do not mediate circadian responses to light, and that 
either cones (lacking outer segments), or unrecognized photoreceptors 
within the retina regulate circadian behavior by light. We are currently 
characterizing the remaining photoreceptors within the retinae of these 
transgenic mice. Supported by: AFOSR-F49620-92-J-0205, NIH 5 R29 
MH49837-01, NSF BNS 9015226, NIH EY0 4977.

235.12
ROLE FOR THE HIPPOCAMPUS IN EXERCISE- 
INDUCED LENGTHENING OF THE PERIOD OF THE 
HAMSTER RHYTHMS. K.T. Borer* and
S .Donatori.Dept.Movement Science, Úniv. of 
Michigan,Ann Arbor,MI 48109.

Voluntary running and hippocampal 
transections both induce increases in 
pulsatile growth hormone (GH) secretion and 
somatic growth in mature hamsters. We 
hypothesized that: 1 .exercise stimulates 
growth by blocking hippocampal activity? 2 : 
hippocampus controls the period of 
temperature (Tc) and general activity (ACT) 
rhythms? and 3: voluntary running will 
block this hippocampal action as well. We 
examined the periods of the free-running Tc 
and ACT rhythms during 6 weeks of exposure 
to LL in mature hamsters bearing ip 
radiotransmitters in Exp.l, after 
bilateral hippocampal cuts (HP,n=5, 5 sham) 
and in Exp 2., during 6 weeks of voluntary 
running (7 EX, 7 SED). Both HP cuts and EX 
lengthened the period of Tc (4 3  and 11.8 
min/day,respectively,p<0.05) and of ACT (15 
and 11.5 min/day). Data suggest that 
voluntary running lengthens the period of 
Tc and ACT rhythms by blocking the reverse 
hippocampal action.

235.14
REM SLEEP INCREASE AFTER THE COMBINATION OF BOTH REM SLEEP 
DEPRIVATION AND AUDITORY STIMULATION HAS A CEILING EFFECT. 
A. Jimenez-Anguiano, R. Salín-Pascual^ C. Alcaraz, N. 
Castillo, A. Duran, J. Carrillo and R. Drucker-Colín7 
Depto de Fisiologia, Facultad de Medicina e Instituto de 
Fisiologia Celular, UNAM. Mexico, D.F. Mexico.

Auditory stimulation (AS) and REM sleep deprivation 
(REMSD) have been shown to produce an increase in REM 
sleep (REMS), in rats, cats and humans. The underlying 
mechanism of both manipulations are unknown, therefore the 
aim of this work was to determine the effects of such 
combinations.

Wistar male rats (180-200 g) were implanted for sleep 
recordings. Animals were studied under various conditions 
as follows: Control, REMSD by the platform tank method for 
24, 48, 96 and 120 hr. After the sleep manipulation one
set of rats received AS in the form of a beep (80 dB, 20 
ms, 1kHz) during REMS, while the second set of animals did 
not receive any stimulation.

Results showed that AS produced an increase in REMS 
in control animals (33.2 + 5 . 2  vs 62.7 + 7.8 min; 
p 0.005), and also in animals REMSD by 24 and 48 hr (86.8 
+ 20.0 vs 103.2 + 12.8 73.9 + 5.9 vs 131.7 + 20.1 p 
0.05). While in the groups with 96 and 120 hr of REMSD, AS 
did not induce an additive effect (146.6 + 25.6 vs 108.6 + 
15.6; 138.5+25.2 vs 147.7 + 29.03 min, p=n.s.). These
results suggest the possibility that each manipulation 
uses different mechanisms, which at some point interfere 
with each other.
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235.15
DO HIBERNATING BEARS SLEEP ALL WINTER? -  EEG, EMG, AND BODY 
TEMPERATURES IN OVERWINTERING BLACK BEARS. B.M. Barnes*. 
D M. Edgar. E. Follmann. D. Grahn. J. Hechtel. H.C. Heller and D. Ritter. 
Inst, of Arctic Biology, Univ. Alaska Fairbanks, Fairbanks, AK 99775 and 
Sleep Res. Ctr. and Dept. Biol. Sci., Stanford Univ., Stanford, CA 94305.

In November 1992 a hibernating male and female black bear, Ursus 
americanus, were taken from their natural winter dens in interior Alaska 
and released the same day into artificial outdoor dens in Fairbanks, 
Alaska. 1-3 months later bears were implanted with radio-telemetry 
devices for remote measurement of abdominal, cortical brain, and 
subcutaneous neck temperatures, 2 channels of EEG, and 1 channel of 
EMG/EKG. EEG and EMG were sampled continuously at 100 Hz and body 
temperatures each 1-15 minutes; data were recorded by computer. 
Minimum body temperatures decreased to no lower than 29°C, despite 
ambient temperatures to -50°C. In mid-winter hibernating bears showed 
multi-day rhythms of body temperatures (Tb) with periods of 2-8 days; 
daily rhythms in Tb became evident in April. Male core Tb averaged 32°C 
January-March and increased to 38°C in April. Female Tb averaged 34°C 
in March and 36°C in April. Bears emerged from their nest boxes on 15 
April. Vigilance states were assigned on the basis of EEG and EMG. 
During Jan-Feb NREM (slow-wave sleep) predominated in 30-90 minute 
intervals interspersed with REM-like EEG and quiet EMG; no circadian 
organization was apparent. Beginning in March, daily rhythms in NREM 
appeared. Waking states were evident only during a week of severe cold 
and again a few days before emergence. Spectral analysis of EEG 
showed that power from 0.1-4.0 Hz (delta power) was distributed in an 
ultradian fashion in January and February before becoming daily in March. 
24-h integrated delta power decreased with decreasing brain temperature.

235.17
CHANGES IN CIRCADIAN RHYTHMS OF BODY TEMPERATURE AND SLEEP 
IN OLD RATS. H. Li* and E. Satinoff. Dept. of Psychology, University of 
Illinois, Champaign, IL 61820.

There are large differences in the circadian body temperature rhythm 
(CTR) of old rats. Some old rats maintain robust CTRs, comparable to those 
of young rats, whilst others of the same age have weakened and unstable 
CTRs, or even none at all. Using periodogram analysis, we estimated the 
strength of the CTR by the power of the 24-hour rhythm (P24) present in 
body temperature (Tb). We then divided the old rats into two categories: 
old rats with good CTRs (OG, n = 7), whose P24 was above the lower limit 
of the 99.99% confidence interval of the mean P24 of young rats (n = 6), 
and old rats with unstable CTRs (OU, n = 6), whose P24 was below the 
lower limit. Compared with OG rats, OU rats had small Tb differences in 
light (L) and dark (D) and advanced peak Tb phases. In previous work we 
found that the ability to thermoregulate against cold challenge was impaired 
in both groups of old rats. The present study investigated the relationship 
between sleep and CTR. Adult and old female Long-Evans rats were housed 
individually at 23 °С in a 12:12 (LD) cycle and their Tbs were recorded 
telemetrically for many months. Sleep/waking was recorded for 1-2 days 
when the adult rats were 6-8 mo old and the old rats were 22-26 mo old.

The two groups of old rats showed different sleep/wake characteristics. 
OU rats had as much slow-wave-sleep (SWS) in L as in D and the LD 
difference in rapid-eye-movement sleep (REMS) was greatly decreased. OG 
rats showed normal circadian parameters of sleep. All old and adult rats had 
approximately equivalent totals of SWS and REMS. Thus, homeostatic 
regulation of both REMS and SWS do not seem to be impaired during aging 
and are independent of the stability of the CTR. However, rhythmic 
regulation of sleep correlates well with the stability or instability of the CTR.

Supported by NIMH Grant 1 R01 MH41138 to E.S.

235.19
IN VITRO THERMOSENSITIVE CHARACTERISTICS OF 
NEURONS IN ТЙЕ RAT SUPRACHIASMATIC NUCLEUS 
P.S. Derambure. P.W. Burgoon and LA. Boulant.* Dept. 
o f Physiology, Ohio State Univ, Columbus, OH 4 3210 .

Using rat hypothalam ic tissue slices, it has been  
shown that neurons in the suprachiasm atic nucleus  
(SCN) show diurnal variation in  their firing rates and 
therm osen sitiv ities. H ighest neuronal firing rates 
occur during the day, but the greatest neuronal 
therm osensitivities occur at night. To further identify  
m e ch a n ism s r e s p o n s ib le  fo r  th e se  c h a n g e s , 
intracellu lar activ ity  was stu d ied  using tight-seal, 
whole-cell recordings. Neurons were categorized into  
groups, based on their firing rates as a function  of 
tem perature, and the effects o f  tem perature and  
circadian tim e were studied  on m em brane potential, 
depolarizing prepotentials, and input resistance. Both 
warm sensitive and tem perature insensitive neurons 
displayed depolarizing prepotentials that are sim ilar 
to those seen  in preoptic neurons w hich also show  
therm osensitivity.(Supported by NIH grant NS14644.)

235.16
AGE, BUT NO T PIN EAL STA TU S, M OD ULATES CIRCADIAN 
PER IO D IC ITY O F G O LD EN  HAM STERS. L.P. Morin and J. 
Blanchard*. Dept. Psychiatry, Health Science Center, SUNY at 
Stony Brook, NY 11794.

The pineal gland has been implicated in the regulation of rat 
circadian rhythmicity (Cassone, J.Biol. Rhythms. ’92). The present 
study evaluated (a) whether the pineal has a similar role in the 
hamster and (b) clarified whether the marked rhythm responses to 
constant light (LL) of 5-HT-depleted hamsters (Morin & Blanchard, 
Brain R es.. ’91) might be attributable to functional pinealectomy. 
The results demonstrate that 1) young, but not old, hamsters show 
loss of the circadian wheelrunning rhythm (mostly via splitting) in 
LL  (13/20 vs 4/17, p<.02) and 2) young hamsters have longer 
circadian periods in LL  than old animals (24.32 ±  .04 vs 24.20 ± 
.03 hr, p<.004). Neither effect is related to the presence of a pineal 
gland. In LD 14:10, old animals run much less than young animals, 
regardless of pineal status and the suppression of running by LL 
is greater in old animals. The activity phase duration is only 
modestly related to age and not to pineal presence. The data 
support the report (Morin, J.BioI.Rhvthm s. ’88) of an age effect on 
incidence of rhythm splitting and circadian period length, but do 
not support the view that the pineal gland modulates circadian 
rhythmicity in the hamster. Supported by NIH grant NS22168.

235.18
LO W  T E M P E R A T U R E  A L T E R S  C IR C A D IA N  R H Y T H M S  OF 
N E U R O N A L  A C T IV IT Y  IN T H E  S U P R A C H IA S M A T IC  N U C LE U S  
(S C N ) IN VITRO. N.F. Ruby* and H.C. Heller. Dept. of Biological 
Sciences, Stanford University, Stanford, C A  94305.

This study examined the effects of low temperature on 
circadian rhythms in SC N  neuronal activity in vitro. Coronal brain 
slices (500 pm) containing the S C N  were prepared at the time of 
lights on (LD 12:12) from adult male Wistar rats and maintained 
in a perifusion medium at either 37 or 25°C for 2 days. Firing 
rates were recorded from S C N  neurons extracellularly for 5 min; 
average hourly firing rates represent 2 h means using a 1 h lag. 
Time of peak firing rate was used as the phase reference point 
to estimate circadian rhythm (C R ) period and phase.

Peak firing rates occurred 4 h later at 25°C (vs 37°C) on days 
1 and 2 (circadian time 10 vs 6; 0 = lights on). Exposure to 25°C 
reduced peak firing rates (mean ± sem) by an average of 72% on 
days 1 and 2 (2.1 ± 0.3 vs 7.5 ± 0.5 Hz). The decreased 
amplitude of the C R  at 25°C made period estimates difficult, but 
the interval between peaks on days 1 and 2 was close to 24 h. 
Experiments using brain slices maintained for 3 days are 
currently in progress to more accurately estimate C R  period. 
These data suggest that low temperature phase shifts the C R  of 
S C N  neuronal activity but has little effect on the period of the 
rhythm in rats.

235.20
EFFECTS OF M EDIAL PREO PTIC-ANTERIO R HYPO
THALAMIC WARMING ON THE WAKING DISCHARGE OF 
NEURONS IN THE BASAL FOREBRAIN. Noor Alami. 
R  Szymusiak^* and jD̂  McGintyl . Dept. Veterans Affairs Medical 
Center, Sepulveda, CA 94343, 1 Dept. Psychology and 2 Dept. 
Anat. Cell Biol., Univ. Calif., Los Angeles, CA 90024.

Therm osensitive neurons in the preoptic/anterior hypo
thalamus (POAH) are hypothesized to modulate the activity of sleep 
and arousal mechanisms throughout the brain. We examined the 
effects o f local POAH temperature manipulation on the activity of 
neurons in the basal forebrain (BF), an area implicated in both the 
regulation of cortical arousal/activation, and in the control o f sleep. 
All recordings were performed on unanesthetized, unrestrained adult 
cats using the chronic microwire technique. Thirty-three o f 91 BF 
neurons (36%) responded to changes in POAH temperature during 
waking. The discharge rate o f 13 cells increased by an average of 
9 9 ± 2 2 % /o C  during POAH warming. The majority o f these cells 
had higher spontaneous discharge rates during nonREM sleep than 
waking. The average ratio of nonREM/waking discharge rates was 
3.49+. 1.15. The waking discharge rate o f 20 cells decreased by an 
average  o f  3 1 Hl5% /°C  during w arm in g . T he average  
nonREM/waking discharge rate ratio for these cells was 0 .67+ 0 .10  
These results support the hypothesis that populations o f  POAH 
warm-sensing neurons participate in sleep-wake state regulation via 
suppression o f arousal mechanisms and excitatory actions on sleep- 
promoting cell groups.
Supported by the Dept. Veterans Affairs and DHHS Ш 01 MH47480
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235.21
PREOPTIC THERMOSENSITIVE NEURONS: DISCHARGE  
CHANGES RELATED TO SLEEP. EL M cG intyl* . Md. Noor 
Alami and Szymusiaķ2. Dept. Veterans A ffairs M edical 
Center, Sepulveda, CA 94343, 1 Dept. Psychology and 2 Dept. 
Anat. Cell Biol., Univ. Calif., Los Angeles, CA 90024. 

Preoptic-anterior hypothalamic (POAH) mechanisms, including 
warm-sensitive thermoregulatory processes, facilitate slow wave 
sleep (SWS). Neurons which may serve this function have not been 
identified. In unanesthetized cats, we recorded 106 POAH neurons, 
testing each for sleep-wake related discharge patterns and for local 
thermosensitivity. A tota l o f  15 (14% ) w ere c la s s if ie d  as 
thermosensitive (Q io > 2 .0 ). In other neurons responses to thermal 
stimuli were found to reflect arousal changes induced by the thermal 
stimulus. Twelve o f 15 therm osensitive neurons a lso showed  
sensitivity to arousal level in addition to thermosensitivity. Eight of 
nine warm-sensitive neurons (WSNs) had higher discharge rates in 
SWS compared to waking, in spite of the fall in POAH temperature 
that normally occurs during SW S. Four o f  six co ld -sen sitive  
neurons (CSNs) had higher rates in waking than in SWS. Five to 15 
seconds prior to spontaneous arousals from sleep, some SWS-active 
WSNs showed reduced discharge, and some CSNs showed increased 
discharge. These observations support the hypothesis that W SNs 
directly facilitate SWS. C old-sensitive neurons may facilitate  
waking. Fourteen non-thermosensitive neurons also increased 
discharge in SWS. Both thermosensitive and non-thermosensitive 
POAH neurons may participate in sleep regulation.
Supported by the D e p t. V eterans A ffa irs  a n d  D H H S  #R 0 1  M H 4 7 4 8 0
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236.1
NEONATAL MSG TREATMENT ALTERS THE CIRCADIAN 
RESPONSE TO CONSTANT LIGHT AND PREVENTS INDUCTION 
OFFOS PROTEIN IN ТҢЕ INTERGENICULATE LEAFLET IN 
ADULT RATS. K.Edelstein1 ,  J.Pfaus 1 B.Rusak 2 and S.Amir * 1 
Center for Studies in Behavioral Neurobiology, Concordia Univ., 
Montreal, and 2 Psychology Dept., Dalhousie Univ., Halifax, Canada.

Continuous illumination disrupts a circadian pacemaker in the 
mammalian suprachiasmatic nucleus (SCN), leading to a splitting of 
circadian behavioral and physiological rhythms into two or more 
components. The neural mechanism underlying this effect is not well 
defined. Light transmission to the SCN involves both a direct retinal 
projection (the retinohypothalamic tract) and an indirect projection from 
the intergeniculate leaflet (IGL). In rats, neonatal monosodium 
glutamate (MSG) treatment leads to acute degeneration of nerve cells in 
the inner layer of the retina. In the present study, neonatal MSG 
treatment (2 mg/g sc on postnatal days 1,3,5,7,9) had no effect on 
circadian temperature or activity rhythms in the adult animal maintained 
under 12:12 LD or constant dark conditions. However, the splitting 
effect of constant light seen in adult rats treated neonatally with 10% 
NaCl was blocked in MSG-treated rats. The effect of neonatal MSG 
treatment on the response to light was further examined using the 
expression of Fos protein, previously shown to be a marker for light- 
induced activation of cells in the SCN and the IGL. Both MSG- and 
saline-treated rats presented with a one hour light pulse during the dark 
phase of the LD cycle exhibited Fos-like immunoreactivity in the SCN, 
but only saline-treated rats displayed this marker in the IGL. These 
results suggest a relationship between light-induced activation of IGL 
cells and the circadian response to constant light

236.3

IMMUNOREACTIVE JUN PROTEIN EXPRESSION & AP-1 DNA-BINDING ACTIVITY 
IN THE RAT SUPRACHIASMATIC NUCLEUS (SCN). J. Takeuchi. W. Shannon. N. 
Aronin. & W.J. Schwartz*. Depts. Neurol. & Med., U. Massachusetts Med. 
School, Worcester, MA 01655.

Fos is regulated in the SCN by light and may serve to identify the cascade of 
events that comprise the circadian pacemaker’s photic entrainment pathway. 
Since Fos acts by binding to AP-1 sites when complexed to the AP-1 protein 
Jun, we analyzed c-Jun, Jun B, & Jun D levels (by immunohistochemistry; 
specific antibodies from Dr. R. Bravo) and AP-1 DNA-binding activity (by gel 
mobility shift assay) in rat SCN as a function of light and time of day. The 
three Jun immunoreactivities were differentially expressed over the LD 
cycle; relatively low levels of c-Jun and high levels of Jun D were uniformly 
present at all times, whereas Jun В was rhythmically expressed with detect
able levels only during the early light phase. This rhythm of Jun В depended on 
the LD cycle and was not endogenously generated. All three proteins were 
stimulated (by varying amounts) after a 2 hr light pulse during subjective 
night but not during subjective day. Mobility shift assays using SCN nuclear 
extracts showed that AP-1 binding activity was present during subjective 
night and that a 2 hr light pulse could increase apparent binding. Assays in 
which the Jun antibodies were included in the binding reaction suggested that 
the AP-1 complex was composed of constant as well as variable protein 
components; Jun D could be identified as a constituent of both night and light- 
activated binding complexes, whereas binding by Jun В and Fos was implicated 
only after light. By double-label immunofluorescence, Fos could be co
localized with Jun В and Jun D within single SCN ceil nuclei, indicating that a 
number of homo- and heterodimeric AP-1 binding complexes may be formed 
after light exposure. These results suggest that the neural effects of light in 
the SCN may include an alteration in the composition of the component proteins 
that comprise the AP-1 binding complex.

2 3 6 .2
SEROTONERGIC INHIBITION OF LIGHT-INDUCED C-FOS EXPRESSION 
IN  T H E  SC N  O F T H E  SY R IA N  H A M STE R . M. Selim. M .A . R ea1 and J.D. 
Glass* Departm ent o f  Biol. Sci., K ent St. U niv. K ent, O H  44242. ‘C ircadian  
N euro. Res. G rp., Arm strong Lab. (C FT O ) Brooks A F B , T X  78235.

The role o f  5-H T  in SC N  function is not understood, but there is grow ing  
evidence that 5-H T  m ay m odulate retinohypothalam ic tract (R H T ) signalling  
in the SCN. To examine sudi a role, the effects o f  treatment with various serotonergks 
on SCN Fos expression induced by a light pulse delivered at ZT 19 were investigated. 
Pretreatment (i.p. injection 30 min before the pulse) with the non-selective serotonergic 
quipazin e(l 2.5 m g/kg) decreased the num ber o f  SC N  cellsexp ressin g Fos-like  
immunoreactivity (FLI) in a dose dependent manner (56±8% maximal suppression; 
p<0.01). A  sim ilar effect w as obtained by intra-SC N  injection o f  quipazine. 
Systemic pretreatment with a mixture o f  tryptophan, fenfluramine and harmaline 
suppressed FLI by 53±5%; p<0.01 . Pretreatment with the 5 -H T 1A receptor 
agonist, 8-O H -D PA T (5 mg/kg), suppressed FLI by 43±3%; p<0.0 1), and this 
effect was blocked by the 5 -H T 1A antagonist N A N -1 9 0  ([10 m g/kg] 101±6%; 
p>0.9 . Pretreatment with 5-H T2 and 5-H T 3 receptor agonists, α -methyl 5-HT  
and phenylbiguanide(each 5 m g/kg) or N A N - 190 alone had little suppressive  
effect on FLI ( 8 ± 2 ,13±5  and 0.4±6%  respectively all p > 0 .1 ). T hese results are 
evidence for a 5-H T 1A-m ediated m odulation o f  R H T  input in the SC N , and  
that this effect is centered in the pacemaker. Supported by A FO SR F49620-93-0086 
(JD G ).

2 3 6 .4

EFFECTS OF AGING ON LIGHT-INDUCED FOS AND PHOSPHO-CREB 
IMMUNOREACTIVITY IN THE HAMSTER SUPRACHIASMATIC NUCLEUS.
Y. Zhang.*J M. Komhauser. P. C. Zee. K E. Mavo. J. S. Takahashi and F. W. Turek. 
NSF Center for Biological Timing, Northwestern Univ., Evanston, IL 60208.

Recent studies have demonstrated that light induces expression of the Fos protein 
and phosphorylation of the cAMP response element-binding protein (CREB) in the 
rodent suprachiasmatic nuclei (SCN), suggesting that these transcription factors may 
mediate light-induced phase shifting of circadian rhythms. Aging is associated with a 
variety of alterations in circadian rhythms, including changes in the response of the 
circadian clock to light: old hamsters are significantly less sensitive to the phase- 
shifting effects of low intensity light pulses. The underlying causes for age-related 
changes in the circadian system remain unknown. The purpose of this study was to 
determine whether the induction of Fos protein expression and CREB 
phosphorylation by light in the SCN is altered in old compared with young adult 
hamsters.

The photic induction of Fos-like immunoreactivity (Fos-lir) in the SCN of young (3 
months) and old (18-22 months) hamsters was determined. Hamsters received 5 min 
of monochromatic light o f one of four irradiance levels, or 5 min of darkness 
(control), at circadian time 19. In old hamsters, the number of Fos-lir-positive 
neurons in the SCN following a bright stimulus is decreased by 50%, the photic 
threshold for Fos-lir induction is elevated, and the intensity of Fos-lir staining appears 
to decrease. In a preliminary study of aging effects on CREB phosphorylation by 
light, immunoreactivity to an antibody specific for the phosphorylated (activated) 
form of CREB (PCREB) in the SCN was examined in young (3 months) and aged (22 
months) male hamsters. Old hamsters exhibited a 35% reduction in the number of 
PCREB immunoreactive cells in the SCN compared to young hamsters. These results 
indicate that there are dramatic changes in light-activated molecular responses in the 
SCN of old hamsters, and may provide new insight into the events underlying age- 
related changes in the circadian pacemaker.
Supported by NSF center for Biological Timing and the NIH and NIMH.
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2 3 6 .5
RAPID DECLINE IN FOS-LI IN ASSOCIATION WITH RECOVERY  
SLEEP THAT FOLLOWS TOTAL SLEEP DEPRIVATION. P. Shiromani*.
S. Winston. M. Malik and R.W. McCarlev. Brockton VA-Harvard M ed  
School, Brockton, MA 02401.

Genes such as c-fos are hypothesized to coordinate the response of the cell 
to changes in the extracellular environment. We have begun to investigate 
whether sleep can alter the time-course of the c-fos initiated transcriptional 
cascade. This follows from our recent finding of an earlier decay in Fos-LI 
in response to a cholinergically-induced 2 hr continuous REMc bout. We 
now examine the decay of Fos-LI in response to sleep deprivation. Animals 
were deprived of total sleep for 24 (cats) or 12 hrs (rats, light on) by manual 
arousals using EEG criteria to confirm sleep onset. Two each cats and rats 
were euthanized (pentobarbital) at the end of the sleep deprivation while the 
other animals were allowed 45 min of recovery sleep and then euthanized. 
Fos-LI cells were counted in a number of forebrain and brainstem areas. 
Pending additional controls for effects due to stress etc, we found that there 
were fewer number of Fos-LI cells in the animals allowed recovery sleep 
compared to the animals that were not given recovery sleep.

Recently, Grassi-Zucconi et al., (Sleep Research 22: 478, 1993) used a 
similar paradigm and found lower levels of c-fos mRNA in rats allowed 
recovery sleep compared to sleep deprived animals. However, while mRNA 
levels can decline within the 45 minute recovery period, the rapid decline of 
the DNA-binding protein suggests a functional role of sleep in maintaining 
continued patency of an important cellular cascade.
Supported by DVA Research Service & NS30140

2 3 6 .7
EXPRESSION OF NGFI-A DURING SLEEP-WAKING STATES AND AFTER SLEEP DEPRIVATION. M. 
Pompeiano1, C. Cirelli2, and G. Tononi'. 1lnst. of Biological Chemistry and 2Dent. of Physiology, 
Univ. of Pisa, Italy, 1-56100.

We have recently shown (Pompeiano et al., Arch. ital. Biol., 130:325,1992) that 24Һ of sleep 
deprivation (SD) are associated with an increased expression of the immediate early gene c-fos 
in specific brain areas. In this study, we examined the effects of variable periods of SD and of 
spontaneous wakefulness or sleep, on the expression of the immediate early gene NGFI-A, which 
is characterized by a different profile of induction. SD rats were killed after Зһ, 6Һ, and 12Һ of 
manual SO starting at 8 AM; 12Һ SD starting at 8 PM; and 24Һ SD starting at 8 AM. For 
spontaneous sleep and wakefulness, 3 groups of rats (sleep, light hours; wakefulness, light and 
dark hours) were killed according to criteria that maximized the amount of sleep or wakefulness 
in the previous 6Һ without interfering with the spontaneous organization of the rest-activity cycle. 
We examined the expression of NGFI-A protein with immunocytochemistry (the antibody was a 
generous gift of J. Milbrandt) and of NGFI-A mRNA with in-situ hybridization. The results showed 
that NGFI-A levels were modified in many brain areas both after short periods of SD as well as 
after periods of spontaneous wakefulness. Increases in NGFI-A expression after SD with respect 
to controls killed at the same time were seen in the cerebral cortex, basal ganglia, amygdala and 
other regions. NGFI-A mRNA levels were often at their peak after 6Һ SD. Decreased mRNA levels 
were seen in the lateral habenula and in the anterior nuclear group of the thalamus after ЗҺ and 
6Һ SD. Decreased expression of NGFI-A in the dentate gyrus of the hippocampus was seen at all 
SD periods. In the brainstem, NGFI-A expression showed significant changes after 12Һ and 24Һ 
SD. Most of the areas that showed increases (cerebral cortex, basal ganglia and olfactory regions) 
or decreases (anterior nuclear group of the thalamus) of NGFI-A mRNA levels after SD showed 
similar changes after prolonged periods of spontaneous wakefulness during dark hours, and in 
some cases after shorter periods of spontaneous wakefulness during light hours. Some areas, such 
as the dentate gyrus, the medial proptic area, the lateral habenula, and the locus coeruleus, 
responded differently to spontaneous vs forced wakefulness. Since NGFI-A and other immediate 
early genes can act as 'third messengers' to control the transcription of target genes, the specific 
changes observed could be relevant both to the homeostasis and to the functions of sleep.

Supported by a grant from ESRS-Synthélabo to MP and CC.

2 3 6 .9

T Y R O S IN E  H Y D R O X Y L A S E  G E N E  E X P R E S S IO N  IN T U B E R O -  
IN F U N D IB U L A R  Á f lD  V E N T R A L  T E G M E N T A L  N E U R O N S  A F T E R  
R E M  S L E E P  D E P R I V A T I O N  I N R A T S .  D . S t e n b e r c T .
T .P o rk k a -H e lsk a n e n . J .H .U r b a n . J .E .L e v in e  an d  F .W .T u r e k . D e p t. of 
P h y sio lo g y , U n iv . of H e ls in k i, F in lan d , an d  D e p t. o f N eu ro b io lo g y & 
P h y sio lo g y , N o rth w e ste rn  U n iv ., E v a n s to n , IL  6 0 2 0 8 .

P ro lactin  and  p itu itary  in term ed iate-lo b e  p e p tid e s h a v e  been  
im p lica ted  a s  p a rts  of th e  R EM  slee p -p ro m o tin g  re g u la to ry  s y s t e m ,  
an d  th e y  a re  m o d u lated  b y  th e  d o p am in e rg ic  T ID A  s y s te m .  
A ct iv a t io n  of th e  V T A  is  in vo lved  in s t r e s s  an d  a n x ie ty , an d  m ig ht be  
re la ted  to  s tre s s- in d u c e d  s le e p  d is tu rb a n c e s . In th is  s tu d y  w e  te s te d  
th e  h y p o th e s is  th a t  p ro lactin  and/or d o p am in e  a re  in vo lved  in the  
reg u latio n  of R EM  s le e p . R a ts  w e re  R EM  s le e p  d e p rive d  for 7 2  h on  
sm all p la tfo rm s (co n tro ls : large p la tfo rm s an d  d ry  c a g e ) , and  
d e ca p ita te d  in th e  m orning . T y ro s in e  h y d ro x y la se  (T H , th e  rate- 
lim iting e n z y m e  in d o p am ine  sy n th e s is )  g e n e  e x p re ss io n  in n .a rc u a tu s  
(A R C ) and  th e  v en tra l te g m e n ta l a re a  (V T A )  w a s  m e a su re d  u sin g  in 
s itu  hyb rid izatio n  w ith  an  o lig o n u cle o tid e  p ro b e , an d  se ru m  and  
pitu itary  g land  pro lactin  c o n ce n tra t io n s  w ith  R IA . T H  g e n e  e x p re ss io n  
w a s  s im ila r in all g ro u p s both in A R C  an d  V T A ,  an d  th e re  w a s  no  
d iffe re n c e  in se ru m  or p itu itary  g land  p ro la ctin  c o n c e n tra t io n s  e ith er. 
W e  c o n c lu d e  th a t  th e  p itu itary  g land  p ro la ctin  s y s te m  is  not a  
h o m e o sta t ic  reg u lato r of R EM  s le e p , nor is  V T A  s p e c if ic a lly  a c t iv a te d  
by R E M S D . T h is  is  in c o n tra s t  to  our p re v io u s find ing  th a t  T H  m R N A  
is  s p e c if ic a lly  in d u ce d  in th e  L C  during R E M S D  on sm a ll p la tfo rm s, 
in d icatin g  a ro le  for n o rad ren a lin e  in th e  re a c t io n  to  R E M  s le e p  lo ss .

2 3 6 .6
DIURNAL VARIATION OF IMMEDIATE EARLY GENE EXPRESSION IN THE 
CNS OF DEVELOPING AND AGED RODENTS. B.F. O’Hara*. F.L. Watson.
E.L. Sutin. H.C. Heller and T.S. Kilduff. Sleep Research Ctr., Depts. of Psychiatry 
and Biological Sci., Stanford University, Stanford, CA 94305.

Expression of c-fos has recently been shown to vary throughout the brain over the 
course of the 24 hr day (Grassi-Zucconi et al., Eur. J. Neurosci., in press). The 
magnitude of these changes appear to be similar in a light:dark cycle (LD) or in 
constant dark (DD). To determine whether these changes are related to activity, we 
examined immediate early gene (IEG) expression in nocturnal rats vs. diurnal ground 
squirrels by Northern analysis. Animals under a 12:12 LD cycle were sacrificed in 
the morning (1100, ZT3), afternoon (1600, ZT8) or night (2300, ZT15) or at the 
corresponding circadian times (CT) when kept in DD. Rats sacrificed at ZT3 always 
showed lower c-fos expression than at ZT15 in all brain areas examined while the 
reverse pattern was seen in squirrels under both LD and DD conditions, suggesting a 
direct correlation between c-fos message and activity. The cerebellum displayed the 
greatest magnitude change between morning and night (often exceeding 10-fold). In 
contrast to the consistent changes at these two timepoints, c-fos expression in rats 
sacrificed at ZT8 exhibited considerable variability, which may relate to the sleep 
state of the animals in the period immediately preceding sacrifice. Among other 
IEGs examined, the expression of NGFI-A and junB are similar to c-fos, whereas c- 
jun  appears to be invariant in the rat but is increased during the active phase in 
squirrels. Since activity rhythms are weaker in older animals, we are examining IEG 
expression in young (4 mo) vs. aged rats (22 mo). We have also examined c-fos 
expression in the cerebellum of 1,2, and 3 week old rats sacrificed at ZT3 and ZT15. 
1 week old animals showed low levels at both timepoints while 2 and 3 week old 
animals had higher levels at night, as do adults. The 3 week old animals also 
exhibited a small change in message size at the two timepoints, presumably due to 
changes in polyA tail length. C-jun  expression was again invariant. Our 
observations support the idea of a diurnal rhythm of IEG expression in the CNS that 
is related to locomotor activity (Supported by PHS grants HD29732, AG1İ084 and 
AG05556 and the Upjohn Company).

2 3 6 .8
VIP GENE EXPRESSION IS INVOLVED IN THE 
DETERMINATION OF BIOLOGICAL RHYTHMS R. Glazer. A. 
Ticher, I.E. Ashkenazi. M. Fridkin. D.E. Brenneman 
and I. Gozes*. Chem. Pathol, and Human Genetics, 
Sackler Med. Sch. Tel Aviv Univ. ; Weizmann 
Institute, Israel; LDN, NICHD, NIH, USA.

In situ hybridization and immunocytochemical 
studies reveal that the brain area containing the 
most concentrated population of vasoactive 
intestinal peptide (VIP)-producing cells is the 
SCN (suprachiasmatic nucleus) (Cell Tissue Res. 
252: 307, 1988; Neurosci. 50: 519, 1992). In the 
SCN, where circadian clocks of many variables are 
controlled, rhythms of VIP mRNA levels coincide 
with day-night alteration (Neurosci. Res. Commun. 
5:83, 1989). We have isolated RNA from the SCN of 
developing rats (7, 10, 14, 21 and 36 day-old)
exposed either to 14:10 light-dark cycles or to 
complete darkness and analyzed it by RNA blot 
hybridization. Results showed: 1. that diurnal
oscillations in VIP mRNA preceded eye opening and
2. that diurnal oscillation in VIP mRNA occurred 
in animals reared in the dark. Finally, chronic 
treatment (for 3 weeks) of new born rat pups with 
a VIP antagonist (Endocrinology, 125: 2945, 1989) 
resulted in changes in their locomotive activity, 
suggesting an active involvement of VIP in the 
mechanism of the biological clock.
Supported by Fuj imoto Corp., Japan

2 3 6 .1 0

GLUTAM ATE R EC EP TO R  mRNA EX PR E SSIO N  IN TH E SU PRA
CHIASM ATIC NUCLEUS. Francis J  P Eblina. Michael H Hastings*. 
Jens D Mikkelsen. Dept. Anatomy, University of Cambridge, UK and 
Dept Anatomy, The Panum Institute, University of Copenhagen, 
Denmark.

Previous studies have implicated a role for glutamate acting via 
NMDA-type receptors in photic entrainment of circadian rhythms. The 
aim of the current study was to determine whether mRNAs coding for 
NMDA-type receptors are present within the adult rodent 
suprachiasmatic nucleus (SCN), and to investigate their composition 
using in situ hybridization. Frozen sections from rat and Syrian 
hamster (M. auratus) were incubated with 42-48 base oligonucleotide 
probes З’-labeled with 35S-ATP, and film autoradiograms generated. 
These synthetic probes were complementary to sequences specific to 
the rat NMDA-R1, 2A, 2B and 2C receptor genes (Moriyoshi et al, 
Nature 354, 1991; Moyner et al, Science 256, 1992). In both species, 
NMDA-R1 hybridization was abundant in the SCN. No NMDA-R2A nor 
NMDA-R2B hybridization was apparent in the rat or Syrian hamster 
SCN, though labelling with these probes was apparent elsewhere (e.g. 
hippocampus, cerebellum) in both species. In contrast NMDA-R2C 
hybridization was abundant in the entire SCN  in the rat and Syrian 
hamster, but very little signal was detected in other forebrain regions. 
These observations are consistent with the hypothesis that glutamate 
mediates the effects of light on the circadian oscillator.
[Supported by AFRC Grant AG8/606, the European Science Foundation and The 
Royal Society]
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236.11
EXPRESSION OF NMDA AND AMPA GLUTAMATE RECEPTOR 
mRNA IN THE RAT SCN AT TWO CIRCADIAN PHASES. R.L. 
Gannon* and M.A. R e a . Circadian Neurobiology Res. 
GroupArmstrong Lab., Brooks AFB, TX 78235 
Glutamate (Glu) is believed to be the principal 

neurotransmitter regulating retinohypothalamic 
transmission to the suprachiasmatic nuclei (SCN), 
the source of circadian rhythms in mammals. Both 
NMDA and non-NMDA antagonists attenuate light 
induced phase advances and delays of the 
circadian activity rhythm. However, Glu agonists 
have mixed effects on shifting the circadian 
phase, depending on the time of day they are 
administered. This suggests that there may be a 
circadian regulation in the expression of Glu 
receptors (GluR) in the SCN. We examined this 
possibility using oligonucleotide antisense mRNA 
GluR probes hybridized to rat SCN tissue samples 
obtained at midday and midnight from rats on LD 
12:12. GluRl, GluR2 and GluR4 mRNA were heavily 
expressed in the SCN at both times, whereas there 
was no appreciable expression of GluR3 mRNA at 
either time. NMDAR1 mRNA was also expressed at 
both times but was much lighter than the AMPA 
GluR subtypes. NMDAR2A - 2C were not detected in 
the SCN. This suggests that circadian sensitivity 
to GluR agonists in the SCN is not due to a day- 
night difference in GluR expression. Supported by 
AFOSR 2312W6 (MAR)

236.13
QUANTITATION OF I L - 1ß  mRNA IN THE RAT BRAIN BY PCR 
AIDED TRANSCRIPT TITRATION ASSAY M. Mackiewicz. P. J, 
Sollars* and A. I. Pack. Center for Sleep and Respiratory 
Neurobiology, Hosp. of the Univ. o f Penn., Philadelphia, PA 19104.

To investigate the potential circadian regulation o f endogenous IL-1β 
in the rat brain, we refined the polymerase chain reaction (PCR) aided, 
transcript titration assay (PATTY) to quantify IL-1β mRNA in the brain. 
The technique applies PCR which co-amplifies the target mRNA 
together with in  v itro  generated IL-1β RNA mutant as an internal 
reverse transcription and PCR control. The level o f IL-1/3 mRNA and 
its changes throughout the brain are determined densitometrically by 
comparing the yields of PCR products derived from both classes of 
RNA. Less than 100 molecules o f target RNA can be detected and 
quantified in the analyzed sample. To assess any temporal variation in 
IL-1β mRNA expression, we are monitoring the locomotor activity of 
rats maintained in constant dim red illumination ( <  1 lux) or in a 12:12 
light:dark (L:D) cycle. Animals are sacrificed either at circadian time 
(CT) 10 or 22, or two hours before the L:D or D:L transitions (ZTs 10 
and 22). IL-1/3 mRNA is quantified in the hypothalamus, thalamus, 
hippocampus, cortex and pons/medulla. Initial experiments on a small 
number of animals found detectable IL-1/3 mRNA levels in all areas of 
the brain, tending to show a slight overall reduction at CT 22. 
Experiments in progress are designed to quantify temporal variations in 
neuronal IL-1/3 mRNA. Supported by grants HL 07713 and HL 42236.

236.15
EFFECT OF INTRACEREBRAL INFUSION OF VIP ANTISENSE 
OLIGONUCLEOTIDES INTO THE SUPRACHIASMATIC NUCLEI (SCN) ON 
THE LH SURGE IN THE RAT. J.P. Harney*. K. Scarbrough1. K. Rosewell & P.M. 
Wise. Dept of Physiology & Biophysics, University o f Kentucky College of 
Medicine, Lexington, KY 40536, ‘Dept of Neurobiology & Physiology, Northwestern 
University, Evanston, EL 60208

Antisense oligonucleotides (oligos) to VIP have been used successfully in 
our laboratory to suppress the circadian pattern of corticosterone secretion in rats 
(Scarbrough & Wise 1992 Neurosci Abst 6.9). The purpose of the present study was 
to determine whether this treatment disrupts other circadian outputs of the SCN such 
as the secretion pattem o f LH and prolactin (PRL). Female rats were ovariectomized 
on Day 0 and implanted with bilateral guide cannulae directed sterotaxically at the 
SCN on Day 4. On Day 7, the right atrium was cannulated, E2-containing Silastic 
capsules were implanted and antisense or control oligos were infused into the SCN. 
Antisense rats received oligos (0.5 μg/side) complementary to the cap and translation 
initiation sites on the VIP mRNA and control rats received scrambled oligos having 
the same ATGC content Beginning at 1800 h (time of lights off) on Day 7 rats were 
maintained in constant dim red illumination throughout the remainder o f the 
experiment. On Day 9, hourly blood samples were collected from atrial cannulae 
from 1200 to 2000 h. Rats were sacrificed and brains then sectioned to verify 
cannulae placement and integrity o f  the SCN. Serum samples were assayed for LH 
and PRL by RIA. Data were analyzed by ANOVA for effects of treatment on 
hormone levels and timing o f peak hormone levels. Results indicate that peak LH 
levels were delayed (P=0.05) in antisense (17:12 + 0.30 h; n=10) versus control 
(16:15 + 0.34 h; n=8) rats. PRL was unaffected by treatment Our findings 
demonstrate that blockade o f VIP expression effects multiple circadian outputs. 
Therefore, these data further suggest that VIP is an important component erf the 
circadian dock. Support: NIH AG-02224 to PMW.

2 3 6 .1 2
ISOLATION OF RHYTHMICALLY EXPRESSED MAMALIAN 
GENES FROM SUPRACHIASMATIC NUCLEUS USING  
DIFFERENTIAL DISPLAY OF RT-PCR PRODUCTS. P. Nolan*,
P.J. Sollars.. G.E. Pickard, and M. Bucan. Dept. of Psychiatry, 
University of Pennsylvania, Philadelphia, PA 19104.

Circadian behavior in mammals is believed to be controlled by 
genes expressed in the suprachiasmatic nucleus (SCN). To screen for 
genes that may control circadian rhythms, we have adapted and 
modified a PCR-based technique (Liang & Pardee, 1992), which 
allows for the rapid isolation of differentially expressed genes. This 
technique makes use of specific primers to amplify discrete subsets 
of mRNAs. Their differential expression can be evaluated by 
resolving amplified bands on polyacrylamide gels.

As a template for RT-PCR, SCN RNA was prepared at four 
circadian times (CT2,8,14, and 20 where CT12 is equivalent to the 
onset of wheel-running activity) from adult male mice that had been 
maintained and monitored for activity in constant darkness for at 
least 3 weeks prior to sarcrifice. SCN from one animal provided 
enough material for 50 separate amplifications. For each set of 
primers, PCR amplifications were carried out in triplicate. To date, 
several sets of primer pairs have been tested, each amplifying 
approximately 100 discrete cDNAs, most of which are not 
rhythmically expressed. However, we have succeeded in isolating 
several rhythmically expressed cDNAs. The contribution of these 
cDNAs to mammalian rhythm generation will initially be assessed 
using a combination of expression and sequence analysis.

2 3 6 .1 4

G R O W TH  H O R M O N E -R E L E A SIN G  H O R M O N E IS 
IN V O L V E D  IN IN T E R L E U K IN -1 (IL 1) IN D U C E D  
SLEEP IN RATS. .J. Fang*. F. Obal Jr.. L. Payne. J . M. 
K ru eg er. Univ. o f Tennessee, M em phis, TN 38163

IL1 enhances non-rapid eye movement sleep (NREMS) and 
stimulate growth hormone (GH) secretion in rats. The latter effect is 
blocked by GH-releasing hormone (GHRH) antibodies (GHRHab). 
Since GHRH enhances NREMS, We tested whether the sleep 
promoting effect of ILI is mediated by GHRH.

M ethods: Rats (n = ll)  were implanted with EEG electrodes, a 
cortical thermistor and an intracerebroventricular (icv) cannula and 
habituated to the recording cages (24.C, 12:12h light:dark cycle) for 1 
week. Each rat received 3 treatments: 1) 10μg goat IgG+saline; 2) 
10μg IgG+2.5ng ILI; and 3) 10μg GHRHab+2.5ng I LI. GHRHab 
or IgG was icv injected 6Һ and saline or I LI 10 min before the dark 
onset The daily 18h sleep recording started 6Һ before the dark onset 

Results: 1) compared to the last 2Һ o f the light period, NREMS 
decreased during the first 4Һ of the dark period (33.09 vs 21.84% of 
recording time, p<0.01) after IgG +saline injections; 2) in contrast, 
IgG+ILl injections enhanced NREMS for the first 4Һ o f the dark 
period (31.73 vs 38.41, p<0.025); 3) NREMS also slightly decreased 
for the first 4Һ of the dark period after GHRHab+ELl injection (20.80 
vs 16.23, p<0.025; a slight increase o f slow wave activity, however, 
was observed); 4) GHRHab significantly reduced NREMS in the light 
period compared to IgG treatment 

Our results indicate that the effect o f ILI on NREMS is mediated in 
part by GHRH.

Supported by NS-25378, NS-27250.

2 3 6 .1 6

EFFECTS OF THE ACTH DERIVATIVE CLIP (CORTICOTRO
PIN-LIKE INTERMEDIATE LOBE PEPTIDE; ACTH 18-39) 
ON SLEEP IN RATS. W, Wflzel*. D. BalSCtìUIÌ.
D. Voael and T . W aoner. Institute of Neurobiology, 0-3010 
Magdeburg, Germ any.

Chastrette et al.(Neuropeptides 15,61-74,1990) have found 
that the corticotropin-like intermediate lobe peptide (C L IP ;  
A C TH  18-39), led to an increase of R EM  sleep or paradoxical 
sleep in rats when administered at the beginning of the dark 
period. In the present study, we used adult male W istar rats 
chronically implanted with cortical E E G  electrodes, neck mus
cle EM G  electrodes and ventricular cannulas and we found 
that 10 ng C L IP  injected intracerebroventriculariy in the mor
ning increased paradoxical sleep (PS) during the light period 
(recording time 08.00-16.00), whereas slow-wave sleep (SW S)  
w as not influenced. In further experiments we investigated the 
effects of equimolar doses of C L IP  derivatives on sleep and we 
found that the fragment A C TH  18-24 increased P S  and that 
A C TH  25-39 w as ineffective. Furthermore, the pentapeptide 
A C TH  20-24 showed similar PS-enhancing effects a s  ACTH  
18-24 and A C TH  18-39. Our results support the idea that C L IP  
(or a partial sequence of C LIP ) m ay be an endogenous sleep  
peptide involved in the regulation of paradoxical sleep. Suppor
ted partially by B M FT/B EO  0319945A.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



574 BIOLOGICAL RHYTHMS AND SLEEP II TUESDAY AM

236.17
DO SCN GRAFTS REINSTATE ENDOCRINE RHYTHMS? ELBittman*.S  
Matsumoto. J Markūne. E Mever. AE Jetton. Program in Neuroscience and 
Behavior, University of Massachusetts, Amherst, MA 01003.

Grafts of fetal tissue including the suprachiasmatic nucleus (SCN) of the 
hypothalamus restore locomotor rhythmicity to arrhythmic, SCN-lesioned 
hamsters. We sought to determine whether fetal SCN transplants which restore 
locomotor activity rhythms also reinstate endocrine rhythms in SCN-lesioned 
hamsters. In experiment 1, adult male Syrian hamsters were subjected to SCN or 
a sham lesions and transferred to running wheel cages in constant dim red light 
(DD ). Following 3 weeks in DD, arrhythmic hamsters received grafts of SCN 
tissue from 2, 15 day old fetuses. Rhythms were generally restored within 1-3 
weeks of transplant; hamsters which remained arrhythmic were discarded. Seven 
to 12 weeks following restoration of locomotor activity rhythms, hosts and sham- 
lesioned controls were decapitated at circadian times (CTs) 4, 8, 12, 16, 20 and 
24. Serum was assayed for corticosterone (B) and cortisol (F) by RIA. Data from 
lesioned-grafted animals and sham-lesioned controls were analyzed by one-way 
ANOVA. Clear circadian rhythms in both corticosterone and cortisol were seen 
in sham-lesioned males (p<0.05; CT24<CT8,12; CT4<CT8 for B; CT4<CT12,20 
for F). No circadian rhythms in either hormone were seen in serum from 
lesioned-grafted males (p>0.05 for all CTs). In experiment 2, SCN lesions 
interrupted estrous cycles in 14L:10D and locomotor rhythms in DD. SCN grafts 
which reinstated behavioral circadian rhythms consistently failed to reestablish 
estrous cycles. Following ovariectomy, estradiol implants triggered LH surges in 
5 of 9 control females and 0 of 5 SCN-lesioned, grafted females. These data show 
that even though locomotor activity patterns were clearly restored, circadian 
endocrine rhythms are not restored by fetal SCN transplants. Such rhythms may 
require different or more extensive neural connections than those established by 
fetal SCN grafts. Supported by PHS MH44132, K02 MH00914 and F32 HD07673.

236.19
EFFECTS OF DIFFERENT PHOTOPERIODS ON RATES OF TESTICULAR 
REGRESSION IN THE SYRIAN HAMSTER. A E Jetton*. JB Powers. EL 
Bittman. Program in Neuroscience and Behavior, University of Massachusetts, 
Amherst, MA 01003.

Syrian hamsters are seasonal breeders táat undergo testicular regression in less 
than 12.5 hours of light per day. This study examined whether different short 
daylengths can alter the rate of gonadal regression. At 10 weeks of age, male 
Syrians were transferred from 16L to 11.5L, 10L, 8L, or 6L (n>12/group). 
Animals were anesthetized and right testis widths measured at the time of 
transfer and every two weeks thereafter; unpalpable testes were assigned a 5 mm 
width. Blood samples were collected on weeks 0, 3, 6 and 12 for FSH RIA. 
Testis widths for each time point were analyzed by photoperiod through week 20 
following transfer from 16L (n>8/group at week 20) using a Kruskal-Wallis test. 
Animals on different photoperiods showed different rates of regression. No 
differences were seen until week 6 following transfer from 16L. At weeks 6-16, 
animals on 8L had smaller testis widths than animals on 11.5L (p<0.05). Animals 
on 6L also had smaller testis widths than those on 11.5L at weeks 12 and 14 
(p<0.05). At week 10, testes of the 8L group were smaller than those of the 10L 
group (p<0.05). Testes of the 6L group were also smaller than those of the 10L 
group at week 12 (p<0.05). At weeks 14 and 16, even 10L testis widths were 
smaller than 11.5L (p<0.05). All groups were equal on week 18. By week 20,
11.5L testis widths were larger than 10L testis widths again (p<0.05). Testes of 
animals on shorter, inhibitory photoperiods regressed faster than those of animals 
on longer, inhibitory photoperiods. Data on FSH and testicular recrudescence 
will be presented. Rather than being absolute, the rate of response is a graded 
function of the reduction in photoperiod. Supported by PHS MH 44132, K02 
MH00914 and F32 HD07673.

236.21
EFFECTS OF GENDER AND PHOTOPERIOD ON TUBEROINFUNDIBULAR 
DOPAMINE (TIDA) NEŨRONS IN SYRIAN HAMSTERS. K. Krainak1*. J. 
Manzanares2. K,J, Lookingland2 & A A. Nunez1. ÎDept o f  Psychology, 2Dept of 
Pharmacology & Toxicology, & Neuroscience Program, Michigan State University, 
East Lansing, MI 48824.

Dopamine (DA) released into the median eminence by TIDA neurons tonically 
inhibits the release o f prolactin, and prolactin feeds back onto ТША neurons to 
stimulate their activity. In the Syrian hamster, both gender and photoperiod affect 
circulating prolactin levels. The present experiments were done to determine if  
changes in prolactin were associated with differences in ТША neuronal activity. 
TIDA neuronal activity was assessed by measuring the concentrations o f DA and 
its primary metabolite, 3,4-dihydroxyphenylacetic acid (DOPAC)in the median 
eminence. In the first experiment, median eminence DOPAC and DA 
concentrations, and circulating prolactin levels were measured in male and female 
hamsters housed in a long photoperiod (LD; 16L:8D). Prolactin levels and 
median eminence DOPAC concentrations, but not DA concentrations were higher 
in female hamsters (day 1 o f diestrus) than in male hamsters. These results 
indicate that higher TIDA neuronal activity in female hamster is the result o f  
increased levels o f  prolactin, and that DA projections to the median eminence are 
not different in males and females. In the second experiment, male and female 
hamsters were housed in either a LD (16L.8D) or short photoperiod (SD; 6L:18D) 
for 12 wk. Exposure to SD resulted in a decrease in prolactin levels in both males 
and females. Tins SD-induced decrease in prolactin was associated with a decrease 
in median eminence DA in male, but not in female hamsters. Median eminence 
DOPAC concentrations were not affected by photoperiod in either males or 
females, suggesting that the SD-induced decrease in prolactin seen may be mediated 
by different gender-specific neurochemical mechanisms. Supported by 
BNS9008576 to A.A.N. and MH42802 to KJL..

236.18
CENTRAL ADMINISTRATION OF MELATONIN STIMULATES GONADAL 
GROWTH IN MALE SIBERIAN HAMSTERS HOUSED UNDER A SHORT-DAY 
PHOTOPERIOD. David A. Freeman. Bruce D. Goldman, and Lori L  Badura* 
Depts. Physiology & Neurobiology and Behavioral Neuroscience, University 
of Connecticut, Storrs, CT 06269.

The suprachiasmatic nuclei (SCN) of the hypothalamus and the nuclei 
reuniens (NRe), areas that express MEL receptors, are responsive to the 
inhibitory effects of long-duration MEL infusions on gonadal maturation in 
juvenile male hamsters. The current study investigated whether these same 
neural regions are equally responsive to the stimulatory effects of short- 
duration MEL infusions administered under a short-day photoperiod.

Hamsters, raised from birth under a 10L:14D photoperiod, were 
pinealectomized (PINX) and implanted with microdialysis probes aimed at the 
SCN, NRe, or the PVT at day 22 of age, and infused with 20 μg of MEL for 5 
hr/day. Control animals were unoperated, PINX, or infused with vehicle. All 
animals were blood sampled at 8,12, and 15 days post-surgery. On the final 
day, the animals were anesthesized, the testes removed and weighed, and 
animals possessing probes were perfused, and the brains prepared for 
histological evaluation of the infusion site. Gonadal development was 
stimulated in animals that received MEL into the SCN or NRe regions. Control 
animals, and MEL-infused animals with probes located in other neural areas, 
showed significantly less testicular development. Likewise, circulating levels 
of PRL were significantly higher in the SCN and NRe MEL groups. These 
findings suggest that MEL receptors present in the SCN and NRe areas may 
participate in both the long-day and short-day photoperiodic regulation of the 
reproductive axis in seasonal breeders.

236.20
HYPOTHALAMIC SEROTONERGIC ACTIVITY IN PROESTROUS, DIESTROUS 
AND PHOTOPERIOD-INDUCED ANESTROUS SYRIAN HAMSTERS. KM 
Ogilvie* and MH Stetson, School of Life and Health Sciences, University of 
Delaware, Newark, DE 19716.

We tested the hypothesis that hypothalamic serotonergic activity changes with 
luteinizing hormone (LH), follicle-stimulating hormone (FSH) and prolactin (PRL) in 
female hamsters. Proestrous (PRO) is characterized by a surge of LH, FSH and PRL. 
On diestrQus (DIE), LH and FSH are low and there is a small surge of PRL, while 
in photoperiod-induced anestrous (PIA) animals there is a surge of LH and FSH and 
low PRL. PRO and DIE animals were on 14L:10D and anestrous was induced by 
exposure to 12L:12D. Serotonin (5HT) was measured by HPLC and was expressed 
in terms of protein content. To estimate serotonergic activity, pargyline was given to 
prevent degradation of 5HT. 5HT accumulation, compared to saline injected controls, 
is called a turnover rate (TR) and is a measure of the activity of 5HT neurons. TRs 
of 5HT were determined for the three reproductive states at 2Һ intervals in 
microdissected brain areas (preoptic area (POA), suprachiasmatic nuclei (SCN), 
median eminence (ME), and arcuate nuclei (AN)). TR data were subject to ANOVA 
using time, reproductive state and brain area as treatments. TRs in the POA and AN 
did not change, indicating that 5HT neurons in these areas are not involved in the 
control of LH, FSH or PRL. ME 5HT TRs were high at 0600Һ in PIA females, at 
0600, 0800 and 1400Һ on DEE and at 0600 and 2200Һ on PRO. Since the pattern of 
serotonergic TRs in the ME is different during each of the three reproductive states, 
5HT in this area is also not crucial to the control of LH, FSH and PRL. 5HT TRs 
also did not change in the SCN of PRO or PIA animals. However, 5HT TRs in the 
SCN were elevated at 1000, 1600 and 2000Һ on DIE. This correlation of high TRs 
of 5HT in the SCN on DIE and low TRs in this area in PRO and PIA animals may 
be part of the mechanism by which the gonadotropin surge is prevented on DIE. 
Supported by NSF grant DCB87-14638 to MHS.

236.22
Effects o f  Photoperiod on Puberty and Melatonin Binding Sites in 
Siberian Hamsters. M.J. Duncan*. X. Cheng and K.S. Heller. Dept. of 
Anat. & Neurobiol., Univ. of Kentucky Med. School, Lexington, KY 40536.

When juvenile Siberian hamsters are transferred from a long day (LD) to 
a short day (SD) photoperiod, puberty is delayed by a pineal-dependent 
mechanism. The mechanism by which SD inhibition of puberty is eventually 
overcome is not well understood. This study examined whether long term 
exposure to SD alters specific 2-[125I]-iodomelatonin (IMEL) binding sites. 
Male hamsters which were derived from litters gestated and raised in LD 
(16L:8D) remained in LD or were transferred to SD (10L: 14D) at 18-19 days 
of age. Groups of hamsters (N=7-9 each) were sacrificed 12 or 30 weeks 
later and the testes were dissected and weighed. Specific binding of IMEL 
([Free]=7-300 pM) was measured in the pars tuberalis (PT) and the 
suprachiasmatic nuclei (SCN) with quantitative autoradiography. The data 
were analyzed by 2-way ANOVA. Exposure to SD significantly (p<0.0001) 
inhibited testes weight, as seen previously, and also significantly decreased 
the affinity of specific IMEL binding to both the PT (p<0.05) and the SCN 
(p<0.002). In contrast, the density of specific IMEL sites in the PT or SCN 
was not affected by photoperiod. Concerning other brain regions, IMEL 
binding was seen in the paraventricular thalamic nuclei of most animals but 
was detected in the reuniens nuclei less frequently in the SD than in the LD 
animals. These results suggest that SD exposure can play a role in regulating 
IMEL binding sites. (Supported by USPHS grant DK-42056).
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236.23
Organization of the suprachiasm atic nucleus in  the sheep and  
effects of bilateral lesions on circad ian  m elatonin secretion.

ATessonneaud*, A. Caldani, A. Locatelli. M.C. Viguier-Martinez, S. Richard and 
H.M. Cooper. Lab. Neuroendocrinologie, Univ. de Tours, Fac. Sciences, 37200 
Tours; INRA Lab. Neuroendocrinologie Sexuelle, 37380 Nouzilly; INSERM U-371, 
Cerveau et Vision, 69500 Bron; FRANCE.

The hypothalamic suprachiasmatic nucleus (SCN) constitutes both an endogenous 
circadian clock and the primary relay for transmission of light information from the 
retina to the pineal gland, which controls, via melatonin secretion, seasonal breeding. 
The purpose of this study was to describe the retinal innervation and intrinsic 
organization of the SCN, as well as the effects of bilateral lesions on melatonin 
secretion. The SCN is a large elongated nucleus extending rostrocaudally for 3 mm 
in the hypothalamus. Combined staining for nissl, myelin, acetylcholinesterase and 
cytochrome oxidase, as well as a previous immunohistochemical study (J. Chem. 
Neuroanat. 2:215-226; 1989) show that the cytoarchitectural and neurochemical 
organization of the SCN is characterized by diffuse distribution gradients rather than 
distinct intrinsic subdivisions. Intraocular injection of tritiated amino acids or WGA- 
HRP demonstrates that the SCN receives an equivalent bilateral, or ipsilaterally 
dominant, retinal projection which fills the entire nucleus. Since the morphology of 
the SCN prohibits a vertical stereotaxic approach, we developed a frontal trans- 
sinusal surgical method to achieve bilateral lesions o f the SCN, under direct visual 
control, using a laser technique. Blood samples were collected regularly over 
continuous 48 hour periods 8 days before surgery and 8 days and 1 month after 
lesion. Plasma melatonin concentrations were measured using a direct 
radioimmunoassay technique. Complete bilateral lesion of the SCN altered the 
normal rhythm of melatonin secretion in the sheep. Diurnal levels of melatonin 
increased while nocturnal levels decreased. The slight persistence of circadian 
variations was no longer correlated with light/dark cycles under either long or short 
photoperiodic regimes. This technique should allow study of the long term effects of 
SCN lesion on circadian neuroendocrine rhythms and their role in reproduction.

NEUROETHOLOGY: AUDITION

237.1
NEARFIELD S O URCE L O C A T I O N  B Y  M O T T L E D  S C U L P I N  IN A  
DIPOLAR FLOW FIELD. S. C o o m b s . * P a r m l y  H e a r i n g  Institute, 
Loyola U n i v e r s i t y  of  Chicago, IL. 60626

Mottled s c u l p i n  r e s p o n d  to a n e a r b y  s i n u s o i d a l l y  
vibrating sphere (6 nun in d iameter) w i t h  an  u n c o n d i t i o n e d  
feeding response in w h i c h  the fish m o v e  c l o s e r  to the 
sphere in discr e t e  steps b e f o r e  f i n a l l y  b i t i n g  at it. The 
distance f rom the fish's sno u t  to sphere center, the 
fish's body orientation, a n d  the time s p ent at ea c h  step 
vere recorded b y  v i d e o t a p e  for a 50 Hz s u p r a t h r e s h o l d  
source 6 cm  away. N u m b e r  of  steps v a r i e d  fr o m  3 to 7, b ut  
there was no c o r r e l a t i o n  b e t w e e n  the n u m b e r  of  steps taken 
and the initial h e a d i n g  o f  the fish. Fin a l  strikes 
occurred at di s t a n c e s  as gre a t  as 5 cm, b u t  the m a j o r i t y  
occurred b e t w e e n  1 a n d  2 cm. T i m e  s p e n t  at e a c h  p o s i t i o n  
was usually u n d e r  2 sec b u t  v a r i e d  f r o m  u n d e r  1 sec to as 
high as 48 sec w i t h  n o  a p p a r e n t  c o r r e l a t i o n  w i t h  p r o x i m i t y  
to the source or b o d y  orientation. The p a t h w a y s  fol l o w e d 
by fish va r i e d  fr o m  those that w e r e  s t r a i g h t  to the source 
to those that w e r e  circuitous. Since m a n y  s traight 
pathways w e r e  o b s e r v e d  at 90° h e a d i n g s  r e l a t i v e  to the 
axis of sphere v ibration, it is u n l i k e l y  that f ish w ere 
simply fo l l o w i n g  the fl o w  f i e l d  lines to the source.

237.3
THE XNOR MODEL FOR DIRECTIONAL HEARING BY THE 
MAUTHNER SYSTEM. A. L. Guzik and R. C  Eaton*. Center for 
Neuroscience, University of Colorado, Boulder CO, 80309-0334.

We present a neural model for how the Mauthner system may 
be able to compute the direction of aversive sound stimuli to trigger 
escape responses. The model is based on 1) previous theoretical and 
experimental studies of how fish determine the sound direction, and 
on 2) previous experimental findings on the neurophysiology and 
neuroethology o f the Mauthner system and its acoustic sensitivity. We 
propose that the problem of sound localization can be reduced to a 
general logical operation, the E X C L U S IV E -N O R  (or X N O R ). We 
present an example of how this could be solved by the Mauthner 
system using afferente that convey separate inputs o f sound pressure 
transduced by the swimbladder (rarefaction and compression) and 
particle displacement (left and right) from the inner ear. In our model, 
both pressure components are responsible for bringing the Mauthner 
cell to threshold. Mauthner firing is gated by the inhibitory PHP 
neurons receiving specific combinations of pressure and displacement 
that implement the XNOR logic. This model is experimentally 
verifiable and makes specific predictions about the expected acoustic 
response characteristics of the Mauthner and PHP neurons. In addition, 
we show how the XNOR model can be applied to predict the activity 
of diverse neural elements involved in acoustic localization by fishes. 
[Supported by NIH grant NS22621].

237.2
DIRECTIONALITY PATTERN OF UNDERWATER SOUND 
PRODUCED BY THE OYSTER TOADFISH. J. F. Barimo and 
M. L. Fine*. Dept. o f Biology, VA Commonwealth University, 
Richmond, VA 23284-2012.

The swimbladder o f the oyster toadfish O p sa n u s tau  has a 
distinctive heart shape with two anterior protrusions separated by a 
midline cleft. The lateral surfaces contain intrinsic muscles which 
meet at the caudal midline, and the rostromedial surface is muscle 
free. We hypothesize that swimbladder design represents a 
compromise between opposing tendencies for: 1) an omnidirectional 
sound source which would optimize a male's opportunity to attract 
females from any direction and 2) a directional sound source which 
would shield the ears during sound production. Courtship 
boatwhistle calls o f individually indentifred males were recorded in 
the York River, VA with two calibrated hydrophones and a 
waterproof recording system: one hydrophone was fixed 1 m in 
front o f the fish (0°), and the second was roving. Boatwhistles 
propagated in a modified omnidirectional pattem which was 
bilaterally symmetrical. The mean sound pressure level (SPL) was 
126 dB re: 1 pPa at 0°. SPL was reduced 1-2 dB at + 40 to 50°, 
after which levels increased steadily to 180°. SPLs averaged 3 to 6 
dB greater behind (180°) than directly in front o f the fish, which is 
consistent with the hypothesis that SPL is reduced at the fish's ears. 
Supported by NIH DCO1083 and Sigma Xi.

237.4
POPULATION AND SEXUAL DIMORPHISM IN CRICKET FROG 
LARYNGES. B. E. McClelland*. Dept. of Psychology, University of 
Texas, Austin, TX 78712.

Cricket frogs (Acris crepitans) are sexually dimorphic in vocalization 
behavior, with subsequent morphological differences in laryngeal size 
and complexity. Male cricket frogs show population variation in laryngeal 
morphology corresponding to spectral and temporal differences in 
vocalizations, but it is unknown whether corresponding variation also 
appears in non-calling females. I examined laryngeal size in males and 
females from three central Texas populations to assess the relationship 
of sexual dimorphism and population variation in this species. A 2-way 
ANOVA shows significant differences among laryngeal components for 
site and sex and also a significant interaction among variables (all p < .01). 
Females, despite larger body sizes, have significantly smaller and less 
complex larynges than vocalizing males (Neurosci Abst. 1990, 76:921). 
Males differ among populations in body and head size as well as three 
laryngeal traits (arytenoid cartilage, constrictor and dilator muscle volume; 
Tukey's post-hoc test, all p < .01). With the exception of constrictor 
muscle volume, the other female traits also differ among populations 
(Tukey's post-hoc test, all p < .05). Analysis of covariance indicates that 
after correcting for body size, male constrictor muscle volume differs 
among populations (F=3.546, p < .01, homogeneity of slopes 
assumption violated for other laryngeal traits), but differences among the 
female laryngeal traits are not significant (arytenoid cartilage, F = .441 ; 
constrictor, F = .432; dilator F = .084, all p > .05). These data suggest 
that selection pressures on call characteristics affect male laryngeal 
morphology independently of body size and that males, but not females, 
are varying according to the selection pressures within populations. 
(Supported by NSF BNS-9021185 to W. Wilczynski and M. J. Ryan)
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237.5
CALL RECOGNITION AND ASSESSMENT IN PHYSALAEMUS 
PUSTULOSUS. W. Wilczynski*, A. S. Rand, and M.
J . Ryan. Depts. of Psych, and Zool. Univ. of 
Texas, Austin, TX 78712 and Smithsonian Tropical 
Research Institute, Balboa, Panama.

The advertisement call of the tungara frog is 
a "whine" sweeping from 900 to 400 Hz, which is 
necessary and sufficient for call recognition, 
followed by 0-6 short "chucks" with most energy 
above 1500 Hz. Whines stimulate the amphibian 
papilla and chucks mainly stimulate the basilar 
papilla. Female choice tests pairing full whines 
against modified whines or chucks indicate that 
stimulation anywhere from 900-500 Hz, followed 
by stimulation anywhere from 640-430 Hz is 
necessary and sufficient for call recognition.
No single high or low frequency is crucial and 
recognition occurs even if there are silent gaps 
or the call is shortened. Adding energy at any 
frequency in the whine's fundamental or in the 
chuck makes the call more attractive. Much of 
this species' natural call is unnecessary for 
conspecific recognition, and recognition is very 
tolerant of call variation. Moreover, virtually 
any auditory system stimulation beyond the basic 
call recognition requirements makes the call 
more attractive. (Supported by the Smithsonian 
Institution Scholarly Studies Program.)

237.7
t i m e -d o m a i n  p r o c e s s i n g  o f  c o m p l e x  s o u n d s  i n
FROG AUDITORY SYSTEM. A.M. Simmons*. Dept. 
Psychology, Brown Univ., Providence RI 02912 

The frog’s peripheral auditory system provides a unique model 
for neural mechanisms of periodicity extraction. Fibers from the 
tonotopically-organized amphibian papilla (AP) and the non- 
tonotopic basilar papilla (BP) both extract the fundamental 
frequency of multiple-harmonic sounds in their patterns of phase- 
locked discharges. Fibers do not typically synchronize to the 
spectral component in the stimulus closest to their characteristic 
frequency. Synchronization is captured by the fundamental 
frequency of the stimulus, whether the fundamental is physically 
present or is a ‘missing’ fundamental. The spectral fine-structure 
of complex stimuli is not accurately reflected in profiles of rate 
responses across the fiber array. The strong synchronization to 
the fundamental is influenced by the intensity, harmonic 
structure, and phase structure of the stimuli. AP fibers with low 
characteristic frequencies signal ‘pitch-shift’ effects, and the 
synchronization oi both AP and BP fibers is affected by the 
impulsive nature of the waveform envelope. The similarity in 
synchronized responses of AP and BP fibers strongly suggests that 
both organs are extracting periodicity by a temporal mechanism  
based on phase-locked discharges. Fiber responses are not readily 
modeled by representations of spectral tuning curves but reflect a 
polynomial rectifier followed by a low-pass filter.
(Supported by NIH grant NS-28565)

237.9
A  M ULTIRESOLUTION REPRESENTATION OF TARGET  
RANG E IN THE AUDITORY CORTEX OF THE BIG 
BROW N BAT. S.P. Dear* & J A. Simmons. Depts. of Psychology 
and Neuroscience, Brown University, Providence, RI 02912.

In the bat’s auditory system, echo delay-tuned neurons encode 
target range by responding to reception of echoes arriving during 
a specific time-interval following biosonar vocalizations. Echoes 
returning from multiple objects at different ranges arrive at the 
bat’s ears sequentially, with echoes from near objects arriving 
first. Consequently, neurons tuned to different echo delays 
receive their stimulation sequentially. How does the bat 
assemble responses to temporally-dispersed echoes from multiple 
objects at different ranges into a coherent neural representation 
of an acoustic scene comprising all the objects? We report that 
response properties of delay-tuned neurons recorded in the 
tonotopic area of E p te s ic u s  auditory cortex transform the 
sequential arrival-times of echoes witn different delays into a 
concurrent, accumulating neural representation of multiple 
objects at different ranges. In addition, the sharpness of delay 
tuning systematically increases at each best delay in a 
subpopulation of these neurons while responses to echoes at 
different delays are accumulated. The resulting concurrent, 
multiresolution representation of echo delay corresponds to 
neural implementation o f a multiresolution decomposition, a 
common representation o f images used in computational vision. 
A  multiresolution representation may provide the basis for 
representing the range of multiple objects as acoustic "scenes." 
Supported by grants from NSF and ONR.

237.6
ENCODING OF AUDITORY BEATS IN THE FROG VIIITH NERVE I. R. 
M cKibben* D. A. Bodnar. R. R. Capranica Section of Neurobiology and 
Behavior, Cornell University, Ithaca, NY 14853.

During the breeding season, m ale anurans produce advertisement calls that 
attract conspecific females. In a chorus, the advertisem ent calls of nearby 
m ales can overlap and interfere acoustically to produce beats. Beats occur 
when two tones of slightly different frequencies are added together, 
resulting in changes in the shape o f the signal's envelope at the difference 
frequency. In a chorus, beats would complicate the temporal structure of the 
calls and could affect decoding of the signals by females. Previous studies of 
the coding of temporal features by the anuran peripheral auditory system  
have used pulsed or amplitude m odulated stimuli. W hile these studies 
provide insight into general processing of species-specific cues, they do not 
address the task of decoding an advertisement call in the complex acoustical 
environment o f a chorus.

This study examines the encoding of beats in individual VHIth nerve fibers 
in the bullfrog, Rana catesbeiana. Beat stim uli are generated by holding one 
tone (fl) constant and adding a second tone (f2) of equal amplitude at precise 
frequencies above and below fl. Fibers synchronize to beat frequencies from a 
few Hz to hundreds of Hz. The coefficient of synchronization varies with 
the beat frequency and tends to decrease with increased stim ulus amplitude. 
Cells which can synchronize to fl or f2 when presented as pure tones, 
maintain som e synchronization to the component frequencies while  
synchronizing to a beat cycle. Fibers that adapt quickly to pure tones show  
prolonged firing in response to a beating stimulus. Our results show  that 
beats clearly can affect peripheral responses in the frog auditory system. 
Thus the processing of beats m ay play a role in the extraction of acoustic 
information in a chorus. Supported by NIH grant # 5 R01DC100103 to RRC.

237.8
SONAR IMAGES AS DECONVOLUTION PRODUCTS IN 
THE ECHOLOCATING BAT, E P T E S I C U S  F U S C U S . J. A. 
Simmons*. M. J. Ferragamo. P. A. Saillant. and F. Bouffard. 
Depts. of Psychology and Neuroscience, Brown Univ., 
Providence, RI 02912.

The echolocating bat, E p te s ic u s  fu sc u s , broadcasts FM sonar 
signals several milliseconds long and determines the delay of the 
echo from each glint in a complex target to perceive the 
corresponding distance, using a combination of Spectrogram 
Correlation And Transformation (SCAT) to determine the 
arrival-time of the first echo and the delay separations for 
subsequent echoes. We carried out behavioral experiments with 
three-part echoes containing relative delays o f A  at (Jits, В at 10, 
20, or 30/4S, and C at about 3 5 /s  (this latter delay is an external- 
ear reverberation). First, bats perceive the absolute delay of A  
from the timing of neural discharges marking successive 
frequencies in the FM sweeps of the emissions and echoes. 
Second, bats perceive the delay separations for A-B (either 10, 
20, or 3 0 ^ )  and for A-C (35* s) from spectral notches and peaks 
(created by interference between overlapping echoes from 
different glints) that are deconvolved into delay estimates. 
However, deconvolution would also extract the delay separation 
of B-C (25, 15, or lOyí«) from spectral features, and this "ghost" 
interval in fact does appear in the images perceived by the bats. 
Research supported by ONR, NSF, NIMH, NIH, and DRF.

237.10
NEURAL SENSITIVITY TO PHASE AND pSEC TIME SHIFTS AT 
ULTRASONIC FREQUENCIES IN E P T E S IC U S  F U S C U S .
T. Häresien*. M. Ferragamo. and J. A. Simmons. Hunter Laboratory, 
Brown University, Providence, RI 02912.

In order to examine the activity o f small, local populations o f neurons 
in the inferior colliculus and the auditory cortex o f E p te sic u s  fu sc u s , 
averaged multiunit activity recordings were obtained by averaging the 
activity o f small, local populations o f neurons. In respone to ultrasonic 
stimuli the averaged multiunit responses exhibited characteristic shapes 
with multiple peaks and troughs. The latency o f individual peaks in the 
average multiunit activity changes dramatically in response to a phase 
inversion o f the stimulus, most likely indicating a change in the timing of 
individual units. In response to psec changes in interaural time 
differences the position o f  some o f  the peaks in the averaged multiunit 
activity can shift by up to 2.5 ms. These changes in the averaged 
multiunit activity are the first demonstration o f neural sensitivity to phase 
and small time shifts for ultrasonic frequencies. (Work supported by 
ONR Grant No. N00014-89-J-3055, NIMH Grant No. MH-00521 and 
MH-19118, and NIH Grant No. DC-00511.)
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237.11
MECHANISMS FOR SOUND PATTERN ANALYSIS: TEMPORAL
LIMITS ON FREQUENCY ELEMENTS OF FM SIGNALS IN AN 
ECHOLOCATING BAT. ILÇ. Roverud*, Dept. Biology, 
Univ. of California, Riverside, CA 92521.

I have conducted behavioral studies of the 
mechanisms for frequency modulated sound pattern 
analysis in echolocating bats (Noctilio albiven- 
tris) A computer controlled virtual target simu
lator was used to generate artificial echoes 
simulating a target approaching the bat. A beha
vioral response of the bat to the artificial 
echoes was used as a bioassay for FM sound pat
tern recognition. The bats were presented with 
artificial CF/FM echoes with FM components com
posed of a series of pure tone steps. The dura
tion of the tone steps was varied. The perfor
mance of the bats was not significantly different 
when presented with naturally structured signals 
or with signals where the duration of the tone 
steps was increased to 0.08 ms (paired comparison 
t-test; p > 0.05). The bat's performance sharply 
declined to a level that was significantly below 
that seen with the naturally structured signal 
when the duration of the tone steps was 0.09 ms 
or greater (p < 0.05). The duration of the indi
vidual tone steps rather than overall signal 
duration was critical. Thus the analysis of the 
duration of individual frequency elements of FM 
sweeps is important for FM pattern recognition.

237.13
RESPONSES OF INFERIOR COLLICULAR NEURONS OF THE BIG BROWN 
BAT, EPTESICUS FUSCUS, TO PLAYBACK PULSES RECORDED DURING 
DIFFERENT PHASES OF HUNTING. T. Morivama. M.Wu and P.H.-S. Jen*. 
Division of Biological Sciences, University of Missouri-Columbia, Mo. 65211

During hunting, the insectivorous bat, Eptesicus fuscus, shortens the pulse duration, 
lowers the pulse intensity and frequency, and increases the pulse repetition rate as it 
searches, approaches and finally zeroes in on a localized target. In order to determine 
how auditory neurons respond to these sequentially varied pulse characteristics, we 
studied the responses of inferior collicular neurons of Eptesicus fuscus  to playback 
recorded pulses emitted by the bat during the approaching (APR), tracking (TRK) and 
terminal (ТЕМ) phases of hunting. The minimum threshold (MT) of an encountered 
neuron was first determined with a recorded echolocation pulse (11 ms, sweeping 
downward from 48 to 23 kHz) emitted during the approach phase. The responses of the 
neuron were then sequentially studied by playing back the recorded pulses at 10 and 20 
dB above the MT with the following sequences of temporal characteristic (1) APR- 
TRK-TEM (i.e. natural sequence), (2) APR-TRK-TEM (natural sequence but with 
upward sweep FM), (3) MET-KRT-RPA (complete reverse sequence, upward sweep 
FM), (4) TEM-TRK-APR, (5) TEM-APR-TRK, and (6) TRK-TRK-TRK.

When stimulated with APR-TRK-TEM, 35 (83%) of 42 neurons studied discharged 
maximally to APR pulses. The response of a neuron to the pulses of each hunting 
phase is affected by the sequence of pulse presentation so that the number of impulses 
discharged to the pulses of a specific phase presented alone is always different from that 
when the same pulses were presented in sequence with pulses o f other hunting phases. 
Nevertheless, there were 17 (40%) neurons which always discharged maximally 
(although in different magnitudes) to the pulses of a specific hunting phase regardless 
of the sequence of their presentation. Our studies suggest that variation of a neuron's 
number of impulses due to different sequences of pulse presentation is primarily due to 
variation in the neuron's ability in following each pulse within a specific phase rather 
than a change of the its discharge pattern, (supported by NIDCD 247).

237.15
EFFECT OF INHIBITORY FREQUENCY TUNING ON FACILITATI VE 
RESPONSES OF DELAY-TUNED NEURONS IN THE AUDITORY CORTEX 
OF THE MUSTACHED BAT. M. Kanou. N. Suga and J.S. Kanwal*. Dept. of 
Biology, Washington Univ., S t  Louis, MO 63130

Neurons in the FM-FM area o f the auditory cortex of the mustached bat 
(Pteronotus parnellii) are tuned to an echo FMn (n=2, 3 or 4) paired with a pulse 
FM i with a specific delay. They are highly specialized for processing biosonar 
signals in the time domain. However, they respond to intense single tone stimuli 
(Suga et al. 1983) and also to intense complex communication calls (Ohlemiller et 
al. 1993). They have multiple excitatory, facilitatory and inhibitory frequency
tuning curves, so that they appear to be also specialized for processing complex 
acoustic signals such as communication calls in the frequency domain. The aim of 
the present research is to examine (1) the facilitatory and inhibitory frequency
tuning curves of delay-tuned neurons, (2) the influence of stimulation of an 
inhibitory area on facilitative responses of delay-tuned neurons.

Facilitatory and inhibitory frequency-tuning curves o f 37 delay-tuned 
neurons were measured with CF tones and FM sounds. The best frequencies for 
inhibition were within the frequencies swept by the FM components in die biosonar 
pulses. Inhibitory frequency-tuning curves were generally broad and had high 
thresholds. Since the thresholds for inhibition were -2 0  dB higher than those for 
facilitation evoked by pulse-echo pairs, and since echoes are commonly less than 70 
dB SPL, inhibition appears to have a minor effect on the processing of echoes. On 
the other hand, several types of calls are complex FM sounds with many harmonics 
(Kanwal et al. 1992). Relative to echolocation, acoustic communication takes place 
over short distances in a cluttered environment, so that these calls excite delay- 
tuned neurons, but their excitation would gready depend upon stimulation of both 
the facilitatory and inhibitory frequency-tuning curves.
[Work supported by the McKnight foundation]

237.12
RESPONSES OF PONTINE NEURONS OF THE BIG BROWN BAT, EPTESICUS 
FUSCUS, TO PULSE REPETITION RATE AND DURATION. M. Wu* and P. H.- 
S. Jen. Div Biol Sci, University of Missouri-Columbia, Mo 65211

Under free field stimulation conditions, responses of pontine neurons of the big 
brown bat, Eptesicus fuscus, to pulse repetition rate and duration were studied. The 
best frequency (BF) and minimum threshold (MT) of each recorded neuron were first 
determined with a 4 ms pulse (2pps) from a specific point of the bat's frontal auditory 
space (response center) at which the neuron had maximal spatial sensitivity. The MT 
at response center was redetermined by one of three downward sweeping frequency- 
modulated (FM) stimuli (90 to 45 kHz, 70 to 35 kHz and 45 to 20 kHz) which swept 
across the BF. Whichever stimulus generated the neuron's lowest MT was then used 
for the subsequent studies by means of train stimuli and repetitive single pulses.

The number of impulses of pontine neurons varied with pulse repetition rate and 
duration regardless of types of stimuli used. Most neurons had a maximal discharge 
repetition rate between 1-10 or 25-67 pps and a maximal discharge pulse duration 
between 2-4 or 6-10 ms. Furthermore, they also show a maximal response to one of 
three biologically relevant train stimuli which mimic the temporal characteristic of 
pulses of search, approach and terminal phases of hunting. The pontine neurons 
always discharged impulses to each pulse thus showing a one-to-one following 
response pattern to low pulse repetition rates. The percent of neurons showing such a 
response pattern reduces from 100% at 10 pps to 60-70 % at 40 pps and eventually 
down to 25-27 % at 100 pps repetition rate. However, when stimulated with constant- 
pulse number train stimuli at different repetition rates, pontine neurons maintained a 
higher percent one-to-one following response pattern even at higher repetition rates. 
Compared with a same study in the inferior colliculus and the auditory cortex, 
response properties of the pontine neurons to pulse repetition rate and duration are 
more similar to that of collicular neurons than cortical neurons. This findings support 
the anatomical evidence that pontine nuclei receive their primary auditory input from 
the inferior colliculus, (supported by NIDCD 247)

237.14
THREE-DIMENSIONAL RECEPTIVE FIELD PROPERTIES IN THE SUPERIOR 
COLLICULUS OF THE ECHOLOCATING BAT, EPTESICUS FUSCUS. D.E. 
Valentine* and C.F. Moss. Program in Neuroscience and Department of Psychology, 
Harvard University, Cambridge, MA 02138.

The midbrain tectum of vertebrates is thought to play a role in transforming 
polymodal sensory information into signals relayed to premotor and motor structures in 
the brainstem to control appropriate orienting responses. In the present study, we are 
exploring the functional organization of the superior colliculus (SC) of the echolocating 
bat, an animal that orients in the dark with a biological sonar system.

The bat actively interrogates its environment by producing sonar pulses and listening 
to echoes from targets returning to its ears. The echoes convey to the bat information 
about target shape, size and location. The bat may use the information contained in the 
echoes to guide subsequent motor behaviors, such as head aim, pinnae movements and 
vocal emissions. Indeed, the features of the bat's vocalizations (repetition rate, 
duration, bandwidth) are tightly coupled to target range, which the bat perceives from 
the time delay between each emitted pulse and returning echo. The present study 
explores the representation of target range in the SC of the FM bat, Eptesicus fuscus.

Extracellular potentials are recorded from single and multi-units in the SC of the bat. 
Sounds that mimic the natural sounds produced and received by the bat are broadcast to 
the awake, restrained animal through loudspeakers arranged in a frontal hemifield. 
Each neuron's spatial receptive field is mapped in azimuth, elevation and range. In 
agreement with work showing directional auditory responses in the bat SC (Wong, 
Hearing Res, 1984; Jen et al., J.Comp.Physiol.A, 1984), we find units showing large 
contralateral receptive fields. In some cases, the best azimuthal angle is restricted or 
may vary as a function of stimulus intensity. Many neurons show facilitated responses 
to pulse-echo pairs separated by particular delays, and thus, may encode target range. 
These results as well as anatomical data suggest that the SC of the bat processes 
acoustic information in 3-D space and integrates this representation with pathways to 
produce sensory-guided motor behaviors.

237.16
RESPONSE PROPERTIES OF NEURO NS IN VENTRAL  
AUDITO RY CORTEX IN THE FM BAT, E P T E S IC U S  
F U S C U S . J. Fritz. J. Simmons & E. Covey*. Depts. of Psychology 
& Neuroscience, Brown Univ., Providence, RI 02912, Dept. of 
Neurobiology, Duke Univ. Medical Center, Durham, NC 27/10  

We report a new area o f E p te s ic u s  auditory cortex (AC) ventral 
to previously described dorsal areas. Response properties of 
neurons in this area were studied using tonebursts, FM sweeps 
and combinations of FM sweeps. Unlike most cells in dorsal AC  
which show a phasic response to acoustic stimuli, many neurons 
in the ventral AC display phasic/tonic or tonic responses lasting 
up to 80 msec after presentation of single tonebursts or FM 
sweeps. A  long "natural pursuit sequence" (NPS), with 50 pulse- 
echo pairs, (based upon field recordings o f Eptesicus pursuing 
and capturing insects), also elicited strong tonic responses which 
in some cells continued for up to 500 msec after completion of 
the sequence. The tonotopic organization of the ventral area 
parallels that of the posterior dorsal area. In order to clarify 
cortical organization and examine the connections between 
different areas of the AC and the medial geniculate nucleus, 
preliminary neuroanatomical tracing studies were conducted in 
12 bats using HRP injections into either dorsal or ventral AC to 
mark auditory recording sites and study projection patterns.

Work supported by ONR, NIH, NSF; NIMH & DRF
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2 3 8 .1
INKING AND SIPHON RESPONSE PLASTICITY IN A P L Y S I A :  
ANTI-PREDATOR AND ALARM SIGNAL FUNCTIONS. E.T. 
Walters*. P.A. Illich. C. Hickie. Dept. of Physiology & Cell Biology, 
University of Texas Medical School at Houston, TX 77225.

After noxious stimulation of the tail or head of A p ly s i a  the form of 
siphon responses changes to resemble the response to the preceding 
noxious stimulus (Erickson & Walters, }. N e u r o s c i . 8:3000, 1988). 
Because different siphon responses are involved in directing ink 
towards different sites, we asked whether response transformation 
after noxious stimulation is associated with sensitization of inking 
behavior. We also asked whether directed ink ejection has natural 
anti-predator and alarm signal functions. 1.5-3 min after strong tail 
shock the median threshold for ink release to parapodia shock was 
reduced from 70 to 15 mA. This sensitization, combined with 
concurrent siphon response transformation, indicates that siphon 
and inking alterations work together to direct ink ejection towards an 
attacked site. Extending previous observations (Pennings, O e c o lo g ia  
82:192, 1990) on A .  c a l i fo r n ic a and Pacific lobster, we found in the 
lab that Gulf spiny lobster avidly attacked and consumed A. 
b r a s i l ia n a from the same habitat, causing ink ejection in every case. 
Attacks by P le u r o b r a n c h a e a also evoked inking. Introduction of A .  
c a l i f o r n i c a to N. Atlantic crabs that had never encountered A p l y s i a  
elicited vigorous attack, ink /opaline ejection, abrupt cessation of the 
attack, and lengthy (>1 hr) efforts by the crab to clean ink/opaline 
from its mouth parts. Ink can also serve as an alarm signal (even 
when an attack is lethal), since ink release by a conspecific triggered 
locomotion in quiescent A p ly s i a , enhanced escape behavior and head 
withdrawal, and produced avoidance behavior in a T-maze.

2 3 8 .3
MOTOR NEURONAL CORRELATES OF SIPHON RESPONSE 
INHIBITION AND TRANSFORMATION IN A P L Y S I A . C. Hickie*.
P.A. Illich. E.T. W alters. Dept. of Physiology and Cell Biology, 
University of Texas Medical School at Houston, TX 77225.

To assess potential contributions of 1) inhibition of the constricting 
component and 2) facilitation of the flaring component to the 
transformation of siphon responses produced by noxious tail 
stimulation, we have examined alterations of activity in central 
siphon motor neurons (MNs) critical for d i r e c t i n g  i n k  towards a site 
of attack. The protocol and semi-intact preparation used were the 
same as described by Illich et al. (this volum e) except that 
intracellular recordings were made from LFSb MNs (which are solely 
responsible for flaring) and RDS and LDSi MNs (solely responsible 
for constriction). 90 s after intense tail nerve shock, only 2 of 5 LFSb 
MNs (artificially hyperpolarized -40 mV) showed an increased 
amplitude of the complex EPSP evoked by the siphon test stimulus 
(see also Wright et a l.J. N e u r o s c i . 11:2498, 1991). Nevertheless, most 
LFSb MNs showed an increase in spikes evoked by the test stimulus 
(11 of 14 cells) and by intracellular stimulation (4 of 7 cells), as well 
as increased background firing (9 of 14 cells). In contrast, after tail 
nerve shock the constricting MNs LDSi (3 of 4 cells) and RDS (4 of 4 
cells) showed a marked decrease in the number of spikes evoked by 
the siphon stimulus. This inhibition of the constricting siphon MNs, 
combined with the increased responsiveness of the flaring MNs (and 
their increased background firing, which causes peripheral 
potentiation - see Frost et al. J. N e u r o b io l . 4:297, 1988) may account 
for the transformation of constricting into flaring siphon responses 
following noxious tail stimulation.

2 3 8 .5
C/EBP IS AN IMMEDIATE EARLY GENE FOR LONG-TERM FACILITATION IN 
A P LYSIA . CM. Alberini. M. Ghirardi. D. Bartsch. M. Chen*, and E R. Kandel. 
Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.

Inhibitors of RNA and protein synthesis only block long-term memory 
(or long-term synaptic plasticity) when applied during or immediately after 
training. In Aplysia sensory neurons one or more cAMP-inducible genes are 
recruited, presumably via CRE or CRE-like binding proteins (CREBs). What 
factors that turn over rapidly might be involved in the regulation of long
term response genes? To address this question we cloned a b-zip (basic 
domain + leucine zipper) transcription factor activated by cAMP, the 
Aplysia homologue of the mammalian C/EBP β. ApC/EBP mRNA is 
expressed at low levels in the basal state, but is rapidly induced by 5-HT. 
Induction occurs in the presence of anisomycin, suggesting that ApC/EBP is 
induced by training as an immediate-early gene. Injection of 
oligonucleotides containing the C/EBP binding sequence into culture 
sensory neurons selectively blocked the 5-HT-induced long-term facilitation 
without affecting short-term facilitation. A similarly selective block is 
achieved by injections of antisense RNA or specific antibody to the protein. 
These results suggest Aplysia C/EBP is an immediate early gene that serves 
as part of the molecular switch for converting short-term to long-term 
facilitation. The leucine zipper domain in the ApC/EBP indicates that 
ApC/EBP may interact with other members of the В-zip gene super family. 
Members of this protein family have been implicated in regulation of 
synaptic plasticity in mammalian brain and could be involved in similar 
processes in Aplysia neurons. To clone and characterize b-zip proteins 
interacting with ApC/EBP, we have used interactive two-hybrid cloning 
systems in yeast and have cloned from Aplysia CNS cDNA library two 
independent proteins interacting with ApOEBP.

2 3 8 .2
INHIBITION AND FACILITATION OF COMPETING SIPHON 
RESPONSES IN A P L Y S I A  FOLLOWING NOXIOUS STIMULATION. 
P.A. Illich*. C. Hickie. R. loynes. E. T. Walters. Dept. Of Physiology & 
Cell Biology, Univ. Texas Medical School at Houston, TX 77225.

Several researchers have shown that tail shock produces inhibition of 
siphon withdrawal in Aplysia. Because the siphon is capable of 
different types of responses (constriction, contraction, and flare) it is 
not clear whether the inhibition is general or specific to one response. 
We addressed this issue using quantitative video analysis in a semi- 
intact preparation, coupled with a paradigm previously shown to 
inhibit the duration of siphon withdrawal in the intact animal (Marcus 
et al. S c i e n c e , 241:210, 1988). Subjects were given 4 tests (siphon 
shock) at 10 min intervals. Test stimuli typically produced a 
constriction of the siphon, while strong shock to the tail nerves (the 
US) produced a flare. When delivered 90 sec, but not 11.5 min after 
the US, the test stimulus produced less constriction and elicited a 
novel flaring response resembing the UR . We also examined whether 
noxious tail stimulation inhibits other defensive responses. Using a 
semi-intact tail preparation we found that tail shock increased rather 
than decreased responsiveness to test stimuli applied to the 
contralateral side of the tail. These data, coupled with observed 
neural correlates (Hickie et al. this volume), show that inhibition 1) is 
not general, 2) may be specific to constricting siphon responses, and 3) 
is due at least partially to competition among different siphon 
responses. This selective inhibition should contribute to siphon 
response transformation and direct ink towards the tail. We are 
currently varying several factors (e.g. test intensity) to see if inhibitory 
processes contribute that are independent of response transformation.

2 3 8 . 4
SIMILAR ALTERATIONS OF SENSORY AND MOTOR NEURONS 
IN A P L Y S I A  PERSIST AFTER REGENERATION. M.F. Dulin* and 
E.T. Walters. Dept. of Physiology and Cell Biology, University of 
Texas Medical School at Houston, TX 77225.

Previously our group showed that crush of sensory neuron (SN) 
axons produces hyperexcitability of the SN soma lasting at least 3 
weeks (Walters et al. S c ie n c e 253:797,1991). We now report that SN 
hyperexcitability is present during and after axonal regeneration, 
and that nerve crush causes SN axons to sprout into inappropriate 
connectives. We also find that axonal injury causes persistent, 
qualitatively similar hyperexcitability in motor neurons (MNs). 
Behavioral evidence of SN regeneration in the pedal nerves (return of 
siphon flaring elicited by tail pinch) was observed 13.6 ± 3 days 
after crush. SN hyperexcitability on the crushed side was absent 1 
day after crush but was found in every animal 3-53 days after crush. 
Electrophysiological evidence of regeneration in pedal nerve p9 was 
first seen 10 days after crush. After 2 weeks, 55% of putative tail 
SNs on the lesioned side had presumptive axons in p9, vs. 85% of 
controls. We also found electrophysiological evidence for aberrant 
axonal projections from putative tail SNs on the lesioned side in the 
pleural-abdominal connective (37% of SNs vs. 0% in controls) and 
pleural-cerebral connective (51% vs. 0%). Following several days in 
which the AHP was increased, tail MNs displayed a decrease in 
AHP and increase in excitability which lasted for weeks. Similarities 
between long-term SN and MN alterations support the possibility 
that long-term memory of injury (and perhaps learning) involves 
shared mechanisms in functionally diverse neurons.

2 3 8 .6
STAGES IN THE TRANSITION FROM SHORT- TO LONG-TERM FACILITATION 
INDUCED BY 5-HT IN THE SENSORY-TO-MOTOR NEURON SYNAPSES OF 
A P L Y S IA  IN DISSOCIATED CELL CULTURE. M. Ghirardi. P. G. Montarolo. and 
E. R. Kandel*. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 
10032; Department of Human Physiology, University of Turin, Italy 1-10125.

Study of the spatial distribution of the cAMP-dependent PKA in the 
sensory neurons of A p ly s ia  indicates that a single pulse of 5-HT causes a 
large increase in cAMP in the processes of the sensory neurons, while 
producing only a modest increase in the cell body (Bacskai et al., 1993). 
With repeated pulses of 5-HT there is a gradual increase in the level of 
cAMP in the cell body and a translocation of the catalytic subunit of PKA 
from the cytoplasm into the nucleus. This suggests that it might be possible 
to induce short-term facilitation (facilitation lasting minutes in response to 
one pulse of 5-HT) with lower concentrations of 5-HT than that required for 
long-term facilitation (facilitation lasting 24 hours or more in response to 
five pulses of 5-HT). We have tested this idea on isolated sensory and motor 
neuron synapses in dissociated cell culture, using concentrations of 5-HT, 
ranging from 1 nM and 10 μΜ. We found that short-term facilitation can 
be initiated at a slightly lower concentration (10 nM) than long-term 
facilitation (50 nM). Analyzing the transition between short- and long
term facilitation, we found an early component of the long-term 
facilitation that is much larger ( + 150%) than that detected at 24 hrs 
( + 70%). Whereas the later phase of long-term facilitation evident at 
24 hrs is fully dependent on protein and RNA synthesis, we found that the 
initial early phase of facilitation is completely blocked by the protein 
synthesis inhibitor anisomycin, but is only blocked by 70% with the RNA 
synthesis inhibitor actinomycin D. These results suggest that part of the 
process for initiating long-term facilitation may require direct activation of 
translation in addition to the activation of transcription.
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238.7

RESTORATION OF LEARNING AND MEMORY THAT FOOD IS INEDIBLE 
IN ISOLATED A PLYSIA  BY SOME STIMULI PRODUCING FOOD 
AROUSAL. M. Schwarz* & A .J. Susswein. Dept Life Sci, Bar Man Univ, Ramat 
Gan, Israel 52 900.

Previous work has shown that isolation of Aplysia from conspecifics 
depresses feeding behavior. We have also found that isolation impairs the 
ability of Aplysia to learn and remember that a specific food is inedible. We 
suggested that the impairment of learning is a consequence of a reduction in 
food arousal caused by isolation. If this hypothesis is correct, procedures 
which increase the food arousal should restore the ability to learn in isolated 
Aplysia.

Two procedures affecting food arousal were examined: 1) Food was 
introduced into the medium containing an experimental animal 2 min prior to 
the start of training. The animal was prevented from touching the food. 2) The 
animal was pre-fed 3 small pieces of food 2 min prior to training. Both 
procedures led to increases in food arousal, as measured by a decrease in the 
latency to respond to food. However, neither procedure affected response 
patterns to the inedible food during training. When retention was tested 24 hr 
after the initial training, animals that had been trained in a medium containing 
freshly-added food showed normal retention, while animals which had been 
pre-fed prior to training still showed profoundly impaired memory.

These data indicate that introduction of food affects food arousal, and also 
restores the ability to learn and remember. However, restoration of learning 
and memory by this procedure may be unrelated to arousal, since pre-feeding 
had similar effects on food arousal, but did not restore the ability to learn and 
remember. The data also indicate that patterns of feeding during training are 
poor predictors of the ability of animals to retain the learning.

238.8
C O M P U T E R  S I M U L A T I O N  S T U D I E S  O F  F U N C T I O N A L  
C O N S E Q U E N C E S  O F  M O D U L A T I O N  O F  M U L T IP L E  5 H T -S E N S IT IV E  

K +  C U R R E N T S  I N  APLYSIA S E N S O R Y  N E U R O N S . B .A . G o ld s m i t h * .  
M .I. G o l d s t e i n ,  a n d  T .W . A b r a m s . In s t , o f  N e u r o lo g ic a l  S c i . ,  U n iv .  o f  
P e n n s y lv a n ia ,  P h ila . ,  P A  1 9 1 0 4 .

D u r in g  b e h a v io r a l  e n h a n c e m e n t  o f  th e  d e f e n s i v e  w i t h d r a w a l  r e s p o n s e s  

o f  Aplysia,  t h e  f a c i l i t a t o r y  t r a n s m it t e r  5 H T  m o d u la t e s  s e v e r a l  K +  
c u r r e n ts  in  th e  m e c h a n o s e n s o r y  n e u r o n s  (S N s ) ,  c o n tr ib u t in g  to  e n h a n c e m e n t  
o f  th e  o u t p u t  fr o m  t h e s e  c e l ls  to  in t e r n e u r o n s  a n d  m o t o n e u r o n s  th a t  p r o d u c e  
th e  w i t h d r a w a l  r e f l e x e s .  T h r o u g h  s im u la t io n  o f  t h e  S N s ,  w e  e x p lo r e d  

th e  f u n c t io n a l  c o n s e q u e n c e s  o f  m o d u la t io n  o f  3  K +  c u r r e n ts :  th e  r a p id ly  
a c t iv a t in g ,  h ig h l y  V - s e n s i t i v e  Ir - V , e a r l y  (B a x te r  a n d  B y r n e ,  1 9 8 9 ); th e

s l o w l y  a c t iv a t i n g ,  m o d e r a t e l y  V - s e n s i t i v e  S -K +  c u r r e n t  (K le in  e t  a l . ,  

1 9 8 2 );  a n d  th e  t im e - in d e p e n d e n t ,  s t e a d y  s t a t e  S -K +  c u r r e n t  (S c h u s t e r  e t  
a l . ,  1 9 9 1 ; G o ld s m i t h  a n d  A b r a m s , 1 9 9 2 ) . S im u la t io n s  w e r e  c a r r ie d  o u t  
w it h  th e  N o d u s  p r o g r a m  ( D e  S c h ü t te r ,  1 9 8 9 ) . 5 H T - l ik e  a lt e r a t io n  in  th e  

p r o p e r t ie s  o f  th e s e  3  K +  c u r r e n t s  r e s u l t e d  in  s p ik e  b r o a d e n in g ,  r e d u c e d  
a c c o m m o d a t i o n  a n d  r e d u c e d  t h r e s h o ld ,  r e s p e c t i v e ly .  W h e r e a s  s p ik e  

b r o a d e n in g  in  n e u r o p ila r  p r o c e s s e s  o f  S N s  s h o u ld  in c r e a s e  C a 2+  in f lu x  a n d  
e n h a n c e  t r a n s m it te r  r e le a s e ,  th e  f u n c t io n a l  r o le  o f  a  d e c r e a s e  in  th r e s h o ld  
a n d  d e c r e a s e d  a c c o m m o d a t io n  in  c e n tr a l  S N  p r o c e s s e s  i s  l e s s  a p p a r e n t . W e  
a s k e d  w h e t h e r  p r o p a g a t io n  o f  s p ik e s  f r o m  th e  a x o n  m ig h t  fa il  in  r e g io n s  
o f  e x t e n s iv e  b r a n c h in g  w i t h in  th e  g a n g l io n  d u r in g  p r e s y n a p t i c  in h ib i t io n  
( e .g .  a s  p r o d u c e d  b y  F M R F a m id e ) . U n d e r  t h e s e  c i r c u m s ta n c e s ,  w e  fo u n d  
th a t  a n  in c r e a s e  in  e x c i t a b i l i t y  d u e  to  5 H T - l ik e  b lo c k a d e  o f  th e  s t e a d y  

s ta t e  S -K +  c u r r e n t  m a y  r e s to r e  s p ik e  p r o p a g a t io n  to  th e  t e r m in a ls .

238.9

5HT DEPLETION ELIM INATES SENSITIZATIO N BUT ONLY  
PARTIALLY D ISRUPTS CLASSICAL CO N DITIO NING . C. L  
Sahley.* Department of Biological Sciences, Purdue 
University, W. Lafayette, IN 47907.

The touch elicited shortening reflex in the semi-intact leech 
can be modified by sensitization and classical conditioning 
and we have previously shown that sensitization is 
completely eliminated following 5H T depletion procedures. 
We have now examined the effect of this depletion on 
classical conditioning. W e tested four groups of animals in 
both the toxin and sham conditions. These included Paired, 
Explicitly Unpaired, Sensitization, and Habituation Control. 
We report that toxin leeches showed significantly less 
classical conditioning than sham leeches suggesting that 
5HT plays a critical role in associative learning in the leech. 
However, we also report that while sensitization was 
completely eliminated in the toxin leeches, the performance 
of toxin leeches in the Paired Group was significantly 
different from the toxin Unpaired group, i.e. a residual 
pairing dependent effect remains. This suggests that 
additional mechanisms other than amplification of 
sensitization underlie classical conditioning.

Supported by the Whitehall Foundation and R 01M H 44789.

238.10
ELIMINATION OF SENSITIZATION OF THE LEECH'S SHORTENING REFLEX BY 
SELECTIVE AXOTOMY. K.J. Muller*1, B. K. Modney1 & C. L Sahley2. 1Dept. of Physiol. & 
Biophysics, Univ. of Miami Med Sch, Miami, FI 33101 & 2Dept. of Biol. Sci., Purdue Univ., W 
Lafayette, IN 47907

Shortening, a defensive reflex in the leech sensitizes after noxious stimuli. We previously 
found that modification of this reflex was dependent on an intact chain of coupled S cell 
interneurons, since killing a single S cell eliminated sensitization. In the present experiments 
small lesions were made in vivo, severing axons of the medial connective, including the S cell 
axon. One to two weeks after surgery animals underwent sensitization training in a semi- 
intact preparation and were tested for conduction of S cell action potentials across the lesion. 
Mixed Two-Factor ANOVAs revealed that relative to sham animals the shortening reflex in 
axotomized animals was not sensitized (F(2,22)= 9.87, p<0.001). Since it is known that S 
cell axons regenerate, some animals were tested at longer time points in order to learn 
whether regeneration of the S cell axons restored sensitization. Preliminary results (n=5) 
indicate that regeneration restores sensitization of the shortening reflex. These experiments 
demostrate that the S cell is neccessary for nonassociative learning and that learning is 
restored following regeneration. (Supported by NIH NS 20607 (KM), NRSA MH 10097 (BM), 
MH 44789 (CS) and the Whitehall Foundation)

238.11

BEHAVIORAL EFFECTS OF MULTIPLE PEPTIDES DERIVED FROM A  
SINGLE PRECURSOR MOLECULE. A. Ter Maat*. A.W. Pieneman. R,
F. Jansen and P. M. Hermann. Graduate School Neurosciences 
Amsterdam, Research Institute Neurosciences, Vrije Universiteit, 
Faculty of Biology, De Boelelaan 1087, 1081 HV Amsterdam, The 
Netherlands.
We are studying how peptidergic cotransmission is involved in the 
control of a stereotyped behavior, the egg laying behavior of the pond 
snail. Egg laying starts with a long lasting electrical discharge of the 
caudodorsal cells (CDCs) that produce 11 peptides including the 
ovulation hormone. The egg laying behavior has three distinct phases: 
Resting (50 min), Turning (5-120 min) and Oviposition (5-15 min). 
Additionally, during egg laying responses to chemical stimuli that 
normally induce feeding are suppressed. We have started to examine 
the contributions of the different CDC-peptides to the total egg laying 
behavior by injecting individual CDC-peptides. Speed and direction of 
locomotion, shell position and buccal rasping rate were quantified 
during a 30 min period before and after the injection. Out of the 11 
peptides that have been isolated from the CDCs we have now studied 
a-CDCP(l-9), b2-CDCP, ЬЗ-CDCP, CDCH (ovulation hormone) and 
Calfluxin. Injection of each of these individual peptides mimicks one 
or more components of the egg laying behavior. The results can be 
summarized in terms of Resting behaviors (locomotion virtually 
absent; resting posture) and Turning behaviors (slow, locomotion, 
shell turning, frequent buccal rasping). All three CDCP's suppressed 
locomotion, and induced shell turning. Calfluxin only suppressed 
chemically (sucrose) stimulated feeding. CDCH had no behavioral 
effect within the experimental period.

238.12
THE NEURONAL CONTROL OF TURNING BEHAVIOR DURING EGG 
LAYING IN THE POND SNAIL LYMNAEA STAGNALIS. P.M. Hermann. R.F. 
Tansen*. and A. ter Maat. Graduate School Neurosciences Amsterdam, 
Research Institute Neurosciences, Vrije Universiteit, Faculty of Biology, 
De Boelelaan 1087,1081 HV Amsterdam, The Netherlands.
The egg laying behavior of Lymnaea stagnalis (L.) is a good model to 
investigate the function of multiple release of neuropeptides. The egg 
laying behavior of L. stagnalis is characterized by a sequence of 
stereotyped movements in which three phases can be distinguished: 
Resting, Turning and Oviposition. Egg laying is triggered by an electrical 
discharge in a group of neuroendocrine cells, the caudodorsal cells (CDCs). 
During the discharge several neuropeptides encoded on the CDCH-gene are 
released by the CDCs into the blood and to the central nervous system. We 
are investigating the role of these peptides in causing the egg laying 
behavior. Behavioral experiments in which different combinations of 
nerves were lesioned indicated that the inferior cervical nerve (ICN) is 
necessary for die turning behavior to occur. In vivo recordings using 
implanted fine wire electrodes showed that the ICN indeed contains axons 
of neurons that are active during shell movements. Electrophysiological 
studies indicated that the ICN innervates the dorsal-longitudinal muscle 
(DLM). Neurons innervating die DLM were classified according to their 
actions on the electromyogram of die muscle. Neurons in the pedal N 
clusters were shown to be motomeurons of the DLM. It was found that the 
firing rate of the pedal N neurons decreases during a discharge of die 
CDCs. Also, local application of CDCH, the ovuladon hormone, on the 
pedal N somata has an inhibitory effect on the pedal N motomeurons. At 
the moment our studies are focussed on the effects of the other CDC- 
peptides upon local application on the pedal N motomeurons.
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238.13
TR IA L  S P A C IN G  E F F E C T S  O N  T H E  A C Q U IS ITIO N  O F  C O N D IT IO N E D  
R E S P O N D IN G  IN HERMISSENDA.
A.C. Talk. R.F. Rogers. K.M. Schiller. S. M. Specht*1. & L.D. Matzel 
Departm ent of Psych ology, Rutgers University, N e w  Brunswick, N J  08903, 
and d e p a rtm e n t of P sych ology, Lebanon Valley College, Annvllle, P A  17003 
Trial spacing effects of associative learning in the m arine m ollusk Hermissenda 
w ere investigated. T h e  study used paired o r unpaired presentations of a 5 sec 
light as the conditioned stimulus (CS) and a  4 sec rotation as the 
unconditioned stimulus (US). T h e  C S  and U S coterm inated in the paired 
presentations. T h e  ability of the animal to cling to  a substrate during each US 
presentation served as the index of conditioned responding (CR). Acquisition 
of the C R  w a s facilitated with increasing intertrial intervals (ITIs). Using 30, 60, 
and 120 sec ITIs, the paired C S  elicited a C R  in 24,60, and 80% of the animals, 
respectively, within 25-30 conditioning trials. Relative to  their unpaired controls, 
o n ly 60 and 120 sec ITIs resulted in significant acquisition. A n  in vitro 
conditioning procedure w a s then em ployed to exam ine the cellular basis for 
this pattern of responding. Following pairings of light and mechanical 
stimulation of the vestibular hair cells simulating rotation, an increase in the 
input resistance of the В photoreceptor (an established correlate of learning) 
w a s observed, but o n ly at the longer ITIs. Voltage clam p of the В cell som a 
indicated that the light-induced inward N a+ current w a s suppressed at shorter 
ITIs, thus reducing the m agnitude of the depolarizing response to  the CS. 
Moreover, the voltage-dependent inward C a 2+ current exhibited steady-state 
inactivation at depolarized holding potentials, such as w o uld o ccu r during the 
cum ulative depolarization of the В ceil which is obse rve d during closely spaced 
paired presentations of the C S  and US. In total, these results suggest that the 
m assed trials deficit results from  a decreased capacity for the C S  (light) to 
activate an inward C a2+ flux during repeated pairings, and provide further 
evidence that a cum ulative depolarization m a y retard learning.

238.15
C O M P U T A T IO N A L  A N A L Y SIS  O F  C O N T R IB U T IO N S  O F  K +  C U R 
R E N T S  T O  L E A R N IN G -D E P E N D E N T  C H A N G E S  IN  H E R M ISSE N D A  
T Y P E  В P H O T O R E C E P T O R S . J .W .F o s t*  a n d  G .A .C la rk . D e p t. P sycho l
ogy, P ro g ra m  in  N euroscience , P rin c e to n  U n ivers ity , P r in c e to n , N J 08544.

F o llow ing  c o n d itio n ed  su p p re ss io n  o f  th e  Hermissenda p h o to ta c tic  re
sponse, ty p e  В p h o to re c e p to rs  e x h ib it  d ec reased  c o n d u c ta n c e s  o f  tw o  K + 
c u rre n ts , I  a , a  t r a n s ie n t  v o lta g e -d e p e n d e n t c u rre n t,  a n d  I c ,  a  slow er, C a 3+- 
d e p e n d e n t c u rre n t. T o  in v es tig a te  th e  re la tiv e  c o n tr ib u tio n s  o f  th ese  tw o  c u r
re n ts  to  th e  o bse rved  chan g es in  ty p e  В cell e x c ita b il ity  a n d  B —»A sy n a p tic  
s tr e n g th ,  we deve lo p ed  a  m a th e m a tic a l  m o d e l o f  t h e  ty p e  В cell b a sed  on  th e  
H o d g k in -H u x ley  e q u a tio n s , u s in g  p rev io u s ly  p u b lish e d  s im u la tio n  (S a k a k ib a ra  
et al., 1990) a n d  v o lta g e -c la m p  d a ta .  W e ob se rv ed  a  b a s ic  o rth o g o n a lity  in  
th e  c o n tr ib u tio n s  o f  each  o f  th e  c u rre n ts . R e d u c tio n s  o f  д л ,  th e  p e a k  con
d u c ta n c e  o f  І  а  i dec reased  th e  a m o u n t  o f  c u rre n t n ecessa ry  to  e lic it a n  a c tio n  
p o te n tia l  a n d  in creased  IP S P  m a g n itu d e  v ia  sp ike  b ro a d e n in g  a n d  en h a n ce d  
C a a+ in flux , b u t  d id  n o t s ig n ifican tly  a l te r  f irin g  freq u en cy  d u r in g  p ro lo n g ed  
lig h t s tim u la tio n . In  c o n tra s t,  red u c tio n s  o f  ğ c  d id  n o t  a l te r  th e  th re sh o ld , 
sp ike  w id th , C a 3+ influx , o r IP S P  m a g n itu d e , b u t  d id  s ig n if ic a n tly  increase  
th e  firing  freq u en cy  o f  th e  cell d u r in g  e x te n d e d  lig h t s t im u la tio n .

T o assess th e  effects o f  th ese  m o d if ic a tio n s  on  fo llow er cells, we ex a m in e d  
th e  resp o n se  o f  p o s ts y n a p tic  p h o to re c e p to rs  to  s im u la te d  b lo ck ad e  o f  c u rre n ts  
in  p re sy n a p tic  ty p e  В cells. W e fo u n d  th a t  b o th  £<?-niediated increases  in  
th e  p re sy n a p tic  firing  r a te  a n d  ў х -m e d ia te d  increases  in  t r a n s m i t te r  release 
in creased  th e  in h ib itio n  o f  th e  p o s ts y n a p tic  ta rg e t .  T h e  e x a c t  m a g n itu d e s  o f  
th ese  effects d e p e n d ed  o n  th e  b ase lin e  firin g  frequenc ies  o f  b o th  cells a n d  on  
th e  fu n c tio n  used  to  m a p  C a 3+ in flu x  o n to  I P S P  p a ra m e te rs .

238.17
INTRACELLULAR CALCIUM PRODUCES HABITUATION IN STENTOR.
D.C. WOOD*. Department of Behavioral Neuroscience,
University of Pittsburgh, Pittsburgh, PA 15260

The contractile protozoan Stentor coeruleus habituates during repetitive 
mechanical stimulation due to a progressive decrement in the amplitude of 
elicited mechanoreceptor potentials resulting from mechanoreceptor channel 
modulation(Wood, 1988a,b). However, this decrement does not occur if the 
mechanical stimuli elicit only receptor potentials; action potentials and 
contractions must be triggered to produce it  In a few cases animals have 
produced action potentials and contractions in response to the first 3 to 10 stimuli 
then ceased contracting in response to subsequent stimuli though receptor and 
action potentials continued to be produced. During these later stimuli the partially 
decremented receptor potentials recovered to pre-habituation amplitude indicating 
that an intracellular signal produced during contractions causes habituation.

A likely intracellular signal is [Ca2*]; since a rise in [Ca2+]į triggers the 
contraction process. Contractions are produced in extended "model" Stentor with 
permeabilized membranes when the [Ca2+] is raised above 1 μΜ. However, 
receptor potentials recorded during the usual habituation stimulus series using 
electrodes filled with 50 mM EGTA decremented normally, though the EGTA 
did prevent most of the Ca2+-dependent inactivation o f the voltage-dependent 
Ca2* channels which produce the action potentials. On the other hand, receptor 
potentials recorded with electrodes filled with 50 mM ВАРТА decremented at 
a significantly slower rate and to a higher asymptote than did control receptor 
potentials. This indicates that [Ca2*]; is an important signal for the production of 
habituation and that this signal need only be very brief to be effective.

238.14
L E A R N IN G  C O R R E L A T E D  C H A N G E S  IN A  D E L A Y E D  K+ C U R R E N T  IN 
H ERM ISSEN DA  T Y P E  A  P H O T O R E C E P T O R S .  Y . Han* and J . Farley. 
Program  in Neural Science, Indiana University, Bloom ington, IN 47405.

Synaptically-isolated T y p e  A  photoreceptors in the e ye  of Hermissenda 
exhibit reduced depolarizing light respon ses following an associative learning 
experience involving pairings of light and rotation. T h is  change in the Typ e  A 
cell light response is the opposite of that produced in T y p e  В photoreceptors 
b y  the sam e learning experience. T h e  training-induced reduction in T y p e  A 
cell photoresponse is C a 2+-dependent: C a 2+-free artificial sea w ater (ASW) 
abolishes the difference in light response amplitude betw een trained and 
control preparations. In the present study, the biophysical bases of the 
alterations in the light respon se of T y p e  A  photoreceptors w e re investigated 
b y  m easuring the effects of training upon 3 distinct com ponents of voltage- 
dependent K+ current, using a two-electrode voltage clam p. A  fast, rapidly 
inactivating, 4-am inopyridine (4-AP) sensitive K +  current, lA , w a s  unaffected by 
training, w h e n  m easured o ve r  the potential range of -35 to -5 m V . Conversely, 
a delayed, 4 -A P  resistant K+ current, Ideiay. w a s  greater in cells from  trained 
preparations o v e r  the potential range of -25 to +15 m V . T h e  differences 
ranged from  21-200%, depending uppn the m em brane potential. Ideiay is 
com po sed of tw o com ponents: a tetraethylam m onium  (TE A ) sensitive 
com ponent, lK, and a m uch slow e r 4 -A P - and TEA -resistant, C a 2+-dependent 
com ponent, Ік-са· M easurem ents of lK^ a (in the presence of 5 mM 4 -A P  and 
50 mM T E A )  failed to reveal a n y differences betw een trained and control 
preparations o ve r  the potential range of -25 to +15 m V, suggesting that it is Ik 
which is selectively enhanced b y  learning. Increases in Ideiay K + current may 
contribute to the reduced depolarizing light respon se of T y p e  A  
photoreceptors after associative training.

238.16
GUANOSINE ĄNALOGS ALTER RESPONSE PROBABILITIES IN 
TH E  PR O T O Z O A N  STENTOR.
M.J. Marino*, and D.C. Wood. D epartm en t o f  B eh avioral Neuroscience, 
U n iversity  o f  P ittsbu rgh , P ittsbu rgh , PA  15260  

The protozoan S ten tor  contracts in response to both m echanical and 
electrical stim uli. Electrical stim uli act on voltage-dependent channels 
to produce action p otentials and thereby elicit contractions. M echanical 
stim uli open m echanoreceptor Ca2+ channels resu ltin g  in m embrane 
depolarization which, i f  suprathreshold,triggers an action potential. We 
have in vestigated  the effect o f guanosine analogs on these behaviors. 
The non-hydrolyzable GTP analog GTPyS when introduced into cells by 
reversible perm eabilization a t a concentration o f 1.0 mM causes an 
increase in the probability cells w ill respond to electrical stim uli. Based  
on th is approximate two-fold decrease in electrical threshold GTPyS- 
treated Sten tor  should be more sen sitive to m echanical stim uli. However, 
GTPyS treated cells showed up to a  50% decrease in th e probability of 
responding to m echanical stim uli. Thus, GTPyS appears to activate GTP- 
binding proteins which m odulate both voltage-dependent and 
m echanoreceptor channels. I f  GTPyS is  acting through GTP-binding 
proteins to decrease electrical threshold, then GDPßS should have the 
opposite effect. Accordingly, GDPßS at a concentration o f 2.5 mM  
increases S tentor’s electrical threshold approxim ately two-fold. We are 
currently testin g  for effects of GDPßS on m echanical sensitivity. Future 
work is aim ed at characterizing the loci o f th ese alterations in behavior 
and the GTP-binding proteins underlying th ese changes.

238.18
WAVE STRESS ALTERS CIRCULATING AMINO ACID LEVELS IN APLYSIA 
CALIFORNICA. J.K. Krontiris-Litowitz*. Dept. Biological 
Sciences, Youngstown State University, Youngstown, OH 
44555.

Stressors such as trauma and noxious stimuli cause 
changes in circulating amino acid levels. This study 
investigated whether this response could be elicited by 
other stressors. Wave stress, the stressor used in these 
experiments, mimicked the battering experienced by the 
animal when storms invade its habitat. During the 
experiment animals were placed in a chamber and exposed for 
1 hr to waves generated by a water pump. Hemolymph was 
collected prior to wave stress, at the end of wave stress, 
at 1 hour post stress and at 1 day post stress. 
Circulating alanine levels increased in 8 of 9 animals from 
24.87+/-8.81 uM (mean+/- SD) to 31.42+/-7.0 uM after 1 hour 
of wave stress (p<.05 n=9). Glutamate levels increased in 
6 of 8 animals from 14.45+/-4.78 uM to 17.78 +/-7.78 uM 
after 1 hr of wave stress (pc. 05). Both amino acids 
remained elevated at 1 hr post stress but not at 1 day post 
stress. Glutamine levels decreased in 8 of 9 animals from 
40.60+/-17.51 to 32.89+/-14.89 uM after 1 hr of wave stress 
(p, .05) and remained suppressed in 6 of 8 animals for at 
least 1 hr after wave stress. Thus changes in circulating 
amino acid levels appear to be a general stress response 
which is elicited by a variety of stressors.
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2 3 8 .1 9
EFFECT OF C H A N G E IN  AROUSAL O N  MATING 
BEHAVIOR IN THE NUDIBRANCH MOLLUSK A E O L ID IA  
PAPILLOSA. R. D. Longlev*. Pacific Sciences Institute, P. O. 
Box 835, Friday Harbor, WA 98250.

It is generally accepted tha t a rousal affects behavioral 
response rates, b u t how  the anim al chooses a particu lar 
behavior is not clear. In A eolidia papillosa the effect of 
arousal on m ating was stud ied  by m odifying arousal w ith 
nonspecific stim ulation . M ating  in  Æ  papillosa can be 
divided into an appetitive and  a consum m atory  response. 
The appetitive phase consists of o rientation  and  alignm ent 
and is follow ed by copulation, the consum m atory phase. If 
animals are separated before copulation, the appetitive phase 
will be repeated  indefinitely. C opulation  is follow ed by a 
refractory period  w hen m ating  does no t occur, a lthough  
there are exceptions. A m axim al level of a rousal w as 
effected by m anipulation w ith a glass rod or by handling. The 
probability of m ating behavior occurring is constant for a 
particular level of arousal: the latency for this behavior is 
distributed approxim ately as a negative exponential. The 
behavior ap pears to occur ran d o m ly  w ith  the average 
frequency determ ined by the level of arousal. This suggests 
that selection of the behavior occurs in the central nervous 
system w ithout reference to external sensory cues.

23 8.20
NEURAL ORGANIZATION OF FEEDING AND AVERSIVE 
BEHAVIOR IN THE PREDATORY SEASLUG 
PLEUROBRANCHAEA :. Jian Jing, Lee Sud low and Rhanor 
Gillette*. Department of Physiology, University of Illinois, 
Urbana, IL 61801.

Orienting and aversive behaviors are organized by interacting 
premotor systems for feeding and avoidance in the cerebropleural 
ganglion that regulate motor systems in the pedal ganglion for 
locomotion and turning. The motor system for locomotion 
resides in a serotonergic neuron cluster that innervates the foot. 
That for turning is a cluster of 10-15 neurons that unilaterally 
innervate longitudinal Lateral Body Wall Muscles (LBWM) that 
run between the mantle margin and the foot. The premotor 
network regulating putative aversive behavior includes 3 identified 
paired intemeurons tentatively named A l-A3. Single Al 
stimulation in whole animals causes dorso-ventral flexion like 
escape swimming behavior and/or contralateral flexion like that of 
the aversive turn. Al excites the locomotor and LBWM neurons. 
Al inhibits feeding motor output in the isolated CNS and in 
whole animal preparations; conversely, intemeurons (F4) of the 
feeding network inhibit A l, suggesting reciprocal inhibition 
between the antagonistic behaviors of feeding and avoidance. A2 
and A3 form potent inhibitory and disinhibitory connections with 
Al that suggest modulation and pattem generation.

IN G E S T IV E  B E H A V IO R S  I

239.1
CENTRAL BLOCKADE OF MINERALOCORTICOID RECEPTORS AND 
ANGIOTENSIN II ATI BUT NOT AT2 RECEPTORS ABOLISHES 
SODIUM DEPLETION-INDUCED NaCI INTAKE IN RATS. L.Y. Ma. J.J. 
Reillv. E. Stellar*. S.J. Fluhartv and R.R. Sakai. Depts. of Animal Biology and 
Anatomy, University of Pennsylvania, Philadelphia, PA. 19104, U.S.A.

We tested the effects o f centrally administered mineralocorticoid receptor 
antagonist (RU-28318) and angiotensin II ATI (DuP 753, a selective antagonist 
for ATI receptors) or AT2 (CGP 42112A, a selective antagonist for AT2 
receptors) receptor antagonists on sodium depletion-induced sodium appetite in 
rats. Male rats fitted with an intracerebroventricular (ICV) cannula were sodium 
depleted by combining treatment with furosemide and removal of ambient sodium 
for 24 hrs during which they received a continuous ICV (cICV) infusion of either 
the RU-28318 (5μg/4pl/hr or 10 μg/4pl/hr) or isotonic saline (4 μΐ/һг). After 24 
hrs the animals were given a pulse ICV (pICV) injection of DuP (25 nM or 50 
ηΜ/2μ1), CGP (5 ηΜ/2μ1), or isotonic saline (2 μΐ). Water and 3% NaCI intakes 
were recorded for 2 hrs after the pICV injection through 2 hrs. The data show 1) 
cICV RU or pICV DuP alone partially suppresses NaCI intake in a dose dependent 
manner. The cICV infusion of RU, 120 or 240 μg/day, reduced 3% NaCI intake by 
26.5% and 58.7%, respectively and the pICV injection of DuP, 25 or 50 nM, 
reduced 3% NaCI intake by 41.8% and 74.1%, respectively. 2) The pICV injection 
of CGP (5 nM) alone had no effect on sodium depletion-induced sodium intake. 3) 
The cICV RU and pICV DuP combined at the dose o f RU 120 μg/day and DuP 25 
nM/2 μΐ or RU 240 μg/day and DuP 50 nM/2 pi suppressed 3% NaCI intake by 
56.8% and 91.2%, respectively. 4) RU (120 μg/day) and CGP (5 nM/2 pi) 
combined had no greater inhibtory effect on sodium depletion-induced salt intake 
than RU alone. These results confirm the importance o f brain mineralocorticoid 
receptors in the expression o f depletion-induced sodium intake and suggest that 
they act pvimarily with angiotensin II ATI receptors to elicit this behavior. 
Research supported by NIH #43787.

23 9 .3
EXAGGERATED SALT APPETITE TO CAPTOPRIL OR WATER 
DEPRIVATION IN BILE DUCT LIGATED RATS. J. R. Lane* and 
D. A. Fitts. Dept. of Psychology, Univ. of Wash., Seattle, WA 98195.

Cirrhosis of the liver leads to increased renin secretion that is 
episodic during compensated, and continuous during decompensated, 
cirrhosis. Angiotensin II formed as a consequence of renin secretion 
may have CNS as well as peripheral effects. Oral administration of 
the angiotensin-converting enzyme inhibitor captopril (0.1 mg/ml in 
the drinking water) equally stimulated both water and 0.3 M NaCI 
drinking in sham (w=4) and ligated (/7=10) rats in 2-day tests on days 
5-6 and 13-14 postsurgery. However, on days 21-22 the ligated rats 
drank significantly less water (sham 37 ± 2.6, ligated 28 ±  2.8 ml mean 
± sem) and more saline (sham 29 ± 8.1, ligated 42 ±  5.0) than sham 
ligated rats. A second experiment replicated the captopril effects on 
salt appetite in decompensated ligated rats, and also showed that 3-hr 
saline intake, but not water intake, was significantly exaggerated after 
24-hr water deprivation (sham: water 17 ± 1.3, saline 2.0 ± 1.9; 
ligated: water 15 ±  1.0, saline 5.8 ± 1.6). Unstimulated daily intakes 
of water and saline did not differ between the groups. Thus, it appears 
that the saline ingestive response to captopril or water deprivation may 
be a probe for renin secretion during decompensation in cirrhoic rats. 
The lack of effect on water intake is an interesting but unexplained 
feature of this model.

Supported by NS22274 to DAF.

23 9 .2
EFFECTS OF TYPE 1 AND TYPE 2 ANGIOTENSIN II RECEPTOR 
ANTAGONISTS ON THE SODIUM APPETITE OF THE 12 DAY OLD RAT. 
S.YJCiww*. D.B. Mammi, P. Chaμg.  S,L Fluhaüy^ and R.R. Šatai. Depts. of 
Animal Biology and Psychology, Univ. of Pennsylvania, Phila., PA 19104.

The sodium appetite of the sodium depleted (Na+ DEP) or adrenalectomized 
(ADX) rat emerges by 11-12 days of age. This behavior in the adult rat is 
governed by a synergy of aldosterone and central angiotensin II (All) in the Na+ 
DEP rat and by central AH alone in the ADX rat. The following experiments 
examine the effects o f selective All Type 1 receptor (ATi-R) and Type 2 receptor 
(AT2-R) antagonists (DuP 753, a selective ATļ-R antagonist, and two selective 
AT2-R antagonists, CGP 42112A and PD123319) on the sodium appetite of the 12 
day old Na+ DEP or ADX rat pup in an attempt to identify the relative roles of 
each brain receptor subtype in the expression of this behavior.

Twelve day old pups were sodium depleted by combining removal from dam for 
7 hrs (pups were placed in incubator with siblings) and treatment with the 
diuretic/natriuretic drug, furosemide (lm g/0.1 ml, sc). ADX pups received 
bilateral removal of adrenal glands at 8 days of age, and were tested at 12 days of 
age. Prior to a half hour access to 4% NaCI infusion via anterior oral catheters, 
both Na+ DEP & ADX pups were given a pulse intracerebroventricular (pICV) 
injection of DuP (1 μg/pl), CGP (1 μg/pl), PD ( 2 μg/pl), or isotonic saline vehicle 
(VEH, 1 pi). The change in body weight (g) during the oral infusion o f 4% NaCI 
was used as a measure of intake. The sodium appetite of the Na+ DEP rats was 
suppressed 47% by DuP as compared to VEH (p<0.002). However, both CGP and 
PD had no effect on the behavior. DuP also suppressed the sodium appetite of the 
ADX rats by 90% (p=0.0001).

In summary, the data suggest that AT] receptors are involved in the sodium 
appetite o f both the Na+ DEP and ADX 12 day old rat pup, and at least for the 
Na+ DEP pups, there is no apparent involvement of the AT2 receptors. Supported 
by HD 25857.

23 9 .4
EFFECTS OF ANP INFUSIONS INTO THE OVLT ON SALT 
APPETITE IN RATS. D. A. Fitts*. R. G, Hoon. and J. R. Lane. 
Dept. of Psychology, University of Wash., Seattle, WA 98195.

Intracerebroventricular (icv) infusions of atrial natriuretic peptide 
(ANP) suppress salt appetite in sodium-depleted rats. ANP in the 
subfornical organ reduces water drinking to angiotensin II (ANG II) 
injected into that nucleus. Since the organum vasculosum laminae 
terminalis (OVLT), another circumventricular organ, is important for 
ANG-related salt appetite, we tested for reduced appetite by infusing 
ANP into the OVLT or IHV at 100 pmol/hr for 3 hr just after sc 
injections of 10 mg/kg furosemide and 5 mg/kg captopril. Rats had 1 
hr for diuresis and 2 hr for a water and 0.3 M NaCI drinking test.

n
Vehicle

Water Saline n
ANP

Water Saline
OVLT 12 6.5±0.8 1.9±0.6 10 7.6±1.4 4.3±0.9*
IIIV 4 5.6±1.4 1.6±1.2 8 6.8±2.1 1.0±0.6

*p < .05 vs IIIV-ANP; mean±SE. Thus, either: 1) inV-ANP infusions 
suppressed salt appetite but OVLT-ANP infusions did not, or, 2) 
OVLT-ANP infusions enhanced salt appetite and the niV-ANP intake 
was either normal or suppressed. Interpretation l· is more reasonable. 
In either case it is clear that the OVLT is not where central ANP acts 
to reduce salt appetite. (Supported by NS22274 to DAF.)
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239.5
EFFECT OF PRENATAL SODIUM DEPLETION ON BRAIN All 
RECEPTORS OF THE 21 DAY OLD RAT FETUSES. ÇL 
Galavema*. S. Y. Chow. J. J. Reilly. D. B. Mamani. C. N. Moga. 
S. J. Fluhartv and R. R. Sakai. Depts. of Animal Biology and 
Pharmacology, University of Pennsylvania, Philadelphia PA 19104.

We have previously reported that offspring from dams that were 
sodium depleted with furosemide (10 mg/rat SC) during the last 
week of pregnancy show an enhanced need-free sodium intake as 
adults. This enhanced sodium intake is not present when the dams 
were given the All converting enzyme inhibitor Captopril during the 
episodes of prepartum sodium depletions. The offspring were tested 
at 70 days old and given access to a 3% NaCl solution for 10 days. 
The offspring from furosemide treated dams had a need-free sodium 
intake that was twice that of the offspring from either furosemide and 
Captopril treated dams or from control sham depleted dams. It 
suggests that All may have an organizational effect on the brain 
circuit involved in need-free sodium intake. In order to test that 
hypothesis, dams were either sodium depleted with or without 
concurrent Captopril treatment or sham depleted on days E14, E17 
and E20 of pregnancy. Whole brain AH receptor binding from E21 
fetuses were measured. Specific binding was measured by 1125 All 
in the presence of 1 μΜ unlabeled AH. Total All binding in the brain 
membrane fraction was lower in fetuses from sodium depleted dams 
than in fetuses from control sham depleted dams. It remains to be 
elucidated whether the long term increase in sodium intake involves 
ATI, AT2 or both receptor subtype regulation as a consequence of 
the prenatal sodium depletion. Supported by HD 25857.

239.6
ADRENAL STEROID IMPLANTS IN THE AMYGDALA 
AROUSE SODIUM INTAKE IN THE RAT. J.J. Reillv. D B. 
Mamani, J. Sghulkin. B. Slotnik*. B.S. McEwen. R.R. Sakai. 
Dept. of Animal Biology, University of Pennsylvania, 
Philadelphia, PA 19104, USA.

Rats were bilaterally fitted with cannula directed to the 
amygdala, given ad libitum food and water and trained to receive
1.5% NaCl for 2 hrs each day. On test days, 15 min prior to access 
to the salt solution, deoxycorticosterone acetate (DOCA), 
aldosterone (ALDO), corticosterone (CORT), RU-28362 
(glucocorticoid agonist) or their tetrahydro (TH) derivatives were 
implanted through the cannula. The data show that 1) adrenal 
steroids, in particular mineralocorticoids (DOCA, ALDO), 
increased 1.5% NaCl, 2) the effect was taste specific to NaCl, 
water and sucrose intakes were not affected, and 3) the TH 
derivatives of these steroids produced the same specific increase in 
sodium intake. Finally, the rapid behavioral response to the 
amygdala implants suggests that these hormones may be acting 
through membrane receptors such as the GABA-A or Glutamate 
receptor system, as opposed to cytosolic receptors. Research 
supported by NIMH 43787.

239.7
Na+-SENSING MECHANISMS MEDIATE SALT APPETITE AFTER 
DEOXYCORTICOSTERONE TREATMENT IN RATS. M.G. 
Scheidler*. J. G. Verbalis and E.M. Strieker. 
Depts. of Behavioral Neuroscience and Medicine, 
University of Pittsburgh, Pittsburgh, PA 15260.

Daily treatment with deoxycorticosterone (DOC; 
2 mg, sc) elicits a marked salt appetite in rats. 
When access to 0.5 M NaCl solution was restricted 
to 7 hr/day, DOC-treated rats pretreated ip with 
2 M NaCl (0, 0.5, 1, or 2 ml; n=6 in each group) 
showed a dose-dependent increase in water intake 
and decrease in saline intake during the 7-hr 
test period. Total Na intake obtained by NaCl 
injection and by NaCl consumption was relatively 
stable regardless of the amounts injected;

When DOC-treated rats were pretreated with 2 ml 
of 2 M  mannitol, a solution equiosmotic with 1 ml 
of 2 M NaCl, rats consumed 17.0 + 1.4 ml (8.5 mEq 
Na) of saline and showed stimulated thirst during 
the 7-hr test period (n=6). These results suggest 
that DOC-treated rats integrate the amount of 
NaCl received by injection with that received by 
consumption via a Na-sensing mechanism, to obtain 
a desired amount of salt.

239.8
C H O R D A  T Y M P A N I S E C T IO N  D E C R E A S E S  S O D IU M -S P E C IF IC  LICKIN G  
IN S O D IU M -D E P L E T E D  F IS C H E R -3 4 4  A N D  W IS T A R  R A T S . P .A .S . 
B reslin*1. A .C . S p e cto r3, and H .J .  G rill3. ’ M onell C h e m . S e n s . C tr, 35 0 0  
M arket S t . ,  P h ila ., P A  1 9 1 0 4 , 2U. F lo rid a , 1 1 4  P sy c h . B ld g ., Gainesville , 
F L  3 2 6 1 1 , 3U. P en n ., 3 8 1 5  W aln ut S t . ,  P h ila ., P A  1 9 1 0 4 .

F is c h e r-3 4 4  (F 3 4 4 ) ra ts  d iffer from  other s tra in s  in that th e y  sh o w  no 
innate  p referen ce  for N aC l, and th e y  resp o n d  to  in trao ra lly  in fu sed  NaCl 
w ith  m ore a v e rsive  and fe w e r in g estive  oral m otor re sp o n se s  under 
norm al p hysio lo g ica l co n d itio n s. D esp ite  th e se  d if fe re n c e s , F 3 4 4 s  show  
an in cre a se  in p referen ce  for N aCl afte r so d ium  d e p le tio n . T h e  purpose  
of the p resen t s tu d y  w a s  to  determ ine  w h e th e r  so d iu m -d ep leted  F 3 4 4 s , 
like other stra in s, can  se le c t iv e ly  resp o n d  to  N aC l w h en  other sa lts  are 
availab le , and w h eth e r su ch  p erfo rm a n ce  is d e p en d e n t upon an intact 
cho rd a tym pan i n erve . So d iu m -d ep leted  (1 0  m g fu ro sem id e) F-344  
(n = 13) and W istar (n = 16) ra ts  w e re  te s te d  in a sp ecially-designed  
g u sto m ete r and perm itted repeated  a c c e s s  to  n ine stim uli (w a te r, 0 .0 5  
and 0 .3 M  N aC l, K C I, NH4C I, and C a C I2), p resen ted  ran d o m ly  in 10 sec  
tr ia ls . Half of the  ra ts  p rev io usly  had the ir cho rd a  tym p an i nerve 
se ctio n ed  bilaterally  (C T X ). T h e  in tact so d iu m -d ep leted  F 3 4 4  and 
W istar ra ts  c learly  licked N aCl m ore than  a n y  o ther sa lt  st im u lu s. This 
su g g e sts  th at, under co n d itio n s of so d iu m  d e p le tio n , both stra in s can 
d iscrim inate  N aC f from  other s a lts  and se le c t iv e ly  respond to it, 
app aren tly  on the b a s is  of ta s te . C T X  sig n ifica n tly  im paired the 
se le ct iv ity  of the  licking re sp o n se s  in both s tra in s  su g g e stin g  that this 
so d iu m -sp e c ific  behav io r is d e p en d ent on th e  ta ste  re ce p to rs  of the 
anterior tongue w h ich  are innervated  b y  the  ch o rd a  tym p an i. Overall, 
th e se  find ings su g g e st  that so d iu m -d ep leted  F 3 4 4  and W ista r  rats can  
reco g n ize  N aC l, d isting u ish  it from  o ther sa lts , and  resp o n d  se lective ly  
to it. Sup p orted  by M H -4 3 7 8 7 , P H S  D C -0 0 1 6 1 , and D C -0 0 1 0 0 -0 1 .

239.9
B IL A T E R A L  R E N A L  N E R V E  T R A N S E C T IO N  IN H IB IT S  D R IN K IN G  
E L IC IT ED  B Y  IN TR A G A STR IC  N ACL IN R A T S . F .S . Kraly* and Y.-M. Kim. 
Dept. of Psychology, Colgate Univ., Hamilton, NY 13346.

Hypertonic NaCl infused into the hepatic portal vein can  d e crease  renal 
sympathetic nerve activity in rabbits (Ishiki et al., J . Auton. Nerv. Syst. 2fi, 
19 91,139) suggesting that osmotic stimuli in the gastrointestinal tract may, 
through a  hepatic mechanism, activate renal resp o n ses to osmotic load. 
W e examined whether transection of renal nerves affects drinking elicited by 
gastrointestinal osmotic load. Adult m ale Sprague-D aw ley rats (n=24) 
bearing surgically-implanted gastric catheters were studied in 1 -hr tests for 
drinking. Intragastric infusion (2 ml) of 600, 900, 1200 or 1800 mOsm/kg 
N aCl elicited drinking (all p's < 0.001) above baseline (i.e., 290 mOsm/kg 
N aCl infusion) in a  dose-related manner in neurologically intact rats (n=8). 
Bilateral renal nerve transection (RNX; n=16) abolished (p < 0.001) drinking 
in response to 600 mOsm/kg N aCl and inhibited (p < 0.01) drinking after 
900 mOsm/kg N aCl infusions, osmotic loads which are  subthreshold for 
producing an increase in plasm a osmolality coincident with the initiation of 
drinking. RN X had no effect on drinking in response to 1200 or to 1800 
mOsm/kg NaCl, which elicits an increase  in system ic plasm a osmolality. 
RN X significantly inhibited (p < 0.01) 90-min urinary Na concentration  
following intragastric 4 ml 1800 mOsm/kg N aCl. RN X inhibited drinking 
elicited by 2.5 mg/kg subcutaneous histamine, but RN X had no effect on 
drinking elicited by 0.05 or 0.1 mg/kg subcutaneous angiotensin II. These  
results show that the renal nerves are  involved in mediating a  drinking 
response to gastrointestinal osmotic loads which are  subthreshold for 
changes in system ic osmolality. T h e se  findings are  consistent with the 
notion of a  gastrointestinal and/or hepatic-portal osm osensitive m echanism  
which acts through the renal nerves to elicit drinking in the rat. (Supported 
by NS19133.)
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Iniected NaCl Consumed NaCl Total Intake
0 mEq Na 15.6 ± 1.1 ml 7.8 mEq Na
1 mEq Na 12.4 ± 2.0 ml 7.2 mEq Na
2 mEq Na 8.6 + 1.7 ml 6.3 mEq Na
4 mEq Na 6.4 + 0.7 ml 7.2 mEq Na
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240.1
PERIPHERAL ANGIOTENSIN CAUSES SALT APPETITE IN 
THE RAT. R.L. Thunhorst* and D.A. Fitts. Depts. o f Psychology,
Univ. of Iowa, Iowa City, IA 52242 and Univ. o f Washington, Seattle, 
WA 98195.

The prevailing theory o f sodium depletion-induced salt appetite 
states that angiotensin II (ANGII) o f cerebral origin, not o f renal 
origin, causes the behavior. This assertion depends partly on an 
experiment that suppressed salt appetite using an intravenous infusion 
of a dose of angiotensin-converting enzyme (ACE) inhibitor (captopril,
2.5 mg/hr) that supposedly blocked both central and peripheral 
enzyme. Our experiments used the same dose o f captopril to suppress 
salt appetite both in 24-hr and in З-hr models o f sodium depletion- 
induced behavior. We then showed that captopril-infiised rats: 1) 
drank water normally after central injections o f ANG I given 
immediately after each salt appetite test; 2) had no arterial pressor 
response after iv-injected ANG I; and 3) had normal arterial pressor 
responses after either iv-injected ANG II or icv-injected ANG I. Thus, 
although the peripheral ACE was completely blocked in captopril- 
infiised rats, the central ACE was not because the central thirst and 
blood pressure responses to ANG I were indistinguishable from 
controls. This demonstrated that ANG o f renal origin is necessary for 
the expression o f sodium depletion-induced salt appetite.

Supported by NIH grant NS22274 to DAF and HL14338 and 
HL44546 through the Univ. o f Iowa Cardiovascular Center to RLT.

240.3
EXPRESSION OF AP-1 TRANSCRIPTION FACTORS c-FOS, c-JUN, and 
JUN-B IN BRAINSTEM AREAS ASSOCIATED WITH CONDITIONED 
TASTE AVERSION LEARNING IN RATS. M.W. Swank and I.L. Bernstein*. 
Dept. of Psychology, Univ. o f Washington, Seattle, WA 98195.

A single pairing o f saccharin, a taste conditioned stimulus (CS), with i.p. 
lithium chloride (LiCl), an unconditioned stimulus (US), is sufficient to produce 
conditioned taste aversion (СТА) learning. The present study is an initial 
examination o f immediate-early gene (IEG) expression associated with 
components o f а СТА paradigm. Immunohistochemistry was used to examine the 
distribution o f c-Fos, c-Jun, JunB, and JunD in the brainstem o f the rat following 
CS and US presentation. Two hours after LiCl, dense c-Fos immunnstaining was 
found throughout the nucleus tractus solitarius (NTS), and the medial (mPBN) and 
lateral (1PBN) parabrachial nuclei. Saline-injected controls revealed little or no c- 
Fos in die same regions.

IEG responses in rats given novel saccharin were compared both to rats who 
recieved 7 days pre-exposure to saccharin, and to untreated controls. High levels 
of JunB were found in dense collections o f cell nuclei in mPBN, but these levels 
were not visibly different in animals with and without taste exposure, suggesting 
that JunB is either constitutively produced in these cells, or induced by stimuli 
which are encountered on a daily basis. Additional JunB staining was evident in 
locus ceruleus, with lower levels in NTS. In contrast, only sparse c-Fos staining 
was observed in these areas, with no difference among groups. JunD was not 
detected in any brainstem region with any treatment. Low levels o f apparent cJun 
immmunostaining were observed in NTS, mPBN, and 1PBN across all groups.

Because o f the associative nature o f these proteins in forming AP-1 transcription 
factor complexes via dimerization, the expression o f these different AP-1 proteins 
in brainstem areas involved in СТА learning is intriguing, and suggests a possible 
molecular mechanism for learning.

240.5
A GLUCOKINASE/ AP-1 GLUCOSE TRANSDUCTION MECHANISM IN THE 
VENTROMEDIAL HYPOTHALAMIC SATIETY CENTER. C. V. Mobbs*. S. 
P. Kleopoulbs. and T. Funabashi. Fishberg Center for Neurobiology 
and Bronx VA Medical Center, Mt. Sinai School of Medicine, New 
York, NY 10029.

The precise localization and molecular identity of neurons in the 
hypothalamic “satiety center”, which regulate appetite and glucose 
homeostasis, and the mechanism by which they sense glucose, has 
been unknown. We now report that 15 minutes after i.p. injection of 
glucose (2 mg/gm b.w.), c-fos and jun-b mRNA, detected by in situ 
hybridization, are induced in specific neurons in the ventrolateral 
portion of the ventromedial hypothalamic nucleus (VLVN) in several 
strains of mice. Gold-thio-glucose (GTG) lesions of the VLVN 
prevent induction of c-fos and jun-b mRNA by glucose in the VLVN.
In the arcuate nucleus, in contrast to the VLVN, c-fos and jun-b 
mRNA products are often induced by a 72 h fast, and GTG lesions 
potentiate c-fos and jun-b mRNA expression in non-fasted mice. To 
examine the mechanism by which hypothalamic neurons sense 
glucose, we assessed if pancreas-specific glucokinase (μgK), which 
has been implicated as the glucose sensor in pancreas, is expressed 
in these neurons. Both polymerase chain reaction and in situ 
hybridization indicated that μgK was expressed in the VMH but not 
in cortex. Since c-fos and jun-b associate to form the AP-1 
transcription factor, we propose that response of neurons in the 
hypothalamic satiety center to glucose is mediated through a 
glucokinase/AP-1 transduction mechanism.

240.2
DIFFEREN CES IN GENE EXPRESSION FOR CORTICOTROPIN 
RELEASING FACTOR (CRF), OXYTOCIN (ОТ) AND 
VASOPRESSIN (VP) IN PARAVENTRICULAR (PVN) AND 
SUPRAOPTIC (SON) HYPOTHALAMIC NUCLEI IN RATS THAT 
PREFER HIGH CARBOHYDRATE (HC) OR HIGH FAT (HF) DIET. 
M. Jhanwar-Unival1. S. E. Bachus2 and P. Lacv*3. 1The Rockefeller Univ.,
NY 10021 ; 2NIH, Bethesda, MD; 3Osteopathic Med/Hlth Sei, Des Moines, IA.

Studies conducted with CRF, ОТ and VP show that these peptides are 
involved in suppression of food intake. In this study, we first provided male 
Sprague-Dawley rats (n=15) with pure macronutrient diets (carbohydrate, 
protein and fat) at start of dark cycle. Measurement of food intake was taken 
after ЗҺ and 12Һ. Then the same rats were given two diets, HC (3.26 Kcal/g) 
and HF (5.01 Kcal/g) to choose between. Food intake, body weight and body 
weight gain (BWG) were measured for 21 days. Using in situ hybridization 
histochemistry, CRF, ОТ and VP messenger RNA (mRNA) were measured in 
PVN and SON. We found: 1)an inverse correlation between ЗҺ and 12 h 
carbohydrate intake and mRNA density of CRF (ЗҺ, r=-0.56; 12 h, r=-.54) and 
OT (ЗҺ, r=-0.47) in PVN; 2)an inverse relationship between the areas of SON 
CRF (r=-0.55) and ОТ (r=-0.45) mRNA and 12Һ carbohydrate intake; 3)a 
positive correlation between density of CRF mRNA in SON and fat intake at ЗҺ 
(r=0.55) and 12Һ (r=0.64); 4)a negative correlation between PVN VP mRNA 
area and ЗҺ (r=-0.53) and 12 h (r=-0.51) carbohydrate preference; 5)an 
inverse relationship between area of PVN CRF mRNA and HF diet in the 1st 
(r=-0.50), 2nd (r=-0.48) and 3rd (r=-0.72) wk; 6)an inverse relationship 
between density of ОТ mRNA in PVN and HF diet in the 1st (r=-0.48) and 3rd 
(r=-0.48) wk ; 7)an inverse relationship between BWG and PVN CRF mRNA 
area (r=-0.45). Thus, reduced HF preference and lower BWG are associated 
with higher gene expression of neuropeptides involved in suppression of 
food intake and BWG. Neurons in PVN containing CRF and ОТ may regulate 
suppression of short term carbohydrate intake, but of long term fat intake.

240.4
QUININE INDUCES C-FOS IMMUNOREACTIYITY IN THE RAT NUCLEUS 
OF THE SOLITARY TRACT AFTER CONDITIONED TASTE AVERSION 
FORMATION. T.A. Houpt*, J.M. Philopena, T.C. Wessel. T. H, Joh, and G.P. 
Smith. E.W. Bourne Behav. Res. Lab., Dept. Psychiatry, and the Burke Med. Res. 
Inst., Dept. Neurol. Neurosci., Cornell Univ. Med. Coll., White Plains, NY 10605.

We have recently found that oral infusion of a 5% sucrose solution induces c-Fos 
immunoreactivity (IR) in the medial intermediate portion o f the nucleus of the 
solitary tract (NTS) only if a conditioned taste aversion (СТА) has been formed by 
repeated pairings of sucrose with systemic LiCl administration. Furthermore, 
extinction of the СТА by repeated infusions of sucrose without coincident LiCl 
injections abolishes NTS c-fos expression (Houpt et al., 1993). СТА is accompanied 
by a change in taste reactivity to sucrose from ingestive responses to aversive 
responses, and a change in ingestion from consumption to rejection. The induction of 
c-fos following СТА could be correlated with the change to aversive ingestive 
behaviors or it could be dependent on other aspects of СТА. To distinguish between 
these possibilities, 17 h food-deprived rats were orally infused with 6 ml of quinine 
sulfate (0.0003M) over 6 min, which produces aversive responses without 
conditioning. Rats were also infused with quinine 2-3 days after receiving 3 pairings 
on alternate days of LiCl (0.15M, 12 ml/kg i.p.) 30 min after oral quinine infusion. 1 
h after quinine infusion, the rats were perfused and the hindbrain processed for c-Fos 
IR (n=4 in both groups).

In unconditioned rats, quinine infusions produced stereotypic aversive and rejection 
responses, but did not induce c-Fos IR in any part of the NTS. In conditioned rats, 
however, infusion of quinine alone induced punctate, nuclear c-Fos IR in the medial 
portion of the intermediate NTS (where the NTS abuts the IVth ventricle).

The observed pattern of c-Fos IR in the NTS matches that seen after oral sucrose 
infusions following СТА to sucrose. Because quinine produced aversive responses 
before and after СТА formation, but only induced c-Fos IR after conditioning, we 
conclude that c-Fos IR in the NTS correlated with СТА is not dependent on the 
display of aversive ingestive behaviors alone.

240.6
INCREASED ANORECTIC POTENCY AND BINDING OF MAZINDOL TO 
BRAIN "ANORECTIC" RECEPTORS Ш  OBESITY-PRONE RATS.
B.E. Levin* and G. Vincent. Neurology Serv., VA Med. 
Ctr., E.Orange, NJ 07019, Dept. of Neurosciences, NJ 
Med. Sch., Newark, NJ 07103, Inst, of Animal Behavior, 
Rutgers Univ., Newark, NJ 07102.

The anorectic potency and binding of mazindol to 
sodium-sensitive, low affinity "anorectic" receptors in 
the brain was assessed in rats prone to develop 
diet-induced obesity (DIO) vs. diet-resistant (DR) 
rats. Rats vere separated prospectively by the greater 
24Һ urine norepinephrine excretion of the DIO-prcne 
rats. Both basal 3Qmin intake of 4% sucrose solution 
(15.1+l.önl vs. 17.2+2.3ml) and the IC50 for 
mazindol-inhibited intake (0.35 vs. 0.33mg/kg) were 
similar, while maximum inhibition at 3mg/kg was 86+5% 
in DIO- vs. 67+6% in DR-prone rats (p<0.05). Autoradio
graphic assessment of lOnM %  mazindol binding to 
brain "anorectic" sites in sodinu-free, glycyl-glycine 
buffer (non-specific binding defined with litM mazindol 
or 500 μ M  fluoxitine) showed widespread binding 
(0.5-7pmol/mg protein) throughout the brain. DIO-prone 
rats had 23-55% higher mazindol binding in 
selective hypothalamic, anygdalar, neo- and 1 iîifrâr· 
cortex areas than DR-prone rats. Thus, anorectic agents 
might offer the potential for prevention of DIO due to 
the increased capacity for response to anorectic agents 
in obesity-prone rats.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993
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240.7
TRANSIENT DECLINES IN BLOOD GLUCOSE PRECEDE FOOD SEEKING 
BEHAVIOR IN FASTED RATS. L.A. Camofield*. F.J. Smith and C. Hoffman. 
Metabolic Diseases Res., Hoffmann-La Roche, Nutley.NJ. 07110.

We have previously shown that transient declines in blood glucose 
(TDBG) precede and signal meal initiation in free-feeding rats. The 
question addressed by these studies was: If the detection of this signal 
was totally uncoupled from food intake by completely preventing 
feeding, would the TDBG continue to occur or would they disappear or 
“extinguish”? In this study, blood glucose was continuously recorded 
in 24 hr fasted rats. Baseline blood glucose concentration were 
significantly lower in the deprived rats than in free-feeding rats 
studied previously ( 78 +/- 2 vs 104 +/- 5 mg/dl, respectively, 
p<0.05). During the light cycle, brief declines in blood glucose (8%, 
<8 min duration) were observed which were not associated with overt 
feeding behavior(n = 6). At the light/dark transition and during the 
beginning of the dark cycle, TDBG with a magnitude similar to those 
observed in free-feeding rats occurred (nadir= -12% at 20 min, 
n=11) and food seeking behavior was observed =22 min following the 
beginning of the TDBG. In contrast to studies in free-feeding rats, the 
duration of the declines were prolonged (40 minutes) and blood glucose 
did not always completely return to the baseline, but rather to a slow, 
linearly decreasing asymptote. These studies suggest that TDBG continue 
to occur even after 24 hours of complete food deprivation. These 
results imply that the processes that generate TDBG and, thus, signal 
meal initiation are independent of ingestive behavior, are persistent 
and do not extinguish within one day.

240.9
INTRAVENOUS INSULIN INFUSIONS ALTER THE DAILY FOOD INTAKE, 
PLASMA GLUCOSE AND PLASMA PANCREATIC HORMONE CONCENTRATIONS 
OF DIABETIC AND NORMAL RATS. A.E. W i l l in g ,  H.S. Kooomans*. 
Department o f  M edica l P h ys io lo gy , U n iv e rs ity  o f  C a lga ry, 
C a lga ry , A lb e r ta , Canada, T2N 4N1.

Continuous in trave n o us  in s u l in  a d m in is t ra t io n  leads to  
increased  d a i ly  food in ta k e  and body w e ig h t. To determ ine 
i f  ro u te  o f  i v  a d m in is t ra t io n  a f fe c ts  these inc re a se s , 
in s u l in  was c h ro n ic a lly  in fu s e d  in  doses ra ng in g  from  0 to  
4 U /day in to  e ith e r  the  vena cava (VC) o r h e p a tic  p o r ta l  
(HP) v e in  o f  b o th  d ia b e t ic  (D) o r norm al (N) male Lewis 
ra ts  w h ile  food in ta k e  and plasma g lucose , in s u l in  and 
g lucagon co n c e n tra tio n s  were measured. D a ily  in ta k e  
increased  from  b a s e lin e  le v e ls  o f  75 k c a l to  95 k c a l fo r  
a l l  groups (p C .O l). B ase line  plasma g lucose co n c e n tra tio n s  
were 7.25 mmol. A f te r  d ia b e te s  in d u c t io n , the  plasma 
glucose co n c e n tra tio n s  o f  the  d ia b e t ic  groups increased  to  
1 3 .97±2.71 fo r  VCD and 18.89+1.99 mmol fo r  HPD (p<.001) and 
decreased as in s u l in  dose inc reased , w ith  the  HPD group 
hav ing  g re a te r  average c o n c e n tra tio n s  than the  VCD group 
(pC .01 ). In  the  HPD group, plasma in s u l in  co n c e n tra tio n s  
increased  over b a s e lin e  le v e ls  to  19 .912.3  ng/m l a t  3 U/day 
(p< .01) and 44.612 .3  ng/m l a t  4 U /day (pC.01) which were 
a ls o  g re a te r than the  va lues ob ta in e d  in  the  o th e r g roups. 
Base line  glucagon c o n c e n tra tio n s  o f  119 μg/m l were 
m a in ta ined  th roughou t the  s tu d y . These re s u lts  show th a t 
a lte rn a te  ro u te s  o f  in s u l in  a d m in is t ra t io n  produce s im ila r  
e f fe c ts  on food in ta k e  b u t produce s ig n i f ic a n t  changes in  
g lucose m etabolism  and plasma in s u l in  le v e ls .

240.8
DIENCEPHALIC ACTIVITY ASSOCIATED WITH SHAM AND 
NORMAL FEEDING IN RAT PUPS: A  2-DEOXYGLUCOSE 
AUTORADIOGRAPHIC STUDY. C.B. Phifer* and G.C. 
Garlinaton. Louisiana Scholars' College, 
Northwestern State Univ., Natchitoches LA 71497.

Sham feeding offers an excellent model for the 
study of ingestive behavior control, particularly 
in young rat pups where gastric distension is the 
only intake-limiting cue. Six-day-old rat pups 
with gastric fistulas and closed pyloric nooses 
were allowed to ingest a milk diet with open or 
closed fistulas during a 1 hr incorporation of 
[14C]-2-deoxy-glucose. Autoradiographic images 
corresponding to 13 diencephalic sections were 
averaged for sham- and normal-feeding pups. 
Differences in activity were obtained by 
subtracting one average image from the other.

Difference images revealed that normally 
feeding pups had greater metabolic activity than 
sham-feeding pups in posterior hippocampal 
regions, zona incerta, and unilaterally in right 
insular and pyriform cortex. Pups eating normally 
had less activity than sham-feeding pups in the 
suprachiasmatic nucleus, ventromedial hypotha
lamus, and entopeduncular nucleus. These results 
will be discussed in relation to earlier findings 
on metabolic changes in the brainstem. (Supported 
by the Louisiana Education Quality Support Fund.)

240.10
NEITHER SUBDIAPHRAGM ATIC VAGOTOM Y NOR AREA  
P O ST R E M A  LESIO N S BLO CK A N O R E X IA  FOLLOW ING  
COLON INFLAMMATION IN THE RAT. H.P. Weingarten*. E. 
L a d en h e im . M. E m ond and S .M . C o llin s . D ep a r tm en t o f 
Psychology, McMaster University, Hamilton, Ontario, Canada, L8S

C o lit i s  in d u c ed  by in tr a r e c ta l  ( ir )  a d m in is tr a t io n  o f  
trinitrobenzene sulfonic acid (TNB) results in a large, but transient, 
anorexia. The mechanisms by which anorexigenic signals produced 
by colon  inflam m ation com m unicate with the brain to inhibit 
ea tin g  are unknow n. To in vestiga te  this q u estion , rats were 
prepared with either a) com plete  subdiaphragm atic vagotom y 
(V gX ) or sham vagotom y, or b) area postrem a (A P ) lesions or 
sham lesions. Following recovery, success o f these surgeries was 
con firm ed  b eh av iora lly  (lo ss  o f  CCK sa tie ty  after V gX  and 
overconsumption of palatable foods after AP lesions). Then, colon 
inflam m ation was induced by ir infusion o f 30 mg TNB in 50% 
(v /v ) ethanol. Control infusions were equivolum e 50% ethanol. 
TNB-induced colitis suppressed 24-hr food intake by approximately 
70% on Days 1 and 2 and 40%-50% on Day 3 following treatment. 
In takes norm alized  by D ay 4. N e ith er  V gX  nor A P lesion s  
influenced the time course or magnitude of TNB-induced anorexia. 
R esults indicate that the inh ibition o f feed ing following colon  
inflammation does not require integrity of the subdiaphragmatic 
vagus or the AP. Strategies, including the use of c -fo s  to label cells 
activated by peripheral inflam m ation, are described to identify 
brain sites involved in inflammation-induced anorexia.
Supported by Medical Research Council of Canada.

H O R M O N A L  C O N T R O L  O F  R E P R O D U C T IV E  B E H A V IO R : M A L E /F E M A L E /P A R E N T A L

241.1
ANTIGALANIN(GAL) SERUM MICROINJECTED INTO THE 
MEDIAL PREOPTIC NUCLEUS (MPN) INHIBITS COPULA- 
TORY BEHAVIOR IN THE MALE RAT. G.Bloch*. B.Johnson.
J.Bethea. J.Kohlert. E.Despain. F.Grimmer. M.Clinger. S.Huber. 
D.Havens. R.Smith, and P.Butler. Dep’t o f Psychology, Brigham 
Young University, Provo, UT 84602.

GAL-I cell numbers are maintained within the MPN by gonadal 
steroids [Bloch et al, Brain Res,’9 2 ,’93], and although lateral 
ventricular GAL inhibits copulation [Poggioli et al, Eur J 
Pharm,’92], GAL microinjected within the MPN is stimulatory 
[Bloch et al, Physiol Behav,’93]. To obtain additional behavioral 
data, antiGAL serum, kindly provided by F.J. Lopez [Endoc,’93], 
was used to block endogenous GAL in gonadectomized rats that 
received low doses o f testosterone (T). When microinjected 
bilaterally within the MPN, the serum increased mount and intro
mission latencies compared to normal sheep serum (vehicle) con
trols (p < 0.001 and p < 0 .0 5 , Mantel-Haenszel log-rank test). This 
inhibition was evident at 1.5 hrs after microinjection, but not at 6 
hrs, and was not significant in more active males given higher doses 
o f T. Injections that affected the MPN unilaterally or that missed 
bilaterally were ineffective. These data support previous results 
indicating that GAL within the MPN, in an area corresponding to 
the sexually dimorphic nucleus o f the preoptic area (SDN-POA), 
stimulates male copulatory behavior. (Supported by HD 27334)

241.2
HYPOSEXUALITY IN HYPERACTIVE MALE RATS. J.G. 
Kohlert* and G.J. Bloch. Dep't of Psychology, 
Brigham Young University, Provo, UT, 84602.

In male rats, hyposexual behavior has been 
reported to be associated with hvporeactivitv 
[Sachs & Meisel, 1988]. During routine 
screening for other experiments we noticed that 
several noncopulating rats had very high open- 
field behavior scores when compared to normal- 
sexual rats. To further explore the possi
bility of a connection between hyperactivity 
and hyposexual behavior, we studied four 
different groups of male rats, three Long-Evans 
and one Sprague-Dawley. In each of the four 
groups we observed that rats with high open- 
field scores (i.e., hyperactive) tended to have 
high intromission latency scores. Specifi
cally, a meta-analysis of the combined results 
revealed that rats scoring in the highest 25% 
in the open-field test had significantly higher 
intromission latencies than rats scoring in the 
middle 50% (p < 0.05, two tailed). Although we 
have shown that the hyperactive/hyposexual rats 
do not attend to stimuli as well as do normal 
rats [Kohlert & Bloch, Physiol Behav,'93], this 
impairment is not unique to those that are 
hyposexual. (Supported by HD 27334)
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241.3
TESTOSTERONE INCREASES MOUNTING RATES IN A DOSE 
DEPENDENT FASHION. P.C. Dohertv*and P.A. Wisler. Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, IN 46285..
Recent evidence suggests that testosterone (T) increases measures ot 
aggression in the male rat in a dose dependent fashion but has no such 
effect on sexual activity (Albert et al., Physiol. Behav. 48:409,1990). Herein 
we report that when component analysis of male sexual behavior is 
performed, increases in mounting rates occur which are correlated with serum 
T levels. Adult male Sprague-Dawley rats were allowed extensive sexual 
experience. The males were then castrated and given s.c. implants of Silastic 
tubing containing crystalline T. Different levels of T were achieved by altering 
the length of the Silastic tubing (5, 20 or 80 mm). Two weeks later, standard 
tests of male sexual activity were resumed. In addition, all the males were 
tested with a receptive female 30 min after s.c. administration of 80 mg/kg of 
the nitric oxide synthase inhibitor N-nitro-L-arginine methyl ester (L-NAME). 
Administration of L-NAME inhibits the males ability to intromit and ejaculate. 
Thus, the number of mounts observed over a fixed time interval (10 min) 
represents the level of sexual desire/motivation. Similar results have been 
obtained in mounting tests performed after genital anesthetization (Gray et 
al., Endocrinology 109:1597, 1981; Mroczynski and Doherty, Soc. Neurosci. 
Abstr. 15:760, 1989). No dose dependent effects of capsule length could 
be demonstrated in standard tests of sexual behavior. In contrast, when the 
males were tested after L-NAME administration, significant increases in the 
number of mounts were noted across all doses (5mm implant, 19.9±3.6 
mounts/10 min; 20 mm implant, 31.7 ± 5.1 mounts/10 min; 80 mm 43.8±2.6 
mounts/10 min). These results demonstrate that dose dependent effects of 
T on sexual activity can be observed when component analysis is utilized. 
The varied effects of T on desire, erection and ejaculation may preclude the 
ability to demonstrate such effects in standard tests of sexual behavior.

241.5
PSYCHOGENIC ERECTION IN RATS: EFFECTS OF LESIONS 
IN MEDIAL PREOPTIC AREA, PARAVENTRICULAR 
NUCLEUS, AND PELVIC AND HYPOGASTRIC NERVES.
Y.-Č Liu*. L  D. Salamone. and B. D. Sachs. Dept. of Psychology, 
Univ. of Connecticut, Storrs, CT 06269-1020, USA.

Male rats have erections during non-contact exposure to estrous 
females (B. D. Sachs et al., SfNS, 1993). These responses meet the 
usual criteria for psychogenic erection (μ g E). In an initial 
exploration of the neural regulation of μ g E, we tested rats for μ g E 
and copulatory behavior before and after surgery. After receiving 
quinolinic acid lesions in the MPOA, 0/7 males copulated to 
ejaculation vs. 8/9 SHAM rats (p < .01). μ g Es were displayed by 7/9  
SHAM males vs. 2 /7  MPOAx males (p  = .057). NMDA lesions in the 
PVN had little/no effect on copulatory behavior. In particular, the 
intromission ratio, a measure of erectile function in copu la , was 
unaffected. Of PVNx males, 2/9 had μ g Es in both post-operative 
tests, vs. 6/8 SHAM males (p  = .03). However, analysis (two-way 
ANOVA) of the number of μ g Es displayed revealed no treatment 
effect, only a test effect (p c.001) and a marginal treatment-test 
interaction. Five to six days after sham bilateral nerve transection, 
6/10 males had μ g Es, vs. 4/19 males with pelvic nerve section 
(p=.05) and 5/10 males with hypogastric nerve cuts (ns). Even with 
both nerves cut, 4 / 10 males had μ g Es, possibly indicating some 
alternate paths for μ g E. Collectively, the data implicate the MPOA, 
PVN, and pelvic nerve in the neural mediation of psychogenic 
erection, which appears to be different from the regulation of 
reflexive and in copula  erection. [Supported by HD-08933.]

241.7
CORTICOSTERONE MODULATION OF REPRODUCTIVE BEHAVIOR 
in PRAIRIE v o l e s . D.M. Witt *. A C. DeVries and C.S, Carter- 
Department of Zoology, University of Maryland, College Park, MD 
20742.

Prior studies in prairie voles have indicated that basal levels of 
corticosterone are typically elevated in comparison to those reported in 
other rodents. Upon first contact with a conspecific of the opposite sex, 
prairie voles exhibit transient decreases in corticosterone. We 
hypothesized that the adrenal axis may influence neuronal mechanisms 
affecting the expression of reproductive behavior in this species. 
Gonadally-intact males were pre-screened with estrogen-primed 
stimulus females to verify sexual responsiveness. After receiving an 
injection of either corticosterone (200 μg, ip) or sesame oil the male 
was then tested with a stimulus partner and monitored on time-lapse 
video for 6 hours. Within approximately 12 minutes after corticosterone 
injection males showed deficits in sexual behavior. Although the 
latency and frequency of mating was similar to control animals, the 
duration of mating was significantly reduced in animals receiving 
corticosterone treatment. The average duration of mounting was half 
that of the control males. Within approximately 40 min, mating behavior 
returned to normal and resembled the controls. Corticosterone 
treatment did not affect other behavioral measures, such as 
autogrooming, aggression and olfactory investigation, throughout the 6 
•hour testing period. The time course of these transient behavioral 
effects would suggest that corticosterone might be acting via high 
affinity binding sites for corticosterone, found in neuronal membranes, 
rather than classical genomic mechanisms (see Orchinik et al., 1993, 
Soc. Neurosci. Abst). Supported by NIMH MH45836.

241.4
PSYCHOGENIC ERECTION IN RATS: CHARACTERIZATION 
AND STIMULUS CONTROL. B. D. Sachs*. İÇ Akasofu. Ļ H. 
Citron. Ş. B. Daniels, and J. H. Natoli. Dept. of Psychology, Univ. of 
Connecticut, Storrs, CT 06269-1020, USA.

Erections in response to non-contact exposure to erotic stimuli 
meet the usual criteria for psychogenic erection (μ g E). The absence 
of a small-animal model of μ g E has limited research into the 
neuroendocrine basis of this response. We observed rats in glass- 
floored chambers with angled mirrors below, allowing lateral and 
ventral viewing. A wire partition prevented direct contact between 
males and test stimuli. Erections were almost always accompanied 
by genital grooming and usually by subtle hip movements. The 
response bears little resemblance to intromissive or ejaculatory 
patterns, but is similar to "spontaneous" erections resulting from 
treatment with apomorphine and other drugs. Exp. 1: 96% of males 
(n = 24) displayed erections (mdn = 5) while exposed for 25 min to 
estrous females, vs. 8% when there was nothing on the other side of 
the barrier (/?<.001). Exp. 2: Non-proceptive estrous females were 
intermediate between proceptive females and non-estrous females in 
evoking erection. Exp. 3: Males rarely had erections after the 
female was removed, suggesting that the excitatory process started by 
estrous females has little or no momentum. Exp. 4: The need for 
specific sexual cues was demonstrated by the fact that unfamiliar 
males and inaccessible palatable food prompted investigation but not 
erection. The erectile responses in these studies, displayed by a high 
proportion of rats, appeared to meet traditional criteria for 
psychogenic erection. The physiological regulation of the response is 
now under study (Y.-C. Liu et al., SfNS, 1993). [Support: HD-08933.]

241.6
EJACULATION-DEPENDENT ACTIVATION OF NEURONS IN THE 
MALE SYRIAN HAMSTER BRAIN. S. KoUack-Walker* and S.W. 
Newman. Department of Anatomy & Cell Biology, University of 
Michigan, Ann Arbor, MI 48109-0616.

Mating behavior activates neurons within the medial amygdala (Me), 
the bed nucleus of the stria terminalis (BNST) and the medial preoptic area 
(N eurosci. Lett., 143: 223). Although exposure to female hamster vaginal 
secretion (FHVS) alone activates neurons within these regions (Soc. 
N eurosci. Abstr., 17: 1060), the pattem and magnitude of activation is not 
the same as after copulation. To investigate this copulation-specific 
neuronal activation, sexually-experienced adult male hamsters were placed 
into clean cages and were left adone as controls, given FHVS stimulation, 
or mated to various endpoints of copulation: (1) 5 intromissions
(INTROs), (2) 1 ejaculation (EJAÇ), (3) 5 EJACs, and (4) long INTROs. 
Males without sexual experience were run as an additional control group. 
All hamsters were perfused with 4% paraformaldehyde; brains were cut 
into 40 |im sections and immunostained for Fos protein. Activation within 
Me and magnocellular medial preoptic nucleus resulted from FHVS 
stimulation; the sole exception was the appearance of cell clusters in the 
caudal medial amygdaloid nucleus which were seen only after long 
INTROs. Activation within the medial preoptic nucleus and preoptic 
BNST was observed after 1 or more EJACs; in the preoptic BNST, the 
level of activation was directly correlated with the number of EJACs. 
Activation within Me was also observed in sexually-experienced controls 
when compared to naive controls. These data indicate that the mating- 
induced pattem of neuronal activation in sexually-experienced males is a 
complex response dependent upon the number of EJACs achieved and 
prior sexual experience. (Supported by NIH NS 20629 to SWN)

241.8
INTERACTIVE EFFECTS OF VASOTOCIN AND CORTICOSTERONE 
ON SENSORY RESPONSES OF MEDULLARY NEURONS: IMPLICA
TIONS FOR STRESS EFFECTS ON NEUROPEPTIDE CONTROL OF 
REPRODUCTIVE BEHAVIOR IN AN AMPHIBIAN. J.D. Rose*. J.R. 
Kinnaird and F,L. Moore. Depts. of Psychology and Zoology-Physiology, 
Univ. of Wyoming, Laramie, WY 82071 and Dept. of Zoology, Oregon 
State Univ., Corvallis, OR 97331

Arginine vasotocin (AVT) acts on the brain in roughskin newts to facili
tate courtship clasping and corticosterone (CORT) suppresses this behav
ior. We have shown that systemic CORT rapidly depresses activity levels 
and responses of newt medullary neurons to cloacal pressure, a clasp- 
facilitating stimulus. In the present study, AVT (100 ng) was applied to 
the medulla during recording of single neuron activity in male newts. 
Within minutes, AVT increased spontaneous firing and responses to 
cloacal pressure in most neurons. AVT application 10 min before systemic 
CORT injection (25 /xg) prevented the usual depression of medullary 
neuronal firing and sensory responsiveness. In many neurons, AVT 
reversed the typical CORT effect, such that CORT caused increased rather 
than decreased neuronal activity. In contrast, CORT injection 25-30 min 
prior to AVT application blocked the stimulative effect of AVT. Thus, 
stress and CORT release may have neural and behavioral effects that 
depend on the timing of AVT activity in the brain. Supported by NIH#
NS 13748 to JDR and NSF# BNS8909173 to FLM.
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241.9
CORTICOSTERONE FACILITATES LORDOSIS BEHAVIOR AND 
PROCEPTIVITY IN ESTROGEN-PRIMED FEMALE RATS.
M.Y. McGinnis*. E. Rutenberq and A.R. Lumia. Dept. Cell Biology and 
Anatomy, Mount Sinai Sch. Med., New York, NY 10029 and Skidmore 
College, Biopsychology Program, Saratoga Springs, NY 12866.

We previously found that ovariectomized (OVx), estradiol (E2)- 
treated female rats exposed to stress showed increased feminine 
sexual behavior even in the absence of progesterone (P). In this 
study, we examined whether the stress-induced facilitation of sexual 
behavior was due to increased corticosterone (C) levels. Female, 
Long-Evans rats were OVx and adrenalectomized, and divided into 
four treatment groups: oil, 500ug P, 1.0mg C (acute exposure) or 
1.0mg C for 14 days (chronic exposure). The chronic C was begun
2-3 weeks after surgery. Fourteen days later all animals received 4 
or 24h E2 exposure. The next day all treatments were given and sex 
behavior was tested 4-6Һ later. In rats receiving 24h E2 exposure 
lordosis was facilitated in the E2+P, and both chronic and acute C 
groups, but not the E2 only group. In the 4Һ E2 test, lordosis was 
facilitated only in the groups receiving C. After 24h E2 exposure the 
number of proceptive displays was much higher in the C groups than 
in the E2+P group. After 4Һ E2 exposure the E2 and E2+P groups 
were not proceptive. However, the acute C group showed moderate 
proceptivity, and the chronic C group showed high levels of 
proceptivity. The results suggest that 1) C can replace P in 
facilitating lordosis and proceptivity, and 2) the stress-induced 
increase in feminine sexual behavior may be due to elevated C.

241.11
ACTIVATION OF PROTEIN KINASE C (PKC) IN THE 
HYPOTHALAMIC VENTROMEDIAL NUCLEUS (VMN) OR THE 
MIDBRAIN CENTRAL GRAY (MCG) FACILITATES LORDOSIS IN 
FEMALE RATS. Lee-Ming Kow*. Harold E. Brown, and D.W. Pfaff. 
The Rockefeller University, 1230 York Ave., New York, NY. 10021.

PKC may mediate increases in lordosis by various lordosis-facilitating 
agents, because most of them are coupled to the phospholipase C-PKC 
cascade. To test this possibility both the mating-stimulated lordosis 
quotient (LQ) and the lordosis strength (LS) scored from a manual test 
were measured in ovariectomized (OVX) rats before and after a 
microinfusion of the phorbol ester, TPA (12-O-tetradecanoylphorbol 13- 
acetate) into the VMN or the MCG, two brain regions crucial for the 
mediation of lordosis. Bilateral infusion o f TPA (5^g/0.5jd or 
0.2j*g/0.2/d/side) into the VMN or MCG of estrogen-primed rats 
facilitated both LQ and LS in 30’, peaked around 60-90’, and lasted for 
up to 180 min. This facilitatory effect o f TPA was: 1) not observed in 
unprimed OVX rats; 2) reduced or not observed if  infusate did not 
reach VMN or MCG; 3) not mimicked by 4a-phorbol 12,13- 
didecanoate, which does not activate PKC; and 4) in preliminary 
experiments, blocked by PKC inhibitors (H7 lOmM or staurosporine 
ΙμΜ, 0 ^ 1 /sid e) , which by themselves did not facilitate lordosis. 
These observations indicate that TPA facilitates lordosis in an estrogen- 
dependent fashion by activating PKC or its substrates in the VMN and 
MCG.

241.13
CERVIECTOMY BLOCKS OXYTOCIN-μ g E2  FACILITATED 
SEXUAL RECEPTIVITY IN FEMALE RATS. K.M.MOODY*AND
N. T. ADLER. Inst. Neuroscience and Dep't of Psychology,
Univ. of Pennsylvania, Philadelphia, Pa. 19104.

Facilitation of lordosis behavior occurs in ovariectomized, estrogen 
and progesterone primed rats given either systemic oxytocin(2.1ug) or 
prostaglandins (μ g E2;0.05ug) and can be further potentiated if both 
oxytocin and μ g E2  are administered together. Ovariectomized, 
hysterectomized, cervically intact animals do not respond with 
facilitated behavior to either oxytocin(2.1ug) or μ g E2(0.05ug)> but the 
behavior can be reinstated with concomitant administration of both. In 
the present study, increased oxytocin(4.2ug) or μ g E2(0.10ug) resulted 
in facilitated lordosis behavior in ovx/hystx, hormonally primed 
animals. In a second experiment, the effect of cerviectomy on 
oxytocin /μ g E2 induced facilitation o f behavior was examined in 
ovx/hystx, hormonally primed females. Group 1 received 2 .lug  
oxytocin plus 0.05ug μ g E2 ; group 2 received 4.2ug oxytocin plus
O. 1 Oug μ g E2  and group 3 received 8.4ug oxytocin plus 0.20ug μ g E2 . 
None of these treatments facilitated lordosis behavior in these animals. 
These results suggest that the cervix is an important component of a 
peripheral mechanism by which oxytocin and/or μ g E2  can induce 
facilitated behavior in hysterectomized animals.

241.10
DIAZEPAM AND ALLOPREGNANOLONE INFUSIONS IN 
MIDBRAIN CENTRAL GRAY FACILITATE REPRODUCTIVE AND 
OPEN-FIELD BEHAVIORS. S. Schwartz-Giblin*. E. R. Felzenberg. 
A. Robbins. D.W. Pfaff and M. M. McCarthy. Rockefeller University, 

New York, NY 10021.
Blocking GABA-A receptors with infusions o f the GABA-A 

antagonist, bicuculline, into the midbrain central gray 5 min prior to 
mating tests in rats, reduces lordosis quotient (LQ) and proceptivity 
without increasing rejection behavior (Exp Brain Res 1991). This 
suggests that tonic release of endogenous GABA in midbrain central gray 
plays a primary facilitatory role in reproductive behavior. We tested the 
hypothesis that the GABA-A modulators, diazepam (DZ) and 
allopregnanolone (alloP), a progesterone metabolite found in brain, 
would facilitate reproductive and open-field behavior when infused into 
the midbrain central gray. In estradiol benzoate (EB)-treated 
ovariectomized rats, both DZ and alloP significantly increased LQ in a 
dose-dependent manner. The quality o f lordosis (LS) also increased. 
Pregnenolone sulfate, a neurosteroid and progesterone precursor with 
GABA-A antagonist actions, had no net effect on LQ or LS.

In the wild, female rats leave their burrows to mate suggesting that 
motivation to enter the open field is relevant for reproduction. EB-treated 
rats tested in the open-field after infusions o f 100 ng DZ showed a 
significantly greater ratio of central to total squares entered, compared to 
vehicle infusions and to oil-treated rats infused with the same DZ dose; 
total activity was unaffected. Rats given 500 ng DZ without EB were not 
different from vehicle. Therefore, estrogen plays a permissive role in 
DZ's ability to increase the probability of entering the center of the open 
field. AlloP infusions were less effective than DZ on open-field behavior.

241.12
T H E  E F F E C T S  O F  H O R M O N A L  C O N D IT IO N  A N D  H IS T O R Y  ON 
S C O P O L A M IN E  IN H IB IT IO N  O F  L O R D O S IS . T . I. H e b e r t* .
M . F . C a s h io n . a n d  G . P . D o h a n ic h . D e p a r tm e n t  o f  P sy c h o lo g y  a n d  
N e u ro s c ie n c e  P r o g r a m , T u la n e  U n iv e rs i ty ,  N ew  O r le a n s ,  L A  70118.

The muscarinic antagonist, scopolamine, inhibits lordosis in 
ovariectomized rodents primed with estrogen and progesterone (P). To 
compare scopolamine inhibition under different hormonal conditions, 
ovariectomized rats were primed with 25 μg estradiol benzoate (EB) at 
72, 48, and 24 hours before testing with or without 500 μg P at 4 hours 
before testing. Receptivity was determined 15 minutes after ip injection 
of 0.25, 0.5, 1, 2, or 4 mg/kg scopolamine. Although scopolamine 
inhibited lordosis in a dose dependent fashion in females primed with 
either EB or EB and P, the addition of P significantly reduced the 
inhibitory effect of scopolamine. Moreover, P reduced the efficacy of 
scopolamine similarly at all doses.

Because previous research indicated that exposure to these levels of 
steroids reduces the efficacy of scopolamine on subsequent tests, these 
females then were tested to examine the recovery of scopolamine 
inhibition after increasing periods without hormone treatment. 
Following 1-6 weeks without hormone treatment, females were primed 
again with either EB or EB and P and tested 15 minutes after 
scopolamine injection (2 mg/kg). For both hormonal groups, 
scopolamine was ineffective when the interval between primings was 
less than 3 weeks, but was effective when the interval was longer. The 
reduced effect of scopolamine was not the result of a failure to block 
muscarinic receptors, because systemically administered scopolamine 
reduced 3H-QNB binding in several brain regions even when 
scopolamine was behaviorally ineffective. NSF-BNS9021447

241.14
CENTRAL ADMINISTRATION OF AN OXYTOCIN 
ANTAGONIST DISRUPTS SEXUAL RECEPTIVITY AND 
FERTILITY L.R. Noonan*. B.M. Faggin. J.I. Johns. C.A. Pedersen 
and J.D. Caldwell. Dept. o f Psychiatry and BDRC, Univ. o f N C, 
Chapel Hill, NC 27599

Oxytocin (ОТ) facilitates female sexual receptivity while an ОТ 
antagonist (OTA) blocks receptivity when infused before progesterone 
injections. In the first experiment animals were OVXed and then 
implanted with infusion cannulas. After recovery they were injected 
im with 1 /ig EB daily for three days and the fourth day received 
either 250 ng ΟΤΑ/μΙ/side or aCSF before injections of 250 μg 
progesterone. OTA infusions into the medial preoptic area (MPOA) 
significantly (p <  0.01) increased rejection behaviors including 
mounts without lordosis, duration of fighting and vocalizations. 
Lordosis frequencies were significantly (p <  .05) lower after OTA 
was infused into the VTA. Infusions into the medial basal 
hypothalamus resulted in no significant changes in rejection or 
receptive behaviors. In another experiment cycling animals were 
injected with 2 or 5 /ig OTA icv either immediately before or 5 hours 
before being mated with a male for 3 hrs. None o f six animals injected 
with 5 μg OTA gave birth to pups compared to 44% of vehicle-infused 
controls giving birth. 5 μ κ  OTA injected immediately before testing 
reduced both lordosis quotients and frequencies while both OTA doses 
increased fight duration when infused 5 hrs. before testing. OTA 
disrupted sexual interactions and increased rejection behaviors so that 
numbers of animals giving birth was reduced; indicating a critical role 
for ОТ systems in die MPOA in coordinating sexual interactions to 
allow fertilization. This work was funded by HD-24086 (JDC).
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241.15
TESTOSTERONE IMPLANTS INTO THE M EDIAL PREOPTIC AREA  
INDUCE SEXUAL BEHAVIOR IN THE FEMALE MUSK SHREW
U.R. Sharma, V. Alones, and E.F. Rissman* Dept. o f Biology, University of  
Virginia, Charlottesville, VA 22903.

Sexual behavior in the female musk shrew (Suncus murinus) is regulated by 
the neural aromatization o f androgens. We predicted that the medial preoptic 
area (MPOA) o f the hypothalamus is one o f the brain sites involved in the 
induction o f sex behavior in this species. One week after ovariectomy, sexually 
inexperienced females were given intracranial implants o f testosterone 
propionate (TP) either directly into the MPOA or into adjacent brain regions. 
Significantly more sexual receptivity was demonstrated by females with 
implants in the MPOA as compared with females bearing implants in adjacent 
loci. Over the course o f three behavior tests, 100% o f females with TP in the 
MPOA received ejaculations, whereas only 25% o f the females with TP in the 
lateral preoptic area (p<0.05). These results support the hypothesis that the 
medial preoptic area is a locus o f regulation o f sexual behavior in the female 
musk shrew. Preliminary data from ongoing studies in our lab indicate that 
copulatory behavior, induced by TP in the MPOA, can be blocked by an 
aromatase inhibitor (ATD). In toto, these data suggest that testosterone 
implanted in the MPOA requires aromatization to induce sex behavior in 
female musk shrews. (Supported by NSF grant BNS 9021226).

241.17
ACTIVATION / INHIBITION OF BRAIN REGIONS INVOLVED IN 
MATERNAL BEHAVIOR IN RATS: A 2-DG AUTORADIOGRAPHIC STUDY.
Del Cerro, M.C.R.1, Perez Izauierdo, M.A.1, Rosenblatt. J.S.2, Johnson. B.M.2. 
Pacheco. P.3 and Komisaruk. B.R.*2 Dept. Psychobiology, UNED,
Madrid, SPAIN1, Inst. Animal Behavior, Rutgers Unlv., Newark, NJ, USA2, and 
Inst. Neuroethology, Unlv. Veracruzana, Jalapa, MEXICO3

2-DG activity was correlated with maternal behavior resulting from: 
parturition (P), "sensitization" of virgins by cohabitation with pups (S), or 
hysterectomy on pregnancy day 16 (H); control rats were diestrous virgins (C) 
[n’s = 3-4J. The 2-DG was injected via chronic iv catheter during maternal 
behavior in the experimentais, and euthanization followed after 45 min. 2-DG 
values were calculated relative to corpus callosum of each brain. Results: 
Group differences for the following regions were statistically significant (Mann- 
Whitney U tests). Medial preoptic area (MPOA): P>C; bed n. stria terminalis: 
P>C. Bed n. accessory olfactory tr. (BAOT), accessory olfactory bulb (AOB), 
medial amygdala (MAMYG): S<C and P; habenula: S<C; ventromedial 
hypothalamic n.: S<P. Conclusions: Parturition may activate MPOA via the 
sensory stimulation generated by the fetuses passing through the birth canal, 
thereby triggering maternal behavior and ovulation. The low 2-DG activity in 
the vomeronasal system (AOB, BAOT, MAMYG) in S supports previous 
findings in naive males and females that lesions in this system accelerate the 
onset of maternal behavior. Thus, parturition and sensitization may induce 
maternal behavior via different neural mechanisms. Support: Fulbright Com 
(CHN) #IIC90035 [MCRDCJ; UNED postdoct fund [MAPI], MBRS-NIH 
GMS08223 and Busch Fdtn [JSR & BRK].

241.19
INFUSIONS OF IALINE INTO THE VENTROMEDIAL HYPOTHALAM US 
OF STEROID-PRIMED FEMALE RATS STIMULATE A RAPID ONSET OF 
MATERNAL CARE. R.S. Bridges*. L. Okimoto. L.J. Pellerin and P.E. 
Mann. Dept. of Comparative Med., Tufts Univ. Sch. Veterinary Med., North 
Grafton, MA 01536.

The onset of maternal behavior in the rat is stimulated in part by the central 
actions o f the hormones of pregnancy. A major focus o f ongoing research has 
examined the role of the medial preoptic area (MPOA) in this process. The 
possible role o f an adjacent limbic region, the ventromedial nucleus of the 
hypothalamus (VMH), an area with a key role in regulating feminine sexual 
behavior, has not been systematically explored. In a series o f three studies we 
examined the possible role o f the VMH in the induction of maternal behavior 
in nulliparous rats. In Expt. #1 groups o f gonadectomized females that were 
stereotaxically implanted with bilateral cannulas directed at either the MPOA 
or VMH were treated with progesterone, estradiol, and bromocriptine 
(Endocrinology 126:837, 1990). This treatment paradigm renders females 
sensitive to the central actions of prolactin (PRL). Prior to behavioral testing 
with foster young, rats were infused with saline or PRL. Infusions o f saline 
or PRL into the VMH or PRL into the MPOA stimulated a rapid onset of 
maternal behavior. Saline infusions into the MPOA were without effect. In 
Expt. #2, the effects of infusions and cannula lowering itself into the VMH 
were examined. Infusions of saline, as well as cannula lowering, into the 
VMH of steroid-primed rats stimulated a rapid onset of maternal care when 
compared with the responses of cannulated, non-manipulated controls. In Expt. 
#3 cannula lowering alone into the VMH failed to enhance maternal care in the 
absence of steroid-priming. These findings indicate that the VMH plays a 
previously undiscovered role in the neurobiologica! control o f maternal 
behavior. Supported by NIH Grant R01 HD 19789 to RSB.

241.16
MODULATION OF POSTWEANING AGGRESSION IN PRIMIPAROUS MICE 
THROUGH PUP EXPOSURE. Barbara JL Caldarone. Howard S_̂  
Stock. Glenn C . Abrahamsen. Michael L. Boechler. Robert 
A. Rosellini. and Bruce В , Svare*. Department of 
Psychology, SUNY at Albany, Albany, NY, 12222.

Non-lactating, female Rockland Swiss mice that had 
recently weaned their young exhibit aggression toward 
adult male intruders (postweaning aggression) (PWA).
The role of sensory stimuli provided by young in 
modulating PWA was examined in two experiments. In 
Experiment 1, direct physical contact with young 
initiated PWA, whereas the placement of newborns behind 
a double-wire mesh partition in the homecage did not.
In Experiment 2, different durations of postpartum pup 
exposure modulated the postweaning activation of 
aggression. Overall, PWA was more difficult to activate 
in females that received less than 5 days of pup 
exposure as compared to animals that received 10 or 20 
days of newborn contact. Thus, the findings suggest 
that direct physical contact with young during the 
postweaning period as well as some minimum amount of 
interaction following parturition appear to modulate the 
initiation of PWA. It is postulated that modulation of 
PWA may be due to neural reorganization in the CNS.

241.18
The Hormonal Onset Of Maternal Behavior And Postpartum 
Estrus In Parturient Rats Require Intact Neurons In The 
Lateral Habenula. .T,M,Matthgŵ iLP,CQrMn?as».LS^RQSgablatt 
and J.I.Morrell. Institute of Animal Behavior, Rutgers University,
101 Warren St., Newark, N.J. 07102

Kainic-acid induced lesions of the lateral habenula (Lhb) severely 
disrupt the hormonal onset of maternal behavior in 16-day pregnant 
female rats hysterectomized- ovariectomized, given EB and then tested 
for maternal behavior 48 hrs later (Corodimas et al, Behav. Neurosci.,
1993). To determine if these neurons are required for the hormonal 
onset of maternal behavior in a naturally parturient rat, bilateral 
cytotoxic lesions were produced in the Lhb, or as a control, just dorsal 
in the medial hippocampus on day 12 of pregnancy. A second control 
group consisted of unlesioned females. Females were tested for 
prepartum and postpartum maternal behavior (retrieving, nestbuilding, 
and nursing), and for postpartum estrus. Detailed observations of 
parturition included the duration of parturition and all pup-directed 
activities. Following 10 days of testing, a retrograde fluorescent dye 
(Fluoro-Gold) identified the extent of Lhb neuron loss.

Cytotoxic lesions of the Lhb disrupted maternal behavior and 
postpartum estrus. During parturition, Lhb-lesioned females failed to 
clean pups thoroughly, or to eat placentas, and exhibited some 
infanticide. Activity levels and body weight gains were similar across 
females. (HD22983 to J.I.M.; M.B.R.S.G. 5 S06 GM 208223-09 to
T.M. & J.S.R.).
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242.1
INHIBITION OF FEMALE LORDOSIS BEHAVIOR 
FOLLOWING INFUSION OF 8-OH-DPAT INTO THE MEDIAL 
RAPHE NUCLEUS. S. Maswood*. M. Caldarola-Pastuszka. 
and L. Uphouse. Department of Biology, Texas Woman’s 
University, Denton, Texas, 76204 

In previous studies, we showed that infusion of the 
5-HTia  agonist, 8-hydroxy-2-(di-n-propylamino)tetralin 
(8-OH-DPAT) into the dorsal raphe (DR) nucleus failed to 
inhibit lordosis behavior. In the present experiment, 
proestrous rats were infused into the medial raphe nucleus 
(MR) with 200 to 2000 ng 8-OH-DPAT or 2000 ng 5-HT. A 
dose-dependent inhibition of lordosis behavior occurred 
following infusion of 8-OH-DPAT either directly into the MR 
or slightly more dorsally, within the medial portion of the 
superior cerebellar peduncle. A majority of the females 
infused with the highest dose of 8-OH-DPAT also showed a 
decline in proceptivity and an increase in resistance to the 
male's attempts to mount. MR infusion of 2000 ng 5-HT only 
slightly inhibited lordosis behavior. The present results, 
coupled with observations that 8-OH-DPAT infusion into the 
DR failed to inhibit lordosis behavior, suggest a dissociation 
between the role of the DR and MR in the regulation of 
female lordosis behavior.
Supported by NIH R01 HD28419

242.3
REPEATED TREATMENT WITH ESTROGEN DOSE- 
DEPENDENTLY ATTENUATES 8-OH-DPAT-INDUCED 
INHIBITION OF LORDOSIS BEHAVIOR.
A. Jackson. J. Williams*, and L. Uphouse Department of 
Biology, Texas Woman’s University, Denton, Texas, 76204 
and Department of Biology, Southeastern Oklahoma State 
University, Durant, Oklahoma, 74701.

We have previously shown that 2 consecutive weeks of 
treatment of ovariectomized rats with 25 μg estradiol 
benzoate plus 500 μg progesterone attenuates the ability of 
the 5HTia  agonist 8-hydroxy-2-(di-n-propylamino)tetralin 
(8-OH-DPAT) to decrease rodent sexual behavior. In the 
present study, ovariectomized rats were primed with 
estradiol benzoate (2.5-50 μg) plus 500 μg progesterone or 
with estradiol benzoate (25 or 50 μg) only. In the first week 
of priming, lordosis behavior of all groups was inhibited by 
i.p. treatment with 0.15 mg/kg of 8-OH-DPAT. However in 
the second week, estradiol benzoate dose-dependently 
attenuated the effects of 8-OH-DPAT. To access the 
possibility that a 2-week delay between ovariectomy and 
hormone treatment had induced supersensitivity to 8-OH- 
DPAT, we injected rats with estradiol benzoate immediately 
following ovariectomy. The effects of the repeated hormone 
priming was identical to that of rats ovariectomized for 2 
weeks
Supported by NIH R01 HD28419 and NIH GM08256

242.2
INHIBITION OF FEMALE LORDOSIS BEHAVIOR 
FOLLOWING MIDBRAIN CENTRAL GRAY INFUSION WITH 
8-OH-DPAT.
M. Caldarola-Pastuszka. S. Wilson. J. Hines*. and L  
Uphouse. Department of Biology, Texas Woman’s 
University, Denton, Texas, 76204.

In previous studies, we found lordosis behavior of 
proestrous rats to be inhibited after infusions of 8-hydroxy-2- 
(di-n-propylamino)tetralin (8-OH-DPAT) into the 
ventrolateral (VL) portion of the midbrain central gray 
(MCG). In the present experiment, proestrous rats were 
infused with 2000 ng 8-OH-DPAT into the VL, mediolateral 
(ML), or dorsolateral (DL) portions of the MCG. Females 
receiving infusion into the VL or ML part of MCG showed 
inhibition of lordosis behavior, accompanied by a decline in 
proceptivity. 8-OH-DPAT infusion into the DL portion of the 
MCG was less effective. ML infusions were accompanied 
by active resistance to the male's attempts to mount while 
little resistance was present following VL infusions. The 
present results suggest that activation of 5-HT і a receptors 
in the VL portion of the MCG may be involved in the 
completion of sensory/motor components of the reflex while 
receptors in the ML may be more relevant to the female's 
"willingness" to engage in mating behavior.
Supported by NIH GM08256 and by NIH R01 HD28419

242.4
THE 5-HT2/1C AGONIST, DOI, ATTENUATES THE 
INHIBITORY EFFECTS OF VMN INFUSIONS WITH 
8-OH-DPAT ON FEMALE LORDOSIS BEHAVIOR.
L. Uphouse*. M. Andrade. N. Moore, and M. 
Caldarola-Pastuszka. Department of Biology, Texas 
Woman's University, Denton, Texas, 76204.

Sexually receptive, intact, proestrous rats were infused 
bilaterally into the ventromedial nucleus of the 
hypothalamus (VMN) with 200 ng of the 5-HTia  agonist, 
8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) 
with 2000 ng of the 5-HT2/1C agonist, (+)-(2,5- 
dimethoxy-4-iodophenyl)-2-aminopropane HCI (DOI), or 
with both 8-OH-DPAT and DOL Alone, VMN infusions of 
8-OH-DPAT, but not DOI, inhibited lordosis behavior. 
When 2000 ng DOI was infused simultaneously with 
8-OH-DPAT, the inhibitory effects of 8-OH-DPAT were 
completely abolished. These results suggest that neural 
sites responsible for the reported facilitatory effects of 
5 -HT2/1C agonists on lordosis behavior co-exist in the 
VMN with those sites in which 5-HTia  agonists are 
effective in reducing lordosis behavior.
Supported by NIH GM08256 and by NIH ROI HD28419

242.5
EFFECT OF 8-QH-DPAT ON SEXUAL BEHAUI0R OF
ADULT AND NEWBORN CASTRATED HALE RATS-- &JLu
Lucion. U.H.Uoqpi». R-Ramos— and A, Ras İ a~F İ 1İ1Q ■ 
Dept- Physiology, UFRGS, Porto Alegre, RS 90049, 
Brasil and Dept. Pharmacology, Jefferson Medical 
College, Philadelphia, PA Í9Í07, USA.

Retention of male rat sexual behavior can be 
seen after castration. Copulatory activity is 
enhanced by а 5-HT** agonist, 8-OH-DPAT. The 
relationship between testosterone and serotonin 
on male sexual behavior was studied. Adult male 
rats <N = 35) were castrated and 60 days later, 
23 of them had at least 70% reduction on 
intromission frequency (group І); І5 out of the 
23 were injected i.p. with saline and 8-OH-DPAT
0. 1 mg/Kg. The remaining 12 animals (group II) 
reached that low level 180 days later and were 
submitted to the same treatments as group I. In 
both groups, 8-OH-DPAT increased intromission 
frequency but group II was greater than I. In 
experiment II, 9 males were castrated at 6Һ 
after delivery, 12 were sham operated and 9 rats 
had no surgery. When adults, they were injected
1. p. with saline and 8-OH-DPAT (0.1 mg/Kg) which
enhanced intromission frequency in castrated 
ones. It is suggested that 5-HT** receptors can 
stimulate male sexual behavior without 
testosterone at adult age or even when testes 
are removed at birth. Grant by FAPERGS/CNPq.

242.6
EFFECTS OF ESTROGEN ON SENSORIMOTOR TASK 
P E R F O R M A N C E  A N D  B R A I N  D O P A M I N E  
CONCENTRATIONS IN MALE AND FEMALE MICE. J.L  
McDermott*. J.D. Kreutzberg and D.E. Dluzen. Department of 
Geriatric Medicine, Case Western Reserve University (JLM) and 
Anatomy, Northeastern Ohio Universities College of Medicine 
(JDK and DED), Rootstown, OH 44272-0095.

Castrated male and female CD-I mice ± estradiol benzoate 
(EB) were tested for their performance on a skilled sensorimotor 
task consisting of walking across beams of varying widths (6, 9, 12 
and 21 mm). In addition, tissue dopamine concentrations were 
determined from the corpus striatum and other brain regions. 
Sensorimotor performance improved for aU treatment conditions 
as the beam width increased. Castrated male mice treated with oil 
vehicle showed the worst performance as indicated by significantly 
greater amounts of time to cross the beam and significantly greater 
number of slips off the beam. Treatment of castrated males with 
EB significantly improved performance on these two dependent 
measures. Performance of the castrated females was not changed 
by EB and was similar to that observed with the castrated+EB 
males. Significant gender differences in dopamine concentrations 
(female > male) were obtained in the corpus striatum, as well as 
the olfactory tubercle and hypothalamus. Dopamine levels were 
unaltered by EB treatment.
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242.7
DELAYED BEHAVIORAL DISTURBANCES ASSOCIATED WITH NEONATAL 
EXCITOTOXIC HIPPOCAMPAL DAMAGE IN THE RAT; EFFECT S OF 
CASTRATION AND NEUROLEPTICS. Barbara K. Lipska*. Ph.D.. Daniel R. 
Weinberger. M.D.. Clinical Brain Disorders Branch, IRP, NIMH, 
Neuroscience Center at St. Elizabeths, Washington, DC 20032.
We demonstrated (N europsvchopharm acol. 1993) that neonatal 
ventral hippocampal (VH) lesion in male rats has limited effects on 
dopamine related behaviors before puberty (35 days of age, PD35). 
After puberty (PD56), lesioned rats express a variety of behavioral 
disturbances indicative of increased striatal dopamine transmission 
(spontaneous and d-amphetamine-induced hyperactivity, potentiation 
of apomorphine-induced stereotypies, attenuation of haloperidol- 
induced catalepsy, hyperresponsiveness to stress, reduction of 
prepulse inhibition of startle). To examine the role of gonadal 
hormones, rat pups were lesioned with ibotenic acid on PD7 and 
castrated on PD21. Locomotion in a novel environment and after 
injection of d-amphetamine as well as stereotypic behaviors after 
apomorphine were evaluated on PD35 and PD56. Castration did not 
prevent the emergence of hyperlocomotion or potentiation of 
stereotypic behaviors in lesioned rats as compared with shams. 
Another group of rats was treated with haloperidol (0.1-0.4 mg/kg) 
or clozapine (4 mg/kg) for 3 weeks beginning at PD35. Both 
neuroleptics suppressed hyperlocomotion, but clozapine did so only in 
lesioned rats. These results suggest that puberty per se is not 
necessary for delayed emergence of the behavioral changes and that 
neuroleptic treatment improves the consequences of neonatal VH 
damage. These data further extend the usefulness of the neonatal 
excitotoxic VH lesion as a potential model of schizophrenia.

242.9
NITRIC OXIDE SYNTHASE INHIBITORS PREVENT APOMOR
PHINE- AND OXYTOCIN-INDUCED PENILE ERECTION AND 
YAWNING IN MALE RATS. M.R. Melis* & A. Araiolas. 
Bernard. B. Brodie Dept. Neurosci., Cagliari 
Univ., 09124 Cagliari, Italy.

The effect of ^-nitro-L-arginine methyl ester 
and ^-monoraethyl-L-arginine, two inhibitors of 
nitric oxide synthase, on apomorphine- and oxyto
cin-induced penile erection and yawning, was stu
died in male rats after intravenous and intra- 
cerebroventricular administration. Both compounds 
prevented dose-dependently apomorphine and oxyto
cin responses, when given sistemically (5-50 
идАи) centrally (30-500 мд per rat) , but N°- 
nitro-L-arginine methyl ester was about 5 times 
more potent than NG-monomethyl-L-arginine. The D- 
isomer of ^-monomethyl-L-arginine, which does 
not inhibit nitric oxide synthase was ineffec
tive. Most importantly, N°-nitro-L-arginine 
methyl ester (20 џд) prevented both apomorphine 
and oxytocin responses by about 70% when injected 
in the para-ventricular nucleus of the hypothala
mus, the brain area where apomorphine and oxyto
cin act to induce the above behavioral responses. 
The results suggest that central nitric oxide is 
involved in the expression of penile erection and 
yawning induced by apomorphine and oxytocin.

242.11
PERINATAL TREATMENT WITH CLOMIPRAMINE INHIBIT8 
THE FACILITATORY EFFECT OF OXOTREMORINE ON 
MASCULINE SEXUAL BEHAVIOR IN RATS. J. Velazcuez- 
Moctezuaa*. L. Alavaz Ruiz and C. Maldonado.
Dept. Biology of Reproduction. Universidad 
Autonoma Metropolitana-Iztapalapa, C.P.09340. 
Mexico City.

It has been reported that neonatal 
administration of clomipramine in rats induce 
behavioral alterations during the adulthood, 
including lost of exploratory and sexual 
behavior. As an attempt to reestablish sexual 
behavior, oxotremorine (OXO), a drug that 
stimulates sexual behavior, was administered to 
both saline (SAL) and clomipramine (CLI) neonatal 
treated rats. The 80 percent of subjects in SAL 
group showed ejaculation with a frequency of 2.6. 
Only 47.7 percent of CLI rats displayed 
ejaculation with a frequency of 1.8. Rats were 
treated with 2 doses of OXO (0.4 and 0.8 
mg/kgb,IP), SAL rats showed a significant 
facilitation of sexual behavior with both doses. 
The percentage of active subjects increased to 
93% with a frequency of 3. Oxotremorine failed to 
restore masculine sexual behavior in CLI rats. 
The percentage of active subjects remain the same 
and only a slight, non significant increase in 
ejaculatory frequency (2.2) was observed.

242.8
L-DO PA RESTO RES CA STR A T IO N -IN D U C ED  DE FICITS IN 
DISHABITUATION RESPONSES TO FEMALE CHEMICAL CUES. X.-B. 
Cuan* and D.E. Dltizen. Department of Anatomy, Northeastern Ohio 
Universities College of Medicine, Rootstown, OH 44272-0095.

In the present experiment, habituation/dishabituation behavioral tests were 
conducted to estimate olfactory recognition responses to chemical cues in control 
(n=7), castrated (n=7) and castrated + L-DOPA treated (n=6) male Sprague- 
Dawley rats. Male rats received three trials of exposures to Sprague-Dawley 
male urine, followed by three trials to Zucker male urine, followed by three 
trials to Zucker female urine with an inter-trial interval of 6 minutes. No 
differences were observed in the investigation times of male rats to the urine 
stimuli for the first 6 trials, indicating that the rats showed good 
habituation/dishabituation responses to the male chemical cues. However, 
castration produced a disruption of dishabituation responses to female urine as 
indicated by investigation times (meaniSEM  in seconds) on trial 7 being 
significantly reduced in castrated animals (0.88±0.67) compared to controls 
(3.30±0.30). This castration-induced deficit was restored by L-DOPA treatment 
(50mg/kg at 45 minutes prior to behavioral tests) with significantly greater 
investigation times being obtained on trial 7 (3.11 ±0.36) compared to the 
castrated group. No significant differences among the three groups were 
obtained for olfactory bulb norepinephrine or dopamine concentrations. In the 
anterior and posterior olfactory bulb, dihydroxyphenylacetic acid (DOPAC) 
levels were significantly increased in L-DOPA treated animals compared to the 
control and castrated groups. These increases in olfactory bulb 
catecholaminergic activity as indicated by the increased DOPAC concentrations 
in L-DOPA treated castrated rats may be associated with the restoration of 
behavioral dishabituation responses to female urinary chemical cues observed 
in this group.

242.10
α-2-ADRENOCEPTORS AND MALE SEXUAL BEHAVIOR: DIFFERENTIAL 
EFFECTS OF RAUWOLSCINE AND PHENTOLAMINE. John T. Clark*. 
Department of Physiology, Meharry Medical College, Nashville, TN 37208.

We have previously suggested that α-2-adrenoceptors are important in the 
modulation of male sexual behavior, with stimulation of these receptors 
associated with deficits in erectile and copulatory function. Conversely, 
blockade of these receptors is associated with an enhancement of 
motivational aspects of copulatory behavior. We wished to extend these data 
by comparing the effects of systemic administration of rauwolscine, a relatively 
selective α-2-antagonist, with the effects of phentoiamine, a non-seiective <*- 
antagonist. In sexually experienced Long-Evans rats, rauwolscine 
administration was followed by decreases in the intervals between successive 
intromissions and following ejaculation, whereas phentoiamine selectively 
decreased the number of intromissions preceding the second ejaculation. In 
sexually naive males, rauwolscine, but not phentoiamine, was associated with 
decreased intervals to the initial mount and intromission, and an increased 
number of males achieving ejaculation. In tests after genital desensitization 
(by topical application of pontocaine) rauwolscine, but not phentoiamine, was 
associated with increased mounting behavior. Finally, rauwolscine, but not 
phentoiamine, competitively antagonized the inhibition of ejaculatory behavior 
induced by systemic administration of clonidine. These effects of rauwolscine 
are essentially similar to those previously observed with yohimbine, being 
confined to parameters of behavior associated with motivation. These data 
provide additional support for our hypothesis that selective 
activation/blockade of α-2-adrenoceptors is associated with different 
behavioral effects than non-selective blockade/activation of a-1- and a-2- 
adrenoceptors. (Supported by NIH grants 5 K14 HL02484 and 2 S06 
GM08037).

242.12
BILATERAL LESIONS OF THE NUCLEUS ACCUMBENS DO NOT 
INHIBIT COPULATORY BEHAVIOR OF MALE RATS.
Bonnie Barr and Robert E. Leipheimer*. Department of 
Biological Sciences, Youngstown State University, 
Youngstown, OH 44555.

Several studies have implicated a role for the 
nucleus accumbens (NAc) in the regulation of male sexual 
behavior. However, the precise role of the NAc in 
regulating copulatory behavior in male rats remains 
unknown. The present experiment was designed to test the 
effects of bilateral lesions of the NAc on male rat 
sexual behavior. Sexually experienced male rats were 
assigned to control and experimental groups with the 
constraint that there were no differences inintromission or ejaculation latencies. Teflon-coated 
tungsten electrodes (200 μια diam., A-M Systems) with 
0.3mm bared at the tip were stereotaxically directed to 
the NAc at the following coordinates: 3.2mm anterior to 
Bregma; 1.5mm lateral; and 7.0mm below the surface of 
the brain. Bilateral lesions were made by passing a 
current of 2 mA for 24 sec in experimental animals (n - 
6). Control rats (n = 5) received sham lesions by 
lowering the electrodes to the same coordinates for 24 
sec without passing any current. Rats were tested for 
copulatory behavior 1 week after surgery. Results 
demonstrated that bilateral lesions of the NAc had 
little effect on male rat copulatory behavior. There 
were no significant differences between groups in mount, 
intromission, or ejaculation latencies. These
preliminary results suggest that the NAc may not play an 
essential role in mediating the neural mechanisms that 
regulate sexual behavior in male rats.
Supported by NICHHD grant HD26903 to REL.
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243.1
NEUROANATOMICAL DIFFERENCES IN TYROSINE 
HYDROXYLASE- AND CHOLINE ACETYLTRANSFERASE- 
IMMNOREACTIVITY BETWEEN TWO COLOR MORPHS OF 
PEROM YSCUS M ANICULATUS G RACIU S  M.R. BENNETT*. D.H. 
GRUBIN, L.A. DeSANTL V. HAYSSEN. Smith College, 
Northampton, MA 01063.

Mutations of the agouti locus affect the levels or activity of 
tryrosinase resulting in various color morphs. Tyrosinase is part of two 
metabolic pathways: one producing melanin, the other the 
neurotransmitters dopamine and norepinephrine. We hypothesized that 
extreme non-agouti strains of deermice would have different numbers 
of neurons that produce tyrosine hydroxylase, but not choline 
acetyltransferase compared to wild-type deermice.

Males homozygous for either agouti- or black-coat color were 
sacrificed and perfused. Sections were processed with standard 
immunocytochemical procedures using antisera against tyrosine 
hydroxylase (TH, Chemicon) or choline acetyltransferase (Chat, 
Chemicon). Tyrosine-hydroxylase immunoreactive cells were counted 
in the hypothalamus, midbrain, and hindbrain areas. Choline acetyl
transferase immunoreactive cells were counted in the hindbrain.

In the ventral tegemental area and the parabrachialis 
pigmentosa, non-agouti animals had fewer TH-immunoreactive cells 
compared to wild-type deermice, while no differences were observed in 
the hypothalamic arcuate nucleus and the substantia nigra. Although 
highly variable, differences were observed in the numbers of Chat
positive cells. These differences in TH-immunoreactivity suggest a 
pleiotropic effect of the agouti coat-color locus on the brain and may 
explain observed differences in the behavior of these color-morphs.

243.3
INTR O G RESSIO N OF D O PA M IN E -S Y S T E M -R E LA TE D  G ENES 
INTO  AN  INBRED STR AIN . C. Vadasz*1. I. Sziraki1. P. Kabai1. M. 
Sasvari1. I. Laszlovszkv1. A. F le ischer1, and R. Zachorchak2. 
’ Labora tory o f N eurobehavioral G enetics, Nathan Kline Institute, 
O rangeburg, NY 10962 and New Y o rk  University M edica l Center, NY 
10016; USA; R e sea rch  & Developm ent, Research G enetics, 
Huntsville, AL 35801

To create C o ngen ic  Se lection Lines (CSL), a set o f genes 
responsib le fo r high and low  expression o f m urine m esencepha lic  
tyrosine hydroxylase activ ity (ΤΗ/M E S ) were in trogressed in to the 
C 57B L/6B yJ (B6) inbred m ouse strain by successive backcrosses 
w ith concom itan t se lection fo r the extrem e expressions o f TH /M E S . 
After five backcrosses, CSL were tested fo r (1) a lle lic varia tions at 
p o lym o rph ic  S im ple Sequence Repeat (SSR) m arker loci by 
po lym erase chain reaction (PCR) and (2) differences in the  T H /M E S  
by radioenzym e assay. In 97% o f 234 SSR m arker tests, the  alleles 
from  the B6 backg round  strain and those  from  four C S L were 
identical, whereas the T H /M E S  in the CSL was s ign ifican tly different 
from  that in the B6 backg round  strain. Lack o f s ign ifican t d ifference 
in m oto r activity in the CSL confirm s our previous find ings tha t 
T H /M E S  was not predictive fo r spon taneous m oto r activity.
C ongen ic  R ecom binan t An im al M odel lines be ing deve loped from  
CSL w ith h igh and low  T H /M E S  can be used to  identify individual 
genes tha t affect TH /M E S .

243.5
M O D U L A T IO N  O F  L E A R N E D  H E L P L E S S N E S S  B Y  A N T IS E N S E  
O L IG O D E O X Y N U C L E P T I D E S ,  D.F. Papolos. Y .Y u . E. R osenbaum . E.L. 
Gardner*. H.M. Lachm an. Departm ent of Psychiatry, Albert Einstein College 
of Medicine, Bronx, N Y.

Serotonergic system s ha ve been implicated in the pathogenesis of m ajor 
depression in hum ans as well as in learned helplessness (LH) - an animal 
m odel of depression. In order to understand the significance of 5 -H T  receptor 
m ediated neuronal responses in depression and LH, w e  h a ve  introduced an 
unique antisense oligonucleotide (A S O ) to the 5 H T 2 receptor and determ ined 
its effect on LH behavior in S p ra gue-D a w ley (SD) rats. A S O  are synthetic 
single-stranded nucleic acids that are com plem entary to a region of an 
m R N A  , allowing impairment of a selected gen e target. A  16-mer 
phosphorotioate A S O  com plem entary to the 5' region of the rat 5 Н Т£  receptor 
w a s introduced into the third ventricle. In separate control experim ents, a 
sense oligonucleotide (SO ) com plem entary to the non-coding strand w a s 
administered. 50 μ g  of either A S O  or S O  w a s injected into m ale S D  rats 
through a cannula implanted by stereotaxic surgery. Fo u r injections w e re 
m ade at 12 hour intervals. Rats w e re subjected to a training session 4 hours 
after the second d ose and tested in the escape avoidance paradigm  4 hours 
after the last injection. O f  the rats injected with the control S O  only 1/15 w a s 
LH  as determined by attaining 10 or m ore failures to terminate the shock 
during a 45 minute testing session. B y contrast, 5/16 rats treated with the 
A S O  w e re LH  (p = 0.047). In addition, When total num ber of failures w e re 
com pared across groups, there w a s a significant difference betw een groups 
with rats injected with A S O  exhibiting a considerably higher failure rate (p= 
0.0091).

243.2
A S Y M M E T R IC  C O L L IC U L  AR  C -F O S  E X P R E S S IO N  
FO LLO W ING  LE V O -D O PA  IN RA TS W ITH  UN ILATER AL  
DOPAMINE DEPLETIONS. A. Nikkei*1, K.E. Asiņl, L. Bednarz1 and D. 
Wirtshafter2 Neuroscience Res. D-47U, Pharmaceutical Products Division Abbott 
Laboratories, D-47U, Bldg APIO, Abbott Park, IL 60064, and 2Univ. Illinois at 
Chicago, Dept. Psychology, Chicago, IL 60680.

There have been several reports that dopaminergic agonists promote the expression 
of striatal Fos-like immunoreactivity (FLI) in rats bearing unilateral lesions of the 
nigrostriatal bundle (NSB). Additionally, it has been demonstrated 
electrophysiologically that the activation of striatal cells leads to inhibition of 
ipsilateral nigral reticulata neurons, resulting in disinhibition of collicular cells. It 
has been suggested that asymmetrical activation of the superior colliculus (SC) may 
be involved in the rotation induced by dopamine agonists in rats with unilateral 
NSB lesions. In the current studies, we examined rotation and FLI in the superior 
colliculus of lesioned rats 2Һ following an injection of levo-dopa (300 umole/kg, 
po) + carbidopa (75umole/kg, po) (LC-D).

Male, Sprague-Dawley rats were given unilateral 6-hydroxydopamine lesions of 
the NSB. On the test day, animals were intubated with drug and placed in 
automated rotometers for 2Һ. Rats were then removed from the apparatus, 
anesthetized and perfused. Brains were processed for FLI using a sheep polyclonal 
antibody to Fos oncoproteins (Cambridge Research Biochemicals).

All rats demonstrated contralateral rotation in response to LC-D; ipsilateral 
striatal FLI was also induced. A marked asymmetry was present in the pattern of 
FLI within the SC. At anterior levels, numerous Fos-immunoreactive cells were 
scattered within the intermediate and deep layers of the SC on the side ipsilateral to 
the NSB lesion. On the contralateral side, however, labeled cells were not as diffuse 
and, within the intermediate layers, a striking band of intensely labeled cells was 
present, extending to the lateral portions of the SC. The band diminished in size 
more posteriorly. Further studies will examine whether this discrete band of cells 
demonstrating FLI within the colliculus represents neuronal activation by cells 
originating within the damaged or intact substantia nigra.

243.4
RO TATIO N AND STRIATAL C-FOS EXPRESSIO N FOLLOWING  
R E PE A T E D  T R E A T M E N T  W IT H  S E L E C T IV E  D O PA M IN E  
RECEPTOR AGONISTS AND L-DOPA. K R. Asin*. L. Bednarz. A 
Nikkei and R. Pemer. Neuroscience Res. D-47U, Pharmaceutical Products Division, 
Abbott Laboratories, Bldg APIO, Abbott Parie, IL 60064

The current studies investigated the effects o f repeated treatment with selective 
dopamine (DA) receptor agonists on rotation and striatal c-fos gene expression in rats 
with unilateral 6-OHDA lesions of the NSB. Lesioned male, Sprague-Dawley rats 
were given daily injections o f either Vehicle (V), the D1 agonist, A-85653 
(0.2umol/kg), the D2 agonist, quinpirole (0.2 umol/kg), от both, for 14 days, 
during which time rotation was measured periodically. On the 15th day, all rats were 
treated with the agonist(s), placed in rotometers for 2Һ and then sacrificed, perfused, 
and their brains processed for Fos-like immunoreactivity (FLI). Repeated A-85653 
treatment produced considerable response variability across days, both within and 
between animals. Overall, rats in this group demonstrated sharply reduced levels of 
rotation and ipsilateral striatal FLI compared to rats treated repeatedly with V. Rats 
treated chronically with А-85653+quinpirole tended to show enhanced levels of 
rotation, although striatal FLI tended to be reduced compared to controls. Chronic 
quinpirole agonist treatment failed to induce striatal FLI, and the rotation response 
was enhanced compared to chronic V treatment. Thus, repeated D1 receptor 
stimulation produces behavioral tolerance and reduced striatal FLI following acute D1 
agonist treatment. In a separate study, lesioned rats were treated for 14 days with 
either V or 1-dopa/carbidopa (LC-D) (300/75 umol/kg, po). On Day 15, all animals 
were given LC-D, tested for rotation, sacrificed and their brains processed for FLI. 
In response to the acute LC-D challenge, rats given prior chronic drug treatment 
demonstrated enhanced rotation but decreased striatal FLI compared to rats given 
chronic V. Subsequent studies indicated reduced rotation in response to A-85653 in 
rats repeatedly treated with LC-D compared to V. Thus, rats treated repeatedly with 
LC-D demonstrate both reduced rotation and striatal FLI following a D1 agonist 
challenge compared to rats treated repeatedly with V. The response sensitization to 
repeated LC-D treatment, therefore, is unlikely to be D1 receptor mediated.

243.6
ANTISENSE OLIGONUCLEOTIDE-DIRECTED INHIBITION OF 
c - f o s  PROTEIN IN THE NEOSTRIATUM INFLUENCE 
ROTATIONAL BEHAVIOUR. W. Sommer. В. B. Bielke. D. Ganten* 
and K. Fuxe Institute of Histology and Neurobiology, The Karolinska 
Institute, Stockholm, Sweden and *Max-Delbriick-Centrum for 
molecular Medicine, Berlin-Buch, Germany.

Stereotaxical injection of antisense oligonucleotides directed against 
the expression of distinct gene products could be an useful tool to 
analyse functional aspects of gene regulation in the brain. There is 
much evidence to support a role for immediate early gene expression in 
the modulation of behavioural patterns. Here we present data that the 
intrastriatal injection of oligonucleotides directed against c-fos mRNA 
reduce not only the appearance of c-fos IR after stimulation with D- 
amphetamine but also cause ipsilateral rotational behaviour. We have 
confirmed these findings with different control experiments including 
oligonucleotides containing c -fos sense and scrambled sequences as 
well as sequences from the angiotensinogen gene, digested 
oligonucleotide preparations. Also Dļ- and D2- dopamine receptor 
agonists have been analysed with regard to induction of rotational 
behaviour. Double and triple immunolabelling techniques were used to 
define the distribution of injected fluorescence labelled 
oligonucleotides in neuronal cells and astroglia and compare it with the 
development of blockade of c-fos IR. Our results not only open up a 
way to study the role of c-fos in the brain but also provide anew model 
to test different oligonucleotide modifications and application routes.
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243.7

ALTERED ENKEPHALIN AND SUBSTANCE P GENE EXPRESSION IN 
THE CAUDATE-PUTAMEN OF MPTP-TREATED MARMOSETS. L  
Jolkkonen. P. Jenner. A. Pitkänen* and C.D. Marsden. Pharmacology Group, 
King’s College, London, U.K. and Department of Neurology, University of 
Kuopio, Kuopio, Finland.

Dopamine deafferentation is accompanied by opposite changes in enkephalin 
and substance P gene expression in the rat striatum. In primates degeneration of 
the nigrostriatal dopamine neurons and related motor deficit can be induced by 
MPTP. In the present study, the effect of MPTP on peptide expression was 
studied in common marmosets 7 days following the start of MPTP treatment and 
18-50 months following the initial exposure to the toxin. To induce motor 
impairment, marmosets of both sexes, weighing 307-427 g were treated with 
MPTP (2 mg/kg, s.c.) for 5 days. Enkephalin and substance P gene expression 
were measured by using in situ hybridization histochemistry according to Young 
et al. (1986). Coronal brain sections (12 цт) cut at the level of the nucleus 
accumtens were incubated with 35S-labelled oligonucleotide probes, apposed to a 
X-ray film and average optical densities of the nucleus accumbens (NAc), caudate 
nucleus (CN) and putamen (Put) were analyzed by computerized densitometry. 
The abundance of enkephalin mRNA was increased in the CN (67%) and Put 
(69%) 7 days following MPTP treatment whereas the hybridization signal for 
more patch distributed substance P mRNA showed a parallel decrease (29-33%). 
In the NAc no significant changes were observed in peptide expression. In 
marmoset exposed to MPTP 18-50 months before death, peptide mRNA levels 
were not different from those at acute phase. Dopamine exerts a prominent effect 
on striatal peptide expression in marmosets consistent with that found in rats. In 
addition, the data confirm that mesolimbic dopamine neurons may be insensitive 
to action of MPTP and that dopamine loss induced by MPTP is persistent in the 
caudate-putamen of marmosets.

2 4 3 .9

IDENTIFICATION OF FOS-POSITTVE NUCLEI IN THE 
PARKINSONIAN STRIATUM USING TRACING AND 
I M M U N O H I S T O C H E M I C A L  T E C H N I Q U E S
A.J.Cooper, C.B.Carroll, B. Moser, J.M.Brotchie, I. J. Mitchell,  A.R. 
Crossman*. Dept. Cell and Structural Biology, University of 
Manchester, U.K. M13 9PT

We have previous established that the levels of the protein product 
of the immediate early gene Fos are elevated in the striatum 
following administration of the monoamine-depleting agent reserpine. 
The induction was not uniform, but was at its greatest in the medial- 
dorsal rim of the structure. We have characterised the fos positive 
cells in terms of their outputs. This was achieved by injecting the 
three output nuclei of the striatum with a colloidal gold retrograde 
tract-tracer. Following a period of recovery, animals were 
administered with reserpine (5mg/kg). 18 hours later, when Fos 
expression was maximal, animals were perfusion fixed. Dual 
visualisation of the gold and Fos signals was achieved by inter
leaving a modified Danscher silver intensification method with 
standard immunohistochemistry. The portion of double-labelled cells 
varied considerably according to which structure had been injected. 
Injection of the globus pallidus gave the highest proportion of double- 
labelled striatal cells. These results suggest that the striato-pallidal 
cells are more likely to express Fos upon dopamine depletion than 
striato-entopeduncular or striato-nigral cells.

243.8
E F F E C T S  O F  S T R I A T A L  D O P A M IN E  D E P L E T I O N  O N  M IT O C H O N D R IA L  
S P E C IF IC  m R N A s . M. D. Sw ope*. A. C. G ro b in . P. Z. G a llipo li, a n d  A. Y. 
D e u tc h . D e p a r tm e n ts  o f  P h a rm a c o lo g y  a n d  P sy c h ia try , Y ale M ed ica l S choo l, 
N ew  H a v e n , CT 0 6 5 1 0 .

A c o n s id e ra b le  b o d y  o f  e v id e n c e  su g g e sts  th a t  m ito c h o n d ria l  (M t) fu n c tio n  
is  d is ru p te d  in  P a rk in so n ’s d ise a se  (P D ). C o m p lex  I a c tiv ity  is d e c re a se d  in  
t is su e  f ro m  PD p a tie n ts ;  c o rre s p o n d in g  c h a n g e s  in  lev e ls  o f  co m p le x  I p ro te in s  
h a v e  b e e n  r e p o r te d .  H o w e v e r, th e r e  a re  n o  re p o r ts  e x a m in in g  M t specific  
m RN A s in  PD. O u r  p re v io u s  d a ta  in d ic a te s  t h a t  p a r t ia l  le s io n s  o f  th e  s tr ia ta l  
d o p a m in e  (DA) in n e rv a tio n  ( in d u c e d  b y  a d m in is t r a t io n  o f  M PTP to  m ice  o r  3- 
AP to  ra ts )  in c re a se s  c y to c h ro m e  o x id ase  I (C O I) m RN A  in  th e  s tr ia tu m . W e 
n o w  r e p o r t  th e  e ffe c ts  o f  c o m p le te  d is ru p t io n  o f  th e  s tr ia ta l  DA in n e rv a tio n  o n  
COI (w h ic h  e n c o d e s  a  p o ly p e p tid e  c o n s ti tu e n t  o f  c o m p le x  IV) a n d  NADH 
d e h y d ro g e n a s e  m RN A  (fro m  c o m p le x  I).

A d u lt m a le  r a ts  w ith  u n i la te ra l  6 -h y d ro x y d o p a m in e  le s io n s  o f  th e  s u b s ta n tia  
n ig ra  (SN ) w e re  sa c rific ed  th re e  w e e k s  p o s t-o p e ra tiv e ly , a n d  th e  s tr ia tu m , SN, 
a n d  p a r ie ta l  c o rte x  re m o v e d . S tria ta l  DA d e p le tio n s  a v e ra g e d  g r e a te r  th a n  99%  
re la tiv e  to  th e  ip s ila te ra l  s id e . H o w e v e r, s tr ia ta l  COI m RN A  lev e ls  o n  th e  
le s io n e d  s id e  w e re  u n c h a n g e d . S im ila rly , n o  c h a n g e s  w e re  s e e n  in  th e  SN o r  
co rte x . A cDNA p ro b e  to  NADH d e h y d ro g e n a s e  m R N A  w a s  g e n e ra te d  by  PCR. 
S tria ta l DA d e p le t io n  d id  n o t  a l te r  th is  c o m p le x  I s u b u n it  in  a n y  o f  th e  s ite s  
e x a m in e d . T h u s , to ta l  DA d e p le t io n  d o e s  n o t  a l te r  M t sp ecific  m RN A s, b u t  
p a rt ia l  DA d e p le tio n  in c re a se s  th e s e  m RN A s. T h e se  d a ta  s u g g e s t  t h a t  p a rt ia l  
le s io n s , b y  v ir tu e  o f  m a rk e d ly  in c re a s in g  th e  a c tiv ity  o f  su rv iv in g  DA a ffe re n ts  
to  th e  s tr ia tu m , in c re a se  M t m RN A s in  th e  "u p -re g u la te d "  te rm in a ls . In  
c o n tra s t,  th e  to ta l  d e s tru c tio n  o f  DA a ffe re n ts  d e c re a s e s  M t m RN A s, b u t  th is  
c h a n g e  m a y  b e  c o u n te re d  b y  th e  d e n e rv a t io n - in d u c e d  in c re a se  in  th e  a c tiv ity  
o f  th e  p o s t-sy n a p tic  ta rg e ts  o f  DA ax o n s , th e  s tr ia ta l  m e d iu m  sp in y  n e u ro n s .

M O N O A M IN E S  A N D  B E H A V IO R : S E R O T O N IN

244.1
SOCIAL BEHAVIOR, OVARIAN FUNCTION, AND CENTRAL 
SEROTONERGIC RESPONSIVITY IN ADULT FEMALE 
MACAQUES. M. B. Botchin*. C.A. Shively and J.R. Kaplan. 
Department of Comparative Medicine, Bowman Gray School of 
Medicine, Winston-Salem, N.C. 27157.

We investigated the relationship between dominance status, social 
behavioral characteristics and neuroendocrine responses to acute 
administration of fenfluramine in female Macaca fascicularis. There 
were 8 socially housed monkeys in the six month study. Fifteen 
minute focal behavioral samples were done three times a week on 
each animal. Menstrual cycles were monitored via vaginal swabs and 
blood progesterone concentrations. The fenfluramine challenge test 
was done in the last month of the study during the early follicular 
phase of the menstrual cycle. It was found that dominant females 
had significantly lower prolactin responses to fenfluramine, 
indicating lower central serotonergic responsivity, compared to 
subordinates (p < 0.05). Prolactin responses to fenfluramine were 
correlated negatively with the rates of contact aggression (p < 0.01) 
and initiation of agonist encounters (p < 0.05). Analysis of 
progesterone concentration at the time of challenge indicated a 
trend toward positive correlation with prolactin response (p < 0.06). 
Luteal phase progesterone concentration displayed a trend toward 
positive correlation with baseline prolactin levels (p = 0.10). These 
data suggest that, in female macaques, low central serotonergic 
responsivity is associated with dominant social status, contact 
aggression, and ovarian function.

244.2
EFFECTS OF TRYPTOPHAN DEPLETION ON PANIC ANXIETY. 
A.W.Goddard*. W.K.Goodman. S.W.Woods. D.S.Charney. G.R. Heninoer.
L.H.Price. Dept. of Psychiatry, Yale U. Sch. of Med., New Haven, CT 06519.

There is considerable evidence that the serotonergic system is involved in 
the regulation of anxiety. The present study evaluated the influence of a 
transient reduction in central serotonin levels on anxiety symptoms in 
unmedicated panic disorder (PD) patients. METHODS: Six PD patients (2 
males, 4 females; mean age±SD=40±8 years) participated in 2 study days 
separated by one week, in a balanced, double-blind fashion. On one day 
patients received a tryptophan (TRP)-depleting amino acid drink. On the 
other day they received a control TRP-containing drink. Within challenge 
measurements included visual analog scale (VAS) anxiety, DSM lll-R somatic 
panic symptoms, blood pressure and heart rate, plasma 3-methoxy-4- 
hydroxy-phenethyleneglycol (MHμg) and free and total TRP. RESULTS: 
One of the 6 patients experienced a panic attack during the control study 
day, about 7 hours post drink administration, while no patients had panic 
during the TRP depletion study. Inspection of mean VAS anxiety scores 
revealed that there was no increase in VAS anxiety above baseline at any 
time during the study, on either study day. The mean peak reduction±SD 
from baseline levels of anxiety on the TRP depletion study day was observed 
7 hours post drink and was = -30±24 mm, compared to a level = -26±25 mm 
on the control day. Paired t-test analysis of these peak change score was 
not significant. MHμg, TRP and vital sign data will be presented. 
DISCUSSION: These data suggest that impaired presynaptic serotonergic 
function due to TRP depletion is not sufficient to precipitate anxiety in PD 
patients.
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244.3
ROLE O F SEROTONIN IN PONTINE CO NTR OL O F RAPID E YE  MOVEMENT SLEEP 
(REM): LACK O F EVIDENCE FOR 5HT2 REC EP TO R  MECHANISM. R J .  Ross.* L.D. 
Sanford. G l .  Mann. D J.  Brandom and A R . Morrison. Depts. Anim. Biol, and Psychiatry, 
Univ. Penna., Phila., P A  19104

The pedunculopontine tegmental nucleus (PPT) of the pons appears to have a role in the 
generation of REM. Serotonin (5HT) likely is involved in the inhibitory modulation of REM. 
Previously, we found that the 5HT1A agonist, 8-OH-DPAT (8-hydroxy-di-N-propylamino 
tetraiin), but not the less specific 5HT1 agonist, mCPP (43-chlorophenyl]piperazine), infused 
into PP T interfered with REM initiation. With systemic administration of other serotonergic 
drugs, we found evidence for a 5HT2 mechanism of REM suppression, but suggested an 
anatomical substrate rostral to PPT, perhaps in cortex. To  further examine the role of 5HT 
receptor mechanisms in the control of REM, we infused the 5HT2 agonist, DOI (9-Į2.5- 
dimethoxy-4-todophenyl]-2-aminopropane),and the 5HT2 antagonist, ketanserin, locally into 
PP T and observed the effects on sleep in 5 cats. DOI (0.001, 0.01, 0.1 μg/0.5pl) and 
ketanserin (0.001,0.01,0.1 μg/0.5pl) were microinjected into PPT. Experiments with each 
drug were preceded and followed by a saline control. DOI (N=5) had no significant effect 
on total sleep time (TST), sleep efficiency, REM percentage, or the number and duration 
of REM episodes. Ketanserin (N=4) had no effect on the number or duration of REM 
episodes, or on REM percentage, but at 0.001 and 0.01 цд/μΙ dosages, significantly 
increased T S T  and sleep efficiency (p < .008). These results, in conjunction with previous 
work, point out the specificity of 5HT1A receptor mechanisms in PP T in regulating REM and 
support the speculation that REM suppression by 5HT2 mechanisms occurs at a site other 
than PPT. Supported by MH42903 and D . V A  Med. Res. Serv.

244.5
5-HTi a  RECEPTOR INVOLVEMENT IN PREPULSE INHIBITION OF 
ACOUSTIC STARTLE IN WISTAR RATS. S.M. Grauer. R.F. Kucharilc.
A.T. Shropshire* and K.L. Marquis. Wyeth-Ayerst Research, CN 8000, Princeton, 
NJ 08543.

Prepulse inhibition (PPI) of acoustic startle is a phenomenon in which startle 
response amplitude is decreased by the presentation of a weaker stimulus prior to the 
startle stimulus. Schizophrenic patients exhibit deficits in PPI which can be 
pharmacologically mimicked in rats. Understanding the neural substrates of the 
experimental disruption could provide insights into the disease state. The current 
study focused on the serotonergic contributions. It has been previously reported that 
the 5-HTļ a  agonist 8-OH-DPAT (0.3 mg/kg s.c.), administered 30 min prior to 
testing, disrupted PPI in male Wistar rats, and this disruption was attenuated by the 
5-HTi a  antagonist WAY-100135 at 10 mg/kg s.c. (Kucharik et al., 1991). In 
similar experiments, we replicated these findings by demonstrating that WAY- 
100135, while having no effect on PPI by itself, attenuates DPAT induced disruption 
over a dose range from 1 to 10 mg/kg. Since WAY-100135 is a racemic compound, 
we tested each enantiomer and found the activity resides in the (+) enantiomer 
(W AY-100478), as the DPAT-induced disruption o f PPI was attenuated by WAY- 
100478 over a similar dose range. Like DPAT, the 5-HTi a  agonists WY-48723 and 
flesinoxan disrupted PPI in a dose range consistent with their 5-HTļ a  agonism. 
These data offer support for the involvement of the 5-HTļ a  receptor in this 
phenomenon. Yet the question remains as to whether the disruption in PPI is 
mediated through pre and/or postsynaptic 5-HTļ a  receptors. Preliminarily, we have 
addressed this question by determining that doses as low as 0.03 mg/kg s.c. of DPAT 
will disrupt PPI when given 10 min prior to a test suggesting a presynaptic site of 
action. However, the serotonergic uptake blocker fluoxetine (1 to 10 mg/kg s.c.) did 
not block the effect of DPAT (0.3 mg/kg s.c. given 30 min prior to the test). While 
we have not yet tested the ability of fluoxetine to block the low dose of DPAT, the 
results from the high dose study suggest that a presynaptic mechanism alone cannot 
account for the ability of DPAT to disrupt PPI.

244.7
INDIVIDUAL DIFFERENCES IN SEROTONIN-2 RECEPTORS AND 
SOCIAL BEHAVIOR IN MONKEYS. M.J. Raleigh.* and G.L 
Brammer Dept. of Psychiatry, UCLA School of Medicine, Los 
Angeles, CA 90024.

Pharmacological studies suggest that enhancing serotonergic 
function promotes affiliative behavior and reduces impulsive, 
injurious aggression in primates. The present investigation 
examined the relationship between spontaneously occurring 
differences in affiliative behavior (grooming and proximity to others), 
aggression (rate and likelihood of escalating to a more severe form) 
and serotonin-2 (S2) receptors in 16 adult male vervet monkeys 
(Cercopithecus aethiops sabaeus). The number (Bmax) and affinity 
(Kd) of S2 receptors were determined in 13 cortical and subcortical 
areas. The number of S2 receptors in the posterior orbitofrontal 
cortex, medial frontal, and amygdala, was inversely related to 
aggressive behavior (r=-.74,.-.63, and -.61 respectively). S2 
receptor number in the posterior orbitofrontal, hippocampus, 
amygdala, and temporal pole correlated with the likelihood of being 
in proximity to and being groomed by others (r> .63 for each 
comparison). Multiple regression indicated that the number of S2 
receptor sites in the posterior orbitofrontal cortex and amygdala 
explained intersubject variation in affiliative and aggressive 
behavior. In combination with lesion studies, these observations 
suggest that there are regional differences in the contributions of 
serotonergic systems to the inhibition of aggression and expression 
of prosocial behavior and implicate the posterior orbitofrontal cortex 
and amygdala as regions particularly involved in the expression of 
social behavior.

244.4
AN ETHOPHARMACOLOGICAL ANALYSIS OF THE 8-OH-DPAT SYNDROME. 
R.J. Blanchard*. J.K. Shepherd, and D.C. Blanchard. Bekesy 
Laboratory of Neurobiology University of Hawaii, Honolulu, HI 96822.

Several behaviors associated with the serotonin 
syndrome have been reported in rats following 
administration of the 5-HT,A receptor agonist 8-OH-DPAT. 
The present study, using an ethopharmacological 
perspective, and provides a detailed temporal analysis of 
the behavioral effects of 8-OH-DPAT over a 2 h period, for 
both male and female rats in the home cage and in a large 
oval runway. Data indicated a distinct chronological 
sequence of effects of 8-OH-DPAT treatment. For example, 
"flat back" locomotor activity and lower lip retraction 
were apparent within a few minutes post-injection, the 
former dissipating after about 30 min and being replaced 
by a more general (curved back) locomotor enhancement, 
while the latter effect remained throughout the 2 h test 
period. There were reliable gender differences in the 
onset and disappearance of several behavioral components, 
with females generally being more rapidly affected, but 
recovering earlier than males. Detailed analyses of 
locomotor activity and forepaw treading suggest that the 
locomotor syndrome primarily involves forward movement, 
heavily guided by the physical environment. Forepaw- 
treading seems to occur only when an animal reaches a 
barrier and forward movement is briefly interrupted. No 
reliable incidence of this behavior was observed during tests in an open area. Together, these findings indicate 
the importance of time post-administration, gender of the 
subject, and the physical characteristics of the test 
environment, when considering stereotypical drug effects. 
Supported by NIH Grant MH42803 and RCMI Grant RR03061.

244.6
DEXTROFENFLURAMINE DRUG DISCRIMINATION.
R. Oberlender* and D.E. Nichols. Dept. of Medicinal Chemistry and 
Pharmacognosy, Purdue University, West Lafayette, IN 47907.

The objective of this study was to characterize the discriminative 
stimulus (DS) properties of the optically pure dextro or S-(+)-isomer of 
fenfluramine (S-FEN), an indirect serotonin agonist and anorectic agent. 
In particular, stimulus generalization (substitution) tests with a series of 
compounds also tested in MDMA- and 5'-(+)-MBDB-trained rats were 
performed. We originally reported the symmetrical generalization of 
MDMA, S-MBDB and S-FEN, indicating that a common neurochemical 
mediation (e.g., increased serotonin release) of the behavioral effects of 
these drugs in rats may exist. We now report the results of tests with an 
expanded series of standard and recently synthesized compounds.

Fifteen male Sprague-Dawley rats were housed individually, given a 
rationed amount of food, and trained to discriminate ip injections of 
saline from S-FEN-HC1 (1.5 mg/kg, 5.6 μ π ιο ΐεβ^) in a two-lever 
paradigm with an FR-50 schedule of food reinforcement. Both saline 
and 5,-(+)-AMP failed to substitute for S-FEN while LSD partially 
substituted. Complete substitution (ED50 values in ц т о іе в ^  are given 
in parentheses) was observed for the HC1 salts of З-МеО-4-Ме-АМР 
(0.94), S-Nor FEN (1.78), 4-iodo-AMP (1.80), 6-chloro-2-aminotetralin 
(1.88), 5,6-methylenedioxy-2-aminoindan (2.87), R-NorFEN (3.90), R- 
FEN (5.35) and 6-iodo-2-aminoindan (5.74). These results may be 
compared with those of previous studies in an effort to elucidate the role 
of serotonin release in the behavioral properties of MDMA-like drugs 
(entactogens) and S-FEN in rats. The significance of this similar activity 
in rats and its behavioral correlates in humans requires in-depth analysis. 
(Supported in part by DA 04578; RO now at the Univ. o f  the Pacific, Stockton, CA)

244.8
ENHANCED IMPULSIVITY AND DISTRACTIBILITY IN TESTS OF VISUAL 
ATTENTION IN RATS WITH FOREBRAIN SEROTONIN DEPLETION.
AA. Harrison.J.L Muir. T.W Robbins. B.J Everitt* and L.S 
Wilkinson. Departments of Experimental Psychology and Anatomy+, 
University of Cambridge, Cambridge, CB2 3EB, U.K. 
(SPON:European Neuroscience Association).

The effects of forebrain serotonin (5-HT) on visual attentional 
performance in the rat were studied using a 5-choice serial 
reaction procedure in which the effects of central noradrenergic, 
dopaminergic and cholinergic loss have previously been assessed. 
Rats were trained to detect brief flashes of light presented variably 
in a spatial array of 5 apertures with food reinforcement. When 
performance stabilised (>80% correct, <20% omissions) animals 
received either an intracerebroventricular infusion of 5,7- 
dihydroxytryptamine sufficient to produce a profound (>80%) 
depletion of 5-HT from cerebral cortex, hippocampus and striatum, 
or vehicle control.

Over a post-operative period of 10 daily sessions, the 5-HT 
depleted rats were as accurate as controls, but exhibited 
significantly higher levels of premature or impulsive responding 
which were relatively permanent. The 5-HT depleted rats also 
showed enhanced distractibility to bursts of white noise presented 
just prior to the visual targets, but were unimpaired following 
manipulations of stimulus duration, brightness or predictability. 
Evidence suggesting the independence of the enhanced impulsivity 
and distractibility in 5-HT depleted rats will be presented.
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244.9

GLOBAL FOREBRAIN 5HT DEPLETION ENHANCES CS CONDITIONING 
BUT ATTENUATES CONDITIONING TO CONTEXT IN AN AVERSIVE 
PARADIGM. T. Humbv, L.S. Wilkinson. T.W. Robbins and
B.J. Everitt*. SPONi EBBS. Depts. Experimental Psychology 
and +Anatomy, University of Cambridge, U.K.
The effects of ICV 5,7-DHT lesions were investigated in a 
CS/Context conditioning paradigm. Following the lesion, 
which produced >85% depletions of forebrain 5HT, subjects 
received 5 CS-shock pairings in the black chamber of a 
place-preference apparatus. Subjects had either short 
(5sec) or long (30sec) trace intervals. Rescorla-Wagner 
theory predicts that animals trained with short trace 
intervals would condition stronger to the CS, whereas 
conditioning to the context should predominate with the 
long trace. Post-conditioning, subjects were tested 
separately for CS and context conditioning using lick- 
suppression and place-preference, respectively. As 
expected, the sham group long-trace animals avoided the 
black chamber more than the short-trace subjects, whereas 
the short-trace subjects showed a greater lick 
suppression than the long trace subjects. In contrast, 
5HT-depleted animals did not show the trace interval 
dissociation but exhibited a general impairment of 
contextual conditioning and enhanced conditioning to the 
CS. These data are consistent with an inability of the 
5HT lesioned animals to form associations between context 
and aversive stimuli. They contrast with the effects of 
forebrain noradrenaline depletion in the same paradigm 
(Seiden et al, J.Neuroscience, 1990, 10, 531).

244.10
THE 5-HTlA ANTAGONISTS (±)-WAY-100135 AND (+)-WAY-100135 
BLOCK BOTH THE DISCRIMINATIVE STIMULUS PROPERTIES AND 
RESPONSE RATE EFFECTS OF 8-OH-DPAT IN RATS. M.J. Piešia and K.L. 
Marquis*. Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543.

Some putative 5-HTі д  antagonists (e.g. BMY-7378 (BMY), NAN-190 (NAN)) 
have been shown to have agonist activity at presynaptic 5-HTi д  receptors (Jones 
and Haskins, 1991). In contrast, WAY-100135 and its active enantiomer have 
been shown to be silent 5-HT \ a  antagonists (Fletcher et al., 1993 in press). In 
the current study, several compounds were examined for antagonism in male, 
Sprague-Dawley rats trained to discriminate the 5-HTi a  agonist 8-OH-DPAT at 
0.4 mg/kg i.p. (DPAT) in a two lever food-reinforced operant procedure. The 
compounds examined were: WAY-100135 with its enantiomers, the putative 
antagonists BMY and NAN, as well as a weak partial agonist, zalospirone (ZAL). 
At the training dose, DPAT produced full generalization and a decrease in response 
rate compared to saline. BMY antagonized the stimulus effects of DPAT, ED50 =
1.2 (0.6 - 2.4) mg/kg i.p. However, at 10 mg/kg, BMY plus DPAT produced 
lower response rates than that produced by DPAT alone. Similarly, NAN 
antagonized the stimulus effects of DPAT, ED50 = 0.4 (0.2 - 1.0) mg/kg i.p., and 
further reduced responding at 3 mg/kg. ZAL (WY-47846) only partially 
antagonized the DPAT cue. In contrast, (±)-WAY-100135 antagonized the training 
dose of DPAT in a dose dependent manner, ED50 = 4.0 (2.4 - 6.7) mg/kg i.p.
This compound also reversed the response suppressing effects of DPAT. This 
activity resides in the (+) enantiomer which antagonized both the stimulus effects 
and the response suppressive effects of DPAT (ED50 = 2.0 (0.9 - 4.2) mg/kg i.p.). 
In summary, most of the compounds tested were able to antagonize the DPAT cue 
in animals trained to discriminate 0.4 mg/kg i.p. DPAT vs. saline. However, only 
(±)-WAY-100135 and (+)-WAY-100135 were shown to reverse the reduction in 
operant responding produced by DPAT. The inability of BMY and NAN to have 
this effect may be a result of activity at receptors other than 5-HT ід .

2 44 .11 244.12
8-OH-DPAT DISRUPTION O F  PREPULSE IN H IBITIO N  (PPI) IN  TH E 
RAT: REVERSAL W ITH  (+) WAY 100,135 AND LO CA LIZA TIO N  OF 
SITE OF ACTION

Т А  Sipes* and  M . A  G eyer. D e p t  o f  Psychiatry , U n iversity  o f  C aliforn ia  San 
Diego, L a Jolla , C A  92093

M ultiple, independent neural system s, including  dopam ine in the nucleus 
acccumbens a n d  g lu tam ate  in  th e  hippocam pus, p a rticipa te  in  the  m odulation  o f  
sensorimotor gating , a s  opera tionalized  by  prep tdse  inh ib ition  (№ 1) o f  d ie  star
tle response. T he  e lucidation  o f  d ie neura l com ponents o f  P P I m ay a id  in  
understanding die neurobio logical bases  o f  psychia tric  d isorders characterized  
by abnorm al P P I, such  as sch izophrenia, O bsessive C om pulsive  D isorder, and  
Huntington’s. O thers h ave  reported  that the  sero tonerg ic 5H T 1A  agon is t 8- 
OH-DPAT disrupts P PI, thereby  im plicating  sero tonin  (5H T ) system s in  die PPI 
phenomenon. U sing  the  selective 5H T 1A  antagonist, (+ )W A Y  100,135, (20 
mg/kg) w e have N o cked  the d isrup tive  effec ts o f  8-O H -D PA T  (0.3 m g/kg) on 
PPI in adult m ale Sprague-D aw ley  rats  (225-250g; H arlan). E ach  test session 
assessed P PI w ith  prepulses 5 an d  15 dB  above a  70  dB  background follow ed 
by 105 o r  120 dB  no ise  bursts. F urtherm ore, w e  have  identified th e  site  o f  
action o f  8-O H -D PA T  w ith  centra l in jec tions in to  the  M edian  and  D orsal 
Raphe (M R /D R) nuclei, sources o f  the ascending  p ro jections o f  5 H T  to the co r
tex, hippocam pus, and  striatum . M icro in jections o f  5 .0  μ g  8-O H -D PA T  into 
either nucleus d isrupt P P I w ithout a ltering  baseline startle. P resum ably , the 
decrease in  forebrain  5H T  activ ity  d ue  to  8-O H -D PA T  activa tion  o f  inhibitory 
autoreceptors in the  M R /D R  is  responsib le fo r these  d isrup tive  effects.

COMPARISON OF EFFECTS OF DORSAL RAPHE NUCLEUS 
AND MEDIAN RAPHE NUCLEUS LESIONS ON MALE SEXUAL 
BEHAVIOR IN RATS. L.Y. YANG AND L.G. CLEMENS*. Rm 
31 Glltner Hall, Neuroscience Program ana Department 
of Zoology, Michigan State University, East Lansing, Ml

Serotonin has been reported to play an inhibitory 
role in spinal sexual reflexes in male rats. Lesions of the 
median raphe nucleus significantly potentiated ex 
copula expression of penile responses in male rats (E.P. 
Monaghan, J. Arjomand and S. M. Breedlove, Hormone 
and Behavior, 1993). In the present study, we compared 
the effects of lesions of dorsal raphe nucleus and 
median raphe nucleus on in copula sexual behavior of 
male rats. Serotonin immunoreactivities in both the 
preoptic area and lumbar spinal cord were examined 
after dorsal and median raphe lesions. Our results 
confirmed that lesions of dorsal raphe nucleus 
produced a significant shortening in ejaculatory latency 
and post ejaculatory Interval in male rats. (Supported 
by NSF BNS-9109292;

2 4 4 .1 3
EFFECTS OF AMANTADINE ON PHARMACOLOGICALLY
in d u ced  Su p p r e s s io n  o f  m ale  r a t  c o pu l a t o r y
BEHAVIOR. D. Yells. S. Hendricks*. M. Miller. M. Prendergast. D. 
Jacques. M. Nakamura, and E. Rosa-Molinar. Department of 
Psychiatry, Univ. Nebr. Medical Center and Department of 
Psychology, Univ. Nebr. at Omaha, Omaha, NE 68198.

We evaluated the effects of the mixed DA/NE releaser 
amantadine (AMA) on male rat copulatory behavior supressed by 
treatment w ith haloperidol (HAL) or fluoxetine (FLX). AMA alone 
reduced intromission frequency and ejaculation latency and 
increased the number of ejaculations during the 30 min test 
period. HAL alone completely abolished copulatory behavior. FLX 
alone also inhibited male copulatory behavior. Treatment with 
AMA ameliorated the inhibitory effects of HAL and FLX. We are 
presently evaluating the effects on male rat sexual behavior of 
AMA in combination with the NA antagonist bretylium tosylate. 
Additionally, we will present the results of assays of forebrain loci 
for monamines and monoamine metabolites after injection of HAL 
or FLX. In these assays brains from rats which copulated just prior 
to sacrifice are compared to brains from rats w ithout recent 
copulatory experience.

244.14
EFFECTS OF THE SEROTONIN 1A AGONIST, 8-OH-DPAT, ON MASCULINE 
AND FEMININE SEXUAL BEHAVIOR OF THE FERRET. R.G. Paredes*. E. Kica 
and M.J. Baum. Dept. o f Biology, Boston University, Boston, MA 02215.

The administration of the serotonin (5-HT) 1A receptor agonist 8-hydroxy-2-(di-n- 
propylamino)tetralin (8-OH-DPAT) facilitates the expression of masculine sexual 
behavior in male and female rats as well as in male rhesus monkeys and inhibits 
lordosis behavior in female rats. In the present study the effects of 8-OH-DPAT от 
masculine coital and feminine proceptive and receptive behaviors were evaluated in 
the ferret, a carnivore. Low doses of 8-OH-DPAT (5 or 10 μg/kg) had no effect on 
masculine sexual behavior in either males or females. Doses of 8-OH-DPAT (0.1 
or 0.2 mg/kg) that facilitate masculine sexual behavior in rats inhibited masculine 
sexual behavior in castrated, estradiol benzoate (EB)-treated male ferrets. Contrary 
to the female rat, administration o f 8-OH-DPAT facilitated receptive behaviors in 
ovariectomized, EB-treated female ferrets. None of the doses o f 8-OH-DPAT tested 
modified proceptive behaviors o f gonadectomized, EB-treated male or female ferrets, 
indexed using a T-maze in which the subjects could chose to approach either a 
castrated, sexually inactive male or a castrated, testosterone-primed stud male. To 
summarize, 8-OH-DPAT facilitates masculine sexual behavior and inhibits lordosis 
in the rat whereas it inhibits masculine sexual behavior and facilitates receptivity in 
the ferret. The different effects of 8-OH-DPAT observed in these two species could 
reflect differences in the neural control of their masculine coital and feminine 
receptive responses, respectively. While the male rat requires several mounts with 
intromissions before ejaculating, the male ferret ejaculates aft»- only one prolonged 
neck grip, mount and intromission. Similarly, the receptive response (lordosis) in the 
female rat involves a reflexive arching o f the back whereas the receptive female 
ferret passively accepts a neck grip, mount and intromission from the male. 
(Supported by HD21094 & MH00392)
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244.15
OROFACIAL STEREOTYPY INDUCED BY S E R O T O N E R G IC  
STIMULATION OF THE VENTROLATERAL STRIATUM IS DEPENDENT ON 
PRESYNAPTIC DOPAMINE RELEASE. S.K. Yeehiavan* and A.E. Kellev. 
Department of Psychology, Northeastern University, Boston, MA 02115.

The ventrolateral sector of the striatum (VLS) has been implicated in the control 
of orofacial movements. Recently, we have shown that infusion of serotonin (5- 
HT) into this brain region induces a syndrome of intense orofacial stereotypy. The 
syndrome cannot be elicited or blocked with agonists and antagonists, respectively, 
which act selectively at the 5-H Tia , ļb , lc» and 2 receptor sites. Current 
experiments were aimed at exploring the role of the 5-НТз receptor site, as well as 
the role of dopamine (DA), in 5-HT-induced orofacial behaviors. There is some 
evidence in the literature that stimulation of striatal 5-НТз receptors causes DA 
release. In Experiment I, 5-HT (15 μg/l.O μΐ) was microinjected into the VLS in 
rats pretreated with the selective 5-НТз antagonist, ondansetron (0, 0.3, 0.03, 0.003 
mgAg i.p.). Observation of behavior using a time-sampling procedure was 
conducted for one hour. Following intra-VLS infusion of 5-HT, animals engaged in 
head-down sniffing, biting and licking of cage bars, self-gnawing and mouth 
movements. Ondansetron pretreatment did not alter these stereotyped behaviors. 
Similarly, intra-VLS infusion of the selective 5-НТз agonist, 2-Me-5-HT 
( 15μg/ l  .ΟμΙ) did not induce the syndrome of repetitive oral behaviors. In 
Experiment II, the role of presynaptic DA on 5-HT-induced orofacial stereotypy was 
assessed. Previous work had indicated that DA antagonists do block the syndrome. 
Animals pretreated with the DA-depleting agent reserpine (1.0 mg/kg 24 h prior) and 
the DA synthesis inhibitor, alpha-methyl-p-tyrosine (60 mgAg 2 h prior) 
demonstrated a pronounced decrease in 5-HT-induced stereotypy. These data, in 
conjunction with the negative results of selective agents for particular 5-HT receptor 
subtypes, suggest that 5-HT-induced orofacial stereotypy is dependent upon anon- 
receptor mediated mechanism. This phenomenon may involve uptake of 5-HT into 
the DA terminal and release of DA via reversal of its transporter site.

D R U G S  OF ABUSE: ETHANOL, BENZODIAZEPINES, B A R B I T U R A T E S — G A B A

245.1
DENSITY OF BENZODIAZEPINE RECOGNITION SITES IN THE 
CNS OF P AND NP RATS. R.J. Thielen*. W.J. McBride. L. Lumeng.
T.-K. Li. Depts. Psych., Med. and Biochem. & Mol. Biol., Indiana 
University School of Medicine and VAMC, Indianapolis, IN 46202.

The densities of benzodiazepine (BZD) recognition sites labelled with 
[3H]flunitrazepam (FNZ) in the absence and presence of GABA were 
determined in the CNS of alcohol-naive, adult male alcohol-preferring (P) 
and -nonpreferring (NP) rats using quantitative autoradiography 
(n=4/line). Brain slices (20 μπι) were incubated for 1 hour in 2 ηΜ  
[3H]FNZ (±  100 μΜ GABA). Nonspecific binding was determined in the 
presence of 10 μΜ clonazepam. There was a trend toward lower pHjFNZ 
binding densities in the nucleus accumbens (Acb) and lateral septal nuclei 
(LS) in the P compared to the NP line. In the caudate-putamen (CPu), the 
P line had lower pHjFNZ binding compared to the NP line (P, 227 ±13; 
NP, 277±20 fmol/mg protein). There was a trend toward greater GABA 
stimulation of [3H]FNZ binding (as a % baseline) in the Acb, ventral LS, 
medial septum and ventral palladum of the P line compared to the NP 
line. However, significant differences were observed in the intermediate 
LS (P, 219±  17%; NP, 181 ±5%), the dorsal LS (P, 210±19%; NP, 
164±7%) and the CPu (P, 223 ±9%; NP, 180± 10%). These results 
suggest a difference in the functional properties of the GABAa/BDZ 
receptor in discrete CNS regions between the lines. These differences 
could be a result of increased coupling of the GABA and BZD sites in the 
P line and might reflect different subunit combinations between the lines. 
(AA08553, AA07611, AA07462)

245.3
C H R O N IC  E T H A N O L  A D M IN ISTR A TIO N  IN C R E A S E S  [3 H] ZO LP ID E M  
BIN D IN G  IN R A T  B R A IN  Leslie L. Devaud*. Gary E. Duncan, George R. 
B reese . R ichard B. Mailman, and A . Le s lie  Morrow. University of 
North Caro lina School of Medicine, Chapel Hill, N C  27599-7175.

Chronic  ethanol administration results in se lective  alterations in 
G A B A a  receptor function and subunit m RN A levels. No consistent 
alterations in total receptor density are detected, possibly due to the 
heterogeneity of G A B A a  receptors in brain as  well as  the lack of 
availability of selective ligands. We have recently found that ethanol 
sensitivity in brain is asso ciated  with the e xp ressio n  of Type  I 
G A B A a -B Z D  receptors. Zolp idem  d isp la y s  selectivity for this 
receptor subtype and w as used in the present study to investigate the 
effects of chronic ethanol administration. Ethanol w as administered 
by liquid diet for 14 d ays using a pair fed design. Mean ethanol 
intake w as 8-10 g/kg/day. [3 H]zolpidem  binding w as m easured in 
well-washed cortical m em branes from 0.2-16 nM with 10 μΜ G A B A  
and autoradiographically with 10 pm sections at 5 nM. A significant 
increase in [3 H]zolpidem binding w as observed in cerebral cortices 
(hom ogenate binding) and m edial septal area (autoradiography), 
n=10-12 pairs, P < 0.05. In cerebral cortices, receptor density 
increased from 688 ± 37 to 776 ±  39 fmol/ mg protein. An a lysis of 
saturation binding isotherm s show ed no ch an ge  in K p  v a lu e s .  
C h ro n ic  ethanol adm inistration in cre ase d  [3 H ]zolp idem  binding 
approxim ately 22 %  (5.11 ± 0.32 vs. 6.29 ± 0.32 nCi/ mg tissue) 
in the m edial septum . T h e se  resu lts show  that persistent 
potentiation of G A B A erg ic  transm ission by chronic ethanol may have 
unexpected effects on se lect populations of G A B A a  receptors. 
(Supported by E S0 71 2 6 , AA09013 and AA09122).

245.2
GABAa  RECEPTOR MEDIATED 36CL UPTAKE AND [3H]GABA RELEASE 
IN CORTEX AND HIPPOCAMPUS FOLLOWING CHRONIC ETHANOL 
EXPOSURE. B.E. Hunter*. M.F. Tremwel. and J. Peris Depts. of Neuroscience 
and Pharmacodynamics, Univ. of Florida, Gainesville, FL 32610.

Previous work has demonstrated that chronic ethanol treatment (CET) produces 
severe and permanent alterations in hippocampal pyramidal cell morphological, and 
functional characteristics. Additionally, memory formation, and its likely 
physiological correlate, long term potentiation (LTP) are permanently reduced 
following CET. The CET produced reduction of LTP induction was eliminated 
acutely by pharmacological blockade of γ-aminobutyric acid (GABA)ergicA 
synaptic transmission with the specific antagonist, bicuculline methiodide. Since 
LTP induction is modulated by activation of GABAergic synaptic transmission, we 
hypothesized that CET reduced LTP by enhancing postsynaptic GABAa  channel 
function or GABA release from presynaptic terminals. In the present study, animals 
were fed a nutritionally complete, ethanol containing diet for 28 weeks and then 
allowed a 2 - 6 month abstinence period. We first examined the effect of CET on 
GABAa  function by measuring the efficacy of GABA to stimulate and bicuculline 
to antagonize GABA-stimulated chloride uptake in hippocampal and cortical 
membrane preparations. CET did not affect basal uptake of chloride or the efficacy 
of either GABA or bicuculline at the GABAa  channel. When basal and electrically 
stimulated [3H]GABA release were measured in superfused hippocampal slices, 
stimulated release was increased by 30% in CET rats. Basal release was unaffected. 
Thus it appears that CET may be reducing LTP by enhancing plasticity-related 
GABA release from presynaptic terminals. Supported by NIAAA AA09115 
and ADAM HA F31AA05336.

245.4
ETHANOL ENHANCES SYNAPTICALLY-ACTIVATED AND 
LOCALLY-APPLIED GABA RESPONSES FROM CORTICAL 
NEURONS IN RAT BRAIN SLICES. B.L. Soldo*. W.R. Proctor and
T.V. Dunwiddie. Department of Pharmacology, University of 
Colorado Health Sciences Center and Veterans Administration 
Medical Research Service, Denver, CO 80262.

We have previously shown that ethanol enhances synaptically 
evoked GABAa receptor-mediated IPSCs from cortical neurons in 
rat brain slices. The present study examined whether ethanol's 
modulatory actions on these evoked responses were largely 
postsynaptic, and compared ethanol modulation at somatic and 
dendritic sites. Intracellular electrophysiological methods were 
used to record responses from layer V  frontal cortical neurons in 
rat brain slices during alternating synaptic stimulation and local 
GABA application. GABA w as applied by micropressure ejection 
near the soma in order to activate short latency I PSPs. 
Electrically stimulated IPSPs were isolated by pretreatment with 
the glutamate specific antagonists APV and DNQX. IPSPs with 
peak amplitude latencies of 15-130msec, elicited by both 
synaptic activation and brief local GABA application, were 
enhanced (44.1 ± 19.6%(n = 6), 4 5 .4 ± 11.6%(n = 6), resp.) during 
perfusion of 80mM ethanol. In contrast, IPSPs activated by 
GABA application with latencies greater than 200m sec were not 
significantly modified by ethanol. These results suggest that 
ethanol modulates GABAa receptor mediated responses by 
modifying receptor mechanisms located at somatic sites on the 
postsynaptic membrane in cortical neurons.

Supported by ΑΑ 03527 and VA Medical Research Service.
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245.5

THE E F F E C T  O F  A LC O H O L ON G A B A ^ B Z  R E C E P T O R  S U B U N IT  m RNA 
E X P R E SSIO N  IN M O U SE C E R E B E L L U M : AN IN S IT U  H YB R ID IZ A T IO N  
STUDY. C. H. Wu*. A. Frostholm and A. Rotter. Dept. of Pharm acology, 
The Ohio State University, Colum bus, OH 43210.

Previous pharm acological studies have shown that alcohol affects 
G A B A ą /B Z  receptor-m ediated resp o n ses in the C N S . G A B A ą /B Z  
receptor a i ,  aß, ß2> and 72 subunit m RN A s are present at high levels in 
the cerebellum where function has been shown to be impaired by 
alcohol. We have examined the expression of these subunit m RN A s in 
various cere b e llar ce ll types after acute and ch ro n ic  ethanol 
administration. In acute studies, m ice were injected intraperitoneally 
with a single dose (4g/kg) of ethanol. In chronic studies, mice were fed 
a liquid diet containing 7 .5 %  (v/v) ethanol for two w eeks. In s itu  

hybridization with [3 ^ S] cR N A  subunit sp ecific  probes w as used to 
reveal changes in G A B A ą /B Z  receptor subunit m R N A  expression in 

various cerebellar regions. After acute ethanol adm inistration, си 
subunit m RN A expression increased in Purkinje ce lls, granule cells 
and deep cerebellar nuclei, whereas ß2 and 72 subunit m RN A levels did 
not significantly ch an ge  in these ce lls . After ch ro n ic  treatment, 
however, a i  subunit m RN A expression d ecreased  in all three cell 
types, w hereas 72 subunit m RN A increased, and ß2 subunit m RN A 
expression showed no change. The aß subunit m RN A is present only in 
granule cells; expression w as not affected by acute injection, but was 
considerably increased  by chronic ethanol adm inistration. Th ese  
results suggest that the molecular composition of G A B A ą /B Z  receptor 

is differentially regulated in a cell-specific m anner by short and long
term ethanol treatment.

2 4 5 .7

CHRONIC ETOH DOES NOT REDUCE GABAa CURRENTS IN 
DISSOCIATED RAT MEDIAL SEPTUM/n. DJAGONIAL BAND 
(MS/nDB) NEURONS. C. A. Grover* A. S. Fincher & G. D. Frve. 
Med. Pharmacol. & Tox., Texas A&M Univ. Col.of Med., College 
Station, TX 77843-1114.

GABA-induced^cr uptake in cortical vesicles is blunted by 
chronic EtOH treatment causing significant physical dependence 
(Morrow et al., JPET 246.158, 1988). This suggests that reduced 
GABAa receptor activity may play a role in EtOH tolerance and 
dependence. This idea was re-examined using whole-cell patch 
clamp recordings of GABA-activated currents in neurons isolated 
from MS/nDB of adult F344 rats. Physical dependence leading to 
audiogenic seizure susceptibility was induced by feeding rats an 
EtOH liquid diet for 12 days. GABA currents in single isolated 
neurons were СГ dependent and bicuculline sensitive. Compari
son of GABA (0.3-300mM) concentration response curves 
revealed no significant differences in cell capacitance (11.7+1.6 
vs 13.1+1.6 pF), maximum GABA response (706.9+160.9 vs 
632.2+185.1 pA/pF), the GABA EC«, (11.3+1.4 vs 10.3+1.3 mM) 
or slope (1.55+ 0.07 vs 1.60+ 0.11 ) for control (n=7) vs ethanol 
treated (n=7) neurons, respectively. This suggests that chronic 
EtOH does not reduce GABAa receptor activity in MS/nDB 
neurons. Supported in part by AA06322 (GDF).

2 4 5 .9

E F F E C T S  O F  C H R O N IC  P E N T O B A R B IT A L  A N D  N E U R O S T E R O ID  
ADMINISTRATION ON G ABAą  R E C E P T O R  mRNA LE V E L S  IN RA T BRAIN.
F. Donelson Sm ith. David T . Outlaw and A. Le slie  Morrow*. U NC 
School of Medicine, Chapel Hill, N C  27599.

Barbiturates and neurosteroids are potent modulators of G A B A ą  
receptors in the C N S . Chronic pentobarbital administration reduces 
G A B A ą  receptor function with no alteration in total receptor density. 
Due to the sim ilar p harm aco lo gica l effects of 3 a -h y d r o x y -5 a -  
pregnan-20-one (3 a -O H -T H P ), we have hypothesized that chronic 
administration of these com pounds will alter G A B A ą  receptor gene 
expression. Pentobarbital (200 μg/day), З а -О Н -Т Н Р  (15 μ g/day) 
or 10% Intralipid veh ic le  were adm inistered to m ale rats (n = 
8/group) i.c .v. for 2 w eeks using osm otic m inipum ps (A L Z E T ). 
Total RN A  w as purified from whole rat brain and G A B A ą  receptor ß2 
subunit m RN A levels were m easured by Northern blot an alysis using 
cR N A probes. C hronic  pentobarbital adm inistration reduced the 
levels of ß2 subunit (8.0 kb) m R N A  by 48 ±  11%  (p<0.05, A N O V A ) 
with no effect on ß-actin m RN A levels. З а -О Н -Т Н Р  also reduced the 
ß2 subunit m R N A  leve ls; how ever, ß-actin  m R N A  leve ls  were 
increased. If ß2 subunit m R N A  levels were norm alized to ß-actin  
subunit m R N A  leve ls, only the effect of chronic pentobarbital 
administration w as statistically significant. Th ese  data suggest that 
chronic pentobarbital and З а -О Н -Т Н Р  adm inistration m ay have 
different effects on G A B A ą  receptor subunit m R N A s in rat brain. 
(Supported by A A 09013).

245.6
ETOH ENHANCES GABAa CURRENTS IN MEDIAL SEPTUM/n. 
DIAGONIAL BAND (MS/nDB) NEURONS FROM ETOH-SENSI- 
TIVE INBRED RATS. G. D. Frve*. A. S. Fincher & C. A. Grover. 
Dept. of Med. Pharmacol. & Tox., Texas A&M Univ. Col of Med., 
College Station, TX 77843-1114.

EtOH increases or inhibits GABAa current by > 20% in 12.5% 
or 10%, respectively, of MS/nDB neurons from genetically hetero
geneous, outbred Sprague Dawley rats (GDF, unpublished). In 
the present study, neurons from genetically homogeneous inbred 
rats with high sensitivity to EtOH (WKY, F344, ACI; Spuhler & 
Deitrich, ACER 8:480, 1984) were studied. Fast GABA applica
tion induced inward, CI' dependent, bicuculline sensitive currents 
during whole-cell patch clamp recordings. EtOH ЗООтМ increas
ed mean 3μΜ GABA current for all strains. 3-100mM ethanol had 
no effect. Populations of neurons exhibiting > 20% increases for 
one or more EtOH (3-300mM) treatments were: 3 of 8 (37.5%) 
F344; 5 of 13 (38.5%) ACI and 4 of 7 (57.1%) WKY. Inhibition 
occurred in 1 of 7 (14.3%) WKY cells. For individual neurons, 
EtOH effects often were not concentration-dependent. These 
results suggest that ethanol-sensitive inbred rats may possess a 
larger proportion of cells with GABAa receptors showing EtOH 
enhancement than the outbred Sprague Dawley rats we studied 
previously. Supported in part by AA06322 (GDF).

245.8
DIFFERENTIAL REGULATION OF THE BEHAVIORAL EFFEC T S  
OF CHLORDIAZEPOXIDE DOES NOT CO RR ELA TE WITH RNA 
LEV ELS  OF THE a1 SUBUNIT OF THE GABAA RECEPTO R IN 
RATS. J.S . Shum skv*. R .E. W illiam son. I. L ucki. and 
D.B. Pritchett. Departments o f  Pharmacology, Psychiatry, and 
Pediatrics, University of Pennsylvania, Philadelphia, PA 19104 

Chronic administration o f the benzodiazepine (BZ) receptor agonist, 
chlordiazepoxide (CDP), produced tolerance to its motor-impairing 
effects but no tolerance to its hypothermic effects. Male Sprague- 
Dawley rats were pretreated for 14 days with 25 mg/kg CDP (IP, 
b.i.d.) or saline and chronic treatment was maintained throughout the 
experiments. Tolerance to the motor-impairing effects o f CDP on 
spontaneous locomotor activity was observed as a З-fold shift to the 
right in the dose-effect curve for CDP-treated animals as compared to 
saline-injected controls. In contrast, no tolerance developed to the 
hypothermic effects o f CDP. Previous results demonstrated tolerance to 
motor-impairing effects and no tolerance to anxiolytic or amnesic effects 
o f CDP (Shumsky and Lucki (1992) S o c  N e u ro sc i A b s tr  18:153.1). 
These results are consistent with the effects o f chronic BZ treatment in 
humans and suggest a homologous regulation o f drug effects. The 
effects are potentially mediated by regional differences in BZ receptor 
subtypes. However, investigations using the nuclease protection 
procedure revealed no differences in the RNA levels o f the a l subunit 
o f the GABAa  receptor in the frontal cortex, hippocampus, or striatum 
between rats treated chronically with CDP or saline. Future 
experiments will examine the regional regulation o f  other subunits. 
Supported by USPHS grants DA 05186 and DA 0713002.
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246.1
IDENTIFICATION OF PD 143188. A NOVEL DOPAM INE  
A U TO REC EPTO R  AG O N IST W ITH A N TIPSY C H O TIC - 
LIKE AC TIV ITY . L .D . W ise* , B.W . C ap rath e , D .M . 
D ow n in g , S.A . G la se , T .G . H e ffn er , J .С. J а е n, S.R . 
K esten , S.J . Joh n son , S.J. S m ith , W .J . Sm ith III . J .L. 
W right. D..I. W ustrow . P ark e-D avis P h arm aceu tica l 
R esearch, D ivision o f W arner-Lam bert C om pany, Ann  
Arbor, MI 48105.

The development of a dopamine (DA) agonist with modulatory effects 
on presynaptic DA receptors may provide an improvement over the DA 
antagonists currently used for the treatment of schizophrenia. Thus, R- 
(+ ) - l , 2 ,3 ,6-tetrahydro-4-pheny 1-1 -[ (3-phenyl -3-cyclohexen-l-y l)- 
methyljpyridine (PD 143188) was selected from a novel series of aryl- 
cyclohexenyl-alkyl-amines with DA autoreceptor agonist activity.

Stiucture-activity studies indicate that this activity is very dependent upon 
the position of the cyclohexene double bond, the stereochemistry of the 
cyclohexene ring, the length of the alkyl group and the nature of the 
amino group.

246.3
ASSESSMENT OF THE DOPAMINE AGONIST EFFECTS OF PD 
143188 IN  VITRO. L.M. Georgie*. D.H. VanLeeuween. R.G. 
MacKenzie. M.D. Davis and T.G. Heffner. Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann 
Arbor, MI 48105.

PD 143188 (R-l,2,3,6-tetrahydro-4-phenyl-l-[(3-phenyl-3-cyclo- 
hexen-l-yl)methyl]pyridine) is a dopamine (DA) autoreceptor agonist 
with high affinity for brain DA D2 receptors (Whetzel et al., this 
meeting). PD 143188 displayed the ability to activate DA autoreceptors 
in vitro by inhibiting the electrically-stimulated release of DA from 
superfused rat nigrostriatal explants. These effects were dose-related 
and were reversed by the DA D2 receptor antagonist haloperidol. To 
characterize its direct DA agonist profile, PD 143188 was evaluated for 
effects on forskolin-stimulated adenylyl cyclase activity in GH4C1 cells 
transfected with the long form of die human DA D2 receptor. Like 
known DA D2 agonists, PD 143188 decreased cAMP accumulation in 
these cells, an effect that was blocked by the DA D2 antagonist 
spiperone. Compared to the full DA agonist quinpirole, PD 143188 
had similar potency for inhibiting cAMP (EC50 =  6.9 nM) but had 
lower intrinsic agonist activity. These experiments demonstrate that PD 
143188 is a DA autoreceptor agonist and partial DA D2 agonist in 
vitro.

246.5
EFFECTS OF THE DOPAMINE AUTORECEPTOR AGONIST 
AND POTENTIAL ANTIPSYCHOTIC PD 143188 IN RODENT 
BEHAVIORAL t e s t s . A.E, Corbin*. J.N, Wiley and T.G, ifeffoer, 
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert 
Company, Ann Arbor, MI 48105.

PD 143188 (R-l,2,3,6-tetrahydro-4-phenyl-l-[(3-phenyl-3-cyclo- 
hexen-l-yl)methyl]pyridine) has been shown to be a dopamine (DA) 
autoreceptor agonist in neurochemical and neurophysiological tests 
(Christoffersen et al., Geòrgie et al., Whetzel et al., this meeting). 
Consistent with the profile of an antipsychotic drug, PD 143188 
reduced spontaneous locomotor activity in mice (ED50 =  1.3 mg/kg 
IP) and rats (ED50 = 3.1 mg/kg PO) and also attenuated the locomotor 
hyperactivity in mice caused by the DA releasing agent amphetamine 
(ED50 =  0.6 mg/kg IP) or by the direct DA agonist apomorphine 
(ED50 = 21.0 mg/kg IP). PD 143188 was less potent in inhibiting 
apomorphine-stimulated locomotor activity than spontaneous locomotion 
in rats, a profile similar to that of partial DA agonists. Relative 
selectivity for presynaptic DA receptors was evidenced by the lack of 
locomotor stimulation and stereotypy after high doses of PD 143188 in 
rats. The behavioral efficacy of PD 143188 in rats was sustained 
during repeated dosing for 10 days. These results indicate that PD 
143188 is an orally-active DA autoreceptor agonist with antipsychotic- 
like effects in preclinical behavioral tests.

246.2
PD 143188: A NEUROCHEMICAL PROFILE OF A DOPAMINE 
AUTORECEPTOR AGONIST ANTIPSYCHOTIC. S.Z. Whetzel. 
T.A. Pugsley*. S.B. DeMattos. H.C. Akunne. Y. S. Shih. D.H. Van 
Leeuwen. R.G. Mackenzie, and T. G. Heffner. Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann 
Arbor, MI 48105.

PD 143188 (R-l,2,3,6-tetrahydro-4-phenyl-l-[(3-phenyl-3-cyclo- 
hexen-l-yl)methyl]pyridine) was found to have high affinity for 
dopamine (DA) D2 agonist binding sites in rat striatum (Ki =  3.3 nM; 
(3H]-n-propylnorapomorphine as radioligand). At rat DA D2, human 
DA D2, human DA D3 (antagonist ligand), guinea pig sigma, rat brain 
5-HT1A, adrenergic alpha2, 5-HT2 and adrenergic alphal receptors, 
PD 143188 had Ki values of: 72, 9, 17, 34, 135, 413, 809, and 4321 
nM, respectively. Lack of shift of PD 143188/[3H]spiperone 
competition curves upon addition of GTP/Na+ supports a partial DA 
agonist profile. In the in vivo rat NSD/GBL model, PD 143188 had 
ED50 values of 3 (striatum) and 0.3 (mesolimbic) mg/kg, i.p. for 
inhibition of DOPA accumulation. These effects were blocked with 
haloperidol and did not show tolerance upon chronic dosing. PD 
143188 decreased brain DA synthesis, metabolism and turnover without 
altering extensively that of NE and 5-HT. These findings provide 
strong evidence that the effects of PD 143188 are mediated through DA 
autoreceptors. The ability of PD 143188 to regulate brain DA function 
is consistent with a preclinical profile of antipsychotic activity.

246.4

EFFECTS OF PD 143188, A DOPAMINE AUTORECEPTOR 
AGONIST, ON DOPAMINE NEURONAL FIRING AND 
DOPAMINE RELEASE IN  VIVO . C.L. Christoffersen*. L.W. 
Cooke. M.D. Davis. L.T. Meitzer and K.A. Serpa. Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann 
Arbor, MI 48105.

PD 143188 (R-l,2,3,6,-tetrahydro-4-phenyl-l-[(3-phenyl-3-cyclo- 
hexen-l-yl)methyl]pyridine), bound to dopamine (DA) receptors and 
was active in biochemical tests indicative of DA autoreceptor agonist 
activity (Whetzel et al., Geòrgie et a l., this meeting). After IV dosing, 
P D 143188 produced a dose-related, haloperidol-reversible inhibition of 
A9 DA neuronal firing in chloral hydrate anesthetized rats. DA 
depletion by reserpine and alpha-methyl-para-tyrosine did not block the 
inhibitory effect of PD 143188, indicating that PD 143188 is a direct- 
acting DA agonist. After IP dosing, PD 143188 reduced DA overflow, 
as determined by intracerebral microdialysis, in the striatum and 
nucleus accumbens (NAc) of urethane-anesthetized rats. This apparent 
inhibition of DA neuronal release was larger in the NAc than in the 
striatum. The maximal effects of apomorphine were greater than those 
of PD 143188 in both tests. The opposite enantiomer, PD 143383, 
produced less inhibition of DA neuronal firing and increased DA 
overflow in the striatum, indicating lower intrinsic DA agonist activity 
than PD 143188. These data indicate that PD 143188 is a DA 
autoreceptor agonist and partial DA agonist in vivo.

246.6
EFFECTS OF THE DOPAMINE AUTORECEPTOR AGONIST 
AND POTENTIAL ANTIPSYCHOTIC PD 143188 IN PRIMATE 
BEHAVIORAL TESTS. F.W. Ninteman*. C.L. Christoffersen. D.J. 
Johnston. L.T. Meitzer and T.G. Heffner. Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Ann Arbor, MI 48105.

PD 143188 (R-l,2,3,6-tetrahydro-4-phenyl-l-[(3-phenyl-3-cyclo- 
hexen-l-yl)methyl]pyridine) is a dopamine (DA) autoreceptor agonist 
and partial DA agonist (Whetzel et al., Christoffersen et al., Geòrgie 
et al., this meeting). In order to assess its potential antipsychotic 
efficacy, PD 143188 was evaluated for effects on conditioned 
avoidance. Squirrel monkeys were trained to press a lever to postpone 
or terminate electric shock delivered through a grid floor. PD 143188 
inhibited avoidance with a profile comparable to that of haloperidol and 
clozapine. These effects persisted for 6 h after oral dosing and were 
sustained during repeated dosing for 8 days. PD 143188 antagonized 
the stimulation of avoidance caused by apomorphine, an effect 
consistent with its partial DA agonist profile, but did not produce the 
stimulation of lever pressing seen with DA agonists that have 
exacerbated psychosis in clinical trials. PD 143188 produced only mild 
dystonias in haloperidol-sensitized monkeys, effects that were of lesser 
severity and required higher dosages than for antipsychotics that cause 
EPS in man. These results suggest that PD 143188 should be 
efficacious in the treatment of psychotic disorders and that it should 
have reduced propensity for EPS.
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246.7

ACTIONS OF THE POTENT, M ETH O X Y N A P H TH YL P IP ER A Z IN E 5 -H T 1A 
RECEPTOR AGONISTS, S 14506 AND S 14671, AT DOPAM INE D b D2 AND D3 
RECEPTORS IN  VITRO /IN  V IV O . J.-M. R ivet*. V. A u d in o t. A. G o b ert. L. 
Cistarelli, C. Chaput, M. Brocco, G. Lavielle and M. J. M illən. I.D.R.S., 7 rue 
Ampère, 92800 Puteaux - France.

The m ethoxynaphty lp iperazines, S14506 and S 14671, sho w  h ig h  
affinity for 5-HT1A receptors (pKis = 9.0 and 9.3), at w hich sites they act as 
agonists in  v iv o  at doses of 0.01-0.63 and 0 .00 25 -0 .16  m g/kg, s .c ., 
respectively. H ere in , w e  c h a ra c te riz e d  th e ir  a ctio n s a t d o p a m in e  
receptors. Affin ities are pKis and in v ivo  actions are in mg/kg, s.c. The  
affinities of S 14506/S 14671 for d o p a m in e  D ļ re ce p to rs  w e re  lo w  
(<6.0/<6.0) and, at doses up to 2.5 mg/kg, they failed to inhibit rotation  
elicited by the D ì agonist, SKF 38393, in u n ila tera l, sub stan tia  nigra- 
lesioned rats. In distinction, S 14506/S 14671 m anifested m arked affinity  
for rat D2 receptors ( 8 .1/8.1) - c .f  h a lo p e rid o l (8 .7). A f f in it ie s  of 
S 14506/S 14671 w ere also high for cloned, human D2 and D3 receptors 
(8.6 and 8.2/8 4 and 8.1) - c .f h a lo p e rid o l (9.2  and 8 .6 ). In  v iv o ,  
S 14506/S 14671 mimicked the D2 (D3) antagonist actions of haloperidol, 
but their maximal effects, expressed as % of control values (= 1 0 0  % ) 
were less pronounced. Thus, reflecting an increase in dopam ine synthesis, 
haloperidol (0.63 mg/kg), S 14506 (0 63 mg/kg) and S 14671 (0.63 mg/kg) 
enhanced striatal accum ulation  of DOPA by 3 87% , 197% and 186% , 
respectively. At these doses, in dialysis studies in freely-m oving rats, 2hr 
post-administration, haloperidol enhanced striatal/accum bens levels of 
HVA (131/189%) and DOPAC (139/177% ) but did not a ffe ct 5 -H IA A  
(100/94%). S 14506 did not m arkedly a lter HVA (114/106% ) or D O PAC  
(123/125%) but decreased 5-HIAA (66/47%). S 14671 also little m odified  
HVA (88/112%) or DOPAC (89/129% ) but reduced 5-HIAA (58/51% ). 
Dopamine w as unaffected for all ligands. W hile S 14506 and S 14671 only 
partially (44% and 37% respectively) inhibited rotation induced by the D2 
agonist, quinpirole, in nigra-lesioned rats, th is w as to ta lly  b lo cked  by 
haloperidol. In conclusion, S 14506 and S 14671 exert antagonist activity at 
D2 (and D3) dop am ine receptors T hese  a c tio n s  a re , h o w e v e r, less 
pronounced in m agnitude than those of haloperidol.

246.9
EFFECTS OF KAINIC LESIONS OF VM NUCLEUS ON HALOPERIDOL 
AND CHOLINERGIC CATALEPSY. Z. Elazar1", B. Ring2 and _hL 
Pel eg1. Departments of Physiology & Pharmacology1 and 
Anatomy & Anthropology2, Sack 1 er School of Hedicme, 
Tei-Aviv University, Israel.

It was reoorted that inhibition of VM neurons by- 
GABA agonists microinjections induced catalepsy. 
Injections of BABA antagonists into the VM abolished 
haloperidol catalepsv. We performed kainic acid vU.5 цд 
m  0.5 ul saline) lesions of this nucleus in rats. 
Bilateral lesions including the VM resulted in 
catalepsy (50 sec. descent latency), unilateral lesions 
or lesions which were found outside but close to the VM 
induced only marginal catalepsy (10 sec descent 
latency). The cataleotogemc effect of haloperidol (2 
mg/kg ı.p.) was greatly reduced (by 70л) in the 
bilaterally lesioned rats, less reduced by unilateral 
lesions (507.) and even less reduced by lesions close to 
the VM (257.). Lesions of the VM nucleus did not have 
any effect on catalepsy induced by systemic injections 
of ešerine (1 mç/kg ı.p.) or arecoline (10 mg/kg i.q.), 
or on catalepsy induced by direct injections of 
carbachoi (5 цд/1 ці saline) into the pontine reticular 
formation (F’RF). These results suggest that 1) the VM 
is important for neuroleptic catalepsy but not for 
cholinergic catalepsy and 2) the catalepsy induced by 
cholinergic injections m  the PRF is not mediated by an 
ascending pathway passing through the VM nucleus.

246.11
DEVELOPMENT AND PERSISTENCE OF NEUROLEPTIC- 
INDUCED VACUOUS CHEWING MOVEMENTS AND THEIR 
ASSOCIATION WITH CATALEPSY IN RATS. T.M. HYDE*,
M.F. EGAN. L.L. WING. R.J. WYATT. D.R. WEINBERGER, 
AND J.E. KLEINMAN. Clinical Brain Disorders and 
Neuropsychiatry Branches, IRP, NIMH, Washington, D.C. 
20032.

Vacuous chewing movements (VCM’s) can be produced in rats 
by the chronic administration of haloperidol decanoate. These 
movements are similar to and may serve as an animal model of 
tardive dyskinesia (TD). We chronically treated two cohorts of 
rats with haloperidol decanoate or vehicle for 36 weeks, followed 
by a 28 week withdrawal period. VCM ratings showed a skewed 
distribution, with some rats exhibiting few movements while 
others developed marked and persistent movements. Increasing 
doses did not suppress VCM's, nor did they exacerbate 
movements during the withdrawal period. Only a subset of 
haloperidol-treated rats exhibited persistent movements during the 
withdrawal period, similar to TD. In another cohort, rats were 
treated with haloperidol decanoate for thirty-three weeks.
Persistent high catalepsy scores were strongly associated with the 
development o f persistent severe VCM's. Findings from these 
investigations may have important implications for the prevention 
and treatment of TD in humans.

246.8
POTENTIAL ANTIDEPRESSIVE AND ANTIPSYCHOTIC PROPERTIES OF THE 
HIGH EFFICA CY , M ETH O XYN APH TH YLPIPERAZIN E 5-HT1A A G O N IST S , 
S 14506 AND S 14671. M J. Miliari. A. G obert*. G. Lavielle and M. Brocco.
I.D.R.S., 7 rue Am père, 92800 Puteaux - France.

In a d d itio n  to th e ir  ag o n ist a ctiv ity  at 5-H T1A re ce p to rs , th e  
m e th o x y n a p h ty lp ip e ra z in e s , S 14506 and S 14671, d isp la y  m o d e st  
antagonist activity  at б-Н Тк/г receptors and pronounced antag o n ist  
activity at D2/D3 receptors. This receptoria i profile  is consistent w ith  
potentia l antidepressive and/or antipsychotic properties. H erein , w e  
com pared these actions of S 14506/S 14671 to  th o se  of th e  5 -H T ļA 
agonists, 8-OH-DPAT, flesinoxan and buspirone. Drugs w ere given s.c., 30 
min pre-testing. Doses are in mg/kg. In the Porsolt, forced-swim m ing test 
of depression, S 14506/S 14671 (M inim al Effective Doses = 0.01/0.01) 
potently mimicked im ipram ine (30.0) in reducing im m obility. 8-OH-DPAT  
w as also active (0.63) w hile flesinoxan (> 10 .0) and buspirone (> 1 0 .0 )  
w ere inactive The action of S 14506/S 14671 w ere blocked by the 5-HT1A 
antagonists, (-)-alprenolol (10.0) and W A Y 100,135 (10.0). S 14506/S 14671 
potently (Inhibitory Dose5o = 0.02/0.005) mimicked haloperidol (0.04) in 
b lo cking  m e th y lp h e n id a te -in d u c e d  g n a w in g ; 8 -O H -D P A T  (0 .1 6 ), 
flesinoxan (0.63) and buspirone (2.5) acted sim ilarly . The e ffe c ts  of 
S 14506/S 14671 w ere abolished by (-)-alprenolol (10.0) and W A Y 100,135 
(10 0) The ability of haloperidol to inhibit apom orphine-induced climbing  
in mice (Inhibitory Doseso = 0.02) w as m im icked by S 14506/S 14671 
(0.06/0.04) but these actions w ere n o t  inhibited by (-)-alprenolol or W A Y  
100,135. Further, although flesinoxan (0.63) and busp irone (2.5) w ere  
likew ise active , 8-OH-DPAT (> 2 .5 )  w as not effective  in th is m odel. 
S 14506/S 14671 did not induce catalepsy (> 2 .5 ), and potently (Inhibitory  
Dose5o = 0.02/0.02) blocked induction of catalepsy by haloperidol (2.5): 8- 
OH-DPAT (0.18), flesinoxan (0 9) and buspirone (0.6) behaved sim ilarly. 
This action w as resistant to (-)-alprenolol and W A Y 100,135. In conclusion, 
w hile the antidepressive actions of S 14506 and S 14671 are m ediated by 
5-HT1A receptors, their potential antipsychotic p roperties m ay re flect  
actions at 5-HT1A, (possibly 5-HT1(;/2) anddopam ine D2/D3 receptors.

246.10
IN CREASED  SENSITIVITY TO TH E E F F E C T S  O F QUINPIROLE ON 
EXTRACELLU LAR GABA LE V ELS IN TH E SUBSTANTIA NIGRA O F RATS 
ADM INISTERED CH RO N IC HALOPERIDOL. M.A. Chapman* and R.E. See. 
Department of Psychology, Washington State University, Pullman, WA, 
99164-4820.

The present study utilized intracranial microdialysis to examine the effects of 
direct infusion of the dopamine D2 receptor agonist, quinpirole, on 
extracellular GABA levels in the substantia nigra of rats administered long
term (16 weeks) haloperidol (HAL). Female, Sprague-Dawley rats were 
implanted with subcutaneous, slow-release (0.23 mg/day) silastic implants 
containing HAL or no drug. Following 15 weeks of drug treatment, rats were 
anesthetized with Equithesin and bilateral guide cannulae implanted in the 
substantia nigra, pars reticulata. After one week of recovery, microdialysis 
probes (2mm exposed membrane) were unilaterally inserted into the 
cannulae and perfusion initiated with dialysis buffer. Following initial baselir^ 
collection quinpirole was infused for one hour at each of three doses (10 , 
10 , ftf*  M) and samples collected every 30 min. After a one week drug- 
free period, rats were reprobed on the contralateral side and quinpirole 
infusions repeated. Samples were analyzed using OPA derivitization and 
H PLC  with electrochemical detection. Control animals showed no significant 
changes in extracellular GABA at any dose of quinpirole. Infusion of 10"4 M 
quinpirole produced a significant increase in extracellular GABA levels in the 
HAL-treated animals during drug administration, but not 1 week after 
withdrawal. These results suggest that HAL-induced changes in dopamine 
receptors can affect extracellular GABA function within the substantia nigra; 
such changes may be related to chronic neuroleptic-induced motor 
abnormalities. Supported by NIDR grant DE09678.

246.12
EVALUATION OF THE D-l ANTAGONIST BW737C89 IN A NONHUMAN 
PRIMATE MODEL FOR SCREENING ANTIPSYCHOTIC DRUGS. L.V. Medina. 
R.F. Schlemmer. J.E. Young. D.R. Riddali. N.L. Katz*. University of Illinois at 
Chicago, Chicago, IL 60612 USA and Wellcome Research Laboratories, Beckenham, 
Kent BR3 3BS, UK.

BW737C89 (6-chloro-l-(S)-(2,5-dimethoxy-4-propylbenzyl)-7-hydroxy-2-methyl- 
1,2,3,4-tetrahydroisoquinoline) is a relatively selective D -l antagonist (Riddali, Eur 
J Pharmacol 210:279, 1992) active in rodent antipsychotic screens. This study was 
designed to assess the behavioral effects of BW737 (BW) alone and in combination 
with apomorphine (APO) in nonhuman primates. Four females from a social colony 
of five adult stumptail macaques (Macaca arctoides) were assigned to two treatment 
groups of two females each. The male was not treated. After determining baseline 
behavior, each group received drug treatment for two days/week in a cross-over 
design. The untreated group received sham injections (saline). First APO was given 
alone, then BW was added in four escalating doses. BW, 0.1-1.0 mg/kg, was given 
s.c. at 0805 and 1630 on Day 1 and at 0805 on Day 2 and APO, 1 mg/kg, was given 
i.m. at 1020 on both days. Two behavioral observation sessions were conducted daily 
by "blind" observers, the first 60 mm after administration of BW and the second 15 
min after APO. On day 2 of treatment, BW produced a significant dose-dependent 
antagonism of APO-induced increases in submissive gestures and stereotypy up to 
0.5 mg/kg, and antagonized the increases in visual scanning and locomotion up to 1.0 
mg/kg. BW alone significantly increased resting time, but only induced low levels of 
movement disturbances. Thus, several APO-induced behavioral changes were 
antagonized by BW in a manner consistent with proven antipsychotic agents, but in 
doses that produced insignificant levels of movement disturbances, suggesting a more 
atypical profile. (This study was supported in part by the NIMH Psychotherapeutic 
Medications Development Program Contract No. 92MR02711001D and in part by 
NIH, NCRR Grant No. T32RRO7037-06).
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246.13
ANTAGONISM OF APOMORPHINE-INDUCED BEHAVIORAL CHANGES IN 
SELECTED MEMBERS OF A PRIMATE SOCIAL COLONY WITH REPEATED 
ADMINISTRATION OF THE D-l ANTAGONIST BW737C89. R.F. Schlemmer*.
L.V. Medina. C.K. Fleming, and D.R. Riddali. University of Illinois at Chicago, 
Chicago, IL 60612 USA and Wellcome Research Laboratories, Beckenham, Kent 
BR3 3BS, UK.

Antagonists of the D -l dopamine receptor such as SCH39166 are currently under 
investigation as potential antipsychotic agents. McHugh and Coffin (Eur J Pharmacol 
202:133, 1991) recently reported induction of abnormal movements in haloperidol- 
sensitized monkeys with SCH39166 which faded quickly after 5 days of treatment. We 
have shown that the selective Đ-1 antagonist BW737C89 (6-chloro-l-(S)-(2,5- 
dimethoxy-4-propyl-benzyl)-7-hydroxy-2-methyl-l,2,3,4-tetrahydroisoquinoline) 
antagonizes changes in behavior induced by apomorphine (APO) in a primate social 
colony screen for antipsychotic activity (Medina et al., this meeting). The present 
study was designed to determine if tolerance developed to antagonism of APO- 
induced behaviors with repeated administration of BW737. Four females from a 
social colony of 5 adult stumptail macaques (Macaca arctoidesl were assigned to 2 
treatment groups of 2 females each. After determining baseline behavior and the 
effects of APO, 1 mg/kg i.m., each group received BW 737,0.3 m g/kg sc, twice daily 
for 5 consecutive days in a cross-over design. Two 1 hr observation sessions were 
conducted during baseline and on days 1, 2, and 5 of treatment by "blind” observers 
starting 1 hr after BW737 treatment and 15 min after APO was given. BW737 
antagonized the APO-induced increase in submissive gestures, checking, and 
stereotypy to an equal or significantly greater level on day 5 than days 1-2 of BW737 
treatment. The results suggest that tolerance does not develop to BW737 blockade 
of APO-induced behavior in monkeys within 5 days. (This study was supported by the 
NIMH Psychotherapeutic Medications Development Program Contract 
NO.92MF02711001D and in part by NIH NCRR Grant No.T32RRO7037-06).

246.15
A PHARMACOLOGICAL ANALYSIS OF PCP-INDUCED DEFICITS IN 
SENSORIMOTOR GATING OF THE STARTLE RESPONSE. V.P. Bakshi* and
M.A. Gever. Dept. of Neuroscience, UCSD, La Jolla, CA 92093.

Intense auditory or tactile stimuli elicit an involuntary startle response. 
Presentation of a subthreshold stimulus just prior to the primary stimulus attenuates 
the magnitude of the startle response. This phenomenon of “prepulse inhibition” 
(PPI) is thought to be a measure of sensorimotor gating mechanisms. Because 
deficits in sensorimotor gating are characteristic of several disorders including 
schizophrenia, it is of interest to determine the neural substrates underlying PPI. 
Phencyclidine (PCP) and other non-competitive NMDA antagonists markedly disrupt 
PPI in rats. In humans, PCP produces psychosis that closely resembles 
schizophrenic symptomatology. The mechanisms underlying these effects remain to 
be elucidated, however. The purpose of the present investigation was to determine 
the pharmacological basis for PCP-induced disruptions in PPI. Separate groups of 
rats were treated with either clozapine (10 mg/kg, s.c.), an atypical antipsychotic 
with putative antagonistic activity at dopamine (DA) and serotonin (5-HT) receptors, 
raclopride (0.1 mg/kg, s.c.), a DA D2 antagonist, or saline vehicle and then treated 
with either saline or PCP (1.0 mg/kg, s.c.). After drug administration, animals were 
tested in startle chambers. PCP dramatically decreased PPI. Pretreatment with 
clozapine partially reversed this effect whereas pretreatment with raclopride had no 
effect. Neither PCP, clozapine nor raclopride affected baseline startle values. These 
results, in conjunction with the previous finding that dopaminergic modulation of 
PPI occurs through D2 receptors, suggest that PCP-induced deficits in sensorimotor 
gating are probably not mediated via activation of DA systems. Studies investigating 
the role of 5-HT receptors are in progress.

246.17
R E LA T IO N S H IP  B E T W E E N  M O TO R E F F E C T S  IN R A TS  F O LLO W IN G  
A C U T E  AN D  LO N G -TE R M  N E V R O LE P T IC  TR EA TM EN T.
H A. Ja rq e n se n 1 and Q.A. A nd reassen2.

(SPON: European Neuroscience Association) Dept. Psychiatry1 and 
Physiology2, U niv.Bergen, N-5009 Bergen, Norway.

It has been speculated that motor side-effects to acute neuroleptic 
treatment indicate susceptibility to developm ent of tardive dyskinesia 
(TD). Rat m odels w ere used to a sse ss  motoric effects of acute and 
long-term haloperidol treatment. Fem ale Sprague-Daw ley rats (n=30) 
received, with 1 w eek intervals, haloperidol 1.2, 2.4 and 4.8 mg/kg or 
saline IP. One hour after the injections, testing for catalepsy (grid test) 
and locomotor activity (open field) w as performed. Then, the anim als 
(n=30) entered long-term treatment with haloperidol decanoate 38 
mg/kg IM every 4 w eeks, controls (n=10) received saline. Ten anim als 
had their haloperidol treatment ended after 16 w eeks, the rest con
tinued treatment for 24 w eeks. The chronic motoric effect, the puta
tive analogue to TD, w as assessed  during and after treatment as the 
increase of vacuous chew ing m ovem ents (VCM). In the acute experi
ment, each of the three doses of haloperidol significantly increased 
catalepsy and decreased motor activity. During long-term treatment, 
haloperidol significantly increased VCM . After termination of the treat
ment, VCM remained significantly increased for more than 12 w eeks. 
There were highly significant correlations betw een num bers of VCM  
obtained at different time points. No correlation w as found betw een 
acute and chronic motor effects. To the extent that the rat m odels are 
relevant for motor side-effects і hum ans, w e found nothing to indicate 
that acute extrapyramidal sym ptom s predict later developm ent of TD.

246.14
E FF E C T  OF CHRONIC TREATM ENT WITH THE NOVEL 
ANTIPSYCHOTIC RWJ-37796 ON D1 AND D2 DOPAMINE 
R EC EP TO R S IN RAT BRAIN. Laura A. Shapiro. Steve J .  Offord*. and 
Gregory A. Ordwav. Depts. Psychiatry & Pharmacol., Case Western 
Reserve Univ. and MetroHealth Med. Ctr., Cleveland, OH 44109, and 
R .W . Johnson Pharmaceutical Res. Inst., Raritan, NJ 08869 

The potential antipsychotic RW J-37796 (RW J) has a  unique neuro
chemical profile. Preclinically, it inhibits conditioned avoidance behavior 
without producing catalepsy. The effects of chronic treatment with RWJ 
on central D1 and D2 dopamine receptors were studied. Rats were 
treated daily with RW J (1.3 mg/kg), the typical antipsychotic haloperidol 
(HAL, 1 mg/kg) or vehicle (control) for 21 days and were sacrificed on 
day 24. The binding of рНЈӘСН-гзЗӘО and fHJspiperone to D1 and D2 
dopamine receptors, respectively, in the caudate-putamen (CPU) and 
nucleus accumbens (NAC) were measured using quantitative 
autoradiography. D2 receptor binding was significantly elevated in CPU 
of rats treated with HAL or RW J as compared to controls. However, the 
magnitude of the increase in D2 binding w as significantly greater in 
HAL-treated (+38%) compared to RWJ-treated (+21 %) rats. D2 receptor 
binding in the NAC was significantly increased in HAL-treated rats, but 
not in RWJ-treated rats. D1 receptor binding w as unchanged by either 
treatment. Thus, at comparable doses, R W J produces less up- 
regulation of D2 receptors in the striatum than does HAL. The lower 
propensity for D2 regulation may contribute to a  higher safety profile. 
Clinical studies indicate few neurological side effects associated with 
RW J treatment.

246.16
AN ID IO S YN C R A T IC  H IG H -FR EQ U EN C Y  CH EW IN G  B EH A V IO R  
IN D U CED  B Y LO NG -TERM  ADM IN ISTRATIO N O F A M P ER O ZID E  BUT 
NO T A  M ELP ER O N E AN ALO G U E, FG5803, IN R A T S . P .E . Andrén*, U. 
Liminga, L.M. Gunne. Dept. of Psychiatry, Uppsala University, S-75017 
Uppsala, Sweden.

There is a great need for an instrument to monitor the inherent risk of 
extrapyramidal side effects in new antipsychotics, before they are 
marketed. One of the most common neuroleptic-induced movement 
disorder, tardive dyskinesia, is particularly feared since it may become 
irreversible. For such monitoring a number of rodent models have been 
developed, but so far few of them have actually been applied by the 
pharmaceutical industry. The present study is one of the first attempts to 
monitor oral movements in rats during chronic administration of two new 
potential antipsychotics.

Oral behaviors including vacuous chewing movements (VCM), tongue 
protrusions (TP) and tremors of the masseter muscle (TR) were studied. 
Continuous administration of amperozide 0.2 mg/kg/day for 52 weeks 
produced a rise in TP , while 1.0 and 5.0 mg/kg/day caused significant 
increases of both VCM and TP . Some individuals reached VCM 
frequencies up to 175 VCM/min. Exposure for 52 weeks to haloperidol 1.0 
mg/kg/day significantly increased VCM , T P  and TR . During a withdrawal 
period of one month there was gradual reduction of VCM  for amperozide 
and haloperidol. When amperozide and haloperidol were readministered 
for one month, animals with high VCM levels during the first administration 
period returned to their earlier increased VCM  levels. Chronic exposure for 
52 weeks to FG5803 (1.2, 6.0, and 30 mg/kg/day) did not affect the rats' 
VCM behavior. From the present results it may be predicted that FG5803 
might belong to a category of antipsychotics with low inherent propensy to 
induce extrapyramidal side-effects.

246.18
A POTENTIAL ANTIPSYCHOTIC NATURE OF NE-100, A NOVEL 
SIGMA RECEPTOR ANTAGONIST: PRECLINICAL
NEUROPHARMACOLOGICAL PROFILES. S. OKUYAMA, Y. 
IMAGAWA, S. OGAWA, H. ARAKI*, A. AJIMA, M. TANAKA, M, 
MURAMATSU and S. OTOMO. Dep. of Pharmacology, Research 
Center, Taisho Pharmaceutical Co., Ltd., Ohmiya, Saitama 330, 
Japan.

It has been suggested that sigma receptor antagonists may be useful as 

antipsychotic drugs. N,N-dipropyl-2-[4-methoxy-3-(2-phenylethoxy)- 

phenylj-ethylamine monohydrochloride (NE-100) is a novel compound with 

high affinity to and selectivity for sigma receptor (IC50 = 4.16 nM), but low 

affinity (IC50 > 1000 nM) for 38 other receptors (neurotransmitters, regulatory 

sites, opioids, ion channels, prostaglandins, second messengers, and 

uptake sites). The head-weaving behavior induced by either (+ )SKF 10047 or 

phencyclidine (PCP) was dose-dependently antagonized by NE-100 with oral 

ED 50of 0.27 and 0.12 mg/kg, respectively. NE-100 improved PCP-induced 

spatial cognitive dysfunction (Morris's water maze) and PCP-induced 

abnormal diving behavior (a circular water tank and hidden platform) in rats. 

NE-100 did not affect dopamine agonists-induced stereotyped behavior 

and/or hyperlocomotion. NE-100 failed to induce catalepsy in rats. These 

findings indicate that NE-100 may have antipsychotic activity without the 

liability of motor side effects typical of neuroleptics.
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246.19
THE A N TIPSY C H O TIC DRUG CP-88,059 IS AN 
ANTAGONIST AT BOTH 5HT2 AND 5HT1C RECEPTORS .
S. H. Zorn. I. Morrone. T.F. Seeger. E. Jackson. Ç, Johnson*. L,A, Lebet, 
H.R. Howard & Ī. Hevm. Pfizer Inc., Central Research Division, 
Department of Neuroscience, Groton, CT, 06340.

Recent clinical findings suggest that 5HT1C receptors play a role in the 
pathophysiology of schizophrenia (Krystal et al. Neurosci. Abstr. 16:587, 
1990). Therapeutically, this is of interest since the atypical antipsychotic 
clozapine possesses high affinity for 5HT1C receptors where it acts as an 
antagonist. CP-88,059 is a combined 5HT2/D2 receptor antagonist 
undergoing clinical evaluation as a new treatment for schizophrenia. It has 
higher 5HT2 than D2 receptor affinity (Ki's 0.4 and 5 nM, respectively), and 
affinity for 5HT1C receptors (Ki = 1 .5  nM) which is also greater than its D2 
receptor affinity. The present study was undertaken to characterize the 
5HT2 and 5HT1C actions o f CP-88,059 by examining 5HT-stimulated  
phosphatidylinositol (PI) turnover. 5HT, but not CP-88,059, stimulates PI 
turnover in rat brain cerebral cortical slices (5HT2) and choroid plexus 
(5HT1C) with EC50's of 2.6 μΜ and ~0.1 μΜ, respectively. The 5HT2 
receptor-coupled response is antagonized by CP-88,059, risperidone, 
ritanserin, ketanserin and clozapine. Increasing concentrations of CP-88,059 
produce parallel rightward shifts of the 5HT concentration-response curve 
without decreasing the maximal response indicating it is a competitive 
antagonist at this receptor (Kb = 3.6 nM). CP-88,059 is also an antagonist of 
the 5HT1C receptor-mediated response in choroid plexus and it appears to be 
substantially more potent than risperidone. Thus, CP-88,059 may be 
distinguished from other antipsychotic drugs by its potent 5HT1C and 5HT2 
receptor antagonist activity, features that may have significant therapeutic 
implications.

246.20
BEHAVIORAL PHARMACOLOGY OF CP-88,059: A NEW 
ANTIPSYCHOTIC WITH BOTH 5-HT2 AND D2 ANTAGONIST 
ACTIVITIES. P.A. Seymour*. T.F. Seeaer. V. Guanowskv. G.L. 
Robinson. Howard. H. and J.Heym. Department of Neuroscience, 
Central Research Division, Pfizer Inc, Groton, CT 06340.

Conventional antipsychotic therapy is limited by EPS and lack 
of efficacy against negative symptoms. Recent findings have lead 
to the hypothesis that 5-HT2 antagonism limits the motor side 
effects produced by D2 receptor blockade and improves efficacy 
against negative symptoms. The in vivo profile of the new 
antipsychotic, CP-88,059, is consistent with potent D2 
antagonist activity and even more potent 5-HT2 antagonist 
activity. Oral administration of CP-88,059 to rats antagonizes 
amphetamine-induced hyperactivity (ID50 = 1.6 mg/kg) and 
apomorphine-induced stereotypy (ID50 = 4.5 mg/kg), both of 
which are consistent with D2 receptor blockade. The compound's 
ability to antagonize quipazine-induced head shakes (ID50 = .28 
mg/kg, p.o.) is consistent with potent 5-HT2 receptor blockade. 
Similar to clinically proven antipsychotics CP-88,059 inhibits 
conditioned avoidance behavior in rats (ID50 = 2.2 mg/kg, 
p.o.). Finally, compared to its anti-amphetamine potency CP- 
88,059 is five times less potent at inhibiting spontaneous 
locomotor activity and is an order of magnitude less potent at 
producing minimal signs of catalepsy. This behavioral profile 
suggests potential for antipsychotic efficacy and fewer side 
effects.

A G IN G : M EM O RY  A N D  C O G N IT IO N

247.1

PROCEDURAL MEMORY DIFFERENCES BETWEEN ELDERLY AND  
YOUNG SUBJECTS ON SERIAL REACTION TIME TASK. K, Anderson*. J, 
Singh. J. Metz. J.D.E. Gabrieli. D.B. Willingham. J. Saver, & M. Cooper. The 
University of Chicago, IL 60637.

The serial reaction time (SRT) task measures a pattern-specific form of 
sensorimotor skill learning and retention. SRT learning is implicit or procedural, 
because it is intact in some patients with declarative/explicit memory deficits due to 
limbic lesions (amnesia, Alzheimer’s disease) and in normal subjects with 
scopalamine-induced amnesia. Previous work has shown that explicit memory is 
usually impaired in normal elderly populations as compared to young adults. 
However, there is some disagreement whether components o f procedural memory 
also decline with aging as measured by the SRT task. We studied procedural 
memory as measured by the SRT task in 11 normal elderly (mean age = 71 yrs) 
and 10 normal young subjects (mean age = 25 yrs) to examine the age-related 
changes associated with the SRT task.

For the SRT task four boxes were displayed horizontally on a computer screen 
in front of the subject. On each trial, a box turned “on” (turned black), and the 
subject pressed one o f the four buttons corresponding to that box. The first box 
then turned off and another turned on. This sequence was repeated for 144 trials 

per block; total blocks: 9. The first and ninth blocks were random, and the others 
consisted o f a repeating pattern 12 units long. Subjects were asked to press keys as 
quickly as possible, without making mistakes, corresponding to the box showing a 
change in color. The difference in the median RT between the last pattern and 
second random block was used as a measure o f improvement due to learning of the 
pattem. The performance by two groups on this measure was analyzed.

The elderly subjects were significantly slower than the young subjects (F = 
31.674, p < .0001). Both groups also showed significant learning (F = 58.28, p < 
0001), although the young subjects learned better than did the elderly (F = 5.897, p 
<.0253). The results provide evidence that some components o f skilled 
sensorimotor learning are preserved during normal aging, even though some 
aspects o f performance deteriorate.

247.3
SPATIAL MEMORY IS NOT DISPROPORTIONATELY 
IMPAIRED IN THE ELDERLY. J.S. Janowskv*. R.A. Carper, and 
J.A. Kave Dept. of Neurology, Oregon Health Sciences Univ., 
Portland, OR 97201.

Visual-spatial abilities, particularly those associated with spatial 
memory, decline with age. Clinical assessment measures suggest 
that right temporal lobe mediated spatial memory declines 
disproportionately more than nonspatial memory. We tested this 
possibility by equating older (N = 14 , range 67-79 years o f age) and 
younger subjects’ (N = 14 , range 25-39 years o f age) nonspatial 
recall of 16 objects, by using different retention intervals for each 
group, and then comparing their recall o f the location of each object 
in an array. When recall and recognition o f the objects was the 
same, older subjects were significantly better at recalling the spatial 
location of the object than middle aged subjects. Older subjects 
were also significantly more accurate in putting objects into the 
correct quadrant. Initial data from 5 patients with probable 
Alzheimer’s Dementia had spatial memory performance comparable 
to normal older control subjects when the groups are equated for 
nonspatial recall, using a simplified test with 8 objects. These data 
suggest that memory for spatial location and therefore, right 
temporal lobe function, is not disproportionately impaired over 
nonspatial memory in the normal aged, or in a sample o f patients 
with Alzheimer’s Dementia. (Supported by ADCO)

247.2
BASAL CORTISOL LEVELS, NEUROPSYCHOLOGICAL 

PERFORMANCE, AND NORMAL HUMAN AGING. S. Lupien. S. 
Sharma. N.P.V. Nair* & M.J. Meanev. Douglas Hosp. Res. Ctr., 
Dept. Psychiatry, McGill Univ., Montreal H4H 1R3 Canada.

A group of 58 elderly, healthy subjects (aged 60-87 years) 
participated in a 4-year longitudinal study involving a yearly, 24- 
hour period of blood sampling for basal cortisol levels. Simple 
regression analysis on integrated cortisol levels served to divide 
subjects into three groups based on 'cortisol slope' (changes in basal 
cortisol levels over years): 1) Subjects (PSE) showing a positive slope 
with an elevated recent level of basal cortisol (>12.5 μg/dl/h); 2) 
Subjects (PSM) showing a positive slope with moderate recent level 
of basal cortisol (<12.5 μg/dl/h); 3) A group (NS) showing a 
negative slope. ТЪеге were no group differences in plasma CBG 
levels, and free and total cortisol levels were highly correlated across 
all subjects (r=+.90). A neuropsychological test battery assessing 
memory (short & long term, immmediate & delayed recall, explicit 
& implicit), attention (selective & divided), and language (verbal 
fluency & naming) was administered to a subgroup of 19 subjects (8 
PSE, 6 PSM, and 5 NS). The testing was conducted over 3, 1.5 hour 
sessions by an experimenter blind to the subjects cortisol status. 
Significant effects on both explicit memory and selective attention 
were observed as a function of cortisol status. On these measures, the 
PSE group showed deficits compared to both the PSM and NS 
group. Performance of the NS group was not different from that of 
young subjects. These results are consistent with previous rodent 
studies (Landfiled et al., Science, 1981; Issa et al., J. Neuroscience,
1990) and suggest that among normal aged humans there are 
individual differences in pituitary-adrenal activity that are predictive 
of cognitive deficits.

247.4
PRESERVED HIPPOCAMPAL CELL NUMBER IN AGED MONKEYS 
WITH RECOGNITION MEMORY DEFICITS. М Љ  W est*. D.G. Amaral 
and P.R, Rapp. Univ. of Aarhus, Denmark and The Salk Institute, La Jolla, 
CA 92037

This investigation examined hippocampal neuron number in a nonhuman 
primate model of normal aging. Four young adult rhesus monkeys and 5 
aged subjects in their mid-twenties were tested on a standardized battery of 
learning and memory tests prior to sacrifice and histological evaluation. 
Three of the aged monkeys exhibited a pattern of behavioral impairment 
resembling the effects of medial lobe damage; the other aged animals 
performed as accurately as young subjects (Rapp and Amaral (1991) 
Neurobiol. Aging., 12, 481). At the conclusion of the behavioral testing, an 
evenly spaced series of histological sections from each brain was stained with 
thionin, and the number of neurons in individual fields of the hippocampal 
formation was estimated using the optical fractionator technique (West, et 
al., (1991) Anat. Rec. 231: 482). This recently developed stereological method 
yields estimates of neuron number that are unaffected by potential 
volumetric differences between young and aged brains, or by the size, shape 
and orientation of the cells being counted. In layer II of entorhinal cortex, the 
hilar region of the dentate gyrus, CA 2/3, and in CAI, the mean estimated 
total number of neurons differed by less than 5% across age groups. A 
nonsignificant numerical difference of 11.3% was observed in subiculum. 
There was no evidence, in any of the regions examined, for a disproportionate 
degree of neuron loss in aged monkeys with documented memory 
impairments. These results argue against the proposal that hippocampal cell 
loss can account for the memory impairments observed in a subset of aged 
monkeys.
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247.5
RELATIONAL M EM ORY PRO CESSIN G  AND AGING IN 
M ONKEYS. P.R. Rapp*. M.T. Kanskv and H, Eichenhaum. The Salk 
Institute, La Jolla CA 92037, Calif. Regional Primate Res. Center, Univ. of 
Calif., Davis, CA 95616, Dept. Psych., Univ. of North Carolina, Chapel 
Hill, NC 27599.

Recent theoretical formulations emphasize the role of the hippocampal 
system in the organization and flexible utilization of memory 
representations. Based on evidence that hippocampal memory function is 
frequently compromised during normal aging, this experiment evaluated 
relational memory processing in aged monkeys using a transitive 
inference procedure. Six young adult rhesus monkeys and 5 aged 
animals (21-24 years) were initially trained on 4 overlapping, two-choice 
object discriminations (i.e., A+B-, B+C-, C+D-, and D+E-) until they 
achieved a criterion of 88% correct. This training was designed to 
emphasize the relationship between objects such that A>B>C>D>E. To 
determine whether such a hierarchy was in fact established, responses to 
the novel pairing of В with D were assessed during subsequent probe 
trials. Young subjects chose В over D on 83% of these trials, 
demonstrating their ability to make inferential judgments based on the 
relationship between items in memory. Aged monkeys learned the initial 
discriminations at a normal rate, and displayed the same degree of 
inferential responding on probe trials (mean=84%) as young subjects. 
Additional analyses, however, revealed that while young animals exhibited 
reliably longer response latencies on the BD probes relative to the BC/CD 
discriminations (p<0.05), latencies in aged monkeys were equivalent 
across all trial types. To the degree that longer latencies on the BD probe 
reflect increased time required to judge novel relationships among 
memory representations, these results suggest that aged monkeys may 
have utilized non-relational, and hippocampal-independent task strategies.

247.7
NIMODIPINE FACILITATES RETENTION OF THE CLASSICALLY 
CONDITIONED EYEBLIINK RESPONSE IN RABBITS. P.R. Solomon* 1, M.S. 
WoodLC. Ovlert M. Tomasi!  M. Groccia-Ellisoni , B.Y. Yana!  R. J. Ғапе1№.
1 Program in Neuroscience, & Dept. of Psychology, Williams College, 
Williamstown, MA 01267, înstitute for Dementia Research, Miles Inc.

We have adopted the classically conditioned eyeblink (EB) response as a 
model system for investigating the neurobiological basis of age-related 
memory deficits. We have previously demonstrated large age-related 
conditioning deficits in both humans and rabbits. We have also suggested 
that this preparation may represent a useful preparation to screen potential 
memory improving agents. The calcium channel blocker, nimodipine, is one 
such drug. We now report that memory for this response is facilitated in 
nimodipine treated rabbits.

Thirty aged (36 - 42 months) New Zealand Albino rabbits underwent 
acquisition of the classically conditioned eyeblink response for 18 days (100 
trials per day). Following acquisition, rabbits received daily injections of either 
5or 15 mg/kg of nimodipine or a vehicle for 90 consecutive days. At the end 
of 30 and 90 days, animals underwent retention testing consisting of 20 tone 
CS alone presentations. In comparison to controls and animals receiving the 
low dose of nimodipine who did not differ, rabbits that received the high dose 
of nimodipine showed significantly better retention. Subsequent evaluation 
indicated that improved retention was not due to nonassociative factors such 
as changes in sensitivity to the tone or air puff. Work is currently underway to 
determine if similar improvement in eyeblink conditioning will be found in 
Alzheimer’s patients taking nimodipine.
Supported by a grant from Miles Pharmaceuticals.

247.9
AGE-RELATED IMPAIRMENTS IN WORKING MEMORY ASSESSED BY 
A  NEW SPATIAL DELAYED ALTERNATION IN MORRIS WATER MAZE. 
R.Q. Wan*. A.L. MarkoWska. Y. Tomozawa, M. Barra. K.M. Frick, and P.S. 
Olton. Dept. of Psychology, The Johns Hopkins University, Baltimore, MD. 21218.

Age-related deficits in spatial working memory (SWM) were assessed with 
a new procedure to test spatial delayed alternation in a Morris water maze (SDA- 
WM). A  T-shaped divider separated the tank into a start section and two choice 
sections. A  sliding panel was used to close off one of choice sections from the 
start section. A  platform was in each choice section. When raised, it was 
available to the rat so that escape from water was possible by climbing on it. The 
SDA-WM used a nonmatch-to-position procedure. Each session had 8 trials. 
Each trial had a forced swim (FS) and a subsequent choice swim (CS). For the 
FS, one of the choice sections was closed by the panel. The other section had the 
platform available. For the CS, both choice sections were accessible, but only the 
section that the rat did not visit in the FS had the platform available. A  correct 
response was to enter the section with the available platform. The FS and CS 
were separated by a variable retention interval (RI). Choice accuracy (CA) 
measured SWM. Fischer-344 rats, 4 (4MO) and 23 (23MO) months old, were 
trained in the task. During acquisition with a 1 min RI and a 10 min intertrial 
interval, 4MO rats learned the task within 10 sessions with CA above 80% in the 
last 3 consecutive days, and had CA above 90% in subsequent sessions. 23MO 
rats learned the task slower than 4MO rats, and had CA consistently lower than 
80%. During testing with RIs from 1 to 5 min, CA decreased as RI increased for 
both 4MO and 23MO rats. CA of 23MO rats was significantly lower than that of 
4MO rats at all RIs. This task is sensitive to age-related impairments in SWM, 
and can manipulate task demand with the RI. Because the SDA-WM uses escape 
from water as the motivation, it eliminates the difficulties associated with 
restriction of food and water in aged rats.

247.6
THE RECOGNITION MEMORY SPAN CAPACITY OF INTERMEDIATELY 
AGED (19-24 YEARS OLD) RHESUS MONKEYS. J.G. Herndon*. R.J. 
Killiany, D.L. Rosene and M.B. Moss. Yerkes Research Center, Emory Univ., 
Atlanta, GA 30322, and Boston Univ. Sch. Med., Boston, MA 02118.

This study was designed to assess the recognition memory capacity of aged 
rhesus monkeys (M. mulatta) as part of an effort to develop a model of age- 
related cognitive dysfunction in humans. Previously, we reported an 
impairment of the recognition memory span capacity of monkeys aged 26-27 
years (Beason et al., Soc Neurosci Abstr, 192.3, 1991), an age range that 
approaches the end of the life span for this species. We now report on the 
performance of a group of monkeys aged 19-24 years, an intermediate age 
range of old monkeys. This group was compared to young adult monkeys, 5- 
9 years of age, as well as to another group of very old monkeys, 26-27 years 
of age. The task, originally developed to assess the spatial memory capacity 
of monkeys with selected temporal lobe damage, is a test of short-term 
memory that has also been shown to be sensitive to age-related memory 
decline in normal humans and is particularly sensitive to memory dysfunction 
in patients in the early stages of Alzheimer’s Disease. The task requires the 
subject to identify a new stimulus among an increasing array of previously 
presented familiar stimuli. The task was administered using two stimulus 
parameters: spatial position and colors. The number of correct responses 
made before the first error constituted the "recognition span" for each stimulus 
parameter. On the recognition span task, the intermediate aged monkeys 
were significantly impaired relative to the young adult group on both the 
spatial and color conditions of the tasks, while no difference was found 
between the performance of the intermediate and very old monkeys. This 
impairment of recognition memory span in our intermediate aged monkeys 
parallels that seen in both cross-sectional and longitudinal studies of normal 
human aging. (NIH grants RR-00165 and 2P01-AG00001.)

247.8
DAU 6215 A NOVEL 5-HT3 ANTAGONIST 
ANTAGONIZES SCOPOLAMINE-INDUCED AMNESIA 
AND AGE-RELATED DEFICITS IN THE RAT IN 
LEARNING AND MEMORY TASKS. N. 
Pitsikas*, A. Brambilla and F. Borsini. 
Research Dept. Boehringer Ingelheim 
Italia S.p.A., 20139 Milan, Italy.

The effects of a new 5-HT3 receptor 
antagonist, DAU 6215, on rats cognition 
were assessed in different animal 
amnestic models and in different 
behavioral paradigms. Acute treatment 
with 10 and 30 Mg/Kg (but not 1 or 100 
/ig/kg) , of DAU 6215 counteracts 
scopolamine-induced amnesia in the 
passive avoidance and in the Morris 
water maze task. Chronic treatment with 
10 Mg/kg of DAU 6215 improves spatial 
learning abilities in the Morris water 
maze task and enhances retention in a 
multiple choice avoidance paradigm in 
the 22-month-old rat. These results 
suggest that this novel 5-HT3 
antagonist DAU 6215 may represents a 
new powerful cognitive ehhancer.

247.10
MODEST ENVIRONMENTAL ENRICHMENT IMPROVES COGNITIVE 
PERFORMANCE OF AGED RATS. K.S. Seybold*, P. Wampler- 
Parsons, H.A. Murphy, R. Magee and R.L. Port.
Departments of Psychology, Grove City College, Grove 
City, PA 16127 and Slippery Rock University, Slippery 
Rock, PA 16057.

Environmental conditions are known to affect cognitive 
and neurologic function in developing and mature 
animals. Studies in aged mammals have typically involved 
robust enrichment over relatively long periods of time. 
The present study evaluated the inpact of a relatively 
modest (single cage toys changed daily) enrichment 
over a moderate period of time (90 days).

Aged male rats (18 mos) were randomly assigned to 
dynamic (DYN) or static (STAT) environments. Following 
the enrichment period, cognitive performance was 
evaluated using a radial 8-arm maze. Results indicated 
that DYN subjects reached training criteria more 
quickly than STAT subjects, t:(ll)=2.12, £<.05.
Preliminary analyses of brain regions implicated in 
spatial cognition revealed no significant differences 
between groups.
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247.11
SHORT INTERTRIAL INTERVALS IMPAIR WATER MAZE PERFORMANCE 
IN OLD RATS. J, Th. Rick*. G. O. Iw  and N. W. Milaram. Div. of Life 
Sciences, Scarborough College, U. of Toronto, Scarborough, Ont., Canada, 
M1C 1A4.

Male and female Fischer 344 rats aged 17, 20, and 23 months received 
six 90 s trials per day for five days in the Morris water maze with intertrial 
intervals (ITIs) of either 2-4 minutes (Massed) or 23-33 minutes (Spaced). 
Criterion performance was 3 out of 4 consecutive trials with latencies of 25 
sor less. Trials to criterion (TTC) increased significantly with age in the 
Massed but not the Spaced condition. The 17 month old rats in both ITI 
groups performed identically, with TTC comparable to young (6-9 month) 
male F344 rats tested in a similar paradigm (Rick, Milgram & Ivy, 1987, Soc. 
Neurosci. Abstr., 13, 440). The 20 and 23 month old Massed rats differed 
significantly from their Spaced counterparts. Analysis of mean daily escape 
latency produced similar results, though males performed more poorly on 
the measure than did females, especially at 23 months of age. The oldest 
Massed animals exhibited the longest latencies of any group. The finding of 
an impairment in TTC but not latency in the 20 month old Massed 
(compared to Spaced) animals suggests a deficit in spatial processing that 
is contingent upon testing with short ITIs. The 23 month old Massed rats 
are poor on both measures, indicating an additional motoric impairment. 
We infer that short but not long ITIs increase the susceptibility of older rats 
tp the effects of hypothermia and/or swim stress, which in turn produce 
cognitive and motor deficits. These findings raise questions about the 
usefulness of the water maze for measuring age-dependent deficits in 
cognitive ability.

247 .13

GLUTAMATE RECEPTOR SUBTYPE BINDING IN THE RAT: 
RELATIONSHIP TO BIOLOGICAL AND COGNITIVE AGING. 
M.M.Nicolle*1 J ,B iz o n 2, and M.Gallagher2. 1 Curriculum in 
Neurobiology, departm ent o f Psychology, University o f North 
Carolina, Chapel Hill, NC 27599.

Young (6 mo) and aged (25 mo) Long-Evans rats were trained and 
assessed for spatial learning in the Morris water maze and then used for 
an autoradiography study of [3H]AMPA, [3H]kainic acid ([3H]KA), and 
NMDA-sensitive [3H]glutamate binding. Thusfar, analysis of dorsal 
hippocampus has been completed. The different subtypes o f binding 
sites have shown distinct patterns of change in relation to chronological 
age and/or cognitive status. An effect o f age on AMPA density 
depended on the region of the hippocampal formation assessed. No age 
difference was found in CAI but density was relatively reduced in aged 
brains in CA3 and dentate gyrus (Age X Region interaction, p<.02). 
This effect was equally evident, however, in aged rats with preserved 
learning ability and those that were impaired. In contrast, an age-related 
effect on kainate binding was associated with cognitive status. For 
example, a reliable decrease in kainate density in the stratum lucidum 
of CA3 was found in the aged rats with preserved function relative to 
either their impaired aged cohorts or young rats. A similar pattern for 
altered KA binding was also evident in CAI and the hilus. NMDA- 
sensitive [3H]glutamate binding showed only a trend (p<.07) for a 
reduction in aged brains, which was most apparent in the dentate 
molecular layer and more pronounced in aged rats with preserved 
spatial learning ability. The status of these sites in ventral hippocampus, 
limbic-related cortical areas and striatum will also be reported.
Supported by NIA Grant POI AG09973

247.15
MEMORY ĄND SENSORIMOTOR SKILLS IN AGING RATS: 
EFFECTS OF AGE, STRAIN, GENDER AND DIET RESTRICTION. 
A.L. Markowska*. S.J. Breckler. and P.S. Olton. Dept. of 
Psychology, The Johns Hopkins University, Baltimore, MD 21218.

Memory and sensorimotor skills were examined in male and 
female rats of two strains: Fischer-344 (F-344; ages 4, 12, 24 
months) and a hybrid cross between Brown-Norway and Fischer- 
344 (Cross; ages 4, 12, 24, 30 months). The diet was either ad 
libitum or 60% restricted during development and/or during 
testing. Cognitive tasks included place learning, reversal of a 
spatial discrimination, cue learning, search strategy, and recent 
memory. Sensorimotor tests included straight swim in an alley, 
and several measures of sensorimotor coordination. Both strains 
had age-related impairments in behavioral tasks, with the time of 
onset and the magnitude of the impairment depending upon the 
strain, gender, and type of diet. Cross rats performed better than 
Fischer rats after 12 months of age. Males performed better than 
females in cognitive tests, whereas females generally performed 
better than males in sensorimotor tests. Dietary restriction during 
development improved performance in the sensorimotor tasks 
and in some cognitive tasks as compared to ad libitum diet. 
Dietary restriction at the time of testing slightly improved some 
sensorimotor skills, but not cognitive tasks, as compared to ad 
libitum diet.

247.12
RELATIONSHIP OF APP mRNA TRANSCRIPTS AND LEVELS OF NGF AND 
LOW-AFFINITY NGF RECEPTORS TO BEHAVIORAL MEASURES OF AGE- 
RELATED COGNITIVE DYSFUNCTION. M.D. Lindner1* R. Lov.1· Ş.I. 
Dworetzky2. Univ. Rochester Med. School, Neurogerontology Unit, Monroe 
Community Hospital, 435 E. Henrietta Rd., Rochester, NY 14620' and Bristol-Myers 
Squibb Pharm. Res. Inst., Dept. Biophysics and Molecular Biology, 5 Research 
Parkway, Wallingford, CT 064922

This study was designed to examine the relationship between cognitive function 
and endogenous levels of NGF, low-affinity NGF receptor (LNGFR), and amyloid 
precursor protein (APP) mRNAs. Using 3mo (n=5), 18mo (n=40), and 29mo (n=17) 
Fischer-344 male rats, cognitive function was assessed with the Morris water maze, 
reverse transcription and PCR was used to quantify APP mRNAs, and NGF and 
LNGFR levels were determined with an ELISA. Cognitive function declined 
progressively with age from 3mo to 18mo, and from 18mo to 29mo; but among all 
the neurological measures, only RNA content in the tissue declined significantly 
from 3mo to 18mo. Between 18mo and 29mo rats there were small but statistically 
significant decreases only for kunitz protease inhibitor-inclusive mRNAs and cortical 
NGF levels. There was a small but statistically significant correlation between 
cognitive function and %KPI (the amount of kunitz protease-inhibitor APP mRNAs 
relative to the total amount of APP mRNA), with lower %KPI related to more 
impaired spatial learning. No other statistically significant correlation or linear 
relationship could be detected between cognitive function and any of the other 
neurological measures or any combination of these measures (i.e. hippocampal levels 
of APP 695 mRNA, cortical and hippocampal levels of NGF, and cortical, 
hippocampal and basal forebrain levels of LNGFR). Although there were no strong 
linear relationships between cognitive function and our neurological measures, a 
post-hoc exploratory cluster analysis suggests that tissue levels of %KPI, NGF, and 
LNGFR may increase, but only briefly, during the initial period of cognitive 
deterioration. An adequate test of this possibility will require independent 
measurement of levels of these substances in die tissue, and the number of remaining 
neurons in which they are being produced. Supported by AG09231.

247.14
ACETYL-L-CARNITINE IMPROVES SPATIAL LEARNING IN AGED  
RATS: CORRELATION WITH BASAL FOREBRAIN NGF LEVELS. A.
Caprioli*, P. Giubilei, O. Ghirardi, G. Taglialatela. R. Cruciarli. M.T. 
Ramacci, L. A ngelucciL  Inst, for Res. on Senescence Sigma Tau, 00040 
Pom ezia, Italy; 1 Inst, o f Pharm acology II, School of M edicine, "La 
Sapienza" Univ. of Rome, Italy

Previous reports showed that long-term treatment of rats with Acetyl-L- 
Cam itine (ALCAR) prevents som e age-related deficits of the CNS. Here 
w e studied the effects of a short-term ALCAR treatment of aged rats on 
spatial learning and correlated the behavioral performance w ith NGF 
levels in the CNS. Twenty-five month old Fischer 344 rats were ranked 
after their performance in the Morris Water M aze and d ivided  into 2 
homogeneous groups.

One group w as given ALCAR during the fo llow ing 4 w eeks (150 
m g /k g /d a y  in drinking water plus 200 m g /k g /d a y  i.p.) and then assayed in 
a retention test.

ALCAR-treated rats performed better in the retention test than controls, 
particularly those rats that have had interm ediate performances during 
the acquisition sessions. Given that good performances in the retention test 
were correlated with lower NGF levels in the basal forebrain (BF), and 
that ALCAR-treated animals had significant lower levels of BF NGF as 
compared to controls, these data indicate that ALCAR can improve spatial 
learning in aged rats possibly by increasing BF utilization of target derived 
NGF.

247.16
A VALID VIGILANCE TASK FOR RATS: EFFECTS OF AGE, 
TIME ON TEST, SIGNAL INTENSITY, AND PSYCHOTROPIC 
DRUGS. J, McGaughv* and M. Sarter. Dept. Psychology, Ohio State 
Univ., Columbus, OH 43210.

Impairments in attentional abilities have been hypothesized to 
represent a major basis for the development o f cognitive impairments 
in various neuropsychiatric disease and in normal aging. Our previous 
experiments have suggested that manipulations in basal forebrain 
GABA-cholinergic circuits selectively affect attentional abilities, thus 
supporting hypothesis about the role of cortical acetylcholine in 
attentional abilities. However, measures o f vigilance generated by 
previous animal tasks (which were based on simple signal detection 
paradigms) showed limited validity, primarily because o f the absence 
of a true false alarm rate. Similar to the task used by Bushnell et al. 
(1992), rats were trained to press one lever following presentation of 
a visual signal (hit), and to press another lever if  no signal was 
presented (correct rejection). Both lęvers were made available for 4 
sec following both signal and non-signal trials. Hits and correct 
rejections, but not misses (in response to signals) and false alarms (in 
response to non-signals), resulted in reward. The validity o f these 
measures was supported by the finding that performance varied with 
signal presentation time (25, 50, 500 msec), background illumination 
(houselights on, off, and flashing), time on task (3 blocks o f 54 trials 
each), signal density, and the animals’ age (9 and 19 months).
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247.17
REACTIVITY TO NOVELTY IN YOUTH AS A PREDICTIVE 
FACTOR OF COGNITIVE IMPAIRMENT IN ELDERLY: A
LONGITUDINAL STUDY IN RATS. F. Deliu, W. Mayo*. M. Le Moal.
H. Simon. Lab. de Psychobiologie des Comportements Adaptatifs, 
INSERIVI U.259, Domaine de Carreire, 33077 Bordeaux Cedex, 
France.

Old subjects exhibit considerable variability in the severity of age- 
related impairments. This variability could be ascribed to pre-existing 
individual differences at younger ages. Individual differences in 
novelty reactivity in young rats have been well documented (Piazza 
et al., 89) and have been related to a human personality trait labelled 
"sensation-seeking". The present experiment was designed to 
determine whether this behavioral trait in youth contributes to 
memory age-related deficits, using a longitudinal study. Eighty young 
Sprague-Dawley rats were split into two groups according to their 
novelty-induced locomotor activity in a circular corridor: the "high- 
responders" (HR) and the "low-responders" (LR). In parallel with 
reactivity to novelty measurements, spatial memory was tested with 
a two-trial task in a Y-maze, at different periods during the animals 
life. As the behavioral trait defining HR and LR rats disappeared with 
age, old HR rats presented a cognitive impairment in spatial 
recognition with a long delay (4 hours) compared to their 
performance when they were young, whereas LR rats did not. This 
result cannot be ascribed to an exploratory deficit in HR rats since 
they all exhibited a novelty recognition behavior with a short delay (1 
min). In conclusion, a novelty seeking tendency in youth can be a 
predictive factor of cognitive impairment in elderly.

247.19
SPATIAL WORKING AND REFERENCE MEMORY ASSESSED IN 
THE WATER MAZE: AGE-RELATED DEFICITS IN RATS. K.M. 
Frick*. M.G. Baxter. A.L. Markowska. P.S. Olton. Dept. of 
Psychology, The Johns Hopkins University, Baltimore, MD 21218.

The present experiment examined the relationship between 
age-related changes in spatial working and reference memory. 
Place discrimination (PD) in the water maze measured spatial 
reference memory (SRM). Repeated place acquisition (RA), a 
variation of PD in which the escape platform location varied from 
session to session, measured spatial working memory (SWM). 
Rats were trained in 5 sessions of PD followed by 5 sessions of 
RA; each session had 5 platform trials and 1 variable-interval 
probe trial. Performance on trial 2 of RA assessed SWM. Four 
ages were tested: 4 (4MO), 11 (11 MO), 17 (17MO), and 24 
(24MO) months old. 24MO rats were significantly impaired 
relative to 4MO rats on all measures of PD and RA. 11 MO and 
17MO rats were moderately impaired on probe trials, but were 
not different from 4MO rats on platform trials. A principal 
components analysis yielded 2 components, one associated with 
measures of SRM, the other associated with measures of SWM. 
These results indicate that probe trials are more sensitive to age- 
related cognitive impairments than platform trials, and that 
different indices of performance can assess different age-related 
cognitive impairments.

247.18
LONG-TERM I N STRUMENTAL TRAINING GREATLY 
FACILITATES SPATIAL COGNITION IN YOUNG AND 
AGED RATS. R.L. Port*. H.A. Murphy. R.A. 
Maaee and L.B. Burns. Depts. of Psychology 
and Biology, Slippery Rock University, 
Slippery Rock, PA 16057.

Use or disuse of neural systems has 
profound effects on synaptic function. 
Enhanced synaptic transmission occurs within 
hippocampus as a consequence of associative 
l e a r n i n g  a n d  r e d u c e d  c a p a c i t y  for 
potentiation has been offered as a basis for 
poorer learning performance in aged animals. 
The present study evaluated effects of long
term instrumental conditioning on performance 
in the radial arm maze. Young (3 mos) and 
aged (18 mos) male rats underwent 12 weeks of 
instrumental (bar-press) conditioning? half 
of e a c h  g r o u p  r e c e i v e d  c o n t i n u o u s  
reinforcement and the other half alternated 
acquisition (to criterion) and extinction. 
Control groups received no prior training. 
Results indicated that all groups trained in 
the instrumental task performed at markedly 
s u p e r i o r  levels during maze learning. 
Initial analyses of gross functional and 
structural aspects of hippocampus revealed no 
significant differences.

E P IL E P S Y : H U M A N  S T U D IE S  A N D  A N IM A L  M O D E L S  I I

248.1
ACTIVATION OF HIPPOCAMPAL NPY NEURONS IN RATS WITH 
AN INCREASED SUSCEPTIBILITY TO SEIZURES. A. Vezzani*. 
M. Rizzi, A. Monno. G. Civenni. S. Messali and R. Samanin. Lab. of 
Neuropharmacology, "Mario Negri" Institute for Pharmacological 
Research, Milan, Italy.

NPY release was measured in hippocampal slices from 90 day-old 
rats 40 days after injection of kainic acid (KA, 12 mg/Kg, i.p.). These 
rats had an enhanced susceptibility to metrazol (PTZ) (25 mg/kg, i.p.) 
induced convulsions. KA increased spontaneous (6.0±0.9 pM) and 
100 mM KCI-stimulated (63.0±9.0 pM) NPY release in controls 1.6 
times on average. No differences were found after 50 mM 
KCI±bicuculline (30-100 μΜ). Hippocampal NPY concentration was 
increased 40±4% after KA.

NPY release and tissue concentration did not significantly change 
in 50-day old rats treated with KA (5 mg/kg, i.p.) at postnatal day 15. 
Although KA induced severe generalized convulsions, these rats did 
not have an enhanced susceptibility to seizures as adults. 
Somatostatin release was the same in rats treated with KA as pups 
or adults.

Our data show a selective activation of NPY cells in the 
hippocampus of rats with a lower threshold to seizures.

248.2
ELECTROGRAPHIC ACTIVITY IN THE INFERIOR COLLICULUS OR 
MEDULLARY RETICULAR FORMATION DURING AUDIOGENIC  
SEIZURES IN SEVERE SEIZURE GENETICALLY-EPILEPSY-PRONE 
RATS (GEPR-9S). &  Wang*. R |L  Mishra. O-S. Yan. I  W  Dailev. EL 
Browning1 and P. C. Jobe. Dept. o f  Basic S c i., Univ. o f  Illin ois Coll, o f  
M ed., Peoria, IL 61656, ^ e p t . o f  Physiol., Southern Illinois Univ. Sch. o f  
Med., Carbondale, IL 62901.

Audiogenic seizures in the GEPR are characterized by tonic-clonic  
convulsions following wild running in response to intense acoustic stimulation. 
Previous studies indicate that audiogenic seizures originate in the brainstem. 
The present experiment was designed to investigate the involvement o f inferior 
co llicu lu s  and brainstem  reticular form ation in audiogenic seizures by 
examining the relationship between audiogenic seizure behavior and seizure 
discharges in the inferior colliculus or medullary reticular formation using a 
behavior-EEG monitoring system. Seizure spikes occurred in the inferior 
colliculus o f seizure-naive ( n = 8) and experienced (n = 2 2 ) GEPR-9s. Spikes 
were observed shortly after running started in 70% o f  rats. The collicular 
electrographic trace became flat when hindlimbs fully extended. In some cases, 
low frequency spikes (2-3c/s) emerged thereafter. Seizure spikes were also 
recorded in the medullary reticular formation o f  GEPR-9s (n = 2 0 ). Spikes in 
the reticular formation appeared before or at the same time as running started 
in 60% o f  rats. Audiogenic seizure behavior and spikes in the inferior 
colliculus and medullary reticular formation were blocked or suppressed by 
desipramine (20mg/kg, i.p.) 3 hr prior to testing. We suggest that audiogenic 
seizure behavior is related to electrographic activity in the inferior colliculus 
and reticular formation and that the noradrenergic system  attenuates these 
seizure events.
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248.3
A PRECIPITO US IN T E N S IT Y -E V O K E D  A C O U S T IC  R E S P O N S E  
INCREASE IN  P O N T IN E  R E T IC U L A R  F O R M A T IO N  (P R F ) 
NEURONS O C C U R S  A T  A B N O R M A L L Y  L O W  I N T E N S IT IE S  IN  
GENETICALLY E P IL E P S Y -P R O N E  R A T S  (G E P R -9 s )
M.E. Randall and C.L. Faingold*. Dept. Pharmacol., Southern Illinois Univ. 
School of Medicine, Springfield, IL 62794.

The PRF is implicated in the neuronal network for audiogenic seizures 
(AGS), based on lesion and focal microinjection studies. The present study 
examined PRF neuronal responses to acoustic stimuli using chronically 
implanted microclectrodes. Normal Sprague-Dawley rats and GEPR-9s were 
anesthetized with xylazine/ketamine (85/3 m g/kg), and microwire electrodes 
were implanted into PRF. Unit activity was recorded at least one w eek later 
in freely-moving animals. Responses were evaluated to step-wise acoustic 
intensity increments up to 105 dB SPL (12  kHz tone bursts, 100 msec, 
l/2sec). Normal PRF neuronal responses exhibit precipitous intensity-evoked 
increases at a 89.6+0.9 dB (mean+SEM , N=40). PRF neurons in GEPR-9s 
exhibit this precipitous intensity-evoked increase at a significantly lower 
intensity (mean=75.9+2.0 dB, N=32). PRF neurons in GEPR-9s also exhibit 
significant increases in peak latency (mean=11.0+0.7 m sec) o f  auditory 
responses as compared to normals (7 .9+0.5 m sec). The onset o f  the precipi
tous enhancement at lower intensities in GEPR-9s may be critical to seizure 
propagation, since these intensities approach the threshold for AGS induction. 
This phenomenon and the increased PRF latency may both be related to the 
loss of intensity-induced inhibition observed in inferior colliculus neurons of 
GEPR-9S, which appears to magnify the influence that the inferior colliculus 
exerts on PRF neurons in this seizure model. (Support: NIH NS 21281)

248.5
ACTIVATION OF NEURONS IN PVN OF HYPOTHALAMUS FOLLOWING 
EPILEPTIC SEIZURES. D.T. Piekut*. S. Pretel and C.D. Applegate. 
Departments of Neurobiology and Anatomy and Neurology, University of 
Rochester, Rochester, NY 14642.

The paraventricular nucleus (PVN) of hypothalamus plays a major role in 
the neuronal response to stressful stimuli. It is hypothesized that adaptive 
responses to stress may evoke neurochemical or structural changes of 
hypothalamic neurons. We have used the immunocytochemical detection 
of the Fos protein to identify anatomically neurons in the PVN which are 
activated following epileptic seizures. To induce seizures, rats were kindled 
from the entorhinal cortex or received intraperitoneal injections of kainic acid. 
Animals were perfused following a post seizure survival time of 2 hrs. and 
vibratome tissue sections were processed for in situ hybridization and 
immunocytochemistry. A substantial number of neurons expressed 
immunoreactive Fos; they were observed in specific and distinct CNS sites 
of the experimental animal. Numerous activated, Fos immunolabeled 
neurons were identified in both the parvocellular and magnocellular 
components of the PVN. In situ hybridization methods combined with 
immunocytochemical labeling have demonstrated that a significant number 
of the Fos immunolabeled magnocellular neurons express the mRNA for 
vasopressin or the mRNA for oxytocin; some Fos immunolabeled 
parvocellular neurons also express the mRNA for vasopressin or oxytocin. 
We subsequently determined that these activated, Fos immunolabeled 
neurons indeed synthesize vasopressin or oxytocin by labeling these 
peptides with immunocytochemical methods. These results demonstrate 
that seizure elicitation activates a substantial population of magnocellular and 
parvocellular PVN neurons, whose functions are likely to be involved in the 
regulation and modulation of neuroendocrine and autonomic responses to 
seizures. NIH grant NS18626

248.7
CLINICAL AND SUB-CLINICAL SEIZURE IN D U CTIO N  BY TRIMETHYLOL- 
PROPANE PHOSPHATE. I. Rossi III*. G .D . Ritchie, T.K. Narayanan and M.S. 
Burina. Naval Medical Research Institute Toxicology Detachment, Wright- 
Patterson Air Force Base, OH, 45433-7903.

Thermal decomposition of trimethylolpropane-based compounds which con
tain fire retardant triarylphosphate additives allows formation of trimethylol- 
propane phosphate (TMPP). Dose response studies of lethality, convulsive 
properties, and brain seizure activity induced by i.p. injection of TMPP (dose 
range: 1.5 μg/kg through 4.0 mg/kg) were conducted using male Fischer-344 
rats. Additionally, the ability of the compound to support chemical kindling 
was evaluated following repeated sub-convulsive i.p. dosings of the com
pound.

No tested dose of TMPP lower than 1.0 mg/kg was found to be lethal. A 
reliable dose response decrement in time to death after TMPP injection was 
observed for doses from 1.0 to 4.0 mg/kg. Tested doses of TMPP greater than 
or equal to 0.4 mg/kg reliably evoked donic/tonic convulsions with onset 
times which varied in a dose dependent manner. Tested doses of TMPP lower 
than 0.4 mg/kg failed to yield convulsions, although doses between 0.1 and 
0.4 mg/kg evoked occasional clonic jerks or twitches. All doses of TMPP 
greater than 3 μg/kg produced epileptiform EEC activity recorded from bilater
al subdural electrodes. The frequency of the paroxysms, the duration of the 
paroxysms, as well as the amplitude of the paroxysmal activity increased as a 
function of dose.

Chemical kindling was evaluated following TMPP administration of either 50 
or 100 μg/kg three times per week for up to eight weeks. Repeated dosings 
at both concentrations were found to reliably induce chemical kindling as evi
denced by increase in seizure and convulsive activity as a function of number 
of administrations.

248.4
ACTIVATION OF SOMATOSTATIN SYNTHESIZING NEURONS FOLLOWING 
KINDLED SEIZURES. S. Pretel*. C.D. Applegate and D.T. Piekut. 
Departments of Neurobiology and Anatomy and Neurology, University of 
Rochester, Rochester, N.Y. 14642

To elucidate the neuroanatomical substrate of kindling and of the neuronal 
plasticity associated with kindling, we have began to outline and characterize 
the neuronal network that underlies the process of kindling. Following 
appropriate electrical stimulation of the perforant pathway, stimulus activated 
neurons were identified through the immunocytochemical visualization of their 
c-fos expression following a two hour survival time. The resulting analysis 
demonstrates that in addition to the hippocampal formation, other limbic 
structures i.e. the amygadala, the olfactory tubercle, the perirhinal and pyriform 
cortices are part of the kindling activated, c-fos expressing neuronal network. 
Several areas of the neocortex, including the frontal, parietal and temporal 
cortices also show a substantial increase in the number of c-fos expressing 
neurons following kindled seizures. Since somatostatin (SSt) synthesizing 
neurons represent a substantial percentage of the kindling activated, c-fos 
expressing neurons in the hippocampal formation, the presence of SSt mRNA 
in other areas of the kindling activated network was examined. The results of 
double-label in situ hybridization/ immunocytochemical studies demonstrate 
that SSt synthesizing, c-fos expressing neurons are present in areas of the 
parietal, perirhinal and pyriform cortices and the amygdala nuclei of kindled 
animals. Although SSt synthesizing neurons represent only a small 
population of c-fos expressing neurons in these cortical areas, they do 
represent a substantial number of c-fos expressing neurons in the amygdala. 
Thus the kindling activated, c-fos expressing neuronal network encompasses 
diverse areas of the brain and includes phylogenetically older as well as newer 
CNS sites. SSt synthesizing neurons are present in several of these areas, 
but appear to be concentrated in phylogenetically older structures, such as 
the hippocampal formation and amygdala. NIH grant NS 18626

248.6
EEG PATTERNS OF SEIZURES IN FROGS. K.S .Blisard*, 
M.D.Privitera, P.Falivena, D.A.Harrington,
K.L.Taylor. Univ. of Cincinnati Med. Ctr., 
Cincinnati, OH 45267-0529.

A variety of chemical convulsants produce 
seizures in the frog, but the EEG patterns have 
not been well described. Frogs were paralyzed 
and recordings were made with intracerebral 
electrodes. Kainic acid produced EEG spike-and- 
wave patterns initially at 6-8 Hz that decreased 
in frequency and increased in amplitude, 
terminating in suppression of all brain 
activity. Seizures induced by pentylene 
tetrazole showed brief rhythmic spike-and-wave 
bursts at 1.5-3 Hz. Recordings from frogs 
treated with bicuculline showed repetitive 3-6 
Hz spike-and-wave discharges that were nearly 
constant in amplitude and at times became 
continuous. Strychnine caused seizures with a 
high frequency, low voltage discharge in all 
cerebral electrodes that seemed to originate in 
the spinal cord. Frogs with chronic seizures 
from cis-diamminedichloroplatinum II (cisplatin) 
showed 4-8 Hz rhythmic spike-and-wave activity 
that slowed in frequency and increased in 
amplitude. Thus chemical agents produce 
reproducible electrographic seizures in frogs 
that are similar to those seen in mammals.

248.8
ELECTRICAL KINDLING OF THE GUINEA PIG: 
APPARENT FAILURE TO DEVELOP GENERALIZED 
CONVULSIONS. G.C. Teskev*. C, Trepel. R.S. Sainsburv. and
P.A. Valentine. Behav. Neurosci. Res. Grp., Dept. o f Psychology, 
Univ. of Calgary, Calgary, AB, Canada T2N 1N4.

This study was undertaken to examine the kindling phenomenon 
in Guinea pigs, a species which are reported to have differences in 
anatomical connections and functional neurotransmitter systems as 
compared to rodents. Male and female, mixed strain Guinea Pigs 
were bilaterally implanted with bipolar electrodes in one o f three 
sites; the amygdala, piriform cortex, or perirhinal cortex. 
Following a two week recovery period, kindling stimulation 
sessions were initiated. Animals received stimulation once a day, 
consisting of 1 msec biphasic square wave pulses at 60 Hz, for 2 
seconds. The resulting afterdischarges (AD’s) were recorded and 
the convulsive behaviour scored.

We report progressive increases in the duration, amplitude, and 
frequency of the AD’s over sessions in all three kindling sites. 
Furthermore, the Guinea pigs developed convulsive behaviours 
which became progressively more severe with time. Interestingly, 
the animals did not show fully generalized convulsions even after 
200 stimulations. Supported by NSERC and Epilepsy Canada.
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248.9
FUNCTIONAL MAPPING OF BICUCULLINE-INDUaED "BRAINSTEM" AND 
"MYOCLONIC" SEIZURES: A 14C-2-DEOXYGLUOQSE SIUDY As. 
Handforth & D.M. Treiman*. VAMC Wadsworth and Dept. of 
Neurology, UCLA, Los Angeles, California 90024.

We reported (Soc. Neurosci. Abstr. 18:552, 1992) that 
MC-2-deoxyglucose (2DG) mapping of bicuculline (BIC)- 
induoed running fit/tenie seizures reveals rostral brain
stem activation and variable forebrain involvement. The 
running fit/tenie phase is followed by stupor and myoclonic 
body jerks; the EEG reveals periodic complexes on a sup
pressed background. This state resembles clinical "myo
clonic" status epilepticus. We utilized the 2DG functional 
mapping method to study this phase; we compared the corres
ponding maps of seizure-induced hypermetabolism with pat
terns obtained with running fit/tonic seizures. Seizures 
were induced by IV BIC at 1 ug/sec; 2DG was given at the 
beginning of running fits (n=6) or 2 min after the end of 
the tonic phase, during myoclonic jerking (n=5). Control 
groups received saline (n=6), equivalent BIC without 
seizures (n=5), or received 2DG 2 min after the last EEG- 
recorded discharge (n=6). Following sacrifice at 10 min 
post-2DG, cut cerebral sections were apposed to X-ray film 
to form autoradiographs. We found that myoclonic status 
produced patterns similar to those of running fit/tonic 
seizures, with activation of inferior colliculus, periaque
ductal gray, substantia nigra, reticular formation and 
variable forebrain involvement. The mechanisms underlying 
differing behavioral/EEG manifestations despite similar 
underlying anatomic activation patterns will be discussed.

248.11
THE EFFECT OF KINDLING OF DIFFERENT NUCLEI OF THE AMYGDALA 
ON ANXIETY IN THE RAT. R. Adamec* and H. Morgan. Depts. Psychoi- 
ogy/Basic Medical Science, Memorial University, St. John's, NF. Canada 
A1B3X9

The effects on rodent anxiety of kindling in the medial and basolateral 
amygdaloid nuclei were examined. Anxiety was measured using the hole 
board and elevated plus maze tests. The animals were kindled in medial 
or basolateral amygdalas, of either the left or right hemisphere. Controls 
had electrodes implanted in comparable areas, but were not kindled. 
Additional animals were kindled in amygdaloid nuclei other than medial 
or basolateral amygdala. These animals were labelled 'Outliers'.

Kindling of the medial/basolateral amygdala in the left hemisphere 
decreased anxiety for at least one week after the last kindled seizure. 
Right hemisphere medial/basolateral kindling tended to increase anxiety. 
'Outlier' kindled rats were less anxious than their controls regardless of 
hemisphere one week after their last kindled seizure. Clear anxiogenic 
effects were likely not seen in the right hemisphere in this study because 
of the electrode locations.

The degree of anxiety following kindling was correlated with electrode 
location in the anterior-posterior plane. More anterior foci in the medial 
amygdala were associated with more anxiety. More posterior medial- 
corticomedial amygdala foci were associated with less anxiety.

These findings point to the importance of kindled focus in the 
amygdala for behavioral effect. Future research should carefully control 
the location of kindled foci when investigating effects of amygdala 
kindling on anxiety and other behaviors.

248.13
N-ACETYL ASPARTATE AS A  M ARKER OF NEURONAL  
VIABILITY IN KAÍNATE-INDUCED EPILEPSY STUDIED BY  
MAGNETIC RESONANCE SPECTROSCOPIC IMAGING
T.Ebisu. W .D.Rooney. S.H.Graham*. M.W.Weiner. A.A.M audslev. M R  
Unit, Departments o f  Neurology, Medicine, Radiology and Neurosurgery, 
VAM C and University o f  California, San Francisco, CA 94143.

Severe epilepsy, global ischemia and neurodegenerative diseases are 
associated with selective neuronal loss. Conventional imaging techniques 
such as MRI and CT are insensitive for detection o f  neuronal loss. Since N - 
acetylaspartate (NAA) appears to be produced only by neurons in the adult 
brain, regional measurement o f  N A A  by magnetic resonance spectroscopic 
imaging (MRSI) may detect selective neuronal necrosis.

To test this hypothesis we obtained spin echo 3D M RSI o f  brain 3 days 
after kainate-induced epilepsy in 11 rats and compared this finding to 
histological counting o f  neuronal loss. %NAA, defined as the ratio o f  N A A  
in kainate treated rats to mean N A A  o f  normal rats, was markedly reduced 
in hippocampus, piriform cortex and amygdala. These regions have 
neuronal necrosis in this model. Furthermore, reduction o f  % NAA was 
correlated with histological grade o f  neuronal loss. T2 weighted MRI o f  
hippocampus was normal in 82% o f  the rats, despite histological evidence o f  
neuronal necrosis and decreased NA A in this region.

These results are consistent with the hypothesis that N A A  measured by 
MRSI may be a sensitive marker o f  neuronal loss in a variety o f  disease 
states.

248.10
INJECTION OF KAINIC ACID INTO THE ENTORHINAL CORTEX: A 
NEW EXPERIMENTAL MODEL OF EPILEPSY. R. Miettinen*. T. 
Halonen, T. Kotti, J. Tuunanen, A. Toppinen and P. Riekkinen Sr. Dept. 
of Neurology and A.I. Virtanen Institute, Univ. of Kuopio, SF-70211 
Kuopio, Finland.

One of the most common experimental models of epilepsy is 
systemic injection of kainic acid. Kainic acid, an analog of glutamate, 
produces severe seizures as well as cell damage in the limbic 
structures, such as in the CA3 and CA1 subfields of the hippocampus. 
However, in this model, neuronal damage is induced both directly by 
excitotoxic effect of kainic acid and indirectly by disseminated seizures. 
Therefore, a new kainic acid method for the studying of seizure-related 
cell damage in the hippocampus was developed.

We injected kainic acid (25 ng in 250 ці) into the entorhinal cortex. 
Kainic acid produced only local cell damage in the injection site. In the 
hippocampus neuronal cell damage was observed in the hilus of the 
dentate gyrus and in the CA1 area of the hippocampus proper. It was 
also noticed that the severity of seizures was in good correlation with 
the cell degeration. Thus, according to these observations kainic acid 
injection into the entorhinal cortex results in structural changes, which 
resemble to those observed in human epilepsy and might serve as a 
useful model to study the pattern and mechanism of epileptic cell 
damage.

248.12
TRAJECTO RY OF TRANSCALLO SAL A X O N S IN TH E CAT.
B. R. Pavne*. S- G- Lom ber, and A , C. R osenqu ist 
Boston U n iversity  School o f  M edicine, Boston, M A 02118; 
U n iversity  o f  Pennsylvania M edical School, Philadelphia, PA 19104.

The corpus callosum  is the m ajor conduit for the passage o f  
fibers betw een neocortex o f  the two cerebral hem ispheres. We have 
investigated the spatial relationship betw een neocortex and fiber  
trajectory through the corpus callosum  in the cat by applying HRP 
to the cut ends o f  selectively  severed callosal axons and identify ing  
the positions o f  HRP labelled cells in the cortex. The distribution  
o f  labelled cells was then related to the know n functional cortical 
zones.

Overall, the rostrocaudal position o f  fibers in the corpus 
callosum  reflects the rostrocaudal position o f  cell bodies o f  origin  in 
the cortex. M ost premotor and m otor fibers traverse the rostrum  
and genu o f  the corpus callosum . In the anterior body, there is 
som e interm ixing with som atosensory fibers, m ost o f  w hich cross 
the m idline in the anterior half o f  the body. Auditory and lim bic  
fibers pass through essentially the same regions, w hich include the 
posterior body and the dorsal V 2 o f  the splenium . V isual fibers  
traverse w ithin  the posterior 2/ s  o f  the body and throughout the 
splenium .

These results show that fibers in genu and ventral splenium  
con vey signals o f  a single functional type; m otor and vision, 
respectively. In contrast, fibers traversing the body and dorsal 
splen ium  con vey diverse functional signals.
(Supported by E Y -02654  and M H -44647.)

248.14
NBQX PRETREATMENT DURING PERINATAL HYPOXIA IN 
RATS PREVENTS LONG TERM DECREASES IN FLUROTHYL 
SEIZURE THRESHOLD. S.P. Alvarado. H. Blume. I. 
Fjflamg^.JBirÆ .jÆ asé(L Neurology, Children’s Hosp. and 
Brigham and Women’s Hosp., Harvard Medical School, Boston, MA 

We have recently shown that exposure to hypoxia (3-4% OJ 
during early development (postnatal day (P)10) acutely induces seizure 
activity but also decreases seizure threshold to pentylenetetrazol and 
flurothyl in adulthood (Ann. N eurol. , 1991; 29:629-637; Epilepsia, 
1992; 33:971-980). The excitatory amino acid (EAA) antagonists 
NBQX and MK-801 suppressed the acute seizure activity significantly 
better than lorazepam, phenobarbetal, or dilantin (E pilepsia, 1992; 
33(S3):20). The present study evaluated the effect of acute treatment 
with NBQX, MK-801, lorazepam, or normal saline (NS, treatment 
control) prior to hypoxia at P10 on long term seizure susceptibility. 
Compared to norriial littermate adults (n= 10), animals which had been 
exposed to hypoxia at P10 with NS (n=13) had significantly shorter 
latencies to flurothyl-induced myoclonic jerk (pCO.03). Treatment 
with MK-801 (lmg/kg; n=9) or lorazepam (1 mg/kg; n=10) did not 
significantly alter latencies compared to the hypoxic, NS treated 
animals. However, NBQX pretreatment at P10 (20 mg/kg; n=8) 
significantly prolonged flurothyl latency to myoclonic jerk compared 
to NS pretreatment at P10 (p<0.04). These results indicate that 
seizure suppression with the non-NMDA antagonist NBQX during 
perinatal hypoxia may prevent subsequent long term increases in 
seizure susceptibility. (Supported by NIH/NINDS NS31718 and the 
Charles H. Hood Foundation.)
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248.15

EVIDENCE SUGGESTING THAT KINDLING-INDUCED 
REORGANIZATION IS PRIMARILY IPSILATERAL AND INVOLVES 
TWO DIFFERENT SYSTEMS. J.L. ВигсһПеГ. C.D. Applegate. 
Comprehensive Epilepsy Program, Dept. of Neurology, University of  
Rochester School o f Medicine and Dentistry, Rochester, NY 14642.

We have been testing the hypothesis that kindling from different limbic 
system sites involves functional reorganization in a common neural network 
involving the piriform cortex (PC). Our strategy has been to investigate 
transfer to and from the PC and other limbic sites both ipsilateral and 
contralateral in adult Sprague-Dawley rats. We reason that if the PC is a 
common site o f reorganization for limbic kindling, then transfer should be 
asymmetric with more rapid transfer when the PC is "downstream", i.e. we 
predict nearly complete transfer to the PC from other sites; whereas, transfer 
from the PC should be significantly less complete. We have examined 
ipsilateral transfer to and from the PC and septal nucleus (S), olfactory bulb 
(OB), amygdala (AM), dorsal hippocampus (HPC), and entorhinal cortex 
(EC). Our results indicate asymmetric transfer between the PC and S, OB,
AM and HPC conforming to the prediction o f our hypothesis o f a common 
system of neural reorganization involving PC. By contrast, no transfer was 
observed from EC to PC suggesting that kindling from the EC involves a 
different system o f neural reorganization. Finally, contralateral transfer to the 
PC from S, OB, EC and AM is much less complete than ipsilateral transfer 
suggesting that kindling induced neural reorganization is primarily an 
ipsilateral process.

248.17
FOS IMMUNOLABELING FOLLOWING KINDLED SEIZURES ELICITED 
FROM DIFFERENT BRAIN SITES J. Nierenberg*. C D . Applegate. J.L. Burchfiel 
and D.T. Piekut University of Rochester School o f Medicine, Rochester, NY 14642.

FOS immunolabeling was used to identify neurons activated by stage-5 seizures 
following electrical kindling stimulation of either the amygdala, olfactory bulb or 
septal nucleus. We hypothesize that CNS regions which consistently show increased 
expression of FOS-like immunoreactivity (FLI) across all kindling sites belong to 
preferred pathways o f seizure propagation. Male Sprague-Dawley rats were 
stimulated 1 or 2 times daily at current levels 50μΑ above their afterdischarge 
threshold current. Concurrently treated coulombic control rats received 1Hz stimulus 
trains daily at current levels 50μΑ above their afterdischarge thresholds; afterdischarge 
was never observed following 1Hz stimulations. All subjects were perfused 2Һ after 
the last of 4 consecutive stage-5 seizures or matched control stimulation. Vibratome 
sections were labeled by immunocytochemical detection o f FOS protein using 
antisera from Santa Cruz and examined by light microscopy. We observed 
substantial increases in FLI in specific and distinct forebrain regions of the 
experimental animals compared with controls. Minimal FLI was observed in 
brainstem regions. The majority o f  forebrain sites which showed increased FLI 
regardless o f kindling site were regions involved in the processing o f olfactory 
information. While kindled seizures always activated neurons in the piriform cortex 
bilaterally seizures did not consistently activate neurons in the hippocampus, with 
the exception o f its precommissural portion. There was some indication from tissue 
sections counterstained for nissl substance that while FLI usually was observed 
throughout the full extent of layers 2 and 3 o f the piriform cortex contralateral to the 
stimulation site, FLI was absent in layer 2a o f the ipsilateral piriform cortex anterior 
to the termination o f the lateral olfactory tract. These results suggest that FOS 
immunolabeling may provide a neuroanatomical marker o f kindling-induced 
reorganization. These results also add to a growing body of evidence which support 
the critical presence of the piriform cortex in a preferred pathway for the propagation 
of kindled seizure activity to the substrates o f motor seizure expression.

248.16
FLUROTHYL KINDLING DOES NOT ALTER QUALITATIVE PATTERNS 
OF FOS IMMUNOREACTIVITY IN C57BL/6J MICE. G.M. Samoriski* and
C.D. Applegate. University o f  Rochester School o f  Medicine, Rochester, NY  
14642.

Kindling theory maintains that repeated exposure to con vulsant stimuli results 
in a long-lasting decreased latency to and increased severity o f  the generalized 
seizure. Previous reports have shown decreased latencies to various seizure 
endpoints following multiple flurothyl trials. The goals o f  this study were 
threefold: (1) to examine the effect o f repeated flurothyl exposure on seizure 
latencies and severity o f the first sustained generalized seizure in each trial; (2) 
to determine if  the sensitization is long-lasting; and (3) whether patterns o f FOS 
activation reflect the kindled state. Adult C57BL/6J male mice were 
administered flurothyl by inhalation until the first sustained generalized 
convulsion occurred at which time the chamber was opened and the animal 
allowed to recover. After 8 trials the mice were allowed to sit for a period o f  
4 weeks when the seizure threshold and severity was again tested and the 
animals perfused at 1 or 3 hours for FOS ICC. Shorter latencies for both the 
myoclonic jerk and generalized seizure were observed following repeated 
exposure regardless o f the intertrial interval (Id vs 7d) and was demonstrated 
to persist after a period o f nonexposure. A proportion o f the animals progressed 
from a "limbic" clonic seizure to a "brainstem" clonic seizure by the end o f the 
8 trials which was also permanent. FOS immunoreactivity was similar in kindled 
and naive animals but varied dependent on the seizure phenotype. Consistent 
with ECS data, specific brainstem sites were more labeled following "brainstem” 
seizures. These results demonstrate that repeated exposure to flurothyl produces 
a long-lasting sensitized nervous system which is not reflected in the observed 
patterns o f  FOS labeling. The qualitative expression o f FOS is however 
predicted by the seizure phenotype.

248.18
A U D IO G E N IC  S E IZ U R E S  IN  T H E  G E N E T IC A L L Y  E P IL E P S Y  
P R O N E  R A T  IN D U C E  c -fos P R O T O -O N C O G E N E  E X P R E S S IO N  
IN  T H E  I N F E R IO R  C O L L IC U L U S  A N D  P E R IA Q U E D U C T A L  G R A Y
D.N. Chakravarty*. C.L. Feingold. W.J. Terry and D.K. Naritoku. Depts. Pharma
cology, Neurology, Southern Illinois Univ. School of Medicine, Springfield, IL 62794.

Expression of the proto-oncogene, c-foSy may play a pivotal role in the cascade of 
molecular events leading to long-lasting plasticity-related changes in seizure networks. 
Rapid and transient expression of c-fos is observed in several seizure models. The 
inferior colliculus (IC) is critical for audiogenic seizure (AGS) initiation. The present 
study examined c-fos expression in midbrain following single AGS in genetically 
epilepsy-prone rats (GEPR-9s) (N=4). AGS were induced using an electric bell (122 
db SPL, re:0.0002 dyn/cm^). Stimulus was delivered until AGS onset (1.6-7s). The 
controls were Sprague-Dawley rats stimulated for 7 sec. Animals were perfused with 
formalin 2 hr post-seizure, and coronal sections of the midbrain of paired GEPR-9s 
and normals were incubated over night with rabbit primary antibody against fos. The 
sections were stained using Avidin-Biotin method. The intensity of labeling was 
quantified using a scale with 0= no labeling and 3= most intense labeling. The grading 
was performed blinded, and scores o f each nucleus from GEPR-9s were compared to 
corresponding controls. The median score was 0 for IC central (ICc) and external 
(ICx) nuclei. The median score was 1.5 for dorsal cortex of IC (ICd). The peri
aqueductal gray (PAG) had a median score of 3. All corresponding structures in 
controls scored 0. The data support a role of ICd and PAG in the neuronal network 
for AGS. However, numerous studies have established that ICc is critical for AGS 
initiation in GEPR-9s. Therefore, the lack o f labeling in ICc supports the hypothesis 
that c-fos expression may signify changes beyond epileptiform neuronal firing. ICc 
and ICx, which lack fos labeling but are implicated in the AGS network, may not 
undergo long-lasting changes with a single AGS. (Support: NIH NS21281, SIU CRC)

E P IL E P S Y : B A S IC  M E C H A N IS M S  I I

249.1
ALTERATIONS OF CELLULAR IMMEDIATE EARLY GENE AND 
NEUROPEPTIDE MRNAS IN LIMBIC AREAS BY AMYGDALOID 
KINDLING. A. L. Gundlach* and T. C. D. Burazin. Dept. of Med., Univ. of 
Melbourne, Austin Hosp., Heidelberg, Vic. 3084 Australia.

Kindling is a useful model for epilepsy and for studies of neurochemical and 
genomic responses associated with hyperexcitability and generation and spread 
of seizures. Cellular immediate early genes (IEGs) are candidates for mediating 
neuronal adaptations in response to kindling by regulating the expression of 
specific target genes such as those for neuropeptides. Male Sprague-Dawley 
rats were implanted with a unilateral electrode in the basolateral amygdala; 
stimulated daily until kindled; then, along with sham-stimulated controls, killed 
at various times (0.5 h - 8 wk) after the last stage 5 seizure. Brains were 
processed for in situ  hybridization histochemistry with [35S]-labeled  
oligonucleotides specific for various IEG and peptide mRNAs. X-ray film 
autoradiograms were quantitated using computer-assisted densitometry 
(MCID). The IEGs c-fos, c-ju n , z if2 6 8  (PCI) and PC3 were all markedly 
induced in dentate gyrus granule cells (DG) and entorhinal/piriform cortex 0.5 
-1 h after the last seizure. Interestingly, while c-fos and z if268  were induced 
in the CAI pyramidal cell region, there was no change in basal c-ju n  
expression, and PC3 was not expressed at all in CA1-CA4 in sham or kindled 
rats, indicating differential expression of these IEGs. Levels of IEG mRNAs 
had returned to basal levels 1 d - 8 wk after the last seizure. Hybridization 
signals for somatostatin (SOM) and neuropeptide Y (NPY) mRNAs were 
markedly elevated in hilar neurons of the DG, particularly at 1 h after seizure. 
However no change in NPY mRNA was observed in CAI cells at any time, in 
contrast to effects seen in other seizure models. SOM mRNA was also elevated 
at 24Һ, but returned to control at 3 d - 8 wk post seizure. The time course of all 
these effects suggests they are associated with seizure activity and could have 
functional consequences for epileptogenesis. (Supported by NH & MRC Australia).

249.2
LONG-TERM CHANGES IN GENE EXPRESSION IN AMYGDALA 
KINDLED RATS. В J . Chiasson*1, J.M. Babity1, R.W. Currie2 and H.A. 
Robertson1. Depts. of Pharmacology 1 and Anatomy & Neurobiology 2, 
Dalhousie Univ. Halifax, N.S., Canada, B3H 4H7.

Kindling is a permanent susceptibility to seizures that develops following 
repeated administration of an initially subconvulsive stimulus. A kindling 
stimulus has been shown to activate a number of immediate-early genes 
(IEG) including c-fos. Kindling has also been demonstrated to require 
protein synthesis. Thus, it is reasonable to assume that short lived gene 
products such as Fos along with other IEG products might regulate 
persistent changes in gene expression. We have searched for long-term 
changes in gene expression in kindled animals (1 month after last seizure) 
using 2 methods. First, we translated mRNA from kindled rats in a cell free 
in v itro  translation reaction followed by 2-dimensional gel electrophoresis. 
Second, we used a differential polymerase chain reaction (PCR) screening 
technique to isolate specific gene products expressed in kindled animals. 
Experimental animals were kindled to 5 consecutive stage 5 seizures and 
then left stimulation-free (SF) for a period of 1 month. Following this SF 
period animals were sacrificed and mRNA was extracted from hippocampus 
and cortex (5 animals/group). Controls consisted of implanted but 
unstimulated animals. The experiment was repeated several times. Both the
2-dimensional gel electrophoresis of mRNA translated in vitro  and the 
differential screening of PCR products suggest that several gene products 
are differentially expressed in fully kindled brain that has been SF for 1 
month. These results suggest that kindling involves altered gene expression, 
supporting the contention that long-term changes such as kindling are 
dependent on protein synthesis.
Supported by the M.R.C. and the Savoy Foundation for Epilepsy. BJC 
holds a Savoy Foundation Studentship.
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249.3
FACTORS REGULATING THE EXPRESSION OF IMMEDIATE EARLY 
GENES IN AMYGDALA KINDLING. H.A. Robertson* and B.J. 
Chiasson, Dept. of Pharmacology, DalhousieUniv., Hfx, N.S. Canada B3H 
4H7.

Kindling is a permanent change in brain function that may involve 
changes in gene expression (see Chiasson et al., Neurosci. Abst. 1993). 
Expression of IEGs (including c-fos) is observed in hippocampus following 
a single or multiple kindling stimuli. Studies by others, using angular 
bundle kindling, appear to provide evidence that a minimal after-discharge 
(AD) duration of 30s is the crucial determinant of expression of the IEG c- 

fo s . In addition to the AD, many animals experience a recurrent after- 
discharge (RAD) which follows the AD and may influence IEG expression. 
We asked, therefore, whether similar electrographic discharges originating 
from amygdala kindled animals were necessary and sufficient to modulate 
IEG Expression in the hippocampus.

Here, using in situ  hybridization and immunocytochemistry, we report 
that IEGs c-fos, c-jun and NGFI-A were all expressed in hippocampus after 
an amygdala kindling stimulation but expression of these genes appeared to 
be independent of AD duration. Instead, the expression of these IEGs 
during amygdala stimulation was positively correlated to the presence of a 
RAD and its behavioral consequence, "wet dog shakes" (WDS). Animals 
having ADs of 60s or more, but lacking RADs or WDS showed no increase 
in expression of IEGs. In contrast, animals that expressed RADs lasting 
several seconds but whose total AD duration (duration of AD + RAD) was 
considerably less than 60s demonstrated IEG expression. Additionally, brief 
RADs were associated with unilateral IEG expression in the hippocampus. 
These findings support the idea that IEG expression is a complex 
phenomenon which perhaps encodes for more than simple neural activity. 
Supported by MRC Canada. BJC holds a Savoy Foundation studentship.

249.5
BIPHASIC INCREASES IN BDNF mRNA IN THE RAT DENTATE GYRUS 
FOLLOWING KAINATE-INDUCED SEIZURES. D.M. Zhang and D.H. 
Lowenstein*. Epilepsy Research Lab, Dept. of Neurology, U. of California- 
S.F., San Francisco, CA 94143.

Various studies have shown that seizure activity induces a short-term 
expression of different growth factor mRNAs. However, the functional 
significance of these changes remains unknown. We have previously 
observed that kainate (KA)-induced seizures lead to a sustained (i.e. 2 
month) increase in growth factor activity as measured by in vitro assays 
(Soc Neurosci Abst 17:169, 1991). We therefore hypothesized that the 
short-term induction of growth factor mRNAs are followed by a "second 
wave" of longer-term changes. As an initial test of this hypothesis, we have 
used in situ hybridization to study BDNF expression in rat brains harvested 
at various times after administration of KA. Male, Sprague-Dawley rats 
(age 45-55d) were injected with IP KA (10 mg/kg) or saline, and the brains 
were collected at 2.5Һ, 48Һ, 1 month or 2 months. Coronal sections 
through the dorsal hippocampus were hybridized with a BDNF 
oligonucleotide probe using a standard in situ hybridization protocol. 
Qualitative analysis of autoradiograph images indicate that BDNF mRNA 
expression is increased specifically in the dentate granule cell layer at 2.5Һ 
and returns toward baseline at 48Һ, but then is increased again at 1 and 2 
months.

These results suggest that the expression of BDNF mRNA following 
seizure activity has at least a biphasic pattern and a much longer 
timecourse than has previously been appreciated. It remains to be 
determined whether the later phase of induction is related specifically to 
seizure activity, neuronal injury, synaptic reorganization, or other factors.

249.7
TRH IS MARKEDLY INCREASED IN THE CNS FOLLOWING SOMAN-
INDUCED SEIZURES. M.J. Kubek*, T.-M.__Shih fritti.
Meverhoff. Depts. of Anatomy & Psychiatry, Indiana Univ. 
Sch. Med., Indianapolis, IN 46202; USAMRICD, Aμg, MD 
21010; Dept. of Neurosci., WRAIR, Washington, DC 20307.

Soman is an organophosphorus (OP) compound which irre
versibly inhibits acetylcholinesterase (АСҺЕ). Resultant 
excessive cholinergic activity elicits generalized sei
zures and CNS lesions. Recent evidence suggests, however, 
that other CNS neurotransmitter systems may be affected 
by the OP's. Since we have shown that ECS and kindled 
seizures cause significant and prolonged TRH increases in 
epileptogenic sites, we examined soman-induced seizure 
effects on TRH. Male SD rats were injected (sc) with ei
ther soman (100 μg/kg) or saline. Ten of the OP-treated 
rats had seizures. Forty-eight hrs post injection, all 
rats were killed by decapitation, brains removed, dissec
ted and TRH was determined by RIA. Dramatic increases of 
TRH over control levels were seen in: frontal ctx., 30X;
pooled ctx. 24X; hippocampus (HC), 16X; piriform ctx., 
14X; entorhinal ctx., 11X; and amygdala 2X. Cortical and 
HC increases were strikingly greater in magnitude than 
those seen after ECS or kindling. DFP (another inhibitor 
of АСҺЕ) can block the enzymatic breakdown of TRH. Thus, 
postictal accumulation of TRH may be due, in part, to 
inhibition of a TRH catabolic enzyme by soman. This sug
gests an important non-cholinergic effect of soman. Since 
TRH has anticonvulsant properties, we speculate that TRH 
may function as an endogenous anticonvulsant.

249.4
NEUROTROPHINS A N D  NEUROPATHOLOGY AFTER PILOCARPINE- 
IND UC ED STATUS EPILEPTICUS. R. Schm idt-Kastner. C  Humpel*. C, 
W etm ore, M. Ingvar§ , L. O lson . Depts. o f H isto logy & Neurobiology, and 
Clinical N europh ysiology§, Karolinska Institute, 10401 Stockholm, Sweden.

The m RN As for BDNF and NGF are upregulated in epileptic seizures. A 
correlation betw een regulation of neurotrophins and epileptic cell damage 
was examined in rat brain after prolonged limbic m otor status epilepticus in
duced by pilocarpine (300 m g /k g ). In situ hybridization with oligonucleotide 
probes for BDNF, trkB, and NGF, and autoradiography show ed distinct 
changes at the mRNA level at 1, 3, 6, and 24 h after injection (n=4, each). Den
tate gyrus: BDNF m RNA increased at 1, 3, 6 h, trkB m RNA at 3, 6 h, and NGF 
m RNA at 3, 6, 24 h. Hilus: NGF m RNA increased at 1, 3, 6 h, but disappeared 
at 24 h. H ippocam pus CA3, CA2 and CAI: BDNF mRNA w as increased at 1, 
3, 6, 24 h, trkB m RNA at 3, 6, (24) h, and NGF m RNA m arginally at 3 h. Neo
cortex: BNDF mRNA w as enhanced at 1, 3, 6, 24 h, trkB m RNA at 3, 6, (24) h, 
and NGF m RNA at 24 h. Piriform cortex: BDNF m RNA w as upregulated at 1, 
3, 6 h and trkB m RNA at (3), 6 h, and signals lost at 24 h. Immunoreactivity 
(IR) with peptide-antibody R1 for BDNF tended to be more distinct in granule 
cells and C A I-2 neurons at 6 h (n=4) and in granule cells at 24 h (n=3) after in
duction of seizure. Neuronal and glial loss was seen in hilus, CA3, neocortex 
and piriform cortex (1 and 3 days, n=4 each). Thus, upregulation of neurotro- 
phin m RN As occurred in both vulnerable (CA3, cortex) and resistant (CA1-2, 
granule cells) areas. This increase m ay reflect a general m etabolic activation 
fo llow in g  m assive ep ileptic d epolarization . A pparently, this increase of 
BDNF and its receptor trkB or of NGF cannot counteract all aspects of massive 
epileptic dam age. Pilocarpine seizures lead to regionally increased expres
sion of BDNF-, trkB-, and NGF m RNA and enhanced BDNF-like IR. Interest
ingly, CA3 neurons did not show  an increase in BDNF-like IR and were often 
dam aged, whereas CAI neurons show ed an increase and remained intact.

249.6
INDUCTION OF Fl/GAP-43 mRNA IN DENTATE GRANULE CELLS AFTER 
PERFORANT PATH KINDLING. M. E. Corcoran*1. R. K. McNamara2 . T, H, 
Gilbert1 & A. Routtenberg^. 1: Dept. Psychology, Univ Victoria, B.C., CA, V8W 
3P5, 2:Cresap Neurosci. Lab., Northwestern Univ. Evanston, IL 60208.

Kindling produces a long-term increase in seizure suceptibility as well as 
aberrant sprouting of granule cell axons into the supragranular layer [Science 
239:1147 (1988)]. Fl/GAP-43 is a phosphoprotein associated with axonal growth 
processes. Fl/GAP-43 mRNA is not constitutively expressed in adult dentate gyrus 
granule cells [Neuroscience 45:721 (1991)], though seizures resulting from unilateral 
hilar lesions can elicit its expression [Mol. Brain Res. 17:295 (1993)]. The present 
study sought to determine whether perforant path kindling influences Fl/GAP-43 
mRNA expression in granule cells. Male Long-Evans hooded rats were chronically 
implanted with a stimulating electrode in the perforant path and a recording electrode 
dentate gyrus. Once recovered, experimental rats received kindling stimulation once 
daily until three stage-5 seizures were evoked whereas yoked/implanted controls 
received similar handling but no stimulation. Rats were sacrificed 24 hr after the third 
and final stage-5 seizure and Fl/GAP-43 gene expression was assessed using 
quantitative in situ hybridization. PP kindling resulted in a moderate increase in 
Fl/GAP-43 transcription in granule cells, raising the possibility that increased 
Fl/GAP-43 may mediate mossy fiber sprouting after kindled seizures [supported by 
MH25281-18 to A.R. and Natural Science and Engineering Research Council to 
R.K.M. & M.E.C.]

249.8
MK-801 PREVENTS THE REDUCTION IN GABAa RECEPTOR 
FUNCTION AND THE INCREASED EXPRESSION OF C-FOS IN 
THE BRAIN OF PENTYLENETETRAZOL-KINDLED RATS.
O. Giorgi*. M. Orlandi. D. Lecca. G. Carboni. V. Frau. M. Morelli. 
A. Cozzolino and M.G. Corda.
Department of Toxicology, University of Cagliari, Italy.
We have previously shown that kindling induced in rats by pentyl

enetetrazol (PTZ, 30 mg/kg IP, three times a week for up to ten 
weeks) is associated with a decrease in several GABAergic para
meters (3H-GABA binding, 35S-TBPS binding and GABA- 
stimulated uptake of 36C1-) in the cerebral cortex, and with an 
increase in the sensitivity to the convulsant effects o f different 
GABA function inhibitors. The pretreatment with the NMDA 
receptor antagonist MK-801 (0.1-1.0 mg/kg IP,. 40 min before 
PTZ) prevented the development of kindling and the biochemical 
and behavioral changes in GABAergic function observed in PTZ- 
kindled rats. To investigate further the mechanisms involved in 
PTZ kindling, we studied the expression o f the early gene c-fos by 
measuring Fos immunoreactivity (Fos IR) in brain slices from rats 
repeatedly injected with saline, PTZ, MK-801 or MK-801 plus PTZ. 
Under basal conditions, Fos IR was similar in all the experimental 
groups. A challenge dose of PTZ (20 mg/kg IP, 15 days after 
withdrawal) produced a marked increase in Fos IR in specific brain 
areas of PTZ-kindled rats, but not in control animals or in rats 
treated with MK-801 or with MK-801 plus PTZ.
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249.9

ω -CONOTOXIN BINDING DURING EPILEPTIC MOUSE BRAIN 
DEVELOPMENT SUGGESTS VARYING CALCIUM ROLES IN 

DIFFERENT TYPES OF EPILEPSY. T.C. Frandsen. J.R. Abbott. 
Suzanne S. Stensaas*. and M.J. Litzinaer. Dept. of Pediatrics, 

University of Utah, Salt Lake City, UT 84132.
Recent studies have shown developmental differences during the critical 

period in the pre-synaptic voltage sensitive calcium channels (VSCC) of 
epileptic DBA and non-epileptic C57 mice (Esplin et al., 1991). The critical 
period as described by Himwich (1962) is a time between 11 and 14 
postnatal days in which the central nervous system appears to be 
electrically activated. The present study was undertaken to determine 
whether epileptic Stargazer mice when compared to their non-epileptic 
genetic counterpart, AJ mice, differ in pre-synaptic VSCC development 
during the critical period.

(»-GVIA Conotoxin, a neuropeptide toxin beleived to mark the pre- 
synaptic VSCC, was bound to whole brain synaposomal membrane 
preparations from postnatal days 6 to 16. Scatchard analyses and Klotz 
plots were used to determine binding affinities (Kd) and Bmaz. The data 
indicate that Bmax increases for both strains of mice by more than 100% 
between days 6 and 16. Additionally, the Kd is the same in both strains 
from days 6 to 16.

It is known that Stargazers and DBA mice do not have the same kind of 
epilepsy. This suggests that VSCC developmental differences may play a 
disticnt role in these seizure type expressions.

249.11

BIOSYNTHESIS OF QUINOLINIC ACID AND KYNURENIC ACID IN THE 
BRAIN OF EPILEPTIC AND NON-EPILEPTIC MICE. C.L. Eastman*.
E. Urbanska. and R. Schwarcz. Maryland Psychiatric 
Research Center, Baltimore, MD 21228.
3-Hydroxyanthranilic acid oxygenase (3HAO) and kynur- 

enine aminotransferase (KAT) catalyze the formation of 
the endogenous excitotoxin quinolinic acid (QUIN) and the 
endogenous neuroprotectant kynurenic acid, respectively. 
In the rat brain, both enzymes are predominantly present 
in astrocytes. Since 3HA0 activity is very high in the 
brain of the epilepsy-prone El mouse (Brain Res. 572:1, 
1992), we have now studied 3HA0 and KAT in El and audio
genic seizure-susceptible DBA/2 mice and in 2 non-epilep
tic strains (BALB/c and Albino-Swiss). 3HA0 activity was 
several-fold higher in both seizure-prone mouse strains 
than in the non-epileptic strains in all brain regions 
examined (hippocampus, cerebral cortex, striatum, cere
bellum) . Only marginal strain differences in KAT activity 
were observed in the same tissue preparations. Parallel 
measurements of glutamine synthetase and glutamic acid 
decarboxylase, marker enzymes for astrocytes and neurons, 
respectively, revealed no substantial differences among 
the four mouse strains. Thus, a selective increase in 
3HA0 activity may lead to a relative overabundance of the 
endogenous convulsant QUIN. These data therefore extend 
to a second strain the notion that 3HA0 contributes to 
seizure susceptibility in genetically seizure-prone mice.
Supported by grant NS 16102.

249.13
SEIZURE-INDUCED REDUCTION OF [3H]ACETYLCHOLINE BINDING TO 
BRAIN NICOTINIC RECEPTORS IN RATS. S.M. Anderson*. D.D. 
Walczak, and J.L. Meverhoff. Department of Medical Neurosciences, 
Walter Reed Army Institute of Research, Washington, DC 20307-5100.

In order to understand the development of post-traumatic epilepsy we 
are assessing changes in brain neurochemistry during various stages of 
seizure development using the amygdala electrical kindling model. We 
previously presented data showing that, a combination of the nicotinic 
receptor antagonist, mecamylamine, and the muscarinic receptor antagon
ist, atropine, reduced seizure severity, increased latency to seizure, and 
shortened duration of afterdischarge during the development of kindled 
seizures in rats. In order to determine whether nicotinic receptors are 
altered during kindling or during seizures we measured those receptors in 
membrane homogenates prepared from several brain regions of: a) unoper
ated but handled control rats, b) sham-operated rats, implanted with 
electrodes but not stimulated, c) rats which received suprathreshold 
cortical stimulation induced seizures (STS), and d) rats kindled to stage 5 
seizures. [3H]acetylcholine ((3H]ACh) binding to nicotinic receptors was 
determined in the presence of atropine, to occupy the muscarinic sites, 
using the method of Schwartz and Kellar (Science 220: 214-216, 1983). 
Preliminary data indicate that the amount of [3H]ACh bound to membranes 
prepared from the olfactory bulbs of STS and kindled rats is significantly 
lower than in control and sham-operated rats. In membranes from frontal 
cortex the amount of i3H)ACh bound to tissue from STS rats is significant
ly lower than in controls, with a similar trend toward lower [3H]ACh 
binding to frontal cortical membranes from kindled rats vs. shams. These 
data suggest that there is a relationship between seizure occurrence and 
the modulation of nicotinic receptors in frontal cortex and olfactory bulbs.

249.10
REGION SPECIFIC CHANGES IN GABAa RECEPTOR SUBUNIT mRNA 
LEVELS IN RAT HIPPOCAMPUS FOLLOWING KINDLING INDUCED 
SEIZURES. M .Kokaia*. G.D.Prattb. E.Elméra. J.Benezon1*. J.-M. Fritschvb. 
Z.Kokaia*. H.Möhlei* and O.LindvalP. aRestorative Neurology Unit, Department of 
Neurology, University Hospital, S-221 85 Lund, Sweden and bInstitute of 
Pharmacology, University of Zurich, CH-8006 Zurich, Switzerland.

Alterations o f GABA-ergic mechanisms have been implicated in the 
pathophysiology o f epileptic seizures both in animal models and in humans. 
Reduced release of GABA from presynaptic terminals as well as a decrease in the 
number and/or affinity of the postsynaptic GABA receptors might lead to increased 
seizure susceptibility. In order to determine possible alterations in GABAa 
postsynaptic receptors associated with epileptogenesis we have used in situ 
hybridization to analyse the expression of GABAa receptor subunit mRNAs in the 
hippocampus during the development of kindling. Stimulating-recording electrodes 
were implanted bilaterally into the hippocampus and rats were then stimulated 
according to the rapid kindling protocol (400 μΑ, 10 Hz, 1 ms square wave pulses 
for 10 s with 5 min intervals). GABAa receptor α -1 , β-3 and γ-2 subunit mRNA 
expression was analysed at different time points after the last kindling stimulation. 
In the dentate gyrus, all three subunit mRNA transcripts were downregulated (20- 
50% of control level) after 1-4 hours while a subsequent upregulation (20-60% ) was 
apparent between 12 and 48 hours after the last kindling stimulation. Expression had 
returned to control level at 120 hours. In the CA1-CA3 regions, changes in 
expression were both less prominent and less persistent than in the dentate gyrus. 
These data indicate that kindling epileptogenesis is associated with transient, region 
and time specific changes of GABAa receptor subunit mRNAs in the hippocampus. 
The presumed subsequent changes of the GABAa receptor subunit proteins could be 
a compensatory mechanism following repeated seizures but might also contribute to 
the establishment of the epileptic syndrome.

249.12
EARLY INDUCTION OF BDNF AND CALBINDIN BUT NOT NT-3 mRNA IN 
RAT HIPPOCAMPUS AFTER KAINIC ACID TREATMENT. S. Lee, J. Wil
liamson1, E. Lothman1 and S. Christakos\ Dept. of Biochemistry, 
UMDNJ-New Jersey Medical School, Newark, NJ 07103, 1Dept. of Neu
rology, Univ. of Virginia School of Medicine, Charlottesville, VA 22908.

The influence of kainic acid (KA), which induces acute seizures, on the 
expression of the following genes: fos, neurotrophin-3 (NT-3), brain de
rived neurotrophic factor (BDNF) and the calcium binding protein, calbin- 
din-D28k (CoBP) was examined by Northern blot analysis. A significant 
increase (2 fold) in BDNF mRNA was observed 1 h after KA injection (12 
mg/kg; ip) and peak expression (25 fold) occurred at 3-6 h after KA. The 
induction of BDNF mRNA was preceded by a pronounced induction of fos 
mRNA (22 fold, 30 min. after KA) and was followed by the induction of 
CaBP mRNA (3 h after KA; a maximal response was at 6Һ after KA). 
However, no increase in NT-3 mRNA after KA treatment was observed. 
Changes in gene expression were also examined in rats with a chronic 
epileptic state characterized by recurrent seizures established with an 
episode of electrical stimulation induced status epilepticus (SE; Epii. Res. 
6:110, 1990). When these animals were examined 30 days post-SE no 
changes in CaBP mRNA were observed. However, significant decreases 
in GABA receptūra mRNA were observed in hippocampus (30%) and 
amygdala (90%). Our findings suggest that the induction of fos, BDNF 
and CaBP mRNAs (which may result from interrelated or independent 
mechanisms) is an early response which may be related to maintaining 
neuronal viability rather than to the induction of seizures. Changes in the 
post-SE rats represent tonic, long lasting changes in gene expression 
which could contribute to pathological alterations in neuronal circuitry 
which occur with epilepsy.

249.14
LONG-TERM CHANGES IN VASOPRESSIN m RNA INDUCED BY 
HIPPOCAMPAL AND OLFACTORY NUCLEUS KINDLING. A M . 
A b d o#  R.S. Greenwood. R.B. Meeker and J.N. Hayward. Dept. Neurology 
and Neurobiology Curriculum, University o f  North Carolina, Chapel Hill, NC  
27599.

Amygdala kindling has been shown to induce a long-lasting increase in basal 
vasopressin (VP) m RNA content in magnocellular neuroendocrine cells of the 
supraoptic nucleus (SON) and paraventricular nucleus (PVN) (Greenwood et 
al. 1989, 1992). To test if this effect is specific to the site o f kindling 
stimulation or a general phenomenon related to spread o f any limbic seizure 
activity, we compared changes in VP mRNA after kindling from the amygdala, 
a limbic site more remote from the SON (hippocampus) and a site with a 
monosynaptic, ipsilateral input into the SON (anterior olfactory nucleus). 
Long Evans rats were kindled to class 5 seizures from either site. Implanted, 
control animals were sham stimulated. One week after the last kindled seizure 
the fats were sacrificed. Brain sections from the kindled and matched control 
animals were processed for in situ hybridization using a [^SJdA TP-labelled  
30mer oligonucleotide specific for VP m R N A  Analysis of autoradiographic 
silver grain densities with a Bioquant IV image analysis system revealed a 
significant bilateral increase in VP m RNA in the magnocellular neurons o f the 
supraoptic nucleus in each o f the three groups o f rats kindled from the 
amygdala (+56% , pcO.Ol), hippocampus (+60% , p<0.01) and the olfactory 
bulb (+60% , p<0.05). There was no significant difference between the three 
groups indicating that both direct and indirect pathways to the SON are 
equally effective in influencing VP mRNA regulation. These results show that 
the alteration in VP mRNA is a general phenomenon associated with spread 
o f limbic seizure activity. Supported by NIH Grants NS 13411 and NS 30923 
and Ministry o f High Education(Egypt).
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249.15
TRANSIENT CHANGES IN SOMATOSTATIN, NEUROPEPTIDE Y 
AND CALBINDIN IN THE HIPPOCAMPUS IN TWO ANIMAL 
MODELS OF EPILEPSY.
N. Tønder*. J, Kragh. B.R. Finsen T. Bolwig and J. Zimmer. 
PharmaBiotec, Inst, of Neurobiology, Univ. of Aarhus, 8000 Aarhus 
C, Denmark.

In two animal models of epilepsy (hippocampus kindling and repeated 
electroconvulsive shock) we examined the expression of somatostatin 
(SS), neuropeptide Y (NPY) and the calcium-binding protein calbindin 
(CaBP) in neurons and terminals in the hippocampal formation, by 
immunohistochemistry and non-radioactive in s itu  hybridization. In both 
models we observed an increased SS and NPY immunoreactivity (ir) 
and hybridization signal (hs) of dentate hilar neurons, and an increased 
ir in the outer parts of the dentate molecular layer one day after the last 
stimulation. In addition, there was a bilateral d e  n o v o  expression of 
NPY-ir of the granule cell mossy fibers. One month later, the ir and hs 
for SS and NPY had almost returned to normal levels. CaBP-ir was 
selectively reduced in dentate granule cell bodies, dendrites and mossy 
fibers one day after the last stimulation. One month later the CaBP-ir 
was essentially back to normal.

The transient nature of the neurochemical changes observed suggests 
that they are not responsible for the development of epilepsy p e r  s e , but 
may be related to the seizures. Thus, evidence suggests that somatostatin 
may play a role in the induction of the seizures, and that the decreased 
calbindin level may serve as a protective measure against deleterious 
effects of the seizures.

Supported by the Danish MRC, the Danish Biotechnology Programme 
and the Lundbeck Foundation.

249.17
DEVELO PM EN TAL CH AN G ES IN AMINO ACID N EU RO TRA N SM ITTERS 
IN TH E RAT A F T E R  STA TU S E P ILE P T IC U S . R. Sankar*. C .G . 
Wasterlain. D.H. Shin, and R .A . Baldwin. Departments of Neurology and 
Pediatrics, UCLA School of Medicine, Los Angeles, CA 90024 and the 
Epilepsy Research Laboratory, VAMC, Sepulveda, CA 91343.

The immature brain is especially vulnerable to status epilepticus (S E ) and 
once in progress, the S E  is difficult to terminate. Various factors, including 
the ontogeny of the neurotransmitter system s, are responsible for this 
phenomenon. We have investigated the effect of 2hrs of S E  induced by ' 
lithium-pilocarpine on GABA, glutamate and aspartate levels in rat pups 7- 
28 days of age.

GABA synthesis rate increased from 2.8 ± 0.39 цгтюіе/д prot/hr in the 7- 
day old rats to 30.8 ± 4.6 μιΓηοΙβ^ prot/hr in the 21-day old rats after 2 hrs 
of S E . While these rates are similar to those in rats of corresponding age 
that did not undergo S E , we found a significant (p<0.001) increase in the 
GABA pool size in the older rats. The 7-day old pups were unable to 
increase their GABA pool size in response to S E . The levels of glutamate 
and aspartate did not change in the older rats as a result of S E , while in the
7-day old rat pups they declined significantly (p<0.05).

We conclude that the observed changes in aspartate and glutamate levels 
are suggestive of compromised energy metabolism in the immature animals 
during S E , and that the inability of the younger animals to expand their 
GABA pool size may, in part, account for the increased tendency of the 
immature brain to undergo prolonged convulsions that are difficult to arrest.

Supported in part by an award from the Epilepsy Foundation of America 
and the V.Á. Research Service.

249.19
ABNORMALITIES IN-SEROTONIN SYNTHESIS IN SEVERE GENETICALLY 
EPILEPSY-PRONE RATS (GEPR-9s). M.A. Statnick1*. J.W. Dailev2. P.C. Jobe2 
and R.A. Browning 1. 1 Dept. Physiol., Sch. Med., Southern Illinois Univ., 
Carbondale, IL 62901 and 2Dept. Basic Sci., Coll. Med., Univ. Illinois, Peoria, DL 
61656.

Previous studies have demonstrated that serotonin (5-HT) modulates audiogenic 
seizures. In the GEPR, treatments that facilitate 5-HT neurotransmission exert 
anticonvulsant action, while converse treatments exacerbate seizures. Innate 
reductions in 5-HT content, in high affinity 5-HT uptake and in the accumulation of 
extracellular 5-HT after systemic administration of fluoxetine have been reported in 
GEPR-9S. To further elucidate the nature o f the 5-HT deficit in the GEPR, regional 
analysis o f in vivo and in vitro tryptophan hydroxylase (TpOH) activity was 
examined in male GEPR-9s and non-epileptic controls. In vivo TpOH activity was 
measured as the accumulation of 5-hydroxytryptophan (5-HTP) following systemic 
administration of the decarboxylase inhibitor NSD-1015. Rats were injected with 
either NSD-1015 (100 mg/kg, i.p.) от saline 30 minutes prior to sacrifice, after which 
their brains were dissected and stored in liquid nitrogen until assayed. 5-HTP was 
separated and measured by reverse phase HPLC with electrochemical detection. In 
vitro TpOH activity was measured utilizing a modified method o f Boadle-Biber etai 
(Neurochem. Int. 8: 83-92, 1986). These studies revealed that TpOH activity 
measured by either in vivo or in vitro methods was significantly reduced (P<0.05) in 
both forebrain and brainstem structures o f GEPR-9s as compared to controls. 
Preliminary examination of the kinetic constants for TpOH activity from the in vitro 
study, suggest that the reduction in enzyme activity resulted from a decrease in 
Vmax without a change in Km. In addition, the magnitude o f these reductions in 
synthesis rate are similar to those found for other previously described 5-HT 
presynaptic markers in most forebrain and brainstem structures. These data taken 
with that from previous findings suggest that the 5-HT deficit in GEPR-9s may result 
from a reduction in regional serotoninergic innervation.

249.16
WIDESPREAD REDUCTIONS IN SPECIFIC (3HJ-PHORBOL ESTER BINDING 
SITE DENSITY IN BRAIN OF GENETICALLY EPILEPSY-PRO N E RATS. D P, 
Savage. *5. Razani-Borouierdi and K.A. Ortiz. Department of Pharmacology, 
University of New Mexico School of Medicine, Albuquerque, New Mexico, 87131.

Previous studies have shown that the activity and levels of protein kinase C 
(PKC) are diminished by hypothyroidism. Preliminary radiohistochemical studies in 
our laboratory have shown that perinatal hypothyroidism produces long—lasting 
deficits in specific [3H]-phorbol ester dibutyrate (PDBu) binding to PKC. We have 
reported that Genetically Epilepsy-Prone (GEPR-9) rats are hypothyroid. Given the 
impact of hypothyroidism on PKC and [3H1-PDBu binding, we tested the 
hypothesis that [3H]-PDBu binding would be decreased in 31-day-old G EPR-9  
rats compared to age-matched and sex-matched non-epileptic Sprague-Dawley 
control rats.

Eight—μ»η—thick histological sections of brain from twelve pairs of control and 
G EP R -9  rats were incubated in 50 mM Tris-H CI /  100 mM NaCI / 1 mM CaCL  
buffer (pH 7.4 at 30« C) with 10 nM [3H]-PDBu for 60 minutes at 30° C and then 
rinsed twice for 2 minutes each in ice-cold buffer. Specific [3H]-PDBu binding 
was defined as the difference between [3H]-PDBu binding in the absence and 
presence of 10 μΜ unlabelled PDBu. [3H]-PDBu binding was measured in thirty 
brain regions including several layers of neocortical, entorhinal, pyriform and 
cerebellar cortex, different subfields of the hippocampal formation and various 
nuclei including the amygdala, lateral septum, caudate, dorsal lateral thalamic, 
lateral geniculate and medial geniculate nuclei.

Specific [3H]-PDBu binding was decreased significantly by 18% to 28% in 
most of the brain regions analyzed in G EP R -9  rats compared to control rats. 
Saturation of binding studies indicated that the binding site reduction was due to a 
decrease in the total number of specific [3H]-PDBu binding sites with no change in 
the apparent binding affinity constant. These results indicate that the degree of 
hypothyroidism experienced by G EP R -9  rats is sufficient to affect brain levels of 
PKC. What impact widespread reductions in protein kinase C levels may have on 
the development or expression of the seizure prone state in GEPR—9 rats remains to 
be investigated. (Supported by RR08139, RR05583 and AA06548)

249.18
G A BA a RECEPTOR EFFICACY IS REDUCED IN THE CEREBRAL 
CORTEX OF THE GENETICALLY EPILEPSY-PRONE RAT 
(GEPR-9). ELKJteriioku*. 51. Beckman, and M.5. Evans- 
Southern Illinois University School of Medicine, Springfield, IL, USA 62794 
Several studies have suggested a loss of GABAa receptor function in the 
GEPR-9, that cannot be attributed to changes in receptor quantity or 
affinity. To test this hypothesis, we measured muscimol (MUS) induced 
36C1 influx into brain synaptoneurosomes from cerebral cortex of normal 
Sprague-Dawley (S-D) and GEPR-9 rats. Synaptoneurosomes were 
prepared from cortex, and incubated with MUS (0, 3, 10, 30, 100 μΜ) and 
36C1 for 4 sec. They were then rapidly filtered and washed. 36C1 uptake 
was measured with scintillation counting, and protein concentrations were 
measured using the Lowry method. Dose responses were compared using 
a split-plot ANOVA. There was a highly significant reduction in dose 
response in synaptoneurosome from GEPR-9s in comparison to normal 
rats (p c.OOl). The reductions in specific 36C1 influx were 22.4% and 
18.5% at 30 and 100 μΜ MUS, respectively. To compare the response of 
cortical GABAa receptors under desensitizing conditions, synapto
neurosomes from GEPR-9S and S-D rats were first preincubated with a 
submaximal (3 μΜ) dose of MUS 5 sec prior to the assay and dose- 
responses were obtained. MUS pretreatment significantly reduced 
(p <.001) the dose response in both animals, but the percent reduction did 
not appear to differ (approx. 28% at MUS 100 μΜ). The findings 
indicate an overall reduction of cortical GAB Aa receptor efficacy in the 
GEPR-9 in comparison to the normal S-D rats. The loss of efficacy may 
be partially responsible for the animal’s natural predisposition to 
numerous seizure provoking stimuli. Support: SIU-CRC.

249.20
RAT BRAIN EARLY GENE mRNA LEVELS AND AP-1 
BINDING AFTER PILOCARPINE AND LITHIUM. Mary B. 
Williams* and Richard S. Jope. Dept of Psychiatry and Behavioral 
Neurobiology, Univ. of Alabama, Birmingham, AL 35294.

Immediate early genes encode nuclear proteins that form dimers 
that act as transcription factors by binding die AP-1 site on DNA and 
influencing gene transcription. The goals o f this investigation were 
to determine the time course of changes in mRNA levels of c-fos, c- 
jun, junB, and junD using Northern blots and AP-1 binding using gel 
mobility shift assays in tissue from rat cerebral cortex and 
hippocampus (i) after administration of the cholinergic agonist 
pilocarpine (5 or 30 mg/kg), (ii) after administration of lithium alone 
or with pilocarpine (5 mg/kg), and (iii) after the generation of 
seizures induced by administration of lithium (3 mmol/kg) plus 
pilocarpine (30 mg/kg). The higher dose of pilocarpine increased c- 
fos, c-jun, and junB mRNA levels with a maximal increase after 30 
min in the cortex and after longer times in the hippocampus and 
increased AP-1 binding in both regions at later times. The lower 
dose of pilocarpine caused only minor increases in mRNA and AP-1 
binding and lithium had little effect. Seizures induced with lithium 
plus pilocarpine caused large increases in all mRNA levels (c- 
fos>junB>c-jun>junD) which tended to be greater in the 
hippocampus than in the cortex, and also caused large increases in 
AP-1 binding at later times. These results demonstrate dose- 
dependent and time-dependent increases in early gene expression 
and function after cholinergic stimulation and that lithium- 
pilocarpine seizures cause massive increases in both parameters that 
are maintained over an extended period o f time.
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250
SYMPOSIUM. IN T EG R A T IO N  IN  C E N T R A L SO M A TO -V ISC E R A L  
PROCESSING. A .D . (Bud) Craig. Barrow Neurol. Inst. (Chairperson);
A.D. Loewv. Washington Univ. (Co-Chairperson); R.F. Schmidt. Univ. o f  
Würzburg; W. Jänig. Univ. o f  Kiel; A . Randich. Univ. o f  Alabama; IL 
Burstein. Mass. Gen. Hosp.

Recent anatomical findings indicate that spinal lamina I and key central 
autonomic sites together form a globally integrated, heirarchical system  
subserving hom eostasis. These findings reveal the substrates for certain 
spinal and brainstem somato-sympathetic reflex arcs and they provide the 
basis for an integrated physiological approach to cardiovascular, 
thermoregulatory, respiratory and pain m echanisms. The purpose o f  this 
symposium is to promote the integration o f  research from these fields based 
on this new conceptual foundation. Dr. Schm id t w ill introduce the issues 
with an historical summary o f  physiological studies o f  somato-sympathetic 
reflexes and their role in hom eostatic integration. Dr. Loew y will describe 
key central autonomic sites that form the anatomical substrates for 
integrated regulation o f  spinal sympathetic activity. Dr. C raig w ill describe 
the direct anatomical relationship o f  spinal lamina I with these central 
autonomic regions. Dr. Jän ig  w ill detail m odality-selective sympathetic 
neuronal responses to somatic stimuli mediated at the spinal and brainstem  
levels. Dr. R an dich w ill report observations on the integration o f  somatic 
and visceral activity in brainstem autonomic sites. Dr. B u rstein  w ill report 
on the activation o f  medullary and bulbo-hypothalamic neurons by both 
noxious and thermal stimuli.

251
SYM PO SIU M . M ICROGLIA AND NEU RO N AL IN JU RY . C .A , Colton 
and W .J. Streit (Chairpersons); P . Levitt. Med. Col. of Pennsylvania; 
L .S . Perlmutter. Univ. Southern California; W .J . Streit. Univ. of 
Florida; J .E .  Merrill. UCLA Sch . Med.; C .A . Colton. Georgetown Univ.

Microglial cells are the principal cellular components of 
endogenous defense mechanisms within the CN S. Accordingly, most 
disorders of the nervous system are characterized by prominent 
microglial reactions. Pat Levitt will describe how microglia react 
specifically and distinctly during normal brain development and after 
injury. Special attention will be paid to the molecular basis and 
chemotactic signals which enable microglia to target injured or dying 
neurons. Lynn Perlmutter will focus on the involvement of microglia 
during normal aging and in Alzheimer’s  d isease. In vivo and in vitro 
findings will illustrate possible relationships between microglial 
secretory products and amyloid protein. Jake Streit will describe 
microglial activation that follows cerebral ischemia, and discuss how 
this microglial response can be a harbinger of imminent excitotoxic 
neuronal injury. Jean Merrill will address the possibility that microglia 
contribute to the histopathological features of HIV encephalopathy 
through the release of cytokines. The formation of multinucleated 
giant cells in culture will be shown in time lapse video. Carol Colton 
will focus on the production of reactive oxygen species (RO S) by 
microglia, the factors which regulate this production, and how RO S 
production by activated microglia may lead to changes in neighboring 
cells.

D R U G S  O F  A B U S E : A L C O H O L , B A R B I T U A R A T E S , B E N Z O D IA Z E P IN E S

254.1

EEG EFFECTS OF DIAZEPAM TOLERATE AFTER CHRONIC 
TREATMENT. JA. Monaqle and C.M. Sinton*. Neurogen Corp., Branford, 
CT 06405.

Previous experiments have shown that chronic exposure of rats to 
Diazepam produces little or no tolerance to the anxiolytic action of the drug, 
though tolerance develops within a few days to the sedative effects. Here, 
rats were chronically exposed to Diazepam prior to examining the effects of 
an acute dose of the drug on the electroencephalogram (EEG). Rats, 
prepared for fronto-occipital EEG monitoring with cortical screw electrodes, 
were chronically exposed for 12 days to Diazepam using subcutaneous 
silastic capsules containing the compound. At the end of this period, rats 
were challenged with Diazepam (0.25 mg/kg i.v.) administered via a 
cannulated tail vein. Spectral analysis of the EEG signal was performed on
line using a microcomputer, and drug effects were evaluated for one hour 
following administration. Vigilance was maintained throughout the recording 
period by using a randomized disturbing noise source. Results showed that 
EEG power in the 10 to 30 Hz frequency band was significantly increased by 
the Diazepam challenge under control conditions. Also as previously 
reported, no other part of the EEG spectrum was effected by this treatment. 
But in contrast, rats chronically treated with Diazepam showed no significant 
change in the EEG spectrum following the acute Diazepam dose. Therefore 
chronic Diazepam exposure produced tolerance to the EEG effects of an 
acute dose of the benzodiazepine. This indicates that the EEG signature of 
Diazepam reflects the action of the drug on central arousal and not on 
anxiolysis. These results are thus further evidence that the EEG changes 
produced by administration of Diazepam reflect increased recruitment of 
thalamocortical circuits: such recruitment occurs with decreased vigilance.
In conclusion, these data imply that the EEG is a measure of the sedative 
action of benzodiazepines rather than of their anxiolytic activity.

254.3

EFFECT O F C H R O N IC  E T H A N O L  C O N S U M P T IO N  O N  5 H T 1C 
RECEPTORS A N D  P H O S P H O IN O S IT ID E  S IG N A L L IN G  SY ST E M  
IN RAT B R A IN . S.C. Pandev*. M. Piano. D .W . Schwertz. J.M. Davis, 
and G.N. Pandev. Col. o f  M ed., U niversity o f  Illinois, Chicago, IL  60612.

Alterations in serotonergic system  have b een  im plicated in the  
pathophysiology o f  alcoholism . In order to exam ine th e role o f  5 H T 1C 
receptors and their functional con seq u en ces in a lcoh ol d ependence, w e  
studied the effect o f  60 days eth anol treatm ent on  5 H T 1c receptors and 
5HT-stimulated [3H ]-in osito l-l-p h osp h ate  form ation in rat choroid plexus 
and 5HT1c receptors in brain. M ale Sprague-D aw ley rats w ere fed the  
Lieber-Decarli liquid diet containing eth anol (9% v/v) or control liquid 
diet for 60 days. T h en  they w ere sacrificed and choroid  plexi and brains 
were removed. 5 H T 1c receptors w ere m easured by receptor binding 
technique using [3H ]m esulergine as radioligand. For determ ination o f  PI 
turnover, choroid plexi w ere labelled with [3H ]m yoin ositol and then  
stimulated by 5H T  (1 0 '4M ). It was observed that chronic ethanol 
treatment caused a significant increase in B max (71% ) o f  [3H ]m esulergine  
binding without significant change in Kp. W e observed a significant 
increase (70% ) in 5H T-stim ulated inositol phosph ate form ation in rat 
choroid plexus. W e also observed that chronic eth anol consum ption had 
no significant e ffect on  th e B (nax or Kp o f  5 H T 1C receptor binding sites in 
the hippocampus and cortex. T h ere results suggest that supersensitive  
5HT1C receptors and this receptor m ediated PI hydrolysis in choroid  
plexus may reflect post-synaptic adaption du e to loss o f  5H T  input during 
chronic ethanol consum ption.

254.2
CORTICOSTERONE ENHANCES ETHANOL DRINKING IN 
THE RAT. S. Hansen». C. Fahlke. E. Hard. J. A. Engel and C. J. 
P. E r ik s so n . D e p t. o f  P s y c h o lo g y , U n iv e r s i ty  o f  G ö te b o r g , P .O . 

B o x  1 4 1 5 8 , S -4 0 0  2 0  G ö te b o rg , S w e d e n .
We have observed that corticosterone-depletion, induced by 

adrenalectomy (ADX) or treatment with metyrapone, can depress 
ethanol intake in rats. In the present experiment we inquired whether 
sustained administration o f  corticosterone (CORT) can stimulate 
ethanol drinking. A group o f h ig h -p re ferr in g  (>60%) male rats, with 
continous access to 6% ethanol and water in the home-cages, were 
subjected to either sham-šurgery, ADX+CORT or ADX+placebo. As 
expected, ADX lowered ethanol intake. Implantation o f  a CORT 
pellet (delivering 200 mg CORT over 60 days) 1 week after ADX  
restored ethanol intake to pre-operative levels within a week; 
thereafter ethanol intake remained stable. A parallel experiment on 
lo w - p r e f e r r in g  rats (<30%) revealed that ADX+CORT gradually 
increased their ethanol intake such that it by the 3rd treatment week 
was significantly above the preoperative level. In a 2nd part o f the 
experiment, sham-operated and ADX+CORT rats were injected SC 
twice daily for 3 consecutive days with the Type 1 corticosteroid 
receptor antagonist RU 28318 (10 mg/kg) or the Type 2 antagonist 
RU 38486 (25 mg/kg). Both the Type 1 and the Type 2 antagonists 
decreased ethanol intake, but the effect was not large. These results 
suggest that CORT can enhance the inclination to drink ethanol, partly 
by binding to Type 1 and 2 receptors. - Supported by the Bank of 
Sweden Tercentenary Foundation, the Swedish MRC and the HSFR.

254.4
CHOLINERGIC AND SEROTONERGIC SENSITIVITY IN HIPPOCAMPAL 
SLICES FOLLOWING CHRONIC ETHANOL EXPOSURE. B.S. Rothherg* and
B.E. Hunter. Dept. o f Neuroscience, Univ. o f Rorida Coll, o f Med., Gainesville, 
FL 32610.

Chronic exposure to ethanol results in learning deficits which persist long beyond 
withdrawal. We have previously shown that chronic ethanol treatment (CET) results 
in a persistent decrease in facilitation of CAI population spikes (PS) elicited by 
somatic application of acetylcholine (АСҺ), while field EPSP depression (elicited by 
dendritic application) showed no treatment effect. We have expanded upon these 
findings in the present study using the non-hydrolyzable cholinergic agonist 
carbachol (ССҺ). Additionally, we looked at sensitivity o f  CAI neurons to 
serotonin (5HT) to determine if  serotonergic responses were similarly altered. 
Hippocampal slices were prepared from rats which were fed either (1) an ethanol- 
containing liquid diet or (2) an isocalorically-substituted sucrose-containing liquid 
diet for 28 weeks. Somatic application (90 ηΑ·12 sec; 0.1 M) of ССҺ in CAI 
facilitated the PS and increased spontaneous firing rate (FR) in a dose-dependent 
manner. PS facilitation by ССҺ was significantly reduced in CET slices relative to 
controls (P<0.002, t-test); the increase in FR observed in CET slices was also 
smaller at this dose. Comparison o f iontophoretic dose-response curves (30-120 
nA) showed decreased sensitivity to ССҺ in CET slices at higher (>90 nA) but nót 

low er (<60 nA) doses. Despite this apparent decrease in sensitivity, however, 
cholinergic effects on FR recovered more slowly in CET slices (P<0.02, ANOVA). 
5HT (90 ηΑ·12 sec; 0.05 M) caused a marked decrease in FR and concomittant 
decrease in PS amplitude. No treatment differences were observed in 5HT responses. 
These results support the hypothesis that cholinergic response properties in 
hippocampal neurons are selectively and persistently altered following CET. 
Research supported by AA 00200 and the Medical Research Service o f  the Veterans 
Administration.
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254.5
INTRAHIPPOCAMPAL APPLICATION OF ETHANOL OR SCOPOLAMINE 
BLOCKS EFFECTS OF SEPTAL STIMULATION. L.P. Gonzalez*. Univ. of 
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.

Acetylcholine (АСҺ) release is reduced or blocked by acute ethanol 
administration. Since neuronal activity within the hippocampus is 
modulated by АСҺ input from the medial septum, I have hypothesized that 
ethanol alters hippocampal function by interfering with cholinergic septo- 
hippocampal activity. My laboratory has previously reported that acute, 
systemic ethanol reduces the effects of stimulation of the medial septum 
on hippocampal single-unit activity. In the studies reported here, I 
examined the effects of direct, local application of ethanol or scopolamine, 
a muscarinic АСҺ antagonist, into the CA3 region of the hippocampus.

Extracellular single-unit activity and electroencephalographic (EEG) 
activity were recorded through one barrel of a multi-barrel glass micro
electrode positioned within the hippocampal CA3 field; additional barrels 
contained either ethanol (11 mM-44mM) or scopolamine (0.5mM-5mM) for 
application by pressure ejection. For stimulation, bipolar, stainless steel 
electrodes were positioned within the medial septum. Stimulation 
consisted of brief repetitive trains of constant current, square-wave 
stimulus pulses. This stimulation resulted in an intensity-dependent 
increase in the rate of spontaneous unit activity which sometimes 
outlasted the period of stimulation by several minutes. This effect was 
observed in the absence of any change in field EEG activity. Pressure 
application of ethanol or of scopolamine into the hippocampus blocked the 
stimulation-induced increase in unit activity. These observations suggest 
that ethanol may alter septo-hippocampal interactions through a direct 
effect on cholinergic neuronal transmission within the hippocampus.

This research was supported in part by NIAAA grant #AA07578.

254.7
BLOCKADE OF THE DISCRIMINATIVE STIMULUS (DS) 
EFFECT OF PENTOBARBITAL IN RHESUS MONKEYS WITH 
D1 DOPAMINE AGONISTS. W.L. Wool verton*. The Drug Abuse 
Research Center, The University of Chicago, Chicago IL 60637.

Rhesus monkeys (N=3) were trained in a 2-lever drug 
discrimination paradigm to discriminate pentobarbital (PB; 10 mg/kg, 
i.g., 60 min pre-session) from saline. Lever pressing was maintained 
under a discrete-trials shock avoidance schedule of reinforcement (30 
trials/day, 30-sec ITI, FRI). Before test sessions, in which 
responding on either lever was reinforced, the monkeys were injected 
with PB alone or in combination with the partial D1 dopamine (DA) 
agonists SKF 38393 (3.0 or 10 mg/kg, i.m.) or SKF 77434 (0.1 or 0.3 
mg/kg, i.m.) at several pretreatment times. Administration of PB 
alone (1.0 - 17 mg/kg, i.g.) resulted in a dose-related increase (0 - 
100%) in the percentage of responses emitted on the drug-appropriate 
lever. Administration of SKF 38393 or SKF 77434 in combination 
with the training dose of PB resulted in a dose-related decrease in 
PB-appropri ate responding from 100% to 0% at least at one dose 
combination in all monkeys. The blockade was time-related as well, 
reaching a maximum when the D1 agonist was administered 30-60 
min pre-session and waning as the pretreatment time increased to 4 
hours. The blockade induced by the lowest effective dose o f D1 
agonist could be overcome by increasing the dose of PB to 17 mg/kg. 
The results demonstrate that drugs having at least partial efficacy at 
D1 receptors can antagonize the DS effects of PB. Further, they 
suggest that D1 DA receptors may modulate the subjective effects of 
PB in humans. (Supported by NIDA Grant DA-05951 and the 
College on Problems of Drug Dependence).

254.9
INCREASED SIGNAL TRANSDUCTION IN LYMPHOCYTES CULTURED 
FROM ALCOHOL PREFERRING VERVET MONKEYS. R.M. Palmour». 
D.Grbavic. F.R. Ervin#. I. StalevS and D.C. MashQ D ept Psychiatry & 
Centre H uman Genetics, McGill Univ., Montreal H3A 1A1, Canada, 
#Behavioral Sciences Foundation, St. Kitts, §D ept N eurology, Univ. Miami.

In a Caribbean population of vervet m onkeys (C. aethiops ), about 15% of 
feral animals voluntarily select >4 g  aqueous e th a n o l/k g /d a y , in preference 
to vehicle. Alcohol-preferring (AP) m onkeys increase consum ption over 
tim e, d isplay nystagm us, ataxia, and inappropriate social behaviors during  
drinking, and exhibit behavioral signs o f withdrawal on termination. In the 
hum an population, there is increasing evid en ce that G s-coupled adenylate  
cyclase m ay be abnormally responsive to agonist stim ulation in abstinent 
alcoholics and in non-alcoholic subjects at risk for familial alcoholism , as 
compared to control individuals w ith no fam ily history o f alcoholism  
(Diamond et al, 1987, N agy et al, 1988, Palmour et al, 1991). From 8 
abstinent AP and 8 alcohol-avoiding (AA) m onkeys,w e cultured peripheral 
blood leukocytes for 10-18 days with IL-2 stim ulation to enhance T-cell 
populations, then measured cAMP accumulation follow ing incubation with  
graded doses of NECA, a potent adenosine A2 agonist. Maximal cAMP 
accumulation in AP cells w as 6.4-fold basal (+1.3), as compared to 2.3-fold 
(+0.8) for A A cells (pc.01). The EC50 for NECA w as slightly reduced in AP 
cells (8 vs 20 μΜ, p<.05). Unstim ulated adenylate cyclase activity did not 
differ between groups. Brains from a subset of these animals were prepared 

for receptor autoradiography, and probed with ^H-NECA in the presence 
and absence of GPP-NHP. Preliminary evidence from both cellular studies 
and receptor autoradiography suggests that exaggerated signal transduction 
is a consequence of enhanced functional coupling, rather than alterations in 
receptor number or affinity.

254.6
INVOLVEM ENT OF CENTRAL NICOTINIC ACETYLCHOLINE 
RECEPTORS IN THE MESOLIMBIC DA-ACTIVATING  AND 
REINFORCING PROPERTIES OF ETHANOL. B. Söderpalm. O. Blomqvist. 
D. Johnson and J.A. Engel*. Department o f Pharmacology, University of 
Göteborg, Medicinareg. 7, S-413 90 Göteborg, Sweden.

The reinforcing properties o f ethanol have been related to its DA-release 
enhancing effects in the Nc. Accumbens. The molecular events underlying this 
effect are largely unknown. Recently, ethanol was shown to directly interfere 
with ionic flux through several multi-subunit, ligand-gated ion-channels, 
including peripheral and central nicotinic acetylcholine receptors (nAChR). In 
this series o f  experiments w e investigated whether the DA-release enhancing 
and reinforcing properties o f ethanol may involve central nAChR.

1) The locomotor stimulating and DA-turnover enhancing effects o f  ethanol 
were partly counteracted by the central nAChR antagonist mecamylamine, but 
not by the peripheral antagonist hexamethonium. 2) Ethanol-induced DA- 
overflow in the Nc. Accum bens (in vivo  m icrodialysis in rats), as well as 
ethanol-induced DOPA-accumulation in the m esolim bic terminal area after 
NSD 1015 (determined ex vivo) were antagonized by mecamylamine. 3) Rats 
were classified as low- (LP; <25% EtOH), medium- (MP; 25-75%  EtOH) or 
high-preferring (HP; >75% EtOH) based on their ethanol preference in a free- 
choice drinking situation (EtOH 6 % v/v vs. water). M ecamylamine reduced 
ethanol preference and intake in HP but not in LP rats. 4) MP rats sensitized 
to nicotine (10  daily injections, 1 m g/kg, s.c. o f  (-)nicotine-di-tartrate) 
markedly increased their ethanol preference and intake, an effect w hich lasted 
for two weeks after interrupting nicotine delivery.

The present results suggest that the DA-activating and reinforcing properties 
o f ethanol may involve direct or indirect stimulation o f central nAChR, and 
that antagonism at central nAChR could be o f benefit in the treatment of 
alcoholism.

254.8
ELEVATED DENSITIES OF STRIATAL DOPAMINE TRANSPORTERS IN 
ALCOHOL PREFERRING VERVET MONKEYS. D. C. Mash*. J. Stalev. M. 
Basile. F. M. Doepel. F. R. Ervin, and R. P. Palm our. Depts. of 
Neurology. Pharmacology & Pathology. Univ. of Miami School of 
Medicine. Miami, FL., 33101 and Dept. Psychiatry and Centre for 
Human Genetics, McGill University, Montreal H3A1A1, Canada.

We have used in vitro [125IlRTI-55 autoradiography to map and 
quantify regional d en sities of dopam ine transporters in alcohol 
preferring Vervet monkeys (C. aethiops). The binding characteristics of 
the dopamine transporter were studied  in four different treatment 
groups: alcohol avoiding, 'predrinking’ alcohol preferring, short-term 
alcohol induction , and long-term  alcohol exposure. Differential 
autoradiography of l 125I]RTI-55 in the presence of sufficient paroxetine 
to block serotonin transporters permitted the selective localization of 
dopam ine transporters in slide-m ounted  brain section s. Micro- 
densitom etric m easu rem en ts dem onstrated  elevated num bers of 
dopamine transporters over limbic sectors of the striatum in alcohol 
preferring m onkeys a s  compared to the control group. The most 
marked increases in dopamine transporters were seen in the anterior 
sectors of the caudate and nucleus accum bens. Elevated numbers of 
dopamine transporters were still apparent in the short-term alcohol 
exposure group with blood alcohol concentrations ranging from 0.10 to
0.24%. In contrast, [125IJRTI-55 binding site densities measured in the 
long-term exposure group were comparable to control values. Since the 
concentration of dopamine in the synapse is  controlled by reuptake 
mechanism s, these results suggest lower dopamine function in alcohol 
preferring monkeys. The return to more 'normalized' neurotransporter 
densities with long term exposure dem onstrates that chronic alcohol 
may lead to neuroadaptive changes in dopaminergic synapses. (Funded 
by the Alcoholic Beverage Medical Research Foundation & AA09562 ).

254.10
INTRAVENOUS ETHANOL MAY DECREASE INTRASYNAPTIC DOPAMINE IN 
HUMAN BASAL GANGLIA DF Wong*, G Wand, BCK Yung. RF Dannals, 
HT Ravert, В Chan, C Chen. Johns Hopkins Medical Inst., 
Baltimore, MD

Other studies have suggested that the mesolimbic 
dopamine (DA) system may play a role in alcoholism.

Differences in individual genetic expression of 
dopaminergic activity may account for genetic variability in 
human substance abuse. We have been studying the interaction 
between ethanol and iri vivo measures of the dopaminergic 
system using position emission tomography (PET). Five healthy 
males underwent two high-specific activity [HCJRaclopride 
PET scans. The second scan was accompanied by one hour of iv 
EtOH (0.7 g/kg), beginning 10 minutes before the tracer 
injection. Brain scans were acquired at 50 time points over 
90 minutes. Arterial plasma was sampled simultaneously and 
corrected for metabolites by HPLC analysis. There was a 
consistent increase in the caudate or putamen binding of 
[11C]Raclopride, with little or no change in cerebellum 
curves following EtOH infusion. Kinetic analysis using a 3- 
compartment model demonstrated an increase in the k3/k4 ratio 
of 0%, 11.2%, 13.8%, 23%, 51.8%. The 2 subjects with the
highest ratios also had the highest serum EtOH levels over 90 
minutes. These findings are consistent with a decrease in 
intrasynaptic dopamine levels following and during EtOH 
infusion which reduces DA competition for [ 11C]Raclopride 
binding. This may be due to GABA stimulation or increased DA 
reuptake.
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255.1

MUTATIONAL ANALYSIS OF DROSOPHILA  SYNAPTOTAGMIN INDICATES 
AN ESSENTIAL ROLE IN THE REGULATION OF NEUROTRANSMITTER 
RELEASE. J. T. Littleton*. M. Perm. M. Stern#, and H. BelienS. Division of 
Neuroscience, $ Howard Hughes Medical Institute and Institute for Molecular Genetics, 
Baylor College of Medicine, # Department of Biochemistry and Cell Biology, Rice 
University, Houston, TX 77030

Synaptotagmin (SYT) is a synaptic vesicle specific protein suggested to be 
important in synaptic vesicle docking based on its in vitro  association with several 
presynaptic membrane proteins including the neurexins and syntaxins. SYT also 
contains two domains which bind phospholipids in a calcium dependent manner, 
suggesting a role in calcium induced vesicle fusion and subsequent release of 
neurotransmitter. We have addressed the role o f SYT in vivo  by specifically 
mutating the protein in the fruitfly D ro so p h ila  m ela n o g a ste r . Based on low 
homology screening and western analysis, we suggest that a single gene encodes 
synaptotagmin (sy t) in D rosoph ila . Syt is expressed by all neurons and antibodies 
prepared to D rosoph ila  SYT demonstrate that the protein is present in axons and 
dendrites during axonogenesis, and subsequently localizes to synapses. A genomic 
walk surrounding the sy t locus has allowed the identification of two P-element 
enhancer detectors mapping near syt. A local P-element jump was performed using 
these lines and a lethal insertion into sy t was obtained. Precise excisions of the P- 
element revert the phenotype and lead to viable adults Null alleles of sy t were 
generated by P-element mediated excision. EMS induced point mutations were also 
generated in syt. Null mutations in the protein are embryonic lethal and severely 
disrupt the coordinated muscle contractions in the late embryo, yet do not completely 
block the release of neurotransmitter as evidenced by muscle twitching along the 
embryo. Hypomorphic mutations in SYT can lead to adult flies which are totally 
uncoordinated and are unable to walk, fly or eat. Third instar larvae with 
hypomorphic mutations are uncoordinated and sluggish and are currently being 
investigated using electrophysiological techniques. Our results suggest that 
Synaptotagmin is essential for proper regulation of neurotransmitter release, but that 
it is not absolutely required for exocytosis.

255.2

PROPERTIES OF SYNAPTICALLY-COUPLED CA3 AND 
C A I NEURONS IN ORGANOTYPIC CULTURES. R ,
M ooney*. E. M. Schuman and D .V . M adison. Dept. o f  Molecular and 
Cellular Physiology, Stanford University School o f  Medicine, Stanford, 
CA 94305.

W e exp lo ited  the exuberant con n ection s characteristic o f  
organotypically cultured rodent hippocampus to facilitate simultaneous 
intracellular recordings from  presynaptic C A3 neurons and their 
postsynaptic target cells in the C AI region. Transverse hippocampal 
slices made from P9-14 rat pups were cultured for 10 to 75 days on 
filter paper supports using the method o f Stoppini et al (1991). In a 
submersion-type recording chamber, an intracellular recording from a 
CA3 neuron and a w hole-cell recording (voltage clamp mode) from a 
C A I neuron were obtained under transillumination using low-power 
m agnification. In initial experim ents, 43% (21/49) o f  such pairs 
demonstrated synaptic connectivity: several m illiseconds after eliciting 
an action potential from the CA3 neuron, an inward current was 
observed  at the C A I recording site (at V m = -70  m V ). These 
postsynaptic currents (PSC s) con sisted  o f  one or more distinct 
com ponents, the earlier o f  which only reversed at holding potentials 
positive o f 0 mV. The later component(s) reversed between -35 and -45 
mV, were blocked by 50 μΜ  picrotoxin, and were less readily evoked  
in h igh-divalent A C SF, suggesting that they w ere m ediated by 
G A BA ergic interneurons. Supported by H.H. Whitney Foundation to R.M. and 
NIHMH 48108 and Lucille P. Markey Charitable Trust to D.V.M.

255.3 255.4
THE PROBABILITY OF TRANSMITTER RELEASE AT A MAMMALIAN 
CENTRAL SYNAPSE N. Hessler*. A. Shirke. & R. Malinow. Neuroscience 
Program and Dept. Physiology & Biophysics, University o f Iowa.
The probability (p) with which a presynaptic bouton discharges transmitter 
upon activation has been difficult to assess directly. Here, we examine 
NMDA-mediated transmission onto CA1 neurons of rat hippocampal slices in 
the presence of the open-channel blocker MK-801. The dimunition of 
transmission in successive trials is related to 1) p, 2) the fraction of NMDA 
channels blocked at an active synapse and 3) the probability of fiber 
activation. Independent measurements of the latter two allow estimates of p.

Generally, transmission decreases with a biexponential decay, indicating the 
presence of two populations of synapses. One population, comprising 20- 
40% of synapses, has a relatively high probability of release (p = 0.2 - 0.5). 
The remaining, larger, population has a low probability of release (p = 0.03- 
0.14). We see a developmental change in these populations with an increase 
in the contribution to transmission by high-p synapses. This may relate to 
maturation of synaptic function and/or to in vivo long-term potentiation of 
synapses. We are currently investigating the latter possibility.

SIM ULTANEOUS PATCH-CLAMP RECORDINGS OF 
PRESYNAPTIC CALCIUM CURRENTS A N D  POST- 
SYNAPTIC RESPONSES AT A VERTEBRATE SYNAPSE  
B. Yazejian*. S.D. Merinev and A.D. Grinnell. Jerry Lewis 
Neuromuscular Research Center, UCLA, Los Angeles, CA  
90024-1770.

Perforated patch whole-cell recording techniques have been  
employed to investigate the calcium currents present in 
synaptic varicosities of X e n o p u s  motoneuron neurites ending 
on embryonic muscle cells in culture. Simultaneous patch- 
clamp recordings of post-synaptic currents have been used to 
analyze transmitter release properties. There is a 1-2 msec 
synaptic delay; release is quantal 
and can be massive.
Pharmacological and biophysical 
techniques allow one to 
characterize the coupling between 
calcium channel type and 
release, the quantitative 
dependence of release on calcium 
influx and other synaptic 
properties.
Supported by NIH grant NS06232.

2 55 .5

FACILITATION OF SYNAPTIC TRANSM ISSION WITHOUT  
RESIDUAL FREE CALCIUM AT CRAYFISH NEUROM USCU
LAR JUNCTION. H. Kamiva* and R.S. Zucker. Dept. o f Molecular 
and Cell B iology, Univ. o f California, Berkeley, CA 94720.

A newly devised technique producing a reversible elevation o f  
[Ca2+], using the photolabile Ca2+ chelator DM-nitrophen, was 
applied to crayfish neuromuscular junction. Presynaptic terminals 
were loaded with a mixture o f partially (30 %) Ca2+-loaded DM- 
nitrophen and fluo-3. Short (0.5 s) exposure to U V-light increased 
miniature EJP frequency during the light, follow ed by rapid decay of 
responses without any detectable increase in fluo-3 fluorescence after 
the light, while repetition o f exposures caused significant increase in 
fluo-3 signal. Thus reversible [Ca2+] elevation could be produced to 
the first light exposure. Amplitudes o f evoked EJPs were 
significantly increased during and even after the reversible [Ca2+] 
elevation. The magnitude o f the enhancement at 0 .3-0.4 s after the 
light was 83 + 10% o f control (mean + S.E., N  = 8). This 
enhancement lasted for approximately 1-2 s. These results suggest 
that synaptic facilitation may be caused by Ca2+ binding to a site 
separate from that causing exocytosis. This contrasts with the residual 
calcium hypothesis for facilitation, in which residual free Ca2+ simply 
adds to the peak [Ca2+] at release sites in an action potential to 
facilitate transmitter release. Supported by NIH grant NS 15114.

255.6
CALCIUM-DEPENDENT QUANTAL SECRETION OF 
NEUROTRANSMITTER FROM FIBROBLASTS. J.Alder*.
S.P o p o v . R.Girod and M-m.Poo. Dept. of Biological 
Sciences, Columbia Univ., N.Y., N.Y. 10027.

Spontaneous quantal secretion of 
acetylcholine (АСҺ) from fibroblasts (ATCC FT 
cell line) was recorded within minutes following 
endocytic uptake or intracellular injection of 
АСҺ, using isolated Xenopus myocytes manipulated 
into contact with the fibroblast as detectors of 
АСҺ release. The amplitude and time course of 
spontaneous currents induced in the myocytes were 
similar to those of miniature endplate currents 
at developing neuromuscular synapses. As is 
observed at the presynaptic nerve terminal, 
elevation of cytosolic calcium level markedly 
increased the frequency of quantal secretion. 
Endocytic uptake of acetylcholinesterase (АСҺЕ) 
resulted in rapid reduction of the amplitude and 
frequency of spontaneous АСҺ release from АСҺ- 
injected fibroblasts, suggesting intracellularly 
injected АСҺ molecules are accumulated in 
compartments topologically connected to the 
endocytic pathway. These results demontrate the 
existence of a calcium-dependent exocytotic 
pathway(s) in a non-secretory cell and suggest a 
biogenic origin of the regulated quantal 
transmitter secretion in neurons.
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255.7
C O M PAR ISO N  OF QUANTAL АСҺ SE C R E T IO N  FROM  
MYOCYTES, FIBROBLASTS, A ND N E U R O N S. R. G irod*. J. 
A lder. S. Popov, and M-m P oo . D ept. o f  B io logical Sciences, 
C olum bia Univ., N .Y ., N .Y . 10027.

Tw o non-secretory cell types, Xenopus m yocytes and 
am phibians fibroblasts exhibit quantal re lease o f  acetylcholine  
(АСҺ) when supplied with exogenous transm itter. S ecretion  from  
a m yocyte was d etected  as spontaneous currents resulting from  
the activation o f its owr surface receptors by АСҺ. A lternatively, 
АСҺ was d etected  by a second m yocyte m anipulated  into contact 
with the releasing cell. M anipulated m yocytes w ere also used to 
m onitor АСҺ secretion  from both fibroblasts load ed  with АСҺ, 
and from isolated  em bryonic Xenopus neurons. T he use o f  the Ca 
2+ chelator В А РТ А  and o f the PKC activator P D B U  on  
myocytes revealed regulatory m echanism s o f  secretion  related  to 
those o f  developing neurons. M oreover, in all three cell types, 
spontaneous currents had a sim ilar average am plitude and an 
am plitude distribution skew ed towards sm aller-sized  events. 
H ow ever, currents in myocytes and fibroblasts had a m ore  
irregular and on average 3 to 4-fold  slow er tim e course than 
those generated by growing neurons. It is concluded  that 
underlying transmitter release in fibroblasts and m yocytes 
appears to be a secretory pathway sharing striking sim ilarities to 
that o f neurons.

255.9
MUSCARINIC MODULATION OF SYNAPTIC TRANSMISSION IN SLICES OF 
RAT VENTRAL STRIATUM IS FREQUENCY-DEPENDENT. C.M.A.Pennartz* 
and F.H.Lopcs da Silva. Grad. School Neurosciences Amsterdam, Inst, of 
Neurobiology, Univ. of Amsterdam, Kruislaan 320, 1098 SM, Amsterdam, the 
Netherlands.

In this study we addressed llie question whether neuromodulation of fast synaptic 
transmission may be conditional upon the temporal structure of afferent inputs. 
Specifically, we investigated the depressive effect of muscarinic receptors on limbic, 
giutamate-receptor mediated inputs to the ventral striatum in relation to the frequency 
of afferent stimulation.

Intracellulaiiy recorded EPSPs, evoked by stimulation of hippocampal or prefrontal 
inputs to the ventral striatum in slices, were reversibly attenuated by muscarine (10  
μΜ; N=8) or carbachol (1-100 μΜ; N=36; both fully antagonized by 1 μΜ atropine 
or 1 μΜ pirenzepine). As carbachol and muscarine did not significantly affect the 
passive membrane properties of die recorded neurons, the Urne course of the 
AMPA/kainate receptor-mediated EPSP or the amplitude of L-glutamate evoked 
depolarizations, die muscarinic receptors mediadng the EPSP depression are probably 
located on glutamatergic terminals. When the rate of afferent stimulation was 
increased above 2 Hz, EPSPs showed a decline in amplitude that stabilized after about 
8 consecutive stimuli. Muscarinic modulation of EPSPs was significandy stronger in 
die lower range of frequencies (0.25-4 Hz) than at high frequencies (8 and 12 Hz; 
N=10). This frequency-dependent moduladon was also observed under whole-cell 
voltage-clamp conditions (blind patch-method; N=6 ). A trivial explanadon of these 
observations may be diat endogenous АСҺ is released at high rates of afferent 
stimulation and could occlude effects of exogenous agonists. However, no changes in 
die frequency-response curve were found under atropine (1 μΜ; N=6) conditions as 
compared to control curves.

Thus, muscarinic receptors are capable of activadng a presynaptic mechanism by 
which fast excitatory inputs to die ventral striatum are depressed. The frequency- 
dependent effect of muscarinic modulation of EPSPs exemplifies a new type of 
activity-dependence in neuromodulatory systems.

255.11
A METABOTROPIC GLUTAMATE RECEPTOR (mGIuR) ACTS 
PRESYNAPTICALLY TO INHIBIT SYNAPTIC TRANSMISSION 
BETWEEN HIPPOCAMPAL NEURONS IN TISSUE CULTURE. P. S.
Pennefather*. M.A. Abdul-Ghani. MRC Nerve Cell and Synapse Group, Faculty 
of Pharmacy, University of Toronto, Canada, M5S 2S2.

Activation of metabotropic gulutamate receptors (mGIuR) on central neurons has 
been shown to modulate several calcium and potassium conductances, reduce 
excitatory and inhibitory synaptic transmission and affect synaptic plasticity. In this 
study we examined the mechanism underlying the inhibition of snaptic transmission 
between hippocampal neurons in culture by mGIuR. Presynaptic function was 
assessed using whole cell recordings from pairs of neurons and adding strontium 
(2 mM) to the extracellular medium, under these conditions evoked excitatory 
synaptic currents (EPSCs) are followed by an afterdischarge of miniature EPSCs 
(mEPSCs) that subside within hundreds of milliseconds following the EPSC. Thus, 
both pre- and post-synaptic function are assessed. The specific mGIuR agonist, 
trans-ACPD (100 uM) causes a large and reversible reduction in the amplitude of 
evoked responses as well as the magnitude of the integral of the afterdischarge, 
while the mean amplitude of mEPSCs in the afterdischarge is unchanged, 
indicating presynaptic action of the agonist. Activation of mGIuR also increased 
paired-pulse facilitation. These results indicate a presynaptic inhibitory action of 
trans-ACPD on quantal transmitter release probably via presynaptic mGIuR. 
acknowledgement: MAG is an MRC Fellow.

255.8
CHOLINERGIC SUPPRESSION OF THE FREQUENCY OF MINIATURE 
EXCITATORY POSTSYNAPTIC CURRENTS IN CORTICAL NEURONS 
M. J. L. Eliasson. and R. W. Baughman* Dept. of Neurobiology, Harvard 
Medical School, Boston, MA 02115

Mammalian visual cortex receives a dense cholinergic innervation 
from nucleus basalis magnocellularis in the basal forebrain. Although in  v iv o  
studies have demonstrated that iontophoretic application of АСҺ produces 
facilitation of visually driven responses in most visual cortical cells, we 
recently observed that in single neurons in cell culture the majority of both 
EPSPs and IPSPs are inhibited by АСҺ via muscarinic receptors. To better 
understand this paradoxical modulatory effect of АСҺ, we have examined 
miniature EPSCs to determine if the action of АСҺ is pre- or postsynaptically 
mediated.

Visual cortical cultures were prepared from Long Evans rat pups 1-7 
days of age. Cells were dissociated enzymatically and plated on a monolayer 
of glial cells. Electrophysiological experiments were performed with whole
cell patch pipettes in voltage clamp mode in the presence of ΙμΜ 
tetrodotoxin and 10 μΜ bicuculline after at least 2 weeks in culture.

Application of АСҺ at 1-10 μΜ reversibly depressed the frequency of 
mini EPSCs in 6  of 7 cells tested ( / асһ  56% ± 6.3 of /en tr i  for the 6 cells 
exhibiting an effect) without any significant effect on the amplitude (атр д о , 
104%± 4.0 of ampcntrl for all cells). АСҺ also caused an inward current in 6 
of 7 cells while the remaining cell was unaffected. The depression of EPSC 
frequency by АСҺ is blocked by 1 μΜ atropine, suggesting the involvement 
of a muscarinic receptor.

These results thus suggest that cholinergic inhibition of synaptic 
responses is mediated at least in part by a presynaptic mechanism involving a 
reduction in the probability of quantal neurotransmitter release.

255.10
THE REGULATION OF GLUTAMATE RELEASE. D.G.Nicholls*. E.T.Coffev, 
Cousin.M. and Pocock.J.M. Dept. of Biochemistry, Dundee Univ., Scotland,
U.K.

The presynaptic mechanisms regulating the release of glutamate can be 
investigated at the level of the isolated nerve terminal by exploiting two 
distinct methods of depolarization. Elevated KOI causes a clamped 
depolarization during which transient ion channels rapidly inactivate and are 
not able to influence release, whereas K*A-channel inhibition by dendrotoxin 
or 4-aminopyridine (4AP) induces spontaneous ’action potentials’ in the 
preparation which opens up the additional possibility of modulation via 
transient, inactivating ion channels. Glutamate release is very tightly coupled 
to a non-inactivating Ca2+ channel and results in a biphasic release which 
may reflect exocytosis of docked vs. cytoplasmic vesicles. There is no 
requirement for calmodulin-dependent phosphorylation for either phase of this 
release. Furthermore protein kinase C has no influence on the kinetics or 
extent of KCI-evoked glutamate release, when the kinase is activated (by 
phorbol ester or (1S,3R)-ACPD) or inhibited (by Ro 31-8220). We conclude 
that PKC and CaMKII are not implicated in glutamate Ca2+-secretion coupling 
p er s e  or in the regulation of the non-inactivating release-coupled Ca2+ 
channel. In contrast PKC exerts total control over the release of glutamate 
evoked by 4AP, modulating depolarization and probably acting by inactivating 
a dendrotoxin-insensitive, Ba2+ sensitive, K+ channel responsiblefor regulating 
the intensity or duration of presynaptic action potentials. The pharmacology 
of the presynaptic glutamate-coupled Ca2+ channel is being investigated. It 
is inhibited by a novel toxin, Aga-GI, from the venom of the spider 
Agelenopsis aperta, and an inhibition of Ca2+-dependent glutamate release 
can be observed both from cortical synaptosomes and from cultured 
cerebellar granule cells.

255.12
QUESTIONS ABOUT MECHANISM OF INHIBITORY ACTION OF ALPHA-2 
RECEPTOR CONTROL OF NOREPINEPHRINE RELEASE A. R. Wakade*. T. 
D. Wakade. S.V. Bhave. V. Mashalkar & D. A. Przvwara Deot. of Pharmacol., 
Wayne State Univ., School of Medicine. 540 E. Canfield, Detroit, Ml 48201.

Two criteria are established to study noepinephrine (NE) release in cultured 
embryonic chick sympathetic neurons (SN).1.Release and [ Ca2+]j are 
abnormal in SN but become normal by co-culturing with cardiac cells.
2.Neurites are primary sites of NE release. Taking advantage of these facts we 
reexamined presynaptic control of NE release by alpha-2 reeptors (A-2R). NE 
(0.1- 3 uM) decreasedl Hz10 sec - evoked release of 3H-NE by 25- 80 %. 
Selective ligands of A-2R, clonidine and UK14304 (0.1 uM) reduced release 
by 70%. Inhibitory effect was reversed by A-2R antagonist, yohimbine (1 
uM).Pertussis toxin (30 nM for 24 hr ) completely blocked inhibitory effect of 
NE. Increase in [ Ca 2+]j in neuntes during 1 Hz 10 sec stimulation was not 
consistently decreased by NE & clonidine. However, in same neuritic site 30 
nM omega conotoxin almost totally blocked & 30 nM phorbol 12,13 - dibutyrate 
enhanced [ Ca2+]j. Omega conotoxin blocked (92%) & phorbol ester
enhanced (324%) NE release.Close association between effects of the toxin & 
phorbol ester on NE release & [Ca2+]j but dissociation between effects of 
alpha -2 agonists on same parameters suggest that alpha-2 inhibition of NE 
release has another component besides N- type Ca2+ channels.
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255.13
GENETIC ALTERATION OF C YC LIC  AMP KINASE SUBUNIT 
EXPRESSION A FFEC TS  Ca CURREN TS AND ß-ENDORPHIN R EL EA S E  
IN AtT-20 PITUITARY C E L L S . R.A . Gross**. J .  HuaqenvikZ. R . Allen3 & 
M.D. Uhler3. 1U. Minnesota, Minneapolis, MN 55345; 2U. Michigan, Ann 
Arbor, Ml 48109; & 3Oregon Health Sciences U., Portland, OR 92701 
We studied neurosecretory regulatory mechanisms in AtT-20 clonal 

pituitary cells by examining the relationship between cyclic AMP (cAMP) 
kinase (AK) activity, whole cell Ca currents and release of ß-endorphin. 
Wild type cells (G7) were compared to clones that stably expressed a gene 
for the catalytic subunit of AK (I7) or a gene for a mutant regulatory subunit 
that does not bind cAMP (6T6). Basal AK activities in G7, I7 and 6T6 cells 
were ~25, 75 and 15 U/mg protein, respectively; these increased with 1 μΜ 
cAMP (in vitro) to 750, 1200 and 30 U/mg protein.

Whole cell Ca currents were evoked at depolarized potentials in media 
which blocked Na and K currents. Ca currents in all cell types were 
insensitive to 10 μΜ ω-conotoxin-GVIA, but were reduced > 50% by 10 μΜ 
nifedipine. Mean maximal Ca currents in G7, I7 and 6T6 cells were 278, 
339 and 193 pA, respectively (24-29 cells), ß-endorphin release was 
measured by RIA after incubation of cells in the absence and presence of 
300 μΜ CPT-cAMP. Basal release of ß-endorphin was -50 μg/ml/hr in G7 
and I7 cells, but -35  μg/ml/hr in 6T6 cells; in the presence of CPT-cAM P, 
release increased 4-fold in G7 and I7 cells, but was unaffected in 6T6 cells. 
These data show a correlation of AK activity with Ca current magnitude 

and rates of ß-endorphin release in AtT-20 cells. Thus, we have shown that 
the AK system is a regulator of neurohumoral secretion and that molecular 
biological techniques are useful for determining the roles of discrete 
components in the pathways controlling neurotransmission.

Supported in part by NS19613 (RAG ) and the Markey Trust (MDU).

CELL LINEAGE AND DETERMINATION: IMMORTALIZATION, TRANSPLANTS, CORTEX

256.1

EXPRESSION OF IMMORTALIZING ONCOGENE SUBVERTS 
GRANULE NEURON LINEAL D ESCENT IN DEVELOPING 
CEREBELLUM. W.-Q. GAO* and M.E. H atten . The Rockefeller 
University, New York, NY İ0021.

The cerebellar granule neuron presents an  opportune system  for 
the investigation of the establishm ent of neuronal cell phenotypes 
in brain. Recently we have show n that changing patterns of gene 
expression define four stages of granule cell development (Kuhar e t  
a i ,  D e v e l o p m e n t  1 1 7 :9 7 -1 0 4 , 1993), and that im plantation  of 
labeled EGL precursor cells can  be u sed  to exam ine the function of 
particular genes, including w e a v e r ,  in  granule cell differentiation  
(Science, 2 6 0 :3 6 7 -3 6 9 , 1993). To in vestigate th e effects of 
immortalizing oncogenes on granule ce ll developm ent, purified  
cerebellar EGL n eu ron a l p recu rsor  c e lls  tra n sfected  w ith  
retroviruses carrying SV40 large T-antigen were im planted into P6 
cerebellar cortex. In contrast to  im planted, primary EGL cells, 
which showed a restricted fate and gave rise to granule neurons  
exclusively, immortalized EGL cells differentiated into several cell 
types including Bergmann glia and a su b set of cerebellar neurons, 
but not Purkinje n eu ron s. To d eterm ine w h eth er th e  P6 
environment w as perm issive for th e d ifferentiation  of other  
cerebellar n eu ron s, in clud ing Purkinje ce lls , w e injected  E 13  
cerebellar ventricular zone (V Z ) cells into the P6 EGL. In contrast to 
immortalized EGL cells w hich generated a sub set of cerebellar cells, 
the E13 VZ precursor cells generated all cerebellar cell types. These 
results suggest that the P6 cerebellum  provides local signals for 
neuronal differentiation, that EGL ce lls  have a restricted cell fate 
in v iv o , and that transfection of the SV40 large T antigen subverts 
the progressive restriction of gene expression  in  EGL cells leading  
to a granule neuron identity. Supported by POI N S30532 (MEH).

256.3
MULTIPOTENT NEURAL PROGENITOR CELL LINES CAN ENGRAFT & 
PARTICIPATE IN’'DEVELOPMENT OF MULTIPLE STRUCTURES AT 
MULTIPLE STAGES ALONG MOUSE NEURAXIS, EY Snvder*. B D 
Yandava. Z-H Pan. CH Yoon. JD Macklis. Dept of Neurology, Harvard Med School 

Previously, we reported generation of multipotent clonal neural cell lines by 
retrovirus-mediated v -m y c  transfer into postnatal murine cerebellar (CB) progenitors 
[Cell 68:33,1992]. When transplanted into CB of newborn mice, these cells 
integrated in a nontumorigenic, cytoarchitecturally appropriate manner & 
recapitulated their multipotency in vivo: cells from the same clonal line 
differentiated into neurons or glia in a manner appropriate to their site of 
engraftment, presumably responding to environmental cues. Engrafted cells, labeled 
by la cZ  expression, could be identified up to 22 mos. postengraftment, indicating 
also stable expression of an exogenous gene. Because these studies did not answer 
whether these immortalized cells were committed/restricted to CB fate, or 
represented CNS progenitors with broader potential, we now report engraftment of 
lines in regions & at developmental periods o th e r  than those from which they were 
generated. When examined at maturity, following transplantation into various 
germinal zones at various times, these same immortalized postnatally-derived CB 
progenitors participated in development of multiple structures along the neuraxis & 
at multiple stages spanning from neural tube closure (E9.5) through midgestation 
(E12,E13), birth (PÒ), “adolescence” (2 wks. old), & into adulthood (2 mos. old). 
The cells again demonstrated multipotency by differentiating into multiple cell types 
in these various CNS loci, apparently responding to signals of the respective region 
at the particular developmental stage. L a c Z  expression was often robust. The great 
number & dispersion of cells often seen at maturity suggested continued mitosis & 
migration posttransplant & prior to end-differentiation, though, as before, no tumors 
were seen. These data suggest that using such immortalized multipotent progenitors 
as transduction agents for exogenous factors, or as integral members of CNS 
cytoarchitecture, may be feasible for clinical & research applications. Such lines may 
also provide models for commitment, differentiation, & plasticity of progenitors.

256.2

HIPPOCAMPAL DERIVED, IMMORTALIZED STEM CELLS (HIB5) 
UNDERGO MORPHOLOGIC DIFFERENTIATION IN ADULT MURINE 
STRIATUM. V.L. Sheen*1. M. G. C unningham 2 , C. S. Hemit-Grant1. R. D. G. 
McKav^ . J . D. Macklis 1. d ep a rtm en t of Neurology and Program in Neuroscience, 
Harvard Medical School, Children's Hospital, Boston MA, 02115 and d e p a rtm e n t of Brain 
and Cognitive Sciences, Department Biology, MIT, Cambridge MA 02139.

The HiB5 hippocampal stem cell line, when transplanted into hippocampus or 
cerebellum of early postnatal rats, integrates and assumes morphology characteristic 
of neurons or glia (Renfranz et al, Cell 66:713-729, 1991). These results demonstrate 
the multipotent nature of the cells within their homotopic hippocampal environment 
at young ages. The present experiments assess whether this cell line follows a similar 
pattern of development when presented with environmental cues potentially present in 
striatum, corpus callosum, and neocortex of adult mice thereby examining the role of 
intrinsic and extrinsic influences on cellular differentiation and maturation.

Bilateral microinjections of НІВ5 precursor cells, prelabeled with Dii, were 
performed in 6  week old mice (n=7; n=  14 injections), placing cells within the 
neocortex, corpus callosum, and striatum. After survival times of 4 to 5 weeks, 
serial sections were processed for fluorescence and routine histology, then analyzed 
by confocal microscopy and quantitative morphometries. Preliminary results indicate 
that a subpopulation of cells transplanted into striatum assume characteristic neuronal 
morphologies not observed in cells transplanted into the corpus callosum (bipolar) or 
cortex (spindle-shaped) , or in cells within striatum which remained at the injection 
site (round and undifferentiated). Cross sectional areas of cells in the striatum were 
42 + /- 20 μΐη^ and were intermediate between cell in the injection tract and cortex 
(110+/- 55 and 25 + /- 12 μΐη^, respectively). On average, striatal cells elaborated 3 
to 4 processes while those in other regions extended only 1 to 2. These findings 
suggest that there may be external cues in the striatum distinct from those in cortex 
and corpus callosum which influence cellular development and maturation.
Supported by HD28478, MR Center Grant HD18655, The Rita Allen Foundation.

256.4
IMMORTALIZED PLURIPOTENT NEURAL PRECURSORS UNDERGO 
MORPHOLOGIC DIFFERENTIATION WHEN TRANSPLANTED INTO 
SELECTIVELY NEURON-DEFICIENT NEOCORTEX OF ADULT 
MOUSE. C.H.Yoon*. E.Y.Snvder. J.D.Macklis. Dept. of Neurology, Program in 
Neuroscience, Harvard Medical School, Children’s Hospital, Boston, MA 02115. 
The present study examines the extent of integration and maturation of the 

multipotent C17-2 cerebellar progenitor cell line [Snyder et al, C e ll 6 8 : 33-51,1992] 
within a heterotopic host environment where the normal local cellular and 
molecular signals have been altered. The precursors were transplanted into 
neocortex of adult mouse made neuron-deficient by chromophore-targeted 
photolytic neuronal degeneration[Macklis, J .N e u r o s c i . ,  in press, 1993]. 
Nanospheres containing the photoactive Chromophore chlorin were unilaterally 
injected into neocortex and retrogradely transported by callosal projection 
pyramidal neurons in the contralateral lamina II/III and V, followed by transcranial 
laser illumination with a 674 nm continuous wave laser. The C l7-2 precursor cells, 
expressing the la c Z  reporter gene, were transplanted into photolytically degenerated 
neocortex(n=13), kainic acid lesioned cortex(n=15), and intact cortex(n=15), all at 
6  to 8 weeks of age. After 1 to 6  weeks, serial sections were cut and processed for 
routine histology, Xgal histochemistry, and immunocytochemistry. Preliminary 
morphologic results by Xgal labeling indicate that the transplanted precursors 
migrate, engraft, extend processes, and establish cell-to-cell contacts in all groups 
but may be subtly altered by variations in the environment. Studies are ongoing to 
document the extent to which they express cell-specific immunocytochemical 
markers(NF, GFAP, GalC, CNPase, and A2B5) and other differentiated features. 
These findings support the notion of complex interactions between internal and 
external cues in the development of neural precursors at a very early stage of 
maturation. Furthermore, this model may serve as a paradigm for studies of neural 
precursor transplantation as a possible future therapy for degenerative or 
developmental injury to neocortex. Supported by HD28478, NIH 5K08NS01403- 
04, MR Center Grant HD18655, and The Rita Allen Foundation.
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256.5

STRIATAL PRECURSORS TRANSPLANTED INTO THE CORTICAL 
VENTRICULAR ZONE GENERATES NEURONS WITH CORTICAL 
PHENOTYPES. G. Fishell*L aboratory o f  D ev e lo p m en ta l 
Neurobiology, The Rockefeller University, New York, N.Y., 10021.

One of the early steps In the regionalization of CNS is the subdivision 
of the forebrain into cortical and basal telencephalic ventricular zones 
(VZ). We have demonstrated that while neural progenitors migrate 
laterally within germinal zones of both cortex and basal telencephon, they 
do not cross the border between these VZs (Nature, 362, 636, 1993). 
Molecular studies show restricted patterns of gene expression also 
respect the boundary between these germinal zones. To determine 
whether local signals within these regions of forebrain specify neural 
phenotypes, we performed heterotypic transplants of rat striatal VZ cells 
into rat cortical VZ at E15. Prior to transplantation, donor striatal precursor 
cells were labeled with the fluorescent lipophilic dye, PKH 26.

Two days after transplantation, at E17, labeled cells were seen 
migrating through the intermediate zone and into the cortical plate. Five 
days after transplantation, at E20, a large number of transplanted cells 
were positioned in cortical laminae. These cells had a neuronal 
morphology, with an apical dendrite and a descending axon that either 
entered the internal capsule or projected across the corpus callosum. 
Postnatally labeled cells had complex patterns of dendritic branching and 
numerous axonal boutons. Presently, we are analyzing the expression 
of cellular antigen markers to determine if transplanted cells express 
genes characteristic of cortical or striatal cells. These findings suggest 
that local signals within forebrain specify neuronal phenotypes 
characteristic of particular brain regions, (supported by NIH grant 
NS15429).

256.7
CELL LINEAGE OF TRANSMITTER PHENOTYPES OF CORTICAL 
NEURONS IN VITRO.
M.Götz*1^ . B.P.Williams1’2. J.Bobß and J.Price1. National Institute for Medical 
Research, Mill Hill, London NW2, GB; ^Boston Biomedical Research Institute, 20, 
Staniford St, Boston MA 02114, USA; 3Friedrich-Miescher Labor der Max-Planck 
Gesellschaft, Spemannstr. 37-39, 7400 Tübingen, Germany

How are subsets of neurons generated during development? In the cerebral cortex, 
specified progenitor cells for different cell phenotypes exist early during 
development. Cell lineage studies in vivo found that pyramidal neurons, the 
glutamatergic projection neurons, and the GABAergic local intemeurons are derived 
from distinct sets of precursor cells (Mione et al., Neurosci.Abstr.l8). In this study, 
we used dissociated cell cultures to challenge the committment of cortical precursor 
cells to generate neurons with the same transmitter phenotype.
Cultures were prepared from E16 cortices, infected with a retroviral vector 
expressing ß-galactosidase and examined after 7-13 days in vitro using antisera 
against GFAP, 04, MAP2, glutamate, GABA or GAD in combination with the 
histochemical staining for ß-galactosidase.
The proportion of neurons that became glutamate- (80%) or GABA- (15%) 
immunoreactive in dissociated cell cultures was similar to that in vivo. Most 
neuronal clones were composed exclusively of GABA- or of glutamate- 
immunoreactive cells. In contrast to the in vivo results, however, about 20% of 
neuronal precursor cells generated both transmitter phenotypes types. Although a 
substantial proportion, this is fewer mixed clones than would be expected if both 
types came from a single precursor by some stochastic mechanism. These in vitro 
observations suggest that by E16 most precursor cells in the cortex are specified to 
generate neurons with one transmitter phenotype, but that about 1/5 of the precursor 
cells can switch their fate decisions in vitro. Thus, the generation of cortical 
transmitter phenotypes is partly deterministic and partly regulated.

256.9
Dopam ine receptor regulation of cerebral cortical neurons developing in  
v i t r o .  B. R einosoV A . U ndie. A. P im enta & P. L ev itt Depts. of 
A natom y/N eurob io logy  & Pharm acology. M edical College of PA, 
Philadelphia, PA 19129.

Presumptive limbic cortical areas assume morphological and molecular 
differences in comparison to neighboring neocortical areas prenatally in the 
rat. Early generated neurons in the neocortex develop a cell-sparse zone 
underneath the cortical plate, i.e., the subplate, and are transient. In 
contrast, frie early generated neurons of the frontal, medial & lateral cerebral 
cortex become incorporated w ith the deep cortical layers. One major 
environm ental difference in these regions is the rich dopam ine (DA) 
innervation that is present early in limbic cortical development. Given the in  
v iv o  phenomenon, we addressed the issue of dopam ine’s potential role in 
influencing  neuronal m orphology and cell surv ival th rough  the 
pharmacological manipulation of prim ary neuronal cultures of the frontal 
cortex plated at low density. O ur in  s i tu  hybridization shows that D1 
receptor transcripts are present in this area at E16. Quinpirole (D2 agonist), 
SKF38393 (D1 agonist) and DA-HC1 at concentrations of lOuM, 50 uM, & 
lOOuM w ere added to the cell cultures specifically to activate D l & D2 
receptors. The cells were stained w ith MAP2 & NF-H after 2d in culture. 
DA-HC1 and SKF38393 treatm ent resulted in a markedly greater number of 
MAP2 positive cells w hen com pared to controls. The SKF com pound also 
resulted in a dramatic increase in NF-H staining. Additionally, a population 
of neurons in culture showed a dose-dependent M AP2 neuritic attenuation, 
w hich appears to be m ediated through the D1 receptor. D2 receptor 
activation failed to generate a growth pattern different from controls. The 
data suggest a potent and specific D l-receptor-m ediated regulation of 
cortical neuron development.

256.6

DEVELOPMENT OF CORTICAL CELL LINEAGES IN CULTURES 
OF BRAIN SLICES
M.C. Mione*, P. Boardman, C. Danevic, B. Harris, J.G. Parnavelas 
(SPON: Brain Research A ssociation) Department o f Anatomy, 
University College London, Gower Street, London WC1E 6BT, U.K.

We have studied the fate o f clonally-related cells in cultures of brain 
slices prepared from E19 rat embryos injected with recombinant 
retrovirus at E l6. In these embryos, clonally-related cortical cells 
expressing the reporter gene for E . c o l i  ß-galactosidase (ß -gal) and 
representing the progeny o f infected ventricular zone progenitor cells, 
form clusters located in the proliferative and intermediate zones and 
confined to 100-250  μ τ η  in both antero-posterior and medio-lateral 
directions. We cut fresh coronal slices, 2 5 0 -3 0 0  μ π ι  thick, through the 
brains o f these embryos and cultured them on M illicell membranes for 
several days. Such slices typically contained no more than one cluster of 
ß -g a l+  cells, and often none.

Clonally-related ß -g a l+  cells proliferate, migrate and differentiate in 
these slice cultures. Size o f the clones, extent o f migration and 
acquisition of a glial or neuronal phenotype in the cells expressing the 
reporter gene was studied in cultures maintained in  v i t r o  for 3, 5 and 10 
days. These developmental events observed in slice cultures were 
comparable with those seen in living animals injected with recombinant 
retrovirus at the same embryonic age, and allowed to survive for similar 
lengths o f time.

Thus, cultured brain slices prepared from E19 rat embryos, injected 
with recombinant retrovirus 3 days earlier, provide an experimental 
model for the study o f the development o f cortical cell lineages, which 
can be easily and specifically manipulated.

256.8
L A M IN A R  D IS T R IB U T IO N  O F M E F 2C  IN  C E R E B R A L  
C O R T E X  A N D  E X P R E S S IO N  IN  C U L T U R E D  N EU R O N S.
D. Leifer*. D. Krainc. K. M oscaritolo. J. Golden. B. Kosofskv. S. A. 
Lipton. and N. W. Kowall. Depts. o f  Neurol. & Neuropath., Harvard 
Medical School & Boston University School o f M edicine, Boston, MA.

W e have cloned human MEF2C (m yocyte-specific enhancer binding 
factor 2C), a transcription factor that has hom ology to serum response 
factor and is expressed in m uscle and brain. M EF2C activates 
transcription by binding to the MEF2 element, a D N A  regulatory element 
found in certain genes expressed in m uscle and brain. W e now report 
that Southern blotting at high stringency indicates that homologous 
genes are present in a variety o f  species and that MEF2C is expressed in 
rodent and human cortical plate but not in the ventricular zone. MEF2C 
m RNA is found in the nascent cortical plate by E l6 in the rat. At 14 
w eeks o f  gestation, the earliest age exam ined in human, MEF2C 
immunoreactivity (IR) is uniformly distributed through the cortical plate. 
As human cortex matures, MEF2C-IR develops a bilaminate and then a 
trilaminate distribution and ultimately is localized preferentially in cortical 
layers 2, 4 , and 6, which are characterized by the presence o f поп
ру ramidal neurons. MEF2C-IR is localized to cell nuclei, as expected 
for a transcription factor, and cells expressing M EF2C appear to be 
neuronal. Furthermore, in cultures derived from E l6 rat cerebral cortex, 
double imm unofluorescence for MEF2C and neurofilament proteins 
indicates that MEF2C-IR is expressed by neuronal cells; double labeling 
with bromodeoxyuridine indicates that these ce lls are not mitotically 
active. These studies suggest that MEF2C is expressed by neurons as 
they differentiate terminally and that, in human cortex, MEF2C may be 
particularly associated with differentiation o f the non-pyramidal layers.

256.10
GLIAL CELL LINEAGE IN THE RAT CEREBRAL CORTEX. J.G. 
Parnavelas*. M.C. Mione, C. Danevic, P. Boardman and B. Harris (SPON: 
Brain Research Association). Department of Anatomy, University College 
London, London WC1E 6 BT, U.K.

We have recently provided evidence that the neuronal and glial lineages in 
the rat cerebral cortex diverge early in corticogenesis. Here we investigated 
whether the glial cell types, astrocytes (As) and oligodendrocytes (01), 
originate from separate progenitor cells throughout the period of gliogenesis. 
For this purpose, recombinant retrovirus containing the reporter gene for E. 
coli ß-galactosidase was injected into the telencephalic ventricles of rat 
embryos of different ages (E14-E21) and into the subventricular zone (SVZ) 
of early postnatal animals. Serially cut sections of adult cortex were stained 
histochemically for ß-galactosidase and processed for electron microscopy. 
Discrete clusters of clonally-related glia were examined, and their phenotypes 
identified using reliable light and electron microscopic criteria.

61 such clusters, examined from animals injected with retrovirus during 
embryonic life, contained either all As or all Ol. This finding suggests that 
in the embryonic cortex the ventricular zone contains separate progenitor cells 
for the two types of glia. Single injections of retrovirus into the SVZ of one 
hemisphere of early postnatal animals resulted in the presence of glia clusters 
predominantly in the ipsilateral hemisphere but also in the white matter of the 
contralateral hemisphere. The majority of clusters contained a single cell 
type, but approximately 10% contained both As and Ol. This observation 
may suggest that the SVZ in postnatal life contains cells that can differentiate 
into both glial types, although it is possible that the small number of "mixed 
clusters" may be due to differential movement of unrelated As and Ol.
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MOUSE MICROGLIA : ORIGIN A N D  LINEAGE. B. Pessac* and
F. Alliot. CNRS "Développement et Immunité du SNC", Univ. Paris 
6, Fac.Méd, 15 rue de ГЕсоїе de M édecine, 75006 Paris, France.

The goal o f  this study is to investigate the origin and lineage o f  
micoglia. We have previously shown that embryonic and adult mouse 
brain contains M ac l+  cells which can be induced to proliferate in 
vitro in co-culture on layers o f  an M-CSF producing astroglial cell 
line. Clonal proliferation results in colonies o f about 2.105 cells which 
express the F4/80 epitope specific for macrophages and microglial 
cells. These data indicated that em bryonic and adult m ouse brain 
parenchyma contain potential progenitors for m icroglial ce lls . 
(PNAS,1991, 8 8 :1 5 4 1 -1 5 4 5 ). W e are now  determ in ing the 
developmental stage at which these progenitors can be detected in the 
mouse CNS. Our present data show that cells with properties identical 
or similar to those o f  m icroglial progenitors are already present at 
ED9 (Theiler's stage 14). These progenitors are found in the neural 
tube as well as in the surrounding mesenchyma. During development, 
the ratio o f microglia progenitors to the total number o f  "brain" cells  
remains constant (or, in the same order o f  magnitude). W e are 
currently investigating whether brain m icroglia progenitors express 
distinct markers both in v ivo  and in vitro at various stages o f  
development. W e are also studying the phenotype o f  the progeny o f  
microglia progenitors during the intense proliferation stage and during 
maturation. Thus, our present view  o f  the m ouse m icroglia origin is 
that it is derived (w ell before the differentiation o f  hem opoietic 
organs) from precursor ce lls  related to the monocyte-m acrophage 
lineage which penetrate the neuroectoderm at an early stage o f  
development.

2 5 6 .1 3

RADIAL G LIA  IN T H E  P R E O P T IC  A R E A  O F F E T A L  
FERRETS A N D  R A TS. S.A. Tobet*. R.G. Paredes. T .W . 
Chickering- & M.J. Baum. The Shriver Center, Waltham, M A 02254  
& Prog. Neuroscience, Harvard M edical School, Boston, M A 02115, 
& Dept. of B iology, Boston University, Boston, M A  02215.

Previously, we identified a monoclonal antibody which recognized 
antigens that were expressed differentially in radial glia o f the third 
ventricle of male and female rats in the developing preoptic 
area/anterior hypothalamus (POA/AH; Tobet & Fox, PNAS 86:382- 
386,1989). Since one function o f radial glia may be to guide the 
migration o f young neurons, we are further characterizing the 
relationship o f  neurons with identified "birthdates" to radial glial 
processes in the developing POA/AH. Pregnant ferrets or rats v/ere 
injected with bromodeoxyuridine (BrdU) and brains were taken from 
ferret kits on days 32 and 38 o f  a 42 day gestation, and from rats on 
days 18 and 21 o f a 22 day gestation. Sections were processed for 
immunocytochemistry utilizing antibodies directed against vimentin or 
glial filamentous acidic protein (GFAP) to reveal radial glia, or a 
monoclonal antibody directed against BrdU.

Numerous radial glial processes extended from the lateral ventricles 
around the ventral septal region to the piai surface o f  the POA in both 
species. These fibers coursed perpendicularly across the anterior 
commissure o f both males and females. This pattem became less 
evident at the older fetal ages, particularly in rats. In double-labelled 
sections BrdU-labelled cells in the POA were noted along radial glial 
processes which originated in the lateral ventricles. W e suggest that a 
select subset o f neurons, originating in telencephalic proliferative 
zones, migrate into the preoptic area.

256.12
POSTNATAL CORTICAL ASTROCYTES CAN DEDIFFERENTIATE TO THE 
RADIAL GLIA PHENOTYPE IN RESPONSE TO EMBRYONIC SIGNALS IN 
VIVO AND IN VITRO.
K.E. Hunter* and M.E. Hatten. Laboratory of Developmental Neurobiology, 
The Rockefeller University, 1230 York Avenue, New York, New York 10021.

Radial glia are a transient CNS glial population, which provide a primary 
guidance system for neuronal migration in the developing CNS. To examine 
the transformation of these embryonic forms of glia into more mature 
astrocytes, which is proposed to occur in the neonatal CNS, we have 
developed a novel method for labeling radial glia in vivo. The lipophilic dye 
Dii is applied to the piai surface of E14 mouse cortex, where it is taken up by 
radial glia endfeet; the dye is retained following trypsinization of labeled 
cortex so that radial glia can subsequently be identified and monitored in 
vitro. Dii labeled radial glia harvested for in vitro studies express the radial glia 
marker RC2 and elaborate extensive cell processes reminiscent of those 
demonstrated by radial glia in vivo. Time lapse fluorescence video 
microscopy over 2-4 days demonstrates that radial glia undergo a series of 
dynamic structural changes leading ultimately to the transformation to 
astrocyte.

The expression of the radial glia phenotype in vitro is induced by signals 
derived from embryonic cortex; moreover, these signals can also induce 
striking dedifferentiation of postnatal astrocytes to a radial phenotype, in 
vitro, and in vivo, following implantation into fetal cortex. These studies 
suggest that CNS astroglial differentiation is a reversible process and is 
controlled by local signals in the embryonic cortex.

(Supported by NIH Grant NS 15429 awarded to MEH.)

S E N S O R Y  A N D  M O T O R  S Y S T E M S

2 5 7 .1

DEVELOPMENT AND CONNECTIVITY OF MECHANOSENSORY 
AFFERENCES AND INTERNEURONS IN THE CRAYFISH 
TERMINAL GANGLION. B. Srhrnita». W. Bosch. Fakultät fur 
Biologie, Universität Konstanz, Postfach 5560, D-7750 Konstanz, FRG.

During postembryonic development of die crayfish РгосатЬагия dariai there is 
a more than twenty-fold increase in the number of telson medianosensory hairs. 
Consequently, afferent fibers in nerve roots R4 and R5 as well as in the terminal 
ganglion increase in number. Surprisingly, the number of interneurons in this 
ganglion also increases early in development, as reported by Roth and Suppes 
(Anat Ree 175:430, 1973) and shown by our toluidine blue stains. The type of 
added neurons is identified by feeding juvenile crayfish with bromodeoxyuridine 
and using antibodies to mark cells which recently underwent a mitosis.

A small number of long feathered, hydrodynamic hair receptors (LF-hairs) is 
found at constant telson positions throughout development. These sensory hairs 
(like other hair types) are regenerated with each new moult and continuously 
increase in length and number of feathers. Retrograde labeling of single hair 
afferences shows specific but overlapping projection areas in the terminal 
ganglion for each of the twelve LF-hairs on the rostral telson. Intracellular 
recordings of identified medianosensory intemeurons during sinusoidal 
displacement of single LF-hairs in their preferential direction (rostrocaudal for 
lateral hairs and mediolateral for medial ones) using various frequencies and 
amplitudes reveal specific connections predominantly with directional selective 
(А-type) intemeurons. We are currently investigating whether projection areas 
of LF-hair afferences and their connections with target intemeurons remain 
constant throughout development.

257.2
REGENERATION OF AUDITORY MIDBRAIN CONNECTIONS IN AN 
ORGANOTYPIC CULTURE FROM POSTNATAL GERBIL. A, Hafidi* and 
D.H. Sanes. Center for Neural Science, New York Univ., New York, NY 
10003.

While it is assumed that central connections are unable to regenerated 
following injury, there are no reports on the regenerative capacity of central 
auditory connections in young postnatal mammals. We have examined the 
regeneration of commissural afferents in the postnatal auditory midbrain 
using an organotypic culture. Gerbils (Meriones unguiculatus) of 6 -8  days 
postnatal were anaesthetized, the brain carefully removed, and 300 μπι 
sections through the inferior colliculus (IC) were transferred to serum 
containing medium, placed in culture plate inserts, and were incubated at 
36°С with a 5% C 0 2 enriched atmosphere. The 2 lobes o f the IC either 
remained connected by a commissural projection, or were sectioned at the 
midline and plated in closed apposition. After 9-14 days in vitro; a crystal 
of biocytin was placed in one lobe of the IC to visualize axonal projections.

In control cultures, the commissure between the 2 lobes of the IC 
remained intact, and axonal projections crossed the midline in parallel, 
forming expansive arbors in the contralateral lobe. Following transection 
at the midline, the axons of IC neurons regenerated to the opposite IC, and 
often formed dense arborizations. The period of axonal invasion typically 
occurred after the first week in vitro. Most of the regenerating axons 
appeared to grow towards the dorsal aspect of the midline before crossing. 
These results indicate that the postnatal auditory system retains the capacity 
to survive and regenerate damaged connections in vitro. (Supported by NIH 
DC00540)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



616 SENSORY A N D  M O T O R  SYSTEMS TUESDAY PM

25 7.3
GLYCINE RECEPTOR BLOCKADE INFLUENCES DENDRITIC 
ARBORIZATIONS IN ORGANOTYPIC CULTURE. D. H. Sanes* and A, 
Hafidi. Center for Neural Science, New York Univ., New York, NY 
10003.

We have previously demonstrated that inhibitory synaptic transmission 
influences dendrite development in  v iv o  (J Comp Neurol 321:637, ’92; 
NeuroReport 3:323, ’92). We now report a similar phenomenon in an 
organotypic slice of a glycinergic projection nucleus, the medial nucleus of 
the trapezoid body (MNTB), and its postsynaptic target, the lateral superior 
olive (LSO). Gerbils (.M e r io n e s  u n g u ic u la tu s ) of 6  days postnatal were 
deeply anaesthetized, the brain carefully removed, and 300 /mt sections 
containing the MNTB and LSO were transferred to serum containing 
medium, with or without the glycine receptor antagonist, strychnine, at 2 
X 10'6 M, and placed in culture plate inserts at 36° C with a 5 %  C 0 2 
enriched atmosphere. After 9 days in  v i t r o ,  biocytin-labelled neurons within 
the LSO were reconstructed, and the dendritic arbors were analyzed.

In control slices of LSO +  MNTB or LSO alone, the measures of neuron 
form yielded smaller values than those previously obtained for LSO 
dendrites at a similar postnatal time in  v i v o  (Dev Brain Res 67: 47, ’92). 
For example, the number of branch points was 9 + 0 .7  (X +  SE) in  v iv o  

(N =47) vs. 6.3 + 1 in  v i t r o  (N =  21), and the total length was 946±53 p m  

in  v i v o  vs. 676+ 50 p m  in  v i t r o .  Following incubation in strychnine, there 
was a dramatic increase in dendritic values. Branch point number increased 
to 20.2 +  2.3 (N =12), and total length increased to 1615+129 μ π \ . These 
results suggest that even spontaneous glycinergic transmission can influence 
the growth of postsynaptic processes. (Supported by NIH DC00540)

25 7.5
SENSORIMOTOR FUNCTIONING AFTER A HEMISPHERECTOMY, 
A CASE STUDY. H.C. Diikerman*1. S. Jones2. C. Polkev3. F. Vareha- 
Khadem4 & L. Weiskrantz1. SPON: European Brain and Behaviour Society, 
departm ent of Experimental Psychology, University of Oxford, OXI 3UD, 
UK. 2National Hospital for Neurology and Neurosurgery, London WC1N 
3BG, UK. 3Neurosurgery Unit, The Maudsley Hospital, London SE5 8AZ, 
UK 4Neurosciences Unit, Institute of Child Health, London WC1N 2AP 
and Department of Psychological Medicine, Hospital for Sick Children, 
London WC1N 3JH, UK.

Sensorimotor functioning has been studied in a left hemispherectomized 
subject, H.W., who experienced the unusual combination of congenital brain 
damage, followed by a long seizure free period.

Somatosensory performance was impaired o n ly  in the distal parts of the 
contralateral arm, except for discriminating directions of stimulus movement 
on the skin, which was impaired both distally and proximally. SEP 
recordings showed no potentials on the side contralateral to the 
hemispherectomy in the first 400 msec following stimulating the impaired 
side of the body. This was despite the fact that the stimulus was clearly 
perceived and the sensory threshold only slightly elevated. Motor control in 
the fingers contralateral to the removed hemisphere was reduced, but not 
completely abolished. The ability to learn movement sequences was not 
impaired.

It is proposed that this remarkable residual functioning was caused by the 
unusual combination of congenital brain damage followed by a long seizure 
free period.

2 5 7 .7
THE SUPPLY AND THE SELECTIVE UPTAKE AND RECYCLING 
ABILITY OF RETINAL PIGMENT EPITHELIUM  (RPE) CONSERVES 
DOCOSAHEXAENOIC ACID (DHA) IN PHOTORECEPTOR CELLS.
N.G. Bazan. E. Rodriguez de Turco. H .E.P. Bazan* and W.C. Gordon. LSU 
Eye Center and Neuroscience Center, New Orleans, LA, 70112, USA.

Photoreceptor membranes are among the richest in content of DHA- 
phospholipids. Because these membranes are being shed daily by RPE, a constant 
retinal supply of DHA is necessary to support new membrane synthesis. Frogs 
(R a n a  p ip i e n s )  were injected in  v iv o  with [3H]DHA (50/iCi/g ww) and labeling 
was followed for 34 days in the liver, plasma, RPE and retina. The liver 
accumulated pHJDHA up to 5 days after injection, decreasing gradually 
thereafter with a half life of 14 days. Plasma lipid labeling showed a similar 
profile having a half life of 15 days. Phosphatidylcholine and cholesterol ester 
showed the highest labeling reflecting their mass contribution ( 1: 1) to total 
plasma DHA. RPE cells displayed robust uptake of the precursor and a gradual 
regulated delivery of pH]DHA to photoreceptor cells. Autoradiographic and 
biochemical analysis confirmed the early sharp increase in RPE cells labeling (12- 
24 hrs after injection) followed by a preferential time-dependent increase in rod 
outer segments dense labeling which grew apically reaching the tips of photore
ceptor in 27-28 days (J Neurosci 10:2190-2204, 1990). RPE cells are also 
actively involved in recycling phagosomal [3H]DHA. This short loop was 
analyzed when dense labeled phagosomes appeared in RPE cells (after 27 days 
labeling). This indicates therefore, that the liver has the ability to accumulate 
DHA and gradually release it as part of lipoproteins (PNAS 86:2903-2907, 
1989). RPE cells ensure retinal cells adequate availability of DHA by their 
selective uptake from plasma and by recycling phagosomal DHA back to photore
ceptor cells leading to conservation of the essential fatty acid. NIH EY04428.

25 7 .4
THE EFFECT OF POST-SYNAPTIC ACTIVITY BLOCKADE ON 
DEVELOPM ENT OF BARREL CORTEX. K. Fox*. B.L. Schlaggar 
and D .D.M  O'Leary Dept. Physiol., University o f Minnesota, MN 
55455 and The Molecular Neurobiology Lab., Salk Institute CA 92037 

Slices o f APV-doped Elvax were implanted under the dura over the 
barrel cortex within a few  hours o f birth. Iontophoretic studies indicated 
that the D-APV blocked NM DA and non-N M D A  receptors during the 
first postnatal week. W e exam ined receptive field properties o f 203 
neurons in the barrel field o f  12 animals from P24-40 by which time 
APV release was below  effective levels. The general morphological 
appearance o f the barrel field was normal, but receptive field properties 
were not. Layer II/ΠΙ cells underlying the Elvax had high thresholds to 
vibrissae stimulation despite having normal spontaneous activity levels, 
normal spike am plitudes and d espite response thresholds and 
magnitudes being entirely normal in layer IV. Unlike normal animals, or 
animals reared with L-APV implants, receptive fields o f  layer IV cells 
differed for septal and barrel regions. M ost ce lls  within barrels had 
single vibrissae receptive fields and no surround receptive fields (62% 
vs 23% in controls); ce lls in septae had larger receptive fields with 
numerous fast (5-10m s) responses to as many as 8 different vibrissae 
(32% had more than 1 inappropriate fast input vs 0% in controls). The 
cortical domains o f individual vibrissae were therefore large and diffuse 
compared with controls and mainly extended along septae. Occasionally, 
large targeting errors were encountered, such as the principal vibrissa 
switching from E l in superficial layers to D3 in layer IV within the same 
column. These results support the hypothesis that glutamate receptors 
play a role in receptive field development but not in rendering large scale 
topological order. Supported by N S27759 (KF) and EY 07025 (D. O'L).

2 5 7 .6
EXPERIENCE-DEPENDENT REGULATION OF GABA  

NEURONS IN THE RAT BARREL CORTEX. C. Beaulieu* and K. 
Micheva. Dept Pathology and Centre de Recherche en Sciences 
Neurologiques, Université de Montréal, Montréal, (Qué) CANADA.

A reduced activity of the rat vibrissae from birth to adulthood induces 
profound modifications o f the responsiveness and selectivity o f  
neurons o f the contralateral barrel cortex o f adult rats. Since these 
functional properties are under the control o f the intracortical inhibitory 
mechanisms, we investigate the effects o f a unilateral plucking of  
vibrissae during development on the number, proportion and size of 
intracortical GABA neurons in the rat barrel cortex.

To date, 4  rats were analysed. For the entire cortical depth, no 
change in the numerical density (7,300 vs 7 ,000 per mm3), proportion 
(13.7%  vs 14.3%) or size (12.3 vs 13.0 pm ) o f  GABA neurons was 
found in the contralateral deprived vs the ipsilateral non-deprived barrel 
area. However in layer IV, the numerical density o f GABA neurons 
was significantly lower in the deprived region (7 ,800vs 12,600/mm3) 
as was the proportion o f GABA neurons (8.1 vs 13.9%).
Interestingly, GABA neurons were larger in layer IV o f the deprived 
region (15.6 vs 11.5 pm). This suggests that in the affected cortex, the 
loss o f GABA neurons is restricted to the small inhibitory neurons.

We conclude that this specific loss o f the small GABA neurons 
directly at the input o f thalamic axons could be a structural basis o f the 
functional changes in the activity o f all cortical neurons o f  the sensory- 
deprived barrel cortex. Supported by MRC (Canada).

2 5 7 .8
CHANGES IN THE PHYSIOLOGY OF LAMINA I PROJECTION 
NEURONS AFTER NEONATAL ANTI-NGF TREATMENT. Gary R. 
Lewin* & Lome M. Mendell, Dept. of Neurobiology & Behavior, SUNY, 
Stony Brook, New York, NY 11794.

Treatment of neonatal rats with anti-NGF from post-natal day 2-14 leads 
to a loss of Аб-HTMRs and an increased number of D-hair afferente in the 
absence of sensory neurone death (Lewin et al. 1992, J.Neurosci 12: 1896- 
1905). A major central target of Аб-HTMRs in normal animals are lamina 
I neurones with axons projecting rostrally in the dorsal lateral funiculus 
(DLF). In this study we have asked whether the receptive field properties 
of these lamina I neurones are altered in adult animals treated neonatally 
with anti-NGF. Neurons were recorded in the lumbar enlargement of 
urethane anaesthetized rats (1.25g/kg, IP) using tungsten microelectrodes. 
Cells were identified by antidromic activation from the contralateral DLF 
stimulated at C2. Following isolation the receptive field properties of each 
cell were examined. The presence of Αβ, Αδ, or C-fibre primary afferent 
input was assessed by stimulating the receptive field of the cell with pin 
electrodes. Control lamina I neurones were physiologically homogenous with 
8 8 % (23/26) being noxious specific. The remaining 12% (3/26) of cells were 
wide djaiamic range. None of the control cells lacked a cutaneous receptive 
field. In contrast, neurons recorded in animals treated with anti-NGF were 
more heterogenous. Twenty-five percent (11/44) of cells lacked a cutaneous 
receptive field and could only be activated by stimulation of deep tissue. 
However, the majority of the cells were still noxious specific (45%). The 
remaining neurons (30%) were classified as wide dynamic range. These 
results indicate that complex changes in the organization of primary 
afferent input to the dorsal horn may follow neonatal anti-NGF treatment 
(Supported by NIH, NS 14899, NS 16996).
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257.9

DEVELOPMENT, PLASTICITY AND REG EN ERA TIO N  OF 
RETICULOSPINAL PATHWAYS: A CASE STUDY IN XENOPUS LAEVIS. 
H.J. ten Donkelaar*, R. de Boer-van Huizen and I. Bergervoet-Vernooy. 
Department of Anatomy and Embryology, University of Nijmegen, P.O. Box 
9101,6500 HB Nijmegen, The Netherlands.
Anurans such as the clawed toad, Xenopus laevis, offer a unique opportunity 

to study the development, plasticity and regeneration of motor pathways 
because of 1) their easy accessibility for experimental studies; 2 ) their evolution 
of a larval stage, radically different of the adult in structure and function, 
allowing to study the plasticity (adaptation) of descending motor pathways from 
the larval to the adult stage; 3) the regenerative capacity of their spinal cord.
In the present study the development, plasticity and regenerative capacity of 

reticulospinal pathways is examined with tract-tracing techniques in Xenopus 
laevis, focussed on the reticulospinal control of hindlimb movements. 
Retrograde tracer (HRP, fluorescent dextran amines: FDA, RDA) data suggest 
that part of the supraspinal innervation of the lumbar cord (innervating 
hindlimb muscles) comes from early arising tail-innervating reticulospinal 
neurons, a possible example of plasticity. A second wave of reticulospinal (and 
vestibulospinal) projections is aimed at the lumbar cord, thus innervating the 
lumbar, hindlimb-inncrvating motoneurons. With a combination of tracers 
(FDA/RDA, biotylinated dextran amine/HRP) the formation of contacts of 
ingrowing reticulospinal fibers anterogradely labeled with FDA or BDA with 
spinal motoneurons retrogradely labeled with RDA or HRP is studied. 
Regeneration experiments show that at least until metamorphosis reticulospinal 
neurons are capable of reinnervating the cord distal to a (midthoracic) lesion. 
Combined tracer experiments (e.g., BDA/HRP) are now used to analyze 
whether appropriate connections are reestablished in the lumbar spinal cord.

257.11

ELECTRORESPONSIVE AND SYNAPTIC CHARACTERISTICS OF 
NEONATAL RAT LUMBAR M OTONEURONS: A W HOLE-CELL 
RECORDING STUDY, A. E. P ickering . 1 and Kerry D. W alton*2  ^ e p t .  
Physiology, University of Birm ingham , UK and ^D ept. of Physiology & 
Biophysics, NYU Medical Center NY, USA 

To study synaptic transm ission  in the spinal cord during  postnatal 
development (P3-P11), the patch-clam p method was im plem ented in a 
hemisected spinal cord-hindlimb preparation. The methodology allowed: 
(1) control of the cell's membrane potential, (2 ) recordings from small as 
well as large neurons, (3) reliable in tracellu lar s ta in ing  of motoneurons 
and of interneurons. Patch electrodes (4-7 ΜΩ) contained (in mM) 130 
KGluconate, 0 or 10  KC1, 2 MgCİ2 , 2  CaCİ2 , 10 EGTA, 10  HEPES, 2  ATP, 
4 Lucifer yellow or 5 Biocytin, in some experim ents 5 QX-314; pH 7.4. Seal 
resistances were 2-15 GO. Mean access resistances was 25.2±2.6ΜΩ. (11- 
40ΜΩ, n=17). Long shank electrodes perm itted whole cell recordings from 
neurons throughout the hemicord. M otoneurons, identified by antidromic 
invasion from muscle nerves, had resting  potentials (62.2 ±4.1mV, n=17) 
and spike am plitudes (83.9±3.2, n=17) close to those recorded with sharp 
electrodes (F ulton  & W alton, J .P hysio l. 370: 651, 1986). A fter- 
hyperpolarizations were absent a t the resting  level in most cells. Inpu t 
resistances were 24 to 689 ΜΩ (140.8± 46.6, n=17). Mono- and 
polysynaptic cu rren ts could be clearly resolved. Ia EPSCs ( 1.4-3.9nA) 
reversed in sign between 0 and +15 mV; they were relatively insensitive 
to membrane hyperpolarization. IPSCs elicited from the  ven tral root 
reversed near the resting level, and varied with on p ipette [Cl"]. Inw ard 
currents (0.5-2.9nA) underly ing  sho rt la tency  depo lariza tions were 
insensitivity to holding potential and stim ulation frequency. Supported 
by NASA, Wellcome Trust, A rthur Thompson T rust, Physiological Society.

25 7.13
S E G R E G A T IO N  O F  O C T A V A L  E F F E R E N T  N E U R O N S  F R O M  
FACIAL M O T O N E U R O N S  IN C H IC K E N  A N D  M IC E . D .H . 
N ichols*. M . A. C h ris te n s e n  a n d  B. F r itz s c h . C re ig h to n  U n iv ., 
Dept. B iom ed . S c i., O m a h a , N E  6 8 1 0 4 .

In c o n tra s t to  a ll o th e r  e ffe re n t n e u ro n s , th e  o c ta v a l e ffe re n t 
neurons s y n a p s e  on  p la c o d a lly  d e r iv e d  h a ir  c e lls  o f  th e  in n e r 
ear. E v o lu t io n a ry  a n d  d e v e lo p m e n ta l e v id e n c e  s u g g e s ts  th a t 
octava l e ffe re n ts  a re  re ro u te d  fa c ia l m o to n e u ro n s . U s in g  an  in  
vitro te c h n iq u e  la b e lin g  w ith  d e x tra n  a m in e s  a s  w e ll a s  D ii in 
fixed t is s u e , w e  d e s c r ib e  th e  s e g re g a tio n  o f  o c ta v a l e ffe re n t a n d  
fac ia l m o to n e u ro n  p e r ik a ry a  th ro u g h  d if fe re n tia l m ig ra tio n . B o th  
cell ty p e s  in it ia lly  in te rm in g le  in  rh o m b o m e re  4  (E  11 m ice ) an d  
rh o m b o m e re s  4  a n d  5  (E  3  c h ic k ). M a n y  o c ta v a l e ffe re n ts  
m igra te  b y  t ra n s lo c a t in g  th e ir  p e r ik a ry a  th ro u g h  th e ir  le a d in g  
d e n d rite s  to  th e  c o n tra la te ra l b a s a l p la te . F a c ia l m o to n e u ro n s  
rem a in  e x c lu s iv e ly  ip s ila te ra l.  E ffe re n t f ib e rs  le a v e  th e  b ra in  
th ro ugh  th e  fa c ia l ro o t in  c h ic k e n  a n d  re ro u te  w ith in  th e  fa c ia l 
nerve to  th e  o c ta v a l n e rv e  to  re a c h  th e  o to c y s t a s  a  d is c re te  
fasc ic le . A t th e  o to cys t, e f fe re n t f ib e rs  d is p e rs e  to  re a c h  a ll 
senso ry  e p ith e lia  b y  E 6 /7 . In c o n tra s t, e f fe re n t f ib e rs  in m ice  
exit th ro u g h  th e  v e s t ib u la r  n e rv e  roo t. T h e s e  d a ta  s h o w  
s ig n if ic a n t d iffe re n c e s  in  b o th  o c ta v a l e f fe re n t p a th w a y  s e le c tio n  
and m o to n e u ro n  s p e c if ic a t io n  in  rh o m b o m e re s  4  a n d  5  b e tw e e n  
ch ick  a n d  m o u se . S u p p o r te d  b y  th e  N IH .

2 5 7 .1 0

DEVELOPMENT OF THE TROCHLEAR AND OCULOMOTOR 
SUBNUCLEI IN ELASMOBRANCH EMBRYOS. R. Baker* and E. Gilland. 
Dept. of Physiology and Biophysics, NYU Med. Ctr. New York, NY 10016.

The neuroepithelial components associated with the Hlrd and IVth nerve 
were studied in Raja erinacea and Squalus acanthias embryos between Stages 
23-29 by the application of lipophilic fluorescent dyes. Approximately 8-10 
Illrd nerve rootlets could be dissected within a mesenchymal matrix that 
extended ventrally towards identifiable mesodermal precursors of each 
extraocular muscle. Although two of the four oculomotor subdivisions 
u ltim ately decussate, label of individual rootlets dem onstrated that 
motoneuronal subgroups formed a continuous ipsilateral column and extended 
leading processes directly across the midline. By Stage 26, neuntes had spread 
broadly nearly throughout the entire mesencephalic vesicle, but not beyond the 
mid-/hindbrain boundary and cellular migration was not seen by Stage 29. 
Unilateral IVth nerve label revealed both ipsi- and contralateral trochlear 
motoneurons distributed throughout a clearly medial somatic motor column 
confined to the rostral half of the first hindbrain segment (rO). Axons of all 
trochlear motoneurons projected laterally, ascended diffusely dorsally and 
collected at the mid-/hindbrain constriction forming a separate ipsi- and 
contralateral IVth rootlet. Fasciculation of the lengthy peripheral IVth nerve 
trajectory prevented determination of an either independent or mixed 
innervation of two seemingly separate mesodermal targets. Relative to other 
cranial nerve components, leading processes were barely observable in 
trochlear motoneurons. Unlike the Vlth nerve rootlet, peripheral ganglion-like 
cells and fibers were not observed for either the Hlrd or IVth nerve. These 
observations demonstrate that the initial oculomotor subnuclei pattern consists 
of compact adjacent compartments in the caudal midbrain with expansive 
distribution of leading processes from all subdivisions, irrespective of later 
decussation. By contrast, trochlear motoneurons exhibit an ipsi- and 
contralateral distribution from the beginning suggesting that the lack of 
neuritic processes may be the consequence of a primitive bilateral blueprint.

2 5 7 .1 2

CGRP-like immunoreactivity in normal and axotom ized motoneuron 
pools innervating different hind limb muscles in the rat.
F. Piehl*. U. Arvid.sson. T. Hökfelt and S. Cullheim. Dept. of Neuroscience and 
Anatomy, Karolinska Institutet, Stockholm, Sweden.

The content of CGRP-like immunoreactivity (CGRP-LI) in motoneurons 
(MNs) was studied in four motor pools supplying muscles in the rat hindlimb 
subserving different types of motor activity. The motor pools were identified by 
retrograde labeling with horseradish peroxidase or fluorophore-conjugated dextran 
amines, injected into the soleus, anterior tibia], lateral gastrocnemius or abductor 
digiti minimi muscles. After processing for immunohistochemistry, a semi- 
quantitative evaluation of the relative CGRP staining intensity in the MNs was 
carried out. This revealed a considerable diversity in the intensity of CGRP labeling 
even for MNs in one and the same motoneuron pool. Thus, strongly labeled cells, as 
well as cells devoid of CGRP labeling were found in all four MN pools. However, a 
difference was found in the distribution among MNs innervating muscles with a 
dominant composition of fast and slow motor units, respectively, in that a larger 
fraction of the latter type lacked CGRP-LI. Moreover, generally MNs in the small 
motor units of the abductor digiti minimi muscle displayed a weaker staining, and a 
larger proportion of cells was totally devoid of CGRP-LI (16%) compared to larger 
motor units of the other three muscles (1-10%). Small-sized cells within the γ-ΜΝ 
size range were weakly stained or more frequently totally devoid of CGRP labeling 
(50%) as compared to larger cells, presumably representing a-MNs (1-16%). Five 
days after axotomy all four studied MN pools displayed a stronger CGRP labeling 
than corresponding unlesioned pools. However, a considerable variation in CGRP 
labeling persisted also among axotomized MNs.

These results indicate that MNs normally display a great variation in 
CGRP-LI levels, but that MNs of small and slow-twitch motor units in general have 
lower levels than MNs of large and fast-twitch motor units, respectively. After 
axotomy, CGRP-LI increases in lesioned MN pools compared to normal, but in a 
fraction of the axotomized MNs the increase seems to be discrete or even absent.
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2 5 8 .1
D IR E C T  IN FU SIO N  O F  A G LU TA M IC  A C ID  D E C A R B O X Y L A S E  (GAD1) 
A N T IS E N S E  O L IG O D E O X Y N U C L E O T ID E  IN TO T H E  S TA LK -M ED IA N  
E M IN E N C E  (S-M E) IN C R E A S E S  T H E  IN  V IVO  LH RH  R E L E A S E  IN 
P R E P U B E R T A L  FEM A L E  M O N KEYS. D. Mitsushima. F. Marzban*. D .L. Неї.
T .G . Golos and E . Terasaw a. W isconsin Regional Primate Research  Center, 
University of W isconsin, Madison, Wl 53715  

Previously we have shown the evidence indicating that γ-aminobutyric acid 
(GABA) is the neurotransmitter that inhibits LH RH  release  prior to the onset 
of puberty: 1) G A BA  release in the S -M E w as much higher in prepubertal 
m onkeys than in early and midpubertal monkeys and 2) infusion of GABA-A  
receptor blockers, but not G A BA-B blockers, into the S -M E in prepubertal 
m onkeys stimulated LH RH  release  with a  several fold greater magnitude 
than that in midpubertal monkeys. In this study, we attempted to interfere 
with the synthesis of G A D 1, a G A B A  synthetic enzym e, by applying an  
antisense oligodeoxynucleotide (20 mer) of the GAD1 m RNA (AS) into the S- 
M E and m easured LH RH  release  to exam ine its effect, using a push-pull 
perfusion method. An oligodeoxynucleotide containing the sam e b ases in a 
scram bled sequence (SC ) w as used a s  the control. After 3 h of control 
perfusion, either A S  or S C  at 10-6 M w as infused for 6 h while perfusates 
were collected and an additional 6 h of perfusion w as continued. LH RH  
levels prior to A S  infusion in prepubertal monkeys were low, a s  characteristic 
of this stage. However, 3-4 h after the initiation of A S  LH RH  levels started to 
in crease  significantly and this in crease  lasted for 3-4 h (N=4). A S  
significantly increased mean LH RH  (p<0.01), pulse amplitude (p<0.01) and 
basal release  (p<0.05). S C  did not induce significant effects (N=4). It is 
concluded that the reduction of G A B A  by interference with G A D  synthesis 
using a m olecular biological approach results in an LH RH  increase  in 
prepubertal m onkeys. W e propose a hyp othesis that developm ental 
reductions of GAD1 activity and G A B A  release  may be important factors Ы  
the onset of puberty. (Supports:NIH grants HD11355,HD15433 & RR0016'

25 8.3
A C T IV A T IO N  O F L H R H  RELEASE BY TH E PH O SPH O LIPA SE  
C (PLC) A N D  A 2 P A T H W A Y S FR O M  GT1-1 CELLS. W .C . 
W etse l*. S. C o llin s2, I  M erch an th aler, M .M . V a len ca , T. C urtis3. 
T.E. E lin g3. an d  A . N eg ro -V ila r . Lab. o f  M ol. & Integrat. 
N eu ro sc i. an d  3Lab. o f  M ol. B io p h y s., N IE H S , R es. T rian g le  Park, 
N C  27709 an d  2D ep t. o f  M ed ., D u k e  U n iv ., D u rh am , N C  27710.

PL A 2 an d  PLC h a v e  b een  rep orted  to  a ffect L H R H  re lease  in  
v itro . T he p u r p o se  o f  th ese  s tu d ie s  w a s  to  ex a m in e  in  d eta il th e  
PL A 2 an d  PLC p a th w a y s  in  im m o r ta lize d  L H R H  n eu ron s (GT1-1 
cells). Im m u n ocy toch em istry  r e v ea led  th at th e  GT1-1 ce lls  
con ta in ed  PL A 2 an d  PLC 5, b u t n o t PLCß or -γ. Both  ex o g e n o u s  
PL A 2 an d  PLC stim u la ted  L H R H  secre tion  in  a d o se -d e p e n d en t  
m anner. T h e re sp o n se  to  P L A 2 w a s  b lo ck ed  b y  in d o m eth a c in  b ut  
n o t b y  n o rd ih yd rogu a iaretic  acid . N o rth ern  a n a ly se s  rev ea led  
th at cy c lo o x y g en a se  w a s  ex p re ssed  in  GT1-1 ce lls . H PL C  a n a lyses  
s h o w e d  that PL A 2 stim u la ted  re lease  o f  [3H ]-arach id on ate  an d  a 
sp ec ie s  co -e lu tin g  w ith  th e  p ro sta g la n d in  (μ g ) E2/ μ g D  standard . 
RIA  re v ea led  th at μ g E2 w a s  secre ted  b y  th ese  ce lls . μ g E2, itse lf, 
a lso  stim u la ted  L H R H  re lease  in  a d o se -d e p e n d e n t m an ner. By  
com p arison , PLC activa ted  p ro te in  k in a se  C (PK C). T h ese  d ata  
in d ica te  that b o th  th e P L A 2 an d  PLC  p a th w a y s  are p resen t in  
im m o rta lized  L H R H  n eu ro n s an d  th at th eir  m ech a n ism s o f  action  
o n  L H R H  secretion  m a y  b e  m e d ia te d  th ro u g h  μ g E2 an d  PKC.

25 8.5

NEUROPEPTIDE Y, RECEPTORS MEDIATE NPY-STIMULATED LHRH 
RELEASE FROM SUFERFUSED GTj-7 CELLS. L.M, Besecke*. J.H. Urban. 
and J.E. Levine. Dept. of Neurobiology & Physiology, Northwestern University, 
Evanston, IL 60208

Neuropeptide Y (NPY) regulates the reproductive axis through direct effects on 
both hypothalamic LHRH release and pituitary LH secretion. We have provided 
evidence that NPY regulates LHRH release via direct actions on LHRH neurons, 
since NPY directly stimulates LHRH release from GTj-7 LHRH cells. In the 
present study we attempted to characterize receptor subtype(s) and signal 
transduction mechanism(s) which may mediate these direct NPY effects. GTj-7 cell 
cultures were superfused with DMEM for 180 min, and 2.5 min fractions were 
collected and stored at -20 C for subsequent LHRH RIA. In initial experiments, 
cells were exposed to 5-min pulses of NPY, (Leu31Pro34)NPY (Y. agonist), 
NPY(13-36) (Y, agonist), or peptide YY (PYY) of 10'n ,10‘9,10‘7, and IO*5 M. 
Examination of dose response curves revealed a rank order potency of NPY = PYY 
> (Leu31 Pro34)NPY «  NPY(13-36). Since partial mediation by Yj receptors was 
suggested, reverse transcriptase-polymerase chain reaction (RT-PCR) amplification 
positively identified the presence of Yj receptor mRNA in these cells. In a second 
study, mediation of NPY effects by second messenger system(s) was assessed 
pharmacologically. Use of Ca2+-free DMEM did not significantly alter NPY- 
stimulated LHRH release, and, likewise, treatment with pertussis toxin or a cAMP 
antagonist, RpCAMPs, only slightly attenuated responses to NPY. Addition of 
TMB-8 , an inhibitor of intracellular Ca2+ mobilization, however, almost completely 
blocked NPY stimulation of LHRH. In summary, (1) NPY can stimulate LHRH 
release from GTj-7 cells via receptors that exhibit Yj-like pharmacology, (2) Yj 
receptor mRNA is expressed in GTj-7 cells, and (3) NPY’s effects are likely 
dependent upon mobilization of intracellular Ca2+. We conclude that NPY 
primarily stimulates LHRH release from GTj-7 cells through Y, receptors, and that 
this effect is dependent upon the mobilization of intracellular Ca2+, perhaps from 
ІР3-sensitive stores. Given the nearly equipotent effects of Yj and Y2 agonists, 
additional effects of NPY through Y2 and/or novel receptor subtypes can not be 
ruled out. (HD20677, HD219121, HD00879 and HD28048)

25 8.2
PATTERN OF GNRH SECRETION IN THE PITUITARY PORTAL 
CIRCULATION OF THE FEMALE SHEEP DURING PUBERTY. 
J.M. Manning*. C.G. Herbosa, J. Pelt. F J , Karsch. and D .L, Foster. 
Reproductive Sciences Program, and Departments of Biology, Physiology, and 
Obstetrics and Gynecology, University of Michigan, Ann Arbor, MI 48109-0404.

Prior to puberty in the female lamb, ovarian steroids exert a profound inhibitory 
influence on luteinizing hormone (LH) secretion. To determine if this is via the 
direct suppression of gonadotropin-releasing hormone (GnRH) secretion, we measured 
GnRH at the level of the pituitary gland. In this regard, the objectives of this study 
were twofold: 1) to characterize, at three ages, the pattern of GnRH secretion in the 
presence and absence of estradiol, and 2) to determine if estradiol affects the frequency 
or amplitude of pulsatile GnRH secretion. We simultaneously collected pituitary 
portal blood for GnRH and jugular blood for LH over an 8-h period in lambs at three 
ages: 19 wks (prepubertal; N=10), 26 wks (peripubertal; N=13), and 32 wks 
(postpubertal; N=19). All lambs were ovariectomized (OVX) one month before 
collection; at least half of the lambs in each age group were then implanted sc with a 
small (3 to 7.5 mm) capsule containing estradiol (OVX+E), designed to dampen, but 
not totally inhibit, GnRH and LH secretion. As expected, prepubertal OVX females 
treated with estradiol were hypogonadotropic. They exhibited a slower GnRH pulse 
frequency (4.0±0.5 pulses/8h, mean ± SE) than prepubertal OVX females without 
estradiol (6.0±0.3 pulses/8h; p<0.05). This difference was still apparent at the 
peripubertal age (OVX+E 4.9±1.0 vs. OVX 9.0±0.3 pulses/8h; p<0.05), but not 
postpubertally (OVX+E 9.8±0.4 vs. OVX 9.0+0.8 pulses/8h). Thus, the negative 
feedback effects of estradiol on GnRH pulse frequency were lost after puberty. GnRH 
pulse amplitude remained the same in the presence and absence of estradiol, and did 
not change with age in either treatment group. We conclude from these results that: 
1) the mechanism governing GnRH secretion in the prepubertal female is inhibited 
by estradiol; and 2) the increase in LH secretion during puberty occurs due to an 
increase in GnRH pulse frequency, rather than an increase in GnRH pulse amplitude. 
(Supported by NIH HD-07517, -18394, and -18258).

25 8 .4
Transcriptional and Post-transcriptional Regulation of Gonadotropin  
Releasing Hormone G ene Expression by the Activation of Protein Kinase C 
Pathway in a  Mouse Hypothalamic GT1 Cell Line. T .T .Y e o *. K.W .Dona. 
ZaZeng, KJ-.YU, M.Blum. and Jl,Roberts. Fishberg R esearch  Center for 
Neurobiology, Mt.Sinai School of Medicine, New York, NY10029.

W e and others have previously reported that long-term administration of 
PM A resulted in a decrease  of G nRH  m RNA levels in GT1 cells. The cellular 
m echanism s contributing to this d e crease  w ere further investigated in the 
present study. Direct measurement of P K C  enzym e activity and the mRNA 
levels of c-fos, a  PMA-inducible gene, confirmed that the P K C  signal 
transduction pathway w as activated by PMA in GT1 cells. PMA treatment 
resulted in a  time-dependent decrease  of G nRH  m RNA levels, to 15% of the 
control level by 24 hours; cyclophilin m RNA levels rem ained unchanged 
throughout the time course, indicating that the effect w as specific to GnRH  
mRNA. Analysis of G nRH  primary transcript levels showed a  PMA-induced 
d ecrease  proceeding changes of cytoplasmic G nRH  m RNA levels in a  time- 
dependent manner, suggesting a decrease  in transcription. The putative 
inhibitory effect of PM A on G n R H  gene transcription w as confirmed by 
nuclear run-on assay, showing a two fold decrease  in the rate of G nRH  gene 
transcription; and by transfection assay , demonstrating a d ecrease  in GnRH  
promoter activity in G T1 ce lls  transfected with a  3 .4  kb m ouse GnRH  
promoter/luciferase reporter construct. Co-administration of cyclOhexamide 
with PMA indicated that this inhibition w as independent of new protein 
synthesis. The administration of actinomycin D showed that the half-life of 
G nRH  mRNA w as 30-36 hours. Time course studies indicated that there was 
a  50%  decrease in GnRH  mRNA levels after only 10 hours of PMA treatment; 
this suggests that P K C  activation, in addition to its inhibitory effects on 
G nR H  gene transcription, may also stimulate G nR H  m RNA turnover. This 
phenom enon is currently being more throughly investigated by pulse
labeling analysis.

25 8 .6

INHIBITORY ROLE FOR NITRIC OXIDE IN THE RELEASE OF 
GONADOTROPIN-RELEASING HORM ONE (GnRH) FROM GT1- 
1 CELLS. M .A . Sortino*. G. Aleppo. U . Scapagnini and P.L. 
Canonico. Institute o f  Pharmacology, U niversity o f  Catania School 
o f  M edicine, Catania 95125, Italy.

The role o f  nitric oxide (NO) in the control o f  neuroendocrine 
function has been only recently approached. W e have analyzed the 
effect o f  NO synthesis modulators on basal and/or stimulated GnRH 
release from the GnRH-secreting GT1-1 neuronal cell line. Incubation 
o f  GT1-1 cells with the N O  donors m olsidom ine (SIN -1) and sodium 
nitrite (N a N 0 2) produced a sustained and concentration-dependent (1 
μΜ - l  mM) inhibition o f  basal GnRH release. SIN-1 potently 
attenuated the stimulation induced by 25 mM KC1 and at maximal 
concentrations (300 μΜ - l  mM) com pletely prevented it. Similarly, 
L-arginine, the direct N O  synthase substrate, in the presence o f  high 
Ca2+ concentrations and N A D PH , a specific cofactor o f  the enzyme 
N O  synthase, reduced the stimulation o f  GnRH secretion induced by 
either KCl (25 mM) or norepinephrine (100 μΜ ). How ever, high 
concentrations o f  KCl (60 mM) com pletely overcame the inhibitory 
action o f  L-arginine. Finally, to confirm a role for NO in the control 
o f  basal GnRH release from GT1-1 cells, addition o f  the NO synthase 
inhibitors N-nitro-L-arginine (N N A ) and N-nitro-L-arginine methyl 
ester (NAM E) produced a marked stimulation o f  GnRH secretion.
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258.7
A ctivation-D ependent In d u c tio n  o f  G a la n in  m R N A  in  G n R H
Neurons D.L.Marks. K.Leni. W.G. Rossmanilh. D.K.Clifton.& R.A.Steiner*. 
OB/GYN & PBio.U. WA, Seattle WA 98195 

On the day ol' proestrus in the rat, rising tides of estradiol and progesterone 
activate GnRH neurons, which in turn orchestrate the preovulatory gonadotropin 
surge. Galanin is eoloeali/.cd in GnRH neurons, and galanin mRNA in GnRH 
neurons is increased just prior to the preovulatory gonadotropin surge. We 
hypothesized that steroid-dependent induction of the galanin gene associated with 
the LH surge requires activation of GnRH neurons. We tested this hypothesis by 
examining the effect of a pharmacological blockade of the steroid-induced activation 
of GnRH neurons on levels of galanin mRNA in these cells. We sacrificed groups of 
ovaricctomizcd adult female rats at the peak of a steroid-primed LH surge (n=7) and 
after steroid priming followed by blockade of the LH surge with either the general 
anesthetic pentobarbital (n=7) or the specific alpha-adrenergic receptor blocker, 
phcnoxybcnzaminc, (n=3). We utilized double and single in s itu  hybridization and 
image analysis to compare among groups the level of galanin mRNA and GnRH 
mRNA in GnRH neurons. For double in s itu , GnRH mRNA was detected with an 
antisense cRNA probe labeled with the hapten digoxigenin, while the galanin cRNA 
probe was labeled with 35S. For single-label in s itu , the GnRH cRNA probe was 
labeled with 35S. The number of silver grains deposited over a cell body (g/c) 
provided an index of mRNA levels in these cells. We observed a four-fold increase 
in signal for galanin mRNA in the GnRH neurons of steroid-primed (E/P) animals 
compared with oil-treated controls (oil: 16±2 vs. E/P: 63±8 g/c; p<0.0004). This 
increase in galanin mRNA was blocked by treatment with either pentobarbital or 
phenoxybenzamine (pentobarbital 26±3 g/c; E/P vs. pentobarbital: pcO.03). Levels 
for GnRH mRNA were not different between the three groups analyzed (137±6 
surge vs. 153±5 vehicle vs. 141 ± 10 blocked surge; p>0.2). C o n c lu sio n : Galanin 
mRNA levels in GnRH neurons arc lightly linked to the occurrence of an LH surge, 
whereas GnRH mRNA content is unaffected. By inference, induction of galanin 
mRNA in GnRH neurons reflects their activation, possibly via afferent neurons that 
transduce steroid signals to GnRH neurons.

258.9
GnRH GENE EXPRESSION  IN THE FEM ALE RAT DURING THE LH 
s u r g e . Andrea C, Gore!.and James L .Roberts. Hshbeng ctr. tor 
Neurobiology, Mt. Sinai Med. Ctr., New York, NY, 10029.

Several studies using in situ hybridization have indicated that there is an 
increase in GnRH m RNA levels at the time of the LH surge. Using the more 
quantitative RN ase protection assay , we characterized G nR H  gene 
expression during a  steroid-induced LH surge in ovariectomized (OVX) rats, 
and in intact female rats across the estrous cycle. W e also m easured levels 
of nuclear primary transcript (PT) a s  an index of transcription. In Expt 1.2 
week O VX rats were given 20 μg estradiol benzoate (EB) or oil s.c.on day 1 ; 
on day 3 rats received 0.5 mg progesterone (P4) or oil at 900 resulting in an  
LH surge at 1600 in E B  + P4-treated rats. Rats were killed at 900 ,1500 , 
1600,1700 or 2100 on dāy 3. In Expt II. intact rats w ere monitored for 2-3 
consecutive estrous cycles by vaginal sm ears, and killed at 1100 or 1800 on 
estrus(E), diestrus I (D 1),o rd iestru s II (D2), or 11 0 0 ,1 5 0 0 ,1 8 0 0  or 2100  
onproestrus (P). Bloods were collected and frozen for RIA of LH. The  
preoptic area w as dissected, and cytoplasmic and nuclear RNA were 
extracted and assayed  separately by R N ase protection assay . Results: 
Exptl-No changes in cytoplasmic m RNA or nuclear P T  were observed  
during the LH surge or in control rats. Expt ll-cvtoplasmic m RNA levels 
were low on E  and D1, and increased significantly on D2. They then 
decreased at 1100 on P but underwent a  secondary peak at 1500 on P. In 
the nucleus, P T  levels remained stable from 1800 on P  through 1800 on D2. 
They then declined to a  nadir at 1100 on P, increased to a peak at 1500 on 
P, subsequently returning to a  stable baseline. Thus, m RNA levels increase  
on D2, most likely by a  post-transcriptional m echanism  or by an  
enhancement of RNA stability since nuclear P T  levels do not change at this 
time. On P, there is a parallel peak in m RNA and P T  levels at 1500, 
suggesting a transcriptional m echanism  at this time. (Supported by N R SA  
DK-08743-02)

258.11
E F F E C T S  O F  N EU R O T EN S IN  AND A TR IA L N A T R IU R ET IC  P E P T ID E  ON  
THE IN VIVO  R E L E A S E  O F  LU T E IN IZ IN G  H O R M O N E -R E L E A S IN G  
HORM ONE IN T H E  STALK-M ED IA N  E M IN EN C E  IN O V A R IEC T O M IZ ED  
FEM ALE R H E S U S  M O N K EY S . S . Pu and E . Terasaw a*. W isconsin  
Regional Primate Research Center., Univ. of Wisconsin, Madison, Wl 53715 

The high concentration of neurotensin (NT) and atrial natriuretic peptide 
(ANP) distributed in the stalk-median eminence (S-M E) of monkeys suggest 
that these neuropeptides m ay play a  role in control of the pulsatile LH RH  
release.at neuroterminals. In the present study, we investigated the effects 
of NT and AN P on the in vivo LH RH  release in the S-M E of ovariectomized 
female adult monkeys using a push-pull perfusion method. N T 10-э, 10-7· and
10-5 M or ANP at 10-9, ΐο-β,10-7, and 10 6 M were infused into the S-M E for 10 
min at 90-180 min intervals while perfusates were collected at 10 min 
fractions for 12 h. Vehicle (artificial C S F )  w as infused a s a control. LH RH  in 
perfusates w as m easured by RIA. The results are a s  follows: NT at 10-5 and 
10-7 significantly (p<0.05) stimulated LH RH  re lease  to 200-220 %  of 
preinfusion levels (preinfusion level=100 % ) with a  peak occurring 10 min 
after the initiation of NT infusion (N=10). NT at 10-9 M or vehicle did not 
induce significant effects. In contrast to the LH RH  response to NT, ANP at 
10-6 and 10-7 M significantly (p<0.05) suppressed LH RH  release by 70 %  of 
preinfusion levels for 30-40 min with the nadir occurring 20 min after the 
initiation of AN P infusion (N=4). Infusions of AN P at 10-e ,10-9 м and vehicle 
had no effects. Th ese  results suggest that while NT is facilKatory to LH RH  
release, ANP is inhibitory to LH RH  release in ovariectomized monkeys. The  
results are consistent with reports for N T (Ferris et al. Neuroendocrinology 
3fi:145,1984; Alexander et al. Endocrinology 1 2 4 : 783,1989) and ANP  
(Samson eta i. EndocrinoΙοαν 12 2 :1573,1988) in rats and further suggest a 
possible role of these  peptides in control of the pulsatile LH RH  release  in 
non-human primates. (Supported by NIH grants HD15433, HD11533 and 
RR00167 and W HO 0290/92).

25 8.8
PROGESTERONE-INDUCED GALANIN mRNA INCREASE IN THE 
HYPOTHALAMUS AND PITUITARY CORRELATE WITH THE GONADOTROPIN 
SURGE. V .B. M ahesh*. L. C h o ric h  and  D.W. B rann D ep artm en t 
o f  P h y s io lo g y  and  E n d o c r in o lo g y , M ed ic a l C o lle g e  o f  
G e o rg ia , A u g u s ta , GA 30912

G a la n in  i s  a  n e u ro p e p t id e  a s s o c i a t e d  w ith  th e  
g o n a d o tro p in  s u rg e .  T h is  s tu d y  exam ined  th e  e f f e c t  o f  
e s t r o g e n s  and  p r o g e s te ro n e  on h y p o th a la m ic  and  p i t u i t a r y  
g a l a n in  mRNA l e v e l s .  G a la n in  mRNA was p r e s e n t  i n  th e  
h y p o th a lam u s  and  th e  p i t u i t a r y .  I n  th e  2 7 -d a y -o ld  
o v a r ie c to m iz e d  im m ature r a t ,  t r e a t e d  w ith  2 μg o f  e s t r a d i o l  
f o r  2 d a y s , p r o g e s te ro n e  t r e a tm e n t  a t  0900Һ r a t  r e s u l t e d  in  
a  s i g n i f i c a n t  i n c r e a s e  i n  h y p o th a la m ic  g a l a n in  mRNA le v e l s  
a t  1200Һ and  1400Һ. E s tro g e n  t r e a tm e n t  en h a n ced  p i t u i t a r y  
g a l a n in  mRNA le v e l s  w hich  w ere f u r t h e r  in c r e a s e d  by 
p r o g e s te ro n e  t r e a tm e n t  a t  1200Һ. The g o n a d o tro p in  s u rg e  was 
i n i t i a t e d  i n  th e s e  a n im a ls  by  p r o g e s te ro n e  a t  1200Һ w ith  
p ea k  l e v e l s  a t  1400Һ. I n  th e  PMSG-primed im m ature r a t ,  
p i t u i t a r y  g a l a n in  mRNA l e v e l s  w ere in c r e a s e d  due to  o v a r ia n  
e s t r o g e n  and  p ro g e s te ro n e  s e c r e t i o n  a s  a  r e s u l t  o f  PMSG 
t r e a tm e n t .  P i t u i t a r y  g a l a n in  mRNA l e v e l s  w ere  d e c re a s e d  by 
th e  a n t i - p r o g e s t i n  RU486· a t  1200Һ and  2000Һ, tim e s  t h a t  
c o in c id e d  w ith  a  d e c re a s e  i n  serum  LH by  RU486 a s  com pared 
to  th e  P M S G -trea ted  c o n t r o l s .  Thus g a l a n in  i s  an  im p o r ta n t  
n e u ro p e p t id e  t h a t  a c t s  a t  th e  l e v e l  o f  th e  h y p o th a lam u s  and 
th e  p i t u i t a r y  i n  m o d u la tin g  th e  g o n a d o tro p in  s u rg e  and  i s  
r e g u l a t e d  by  p r o g e s te ro n e  in  b o th  t i s s u e s .

25 8.10
EFFECTS OF PHENOXYBENZAMINE ON LH RELEASE AND FOS 
EXPRESSION IN LHRH NEURONS DURING PROESTRUS G.E. 
Hoffman*. W.-W. Le. and M.S. Smith. Department of Neurobiology, 
University of Pittsburgh, Pittsburgh, PA, 15261.

During proestrus, LHRH neurons express Fos proteins in 
association with the LH surge a-Noradrenergic receptors are 
thought to participate in the proestrus LH surge by directly 
mediating LHRH stimulation. Phenoxybenzamine (Pbz), an a- 
receptor antagonist, was used to examine whether a-receptor 
blockade could prevent both LH release and stimulation of Fos 
expression in LHRH neurons. Cycling rats were cannulated on 
diestrus II. Pbz (2mg/kg, 10mg/kg, or 20mg/kg) or vehicle was 
administered i.v. at 0800 h on proestrus. Serial blood samples 
were taken 5 min. before and at 30 min. to 1 hr. intervals after 
treatment until rats were sacrificed for Fos localization. Pbz 
treatment blocked the expected LH surge at all doses tested. 
However, at 2 mg/kg, 13 of 15 rats still showed Fos expression in 
LHRH neurons. At 10 mg/kg, 5 of 7 animals had activated LHRH 
neurons. At the highest dose of Pbz LHRH Fos expression was 
substantially blocked (only 2 of 9 showed activation).

In conclusion, LH secretion is very sensitive to a-adrenerglc 
receptor blockade. In contrast, Fos expression in LHRH neurons is 
reduced by a-adrenergic receptor blockade in a dose-dependent 
fashion. The Pbz dose required to block cFos activity of LHRH 
neurons is higher than that required to inhibit the LH surge, 
suggesting that Fos can be induced in LHRH neurons by signals 
insufficient to increase LHRH release. Further studies are 
underway to elucidate the mechanisms underlying the differences 
in thresholds for Fos activation in LHRH neurons and LHRH release 
{Su pported  by  N IH  N S  28730)

25 8.12
DOES A SHORT OR ULTRASHORT LOOP NEGATIVE FEEDBACK EXIST IN 
THE GnRH NEUROSECRETORY SYSTEM? V. Padmanabhan. K.L. McFadden.
N.P. Evans. G.E. Dahl. F.J. Karsch*. Dept of Pediatrics and Physiology, 
Reproductive Sciences Program and the National Center for Infertility Research at 
Michigan, Univ of Michigan, Ann Arbor, MI.

Gonadotropin-releasing hormone (GnRH) antagonists have been widely used as 
probes in studies addressing GnRH control of gonadotropin secretion. As part of our 
ongoing studies characterizing the usage of a GnRH antagonist (Nal-Glu) in sheep, we 
obtained the unexpected result that Nal-Glu may stimulate secretion of GnRH. In that 
experiment, hypophyseal portal blood was collected from five short-term 
ovariectomized ewes at 5 min intervals for 6Һ before and 6Һ after administration of Nal- 
Glu (10 μg/kg body weight). An increase in GnRH pulse frequency was evident in 3 
of the 5 animals studied (mean frequency: 4.2±1.2 and 5.4±1.5 pulses/6h, pre- and 
post-Nal-Glu, respectively). Since spontaneous GnRH pulses were already extremely 
frequent prior to administering Nal-Glu, we sought to determine whether an effect of 
Nal-Glu on episodic GnRH secretion would be more evident in an animal model in 
which low frequency pulses of GnRH prevail. Therefore, we repeated the study in six 
ovariectomized mid-luteal phase ewes in which endogenous GnRH pulse frequency was 
expected to be low. The administration of Nal-Glu was followed by an increase 
(p<0.05) in GnRH pulse frequency from 2.3±0.9 to 3.5±0.5 pulses/6h and an increase 
(p<0.02) in GnRH pulse size from 4.9±2.3 μg to 10.6±3.0 μg/pulse. The observed 
increase in frequency and size of GnRH pulses following Nal-Glu administration was 
not due to Nal-Glu cross reactivity in the GnRH assay, nor was it associated with a 
change in circulating concentrations of progesterone. These findings suggest that the 
GnRH antagonist Nal-Glu stimulated GnRH secretion. This is consistent with the 
hypothesis that endogenous GnRH may influence its own release via either a short or 
ultrashort negative feedback mechanism. Supported by NIH grants U54 HD 29184, 
P30 HD 18258.
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259.1
THE AMYLOID PRECURSOR PROTEIN IS DEVELOPMENTALLY 
REGULATED AND ASSOCIATED WITH AXONAL GROWTH AND 
SYNAPTOGENESIS K, L. Mova*. L. I. Benowitz. G. E. Schneider and B. 
Allinquant. CNRS URA 1285 and INSERM U334, S.H.F.J.-C.E.A., Orsay, 
France; Children's Hospital, Harvard Medical School, Boston, MA; Dept. of Brain 
and Cognitive Sciences, M. I. T., Cambridge, MA; and CNRS URA 1414, ENS, 46 
Rue d'Ulm, Paris, France.

Our previous studies described molecular changes associated with specific 
morphogenetic events in the developing visual system. We used metabolic labeling 
and 2-D gel analysis to show that APP is a glycoprotein synthesized in retinal 
ganglion cells and rapidly transported to the growing tips of nerve fibers. 
Transmembrane forms of higher molecular weight (120kD and 140kD) were 
preferentially associated with the rapid elongation of axons and had a developmental 
time course similar to that for the growth associated protein, GAP-43, and the neural 
cell adhesion molecule, NCAM. Another full-length APP form of llOkD and a 
soluble form of lOOkD, which lacks the C-terminal, increase at the time of end-arbor 
formation and synaptogenesis, then decline when mature connections are established. 
In addition, two other forms of APP which did not correspond to rapidly transported 
neuronal proteins were visualized on our blots and likely correspond to isoforms 
synthesized in neuronal or non-neuronal cells surrounding the retinal terminals.

Our results suggest that some isoforms of APP such as the 120kD and 140kD 
APPs are involved in the rapid elongation of axons. Although it is unknown if 
these larger forms contain the KPI insert, such isoforms could regulate interactions 
between the elongating axons and the extracellular matrix. Other APP forms which 
arc transported to the growing tips at the time of arborization may participate in 
target recognition and synaptogenesis. It is interesting to note that the lOOkD 
soluble form of APP increases at the time of synaptogenesis suggesting that APP 
secretion may depend upon interactions with target cells.

Supported by: NSF Minority Graduate Fellowship, INSERM, CNRS and NIH 
EY05690 and EY 00126.

259.3
D2, D3 AND D4 DOPAMINE RECEPTORS DIFFERENTIALLY MODULATE 
NEURITE OUTGROWTH IN TRANSFECTED NEURONAL CELL LINES. B.C. 
Swarzenski*1, L. Tana*. J. Oh Young*. K.L. O'Malley* and R.D. Todd” . 
Departments of PsychiatryT, Genetics* Anatomy and Neurobiology*, 
Washington University School of Medicine, St. Louis, MO 63110.

Neurotransmitters, such as dopamine, have been postulated to 
function as morphogens during brain development. Stimulation of 
dopamine D2-like receptors in cultured fetal cortical neurons increases 
neurite outgrowth (Todd, R.D. Biol. Psychiatry 31, 794-807, 1992). 
Molecular cloning studies have defined a family of dopamine D2-like 
receptors (D2,D3 and D4), which are the products of separate genes. 
The objective of the current study was to determine the role of dopamine 
D2-like receptor subtypes in regulating neurite outgrowth. A clonal 
mesencephalic cell line (MN9D, Choi H. et al, Brain Res 552, 67- 
76,1991) was transfected with D2, D3, or D4 receptor subtypes. The 
parental and transfected cells lines were plated at low density (8 
cells/mm2) and cultured in 10% fetal bovine serum in the presence of 1 -2 
μΜ quinpirole, a non-toxic D2-like receptor agonist. Some experiments 
included 1 μΜ eticlopride, a D2-like receptor antagonist. Living cells were 
photographed after 90 to 115 hours using phase contrast microscopy. 
Morphologies of individual cells were quantitated at 1600x using a 
computer-interfaced drawing system. Stimulation of D2 receptors 
significantly increased the number and branching of neuntes while 
stimulation of D3 and D4 receptors significantly increased the branching 
and extension of neuntes. These effects on neuronal morphology were 
blocked by eticlopride. These data suggest that dopamine D2-like 
receptors may have modulatory roles in determining mammalian 
dopaminergic tract development.

259.5

GROWTH CONE FORM IS BEHAVIOR- AND POSITION- 
SPECIFIC L.-C. Wane*. P. Godement0. C.A. Mason. Dept. Pathology, Coll. 
Phys. Surg., Columbia Univ., NY, NY and °CNRS, Gif-sur-Yvette, France .

Studies of dye-labeled growth cones in the intact nervous system of a wide 
variety of species have led to the conclusion that growth cone form is position- 
specific, thought to reflect responses of the growth cone to cues in different 
environments. Growth cone form is complex in "decision regions" and simple in 
straight paths. Time-lapse video microscopy now allows the correlation of growth 
cone behavior with morphology. After labeling the retina with Dii in semi-intact 
preparations of the embryonic mouse visual system at E14-16, we analyzed the 
kinetics and form of growth cones in different portions of the path from retina to 
target lateral geniculate nucleus (LGN). During this period, the bulk of the 
permanent crossed and uncrossed retinal projections traverse the chiasm. Individual 
axons were monitored for up to 36 hours. In paths where axons grow straight, e.g., 
the retina, optic nerve, optic tract, growth cones extend rapidly and have streamlined 
forms during advance. Such forms are also seen in the chiasm during straightforward 
extension. The velocity during advance is 60-80 microns/hr irrespective of locale. 
Axons in all parts of the path display saltatory growth, with pauses in advance. 
Pauses in growth are short (minutes) during straight growth, and longer (hours) 
where the axis of growth changes, at decision points such as the chiasm midline, or 
at transition zones such the optic nerve head. The overall rate is thus faster in 
straight paths than in decision regions. During pauses, growth cones become more 
spread and complex; asymmetries in complex forms result in shifts in the growth 
axis, the most extreme seen during the turning of uncrossed axons at the chiasm 
midline. Pausing growth cones remain motile and their tip advances and retracts, 
with no net increase in extension. These observations demonstrate that growth cone 
form reflects the kinetics of growth cone behavior. Moreover, the classification of 
growth cone form in static preparations reflects the predominant state of growth cone 
dynamics and tempo of growth in any given locale. A model of neurite growth 
during axon navigation will be presented.

259.2

HIGH AFFINITY (Зн)5-НГ BINDING SITES AND UPTAKE IN FETAL AXONAL GROWTH 
CONES. C.R. Nfercado, R.J. Hernandez* and G.G. Chagoya. Laboratory of 
Neurontogeny. Department of Physiology, Biophysics and Neurosciences. 
CINVESTAV-IPN, Αν. I.P.N. # 2508, féxico, D.F. 07000.

Currently serotonin (5-HT) is recognized as one of the classic neuro
transmitters in the adult brain, tesuIts from our own and other labora
tories suggest a trophic role of 5-HT in the fetal brain. Stimjlation 
of 5-HT synthesis during gestation with its precursor, L-tryptophan, re
sulted in an activation of tryptophan-5-hydroxylase in the fetal brain. 
With the same method it has been identified imrunohistochemically, in 
the fetal brainstem.

Attenpts to demonstrate directly a recognizing system for 5-HT in 
the fetal brain have not been conclusive. We have profited of a prepa
ration of axonal growth cones (AQC) derived from neuroblasts of the rat 
fetal brain. In this neuronal structures actively differentiating, we 
were able to demostrate a high-affinity and saturable uptake systen for 
5-HT and the possibility of a regulated release of the amine. This 
uptake system is Na+ and fluoxetine dependent. In postnatal AQC (pos- 
natal day 5) the 5-HT uptake has a similar kinetics than in the adult, 
whereas in fetal AQC's a transitional uptake was observed with a higher 
\Лпах for the amine. Also in these structures we found directly, for 
the first time, a specific system of binding sited for (Зн)5-НГ, satu
rable reversible and of high affinity (Kp = 4 nM).

Altogether, these results strongly support the hypothesis of an 
inportant trophic role of 5-HT during neurogenesi?.

259.4
THE NEURITIC PATTERN OF PARENTAL NKUROBLASTS 
DETERMINES DAUGHTER CELL MORPHOLOGY. E. Wolf. E. 
DiCicco-Bloom. T.L. Wood*, and l.B. Black. Dept. Neurosci. & Cell Biol., 
UMDNJ/Robert Wood Johnson Medical School, Piscataway, NJ, 08854.

Neurite outgrowth has traditionally been considered to follow cessation of 
precursor proli fetation. In addition, the pattern of neuronal processes has been 
assumed to reflect an interplay of intrinsic and epigenetic signals. We have found 
that mitotic neuroblasts extend neurites prior to division. Further, parental neuritic 
patterns are consistently re-expressed by daughter cells, suggesting that heritable 
mechanisms play major roles in developing neuronal morphology.

Fully defined cultures of mitotic neuroblasts were prepared from superior 
cervical ganglia of embryonic day 15.5 rats, plated on poly-D-lysine-coated 
coverslips, and recorded using time-lapse, video-enhanced, DIC microscopy.

Of the 284 neuroblasts observed during 19 recordings, 40 underwent 
cytokinesis. Twenty-one neuroblasts had one or more neurites prior to division. 
Two distinct behaviors were observed: 1)13 cells retracted all neurites prior to 
cytokinesis and elaborated identical processes from the daughter doublets; 2 ) 8 cells 
retained one or more neurites throughout mitosis, suggesting that withdrawal is not 
absolutely required for cytokinesis. Thus, in all 21 process-bearing parental 
neuroblasts, the detailed neuritic pattern was always reproduced by the daughter pair.

To begin defining the role of extracellular signals, neuroblasts were cultured 
without poly-D-lysine or with fibronectin. Neither substrate manipulation prevented 
the re-establishment of parental patterns by daughter neuroblasts. However, 
fibronectin enhanced neurite length and increased the frequency of process-retention 
during cytokinesis, indicating that environmental cues can modulate the process 
behavior of mitotic neuroblasts.

Parental determination of daughter cell morphology suggests that heritable 
mechanisms play major roles during process outgrowth. Furth«·, these observations 
raise the possibility that mitotic precursors interact with distant environmental cues 
during neurogenesis.

259.6

Nitric oxide (NO) regulation of neuronal growth cone motility.
D.B. Wavne*. J. Bonaventura, and M.P. Sheetz. Dept of Cell 
Biology, Duke University Medical School, Durham, N.C. 27710.

NO which is known to mediate signalling between cells may 
also regulate growth cone motility. Neuronal NO is synthesized 
from L-arginine by the neuronal isoform of the enzyme nitric oxide 
synthase (NOS) and could act Intra as well as /nfe/cellularly. To 
test for effects of NO and NO removal, we subjected chick dorsal 
root ganglion explants to NO gas, agents which generate NO 
(sodium nitroprusside, SNP; and 3-morpholino-sydnonimine- 
hydrochloride, SIN-1 ; both at 100 μΜ), or arginine analogs which 
block NO synthesis (Nitro-L-arginine, N-Arg; NG-monomethyl-L- 
arginine, LNMA; both at 100 μΜ).

When we monitored the morphology and dynamics of 
growth cones by video-enhanced DIC microscopy, we found that 
exposure to NO causes an immediate (within 1 minute) and 
striking increase in filopodial length and a more gradual (5 
minute) reduction in lamellipodia! activity. These effects were 
consistent among the various sources of NO used (NO saturated 
medium, SNP or SIN-1). Potassium ferricyanide, a nitroprusside 
analog that doesn't produce NO, had no effect on motility. Both 
LNMA and N-Arg disruption of NO synthesis led to reduced 
filopodial and lamellipodia! motility. Motility is restored by the 
application of NO donors or, in the case of N-Arg, by L-arginine.

While lamellipodial activity is reduced by manipulations 
which either raise or lower NO levels, filopoidal extension is 
strikingly increased by raising levels of NO. Disrupting the 
endogenous NO production results in immediate changes in 
motility suggesting that intracellularly produced NO may be 
modulating motility in the growth cone.
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259.7
TARGET SELECTION AND SYNAPSE FORMATION WITHIN THE SPINAL 
CORD OF LIVING ZEBRAFTSH EMBRYOS. S. H. Pike*. A. Marinovich. and S 
J Smith Dept. of Molecular & Cellular Physiology, Stanford University School of 
Medicine, Stanford, CA 94305.

We are using time-lapse confocal microscopy to observe the dynamic interactions 
between developing axons and their targets within the zebrafish central nervous 
system. The reticulospinal neurons, including the well-described Mauthner 
neuron, and their motoneuronal targets were observed by selective labeling with 
the lipophilic fluorescent dyes, Dii and DiO. To study the dynamics of axon 
growth through the target region, we labeled either small numbers of reticulospinal 
neurons or individual Mauthner neurons with DiO, and time-lapsed growth cone 
extension at 3-5 minute intervals for up to 10 hours. Individual growth cones 
typically advanced at a constant rate (up to 120 μ/hr) with no overt pausing. The 
majority of filopodia were directed caudally, along the axis of growth. While most 
filopodia that extended tangential to the direction of growth were subsequently 
retracted, some were maintained behind the extending growth cone. In addition, 
filopodia originated from axonal varicosities. At later time points, we observed 
axonal collaterals resembling the Mauthner axonal collaterals which are known to 
form en p a s s a n t synapses with primary motoneurons. To study specific growth 
cone-target interactions during synapse formation, we counterstained motoneurons 
with Dii. Since both the Mauthner neuron and its motoneuronal targets are 
identifiable cells, we can focus our observations on known synaptic partners. In 
preliminary experiments we have observed growth cone and axonal filopodia that 
appear to contact putative target cells. To further characterize the development of 
functional synapses, entire embryos were labeled with the calcium-sensitive dye, 
Calcium Green Dextran. Using this technique we have observed calcium spikes 
within putative target cells and plan to determine whether this activity is related to 
synapse formation. Supported by the MDA and NIH grants NS28587, GM08327.

259.9
SPROUTING AND RYHTHMICITY OF EMBRYONIC LEECH HEART EXCITOR 
(HE) MOTOR NEURONS IN THE ABSENCE OF THEIR PERIPHERAL 
TARGET. D.M. Kopp* and J. Jellies. Neurobiology Research Center and Dept. of 
Physiol, and Biophysics, Univ. of Alabama at Birmingham, Birmingham, Al 35294.

The motor neurons innervating the lateral heart tubes in the medicinal leech, H. 
medicinalis, show transient overgrowth of peripheral projections. Previous work 
demonstrated that, 1) extra projections are lost coincident with the emergence and 
innervation of the heart tube and 2) centrally driven oscillations are present several 
days after axonal remodelling in the periphery (Jellies et al., J. E xp . B io l. 1992. 
170:71). One possibility is that the emerging heart muscle exerts a strong influence 
over the subsequent development of the HE's. We have begun to test this by ablating 
the heart primordium before HE's remodel their peripheral projections. A strip of body 
wall (-50-75 pm wide) at day 10 of embryogenesis was removed between midbody 
segments 6 and 10, extending laterally from the nephridiopores. The primordium 
apparently resides between longitudinal muscle and the nephridia since removing these 
layers as well resulted in loss of the heart tube. Otherwise, removing body wall alone 
did not remove the heart tube primordium (but did sever axons and served as an 
operated control). HE's were impaled for intracellular recording and dye-filling from 6 
14 days after the surgery. HE's in control preparations exhibited the expected 
oscillations of electrical activity and regenerated axons directly to the heart tube. In 
contrast, HE's from segments lacking heart tube arborized extensively in the periphery, 
in several cases sending branches into all available nerves as well as projecting 
processes in the interganglionic connectives. The peripheral projections fasciculated 
with dye-filled axons from HE’s in the rostral and caudal segments, and several 
navigated circuitous pathways to contact cut ends of heart tube. HE's lacking heart 
tube in their own segments also exhibited rhythmic oscillations of their action 
potentials but differed from the norm in that they consistently lacked robust ipsp's or 
rhythmic hyperpolarization of the membrane potential. These results confirm a strong 
target influence over HE morphogenesis and suggest that activity of HE's deprived of 
targets during early developmental stages might also be influenced by peripheral 
interactions. Supported by NSF 920937 and a Sloan Foundation Fellowship (jj).

259.11

LOSS OF MICROFILAMENTS FOLLOW ING DEPOLARIZATION  
AND C A LC IU tâ EN TRY  IN GROW TH C O N ES OF LEECH  
NEURONS. M .D. N eelv* and M. Gesemann. Biocenter U niv. Basel, 
4056 Basel, Switzerland

Depolarization o f  leech neurons cultured on lam inin-enriched  
extracellular matrix causes lo ss  o f  filopodia, rounding-up o f the 
peripheral areas o f the growth cone and neurite retraction. I b is  response 
depends on the influx o f  calcium (Grumbacher-Reinert and N icholls, 
1992, J.Exp.Biol. 167:1-14; N eely , 1993, J .N eu rosci.l3 :1292-1301). 
The molecular basis for these changes o f  growth cone morphology are 
unknown. A nalysis o f  the cytoskeleton  by im m unocytochem istry  
revealed that microfilaments in the growth cones were lost, whereas the 
microtubules were unaffected after depolarization. T im e-lapse studies 
showed that stabilization o f m icrofilam ents with phalloidin partially 
prevented the depolarization-induced ch an ges in grow th cone  
morphology; by contrast after stabilization o f microtubules with taxol 
retraction still occured. Leech neurons grow ing on the plant lectin  
Concanavalin A  exhibit fewer voltage-dependent calcium  channels in 
their neuntes (Ross et al., 1988, PN A S 85:4075-4078) and show  no 
retraction or loss o f microfilaments after depolarization. A s expected, 
treatment o f  these neurons with the Ca2+-ionophore A 23187  led to 
arrest o f growth cone motility and disruption o f  microfilaments. W e are 
now analyzing the mechanism by which calcium affects the cytoskeletal 
organization.
Supported by the Sw iss National Fond 31 27 814.89 to J.G. N icholls.

259.8
Neuronal "Growth Balls": A novel probe for growth cone interactions and 
synapse specificity. N.I. Sved*and S. Barnes. Respiratory and Neuroscience 
research Groups, University of Calgary, Calgary, Alberta, Canada, T2N 4N1.

Isolated Growth cones (GCs) are autonomous entities as they can read 
environmental cues in a manner similar to that of intact GCs. In general, GCs 
are very dynamic, motile, thin and tightly attached to the substratum, are 
poorly suited for electrophysiological and mechanical manipulations. We have 
developed a system whereby isolated GCs can be transformed into large 
spherical balls, called Growth Balls (GBs). The growth cones from large 
identified neurons of L y m n a ea  were severed from their neuntes using a fine 
glass electrode. Isolated GCs continue to grow and branch, however, 
replacement of conditioned medium with defined medium caused these GCs to 
round up and assume spherical a shape (10-30 p m ) . Intracellular and whole 
cell patch clamp recording from GBs up to 48 hr after isolation revealed ionic 
currents that did not differ from freshly cut GCs. GBs had resting potential in 
the -40 to -50mV range and were able to generate action potentials similar to 
those of the soma. Furthermore, using a fire polished glass pipette these GBs 
can be moved from one dish to another or from one place to another within the 
same dish. We demonstrate that these GBs release transmitter and are 
sensiitive to exogenously applied transmitters. Furthermore, GBs from 
identified intemeurons (RPeDl, VD4) exhibit the ability to recognize specific 
target GCs (VJ, VK) and are themselves recognized selectively by intact 
growth cones form these target cells. This assay system will allow further 
investigation of the mechanisms underlying growth cone interaction and 
synapse formation.

259.10
CALCIUM SPIKING IN NERVE GROWTH CONES. T M Gomez*. D. M. Snow 
and P. C. Letoumeau. The University of Minnesota, Minneapolis, Minnesota 55455.

Calcium spiking in response to agonist stimulation has been described in many 
cell types, including neurons, however it has not been well-characterized in neuronal 
growth cones. This study examines the cellular mechanisms regulating spontaneous 
and induced calcium spiking in the growth cones of dorsal root ganglion neurons. 
Using the calcium indicator fura-2, we have found that a small percentage of DRG 
growth cones undergo multiple spontaneous and transient calcium elevations of 
greater than 100 nM free calcium. More reliably, growth cones exposed to high 
concentrations of extracellular calcium (10 - 20 mM) exhibit similar multiple 
calcium spikes in greater than 75% of the growth cones examined. Using high 
[Ca2+]0 as a stimulus we are studying the cellular mechanisms responsible for 
calcium spiking within growth cones.

Elevated extracellular calcium typically results in an immediate rise in cytosolic 
calcium to a higher baseline, on top of which brief calcium spikes occur. Calcium 
spiking did not occur within neuronal cell bodies or neurites and was often localized 
to a particular portion of a large, flattened growth cone. The global calcium channel 
blocker lanthanum was found to reversibly block calcium spiking within growth 
cones, while blockers of voltage gated calcium channels had no effect. Finally, using 
the microsomal calcium ATPase inhibitor thapsigargin (TG), we have found that 
calcium buffering within growth cones relies heavily on this Ca-ATPase, which is 
thought to be localized exclusively to the IP3 -sensitive calcium store. In addition to 
it's effect on calcium buffering, TG also blocks calcium spiking in response to high 
[Ca2+]0.

These preliminary data suggest that calcium spiking in DRG growth cones is 
initiated by Ca2+ entry through a non-voltage gated calcium channel(s) and that a 
calcium-induced calcium release mechanism involving the IP3 -sensitive calcium 
store may be responsible for the amplification of the calcium signal observed in 
growth cones. This work is supported by NIH grants HD19950 (PCL.TMG) and 
EY07133 (TMG).
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260.1
G R O W T H  O F A D U L T  H U M A N  G L IA L  C E L L S  O N  
A L Z H E IM E R  B R A IN  T IS S U E  S E C T IO N S  IN  C U L T U R E .
R.J. Grilt*S.A. Scott. S. Pixlev and K.A. Crutcher. Depts of Neurosurgery and 
Anatomy, University of Cincinnati Medical School, Cincinnati OH 45267.

Despite many reports on the location, morphology and staining characteristics of 
neuroglial cells in Alzheimer’s disease (AD), little is actually known about their 
role in the disorder. Although astrocytes and microglia consistently surround 
senile plaques, studies of postmortem brain tissue present a ‘static picture’ that 
suggests, but does not prove, glial involvement in the formation and/or degradation 
of plaque constituents. In vitro studies also suggest interactions between amyloid 
proteins and glial cells but fall short of recreating the AD brain microenvironment 
in culture. We have therefore investigated the feasibility of culturing mature 
human glial cells on sections of AD brain tissue as an alternate means of studying 
glial involvement in AD pathology. Cortical biopsy tissue samples removed 
during epilepsy surgery were dissociated and plated in culture using techniques 
developed for growing rodent astrocytes [Pixley, N eu ro n  (1992) 8:1191].
Cultures were then grown on unfixed AD amygdala or rat brain tissue sections, 
polyomithine, or glass coverslips for 5 days and visualized with a vital dye.

Cells generally appeared more differentiated, with numerous cylindrical processes 
and less cytoplasm around the nucleus, when cultured on AD tissue sections versus 
the other substrates. Staining of parallel cultures demonstrated that cells 
immunoreactive for GFAP (astrocytes), OX-42 (microglia), and occasionally 
neuron-specific tubulin were present up to several weeks after the initial plating. 
Cells also grew on sections of rodent hippocampus and, on both rat and human 
tissue sections, in regionally specific patterns (e.g., preferentially over blood 
vessels, Ammon’s horn, and gray versus white matter), indicating a potential for 
the section culture approach to detect specific elements in the tissue. The ability 
to culture human glial cells on AD tissue should allow determination of whether 
plaques attract specific types of glia or alter their differentiation.

260.3
THE CEREBELLUM IN PRESENILE ALZHEIMER’S DISEASE 
(AD) SHOWS MARKED CHANGES IN NEURONAL AND GLIAL 
GENE EXPRESSION. J.S, Bains. A.W. Clark*. I.M. Parhad. 
C.A.Krekoski. C.L. White III. U. o f Calgary, Alberta, T2N 4N1 Canada; 
and U. of Texas Southwestern Medical School, Dallas, TX, 75235 USA.

The cerebellum is spared the classic pathology of AD, although 
diffuse plaques and other subtle changes occur. Yet dramatic increases 
of GFAP in AD cerebellum have been reported (Delacourte, 1990). 
We have previously found that neuronal transcripts, neurofilament light 
subunit (Nf-L), and the dominant forms of amyloid precursor protein 
(APP) transcripts-695 and KPI (Kunitz protease inhibitor domain) are 
decreased in AD neocortex; while GFAP transcript is increased 
(Goodison et al., 1993). Using quantitative Northern analysis, we 
evaluated these mRNAs in cerebellar cortex of twelve AD (55-70 years 
at death) and ten controls (54-70 years). Our results to date indicate 
that Nf-L transcript levels were decreased to less than 20%, APP^ to 
less than 30%, and APPKPI to about 50% of control values. GFAP 
transcripts were more than 4X control values. Since altered 
neuron/glia ratio is not known to occur in AD cerebellum, the present 
study resolves certain interpretive issues in previous studies and 
provides compelling evidence that major shifts in transcript expression 
occur in individual neurons and glia in AD, dissociated from the classic 
pathologic changes. These findings suggest that the cerebellum is the 
site of early, but not later, steps in the AD pathogenetic cascade.

260.5

D IST R IB U T IO N  A N D  R EG U L A T IO N  OF IN T E R L E U K IN -lß  
CONVERTING ENZYM E mRNA IN RAT A N D  M AN. K.M. Keane*. 
D .A . G iegel. W.J. L ip insk i. M.J. C allahan and B .D . S h ivers. 
N eu ro sc ien ce  P h arm acology  and B io ch em istry , P arke-D avis  
Pharmaceutical Research D ivision , Warner-Lambert Co., Ann Arbor, 
48105.

Interleukin-lß  (IL -lß ), an important mediator o f  inflammation, is 
synthesized as a 31 kD prohormone which is cleaved to a 17.5 kD 
bioactive polypeptide by IL -lß  converting enzym e (ICE). To study the 
role o f  cytokines in rat m odels o f  neuroinflammation, w e cloned rat ICE 
(rICE) cD N A  using o ligo  primers based on the human ICE sequence. 
Total m RNA used in the PCR am plification was extracted from rat 
spleen. The rat ICE protein sequence shows 62% identity to human ICE 
and 87% identity to m ouse ICE. Northern blot analysis revealed two 
rICE transcripts, 2 .2  and 1.45 kb, w ith the sm aller transcript 
predominating. The relative tissue content o f  ICE m R NA  in rat and 
human, respectively, was as follows: sp le e n » te s te s , in testine»brain; 
spleen>lung, placenta, heart, l iv e r » te s te s » b r a in . ICE m RNA was 
detected by Northern blot analysis in rat B9 and human THP-1 cells but 
not in rat PC 12 or human SY 5Y  cells. W e detected human ICE mRNA  
in both normal and Alzheimer's D isease cerebellum and cortex using an 
R Nase protection assay. To study ICE m R NA  regulation in the rat, 
lipopolysaccharide (LPS), an endotoxin that stim ulates the immune 
system, was injected (0.2 mg/kg, i.p.) and tissue m R NA  was extracted 4  
hours post-injection. Follow ing LPS stimulation, rICE mRNA increased 
in brain ~2-fold but was unchanged in spleen and testes. Thus, in some 
tissues, ICE may be regulated by the same stim uli that induce its 
substrate. The cellular site o f ICE expression is under investigation.

260.2

GFAP GENE TRANSCRIPTION IS ACCELERATED IN 
ALZHEIMER’S DISEASE (AD). C.A.Krekoski*. LM,Parhad. A.W. 
Clark. Univ. of Calgary, Calgary, T2N 4N1 CANADA.

Overexpression of glial fibrillary acidic protein (GFAP) in 
Alzheimer’s disease (AD) occurs not only in neocortex, but also in 
sites such as cerebellum where classic pathologic changes do not occur 
(Delacourte 1990). GFAP transcript levels are also elevated in 
neocortex (Goodison et al. 1993) and in cerebellum (J. Bains et al., 
abstract for this meeting). In the present study we conducted run-on 
transcription assays using nuclei isolated from AD and control 
postmortem brain tissue, to determine whether overexpression of 
GFAP reflects regulation at the level of gene transcription. Frontal 
cortex from three AD/control pairs matched for age yielded GFAP 
gene transcription rates in AD more than fourfold increased over 
control values. For one of the AD/control pairs we also assayed 
nuclei from cerebellar cortex, which again yielded a GFAP gene 
transcription rate for AD more than fourfold greater than that for the 
control. Transcription rates for five other genes assayed in the same 
experiments did not show the massive and consistent changes seen 
with GFAP. To our knowledge GFAP is the first gene in AD brain 
tissue shown to be overexpressed in terms of transcription rate as well 
as levels of transcript and protein. Delineating the mechanisms 
regulating overexpression of GFAP in AD may shed light on 
pathogenesis of the disease.

260.4
ASTROCYTIC RESPONSES TO BRAIN INJURY: THE ROLE OF 
COMPLEMENT AND TRANSFORMING GROWTH FACTOR ß-1 IN 
COMPLEMENT (C5) DEFICIENT MICE. G.M. Pasinetti*, S.A. Johnson. T. 
Oda and C.E. Finch Andrus Gerontology Center, Neurogerontology Division 
and Dept. of Biological Sciences. University of Southern California, Los 
Angeles, CA 90089-0191

Many proinflammatory complement (C) proteins, and transforming 
growth factor ß-1 (TGFß-1) among others, are associated with amyloid 
deposits in Alzheimer’s disease (AD) brain. The role(s) of TGFß-1 in brain is 
little understood, albeit it may be an inflammatory control in peripheral tissue. 
While a general view is that C genes are not expressed in brain, we showed 
that endogenous cells of human brain may locally upregulate C mRNAs 
expression during AD [Johnson et al., Neurobiol. Aging 13:641 (1993)]. 
Experimental deafferentation in rat brain also increased expression of ClqB, 
C4 and TGFß-1 mRNAs, which overlaps with the period of afferent fiber 
degeneration and the course of astrocytic reactivity [Pasinetti et al., 
Neuroscience 53:199 (1993)]. Genetic polymorphisms may also be pertinent in 
responses to brain lesions. In the present studies of brain lesions in mice 
genetically deficient for C (C5 deficient, DBA/2J) we observed reduced TGFß- 
1 mRNA elevation and diminished astrocytic mRNA responses by one month 
postlesioning, when compared to C sufficient mice (CBA/2J). Interactions 
between TGFß-1 and C mediated inflammatory responses in brain can now be 
considered. These responses to experimental lesioning provide models to 
analyze changes in C components during Alzheimer’s disease. Supported by 
Alzheimer’s Association and United Parkinson Foundation to GMP; NIA AG- 
10673 to SAJ; NIA AG-7909, AG-9793, John D. Catherine T. MacArthur 
Foundation and Sankyo Corporation to CEF.

260.6

MICROGLIAL CELLS POSSESS AND SECRETE NUMEROUS ENZYMES 
CAPABLE OF PROCESSING RECOMBINANT OR ENDOGENOUS PRO-IL- 
lß: CATHEPSINS В AND G OBSERVED IN ALZHEIMER CSF. R. Rvan. P. 
Isackson*. N. Graff-Radford. P.L. Wood. Mayo Clinic, Jacksonville FI 32224.

Microglial proteases have been implicated in the pathology of Alzheimers’ 
disease. Murine microglial BV-2 cell preparations were observed to possess 
multiple recombinant pro-IL-lß processing activities when assayed following 
chromatofocusing. The serine proteinases el as tase and cathepsin G (CG) were 
detected via western blot in samples with pis >  7.0. The cysteine proteinases, 
interleukin converting enzyme and cathepsin В (CB) were observed at pis of 6 .8-
7.2 and 4.6-5.4, respectively. In addition a cathepsin L-like processing activity 
was observed at pi 5.5-6.0; along with an unidentified processing activity with a 
pi of 4.0-4.3. Proteolytic activity that eluted at pH 6 .0-6.5 resulted in completely 
degraded IL-lß. Elastase, CB and CG species were also observed in culture 
medium, following a 24 hour incubation with LPS, and had molecular weights 
(MWs) corresponding to the cellular species. A microglial pro-CB of MW 37 
kDa was also isolated that could be proteolytically processed via microglial 
enzymes to a 34 kDa species. Endogenous pro-IL-lß was observed to be more 
resistant to proteolysis than the recombinant species. The pi of recombinant pro- 
IL-lß was 4.0-4.5 verses 7.0-7.5 for the endogenous precursor. Recombinant 
pro-IL-lß had a MW of 36 kDa versus 37-38 kDa for microglial pro-IL-lß. 
Secreted IL-lß species of MW’s 37-38 kDa, 31 kDa, 28 kDa, 20 kDa, 17 kDa 
and 15 kDa were also observed. Alzheimer CSF was examined for the presence 
of various proteases, and immunoreactive cathepsin В and G-like species with 
MWs similar to human liver CB and leukocyte CG were observed. The data 
indicate a potential role for proteinase inhibitors/regulators in the treatment of 
CNS disorders such as Alzheimers’ disease. (Support: Mayo Foundation)
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260.7
ANALYSIS OF COMPLEMENT AND CYTOKINE GENE EXPRESSION IN 
MICROGLIA DERIVED FROM POST-MORTEM HUMAN BRAIN. D.G.
Walker1*. B.E. Boves2, P.L. McGeer1 and E.G. McGeer1. ’Kinsmen Lab. of 
Neurological Research, University of British Columbia, Vancouver, B.C. 
Canada, V6T1Z3, 2Rockland Technologies Inc. Newport, DE 19805.

Studies of brains from Alzheimer Disease (AD) cases have shown 
evidence of immune responses occurring in affected tissue, as 
demonstrated by the presence of activated microglia and complement 
system activation. These features indicate that a chronic inflammatory 
response occurs in AD brains which may be contributing to the 
neurodegenerative process. In an attempt to understand the role of 
microglia in these processes, we have shown that it is possible to isolate 
and culture in vitro microglial cells from post-mortem human brain.

Microglia have been isolated from human autopsy brains using tissue 
dissected from the corpus callosum. Cultures of high purity (>98%) have 
been obtained. The cells develop the characteristic long processes of 
microglia, are actively phagocytotic and express a number of immunological 
markers that are consistent with their monocytic origin. Using mRNA from 
different sets of cultures, we have shown, using the reverse transcription 
polymerase chain reaction (RT-PCR) technique, that expression of the 
complement genes for C1qB and C3 can be detected. In addition, the 
expression of interleukin (IL) 1or and IL λβ, IL I receptor antagonist protein, 
IL6, tumour necrosis factor a, colony stimulating factor (CSF-1) and 
transforming growth factor (TGF) β  has been detected in these cells by RT- 
PCR. The effects of various agents, including β  amyloid peptide, other 
amyloid precursor protein fragments and lipopolysaccharide, on expression 
of these genes in post-mortem brain derived microglia, will be discussed. 
Supported by grants from the Alzheimer Soc. of B.C and BCHRF.

260.9
THE S P E C IE S -  AND R EG IO N -S P EC IF IC  DEPOSITION  OF 
ALZHEIMER AMYLOID R E F L E C T S  D IF F E R E N C E S  IN THE 
EXPRESSION OF ACUTE PHASE PROTEINS IN BRAIN MIXED 
GLIAL CULTURES. S. Das. J. Ma. and H. Potter?- Department of 
Neurobiology, Harvard Medical School, Boston, MA 02115.

The amyloid deposits of Alzheimer’s disease only arise in certain 
brain regions and contain two integral components—the ~40 amino 
acid ß-protein, together with lesser amounts of ai-antichymotrypsin 
(ACT), a protease inhibitor that is normally made in the liver as part 
of the body’s “acute phase response” to inflammation. In Alzheimer’s 
disease, ACT is overproduced in astrocytes surrounding the areas 
of amyloid deposition, suggesting that the brain, like the liver, can 
mount an acute phase response. We have found that the synthesis 
of ACT can be induced in primary glial cultures by known mediators 
of the systematic (liver) acute phase response. Furthermore, glial 
cultures prepared from human frontal cortex (in which Alzheimer 
amyloid can develop) but not from cerebellum or brain stem, nor from 
whole rat brain (which do not accumulate mature amyloid), 
constitutively express ACT when they reach confluence. These 
results indicate that the regional specificity of Alzheimer amyloid 
neuropathology results from both an initial inflammatory insult 
provoked by widespread amorphous ß-protein deposition, and a 
subsequent astrocyte-led acute phase response that is restricted to 
specific brain regions. The stable binding of ACT to ß-protein both 
in vivo and in vitro is being investigated as a potential nucleating 
event in the conversion of amorphous ß-protein aggregates into 
mature amyloid filaments.

260.11
CELL A D H E SIO N  M O LEC U LES IN TH E VASCULAR AND  
NEOCORTİCAL PATHO LOGY O F A LZH EIM ER ’S D ISEA SE  
A. Lerner*. D .L . C ohen. A .B . Pax. R. Friedland and R .N . K alaria. 
D epartm ent o f  N eurology & U H  A lzh eim er C enter, C W R U  School 
of M edicine, C leveland, O H  44106.

Extracellular am yloid d ep osition  is characteristic o f  A lzh eim er’s 
disease (A D ). In this study, w e assessed  cellu lar activation  by the 
expression o f  inflam m atory ce ll adhesion  m olecu les (C A M s) in the 
brain m icrovasculature and neocortical ce lls in A D . U sing a panel 
of antibodies to  C A M s w hich included ICA M -1 (C D 54) and ICAM -2, 
E-Selectin (E L A M -1), V C A M  and PE C A M  (C D 31), w e exam ined  
serum, cerebrospinal fluid and p ostm ortem  brain tissue for the 
presence and distribution o f  so lu b le and m em brane-bound C A M s by 
im m unochem ical m ethods. A ntibod ies to ICA M -1 stained am yloid  
deposits and the brain m icrovasculatre; IC A M -2 only occasionally  
stained cerebral capillaries. In contrast, E LA M -1 im m unoreactivity  
was predom inantly localized  to m icroglia. P E C A M  and to a lesser  
extent V C A M  antibodies w ere loc la ized  to  th e brain vasculature. 
Soluble IC A M  (sIC A M ) im m unoreactivities w ere evident in sam ples 
of both serum  (about 150-200 n g /m l) and at m uch low er 
concentrations in the cerebrospinal fluid. Our observations suggest 
the expression  in A D  o f  a  variety o f  C A M s know n to b e involved in 
the chronic inflam m atory response.

Supported by grants from  U SP H S  (N IA ) and A D R D A .

260.8
FOREBRAIN ISCHEMIA IN MONGOLIAN G ER B ILS : A MODEL TO 
INVESTIGATE A LZ H EIM ER 'S  DISEASE MICROGLIAL A N TIBO 
DIES AND AMYLOID. A . M cR a e1* K. Rudolohi2 . M. Keil2 . In s t itu te  o f  
N eurob io logy1, U niversity  o f  G öteborg , S -4 1 3  9 0  G öteborg , Sw ed en  and  
H o ech st AG2, Frankfurt am Main, Germany.

After transient forebrain ischemia there is a progressive expression 
of immunomolecules on microglia. Amyloid expression is also modified 
during this time. This model provides an excellent means to screen 
microglial cerebrospinal fluid antibodies of Alzheimer's disease (AD- 
CSF) as well as to investigate the the relationship between microglia 
activation and amyloid formation. Under halothane anesthesia both com
mon carotid arteries of mongolian gerbils were occluded for 5 min. After 
recirculation periods of 2Һ, 24Һ, 3d, 7d and 14d, animals were sacri
ficed by rapid decapitation. Frozen 10 pm paraformaldehyde-fixed 
sections of the dorsal hippocampus were incubated with AD-CSF, or 
antisera directed to the C-terminal of the amyloid precursor protein 
(C-APP) (residues 676-695). Accumulation of C-APP occurred at 2Һ. 
C-APP rapidly disappeared and was replaced by AD CSF-reactive 
microglia. Unilaterally damaged gerbils displayed C-APP in the intact 
side and reactive microglia on the damaged side. It seems that neurons in 
the hippocampus are protected from microglial invasion by C-APP and 
that its decrease may be the signal for the entry of activated microglia. 
AD CSF either recognized microglia on day 3 which express major histo
compatibility (MHC) antigens type I or on day 14 which express MHC 
type II antigens. Protein analysis may establish the involvement of 
abnormal proteins in the disease progression and provide an indication 
of the degree of endogenous neuronal damage of AD patients according to 
the state of microglial activation recognized by CSF.

260.10
Increased Expression of Perlecan (Heparan Sulfate 
Proteoglycan) and Amyloid Precursor Protein During 
Neuronal Differentiation in Murine Embryonal 
Carcinoma Cells (P19). A . D . Snow, R.T. Sekicruchi,
S. Potter-Periao. K. Braun. J. Miller*. C. Nao and
T. N. Wight. Dept. of Pathology, University of 
Washington, Seattle, WA 98195.

Characterization of proteoglycans (μgs) was 
determined during retinoic acid-induced neuronal 
differentiation of P19 murine embryonal carcinoma 
cells. SDS-PAGE, gel filtration chromatography and 
immunocytochemical techniques revealed both heparan 
sulfate and chondroitin sulfate/ dermatan sulfate' 
μgs present in cell layer and media of both stem 
cells and differentiated neurons. During neuronal 
differentiation a 10.5-fold increase in expression 
of perlecan (the basement membrane form of HSμ g ) 
was observed, correlating with a concurrent 
increase in message and protein levels of amyloid 
precursor protein (APP). Perlecan protein 
identification was confirmed by Western blot 
analysis using specific monoclonal antibodies, as 
a large HSμg with a core protein of Mr ~400 kDa. 
This study demonstrates for the first time that 
perlecan is synthesized by neuron-like cells, may 
play a role in neurite outgrowth, and follows 
similar patterns of increased expression and 
protein accumulation as APP. P19 cell cultures 
will be an ideal system to study the effects of 
specific μgs in APP metabolism. Funded by the 
Alzheimer's Disease Research of AHAF.

260.12
PROTEIN KINASE C (PKC) a  IMMUNOREACTIVITY IS DECREASED IN 
FIBROBLASTS FROM ALZHEIMER'S DISEASE (AD) PATIENTS. Racchi M.. 
Weisel W.C.°. Govoni S*. Trabucchi M.A Battami Ғ.л Binetti G.A#. Bianchetü A.# 
and Bergamaschi S. Inst. Pharmacol. Sci., Univ. of Milano, 20133 Milano, Italy; 
°Natl. Inst. Envir. Health. Sci., Res. Tri. Pk., NC, USA, ADept of Exptl. Med. 
Biochem. Sei. lind Univ. of Roma; # Alzheimer's Dept. of the Sacred Heart Hospital 
of Brescia, Italy.

Among the neurochemical changes observed in brain of AD patients, those 
concerning phosphorylating systems are particularly interesting. Proteins of the 
neurofíbrillary tangles are abnormally phosphorylated and it appears that the 
processing of the Amyloid Precursor Protein toward a non amyloidogenic 
metabolism is regulated by phosphorylation through a yet unknown pathway. 
Abnormalities in the phosphorylating systems of the AD brain, in particular PKC, 
have been detected also in peripheral tissues as skin fibroblasts. Calcium-dependent 
PKC activity in the soluble fraction of fibroblasts from AD patients is reduced by 
30% (Govoni S. et al, Neurology, in press). The present study was aimed to the 
characterization of the different isofonns present in human skin fibroblasts from AD 
and control subjects. The study was conducted on 13 cell lines , 7 from AD patients 
and 6  from demented and non demented non AD subjects. Cells were used at 
passage 4th to 6 th for the preparation of the soluble and particulate fractions. Equal 
amounts of protein were loaded on SDS-PAGE and then transferred on nitrocellulose 
membrane. The distribution of PKC was investigated using isoform specific 
antibodies. The calcium dependent isoform PKCa was detected and showed a 
distribution of 80% in the soluble fraction and 20% in the particulate fraction. This 
observation is in accordance with previous phorbol ester binding data on the gross 
distribution of the enzyme. PKCa immunoreactivity in each cell line was compared 
with the respective histone-directed calcium-dependent activity which was reduced 
in AD fibroblasts. Immunoreactivity and activity were significantly correlated, 
significative correlation; R= 0.78 (PcO.Ol). As expected PKCy was not present. The 
presence and subcellular distribution PKCßl, βΙΙ, ζ and ε was also investigated.
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260.13
CHOLINERGIC RECEPTOR FUNCTION OF NEURONAL MODEL 
CELLS UNDER THE INFLUENCE OF SERUM COMPONENTS 
FROM PATIENTS WITH ALZHEIMER'S DISEASE.
B.Stueeken, U.Henning, M.R.Lemke*. A.Thater
M. Halbach. Department of Psychiatry, Heinrich- 
Heine-University, Duesseldorf, F.R.Germany

Alterations in cholinergic transmitter 
systems and receptor functions in CNS have been 
reported and discussed as a possible 
pathomechanism in Alzheimer's Diasease (AD). 
Recently it has been reported that AD 
characteristic neuronal membrane components of 
CNS origin can be detected in peripheral blood. 
In our experiments we have used a neuronal 
model cell system of human origin for transfer 
experiments to study a hypothetical influence 
of serum components from AD patients on 
cholinergic function in vitro.

Patients (n=10) met diagnostic criteria 
(DSM-III-R, ICD-10, NINCDS-ADRDA) for probable
AD. Dementia was differentiated by Hachinsky,
Alzheimer, and Pick score. Deficits were 
quantified by Reisberg scales (BCRS, GDS) and 
Mini-Mental State Examination (Folstein). 10
healthy subjects served as controls. Our 
results are discussed in the context of 
pathoetiological considerations in AD and 
clinical differential diagnosis of dementia.

E X C IT A T O R Y  AM INO  A C I D S :  R E C E P T O R S  IV

261.1
PROPERTIES OF AMPA AND NMDA RECEPTOR CHANNELS 
IN THE APICAL DENDRITES OF CA3 PYRAMIDAL NEURONS.
N. Spruston*, P. Jonas L· B. Sakmann, Abteilung Zellphysiologie, Max-Planck- * 1
Institut für medizinische Forschung, W-6900 Heidelberg, Germany.

Although mossy fiber (MF) synapses on hippocampal CA3 pyramidal neu
rons are thought to be devoid of NMDA receptors (Monaghan L· Cotman, J. 
N e u r o s c i . 5, 1985), a recent study revealed the presence of an NMDA compo
nent in MF synaptic currents (Jonas et al., J. P h y s io l . , in press, 1993). We 
therefore investigated the properties of glutamate-gated ion channels in api
cal dendrites of CA3 pyramidal neurons within the zone of termination of MF 
synapses ( s t r a tu m  lu c id u m ). Hippocampal slices (200 μπι) were prepared from 
13-15 day-old rats and CA3 dendrites visualized using infrared differential in
terference contrast video microscopy (Stuart et al., P flü g e r s  A rc h . 423, 1993). 
Outside-out patches were obtained from dendrites at distances of 15-60 μπι 
from the border between s t r a tu m  lu c id u m  and the pyramidal cell layer.

Responses to 1-300 ms pulses of 1 mM glutamate typically consisted of a 
large fast peak followed by a smaller more slowly decaying current (both com
ponents were seen in 45 of 52 patches). The sensitivity of the feist component 
to CNQX and the slow component to APV suggested that these currents were 
mediated by AMPA and NMDA receptor channels, respectively. Responses to
1 ms pulses of glutamate had NMDA/AMPA peak current ratios ranging from
O. 05-0.49 (mean±SEM, 0.19±0.03) and the decay could be reasonably fit with 
two exponentials (ri=2.5±0.2, t2=438±80 ms, n=15). The fast time constant 
(ri) corresponded to the offset r  of isolated AMPA responses to 1 ms glutamate 
pulses (also 2.5±0.2 ms, n=12). The slower component was blocked by Mg2+ 
in the characteristic voltage-dependent manner and was also blocked by low 
concentrations of Zn2+ (ICso=21 μΜ). (Supported by the A. von Humboldt 
Foundation and Sonderforschungsbereich 317.)

261.3
S U B U N IT -S P E C IF IC  M O D U LA TIO N  O F R E C O M B IN A N T  NM D A 
R E C E PTO R  CH AN N ELS BY R E D U C IN G  AG E N TS . G. Köhr*. S. 
Eckert. H. M onyer and P.H. Seeburq C en te r fo r M o lecu la r B iology, 
6900 Heidelberg, G erm any.

Centra l neurona l p repara tions  have been used  to  describe  a 
redox m odu la to ry  s ite  of N M D A activa te d  g lu ta m a te  recep to rs. 
N M D A  response s  w e re  p o te n tia te d  by  re d u c in g  a g e n ts  like  
d ith io thre ito l (DTT) but d im in ished by oxid iz ing agents like 5,5-d ith io - 
b is-2-n itrobenzoic acid (DTNB).

W e now  exam ined  he te rom eric  N R 1/N R 2A , N R 1/N R 2B  and 
N R 1/N R 2C  recep to r channe ls  tran s ien tly  e xp ressed  in 293 cells. 
A fte r oxid iz ing the receptor channe ls  w ith  0.3 m M  DTNB, 100 μΜ  
g lu tam ate /10 μΜ  glycine w e re  app lied in m agnesium -free so lu tions 
a t -60 m V every  6 to 10 s. W ith in  5 to 8 m in o f 3 .0  m M  DTT 
perfus ion g lu tam ate  activa ted cu rren ts  s tead ily  increased  about 2- 
fo ld  in N R 1/N R 2B and N R 1/N R 2C  recep to r channe ls . In contrast, 
a lu tam ate  responses in N R 1/N R 2A channe ls  w e re  increased 3- to
6-fo ld . A bou t 80 %  o f th is  cu rre n t in c rea se  in N R 1 /N R 2 A  w as 
reached w ith in 30 s of DTT perfusion and could a lso be induced by 
g lu ta th io n e . D u ring  D T T w a s h o u t g lu ta m a te  re s p o n se s  on ly  
decreased in NR 1/N R 2A receptor channe ls, s till be ing  abou t 2-fo ld 
increased com pared to contro l levels. The pers is ting  DTT e ffect in 
NR1/NR2A, NR1/NR2B and NR 1/NR2C receptor channe ls  cou ld  be 
fu lly  reversed by DTNB. The site of the NR 2A subun it responsib le for 
th is specific  m odulation by DTT w as studied using ch im era  o f NR2A 
and  NR 2C  subun its . The N R 2A s u b u n it a llow ing  tra n s ie n t and 
excess ive  ac tiva tio n  of N M D A  re ce p to r c h a n n e ls  by  reduc ing  
equ iva lents  m ay p lay an im portan t func tiona l ro le  during  trans ien t 
neurotoxic/ischem ic episodes in the brain.

Supported by a  BM FT (Helm holtz) Fellow ship (G .K.).

261.2
FUNCTIONAL KAINATE-SELECTIVE GLUTAMATE RECEPTORS 

IN HIPPOCAMPAL CELLS
J. Lerma*. A. V. Patemain. J. R. Naranio and B. Mellström 

Instituto Cajal, C.S.I.C, 28002-Madrid, Spain 
Cloning of glutamate receptors has provided evidence for the existence 

of several structurally related subunit families, each comprised of several 
members. It has been proposed that KAI, KA2 and GluR-5, GluR-6 families 
represent subunit classes of high affinity kainate receptors and that in vivo 
different kainate receptor subtypes might be constructed from these subunits in 
heteromeric assembly. However, despite some indications from binding and 
autorradiographic studies on brain membranes, no functionally pure kainate 
receptors have been detected so far in brain cells. In patch-clamp experiments, 
carried out on hippocampal cultures, we have found that a subset of both neurons 
and glial cells express functional, kainate-selective, glutamate receptors. These, 
previously unknown, kainate receptors are also activated by quisqualate and 
domoate, but not by AMPA. Fast application of kainate induced an inward current 
which totally desensitized following a single exponential decay with a time 
constant of 19.3 ±0.9 ms. Recovery from the desensitized state was very slow. 
Aniracetam did not affect peak amplitude nor desensitization of transient responses 
induced by kainate. In many cells, kainate-selective receptors coexisted with 
receptors of the AMPA type. Transient kainate-induced responses were less 
sensitive to CNQX than steady currents, but were totally blocked by the non- 
NMDA antagonist NS-102. We tried to find out the molecular identity of kainate- 
selective receptor channels in native membranes by PCR amplification of RNA 
harvested from single cells. Prominent peak responses to kainate were associated 
to abundant hybridization signal with a GluR-6 probe. Our results provide the first 
evidence for the existence of functional glutamate receptors of the kainate type in 
nerve cells and strongly supports the idea that homomeric GluR-6 (Q) assemblies 
may form functional kainate-selective receptors in native membranes

261.4
H E T E R O M E R I C  B U T  N O T  H O M O M E R I C  N M D A  
R E C E P T O R S  A R E  M O D U L A T E D  B Y  R E D O X  R E A G E N T S.
J. M. Sullivan. S. F. Heinemann. N. J. Sucher*. V. H .-S. Chen, and 
S. A. Lipton. Molecular N eurobiology Laboratory, The Salk Institute, 
La Jolla, CA 92037; and Department o f  Neurology, Children's Hospital 
and Harvard M edical School, Boston, M A 02115.

A  modulatory site on the NM D A  receptor that is sensitive to sulfhydryl 
redox reagents has been described in cultures o f  primary neurons 
(A izenm an et al., 1989). R educing agents, such as DTT, enhance 
N M D A  responses, w hile oxid izing agents, such as D T N B , decrease 
N M D A  responses. The recent cloning o f  several genes encoding 
N M D A  receptor subunits (M oriyoshi et al., 1991; Meguro et al., 1992; 
M onyer et al., 1992) has allow ed us to study the contribution of 
different subunits to the redox modulatory site using the Xenopus oocyte 
expression system.

O ocytes injected with hippocampal R N A  display N M D A-evoked  
currents (in Ba2+-Ringer*s) that are modulated by oxidizing and reducing 
agents. DTT increased the NM DA-activated currents o f  these oocytes 
(132% ±  5% o f  control; mean ±  S.E.M ., n =  12). Exposure to DTNB  
led  to a decrease in N M D A -evoked currents (77% ±  2%, n = 12). In 
contrast, homomeric NM D A R I channels arc unaffected by exposure to 
redox reagents (DTT: 98% ±  2%; DTNB: 97% ±  2%, n = 12 for both). 
Normal redox modulation is restored when heteromeric NM D A  receptor 
channels are formed by the coexpression o f  N M D  A RI and NM DAR2A, 
-2B or -2C subunits (DTT: 136% ±  4%; DTNB: 82% ±  1%, n = 12 
for both). These results suggest that the N M D AR 2 subunit is necessary 
for the formation o f  a functional redox modulatory site.
[Supported by Grants M H 10270 to J.M.S. and H D 29587 to S.A.L.].
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261.5
SYNAPTIC AND EXTRASYNAPTIC NMD A CHANNEL GATING.
J.D. Clements. C. Rosenmund, and G.L. Westbrook.* Vollum Institute, Oregon 
Health Sciences University, Portland OR 97201.
The kinetics of NMD A channels are an important determinant of synaptic efficacy 

at excitatory synapses in the CNS. The gating of these channels has primarily been 
examined in outside-out membrane patches. For example, the NMDA channel open 
probability (Po) in outside-out patches is high (=0.3, Jahr, Science 255,470,1992). 
However we recently found that Po is much lower for synaptically-activated NMDA 
channels (Rosenmund, et al., Biophys J. 64, A327, 1992). One possible explanation 
for this discrepancy is that synaptic and extrasynaptic channels have different gating 
mechanisms. If this is true, whole-cell NMDA currents should be composed of a 
mixture of synaptic and extrasynaptic channels with different open probabilities.

We tested this possibility using whole-cell recordings from cultured hippocampal 
neurons. NMDA (1 mM) was applied in the presence or absence of the 
“irreversible” open channel blocker, MK-801 (5-20 μΜ). Solution exchange times 
were 10-20 ms. At a holding potential of -60 mV, current transients were well fitted 
by a kinetic model that assumed uniform channel properties. Po, obtained from the 
optimally fitted model parameters, was low (=0.04), similar to that measured for 
synaptic NMDA channels. No evidence was found for a sub-population of channels 
with higher Po. The existence of channels with different Po's was further tested by 
comparing synaptic and extrasynaptic receptors in microcultures that contained only 
a single neuron. To determine the ratio of synaptic vs. extrasynaptic receptors, 
whole-cell currents were measured before and after synaptic receptors were blocked 
(>90%) by a series of stimuli in the presence of MK-801. For neurons with 
glutamate-mediated autaptic EPSCs, =85% of NMDA channels were synaptic (n=4), 
and as expected the Po calculated from the whole-cell current was low. The Po of 
NMDA channels was also low for neurons that did not receive glutamate-mediated 
inputs, i.e. all channels were extrasynaptic. These results suggest that the Po of 
extrasynaptic receptors recorded in the whole-cell configuration is similar to 
synaptically-activated NMDA receptors. The increased Po in outside-out patches 
implies that channel gating is either sensitive to mechanical alterations of the patch 
or to loss of intracellular inhibitory factors. Supported by NS26494 and MH46613.

2 6 1 .7

S U B U N IT  C O M P O S IT IO N  O F C A L C IU M  P E R M E A B L E  
AMPA R E C E P T O R -C H A N N E L S  A T T H E  S IN G L E  C E L L  
LEVEL; E . A udinat. P . B och et+. B . L a m b o lez+. F. C rép el, J. 
Rossier** M . lin o * . K . T su zu k i*  and S . O zaw a* . L ab, d e  
N eurobiologie e t  d e N eu rop h arm aco log ie  du D év e lo p p em en t,
C .N.R.S., 9 1 4 0 5  O rsay, H .A .F ., C .N .R .S ., 9 1 1 9 8  G if-su r-Y vette, 
France. $D p t. o f  P h y s io lo g y , S c h o o l o f  M e d ic in e , G u n m a  
University, M aebash i, G unm a 3 7 1 , Japan.

T he n um b er o f  d iffe r e n t  g lu ta m a te  g a ted  c h a n n e ls  w as  
markedly increased  b y  the d iscovery  o f  m u ltip le  subunits and  
their sp liced  and ed ited  variants. T h ese  subunits a ssem b le  in  a 
large num ber o f  com binatoria l assem b lies . A  crucia l q uestion  is  
therefore to determ ine the actual subunit com p o sitio n  in  a sin g le  
neuron. W e h ave cou p led  p atch -clam p  record in gs in  h ippocam pal 
neurons and reverse transcription fo llo w e d  by P C R  am plification  
to correlate at the sin g le  c e ll le v e l the p resen ce  o f  m essen ger  
RNAs for each  subunit and the fu nction a l properties o f  native  
g lu ta m a te  r e c e p to r s .  In  a h o m o g e n e o u s  p o p u la t io n  o f  
functionally id en tified  h ip p ocam p al neurons (typ e II) bearing a 
glutamate receptor o f  the A M PA  sub typ e, w e  fou nd  that am ong  
the m ultip le subunit variants, on ly  tw o , the flop  form s o f  G lu R l 
and G luR 4 w ere exp ressed ; G lu R 2 w as n ever exp ressed . This  
com p osition  e x p la in s  th e u n c o m m o n  p ro p er tie s  o f  ty p e  II 
n e u r o n s  w it h  h ig h  C a 2+ p e r m e a b i l i t y  a n d  e x t e n s i v e  
desensitization.

2 6 1 .9

METABOTROPIC GLUTAMATE RECEPTORS STRONGLY EXCITE 
HIPPOCAMPAL CAI STRATUM ORIENS INTERNEURONS. C-J. 
McBain* and J.A. Kauer. Dept. of Neurobiology, Duke Univ. Med. 
School, Durham, NC 27710.

Whole cell recordings were made from CAI st. oriens interneurons 
in hippocampal slices from 20-28 day rats. The metabotropic receptor 
agonist IS, 3R ACPD (50-100uM) strongly excited 29 of 42 
interneurons tested. A biphasic inward current was observed (mean,
238 + 31pA; n=29) and was associated with a large increase in baseline 
noise and often possessed current oscillations. This current persisted in 
the presence of tetrodotoxin (luM), AP3 (ImM) and the ionotropic 
glutamate antagonists DNQX (20uM) and D-APV (50uM). The inward 
current magnitude was reduced by inclusion of the Ca2+ chelator, 
ВАРТА (30mM) in the recording electrode, but not by [Co2 + ]0  

(200uM) or [Cs+]j (140mM). In current clamp recordings, ACPD caused 
a rapid depolarization and action potential firing and was followed by 
subsequent repolarizing and depolarizing cycles resulting in the phasic 
firing of action potentials. Post-hoc identification revealed that all 
interneurons with horizontally oriented soma and dendrites located 
exclusively in st. oriens and whose axons ramified in st. lacunosum 
were strong responders to ACPD. In contrast other interneurons of st. 
oriens and those located in st. lacunosum and radiatum showed only a 
10-30pA inward current in response to ACPD. This data suggests that 
mGluR receptors are differentially expressed throughout the CAI 
hippocampal interneuron population and are likely to play a diverse 
role in local inhibitory control of the CAI pyramidal neuron 
population.

261.6
C haracterization  o f  pharm acological properties of cloned NM DA  
receptors expressed in transfected  cells. D. Lvnch. N. Anegawa. T. 
V erdoom . D. Pritchett* Depts. Pharm acology, N eurology, Univ. 
PA .,Phila„PA ,19104., Vanderbilt Med. Sch., Nashville, TN

M ultiple putative N M D A  receptor subunits have previously 
been cloned. W e have characterized pharmacological properties of 
N M D A  receptors assem bled from  com binations o f  subunits 
expressed in transfected cells. The combination o f  N M DA la  with 
N M D A  2A , 2B , or 2C  produced receptors w hich respond  
electrophysio logically , but only the com bination o f  1 and 2A  
produced com p etitive glutam ate antagonist binding sites as 
measured with ^H-CGP 39653. N o high affinity binding was found 
in cells transfected with single subunits or with NM D A  la  plus 2B  
or 2C. Saturation analysis revealed a K d for 3H-CGP 39653 o f  23  
nM in brain and 34 nM in ce lls transfected with N M D A  la  plus 
2A. The binding was inhibited by glutamate (Kį=130 nM) and by 
g lyc in e  sim ilarly in brain and transfected ce lls , but N M D A  
inhibited binding more potently in brain hom ogenates (IC50 =7.9  
μΜ ) than in transfected cells (IC5o=46 μΜ ). Cells transfected with 
N M D A  la  and 2A  also bound 125I-M K 801 with high affinity. 
Saturation anaysis revealed Kd  values for 125I-MK 801 o f  500 pM  
in brain and transfected ce lls . H ow ever, binding in brain was 
increased two fold by spermidine while binding in transfected cells 
was inhibited 25% by spermidine. These results demonstrate that 
the cloned N M D A  receptor subunits are capable o f  producing 
receptors w hich contain m any properties o f  native N M D A  
receptors, but which differ from native receptors in specific ways.

261.8
METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION 
POTENTIATES EPSCS ON HIPPOCAMPAL CAI S. ORIENS 
INTERNEURONS. J.A. Kauer*. T.J.DiChiara and CJ. McBain. Dept. 
of Neurobiology, Duke Univ. Med. School, Durham, NC 27710.

Whole cell recordings were made from CAI s. oriens interneurons in 
hippocampal slices from 20-28 day old rats. Activation of metabotropic 
receptors (mGluRs) by 1S,3R-ACPD (lOOuM) potentiated EPSCs 
evoked by stimulation in s. oriens (control, 21+5 pA; ACPD, 66+27; 
n=8 ). The kinetics of the EPSC were unchanged. The potentiation was 
not blocked by 50 uM D-APV, and was almost completely reversible. 
Spontaneous EPSCS also increased both in amplitude (control, 16+2 pA; 
ACPD, 38+7 pA; n=7) and frequency (control, 3+1 Hz; ACPD, 15+4 
Hz; n=6 ). In contrast, in the presence of tetrodotoxin (luM), ACPD 
had no effect on either miniature EPSC amplitude or frequency (n=14). 
This suggests that ACPD potentiates EPSCs via excitation of 
presynaptic afferente. Both CAI and CA3 pyramidal cells depolarized 
in response to ACPD, thus either cell group may be responsible for the 
potentiation of s. oriens interneuron EPSCs. In contrast, evoked EPSCs 
in s. radiatum or s. lacunosum interneurons were depressed (control, 
37+11 pA; ACPD 13+4 pA, n=5). Taken together, our data suggest that 
excitatory synaptic transmission can be differentially modulated by 
mGluRs on presynaptic afferents. Glutamate release from CAI 
terminals may be enhanced by ACPD, while that from CA3 terminals 
is depressed; alternatively, CA3 terminals may be differentially 
modulated by mGluRs, depending on the target neuron.

261.10
MAGNESIUM BLOCK OF NMDA CHANNELS IN HIPPOCAMPAL 
SLICES DOES NOT CHANGE DURING DEVELOPMENT. P. Bregestovslri. 
R. Khazipov. D. Ragozzino. K. Takeda*. Y. Ben-Ari. INSERM, Unite 29, 
75014 Paris, FRANCE.

Previous intracellular microelectrode recordings from CA3 pyramidal 
neurons in rat hippocampal slices showed that the voltage-dependence of 
NMDA currents is less pronounced in immature compared to adult animals 
(Ben-Ari et al., Neurosđ.Let., 1988). It was proposed that this might arise 
from a lower sensitivity of immature NMDA channels to Mg block. Here we 
analysed NMDA-activated channels in cell-attached and inside-out patches 
in hippocampal slices to evaluate directly Mg block and to avoid lack of 
space clamp in dendrites. The Mg blocking constants (K^g) were not different 
for immature (P3-P8) and adult (P20-P60) rats: 55±18 and 44±14 μΜ, 
respectively (n=7,6, at -60 mV). The voltage-dependence of Кмв was also 
unchanged with age: e -fold decrease for hyperpolarizations of 19 and 15 mV, 
in young and adult groups was obtained. Whole-cell recorded NMDA 
component of synaptic currents evoked by voltage stimulation in stratum  
radiatum in presence of 20μΜ CNQX, 15μΜ bicudline and 100μΜ CGP35348 
was also strongly blocked at potentials more negative than -50 mV. At the 
same time, whole-cell I-V relation for pressure applied NMDA to CA3 
immature neurons revealed a prominent currents at the negative potentials. 
These fluctuating currents were blocked by 15μΜ bicuculline and 0-5μΜ TTX, 
and indicates that in addition to its direct action on the pyramidal cells, 
NMDA activates releasing of GABA from intemeurons. Thus both NMDA and 
GABAa receptors-mediated currents (GABAa is inward in immature animals) 
contribute to pyramidal cell responses. We condude that Mg block of NMDA 
channels in CA3 pyramidal neurons does not changes with the development 
and in immature rats it may be obscured by inward GABAa current
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261.11
PHARM ACOLOGICAL PROFILE OF A  PHOSPHOLIPASE D- 
COUPLED METABOTROPIC EXCITATORY AM INO ACID  
RECEPTOR. P J . Conn* and V . B o ss., Dept. o f Pharmacology and 
Program in N euroscience, Emory U niv ., Atlanta, GA 30322.

W e have described a metabotropic excitatory amino acid 
(m EAA) receptor that is coupled to activation o f phospholipase D  
(PLD) in hippocampal slices. H ow ever, little is known about the 
distribution and pharmacological properties o f this mEAA receptor 
subtype. W e report that the selective mEAA receptor agonist, IS,3R - 
am ino-l ,3-cyclopentanedicarboxylic acid (A C PD ), elicits similar PLD  
responses in hippocampal areas C A I, CA3 and dentate gyrus. PLD  
responses to EA As are not blocked by selective ionotropic glutamate 
receptor antagonists or by tetrodotoxin. ACPD-induced PLD  
activation is blocked by various compounds that could serve as mEAA  
receptor antagonists. However, these compounds also block the PLD  
response to norepinephrine and decrease basal PLD  activity, 
indicating that they are not selective antagonists o f the PLD-coupled  
receptor. The rank order of potency o f agonists at activating the 
PLD-coupled mEAA receptor is quisqualate > A C P D  >  L-AP3 =  
ibotenate >  L-cysteine sulfinic acid (L-C SA ). L-C SA , A CPD and 
L-AP3 are full agonists whereas quisqualate and ibotenate are partial 
agonists. Other potential agonists tested, including L-glutamate, do 
not increase PLD activity. This pharmacological profile differs from  
that o f other metabotropic EAA receptor subtypes.

261.12
L-CYSTEINE SULFINIC ACID (L-CSA): A N  ENDOGENOUS  
AGONIST OF A METABOTROPIC EXCITATORY AM INO ACID 
RECEPTOR SUBTYPE. V . Boss* and P.J. Conn. Dept. of 
Pharmacology, Emory U niv ., Atlanta, GA 30322.

The metabotropic excitatory amino acid (mEAA) receptor family 
consists o f multiple subtypes. Because all o f the subtypes are activated 
by glutamate analogs, including the selective agonist, 1S,3R- 
am inocyclopentane-l,3-dicarboxylic acid (A C PD ), it has been 
assumed that L-glutamate is their endogenous neurotransmitter. 
However, w e now report that a novel mEAA receptor is insensitive 
to L-glutamate, but is activated by another endogenous EAA, L- 
cysteine sulfinic acid (L-CSA). This phospholipase D  (PLD)-coupled 
mEAA receptor is activated by L-CSA in the presence o f ionotropic 
glutamate receptor antagonists in rat hippocampal slices. W hile L- 
CSA is less potent than A C PD , it is a full agonist o f the PLD-coupled 
mEAA receptor. The L-CSA-induced PLD responses to ACPD  and 
L-CSA are not additive, suggesting that ACPD  and L-CSA activate 
the same PLD-coupled mEAA receptor subtype. Taken together with 
previous evidence that L-CSA is a neurotransmitter in the 
hippocampus, these data suggest that L-CSA may be the endogenous 
agonist at the PLD-coupled mEAA receptor. In contrast, L-CSA does 
not activate L-glutamate-sensitive mEAA receptors coupled to 
phosphoinositide hydrolysis. Thus, L-CSA and L-glutamate may be 
endogenous agonists o f different mEAA receptor subtypes.

M O L EC U LA R  A N D  PH A R M A C O L O G IC A L  C O R R E L A T E S  O F D E V E L O PM E N T  II

262.1
OPIATES AFFECT NEURONAL PLASTICITY AND REGENERATION BY 
FUNCTIONAL IMPAIRMENT OF G PROTEINS. A. Gorio*, B. Ten- 
coni, M.L. Malosio,. C. Fineo, A. Bertelli, P. Mantegazza 
and A.M. Di Giulio. Dept. of Medical Pharmacol., Univ. of 
Milano, Via Vanvitelli 32, 20129 Milano.

Neuronal plasticity and regeneration following selec
tive neurotoxic lesions is markedly impaired by perinatal 
morphine exposure. The opiate treatment affects both rege
neration of lesioned 5-HT axons and collateral sprouting 
of intact dopaminergic and serotoninergic fibers which 
normally occur following partial denervation. We have 
monitored the expression of several molecules that might 
have been involved in these events. The in situ hybridi
zation studies did not show changes of trophic factors 
such as BDNF, NGF and NT3, while exposure to morphine 
markedly reduced synapsin I and increased Gs and Go gene 
expression. These results suggested a possible implication 
of G proteins. In vitro PC12 neuritogenesis was impaired 
by various opiates. Agonists and antagonists effects 
suggested the implication of a receptor with mixed and 
^“properties. Opiates inhibitory effects were reversed by 
GTP-ļf-S, a stable activator of G proteins. We suggest that 
G proteins are directly responsible for the inhibitory 
effect of opiates on neuronal plasticity.

262.3
NEUROCAN BINDS WITH HIGH AFFINITY TO Ng-CAM AND 
INHIBITS NEURONAL ADHESION AND NEURITE OUTGROWTH. 
D.R. Friedlander*. P. Milev. R.U. Margolis and M. Grumet. 
Departments of Pharmacology and Neurology, NYU Medical Center, New 
York, NY 10016.

We have previously shown that aggregation of microbeads coated with 
the neuron-glia cell adhesion molecule, Ng-CAM, is inhibited by 
incubation with soluble neurocan, a chondroitin sulfate proteoglycan of 
brain, suggesting an interaction between these two molecules, and that 
whereas neurons bind to Ng-CAM coated substrata, they do not bind to 
plates coated with a mixture of neurocan and Ng-CAM (J. Cell. Biol. 
120:815, 1993). To investigate more directly the interaction between 
neurocan and Ng-CAM, we have tested binding of soluble 1 2 5I-neurocan to 
microwells coated with different glycoproteins. Neurocan bound to Ng- 
CAM but not to the myelin associated glycoprotein or fibronectin. 
Binding was saturable and was inhibited by unlabelled soluble 
neurocan. Scatchard plots indicated a single high affinity binding site 
with a kj) Л 0 - 10  M. Binding persisted, although at a lower level, after 
treating neurocan with chondroitinase, suggesting that the binding of the 
core glycoprotein may be modulated by the chondroitin sulfate chains.

To study the effects of neurocan on neuronal adhesion and axonal 
growth, neurons were incubated on dishes coated with different 
combinations of neurocan and Ng-CAM. Short term assays suggested 
that inhibition of neuronal adhesion by neurocan was due to blockage of 
binding to substrate bound Ng-CAM and was not through a repulsive 
effect of neurocan on neurons. Longer term assays showed that neurocan 
inhibited neurite outgrowth on Ng-CAM substrates under conditions 
similar to those that inhibited neuronal adhesion. These studies 
support the view that interactions between neurocan and Ng-CAM may 
be important during brain development.

262.2
N E U R IT E  O U T G R O W T H  A N D  G A P -43  E X P R E SS IO N : 
E F F E C T S  O F  G L IA L  S U B S T R A T E  A N D  O F  
M O N O C L O N A L  A N T IB O D IE S R E C O G N IZ IN G  G L IA L  
C ELL SU R FA C E  PR O T E IN S. J.R. Madsen.* O, W eisfeiler. and
L.Ĩ. Benowitz. Dept. Neurosurgery, Children's Hospital; and Program 
in Neuroscience, Harvard Medical School, Boston, MA 02115.

Development and regeneration o f neural processes are strongly 
influenced by interactions between neurons and the glial cells they contact. 
To investigate some o f these interactions, w e cultured primary neurons, 
either from postnatal day 3 rat cerebellum or embryonic day 18 cortex, on 
transformed cell lines which express primarily oligodendroglial prop
erties. To objectify the neuronal response, we developed a quantitative 
assay for the expression o f the neuronal growth-associated protein, GAP- 
43, using Western blotting. Glial cells grown in the absence o f  neurons 
showed no detectable GAP-43 expression. However, neurons grown on 
one glia-like cell line (C27) expressed high levels o f  GAP-43, but ex
pressed low  levels when grown on a second, closely-related line (C17). 
Densitometry showed GAP-43 levels to be about 9-times higher in the 
former case than in the latter (p<0.001), and this difference corroborated 
morphological differences in process outgrowth observed by phase con
trast. To identify molecular differences between the two cell lines that 
may contribute to altered neurite outgrowth, w e used ‘tolerizing’ methods 
to raise monoclonal antibodies specific to cell surface proteins that are 
expressed differentially between Ще C27 and C17 lines (Madsen JR, 
Neurosci Abst 608.3, 1992). Four o f  the antibodies which stained sur
face antigens potentiated GAP-43 expression for neurons grown on either 
cell line (44% increase, p<0.04). Further work is directed towards 
identifying the antigens which these antibodies recognize and other glial 
surface proteins that contribute to the control o f neurite growth.

262.4
ISO LATIO N A N D  CHARACTERIZATION OF BF2, A  WINGED  
H ELIX  TR A N SC R IPT IO N  FA C TO R  E X P R E SS E D  IN  THE 
D IEN C EPH A LO N  . E. Lai. V . Hatini. W . Tao. C, Baptista*. Balas. 
G  C ell B io logy and G enetics Program, M emorial Sloan-Kettering 
Cancer Center, N ew  York, N Y  10021.

The members o f  the W inged H elix  fam ily o f  transcription 
factors share a hom ologous D N A  binding domain. M any members o f  
this family play a regulatory role in the development and differentiation 
o f  specific tissue types and body structures. Previously, w e isolated  
BF-1, a factor which is restricted to the telencephalon o f  the developing 
rat brain. Here w e describe the charactrerization o f  BF2 isolated from a 
newborn m ouse brain cD N A  library. The BF2 cD N A  is  1860 bps 
long, w ith an open reading frame o f  772  bps. The putative protein 
contains a 139 aa acidic amino terminus, 104 aa D N A  binding domain, 
and a 30 aa carboxyl terminus. W e also isolated a m ouse genomic 
clone that codes for BF-2 (BF-2g) from 129 m ouse genom ic library. 
T w o alternatively spliced m RNA have been identified which alters the 
carboxyl end o f  the protein. Northern and the R N ase protection  
analyses indicate that the peak o f  B F-2 expression is  at E13 then 
decreases barely detectable levels in the adult. The spatial expression  
analyzed by in situ hybridization o f  E l 4-Е  17 rat embryos shows BF2 
to be lim ited to: 1) the d iencephalic neuroepithelium  2) and in 
mesodermal structures along the body axis. BF-1 and BF-2 together 
appear to function in the regional differentiation o f  the neuroepithelium  
which w ill give rise to the forebrain.
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2 6 2 .5

GLUCOCORTICOID REG U LA TIO N  OF TA CH Y K IN IN  GENE 
EXPRESSION IN DEVELOPING RAT STRIATUM L. Zhang* and R. E. 
Harlan. Department of Anatomy, Tulane Medical School, N ew  Orleans, LA 
70112.

Glucocorticoids (GCs) have been shown to regulate neuropeptide gene 
expression in the adult rat CNS in that corticosterone (CORT) replacement 
increased levels of preprotachykinin  mRNA in  adrenalectom ized rat 
striatum (Chao and McEwen, Mol. Brain Res. 9: 307-311,1991). In the present 
study, in s i tu  hybridization was em ployed to investigate the regulatory 
effect of GCs on tachykinin gene expression in ra t stria tum  during  
development. Each litter was divided into two groups: one group injected 
subcutaneously with CORT (40m g/kg body weight), and the other group 
with oil vehicle. The treatm ent was conducted at 4pm daily for the first two 
weeks of postnatal (P) life. Rats w ere sacrificed and perfused w ith 
Zamboni's fixative in the mornings of Pİ, P5, PIO, P15, and P20; brains were 
cut (20 pm) on a cryostat coronally. Levels of mRNA encoding substance P 
(SP) or neurokinin В (NKB ) were examined using specific cRNA probes. At 
PI and P20, no difference was detected betw een CORT treated and oil 
treated groups at rostral (Bregma -0.30) or caudal (Bregma -2.56) levels. 
However, CORT treatm ent resulted in increases in SP-mRNA expression 
throughout the striatum at P5, P10 and P15 at both rostral and caudal levels. 
NKB-mRNA expression, on the other hand, was first detected at P5. With 
CORT treatment there was a decrease in NKB-mRNA levels at PIO, P15 and 
P20. These results provide clear evidence that GCs can m odulate tachykinin 
gene expression in the developing ra t striatum. Furtherm ore, the marked 
differences in SP and NKB gene expression in striatum  during development 
suggest independence of function of these two tachykinins. Supported by 
N IHGrant#NS 24148

2 6 2 .7

GENE EXPRESSION OF PROTEASE NEXIN I (PNI) DURING 
DEVELOPMENT OF HUMAN SKELETAL MUSCLE IN CULTURE. ĮVL 
Verdière-Sahuaué. M. Akaaboune. B. W. Festoff . 1. Pénisson-Besnier,
L. Garcia, G. Barlovatz-Meimon. S. Lachkar, L.T. Giron. Jr.* and D. 
Hanta». INSERM U. 153. Paris; Univ. Paris XII. Créteil. FRANCE. 
KCVAMC and KUMC. Kansas City. MO 64128 and KS 66160.

PNI is a 43-50 kDa glycoprotein capable of inhibiting a number of 
serine proteases. It is a member of the serpin superfamily having an 
arginine at the P1 residue, making it an effective inhibitor for arg- 
cleaving enzymes. PNI is identical to glia-derived nexin, a neurite 
outgrowth promoter by virtue of its thrombin-inhibiting activity. PNI 
was the first serpin shown to be highly-localized to the neuromuscular 
junction (NMJ). More recently, α -j-antichymotrypsin {a«j-ACT) and 
PNii, a kunin class inhibitor identical to ß-amyloid protein precursor (ß- 
APP) also are concentrated at the NMJ. Agrin, an acetylcholine 
receptor (AChR) aggregating glycoprotein also contains protease 
inhibitor domains and is localized to the NMJ. In cultured differentiated 
rat myotubes PNI localizes in patches on the surface in close proximity 
to AChR clusters. We have studied the expression of PNI mRNA using 
a 300 bp cDNA synthesized from the published sequence of human 
PNI. By Northern blot analysis PNI appears only after myoblast fusion 
in multi-nuclear myotubes. In contrast, a target protease of PNI, 
urokinase (uPA) is synthesized primarily by myoblasts and is reduced 
after fusion. These current results, as well as those described above, 
reinforce the hypothesis that the balance of serine proteases and 
serpins, such as PNI, are involved in muscle differentiation.
Supported by INSERM, CNRS. AFM, ADRDA, NATO, Marion Merrel 
Dow/SEP and the Medical Research Service of the DVA.

2 6 2 .9

ID E N T IF IC A T IO N  O F  T H E  S U B P L A T E -1  A N T I G E N  A S  A N  
IM M U N O G L O B U L IN -L IK E  M O L E C U L E
R ,H ensçhel and  .P e lm  -W ähle** Lehrstuhl für A llg. Z oologie und 
Neurobiologie, Ruhr-Universität N D 7 /3 1 ,44780 Bochum, Germany.

Mab SUBPLATE-1 (SP-1, N aegele et al., PN A S 88:330-334,1991) 
stains inverted pyramidal neurons with intracortical and thalamic 
projections in the early postnatal, but not adult, cat neocortical white 
matter. cD N A  expression libraries from immature cat cortex w ere made, 
but screening with SP-1 failed  W e then characterized the antigen 
biochemically. Western blots revealed the 56 kDa SP-1 ir band in all 
organs, even in adult cortex, and esp. in blood plasma. Perfusion o f  
organs reduces the SP-1 band. The antigen thus appeared blood-borne. 
Using Mab SP-1, the antigen w as affinity purified from liver and plasma, 
and sequenced. The N-terminal 20 amino acids have 80 % hom ology to  
human Ig H-chains. Is the SP-1 antigen an immunoglobulin? Then, 
antibodies against cat IgG's should identify the SP-1 ir structures. A  
monoclonal and a polyclonal serum against cat IgG were obtained. Both  
identified the 56 kDa SP-1 ir band on blots. B oth stained selectively 
subplate neurons in developing neocortex. Preabsorption o f  the 3 
antibodies with cat IgG's abolishes staining on blots and tissue. The 
libraries were rescreened with the polyclonal serum yielding a 1.8 kb 
cDNA clone. An antisense cRNA probe hybridizes in situ to  an mRNA  
in cells in the cortical white matter. The results suggest that subplate 
neurons express mRNA for (and/or accumulate) IgG-like molecules. 
Supported by DFG WA 541/4-1.

2 6 2 .6

M o lecu la r  S tu d ie s  o f  C o rtica l P la st ic ity . P. W orlev* . K. 
A nd reasson . P. Brakem an. W. K aufm ann. A. Lanahan. C. Tsui. 
K. Y am asa ta  Joh n s H op k in s D ep t o f  N e u ro sc ien ce  and  
N eu ro logy .

We are u sin g  m olecu lar  tech n iq u es  to  id en tify  p ro te in s  that 
are ra p id ly  p ro d u c ed  b y  n eu ro n s  in  r e sp o n se  to  sy n a p tic  
activ ity . It is  a n tic ip a ted  th a t th e se  p ro te in s  are  p art o f  a 
m o le c u la r  p ro g ra m  th a t  u n d e r lie s  lo n g - te r m  a d a p t iv e  
r e sp o n se s . S eq u en ce  a n a ly s is  o f  in d u c ib le  cD N As in d ica te s  
th at syn ap tic  a ctiv ity  evok es a co m p le x  ce llu la r  re sp o n se  that 
in c lu d es  tran scr ip tion  factors, grow th  fa cto rs  or  cy to k in es , 
e n zy m es  in v o lv e d  in  k n ow n  s ig n a lin g  p a th w a y s . S evera l o f  
th e  p red ic ted  p ro te in s  a p p ea r  n o v e l an d  n e u r o n  sp e c ific . 
mRNA an d  p rote in  resp on ses  to  syn ap tic  a ctiv ity  are rap id  and  
tran sien t, are m ost rob u st in  h ip p ocam p u s an d  n eo co r te x  and  
m ay  b e in d u ced  b y  a v a r ie ty  o f  n a tu ra l, p h y s io lo g ic a l or  
p a th o p h y s io lo g ic a l  s t im u li.  D e v e lo p m e n ta l  p a t te r n s  o f  
ex p re ss io n  ch a ra c te r is tic a lly  d e m o n str a te  a ro b u st in cr ea se  
d u r in g  th e  th ird  w eek  o f  p o s tn a ta l d e v e lo p m e n t . T h is  
d ev e lo p m en ta l ex p ress io n  ap pears to  b e reg u la ted  b y  n atural 
syn ap tic  activ ity  s in ce  u n io cu la r  v isu a l d ep r iv a tio n  re su lts  in  
rap id  r e d u c tio n s  o f  e x p re ss io n  in  d ep r iv e d  co r tex . D esp ite  
g en er a l s im ila r itie s  in  th e ir  p a tte r n s  o f  ex p r e ss io n , th e s e  
g en es  d isp la y  d is tin c t p a ttern s  o f  ce llu la r  d is tr ib u tio n  an d  
th r e sh o ld s  fo r  a ctiv a tio n  in d ic a tin g  c e llu la r  an d  s tim u lu s  
sp e c if ic ity . F u n ctio n a l ch a r a c te r iz a tio n  o f  th e s e  p r o te in s  
sh o u ld  en h a n c e  o u r  u n d er sta n d in g  o f  th e  c e llu la r  b asis  o f  
cortical p lasticity . S upported  b y  EY 08900 an d  EY 09374.

2 6 2 .8

APC, A PUTATIVE TUMOR SUPPRESSOR GENE, IS  EXPRESSED AT 
HIGH LEVELS DURING EARLY CNS DEVELOPMENT. R.V. B ha t* . 
R .C . Jo h n so n . J.M . B ara b an . В .А . Е і р р є г  AND R .E . M a in s . 
D epartm en t o f  N e u ro s c ie n c e , Jo h n s  H opkins U n iv e r s i t y ,  
S ch o o l o f  M e d ic in e , B a l t im o re ,  MD 21205.

The APC gene i s  a  c a n d id a te  tum or s u p p r e s s o r  gene  w hich  
i s  m u ta te d  in  human f a m i l i a l  adenom atous p o ly p o s i s ,  an  
au to so m a l d om inan t c o n d i t io n  w ith  p r e d i s p o s i t i o n  to  
c o l o r e c t a l  c a rc in o m a  and  p r im a ry  b r a i n  tu m o rs . W hile 
s c r e e n in g  f o r  new p e p t id e  b io s y n t h e t i c  p r o c e s s in g  enzymes 
from  a r a t  h y p o th a la m ic  cDNA l i b r a r y ,  we i d e n t i f i e d  a 
c lo n e  t h a t  la c k s  s i g n i f i c a n t  hom ology w ith  p r o c e s s in g  
enzym es, b u t  s h a r e s  95% hom ology w ith  th e  mouse and  human 
APC g e n e s . N o r th e rn  and  i n  s i t u  h y b r i d i z a t i o n  a n a ly s e s  o f  
a d u l t  r a t  b r a i n  d e t e c te d  APC e x p r e s s io n  i n  th e  o l f a c t o r y  
b u lb ,  h ippocam pus and  c e re b e l lu m . D u rin g  d ev e lo p m e n t, much 
h ig h e r  l e v e l s  o f  APC e x p r e s s io n  a r e  fo u n d  th ro u g h o u t  th e  
s p in a l  c o rd  and  b r a i n .  E x p re s s io n  d e c l in e s  t o  th e  low 
l e v e l s  s e e n  i n  a d u l t  i n  a  r e g i o n - s p e c i f i c  p a t t e r n  be tw een  
P15 and  P30, w h ile  e x p r e s s io n  in  th e  o l f a c t o r y  b u lb  
re m a in s  v e ry  h ig h  in t o  a d u l th o o d . D e ta i l e d  i n  s i t u  
h y b r i d i z a t i o n  s tu d i e s  o f  APC e x p r e s s io n  i n  h ippocam pus 
r e v e a le d  t h a t  d u r in g  d ev e lo p m en t t h i s  mRNA i s  fo u n d  in  
n e u ro n a l  c e l l  b o d ie s ,  a s  w e l l  a s  th e  a lv e u s  and  th e  mossy 
f i b e r  t r a c t s .  The p a t t e r n  o f  APC e x p r e s s io n  s u g g e s ts  t h a t  
i t  may be  im p o r ta n t  i n  s u p p r e s s in g  n e u ro n a l  p r o l i f e r a t i o n  
d u r in g  n e u r i t e  o u tg ro w th  and  s y n a p to g e n e s i s . S u p p o r te d  by 
USPHS g r a n t s  DA00266, MH00926 and  DA05525.
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263.1
CONTRAST INTEGRATION ALONG THE LENGTH AXIS OF AREA 17 
NEURONS: LINEAR OR NON-LINEAR? N.V. Swindale*. Dept. of 
Ophthalmology, Univ. of British Columbia, Vancouver, B.C., CANADA, V5Z 3N9 
There have been relatively few studies of how visual cortical cell responses depend on 
the distribution of contrast values along the length axis i.e. parallel to the preferred 
orientation. Hammond & MacKay (1983a,b) reported that inverting the contrast of a 
short segment of a bar stimulus had a veto effect, and reduced responses more than 
would be expected on the basis of linear summation. By measuring response as a 
function of the length and brightness of a uniformly bright bar, Schumer & Movshon 
(1984) found that integration was essentially linear.
I repeated Hammond & MacKay's experiment, and measured the responses of neurons 
in area 17 of anesthetized, paralyzed cats, as a function of the contrast of a central 
section, about a third of the total length, of an otherwise uniformly bright bar moving 
at a constant velocity over the cell's receptive field. Response was then compared with 
a prediction based on separate measurements of the cell's contrast response function, 
and the variation in responsiveness along the length axis. In a second experiment, 1 
measured response as a function of the contrast values, C a  & C b , of the two equal- 
length halves of a bar, for both positive and negative values of C . Iso-response 
contours in the two-dimensional plane defined by C a  & Q, were then calculated.
With, so far, only one exception, cells did not show the veto effect described by 
Hammond & MacKay: responses changed at a constant rate over a range of contrasts, 
on either side of zero, of the central section of a bar, and were reasonably well 
predicted on the basis of linear summation. Cells also behaved approximately linearly 
when the two-halves of a bar stimulus had the same sign of contrast: i.e. iso-response 
contours on a two-dimensional response plot were straight lines of the form C a + C y =  k, 
in agreement with Schumer & Movshon's results. However, for large values of C a  & 
C b differing in sign, cells sometimes exhibited a squaring non-linearity, and gave 
responses which were la r g e r  than predicted by linear summation. Supported by the 
MRC of Canada and the BC Health Research Foundation.

263.3
A M P L I T U D E  A N D  P H A S E  O F  C O N T R A S T  R E S P O N S E S  I N  L G N  A N D  V I .  

Matteo Carand ini*, David J. H eegert and J. Anthony Movshon 
Howard Hughes Medical Institute, Ctr. for N eural Science, New York Univ., 
NY 10003, and tPsychology Dept., Stanford Univ., CA 94305.

Important properties of LGN cells and cortical simple cells can be account
ed for by considering them as rectified lin e a r  spatiotemporal operators. 
However, their contrast responses are well-known to be nonlinear: (1) As the 
contrast of a stimulus is increased, response phase advances, sometimes by 
as much as 60 msec. (2) While LGN responses are roughly proportional to 
contrast, striate responses show prominent a m p litu d e  s a tu r a t io n .

For LGN and simple cortical cells recorded from anesthetized, paralyzed 
cats, we measured the am plitude and phase of the fundamental response to 
drifting gratings of different contrasts, and fit the data in the complex plane. 
The responses of LGN cells were well fit by Shapley and Victor's model for X 
ganglion cells, although with a different range of parameters than those re
ported for ganglion cells. In their model, the linear responses are high-pass 
filtered, and the low temporal frequency cutoff increases with contrast, yield
ing a prominent phase advance and a modest response saturation. Results 
from cortical simple cells were in excellent agreement with the predictions of 
our n o rm a liza tio n  model. In this model the cells mutually inhibit one another, 
effectively normalizing their responses w ith respect to stimulus energy. We 
model the cell's membrane as an RC circuit, a low-pass filter whose gain and 
time constant are scaled by the conductance, which grows with the overall 
activity of a neuronal population. Increasing the contrast, then, decreases the 
gain and the time constant of the simple cell, yielding the observed saturation 
of response am plitude and advance in response phase.

263.5
COMPUTATIONAL MODEL OF THE EFFECTS OF SHORT-RANGE EXCITA
TION AND INHIBITION ON ORIENTATION SELECTIVITY IN VISUAL COR
TEX. D. Somers*, S.B. Nelson, arid M. Sur, Dept. of Brain and Cognitive Sciences, 
MIT, Cambridge, MA 02139.

Our lab recently reported that intracellular blockade of inhibition in single cortical 
cells does not disrupt orientation selectivity (Toth et al. ’92). This is consistent with 
reports that EPSPs are well-tuned for stimulus orientation (Ferster ’86); however, it 
conflicts with reports that inhibitory blockade over a small region of cortex disrupts 
orientation selectivity (Sillito ’75). We have constructed a model of a patch of layer IV 
of area 17 in order to reconcile these and other orientation selectivity data. Model cortical 
neurons received synaptic input from LGN neurons and nearby cortical excitatory and 
inhibitory neurons. The total pattern of LGN inputs to all cells in an orientation column 
came from a 3:1 oriented patch of visual space (Chapman et al. ’91). However, the 
pattern of LGN inputs onto single cortical cells varied and was often only weakly 
oriented. Short-range cortical excitation and inhibition generated sharp orientation 
selectivity for all cortical cells. EPSPs and IPSPs recorded in single cells had the same 
preferred orientation with the IPSPs more broadly tuned. This inhibition in the absence 
of cortical excitation sharpened tuning, but also greatly attenuated response strength.

Simulated iontophoresis of the GABA antagonist bicuculline methiodode, imple
mented as an 80% blockade of inhibition on all cells in an orientation column, disrupted 
selectivity. Reduction of inhibition permitted recurrent cortical excitation to generate 
strong (but not saturating) responses to all orientations. Blockade of inhibition in single 
cells, however, produced only mild broadening of a cell’s selectivity. EPSP tuning was 
unaffected and produced well-oriented responses. Injection of hyperpolarizing current 
into a blocked cell, reducing the maximal response to pre-blockade levels, yielded 
selectivity matching that observed prior to blockade. These simulations suggest that 
all 3 types of synaptic input contribute to orientation selectivity: LGN inputs provide 
a distributed orientation bias to a column; cortical inhibition sharpens selectivity and 
reigns in excitation; short-range cortical excitation amplifies responses and integrates 
the pattern of LGN input to a column. Sudi columnar integration reduces the degree of 
specificity in afferent connections required to generate highly selective responses.

263.2
NEURONS IN CAT AREA 17 EXHIBIT BISTABLE RESPONSE GAIN 
DURING BINOCULAR STIMULATION, Frank Sengpiel and Colin Blakemore*. 
University Laboratory of Physiology, Oxford OX1 3PT, U.K.

Binocular stimulation can cause powerful interocular suppression in area 17 
of both normal and strabismic cats. In normal animals, the response of a cell 
to an optimally oriented drifting sinusoidal grating presented to one eye is 
tonically suppressed when an orthogonally oriented grating is shown to the 
other eye. In strabismic animals, responses being elicited through the dominant 
eye can be suppressed by presentation of gratings of any orientation to the 
silent eye. The depth of suppression is dramatically affected by the order of 
stimulus presentation. We measured neuronal responses as a function of the 
contrast of the stimulus to the dominant eye under three conditions:

(1) excitatory stimulus preceding suppressive stimulus,
(2) suppressive stimulus preceding excitatory stimulus,
(3) excitatory stimulus only (control).

In all cells, from normal and strabismic cats, suppression was profound (to 
<50% of control responses) when the suppressive stimulus was switched on 
with a 3 sec delay after onset of the excitatory stimulus. However, when the 
potentially suppressive stimulus started before stimulation of the dominant eye, 
suppression during the period of binocular stimulation was significantly weaker 
or completely absent, and the gain as a function of contrast was greater.

The response to a given binocular stimulus depends on the sequence of 
stimulation, in a bistable fashion. This highly non-linear behaviour, which might 
depend on different gain settings in local excitatory circuitry, may be related to 
the psychophysical phenomenon of binocular rivalry in normal human 
observers as well as to the powerful suppression experienced by strabismic 
alternators.
- Supported by the M RC and the Oxford McDonnell-Pew Centre for Cognitive 

Neuroscience.

263.4
A COMPLEX-LIKE STRUCTURE OF SIMPLE VISUAL CORTICAL 
RECEPTIVE FIELDS IS MASKED BY GABA-A INTRACORTICAL INHIBITION. 
D. E. Shulz*. V. Bringuier and Y. Frégnac. Institut Alfred Fessard. CNRS. Gif sur 
Yvette, 91198 France.

We previously reported activity-dependent changes in the ON-OFF structure of 
visual cortical receptive fields (RF) (Baranyi et al.,1991, Soc. Neurose. Abstr., 17: 
1470) which suggested that the spatial organization of Simple RFs results from a 
complex temporal interaction of excitatory and inhibitory events, for both the ON and 
OFF transitions of the visual stimulus. The role of GABA-A inhibition was studied 
using an intracellular recording micropipette, glued to a three-barrel extracellular 
electrode for iontophoresis of GABA and bicuculline methiodide (BIC), in the primary 
visual cortex of anesthetized and paralyzed kitten (5-14 weeks) and cat. The recording 
and iontophoretic tips were separated from 10 to 50 pm, and stable recordings were 
obtained for up to three hours.

With KCl (3M) filled pipettes (30-40 ΜΩ), GABA (0.5M, pH4) immediately 
depolarized the membrane potential (Vm). With KMS (2M) filled electrodes (50-70 
ΜΩ), GABA caused an hyperpolarizing response that could be reversed at around -80 
mV. In all cases, GABA drastically reduced the input resistance (Rm). The BIC (5 
mM, pH 3.5) ejection current required to antagonize the GABA-A effects was 
determined for each recorded cell. BIC applied alone at this dose did not affect Rm.

In most Simple cells, the antagonist response to an optimally oriented static 
bar presented in a given subzone of the RF (ON or OFF) is an hyperpolarization 
(respectively for the OFF or ON transition). This was suppressed by BIC application 
during RF stimulation, unmasking a suprathreshold excitatory component such that 
the extracellular discharge profile was that of a Complex cell. The initial RF structure 
was always recovered after the end of the BIC application.

These results show that the spatial segregation of ON and OFF subzones in a 
Simple RF is achieved by spatially selective inhibition superimposed on a complex
like excitatory input distributed accross the whole extent of the RF.
T h is  w o rk  w a s  s u p p o r te d  b y  H F S P  a n d  M R T  g r a n ts  to  Y.F.

263.6
ESTIMATES OF FUNCTIONAL SYNAPTIC CONVERGENCE IN RAT AND 
CAT VISUAL CORTICAL NEURONS. D.K. Smettere* and S.B. Nelson Dept. 
of Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139.

How many of the several thousand presynaptic inputs impinging on a cortical 
neuron must be active to make it fire? We measured the amplitudes of synaptic 
responses occuring either spontaneously or in response to minimal electrical 
stimulation, using whole-cell patch recording in neurons from slices of rat and cat 
visual cortex. Spontaneous EPSC’s in rat and cat cells were comparable in size, 
ranging from -0.5 to -97pA, with the vast majority falling between -2 and -20pA. 
Amplitude distributions had peaks at different values for different cells (-2.5 to 
lOpA), but had a similar skewed shape for all cells. Although spontaneous events 
showed a wide range of time courses, electrotonic filtering is unlikely to account 
for the variability in amplitude; events with the fastest time courses showed the 
same range of amplitude variation as the whole population. TTX tended to 
eliminate the largest events, and had more of an effect on layer 5 than layer 2/3 
cells. Spontaneous EPSP's ranged from 0.19 to 3.58mV, with distributions for 
individual cells peaked between 0.35 and 1.1 mV.

Small electrical stimuli were applied to the piai surface or underlying white 
matter to evoke responses in single or a small number of presynaptic afferente. 
Such responses appeared to be unitary, exhibiting a large percentage of clear 
failures. The amplitude distribution for minimal responses showed a large degree of 
overlap with the distribution of spontaneous EPSC’s in the same cell. Such 
responses showed a large degree of trial-to-trial variability, and occasionally 
produced peaked amplitude distributions. Spike threshold, measured as the voltage 
produced by a large synaptic stimulus or current injection sufficient to produce a 
spike on -50% of trials, was approximately 15mV above resting membrane 
potential. Given the amplitudes of spontaneous and minimal evoked synaptic 
responses, if individual inputs were to sum linearly, only a small number (5-50) 
would be necessary to produce an action potential in a postsynaptic cell.

Supported by HHMI (D.S.), EY06363 (S.N.), and EY07023 to M. Sur.
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263.7
SHORT-TERM PLASTICITY OF MINIMAL SYNAPTIC CURRENTS IN 
VISUAL CORTICAL NEURONS. S.B.Nelson* and D.K.Smetters. Dept. of Brain 
and Cognitive Sciences, MIT, Cambridge, MA 02139.

During a visual stimulus a single presynaptic input to a cortical neuron may 
fire multiple times. How does this repeated activation affect synaptic transmission? 
Low amplitude electrical stimuli were used to evoke small (10-80 pA) excitatory 
synaptic currents during whole-cell voltage-clamp of neurons from slices of rat and 
cat visual cortex. Responses often appeared to be unitary-they were similar in 
amplitude to spontaneously occurring EPSCs and apparent failures of transmission 
were common.

Pairs of stimuli separated in time resulted in facilitation or depression 
depending on the interval and stimulation site. At brief intervals (50 ms) 18/34 cells 
showed facilitation and 11 cells showed depression. Facilitation was more common 
for cells stimulated at the piai surface (13/17) than at the white matter (5/17). 
Facilitation was absent at longer intervals (200 ms), consistent with results from 
large amplitude stimuli (Nelson et al., ’92). Facilitation was not use-dependent (even 
responses following failures were facilitated), and was associated with a decrease in 
the failure rate and in the coefficient of variation (CV) of the response. These results 
are consistent with a presynaptic mechanism for facilitation as suggested at 
hippocampal and other synapses. Depression was use-dependent (responses 
following failures were not depressed), and often the degree of depression depended 
on the amplitude of the initial response. In some cases depression was associated 
with an increase in the failure rate and the CV, while in other cases the failure rate 
and CV remained the same. These results suggest that depression can occur through 
both pre- and postsynaptic mechanisms. Changes in CV observed during facilitation 
and depression were due to changes both in the mean and the variance of the 
response. This implies that the immediate firing history of a presynaptic fiber can 
profoundly influence not only the amplitude but also the reliability of its synaptic 
transmission. Supported by EY06363 (SN), HHMI (DS) and EY07023 (to M. Sur)

263.9
INABILITY OF VISUAL AREA V1 OF THE AW AKE RH ESU S MONKEY TO 
DISCRIMINATE BETW EEN SELF-INDUCED AND EXTERNALLY- 
INDUCED RETINAL IMAGE SLIP. Uwe Ila* and Peter Thier. Neurologische 
Universitätsklinik, Hoppe-Seyler-Str. 3, D-7400 Tübingen, Germany.

Retinal image movement may be due to either ego-motion or motion of 
objects in the environment. For the perception of a stable environment, the 
ability to distinguish between these two types of retinal image slip is crucial. 
We have recently suggested that the ability to distinguish between externally 
and self-induced retinal image slip may be located in visual area MST1. It is 
of interest to know whether this ability is first established in MST or 
forwarded from some earlier stage of visual processing. We therefore 
compared responses of neurons recorded from visual area V1, the first 
stage of cortical processing of visual information, to retinal image slip caused 
by ego-motion and object motion. Object-induced retinal image slip was 
realized by moving a pattern (bar of optimal length and orientation, random 
dot pattern) across the visual receptive field while the monkey maintained 
fixation of a small visual target. Self-induced retinal image slip was realized 
by having the monkey pursue a moving target, thereby sweeping the visual 
receptive field over the stationary pattern. Trials of object motion and self- 
motion were presented interleaved. To date we have tested 140 neurons 
recorded from two rhesus monkeys. 20% of the neurons displayed 
directionally selective responses. The ability to discriminate between 
externally and self-induced retinal image slip displayed a gaussian 
distribution centered at the value for neurons that were unable to 
discriminate between the two types of retinal slip. This distribution was 
obtained independent of pattern used as stimulus. No difference in the ability 
to discriminate between the two types of retinal image slip could be seen 
between directionally selective and non-selective neurons. Our results 
suggest that V1 shares with area MT the inability to distinguish between self- 
induced and externally-induced retinal image slip and strengthens the 
hypothesis that the perception of a stable visual environment is established 
rather late in visual processing1.

Supported by DFG , K FG  Neuroophthalmologie 
1 Erickson R.G., Thier P. (1991) Exp. Brain Res. 86: 608-616

263.11
D IR EC TIO N  S E L E C T IV IT Y  IS G E N E R A T E D  BY  L IN E A R  
SU M M A T IO N  O F  P S P S  IN  S IM P L E  C E L L S  O F  C A T  
VISU AL C O R T E X . B. Jagadeesh*. H .S. W heat & D. Ferster 
Dept. o f N eurobiology, Northwestern Univ., Evanston, EL 60208.

Direction selectivity in cortical neurons has been proposed to arise in 
part from nonlinear mechanisms such as shunting inhibition evoked by 
motion o f a visual image in the non-preferred direction. Extracellular 
experiments support this proposal: linear summation o f  responses to 
stationary stimuli correctly predicts a ce ll’s preferred direction o f m o
tion, but consistently underestimates its degree o f directionality (J . 
Neurophysiol. 66:505). When w e examined the mechanisms underly
ing direction selectivity with intracellular recording, w e found that the 
cells were highly linear.

W hole-cell patch recordings in the current-clamp m ode were ob
tained from simple ce lls in anesthetized cats (J. Neurosci. 12:1262). 
Stationary gratings were contrast modulated within the receptive field at 
8 different spatial phases. A s expected from extracellular experiments 
in directional ce lls , stationary gratings o f different spatial phases 
evoked responses with different latency to peak. R esponses to drifting 
gratings were m odeled by sum m ing responses to the stationary 
gratings with appropriate temporal shirts. T hese sum s c lo se ly  
resembled the synaptic potentials evoked by drifting gratings, and 
accurately predicted the degree o f directionality.

In m ost ce lls , the directionality o f  action potentials recorded 
intracellularly was greater than that o f the synaptic potentials, possibly  
as a result o f the action potential threshold. This threshold enhancement 
of directionality may explain the nonlinearity observed in extracellular 
experiments. Directionality in simple cells, then, is initially established 
by linear summation o f PSPs o f  different latency evoked from different 
parts o f  the receptive field, and is subsequently enhanced by a static 
threshold nonlinearity.

2 6 3 .8
CHANGES IN ORIENTATION TUNING OF STRIATE CORTICAL 
NEURONS FOLLOWING REVERSIBLE INACTIVATION OF THE 
INFRAGRANULAR LAYERS. J.D. Allison1’. E.J. DeBruvn2. and A.B. 
Bonds2. Depts. of Cell Biology1 and Electrical Engineering2, Vanderbilt 
University, Nashville, TN. 37232-2175.

Intracortical inhibition is believed to enhance orientation selectivity in 
striate cortical neurons. To test whether infragranular cells restrict the 
orientation tuning of other striate cortical neurons, we inserted a three- 
barrelled micropipette into layers V and VI of the striate cortex of 5 cats. 
Two barrels contained 0.5M GABA in saline for inactivating infragranular 
cells while a third contained a 5% solution of HRP in saline for marking the 
electrode’s position and to provide a balancing current during GABA 
iontophoresis. A second electrode was lowered into cortex to record the 
activity of single neurons in the column above the inactivated area. The 
spatio-temporal response properties of each cell were measured using 
standard techniques. GABA was then iontophoresed into the infragranular 
layers using a continuous 100 nA current. The responses of each cell were 
tested during GABA application and at 10 min intervals during recovery. 
During GABA application, 9 (45%) of 20 cells demonstrated an average shift 
in optimal orientation of 6.67° (± 5.77) and their tuning broadened on average 
by 66.46%. In most cases this broadening was asymmetric. Interestingly, in 
these cases the recording and iontophoresis electrodes were not aligned within 
the same column of cells. After discontinuing the GABA application, the 
tuning curves returned to normal within 20 min. We conclude that cells 
within the infragranular layers of striate cortex in cats enhance the 
orientation tuning of more superficial striate cortical neurons.
Supported by NEI grants F32 EY06410 (J.D.A), ROl EY03778 (A.B.B), and 
ROl EY01778 (V.A.C.)

2 6 3 .1 0

LINEAR A N D  N O N LIN EA R  QUADRATURE-PH ASE  
CONTRIBUTIO NS TO DIRECTION SELECTIVITY IN  V ISUAL  
CORTEX N EU R O N S. C .L.Baker (Jr.)* M cGill V ision  R esearch  
U nit, M ontreal, PQ C anada H 3A  1A1.

V isual cortex neurons (A17 and A18) in  the cat w ere studied  
u sin g  "reverse correlation" w ith  a sp atia lly  one-dim ensional, 
ternary w hite noise stim u lu s. Contour p lots o f first-order 
(linear) spatiotem poral correlogram s for sim ple ce lls typically  
revealed  d iscrete "islands" o f excitation  and inh ib ition, 
corresponding to classical ON- and O FF-responses. W eak  
"bridges" through quadrature-phase points, as w ell as  
asym m etries in  tran sien t vs. su sta in ed  behavior, contributed to 
non-separability  o f the linear spatiotem poral behaviour o f  
direction selective cells.

Second-order (nonlinear) space-tim e plots for com plex as w ell 
as sim ple cells typically  revealed  d irectional in teractions for 
spatia l and tem poral separations corresponding approxim ately to  
quadrature-phase. Often th ese  nonlinear in teractions w ere 
stron gest a t characteristic va lu es o f optim al sp atia l and tem poral 
separation , con sisten t w ith  space-tim e separability  o f  the  
nonlinearity. D irectional selectiv ity  o f m ost sim ple cells had  
both linear and nonlinear contributions, w hile  th at o f com plex  
cells w as entirely  nonlinear.

Supported by a C anadian MRC grant (M A-9685).
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264.1

ENHANCED SURVIVAL OF DOPAMINE (DA) NEURONS IN HIBERNATION BUFFER 
USING TROFHIC SUPPLEMENTS. P.M. Carvey*, D.H. Lin, and L.R. Ptak. Dept. of 
Neurology, Rush-Presbyterian-St. Lukes Med. Ctr. Chicago. IL 60612.

The viability of DA neurons following fetal nigral transplantation into the 
striatum of animals and patients with parkinsonian symptoms is very low. 
It may be possible to enhance the viability of DA neurons by "precondition
ing" the tissue in a hibernation media prior to implantation. E15 rostral 
mesencephalic tegmentum (RMT) was harvested, dissociated and 1 ml 
aliquotes (lxlO6 cells) of the suspension was added 1:1 to a hibernation 
buffer consisting of 108mM KH2P04, 60mM KjHPO*, 390 mM D-sorbitol, 
lOmM D-glucose, 20mM sodium lactate, 100 units/ml penicillin G and 100 
ug/ml streptomycin and one of the following supplements: 1- neat, 2- fetal 
calf serum, 3- 20 ng/ml epidermal growth factor (ĘGF), 4- crude striatal 
extract 5- 200 ng/ml brain derived growth factor (BDNF)j or 6- 8% human 
umbilical serum 1 (HUS). Viability (trypan blue exclusion) was assessed 
prior to hibernation and 5 days following hibernation at 4°C. After 5 days 
of hibernation, 100,000 viable cells from each hibernation condition was co
cultured with established (5 days) E15 striatal tissue (100,000 cells). After 
72 hours, the cells were fixed and stained for tyrosine hydroxylase 
fTOHase). Tissue viability was dramatically reduced from 95 to 59% by 5 
days in hibernation buffer only. All tissue supplements had greater tissue 
viability (80-92%). 0.085% of freshly harvested striatal co-cultured
mesencephalic tissue was TOHase positive. Only 15% of the cells stored in 
hibernation buffer alone stained for TOHase while 26, 24, and 35% of the 
cells stored in hibernation media supplemented with FCS, EGF, and HUS 
respectively, were TOHase positive. These data demonstrate that hibernation 
dramatically reduces the viability and growth of DA neurons which can be 
partially overcome by trophic supplementation. By manipulating the trophic 
environment within the hibernation media it may be possible to raise or 
exceed the viability of DA neurons to that observed using freshly harvested 
RMT. This would represent a practical strategy for fetal nigral transplanta
tion for Parkinson’s disease.

264.2
IMMUNOSUPPRESSION MAY BE UNNECESSARY FOR 
TRANSPLANT SUCCESS AFTER HUMAN FETAL DOPAMINE 
CELL IMPLANTS IN PATIENTS WITH PARKINSON’S DISEASE. 
CR Freed1 . RE Breeze1. NL Rosenberg1. SA Schneck1, CF O’Brien1. 
EH Ķrigk*1, Y-в .Zhang1, к  MftzzİQtta2, SC Huang2, Q Şçhrptgr1, and 
AA Ansari3. 1: U. Colo. Sch. Med., Denver, CO; 2: UCLA Sch. 
Med., Los Angeles, CA; and 3: Emory U. Sch. Med., Atlanta, GA.

We have transplanted human embryonic mesencephalic tissue 
containing dopamine cells into the brain of thirteen patients with 
advanced Parkinson’s disease aged 39 to 67. Implants were bilateral into 
the putamen in 11/13 with 8/13 receiving tissue from a single embryo 
and 5/13 from two embryos of 7 to 8 weeks’ gestation. Alternate 
patients were immunosuppressed with cyclosporine A and prednisone. 
Results showed that most improvement was seen by 6 months after 
surgery. Drug doses were reduced by up to 50% in most patients. 
Improvement appeared to be better in patients who were not 
immunosuppressed. Patients over the median age (57) did less well than 
younger patients. Recipient sera and peripheral blood mononuclear cells 
post transplant failed to show detectable donor MHC-specific reactivity 
in these patients. We conclude that immunosuppression may not be 
necessary for successful fetal dopamine cell implants. Advancing age 
may limit transplant success.

264.3
FETAL DOPAMINERGIC NEURAL TRANSPLANTATION FOR 
TREATMENT OF PARKINSON’S DISEASE: OUTCOME AFTER 
ONE YEAR. A. Fine, P. Gaudet, D. King, R. Holness. J. Fisk*. L. 
Heffeman, R. Poirier, R. Chalmers, C. Leopold, B. Snow. F. 
Fingerhut, A. Lang, M. MacKav-Lvons, H. Robertson and D. Caine. 
Dalhousie University and Victoria General Hospital, Halifax, NS, 
CANADA B3H 4H7.

We have performed experimental neural transplantation therapy for 
Parkinson’s disease on 5 severly impaired patients. Performance on a 
wide range of motor tasks (including the Unified Parkinson Rating 
Scale and other measures) was monitored throughout the day at 
monthly intervals for at least 6 months before, and up to 20 months 
after, transplantation. Patients were monitored with their routine 
medication or, on alternate sessins, after overnight withdrawal of 
medication. Ventral mesencephalic tissue from fragments of 5-8 week 
gestational age fetuses was collected and refrigerated during 
virological and bacteriological testing; a cell suspension of pooled, 
uncontaminated tissue was injected stereotaxically along multiple 
trajectories, computed according to CT scan, in the putamen 
contralateral to the more severely affected side. Patients received 
cyclosporin for the first 6 postoperative months. Fluorodopa PET scan 
indicates a progressive increase in striatal DOPA uptake, restricted to 
the operated striatum, at least 1 year postoperatively.

264.5
MODIFICATION OF STRIATAL NEUROPEPTIDE GENE EXPRESSION IN PARKINSON'S 
DISEASE: OJANHTAIIVE: IN SIIU HXEMDDSATICN STUDIES IN MAN 
QJF Foster», A Nisbet, A Kingsbury, AJ Lees, CD Marsdm PDS Erein Bank 
In s titu te  o f Neurology, 1 tøkefield  Street,LONDON WC1N 3BG U.K.

Previous studies in  animal models o f Parkinson's disease (PD) have 
demonstrated a lte red  neuropeptide mRNA expression in  the dopamine 
depleted striatum , with increased expression o f preproenkephalin (PPE) 
mRNA arri decreased expression of prepretachykinin mRNA (encoding 
substance P, SP). We used quantita tive in  s i tu  hybridisation h is to 
chemistry to  explore the p o ss ib ili ty  th a t s im ilar changes occur in  man 
in  PD. Lange (3cm x 4cm) 12μ sections cut from fla sh  frozen ooncnal 
blocks a t  the level o f the mamnillary bodies vere studied in  10 PD and 
11 age matched control brains. Preliminary studies demonstrated good 
mRNA preservation and adequate histology in  approximately 60% of samples, 
and these were studied in  subsequent work. Sections were hybridised with 
3 5 - S  і  я Һр>1 1 a d  oligonucleotide probes fo r SP and PPE mRNA. Quantitation 
o f mRNA expression using ccnputerised image analysis revealed a  100% 
increase in  PE mRNA expression in  the FD caudate compared with ocntnols 
(p=0.05, Ffem-Whitney U te s t ) .  A sim ilar trend was observed fo r putamen 
although th is  did not reach s ta t i s t ic a l  significance. Mean SP mRNA 
expression in  both caudate and putamen was lower in  PD, though th is  did 
not reach s ta t i s t ic a l  significance. These preliminary studies suggest 
th a t the dopaminergic nigrast r i a t a l  pathway regulates s t r i a ta l  neuro
peptide gene expression in  man, and th a t changes sim ilar to  those seen 
in  animal models of s t r i a ta l  dopamine depletion occur in  Parkinson's 
disease.

264.4
LONG-TERM EFFECTS OF HUMAN FETAL 
MESENCEPHALIC TISSU E IMPLANTATION IN 
PARKINSONIAN PATIENTS. K.L. Marek* D.D. Spencer, F. 
Naftolin, R.J. Robbins, A.E. Farhi, C.C. Serrano, T.L. Vollmer, 
A. Gerber, L. Levy, C. Leranth, R.H. Roth, B.S. Bunney, KJ. 
Sass, L.H. Price, R. Makuch, A. Gjedde, D.E. Redmond. Yale 
Neural Transplant Program, Yale Univ. New Haven, CT 06510

We and otters have reported modest improvements in activities of 
daily living and motor function scores in parkinsonian patients 
following fetal implantation. However, small numbers of patients, 
varied surgical and assessment techniques, and brief duration of 
observation have limited the assessment of this procedure. We 
stereotaxically implanted the non-dominant caudate nucleus in four 
patients with cryopreserved fetal substantia nigra. Patients have 
been evaluated using standardized neurological, psychiatric, 
neuropsychological, and imaging studies. Examinations were 
performed on and off dopaminergic drugs.

Analysis of three patients (for 48 months) suggests continued mild 
improvement in activities of daily living scores and in motor 
function as compared to a control group of parkinsonian patients 
(evaluated using identical measures for a one-year period without 
surgery). The patients medication requirements (L-Dopa) have 
continued to diminish during the post-operative period. There was 
no significant neurosurgical or psychiatric morbidity. Additional 
followup and more patients are required to determine whether fetal 
human transplants are safe and useful clinically. Supported by the 
GMarold and Leila Y. Mathers Charitable Foundation and Axion Research 
Foundation.

264.6
AN IN VIVO PROTON MR SPECTROSCOPIC STUDY OF PATIENTS WITH 
PARKINSON’S DISEASE: EVIDENCE FOR GLUTAMATE-MEDIATED
EXCITOTOXICITY. J.M. Tosk*. D.B Hinshaw, Jr., A.D. Will. L.P. Bozzetti and 
B.A. Holshouser. Psychiatry and Neurology Services, J.L. Pettis VA Medical 
Center and Depts. of Neurology, Radiology, Psychiatry and Physiology, Loma Linda 
Univ. Sch. of Med. and Parkinson’s Research Center, Loma Linda University, Loma 
Linda, CA 92357.

Improvements in the assessment of brain metabolism are urgently needed for the 
development of new treatments for the symptomatic and neuroprotective therapy of 
idiopathic Parkinson’s disease (PD). The objective of the present study was to use 
the technique of in v iv o  localized proton magnetic resonance spectroscopy (MRS) 
for characterizing brain metabolism in the globus pallidus (GP) of patients with PD. 
Since MRS can detect certain neurotransmitters, including glutamate (GLU), we 
sought to test the hypothesis that levels of GLU, a potentially excitotoxic agent with 
a possible role in die pathophysiology of PD, would be elevated in the GP in 
patients with PD relative to age-matched control subjects. Spectra were recorded 
from 31 patients (64±11 yrs) and 22 control subjects (60.2±8 yrs) using a 1.5 T MR 
imager (Magnetom 63 SP, Siemens, Iselin, NJ) with a standard CP head coil and 
spectroscopy package. T2-weighted axial and coronal and gradient echo sagittal 
images were acquired for volume localization. After shimming, a double spin echo 
technique, TR/TE= 1600/135 msec, 256 acquisitions, 1024 data points and water 
suppression was used to acquire two 8 cm3 volumes localized on the left and right 
GP (two spectra/subject). In patients, 26/56 spectra demonstrated resonances at 
either 2.35 or 3.75 ppm consistent with detectable levels of GLU. In controls, only 
2/39 spectra demonstrated detectable levels of GLU. This difference was significant 
(/>=0.000822). No significant differences were seen when levels of GABA or 
phosphoinositols were compared. MRS may therefore be useful in understanding 
the role of glutamate excitotoxicity in PD and other neurodegenerative diseases. 
Supported in part by the National Parkinson Foundation and the Parkinson’s support 
groups of Southern California under the direction of Mary Willis.
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264.7

D2 RECEPTOR BLOCKADE BY CALCIUM ANTAGONISTS 
MEASURED WITH IBZM-SPECT. T. Brücke*. C. Wöben C  Harasko- 
vanjęr Mçgr, ş t Aşçntpaum^ş, Wenger, ş , Aulì ąnd ı t PQ^gka, 
Neurol.Univ. Clinic, Währingergürtel 18-20, A -1090 Vienna, Austria 

Since several years it is known that the calcium channel blockers 
flunarizine and cinnarizine can produce parkinsonian symptoms but the 
pathomechanism of these side effects is still under discussion. Therefore 
we were interested to study the effects of flunarizine and cinnarizine in 
humans in vivo and to measure dopamine D2 receptor binding with 
SPECT in patients treated with these substances. We examined 32 patients 
aged 22 - 77 years, treated with flunarizine (n=26, 5-15mg/day ) or 
cinnarizine (n=6,75-225 mg/day). The duration of therapy ranged from 2 
weeks to 4 years. The control group consisted of 23 volunteers (healthy 
subjects or patients with peripheral neurological problems), aged 25 - 77 
years. For visualization of dopamine D2 receptors we performed SPECT 
using [1231] labeled S-(-)-iodobenzamide ([1231] -S(-)IBZM). D2 receptor 
binding was reduced in all patients without any exception between 14 and 
72% (41± 15). This was most marked in elderly patients with 
parkinsonian symptoms and long duration of therapy (47 ± 14%, 
p=0.025, n=16). After discontinuation of therapy D2 binding recovers 
sowly over several months, which goes parallel with clinical recovery 
from parkinsonism. Preliminary results in 7 patients under verapamil show 
similar findings to a lesser degree. The present study shows for the first 
time, that flunarizine and cinnarizine markedly block striatal D2 receptors 
at clinical doses. This effect correlates with the occurrence of parkinsonian 
symptoms and is only slowly reversible. It therefore seems likely, that this 
is the major reason for the development of extrapyramidal side effects 
under flunarizine or cinnarizine treatment. Also verapamil seems to have a 
D2 receptor blocking effect.

264.9

OPIATE RECEPTOR BINDING IN THE MPTP PRIMATE 
MODEL OF PARKINSON'S DISEASE BY PET. D. J. 
Doudet*. R.E. Carson. M.A. Channina. T.G. 
Aigner. M. Der. S. Fluck and R.M. Cohen. 
Clinical Brain Imaging/LCM NIMH; Nuclear 
Medicine Dept. CC; Lab. of Neuropsychology, 
NIMH, NIH, Bethesda, MD 20892.

Abnormalities in opiod peptides and naloxone 
binding have been reported in patients with 
Parkinson's disease. In this study, we used PET 
to examine the in vivo binding of 18F-cyclofoxy 
(CF) (an analogue of naltrexone that binds to mu 
and kappa opiate receptors) in the MPTP-treated 
monkeys'brain (N=4) compared to controls (N=7).

Equilibrium was produced by combining a bolus 
and a continuous infusion of CF. Total distribu
tion volume (DV) was measured in the anesthe
tized monkey. In the MPTP monkeys, CF DVs were 
significantly (p<0.02) decreased (20-25%) in 
thalamus, amygdala and caudate nucleus and 
showed a trend (p<0.07) in the putamen. CF DVs 
in the cerebellum (area of non-specific 
binding), hippocampus and cortex were unchanged.

This decrease in DV of CF, could reflect a 
change in receptor number or an increase in 
endogenous levels. These changes in opiate 
receptor function may be involved in some of the 
behavioral impairment observed in these monkeys.

264.11
IMPAIRED, TIME PERCEPTION IN PARKINSON'S 
DISEASE IS REVERSED WITH APOMORPHINE.
C MalapaniL B. PeweerL B. Pillon«. B. Dubois«, Y Agid«. B.GL 
Ratøtim, T.P. Penney*, £И_НіпішР, J. .Gibboni & W.tLMecfr*· 
INSERM U289 & Hôpital Salpetrière, Paris, France 75013«, Dept. of 
Biopsych., New York State Psychiatric Institute, NY, NY 10032*, and 
Dept. of Psych., Columbia University, NY, NY 10027t.

Impaired interval timing in rodents with striatal dysfunction, resulting 
from 6-OHDA lesions in the substantia nigra, is reversed after levodopa 
treatment (Meek, B eh. B ra in  R e s ., in press). In order to evaluate the 
role of the striatum in timing and time perception in human cognition, 
patients with Parkinson’s Disease (PD, n=10), were evaluated with a 
peak-interval (PI) timing procedure in which durations of 8s and 21s 
were reproduced. Subjects timed a visual signal presented on a 
computer screen and feedback concerning the temporal accuracy and 
precision of their responding was provided at the completion of a fixed 
percentage of PI trials. PD patients treated regularly with apomorphine 
were studied in a counterbalanced manner: 1) when dopamine 
transmission was low, in the “o ff ’ treatment state and 2) when switched 
to the “on” state, following subcutaneous apomorphine infusion, at the 
time of maximal clinical benefit. Patients in the “o ff ’ state exhibited an 
impairment in timing accuracy and precision, such that the 8s signal 
was represented as longer and the 21s signal was represented as 
shorter. These distortions in timing and time perception were corrected 
when patients were in the “on” state, suggesting that temporal 
processing in the seconds to minutes range is dependent upon 
dopaminergic function in the striatum.

264.8

SPECT IMAGING DEMONSTRATES LOSS OF STRIATAL MONOAMINE TRANSPORTERS IN 
PARKINSON’S DISEASE. R.B. Innis. J.P Seibyl, B.E.Scanley, M. Laruelle, A.Abi-Dargham, E.A. Wallace, 

R.M.Baldwin, Y.Zea-Baldwin, Y.Zea-Ponce, S.Zoghbi, S.Wang, Y.Gao, J.L Neuroeyer, D.S. Charnsy, P.B. Hoffer, 
and K.L Marek.  Yale Univ. & va Med Ctr, West Haven, CT 06516 and Research Biochemicals Int., Natick, 
MA.

[i23i]ß-CIT (2 ß -ca rb o m eth o x y -3 ß -(4 -io d o p h en y l)tro p a n e;a lso  
designated RTI-55) labels dopamine transporters and is a marker of  
neurons that degenerate in Parkinson’s disease. SPECT (single photon 
em ission computed tomography) im aging with [123I]ß-CIT was 
performed in 5 patients with idiopathic Parkinson’s disease (age 56±5 yr; 
mean ±SEM) and 5 healthy subjects (58±6 yr) and was analyzed relative 
to several outcome measures: striatal activity, volume o f distribution, 
Patlak slope, and ratio o f striatal to occipital activity. The clearance of the 
parent tracer measured in serial arterial samples was not different between 
patients and healthy subjects. Striatal activity in healthy subjects peaked 
at 8-15 h, while that in Parkinsonian patients peaked by 2-3 h at 30-50% 
o f levels in control subjects. Kinetic analyses o f  plasma and brain 
activities suggest that this decrease was due to a loss of approximately 
65% o f target sites in patients compared to healthy subjects, with greater 
losses in putamen than in caudate. The SPECT outcome measures on day 
2 were significantly different between healthy subjects and patients 
(pcO.OOl) and showed no overlap between the two groups. All patients 
showed lateralized differences in striatal uptake, with greater losses in the 
striatum contralateral to the side of the body with initial symptoms.

These preliminary results suggest that [123I]ß-CIT is a marker for the 
loss o f striatal DA terminals in patients with Parkinson’s disease and 
could be used with widely available SPECT methodology for early 
diagnosis and monitoring o f progression o f the disease.

264.10
ALTERNATING WORD FLUENCY DEFICITS Ш  PARKINSON DISEASE
R.F. Zee*, E. Landreth, S. Fritz, A. Hasara, W.
Fraizer, S. Wainman, M. McCool, E. Grames, J. Belman,
C. O'Connell, R. Harris, R. Robbs, R. Elble, and B. 
Maryam. Alzheimer Disease Center, So. Illinois Univ. 
Sch. of Med., Springfield, IL 62708.
Word fluency in non-demented Parkinson disease (PD) 
patients and elderly control subjects was studied with 
a Phonemic Task (FWF) using the letters F, A, and S, a 
Semantic Task (SWF) using the categories animals, boy's 
names, and states, and an Alternating Task (AWF) 
requiring the subject to alternate between colors and 
occupations, animals and states, and words beginning 
with C and P. The subjects were 50 PD patients and 57 
age-matched elderly controls. The number of words 
generated did not differ for trials with F, A, S, 
animals, or states, but PD patients generated 
significantly less boy's names (t-tests). PD patients 
generated significantly less words on each of the three 
Alternative Word Fluency trials. The PD patients 
scored 19% lewer than the elderly control group on AWF 
(total), but only 8% lewer for the FWF and SWF. Our 
findings do not support previous reports of impaired 
word fluency in non-demented PD patients. The impaired 
performance when rapid alternation of set was required 
can be considered a type of executive functioning 
deficit and is consistent with the growing literature 
suggesting frontal systems dysfunction in PD.

264.12
INFLUENCE OF LEVODOPA TREATMENT ON JAW MOVEMENTS IN 
PARKINSONIAN PATIENTS. L.T. Robertson*, J. Hammerstad. and H. Ueno. 
Depts. of Biol.Struct. & Fune., Neurol., and Fix. Prosthodont., Oregon Health Sci. 
Univ., Portland, OR 97201

The basal ganglia contribute to smooth execution of rhythmic and voluntary 
movements, although their contribution during jaw movements is poorly understood. 
This study tests the hypothesis that Parkinson’s disease (PD) produces deficits in 
normal and voluntary jaw movements and that treatment with levodopa improves 
particular aspects of the performance. Six subjects with idiopathic PD and matching 
controls were tested on a series of tasks requiring different jaw movements. PD 
subjects were tested during the OFF state (without medication for 10 hrs) and during 
the ON state (1 hr. after taking carbidopa-levodopa). Measurements were made of 
jaw trajectory, velocity, and force during normal and fast movements of the jaw, 
chewing, paced movements (1-3/sec), and episodic clenching.

Performance of the PD subjects was significantly worse than performance by 
normal subjects on all tasks except for the rate of normal chewing and the timing 
of paced jaw movements. The deficits included decreases in vertical jaw opening, 
velocity during opening and closing, vertical opening during normal chewing, and 
EMG activity during clenching. Treatment with carbidopa-levodopa resulted in 
significantly improved performance in vertical opening during chewing and increased 
EMG activity during clenching but only a slight improvement in velocity. However, 
the performance for PD subjects after treatment was still significantly inferior to that 
of the controls and occasionally an individual subject showed worse performance 
during the ON state than during OFF state for a particular task. These data 
demonstrate that Parkinson’s disease results in jaw motor deficits which are similar 
to movement deficits of other parts of the body and that levodopa treatment results 
in an improvement in the magnitude of the muscle response during particular tasks.
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265.1
Rat 5 HT3  Receptor Exp ression  in the Central and Peripheral 
Nervous System s -  an in S itu  Hybridization Study. David S. 
Johnson* and Stephen F. Heinemann. The Salk Institute, La Jolla, CA 
92037; UCSD, Group in Neurosciences, San Diego, CA 92037.

In situ hybridization studies utilizing 35S- and 33P-labeled antisense RNA 
probes on 20μ rat brain sections reveal that the 5НТз receptor is expressed 
in many regions. The receptor is expressed in rat mostly in homologous 
areas reported by Tecott, et al. in mouse (PNAS 90 1430-1434V however, 
we have found many more regions of expression. This may be due to 
variation in expression pattern between species, and/or differences in 
detection sensitivity combined with very tow levels of expression (which we 
see in many regions). The glomerular layer in the olfactory bulb and the 
medial habenula exhibit the highest levels of receptor RNA expression. All 
regions of cerebral cortex (entorhinal, cingulate, insular, piriform, orbital, and 
neocortex) exhibit expression, with layers II and III of neocortex possessing 
most of the signal. Many areas in the basal forebrain express the receptor -- 
medial septum, vertical and horizontal limbs of the diagonal band of Broca, 
nucleus basalis of Meynert, and the olfactory tubercle all express moderate 
levels of the receptor. The striatum and nucleus accumbens also show 
expression. As in the mouse, expression within the hippocampal formation 
appears to be restricted to interneurons. All nuclei of the amygdaloid 
complex exhibit expression, but vary in the type of expression -- many cells 
having a tow level of expression vs. few cells having a moderate level. Many 
hypothalamic and brain stem nuclei exhibit expression. Spinal cord sections 
revealed signal in both dorsal and ventral horns -- expression varies at 
cervical, thoracic, and lumbar levels. Expression in the PNS includes DRG 
neurons, sympathetic ganglion neurons, and parasympathetic ganglion 
neurons in the intestinal myenteric plexus.

265.3
CHIMERIC MICE WITH TARGETED DISRUPTIONS OF THE 5-HTic 
RECEPTOR GENE. L.H. Tecott*. L. Sun and D. lulius. Depts. of 
Pharmacology and Psychiatry, University of California, San Francisco, CA 
94143-0450.
The 5-HTic receptor is a major serotonin receptor subtype in the central 
nervous system. It is expressed in limbic system structures, in regions 
involved in sensory processing and in the choroid plexus. Central nervous 
system effects attributable to the 5-HTļc receptor are difficult to determine 
pharmacologically, due to a lack of specific agonists or antagonists for this 
recepto»· subtype. In situ hybridization analysis demonstrates restriction of 5- 
HTic mRNA to the nervous system, with expression in the choroid plexus by 
E14.5 and a brain expression pattern similar to the adult distribution by El 7. 
To investigate the functional significance of this receptor in development and 
in the adult central nervous system, we are generating mice with targeted 
disruptions of the X-linked 5-HTic receptor gene. A targeting vector (pKNR) 
containing 8.5 Kb of genomic sequence with a small insertional mutation 
introducing a translational stop codon into the fifth membrane spanning 
domain was constructed. A thymidine kinase cassette was inserted to flank 
the region of homology, allowing for use of a positive-negative selection 
strategy. Following electroporation of the pKNR construct into embryonic 
stem (ES) cells and d rug  selection w ith G418 and FIAU, targeted 
recombination was observed with a frequency of 1/46 clones. We have also 
isolated ES cell clones with targeted disruptions of the first transmembrane 
domain of the 5-HTic receptor. The disruption of this X-linked gene in a 
male ES cell line should render these cells unable to produce functional 5- 
HTic receptors. Therefore, chimeric mice with extensive ES cell contributions 
may exhibit abnorm al phenotypes. We are currently  exam ining the 
phenotypes of chimeric mice with ES cell contributions exceeding 70%.

265.5
CH ARACTERIZATION  O F TH E S T R U C T U R E  AND ORGANIZATION O F  THE  
RAT 5 -H Ĩ2  R E C E P T O R  G E N E , Allison C . Chin*. Steven J. Garlow and 
Roland D. C iaranello . Nancy Pritzker Laboratory of Developmental and 
Molecular Neurobiology, Dept. Psychiatry, Stanford University, Stanford, CA  
94305.

The 5-HT2 receptor gene is contained on two overlapping genomic clones 
we isolated which cover a span of approximately 20 kb. Exon/intron 
boundaries have been confirmed directly by sequence analysis. Primer 
extension analysis w as used to map the 5'-end of the transcript to a single 
site residing 1167 nt upstream of the initiator ATG. This assignment w as 
confirmed by reverse trancriptase-pcr of whole brain polyA+ RNA using 
oligonucleotides derived from the genomic sequence and by subsequent 
cloning of the 5'-end of the cDNA. The full-length transcript is 5594 nt long 
and consists of an unusually long З ’-UTR of 3011 nt in addition to the 1416 
nt of coding sequence and 1176 nt of 5'-UTR. We have begun a detailed 
characterization of the 5'-flanking region of this gene in order to define its 
promoter. The 5-HT2 receptor gene lacks a classical TATA A box, but does 
contain an AATTAA motif 34 nt upstream of the transcription initiation site. 
Consensus binding sequences for S P1 , AP1 and AP2 have been identified 
upstream of the transcription start site. Promoter-reporter fusion constructs 
are being employed in a transient expression assay  to identify the relevant 
c is -  and frans-regulatory elem ents underlying tem poral and spatial 
expression of this receptor gene.

265.2
DEVELOPMENTAL EXPRESSION OF 5HT3 RECEPTOR mRNA. S.S. 
Shtrom. L.H. Tecott. and DJ. Julius*. Depts. of Biochemistry, Pharmacology, 
and Psychiatry, University of California, San Francisco, CA 94143.
The 5HT3 receptor is a ligand-gated ion channel which produces rapid 

depolarizing responses when activated by serotonin. The distribution pattem of 
5HT3 receptors in the adult central nervous system (CNS) and the periphery has 
been characterized, however, the function of these receptors is not well 
understood. To establish possible roles for this receptor in development, we 
examined its pattern of expression during mouse embryogenesis. In  s itu  
hybridization analysis revealed a striking spatio-temporal pattern of 5HT3 
receptor expression. We find 5HT3 receptor mRNA in the peripheral nervous 
system (PNS) early in development at embryonic day 9.5 (E9.5). The strongest 
signal was detected in the facio-acoustic (VII-VIII) complex, and weaker signals 
in the glossopharyngeal (IX)/vagus (X) complex and trigeminal (V) ganglia. 
The hybridization signal in these cranial ganglia persists throughout 
development. Transient expression of 5HT3 mRNA was seen in several CNS 
regions including the substantia nigra and midbrain tegmentum. A particularly 
interesting pattern of hybridization was seen perinatally in the cerebral cortex, 
with signal detected in the marginal layer and in the subventricular zone. 
Unexpectedly, we observed specific hybridization in several nonneuronal 

locations. We detected strong hybridization in the genital tubercle, a limb bud
like structure which gives rise to the external genitalia, as well as in the tail at 
E14.5. 5HT3 mRNA expression in these regions appears to be transient. 
Another intriguing hybridization signal was detected in the anterior and 
intermediate lobes of the pituitary gland as early as E14.5. A similar pattern of 
hybridization was observed in the adult pituitary gland. We are in the process of 
determining which cell types in the pituitary express this receptor. The presence 
of mRNA encoding this serotonin-gated ion channel at such early stages in 
development suggests a possible role for serotonin and 5HT3 receptors in the 
regulation of cell migration or differentiation.

265.4
SITE-DIRECTED MUTAGENESIS OF THE 5-HT2 RECEPTOR.
BL Roth*, S Choudhary and S Craigo. Department of Psychiatry, Case 
Western Reserve University, Cleveland, OH.

The precise molecular mechanisms responsible for binding agonists and 
antagonists to 5-HT2 receptors is unknown. We have recently presented 
findings (Choudhary et al, Mol Pharmacol, 1992; Choudhary et al, Mol 
Pharmacol, 1993) indicating that drugs of different chemical classes utilize 
distinct regions of the 5-HT2 receptors for high affinity binding. We now 
present results for a total of 21 mutant 5-HT2 receptors. We discovered that 
the effects of different mutations fall into five general categories. (1) 
mutations of nonconserved residues which do not alter ligand binding or 
second messenger production (e.g. F125L); (2) mutations of nonconserved 
residues which selectively alter the binding for a distinct structural class of 
ligands (e.g. T134A and haloperidol); (3) mutations of conserved residues 
which alter the binding of agonists and attenuate second messenger 
production (e.g. F340L and 5-HT); (4) mutations of conserved residues which 
have major effects on the level of expression of the protein but which do not 
affect agonist binding or second messenger production (F339L) and (5) 
mutations which do not affect agonist affinity but which abolish the ability of 
the agonist to induce second messenger production (F340L and quipazine). 
These results indicate that the processes of agonist binding and second 
messenger production can be dissociated and that drugs of different structural 
classes utilize distinct docking residues for high affinity binding. These results 
should be of fundamental importance for understand the molecular 
mechanisms responsible for ligand binding and second messenger production. 
Supported by NARSAD, the Scottish Rite Schizophrenia Research Foundation 
and the MHCRC.

265.6
5-HT1B RECEPTOR "KNOCK OUT": PHARMACOLOGICAL AND 

BEHAVIORAL CONSEQUENCES. İR. Hen*. *U. Boschert. *M. Lemeur. ІД. 
Dierich. 3D. Ait Amara. 3M.C. Buhot. 3L, Segu. 2R. Misslin and İ F . S audou. 
*CNRS, INSERM , Faculté de M édecine, 11 rue Humann; 2 L aborato ire de 
Psychophysiologie, 7 rue de Г Université, 67000 Strasbourg - 3CNRS, Laboratoire de 
Neurobiologie, BP 71, 13402 Marseille 09 - France.

The 5-HTlB receptor, which is the rodent homologue of the human 5-HTlDß 
receptor has been suggested to be involved in a number of physiological states such as 
appetite, locomotor activity and agressivity, as well as in certain pathological states 
such as migraines. In order to study the functions of the 5-HT IB receptor in the 
mouse, we have generated by homologous recombination, mutant mice lacking the 
gene encoding the 5-HT IB receptor. Such mice develop and live apparently normally 
and do noy display any gross abnormality. Using a 5-HT1B specific ligand, [125I]- 
cyanopindolol, we have shown that the 5-HT1B sites are totally absent in the 
homozygous mutant mice. Interestingly, the 5-HT1B/5-HT1D specific ligand, 
SCMGU25I]TNH2 (Immunotech), labels in the mutant animals, a population of sites 
which correspond most likely to 5-HTlDa receptors, since they are not displaced by 
5-HT1B specific ligands such as cyanopindolol and CP 93129 (100 nM)), but they are 
displaced by the 5-HT1D preferring ligand PAPP (100 nM). These 5-HT1D sites are 
apparently not upregulated in the mutant mice.

Preliminary experiments performed on 10 homozygous mutant mice reveal a 
lower level of locomotor activity (measured in a 90 min. activity test), compared to 
wild type animals. The hyperlocomotor effect of the 5-HT1A/5-HT1B agonist, RU 
24969 (4mg/kg, ip), was completely absent in mutant mice, indicating that this effect 
is entirely mediated by the 5-HT1B receptor. When analyzed in a free exploratory test 
and in a light/dark choice test, the mutant mice behaved like the wild type animals. 
However, the anxiogenic effect of RU 24969 was not observed in mutant mice 
indicating that this effect is mediated by 5-HT1B receptors. These preliminary results 
reveal the considerable potential of the "gene knock out" approach to sort out the 
contributions of individual receptor subtypes to physiology and behavior.
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265.7
HUMAN SEROTONIN1B RECEPTOR EXPRESSION IN Sf9 CELLS: 
PHOSPHORYLATION, PALMITOYLATION AND ADENYLYL CYCLASE 
INHIBITION. S.R. George, G.YK. Nq. R.L Zastawnv. T. Hattori*. M. Caron.
M.Bouvier, M. Dennis and B.F. O’Dowd. Addiction Research Fdn and Depts 
Medicine and Pharmacology, Univ. of Toronto, Toronto, Ont; Biosignal Inc. 
and Dept. Biochemistry, Univ. of Montreal, Montreal, Que, CANADA.

Analysis of the human serotonin1B (5-HTlB) receptor reveals consensus 
sites for phosphorylation and a putative site for palmitoylation. To 
investigate these post-translational modifications, we have expressed a c- 
myc epitope tagged 5-HT1B (m5-HT1B) receptor in Sf9 cells. Agonist 
radioligand [3H]5-HT binding studies showed that the expressed 5-HTlB and 
m5-HT1B receptors displayed the characteristic pharmacological profile of 
the neuronal 5-HT1B receptor, with both high and low affinity states for 
[3H]5-HT, suggesting that the receptors were coupled to endogenous G- 
proteins. Agonist binding to the high affinity receptor state was regulated 
in the presence of GTFtfS, Gpp(NH)p and pertussis toxin. [32P]ADP- 
ribosylation experiments identified a major ~41 kDa protein in Sf9 
membranes that co-migrated with partially purified bovine brain G^/G^ 
subunits. Adenylyl cyclase activity in membranes from cells expressing 
m5-HT 1B receptors was inhibited by serotonergic agonists with a rank order 
of potency comparable to their receptor binding affinity constants. 
Immunoblot analysis and photoaffinity labelling of the immunoprecipitated 
material revealed photolabelled species at —95 kDa and at -42 kDa. The 
bands of -95 kDa suggests that the 5-HT1B receptor may exist as dimers. 
Each of the bands, at —95 kDa and —42 kDa were shown to be post- 
translationally modified following metabolic labelling with [32P,Jphosphate or 
[3H]palmitic acid, and this provides the first evidence that a member of the 
serotonin receptor family is phosphorylated and palmitoylated.

265.9
THE MOUSE 5 -HT5 a  AND 5 -HT5B RECEPTORS DEFINE A NEW FAMILY OF 
SEROTONIN RECEPTORS : CLONING AND FUNCTIONAL EXPRESSION . &  
Ąpiląiky, A, OhąvąmL H, Mątth.gS,..U, BpsęhęrL R, G.rąilhę, J,,L, Plaşşab °С, Mąhlę, 
°F. Yocca* and R. Hen. U/184 de ĨINSERM - Département de Neurobiologie - Faculté 
de Médecine, 11 rue Humann - 67085 Strasbourg - France; °CNS, Drug Discovery, 
Bristol-Myers Squibb, Wallingford, CT 06492.

Using a strategy based on amino acid sequence homology between 5-HT 
receptors that interact with G proteins, we have isolated from a mouse brain library a 
cDNA encoding a new serotonin receptor. Amino acid sequence comparisons revealed 
that this receptor was a close relative of the previously identified 5-HT5A receptor but 
was distant from all other 5-HT receptor subtypes; we therefore named it 5-HT5B. 
When expressed in Cos-7 cells, the 5-HT5B receptor displayed a high affinity for the 
serotonergic radioligands [125I]-LSD and [3H]-5-CT. (125I)-LSD displayed a single 
saturable binding site: Kd = 610 pM. In contrast, [3H]-5-CT displayed two binding 
sites: Kd high = 0.6 nM (29 %); Kd low = 14 nM (71%). Serotonergic drugs had the 
following rank order of potencies at displacing [3H]-5-CT binding: 5-CT > 5-HT > 
DHE > methiothepin > bufotenin > 8-OH-DPAT > sumatriptan. 5-CT, 5-HT and 
bufotenin had higher pKi values at displacing [3H]-5-CT binding than at displacing 
[125I]-LSD binding. The pharmacological profile of the 5-HT5B receptor was therefore 
distinct from that of all classic 5-HT receptor subtypes. However, the high affinity of 
this receptor for 5-CT and its low affinity for sumatriptan indicated that it might 
correspond to recently described 5-HTlD-like binding sites that were labeled by [3H]-5- 
CT and insensitive to sumatriptan. In  s itu  hybridization experiments revealed that the 
5-HT5B mRNA was expressed predominantly in the habenula, the CAI field of the 
hippocampus and the raphe nuclei.

2 6 5 .8
DUAL COUPLING OF CLONED HUMAN 5-HT 1Da AND 5-HT1D(3 RECEPTORS: 
INHIBITION OF cAMP AND ELEVATION IN INTRACELLULAR CALCIUM 
([Ca2+]i) VIA PERTUSSIS TOXIN (PT)-SENSITIVE G PROTEIN(S). J.M. 
Zgombick*. L.A. Borden. T.L. Cochran. S.A. Kucharewicz. R.L. Weinshank. and
T.A. Branchek. Synaptic Pharmaceutical Corp., Paramus, NJ 07652 

The second messenger coupling of the cloned human 5-HT1Da and 5-HT1D(3 
receptors stably expressed at similar receptor densities (B ^  -  850 fmol/mg protein) 
in LM (tk) cells was investigated. 5-HT ( E C ^  1.5-2.5 nM) and sumatriptan 
(ECj0=6-18 nM), a selective 5-НТш agonist, evoked dose-dependent inhibitions of 
forskolin-stimulated cAMP accumulation and elevations in [Ca2+]; in intact cells 
transfected with the 5-HT1Da or 5-HT1D/3 receptor gene. Maximal cAMP inhibitions 
elicited by these agonists were slightly greater with the 5-HT1Da (-90% ) than the 
5-HT1D0 ( — 80%) receptors. Cells expressing 5-HT1D/3 receptors displayed 
significantly larger 5-HT-induced increases in [Ca2+]; than cells expressing 5-HT1Da 
receptors (206 nM vs 114 nM). Dose-dependent elevations in inositol phosphates 
(IP) were also observed following application of 5-HT (ECjo= 29-54 nM) and 
sumatriptan (EC 50=73-481 nM). However, ЕСЖ values for IP accumulation were 
at least ten-fold higher than those obtained in the cAMP and calcium assays; the 
maximal increases in IP accumulation were modest (51-69%) for both 5-HTID 
subtypes. Methiothepin (10 μΜ ), a nonselective 5-HT antagonist, and PT (100 
ng/ml) significantly reduced (>80%) all three maximal responses evoked by 
saturating concentrations (1 μΜ ) of agonists. The sumatriptan-induced elevation in 
[Ca2+]j via activation of the 5-HT1D subtypes may provide a molecular mechanism 
by which sumatriptan could directly constrict the cerebral vasculature and alleviate 
migraine symptoms.

2 6 5 .1 0
ISOLATION OF A MAMMALIAN SEROTONIN RECEPTOR THAT ACTIVATES 
ADENYLATE CYCLASE. J.L. Plassat. N. Amlaikv, R. Grailhe. A. Sobel* and R. 
Hen. CNRS, INSERM, Faculté de Médecine, 11 rue Humann; 67085 Strasbourg - * 
INSERM U153, 17 rue du Fer à Moulin, 75005 Paris- France.

Using a strategy based on amino acid sequence homology between 5-HT 
receptors, we have isolated from a mouse brain library a cDNA encoding a new 5-HT 
receptor, 5-HTx> that activates adenylate cyclase . Amino acid sequence comparisons 
revealed that the 5-HTx receptor was a distant relative of previously cloned 5-HT 
receptors, the highest percentage of homology ( 42% ) being with the 5-HT(jro i 
receptor, a Drosophila 5-HT receptor positively coupled to adenylate cyclase. In Cos-7 
cells transiently expressing the 5-HTx receptor, 5-HT induced an increase in cAMP 
levels that was dose dependant and saturable ( EC50 = 45 nM ) .  Agonists displayed 
the following rank order of potencies: 5-CT > 5-MeOT > 5-HT > RU 24969 > 8-OH- 
DPAT. The most efficient antagonists at inhibiting 5-HT’s stimulatory effect were: 
methysergide, methiothepin, mesulergine, metergoline, clozapine, ergotamine and 
(+)butaclamol. Membranes of Cos-7 cells expressing the 5-HTx receptor displayed a 
single saturable binding site for [3H]-5-HT (Kd = 3.6 nM; Bmax = 6.9 pmol/mg of 
membrane protein). The order of potencies of various drugs at displacing [3H]-5-HT 
binding was similar to the order obtained in cAMP experiments. The pharmacological 
profile of this receptor does not correspond to the profile of any of the classic 5-HT 
receptor subtypes. Expression of the 5-HTx mRNA was highest in brain stem and 
weaker in forebrain, cerebellum, intestine and heart. The 5-HTx receptor might 
therefore correspond to 5-HT 1-like receptors that have been shown to induce relaxation 
in porcine vena cava and guinea-pig ileum as well as tachycardia in cat heart. The high 
affinity of the 5-HTx receptor for neuroleptics such as (+)butaclamol and clozapine 
suggests also that this receptor might play a role in certain neuropsychiatric disorders.

N E U R O N A L  D E A T H  II

266.1
THE CALCIUM IONOPHORE A23187 PROMOTES MOTONEURON 
SURVIVAL DURIŇG DEVELOPMENT IN VIVO. L.J. Houenou. R. W. 
Oppenheim. & D.M. Prevette. Dept. of Neurobiology & Anatomy, Bowman 
Gray Sch. of Med., Wake Forest Univ., Winston-Salem, NC 27157.

Recent evidence suggests that sustained increase in intracellular 
calcium levels promotes the survival of sympathetic and neural crest- 
derived sensory neurons in vitro. In the present study, we have 
determined whether the calcium ionophore A23187 can promote the 
survival of avian motoneurons (MNs) in vivo and examined the putative 
molecular pathway(s) involved. Chick embryos were treated daily during 
the period of naturally occurring MN death (Le., E6-E10) with increasing 
concentrations of A23187 and examined on E10. The results indicate that 
3 concentration ranges of A23187 are associated with MN survival: A low 
range (<0.1μΜ) which maintains normal numbers of MN; an intermediate 
range (1 -1 ΟμΜ) which significantly increases MN survival by 25-30%; and, 
a high range (>100μΜ) which decreases MN survival. The survival effect 
of the intermediate range does not appear to be mediated by increased 
target-derived trophic agents, since partially purified hindlimb muscle 
extracts from A23187-treated embryos exhibit similar trophic activity on 
neuron cultures as control extracts. We also show that coinjection of W-7, 
a specific inhibitor of calmodulin and calmodulin-dependent activities 
completely abolishes the survival effect of A23187 on MNs. These data 
provide an indirect support for the "calcium set-point hypothesis" and 
suggest that the calcium ionophore A23187 promotes MN survival through 
calmodulin activation. The involvement of Ca2+/calmodulin-dependent 
protein kinase(s) is being examined and will also be discussed. 
Supported by MDA and NIH.

2 6 6 .2

RIBOSOMAL RNA-PROTEIN INTERACTIONS IN NEURONAL 
DEATH. Gwenn A. Garden*. Edwin W Rubel and Mark Botimeli. Department of 
Physiology-Biophysics and Virginia Merrill Bloedel Hearing Research Center. 
University of Washington, Seattle, WA 98195

Following loss of afferent input to neurons in the neonatal chick cochlear 
nucleus, n. magnocellularis (NM), 20% to 40% of the population dies. Dying 
neurons are marked by ribosome degradation and failure of protein synthesis 6  hours 
after cessation of afferent input by cochlea removal or 8th nerve activity blockade. 
Three hours after loss of afferent input, nearly all NM neurons demonstrate decreased 
immunoreactivity for a monoclonal antibody (Y10B) to ribosomal RNA (rRNA). 
Between 6  and 12 hours after loss of afferent input, surviving NM neurons regain 
their rRNA immunoreactivity, while dying neurons remain unlabeled. The ribosome 
degradation observed in a subset of NM neurons 6  hours after cochlea removal could 
not explain the earlier loss of rRNA immunoreactivity in all NM neurons. One 
explanation for this paradox is that loss of synaptic activation produces a 
conformational change in a protein, which then masks the Y10B epitope.

To determine if the reversible loss of rRNA antigenicity involved protein 
masking of an rRNA epitope, hatchling chicks underwent unilateral cochlea removal 
and were sacrificed 3, 6  or 9 hours later. Brain stems were embedded in paraffin and 
serially sectioned. Adjacent sections were mounted on alternate slides and one group 
of slides treated with proteinase K to remove proteins which may mask the Y10B 
epitope. Protease treated and untreated sections were labeled with the Y10B antibody 
and the density of immunolabel measured by microdensitometry. After 3 hours of 
afferent deprivation, protease treatment restores rRNA immunoreactivity to control 
levels. Later, when dying cells are marked by both lack of rRNA antigenicity and 
ribosome degradation, protease treatment does not change RNA immunoreactivity. 
These findings suggest that the initial loss of rRNA immunoreactivity in afferent 
deprived NM neurons is secondary to protein masking of the Y10B epitope. Because 
neuronal death in afferent deprived NM neurons involves marked ribosome 
degradation, this protein-rRNA interaction may be the initial step in the cell death 
process of these neurons. (Support: NIH grants NS23343 and DC00520)
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2 6 6 .3
TEMPORAL CASCADE OF GENE INDUCTION ACCOMPANYING PROGRAMMED 
NEURONAL CELL DEATH. S. Estus.* R. S. Freeman and E. M. Johnson. 
Jr. Department of Molecular Biology and Pharmacology, Washington 
University School of Medicine, St. Louis, MO 63110.

Programmed cell death (PCD) after trophic factor deprivation is 
hypothesized to result from the activation of a genetic program. We 
have studied an in vitro model involving nerve growth factor (NGF) 
deprivation of cultured superior cervical ganglion neurons that 
recapitulates neuronal cell death in vivo. To identify genes that may 
mediate neuronal PCD, we screened many genes that are induced in other 
PCD models by using a sensitive technique based on polymerase chain 
reaction amplification of reverse transcribed mRNA. We have identified 
a temporal cascade of gene induction that may reflect a genetic program 
for neuronal PCD. Remarkably, the cascade includes the induction of 
certain immediate early genes (lEGs) many hours after the initial 
stimulus of NGF removal. The induced genes include transcription 
factors such as c-jun, beginning about five hours after deprivation, and 
c-fos, fo s B , jun B , myb, and N G F-IA , beginning 10-15 hours after 
deprivation. Furthermore, the extracellular proteases, collagenase and 
transin, known to be regulated by Fos/Jun heterodimers, are induced by 
twenty hours after deprivation. Other lEGs such as fra-7, N G F-IB  and 
RP -8  are not induced. In situ hybridization analyses have demonstrated 
that the induction of c-jun  is neuronal; localization analyses of other 
select genes in the temporal cascade, as well as experiments directed 
toward elucidating the role of these gene inductions in neuronal PCD, 
are currently in progress. These results describe a novel pattern of 
immediate early gene induction and may outline a genetic program 
involved in PCD. Supported by the Washington Univ. ADRC (AG 5P01- 
A605681-08) and the American Paralysis Association.

2 6 6 .5
AURINTRICARBOXYLIC ACID REGULATES NEURONAL ß- 
AMYLOID PRECURSOR PROTEIN. Raiiv Joseph*. W. 
Tsana and E. H an. Dept. of Neurology, Henry Ford 
Hospital and Hit. Sci. Ctr., Detroit, MI 48202.

ß-amyloid precursor protein (ßAPP) and its 
derivative, amyloid ß-protein (AßP), may cause 
neuronal death, and aurintricarboxylic acid 
(ATA), a metabolic inhibitor, improves neuronal 
survival. We studied the effect of ATA on 
neuronal ßAPP gene expression. ATA decreased 
ßAPP mRNA levels by increasing its degradation, 
without changing the rate of transcription. ATA 
decreased both steady state and interleukin-1 
(ILI)-induced increase in ßAPP mRNA levels.
These effects of ATA were associated with 
neurite retraction, that was completely 
reversible when ATA was removed. However, ßAPP 
mRNA and AßP protein levels continued to remain 
suppressed in neurons that were actively 
regrowing neurites following discontinuation of 
ATA. In studies carried out upto 24 hours, ATA 
did not damage cells as determined by trypan 
blue exclusion, LDH-release and electron 
microscopy. The findings suggest that stable 
levels of ßAPP mRNA and AßP protein may not be 
essential for the survival and growth of 
neurons. These observations may be a basis for 
studying whether ATA, or a related compound, 
could beneficially regulate ßAPP levels in vivo.

2 6 6 .7

NEURONAL LOCALIZATION OF BCL-2 mRNA IN THE BRAIN OF 
ADULT AND DEVELOPING RAT. Eero Castrent Yoko Ogha. 
Giorgos Tzimagiorgis, Hans Thoenen. and Dan Lindholm. Max 
Planck Institute for Psychiatry, D-82143, Germany.

Proto-oncogene Bcl-2 blocks apoptosis in several cell types. 
The introduction of Bcl-2 mRNA into sympathetic neurons that 
normally die in the absence of nerve growth factor prevents 
death after NGF withdrawal (Garcia et al, Science 258:302-4, 
1992). We have now investigated the localization of Bcl-2 in 
adult and developing rat brain. Low levels of Bcl-2 mRNA were 
widely distributed in the adult rat brain. Areas of prominent 
neuronal expression include mitral cells of the olfactory bulb, 
granule and pyramidal neurons in the hippocampus, pontine 
nuclei and cerebellar granule neurons. In addition, ependymal 
cells expressed high levels of Bcl-2 mRNA. The expression of 
Bcl-2 mRNA is not markedly altered during development: The 
levels of Bcl-2 mRNA remained almost constant in different 
brain areas during development and those brain areas that 
expressed Bcl-2 mRNA at a high level in adult rats had a high 
expression already in new-born animals. We have eliso tested 
whether neurotrophic factors regulate the levels of Bcl-2 mRNA 
in neurons. Brain-derived neurotrophic factor (BDNF), which is 
a survival factor for cultured cerebellar granule neurons, did not 
influence the levels of Bcl-2 mRNA in these neurons.

2 6 6 .4
INDUCTION OF CYCUN D1 EXPRESSION DURING PROGRAMMED CELL 
DEATH IN POSTMITOTIC NEURONS. R. S. Freeman*. S. Estus, and E.
M. Johnson. Jr. Department of Molecular Biology and Pharmacology, 
Washington University School of Medicine, St. Louis, MO 63110.

Rat sympathetic neurons undergo programmed cell death (PCD) 
when deprived of nerve growth factor (NGF). Neuronal cell death 
requires both RNA and protein synthesis and occurs primarily 
between 18-48 hours after NGF withdrawal. We have hypothesized 
that NGF deprivation-induced PCD involves an inappropriate 
activation of cell cycle genes. To test this hypothesis, we have 
analyzed control and NGF-deprived neuronal cultures prepared from 
rat superior cervical ganglia with Northern blots, in s itu  
hybridization, and a sensitive and semi-quantitative reverse 
transcription-polymerase chain reaction technique. Here we show 
that cyclin D1 expression is selectively induced in neurons during 
PCD. The expression of other cell-cycle-related genes, including 
cyclins B, C, D3, E, cdk4, and cdk5, was readily detectable but did 
not increase during cell death. The cyclin D1 mRNA level reaches a 
maximum 15-20 hours after NGF withdrawal, concurrent with the 
time at which neurons become irreversibly committed to die. Cyclin 
D1 has previously been characterized as the regulatory subunit for 
several cd c 2 - like protein kinases that apparently function during 
the G ì phase of the cell cycle. Our results are consistent with a 
novel role for cyclin D1 in neuronal cell death. Experiments are in 
progress to address whether cyclin D1 expression is necessary or 
sufficient for PCD. Supported by NIH postdoctoral fellowship 
(NS09294), the Wash. U. ADRC (AG 5P01-A605681-08), and the 
American Paralysis Association.

2 6 6 .6
ALTERATIONS IN PATTERNS OF GENE EXPRESSION IN RAT 
HIPPOCAMPAL SUB-REGIONS UPON CHRONIC GLUCOCORTICOID 
TREATMENT. S M. Nairand J.H. Eberwine. Department of Pharmacology, 
School of Medicine, University of Pennsylvania, Philadelphia, PA 19104. 
Glucocorticoids (GCs) have been shown to potentiate cell death in the rat 
hippocampus caused by sublethal doses of various anti-metabolite toxins. 
This GC-specific effect is seen in both neurons and glia and is dependent on 
the presence of the type II low- affinity GC receptor. GC-mediated 
neurotoxicity is thought to due to an initial GC-induced energy depletion, 
followed by accumulation of extracellular glutamate leading to sustained 
elevation of intracellular [Ca2+]. Our experiments were designed to study 
relative changes in concomitant gene expression in rat hippocampal sub- 
regions on chronic GC treatment. Adult male Sprague-Dawley rats were 
adrenalectomized (ADX), and administered 10-15 mgs/day of oral 
corticosterone for 1,2,3 and 4 weeks while control ADX and sham ADX rats 
were given vehicle. In-situ transcription (IST) using an oligo-dT-T7 primer 
was used to generate single-stranded cDNA corresponding to the poly(A+) 
RNA population from fixed coronal hippocampal sections or selected sub- 
regions. These were converted into double-stranded DNA templates and 
used to make amplified antisense RNA (aRNA) probes labeled with P32-CTP 
which were used to screen slot blots containing panels of various cDNA 
clones - this is called 'Expression Profiling’. In total hippocampal and CA1 
sections of the longest GC-treated group of rats (28 D), relative to both ADX- 
vehicle and sham-ADX animals there was a significant increase in the ratio of 
expression of glial fibrillary acidic protein (GFAP) to neurofilament (NF-L). In 
addition, relative amounts of mRNAs for second messengers, glutamate 
receptor subunits and various trophic factors and their receptors were seen to 
be altered in this group as well. This data will be used to generate ’diagnostic 
expression profiles' that can be used in subsequent studies where levels of 
one or more of these mRNAs are manipulated independently, in order to 
determine their role in GC-induced cell death.

2 6 6 .8

NITRIC OXIDE SYNTHASE GENE EXPRESSION WITHIN CHOLINERGIC 
AN D N ON-CHOLINERGIC NEURONS IN THE RAT BRAIN. K. Sugava* 
and M. McKinney. D e p t o f  N europharm acology, M ayo C linic Jackson
ville, Jacksonville , FL 32224.

To id en tify  sp ecifica lly  th o se  ce lls  contain ing mRNA coding for the  
rat brain nitric oxide synthase (NOS) in  th e  rat brain., w e constructed  a 
4 9 3  bp 35S-riboprobe for th e ca lm odulin -depend en t form  o f rat brain  
NOS. The d istribution  o f  NOS mRNA in  cholinergic ce lls  w as exam ined  
u sin g  in situ  hybridization h istoch em istry  (ISHH) in sectio n s imm uno- 
chem icaly sta in ed  for choline acety ltransferase (СҺАТ).

СҺАТ im m unoreactive (i.e., cholinergic) ce ll g rou p s w ere observed  
in  m ed ia l sep tu m -d iagon al b and co m p lex  (MS-DG), n u c le u s  basalis, 
p ed u n cu lo p o n tin e  (PPN) and la terod orsa l teg m en ta l n u c le i (LDTN), 
n u c leu s parabigem inals and several m otor  n u cle i o f  th e brainstem . 
NOS mRNA w as exp ressed  at h igh  lev e ls  in  LDTN, PPN, Islands o f Cal- 
leja , d o rso m ed ia l h y p o th a la m ic  n u c leu s , m ed ia l p r e o p tic  n u cleu s, 
subthalam ic n u cleu s, several am ygdaloid  nuclei, su p raop tic  nucleus  
and the lateral m am m illary nuclei. In LDTN and PPN, virtually all o f  the 
ChAT-positive cells  exp ressed  NOS mRNA. In MS-DG, about 50% o f the 
ChAT-positive ce lls  exp ressed  NOS mRNA at low -m oderate levels. Less 
than 20% o f ChAT-positive neurons in  the other cholinergic population  
stu d ied  exp ressed  NOS mRNA. Many scattered  non-cholinergic cells ex
p ressed  NOS mRNA (e.g., striatum  and cerebral cortex.)

The h e tero g en eo u s  d istr ib u tio n  o f  NOS mRNA im p lie s  com p lex  
roles for nitric oxide neu rotran sm ission  in  brain function . A ddition
ally, w ith in  id en tified  central cholinergic neurons, th e variable expres
s io n  o f NOS m ay relate to  differen tia l survival in  d isea se  or aging.
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2 6 6 .9

IDENTIFICATION OF AN ANTI-NEUROTROPHIC FACTOR OR 
NEUROCIDIN IN THEM A N D U C A  S E X T A  NERVOUS SYSTEM. M. K.
Choi and S. E. Fahrbach*· Department of Entomology and the Neuroscience 
Program, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

Approximately half of the neurons in the abdominal nervous system of the 
moth M an duca sex ta  undergo programmed cell death after adult ecdysis. Two 
signals regulate neuronal death in the adult M . sex ta  nervous system. The first is 
endocrine: a decline in blood ecdysteroids prior to adult emergence triggers the 
post-ecdysial wave of neuronal death (Schwartz and Truman, 1984). The second 
signal originates in the nervous system, in the pterothoracic ganglion, and is 
transmitted to abdominal ganglion A3 via the intersegmental connectives 
(Fahrbach and Truman, 1987; Choi and Fahrbach, 1992). To characterize the 
signal of neural origin, we have developed an in  v itro  bioassay for anti- 
neurotrophic factors. In orda· to identify the neuron-killing factor originating in 
the pterothoracic ganglion, aqueous pterothoracic ganglia extracts (PTE) were 
prepared. This PTE exhibited concentration-dependent effectiveness in killing 
motoneurons. The PTE is heat-stable and protease-sensitive, which suggests that 
it may be a low molecular weight protein. Results from size fractionation studies 
based upon the centrifugation of the PTE with MSI Ultrafuge filters (10K and 
30K sizes) suggest that the killer protein has a molecular mass between 10 and 30 
kilodaltons. Hie extract was acidified and passed over a disposable C18 column 
(Waters Sep-Рак). The killing factor was recovered only in the 10% acetonitrile 
fraction. We plan to purify this anti-neurotrophic protein, referred to as M a n du ca  
neurocidin.

Research supported by NIH Award HD24637.

2 6 6 .1 1

MOLECULAR GENETIC ANALYSIS OF THE LURCHER MUTANT 
MOUSE L Feng*. DJ Norman. S Cheng. J Gubbav and N Heintz Laboratory 
of Molecular Biology, Howard Hughes Medical Institute, the Rockefeller 
University, New York, NY, 10021

Lurcher (L c ) is a semi-dominant mutation which perturbs postnatal 
development of the mouse cerebellum. Animals heterozygous at this locus 
display degeneration of cerebellar Purkinje cells during the second postnatal 
week while homozygotes are thought to die shortly after birth. In order to better 
understand the product of the L c  gene and the mechanisms through which it acts 
we have constructed a high-resolution genetic map of the region surrounding the 
Lc locus on mouse chromosome six, using data derived from more than 400 
progeny of an intersubspecific, phenotypic backcross. We have identified three 
cloned markers within one centi-Morgan of this locus and have isolated yeast 
artificial chromosome clones representing DNA closely linked, both proximal 
and distal, to L c, and are walking towards this locus with the ultimate intention 
of cloning the affected gene. We have demonstrated that none of 5 genes 
previously considered to be candidate genes represents the L c  gene. We have 
collected initial evidence from light/electron microscopy and in  s itu  
hybridization analysis which suggests that Lc/+ Purkinje cells undergo 
programmed cell death. Finally, we have generated an FI intercross between 
Lcl m us c a s ta n e u s  heterozygotes which, in combination with restriction 
fragment length polymorphism analysis, allows us to genotype animals before 
either the heterozygous or homozygous phenotype is apparent and analyze in 
greater detail the mechanisms responsible for death of both the neonatal 
homozygotes and the cerebellar cells of the heterozygous mice.

2 6 6 .1 0
T R E A T M E N T  W ITH  N E O C A R Z IN O S T A T IN  IN D U C E S  A P O P T O S IS  IN 
C U L T U R E D  N E U R O B L A S T O M A  C E L L S .  T . L . H artsell and N. F . S c h o r* . 
D epartm ents of P ed iatrics, N eurology, and  P harm aco logy , U niversity of 
Pittsburgh, P ittsburgh, P A  15213

W e ha ve  previously d escrib ed  the treatm ent of both m urine and hum an  
neu rob lastom a cell lin es with the ened iyne  an tin eoplastic natural product 
neocarzin ostatin  (N C S ; Sch o r, N F , S o c . N eurosci. Abst. 1 £ :3 2 , 1992). 
Treatm ent outcom e is ce ll line-specific. Following a  1 h incubation with N C S , 
c e lls  either undergo m orphological differentiation followed in d a y s  by cell 
death , or die within hours to d a y s  after treatm ent without prior differentiation. 
M orphological differentiation predom in ates in m urine C 1 3 0 0  ce lls , while the  
hum an lines S K -N -M C  and IM R-32 die following treatm ent. T h e  hum an line 
S K -N -S H  exhibits subpopulations with e a ch  outcom e. W e  h ypo th esize  that 
treatm ent with N C S  resu lts in the activation of apoptosis in those  ce lls  
exhibiting the cell death re sp o n se , and  ha ve  exam ined  sev e ra l in d ices  of 
ap op tosis  following cell exp o su re  to N C S  to test this h ypoth esis. 
M orphologically, th e se  ce lls  a p p ear to shrink, "round up", detatch from the 
culture su rface , and fragm ent, w hile still excluding T ryp an  blue. Attem pts to 
su p p re ss  cell death by inhibition of protein sy n th es is  [2-10 μg/ml 
cyclohexim ide (C H X )] w ere  thwarted by prohibitive toxicity of C H X  alone. 
H ow ever, addition of aurintricarboxylic acid  (A TA ; 100 μΜ ), an en d o n u clea se  
inhibitor, w a s  sufficient to redu ce cell lo ss  in the 2 d a y s  following N C S  
treatm ent of S K -N -S H  ce lls . E lectro p h o resis  of gen om ic D N A  revea ls  the  
developm ent of a  "D NA ladder" (m ultiples of 180 bp) betw een 6 and 12 h 
following treatm ent (C 1 3 0 0). T h is  laddering, ch aracteristic  of apoptosis , is 
p resent only in the population of d etatched  ce lls , and is not se e n  in either 
control or m orphologically differentiated ce lls  o ver the first 24  (S K -N -S H ) or 48  
(C 1300) h after N C S  exposure. D N A  d am ag e  an a ly s is  by alkaline elution 
su g g e sts  that, at the d o se  of N C S  u sed , th e se  low M W  fragm ents are  not due  
to chem ica l c lea v ag e  by N C S  alone. T h e se  resu lts are  con sisten t with the 
induction of apoptosis in neu rob lastom a cell lin es by N C S .

2 6 6 .1 2
INTRANEURONAL INCLUSIONS IN THE MOTOR NEURON 
DEGENERATION MOUSE (mnd) STEM FROM AN AUTOPHAGOCYTIC 
MECHANISM. J.E. Mazurkiewicz*. Department of Anatomy, Cell 
Biology and Neurobiology, Albany Medical College, Albany, NY, 12208.

The presence of intraneuronal inclusion bodies (IB) is a prominent cyto- 
pathologic feature in a variety of neurodegenerative diseases; defining the 
origin and content of such IB could provide clues to the pathogenesis of 
these diseases. Intraneuronal IB are present in the mouse mutant mnd. 
The mnd disease is a late-onset, neurodegeneration, in which the most 
prominent clinical symptoms begin with mild clutching and ataxia at 6 
months, and progress to severe spastic paralysis by 9 months. IB in 
spinal neurons, stain intensely with Luxol Fast Blue (LFB), contain 
immunoreactivity for ubiquitinated protein, and display enzyme 
histochemical reactivity for several lysosomal hydrolases. Ubiquitin 
immunopositivity and LFB stained IB were found in presymptomatic 
animals, with LFB stained IB present at one month of age. The IB were 
found in increasing numbers of cells and in increasing amounts within 
individual cells, as the animals age. Electron microscopy of neurons from 
one-month old mnd/mnd spinal cord has shown IB sequestered within 
double membranes. By immunogold, the ubiquitin-activating enzyme, El, 
was found associated with the periphery of IB. The stress-induced 
degradation of cellular proteins appears to involve the autophagic- 
lysosomal pathway, is dependent on the presence of El, the ubiquitin- 
activating enzyme, with El closely associated with the maturation of 
autophagocytic vacuoles (Lenk.ei a/,J.Cell Biol. 118:301,1992). Thus, one 
of the first signs of neuronal pathology in mnd is the formation of 
autophagosomes that contain material with the same morphology as the 
intraneuronal IB that are observed throughout the course of the disease.

ISCH EM IA I

2 6 7 .1

EARLY H ISTO LO G ICA L FIN D IN G S  IN  R A T  M O D E L  OF 
TRANSIENT FO CA L C E R E BR A L ISC H EM IA . H. N ish in o .* 1 A, 
Czurkó and H. Shim izuV D ept. o f  Physiol., N a g o y a  City Univ. 
Med. School, M izuho-ku , N agoya  4 7 6 , Japan1; Inst, o f  Physiol., P écs  
Univ. M ed. School, H -7643  P écs, H ungary2 

W e examined the early h istopathological changes after transient 
focal ischem ia in the rat by silver staining and im m unohistochem istry. 
After one hour em bolization o f  the unilateral m iddle cerebral artery 
(MCA) w ith  different reperfusion tim e w e  used  argyrophil III m ethod  
for the dem onstration o f  "collapsed" ("dark", argyrophilic) neurons 
according to  Galiyas. W ith im m unohistochem istry w e  exam ined the 
blood brain barrier dysfunction and the possib le  im m unological 
reactions at on e day and three days after reperfusion. W e used  
antibodies against rat albumin (A lb), rat IgG  and the rat C3 
complement factor (C 3). W ith the silver-staining for "collapsed" 
neurons w e  could dem onstrate the early appearance o f  this silver 
impregnated neurons in the M C A  supplied ipsilateral cortex  (in  
columnar fashion) and striatum but som etim es a lso in am ygdala and 
hippocampus, from  m inutes after reperfusion up to  three days. 
Immunohistochemistry could prove a very strong IgG  infiltration in 
the ischem ically involved ipsilateral cortex  and striatum w ith a 
stronger appearance at three days. W e could  a lso dem onstrate the 
increased C3 imm unoreactivity in the above m entioned areas w hile  
Alb imm unreactivity involved w ider areas even  in contralateral cortex. 
Our results suggest a com p lex interrelationship b etw een  the possib le  
pathological processes involved in this animal m odel o f  
ischemia/infarct: 1) acute neuronal injury, 2 )  postischem ic
microvascular abnormalities, 3 ) im m unological p rocesses.

2 6 7 .2
REGIONAL METABOLIC CONSEQUENCES OF FETAL BRAIN HYPOXIA 
IN THE RAT. W. D. Lust. S. Pundik. T. S. Whittingham. W. R. Seiman and 
R,A. Ratcheson*. Laboratory of Experimental Neurological Surgery, Case 
Western Reserve Univ., Cleveland, OH 44106 

Fetal hypoxia has been implicated in a number o f neonatal disorders, but the 
nature of the metabolic stress in the fetal brain which is sufficient to elicit 
neonatal brain damage has not been established. Glucose-related metabolites 
and high-energy phosphates were measured in the striatum, hippocampus and 
cortex at 5 and 10 min after occlusion of both the uterine artery and the uterine 
branch of the ovarian artery in the day 18 fetal rat. The findings were 
compared to the metabolite profile in fetal brains following complete ischemia. 
Glucose and ATP levels in all 3 regions of the ischemic brains were depleted 
by 5 and 10 min, respectively. In contrast, glucose levels decreased to less than 
40% of those of control in all 3 regions after 5 min of 2 vessel occlusion. Both 
the ATP and P-creatine concentrations decreased by approximately 50% at 5 
min of occlusion. Unlike the ischemic brains, however, the levels of the high- 
energy phosphates and glucose were not depleted even after 10 min of 2 vessel 
occlusion. The levels of these metabolites were essentially unchanged during 
the 5 to 10 min period of occlusion. Lactate levels in the 3 regions of the 
control fetal brain (50 nmole/mg dry wt.) were 5-fold greater than those in 
control adult rat brain. While lactate increased З-fold during complete 
ischemia, the levels were essentially unchanged after 5 min of 2 vessel 
occlusion. By 10 min, there was an increase in lactate, but the accumulation 
was less than 2-fold over that o f control. Regional differences in the metabolic 
response to either ischemia or hypoxia were minimal. While the metabolic 
imbalance imposed by 2 vessel occlusion was less severe than that for complete 
ischemia in the fetal brain, such a compromised energy state in the fetus could 
have a profound affect on both cell survival and brain development.
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INTERRUPTED, REPEATED ARTERIAL OCCLUSION CAUSES LESS 
CEREBRAL ISCHEMIC DAMAGE THAN NON-INTERRUPTED TRANSIENT 
OCCLUSION IN A FOCAL ISCHEMIC MODEL. G.K. Steinberg. N. Panahian.
G.H. Sun. C.M. Maier and D.M. Kunis* , Department of Neurosurgery, Stanford 
University School of Medicine, Stanford, CA. 94305 

While experimental studies suggest repetitive brief periods of global ischemia 
worsen the extent of cerebral injury compared with a comparable single period of 
global ischemia, this issue has not been studied for focal ischemia. It remains 
controversial whether it is safer to use brief periods of interrupted, temporary 
occlusion separated by reperfusion periods, or to use a more prolonged, single 
temporary occlusion period. We studied this question using a rabbit model of 
transient, focal cerebral ischemia. Under halothane anesthesia, rabbits underwent 
transorbital occlusion of the left internal carotid, middle cerebral and anterior 
cerebral arteries, with one of two paradigms: 1) Non-interrupted occlusion: one- 
hour temporary occlusion followed by five hours of reperfusion (n=8); or, 2) 
interrupted occlusion- three separate periods of 20 -minute occlusion, interrupted by 
10 minutes of reperfusion between occlusions, and followed by four hours, 40 
minutes of reperfusion (n=8). Brain temperature, mean arterial pressure, pC02 and 
other systemic parameters were strictly controlled. Six hours after the initial arterial 
occlusion, animals were sacrificed and the brains examined histopathologicaly. The 
animals in the interrupted, temporary occlusion group showed a 59 % decrease in 
the area of cortical ischemic neuronal damage (10.0 ± 1.7 %) compared with the 
non-interrupted occlusion group (24.4 ± 5.0%, p= .016). There was no difference 
between groups in the extent of striatal ischemic damage (38.1 ±  11.4 % interrupted 
occlusion versus 37.4 + 7.8 % non-interrupted occlusion). Our results suggest that 
interrupted, repeated focal ischemia causes less cortical ischemic injury than non- 
interrupted transient ischemia of a similar total duration. These findings differ from 
those of comparable studies examining global ischemia, and may reflect differences 
in underlying pathophysiology between focal and global ischemia.

2 6 7 .5
NEUROTOXIC HIPPOCAMPAL CAI LESIONS VS 4VO ISCHAEMIC 
LESIONS; BEHAVIOURAL COMPARISONS.
JA Nunn*, P Sowinski, H Hodges, BS Meldrum and JA Gray. 
Departments of Psychology and Neurology, Institute of 
Psychiatry, London SE5 8AF, UK

Multiple infusions of small quantities of ibotenic 
acid (IBO) were used to selectively lesion the hippocampal 
dorsal CAI region, mimicking the dorsal CAI loss seen after 
15 min 4-vessel occlusion ischaemia (ISC) in the rat. Two 
weeks post-surgery, IBO and ISC rats were tested on water 
maze place and matching-to-position tasks. Both IBO and 
ISC rats showed impairment on each task, but each group had 
a different profile of impairment. During place task 
acquisition, ISC but not IBO rats' latency to find the 
platform was increased relative to controls (p<0.05); 
however time spent in the quadrant containing the platform 
was reduced in both ISC and IBO groups (p<0.05). In the 
matching-to-position task, IBO rats showed a greater 
deficit than ISC rats in terms of 1-trial learning (3% vs 
24% savings from trials 1 to 2), whereas ISC rats were more 
impaired on subsequent trials. Histological analysis by 
cresyl violet stains showed that both ISC and IBO rats 
exhibited the same degree of CAI loss throughout the 
rostral-caudal extent of the hippocampus. Silver 
impregnation of representative brains, however, showed that 
ISC rats had additional, slight loss in the hippocampal CA4 
field, the dorsolateral striatum, somatosensory cortex 
(mainly layer III), dorsal perirhinal and cingulate cortex. 
It is suggested that degree of hippocampal CAI cell loss is 
not the only determinant of the water maze deficits 
displayed by ISC rats. (Supported by the Wellcome Trust and 
the British Heart Foundation)

2 6 7 .7
M USCIM OL PROTECTS ISCHEMIC BR AIN UP TO 60 M INUTES  
AFTER ONSET. P. Lvden*. L. Lonzo. S. Nunez. Dept. Neurosciences, 
U C SD School o f  M edicine, San D iego, CA, 92093  

The GAB A -A  agonist m uscim ol causes increased chloride flux, 
membrane hyperpolarization, and blocks voltage gated calcium influx 
stimulated by glutamate. W e found that (IV) m uscim ol 5 min after 
focal brain ischem ia was protective, and now  extend these findings to 
longer durations o f  ischem ia. W e em bolized the left hemispheres o f  
m ale, 300g Sprague D aw ley rats with 25μ microspheres and 
administered saline or m uscim ol 3 0 ,4 5 , or 60  minutes later. Efficacy  
was measured using a quantal bioassay that expresses protection as a 
potency ratio o f  the drug compared to saline. At 30 (n=24) and 45  
(n=20) m in the potency ratios for m uscim ol 1.0m/k were 3.0 and 2.3 
respectively, both significant (p<.05). At 60 m in (n=20) the potency 
ratio for 1.0m/k was 1.4 (N S) and for 2.0m /k (n=13) was 1.8 (p<.05). 
When an antagonist o f  glutamate, M K-801 1.0m/k was combined with
0.5m/k m uscim ol (n=16), the potency ratio was increased to 3.1 (p<.05). 
The combination o f  m uscim ol 2 .0m A  and M K-801 1.0m A (n = l 1) 
resulted in a potency^ratio greater than 5 .0  but because o f  the low  
numbers, this was not significant. W hile M K-801 caused toxic neuronal 
microvacuolization in  the cingulate and retrosplenial cortex, no vacuoles 
were seen in the combination treated groups. A  G A B A  agonist, alone or 
combined with a glutamate antagonist, is  highly protective up to 60  
minutes after onset o f  focal brain ischemia.

2 6 7 .4
D I F F E R E N T IA L  E F F E C T S  O F  A N E S T H E T I C S  O N  D O P A M IN E  R E L E A S E  
D U R IN G  G L O B A L  IS C H E M IA : E X A C E R B A T IO N  B Y  H A L O T H A N E .
R  K ahn M .D ., J  W e in b erg er*  M .D ., D L  R e ich  M .D .. F  La le h za r ia n  M.D.. 
T  B ran n an  M .D ., A  Prikhojan M .D . D ep artm en ts  of A n esth es io lo gy and 
N eurology, T h e  Mount S in a i M ed ica l C en te r, N ew  Y o rk , N Y  10029.

D op am ine  is re le ased  in large q uantities from the co rp u s striatum  during 
ce reb ra l isch em ia . Along with exc itatory neu rotransm itters, dopam ine  plays 
a role in ce llu lar neuronal isch em ic  in jury .1 Redu ction  of extraneuronal 
d opam ine  re le a se  m ay be asso c ia te d  with an attenuation of the severity  of 
neuronal injury after ce reb ral isc h e m ia .2

F ifteen  S p ra g u e-D a w ley  rats w ere  a n esth etized  with chloral hydrate 400 
mg/kg. A  m icro d ia ly sis  probe w a s  stereo tax ica lly  inserted  into the right 
co rp u s striatum  and d o p am in e  re co v ery  w a s  m e a su re d  using  H P L C . Group  
I (N=5) continued to re ce iv e  chloral hydrate. G ro u p  II (N=7) received  
ha lothane 0 .6 -0 .8 %  and group III (N=8) re ce iv ed  a con tin uou s infusion of 
propofol 2 mg/kg/hr. G lo ba l fo rebrain isch em ia  w a s  induced  for 15 min by 
reversib le  bilateral carotid artery and controlled  h y po vo lem ic hypotension.

Although there w ere  no significant d iffe ren ces  in d opam ine  re lease  
between groups I and III, there w a s  significantly m ore dopam ine  re le ase  in 
group II (p< 0.05) than group III during isch em ia .

T h e se  data are  not co n sisten t with a neu roprotective effect of propofol 
co m pared  to chloral hydrate. In addition, halothane  an e sth e s ia  may  
in c re a se  do p am ine  re le a se  during global isch em ia , su g g e stiv e  of worsening  
of neu rolog ical injury. T h e  differential e ffects  of v a rio u s  an e sth e tics  on 
d o p am in e  re le a se  (eg reduction by etom idate3 and in cre a se  by halothane) 
m a y be usefu l to e lu cid ate  the ce llu la r m e c h a n ism s  of neurotransm itter 
re le a se  and neuronal d am ag e  during ce reb ra l isch em ia  
1. N eurol 1987 ;3 7 :1 7 1 2-9 . 2 . S troke  1 9 8 5 ;1 6 :8 6 4 -7 0 . 3. A n e s  1 9 92 ;77 :A 748

2 6 7 .6
CEREBRAL PROTEIN SYNTHESIS DURING MAMMALIAN 
HIBERNATION, A STATE OF NATURAL TOLERANCE TO ISCHEMIA? 
K.U. Frerichs*. C.B. Smith*. W.C. Wallace1, J, Jov1, C, Merril1 & J.M. 
Hallenbeck. Stroke Branch, NINDS, *Lab. Cerebral Metabolism & 1Lab. 
Biochem. Genetics, NIMH, NIH, Bethesda, MD 20892 

Mammalian hibernation is a state of natural tolerance to extremely low 
levels o f cerebral blood flow and reduced availability of oxygen. Massive 
depression of cell functions occurs without loss of homeostatic control unlike 
in ischemia and induced hypothermia. Synthesis of proteins may be required 
to control hibernation. We have studied protein synthesis (PS) in brains of 
hibernating and active ground squirrels in vivo and in vitro. Physiological 
monitoring of the hibernation state (ECG,EEG and body temperature) was 
done telemetrically. Entrance to hibernation was facilitated by ambient cold 
(5°C) and constant darkness. The rate o f l- [I4C]Ieucine incorporation in vivo 
was measured in autoradiographs of brain sections, and in homogenate. 
Autoradiographic distribution of local cerebral PS in non-hibernating squirrels 
was comparable to rats. During hibernation PS could not be detected in 
autoradiographs of brain sections. In brain homogenate, however, 
incorporation of l-[14C]leucine in protein could be measured (0.001 ±0.0002 
[n=3] in hibernators vs 2 .8 + 0 .2  [n=3] nmol/g/min in active squirrels, 
mean+SD). During entrance to hibernation, PS was as depressed as during 
deep hibernation. In polysomes, isolated from hibernating brain, mRNA is 
initiated and translates actively in vitro in rabbit reticulocyte lysate. Thus, 
inhibition of PS may occur at the elongation stage. Proteins still synthesized 
during hibernation may be of importance in the regulation of the state. Such 
factors may help to reestablish homeostatic control in ischemia.

267 .8

ALPHA-PHENYL-TERT-BUTYL-NITRONE (PBN) ATTENUATES 
HYDROXYL RADICAL PRODUCTION DURING ISCHEMIA- 
REPERFUSION INJURY OF RAT BRAIN: AN EPR STUDY. S. Sen and 
J.W. Phillis*. Department of Physiology, Wayne State Univ. Sch. of Med., 
Detroit, MI 48201.

Electron paramagnetic resonance (EPR) has been used to both detect and 
monitor the time course of oxygen free radical formation in the in v iv o  rat 
cerebral cortex. Cortical cups were placed over both cerebral hemispheres of 
methoxyflurane anesthetized rats prepared for 4-VO-evoked cerebral ischemia. 
Both cups were perfused with artificial cerebrospinal fluid (aCSF) containing the 
spin trap agent a-(4-pyridyl-l-oxide)-N-tert butylnitrone (POBN 100 mM) for 20 
min. In addition 50 mg/kg BW of POBN was administered intraperitoneally (IP) 
20 min prior to ischemia. Cup fluid was subsequently replaced every 15 min 
during ischemia and every 10 min during reperfusion with fresh POBN 
containing CSF and the collected cortical superfusates were analyzed for radical 
adducts by EPR spectroscopy. After a basal 10 min collection, cerebral ischemia 
was induced for 15 or 30 min (confirmed by EEG flattening) followed by a 90 
min reperfusion. OH radical adducts (characterized by six line EPR spectra) were 
detected during ischemia and 90 min reperfusion. No adduct was detected in the 
basal sample or after 90 min of reperfusion. Similar results were obtained when 
diethylenetriaminepenta-acetic acid (100 μΜ; DETAPAC) a chelating agent was 
included in the artificial CSF. A combination of systemic(100 mg/kg BW) and 
topical PBN (100 mM) suppressed OH radical adduct release during ischemia 
and reperfusion. Thus this study suggests that PBNs protective action in cerebral 
ischemia/reperfusion injury is related to its ability to prevent a cascade of free 
radical generation.
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EFFECT OF PIRIBEDIL, A D2 DOPAMINERGIC AGONIST, ON DOPAMINE, 

AMINOACIDS, FREE RADICALS IN BRAIN GERBIL AFTER CEREBRAL ISCHEMIA. 
B. Delbarre*. G. Delbarre. C. Rochat and F. Calinon. F. de Médecine, з 7032 
Tours, Euthérapie, Neuilly sur seine, FRANCE.
Two groups of adult gerbils (ischemic control and treated ischemic) were 

subjected to unilateral left carotid occlusion and compared to sham operated. 
They were selected according to Delbarre method (Delbarre, G., Stroke. 19: 
26, 1988). Piribedil (10 mg.kg-1, Per Os) was administered 1 h. before 
occlusion. 30 min. after reperfusion, gerbils were again anaesthetized 
(Ketalar 60 mg.kg-1, i.p.) and the brain was dissected and frozen in liquid 
nitrogen. Dopamine (DA), Aspartate (Asp), Glutamate (Glu), GABA and °OH 
(2,5 DHBA using Salicylate as scavenger) were determined by 
HPLC/electrochemical method.

Percentaae of modifications
' DA Asp Glu GABA 2.5DHBA/Salicvlate

versus Sham operated 
Ischemic control 242,56 167,90 227,87 556,30 265,43

*** *** *** *** ***
Treated Ischemic 35,37 -2,26 7,32 57,98 12,96

NS NS NS * NS
versus Ischemic contrr 

Treated Ischemic
Jl

60,48 63,52 67,27*** 75,93*** 69,09***
DA : ng.mg prot. AA: μg.mg prot. 2,5 DHBA : area ratio/Salicylate.
Unpaired Student t test, p < 0.05 *, p < 0.001***.
After ischemic reperfusion insult, DA, Asp, Glu, GABA and 2,5 DHBA are 

significantly increased (pcO.001). Piribedil reverses these increases and 
could interact with neuromediators and ΌΗ, which play a deleterious role in 
ischemic tissues.

2 6 7 .1 1

FREE RADICAL-INDUCED ALTERATIONS IN CEREBROVASCULAR 
RESPONSIVENESS TO N-METHYL-D-ASPARTATE (NMDA) FOLLOWING 
ASPHYXIA. David W. Busiia* and Wei Mena. Department of 
Physiology/Pharmacology, Bowman Gray School of Medicine, Winston- 
Salem, NC 27157.

We examined effects of prior asphyxia and reventilation on piai 
arteriolar responses to topical application of (NMDA) in newborn pigs. 
Piglets were anesthetized and ventilated with a respirator. Piai arteriolar 
diameter was determined using a closed cranial window and intravital 
microscopy. After baseline diameter was determined, the respirator was 
turned off for ten minutes. Then, the respirator was turned on and the 
piglet was ventilated for 4 hours. At 1,2, and 4 hours following 
asphyxia, arteriolar diameter was determined during control conditions, 
and during arterial topical application of 10'бМ NMDA (n = 6). NMDA 
causes arteriolar dilation via a mechanism involving neural activation. At 1 
hour after asphyxia, NMDA dilated by 10± 1%. However, arteriolar 
responses were greater at 2 hours (23 ±6%) and 4 hours (30 ±5%) than 
at 1 hour. In time-control animals, NMDA dilated arterioles by 20±5% at 
1 hour, 24 ±8% at 2 hours, and 21 ±4% at 4 hours (n = 5).
Indomethacin administration (5mg/kg, iv) prior to asphyxia, which 
attenuates free radical production, resulted in a 23 ±3% arteriolar dilation 
to NMDA at 1 hour (n = 7). Further, oxypurinol administration 
(50mg/kg,iv.) (a free radical scavenger) prior to asphyxia lead to a 
35 ±8% increase in arteriolar diameter to NMDA at 1 hour (n = 5). We 
conclude that at 1 hour following asphyxia and reventilation in piglets 
there is a selective attenuation of arteriolar dilation to NMDA, and this 
attenuation may be due to local production of oxygen free radicals. 
Supported by grants HL 30260 and HL46550.

267.10
T H E  C O M P E T I T IV E  N M D A  A N T A G O N IS T  C G P  4 0 1 1 6  P E R M A N E N T L Y  
R E D U C E S  B R A IN  D A M A G E  IN A  R A T  S T R O K E  M O D E L . D. S a u e r . E . 
W eb er. P  R . A llearm i an d  G .E .  Fac io * . B io logy R e s e a rc h  Lab o ra to rie s  and  
Experim enta l Pathology, C IB A - G E IG Y  Ltd., C H -4 0 0 2  B a s le , Sw itzerlan d .

It is  w ell a c ce p te d  that N M D A  recep to r a n tag o n ists  red u ce  b raku d am a g e  
m e a su re d  6 -4 8  h o u rs  after induction of fo ca l ce reb ra l isch e m ia  in sev e ra l 
a n im a l s p e c ie s .  O n  the  o th e r  h a n d , it h a s  b e e n  re p o rte d  that the  
uncom petitive  ch a n n e l b lo cker M K 801 sh o w ed  no neuroprotective efficacy if 
the lesion  w a s  a s s e s s e d  28  d a y s  after middle ce reb ra l artery (M C A ) occlusion  
in rats (1) su g g e stin g  that its ce reb ro p ro tective  action  might be transient. 
U sin g  this m odel, w e  eva lu ated  the effect of the com petitive N M D A antagonist 
C G P  4 0 1 1 6  on both early  (2 d a y s) an d  late (28  d a y s) neu ro d eg en eratio n  in 
th e  s a m e  a n im a ls  by m e a n s  of m a g n etic  re so n a n c e  im ag ing  (M RI) and  
con ven tion al histology.

Im m ediately after M C A  o cclu sio n  rats rece ived  either C G P  4 0 1 1 6  (20 mg/kg 
i.p.) or isoton ic sa lin e . Tw o M R I s c a n s  w ere  perform ed in e a ch  an im al 2 and  
28 d a y s  after M C A  o cclu s io n . After the seco n d  s c a n  rats w ere  perfusion fixed  
for histological evalu ation. T h e  volum e of lesion ed  brain tissu e  w a s  ca lcu la ted  
from the d am ag ed  a re a  in sin g le  sect io n s  and the d istan ce  betw een them .

C G P  4 0 1 1 6  red u ced  a c u te  infarct vo lu m e d eterm ined  by M RI 2 d a y s  after 
M C A  o cc lu s io n  by 3 3 %  (P < 0 .0 5 , A N O V A ). After 28  d a y s  the lesion  v isible  in 
the M R I s c a n  w a s  still s ignificantly sm a lle r  in the drug treated  an im als. T h is  
finding w a s  confirm ed by the histo logical a n a ly s is  show in g  a  6 3 %  reduction in 
the  vo lu m e of total b rain  d a m a g e  (atro phy + n e cro s is ) in the C G P  4 0 11 6  
group (P < 0 .05 , A N O V A ). T h e re  w a s  a  good correlation b etw een the M RI data  
and  the resu lts of the histo logical evaluation (r = 0 .97 ).

O u r re su lts  ind icate (1) that the com petitive  N M D A  an tagon ist C G P  4 0 11 6  
p e rm a n en tly  p ro tec ts  b ra in  t is s u e  from  th e  c o n s e q u e n c e s  of c e re b ra l 
isch e m ia  a  rat m odel for hu m an stroke  and (2) that early and late pathological 
c h a n g e s  c a n  be accu ra te ly  m e a su re d  by M RI.

R e fe re n ce : L . P e rsso n  et al. (1992), S o c  N eu ro sci A bst, 1452

267.12

DIFFERENCES IN THE EFFECTS OF NORMO- AND HYPER
GLYCEMIC HYPOXIA ON THE ELECTROTONUS OF 
PERIPHERAL RAT AXONS. P. Grafe* and U. Schneider. Department 
of Physiology, University of Munich, W-8000 München 2, Germany.

A combination of hyperglycemia and hypoxia is very likely involved 
in the pathogenesis of diabetic neuropathy. Very little is known, 
however, about the consequences of this pathological energy metabolism 
for axonal membrane conductances. In the present study, the effects of 
normo- and hyperglycemic hypoxia were studied on the electrotonic 
responses of isolated rat spinal roots using a double vaseline gap 
recording technique. In oxygenated solutions both normo- and 
hyperglycemic spinal roots showed electrotonic responses with an initial 
fast component followed by slow potential changes. Slow electrotonus 
was much more pronounced in the hyperpolarizing direction. 
Normoglycemic (5 mM D-glucose) hypoxia depolarized the axons and 
led to an increase in membrane conductance; slow electrotonus 
disappeared completely. Hyperglycemic (25 mM D-glucose) hypoxia 
also depolarized the axons. However, membrane conductance was only 
slightly enhanced in hyperpolarizing direction. In depolarizing direction, 
conductance decreased and slow electrotonus was enhanced. These data 
reveal different effects of normo- and hyperglycemic hypoxia on axonal 
membrane conductances. A possible explanation is a quantitative 
difference in hypoxia-induced cytoplasmic acidification.
Supported by the DFG (SFB 220/B1)

CELL LINEAGE AND DETERMINATION: TELENCEPHALON

2 68 .1
EXPRESSION OF FUCOSE-CONTAINING CARBOHYDRATE ANTIGENS 
(LEWISX AND SIALOSYLATED LEWISX) ANTIGENS IN FETAL HUMAN 
NEURAL CELLS IN CULTURE. J.Ĩ. Satoh and S.U, Kim*. 
Division of Neurology, University Hospital, University of 
British Columbia, Vancouver, Canada.

Cell-surface carbohydrate antigens play important roles 
in cell to cell interactions during embryogenesis. Lewisx 
(Lex) is a carbohydrate antigen defined by the structure of 
Galßl-4(Fucal-3)Glc-NAc. It is identical to the stage- 
specific embryonic antigen-1 (SSEA-1) that is expressed in 
mouse embryonic cells in a developmentally regulated 
manner. Recently, both Lex and sialosylated Lex 
determinants were identified as ligands for the selectin 
family of cell adhesion molecules. We are interested in 
studying the localization and biological function of these 
antigens in the developing human CNS. To identify the cell 
types expressing Lex-related antigens, primary cultures 
isolated from fetal human brain tissues were investigated 
by immunocytochemistry with antibodies recognizing Lex 
(4C9), oligomeric Lex (FH4), sialosylated oligomeric Lex 
(FH6) antigens, and cell type-specific markers. 4C9 was 
expressed in astrocytes (10-30%), oligodendrocytes (>95%), 
and microglia (>95%), while it was undetectable in neurons. 
Both FH4 and FH6 were expressed in microglia but not in 
other cell types. The cell type-specific expression of Lex 
and sialosylated Lex antigens suggests that these antigens 
may play roles in intercellular recognition between 
distinct cell types in the human CNS during development.

268.2
DETERM INATION O F OLIGO DEN DROCYTE PRO GEN ITO RS IN TH E HUMAN FETA L  
TELEN CEPH ALO N . J.D . Flax#. M. Rivkin#. S .E . Pfeiffer*. H .C. Kinney#. Children’s Hosp.,# 
Boston MA 02115, Univ. Conn. Sch. of Med.*, Farmington, CT  06030*.

Oligodendrocyte (OL) development in rodents occurs in a sequential fashion in 
which each step can be defined with anti-glycolipid and anti-protein monoclonal antibodies. 
Virtually nothing is known, however, about the temporal or regional sequences of 0 L  
maturation in the human telencephalon, despite the importance of such information in 
understanding perinatal white matter disorders. The purpose of this study is to begin to 
establish the sequence of O L development within the human telencepalon prior to myelin 
sheath formation using O L progenitor cell m arkers. Three antibodies were applied in the 
brains of 3 fetuses (20-22 wks gestation): 04  (anti-proligodendroblast antigen and anti- 
sutfatide); 01 (anti-galactocerebroside); and anti-myelin basic protein (MBP). In rodents these 
antibodies identify 3 stages of OL maturation: late progenitors (proligodendroblasts 04Ό 1 ); 
immature O Ls (OI*04*MBP-); and mature O Ls (MBP*). Standardized tissue blocks were 
dissected from the posterior parietal cortex. These sections include germinal matrix (GM), 
subventricular zone, and distal optic radiation (DOR) and parietal white matter (PWM), two 
sites that initiate myelin synthesis and myelinate at different rates with DOR myelinating earlier 
and faster than PWM. Immunohistochemistry was performed using biotinylated secondary 
antibodies and diaminobenzadine reaction. 04* cells were present throughout the GM, 
subventricular zone, DOR, and PWM. They were bipolar in GM, but multipolar in all other 
regions. Fewer 01*than 04* cells were found overall; they were multipolar and concentrated 
in the DOR and central PWM. MBP immunostaining w as negative in all regions, indicating 
that those 04* and 01* cells were progenitors, not mature O Ls retaining 04  and 01 
antigenicity. Thus, immature O Ls (01*) were present in sites that do not begin myelin 
synthesis until late gestation and the first few postnatal mos. This study establishes the 
feasibility of using 01 and 04  antibodies in human developmental postmortem brain tissues 
and represents a first step in mapping the temporospatial development of 0 L  progenitors in 
the human telencephalon. (Supported by the Esser Foundation.)
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2 6 8 .3
VENTRICULAR ZONE PROGENITOR CELLS OF THE ADULT SONGBIRD 
BRAIN ARE PLURIPOTENTIAL FOR NEURONS AND GLIA, IN VIVO AND IN 
VITRO S. A. Goldman1. K. Bahramian1. B. Kirschenbaum1 \ D. Niedzwiecki1. A. 
Zukhar1. and T. Mikawa2 Depts. of 1Neurology & Neuroscience and 2Anatomy 
& Cell Biology, Cornell Univ. Medical College, NYC, NY 10021.

The adult songbird forebrain continues to generate neurons 
throughout adulthood, from precursor cells located in the ventricular zone (VZ) 
overlying the mediocaudal neostriatum (Goldman and Nottebohm, 1983). 
Precursor cell mitosis is followed by the migration of the neuronal daughter 
cells into the forebrain, along VZ-derived radial guide fibers. The ontogeny of 
both the neuronal precursors and radial guide cells has hitherto remained 
unclear. In this study, we followed the progeny of single neostriatal VZ cells, by 
retroviral insertion of the /acZ/ß-galactosidase reporter gene into VZ cells 
derived from postnatal and adult songbirds. This was done in vivo , with adult 
zebra finches, and in vitro, using postnatal (P2-P17) canaries and finches. In 
each case, two histochemically distinct viruses, CXL (cytoplasmic ß- 
galactosidase) and SNTZ/2 (which has a nuclear localization sequence) were 
used together. In culture, single infected VZ cells gave rise to /acZ+ clusters 
containing MAP-2+ neurons, vimentin/mAb 3A7+ (3A7 courtesy of V. Lemmon) 
ependymoglia, and uncharacterized cells (3A77MAP-2) together. The 
pluripotentiality of the precursor cell in vitro was also seen in vivo, among 
finches given intraventricular injections of virus. In these birds, single lacZ+ 
clusters included VZ cells, radial cells and neurons. The proportion of these cell 
types within single clusters varied as a function of the survival time following 
viral infection, which spanned a range of 3-71 days (n=28 birds). At the earliest 
sacrifice points, the only lacZ* cells seen were small oval cells found within and 
subjacent to the VZ; radial cells were noted only thereafter, and neurons later. 
This suggests that the newly-generated neurons and radial cells of the adult 
songbird brain derive from a common VZ stem cell, which remains pluripotential 
throughout life. (Supported by NIH NS01316, R29NS29813, the Mathers 
Charitable and Lookout Foundations, and the Hirschl/Weili-Caulier Trust).

2 6 8 .5
CLONAL HETEROGENEITY AMONG PROLIFERATING POPULATIONS 
ORIGINATING FROM THE GERMINAL ZONE OF THE PERINATAL RAT 
TELENCEPHALON, S. E. Acklin* and D. van der Koov. Dept. Anat., Univ. 
Toronto, Toronto, Ontario, M5S 1A8, CANADA.
We recently reported the segregation of the E17-19 developing rat cortical germinal 
zone into three spatially distinct horizontal bands comprising clonal populations 
with distinctive cell cycle times, incidences of cell death and modes of proliferation 
(Acklin & van der Kooy, D e v e lo p m e n t , 1993, in press). In order to ask about the 
spatial and histotypic fates of the progeny arising from these clonal bands, we 
employed simultaneous retroviral identification of individual germinal zone clones 
and their labeling with radioactive thymidine in order to characterize the location 
and cell cycle characteristics of individual precursor cell clones in the perinatal 
(E20 - P0) cortical germinal zone. At this perinatal time most neuronal production 
has ceased but many glia are still to be produced. Although not as clearly spatially 
segregated as the clones in the E l7-19 time period, we found four distinct clonal 
populations in the perinatal cortical germinal zone. A very small population of 
clones that cycled slowly and was presumably postmitotic at P0 was located 
exclusively in the postmitotic area. We suggest that these few clones are neuronal 
and represent the last gasp of neuronal production during embryogenesis. Perinatal 
clonal population A consisted of large, fast cycling clones mostly restricted to 
ventricular and subventricular zones with only a few members in the postmitotic 
area. A majority of the proliferating cell members of population A clones was 
tightly clustered in immediate vicinity of the lateral ventricular border. Clonal 
population В originated primarily from the subventricular zone and cells reached 
through the white matter into the postmitotic area. Population В clones were smaller 
and slower cycling, with little clustering of clonal members. Clonal population B* 
also originated in the subventricular zone with cells reaching into the postmitotic 
area, but consisted of large, fast cycling clones. Moreover, the majority of cell 
members in population B* clones appeared to proliferate in tight clusters in the 
postmitotic zone. We hypothesize that the clonal populations A, В and B* in the 
perinatal cortical germinal zone give rise to various types of glia.

2 6 8 .7
CORTICAL NEURONAL PROGENITOR CELLS CAN BECOME COMMITTED 
TO A LAMINAR FATE IN  V IT R O . A . P. Bohner* and S. K. McConnell. 
Department of Biological Sciences, Stanford University, Stanford, CA 94305.

Transplantation studies have demonstrated that the laminar fates of cerebral cortical 
neurons can be altered by environmental cues. Neuronal progenitors that become 
postmitotic on embryonic day 29 (E29) in the ferret normally adopt a layer 6  fate. 
However, when transplanted into the postnatal day 1 (PI) ventricular zone, an 
environment in which layer 2/3 neurons are being produced, E29 progenitors are 
competent to produce layer 2/3 cells, as long as they are transplanted early in the cell 
cycle. Commitment to a deep-layer fate occurs roughly around the time of the 
transition between S phase and G2 of the final cell cycle; thus, it is the progenitor cell 
that receives the signal that determines the newly postmitotic daughter’s laminar fate 
(Science 254; 282-285,1991).

To facilitate further study of fate determination, we have developed an in  v itro  
modification of the transplantation protocol that allows us to control and manipulate 
the progenitor cells' environment as they undergo the commitment process. We 
cultured intact slabs of E29 occipital cortices for four hours in minimum essential 
medium. Under these conditions, progenitor cells labeled with 3H-thymidine at the 
start of the culture period undergo their normal commitment to a deep layer fate. After 
transplantation into a PI ventricular zone, the majority of labeled neurons that 
migrated away from the injection site migrated to layers 5 and 6 , appropriate fates for 
cells bom on E29.

We designed another in  v itro  system to ask whether cell-cell contact plays an 
important role in the commitment process. Cells were labeled with 3H-thymidine 
then cultured in a dissociated, single-cell suspension for four to six hours before 
transplantation into PI brains. These cells were deprived of local contacts during their 
final round of DNA replication, when laminar fate is normally determined. We have 
found that 3H-thymidine-labeled neurons can survive and migrate in the host 
environment after this procedure, and we are currently assessing the laminar fates of 
these cells. Supported by NIH EY08411.

2 6 8 .4
FLOW CYTOMETRY IDENTIFIES DEVELOPMENTALLY REGULATED 
AND CELL SPECIFIC LECTIN-LABELING IN THE EMBRYONIC MOUSE 
TELENCEPHALON (TCV). N .A .F l a r i s . P .K o tz b a u e r ,  P .C h a n d . 
A .D .K o n s tan tin id o u * an d  K .A .R oth. D epartm en ts  of Pathology and 
Neurology, W ashington  U niversity School of M edicine, S t Louis MO 
63110

Lectins a re  c a rb o h y d ra te -b in d in g  p ro te in s  found  in  all living 
o rg an ism s. T hese  co m p o u n d s  can  be u se d  to c h a ra c te rize  the 
carbohydrate  epitopes p resen t on cell su rfaces and  subsequen tly  serve 
a s  m arkers  for the specific cell types bearing  th e se  epitopes. Previous 
s tud ies  have u sed  lectins to histochem ically  characterize carbohydrate 
expression  in  the cen tral and  peripheral nervous system . In th is  study 
we have used  a  panel of 21 different lectins, chosen  to cover a broad 
range of ca rbohyd ra te  epitopes, an d  flow cytom etry to  determ ine if 
lectin  b ind ing  could identify un iq u e  su b se ts  of cells of m ouse TCV 
during  developm ent and  in dissociated cell cu ltu res. We first compared 
lectin binding  in d issociated  cells from E12 to E16 TCV an d  from cells 
i s o l a t e d  fro m  th e  g a n g l io n ic  e m in e n c e  a n d  th e  
n eo c o rtiea l/h ip p o cam p a l a re a s . Q u an tita tiv e  d ifferences in lectin 
b in d in g  w ere c o n s is te n tly  seen  b e tw een  em byon ic  d ays  and 
telencephalic regions. Dissociated TCV cells grown in serum  free or fetal 
ca lf serum  (FCS) contain ing  m edia in  the presence of epiderm al growth 
factor showed a  m arked increase in labelling for PNA, DSA, PHA-E and 
WGA during  the  cu ltu re period. A more complex pa tte rn  of labeling was 
observed for cells grown in FCS con tain ing  m edia in the  p resence of 
acidic fibroblastic grow th factor. These observations suggest th a t lectin 
cytochem istry  an d  flow cytom etry will be usefu l in  identifying and 
isolating specific cell types during  CNS developm ent an d  un d er in vitro 
conditions.

2 6 8 .6

INHIBITION OF Dlx2 GENE EXPRESSION AFFECTS NEURONAL 
DIFFERENTIATION IN PRIMARY CULTURES OF CELLS FROM 
BASAL TELENCEPHALON. F.M. Vaccarino*. D. Hartigan, J.L.R. 
Ruhenstein and J.F. Leckman. Child Study Center, Yale University,
New Haven, CT 06510.

D lx2 is a hom eobox-containing gene w hich is expressed in basal 
telencephalic and ventral diencephalic areas during mouse neurogenesis 
(Porteus et al, Neuron, 7:221-229, 1991). The role o f D lx2 in neuronal 
development was investigated in a primary culture system in which the 
neuroepithelial cell layer was dissected from the basal telencephalon of 
E l 3 -E l4 rat embryos and the cells were grown in defined medium. These 
primary cultures contain a population of stem cells that proliferate and 
differentiate into several classes o f neurons between day 1 and 7 in vitro. 
To block the expression o f D lx2, primary cultures were exposed to an 
antisense oligodeoxynucleotide (A S-O DN ) targeted to the initiation of 
translation region o f Dlx2 mRNA. A  mutated A S-O D N  and a random- 
sequence ODN were used as controls. The A S-O D N  decreased Dlx2 
mRNA by 40% as detected by Northern analysis. The phenotypes of cells 
treated with control or A S-O D N  were analysed using quantitative 
im m unocytochem istry. This analysis revealed  that the AS-ODN  
sign ificantly  decreased (50% o f  control) the number o f cells 
immunoreactive for MAP2, a marker for mature neurons. The number of 
glutamate-immunoreactive cells was also significantly decreased (40% of 
control). In contrast, the total number o f cells or the cells immunoreactive 
for Rat 401 (a marker for stem cells) were not significantly affected by 
A S-O DN  treatment. A S-O DN  was ineffective in cultures from dorsal 
telencephalon, a region were Dlx2 is not expressed. These data suggest 
that the Dlx2 gene is involved with the process of neuronal differentiation.

2 6 8 .8
CLONING AND CHARACTERIZATION OF A RAT LIM -CLASS HOMEOBOX 
GENE EXPRESSED IN CEREBELLUM.
J- F. Mill*. H. Chin. M. Taira. W. P. Haves and I. B. Dawid. Labs, of Molecular 
Biology & Neurochemistry (NINDS), Developmental Neurobiology & 
Molecular Genetics (NICHD) NIH, Bethesda, MD 20892.

Two members of the LIM-class homeobox gene family (lin-11, mec-3) 
specify cell type in the nematode, C. elegans. Thus, the discovery of new 
CNS- and neurendocrine-specific members of this family (Xlim-1, 2 & 3) in frog 
where they are expressed by distinct subsets of embryonic neural plate cells, 
suggests a similar role in vertebrate neuronal diversification (Taira et al. 1992, 
Genes & Development 6, 356-366; Dev. Biol., in press). The first mammalian 
LIM-homeobox gene, isl-1, was cloned from pancreatic endocrine cells, but is 
also expressed in the CNS (Dong et al. 1991 Mol. Endo. 5. 1633-1641).

To further investigate the role of this class of homeobox genes, we used 
LIM and homeodomain-specific primers and PCR to subclone a 330 base 
fragment corresponding to the rat homolog of X en opu s  Xlim-1. Several 
criteria support this identification; (1) The sequence shows 88% amino acid 
identity to Xlim-1, with divergence seen only in the spacer region spanning 
LIM-domain 2 and the homeodomain; in contrast, the rat PCR clone is only 
44% identical to this LIM-domain of Xlim-3 and there is no homology to the 
Xlim-3 spacer. (2) Like Xlim-1, the rat lim-1 clone specifically labeled a single 
~4 kb band of blotted adult rat cerebellar RNA (compared to 3.4 kb for Xlim-1 
in adult frog brain), but was absent in anterior pituitary where Xlim-3 is 
expressed in embryonic-to-adult frog. (3) Finally, in situ hybridization using 
larval and adult frog brain sections showed Xlim-1 is highly expressed in the 
Purkinje cell layer of cerebellum, as well as other discrete CNS regions (see 
also the 1993 Neuroscience Abstract by W. P. Hayes et al). We are currently 
screening a rat cerebellar cDNA library to complete the rat lim-1 sequence. 
Moreover, the SfMrtiolemporal expression of rat lim-1 is being examined 
during postnatal development to determine if this homeobox gene could play 
a role in the determination of cell type in rat cerebellum.
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268.9
NMDA RECEPTOR ACTIVATION IN DIFFERENTIATING CEREBELLAR 
NEURONS REGULATES THE EXPRESSION OF A NEW POU GENE, 
MCP-1. R.F. Bulleit+. H. Cui. J. Wang and X. Lin. Dept. of Pharmacology, 
Univ. of Maryland Sch. of Med., Baltimore, MD 21201.

POU/homeobox genes encode transcription regulatory proteins that are 
important in determining cellular phenotypes. The products of these genes may 
be critically involved in regulating CNS neuronal differentiation. We have 
identified a cDNA corresponding to a new member of the POU/homeobox gene 
family. RNA encoded by this new gene is predominantly expressed in the 
central nervous system. Thus we have designated this new gene M C P -1  (mouse 
CNS POU gene 1). We observed that M C P -1  transcripts are expressed in cells 
cultured from the early postnatal cerebellum. Treatment of these cultured cells 
with 50 μ Μ  N-methyl-D-aspartate (NMDA) results in a 3-4 fold increase in the 
level of M C P -1  RNA. Simultaneous treatment of these cells with 100 μΜ 
amino-5-phosphonovaleric acid (APV) blocks this increase. Continued treatment 
of these cells with NMDA maintains this new steady state level of M C P -1  
mRNA for at least five days. The NMDA induced increase in M C P -1  mRNA 
was reduced by pretreatment with the calcium chelators, ethylene glycol-bis(/3- 
aminoethyl ether) Ν,Ν,Ν’,Ν’,-tetraacetic acid (EGTA) or l,2-bis(2- 
am in o p h en o x y )e th an e -N ,N ,N ’ ,Ν ’- te tra a c e tic  ac id  (ВА РТА ) 
tetrakis(acetoxymethyl). Transcription run-off experiments suggest that this 
increase in the level of RNA was due, at least in part, to an increase in 
transcription from the M C P -1  gene. These studies suggest that specific 
activation of the NMDA receptor in cultures of differentiating CNS neurons 
increase M C P -1  gene expression and that calcium entry through the NMDA 
channel may be required for this response. This change in M C P -1  expression 
may modify phenotypic characteristics of these cultured cells. [Supported by 
NIH Grant NS29792]

2 6 8 .1 0
SEPARATE PRECURSOR POPULATIONS FOR THE MOLECULAR LAYER 
NEURONS AND GRANULE CELLS IN THE MURINE CEREBELLUM 
USING CHIMERAS AND RETROVIRAL INFECTIONS. K.M. Hamre*. M.A. 
Gates. D. Goldowitz. Dept. of Anat. and Neurobiol., Univ. of Tennessee 
Memphis, Memphis, TN 38163.

The proliferative zone of the cerebellar external granular layer (EGL) appears 
as a homogeneous region of mitotically active cells. However, from this 
homogeneous-appearing area, several cell types are generated including 
granule cells, stellate and basket cells, not to mention, glia and possibly Golgi 
cells. The question we asked was whether lineage restriction occurs in the 
mitotic precursors, or whether cells in the EGL wait until after their final round of 
mitosis to be "instructed" as to their neuronal phenotype. To address this 
question, we analyzed adult interspecies murine chimeras and early postnatal 
retrovirally-labeled cerebellums to determine if granule cells (GCs) and molecular 
layer (ML) neurons have distinct lineages. In sagittal sections, areas containing 
the ML and GC populations were analyzed for the percentage of labeled ML 
neurons and the percentage of labeled GCs. In many regions across several 
chimeras there were 5-10 fold differences in the percentage of labeled cells of 
one population compared to the other population. Two further interesting 
observations were made from the chimeric tissue. 1 ) Molecular neurons of the 
same genotype were often clustered in groups or in radial columns. 2) In two 
regions of one chimera only progeny from basket cells were labeled while other 
ML neurons and GCs were unlabeled. In the retroviral study, at least six clones 
were observed that had only granule cells. Furthermore, one highly informative 
clone contained 7 neurons that were all located in the deep portion of the ML. 
These results support the hypothesis that molecular layer neurons and granule 
cells in the cerebellum are generated from separate precursor populations. 
Moreover, different classes of ML neurons may arise from separate progenitor 
cells. Thus, this data strongly supports a lineage model of cell differentiation in 
the cerebellum. Support: NS23475 to DG and NS07323 to KMH.

CELL LINEAGE AND DETERMINATION: NEURAL CREST

2 6 9 .1
A MARKER FOR THE MELANOBLAST SUBLINEAGE OF NEURAL CREST. 
Everton P a re  and Sally Hoskins*. City College of the City University of New 
York, New York NY 10031.

The neural crest is a largely multipotent population of precursor cells 
derived from the embryonic neural tube. These cells migrate widely within 
the developing embryo and differentiate via unknown mechanisms into cells 
of diverse types. We have generated a monoclonal antibody, ips6 , that 
appears to delineate the pigm ent cell sublineage of neural crest in X. la ev is .

Ips6  was produced in a monoclonal fusion that used postmetamorphic 
retina as the immunogen. The antibody was tested on albino embryos 
processed as whole m ounts and subsequently sectioned. Ips6  staining is not 
seen during the earliest stages of crest migration, but appears first at about
1.5 days of development (stage 31) in the choroid and pigment epithelia of 
the albino eyecup. Beginning at stage 33/34, large cells migrating in the head 
and trunk are ips6  positive in these albino embryos. In the trunk, stained cells 
are found between the somite and skin and between the somite and neural 
tube, two of the three known pathways for migrating crest cells in the 
amphibian embryo. No stained cells are found dorsal to the neural tube in 
the fin, a third pathway for trunk crest migration. In older albino embryos 
which have begun to express melanin transiently, all cells immunoreacti ve for 
ips6  also appear to contain melanin. Not all melanin-containing cells are ips6  
positive, however. The cement gland, for example, is pigmented from early 
embryonic stages in wild type embryos but negative for ips6 . We suggest 
that expression of ips6  marks an early stage in the commitment of neural 
crest cells to the melanoblast lineage, and that the epitope recognized by ips6 
is involved in differentiation of crest-derived but not placodally-derived 
pigment cells.

Supported by NIH NS25042 and MBRS GM08168, and NSF BNS895-8100.

2 6 9 .3
RAT SCH W ANN CELL PRECURSORS; REGULATION OF 
SURVIVAL A N D  DEVELOPMENT. A . Brennan, R. Mirskv, J. 
Gavrilovic and K.R. Jessen. (SPON: Brain Research Association) 
Department o f Anatomy, University College, Gower Street, 
London WC1E 6BT.

The generation of Schwann cells from the neural crest is 
poorly understood in terms o f the role o f epigenetic signals and 
the timing and nature o f the phenotypic changes that take place 
as multipotent crest cells are transformed to differentiated 
Schwann cells.

We have now characterized in detail a m odified neural crest 
cell present in nascent peripheral nerves, identified this cell as the 
immediate precursor o f the Schwann cells o f the late embryonic 
nerves, pinpointed the major phenotypic conversion during 
Schwann cell generation from the neural crest as the abrupt and 
radical transformation o f this cell to Schwann cells between E l5 
and E17, and identified bFGF as a potential key regulator o f  
apoptosis in Schwann cell precursors and o f precursor to 
Schwann cell conversion.

2 6 9 .2

PR EV ENTIO N  OF M ELA N O C YTIC  EX PR ESSIO N  BY  THE 
C A U D A L BR AN C H IAL ARCHES. R .J. JACOBS-COHEN*and  
M .D. G ershon. Dept. Anat. & C ell B io l, and Sch. o f  Nursing, 
Columbia U ., P&S, N ew  York, N Y  10032

C ells that emigrate from the vagal region o f  the neural crest are 
known to give rise to m elanocytes and to the neurons and glia o f  the 
enteric nervous system  (EN S). There are no m elanocytes in the 
bowel; nevertheless, in co-culture experim ents, the gut has been 
shown to support melanocytic development. W e have suggested that 
the caudal branchial arches (BA ), through which crest-derived cells  
migrate to the bow el, suppress the potential o f  these ce lls  to 
differentiate as m elanocytes. Silkie fow l, in which the viscera are 
pigmented, were examined to test this hypothesis. Crest cells were 
co-cultured with BA . Combinations o f  tissues were derived from  
quail and S ilk ie fow l. Quail ce lls  were identified by their stable 
nuclear marker. N o m elanocytes w ere found in cultures o f  BA  
grown alone. In co-culture, quail and Silkie crest ce lls colonized  
both quail and Silkie BA without difficulty. M elanocytes, however, 
were rare within the quail BA , but extrem ely numerous throughout 
the BA o f  the Silkie. Crest cells were co-cultured with limb buds, 
w hich  served  as a control. L im b buds did not prevent 
m elanogenesis. These data are consistent with the idea that BA  
specifically suppress the m elanocytic potential o f  crest-derived cells  
that enter or migrate through them. Supported by American Cancer 
S ocie ty  Grant C D -447 to R.J. Jacobs-C ohen and NIH grant 
NS 15547.

2 6 9 .4

A XO NS ARREST M IGRATION OF SCH W AN N  CELL 
PRECURSORS. A . Bhattacharvva*. N . Ratner and R. Brackenburv. 
Dept. o f  Anatomy & Cell B iology, U niv. o f  Cincinnati C ollege o f  
M edicine, Cincinnati OH 45267-0521.

W e tested whether the development o f  motor axons is necessary to 
direct or arrest the migration o f  Schwann cell precursors derived from 
the neural crest. W e ablated the ventral half o f  the neural tube 
unilaterally from lumbar regions o f  chicken embryos at Stage 17, 
before motor axon outgrowth and neural crest migration. Sections o f  
these embryos were stained with anti-acetylated tubulin to label 
developing axons, HNK-1 to label migrating neural crest cells and 1E8 
to label Schwann cell precursors. At Stage 18, H N K -1+ neural crest 
cells have migrated to normal locations in both control and ablated 
sides o f  the embryo. However, by Stage 19, no H N K -1+ cells or 1E8+ 
Schwann cell precursors remained in the region o f  the ventral root on 
the ablated side. The missing cells were not seen in ectopic neural 
crest migratory pathways and N ile  Blue staining provided no evidence 
for increased cell death in the control or ablated side o f  the embryos. 
These results support the "blind date" hypothesis that neural crest cells 
migrate normally to the region o f  the ventral root, but depart quickly 
i f  motor axons do not arrive.
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2 6 9 .5
EA R LY  EXPRESSION OF NEUROPEPTIDE Y IN NEURONS DERIVED  FROM  
SYM PATHETIC PRECURSORS D O ES N OT REQUIRE T A R G ET  TISSU E  
C O N TA CT OR LINEAGE RESTRICTIO NS. Sallv E. M acPhedran* and Alison
K. Hall. D epartm ent of N euroscience, C a se  W estern  R eserve  University  
School of Medicine, C leveland, OH 4 4 1 0 6 .

N eurons in the  adult rat superior cerv ica l ganglion can  p o sse ss  
neuropeptides utilized as  co -tran sm itters along w ith  norepinephrine. 
T h e  facto rs  th at regulate the  initial expression  o f n euro pep tides remain  
unknown. We exam ined if neuronal p recu rso rs g ave  rise  to  
neuropeptide Y im m unoreactive (NPY-IR) neuro ns in vitro . A fte r  one  
w eek, 6 5 %  of the  principal neurons derived from  E 1 4  SCG  p o sse ssed  
m oderate  or bright NPY-IR, while the  rem aining neuro ns p o sse sse d  no 
d e tectab le  NPY-IR. T o  determ ine if NPY-IR neurons w ere  derived from  
progenitors com m itted to  exp ress NPY, E l 4  p recu rso rs w ere  labeled  
with an incom petent retrovirus carrying lacZ, and NPY exp ression  in 
lacZ-labeled c lo n es estab lished  a fte r 1 w eek. Neuronal c lo n es of all 
s ize s  exp ressed  NPY. C lones containing 2-6  neurons w ere  d e te cte d  in 
w hich all neurons p o sse ssed  NPY-IR, or in w hich no neuro ns p o sse sse d  
NPY. T h e  presen ce  of m any c lo n es w ith hom og eneous NPY expression  
m ay indicate a contribution o f lineage restrictio n s on su b seq u en t  
neuropeptide expression . In addition, num erous m ixed clo n es, in which  
so m e neurons p o sse ssed  NPY-IR while other neuro ns in the  sam e clone  
did not, w ere also  observed. T h e  p resen ce  o f m ixed neuronal clones  
ind icates th a t there  is not an obligatory restrictio n  of neuronal 
p recu rso rs to  an NPY-bearing or NPY-lacking pheno type. (Supported  
by AHA 9 2 -1 4 1 3 ) .

2 6 9 .7
MAPPING THE ORIGIN OF ENTERIC PRECURSORS WITH A  
RECOM BINANT RETROVIRUS. M.L. Epstein*. D.R. McFarlin,
T. M ikawa. A .M .C . B row n. D ept. o f  A natom y, U niversity o f  
W isconsin , M adison, W I 53706 and D ept. o f  C ell B io logy  and 
Anatomy, Cornell Medical College, N ew  York, N Y  10021 

Our objective was to evaluate the contribution o f  neural crest cells 
from different regions o f  the avian neuroaxis to the enteric nervous 
system . To do this, we marked cells by infecting them with a 
replication-defective spleen necrosis virus which contains the lacZ  
gene [Mikawa et a l., Exp . Cell R es. 195:516 (1991)]. Injections o f  
virus were made into somites 1-11 o f  chick embryos which had 8 to 
25 somites. The embryos were fixed at E6.5-8.5 and incubated in 
X-gal. The gut was removed, and the number and location o f blue 
lacZ positive cells were recorded. Blue cells were found in the gut in 
two configurations, one characteristic o f  enteric neurons and the 
other showing a radial arrangement indicative o f  circular muscle. In 
a few  cases, gut containing blue ce lls which did not have a radial 
arrangement was immunostained with H NK-1, a marker for neural 
crest cells. In almost all cases, blue cells were surrounded by HNK- 
1 positive cells, indicating the blue ce lls  w ere neural crest ce ll 
derivatives. W e found that injection o f som ites 3-6 resulted in the 
largest number o f cells and the largest proportion o f  embryos with 
blue ce lls  in the gut. Injection o f  these som ites also y ielded  
preparations in which various regions o f  the foregut contained  
radially arranged blue cells. W e conclude that a major source o f  
enteric precursors is neural crest cells m oving through somites 3-6. 
(Supported by NIH N S31385)

2 6 9 .9
RETINOIC ACID INCREASES THE NUMBER OF ADRENERGIC CELLS 
IN AVIAN NEURAI* CREST CULTURES. J.M. Rockwood* and G. 
D. Maxwell. Neuroscience Program and Dept. of
Anatomy, Univ. of Connecticut Health Center, 
Farmington, CT 06030.

Retinoids are known to exert profound effects on the 
developing embryo including neural crest-derived cell 
populations. We have investigated the effects of 
retinoic acid (RA) and related compounds on the 
differentiation of cells present in neural crest 
cultures. Quail trunk neural crest cluster cultures 
were grown in the absence or presence of RA in 
concentrations ranging from 5xlO"n M to 10'8M. After 7 
days in vitro, cultures grown in the presence of RA at 
a concentration of 10_9M exhibited a 7 fold increase in 
the number of catecholamine-positive cells present 
relative to control cultures. In contrast, total and 
pigment cell numbers were not altered significantly 
over the range of concentrations tested. Related 
compounds such as thyroid hormone (T-З) and retinol 
did not increase the number of catecholamine-positive 
cells, melanocytes, or total cells. These results 
suggest that retinoic acid may play an important role 
in the phenotypic development of certain cells derived 
from the neural crest.

This work was supported by NIH grant NS 16115 to
G.D.M.

2 6 9 .6
EXPRESSION OF NEUROFIBROMIN, A  GTPASE ACTIVATING 
PROTEIN INVOLVED IN THE RAS SIGNALING PATHW AY, IN 
MIGRATING NEURAL CREST CELLS OF A VIA N  EMBRYOS.
G. Ciment*. K.M. Stocker. T. Coston and L. Baizer. Dept. C ell 
B iology & Anatomy, Oregon Health Sci. Univ., Portland OR 97201.

In these studies, w e investigate whether neurofibromin may be 
involved in the regulation o f neural crest (NC) cell fate. In previous 
studies, we found that treatment o f NC-derived Schwann cells from 
peripheral nerves would undergo transdifferentiation into melanocytes 
in response to either phorbol esters or basic fibroblast growth factor 
(bFGF). These and other data suggest that the neural crest cell lineage 
involves a bipotent intermediate capable o f giving rise to either melano
cytes or Schwann cells (Μ/S c cells), depending on environmental fac
tors. This transdifferentiation o f  Schwann cells into melanocytes is 
reminiscent o f the human genetic disease von Recklinghausen's neuro
fibromatosis (NF1), in which benign tumors Schwann cells are often 
associated with hyperpigmentation spots. The gene product responsible 
for NF1 has been cloned and found to encode neurofibromin, a large 
protein with a region o f sequence hom ology to the GTPase Activating 
Proteins, which are part o f the ras intracellular signaling pathway.

Here we examine whether neurofibromin is expressed in NC- 
derived cells at the appropriate times during development, and whether 
its expression is influenced by conditions which altered Μ/S c cell fate. 
W e report that neurofibromin is expressed in migrating NC cells, as 
w ell as various non-NC derivatives. W e also find that treatment with 
phorbol esters or bFGF decreases neurofibromin immunoreactivity in 
Μ/S c cells, which is consistent with its role in determining NC cell fate.

2 6 9 .8
EFFECTS OF STEM CELL FACTOR (SCF) ON NEURAL CREST 
C ELL D E V E L O PM E N T  IN VITRO. J.L. S a sk o w sk i*§, £JL  
Langtim m S. J. CamahanSL and M. Sieber-Blum §. §) Department of 
C ell B io lo g y  and A natom y, M edical C o llege  o f  W isconsin , 
M ilwaukee, WI, 53226 and f  ) Amgen Center, Thousand Oaks, CA 
91320.

Mutations in the steel locus o f the mouse, which encodes stem cell 
factor (SCF), cause abnormal development of primordial germ cells, 
neural crest-derived melanocytes, and hem opoietic stem cells. We 
have determined by in vitro colony assay in serum-free medium effects 
o f SCF on quail neural crest cell development. Three types o f colonies 
are routinely seen; (1) unpigmented colonies containing sensory neuron 
precursor cells and adrenergic cells, (2) pigmented colonies containing 
melanocytes only, and (3) m ixed colonies that contain both pigmented 
and neuronal phenotypes. Adrenergic ce lls  are visualized  with 
antibodies against dopamine-ß-hydroxylase (DBH); sensory neuron 
precursors are characterized by binding antibodies against the stage- 
specific embryonic antigen-1 (SSEA-1). In the presence o f chick SCF 
(10 ng/ml), the number o f cells in unpigmented and mixed colonies, 
but not in pigmented colonies, is significantly increased. In addition, 
the number o f  colonies containing SSEA-1-im m unoreactive sensory 
neuron precursors is increased. The data suggest 1) that SCF directly 
or indirectly exerts a mitotic signal on pluripotent neural crest cells, but 
not on putative com m itted m elanogenic ce lls  and 2) that in the 
presence o f SCF pluripotent neural crest ce lls , or their progeny, 
generate with increased probability cells that differentiate along the 
sensory neuron lineage. Supported by USPH grant HD21423 and a 
Research Grant from the Dysautonomia Foundation (M .S.-B.)

2 6 9 .1 0
THE EFFECT OF SOMITE CELLS ON THE DIFFERENTIATION  
OF NEURONS FROM M AM M ALIAN NEURAL CREST CELLS IN 
VITRO. S- G. Matsumoto*. M. Carev and A. Ho. Dept. Biol. Struct. & 
FuncL, OHSU Portland, OR 97213.

Neural crest cells are intimately associated with som ites during 
the early stages o f their migration and, in the case o f the dorsal root 
ganglia, during gangliogenesis. In vivo experiments show that the 
microenvironment o f somites can influence the proliferation and/or 
differentiation o f sensory and autonomic neurons (eg. Goldstein, R.S. 
andC . Kalcheim, 1991, D evelopm ent,. 112: p. 327-334).

W e examined the effect o f co-culturing somites with trunk level 
neural crest cells. Neural crest cells were isolated from day 9.5-10  
mouse embryos and plated ±  partially dissociated somites. W e observe 
a greater than 50-fold increase in the number o f neurons in crest/somite 
co-cultures over crest alone cultures. The increase in neurons is due to 
an increase in the proliferation o f  precursor cells. The pharmacology of 
high threshold calcium currents and the sensitivity to capsaicin are two 
properties that were used to assess the degree o f differentiation o f these 
neurons. W e have found that a higher percentage o f neurons in the co
cultures express some dihydropyridine-sensitive calcium current (85 vs 
22%). Capsaicin is a powerful excitatory agent o f certain classes o f  
sensory neurons but has no effect on autonomic neurons. W e have also 
found that a small percentage o f the neurons in co-cultures develop a 
sensitivity to capsaicin, while crest alone cultures do not contain 
capsaicin-sensitive neurons.
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269.11
DEVELOPMENTAL REGULATION OF LIE RESPONSIVENESS IN PRIMARY 
SENSORY NEURONS: MODULATION OF TYROSINE HYDROXYLASE 
INHIBITION.
G. Fan* and D. M. K atz. Department of Neurosciences, Case Western Reserve 
University, Cleveland, OH 44106.

Leukemia Inhibitory Factor (LIF) inhibits catecholaminergic (CA) differentiation of 
embryonic trigeminal (TG) sensory neurons in culture (Fan and Katz, 1993, 
Development, in press). Moreover, LIF and LIF receptor mRNAs are present in the 
embryonic TG (Fan, Ip and Katz, unpublished), indicating that LIF may normally 
suppress CA differentiation during sensory gangliogenesis in vivo. However, LIF 
and LIF receptor mRNAs are also expressed in the neonatal nodose ganglion (NG), 
which, unlike the TG, contains a subset of neurons that maintain expression of CA 
properties throughout life (Katz, et al., 1983, PNAS). These cells are first detectable 
by tyrosine hydroxylase (TH) immunocytochemistry at E l6.5 and then gradually 
increase to reach adult numbers around birth. To determine whether nodose neurons are 
insensitive to CA inhibition by LIF, TH neuron numbers were compared in dissociate 
cultures of E l6.5 and newborn NG in the absence and presence of LIF. Treatment of 
E16.5 NG for 24 hr with 50 ng/ml LIF resulted in a 7691 reduction in the percentage 
ofTH cells compared to controls (P<0.01) with no decrease in cell survival. In 
contrast, LIF had no effect on TH cell number in 24 hr cultures of the newborn NG. 
However, after prolonged treatment for 3 days, the percentage of TH cell was reduced 
by 50% in the presence of LIF (p< 0.0001) with no decrease in cell survival compared 
to controls. These data indicate that the development of CA properties in NG neurons 
is associated with decreasing sensitivity to the inhibitory effects of LIF. Temporal 
regulation of LIF responsiveness in vivo may therefore be an important mechanism 
underlying differentiation of transmitter phenotype in these cells. Supported by HL- 
42131 (DMK).

FO R M A T IO N  A N D  S P E C IF IC IT Y  O F S Y N A P S E S : M O T O R  N E U R O N
M U SC LE IN T E R A C T IO N

2 70 .1

THE INVOLVEMENT OF PROTEASES IN THE ACTIVITY-DEPENDENT 
SYNAPSE ELIMINATION AT THE MOUSE NEUROMUSCULAR 
JUNCTION I N  V IT R O . Y. Liu* . S. Fitzgerald & P. G. Nelson NICHD, NIH, 
Bethesda, MD 20892

Our previous studies showed that electrical activity-dependent synapse 
elimination at the mouse neuromuscular junction could be substantially blocked 
by leupeptin, a nonspecific protease inhibitor, suggesting that activity-dependent 
proteolytic activity may play a role in synapse elimination. More specific 
blockers of different proteases have now been used to characterize this proteolytic 
activity. Our preparation used the three compartment Campenot chambers with 
cholinergic neurons from the mouse superior cervical ganglion in the two side 
chambers and with target skeletal muscle cells in the central chamber. The 
cholinergic neurons sent axons into the central chamber and cholinergic synapses 
were formed after 2-3 weeks in  v i tr o . Chronic stimulation for 1-3 days produced 
substantial (>50%) elimination of these synapses. Doses of leupeptin as low as 1 
nM partially prevented this synapse elimination and 10 nM produced a maximal, 
and essentially complete block of the elimination. This low dosage effect may 
suggest an extracellular site of action of the leupeptin. Neither calpain I inhibitor 
nor calpain II inhibitor at concentrations between 0.1 to 25 μΜ blocked 
elimination. Calpain I inhibitor (but not calpain II inhibitor) at the concentration 
of 25 μΜ produced a dose-dependent diminution (about 50%) of synaptic 
connections in the absence of chronic stimulation. Aprotinin (a serine protease 
inhibitor) appeared to be more effective in preventing activity-dependent synapse 
elimination than was cystatin (a thiol protease inhibitor). Our results show: 1) 
leupeptin at very low concentration blocks synapse elimination, implicating 
proteolysis in this process; 2) neither calpain I nor calpain II appears to mediate 
activity-dependent synapse elimination; 3) serine rather than thiol proteases may 
be the relevant component involved in synapse elimination.

270.3
ACQUISITION OF PRESYNAPTIC PROPERTIES AT SITES OF SPECIFIC 
NEURON-MUSCLE CONTACT IN CELL CULTURE. M .J. Zoran» and J. C.Pover. 
Department of Biology, Texas A&M University, College Station, TX 77843.

Neuron B19, which innervates the supralateral radular tensor (SLrT) muscle of 
H elisom a , regenerates this chemical connection in  v iv o , in a highly specific fashion. 
Since В19 does not form novel chemical connections with neurons in cell culture, we 
determined whether such connections would be formed with novel muscle targets.

Muscle fibers, dissociated from specific targets, were plated adjacent to neurons in 
cell culture. After 4 days of neurite outgrowth and establishment of contacts, rates of 
spontaneous synaptic potentials (SSPs) and the presence of action potential-evoked 
synaptic potentials (ESPs) were assayed. Acetylcholine-sensitive assay cells were 
utilized to detect transmitter release. The mean rate of SSPs detected from control 
neurons alone in culture was 0.4±0.1 SSPs/min (n=l 1). SSP rates detected from 
neuntes of SLrT-contacted neurons (n=9), with muscle contact (2.8±1.4 SSPs/min) 
and without contact (1.5Ю.5 SSPs/min) were both significantly higher than those of 
neurons alone. Contact with supramedial radular tensor (SMrT) muscle fibers, not 
normally innervated by В19 in  v iv o , also induced higher SSP rates in neurites with 
muscle contact (1.7±0.6 SSPs/min; n=8), but not in neurites without direct muscle 
contact (0.6±0.3 SSPs/min). Interestingly, ESPs were detected in muscle-contacted 
neurites of both B19-SLrT (22.2%) and B19-SMrT (12.5%) preparations. Muscle 
fibers dissociated from other tissues (e.g. odontophore; ODT) had no effects on the 
secretory capabilities of neuron В19.

In addition to secretory properties, image analyses of neurite architecture at sites of 
neuron-muscle contact were performed. Neurites of В19 with appropriate (SLrT) and 
novel (SMrT) muscle contacts had significantly greater branching at contact sites than 
at other regions of the same neurons without muscle contact. Again, ODT muscle 
contacts had no presynaptic effects. Taken together with retrograde effects on 
secretion, our results demonstrate that some novel targets, but not others, can trigger 
the acquisition of presynaptic properties in В19. Differences in retrograde effects 
suggest a target recognition that is not cell-specific, but perhaps subset-specific.

2 7 0 .2

EX PR ESSIO N  OF A CYTO SK ELETAL COM PONENT A T THE 
NMJ IS REGULATED BY  N EURAL ACTIVITY. Y-J. Son and W. 
J. T hom pson* Department o f  Z oo logy , U niversity o f  Texas at 
Austin, Austin, TX 78712.

The m A b 3G2 recognizes a filam entous protein w hich is a 
subsarcolem m al com ponent o f  the rat neurom uscular junction  
(A strow  et al., J. N eurosci. 12:1602, 1992). Expression o f  this 
im m unoreactiv ity  at the nmj is  regulated  by innervation, as 
denervation o f  the m u scle fibers results in its rapid lo ss  and 
reinnervation in its restoration. To see whether neural activity plays a 
role in regulating expression o f  the 3G 2 epitope, m uscles o f  the rat 
hindlimb were paralyzed either by applying Botulinum toxin Type A  
or by surrounding a length o f  the sciatic nerve w ith a hollow  
cylindrical cu ff o f  silicone rubber which slow ly releases tetrodotoxin. 
A t subsequent periods ranging from 3 days to 11 days (the longest 
nerve b locks reliably obtained), the m A b 3G2 im m unoreactivity  
appeared to be greatly decreased at junctions and w as no longer 
detectable at about 1/2 the junctions fo llow ing prolonged paralysis. 
Fibers having dim inished im m unoreactivity were also altered: the 
synaptic gutters could no longer be recognized by mAb 3G2 staining 
and none o f  the im m unoreactiv ity  norm ally associa ted  with  
sarcomeric Z-disks in the vicin ity o f  the nmj was observed. Thus, 
neural activity appears to regulate the localized expression o f  the 3G2 
epitope at the junctions. This effect seem s not to be explained by the 
general atrophy o f  paralyzed m uscles because other subsarcolemmal 
com ponents concentrated at the junction, dystrophin and dystrophin- 
related-protein, were not changed in their immunoreactivity.

2 7 0 .4
MUSCLE CONTACT PRODUCES A RISE IN RESTING CALCIUM 
LEVELS IN AN IDENTIFIED H E L IS O M A  NEURON THROUGH A cAMP- 
DEPENDENT PROCESS. F. H. Bahls*. L. R. Funte and P.G. Havdon. Dept. 
of Zoology and Genetics, Signal Transduction Training Group, Iowa State 
University, Ames, IA 50011.

Retrograde signals from the postsynaptic target muscle the supralateral 
radular tensor (SLT) cause an elevation in the resting calcium set-point 
of presynaptic neuron B19 (Zoran, et al., 1993) Contact w ith SLT muscle 
causes a lOOnM increase in the local resting calcium level of growth cones 
and attached neurites of neuron B19. SLT muscle contact also enhances 
action potential-evoked calcium accumulation in neuron B19. This muscle- 
induced enhancement is mediated by a presynaptic cAMP-dependent 
protein kinase (Funte and Haydon, Neuron 1993, in press). The addition 
of the cAMP analog, pCPTcAMP mimics the effect of muscle contact on 
the resting calcium level. In addition, both the effects of muscle and 
pCPTcAMP on resting calcium levels can be blocked by the injection of 
ІР20/ a cAMP-dependent protein kinase inhibitor into neuron B19.

We have previously shown that the muscle-induced elevation of the 
resting calcium set-point is in part due to the release of calcium from 
internal stores (Zoran, et al., Develop Biol 1993, in press). Removal of 
extracellular calcium decreased but did not prevent the elevation in resting 
calcium set point produced by pCPTcAMP. These results suggest that the 
muscle-induced rise in resting calcium set point produced by muscle 
contact is mediated in part by a cAMP dependent process which in part 
releases calcium from internal stores.
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M USCLE IN T E R A C T IO N TUESDAY PM

2 7 0 .5
M onoclonal an tibody M O-1 identifies m otor neurons in  synaptic 
contact w ith  muscles. E .W . C h en * , S . b o e ra , a n d  A .Y .  C h iu , D iv i s io n  o f  
N e u r o s c ie n c e s , B eck m a n  R esea rc h  I n s t i tu te ,  C i t y  o f  H o p e , D m r t e ,  C A  9 1 0 1 0 .

In the adu lt rat nervous system, m otor neurons are exclusively 
recognized by a monoclonal antibody, MO-1 (U ra k a m i a n d  C h iu , J. 
N e u r o s c i . 1 0 :6 2 0 ) . Since binding by MO-1 is lost following axotomy (C h iu  
e t a l ,  } . C o m p . N e u ro l. 3 2 8 :3 5 1 ) , contact w ith target may regulate the 
m otor neuron-specific epitope that is recognized by this monoclonal 
antibody. We examined the recovery of MO-1 im munoreactivity in 
hypoglossal neurons following dam age to the hypoglossal nerve. One 
week after crushing the hypoglossal nerve, neurons in the ipsilateral 
hypoglossal nucleus lost all im m unoreactivity for MO-1. Antibody 
binding returned with time, and by 4 weeks after nerve crush, 80% of 
the injured neurons had recovered the MO-1 epitope. This suggests that 
MO-1 binding returns when motor neurons regenerate and reinnervate 
their original target muscles. W hen the hypoglossal nerve was cut and 
inserted into a foreign muscle nearby (the sternom astoid muscle), the 
MO -1 epitope was not detected in the injured neurons, even when 
examined 6  weeks after surgery. However, if the sternom astoid muscle 
was denervated before insertion of the hypoglossal nerve, increasing 
numbers of hypoglossal neurons innervating it re-acquired MO-1 
im m unoreactivity with time. Many investigators have shown that 
foreign nerves can form synapses with non-innervated, bu t not 
innervated muscle fibers. O ur results suggest that the MO -1 epitope is 
only expressed in somatic motor neurons that are in synaptic contact 
w ith skeletal muscle. Furthermore, contact w ith muscle can retrogradely 
regulate the biochemical phenotype of m otor neurons.

2 7 0 .6
CHARACTERIZATION OF MONOCLONAL ANTIBODIES THAT STAIN 
EMBRYONIC OR ADULT MUSCLES. X. Lou and I.L. Bixhv* Dept. of 
Pharmacology, Univ. of Miami Sch. of Med., Miami, FL 33101.

We are interested in identifying novel molecules that are involved in the induction 
of presynaptic differentiation. Transplant experiments have shown that embryonic 
and denervated muscles are able to accept and form synapses with transplanted 
terminals, while normal innervated adult muscles are not. This suggests that there 
are specific molecules present in embryonic and/ or denervated adult muscle, but 
absent in normal adult muscle, that are capable of directing the differentiation of 
presynaptic terminals. We used a differential immunization method (adapted from 
Matthew and Sandrock, J. Immun. Meth. 100:73, 1987) to make monoclonal 
antibodies that recognize antigens present in embryonic muscle rather than normal 
adult muscle. In our procedure, mice were tolerized against adultt muscle, followed 
by immunization with embryonic muscle. In brief, 6 wk old female Balb/c mice 
were injected with adult chicken muscle crude homogenate (5 mg protein/mouse 
emulsified in complete adjuvant). Cyclophosphamide (100 mg/kg) was given at 10 
min, 24 hr, and 48 hr after immunization. This "tolerization" was repeated over a 6 
wk period until no reactivity to adult limb muscle could be detected in the serum. 
Following a 3 wk rest the mice were immunized with embryonic muscle homogenate 
(5 mg protein/mouse) and boosted two weeks later. Three days after the boost, 
spleen cells were removed from the mice and fused with myeloma cells. Four 
independent monoclonal antibodies that differentially stain embryonic and adult 
muscle sections were obtained after cloning , subcloning and re-subcloning. Among 
them, one stains the entire embryonic muscle cell surface and the adult muscle 
synaptic area; three stain the entire embryonic muscle cell surface but do not stain 
adult muscle. Horseradish peroxidase staining on E8 chick embryo sections and 
Western blots with extracts of various tissues indicates that none of our antibodies 
recognizes N-CAM or the AchR, and suggests that the antigens are extracellular 
matrix proteins. Our current experiments involve further characterization and 
purification of the antigens. (Supported by a grant from NIH).

FORM A TIO N  AND S P E C IF IC IT Y  O F S Y N A PS E S : N EU RON A L T A R G E T  IN T E R A C T IO N

2 7 1 .1
DEVELOPMENT OF AN IDENTIFIED SYNAPSE IN THE EMBRYONIC 
LEECH CNS. S. Ching* and P. Drapeau. Center for Research in 
Neuroscience, McGill University and Montreal General Hospital, 
Montreal, PQ, Canada, H3G 1 A4.

The leech CNS is a simple system in which to study synaptogenesis 
because many neurons, as well as the synapses they make, are uniquely 
identifiable. In one such example, m ature synaptic transmission from 
serotonergic Retzius (R) onto pressure mechanosensory (P) neurons is 
typified by an inhibitory, chloride-dependent connection. We have 
examined the morphological and functional developm ent of this synapse 
in leech embryos. Staining with an anti-serotonin (5-HT) antibody 
showed that the R cell is the first neuron to express 5-HT. Staining of the 
R soma was first evident at day 7 of development and labelled processes 
were seen in developmentally older, more anterior ganglia within the 
same nerve cord. Confocal microscopy of R cells filled w ith lucifer 
yellow and P neurons injected with rhodam ine-dextran has revealed 
presumed synaptic contacts in the adult neuropil; the development of 
these connections is being examined in embryonic ganglia. Intracellular 
recordings from embryonic cells detected action potentials as early as 
day 8 . Injection of chloride via the recording electrode revealed chloride- 
dependent synaptic potentials in P cells soon after the appearance of 
action potentials. This combination of morphological and 
electrophysiological approaches provides a rare opportunity to 
characterize the developmental timing and specificity of synapse 
formation between identified neurons.

Supported by the MRC, FRSQ and FCAR of Canada.

2 7 1 .3
SYNAPTIC PLASTICITY AND THE DD MOTONEURONS IN C. 
E L E G A N S .  W. W. W althall.* J. A. Plunkett and L. Li. Biology, 
G eorgia S tate U niversity , A tlanta, 30302

During the course o f developm ent the DD m otoneurons 
(m ns) exhibit two d ifferent synaptic patterns. The 
respecification is coincident w ith the first m olt. The 
locom otory contribution made by the DD m ns was 
determ ined by using a laser m icrobeam  to ablate the two 
em bryonic precursors that produce the 6  DD mns. In their 
absence tw o d ifferen t locom otory defects w ere observed 
and the transition  period  coincides w ith the synaptic 
respecification. P rio r to the first m olt anim als were 
incapable o f backw ard m ovem ent. Follow ing the m olt 
ablated anim als either m oved in circles w ith the ir dorsal 
aspect oriented centrally , o r im m ediately form ed a tight 
coil, again w ith the dorsal aspect facing tow ard the center. 
Forward locomotion was not affected by the ablation. This 
la tte r defect, w hich becam e m ore pronounced as the animal 
aged, correlates w ell w ith the connectiv ity  pattern  for the 
DD mns.

M utants in a newly characterized gene, u n c - 1 2 3 ,  s im u la te  
the late stage locom otory defect but the ir locom otory 
pattern before the E rst m olt is norm al. In addition, genetic 
and ce llu lar experim ents that suggest a role fo r the gene 
product in  the synaptic reorganization  w ill be presented. 
(Supported by the NSF).

2 7 1 .2
PATCH "CRAM” AND INTRACELLULAR STUDY OF TYROSINE KINASE- 
DEPENDENT SELECTION OF TRANSMITTER RESPONSES DURING 
NEURONAL SYNAPSE FORMATION. S. Catarsi and P. D rapeau*. McGill 
University Centre for Research in Neuroscience, 1650 Cedar Avenue, 
Montreal, PQ, Canada H3G 1 A4.

Serotonergic Retzius (R) neurons of the leech form inhibitory synapses with 
pressure (P) neurons. P cells lose the extrasynaptic, depolarizing response to 
serotonin (5HT) after 3 days of contact, somata by somata, w ith the R cells. 
This effect is due to the loss of cation channel modulation acting through 
protein kinase C (PKC) and reverts 5 days after the cells are separated.

We examined if R cell contact induces a cytoplasmic signal that suppresses 
P cell cation channel modulation.

Inside-out membrane patches from single P cells were crammed into either 
single or contacted P cells. Channel activity in patches crammed into single P 
cells increased 3.5 fold by phorbol m yristate acetate (PMA). In contrast, 
cation channels in patches crammed for only a few minutes into contacted P 
cells were rendered insensitive to PMA activation. Patches isolated from 
co n ta c te d  P cells and crammed into s in g le  P neurons did not regain their 
modulation by PKC within 1 hour. Treatment w ith either of the specific 
tyrosine kinase inhibitors Lavendustin A or Genistein for 2 hours before and 
at least 24 hours after pairing, prevented the loss of the cation channel 
modulation. The inhibitors had no effect if applied 3 days after the neurons 
had been plated in contact.

We conclude that the selective loss of extrasynaptic channel modulation by 
5-HT through PKC is due to transient activation of a tyrosine kinase upon 
contact specifically with the R cell as an early step during neuronal 
recognition leading to synapse formation. - Supported by the HFSP (S.C.) 
and the MRC, FRSQ and FCAR of Canada (P.D.).

2 7 1 .4
TYROSINE PHOSPHORYLATION IS REQUIRED FOR TARGET-INDUCED 
INCREASES IN PRESYNAPTIC CALCIUM ACCUMULATION DURING 
SYNAPTOGENESIS. S, Durgerian*. L,R. Funte and P.G. Havdon. Dept. of 
Zoology & Genetics, Signal Transduction Training Group, Iowa State University, 
Ames, IA 50011.

Helisoma identified neuron В19 forms chemical synapses in culture only with its 
appropriate target, the supralateral radular tensor (SLT) muscle. The formation of 
this synapse is triggered by retrograde signals coming from the muscle target which 
also regulate calcium levels in the neuron. When muscle fibers are placed in contact 
with В19 neuntes in culture, action potential-evoked (APE) calcium accumulation is 
increased 4-fold in the neurites within 30 minutes of contact, and remains elevated 
after 24 hours of muscle contact. We have previously shown that cyclic AMP can 
mediate a similar increase in APE calcium accumulation. In this study, a role for 
tyrosine phosphorylation in target-dependent presynaptic development was tested 
using the tyrosine kinase inhibitor, genistein.

Helisoma neurons В19 were placed in culture for 3-5 days to permit neurite 
outgrowth. Calcium levels were measured using the calcium-sensitive dye Fura-2. 
Single dissociated SLT muscle fibers were plated onto neurites ten or more minutes 
after addition of 25μΜ genistein, 25μΜ genistin (an inactive analog of genistein), 
or the DMSO carrier. APE calcium accumulation was measured in neurites adjacent 
to the site of muscle contact at various times after addition of muscle. In the 
presence of DMSO carrier or the inactive analog, the expected 4-fold increase in 
calcium accumulation was seen. However, in genistein, the APE calcium 
accumulation didn’t increase upon addition of muscle. Moreover, addition of 
genistein reversed the muscle-induced enhancement of APE calcium accumulation. 
These data indicate that both cyclic AMP-dependent protein kinase and tyrosine 
kinase regulate presynaptic APE calcium accumulation during synapse formation.
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271.5
DIFFERENT CONDITIONS OF IN VITRO SYNAPTIC CONTACT  
PRODUCES DIFFERENT FORMS OF SYNAPTIC TRANSMISSION  
BETWEEN IDENTIFIED NEURONS. N.S. Maeoski*. N.I. Sved, and A.G.M. 
Bulloch. Department o f Medical Physiology & Neuroscience Research Group, 
University of Calgary, Calgary, Alberta, Canada, T2N 4N1.

The ability o f a molluscan interneuron to re-establish appropriate synapses 
in vitro was tested. This study used identified adult neurons from the snail 
Lvmnaea stagnalis. In vivo, the giant dopaminergic neuron o f the right pedal 
ganglion, known as RPeDl, has a monosynaptic, excitatory chemical synapse 
onto a pair of follower neurons, designated as VD2/3, in the visceral ganglion. 
When these neurons were cultured in vitro, in defined medium such that the 
two somata were directly opposed to one another, i.e., a soma-soma synapse, 
only an inappropriate electrical synapse was observed. During culture in 
defined medium, which is not supplemented with neurotrophic factors, the 
neurons did not exhibit neurite outgrowth and remained as two spherical cell 
bodies. In contrast, when the neurons were cultured in conditioned medium, 
which contains brain-derived neurotrophic factors, in a configuration where the 
somata were physically separated, the cells exhibited overlapping neurite 
outgrowth which resulted in an appropriate excitatory chemical synapse from 
RPeDl to VD2/3. When the cell pair was again cultured in a soma-soma 
configuration, but now in the presence of conditioned medium, a mixed 
chemical-electrical synapse was observed. However, this mixed synapse was 
dominated by an appropriate chemical connection between R P eD l and VD2/3. 
This suggests that conditioned medium may have a role in determining the type 
of synapse (chemical vs electrical) neurons may form. It is postulated that 
conditioned medium contains factors which may be, in part, responsible for 
regulating elements of synapse formation.

2 7 1 .6

A NEURONAL SUBSET SELECTS ITS TARGET DOMAIN VIA A MULTISTEP 
PRO CESS THAT INVOLVES THE APPROPRIATE SEQ UEN CE OF 
RECOGNITION OF SPECIFIC SACCHARIDES. J. Song * and B. Zipser. 
Dept. Physiol., Michigan State University, E. Lansing, Ml 48824.

Previously, we reported that a mannose-specific recognition 
regulates the defasciculation of sensory afferents into the synaptic 
neuropil of the leech CNS. The defasciculation is mediated by a 
constitutive mannose-containing epitope located on the afferents’ 130 
kD surface protein. Later, in development afferents also express 
other carbohydrate epitopes, again located on 130 kD protein. These 
later glycosylations distinguish afferents into subsets of different 
sensory modalities. The largest subset of afferents, the putative 
mechano detectors, is defined by its galactose-containing epitope 
reactive with mAb Laz2-369. We now demonstrate, using 
perturbations with Fab fragments, enzymes and sugars, that this 
neuronal subset commits to its target domain via a galactose-specific 
recognition. The early mannose-specific and later galactose-specific 
recognitions function in a sequence to regulate the synaptic 
connectivity of afferents. First, the early mannose-specific 
interaction allows neuntes to explore the neuropil. Perturbing the 
mannose-specific recognition forces the neuntes to refasciculate into 
tight tracts. Second, the later galactose-specific recognition compels 
neuntes to commit to a particular target domain. Perturbing the 
galactose-specific recognition makes the neuntes leave their target 
region and continue exploring through the neuropil. Thus, different 
carbohydrate recognitions exert opposite effects in an appropriate 
time sequence and thereby regulate the growing behavior of neuntes 
in the synaptic neuropil.

271.7 2 7 1 .8

RESTORING THE MISSING LINK: COMPENSATORY SYNAPSES OF S-INTERNEURONS 
AFTER CELL ABLATIONS B. K. Modney* & K. J. Muller. Dept. of Physiol. & Biophys., Univ. 
of Miami Sch. of Med., Miami, FL 33156
Target removal has different effects on neurons depending the age of the animal. A useful 
cell for studying these effects is the leech's (Hirudo medicinalis) S cell. S cells are links in a 
fast, reliably conducting chain having electrical synapses as shown in the figure. Thus each 
S cell is a target for two others. Killing an S cell in an adult interrupts through-conduction 
and does not alter the morphology of intact S cells. In the present experiments the S cell 
and surrounding cells in one ganglion were killed with a fine minutien pin during 
embryogenesis (day 8-11 ). One to four months later the effects of target removal were 
assessed. A monoclonal antibody (Lan 3-8 provided by Dr. B. Zipser) that binds to the S 
cell in young animals was used to confirm S cell deletions. Intracellular tracer injections 
revealed axonal projections and electrical synapses as depicted below. Conduction was 
often restored by these connections, which replaced those of the deleted S cell. Supported 
by NIH NS 20607 (KM), & NRSA MH 10097 (BM).

COLOCALIZATION OF LIVE SUBSETS OF LEECH SENSORY AFFERENTS 
WITH THEIR POSTSYNAPTIC TARGETS. M.-H. Tai and B. Zipser*. 
Dept. Physiology, Michigan State University, E. Lansing, Ml 48824.

A peripheral sensory afferent selects its target domain in the 
synaptic neuropil of a CNS ganglion via carbohydrate recognition 
events (Song and Zipser, Neurose. Abstr. 93). Does a sensory 
afferent select a target domain by interacting directly with a target 
neuron or does it choose the target domain prior to the availability of 
the target neuron? A prerequisite for answering this question is to 
identify the target cells of the sensory afferents. We have chosen to 
investigate the connections between the sensory afferents and the 
Retzius cells because several lines of evidence suggest that these large 
CNS neurons receive afferent input from different sensory modalities 
(Lent, pers. comm.). Subsets of live sensory afferents are 
immunostained for their different surface saccharides with rhodamine 
tagged mAbs Laz2-369, Laz7-79 and Lan2-3; while their 
prospective target cells, which are identified CNS neurons, are 
injected with Lucifer yellow. Using confocal microscopy, we scan the 
target regions of the different carbohydrate-coded subsets of sensory 
afferents for the processes of Lucifer yellow stained CNS neurons. We 
determined that the processes of the Retzius cell project into the 
target regions of all subsets of sensory afferents in both the standard 
midbody and the sex ganglia. We will next determine whether the 
processes of other CNS neurons show a greater selectivity in 
colocalizing with the different carbohydrate-coded subsets of sensory 
afferents.

271.9
CHRONIC EMBRYONIC NMDA RECEPTOR BLOCKADE 
DISRUPTS THE SOMATOTOPIC ORGANIZATION OF 
CUTANEOUS NERVE PROJECTIONS IN THE CHICK 
SPINAL CORD. В Mendelson.^ept. of Anatomy, Univ. of 
Arkansas for Med. Sci., Little Rock, AR 72205.

In the spinal cord dorsal hom, the central processes of cutaneous 
sensory neurons exhibit a precise somatotopic organization. The 
importance of neural activity in the formation of this map of sensory 
projections was studied in the chick embryo. Normal patterns of 
neural activity were altered by exposing embryos to the N-methyl- 
D-aspartate (NMDA) receptor antagonist, MK-801 during the period 
when cutaneous sensory neurons form connections in the dorsal 
hom. Groups of chick embryos were treated with specific doses of 
MK-801: 0.5,1.0, 2.0, 3.0 or 4.0 mg/Kg in sterile Ту rodes solution 
(physiological saline, ST). Control groups were treated with 
equivalent volumes of ST. Daily applications of MK-801 or ST 
began 1 day before cutaneous sensory collaterals penetrate the 
spinal cord gray matter and continued until the animals were 
sacrificed. The pattern of cutaneous nerve projections in the dorsal 
hom was determined by applying fluorescent tracers to individual, 
identified cutaneous nerves. MK-801 treatment induced a dramatic 
alteration in somatotopic organization. The projections formed by 
the lateral femoral cutaneous (LFC) and medial femoral cutaneous 
(MFC) nerves which are normally located immediately adjacent to 
one another and do not overlap significantly were essentially 
superimposed after the MK-801 treatment. These data suggest that 
NMDA-mediated neural activity is necessary for the appropriate 
formation of cutaneous somatotopic organization in the spinal cord. 
Supported by NIAAA 5 R29 AA09205.

2 7 1 .1 0

THE SPECIFICITY OF SYNAPTIC CONNECTIONS IN 
T H E  C R IC K E T  IS D E P E N D E N T  ON SP A T IA L  
CONSTRAINTS. Κ,Α, Killian*ЛХЈ, Merritt and R.K. Murphev, 
Dept. of Zoology, University of Massachusetts, Amherst, MA 01003.

In order to assess the importance o f spatial cues in the formation of 
specific synaptic connections, we have transplanted sensory neurons 
of the cricket A c h e ta  d o m e s tic u s  to ectopic locations. Transplanted 
afferents retained their modality-specific projection pattem within the 
host ganglion and terminated in the layer of neuropil homologous to 
that of their ganglion o f origin. In addition, ectopic sensory neurons 
could form functional synaptic connections with identified  
intemeurons in the host ganglion. In some cases, the synapses formed 
by ectopic sensory neurons could be with their normal targets, 
intersegmental intemeurons with dendritic arbors located in the 
hom ologous layer o f neuropil in each segmental ganglion. 
Alternatively, transplanted sensory neurons could form synapses with 
novel targets, intemeurons that lack dendrites in the original ganglion 
o f the sensory neuron and are thus normally unavailable for 
synaptogenesis.

We conclude that regenerating sensory neurons can recognize novel 
postsynaptic neurons if these neurons have dendrites in the appropriate 
layer of neuropil. Our results suggest that there is a limited set of 
molecular markers used for cell-cell recognition in each segmentally 
homologous ganglion. Spatial constraints produced by segmentation 
and modality-specific layering o f the nervous system thus play an 
important role in determining synaptic specificity.
Supported by grant NRSA NS08847-01 from NIH (KAK) and 
BNS90-96180 from NSF (RKM).
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272.1
DEVELOPMENTAL CHANGES IN NMDA RECEPTOR-MEDIATED 
POSTSYNAPTIC CURRENTS IN NEONATAL RAT SPINAL 
M OTONEURONS. Y .H o r i*  an d  K .K a n d a . D e p t .  o f  P h y s i o l .  
K y o r in U n iv .  S c h . o f  Med. and D e p t . o f  CNS, Tokyo M e t . I n s t ,  o f  
G e r o n t o l . ,  T ok yo, JAPAN

D e v e lo p m e n ta l  c h a n g e s  in  g l u t a m a t e r g i c  e x c i t a t o r y  p o s t -  
s y n a p t ic  c u r r e n t s  (EPSCs) r e c o r d e d  from  s p i n a l  m o to n eu ro n s  
w e r e  i n v e s t i g a t e d .  T h in  s l i c e s  o f  c e r v i c a l  o r  lu m b ar  
s p i n a l  c o r d  w ere  p r e p a r e d  fro m  1 t o  5 -  a n d  11 t o  1 5 - d a y -  
o l d  n e o n a t a l  r a t s .  W h o l e - c e l l  v o l t a g e - c l a m p  r e c o r d i n g s  
w ere  made fro m  n e u r o n s  v i s u a l l y  l o c a l i z e d  i n  a v e n t r a l  
h o rn  m o to n e u r o n a l p o o l  u n d er  N om arsk i o p t i c s .  Some n e u r o n s  
w ere  i d e n t i f i e d  a s  m o to n e u r o n s  b y  r e t r o g r a d e  l a b e l i n g  w ith  
f l u o r e s c e n t  d y e  i n j e c t e d  i n t o  t h e  h in d l im b  m u s c u la t u r e .  
E x t r a c e l l u l a r  s t i m u l a t i o n  o f  a n e ig h b o r in g  n e u r o n  e v o k e d  
in w a r d  p o s t s y n a p t i c  c u r r e n t s  w i t h  an  a v e r a g e  r e v e r s a l  
p o t e n t i a l  o f  - 3 . 8 ± 6 .5  mV (mean ± s . d . ,  n = 9 ) . When t h e  mem
b r a n e  p o t e n t i a l  was d e p o l a r i z e d  t o  +40 mV, a s lo w  com po
n e n t  becam e a p p a r e n t .  The s lo w  com p on en t was a l s o  s e e n  in  
Mg2+ - f r e e  s o l u t i o n .  The NMDA r e c e p t o r  a n t a g o n i s t  APV (50  
μΜ) a b o l i s h e d  t h e  s lo w  c o m p o n e n t. The non-NMDA r e c e p t o r  
a n t a g o n i s t  CNQX (5 μΜ) a b o l i s h e d  t h e  e a r l y  co m p o n e n t. The 
r e l a t i v e  m a g n itu d e  o f  t h e  NMDA co m p o n en t e x p r e s s e d  a s  a 
f r a c t i o n  o f  t h e  non-NMDA com p on en t a t  p o s t n a t a l  d a y  (PND) 
1 -5  (5 3 .5 ± 1 2 .4 % , n = 21) was l a r g e r  th a n  t h a t  a t  PN D11-15  
(3 1 .6 ± 9 .2 % , n = 2 1 ) . At P N D ll-1 5 ,  t h e  NMDA com p on en t in  t h e  
c e r v i c a l  se g m e n t (2 1 .4 ± 1 0 .2 % , n = 10) was s m a l l e r  th a n  t h a t  
in  t h e  lum b ar se g m e n t (4 0 .8 ± 6 .2 % , n = l l ) . T h ese  c h a n g e s  in  
t h e  c o m p o s i t io n  o f  EPSCs m ig h t  b e  r e l a t e d  t o  t h e  p o s t n a t a l  
d e v e lo p m e n t o f  n e u r a l  c i r c u i t s  in  t h e  s p i n a l  c o r d .

272.3
C H A R A C TER IZA TIO N  AND O N TO G EN Y  O F SYNAPSE- 
ASSOCIATED PROTEINS IN THE DEVELOPING FACIAL MOTOR 
NUCLEUS OF THE BRAZILIAN OPOSSUM. J, J. Swanson1. M. C. 
Kuehl-Kovarik1. A. J. Czemik2. M C. Wilson3. J. K. Elmquist1. L. R. Ross', and C. 
D. Jacobson1. ‘Department of Veterinary Anatomy and Neuroscience Program, Iowa 
State University, Ames, IA 50011, 2Laboratory o f Molecular & Cellular 
Neuroscience, The Rockefeller University, New York, NY 10021, and 3Department 
of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

Our laboratory has been studying the ontogeny o f neuropeptide systems in the 
Brazilian opossum, Monodelphis domestica. Monodelphis is a small marsupial whose 
young are bom in an extremely immature state with a protracted postnatal period of 
neurogenesis. We have discovered a transient expression o f cholecystokinin (CCK)- 
binding sites in the facial motor nucleus (FMN) during development. To understand 
the significance o f this fmding, we have characterized the distribution of proteins 
associated with synaptic vesicles, synaptic membranes, and microtubule-associated 
proteins during development. During the first 10 postnatal days (PN) the region of 
the FMN is lacking immunoreactivity for the synaptic vesicle-associated proteins 
(SVAPs) synaptophysin (p38), synaptotagmin (p65), and synapsin I. After 10 PN, 
there is an increase in immunoreactivity in the FMN for the SVAPs. Tau-1 
(associated with axons) immunoreactivity follows a similar pattem of expression, 
whereas synaptosomal-associated protein 25 (SNAP-25) immunoreactivity is not 
evident until between 15 and 25 PN. In contrast, immunoreactivity for map-2 
(associated with dendrites) and another SVAP, Rab ЗА, was present in the facial 
motoneurons from 1 PN. These results indicate that the FMN of the opossum does 
not receive afferent innervation until 15 PN. Further, mature synapses are formed 
between 15 and 25 PN. In conjunction with our findings regarding high CCK binding 
in the early postnatal period, we believe our studies indicate that the CCK system may 
regulate the FMN prior to maturation o f afferent input.

272.5
REGENERATION OF SPECIFIC NEUROMUSCULAR CONNECTIONS IN 
ALLOTRANSPLANTED NEURONS IN THE CRAYFISH. K. Krause* and
S. J. Velez. Department of Biological Sciences, Dartmouth 
College, Hanover, N.H. 0 3 7 5 5 .

The connections made by neurons innervating the superfi
cial flexor muscle system of the crayfish Procamharus 
clarkii were examined after transplantation of the cell 
somas to a new host. Normally these neurons innervate 
their target muscle fibers in a position-dependent manner. 
Whole ganglia containing the somas of these neurons were 
removed from donor crayfish and transplanted to the 
lateral side of a denervated muscle in a host crayfish. 
Ibis surgical procedure forces the nerve to grow across 
the muscle field in a direction which is 180° opposite 
from normal. We had previously reported that these trans
planted neurons were able to survive, grow and form new 
synaptic contacts with the muscle (Krause et. al., Soc. 
Neurosci. Abstr. l6: 489» 1990)but that synapses kept 
their immature characteristics (Krause et. al., Soc. 
Neurosci. Abstr. 18: 39» 1992). In the present study we 
focused on the patterns of connectivity formed by some of 
the neurons in this system. Axon 2 and 6 regenerate 
connectivity maps that show medial/lateral preferences 
similar to those observed in control animals: axon 2 
innervating medial fibers and axon 6 innervating lateral 
fibers. Axon 3 shows no medial/lateral preferences, just 
as in controls. Ihus, these allotransplanted neurons 
keep their position-dependent connectivity patterns.

272.2
OPTICAL MULTIPLE-SITE/SECTIONING RECORDING OF GLOS
SOPHARYNGEAL RESPONSES IN THE EARLY EMBRYONIC BRAINSTEM .
__Sakai .__IL__Sato. Y. Momose-Sato. A. Hirota and K.

Kamino Dept. of Physiol., Tokyo Med. Dent. Univ. Sch. 
of Med., Tokyo 113, Japan

In an effort to understand the spatial patterning of 
glossopharyngeal responses in the early embryonic chick 
brainstem, we have used a multiple-site optical recording 
system with a 12 X 12- and a 34 x 34-element photodiode 
array together with a voltage-sensitive merocyanine- 
rhodanine dye (NK2761) to monitor neural transmembrane 
voltage changes. Eight-day old embryonic brainstems were 
sliced into 1200-1600 μ m-thick sections with the glos
sopharyngeal nerve attached. Optical signal responses 
were evoked by depolarizing square current pulses applied 
to the glossopharyngeal nerve with a micro-suction 
electrode, and they were recorded simultaneously from 
many loci in the slice. The optically recorded responses 
varied with depth. Thus, changing the focal plane of the 
microscope, we have been able to determine the three- 
dimensional response area ("optical sectioning method"). 
Based on the data obtained from the experiments on the 
slices together with intact preparations, we constructed 
maps of the brainstem response area. Supported by JMESC.

272.4
SPECIFICITY OF SYNAPTIC CONNECTIVITY IN 
DEVELOPING MOUSE LUMBOSACRAL MOTONEURONS.
S.C. Mears* and E. Frank. Department of Neurobiology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Adult mammalian motoneurons have a characteristic pattem of synaptic 
inputs from muscle sensory neurons. Motoneurons innervating a given 
muscle receive stronger short latency inputs from muscle afferents 
supplying the same muscle than from those afferents supplying a different 
muscle. We have examined synaptic potentials in mouse motoneurons 
during the first postnatal week to see if this pattem exists soon after 
connections are formed.

Intracellular recordings were made from antidromically identified 
motoneurons in an in v itro  preparation of spinal cord, sensory ganglia 
and peripheral nerves. We found that obturator motoneurons receive 
larger short latency synaptic inputs when the obturator nerve is stimulated 
than when the anterior femoral nerve is stimulated. Similarly, anterior 
femoral motoneurons receive stronger short latency inputs when the 
anterior femoral nerve is stimulated than when the obturator nerve is 
stimulated. These connections are specific despite the fact that 
motoneurons innervating both muscles are located within the same 
segment of spinal cord.

Muscle afferents entering the spinal cord at one segmental level can 
also make specific projections to motoneurons in other segments. For 
example, tibial nerve muscle afferents provide short latency input to 
obturator and anterior femoral motoneurons which are located in a 
different segment. Yet hamstring afferents, which enter the spinal cord in 
the same segment as tibial afferents, provide very weak short latency 
input to obturator and anterior femoral motoneurons. Our results show 
that synaptic connectivity in this system is already specific shortly after 
birth regardless of the segmental location of motoneuron and afferent 
entrance. Supported by NSF.

272.6
A G G R E G A T IO N  O F  N A  C H A N N E L S  A T  N E U R O M U S C U L A R  
E N D P L A T E S  R E G E N E R A T I N G  I N  T H E  A B S E N C E  O F  
IN N E R V A T IO N . J .H .  C a ld w e lF  an d  M .T ,  L u p a , D e p t .  C e l lu la r  and  
S tru c tu ra l  B io lo g y , U n iv e rs i ty  o f  C o lo ra d o , D e n v e r ,  C O  8 0 2 6 2 .

V o lta g e -a c tiv a te d  N a  c h a n n e ls  (N a C h s )  a re  c o n c e n tra te d  
a p p ro x im a te ly  10-fo ld  in  th e  p o s ts y n a p tic  m e m b ra n e  o f  a d u lt  sk e le ta l 
m u sc le  f ib e r s .  L o o s e  p a tc h  v o lta g e -c la m p  e x p e rim e n ts  in d ic a te  a  N a C h  
d e n s ity  o f  a b o u t 2 0 0 0  N a C h /μ ΐη 2 in  e n d p la te  m e m b ra n e  a n d  150 
N a C h s /μΐΏ2 in  e x tra ju n c tio n a l m e m b ra n e . T h is  n o n -u n ifo rm  d is t r ib u t io n  o f  
N a C h s  f ir s t  a p p e a rs  a ro u n d  o n e  w e e k  a f te r  b i r th .  E x p e r im e n ts  w e re  
c o n d u c te d  to  te s t  w h e th e r  th e  n e rv e  te rm in a l  is  n e c e s s a ry  f o r  N a C h  
a g g re g a tio n  to  o c c u r  a t r e g e n e ra tin g  n e u ro m u s c u la r  ju n c t io n s .  R o d e n t f le x o r  
d ig ito ru m  b re v is  m u sc le s  w e re  in d u c e d  to  d e g e n e ra te  a f te r  in je c tio n  o f  th e  
A u s tra lia n  t ig e r  sn a k e  to x in ,  n o te x in . T h e  lo o se  p a tc h -c la m p  te c h n iq u e  w as  
u s e d  to  r e c o rd  N a  c u rre n ts  in  sy n a p tic  an d  e x tra ju n c t io n a l  m e m b ra n e  o f  
m u sc le s  r e g e n e ra tin g  in  th e  p re s e n c e  o r  a b s e n c e  (d e n e rv a te d  1-2 d a y s  p r io r  
to  to x in  in je c tio n )  o f  in n e rv a tio n . R e su lts  sh o w e d  th a t  N a C h s  a g g re g a te  a t 
sy n a p se s  o f  r e g e n e ra tin g  m u sc le  f ib e r s ,  e ith e r  a t  th e  s a m e  t im e  o r  so o n  
a f te r  fo rm a tio n  o f  a n  a c e ty lc h o lin e  r e c e p to r  c lu s te r  a t  th e  n e w  e n d p la te . 
T h is  a g g re g a tio n  o c c u rre d  e v e n  in  th e  a b s e n c e  o f  in n e rv a tio n , 
d e m o n s tra tin g  th a t  th e  n e rv e  te rm in a l is n o t r e q u ir e d  f o r  th e  in d u c tio n  o f  
a n  e n ric h e d  N a C h  d e n s ity  a t r e g e n e ra tin g  e n d p la te s .  I t  w a s  c o n c lu d e d  th a t  
a  s ig n a l c a p a b le  o f  d ire c tin g  N a C h  a g g re g a t io n  re s id e s  in  th e  b a sa l  lam in a  
o r  o r ig in a te s  f ro m  th e  S c h w a n n  c e lls  th a t  re m a in  a f te r  m u sc le  d e g e n e ra tio n .
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272.7
MODIFIED SYNAPTIC COMPETITION ALTERS REINNER
VATION SPECIFICITY IN THE RAT SERRATUS ANTERIOR 
MUSCLE. W.A. Grow. M.B. Laskowski*. WAMI Medical 
Program, University of Idaho, Moscow, ID 83843.

Previous studies have shown remarkable rostrocaudal 
selectivity of regenerating motoneurons to the serratus anterior 
(SA) muscle after crushing, freezing, or sectioning the long 
thoracic (LT) nerve. In an effort to examine the role of time in 
competition between motoneurons for muscle fibers, both the LT 
nerve and it's source o f C6 (rostral) axons were crushed in one 
day old neonates, thus providing a competitive advantage to 
regenerating C7 (caudal) axons. Four weeks after this double 
cmsh procedure, C7 and C6 innervation of the SA muscle was 
examined using intracellular recording. When C7 axons were 
given a temporal advantage by double crush, there was an 
increase in the proportion of C7 innervation of the caudal part of 
the muscle. Rostrally, however, no such change was seen. 
These observations are consistent with the idea that C6 axons are 
more competitive rostrally, but lose competitiveness as they 
navigate caudally. This may be due to a difference in time of 
arrival, a differential affinity for endplates, or other factors yet to 
be determined.

272.9

SYNAPTIC TRANSMISSION AT NEWLY FORMED NEURO
MUSCULAR JUNCTIONS IN DROSOPHILA EMBRYOS 
Y. Kidokoro* Gunma University Sch. Med. 3-39-22 
Showa-machi, Maebashi,371 Japan 

The transmitter at the insect neuromuscular junction 
is glutamate. Do these receptor channels undergo 
similar changes as АСҺ receptor channels ?

Spontaneous synaptic currents were recorded at 
early stages of synapse formation using the patch 
clamp technique in whole cell configuration. At around 
15 hours after fertilization spontaneous synaptic 
currents were recorded. Many of them were unitary 
channel currents and had two discrete amplitudes of 7 
and 15 pA at the holding potential of -60 mV. Synaptic 
currents at this stage had a slow decay phase. The 
amplitude histogram was skewed with the mean of 15- 
40 pA. The mean amplitude of spontaneous synaptic 
currents increased progressively during development. 
In newly hatched larvae the mean amplitude was 100- 
200 pA and the decay phase was fitted with one 
exponential with a time constant of about 6 ms.

These changes are similar to those described in 
vertebrate neuromuscular junctions at early stages.

272.11
DEVELOPMENTAL ONSET OF FUNCTIONAL FOREIGN MOTOR ENDINGS 
FOLLOWING LASER ABLATION OF EMBRYONIC NEURONS. T.N. Chang*1 & R  
Keshishian. Interdepartmental Neuroscience Program1 and Dept. of Biology, Yale 
University, New Haven, CT 06511.

We have previously shown that laser ablating the identified motoneuron RP3 in the 
intact Drosophila embryo eliminates its normal innervation at its muscle fiber targets 7 
and 6. This denervation is highly correlated with the presence in the third instar larva of 
ectopically placed endings on 7 and 6 from various alternate sources (Chang and 
Keshishian, Soc Neurosci Abstr 18:580). Analysis of the Toll mutant, which sometimes 
genetically deletes RP3, supports this result (Halfon etai., Soc Neurosci Abstr 18:580). 
Furthermore, Jarecki and Keshishian (this meeting) have shown that in TTX-treated 
embryos, collateral sprouts from the transverse nerve onto muscle fibers 7 and 6 arise 
despite the presence of native inputs. This suggests that activity is an important signal 
for forming normal neuromuscular connections.

To establish the developmental onset of these foreign inputs following embryonic 
laser ablation of RP3, we have examined the synaptic ending morphology of embryos 
several hours post-lasering (n=20), as well as of first (n=15) and second instar larvae 
(n=12). Ectopically placed inputs with synaptic boutons are clearly distinguishable by 
early first larval instar. When boutons on the ectopic inputs are iontophoresed with 
glutamate in the third larval instar, a post-synaptic response is recorded at the target 
muscle (n=8). Direct stimulation of the transverse nerve when it makes an ectopic input 
on muscle fiber 7 or 6, also results in a post-synaptic response (n=5). Hence, when the 
normal endings are lost before the onset of neuronal activity, physiologically functional 
foreign inputs arise in their stead during the initiation of synaptic activity. These results 
show that even though neuromuscular connectivity is stereotypic in Drosophila, 
perturbing normal innervation can uncover underlying mechanisms for plasticity.

272.8
PHYSIOLOGY AND MORPHOLOGY OF REINNERVATED FROG 
NEUROMUSCULAR JUNCTIONS OBSERVED IN VIVO WITH RH DYE.
S. H- Astrow*. V. Pitaevski. M. Dorlochter. and A. A. Herrera. Dept. of Biological 
Sciences, University of Southern California, Los Angeles, CA 90089-2520.

Following nerve crush and reinnervation, neuromuscular junctions in the frog 
sartorius muscle undergo a transient period of polyneuronal innervation when nerve 
terminals presumably compete for synaptic contacts. We used the vital, fluorescent, 
nerve terminal membrane dye, RH 414, and standard electrophysiological techniques 
to characterize junctions undergoing synapse elimination. Dye application resulted 
in transient Fiber depolarization, (presumably due to the 40 mM [K+] in the Ringer 
used for staining), however, no long lasting changes in resting potential, mean 
miniature endplate potential (mepp) frequency, or mepp amplitude were detected. To 
assess functional damage that might result from illumination, intracellular 
recordings were made from muscle fibers during and after staining, wash out, and 
illumination at various intensities. No significant changes in mepp frequency were 
observed during 2 min of illumination, however, mepp frequency increases were 
seen minutes to hours following this period. These results contrast those obtained 
with mitochondrial dyes (where the onset of obvious physiological damage is more 
rapid) and indicate that acute physiological measurements may not be adequate to 
detect photodamage. Physiology also indicated that reinnervated terminals were 
more sensitive to illumination than intact terminals, a finding that was confirmed 
by repeated in vivo observation. Using illumination parameters that do not cause 
detectable damage, we are currently studying morphological changes of identified 
reinnervated junctions over time by repeated in vivo observation. This information, 
taken together with physiological characterization of junctions undergoing 
elimination, is likely to yield insights into the mechanism of competition.

[Supported by NS27209 and the P. V. A. Spinal Cord Research Foundation.]

272.10
NEUROMUSCULAR DEVELOPMENT OF THE INDIRECT FLIGHT MUSCLES OF 
DROSOPHILA. E. R. Farrell*. J. Fernandes1. J. P. O'Reilly, and H, Keshishian. 
Biol. Dept., Yale Univ., New Haven, CT 06511 and (1 ) TIFR, Bombay, India.

We tested the role of precursor muscle fibers in the development of the indirect 
flight muscles of Drosophila. We also examined whether electrical activity regulates 
the complexity of the synaptic arbor of MN5, one of the innervating motoneurons. 
The larval muscle fiber 9 (MF9) in the mesothorax has a delayed histolysis during 
metamorphosis. We have confirmed this by observing the absence of the muscle in 
pupae following laser ablation of MF9 in third instar larvae. This let us test whether 
the larval fiber is needed for subsequent flight muscle development. It has been 
proposed that the fiber acts as a template for the formation of two of the dorsal 
longitudinal flight muscles (DLMe&f). Of the adults with larval MF9 ablations (n=11), 
36% were missing one or both of the DLMs. However in 64%, all DLMs developed 
despite the ablation of the putative template muscle fiber. Thus, the ablation of MF9 
does not necessarily disrupt DLM development, showing that it is not an obligate 
template. We are testing whether there is a critical period during the 3rd larval 
instar when MF9 must be present for the DLMs to develop correctly.

We next examined the role of excitability in the development of the innervating 
motoneuron MN5 in combinations of the hyperexcitable mutants ether-a-gogo and 
Shaker. The degree of higher-order branching of MN5 at DLMe&f was significantly 
greater in the hyperexcitable adults than in wild-types. The average number of fine 
processes per nerve branch was 4.2 (std=2.5, n=21) in eag Sh, in contrast to 2.1 
(std=1.1, n=10) in Canton S wild type flies (p<.005). The data suggest that the 
morphogenesis of MN5's arbor is influenced by the degree of electrical activity 
present in the system. This indicates that in Drosophila, as in other systems, there 
is considerable plasticity in the process of synaptogenesis.

272.12
BLOCKING SYNAPTIC ACTIVITY DURING NEUROMUSCULAR SYNAPTOGENESIS 
PROMOTES COLLATERAL SPROUTING IN DROSOPHILA EMBRYOS. *LL Jarecki* 
and H. Keshishian. Biology Department, Yale University, New Haven, CT 06511.

Altering synaptic activity influences motoneuronal ending morphology in Drosophila. 
For example, mutations that increase neural activity induce more elaborate larval endings 
(Budnik et ai, J Neurosci, 10:3754), and blocking pre-synaptic activity during late 
embryogenesis retards growth cone maturation. In order to study the role of electrical 
activity during synaptogenesis, a filleted embryo culture system has been developed. 
Embryos can be cultured until early stage 17, and several neuronal markers, including 
Fascidins I, II, III, and HRP, indicate that development proceeds normally. Action 
potentials during stage 16 were blocked by the addition of TTX (10 pM) to the culture 
bath. Embryos were cultured from the time of initial growth cone-target contact until early 
stage 17, a period during which synapses normally differentiate. The addition of TTX did 
not change the expression patterns of Fasdclins I, II, and III. However, it did induce 
collateral sprouting from the transverse nerve onto the ventral longitudinal muscles fibers 
6,7,12, and 13, even though their native inputs were still present. This nerve runs along 
the segmental border, but rarely innervates these muscles in wild type third instar larvae. 
Three types of collateral sprouts were detected: endings that interacted with the native 
inputs, medium sized 3-10 μΜ branches, and small 1-3 pM sprouts. Segments with a 
collateral sprout increased from 30% to 47.3% upon addition of TTX (n=46; p < .005). 
This increase did not change the relative proportions of the three subgroups. Injection of 
TTX into intact embryos also increased collateral sprouting from 14.7% to 32.5% (n= 16; 
p<.005). However, collateral sprouts that interacted with the native input on muscle fibers 
6 and 7 were rare, suggesting that this subgroup was promoted by culture. We are 
currently examining ectopic ending develeopment in activity mutants. As muscle 
denervation also results in ectopic endings (Chang et al:, Halfon et al., Soc Neurosci 
Abstr 18:580), the appearance of collateral sprouts may be an activity mediated event.
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273.1
TELENCEPHALIN, A BRAIN SEGME N T - S P E C I F I C  D E N DRITIC 
G L Y C O P R O T E I N , IS A N O V E L  M E M B E R  OF I M M U N OGLOBULIN 
SUPERFAMILY. Y .Y o s h i h a r a *1 ,2, S.Qkal, S.Naqatal, 
Y.Watanabel, H .Ka q amiyama2 and K.Morii. İQsaka 
Bioscience Inst., Osaka 565, Japan, 2osaka 
M e d ical College, Osaka 569, Japan.

Cell-cell interactions mediated by adhesion 
molecules play major roles for the formation of 
functional networks^in the nervous system. Telen- 
cephalin (TLN) is a 130-kD glycoprotein whose 
expression is restricted to soma-dendritic mem
brane of neurons within telencephalon, the most 
rostral brain segment. Here, we report a cDNA 
cloning of rabbit TLN. The deduced amino acid 
sequence revealed that TLN is a type I integral 
membrane protein with nine immunoglobulin (Ig) 
domains in its extracellular region. The distal 
eight Ig domains of TLN are strikingly homologous 
to the Ig domains of intercellular adhesion mole
cules (ICAMs)-1,- 2 , and -3. The structural simi
larity of TLN with ICAMs provides a new and 
strong link between Ig superfamily molecules in 
the nervous and immune systems. In addition, TLN 
is the first example of dendrite-associated cell 
adhesion molecule (DenCAM) involved in brain- 
segmental organization, cell-cell interactions 
during development, and maintenance of functional 
neuronal networks.

273.3
REGIONAL DIFFERENCES IN SYNAPTOGENESIS IN HUMAN 
CEREBRAL CORTEX. P.R. Huttenlocher*, and A.S. Dabholkar. Dept. 
of Pediatrics and Neurology, University of Chicago, Chicago, IL 60637.

Synaptogenesis in cerebral cortex of non-human primates has been found 
to be concurrent in different neocortical regions (P. Rakic, et al., Science 
232:232-234, 1986). We have determined synaptic density (syn. dens.) in 
human autopsy tissue by the phosphotungstic acid method. Heschl’s gyrus 
(primary auditory cortex), angular gyrus (area 40), motor cortex (area 4), 
Broca’s area (area 44) and prefrontal association cortex (area 10) have been 
studied in 4 brains at 40 weeks gestation (NB), and at postnatal ages 2 
months, 3 months, and 3 9/12 years. Region-specific differences were found 
at the 3 younger ages, with Heschl’s gyrus showing the highest syn. dens., 
prefrontal cortex the lowest, and other regions in intermediate positions. The 
table provides syn. dens, values for left Heschl’s gyrus (LH) and for left 
prefrontal cortex (LPF) in syn./100 u2in .075 u sections.

ŅB 2ms 3ms 3 9/12vrs
LH 5.5 10.7 11.2 13.2
LPF 2.9 5.8 8.0 13.3

The data show earlier synaptogenesis in a primary sensory area than in 
motor, language and association cortex. The difference from data in non
human primates may relate to the generally slower time course of 
synaptogenesis in humans which makes for easier detection of regional 
differences. The findings are consistent with known region-specific 
differences in other aspects of human neocortical development including 
dendritic growth and myelination.

273.5
SUBCELLULAR DISTRIBUTION OF NMDA-RECEPTORS WITHIN THE 
CEREBRAL CORTEX UNDERGOES DRAMATIC CHANGES DURING 
EARLY POSTNATAL PERIOD. C. J. Aoki1*. C. Venkatesan1. C.-G. Go1 & 
T.M. Dawson2. 1 Center for Neural Science, New York University, NY, NY, 
10003 & 2Dept. of Neurol. & Neuroscience, The Johns Hopkins Univ. Schl of 
Med., Baltimore, Md, 21205.

In the developing brain, NMDA receptor activation plays important roles in 
neuronal migration (Komuro & Rakic, ’93) and experience-dependent modifi
cation of synaptic strengths (Kleinschmidt et al., ’87). Experience, in turn, 
appears to regulate NMDA receptor concentration during development 
(Tsumoto et al., Fox et al., 1991). In order to compare the site of action of 
the NMDA receptors within developing vs. mature neurons of the neocortex, 
we used an antibody directed against the C-terminus portion of the NMDAR1 
receptor molecule to perform light and electron microscopic immunocyto- 
chemistry (L/EM). In adulthood, NMDA receptor-immunoreactivity (NMDA-ir) 
is absent from dendritic shafts but clusters over postsynaptic densities in 
spines and within axon terminals forming asymmetric synapses. In neonatal 
tissue (rat PND 4 & 8; cats PND 8 & 17), small profiles (diameter ca. 1pm) 
exhibit discrete NMDA-ir within portions of the plasma membrane that are 
juxt-aposed to "axonal” profiles containing only a few vesicles. In addition, 
the plasma membrane of dendritic shafts spanning microns in length exhibit 
intense NMDA-ir. Some of these are juxtaposed to perikaryal plasma mem
brane rather than axon terminals and lack morphologically identifiable 
synaptic junctions. These appear as large puncta along lengths of varicose 
dendrites by LM. Thus, not all NMDA-ir in the developing cerebral cortex are 
synaptic and the insertion of NMDA receptors into the plasma membrane 
may precede synapse formation. CA is supported by NIH EY08055 (FIRST), 
NS30944 & NSF RCD9253750 (Presidential Faculty Fellowship).

273.2
THALAMOCORTICAL COCULTURES: AN IN  V ITR O  SYSTEM 
FOR STUDYING AND MANIPULATING AXONAL GROWTH. 
M. Wilkemever. R. Eisensmith. S. Woo and K. Angelides*. Dept. of 
Cell Biology, Baylor College of Medicine, Houston, TX 77030.
In the developing mammalian visual system laminar specific thalamocortical 
connections are made. More specifically, axons from the lateral geniculate nucleus 
(LGN) demonstrate specific temporal and spatial interactions with layer IV neurons in 
area 17 of the visual cortex. There are data to support the hypothesis that axonal 
outgrowth and neuronal migration in the CNS may be activity dependent and 
therefore influenced by both the expression and placement o f pre and postsynaptic 
receptors. Here we report on the application of an in vitro system to examine, as 
well as genetically manipulate, activity-dependent axonal growth in the visual cortex. 
Organotypic cocultures (Molnar and Blakemore, 1991) of rat LGN and visual cortex 
exhibited extensive axonal outgrowth. Ері-fluorescence imaging on the living 
cocultures, revealed considerable axonal growth into the cortical slice originating 
from the thalamic explant after labeling with a crystal of the lipophilic dye (Dii),. 
The ingrowth appeared as either individual fibers in the body of the cortical explant or 
as bundles under the piai surface. Extensive thalamic outgrowth was also present 
which did not grow into the cortical slice. To examine the role of activity on axonal 
growth, action potential electrogenesis was disrupted with addition of tetrodotoxin 
(1 μΜ) to the media. Axonal outgrowth from either explant was unaffected as was 
the pattern and extent o f the thalamic axonal growth into the cortical explant. For 
genetic manipulation of receptors, we have explored several gene transfer methods. A 
recombinant adenovirus (Ad.RSVßgal), expressing the ß-gal reporter gene, had high 
transfection efficiency while minimizing short term (< 6 days) cytotoxic effects. 
Future studies will focus on examining the molecular basis of the thalamocortical 
ingrowth. Supported by NIH grant NS 28072. M. W. is an NIH postdoctoral fellow 
(NS 09306).

273.4
Оад-ADRENERGIC RECEPTOR IMMUNOREACTIVITY: POSTNATAL 
CHANGES IN THE RAT CEREBRAL CORTEX. C. Venkatesan1*, C. J. Aoki1,
C.-G. Go1 & H. Kurose2 Center for Neural Science, New York University, 
NY, NY 10003 & 2Duke Univ. Med. Ctr, Durham, NC 27710.

Activation of otg-adrenergic receptor (otgAR) is linked to modulation of the 
baroreflex, pain sensitivity, depression, memory and learning. (Arnsten and 
Goldman-Rakic, 1985; Unnerstal et al.,1984). We investigated the 
immunoreactivity of neonatal rat cerebral cortices to the A-subtype of ô AR 
(a^AR), previously isolated from the human genomic library. This was 
accomplished using an antiserum directed against the third intracellular loop 
region of the a^AR molecule (Kurose et al., 1993). In the adult cortex, 
neuronal perikarya exhibited diffuse staining within and intense labelling 
along its plasma membrane. In addition, punctate labelling (ca. 1pm) was 
discretely localized over neuronal perikarya. These labels were distributed 
homogeneously throughout the supragranular and infragranular layers. At 
PND 10-14 (n=6), labelling of the neuronal perikarya resembled that of 
adults. At PND 2-4 (n=4), the punctate labelling was more intense and 
distributed in the neuropil as well as cell bodies. At PND 6-7 (n=4), the cell 
body-staining was diffuse while the puncta resembled those seen during 
earlier stages but were reduced in intensity and number. From PND 2 
through 10, the supragranular layers exhibited more intense staining relative 
to the infragranular layers. Based on earlier ultrastructural studies of the adult 
cortex, we hypothesize that the punctate labelling seen in earlier stages is 
reflective of active a^AR synthesis. We speculate that insertion of a^AR into 
the plasma membrane may be more prevalent around the first postnatal 
week and that the receptors assume their adult pattern of distribution after 
the second postnatal week. CA is supported by NIH EY08055 (FIRST), 
NS30944 & NSF RCD9253750 (Presidential Faculty Fellowship).

273.6
ULTRASTRUCTURE OF MET-ENKEPHALIN TERMINALS IN 
MATURE CAUDATE NUCLEI OF RATS RECEIVING NEONATAL 
LESIONS OF NIGROSTRI AT AL DOPAMINE NEURONS V.M. Pickel* 
and J. Chan. Div. of Neurobiology, Dept. of Neurology and Neuroscience, 
Cornell University Med. College, New York, N.Y. 10021.

Increased levels of Met5-enkephalin (ME) are seen in the caudate nuclei of 
adult rats receiving neonatal 6-hydroxydopamine (6-OHDA) lesions of 
nigrostriatal dopamine neurons. We examined the ultrastructure and synaptic 
associations of ME immunoreactive terminals to determine possible cellular 
substrates for this developmental plasticity. Caudate nuclei of adult male rats 
receiving unilateral intranigral injections of 6-OHDA or vehicle were 
processed for immunoperoxidase labeling. In animals showing selective 
unilateral depletion of tyrosine hydroxylase, a dopamine synthesis enzyme, ME 
immunoreactivity was significantly greater in the caudate nucleus ipsilateral 
versus contralateral to the 6-OHDA injections. In both the dopamine depleted 
and control caudate nuclei, ME immunoreactive terminals contained a mixed 
population of synaptic vesicles and formed primarily symmetric synapses with 
soma and dendrites. In the caudate nuclei ipsilateral to the lesion, the ME 
terminals were, however, more numerous than in either the contralateral 
striatum or in the striatum of unlesioned littermates. The ME terminals in 
contact with target neurons were also significantly larger in the caudate nuclei 
ipsilateral to the lesions; whereas those lacking neuronal associations showed 
no significant increase in size. These results suggest that contact with target 
neurons may be required for increased size and potentially more efficacious 
release of ME from terminals in caudate nuclei following neonatal dopamine 
depletion. (Supported by grants MH00078 and DA04600).
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273.7
3D R E C O N S T R U C T IO N  O F  T H E  N E O N A T A L  G A B A E R G IC  
C IR C U IT R Y : A  P A T C H  C L A M P  S T U D Y  C O U P L E D  W I T H  
C O N F O C A L  M I C R O S C O P Y  V . T s e e b . J .  L . G a ia rs a .  E . T e l l .  P . 
B reg esto v sk i. S . B a c k m an *  &  Y . B e n -A ri 
IN SER M  U 2 9 , 123 b d  d e  P o r t-R o y a l,  7 5 0 1 4  P a r is ,  F ra n c e .

G A B A , w h ic h  is th e  p r in c ip a l  in h ib ito ry  n e u ro tra n s m it te r  in  th e  a d u lt 
h ip p o cam p u s, p r o v id e s  m o st o f  th e  e x c ita to ry  d r iv e  o n  h ip p o c a m p a l n e u ro n s  
during th e  f ir s t  w e e k  o f  p o s tn a ta l  l ife  ( C h e ru b in i  e t a l . ,  T IN S  1 4 :5 1 5 , 1991). 
To c le a r  u p  th e  r e la tio n s h ip  b e tw e e n  m o rp h o lo g ic a l  c h a n g e s  o f  G A B A e rg ic  
neurons a n d  th e ir  p h y s io lo g ic a l  b e h a v io u r ,  w e  h a v e  n o w  s tu d ie d  th e  
dev e lo p m en t o f  th e  in te rn e u ro n a l c ir c u it .

C A 3  in te rn e u ro n s  w e re  re c o rd e d  f ro m  P 2 -P 8 , th in  h ip p o c a m p a l s lic e s , 
under v isu a l c o n tro l ,  in  th e  w h o le  ce ll p a tc h  c la m p  c o n fig u ra tio n . T h e  ce lls  
w ere f ille d  w ith  lu c ife r  y e llo w  ( 1% ) a n d  b io c y t in  ( 1% ) f ro m  th e  re c o rd in g  
m ic ro p ip e tte . C e lls  h a d  re s t in g  p o te n tia ls  f ro m  -5 0  to  -7 0  m V  a n d  sh o w e d  fas t 
firing a c tiv ity  ty p ic a l fo r  in te rn e u ro n s .  A f te r  f ix a t io n , a  3 D  re c o n s tru c t io n  o f  
the c irc u it  w as  m a d e  w ith  a  c o n fo c a l m ic ro sc o p e  (B io R a d  M R C  6 0 0 )  a n d  a 
S ilicon G ra p h ic s  s ta t io n . F o u r te e n  in te rn e u ro n s  w e re  in je c te d  in  th e  s tra ta  
oriens a n d  ra d ia tu m  o f  C A 3 -C A 2  r e g io n s .  A x o n s  e m e rg in g  f ro m  th e  ce ll b o d y  
or f ro m  th e  p ro x im a l p a r t  o f  d e n d r i te s  w e re  sm o o th  a n d  h a d  a  r e la tiv e ly  
un ifo rm  d ia m e te r  c o m p a re d  to  th e  d e n d r i te s .  T h e  a x o n a l n e tw o rk  o f  P 2  
in te rn eu ro n s  w as  e x tre m e ly  c o m p le x  w ith  a  w id e  in n e r v a tio n e x te n d in g to  m o st 
o f th e  h ip p o c a m p a l fo rm a tio n . In  a g re e m e n t w ith  o u r  p re v io u s  
e le c tro p h y s io lo g ic a l s tu d y , th e s e  d a ta  sh o w  th a t  th e  G A B A e rg ic  in te rn e u ro n s  
d evelop  p r io r  to  p y ra m id a l c e lls  an d  p ro v id e  m o s t o f  th e  sp o n ta n e o u s  and  
evoked  s y n a p tic  a c tiv ity  d u r in g  th e  f ir s t  p o s tn a ta l  w e e k  o f  life .

273.9
ADJUSTED INNERVATION TIMING OF THE ENTORHINLA  
AFFERENTS DECIDES THE SYNAPTIC ARRANGEMENT ON 
DENDRITIC TREES IN THE INFRAPYRAMIDAL BLADE OF THE 
RAT DENTATE GYRUS
Nobuaki Tamamaki* and Yoshiaki Nojyo, Dept. of Anatomy, Fukui 
Medical School, Fukui 910-11 Japan

Synaptic site on dendritic trees is an important strategy in information 
processing through synaptic connections. Proximal synapes are 
assumed to dominate in cotroling postsynaptic neurons. In the rat 
dentate gyrus, the lateral entorhinal cortex innervates the distal 1/3 of 
granule cell dendrites, while medial entorhinal input terminates on the 
middle 1/3 level of the dendrites. It is examined with a fluorecsent 
tracer Dii that synaptic arrangement in the infrapyramidal blade is 
formed after birth. The molecular layer of the infrapyramidal of the 
dentate gyrus is free of the entorhinal afferents by P3 (postnatal days), 
while the suprapyramidal blade of the dentate gyrus is innervated by 
both the lateral and medial perforant path. The medial perfomat path 
appeared just beneath the pia mater of the infrapyramidal blade by P7. 
The lateral perforant path appeared just beneath the pia mater, and the 
medial perfomt path shifted its relative location to the middle 1/3 level 
of the thickened molecular layer by PII.

In com bination with the established know ledge that most of 
entorhinal layer II neurons sim ultaneously innervate both the 
suprapyramidal blade and infrapyramidal blade of the dentate gyrus by 
branching (Tamamaki and Nojyo, Neurosci. Abst. 17: 134), the results 
above indicate that the lateral and medial perforant path wait sprouting 
to the infrapyramidal blade by their appropriate timing of innervation 
and form synapes on the newly produced dedritic edges.

273.11
PYRUVATE DEHYDROGENASE ACTIVITY PREDICTS SYNAPTIC GROWTH 
AND RETRENCHMENT: AN HYPOTHESIS. Scott T. Cain*. Department of 
Psychiatry, Duke University Medical Center, Durham, NC 27710.

The pyruvate dehydrogenase (PDH) enzyme complex catalyzes the 
decarboxylation of pyruvate to acetyl-CoA and C 0 2. PDH activity is enriched 
in cholinergic neurons (Milner et al. J. Neurosci. 7: 3171, 1987), increased 
during hippocampal slice depolarization (Cain and Routtenberg. Neurosci. Lett 
130: eS, 1991), and altered in specific brain regions subsequent to training 
paradigms (Morgan and Routtenberg, Science 214: 470, 1981). Furthermore, 
postnatal development of the PDH enzyme complex is correlated with 
synaptogenesis in the CNS (Cain et al, Neurochem. Int., 19: 549, 1991) and 
there are ischemia-induced reductions in PDH activity in selected brain regions 
(Zaidan and Sims, J. Cereb. Blood Flow Metab. 13: 98, 1993). The evidence 
above has been combined with results demonstrating differential synaptic vs. 
non-synaptic regulation of the PDH complex (Cain et al. Neurochem. Int., 19: 
549,1991) and incorporated into a model describing the mechanisms by which 
alterations in synaptic PDH activity may be an important initial step in the 
subsequent strengthening or weakening of synaptic contacts. A critical feature 
of the proposed model is that both the short-term (PDH enzymatic activity) and 
long-term (PDH protein amounts) regulation of the level of enzyme activity is 
acutely dependent upon the extracellular and intracellular environment of the 
neuron and, thus, is centrally positioned to modulate synaptic function. As 
others have suggested, PDH enrichment may be a marker for neuronal 
susceptibility to neurodegenerative disorders (e.g. Alzheimer’s disease) (Sheu 
et al., Ann. N.Y. Acad. Sci. 573: 378, 1989). The current model extends this 
concept by proposing mechanisms through which brain-region specific 
modulation of PDH activity and/or protein may regulate the relative strength of 
synaptic pathways.

273.8
PAIRE D - P U L S E  FACILITATION, FEED-F O R W A R D  AN D  F E E D 
BACK I N HIBITION IN THE IMMATURE RAT H I P P O C A M P A L 
CAI AREA. C. Nunes Filipe, F. Correia Ribeiro, 
J.C. Dio n i s i o  and P.F. Costa (SPON: Eur o p e a n 
Neu r o s c i e n c e  A s s o c i a t i o n ) . Dep. Fisiol., F.C.M., 
UNL, Campo Santana 130, 1198 Lisboa, Portugal.

To stu d y  the evolu t i o n  of synaptic integr a t i o n 
m e c h anisms simultaneous i n t r a c ellular and e x t r a 
cellu l a r  recordings (stratum piramidale) w e r e 
perfo r m e d  in slices from Wis t a r  rats P5-48. 
Pai r e d - p u l s e  facilitation was evoked by d o u b l e 
pulse (20ms interval) r a d i a t u m  stimulation. F e e d 
forward and feed-back i n h i bition we r e  d i s t i n 
g u i shed applying: 1) alveus s timulation to evoke 
a n t i dromic i p s p s ; 2) d irect s t i m u lation of r a d i a 
tum inter-neurones u n d e r  CNQX (20μΜ) and A P V 
(50μΜ) . Immature pr e p a rations d isp l a y e d  i n c reased 
facilitation. In P5-8 cells alveus and r a d i a t u m 
e voked ipsps had reversal p o tentials d e p o l a r i z e d 
resp e c t i v e  to Vm; this s howed a h y p e r p o l a r i z i n g 
trend in the course of maturation. From the 
analysis of the ipsps e v o k e d  by methods 1) and 2) 
in the same cells, a l v e u s - e v o k e d  ipsps we r e  mo r e  
premature; a less powerful f e ed-forward i n h i b i t o 
ry m e c h a n i s m  was obser v e d  in you n g e r  cells. G A B A b  
depen d e n t  ipsps were not o b served b e fore P12. 
Results show associ a t i o n  of various stages of 
e v o l u t i o n  at P5-15, a p p a r e n t l y  stable afterwards.

273.10
ELECTRON MICROSCOPIC QUANTITATION OF 
SYNAPTOGENESIS IN FIELD CAI OF MOUSE HIPPOCAMPUS.
R. S. Dotson*. L. Y. Yatsu and C. F. Ide. Dept. of Cell and Molecular 
Biology, Tulane Univ., New Orleans, LA 70118-5698.

The hippocampus provides an excellent model for mammalian neural 
development. The dentate gyrus is the primary recipient of extrinsic 
hippocampal innervation from the entorhinal cortex, and synaptogenesis in 
this area has been studied (Crain et al. 1973. Brain Res. 63: 195-204).
Field CAj also receives a projection from the entorhinal cortex. The 
function of this projection is less well understood. However, since this 
projection is seen early in hippocampal development, it may play an 
important developmental role (Snyder et al. 1991. J. Neurobiol. 22: 897- 
906).

To determine whether this early projection could be functioning via 
synaptic mechanisms during early developmental stages, the rate of 
synapse formation in this target area was measured. The density of 
synaptic junctions in the molecular layers of field CAj was measured in 
the mouse at postnatal ages 0, 4, 8, 12, 24, and 60 days. Counts were 
made using standard transmission electron microscopy. After 12 days the 
number of synaptic junctions per unit area was less than 17% of the adult 
(60 day) level. The steepest increase was measured between postnatal 
days 12 and 24, when synaptic density reached 87% of the adult level. The 
paucity of synaptic junctions at the time of birth argues against a 
functioning early entorhinal projection. It is possible that the robust 
projection from entorhinal cortex to CAj seen at birth represents 
sojourning commissural fibers awaiting formation of the alveolar channels.

Supported in part by NIH IF32 NS08594-01 and DOD 2 to CFI.

273.12
D e v e lo p m en t o f  S y n a p ses  and  N e u r ite s  o f  
H ippocam pal and C ortical N eurons for up to 6 
M onths in Culture; E stim ation o f the Num ber o f  
Synapse by ELISA. K.Kobavashi*. M.Ichikawa^. M.Kawahara. 
K.Muramoto and Y.Kuroda. Department of Molecular & cellular 
Neurobiology, and ^Anatomy & Embryology, Tokyo Metropolitan 
Institute for Neuroscience. Fuchu, Tokyo 183, Japan 
Dissociated neurons from hippocampus and cerebral cortex of 18 days 
embryonic rat brain were cultured for long periods up to 6 months. 
Development of synapses during culture was examined both by 
quantitative electron microscopy (EM) (M.Ichikawa, et al. Neurosci. Res., 
16, 95, 1993) and by enzyme-linked immunosorbent assay (ELISA) using 
anti-synaptophysin monoclonal antibody (Boehringer). For ELISA, the 
cultured cells were fixed with 4 % paraformaldehyde and treated with 90% 
methanol and 5%acetate. Immunoreactivity for synaptophysin increased 
during cortical neuron culture. The synaptophysin immunoreactivity was 
highly correlated to the number of synapses observed by EM (r=0.887). 
Thus ELISA using synaptophysin antibody offers a convenient method to 
estimate the total number of synapse formed in vitro.

We succeeded in keeping cultures alive for up to 170 days. Long- 
survival (longer than 30 days) hippocampal neurons were 
morphologically well developed in culture; dendrites (stained with anti- 
MAP2 antibody) and axons (stained with anti-neurofilament antibody) 
were clearly identified using laser scan microscopy. Densely distributed 
synapses (stained with anti-synaptophysin antibody) were observed on the 
dendrites as well as on the cell bodies using confocal laser scan 
microscopy.
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273.13
D E V E L O P M E N T A L  C O R R E L A T IO N  O F  S Y N C H R O N O U S  
C a 2+ O S C I L L A T IO N S  W IT H  M O R P H O L O G I C A L L Y  
ID E N T IF IE D  S Y N A P S E S  IN  C U L T U R E D  R A T  C E R E B R A L  
C O R T IC A L  N E U R O N S . K. Muramoto*. M. Ichikawa*. K . 
Kobavashi. M. Kawahara, Y. Kuroda. Departments of Moleculari & Cellular 
Neurobiology and of Anatomy & Embryology, Tokyo Metropolitan Institute for 
Neuroscience, Fuchu-shi, Tokyo 183, Japan.

Spontaneous synchronous oscillations of firing and resulting Ca2+ 
transients were first observed in cultured hippocampal neurons (Ogura e t  
a l. , Neurosci.Lett., 78, 69, 1987). Cerebral cortical neurons in culture 
formed networks which showed more stable oscillations (Muramoto e t  a l., 
Proc. Japan Acad., 64, 319, 1988),in which abundant synapses are 
formed in v itro , observed by electron microscopy (EM) (Kuroda e t  a l.,  
Neurosci.Lett., 135, 255, 1992). The number of synapses increased with 
days in  v i tr o  (DIV), as did the frequency of mature types of 
synapses(Ichikawa e t a i . ,  Neurosci. Res., 16, 95, 1993). The frequency 
of synchronous oscillations of [Ca2*]  ̂also increased with DIV, and was 
highly correlated with the number of synapses formed in v i tr o  (r=0.90). 
The synchronized firing (and the resulting Ca2+ transients) is evoked by 
convergency of synaptic activity through many excitatory synapses in the 
network accounting for the developmental changes of [Ca2*]jn oscillation 
with increased numbers of synapses morphologically identified by EM. 
Thus, it is now possible to estimate the number of synapses formed in  
v itro  using the frequency of Ca2+ oscillation, providing a screening system 
for drugs and other agents which may inhibit or stimulate cortical synapse 
formation in vitro.

273.14
SYNAPTIC 5'-NUCLE0TIDASE ACTIVITY IN THE CEREBELLUM OF NORMAL AND REELER 
MICE. Y. Baillv. S. W. Schoeni. Ģ, yy. Kreutzbeml J. Mariani and N. Delhave-Bouchaud. 
(SPON: European Neuroscience Association). Inst. Neurosciences (URA CNRS 1488), Univ. P. 
& M. Curie, 9, quai St Bernard 75252 Paris, FRANCE. 1 Max-Planck Inst. Psychiatrie 8033 
Martinsried GERMANY.

The ectoenzyme activity of 5'-nucleotidase (5'N) occurs within the asymmetrical synapses of 
the cerebellar cortex of the rat during a transient period of postnatal development. The presence 
of enzyme activity in the redundant and still labile climbing fiber-Purkinje cell (CF-PC) synapses 
suggests the association of such an ultrastructural marker with synaptic immaturity. Indeed, the 
adenosine-producing activity of 5'-N persists in the multiple CF-PC synapses abnormally 
maintained in the adult cerebellum degranulated by a postnatal X-irradiation. Ultrastructural 
cytochemistry in the cerebellar cortex of the wild-type mouse discloses 5'N enzyme activity 
within the main types of asymmetrical synapses as soon as 6 days after birth, confirming its 
synaptic location during postnatal synaptogenesis in the cerebellum of the rodents. Surprisingly, 
as the activity of the synaptic enzyme persists during adulthood it seems to be modulated 
differently in rat and mouse. Semi-quantitative analysis suggests that 5'N-positive synapses on 
PC dendrites are distributed according to a parasagittal banding pattern similar to the 5'N 
histoenzymatic staining of Bergman glia in the molecular layer of the adult mouse. Indeed, 80% 
of the synapses counted within the 5'N-positive P1(+) and P2(+) bands were 5'N-positive against 
only 20% within the 5'N-negative P1(-) bands in the ventral uvula, suggesting that synaptic and 
glial 5'N enzyme activities are somewhat related. In the cerebellum of the adult reeler mouse, 
both homologous and heterologous, asymmetrical synapses made on the cortical, CF- 
monoinnervated PC and on the ectopic, CF-multiinnervated PC display 5'N activity. Thus, in the 
mouse, 5'N activity may depend neither on the number of CF impinging on the PC nor on the 
nature of the presynaptic fiber. Moreover, since the non-innervated PC dendritic spines found in 
reeler bear 5'N-positive postsynaptic differentiations, the ectoenzyme molecule responsible for 
the synaptic 5'N activity is likely belonging to the PC spines.

273.15
INFLUENCE OF NEURAL ACTIVITY ON ARA C INDUCED CIRCUIT 
REORGANIZATION IN CEREBELLAR CULTURES. R. Drake-Baumann1 and
F.J. Seil *1.2,3, Neurology Research1, VA Medical Center and Departments of 
Neurology 2 and Cell Biology & Anatomy 3, Oregon Health Sciences University, 
Portland, OR 97201.
Exposure of organotypic cerebellar explants derived from newborn mice to cytosine 
arabinoside (Ara C) for the first 5 days in vitro (DIV) drastically reduced granule 
cells and compromised glial function, so that Purkinje cells (PC) did not develop 
astrocytic sheaths (Seil, F.J. et al., Brain Res. 186:393-408, 1980; Blank, N.K. et 
al., Neuroscience 7:1509-1531, 1982). A circuit reorganization was induced in 
which PC sprouted recurrent axon collaterals that hyperinnervated other 
unensheathed PC somala and projected to PC dendritic spines. In spite of a marked 
increase in inhibitory input, the PC spontaneous discharge rates were similar to those 
of control PC neurons. The question addressed in the present study was whether the 
neural circuit reorganization in Ara C explants was dependent upon neuronal 
activity. Ara C treated cultures were continuously exposed to tetrodotoxin (TTX) 
and elevated magnesium for 15 DIV. Upon removal of inhibitory agents, the explants 
developed spontaneous activity but at a higher rate than unblocked Ara C controls. 
Ultrastructural examination showed that the PC somata became hyperinnervated 
while in the neuropil the number of axospinous synapses was significantly reduced. 
These results indicate that the heterotypic recurrent collateral to PC dendritic spine 
projection did not develop fully in the absence o f neuronal activity. The 
hyperactivity o f PC neurons following removal o f TTX and high levels of 
magnesium may be due to a reduction of inhibitory axospinous synapses. These 
results are consistent with previous studies showing dependence on neuronal activity 
for the full development of inhibitory circuitry. (Supported by the U.S. Department 
of Veterans Affairs and NIH grant NS 17493.)

NEUROTRANSMITTERS AND CHANNELS: GLUTAMATE AND GABA

274.1
ONTOGENY OF NMDA RECEPTORS IN THE RAT BRAIN H. Monver. D. 
J. Laurie and P H. Seebura* Center for Molecular Biology (ZMBH), INF282, 
6900 Heidelberg, Germany.

The embryonic and postnatal expression of NMDA receptor subunit 
genes in the rat CNS was studied by in situ hybridization. Each subunit was 
characterized by its particular regional and temporal expression profile. A 
more general characterization of the different subtypes ranged from high 
levels at all stages analyzed (NR1 and NR2B) to more dramatic changes 
with either increasing (NR2A and NR2C) or decreasing (NR2D) mRNA 
levels during development.

At the earliest embryonic stage analyzed (E14), high mRNA levels for 
three of the subunits (NR1, NR2B and NR2D) and virtually no expression of 
the other two (NR2A and NR2C) was found. For all subunits but NR2D 
there was a peak of mRNA expression around P20 followed by a decline to 
adult levels, consistent with pharmacological data on NMDA receptors. A 
peak of expression occurring at an earlier time (P7) was observed for 
NR2D. In some brain regions the disappearance of a subunit mRNA 
coincided with the appearance of another. For instance, NR2C replaced 
NR2B in granule cells of the developing cerebellum.

In the hippocampus, all subunit mRNAs were found to be expressed. 
There were, however, marked differences with regard to cell type. While 
highest expression levels of NR2A and NR2B mRNAs were found in CA1 
and CA3 pyramidal cells, the prevalent expression of NR2C and NR2D was 
confined to different subsets of intemeurons in this CNS region. Results 
obtained from recombinant receptors indicate that specific functional 
properties are conferred to NMDA receptors by the NR2 subunits. Hence, 
the different ontogenetic profiles of NMDA receptor subunits might correlate 
with differences in NMDA receptor function. These may be a prerequisite in 
the establishment of the diverse plasticity events during development.

274.2
Developmental changes in NMDA receptor-mediated and voltage-gated calcium 
influx and effects of ethanol in cultured cerebellar Purkinje neurons. J.-Y. Zou1.
C. Cohan. R. A. Rabin2 and R.J. Pentnev*. ^ ep t. o f Anatomy and Neurobiology, 
Univ. of Tennessee, Memphis, TN 38163, and Depts. o f Anatomical Sciences and 
2Pharmacology & Therapeutics, SUNY at Buffalo, Buffalo, NY 14214.

The developmental responses o f cerebellar Purkinje neurons to NMDA and KC1 
stimulation and the effects of ethanol were studied in cultures o f rat cerebella from 
E17. [Ca2+], was monitored in individual Purkinje neurons at three developmental 
stages, 24, 4k, and 96 HIV, with the calcium indicator fura-2. The responses of 
Purkinje neurons changed with time in culture. The NMDA (50/tM)-stimulated 
calcium influx increased by 32% between 24 and 48 HIV and by 77 % between 48 
and 96 HIV. KCl-stimulated calcium influx also increased by 48 % between 24 and 
48 HIV and by 36 % between 48 and 96 HTV. These results suggest that Purkinje 
neurons express functional NMDA receptor and voltage-gated calcium channels at 
early stages o f development. Acute exposure to 75mM ethanol inhibited NMDA- 
stimulated calcium influx by 17%, 49% and 38% at 24, 48, and 96 HIV, respec
tively. Chronic ethanol treatment for 24, 48, and 96 HIV produced more promi
nent inhibition o f NMDA-stimuIated calcium influx by 36 %, 52 %, and 55 %, 
respectively. Acute ethanol also significantly inhibited KCl-depolarized calcium 
influx by 58%, 49%, and 54% at 24, 48, and 96 HIV, respectively. However, 
chronic ethanol exposure for 24 hr significantly enhanced KCl-depolarized calcium 
influx by 22%, whereas prolonged ethanol exposure for 96 hr decreased KCl- 
depolarized calcium influx by 41 %, suggesting that chronic ethanol exposure may 
have biphasic effects on expression or function o f voltage-gated calcium channels 
during Purkinje neuron development in culture. Supported by NIAAA grants 
AA05592 and AA06207, and by NIH grant NS25789.
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274.3

CALCIUM TRANSIENTS INDUCED BY GLUTAMATE RELEASE IN 
CULTURED HIPPOCAMPAL NEURONS BEFORE AND AFTER SYNAPTO- 
GENESIS. C. Verderio. S. Coco. F. Fumagalli F. Lacquaniti* and M. Matteoli. 
CNR Ctr. Cytopharmacology, Dept. Med. Pharmacology, University of Milano, 
20129 Milano and *CNR 1st. Fisiologia Centri Nervosi, 20133 Milano, Italy.

Using a bioassay for studying synaptic vesicles (SVs) exo-endocytosis, 
we have demonstrated in cultured hippocampal neurons that SVs can 
undergo exo-endocytotic recycling even before synapse formation (Matteoli 
etai., 1992). To verify whether this recycling had implications in neurotrans
mitter release, we have used Fura-2 imaging of hippocampal cells maintained 
in cultures for different periods of time. By substituting the standard 
physiological medium with a solution nominally free of Mg2+ ions and con
taining 1μΜ glycine we have revealed activation of NMDA receptors by 
endogenously released glutamate in neurons before and after the formation 
of synaptic contacts.The activation of the NMDA receptor was inhibited by 
specific antagonists and was almost completely prevented by the Ca2+ chan
nel blocker Cd2+. These data indicate that release of glutamate and expres
sion of functional NMDA receptors occur in hippocampal neurons even 
before synapse formation. We next investigated whether differences in the 
pattern of response could be observed during development. We found 
indeed that a diffuse increase of Ca2+ is induced in neurons before 
synaptogenesis, while localized changes can be observed on somatic and 
dendritic compartments in synaptically connected cells. A spatial correlation 
between Ca2+ changes and synaptic contacts was established by combinig 
Ca2+ imaging and immunolocalization of presynaptic antigens on a same cell.

274.5

D IZO CILPIN E (M K-801) T R E A T M E N T  IN T H E  N E O N A T A L  R A T  
A LTERS  H IP P O C A M P A L  N M D A R E C E P T O R  D E V E L O P M E N T .  
R.J.Bradv* and M.T.M.Monroe. Wadsworth Ctr. for Labs. & Res., New York 
State Dept. of Health, Albany, NY 12201-0509.

There is a developmental change in the pharmacological and 
biophysical characteristics of the NMDA-evoked response of the rat 
hippocampal slice. They can be demonstrated as an increased potency of 
competitive NMDA antagonists and differences in the divalent cation sensitivity 
of the iontophoretically-evoked NMDA response. These changes in the 
properties of the NMDA response of rat hippocampal slices take place over 
the same period in which there are significant decreases in slice 
epileptogenicity, excitability and polysynaptic neuronal network connectivity. 
Current investigations aimed at demonstrating the relationship between 
changes in the NMDA mediated response and slice physiological behavior 
utilize the dizocilpine treatment regime of Gorter e ta i. (Brain Res. 580 (1992) 
12-17) that has been shown, using in vitro studies, to alter hippocampal 
neurophysiological properties. Neonatal rats are injected twice daily with MK- 
801 (0.25 mg/kg) from post-natal-day (PND) 8-19. This period encompasses 
the developmental window during which we have demonstrated heightened 
epileptogenicity in hippocampal slices. After drug treatment is completed rats 
are allowed to continue developing until at least PND40 giving three 
experimental groups from which to obtain hippocampal slices; immature 
(PND10-16), mature (>PND40)and mature-treated (>PND40/MK-801 treated 
PND9-19). lontophoretic application of NMDA into the proximal portion of the 
CA3 basilar dendrites with bath antagonist application has shown the 
immature tissue to have a 2-3 fold greater sensitivity to the competitive 
antagonist D(-)AP5. The IC^ value (μΜ) calculated from immature tissue is 
3.6010.49 and mature slices, 9.4411.62. Hippocampal slices in the mature- treated experimental group yielded a value of 3.9510.10, significantly different from the age matched controls and not different from the immature value. This 
model is being used to study the molecular and physiological consequences 
of the inappropriate persistence of immature NMDA properties in the rat 
hippocampus. Supported by grant NS23071 to RJB from NINDS-NIH.

274.7
DEVELOPMENTAL CHANGES IN THE SENSITIVITY OF EAA 
RECEPTORS IN * NEURONS OF THE AVIAN COCHLEAR 
NUCLEUS, N. MAGNOCELLULARIS. E.A. Lachica*. R. Rübsamen and
E.W Rubel. Virginia Merrill Bloedel Hearing Research Center & the Dept. 
Otolaryngology-HNS, U. Washington, Seattle WA 98195

There are 3 major excitatory amino acid receptor subtypes: the NMDA-, 
the Kainate- (KA, or nonNMDA), and the Quisqualate- (QA, or metabotropic) 
preferring receptors. In this study we examine the sensitivity of these receptor 
subtypes expressed by neurons in nucleus magnocellularis (NM), the avian cochlear 
nucleus, at very early and later stages of development. At embryonic day 8 (E8), 
NM is cytoarchitectonically distinct, composed of multipolar cells that have yet to 
form synapses with auditory nerve terminals. Axons invade the NM and initiate 
synaptogenesis at E9. It is believed that 4 or more auditory nerve axons end on NM 
cells early in development (E10-E12), but this number decreases beginning at E14. 
Changes in NM cell morphology also begin at E l4. At E l7, 4 days before 
hatching, NM cells are a-dendritic and are encapsulated by at least 2 auditory nerve 
calyces. Using ratiometric fluorescence microscopy and the calcium indicator dye 
FURA-2 we determined that E8 NM cells are most sensitive to KA (EC50 = 6 
μΜ), followed by NMDA (12 μΜ) and lastly, glutamate (50 μΜ). QA (EC50 = 6 
μΜ) was more effective at mobilizing intercellular Ca+2 in E8 NM cells than 
glutamate (EC50 = 30μΜ). Increasing concentrations (10 to 50μΜ) of t-ACPD 
produced a 20 to 50nM decrease in [Ca+2]j. KA sensitivity of NM neurons at E17 
is unchanged from that observed at E8 ; however, sensitivity to NMDA (EC50 = 
250μΜ) and to glutamate has decreased. NM cell sensitivity to NMDA and 
glutamate begins to decrease at E10, roughly 24 hours after synaptogenesis. At 
E ll, NMDA receptor sensitivity has decreased nearly 10-fold, and there is a 2-fold 
decrease in glutamate sensitivity. NMDA & glutamate sensitivity at E14 is very 
similar to that o f NM cells at E17. Sensitivity to QA was decreased significantly by 
E17 (EC50 = 25μΜ). ACPD was also less effective in decreasing [Ca+2]į at E17. 
(Supported by DC00040 to EAL, DC00395 to EWR & DFG-Ru-390/2-2 to RR).

2 7 4 .4

DEVELOPMENTAL DECREASE IN 3H-AMPA BINDING IN 
CEREBELLA OF L U R C H E R  MUTANT MICE. B.H. White*, and МЛУ. 
Vogel. MD Psych. Res. Center, Baltimore, MD 21228.

The semidominant mutation lu rch er  (Lc ) causes the degeneration of 
all cerebellar Purkinje cells starting after the first postnatal week. 90% 
of the granule cell population subsequently degenerates as a 
consequence of target loss. We are investigating the developmental 
pattem of 3H-AMPA binding in wild type and +/Lc cerebella to 
determine how the lu rch er  mutation and Purkinje cell degeneration 
affects the cerebellar expression of excitatory amino acid receptors.

Sagittal sections of cerebella from both wild-type and +/L c  mice at 
postnatal age 7 (P7), 14 (P14), 28 (P28), and 90 days (P90) were 
incubated for 45 min with 37 nM 3H-AMPA. Slides were exposed to 
autoradiographic film for 3 weeks. 3H-AMPA binding was measured 
in digitized images using the NIH Image 1.4 morphometry program.

In wild type cerebella, 3H-AMPA binding levels were 1.2 to 1.5- 
fold higher in the molecular layer than in the granule cell layer at P7 and 
P14, and 1.5 to 2.6-fold higher in mature cerebella. In the vermal 
cerebellum, receptor binding in both the molecular and granule cell 
layers was reduced in +ILc at PI4 (73% of wild-type granule cell layer 
values), P28 (47% of wild-type values), and P90 (21% of wild type). 
After PI4, lamination between molecular and granular cell layers 
became indistinct in the + /L c  mutant. In both + /L c  and normal mice, 
3H-AMPA binding in vermal sections was 2 to З-fold higher than in 
lateral sections. Our preliminary analysis suggests that detectable 
decreases in 3H-AMPA binding occur subsequent to Purkinje and 
granule cell degeneration.

Research support provided by NIH grant NS29277.

2 7 4 .6

CHARACTERIZATION OF GLUTAMATE A N D N-METHYL-D- 
ASPARTATE BINDING SITES IN THE G UINEA PIG HIPPOCAMPUS. 
S. Abdollah* and J.F. Brien. Department of Pharmacology and Toxicology, 
Queen’s University, Kingston, Canada K7L 3N6.

It has been postulated that prenatal ethanol exposure alters the function 
of the L-glutamate (Glu) system in the hippocampus, a target site in ethanol 
teratogenesis. Our research goal is to test the hypothesis that prenatal 
exposure to ethanol decreases Glu binding to excitatory amino acid receptors, 
in particular the N-methyl-D-aspartate (NM DA)-sensitive subtype. 
The objective o f this study was to develop a radioligand-membrane binding 
assay to characterize Glu and NM DA binding sites in the hippocampus o f the 
guinea pig using [3H]-Glu (54 Сі/mmol) and a hippocampal crude synaptic 
membrane preparation (HCSMP). Specific [3H]-Glu(10 nM) binding to adult 
male HCSMP increased linearly with protein concentration, reached apparent 
steady-state by 10 min o f incubation, was completely displaced by 1 μΜ  
unlabelled Glu, and was maximally (80%) inhibited by 100 μΜ N M D A  
Saturation experiments with 1 to 100 nM [3H]-Glu demonstrated that specific 
[3H]-Glu binding to the Glu binding sites was characterized by Kd of 
21.0±2.0 nM and Bmax of 3611 ± 5 9  fmol/mg protein, and that specific [3H]- 
Glu binding to the NM DA binding sites was characterized by Kd o f 14.1 ±1.6  
nM and Bmax o f 2541 ±145 fmol/mg protein. Preliminary experiments in the 
neonatal guinea pig, using the optimized conditions o f the adult, indicated 
that specific [3H]-Glu binding to HCSMP was similar to that o f the adult. 
These data indicate that, for the guinea pig, Glu binding sites are well 
developed in the neonate and that the prenatal ontogeny o f the Glu binding 
sites should be elucidated to characterize fully their developmental profile. 
This assay will be used to determine if chronic prenatal ethanol exposure 
alters the Kd and/or Bmax o f Glu and NM DA binding sites in the 
hippocampus o f guinea pig offspring during prenatal and postnatal life. 
(Supported by the MRC of Canada)

2 7 4 .8
DEVELOPMENTAL ASPECTS OF GLUTAMATE IN THE CEREBELLUM 
AND THE CORTEX OF THE RAT: NEUROCHEMICAL AND  
POTENTIOMETRIC OBSERVATIONS. N S. Nadi*. S.V.Smith. V. 
Smallwood and J.L. Barker. Lab. of Neurophysiol., NINDS, NIH, Bethesda, 
MD. 20892.

The development of the glutamate system has been studied in the cortex 
of the rat from embryonic day 11 ( E l l)  to postnatal day 5 (PN5) using 
biochemical and voltage sensitive dye (oxonol) techniques. Glutamate is 
measurable at E l l  and increases until E19 at which point its levels are 
comparable to those seen in the adult brain, Glutamate is released by 
diffusion from acutely cultured E l l  neurons from the cortex. The release 
becomes sodium dependent on day E13 and calcium dependent on day E14. 
The calcium and sodium dependency of the release achieve adult patterns at 
E17. The voltage sensitive dye oxonol used in combination with fluorescence 
activated cell sorting (FACS) allows the detection o f sodium channels 
blocked by tetrodotoxin at E13. The first response to glutamate measurable 
by oxonol appears at E14 and is a response to kainic acid. This response is 
blocked by CNQX. The response to AMPA is apparent at E16, but the 
response to NMDA is not detectable until E l9. The response is blocked by 
MK-801. In the cerebellum, the receptor responses to kainate and AMPA 
develop later than in the cortex as would be expected from the varied 
developmental pattern of the cerebellum. AMPA and kainate responses can 
be measured by oxonol fluorescence changes beginning at E l8 . These 
responses are blocked by CNQX. The NMDA receptor response in the 
cerebellum becomes detectable at PN3 and is blocked by MK 801
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274.9
A  G A B A -A C T IV A T E D  IN W A R D  B IC A R B O N A T E  C O N D U C T A N C E  IN  
N E O N A T A L  R A T  P U R K IN JE  N E U R O N S . S. G re e n .  I. C . S tra h le n d o r f .  
a n d  H . K . S tra h le n d o rf* . D e p ts  o f  N e u r o lo g y  a n d  P h y s io lo g y , T e x a s  T ech  
U n iv e rs i ty  H e a l th  S c ien c e s  C e n te r ,  L u b b o c k , TX , 79430.

P r e v io u s  s t u d i e s  b y  o t h e r s  i n d ic a te  t h a t  G A B A , a n  in h ib i to r y  
n e u r o t r a n s m it t e r  in  th e  m a tu r e  n e u r o n ,  c a n  i n d u c e  a n  in w a r d  e x c ita to ry  
c u r r e n t  in  y o u n g  (1 to  8  d a y  o ld )  r a t  h ip p o c a m p a l  n e u ro n s .  T h is  c u r r e n t  is  
p r e s u m e d  to  b e  d u e  to  c h lo r id e  io n s  a n d  d r iv e n  b y  a n  im m a tu r e  c h lo r id e  
g r a d ie n t  a c ro s s  th e  n e u ro n a l  c e ll m e m b r a n e .  T h is  e a r ly  e x c ita to ry  e ffe c t o f  
G A B A  m a y  s e rv e  a  n e u ro tr o p ic  ro le  b e fo re  e x c ita to ry  p ro c e s s e s  m a tu r e .  T h e  
p u r p o s e  o f  o u r  e x p e r im e n ts  w a s  to  e v a lu a te  th e  r e s p o n s e  o f  r a t  c e re b e lla r  
P u rk in je  ce lls  (P C 's )  to  G A B A  a t  th is  s a m e  s ta g e  o f  d e v e lo p m e n t  b y  th e  u s e  
o f  th e  w h o le -c e l l  p a tc h  c la m p  t e c h n iq u e .  M o re o v e r ,  w e  s o u g h t  to : 1) 
d e l in e a te  th e  a g e -w in d o w  o f  th is  c u r r e n t ,  2) e x p lo r e  w h ic h  r e c e p to r  s u b -  
ty p e s  a r e  i n v o lv e d ,  a n d  3 ) c o r r o b o r a te  th e  r o le  o f  th e  c h lo r id e  io n  in  th e  
c u r r e n t .  B o th  m u s c im o l ,  a  s e le c t iv e  G A B A -A  a g o n is t ,  a n d  G A B A  
c o n s is te n tly  e lic ite d  in w a rd  c u r r e n ts  f ro m  P u rk in je  n e u ro n s  o f  r a t s  a g e  5  to  14 
d a y s .  B ic u c u ll in e  a n d  p ic r o to x in ,  s e le c tiv e  a n ta g o n i s t s  o f  t h e  G A B A  
r e c e p to r ,  b lo c k e d  th e  c u r r e n t.  S u b s t i tu tio n  o f  b ic a r b o n a te  w i th  H E P E S  in  
t h e  m e d ia ,  h o w e v e r ,  r e v e a le d  a  m o re  m a tu r e  c h lo r id e  r e v e r s a l  p o te n t ia l ,  
im p l ic a t in g  b i c a r b o n a te  i o n  a s  t h e  s o u rc e  o f  t h e  i n w a r d  c u r r e n t .  W e  
c o n c lu d e  th a t  a  G A B A -A -in d u c e d  in w a r d  c u r r e n t  i s  p r e s e n t  in  P C 's  a g e  5 to  
14 d a y s ,  a n d  i s  c a r r ie d  b y  b ic a r b o n a te  io n . G A B A  th e r e fo r e  is  a  p o te n t ia l ly  
e x c ita to r y  n e u r o t r a n s m it t e r  in  P C ’s  a t  th is  d e v e lo p m e n ta l  s ta g e .  E q u a l ly  
s ig n if ic a n t  is  th e  fac t th a t  th e  b ic a r b o n a te  d r iv in g  fo rc e  is  d e p e n d e n t  u p o n  
i n te r n a l  a n d  e x te r n a l  p H ,  a n d  t h a t  b y  o u t w a r d  m o v e m e n t  p o t e n t i a l ly  
s ig n i f ic a n t  a l t e r a t io n s  o f  th e  i n te r n a l  p h y s io lo g y  o f  t h e  n e u r o n  a n d  i ts  
re s p o n s e  to  e x tr in sic  n e u ro tra n s m it te r s  c a n  o c c u r.

274.11
POSTNATAL DEVELOPMENT OF GAD67 AND GAD65 mRNA- 
CONTAINING NEURONS IN THE RAT FOREBRAIN. S.T. Dupuy* and C.R. 
Houser. Dept. of Anatomy and Cell Biology, UCLA, Los Angeles, CA 90024.

The localization of neurons containing mRNAs for two GAD isoforms was 
studied at postnatal days (PN) 1, 3 ,5, 7 and 10 with non-radioactive in situ 
hybridization methods. GAD67 and GAD65 mRNA-containing neurons were 
present as early as PN1 in many regions of the rat forebrain including the 
reticular nucleus of the thalamus, ventral cortex and basal ganglia. The 
patterns of labeled neurons in the hippocampal formation and dorsomedial 
cortex differed from those in the adult and were therefore further analyzed. At 
PN1-3, in the cortex, GAD67 mRNA-containing neurons were observed in 
layers V-VI, and very few were evident in the cortical plate; virtually no 
GAD65 mRNA-containing neurons were detected. In the hippocampus, 
GAD67 and GAD65 mRNA-containing neurons were concentrated in s. oriens 
and radiatum/lacunosum-moleculare with very few labeled neurons in s. 
pyramidale, thus creating a bilaminar pattern. At PN5-7, neurons labeled for 
both GAD mRNAs were present in layers l-VI of the dorsomedial cortex. 
These neurons were lightly labeled for GAD65 mRNA and moderately to 
strongly labeled for GAD67 mRNA. The hippocampal patterns at PN5 
resembled those at PN3, but greater numbers of labeled neurons were 
present in the dentate gyrus, and the intensity of labeling for GAD65 mRNA- 
containing neurons increased substantially. By PN10, both cortical and 
hippocampal labeling patterns for the two GAD mRNAs were similar to those 
of the adult with labeled neurons distributed throughout all layers.

274.13
ATTOMOLAR GABA AND GABA MIMETICS INDUCE TRANSIENT Caj2+ 
RELEASE FROM RYANODINE-SENSITIVE STORES IN EMBRYONIC RAT 
CEREBRAL CORTICAL CELLS. D. Marie*. I. Marie. S.V. Smith and J.L. 
Barker. Laboratory of Neurophysiology, NINDS, NIH, Bethesda, MD 20892 

Cells acutely dissociated from embryonic (E) rat cerebral cortex were loaded with 
Fluo-3, a Ca -sensitive fluorescence indicator dye, and their resting free cytosolic 
calcium (Cac2+) recorded, on a single cell level, using flow cytometry at the rate of 
-1000 cells/sec. Resting Cac2+ levels in >50% of the cells over E ll-1 3  and >90% 
of the cells over E l4-22 ranged from 80-150nM and remained stable during the 
recording period at either 24° or 37°C. GABA produced a consistent increase in 
Cac2+ of approximately 100-300nM which peaked within 5 minutes. The Cac2+ 
signal depended on age, dose and extracellular calcium (С а^ 4-). Ο.Ι-ΙΟΟμΜ 
GABA, which depolarizes embryonic cells through direct activation of СГ 
channels in a dose-dependent manner, also produced a dose-dependent increase in 
Cac2+ of up to ЗООпМ, most of which was dependent on Cae . This component, 
which may be due to indirect activation of voltage-dependent Ca2+ channels 
triggered by GABA's depolarizing effects, was blocked by bicuculline or 
picrotoxin. Lower doses of GABA (<10nM) produced an increase in Cap2+ up to 
150nM throughout cortical development that was independent of Cae , indicating 
Caj2+ release from intracellular stores. Similar increases in Cac2+ under Ca 2+- 
free conditions were observed in E12 cells exposed to ryanodine. At E l2 both 
responses recovered to control Cac2+ levels with the recovery rate depending on 
temperature and Nae+. Dose-response studies of Cae2+-independent, GABA- 
induced Ca^·*· signals revealed an almost all-or-none relationship at attomolar (10* 
^ M ) levels. Pretreatment of El 2 cells with ryanodine in C a ç - fr e e  effectively 
occluded the Cac2+ response to GABA and vice versa. Muscimol mimicked the 
above GABA-induced Cac2+ responses whereas (+) baclofen was only effective 
on Cae2+-independent Ca2+ release during the earliest part of development. The 
results indicate an ultra-sensitive signal transduction pathway involving Caj2+- 
release by GABA and GABA mimetics in embryonic cortical neurons.

274.10
GABAA RECEPTOR SUBTYPES EXPRESSED IN CEREBELLAR GRANULE 
CELLS: UP-REGULATION OF Ro 15-4513 BINDING SITES FOLLOWING 
Ro 15-4513 CHRONIC TREATMENT. C.L,Thompson and f.A.Stephfinson 
(SPON: Brain Research Association) School of Pharmacy, University of 
London, 29/39 Brunswick Square, London WC1N 1AX, UK.

Primary cultures of rat cerebellar granule cells have been used as a model 
system in which to study the plasticity and developmental expression of 
GABAA receptor subtypes using both immunological and radioligand binding 
methods. At Day 1 in vitro (1DIV), of the GABAA recepotor a subunits, the al 
subunit was qualitatively the most abundantly expressed with levels 
increasing with time up to 9DIV. The a6 subunit-like immunoreactivity was 
detectable only at 3-5DIV but again, increased with time up to 9DIV. In 
parallel studies, although it was found that there was an overall increase with 
time of specific [^H] Ro 15-4513 benzodiazepine binding sites, the relative 
contributions of diazepam-sensitive and diazepam-insensitive [^H] Ro 15-4513 
binding changed. A time-dependent enrichment of the diazepam-insensitive 
site was found which was concomitant with both the appearance of the a6 
subunit immunoreactivity and a time which correlated in vivo with 
establishment of neuronal connections. Chronic treatment of the cultures with 
Ro 15-4513 promoted a 2-3 fold increase in the total number of [^H] Ro 15- 
4513 binding sites. No parallel increase was found for either al or a6 
immunoreactivities in immunoblots prepared from the treated cells. These 
results suggest a developmental regulation of the expression of the GABAA 
receptor a6 subunit. Furthermore, they suggest regulation of receptor number 
at a post-translational level in response to chronic drug treatment.

274.12
GABAt RECEPTOR ACTIVATE* AMD SOBONIT EXPRESSION IN EMBRYONIC AND POSTNATAL 
CORTICAL CELLS IN COLTURE. L. Larnet. Feltz. L. âöd Й Ж  Poulter* Institut 
de Physiologie, 21 Rue René Descartes, Oniv. Louis Pasteur 67084 Strasbourg, 
France.
It is now generally recognized that in eibryonic and early postnatal cells 

GABA, receptor activation produces a depolarizing stimulus and therefore it 
nay be functionally excitatory. In this study we have begun to characterize 
responses to GABA, as well as, the expression of GABA^ receptor subunits 
■RNAs in acutely dissociated and cultured eibryonic day 17 (E17) and post
natal day 0 (day of birth; PRO) cortical cells. In norpbologically distinct 
populations of E17 and PRO cells, application of GABA (20pM to 50pM) was 
able to induce an increase in the internal calciti· concentration (as ieas- 
ured by Fura-2 nicrofluoriietry). These responses were blockable by biccul- 
line and TPBS (СГ channel blocker). GABA non responding cells did respond 
to raised potassiui indicating that a lack of voltage activated calcita 
channels does not account for these observations. In addition, nearly all 
cells (> 90 %) responded to 10-100 pH GABA when the response was recorded by 
•ensuring the activation of С Г  current by whole cell voltage clanp. The 
reason for this discrepancy is not clear but, it nay be related to the 
differential distribution of GABAA subunits expressed by these inature 
cells. For exanple our results have shown that a norpbologically distinct 
population express at E17 ÉL subunit iRNA whereas, nost cells express «2 
subunits. <tç and B·; subunit expression was greatest in cells which were 
bipolar in shape (non calcila responding), a, subunit iRNA was greatest in 
cells having a stellate appearance. The possible relationship between subu
nit expression and GABAA receptor nediated voltage dependent calcila donnei 
activation is presently under investigation.

274.14
EMBRYONIC RAT HIPPOCAMPAL NEURONS AND GABAa 
R ECEPTO R  SUBUNIT-TRANSFECTED NON-NEURONAL CELLS  
R ELEA SE GABA TONICALLY. 1A.Y.VALEYEV*. 2L.C.MAHAN, 
3P.SKOLNICK. VS.SM ALLW O O P. 3G.WONG AND 1J.L.BARKER. 
1 Lab. Neurophysiology, 2Lab. Neurochemistry, NINDS; 3Lab. Neuroscience, 
NIDDK, NIH, Bethesda, MD 20892.

Patch clamp recordings in whole-cell configuration were 
carried out both on embryonic rat hippocampal neurons either 
acutely isolated or cultured for 1-15 days and Chinese hamster ovary 
cells (CHO) and human embryonic kidney (HEK) 293 cells that 
express rat α, β and γ subunits of the GABAa receptor/CI'-channel 
complex. CHO cells expressed αβ and HEK cells expressed αγ, ßyand 
αβγ receptor subunit combinations. Many rat hippocampal neurons 
cultured for hours to days exhibited random fluctuations in СГ channel 
activity that appear to be mediated by continuous, tonic secretion of 
GABA in the absence of synaptic-like transients, while CHO and HEK 
cells with different subunit compositions never exhibited spontaneous 
fluctuations in СГ channel activity despite having functional GABA- 
activated СГ channels. Remarkably, inclusion of 5-10 μΜ GABA in the 
intracellular pipette solution evoked СГ channel activity in CHO and HEK 
cells that was similar to the random fluctuations in CI' channel activity 
recorded in cultured hippocampal neurons. These results indicate that 
embryonic hippocampal cells, which synthesize GABA, broadcast it 
tonlcally before they release it transiently. Furthermore, activation of Cl 
channels in non-neuronal cells by intracellular GABA suggests that 
plasma membranes may be dynamically capable of releasing GABA.
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274.15
DEVELOPMENTAL EXPRESSION OF GAD67 AND GAD65 mRNAs 
IN THE RETICULAR NUCLEUS OF THE RAT THALAMUS. K.M 
Tang, W. Ma and J.L. Barker*. Laboratory of Neurophysiology, 
NINDS, NIH, Bethesda, MD 20892 

Neurons in the reticular nucleus of the rat thalamus (RNT) are 
known to be GABAergic, projecting fibers exclusively to the dorsal 
thalamus, where they inhibit relay neurons. Recent evidence has shown 
that rat brain contains two forms of the GABA-synthesizing enzyme 
glutamate decarboxylase, GAD67 and GAD65, encoded by two distinct 
genes. We used in s itu  hybridization to study the development of 
GAD67 and GAD65 mRNA expression in RNT. Adjacent coronal 
sections through RNT were cut from E12, E13, E14, E15, E17, E20, 
PO, P7, P14 and P21 rat pups, and hybridized to 35S-labeled 
oligonucleotide probes against GAD67 and GAD65 mRNAs. Both GAD 
mRNAs were first detected at E 13 in neuroepithelial cells of the lateral 
portions of the reticular protuberance, as well as in differenting neurons 
of the mantle zone. Between El 4-17 heavily labeled neurons increased 
and were rapidly expanded within the RNT mantle zone in a 
dorsolateral direction. At birth a sheet-like RNT was formed to envelop 
the anterior and lateral dorsal thalamus. Since 100% of the neuronal 
population was labeled by both transcripts throughout development, 
GAD67 and GAD65 mRNAs appear to be co-localized in single neurons. 
These results suggest a parallel expression of two mRNAs in the 
developing rat RNT.

274.17
GABAa r e c e p t o r  p r o p e r t ie s  c h a n g e  b e t w e e n  e m b r y o n ic  a n d
POSTNATAL PERIODS IN CULTURED RAT SPINAL CORD CELLS. M X  
Walton*, A.E. Schaffner, W. Ma and J.L. Barker. Lab. of Neurophysiology, NINDS, 
NIH, Bethesda, MD 20892.

GABAa receptor-coupled СГ conductance activation depolarizes spinal cord 
neurons dissociated from rat embryos (Walton, et al., 1993), and this intum can 
increase intracellular calcium, which is sustained in the presence of prolonged 
exposure to agonist (> 1 min). We have begun to investigate changes in receptor 
properties in spinal cord neurons dissociated from postnatal (PN) rat pups to produce 
the GABA response of mature spinal cord neurons. We have examined rat spinal 
cord cells in culture (1-14 days) using patch microelectrode technique. Responses 
of GABAa receptors were tested with localized application of muscimol (0.2 to 200 
μΜ) from a multiport ’macropuffer’ pipette.

Cells dissociated from both embryonic day 17 (E l7) and postnatal days 7 
to 12 (PN) showed a current response in voltage clamp consisting of an immediate 
peak with partial desensitization in the presence of sustained agonist. Both peak 
current response and desensitization were dose-dependent E l7 cells showed half- 
maximal peak current responses in the low micromolar range of agonist and 
desensitization rates of < 0.1s'1 to 0.3s'1. PN cells showed peak current responses 
with half-maximal dose > 10 times greater than E17 cells and desensitization rates 
that ranged up to 5 times faster. We have also examined receptor subunit 
composition using in situ hybridization to probe for 11 GABAa receptor subunit 
mRNAs. Preliminary results are consistent with a change from a diversity of subunit 
expression in E17 cells to a more limited subunit expression in PN cells, as has been 
seen in tissue sections (Ma, et al., submitted). These changes in GABAa properties 
occur during the period when GABAa response changes from depolarizing to 
hyperpolarizing and may be related to a change in the role of GABA from a possible 
’trophic’ agent to its characteristic role as an inhibitory synaptic transmitter.

274.16
DEVELOPMENTAL CHANGES IN GABAa RECEPTOR SUBUNIT mRNAs 
CORRELATE WITH TRANSFORMATION OF GABAa RECEPTOR 
PROPERTIES IN RAT DORSAL THALAMUS W. Ma*, O.Y. Liu, D. Marie, 
I. Marie, A. Schaffner, S. Smith and J.L. Barker. Laboratory o f  
Neurophysiology, NINDS, NIH, Bethesda, MD 20892 

Using in situ hybridization, the expression o f mRNAs encoding 13 GABAa 
receptor subunits (a  1-6, ß 1 -3, γ Ι -З and б) was investigated in developing 
dorsal thalamus (DT). a 4  mRNA was first detected in neuroepithelial cells o f 
the intermediate thalamic lobe at E14, while a2 , a 3 , a5 , β2, β3, γ ΐ and γ2 
mRNAs were found in the intermediate thalamic mantle layers. After this, there 
appeared to be a switch in expression o f subunits from embryonic/early 
postnatal (α2α3α4α5β2β3γ1γ2) to adult form (α1α4β3δ). Corresponding 
changes in GABAa receptor-coupled СГ channel properties were studied in cells 
acutely dissociated from developing DT using flow cytometry with a voltage- 
sensitive dye and patch clamp recordings. Flow cytometry revealed GABA- 
mediated depolarizing responses as early as E13, which were expressed by 
progressively more cells during the later embryonic period. A transition to 
hyperpolarization was found in a subpopulation o f thalamic cells at P14, which 
coincides with the time o f subunit switch from embryonic/early postnatal to 
adult form. Cell-attached recordings revealed En _ more positive than resting 
potential at E19, but more negative at P22, while whole-cell patch clamp 
recordings revealed that embryonic/early postnatal cells had СГ channels with 
longer mean open times and slower desensitization than those expressed in adult 
cells. The transition in subunit composition parallels changes in СГ channel 
properties and coincides with elimination o f overproduced thalamic afferents, 
suggesting functional and changing roles for GABA in synaptogenesis.

NEUROTROPHIC FA C TO R S: BIOLOGICAL EFFECTS II

275.1
PURIFICATION OF GDNF: A GLIAL CELL LINE-DERIVED
NEUROTROPHIC FACTOR FOR MIDBRAIN DOPAMINERGIC NEURONS. 
L-F. H. Lin*. T.J, Zhang. D, Smith, J, Ross. L.G. Armes, and F. Collins 
Synergen, Inc., Boulder CO, 80301
A potent neurotrophic factor specific for midbrain dopaminergic neurons was 
purified 34,000-fold to apparent homogeneity from medium conditioned by the 
rat glial cell line, B49. Purification of GDNF (Gliál cell line-Derived 
Neurotrophic Factor) utilized heparin Sepharose affinity, FPLC Superose size 
exclusion, reversed-phase HPLC, and preparative SDS-PAGE. Edman 
degradation of purified GDNF gave the amino-terminal amino acid sequence 
S P D K Q A A A L P R R E R N 7 Q A A A A S P D N ,  which distinguishes 
GDNF from known proteins. Purified GDNF ran as a single peak on RP-HPLC 
but a broad smear on SDS-PAGE, a property suggestive of glycosylation. The 
presence of N-linked glycosylation was confirmed by treatment with 
N-glycanase, which decreased the apparent molecular mass of GDNF from 
~20 kD to -15 kD on reducing SDS gels. GDNF behaved like a disulfide 
bonded dimer; its apparent molecular mass on nonreducing SDS gels was 32 
to 42 kD compared with 18 to 22 kD on reducing gels.
The biological activity and relative specificity of GDNF was determined in 
dissociated E16 rat embryo midbrain cultures. Purified GDNF increased the 
morphological differentiation and high-affinity dopamine uptake of the 
dopaminergic neurons in such cultures. In contrast, GDNF had no effect on 
high-affinity transmitter uptake by the GABAergic and serotonergic neurons 
also present. GDNF increased high-affinity dopamine uptake -З-fold by 6 
days in both serum-containing and defined media, with half-maximal 
stimulation occurring at about 40 μg/ml. The amino acid sequence provides a 
tool for cloning the gene for GDNF.

275.2
CLONING RAT AND HUMAN GDNF, A DISTANT MEMBER OF THE TGFß 
SUPERFAMILY ACTIVE ON MIDBRAIN DOPAMINERGIC NEURONS. &  
Bektesh. DU. Dohertv. B. Weaver. B.R. Rosenzweiq. D. Pratt, and F. 
Collins*. Synergen, Inc., Boulder CO 80301
The rat gene for GDNF (Glial cell line-Derived Neurotrophic Factor) was 
cloned by screening a B49 cell cDNA library with an oligonucleotide probe 
based on the amino-terminal amino acid sequence of purified B49 cell GDNF. 
The human gene was cloned from a human genomic DNA library screened at 
reduced stringency with a fragment of the rat cDNA. The coding sequences 
for rat and human GDNF are 89% identical at the nucleotide and 93% 
identical at the amino acid levels. The coding sequences indicate that GDNF 
is made as a precursor of 211 amino acids that is processed and secreted as 
a mature protein of 134 amino acids. There are two potential AAlinked 
glycosylation sites in the mature protein. There are at least four exons for 
human GDNF, of which the first two are small and non-coding.
Interestingly, GDNF contains the seven conserved Cys residues in the same 
relative spacing found in all members of the transforming growth factor-ß 
(TGFß) superfamily. Other members of the TGFß superfamily also appear to 
be synthesized as precursors that are processed into mature disulfide bonded 
dimeric proteins. The TGFß superfamily has been divided into five subfamilies 
within which the mature proteins share 42 to 92% amino acid sequence 
homology. Mature GDNF shares less than 20% homology with any of these 
subfamilies and thus may represent a new subfamily. There were no other 
homologies between GDNF and sequences in the databases. A DNA 
fragment coding for mature human GDNF was cloned into an expression 
vector and transformed into Escherichia coli, allowing synthesis of 
recombinant GDNF.
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275.3
RECOMBINANT HUMAN GDNF SPECIFICALLY PROMOTES THE 
SURVIVAL AND MORPHOLOGICAL DIFFERENTIATION OF MIDBRAIN 
DOPAMINERGIC NEURONS. J.D. Lile. T.J. Zhang. D. Smith. T. Malmstrom.
H. Musa. P. Huettl*. and F. Collins. Synergen, Inc., Boulder CO 80301 
Mature human GDNF (Glial cell line-Derived Neurotrophic Factor) was 
expressed in Escherichia coli as an insoluble protein that was solubilized and 
refolded to confer biological activity. Purified recombinant human GDNF 
(rhGDNF) contains less than 0.01% bacterial proteins and less than 5 μg/ml 
of bacterial endotoxin. rhGDNF is a disulfide bonded dimer, lacking 
glycosylation, which still exhibits the full biological activity of native GDNF.
In dissociated E16 rat embryo midbrain cultures, rhGDNF promoted the 
survival and morphological differentiation of dopaminergic neurons as well as 
increasing their high-affinity dopamine uptake with no apparent effect on other 
cell types. In control cultures, the number of dopaminergic and total neurons 
both decreased by -70% between days 2 and 21. In cultures treated with 
rhGDNF (1 ng/ml), the number of total neurons also decreased by -70%, but 
the number of dopaminergic neurons did not decrease significantly. rhGDNF 
also dramatically increased the morphological differentiation of the 
dopaminergic neurons, resulting in extensive neurite outgrowth and increased 
cell body size. rhGDNF did not increase the density of astrocytes nor their 
expression of GFAP. High-affinity uptake of dopamine, a biochemical marker 
of dopaminergic neuron function, was increased -3 fold by rhGDNF with an 
average ЕСМ of 1.2 pM or 36 μg/ml. In contrast, GDNF had no effect on 
high-affinity uptake of GABA or serotonin by GABAergic and serotonergic 
neurons in midbrain cultures at concentrations up to -30,000 fold higher than 
the ЕСМ for increasing dopamine uptake. GDNF is both more specific and 
more potent than other factors that promote dopamine uptake or 
dopaminergic neuron survival in embryonic midbrain cultures.

275.5
IN V IV O  A C TIV ITY  O F G D N F , A  G L IA L -C E L L -L IN E - 
D E R IV E D  N E U R O T R O P H IC  FA C TO R , ON TH E RAT  
NIGROSTRIATAL DOPAM INE SYSTEM , J. Hudson*1.. A.-C. 
G ranholm  . G. G erhardt . A . H offm an  .P .  B id d le 1. N .S. 
Leela . F. Collins3 , and B. H offer . Univ. o f Colorado Health  
Sciences Center1, Denver, CO 80262; MES College , Bangalore, 
India 560003; Synergen Inc. , Boulder, CO 80301.

G D N F, a recently discovered m em ber o f the TGF/9 super
fam ily, has b een  show n to augm ent survival and growth o f 
dopaminergic neurons in vitro. The present study was designed  
to  in v e s t ig a te  b e h a v io r a l,  n e u r o c h e m ic a l and  
im m unocytochemical effects of this m olecule after intracranial 
injection in rats. D oses of 0.01 - KVtg o f G D N F were injected 
unilaterally into the substantia nigra (SN). During the first 7-10  
days, there was a marked increase in motor activity at the higher 
d o se s , w hich  su b seq u en tly  retu rn ed  to b a s e lin e . A  d o se -  
dependent increase in tyrosine hydroxylase-like immunoreactivity 
(THLI) around the injection site was noted 1 week after GDNF  
administration. There was also a marked increase in THLI in 
the ipsilateral striatum  at this sam e tim e. U sing HPLC-EC  
techniques, a dose-dependent increase in dopamine turnover was 
also observed 1 w eek after G D N F injection. Taken together, 
th ese  resu lts suggest that G D N F  e lic its  an au gm en tation  o f 
dopam inergic activity in v ivo . Experim ents are currently in 
p r o g r ess  to  e v a lu a te  th e  e f f e c t s  o f  G D N F  on  le s io n e d  
nigrostriatal fibers using the 6-hydroxydopamine model.

275.7
0 -2 A  PROGENITOR CELLS A N D  TYPE-2 ASTROCYTES 
RESCUE DOPAMINERGIC NEURONS FROM  D EATH  IND U CED  
BY SERUM-DEPRIVATION. T. Takeshima* and ЈЛУ. Commissione. 
NTU-LM CN-NINDS-NIH, Park Bldg./Rm 415, Bethesda, M D 20892.

Recent evidence has suggested that type-1 astrocytes can rescue 
dopaminergic neurons (T H + ) from death, in a primary culture. We 
now report that the progenitor cell for oligodendrocytes and type-2 
astrocytes (0 -2A ), as well as type-2 astrocytes, can also rescue T H +  
neurons from natural cell death. 0 -2 A  Progenitor cells were grown in 
a defined medium, and proliferated by treatment with bFGF (10 ng/ml). 
They were then harvested and replated in 8-well chamber slides. At 
DIV5, >95% o f the cells were A 2B5+ and <1%  G F A P +. Type-2 
astrocytes were prepared from 0 -2 A  progenitors by the addition o f 15% 
serum to the medium. Subsequently, both 0 -2 A  progenitors and type-2 
astrocytes were grown in defined medium. Dispersed, E14 ventral 
mesencephalic cells (95% NeuroTag+, 20% T H + , 5% vim entin+, <1%  
G FA P+, <1% A 2B 5+) were plated (5.0 x 104/cm2) on the 0 -2 A  
progenitor or type-2 astrocyte culture. The control culture consisted of  
cells plated on slides coated with poly-D-lysine (PDL). The survival of 
T H + neurons on the 0 -2 A  progenitor cells was increased 23-fold and 
668-fold at DIV5 and DIVIO respectively, vs survival on PDL. Cytosine 
arabinoside (2.0 μΜ) did not abolish the protective effect o f  0 -2 A  
progenitors. The survival o f T H + neurons on type-2 astrocytes at DIV5 
was increased 5-fold vs survival on PDL. Therefore, to date, 0 -2 A  
progenitors appear to be most potent o f the different glial cell types 
that have been shown to rescue T H + neurons from natural cell death.

275.4
ELECTRON MICROSCOPIC STUDY FOLLOWING GDNF INJECTION INTO 
SUBSTANTIA NIGRA REVEALS SPROUTING AND SYNAPTOGENESIS 
WITHIN THE STRIATUM. M.A.Henrv‘1 A.-C.GranholmL 2 LMackerlovai. 
J Hudson .̂ B.J.Hotter^, and F.Collins^. Depts. of Basic Sciences1 and 
Pharmacology2, Univ. of Colo. HSC, Denver, CO 80262 and Synergen 
Inc.3, Boulder, CO 80301

Light microscopic (LM) studies performed at 1 and 3 weeks following the 
injection of GDNF, which is a recently discovered member of the TGF ß family 
of growth factors, into the substantia nigra of adult rats has demonstrated an 
increase in tyrosine hydroxylase immunoreactivity (ΤΗ-IR) in the ipsilateral 
striatum (Hoffer et al., 1993). This molecule has also previously been shown 
to promote survival and growth of mesencephalic dopamine neurons in 
tissue culture. The purpose of the present study was to evaluate at the 
electron microscopic (EM) level, a possible ultrastructural basis for this 
increased ΤΗ-IR. Transverse vibratome sections from the striatum of the 
same adult rats used in the LM study were processed for normal EM 
examination following stereotaxic unilateral injections into the substantia 
nigra of either 10 ug GDNF or vehicle alone. Examination of the ipsilateral 
striatum both 1 and 3 weeks following vehicle injections alone demonstrated 
a normal appearing neuropil. In contrast, examination of the ipsilateral 
striatum 1 week following injection of GDNF demonstrated a very different 
neuropil, which was immature in appearance. Many growth cone profiles and 
primordial synapses were seen. Examination of the striatum in subjects 3 
weeks following injection of GDNF again revealed a more mature appearing 
neuropil, which was similar to the vehicle-only injected subjects. Thus, GDNF 
appears to cause a transient reversion to an immature developmental stage, 
and may facilitate striatal plasticity in neurodegenerative diseases.

275.6
BR AIN SITES OF G LIAL-CELL-LINE D E R IV E D  NEUR O TRO PH IC  
FACTOR SYNTHESIS AS REVEALED BY IN SITU HYBRIDIZATION. Ļ. 
O lson. C. HumpeL I. Strömberg. В, H offer*. and F. Collins D epts. of 
Histology and Neurobiology, Karolinska Institute, Stockholm, Sweden S104- 
01; Dept. o f Pharmacology, Univ. of Colorado H ealth Sciences Center, 
Denver, CO 80262; Synergen, Inc., Boulder, CO 80301.

The glial-cell-line derived neurotrophic factor (GDNF) is a novel member 
of the TGF-B superfamily with potent trophic effects on dopamine neurons 
in vitro. Using two different antisense oligonucleotides corresponding to 
sequences within the mature protein, we have studied the possible presence 
of G D N F m RNA in the developing and adult rat brain using in situ 
hybridization autoradiography. We find distinct tem poral and spatial 
d is tr ib u tio n s  o f G D N F  m R N A  in th e brain  c o m p a tib le  w ith  a 
dopaminotrophic role but suggesting additional functions for this protein. 
Interestingly, the cerebellar anlage is markedly positive at E16 and E19, but 
only marginally positive at birth. At this stage the developing pineal gland 
is also markedly positive. Several brain regions, including the striatal anlage, 
piriform cortex, other limbic areas, and brain stem nuclei also demonstrate 
positive hybridization signals at birth. The striatal GDNF mRNA signal was 
also present in the 1 and 2 week old brain, The 1 and 2 week old brain 
contained several additional positive areas, including olfactory tubercle, 
cingulate and piriform cortex. In the 2 week old brain there was also a 
strong signal in nuclei of the dorsal thalamus. While the precise cellular 
localization of these signals must be further clarified, some of the silver 
grains were clearly over neurons. One example was a strong signal over a 
small bilateral group of neurons in the spinal cord just dorsolateral to the 
central canal at 2 weeks. Preliminary screening has not yet revealed any 
positive signals in the normal adult rat brain. However, three hours after 
intracranial administration of kainic acid, a population of scattered cells 
within the dentate gyrus became clearly GDNF mRNA positive.

275.8
IDENTIFICATION OF A GLIAL-DERIVED NEUROTROPHIC FACTOR FOR 
MESENCEPHALIC DOPAMINERGIC NEURONS
J. Enoele*1. H. Rieck1. M. C. Bohn2. 1.) Dept. of Anatomy and Cell Biology, 
University of Ulm, 7900 Ulm, FRG; 2.) Dept. of Neurobiology and Anatomy, 
University of Rochester Med. Ctr., Rochester, N.Y. 14642, USA.

Our previous studies demonstrated that factors secreted by primary 
and immortalized mesencephalic glia support dopaminergic cell survival. To 
identify these factors, glial-conditioned medium (CM) was fractionated by 
molecular weight (MW) using an Amicon stirred cell and tested for effects 
on dopaminergic cell survival in serum-free low density cultures of the 
dissociated embryonic 14.5 mesencephalon. Neurotrophic activity was 
observed in the high MW fraction of >30 kD of CM from both primary and 
immortalized mesencephalic glia. Parallel studies further demonstrated that 
the neurotrophic effects of glial-CM is reduced by 60-70% after 
pretreatment of glia with corticosterone or dexamethason (10®M). 
Seperation of CM obtained from steroid-pretreated and untretated 
mesencephalic glial cell lines by SDS gel-electrophoresis revealed the 
presence of a protein band with the apparent MW of 40 kD which was 
decreased significantly by glucocorticoids. Moreover, a similar 40 kD 
protein was present in the neuroactive fraction obtained by separating CM 
over a gel filtration column.

Our studies suggest that mesencephalic glia support dopaminergic 
cell survival by secreting a steroid-regulated 40 kD protein. Since the 
molecular weight of this protein exeeds the size of most known 
neurotrophic factors, this may represent a novel dopaminergic neurotrophic 
factor. Supported by Deutsche Forschungsgemeinschaft (En 187/2-1).
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275.9
ACTIVATION OF SECOND MESSENGER PATHWAYS BY GDF-1. 
C. J. Hoban. D. Mi suini » C , L v n c h .  E , tt e p p e l .  JL·. 
Hendricks, D. Gwvnne and E. Gamzu*, Cambridge 
Neuroscience Inc. One Kendall Square, Cambridge,
MA 0 2 1 3 9

GDF-1 (growth/differentiation factor 1) is a 
member of the TGF-ß superfamily that has been 
shown to be expressed primarily in the nervous 
system. GDF-1 is expressed as a 42 kd precursor 
protein which is processed to a 15 kDa mature 
form containing 7 cysteine residues with spacing 
and structural homology similar to TGF-ß. We 
have been working towards identifying bioassays 
for GDF-1. Herein, we present the results of 
testing GDF-1 in various growth factor assays. 
Initial studies show that recombinant human GDF-1 
stimulates the expression of the immediate early 
genes in neural cell lines. Further analysis of 
specific neural gene expression in primary 
hippocampal cells is included. Preliminary 
screens for potential receptor proteins and 
identification of potential second messenger 
pathways for GDF-1 will also be presented.

275.11

NEUROTROPHIN-4/5 PROMOTES SURVIVAL OF DOPAMINERGIC 
NEURONS, A N D  IS PRESENT IN EMBRYONIC STRIATUM. M_.
Hynes, L. Bcrkemcier, K. P o u lsen  F. Hefti*, and A. Rosenthal*. 
Department of N eurosdence Genentech, Inc. South San Francisco, 
California. 94080.

Parkinson's d isease is a prevalent neurological disease characterized 
by profound and incapacitating m ovem ent d isord ers. A com m on  
pathology in Parkinson's patients is degeneration of substantia nigra 
dopaminergic neurons that innervate the striatum and a corresponding  
decrease in striatal dopam ine content. We have investigated the ability  
of ncurotrophin 4 /5  (N T -4/5) to prevent or am eliorate degeneration of 
these dopam inergic neurons. Using an in vitro  assay for dopam inergic  
survival we compared N T -4 /5  to other neurotrophins, as well as to bFGF 
and CNTF. W e find that N T -4 /5  is  as potent as b rain-d erived  
neurotrophic factor (BDNF) in prom oting the survival of rat em bryo  
mesencephalic dopam inergic neurons in vitro and that these factors were 
the most effective of those tested. H owever, large quantities (1-2 x НГ^ 
M) of either neurotrophin are required to produce an effect. Furthermore, 
we demonstrate that transcripts for N T -4 /5  and BDNF are present in 
striatum and u s in g  d o u b le  im m u n o cy to ch em istry  and in situ  
hybridization show  that m essenger RNA encoding full length trkB, a 
receptor for BDNF and N T 4 /5  is present on dopam inergic neurons in the 
substantia nigra of em bryonic rats. In addition, both N T -4 /5  and BDNF 
protect embryonic dopam inergic neurons from the toxic effects of the 
neurotoxin MPP+. Thus, BDNF and N T -4 /5  could be physio logical 
survival factors for midbrain dopam inergic neurons and m ay be useful as 
therapeutic agents for Parkinson's disease.

275.13
BASIC FIBROBLAST GROWTH FACTOR (bFGF) INCREASES DIVISION OF 
NEURONAL PRECURSORS IN SPHERES CONTAINING DOPAMINE 
NEURONS FROM SUBSTANTIA NIGRA PRIMORDIA OF RAT. M.M. 
Bouvier* and C. Mvtilineou. Dept. Neurology, Mt. Sinai Sch. of Medicine, New 
York, N.Y., 10029.

Cultures were prepared from ventral mesencephalon of E12 rat 
embryos, a stage which coincides with the beginning of the birth of dopamine 
neurons. Cells were treated with bFGF (10ng/ml), EGF (10ng/ml), or both 
upon plating and daily thereafter. Cells were initially grown on a non-adhesive 
substrate, a process which prevents attachment and differentiation. Floating 
spheres of proliferating cells were cultured in this manner for 12 or 24 days 
in vitro (DIV), then replated on adhesive substrate where they attached and 
differentiated. 3H-thymidine incorporation demonstrated a strong proliferative 
effect of bFGF at 12 DIV, and neuronal division was demonstrated by double 
labelling with TAU and 5-bromo-2'-deoxyuridine (BrdU). All of these bFGF- 
treated spheres contained neurons and astrocytes at DIV 12, as demonstrated 
by staining with TAU and glial fibrillary acidic protein (GFAP), respectively. 
Many of these spheres contained dopamine neurons, as demonstrated by 
tyrosine hydroxylase (TH) staining. By DIV 24, the proliferative effect of bFGF 
had decreased, and virtually none of the spheres were TH positive. EGF had 
no proliferative effect on these cells at DIV 12, but had a strong proliferative 
effect by DIV 24. All of the EGF-treated spheres contained neurons and 
astrocytes, but virtually none contained dopamine neurons. In cultures treated 
with both growth factors, EGF was unable to modify the bFGF effect at DIV 
12 or at DIV 24. Future experiments are envisioned to transplant the bFGF- 
treated spheres cultured for 12 days into 6-hydroxydopamine lesioned rats. 
Supported by The International Foundation of Parkinson Disease Association 
and The United Parkinson Foundation.

275.10
IGF-I INDUCED INCREASES IN DOPAMINERGIC CELL NUMBER 
AND/OR TYROSINE HYDROXYLASE APOENZYME IN PRIMARY 
VENTRAL MESENCEPHALIC CULTURES ASSESSED BY A CELL- 
BASED ELISA. D. Bozvczko-Covne. T. J. Connors. B. W, McKenna and N. T, 
Neff*1. Cephalon, Inc., West Chester, PA 19380.

Dopaminergic (DA) neurons represent less than 1-2% of the total cell 
population of ventral mesencephalic (VM) cell cultures. These neurons, 
contributing to the DA nuclei of the substantia nigra, are among those 
compromised in Parkinson's disease. The discovery of factors or drugs that 
augment the survival/function of these neurons is impeded/limited by methods 
that require either direct counting of tyrosine hydroxylase (TH) positive cells or 
substantial numbers of cultured VM cells for assessment of TH enzyme activity. 
To circumvent these limitations, a 96 well format cell-based ELISA was developed 
for initial screening of factors with potential trophic activities. This assay 
measures VM culture TH apoprotein content. ELISA measurement of TH 
apoprotein content correlated directly with changes in the number o f TH positive 
neurons. A linear assay range resulted from initial plating densities of 0.25 - 4 x 
Ю5 cells/well, representing a potential maximum of 500-8000 DA cells/well under 
basal culture conditions. Under these conditions, IGF-I consistently increased TH 
specific signal (1.5-2.0 fold) correlating to increased DA cell numbers. bFGF, 
EGF, NT-3 and BDNF were assessed by the TH cell-based ELISA for effect on TH 
specific signal in VM cultures. NT-3 and EGF did not elicit changes in VM 
culture TH apoprotein, while bFGF and BDNF additions resulted in small (20- 
40%) and variable increases in TH signal. Maximal increases in TH specific 
signal were observed when VM cells were cultured in the joint presence of IGF-I 
and EGF. Under these conditions, ELISA TH signals increased 2.5-3.0 fold over 
untreated control cultures representing a synergistic and/or cooperative effect of 
IGF-I ana EGF on TH expression or DA neuronal survival.

275.12
PU RIFIED' RAT DOPAM INE NE U R O N S R E Q U IR E GRO W TH  

F A C T O R S  FOR THEIR SURVIVAL IN CULTURE. L.J. Lee. C.W, 
Kerr and L. Iacovitti* Dept. of Neurology, Institute o f Neuroscience, 
Hahnemann University School of Medicine, Philadelphia, PA 19102 
Dopamine neurons, because of their selective vulnerability in Parkinson's disease, 
have been the subject of intense investigation. Historically, those studies elucidating 
the mechanisms regulating dopamine cell survival have been done in tissue culture. 
A major obstacle encountered in these studies, however, has been the heterogeneity of 
cell types present; with dopamine neurons representing less than 0 .1% of the total 
cellular composition. Therefore, in the present study, we have developed a method 
for isolating pure populations of dopamine neurons from the rat nigrostriatal system 
for the purposes of studying the role of growth factors in their survival. To do so, 
the fluorescent dye, dii (l,l'-Dioctadecyl-33.3'3'-tetramethylindocarbocyanine 
perchlorate; 2/Л of 7 mg/ml) was injected into the striata of E16 rat embryos. 
During transport of the dye, the embryos were maintained in Avian Tyrode solution 
equilibrated with 95% O2 and 5% CO2 in a 31 °С waterbath for 18-20 hours. The 
ventral midbrain of control and injected embryos were then microdissected and 
trypsin-dissociated. Cells were next passed through a Becton-Dickinson FACStar 
Plus cell sorter. The fluorescent cells were plated into tissue culture wells and 
maintained either on defined media or on media supplemented with a cocktail of 
growth factors (aFGF, bFGF, EGF, CNTF, IGF, NGF, TGFß. ILI, and UF). Two 
hours to 3 days later, cultures were Fixed and examined either in the fluorescence 
m icroscope or were і mimmo stai ned for the specific dopamine synthetic enzyme, 
tyrosine hydroxylase (TH). Greater than 90% of cells isolated in this manner 
exhibited fluorescence and TH immunolabeling immediately after plating. However, 
the survival of these neurons for 1 or more days in culture required the presence of 
trophic factors in the growth media. We conclude that nearly pure populations of 
dopamine neurons can be isolated by flow cytometry after Dii labeling. Moreover, 
dopamine neurons grown in the virtual absence of other cell types will not survive in 
culture without the addition of specific trophic factors to the growth media.

275.14
TROPHIC AND NEUROPROTECTIVE EFFECTS OF GLIAL CONDITIONED 
MEDIUM ON CULTURED MESENCEPHALIC DOPAMINE NEURONS. TJ± 
Parkland C. Mvtilineou. Dept. Neurology, Mt.Sinai Sch. of Medicine, New 
York, N.Y., 10029.

Our previous studies demonstrated that astrocytic glia exerts trophic effects 
upon mesencephalic dopaminergic (DA) neurons in culture and protects 
against the toxicity produced by DA neurotoxins, 1-methyl-4-phenylpyridine 
(MPP+) and 6-hydroxydopamine (6-OHDA). Since this protection may result 
from glial released factors in the extracellular medium, we examined whether 
or not conditioned medium (CM) from astrocytic cultures can mimic the trophic 
and protective effects produced by glia. Glial CM was obtained from enriched 
astrocytic cultures of mesencephalic or striatal origin, and then used as the 
maintenance medium for mesencephalic cells from embryonic day 14 rats 
grown on polyornithine substrate. Control cultures were maintained on serum- 
free chemically defined medium. 100 uM MPP* (60 min) or 50 uM 6-OHDA 
(45 min) was applied at day 6 in vitro and the extent of neurotoxicity was 
assessed 24 hrs later by [3H]DA uptake and tyrosine hydroxylase (TH) 
immunocytochemistry. Both mesencephalic and striatal CM stimulated neurite 
outgrowth of DA neurons, resulting in increased uptake levels (3.9-fold and 
2.8-fold increase over controls) and also promoted DA neuron survival (4.2 
and 2.8-fold increase over controls). These trophic effects of CM on DA 
neurons are similar to those produced by glia. CM treatment also mimicked 
glial protective effects against MPP+ and 6-OHDA induced reduction in DA 
uptake (from 88.7+3.7 to 59.2+8.0 % reduction for MPP+ and from 60.3+2.9 
to 23.8+5.5 % reduction for 6-OHDA). These data suggest that astrocytes 
secrete trophic substances into the medium, which can modify the sensitivity 
of DA neurons to neurotoxins. Supported by NIH grant NS-23017 and the 
American Parkinson Disease Association.
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2 7 5 .1 5
CHRONIC SUPRANIGRAL INFUSION OF BDNF INCREASES THE 
ELECTROPHYSIOLOGICAL ACTIVITY OF PARS COMPACTA DOPAMINE 
NEURONS. R. Shen*. C.A. Altar* and L.A. Chiodo. Dept. of Psychiatry, 
Wayne State University School of Medicine, Detroit, Ml 48201, and 
aRegeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.

Recent evidence shows that chronic supranigral infusions of brain-derived 
neurotrophic factor (BDNF) augment rotational behavior, spontaneous 
locomotion, and striatal dopamine (DA) turnover in the nigrostriatal DA 
system. In the present study, we investigated the effect of BDNF on the 
electrophysiological activity of DA neurons in the rat substantia nigra pars 
compacta (SNC) in vivo. BDNF (1.2 mg/ml) was delivered for 14 days above 
the SNC by an intracranial cannula connected to an Alzet osmotic pump 
(flow rate, 0.5 μΙ/hr). The cannula was removed immediately before 
electrophysiological recordings. The spontaneous activity of SNC DA 
neurons was evaluated by extracellular single-unit recording and cells-per- 
track sampling techniques. BDNF produced significant increases in the 
number of spontaneously active DA neurons (60%) and firing rate (31%). 
The percentage of DA neurons displaying a burst-firing pattern was also 
significantly higher in the BDNF group (90%) than in the control group (62%). 
Further analysis indicated that the elevated bursting activity was correlated 
with the increased firing rate. In addition, extremely fast-firing DA neurons 
(> 8 Hz) did not display depolarized firing characteristics (e.g. decreased 
spike amplitude or increased spike duration). These results suggest that the 
augmentation of locomotor behavior and striatal DA turnover after BDNF 
infusion may be the result of the increase in firing rate and bursting activity 
in DA neurons in the SNC. [Supported by MH 41557 and Regeneron 
Pharmaceuticals)

2 7 5 .1 7
AMNION C E LLS  PROVIDE NEUROTROPHIC SUPPORT FOR 
E14 RAT MESENCEPHALIC NEURONS IN VITRO. G. Seiael*. F. 
Junn. and D. Gash. Department of Neurobiology and Anatomy, University of 
Rochester School of Medicine, Rochester, NY 14642.

The possibility of amnion cell-derived neurotrophic factor(s) is suggested by 
evidence in the 6-OHDA rat model of Parkinson’s Disease, where grafts of 
primary amnion cells into the striatum elicit a significant host sprouting 
response. We have pursued this question in vitro, using primary rat amnion 
tissue. Amnion and E14 rat mesencephalic tissue [E14M] were placed in co
culture, either as explants or dissociated cells. Amnion cells were identifiable 
in co-culture by their immunoreactivity to cytokeratin, while E14 
mesencephalic neurons were distinguishable by immunoreactivity to the 
neuroendocrine marker μgP 9.5. As explants, E14M showed extensive 
neurite outgrowth directed toward amnion tissue. These neurons were μgP
9.5 positive; a small subset of neurons were tyrosine hydroxylase (TH) 
positive. Western blot and 3H-dopamine uptake studies were used to 
determine the relationship between TH expression or dopamine uptake and 
length of time in co-culture. As explants, control co-cultures of E14M + 
cerebellum showed TH immunoreactivity after 4d in culture, rapidly decreasing 
to minimal levels by 7d. However, E14M + amnion explant co-cultures 
retained significant TH expression at 7d in vitro, with continuing expression 
to14d in culture. 3H-Dopamine uptake by E14M + amnion co-cultures was 
maintained for 14d, in contrast to E14M + cerebellum co-cultures which 
dropped to minimal levels by 14d. These differences were apparent even in 
serum-containing medium. In serum-free, defined medium, dissociated E14M 
showed increasing TH-positive cell survival with increasing numbers of amnion 
cells in co-culture. We are currently expanding on these studies with the use 
of the more easily accessible human amnion ceil line WISH (ATCC # CCL25) 
which also appears to have neurotrophic properties comparable to the primary 
rat amnion tissue.
This work was supported, in part, by NS25778.

2 7 5 .1 9
Effect of Brain-Derived Neurotrophic Factor (BDNF) on MPTP-induced 
Parkinsonian Monkëy
T. Tsukaharí, N. Hashimoto, M. Takeda, T. Nishijima*. T. Taniguchi*, 
National Cardiovascular Center, Suita, Japan and *Kyoto Pharmaceutical 
University, Kyoto, Japan

The effect of BDNF on dopaminergic neurons was examined using 1- 
methyl-4-phenyl-l, 2, 3, 6-tetrahydropiridine (MPTP)-induced Parkinsonian 
model in monkey. Ten Japanese monkeys were anesthetized with ketamine 
followed by pentobarbital. A 27-gauge catheter was inserted into the cisterna 
magna. Then the catheter was connected to an osmotic minipump (Alzet 
2ML2) implanted under the skin incision. The pump was filled with 1.5 ml 
of culture medium (9^g  BDNF protein) of CHO cells transfected by BDNF 
cDNA. As a control, the culture medum of CHO cells without BDNF 
secreting activity was used. MPTP was intravenously administered to indice 
a Parkinsonian model under the dosing schedule shown in the table below.
group animals MPTP BDNF MPRS*

I         1 I5mg(. continuous.) + 0
2 15 mg( continuous) - 0

II        3 5mgX3(day 1, 4, 7) + 13
4 5mgX3(day 1, 4, 7) - 14

ПІ       5, 6, 7 
8, 9, 10

5m g X 2(day 1, 4) 
5mgX2(day 1, 4)

+ 5±4** 
15 +  1

(* MPRS; Monkey Parkinsonism Rating Scale on day 14, P**<0.01)
Neither of the 2 monkeys in group I developed Parici nsonism, whereas both of 
the monkeys in group П showed severe Parkinsonism. The BDNF-tieated 
animals in group III stayed asymptomatic during the first week and showed 
mild Pa-kinsonism during the second week while the non-BDNF treated one 
showed severe Parkinsonism. Histological findngs correlated well with the 
clinical features. Severe neuronal cell loss was observed in the substantia 
nigra in animals with severe Parkinsonism.BDNF was suggested to be 
effective for the survival of dopamineigic neurons of substantia nigra in 
MPTP-induced Parkinsonian monkeys.

2 7 5 .1 6
EVALUATION OF SCHWANN CELLS AS A SOURCE OF DOPAMINERGIC 
NEUROTROPHIC ACTIVITY IN VITRO. P.N. MARTIN and T.J. COLLIER*. 
Department of Neurobiology and Anatomy, University of Rochester School of 
Medicine, Rochester, NY 14642.

We have previously demonstrated that explanted segments of adult rat sciatic 
nerve co-cultured with dopamine (DA) neurons derived from embryonic rat ventral 
mesencephalon increase neuritic extension, via a potentially novel molecule we 
have referred to as dopamine neurotrophic factor (DNTF). Peripheral nerve is also 
effective in enhancing the behavioral and morphological effects of DA neuron 
grafts in vivo when utilized in a co-grafting paradigm. The present study attempted 
to identify the cellular source of the potential DA neurotrophic activity observed 
from sciatic nerve by studying its major components: Schwann cells and 
fibroblasts. Cultures of fetal mesencephalic tissue were co-incubated with 
Schwann cell preparations that were suspended in baskets (Millipore milliwells), 
and DA neuron populations were evaluated. Fetal mesencephalic cells were 
obtained from F344 rats at embryonic day 13-15 and plated at a density of 300,000-
500,000 cells/16 mm diameter plastic dish. Schwann cells were prepared from 
sciatic nerves obtained from F344 3-5 day old neonates and were purified with 
cytosine araboniside treatment. Midbrain cell cultures were incubated for 2 days in 
10% serum and transferred on day 3 to serumless media with the addition of a 
basket of purified Schwann cells. In this way, cell products in the shared medium 
were available to act, but no cellular contacts were formed by the distinct cell 
populations. The cultures were fixed and stained with TH as a marker for DA 
neurons. Populations of neurons positive for TH were found to increase (1.14- 
3.32) in a dose dependent manner related to numbers of co-cultured Schwann cells 
(«800-38000). The DA neurotrophic effect of Schwann cell products will be 
compared to effects produced by co-cultured enriched populations of fibroblasts, 
Schwann cells derived from adult animals, and fractions of Schwann cell 
conditioned medium. Supported by AG08133.

2 7 5 .1 8
ROLE OF TGFa IN THE SURVIVAL AND SPROUTING OF 
DOPAMINERGIC NEURONS IN THE DEVELOPING AND ADULT 
NIGROSTRIATAL SYSTEM. T, Alexi* and F. Hefti. Andrus Gerontology 
Center and Department of Biological Sciences, University of Southern 
California, Los Angeles, CA 90089.

Transforming growth factor a (TGFa) is expressed at high levels in the 
developing and adult rodent striatum, suggesting a role as a target-derived 
trophic factor for innervating dopaminergic neurons of the substantia nigra. 
Striatal TGFa may influence developmental dopaminergic terminal sprouting 
within the striatum and/or cell survival in the substantia nigra. In the adult, 
TGFa may function in cell maintenance or plasticity. We have previously 
shown that in cultures of fetal rat mesencephalon TGFa selectively enhanced 
dopaminergic neuronal survival and neurite extension (T. Alexi and F. Hefti 
1993, Neuroscience). To assess whether the observations made in vitro reflect 
functional roles of TGFa in vivo, a single injection of TGFa was administered 
to the striatal target region of intact postnatal day 1 rats. Cannula insertion 
resulted in a small lesion of the striatum, but was found not to affect the 
number of tyrosine hydroxylase (TH) positive neurons in the substantia nigra 
6 days later. In contrast to our in vitro observations, dopaminergic neuronal 
survival in the substantia nigra was found to be unaffected by application of 
TGFa to the target region during developmental target innervation. It will be 
determined whether TGFa can rescue lesioned adult dopaminergic neurons in 
the substantia nigra. In addition, the role of GFAP-containing glial cells in this 
response will be assessed.

2 7 5 .2 0
BASIC FIBROBLAST GROWTH FACTOR INDUCES PROLIFERATION AND 
LONG-TERM SURVIVAL OF EMBRYONIC RAT VENTRAL MESENCEPHALIC 
NEURONS IN VITRO H.K. Ravmon*. J. Rav. D.A. Peterson and F.H. Gage. Dept. of 
Neurosciences, University of California, San Diego, La Jolla, CA 92093-0627.

We have shown recently that basic fibroblast growth factor (bFGF), at 
concentrations greater than 10 ng/ml, is a potent mitogen for embryonic hippocampal 
neurons in vitro (Ray et al., 1993). The present study extends this finding to cells 
derived from the ventral mesencephalon (VM).

Cells from the VM of Fischer 344 rats at embryonic day 14 were cultured in 
chemically-defined N2 medium in the absence or presence of bFGF. A dose- 
dependent increase in [3H] thymidine incorporation indicative of cell proliferation was 
observed in VM cultures following 7 days of bFGF treatment. In the presence of 20 
ng/ml bFGF, the population of VM cells continued to expand for periods up to five 
months. During this time cells were passaged multiple times without significant 
changes in morphology. Immunocytochemical identification of VM cultures indicated 
positive staining for neurofilament protein, neuron specific enolase and glial fibrillary 
acidic protein. Combined immunocytochemistry and [3H]thymidine autoradiography 
indicated that both neurons and glial cells were proliferating. Ultras true tural analysis 
of cultures following passage confirmed the presence of both neurons and glial cells. 
Tyrosine hydroxylase and GAD immunoreactive cells were localized in passaged VM 
cultures.

The effect of bFGF treatment on the differentiation of VM cells in vitro was 
assessed using [3H]dopamine (DA) uptake. Treatment of VM cells with bFGF for 7 
days increased [3H]DA uptake, with the maximal effect observed between 10-20 
ng/ml. Exposure to differentiation agents following bFGF treatment induced an 
increase in [3H]DA accumulation.

The ability of bFGF to proliferate and differentiate different cell types is currently 
being used to expand populations of cells in vitro for transplantation into animal 
models of neurodegenerative disease.
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ESTABLISHMENT OF LONG-TERM NEURONAL CULTURES AND 
STABLE GENE TRANSFER INTO HIPPOCAMPAL NEURONS.
I, Ray*, D, A. Peterson. P, W, Coats+, R. Hammond and F. H. Gage. 
Dept. Neurosciences, UCSD, La Jolla, CA 92093-0627; +CB&A, 
TTUHSC, Lubbock, TX 79430.

Basic fibroblast growth factor (bFGF) supports the survival and 
proliferation of embryonic hippocampal neurons in a dose dependent 
manner. While concentrations <1 ng/ml supported the survival, 
concentrations >10 ng/ml induced the proliferation of these cells. Long
term neuronal cultures from em bryonic hippocampus have been 
established by using 20 ng/ml bFGF in serum free medium. Doubling 
time for hippocampal neurons was 4 days. These cells can be passaged, 
frozen for long-term storage and re-cultured. Passaged or freeze-thawed 
cells have the same morphology as the primary cells. Preliminary results 
suggest that bFGF can also support adult neuron-like cells from 
hippocampus in culture. Neuronal phenotype of the cultured cells has 
been established by immunostaining with antibodies against neuronal 
markers and by ultrastructural analysis. Cholinergic and GABAergic 
neurons have also been identified in the cultures. Neurons in cultures 
can be further differentiated by retinoic acid and phorbol ester (TPA). 
Apart from bFGF, only epidermal growth factor (EGF) has proliferative 
effect on neuronal cultures but to a lesser extent than bFGF. The E . c o l i  
ß-galactosidase gene was stably transduced into neurons by a retroviral 
vector. Transfected cells could be passaged and cultured without losing 
the transgene. We report here that the proliferative property of bFGF can 
be used to establish long-term neuronal cultures and that transgenes can 
be stably transduced into neurons. S u p p o r t e d  b y  g r a n ts  f r o m  N I A , N IH -  
H D  a n d  M c la u g h l in  F o u n d a t io n  .

275 .2 3

HUMAN ASTROCYTES IN FECTED  W ITH A RETROVIRUS 
BEARING A MOUSE ß-NGF cDNA SECRETE BIOLOGICALLY 
ACTIVE NGF. A, Cunningham*1. X,Q. Breakefield2. M.P, Short2
and M.C. Bohn1, ^ e p t. of Neuro, and Anatomy , Univ. of Rochester Med. Ctr., 
Rochester, NY 14642 and 2MolecuIar Neurogenetics Unit, Mass. General Hospital, 
Harvard Med. Sch., Boston, MA 02114.

Adrenal chromaffin cells display a sympathetic neuronal phenotype with extensive 
neurite outgrowth when stimulated with NGF. Our previous studies showed that 
primary rat astrocytes carrying a mouse ß-NGF cDNA secrete high levels of NGF and 
promote the survival and neuronal differentiation of rat chromaffin cells in culture and 
following transplantation into the adult rat striatum( Brain Res. 561:192, 1991). To 
determine whether these techniques can be applied to human cells, we have purified 
astrocytes from cultures of dissociated 16-18 week human fetal cortex and infected 
them with an amphotropic retrovirus bearing a mouse ß-NGF cDNA.

After shaking off process-bearing cells, the cultures were judged to be 95% type 1 
astrocytes by morphology and immunoreactivity for glial fibrillary acidic protein. To 
generate a replication deficient amphotropic retrovirus, the РАЗ 17 cell was infected 
with the ψ2Ν.8 ecotropic retrovirus bearing a construct of mouse ß-NGF cDNA 
driven by the 5'LTR promoter and the Tn5 neomycin resistance gene under control of 
an internal Rous sarcoma viral promoter, and the resulting producer lines were cloned. 
Both fresh human astrocytes, as well as astrocytes that had been previously frozen, 
were infected with high efficiency and grown to confluency under G418 selection.

To determine whether these astrocytes secrete biologically active NGF, postnatal 
day 10 rat chromaffin cells were plated on monolayers of genetically modified or 
normal human astrocytes. Survival and differentiation of chromaffin cells were 
determined by counting the number of tyrosine hydroxylase-positive (TH+) and 
process-bearing cells. The NGF transgenic astrocytes increased the number of TH+ 
pand process-bearing cells by 18% and 28%, respectively, at 16 days in  v i tr o  
suggesting that they secrete bioactive NGF.

These studies demonstrate that human astrocytes can be genetically engineered using 
retroviral technology to express and secrete neurotrophic factors. This method has 
potential application to the treatment of Parkinson's Disease and other 
neurodegenerative diseases. ( Supported by the United Parkinson’s Foundation)

2 7 5 .2 2

LONG-TERM CULTURE OF SEPTAL NEURONS IN THE PRESENCE OF BASIC 
FIBROBLAST GROWTH FACTOR. C. A. Lucidi-Phillipi1. S, L, Minger1. D. A. 
Peterson1. J. Ray1, G. J. A. Ramakers*2. F, H. Gage1 department of Neurosciences, 
UCSD, 2 Salk Institute for Biological Studies, La Jolla, Ca. 92093

Basic fibroblast growth factor (bFGF) is a potent mitogen for a variety of cell types 
(Wallicke, 1988; Ray et al., 1993). Embryonic rat septal cultures grown in chemically 
defined media proliferate in a dose-dependent manner in the presence of bFGF as 
indicated by [3H]-thymidine incorporation. Concentrations of bFGF greater than 20 
ng/ml do not significantly increase [3H]-thymidine incorporation when data are 
expressed per mg protein. Cultured cells can be repeatedly passaged, frozen and 
thawed, and maintained over several months. After several passages, neuronal cells 
(identified by neuron specific enolase (NSE)) are present.

E16 septal cultures grown in the presence of high levels of bFGF (20 ng/ml) contain 
a variety of cell types. After several passages, cells identified by neurofilament 
protein, NSE, choline acetyltransferase (СҺАТ), glutamic acid decarboxylase, and 
glial fibrillary acidic protein are present. Electron microscopy performed on 21 day 
old cultures that had undergone three passages revealed many neuronal profiles, and a 
lesser population of glia. Immature synapses were also noted.

Cholinergic neurons contribute to the septal population in our cultures, as indicated 
by СҺАТ immunohistochemistry and СҺАТ activity. High-affinity choline uptake 
sites are also present. As previously demonstrated (Knusel et al., 1990), when grown 
in the presence of serum, both СҺАТ activity and protein levels increase linearly, with 
increasing concentrations of bFGF. In chemically defined media, protein levels 
increase at a greater rate than СҺАТ activity indicating that cells other than 
cholinergic neurons are proliferating at a higher rate. Alternatively, increases in 
СҺАТ activity in individual cells may be diluted by the proliferation of other cell 
types. Preliminary evidence suggests that NGF does not appear to have an additive 
effect on СҺАТ activity in cultures exposed to greater than 20 ng/ml bFGF. We are 
also interested in the properties these cells display in v iv o , and are currently grafting 
cultured septal cells exposed to bFGF to the brain.

2 7 5 .2 4

ASTROCYTES INFECTED WITH A RETROVIRUS BEARING A 
M O U SE  ß-N G F  OR A H U M A N  p rep roB D N F  cD NA  
DIFFERENTIALLY AFFECT SURVIVAL OF SEROTONINERGIC 
(5-HT), NORADRENERGIC (NA) AND GABA-ERGIC (GABA) 
NEURONS. J. Lauder*1. J. LiuL D.M. Frim2. X.O. Breakefield* and M.C. 
Bohn3. !Dept. Cell Biol. & Anat., Univ. N.C. Sch. Med., Chapel Hill, NC 
27599, 2Neurogenetics Unit, Mass. Gen. Hosp., Charlestown, MA 02120 
and 3Dept. Neurobiol. & Anat., Univ. Rochester Med. Ctr., Rochester, NY 
14642.

Neurotrophic factors selectively affect the survival of specific types of 
neurons. To study possible effects o f NGF or BDNF on survival of 5-HT, 
NA (TH-positive) and GABA neurons, the E14 rat rostral brainstem was 
dissociated and grown in serum-free defined N2 medium supplemented 
with medium conditioned by astrocytes (As-CM) infected with replication 
deficient retroviruses harboring genes for ß-NGF, preproBDNF or 
alkaline phosphatase (control). After 6 days in vitro, the numbers of cells 
stained for 5-HT, TH, GABA or the astrocyte marker, GFAP were 
counted. Survival o f GABA neurons was significantly increased by NGF 
and BDNF As-CM; survival of 5-HT neurons was decreased by NGF As- 
CM, but unaffected by BDNF As-CM; survival o f NA neurons was 
unaffected by either NGF or BDNF As-CM. Moreover, neither NGF nor 
BDNF As-CM affected the number o f GFAP+ astrocytes, suggesting that 
the effects on neurons can not be accounted for by an increased number of 
embryonic astrocytes.

These observations suggest that BDNF and NGF differentially affect 
{he survival of several classes o f brainstem neurons by acting directly or 
mdirectly through affecting the production o f other trophic factors 
normally secreted by astrocytes.

(Supported by the Markey Foundation)
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Biologically delivered BDNF prevents dopam inergic neuronal 
death in a rat model o f Parkinson’s disease. W.R. Galpem*. D. M. 
F r i m ,  T.A.Uhler, м.F. Beal, X.O. Breakefield and O. Isacson 
Neuroregeneration Laboratory, McLean Hospital, Belmont, MA, 02178; 
Molecular Neurogenetics Unit, Neurosurgery and Neurology Services, 
Massachusetts General Hospital and Program in Neuroscience, Harvard 
Medical School, Boston, MA; Department o f Pharmacology, University of 
Massachusetts Medical School, Worcester, MA

The trophism of brain-derived neurotrophic factor (BDNF) for dopaminergic 
cells in culture has led to significant interest in the role o f BDNF in die 
etiology and potential treatment o f Parkinson’s disease. We have modeled 
Paridnson’s disease by producing substantia nigra degeneration after infusion 
of MPP+, a mitochondrial complex I inhibitor and the active metabolite of 
MPTP, into the rat striatum. In this model there is a marked loss o f nigral 
neurons, presumably due to mitochondrial toxicity after MPP+ uptake and 
retrograde transport to the substantia nigra. We genetically engineered 
immortalized rat fibroblasts to secrete human BDNF and implanted these cells 
near the substantia nigra 7 days before striatal MPP+ infusion. By tyrosine 
hydroxylase (TH) immunocytochemistry, we determined that the presence of 
BDNF-secreting fibroblasts significantly (pcO.001) reduced nigral 
dopaminergic neuronal loss 7 days after MPP+ infusion fremi 65 ±  15% to 17 
± 22%, when compared to control fibroblast implants. A similar increase in 
survival was seen when Nissl stained substantia nigra compacta neurons 
were counted, indicating that this is actual cell sparing and not an effect on 
TH expression. The observation that BDNF prevents energy-dependent 
dopaminergic neuronal degeneration in the adult brain has significance for the 
treatment of neurodegenerative disorders, such as Parkinson’s disease, which 
may involve mitochondrial dysfunction.

We have previously hypothesized that striatal growth promoting activity 
(GPA) directed at mesencephalic cultures is inversely related to dopamine 
(DA) neurotransmission. In order to further evaluate this hypothesis we 
assessed the effect o f varying doses o f the DA neurotoxin o-OHDA on 
striatal GPA. 26 adult male rats received intraventricular infusions (10 ul) 
over 5 min o f 6-OHDA (0, 75. 150, and 250 ug) in a citrate vehicle 1 hr 
following desipramine (25 mg/kg, i.p). The animals were sacrificed and 
perfused (saline) 1 month later. The frozen brains were mounted on a 
cryostat chuck and sectioned coronally (750 urn). Striatal tissue punches 
were assessed for DA (HPLC), the remainder o f т е  striatum was 
homogenized in HĐSS, centrifuged, and the supernatant extract added to 
mesencephalic cultures. The number o f viable neurons with processes was 
assessed 40 hours later. Tyrosine hydroxylase (TOHase) cefi counts were 
assessed in the post-fixed mesencephalon. Intraventricular 6-OHDA 
reduced striatal DA (F = 143.73), HVA (F =  10.06) and mesencephalic 
TOHase cell counts (F =  164.08) in a dose-dependent fashion. The number 
o f viable cells with processes in mesencephalic cultures was increased in 
a dose-dependent fashion by striatal extracts from the 6-OHDA infused 
animals (F =21.39). In addition, the number o f viable cells with processes 
was inversely correlated with striatal DA content independent o f treatment 
group (F = 24.72; 1^=0.578). Cerebellar extracts from these animals did 
not mduce significant culture growth which was unaffected by 6-OHDA 
treatment. These data are consistent with the hypothesis т а ї  striatal GPA 
iş regulated by DA neurotransmission. Decreases in DA neurotransmis
sion, as may occur in Parkinson’s disease, could therefore result in a 
compensatory increase in striatal trophic activity which may enhance DA  
terminal sprouting.
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INTRAVENTICULAR 6-HYDROXYDOPAMINE(6-OHDA) INFUSION INCREASE STRIATAL
ACTIVITY IN A DOSE-DEPENDENT FASHION.
D .H. Lin*, C .  J. Faselis and P.M. Carvey. Dept. o f Neurology, Rush- 
Presbyterian-St. Luke’s Med.  Ctr., Chicago , IL 60612
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TEMPORAL PATTERNS OF HALOPERID OL-IND UCED ALTERATIONS IN  
STRIATAL GROWTH-PROMOTING ACTIVITY (GPA): EFFECT OF
TREATMENT DURATION AND WITHDRAWAL. E.S. Lo". D.H. Lin, and P.M. 
Carvev. Dept. o f Neurology, Rush-Pres. St. Luke’s Med. Ctr., Chicago, IL 60612.

Previous studies have demonstrated that soluble extracts o f normal striatal tissue 
promotes neuronal viability and sprouting when added to cultures o f  fetal rat rostral 
mesencephalic tegmentum (RMT). Physical or pharmacological denervation o f the 
nigrostriatal dopamine (DA) pathway enhanced, while chronic DA agonist treatment 
reduced striatal - derived GPA. It therefore appears that striatal GPA is inversely 
related to the level o f DA neurotransmission within the donor tissue. In previous 
studies, striatal extracts from rats subjected to one month o f chronic treatment with 
the DA antagonist haloperidol (HAL; 0.75 mg/kg) produced a significant elevation 
in GPA relative to normal saline treated controls. The purpose o f the present study 
is to establish the temporal patterns o f HAL - induced alterations in GPA. 96 
Sprague-Dawley rats were treated with HAL (0.75 mg/kg/day; i.p. injection) or 
vehicle (VEH; 5% dextrose) for 1, 3, 7, 14 or 28 days. Animals from the 28 day 
treatment group were then sacrificed at 1, 3, 7, 14, 21, 28, or 42 days after the last 
treatment. Animals from all other groups were sacrificed at 1, 3, or 7 days post 
treatment. Striatal and cerebellar tissue from each animal was homogenized in 
Hank’s Balanced Salt Solution (HBSS) and centrifuged at 100,000 x g for 60 min. 
The supernatants (extracts) were then added to freshly plated RMT cultures at 
equivalent protein concentration. 48 hrs. later, the number of viable cells with 
processes were counted as an index o f GPA. Independent o f treatment duration and 
withdrawal, striatal extracts from all animals exhibited significantly greater GPA 
than an equivalent amount o f bovine serum albumin (BSA; F- value/treatment 
duration (days): 11.69/1, 10.08/3, 13.67/7, 20.54/14, 56.64/28; p <  0.005). 
However, Tukey post-hoc comparisons revealed no significant differences between 
1, 3, 7, and 14 day HAL treatment, regardless o f withdrawal time. In contrast, 
striatal extracts from animals treated for 28 days and sacrificed 3, 7 or 14 days post 
treatment stimulated RMT cultures 250, 425, and 510% o f BSA levels respectively. 
It appears that at a dose o f 0.75 mg/kg/day, 28 days o f HAL treatment produces 
significant elevations in striatal-derived GPA which begin at 3 and peak at 14 days 
post treatment. This pattern o f alteration in GPA was not observed at treatment 
durations of less than 28 days.
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CHARACTERIZATION OF A DOPAMINE NEURON SURVIVAL FACTOR 
FROM VENTRAL MESENCEPHALIC TYPE 1 ASTROCYTES. B.-A. 
Sieber*. E.K. O’Mallev. A.C. Sherwood. I.B. Black and C.F. Dreyfus. Dept. 
Neuroscience and Cell Biology, University of Medicine and Dentistry of 
New Jersey - Robert Wood Johnson Medical School, Piscataway, NJ 
08854.

Previous work from our laboratory has shown that conditioned medium 
(CM) from ventral mesencephalic Type 1 astrocytes enhances survival of 
dopamine (DA) neurons in dissociated cell culture. We now report that 
the DA survival factor is heat labile and sensitive to trypsin proteolysis, 
suggesting that it is a protein. Passage of CM through limiting membranes 
indicates that the factor has a molecular weight between 10 and 30 kD. In 
addition, cation exchange experiments reveal that it is a basic protein.

In parallel, we have compared the activity of Type 1 astrocyte CM with 
that of several known trophic molecules. Although basic fibroblast growth 
factor (bFGF), like CM, increases the survival of DA neurons in vitro, it 
requires the presence of glia to mediate survival, whereas CM acts directly 
on neurons (O’Malley et al, 1992). We are currently focusing on whether 
the factor is a member of the neurotrophin gene family. In preliminary 
studies, neurotrophin-3 (NT-3) but not brain-derived neurotrophic factor 
(BDNF) message was detected by PCR amplification of mRNA from the 
Type 1 astrocytes. In contrast to CM, however, NT-3 does not appear to 
enhance survival of DA neurons. Moreover, the tyrosine kinase inhibitor 
K252a, at concentrations that block the actions of neurotrophins in other 
brain areas, failed to inhibit the effect of CM on ventral mesencephalic DA 
neurons. Taken together, these data suggest that the DA survival factor is 
not a member of the neurotrophin gene family and may be a novel 
molecule. (Support: NIDA DA051302, NIH HD23315 and NINDS NS 
10259)
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ANALYSIS OF FUNCTIONAL RECOVERY IN PARKINSONIAN MONKEYS 
RECEIVING AN ADRENAL MEDULLA AUTOGRAFT ALONG WITH NGF 
INFUSION. Z. Zhang.*1 M. Fiandaca.2 L, Ketonen.3 T. Ebenda!.4 A, Ovadia.3 
and P.M. Gash.1 University of Kentucky, Lexington, KY, 2University of 
Maryland Hospital, Baltimore, MD, 3University of Rochester, Rochester, NY, 
and 4Uppsala University, Uppsala, Sweden.

NGF supplementation has been shown to promote partial functional recovery 
and grafted adrenal chromaffin cell survival in rodents and one patient. In the 
present study, the mechanisms accounting for the observed functional recovery 
were investigated in two stable bilaterally MPTP-induced parkinsonian rhesus 
monkeys. Each monkey was implanted with a catheter into the right putamen 
identified with MRI scan (1.5T) which remained for five weeks. NGF (365 
μg/ml) in physiological saline was infused into rhesus 920 at the rate o f  5 μΐ/һг; 
rhesus 915 received just saline. One week after initiating NGF infusion, adrenal 
medulla tissue was also autografted in three sites around the catheter in rhesus 
920. Improvements were observed within 24 hours of NGF infusion into this 
monkey and maintained throughout the length of the study. These improvements 
included: 100% increase in home cage activity level, 48% decrease in 
parkinsonian signs via a clinical rating scale, and 33-41% decrease in food 
retrieval times. In contrast, except for a slight decrease in home cage activity in 
the first month post surgery, rhesus 915 remained at its baseline behavior level. 
In rhesus 920, histological evaluation revealed that less than 1% of the grafted 
chromaffin cells survived for the 20 week test period. These results suggest 
catheter implantation and saline infusion into the putamen has little effect on 
behavior recovery. Degenerating cells from the adrenal grafts induced a host 
inflammatory response resulting in increased cytokine levels in the putamen. We 
hypothesize that a subset of these cytokines is involved in the cascade of events 
leading to functional recovery. The mechanisms by which NGF might influence 
this process are not clear. Supported by NIH NS25778.
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DOPAMINERGIC AND GABAergic NEURONS IN THE RAT E14 
MESENCEPHALIC CELL CULTURE: SELECTIVE EFFECTS OF
ASTROCYTE-DERIVED NEUROTROPHIC FACTORS.
J.M. Johnston.* T. Takeshima and I.W . Commissione. 
NTU-LMCN-NINDS-NIH, Park Bldg./415, Bethesda, MD 20892.

We have developed a primary neuronal culture o f the ventral mesencephalic region 
of the E14 rat, in which 20% of the neurons stain positive for tyrosine hydroxylase 
(TH+),(Shimoda et. al., Brain Res. 586: 319-331, 1992). When grown in a 
medium containing 10% serum, the astrocyte monolayer became confluent at 14 
days in culture (DIV14), and by DIV21, 60% o f the surviving neurons were TH+. 
However, in the presence o f the mitotic inhibitor, cytosine arabinoside (2.0 μΜ), 
glial proliferation was inhibited, and the culture deteriorated after DIV9. In the 
present study, a serum-free growth medium was used, and glial proliferation was 
suppressed. Under these conditions, at 12 hr, DIV5, DIV7 and DIV9, the 
percentage of TH+ neurons was 20%, 2%, <1%  and 0% respectively. When 
treated with conditioned medium from an established, ventral mesencephalic 
astrocyte (>95%  type 1) monolayer, the percentage o f TH+ neurons at DIV5 was 
increased five-fold, to 10%. The survival o f TH+ neurons in culture was increased 
ten-fold, to 20%, at DIV5, when plated on an astrocyte monolayer, and grown in 
a serum-free medium. In contrast to TH+ neurons, the survival of GABA-IR 
neurons was increased from 15% to 60%, at DIVI and DIV5 respectively, when 
grown in a serum-free medium. Based on the enhanced survival o f TH+ neurons 
caused by the conditioned medium, and when grown directly on an established 
astrocyte monolayer, we conclude that an astrocyte-derived neurotrophic factor 
promotes the survival o f TH+ neurons in culture. The survival o f the GABAergic 
neuronal phenotype in culture appears to be relatively independent of astrocyte- 
derived factors. We are presently trying to establish the molecular identity of the 
dopaminergic-specific, neurotrophic factor.

NEUROTROPHIC FACTORS: BIOLOGICAL EFFECTS III
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RETROVIRAL DELIVERY OF NEURO TRO PH IN GENES 
INTO EMBRYONIC CHICK RETINAS. J.M.Voci*. R.McKeon. 
and T.H.Large. Dept. of Neurosciences, CWRU, Cleveland, OH 44106.

During development, chick retinal ganglion cells (RGC) undergo a 
period of naturally occurring cell death between days E l 1-15. Previous 
studies have indicated that Brain Derived Neurotrophic Factor (BDNF) 
supports the survival of cultured RGCs. We have also demonstrated 
increased expression of BDNF mRNA in the optic tectum during the 
period of RGC death. However, it has not been demonstrated that 
BDNF promotes the survival of RGCs in  v iv o . To study the role of 
BDNF and the other neurotrophins in RGC development in  v iv o , we 
have modified a replication competent avian retrovirus (RCAS) to 
contain the coding sequence for various neurotrophins. The virus was 
propagated in chick embryo fibroblasts and the production of active 
BDNF was confirmed by neurite extension from dorsal root ganglia 
explants and from PC 12 cells containing tr k  В receptors. Virus was 
injected into the eye cups of E2-3 chick embryos with the uninjected 
contralateral eye serving as a control. Whole mounts or cryostat 
sections of retinas, between ages E l 1-17, were stained using an 
antibody against the p65 g a g  coat protein of the virus. Clusters of 
infected RGCs were observed scattered throughout the retina and the 
average cluster size increased with distance from the optic fissure. In 
E l5 and E17 retinas, stained RGC processes appeared in parallel arrays, 
aimed toward the optic fissure. Therefore, the RCAS virus is capable of 
delivering neurotrophin genes into the RGCs of the developing retina. 
We are currently evaluating constructs containing other neurotrophins 
and their ability to rescue RGCs following tectal ablation.
(Supported by NIH grants AG00533 to JMV and EY08885 to THL).

2 7 6 .2

RECOMBINANT HUMAN INSULIN-LIKE GROWTH FACTOR - 1 
(rhIGF-1) INCREASES THE SURVIVAL OF PHOTORECEPTOR 
CELLS (PRCs) DURING RETINAL DEGENERATION IN THE RCS 
RAT. E. Robbins*. D. Figueroa. D. Bozvczko-Covne. B. W. McKenna and P. 
Contreras. Cephalon, Inc., 145 Brandywine Parkway, West Chester, PA 19380.

The present study used the Royal College of Surgeons (RCS) rat to assess the 
effects of growth factors, bFGF and rhIGF, on photoreceptor degeneration. A 
role for neurotrophic agents in the survival o f PRCs was suggested by the 
finding that transplantation of retinal pigment epithelial (RPE) cells from 
normal rats into the retina of RCS rats during ongoing retinal degeneration 
rescues PRCs at the site and distal to the transplant. A likely candidate for this 
molecule is IGF-1, which increased the total number o f cells in dissociated 
preparations of post-mitotic, post-natal rat retinal neurons cultured in insulin 
and serum-free medium. This increase occurred in a dose-dependent manner 
and was largely due to specific increases in photoreceptor cell number as 
assessed by immunostaining and ELISA, using a rhodopsin specific 
monoclonal antibody. Thus we tested whether acute administration of 1 μg of 
rhIGF-1 into the vitreous of the superior hemisphere o f a RCS rat would have 
any effect on the survival of PRCs in vivo. Thirty days following an injection of 
rhIGF-Ι, unlike bFGF, the outer nuclear layer of the retina containing the cell 
bodies of the PRCs showed a 40 - 50% increase in cell number over the 
contralateral eye injected with vehicle. The cellular organization o f the nuclear 
layer also appeared to be more normal. It appears that rhIGF-1 may have 
therapeutic potential in the treatment o f inherited retinal dystrophy.
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276.3
INTERACTION BETWEEN ETHYLCHOLINE AZIRIDINIUM (AF64A) AND 
NERVE GROWTH FACTOR (NGF) ON CHOLINERGIC ENZYME ACTIVITY 
IN RATS, IN  VIVO. C.A. Willson* and I. Hanin. Dept. Pharmacol, and Neurosci. 
Program, Loyola Univ. Chicago Sch. Med., Maywood, IL 60153, USA.

The action of NGF on cholinergic phenotypic markers in the septo-hippocampal 
pathway (SHP) after administration o f a selective cholinergic neurotoxin has not 
been well characterized to date. We therefore investigated the effect of chronic 
NGF infusion in rats, on the cholinergic markers of normal and selectively 
lesioned (AF64A-treated) cholinergic neurons o f the SHP in vivo.

AF64A (1 nmol/ventricle) or vehicle (VEH) were administered by ICV injection 
to rats, followed by ICV administration o f either 40 μg  NGF or cytochrome C 
(CC) for either 2 or 4 weeks. At the end o f this time, choline acetyltransferase 
(СҺАТ) and acetylcholinesterase (АСҺЕ) enzyme activity in the SHP were 
measured. The results are indicated as % o f control in the following table.

TIME TREATM ENT (n) SEPTUM  
СҺАТ               АСҺЕ

HIPPOCAM PUS 
СҺАТ             АСҺЕ

        2
weeks

VEH/CC (15-19) 100 100 100 100
AF64A/CC (17-18) 110 114 82 a 80 a
AF64A/NGF (10-11) 237 a,b 171 a,b 82 a 75 a
VEH/NGF (2-5) 155 a,b,c 124 c 119 a,b,c 84

4
 weeks

VEH/CC (7-8) 100 100 100 100
AF64A/CC (8) 100 94 78 68 a
AF64A/NGF (7-8) 191 a,b 169 a,b 70 a,b 62 a

a:p<0.05 vs VEH/CC; b:p<0.05  vs AF64A/CC; c:p <0.01 vs AF64A/NGF. 
These data indicate that chronic NGF treatment alone augments septal and 
hippocampal cholinergic activity in vivo. Furthermore, when NGF is administered, 
the septum appears to compensate for the reduction in enzyme activity that occurs 
in the hippocampus as a result o f AF64A treatment. Supported by the Retirement 
Research Foundation, Park Ridge, IL.

276.5

NEUROTROPHIN THERAPY FOR CNS CHOLINERGIC DEFICITS 
USING ENCAPSULATED GENETICALLY TRANSFORMED CELLS 
Piccardo, P.. Mavsinger. D .. Liberini. P.. Esplin. B.* and Cuello, A.C. 
Dept. o f  Pharmacology and Therapeutics, McGill University, Montreal, 
Quebec, Canada.

Working towards designing long-term therapies for CNS cholinergic 
deficits, we tested the grafting o f encapsulated genetically transformed 
fibroblasts in an animal lesion model which renders cholinergic deficits. For 
this purpose, cells encapsulated in alginate-poly-L-lysine-alginate, producing 
NGF, were shown to be viable and secretory in vitro. The microspheres 
containing NGF-secreting cells were then implanted in the rat CNS in the area 
of the cortical infarction produced by devascularization. The grafted, 
encapsulated cells remained secretory for a prolonged time and the implant 
prevented the shrinkage o f choline acetyltransferase (СҺАТ) and p75LNGFR- 
immunoreactive neurons in the nucleus basalis magnocellularis (NBM). This 
treatment also increased СҺАТ activity above control levels in the remaining 
cortex o f the infarcted side. Encapsulated cells did not develop tumours but 
remained restricted to the grafted spheres.

The authors wish to thank Drs. X.O. Breakefield and M .P. Short for 
NGF-producing cells, the Medical Research Council o f  Canada (MRC) and 
the Canadian Network o f Centres o f  Excellence (NCE) for Neural 
Regeneration and Functional Recovery.

276.7
LONG-TERM EXPRESSION OF NERVE GROWTH FACTOR FROM 
POLYMER ENCAPSULATED CELLS IN THE RAT CNS. J.P. Hammana*1. 
BJ. Dean1, A. Lee1, D.F. Emerich1. S.R. Winn1. B. Bamber2 . R.D, 
Palmiter2· and E.E. Baetae1. 1 CytoTherapeutics, Inc., Providence, Rl. 
02906; 2HHMI, University of Washington, Seattle, WA 98195.

The ability to deliver neurotrophic factors to the CNS stably and over the 
long-term is one of the largest obstacles to the development of effective 
therapies for the neurodegenerative disorders. The chemical modification of 
some of these factors may eventually prove effective, however, it remains 
unclear how readily this strategy will provide new therapies. Alternative 
approaches including implantable, growth factor-secreting pumps, implan
tation of genetically-modified cell lines and in situ modification of certain CNS 
cells using novel viral vector systems suffer from inherent inefficiency and 
safety issues. Our polymer encapsulation system (see accompanying 
abstract) may allow us to safely provide a continuous supply of factors such as 
NGF directly to specific regions of the CNS. We have developed BHK cell 
lines that constitutively express high levels of NGF from the DHFR-based 
vector system (BHK-NGF). Untransfected BHK cells served as controls in all of 
these experiments. The polymer devices were loaded with BHK-control or 
BHK-NGF cells and were held in vitro for 1-4 weeks. Individual devices were 
characterized for NGF release using a PC12 neurite outgrowth bioassay and 
quantitated using an ELISA for NGF. BHK-NGF and control cell-loaded 
capsules or conditioned medium from the devices was exposed to naive 
PC12 cells for up to one week. Neurite out growth was completely blocked 
with the addition of an antibody to NGF. Cell-loaded devices that secrete 
>ng/ml/24 hours were implanted into normal or fimbria-fornix lesioned rat 
brains. Explanted capsules have been re-assayed using the bioassay and the 
ELISA for NGF. Preliminary results indicate that the devices support BHK cell 
survival in vivo and that the devices continue to secrete sustained levels of 
NGF for up to 3 months in vivo.

276.4
PREPARATION AND IN VITRO EFFECTS OF SEMIPERMEABLE 
MICROSPHERES WITH CELLS SECRETING ANTI-NGF MONOCLONAL 
ANTIBODIES
Mavsinger, D .,*  Piccardo. P.. St. Louis. M. and Cuello, A .C .. Dept. of 
Pharmacology and Therapeutics, McGill University, Montreal, Quebec, Canada.

Several different types of chitosan and alginate microspheres containing hybridoma 
cells synthesizing bispecific monoclonal antibodies were prepared. The release of 
synthesized antibodies depended upon the chemical properties of individual chitosans; 
however, in all instances, cells continued producing them after encapsulation. 
Among other factors influencing viability of encapsulated cells and production of 
antiNGF-antiHRP antibodies were: a) cell densities/sphere, b) polymerization 
properties and concentration of polymers, and c) sizes of spheres. Cell viability was 
assessed by two fluorescent dyes (homo-ethydiumbromide and calcein) and a Trypan 
blue exclusion test. Ultrapure chitosans (gift of Pronova, Norway) did not exhibit 
any toxic effects in any studied concentration. Amounts of antibodies produced were 
assessed by ELISA. Results of these studies revealed either comparable or 
remarkably higher antibody production by hybridoma cell line in microspheres when 
compared to the same number of cells grown in the culture medium alone. In order 
to demonstrate biological activity of the secreted antibodies, a double chamber 
system was used where spheres were co-incubated with dissociated primary septal 
cells. Indeed, anti-NGF antibodies released from the spheres effectively blocked 
effects of nerve growth factor contained in the culture medium (10-9 M).

The authors wish to acknowledge funding by the Medical Research Council of 
Canada (MRC) and the Canadian Network of Centres of Excellence (NCE) for 
Neural Regeneration and Functional Recovery.

276.6
BDNF AND NT-3 DO NOT PREVENT CHOLINERGIC NEURONS OF THE 
NUCLEUS BASALIS MAGNOCELLULARIS FROM ATROPHY CAUSED 
BY CORTICAL DEVASCULARIZATION. M .Skun. B .C . Figueiredo.
P. Albert* and A .C . Cuello. Department o f Pharmacology and Therapeutics, 
McGill University, Montréal, Quebec, H3G 1Y6, Canada.

In adult rats, unilateral devascularizing cortical lesions cause retrograde changes 
of cholinergic neurons in the nucleus basalis magnocellularis (nbm). Post-lesion 
changes resulting in decreased СҺАТ activity, cell shrinkage and cognitive 
functional deficits, are prevented by treatment with trophic factors such as NGF and 
aFGF. In the present study, the protective potential o f two NGF homologs, BDNF 
and NT-3, was tested in the same experimental model. Four groups o f animals were 
assessed: sham-operated/vehicle-treated, lesioned/vehicle, lesioned/BDNF, and 
lesioned/NT-3 treated. Vehicle, BDNF or NT-3 were administered by continuous 
intraventricular infusion via an osmotic minipump for 7 days starting at the time of 
devascularization. A daily dose of 12 /ig, proven to be effective for NGF and 
aFGF treatment, was used. One month after lesion, animals were sacrificed and 
brains were processed for СҺАТ immunocytochemistry. The area o f the СҺАТ 
immunopositive neurons was analysed morphometrically. In operated animals the 
cross-sectional area of neuronal cell bodies [dorsal (D) and ventral (V) nbm] was 
reduced to 79%(D) and 76%(V) o f controls, indicating a shrinkage of the cell 
bodies. There was no significant difference in the mean cross sectional area between 
lesioned/vehicle-treated and lesion/BDNF or NT-3 treated animals. These results 
indicate that BDNF and NT-3, when applied intraventricularly, are not as effective 
as NGF or aFGF in protecting nbm cholinergic neurons against lesion-induced 
retrograde changes in adult rat brain.

Supported by the MRC (Canada) and the Canadian Network o f Centres of 
Excellence for Neural Regeneration and Functional Recovery. BDNF and NT-3 
were generously provided by Regeneron Pharmac. Inc., USA. M.S. is a recipient 
of an NCE fellowship and B.C.F. is a recipient o f CNPq studentship (Brazil).

276.8

THE D ELIV ERY OF NEUROTROPHIC FA CTO RS TO THE 
NERVOUS SYSTEM  USING POLYM ER EN CA PSU LA TED  
CELLS. E.E, Baetge*1, S.R. Winn1, A. Lee1, B.J. Dean1, B. Bamber2. R.D 
Palmiter2 and J.P. Hammana1. 1 CytoTherapeutics, Inc., Providence, Rl 
02906 and 2University of Washington, Deptartment of Biochemistry, HHMI, 
Seattle, WA 98195.

Much attention has been placed on the use of neurotrophic factors in 
the treatment of neurodegenerative disorders such as Alzheimer's and 
Parkinson's disease. However, the delivery of these factors, particularly to 
the CNS, poses a major obstacle to the treatment of these disorders 
because proteins are not generally transported across the blood-brain 
barrier without significant modifications or specific transport carriers. 
Furthermore, in many applications it is not clear whether these factors will be 
effective if they are not delivered to specific brain regions. We have 
developed a polymer encapsulation technology that provides a means for 
the delivery of neurotrophic factors and neurotransmitters directly to the site 
of the disease within the nervous system. Using this technology, we can 
safely encapsulate cell lines that have been genetically modified to secrete 
neurotrophic factors. The encapsulated device provides protection to the 
host from uncontrolled cell line growth while it protects the cell line from the 
host immune system. Genomic clones or cDNAs for NGF, BDNF, NT-3, 
CDF/LIF, and CNTF have been separately subcloned into an expression 
vector system and transfected into BHK cells. The transfected cells were 
then exposed to drug selection over several weeks to produce stable 
clones. The engineered cells have been maintained in vitro without drug 
selection for more than 4 months to date and they have shown little to no 
loss of growth factor expression as assessed using bioassays or by ELISA. 
These encapsulated devices may provide a means for controlled, site- 
specific delivery of neurotrophic factors in the human nervous system.
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276.9
Autologous Cells Genetically M odified to Produce NGF and 
Grafted to the Adult Prim ate Brain Prevent Cholinergic 
Basal Forebrain Neuronal Degeneration.
F.H. Gągs*'-M,-C. Senut. J. Ray, H.-S. U. B, Mason. J, Roberts. M.H, Tuszynski, 
Depts. of Neurosciences and Neurosurgery, Univ. of Califomia-San Diego, La Jolla, 
CA. 92093-0627 and Regional Primate Ctr., Univ. of Califomia-Davis, Davis, CA.

Age-related and injury-induced basal forebrain cholinergic neuronal 
degeneration can be prevented by nerve growth factor (NGF) infusion in both rats and 
primates. Other neurotrophic factors (NTF's), including BDNF, NT-3, NT-4/5, 
CNTF and basic FGF also influence CNS neurons, suggesting that NTF’s may be 
useful adjuncts in the therapy of traumatic and chronic neurodegenerative disorders. 
Somatic NTF gene transfer offers one potential means of chronically delivering NTF’s 
to the CNS. Potential advantages of this approach are 1) regionally specific, 
intraparenchymal, high-dose NTF delivery, 2) chronic delivery, and 3) significant 
graft-brain integration. Previous studies in rats have shown that cells genetically 
modified to secrete NGF and grafted to the medial septal nucleus can prevent 
cholinergic neuronal degeneration after fornix lesions. In the present experiment, we 
examined whether NTF delivery to the adult primate brain using somatic gene transfer 
would prevent lesion-induced basal forebrain cholinergic neuronal degeneration. 
Primary fibroblasts from adult cynomolgous monkeys were grown in vitro, 
genetically modified to produce up to 110 ng NGF/lO^cells/day, and harvested for 
grafting. Monkeys then underwent unilateral fornix transections and autologous 
grafting of NGF-secreting fibroblasts or, in control subjects, ß-galactosidase-secreting 
fibroblasts to the septal nucleus ipsilateral to the lesion. Among control subjects, 
only 40% of medial septal cholinergic neurons remained labelled for СҺАТ or NGF 
receptor one month after fornix lesions. In contrast, subjects that received NGF- 
secreting cells showed persistent labelling of 78% of septal cholinergic neurons. Still 
greater cell savings occurred in NGF subjects when grafts were closely located to 
septal cholinergic neurons. Long-term, stable, and regulatable gene expression after 
somatic gene transfer are issues under current study.

276.11
ACTIONS OF NT-4/5 AND BDNF IN ANIMAL MODELS OF CHOLINERGIC 
AND DOPAMINERGIC DEGENERATION. K.D.Beck*. T.Alexi. M.M.Dugich- 
Diordievic. B.Ghetti*. LIrwinL B.Kniisel. J.W.Langston. F.Ohsawa. L.C.Triarhou*. 
J.L.Venero. F.Hefti. Andrus Gerontology Ctr., Univ. o f Southern California, Los 
Angeles, CA 90089; +California Parkinson’s Found., San Jose, CA 95128 and 
^Indiana Univ. Sch. o f Med., Indianapolis, IN 46202.

In cell culture studies, NT-4/5 supports survival o f embryonic dopaminergic 
neurons with the same potency as BDNF (see poster by M. Hynes et al.) and 
promotes differentiation of septal cholinergic neurons. We investigated the actions 
o f NT-4/5 on both neuronal populations in vivo. Similar to BDNF, repeated 
ventricular NT-4/5 injections significantly reduced the loss of ChAT-positive neurons 
in rats with partial transections of fimbria/fomix. For studies o f NT-4/5 effects on 
dopaminergic neurons, we used 3 approaches: (i) 6-OHDA lesions, (ii) medial 
forebrain bundle (MFB) transections and, (iii) unlesioned rats. 6-OHDA was injected 
into the striatum or substantia nigra followed by daily striatal/nigral injections o f NT- 
4/5, respectively. Rats with MFB transections were treated with repeated daily 
nigral injections of NT-4/5. In all lesion models tested no protective effect o f NT-4/5 
on survival or function of dopaminergic neurons could be detected. Also single and 
chronic injections of NT-4/5 into the substantia nigra of unlesioned rats did not 
significantly affect dopaminergic parameters. Representing a surprising difference 
between NT-4/5 and BDNF, single unilateral nigral injections o f BDNF (1.1/zg) 
induced robust amphetamine-induced rotations directed towards the injected side. 
Rotational behavior could be induced up to 4 days after BDNF administration, but 
was not detectable at later times. To further study the reversibility o f this effect, rats 
received 6 daily nigral injections of BDNF (6 .6/xg total). At 8 days significant 
rotational behavior could be induced which was abolished after an additional 5 days 
without any injections. In addition to these studies we have investigated the potential 
of NT-4/5 and BDNF to ameliorate the dopaminergic degeneration in early postnatal 
weaver mice (wv/+).

276.13
EFFECTS OF ANTI-TRANSFERRIN RECEPTOR-NGF CONJUGATE ON 
AGED INTRAOCULAR SEPTAL TRANSPLANTS. A-C Granholm*14, C 
Bäckman1. M Henry1. L Mackerlova1. P Friden2 . 1 Strömberq3 and В Hoffer4. 
Depts. of Basic Science1 and Pharmacology4, University of Colorado HSC, 
Denver, Colorado, Alkermes Inc., Massachussetts, USA2, and Dept. of 
Histology and Neurobiology, Karolinska Institute, Stockholm, Sweden3.

We have recently shown that nerve growth factor (NGF) can be transferred 
across the blood-brain barrier (BBB) when covalently linked to an antibody 
(OX-26) to the transferrin receptor. In the present study, transplants of fetal 
medial forebrain tissue were placed in the anterior chamber of the eye of 2 
months old albino host rats. OX-26 or OX-26-NGF conjugate treatment was 
started when the host rats were 17 months old, and was carried out every 2 
weeks until the hosts were 26 months old. After the last injection, animals 
were transcardially perfused, and sections of medial forebrain grafts were 
processed for light and electron microscopy, using antibodies against choline 
acetyltransferase (СҺАТ; courtesy of Dr. J. Kordower). Light microscopy 
revealed a large number of ChAT-positive neurons in grafts from OX-26-NGF 
injected hosts, with numerous thick processes extending throughout the 
grafted tissue. In contrast, the control animals contained a sparse number of 
smaller neurons with few processes. The cell bodies also stained less 
intensely for СҺАТ. Electron microscopy of OX-26-NGF grafts showed 
numerous ChAT-positive profiles resembling those previously described for 
the septal nuclei in situ. The present data suggest that OX-26-NGF can 
penetrate the BBB and increase the amount of СҺАТ immunoreactivity in aged 
intraocular septal transplants. Furthermore, long-term treatment with this 
conjugate does not appear to cause any detectable damage or non-specific 
neurite growth in these grafts or in the host rat brains.

276.10
NGF PREVENTS THE LOSS OF DEVELOPING CHOLINERGIC 
BASAL FOREBRAIN NEURONS FOLLOWING EXCITOTOXIC 
LESIONS OF THE HIPPOCAMPUS M.A. Burke». W.C. Mobleyl.
E..I. Mufson2. and J.H. Kordower2. Dept. Anatomy and Cell Biology, 
Univ. Illinois Sch. Med.;4)ept. Neurology, Univ. of California at San 
Francisco;  ̂Dept. Neurological Sciences, Rush Presbyterian Med. Ctr., 
Chicago, IL 60612.

Developing rats exhibit significant reductions of СҺАТ- and p75 
NGFr-immunoreactive septal/diagonal band (MS/VLDB) neurons 
following excitotoxic lesions of their hippocampal target neurons. To 
determine whether this loss could be prevented by nerve growth factor 
(NGF), postnatal day 10 (PN10) rat pups first received 2 ibotenic acid 
injections (10 μg/pl) into the hippocampus. This was followed by 
intracerebroventricular injections of NGF (30 μg/10 μΐ) or saline 
ipsilateral to the lesion beginning on the day of lesion and continuing 
every third day for 27 days. Rats were sacrificed one day after the final 
injection. Comprehensive lesions of the hippocampus resulted from the 
ibotenic acid injections. As reported previously, lesioned rats receiving 
saline injections displayed significant reductions in СҺАТ- 
immunoreactive neurons within the medial septum (16%; pc.001) and 
vertical limb of the diagonal band of Broca (14%; pc.01) ipsilateral to the 
lesion. In contrast, the number of MS and VLDB ChAT-immunoreactive 
neurons in the NGF-treated group did not differ significantly ipsilateral to 
the lesion relative to the contralateral side (both p>.05). NGF treated rats 
also displayed a striking increase in СҺАТ and p75 NGFr fiber 
immunoreactivity within the lateral septum, overlying cerebral cortex, and 
residual hippocampal remnant ipsilateral to the injection site. These data 
suggest that NGF can prevent degenerative changes within developing 
MS/VLDB neurons resulting from loss of their target neurons. (Supported 
by NS29585 and AG09446).

276.12
T R O P H IC  F A C T O R S  P R O T E C T  N E O S T R IA T A L  C H O L IN E R G IC  
N E U R O N S A G A IN ST  Q U IN O L IN IC  A C ID  L E S IO N . J. A lb e r t .  E. Pérez-Navarro,
N.E. Calvo and J. Marsai. Dpt. Biologia Cellular і Anatomia Patològica. Facultat de 
Medicina. Hospital de Bellvitge. Universität de Barcelona. Spain.

Interactions between trophic factors (nerve growth factor (NGF) and fibroblast growth 
factor (FGF)) and the excitatory amino acid, quinolinic acid (QA) in the regulation of 
neostriatal cholinergic neurons were studied in  v iv o  and in  v i tro . We have performed two 
intrastriatal injections of QA and measurements were done six days after surgery. We 
observed a dose-dependent effect after QA injection: СҺАТ activity decreased (up to 68 nmol) 
and NGF levels increased (up to 34 nmol). These results suggest that endogenous NGF could 
have a protective effect at low QA doses (34 nmol). In order to examine this hypothesis, we 
injected NGF (1 μg) with QA (68 nmol). We observed that NGF injection completely 
protected QA injury, while NGF injection alone did not change significantly СҺАТ activity.

We have studied the possible role of FGF in the regulation of cholinergic neurons survival. 
We observed that FGF (0.2 μg) injection partially protected cholinergic neurons against QA 
(68 nmol) lesion. Furthermore, we have observed a NGF increase higher than that observed 
after QA injecton alone. These results may suggest that astrocytes could mediate the trophic 
response, after excitotoxic injury. The effect o f FGF could be mediated by endogenous NGF, 
since FGF can induced a proliferation of glial cell, which are able to synthesize and release 
NGF.

We have also studied QA effect on cultured striatal cells. We observed that QA also 
affected neostriatal cholinergic neurons in culture. Pure cultures were more sensitive than 
mixed-glial culture, showing that glial cells may play a role in the protective effect on 
cholinergic neurons. NGF (100 ng/ml) treatment protected both types of cell cultures of QA.

Our results show that NGF and FGF could significantly protect striatal cholinergic neurons 
against excitotoxic injury. Thus, trophic factors administration may be relevant in the 
prevention and treatment of neurodegenerative disorders.

This work was supported by grants from DGICYT and CIRIT.

276.14
ALCOHOL ADMINISTRATION IN AGED RATS RESULTS IN 
LOWERED NGF AND LOSS OF CHOLINERGIC FOREBRAIN 
NEURONS R Bickford*’1’2. Ç  Backman2. R. Baker2. ŞL Söderström3, T 
Ebendal3. R Friden4. and B. Hoffer.ž Dept. of Veterans Affairs Med 
Ctr1, Denver, CO; Dept. of Pharmacol2, Univ. CO Hlth Sci Ctr, Denver, 
CO; Dept. of Dev Biology3, Uppsala Universitet, Uppsala, Sweden; 
Alkermes, Inc.4, Cambridge, MA.

Long term intake of ethanol can lead to amnestic disorders in human 
alcoholics and in animal models. There is also a decline in learning and 
memory function associated with normal aging. The forebrain cholinergic 
projection to the cortex and hippocampus is known to be involved in learn
ing and memory processes and has been shown to degenerate with ethanol 
administration and with aging. Cholinergic neurons are dependent upon 
nerve growth factor (NGF) support for expression of cholinergic markers 
and has been implicated in ethanol neuronal toxicity (Aloe and Tirassa, 
Alcohol 9: 299-304, 1992) thus we studied effects of ethanol and aging on 
NGF levels. Ethanol was administered for 16 weeks via the drinking water 
(10% v/v for 1 week followed by 15% v/v thereafter) to F344 rats starting 
at 16 months of age. Rats were given free access to food. Ethanol con
sumption averaged 19.6 ml per day. Rats were divided into two groups for 
analysis of NGF by enzyme immunoassay and choline-acetyl transferase 
(СҺАТ) immunohistochemistry. There was a decline in NGF detected in 
both the cortex and hippocampus of the alcohol treated rats compared with 
age-matched controls. There was an accompanying 40% decrease in the 
number of forebrain cholinergic neurons assessed by СҺАТ immunohisto
chemistry. Thus, chronic administration of ethanol to aged rats results in a 
decrease of NGF that may underlie the accompanying loss of СҺАТ posi
tive neurons in the forebrain. (This work was supported by the VA Med 
Research Service, PHS grant AG04418, AA03527, and the Swedish MRC.)
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276.15
EFFECTS OF NERVE GROWTH FACTOR AND ACETYL-L-CARNITINE 
ARGINYL AMIDE (ALCAA) ON EXCITOTOXICITY IN CELL UNES AND 
PRIMARY CULTURES. Li-QI Tong*. Christopher P. Turner and J. Regino 
Perez-polo. Dept. HBC&G, Univ. of Tx. Med.Branch, Galveston, TX 77555.

Excitatory amino acids (EAA) acting at N-methyl-D-aspartate (NMDA) 
preferring receptors have been implicated in the pathogenesis of 
excitotoxic neuronal injury, which may be mediated through the production 
of nitric oxide (NO). Nerve growth factor (NGF) is a polypeptide classically 
defined as a neuronotrophic factor. AcetyH-camitine argininyl amide 
(ALCAA), an acetyi-i-camitine derivative, has been reported to stimulate 
neurite outgrowth and differentiation in PC12 cells. NGF (50ng/ml) and 
also ALCAA (1mM) can transiently decrease the nitric oxide synthase 
activity in PC 12 cells within 48 hours and these inhibitory effects are 
reversible. The NO toxicity generated by sodium nitroprusside (SNP) in 
PC12 ceils, SY5Y cells and glioma C6 cells was also studied. NO had toxic 
effects on PC12 and SY5Y cells and NGF had a protective role. 
Furthermore, for SY5Y cells, when NGF was added to the culture medium 
24 h prior to exposure to kainate, kainate-induced toxicity was reduced. In 
primary culture experiments, neurotoxicity elicited by NMDA and related to 
the excitatory amino acids in neurons and astrocytes from cerebellum and 
hippocampus was studied. Exposures to NGF and ALCAA attenuated 
NMDA toxicity. These results would Imply that NGF and ALCAA may 
protect CNSfrom EAA neurotoxicity. (Supported by NINDS grant NS18078 
and a grant from the Sigma Tau Company. This is publication 9A from 
USPHS grant POI AG10514 awarded by NIA).

276.17
EPIDERMAL GROWTH FACTOR AND BASIC FIBROBLAST 
GROWTH FACTOR PROTECT DOPAMINE NEURONS FROM 
GLUTAMATE NEUROTOXICITY IN CULTURE. D. Casper. D. Gross, 
and M. Blum*. The Fishberg Research Center for Neurobiology, The 
Mount Sinai School of Medicine, New York, NY 10029

Mesencephalic dopamine neurons receive glutamatergic innervation, 
express specific glutamate receptors and may be sensitive to glutamate 
toxicity. Using cultures established from dissociated E l6 rat embryo 
mesencephalon, we have characterized the effects of L-glutamate and 
various analogs specific for particular glutamate receptors on dopaminergic 
neurons. Using an assay for high affinity dopamine uptake, we determined 
that L-glutamate decreased neuronal dopamine uptake in a dose-dependent 
fashion. Tyrosine hydroxylase immunocytochemistry revealed that the 
decrease in dopamine uptake was related to the loss of dopaminergic 
neurons. Although glutamate, N-methyl aspartate, kainic acid and 
quisqualic acid were all able to decrease high affinity dopamine uptake, 
quisqualic acid was most effective at the lowest concentration. This result 
leads to the suggestion that the effects of glutamate were mediated through 
receptors which preferentially bind this ligand.

Since it has been previously demonstrated by our group and others that 
both epidermal growth factor (EGF) and basic fibroblast growth factor 
(bFGF) can increase the survival and maturation of dopaminergic neurons 
in cultures of the mesencephalon, we sought to investigate the possible 
interactions between these growth factor and glutamate toxicity. In the 
study presented here we report a shift of the dose response curve for 
glutamate toxicity for cultures treated with both EGF and bFGF to the right, 
indicating that higher doses of glutamate were required for toxic effects 
than for control cultures.

This work has been supported by a grant from the Parkinson's Disease 
Foundation (to D.C.) and NIA ROl AG08538 (to M.B.).

276 .19

PREVENTION OF GP120-ASSOCIATED NEURONAL CELL DEATH 
BY ACTIVITY-DEPENDENT NEUROTROPHIC FACTOR. D 1  
Brenneman* and I. Gozes. Lab. of Dev. Neurobiol., NICHD,NIH, 
Bethesda, MD 20892; Dept. of Chem. Pathol., Sackler School of Med., 
Tel Aviv Univ., Tel Aviv, Israel.

The possible importance of viral products in the etiology of AIDS- 
related neuropathology has been examined. The major envelope 
protein from the human immunodeficiency virus (gpl20) has been 
shown to produce neuronal cell death in hippocampal cultures 
derived from fetal mice (N ature 335:639, 1988). When injected into 
neonatal rats , gpl20 produced neuronal damage and retardation of 
behavioral development (Brain Res. 603:222, 1993). Vasoactive 
intestinal peptide (VIP) and Peptide T have been shown to prevent 
cell death associated with 1 pM gpl20 treatment. We now show that 
activity-dependent neurotrophic factor (ADNF), a novel protein 
released from glia by 0.1 nM VIP, can prevent neuronal cell death 
produced by the addition of gpl20 to rat cerebral cortical cultures. 
After a five day treatment period, ANDF prevented both the cell 
death produced by gpl20 and that which occurred naturally in these 
cultures. The EC50 for this action of ADNF was 1 fM, with 10 fM 
providing maximal protective action. Addition of gpl20 or 
neutralizing antibodies to ADNF produced a similar decrease in the 
neuronal survival of cerebral cortical cultures. These data suggest the 
protective effect of VIP against the neuronal cell killing action of 
gpl20 may be mediated through ADNF. (Supported by US-Israel 
Binational Science Foundation and the Israel Ministry of Science and 
Technology).

276.16
NEUROPROTECTIVE NEUROTROPHIC FACTORS IN A 
MODEL OF CHRONIC GLUTAMATE TOXICITY. AM  Corse*. 
RW Kuncl and JD Rothstein. Johns Hopkins Univ. Sch. o f  M edicine, Dept. 
o f  Neurology, Meyer 5-119, 600 N. W olfe St., Baltimore, Maryland 21287.

Much of the previous work identifying the role of neurotrophic factors in motor 
neuron survival has focused on models of the developing nervous system in which 
motor neurons undergo naturally occurring cell death. Few studies have considered the 
role of neurotrophic factors in postnatal motor neuron survival. Using a unique 
organotypic culture system for postnatal rat spinal cord, we have studied the effects of 
neurotrophic factors, including CNTF, LIF, BDNF, bFGF, and NT-3 on motor neuron 
survival in the mature nervous system. Effects of these factors were assessed 
biochemically by measuring choline acetyltransferase (СҺАТ) activity, an enzyme 
largely restricted to motor neurons in our cultured lumbar spinal cords. BDNF 
(20 ng/ml) and LIF (10 ng/ml) had profound stimulatory effects on motor neurons after 
4 weeks in culture as evidenced by increased СҺАТ activity to 155% and 257% of 
control, respectively. bFGF (10 ng/ml) and CNTF (1 ng/ml) reduced motor neuron 
СҺАТ activity to 55% and 52% of control, respectively, and NT-3 had no intrinsic 
effect on СҺАТ activity.

The organotypic spinal cord cultures can also be used to model slow, glutamate- 
mediated motor neuron degeneration, a postulated mechanism of neurotoxicity in ALS. 
Long term incubation o f spinal cord in the presence o f threo-hydroxyaspartate, a potent 
glutamate transport inhibitor, reproduces relatively selective motor neuron degeneration. 
In this model, the neuroprotectant effects of the neurotrophic factors on motor neurons 
have been studied. Preliminary results of single concentrations o f CNTF, LIF, BDNF, 
bFGF, and NT-3 after 1 month indicate only NT-3 has modest neuroprotective 
properties. The trophic effects o f BDNF and LIF (increased СҺАТ activity) do not 
predict neuroprotective properties against glutamate-mediated motor neuron 
degeneration.

276.18
COMMERCIAL a-COBRATOXIN PREPARATIONS CONTAIN SIGNIFI
CANT LEVELS OF N G F ACTIVITY: PC 12  CELL SURVIVAL ANDβ-APP EXPRESSION. D.L. Needels*, D. Franco Romaniello, C.T

P oison. T.L. M artin, and K M . F e lse n ste in . B iop h ys. & M olec. 
B iology, B ristol-M yers Sq u ib b , W allingford, CT 0 6 4 9 2 .

a-Cobratoxin (a-CBT), a nicotinic receptor antagonist related to 
a-bungarotoxin, is  a  major 7 .8  kDa protein found in  cobra venom s. 
Treatment of PC 12 cells with commercially available a-CBT produced 
a robust (2.5-fold) increase in reporter expression in  cells transfected  
w ith a ß-APP prom oter/luciferase construct. The concentration  
required for m aximal effect (2 μg/m l, -2 6 0  nM) is  typical of those  
u sed  to completely inhibit nicotinic acetylcholine receptor activity. 
However, a variety of cholinergic agonists or antagonists had no 
specific effect on ß-APP prom oter activity over a  wide range of 
concentrations. Moreover, nicotinic agonists did not block the effect 
of a-CBT. We conclude that the effect of a-CBT on ß-APP expression  
is not mediated by inhibition o f the nicotinic acetylcholine receptor.

In addition to its  effect on the promoter construct, a-CBT also 
increased ß-APP mRNA levels in  PC 12 cells. Interestingly, both the 
m agnitude of the effect and the selective increase of the ß-APP695 
isoform were identical to resu lts obtained with NGF. Moreover, its 
effect on reporter expression w as non-additive with that of NGF and 
w as blocked identically by K252a, suggesting a common pathway. 
Finally, a-CBT induced neurites and promoted the survival of PC 12 
cells in  serum -free m edium . T hus, typical concentrations of a 
commercial a-CBT preparation contain  sufficient NGF activity to 
m aximally activate NGF receptors, perhaps due to a  snake venom  
NGF contaminant.

276.20
EFFECTS OF NGF ON GLUTATHIONE PEROXIDASE AND  
CATALASE IN PC12 CELLS
H  Sampath. G.R. Jackson. K. Werrbach-Perez. J.R. Perez-Polo. & 
~D.K. Rassin*. Dept. of Human Biological Chemistry and Genetics, 
The University of Texas Medical Branch at Galveston.
The nerve growth factor (NGF) is critical in the survival of 
sympathetic and sensory ganglia of the peripheral nervous system. 
NGF also protects basal forebrain cholinergic neurons of the 
central nervous system from injury-induced cellular atrophy. In 
PC12 cells, NGF stimulates cellular resistance to oxidative stress. 
In particular, NGF protects from the toxic effects of hydrogen 
peroxide and 6-hydroxydopamine, both known to generate hydroxyl 
radicals. NGF increased the levels of catalase and glutathione 
peroxidase (GSH Px) mRNA and enzyme activity in a time- 
dependent manner. Catalase m RNA levels were highest three days 
after NGF treatment as compared to control levels, while the 
enzyme activity was highest five days after treatment. GSH Px 
m RNA levels and enzyme activity increased after one day NGF 
treatment as compared to the levels in control PC12 cells, 
indicating that NG F could mediate its effects in part through a 
stimulation of free radical scavenging enzymes. Supported by 
NINDS N S18708 and the American Paralysis Association. 
Publication No.7A supported by USPHS Grant POI AG10514 
awarded by the National Institute on Aging.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



660 NEUROTROPHIC FACTORS: BIOLOGICAL EFFECTS III TUESDAY PM

276.21
NEUROTROPHIN 4/5 (NT-4/5) IS A GROWTH FACTOR FOR STRIATAL 
CELLS DEVELOPING IN CULTURE. H.R. Widmer* and F. Hefti. 
Andrus Gerontology Center, University of Southern California, Los Angeles, CA 
90089.

Recently we reported that striatal cells developing in culture functionally 
responded to brain derived neurotrophic factor (BDNF) and neurotrophin 3 (NT-3) 
administration. The responsiveness o f these neurons to neurotrophins is important 
in the light o f a possible treatment o f Huntington’s disease, since the major 
neuropathological abnormalities are observed within the neostriatum. To investigate 
the role o f NT-4/5 for these cell populations, primary cultures from fetal rat brain 
neurons were prepared (from embryonic day [ED] 15) and consequently exposed 
to NT-4/5. We found that acute administration o f NT-4/5 to seven days old 
cultures, stimulates the hydrolysis of phosphatidylinositol (by 4096) indicating that, 
similar to BDNF, striatal cells are responding to NT-4/5. Chronic exposure 
resulted in a pronounced effect on cell survival, which was substantiated by an 
increase in total cell number (by 32%), protein content (by 57%) and number of 
viable cells (by 38%, as assessed with the MTT assay). GABA-uptake was 
increased by 32%. Similar effects were obtained when cultures were prepared from 
ED 17 old animals. While NT-4/5 actions were slightly, but consistently more 
effective than those exerted by BDNF, NT-3 was only marginally effective. To 
further identify responsive cell populations to NT-4/5, we performed an 
immunohistochemical analysis for calretinin, a calcium binding protein which has 
been described to be colocalized with GABA in a number o f neuronal cells. NT- 
4/5 administration increased the number of calretinin-positive cells by 98%. 
Preliminary data show that NT-4/5 promotes neurite outgrowth of these calretinin- 
positive neurons.

276.23
SECRETED FACTORS FROM SMOOTH MUSCLE REQUIRE N O N 
NEURONAL CELLS TO SUPPORT CHICK CILIARY GANGLION  
NEURONS IN VITRO. L.A.F. Wentzek» I.L. Brusés and G.R. Pilar. Dept. 
Physiol. & Neurobiol., Univ. o f Connecticut, Storrs, CT 06269 

We have shown that smooth m uscle and conditioned m edium  (CM) from 
smooth m uscle supports the survival of 50% of the neurons of the ciliary 
ganglion for 5 days in culture (W entzek et al., 1993, }. Neurosci.). СІРЕ, an 
aqueous eye extract which promotes the survival o f all of the neurons, 
was used as a control. We tested whether the CM selectively rescued 
choroid or ciliary neurons by labeling the ciliary popu lation before 
dissociation and found that it rescues neurons from both ganglionic  
populations. All neurons survived when the CM w as concentrated 2 fold 
and at higher concentrations (up to 5 fold) the neurons showed extensive  
processes and the non-neuronal cells w ere more num erous. We further 
characterized the CM by preparing two fractions: one >100 kDa and the 
other <100 kDa and assessing survival activity. Both fractions rescued 60- 
80% of the neurons. CNTF, a 24 kDa m olecule also rescues 60-80% o f the 
neurons. W e separated the neurons from non-neuronal cells and tested the 
survival activity of СІРЕ, CNTF and the two fractions of CM on neurons 
alone and on neurons with non-neuronal cells. Surprisingly, CNTF and the 
CM fractions failed to rescue the neurons in the absence of non-neuronal 
cells in 5 day cultures. These results indicate that the effects of CNTF and 
of CM on neurons requires non-neuronal cells. These factors may cause the 
release of other trophic molecules by the non-neuronal cells or m ay serve to 
m aintain trophic factor receptors on  neurons. This su ggests that 
interactions betw een neurons and non-neuronal cells are required in 
combination w ith several trophic factors for neuronal survival in vivo. 
(Supported by NIH grant NS 10338)

276.25
THE NEUROTROPHINS BDNF, NT-3 AND NT-5 PROMOTE 
MOTONEURON - SURVIVAL AND ARE PRESENT IN 
EMBRYONIC LIMB BUD. C. E. Henderson*. W. Carmu. C. 
Metting, a. Gouin, K. Poulseno M, Кагiһаlo o o . J.Rullamaso, T. 
Evans o. S .В. МсМаhоп§  , M.P. Armaninio, L. Berkemeiero, ң. Phillipso and A. Rosenthal0. Biochimie c n r s -in s e r m , b .p . 5051, 
Montpellier, France; °Depts. Neuroscience & Cell Analysis, Genentech Inc., 
So. San Francisco, CA 94080; §Dept. Physiology, UMDS, London , UK.

Embryonic spinal motoneurons (MNs) are thought to depend 
for survival on unidentified factors secreted both by their 
peripheral targets and by cells within the central nervous 
system. Although BDNF was recently shown to keep MNs 
alive in vivo, members of the neurotrophin family (NTs) have 
been considered to be without direct effect on isolated MNs. 
Using purified MNs from E15 rat embryos, we tested the in  
vitro survival-promoting activity of recombinant human NTs. 
Picomolar concentrations of brain-derived neurotrophic factor 
(BDNF), neurotrophin-3 (NT-3) and neurotrophin-5 (NT-5), but 
not NGF, maintained 80% of the MNs for more than 3 d and 
stimulated СҺАТ activity 4-fold. At embryonic and adult stages, 
MNs in situ express mRNA for trkB and trkC, but not trkA. In 
spinal cord and limb bud of E15 rats, BDNF mRNA is present 
in ventral spinal cord and some muscles, NT-3 in MNs and all 
muscles, whereas NT-5 mRNA is concentrated in skin. Levels 
of BDNF (but not NT-3 or NT-5) mRNA increased markedly 
after denervation of adult muscle. BDNF and NT-3 may 
therefore be physiological motoneuron growth factors.

276.22
K -252a PRO M O TES SU RVIVAL O F ST RIATAL NEURONS IN 
CULTURE. M.A. Glicksman*. M. Elizabeth Forbes. J. Eric Prantner. and 
Nicola N eff Cephalon, Inc., 145 Brandywine Pkwy, W est Chester, PA 19380 

The K-252a family o f  organic molecules was originally identified as potent 
kinase inhibitors and now has been found to possess additional activities. 
These activities include potentiation o f  neurotrophin-3 activity, inhibition o f  the 
high-affinity NGF receptor, trk, phosphorylation, as well as neurotrophic 
activity in spinal cord cultures and dorsal root ganglion (DRG) cultures 
(Glicksman et al., J. Neurochem., in press; Borasio, Neurosci. Lett., 1990; 
reviewed in Knusel et al., J. Neurochem., 1992). A new neurotrophic activity 
o f  these molecules has been identified in embryonic (E l 7) rat striatal cultures. 
In these cultures K-252a, but not K-252b, promoted neuronal survival and 
neurite outgrowth in a dose-dependent manner with maximum (up to 4-fold) 
survival activity observed at 75 nM. A  single application o f  K -252a at culture 
initiation, resulted in increased survival that was sustained for 6 days, during 
which time virtually all untreated control cells degenerated and died. In 
remarkable contrast, striatal neuronal survival was not affected by treatment 
with NGF, NT-3, CNTF, IGF-I, bFGF, or CDF/LIF. The effect o f  K-252a on 
survival o f  СҺАТ-, GABA-, and/or Substance P-containing neurons is 
currently being investigated. The enhancement o f  striatal neuronal survival by 
K-252a defines, in addition to spinal cord and DRG neurons, a third population 
o f  neurons in which survival and/or differentiation is regulated by a K-252a 
responsive mechanism. The above results expand potential therapeutic 
applications for these molecules for neurodegenerative diseases as well as their 
use as reagents to elucidate common mechanisms involved in neuronal 
survival.

276.24
CNTF and Embryonic Tissue Extracts: Comparisons of Survival 
Activity On Motoneurons In Vitro E.D. Llovd*. J.E. Johnson, and R.W, 
Oppenheim . Dept . of Neurobiology and Anatomy, Bowman Gray 
School of Medicine of Wake Forest University, Winston-Salem, N.C. 
27157.

Previous studies have shown that CNTF, skeletal muscle 
extract and brain extracts can rescue motoneurons during the normal 
cell death period in vivo (Science 251: 1616-1618, Soc. Neurosci. 
18:546.17). An in vitro assay utilizing purified motoneurons was used 
to determine if the survival activity in tissue extracts was additive with 
CNTF and if these activities acted either indirectly or directly on 
motoneurons.

Motoneurons were purified from E4.5 or E5.5 day chick spinal 
cords using the metrizamide method described by Bloch-Gallego et al. 
(Development 111: 221-232). Motoneuron survival was assayed by 
counting the number of cells at plating and after 3-7 days in culture. We 
have found that while almost all of the motoneurons die by 7 days 
without any exogenous factor or tissue extract supplement, human 
recombinant CNTF (10 ng/ml) enhanced motoneuron survival 
approximately eight-fold. Approximately 17-20% of cells survived after 
3 days in culture with either muscle extract (20 μg/ml) or CNTF (25 
ng/ml) alone. However survival was increased to approximately 40% 
when both CNTF and muscle extract were added together. These 
results suggest that factors from muscle extract and CNTF may be 
different since their activities are additive. Currently, we are testing 
factors partially purified from E16 chicken brain extracts in combination 
with other known neurotrophic factors to determine additive or 
synergistic effects.

276.26
EFFECTS OF BDNF ON ADULT MOTOR NEURONS O. Yan*, 
MJ. RadekeSl, S.C. Feinstem*! and C. Matheson. Neurobiology Dept., 
Amgen, Inc., Amgen Center, Thousand Oaks, CA 91328; 
^Neuroscience. Research Institute and Dept. of Biological Sciences, 
University of California, Santa Barbara, CA 93106

Motor neurons require neurotrophic factors for survival and 
maintenance of their function during development and adulthood. 
Recent evidence suggests that brain-derived neurotrophic factor 
(BDNF) is a trophic factor for motor neurons. The evidence can be 
summarized as follows: (i) developing motor neurons express trkB, 
the specific tyrosine kinase receptor for BDNF, (ii) motor neurons 
retrogradely transport BDNF, (iii) BDNF can prevent developing 
motor neurons from naturally occurring and axotomy-induced cell 
death. In this study, we have examined whether motor neurons 
remain responsive to BDNF in adulthood. Using in situ  hybridization 
and immunohistochemical techniques, we found that adult spinal and 
brain stem motor neurons express trkB mRNA and its protein. In 
addition to possessing BDNF receptors, adult motor neurons were 
shown to be capable of responding to exogenously added BDNF. 
Locally administered BDNF largely prevented the disappearance of 
choline acetyltransferase immunoreactivity in adult facial motor 
neurons seven days after facial nerve transection. Thus, our data 
indicate that adult motor neurons retain their responsiveness to 
BDNF, suggesting that BDNF may be useful as a therapeutic agent 
for adult motor neuron disease.

MJR is supported by the California Division of the ACS (grant S- 
68-91) and SCF by the NSF (grant IBN-9120836).
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276.27
DIFFERENTIAL EFFEC T S  OF NEUROTROPHINS ON 
PURKINJE CELL SURVIVAL. H.T.J. Mount*. C.F. Prevfus. &
Black. Dept. Neuroscience & Cell Biology, Robert Wood Johnson Medical 
School, UMDNJ, Piscataway, NJ 08854.

We previously reported that metabotropic excitatory amino acid (EAA) 
receptor activation triggers responsiveness of cultured Purkinje cells to the 
survival-promoting action of NGF (Mount et al. 1992 Soc Neurosci 18:803). 
In the present study, we have compared effects of NGF to those of BDNF 
and NT3, two related neurotrophins.

Dissociated cultures of embryonic day 18 rat cerebellum were grown for 6 
days in the presence of NGF, BDNF, NT3 or vehicle control. Purkinje cells 
were identified by staining with antisera to calbindin, a specific marker of this 
cell type in cerebellum. When tested alone, NT3 (25-100 ng/ml) increased 
Purkinje survival, whereas BDNF (10-100 ng/ml) significantly reduced cell 
number. As previously reported, NGF (5-100 ng/ml) had no effect when 
tested alone. However, NGF (100 ng/ml) increased Purkinje cell number 
when combined with ACPD, a metabotropic EAA receptor agonist. These 
data reveal three distinct profiles of neurotrophin action on Purkinje 
survival. Molecular mechanisms underlying the differences are currently 
being investigated.

In preliminary immunocytochemical studies with antisera to trk-C, the high 
affinity NT3 receptor, we observed staining on both astroglial and neuronal 
elements. These observations are consistent with a role for trk-C in vitro, 
and with reported trk-C mRNA expression by neonatal Purkinje cells in vivo 
(Ernfors et al. 1992 Eur J  Neurosci 4:1140). Experiments are underway to 
determine whether trk and trk-B neurotrophin receptors are expressed in 
vitro and whether effects of neurotrophins are mediated directly, or through 
actions on other cell populations. (Supp: Medical Research Council of 
Canada, the Scottish Rite Schizophrenia Research Program (NMJ, USA), 
NIH grants HD 23315 and NINDS NS 10259).

276.29
LIF AND NEUROTROPHINS SUPPORT SURVIVAL OF PARTIALLY 
0\ERLAPPING POPULATIONS OF PLACODE-DERIVED SENSORY 
NEURONS. L. A. Suhr* and D. M. Katz. Department of Neurosciences, 
Case Western Reserve University, Cleveland, OH 44106.

Recent work in our laboratory demonstrated that ral nodose 
ganglion (NG) neurons are supported by the cytokine-like growth 
factors LIF and CNTF in culture and express corresponding receptor 
mRNAs in v ivo  (Thaler et al., submitted). In chick. NG neuron survival 
is increased by treatment with the neurotrophin factors BDNF, NT-3, 
and NT-4/5 (Lindsay et al., 1985; Maisonpierre et al., 1990; Rosenthal, 
et al., 1990; Hallböök et al., 1991). To compare responsiveness to 
cytokine-like and neurotrophin growth factors, E16.5 iM NG were 
grown for 24 hours in dissociate cell culture in the presence or absence 
of LIF, BDNF, NT-3, and NT-4 (10 ng /m l each). Each of the factors 
increased survival compared to control cultures; BDNF (7- 
fold)>LIF=NT-4 (5-fold)>NT-3 (2-fold) (p<0.05). To determine whether 
LIF acted on a population of neurons distinct from those supported by 
the neurotrophins, we assayed NG neuron survival in the presence of 
LIF in combination with either BDNF, NT-3, or NT-4. Equivalent 
numbers of neurons were supported by LIF and LIF+NT-3, suggesting 
that NT-3 dependent cells can survive in the presence of LIF alone. 
However, LIF displayed partial additivity with BDNF as well as NT-4. 
These data suggest that LIF may not target all cells supported by BDNF 
and NT-4. Alternatively, simultaneous treatment with ÙF and BDNF or 
NT-4 may potentiate the effect of any single factor acting alone. 
Supported by HL-42131 (DMK).

276.31
MNEMOGENIC EFFECTS OF IN JE C TIN G  A NEUROTROPHIC 
CHONDROI T INSULPHÄTE PROTEOGLYCAN INTO THE BASAL
FOREBRAIN. R .U .  Hasenӧhrl*1 ,  U .  J u n g h a n s 2 ,___
Fr i s c h 1 , s .  N i k o l a u s 1 ,  H .W . M ü l l e r 2  an d  J . P .Huatonl. 1Inst. Physiol. Psychol., 2Dep. Neurol., 
üniv. Düsseldorf, 4000 Düsseldorf, Germany.

Neurotrophic factors may play a role in lear
ning and memory formation. Recently we have puri
fied a neurotrophic chondroitinsulphate proteogly
can (CSμg; see abstract from Junghans et al.). To 
test whether CSμg has effects on learning, rats 
were injected with the proteoglycan into the region 
of the nucleus basalis magnocellularis (NBM) and 
tested on the uphill avoidance task, which involves 
punishment of a high-probability turning response 
on a tilted platform. Immediately after the lear
ning trial, i.e. after a shock was administered 
upon performing the response, CSμg (1.3ηΜ-1.3μΜ) or 
PBS (0.5μ1) was injected into the NBM. Control 
groups included a 5 hr-delayed injection, a CSμg-no 
shock, and a sham-operated group. Rats injected 
with CSμg (2.5nM) had longer uphill latencies dur
ing retest than vehicle controls, indicative of 
superior learning of the avoidance response. The 5 
hr-delay group did not differ from the vehicle 
group. No evidence was found for reinforcing or 
aversive effects of CSμg (1.3ηΜ-1.3μΜ) in the NBM 
using a conditioned place preference task. 
Supported by DFG.

2 7 6 .2 8
NT3 STIM ULATES RAT SYMPATHETIC NEUROBLAST  
PROLIFERATION IN CULTURE BY PROM OTING SURVIVAL  
AND ENHANCES PROLIFERATION IN  VIVO . E. DiCicco-Blooro*. 
WJ. Friedman, and LB. Black. Dept. Neurosci. & Cell Biol., UMDNJ/Robert 
Wood Johnson Medical School, Piscataway, NJ, 08854.

Contrary to traditional concepts, recent evidence indicates that proliferating 
neuroblasts respond to trophic signals. Thus, "growth factors" may regulate mitotic 
populations through two distinct mechanisms: factors may directly stimulate 
mitosis, or alternatively, molecules may promote survival o f  dividing precursors.
We now report that NT3 stimulates proliferation through trophic mechanisms.

Embryonic day 15.5 neuroblasts were cultured in defined medium for 24 hrs and 
assayed for cell number or (3HJthymidine ([3H]dT) incorporation. NT3 increased 
incorporation З-fold, indicating that the factor increased apparent DNA synthesis. 
However, cell number after 24 hrs incubation with NT3 did not differ from that at 
zero time, while controls exhibited a З-fold decrease, raising the possibility that 
differential survival accounted for apparent increases in [3H1dT incorporation.

In previous studies, sympathetic mitogens, such as insulin, increased the 
proportion of neuroblasts in the mitotic cycle, detected by [3H]dT autoradiography 
(labeling index, U=mitotic/total cells), while trophic factors (NGF, FGF) yielded 
little change. NT3 elicited little change in the U  (Con=19%; NT3=15%), suggest
ing that the factor played a trophic role, increasing survival o f both mitotic and non- 
mitotic cells equally. In contrast, the mitogen, insulin, exhibited markedly different 
effects: the hormone increased the LJ 2-fold and cell number by only 50%, 
suggesting that mitogens and trophins differentially regulate dividing precursors.

Moreover, NT3 activity was specific: NGF failed to reproduce NT3 effects at 
this age, while eliciting characteristic trophic effects in · eurons from neonates. The 
stage-specific activity o f NT3 and NGF in culture paralleled the sequence o f trkC and 
trkA receptor gene expression detected in vivo. Finally, embryonic injection o f NT3 
in utero similarly increased [3H]dT incorporation, suggesting that trophins act 
sequentially in vivo to promote the survival o f individual neuronal lineages.

2 7 6 .3 0
PURIFICATION OF A NEUROTROPHIC CHONDROITINSULPHATE 
PROTEOGLYCAN: EFFECTS ON NEURONAL SURVIVAL IN VITRO 
AND MNEMONIC PROCESSING IN VIVO. U. Junqhansl, A.
K o o p s  1. A. Westmeyerl,  C. C . S tichel*1, R. U .Hasenöhr 12, J. P. Huston2 and H.W.Müller1. 1Dep.
Neurol., 2Inst. Physiol. Psychol. Univ. Düsseldorf, 
4000 Düsseldorf, Germany.

Astrocytes and meningeal fibroblasts syn
thesize and release protein factors in vitro which 
promote neurite outgrowth and support survival of 
cultured CNS neurons. Using a bioassay, we have 
purified a chondroitinsulphate proteoglycan (CSμg) 
with survival activity (nM-range) for embryonic 
(E15) rat neocortical neurons from serum-free rat 
meningeal cell conditioned medium. The purification 
procedure involves: i. Q-Sepharose chromatography,
ii. MonoQ-rechromatography in 8 M urea, iii. gel 
filtration in 4 M guanidinium chloride. Analytical 
SDS-PAGE of active gel filtration fractions revea
led a single glycoprotein with a molecular mass of 
approx. 300kD. Digestion with chondroitinase ABC 
and AC yielded a single core protein of 50kD and 
resulted in a complete loss of survival activity, 
whereas heparitinase had no effect. In addition to 
the neurotrophic effect in vitro the CSμg has a 
facilitatory effect on learning in vivo when injec
ted into rat basal forebrain (see abstract from 
Hasenöhr1 et al.). Supported by DFG.
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2 7 7 .1
ECTOPIC SUBSTANCE PA N D  CALCITONIN GENE-RELATED PEPTIDE 
IMMUNOREACTIVE FIBERS IN THE SPINAL CORD OF TRANSGENIC 
MICE OVER-EXPRESSING NERVE GROWTH FACTOR. Weiva Ma. A. 
Ribeiro-da-Silva. G. Noel. J.-P. Julien and A. Claudio Cuello*. Department o f  
Pharmacology and Therapeutics and the Centre for Research in the 
Neurosciences, McGill University, Montréal, Québec, Canada H3G 1Y6.

Primary sensory neurons o f neural crest origin are responsive to nerve 
growth factor (NGF). However, in relation to NGF-responsive primary sensory 
neurons, the in vivo effects o f  endogenous NGF over-expression in the CNS are 
not known. In the present study, immunocytochemistry o f  sensory 
neuropeptides substance P (SP) and calcitonin gene-related peptide (CGRP) was 
carried out in the spinal cord o f  transgenic mice over-expressing NGF in 
myelinating oligodendrocytes. Light microscopic observations showed that SP- 
and CGRP-immunoreactive (IR) fibers occurred ectopically throughout the 
white matter o f  the spinal cord o f transgenic mice. At the EM level, the ectopic 
SP- and CGRP-IR fibers were characterized as unmyelinated axons and axonal 
boutons. SP was found to co-localize with CGRP in some o f  these axons and 
axonal boutons. No such ectopic SP- and CGRP-IR fibers could be found in the 
white matter o f  control mice. The distributions and intensities o f  SP and CGRP 
immunoreactivities in laminae I-II o f  the dorsal horn o f transgenic mice were 
not different from controls. In addition, no transgenic vs. control differences 
in SP immunoreactivity were detected in dorsal root ganglion cells, sciatic 
nerve and lower lip skin. Our results strongly suggest that primary sensory 
neurons are responsive to NGF over-expression in the late stages o f  postnatal 
development and, possibly, in adulthood. The SP- and CGRP-IR ectopic fibers 
in transgenic mice likely represent collateral sprouts o f  primary sensory fibers, 
which were induced by the over-expression o f NGF in the white matter.

Supported by MRC (Canada) and the Canadian Network o f Centres o f  
Excellence for Neural Repair and Functional Recovery.

2 7 7 .3

NEUROPEPTIDE REGULATION BY BDNF AND NGF IN ADULT RAT 
FOREBRAIN. S,P, Croll*. S J , Wieaand. K.P. Anderson. R.M. Lindsav and
H. Nawa.1 Regeneron Pharmaceuticals, Inc.,Tarrytown, NY 10591; 1Cold 
Spring Harbor Laboratories, Cold Spring Harbor, NY 11724.

Neuropeptide levels are altered after seizure induction in the adult rat 
hippocampus. Brain-derived neurotrophic factor (BPNF) mRNA expression 
is elevated after similar induction of hippocampal seizures. Because the 
BPNF mRNA upregulation precedes the neuropeptide changes, it is 
possible that increases in BPNF trigger changes in hippocampal 
neuropeptide levels. In rat E19 cortical cultures, BPNF upregulates 
neuropeptide Y (NPY) and somatostatin. To determine if exogenously 
administered BPNF or another neurotrophin, nerve growth factor (NGF), 
would alter neuropeptide levels in adult brain, adult rats were continuously 
infused with 0.5 μg/0.5 μΙ per hour of BPNF, NGF, or saline into 
hippocampus, neocortex, or striatum for 1 2  days. Brains were removed and 
peptide levels were assessed by immuno-histochemistry and 
radioimmunoassay. mRNA levels were measured by Northern blot analysis. 
BPNF significantly upregulated NPY and somatostatin peptide and mRNA in 
the neocortex. An elevation of NPY was also detected in the contralateral 
neocortex. In the hippocampus, mRNA levels for both peptides were 
elevated after BPNF infusion, but only NPY showed dramatic peptide 
increases. The upregulation of these peptides may be regionally specific 
because although NPY and somatostatin mRNA levels were somewhat 
elevated in striatum after striatal BPNF infusion, peptide levels were not 
significantly elevated. Although NGF produced no apparent effects on NPY 
or somatostatin in neocortex and hippocampus, it appeared to upregulate 
mRNA levels for both peptides in the striatum. Effects of BPNF and NGF 
on other neuropeptides (cholecystokinin, substance P, dynorphin, 
enkephalin) are currently being examined.

2 7 7 .5
COMPARISON OF THE EFFECTS OF BDNF, NT-3 AND NT-4 ON 
DOPAMINERGIC AND GABAERGIC NEURONS OF THE VENTRAL 
MESENCEPHALON. C. HvmanV M. Juhasz. C. Jackson, and R.M. 
Lindsav. Regeneron Pharmaceuticals, lnc.,Tarrytown, NY 10591 

Cultures derived from the ventral mesencephalon of E14 rat embryos 
were compared for similarities and differences in their responses to 
members of the neurotrophin family - NGF, BDNF, NT-3 and NT-4. To 
detect potential responses to the neurotrophins, cultures were first screened 
for immediate early gene induction using immunocytochemical staining for 
c-fos. BDNF, NT-3 and NT-4 each elicited c-fo s induction, with a peak 
response accounting for 6.5% of the total cell number observed at 60 min. 
NGF was without effect. Double label immunocytochemical staining 
demonstrated that many of the dopaminergic neurons (cells immunopositive 
for tyrosine hydoxylase - TH) were c-fos positive 2Һ after BDNF stimulation. 
Consistent with the c-fos induction by BDNF, NT-4 and NT-3, but not NGF, 
Northern analysis revealed that these cultures contained transcripts for full 
length TrkB and TrkC, but not TrkA - the high affinity receptors for BDNF 
and NT-4 , NT-3, and NGF, respectively. In comparing the effects of BDNF, 
NT-3 and NT-4 on dopaminergic neurons, all three neurotrophins increased 
the survival of TH positive neurons after 7d in vitro, with NT-4 having the 
greatest effect (7-fold). Whereas all three produced increases in dopamine 
content, NT-4, unlike BDNF or NT-3, failed to increase dopamine uptake 
activity. The EC5 0  for NT-4 effects on survival and dopamine content was 5 
to 10-fold lower than for BDNF. BDNF, ŅT-3 and NT-4 also had effects on 
GABAergic neurons, increasing the ÒABA-uptake activity and GABA 
content of the cultures. In contrast to BDNF, NT-4 produced no increase in 
glutamic acid decarboxlyase activity. Taken together these results indicate 
overlapping yet distinct actions of the neurotrophins towards developing 
dopaminergic and GABAergic neurons of the s. nigra, actions consistent with 
Trk receptor localization.

2 7 7 .2
DISTRIBUTION OF EXOGENOUS BDNF AND NGF DELIVERED 
INTO THE BRAIN. K.P. Anderson*. R.F. Alderson. C.A. Altar. P.S. 
DiStefano. T.L. Corcoran. R.M. Lindsav. and S.J. Wiegand. Regeneron 
Pharmaceuticals, Inc, Tarrytown, NY 10591.

We have compared the distribution of exogenous BDNF and NGF 
following direct injection into the brain or into the ventricular CSF. Rats 
received injections ol radioiodinated (1 μg) or unlabeled (12 μg) BDNF or 
NGF into the lateral ventricle and were sacrificed 1.5-2 hours later. Other 
rats received continuous infusions of unlabeled BDNF or NGF (0.5 μg/hr) 
into the lateral ventricle or the striatum for 3-12 days. Distribution of the 
neurotrophins was assessed by autoradiography or immunohisto- 
chemistry. After acute intraventricular (ICV) delivery, NGF was widely 
distributed within tissues bordering all parts of the ventricular system and 
also was present within tissues at the external surface of the brain. By 
contrast, BDNF-associated label was most prominent over the ventricular 
ependyma. BDNF penetration into the underlying brain tissue was 
distinctly more limited than that seen for NGF (-0.3 mm for BDNF vs. 1.2 
mm for NGF, near the injection site). The distribution of BDNF after 3-12 
days of continuous ICV infusion (0.5 μg/hr) was similar to that observed 2 
hours after an acute injection. A 6 -fold increase in the amount of BDNF 
infused ICV (3.0 μg/hr) approximately doubled the distance of diffusion 
into the brain. The diffusion of BDNF also was more limited than that of 
NGF after infusions into the striatum. These results may be due to the 
greater abundance and wider neuronal distribution of specific high-affinity 
receptors for BDNF (TrkB) than NGF (TrkA), as well as the presence of 
truncated TrkB receptors on the ependyma and astroglia.

2 7 7 .4

PLASTICITY OF AXOTOMY PROVOKED INJURY REACTIONS IN 
ADULT MOTOR NEURONS: EFFEC T S  OF BRAIN DERIVED
NEUROTROPHIC FACTOR. B. Friedman. D. Kleinf8ld<. V.M.K. Verged
N. Y. Ip. R.M. Lindsav and L.M. Liu*. Regeneron Pharmaceuticals, Inc., 
Tarrytown, NY 10591; 1AT&T Bell Labs, Murray Hill, NJ; 2University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada.

Exogenously supplied BDNF rescues axotomized neonatal spinal motor 
neurons from cell death (Yan et al., 1993; Nature 360:753). The present 
study addresses whether BDNF influences the response of adult spinal 
motor neurons to axotomy produced by unilateral sciatic nerve transetion. 
The cut end of the sciatic nerve was anastomosed to an osmotic mini pump 
(Alzet, 2001) that was filled either with vehicle or with recombinant BDNF. 
After survival times of one week, the rats were sacrificed and spinal cord 
sections were processed for anti-choline acetyltransferase (СҺАТ) 
immunoreactivity (Chemicon). Motor neuron axotomy was verified by p75 
immunoreactivity. The staining was quantified by measuring the average 
optical density of lesioned and unlesioned motor neurons in treated and 
untreated animals and the data expressed as a staining ratio 
(intact/lesioned side). Vehicle treated animals showed pronounced 
reduction in СҺАТ staining (staining ratio « 2.1 ± 0.2 S.E.M.; n=4 rats); 
BDNF, however, reduced the loss of СҺАТ staining (staining ratio = 1.3 ±
O. 3; n=5 rats). These data indicate that BDNF influences the response of 
adult motor neurons to injury.

2 7 7 .6
EFFEC T S  OF BDNF AND NT-3 IN A SELEC T IV E STRIATAL 
DOPAMINE LESION PRODUCED BY CHRONIC INFUSION OF 
6-OHDA. B.E. Jones*. C.B. Bovlan. M. Fritsche. M. Juhasz. C. Jackson. 
S .J. Wiegand. C. Hyman. R.M. Lindsav and C.A. Altar. Regeneron 
Pharmaceuticals, Inc., Tarrytown, NY. 10591.

Traditional models of Parkinson’s Disease (PD) involve acute lesions to 
the dopamine (DA) system and closely mimic end-stage pathology. In 
contrast, we are developing a model in which the lesion to the DA system is 
protracted. Male Sprague-Dawley rats (250-300g) were implanted with 
cannulae attached to Alzet pumps that delivered 6 -ÓHDA or vehicle (0.4% 
ascorbate) to the right striatum. A dopaminergic neuroblastoma (SH-SY5Y) 
cell line was used to test stability of 6 -OHDA and full toxicity was retained up 
to 10 days at 37DC. Chronic 14 day infusion of 6 -OHDA (0.05, 0.2, 0.5 
μg/hr) reduced striatal DA and DOPAC levels and increased amphetamine- 
induced ipsiversive rotations in a dose-dependent fashion. Likewise, high 
affinity DA uptake was reduced but the uptake of choline, GABA or 
glutamate was not reduced. Ipsiversive rotations measured at 1.5, 4 and 7 
days of 6 -OHDA infusion (0.2 μg/hr) increased as a function of time. BDNF 
or NT-3 infusions (12 μg/day) above the substantia nigra, beginning 6  days 
prior to and continuing 7 days during the 6 -OHDA infusion (0.2 μg/hr) 
altered amphetamine-induced rotational bias such that contraversive rather 
than ipsiversive rotations predominated. Furthermore, apomorphine- 
induced rotations in these animals were predominantly contraversive and 
were not related to changes in D1 or D2 receptor binding. Neither BDNF nor 
NT-3 attenuated the 6 -OHDA induced decrease in striatal DA levels, 
however, BDNF increased the metabolites DOPAC and HVA.
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277.7
MODIFICATION OF STRIA TA L N EU R O PEPTID E EXPR ESSIO N  
BY CHRONIC BDNF-ADMINISTRATION IN 6-OHDA-LESIONED  
RATS. H. Sauer, K. Campbell. S.J. Wieaand. R.M. Lindsav* and A. 
Björklund. Dept of Medical Cell Research, University of Lund, Lund, 
Sweden and ‘ Regeneron Pharmaceuticals, Inc., Tarrytown, NY 
10591.

Brain-derived neurotrophic factor (BDNF) has been shown to 
cause contralateral amphetamine-induced rotational behavior in 
intact rats and enhance the functional effects of intrastriatal 
dopamine cell-rich grafts when administered intranigrally or 
intrastriatally, respectively. In order to further elucidate the 
underlying mechanisms, we injected BDNF or saline daily into the 
dopamine-depleted striatum of unilaterally 6-hydroxydopamine- 
lesioned or unlesioned rats for 8 days at a dose of 2 μg/day. After 1 
week, a test for rotational asymmetry using the selective D1 
dopamine receptor agonist SKF 38393 was conducted. Animals 
were sacrificed 24 hours later, and 7 hours after the last BDNF- 
injection. SKF 38393-treatment caused vigorous contralateral 
rotation in BDNF-treated 6-OHDA-lesioned animals, but not in BDNF- 
treated unlesioned animals or leisoned animals with intrastriatal 
saline injections. Preliminary data from brains processed for in situ- 
hybridization suggest that repeated intrastriatal injections of BDNF 
attenuate the down-regulation of preprotachykinin mRNA and may 
also affect the up-regulation of proenkephalin mRNA normally 
observed after 6-hydroxydopamine lesions. We tentatively conclude 
that BDNF can exert functional effects on striatal neurons in the 
absence of dopaminergic innervation.

277.9
NEUROTROPHIC FACTORS INFLUENCE CHRONIC MORPHINE 
ACTION IN THE MESOLIMBIC DOPAMINE SYSTEM. D. Beitner- 
Johnson«*. M.T. Berhow. D.W. Self, S.J, Wiegand1. R.M. Lindsav1. 
and E.J. Nestler. Laboratory of Molecular Psychiatry, Yale Univ. Sch. of 
Med., New Haven, CT; ^Regeneron Pharmaceuticals, Tarrytown, NY 
(^Present address: Diabetes Branch, NIDDK, NIH, Bethesda, MD).

Chronic morphine treatment has been shown to increase levels of 
tyrosine hydroxylase (TH) and glial fibrillary acidic protein (GFAP), and 
decrease levels of neurofilament proteins (NFs), in the ventral tegmental 
area (VTA) of adult rat brain. We are now studying the possible role of 
various neurotrophic factors in attenuating or mimicking morphine action.

BDNF, NT-3, CNTF, IGF-I (1.5-12.5 μg/day) or vehicle was infused 
for 10 days via osmotic minipump into the VTA. In some experiments, 
rats were also implanted with subcutaneous morphine or placebo pellets 
on days 5-10. On day 11, levels of TH, GFAP, and NFs were 
determined in the VTA by immunoblotting. Chronic infusion of BDNF 
alone exerted effects opposing those of morphine on TH and GFAP, 
whereas IGF-I and CNTF exerted effects similar to those of morphine on 
TH and GFAP in the VTA. In contrast, NT-3 increased TH but decreased 
GFAP levels. BDNF infusion was found to attenuate the ability of 
chronic morphine to regulate these proteins in the VTA and to up-regulate 
adenylate cyclase and cAMP-dependent protein kinase activities in the 
nucleus accumbens, a major projection area of the VTA.

We are currently studying neurotrophic factor regulation of heroin self
administration, and chronic morphine regulation of neurotrophic factor 
expression, and that of their receptors, in the VTA. These studies 
promise to reveal previously unknown mechanisms involved in chronic 
morphine action on the mesolimbic dopamine system.

2 7 7 .11

CILIA R Y  N E U R O T R O P H IC , F A C T O R  (C N T F ) D O E S  N O T  M E D IA T E  T H E  
IN T E R L E U K IN -1  IN D U C T IO N  O F  SU B S T A N C E  P  I N  S Y M P A T H E T IC  
G A N G L IA . M . D in g . R .P . H a r t .  A .M . S h a d ia c k , a n d  G .M . T onakait* . D e p t. 
B io l.S d ., R u tg e rs  U n iv ., N e w a rk ,  N .J . 07102

W e  h a v e  s h o w n  th a t  in te r le u k in -1  (IL-1) in d u c e s  s u b s ta n c e  P  (SP) a n d  
p re p r o ta c h y k in in  (P P T ) m R N A  in  c u l tu r e d  n e o n a ta l  r a t  s u p e r io r  c e rv ic a l 
( sy m p a th e tic )  g a n g lia  (SC G ). O n e  m o le c u le  t h a t  m e d ia te s  th e  IL-1 in d u c t io n  
o f SP  is  le u k e m ia  in h ib i to r y  fa c to r  (LIF ; S h a d ia c k  et a l ,  1993). I n  th e  p r e s e n t  
s tu d y , w e  e x a m in e  th e  p o s s ib i l i ty  t h a t  c il ia ry  n e u ro t r o p h ic  f a c to r  (C N T F ), 
a lso  k n o w n  to  r a is e  SP  in  c u l tu r e d  S C G , m a y  a lso  m e d ia te  th is  a c tio n .

W e  c o lle c te d  m e d iu m  f ro m  I L - l - t r e a te d  g a n g lia  (IL 1-C M ). T h is  m e d iu m  
c o n ta in s  L IF  a n d  e ffe c ts  a n  in c re a se  i n  g a n g lio n ic  SP . A  n e u tr a liz in g  
a n tib o d y  a g a in s t  C N T F  (R e g e n e ro n )  fa i le d  to  b lo c k  th e  i n d u c t io n  o f  SP  b y  
IL 1-C M . C N T F  b io a c tiv ity , m e a s u r e d  o n  c h ic k  c il ia ry  g a n g lia ,  c o u ld  n o t  b e  
d e te c te d  in  IL 1-C M . N e i th e r  c o u ld  C N T F  b e  d e te c te d  b y  ra d io im m u n o a s s a y .

E v e n  th o u g h  C N T F  a n d  C N T F  r e c e p to r  m R N A  w e r e  d e te c te d  b y  
N o r th e r n  b lo t  in  n e o n a ta l  SC G , th e s e  le v e ls  w e r e  n o t  a ffe c te d  e ith e r  b y  
e x p la n ta tio n  in to  c u ltu r e  n o r  b y  IL-1 tr e a tm e n t,  in d ic a tin g  th a t  n e ith e r  C N T F  
n o r  i ts  r e c e p to r  r e s p o n d s  to  IL-1 t r e a tm e n t  b y  r e g u la t in g  m R N A . 
F u r th e r m o r e ,  th e  fa i lu re  o f  C N T F  a n t ib o d y  to  b lo c k  th e  a c tio n  o f  IL-1 
e x c lu d e s  th e  p o s s ib ili ty  th a t  a  m e m b r a n e - b o u n d  f o rm  o f  C N T F  m e d ia te s  IL-1 
a c tio n .

T a k e n  to g e th e r  th e s e  d a ta  s u g g e s t  th a t ,  w h i le  C N T F  is  p r e s e n t  a n d  
p o s s ib ly  a c tiv e  in  c u l tu r e d  S C G , i t  d o e s  n o t  p la y  a  ro le  a s  a n  in te r m e d ia te  in  
th e  IL-1 in d u c t io n  o f  SP .

S u p p o r te d  b y  O N R  #N 00014-90-J-1896.

2 7 7 .8
ANALGESIC EFFECT OF BDNF, NT-3 AND NT-4 INVOLVEMENT OF 
SEROTONIN AND OPIOID SYSTEMS. JA . Siuciak*. C.A. Altar. C. Bovlan. 
AL-Eritsche. V. Wong, P. Pearsall. S .J. Wieaand and R.M Lindsav. 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591 

The analgesic effects of nerve growth factor (NGF), brain-derived 
neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4 
(NT-4) were determined using the tail-flick test (TF) and hot-plate test. 
Neurotrophins or PBS vehicle were infused for 14 days either into the 
midbrain (near the PAG and dorsal raphe), the lateral ventricle (ICV), or 
intrathecally (IT) via an indwelling cannula attached to a subcutaneously 
implanted osmotic minipump. Midbrain infusions(12 μg/day) of BDNF, NT-3 
and NT-4, but not NGF, elevated the TF latency. In BDNF-infused animals, 
analgesia was observed as soon as 8 hours after the onset of infusion, 
reached maximum levels by infusion day 5, and remained constant from day 
5 to 11 suggesting no development of tolerance. Naloxone (2 mg/kg, i.p) 
reversed the BDNF-induced increase in the TF response while morphine 
(0.5 mg/kg, s.c.) showed an additive effect. BDNF infusion also significantly 
elevated hot-plate latency. ICV and IT administration increased TF 
latencies, but were less effective than midbrain infusions. The Trk В 
ligands, BDNF and NT-4, appeared to be equipotent, and were more 
efficacious than NT-3. HPLC-EC analysis of monoamine and amino acid 
levels in animals receiving midbrain infusions of BDNF for 14 days showed 
a selective increase in serotonergic activity in the PAG (5HT = 42%, 5HIAA 
= 78%, 5HIAA/5HT = 18%), dorsal raphe (5HT = 23%, 5HIAA = 63%, 
5HIAA/5HT = 32%), nucleus raphe magnus (5FIIAA = 68%, 5HIAA/5HT = 
37%) and lumbar spinal cord. (5HIAA = 75%, 5HIAA/5HT = 45%). Beta- 
endorphin levels in the lumbar spinal cord were elevated (26%). These 
studies are the first to demonstrate an effect of BDNF on serotonergic and 
opiatergic neurons. Furthermore, these studies demonstrate an analgesic 
effect of BDNF, NT-3 and NT-4, at both supraspinal and spinal sites, which 
appears to be mediated by serotonergic and opioid mechanisms.

2 7 7 .1 0
DEVELOPMENTAL REGULATION OF NEURONAL PHENOTYPES IN RAT 
DORSAL ROOT GANGLIA (DRG). ME Goldstein*. P Grant. SB House. DB  
Henken and H Gainer. Lab of Neurochemistry and Lab of Exp. Neuropathology, 
NINDS, NIH, Bethesda, MD 20892

Our immunocytochemical and in situ hybridization studies of adult and postnatal 
day 2 (PN2) DRG neurons in vivo have defined two populations of neurons, a 
peripheral and a NF-L-IR class (Goldstein et al., J. Neurosci. Res. 30:92,1991), each 
of which may interact with specific neurotrophic factors. We have used 
immunocytochemistry to detect the intermediate filament proteins, NF-L and 
peripherin, as markers o f the two populations, and in situ hybridization for the 
following genes: NF-L, NF-M, NF-H, peripherin, substance P (SP), calcitonin gene 
related peptide (CGRP) and alpha tubulin to study the distribution o f these genes 
within the NF-L or peripherin-IR populations. In the adult and PN2 DRG, the 
neurofilament mRNAs are expressed at high levels in the NF-L-IR population, while 
SP mRNA expression is restricted to the peripherin-IR population. CGRP mRNA is 
expressed at high levels in subpopulations of the peripherin and NF-L-IR neurons. 
Peripherin mRNA is expressed at equal levels in all neurons of the DRG, irrespective 
of peripherin immunorcactivity. In situ hybridization studies o f embryonic DRG show 
that during development, NF-L mRNA and protein are upregulated while peripherin 
protein is down-regulated in the NF-L-IR population. Peripherin mRNA remains at 
high levels in this population throughout development into the adult, despite the lack 
of peripherin immunoreactivity. We have also developed and characterized an in vitro 
system of DRG neurons to study the regulation of the genes of interest in response to 
growth factors and target tissues. DRG neurons were cultured from E15, 17, 20 and 
PN2 rats in the presence o f NGF to examine the expression o f the above genes by in 
situ hybridization. NF-L and peripherin mRNAs are expressed in every neuron of the 
E15 and E17 cultures. Between E20 and PN2, peripherin mRNA expression persists, 
while the number o f neurons expressing NF-L mRNA is drastically reduced. E15 
cultures treated with skeletal muscle extract show increased levels of NF-L mRNA. 
These results suggest that factors in addition to NGF are present in skeletal muscle 
extract and may allow the NF-L phenotype class to be expressed in vitro.

2 7 7 .1 2

CHEMICAL SYMPATHECTOMY WITH 6-HYDROXYDOPAMINE (6-HDA) 
ALTERS PEPTIDE EXPRESSION IN THE SUPERIOR CERVICAL 
GANGLION (SCG). FLHvatt-Sachs*. M. Bachoo. R. C. Schreiber, and R.E. 
Zigmond. Dept. of Neurosciences, Case Western Reserve University, School of 
Med., Cleveland, OH 44106.

The adult rat SCG contains low levels of the peptides VIP and galanin. Increased 
expression of these peptides occurs following axotomy от explant culture. Both 
axotomy and explant culture result in a mechanical disconnection of neurons from 
their targets. Lesioning sympathetic nerve terminals with 6-HDA was performed in 
order to study the effects o f removal of target factors without nerve transection. 
Chemical sympathectomy with 6-HDA resulted in a З-fold increase in VIP-IR and a 
37-fold increase in galanin-IR, significantly smaller increases than seen after 
axotomy (Hyatt-Sachs et al, J Neurosci 1993; Schreiber et al, this volume). To test 
whether 6-HDA might partially interfere with peptide induction, rat SCG were 
axotomized от sham-operated 6 days after 6-HDA and assayed for VIP- or galanin-IR 
48 hrs later. VIP- and galanin-IR increased in 6 -HDA/axotomized SCG (22-fold and 
290-fold, respectively, compared to sham), increases similar to those seen after 
axotomy alone. Some animals were perfusion fixed and the pineal glands and SCG 
were studied by fluorescence immunohistochemistry. The dramatic decrease in 
immunostaining for tyrosine hydroxylase in pineal glands indicated that sympathetic 
terminals had been destroyed. Many galanin-IR neurons and fibers were seen 
distributed throughout the SCG after 6-HDA treatment, but these appeared to be 
fewer in number than after axotomy. No cells or fibers were detected in vehicle- 
treated animals. VIP-IR was studied on alternate sections. Relatively few neurons 
or fibers were immunostained in either 6-HDA or vehicle-treated SCG. VIP and 
galanin mRNA increased after 6-HDA, but to a lesser extent than seen previously 
after axotomy. The basis for the large quantitative differences in the effects o f 
6-HDA and axotomy on neuropeptide expression could be due to a more complete 
target denervation produced by axotomy or to axotomy altering peptide expression 
by an additional mechanism than does 6-HDA.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



664 NEUROTROPHIC FACTORS: BIOLOGICAL EFFECTS IV TUESDAY PM

2 7 7 .1 3
DIFFERENTIAL EFFECTS OF CHOLINERGIC DIFFERENTIATION 
FACTOR/LEUKEMIA INHIBITORY FACTOR (CDF/LIF) AND NGF ON 
PEPTIDE EXPRESSION IN ADULT RAT SUPERIOR CERVICAL GANGLION 
(SCG).
Y. Sun*. A. M. Shadiack. S. C. Landis and R, E. Zigmond. Department of 
Neurosciences, Case Western Reserve University, Cleveland, OH 44106.

Vasoactive intestinal peptide (VIP) is upregulated in rat SCG neurons in vitro 
after explantation or in vivo after axotomy. Our previous studies in dissociated cell 
and explant cultures have shown that ganglionic non-neuronal cells contribute to the 
induction of VIP in sympathetic neurons and that this non-neuronal cell effect is 
mediated by CDF/LIF. In addition to VEP, galanin and substance P (SP) are 
increased both after explantation and after axotomy. We have determined whether 
CDF/LIF also influences the inductions o f galanin and SP. In SCG explant 
cultures, neutralizing CDF/LIF antibodies reduced the inductions o f VIP, galanin 
and SP by 60%, 40% and 99% respectively. We also measured CDF/LIF message 
and VIP, galanin, and SP peptide levels at different times after axotomy. LIF 
message was increased 6 fold after 1 day, and gradually decreased to 1.7 fold after 14 
days. All three peptides were elevated at day 1. SP levels peaked at day 2, while 
VIP and galanin peaked at day 3. Subsequently, all three peptide levels decreased: at 
day 14, SP had returned to control levels, while VIP and galanin were still above 
control levels. These results provide evidence that CDF/LIF plays an important 
role in the induction o f all 3 peptides in SCG explants and suggest that it also 
contributes to the peptide induction by axotomy in vivo. Previously, NGF 
depletion has been proposed by others to be responsible for the changes in peptide 
expression in dorsal root ganglion after sciatic nerve lesions. To examine the role 
of NGF in peptide regulation in sympathetic ganglia, adult rat SCG explants were 
treated with NGF. NGF increased SP content, had no effect on VIP and decreased 
galanin. These preliminary data suggest that loss of retrogradely transported NGF 
doesn’t contribute to the induction of VIP and SP in sympathetic neurons but that it 
may contribute to the induction of galanin after explantation and axotomy.

2 7 7 .1 5
REGULATION OF TETRAHYDROBIOPTERIN (BH4) CONTENT IN 
CULTURED SYMPATHETIC NEURONS BY LEUKEMIA INHIBITORY 
FACTOR (LIF). S. Stegenga. M. Zhu, K. Hiravama. G. Kapatos*. Cellular and 
Clinical Neurobiology Program, Dept. o f Psychiatry, Wayne State Univ. Sch. of  
Med., Detroit, MI 48201.

LIF promotes transdifferentiation in neurons o f the superior cervical ganglion 
(SCG) and induces the cholinergic (ACH) phenotype (defined by choline acetyl 
transferase (CAT) activity) while suppressing the catecholaminergic (CA) phenotype 
(defined by tyrosine hydroxylase (TH) activity). In contrast, depolarization or 
incubation with cAMP analogues increases expression o f the CA phenotype and 
decreases expression of the ACH phenotype. BH4 is the essential cofactor for TH 
and may therefore be considered a characteristic o f the CA phenotype. However, 
BH4 is also localized to tissues that do not synthesize monoamines. To investigate 
the possible regulation o f BH4 expression by LIF, 11 DIV SCG cultures derived 
from neonatal rats were treated with LIF for 7 days and then BH4 content was 
determined. LIF (lng/ml) produced a maximal decrease in BH4. Incubation o f 11 
DIV SCG cultures with 1 ng/ml LIF for 1-7 days caused a progressive decline in 
BH4 levels as well as a decline in GTP cyclohydrolase I (GTPCH) activity, the rate 
limiting enzyme in the synthesis o f BH4, with a time course similar to the decrease 
in TH activity. In agreement with previously published results, CAT activity was 
found to increase, thus validating the culture system used for the present 
experiments. Under conditions identical to those used in the LIF studies, however, 
BH4 levels were not altered significantly by incubation with cAMP analogues or 
depolarization. These studies suggest that LIF may coordinately regulate TH 
activity and BH4 content in SCG culture whereas cAMP analogues and 
depolarization have no effect on BH4 content in SCG culture. These studies also 
imply that BH4 may constitute a new phenotypic marker for the noradrenergic 
neuron. (Supported by NS26081)

2 7 7 .1 7
BDNF AND NT-3 INTERACT WITH AMPHETAMINE TO ACTIVATE 
STRIATAL DOPAMINE AND SEROTONIN METABOLISM AND  
RELATED BEHAVIORS. M.T. Martin-Iverson*. K.G. Todd and C .A  Altar. 
Neurochemical Research Unit, University o f Alberta, Edmonton, Alta. Canada 
T6G 2B7.

Rats received continuous 14-day infusions o f either brain-derived neurotrophic 
factor (BDNF), neurotrophin-3 (NT-3) or vehicle unilaterally into the substantia 
nigra. BDNF and NT-3 decreased body weights, an effect that was sustained 
over the infusion period. BDNF elevated daytime and nocturnal locomotion 
compared with infusions o f vehicle or NT-3. At 2 weeks, a systemic injection of  
amphetamine (1.5 mg/kg, s.c.) increased the frequencies and durations of 
rotations contraversive to the side o f BDNF and NT-3 infusions. Both factors 
attenuated amphetamine-induced locomotion without affecting amphetamine- 
induced stereotyped behaviours such as sniffing, head movements, and snout 
contact with cage surfaces. Only BDNF induced backwards walking and this 
response was augmented by amphetamine. BDNF, but not NT-3, increased 
dopamine turnover in the infused striatum relative to the non-infused striatum. 
Both trophic factors decreased dopamine turnover in the infused substantia nigra 
relative to the contralateral hemisphere and increased serotonin turnover in the 
striatum of both sides. Contraversive rotations were positively correlated with 
dopamine content decreases and serotonin turnover increases in the striatum 
ipsilateral to the infused substantia nigra. Backwards walking was positively 
correlated with increased dopamine and serotonin turnover in the striatum o f the 
infused hemisphere. Supranigral infusions o f BD NF and NT-3 alter circadian 
rhythms, spontaneous motor activity, body weights, and amphetamine-induced 
behaviors including locomotion and contraversive rotations. These behavioral 
effects o f the neurotrophins are consistent with a concomitant activation of 
dopamine and serotonin systems in vivo.

2 7 7 .1 4

LEUKEMIA INHIBITORY FACTOR MEDIATES AN INJURY RESPONSE 
BUT NOT A TARGET-DIRECTED DEVELOPMENTAL TRANSMITTER 
SWITCH IN SYMPATHETIC NEURONS. M. Rao». Y. Sun. J. E scary. J, 
Perreau. P. Brulet. P. Patterson. R. Zigmond. S, Landis. Dept. of Neurosci., 
Case Western Reserve Univ., Cleveland, OH, Div. of Biology, California 
Institute of Technology, Pasadena, CA and Unit of Molecular Embryology, 
Institut Pasteur, Paris, FR.

Leukemia inhibitory factor (LIF, also cholinergic differentiation factor) is a 
multifunctional cytokine that affects neurons as well as other cell types. To 
examine its neuronal functions in vivo, we are using LIF deficient (LIF-) mice. 
In culture, CDF/LIF alters the transmitter phenotype of sympathetic neurons, 
causing a switch from noradrenergic to cholinergic function and inducing the 
expression of several neuropeptides, including vasoactive intestinal peptide 
(VIP). In vivo, similar changes in transmitter properties are induced in the 
developing sweat gland innervation by differentiation factor(s) secreted by 
the target tissue. Since RT-PCR data indicate the presence of LIF mRNA in 
developing sweat glands, LIF is a candidate for mediating this developmental 
switch. The gland innervation of adult LIF- mice, however, was indistinguish
able from control: catecholamines were absent and choline acetyltransferase, 
acetylcholinesterase and VIP-immunoreactivity (-IR) were present. VIP has 
also been shown to be induced when superior cervical ganglia (SCG) of adult 
rats are explanted into culture or axotomized in situ. Previous culture and RT- 
PCR studies suggest that LIF produced by ganglionic non-neuronal cells 
contributes to this induction. We find that when SCG of adult LIF- mice are 
placed in culture or axotomized in vivo, the VIP induction is significantly 
suppressed. Similarly, the axotomy-induced upregulation of a second 
neuropeptide, galanin, is suppressed in LIF- mice. Our results indicate that 
LIF plays a role in neuropeptide changes induced in sympathetic neurons by 
axotomy but that it is not required for the target-mediated transmitter switch 
in developing sweat gland neurons.

2 7 7 .1 6
REGULATION BY NERVE GROWTH FACTOR OF GLUCOCORTICOID 
RECEPTOR EXPRESSION IN HIPPOCAMPAL CELL CULTURES.
A. Samcau*. D. O'Donnell. R. Alonso and M. J. Meanev. Developmental 
Neuroendocrinology Lab., Douglas Hosp. Res. Ctr., Dept. Psychiatry, McGill 
Univ. Montréal, PQ, H4H 1R3. Canada.

The effects of nerve growth factor (NGF) on glucocorticoid receptor (GR) ex
pression were studied in neuron-enriched dispersed hippocampal cells. Cells were 

plated at a density of 1.2 x 10^/ml in 60 mm Petri dishes. One day later, medium 
was replaced by serum-free medium supplemented at that time and 5 days later 
with 10-50 ng NGF/ml. One, twenty-four or fourty-eight hours following the se
cond addition of NGF, cells were harvested, homogeneized and centrifuged at 
105000 g for 45 min. at 2* C. The cytosolic fraction was incubated with 3H-dexa- 
methasone ±  RU 28362 to estimate GR binding. NGF decreased GR binding in a 
dose-dependent manner with a maximal effect of 30-40 %. The percentage of de
crease was constant whatever the duration o f the treatment. Western blot using 
monoclonal anti-GR antibody revealed no modification of the receptor protein le
vels suggesting that NGF was responsible for a decrease of binding without affec
ting the receptor level. In contrast, our investigations revealed that mineral ocorti- 
coid receptor was unaffected by treatment with 50 ng NGF Ani.

Since glucocorticoids have been found to inhibit several features of neuronal de
velopment (including proliferation and process outgrowth), NGF may thus contri
bute to the protection of the neurons during the initial phases of development by 
decreasing neuronal sensitivity to circulating glucocorticoids.

2 7 7 .1 8
CHARACTERISTICS OF BDNF-INDUCED WEIGHT LOSS. M. A. Pellevmounter* 
and M. J. Cullen. Amgen, Inc., Amgen Center, 1840 DeHavilland Dr., Thousand 
Oaks, CA 91320.

There is evidence that intracerebroventricular (icv) administration of BDNF can 
decrease normal weight gain over time (Lapchak & Hefti, 1992). In an attempt to 
understand the basis for the effects of BDNF on body weight, we found that icv 
infusion of BDNF in male Long-Evans rats resulted in a dose-dependent suppression of 
food intake as well as body weight when compared to NGF or cytochrome c. BDNF, 
NGF or cytochrome c were infused into the lateral ventricle using an osmotic mini
pump at doses ranging from 0.5 ug/day to 8 ug/day. Infusion continued for 14 days, at 
which time the pumps were removed. BDNF was also injected peripherally (100 
mg/kg;s.c.) in some animals. Food intake and body weight were then monitored for an 
additional 14 days. Food intake was measured by monitoring the weights of bottles 
containing a liquid diet every 24 hours. Serum insulin, glucose, BUN/creatinine and 
total protein were determined on day 7 of BDNF infusion. Some rats were sacrificed at 
this time point, and hypothalamic biogenic amines were also measured. Rats infused 
with 2, 5 or 8 ug/day BDNF showed a significant suppression of food intake that began 
24 hours after surgery and continued until Day 8-10, at which time rats began to 
increase their food intake at a rate similar to controls. Similarly, rats that received 2, 5, 
or 8 ug/day BDNF showed a significant decrease in body weight by the fifth day after 
surgery. Weight loss continued until Day 11-15, at which time rats began to gain 
weight at a rate similar to controls. The body weight of rats that had received the 2, 5 
or 8 ug doses was still significantly different from controls 14 days after the pump had 
been removed. Serum insulin, hypothalamic NE and 5-HLAA/5HT were all altered in a 
dose-dependent manner by BDNF, whereas none of the other serum variables or non- 
hypothalamic amines were changed in BDNF-treated rats. Weight loss following 
chronic,peripheral adminstration of a 10,000-fold larger dose of BDNF was not as 
severe as that observed after central infusion of BDNF. Interestingly, intrahypothalamic 
infusion of BDNF in a separate group of rats resulted in a similar weight loss and 
appetite suppression as that observed after icv infusion. These data suggest that BDNF 
may affect body weight by a centrally-mediated appetite suppression mechanism.
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277.19
OPIOID A N T A G O N IS T S  B L O C K  N G F  IN D U C E D  T H E R M A L  
H Y P ER A L G ES IA . S . C . Apfel*. M. E . N ew ell and J . A. K e ss le r . 
Albert Einstein C o lleg e  of M edicine, Bronx, N ew  Y o rk  10461 

Administration of nerve growth factor (N G F) to rodents results 
in a rapid onset of therm al and m echan ica l h yp eralgesia . Prior 
studies have a lso  dem onstrated that adm inistration of N G F  
stimulates leve ls of dynorphin in peripheral se n so ry  n erves  
where it m ay act paradoxically a s  an  excitatory opiate. W e  
have tested the hyp othesis that N G F  induced stim ulation of 
excitatory opioids might be respon sib le  for the rapid on set of 
thermal hyp eralgesia . Adm inistration of rh N G F  (5 mg/kg) 
intraperitoneally to m ice and rats resulted in a  significant 
reduction (p < 0 .0 5  by A N O V A ) in tailflick thresho ld s suggesting  
hypersensitivity to therm al stim ulation. Adm inistration of the 
nonspecific opiate an tagon ists N aloxone and Naltrexone singly  
(p < 0.01 by A N O V A ) or in com bination (p < 0.01 by A N O V A )  
prevented the reduction in tailflick threshold . T o  determ ine  
whether the effect w a s  m ediated v ia  the к  opiate receptor 
subtype, w e adm inistered the se lective  к  b locker Nor- 
Binaltorphimine (0.1 mg/gm) and even  at low d o s e s  of the 
blocker prevented N G F  induced h yp era lg esia  (p < 0 .05  
ANOVA). T h e s e  data  su g g est that N G F  induced re le a se  of 
dynorphin m ay m ediate therm al hyp eralgesia .

277.21
MONITORING NEUROTROPHIN-3-LIKE BIOACTIVITY BY BRAIN  
MICRODIALYSIS: REGIONAL DIFFERENCES A N D  EFFECTS OF THE 
DIALYSIS PROBE AND DRUGS. C  HumpeL E. Lindqvist. F. H alböök^. T. 
EbendaH and L. O lso n . Dept. of H istology and N eurobiology, Karolinska 
Institute, Stockholm, and §Dept. of Dev. Biology, Uppsala Univ., Biomedical 
Center, Uppsala, Sweden.

Intracranial microdialysis was used to monitor the possible release of tro
phic factors and the perfusates were tested in a bioassay with different gang
lia (sympathetic, spinal, nodose, ciliary, Remak's). The efficiency o f a high 
molecular weight cut-off dialysis probe-bioassay system  w as tested in vitro: 
A positive bioassay response could be detected when the probe was immersed 
in 3 ng N G F/m l at a flow rate of 0.5 μ ΐ/m in . W hen different neurotrophins 
were added to the five ganglia, NT-3 w as strikingly the m ost potent factor in
ducing nerve fiber outgrowth from Remak's ganglion. In vivo, with the probe 
in hippocampus, activity in the dialysate stimulated Remak's ganglion selec
tively, thus resembling the presence o f low  am ounts of NT-3. Trophic activity 
was significantly above spontanous outgrowth (0.19±0.05 scoring units, n=48) 
in Remak's ganglia 2-4 hr (0.6010.22, n=14, p<0.05) after im planting the mi
crodialysis probe into hippocam pus. Injection of the convulsive glutam ate 
agonist kainic acid significantly increased the trophic activity recovered in 
hippocampal perfusates as shown by an increased nerve fiber outgrowth from  
Remak's ganglia in both the first (1.210.3, n=8, p<0.005) and the second  
(1.5+0.7, n=5, p<0.005) two-hr periods follow ing drug treatment. Injection of 
the GABAa  antagonist pentylenetetrazol did not elicit similar changes. N o  
effects of implantation of the probe or of kainic acid on in vivo  trophic activ
ity was found when the probe was inserted into striatum (F-ANOVA=0.58, 
p=0.7). We conclude that neurotrophin-3 or another not yet identified trophic 
factor is extracellularly increased follow ing both the probe-induced trauma 
and excitatory stimuli.

2 7 7 .2 0

EFFECTS OF BRAIN-DERIVED NEUROTROPHIC FACTOR ON 
PREPULSE INHIBITION OF STARTLE D L . Martinez, V. Lehmann- 
Masten*, C.A. Altara, and M.A. Gey«·. Dept. of Psychiatry, University of Cal
ifornia San Diego, La Jolla, CA 92093 and aRegeneron Pharmaceuticals Inc., 
Tarrytown, NY 10591.

Brain-Derived Neurotrophic Factor (BDNF), a member o f the family of 
neurotrophic factors (NTFs), influences die cholinergic neurons of the basal 
forebrain in vivo. Chronic infusions of BDNF above the substantia nigra also 
augment behavioral and neurochemical responses to d-Amphetamine given SC. 
The startle prepulse inhibition (PPI) model was employed in this experiment to 
further characterize BDNF’s effects on dopamine neurons of the substantia 
nigra. PPI is the normal suppression o f the startle reflex when the intense star
tling stimulus is preceded by a weaker pre-stimulus. According to this model 
of PPI, rats will become deficient in PPI if dopamine function o f the mesolim- 
bic or nigrostriatal systems is augmented. It was predicted that BDNF would 
attenuate the extent of PPI and/or potentiate the inhibition o f PPI obtained with 
d-Amphetamine. Adult male Sprague-Dawley rats (225-250g; Harlan) received 
bilateral infusions of vehicle or BDNF (1 mg/ml) into the medial substantia 
nigra via Alzet pumps (Model 2002; Alza Corp.; flow rate 12 μΐ/day). Each rat 
was tested after 4, 6, 8, 10, 12, and 14 days o f infusion. Each test session 
assessed the ability of 4, 8, and 16 dB (above 70 dB background) prepulses to 
inhibit startle elicited by 120 dB noise bursts. On day 14, a second test session 
included a preinjection of d-Amphetamine (0.75mg/kg free base; SC). No 
significant interactions were observed across days with respect to PPI. On day 
14, the amphetamine pretreatment significantly disrupted PPI in BDNF-treated 
rats, but not in vehicle-treated rats. These findings suggest that, while suprani- 
gral BDNF does not appear to significantly attenuate PPI, it does significantly 
potentiate the inhibition of PPI obtained with d-Amphetamine.

2 7 7 .22

TRANSFORMING GROWTH FACTOR-ßl AFFECTS THE EXPRESSION 
OF CYTOSKELETAL PROTEIN mRNA IN YOUNG ADULT MALE RATS.
K. K. Krohn, N. T. Laping and C. E. Finch*. Andrus G erontology Center, 
Department of Biological Sciences, University of Southern California, Los 
Angeles, CA 90089-0191

It has been recently established that TGF-ßl, a m em ber of a group of 
hom ologous cytokines, is present in the developing and adult brain. Recent 
evidence from studies in our laboratory and elsewhere indicates that TGF- 
ßl is elevated in the post-lesion brain, and that it is localized in neuritic 
plaques in Alzheim er and D ow n pathologies. H ow ever, the functional 
significance of TGF-ßl in the brain remains to be elucidated. Because it has 
been shown that TGF-ßl modulates the differentiation o f nonneuronal cells 
and astrocytes in vitro, w e addressed this question by stu d yin g the 
expression of a cytoskeletal protein m RNA after TGF-ßl infusion. Young 
m ale Fisher 344 rats were infused into the lateral ventricle w ith 2μΙ, 
vehicle or vehicle containing 1 to 500 ng TGF-ßl. The mRNA level of 
vim entin, a cytoskeletal protein found in interm ediate filam ents, w as  
determ ined in rat brain 24 hours after the in fu sion  by RNA blot 
hybridization analysis. The level of vimentin m RNA was increased up to
З-fold in hippocam pus of TGF-ßl infused rats 24 hours after infusion in a 
dose-dependent manner.

Together with the increase of tubulin-al and GFAP m RNAs after TGF- 
ßl infusion in vivo (Laping et al., 1991 N.S. abstract), these results  
indicate that TGF-ßl functions as a m odulator o f cytoskeletal protein 
mRNAs and might play a role in changing neuron and glial m orphology  
after brain lesion. (Supported by AG-07909 to CEF, AG-05528 NRSA 
fe llo w sh ip  to NJL and a grant by D eu tsch er  A k ad em isch er  
Austauschdienst to ΚΚ)
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278.1
DEVELOPMENT OF SEROTONERGIC NEURONS IN CONDITIONED MEDIA 
PRODUCED BY ETHANOL-TREATED ASTROGLIA. J .-A. Kim* and M. 
Druse-Manteuffel. The Neuroscience Program, Loyola U. 
Medical School, Maywood, IL 60153.

Previous work in this laboratory has demonstrated that 
in utero ethanol exposure adversely affects the develop
ment of the serotonergic system in rats. Delayed develop
ment of the serotonergic system can be detected as early 
as gestational day 15 (Druse et al., 1991).

In an attempt to elucidate the cause of the ethanol- 
associated abnormal development of fetal serotonergic 
neurons, we investigated the effects of ethanol exposure 
on astroglial production of essential neurotrophic factors. 
These studies were performed by culturing fetal cortical 
astroglia in 100 mM ethanol. Conditioned media (CM) 
produced by these astroglia was then use to culture normal 
fetal rhombencephalic neurons. The effect of ethanol on 
the presence of essential neurotrophic factors in astro
glial CM was assessed by examining serotonin (5-HT) uptake, 
5-HT immunopositive neurons, cell survival, and protein 
and DNA content.

This research was supported by a grant from Loyola 
University Neuroscience and Aging Institute and the 
USPHS AA03490.

2 7 8 .2

EFFECTS OF CILIARY NEUROTROPHIC FACTOR, LEUKEMIA 
INHIBITORY FACTOR AND INTERLEUKIN-6 ON EXPRESSION OF 
NEUROTRANSMITTERS AND NEUROPEPTIDES IN CULTURED 
SYMPATHETIC NEURONS. Y. J. Oh*. M. Moffat and K, L, O'Malley. 
Department of Anatomy/Neurobiology, Washington University School of Medicine, 
St. Louis, MO 63110, USA.

Recent studies have suggested that ciliary neurotrophic factor (CNTF), leukemia 
inhibitory factor (L1F) and interleukin (lL)-6 share signalling pathways involving 
the transducing receptor component, gp 130. In order to examine how these factors 
differentially regulate the expression level of various neurotransmitters and 
neuropeptides in sympathetic neurons, primary cultures derived from rat superior 
cervical ganglions (SCG) of embryonic day 20 were incubated in the absence or 
presence of 0.3-100 ng/ml of each factor for 1-12 days. Reverse transcription- 
polymerase chain reaction techniques were used to determine mRNAs for tyrosine 
hydroxylase (TH), choline acethyltransferase (СҺАТ), somatostatin and substance 
K/P. In this study, we found that i) the level of СҺАТ mRNA was upregulated by 
all three factors although the magnitude of upregulation varied greatly; ii) in 
contrast, immunocytochemical detection of СҺАТ was only observed in cultures 
treated with CNTF or LIF; iii) the level of TH mRNA was downregulated by either 
CNTF or LIF but not by IL-6; and iv) the level of somatostatin and substance K/P 
mRNA was increased only by CNTF or LIF. In order to examine whether these 
effects were mediated by enhancing survival of the specific neuronal populations, 
cells from 5-10 randomly selected fields were counted after treatment with each 
factor for 7-12 days. None of these factors affected the survival of SCG neurons. 
Therefore, despite the commonality of the gp 130 component, CNTF, LIF and IL-6 
utilize distinct signalling pathways to mediate their effects.
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2 7 8 .3

MORPHINE AND NT-3 REGULATION OF CULTURED LOCUS 
COERULEUS NEURONS. L. Sklair-Tavron* and E. J. Nestler. Lab. of 
Molecular Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 06508. 
Opiates induce electrophysiological and biochemical changes in the locus 

coeruleus (LC) via modulation of the cAMP system (see Nestler, J. Neurose. 
(1992)12:2349-2450). Stimuli that elevate cAMP levels have been shown to 
promote the survival of LC neurons in vitro (Sklair and Segal, Brain Res., In 
press). These data suggest that opiates could affect the development of LC 
neurons. The aim of this study is to examine the effects of opiates on the 
development of LC neurons in vitro. Primary cultures of dissociated LC 
neurons of 14 day old fetal rats were grown in serum complemented medium. 
Application of morphine (lfr5 M) to LC cultures 1 or 4 days after plating 
caused a significant, up to 30%, reduction in norepinephrine (NE) uptake. 
Quantitation of noradrenergic, tyrosine hydroxylase (TH) immunoreactive 
(TH+) neurons revealed that morphine application 1 day alter plating caused 
a 35% decrease in the number of TH+ cells, whereas addition of morphine 4 
days after plating did not change TH+ cell number. Application of NT-3 (100 
ng/ml) (provided by Regeneron) to LC cultures in serum containing medium 
elevated NE uptake and the number of ΤΉ+ neurons by up to 50% and 35%, 
respectively. Morphine addition to NT-3 pretreated LC cultures caused 
significant decreases in NE uptake and TH+ cell number compared to cultures 
treated with NT-3 alone. These results suggest that opiates decrease the 
survival and influence the phenotypic state of central noradrenergic neurons. 
We hypothesize that morphine exerts these effects by modulating the cAMP 
cascade.

2 7 8 .5

BRAIN-DERIVED NEUROTROPHIC FACTOR REGULATES 
GABAERGIC PHENOTYPE OF RAT STRIATAL NEURONS. 
K .M izunom . J. Carnahan(21 and H. Nawa*(1). (1)Beckm an 
Neuroscience Center, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York, NY 11724, (2) Amgen Center, Thousand Oaks, CA 
91320

Neurotransmitter expression is regulated by various cellular signals 
during developm ent. We have exam ined the influence of 
neurotrophins on GABAergic properties in the striatum in vivo and in 
vitro. Brain-derived neurotrophic factor (BDNF) elevated cellular GABA 
content З-fold in cultured striatal neurons from embryonic rats (E18- 
19). Moreover, similar upregulation of GABA expression was found in 
the s tria tu m  of new born ra ts  tha t rece ive d  BDNF 
intracerebroventricularly. In culture, the observed change in GABA 
content resulted from increases-of both GABA synthesis and its 
uptake. Isoforms of glutamic acid decarboxylase (GAD65 and GAD67) 
are known to synthesize GABA after activation with a cofactor, pyridoxal 
5'-phosphate (PLP). BDNF elevated PLP-independent GAD activity by 
10-fold, PLP-dependent GAD activity by 2-fold, as well as GABA 
uptake activity (3.5-fold increase in Vmax and 2.7-fold increase in Km 
values). Similar regulation of GADs was also seen at the mRNA level. 
Immunostaining with anti-GAD antiserum has shown that the addition of 
BDNF to striatal cultures induced new GABAergic population: GAD- 
immunoreactive cells were 3 ±  0.5% of control cultures and 22±2.1% 
of the BDNF-containing cultures. The induced GABAergic neurons 
had large round somata, while those in control culture had smaller ovoid 
somata. These observations suggest that BDNF may regulate 
GABAergic differentiation of striatal neurons.

2 7 8 .7

EFFECTS OF NT-4, BDNF, OR NGF ON THE SURVIVAL 
AND PHENOTYPIC DIFFERENTIATION OF SEPTA L 
CHOLINERGIC NEURONS IN LONG-TERM CULTURES.
R.F.AIderson*. A. Alterman. D. Morissev and R.M.Lindsav. Regeneron 
Pharmaceuticals Inc., Tarrytown, NY 10591.

The survival and phenotypic differentiation of medial septal 
cholinergic neurons, in short term cultures, is enhanced by brain- 
derived neurotrophic factor (BDNF) or nerve growth factor (NGF) 
treatm ent. The effects of long-term  treatm ent w ith BDNF, 
neurotrophin-4 (NT-4), and NGF have now been examined in a 
modified dissociated cell culture paradigm. Following 2 weeks of 
treatment, the level of choline acetyltransferase (СҺАТ) activity was 
maximally increased by approximately 2 or 4-fold by BDNF or NGF 
treatment, respectively. Similar relative increases with BDNF and NGF 
were noted after 4 weeks in culture. Although NT-4 treatment for 2 
weeks was equivalent to that observed with BDNF, СҺАТ activity in NT- 
4 treated cultures at 4 weeks was only 50% that found with BDNF. In 
the absence of exogenously added neurotrophins, a time dependent 
loss of СҺАТ neurons was apparent, becoming more pronounced after 
2 to 3 weeks. The removal of exogenous neurotrophins, following 2 
weeks of treatment, resulted in a loss of СҺАТ activity but not a loss of 
cholinergic neurons. However, under the same conditions after the 
withdrawal of neurotrophins following 2 weeks of treatment, a loss of 
СҺАТ neurons was apparent in the presence of neutralizing 
antibodies to BDNF or NGF. Therefore initial neurotrophin treatment 
appears to induce the synthesis of endogenous BDNF and NGF which 
sustain neuronal survival but not phenotypic differentiation.

2 7 8 .4

EFFECT OF NERVE GROWTH FACTOR ON THE HIGH-AFFINITY 
CHOLINE TRANSPORTER IN RAT BASAL FOREBRAIN CULTURES. 
J.L. PONGRAC AND R.J, RYLETT*. Departments of Physiology and 
Pharmacology and Toxicology, Univ. of Western Ontario, Ontario, Canada 
N6A 5C1.

Nerve growth factor (NGF) administration in vivo appears to enhance 
expression of cholinergic neuronal phenotype in central nervous system by 
increasing activity of choline acetyltransferase (СҺАТ), choline uptake and 
acetylcholine (АСҺ) synthesis and release (Rylett, Goddard, Schmidt and 
Williams, 1993, J. Neurosci., in press). NGF has also been shown to increase 
levels of mRNA for СҺАТ in neuronal cultures (Hefti, 1992, Neurosci. Lett., 
140: 185-188.). The purpose of the present study was to determine effects of 
NGF on the sodium-coupled, high-affinity choline transporter in cultured 
cholinergic neurons as provision of choline by this transport system appears 
to be the rate-limiting step for АСҺ synthesis. Neuronal cultures of rat medial 
septum and basal forebrain (El7) were grown in serum-free medium for 6 
days in presence or absence of NGF (100 ng/ml); hemicholinium-sensitive 
choline transport was assessed by the amount of 3H-choline taken up over 5 
min and СҺАТ specific activity was measured radioenzymatically (Fonnum, 
1969, Biochem. J. 115: 465-472.). High-afflnity choline transport in cultures 
grown in the presence of NGF for up to 6 days (3.85 pmol/mg protein/min, 
NGF)did not differ from control (3.40 pmol/mg protein/min, control). In 
contrast, the СҺАТ activity in cultures treated with NGF, however, was 
elevated 3 fold above that of basal levels (20.44 nmol/h/mg protein, NGF;
6.24 nmol/h/mg protein, control). It appears that NGF does not affect 
expression of these two cholinergic functions in a concerted manner over the 
culture period monitored. (Supported by MRC, Canada)

2 7 8 .6

BRAIN DERIVED NEURO TRO PHIC FACTO R PROMOTES 
SU RV IVA L AND BIO CHEM ICAL AND MORPHOLOGICAL 
DIFFERENTIATION OF STRIATAL GABA NEURONS IN  V ITRO .
R. Ventimiglia*. P. Mather and R.M. Lindsay. Regeneron 
Pharmaceuticals, Inc., Tarrytown, NY 10591.

Dissociated cultures prepared from E17 rat striatum were 
maintained in serum free medium either as untreated controls or 
receiving BDNF (50 ng/ml) every 2 to 3 days. Trophic actions of 
BDNF on striatal GABA neurons were assessed on day 8 in vitro. In 
3H-GABA uptake assays, cultures maintained in BDNF for 8 days 
showed a 3 to 5 fold increase in GABA uptake activity compared to 
control cultures. Immunocytochemical staining for neuron-specific 
enolase demonstrated the presence of approximately 40% more 
NSE-positive cells in BDNF-treated cultures compared to controls. 
Staining with GABA antibodies revealed that BDNF treatment 
produced an 80% increase in the number of GABA-immunoreactive 
neurons. The most striking feature of the action of BDNF was that 
GABA-positive neurons possessed much more elaborate dendritic 
arborization and larger cell bodies compared to GABA- 
immunoreactive neurons in the control cultures. Morphometric 
quantitation of this effect confirmed that BDNF treatment produced 
an approximately 2-fold increase in cell body area, З-fold increase in 
the number of neurite branch points, and greater than 2-fold increase 
in the total area of arborization relative to controls. Our data indicate 
that BDNF exerts trophic actions on a class of striatal neurons that 
degenerates in Huntington's disease. Experiments to further 
characterize the effects of BDNF and other neurotrophic factors on 
striatal neurons are in progress.

2 7 8 .8

NGF-INDUCED NEURITE OUTGROWTH AND INDUCTION OF CHOLINE 
ACETYL TRANSFERASE IS MEDIATED BY SEPARATE PATHWAYS. 
EVIDENCE FROM STUDIES OF THE PROTEIN KINASE INHIBITOR H7 IN PC 12 
CELLS. CJtertel. Kflhle, L-Kuwaftora, M. MongolcL^-KühleH. 
Pharm a Division, Preclinical Research . F. Hoffm ann-LaRoche AG, 
4002 Basel, Switzerland

We have investigated, in PC 12 cells, the effects of the protein kinase 
inhibitor H-7 on early and de layed responses to nerve growth factor 
(NGF). H-7 d e cre ase d  the NGF-induced expression of c-Fos in a  
dose-dependent manner. The inhibition w as 30-50% at the highest 
subtoxic concentration (30μΜ) and did not affect the time course of 
c-Fos ap p earan ce . Conversely, H-7 potentiated neurite outgrowth, 
as well as induction of choline acetyltransferase (СҺАТ) and protein 
kinase C  (PKC) activities after four days exposure to NGF. This 
treatm ent resulted also in the a p p e a ra n c e  of two tyrosine- 
phosphorylated proteins bands at 45 an d  39 kD a, w hich was 
potentiated by H-7. In the ab sen ce  of NGF, H-7 had no significant 
effect on c-Fos expression, tyrosine phosphorylation of the 45 kDa 
protein, or СҺАТ activity. In contrast, four days exposure to H-7 alone 
in d u ce d  neurite  outgrow th. PKC  a c t iv ity , a n d  tyrosine  
phosphorylation of the 39 kDa protein. Down-regulation of PKC activity 
by prolonged exposure to phorboi ester did not abolish the effects of 
H-7 on NGF-m ediated induction of c-Fos, СҺАТ activity and neurite 
outgrowth, indicating that H-7 exerts these effects not by inhibiting 
protein kinase C . Rather, an  Н-7-sensitive p ath w ay regulates 
immediate early genes an d  some delayed NGF actions associated  
with neuronal differentiation. Induction of the neurotransmitter- 
producing enzym e СҺАТ, however, ap p ears to utilize a  separate  
pathway.
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E F F E C T S  O F  N E R V E  G R O W T H  F A C T O R  E X P O S U R E  A N D  
D EPR IV A TIO N  O N  R A T  S E P T A L  C H O L IN E R G IC  N E U R O N S  
C U L T U R E D  D U R IN G  T H E  F I R S T  P O S T N A T A L  M O N T H .
D. Nonner an d  J.N . Barrett*. Dept. Physiology and Biophysics, Univ. Miami 
Sch. Med., Miami, FL 33101.

The effects of n erve  growth factor (N G F) and a  blocking anti- 
NGF antibody w e re  studied in cu ltu res p la ted  from  postnatal d ay  
1*28 (P1-P28) rat septum  and m aintained 3  w e e k s  in vitro. 7 S  
NGF (100 ng/ml = 0 ./ 5  nM) in c re a se d  cho line  a cety ltra n sferase  
(СҺАТ) activity in P 7-P 21  cu ltu res, with the la rg e st in cre a se  
m easured in P 7 -P 1 4  cu ltu res, w h ere  N G F  addition produced  
СҺАТ activ ities 6 to 12 tim es hig her than  th o se  m e a su re d  in 
cultures grow n in a n t i-N G F  an tibody . T h is  p e a k  of N G F  
respon siven ess in vitro o ccu rred  at a  tim e w h en  h ip pocam pal and  
basal forebrain N G F  le v e ls  a re  rapid ly in cre asin g  m vivo.

N G F  a lso  in c re a se d  the num ber of n eu ro n s w h ich  sta ined  
h istochem ically for a c e ty lc h o lin e s te ra s e  (А С Һ Е ) in P 7 -P 1 4  
cultures. T o  determ ine w hether th is in c re a se  w a s  d u e  to e n 
hanced survival or e n h a n ce d  А С Һ Е  e xp re ss io n , w e  exam in ed  
cultures to w hich  N G F  w a s  ad d ed  only after an  initial 1 -2 w e e k s ’ 
ejm osure to an ti-N G F antibody in vitro. T h is  d e laye d  addition of 
N GF a lso  in cre a se d  С Һ А Т  activity an d  the n um ber of А С Һ Е -  
positive n eu ro ns, indicating that cho linerg ic  n eu ro n s su rv ived  the  
initial exp o su re  to a n ti-N G F  antibody. T h u s  e ve n  during a  period  
of peak postnatal sensitiv ity to N G F , se p ta l cho linerg ic  neu ro ns  
did not require  N G F  for su rvival in vitro. Supp orted  by NIH  
N S12207.

278.11

NERVE GROWTH FACTOR REGULATES THE SUB-CELLULAR  
LOCALIZATION OF THE NERVE GROWTH FACTOR-INDUCIBLE PROTEIN 
PC4 IN PC12 CELLS. F. Tirone*. A. Montagnoli. M.T. Ciotti. A. Gatti. L. Lottit.
C. Di Lazzarot. M.R. Torrisit and D. Guardavaccaro. Inst, of Neurobiology, Cons. 
Naz. Ricerche, Rome, Italy; fDip. Medicina Sperimentale, Università' di Roma.

The immediate early gene (IEG) PC4, which encodes a protein related to γ 
interferon, is activated at the onset of neuronal differentiation induced by nerve growth 
factor (NGF) in PC 12 cells (Tirone, F., and Shooter, E.M. Proc.N atl.A cad. 
Sci.U.S.A.86:2088. 1989). With an antibody raised to a bacterial ßGAL-PC4 fusion 
protein the PC4 protein is detected as an immunoreactive molecular species o f 49 
kDa. Immunoprecipitation of lysates from labeled PC12 cells shows that PC4 
synthesis is induced by NGF in parallel with its mRNA induction, with a peak at 4 
hours and a return to basal level within 30 hours. By immunofluorescence, electron 
microscopy and cell subfractionation studies we observed that the PC4 
immunoreactivity is localized in the cytoplasm of PC 12 cells, where it is increased 
transiently by NGF within three hours. In addition PC4 immunoreactivity shows a 
NGF-dependent pattern of intracellular localization. In fact within three hours after 
addition of NGF, PC4 is also significantly expressed on the inner face of the plasma 
membrane, as observed by electron microscopy. Analysis by continuous sucrose 
gradient of PC 12 cell homogenates reveals that PC4 is physically associated with the 
plasma membrane fraction (containing the marker Na+-K+-ATPase). After longer 
treatment with NGF, PC4 disappears from the plasma membrane and appears in the 
nucleus. Localization in the nucleus is reversed by removal of NGF and it is thus 
closely associated with the state of differentiation of the cell. The existence within the 
PC4 protein of a putative sequence for nuclear localization suggests possible 
mechanisms for the NGF-dependent redistribution in the nucleus. Such NGF- 
dependent localization of an IEG product is a novel type of regulation in the NGF 
signaling pathways from the receptor to the adjacent membrane proteins and to the 
nucleus. This might control the function of PC4 in the process of cell proliferation 
and/or neuronal differentiation.

2 7 8 .1 3
FIBROBLAST GROWTH FACTOR-2 (FGF-2) REGULATES PAX-3 
EXPRESSION IN NEURAL CREST CELL CULTURES. S.A. Koblar. 
M.Murphv. G. Barrett. S.S. Cheema* and P.F. Bartlett. The Walter & Eliza Hall 
Institute, Parkville, Victoria. Australia 3052.

Pax-3 is a murine DNA binding protein that is expressed during 
early neurogenesis in the neural crest cell population (Goulding et 
al., 1991 EMBO, 10:1135). To investigate the role growth factors 
play in regulating Pax-3 expression, murine neural crest cell cultures 
were grown in the presence of FGF-2 - a factor previously shown to 
stimulate neural precursors (Murphy et al., 1990 J. Neurosci. Res. 
25:463) - and the level of Pax-3 expression was determined using in 
situ  hybridization.

Neural crest cells emanating from trunk neural tube explants of 
embryonic day 9 CBA mice were cultured for 1-3.5 days, with or 
without 50 ng/ml FGF-2, and then Fixed in 4% paraformaldehyde. In 
s itu  hybridization using a digoxigenin labelled Pax-3 cRNA probe, 
enabled the localization, by an alkaline phosphatase conjugated anti- 
digoxigenin antibody, of Pax-3 gene transcription in single cells. The 
expression of Pax-3 was quantified by measuring the integrated 
optical density of labelling in individual cells using an image analysis 
system.

In the presence of FGF-2, Pax-3 expression was maintained in 
neural crest cells for up to 3.5 days; whereas without FGF-2 Pax-3 
expression was significantly reduced by 24 hours. It was also found 
that FGF-2 could up regulate the Pax-3 expression previously lost in 
neural crest cells cultured for 24 hours without FGF-2. This 
demonstrates that FGF-2 can both maintain and activate Pax-3 
expression in migrating neural crest cells.

2 7 8 .1 0
CNTF AND LIF INCREASE CHAT ACTIVITY IN CULTURED 
PEDUNCULOPONTINE CHOLINERGIC NEURONS. A.D. Zurn*.
F. Werren. P. Aehischer. Surgical Research Division, CHUV, 
Lausanne University, Switzerland.
Ciliary neurotrophic factor (CNTF) and leukemia inhibitory factor (LIF) 
have been shown to increase the survival of cholinergic spinal 
motoneurons in culture. Neuronal cultures from the ventral 
mesencephalon contain dopaminergic neurons from the substantia nigra 
and ventral tegmental area as well as cholinergic neurons from the 
pedunculopontine tegmental nucleus. We demonstrate here that CNTF 
and LIF induce a 2-3-fold increase in the activity of choline 
acetyltransferase (СҺАТ) in these cultures. In contrast, they have little 
effect on the СҺАТ activity of cholinergic neurons from the septum, and 
no effect on the cholinergic neurons of the striatum and brainstem. The 
total number of neurons and the activity of tyrosine hydroxylase in the 
mesencephalic cultures are decreased to 70% of control values in the 
presence of CNTF and LIF. Experiments are under way to analyse 
whether these factors selectively increase the survival of the 
pedunculopontine cholinergic neurons or increase their СҺАТ activity. 
The present results demonstrate that, in addition to increasing the 
survival of spinal motoneurons in culture, CNTF and LIF may 
selectively increase neuronal survival or the activity of СҺАТ in 
cholinergic neurons of the pontomesencephalic reticular formation.

2 7 8 .1 2

LI mRNA INDUCTION AND MORPHOLOGICAL DIFFERENTIATION 
CAN BE INDUCED INDEPENDENTLY IN PC12 CELLS. K ouich i 
Itoh, H iroaki A sou* and Richard A. A k e so n , Children's 
H ospita l R esearch Foundation , D iv ision  of Basic Science  
Research, Elland and Bethesda A ve., Cincinnati, Ohio 45229- 
2899 and School of M edicine, Keio U niversity , Tokyo 160, 
Japan

N erve grow th factor (NGF) regulation of the expression of 
neural cell adh esion  m olecu le  LI w as exam ined in PC12 
cells. LI m R N A  levels increased fourfold after seven  days 
exposure to NGF. Other growth factors (EGF, FGF, TGFß) and 
dibutyryl cyclicAM P (dbcAMP) did not cause any significant 
changes in LI m R N A  leve ls , although FGF and dbcAM P  
induced PC12 neurite extension as effectively  as did NGF. 
Northern blotting of R N A  from PC12 cells cultured in 1-100 
n g /m l NG F for 5 days ind icated  that the induction  of LI 
m R N A  reached a plateau at 3 n g /m l. In contrast, 100 n g /m l  
of NG F w as required for m axim al in d u ction  o f neurite  
o u tgrow th . M oreover, a lth ou gh  n eu rite  ex ten sio n  w as  
com pletely  blocked by the protein kinase inhibitor, K252a, 
the increase of LI m R N A  leve l by NG F w as not inhibited. 
These results su g g est that NG F regu lated  m orphological 
d ifferen tia tio n  and LI m R N A  ex p ress io n  by d istin ct, 
m echanism s in PC12 cells. (Supported by grant H D  21065.)

2 7 8 .1 4
EFFECTS OF NEUROTROPHINS ON RAT EMBRYONIC CEREBELLAR 
PURKINJE CELLS IN VITRO. L. Lärkfors**. T. Ebenda!*, R.M. Lindsay 
and R.F. Alderson. Regeneron Pharm. Inc. Tarrytown, NY 10591. *and Dept. 
of Dev. Biology, BMC, Uppsala University, Uppsala S-751 23, Sweden.

We have examined the role o f the neurotrophins on developing cerebellar 
Purkinje cells in vitro. Cerebellar neurons, derived from embryonic day 16 rat 
fetuses and cultured in defined medium, were found to respond to BDNF, NT3 
and NT4 by rapid induction of the c-fos protein. Approximately 50% of the 
neuronal cells were immunopositive for c-fos at the peak of the response (150 
min) after 4-8 days in vitro. Double-labelling with antibodies against c-fos and 
calbindin D ^ , identifying the Purkinje cell, showed that NT3 induced c-fos 
protein in approximately 50% of the Purkinje cells, whereas BDNF induced c- 
fos in less than 5% of these cells after 4-8 days in vitro, suggesting a loss of 
BDNF-sensitive Purkinje cells with time in culture. NT4 did not induce c-fos 
protein in Purkinje cells. At low plating density (500 cells/mm2), BDNF and 
NT3, at optimal dose of 1 ng/ml, were found to significantly increase the 
number o f surviving Purkinje cells by 2-3 times after 4-8 days in vitro. A 
maximal increase in the number of surviving Purkinje cells was only achieved 
if BDNF was added within 48 hours. Furthermore, BDNF was found to have a 
broader field of action than NT3 or NT4, such as increase of the survival of 
neuron specific enolase-positive and GABAergic cells by time in culture. 
However, none of the neurotrophins were able to stimulate the proliferation of 
cerebellar cells, as monitored with [3H]-thymidine incorporation and cell counts 
of non-neuronal cells. NGF had no effects under these culture conditions. 
Cerebellar cells expressing mRNA for high-affinity receptors for the 
neurotrophins in vitro are currently under investigation by in si'/M-hybridization.
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BASIC FIBROBLAST GROW TH FACTOR (bFGF) AND  
INSULIN-LIKE GROWTH FACTOR (IGF-I) REGULATE THE  
DEVELOPM ENTAL EXPRESSION OF NEUROPEPTIDE Y 
(NPY) IN CULTURES OF FETAL BRAIN CELLS. A. Barnea* 
and G. Cho. Dept. O B /G Y N , U T  Southwestern, Dallas, TX 75235 

NPY is the most abundant neuropeptide in the brain. We have 
previously shown that forskolin (F) and phorbol ester (P) induce 
NPY gene expression by cultured fetal rat brain (cortex) cells. We 
addressed the question: Do IGF-I and bFGF regulate the 
developmental expression o f the c u ltu r e d  NPY neurons, judged by 
their response to a 24-h challenge of F +P . Cultures were 
maintained (16 days) in serum-free media containing IGF-I, bFGF, 
or IGF-I + bFGF. NPY content of control cultures was 19 ng and 
of IGF-I/bFGF-treated it was 32 ng each. IGF-I and bFGF each 
augmented the response of the NPY neurons to F + P and bFGF 
was twice as effective: net stimulated NPY production was 26 ng 
(control), 41 ng (IGF-I) and 63 ng (bFGF). The effects of IGF-I 
and bFGF were additive. The IGF-I/bFGF augmented response 
to F + P  was age-dependent: it was noted after 16 but not after 10 
days exposure to IGF-I/bFGF. Since morphological differentiation 
of these cultured NPY neurons occurs during the 1st to 2nd week, 
the finding of enhanced response to F and P by the mature but not 
by the immature NPY neurons is consistent with IGF-I and bFGF 
enhancing survival/developmental expression of the NPY neurons.

NEURONAL DEATH III

2 7 9 .1
NEURONAL DEATH IN DEVELOPING RAT RETINA DEPENDS BY A Ca++ 
ACTIVATED ENDONUCLEASE. Ll«_ Colombaioni* . Istituto di 
Neurofisiologia del CNR, 56100 Pisa,Italy.

Cellular mechanisms of neuronal death have been 
explored in developing rat retina. The hypothesis that 
activation of an endogenous endonuclease could trigger 
apoptotic-like death has been tested. P0-P3 retinas were 
isolated and cultured in serum free medium. In these 
conditions ganglion cells, simultaneously deprived of 
trophic factors and axotomized, die within few hours by a 
process of nuclear fragmentation morphologically identical 
to that observed in vivo during the period of programmed 
neuronal death. In previous experiments the endonuclease 
inhibitor aurintricarboxylic acid (ATA) has been shown to 
have a significant survival promoting effect on this 
preparation. In the present work the role of endonuclease 
has been further investigated by testing another 
endonuclease inhibitor: the zinc ions. Zn++, in analogy to 
ATA, inhibits ganglion cell DNA fragmentation. Calcium 
dependence of this process has been also analysed. 
Intracellular Ca++ level has been raised by exposing 
retinas to the Ca++ ionophore A23187. This caused a rapid 
increase in nuclear fragmentation. Substitution of 
extracellular Ca++ with divalent cations capable of 
blocking Ca++intracellular effects or Ca++permeation 
through membrane channels, such as Ba++ and Mn++, 
resulted in a clear reduction of this process. These data 
provide evidence that a calcium activated endonuclease 
plays a key role in apoptotic death of developing neurons.

2 7 9 .3

CALBINDIN-D28K EXPRESSION IN RETINAL GANGLION 
CELLS D.E. Plavfofd*. G.M. Brav and A.J. Aeuavo. Centre for 
Research in Neuroscience, McGill University and Montreal General 
Hospital Research Institute, 1650 Cedar Avenue, Montreal, Quebec, 
H3G 1A4.

The intracellular protein, calbindin-D28K, acts to buffer calcium 
concentrations in select neuronal populations. Within the retina, 
calbindin-D28K has been localised in various laminae, including the 
retinal ganglion cell (RGC) layer. As RGCs co-exist with amacrine 
cells in the RGC layer, positive label may include both cell types. To 
identify the RGC population we examined retinae in which these cells 
had been retrogradely labelled by application of FluorogoldR to the 
superior colliculus in adult rats. Frozen sections were then reacted 
with a polyclonal antibody provided by Dr. K. Baimbridge. Counts 
of double-labelled cells showed that, in normal retinae, 20% of 
Fluorogold-bearing RGCs are also calbindin-D28K positive. The 
expression o f calbindin in this sub-population o f RGCs can now be 
assessed in relation to injury and after the administration of specific 
neurotrophic factors.

2 7 9 .2
CHANGES IN RETINAL GANGLION CELL TOPOGRAPHY FOLLOWING 
OPTIC NERVE TRANSECTION IN ADULT RAT. E. Garcia- 
Valenzuela. A. Fahmev, A.B. Drakontides, S.C. Sharma 
New York Medical College, Department of Cell Biology and 
Anatomy and Department of Ophthalmology, Valhalla, NY 
10595, USA.

Extensive studies have shown that following lesion to 
the mammalian Central Nervous System, retrograde axonal 
degeneration leads to the ultimate death of the neuronal 
soma. The present work deals with the topography 
through which retinal ganglion cells die following 
axotomy in the adult rat. The optic nerve (ON) of adult 
albino rats were sectioned 2 mm from the optic nerve 
head, without damaging the blood vessels. Ganglion 
cells in the retina were retrogradely labeled with Fast 
Blue (FB) applied to the proximal ON stump. Animals 
were sacrificed at different times over the following 8 
weeks. Retinae were than flatmounted and examined under 
UV light. Density of FB stained cells was assessed at 
defined locations spanning all retinal surfaces at 
central, middle and peripheral eccentricities. Labeled 
cells were seen to disappear in a central to peripheral 
gradient. The highest rate of FB labelled cells 
disappearance was at the second and third week post 
lesion. This is consistent with ganglion cell death 
chronology reported by other authors. Since FB is a 
hydrosoluble, nontoxic, long lasting neuronal tracer, it 
is likely that the reduction of labeled cells after ON 
axotomy represents the death of ganglion cells with no 
re-uptake by surrounding cells.

2 7 9 .4
CONTROL OF GANGLION CELL DEATH IN RETINAL EXPLANTS FROM 
NEONATAL RATS. R. Linden*. S.K. Rehen and R. Arv-Pires. 
Instituto de Biofisica da UFRJ, Rio de Janeiro, Brazil.

A proteinaceous neurotrophic activity is released by 
retinal cell ensembles in vitro and prevents ganglion 
cell death in dissociated retinal cultures. We tested 
whether the intraretinal neurotrophic activity may 
rescue ganglion cells (RGC) in retinal explants. RGCs 
were labeled with HRP in newborn rats. The retinas were 
cut in lmm^ pieces and maintained for various intervals 
in a shaker at 37°C and 70-80 rpm. Transverse frozen 
sections of the explants were processed for HRP 
histochemistry. Cells were counted in the ganglion cell 
plus inner plexiform layers. The percentage of HRP- 
labeled cells declined from 87% at 2 h of incubation to 
11% at 2 days, and the remaining RGCs degenerated within 
an additional 2 days. Numbers of pyknotic nuclei peaked 
at 1 day in vitro. Conditioned media from either 
explants of newborn rat retina or aggregates of chick 
embryo retina increased 2-3x the survival of RGCs when 
compared with control medium. Thus, the death of RGCs in 
explants follows a time course similar to axotomized 
RGCs in situ, and intraretinal trophic factors prevent 
RGC death in the histotypic environment of the explants. 
Intraretinal neurotrophic factors may be involved in the 
regulation of local competitive interactions within the 
developing retina. (CNPq, FINEP)
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279.5
MUTATIONS IN THREE PHOTORECEPTOR-SPECIFIC GENES CAUSE 
CELL DEATH BY APOPTOSIS. G.-O. Chang*. Y. Hao and F. Wong. 
Departments o f  Ophthalmology and Neurobiology, Duke University School 
of Medicine, Durham, NC 27710.

Mutations in several photoreceptor-specific genes, including rhodopsin, 
гЉ/peripherin and the beta subunit of cGMP phosphodiesterase (the rd gene), 
cause photoreceptor degeneration in humans and mice. These mutations lead to 
different phenotypes, suggesting distinct mechanisms of pathogenesis.

We present evidence that programmed cell death, or apoptosis, may be the 
final mechanism mediating photoreceptor degeneration in transgenic mice 
expressing a mutant (Pro347Ser) rhodopsin gene. We observed, by gel 
electrophoresis, internucleosomal DNA cleavage characteristic of apoptosis in 
the retinas o f transgenic mice at ages where normai developmental cell death has 
long ceased (postnatal 3 weeks). We also observed DNA fragmentation at the 
single cell level by labeling nicked DNA ends with biotinylated poly dU. While 
at most a few nuclei of various types of retinal cells were labeled in age-matched 
controls, extensive labeling was observed in photoreceptor nuclei in 3- and 4- 
week old transgenic animals. Additionally, this same method selectively labeled 
a large number of photoreceptor nuclei in the degenerating retinas of mice with 
the rds and rd mutations, indicating DNA fragmentation in these cells. In the 
transgenic and rds photoreceptors, DNA fragmentation occurred prior to any 
observable morphological changes which suggested cell death.

Since early DNA fragmentation due to internucleosomal cleavage is a cardinal 
feature of programmed cell death, our data strongly suggest that for the 
phenotypes caused by the three mutations studied, the common final mechanism 
of photoreceptor degeneration is apoptosis. Furthermore, apoptosis may be the 
common mechanism mediating cell death in a variety of hereditary retinal 
degenerations.

279.7
APOPTOSIS INDUCED BY OPTIC NERVE LESION IN THE 
DEVELOPING RAT.
S.A. Rabacchi*, L. Bordanti, X-H. Liu and L. M affei. 1st. di Neurofisiologia  
del CNR and Scuola Normale Superiore, Pisa (ITALY).

Section of the optic nerve induces the degeneration of most retinal 
ganglion cells in adult as well as in develop ing rats. In the neonatal rat a 
substantial number of pyknotic cells is observed between 24 and 36 hours 
post-lesion. The presence of pyknotic profiles (condensation of chromatin) 
is often associated with apoptosis, an active type of cell death that requires 
de novo protein synthesis. We tested whether the degeneration of
axotomized retinal ganglion cells depends on gene transcription and 
translation.

We performed a unilateral intracranial transection of the optic 
nerve on postnatal day 0 rats, and analysed m orphologically the whole- 
mounted retinas stained with cresyl violet at 24-48 hours post-lesion. The 
intraocular injection of protein synthesis inhibitors (cyclohexim ide 2.5ug 
and actinomycin D  2.5 ug) blocks the appearance of pyknotic cells: at 24 
hours post-lesion the number of pyknotic cells is decreased from 50.360 
+3.060 (n=18) in saline treated rats to 16.120 + 6.890 (n= 14) in 
cycloheximide and 5.310 +2.810 (n=6) in actinom ycin D  treated animals. 
Correspondingly, the number of surviving ganglion cells after 
cycloheximide is augm ented compared to saline-treated animals. At 48 
hours post-lesion the reduction in pyknotic cells is maintained in the case 
of actinomycin D  (irreversible blocker of transcription), while it is only  
transient after cycloheximide (reversible blocker of translation).

In addition, our data show  actinom ycin D  to be effective only 
when administered before 15 hours post-lesion. This suggests that after 
this time a program of active cell death has already been triggered.

27 9 .9
THE CALCIUM CHANNEL BLOCKER NIMODIPINE PREVENTS MPTP- 
INDUCED NEUROTOXICITY AT THE CELLULAR NIGRAL, BUT NOT AT THE 
SYNAPTIC STRIATAL LEVEL IN BLACK MICE.
A.Kupsch1, M-Gertach2·4. J.Schw arz1, J.Sautter1. S.C.Pupeter1. H.Sauer1. 
A.Dirr2, W .Opitz3. H.Pruntz ek4. W.H.Oertel1 · P.Riederer2
'Dept. of Neurology and Inst, of Physiology, University of Munich; 2Clinical 
Neurochemistry, University of Würzburg; *Troponwerke, Köln; 4Dept. of 
Neurology, Bochum F.R.G.
The effects of nimodipine, a blocker of the L-type calcium channel, on 
biochemical and histological parameters of systemic MPTP- (1-methy 1-4- 
phenyl-1 ,2,3,6-tetrahydropyridine-) induced, dopaminergic neurotoxicity 
were studied in different brain regions of C57BL/6 mice. Administration of 
nimodipine via s.c . implanted pellets (10 mg) commenced 7 days prior to 
MPTP exposure, and all animals were sacrificed 7 days after MPTP- 
exposure. The MPTP-regimen chosen (2 x 40 mg/kg body weight s.c.) 
resulted in a marked (80%) depletion of caudate-putaminal dopamine (DA) 
content and a moderate reduction of DA in the nucleus accumbens 
(approximately 25%). A small (30%), but significant reduction of tyrosine 
hydroxylase immunoreactive (ΤΗ-IR) cells in the substantia nigra pars 
compacta was observed. Continuous administration of nimodipine did not 
antagonize the striatal DA depletion, but almost completely prevented the 
MPTP-induced ΤΗ-IR cell loss in the substantia nigra. Furthermore 
MPTP/nimodipine-treated mice showed markedly lower lethality rates than 
mice treated with MPTP alone (3% vs. 34%  corresponding to 1/29 vs. 
11/29). We conclude that nimodipine protects against MPTP-induced 
neurotoxicity at the cellular nigral level, but not at the synaptic striatal 
level. This points to a differential involvement of calcium influxes in MPTP 
neurotoxicity at the cellular and at the synaptic level in mice.

27 9 .6

PHOTORECEPTOR CELL DEATH IN RETINAL 
DEGENERATIONS OF GENETIC ORIGIN 
INVOLVES APOPTOTIC MECHANISMS.
C. Portera-C ailliau^»*, C-H. S tin g i, J. N athansL^,3 a n d
R. AdlerLA Depts. of ^Ophthalm., ^Mol. Biol, and Genetics, and 
^Neuroscience, Johns Hopkins Univ. Sch. of Medicine, Baltimore, 
MD 21287-9257.

Although mutations in the rhodopsin and peripherin genes have been 
identified in some forms of Retinitis Pigmentosa (RP), the precise 
mechanism by which these mutations lead to photoreceptor cell death 
and blindness remains unclear. We have investigated the occurrence of 
apoptosis in three mouse models of RP: retinal degeneration slow (rd s  ) 
caused by a peripherin mutation, retinal degeneration {rd  ) caused by a 
defect in cGMP phosphodiesterase, and transgenic mice carrying a 
rhodopsin mutation responsible for autosomal dominant RP. Two 
complementary techniques were used to detect apoptosis-specific 
internucleosomal DNA fragmentation: agarose gel electrophoresis, and 
the TUNEL technique for in s itu  labelling of apoptotic cells (Gavrieli 
e t  a l., J. C e ll B io l., 119:493, 1992). Both methods showed extensive 
apoptosis of photoreceptors in these mouse models of retinal 
degeneration. Since apoptotic death also occurs in the photoreceptor 
layer during normal development, we propose that different genetic 
mechanisms can cause photoreceptor death by activating an intrinsic 
death program in these cells. This raises the possibility that retinal 
degenerations may be prevented by interfering with the apoptotic 
mechanism itself. Supported by NEI grant EY04859

27 9 .8
A NON-PSYCHOTROPIC SYNTHETIC CANNABINOID ACTS AS A 
NEURAL PROTECTING AGENT IN THE INJURED RAT OPTIC NERVE 
MODEL. E. Yoles. A. Hard* and M. Schwartz. Department of Neuroscience, 
The Weizmann Institute of Science, Rehovot, Israel, 76100.

HU-211 is a novel synthetic derivative of tetrahydro-cannabinol (THC), the 
active marijuana derivative that was recently shown in animal models to be 
non-psychotropic. The drug exhibits additional biological activities, such as 
anti-emetic action, non-competitive NMDA antagonism, and analgesia. In this 
study we examined the effect o f HU-211 on axonal response to injury. The 
drug significantly attenuated the immediate injury-induced decrease in nerve 
metabolic activity (F=6.03 p=0.033). Metabolic activity was examined hourly 
for 6 h after injury in two groups: HU-211 treated (7mg/kg administered i.p. 
immediately after injury, n=7) and control (vehicle injected, n=13). The most 
beneficial effect of HU-211 was found after 2 h. The long-term effects of HU- 
211 were determined morphologically and electrophysiologically. Compound 
action potential (CAP) of the isolated optic nerve was measured 2 weeks after 
injury. Treatment with HU-211 (3mg/kg) resulted in a higher CAP than in the 
vehicle-treated nerve. Maximal activity was observed at 7mg/kg. At 20mg/kg 
there was no effect. In another set of experiments, the pattern of field potentials 
was recorded from the primary visual cortex in response to light stimulation 
(VEP). The potential evoked by the light originates in the retina and is 
propagated along the surviving axons to reach their final target, the visual 
cortex. Accordingly, only those axons that survive the primary injury and 
secondary degenerative processes can conduct action potential. A positive VEP 
response was exhibited by 6 out of 8 HU-211 treated animals, but by only 2 out 
of 7 controls. Morphological observations reveaed a smaller site of injury 
(delineated by staining for GFAP) and a milder inflammatory reaction in the 
F1U-211-treated injured nerves than in the vehicle-treated injured nerves.

27 9.10
DEVELOPMENTAL DEPENDENCE OF NIGRAL DOPAMINERGIC NEURONS 
ON THEIR STRIATAL TARGETS: LOSS FOLLOWING EXCITOTOXIC
STRIATAL LESIONS IN NEONATAL RATS R. Fricker. D.N. Abrous. E.M. 
Torres. C.N. Svendsen and S.B. Dunnett*. Department of Experimental 
Psychology, University of Cambridge, England and University of Bordeaux, 
INSERMU.259, France.

During development, the substantia nigra forms extensive connections with the 
striatum but it is currently not known whether the striatum produces specific 
trophic factors which support the arriving nigral neurons. In this study the neonatal 
rat striatum (PN3) was unilaterally lesioned using ibotenic acid and the animals 
sacrificed 6 months later during which time they were tested for apomorphine and 
amphetamine induced rotation in addition to spontaneous activity and a paw 
reaching task. Sections through the striatum revealed a large unilateral lesion and 
staining for tyrosine hydroxylase (ΤΉ) in the SN revealed that most of the 
dopaminergic neurons ipsilateral to the lesion had degenerated with complete 
preservation of dopaminergic neurons on the side contralateral to the lesion. The 
neonatally lesioned rats tested in adulthood showed a significant level of 
spontaneous hyperactivity, a dose-dependent ipsilateral rotation in response to 
apomorphine and a small but significant ipsilateral rotation under amphetamine.

These results show that in contrast to the adult, in which distal axotomy or 
removal of striatal target neurons results only in shrinkage of nigral neurons, 
removal o f striatal target in neonates leads to their disappearance, suggesting that 
during development nigral dopamine neurons are dependant on target tissue for 
survival. In order to determine whether nigral cell death or down regulation of TH 
activity underlies these observations, we are currently assessing whether nigral 
neurons labelled with fluorogold at PN2 also disappear following subsequent lesions 
of the striatum in the neonatal brain.
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279.11
SOMA SIZE OF SUBSTANTIA NIGRA NEURONS INCREASES 
AFTER A PRENATAL NEOCORTICAL LESION IN THE CAT. 
L.D.Loopuiit*. J.R.Villablanca. and P.Sharifi. Ment. Ret. Res. Ctr., 
UCLA, Los Angeles CA 90024.

A small, unilateral prenatal lesion in the neocortex of cats results 
in an increase in volume of the caudate nucleus (Loopuijt and 
Villablanca, Dev. Brain Res. 71:59-68*93), presumably due to increased 
survival of neurons during development. Hypothesizing that this is due to 
an increase in synaptic target sites for caudate nucleus neurons, we 
investigated the size of neuronal somata in the substantia nigra pars 
reticulata (SNR) in these brains. Cats received a neocortical lesion in 
utero (E43-52) and were sacrificed as adults. Coronal, thionin stained 
sections of 3 lesioned and 3 intact brains were sampled to measure the 
cross sectional areas of somata and packing densities of neurons (±SD) 
in the SNR with the optical disector method (Gundersen et al., APMĪS 
96:857-881*88) and using a computer, a digitizing tablet and image 
analysis software. The mean cross sectional area of SNR neuronal cell 
bodies ipsilateral to the lesion was 24.4% larger in experimental (exp.) 
than in intact (int.) brains (P<0.01; exp. 415.7 ± 228.4; int. 334.1 ± 176.5 
рт^). The number of neurons in the 200-400 pm2 range was decreased 
in lesioned brains, whereas the number of somata larger than 400 pm2 
was increased. The average neuronal cell packing density did not change 
significantly (exp. 4.7 ± 2.2, int. 4.7 ± 3.0 neurons/20xl04 pm3). The 
increase in SNR neuronal soma size suggests an increased dendritic 
surface area available for an expanded number of synaptic contacts of 
afferente from the caudate nucleus. Grants USPHS HD-05958,HD-04612.

27 9.13
AFFERENT ACTIVITY REGULATES RNA SYNTHESIS WITHIN  
THE AVIAN COCHLEAR NUCLEUS V.R. DeWulf. G.Garden and E.W 
Rubel*. Virginia Merrill Bloedel Hearing Research Center University of Washington, 
Seattle, WA 98195

Following loss of afferent input, 20%-40% of the neurons in the primary auditory 
nucleus, n. magnocellularis (NM), of the chick, undergo neuronal death. This example 
of neuronal death is characterized by an alteration in ribosomal structure and function, 
observed by 6 hours following deafferentation. A decrease in RNA synthesis may be 
an early metabolic marker indicating which cells will undergo neuronal death. To 
determine if RNA synthesis is also affected by the loss of afferent activity, 3H-uridine 
incorporation was measured by tissue autoradiography.

White Leghorn chicks, 8-12 days posthatch, received unilateral cochlear removal 
(CR) and were allowed to survive 1,3,6 or 12 hours. To determine if RNA synthesis 
was affected by loss of afferent input, 5 mCi of 3H-uridine was administered by 
intracardial injection one half hour prior to sacrifice by transcardial perfusion with 
saline and 4% paraformaldehyde. Brainstems were removed, postfixed, embedded in 
paraffin, serially sectioned and processed for autoradiography.

One hour following CR, 3H-uridine incorporation in the afferent deprived neurons is 
decreased by 59% compared to neurons in the normally innervated NM, contralateral to 
CR. After 6 and 12 hours of afferent deprivation, 3H-uridine incorporation is decreased 
by an average of 30% and 35% respectively. At early times, 1 or 3 hours after CR, the 
majority of afferent deprived NM neurons demonstrate decreased 3H-uridine 
incorporation. However, at later times (6 or 12 hours after CR) a large portion of 
deafferented NM neurons regain control levels of RNA synthesis while others remained 
unlabeled. Double label of 3H-uridine tissue with a marker of surviving NM neurons 
(Y10B immunohistochemistry) demonstrates that NM neurons destined to die fail to 
incorporate any 3H-uridine at 6 or 12 hours after deafferentation. Preliminary results 
suggest that after one hour of deafferrentation, some NM neurons have already ceased 
RNA synthesis. (Supported by NIH grants NS23343 and DC00520).

279.15
T he R ole o f P ro to -on cogen es in Program m ed and  
Neurotoxic Cell Qeath. Michael D. Havward*. Christopher 
Bocchiaro. James I. Morgan. Dept. of Neurosciences, Roche Institute 
of Molecular Biology, Roche Research Center, Nutley, NJ 07110.

Programmed, or naturally occurring, cell death plays an essential 
role in the developing nervous system as it does in many developing and 
adult tissues. Recent attention has been focused upon this basic 
biological event as a result of insights gained into the molecular and 
cellular mechanisms involved in the process of cell death. In particular, 
recent studies have shown that some proto-oncogenes (e.g. c-myc, and 
bcl-2) may be intimately involved in cell death. We have found an 
association between the expression of certain cellular immediate-early 
genes such as the c-fos proto-oncogene and programmed cell death. 
Thus, the expression of some immediate-early genes can be used to 
identify cells about to undergo naturally occurring cell death in the 
developing nervous system. Furthermore, expression of these genes can 
be used to unravel the signalling pathway involved in the earliest stages 
of the commitment to death. These mechanistic studies have been carried 
out both in v ivo  and in cell culture paradigms of programmed cell death. 
In addition, in order to study the effects of some of the proto-oncogenes 
implicated in programmed cell death we have utilized neuron-specific 
promoters to drive expression o f  some of these genes in transgenic 
mice.

279.12
APOPTOSIS IN SUBSTANTIA NIGRA FOLLOWING DEVELOPMENTAL 
STRIATAL EXCITOTOXIC INJURY. A.Macava . F.Munell. R.Gubits. 
R.E. Burke. Dept. of Neurology, Columbia University, NYC, NY, 10032.

We have previously observed that axon-sparing striatal injury induced with 
quinolinate (QA) on postnatal day (PND) 7 in rat results in a diminished adult 
number of substantia nigra compacta (SNpc) dopaminergic neurons, in the 
absence of direct SN injury (Neuroscience, 1992). We have hypothesized 
that injury to the striatum causes diminished target-derived support for the 
developing SNpc, resulting in an induced developmental regressive event, 
and fewer SNpc neurons surviving into adulthood. To test this hypothesis 
we have examined the time course, and the morphologic and biochemical 
features of cell death in SN following striatal QA lesion on PND 7. Following 
the striatal lesion, an increased number of dying cells, identified by silver 
staining, was first observed at 12 hours in SNpc. The number of dying cells 
increased to 10-fold greater than control values, and returned to normal 
values by the 4th post-lesion day (PLD). In SNpr, increased cell death first 
appeared at 24 hours, increased 10-fold, and returned to normal values by 
PLD 4. On the non-injected side, and in vehicle-injected controls, basal 
levels of developmental cell death were observed, as previously reported 
(Mol Cell Neurosci, 1993). Qualitatively, at both the light microscope and 
ultrastructural level, morphologic features typical of apoptosis were 
observed in dying cells in SNpc and SNpr on the injected side and in 
controls. Analysis of DNA extracted from SN region revealed a 
"nucleosomal ladder" type of banding pattem, characteristic of apoptosis, on 
both the side of the lesion and in SN control tissues. We conclude that early 
striatal excitotoxic injury results in induced cell death in SN, with features of 
apoptosis. The striatal factors regulating the magnitude of this regressive 
event are unknown. NS 26836, UCP, PDF, Colleen Giblin Fndtn.

27 9.14
DEAFFERENTATION-INDUCED CHANGES IN MITOCHONDRIAL 
ULTRASTRUCTURE IN AUDITORY NEURONS OF CHICKS TREATED 
WITH CHLORAMPHENICOL. T.A. Schroer* and D. Durham . Depts. of P.T. 
Ed. and Otolaryngology, U. of Kansas Med. Ctr., Kansas City, KS 66160 

Unilateral cochlea removal results in the death of 30% of brainstem auditory 
neurons in ipsilateral n. magnocellularis (NM) in the chick. Prior to cell death, 
NM  neurons show increases in mitochondrial volum e density and in staining 
for cytochrome oxidase (CO). Systemic administration of chloramphenicol 
(CAP) during this period inhibits mitochondrial protein synthesis and 
increases the amount of NM  cell death (Hyde and Durham, J.Neurosci, in 
press). W e investigated the effects of this CAP regim en on the ultrastructural 
appearance of mitochondria in NM  neurons prior to cell death.

Under Nembutal and Ketamine anesthesia, 13 day old chicks underwent 
unilateral cochlea removal and were killed 6 or 12 hours later. Chicks treated 
with CAP received a loading dose of 1000m g/kg at surgery and subsequent 
subcutaneous placement of an Alzet osmotic pum p adm instering 1200 
m g /k g /d a y  of CAP. Control animals underwent cochlea removal but received 
only saline. Sections through NM  were stained for CO and prepared for EM.

The volum e density of mitochondria was significantly greater in NM  neurons 
ipsilateral to cochlea removal in both CAP- and saline-treated animals. 
H owever, a significantly smaller increase was seen in animals treated with 
CAP. Dying neurons, identified by distinctive patches of digested ribosomes 
were more numerous in CAP-treated animals (Hartlage-Rubsamen, et al., SNS 
Abstr. 1992). Mitochondria in dying neurons were consistently smaller than 
those in other NM neurons and showed a marked tendency to cluster toward 
the center o f the cell. These results suggest that there m ay be functional 
differences in mitochondria of neurons at risk for cell death.

(Supported by NIDCD DC00520-05 to DD).

27 9.16
TH E BC L-2 PR O T O -O N CO G E NE PROTECTS N E U R O N S FROM  
N A T U R A L L Y  O C C U R R IN G  CELL D E A T H  IN VIVO.
J.-Ç , M artinou. M. D u bois-D aup hin . H. Frankow skv. I. M artinou. 
Y. T suiim oto. G. G rennineloh* and J. Huarte. G laxo Imb and Dpts 
o f  Physiology and M orphology, U n iv . M ed. Center, G eneva, 
SW ITZERLAND.

We have recently shown that overexpression o f  the b c l-2  proto
oncogene in cultured sym pathetic neurons prevents apoptosis 
norm ally induced by deprivation o f  nerve growth factor (Garcia et 
a l ., Science 1992, 258: 302-304). To study whether b c l-2  may also 
protect neurons from  naturally occurring cell death in v ivo , we 
generated transgenic m ice carrying a 1.8 kb construct o f  the rat 
n eu ron -sp ecific  enolase prom oter fused to the human b c l-2  cD N A . 
Five o f  seven transgenic m ice (one fem ale and four males) 
expressed the transgene in their neurons. O nly the fem ale and two  
males displayed im m unostaining for the B cl-2  protein in all 
neurons studied. In the m ouse, 60% o f  m otoneurons w ithin  the 
facial nucleus normally die during em bryonic developm ent. 
Neuronal counting was undertaken in this nucleus in 3 d ifferen t  
m ice borned from  the transgenic fem ale. This analysis revealed a 
30% excess o f  m otoneurons w ithin  the facial nuclei o f  transgenic 
m ice when com pared to normal m ice. These results show that 
overexpression o f  B cl-2  can block the naturally occurring cell 
death o f  facial m otoneurons. Further analyses w ill reveal whether  
B cl-2  may also rescue other neuronal types from  apoptosis.
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279.17
BCL-2 IN H IB IT S  N E U R A L  C E L L  D E A T H  BY  
DECREASING TH E PR O D U C T IO N  OF R EAC TIV E  
OXYGEN SPECIES. D.J. Kane. T.A. Sarafian.l R. Anton. D.E. 
Brcdesen*. Departments of Neurology and Pathology UCLA, Los 
Angeles, CA 90024

Expression o f the proto-oncogene b c l-2  in neural cells has been 
shown to inhibit cell death induced by the withdrawal of serum, 
growth factors or glucose; addition of calcium ionophores or free 
radical-inducing agents; or depletion o f cellular glutathione. 
Furthermore, b c l-2  expression prevents both apoptotic as well as 
necrotic death (Zhong e t  a l ., 1993; Kane e t a i ,  submitted).

We now report that apoptosis is mediated by reactive oxygen species 
(ROS), and that b c l-2  inhibits neural cell death by decreasing cellular 
superoxide-driven Fenton chemistry, based on the following  
observations: 1) depletion of cellular reduced glutathione by either 
buthionine sulfoximine (BSO) or diethylmaleate led to a rapid rise in 
reactive oxygen species in cells not expressing b c l-2 , followed by a 
decline in cell viability; cells expressing b c l -2  displayed no such 
increase in either ROS or cell death; 2) b c l-2  expression raised the 
LD5 0  of BSO more than three orders of magnitude; 3) addition of 
desferrioxamine or other heavy metal chelators to cells reduced the 
degree of death due to either glutathione depletion or serum 
withdrawal; 4) inhibition o f catalase by ami notriazole, or o f 
copper/zinc superoxide dismutase by diethyldithiocarbamate resulted 
in accelerated death in non-b c l-2  expressing cells.

We suggest possible models by which b c l-2  may lead to a decrease 
in cellular superoxide-driven Fenton chemistry.

279.19
Expression Pattern O f BC L-2 O ncogene In P rim ate C erebral Cortex  
E. G. Jones*. S. Akbarian. M .M . Huntsman. M .A . Smith. D epartm ent o f  
Anatomy and N eurobiology, and D ept. o f  Psychiatry and Human 
Behavior, University o f  California, Irvine.

The oncogene bcl-2 plays an important role in apoptosis or 
physiological cell death in many organs, including the nervous system. 
Bcl-2 protein is found in human cortical neurons (Hockenberry et al. 
(1991) Proc. Natl. Acad. Sci. U SA  88:6961-6968). W e studied bcl-2 
expression in monkey forebrain by using immunohistochemistry and in 
situ hybridization histochemistry with a UTP [33P] labeled cRNA  
complementary to a 160 bp fragment o f  a human bcl-2 cD N A  clone. In 
the neocortex, bcl-2 immunoreactivity was predominant in pyramidal 
neurons, but was found also in other neuronal populations and in glial 
cells o f  the subcortical white matter. Preliminary evidence suggests a 
striking lack o f  bcl-2 protein expression in the neostriatum. W hile  
hybridization o f  bcl-2 cRN A probe was most intense throughout all six  
cortical layers, the hippocampus and parahippocampus, significant 
levels o f  labeling was also observed in white matter. In conclusion, bcl-2  
gene and protein is expressed in the monkey forebrain in a region 
specific manner. H owever, expression o f  bcl-2 is obviously not 
restricted to immortalized neurons, but is found in glial cells as well. 
Supported by NIMH Grant MH 44188 and the DFG.

27 9.18
M O TO N EU RO NS O VER EX PR E SSIN G  TH E BCL2 PROTO
O NCO G ENE SU R V IV E A F T E R  AX O T O M Y  IN N E O N A T A L  
T R A N SG E N IC  MICE.
M. D u bois-D aup hin*. H. Frankow skv. J. Huarte. and J.-C . 
M artinou. Dpts o f  Physiology and M orphology, U n iv . M ed. Center 
and G laxo Imb, G en eva, SW ITZER LAN D.

In rodents, the period o f  naturally occurring cell death o f  
m otoneurons is fo llow ed  by a period o f  supersen sitivity to axonal 
injury. Peripheral nerve lesion o f  newborn rodents leads to a rapid 
degeneration o f  the injured m otoneurons. We have tested whether  
overexpression , in vivo, o f  the b c l-2  protooncogene was capable o f  
preventing death o f  axotom ized m otoneurons. To address this 
question w e used transgenic m ice whose m otoneurons overexpress  
the B cl-2  protein (see abstract by M artinou et a l.) . One o f  the two 
facial nerves o f  newborn m ice was transected on the 3rd or 4th 
post-natal day. Seven days after the lesion , the m orphology o f  the 
facial nuclei was analyzed. In control m ice, and w hen com pared to 
the intact nucleus, 70 to 80% o f  axotom ized m otoneurons had 
disappeared. In contrast, in the transgenic anim als, the num ber o f  
m otoneurons on the lesioned side rem ained unchanged when  
com pared to the contralateral nucleus. These experim ents show  
that, in vivo, m otoneurons overexpressing the B c l-2  protein survive  
after axotom y.

GLIA AND OTHER NON-NEURONAL CELLS: NEUROTRANSM ITTERS AND
ION CHANNELS

28 0.1
REVERSE GLUTAMATE UPTAKE IN RAT OPTIC NERVE. S. Kriegler and 
S.Y.Chiu* Graduate Program in Biophysics & Dept. of Neurophysiology, 
University of Wisconsin, Madison, WI 53706.

Recent studies suggest glutamate-mediated, axon-glia calcium signaling 
in neonatal rat optic nerve. We now examined one mechanism for glutamate 
release in this fiber tract: reversal of a Na-coupled glutamate transporter. 
P7 rat optic nerve was stained with calcium green and confocal images of 
glial [Ca2+]į measured before and after simultaneously elevating both 
[Na]j with 50 |iM veratridine, and [K]0 from 6 to 26 mM. These alterations 
in ionic gradient, known to favor reverse glutamate uptake, triggered glial 
[Ca2+]į spiking in ~ 30% of cells. Both glutamate receptor blockers and a 
transporter inhibitor reduced the number of responding cells as well as the 
average number of spikes per cell. The average number of [Ca2+]į spikes per 
cell during a 3 min period of altered ionic gradient was reduced by -85% 
(n=183) and by -50% (n=225) in the presence of glutamate receptor blockers 
kynurenic acid (3 mM) and 2APB (1 mM) respectively, and by -62% (n=309) 
in the presence of the glutamate transporter inhibitor dihydrokainate (500 
μΜ). Intriguingly, glial [Ca2+]į spiking induced by alterations of ionic 
gradient was strongly suppressed by 100 μΜ 8-(p-sulfophenyl) 
theophylline, a blocker of adenosine receptors. These results suggest the 
existence of a glutamate transporter in rat optic nerve which can be 
manipulated to release glutamate to signal glia, and that adenosine 
receptors may interact with glutamate transporters. It remains to be seen if 
axon-glia signaling during physiological nerve activity is mediated by 
reverse glutamate uptake, subject to modulation by adenosine receptors. 
Supported by NIH 23375 and NMSS RG1839

28 0 .2
GLIAL RESPONSE TO NEOCORTICAL INJECTION OF THE EXCITOTOXIN 
N-METHYL-D-ASPARTIC ACID (NMDA). M.K.Schulz». L Acarin.
G.L.Tillotson and AJ.Castro. Neuroscience Program and Dept. of Cell Biology, 
Neurobiology and Anatomy, Loyola University School of Medicine, Maywood, IL 
60153.

In order to investigate the astrocytic response following NMDA-induced cortical 
lesions, adult rats received a total o f 500 nmol o f NMDA (in 5 injections) into the 
right sensorimotor cortex. At post lesion days (pld) 1 ,3 ,7 ,1 4  and 28, the astrocytic 
response was analyzed by immunocytochemical visualization of glial fibrillary 
acidic protein (GFAP) and vimentin.

Adjacent to the injection site, GFAP+ cells with no or few processes were present 
at pld 1, but at subsequent time points this area was totally devoid o f any GFAP 
reactivity. Vimentin positive astrocytes were not observed within the area of 
neuronal degeneration at any survival time. The cortex surrounding the 
degenerating area showed a time dependent increase in the expression o f both 
GFAP+ and vimentin+ stellate-shaped astrocytes. The cells were clearly 
hypertrophied at pld 3, and from days 3 to 7 an increasing number o f long 
immunoreactive processes extended into the neuron depleted injection site. At pld 
14 and 28, a lesion cavity that was flanked by a dense network of GFAP+ and 
vimentin-»- processes was observed.

The underlying white matter showed an increase in expression of both 
intermediate filament proteins peaking at pld 3. Initially, the astrocytes were stellar 
in shape with numerous processes, but at pld 3 and 7 the cell bodies were round, 
much larger and had few«- and thinner processes. This increased expression was 
almost absent at pld 14 and 28. A mild increase in GFAP reactivity was observed in 
the ventrobasal thalamus at pld 3, followed by a more pronounced increase in 
GFAP and vimentin immunoreactivity at longer survival times.

In summary, different patterns o f astrocytic responses were observed in the cortex 
undergoing primary degeneration, in the cortex adjacent to this neuron depleted 
area, in the underlying white matter and in the ventrobasal thalamus. (Supported by 
NIH Grant NS 13230).
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2 8 0 .3
UP REGULATION OF GAP JUNCTIONAL CONDUCTANCE IN ASTROGLIA BY 
K+ OR GLUTAMATE. M.O.K. Enkvist*  ̂ and K.D. McCarthy2 *Dept. of 
Biochemistry and Pharmacy, Abo Akademi University, P.O. Box 66, 20521 Turku, 
Finland 2Dept. 0f Pharmacology, University of North Carolina at Chapel Hill, NC 
27599, USA

Astroglia are extensively coupled by gap junctions and form a functional 
syncytium. Astroglial gap junctions are thought to be involved in spatial buffering of 
K+ in vivo, and in the Ca^+ waves seen upon glutamate receptor activation. The 
conductivity of gap junctions is regulated via several second messengers, with 
upregulation by cAMP, and downregulation through activation of protein kinase C, 
increases in intracellular Ca2+ or intracellular acidification.

We have monitored the coupling o f cortical polygonal type-1 like astroglia in 
culture by injection o f the fluorescent dye lucifer yellow. Glutamate, kainate and 
quisqualate all increased dye coupling. The effect was reversed by CNQX, an 
inhibitor of the ionotropic glutamate receptor. Dye coupling was also significantly 
increased by high extracellular K+ or depolarizing ionophore, and decreased by 
hyperpolarization. Increases in intracellular Ca2+ decreased coupling, but this 
decrease was partially reversed by depolarization, either via increased extracellular 
K+ or the ionotropic glutamate receptor.

The data suggests that ligands which depolarize astroglia can enhance gap 
junctional communication between these cells. The cells will remain coupled in the 
face of elevated intracellular Ca2+ if they are depolarized. This may explain why 
glutamate-induced waves travel from cell-to-cell under conditions of elevated 
intracellular Ca2+, mediated through the metabotropic receptor, if the cells are 
simultaneously depolarized via the ionotropic receptor.

2 8 0 .5

DIBUTYRYL CYCLIC AMP-INDUCED MORPHOLOGICAL DIFFERENTIA
TION OF RAT BRAIN ASTROCYTES INCREASES tt1-ADRENOCEPTOR 
INDUCED PHOSPHOINOSITIDE BREAKDOWN BY A MECHANISM 
INVOLVING PROTEIN SYNTHESIS. T. Fahrig. H. Sommermever and K. 
Bode-Greuel* Institute for Neurobiology, Troponwerke,Berliner Strasse 156, 
51063 Köln 80, FRG

Elevation of intracellular cAMP levels by treatment of cultured astrocytes with 
dibutyryl cyclic AMP (dBcAMP) resulted in a dose dependent morphological 
transformation from a flat, polygonal phenotype into a stellate-like cell shape. 
This morphological differentiation was accompanied by an increase in maximal 
inositolphosphate (lnsPn)-accumulation after stimulation of phosphoinositide 
(Pl)-breakdown by norepinephrine (NE). dBcAMP-treatment had no effect on 
the dose-response relationship of NE-induced lnsPn-formation when compared 
to untreated cultures. The NE-mediated Pl-breakdown was potently inhibited by 
different specific a-j-receptor antagonists. The enhancement of NE-stimulated 
Pl-breakdown was dependent on the duration of dBcAMP-treatment. More than 
a 6Һ incubation time was needed to observe an increase in NE-induced lnsPn- 
accumulation. Furthermore, the enhancing effect of dBcAMP could be 
prevented by inclusion of cvcloheximide and actinomycin D, respectively. 
Reduction of extracellular Ca*+ or pretreatment of the cells with either TPA or 
PTX resulted in a significant reduction of NE-stimulated lnsPn-formation. The 
effects of the tested effectors were similar under both culturing conditions 
indicating that the susceptibility of components of the signalling pathway via 
a-ļ-adrenoceptors to these modulators was not influenced by morphological 
differentiation.

2 8 0 .7

EXPRESSION OF FUNCTIONAL POTASSIUM CURRENTS IN 
CULTURED GLIA FRÒM FROG OPTIC NERVE. M. Philippi, L.Vyklicky 
and R.K. Orkandf Inst of Neurobiology and Dept. of Physiology, 
University of Puerto Rico Medical Sciences Campus, San Juan, PR 00901.

Glial cells buffer increases in [K+]0 produced by active neurons. The 
membrane processes include KC1 uptake, Na pump stimulation and 
spatial buffering. The latter process requires glial cells to carry 1) inward 
K+ currents in regions where K+ is elevated at a glial VM more negative 
than EK and 2) outward K+ currents at normal [K+] and Ve more positive 
than EK. Despite many studies on glial K* channels, the question remains 
whether they contain such channels which function at normal values of 
[K+]„ (Ritchie, TINS 9:345-351, 1992). Glial cells were isolated from the 
optic nerve of Rana pipiens and cultured for 1-11 days İn Lebowitz-15 
medium. K* currents were studied by using the whole cell patch clamp 
technique. At 24-48Һ, cells exhibited an inwardly rectifying Cs+ blocked 
current (KIR) which increased in amplitude and shifted its threshold of 
activation to EK when [K+]0 was increased from 3 to 6 or lOraM. K,R 
diminished after 3 days in culture and completely disappeared after 5 
days. The addition of pieces of optic nerve appeared to prolong expression 
of K,R but was not able to restore it once lost. At 24-48Һ, a potassium 
delayed rectifier current (Kq) was relatively small but became large at 3 
days and was the only current present at 5 days. K į was activated at about 
-7 mV and 70% blocked by 20mM TEA. Kq can not provide the pathway 
for outward K+ current during spatial buffering but may play a role under 
pathological conditions. Supported by NIH (P01,RCMI,MIRDP) and NSF 
(EPSCoR).

2 8 0 .4

GABA IMMUNOREACTIVITY IN CULTURED OPTIC NERVE 
OLIGODENDROCYTES AND DORSAL ROOT SCHWANN 
CELLS.
S. Ochi1’ 2, K. Sakatani*1. K. Hashi1. J. D. Kocsis2
Dept. of Neurosurgery Sapporo Medical School 1 Sapporo, Japan
060; Dept. of Neurology Yale University2 New Heven, CT 06510

Our studies on cultured optic nerve astrocytes indicate that 
GABA immunoreactivity was localized in astrocytes. GABA 
immunoreactivity was most intense in early neonatal nerves and 
attenuated over three weeks of postnatal development. Although 
these studies suggest GABA synthesis in astrocytes in developing 
optic nerve, it is not known if  other glial cells, such as 
oligodendrocytes or schwann cells can synthesize GABA. To 
address these issues, GABA immunostaining was carried out on 
cultured oligodendrocytes of optic nerve and schwann cells of dorsal 
root.

Oligodendrocytes from optic nerve and schwann cells from 
dorsal root of neonatal rat(postnatal day 7) were immunostained 
using polyclonal anti-rabbit anti-GABA antibody as primary 
antibody. To specifiy the subtype of glia, aniti- Ģalactocerebroside 
antibody were used for oligodendrocytes and S-100 for Schwann 
cells. GABA immunoreactivity was observed in oligodendrocytes 
at 7-10 day in vitro and schwann cell at 5-8 day in vitro.

These present results suggest that GABA can be synthesized 
not only in astrocytes but also oligodendrocytes and schwann cells.

2 8 0 .6

ROLE OF KAPPA OPIOID RECEPTORS IN TYPE 1 ASTROCYTE GROWTH. 
J.A. Gunvell1. M J, Duncan 1. A, Stiene-Martin1. K, Maderspach2. C.S. Turbek1. 
and K.F. Hauser 1*. Dept. Anat. and NeurobiolA Univ., Kentucky Sch. of Med., 
Lexington, KY 40536-0084; Inst. Biochem.2, Biol. Res. Ctr., Hungarian Acad. Sci., 
Szeged, Hungary.

Endogenous opioids (e.g., Met-enkephalin) and opiate drugs (e.g. morphine) 
inhibit the growth of type 1 astrocytes in mixed-glial cultures. Previous studies 
suggested that several opioid receptor types might be involved in growth, and 
showed that k , but not б or μ, opioid receptor agonists, cause rapid (2 min) rises in 
intracellular calcium in growing astrocytes. To further test the role of κ opioid 
receptors (к-OR) in astrocyte growth, their presence was examined by assaying 
growth per se , radioligand binding assays, and immunocytochemistry. Astrocyte 
growth (DNA synthesis) was inhibited by 100 nM U69,593, and this effect could be 
blocked by 300 nM nor-binaltorphimine (nor-BNI). Moreover, equimolar иог-BNI 
blocked morphine-induced reductions in astrocyte DNA synthesis. To determine 
w hether к-OR were present, opioid binding sites were initially examined in 
homogenates of cerebral cortex. The ability of levailorphan tartrate to inhibit the 
binding of [% ] naloxone or [^HJbremazocine was examined. The IC50 of 
levallorphan for inhibition of [3H]naloxone binding was 0.8 nM. The IC50 of 
levallorphan for inhibition of [^HJbremazocine binding was 12 nM. Preliminary 
studies using homogenates of mixed-glial cultures showed specific binding of 
[3H]bremazocine. Using an anti-ĸ-OR monoclonal antibody (KA8) (Maderspach et 
al. J. Neurochem. 56:1897-1904, 1991) revealed that flat, polygonal, type 1 
astrocytes expressed к-OR immunoreactivity. Immunoreactivity appeared patchy 
and punctate at the cell surface, and electron microscopy revealed the presence of a 
cell-membrane-associated immunocytochemical product. Collectively, this evidence 
suggests that type 1 astrocytes express κ-opioid receptors, and that this receptor type 
may, in part, mediate astrocyte growth. Supported by DA 06204.

2 8 0 .8

PERINEURIAL PERMEABILITY TO SODIUM-22 DURING REGENERATION 
IN FROG SCIATIC NERVE. J . R, Steiner. A. Weerasuriva and M. E. 
Michel*. School of Medicine, Mercer University, Macon, GA 31207 and 
NINDS, NIH, Bethesda, MD 20892.

Peripheral nerve fibers and associated glial cells function within a 
specialized extracellular compartment - the endoneurial micro
environment. Access to this milieu intérieur from the vascular and other 
extracellular spaces is limited and controlled by the blood-nerve interface 
(BNI) consisting of the endoneurial vascular endothelium and 
perineurium. Histological studies have demonstrated increases in
permeability of the endoneurial microvasculature to large morphological 
tracers during nerve degeneration and regeneration. An in vitro
technique (Brain Res. 192, 581-585, 1980) was used to quantify the 
permeability of the perineurium to a small tracer (22Na) in frog sciatic 
nerve during regeneration. In an anesthetized frog (Rena p ip iens), the 
right sciatic nerve was crushed at the plexus with the smoothened tips 
of a pair of forceps. There was complete recovery of sensory and motor 
functions in the right leg at 9 weeks post-crush. Perineurial permeability 
was measured in the crushed right and unlesioned left nerve from 3 days 
to 26 weeks after the lesion. At 3 and 7 days post-crush there was no 
significant difference between the permeabilities of the two legs. From 
the 2nd to the 26th week the right perineurium was significantly more 
permeable than the corresponding left perineurium. The ratio of the 
permeabilities of the two legs was 6.8 at 2 weeks, peaked at 12.8 by 
12 weeks and was 7.6 at 26 weeks post crush. The permeabilities of 
the left perineuriums at 12 weeks (1.8 ± 0.4 x 106 cm/sec) and 26 
weeks (1.4 ± 0.4 x 106 cm/sec) post-crush were not significantly 
different from previously reported normal values.
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281.1
TRANSIENT DENDRITIC SPINY APPENDAGES ON RAT 
SEPTOHIPPOCAMPAL NEURONS ARE NOT INVOLVED IN THE 
ESTABLISHMENT OF SYNAPSES.
R. Linke*1 , E. Soriano^ and M. Frotscher*. knst. Anat., Univ. Freiburg, D-7800 

Freiburg, ^Unit of Cell Biol., Univ. Barcelona, E-08028 Barcelona.
During ontogeny, septohippocampal projection neurons carry an abundance of 

dendritic and somatic spiny appendages that are lost during maturation. Because 
these processes are hypothesized to be involved in synaptogenesis, we investigated 
the spiny appendages of identified septohippocampal neurons in the perinatal 
period.

Late embryonic (E l8 and E20) and early postnatal (PO, PI) septohippocampal 
projection neurons were identified by means of retrograde labeling with the 
carbocyanine tracer Dii and biocytin, respectively. Individual neurons (E18, n=l; 
E20, n=2; PI, n=3) were serially sectioned and examined in the electron 
microscope.

The majority of contacts at E l8 resembled puncta adherentia. Occasionally, 
coated vesicles were present on one side of the contact. At E20, contacts looked 
more synapse-like but still lacked synaptic vesicles. Fully developed synapses 
occurred at PI, but only on the smooth parts of the somata or dendrites of identified 
neurons. No synapses were found on labeled and unlabeled spiny processes.

In the medial septal nucleus mature synapses occur around birth when many 
hippocampo-fugal axons have already arrived. The present results indicate that the 
transient spiny appendages, which are a common feature of immature neurons, are 
not the site of synaptogenesis in septohippocampal projection neurons.

Supported by the DFG (SFB 325).

28 1.3
PARVALBUMIN IN HIPPOCAMPUS OF THE PRENATAL AND NEWBORN 
PIGLET. F.S. Wartman, C.S. Easley, G.W. Lanford, T.M. Louis* and G. M. 
Peterson. Departments of Anatomy/Cell Biology and Pediatrics, East Carolina 
University School of Medicine, Greenville, NC 27858

Parvalbumin (PV) is a calcium-binding protein involved in intracellular calcium 
ion homeostasis. PV is present in a sub-population o f GABAergic inhibitory 
neurons and the calcium-binding properties o f PV appear to confer a neuro- 
protective benefit to those cells which contain it. For example, hippocampal 
neurons in the rat which contain both G ABA and PV survive ischemic insult 
better than GABAergic cells which do not contain PV. Although these neurons 
are generated before birth in the rat, PV immunoreactivity is not detected until 
several days after birth. We have been investigating neuronal death in the 
ischemic perinatal piglet because it models the human perinatal condition better 
than the rat. Thus, in the present study we sought to determine the time of 
appearance of PV immunoreactivity in the hippocampus. W e examined the 
hippocampus of piglets aged 37 and 7 days prenatal and 7 and 21 days postnatal. 
Brains were fixed by perfusion with 4% buffered paraformaldehyde and blocks 
containing the hippocampus were frozen and sectioned at 40 /im  in the horizontal 
plane. Sections were incubated in anti-PV for 60 hrs and then processed through 
either the avidin-biotin-peroxidase reaction and stained by diaminobenzidine or 
labeled with a biotinylated secondary antibody and tagged with Cy3 conjugated to 
streptavidin (Jackson Labs). PV-immunoreactive (ir) somata were observed in the 
hippocampus at all four ages. Scattered PV-ir somata were detected in strata 
oriens and pyramidale o f regio superior and inferior, and in the hilar region o f the 
dentate gyrus. The morphology of PV-ir neurons was similar to that of non- 
pyramidal neurons in the adult rat hippocampus. The presence o f PV-ir neurons 
in the prenatal piglet hippocampus offers a plausible explanation for the resistance 
to ischemic damage shown by this region in this species.

28 1.5
PHYSIOLOGY OF IN VITRO RAT IMMATURE HIPPOCAMPAL C A3 
PYRAMIDAL NEURONS. C. Psarropoulou* and M. Avoli. Montreal 
Neurological Institute, McGill Univ., Montreal, QC, CANADA, H3A 2B4.

We studied the properties of CA3 hippocampal pyramidal cells from 
Sprague-Dawley rats at postnatal days (P) 2-7 and 10-17, by recording 
intracellularly with K-acetate filled electrodes. These cells had considerably 
higher input resistances (98+6ΜΩ mean+SEM, n=38 for P2-P7 and 
73+3ΜΩ, n=26 for P10-P17) and r (28±2ms, n=31), and lower 
(55±3mV, n=26 for P2-P7 and 65±2mV, n=32 for P10-P17) and more 
prolonged action potentials (APs), than their adult counterparts. They 
responded to intracellular injection of .5-2s depolarizing pulses with an initial 
burst, followed by tonic firing. They showed adaptation, and a pronounced 
afterhyperpolarization or membrane oscillations were seen during the 
remainder of the pulse. Response to hyperpolarizing pulses increased linearly 
with increasing intensity of injected current, and a sag of the membrane 
potential could be detected after P7. Stimulation of mossy fibers evoked a 
postsynaptic potential, which was depolarizing and of long duration in the 
first week and became depolarizing-hyperpolarizing afterwards (298±51ms, 
n=9 P2-P7 vs 57 + 19ms, n=7 for P10-P17). EPSPs were significantly 
reduced by CNQX (5-ΙΟμΜ), but not by CPP (5-10/гМ). Bicuculline (10/tM) 
could induce a prolonged stimulus-evoked burst from P3 onwards. 
Spontaneous PSPs changed from descrete potentials of 4-12mV, .2-.7s 
duration that reversed polarity at -48mV (n=3), during the first week to 
lower amplitude and higher frequency potentials during the second week. 
Spontaneous bursts (P7 and later) were blocked by membrane 
hyperpolarization and tonic firing could be seen by membrane depolarization. 
Öur findings indicate that CA3 pyramidal cells display continuous changes 
in both synaptic and intrinsic properties during development.

Supported by MRC of Canada. CP was an AES Postdoctoral Fellow.

28 1.2
EFFECTS OF NEONATAL SEROTONIN DEPLETION ON THE 
DEVELOPMENT OF RAT DENTATE GRANULE CELLS J.H.Haring* 
and W.Yan. Dept. o f  Anat. andNeurobiol.,St. Louis Univ., St. Louis, MO 63104.

Serotonin (5HT) may have a role in neuronal differentiation and synaptogenesis. 
The postnatal generation o f granule cells provides a model system for studying the 
effects o f 5HT on neuronal development. 5HT was depleted in PND3 pups by an 
IC injection o f 5,7DHT (50μg in 5μ1). Controls received vehicle only. For 
electrophysiological experiments, a group o f  control rats was treated with PCA and 
PCPA for the acute depletion o f 5HT. Morphological studies were performed in 
PND14 and PND28 rats; in vitro recording was performed in hippocampal slices 
from PND40-45 rats. Counts o f  Golgi-impregnated granule cell dendritic spines 
demonstrated a significant decrease in spine density in treated rats and the 
difference in spine density was greater at PND28 than PN D  14. CA3 thorny 
excrescences in treated rats also were less elaborate than in controls. These data 
suggest that 5HT may affect synaptogenesisand synapticstabilization. Input-output 
functions showed that the population EPSP is reduced in slices from rats treated at 
birth although the population spike was not different from control. Acute depletion 
o f 5HT did not significantly affect the EPSP compared with control but the spike 
was significantly larger than both control and neonate-treated groups at lower 
stimulus intensities. Excitability curves from these data show that granule cells from 
the neonate 5HT depletion group are more excitable than controls and that this 
effect is only partially attributable to the absence o f 5HT. These changes in the 
relationship o f the EPSP to the population spike are similar to those reported in the 
senescent hippocampus (Barnes, 1983).

28 1 .4
A G E-R E LA TED  ALTERATION IN  THE E X PR E SSIO N  OF 
HIGHLY PO LY SIA LY LA TED  NCAM IN  THE RAT HIPPOCAM PAL  
FORM ATION. T .Seki* and Y .Ara i . Dep. of Anat. 
Juntendo Univ. Sch. of Med., Tokyo 113, Japan.

The dentate granule cells are known to 
continue to be produced even during the adult 
period. We have found in the adult rat that the 
persistent expression of a highly polysialylated 
neural cell adhesion molecule (NCAM-H) that is 
generally specific to developing tissues, remains 
in the newly generated granule cells and the 
mossy fibers. In the present study, we have 
examined the correlation between the NCAM-H 
expression and the neurogenesis in older rats. 
BrdU analysis revealed that the proliferative 
activity gradually decreased with age. The NCAM-H 
expression was seen in the part of the granule 
cells and mossy fibers in the rats from 35 days 
to 6 months of age. However, the number of the 
positive cells and fibers gradually reduced 
during this period, and they were scarcely 
detected in the 1.5 year-old rat. These results 
suggest that the NCAM-H expression of the granule 
cells and mossy fibers is age-dependent and is 
closely associated with the addition of new 
neuronal circuits to the hippocampal formation of 
the young- and middle-aged rat.

28 1 .6
THE DISTRIBUTION OF CORTICOSPINAL AXONS WITHIN THE SPINAL 
GRAY OF INFANT RHESUS MONKEYS. B. B. Stanfield* and C. Asanuma. 
Lab. of Neurophysiology., NIMH, NIH Animal Center, Poolesville, MD 20837.

The adult distribution of corticospinal (c-s) axons within the spinal gray varies 
both among mammals and, within a given species, among the cortical regions of 
origin of c-s axons. The development of the c-s terminal fields also varies. In 
rodents, c-s axons develop in a fairly straightforward, progressive manner. The c-s 
axons initially enter only those regions of the spinal gray which in the adult will 
receive a c-s projection. Subsequently the axons arborize and the mature density of 
c-s innervation is attained. In cats, c-s axons grow into regions of the spinal gray 
where they are not found in adults, and only later is the projection restricted to the 
mature pattern. Yet another sequence o f development was described some 30 years 
ago by Kuypers who investigated the postnatal development of the c-s projection in 
rhesus monkeys (Science 138[1962]678). Kuypers described a progressive change in 
the distribution of c-s axons in the cervical spinal cord over the first several months 
of life. In infant monkeys c-s axons were seen concentrated in the intermediate zone 
and excluded from the ventral hom. The adult distribution with large numbers of c-s 
preterminal arbors surrounding groups of motoneurons was not found until about 8 
months of age. These observations, however, were made using silver impregnation 
of degenerating axons, a capricious method, especially in the developing CNS. To 
test whether these findings can be substantiated with a method utilizing axonal 
transport, we have begun to study the development o f the c-s projection in infant and 
young rhesus monkeys using autoradiography after cortical injections of 3H-amino 
acids. Thus far, in cases we have prepared with injections into the precentral gyrus 
during the first postnatal week, we find that the bulk of label in the cervical cord is 
in the contralateral intermediate gray matter. Some label is also found medially in 
the ventral hom, both ipsilaterally and contralaterally, but label is sparse laterally, 
and virtually absent around the motoneuronal pools there. These results confirm at 
least in part the slow, progressive, postnatal development o f the c-s projection from 
the precentral gyrus in rhesus monkeys. Comparisons will also be made with the 
development of the c-s projection arising from die postcentral gyrus.
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28 1 .7
ONTOGENY OF CORTI COSTRI ATAL PROJECTIONS IN THE RAT BRAIN.
K. Tatsnkawa*. H.I. Kornhlum. and H.T. Chngani. Div. Pediatric Neurology, 
Reed Neurological Research Center. UCLA, Los Angeles, CA 90024 

Cerebral heniispherectomy promotes the development of novel, crossed 
corticoslrialal connections when performed in neonatal, but not adult animals. 
We have been investigating the potential molecular mechanisms underlying this 
plasticity (H.I.Kornblum el al '93 Soc.Neurosei.). In the present study, we 
investigated lite normal development of eorticoslriatal pathways to serve as a 
baseline for our investigations into plasticity following disruption of these 
connections. Corticostriata! fibers were visualized following placement of 
crystals of the fluorescent label, 1 ,l'-dioctadecyl-3,3,3 ',3 '-tetram ethyl- 
indocarbocyanine perchlorate (Dii) into the left temporal and parietal cortices of 
formal in-perfused rats at P6, P12, and P24. At P6, the striatum ipsilateral to 
crystal placement contained heavily labeled fibers within the internal capsule, and 
scattered labeling between these fibers of passage. No labeling was observed in 
the contralateral striatum. Al P12, there was more extensive labeling of fibers 
between ipsilateral internal capsule fibers, as well as a few fibers within the 
contnilateral neostriatum, predominantly w ithin the dorsolateral region. At P24, 
there was dense, relativ ely homogeneous labeling of the ipsilateral striatum, with 
approximately equal labeling of internal capsule and cori і cos tri at al fibers. Fibers 
labeled within the contralateral striatum were still relatively localized to the 
dorsolateral region. These data indicate that ipsilateral eorticoslriatal pathways are 
present by P6, but that contralateral pathways develop somewhat later, by P I2. 
Furthermore, at PI2 and P24, the topographic distribution of ipsilateral and 
existing contralateral eorlieostriawil projections appears to be different.

28 1 .9
POSTNATAL DEVELOPMENT OF GABA NEURONS IN THE 
RAT SOMATOSENSORY BARREL CORTEX. K. Micheva*. C. 
Crevier and C. Beaulieu. Dept Pathology and Centre de Recherche en 
Sciences Neurologiques, Université de Montréal, (Qué) CANADA.

Using stereological methods combined with the post-embedding 
GABA technique, the postnatal development (P5 to P90) of GABA 
neurons was compared to that of the overall population in rat barrel 
cortex. The numerical density of both populations of neurons showed a 
similar pattern of exponential decline: a rapid decrease between P5 and 
PIO, followed by a progressively slower reduction. However, this 
initial decrease was more pronounced for GABA neurons than for the 
overall population (drop of 53% between P5 and PIO vs 43%), while 
the later changes affected more the overall population than the GABA 
neurons (drop of 46% between P20 and P90 vs 32%). Consequently, 
the percentage of GABA neurons showed slight, but significant 
variations with age. After an initial decrease from P5 to PIO (from 13.8 
to 11.4%), there followed a period of stabilization between PIO and 
P20 (11.3%), with a subsequent slow increase up to P90 (P30: 12.2%; 
P60: 13.4%; P90: 14.2%).

We propose that this characteristic U-shaped developmental pattern 
of the percentage of GABA neurons in the rat barrel field reflects the 
superimposition in time of two distinct processes: the naturally 
occurring neuronal cell death and the gradual postmigrational 
neurochemical differentiation of GABA neurons.

Supported by MRC (Canada).

281.11
M O R PH O L O G Y  O F IN D IV ID U A L  T H A L A M IC  A F F E R E N T S  IN  
E A R L Y  P O S T N A T A L  R A T  S O M A T O SE N SO R Y  C O R T E X
S. C ata lan o*  R .T. R ob ertson  and  H .P. K illa c k e v . D ep ts. o f  
P sy c h o b io lo g y  and  o f  A n a to m y  and N eu r o b io lo g y , U n iv e r s ity  o f  
C a lifo r n ia , Irv in e , CA  92717
T h a la m o co rtica l a xon  arbors ter m in a tin g  in  la y er  IV  o f  th e a d u lt  
rat p r im ary  som atosen sory  co r tex  (S I) span  th e  w id th  o f  a "barrel". 
We a n a ly z ed  th e m o rp h o lo g y  o f  in d iv id u a l D i i  la b e led  th a la m ic  
a x o n s in rat SI d u r in g  th e  p er iod  in d e v e lo p m e n t w h en  the  
p er ip h era lly  re la ted  p attern  is e s ta b lish ed . Pups are born on P 0.
B y P 1, c e lls  th a t w il l  fo rm  la y er  IV are s itu a te d  at th e  b ottom  o f  
th e  d en se  co r tic a l p la te . L ea d in g  th a la m o co rtica l a x o n s grow  
ra d ia lly  w ith in  la y er  V and  b ran ch  u pon rea ch in g  th e  v ic in ity  o f  
th e  la y er  IV  ce lls . A t th is  age , th e a rb o r iza tio n  is r e la t iv e ly  s im p le, 
co n s is t in g  o f  a fe w  sh ort b ran ch es. By P 3 th e  arbors w ith in  layer  
IV  h a v e  e la b o ra ted  m ore b ran ch es, b u t th e ir  to ta l e x te n t  in  the  
m ed io la tera l d ir ec t io n  rem ain s sp a t ia l ly  fo cu se d . W hen th e  
p er ip h era lly  re la ted  p attern  f ir s t  ap p ears w ith in  th e  D il- la b e le d  
p o p u la tio n  at P 2, barrel w id th s  in v ib r issa e  r eg io n s are 200-300  
urn. In d iv id u a l arbor w id th s  a t P 1 and P 3 d o  n ot e x c ee d  th is  
d is ta n c e , ra n g in g  fro m  125 to 175 urn in  d ia m eter  in coron a l 
sectio n s. T h is  p re lim in a ry  e v id e n c e  su g g ests  th a t a x o n s  fro m  the  
v en tra l p oster ior  n u c leu s p ro jec tin g  to rat SI d o  n ot overb ran ch  
and retract d u r in g  th is  p er io d , ra th er th ey  ap p ear to a c h iev e  th e ir  
m orp h o lo g y  b y a p ro g ressiv e  e la b o ra tio n  o f  fo c u se d  arbors. 
S u p p orted  b y N S F  B N S 90-22168  and  N IH  N S 30109 .

28 1.8
HOMOGENEITY IN THE NUMBER OF CELLS IN 3 AREAS OF 

NEONATAL RAT CEREBRAL CORTEX. F. Morin*, C. Crevier 
and C. Beaulieu. Dépt pathologie et Centre de recherche en sciences 
neurologiques, Université de Montréal, Montréal, (Qué) CANADA.

A recent stereological study has demonstrated that the number of 
neurons under 1 mm2 of surface of cortical tissue (Nç) was greater in 
the somatosensory barrelfield compared to the visual and motor areas 
of adult rats. Moreover, a similar pattern of distribution was obtained 
for the population of GABA neurons. These differences were mostly 
attributable to layer IV, the main recipient layer of thalamic inputs. The 
present study was undertaken to examine whether the greater number 
of cells in the barrelfield region is already present in neonatal rats.

Cellular counts were made with the disector method and GABA cells 
were identified with the post-embedding immunocytochemical 
technique. We have found that contrary to the adult rat, no significant 
difference was observed in the Nc of the overall population and of 
GABA cells between the barrelfield, the visual, and the motor areas. 
The only interareal difference found was within the subplate zone 
where a greater number of GABA cells was observed in the visual 
cortex.

The homogeneity of the neuronal numbers between these areas 
could be explained by the fact that layer IV is not yet differentiated in 
the cerebral cortex of newborn rats, suggesting that cortical 
specification is mostly a postnatal event.

Supported by MRC (Canada).

281.10
GABAa RECEPTORS IN RAT WHISKER BARREL CORTEX: ONTOGENY 
AND EFFECTS OF WHISKER TRIMMING. J.L. Fuchs*. Dept. Biological 
Sciences, University of North Texas, Denton, TX 76203.

The regional development of GABAa receptors in rat neocortex was 
studied in 17 age groups from fetal day 16 through adult. Beginning 
around postnatal day 3, SI whisker barrels showed a transient rise in 
[3H]muscimol binding in layers that receive input from ventrobasal 
thalamus: IV through lower III, and lower V through upper VI. Density in 
these two bands reached a peak early in the second postnatal week. At 
this time, granular regions of SI and portions of frontal cortex were easily 
distinguishable from other neocortical areas by virtue of a bilaminar pattern 
of high [3H]muscimol binding. By adulthood, whisker barrels were only 
slightly more dense than other cortical regions.

In six rats, vibrissae were kept chronically trimmed from birth. Either 
the middle row (C) or the outer rows (A,B,D,E) were clipped on one side 
of the face. The animals were sacrificed at 6 weeks of age, and tangential 
sections were cut through flattened barrel cortex. [3H]Muscimol binding 
declined selectively in the deprived barrels. Some specificity was 
suggested by the lack of deprivation effects in NMDA receptors (13H]MK- 
801 binding) in adjacent sections.

These results extend previous findings that sensory deprivation can lead 
to a decline in GABAergic markers. Down-regulation of GABAergic 
systems may serve a compensatory function by disinhibiting the reduced 
excitatory sensory input from trimmed whiskers. In ontogeny, GABA may 
play a complementary role. During the initial establishment of sensory 
innervation, the high density of GABAa receptors could restrict and refine 
sensory excitation from early exuberant cortical afferente.
Supported by NIMH MH41865.

28 1.12
DEVELOPMENT OF THALAMOCORTICAL AND CORTICOCORTICAL 
CONNECTIONS IN FERRET SOMATOSENSORY CORTEX. R. Sontv* and S.L. 
Juliano. Depts. of Anatomy & Neuroscience, USUHS, Bethesda, MD, 20814.

Because the ferret brain is relatively immature at birth, it is a useful model to 
assess the development of emerging somatosensory connections in normal 
and nerve damaged animals. As a result, many elements of the developing 
somatosensory cortex were considered, using picoliter injections of the 
carbocyanine dye Dii as an anatomic tracer. Injections were made into either 
the developing somatosensory cortical plate, the internal capsule, or the 
ventrobasal thalamus (VB) in ferret brains aged from PND 1 to PND 18. After 
injections into PND 1 cortex, labeled axons emanated from the injection site 
and extended through all levels of the cortical plate. Scattered retrogradely 
labeled neurons were observed near the injection site. Retrogradely labeled 
neurons were also observed in the developing basal forebrain and in VB. In 
VB, a small cluster of neurons were labeled, suggesting focussed 
thalamocortical projections at PND1. In addition, many labeled cells were 
found in the ventricular zone (VZ), with morphologies similar to those 
described for radial glia. At this age, these presumptive radial glia were found 
predominantly at the ventricular border of the VZ. At PND5&9, cortical Dii 
injections labeled similar neural elements to those observed at PND1. More 
labeled neurons were observed in the subplate. In the VZ, labeled celis were 
found at the outer border, and not near the ventricle. At PND 18, small clusters 
of retrogradely labeled neurons were seen in layer 3-5, a pattern of label not 
seen at younger ages. No label was seen in the VZ or presumptive radial glia 
at this age. Larger injections of Dii into the thalamus demonstrated that by 
PND 5, distinct intermittent patches of fibers extended through the thickness 
of the cortex. 2DG studies in adults suggest that ferret somatosensory cortex 
is organized into functional columns. Supported by PHS NS 24014.
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281.13
DIVERGENCE OF SINGLE THALAM IC AFFERENTS IN N EO N ATAL  
AUDITORY CORTEX. R.K. de Venecia*, and N .T . M cM ullen. Dept. o f  
Anatomy, Univ. o f  Arizona C ollege o f  M edicine, Tucson, AZ 85724.

Recent studies in our laboratory using sensitive anterograde tract tracing 
techniques have shown that thalamic afferents terminate in "patches" along 
the dorsal-ventral tonotpic axis within the auditory neocortex o f  adult rabbits. 
The patches seen in the coronal plane are elongated in the anterior-posterior 
(А-P) axis (parallel to isofrequency contours) forming bands up to 2 mm in 
length (M cM ullen & de Venecia, ’93, in press). Developmental studies 
revealed that auditory thalamocortical afferents segregate to form patches as 
early as postnatal day (PD) 1, about six  days prior to hearing onset (de 
Venecia & M cM ullen, Neurosci. Abst. ’92). The purpose o f  the present 
study was to determine if individual axons contribute to the formation o f  
more than one patch in neonatal cortex. Small numbers o f axons were labeled 
by making focal iontophoretic injections o f  biocytin into the medial geniculate 
body. Immunohistochemical methods were used to visualize biocytin-labeled  
axons in 100 urn thick coronal sections. Single axon serial reconstructions 
were performed with the aid o f an image combining computer m icroscope or 
camera lucida device. At PD-1 and PD -3, single axons branch in the white 
matter or layer VI giving rise to branches which diverge to contribute to 
multiple patches. Upon entering layer IV, the branches begin to arborize 
extensively to form terminal arbors that occupy the full depth o f  the cortical 
plate and lamina I (PD-1) or laminae I-IV (PD-3). In the coronal plane, the 
arbors o f  individual branches are as wide as 400  urn, approximately the 
width o f a single patch. Branches o f an individual axon which contribute to 
the same patch terminate along the А -P axis forming an elongated field up 
to 700 urn in length. Thus the patchy distribution o f  bands o f  thalamic 
afferents in neonatal auditory cortex are a reflection o f  the terminations o f  
individual axon arbors. Whether this neonatal divergent pattern o f terminal 
arborization persists into adulthood is as yet unknown. (Supported by NIH  
and ADCRC).

281.15
ALTERATION OF CALLOSAL CIRCUITRY IN PRIMARY AUDITORY 
CORTEX BY DEVELOPMENT ALLY-INDUCED VISUAL INPUTS. S.L. 
Pallas* and J. Wright. Division o f Neuroscience, Baylor College o f Medicine, 
Houston, TX 77030.

Patterned restriction o f callosal projections is a common feature o f sensory 
cortex. In cat primary auditory cortex (AI), callosal terminals form elongated bands 
running parallel to die tonotopic axis which contain binaural cell subtypes (Imig 
& Brugge, 78). We report here that elongated bands of callosal terminals also 
exist in ferret AI, and that adult banding patterns can be altered by unilateral 
changes in the modality of thalamocortical inputs in neonates.

In ferrets, specific neonatal lesions can divert retinal axons to the medial 
geniculate nucleus, conferring visual responsiveness and a retinotopic map within 
AI (Sur et al. '88; Roe et al., '90, in press). We made large and extensive 
injections of neuronal tracers throughout the normal AI of 7 unilaterally lesioned 
ferrets and in the left AI of 4  normal ferrets. We found that, as in cats, normal 
ferret AI contains 2 to 3 elongated bands o f callosal terminals oriented parallel to 
the tonotopic axis. These terminals form columns distributed throughout the 
cortical layers, whereas callosally-projecting somata are located mainly within 
layers 3 and 5 and are primarily pyramidal in form. In the lesioned ferrets, 
injections in the normal hemisphere showed callosal terminal label was distributed 
in a patchy, rather than banded form. A suggestion of 2 to 3 elongated bands could 
be seen in some lesioned animals, but these bands were interrupted by acallosal 
areas, giving the appearance of a series of puffs of aligned callosal terminals.

The results suggest that alterations in afferent activity and modality can alter the 
callosal circuitry in sensory cortex. Such alterations in the modality of 
thalamocortical inputs illustrate the importance of afferent influences in cortical 
areal specification, and should provide a powerful tool with which to explore the 
development of callosal projections, and cortical development in general.

281.17
L A M IN A R  D IS T R IB U T I O N  O F  N A D P H - D I A P H O R A S E  A C T IV IT Y  
I N  A R E A  17 O F  T H E  G U I N E A - P I G  V IS U A L  C O R T E X :  A
Q U A N T I T A T I V E  A N A L Y S I S  O F  T H E  E F F E C T S  O F  L - 
N IT R O A R G IN IN E  O N  H I S T O C H E M IC A L  L A B E L L IN G .
Eisanco-Pinis, C.W.. A,K,J, Атогіпк-М,..1іІуа.-Л11ш and. Mi ,  Frisdlaiuter*. 
Neurobiology Research Center, University of Alabama at Birmingham, Birmingham, 
AL 35294 USA; Department of Physiology, University of ParaC Belem, Brasil.

Systemic application of NOS blockers such as L-nitroarginine (L-NA) provides a 
tool to study the role of nitric oxide (NO) in the visual cortex. NADPH-diaphorase 
(NADPH-D) has been immunolocalized as a nitric oxide synthase (NOS) and 
biochemical evidence supports this result. NADPH-D activity in the guinea-pig 
visual cortex, as evaluated histochemically, is inhibited in a time- and dose-dependent 
fashion by L-NA. In order to quantify these results, we injected either L-NA, its 
inactive enantiomer, D-NA or saline intraperitoneally in adult pigmented and albino 
guinea-pigs as a single dose (5, 10 or 50 mg/kg, n=7), two doses (10 mg/kg with 8 
hour intervals) or two doses daily (20 mg/kg) over four days. Subjects were perfused
4-16 hours after the last injections. In vitro experiments (n=5) utilized 300 pm thick 
slices of visual cortex maintained at 35 °С in a continuous flow oxygenated perfusion 
chamber. Slices were exposed to 100-1000 μΜ L-NA, D-NA or control buffer. The 
histochemical local section of NADPH-D activity was effected using the "malic 
enzyme indirect method" (Scherer-Singler et al. 1983). Quantitative analysis at the 
light microscope level, using 3-D image analysis o f somata, dendrites and varicosities 
in the neuropile revealed a strong effect o f L-NA. The density of dendritic branches is 
reduced after three doses of 10 mg/ml by more than 30%. The density of varicosities 
is reduced by three-fold by L-NA. Axonal processes disappear after chronic treatment 
(4 days, 20 mg/kg, twice a day), but the cell bodies and some o f the dendritic arbors 
remain, although reduced. Neuropile staining after chronic L-NA treatment revealed 
that staining in layers 4 ,5  and 6 is strongly reduced. Our data support the suggestion 
that NADPH-diaphorase is a NOS and suggests that the reduced diaphorase staining 
acts directly on neurons and not via indirect vasopressor action.

Supported by FINEP, CNPq, UFPA and CAPES and NIH EY05116.

281.14
EFFECTS OF PARTIAL DE AFFERENT ATION ON DEVELOPM ENT OF 
G ENICULO -CO RTICAL PROJECTIONS TO PRIM ARY AUDITO RY  
CO RTEX: ST U D IE S OF D ii L A B E L E D  G E N IC U LO C O R T IC A L  
N EUR O N S A N D  ACETYLCHO LINESTERASE A N D  CYTOCHROM E  
O XIDA SE ACTIVITY. T.K. Lee. J.J. Ling. G.H. Kagevama. J. Yu* and 
R.T. R obertson. Depts. o f  Anatom y and N eurobiology and o f  Physical 
M edicine and Rehabilitation, University o f  California, Irvine, CA 92717.

Work in this laboratory has been directed toward understanding laminar 
and temporal patterns o f  development o f  thalamocortical projections to auditory 
cortex (AI). In the present studies, w e examined the effect o f  early partial 
deafferentation o f  geniculocortical neurons on subsequent developm ent o f  
geniculocortical projections. Sprague-Dawley rat pups received unilateral 
lesions o f  the inferior collicu lus on postnatal day 0  (PO) or P I. Following  
post-lesion survival periods o f  2 - 20  days, animals were sacrificed and brains 
processed for acetylcholinesterase (АСҺЕ) histochemistry, cytochrome oxidase 
(CO) histochem istry, or anterograde and retrograde m ovem ent o f  D ii to 
demonstrate geniculocortical neurons. At P6 to P14, АСҺЕ histochem ical 
activity in layer IV, associated with genicu locortical terminal fields, is 
markedly reduced in AI o f  hem ispheres sustaining the inferior colliculus  
lesion; АСҺЕ activity in rats older than PI 8 shows no difference between the 
two hemispheres. Activity o f  CO, an activity marker o f  cortical neurons, is 
slightly reduced in layer IV o f  AI ipsilateral to the lesion. Anterograde 
m ovem ent o f  D ii demonstrates reduced numbers o f  labeled geniculocortical 
axons in the lesioned hemisphere, as well as a delay in the time o f ingrowth o f  
these axons into AI. D ifferences in lesioned and control hemisphers were 
detected as early as 2 days after lesion placement. These results document the 
importance o f  normal afferent innervation for development o f geniculocortical 
projections. Supported by NIH grants D C  00450 arid NS 30109.

281.16
Trophic interactions between the developing visual cortex and dorsal lateral 
geniculate nucleus. T. U. Woo*,/. K. Niederer, and S , L. Finlay,
Biopsychology Laboratory, Cornell University, Ithaca, New York 14853.

Ablation of visual cortex causes retrograde degeneration of the dorsal lateral 
geniculate nucleus (dLGN), showing a gennai trophic dependence of geniculate 
neurons on the neocortex. To look into the specificity and extent of trophic 
dependence of geniculate neurons on their principal target in layer IV, we depleted 
variable amounts of cortical layers Π-IV using the mitotic inhibitor methyl- 
azoxymethanol (MAM) and evaluated the effect of depletion on geniculate 
neuronal survival and the pattem of geniculocortical innervation.

Single (2 0 ,2 5 ,30mg/kg) and double (20mg/kg, second injection 12 hrs 
after initial injection) doses o f MAM were injected (i.p.) into pregnant hamsters 
on embryonic day 14 when the major population of layer IV and part of layers li
n i neurons are being generated but after the generation of dLGN. After 38% of 
depletion of layers Π-IV, with 75% cell loss in layer IV alone (as determined from 
cell morphology) at the smallest dose of MAM, cell number and size in the 
dLGN of postnatal day 20 animals remain unchanged. Only after 59%, 71% and 
74% of layer П-IV depletion, with layer IV indistinguishable, do we observe 
significant ceU loss in the dLGN (9,95Q±540, 9,000±400 and 7,600±1,300 
respectively; normal: 13,10Q±800). Neuronal size decreases slightly after 59% of 
cortical depletion (10.3ftt0.50mm; normal: 11.70± 0.20mm) and more severe 
depletion has no further effect Dii and HRP injections into the dLGN of MAM- 
treated brains reveal that geniculocortical axons terminate in the dorsal aspect of 
the remaining cortex, but with much less dense arborizations.

In summary, while geniculate neurons show specific trophic dependence on 
upper cortical neurons, a much reduced cortical population can support the full 
thalamic population. Matching of the geniculate neuronal population to a 
depleted cortical target is achieved first by reduction of total axonal arborization, 
and then by reduction in neuronal size and cell death.
Supported by NIH Grant R01 NS 19245.

281.18
PO STNATAL DEVELOPMENT OF PARVALBUMIN (PV) 
IMMUNOREACTIVE LOCAL CIRCUIT NEURONS IN VISUAL 
AREAS OF MONKEY NEOCORTEX. F.Condé* and D.A .Lewis, 
CNRS URA 1121, Bat.440, Univ.Paris-XI, 91405-Orsay (France) and 
Depts.of Psychiatry and Behavioral Neuroscience, University of 
Pittsburgh, Pittsburgh, PA 15213.

Immunoreactivity for PV, a calcium-binding protein, has been 
suggested to be a marker of the functional maturation of local circuit 
neurons. Thus, the appearance of PV immunoreactivity in cortical 
neurons during development may provide an indication of the timing and 
degree of maturation of different cortical areas. In this study, we 
evaluated the density and laminar distribution of PV-immunoreactive (IR) 
neurons in four visual cortical areas (VI, V2, inferior temporal, and the 
caudal portion of area 46) of monkeys (M a ca ca  m u la tta ) ranging in age 
from 4 days to adult. In each region, the density of PV-IR neurons was 
lowest in the 4  day old animal, and then progressively increased with age 
until stable values, which were maintained into adulthood, were reached. 
However, the timing of the increase in density of PV-IR neurons occured 
in a region-specific fashion; stable values appeared earliest in V 1 and last 
in area 46. The adult pattern of laminar distribution was already present in 
neonatal animals in areas VI and V2, but did not appear until later in 
development in area 46. In the latter region, PV immunoreactivity was 
first detected in neurons located in the middle and deep cortical layers. 
These findings suggest that the appearance of PV immunoreactivity in 
local circuit neurons may reveal an ordered progression to the functional 
maturation of cortical regions and layers within the visual system.
This work is supported by G HFSPO and MRT.
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281.19
GABA NEURONS IN THE PREFRONTAL CORTEX OF THE ADULT AND 
INFANT MACAQUE MONKEYS REVEALED BY CALBINDIN- AND 
PARVALBUMIN-IMMUNOHISTOCHEMISTRY: LIGHT- AND ELECTRON- 
MICROSCOPIC STUDIES. A. Yamashita1, M. Hayashi2 and T. A rikuni*1. 
1Dept. of Anat., Nihon Umv. beh. of Med., Itabashi, Tokyo 1 /3 and 
2Primate Res. Inst., Kyoto Univ., Inuyama, Aichi 484, Japan.

In the cerebral cortex, different populations of у -aminobutyric 
acid (GABA) neurons contain calbindin (CD) or parvalbumin (PA). 
CD and PA exist not only in the cell bodies but also in the dendrites, 
axons and terminals. We used these two proteins as the markers to 
reveal the morphology of GABA neurons in the prefrontal cortex 
(area 46) of the Macaca monkeys at the postnatal 1 month and adult 
stage. ABC-immunohistochemistry using anti-CD and anti-PA 
monoclonal antibodies were performed. Animals were deeply 
anesthetized with ketamine and Nembutal followed by perfusion through 
the hearts. CD-immunoreactive (-ir) and PA-ir cells were observed 
through layers 11-VI at both stages. In layer ll/lll of the adult 
monkeys, there were pyramidal neurons which received a lot of PA-ir 
terminals or a small number of CD-ir terminals on the cell bodies 
and initial segments of the primary axons, suggesting that these two 
subpopulations of GABA neurons have different inhibitory effects on 
pyramidal cells. We also observed bundles of CD-ir fibers. In the 
layer ll/lll of the infant monkeys, CD-ir and PA-ir terminals were 
observed near pyramidal cells, but they did not make synaptic contacts 
with pyramidal cells. CD-ir fibers were also found to run in the 
perpendicular direction, but not in bundles. In the monkey prefrontal 
cortex, GABA neurons contained CD or PA before they make synaptic 
contacts with pyramidal cells which were observed at the adult stage. 
Supported by the Human Frontier Science Program.

REGENERATION II

28 2.1
IMMUNOHISTOCHEMICAL LOCALIZATION OF PLASTICIN IN 
THE REGENERATING GOLDFISH VISUAL SYSTEM. Chana 
Fuchs. Eric Glasgow. Andrew Francis* and Nisson Schechter. 
Dept. of Biochemistry & Cell Biology and Dept. Psychiatry 
and Behavioral Science. SUNY at Stony Brook, N.Y. 11794.

The goldfish visual pathway displays continuous growth 
and development as well as a capacity for functional 
regeneration after optic nerve injury. The intermediate filament 
(IF) proteins in this pathway are unexpected and atypical, 
suggesting that these proteins provide a structure that 
supports neural growth and plasticity. One of these IF 
proteins is plasticin, recently cloned in our lab from the 
goldfish retina (Glasgow et al, 1992). We have expressed a 
variable region of plasticin in an E. coli expression system 
and generated polyclonal antibodies to the protein product. 
The antibodies are specific to plasticin. In retina, plasticin is 
localized exclusively to retinal ganglion cells and to their 
axons in the optic nerve. We have used these antibodies to 
monitor optic nerve regeneration, where a rapid and dramatic 
increase in plasticin levels is observed during the early stages 
of optic nerve regeneration.
(Supported by NIH EY 05212 to N.S.)

28 2.3
INHIBITION OF REGENERATION FRON GOLDFISH RETINA BY 
DOPAMINE AMD^ FORSKOLIN. C. Schmeer. P. Matus. H. Urbina 
and L. Lima. Lab. of Neurochemistry, C.B.B., I.V.I.C., 
Apdo. 21827, Caracas 1020-A.

Serotonin and dopamine affect the neuronal outgrowth 
in Heli soma and in avian retina. Serotonin and 8-OH-DPAT 
inhibit the outgrowth from goldfish retinal explants. 
Serotonin inhibits the trophic effect of taurine in this 
model. Forskolin inhibits outgrowth from buccal neurons 
of Неї isoma. In order to study the mechanism of action of 
serotonin and dopamine on neuronal outgrowth we evaluated 
the effect of forskolin (0.1 μΜ-1 mM) and dopamine (2 μΜ 
and 50 μΜ) on explants from post-crush goldfish retina. 
Retinal dopamine levels were measured by HPLC with EC 
after the intraocular injection of L-DOPA. Retinas were 
dissected 10 days after the lesion and cultured in 
Leibovitz L-15 medium. Outgrowth was evaluated by 
measuring neurite density and length at 5 and 10 days in 
culture. Forskolin (100 μΜ) inhibited neurite sprouting 
(control: 3.24 ± 0.40; forskolin: 1.78 ± 0.23; p < 0.05). 
Dopamine at both concentrations inhibited neuronal 
outgrowth (control: 6.40 ± 0.40; dopamine, 2 μΜ: 4.00 ±
0.56; 50 μΜ: 3.10 ± 0.62; p < 0.05). Dopamine levels 
significantly decreased at 3 and 5 days after the crush. 
The administration of L-DOPA differentially increased 
dopamine in control and in lesioned retinas. Outgrowth 
inhibition is mediated, at least partially, by cAMP. 
Dopamine may act as a growth regulator in the retina.

2 8 2 .2
GEFILTIN , A N O VEL G O LD FISH  VfSUAL PATHWAY "IF" PROTEIN: 
S E R IA L  E X P R E S S IO N  O F  N E U R O FIL A M E N T S  DURING  
REG EN ERA TIO N . E. Glasgow, R.K. Pruder, C .Fu ch s. L. FochtmarT, 
and N. Schechter. Dept. Biochemistry & Cell Biology and Dept. 
Psychiatry and Behavioral Science. SU N Y at Stony Brook, N.Y. 
11794.

Molecular cloning experiments show that several novel 
neurofilament proteins are expressed in the goldfish visual pathway 
along with representative intermediate filament (IF) proteins found in 
the retina of higher vertebrates such as NF-L, NF-M, and vimentin. 
The major neurofilament component of the retinal ganglion cell 
axons is gefiltin, a new type IV IF protein. In situ hybridization 
experiments show  that gefiltin mRNA is restricted to the retinal 
ganglion cell layer. RNA protection experiments show that the mRNA 
levels for gefiltin increases after optic nerve crush. Furthermore, a 
serial expression is observed between the mRNAs for gefiltin and the 
novel type III neurofilament protein, plasticin (Glasgow etai., Neuron, 
1992). The rate of plasticin mRNA accumulation precedes the greater 
accumulation of gefiltin mRNA, during optic nerve regeneration. 
These  results indicate that the mRNA for the two neurofilament 
proteins are differentially regulated. The expression of these novel IF 
proteins m ay be linked to the unusual neurogenic properties of the 
goldfish visual pathway.
(This research is supported by a PH S grant E Y  05212 to N.S.)

28 2 .4
DEPRESSION OF NEUROFILAMENT EXPRESSION AND 
PHOSPHORYLATION ASSOCIATED WITH ABERRANT PROJECTIONS OF 
REGENERATING, FROG OPTIC AXONS. Y. Zhao* and B.G. 
Szaro. Dept. of Biol. Sei., SUNY-Albany, Albany, NY 
12222.

The expression of neurofilament proteins (NF-Ps) is 
down-regulated following axotomy. During regeneration, 
the recovery of NF-P expression and subsequent 
phosphorylation of NF-M and NF-H are correlated 
temporally with reinnervation of the targets. This 
raises the question of whether contact between 
regenerating axons and their targets influences the 
expression and phosphorylation of NF-Ps. In the frog, 
Xenopus laevis, optic axons regenerate after injury. 
Most of the regenerating axons reestablish appropriate 
connections with their target cells in the optic tectum. 
However, a small proportion enter the contralateral 
optic nerve at the chiasm and grow toward the opposite 
eye. We have examined immunocytochemically the various 
NF-P epitopes in those misprojecting axons, and compared 
them with those in axons projecting appropriately. By 
three weeks after an orbital optic nerve crush, all 
antibodies directed respectively to phosphorylation 
independent NF-M (NF-M/ind), phosphorylated NF-M (NF- 
M/P), and non-phosphorylated NF-H (NF-H) epitopes 
stained regenerating axons projecting to the tectum. 
However, in regenerating axons that projected to the 
opposite eye, immunostaining of NF-M/ind was 
significantly reduced, and no staining of NF-M/P or NF-H 
was detected. These results indicate that interactions 
between regenerating axons and their appropriate targets 
affect the expression and phosphorylation of NF-Ps. NIH 
R29 NS30682.
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282.5
EMBRYONIC OPTIC NERVE TISSUE FAILS TO SUPPORT NEURIТЕ 
REGENERATION IN VITRO. D.Shewan, M.Berry, K.Bedi and 
J.Cohen. Dept. Anatomy & Cell Biology, UMDS, Guy's 
kospital, London SEI 9RT, U.K. $PON: BRA.)
The failure of axon regeneration in the injured CNS has 

been partly ascribed to the inhibitory effects of myelin 
proteins. We investigated the influence of myelination on 
neurite regeneration by culturing dissociated rat neonatal 
retinal ganglion cells (RGCs) and adult and neonatal 
dorsal root ganglion (DRG) neurons on cryostat sections of 
both unmyelinated neonatal and fully myelinated adult rat 
optic nerve. In agreement with earlier studies using 
neonatal peripheral neurons, the adult optic nerve failed 
to support neurite outgrowth from any of the neurons 
tested. However tissue sections from unmyelinated optic 
nerve also failed to support the growth of neurites from 
neonatal RGCs and both neonatal and adult DRG neurons. 
Neonatal RGCs also f a i l e d  to e x t e n d  n e u r i t e s  on 
pre-degenerated sciatic nerve, a tissue shown in our 
previous work to be a good neurite growth-supporting 
substratum for both neonatal and adult DRG neurons. These 
results suggest that cells in the immature optic nerve 
either express widely acting axon-growth inhibitory 
molecules unrelated to previously described myelin 
proteins, or do not synthesise appropriate axon growth 
promoting molecules. They also reveal that, for axon 
regeneration, CNS and PNS neurons require distinct 
substratum interactions. (Supported by the Anatomical 
Society, the ISRT and the Wellcome Trust).

282.7
D IR E C T E D  R E G R O W T H  O F  A X O N S  A C R O S S  A  L E S I O N  IN  
T H E  D E V E L O P I N G  M A M M A L IA N  R E T IN A .
R E M acL aren &  J S H T a y lo r . (S P O N : Brain R esearch  A sso c ia tio n ). 
Dept. of H u m a n  Anatomy, University of Oxford, 0 X 1  3 Q X ,  U.K.

In the adult m am m alian central nervous sy stem  (C N S ) severed  a xon s  
do not regrow  under norm al co n d itio n s  w ith  any su c c e ss . H ow ever, 
a xotom ised  retinal g an g lion  c e lls  can  regrow  their ax o n s in culture and  
through peripheral n erve grafts. T h ese  and other o b servation s h ave led  
to  th e  c o n c lu s io n  that th e fa ilu r e  o f  C N S  r eg en era tio n  is  m ore  
d ep en d en t on  an en v iro n m en t h o s t ile  to  a x o n a l g ro w th , than any  
in trinsic d e fec t in  the neurons th em se lv es . It is  thus o f  in terest to  se e  
w h ether C N S  regen eration  is  p o ss ib le  during d ev e lo p m en t; a tim e at 
w h ich  th is en v iro n m en t ca n n o t be in h ib itory , s in ce  n e w ly  fo rm in g  
axon s m ust be ab le to grow  to their appropriate targets.

L esio n s w ere  m ade in  the tem poral retina o f  o n e  day o ld  m ice  (just 
after the period o f  grow th  o f  the retinotectal p rojection ), and 8  day old  
M on o d e lp h is  o p o ssu m s (w h en  th is projection  is  still fo rm in g ). G ross  
ap p earan ces o n e  w e e k  a fter  le s io n  revea l an o b v io u s  d e f ic it  in the 
m o u se  retina, but apparent h e a lin g  in the o p o ssu m . T h e  latter w a s  
confirm ed by anterograde tracing o f  a xon s across the les io n  and in to the 
o p tic  d isc  w ith  D ii .  R etrograde la b e llin g  o f  les io n e d  retinal ga n g lio n  
c e lls  w as w ith  in jection  o f  h orserad ish  p ero x id a se  in to  the o p tic  tracts, 
fo llo w e d  by tetram ethyl-b en zid ine reaction o f  the retinal w h ole-m ou n ts. 
T h is con firm ed  that a x o n s had regrow n acro ss  the les io n  and in to  the  
optic tracts. T h e  total lack  o f  regrow th seen  in the m o u se  retina su g g ests  
that th ere m a y  be a sw itc h  fro m  a  p e r m iss iv e  to  n o n -p e r m iss iv e  
environ m ent, co in cid en t w ith  cessa tio n  o f  grow th o f  th is C N S  tract.

282.9
AXOTOMY OF ADULT RAT RETINAL GANGLION CELLS HAS 
DIFFERENTIAL EFFECTS ON GAP-43, ACTIN, AND TUBULIN mRNAs.
L. Wodarczvk*. V.K.L. Merrill, and G.W. Perrv. Program in Complex Systems 
and Brain Sciences, Florida Atlantic University, Boca Raton, FL 33431.

We have previously demonstrated that rat retinal ganglion cells (RGCs), like 
those o f lower vertebrates, respond quickly and extensively to damage of their axons 
by selectively changing the composition o f proteins that are rapidly transported 
(FTPs) to the site o f injury. This shift in the neuron’s synthetic program is evident 
within 2 days o f injury. By 5 days, the relative abundance of previously elevated 
FTPs is depressed to control levels. One protein, whose labelling is relatively 
minimal at 2 days post-injury, is prevalent at 5 days. This protein, B8, resembles 
the growth-associated protein, GAP-43. In this study, Northern blot analysis was 
conducted to further test differential regulation o f GAP-43, actin, and tubulin.

The left optic nerves o f male Sprague-Dawley rats were crushed intraorbitally at 
the optic foramen 2 and 5 days prior to the removal o f experimental and control 
retinae. A Northern blot o f extracted RNA was sequentially probed with 32P- 
labelled GAP-43, actin, T-26, and T-a-1 DNA. Computer scanning revealed that, 
while levels of mRNA for GAP-43 did not change within 2 days post-injury, there 
was a significant increase above control levels at 5 days. Conversely, an actin 
transcript that was elevated at 2 days, was diminished to control levels at 5 days. 
T-a-1 mRNA was elevated at both timepoints, while no changes were observed in 
T-26 mRNA. The specific changes in mRNA for GAP-43 and actin correspond to 
changes seen in the transport patterns o f these proteins. Though the response o f  
damaged rat RGCs is transient, these cells appear to initiate a program o f cell 
growth resembling a regenerative response. The synthetic imbalance between actin 
and GAP-43 at 5 days may suggest that there is more than one regulatory 
mechanism involved in defining a regenerative state. (Research supported by NIH 
Grant EY06449. Thanks to L.Benowitz, N.Fregien, and F.Miller for DNA probes.)

282.6
AN INSIGHT INTO THE REGENERATION PROCESS: A NERVE 
TRANSGLUTAMINASE THAT CONVERTS INTERLEUKIN-2 TO A FACTOR 
CYTOTOXIC TO OLIGODENDROCYTES CAN CAUSE FUNCTIONAL 
RECOVERY OF INJURED ADULT MAMMALIAN CNS NERVES 
S .E itan . E. Y o le s . V . L a v ie , A . S o lo m o n , D , L. H irschberg, M , B elk in  
and M . S c h w a r tz * . D ep artm en t o f  N e u r o b io lo g y , T h e  W eizm ann  
Institute o f  S c ien ce , 7 6 1 0 0  R eh ovot, Israel.

R egen eratin g  o p tic  n erves from  fish  p rod u ce a factor that is  
c y to to x ic  to  o lig o d en d ro cy tes. T h e c y to to x ic  factor is  reco g n ized  by  
antibodies to interleukin-2 (IL -2) and has the apparent m olecular s ize  o f  
a d im er  o f  IL -2 . A n  e n z y m e , w h ich  w e  id en tif ied  as a nerve 
tran sglutam inase, w as purified  from  regen eratin g  op tic  n erves o f  fish  
and ca ta ly zed  the d im erization  o f  IL -2. T h e  d im er ized  IL -2 , u n lik e  
m onom eric  IL -2 , w a s cy to to x ic  to  o lig o d en d ro cy tes  from  rat brain in 
cu lture. T h e resu lts su g g est that posttranslational m od ification  o f  a 
cytok ine can alter its activity. W here oligod en d rocytes inhibit neuronal 
regen eration , as in C N S  o f  m am m als , d im erization  o f  IL -2  might 
provide a m echanism  that perm its axonal grow th. Treatment o f  adult rat 
o p tic  n e r v e s  w ith  the p u rified  n erve tran sg lu tam in ase  resu lted  in 
functional recovery  6  w eek s after injury, w h ereas 1 w eek  after injury 
the sam e anim als had exhib ited  com p lete  lo ss  o f  function . Functional 
reco v ery  w a s  dem on strated  b y  the v isu a l e v o k e d  p oten tia l (VEP) 
r esp o n se  recorded  from  the v isu a l co r tex  w ith  im planted electrod es  
allow in g  on -lin e m onitoring before the injury, on e  w eek  afterwards and
5-7  w eek s later. The electrop h ysio log ica l find ings w ere substantiated by 
m orp h ological observations.

T h is w ork is  supported by Farm italia C arlo Erba.

282.8
TEST FOR THE RE-EXPRESSION OF DEVELOPMENT ALLY REGULATED 
PROTEINS BY REGENERATING RAT RETINAL AXONS IN VITRO.
H. Schaden*. В. Stecher. M. Bähr* .  C. A.O. Stuermer. University o f Konstanz, 
Germany, + MPI Tübingen, Germany.

We have shown that retinal ganglion cell (RGC) axons in goldfish re-express 
developmentally regulated cell surface glycoproteins (GP) during regeneration in 
vivo and in vitro (review: Stuermer, 1992). These proteins were identified by the 
following monoclonal antibodies (Mab): D3 against NCAM 180/140 (Bastmeyer 
et al., 1990), E587 against a 200kd, Ll-like GP (Vielmetter et al., 1991), 
Neurolin, a -90kd GP (Paschke et al., 1992), which is related to DM-Grasp of 
chick (Bums et al., 1991) and to F84.1 o f  rat (Prince et al., 1992) and M 802 
against a GP>210kd (Wehner et al., 1989).

We raised new polyclonal antibodies against the purified goldfish GP E587 and 
Neurolin and also used Mabs against NCAM (from C. Goridis), LI (from F. 
Rathjen), F84.1 (from W. Stallcup) and GAP-43 (from P. Skene) to test whether 
RGC axons o f adult rats, regenerating in vitro, re-express these proteins. 7d after 
optic nerve crush, segments o f adult rat retinae were explanted onto laminin or 
goldfish optic nerve oligodendrocytes (GFO). GFO are highly growth promoting 
substrates for fish and rat RGCs and also express GP E587 (Bastmeyer et al., 
1993). Rat RGC axons exhibited GAP-43, NCAM, LI and E587 antigen. They 
were F84.1 negativ, but acc. to preliminary results, E21 positiv.

These data suggest that adult rat RGCs which are capable of regenerating their 
axons, re-express a battery o f developmentally regulated proteins, and therefore 
resemble in this respect goldfish RGCs.

Supported by ISRT and Deutsche Stiftung Querschnittslähmung.

282.10
IN T R A V IT R E A L  TR A N SPL A N T A T IO N  O F A SE G M EN T O F  
P E R IPH E R A L  N E R V E EN H A N C ES A X O N A L R E G E N E R A T IO N  O F  
R E T IN A L  G A N G L IO N  CE LL S FO LLO W IN G  DIST A L A X O TO M Y . 
K.-F. So* .K.C. Lau and D. Tav. Dept. o f  Anatomy, Faculty o f  Medicine,
The University o f  Hong Kong.

CNS neurons are able to regenerate their axons into a peripheral nerve (PN) 
graft when they are axotomized c lose to the cell bodies. Very few, i f  any, 
damaged axons can regrow into the PN graft when the axonal injury is made 
distant to the cell bodies. W e show here that a segment o f  viable PN placed 
intravitreally (close to the cell bodies o f  retinal ganglion cells (RGCs)) 
enhances regenerative response o f  distally axotomized RGCs. In the present 
study, RGCs regenerated their axons into a PN grafted to the cut optic nerve 
stump intracranially in three groups o f  hamsters were assessed by the 
retrograde labelling technique using fluorescent dye (Granular Blue). The 
number o f  regenerating RGCs in hamsters received an additional 
transplantation o f  a 2mm segment o f  viable PN intravitreally was 
(m ean=36.7, range: 0-111, n= 11) significantly higher than that o f  the animals 
which have received a non-viable (mean=5.6, range: 0-34, n=8; Mann- 
W hitney U  test: Z=-2.3347, P=0.0196) or no (mean=4.89, range: 0-27, n=9; 
Mann-W hitney U  test: Z=-2.4169, P=0.0157) intravitreal PN transplantation. 
The results o f  the latter two (control) groups did not differ from each other 
significantly (Z=-0.1507, P=0.8802). W e hypothesize that trophic substances 
released from the intravitreal PN transplant may enable RGCs to overcome 
inhibitory effects o f  a distal axotomy. Our finding provides evidence that the 
PN grafting technique may be used for repairing long tract pathways in CNS  
even when the axonal damage is inflicted far away from the cell bodies.
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28 2.11
EXPR ESSIO N  OF IM M EDIATE EARLY G EN E S  IN 
REGENERATING RAT RETINAL GANGLION CELLS. G.A. 
Robinson* Department of Physiology, University of North 
Carolina, Chapel Hill, NC 27599.

Immediate early gene (IEG) expression has been postulated 
to be involved with regenerative efforts of neurons projecting to 
the peripheral nervous system. To determine if IEG expression 
also accompanies regeneration in central nervous system 
neurons, an autologous peripheral nerve graft was substituted 
for the optic nerve < 1 mm from the eye in adult female Long- 
Evans rats. Retinal ganglion cells (RGCs) with regrown axons 
in the grafts were retrogradely labeled with Fluoro-Gold (FG) 
applied to the distal graft. Immunocytochemistry was used to 
identify IEG proteins (JUN, JUN B, JUN D, FOS, FOS В and 
KROX 24) in retinal wholemounts 1 and 5 months after grafting. 
At 1 month, nuclear JUN expression was increased and 
nucleolar FOS В expression was maintained in RGCs 
compared with control RGCs. Increased FOS and KROX 
expression was also evident in the ganglion cell layer, but not 
in regenerating RGCs. At 5 months, JUN expression was 
again basal, similar to control RGCs. However, re-axotomy of 
these regenerating RGCs, by cutting the graft close to the eye, 
caused JUN to be re-expressed. These findings support a role 
for JUN in the regeneration of CNS neurons. Supported by 
American Paralysis Association RB1-9201-1 and the Leopold 
Schepp Foundation.

28 2.13
THE MAJORITY OF CYTOCHROME OXIDASE-RICH RETINAL 
GANGLION CELLS WHICH SURVIVE OPTIC NERVE 
TRANSECTION ARE CAPABLE OF REGENERATING INTO A 
PERIPHERAL NERVE GRAFT. K.A. von Bussmann. L.J. Garev. L.S. 
Jen*. Dept. of Anatomy, Charing Cross and Westminster Medical 
School, Univ. of London, UK.

In order to understand the mechanisms governing neuronal survival 
and regeneration, it is essential to know more about the biochemical 
characteristics of these cells and their response to trauma. One month 
after optic nerve (ON) transection, the vast majority of retinal ganglion 
cells (RGCs) die. However, there is a subpopulation of RGCs which is 
resistant to injury, and can persist for up to two years after axotomy. We 
have recently shown that a substantial proportion of these surviving 
RGCs are rich in cytochrome oxidase (CO). We postulate that high 
mitochondrial metabolism, as indicated by CO, might favour RGC 
survival and even regeneration.

The present study investigated the effects of a peripheral nerve (PN) 
graft on the survival and regeneration of CO-rich RGCs. We grafted an 
autologous segment of the common peroneal nerve to the proximal cut 
end of the optic nerve. 36% of the original number of CO-rich RGCs in 
the normal retina survived ON transection, whereas 57% survived with 
the addition of a PN graft. 53% of the RGCs which regenerated into the 
PN graft were rich in CO. Furthermore, 77% of the CO-rich RGCs 
regenerated their axons into the PN graft. The proportion of CO-rich 
RGCs in the animals which received a PN graft is nearly seven times the 
number of CO-rich RGCs found in the general population of the control 
retinae. Therefore, a large majority of die RGCs which stain for CO are 
also capable of regeneration.

28 2.15
REGENERATION PATTERNS A N D  BEHAVIORAL RECOVERY AFTER 
OLFACTORY BULB ABLATION OR TRANSPLANTATION IN RATS. Ή.Μ. 
H annan. ^ .R . Hendricks. T-N. Kott, M .E . Lee. M .E . Gregov. 3D.F. Farrell*. 
and 1>2>3L.E. W estrum . Depts. o f N eu ro su rg ery , 2Biol. Struct, and 3Child  
Develop. & Ment. Retard. Ctr., Univ. of W ashington, Seattle,W A 98195.

Previous studies have sh ow n recovery o f olfactory ability along w ith  
reconnectivity o f olfactory nerve (ON) fo llow ing both olfactory bulb (OB) 
lesions and OB transplants (TX) w hen perform ed in new born rats. The 
purpose o f the present stu d y  is to correlate functional recovery w ith  
patterns o f anatomical reconnectivity in older, postnatal (PN) 13 day rats-a  
possible critical period for plasticity in the system . At PN13 the left OB was 
removed; and in one group tritium (3H) labeled OBs from 14 day old fetuses 
w ere TX im m ediately in the sam e site. The opposite , norm al OB was  
rem oved at weaning. Previously standardized behavioral tests for olfactory 
ability follow ed (Hendricks, et al. N eurosci. Abstr. 18,1992). All animals 
w ith  incom plete lesions w ere exclud ed . O N  outgrow th  patterns w ere  
determ ined using im m unolocalization for olfactory marker protein (OMP 
antibody, kindly provided by Dr. F. L. M argolis). H istological techniques 
included a cell and fiber stain, and 3H autoradiography to verify the donor 
OB TX. The OB TX animals eventually  show ed considerable recovery of 
olfactory function, approaching normal, w hereas the OB lesion only group  
did  not show  such recovery. Reinnervation of olfactory areas in brain was 
seen in the OB TX group but thus far not in the OB lesion group. At this 
age, p lasticity in the olfactory system  m ay be sustained and supported by  
the presence o f a biological bridge w hich m ediates (ON) outgrow th and  
reinn ervation . Thus b ehavioral recovery here is  d ep en d en t up on  
reconnectivity w ithin  the system  and transplantation m ay be required to 
facilitate this process. (Supported by N.I.H . Grants NS09678 and HD02274.)

28 2.12
TUMOR NECROSIS FACTOR a CHANGES PERMISSIVENESS TO 
NEURONAL ADHESION IN INJURED MAMMALIAN CENTRAL NERVOUS 
SYSTEM. M. Lotan. V. Lavie*. S. Ben-Bassat and M. Schwartz. Dept. of 
Neurobiology, Weizmann Inst, of Science, Rehovot 76100, Israel.

Application of tumor necrosis factor a (TNFa) to injured rabbit optic nerves was 
previously shown to facilitate axonal regrowth in rodent optic nerves. In an attempt 
to elucidate the mechanism of action of TNFa, we examined its effects on the cellular 
components of the nerve. We first examined the effect of local in vivo application of 
TNFa on macrophage recruitment into the adult rat optic nerve following injury, 
using the macrophage growth factor, colony stimulating factor-1 (CSF-1), as a 
control. Both cytokines appeared to cause an increase in the number of macrophages 
in the optic nerve following injury. CSF-1 had a significantly stronger effect. We 
next examined the effect of these cytokines on the ability of the nerve to support 
neuronal adhesion. Nerves were injured and treated in vivo with the cytokines, and 
PC 12 cells were then seeded on longitudinal sections prepared from the nerves. 
Interestingly, in nerves treated with TNFa (but not with CSF-1) there was a 
significant increase in permissiveness to neuronal adhesion. Both astrocytes and 
oligodendrocytes were found to possess receptors for TNF and are therefore potential 
targets for TNF action in vivo. Electron microscopic examination of the cellular 
composition of the nerve revealed an increase in the number o f oligodendrocyte- 
progenitor cells in nerves treated with TNFa. We conclude that TNFa increases the 
permissiveness of injured nerves to neuronal adhesion, and that this effect is not 
attributable solely to macrophage recruitment but probably results from the effect of 
TNFa on other components of the nerve i.e., oligodendrocytes and astrocytes.

282.14
FUNCTIONAL REPLACEMENT OF SENSORY NEURONS AND AXON 
PROJECTIONS IN THE MAMMALIAN OLFACTORY SYSTEM. R.M. 
Costanzo*. K. Yee. N. Koster. Medical College o f VA, Richmond, VA 23298.

Transection o f the olfactory nerves results in retrograde degeneration of sensory 
neurons and interruption of axon projections to the olfactory bulb. Experiments were 
conducted in adult hamsters to determine the capacity o f olfactory receptor cells to 
replace degenerating neurons and restore functional connections to olfactory brain 
centers. At specific recovery times after nerve transection, we used evoked potential 
measurements to test if  axon connections were present between receptor cells and 
their projection centers in the bulb. One day after transection, evoked potentials 
could not be elicited in any region o f the bulb. However, negative evoked potentials 
were routinely observed at both early (30 days) and late (120 days) recovery times. 
Lateral fibers reconnected to the lateral bulb; medial fibers to the medial bulb; and 
there was some crossover. These findings confirm that axon projections from 
replacement neurons had reestablished connections with the bulb. To further test the 
functional capacity of these reconnected fibers, three odor mediated behavioral tasks 
(buried food pellet, odor detection, and odor discrimination) were used. Immediately 
after nerve transection, hamsters were unable to find buried food pellets within the 
3 minute trial period. However, as early as 19 days after surgery, the search time 
for finding buried food pellets began to decrease. The ability to perform the odor- 
detection and odor-discrimination tasks was also lost after nerve transection but 
returned with recovery. Performance increased above chance level by 19 days and 
recovered to preoperative levels (>90%  o f control) by day 40. Sham animals 
maintained preoperative levels for all three behavioral tasks throughout the recovery 
period (0-60 days).

Our results demonstrate that the olfactory system has the capacity not only to 
replace damaged neurons and reestablish connections with the central nervous 
system, but more importantly these connections are capable o f restoring sensory 
function. These findings may have important implications for repair and replacement 
of damaged pathways in other parts o f the nervous system that result from brain 
injury or neurological disease. Supported by NIH Grant DC00165-11.

282.16
RECOVERY OF TASTE-INDUCED EXPRESSION OF C-FOS IN THE CNS 
AFTER PERIPHERAL NERVE CRUSH A N D  REGENERATION. M.A. Barry* 
and D.C. Larson. Dept. of BioStructure and Function, Univ. of Connecticut 
Health Center, Farmington, CT 06030-3705.

Taste-induced expression of c-fos protein was used as a measure of recovery 
after nerve injury. The chorda tympani nerve (CT) was unilaterally sectioned 
or crushed distal to its ganglion in golden Syrian hamsters. After 2-3 weeks 
(section) or 3-4 m onths (crush), the water deprived (23 h) hamsters were given
0.15 M NaCl, 0.1-.25 M sucrose, or water to drink. Two hours after the start 
of drinking the animals were sacrificed. Transverse brain sections were 
processed for imm unohistochem istry with a polyclonal antibody to c-fos 
protein (Oncogene Sci.) [An antibody to Krox-24 protein (from R. Bravo) 
resulted in similar patterns of expression]. In normal animals, taste-induced 
c-fos expression was usually present in the primary afferent terminal zone of 
the nucleus of the solitary tract (NTS); but was m ost prom inent in the central 
m edial subdivision o f the parabrachial nucleus (PBNcm). NaCl stimulation 
resulted in labeled cells primarily in m iddle and ventral parts of the caudal 
half o f the PBNcm. Sucrose resulted in m any more c-fos labeled cells in the 
rostral half, and those in the caudal half were located relatively dorsally. 
Following CT section, NaCl induced expression o f c-/os in the caudal half of 
the ipsilateral PBNcm was dramatically reduced relative to the contralateral 
(intact) side. Following regeneration of the crushed CT nerve, there was 
recovery of NaCl-induced c-/os expression in the PBNcm and NTS, but fewer 
cells were labeled relative to the intact side. H owever, the spatial pattern of 
labeling in the PBNcm was normal. Ongoing studies should verify that the 
recovery is mediated by the regenerated nerve as opposed to compensation by 
intact taste nerves. Supported by 5P01-DC00168-12.
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2 8 2 .1 7
LOCALIZATION OF CILIARY NEUROTROPHIC FACTOR IN TOOTH PULP 
AND PERIODONTIUM OF THE RAT. K. Fried* . J. Frisén. M. Risling. and E. 
Foster. Dept of Neuroscience and Anatomy, Karolinska Institutet, P.O. Box 60400, 
S-104 01 Stockholm, Sweden.

The regenerative response that is initiated after trigeminal nerve injuries related to 
oral and dental tissue is most probably dependent on a number of components, 
including both extracellular matrix elements and the participation o f neurotrophic 
factors. In this study we have examined the localization o f Ciliary Neurotrophic 
Factor (CNTF) in normal and denervated/reinnervated rat mandibular molar tooth 
pulp, periodontal and gingival tissue with fluorescence and electron microscopic 
immunocytochemistry, using polyclonal antiserum against rat CNTF.

In the normal pulp, CNTF-like immunoreactivity (LI) was seen mainly in larger 
nerve bundles in the root and lower parts of the coronal pulp. However, only a 
fraction of the pulpai Schwann cells was CNTF-immunoreactive, as judged from 
comparisons with the labeling pattern obtained with an antibody recognizing the 
Schwann cell protein S-100. EM showed that CNTF-LI was almost exclusively 
confined to myelinated axon Schwann cell cytoplasm. The periodontium and 
gingiva contained many nerve fiber bundles displaying CNTF-LI. In addition, 
strongly CNTF-positive structures which lacked S-100-LI were found on the 
periostal surface o f the periodontal ligament. Inferior alveolar nerve injury 
experiments showed, that 3 days after denervation, CNTF-LI had markedly 
decreased in all tissues examined, with the exception of the CNTF-positive 
structures of the periodontal ligament which appeared unaffected by the nerve 
lesion both at this and at later survival stages. At 1-2 weeks after denervation, 
neural CNTF-LI was very faint in all tissues. At 3 weeks CNTF-LI remained almost 
undetectable in pulp and periodontium, although reinnervation of pulp was evident 
as determined by parallel immunolabeling with CGRP antiserum. At 7-11 weeks 
pulpai and periodontal Schwann cell CNTF-LI gradually returned to normal levels. 
The results show that CNTF is present in preterminal dental nerve Schwann cells 
and periodontal cellular profiles, where it may serve a function in normal neural 
maintenance and/or as a lesion factor after trauma.

REGENERATION III

2 8 3 .1

ß l  IN T E G R IN  S U B U N IT  E X P R E S S IO N  BY C E N T R A L  N E R V O U S  S Y S T E M  
N E U R O N S  IS  R E G U L A T E D  F O L L O W I N G  C O N T A C T  W I T H  T H E  
E N V IR O N M E N T  O F  T H E  P E R IP H E R A L  N E R V O U S  S Y S T E M .
B. Knoops. S. Carbonetto and A.J. Aguavo*. Centre for  Research in Neuroscience, 
McGill University and Montreal General Hospital Research Institute, 1650 Cedar 
Avenue, Montréal, Québec H3G1A4, Canada.

Integrins are a superfam ily of adhesive receptors consisting of tw o subunits 
(alpha and beta). The ß l class contains at least e igh t heterodim ers, all of 
which m ed iate adhesion to extracellular m atrix proteins. In peripheral 
neurons, integrins have been show n to be in volved  in nerve regeneration. 
These receptors are only transiently expressed in the central nervous system  
(CNS) during developm ent. In adult rats, w e  have u sed  m onoclonal and 
polyclonal an tib od ies d irected  again st d ifferen t in tegr in  sub u n its to 
investigate whether integrins are expressed in the peripheral nervous system  
(PNS) and in the CNS constitutively and after a lesion. Integrin expression  
was high in neurons of the dorsal root ganglia o f  the PNS. This expression  
was increased slightly follow ing axotom y. In the CNS, the on ly nerve cells 
that expressed high levels of the ß l subunit w ere m otoneurons, sympathetic 
and parasympathetic neurons located in the spinal cord and the brain stem. 
The axons o f all these CNS neurons project through peripheral nerves. 
Intrinsic CNS neurons such as retinal ganglion cells (RGCs) do n ot norm ally 
express the ß l integrin subunit. H owever, after optic nerve cut and grafting of 
a peripheral n erve, the RGCs that regen erated  in to  the peripheral 
environment became im m unopositive for the ß l subunit. These results in the 
adult rat su ggest that: 1) The ß l  integrin  su b u n it is  o n ly  expressed  
constitutively in neurons w h ose axons interact w ith  non-neuronal components 
of the PNS. 2) Retinal ganglion cells can up-regulate ß l expression  w hen  
their axons are exposed to the PNS environm ent of the grafts.

28 3.3
RELATIONSHIP BETWEEN EXTRACELLULAR MATRIX MOLECULES 

AND DORSAL ROOT AXONS REGENERATING INTO FETAL SPINAL 

CORD TRANSPLANTS T Sueawara1,2 M.Kowada1. and A.Tessler*2 IDepL of 
Neurosurg., Akita Univ. Sch. of Med., Akita 010, Japan, 2 Philadelphia VA 
Med.Ct., and Med.Coll.of Pennsylvania, Philadelphia, PA 19129

Cut dorsal roots (DRs) regenerate into intraspinal transplants (TPs) of embryonic 
CNS; but growth is limited. Regeneration within the CNS is thought to be 
inhibited by astrocytes at least in part through the expression of extracellular matrix 
molecules that modify axon growth, including chondroitin 6-sulfate proteoglycan 
(C6Sμ g ) and tenascin. We used immunohistochemical methods to investigate the 
relationships among C6Sμ g  and tenascin, GFAP-positive astrocytes, and calcitonin 
gene-related peptide (CGRP)-containing L4 or L5 DR axons that had regenerated 
into E14 spinal cord TPs placed in the lumbar enlargement of adult Sprague-Dawley 
rats. TPs and adjacent host tissues were studied 1-12 weeks post-operatively.

GFAP- positive astrocytes were arrayed at the host-TP interfaces between 2-3 
weeks. By 2 weeks C6Sμ g  and tenascin expression increased in the DR adjacent to 
the TP, at the host-TP interfaces, and in regions of the TP. C6Sμ g  staining 
decreased at 4 weeks and virtually disappeared by 12 weeks. Tenascin staining 
remained elevated from 2 to 12 weeks in the DR and superficial region of the TP 
where it co-localized with coarse GFAP-positive processes; elsewhere it diminished 
at 4 weeks and disappeared by 12 weeks. In almost all cases, CGRP-positive axons 
regenerated into areas of the TPs that contained C6Sμ g  and tenascin. Our results 
suggest that C6Sμ g  and tenascin are transiently expressed by astrocytes but do not 
support the idea that these molecules prevent axon regeneration into or within 
transplants. Supported by the VA Medical Research Service and NIH grant 
NS24707.

283.2

DIFFERENTIAL EXPRESSION OF LAMININ GENES IN 
DORSAL ROOT GANGLIA DURING  SCIATIC NERVE  
REGENERATION. J.M. Le Beau*. F.J. Liuzzi. and A.I. Vinik. 
The Diabetic Neuropathy Study Group, The Diabetes Institutes, 
Eastern Virginia Med. Sch., Norfolk, VA 23501.

Laminin B2 m RNA is up-regulated in dorsal root ganglion 
(DRG ) neurons, satellite and Schwann cells during peripheral 
nerve regeneration (Le Beau and Liuzzi., Soc. Neurosci. Abs.,
1991). The present study used in  s itu  hybridization to examine the 
expression of the other laminin chains, B l, A  and merosin (M), an 
A chain variant in lumbar DRGs during sciatic nerve regeneration. 
In normal rats DRG neurons expressed laminin B2 mRNA and 
showed little or no detectable laminin A  or M chain expression. B l 
expression was limited to a subpopulation of small diameter 
neurons. Satellite cells expressed B l, B2 and M, but showed little, 
if any, A  chain expression. During sciatic nerve regeneration both 
the B2 and M chain expression were up-regulated in the DRGs, 
though M chain expression remained limited to the satellite cells. 
B l chain expression showed little or no change. These data show 
that the laminin chains are differentially expressed in DRGs under 
normal conditions, and are differentially u p -re g u ia te d  during 
regeneration. Changes in laminin gene expression in the DRG and 
nerve are likely to be essential to successful peripheral nerve 
regeneration.

2 8 3 .4
AXOTOM Y-INDUCED TRA N SCRIPTIO N  IS A P R E R E Q U IS IT E  FO R  
REGENERATIVE AXON ELONGATION BUT NOT FOR SPROUTING. Deanna 
S. Smith* and J.H. Pate Skene. Dept. of Neurobiology, Stanford Univ., 
Stanford CA 94305 and Dept. of Neurobiology, Duke Univ., Durham 
NC 27710.

Dorsal root ganglion neurons from adult rats can exhibit either of 
two modes of neurite outgrowth that differ in the degree of branching, 
and in the rate and extent of elongation in dissociated tissue culture. 
In the first 16 hours after plating, neurons removed from naive 
animals (without prior nerve injury) either fail to extend neuntes 
or extend slowly growing, highly branched neurites over a limited 
distance from their cell bodies. This arborizing mode of growth does 
not require ongoing transcription, and can be elicited from increased 
numbers of cells by NGF, a Schwannoma conditioned medium, or by 
plating at high density. In similar short-term cultures, neurons 
axotomized at least 2 days prior to explantation extend long, sparsely 
branched neurites that elongate at a rate similar to regenerating 
axons in vivo. Neurons from naive animals, which initially exhibit 
only the sprouting mode of growth, begin to display the regenerative 
mode of growth after a lag of approximately 22 hours in vitro. Onset 
of this mode of growth can be delayed by treatment with a reversible 
inhibitor of transcription during the first 12 hours in vitro. This 
effect is diminished with later treatment intervals, suggesting a 
critical period during which new transcription is required to render 
the neurons competent for a regenerative mode of axon elongation. 
Supported by NIH grant NS20178.
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28 3.5
GABAa-INDUCED c o n d u c ta n c e  an d  c e ll  s iz e  d istr ib u t io n  o f  r a t  
DORSAL ROOT GANGLION NEURONS FOLLOWING NERVE LIGATION.
A.A. Ovelese. G.B. Richerson. S.F. Holloway*. D.L. Eng and J.D. Kocsis. 
Dept. of Neurology, Yale Med. Sch., New Haven, CT 06510 and VAMC, 
West Haven, CT 06516.
We have previously shown that chronic sciatic nerve injury (ligation) 
induces an increase in GABA-induced conductance in medium sized dorsal 
root ganglion (DRG) neurons. The present study was undertaken to 
determine the mechanisms responsible for altered GABAa receptor 
conductance. L4 and L5 DRG neurons were cultured 2-4 wks following 
sciatic nerve transection and ligation. Whole cell patch recordings were 
obtained from small (20-32 μητι), medium (34-42 μηα) and large (50-70 //m) 
neurons within 24 hrs after plating. Patch electrodes (1-3 ΜΩ) were made 
from borosilicate glass and filled with 140 mM KCI-based solution. GABA 
(100 μΜ) was applied to the entire cell body by pressure microinjection. 
GABA-induced current was measured from voltage clamp experiments using 
test potentials of -60, -80 and -100 mV to calculate slope conductances. 
Ligated neurons in the small and large groups had similar GABAa 
conductances to their respective control neurons while a four fold increase 
in GABAa conductance was seen in the medium ligated neurons. 
Morphometric analysis of the normal and ligated DRG neurons indicate that 
while there is a significant number of large (>45 jwm) neurons in both 
groups, the very largest (> 60 μηη) are reduced in number with ligation. We 
are currently examining whether altered GABA conductance in medium 
neurons is the result of cell shrinkage or a change in distribution or 
characteristics of the GABAa receptor. Either mechanism would indicate 
that a specific subclass of DRG neurons displays injury-induced 
reorganization of the GABAa receptor.

283.7

FETAL CNS TRANSPLANT-MEDIATED REGENERATION OF 
ADULT DORSAL ROOT AXONS INTO HOST SPINAL CORD.
Y.ItohL^M.Kowada1 , and A.Tessler2 JDept. of Neurosurg., Akita 
Univ. Sch. of Med., Akita 010, Japan; Philadelphia VA Med. Ctr., and 
Med. Coll, o f Pennsylvania, Philadelphia, PA 19129.

Adult dorsal root axons regenerate into fetal spinal cord transplants 
where they form functional synapses. It is equally important to 
determine whether fetal CNS transplants also mediate dorsal root 
regeneration into host spinal cord. Adult Sprague-Dawley rats received 
transplants of E14 spinal cord or E l8 occipital cortex into dorsal 
quadrant cavities aspirated in the lumbar enlargement. The cut L4 or L5 
dorsal root stump was placed at the bottom of the lesion cavity and 
secured between the transplant and host spinal cord. Regenerated axons 
were labeled with calcitonin gene-related peptide (CGRP) 
immunohistochemistry or with anterograde transport o f D ii or 40% 
aqueous HRP solution. After 4 to 12 weeks, CGRP-immunoreactive 
axons had regenerated into host spinal cord; some extended into the 
host motoneuron pool. A few Dil-containing fibers also grew into the 
host but remained close to the dorsal root-spinal cord interface; HRP- 
labeled axons did not enter host spinal cord. In control animals without 
transplants, only a few CGRP-labeled axons regrow into host spinal 
cord. These results indicate that fetal CNS transplants assist the 
regrowth of adult dorsal root axons into host spinal cord; subclasses of 
dorsal roots appear to differ in their response to transplants.

28 3 .9
C O R T IC O S P IN A L  N EU R O N S E X P R E S S  JUN IM M U N O REACTIVITY  
A F T E R  S U B C O R T IC A L  A XO TO M Y. K.M .G. Giehl*. G .S , Robertson 
and W. Tetzlaff. Depts. of Physiology and Pharmacology, University of 
Ottawa, Ottawa, Ontario, Canada, K1H 8M5 

Jun, the protein product of the immediate-early gene c-jun, is a 
component of the АР-1 transcriptional regulating complex. Neuronal 
expression of Jun is increased in the peripheral nervous system  after 
axotomy suggesting that it may contribute to changes in gene 
expression which mediate the regenerative process. Neurons of the 
central nervous system undergo similar changes in gene expression 
after axotomy but these alterations typically occur with axotomies close 
to the cell body. For instance, we have previously found that increased 
expression of GAP-43 and Τα 1-tubulin m RNA occurs in corticospinal 
neurons after proximal subcortical lesions but not after distal axotomy 
at the level of the pyramids. In the present study, we have examined 
the expression of c-jun  mRNA and Jun immunoreactivity after 
subcortical axotomy. Corticospinal cells were retrogradely labelled by 
injections of True Blue into the spinal cord, 7 to 14 days later a 
subcortical axotomy at the level of the upper interne capsule w as 
performed using a stereotaxic wire knife (Kopf). Jun immunoreactivity 
w as increased in axotomized corticospinal neurons while low baseline 
expression w as observed in the contralateral corticospinal cells. These  
findings are consistent with the hypothesis that Jun is involved in those 
changes in neuronal gene expression required for successful 
regeneration.
Supported by M RC Canada

28 3.6
SCIATIC NERVE CRUSH LEADS TO DECREASED ENHANCEMENT OF GABAa 
RECEPTOR-MEDIATED CONDUCTANCES IN A SUBCLASS OF DORSAL 
ROOT GANGLION NEURONS. D.L. Eng* and J.D. Kocsis. Dept. of Neurology,
Yale Univ., New Haven, CT 06510; and VAMC, West Haven, CT 06516..

Previously we reported that chronic nerve ligation with neuroma formation leads to 
enhanced GABAa receptor-mediated conductances in a subclass of rat dorsal root 
ganglion neurons (DRG) (Soc. for Neurosci. 1992, 18:615.7). The objective of the 
present study was to examine electrophysiological properties of GABAa receptors on 
DRG neurons following acute axonal transection with subsequent axonal regeneration. 
Rat sciatic nerves were surgically crushed and allowed to regenerate through the distal 
nerve segment. L4 and L5 DRG neurons were cultured 2-4 weeks post-injury. Whole 
cell patch clamp recordings were obtained from medium-sized (32-40 pm or 72.30 ±  
16.99 pF) DRG neurons within a day after plating using the methods of Eng et.al., Soc. 
for Neurosci. 1992, 18:615.7. These medium-sized crush injured DRG neurons 
exhibited GAB A-induced whole cell conductances of 187 -  235 nS (n=23) compared to 
our previously reported values from medium-sized control DRG neurons, 116 — 111 nS 
(n = 31), and medium-sized ligated DRG neurons, 446 — 295 nS (n = 26). GABA- 
induced whole cell conductance values were normalized to individual whole cell 
capacitance values, the ratios are: 2.81 ±  3.77 nS/pF (n = 23), 1.82 ±  2.52 nS/pF (n = 
31), and 5.80 ±  4.29 nS/pF (n = 26) from crushed, control, and ligated neurons, 
respectively. Action potentials with inflections on the downstroke were obtained from 
54.6% (n = 22) o f crush, 70.8% (n = 24) of control, and 19.1% (n = 21) of ligated 
neurons. Resting potentials and whole capacitance were not significatly different among 
the 3 groups. These data indicate that the specific changes of GABA-induced whole cell 
conductance, conductance/capacitance ratio, and action potential type, that occur 
following nerve crush, are smaller than changes induced by nerve ligation, and that the 
crush neurons are similar to the control neurons. The distal nerve segment and target 
end organs may have a trophic influence in the maintainance of physiological properties 
of normal and regenerating medium- sized DRG neurons. Supported by the VA & NIH.

28 3.8

TREATM ENT W ITH CYCLO SPO R IN E-A PROM O TES AXONAL  
REGENERATION IN RATS SUBMITTED TO TRANSVERSE SECTION OF 
THE SPINAL CORD. F. E. Pontieri*. A. Teichner. E. Morselli. F.R. Buttare!».
В. Caronti and G. Pailadini. Dept. Neurosciences, University “La Sapienza”, 
Rome (Italy).

Previous reports from our laboratory and other groups showed the 
development of autoimmunitary phenomena following lesion in the mammalian 
central nervous system (CNS), and suggested that autoimmunity can play an 
inhibitory role in CNS regeneration. In this study we investigated whether 
immunosuppressive treatment with cycIosporine-A (CyA) facilitates axonal 
regeneration in rats submitted to complete transverse section of the spinal cord. 
Female Wistar rats were anesthetized with halothane, and transverse spinal 
cord section was performed by drawing a blade at the level of T7 vertebra. All 
animals received Penicillin (10,000 IU/day)) and the urinary bladder was 
evacuated daily after surgery until bladder control became automatic. Treated 
animals (n=5) received CyA (3 nig/kg, s.c./day), while control rats (n=6) were 
given a sim ilar treatm ent with saline. Imm unosuppression was begun 
immediately after surgery and carried out for 18 days. Treatment with CyA 
markedly reduced the lesion-elicited immune reaction directed against CNS 
proteic components, as measured by Western Blot analysis on sera collected 14 
days after surgeiy. Analysis o f the histological section from control and treated 
rats showed complete transverse section of the spinal cord in all animals used 
in this study. In control rats, a typical pattern of histological alterations was 
observed. In CyA treated animals, bundles of thin, argirophil and convoluted 
fibers, that bear the characteristics o f newly developed fibers, were observed 
crossing the scar, and widely penetrating the caudal segment of the cord. Most 
of the fibers in the posterior columns of the cranial segment of the spinal cord 
appeared normal, while only few degenerated fibers were observed. Area of 
necrosis and arachnoidal cysts were rare. The results o f this study, altough 
preliminary, provide further evidence for the involvement of autoimmune 
processes following lesion of the CNS, and suggest that blocking of the immune 
reaction facilitates axonal regeneration.

283.10
R E C O N N E C T IO N  O F C H IC K  R E T IC U L O S P IN A L  PR O JE C TIO N S  
A FT E R  S P IN A L  C O R D  T R A N S E C T IO N  IN  O V O  A S S E S S E D  I N  
VITRO  W ITH V O LTAG E SE N SITIV E D Y E S A N D  IN T R A C EL LU L A R  
RECO RDING  O N Sholom enko*. G M uir. JD Steeves & KR D elaney Dept. 
o f  B ioscience, S im on Fraser U niv., Burnaby, B .C . V 5 A 1 S 6  

W e have used fluorescent voltage-sen sitive dyes (R H 795, D İ4-A N N E PS, 
RH 414) and standard intra- and extracellular recording techniques to monitor 
and characterize regrow th and synaptic  recon n ection  o f  reticu losp inal 
projections onto intrinsic sp inal circuits. In v itro  brainstem /sp inal cord  
preparations, obtained from  E8-E15 em bryos, e lic it ep isod es o f  bilaterally  
synchronized spinal m otor bursts, spontaneously  and in response to brief 
electrical stim ulation o f  reticular form ation (RF) or ventrolateral spinal tracts 
(VLT ). This preparation allow s us to study and possib ly  facilitate regrowth 
and synaptic repair o f  spinal cord fo llow in g  injury. Spinal cords transected at 
lo w  c erv ica l seg m en ts  in o v o  on E 8 or E9 re liab ly  sh o w  synaptic  
recon n ection  betw een  d escen d in g  axon s and neurons caudal to  the  
transection w hen tested in v itro  on E13 or E 14 with stim ulation o f  RF or 
cervical VLT. Episodes o f  phasic m otor activity, sim ilar to those in non- 
transected controls, can be e lic ited  through the transection site by RF or 
cervical V L T  stim ulation. H ow ever, cou p lin g  o f  bursting m otor activity  
across the transection is sign ificantly  weaker and the delay  to initiation o f  
activity in m ore caudal segm ents (e.g . lum bosacral) is often several seconds 
longer than normal. This delay in caudal segm ents is sensitive to the intensity  
o f  the initiating stim ulus im plying it is not due to slow er conduction velocity. 
Intracellu lar recordings dem onstrate reestab lish m en t o f  m on osyn ap tic  
connections between descending axons and putative brachial motoneurons 5-7  
days after spinal transection. V oltage-sen sitive dye recordings have proven 
more sensitive than nerve root recordings as an indicator o f  the caudal extent 
o f  recovery o f  synaptically driven motor activity in the spinal cord. Supported 
by Rick Hansen Spinal Cord Research Foundation grant to KD.
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283.11
RECOVERY OF SEVERED CORTICOSPINAL AXONS IN LESIONED RAT 
SPINAL CORD BÝ X-IRRADIATION. N. Kalderon*, Z. Fuks, &
S. Schwartz-Giblin. Rockefeller Univ., New York, NY 10021 

Restitution of structural continuity in lesioned 
(complete hemisection) rat spinal cord was achieved by a 
localized and timed x-irradiation (Soc.Neurosci.Abstr., 
1991, 17:567). This radiation (17.5-20 Gy) delivered only 
during 16-18 days postinjury (PI) had beneficial anatomic
al effects similar to those observed in severed olfactory 
bulb (PNAS 1990 87:10058). Most importantly, up to 58% of 
the severed corticospinal (CS) axons regrew beyond the 
lesion site as was demonstrated by the double-labelling of 
CS neurons with retrograde axonal dye-transfer. Reported 
here are the extent and the routes of re-growth of the 
severed CS axons within the distal stump of the irradiated 
hemisectioned cords as determined by anterograde axonal 
tracing. The fate of the severed left-side CS tract in 
treated (given 20 Gy at 18 days PI) and in untreated 
lesioned cords was examined, 2-3 months PI, by axonal 
transfer of HRP injected into the right motor cortex. In 
the untreated cords the severed CS axons did not cross the 
lesion site, they remained at the anterior edge of the 
cavity. In contrast, in those treated cords in which 
structural continuity was obtained, the severed CS axons 
regrew across the lesion site at least 12 mm into the 
distal stump; they extended into the white matter along 
several funiculi, and also into the grey matter terminat
ing there. Presently, we are determining whether these 
regenerating CS axons re-establish synaptic connectivity.

283.13

BETA-ADRENERGIC RECEPTORS IN THE SPINAL CORD : NORMAL 
DISTRIBUTION AND EFFECT OF LESIONS. S. CROUL**. A  
SVERSTIUK*. W, BATTISTI*. В, HIMES*. A.TESSLER** AND M. 
MURRAY*. Dept. of Pathology/Laboratoiy Medicine+,
Anatomy/Neurobiology*, Med. College of Penna 19129 and Dept. of 
Neurol.$PhiIa. Veterans Admin. Hosp. 19104

We have used [125I]-(-)Iodopindolol as the ligand and ICI118551, ICI89 406 and 
(-)Isoproterenol as competitive inhibitors to perform quantitative receptor 
binding autoradiography for total b, b, and b2 adrenergic receptors in rat spinal 
cord. The normal spinal cord shows binding in all segments which is 
distributed throughout the dorsal and ventral horn. Increased binding is found 
in laminae I and II and the lateral motor columns. Both b, and b2-receptors 
contribute to total binding. Additional rats underwent complete unilateral 
lumbosacral deafferentation, unilateral sciatic nerve crush or unilateral thoracic 
spinal hemisection and were sacrificed from 0.5 to 24 weeks after lesion.
Neither deafferentation or hemisection produced demonstrable changes in 
b-receptor binding. However, following sciatic nerve crush, b2-receptors in both 
laminae I/II and the lateral motor columns showed increased binding density. 
This was discernible by 0.5 weeks, maximal at two weeks (twice baseline 
binding values) and returned to baseline values by six weeks post lesion. The 
normal distribution of these receptors suggests that they may play roles in both 
spinal sensory and motor activities. The differential response to lesions may be 
duet..- to receptors on neuronal or non-neuronal cells. This research has been 
supported by grants from NIH/NINDS (K08NS01564) and from the Veterans 
Administration

283.15
COMPARISON OF THE REGENERA JIVE RESPONSE OF DORSAL COLUMN 
AXONS AFTER NEONATAL CERVICAL OR LUMBAR SPINAL LESIONS.
LJ. Buvan ž id  DJ. Stelzner. Dept Anatomy, SUNY-HSC, Syracuse NY 13214.

Immunohistochemical studies using the markers RIP and myelin basic protein 
label oligodendrocytes in the dorsal funiculus at cervical spinal levels at birth, but 
show little staining at lumbar levels, suggesting that the maturation o f the 
oligodendrocytes in the lumbar spinal cord lags behind that in the cervical spinal cord 
in rats. (Stelzner and Strauss, unpublished results) Also, dorsal column (DC) axons do 
not regenerate following neonatal cervical overhemisection lesion (J. Comp. Neurol. 
293:377-398). In order to determine whether the greater oligodendrocyte maturity in 
the cervical spinal cord affects the ability o f DC axons to regenerate, the response of 
DC axons to cervical versus lumbar spinal lesions was compared using two different 
axon tracers.

Within 24 hrs. o f birth, rat pups received either a cervical overhemisection (COH) 
or lumbar overhemisection (LOH) lesion which cut DC axons bilaterally. DC axons 
were either transganglionically labeled with cholera toxin conjugated HRP (CTHRP) 
by pressure injection into the sciatic nerve or hindlimb muscles, or were anterogradely 
labeled with biotinylated dextran amine (BD) by iontophoretic injection into the L5 
DRG. Animals were sacrificed at intervals from postnatal day (PND) 3 to PND 28, 
and the spinal cord tissue was processed by TMB histochemistry for the CTHRP label 
or by an ABC reaction with DAB for the BD label. Sections were viewed with bright- 
and darkfield microscopy and serial reconstructions were made.

There was no evi (knee for growth of DC axons around either the COH or LOH 
lesions. Following neonatal COH, DC axons appeared varicose, exhibited reactive 
endings, and retracted from the lesion site by PND 3 with retraction increasing at later 
postnatal ages. Following neonatal LOH, no reactive endings were seen. The DC 
axons either retracted fully leaving only their segmental projection intact, or these 
axons regenerated into adjacent denervated gray matter. Supported by NS 14096.

28 3.12
DOES THE REGROWTH OF INJURED CORTICOSPINAL FIBERS ELICITED 
BY ANTIBODIES TO NEURITE GROWTH INHIBITORS LEAD TO 
RECOVERY OF MOTOR FUNCTION? E. Kunkel-Bagden*. L, Schnell. H.N. 
Dai, D. Gao, M.E. Schwab, and B.S. Bregman Dept. o f Anatomy and Cell 
Biology, Georgetown University, Washington, D.C. 20007 and Brain Res. Inst., 
University o f Zurich, Switzerland

Myelin-associated neurite growth inhibitors restrict axonal growth after CNS 
injury in the adult mammalian CNS. The administration of antibodies to these 
neurite growth inhibitors (IN-1) leads to modest long distance growth o f CNS axons 
after injury. After damage to the corticospinal pathway, for example, IN-1 
antibodies permit the growth o f corticospinal axons beyond the lesion site. The aim 
of the current study was to determine if this anatomical plasticity is associated with 
recovery o f motor function. Adult rats received a mid-thoracic spinal cord "over
hemisection" (HX) followed immediately by placement o f tumor cells secreting 
either "anti-inhibitor" (HX + IN-1) or anti-horseradish peroxidase (HX+<*HRP) 
antibodies into the parietal cortex. The locomotor function was compared with that 
of lesioned (HX) and unlesioned control (CON,«CHRP) animals. Recovery of 
function was assessed by a quantitative analysis of reflex and locomotor function. 
Corticospinal pathways contribute to control of the limbs for accurate foot 
placement during locomotion and mediate reflex responses such as contact placing. 
Reflex responses and locomotion were not altered in any o f the control animals. 
Footprint analysis suggests an improvement in some aspects o f the locomotor 
pattern such as stride length in animals with tumor cells secreting IN-1. There was 
no improvement in accurate locomotion on grid runways; HX and HX + IN-1 
animals made an equivalent number of errors in foot placement. Spinal cord 
hemisection in the adult permanently abolishes contact placing responses. In 
approximately 80% of the HX + IN-1 animals, there was partial recovery o f contact 
placing responses, suggesting that the anatomical growth permitted by the IN-1 
administration contributes to recovery of some, but not all, aspects of locomotor 
function. Supported by a collaborative research grant from the International Spinal 
Cord Research Trust.

283.14
AXONAL GROWTH IN THE CULTURED PERINATAL CNS-2W TOTO AFTER 
SPINAL CORD INJURY. V.H. Gilad* and G.M. Gilad. Fac. of 
Med., Technion-Israel Inst, of Technol., Haifa, Israel.

The central nervous system (CNS), including the dorsal 
root ganglia (DRG), was removed in toto from rat embryos 
at different gestational ages (15- to 21-day-gestation) 
and from pups on their day of birth, embedded in MATRIGEL 
and incubated in fortified Dulbecco's modified Eagle's 
medium. Peripheral axonal growth from sensory DRG and 
spinal cord motor neurons was observed within 20 h, 
achieved about 2 mm in length within 4-5 days and was 
maintained for up to 15 days in preparations from all 
ages. In all embryonic preparations aged up to 20-day- 
gestation, complete degeneration of intrinsic CNS neurons 
occurred within 2-4 days. In preparations from 21-day- 
gestation embryos and newly born pups, however, many 
intrinsic CNS neurons and fiber tracts were maintained. 
After spinal cord cuts in vitro, no fibers grew across 
the injured site in any of the preparations. However, 
when the spinal cord from newly born pups was crushed 
after its removal, just prior to culturing, fibers were 
seen 2-3 days later crossing the crush site. This novel 
culture system will serve as a practical and relatively 
easy model for studying conditions and substances that 
modulate growth and regeneration of both peripheral and 
central neurons.

283.16
RO STRAL A N D  CAUDAL AX O N A L REG EN E R A T IO N  INTO  
SC H W A NN CE LL-SEED ED G UIDA NC E CH AN NELS GRAFTED INTO  
A GAP IN  A D ULT RAT SPIN A L C O RD . X.M.Xu*. V.Guenard. A  Chen.
N.Kleitman, M.B.Bunge. The Miami Project to Cure Paralysis and Depts. 
Neurological Surgery and Cell Biology, University o f Miami School o f Medicine, 
Miami, FL 33136.

We previously demonstrated the ability o f Schwann cells (ScCs) to support 
regeneration into guidance channels, open only at their rostral end when inserted 
into adult rat spinal cord (Soc. Neurosci. Abstr., ’92). W e have now tested 
axonal regrowth when both cut ends o f the cord are inserted into ScC-filled 
guidance channels open at both ends. ScCs were purified in culture from adult 
rat sciatic nerves, suspended in MatrigehDMEM (30:70), and seeded into 
permselective PAN/PVC guidance channels (2.6 mm ID x 8 mm long, 50kDa 
MW cutoff) at a final density o f  120 x 106 cells/ml. Adult Fischer rat spinal 
cords were transected at T-8 and 1 segment was removed caudally. Each cut end 
was inserted 1 mm into the channel. One month after grafting, a vascularized 
tissue cable formed a bridge between the ends o f the spinal cord. Within the 
cable, numerous myelinated axons and many more unmyelinated axons were 
observed. Fast Blue retrograde tracing showed that the majority o f  neurons 
whose axons regenerated into the channel were located in spinal cord gray 
matter. The labeling could be traced 9 segments rostrally to C7 and 9 segments 
caudally to L5. Some dorsal root ganglion neurons were also retrogradely 
labeled. Supraspinal axons did not grow into the channel. W e conclude that 
ScCs in guidance channels serve as a cellular bridge that induces axonal 
regeneration o f ascending and descending spinal cord neurons. (Supported by 
NIH NS 09923 and NS 28059 and The Miami Project.)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



682 REGENERATION III TUESDAY H

283.17
RECOVERY OF NEUROFILAMENT (NF180) EXPRESSION DURING  
REGENERATION OF TRANSECTED LAMPREY RETICULOSPINAL AXONS. 
AJ Jacobs. DH Silberberg*. ME Selzer. Dept. o f Neurology and David Mahoney 
Institute of Neuroscience, University of Pennsylvania, Philadelphia, PA 19104 

Spinal transection in mammals results in irreversible reductions in the expression 
of neurofılament (NF) subunits. Lamprey NF are homopolymers of a single 180 
kDa subunit (NF180). We have cloned the gene for NF180 and used digoxigenin- 
labeled cRNA probes to study its expression during regeneration of reticulospinal 
neurons. In untransected larval lampreys (10-12 cm long), NF180 expression was 
found primarily in brainstem neurons with long projection axons, including the 
Müller and Mauthner cells and other reticulospinal neurons. Spinal cords of larval 
lampreys were hemisected at the level of the 5th gill and allowed to regenerate for up 
to 10 weeks, by which time behavioral recovery had occurred. In all neuronal groups 
studied, levels of NF180 expression declined by one week post-axotomy. This was 
followed by a return of expression, primarily in neurons with a strong propensity for 
regeneration (i.e., identifiable neurons M 4,14, B5, B6 , and the Isthmic reticulospinal 
group). Moreover, the initial depression in NF180 expression was much less in the 
Isthmic group, whose axons are among the first to regenerate. The return of NF 
expression was disproportional to the recovered axon volume because regenerating 
neurites grow only a few mm beyond the transection site and are of smaller caliber 
than their parent axons. Thus regeneration appears to be accompanied by levels of 
NF expression that, in relation to the total axon volume, are greater than in control 
neurons. It is not known whether the strong correlation between regeneration and 
recovery of NF expression represents a causative role for NF180 in regeneration or a 
consequence o f some aspect of regeneration, such as the formation of synaptic 
contacts with target neurons. (NIH Grant # NS 14837)

283.19

D E V E LO P M E N T A L  E X P R E S S IO N  O F  M Y ELIN -A S S O C IA TED  
N EU R IT E  GRO W TH  IN H IBITORS C O R R E L A T E S  W ITH T H E  L O S S  
O F  R EG EN E R A T IO N  A F T E R  S P IN A L C O R D  L E S IO N S  IN TH E  
O P O SSU M . M. E. Schwab*. C. E. Bandtlow. Z. Vara a l and J. Nichollsl  
Brain Research Institute, August-Forelstr. 1, 8029 Zurich, and 1 Dept. of 
Pharmacology, Biocenter, University of Basel, 4056 Basel, Switzerland.

Regeneration of transected fiber tracts in the opossum, 
Monodelphis dom estica , is only seen  during a  restricted 
developmental time period. Transection of the spinal cord prior to 
postnatal day 11 animals results in successfu l fiber growth across  
lesions, while transections in 11 -14 day old anim als result in no 
axonal repair (Varga et al., this volume). EM studies show that this 
change in regeneration capacity coincides in time with the onset of 
myelination which begins in the second w eek of postnatal 
development. In adult rats, myelin-associated proteins that inhibit 
growth of axons in vitro (Caroni and Schw ab, 1988) a s  well a s  the 
regrowth of axotomized C N S  nerve fibers in vivo (Schnell and 
Schwab, 1990) have been identified and characterized. W e now 
looked for such inhibitory components in different regions of 
opossum brain (spinal cord, cortex, hindbrain, midbrain) at various 
developmental stages. No inhibitory activity w as found in any of the 
brain regions analysed from 7 day old animals. However, spinal cord 
tissue from 13-14 day old animals a s  well a s  adult anim als contained 
potent inhibitory activity for D R G  neurite growth and fibroblast 
spreading. Thus, the presence of inhibitory com ponents coincides 
with the transition of the spinal cord tissue properties from 
permissive to non-permissive for axonal regeneration.

283 .18
L O N G IT U D IN A L  G L IA L  F IB E R S  PRECEDE 
REGENERATING AXONS INTO A SPINAL TRANSACTION 
IN THE LARVAL SEA LAMPREY. P .S . Piiak. D. I. Lurie andM 
E. Selzer*. Dept. of Neurology & David Mahoney Institute of 
Neuroscience, Univ. of PA, Phila., PA 19104.

In the sea lamprey, axons regenerate through a spinal transection. 
The early events in regeneration were studied using EM and 
immunohistochemical staining for collagen, neurofilaments and glial 
keratin intermediate filaments. Initially, the lesion site was filled with 
a blood clot. By 7 days, collagen fibers were interspersed among 
hematogenous and connective tissue cells in the clot. Glial cells 
adjacent to the lesion sent thickened, longitudinally oriented fibers 
into the clot. By 10 days, glial fibers appeared to be growing along 
connective tissue fibers deep into the lesion, but axons were present 
only at its edges. Proximal and distal glial fibers overlapped through 
the middle of the lesion by day 14. Small axons also were growing 
adjacent to glial processes inside the lesion. By four weeks, when the 
large reticulospinal axons are entering the lesion, collagen had 
disappeared from the lesion and was restricted to the meninx and 
surrounding connective tissue. This is unlike the mammalian glial 
scar, in which persistent collagen fibers may contribute to the 
inhibition of regeneration. Axonal growth cones were in contact 
primarily with glial processes. These findings suggest that glial 
processes may serve as bridges for regeneration of lamprey spinal 
axons. (Supported by grant R01 NS 14837)

28 3.20

IMMUNOLOGICAL SUPPRESSION OF SPINAL CORD MYELIN IN VIVO . H.S. 
Keirstead», A,B. Wisniewska. D.M. Patakv and J.D . Steeves. Depts. Zoology 
& Anatomy, University of British Columbia, Vancouver, V6T 1Z4.

We have recently demonstrated that a transected embryonic chick 
spinal cord loses the capacity for brainstem-spinal axonal regeneration and 
functional recovery around embryonic day (E) 13 of the 21 day 
developmental period (Hasan et al., 1993, J .Neurosci. 13:492-507). The 
onset of spinal cord myelination is coincident with the transition from the 
permissive to restrictive repair period. We administered an immunological 
protocol to E9-E12 chick embryos which delayed the onset of myelination 
(dysmyelination) until E17, as determined by myelin basic protein (MBP) 
immunocytochemistry. A subsequent transection as late as E15 (i.e. during 
the normal restrictive period for repair) in such a dysmyelinated embryo 
resulted in neuroanatomical regeneration and functional recovery (Keirstead 
et al., 1992, Proc. Natl. Acad. Sci. 89: 11664-11668). This demonstrates 
that CNS myelin is inhibitory to the functional repair of injured adult cord.

We are now extending these investigations to the hatchling and adult 
chicken, as well as the neonatal and adult mouse. Utilizing a modified 
immunological protocol, we have been able to transiently demyelinate the 
hatchling chick, as determined by MBP immunocytochemistry. Preliminary 
evidence indicates that we can suppress the onset of remyelination for one 
week (the longest trial period). In addition, we have applied this procedure 
to an MBP-Lac Z transgenic mouse line (Fortran & Peterson, J. Neurosci. 
12:4890-4897). В-gal staining indicates that this procedure is effective in 
delaying the onset of myelin formation over several segments surrounding 
the injection site. When administered to myelinated mouse spinal cords, this 
procedure focally destroys oligodendrocytes at the site of injection. 
(Supported by the Canadian MRC and NCE for Neural Regeneration)

TRANSPLANTATION II

2 8 4 .228 4.1
FOLLOW-UP OF SURVIVAL OF FETAL MESENCEPHALIC GRAFTS IN 
PARKINSON'S DISEASE WITH PET AND 18F-FLUORODOPA. Ph. Remv. 
Y. Samson*. Ph. Hantrave. B. Bendriem. G. Defer. C. Loc'h. C. Crouzel. M. 
Peschanski and P. Césaro. CEA-Serv Hosp F. Joliot, Orsay and INSERM, CJF 91- 
02, Créteil, France.

Recent reports have shown the efficiency o f fetal ventral mesencephalic 
transplants in patients with Parkinson's disease. In vivo monitoring o f graft survival 
and function is an important requirement for the further development o f this new 
therapeutical method. Up to now this is best achieved by studying the striatal uptake 
o f 18F-Fluorodopa (18F-Dopa) with Positron Emission Tomography (PET). We 
report the results obtained in the four Parkinsonian subjects grafted by the French 
Group in 1991-92. PET studies were performed before, and sequentially 3 to 12 
months after unilateral striatal transplantation of fetal mesencephalic tissue 
(putamen, n=4; caudate, n = 3). Images were acquired during 90 min following IV 
injection o f 92 to 185 MBq of 18F-Dopa on a 31-slices high-resolution positron 
camera (ECAT 953B). Caudate and putaminal uptake constants o f 18F-Dopa (Ki, 
m in1) were measured in grafted and non grafted sides with the multiple-time 
graphical analysis, using occipital activity as input function. After transplantation, 
mean Ki values increased significantly in the grafted putamen (pre-graft:
0.0023 ±0.0022; post-graft: 0.0047 ±0.0019 p < 0 .05; Mann-Whitney U test). A 
small increase occurred in the grafted caudate nuclei but was not significant (pre: 
0.0054 ±0.0016 post: 0.0064 ±0.0018). Changes in the non grafted side were not 
significant (putamen, pre: 0.0038±0.0019, post: 0.0043 ±0.0007; caudate, pre: 
0.0052 ±0.0014, post: 0.0062 ±0.0013). 18F-Dopa PET is useful to monitor 
survival and function o f putaminal fetal mesencephalic grafts in small series o f 
patients, and may be used to assess efficiency o f immunosuppressive therapy, and to 
optimize grafting procedures.

SUBSTANTIA NIGRA GRAFTS INTO  STRIATUM  IN SEVERELY  
IM PAIR ED M PTP-TREA TED M ONKEYS PR OD UC E RECOVERY  
COM PARED W ITH CONTROLS. J.R. Taylor*. J.D. Elsworth. R.H. Roth. 
J.R. Sladek. Jr.t. and D.E. Redmond. Jr. Depts. of PsychiaL & Pharm., Yale Univ. 
Sch. of Med., New Haven, CT 06510, and fDept. of Neurosci., The Chicago Medical 
School, North Chicago, IL 60064

The utility of MPTP-induced parkinsonism in monkeys as an animal model of 
Parkinson's disease depends on persistent behavioral deficits so that the effects of 
mesencephalic tissue grafts can be accurately assessed. Some previous studies have 
not been fully controlled since control grafted or untreated monkeys of comparable 
severity died before the outcome time point. The focus o f this experiment is on the 
restorative effects of grafts in monkeys with stable and severe parkinsonism.

Vervet monkeys were treated with MPTP (cum. dose 2.5 mg/kg) or saline. Trained 
observers 'scored' and 'rated' behavior blind' twice daily. A 'parkinsonian summary 
score', based on factor analyses o f individual behaviors from subjects in a previous 
study was used to categorize the severity of MPTP deficits (category 0-4) the month 
after treatment. The stability of parkinsonism, measured by changes in severity 
category, was examined for up to 20 months after MPTP. Fetal substantia nigra (SN) 
graft function was examined in severely affected subjects that showed stable behavioral 
deficits for 5-6 months before grafting.

Observations on some monkeys extended up to 20 months. Subjects in the least 
severe categories improved. Moderate to severely affected subjects worsened or 
remained stable long-term. Performance was also examined on a cognitive task. Four 
severely impaired subjects were grafted with embryonic SN implanted in the striatum. 
All o f the grafted subjects showed significant behavioral improvement over the 8-9 
months compared with control subjects. Biochemical measures of dopamine function 
from discrete brain regions correlated with behavior and morphology.
NS24032, Axion Res Found, St Kitts Biomed Res Found, DER - RSA MH00643-13
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284.3

FETAL NIGRAL GRAFT-INDUCED RESTORATION OF SOMATOSTATIN AND 
GAD mRNA LEVELS IN STRIOSOME AND MATRIX TARGET NEURONS
N. Raiakumar*. W. Rushlow. C.G. Naus. K. Elisevich and B.A. Flumerfelt.
Dept. of Anatomy, University of Western Ontario, London, Canada, N6A 5C1.

Dopamine (DA) neurons grafted into the DA-depleted striatum have been 
shown to normalize certain behavioural and chemical abnormalities. 
Somatostatin (SS) neurons of the rostral entopeduncular nucleus (EPN) 
receive striatal inputs from the striosomes whereas GABAergic neurons of the 
caudal EPN receive projections from the matrix. Therefore, this system offers 
a unique opportunity to study the effects of grafted DA cells on the target 
neurons of striosome and matrix. A suspension of fetal ventral mesencephalic 
tissue was stereotaxically injected into previously DA-depleted rat striatum. 
Rats were monitored before and after grafting for rotational behaviour 
following amphetamine or apomorphine challenge. Cryostat sections were 
taken from 4% PFA perfusion-fixed forebrains from normal, lesioned or grafted 
(3 mon & 18 mon) rats and processed for in situ hybridization using S[35] 
labeled cRNA probes for S S  and GAD 67. Autoradiographs showed a 
moderate and widespread elevation of GAD mRNA expression in the ipsilat. 
globus pallidus (GP) whereas the ipsilat. EPN appeared normal. However, 
the contralat. EPN showed decreased GAD mRNA levels while that of the GP 
was normal. In grafted rats the GAD mRNA levels in the GP and EPN were 
symmetrical and similar to those of normal rats. A massive increase in SS  
mRNA expression was seen on the ipsilat. side following striatal DA depletion 
while the contralat. side was normal. However, in all behaviourally recovered 
rats the SS  level in the ipsilat. EPN remained elevated despite extensive 
reinnervation of the striatum. The results show that DA neurons grafted into 
the striatum are able to influence the transmitter mRNA levels in striatal target 
centers. However, this effect is not prominent in striosome targets compared 
to matrix targets. This suggests that the DA action in striosomes may not be 
restored by DA grafts, and also indicates that the rotational behavior is a 
function of the matrix. [Supported by Parkinson’s Foundation of Canada]

284.5
GRAFTS OF FETAL MESENCEPHALON TISSUE INTO THE STRIATUM 
OR SUBSTANTIA NIGRA OF 6-OHDA LESIONED RATS.
R£. Johnston* and J.B. Becker. Deo t o f Psychology, Neuroscience Program 
and Reproductive Sciences Program, University of Michigan, Ann Arbor, MI 
48104.

Previous studies have indicated that homografts o f fetal ventral 
mesencephalon/substantia nigra (SN) tissue into the denervated striatum o f 6- 
OHDA lesioned rats are capable of reinnervating the striatum and inducing 
behavioral recovery. By contrast, however, homografts o f fetal SN tissue into 
the lesioned SN have been unsuccessful in reinnervating the striatum. In a 
recent study, human fetal mesencephalic tissue was implanted into the lesioned 
substantia nigra of cyclosporin immunosuppressed rats. The graft tissue survived 
and successfully reinnervated the denervated striatum (Wictorin et al., 1992, J. 
Comp. Neur. 323:475).

The aim o f the present experiment was to compare the relative behavioral 
effects of fetal rat SN tissue into either the striatum or SN of 6-OHDA lesioned 
rats. Female Long-Evans rats received 6-OHDA lesions to the dominant 
nigrostriatal pathway. Each rat received fetal SN tissue from rat or a sham graft 
into either the striatum or the SN. All rats were treated post-operatively with 
12mg/kg cyclosporin (i.p.), and were assessed for behavioral recovery via 
amphetamine-induced turning both pre- and 4 ,4 .5 ,5  and 6 weeks post-graft 
At the conclusion of the experiment brain sections w sie stained for tyrosine 
hydroxylase immunoreactivity to determine graft survival.

Preliminary data indicate that sham grafts are associated with behavioral 
deterioration (a pre-post graft increase in rotational behavior o f approximately 
10%), while fetal rat SN grafts into either the striatum or SN are associated with 
substantial behavioral recovery (a pre-post graft decrease in rotational behavior 
of approximately 23% and 30% respectively, based on graft received and not 
histology). Full data will be reported at the meeting.
[Supported by USPHS Grant No. NS22157]

284.7
BEHAVIORAL RECOVERY INDUCED BY INTRANIGRAL FETAL 
DOPAMINE MICROGRAFTS IN THE RAT PARKINSON MODEL.
G. N ikkhah*1,2. M.G. C unningham 3. C. B en tlag e1,2 an d  A, 
B ro rk lu n d V P ep t. of Medical Cell R esearch , U n iv e rs ity  of 
Lund, S-22362 L und, Sw eden; 2Dept. of N e u ro su rg e ry , 
N o rd s tad t H ospital, D-3000 H annover 1, Germ any; 3Dept. of 
B rain an d  C ognitive  S c iences, M.I.T, C am bridge, Mass. 
02139, USA.
D endritic  dopam ine re le a se  w ith in  th e  s u b s ta n t ia  n ig ra  
(SN) may h ave  im p o rtan t im plications fo r  th e  physio log ical 
fu n c tio n  of th e  b asa l g an g lia  a s  well a s  th e  p a th o p h y sio 
logy of P a rk in s o n ’s d isea se  (R o b ertso n  H.A, TINS 15, 201- 
206, 1992). We th e re fo re  a sk e d  th e  q u estio n , w h e th e r  
m ultiple dopam inerg ic  m ic ro g ra f ts  s p re a d  o v e r th e  SN 
could  e x e r t  fu n c tio n a l e f fe c ts  on dopam ine a g o n is t- in d u c e d  
ro ta tio n  in  th e  u n ila te ra lly  6 -h yd roxydopam ine  lesioned  
ra t .  L esioned r a t s  re ce iv ed  m ultip le  in tr a n ig ra l  m ic ro g ra fts  
(250 n l w ith  50,000 c e l ls /d e p o s it)  of E14 v e n tra l  
m esencephalic  cell su sp e n s io n  u s in g  a  g la ss  c ap illa ry  (OD 
50 pm). The g ra f ts  re d u c e d  ro ta tio n  in d u ced  by 
apom orph ine, an d  D1(SKF38393)- an d  D 2(qu inp iro le )- 
a g o n is ts  a t  5 an d  12 w eeks p o s tg ra f t in g , b u t  n o t ro ta tio n  
in d u ced  by  am phetam ine. T h ere  w as a  c le a r c o rre la tio n  
b e tw een  n u m b ers  of s u rv iv in g  T H -positive  cells  an d  th e  
d e g re e  of fu n c tio n a l com pensation .
The r e s u l t s  s u g g e s t ,  th a t  in tr a n ig r a l  dopam inerg ic  m icro
g ra f ts  may o ffe r  a  p o ss ib il ity  to  in c re a se  th e  fu n c tio n a l 
e fficacy  of n e u ra l t r a n s p la n ta tio n  in  P a rk in s o n ’s d isease .

284.4
CO-TRANSPLANTS OF DISSOCIATED EMBRYONIC NIGRAL AND 
STRIATAL CELLS: BEHAVIORAL AND ANATOMICAL ANALYSES IN 
RATS BILATERALLY DOPAMINE-DEPLETED AS INFANTS.
L. Costantini. T. Fletcher* and A.M. Snvder-Keller. W adsworth Center 
(NYSDOH) and Albany Medical College, Albany, NY 12201.

The inclusion of embryonic striatal tissue in transplants of nigral tissue  
may enhance survival and stimulate outgrowth of dopam inergic neurons 
(Brundin et al., 1986). In neonatally bilaterally dopam ine (DA)-depleted 
rats given unilateral transplants in adulthood, we found that nigral-striatal 
co-transplants were more effective mediators of turning behavior than 
nigral transplants. Animals with co-transplants developed turning to 
amphetamine and stress that w as stable for a longer duration, and fewer 
DA neurons were necessary to sustain a  high degree of turning. 
Anatomical analyses of co-transplants revealed a  more complex 
organization of transplanted cells, including patches of DA terminals 
overlapping areas exhibiting dense substance P and enkephalin 
immunostaining. We are studying the effectiveness of striatal tissue 
taken from different age embryos, following selective labelling of striatal 
patch neurons by BrdU injection into E14 embryos. This allows us to 
examine the organization of patch and matrix neurons within the 
transplant, in relation to the intrinsic DA innervation and induction of the 
immediate-early gene c-fos that occurs in response to stimuli that 
induce turning. This approach will help reveal how co-grafting with 
striatal tissue alters the physiological incorporation of dopaminergic 
transplants into DA-depleted striatum. (Supported by MH46577.)

284.6
INVOLVEMENT OF THE NON-LESIONED STRIATUM IN FUNCTIONAL RECOVERY OF RATS 
WITH 6-OHDA INDUCED HEMIPARKINSONISM: IN VIVO AND IN VITRO STUDIES. T. Reum,
U. Schäfer and R. Morgenstern*. Inst of Pharmacology and Toxicology, Humboldt-Univ. at Berlin, 
D 10117 Berlin, Germany.

A model of experimental hemiparkinsonism induced by unilateral 6-hydroxydopamine (6- 
OHDA) lesion of the median Ibrebrain bundle (MFB) was used to study mechanisms of graft- 
induced functional recovery. Solid fetal mesencephalic grafts were transplanted intraventricularly 
either ipsi- or contralateral to the denervated side. Rotational responses to apomorphine (APO,
0.25 mg/kg IP) and amphetamine (AMPH, 5 mg/kg IP) were recorded for 7 months. Striatal 
dopamine (DA) release was measured by differential pulse voltammetry (DPV) in vivo and by 
synaptosomal superfusion-technique in vitro.

Grafting onto the lesioned side produced a decrease in the number of APO- and AMPH- 
induced rotations. After 8 months, following systemic injection of AMPH in anaesthetized and 
pargyline pretreated rats, this decrease was accompanied with the appearance of a voltammetric 
DA signal in the striatum of the grafted side and, compared to non-grafted controls, with a smaller 
increase of the DA signal on the non-iesioned side. K*-stimulated [^DA release from striatal 
synaptosomes, which can be inhibited by DAergic stimulation of DA autoreceptors, was markedly 
reduced on the lesioned side, but it did not differ between grafted and non-grafted animals.

Grafting onto the non-lesioned striatum, produced a transient decrease of APO rotations 
whereas AMPH rotations increased markedly. In these animals AMPH did not produce a DA 
signal in the striatum of the lesioned side and again, on the non-lesioned side the DA signal was 
sbghtty smaller than in non-grafted controls. As described for animals grafted to the lesioned side, 
neither K+-stimulated [^DA release nor autoreceptor-mediated inhibition of [^DA release was 
affected by the graft. However, grafting onto the lesioned striatum increased the f’HJDA uptake 
into ipsHateral striatal synaptosomes whereas grafting onto the non-lesioned side reduced the 
[*H]DA uptake into synaptosomes prepared from the non-lesioned striatum.

These results demonstrate that graft-induced behavioral recovery in the unilateral 6-OHDA 
model is not only a result of structural and functional improvements on the lesioned side. 
Supported by grant 01 ZZ 9101 (BMFT Germany).

284.8
C O M B IN E D  IN T R A N I G R A L  A N D  IN T R  A S T R IA T A L  
M ICROTRANSPLANTATION OF FETAL DOPAMINE NEURONS IN 6- 
HYDROXYDOPAMINE LESIONED RATS. C.BENTLAGE*. G.NIKKHAH1
M.OLSSQN AND A.BJÖRKLUND Dept. of Medical Cell Research, Biskopsgatan

5, S-223 62 Lund, Sweden and Neurosurgical Clinic, Nordstadt Hospital, D-3000 
Hannover 1, Germany
Previous transplantātiem experiments in Parkinson's disease have demonstrated 
suboptimal graft survival and incomplete behavioural recovery to be two major 
shortcomings. Therefore a new microtransplantation approach was investigated for 
its potential to promote the morphological integration and behavioural recovery of 
dopamine neuron grafts at different target sites in the caudate-putamen and the 
substantia nigra.
Unilateral 6-Hydroxydopamine lesioned rats received single-cell suspension grafts 
of E14 ventral mesencephalon (30.000 cells in 250 nl per deposit) using a glass 
capillary (OD 50 pm) attached to a lp l Hamilton syringe. Multiple small deposits 
were distributed throughout the substantia nigra (14 deposits). One month later 
subgroup o f these rats received multiple micrografts into the ipsilateral striatum, 18 
deposits distributed throughout the caudate-putamen and the nc.accumbens. E14 
spinal cord was used as control grafts. Preliminary results show good dopamine 
micrograft survival in the caudate-putamen. Although there was good dopamine 
neuron survival in the homotopic substantia nigra grafts also, the survival rate of the 
dopamine neurons was substantially lower than in the striatum. The caudate- 
putamen and nc.accumbens was extensively reinnervated by the intras tri atal grafts 
and there was also substantial reinnervation o f the overlying cortex. From the 
intranigral grafts TH-positive fibers with a dendritic morphology extended into the 
pars reticulata to form patches o f TH positive terminal networks. Behavioural 
evaluation of graft effects including rotation, sensorimotor orientation and disengage 
behaviors, as well as a new version o f the stepping test, are in progress.
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SU RVIV AL OF SYNG ENIC AND ALLO G ENIC TR AN SPLANTS  
OF LO NG -TIM E CU LTURED A STRO CY TES IN ADULT RAT 
S T R IA T U M .
C. Lundberg. P, Horellou+. J. Mafien- and A. Biörklund.(SPON: European 
Neuroscience Association)

Dept. Medical Cell Research, Lund University, Lund, Sweden 
+Laboratoire de Neurobiologie Cellulare et Moleculaire, CNRS ,Gif-sur-Yvette, 
France
To develop techniques for intracerebral transplanting of brain-derived genetically 
modified cells we have tried to asses the possible rejection of astrocytes after long
term culture in vitro . Astrocytes from an inbred Wistar strain were harvested from 
E 14 fetuses. The cells were dissected from the striatal primordiae and fed DMEM + 
10% fetal calf serum. After three weeks in vitro the cells were bromodeoxyuridine 
(BrdU) labelled and transplanted into the striatum of rats from either the same Wistar 
strain or Sprauge-Dawely rats. Two weeks later the rats were sacrificed and the brains 
processed for BrdU- and Ox-42 immunohistochemistry. In all rats there are 
surviving cells and no difference could be picked up in this parameter. The cells 
occurred within the host striatal greymatter and some were found to migrate up to 
600 pm from the graft core and predominantly along vessels. The OX-42 staining- 
which recognizes marcophages and microglia- showed many macrophages in the graft 
core in both groups. The OX-42 + microglia in the host striatum was similar to the 
non-grafted contralateral side. The results suggest that after three weeks in culture 
astrocytes can survive and intergrate with the host brain, as seen two weeks after 
transplantation, with no signs of ongoing rejection of allogenic astrocytic 
transplants at this time-point. Immunohistochemical data on MHC class I and II 
will be presented.

284.11
BEHAVIORAL AND BIOCHEMICAL EFFECTS OF MESENCEPHALIC GRAFTS IN 
LESIONED STRIATA OF 6-OHDA RATS AFTER CHRONIC L-DOPA TREATMENT: 
AUTORADIOGRAPHIC STUDY OF BRAIN GABAa  RECEPTORS. C. Gagnon1 .T. 
Calon1. J.-C. Martel1 2. D. Gaudin2. P.J. Bédard2 and T P i Paolo1 1 School o f  
Pharmacy, Laval Univ. and Dept. of Molecular Endocrinology, CHUL Research 
Ctr and 2Dept. o f Pharmacology, Faculty o f Medicine, Laval Univ. and 
Neurobiol. Res. Ctr., Enfant-Jesus Hosp., Quebec, G1K 7P4, Canada.

This study was undertaken to improve our understanding o f regeneration 
following transplantation of mesencephalic cells for the treatment of Parkinson’s 
disease. Rats bearing a 6-hydroxydopamine (6-OHDA) unilateral lesion of the 
dopaminergic nigrostriatal pathway were grafted with fetal mesencephalic tissue in 
the striatum and half o f them also received chronic administration o f L-3,4 
dihydroxyphenylalanine (L-DOPA). Lesioned and intact rats receiving vehicle or 
chronic L-DOPA were also included. Lesioned non-grafted rats receiving chronic 
L-DOPA increased their contraversive circling while grafted rats did not even after 
repeated L-DOPA. Striatal dopamine (DA) concentrations were decreased to < 5% 
of intact values in lesioned striata of L-DOPA treated and untreated rats whereas in 
grafted animals striatal DA levels were respectively, 19 and 17% of control in 
untreated and L-DOPA treated rats confirming dopaminergic activity of the graft. 
Density o f GABAa receptors was examined by autoradiography o f [3H] 
flunitrazepam binding. Intense [3H] flunitrazepam binding was observed at the 
graft site whereas no change was observed in the surrounding striatum. 
Denervation, graft or L-DOPA treatment also did not affect [3H] flunitrazepam 
binding in globus pallidus and entopeduncular nucleus. By contrast, the graft 
increased the ratio of lesioned/intact substantia nigra [3H] flunitrazepam binding 
(1.42 grafted rats vs 1.12 lesioned rats, p<0.05) which was partly corrected with 
L-DOPA treatment (1.15 grafted + L-DOPA vs 1.18 lesioned + L-DOPA treated 
rats). These results suggest that fetal grafts in the striatum which produce 
dopamine and affect locomotor activity also have a remote effect changing 
GABAa receptor binding in the substantia nigra. Supported by Canadian Network 
of Centres of Excellence.

284.13
THE INVOLVEM ENT OF NITRIC OXIDE IN THE SURVIVAL OF FETAL 
DOPAMINERGIC CELLS TRANSPLANTED IN THE DENERVATED RAT  
STRIATUM. Combined morphological and pharmacological observations.
H.W.M. Steinbusch*, F.L. van Muiswinkel, J.G.J.M. Boi, and J. De Vente Dept. 
o f Pharmacology, Faculty of Medicine, Free University, Amsterdam, The 
Netherlands.

Dopaminergic denervation o f the caudate putamen complex (CP) with 6-OHDA  
is often associated with an animal model for Parkinson’s disease. However, since 
there is a discrepancy between the clinical observations and the animal model, we 
are studying models to increase the survival, outgrowth and functionality o f  fetal 
dopaminergic cells. It has been described that nitric oxide (NO) is involved in 
neurodegenerative processes. Moreover, we have shown the within the CP a large 
number o f nitric oxide synthase (NOS)- and NADPH-positive cells are present. 
Therefore we were interested to study the effects o f NO on the survival of 
dopaminergic cells. Rats were divided into four groups. All groups received an 
unilateral 6-OH DA lesion both in the medial forebrain bundle as well as in the 
via. After two weeks all group received an injection o f a fetal dopaminergic cell 
suspension (E 15) as column in the denervated CP. The first group served as a 
control group. The second group received a cell-suspension containing 0.1 mM NR- 
nitro-methyl-L-arginine (NAME). The third group received a cell-suspension 
containing 0.1 mM NAM E and was treated with NAM E (10 mg/kg i.p daily) for 
4 weeks. The fourth group received a cell suspension containing 1 μπι MK-801 to 
study the involvement o f excitatory amino acids in the early stages o f the 
maturation o f the fetal cells. After 4 weeks survival all rats were perfused with 
glutaraldehyde and processed for DA-immunohistochemistry. For morphological 
analysis we counted the total number o f surviving dopaminergic cells in the CP. 
In all groups we observed a good cell survival and outgrowth o f the implanted 
dopaminergic cells. First results showed that use o f  NAME, which inhibits NOS 
has a negative effect on the survival of dopaminergic cells.

284.10
DOPAMINERGIC GRAFTS IN NEONATALLY LESIONED NEOSTRIATUM 
INDUCE C-FO S HYPEXPRESSION. D.N. Abrous1. J.P. Herman2* and M. 
Le Moal1. 1 INSERM U259, Univ. Bordeaux II, Bordeaux, France. 2 CNRS, 
Lab. Genet. Physiol. Dev., Marseille, France.
Intrastriatal dopaminergic (DA) grafts in adult rats induce a hyperexpression 
of Fos protein when challenged with amphetamine, which is correlated with 
the exaggerated compensation of amphetamine-induced rotation in the 
same animals (Abrous et al. 1992). We examined whether similar effects 
could be observed following neonatal transplantations. Three experimental 
groups (control, lesion and lesion+graft groups) of rats were used. Three day 
old rats received a unilateral 6-OHDA lesion of their ascending DA pathway 
and, five days later, a suspension of embryonic mesencephalic neurones 
was implanted into the denervated neostriatum. Nine months later, rats were 
injected with saline or amphetamine (5 mg/kg), then killed two hours after. 
Sections were processed for Fos immunohistochemistry. After an injection 
of saline, basal c-fos expression was weak to absent in the neostriatum of 
control animals but was high in the DA depleted neostriatum of lesioned 
rats. This effect of the lesion on basal c-fos expression was abolished by the 
grafts. Administration of amphetamine increased the density of Fos+ nuclei 
in the neostriatum of the control group. This stimulatory effect of 
amphetamine on c-fos expression was partially blocked by neonatal 6- 
OHDA lesions. In neostriata with transplants there was a hyperexpression of 
Fos protein and the intensity of this overcompensation positively correlated 
with the abnormal rotation induced by amphetamine. It is concluded that 
although the age at which the lesion is sustained influences intrastriatal c- 
fos expression, grafts made at either age, when challenged with 
amphetamine, induce an abnormal c-fos expression which can predict the 
degree of overshoot observed for rotation activity.

28 4.12
TEMPORAL COURSE OF ACUTE IMMUNE REJECTION OF 
INTRASTRIATAL XENOGRAFTS IN A RODENT MODEL OF PARKINSONS 
DISEASE. J.P. Blount*. T, Kondoh. J.A. Conrad and W.C. Low. Departments of 
Neurosurgery and Physiology and Graduate Program in Neuroscience, University of 
Minnesota, Minneapolis, MN 55455.

We are interested in studying the mechanisms o f acute rejection of cerebral 
xenografts. Male Sprague-Dawley rats underwent unilateral 6 ОН-DA lesions of 
the medial forebrain bundle. Prior to transplantation all animals were characterized 
3-5 times in a locomotor rotational assay in response to apomorphine (0.1mg/kg 
S.C.). Stereotactic transplants of fetal ventral mesencephalic cell suspension from 
E13-15 A.SW mice (CRL 8-11mm) were performed into the ipsilateral striatum. 
Locomotory rotational behavior was performed weekly with apomorphine 
beginning one week after transplantation. No immunosuppression was provided.

Animals were divided into 3 groups and sacrificed at 20, 40, and 60 days after 
transplantation (groups A, В and C respectively). Inflammation at the graft site as 
witnessed on thionin stained brain slices was graded as 1: no evidence of 
inflammation; 2: mild-moderate lymphocytic infiltration at the graft site or 3: 
complete replacement of the graft with a dense lymphoctic infiltration and 
perivascular cuffing. Two animals in group A (n=4) demonstated grade 2 
inflammation while two showed grade 3 inflammation. Three animals in group В 
(n=4) demonstrated grade 2 inflammation and one demonstrated grade 3 
inflammation. Two animals in group C (n=5) demonstrated grade 2 inflammation 
and 3 demonstrated grade 1 inflammation. Amelioration o f rotational assymetry 
was noted in groups В and C by 5-6 weeks after transplantation. This was observed 
in animals with grade 1 and 2 inflammation. These data suggest that the most 
robust inflammatory response occurs within the first 20-40 days following 
transplantation and provide a useful temporal framework for further histopathologic 
studies regarding die acute rejection o f intrastriatal xenografts in the rodent. 
Supported by NIH training grant 1-T32-NS07361, the Peyton Society, NS 24-464.

284.14
SELECTIVE DISSECTION OF THE LATERAL GANGLIONIC EMINENCE 
INCREASES THE PROPORTION OF ACHE-RICH ZONES IN FETAL 
STRIATAL TRANSPLANTS P. Pakzaban.» T. W. Deacon. L. H. Bums, and O. 
Isacson. NeuroRegeneration Laboratory, McLean Hospital, Belmont, MA 02178; 
and Neurology and Neurosurgery Services, Massachusetts General Hospital, 
Boston, MA 02114.

To date, intrastriatal transplants of fetal striatum primordium have included 
both the medial and the lateral ganglionic eminences of the basal telencephalon. 
These grafts have been shown to have a heterogeneous structure by 
acetylcholinesterase (АСҺЕ) histochemistry. Since the AChE-rich zones co
localize with graft regions that are anatomically and functionally integrated 
into the host brain, it may be desirable to increase the proportion of these zones in 
the grafts. To compare the relative contribution of the medial and the lateral 
ganglionic eminences to the AChE-rich fraction, the eminences were selectively 
dissected from the basal telencephalon of E14 rat fetuses. Cell suspensions 
prepared from either eminence were stereotaxically implanted into quinolate- 
lesioned neostriatum of adult rats. Eight weeks after transplantation, grafts of 
the medial ganglionic eminence (MCE) were compared to those of the lateral 
ganglionic eminence (LGE) with respect to the proportion of AChE-rich zones, 
graft size, graft morphology, and afferent dopaminergic innervation as revealed 
by tyrosine hydroxylase (TH) immunostaining.

The AChE-rich fraction in LGE grafts (87% ± 4%) was markedly greater than 
the AChE-rich fraction in MGE grafts (25% ± 10%). The LGE grafts were also 
morphologically better-incorporated into the lesioned host striatum, partially 
reconstituting the striatal morphology. There was no statistically significant 
difference in graft size between the two groups. The AChE-rich LGE grafts were 
TH-immunoreactive, whereas the AChE-poor MGE grafts were not. In conclusion, 
selectively-dissected grafts of the fetal lateral ganglionic eminence reconstitute 
the striatal morphology and are enriched in AChE-rich zones.
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AXONAL GROWTH BY FETAL PORCINE STRIATAL GRAFTS IN RATS.
T. Deacon*1. P. Pakzaban1 . Ĩ. D insm ore2 . L. B u m s1 and O. Isacson1. 
Neuroregeneration Laboratory, McLean H ospital, Program in Neuroscience, 
Harvard M edical School, Belm ont, M A 02178 * and Diacrin, Inc., 
Charlestown, MA 02129 2

We are investigating  the characteristics of intrastriatal xenografts of 
fetal p ig neurons in rats with excitotoxic striatal neuronal loss, in order to 
determine whether the slow er developm ent and larger adult neuronal size 
of porcine neurons could  enhance graft connectivity w ith  the rat host. 
Porcine cells from 2 donor ages (E35 and E50), for 2 graft survival periods (8 
and 12 w eeks) and under 3 different im m une treatm ent conditions  
(cyclosporin, Fab antigen m asking and no treatment) were implanted into 
rats that received striatal lesions w ith quinolinic acid on e w eek prior to 
transplantation. H ost brains w ere com pared histo logically  u sin g  N issl 
stain, АСҺЕ histochem istry and antibodies against tyrosine hydroxylase  
(TH), glia l fibrillary acid ic protein  (GFAP), m icrotu bule associated  
protein lb  (M A Plb) and 70kD bovine neurofilam ent (NF). E50 fetal cells 
produced small d ense grafts, which appeared primarily non-neuronal in 
Nissl stained sections. These grafts exhibited G FAP-positive staining but 
almost com pletely lacked АСҺЕ, TH, M A Plb and NF staining. Grafts from  
E35 fetuses exhibited АСҺЕ, TH, and N F staining, typical o f neuronal 
grafts, and M A Plb staining consistent w ith  the maturation rate o f fetal pig  
cells. NF stained axons from these grafts were traced up to 500 pm from  
graft perim eters to penetrate g lob u s pallidus and extend toward other 
ventral-caudal target sites. This dem onstrates the ability  o f  E35 p ig  
striatal neurons to respond to appropriate grow th cues in the adult rat 
brain. Longer survival tim es are needed to determ ine the full extent and 
the characteristics of porcine axonal outgrowth.

284.17
TEMPORAL PATTERN OF EXPRESSION OF MAJOR HISTOCOMPATIBILITY 
COMPLEX ANTIGENS ON INTRASTRIATAL GRAFTS OF SYNGENEIC, 
ALLOGENEIC OR XENOGENEIC NEURONAL TISSUE. W.-M. Duan*. H. 
Widner and P. Brundin. Restorative Neurology Unit, Department of Neurology, 
University Hospital, S-221 85 Lund, Sweden.

The purpose of this experiment was to study the expression of the major 
histocompatibility complex (MHC) class I and II antigens in and around intrastriatal 
grafts of syngeneic, allogeneic or xenogeneic neuronal tissue at different time points 
after transplantation to adult Sprague-Dawley (SD) rats. Syngeneic, allogeneic and 
xenogeneic neuronal cell suspensions were prepared from the ventral mesencephalon of 
SD rat embryos, inbred Lewis rat embryos and mouse embryos, respectively. One of 
the neuronal suspensions was injected into the right striatum of adult SD rats, which 
were perfused at 4 days, 2 weeks or 6 weeks after transplantation. Their brains were 
prepared for OX-18 (monoclonal antibody against MHC class I antigen), OX-6 (MHC 
class II antigen), OX-42 (microglia and macrophage) and glial fibrillary acidic protein 
(GFAP) immunocytochemistry. Tyrosine-hydroxylase (TH) immunocytochemistry 
was used to determine the survival of the grafted dopamine neurons. The results show 
that: i) Graft implantation is generally associated with increased GFAP-staining and 
there is a marked increase in OX-42 staining in the striatum around rejecting grafts, ii) 
There is low or no expression of MHC antigen around syngeneic grafts at all time 
points, iii) The expression of MHC antigen around allogeneic grafts is higher at the 
short-term time-points than at 6 weeks and is generally lower than the expression in 
xenografted rats, iv) There is a very high expression of MHC antigens and intensive 
cellular immune reaction around and in the xenogeneic grafts, in particular at 2 weeks 
and at 6 weeks, v) TH-immunostaining shows that there are surviving grafts in all rats 
in the syngeneic and allogeneic groups at all time points. In the xenogeneic group, 
there are small grafts at the short-term survival time-points and there is rejection of all 
grafts at 6 weeks. The results indicate a low to moderate, transient MHC expression in 
syn- and allografted rats which permits long-term graft survival. In contrast, 
xenografts are rejected with signs of a strong inflammatory and immune response.

NEUROGLIA

285.1
CONTENT AND DISTRIBUTION OF GLIAL CELLS IN ORGANOTYPIC 
CULTURES OF RAT PINEAL ÖLAND AND HIPPOCAMPUS. E. B. Pedersen1.
N. Tonderi Λ  T. Meldgaard2. B, R. Finsen1 and J. Zimmert*. PharmaBioiec, lDept. 
of Anat., Inst, of Medical Biol. Winsløwparken 19, Univ. of Odense, 5000 Odense 
C, and 2Dept. of Neurobiol., Univ. of Aarhus, 8000 Aarhus C, Denmark.

In organotypic slice cultures of CNS tissue the neuronal content, connections and 
neurochemical characteristics have been thoroughly studied, whereas information on 
glial cells is more sparse. We have now, by the roller tube technique, studied 
astroglial, microglial and endothelial cells in the pineal gland and 350 μηι thick 
slices of hippocampal tissue from 5 days old rats. After 4 weeks in vitro the cultures 
were stained by immunohistochemistry for astrocytes (GFAP), microglia/macrophag- 
es (CD1 lb), reactive microglia (C D llb , MHC class II) and endothelial cells (von 
Willebrands Factor). In pineal cultures GFAP+ astrocytes were located mainly at one 
side of the culture. This is also seen in vivo, where GFAP+ cells are located mainly 
in the proximal part of the gland. In hippocampal cultures a dense layer o f GFAP+ 
astrocytes was found at the surface of the cultures. Inside the cultures astrocytes had a 
morphology and distribution basically like that observed in vivo. Microglia/macro- 
phages were mainly located at the surface of the cultures and in the surrounding 
plasmaclot. Only rarely, microglia was seen deep inside the culture parenchyma. The 
microglial cells/macrophages expressed MHC class II antigens both in the hippocam
pal and the pineal cultures, indicating an activation of these cells (Hippocampal 
microglial cells do not display this activation in situ, in contrast to the pineal 
microglial cells, which normally are located outside the BBB). Endothelial cells were 
retained within both tissues displaying a vascular pattern. Our results indicate that 
the cultures are organotypic according to their astroglial and endothelial content but 
show an abnormal distribution and an activation of the microglial cells. Supported 
by the P. Carl Petersen Foundation, The Foundation of 17-12-1981, the Danish 
MRC, the Lundbeck Foundation and the Danish State Biotechnology Program.

284.16
IM PROVED M AGNETIC RESONANCE IM AG ING  OF RAT FETAL 
STRIATAL TR A N SPLA NTS U SIN G  LOW CO NCENTRATIO NS OF A 
SU PER PAR AM AG NETIC CO NTRA ST AG EN T. W. O uellette*. R.G. 
Pratt. H .R . Thom pson. S.R. Thomas and A.B. Norman. D ivision o f  
N eu roscience, Departm ents o f  Psychiatry and R ad iology, U n iversity o f  
C incinnati College o f  M edicine, C incinnati, OH 45267.

Superparam agnetic ferrite particles coupled to the lectin  wheat germ  
agglutinin  (W GA) can label fetal striatal tissue and perm it the visualization  
o f  the transplant in v iv o . H ow ever, artifacts can lim it the anatomical 
inform ation from  the M R images. We studied the e ffec ts  o f  using smaller 
concentrations o f  superparam agnetic particles. D issociated rat fetal striatal 
tissue ( E l5 -1 7 ) was incubated with W G A -ferrite particles, and was then 
transplanted unilaterally into rat striatum. The concentration o f  iron was
0 .8 -0 .0 8  m g/m l. A t 6 days and 25 days fo llow in g  transplantation, rats were 
im aged at 0 .14T  using T j and T 2 w eighted protocols. A fter im aging, the 
rats were perfused and brain sections stained w ith  cresyl violet or 
hem atoxylin  for iron. At the higher concentrations o f  ferrite particles the 
transplant appeared on M R im ages as an area o f  low  signal intensity which  
was greater than the area o f  the transplant v erified  histologically . There 
was also a bright corona surrounding the area o f  low  signal intensity. The 
im ages o f  transplants containing lower concentrations o f  ferrite particles 
corresponded w ell to the area o f  the transplant verified  histologically. 
There was no ev id en ce o f  a bright corona surrounding the image o f  the 
transplant. H istologically , the ferrite particles were m ainly restricted to the 
area o f  the transplanted tissue. A fter 11 months ferrite particles could still 
be seen associated w ith the transplanted cells. Low concentrations o f  
W G A -ferrite particles can perm it accurate anatom ical localization o f  
transplanted cells in vivo w ithout producing unacceptable image artifacts. 
(Supported by NSF grant B N S 9015373)

284.18
FETA L STR IA TA L TRA N SPLAN TS AND TH EIR  RELATIO N SHIP TO  
TR A N SIEN T H YPO A C TIV ITY . S . Poloar. T.K . Koutouzis. D .W . 
Cahill*. T .F . Freeman. C.W . Qlanow and P .R . Sanbero. Division of 
Neurological Surgery, Department of Surgery, University of South 
Florida College of Medicine, 12901 Bruce B. Downs Blvd., MDC Box 
16 Tam pa, FI 33612-4799.

Intrastriatal fetal transplants consistently reverse nocturnal 
hyperactivity in rats with excitotoxin lesions of the striatum. The 
post-hoc analysis of data from several of our previous rodent 
studies indicated that the transplants may not just 'normalize' the 
locomotor abnorm alities, but rather precipitate a period of 
transient hypoactivity. A model is proposed in this presentation to 
explain the magnitude and temporal param eters of the putative 
hypoactivity. It is argued that the growing transplant produces 
neurochemical changes in the host striatum which predisposes the 
system  towards hypoactivity. The overt level of activity is the 
outcome of the balance between two opposing and interacting 
tendencies due to the lesion and the transplant. The potential 
significance of the hypoactivity is that it may help to distinguish 
between several competing theories of functional recovery 
following intrastriatal fetal transplantation. A puzzling issue has 
been the relatively rapid recovery of locomotor functions in the 
ab sen ce  of c le a r indications of well form ed structural 
reconnections. The present approach distinguishes between two 
stages of recovery following intrastriatal transplants; a rapid, 
transient neurochemically mediated stage followed by slower, 
structural changes resulting in permanent recovery. Supported in 
part by the S TR C .

AND MYELIN IV

285.2
ID E N T IFIC A T IO N  OF PU T A T IV E  TR A N SC R IPT IO N A L  
REGULATORY ELEMENTS OF THE H UM AN TRANSFERRIN  
GENE IN CULTURED BRAIN CELLS A. Espinosa de los Monteros*.
B. Sawava. J. de V ellis. M. Zakin and E. Schaeffer UCLA Sch. o f  
Med., Los Angeles, CA. 90024 and The Pasteur Instit., Paris, France.

Transferrin (Tf) is an essential iron transport protein. It is 
synthesized at high levels in the liver and at lower levels in other 
organs such as testis and brain. In v ivo  the cells that synthesize T f in 
the brain are oligodendrocytes (01) and choroid plexus. In contrast 
cultured 01, astrocytes (As) and neurons (N) express T f m RNA. 01 and 
A s but not N  synthesize and secrete Tf. This differential expression o f  
the T f gene by brain cells in v ivo  vs cultures suggests that different 
elements are involved in T f expression in the various cell types o f  the 
brain. Here w e analyze 3.6 Kb o f  the 5' regulatory region o f  the human 
T f gene by testing the ability o f  specific sequences to direct 
chloramphenicol acetyltransferase (CAT) synthesis in transient 
expression assays. Our data show that the far upstream enhancer region 
functional in liver is inactive in both As and 01. The D N A sequences 
controlling transcription in these cells are also different. Nuclear 
protein extracts from 01 and As are being analyzed for the identification 
o f  the factor(s) that may interact with the T f promoter. Supported by 
NIH Grant H D -06576 and DOE DE-FC03-87-ER60615.
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LUCIFER YELLOW INJECTION IN  GLIAL CELLS OF THE RAT NEO
CORTEX: M ORPHOLOGICAL EVIDENCE FOR THE INSERTIO N OF 
ASTROCYTIC PROCESSES IN  "PERINEURONAL NETS OF EXTRA
CELLULAR MATRIX " (PNM ). Blümcke I.#*. W eruaga E.#. Babalian A.$. 
Kasas S .#. Eggli P.S. C elio M.R.# . #  Institute o f H istology, U niversity of 
Fribourg, CH -1700 Fribourg; $ Institute o f  P h ysio logy , U n iversity  of 
Fribourg, CH-1700 Fribourg; § Institute o f Anatom y, University of Bern, CH 
- 3100 Bern

The existence o f PNM  on the surface of neurons in the m amm alian brain 
w as first described b y G olgi in 1893. Recently, lectins from  Vicia Villosa 
(W A ), which recognize N-acetyl-galactosam ine, have been used to stain 
PNM . W e have evid en ce that PNM  in  the cerebral cortex preferentially  
enwrap neurons w hich express the calcium -binding protein parvalbumin. 
U sing electronm icroscopy w e h ave iden tified  a large num ber o f glial 
endfeet in the v icinity o f the VVA staining, su ggesting  that PNM  are a 
specialized site for glial-neuronal interaction. Since both the type o f glial 
cell attracted by PNM  and the extension of their contacts are unknown, w e  
injected lucifer y e llo w  (LY) into g lia l cells u sin g  liv in g  brain slices  
m ain ta in ed  in vitro, or ligh tly  fixed section s. U sin g  confocal laser  
m icroscopy and a 3-D reconstruction program w e compared the localization  
o f LY-positive glial processes and com pared them  w ith the extent of the 
PNM , identified w ith  VVA-Texas Red. O f all the different types o f glial 
cells injected so far, only processes of protoplasm ic astrocytes have been  
seen to contact sectors of PNM wrapped around a given neuron.

These m orphological results w ill be the basis for further experim ents (e.g. 
patch-clam p analysis of cortical astrocytes) to elu cidate the unk now n  
physiological function o f this specialized type o f glial cell dedicated to 
contacting parvalbumin -intemeurons.

2 8 5 .5
INTERACT IOIn BETWEEN INTRACELLULAR pH AND CELL VOLUME IN 
PRIMARY RAT ASTROCYTES. L.D.Shrode, J.B.Dean*. and R.W.Putnam. 
Physiology anu Biophysics, Wright State University, Dayton, OH 45435.

Glial cells are lrvol.ed in volume and pH regulation in the brain. In other cell 
types, there is a direct relationship between рҚ  regulation and cell volume 
regulation. However, the mechanism that links these two processes is unknown. 
We used a new laser light-scattering technique to measure cell volume. In 
addition, we used pH-sensitive (BCECF) and calcium-sensitive (FURA-2) 
fluorescent dyes to measure рҢ and Caj5 respectively. A radio-assay kit was 
used to measure intracellular cAMP. Similar to other cells, when astrocytes were 
exposed to a hypertonic solution, рҚ increased from a resting pH; of 7.24+.05 to 
a new steady state value of 7.65±.04. This shrinkage-induced alkalinization was 
Na-dependent and amiloride-sensitive, which indicates that it is due to activation 
of the Na/H exchanger (NHE). This activation is due to a shift of the affinity of 
NHE for interi ni protons in the alkalinizing direction. We next wanted to 
determine the .necha: Lm of this activation. When cells were exposed to 
hypertonic solutions no increases of cAMP or calcium were observed. In 
addition, exposure < 50/zM forskolin and ΙΟΟμΜ IBMX caused an increase in 
cAMP but no alkais: ation was observed. Thus as increase in cAMP does not 
activate the NHE in astrocytes. When astrocytes were exposed to 5μΜ 
ionomycin, intracellular calcium increased from a resting level of 206.5 ± 42 nM 
to 3.72 ± .73 μΜ. Exposure to this level of ionomycin caused an amiloride
insensitive alkalinization.

In summary, the NHE is activated upon cell shrinkage in astrocytes, resulting 
in alkalinization. The pathway of activation does not seem to be a cAMP or 
calcium dependent pathway. Other possible pathways include PKC, guanine 
nucleotides and cell adhesion molecules. Future experiments will determine if 
these pathwayr are responsible for the link between pHj and cell volume in 
astrocytes. [Supported by a grant from the Juvenile Diabetes Foundation.]

28 5.7
ACTIVITY -DEPENDENT AND K+-INDUCED INCREASED LIGHT 
TRANSMISSION IN THE RAT OPTIC NERVE: RELATION TO CELL 
SWELLING. B. R. Ransom* and B. A. MacVicar. Dept o f Neurol., Yale Medical 
School, New Haven, CT 06510 and Dept o f Med. Physi., Univ. Calgary, Calgary, 
Alberta T2N4N1

Changes in the intrinsic optical properties o f neural tissue occur with activity (e.g. 
MacVicar and Hochman, J. Neurosci., 1991,11:1458-1469) but the physical changes 
that underlie those changes are not entirely clear. Based on indirect evidence, syn- 
aptically evoked optical signals, i.e. increased light transmission, in rat hippocampal 
brain slices were proposed to result from cell swelling. We sought to determine if such 
signals occurred in the rat optic nerve, a less complex tissue that has been shown to 
exhibit ECS shrinkage with activity, probably mediated by glial swelling (Ransom et 
al, J. Neurosci., 1985,5:532-535). Rat optic nerves between 1 and 25 days of age were 
isolated and supervised in vitro by a physiological solution that containing 3 mM K+. 
Light transmission through this central white matter tract was measured as previously 
described ( MacVicar and Hochman, ibid.) and compound action potentials were 
elicited by electrical stimulation. The tissue was also stimulated with high K+ 
solutions containing 7 ,1 2  or 26 mM K+ . Ten sec trains o f compound action potentials 
at 20 HZ produced increased light transmission in nerves from rats 20 days of age and 
older. The stimulation-induced optical signal was blocked by tetrodotoxin indicating 
that it depended on action potential generatimi. The time course o f this response was 
similar to that o f the shrinkage in ECS reported previously. Perfusion with high K+ 
solutions produced graded increases in light transmission. Moreover, as with ECS 
shrinkage, the K+-induced increased light transmission was reduced in newborn rats 
which have yet to become populated with mature glial cells. The correspondence 
between activity and K+-induced changes in light transmission and ECS shrinkage 
strongly suggests that the measured optical changes reflect cellular swelling, probably 
o f glial cells, and establish this technique as a valuable and straight forward method for 
real-time assay of cellular swelling in neural tissue, (supported by NEH and MRC 
Canada)

28 5.4
PATCH-CLAMP ANALYSIS OF GLIAL CELLS IN BRAIN SLICES OF 
M URINE NEOCORTEX.
F. Kjrghhp fP , Į. Blürnçke+, MĻR, C elio±  and FL .Kettenmann.

Dept. of Neurobiology, University of Heidelberg, D-6900 Heidelberg, Germany,
+ Dept. of Histology, University of Fribourg, CH-1700 Fribourg, Switzerland.

Recent evidence suggests that glial cells form complex, functional inter
actions with synaptic regions. In particular, in the neocortex astrocytes 
contact neuronal cell-bodies, which are enwrapped by perineuronal nets of 
matrix.

To study the physiological properties o f  such specialized cells, we applied 
the patch-clamp technique to characterize the membrane properties o f  glial 
cells in a thin slice preparation o f  the parietal and cingular neocortex from 
three-week-old mice. To identify the glial cells, we combined the patch- 
clamp technique with morphological analysis by dialysing the cell with a 
pipette solution containing Lucifer Yellow . The fluorescent dye was either 
photoconverted using the diaminobenzidine method for ultrastructural 
analysis, or it was visualized by confocal microscopy. The cells investigated 
had small somata (diameter less than 10 pm), their processes were densely 
arborized and the endfeet contacted blood vessels, thus identifying these glial 
cells as protoplasmic astrocytes. The membrane potential o f  these astrocytes 
ranged between -65 to -79 mV and de- or hyperpolarizing voltage steps 
activated large, time-independent K+ currents with a linear current to voltage 
relationship. Bath-application o f  kainate as well as N M D A  induced inward 
currents in the range o f  100 to 300 pA, suggesting the presence o f  glutamate 
receptors. These receptors could provide the molecular substrate for a signal 
transfer from the synaptic region to the adjacent glial cell.

2 8 5 .6
REVERSING ASTROCYTE SWELLING DUE TO HIGH EXTRACELLULAR K+ 
WITH CHLORIDE ION EXCHANGE INHIBITOR, L-644.711.M. P. Leuschen*. 
and M. T. Awoubi Joint Division of Newborn Medicine, Creighton University - 
University of Nebraska Medical Center, Omaha, NE. 68198.

A primary event in hypoxic brain damage is astrocyte swelling: one 
proposed mechanism is a high extracellular K+ which causes CI' influx via 
the СГ/НСО,* exchanger. Our hypothesis is that prevention or reversal of 
СГ influx into astrocytes due to high K+ would prevent or reverse astrocyte 
swelling and injury. Individual human astrocytoma cells loaded by hypotonic 
treatment with the chloride sensitive fluorescent probe, MQAE, were 
evaluated using an ACAS-570 laser cytometer. Fluorescence was monitored 
at 410 nm by line scans (2/sec) across the cell bypassing the nucleus. The 
experimental design was to identify an astrocyte and measure basal 
fluorescence, scan for 2 min to establish the control chloride concentration, 
then add 60 mM K+ in the presence or absence of ion exchange inhibitors 
including L-644,711 then continue to scan for 5 minutes. A standard curve 
generated with incremental NaCI (1 -20 mM) in the presence of MQAE was 
used to equate fluorescent intensity with actual chloride concentration; 
KSCN and valinomycin were added to quench fluorescence. Astrocyte 
swelling could be documented on either the line scan or a total cell scan. 
A biphasic СГ influx due to the high K+ was reproducible in all astrocytes 
studied; an initial dramatic influx probably associated with membrane 
depolarization was followed by a slower gradual increase in intracellular Cl*. 
L-644,711 reversed the second slower Cl* influx; the blocking of the СГ influx 
was dose dependent but relatively high concentrations were needed 
compared to earlier studies in guinea pig astrocytes. Our experiments offer 
a novel method for evaluating pharmacologic agents such as ion exchange 
inhibitors and astrocyte swelling.

28 5 .8
THE ALKALINE SHIFT OF INTRACELLULAR pH INDUCED IN 
ASTROCYTES BY RAISING EXTRACELLULAR POTASSIUM: ROLE OF 
ELECTROGENIC SODIUM  BICARBONATE COTRANSPORT.
N. Brookes*1 and R. J. Turner2, ^ e p t .  o f Pharmacol. & Exptl. Therap., Univ. 
o f Maryland Sch. o f  Med., Baltimore, MD 21201 and 2Clin. Invest, and Patient 
Care Branch, Natl. Inst, o f Dental Res., NIH, Bethesda, MD 20892.

Neuronal activity in rat cortex alkalinizes astrocyte cytoplasm. This response 
appears secondary to K+-induced depolarization o f the astrocyte membrane 
(Chesler and Kraig, J. Neurosci., 9: 2011, 1989). We measured intracellular pH 
(pHį) using the fluorescent pH indicator BCECF in primary cultures o f mouse 
cerebral astrocytes grown on glass coverslips. In nominally H C 0 3~-free solution 
(pH 7.4, 35°C; containing approx. 0.15 mM H C 0 3~ derived from equilibration 
with air), raising [K+] from 3 mM to 12 mM alkalinized pHj by 0.19±0.013 
(SEM, n=14), whereas halving [K+] to 1.5 mM acidified pHj by 0.13 ±0.009 
(n=4). Presumably, metabolism also is a source o f H C 0 3_ in these conditions. 
When the H C 0 3_ -free solution was gassed with 100% 0 2, adding ImM H C 0 3~ 
accelerated the response o f pHį to raised [K+]. In 26 mM H C 0 3“ -buffered 
solution the alkaline response to 12 mM K+ increased to 0.26±0.03 (n=7, 
p < 0.025). The alkaline response was absent in N a+ -free solution but was present 
in С Г -free solution, and it was blocked by 0.5 mM DIDS. The high K+ 
permeability of mouse astrocytes is greatly reduced by 1 mM Ba2+ which 
depolarizes the astrocytes by > 20 mV and attenuates the effect on membrane 
potential o f raising [K+]. Consistent with the primary role o f membrane 
potential, 1 mM Вгг+ caused a slow alkalinization of pHį while inhibiting the 
alkaline response to 12 mM K+. These results lend support to the hypothesis 
that modulation of electrogenic Na+/H C 0 3~ cotransport by membrane potential 
is the mechanism by which K+ induces an alkaline shift o f  pH; in astrocytes. 
(N.B. was supported by USPHS grant ES03928 and a Bressler Research Award).
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285.9
HYPOTONICITY REGULATES THE PERIPHERAL-TYPE BENZODIAZEPINE 
RECEPTOR IN CULTURED ASTROCYTES. Y. Itzhak and M.D. 
Norenberg*. VA Med Center and Departments of Biochemistry 
and Pathology, Univ of Miami Sch. Med., Miami, FL 33101.

The precise function of the peripheral-type 
benzodiazepine (PBZD) receptor is not well understood. A 
role of PBZD receptors in cell volume regulation has been 
suggested (J Pharm Exp Ther 241:950,1987). The present 
study was undertaken to investigate whether exposure of 
astrocytes to hypotonic media regulates PBZD receptors in 
cultured astrocytes. Primary cultured astrocytes from 
neonatal rat cerebral cortex were maintained for 7-10 days 
in the absence or presence of 0.5 mM dibutyryl cAMP (dBC), 
and then incubated in either isotonic (320 mosm NaCl) or 
hypotonic media (200 mosm NaCl) for 24 hrs. Saturation 
binding experiments of [3H]PK 11195 indicated a 
significant increase (25%; P<0.05) in the number of [3H]PK 
11195 binding sites in cultures maintained in dBC and 
exposed for 24 hrs. to hypotonic media. Similarly, 
hypotonicity resulted in 30-40% increase in the number of 
[3H]Ro5-4864 binding sites. No changes in the affinity 
of these ligands for the receptor was observed. 
Hypotonicity had no significant effect either on [3H]PK 
11195 or [3H]Ro5-4864 binding to cells maintained in the 
absence of dBC. These findings with non-dBC treated cells 
may relate to* the fact that dBC-treated cells have a more 
efficient volume regulatory capacity (Can J Phys Pharm 
70:S362,1992). These results indicate that hypotonicity 
regulates the PBZD receptor and suggest an important role 
for these receptors in volume regulation. (Supported by 
Vet. Admin., GRECC, and USPHS grants DK38153, NS30291).

285.11
ADENOSINE AND GUANOSINE IN CREASE F R E E  C YTO SO LIC  CALCIUM  
C O N C EN T R A TIO N  IN M O U S E  BRAIN  A S T R O C Y T E S  TH R O U G H  
D IFFEREN T R E C E P T O R S . Y. C h e n l. L. Hertz-». M.P. Rathbone2 . W. 
Code*1. 1 Dept. of Pharmacology, University of Saskatchewan, Saskatoon, 
Sask. S7N 0W0. 2Dept. of Biomedical Sciences and Medicine, McMaster 
University Medical Centre, Hamilton, Ont. L8N 3Z5.

Brain astrocytes have adenosine receptors. Adenosine stimulates the 
proliferation of astrocytes in vitro. Guanosine is an even more potent 
mitogen. It does not appear to activate any identified adenosine receptor, but 
no specific receptor for guanosine has yet been definitively demonstrated. To 
determine the signalling system s involved in the mitogenic response of 
astrocytes to guanosine and adenosine, we investigated whether these  
nucleosides increased free cytosolic calcium concentration, [Ca2+]j, in 
astrocytes. Astrocytes from the cortex of newborn Swiss mice were cultured 
on cover slips and treated with dibutryl cyclic AMP from the age of 2 weeks to 
enhance cell differentiation. In such cultures, >95% of the cells are GFAP+ 
"type-1 " astrocytes and no neurons are present. [Ca2+]j was determined by 
the aid of the fluorescent probe, lndo-1/АМ. The cells in a circular area of 0.2 
mm diameter were illuminated via epifluorescense optics, and [Ca2+]j 
determined, after calibration, from the ratio between emitted fluorescence at 
410 and 480 nm. Both adenosine and guanosine induced increases in 
[Ca2+]j within 30 sec. of contact with the cells. Maximum increases were 
obtained with 10-100 μΜ, when 1Ca2+]j increased from a resting level of -100 
nM to ‘400 (guanosine) and 700 (adenosine) nM. The adenosine response 
underwent tachyphylaxis, which did not lead to a concomitant decrease in the 
response to guanosine. This implies that the two nucleosides activate 
separate receptors. Both DPMX (10 μΜ) and theophylline (25 μΜ) inhibited 
the response to either compound; the effect of adenosine was not inhibited by 
C G S 15943. These results suggest that adenosine increases [Ca2+]j by 
activating an A2-like receptor, whereas guanosine activates a separate  
receptor, which similarly is inhibited by theophylline or DPMX. Support: 
Medical Research Council, Saskatchewan Heart and Stroke Foundation, 
Saskatchewan Health Research Board (LH) Hospital for Sick Children 
Foundation and Ontario Heart and Stroke Foundation (MPR).

285.13
DEPOLARIZATION-INDUCED ALKALINIZATION (DIA) IN RAT 
HIPPOCAMPAL ASTROCYTES: CHARACTERIZATION AND MECHANISMS 
C-А. PAPPAS* and B.R. RANSOM. Department of Neurology, Yale University 
School of Medicine, New Haven, CT 06510.

Astrocytes play a role in acidifying brain extracellular space during intense neural 
activity. Astrocyte pHį increases with a time-course similar to that of membrane 
depolarization and increasing extracellular K+ ([K+]0). We monitored the pHį of 
hippocampal astrocytes 8-14 days after culturing from newborn rats, using the 
fluorescent pH-sensitive probe BCECF. Astrocytes bathed in a НСО3' free medium 
buffered to pH 7.40 with HEPES at 37° C, exhibited a pHj of 6.75 ± 0.01. When 
exposed to 7-50 mM [K+]0, the cells exhibited a graded alkalinization which 
averaged 0.11 ± 0.01 pH units over control with 25 mM [K+]0. Bath application of 
1 mM Ba2+, known to block K+ channels and depolarize astrocytes, alkalinized the 
cells indicating that DIA is dependent upon the depolarizing effect o f K+. Patch 
clamp recordings of astrocyte Vm confirmed the correlation between Vm and pHį. 
Removal o f bath Na+ acidified pHj, but did not eliminate DIA, an effect mimicked 
by amiloride. Measurements of [Ca2+]į with Fura-2 showed that depolarization 
increased [Ca2+]į and that this depends on the presence of bath Ca2+. Moreover, 
alkalinization could be elicited by directly increasing [Ca2+]j in the absence of 
depolarization. Removal of bath Ca2+ reduced but did not abolish DIA. Removal of 
both Na+ and Ca2+ dramatically reduced DIA. DIA can be elicited in the absence of 
HCO3', or СГ and in the presence o f DIDS. In conclusion, DIA was reliably elicited 
in hippocampal astrocytes and seemed to depend, for full expression, on a 
depolarization induced increase in [Ca2+]į and on the Na+/H+ antiporter. Because 
DIA was reduced but present after blocking Na+/H+ exchange, we suggest that a 
depolarized-induced increase in [Ca2+]į stimulated another acid extrusion 
mechanism, perhaps the vacuolar-type H+ pump. (Supported by an NIH grant to 
BRR).

28 5.10
HYPEROSMOTIC MEDIUM INDUCES TAURINE SYNTHESIS IN CEREBRAL 
ASTROCYTES. J.W. Beetsch* and J.E. Olson. Dept Emerg 
Med, Wright State Univ Sch Med, Dayton, OH 45401.

Exposure to hyperosmotic conditions leads to changes in 
astrocyte volume and taurine concentration (Olson and 
Goldfinger, J Neurosci Res, 27:241). To investigate mech
anisms of osmotic adaptation, taurine content was measured 
in medium and cells obtained from rat cerebral astrocyte 
cultures grown in isoosmotic and hyperosmotic conditions.

Primary astrocyte cultures were prepared from 2 day-old 
rats. Culture medium was changed twice weekly. After two 
weeks, cultures were fed with control medium (300 mOsm) or 
hyperosmotic medium containing additional NaCl. The total 
taurine content of the culture dish was determined from 
measures of cell and medium taurine content using HPLC. 
Cell taurine concentration was expressed per mg protein.

Taurine content of control cultures (medium plus cells) 
was not altered 48 hr after the medium change, however; 
meant SEM cell taurine concentration fell slightly from 
113±2 to 97±1 nmol/mg protein. After 48 hr in hyperosmo
tic medium (450 mOsm), total taurine content of the cul
tures and cellular taurine concentration increased by 30% 
and 48%, respectively. Smaller increases in culture con
tent and cell concentration were observed for cultures fed 
with 350 mOsm medium. The initial taurine concentration 
in all media was approximately 2 μΜ. This concentration 
decreased slightly after 48 hr in control medium, but was 
elevated to 3.3±0.2 and 4.7+0.8 μΜ in cultures fed with 
350 mOsm and 450 mOsm media, respectively.

These data reflect a net production of taurine in 
astrocyte cultures following treatment with hyperosmotic 
medium. Thus, de novo synthesis of taurine by these cul
tured cells is a major component of adaptation to hyperos
motic conditions. Supported by NS 23218.

28 5.12
Ca2+ REGULATION IN MOUSE CORTICAL ASTROCYTES: ROLE OF 
INTERNAL Ca2+ STORES AN D THE Na-Ca EXCHANGER. V .A  Golovina.
L.L. Bambrick*. B.K. Krueger. P.J. Yarowskv. and M.P. Blaustein. Depts. of 
Physiology & Pharmacology, Univ. Maryland Sch. o f Med., Baltimore, M D 21201 

The cytosolic free Ca2+ concentration ([Ca2*]^) in cultured mouse cortical 
astrocytes transiently increased upon stimulation o f Ca2+ release from endoplasmic 
reticulum (ER). [Ca2*]^ was measured by digital imaging o f fura-2 fluorescence; 
1 8 - 8 4  cells were analyzed at every condition. Cyclopiazonic acid (CPA, 5 μΜ), 
a specific inhibitor o f ER Ca-ATPase, increased [Ca2+]cyt from 109±4 nM to 
506±23 nM. The effects o f CPA were observed in nominally Ca2+- and Na+-free 
medium, where both entry o f extracellular Ca2+ and Ca2+ extrusion via the Na-Ca 
exchanger were inhibited. The magnitude o f this CPA-induced Ca2+ release was 
increased by pretreatment of astrocytes for 12 min with either 1 mM ouabain in 
physiological salt solution (PSS) or K +-free PSS. These pretreatments caused only 
a small rise in resting [Са2+]^  (to 223±20 nM and 218±12 nM) but augmented 
the CPA-induced Ca2+ release to 1620±112 nM and 1452±104 nM, respectively. 
The effects o f ouabain were dose dependent and detectable at 0.01 μΜ. Ouabain 
and K+-free solution, by inhibiting the Na pump, raise [Na+1<̂  and consequently 
[Ca2+] t̂, due to inhibition o f Ca2+ extrusion via the Na-Ca exchanger. The small 
increase in resting [Ca2*]«  ̂ observed in the presence o f ouabain or in K+-free 
solution, together with the substantial potentiation o f the CPA-induced release 
from the ER under the same conditions, suggests that most o f  the net gain in 
cellular Ca2+ produced by dissipation o f the plasma membrane N a+ gradient is 
rapidly sequestered in the ER rather than remaining free in the cytoplasm. This 
suggests that small perturbations in trans-plasma membrane Ca2+ transport may 
greatly potentiate the cellular response to stimuli that cause release o f Ca2+ from 
internal stores without substantially affecting steady-state [Ca2+]cyt. Supported by 
NIH and NSF.

285.14
D E PO L A R IZ A T IO N  EV O K ED  A L K A LIN IZA TIO N  A N D  EXTRA CELLULA R 
AC ID  SECRETIO N BY ASTRO CY TES O F  G U O T IC  H IPPO C A M P A L  SLICES
/. Grichtchenko* & M. Chester. Dept. Physioi/Biophys. & Dept.
Neurosurg., N YU Med. Ctr., 550 1st Ave., NY, N Y  10016.

A depolarization induced rise in astrocyte pHj (1) may reflect the rapid 
secretion of acid into the extracellular space during neural activity. To further 
evaluate this process, we studied K+-induced shifts of pHi & pHo in CA3 of 
rat hippocampal slices made gliotic by kainate. K+ was iontophoresed while 
recording either pHi from astrocytes, or [K+]o & pHo, with ion selective 
microelectrodes. Compared with normal slices, the evoked fall in pHo was 2-4 
fold greater in gliotic tissue for a given [K+]o rise. Astrocytic depolarization, 
pHi increases & correlated falls in pHo were all blocked by Ba2+. The fall in 
pHo was abolished by Na-free saline and inhibited (75 4  5%, n=8) in HCO3- 
free (HEPES) media, but was unaffected by inhibitors of Na-H exchange 
(dimeihylamiloride), Н С О 3 '  transport (DIDS), lactate transport (CHC), high 
glucose, Cd2+ or solutions with 0 glucose, 0 CL or 0 Ca2+. To test if acid 
shifts were due to a CO2 rise, a cellular [Н С О з 'І  influx, or transport of another 
species, we used inhibitors of extracellular carbonic anhydrase (CA). 
Benzolamide and a dextran-coupled CA inhibitor caused a respective 182 ± 
27% (n=6) and 125 ± 45% (n=6) increase in acid shifts, ruling out a CO2 rise 
or Н С О 3 '  influx per se. These data are consistent with inward, electrogenic, 
Na+/HC03'-dependent transport (2,3). As in squid axon (4) however, the 
transported species is likely to be С О з =  or NaCC>3\  These results further 
indicate that rapid acid secretion, and cytosolic alkalinization of astrocytes 
arise from the same process (1) Chesler & Kraig. Am. J. Phys.. 253:R666. (2) 
Astion & Orkand. Glia. 1:355 (3) Szatowski & Deitmer. J. Phys. 421:617.
(4) Boron. J. Gen. Phys. 85:325. Supported by NIH Grant NS27011.
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285.15
DEPOLARIZATION AND a j - ADRENERGIC STIMULATION OF 
ASTROCYTES IN HIPPOCAMPAL SLICES EVOKE SUSTAINED 
INCREASES AND OSCILLATIONS IN CYTOSOLIC CALCIUM.
S. Duffy* and B .A. MacVicar Neuroscience Research Group, 
University o f Calgary, Calgary, Alberta CANADA T2N-4N1 

Cultured astrocytes exhibit [Ca2+k increases in response to 
depolarization and neurotransmitter stimulation. To test for astrocyte 
[Ca2+]j signals in freshly isolated brain tissue, fluorometric [Ca2+], 
measurements were made from astrocytes in adult rat hippocampal 
slices. Cells with high resting Ev, (-75 to -80 mV), low Қ,,, and no 
electrical excitability were iontophoretically injected with the Ca2+- 
sensitive dye Calcium Orange. After injection, dye-coupled cells with 
small cell bodies and many radiating processes were imaged by either 
standard epifluorescence or confocal video microscopy. Potassium- 
depolarization evoked [Ca2+]j signals consisting o f sustained increases, 
sporadic [Ca2+]į spikes and rebound increases following repolarization. 
The a r adrenergic agonist phenylephrine also evoked [Ca2+]; 
elevations, typically comprised o f rhythmic [Ca2+]į spikes 
superimposed on slower elevations. Slow [Ca2+]j elevations were 
synchronous, while fast [Ca2+]j spikes and oscillations could occur 
independently in adjacent cells. These data support the hypothesis that 
astroglial [Ca2+]j elevations in response to neuronal K+ and 
norepinephrine release may constitute an important neuron to glial 
signalling pathway in the CNS. Supported by MRC (Canada).

285.17
Astrocyte Na+ channels are required for maintenance of 

Na+/K+-ATPase activity
H. S o n th e im e rL  E ^ F e m a n d e z -M a ra u e s . N , U llr ic h , a n d  S .G . W a x m a n . Dept. 
Neurology, Yale University, New Havėn, CT 06510 and VA Hospital, West Haven, CT 06516.

Astrocytes in vitro and in situ have been shown to express voltage-activated 
ion channels previously thought to be restricted to excitable cells, most notably 
voltage-activated Na+, Ca2+ and K+ channels. However, unlike neurons, 
astrocytes do not generate action potentials, and the functional role of voltage- 
activated channels in astrocytes has been an enigma. In order to study the 
function of Na+ channels in glial cells, we carried out ion flux measurements 
and patch-clamp recordings on rat spinal cord astrocytes in vitro during 
blockade of Na+ channels. Acute blockage of astrocyte Na+ channels by 
tetrodotoxin (TTX) had multiple effects: i) TTX reduced, in a dose-dependent 
manner, Na+/K+-ATPase activity measured as unidirectional influx of 88Rb+. 
ii) TTX depolarized astrocyte membrane potential at a rate of approximately 
1 mV/min. iii) TTX exposure, within 30-120 min, induced astrocyte death. All 
these effects of TTX could be mimicked by ouabain or strophanthidin, specific 
blockers of the Na+/K+-ATPase. The effects of TTX and ouabain (or 
strophanthidin) were not additive. These results suggest that TTX-blockable 
Na+ channels in glial cells serve functions that do not require their participation 
in action potential electrogenesis; in particular, we propose that glial Na+ 
channels are important for Na+/K+-ATPase function, constituting a "return" 
pathway which permits Na+ ions to enter the cells so that [Na+]j can be 
maintained at concentrations necessary for activity of the Na+/K+-ATPase. 
Since astrocyte Na+/K+-ATPase is believed to participate in [K+]o homeostasis 
in the CNS, the coupling of Na+ flux through voltage-activated Na+ channels to 
ATPase activity may provide a feed-back loop that participates in the regulation 
of K+ ion levels in the extracellular space.

285.19
EFFECTS OF AMMONIA AND L-METHIONINE-DL- 
SULFOXIMINE fMSO) ON K+ AND Cl* FLUXES IN 
CULTURED ASTROCYTES. A.S. Bendei*and M .D. Norenberg. 
Lab. of Neuropathology, Univ. of Miami Sch. of Med. & Vet. 
Adm. Med. Ctr., Miami, FL 33101.

Ammonia is a putative major toxin involved in hepatic 
encephalopathy, where astrocytic functions appear to be 
compromised. Since astrocytes in the CNS play a major role in ion 
homeostasis, we studied the effect of ammonia on K+ and СГ 
fluxes. Rat astrocytes in primary culture were incubated with 2 
/uCi/ml of 86RbCl (analog of K+) or 0.5 jiCi/ml of 36СГ for 1 hr in 
the presence or absence of 5 mM NH4C1. Ammonia decreased the 
equilibrated K+ content by 30% (652 ±_ 21 nmol/mg protein in 
control vs. 462 +. 17 nmol/mg protein in ammonia treatment; n =3) 
and increased the equilibrated Cl' content by 50% (212 +. 17 
nmol/mg protein in control vs. 325 +. 30 nmol/mg protein in 
ammonia treatment; n= 3). These changes induced by ammonia 
were reversed by 3 mM MSO, a glutamine synthetase inhibitor. 
Our results indicate that ammonia can affect ion homeostasis, 
especially K+ and СГ, which may be partially involved in the 
pathogenesis in hepatic encephalopathy. The counteracting effect of 
MSO suggests that glutamine synthetase may affect these ionic 
fluxes. (Supported by the Veterans Administration and USPHS 
grants AM-38153 and NS-30291)

285.16
DIFFERENTIAL MODULATION OF POTASSIUM CURRENTS BY PROTEIN 
KINASE A ACTIVATORS IN RAT SPINAL CORD ASTROCYTES.
Marv Louise Roy* and Harald Sontheimer. Yale University School of Medicine, 
Department of Neurology, New Haven, CT 06510.

Cultured spinal cord astrocytes (3-7 DIV) express several different potassium 
current types, including delayed rectifier (DR), А-type, and inward rectifier (IR) 
currents. Using the whole-cell patch-clamp technique, we analyzed modulation of 
these K+ currents by cAMP-dependent protein kinase (PKA). Forskolin, which is 
thought to directly interact with adenylate cyclase to increase [cAMP] į, and 
dibutyryl-cAMP (dBcAMP), a membrane permeable analog of cAMP, were used to 
stimulate PKA activity.

DR-K+ currents were reversibly blocked by forskolin (K^ = 10 mM). 1,9 
Dideoxyforskolin (1,9 DDF), a forskolin analog which is known not to activate 
adenylate cyclase, similarly reduced DR-K+ current (Kj = 15 mM) in a reversible 
manner, whereas 1 mM dBcAMP did not alter DR-K+ currents. These results 
indicate that forskolin effects are not cAMP- or PKA-dependent, but may be due to 
specific interactions of forskolin with the DR-K+ channel and/or its immediate 
lipid environment. А-type currents were not affected by forskolin, 1,9 DDF, 
dBcAMP, or ATP, indicating that these currents do not serve as substrate for PKA 
phosphorylation. In contrast, IR-K+ currents were irreversibly blocked by 1-10 
mM forskolin and were reduced by addition of 1 mM dBcAMP, but were 
insensitive to 1-50 mM 1,9 DDF. These results suggest that forskolin effects on IR- 
K+ current are mediated via a cAMP-dependent process, possibly by PKA 
activation. As IR-K+ activity is the major determinant of astrocyte resting potential 
and is involved in regulating [K+]0 by means of "spatial buffering", channel 
modulation by PKA may serve as a mechanism to control K+ homeostasis in the 
brain.

285.18
SYNAPTIC TRANSMISSION IN THE HIPPOCAMPUS: CRITICAL 
ROLE FOR GLIAL CELLS. D. O. Kevser* and T. C  Pellmar, 
Physiology Department, AFRRI, Bethesda, Maryland 20889-5603.

The importance of glial cells in controlling the neuronal microenviron
ment has been increasingly recognized. We now demonstrate that glial 
cells play an integral role in hippocampal synaptic transmission by using 
the glial-specific metabolic blocker fluoroacetate (FAC) to selectively 
inhibit glial cell function. FAC inhibits evoked intracellular post-synaptic 
potentials (PSPs; IC50 = 39 μΜ) as well as population PSPs (IC50 = 65 
μΜ) in field CAI of the guinea pig hippocampal slice. Spontaneous 
synaptic transmission is concurrently decreased. These effects are time 
and dose-dependent. ATP concentrations in glial but not neuronal 
elements are also significantly reduced with FAC treatment. Simultaneous 
application of the metabolic substrate isocitrate with FAC prevents both 
the reduction in glial ATP concentrations and the decrease in evoked 
PSPs. Given that isocitrate is selectively taken up by glia, these data 
further support a glial specific metabolic action of FAC. Additionally, 
FAC has no postsynaptic effects as peak responses to iontophoretically 
applied glutamate are unchanged. However, the decay of both iontopho- 
retic and evoked PSPs are prolonged following FAC treatment suggesting 
inhibition of glutamate uptake may contribute to the FAC-induced 
depression of synaptic potentials. These results show, for the first time, 
that glial cells are critical for maintenance of synaptic transmission and 
suggest a role for glial cells in the modulation of synaptic efficacy.

285.20
E LE C T R O PH Y SIO L O G IC A L  C H A R A C TE R IZ A T IO N  A N D  
D E V E L O PM E N TA L  E X PR E SSIO N  O F Н С О з’-D EPEN D EN T  
H Y PE R PO LA R IZA T IO N  IN H IPPO C A M PA L  A STR O C Y TES.
Edward R. O’Connor*, Harald Sontheimer and Bruce R, Ransom.
Dept. of Neurology, Yale School of Medicine, New Haven, CT 06510

The regulation and modulation o f  intracellular pH (pHj) in the central 
nervous system  o f  mammals is not well understood. Processes that regulate 
pHj may also influence extracellular pH (pHo) and thereby influence neural 
activity. Submammalian glial cells and mammalian oligodendrocytes express 
an electrogenic Na+/H C 03* cotransporter that can influence both pHį and 
pHo, and w e sought to determine i f  this transporter exists in rat hippocampal 
astrocytes grown in culture.

Astrocytes derived from newborn rats were studied after varying days in 
culture using the patch clamp technique in whole cell recording mode. 
Astrocytes bathed in НСОз* free solution containing 5 mM K+ (pipette K+ 
was 145 mM) and buffered with Hepes to pH 7.4, had an average membrane 
potential of 58 ± 12 mV. Switching from НСО3 ' free to 25 mM HCO3·- 
containing bath solution caused a rapid and completely reversible 
hyperpolarization that averaged 20 ± 6  mV. This response was only seen in 
cells cultured for greater than 10 days, and seen in 78 % of astrocytes older 
than 10 days. The НСОз'-dependent hyperpolarization suggests the presence 
of Na+/HC0 3 ‘ cotransport; this response was not, however, blocked by 
DIDS which often, but not always, blocks Na/НСОз* cotransport. The ionic 
dependency and pHi effects of this developmentally regulated НСО3"- 
dependent response in astrocytes are being investigated. (Supported by grant 
NS 15589 to BRR).
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285.21
INTERACTION OF AMMONIA-INDUCED TOXICITY AND MSO ON myo- 
INOSITOL UPTAKE IN ASTROCYTES. R.E. Isaacks, A.S. Bender, 
J.H. Bruce*, and M.D. Norenberg. VA Med. Center and Univ. 
Miami Sch. Med., Miami, FL 33125.

Hepatic encephalopathy (HE) is associated with 
hyperammonemia and astrocyte swelling. Chronic HE 
patients were recently shown to have a 50% reduction in 
cerebral myo- inositol levels (Radiology 182:19-27, 1992). 
Evidence indicates that methionine sulfoximine (MSO) may 
protect against ammonia toxicity (Am J. Physiol 261 :H825,
1991) and cell swelling by inhibiting glutamine 
synthetase, a glia specific enzyme in brain. We have 
shown previously that astrocyte swelling results in 
decreased myo-inositol uptake. We studied the effects of 
ammonia toxicity and the potential protective effects of 
MSO on /луо-inositol uptake by astrocytes. Primary 
astrocyte cultures from neonatal rats were treated with 
5 or 10 mM ammonium chloride alone and with 3 mM MSO for 
72 hours. The uptake of myo- inositol in the control was
37.3 ± 1.3 nmoles/mg protein which was decreased by 25.1 
and 32.7% after 72 hours in 5 mM or 10 mM ammonia, 
respectively. In the presence of 3 mM MSO, these effects 
of ammonia were partially reversed, 15.2 and 19.7%, 
respectively. Consequently, MSO may protect against 
ammonia toxicity by modifying organic osmolyte levels and 
thus affecting the degree of astroglial swelling.

EG F-RESPO N SIVE NEURAL STEM C ELLS  ISOLATED FROM RAT AND
MOUSE BRAIN ARE CAPABLE OF DIFFERENTIATING INTO
OLIGODENDROCYTES AND OF FORMING MYELIN FOLLOWING
TRANSPLANTATION INTO THE MYELIN DEFICIENT RAT. I.D. Duncan*.
D.R. Archer and J.P. Hammanq# School of Veterinary Medicine, University
of Wisconsin, Madison, Wl 53706 and # CytoTherapeutics Inc., Providence
Rl 02906

Multi-potential EGF-responsive stem cells (neurospheres; Reynolds and 
Weiss, Science 1992 255 1613) were isolated from the striata of E14-15 rats 
and mice and propagated in a defined, serum-free medium containing 
20ng/ml EG F. Nestin positive cells (no mature oligodendrocytes) were
collected and triturated into a single cell suspension in the presence of 0.1%
BSA. This suspension was concentrated to 50,000 cells/μΙ and one microliter 
of cells was injected into the dorsal columns of the T13/L1 region of the 
spinal cord of myelin deficient rats. Those animals transplanted with the 
mouse stem cells received Cyclosporin A at a dose of 10mg/kg ip for the 
duration of the experiment. Thirteen or fourteen days after injection, the 
animals were euthanized by perfusion fixation, the spinal cords removed and 
the tissue examined by light and electron microscopy. Patches of myelin 
were found in the dorsal columns of the recipients of both rat and mouse
cells. These results confirm the in vitro observations that neurospheres can
differentiate into Oligodendroglia and are capable of myelination in vivo.
Neurospheres therefore represent a valuable source of myelinating cells for 
both experimental and future therapeutic purposes. (Supported by NS23124
and The Myelin Project)

MEMBRANE COMPOSITION AND CELL-SURFACE MACROMOLECULES III

286.1

DIVALENT CATION DOMAIN П FUNCTION IN INTEGRIN a lß l
M. Liddle and MJ. Ignatius*. Dept of MCB, UCB, Berkeley CA 94720

Integrins are divalent cation dependent, non-covalently linked heterodimeric
receptors used by neurons to attach and extend processes on extracellular matrix 
proteins. Each a  subunit contains 3 or 4 putative cation binding domains (I - 
IV),with the conserved sequence xxDxDxD(G)xxDx similar to the loop portion of 
the helix-loop-helix EF hand domains. To determine the role of these domains in 
receptor function we have used site-directed mutagenesis to alter residues in one of 
these cation domains (II) in integrin, a lß l ,  - a Mg dependent receptor for laminin 
and collagen (Col).

A full length rat a l  cDNA was mutagenized at amino acid positions 471 
(α1Δ471) or 473 (α1Δ473) by PCR to change D residues to N. These two inserts 
were then placed behind a human ß-actin promoter in a vector also carrying G418 
resistance. The assembled construct was used to transfect a human erythroleukemia 
cell line (K562) expressing just native fibronectin receptor (a 5 ß l) .  Stable 
transfectants were isolated by drug selection followed by several rounds o f cell 
sorting using a mAb specific for rat a l ß l  (3A3). Cells were analyzed by 
immunoflourescence for the presence of clustered, heterodimeric cell surface receptor 
and assayed for cell attachment on Col. Wild type transfectants express functional 
receptors on their cell surface in complex with human ß l subunits, where they 
cluster into structures similar to focal adhesion plaques and are able to bind Col. 
Cells transfected with the mutaganized α1Δ471 construct showed properties similar 
to wild type transfectants. In contrast the α1Δ473 showed a 75% reduction in 
binding. This markedly reduced binding was seen despite indistinguishable levels of 
clustered, cell surface receptor expression. Replacement of Mg with Mn rescued 
nearly 90% of this binding. This reversibility with Mn confirmed that receptor 
number was sufficient for normal attachment. Together these results show for the 
first time an essential role for these cation domains in integrin ligand interactions. 
Sponsored by NSF to ML and Keck Funds to MJI.

286.3
RESTRICTIN OCCURS IN PERINEURONAL NETS OF
THE ADULT RAT BRAIN M. R. Celio* and F. G. Rathien. 
Institute of Histology and general Embryology, University, CH-1700 Fribourg, 
Switzerland and Ctr. for Molec. Neurobiol. University, D-2000 Hamburg,
Germany.

"Perineuronal nets" are ill-known formations surrounding 
the cell bodies and proximal dendrites of certain neurons in the 
brain. They are labelled by lectins and monoclonal antibodies, 
and appear as a fine, honeycomb-like, reticular covering. It is 
as yet not clear if "perineuronal nets" represent a cytological 
entity or extracellular material. Since hylauronic acid and 
proteoglycans have been found in a "perineuronal localization" 
an extracellular component must be postulated. We therefore 
looked for the presence in "perineuronal nets" of known matrix 
proteins. Using immunohistochemical methods we have 
detected the presence of the large extracellular matrix-protein, 
restrictin, in the "perineuronal nets" surrounding certain cortical 
interneurons. At the u It rast ructu ral level the label is limited to 
the extracellular space interposed between glial processes and 
the surface of neurons. It is absent from synaptic clefts. By 
double labelling fluorescence we find that restrictin antibodies 
mark the circumference of parvalbumin-immunoreactive 
neurons preferentially. We conclude that this matrix protein is a 
major component of "perineuronal nets". The role played by 
restrictin in the "perineuronal nets" may be in relation to the 
stabilization of previously formed contacts between glial cells 
and neurons.

28 6.2
CLONING AND CHARACTERIZATION OF A DEVELOPMENTALLY
REGULATED PUTATIVE HYALURONIC ACID BINDING PROTEIN.
D.M. Jaworski*. G.M. Kelly. H.J.L. Fryer, and S. Hockfield. Section of 
Neurobiology, Yale University School of Medicine New Haven, CT 06510

Hyaluronic acid (HA) and HA binding proteins (HABPs) are components
of the central nervous system extracellular matrix (ECM). The Cat-301
antigen is an activity-dependent, developmental^ regulated proteoglycan
that binds HA (Fryer et al., JBC 267:9870). Like the Cat-301 antigen, HA is 
also developmental^ regulated, suggesting that it, along with HABPs, may
play a role in organizing the CNS ECM. In an effort to further characterize the 
components and developmental regulation of CNS ECM, we employed a
PCR-based strategy to identify other HABPs.

Using degenerate oligonucleotide primers to the termini of the tandem
repeat domain of known HABPs, we isolated a novel cDNA and two
previously reported HABPs (versican and neurocan), from cat visual cortex 
mRNA. The predicted amino acid sequence of the novel cDNA shows
similarity to both aggrecan (77%) and versican (76%), and less similarity to 
link protein (58%). It recognizes a 3.9 kb mRNA present in cortex, spinal
cord and cerebellum, but not liver. In cortex the mRNA is down-regulated
from 5.5 weeks to adult. In situ hybridization shows that the mRNA is located 
in CNS gray matter. One striking feature of this cDNA is that it was also
obtained from a rat brain cDNA library where it has 100% nucleic acid
sequence identity, within the tandem repeat domain, to the cat cDNA.

Studies are currently underway to determine if this protein binds HA and 
if it co-localizes on cell surfaces with the Cat-301 proteoglycan and HA. 
(Supported by EYO6510 and EY06451.)

28 6 .4
CLONING THE LIMBIC SYSTEM-ASSOCIATED MEMBRANE PROTEIN 
(LAMP): A NEW IMMUNOGLOBULIN SUPERFAMILY MEMBER. A.F. 
Pimenta*, V. Zhukareva, B. Reinoso, C. Grimley, B. Henzel, I. Fischer and P. 
Levitt. Department o f Anatomy and Neurobiology, The Medical College of 
Pennsylvania, Philadelphia, PA, 19129. Genentech, Inc., Protein Chemistry, S. San 
Francisco, CA, 94080.

The limbic system-associated membrane protein (LAMP) is a neuronal 
glycoprotein expressed in cortical and subcortical regions o f the limbic system. 
LAMP molecules interact by homophilic binding and are linked to the neuronal 
membrane by a glycosyl-phosphatidylinositol (GPI) anchor. Degenerate DNA probes, 
deduced from two distinct regions o f the LAMP N-terminal amino acid sequence were 
used to screen a rat hippocampus cDNA library. Several positive clones were isolated 
and subcloned. One of the clones, LAMP-4b, containing a 1.2 kb insert had an open 
reading frame starting with a consensus Met initiation codon and a predicted 
polypeptide of 338 amino acids, mostly hydrophilic with hydrophobic sequences at 
both ends. The N-terminus had the characteristics of a signal peptide and included the 
N-terminal peptide sequence obtained from the purified protein. There was also a 
consensus hydrophobic domain at the C-terminus consistent with the linkage of
LAMP to the neuronal membrane via a GPI-anchor. The predicted MW is 37 kDa
with eight putative N-linked glycosylation sites. Northern blot analysis using
LAMP-4b RNA probes indicated the presence of mRNA transcripts in hippocampus,
perirhinal cortex and cerebellum of adult rat, but not in nonneural tissue. In situ
hybridization analysis showed restricted expression of LAMP transcripts, colocalized
in most instances with LAMP immunoreactivity, particularly within limbic brain 
areas. The cDNA encoding LAMP and the predicted protein sequence showed
homologies centered around the conserved Ig domains of the immunoglobulin
superfamily members, which have been implicated in cell adhesion and recognition.
These data suggest that LAMP is a new member of the immunoglobulin superfamily,
with GPI-linkage and restricted anatomical expression that is consistent with our
previous hypothesis that LAMP participates in limbic system development and
function. Supported by NIMH grant MH45507.
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286.5
CLONING, EXPRESSION AND FUNCTIONAL ACTIVATION  
OF CD9 IN NEURAL CELLS. M. Hadiiargvrou. Z. Kaprielian* 
and P. H. Patterson. Biology Division, California Institute of 
Technology, Pasadena, CA 91125.

We previously generated a monoclonal antibody (mAb), ROCA1, 
that binds preferentially to rostral sympathetic ganglia and 
intercostal nerves and declines in a graded manner in caudal 
segments. Two other mAbs, ROCA2 and B2C11 (Akeson and 
Warren, J. Neurosci. 12:41,‘84) bind to the same structures but not 
in a rostrocaudal gradient. All 3 mAbs recognize a 26kD protein. 
Immunopurification and peptide sequencing of the antigen reveals 
that it closely resembles human CD9, a cell surface glycoprotein 
involved in intercellular signaling in hematopoietic cells. Using the 
PCR, we obtained full length cDNA clones from rat sciatic nerve 
and sympathetic ganglia. Transfection of one clone into COS cells 
confers positive staining by these mAbs, demonstrating that this 
cDNA encodes the ROCA antigen. In s itu  hybridization reveals 
expression of CD9 mRNA in peripheral neurons and Schwann cells.

Contact of the Schwann cell lines S-16 and RN22 with 
immobilized B2C11 induces cell adhesion and proliferation. In 
contrast, ROCA1, ROCA2 and several other mAbs that bind to these 
cells have no effect. mAb 192-IgG against p7 5 ^NGFR induces 
adhesion but not proliferation. Adhesion elicited by these mAbs is 
temperature sensitive but independent of divalent cations. In 
addition, B2C11 induces the adhesive state in primary rat Schwann 
cells, further suggesting a signaling function for CD9 in neural cell 
interactions.

286.7
MOLECULAR CLONING AND EXPRESSION OF THE BM88 ANTIGEN, A NO
VEL NEURON-SPECIFIC MOLECULE INVOLVED IN NEURITE OUTGROWTH. 
R. Matsas*, A. Mamalaki, E. Boutou, E. Patsavoudi, C. Hurel 
and S. Tzartos.Hellenic Pasteur Institute, 127 Vas. Sofias 
Ave., Athens 115 21, Greece.

The BM88 antigen is a neuron-specific, apparently not 
glycosylated, integral membrane protein which is composed 
of two 22kD disulfide linked polypeptide chains. Antibody- 
mediated perturbation experiments have shown that this pro
tein is involved in neurite outgrowth of CNS neurons in vi
tro. In order to further elucidate the structural and 
functional properties of the BM88 antigen,a cDNA expressin 
library from pig brain was screened with an affinity puri
fied polyclonal antibody against the BM88 antigen. Several 
positive clones were isolated and the cDNA nucleotide se
quence was determined. The deduced amino acid (aa) sequen
ce and computer analysis revealed that the molecule con
sists of 140aa and possesses an extracellular domain (114 
aa), a transmembrane spanning region (23aa) and a small 
cytoplasmic tail (Заа).ТҺе aa sequence showed that theBM88 
antigen bears no similarity to any of the known proteins. 
Transfection of the BM88 cDNA into Cos-7 cells resulted in 
cell surface expression of the 22kD molecule. In situ hy
bridization on dorsal root ganglia using riboprobes veri
fied that the BM88 antigen is restricted to neurons, in 
accordance with our previously demonstrated immunocytoche- 
mical data. We conclude that the BM88 antigen is a novel 
neuron-specific molecule that may be involved in neurite 
outgrowth in vivo as indicated by our in vitro results.

286.9
PURIFICATION AND CHARACTERIZATION OF A DROSOPHILA NEURON 
SPECIFIC GLYCOPROTEIN (dNGP-42) RECOGNIZED BY ANTI-HRP 
ANTIBODIES. B. Sun and P.M. Salvaterra^Division of Neurosciences, Beckman 
Research Institute of the City of Hope, 1450 E. Duarte Rd., Duarte, CA 91010.

Antibodies to the plant glycoprotein horseradish peroxidase (HRP) can be used to 
stain carbohydrate structures present on all neurons in Drosophila and other insects. 
We are interested in identifying the gene product(s) recognized by anti-HRP 
antibodies since they may be important for nervous system function and/or 
development. We have recently identified a 42 kd glycoprotein (dNGP-42) which is 
likely to be a major contributor to neuronal anti-HRP staining in Drosophila . 
dNGP-42 has been purified about 200 fold from adult Drosophila heads. All of the 
anti-HRP immunoreactivity resides in the carbohydrate portion of the molecule 
since chemical deglycosylation completely removes anti-HRP antigenicity. Purified 
dNGP-42 has been used as an antigen in mice to prepare a panel of monoclonal 
antibodies (mAbs). Most of the mAbs recognize protein structure and are thus able 
to detect antigen independently of the carbohydrate decoration. When the mAbs are 
used to probe Western blots, they stain several distinct bands which migrate around 
42 kd. The levels of the particular stained bands change during development Anti- 
dNGP-42 mAbs can also be used to immunocytochemically stain Drosophila 
cultures and tissue samples. The staining pattem of embryo cell cultures reveals 
specific staining of neuronal soma and processes in a pattem similar to anti-HRP 
staining. These results indicate that the 42 kd glycoprotein antigen we have purified 
(dNGP-42) is neuron specific. We have also used the mAbs to detect 
immunologically related proteins in a wide variety of insect species. It will now be 
possible to more fully characterize this "anti-HRP" antigen and determine its 
function in nervous system. (Supported by the NIH-NINDS)

286.6
CHARACTERIZATION OF gp93, A NOVEL, HIGHLY 
HETEROGENEOUS GLYCOPROTEIN PRESENT IN GROWTH CONE 
MEMBRANES. S. Quiroga and K.H. Pfenninger*. Cell. & Struct. Biol., 
University of Colorado School of Medicine, Denver, CO 80262.

gp93 is a 90-97 kDa membrane glycoprotein family in growth cones 
from fetal rat brain that binds wheat-germ agglutinin (WGA) and consists of 
at least twelve different isoelectric variants (pi range about 4.9 to 6.4; Li et 
al., J. Neurosci. 12, 2393, 1992). Different sets of gp93 variants are 
expressed in growth cones isolated from different brain regions. gp93 was 
purified by subcellular fractionation, affinity chromatography on WGA and 
preparative PAGE, and a polyclonal antibody was prepared. The 
carbohydrate groups of gp93 were partially characterized by digestion with 
different glycosidases. The results indicate that most or all oligosaccharide 
units are asparagine-linked and contain sialic acid. Two-dimensional PAGE 
and Western blot with anti-gp93 shows that deglycosylated gp93 is an only 
slightly heterogeneous peptide of 66 kDa. This indicates that most of the 
heterogeneity shown by gp93 is due to differential glycosylation. Analysis 
of the tissue distribution in fetal rat showed gp93 to be present exclusively 
in the brain. The developmental regulation and distribution of gp93 were 
studied also by immunostaining of cerebellar cross-sections. gp93 is 
developmentally regulated in this tissue, showing maximum staining on day 
P8. The staining is localized almost exclusively in the molecular layer, i.e., 
in growing parallel fibers. The external granular layer (dividing neuroblasts) 
never is gp93-positive. Our results indicate that gp93 is a brain-specific, 
developmentally regulated glycoprotein of the growth cone that appears to be 
glycosylated differentially by different neurons (Support: NIH R01 NS24676)

286.8
F3/F11 CELL SURFACE MOLECULE EXPRESSION IN THE 
ADULT HYPOTHALAMO-NEUROHYPOPHYSIAL SYSTEM.
D.T. Theodosis*. S. Olive and G. Roueon. *INSERM CJF 91.10 Univ. 
Bordeaux II, F33076 Bordeaux and CNRS URA 179, Univ. Marseille, 
F I3288 Marseille, France.

The F3/F11 cell surface glycoprotein is a glycophosphatidylinositol 
(GPI)-anchored member of the Ig superfamily of molecules mediating 
intercellular adhesion; it also exists in soluble form that can stimulate 
axonal growth. Until now, it has been found in particular subsets of 
developing and postnatal neurons and is thought to intervene in axonal 
growth and synaptogenesis (Faivre-Sarrailh etai, 1992, J.Neurosci. 12, 
257). Using immunoblot and immunocytochemical analyses with several 
antisera raised against different parts o f the molecule, we here examined 
its presence in the adult rat hypothalamo-neurohypophysial system 
known to undergo structural neuronal-glial and synaptic plasticity in 
response to physiological stimulation (Theodosis & Poulain, 1987, 
Tr.Neurosci. 10, 426). Light and electron microscopy revealed high 
immunoreactivity in the hypothalamic supraoptic and paraventricular 
nuclei containing the somata of the neurosecretory neurons and in the 
neurohypophysis where their axons terminate. As seen by immunoblot 
analysis, F3/F11 expression was significantly greater in the 
neurohypophysis. We propose that F3/F11 may be a permissive factor 
for synaptic rearrangements in the magnocellular nuclei and structural 
remodelling of neurohypophysial axons and terminals under different 
conditions. In addition, mostly membrane-bound forms occur in the 
hypothalamic nuclei while there are mainly soluble forms in the 
neurohypophysis, which suggests maturation of anchored forms during 
axonal transport.
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2 8 7 .1

LYMPHOCYTE ADHESION TO BRAIN CAPILLARY  
ENDOTHELIAL CELLS in vitro. H.E. de Vries1, F.van Eerdenburg*2. 
A.G. de Boer1. D.D. Breimer1, J.Kuiper1. Center for Bio-pharmaceutical 
Sciences, University of Leiden, PO box 9503, 2300 RA Leiden, The 
Netherlands, 2Dep. of herd health and reproduction, Faculty of Veterinary 
Sciences, University of Utrecht, The Netherlands.

The presence and upregulation of adhesion molecules on bovine brain 
capillary endothelial cells (BBEC) was investigated in primary cultures. 
To study the adhesion of lymphocytes to cerebral endothelial cells, an in 
vitro lymphocyte adhesion assay was developed using isolated bovine 
lymphocytes. Monolayers of BBEC were incubated with 
lipopolysaccharide (LPS), interleukin-lß (rhIL-lß), and interleukin-6 
(rhIL-6) to simulate an inflammatory site in the cerebral capillaries. 
Adhesion of lymphocytes to BBEC increased 3-4 fold, when endothelial 
cells were stimulated for 4 hr with 5 or 10 ng/ml LPS. In addition, 
adhesion increased concentration dependently with DL-1 1.5 fold using 
25 ng/ml, and 3-4 fold using 100 ng/ml. BBEC stimulated with IL-6 
showed also a concentration-dependent increase in the adhesion of  
lymphocytes, cells treated with 10 ng/ml IL-6 showed a 2 fold increase 
and using 100 ng/ml, a З-fold increase of lymphocytes adherence was 
observed. Specific monoclonal antibodies directed against CD1 la, CD18, 
and VLA-4 were used to inhibit the adherence of the lymphocytes in the 
bioassay. It was shown that Intercellular Adhesion Molecule (ICAM-1) 
and Vascular Cell Adhesion Molecule (VCAM) were involved in the 
adhesion of lymphocytes to BBEC. The results show that it is now 
possible in our in vitro model to simulate an inflammation site in the 
blood-brain barrier.

2 8 7 .3

ELECTRON MICROSCOPIC STUDY OF PORCINE AND CANINE SPINAL 
MENINGES. M.T. Taylor. A.M. Brun-Zinkemagal. L.X. Oakford. and E.L. Qrr*. 
Department o f Anatomy & Cell Biology, Texas College o f Osteopathic 
Medicine/University of North Texas, Fort Worth, TX 76107

The meninges of the brain and spinal cord are an important but often overlooked 
aspect o f the central nervous system (CNS). The meninges play major roles in 
maintaining the blood cerebrospinal fluid barrier, protecting the CNS from injury and 
infection, and supplying conduits for the venous sinuses of the brain. However, many 
questions still remain regarding the structure and function o f the meninges under 
normal and pathological conditions. This study describes our research on the 
structure/function of the meninges, with special emphasis on the arachnoid layer. Pig 
and dog spinal cords with meninges were carefully dissected out of the spinal canal 
after laminectomy and cross sections were processed for electron microscopy. 
Meninges were evaluated by scanning (SEM; pig) and transmission (ТЕМ; pig & 
dog) electron microscopy. ТЕМ revealed that the fibrous dura was tightly packed 
with collagen and contained scattered fibroblasts. The electron dense dural border 
cells were flattened and contained scant cytoplasm. The arachnoid layer spanned five 
to ten cells thick. The interdigitating arachnoid cells were fairly electron lucent and 
contained numerous mitochondria and intermediate filaments. Junctional complexes 
and coated pits were also noted at the periphery of the cells. SEM revealed the 
presence of many fenestrae on the subarachnoid surface o f the arachnoid while the 
dural side of the arachnoid exhibited no such spaces. There appeared to be collagen 
fibers and amorphous material in the intercellular spaces o f the dural border cells and 
arachnoid. The subarachnoid space was spanned by arachnoid trabecular cells that 
surrounded and supported blood vessels and spinal rootlets. The pia consisted of one 
or two layers of flattened cells overlying a large amount of connective tissue that 
harbored many blood vessels.

(Supported by a Burroughs Wellcome Osteopathic Research Fellowship and a 
grant from the National Multiple Sclerosis Society.)
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CLONING OF PHOSPHODIESTERASE-I cDNA FROM RAT BRAIN AND ITS 
RESTRICTED LOCALIZATION TO CHOROIDAL EPITHELIAL CELLS. M. 
Narita and K. Sano*. Dpt. o f Ped., Kobe Univ. Sch. Med., Kobe, 650 Japan.

Adenosine acts as a neurotransmitter in the CNS, and is formed from ATP by the 
action of ecto-phosphodiesterase-I. We have cloned and sequenced the brain type o f 
ecto-phosphodiesterase-I cDNA from rat brain cDNA library, and designated as PD- 
Ia. Degenerated oligonucleotide primers were generated from the published amino 
acid sequence of the active site of bovine intestine phosphodiesterase-I. These 
primers were used in a reverse transcriptase-PCR with adult rat brain mRNA as a 
template. Resulting 175-bp PCR products were sequenced and one clone was found 
to encode a stretch o f amino acids having a homology to the intestine 
phosphodiesterase-1. Using this cDNA fragment as a probe rat brain cDNA library 
was screened and several overlapping clones were obtained. PD-Ia cDNA comprised 
approximately 3.5 kb in size and had a significant homology to the plasma cell 
membrane antigen, PC-І. Portion o f N-terminal amino acid sequence was 
homologous to vitronectin. Northern blot analysis revealed that PD-Ia was highly 
expressed in cerebellum and cerebrum but not in other tissues examined including 
liver, heart, kidney, small intestine, lung, spleen, and skeletal muscle. The 
expression of the PD -Ia mRNA in rat brain was developmentally regulated, that 
showed gradual increase from neonate to adult. In situ hybridization analysis using 
the digoxigenin-labeled PD-Ia cRNA probe revealed that high level o f expression of 
PD-Ia was confined to choroidal epithelial cells in the lateral and fourth ventricles. 
Scattered signal was also observed in cells in the granular layer of cerebellum. Our 
results indicate that PD-Ia is a member of a novel gene/protein family and may have 
other functions in blood brain barrier than phosphodiesterase activity.

2 8 7 .2

ASTROCYTE-LIKE CELLS IN TESTIS. J.A. Holash*1, S.I, Harik2. G. Perry3 and P.A. 
Stewart1. 1. Dept of Anat and Cell Biol, Univ of Toronto, Toronto, Canada, M5S 1A8.
2. Depts of Neurol, and 3. Pathol., Case Western Reserve, Cleveland, Ohio 44106.

Selective interfaces, such as the blood-brain barrier (BBB), help to maintain 
homeostasis within a tissue. Because the BBB is induced by neural tissue, it is possible 
that the formation of blood-vascular interfaces in general may be attributable to a neural 
tissue component. This concept is compatible with the presence of similar interfaces in 
both the retina and peripheral nerves; however, it leads to questions regarding what 
maintains interfaces such as the blood-testis barrier (BTB). Because it is widely 
believed that the BTB is formed by Sertoli and myoid cells, it is accepted that the 
factors which regulate the BTB are different from those which regulate the 
aforementioned vascular barriers. Recently it was demonstrated that like the BBB, rat 
testicular microvessels express high levels of GLUT-1 and P-glycoprotein. Additionally, 
we have found high levels of gamma-glutamyl transpeptidase activity are associated 
with them. The similarities between brain and testicular microvessels led us to question 
whether any testicular cells may represent a functional equivalent of the astrocyte, since 
astrocytes are reputed to play an important role in BBB regulation. Others have reported 
that Leydig cells are immunostained by antibodies to S-100. We found that a population 
of testicular cells, whose location is consistent with that of Leydig cells, express the 
astrocyte markers glutamine synthetase and GFAP in addition to S-100.

Because testicular microvessels are leakier than those in brain, we compared the 
ultrastructural features of brain and testicular microvessels using morphometry and 
found expansions in the junctional clefts in some testicular vessels that suggest open 
paracellular channels. Unlike those in brain, rat testicular microvessels are not 
immunostained by antibodies to the transferrin receptor. The differences between brain 
and testicular microvessels emphasize that regulation of selective interfaces is a complex 
process which is likely a response to the specific demands of a tissue rather than the 
presence of a single regulatory factor or cell type like the astrocyte.

Supported by MRC of Canada and US-PHS.
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E X A M IN A T IO N  O F  T H E  B L O O D -C E R E B R O S P IN A L  F L U ID  B A R R IE R  IN A  
C A N IN E  M O D E L . J . S .  G e rd e s . T .C .  R v k e n . R . S c h e lo e r . C .M . L o f t u s * .
V .C .  T ra v n e lis  D iv is io n  o f N e u ro su rg e ry , U n iv e rs ity  o f Io w a , Io w a  C ity , 
IA  5 2 2 4 2 .

T h e  b lo od-brain  b arrier is  b e lieved  to  require  th e  in te ra ctio n  of 
p e r iv a sc u la r  a s tro c y t ic  fo o t p r o c e s s e s  a n d  tig h t en d o th e lia l ju n c t io n s . A s  
v e s s e ls  p a s s  th ro u gh  th e  d u ra  and  su b a ra c h n o id  s p a c e , no  d ire c t  c o n ta c t  
w ith  th e  c e reb ra l c o rte x  o c c u rs ,  su g g e st in g  th a t  a s tro c y t ic  fo o t  
p ro c e s s e s  a re  no t e sse n tia l fo r in ta c t  b lo o d -ce reb ro sp in a l flu id  barrier  
fu n ct io n .

U sin g  a c a n in e  m o d el, a  left fro n tal c ra n io to m y  w a s  p erfo rm ed  and  the  
brain e x p o se d . Fo llo w in g  sy s te m ic  in fu s io n  w ith  E v a n s  b lue d y e  (4 0  
m g/kg), th e  b rain  and  ce re b ro sp in a l flu id  s p a c e s  w e re  o b se rv e d  and  
p ho to g ra p h ed  u s in g  a Z e is s  o p eratin g  m ic ro sc o p e . T h e  ex tra d u ra l and  
in trad u ral p o rtio n s o f th e  in tern a l ca ro tid  a rte ry  w e re  re m o v e d , flu sh e d  
w ith  no rm al sa lin e , and  fixed  in 2 .5 %  g lu ta ra ld e h y d e .

W e  o b se rv e d  th a t  E v a n s  b lu e  d y e  rem ain ed  in tra v a sc u la r  w ith o u t  
e x tra v a sa t io n  into  th e  c e re b ro sp in a l flu id  o r th e  bra in  p a re n ch y m a . 
S c a n n in g  e lec tro n  m ic ro sc o p y  o f th e  in terna l ca ro tid  a rte ry  revea le d  
p ro m in en t su rfa c e  ruffling  o f th e  en d o th e liu m  a n d  e v id e n c e  of 
in trace llu la r c le fts  in th e  ex tra d u ra l portion  o f th e  v e s s e ls .  U pon c ro ss in g  
th e  d u ra  m ater, th e  en d o th e liu m  d eve lo p ed  a sm o o th , m o n o to n o u s  
a p p e a ra n c e  w ith o u t d isce rn ib le  in trace llu la r c le fts . T h e s e  o b se rv a t io n s  
s u g g e s t  th a t  a b arrier e x is t s  b e tw e e n  th e  in tra v a sc u la r  a n d  su b a ra ch n o id  
s p a c e s  w h ic h  d o e s  no t require  in te ra ctio n  w ith  a s tro c y t ic  fo o t p ro c e s s e s . 
In a d d itio n , th e  en d o th e liu m  a p p e a rs  to  u n d erg o  a m o rp h o lo g ica l ch a n g e  
a s  it c r o s s e s  th e  d u ra  m ater.

2 8 7 . 6

A NEW ENZYME AT THE BLOOD-BRAIN BARRIER: 
ECTO-S'-NUCLEOTIDASE
J,S, Braun, W. Zenker and G.W. Kreutzberg*
Institute of Anatomy, University of Zürich, CH-8057, Switzerland

Ecto-5'-nucleotidase (5'-NT) is the main controlling step for the 
formation of extracellular adenosine (Biochem J, 287:461-472,1992). 
Adenosine increases blood flow in choroid plexus and meninges (Am J 
Physiol, 23(2):H286-291, 1988; J Cereb Blood Flow Metab, 
ll(l):72-76, 1991). Adenosine causes immunosuppression (Ann Rev 
Biochem, 47:655-686, 1978). We investigated if adenosine can be 
produced in choroid plexus and meninges, locally. We describe 5'- 
NT-positive cells in choroid plexus and meninges and their relationship 
to neighbouring cells.

Labeling with antibodies against rat (Wistar) 5’-NT and MHC class 
П was carried out on 5 and 1 pm cryosections for immunofluorescence 
and with the preembedding technique for electron microscopy.

In the choroid plexus 5'-NT-positive cells were localized in the 
stroma, exclusively. 5'-NT was expressed by fibroblasts. 5’-NT- 
positive cell processes were striking around the choroid plexus 
vessels, the MHC class Π-positive cells, and along the basis of 
epithelial cells. In the meninges all arachnoideal cells were 5’-NT- 
positive. The sheaths of spinal roots, the septa subdividing the roots 
and the adventitia of vessels in the subarachnoid space were 5'-NT- 
positive, too. The pia and dura mater were 5'-NT-negative.

The demonstrated localization and relationships of 5'-NT-positive 
cells suggest that the choroideal and meningeal blood flow, the CSF- 
production, the blood-CSF barrier and MHC class Π-positive cells 
must be under the influence of locally produced adenosine.
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HEMORRHAGIC INJURY INDUCES 92-kDa GELATIN ASE AND 
UROKINASE EXPRESSION IN RAT BRAIN. J.E. Dencoff*1. G.A. 
Rosenberg1,2,4. P.G. McGuire3. L.A. biotta5, and W.G. Stetler-Stevenson5. 
Departments o f Neurology1, Physiology2, Anatomy3, University o f New 
Mexico School o f Medicine, Albuquerque, NM 87131; the Neurology 
Service4, VA Medical Colter, Albuquerque, NM; and the Laboratory of 
Pathology5, National Cancer Institute, NIH, Bethesda, MD.

Brain extracellular matrix supports and sustains the neuronal 
microenvironment. We have shown that proteolytic attack on extracellular 
matrix by intracerebral injection o f bacterial collagenase or type IV 
collagenase disrupts the blood-brain barrier. We hypothesized that 
endogenous production o f matrix-degrading proteases occurs in hemorrhagic 
brain injury. Gelatin-containing SDS polyacrylamide gel electrophoresis was 
adapted to brain tissue to determine intrinsic metalloproteinase and 
plasminogen activator production. Adult rats had hemorrhagic necrosis 
produced by injection o f 0.4 U bacterial collagenase in the caudate/putamen. 
At 1, 4, 8, 16, 24, and 48 h, and 7 and 14 d after the injury, 
metalloproteinases and plasminogen activators were measured by the 
zymographic method. The hemorrhagic injury caused production o f 92-kDa 
gelatinase, which was statistically significant by 24 h (p <  0.0001). Urokinase 
plasminogen activator was significantly increased at 24 h and remained 
significantly elevated for 7 days, returning to normal by 14 d. We conclude 
that hemorrhagic injury induces 92-kDa gelatinase and urokinase plasminogen 
activator expression. Brain tissue responds to injury with a proteolytic 
cascade similar to that seen in other tissues.

287.9
CEREBROVASCULAR LOCALIZATION OF CAP37 IN 
ALZHEIMER’S DISEASE. H A  Pereira. R.A. Brumback* and 
Gram m as. Department of Pathology, University of Oklahoma Health 
Science  Center, Oklahoma City, O K  73104.

There is considerable evidence that proteins associated with 
coagulation and inflammation are found within neuritic plaques in 
Alzheimer’s  d isease (AD). The role of the cerebral microcirculation 
as  a  source for, or target of, these proteins has not been explored. 
C A P 37 is a multifunctional protein associated with the granules of 
human neutrophils with important implications in host defense and 
inflammation. The objective of this study w as to examine the cerebral 
microcirculation from AD patients for the presence of CAP37. 
M icrovessels were isolated from the cerebral cortices of AD patients 
and controls and analyzed by Western blots using a monospecific 
antiserum to CAP37. Microvessel extracts from AD patients showed  
strong reactivity, whereas, control extracts failed to react with the 
antiserum. In addition, examination of paraffin-embedded brain 
sections by immunocytochemistry using this antiserum to CA P37  
demonstrated an increase in positive staining localized to blood 
vesse ls in AD. The staining w as widespread but not uniformly 
distributed. These  data demonstrated an increase in vascular 
associated CA P37 in AD, and suggest that the cerebral 
microcirculation could serve as a  source of, or target for, CA P 37 or 
other inflammatory mediators in this neurodegenerative disorder. 
(Supported by U SP H S  grants AI28018 and NS30457).

287.11
Autocrine Regulation of Blood-Brain Barrier 
Endothelial Cells by Nitric Oxide D. Janigro* G.A. 
West and H.R. Winn. Department of Neurological 
Surgery, University of Washington, Seattle, WA 98104
Nitric oxide (N O ) sy n th e s iz e d  by v a sc u la r  endothelia l c e lls  is a  
potent vaso d ila to r su b sta n c e . T h e  a ctio n s  of N O  exten d  well 
b eyon d  its vaso d ila tato ry  potential and  in crea s in g ly  nitric ox ide  h a s  
b een  reco g n ized  a s  an  im portant s ig n a l for inter- and  in tracellu lar 
com m u nication . R ecen tly , nitric o x id e  h a s  b e e n  im plicated  in the  
regulation of v a sc u la r  and  blood-brain b arrier (B B B )  perm eability. 
W e  now  report th e  re su lts  of p atch  c la m p  exp erim en ts  that sh o w  a  
m odulatory action of N O  on a  hyp erp o larizatio n-activated  current 
Oha) carried  by both N a + and  K + in blood-brain b arrier endothelial 
c e lls . A fter w ash -o u t of a n  inw ardly rectifying p o ta ss iu m  curren t by  
G T P - 7-S , 1ңа  w a s  evo k e d  in a  w id e  ran g e  of n e g ative  potentia ls and  
re sem b led  th e  c a rd ia c  "p acem ak er"  curren t if (or neuron al 1ң) d u e  to 
its m ixed ionic natu re and  sen sitiv ity  to b lo cka d e  by c e s iu m  (>1 
m M ). E x tra ce llu la r 8 -B r-cy c lic  A M P  (1 m M ), 8 -B r-c G M P  (1 m M ), 
forskolin (0.1 m M ) and  th e  N O  don or n itrop russid e  (1-5  m M ) all 
in c re a se d  і^а  by c a u s in g  a  p ositive  vo ltag e  shift in current 
activation. O u r result su g g e st  that iha  and  its m odulation by N O  and  
se c o n d  m e sse n g e rs , m ay  p lay  a  role in th e  regulation of the  
transport of io ns, nutrients and  other m o le cu le s  to th e  b ra in , and  
s e rv e  a s  a n  integral part of th e  B B B . S u p p o rte d  by A H A  91-W A -531  
and  N S -2 1 0 7 6 .

287.8
METALLOPROTEINASES AND SERINE PROTEINASES LINK 
CYTOKINES TO BLOOD-BRAIN BARRIER INJURY IN RAT. G.A. 
Rosenberg*1,2,4. P.G. McGuire3. J.E. Dencoff1, E.Y. Estrada1, A,N. Clark1, 
and W.G. Stetler-Stevenson5. Departments o f Neurology1, Physiology2, and 
Anatomy3, University o f  New Mexico School o f Medicine, Albuquerque, NM 
87131; the Neurology Service4, VA Medical Center, Albuquerque, NM; and 
the Laboratory of Pathology5, National Cancer Institute, NIH, Bethesda, MD.

Brain extracellular matrix (ECM) is important in blood-brain barrier (BBB) 
function. Intracerebral injection o f type IV collagenase opens the BBB. To 
determine whether endogenous production o f matrix metalloproteinases 
(MMP) is important in secondary brain injury, we used cytokines to induce 
expression of proteolytic enzymes. Adult rats underwent intracerebral 
injection o f either 0.5 /ig tumor necrosis factor-o (TNF-a) or 1 unit 
interleukin- 1/3 (IL-1/3). Brain tissue was removed 1 h to 14 d after injection 
and assayed for metalloproteinases and plasminogen activators (PA) by the 
zymographic method. Other rats had brain uptake o f 14C-sucrose measured 1 
to 72 h after injection o f either cytokine. Both cytokines produced a 
significant increase in 92-kDa gelatinase/type IV collagenase 8 h after 
injection; IL-1/3 had a greater effect. Capillary permeability was significantly 
increased 16 h after IL-1/3 injection, whereas TNF-a opened the BBB 24 h 
after injection (p <0.05). There was an increase in urokinase-type PA (u-PA) 
from 16 to 24 h after TNF-a injection and 8 h after IL-1/3. There was no 
caseinolytic activity. Expression o f MMP and u-PA anteceded opening o f the 
BBB by the cytokines, suggesting that they were linked. We propose that 
cytokines initiate a proteolytic cascade in brain injury, similar to that 
occurring in other tissues, that disrupts ECM and increases capillary 
permeability. Agents that block extracellular proteolysis may prevent 
secondary matrix damage and reduce blood-brain barrier damage.

287.10
N IT R IC  O X ID E  S Y N T H A S E  L O C A L IZ A T IO N  IN C U L T U R E D  C E R E B R O 
V A S C U L A R  E N D O T H E L IA L  C E L L S .  A .M , M orin* and  A .S ta n b o li. 
N euro logy R e s e a rc h  La b . V .A . M ed ica l C e n te r , S e p u lv e d a , C A  and  Dept. 
N euro logy, U C L A  S ch o o l of M ed icine.

C u ltu red  ce lls  derived  from  the cereb ro -m icro v ascu la tu re  contain  the  
e n zy m e  nitric oxide sy n th a se  (N O S ) w hich  w e  sh o w  by N A D P H -  
d ia p h o ra se  sta in in g . N O S  is  p resen t in so lu b le  and  particulate fraction s  
(F o rste rm a n n  et a l.P N A S  8 8 :1 7 8 8 -7 9 , 1 991), in co n trast to the bulk of 
e n zy m e  activity m e a su re d  in brain , i.e . n e u ro n s and  glia, w h ich  is  found  
m ainly in the so lu b le  fraction (K n o w les  et a l., P N A S  8 6 :5 1 5 9 -5 1 6 2 , 1989). 
In order to ch a ra cte rize  the su b ce llu la r lo calization of N O S , w e  exp o se d  
the ce lls  to a g en ts  w hich  d isrupt the m icrotubule and  m icrofilim ent 
stru ctu re  and then determ ined  the effect on distribution of N O S . C e lls  
e x p o se d  to co lch ic in e  lost the p erin u clear distribution of N O S  w hile the  
e n zy m e  rem ained  m em brane-bou nd  but d isp e rse d  into p artic les in the  
cyto p lasm . N O S  stain ing w a s  d arker. C e lls  ex p o se d  to cy to ch a la s in  В 
had  a  striking c h a n g e  in N O S  stain ing a s  w ell a s  the m orphology of the  
ce lls  w h ich  b e ca m e  distorted with m an y  m ore p ro c e s s e s  and  a star-like  
a p p e a ra n c e . N O S  stain ing is  m ore in ten se  and  is  d isp e rse d  throughout 
the cy to p la sm  with n u m ero u s darkly stain ing N O S -p o sitive , m em b ran e-  
bound c lu ste rs  that a p p e a r  to be extruded from  the cell. T h e  pattern of 
N O S  stain ing in c e re b ro v a scu la r  endothelia l ce lls  in d ica tes  that it is  
a sso c ia te d  with in tra-cellu lar cy to sk e leta l s tru ctu re s  rather than  lo cated  at 
the p la sm a  m em b ran e . A n  a sso c ia tio n  of N O S  with the m icrofilam ent and  
m icrotubule structu re su p p o rts the secre to ry  activity of endothelia l ce lls  
with reg a rd s  to their role in m aintaining v a sc u la r  ton e with nitric oxide a s  
the en dothelium -derived relaxing factor.

287.12
ROLE OF ASTROCYTES IN THE DETOXIFICATION OF 
CIRCULATING AMMONIA. J.C.Szerb* and I.Redondo. Dept.of 
Physiol.Biophys., Dalhousie Univ.,Halifax,N.S.B3H 4H7, Canada.

Astrocytes are thought to detoxify circulating ammonia by 
incorporating it into glutamine. The aim of this study was to obtain 
evidence for such protective role of astrocytes and to see whether 
circulating ammonia that enters more readily without such a protective 
mechanism can interfere with central excitatory transmission. In urathane- 
anesthetized rats a microdialysis probe was introduced into the 
hippocampal dentate gyrus, 1.5 mm from the electrode which recorded 
field EPSPs (fEPSPs) evoked by angular bundle stimulation. When the 
probe was perfused with artificial cerebrospinal fluid, 7.8 mmol/kg NHi 
acetate i.p. increased glutamine efflux by 90% and ammonia by 60%, 
without affecting fEPSPs. When 20 mM fluoroacetate (FA), a specific 
astrocytic poison, was perfused through the microdialysis probe, NH* 
acetate failed to increase glutamine efflux but that of ammonia rose four 
fold and fEPSPs were depressed by 40%. Since systemic injection of FA 
did not increase arterial peak ämmonia levels or change arterial pH 
following the i.p injection of NH* acetate, the enhanced entry of ammonia 
into the brain and the depression in excitatory transmission were likely 
due to local glial poisoning. Results explain the well-known clinical 
observation that in chronic hepatic insufficiency, in which pathological 
astrocytes are found, even a slight elevation of blood ammonia levels 
leads to encephalopathic symptoms. (Supported by the MRC of Canada).
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NITRIC OXIDE SYNTHASE IN CEREBRAL MICROVESSELS 
FROM ALZHEIMER’S PATIENTS. M.A. Dorheim1 Vw.R. Tracey2. 
J.S. Pollock2, P .G ram m as1. 1 Department of Pathology, University of 
Oklahoma Health S cien ces Center, Oklahoma City, O K  73104, 
2Vascular Bio, Abbott Labs, Abbott Park, IL 60064.

Nitric oxide synthase (NOS) is responsible for the production 
of the intracellular and extracellular m essenger molecule nitric oxide 
(NO). Increased levels of NO have been implicated in neurotoxicity. 
This study w as undertaken to compare NO production by cerebral 
microvessels derived from Alzheimer’s  D isease (AD) patients and 
age matched non-demented human controls. Microvessel 
homogenates from AD and controls were separated by S D S -P A G E  
and blotted for W estern analysis with the endothelial cell specific 
NOS antibody, H-32. The production of NO w as also a ssesse d  by 
measuring N O S activity. This w as determined through the 
measurement of [3H]-L-citrulline, a product of NO generation from 
radiolabeled L-arginine. Our results indicate that there is an 
increase in the level of NOS as measured by Western analysis. In 
addition, there w as enhanced NO production in m icrovessels 
isolated from AD brains. These  data demonstrating an increase in 
vascular-derived NO suggest that cerebral endothelial cells could be 
an important source of the potentially neurotoxic NO in the 
Alzheimer’s  brain. (Supported by U SP H S  grant NS 30457)

2 8 7 .1 5

BLOOD-EYE BARRIERS: CAPILLARY ULTRASTRUCTURE AND 
PERMEABILITY. P.A. Stewart* and U.I. Tuor. Depts. of Anatomy 
and Cell Biology, and Neonatology, Univ. of Toronto, Toronto, 
Ontario, Canada, M5S 1A8

The function of different vascular beds in the rat eye and brain was 
evaluated by measuring the transfer of a vascular tracer, 14C-a-amino- 
isobutyric acid (АШ) from blood to tissue. The density of vascular 
pores was measured in electron micrographs of perfusion fixed tissue 
to determine whether the differences in tracer transfer were paralleled 
by differences in ultrastructure. Tracer transfer in retina was 
approximately four times that in brain of the same animal. The 
transfer constant was not changed by the inclusion of cold AIB, 
showing that transport across retinal vessels is not saturable and 
indicating that, as in brain, transport is due to passive diffusion. 
Ultrastructurally retinal vessels have a higher density of 
interendothelial junctions and of endothelial vesicles, both of which 
suggest higher vascular permeability. However, pericytes, that form 
a second line of defence in the blood-brain barrier, are approximately 
four times as numerous in retina as in brain, suggesting that in the 
retina they act to compensate for a less effective endothelial barrier. 
Ciliary body vessels had a high transfer of tracer, probably as a 
consequence of the fenestrations in their walls, whereas iridial vessels, 
which are similar to retinal vessels, had a relatively low transfer of 
tracer. Supported by MRC and Ontario Heart and Stroke Foundation.

287.14
D E V E L O PM E N T A L  EX PR E SSIO N  O F P-G L Y C O PR O T E IN  A T  TH E  
BL O O D -B R A IN  BA R R IE R  OF A  N IC O T IN E -R E SIST A N T  INSECT, 
M anduca sexta. C.L. Murray. J.T. Am ason & C.E. Morris*. Department o f  
Biology, University o f  Ottawa & Neurosciences, Loeb Institute, Ottawa Civic 
Hospital, Ottawa, Ontario, Canada K1Y 4E9.
Background: Larvae o f the tobacco homworm (Manduca) feed on nicotine
laden tobacco leaves without adverse effects. Previous electrophysiological 
experiments demonstrated that the intact CNS o f this caterpillar tolerates 1 
mM nicotine; when the cortical layer o f the insect ganglia is partially 
disrupted, 50 M nicotine becomes toxic, indicating that a barrier associated 
with the cortex o f  the CNS is critical in protecting nicotine-sensitive АСҺ 
receptors in the neuropile. Autoradiography using radio-nicotine established 
that nicotine and its CNS metabolites are arrested at the blood-brain barrier 
(BBB), corroborating the electrophysiological evidence for a nicotine BBB. 
Results: Immunostaining for P-glycoprotein co-localizes with the nicotine 
BB B suggesting that the multidrug resistance transporter is an integral 
component o f this insect’s barrier system . In contrast to the larval stage, both 
the pupal and adult CNS are electrophysiologically sensitive to nicotine. To 
determine if  P-glycoprotein at the barrier decreases along with this sensitivity 
increase, w e did a developmental study using the A BC immunostaining 
technique and observed progressively less P-glycoprotein staining from larva, 
through pupa to adult. Immunogold labelling using confocal microscopy is 
underway to quantify densities and to better resolve the relation between P- 
glycoprotein and the metamorphosing BBB. Supported by NSERC Canada.

BLOOD-BRAIN BARRIER: PERMEABILITY/TRANSPORT

288.1
IN VITRO MODEL OF GLIOMA-INDUCED BLOOD-BRAIN 
BARRIER PERMEABIUTÝ.PA Grabb. MR Gilbert. ME 
Linskev*.Departments o f Neurosurgery & Neurology,University 
of Pittsburgh, Pittsburgh,PA 15213 

To quantify the changes in vascular endothelial cell permeability 
induced by brain tumors,bovine vascular endothelial cells were 
grown on a permeable collagen coated membrane in the apical 
chamber o f a dual chamber culture vessel. In the basal chamber 
either no cells(control), C6 rat glioma,or T98 human glioblastoma 
were grown for 5 days. Endothelial cells were confluent at 8 days. 
Tumor cells were added at day 5 o f endothelium growth. On day 
10 of endothelial growth, permeability assays were performed in 
quadruplicate for controls and each cell line. Flux o f tritiated 
sucrose from apical to basal chambers was measured periodically 
from 5 to 120 minutes at 37 C. Effective permeability coefficients 
were calculated to be 5 .1,6.2, and 6.9 cm/sec x 10~5 for controls, 
C6 glioma, and T98 glioblastoma, respectively.Therefore, C6 and 
T98 cells resulted in a 22% and 35% increase in permeability, 
respectively, over controls. This model quantifies increasing 
endothelial cell permeability with increasing tumor cell 
malignancy(e.g. T98 more malignant than C6 cells).This model 
will allow quantifying o f endothelial cell permeability changes in 
response to various tumor types, as well as pharmacologic agents, 
such as glucocorticoids and free radical scavengers.

288.2
EVIDENCE FOR THE EXISTENCE OF A SODIUM- 
DEPENDENT GLUCOSE TRANSPORTER AT THE BLOOD- 
BRAIN-BARRIER. A, KAMMESHEIDT *. T. NISHIZAKI. AND 
K, SUMIKAWA. Dept. of Psychobiology, University of 
California, Irvine, CA. 92717.

The blood-brain barrrier constitutes a physical barrier to many 
polar substances including glucose. It has been shown that glucose 
transport across the blood-brain barrier involves facilitative glucose 
transporter GLUT1, which is primarily located at the lumenal 
membrane of the endothelium (Proc. N a tl. Acad. Sci. USA. 88 (13 ): 
5 7 7 9 , 1 9 9 1 ). In the intestine, a sodium-dependent glucose 
cotransporter (SGLT1) carries glucose against its chemical gradient 
while coupling it to Na+ transport (N ature 3 3 0 :3 7 9 ,1 9 8 7 ) . So far, 
studies of the nervous system have not revealed such a transporter in 
the brain or at the blood-brain barrier.

We have obtained evidence from immunocytochemical analysis of 
cultured endothelial cells with an antibody to rabbit intestinal SGLT1 
that suggests the existence of a sodium-dependent glucose 
transporter at the blood-brain barrier. Also, Western immunoblots of 
cultured endothelial cells demonstrated the presence of a SGLT1- 
antibody reactive protein. Furthermore, Northern blot analysis of 
capillary enriched bovine mRNA supports the existence of a 
sodium-dependent glucose transporter at the blood-brain barrier. 
Thus, glucose transport at the blood-brain barrier might not be 
exclusively accomplished by the action of facilitative glucose 
transporters.
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288.3
BRAIN AND CEREBROSPINAL FLUID UPTAKE OF ASPARTATE 
USING IN SITU BRAIN PERFUSION IN ANAESTHETIZED RATS.
H. Al-Sarraf, J.E, Preston*. M.B. Segal. Sherrington School of 
Physiology, UMDS St Thomas’ Campus, London SEI 7EH, UK.

In our recent study which extended the time of bilateral in situ brain 
perfusion to 30 minutes, the uptake of acidic amino acids by both brain 
and CSF was shown to be higher in newborn than adult rats. In this 
study the characteristics of aspartate (Asp) uptake were investigated in 
adult and 1 week old rats.14C-Asp uptake (KJ was challenged with 
5mM of unlabelled Asp and the percent inhibition calculated. (Values 
are means ±S.E.,n=3-6)

Asp transport into 1 week old brain and CSF is significantly higher 
than that into adult brain and CSF. Since ,4C-Asp uptake was fully 
inhibited by excess unlabelled Asp, the presence of a carrier-mediated 
transport mechanism is indicated, both at the blood-brain and blood-CSF 
barriers, with the absence of any significant diffusion component.

288.4
REGULATION OF PROTEIN KINASE C ACTIVITY IN CEREBRAL 
MICROVESSELS. P. Moore1. 0 . Hanson-Painton*2. K. Morgenstern1 
and P. Grammas1,1 Department of Pathology, University of Oklahoma 
Health Sciences Center, Oklahoma City, OK. 73104, 2University of 
Central Oklahoma, Edmond, OK.73034

Protein kinase C (PKC) mediates cellular events by selective 
phosphorylation of target proteins in response to an extracellular 
signal. In several tissues, PKC activity is modulated by specific 
inhibitors. Identification and characterization of PKC inhibitors is 
central to understanding the regulation of this enzyme. In this study, 
isolated cerebral microvessels from rat were used to identify possible 
PKC inhibitors at the blood-brain barrier. During partial purification of 
PKC from microvessels, we identified inhibitory activity. This fraction 
inhibited rat brain PKC in a dose-dependent manner. Preliminary 
characterization of the activity revealed that it was a heat labile 
component of low molecular weight (15-25 kd) but was present in low 
concentrations. Since the apparent inhibition may have also been due 
to phosphatases, we assayed in the presence of Microcystin LR, a 
broad spectrum phosphatase inhibitor. Whole brain PKC activity was 
enhanced about 1.5 fold by Microcystin, while microvessel PKC 
activity was unaffected. Partial purification of brain PKC by Q- 
Sepharose batch absorption yielded enzyme activity that was no 
longer affected by Microcystin. Our findings suggest that brain 
microvascular PKC is modulated by different mechanisms than is 
neural PKC. (Supported by USPHS grant NS 30457).

288.5
DOWN-REGULATION OF Na,K-ATPase a2 SUBUNIT ISOFORM 
AT THE BLOOD-BRAIN BARRIER OF NICOTINE TREATED 
RATS. L. Wane*. J.G. McComb. M.H. Weiss. A. McDonough and B.V. 
Zlokovic. Depts. Neurol. Surg. and Physiol. & Biophys., and Divn. 
Neurosurg., CHLA USC Sch. Med., Los Angeles, CA 90033 

Effects of nicotine on expression of Na,K-ATPase a  and ß subunit 
isoforms in brain and at the blood-brain barrier (BBB) are poorly 
understood. Three a (au a2, a3) and two ß (ßb ß2) subunits are 
detected in brain, and we have recently shown that all 3a and 2ß 
isoforms are expressed in rat microvessels [Zlokovic et al.(1993) J. Biol. 
Chem. 268, 8019-8025]. In this study, nicotine tartarate was 
administered s.c. by osmotic mini-pumps (Alzet 2002; 4.5 mg/kg of 
nicotine free base/day) for 14 days. The relative levels of expression 
of a and ß subunit isoforms were determined in cerebral microvessels 
and capillary-depleted brain homogenates by Western blot analysis. 
Autoradiographic signals were normalized to a constant amount of 
protein from the 2 tissues to calculate relative abundance in control 
and nicotine treated rats. Nicotine did not affect expression of either 
a or ß subunits in capillary-depleted brain tissue. However in 
microvessels, expression of a2 was about 4 fold lower in nicotine-treated 
animals, while expression of a t and a3 was unchanged. The response 
of ßj and ß2 expression was variable. It is concluded that a2 subunit at 
the BBB is down-regulated by nicotine. The relevance of this finding to 
the maintenance of brain ionic homeostasis in smokers remains to be 
determined (Supported by Tobacco Related Disease Research 
Program, grant 2RT0071).

288.7
COCAINE RAPIDLY ALTERS INTRACELLULAR FREE CALCIUM 
CONCENTRATION (+Са2+]±) AND CELL GEOMETRY OF CULTURED 
CEREBRAL VASCULAR SMOOTH MUSCLE CELLS: POSSIBLE RELATION 
TO COCAINE-INDUCED STROKES. A. Zhang, T. P.-O, Cheng. B.
T. Altura, and B. M. Altura? SUNY, Health Science 
Center, Brooklyn, NY 11203

In-vivo studies on the brain microcirculation and 
isolated cerebral blood vessels, from our lab, show that 
cocaine HCl (COC) induces contraction and spasm.Our lab 
has shown that COC can decrease, rapidly, intracellular 
free magnesium ([Mg2+]į) and result in an ischemic 
stroke episode in the intact brain (BBA 1111:271. 1992) . 
We have also demonstrated that deficits in [Mg2+] į 
result in elevation of [Ca2+]į and contraction of 
vascular smooth muscle cells (VSMCs, BBA 1134: 25,
1992) . It is thus possible that COC-induced
cerebrovasospasms may be due to a rapid increase of 
[Ca2 + ]į, as a result of lowering [Mg2+]į by COC in 
VSMCs. Using digital imaging microscopy of Fura-2 
fluorescence, studies were designed to determine the 
effects of COC on the distribution and content of
[Ca2+]į in single VSMCs cultured from canine cerebral 
arteries. The myocytes were spindle-shaped, and the 
basal level of [Ca2+] į was 97±2.9nM with a
heterogeneous distribution. COC (I-7 M) induced 50 to 
100% increments of [Ca2 + ] į in less than 60 sec. Such 
increments in [Ca2+]į were maintained for at least 15 
min. The heterogeneous distribution of [Ca2+]į was still 
evident when [Ca2+]į was elevated and cell shapes became 
altered. These results suggest that COC: 1) induces
rapid elevation of [Ca2+]į, contraction, and changes of 
cell geometry, of canine cerebral VSMCs; 2)could play a 
crucial role in COC-induced ischemia and stroke by rapid 
alteration of [Ca2+]į.

288.6
EFFECTS OF ISOPROTERENOL ON RAT CEREBRO- 
MICROVASCULAR (Na++It)-ATPase FOLLOWING ACUTE 
HYPERTENSION. M.L. CaspersL S.M. Wilhelm and P. 
Grammas. Dept. of Chemistry, Univ. of Detroit 
Mercy, Detroit, MI 48219.

Angiotensin II - induced acute hypertension 
evokes functional and morphologic alterations in 
the cerebromicrovasculature. The ability of 
isoproterenol (ISO) to regulate the binding of 
[3H]ouabain to the (Na*+K* )-ATPase was 
investigated using microvessels obtained from 
hypertensive (HT) and normotensive (NT) rats.
ISO produced a dose-dependent increase in 
[3H]ouabain binding to the microvascular 
(Na*+K* )-ATPase obtained from HT rats. At
6.3 μΜ ISO, a 15.9% (PcO.03) increase in 
[3H]ouabain binding occurred and this increased 
to 30.5% (P<0.04) at 62.5 μΜ ISO. ISO, in the 
same concentration range, did not affect the 
binding of [3H]ouabain to the (Na*+K*)-ATPase 
from NT rats. Propranolol, when added with ISO, 
abolished the stimulation in [3H]ouabain binding 
produced by ISO alone. These data suggest that 
acute hypertension alters the susceptibility of 
the cerebromicrovascular (Na*+K*)-ATPase to ß- 
adrenergic control. (Supported by PHS HL40485, 
NS30457 and a gift from J. Rose.)

288.8
DEVELOPMENTAL REGULATION OF BASIC AMINO ACID 
TRANSPORT AT THE BLOOD-BRAIN BARRIER. Q. R.
Smith. J. Stoll, and K. C. Wadhwani*. Laboratory of 
Neurosciences, NIA, NIH, Bethesda, MD 20892.

Basic amino acids are taken up into adult brain by a sat
urable carrier at the blood-brain barrier (BBB). This carrier 
was recently cloned and shown to be identical to System y+, the 
primary sodium-independent basic amino acid transporter 
(Kim et al., 1991; Wang et al., 1991; Stoll et al., 1993). 
Developing animals have a greater need of amino acids for brain 
protein synthesis, growth and differentiation. To determine if 
basic amino acid transport at the BBB is up-regulated in the 
infant animal, the concentration dependence and selectivity of 
brain L-[14C]lysine influx was examined in pentobarbital- 
anesthetized 7 -day-old rats using the in situ brain perfusion 
technique (Takasato et al., 1984). Influx of lysine from saline 
perfusate into infant brain was found to be stereospecific (L > 
D), sodium independent and saturable. The concentration-de
pendence of saturable influx could be described by Michaelis- 
Menten kinetics with a Vmax ~3 fold greater than that in adult 
animals. Influx was not affected by 1-10 mM BCH, MeAlB or 
L-glutamate, suggestive of uptake by a basic amino acid car
rier. In conclusion, the results indicate that System y+ 
transport is up regulated at the BBB during development, con
sistent with the greater need of the infant brain for amino acids 
for growth and metabolism.
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BRAIN Қ» Oil/min/g) CSF Кк (μΐ/min/g)
Adult 1 Week Adult 1 W e e k

14C-Asp 1.63 ±0.78 2.88+0.77 0.63+0.42 3.62+0.90
+ 5mM Asp 0.06+0.04 0.03+0.09 0.03 +0.04 -0.04 ±0.07
% Inhibition 96 99 95 100
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288.9

PERMEABILITY OF SERUM PROTEIN ACROSS THE BLOOD- 
TUMOR BARRIER IN IMPLANTED C6 GLIOMA. E. Aulisi. G. 
Tadvalkar and J. Rosenstein*. Department of Neurosurgery, George 
Washington University Medical Center, Washington, D.C. 20037.

It has been established that experimental brain tumors have variable 
permeability properties to circulating protein. For instance some metastatic 
or primary models show slight permeability whereas others are mostly 
leaky and variability exists within individual tumors. C6 glioma has been 
reported to be one in which there is only modest and random areas of 
leakiness. In the present study we examined a series of C6 tumors for the 
immunocytochemical expression of rat serum albumin (SA) and the 
glucose transporter (GT), a marker for impermeable cerebral vessels. In 
addition, we injected HRP for circulation times between 90 seconds - 1 
hour and visualized reaction product with TMB. C6 tumors (gift of T. 
Moody) were produced by implantation of a pellet 106 cells in 0.5 μΐ PBS 
into cortex or striatum. SA immunoreactivity was strongly expressed 
within the entirety of all tumors examined. Some specimens had an 
accumulation at the tumor-brain interface and immuno-reactivity stopped 
abruptly and did not extend into the brain. Expression of GT was 
completely normal for cerebral vessels at the interface. In the HRP 
experiments reaction product completely filled these tumors by 90 seconds 
and only slightly extended into host neuropil. These results show that with 
more sensitive methods for detection, serum proteins circulate continuously 
throughout a tumor previously described as being only partially leaky. In 
addition, all interface vessels have normal barrier expression and could 
account for lack of permeability in adjacent neuropil. (NS-17468).

2 8 8 .1 1

TRANSPORT AN D BINDING OF CIRCULATING DOPAMINE AT  
THE BLOOD-BRAIN BARRIER IN GUINEA PIGS. C.L. Martel*. J.B. 
Mackic. M.H. Weiss. J.G. McComb and B.V. Zlokovic. Depts. Neurol. Surg. 
and Divn. Neurosurg. CHLA, USC Sch. Med., Los Angeles, CA 90033 

It has been concluded from studies in animals with high levels of 
monoamine oxidase В (MAO-B) in the cerebral microvasculature that D A  
does not cross the blood-brain barrier (BBB) and so cannot enter the brain 
parenchyma from the blood. However, our studies in the guinea pig, Cavia 
porcellus, an animal which resembles humans in having low MAO-B activity 
at the BBB, have shown that pH]-DA does indeed enter the brain tissue, 
and is also sequestered in the cerebral capillaries [Soc. for Neurosci. 
Abstracts (1992) 18: 1129, abstract 476.3]. The uptake o f D A  was inhibited 
by unlabeled D A  and by the D2 receptor antagonist spiperone, but not by 
the MAO-B inhibitor pargyline. This transport phenomenon has been  
further examined with the use o f a vascular brain perfusion method [J. 
Neurochem. (1986) 46: 1444-1451] and a capillary depletion technique [J. 
Neurochem. (1990) 54: 1882-1888]. The Michaelis-Menten parameters for 
this transport, K m and V max> were determined to be 556 nM and 2.37 
pmol/min/g, respectively, for brain tissue, and 82 nM and 0.40 pmol/min/g 
for the cerebral microvasculature. Several different DA-related drugs were 
found to significantly inhibit D A  uptake at the concentration o f 500 nM. 
The inhibitory constants, Ķ , for these drugs (in nM) were 341 for the D2 
antagonist spiperone, 94 · for the D! antagonist SCH-23390, 158 for 
chlorpromazine, 33 for L-dopa, 33 for methyldopa and 14 for haloperidol 
(the Kj for unlabeled D A  is 444 nM). These data suggest that D A  crosses 
the BBB in guinea pigs by a high affinity, MAO-B independent mechanism  
which may involve cerebral microvessel D! and D 2 receptors. (Supported by 
TRDRP grant 2RT0071).

2 8 8 . 1 3

T H E  K I N E T I C S  O F  T H Y M I D I N E  E N T R Y  A C R O S S  T H E  
B L O O D -C E R E B R O S P IN A L  F L U ID  A N D  B L O O D -B R A IN  B A R R IE R S . S .A .  
W illia m s . M .B .  S e g a l *  a n d  H . D a v s o n . S h e r r in g to n  S c h o o l o f  P h y s io lo g y ,  
U M D S , S t .  T h o m a s 's  C a m p u s , L o n d o n  S E 1  7 E H ,  U .K .

S u b s ta n c e s  c a n  e n te r  th e  b ra in  e it h e r  d ir e c t ly  a c ro s s  t h e  b lo o d -b ra in  
b a rrie r (B B B ) o r  in d ir e c t ly  a c ro s s  th e  c h o ro id  p le x u s e s  (b lo o d -c e r e b ro s p in a l  
f lu id  b a rr ie r )  in to  th e  c e re b ro s p in a l f lu id  (C S F ) a n d  th e n  b y  d i f fu s io n  in to  
th e  b ra in . P re v io u s  s tu d ie s  (J . N e u r o c h e m . 3 9 ,  8 3 7 - 8 4 1 ,  1 9 8 2 )  h a v e  
d e m o n s t ra te d  a  c a r r ie r -m e d ia te d  t r a n s p o r t  s y s te m  fo r  th y m id in e  a t  th e  
b lo o d -C S F  b a r r ie r ,  b u t  n o t  a t  t h e  B B B . U s in g  a  b i la te ra l  in  s i t u  b ra in  
p e r fu s io n  te c h n iq u e  o v e r  2 0  m in u te s ,  in  t h e  a n a e s th e t iz e d  g u in e a - p ig ,  w e  
h a v e  in v e s t ig a te d  th e  u p ta k e  k in e tic s  o f  [3H ] t h y m id in e  a c r o s s  b o th  th e  
BBB a n d  th e  b lo o d -C S F  b a r r ie r .  T h is  m e th o d  u s e s  a n  a r t i f ic ia l  b ra in  
p e r fu s a te  a llo w in g  p re c is e  m a n ip u la t io n  o f  th y m id in e  c o n c e n t r a t io n  
( 0 - 2 0 m M )  t o  e x a m in e  c a r r ie r -m e d ia te d  t r a n s p o r t .  T h e s e  e x p e r im e n t s  
re v e a le d  a  s a tu ra b le  th y m id in e  in f lu x  in to  b o th  b ra in  a n d  C S F  fo l lo w in g  
M ic h a e l is - M e n te n  k in e tic s  w h e r e  K m  is  t h e  h a l f  s a t u ra t io n  c o n s t a n t ,  V m a x  
is th e  m a x im a l t r a n s p o r t  a n d  K d  is th e  d i f fu s io n  c o n s t a n t .  (V a lu e s  ±  
S .E .M . ) .

W e  c o n c lu d e  t h a t  th y m id in e  c a n  c ro s s  b o th  t h e  b lo o d -C S F  b a r r ie r  a n d  
th e  B B B  b y  a  lo w  a f f in i ty  a n d  lo w  c a p a c it y  c a r r ie r - m e d ia te d  t r a n s p o r t  
m e c h a n is m . (W o r k  k in d ly  s u p p o r te d  b y  T h e  S p e c ia l  T r u s te e s  f o r  S t .  
T h o m a s ' H o s p ita l) .

288.10

In Vivo Determination of Brain Availability of the GABA- 
B Antagonist CGP-36742, by Microdialysis ESI-MS/MS 
Analysis. Mark R. Emmett*, Peter Waldmeier and Richard 
M. Caprioli. The Analytical Chemistry Center, Dept. of 
Biochemistry & Molecular Biology, University of Texas 
Medical School, Houston, Texas 77030 and Pharmaceuticals 
Division, Ciba-Geigy Ltd., CH-4002 Basel, Switzerland.

The GABA-B antagonist CGP-36742 is a putative 
anti-petit-mal antiepileptic agent. The ability of this 
compound to cross the blood-brain barrier after I.V. 
administration has not been shown. Experiments with 1<C 
labelled drug were inconclusive since the presence of 
intact drug could not be shown at the molecular level.

We have developed a sensitive in vivo 
microdialysis/mass spectrometry (MD/MS) method to 
monitor the appearance CGP-36742 in brain. The minimum 
detection limit for CGP-36742 was approximately 200 
femtomole/uL. A microdialysis probe was placed in the 
frontal cortex of an anesthetized male, S/D rat. CGP- 
36742 was administered I.V. at 100 mg/Kg. Dialysates 
were collected every 30 min for 6 hrs and analyzed by 
microelectrospray-MS/MS. Results showed that the CGP- 
36742 molecule rapidly entered the frontal cortex and 
CSF; levels peaked at Ihr (approximately 30 picomole/uL) 
and decreased below detectability in 3hrs.

These experiments demonstrate the effectiveness of 
the MD/MS technique in determining the availability of a 
drug to the brain of a live animal and the time course 
of its presence.

288.12

E F F E C T  O F  N E R V E  G R O W T H  F A C T O R  O N  H IP P O C A M P A L  IS C H E M IC  
IN J U R Y . L .P . R e a li .  B .B . F a rre ll.  F .B . M e v e r .  G .L .  C u r r a n .  C .T .  B e ra .
J .F .  P o d u s lo . *  a n d  T . M .  S u n d t . M a y o  C lin ic  a n d  M a y o  F o u n d a t io n ,  
R o c h e s te r ,  M N  5 5 9 0 5  U S A .

In v o lv e m e n t  o f  n e r v e  g r o w t h  f a c t o r  (N G F )  in  is c h e m ic  h ip p o c a m p a l  
d a m a g e  is  s u g g e s te d  b a s e d  o n  in c re a s e d  N G F  le v e ls  in  t h e  h ip p o c a m p u s  
a f t e r  is c h e m ia . N a t iv e  N G F  (n N G F )  h a s  a  lo w  p e r m e a b i l i t y  c o e f f ic ie n t -  
s u r fa c e  a re a  p r o d u c t  f o r  t h e  h ip p o c a m p u s  w i t h  c o n s e q u e n t  p o o r  b lo o d  
b ra in  b a r r ie r  p e n e t r a t io n  ( 2 . 6 4  ±  0 . 2 6  x  1 0 ®  m l /g m /s e c ;  x  ±  S E ).  
M o d if ic a t io n  o f  th is  p e p t id e  b y  p r o te in  g ly c a t io n  re s u lts  in  a n  in c re a s e  in  
B B B  p e r m e a b i li t y .  In  th is  s tu d y ,  w e  t e s te d  t h e  e f f e c t s  o f  p e r ip h e ra lly  
a d m in is te r e d  g ly c a te d  N G F  (g N G F )  o n  h ip p o c a m p a l  in ju r y  in d u c e d  b y  
fo r e b r a in  is c h e m ia . P r io r  t o  is c h e m ia ,  a n  in t r a v e n o u s  b o lu s  o f  n N G F  o r  
g N G F  a t  a  d o s e  o f  1 0 0  ^ g /k g  w a s  a d m in is te r e d  t o  a d u lt  m a le  W is t e r  ra ts  
u n d e r  1 - 2 %  h a lo th a n e  a n e s th e s ia .  F o re b ra in  is c h e m ia  w a s  in d u c e d  b y  
b ila te ra l  c a r o t id  o c c lu s io n  w i t h  h y p o te n s io n  f o r  1 0  m in u te s .  F o llo w in g  
s e v e n  d a y s  s u r v iv a l,  th e  r a ts  w e r e  s a c r i f ic e d  a n d  t h e  h ip p o c a m p a l  re g io n  
s tu d ie d  f o r  n e u r o n a l d a m a g e .  C e ll c o u n ts  r e v e a le d  s e v e r e  lo s s  o f  
p y r a m id a l c e lls  in  th e  C A 1  re g io n  o f  u n t r e a te d  a s  w e l l  a s  t r e a t e d  r a ts .  In  
th e  g N G F  t r e a t e d  a n im a ls ,  n e u ro n a l lo s s  w a s  7 8  ±  6 . 4 %  a s  c o m p a r e d  to  
8 4  ±  7 . 4 %  f o r  t h e  n N G F  g r o u p .  In  v e h ic le  in je c te d  r a t s ,  p y r a m id a l c e ll  
lo s s  w a s  9 3  ±  1 .2 % .  A l th o u g h  th e r e  w a s  s o m e  d e c r e a s e  in  n e u ro n a l  
in ju r y  in  th e  g N G F  g ro u p ,  A N O V A  w i t h  T u k e y 's  p o s t -h o c  a n a ly s is  fo r  
m u lt ip le  c o m p a r is o n  d e m o n s t r a te d  n o  s ig n if ic a n t  d if fe r e n c e s .  In  th is  
e x p e r im e n t a l  p a r a d ig m , p e r ip h e r a lly  a d m in is te r e d  N G F  a s  w e l l  a s  g N G F ,  
w h ic h  h a s  in c re a s e d  p e r m e a b i li t y  a c ro s s  t h e  B B B , d id  n o t  s ig n if ic a n t ly  
d e c r e a s e  t h e  s e v e r i ty  o f  h ip p o c a m p a l  n e u ro n a l in ju r y  in  t r a n s ie n t  fo r e b r a in  
is c h e m ia  (N IH  R 0 1  2 5 3 7 4 ;  N IH  N S  1 4 3 0 4 ) .

288.14

E N D O C Y T O S IS  O F H O R S ER A D IS H  P E R O X ID A S E  (H R P) IN PRIM ARY 
C U LTU R E S  O F  C E R EB R A L E N D O T H E L IA L  C E LLS : E F F E C T  O F  
E N D 0 T H E L IN -1 . L .J, Noble*. D. Bunch, an d  J .J .  Hall. D e p a rtm e n t o f 
N e u ro s u rg e ry ,  U n iv e rs ity  o f  C alifornia, San F ra n c is c o  G eneral 
H ospita l, San Francisco, C A  9 4 1 1 0 .

E nd othelin -1  ( E T -1 )  is a p o te n t  va s o a c t iv e  p e p tid e  th a t  is p ro d u c e d  
b y  va s c u la r e n d oth elia l cells including brain m ic ro va s c u la tu re . T h is  
s t u d y  e xa m in e s th e  role o f  E T-1  in m o d u la tin g  flu id -p h a se  e n d o c y to s is  
o f  HRP in p rim a ry  c u ltu re s  o f  c e re b ra l e n d o th e lia l cells.

Ce re bral end othelia l cells w e re  isola te d fro m  2 w e e k  old  ra ts  and 
p r im a ry  c u ltu re s  w e re  e sta b lish e d  usin g p re v io u s ly  e s ta b lis h e d  
m e t h o d o lo g y  Џ . Neurosci. Res., 1 9 9 1 , 2 9 :3 5 5 -3 6 1 ) . E x p e rim e n ts  
w e re  c o n d u c te d  a t c on flu en ce (d a y s  7 -1 0 ) and a t 37°C, 5 %  C O 2 . In 
th e  firs t e xp e rim e n t, E T-1  (0 .5  nM - 1 0 0  nM) w a s  a d d e d  t o  c u ltu re s  
fo r  3 0  m in utes, 1, o r  3 hou rs. T h e  cells w e re  rin se d  a n d  HRP 
(1 m g/m l) w a s a dd ed fo r  an additional 1 hour. In th e  s e c o n d  
e x p e rim e n t, ET-1  (5 0  n M -5 0 0  nM) a n d  HRP (1 m g/ m l) w e re  a d d e d  t o  
th e  cells fo r  3 hou rs. C o n tro ls  c o n s is te d  o f  c u ltu re s  e x p o s e d  t o  HRP in 
th e  a b s e n c e  o f  E T - 1 . In each e xp e rim e n t in te rn a liza tio n  o f  HRP w a s 
a sse sse d  in cell ly s a te s  using a co lo rim e tric  a s s a y  t h a t  e m p lo y s  o - 
dianisidine as a s u b stra te .

U p take o f  HRP w a s  n o t s ig n ifica n tly c h a n g e d  in en d oth elia l cells th a t 
w e re  e x p o s e d  t o  ET-1 prior t o  th e  add ition o f  th e  tra ce r. In c o n tra s t t o  
th e s e  findings, cells th a t  w e re  c o -in c u b a te d  w ith  E T-1  and HRP 
e xh ib ite d  a significan t increase in u p ta k e  o f  HRP. T h is  in cre a se  w a s  
n o t d ose dependent. Ta k e n  togethe r, th e se  data su g g e st th a t ET-1 
fa c ilita te s  flu id -p h a se  e n d o c y to s is  o f  HRP in c u ltu re d  c e re b ra l 
end othelia l cells. (S u p p o rte d  b y  N S 2 3 3 2 4  t o  U N ) .
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K m  ( т М ) V m a x  (n m o l /m in /g ) K d  ( m l /m in /g x 1 0 '3)

C S F 2 .7 1  ± 0 . 4 1 7 . 3 5  ± 0 . 4 3 0 . 0 0
B ra in 0 . 7 7  ± 0 . 2 5 2 . 0 7 ± 0 . 3 1 0 . 0 2  ± 0 . 0 0
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288.15
ENDOTHELIN-INDUCED SECOND MESSENGERS A N D  ADHESION  
MOLECULES O N H UM AN ENDOTHELIUM: CEREBROMICRO- 
VASCULAR V.S. UMBILICAL VEIN ENDOTHELIAL CELLS. R.McCarron.
D.Stanimirovic. L.Wang and M.Spatz*. Stroke Branch, NINDS, NIH, 
Bethesda, MD 20892

This study demonstrates that endothelins evoke dissim ilar responses in the 
endothelial cells derived from hum an brain (HBEC) and hum an umbilical 
vein (HUVEC). Samples of human brain surgically removed for the treatment 
of idiopathic epilepsy served for isolation of HBEC, whereas HUVEC were 
obtained commercially. Both types of cells were positively stained for Factor 
VIII-related antigen and negatively for GFAP and other non-endothelial 
markers. Vasoconstrictive peptide endothelin-1 (ET-1), m arkedly stimulated  
a transient (1-15 m in) increase in  IP3 formation [EC50 = 0.79 nM], and 
arachidonic acid release [EC50 = 59 nM] in HBEC, whereas it w as ineffective 
on HUVEC. ET-1 (100 nM) also up-regulated (3.5 fold) lo w  constitutive  
expression o f intracellular adhesion m olecule-1 (ICAM), vascular cell ad
hesion molecule-1 (VCAM), and induced expression of endothelial leucocyte 
adhesion molecule-1 (ELAM) on HBEC, but not on  HUVEC, as assesed by  
indirect immunofluorescence and ELISA. In contrast, cytokine TNFa (100u/ml) 
induced A A  release and adhesion m olecule expression on both cell types 
(levels com parable to those observed w ith ET-1 on HBEC). Both ET-1- 
stimulated second m essengers and ICAM on HBEC were inhibited by selective 
ETA-receptor antagonist BQ123. ET-1- and TNFa-induced adhesion-molecule 
expression on  HBEC or HUVEC w ere d im in ish ed  by protein kinase C 
inhibitor H7 (10 μΜ). These find ings implicate endothelins as potential 
m ediators o f vascular and inflam atory brain d isord ers. The distinct 
biochemical properties of EC derived from different tissues indicate that 
these cells may be involved in the regionally specific functions of vessels.

288.16
Passage of Human ß-Amyloid 1-40 Across the Murine 
Blood-Brain Barrier. L.M. Maness*. A.J. Kastin.
W.A. Banks. M.F. Banks. M.B. Podlisnv1. and D.J. 
Selkoe1. Dept of Med and Neurosci Training Prog, 
Tulane Univ and VA Med Ctr, New Orleans, LA 
70146; ‘Harvard Medical School, Boston, MA 02115.

Deposition of amyloid ß-protein (Aß) in the 
brain has been implicated in the onset of 
Alzheimer's disease. If the source of the 
deposited Aß is in the periphery, then passage 
across the blood-brain barrier (BBB) must occur. 
We have determined the unidirectional influx 
constant (Ki) for 125I-human Aß 1-40 from blood to 
brain, using multiple time regression analysis. 
Ki was calculated from the levels of 
radioactivity in the brain and blood after IV 
injection. The entry rate for Aß was (3.97) 10'4 
ml/g-min (n=12, r=0.789, pcO.Ol). Precipitation 
of radioactivity recovered from brain and serum 
indicated the presence of intact Aß. Pretreatment 
with aluminum (AL), which often inhibits peptide 
transport, decreased entry by a non-significant 
14%. AL also affected the rate of Aß degradation, 
particularly in the liver and RBCs. These results 
suggest that circulating human Aß 1-40 is able to 
accumulate in the CNS and, compared to our 
previously published results with Aß 1-28, is 
more resistant to enzymatic degradation.
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289.1
AN H E L IX -L O O P -H E L IX  PR O T E IN  B IN D S TO A 
REGULATORY SEQUENCE IN THE V G F  PROMOTER.
A. Levi§. G. Di Rocco°.N. Canu§, G. Filocam o0. E. Trani§. R. Possenti^. 
A.M. R in a ld i§r G .L.Ferri* and S. N a s i0 § Istitu to  di Neurobiologia
C.N.R. and ° Centro Acidi N ucleici C.N.R. Roma * Dip. C itom orfologia  
U niversità di Cagliari.

V gf  is  a gene transcriptionally regulated by N GF (nerve growth factor) 
in  PC 12 cells. The expression o f v g f  in vivo is  restricted to subpopulations 
o f neurons w ith in  the central and peripheral nervous system . A 100 bp 
long sequence w ith in  th e v g f  prom oter region (-180 to -80) contains  
regulatory  e lem en ts  w h ich  confer NG F in d u eib ility  and restrict the  
ex p ressio n  o f  tra n sfec ted  p la sm id s to n eu ron al c e lls . A 47  bp  
oligonucleotides representing the left h a lf  o f th is sequence was utilized in  
gel retardation experim ents. N uclear extracts o f  cells which express v g f  
(PC12 and th e neuroblastom a cell lin e  SK -N -BE) give rise to a g e l 
retardation pattern different from th at o f  non v g f  exp ressin g  cells (the  
hepatom a derived cell lin e HTC). By m ethylation interference and DN Ase  
protection exp erim en ts we identified  th e  sequence CCAAT as b e in g  
resp onsable for th e  m ąjor b and sh ift seen  w ith  both PC12 and HTC 
nuclear extracts. The 47 bp long oligonucleotide w as utilized  to screeen  
an expression cDNA library in  order to identify proteins which specifically  
bind to it. One o f th e positive clones nam ed ubo8 codes for a protein w ith  
an helix-loop-helix domain. The purified ubo8 protein binds to the E box 
seq u en ce CAGGTG w h ich  is  p resen t in  th e  47bp o ligon u cleotid e. 
M utation in  th is  E box abolish  one band presen t in  gel retard ation  
assays w ith PC 12 and HTC nuclear extract.
(G, D i Rocco and N. C anu are recipient o f  a AIRC and a Anna V illa  
Rusconi fellowship respectivelly)

289.3
Bidirectional Promoter Activity of the Human Monoamine 
Oxidase (MAO) A  Gene Differentially Controlled by Spi 
Binding to 4 Tandem Repeats. Oin-shi Zhu*. Kevin Chen and 
Jean C. Shih. Dept. of Mol. Pharm, and Tox., Sch. of Pharmacy, Univ. 
of Southern California, 1985 Zonal Avenue, Los Angeles, CA 90033.

The core promoter region of human monoamine oxidase (MAO) A 
has been identified in the two 90 bp repeat region, which can be further 
divided into four imperfect tandem repeats, each containing a Spi 
binding site in the reversed orientation. As expected, this symmetrical 
structure promotes transcription in both orientations in an transient 
transfection assay, using human growth hormone as the reporter gene. 
Northern analysis shows that in addition to MAO A expression, 
sequences upstream the MAO A core promoter region is also expressed. 
However, deletion and site-directed mutagenesis analysis demonstrate 
that the four Spi sites contribute differently to these two activities. Only 
the central two Spi sites are the driving force for MAO A expression, 
the other two Spi sites down regulate this activity. On the other hand, 
All four sites contribute positively to the backward activity. A GA-rich 
sequence, located immediately 3’ of the two 90 bp repeats, strongly 
leads promoter activity to the forward direction. Mobility shift and 
DNase 1 footprinting assays identified Spi to be the transcription factor 
binding to the four sites and established a positive correlation between 
MAO A activity and Spi concentration in each cell lines, indicating that 
the concentration of Spi in the nucleus is an important determinant of 
MAO A promoter activity. (Supported by NIMH grants R37 MH39085 
(Merit Award), K05 MH00796 (Research Scientist Award), R01 
MH37020 and Welin professorship)

289.2
Aromatic L-amino acid decarboxylase: Analysis of neuronal and non-neuronal 
promoters. Ann Aguanno. Mavis Lee. Rachel Silverman and Viviąn Albert*. 
Roche Institute of Molecular Biology, Nutley, N.J. 07110.

Aromatic L-amino acid decarboxylase (AADC) is the enzyme which catalyzes 
the decarboxylation of L-dopa to dopamine in catecholamine cells and 5- 
hydroxytryptophan to serotonin in serotonin-producing neurons. AADC is also 
abundantly expressed in non-neuronal tissues such as liver and kidney, where its 
function is unknown. The enzyme itself appears to be identical in both neuronal and 
non-neuronal tissues. This, however, is in contrast to the AADC mRNAs which 
possess distinct 5' untranslated regions in these two classes of tissues.

We have previously isolated rat genomic DNA encoding AADC and have 
demonstrated that there are two separate promoters directing tissue specific 
transcription of the neuronal and non-neuronal forms o f the AADC message (Albert 
et al., PNAS 89;12053,1992). To determine how these two promoters direct tissue- 
specific expression of AADC mRNAs, we have looked for the regions within these 
promoters which are important for tissue specific regulation. Promoter constructs 
containing various amounts of 5’ flanking sequence fused to the luciferase gene were 
functionally assayed by transient transfection into a number of neuronal and non
neuronal cell lines. In addition, the role of the neuronal and non-neuronal 5' 
untranslated regions were examined by the same assays. In vitro binding assays 
were also used to identify protein binding sites.

Our results indicate that both the 5 ’ flanking sequences and the 5' untranslated 
regions participate in the regulation of tissue-specific expression of the two 
messages.

289.4
E X P R E S S IO N  IN B R A IN , N U C L E A R  L O C A L IZ A T IO N  A N D  IN V IT R O  
B IN D IN G  A C T IV IT Y  O F  U R E B 1 ,  A  S E Q U E N C E - S P E C IF IC  D N A  B IN D IN G  
P R O T E IN . J , G u , K . R en . C .G . S tep h en so n . R . D ubner* and  M. J . lad aro la . 
Neurobiology and  A n esthesio logy B ra n ch , N ID R , NIH, B e th esd a , M D 20892 .

In p revious investigations of protein D N A-interactions with sm all reg ions of 
the prodynorphin prom oter, w e  iso lated  a  seq u e n ce -sp e c ific  D N A  binding 
protein term ed up stream  regulatory e lem ent binding protein 1 (U reB 1). Th e  
recognition se q u e n ce  for UreB1 is  a  pyrim idine-rich se q u e n c e  that m atch es  
the c o n se n su s  initiator (Inr) elem en t, although located  up stream  at -211 in 
the prodynorphin prom oter. T h e  p resen t stu d ies further chara cte rize  
exp ress io n  of the UreB1 gen e  and  properties of the UreB1 protein. T h e  
UreB1 insert w a s  sub clo n ed  into the P Q E - 1 1 vector for exp ressio n  in E . coli 
and  affinity purification. T h e  purified UreB1 retained sp ecific  binding in a  gel 
mobility shift a s s a y . Antibodies gen erated  to the purified protein  
dem onstrated  that U reB1 w a s  en riched  in high sa lt extracts of brain nu clear  
extract com pared  to crude hom ogenate using  w estern  blot a n a lys is  and  
en h a n ce d  ch em ilu m in escen ce  T h e  m ajor im m unoreactive form  had a  
m olecu lar w eight of 36  kD a. ]n situ hybridization d isc lo sed  that UreB1  
transcrip ts w ere  e x p re sse d  in a  w ide variety of brain a re a s  that e x cee d e d  the 
distribution of prodynorphin synthesiz in g  neuron s. W hite m atter reg ions did 
not e x p re ss  the g en e  to the sa m e  extent a s  did grey m atter, suggesting  a  
neuronal enrichm ent in U reB1 exp ressio n . T h e s e  data  reinforce ou r initial 
ob servatio ns of se q u en ce-sp ec ific  binding for UreB1 and  its nu clear  
localization. Furtherm ore, in addition to a  potential role in prodynorphin g en e  
exp ressio n , b a sed  on its w id esp read  o ccu rren ce  in d iverse  brain a re a s , w e  
pro p o se  a  b ro ad er role for UreB1 in neuronal transcription p ro c e sse s .
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289.5
RAT VIP CYCLIC AMP RESPONSIVE ELEMENT MEDIATES EXPRESSION IN 
NEONATAL RAT DORSAL ROOT GANGLION NEURONS. S.P. Dobson.
P.K. Muldcrrv. J.P. Quinn. JA, Morrow. I. Gozes+. A.J. Haimar. STON: Brain 
Research Association . MRC Brain Metabolism Unii, Royal Edinburgh Hospital, 
Edinburgh, U.K. +Sackler School of Medicine, Tel Aviv University, Israel.

Cyclic AMP and calcium influx caused by depolarization act synergistically to 
stimulate high levels of VIP expression in neonatal rat dorsal root ganglion (DRG) 
neurons in culture (Mulderry, Neuroscience 53: 229, 1993). The aim of this study was 
to investigate the role of a putative cyclic AMP responsive element (CRE), 5' to the rat 
VIP transcription start site, in regulating VIP gene expression in response to potassium 
(K+) evoked depolarization and forskolin-slimulated increase in cyclic AMP.
Neonatal rat DRG neurons grown in culture wells were transfected by microinjcction 
(Mulderry ei al. Mol. Cell. Ncurosci. 4: 164, 1993) with a plasmid containing 3 
tandem copies of the rat VIP CRE, in the form of a 33 bp synthetic oligonucleotide, 
preceding the c-fos promoter and CAT reporter gene. After injection of plasmid into 
350 neurons / well, expression of CAT was undetectable (<3 μg) when cells were 
grown in medium alone or medium plus forskolin (ΙΟμΜ). Elevated K+ (40mM) 
resulted in expression of 3.5-10 μg CAT / well whilst K+ combined with forskolin 
resulted in 39-49 μg / well. A control plasmid containing the c-fos promoter and CAT 
reporter gene but no CRE expressed 3-9 μg CAT / well in response to combined 
forskolin and K+ whilst expression was undetectable when forskolin or K+ were used 
alone. Thus, the CRE can mediate synergistic transcriptional responses to combined 
stimulation with forskolin and depolarization in DRG neurons. DRG neurons were 
also microinjected with a plasmid containing 1.5 kb of 5' Hanking sequence (including 
the CRE) from the rat VIP gene preceding a LacZ reporter gene. This construct 
showed 10-13 fold higher levels of expression in the presence of forskolin and K+ 
than under control conditions. Our results indicate that the rat VIP CRE could mediate 
the large increase in VIP expression induced by cyclic AMP and depolarization in 
DRG neurons.

289.7
PARTIALLY INDEPENDENT PATHWAYS MEDIATE INDUCTION OF 
TRANSCRIPTION FACTOR ZIF268 mRNA IN PC12D CELLS 
FOLLOWING ACTIVATION OF NERVE GROWTH FACTOR RECEPTORS 
AND MUSCARINIC ACETYLCHOLINE RECEPTORS T, Ebihara. It
ito and D. Saffen* Inst, for Brain Research, Univ of 
Tokyo, Tokyo 113, Japan.

The zif268 gene (also called NGFI-A, egr-1 and krox - 
24) encodes a zinc finger-transcription factor that 
binds the DNA sequence GCGGGGGCG. Zif268 mRNA has 
previously been shown to be rapidly induced in a variety 
of cell lines following stimulation of receptors for 
growth factors and in neurons following synaptic 
stimulation. In this study, we explored the pathways by 
which zif268 mRNA is induced following activation of 
nerve growth factor (NGF) and muscarinic acetylcholine 
receptors (mAChR) in PC12D cells, a subclone of PC12 
cells that rapidly develops neurites in response to NGF. 
Rapid increases in zif268 mRNA in PC12D cells following 
exposure to NGF or the mAChR agonists carbachol and 
oxotremorine were not inhibited by pretreatment of the 
cells with pertussis toxin. By contrast, down-regulation 
of protein kinase C by prolonged exposure to phorbol 
esters abolished the response to mAChR agonists, but 
only partially blocked NGF-mediated increases in zif268 
mRNA. Carbachol-mediated induction was also more 
sensitive to inhibition by chelation of extra - cellular 
calcium with EGTA. On the other hand, NGF-mediated 
induction was more sensitive to the protein kinase 
inhibitors K252a and staurosporin. These results suggest 
that the induction of zif268 mRNA increases by NGF and 
mAChR agonists are mediated by signaling pathways that 
are at least partially independent.

289.9
PROENKEPHALIN (Penk) GENE EXPRESSION: INTERACTIONS OF 
GLUCOCORTICOID AND cAMP REGULATORY ELEMENTS. S. Jenab 
and C.E. Inturrisi* Dept. of Pharmacology, Cornell U. 
Med. College, New York, NY 10021.
Glucocorticoids and cAMP synergize positively in 

regulating the endogenous Penk gene in C6 glioma cells 
but interact negatively or not at all when constructs of 
95 to 5800 upstream bps of rat Penk are transfected into 
C6 (Joshi and Sabol, 1991). We examined plasmids 
containing a 29 bp oligonucleotide sequence with a 15 bp 
GRE derived from the rat Penk gene (from position 1876 to 
1890), a positive GRE (GRE+), (Alroy and Freedom, 1992) 
and a minus GRE (GRE-) where each base in GRE+ was 
replaced with a functionally incompatible substitution 
(Nordeen et al.. 1990). Gel shift assays using X556, a 
GR DNA binding domain (aa 407 to 556) demonstrated shifts 
for RGRE and GRE+. When placed before a Penk promoter 
and CAT gene, RGRE had the highest basal CAT activity and 
GRE- the lowest. Addition of dexamethasone (D) 10 μΜ to 
cells grown in serum free conditions produced a 5 fold 
increase for GRE+ and no change for RGRE or GRE-. 
Forskolin (F) 20 μΜ stimulated CAT activity 4 to 9 fold 
with each construct. D+F resulted in a synergistic 
effect on CAT that varied from 0.3 to 3.7 fold only with 
GRE+. These results demonstrate that the synergistic 
interaction between D+F can occur with as little as a 15 
bp GRE. Supported by DA07274, DA05130 and DA01457.

289.6
PUTATIVE GENE REGULATORY PROTEIN BINDING SITES IN THE 
MOUSE TRYPTOPHAN HYDROXYLASE PROMOTER. G.E. Reed.I J.E. 
Kirchner.2 В. Greenwood.3* and L.G. Carr.L2 Departments of Pharmacology & 
Toxicology1 and Medicine2, Indiana University School of Medicine, Indianapolis, 
IN 46202, and Lilly Research Labs3, Lilly Corporate Center, Indianapolis, IN 
46258.

Tryptophan Hydroxylase (TPH, E.C. 1.14.16.4) is the rate-limiting enzyme in 
5-hydroxytryptamine (5-HT, serotonin) biosynthesis. 5-HT has been implicated in 
the etiologies o f  depression and alcoholism. TPH expression is limited to only a 
few cell types. Our goal is to determine what gene regulatory proteins are critical 
for cell type-specific expression. Using the firefly luciferase report«· gene assay, we 
have evaluated the (elative transcriptional activities o f the proximal promoter (nt 
-343 to +117), the 5' upstream region (to nt -1140), and Exon I (nt +1 to +117, 

nontranslated). In transient transfections o f Neuro-2A (mouse neuroblastoma) cells 
with TPH promoter/luciferase constructs, truncation of Exon I (from nt +32 to 
+117) results in a 70% decrease in transcriptional activity, relative to that of the filli 
length TPH construct (nt -1140 to +117). Although transcription appears to be 
finely controlled by DNA/protein interactions upstream of nt -343, major control 
can probably be attributed to interactions downstream of nt -343. Sequence from nt 
-343 to +117 has been studied in gel retardation and DNase I footprint assays. Gel 
retardation assays employing nuclear extracts from either Neuro 2A cells or whole 
rat brain yield comparable protein binding patterns. It is o f particular interest that 
nuclear extracts from either Neuro 2A cells or whole rat brain yield similar 
footprint patterns. It appears that gaie regulatory proteins common to both Neuro 
2A cells and brain cells interact with sequences in the proximal promoter, the region 
that most likely plays the major role in regulating TPH transcription. This work is 
supported by PHS grants AA07611, AA08553 and T32 AA07462-08.

289.8
REGULATION OF IMMEDIATE-EARLY-GENES TRANSCRIPTION BY 
CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASES
H. Enslen* and T. R. Soderling. Vollum institute and Department of Cell Biology 
and Anatomy, Oregon Health Sciences University, Portland Oregon 97201 

There is accumulating evidence that an intracellular elevation of calcium promotes 
gene induction through a calmodulin-dependent, PKC-independent mechanism for a 
number of genes. The calcium/ calmodulin-dependent protein kinase II (CaM-kinase 
II) is thought to be responsible for phosphorylation of the transcription factors that 
triggers the induction of at least two of diese calcium induced genes: the proto
oncogene c-fos and prolactin. In the case of c-fos, the calcium and the cAMP 
pathways would control transcription via a convergent mechanism. However diese 
studies, until recently, did not examine the regulation of the endogenous genes. 
Using a variety of molecular techniques we examined in PC 12 cells the effects of 
KN-62 (a cell-permeable specific inhibitor of CaM-kinases) on the calcium-induction 
of three immediate-early-genes (IEG) coding for DNA binding proteins (c-fos; NGFI- 
A, a zinc finger DNA binding protein; and NGFI-B which shares similarity with the 
steroid-thyroid hormone receptor superfamily).
We report here that in PCI2 cells membrane depolarization or calcium ionophore 
treatment activates die transcription of c-fos, NGFI-A and NGFI-B. These treatments 
acüvate CaM-kinase II without increasing the activation state of the cAMP-dependent 
protein kinase (PKA) which rules out the possibility that calcium activates a 
calcium-calmodulin-sensitive adenylate cyclase. CaM-kinase II activadon was blocked 
by preincubation with 1 to 10 μΜ KN-62. KN-62 blocked (in a dose dependent 
manner) up to 70 % of die stimulation of the IEGs transcription by calcium but had 
no effect on the IEG's stimulation by forskolin (which activates PKA) or by 
activation of PKC with phorbol esters. These results show that inhibition of CaM- 
kinases by KN-62 in PCI2 cells prevents Ca2+ stimulation of c-fos, NGFI-A and 
NGFI-B and suggest that CaM-kinases are important regulator of Ca2+ regulated gene 
expression. Supported by NIH grant DK44239.

289.10
CLONING OF NUCLEAR HORMONE RECEPTORS FROM THE SUPRAOPTIC 
NUCLEUS S. Lopes da Silva. M. van Horssen, H. Rffliter* and J. Peter H. Вurbach 
(Rudolf Magnus Institute, Dept o f Pharmacology, Utrecht University, Vondellaan 6 , 
3521 GD Utrecht, The Netherlands).
The rat ОТ promoter contains several TGACC motifs indicating a potential 

regulatory role of members of the nuclear hormone recepto1 family. In transient 
heterologous expression systems, a transactivation of the ОТ promoter was found 
when co-transfected with expression vectors for a number of nuclear hormone 
receptors, namely the estrogai receptor (ER), retinoic acid receptor (RAR) and 
thyroid hormone receptor (THR). Co-transfection with a COUP-TF I expression 
vector completely abolished the stimulation of the ОТ promoter by ER, THRa and 
RARs. Studies on the possible regulation of ОТ gene expression in the supraoptic 
nucleus (SON) by members o f the nuclear hormone receptor family were initiated by 
identifying members that are expressed in the SON. Therefore, a PCR analysis was 
performed on microdissected SON. Degenerate primers were used directed to the 
DNA binding (Q  domain of receptors with the following P-boxes: EGCKG, EGCKS, 
EGCKA, ESCKG and DGCKG. In this way, RARa, RARy, RXRo, RXRy, THRa, 
COUP-TF I, ARP-1 and ERR-2 were identified. In addition, a new member with 
closest resemblance to the human testis receptor (TR2) was identified.
Relative amounts of nuclear hormone receptors that are present in the SON under 
different physiological conditions of the animal were determined by means of dot blot 
hybridization with labeled PCR products derived from the SON. A decrease of 
COUP-TF I transcripts in lactating rats was observed as compared to control rats. The 
data suggest a physiological role of COUP-TF I in the regulation of gene expression 
in the SON.
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289.11
KAĨNATE-INDUCED AP-1 ACTIVITY IN RAT BRAIN IS 
MODULATED BY DEXAMETHASONE AND CYCLOHEXIMIDE. 
Tino M, Unlap, Richard S. Jop^and M, Shane Baird . Dept. of 
Psychiatry and Behavioral Neurobiology, Univ. of Alabama, 
Birmingham, AL 35294.

Glucocorticoid hormones produced in the adrenal gland have 
many complex effects on the brain, including influences on 
metabolism, signal transduction, and behavior. Stress induces 
elevations of circulating glucocorticoids which can cause 
deleterious effects on the brain, such as contributing to neuronal 
degeneration and cognitive impairment, some of which may be 
related to influences of glucocorticoids on signal transduction and 
gene expression. In order to study these processes, rats were 
treated with kainate (12 mg/kg) and AP-1 binding activity was 
measured in nuclear extracts from cortex and hippocampus using a 
gel-shift assay and a labeled oligonucleotide containing the AP-1 
consensus sequence. Kainate induced a biphasic increase in AP-1 
activity in both regions with peak levels observed at 1.5 and 4.5 hr 
after kainate and lower levels at 3 and 6 hr. Pretreatment of rats 
with dexamethasone (1 mg/kg) 6 hr prior to sacrifice reduced the 
first (1.5 hr) kainate-induced peak in AP-1 by 40% in both brain 
regions and the later (4.5 hr) peak in the cortex. Pretreatment with 
cycloheximide (2 mg/kg) 1 hr before kainate produced a similar 
profile, reducing both kainate-induced AP-1 peaks in the cortex 
and the early (1.5 hr) peak in the hippocampus. These results 
demonstrate that kainate-induced AP-1 binding activity in rat brain 
is inhibited by dexamethasone and by cycloheximide.

289.13
Hypothalamic Estrogen Receptor Binding to a Consensus ERE and a 
Putative ERE from a Progesterone Receptor Gene. Lauber AH*. Raff DW. 
Alrov I1, and Freedman LP 1. The Rockefeller University, Laboratory of 
Neurobiology and Behavior, 1230 York Ave., NY, NY. 10021 and 1Cell Biology 
and Genetics Program, Sloan-Kettering Institute, NY, NY.

We have examined interactions of hypothalamic (H) or uterine (U) estrogen 
receptors (ER) with the Vitellogenin-A2 (Vit) consensus ER response element 
(ERE) (AGGTCAnnnTGACCT) and a putative ER E  (AGGTCGnnnTGACTT) 
from the rabbit progesterone receptor (PR) (Savouret et al., 1991). Cytosols 
were obtained from U, H, and non-ER containing brain regions of castrated 
female and male rats. ER was partially purified and studied by Western 
blotting using a rat ER  antibody. The H-ER exhibits an approximate MW of 67 
kD, similar to that of U-ER, although the protein is much lower in abundance. 
ER/ERE interactions were assessed using the gel shift technique. One H band 
was seen with Vit-ERE which exhibited the same mobility as a specific U band. 
Absence of a band at this mobility from cytosols of non-ER containing brain 
regions suggested that this band represented an ER/DNA complex. H-ER/ERE 
binding specificity was demonstrated further by formation of an antibody- 
induced supershifted species. The H band was competed by 5X-10X excess 
of non-labeled Vit-ERE and was barely apparent in H extracts used for gel shift 
following immunoprecipation. In vitro addition of E increased the mobility of 
the H-ER and U-ER bands without apparent alteration in MW of the ER  
protein. Properties of male H-ER binding to the Vit-ERE were similar to those 
of female H-ER. U-ER exhibited specific binding to the putative PR-ERE, and 
an H-specific band was apparent. However, the band resulting from H-cytosol/ 
PR-ERE incubation differed in mobility from the U-ER/PR-ERE complex, and 
did not display characteristics of specificity as obtained for the H-ER/Vit-ERE 
interaction. Thus, these protein-DNA interactions suggest tissue-related factors 
influence ER  binding to a physiologically relevant ERE.

289.15
AN EXPRESSION PLASMID ENCODING A  PROTEIN KINASE 
INHIBITOR REDUCES BASAL AND CYCLIC AMP STIMULATED-, BUT  
NOT PHORBOL ESTER-STIMULATED, TRANSCRIPTIONAL ACTIVITY  
OF THE TYROSINE H YDROXYLASE GENE PROMOTER. C. Tinti. В. 
Song. J. Cubelis. T.H. Joh and K.S. Kim*. Cornell Univ. Med. Coll, at the Burke 
Med. Res. Inst., White Plains, NY 10605.

The tyrosine hydroxylase (TH) gene contains a single copy o f the consensus 
CRE (5’-TGACGTCA-3’) at -45 to -38 bp upstream of the transcription initiation 
site. Transient transfection analysis o f the upstream 2400 bp sequence indicates 
that the CRE is essential for both cAMP-inducible and basal expression o f the 
TH gene (Kim et al., JBC, 1993, in press). Consistent with this observation, we 
recently found that several cAMP dependent protein kinase (PKA)-deficient 
PC12 cells exhibited substantial deficits in TH expression and regulation (Kim 
et al., PNAS, 90:3471, 1993). PKA can exert its effect on TH expression at the 
level o f transcription initiation, post-translation, and/or stability o f mRNA. To 
address these possibilities, we employed co-transfection analyses using expression 
plasmids encoding the catalytic subunit o f  PKA (PKA,.), the heat stable inhibitor 
o f PKA (PKI), and TH-CAT fusion construct as the reporter gene. While the 
plasmid encoding an inactive form of PKI did not affect basal or cAMP-inducible 
expression, the PKI-expression vector reduced both the basal and cAMP- 
inducible promoter activity o f  the TH gene. The PKI vector did not influence 
induction by phorbol ester, indicating that TH gene induction by PKA and 
protein kinase C occurs independently. Moreover, co-transfection o f PKA,. 
dramatically stimulated transcriptional activity o f the TH promoter. Primer 
extension analysis demonstrated that the stimulatory effect o f PKAC represented 
increases in the correctly initiated transcripts. This study demonstrates that PKA 
regulates the basal and cAMP-stimulated expression o f the TH gene at the 
transcriptional level. Supported by MH48866 (KSK) and MH24285 (THJ).

289.12
PROGESTERONE RECEPTOR BINDING TO A CONSENSUS PRE 
USING NUCLEAR EXTRACTS FROM BRAIN AND OTHER 
TISSUES. M. Freidin* and D.W. Pfaff. Lab. of 
Neurobiol., Rockefeller Univ., NY, NY 10021

The progesterone receptor (PR) can regulate 
transcription by binding to response elements 
(PRE's) present in several genes. 
Preproenkephalin (PPE) mRNA content in rat brains 
changes with hormone levels. We began a series 
of studies to determine the role PR plays in PPE 
transcription. Initial work focused on PR binding 
to a consensus PRE in nuclear extracts from 
targeted brain regions in hormone-treated female 
rats. Gel shift assays of hypothalamus and 
uterus showed similar band mobilities, though the 
pattern in uterus was more complex. Although 
cortex and caudate had little, cerebellum had a 
robust signal resembling uterus. Incubation of 
extracts with progesterone increased binding 
while immunoprecipitation with an antibody to 
human PR decreased binding in uterus, 
hypothalamus and cerebellum, supporting PR 
binding to a PRE. Western blots of the extracts 
confirmed the presence of PR. As these tissues 
each express PPE mRNA, it remains to be shown 
whether PR interacts directly with the putative 
PRE's present in the PPE gene.

289.14
THE GENERATION OF A LYSINE-75 CALMODULIN  
MUTANT AND ITS ROLE IN CALCINEURIN  
ACTIVATION. D.T. Rivera*. D.L. Thurlow and D.J. Nelson. 
Department of Chemistry, Clark University, Worcester, MA 01610

Calmodulin (CaM), the principal intracellular calcium receptor in 
all eukaiyotic cells, activates a variety of target proteins that regulate 
many cellular processes. The mechanisms by which CaM interacts 
with targets are not well understood. Differential kinetic labeling 
studies have shown that residue Lys-75 is one of the most reacting 
lysines on CaM. In addition, the x-ray crystal structure reveals that the 
position of lysine-75 on the molecule, projecting out from the "binding 
region" the central helix, makes the residue physically capable of 
interacting with target molecules. To investigate the functional 
significance of this residue, we have created a mutant CaM engineered 
with an alteration at position 75. Using oligonucleotide-primed site- 
directed mutagenesis, Lys-75 (a positive residue) from chicken CaM 
(CaM23N) was converted to Glu-75 (a negative residue) to generate 
CaMK75E. pCaMK75E, was bacteriali у expressed in E. co li. The 
mutant gene product (K75E) was purified and analyzed 
spectroscopically and electrophoretically. The ability to activate 
calcineurin (CN, Phosphatase 2-B) was tested. K75E was unable to 
activate CN, even at relatively high concentrations. These results 
indicate that a specific amino acid residue at position 75 (i.e., Lys to 
Glu) is critical for the interaction of CaM with CN.

Supported by grants from the Council for Tobacco Research 
1729A, B (DJN).

289.16
SELECTIVE EXPRESSION OF INDUCIBLE TRANSCRIPTION FACTORS 
OF MHC CLASS I GENES IN NEURONS. L.AWard* and P.T. Massa. PhD. 
Dept. o f Neurology, SUNY Health Science Center, Syracuse, NY 13210.

Neurons, unlike other cells of the CNS including astrocytes, have been shown to 
lack the ability to express the major histocompatibility complex (MHC) class 
I gene after treatment with either virus от interferons. This lack o f MHC class I 
gene induction, which may allow viral infection to go undetected in neurons, could 
be the result of either 1) a lack of transcription factors that bind to the promoter 
region o f the gene or 2) lack of functional transcription factor binding. It has been 
suggested that binding of transcription factors to either the NF-kB region and/or the 
interferon response element (IRE) of the MHC class I gene enhancer region is 
sufficient to trans-activate this gene in different cell types in response to virus or 
interferons. Therefore, we have compared the ability of nuclear extracts from 
neurons and astrocytes to bind the NF-kB enhancer region, as well as the IRE of  
the MHC class I gene promoter, before and after treatment with poly (I)-poly(C). 
Pure, primary cultures o f murine neurons and astrocytes were incubated with poly 
(I)-poly(C) and activation o f the MHC class I gene, as well as promoter binding 
activity, were monitored. Poly (I)-poly(C)-inducible binding to both the NF-kB 
and IRE enhancer regions was detected in astrocytes while only binding to the 
NF-kB region was present in neurons. This indicates that MHC class I gene 
transcription requires binding at both the NF-kB and ERE enhancer regions in order 
to activate gene transcription. We are currently investigating these binding 
activities in relation to the interferon-ß gene as well. The interferon-B gene is 
another virus-inducible gene whose transcriptional activation may depend on 
binding of many of the same transcription factors. Interestingly, the interferon-ß 
gene is expressed in neurons after induction by poly (I)-poly (Q  indicating that 
activation o f the NF-kB site is sufficient. The identity o f both NF-kB and IRE 
binding proteins is currently being investigated.
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289.17

c-JUN PRO TEIN  AND FORSK OLIN  ENHANCE 
TRA N SCRIPTIO N AL A C TIV ITY  TH R O U G H  AN A P -l/C R E  
SITE LOCATED AT -1546 IN TH E PRO D Y N O R PH IN  GENE 
P R O M O T E R . D.J. M essersm ith* 1. M.J. B irrer2 . R. Duhne.r1. 
M.J. Iadaroląl. 1 Neurobiology and A nesthesiology Branch,
N1DR, NIH, Bethesda, MD 20892 and 2BPRB, DCPC, NCI,
Rockville, MD 20850.

Expression of the prodynorphin gene in the spinal cord is 
dramatically increased during persistent pain and 
inflammation. To understand the molecular regulation of this 
gene, we have functionally characterized an A P-l/CRE site with 
the sequence TGCGTCA, a recognition element for multiple 
protein complexes. A 41 bp construct containing this site was 
cloned upstream of a CAT reporter gene (DAP). PC 12 cells 
transiently transfected with DAP dem onstrated that the AP- 
l/CRE site is a positive transcriptional element. In stimulation 
experiments of P C I2 cells transfected with DAP, forskolin, but 
not phorbol ester, elevated CAT activity at least 15 fold over 
uninduced levels. Co-transfection of c-Jun expression vectors 
with DAP resulted in a -700%  increase in CAT activity 
compared to control. Co-transfections with a c-Jun expression 
vector in which the transactivation domain was excised yielded 
a -50% decrease compared to control. Taken together, these 
results implicate a cAM P-dependent mechanism of 
prodynorphin gene regulation and that c-Jun may be an 
element common to several possible complexes that form at the 
-1546 A P-l/CRE site to modulate transcription.

2 8 9 .1 9

METHYLATION OF Cμg SEQUENCES IN THE GLIAL FIBRILLARY ACIDIC 
PROTEIN GENE IN RAT ASTROCYTES. B.D. TETER*.H.H. OSTERBERG.
C.E. FINCH. Andrus Gerontology Center, Dept. Biol. Sci., University 
of Southern California, Los Angeles, CA 90089-0191.

The a s tro cy te -sp e c ific  g e n e  en co d in g  g lia l f ib r illa ry  a c id ic  p ro te in  
(GFAP), an in te rm e d ia te  fila m e n t p ro te in , inc re a se s  in  e xp re ss io n  in the  
brain w ith  age , as w e ll as w ith  h o rm one  m a n ip u la tio n s  and  d e a ffe re n tin g  
lesions. A n a lys is  o f sequence  d a ta  (F e ins te in  ət al.,(1 9 9 2 )J.N 'sci.Rəs 
32:1) show s th a t the  ra t G FA P  g e n e  f irs t exon  c o n ta in s  an is land  o f 29 
Cμ g  sequences (C μ g  d in uc leo tides  a re  rare in eu ka ryo tic  g enom es).
Limited sequenc ing  in the  2  kB  upstream  o f the  firs t exon  (G F A P  
"promoter*’) show s 19 C μ g  s ites. C μ g  s e q u e n ce s  a re  s ite s  o f cy to s in e  
m ethyla tion w h ich  is  co rre la te d  w ith  p ro m o te r a c tiv ity  (in  g e n e ra l,T  C μ g  

m ethylation = і  p ro m o te r a c tiv ity ). C μ g  m e th y la tio n  sh o w s  a g e n e ra lize d  
decrease in ra t b ra in  w ith  age  (D as and D a s(1989)Biochem.Arch.,5 :3 5 9 ), 
which sugges ts  the  h ypo thes is  tha t d e m e th y la tio n  o f the  G F A P  g e n e  w ill 
correlate w ith  the  age -re la te d  inc rease  in G F A P  e xp re ss io n . W e are  
investigating the pa tte rn  and  leve ls  of m e th y la tio n  a t 7  Cμ g  s ite s  in the 
GFAP p ro m o te r and  21 Cμ g  s ites in the firs t exon  th ro u g h  d e v e lo p m e n t and 
aging in G FA P -exp ress ing  tissues  (eg. h ippocam pus) and  n o n -e xp ress ing  
tissues (eg. live r) us ing  lig a tio n -m e d ia te d  p o lym e ra se  c h a in  re a c tio n  
(LMPCR). D uring  b ra in  deve lopm en t, the  leve l o f m e th y la tio n  d e c re a se s  a t 
prom oter C μ g  s ites  w h ile  it inc reases  a t exon s ites . A ll e xon  s ite s  show  a 
transient 20%  d ecrease  ίη m e thy la tion  a t p o s tn a ta l d a y  3, a  p e riod  o f h igh 
GFAP exp ress ion  in the  b ra in . In add ition , w e  are in ve s tig a tin g  
differences in  m e thy la tion  be tw e e n  bra in  reg io n s  and b e tw e e n  sexes. 
Supported by PHS g ra n t A G  00093 and A G  7909.

289.18
EXPRESSION OF FOS AND JUN PROTEINS IN HIPPOCAMPAL 
SLICES. Q. Zhou. Z.-C. Xu. and T. S. Nowak. Jr.* Depts. Anat. & 
Neurobiol. and Neurology, Univ. Tennessee, Memphis, TN 38163 

C-fos mRNA is induced during preparation of hippocampal slices. 
This mRNA is also expressed after ischemia in vivo, but accumulation 
of the encoded protein is limited by postischemic protein synthesis 
deficits. In this study we examined Fos and Jun protein expression in 
hippocampal slices. Male Wistar rats were decapitated under halothane 
anesthesia and brain slices (400 pm) were cut on a vibratome and 
incubated in artificial cerebrospinal fluid equilibrated with 95% O2 , 5% 
CO2  at 23 or 34 °С. At t=0, 1, 2, 3, 4 and 6 h slices were fixed in 4% 
paraformaldehyde and 50 pm vibratome sections were prepared for 
immunocytochemistry. Fos and Jun were detected using polyclonal 
antibodies (Oncogene Science). Jun immunoreactivity was found in 
fresh slices (t=0) with relative levels in dentate>CA3>CAl comparable 
to those observed in normal brain. Jun decreased progressively during 
6 h, with patchy regions of reduced staining in all major neuron 
populations. However, novel Jun expression was transiently detected in 
scattered small cells, presumably intemeurons, in the dendritic regions 
of dentate gyrus and CAI at 2-3 h. Fos was absent at t=0 but 
accumulated in all major neuron populations by 1-2 h, and gradually 
decreased at 3-6 h. Delayed intemeuron staining was observed as for 
Jun. These results demonstrate that Fos and Jun show changes in 
expression in brain slices incubated under standard conditions, with 
prominent intemeuron staining not seen after ischemia in vivo. Fos 
expression may be a useful indicator of signal transduction pathways 
activated during slicing, and may in turn mediate additional changes in 
gene expression of functional significance in brain slices.

289.20
THE TRANSCRIPTION FACTOR NF-KAPPA-B IS EXPRESSED IN BRAIN: 
DNA-BINDING AND INCREASED GENE EXPRESSION AFTER LTP.
P. J. Meberg*. W. R. Kinney. E. G. Valcourt and A. Routtenberg. Cresap 
Neuroscience Laboratory, Northwestern University, Evanston, IL 60208.

NF-/CB is a potent transcriptional activator in non-neuronal systems which can 
reside in latent form in the cytoplasm until effectors such as protein kinase C 
(PKC) cause a release from its inhibitor Іл;В [Ghosh and Baltimore, Nature(1990) 
344:678]. Scant evidence exists as to whether NF-/*cB is expressed in brain. Using 
northern blots and quantitative in situ hybridization we have demonstrated that 
mRNAs encoding the NF-/CB subunits p50 and p65 are widely expressed in rat 
brain. A homologue of I/cB is also widely expressed, but in cerebellum it is 
highly expressed in Purkinje cells and poorly expressed in granule cells. Using 
electromobility gel-shift assays the presence of latent NF-A:B-like DNA-binding 
activity was demonstrated in hippocampal whole cell extracts using the I/cB- 
releasing agent deoxycholate.

Since PKC can activate NF-/CB, and PKC is activated during long-term poten
tiation (LTP) [Akers et al., Science (1986) 231:587], we investigated the possible 
involvement of NF-/CB in LTP. 60 min after high-frequency stimulation of the 
perforant path p50 and p65 mRNA expression increased up to З-fold in granule 
cells in comparison to the contralateral side. mRNA expression was greater after 
LTP than after low-frequency stimulation (LFS) for both p50 (20% higher) and 
p65 (77%), yet LFS also increased p50 and p65 mRNA expression. The mRNA 
expression of the I/cB homologue correlated inversely with the magnitude of LTP 
(r = -0.688; p < 0.05). Since p50 expression is auto-regulated by NF-/CB activity 
[Ten et al., EMBO J. (1992) 11:195], its increased expression is consistent with NF- 
ACB activation. These results suggest that NF-/CB, in combination with other trans
cription factors, may participate in regulating the expression of target genes invol
ved in synaptic changes underlying LTP.[Supported by NIMH grant MH25281-18]
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290.1 290.2
MODEST ELEVATION IN I£  (2.7 mM) INDUCES SYNAPTIC- 
LIKE TRANSIENTS IN Ca^-FREE MEDIA THAT ARE BLOCKED 
BY CAFFEINE IN EMBRYONIC RAT SPINAL CORD NEURONS.
Q.Y. Liu* and J.L. Barker Laboratory of Neurophysiology, NINDS, 
NIH, Building 36/Room 2C02, Bethesda, M.D. 20892.

Caffeine induces Ca release from intracellular stores in many cell 
types and in neurons this may lead to an increase in spontaneous 
transmitter release from terminals. Here we report that 0.2-1.5 mM 
caffeine inhibits spontaneous synaptic-like transients in cultured 
embryonic rat spinal cord neurons. Experiments were performed on 
neurons dissociated from embryos at E16 and cultured for 3-10 days. 
All recordings were carried out at room temperature (22-25°C) using 
СГ filled patch pipettes. Drugs were applied either by directly adding 
them to the bathing medium or by pressure from local pipettes. 
Surprisingly, spontaneous synaptic-like transients were either induced 
or increased in frequency by raising extracellular K+ from 5.4 mM to
8.1 mM. These stimulatory effects of K+ were concentration-dependent. 
The biexponentially decaying transients reversed at about 0 mV, which 
is ECI under these recording conditions, and were tentatively identified 
as GABAergic. Depolarization with addition of CsCl to the cells was 
relatively ineffective. Furthermore, the induction of transients by K+ 
occurred in Ca2+-free media, suggesting that these effects of K+ do not 
involve Ca2* entry. Finally, 0.2-1.5 mM caffeine depressed K+-induced 
transients but had no effect on the current induced by applied GABA.
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AUTOPHOSPHORYLATION OF Ca2+/CALMODULIN-DEPENDENT PROTEIN 
KINASE II (CaM-KII) IS CAPABLE OF REGULATING ITS DISTRIBUTION - 
THROUGH SELF ASSOCIATION. A. Hudmon. J. Aronowski. and M.N. Waxham. 
Dept, of Neurobiolocv and Anatomy, University of Texas Health Science Center, 
Houston, Texas 77025.

Several labs have demonstrated that CaM-KII autoregulates its properties through 
site-specific autophosphorylation (i.e. Ca2+/calmodulin-independence and inactivation 
of the enzyme). A further role of autoregulation was alluded to in experiments 
demonstrating alterations in the cellular distribution (particulate and cytosolic) of 
СаМ-КП in behavioral correlates of synaptic plasticity (Saitoh and Schwartz J Cell 
Biol 1985 (100):835; Willmund et al. PNAS 1986 (83):9789). This in vivo 
precedence for altered cellular distribution of CaM-KII led us to examine the 
possibility that СаМ-КП is capable of autoregulating its distribution through an 
autophosphorylation-dependent mechanism. Using purified cytosolic forebrain kinase, 
we have loosely defined the process of translocation as the appearance of kinase in 
the pellet after autophosphorylation as revealed through centrifugation at 15,000 X g. 
Because ATP and divalente have been observed to alter the activity and site(s) 
autophosphorylated in the enzyme, we have varied the concentration of these agents 
and monitored the distribution and activity of kinase autophosphorylated over time. 
The process of translocation appears to be autophosphorylation-aependent and is 
correlated with a molecular weight shift in the 50 kDa subunit of the kinase to a 54 
kDa form as revealed by SDS-PAGE. High Concentrations of ATP (500 uM) prevent 
this process completely, while lower ATP concentrations (5 and 50 uM) induce 
translocation in a time-dependent manner proportional to the decrease in the 
concentration of ATP. This process is also sensitive to the concentration of Mg2+. 
Low Mg2+ concentrations (0.1 mM) prevented translocation completely while higher 
concentrations (1 and lOmM) induce an autophosphorylation-dependent translocation. 
Interestingly, Mn2+ substituted for Mg2+ is capable of preventing both the formation 
of the 54Ш а form of the enzyme as well as translocation at both concentrations (.5 
and 5 mM) while supporting extensive autophosphorylation of the enzyme. Tryptic 
maps generated from both 50 and 54 kDa forms of the autophosphorylated enzyme 
reveal at least one unique phosphopeptide associated with the 54 kDa form of the 
enzyme. Our results support previous observations that ATP and divalent cations 
influence autophosphorylation-mduced changes in the properties of CaM-KII and 
further suggest that autophosphorylation of unique sites nas the potential to alter the 
distribution of the enzyme.
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290.3
CHARACTERIZATION OF A cDNA CLONE FOR A SYNAPTIC 
MEMBRANE Na+/Ca2+ EXCHANGER. M. L. Michaelis*. I. L. Walsh. G.
D. Hadwiger, and K. S. Bland. Department of Pharmacology and 
Toxicology, University of Kansas, Lawrence, KS 66045.

The Na+/Ca2+ exchanger is believed to be a low affinity, high capacity 
system for transporting Ca2+ across the plasma membrane. The cardiac 
and rod outer segment exchanger proteins have been cloned and 
sequenced, and they have very limited homology to each other. The 
sequence of the brain membrane protein has not been reported. We 
recently described the development of Ab's against a —36 kDa synaptic 
membrane protein and the use of the Ab's to screen a brain cDNA 
expression library (Neurosci. Abst. 18:1140). The clone with a 1.6 kb 
insert identified by the Ab screening has now been sequenced and 
preliminary analyses of the deduced amino acid sequence (342 aa) have 
been performed. Kyte-Doolittle hydrophilicity analysis indicated that the 
insert appears to code for a small, exceedingly hydrophobic protein. 
Chou-Fasman analysis predicted several alpha-helical domains which may 
be membrane-spanning regions. The sequence also contains one 
consensus site for phosphorylation. A 16-mer antisense S-oligonucleotide 
based on the DNA sequence of the insert was found to produce an 
approximately 50% decrease in the intensity of immunoblot staining with 
the anti-exchanger Ab's when primary neurons were treated for 20 hours 
with the antisense probe. Studies are underway to monitor exchanger 
activity in treated cells and to express the protein in fibroblast-like cells. 
(Supported by PHS grant #AA04732, Alzheimer's Assoc, grant #92-122, 
AHA KS Affiliate grant #KS-91-G-07, and GRF, U. of KS).

290.5
PARTIAL PURIFICATION AND CHARACTERIZATION OF 
PROTEOGLYCANS FROM CHOLINERGIC SYNAPTIC  
VESICLES. E.D. Clarkson*. K. Noremberg and S.M. Parsons 
Neuroscience Research Institute, University of California, Santa 
Barbara, California 93106.

Synaptic vesicles isolated from the T o rp ed o  electric organ contain a 
large amount of integral proteoglycan that is associated with the 
acetylcholine transporter. The possibility that more than one 
proteoglycan is present is being investigated. Proteoglycan was 
partially purified by preparative SDS-PAGE. Solubilization conditions 
that prevent aggregation during subsequent handling o f the 
proteoglycan were sought. When the proteoglycan was chromato
graphed on a DEAE-HPLC column at pH 7 in 0.1% Triton X-100 plus 
0.1% Chaps with a salt gradient, 4 species were observed. One eluted 
in the breakthrough volume and 3 proteoglycan like species eluted at 
higher salt concentrations. SVI and SV2 epitopes were present in two 
of the peaks eluted by salt and did not separate from each other. When 
the proteoglycan was chromatographed on a soft gel DEAE column at 
pH 7 in 7 M urea only 2 species were observed. One eluted in the 
breakthrough volume and 1 at very high salt. SVI and SV2 were 
present in the salt peak and did not separate. When proteoglycan was 
chromatographed in 4 M guanidine hydrochloride on HPLC size 
exclusion columns of 500 angstroms and 1000 angstroms pore size, 2 
species were observed. Use of these techniques will facilitate further 
testing of the linkage of the acetylcholine transporter to proteoglycan.

290.7
A MAMM ALIAN HOM OLOG UE OF VAT-1, A SYNAPTIC 
VESICLE-ASSOCIATED PROTEIN. G. A. H iggins*1 and M. C. 
W ilson2. 1M olecular Neurobiology, N IA /N IH , Baltimore, MD 
21224; 2Dept. Neuropharm acology, Scripps Research Institute, 
La Jolla, CA 92037.

We previously isolated cDNA clones that were selected based 
on their expression in rodent hippocam pus bu t not cerebellum. 
R ecen tly , fu ll- len g th  cD N A s co rre sp o n d in g  to these  
hippocam pal-enriched genes w ere isolated and sequenced. A 
survey of the NBRF-PIR database revealed that the longest open 
reading fram e of one of these sequences show s 46.7% overall 
similarity to a fragm ent of VAT-1, a vesicle m em brane protein 
isolated from Torpedo cholinergic presynaptic term inals (Linial 
et al (1988) N euron  2:1265-1273). This sim ilarity  includes a 
stretch of 36 hydrophobic am ino acids that share 88.9% identity. 
N orthern  analysis shows that the corresponding 4.3 kb mRNA 
has the follow ing regional d istribution  in brain: am ygdala > 
hippocam pus > basal forebrain > hypothalam us and tectum  > 
isocortex, bu t is not detectable in cerebellum , w hole brain or 
liver RNA. In situ  hybridization show s w idespread neuronal 
expression, including hippocam pal and basal forebrain neurons. 
F urther stud ies w ill de term ine  w h eth er th is m olecule is 
associated w ith the m em brane of the synaptic vesicle in rodent 
brain.

290.4
DOPAMINE TURNOVER IN SYNAPTIC VESICLES 
ISOLATED FROM RAT BRAIN. E. Floor* and Y. Wang. Dept. of 
Physiology & Cell Biology, Univ. of Kansas, Lawrence, KS 66045.

Regulation of monoamine levels was studied in -80% pure synaptic 
vesicles from rat brain. Accumulation of [3H]dopamine (DA) present at 
physiological levels in the external solution, 0.1-0.3 μΜ, was measured 
in 90 mM KC1, 50 mM HEPES pH 7.8 buffer at 30eC by rapid filtration. 
These vesicles contain no endogenous monoamines, and the contami
nants are flat pieces of membrane. In this system, vesicular DA reached a 
plateau level after -30  min and gradients of >600:1 were established after 
10 min. If active transport was blocked with 5 nmol reserpine/mg protein 
(-1 μΜ) or 3 μΜ tetrabenazine at this time (10 min), DA efflux occurred 
with first-order kinetics (ti/2 -15  min) over the next 15 min. The nature of 
this transporter-independent pathway is unknown. Mechanisms based on 
several possible artifacts can be excluded. For example, the blockers did 
not affect the vesicular proton gradient, efflux was unaffected when 
antioxidants were present during isolation, and similar efflux was seen in 
isoosmotic sucrose buffer, in which ion gradients are minimal. All efflux 
was blocked at 0°C. An additional pathway of efflux was seen when 
vesicles containing [3H]DA were diluted 50-fold into medium of identical 
composition but with unlabeled DA. After dilution, [3H]DA escaped with 
ti/2 ~7 min. About half of this efflux was blocked with reserpine or tetra
benazine. The two pathways of DA turnover thus appear to be similar in 
magnitude under these conditions. These results suggest a dynamic 
model of monoamine storage in CNS neurons in which the level in 
synaptic vesicles is in equilibrium with cytosolic amine and can be 
modulated on a time scale of minutes.

S u p p o r te d  b y  N ĪH  G ra n t N S  2 4 8 9 0 .

290.6
IDENTIFICATION OF A SYNAPTIC EXTRACELLULAR 
MATRIX MOLECULE FROM T O R P E D O  ELECTRIC ORGANS. 
Z-C. Xiao. L. Deng and C-P. Ko*. Dept. of Biol. Sci. Univ. of 
Southern Calif. Los Angeles, CA 90089.

Peanut agglutinin (PNA) recognizes synaptic extracellular matrix 
(ECM) and has been used as a probe to demonstrate the remodeling 
of ECM in frog neuromuscular junctions (NMJs) in  v ivo . To further 
understand the mechanisms o f synaptic remodeling and differentiation, 
we have identified a PNA-binding molecule in synaptic ECM with 
biochemical and immunocytochemical methods. T o rp ed o  electric 
organs rich in synaptic ECM were used to obtain a crude ECM 
extract. After TCA precipitation and re-suspension o f the extract, 
PNA-binding molecules were isolated with affinity chromatography 
using PNA-agarose beads. Silver staining o f SDS-polyacrylamide gels 
showed a major band with 30 kDa. This protein transferred onto 
nitrocellulose membranes was recognized by PNA on lectin blots. 
Antiserum raised against the eluate also recognized the 30 kDa band 
on Western blots. Furthermore, similar to PNA staining, the 
antiserum stained T o rp ed o  electric organs and frog NMJs . The ECM 
remnants of frog NMJs following denervation and muscle damage 
were stained by both the antiserum and PNA. These results suggest 
that synaptic ECM in the frog NMJ contains a PNA-binding molecule 
similar or identical to the 30 kDa PNA-binding molecule isolated from 
T o rp ed o  electric organs. (Supported by NIH grant NS 17954).

290.8
SYNAPTOSOMAL ASSOCIATED PROTEIN -25 (SNAP-25), N- 
CAM AND "CHAPERONIN 70" INTERACT TO FORM A  
MULTIMERIC COMPLEX IN MOUSE BRAIN. C.S.K. Mavanil’. 
Lab. of Oculo Cerebrospinal Invest., Children’s Mem. Med. Ctr and 
Northwestern Univ. Med. Sch., Chicago IL 60614.

Potential interactions between synaptosomal membrane and 
cytosolic components isolated from postnatal day 1 mouse brain 
were analysed by Triton X-100 and CHAPS solubilization followed 
by sucrose gradient sedimentation and immunoprecipitation. The 
behaviour of N-CAM, synaptotagmin-1, SNAP-25, "chaperonin 60" 
and "chaperonin 70" was monitored by immunoblot analysis. The 
detergent solubilization did not alter the interaction of the 
multicomponent complex. However, treatment of synaptosomal 
membrane and cytosolic components with apyrase (10 units/ml) or 
ATP (2.5 mM) prior to solubilization resulted in two predominant 
interactions, one involving N-CAM, "chaperonin" 70 and SNAP-25 
(in the presence of apyrase) and the other involving N-CAM, 
"chaperonin" 60 and "chaperonin" 70 (in the presence of ATP). The 
interaction of SNAP-25 with the multicomponent complex was ATP- 
sensitive. (Supported by Kiwanis International and NIH S07- 
RR05475).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY PM SYNAPTIC STRUCTURE AND FUNCTION II 701

290.9

IMMUNOCYTOCHEMICAL LOCALIZATION OF SYNAPSINS lb AND 
lib IN ADULT RAT NEOSTRIATUM. G. Campistron*. L. Descarries. 
G, Doucct. A.J. Czernik and P. Greengard. Centre de recherche en sciences 
neurologiques and Dép. de pathologie, Université de Montréal, Montréal (Qc), 
Canada, and The Rockefeller University, New York, NY, USA.

We sought evidence for a differential localization of synapsins lb (Syn lb) 
and lib (Syn lib) in axon terminals of adult rat neostriatum. Tissue from 2 rats 
was processed for PAP-immunocytochemistry with rabbit polyclonal 
antibodies against specific peptide sequences of Syn lb or Syn lib, after 
primary fixation of the brain by perfusion of a paraformaldehyde 
(4%)/glutaraldehyde (0.1%) mixture. In superficial, single ultrathin sections 
from the center portion of vibratome sections across the rostral third of 
neostriatum, Syn positive (+) were compared to Syn negative (-) terminals 
interspersed among them, as to frequency, size, presence and type of synaptic 
membrane specialization and junctional targets. Syn Ib+ and Syn IIb+ 
terminals respectively represented 75% and 78% of all terminals in this 
material. They were of similar size and significantly larger (sectional area: 
0.23 pm2 ± .14 sd; diameter: 0.48 pm ± .14 sd) than their respective lb- and 
lib- counterparts, which were themselves similar in size (sectional area: 0.16 
pm2± .08 sd; diameter: 0.40 pm ± .10 sd). The Syn Ib+ and Syn llb+ 
terminals also showed a similar frequency of synaptic junctions (68% and 69% 
of these profiles, respectively: 90% asymmetrical, >95% on dendritic spines), 
and differed again from their negative counterparts as to this parameter (35% 
and 43% synaptic: 95% asymmetrical, >95% on dendritic spines). These data 
suggest that Syn lb and Syn lib are not present in all synaptic terminals of 
adult rat neostriatum and are likely to be co-localized to the same terminals. 
Neostriatal terminals immunoreactive for Syn lb and/or Syn lib are larger and 
make more synaptic membrane specializations than the others. This selective 
distribution may reflect functional differences among synaptic terminals in this 
brain region. (Supported by MRC grants MT-3544 and MT-10982).

290 .1 1

PURIFICATION AND SEQUENCING OF A POSSIBLE SYNAPTIC RIBBON 
ANTIGEN (RAAP.1) IN MOUSE RETINA Grant W. Balkema*, Hung T. 
Nguyen, Elicia Estrella, & Jennifer Elwell. Biology Department, Boston Col
lege, Chestnut Hill, MA 02167.

The monoclonal antibody B16 labels a structure in the photoreceptor termi
nal which resembles the photoreceptor ribbons. Previous results have shown 
that the developmental expression of the protein is similar to previous pub
lished reports for the synaptic ribbon.

The antibody recognizes six bands from retina or brain homogenates: 31 kD 
(enriched in retina), 49 kD (enriched in heart), 78kD, 85 kD, 88 kD, and 
102kD (enriched in retina). In Western blots from bovine retina that had been 
separated on the basis of the pi of the protein and Mr, we were able to excise 
a well isolated band that was subsequently sequenced.We found a strong 
homology to the mitochondrial enzyme aconitase. Of the 100 + residues 
identified only three were not homologous to aconitase. We confirmed the 
aconitase identity by determining that the B16 antibody does recognize puri
fied aconitase (Sigma or a gift from M. Kennedy, Medical College of Wiscon
sin). In addition, when we examined Western blots labeled with an antibody 
against aconitase (gift from H. Zalkin, Purdue University), we found three la
beled bands: 88kD, 85kD (aconitase) and 31 kD. However, polyclonal anti
bodies that we generated against both native or denatured aconitase (or H. 
Zalkin’s antibody) did not recognize synaptic ribbons in mouse retina.

Thus, three of the seven proteins recognized by the B16 monoclonal anti
body share epitopes with aconitase. Of the remaining proteins, the 102kD 
protein is particularly interesting because it is highly enriched in both retina 
and in the retina synaptosomal preparation compared to brain. This 102 kD 
protein also co-purifies with synaptophysin.

(Supported by NSF BNS-8919829 and Boston College Research Fund.)

290.10
DISTRIBUTION OF DYSTROPHIN, DYSTROPHIN-RELATED PROTEIN 
AND DYSTROGLYCAN IN THE RETINA. F.Montanaro.S.L. Roherds*.
K.P. Campbell*. S. Carbonetto*. CRN, McGill Univ. Montreal Gen. Hosp. 
Res. Inst., Montreal, Canada, H3G 1A4; toward Hughes Med. Inst. & 
Dept. Physiol and Biophysics. Univ. of Iowa, Iowa 52242.

In muscle, dystrophin is linked to a transmembrane complex which 
includes dystroglycan (DG). The complex is also located at the 
neuromuscular junction where it interacts with dystrophin-related protein and 
possibly laminin on the cell surface. Dystrophin has also been localized to 
some synapses in the CNS (Lidov et al., Nature 348:725,1990). We have 
used immunohistochemical methods to assess whether dystrophin and DRP 
are colocalized along with DG in synaptic regions of the mouse retina. 
Dystrophin-specific antisera selectively label the outerplexiform layer (OPL) 
in a punctate pattern throughout the retina (Miike et al., Brain Dev. 
11:344, 1989). In contrast, DRP specific antisera only labeled blood vessels 
in the peripheral retina, while a punctate staining pattern similar to that for 
dystrophin is present in the OPL and photoreceptor layer (PRL) in the 
central retina. Laminin is only found around blood vessels. DG antisera 
strongly labels the OPL throughout the retina but no clear punctate pattern 
is discernable. In the central retina, a punctate pattern of DG identical to 
that of DRP is also present in the PRL. No immunoreactivity is detected 
around blood vessels. The codistribution of DG with dystrophin and/or 
DRP suggests that these may be complexed within the OPL. The absence 
of laminin within that layer suggests that DG is not associated with laminin 
but may have structurally similar ligands within the retina.

290.12
IMMUNOLOGICALLY RELATED POLYPEPTIDES LOCATED EXCLUSIVELY 
IN THE PLASMA MEMBRANES OF SYNAPTIC JUNCTIONS AND PUNCTA 
ADHAERENS JUNCTIONS IN THE RAT BRAIN. R. S. Lasher* and P.F. 
Ericksont. Depts. of C & S Biology and Medicinet, Univ. Colorado Med. Sch., 
Denver, CO 80262.

Previous work, using the monoclonal antibody F4, indicated the existence of an 
external epitope associated exclusively with the plasma membrane (PM) of the 
synaptic junction (SJ) [R.S. Lasher, et al. 1988. Brain Res. 452:1841. Using anew 
method for localizing conformational epitopes in Western blots after SDS PAGE 
[M.J. Fulop, etai. 1992. Anal. Biochem. 203:1411 we have been able to demonstrate 
that F4 recognizes in salt-stripped SJs about 8 polypeptides having apparent mole
cular weights in the range of 31 kDa-53 kDa. Six of these polypeptides (31 kDa-44 
kDa) appear to be readily soluble after extraction of SJs with urea and 
ß-mercaptoethanol. Isoelectric focusing of soluble SJs followed by probing of 
Western blots with F4 indicate that there are 4 positive bands at pH 5.9, 6.1, 6.6 and 
6.8. Each of these bands appears to contain a complex of the same polypeptides in 
different proportions. These polypeptides represent most, if not all, of the F4 postive 
bands seen in Western blots of urea soluble SJs after SDS PAGE. Rabbit 
monospecific antibodies to most of these bands have been isolated by affinity chroma
tography from a polyclonal antiserum to synaptosomal PMs. Antibodies to 2 bands 
at 43-44 kDa and 1 band at 41 kDa react exclusively with apparent synapses in living 
cultures of rat cerebellum as seen for F4. Electron microscopy of Vibratome sections 
of rat cerebellum indicates that these antibodies react exclusively with PMs of SJs and 
puncta adhaerens junctions; PMs of cell bodies and processes are negative. 
Intracellularly, immunoreactivity is associated with the PMs of synaptic vesicles and 
with the dendritic spine apparatus. This discrete localization of the epitopes in the 
synapse, and the fact that their expression is reduced >90% in PMs of growth cones, 
suggests that they may play a role in junctional adhesion and/or vesicle recycling.

CALCIUM CHANNEL PHARMACOLOGY AND MODULATION I

291.1
CORTICOSTEROID INDJJCED EFFECTS ON VOLTAGE 
DEPENDENT CALCIUM CURRENTS IN RAT HIPPOCAMPAL 
CA1 NEURONS. H. Karst. W.J. Wadman and M. Joels*. Dept 
Exp. Zoology, University of Amsterdam, The Netherlands.

In rat hippocampal CA1 neurons mineralocorticoid receptors 
(MRs) and glucocorticoid receptors (GRs) are expressed. 
Selective occupation of the corticosteroid receptors results in 
long lasting changes of membrane properties, e.g. the slow Ca- 
dependent K-conductance. In this study we examined whether 
the steroid mediated effects on the Ca-dependent K- 
conductance could be due to altered Ca-influx. With the in situ 
patch clamp technique in slices of the hippocampus voltage 
dependent Ca-currents were elicited in CA1 neurons . In rats 
that were adrenalectomized (ADX) 1-4 days earlier, Ca-currents 
were comparable to those in Sham operated controls. With 
longer periods of ADX, particularly the low-threshold Ca-current 
was enhanced. In tissue from both short and long term ADX 
rats, low and high threshold Ca-currents were decreased 1-3 
hrs after selective occupation of the MRs by corticosterone (30 
nM) in the presence of a GR antagonist, RU 38486 (500 nM). 
Ca-currents were also small after selective GR activation with 
RU 28362 (30 nM). However, simultaneous occupation of MRs 
and GRs with 30 nM corticosterone, restored the Ca-currents to 
values of the Sham operated controls. The results indicate that 
the Ca-current amplitude may fluctuate during the day, due to 
differences in relative MR- and GR-occupation.

291.2
NEUROSTEROIDS MODULATE CALCIUM CHANNEL CURRENTS IN 
HIPPOCAMPAL CAI NEURONS VIA PERTUSSIS TOXIN SENSITIVE 
G-PROTEIN COUPLED MECHANISMS. KT Spence*. P Danks, and JMH 
ffrench-Mullen, ZENECA Pharmaceuticals Group, Wilmington, DE 19897.

The mechanism of action of neurosteroid inhibition of the voltage-gated Ca2+ 
channel currents was examined in freshly dissociated pyramidal neurons from the 
adult guinea-pig hippocampal CAI region using the whole-cell patch clamp tech
nique. The steady-state block of the peak Ca2+ current evoked by depolarizing 
steps from -80 to -10 mV occurred in a concentration-dependent manner with the 
following ICjo’s: pregnenolone-sulfate (PES), 11 nM, pregnenolone (PE), 130 nM 
and allotetrahydrocorticosterone (THCC), 298 nM. PES, PE and THCC only 
blocked a fraction of the total Ca2+ channel current with a maximal block of 60% 
of the total current. Intracellular dialysis of PES had no effect on the Ca2+ channel 
current; concomitant extracellular perfusion of PES showed normal blocking 
activity. This suggested that the steroid binding site can only be accessed 
extracellularly. However, substitution of an acetate for the sulfate group resulted 
in complete loss of activity. In neurons isolated from pertussis toxin (PTX)-treated 
animals by chronic in vivo infusion (1000ng/24 h/48 h), the Ca2+ current inhibition 
by PES, PE and THCC was significantly (PcO.03) diminished. Intracellular 
dialysis with the PTX-A protomer (2μg/ml) also significantly (PcO.Ol) diminished 
the PES and THCC inhibition. Intracellular dialysis with GDP-ß-S (500μΜ) also 
significantly (P<0.03) diminished the PES, PE and THCC inhibition. PM A 
(500nM) significantly (PcO.03) reduced the PE and PES inhibition. Intracellular 
dialysis with H-7 (50μΜ), staurosporine (lOOnM) and a protein kinase A inhibitor 
(ΙμΜ) also significantly (P<0.03, respectively) diminished the THCC and PES 
inhibition of the Ca2+ current.Thus neurosteroids, acting via a membrane receptor 
site, modulate the Ca2+ channel current via a PTX-sensitive G-protein(s) coupled 
mechanism involving both protein kinase A and C.
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291.3
RETINOIC ACID DIFFERENTIATION RESULTS IN N-TYPE CALCIUM 
CHANNEL SELECTIVITY IN NEUROBLASTOMA SH-SY5Y CELLS.
R. J. Stumpo*. J. Patel and L. M. Pullan. Zeneca Pharmaceuticals 
Group, Zeneca Inc., Wilmington, DE 19897-2300 

Calcium influx through N-type or L-channels in neuroblastoma 
SH-SY5Y cells as measured by the fluorescence of the chelator fura-2 
is affected by retinoic acid. Depolarization (50mM K+) induced Ca2+ 
influx in undifferentiated cells is inhibited by the N-type channel 
ligand ω-conotoxin GVIA (ω-СдТх) or the L-type channel ligand 
nicardipine. Nicardipine and ω-СдТх at 1 μΜ, reduced the 
depolarization induced Ca2+ influx to the same extent. Treating the 
cells for 8 to 10 days with 10 μΜ retinoic acid increases cell growth 
and changes cell morphology. Pharmacologically, the ω-СдТх 
sensitive Ca2+ influx is more dominant in the retinoic acid treated 
cells. ω-СдТх reduced the Ca2+ influx by 65% whereas nicardipine 
only inhibited 26% at 1 μΜ. Suggesting that retinoic acid 
differentiated SH-SY5Y cells express more voltage sensitive Ca2+ 
channels that are regulated by ω-СдТх. Pertussis toxin treatment (24 
hrs) reduced potassium induced Ca2+ influx by 40%. The remaining 
signal was not sensitive to ω-СдТх. Thus, the ω-СдТх sensitive 
signal may be coupled to a G-protein. Therefore, retinoic acid 
differentiation induces morphological changes in SH-SY5Y cells that 
are apparently regulated by a pertussis toxin sensitive G-protein. 
Retinoic acid differentiated SH-SY5Y cells are a good model to study 
ω-СдТх sensitive Ca2+ influx.

291.5
MODULATION OF VOLTAGE-DEPENDENT CALCIUM CHANNELS 
BY NIMODIPINE IN MAMMALIAN CEREBELLAR NEURONS. 
C. Marchetti . C. Amicò and C.Usai. 1st. Ciber
netica e Biofisica, C.N.R., 16146 Genova, Italy.

We have studied the effect of nimodipine on 
the voltage-gated Ca++ channels in cultured 
cerebellar neurons from neonatal rats, by con
ventional and perforated patch whole-cell re
cording technigues. Ca++ current can be tempta- 
tively classified as «25% nimodipine-sensitive, 
«25% û)-conotoxin-sensitive and «50% insensitive 
to both ligands. The actions of 6)-conotoxin and 
nimodipine are approximately additive. Parallel 
studies have been performed on the cytoplasmic 
calcium rise, induced by membrane depolarization 
with high external KC1 and measured by the 
fluorescent Ca++ chelator Fura2. KC1 (25 mM) 
elicits a fast rise of the Ε^40/Ε380 fluorescen
ce ratio, 3+6 times the resting level. Despite 
its limited effect on Ca++ current, nimodipine 
(1-MO μΜ) reduces the KCl-induced [Ca++]^ growth 
by over 85%. Lower doses (10-M00 nM) do not 
affect the initial [Ca++]į increase, but produce 
a relaxation to a smaller plateau level. Both 
the relaxation rate and the steady-state [Ca++]į 
are dose-dependent. The time course of recovery 
from the inhibitory effect of nimodipine is 
strictly dependent on the duration of treatment.

291.7
AN ETa-RECEPTOR ANTAGONIST, FR 139317, INHIBITS CA2+-MEDIATED 
HYPERMETABOLIC RESPONSES TO INTRAVENTRICULAR ENDOTHELIN.

PM . Gross*, D.F. Weaver, L.T. Ho, JJ . Pane, F.J. Espinosa, and L. Edvinsson1. 
Depts. of Surgeiy, Medicine, Physiology & Chemistiy, Queen’s Univ. & Kingston Gen. Hospital, 
Kingston, Canada K7L 3N6 and 'Dept of Interaal Medicine, Univ. Hospital, Lund, Sweden.

Lateral ventricular (icv) endothelin-1 (ET, 3-18 pmol) in rats produces convulsions, 
arterial hypertension, and profound metabolic activation of periventricular white and gray 
matter; these responses are mediated in part via Ca2+ L-channels as they are inhibited by 
the dihydropyridine, nimodipine (Neuropeptides 21:211, 1992). Using the novel ET 
antagonist, FR 139317, we tested the hypothesis that these neuroexcitatory effects of ET 
involved the A class of ET receptors which may be coupled specifically to membrane 
Ca2+-channels. Saline (3 μΐ), ET (9 pmol), FR (6-28 nmol) + saline, or FR + ET were 
given icv to different groups of rats in which we monitored behavior and the 
cardiovascular system, and applied the quantitative autoradiographic [14C]deoxyglucose 
method to measure rates of cerebral glucose metabolism (GM). Whereas saline and FR 
were without behavioral, cardiovascular or metabolic effects in the brain (ipsi. vs. contra, 
responses), ET evoked barrel-rolling and other convulsive signs, a 27% increase in 
arterial blood pressure, and hypermetabolic responses in the ipsilateral corpus callosum 
(CC, white), caudate n. (CN), and lateral septal n. (LSN) (range of GM increases = 164- 
270%). Following icv pretreatment with 28 nmol FR, the barrel-rolling and hypertensive 
effects of ET were eliminated, as was the hypermetabolic response in the CN (+8%). 
Statistically significant, but substantially moderated, stimulatory effects of ET on GM 
persisted after FR treatment in the CC (+26%) and LSN (+50%). The findings 
demonstrate that ETA-receptors, blocked by icv FR 139317 and implicated to act on 
membrane Ca2+ L-channels, account for most of the metabolic activation occurring in 
the brain after central administration of a convulsive/hypertensive dose of ET. Use of 
icv ET and selective ET receptor antagonists in behaving rats studied with 
[14C]deoxyglucose autoradiography offers an effective model for examining the 
relationship between neuronal Ca2+ homeostasis and cerebral function in vivo.

291.4
HEPOXILINS, ARACHIDONIC ACID METABOLITES, SELECTIVELY 
ATTENUATE THE HIGH THRESHOLD CALCIUM CURRENT IN RAT HIPPO
CAMPAL DENTATE GRANULE NEURONS. N .Gurevich*. C.R. Pace-Asciak. C.
E. Niesen and P.L. Carlen. Playfair Neuroscience Unit, Toronto Hosp. Research 
Inst., Univ. of Toronto and Hosp. for Sick Children Research Inst., Toronto, 
Canada.

Hepoxilins (Hx), hydroxy epoxide metabolites o f arachidonic acid (AA), are 
formed in hippocampal slices from 12(S)-hydroperoxyeicosatetraenoic acid (12(S)- 
HPETE), the initial product in the 12-lipoxygenase pathway. HxA3 and its 
glutathione metabolite, HxA3-C, in nM concentrations, increased resting membrane 
potential, afterhyperpolarizations and inhibitory postsynaptic potentials but decreased 
spike threshold in hippocampal CAI neurons ( Pace-Asciak et al., 1990, Gurevich 
et al., 1991). Recent data has shown that AA modulates voltage-dependent Ca2+ 
currents (ICa) in neuronal cells and HxA3 can mobilize intracellular Ca2+ in human 
neutrophils, a possible G-protein mediated event ( Pace-Asciak et al., 1991).

The effects o f bath applied Hx on ICa were studied with whole-cell patch-clamp 
recordings on dentate granule neurons in adult rat hippocampal slices at 23° and 35°
C. Na+ and K+ currents were blocked and 1-10 mM ВАРТА was added to the 
pipette solution to buffer intracellular Ca2+. Hx did not affect the T-type current 
elicited from a holding potential (VH) between -65 and -85 mV or the L-type current, 
VH=  -25 to -30 mV. Hx did depress, however, the amplitude o f the high threshold 
current (VH= -65 to -85 mV) evoked by depolarizing steps to between 0 and +20  
mV by 25% at nM concentrations. The maximal effect occurred 5-10 minutes after 
the change of solutions. There was no change in holding or leak currents.

Our data suggest selective modulation o f the high voltage activated ICa by Hx. 
Possible involvement of G-proteins in the reduction o f ICa by Hx is under 
investigation. (Supported by MRC and MRC group " Nerve cells and Synapses").

291.6
URETHANE DEPRESSES HIGH VOLTAGE ACTIVATED Ca*2 CURRENTS 
IN RAT SENSORY NEURONS
R .J. Hartenstine*, J.J. KendiQ, Dept. of Anesthesia, 
Stanford Univ. Sch. of Med., Stanford, CA 94305

Urethane is a commonly used laboratory animal anes
thetic in physiological studies. We examined the ef
fects of urethane on high voltage activated (HVA) Ca*2 
currents, including those which may mediate Ca*2 depen
dent neurotransmitter release. Dorsal root ganglia 
(DRG) from neonatal rats (4-8 days old) were en
zymatically and mechanically dissociated and recordings 
were made using the whole cell patch clamp technique. 
Calcium current was isolated by using an extracellular 
solution containing TEA-СІ and ΙμΜ tetrodotoxin and an 
intracellular solution containing CsCl. Urethane was 
applied by superfusion while HVA Ca*2 current was evoked 
by stepping from a holding potential of -80 mV to -10 mV 
or -30 mV for 200 ms. The HVA current was depressed at 
urethane concentrations greater than 10 mM. The depres
sion of HVA current was never greater than 50% of contr
ol even with 100 mM urethane. The rapid dose dependent 
decrease of the inactivating and non-activating com
ponent of HVA current was rapidly reversible to control, 
therefore urethane's site of action is most likely at 
the cell membrane or at the calcium channel protein. A 
depression in calcium dependent neurotransmitter release 
may account for some of the anesthetic effects of ureth
ane reported at concentrations of 10-15 mM.

291.8
ΜΥ0Τ0ΧΙΝ a ENHANCES CALCIUM RELEASE FROM HEAVY SARCOPLASMIC 
RETICULUM AND CONVERTS THE RYANODINE RECEPTOR TO A HIGH- 
AFFINITY STATE. M.L.Yudkowskv.1 J.E.Fletcher*.1 J.Beech2. 
Dept. of Anesthesiology, Hahnemann Univ.,Phi la., PA 19102 
and 2Dept. of Clinical Studies, Univ. of PA School of Vet. 
Med., Kennett Sq., PA 19348.

Myotoxin a (MYOa), from snake venom, induces necrosis 
similar to that seen with many skeletal muscle disorders. 
One of the first sites of observable damage occurs in the 
sarcoplasmic reticulum (SR) and it is believed that this 
structure is most susceptible to the toxin effect(s). 
Since the primary functions of the SR are Ca2* uptake and 
release, we examined the effects of the toxin on Ca2* 
regulation in heavy SR fractions from human and equine 
skeletal muscle. Ca2* uptake and release [the threshold of 
Ca2*-induced Ca2* release (TCICR)] were examined by dual 
wavelength spectrophotometry. The toxin lowered the TCICR 
in a dose-dependent manner (1-10 μΜ) and this effect was 
antagonized by ruthenium red (RR; 10 μΜ), a Ca2* release 
channel blocker. Ca2* uptake into equine heavy SR was also 
decreased by MYOa (10 μΜ) and this effect was also blocked 
by RR. [3H]Ryanodine binding to equine heavy SR was 
converted from a low affinity state (Kd = 102.3 ± 19.8 nM; 
mean + SEM) to a higher affinity state (Kd = 34.8 ± 6.3 nM) 
by MYOa (10 μΜ). These results suggest that MYOa exerts a 
specific, primary effect on the calcium release channel 
(ryanodine receptor). MYOa may prove to be a useful tool 
to probe the modulation of the calcium release channel.
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291.9
ISOFLURANE INHIBITS M U LTIPLE VO LTA G E-G A TED  CALCIUM  
CURRENTS IN HIPPOCAMPAL PYRAMIDAL NEURONS R .E. Study*. 
Dept. of Anesthesia, Brigham and Women’s Hospital and Harvard Medical 
School, Boston, MA 02115

The mechanisms by which volatile anesthetics produce general anesthesia 
are as yet unknown. Voltage-gated calcium currents are potential target sites 
for general anesthetics because they are involved in the regulation of 
neuronal excitability and are essential for synaptic transmission. This report 
shows that isoflurane, the most widely-used volatile anesthetic, inhibits 
voltage-gated calcium currents recorded from dissociated rat hippocampal 
pyramidal neurons using whole-cell patch-clamp. This effect was shared by 
halothane and enflurane, but isoflurane was used in most experiments 
because of its faster onset and offset of effect. Isoflurane inhibited both the 
high- and low-voltage activated calcium current in a clinically relevant 
concentration range, giving half-maximal inhibition of the peak high-voltage 
activated current (measured at current maximum) at about 2% gas phase 
concentration, and the sustained current (measured at the end of an 800 
msec depolarization) at about 1%. Low-voltage activated (T) current showed 
similar sensitivity. Isoflurane also accelerated both components of the two- 
component exponential decay of the high-voltage activated current. Studies 
using the specific channel blockers nitrendipine and ω- conotoxin GVIA 
showed that the calcium current contained contributions from T, L, N, and 
other channels, including probably P channels. All of these types showed 
inhibition by isoflurane in clinically relevant concentrations. Given the 
importance of calcium currents in the regulation of neuronal excitability, and 
the involvement of P and N channels in neurotransmitter release, this effect 
may represent an important action of volatile anesthetics in producing 
general anesthesia.

291.11
Lambert-Eaton Syndrome Serum Inhibits P-type Calcium Channels in 
Small-Cell Lung Cancer Cells. Michael P. Viglione* and Yong I. Kim. 
Departments o f  Biomedical Engineering, Neuroscience & Neurology, University 
of Virginia Health Sciences Center, Charlottesville, VA 22908.

Small-cell lung cancer (SCLC) cells express voltage-dependent calcium 
channels. It is thought that an immune response is mounted against the Ca2+ 
channels in the tumor cells and that the autoantibodies destructively cross-react 
with Ca2* channels at the neuromuscular junction (NMJ). The subsequent loss 
of Ca2* channel function results in the paraneoplastic disorder, Lambert-Eaton 
Syndrome (LES), characterized by a deficient release o f  АСҺ at the NMJ and 
profound muscle weakness.

In order to explore whether LES serum reduces Ic, in SCLC cells (NCI-H146) 
by specifically down-regulating certain types o f Ca2+ channels, we examined the 
efficacy of to-Agatoxin-IVA (ɷ-AgTx, 100 nM) in inhibiting I c a in cells treated 
with control or LES serum (1 mg/ml IgG for 24 hours). Under control 
conditions, ɷ-Aga-IVA reduced I c a by 38 ±  2%  (mean ± SEM, n=24). The 
serum from an LES patient likewise resulted in a 28 ±  8% decrement o f I c a. In 
SCLC cells preincubated in LES serum for 24 hours, however, the toxin was 
58 ± 19% (n=24, p<0.005) less effective than in control cells.

It therefore seems likely that the serum is causing the down-regulation of 
co-AgTx-sensitive Ca2+ channels. This result is particularly intriguing as P-type 
channels, which are sensitive to ɷ-AgTx, may well be the channel type at the 
mammalian NMJ (Uchitel et al., Proc. Nall. Acad. Sci 89: 3330, 1992 and Kim 
et al., Soc. Neurosci. Abstr., submitted 1993). Thus, P-type Ca2+ channels 
expressed by SCLC cells may be one o f the possible antigenic stimuli for the 
production o f pathologic antibodies in paraneoplastic LES.
(Supported by NIH grant NS18607 and the Muscular Dystrophy Association).

291 .13

0KADAIC ACID AND CALYCULIN A PROLONG THE CALCIUM 
DEPENDENT ACTION POTENTIAL IN LEECH RETZIUS CELLS._L 
Zhao.and A.L. Kleinhaus*. Dept. o f Cell Biology.& Anatomy,New York 
Medical College, Valhalla,N.Y. 10595.

The Retzius cell (R) is a serotonergic multifunction neuron crucial for the 
control o f  essential behaviors. During excitation the a c t i o n  p o t e n t i a l  i s  
predominantly Ca?+-dependent when counteracting Ļ  and IA K"-currents are 
blocked by tetraethylammonium chloride (TEA) and 4-aminopyridine (4-AP) 
respectively. We have recently shown that, in this neuron, okadaic acid (OA), a 
specific inhibitor o f type 1 and 2A protein phosphatases (PP), slows the 
recovery o f  [Caļ to baseline levels following its elevation by IC-depolarization 
(Kleinhaus et. al., Soc. Neurosci. Abstr., 17, 1991).

This study was done to determine whether this persistent rise in [Ca] was 
accompanied by maintained Ca?+ entry into the cell during electrically evoked 
APs. The experiments were performed on R cells bathed in normal Ringers 
solution (120mM NaCl, 4mM KC1, lOmM CaC12, lOmM Tris) containing 25 
mM TEA and 3 mM 4-AP. Twenty minutes following bath application o f OA 
ΙμΜ and 5μΜ, AP duration increased irreversibly by 108% (p<0.02) and 406% 
(p<0.005) respectively. Exposure to Calyculin A  5μΜ prolonged the AP by 
593% (p<0.005). OA and Calyculin A  did not significantly affect the resting 
membrane potential (MP), the Na+- dependent AP, nor the recovery o f  the MP 
to control values following K-induced depolariztion.

The results suggest that inhibition o f  type 1 and type 2A PP prolongs Cá+- 
entry through the divalent cation channels. This action may in part underlie the 
slowing o f  recovery o f [Ca] following an increase induced by K+- 
depolarization in the presence o f  OA. Voltage-clamp experiments are currently 
in progress to verify this hypothesis.[Supported by the Whitehall Foundation 
and NSF-9111342 to ALK].

291.10
Effect of Amyotrophic Lateral Sclerosis Plasma on Calcium Currents in 
Bovine Adrenal Chromaffin Cells. Thomas J, O’Shaughnessv. Michael P, 
Viglione and Yong I. Kim.* Departments o f  Biomedical Engineering, 
Neuroscience & Neurology, University o f  Virginia Health Sciences Center, 
Charlottesville, VA 22908.

Amyotrophic lateral sclerosis (ALS) is a degenerative neuromuscular disease of 
unknown cause in which motor neurons are progressively destroyed. Recent 
studies have suggested that ALS may have an autoimmune nature. Uchitel et al. 
{Proc. Natl. Acad. Sci. 85:7371, 1988) showed in vitro that ALS immunoglobulins 
cause an increase in MEPP frequency at the neuromuscular junction.

We used the patch-clamp technique in order to directly examine the effect of 
plasma from one ALS patient on calcium currents (ICa) in bovine adrenal 
chromaffin cells. These cells are a commonly used model of sympathetic neurons, 
and have recently been found to express P-type Ca2+ channels (Kim et al., Soc. 
Neurosci. Abstr., 1993), the same Ca2+ channels found at the neuromuscular 
junction (Uchitel et al. Proc. Natl. Acad. Sci. 89:3330, 1992). The chromaffin 
cells were incubated for 30 minutes in either 25% control or ALS plasma. Four 
out of six experiments showed a 27±11% (mean±SEM) increase in ІСї (from 
21.32±2.52 pA/pF, n=33, to 28.65±2.87 pA/pF, n=32), while the other two 
experiments showed a decrease of 17±7% (from 27 .7Ш .10 pA/pF, n=16, to 
23.38+2.44 pA/pF, n=16).

The increase in 1^ is consistent with the augmentation of MEPP frequency after 
exposure to ALS antibodies. We are continuing to explore the possibility that ALS 
plasma may cause increases in 1^, which then results in a cytotoxic level of 
intracellular calcium.
(Supported by NIH grant NS 18607 and the Muscular Dystrophy Association).

291.12
GTP M ODULATES C a++ CURRENT RU N -U P IN A CALCIUM  
D EPEN DENT M ANNER. J.J. Wagner* and B .E . Alger. Dept. o f  
Physiol., Sch. o f  M edicine, Univ. o f  Maryland, Baltimore, M D 21201 

W e have examined the effects o f  GTP on voltage-dependent C a++ current 
run-up using whole-cell voltage clamp o f  acutely dissociated rat CAI 
hippocampal neurons. Run-up was measured as the gradual increase in peak 
current elicited by 75 ms voltage steps to 0  mV (from -60 mV holding 
potential), delivered at 0.1 Hz follow ing the initiation o f  whole-cell 
recording. The currents were monitored for 15 min, by which time they 
had reached a maximum in all cells. Qualitatively different effects o f  GTP 
on run-up resulted depending on whether Ca+ + was added to the recording 
solutions. In nominally 0 mM Ca++ (i.e . 10 mM ВАРТА intracellular, 10 
mM Ba++ charge carrier, no added Ca++), tris GTP (500 uM , n = 5 )  in the 
intracellular solution caused a decrease in the mean time to current 
maximum (3 .7  min vs 7.1 min) when compared to non-GTP controls (n = 3 ) .  
When solutions containing 1 mM C a++/10 mM ВАРТА intracellulari у and 
4 mM Ca++ extracellularly as the charge carrier were used, tris GTP (500 
uM , n = 7 )  caused an increase in the mean time to reach current maximum  
(10 .4  min vs 6 .4  min) when compared to non-GTP controls ( n = 8). 
Conditions having GTP and added Ca++ only in either the intracellular 
( n = 2) or extracellular solutions ( n = 2) yielded results similar to having 
Ca++ in both solutions (9.1 and 11.7 min to m ax., respectively). Thus 
modulation o f  Ca++/B a++ currents via GTP and by extension, G-proteins, 
may be critically dependent on the presence o f  physiologic Ca+ + 
concentrations.

291.14
PROTEIN KINASE C CATALYTIC SUBUNIT ENHANCES 
CALCIUM CURRENTS IN RAT DORSAL ROOT GANGLIA. K.E. 
Hall4-. F. Tan +. M. Browning .and R.L. Macdonald+. 'hDept. of 
Neurology, University of Michigan, Ann Arbor, MI 48109, ^University 
of Colorado, Boulder, CO 80262.

Protein kinase C (PKC) phosphorylates Ca2+ channels in many neural 
tissues. The effect of indirect activation of PKC by рІюгЬої esters is 
controversial, with both increases and decreases in Ca2+ currents 
reported. We examined the effect of direct administration of the 
comstituitively active catalytic subunit of PKC on voltage-dependent 
Ca2+ currents in acutely dissociated rat dorsal root ganglion neurons. 
PKC at a 1:500 dilution (20 nM) and PKC inhibitor peptide (4 ng/ml) 
were administered via the recording micropipette.

Compared to controls, PKC significantly increased peak Ca2+ 
currents evoked at +10 mV from a holding potential (Vu) of -80 mV 
(5.5+0.4 vs 3.7±0.3 nA, P<0.005, n=39). PKC increased the maximal 
C s r *  conductance, but did not significantly shift the peak of the IV 
curve. The rate of current rundown was not significantly altered by 
PKC. The effect of PKC on the peak Ca2+ current was abolished when 
PKC inhibitor peptide and PKC were simultaneously present in the 
recording electrode (4.1+1.1 nA, n=3).

This study demonstrates that direct application of constituitively 
active PKC enhances Ca2+ currents. Ib is  enhancement was blocked 
by a specific PKC inhibitor peptide, and presumably occurs through 
phosphorylation of Ca2+ channel-associated structures, possibly the 
channel itself. This may provide a mechanism to increase the 
sensitivity of the neuronal response to extrinsic stimuli.
Supported by NIDA grant DA04122 to RLM and MRC Centennial 
Fellowship 99-231-72-00-1006 to KEH.
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291.15
CONVERGENT BIOCHEMICAL PATHWAYS MODULATE N-TYPE CALCIUM 
CHANNELS. M. Diversé-Pierluissi & K. Dunlap* Physiology & Neuroscience, 
Tufts University School of Medicine, Boston, MA 02111.

Data from our laboratory have shown that the inhibition of calcium current by 
NE and GABA is mediated by different biochemical pathways. The inhibition 
produced by both transmitters requires pertussis toxin-sensitive G proteins. 
The modulation by NE, but not by GABA, is also dependent on the activation 
of protein kinase C. Okadaic acid (OKA), an inhibitor of phosphatases 1 and 
2A, potentiates the NE- but not the GABA-mediated inhibition. This 
suggests that GABA-induced inhibition may not involve phosphorylation. 
Saturating concentrations of the two transmitters produce additive effects to 
a maximum limit of -60%: peak calcium current is inhibited an average 27% 
with NE, 33% with GABA, and 57% when the transmitters are applied 
simultaneously. Several approaches were used to identify where in the 
modulatory pathway saturation occurs. The following manipulations did not 
increase the maximal inhibition produced by NE and GABA: 1) Direct 
activation of G proteins via internal application of 100 μΜ GTPyS; GTPyS  
produced a 62% inhibition of calcium current and occluded further inhibition 
by the transmitters. 2) Enhancement of phosphorylation by internal 
application of 100 nM OKA; maximal inhibition produced by NE and GABA in 
the presence of OKA was 55%. 3) Direct activation of protein kinase C  by 60 
μΜ OAG, which bypasses G protein activation; OAG and GABA applied 
simultaneously, produced a 59% inhibition. These results suggest that 
maximal calcium channel inhibition is limited by saturation of an element that 
is post-kinase. The results imply that the mechanisms underlying calcium 
channel modulation produced by NE and GABA, despite their differences, 
must interact at some point, perhaps at the level of the channels themselves.

POTASSIUM CHANNEL STRUCTURE, FUNCTION, AND EXPRESSION I

HETEROMERIC POTASSIUM CHANNELS ARE LOCATED IN 
JUXTAPARANODAL REGIONS OF AXONS AND TERMINAL REGIONS OF 
CEREBELLAR BASKET C ELL IN MOUSE BRAIN. Hao. Wang*. Dennis D.

Tempel. Depts. Pharmacology and Medicine. U. of Wash, and GRECC, 
Seattle VA Med. Ctr., Seattle, W A98195  

Voltage-gated potassium (K+) channels display a wide variety of 
conductances and gating properties in vivo. This diversity can be 
attributed not only to the presence of many K+ channel gene 
products, but also to the possibility that different K+ channel 
subunits might coassemble to form heteromultimeric channels in 
vivo. When expressed in Xenopus oocytes or in transfected cells, K+ 
channel polypeptides within subfamilies (e.g. Shaker-like subunits) 
can coassemble and form heteromultimeric channels with distinct 
properties. It is not known, however, whether these K+ channel 
polypeptides form heteromultimeric channels in vivo. Here we 
describe the colocalization of two voltage-gated K+ channel proteins, 
m K v l. 1 and m Kvl .2, in the juxtaparanodal regions of nodes of 
Ranvier in myelinated axons, as well as in terminal fields of basket 
cells in mouse cerebellum. We also show that m K v l.1 and m Kvl .2 
polypeptides can be coimmunoprecipitated with specific antibodies 
that recognize only one of them. These data indicate that the two 
polypeptides are located in subcellular regions where rapid 
membrane repolarization may be important and that they form 
heteromultimeric channels in vivo.

292.3
ID E N T IF IC A T IO N  A N D  L O C A L IZ A T IO N  O F  K +  C H A N N E L S  
IN  M Y E L IN A T E D  P E R IP H E R A L  N E R V E . H. M i. I. Inman. T. 
Deerinck. V. Simpliciano. Μ. H. Ellisman. and T, L. Schwarz*. Dept. of 
Molecular and Cellular Physiology, Stanford University, Stanford CA 94305 and 
Dept. of Neurosciences, UCSD, La Jolla CA 92093.

The node o f  Ranvier is the site o f  important physiological functions and 
has been w ell characterized anatom ically. To leam  m ore about ion  
channels at nodes, w e have exam ined the distribution o f  K+ channel 
proteins in peripheral nerve, particularly in m yelinating Schwann cells. 
Using polymerase chain reaction (PCR) and low  stringency hybridization, 
w e isolated two K+ channel genes from Schwann cells  cultured from  
neonatal rat sciatic nerve. They are RCK1 and K v l, which had been  
previously cloned from rat brain and encode voltage-dependent, slow ly  
inactivating channels. Northern blots show that RCK1 transcripts are 
more abundant in adult than neonatal sciatic nerve, while K v l expression  
was detected only in adult but not neonatal nerve. Thus the expression o f  
the K+ channels in Schwann cells appears developm entally regulated. 
S p ecific  antibodies against RCK1 and K v l were raised and their 
sp ec ific ities were tested in COS c e lls  transfected with two clon es  
individually. These two antibodies, together with another antibody against 
DRK1 (kindly provided by Dr. W. S. A gnew ), were used to study K+ 
channel localization in adult rat sciatic nerve by immuonfluorescence and 
confocal microscopy. DRK1 also encodes a voltage-dependent, s low ly  
inactivating channel. Abundant expression  o f  these channels was 
observed in the vicinity o f  the node o f  Ranvier. Furthermore, preliminary 
im m unofluorescence indicates a differential distribution for these three 
potassium channels with respect to nodal structures.

C -D N A /P C R  C L O N IN G , C H A R A C T E R IZ A T IO N  A N D  D I S 
TR IB U T IO N  OF INW A RD R E C T IF IE R  K + C H A N N E L S  IN 
NEONATAL RAT BRAINSTEM . J.S. Lai*. G .D . Funk. S.M . Johnson. 
J.C. Smith. & J.L. Feldman. System s Neurobiology Laboratory, Dept. of 
Physiological Science, UCLA, Los Angeles, CA, 90024-1527.

W e have postulated that an inward rectifier K+ channel (IRKC) may 
play an important role in the neural control o f  breathing (Johnson et al., 
Soc. Neurosci. Abstr. 18: 488, '92). C -D N A  o f ATP-regulated IRKC from 
rat kidney-R O M K l (Ho et al., Nature 362: 31, '93) and C -D N A  o f IRKC 
from m ouse m acrophage cell lin e-IR K l (Kubo et al., Nature 362: 127, 
'93) have been cloned and characterized. To investigate the existence o f  
these IRKC in rat brainstem, we used the polymerase chain reaction (PCR) 
technique to am plify the C -D N A  generated from the m edulla o f  the 
neonatal rat.

Tw o sets o f  PCR primer were used: i) ROMK1 primers - o lig o 
nucleotides identical to the C -D N A  sequence o f  the M 0 & M 2 region of  
ROM K1. ii) IRKI primers - oligonucleotides identical to the C-D N A  
sequence o f the M l & M 2 region o f IRKI.

Tw o PCR D N A  fragments assigned as rat brainstem K l (RBSK 1) and 
rat brainstem K2 (RBSK 2) were generated. By subsequently cloning and 
D N A  sequencing we found: i) The D N A  sequence o f  RBSK1 was identical 
to ROM K1. This result is in contrast to Ho et al., who did not identify 
ROMK1 in RNA in the rat brainstem region, ii) The D N A  sequence o f 
RBSK 2 had a high degree o f  similarity to IRKI.

W e are using the C-R NA probe generated from RBSK1 & RBSK 2 to 
do in situ  hybridization in the rat brainstem region to reveal the distribu
tion o f the two types o f  IRKC. Supported by NIH Grants H L 37941, 
N S 24742 and H L40959.

292.4
S h a l  Encodes Most Transient K +  Currents in Embryonic 
Drosophila Neurons; S h a w  may also be present. Susan Tsunoda 
and Lawrence Salkoff.* Dept. of Anatomy and Neurobiology, 
Washington University, St. Louis, MO 63110.

The genetic basis of voltage-gated K +  currents in 
embryonic Drosophila neurons was previously unknown. In 
contrast to previous studies which showed that S h a k er  mutations 
had no perceptible effect on the transient K +  currents in these 
neurons, we find that a deficiency of the S h a l gene eliminates 
virtually all of them (>90% ). Transient А-type K *  currents were 
observed in 80% of wild type neurons. Some of the currents 
eliminated by the Shal deficiency resemble the Drosophila S h al 
gene expressed in X en o p u s  oocytes. However, much more 
variability is noted for transient currents in Drosophila neurons with 
respect to inactivation rates and steady-state inactivation curves. 
This variability may be due to 1) alternative RNA splice variants,
2) heteromultimerization, 3) regulation by cellular factors, 4) post- 
translational modifications, or 5) contamination of the S h a l current 
with another. In addition to identifying S h a l in embryonic neurons, 
we have also identified a non-inactivating channel which closely 
resembles Drosophila S h a w  channels expressed in X en o p u s  oocytes. 
These currents share two unusual features: 1) although they have no 
stable inactivated state, their mean open time and open probability 
are extremely low, and 2) they are blocked by 4-AP, a drug which 
typically blocks А-type currents and not delayed rectifier types. By 
correlating K +  currents in neurons with their structural genes, we 
will gain a better understanding of the completeness of the "set" of 
cloned voltage-gated K +  channel genes.
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292.5
EMBRYONIC EXPRESSION OF INJECTED Kv1.1 mRNA. A E. Spruced W. 
Hopkins2 and W.J. Moodyl  (SPON: Brain Research Association). Depts. of 
1Zoology and 2Pharmacology, Univ. of Washington, Seattle, WA 98195.
3Dept. of Pharmacology, Univ. of Birmingham, Birmingham. B15 2TT. U.K.

A direct method of investigating the developmental roles of ion channels is 
by disruption of their normal patterns of embryonic expression. Voltage- 
dependent K+ currents are absent from all cells during the gastrula stages of 
development of the Xenopus laevis embryo (n=25) but they begin to appear 
around mid-neurula (3-4 hr after Stage 15) in nerve and muscle cells (O'Dowd 
etai. (1988) J. Neurosci., 8:792; Spruce & Moody (1992) Dev. Biol. 154:11). 
Specific disruption of electrical development may be achieved by causing 
expression of foreign ion channel genes. We describe here the expression in 
embryonic cells of a voltage-dependent K+ currrent after injection of Kv1.1 
mRNA into fertilised Xenopus eggs (29/74 cells - 0-12 hr before St. 15; 30/63 
cells - 0-7 hr after St. 15). However, even before the endogenous K+ currents 
appear, the characteristics of the exogenous K+ current in the embryonic cells, 
are very different from those in Kv1.1-injected Xenopus oocytes. Thus, the 
exogenous K+ current often partially inactivates during a voltage pulse in 
embryonic cells (by 18 ± 2% in 12/29 cells, 0-12 hr before St. 15) but not in 
oocytes. In addition, dendrotoxin (l-fraction) blocks the exogenous K+ current 
in embryonic cells much less effectively. In oocytes, Kj = 3 nM. In embryonic 
cells (from 10 hr before to 1 hr after Stage 15), degree of block = 23 ± 6% (n = 
16; 10 nM DTX); 24 + 4% (n = 10; 30 nM DTX); and 44 ± 6% (n = 5; 100 nM 
DTX). The endogenous K+ current of developing muscle exhibits both an 
inactivating component and a low sensitivity to block by DTX (degree of block 
= 25 ± 6%; n = 5, 100 nM DTX)). Therefore, expression of Kv1.1 mRNA may 
force much earlier expression of an endogenous K+ current to produce a 
composite of the two.

292.7
VOLTAGE-SENSITIVE ION CHANNEL DIVERSITY IN THE 
CNIDARIA: STRUCTURE AND FUNCTION OF A SHAKER
LIKE CHANNEL FROM THE JELLYFISH P o ly o r c h is  p e n ic i l la tu s
N. Grigoriev/, K, Larocque*, W J,„Galling T, Jęglą2 , L.B. Şalkofp  
and ATN. Spencer1*. Department o f Zoology, The University of 
Alberta, Edmonton, Alberta, Canada, T6G 2E9 and Department of 
Anatomy and Neurobiology, Washington University School of 
Medicine, 660 S Euclid Ave, St. Louis, MO 63110.

The first true nervous systems appeared in close ancestors of the 
cnidarians. Three neuronal types, with very different properties, have 
been identified from the CNS of the hydromedusan jelly fisti P o ly  orch is  
penicillatus. One of these neuronal types has been studied in primary 
culture using the whole-cell, patch clamp technique. The following 
currents were identified: a rapid, TTX-insensitive Na+ current; a 
transient and a sustained Ca++ current; a fast and a slow K+ current. 
These and other data suggest that it might be possible to root the origin 
of the major gene families o f voltage-gated ion channels back into the 
early metazoan radiation or before.

Our data suggests that several subfamilies of voltage-gated K+ 
channels are indeed present in P o l y  o r c h is .  Here we report the 
expression of a P o ly  o r c h is  orthologue ( jS h a k l )  o f the D r o s o p h i la  
Shaker gene with which it shares 50% amino-acid identity across the 
membrane spanning core. Expression of the mRNA from this clone in 
Xenopus oocytes resulted in a potassium current with activation and 
inactivation kinetics that were similar but a little slower than S h a k er. 
The major differences were an I/V curve that was shifted +40mV to the 
right, and moderate insensitivity to TEA. These differences are 
discussed with respect to the effects o f known single point mutations 
of the D ro so p h ila  S h a k e r  gene in the S4 and pore regions (Funded by 
NSERC [Canada] A 0419 to ANS and NIH 2R01NF24785 to LBS).

292.9
C H A R A C T ER IZ A T IO N  O F  A HUMAN m in K  C H A N N E L  
E X P R E S S ED  IN X EN O P U S O O C Y T E S . A. M. Ruknudin. W.-P. 
Yang. G, R. Matsueda, S.-Y. Shaw, and J, A  McCullough!· Macromoiecuiar 
Biochemistry and Cardiovascular Pharmacology, Bristol-Myers Squibb 
Pharmaceutical Research Institute, Princeton NJ 08543.

A 900 base pairs human genomic DNA encoding minK channel was used 
in a Northern blot analysis of human heart mRNA to reveal two bands of 1.0 
and 3.4 kb. This was consistent with two transcripts of mouse heart mRNA 
(0.9 and 3.4 kb) that encodes a single minK channel as reported 
previously. To examine the physiological and pharmacological properties of 
the human minK channel, we expressed it in Xenopus oocytes and 
recorded whole-cell minK current by using two microelectrode voltage- 
clamp techniques. The reversal potential of human minK varied with a slope 
of 46 mV/decade change in external K+ (at 22°C), close to that (58 mV) 
expected for a K+ selective channel. In another series of experiments the 
effect of clofilium, a class III antiarrhythmic, was examined and found to 
inhibit with an IC50 of 50 μΜ. This compared favorably with the ICso's 
values of 50 μΜ and 100 μΜ for the rat and mouse minK, respectively. 
Since the amino acid sequences between human and rodent minK 
channels share an overall homology of only 76%, it was surprising to find 
that clofilium blocked the human minK just as well as the rodent minK 
channels. We believe this result is best explained by the homology of one 
segment, residue 41 to 90, that is 94% homologous between the human 
and rodent channel proteins suggesting that the clofilium sensitivity might 
reside in this region. In conclusion, we confirmed expression of minK in 
human heart and demonstrated that the human minK channel expressed in 
oocytes is similar to that reported in other species.

2 9 2 .6
MUTATION OF TYR RESIDUES AT THE EXTERNAL MOUTH OF 
THE SLOWPOKE CHANNEL PORE K.-Z. Shen*. A. 
Lagrutta. J.P. Adelman and R. A. North Vollum 
Institute, Oregon Health Sciences University, 
Portland, OR 97201.

Potassium channels of the Shaker, Shab, Shaw, 
Shal families have a two conserved Trp residues 
near the external mouth of the pore, and in 
Slowpoke channels these are replaced by Tyr-Phe. 
RNAs encoding wildtype (A1E1G3 form) Slowpoke 
channels and the Y293W mutant were injected into 
Xenopus oocytes, and unitary currents were 
recorded from inside-out membrane patches ([Ca]0 
= [Mg]0 = 0; [Ca]į = 1 - 3 0  μΜ) . In symmetrical 120 
mM potassium, inward currents at -100 mV were
26.9 + 0.26 pA (n = 11) for wildtype channels and
10.0 ± 0.27 pA (n = 11) for Y293W; outward 
currents at 100 mV were not affected by this 
mutation. At other potassium concentrations, 
current was fit by a Michaelis-Menten expression; 
the half-maximal concentration (about 6 mM) was 
not different between wildtype and Y293W. Y293W 
was five times less sensitive to block by 
external TEA than wild-type channels. The results 
suggest that this Tyr residue contributes to the 
high conductance of the Slowpoke channel; it also 
contributes to the external TEA binding site, but 
does not significantly bind potassium ions.

29 2.8
A COMPUTATIONAL MODEL OF THE ION PORE IN THE HBK2 
VOLTAGE-GATED POTASSIUM CHANNEL. A.Y. Jin and D.F. Weaver*. 
Depts. Chemistry & Neurol., Queen’s Univ. & Kingston Gen. Hosp., Kingston, Canada K7L 3N6 

A computational model of the ion pore region of the HBK2 K+ channel, incorporating 
both the internal tetraethylammonium (TEA) and the external TEA binding sites, has 
been developed. Based on site-directed mutagenesis and single-channel patch clamp 
studies, approximately 80% of the transmembiane potential lies across a stretch of eight 
amino acids located in the H5 region. Furthermore, the intracellular and extracellular 
TEA binding sites are an integral part of the pore region itself. These biological data, 
when used in conjunction with theoretical molecular mechanics and molecular 
dynamics calculations, enable a conformational search of the HBK2 ion pore. The 
geometric constraints that arise from these studies facilitate the search of an extensive 
potential energy hypersurface. Thus, the problem is reduced to the more manageable 
task of searching a significantly restricted conformational space. A quenched molecular 
dynamics search on a tetramer of four subunits, each consisting of a 25 residue 
segment o f the H5 region (from Ser408 to Thr432), was performed at a temperature 
of 37 °С for 300 picoseconds using the AMBER force field equation. The dimensions 
of both the internal and external TEA binding sites, as well as the length of the ion 
pore, were fixed by imposing a constraint of 1000 kcal/mol on distances between 
appropriate nuclei. Various conformations for the pore region corresponding to closed 
states of the HBK2 channel have been identified. Likewise, a conformational basis for 
the different sensitivity of the internal and external TEA binding sites has also been 
deduced. The computational model presented here is in agreement with previous 
electrophysiological studies which suggest that the H5 region does indeed form the ion 
pore. Sequence homology indicates an ion pore structural archetype shared with other 
K+ channels, as well as with voltage-gated Na+ and Ca2+ channels. Furthermore, this 
model suggests that the mechanism of ion selectivity - which is likely to be intimately 
related to the nature o f the ion pore - is largely determined within the H5 region.

29 2.10
DOPAMINE NEURONES IN RAT SUBSTANTIA NIGRA PARS COMPACTA 
HAVE ATP-SENSITIVE POTASSIUM CHANNELS
Ĩ.M .Stanford* and M.G.Lacey. Department o f Pharmacology, The Medical School, 
The University o f  Birmingham, BIRMINGHAM B15 2TT, U.K.

Although the binding o f an ATP-sensitive potassium channel (K-ATPs) antagonist 
sulphonylurea in substantia nigra is high, the properties, and indeed the very existence 
o f K-ATPs channels on the dopamine neurones o f substantia nigra pars compacta (SNc) 
is presently uncertain,A3. We attempted to clarify this issue using whole cell recording 
of SNc neurones in 350/xM slices obtained from female Wistar rats (100-150g). The 
intracellular recording solution contained (in mM) K-gluconate 125, MgCl2 2, ВАРТА 
10, HEPES 10, GTP 0.3 adjusted to pH 7.3 with KOH. In order to modulate K-ATPs 
the intracellular ATP concentration ([АТР]ј was varied from 0-2mM and the 
extracellular glucose concentration from 0-10mM.

Presumed dopamine-containing neurones were easily identified as they fired tonically 
at rates o f l-6Hz, were hyperpolarised by dopamine (30/xM), and showed a prominent 
Ih. Removal o f extracellular glucose caused a hyperpolarisation and cessation o f firing 
(12/13 cells) which recovered on the restoration o f glucose to the superfusate. 
Current/voi tage relationships showed an increased conductance and outward current 
with reversal potential around Εκ (-100 mV). The hyperpolarisation was reversed by 
the sulphonylurea tolbutamide (200/xM; n = 6), and more readily when [ATP1 was 
< 0 . ImM. These K-ATPs do not appear to be those that mediate the hyperpolarisation 
caused by the GAB Ab receptor agonist baclofen (ΙΟμΜ)1 as this was not reversed by 
tolbutamide (200μΜ; n=3). No clear effects o f lemakalim (200/iM), the activator of 
K-ATPs, were observed when [ATP]; was 2mM (n=2).

These K-ATP’s are likely to provide a mechanism for modulating the activity of 
dopamine neurones during periods of glucose deprivation.

1. Roeper J et al. (1990) Pflügers Arch. 416, 473-475
2. Murphy KPJS & Greenfield SA (1992) J.Physiol. 453, 167-183
3. Hicks GA & Henderson G (1992) Neurosci. Lett. 141, 213-217
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292.11
DOPAMINERGIC NEURONES OF THE RAT SUBSTANTIA NIGRA DO NOT 
POSSESS BINDING SITES FOR THE ATP-SENSITIVE POTASSIUM 
CHANNEL INHIBITOR, GLIBENCLAMIDE. G.A.Hicks. A.L. Hudson.
I.C.Kilpatrick and G. Henderson*. Department of Pharmacology, School of Medical 
Sciences,University Walk, Bristol, BS8 1TD, U.K.

The rat substantia nigra (SN) contains a high density of binding sites for the 
sulphonylurea, glibenclamide, an inhibitor of the ATP-sensitive potassium channel 
(ATP-K+). The precise location of these sites in this nucleus is unknown. Our 
previous electrophysiological studies indicated that ATP-K+ channels were not 
present on SN dopaminergic neurones (Hicks and Henderson 1992, Neurosci. Lett. 
141: 213-217). In the present study, we have combined neuronal lesion and 
autoradiographic techniques to further investigate the location of glibenclamide 
binding sites in the SN.

Our results confirm that there is a clear pattem of dopamine receptor subtypes in 
the SN with the D2 receptor in the zona compacta (SNc), on dopaminergic neurone 
cell bodies, and the Dj receptor in the zona reticulata (SNr) on striatonigral nerve 
terminals. Glibenclamide binds only to sites in the SNr which suggests a location 
on at least one of the following: (i) SN dopaminergic neurone dendrites, (ii) 
terminals of inhibitory or excitatory neurones projecting from other brain regions, 
(iii) SNr neurones or (iv) SNr intemeurones.

The nigrostriatal pathway was lesioned unilaterally by injection of the 
monoamine neurone-selective neurotoxin, 6-hydroxydopamine (4μg in Ιμΐ), into 
one medial forebrain bundle. 10 days later, on the lesioned side, a high degree of 
neuronal cell loss in the SNc was observed in stained sections. Autoradiographs 
showed that the level of [3H]-YM-09151-2 binding (D2 receptor) was substantially 
reduced in the SNc. However, [3H]-SCH 23390 binding (Dļ receptor) and 
[3H]-glibcnclamide binding in the SNr were not significantly reduced. These results 
argue against glibenclamide binding sites being present on SN dopaminergic 
neurone cell bodies and dendrites and agree with our previous electrophysiological 
data. The possibility that glibenclamide binding sites are present on terminals of 
neurones projecting to the SN from the striatum is under investigation.

292.13
HISTIDINE RESIDUES INVOLVED IN ZINC MODULATION OF 
STEADY-STATE INACTIVATION OF AN IA CURRENT IN RAT 
SUPRACHIASMATIC NUCLEUS NEURONS. R.-C. Huang* and 
K.-W. Yau. Howard Hughes Med. Inst, and Dept. of Neuroscience, 
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.

We have previously shown that extracellular Zn2+ at micromolar 
concentrations potentiates a voltage-dependent, transient potassium 
(IA) current in rat suprachiasmatic nucleus neurons, apparently due to 
a shift of the steady-state inactivation of the IA current to more 
positive voltages (Huang and Yau, Biophys. J. 64. 344, 1993). Zn2+ 
exerts this effect with an apparent Қ, of about 35 μΜ and a Hill 
coefficient of about 1.4. Cd2+ has a similar effect, but the Қ, is 100- 
200 μΜ. Other divalent cations such as Sr2·*·, Ba2+, Mn2+, Co2+, 
Ni2+ and Cu2+ have little or no observable effect at up to 200 μΜ. 
Ca2+ at up to 2 mM also has no significant effect. External H+ also 
shifts the steady-state inactivation in the same direction, with an 
apparent pK, of about 6.3, and a Hill coefficient of about 0.7. The 
maximum effects of Zn2+ and H+ are not additive, suggesting that 
these two ions bind to the same saturable sites. Chemical 
modification experiments further suggest that the target for Zn2+ may 
be one or more histidine residues on the channel protein.

292.15
REGULATION OF VOLTAGE-SENSITIVE K-CHANNELS IN CULTURED 
RAT SKELETAL MUSCLE. S.R. Sampson * and S.V. Alboim. Otto 
Meyerhoff Center and Health Sciences Research Center, Bar-Man 
University, Ramat-Gan 52900, Israel.

K-channels play an important role in the regulation of electrical 
activity of excitable tissue. Little is known, however, of the factors 
that regulate their expression. In this study, we examined effects of 
factors that alter intracellular ion concentrations on the expression of 
Apamin- and TEA-sensitive K +-channels in cultures of skeletal muscle 
prepared from the limbs on new-born rats. Chronic treatment (14-72 h) 
of muscle cells with substances that decrease activity and reduce INaĻ 
such as tetrodotoxin (TTX) and elevated [K + ]0 (10-20 mM), caused a 
decrease of 40-70% in the number of TEA-sensitive channels. In 
contrast, these same treatments caused the number of 125l-apamin 
binding sites to increase by 60-100%. Treatment with substances that 
lead to elevated [Nalį, such as ouabain, monensin and veratridine, 
decreased the number of apamin binding sites and either increased or 
did not alter the number of TEA-sensitive channels. Alterations in 
[Ca2 + ] j ,  by treatment with verapamil or changes in [Ca2 + ]0, decreased 
TEA- sensitive channels and were without influence on apamin binding. 
Finally, chronic treatment of myotubes with apamin (1 μΜ) down- 
regulated the number of apamin binding sites. The results strengthen 
the concept that different types of K-channels in skeletal muscle are 
regulated independently by different factors. (Supported by the Krown 
Fund for Health Sciences Research, the Raber Fund for Neuroscience 
Research, and the Otto Myerhoff Center).

292.12
ATP-SENSITIVE K + CHANNELS (KA1P) ARE PRESENT IN 
HUMAN NEOCORTICAL NEURONS. C, Jiang* & G. G. Haddad. 
Dept Peds, Respir Med, Yale Sch Med, New Haven, CT 06510 

KATp play an important role in regulating cell function by 
coupling membrane excitability to intermediatory metabolism. Since 
the human cortex is rich in glibenclamide binding sites, we tested 
the hypothesis that these channels are present in human neocortical 
neurons. Single channel activity was recorded from dissociated 
human neocortical neurons using patch clamp techniques. In cell- 
attached patches, active outward currents were rarely seen. 
Immediately after patches were excised and exposed to solutions 
containing no ATP, several outward currents appeared. In inside-out 
patches, 2 outward currents were found to be markedly inhibited by 
ATP (0.5-1.0mM) and non-hydrolyzable ATP analogue AMP-PNP 
(ImM). Both of these channels were highly selective to K +. One of 
them, seen in about 20% of patches, had a large unitary 
conductance (~160pS) and a high channel activity (Po>0.5). This 
current was rapidly suppressed when the internal membrane was 
subjected to ATP and rapidly recovered after washout (latency < 2s). 
The other K+ current which was only observed in about 5% of 
patches had an intermediate conductance (~50pS), low channel 
activity (Po<0.3) and slow response to ATP. These results indicate 
that 1) KATP are present in human neocortical neurons and may 
resemble those in the substantia nigra, and 2) distinct subtypes of 
KATP may exist in the human neocortex.

292.14
VOLTAGE ACTIVATED POTASSIUM CURRENTS IN CULTURED 
CEREBELLAR GRANULE NEURONS UNDER DIFFERENT GROWTH 
CONDITIONS.
Jan Goiter. Robert Balázs and Wvts« Wadman* Experimental Zoology, University 
of Amsterdam, Kruislaan 320, 1098 SM Amsterdam, The Netherlands.

Cerebellar granule cells were grown in medium containing low K+ (10 mM, 
K10), high K+ (25 mM; K25) and K10 with 100 μΜ N-methyl-D-aspartate 
(KNMDA). These conditions are known to influence maturation and survival of 
granule cells during development in culture. We used the patch-clamp technique in 
whole cell configuration to analyze K-channels under voltage clamp in relation to 
development and growth condition. An А-type K+ current (IA) was prominent in K25 
and KNMDA conditions, but was absent in K10. IA inactivated with a time constant 
of 56 ± 4  ms in K25 and KNMDA. Half maximal steady state inactivation of IA ranged 
between -71 and -80 mV. A delayed rectifier (IK) was present in cells cultured in all 
conditions with half maximal activation around 0 mV. When corrected for cell size IK 
was substantially larger in K10 than in K25 and KNMDA. "Immature" cells at 1-2 
DIV had А-currents with a half-maximal inactivation 20 mV more hypolarized than 
"mature" cells at 7-9 DIV During development IA increased in K25 and KNMDA but 
not in K10. We demonstrated a specific functional diversity o f potassium channels 
during development in primary cell culture. This specific pattern was influenced by 
external growth conditions that mimic early afferent cerebellar granule cell input.
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293.1
HALOTHANE INHIBITS LARGE CONDUCTANCE CA-ACTIVATED K 
CHANNELS OF RAT CEREBROVASCULAR SMOOTH MUSCLES. H. Yan. 
D A. Mathers* and E. Puil. Dept. Physiology and Pharmacology, University of 
British Columbia, Vancouver, B.C. V6T 1Z3.

Surgical anaesthesia under halothane is accompanied by cerebral 
vasodilatation. Various cell membrane conductances are targets of halothane 
action. The present study investigated the effects of halothane on single large 
conductance Ca 2+- activated K+ (BK) channels in cerebrovascular smooth 
muscle cells (CVSMCs) derived from the cerebral arteries of adult Wistar rats. 
CVSMCs were enzymatically dispersed and maintained in vitro at 4°С for 24 
hours prior to use. Inside-out patch clamp recordings were made at room 
temperature using a List EPC-5 amplifier. Patch electrodes were filled with a 
saline containing (in mM): 140 KC1, 3 EGTA, 1.48 CaCİ2 and 10 HEPES. The 
medium bathing the cytoplasmic membrane contained (in mM): 140 KCl, 100 
uM CaCİ2 and 10 HEPES. Bath solution was pre-equilibrated with a vapor 
containing the desired halothane concentrations. As measured using 
fluorine-nuclear magnetic resonance techniques, 1,3, and 5% halothane in air 
corresponded to 0.5, 1.6 and 2.8 mM halothane in buffer. BK channel currents 
recorded at holding potentials in a range of -100 to + 100 mV had a mean 
conductance of 202 pS, and were suppressed by low Ca2+ (5 nM) applied 
internally. At a holding potential of -60 mV, internal application of halothane 
(1.6 and 2.8 mM) decreased channel opening probability, P0 by 14% and 56%, 
respectively. This effect was due to a reduced mean open time and to a 
prolonged mean closed time. 0.5 mM halothane showed no effect on PQ. No 
effect on the conductance of BK channels was observed at any concentration of 
halothane.

293.3

PURIFICATION AND STRUCTURAL CHARACTERIZATION OF A 
POTENT A-CURRENT K-CHANNEL BLOCKER FROM SCORPION 
Pandinus imperator VENOM. Robert S. Rogowski1, John H. Collins2 & 
Mordecai P. Blaustein1*, Physiol. & 2Biochem. Depts., Univ. of Maryland 
Med. School, Baltimore, MD 21201

A polypeptide toxin (PaTX) was purified to homogeneity from the old 
world scorpion, P. imperator, by ion exchange and reversed phase HPLC. In 
a Rb tracer flux assay on rat brain synaptosomes (Bartschat & Blaustein, JL 
Physiol. 361:419-440, 1985), PaTX selectively blocked (apparent IG* = 5.6 
nM) a component of “Rb efflux that corresponds to a rapidly-inactivating (A- 
current) K channel; it blocked neither the delayed rectifier nor the Ca- 
activated K channel in these terminals. The amino acid sequence of PaTX was 
determined by standard methods. The toxin contains 34 amino acids and has 
a molecular weight of 3,857. PaTX has the same selectivity as a-dendrotoxin 
(a-DTX) but is 10 times more potent than α-DTX in our assay. PaTX and a- 
DTX (MW=7,054) have no sequence homology. However, PaTX has 
substantial sequence homology, especially at the C-terminal end, with 
noxiustoxin (selective blocker of the delayed rectifier; 11 identical amino acids 
out of 39) and with charybdotoxin (selective blocker of both large-conductance 
Ca-activated K-channels and А-type K channels; 13 identical amino acids out 
of 37). Conserved in all three scorpion toxins are: three identically-positioned 
disulfide bridges, and + charges at positions 27,32 and 34. We speculate that 
the 3-dimensional structure of PaTX resembles that of charybdotoxin (Bontems 
et al., Eur. I. Biochem. 196:19-28,1991) and noxiustoxin: A /З-sheet at the C- 
terminal end, containing three cysteines, is linked to the central a-helix by two 
disulfide bridges (C17-C3S and C13-C33), and to an extended N-terminal 
fragment by the third disulfide bridge (C^Gg). Further analysis of the 3-D 
structures using molecular modeling (Quanta) revealed structural differences 
which may help to explain the selectivity differences of these toxins.

293.5
INHIBITION OF Ik BY j3-DENDROTOXIN IN PRIMARY AND 
SUBCULTURED VASCULAR SMOOTH MUSCLE CELLS 
J. Ren*. E. Karpinski. and C.G. Benishin 
Dept. of Physiology, University of Alberta, 
Edmonton, Alberta, Canada T6G 2H7

j8-Dendrotoxin (ß-DTX) , a polypeptide fraction 
of Green Mamba venom, was reported to inhibit a 
slow voltage-activated 86Rb efflux from synapto
somes. The effects of /3-DTX on Ik in rat tail 
artery vascular smooth muscle cells (VSMC) were 
studied using the patch clamp technique. Single 
cells were dissociated using a combination of 
collagenase and elastase, and were cultured in 
DMEM with antibiotics and 10% fetal bovine serum. 
Primary cultured and subcultured cells (passage
8-12) were used in the experiments. Recordings 
were made using low intracellular Ca2+ (high 
pipette EGTA) solution to minimize the activation 
of the Ca2+-activated K channels. From a holding 
potential of -80 mv, test pulses to more positive 
potentials generated a voltage-dependent, delayed 
rectifier K current (Ik) in both types of cells. 
The current, which was sensitive to 20 mM TEA, 
was activated at -40 to -30 mv and showed almost 
no inactivation. jS-DTX (1-1000 nM) decreased the 
outward K current. The decrease was concentra
tion dependent and reversible by wash out. 
Primary cultured cells were slightly more 
sensitive to /S-DTX than subcultured cells 
(Primary cells: Kd= 5 . lxl0'8M; Subcultured cells:
Kd=7. lxlO'8M) . These results show that ß-DTX 
inhibits Ik in primary and subcultured rat tail 
artery vascular smooth muscle cells.

293.2
THE EFFECT OF RACEMIC KETAMINE ON THE LARGE CONDUCTANCE 
CA+2-ACTIVATED POTASSIUM (BK) CHANNELS IN GH3 CELLS. D. D. 
Denson and D. C. Eaton*. Depts of Anesthesiology and Physiology, Emory Univ. 
Sch. of Med., Atlanta, GA 30322.

Recently, inhalation anesthetics have been reported to block BK channels in 
adrenal chromaffin cells. To determine if BK block was characteristic only of 
inhalation anesthetics or was also a property of other general anesthetics we 
examined the effects of ketamine, an intravenous general anesthetic which is 
structurally different than inhalation anesthetics. Cell attached and excised patch 
single channel and standard whole cell recording techniques were used to examine 
the effect of racemic ketamine on the BK channel activity in GH3 cells. When 
solutions containing 150 mM KCl are used in both the pipette and bath, the BK 
channels are characterized as a voltage dependent channel with a unit conductance 
of 150-300 pS. Racemic ketamine (at clinically relevant concentrations; 2-500 
μΜ) selectively blocked BK channels in a dose-dependent, reversible manner as 
evidenced by decreases in NPo (number of channels x open probability). This 
decrease was due to both a decrease in mean open time and an increase in the 
mean closed time but without a decrease in amplitude. Ketamine shifts the Po vs 
voltage curve to the right without a change in the slope of the voltage dependence. 
Ketamine also shifts the Po vs [Ca +2] relationship to higher Ca +2 concentrations. 
The ICjo for the single channel block is 35 ± 19 μ Μ . In an effort to confirm that 
the effect of ketamine was predominantly due to a block of the BK channels, 
standard whole cell techniques were utilized. As with the single channel 
experiments, ketamine (2-500 μ Μ ) produced a dose dependent, voltage 
independent and reversible decrease in outward current with an IC*, of 18 ± 8 
μΜ. Addition of 100 μΜ ketamine to cells pretreated with the BK channel 
blocker, Charybdotoxin, did not result in a further decrease in outward current. 
These results demonstrate a selective effect of ketamine at clinically relevant 
concentrations which is consistent with results reported for inhalation anesthetics.

293.4
SYNTHESIS & PURIFICATION OF RECOMBINANT MARGATOXIN, 
A POTENT AND SELECTIVE INHIBITOR OF KV1.3 POTASSIUM 
CHANNELS. S.P. Stevens. J.M. Williamson. M.L. Garcia. M. Garcia-Calvo. 
and R.J. Leonard Membrane Biochemistry & Biophysics, Merck Research 
Labs, Rahway, NJ 07095.

Margatoxin (MgTX) is a peptide purified from the venom of the scorpion 
Centruroides margaritatus. MgTX was isolated based on its ability to 
compete for binding of radiolabeled charybdotoxin in brain membranes, but 
not in smooth muscle membranes. The 39 aa sequence was determined by a 
combination o f Edman degradation and amino acid analysis. The sequence is 
closely related to that o f other potassium channel blocking peptides, such as 
noxiustoxin and charybdotoxin. In order to confirm the biological activity of 
the purified toxin, we adapted the protocol o f Park et al. [PNAS 88:2046- 
2050 (1991)] and constructed a synthetic gene for the expression o f MgTX as 
a fusion protein in E. coli. The construct consists of a portion o f the T7 gene- 
9 protein, 6  histidines (for purification using a Ni2+ affinity resin), a cleavage 
site for factor Xa, and a sequence encoding MgTX. Preferred E. coli codons 
were used throughout. Following Ni^+ affinity chromatography, factor Xa 
cleavage, and preparative HPLC, the final yield of purified, biologically active 
recombinant MgTX was 2-4 mg/liter o f culture. MgTX blocks Kvl.3 with an 
IC50  below 50 pM. The next most sensitive channel identified to date, Kvl .6 , 
is blocked with an IC50  o f ca. 5 nM. The IC5 0  for block o f Shaker H4 is ca. 
100 nM. Several other voltage-activated K channels were found to be 
insensitive to 200 nM MgTX. MgTX has no effect on calcium activated K+ 
channels at concentrations up to 1 μΜ. Thus, MgTX is a highly potent and 
selective blocker of Kvl.3 channels.

293.6
A SINGLE DENDROTOXIN-SENSITIVE SUBUNIT CONFERS FULL TOXIN 
SENSITIVITY ON A CHANNEL COMPLEX WHEN HETEROMULTIMERIC, 
MOUSE POTASSIUM CHANNELS ARE EXPRESSED IN XEN O PU S  
OOCYTES. W.F. Hopkins* and B.L. Tempel. Depts. of Pharmacology and 
Medicine, Univ. of Washington and VA Medical Center, Seattle, WA 98108.

Voltage-gated potassium channels differ markedly in their sensitivities to 
toxins such as dendrotoxin. For the Ί” fraction of dendrotoxin (DTX-I), we have 
found such differences for mKv1.1 (Ki=3 nM), mKv1.2 (Ki=200 pM) and 
mKv1.3 (Ki= 4533 nM), 3 mouse members of the Shaker-like subfamily that can 
form heteromultimeric channels when coexpressed in Xenopus oocytes. We 
wished to determine if all toxin-sensitive subunits in a channel complex 
contribute to the binding site for DTX-I, by analogy with external binding of 
tetraethylammonium (TEA) to TEA-sensitive potassium channels (Heginbotham 
& MacKinnon, 1992; Kavanaugh et al., 1992). Assuming that a channel is 
composed of 4 subunits, when mKv1.1 and mKv1.3 were coexpressed in a ratio 
of 1:2, the DTX-I sensitivities of the resulting potassium currents were best fit by 
a model that assumes that as few as one toxin-sensitive subunit (mKv1.1) 
confers similar toxin sensitivity on a channel as one that is composed of 4 toxin- 
sensitive subunits (mKv1.1 homomultimers). Similar results were obtained 
when mKv1.2 was coexpressed with mutant mKv1.1 (A352P+E353S+Y379H) 
that is 100-fold less sensitive to DTX-I (Ki=306 nM) as wild-type mKv1.1. In 
contrast, the TEA sensitivity of currents when mKv1.1 (TEA Ki=0.33 mM) and 
mKv1.2 (TEA Ki=107 mM) were coexpressed was best fit by the binding energy 
additivity model of Heginbotham & MacKinnon (1992) that assumes that all 4 
subunits contribute to the binding site for TEA. The single subunit model for 
DTX-I binding will be tested directly by constructing specific tandem cDNAs to 
constrain the composition and stoichiometry of the expressed channels. 
Supported by NIH NS27206 and the VA
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293.7
Rogotoxin (RgTx) from Brazilian scorpion venom blocks voltage-gated, 
non-inactivating potassium channels in cultured central neurons. C. U. 
Eccles*. R.S. Rogowski. B. E. Alger, and M.P. Blaustein. Physiol. Dept., 
Med. Sch., and Dept. o f Pharmacol, and Toxicol., Pharm. Sch., U. of 
Maryland, Baltimore, MD 21201.

RgTx or TsM, a 37-amino acid peptide from Tityus serrulatus venom, 
potently blocks a noninactivating component o f depolarization- 
stimulated “ Rb efflux, corresponding to a delayed rectifier-type K+ 
channel, in rat brain synaptosomes (Mol. Pharmacol. 40:932, 1991). 
Whole-cell voltage-clamp was used to examine the effects o f RgTx on 
voltage-gated K+ currents in cultured hippocampal neurons and 
cerebellar granule cells. Slowly activating, noninactivating outward 
currents (IK) were generated by 400 ms depolarizing steps from a 
holding potential o f -50 mV to potentials positive to -40 mV. In some 
cases, a 100 ms hyperpolarizing prepulse to -100 mV was used to 
generate a rapidly inactivating current with properties like those o f IA. 
RgTx (2.5 - 120 nM) produced a dose-dependent block o f sustained 
outward current. The fraction o f total current blocked ranged from 10 
to 80% over a concentration range o f 2.5 to 120 nM in both cerebellar 
and hippocampal neurons. When IA was isolated pharmacologically 
(with 10 mM TEA to block IK) or by subtracting IK from total outward 
currents, RgTx had no effect on the properties o f IA isolated in either 
cell type. These data indicate that RgTx is a potent and selective 
blocker o f a voltage-gated, noninactivating K+ channel with properties 
like that o f a delayed rectifier in cultured mammalian neurons.

293.9
IN H IB IT IO N  O F [3H ]N O R E PIN E PH R IN E  R E L E A SE  FR O M  
R A T B R A IN  C O R T IC A L  SL IC E S B Y  N S004, A  N O V E L  
O P EN E R  O F M A X I-K  (B K) PO T A SSIU M  C H A N N E L S. Duncan 
L· Taylor.* P ianą Mąrrgrą, аші N iç M a s  M ganwglL Biophysics & 
M olecular B iology and D ivision o f  Chemistry, Bristol-M yers Squibb, 
W allingford, CT 06492-7660.

Recently, N S004 [l-(5-chloro-2-hydroxyphenyl)-5-trifluoro- 
m ethyl-l,3-dihydro-2//-benzim idazol-2-one] has been reported to 
activate maxi-K channels in cerebellar granule cells and smooth 
muscle cells cultured from bovine aorta and guinea pig trachea 
(Olesen & Wätien, Eur. Patent 477,819). W e have confirmed that the 
voltage-dependent sodium channel opener veratridine produces a 
short-livedrelease o f  tritium from superfused rat brain cortical slices
Preincubated with [3H]norepinephrine in a concentration-dependent 
ashion over the range o f 0.2  -1 0 0  μΜ  (Fink et al., N-S Aren 

Pharmac 339:514 ,1989). The specific maxi-K channel blocker 
iberiotoxin or low  concentrations o f  tetraethylammonium (1 mM) 
potentiated the veratridine-evoked efflux o f  tritium in this preparation. 
These agents reversed the attenuation o f  veratridine-evoked tntium  
efflux produced by N S004 in a concentration-dependent manner. 
These observations suggest that N S004 is a maxi-K channel opener in 
this preparation. An alternative possib ility  is that N S004 may exert a 
tetroaotoxin-like effect in blocking the voltage-dependent sodium  
channel opened by veratridine. H owever, the ability o f the selective 
sodium ionphore-forming antibiotic monensin to evoke tritium release 
in this preparation was unaffected by tetrodotoxin but attenuated by 
N S004 (1-20 μΜ). This suggests that the effect o f  N S004 is due to 
some action other than a tetrodotoxin-like blockade o f  veratridine. 
These observations are consistent with the suggestion that N S004  
behaves as a maxi-K channel opener in the CNS.

293.11
ELEC TR O PH Y SIO LO G IC A L E F F E C T S  OF THE ISCHEMIA- 
SELECTIV E POTASSIUM CHANNEL OPENER BMS-180448. J J L
McCullough. M.L. Conder. M.J. Antonaccio*. K.S. Atwal. and G.J. Grover. 
Bristol-Myers Squibb Pharmaceutical Research Institute, Princeton NJ 08543.

BMS-180448 (BMS) is a novel opener (KCO) of ATP-sensitive K+ channels 
(KATP). Studies in in  v itro  and in  v iv o  ischemia models indicate that BMS, like 
the reference KCO cromakalim (CROM), is cardioprotective without the vascular 
effects observed with CROM. These effects of CROM and BMS are inhibited by 
the KATP blocker glyburide (GLY). The effects of BMS on potassium channels 
were studied by using whole-cell and single channel patch clamping 
techniques in guinea pig ventricular myocytes under non ischemic conditions. 
Using 1 mM internal ATP to promote KATP opening, steady-state outward K+ 
currents (IKo), measured at +20 mV, were stable for 20 min (n=13). CROM (100 
μΜ), significantly increased IKo from 0.95±0.06 to 3.69±0.88 nA (n=6 , p>0.05), 
while GLY (1 μΜ, n=6) had no effect on IKo. 100 μΜ BMS significantly 
decreased IKo from 0.84±0.15 to 0.45±0.11 nA (n=7, p<0.01) and this 
decrease was neither blocked (n=6) nor reversed (n=3) by 1 μΜ GLY. BMS also 
failed to increase IKo in cells with 4 mM internal ATP. The effects of BMS on 
single KATP were studied in inside-out patches using 150 mM symmetrical K+ 
and 0.5 mM internal ATP to mimic low ATP of ischemia. BMS (30 μΜ) increased 
KATP channel activity in -40% of the patches. In 11 patches with 2̂ channels, 
open probability reversibly increased from 0.045±0.011 to 0.171±0.042 
(p<0.01) in the presence of BMS. These results indicate that BMS-180448 
opens KATP only under ischemic conditions and thus may account for its 
ischemia selective cardioprotective activity.

293.8
THE HIGHLY POTENT K+ CHANNEL PEPTIDE TOXIN ROGOTOXIN 
INTERACTS WITH THE a-DENDROTOXIN BINDING SITE ON THE Kv1.2 K+ 
CHANNEL. T.R. Werkman*1. T.A. Gustafson2. R.S. Rogowski2. M.P. Blaustein2 
and MA Roaawski1. Epilepsy Research Branch. NINDS. NIH. Bethesda. MD 
20892 and ^Department of Physiology, University of Maryland School of 
Medicine, Baltimore, MD 21201.

Whole-cell and patch recording techniques were used to record K* 
currents with delayed rectifier properties in CL1023 fibroblast cells stably 
transfected with Kv1.2 cDNA. Previously we have shown that the K* channel 
peptide toxins a-dendrotoxin (a-DTX), charybdotoxin (CTX) and mast cell 
degranulating peptide (MCDP) are potent blockers of the Kv1.2 K* channel 
(Werkman et al., N e u r o s c i . ,  50: 935,1992). In the present study we investigated 
the effects of rogotoxin (RgTX), a 37-amino acid peptide from scorpion (T ityus  
s e r ru la tu s )  venom, on the Kv1.2 channel. RgTX was about an order of 
magnitude more potent than a-DTX, CTX and MCDP in blocking the Kv1.2 
channel (KD, 0.21 nM); recombinant and natural RgTX had identical potencies. 
Experiments with excised and cell-attached patches revealed that RgTX blocks 
the channel by binding to an extracellular site. This RgTx binding site appeared 
to be closely related to the a-DTX binding site, since the blocking effect of 
a-DTX was considerably reduced in the presence of RgTx, whereas the effect 
of 4-aminopyridine, which also blocks the channel, was unaffected. The 
rightward shift of the concentration-response curve for a-DTX in the presence 
of RgTX was predicted by a model describing a competitive interaction between 
the two toxins. We conclude that RgTX, one of the most potent K* channel 
toxins described to date, and a-DTX block the Kv1.2 K* channel by binding to 
the same or closely related sites. (We thank Dr. H. Higashida and co-workers 
for providing the CL1023 fibroblast cell line.)

293.10
BENZOPYRAN POTASSIUM CHANNEL OPENERS INHIBIT VOLTAGE- 
ACTIVATED OUTWARD CURRENTS IN RAT HIPPOCAMPAL NEURONS. D.M. 
Politi*. T.R. Werkman and M.A. Roaawski. Neuronal Excitability Section, Epilepsy 
Research Branch, NINDS, NIH, Bethesda, MD 20892.

Potassium channel openers represent a structurally diverse group of 
drugs that activate K* channels in a variety of tissues, including vascular and 
cardiac muscle and also neurons. For example, we have previously shown that 
the benzopyran cromakalim activates a glyburide-sensitive K* current in cultured 
rat hippocampal neurons (M o l. P h a rm a c o l. 40: 308-315, 1991). However, the 
cromakalim analog celikalim (WAY-120,491) inhibits voltage-activated outward 
currents in dorsal root ganglion cells (D.G. Owen, S o c .  N e u ro s c i .  A b s t . 17, 778, 
1991) and GH3 cells (B. Robertson, o p . c it . ,  p. 779). In the present study, we 
examined the activity of celikalim and two structurally novel cromakalim analogs 
(BRL-61164BF and BRL-4907HT) on K* currents in cultured rat hippocampal 
neurons using whole-cell voltage clamp techniques. Extracellular perfusion of 
these three benzopyran analogs produced a concentration-dependent (1- 
100 μΜ) inhibition of K* currents activated by depolarization from a holding 
potential of -60 mV to +40 mV. The analogs mainly blocked the sustained 
(non-inactivating) component of the outward current, although with 
BRL-49074HT there was some effect on the transient, inactivating component 
of the current. At 100 μΜ, WAY-120,491 was the most potent (96 ± 4% 
reduction in the sustained K* current), followed by BRL-4907HT (75 ± 7%) and 
BRL-61164BF (42 ± 7%). In all cases, the block was not use-dependent and 
rapidly reversible. We conclude that some benzopyran analogs which open K* 
channels in vascular smooth muscle and other peripheral tissues may block 
voltage-activated K* channels in CNS neurons. Thus, structurally similar 
benzopyran analogs can have diverse effects on K* channels in different tissues.

293.12
ONTOGENY OF POTASSIUM  CURRENTS IN DEVELOPING CAT 
RETINAL GANGLION CELLS. D.W . Robinson. I. Skaliora . R.P. 
Scobev*and L.M. Chalupa. Dept. o f  Neurology and Center for 
Neuroscience, University o f  California, Davis, CA95616.
Retinal ganglion cells (RGCs) were retrograde labeled with injections o f  
rhodamine latex microspheres into the LGN and SC o f  cats aged 
between embryonic day 31 (E31) and postnatal day 10 (PIO). K+ 
currents, recorded using whole-cell patch clamp techniques, were 
isolated by the pharmacological block o f  inward currents and 
characterized by their voltage dependence and sensitivity to 4AP and 
TEA. In all cases a combination o f  three currents could account for the 
total outward potassium current (n=2 2 0 ): i) an instantaneous linear 
conductance; ii) a 4AP-sensitive transient current, IA; and iii) a slowly 
inactivating, TEA-sensitive current, Ik. The mean linear conductance 
increased with maturation from 0.05nS/pF at E31 to 0.27nS/pF at P10 
and the mean reversal potential became more negative: 0.77m V  at E31 
and -27.2m  V  at P10. At all ages RGCs expressed Ik but the number o f  
cells expressing IA decreased from 82% at E31 to 40% at P10. The half 
point o f  activation and inactivation and the activation kinetics o f  IA and 
Ik changed little with age. The inactivation kinetics o f  IA did not change 
with development but the time constants o f  inactivation for Ik were 
faster at E31 than at P10. The ontogenetic changes described here 
would have profound effects on the excitability o f  developing RGCs. 
Supported by NEI grant EY-03991 and DW R is a HFSP Fellow
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293.13
CROMAKALIM ACTIONS ON MEMBRANE CURRENTS OF CAI NEURONS 
IN RAT HIPPOCAMPAL SLICES G. Erdemli and K. Kmiević*. Anaesthesia 
Research Dept., McGill Univ. Montreal, Qué. H3G 1Y6, Canada.

There is no consensus how cromakalim (CROM) affects hippocampal neurons. 
Accordingto Alzheimer et al 1989(N.S.Arch.Pharm.340:465)CROM hyperpolarizes 
CA3 neurons by activating a Ba and Cs (but not tolbutamide (TOLB))-sensitive, 
inwardly-rectifying K current. But in cultured neurons (Politi et al 1991, 
Mol.Pharm.40:308), CROM enhanced a TEA-sensitive outwardly-rectifying K 
current: these effects were suppressed by glyburide(GLYB), and therefore tentatively 
ascribed to KATP channel activation. We applied CROM (50-200μ Μ , from EtOH or 
DMSO stocks) to slices, kept at 33 ' ,  by superfusion with TTX, kynurenateand (less 
regularly) bicuculline - to minimize indirect effects. Recordings were by single
electrode (3M KC1) voltage-clamp. Membrane currents were evoked by 0.5s pulses 
or depolarizing ramps. Findings were as follows: 1. in 27 cells, with VH -69 ± 3.4 
(SE) mV, CROM generated a mean inward current (-260 ±  86 pA), which overall 
showed no voltage-dependence(r=-0 .012 );2 . there was no consistent change in input 
conductance (G) (-1.2 ± 4.5 %); 3. in most cells, neither the instantaneous G nor 
the Iq inward relaxation showed increased inward rectification in the presence of 
CROM - indeed, in 15/19 cells the IQ relaxation was reduced; 4. outward currents, 
evoked by depolarizing pulses, were depressed in most cells, both at -40 mV (in 
16/22 cells) and in the range -20 to +10 mV (in 9/14 cells); 5. an ID-like outward 
current, seen sometimes at VH»-50 mV following 0.5 s hyperpolarizingpulses, was 
also potentiated by CROM (in 11/11 cells); 6. this effect (#5) was reversed by the 
addition of GLYB and especially TOLB. In conclusion, these results provide little 
support for the idea that CROM's main effect on hippocampal neurons is to activate 
KATP channels.

S u pported  b y  M .R .C . o f  C a n a d a  a n d  a  N A T O  F e llo w sh ip  to  G .E .

293.15
EFFECTS OF APAMIN IN RAT HIPPOCAMPAL SLICES. J.E.H. 
Tattersall . Chemical & Biological Defence Establishment, 
Porton Down, Salisbury, Wiltshire, SP4 OJQ, UK.

Apamin, an octadecapeptide from bee venom, blocks 
small conductance Ca2+-activated K+ channels (IC5Q 
approximately lOnM) and causes generalised convulsions 
(Dreyer F, Rev. Physiol. Biochem. Pharmacol. 115: 93-136, 
1990). Autoradiography shows that apamin binding is 
strongest in the hippocampus and thalamic structures 
(Gehlert DR & Gackenheimer SL, Neuroscience 52: 191-205, 
1993). However, previous electro^hysiological studies 
have found that Ca2+-activated л conductances of 
hippocampal pyramidal cells are insensitive to apamin 
(Storm JF, Prog. Brain Res. 83: 161-187, 1990).
In the present study, intracellular recordings were 

made from CAI pyramidal cells in rat hippocampal slices. 
Application of 500nM apamin led to increased synaptic 
activity, spontaneous action potentials and a reduced 
threshold to stimulation of the Schaffer collaterals, but 
there was no significant effect on input resistance or 
membrane potential. The changes were less frequent with 
200nM apamin, and were not seen at lOOnM. These results 
confirm previous reports that apamin has no effect on CAI 
pyramidal cells at concentrations which completely block 
Ca2+-activated K+ channels in other tissues, but suggest 
that higher concentrations can increase the excitability 
of the cells. The significance of the high level of 
binding of apamin in the hippocampus remains unclear.

293.17
INFLUENCE OF THE MEMORY ENHANCER SABELUZOLE O N  
POTASSIUM CÜRRENTS IN  ISOLATED RAT DORSAL ROOT 
GANGLION CELLS. R. M arrannes, E. D e Prins, D. Ashton* and G. 
C lin ck e. Dept. of N eu ropsychop harm acology, Janssen Research  
Foundation, Beerse, Belgium.

Sabeluzole im proves mem ory in anim als and hum ans and increases 
long-term potentiation (LTP) (Brain Res. 541,167-170, 1991). Since a 
decrease in p o tass iu m  perm eability  can au gm en t excitability , 
neurotransmission, neuronal calcium  influx and LTP, w e investigated  
w hether sabeluzole reduces p otassium  currents, usin g  w hole-cell 
voltage clamp on isolated rat dorsal root ganglion cells.

TTX (1 μΜ) and CdCİ2 (2 mM) w ere add ed  to the extracellular 
solutions to block N a+ and Ca++ currents. From a holding potential of 
-50 mV a pu lse sequence consisting of a 500 ms prepulse to -110 mV, 
follow ed by a 500 ms test pu lse to 55 mV, alternated w ith a sequence 
of a prepulse to 0 mV and a test pu lse  to 55 mV. The transient 
outward current (TOC) w as isolated by substraction.

Sabeluzole d ose-d ep en d en tly  decreased  the am p litud e o f TOC 
(ED50  2 μΜ) and accelerated its inactivation. Sabeluzole produced a 
p ositive shift of the activation curve o f TOC. Similar effects were  
obtained w hen  no C d++ w as used , in the presence or absence of 
extracellular N a+ and Ca++. Sabeluzole dose-dependently decreased  
the delayed rectifier current elicited by the second pu lse sequence and 
also after blockade of TOC w ith 5 mM 4-am inopyridine.

The observed decrease in voltage-dependent outward K+ currents 
by sabeluzole may contribute to its effects on LTP and memory.

293.14
CH A RA CTERIZA TIO N  OF THE EXTERNAL 
QUATERNARY AMMONIUM B IN D IN G  S IT E  OF 
r -N G K 2
W. Jarolimek and A.M. Brown*. Department of Molecular 
Physiology and Biophysics, Baylor College of Medicine, Houston 
TX  77030.

Quaternary ammonium (QA) compounds block voltage- 
dependent K+ channels by occluding the open pore. A series of 
symmetrical tetraalkylammonium and asymmetrical triethylalkyl- 
ammonium compounds were used to define the structural 
features of the binding site. Potassium currents were recorded in 
the outside-out patch configuration from human embryonic kidney 
cells which were transfected with r-NGK2. As previously reported 
for Xenopus oocyte expression there is a high affinity binding site 
for tetraethylammonium (TEA; M. Tag lia rte la  et al., Mol. Pharm. 
1991) and for symmetrical QA compounds with chain length >C4. 
The action of QA compounds was fast (<1s) reversible and 
voltage-independent. For C5 and C6 substitutions the block was 
time-dependent and appeared to be voltage-independent. The 
affinity of asymmetrical QA compounds varied with increasing 
chain length. r-NGK2 might have an additional external QA 
binding site but internal effects cannot be excluded. Supported by 
NIH grants NS 23877 and HL 37044 (AMB) and a stipend of the 
Alexander von Humboldt foundation to WJ.

293.16
EFFECTS OF APAMIN, A BLOCKER OF CALCIUM ACTIVATED 
POTASSIUM CHANNELS ON OPERANT BEHAVOIR IN THE 
RAT. C. Mourre*1. M. Lazdunski2, L.E. Jarrard1.
‘Dept. Psychology, Washington and Lee University, Lexing
ton, VA24450,2 CNRS-IPMC, Sophia-Antipolis, F-06650 Val- 
bonne, France.

Operant conditioning procedures were used to 
determine the dose- and time- response relations 
for apamin (АРА) in the rat. Eight Sprague-Dawley 
male rats were trained to press a bar for food 
pellets on an aperiodic reinforcement schedule 
(VI 30sec) until stable rates were obtained. 
Using a latin square design each animal was 
injected intraperitonealy with a saline solution,
0.2, 0.4 and 0.6 mg APA/kg. The data of perfor
mance were the number of bar presses divided into 
10 min periods for 50 min sessions. Analysis of 
Variance revealed : 1) During the 50 min session 
following the injection, performance for 0.2 and 
0.4 mg/kg were not different from that for saline 
solution. The 0.6mg/kg dose resulted in a de
crease of the number of bar-press after 30 min. 
2) Twenty four hours after the injection, doses 
of 0.4 and 0.6 mg/kg resulted in performance that 
was significantly lower than for 0.2 mg/kg dose 
and saline solution.

The blockage of Ca2+ activated K+ Channel 
with apamin induced an extensive and long-lasting 
impairment in behavior at nonconvulsant doses.

293.18
EFFECT OF K+-CHANNEL BLOCKING DRUGS ON IN VIVO 
INCREASE OF BRAIN [Κ+]θ BY SHORT PERIODS OF HYPOXIA.
T  Zetterström  and K. Jansen*. Oxford University SmithKIine Beecham 
Centre for Applied Neuropsychobiology, Radcliffe Infirmary, 
Woodstock Road, Oxford, UK.

An early stage in the cytotoxic cascade of events due to brain anoxia 
is a disturbance of the ionic distribution across neuronal membrane. 
For example, previous studies have shown that extracellular K+([K+]g) 
increases in the brain during ischemia but the precise source of this 
increase of [Κ+]θ is not known .This study examined the effect of drugs 
shown to block K+-channels on the hypoxia-induced rise of [K+]e in 
rat brain hippocampus during short periods of hypoxia using ion 
selective microelectrodes.

[K+]e was measured using valinomycin-based double barrel ion- 
selective microelectrodes (2-6μτη). Rats were anaesthetised with 
chloralhydrate and microelectrodes were implanted in dorsal 
hippocampus. The effect of transient hypoxia was studied by changing 
the control gas mixture (20%(>2 and 80%N2) to 100%N2 for 30s.

Resting [K+]e in these rats was estimated to be 3.4±0,09mM, n=15. 
After 30s inhalation of 100% N2 the maximum rise of [Κ+]θ was 5- 
6mv(1.5-2mM). Pretreatment with quinine 40mg/kg or 4AP 1 mg/kg s.c. 
30 min before the hypoxic challenge attenuated the increase in [K+]e 
by 35±6.7%(n=5 rats, Mn±s.e.m,p<0,05) and by 70±5.4% respectively. 
In contrast gliquidone, 50μg in 10μΙ, i.c.v. had no effect.

In summary, we have demonstrated that the early increase of [K+]e 
during transient hypoxia is attenuated by quinine or 4AP. The lack of 
effect of gliquidone suggests that an ATP sensitive K+-channel may 
not be involved at this stage.
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294.1
B l o c k a d e  o f  In w a rd  P o t a s s iu m  C u r r e n t s  b y  GTP-y-S in 
E n d o t h e l ia l  C e l l s
M. Balestrino* , G.A. West. H.R. Winn and D. Janiaro 
Department of Neurological Surgery, University of 
Washington, Seattle, WA 98104 and University of Genova+, 
Italy.

Brain microvascular endothelial cells involved in the regulation of 
brain ionic homeostasis express an inwardly rectifying potassium 
current (I|r ) sensitive to blockade by extracellular cesium ions. We 
applied the non-hydrolyzable GTP analogue GTP-7-S (0.2 mM) 
through the pipette solution during whole cell patch clamp 
recordings. Intracellular dialysis with GTP-7-S abolished Iįr and 
unmasked an inward current carried by Na+ and K+ ions (Fig. 1). 
Our results suggest that endothelial Iįr  currents are inhibited by 
regulatory GTP-binding proteins.

294.3
G a ll AND Gaq ANTISENSE OLIGODEOXYNUCLEOTIDES REDUCE 
MUSCARINIC RECEPTOR MEDIATED INHIBITION OF M-CURRENT IN 
RAT SYMPATHETIC NEURONS. S. Jones. M.P. Caulfield. D.A. Brown* 
and N.J. Buckley. Dept. of Pharmacology, University College London, U.K. 
WC1E 6BT and NIMR, London, U.K. NW7 1AA.

Inhibition of M-current (I^j) by muscarinic acetylcholine receptor (mAChR) 
activation is mediated by a pertussis toxin (PTX)-insensitive G protein. We have 
examined the involvement of two PTX-insensitive G proteins, G a ll and Gaq, in 
mAChR mediated Ij^ inhibition in cultured rat superior cervical ganglion (SCG) 
neurons using specific phosphorothioate-modified antisense oligodeoxy- 
nucleotides (pODNs) complementary to Gaq and G a ll mRNA. Whole cell 
currents were recorded from voltage-clamped SCG neurons using the nystatin 
permeabilised patch technique. Inhibition of Ідо by the mAChR agonist 
oxotremorine-M (oxoM, 0.03-10 /iM) was measured in untreated (control) cells 
and cells incubated with 20 μ Μ  Gaq or G al 1 pODNs for З-ЗОҺ. In control 
cells, oxoM (ЗООпМ) inhibited I^j by 65 ± 3.4% (mean ± sem; n=  11). With 
G al 1 pODN, I^j inhibition was reduced after 10-30Һ with a peak effect at 15- 
20Һ (Ідо inhibition 26.5 ±  3.2%; n=6; pCO.001). After 3-10Һ with G a ll 
pODN, Ijy[ inhibition was not significantly reduced. With Gaq pODN, Год 
inhibition was reduced after Ю-15Һ to 45.4 ± 2.3% (n= 11; pCO.Ol), but at all 
other times did not significantly differ from control. The control response to a 
higher concentration of oxoM (3/xM: 84.2 ±5.1%  inhibition; n=6) was 
unchanged with either G al 1 or Gaq pODN. These results suggest that G al 1 
and Gaq are involved in muscarinic inhibition of I^j in rat SCG neurons, and 
that there is a functional reserve of the G protein pool mediating this response. 
Supported by the U.K. M.R.C.

294.5
THE MINK PROTEIN EXISTS IN FUNCTIONAL AND NONFUNCTIONAL 
FORMS WHEN EXPRESSED IN X E N O P U S  OOCYTES: IMPLICATIONS FOR 
CHANNEL FUNCTION AND MODULATION. E. M. Blumenthal* and L. 
K. Kaczmarek. Interdepartmental Neuroscience Program, Yale Univ. 
Sch. of Med., New Haven, CT 06510.

The minK protein forms voltage-gated potassium channels when 
expressed in Xenopus laevis oocytes. We have used an epitope- 
tagged minK construct to determine how the amount of minK protein 
on die oocyte surface varies with the amount of mRNA injected. We 
find that although the amount of surface expression increases linearly 
with RNA up to at least 50 ng of message, the amplitude of the 
resulting current does not increase when more than 1 ng of RNA is 
injected. This indicates that some modification of the minK protein 
or association with an endogenous oocyte factor is important in the 
formation of functional minK channels.

Although higher surface expression does not increase net current, it 
causes a change in activation, which is significantly slower in oocytes 
injected with 50 ng of message compared with oocytes injected with 
500 μg. This finding suggests that minK proteins interact with each 
other on the oocyte surface and that an excess of protein interferes 
with channel activation.

We have previously reported an increase in minK current following 
activation of the cAMP-dependent protein kinase (PKA). By 
immunoprecipitating minK from 32P-labeled oocytes, we now show 
that the minK protein is not phosphorylated upon PKA activation. 
This finding, coupled with the results above, suggests that an 
endogenous oocyte factor is the substrate for PKA that governs the 
cAMP-dependent modulation of the minK current.

294.2
ANTISENSE OLIGODEOXYNUCLEOTIDES IDENTIFY A G au SUBUNIT 
MODULATION OF A NEURONAL MUSCARINIC INHIBITION OF THE 
DELAYED RECTIFIER K+ CURRENT. JMH ffrench-Mullen*. NJ Buckley1. 
CR Plata-Salamân2 and P Danks. ZENECA Pharmaceuticals Group,Wilmington, 
DE 19897;‘NIMR, London, England;2Univ.of Delaware, Wilmington, DE 19716.

The delayed rectifier K+ (IK) and the transient outward K+ (IA) currents were 
recorded from primary cultured rat ventromedial hypothalamic neurons using the 
whole-cell patch clamp technique. Depolarizing commands were made from a 
holding potential of -40 mV and IA was activated with a pre-pulse to -90 mV; 
both IK and IA were examined at +40 mV for dose-response measurements. The 
muscarinic agonist carbachol (Carb) gave a potent,concentration-dependent (1013 
to 10'4 M) depression of a fraction (36%) of the total IK, with an IC50 of 44 pM 
and nH of 0.4. This depression was voltage dependent with less inhibition at 
strong depolarized potentials. Carb shifted the voltage-dependence of activation 
to the right with no change in the slope. Carb had no effect on IA or the fast Na+ 
current; there was no M-current detected in these neurons. Carb depression was 
diminished (p<0.05) by Pirenzepine and Atropine (l-lOpM).RT-PCR analysis 
showed that these neurons express only the m2, m3 and m4 muscarinic receptor 
transcripts. Intracellular dialysis with GDP-ß-S (500μΜ) significantly (p<0.02) 
diminished the Carb effect; pertussis (200-400ng/ml) and cholera ( lμg/ml) toxins 
?4 h) had no effect on the Carb depression of IK.Treatment with antisense 

phosphothio-oligodeoxynucleotides (10μΜ; 24 h) to the G an G-protein subunit 
significantly (p<0.02) diminished the Carb depression of IK. Treatment (10μΜ; 24 
h) with either sense to Got,, or antisense to G aq had no effect (p>0.5). RT-PCR 
analysis revealed that both Gaq and Ga,, mRNA’s were expressed by these 
neurons.These results demonstrate a novel and very potent muscarinic depression 
of IK, modulated by a Ga! į subunit. This is also first study to assign the activity 
of a G a subunit of the Ga,, subclass to a mammalian neuronal membrane current.

294.4
CHARACTERIZATION AND MODULATION OF POTASSIUM 
CURRENTS IN RABBIT DORSAL ROOT GANGLION NEURONS.
D.E. Johnson and R.T. McCarthy*. Institute for 
Dementia Res., Miles Inc., West Haven, CT 06516.

The ability of serotonin (5HT) to inhibit the 
tetraethylammonium induced plateau on the descend
ing limb of the action potential in frog sensory 
neurons has been linked to calcium influx through 
N-type channels (Brain Research 485: 391-395,1989) . 
In order to assess the possibility of 5HT enhance
ment of outward potassium (K+) current during the 
repolarization phase of the action potential we 
have used the patch voltage clamp technique in the 
cell-attached, whole-cell and outside/out config
urations to study K + currents in freshly dispersed 
rabbit dorsal root ganglion (DRG) neurons. Outward 
K + current activated near -4 0 mV and was largely 
sustained throughout a 160 ms test pulse. Outward 
current was enhanced by 5HT (1 nM; 21.2% ± 2.4; 
n=5). Pretreatment of cells with glyburide (n=3) 
did not prevent enhancement by 5HT while pretreat
ment with the 5HT1a receptor antagonist spiperone 
did prevent enhancement. Enhancement of K + current 
required the presence of guanosine triphosphate 
(GTP) in the dialysis solution(n=3). These results 
indicate that GTP-dependent enhancement of K+ 
current may contribute to the 5HT-induced reduc
tion of action potential duration in DRG neurons.

294.6
EXPRESSION AND MODULATION OF THE Kv1.5 POTASSIUM CHANNEL IN 
A MOUSE FIBROBLAST CELL LINE
D. Saal. S. Chung and L.K. Kaczmarek*. Interdepartmental 
Neuroscience Program and Dept. of Pharmacology, Yale Univ. Sch. of 
Med., New Haven, CT 06510.

The potassium channel Kv1.5 demonstrates delayed rectifier type 
behavior when expressed in Xenopus oocytes. In that system it shows 
no modulation in response to activators of PKA. We have now found that 
when it is expressed in mouse fibroblasts it shows inactivation as well 
as modulation by PKA. We have confirmed that the channel protein is 
expressed in these cells by western blot analysis, 
immunocytochemistry, and electrophysiology. In the perforated patch 
configuration, using nystatin, there is a marked inactivation of the 
current which can be best fit by time constants of 280 msec and 15 sec. 
In voltage pulses to +20 mV, the current inactivates 30% to 50% in 1 
sec. Likewise, in the inside-out patch configuration, single channel 
recordings demonstrate inactivation over a similar time course. 
Preliminary results using the inside-out patch configuration indicate 
that the catalytic subunit of PKA applied directly to the inside of the 
membrane causes a decrease in the number of channels that become 
activated in depolarizing pulses. Interestingly, when currents are 
recorded in the whole cell configuration, which subjects the cytoplasm 
to dialysis, inactivation is attenuated and the current resembles the 
currents found when Kv1.5 is expressed in oocytes. Our results 
suggest that cytoplasmic factors alter the inactivation kinetics of 
Kv1.5. In addition, PKA may modulate the activity of the channel.
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294.7
NEUROPEPTIDE INHIBITION OF K+ CHANNEL EXPRESSION AND 
ACTIVITY IN CLONAL PITUITARY CELLS K. Takimoto.*
A. F. Fomina, R. Gealv. J. S. Trimmer and E. S.
Levitan Dept. of Pharmacology, Univ. of Pittsburgh, 
Pittsburgh, PA 15261, *Dept. of Biochemistry and Cell 
Biology, SUNY, Stony Brook, NY 11794To explore long-term effect of neurotransmitters on 
excitability, expression of voltage-gated K+ channels 
and consequential changes in the currents were examined 
in GHj cells. Here we show that thyrotropin releasing 
hormone (TRH) specifically inhibits Kvl.5 expression in 
GH3 cells. TRH rapidly decreases steady state 
concentration of Kvl.5 mRNA by -50% of control level at 
3 hours of the treatment. Maximal decrease in Kvl.5 
mRNA was obtained at -10 nM TRH. Cycloheximide, an 
inhibitor of protein synthesis, did not block this TRH- 
induced decrease in Kvl.5 mRNA. Nuclear run on assay 
indicated that this decrease in mRNA is due to a 
reduced Kvl.5 gene transcription. TRH also reduces total cellular Kvl.5 immunoreactivity detected by 
antibody against the carboxyl terminus of Kvl.5 
polypeptide. Maximal decrease (-50% of control level) 
in the immunoreactivity occurred at 12 hours of TRH- 
treatment of the cells. Whole cell patch clamp 
recordings revealed that TRH-treatment for 12 hours 
decreases both inactivating (-60% of control level) and 
non-inactivating (-40% of control level) components of 
the outward K+ current. Thus, TRH regulates excitability 
by changing an ion channel gene expression. Regulation 
of ion channel expression may constitute a novel 
mechanism for causing long-term changes in 
excitability.

294.9
TYROSINE-KINASE PHOSPHORYLATION IN RESPONSE TO INSULIN 
MODULATES NEURONAL VOLTAGE-GATED K+ CHANNELS. D.H. 
Solomon*. S.D. Critz+. B.A. Wible+. A.M. Brown*. and J.H. Schwartz. Center for 
Neurobiol. & Behav., Columbia Univ. Coll, of Physicians & Surgeons, New York, 
NY 10032 and +Dept. of Mol. Physiol, and Biophys, Baylor Coll, of Med., Houston, 

Many ion channels are known to be phosphorylated by both serine/threonine and 
tyrosine kinases (TK). In a few instances, protein phosphorylation has been correlated 
to physiologic function. In no instance, however, have the function and site of 
phosphorylation been explained by a change in structure of the ion channel pore. We 
have examined the biochemical and biophysical effects of a well-characterized 
ligand/receptor TK (insulin/insulin receptor) on voltage-gated K+ channels stably 
transfected in human embryonic kidney (HEK 293) cells. Insulin causes 
autophosphorylation of the insulin receptor and phosphorylation of the insulin- 
responsive substrgte protein (IRS-1) (Shoelson et al P N A S  89: 2027, 1992). An 
insulin receptor-TK recognition consensus, YXXM, is a characteristic of IRS-1. This 
sequence is present in Shaker-, Shaw-and Shal-related voltage-gated K+ channels. In 
contrast, Shab-related voltage-gated K+ channels lack this sequence. We examined the 
b io c h e m ic a l  effects of insulin on in  v iv o  phosphorylation in a Shaw-related K+ 
channel (KV3.1) and a Shab-related K+ channel (KV2.1), respectively. After exposure 
to 10 nM insulin, cells were lysed, and channel protein immunoprecipitated by a 
KV3.1-specific monoclonal antibody. We found a time-dependent increase in 
phosphate incorporated by KV3.1-containing (kidney) cells. In similar experiments, 
immunoprecipitation of KV2.1 did not show increased incorporation. We examined 
the b i o p h y s i c a l  effects of insulin using a whole-cell patch clamp. In KV3.1- 
containing cells, perfusion with nanomolar concentrations of insulin reversibly down- 
regulated KV3.1 membrane current, whereas this effect was not seen in cells 
containing the KV2.1 channel that lacked the YXXM consensus sequence. Thus, 
insulin, acting through its receptor tyrosine-kinase activity, may modulate voltage
gated K+ channels by phosphorylating the tyrosine of the YXXM sequence which is 
situated in H5, the pore-forming domain of the channel protein.

294.11
A μ-OPIOID RECEPTOR MODULATES BK CURRENT IN 
CHROMAFFIN CELLS BY A GTP-INDEPENDENT MECHANISM. 
W. Twitchell & S. Rane. Dept. of Biol. Sci., Purdue Univ., W. Lafayette, IN 47907.

We have previously shown that opioid peptides potentiate calcium-dependent K+ 
Obk) current in bovine adrenal medullary chromaffin cells (BAMCCs) (Neuron 10 : 
701-709,1993). We are using patch clamp techniques to investigate the underlying 
mechanism of this potentiation. The opioid receptor subtype involved in the effect 
was determined by applying the general opioid agonist met-enkephalin (met-enk, 
which at 1 μΜ potentiates Ibk by 1 9 ± 2 1 % ) in the presence of the μ, κ and Э receptor 
specific opioid antagonists ß-funaltrexamine (ß-FNA), rør-binaltorphimine (nor- 
BNI), and naltrindole respectively (all at 100 nM). Of these compounds only the μ 
antagonist ß-FNA blocked the action of met-enk. In the presence of ß-FNA met-enk 
potentiated Ibk by only 2±3%, while /lør-BNI and naltrindole failed to block the met- 
enk effect. Specific opioid receptor agonists were applied to confirm antagonist 
based receptor identification. Only the μ agonist DAGO had any effect, potentiating 
Ӏж by 90±40% in the 4 cells tested, while the κ agonist Dyn A 1-13 (100 nM) and 
the d agonist DPDPE (10 nM) had no effect. These findings indicate that the 
potentiation of Ibk is mediated by a μ opioid receptor. Opioid receptors, particularly 
those which modulate ion channels, are generally believed to act thorough Gj/į> 
proteins. However, incubation of BAMCCs with pertussis toxin (100 ng/mL for 8- 
12 hours at 37° C) failed to uncouple the DAGO potentiation of IBk (60±20% in 7 
cells tested). Furthermore, when 0.5 mM GDP-ß-S was substituted for GTP in the 
whole cell patch pipette solution DAGO still potentiated BK current by 63±13% in 
the 6 cells tested. To check the efficacy of our reagents we tested a non-opioid 
agonist, dopamine (DA), as a compound which is known to activate G-protein 
dependent signaling paths in BAMCCs and other cells. We found that, like DAGO, 
100 nM DA potentiated BK current (by 91±9% n=8 cells). In contrast to DAGO, 
DA potentiation of Ӏж was completely blocked by 0.5 mM GDP-ß-S in all 3 cells 
tested. These results suggest that μ opioid receptor coupling to the BK current in 
BAMCCs is via a GTP-independent mechanism.

294.8
PHOSPHORYLATION OF THE Kv2.1 K+ CHANNEL IN  
V IT R O  AND IN  V IV O  G. Shi and J. S. Trimmer*. Department 
of Biochemistry & Cell Biology, SUNY at Stony Brook, Stony 
Brook, NY 11794-5215

Voltage-dependent K+ currents are known to be modulated by 
agents that effect protein phosphorylation. However, it is not yet 
known whether K+ channel polypeptides are themselves directly 
phosphorylated. W e have transiently expressed the Kv2.1 (drk1 ) 
cDNA in COS cells. In vitro phosphorylation studies of cell 
lysates from COS cells transfected with the Kv2.1 cDNA show 
that the Kv2.1 polypeptide is a good substrate for the catalytic 
subunit of cAMP-dependent protein kinase. By 32p.|abeling in 
vivo and immunoprecipitation, we find that the Kv2.1 polypeptide 
expressed in COS cells is constitutively phosphorylated during 
biosynthesis. With a Kv2.1 mutant that has two consensus PKA 
sites mutagenized, we observed phosphorylation to a similar 
extent as with the wild type Kv2.1 polypeptide. However, a 
truncation mutant lacking the C-terminal 318 amino adds is 
phosphorylated to a much less extent. CNBr digestion studies 
on these phosphopeptides confirms that the majority of 
phosphorylation on Kv2.1 does not occur at either of the two 
putative PKA sites but elsewhere, within the final 318 amino 
adds of 450 amino acid carboxyl terminus. The functional 
significance of this phosphorylation is under investigation.

294.10
PROPOSED FUNCTION OF A Ca2+-ACTIVATED K+ CHANNEL 
IN p21ras MEDIATED SIGNALING.
Y. Huang* & S. Rane. Dept. of Biol. Sci. Purdue Univ., West Lafayette, IN 47907.

R as oncogene transformation of fibroblast cell lines correlates with constitutive 
appearance of a Ca2+ -activated K+ current recorded by patch clamp techniques. Little 
or no K+ current is available for activation in confluent normal cells 
(AmerJ .Physiol. 260:004, 1991; JPhysiol. 461:601,1993). Selective appearance 
of the channel with ras transformation or mitogenic stimulation suggests activated 
p21ras modulates channel function. Here we report that: 1) Direct coupling between 
p21ras and the channel is unlikely since acute injection of oncogenic GTP-bound 
p21ras (5-50 μg/ml) into non transformed cells did not activate the current; and, acute 
injection of the neutralizing antibody Y13-259 (0.5-1 μΜ) into transformed cells did 
not inhibit the current. Finally, persistent K+ channel activity (10-15 min) in inside- 
out patches from cells transformed with oncogenic ras or overexpressed cellular ras 
was not suppressed by a low Mg2*, 0.5 mM GDP-ß-S intracellular solution. 2) 
Membrane-delimited coupling between p21ras and the channel appears unlikely. 
Manipulation of PKC activity by diC8 (25 μΜ), staurosporine (0.1 μΜ), or phorbol 
down-regulation did not affect the current in either transformed or mitogenically- 
stimulated nontransformed cells. In addition application of arachidonic acid (10 μΜ), 
okadaic acid (1 μΜ), or 8-CPT-cAMP (100 μΜ) was ineffective. 3 )R a s  modulation 
of the K channel may proceed through the r e f  serine/threonine kinase. An N-terminal 
re f deletion mutant with constitutive kinase activity efficiently transforms NM 3T3 
cells. After transformation these cells had K+ current activities equal to or greater 
than ras transformed cells. Interestingly, transformation by s r e  or c-rar 
overexpression, which is less efficient than that due to activated ras от r t f , results in 
channel activities which are 100% greater than control but still only 25% of that 
observed in ras or «^-transformed cells. These data and the effect of K+ channel 
blockers Ш cell proliferation hints at a role for the channel in regulating cell growth 
in response to oncogenic (and possibly normal) ras. The channel may also serve as a 
useful endogenous reporter for signaling events mediated or initiated by p21ras.

294.12
C A 2+-A C T IV A T E D  K+ C H A N N EL S IN  D R O SO PH ILA : 
D IS T R IB U T IO N  A N D  R E G U L A T IO N  OF SLO W PO K E  
EXPRESSION. N. S. A tkinson*. M. N. Becker. R. Brenner and 
Y. Y. Yu . Dept. o f Z oology., The University o f Texas at Austin, 
Austin TX 78712-1064.

W e are interested in how ion channel gene expression is regulated 
to generate the diverse electrical properties o f  excitable cells. Our 
focus is on the Drosophila Ca2+-activated K+ channel that conducts 
ICF. This current has been characterized in Drosophila m uscles 
and neurons. The slowpoke gene o f  Drosophila has been cloned  
and shown to encode this Ca2+-activated K+ channel. The channel 
has a relatively high single channel conductance and is sensitive to 
block by charybdotoxin, is not blocked by apamin and plays a 
major role in shaping the action potential.

Alternative m RNA splicing o f  slowpoke  m R N A  transcripts 
produce a number o f  m essages that encode distinct but related 
polypeptides. W e have identified a number o f  splice products that 
are used in specific neuron subtypes or particular developmental 
stages. Antibodies against this Ca2+-activated K+ channel have 
been used to finely determine its tissue-specific expression pattem  
and subcellular localization. Finally, Drosophila carrying a null 
mutation in the gene have been transformed with various slowpoke 
minigenes. These are being used to study both the transcriptional 
regulation o f  the gene and the function o f  alternatively utilized  
exons.
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294.13
MODULATION OF A  CLONED Ca2+-DEPENDENT K+ CHANNEL  
BY PROTEIN PHOSPHORYLATION. M. Esguerra*1. C.D. Foster1. 
J.P. Adelman2. R.A. North2, and LB. Levitan1, departm en t of 
Biochemistry and Center for Complex Systems, Brandeis University, 
Waltham, MA 02254, and 2Vollum Institute, Oregon Health Sciences 
University, Portland, OR 97201.

The Ca2+-dependent K+ channel encoded by the Drosophila Slo locus 
contains 11 consensus sequences for phosphorylation by protein kinases 
A  and C. We examined whether phosphorylation modulates Slo channel 
activity in membrane patches detached from Xenopus oocytes expressing 
the A1C2E1G3 Slo variant. Application o f MgATP (100-200 μΜ) to the 
internal face of the patch resulted in either up (n =  7/15 patches) or 
down (6/15) regulation of channel open probability. Both up and down 
regulation were reversed by protein phosphatase 2A, suggesting that both 
resulted from phosphorylation by protein kinases that come away with 
the detached patch. Application o f the ATP analog ATP-yS (200 μΜ) 
led to up regulation of Slo channel open probability (11/12). Since 
thiophosphorylated residues are poor substrates for protein phosphatases, 
this result suggests that the variability in the effect of ATP may be due 
to phosphatase activity present in the excised patch. To test this 
hypothesis, we applied ATP to Slo channels in the presence o f the 
phosphatase inhibitor microcystin (10-100 nM). Under these conditions, 
ATP always increased Slo channel open probability (5/5). This complexity 
o f Slo channel modulation likely reflects the large number o f potential 
phosphorylation sites on the channel; mutation o f these sites will allow 
direct determination o f their contributions to Slo channel modulation.

294.15
MODULATION OF INACTIVATION OF THE VOLTAGE-GATED 
POTASSIUM CHANNEL Kv3. J. Kuoper. S. Marom. M.R. Bowlbv* and
I.B. Levitan. Department of Biochemistry and Center for Complex Systems, 
Brandeis University, Waltham, MA 02254.

We are investigating the modulation of gating behavior in the rat brain 
voltage-dependent potassium channel, Kv3 (Kv 1.3). When this channel is 
expressed in Xenopus oocytes, macroscopic currents can be recorded in 
membrane patches using either the cell-attached patch or inside-out detached 
patch recording modes. Slow inactivation of Kv3 during long depolarizing 
pulses, and cumulative inactivation in response to a series of short 
depolarizing pulses, are accelerated when the patch is detached from the cell. 
Preliminary data suggest that phosphatase activity is responsible for this 
acceleration in inactivation in the detached patch mode. The highly 
homologous potassium channel, Kv2 (Kv 1.6), does not exhibit modulation 
of inactivation when the patch is detached from the cell. Results from 
chimeric Kv3/Kv2 channels indicate that the putative pore region of Kv3 is 
essential to observe modulation o f inactivation. This is confirmed by site- 
directed mutagenesis. When a histidine residue at position 401 of Kv3 (near 
the outside of the pore) is replaced with a tyrosine (the equivalent residue, 
at position 430 in Kv2), the resulting mutant channel (Kv3 H401Y) does not 
exhibit modulation o f inactivation. When the tyrosine in Kv2 is replaced 
with histidine, the resulting channel (Kv2 Y430H) also does not exhibit 
modulation of inactivation. Thus H401 is necessary, but not by itself 
sufficient, to observe modulation of Kv channel inactivation.

294.14
PEPTIDES DERIVED FROM THE III-IV LINKER OF VOLTAGE
GATED Na+ CHANNELS BLOCK Ca2+-DEPENDENT K+ CHANNELS. 
C.D. Foster1, W.A. Catterall2 and LB. Levitan*1. 'Department of 
Biochemistry and Center for Complex Systems, Brandeis University, 
Waltham, MA 02254, and department of Pharmacology, University of 
Washington, Seattle, WA 98195.

The short cytoplasmic linker that connects domains III and IV of voltage
gated Na+ channels is thought to act as an inactivation particle. We are 
examining the effects of synthetic peptides, derived from this region, on 
large conductance Ca2+-dependent K+ channels from rat brain reconstituted 
into planar lipid bilayers. Application of these peptides to the cytoplasmic 
face of Ca2+-dependent K+ channels produces short (r = 40 msec) and long 
(r=300 msec) blocks of channel activity. Internal TEA (20-60 mM) 
decreases the frequency of both short and long peptide induced blocks. 
These results suggest that the peptides bind within the pore of Ca2+- 
dependent K+ channels to produce both short and long blocks. A peptide 
in which three amino acids (IFM) near the N-terminal are replaced by 
glutamine residues produces virtually no long blocks. This substitution does 
not appear to affect the frequency or duration of the short blocks. This 
suggests the IFM motif may play an essential role in the long blocks of 
Ca2+-dependent K+ channels. In voltage-gated Na+- channels, the IFM 
motif is essential for fast inactivation. It is possible that voltage-gated Na+ 
channels and Ca2+-dependent K+ channels possess structurally similar 
features, which recognize the IFM motif, at the cytoplasmic mouths of their 
pores.

294.16
EFFECTS OF CALCIUM AND MAGNESIUM ON GATING KINETICS OF 
THE Kv3 POTASSIUM CHANNEL. T.M. Hodgson*. S. Marom and LB. 
Levitan. Dept. of Biochemistry and Center for Complex Systems, Brandeis 
University, Waltham, MA 02254.
Kv3 (Kv 1.3) is a delayed rectifier potassium channel cloned from mammalian 
brain. The effects of calcium and magnesium on Kv3 gating kinetics were 
investigated using inside-out patches detached from oocytes expressing the 
channel. Calcium applied to either the internal (1 μΜ) or external (2 or 
lOmM) surface of patches increased the rate of inactivation of Kv3. The 
addition of calcium to the internal perfusion medium also decreased current 
amplitude. Application of magnesium to the external solution (2 or 10 mM) 
produced no effect on current amplitude or inactivation rate. Magnesium 
applied to the internal surface of patches (1 mM) decreased current amplitude, 
and at a higher concentration (5 mM) also increased the rate of inactivation. 
These results suggest that physiological concentrations of divalent cations may 
modulate the gating kinetics of Kv3.

294.17
FAST INACTIVATION OF A HUMAN K + CHANNEL IS REGULATED 
BY PROTEIN PHOSPHORYLATION. T. B. Vvas1. A, Wei*2. L, Salkoff2  and 
M. Covarrubias1. 1) Dept. of Pathology and Cell Biology, Jefferson Medical 
College, Philadelphia, PA 19107 and 2) Dept. of Anatomy and Neurobiology, 
Washington University, St. Louis, MO 63110.

We have studied the action of protein kinase C (PKC) on the function of a 
human K + channel encoded by h K v 3 .4  (a member of the S h a w  subfamily). We 
found that PMA (20 nM) and OAG (20 /XM), two activators of PKC, selectively 
removed fast inactivation of h K v 3 .4  expressed in X e n o p u s  oocytes (Fig. 1). This 
effect was inhibited by calphostin C, a specific PKC inhibitor. Sequence analysis, 
revealed putative PKC recognition sites at the N-terminal region of the channel: 
Ser*5 and Ser^l (within the putative inactivation gate). Mutation of S e r^  to 
Ala1̂  greatly reduced the action of PKC on channel inactivation. Our results 
suggest that protein phosphorylation regulates the "ball and chain" mechanism of 
inactivation in a human K + channel. Supported by NIAAA to MC and NIH to 
LS.

Fig. 1. Consecutive 
current traces elicited by 100 ms 
step depolarizations to +30 mV 
at intervals of 30 s (Vh = -100 
mV). Between records 10 and 11 
PMA was applied externally.

294.18
TRANSFECTION OF A CLONED K+ CHANNEL (mKvl.2) INTO NORMAL 
AND PROTEIN KINASE A-DEFICIENT CELLS. Martha M. Bosma* te a  
Wana & Bruce L. Tempel. Depts. Pharmacology and Medicine, U. of 
Wash, and GRECC, Seattle VA Med. Ctr., Seattle, WA 98185 

The cloned potassium channel mKv1.2 was stably transfected into 
wildtype Chinese Hamster Ovary (CHO) cells, and CHO cells 
containing a mutant dominant regulatory subunit of Protein Kinase A 
(PKA) which binds to the catalytic subunit and reduces the 
responsiveness to cAMP (REV cells). In a similar series of 
experiments, we have previously shown that current density, RNA 
levels and protein levels of mKv1.1, a closely related channel, are 
significantly increased when transfected into REV cells when 
compared with wildtype cells, while the gating properties of the 
currents were not different between the two cell types. The 
biophysical properties of mKvl.2 were recorded using conventional 
whole cell recording with a pipette solution containing Mg-ATP and 
GTP. In the wildtype CHO cells, mKv1.2 conductance-voltage curves 
were fit to Boltzmann curves with V ļ / 2  of +20 ± 7.5 mV and with an 
e-fold change in activation of 10.4 ± 1.9 mV (s.d.; n=18). In the 
REV cells conductance-voltage curves were fit with V 1 /2  of +32 ±
7.5 mV and an e-fold change in 12.7 ± 4.0 mV (n=28). Current 
densities between the two cell lines were similar (wildtype 36.4 ±
24.5 pA/pF; REV 41.6 ± 24.7 pA/pF). Thus, in contrast to mKvl.1, 
current densities of mKv1.2 were not significantly changed by 
removal of PKA activity, while the conductance-voltage curves 
shifted 12 mV positive in cells containing the REV construct 
Supported by the VA, NIH NS-27206 & HL-44948.
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294.19
Covalent M odification o f C ysteines by M TSEA  C hanges cG M P  
Responses o f a Cyclic N ucleotide-G ated C hannel
Zhone-ping Sun, M yles H. Akabas+, Arthur Karlin+, Steven A. 
Siegelbaum* HHMI, Dept. o f Pharmacology, +Ctr. M oiec. Recog., 
Columbia University, New York, N Y  10032 

Activation o f cyclic nucleotide-gated (CNG) channels is thought to 
involve the binding o f cGMP to a carboxyl terminus domain hom olo
gous to cyclic nucleotide binding domains in protein kinases. To 
investigate the structure o f these channels, w e studied the role o f the 
cytoplasmic cysteines o f a CNG channel cloned from bovine retina 
(RET) using sulfhydryl-specific reagents. The methanethiosulfonate 
compound CH3S02SCH2CH2NH3+ (MTSEA) adds the -SCH2CH2NH3+ moiety 
to reduced sulfhydryls to form mixed disulfides. Inside-out patch 
recordings were made from Xenopus oocytes injected with RET RNA.
2.5 mM MTSEA applied to the cytoplasmic side showed two 
irreversible effects on cGMP responses. Brief treatments (< Г )  
potentiated responses by causing a 10 fold decrease in the K 1/2 for 
cGMP. MTSEA also slow ly decreased the maximal response to cGMP to 
40-60% in 3-5 min. Application o f  MTSEA in the presence o f  
saturating cGMP prevented this inhibition. The potentiation by MTSEA 
was independent o f  [cGMP]. These data suggest the involvement o f  at 
least two cysteine residues in channel activation by cGMP. O f the four 
putative cytoplasmic cysteines, two were excluded from involvement 
by site-directed mutagenesis.

294.20
MODULATION OF VOLTAGE-DEPENDENT POTASSIUM  
CURRENT IN PC12 CELLS BY MOLECULAR OXYGEN. W. H.
Zhu*. M, F .Czyzyk-Krzeska, E, E. Lawson and D. E. Millhom, U n iv . o f  

N o r th  C a r o l in a  a t  C h a p e l  H i l l ,  C h a p e l  H i ll ,  N C  2 7 5 9 9 .

Mechanisms of detecting oxygen levels are indispensable for maintaining 
biological functions. We have previously observed in rat PC 12 cells a voltage- 
dependent outward current that is modulated by O ļ  tension. Extensive 
electrophysiological studies using whole-cell recordings were undertaken for 
better characterization of this phenomenon. O2  tensions in our experiments 
were routinely monitored by an oxygen electrode. Cells were exposed to 
control (95%air / 5 %CC>2 ) or hypoxia (9 5 %N2 / 5 %C0 2 ). The hypoxic 
condition elicited a pC>2 o f 10-20 mmHg. Pharmacological manipulations and 
ion substitutions showed that this 0 2 -sensitive voltage-dependent outward 
current was highly selective for potassium ions. In the present experiments 
cells were clamped at a resting potential of -90 mV. Voltage-dependent 
activations appeared at membrane potentials more positive to -20 mV and 
showed an outward rectification. During hypoxia, there was a reduction of the
0 2 -sensitive potassium current amplitude of approximately 20%. A full 
recovery was observed upon reoxygenation. Further studies showed that the 
modulation of this potassium current by oxygen was not affected by 
intracellular ATP levels, extracellular calcium concentrations or pretreatment 
o f the cells with CO (6 % overnight). Kinetic studies were also performed. Our 
results suggest that PC 12 cells provide a very useful tool in obtaining a better 
understanding of the possible mechanisms involved in the ionic basis of 
excitation in 0 2 -sensitive cells.

I O N  C H A N N E L  M O D U L A T I O N  A N D  R E G U L A T I O N  I

295.1
PD 85639 ANALOGS: MODULATION OF NEURONAL VOLTAGE- 
SENSmVE SODIUM CHANNELS. D J . Doolev. I. Roufos. A.W. 
Pmhert, G,w, Campbell Md. 3J, Hays*. Dept. o f Neuroscience, Parke- 
Davis Pharmaceutical Research, Division of Warner-Lambert Co., Ann 
Arbor, MI 48106.

Substances that modulate neuronal Na+ channels have potential 
therapeutic use as anticonvulsants and neuroprotectants (e.g., Trends 
Pharmacol. Sci. 8 (1987) 57; Soc. Neurosci. Abstr. 18 (1992) 1135). PD 
85639 (N-[3-(2,6-dimethyl-l-piperidinyl)propyl]-a-phenylbenzeneacetamide]) 
has been characterized as a potent Na+ channel modulator (Soc. Neurosci. 
Abstr. 17 (1991) 956). We synthesized several novel PD 85639 analogs and 
tested them in in vitro assays predictive of activity at neuronal Na+ 
channels. The ICsqS o f PD 85639 and two o f its derivatives, compounds 1 
and 2, in the pHJ-batrachotoxinin binding assay were 0.3, 0.06 and 30 μΜ, 
respectively. Such ICjqS tended to parallel those o f the veratridine- 
stimulated [14C]-guanidine flux assay (r =  0.93 (p <  0.01)). Several 
analogs were also potent neuroprotectants as measured in veratridine- 
stimulated and hypoxia-induced LDH release assays.

295 .3

EFFECTS OF IONIC REPLACEMENTS ON THE EFFICACY OF 
MEPIVACAINE. M.D. Turner, P. Nichols and P.D. Thut*. Dept. 
Pharmacology, Sch. Dent., U. of MD, Baltimore, MD 20201.

Clinically useful local anesthetic drugs inhibit the inward flow of 
sodium ions in afferent small diameter C type nerve fibers. Unfortu
nately, the toxicity of these drugs results when sodium currents are 
blocked during action potential propagation in efferent somatic nerves, 
heart, brain or other electrically excitable tissues. The potential toxicity 
is reduced when the molar dose of the local anesthetic can be mini
mized. Lithium is a monovalent cation with a molecular size, including 
hydrating water molecules, which is larger than sodium. Thus, lithium 
ions can maintain the same transmembrane potential as sodium but they 
are less efficient in crossing the cation channel during propagation of the 
action potential. To test if replacement of lithium ions for sodium ions 
could reduce the required local anesthetic dose, electrically stimulated 
compound action potentials were recorded from de-sheathed ferret vagus 
nerves that are an enriched source of C fibers. Thirty five percent of the 
sodium ions in Locke solution tissue bath were replaced with lithium 
ions. The effective dose 50 (ED50) of mepivacaine was reduced from 
0.42 (0.36 - 0.49) millimolar to 0.27 (0.17 - 0.37) millimolar. The shift 
in the dose/response curve was not parallel and demonstrated that the 
effect of lithium was most pronounced following the lower concentra
tions of mepivacaine. It is concluded that the ED50 reduction was due 
to ionic interference with the charge gradient, which reduced the flow 
of sodium through the voltage gated channels in nerve C fibers.

295.2
EVIDENCE THAT VOLUME REGULATION CHANGES TH E 
NUMBER OF FUNCTIONAL Na+ CHANNELS IN  CULTURED 
APLYSIA  NEURONS. M. ҒеИГ. D.H. Szarowski. J.N. Turner, and D.O. 
Carpenter. NYS Dept. of Health, and School of Public Health, Albany, NY 12201 

Neurons swell after pathophysiological events such as epilepsy and ischemia, but 
only recently has the attention been drawn to their volume regulation. We subjected 
cultured A  p l y  s ia  neurons to hyper- and hypotonic artificial sea water (ASW) and 
correlated the volume changes obtained with a laser scanning confocal microscope 
(CLSM) with electrophysiological parameters recorded simultaneously. Neurons from 
juvenile A . ca lifo rn ic a  (10-20 g) were removed from all major ganglia and cultured in 
L-15 media containing 20% filtered hemolymph. After 2 days the neurons were stained 
with the fluorescent dye Dii and imaged with a BIORAD MRC 600 CLSM using the 
rhodamine filterset. Standard intracellular bridge/current clamp recording was 
performed and the neurons were superfused with control or hyper- or hypotonic ASW 
(±10%, ±30%) for 5 min via a gravity-fed perfusion system. Confocal images and 
video sequences were reconstructed using the ANALYZE® software running on an IBM 
Rise 6000 workstation. Membrane potential, spike frequency and spike height were 
recorded from pacemaker and silent neurons. Hypertonic ASW induced a depolariza
tion and hypotonic ASW induced a hyperpolarization, respectively. The spike 
frequency was reduced in both cases and coincided with an unexpected fall in input 
resistance in both hyper- and hypotonic ASW. Volume changes revealed by CLSM 
correlated with the osmotic strength of the ASW. If TTX was applied in 30% 
hypertonic ASW, we observed transient action potentials (AP's) in going to control 
ASW+TTX. This indicates that functional Na+ channels were not accessible to TTX 
in 30% hypertonic ASW due to increased membrane infoldings, but reappeared in 
control ASW. Further, the membrane time constant τ increased with swelling and 
decreased with shrinkage, as did the height of AP's, indicating an increase and decrease 
in capacitance. Volume change in neurons modulate their excitability and impaired 
osmoregulation may contribute to neuronal cell death.

295.4
DORSAL ROOT GANGLION (D R G ) NEURO NS FROM  
EMBRYONIC CHICKS CAN MAKE A N D  RESPOND TO 
NITRIC OXIDE. J.L. Kenvon*. C.W. Shuttleworth, and S.M. Ward. 
Dept. of Physiol., Univ. of NV School of Med., Reno, NV 89557.

We investigated the function of nitric oxide (NO ) in DRGs from 
10 day embryonic chicks. NADPH-diaphorase, a histochemical 
marker for nitric oxide synthase (NOS), was localized in > 80% of 
neurons in thoracic and lumbar ganglia. Thus, most embryonic 
chick DRG neurons can synthesize NO in response to elevated 
cytoplasmic Ca2+. This contrasts with observations in D RG s of post
natal rats where 1 to 23% of neurons contain NADPH-diaphorase 
(J. Comp. Neurol. 306:382, 1991). We also investigated the ability 
of dissociated chick DRG neurons to respond to NO by examining 
the effects of NO donors and cGMP on Iq, using the amphotericin- 
permabilized patch-clamp technique: sodium nitroprusside (5 μΜ) 
reduced Iq, to 0.68 ± 0.06 (m eaniSD , n = 5 ) of control, S-nitroso-N- 
acetylpenicillamine (1 μΜ) reduced Iq, to 0.44 ± 0.06 (n = 4) of 
control, while 8-bromoguanosine 3’,5’-cyclic monophosphate (1 mM) 
reduced Iq, to 0.30 (n = 2) of control. Iq, was reduced in every 
neuron tested and partially reversed after »10 minutes of washing. 
Thus, Iq  of most or all embryonic chick DR G  neurons is inhibited 
by NO, possibly via stimulation of guanylate cyclase and elevation 
of c-GMP. This action may underlie NO modulation of sensory 
input. Supported by AH A 900688 and NIH DK41315.
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295.5
HUMORAL MODULATION OF GAP JUNCTIONS IN ISOLATED 
CRAYFISH. R. Fiorentino. S. Elenes and A. Rivera*. Dept. o f  
Physiology, CINVESTAV del IPN, México DF, México.

Changes in the hormonal status o f  crayfish have previously been shown 
to modulate the effect o f pH on gap junctions from lateral axons. Removal 
of the eyestalk or the sinus gland produces a reduction in the junctional 
response to a decrease in the intracellular pH. A related behavior is seen in 
controls during a 24 hr period, where junctional uncoupling in response to 
low pH is maximal during morning hours and decreases at night.

Ablation o f die eyestalks removes the mayor endocrine organs as well as 
all visual structures. We have developed a noninvasive, nontraumatic, and 
very simple preparation to study systemic hormonal effects on junctional 
channels without unduly stressing the animal. It consists o f  maintaining 
crayfish in individual small aquaria for periods o f  4  to 25 days. These 
isolated animals show marked reductions in junctional sensitivity to 
acidification, similar to that seen in destalked animals.

Control animals showed daily variations in junctional sensitivity that 
were dependent on the sex o f  the animal. For isolated animals junctional 
resistance values in response to low pH were around 535 Ш  (AM) and 211 
k ü  (PM), compared to 900 k ü  (AM) and 500 k ü  (PM) for controls. This 
reduction was independent o f  gender and time in isolation, and was 
reversed by cAMP (ImM). Isolation induced molt in some animals, a 
process that involves ecdysone. Also, isolated animals behaved as controls 
if their water supply came from multiuse tanks. These results suggest that 
the simple, isolated crayfish preparation induces hormonal changes that 
affect junctional channel response to pH, and these changes involve 
ecdysone and perhaps sexual hormones as well. It is possible that steroids 
may play an important role in the systemic modulation o f gap junctions.

295.7
FUNCTIONAL EXPRESSION OF VOLTAGE GATED IONIC CURRENTS 
DURING DIFFERENTIATION OF TUNICATE SKELETAL MUSCLE.
A.K. Davis*. A. Greaves. J. Dallman and W.J. Moody. Zoology, University 
of Washington, Seattle, WA 98195.

The functional expression of voltage gated ionic currents is modulated 
during differentiation of skeletal muscle from Boltenia villosa, a marine 
chordate. In this study, we use the perforated patch clamp technique to 
examine ionic currents expressed in fully differentiated, contractile muscle and 
compare them to the ionic currents expressed in early stages of muscle 
differentiation. Voltage gated currents present in the oocyte are progressively 
lost following fertilization in all cells. Following gastrulation (tailbud stage), 
muscle cells are the first to express lineage specific currents. Tailbud muscle 
cells express only two voltage gated ionic currents: a high threshold calcium 
current that resembles the calcium current present in oocytes and a slowly 
activating potassium current that is not detected earlier in embryogenesis. 
Twenty hours later at the tadpole stage, contractile muscle cells express five 
voltage gated currents. The tailbud muscle calcium current is replaced by two 
calcium currents: a low threshold current and a high threshold dihyropyridine 
sensitive current. In the tadpole, three potassium currents are detected: a 
delayed rectifier identical to the tailbud current (voltage dependence, activation 
time constant and block by barium) except for current density (lOx in tadpole), 
an inward rectifier and a calcium activated potassium current. One eventual 
goal of these studies is to determine the cues responsible for changes in ionic 
current expression and the significance of these changes for muscle cell 
function. (Supported by NIH grant HD 17486 to WJM)

295.9
M U S C A R IN IC  I N H I B I T I O N  O F  A -C U R R E N T  I N  
CULTURED COELIAC GANGLION NEURONS. T.Ann Blair* 
and A. Surprenant Vollum Institute, OHSU, Portland, OR 97201 

Intracellular microelectrode recordings show  that the main 
action o f muscarine on coeliac neurons is to reduce an M-current 
but we find little or no M-current is present when w e make whole  
cell recordings. Instead, we find that muscarine inhibits the A- 
current under these conditions and this study exam ined this 
muscarinic effect. A ll experiments were carried out in a zero- 
sodium  external so lu tion  contain ing 200  μΜ  cadm ium ; 
potassium -based internal solution contained no calcium  and 
varying concentrations o f EGTA or В А РТ А . M uscarinic  
inhibition o f  А -current was not associated with a shift in the 
activation or inactivation curves and the degree o f  inhibition was 
not voltage dependent; maximum inhibition w as approx. 50% o f  
total A  current. Forskolin, phorbol esters and okadaic acid neither 
mimicked nor blocked the muscarinic inhibition o f  A-currenL 
Altering internal EGTA from 0 to 10 mM  did not alter the 
response but the inhibition by muscarine w as significantly less  
when 20 mM ВАРТА was used. Caffeine (20 mM ) inhibited A- 
current by > 50%, an effect that was also suppressed by 20 mM  
internal ВАРТА. Arachidonic acid (10 μΜ ) as w ell as ΕΤΎΑ and 
N D G A  (10 μΜ ) inhibited A  current by > 50%, an effect partially 
suppressed by high internal ВАРТА. These results suggest that 
changes in internal calcium play a role in the inhibition o f  A- 
current by muscarine.

2 9 5 .6
ACTIVATION OF 5HT1A RECEPTORS EXPRESSED IN PITUITARY 
TUMOR CELLS G H 4Z D 10 RESULTS IN MEMBRANE HYPER
POLARIZATION. H, Eriksson. A. Westlind-Danielsson and S. Ahlenius*. 
Departm ent of Neuropharmacology, CNS Preclinical R & D, ASTRA 
ARCUS AB, S-151 85 Södertälje, Sweden.

At present there are at least five different 5HT1-receptors, including the 
5Н Т ]д receptor, known to be negatively coupled to adenylyl cyclase. 
Activation of 5Н Тід receptors has also been shown to open the potassium 
channels on hippocampal pyramidal cells, on locus ceruleus neurons as 
well as on neurons in the raphe nuclei. We have tested the possibility of 
using excitable clonal pituitary cells (GH4ZD 10) transfected with 5H T iA 
receptors for monitoring effects on the membrane potential by using a 
fluorescent bisoxonol. The results reveal that 5HT and 5 НТ-1Д agonists such 
as (+)80H-DPAT hyperpolarize the cells w hile antagonists like (- 
)alprenolol and (-)UH-301 counteract this hyperpolarization. The potencies 
were of comparable magnitudes to w hat have been reported for 5HTļA 
receptor mediated activation of potassium currents in brain slices. Thus 
clonal excitable cells expressing 5Н Тід receptors might be a useful model 
for studying 5 НТ1Д receptor active drugs by monitoring the membrane 
potential and thereby the excitability of the cells.

29 5 .8
CHARACTERIZATION OF EXCHANGE INHIBITORY PEPTIDE(XIP) 
EFFECTS ON NA+/CA2+ EXCHANGE IN RAT AND HUMAN BRAIN 
PLASMA MEMBRANE VESICLES. A.Wu and R.A.Colvin*. Department of 
Biological Sciences, Ohio University College of Osteopathic Medicine, Athens,
OH 45701.

The inhibitory effects of Na+/Ca2+ exchange inhibitory peptide (XIP), which 
corresponds to residues 251-270 of Na+/Ca2+ exchange protein from canine heart, 
were studied in both rat and human brain plasma membrane vesicles. XIP had 
very high potency with respect to the inhibition of the initial velocity of Na. -̂ 
dependent Ca2+ uptake in both rat brain (IC  ̂ = 3.05 μΜ) and human brain (ӀСМ 
= 3.58 μΜ). The maximum inhibition seen in rat brain vesicles was approximately 
80% whereas human brain vesicles were inhibited 100%. XIP also inhibited Na0+- 
dependent Ca2+ efflux and the inhibitory effect was enhanced by increasing 
extravesicular Na+ concentration. Linewearver-Burk analysis of the effect of XIP 
on Na0+-dependent Ca2+ efflux was consistent with uncompetitive inhibition with 
respect to extravesicular Na+. In contrast, the inhibitory effect of bepridil was 
competitive with respect to extravesicular Na+. XIP was added at the peak point 
of Na0+-dependent Ca2+ uptake (5 minutes after a initiation of an uptake reaction) 
to test its inhibitory effect at steady state. It was found that the intravesicular Ca2+ 
content decreased with time after XIP was added at the peak. Analysis of 
unidirectional flux for Ca2+ showed that 50 μΜ XIP inhibited Ca2+ influx and 
efflux approximately 85% and 70%,respectively. This result suggests that XIP 
inhibits both Na+/Ca2+ exchange and Ca2+/Ca2+ exchange but has no effect on the 
passive Ca2+ release pathway. The results suggest structural homology between 
cardiac, rat and the human brain exchangers and that binding of Na+ is required 
for XIP to have its inhibitory effect on Ca2+ transport.

295.10
INSULIN-LIKE GROWTH FACTOR-I RAPIDLY AND TRANSIENTLY 
INCREASES РІЗ-KINASE (PHOSPHATIDYLINOSITOL (4,5) P2 3-OH KINASE) 
ACTIVITY IN GH4 PITUITARY CELLS. R.H. Seiinfreund*. T.R. Jackson and
L.A.C. Blair. Pharmacology, Yale University School of Medicine, New Haven, CT, 
and Development and Signalling, AFRC-Babraham Institute, Cambridge, England.

The neuronal actions of growth factors in the mature mammalian central 
nervous system are only beginning to be understood. Previously, we examined the 
rapid modulation of ionic currents in serum-starved GH4 pituitary cells by insulin
like growth factor-I (IGF-I; Selinfreund and Blair, 1992, Neurosci. Soc. Jfi, 952).
We found that brief exposure to physiological concentrations of IGF-I potentiated 
calcium channel activity, producing a >2-fold increase in peak and plateau 
macroscopic currents within 10 seconds of IGF-I application (20 ng/ml). Here, we 
examine potential intracellular substrates activated by the IGF-I receptor.

In many systems, IGF-I activates РІЗ-kinase; in vivo, PIP2 is 
phosphorylated at the З-position to produce phosphatidylinositol (3,4,5)- 
trisphosphate (PIP3). PIP3 has been postulated to be a second messenger activated 
by tyrosine kinase receptors and may mediate tyrosine kinase-dependent effects on 
membrane-bound proteins such as ion channels. Here, PI3-kinase was isolated from 
IGF-I stimulated GH4 cells by anti-phosphotyrosine immunoprecipitation and its 
activity assayed in vitro using exogenous phosphatidylinositol and 32Ρ-γ-ΑΤΡ as 
substrates. The [32P]PI З-P produced by activated PI3-kinase was separated from 
other phosphorylated species by thin layer chromatography; autoradiographically 
identified [32P]PI З-P spots were quantified by scintillation counting. IGF-I was 
found to increase РІЗ-kinase activity rapidly and dramatically, causing an ~10-fold 
increase in activity within 10 seconds. Following this initial burst, РІЗ-kinase 
activity dropped several-fold but remained elevated above baseline for over 10 
minutes.
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295.11
REGULATION OF CALCIUM INFLUX INDUCED BY 
THAPSIGARGIN. S. Razani-Borouierdi* and M. Sopori. 
Immunotoxicology Section, Lovelace Institutes, Albuquerque, NM 87108.

It has been suggested that thapsigargin (TSG) depletes the IP3-sensitive 
Ca2+ stores resulting in a sustained Ca2+ influx. The route and the 
mechanism of regulation of Ca2+ influx by TSG are not clear. In this 
study, by flow cytometry, we have evaluated the role of different ion 
channel blockers and compounds that affect the G-protein or tyrosine 
kinase activities in regulation of TSG-ihduced Ca2+ entry in spleen cells. 
TSG was used in concentrations from 5 to 25 nM. By several criteria, 
concentrations up to 500 nM TSG did not produce significant cytotoxicity 
in these cells. The rise in intracellular Ca2+ ([Ca2+]i) levels was totally 
abrogated in Ca2+-free media and could be restored by the addition of 
Ca2+ to the medium. Also, the response was blocked by 6.3 mM Ni2+ (a 
nonspecific Ca2+ channel inhibitor). Absence of K+ in the medium had no 
detectable effect on TSG-induced rise in [Са2+]һ however, the response 
was augmented in Na+-free media. Na and K channel blockers (3 μΜ 
TTX and 10 mM TEA, respectively) had no significant effect on the 
calcium influx. Moreover, 400 ng/ml o f Pertussis toxin (an inhibitor of Gj) 
had no effect on the Ca2+ entry. However, 100 μΜ Genistein (an inhibitor 
of tyrosine specific protein kinases) significantly enhanced the TSG- 
induced [Ca2+]j levels in the treated cells. These results suggest that the 
TSG-induced Ca2+ entry in leukocytes is dependent on calcium channels 
and modulated by the activity of tyrosine kinases. Supported by NIH 
grants DA 04208 and AI 31386.

295.13
AMODEL FOR SIMULATING THE FIRING CHARACTERISTICS OF 
CA3 AND CAI NEURONS. M. M igliore*. Erik Cook and D. Johnston. 
Inst, o f Interdisc. Applic. o f  Physics, Natl. Res. Counc., Palermo, Italy, 
and Baylor College o f Medicine, Houston, TX.

Physiologically realistic compartmental models o f hippocampal CA3 
and CAI pyramidal cells have been developed. Several reconstructed 
morphologies o f hippocampal CA3 pyramidal cells (provided by R. Fricke,
D. Turner, D. Amaral) were used. Channel distribution and density are 
based on the available experimental data (M. M igliore et al. Soc. Neurosci. 
Abstr. 1 8 ,1 5 0 3  (1992)). A ll the calcium-independent conductances (g** 
gKDR, and g**,) have been placed on the soma and up to 70um in the 
apical dendrites. A ll the calcium channels (gcaMÆ), calcium-depende it 
potassium channels (g*c and g * ^ ) ,  and intracellular Ca dynamics 
(buffering, pumping and radial diffusion) have been uniformly distributed 
over the entire neuron. To simulate bursting or spike frequency adaptation 
no changes were necessary to the calcium dynamics, densities or kinetics. 
When different cell morphologies are used, however, slight changes are 
required in the Ca-independentchannel densities and distributions, in order 
to reproduce the same electrophysiological behavior. The results also show  
that the differences between bursting or non-bursting CA3 and C A I cells  
in our model can be accounted for by different Na and K  channels dis
tributions and densities on the soma and proximal dendrites. Further, the 
model is in agreement with changes in intracellular Ca concentration 
obtained from fluorescence imaging experiments on Ca transients evoked  
by somatic or synaptic stimulation. (Supported by N S48432 and the Ке« k 
Center for Computational Biology).

295.15
HYPOTONIC ENVIRONM ENT ENHANCES SYNAPTIC  
POTENTIALS IN HIPPOCAMPAL TISSUE SLICES. M .A. Hester.
P.G. Aitken* and G.G. Somien. Department o f  Cell B iology, Duke 
University M edical Center, Durham, NC 27710.

Lowering o f osmotic pressure o f extracellular fluid can cause seizures. 
We investigated the effect o f hypotonic solutions on extracellularly 
recorded orthodromic and antidromic evoked potentials in C A I region 
o f 400 pm  thick rat hippocampal slices at 35°C  in an interface 
chamber. Tissue resistance changes were estimated by passing 
subliminal constant current pulses through a pair o f  fine wire electrodes 
and recording the resulting voltage drop. Osmotic pressure was lowered  
from 290 mOsm/1 to 220 mOsm/1 by deleting NaCl from bathing 
solution. Hypotonic exposure greatly increased the amplitude o f evoked 
responses. fEPSPs increased the most, orthodromic population spikes 
less so, and antidromic population spikes the least. Tissue resistance 
increased, indicating cell swelling. The increases o f evoked potentials 
and o f tissue resistance were maximal 15-20 min after onset o f hypo- 
osmotic perfusion, and then subsided, suggesting regulatory volume 
decrease o f  cells. About 15-20 minutes after return to control solution, 
tissue resistance and evoked potential amplitudes were strongly 
reduced, with subsequent variable recovery over 2-3 hours. Hypo- 
osmotic enhancement o f fEPSPs was much greater than could be 
explained by changed recording conditions due to increased tissue 
resistance. W e suggest hypothetically that EPSPs were enhanced due to 
increased Ca^+ influx into presynaptic terminals (see Somjen et al., this 
meeting).

(Supported by a Hughes Medical Inst, fellow ship to M .H., and NIH  
grant N S 17771)

29 5.12
Calcium Facilitates the Single Channel Activity of Inositol 1,4,5- 
Trisphosphate Receptors Reconstituted From X enopus Laevis Oocytes.
N. Callamaras and 1. Parker*. Laboratory of Cellular and Molecular Neurobiology. 
Department of Psychobiology. University of California. Irvine.

Inositol 1,4,5-trisphosphate (I11SP3) is an intracellular second messenger which 
binds to I11SP3 receptor/channel complexes (InsP3Rs) to release Ca2+ from 
intracellular stores. InsP3Rs from Xenopus laevis oocytes were isolated by affinity 
chromatography of solubilized oocyte membrane proteins. Single channel 
recordings were made by incorporating lnsP3Rs into lipid bilayers formed on the 
tips of patch clamp pipettes, following direct addition of I11SP3R preparation to the 
bathing medium (bath; 250 mM HEPES-Tris, 5 mM EGTA pH 7.4: pipette; 50 
mM Ba(OH)2, 250 mM HEPES, pH 7.4). Inclusion of Ca2+ (5 μΜ free) or InsP3 
(5 μΜ ) alone in the bath did not elicit current steps. However addition of 5 μΜ  

free Ca2+ and 5 μΜ InsP3 induced current steps of about 1.9 pA and 5.0 pA at a 
holding potential of -60.0 mV (31pS and 83pS, respectively). Examination of 
transitions between these conductance levels suggests multiple conductance states 
of a single channel. Increasing [Ca2+] in the bath to as high as 1 mM did not 
inhibit channel opening. Addition of 200 μg/ml of heparin inhibited virtually all 
channel activity. These results suggest that Ca2+ is a necessary co-agonist for 
I1WP3R activation, and that the inhibitory effects of Ca2+ in vivo may be mediated 
by an associated factor which is lost during purification, or upon reconstitution. 
Supported bv NIMH training fellowship MH 101045 to N. Callamaras and bv 
grant GM 39831 from the USPHS.

29 5.14
VOLTAGE-INDEPENDENT POTASSIUM CHANNELS INHIBITED 
BY ANGIOTENSIN Π IN CULTURED RAT ADRENAL 
GLOMERULOSA CELLS. D.P. Lotshaw*1 and A D . Tramontili2. 2Dept. 
of BioL Sci., Northern Illinois Univ., DeKalb, IL 60115 and *Dept. of 
Bio. S d  Univ. of Kentucky, Lexington, KY 40506.

Angiotensin Π (ΑΠ)-induced depolarization of adrenal glomerulosa 
cells is hypothesized to control АП-induced stim ulation of glomerulosa 
cell aldosterone secretion. In order to identify mechanisms of АП- 
induced regulation of membrane potential, patch clamp recordings were 
performed on rat adrenal glomerulosa cells maintained in primary cell 
culture. Perforated patch whole-cell recordings revealed a voltage- 
independent K+ conductance that was reversibly inhibited by ΑΠ. The 
ionic basis of this ΑΠ-modulated conductance was demonstrated by the 
dependence o f the АП-induced reversal potential on the K+ equilibrium  
potential, lack of effect of extracellular СГ substitution, and block of 
resting membrane conductance and ΑΠ effects by intracellular Cs+. 
Cell-attached patch clamp recordings using 145 mM K* pipette solutions 
revealed a voltage-independent K+ channel whose open probability was 
decreased by bath applied ΑΠ. This channel exhibited a single channel 
conductance o f 23 pS, a voltage-independent mean open tim e of 
approximately 1 mS, and a weakly voltage-dependent open probability 
around 0.05. Bath application o f ΑΠ reversibly reduced the open 
probability of this channel to below 0.005. In inside-out patches, this K+ 
channel remained active when Ca++ on the intracellular face was 
buffered to below 1 nM/Ι. In conclusion, this K+ channel is hypothesized 
to function in maintenance of the resting membrane potential of the 
glomerulosa cells; ΑΠ inhibition of this K+ channel gating may mediate 
АП-induced depolarization of the glomerulosa cell and leading to 
stim ulation of aldosterone secretion.

295.16
VOLTAGE DEPENDENT ION CURRENTS OF FRESHLY  
ISOLATED HIPPOCAMPAL NEURONS ARE SUPPRESSED B Y  
EXPOSURE TO HYPO-OSMOTIC SOLUTION. G .G .Som ien1*.
G.C.Faas. M .Vreugdehil. W.J. Wadman. Dept. Experimental Zoology, 
University o f  Amsterdam, Netherland, and ^ e p t .  Cell B iology, Duke 
University, Durham, NC, 27710, USA.

W e wanted to test whether hypotonic swelling opens stretch-gated 
channels in mammalian CNS neurons. D issociated rat hippocampal 
pyramidal neurons were bathed in HEPES-buffered saline medium and 
patch-clamped in whole-cell configuration. Test solutions were made 
hypo-osmotic by deleting NaCl and were administered from 30-50 pm  
o.d. pipettes. Surprisingly, exposure to strongly hypo-osm otic media did 
not induce a change o f  size or shape, regardless whether the membrane 
was patch-clamped or intact. Voltage dependent K+, Na+ and Ca2+ 
currents were reversibly suppressed by hypo-osm otic but not by NaCl 
deficient iso-osm otic solution. The sustained components o f K+ and 
Ca2+ currents were more strongly affected than the transient K+, Ca2+, 
or Na+ currents. Voltage dependence o f activation and o f  steady-state 
inactivation o f the residual K+ and Ca2+ currents was not changed. 
Holding current and "leak" conductance were unaffected or somewhat 
decreased and capacitive (membrane charging) current was unchanged. 
Channel shutdown appears to be a response o f  neuron soma and 
proximal dendritic membranes. Hypotonic swelling may be limited to 
the dendritic tree, which is lost in cell dissociation. Increased synaptic 
transmission (see Hester et al., this meeting) may be explained by the 
greater suppression o f  K+ current (compared to Na+ and Ca2+), 
enabling increased presynaptic transmitter release.

(Supported by the NW O/M EDIGON o f Netherland)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



716 ION CHANNEL MODULATION AND REGULATION I TUESDAY PÄ

295.17
S-ADENOSYL-L-METHIONINE (SAM) DECREASES FIRING RATE OF 
DORSAL MOTOR NUCLEUS OF THE VAGUS (DMV) NEURONES IN 
VITRO, IN PART BY ANTAGONIZING l„. R.A. Travagli. R.A. Gillis and K.J. 
Keliai Pharmacology Dept., Georgetown Univ., Washington D.C. 20007 

The whole cell patch clamp technique applied to the in vitro brain 
slice preparation was used in both the current and the voltage clamp 
configuration to record from visually identified neurones of the rat DMV. 
The majority of rat DMV neurones showed spontaneous occurring 
pacemaker activity; perfusion with a solution containing the methyl donor 
SAM (1·100μΜ) decreased the spontaneously occurring firing in a dose 
dependent manner, at 10//M the decrease was 27_±4% (N = 3). The peak 
effect was observed approximately 5 minutes after the perfusion with SAM 
was started, and was reversible upon wash out of SAM from the perfusing 
chamber.The effect was reversible upon wash out of the drug. No effect 
of the control salt (1ОД/М) was observed when the firing rate was taken 
as the end point for activity. The frequency of discharge observed upon 
depolarization steps from hyperpolarized potentials was reduced to 
60_±_11 % (N = 10) of control upon SAM (1ОД/М) pretreatment. Ongoing 
studies in our laboratory have shown that the hyperpolarization activated 
current (1ң) modulates the pacemaker activity of DMV neurones. In order 
to investigate the possible mechanism of action of SAM, we performed 
experiments in both current and voltage clamp and monitored lH. The 
depolarization sag detected in current clamp upon injection of step pulses 
of negative current was reduced by SAM pretreatment in a reversible 
fashion. When the lH was studied in the voltage clamp configuration, SAM 
(1-100μΜ) reduced the peak amplitude of the current with an apparent 
shift of the activation curve to the left. The non specific adenosine 
antagonist, DMPX (50 pM) was ineffective in antagonizing SAM effects, 
thus suggesting that the possible mechanism of action of SAM is not 
mediated by adenosine.

29 5.18
D ETECTIO N  OF NON -IN DEPEND EN T ION CHANNEL BEHA
VIOUR: A TW O CHANNEL SIMULATION STUDY. A.M. Keleshian1. 
R.O. Edeson2, B.W . Madsen*1. Depts. of Pharm acology1, University of 
W estern A ustralia, and A naesthesia2, Sir Charles G airdner Hospital, 
Nedlands, WA 6009, A ustralia.

Q uantitative patch clamp d a ta  analysis is widely based on stochastic 
models of single ion channel kinetics. However, patches often contain 
more than  one active channel; appropriate analysis then requires an un
derstanding of how individual channel processes combine to give the 
observable superposition process. In this respect it is usually considered 
th a t channels behave independently, which simplifies the theory, but in 
certain systems there is evidence of interaction. A lthough some empir
ical tests for non-independence have been suggested, a  suitable model 
of channel interaction based on a  physically reasonable mechanism is 
lacking. We examine a  model of dependence in a system  of two identical 
channels each modelled by a Markov process in which transition rates 
are dependent on the s ta te  of the other channel, and can change in
stantaneously when a transition  occurs in the other channel. Then each 
channel has, say, a closed time density which is conditional on the other 
channnel being open (fy\o (t))  or closed (/γ\ο(ί)), these being identical 
under independence. We relate the two densities by the convolution 
/ у |о ( 0  — &с( 0  * /y |c ( 0  where the function kc(t) embodies inform ation 
about and serves to  quantify dependence in the closed class. Analytic 
and numerical studies based on two and three s ta te  models suggest tha t 
different modes of dependence can be distinguished.
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29 6 .1
KINETIC ANALYSIS OF THE OPEN CHANNEL BLOCK OF 
SINGLE NM DA  RECEPTOR CHANNELS BY  LONG CHAIN  
DIAM INES. M. Washburn*. D. M. Rock and R. L. Macdonald. 
Neuroscience Pharmacology, Parke-Davis Research, D iv. o f Warner- 
Lambert Co. and Depts. o f Neurology and Physiology, University of  
M ichigan, Ann Arbor, MI 48106.

Diaminodecane (D A -10) and diaminododecane (D A -12) are long 
chain diamines that were shown to interact with N M DA  receptors in 
bindings assays. Because the reduction in open channel blocker 
binding by D A -10 and D A -12 was opposite o f the effect o f  
polyamine agonists and could be reversed by polyamine antagonists, 
D A -10 and D A -12 have been classified as inverse agonists at the 
polyamine site o f the NM DA  receptor.

Both D A -10 and D A -12 reduced N M DA  receptor whole-cell 
current and produced a flickery block o f N M DA receptor single 
channel currents. At the single channel level, D A -10 and D A -12 
produced an increase in open frequency and a decrease in the average 
open duration o f single channels. Both diamines introduced an 
additional time constant in closed duration histograms, which 
represents the dwell time o f the diamines in the channel. D A -10 and 
D A -12 both increased the number o f openings per burst without 
affecting burst frequency.

The effect o f the long chain diamines on the kinetic properties o f  
NM DA  receptor single channels is consistent with a simple open 
channel block where the diamine enters the channel pore, remains in 
the channel for a short period o f time and must exit before channel 
closure.

29 6.3
METAPHIT BLOCKS NMDA RECEPTORS OF HIPPOCAMPAL NEURONS. M.
Marchioro1, T.Tano1,2. E.Š. Rocha2*. Y. Aracava1,2 and E.X. Albuquerque^7 
1Lab. Mol. Pharmacol., IBCCF, Fed. Univ. Rio de Janeiro, Brazil 21944; Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201.

The synthesis of metaphit, an isothiocyanate derivative of phencyclidine 
(PCP), resulted from the effort to find a drug that could antagonize the 
psychomimetic effects of PCP. Previous data on single-channel currents 
showed that metaphit, like PCP, blocks both the hippocampal NMDA receptor 
and the muscle-type nicotinic receptor (nAChR). In this report, we analyzed the 
effects of metaphit and PCP on whole-cell currents evoked by NMDA (50 μΜ) 
in the presence of glycine (10 μΜ) in cultured hippocampal neurons. Metaphit 
(10-100 μΜ) had no effect at positive potentials, but with increasing 
hyperpolarization beyond -80 mV reduced the amplitude of the whole-cell 
current. As the metaphit concentration was increased, the blockade of NMDA 
receptors occurred at less negative potentials. Each successive pulse of 
agonist plus metaphit, given at intervals of 15-30 s and at constant negative 
membrane potential, produced additional depression of the current amplitude, 
but did not change the decay of the slow phase of the response. Recovery 
from the blockade was slight at negative membrane potentials and considerably 
greater at positive potentials. By way of comparison, PCP produced a similar 
steep voltage-dependent blockade of NMDA receptors but with 10-fold higher 
potency. In contrast to metaphit, which depressed the amplitude without 
altering the decay, PCP substantially accelerated the decay phase of the whole
cell currents. PCP produced a desensitization-like blockade with continuous 
decrease in the number of activated channels, whereas metaphit mainly 
interacted with resting NMDA receptors, preventing some of the receptors from 
activating at the beginning of the pulse. Simultaneous application of PCP (10 
μΜ) and metaphit (1-100μΜ) produced additive blockade of NMDA receptors, 
with no sign of antagonism of PCP effects at any metaphit concentration ( > 1 
μΜ) tested. Support: CNPq, FINEP, Mol. Pharmacol. Training Program, USPHS 
Grants NS25296, ES05730 and NIMH P-50MH44211.

2 9 6 .2
INHIBITION BY SPERMINE OF NM DA-ACTIVATED SINGLE 
CHANNELS. R.C. Araneda*. R.S. Zukin and M.V.L. Bennett. Dept. 
Neuroscience, Albert Einstein Coll, of Med., Bronx, NY 10461 

Recent studies show that spermine both potentiates and inhibits 
NM DA receptors in cortical and hippocampal neurons. The 
inhibition is voltage dependent, increasing at more negative potentials. 
In single-channel recordings noise is increased during inhibition by 
spermine, which suggests that the inhibition is due to fast channel 
block (Araneda et al., Neurosci. Lett.. 152: 107-112,’93). To further 
characterize the inhibition, we analyzed the effects of spermine on 
NMDA-activated single channels in excised outside-out patches from 
hippocampal neurons. Current-voltage relationships for these 
channels were determined over the range of -1 0 0  mV to + 60 mV 
in the absence and in the presence of spermine (30-3000 μΜ). A  
Woodhull analysis fit the data between -5 0  and -1 0  mV, where zb 
had a value of 1.01 ± 0.09 (S.E.M. n = 4) and KD(0) was 3.3 ± 0.4 
mM. Assuming a net charge o f +4 for spermine at physiological pH, 
б ~  0.26, consistent with a blocking site located 1/4 o f the way down 
the voltage gradient from outside to inside. At voltages between 
-1 0 0  and -5 0  mV currents were larger than expected for a pure 
channel blocker. This deviation would be expected, if, in addition to 
channel block, spermine permeated the channel or produced charge
screening.

29 6 .4
ETHANOL DECREASES BOTH MEAN OPEN TIME AND 
FREQUENCY OF OPENING OF NMDA RECEPTOR-CHANNELS.
J.M. Wright*. R.W. Peoples, and F.F. Weight. LMCN, National 
Institute on Alcohol Abuse and Alcoholism, NIH., Rockville, MD 20852.

The effect of ethanol (EtOH) concentrations from 0.1 to 500 mM was 
tested on cultured hippocampal and cortical mouse neurons using whole
cell and single-channel recording techniques. For single channel 
recording, excised patches from cortical cells were tested by interleaved 
application of NMDA for 6  s followed by EtOH with NMDA for 6  s; this 
was repeated 30 to 200 times to minimize effects of long term variation in 
patch activity. Kinetic analysis was done on patches with no more than 3 
levels of opening. With whole cell recording, the IC5 0  for inhibition of 
NMDA-activated current was 160 mM in both hippocampal and cortical 
neurons. In single channel recordings, 280 mM EtOH was required to 
reduce mean open time 50% (14 patches, 55000 events). Reductions of 
mean open time agreed with changes predicted by noise analysis of whole 
cell currents. Thus in 160 mM EtOH, mean open time would decrease 
33.5% and frequency o f opening would decline by 25% to account for the 
reduction in whole cell current. Burst duration in EtOH was reduced only 
by the amount of reduction in the elementary open time, there was no 
change in closed time per burst or number o f openings per burst.
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296.5
BRAIN REGION SELECTIVITY FOR INHIBITION OF NMDA-EVOKED 
NEURONAL ACTIVITY BY ETHANOL I N  V IV O . P E Simsoi&nd G R. 
Breese. University of North Carolina School of Medicine, Chapel Hill, NC
27599.

Using in  v iv o  single unit recording techniques, we have previously shown 
that systemically administered ethanol inhibits the excitatory effect of 
iontophoretically applied NMDA in some medial septal neurons, but not others 
Ų . P h a r m a c o l  E x p . T h e r ., 1991). More recently, we have demonstrated that 
local application of ethanol v ia  electro-osmosis inhibits NMDA-evoked neural 
activity in the inferior colliculus, but not in the lateral septum {B ra in . R e s . ,  

1993). We have interpreted these findings as evidence for the existence of 
multiple subtypes of the NMDA receptor in brain that differ in sensitivity to 
ethanol. In the present study, we sought to extend these findings by 
determining the effect of locally applied ethanol on NMDA-evoked activity at 
additional sites in brain. While electro-osmotically applied ethanol inhibited 
NMDA-evoked activity in all neurons investigated in the hippocampus (CAj, 
CA3 ) and globus pallidus, ethanol inhibited NMDA in only a subset o f neurons 
tested in the medial septum, substantia nigra pars reticulata, and ventral 
tegmental area. Additionally, ethanol failed to inhibit NMDA-evoked activity 
of caudate neurons. These findings extend our previous work by showing that 
differences in the inhibitory effect of ethanol on NMDA-evoked activity occur 
both between and within a number of brain sites during local application of 
ethanol. We interpret these results as further evidence for the existence of 
multiple subtypes of the NMDA receptor that differ in ethanol sensitivity and 
that are differentially distributed in brain. (Supported by PHS grant AA- 
09079 and NS 26595).

296.7
DIRECT STEROIDAL MODULATION OF GLUTAMATE RECEPTOR- 
SINGLE CHANNEL ACTIVITY IN EXCISED MEMBRANE PATCHES.
M. Wong*. Y.S. Chen and R.L. Moss. Dept. of Physiology, Univ. of Texas 
Southwestern Medical Center, Dallas, TX 75235.

Many steroids exert rapid effects on the electrophysiological properties of 
neurons via specific interactions with membrane receptors, such as the GABAa 
receptor-channel. Previous electrophysiological studies also suggest that 
glutamate receptors may be directly modulated by certain steroids, such as 
estrogen (E) and pregnenolone (P), but this steroid-glutamate interaction has 
yet to be proven on the single-channel level. The present experiments utilized 
patch-clamp recordings of NMDA and non-NMDA receptor-channel activity 
from excised membrane patches to test for direct modulation by the steroids, E 
and P.

NMDA-induced single channel activity could be elicited in inside-out and 
outside-out patches excised from acutely dissociated hippocampal neurons. P 
but not E applied to the cytoplasmic surface of inside-out patches or the 
extracellular surface of outside-out patches increased the open probability of 
NMDA channel activity by increasing both frequency of opening and mean open 
time, though the effect on frequency of opening was more prominent. The non- 
NMDA agonist, kainate, generally did not activate clearly resolvable single 
channel openings but induced continuous shifts and noise increases in the 
baseline current of outside-out patches. E and P had no apparent effect on the 
kainate-induced currents. These findings suggest that P can modulate 
glutamatergic synaptic transmission via a direct interaction with the NMDA 
receptor. As estrogen did not appear to directly modulate glutamate channel 
activity, previously-described modulatory actions of estrogen on glutamate 
systems may involve other intermediary mechanisms or cofactors. (Supported by 
NIH MH47418.)

29 6.9
PROPOFOL (2,6 DI-ISOPROPYLPHENOL) INHIBITS NM DA- 
ACTIVATED CURRENTS IN HIPPOCAMPAL NEURONS. B .A  
Orser*. M. Bertlik. J.F. MacDonald. Dept o f  Anaesth., 
Sunnybrook HSC., Dept. Physiol., Univ. o f Toronto, Toronto, 
Canada M5S 1A8
The general anesthetic propofol inhibits glutamate-dependent Ca2+ 
entry into synaptosomes suggesting that propofol modulates 
excitatory amino acid receptors (Neurochem Res 16:4 1991). We 
investigated the effects o f propofol on NM DA-evoked currents in 
cultured murine hippocampal neurons with the whole-cell patch 
clamp technique. Electrodes were filled with CsF (140 mM) and 
cells were voltage-clamped to -65 mV. Perfusion o f the cell with 
NM DA (50 μΜ) activated inward currents which peaked then 
decayed to a steady state. The amplitude o f steady state currents 
was measured in the presence and absence o f propofol (1-6000 μ  
M). Propofol caused a concentration-dependent inhibition of 
NM DA-evoked currents. The threshold for blockade o f evoked 
currents was 10 μΜ  with an approximate IC50  o f 600 μΜ. The 
NM DA concentration-response curve was shifted to the right and 
maximal current amplitude depressed by Propofol (100 μΜ). 
These results suggest that propofol produces a non-competitive 
block o f NM DA receptors.
Supported by a grant to the Medical Research Council o f Canada 
Group Nerves Cells and Synapses.

296.6
1.2-DIPHENYL-2-PROPYLAMINE. A MAJOR METABOLITE OF THE ANTI
CONVULSANT REMACEMIDE. PRODUCES A STEREOSELECTIVE BLOCK 
OF NMDA RECEPTOR CURRENTS. S. Subramaniam*. S.D. Donevan and 
M.A. Roaawski. Epilepsy Research Branch, NINDS, Bethesda, MD 20892.

Remacemide is a promising investigational antiepileptic drug that is des- 
glycinated in vivo to 1,2-diphenyl-2-propylamine (FPL 12495). Radioligand 
binding studies have indicated that ( ± )-remacemide is a weak NMDA 
antagonist (IC50, 68  μΜ) whereas FPL 12495 has substantially higher 
blocking potency (IC50, 0.5 μΜ; Palmer et al., Epilepsy Res. 12:9-20,
1992). In the present study, we characterized the blocking action of the 
enantiomers of remacemide and their des-glycinated metabolites on 
NMDA-evoked currents in cultured rat hippocampal neurons. In addition, 
we examined the ability of the drugs to inhibit binding of [3H]dizocilpine to 
the NMDA receptor in rat forebrain membranes. FPL 12859 I( + )-des- 
glycine] caused a slow, use- and voltage-dependent block of NMDA 
currents (ӀСэд, 0.6 μΜ). The blocking action of FPL 12860 [(-)-des-glycine] 
was similar, but of lower potency (IC50, 4μΜ). FPL 12859 was also more 
potent than FPL 12860 in inhibiting binding of [3H]dizocilpine to NMDA 
receptors in rat forebrain membranes. Unlike the des-glycine metabolites, 
remacemide caused a rapid block of NMDA currents which showed little 
use- or voltage-dependence, and poor enantioselectivity [IC50s, ( + ) = 67 
and (-) = 75 μΜ]. These data demonstrate that the des-glycine remacem
ide metabolites are relatively potent open channel (uncompetitive) blockers 
of the NMDA receptor complex. Thus, although remacemide itself is only 
a weak NMDA antagonist, our results are consistent with the idea that it 
may serve as a prodrug for a metabolite with substantially greater potency.

296.8
5ß-PREGNAN-3a-OL-20-ONE SULFATE: A NEGATIVE MODULATOR 
OF THE NMDA-INDUCED CURRENT IN CULTURED NEURONS. ŅĻ 
Chung*, F. -S. Wu and D. H. Farb. Department of Pharmacology and 
Experimental Therapeutics, Boston University School of Medicine, Boston, 
MA 02118.

We have shown previously that the neurosteroid pregnenolone sulfate 
(PS) acts as a positive allosteric modulator at the N-methyl-D-aspartate 
(NMDA) receptor while inhibiting the kainate, a-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionate (AMPA), glycine and GABA responses. 
Here we report that 5ß -pregnan-3a-ol-20-one sulfate (5ß3ocS), a PS 
analogue, inhibits both NMDA and non-NMDA receptor-mediated 
responses in cultures of chick spinal cord neurons. Using whole-cell 
recording methods, cells were voltage-clamped at -70 mV. Drug solutions 
were applied to single neurons by pressure ejection from 7-barrel pipets. 
5ß3aS (100 μΜ) rapidly and reversibly blocked responses to 30 μΜ NMDA 
(by 66%), 50 μΜ kainate (by 37%), and 25 μΜ AMPA (by 29%). The effect 
of 5ß3aS on the NMDA response was dose-dependent, with EC50 of 65 μΜ 
and maximal inhibition of 100%. 5ß3aS reduced the maximum NMDA 
response with little effect on the NMDA EC50, suggesting that the 
antagonism of the NMDA response by 5ß3aS is non-competitive in nature. 
In addition, the effect of 5ß3aS on the NMDA response was neither 
agonist- nor voltage-dependent, indicating that 5ß3aS does not act as an 
open-channel blocker. Furthermore, inhibition of the NMDA response by 
5ß3aS was not reduced by the addition of a saturating concentration (10 
μΜ) of glycine, indicating that 5ß3dS does not act via the glycine 
modulatory site. Abnormal activation of the NMDA receptor has been 
proposed to play a role in the etiology of many neurodegenerative 
disorders. Our findings will provide a strong basis for development of 
novel steroid-based drugs for the treatment of these diseases.

296.10
ALLOSTERIC MODULATION OF THE NMDA RECEPTOR BY 
DIHYDROLIPOIC AND LIPOIC ACID L.-H. Tang* and
E. Aizenman. Dept. o f Neurobiology, Univ. of Pittsburgh School of 
Medicine, Pittsburgh, PA 15261.

The effects of the mitochondrial cofactor dihydrolipoic acid 
(DHLA) and its oxidized form lipoic acid (LA) on the NM DA  
receptor have been examined in cultured rat neocortical neurons. A  
2 min incubation with DHLA produced a concentration-dependent 
potentiation of NMDA-induced whole-cell responses with an ECcq of
134.6 ± 2.0 μΜ. This potentiation was not present in non-NMDA  
responses, or after NM DA receptors had been previously reduced by 
4 mM dithiothreitol (DTT). Furthermore, the effects of DHLA were 
largely abolished following NM DA receptor alkylation with 500 μΜ 
N-ethylmaleimide (Tang & Aizenman, J. Physiol, 465:303; 1993). 
Single channel measurements from outside-out patches revealed that 
500 μΜ DHLA produced an increase in the frequency of NMDA- 
induced channel openings (2 .0  ± 0 .2  fold increase) without significant 
altering conductance or open time. In contrast, 1 mM LA could 
readily reverse the effects of DTT on NMDA-induce whole-cell or 
single channel responses. These results strongly suggest that DHLA  
and LA interact with the NM DA receptor redox modulatory site. 
DHLA is the first described reducing agent of endogenous origin for 
this site. Supported by NIH grant NS29365.
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296.11 296.12
SYNTHESIS AN D ACTIVITY OF SUBSTITUTED QUINOXA LINE-2,3- 
DIONES AS ANTAGONISTS FOR THE GLYCINE/NM DA  
RECEPTOR. S. X. Cai.$ C. Dinsmore.& K. R, G ee.& A. G. G len n ,& J. C, 
H uang.& B. L. Johnson.& S. M. Kher.& Y. Lu.& P. L. Oldfield &  P. 
M arek$* H .Z h en g&  E .W eber# J.F .W .K ean a&  $Acea 
Pharmaceuticals, Inc., 1003 Health Science Rd. W est, Irvine, CA 92715, 
&Department of Chemistry, University of Oregon, Eugene, OR 97403, 
#Department of Pharmacology, University of California, Irvine, Irvine, 
California 92717.

A series of mono, di, tri and tetra substituted quinoxaline-2,3-diones 
(QX) have been synthesized and evaluated as antagonists for the 
glycine/N M D A  receptor. Am ong the derivatives evaluated, 5,6,7- 
trisubstituted QXs generally showed higher activities than m ono and 
disubstituted QXs, and tetrasubstituted QXs show ed decreasing 
activities compared to trisubstituted QXs. Certain N-hydroxy, N- 
amino and N-(carboxymethyl ) QX analogs were also found to be active 
antagonists for the g lycine/N M D A  receptor. Several novel QXs with 
Kjs less than 10 nM at the glycine/N M D A  receptor were identified. 
Several of these compounds were found to have in vivo efficacy after

systemic administration. It w as found that the 
systemic efficacy varied between different QXs 
with similar binding affinities. It is concluded  
that systemic efficacy in the QX series depends 
largely on the substitution pattern of the 
benzene ring.

HISTIDINE RESIDUES OF THE NMDA RECEPTOR PROTEIN IN CATFISH 
CONE HORIZONTAL CELLS ARE INVOLVED IN CHANNEL GATING. X.Wu* 
and B.N.Christensen. Dept, of Physiology and Biophysics, 
The Univ. of Texas Medical Br., Galveston, TX 77555-0641.

We have shown that the NMDA-induced membrane current is 
inhibited in the presence of extracellular protons (Society for Neuroscience, 1990). The pK for the proton- 
inhibition is near 6.5 which is similar to that of the 
free cimino acid histidine. The histidine specific reagent 
diethylpyrocarbonate (DEP) can also depress the NMDA- 
induced currents (Society for Neuroscience, 1990). Here 
we provide evidence that the inhibition depends on 
protonation of histidine residues on the extracellular 
face of the protein.

NMDA protein modification was carried out on 
dissociated cells in 200 μΜ DEP + 100 μΜ 7-C1-KYN at pH0 
5.5 to 9.5. The apparent rates of NMDA receptor 
inactivation were monitored by measuring the remaining 
NMDA-induced current. We interpret these results using a simple model (Horiike,et al. 1979. J.Biol. Chem. 254, 
6638).
Where R= Receptor;
M= DEP; Ka=
P r o t o n  
d i s s o c i a t i o n  
constant;k= Rate
constant ; Kapp= Apparent rate of Kapp=k(M) / ( 1 + (H) /Ka)
inactivation. The pK obtained by fitting the data with 
equation 1 is 6.55, similar to the pK of inhibition of 
NMDA-induced current by protons. This supports the 
hypothesis that it is the protonation of histidine 
residues that inhibits the NMDA induced current. 
Supported by grant NEI 01897.

( 1 )

296.13

R adioligand- and D rug-B inding S ites on  C ells E xpressing Cloned  
N M D A  R eceptor Su bunits. R .A . Johnson* and A. Janowskv.
V .A . M edical C enter and D epts. o f Psychiatry and Pharm acology, 
O regon H ealth  Sciences U niv., Portland, O R  97201.

Previous reports have described the response o f cells or 
oocytes expressing cloned subunits for the N M D A  receptor-linked  
ion  channel com plex, and have dem onstrated characteristics that 
are som etim es similar to responses observed in various brain  
preparations. W e have now  exam ined specific  [3H] M K-801  
binding site regulation in cells co-expressing cloned c D N A  for 
m ultiple N M D A  receptor subunits. Studies involved transfection  
o f 293 and (or) C os-7 cells with a variety o f eucaryotic expression  
vectors, including pJ3n, pJ6n, pJ7n, and pJPA 7 (unpublished), 
containing the N M D A R 1A  or R 2 subunits. T he effects o f the 
allosteric m odulators glycine and sperm idine, on  [3H ]M K -801  
binding was exam ined at various tim e points during transient 
expression. Preliminary results o f drug binding experim ents 
parallel reports describing data from  electrophysiological studies, 
and indicate that [3H ]M K -801 binds to cells expressing cloned  
cD N A  for the N M D A R 1A  subunit in the absence o f  other  
receptor subunits (N M D A R 2A , B, C, D ). T he u se o f  various 
expression vectors, and the effects o f co-expression  o f  
heterom eric receptor subunits on regulation o f  drug binding site  
characteristics, including equilibrium  tim e, sensitivity to ions, 
inhibitors, and allosteric m odulators w ill b e  described.
T h is w o rk  w a s  su p p o r te d  b y  g ra n ts  to  A J  f r o m  th e  V A . a n d  N IA A A .

296.14

IN  VITRO PHARMACOLOGICAL CHARACTERIZATION OF ACEA-1021: 
A POTENT NMDA RECEPTOR GLYCINE SITE ANTAGONIST 
R. M, Woodward*. J. E. Huettner*. J, Guastella*. E, Weber*.sAcea Pharmaceuticals 
Inc., 1003 Health Sciences Rd. West., Irvine, CA 92715. * Dept. Cell Biol, and 
Physiol., Washington University Medical School, 660 South Euclid Avenue., Box 
8228, St. Louis, MO 63110. * Dept. Pharmacol., U. C. Irvine, Irvine, CA 92717.

ACEA-1021 is a glutamate receptor antagonist which is efficacious as a neuro
protectant in rat focal ischemia, as an anticonvulsant in protection against 
electroshock induced seizures, and as an analgesic in animal models of chronic 
pain. Electrical assays using rat brain glutamate receptors expressed in Xenopus 
oocytes indicated that ACEA-1021 is a highly potent competitive antagonist at 
NMDA receptor glycine sites (KB~5 nM). ACEA-1021 was —200 times less active 
at non-NMDA glutamate receptors activated by AMPA or kainate (KBs -1  and 1.5 
μΜ), and was essentially inactive at NMDA receptor glutamate binding sites (Қ  
>30 μΜ) and metabotropic receptors (K, >20 μΜ). Whole cell patch clamp 
recordings from cultured rat cortical neurons confirmed that ACEA-1021 is a 
potent glycine site antagonist (KB -5  nM), and a comparatively weak inhibitor of 
non-NMDA glutamate receptors activated by kainate (Қ  ~2 μΜ). ACEA-1021 was 
also assayed at three putative rat NMDA receptor subtypes expressed in oocytes. In 
terms of IC50, NR1A/2A subunit combinations were 5-10 times more sensitive to 
ACEA-1021 that NR1A/2B or NR1A/2C. However, NR1A/2A combinations also 
had lower affinity for glycine, so this level of selectivity translated into relatively 
small differences in KB (-3, 4 and 3 nM respectively for the three subunit 
combinations). Our results suggest that the actions of ACEA-1021 in vivo  are 
primarily due to antagonism at NMDA receptor glycine binding sites.

296.15
Bl-ll 277 CL IS A NEW BENZOMORPHAN DERIVATIVE WHICH ACTS AS 
A NONCOMPETITIVE ANTAGONIST OF THE NMDA RECEPTOR-CHANNEL 
COMPLEX WITHOUT MARKED AFFINITY FOR OPIOID RECEPTORS. ŅL 
Grauert. W.D. Bechtel. P. Harrison. R.E. Muller. W. Stranskv and A.J. 
Carter*. Depts. of Biochemistry, Medicinal Chemistry and Pharmacology, 
Boehringer Ingelheim, 55216 Ingelheim, Germany.

We have determined the ability of several benzomorphan derivatives to 
inhibit the NMDA receptor-channel complex in vitro and in vivo. Structure- 
activity relationships indicate that the optimum derivative is the pure 
enantiomer [2R-[2a, 3(R*), 6a)] -1, 2, 3, 4, 5, 6-hexahydro-3-(2- 
methoxypropyl)-6 , 11, 11 -trimethyl-2,6-methano-3-benzazocin-9-ol hydro
chloride (Bl-ll 277 CL) which potently inhibits I^H]MK-801 binding in 
synaptic membrane preparations from rat cortex (Kj = 4.3 ±0 . 5  nmol/L); 
the corresponding Kj values for inhibiting opioid ([^HJDHM) and sigma 
(I^H)DTG) binding were 3323 nmol/L and 1017 nmol/L respectively. Bl-ll 
277 CL antagonized NMDA-induced noradrenaline release, NMDA-induced 
inhibition of protein synthesis, and epileptiform afterdischarges caused by 
removing Mg2 + in rat hippocampal slices. In mice, Bl-ll 277 CL prevented 
NMDA-induced lethality (Ю50 = 0.53 ± 0.03 mg/kg s.c.) and, as 
expected, also caused disturbances in motor coordination in the same dose 
range (ED50 = 0.45 ± 0.06 mg/kg s.c.). The duration of action of Bl-ll 
277 CL was much shorter than MK-801 in both tests. Finally, Bl-ll 277 CL 
dose-dependentiy (0.03 - 0.3 mg/kg s.c. 5 times over 24 h) reduced the 
cortical infarct area in mice which had previously been subjected to focal 
cerebral ischaemia by unilateral occlusion of the middle cerebral artery. In 
summary, these results indicate that Bl-ll 277 CL is a potent and selective 
noncompetitive antagonist of the NMDA receptor-channel complex which 
could be used for the treatment of acute thrombotic stroke in humans.

296.16
DEXTROROTATORY OPIOID-INDUCED STEREOTYPIES ARE 
CORRELATED WITH HIGH AFFINITY [3H]DEXTRORPHAN BINDING 
IN RAT BRAIN. J.E.Roth*. T.F.Murrav and P.H.Franklin. College of 
Pharmacy, Oregon State University, Corvallis, OR 97331.

The dextrorotatory opioids, dextrorphan and dextromethorphan, interact 
with NMDA receptors. Our recent studies confirm that the [3H]dextrorphan 
binding site is associated with an "open channel" domain of the NMDA 
receptor-operated cation channel (Franklin and Murray, Mol.Pharmacol. 
41:131,1992). Of relevance to the drug abuse liability of noncompetitive 
NMDA antagonists, we have characterized their dose response relationship 
for the induction of stereotyped behaviour in rats.

Dextrorphan and dextromethorphan elicit a stereotyped behavioural 
syndrome in rats which is indistinguishable from that produced by MK-801, 
phencyclidine (PCP) and ketamine. The drug-induced stereotypies consist of 
repetitive lateral head swaying, circling and backward walking. The rank 
order of potency for the induction of stereotyped behaviour is MK-801 > 
PCP > ketamine > dextrorphan > dextromethorphan. These behavioural 
potencies are significantly correlated (n=0.92) with their respective affinities 
as inhibitors of high-affinity pH]dextrorphan binding to rat cerebral cortical 
membranes. Thus the ability of these compounds to act as noncompetitive 
NMDA antagonists appears to underlie their ability to produce stereotyped 
behaviour in rats. The commonality between the pharmacological profiles of 
these compounds suggests that the abuse potential of over the counter 
preparations containing dextromethorphan is related to the PCP-like 
properties of dextromethorphan and its primary metabolite dextrorphan.

(This work was supported by DA-07218-03).
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296.17
NITRENDIPINE DISPLACES l3 H]M K801 BIND ING  THROUGH
OUT M OUSE BRAIN. F. F illo u x 1*. R.C. F itts1. G .A .S k een 2, H .S . 
White2. Depts. N eu ro l.1, Pediatr.1, Psychiat.U  Pharmacol, and  
Toxicol.2, Univ. Utah Sch. Med., Salt Lake City, UT 84132.

The L-type dihydropyridine (DHP) antagonist Nitrendipine (Nit) has 
recently been shown to inhibit both NM DA-activated calcium  flux in 
mouse cerebellar granule ce lls as w ell as pH]M K 801 binding to mouse 
cortical and hippocampal membranes (Skeen and W hite, Soc Neurosci 
Abst 18:432, 1992). To further study this interaction between Nit and 
NMDA-activated channels, the effects o f DHPs on pH]M K801 binding 
to mouse brain were investigated using an autoradiographic assay.

Slide-mounted sagittal sections o f  m ouse brain were labeled with 2-7  
nM pH]MK801 in the presence o f varying concentrations o f Nit, ΙΟμΜ 
Nimodipine, N ifedipine and Bay K 8644  and ΙΟμΜ verapamil. Labeled 
sections were wiped from slides and counted by scintillation counting, or 
autoradiograms were generated and quantitated using image analysis. Nit 
potently displaced 2  nM pH ]M K 801 binding to sagittal m ouse brain 
sections (IC50= 89 .8  nM). D ose dependent inhibition o f p H ]M K 801  
binding by Nit was demonstrated in all brain regions examined except 
those with very low  levels  o f specific binding (cerebellum  and brain
stem). Significant displacement o f PHJMK801 binding by 10-7 M Nit 
was nevertheless observed in the latter brain areas. ΙΟ5 M concentrations 
of the other DHPs studied and of verapamil were without effect.

Nit appears to be unique among agents active at L-channels in its 
capacity to compete with pH]M K 801 binding sites. A  direct interaction 
between Nit and the NMDA-activated ion channel is proposed.

296.19
[3H]DIZOCILPINE ASSOCIATION KINETICS DISTINGUISH 
STIMULATORY AND INHIBITORY POLYAMINE SITES OF NMDA 
RECEPTORS. J.C. Marvizón* and M. Baudrv. Neurobiology Program, 
University of Southern California, Los Angeles, CA 90089-2520.

Channel blockers like [3H]dizocilpine (MK-801) or [3HjTCP can be 
used to assess activation of NMDA receptors. Thus, the association aHd 
dissociation rates of these channel blockers are increased by glutamate and 
glycine because access to their binding sites requires channel opening, which 
is promoted by agonists. Low concentrations of the polyamines spermine and 
spermidine activate NMDA receptors, while higher concentrations have an 
inhibitory action, probably by binding to a separate site on the receptor. We 
have found that low concentrations (10 μΜ) of spermine in the presence of 
saturating concentrations of glutamate and glycine increased the association and 
dissociation rates of pHJdizocilpine. At higher concentrations (1 mM) 
spermine markedly decreased fHjdizocilpine binding at equilibrium by 
increasing its Kjj. These results indicate that interaction of polyamines with 
their stimulatory site increase access of channel blockers to their binding site 
inside of the channel, while interaction with the inhibitory site decreases 
channel blocker affinity. We also examined the effects of diethylenetriamine 
(DET), arcaine and ifenprodil, postulated antagonists of the stimulatory action 
of polyamines, on the association kinetics of [3H]dizocilpine. Only ifenprodil 
(10 μΜ) clearly reversed the increase in association rate produced by 
spermine. The main effect of arcaine (10 μΜ) and DET (1 mM) was to 
decrease equilibrium binding, both in the presence and in the absence of 10 
μΜ spermine, indicating that they interact with the inhibitory site. The results 
provide a way to study the pharmacology of the stimulatory and inhibitory 
polyamine sites of the NMDA receptor.

297.1
DOPAMINE POTENTIATES GLUTAMATE-ACTIVATED CURRENTS 
IN SPINAL MOTONEURONS. D.O. Smith* and H. Hatt. 
Dept. of Physiology, Univ. of Wisconsin, Madison, 
WI 53706 and Physiology Institute, Technical 
Univ. of Munich, Munich, Germany.

Modulation of glutamate-activated currents by 
dopamine was examined in a-motoneurons isolated 
from embryonic chicks. Dopamine (< 1 mM) did not 
evoke currents, but it caused peak and steady- 
state glutamate-activated currents to increase by 
factors of 3.9 and 5.9, respectively (n=27) . 
Desensitization time constants also increased
5.2-fold. These increases were specific to 
glutamate- and kainate-activated responses; 
neither AMPA- nor NMDA-evoked currents were 
affected by the presence of dopamine. Dopamine 
was also ineffective in outside-out recordings, 
indicating involvement of a second messenger. 
cAMP (10 μΜ) in the recording pipette led to 
significantly (0.05 level) reduced dopamine 
potentiation of glutamate-activated currents: 
peak and steady-state currents increased 1.6- and 
2 .1-fold, respectively, and the desensitization 
time constant was 3.0-times longer. We conclude 
that dopamine elevates cAMP levels within the 
neurons; this increases the kainate-sensitive 
component of glutamate-activated currents. 
Supported by NIH NS13600 and SFB 220.

296.18
NITRENDIPINE REDUCES NMDA/GLYCINE-EVOKED SINGLE-CHANNEL 
CURRENTS IN CULTURED MOUSE NEURONS G.A. Skeen*. H.S. White. 
and R E. Twvman Anticonvulsant Drug Development Program; Depts. o f 
Pharmacology and Toxicology and Neurology; University o f Utah; S LC , Utah 

Nitrendipine is a 1,4-dihydropyridine which is recognized to block L- 
type voltage-sensitive calcium channels at micromolar concentrations. 
Recent findings in our laboratory indicate that nitrendipine also interacts with 
the N-methyl-D-aspartate (NMDA)-preferring glutamate receptor subtype. 
Specifically, nitrendipine attenuated NMDA/glycine-evoked calcium flux into 
indo-1 -loaded mouse cerebellar granule cells (MCGCs). Nitrendipine also 
inhibited [3H]MK-801 binding to adult mouse cortical and hippocampal 
membranes. The ability of nitrendipine to modulate the NMDA receptor was 
examined further with single-channel patch clamp electrophysiology 
techniques. Studies were conducted with outside-out patches obtained 
from primary cultures of MCGCs and fetal mouse cortical neurons. Currents 
were evoked by 30-sec co-applications of NMDA (5 or 10 μΜ) and 1 μΜ 
glycine, and patches were voltage-clamped at - 75 or + 50 mV, in symmetrical 
chloride solutions. At - 75 mV, nitrendipine (0.1-1 μΜ) reduced average 
evoked current, frequency of openings and bursts, and burst durations in a 
concentration-dependent manner. However, nitrendipine did not affect 
mean open durations or amplitudes of the two main conductances. These 
effects of nitrendipine on NMDA/glycine-evoked single-channel currents 
were reversible for both cell preparations and were voltage-dependent, since 
at + 50 mV nitrendipine did not appear to affect NMDA/glycine-mediated 
single channel properties. These results support the hypothesis that 
nitrendipine rapidly and directly modulates NMDA receptors. Furthermore, 
they suggest that nitrendipine may inhibit currents mediated by both L-type 
voltage-sensitive calcium channels and NMDA-receptors. Supported by NIH 
Grant 2 R 01  -NS-22200 and NIH Contract N01-NS-9-2328 from the NINDS, 
and KO8-NS-01266.

297.2
COMPLEX RESPONSE TO GLUTAMATE IN CATFISH 
HORIZONTAL CELLS RESULTS FROM INTERACTION 
OF MULTIPLE GLUTAMATE RECEPTORS. D. B. Dixon* 
and D. R. Copenhagen. Dept. of Ophthalmology, UCSF, San 
Francisco, CA 94143-0730

Under whole-cell voltage clamp with cesium chloride containing pipets, L- 
glutamate (50 μΜ) produced a noisy, inward current at holding potentials of 
-50 mV. This current persisted well after L-glutamate was removed. Kainate 
(50 μΜ) elicited a less noisy inward current that was larger in magnitude and 
recovered shortly after kainate washout. Both these currents reversed at +10 
mV. With cesium gluconate pipets, the noisy component of the L-glutamate 
response disappeared. IS, 3R-ACPD (50 μΜ), a metabotropic receptor 
agonist, produced a noisy inward current which persisted after ACPD washout 
with cesium chloride-filled pipets that was absent when cesium gluconate-filled 
pipets were used. With potassium gluconate-filled pipets, but not cesium-filled 
pipets, L-glutamate elicited an outward current. 2-amino-4-phosphonobutyrate, 
another type of metabotropic receptor agonist, generated an outward current 
using potassium gluconate-filled pipets, but had no effect when recordings 
were made with cesium gluconate-filled pipets.

This study shows that these horizontal cells express at least three types of 
glutamate receptor each coupled to a separate ionic conductance. 1. A non
specific cationic channel similar to the Kainate/Quisqualate type receptor. 2. A 
metabotropic receptor coupled to a chloride channel. 3. An APB type receptor 
coupled to a potassium channel. These receptor sub-types are all activated by 
glutamate producing a complex response derived from 3 different ionic 
conductances.
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297.3
PATHWAY-SPECIFIC VARIANTS OF AMPA RECEPTORS MAY 
SUBSERVE PHYSIOLOGICAL ROLES OF AUDITORY NEURONS.
I.M. Raman* & L.O. Trussell. Neuroscience Training Program & Department 
of Neurophysiology. University of Wisconsin-Madison, 53706.

Neurons of tiie nucleus magnocellularis (nMAG) encode temporal 
information used to localize sound. These cells express AMPA receptors 
displaying unusually rapid kinetics of desensitization. To investigate whether a 
similar receptor exists in other neurons, we compared the properties of AMPA 
receptors from 4 types of auditory neurons and 3 types of non-auditory neurons 
acutely isolated from embryonic chicks. Outside-out patches were voltage 
clamped at -70 mV and 10 mM glutamate was rapidly applied to each patch for 
100 ms. Time constants of desensitization (r’s) were measured. For auditory 
neurons, mono-exponential fits gave mean r’s (ms) as follows: cochlear ganglion
2.8 (N=11), nMAG 1.8 (11), nucleus angularis 2.1 (17), nucleus laminaris 2.3 
(12), and for nonauditory neurons: Purkinje cells 4.9 (10), nIX nucleus 12.2 (9), 
ventral horn 9.0 (4). In all types of auditory neurons, r’s were significantly 
shorter than in nonauditory neurons (p<  0.0025). With bi-exponential fits, the 
smaller r was 1 to 1.5 ms for all auditory neurons and accounted for about 70% 
of the total current. Single channels studied in nMAG patches by chronic 
application of 10 to 30 μΜ glutamate had a mean channel open time of 
0 .15±0.02 ms (N=5) at -70 mV. Analysis of fully resolved openings estimated 
single-channel chord conductances to be 19, 25, 29, and 32 pS. At positive 
potentials the frequency of openings was markedly increased. These data 
indicate that a specialized AMPA receptor is expressed in the avian auditory 
system and suggest that pathway-specific variants of AMPA receptors may exist.

297.5
TETRAPROPYLAMMONIUM CHLORIDE EFFECT ON KAINATE 
CURRENTS IN MOUSE CORTICAL NEURONS. L.L.Stockbridge* and
F.F. Weight. Laboratory o f Molecular and Cellular Neurobiology, National 
Institute on Alcohol Abuse and Alcoholism, NIH, Rockville, MD 20852.

Kainate (KA) channels from rat brain striatal and cerebellar mRNA 
expressed in Xenopus oocytes have been shown to pass tetra- (methyl, ethyl 
and propyl) ammonium ions (Randle, CJPP 68:1069, 1990), limiting the 
channel pore size to over 8-10 Λ. Tetrabutylammonium chloride was shown 
to induce channel block. In preliminary experiments on native KA channels, 
tetrapropylammonium chloride ions (TPA-C1) appear to be impermeant.

Cortical neurons from day 15-17 fetal mice were cultured for 4-7 days 
before use. KA currents were recorded using the whole-cell patch clamp 
technique. Patch pipettes contained (mM): 155 CsCl, 5 EGTA, 2 MgCl2, 10 
HEPES (pH 7.4). Basic bath solution (BBS) contained (mM): 150 NaCl, 0.5 
CaCl2, 0.5 MgCl2, 10 HEPES. BBS plus 50 μΜ kainate, 50 μΜ DL-2- 
amino-5-phosphonovaleric acid, 0.1 mM picrotoxin and 300 nM TTX was 
added to initiate KA current while blocking NMDA, GABA and Na 
currents. TPA-C1 was substituted for NaCl (50% and 100%) in two 
exchange solutions. The cells were voltage clamped at -60 mV. 100% 
substitution abolished the KA current in all cells. With 50% substitution, 75 
mM TPA-C1, current was reduced 52±5%  (n=5). Thus TPA-C1 appeared 
to be a relatively impermeant ion, rather than a blocker, to the KA current 
and native KA channels probably have a smaller pore size (<  8 Á) than 
those expressed in Xenopus oocytes.

297.7
AMPA-TYPE GLUTAMATE RECEPTORS IN THE N18-RE-105 CELL  
LINE. O. Dillon-Carter*. M. Poltorak and W. J. Freed. NIMH 
Neuroscience Center at St. Elizabeths, Washington, D.C., 20032.

The hybrid neuroblastoma cell line N18-RE-105 has been used for 
studies of glutamate receptor binding and neurotoxicity. It appears, 
however, that the glutamate binding expressed by these cells does not 
represent a true receptor, but rather an uptake-like, cystine- 
dependent, sequestration into cell membranes (J. Neurochem. 
51:1176; 1988). We examined the possibility that these cells 
express pHJAMPA binding sites which can be distinguished from 
glutamate binding. N18-RE-105 cells expressed small amounts of 
specific AMPA binding (28±2% inhibition by 1 mM cold glutamate). 
Saturation resembled that seen in brain membranes, and was best fit 
by a two-site model with a high-affinity Kd of 100-212 nM and a 
Bmax of 890-2230 fmol/mg protein. Binding was not destroyed by 
freezing, and was displaced by quisqualate, glutamate, and DNQX, but 
not NMDA or kainic acid. Binding of AMPA could be distinguished 
from glutamate binding pharmacologically; e.g., chronic exposure to 
10 mM glutamate increased glutamate, but not AMPA, binding. The 
sulfhydryl reagent PCMPS completely inhibited glutamate, but not 
AMPA binding. In glutamate-exposed cells, cystine inhibited 
glutamate, but not AMPA, binding. In addition, immunocytochemical 
studies showed that N18-RE-105 cells express neuronal markers 
and extend processes in response to glutamate in the medium. 
Therefore, N18-RE-105 cells possess an AMPA binding site which is 
distinct from the glutamate binding site. This site may represent a 
receptor similar to the AMPA receptor of mammalian brain.

297.4
FUNCTIONAL NETW ORKS FOR LOCOM OTION IN SPINAL 
CORD OF NEONATAL MICE LACKING NMDA RECEPTORS.
JC Smith*§. Y Lfl, GD Funk§. SM Johnson*· X-W Dong§. J Lai§. S HsuT 
JL Feldm an*. & S Tonepaw aL ^Center for Cancer Research, MIT, 
Cambridge, MA 02139 & »Dept. of Physiological Science, UCLA, Los 
Angeles, CA 90024-1527.

NMDA receptors may have important functional roles in spinal networks 
generating movements. We investigated the involvement of NMDA receptors 
using newborn mice (129/sv X C57BL/6) with deletions in the NMDAR1 
gene of the NMDA receptor (NMDARI knockout). In contrast to control 
neonatal mice, knockout mice do not support weight on hindlimbs or exhibit 
spontaneous rhythmic hindlimb movements. We studied locomotor and 
sensorimotor afferent transmission circuits in isolated in  v i t r o  spinal cord- 
hindlimb preparations [Smith et al., FASEB J. 2: 2283, '88] from control and 
knockout neonatal (Day 0) mice. In  p r e p a r a t i o n s  f r o m  c o n t r o l  m ic e :  (i) Bath- 
applied NMDA (5-15 μΜ) produced rhythmic locomotor discharge on 
lumbar ventral roots ana alternating, stepping movements of the hindfimbs. 
(ii) Activation of spinal afferents by nociceptive stimuli (tail pinch) produced 
similar activity; this effect was blocked by NMDA receptor/cnannel blockers 
[AP5, AP7 (100 μΜ); MK-801 (100 μΜ)]. (iii) Local application of NMDA 
over lumbar motoneuron pools produced sustained motoneuron discharge on 
corresponding ventral roots. In  p r e p a r a t i o n s  f r o m  k n o c k o u t  m ic e :  (i) Bath or 
local application of NMDA produced no response, confirming the deletion of 
functional NMDA receptors, (ii) Rhythmic hindlimb movements similar to 
control preparations could be generated by nociceptive afferent stimulation; 
given the response of controls, this result was unexpected. We conclude: (i) 
NMDA receptors play a role in generation of locomotor activity, (ii) In the 
absence of NMDA receptors, spinal locomotor and nociceptive afferent 
networks develop and are functional at birth, (iii) NMDA knockout mice 
exhibit anomalous hindlimb motor behavior. Supported by NIH Grants 
HL02204, HL40959, HL37941 and HHMI.

297.6
CHARACTERIZATION OF GLUTAMATE RECEPTORS ON NEURONS 
DIFFERENTIATED FROM P19 EMBRYONAL CARCINOMA CELLS. P. 
Morlev1. J.F. Whitfield1. P. MacPherson2. W. Staines^and M.W, McBumev^T" 
^nst. Bio. Sci., National Research Council Canada, Ottawa, Canada K1A 0R6, 
Depts. of 2Medicine, 3Anat. and Neurobio., University of Ottawa, Ottawa, 
Canada, K1H 8M5, from the C a n a d a /F iso n s  F ig h t S tro k e  program.

Murine P19 embryonal carcinoma cells treated with retinoic acid differentiate 
into cells with neuronal morphology and stain for typical neuronal markers. The 
presence of glutamate receptors on these neurons was demonstrated by testing 
the effects of glutamate and glutamate agonists and antagonists on [Ca2*]į in 14 
day-old cultures loaded with the Ca2+-specific fluoroprobe Fura-2. Glutamate 
(0.1-1 mM) induced one of two [Ca2+]j responses in P19 cells. The first was a 
sustained glutamate-induced increase in [Ca2*]j which was mimicked by NMDA 
(20 μΜ) and abolished by incubation in Ca2+-free medium containing 2 mM 
EGTA, or by pre-treating the cells with Mg2* (2 mM) or MK-801 (0.1 μΜ). 
The sustained NMDA- or glutamate-induced [Ca2*]j responses were not 
affected by the non-NMDA antagonists CNQX (10 μΜ) or DNQX (10 μΜ), but 
showed an absolute requirement for glycine (3-30 μΜ) or D-serine (3-30 μΜ). 
The second response, which occurred without external Ca2+, was a rapid 
transient [Ca2+]i spike which returned to a plateau level upon which were 
superimposed Ca2+ oscillations. This response was not affected by Mg2*, MK- 
801 CNQX or DNQX and did not require glycine. Kainate (20-100 μΜ) and 
AMPA (20-100 μΜ) did not affect [Са2*];. Undifferentiated P19 cells did not 
respond to any agonists. These results suggest that P19 cells differentiated into 
neurons with two types of glutamate receptor: NMDA which promotes surface 
membrane Ca2* influx, and a metabotropic receptor which releases Ca2* from 
intracellular stores.

297.8
ATTENUATION OF EXCITATORY AMINO ACID TOXICITY BY 
ANIRACETAM. M.Pizzi*. C. Fallacara. V. Arrighi. M. Memo, P.F. Spano. 
Institute of Pharmacology, Department of Biomedical Sciences and Biotecnologies, 
University of Brescia, 25124 Brescia, Italy 

Activation of glutamate ionotropic receptors represents the primary event in the 
neurotoxicity process triggered by excitatory amino acids. We demonstrate here that 
the concentration-dependent stimulation of metabotropic glutamate receptor (mGluR) 
by the selective agonist tr a n s -1 -aminocyclopentane-1, 3 dicarboxylate (tACPD) or 
by quisqualate counteracts both glutamate- and kainate-induced neurotoxicity in 
primary cultures of rat cerebellar granule cells. The mGluR-evoked responses are 
potentiated by aniracetam, which per se also elicits neuroprotection. Aniracetam 
concentration-dependently counteracted glutamate-, kainate-, or a  amino-3-hydroxy- 
5-metyl-4-isoxazolepropionic acid-induced cell death and greatly facilitated 
neuroprotective response achieved by different concentrations of both quisqualate 
and tACPD. In addition, aniracetam potentiated the mGluR-coupled stimulation of 
phospholipase C, as revealed by the measurement of ^H-inositol phosphate 
formation. Thus, mGlurs could be a suitable target for novel pharmacological 
strategies pointing to the treatment of neurodegenerative diseases.
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PROPERTIES OF AMPA/KAINATE RECEPTO RS IN ASTROCYTE  
CULTURES FROM ADULT BOVINE CORPUS CALLOSUM. C. Matute*. J. 
Garcla-Barcina. C. Rio and C. Valcárcel. Departamento de 
Neurociencias, Universidad del Pais Vasco, 48940 Leioa, SPAIN.

We recently showed that glial cells from the adult bovine corpus 
callosum possess mRNA coding for functional AMPA/kainate 
glutamate receptors (Matute and Miledi, 1993, PNAS USA 
90:3270-3274). To further analyze the biochemical properties 
and the location of those receptors, we have used glial cultures from 
adult bovine corpus callosum and applied in situ hybridization in 
combination with immunocytochemical techniques. Most cells in 
those cultures show the characteristics of type-1 astrocytes, i.e. a 
flattened appearance, expression of glial fibrillary acidic protein 
(GFAP) and vimentin but not of the A2B5 epitope. Also, the vast 
majority of the cells express AMPA/kainate receptors as assayed by 
in situ hybridization using digoxigenin-labeled probes and specific 
antibodies to synthetic peptides. Western and Northern analysis 
indicates that the molecular properties of the receptors are similar 
to the AMPA/kainate receptors found in neurons. Application of 
kainate to the cultures did not cause any measurable cytotoxic effect 
nor changes in the GFAP expression pattern. However, kainate 
significantly reduces the incorporation of tritiated thymidine into 
astrocytes, a fact that can be blocked by CNQX. These results indicate 
that type-1 astrocytes in vitro expressed AMPA/kainate receptors 
similar to those observed in neurons. Furthermore, they suggest 
that those receptors might play a role in the control of astrocyte 
proliferation in vivo. Supported by grants PM92-0244 from 
Spanish DGCYT and μgV92-32 from Gobierno Vasco.
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DEVELOPMENTAL SHIFT TOWARD LOW-AFFINITY AMPA BINDING 
OCCURS ̂ DURING SYNAPTOGENESIS IN RAT TELENCEPHALON.
R.A. Hall*. В,A. Bahr & G. Lynch. Center for the Neurobiology of Learning 
and Memory, University of California, Irvine, CA 92717.

One hypothesis concerning the locus of expression for long-term 
potentiation (LTP) is that it may be a change in AMPA receptor properties 
mediated by a stable factor in the post-synaptic membrane. The extent to 
which the properties of the receptors can be influenced by the synaptic 
membrane environment, however, is poorly understood. In the present study, 
telencephalic membranes from rats of different embryonic and postnatal ages 
(E16, E19, P2, P7, P13) were subjected to [3H]AMPA binding studies and to 
Western blot analyses utilizing antibodies to the AMPA receptor subunits 
GluRl, GluR2/3 and GluR4 and to the presynaptic marker synaptophysin. 
The total amount of [3H]AMPA binding sites increased dramatically with 
advancing age. This increase was due mainly to the development of the large 
low-affinity component (KD = 500 nM) which dominates the [3H]AMPA 
binding profile of adult rat brain membranes; as resolved by two-site 
regression analysis, the high-affmily (KD = 15 nM) component of the 
developmental [3H]AMPA binding profiles increased by approximately two
fold from E16 to P13, whereas the low-affinity component increased by nearly 
twenty-fold. Immunoreactivity for GluRl, GluR2/3 and synaptophysin 
exhibited developmental increases similar to that seen for [3H]AMPA binding. 
In contrast, GluR4 immunoreactivity was visible only at the oldest age tested. 
The ratio of GluRl to GluR2/3 staining increased slightly with advancing age; 
this change, however, is unlikely to account for the observed change in the 
ratio of high to low-affinity receptors since recombinantly expressed GluRl-4 
subunits have nearly identical high-affinity binding profiles (Rasmussen e t a l., 
Soc. N eu ro sc i. A b s . 18:260). The shift toward a preponderance of low-affinity 
AMPA receptors occurs during a period of intense synaptogenesis, and thus 
suggests that some element of the synaptic environment modulates AMPA 
receptor properties (supported by AFOSR 92-J-0307).

297.13
NEURONAL D EGEN ERATION  IN THE SPASTIC HAN-W ISTAR RAT. III. 
M O RPH O LO G Y AND ELECTRO PH YSIO LO G Y O F H IPPOCAM PAL  
NEURONS. C . Cepeda*. R. W . Cohen. D . B irt. N. A . Buchw ald  and M . S. 
Levine. Mental Retardation Research Center, U C LA  School of M ed icine , Los 
Angeles, C A  90024 .

The mutant Han-W istar rat displays a pattern of progressive hippocampal 
neuronal degeneration. Th is experim ent investigated some of the 
morphological and electrophysiological characteristics of hippocam pal neurons 
in the mutant to determine if alterations in these properties contribute to the 
neuronal degeneration. Intracellular recordings were used to characterize the 
membrane properties of CA3 pyram idal neurons in slices from mutants and 
unaffected littermate controls at 38-48 postnatal days. At this age hippocampal 
cellu lar degeneration is ongoing in the mutant. Intracellu lar in jections of the 
fluorescent dye Lucifer Ye llo w  (LY) were used to study the morphology of 
hippocampal neurons. Three-dim ensional computer reconstructions of LY- 
injected neurons indicated that a subpopulation of mutant pyram idal cells 
possessed abnormal features. These included sparse dendritic arborizations and 
abnormal orientations of dendrites. In general, in electrophysiological 
experiments it was more d ifficu lt to obtain successful im palem ents in slices 
from mutants, particularly after 45 days postnatal age. H ow ever, many of the 
electrophysiological properties (resting membrane potential, input resistance, 
action potential am plitude, spontaneous bursting, afterhyperpolarization 
amplitude) of CA3 neurons were sim ilar in mutants and controls. Ce lls  from 
the mutant anim als did not display spontaneous paroxysm al depolarizations. 
These findings indicate that the degeneration of CA3 hippocampal neurons 
may not result from alterations in their intrinsic electrophysiological properties 
but may be a result of increased responsiveness to excitatory input.

297.10
CHARACTERIZATION OF GLUR6 EXPRESSED IN HUMAN EMBRYONIC 
KIDNEY CELLS AND INSECT OVARIAN CELLS. F, A. Taverna* and D. R. 
Hampson. Faculty of Pharmacy, University of Toronto, Toronto Ontario, Canada. 
M5S 1A1

Glutamate receptors constitute the major excitatory neurotransmitter receptor 
system in the mammalian central nervous system. To date, at least 10 receptor 
subunits encoding glutamate receptors of the AMPA/kainate subtype have been 
cloned. We have transiently expressed the rat kainate receptor GluR6 in human 
embryonic kidney cells (HEK 293) and in S p o d o p te r a  f r u g i  p e r d a  (Sf9) ovarian 
cells using the baculovirus expression system. Both immunofluorescence labelling 
and 3H-kainate binding assays showed a greater level of expression in the Sf9 cells. 
In membranes from infected SI9 cells expressing GluR6, 3H-kainate binding assays 
revealed a KD of 18 nM, about a five-fold higher affinity than previously reported. 
Recently we reported functional modulation of GluR6 expressed in HEK293 cells. 
To date, no agonist induced currents have been detected in Sf9 cells expressing 
GluR6 under a variety of conditions despite the high level of expression (J.F. 
MacDonald, F.A. Taverna, D. R. Hampson, unpublished observations)

We are also investigating the patterns glycosylation of GluR6 and their 
potential importance for expression and function. Immunoblots of membranes 
prepared from both cells types expressing GluR6 reveal two bands of 115 and 98 
kD. When the membranes were deglycosylated in  v i tr o  with N-glycanase, the 115 
kD band was absent and the 98 kD band was greatly intensified, indicating that the 
two bands represent the glycosylated and deglycosylated forms of the receptor. 
Certain lectins have been shown to affect the desensitization kinetics of glutamate 
receptors both in v iv o  and in v itro . We are presently investigating the possible 
interaction between lectins and the carbohydrate moieties on recombinantly 
expressed GluR6. These studies may reveal the structural and functional aspects of 
glycosylation important for proper expression and function of glutamate receptors.

297.12
L-A sp a rta te  A c t iv a te s  A M P A  R ecepto rs in R at S u p rach ia sm atic  
N uc leus N eurons In V itro . R .A . Brautiqan  and D .A . E a g le s .*
D epartm ent o f B io logy, G eorgetow n  U n ive rs ity , W ash ing ton , D C  2 0 0 5 7 .

L-asparta te  is an endogenous am ino acid  found throughout the 
cen tra l n ervou s sy s te m . It h as been dem onstrated  to be an endogenous 
ag on ist at N M D A-subtype e xc ita to ry  am ino acid  recepto rs in m any 
locatio ns in the b rain . It has been considered  one o f the transm itte r 
can d id ate s in re tinohypothalam ic projection to  the sup rach ia sm atic  
nucleus (S C N ). S tim u lation  o f the optic nerve  in a s lice  preparation 
o f hypotha lam us ind uces the re lease o f [3H ]-g lutam ate and [3H ]-aspartate  
in the SC N  (Liou et a ļ., Brain  R es . Bu ll. 1 6 : 5 2 7 -5 3 1 , 1 9 8 6 ).
L -asp a rta te 's  e ffe c ts  w e re  stud ied  using  an ļņ  v itro  s lice  preparation 
fo r w h o le  ce ll patch  clam p p hysio lo g y on hypotha lam ic s lice s  conta in ing  
the S C N .

W hen applied v ia  a p ressure  p ipette (2 5 0 -1 0 0 0  uM in A C S F , pH 7 .3 )  
positioned upstream  from  the recording  site , ce lls  clam ped at a 
holding potentia l o f -7 0  m v exh ib ited  an inw ard  cu rren t fo r a dose- 
dependent am plitude and duration . The inw ard  cu rren t in response 
to  the adm in istration  o f L-asparta te  had an A P 5- in sen sit ive  (5 0  uM) and 
a N B Q X ,C N Q X ,D N Q X -se n s it iv e  (1 0 -2 0  uM) com ponent w h ich  w a s  
p ersisten t in high ex trace llu la r M g++ co ncen tra tio ns (1 0  m M ).
Th ese  resu lts  su g g est a role fo r L-asparta te  a s  an agon ist at A M P A  
recepto rs in the S C N .

297.14
N EURO N AL DEGENERATION IN THE SPASTIC HAN-WISTAR RAT. II. 
HIPPOCAM PAL REORGAN IZATIO N  AN D ALTERED GLUTAM ATE  
RECEPTOR mRNA EXPRESSION. R .W . C o hen*. I.E . M areulies. A . Obenaus.
I.B . W atson. N .A . Buchw ald , and M .S . Lev ine . M ental Retardation Research 
Center, U C LA  School of M edicine , Los Angeles, C A  90024.

The hippocampus of the spastic mutant of the Han-W istar rat displays 
progressive pyram idal cell death in the C A 3 c  region, starting at 30 days of 
postnatal age. M orphology (Tim m  stain) of the mutant hippocampus reveals 
increased mossy fiber sprouting in the CA3a region (stratum oriens) and in the 
granule cell layer. Th is sprouting is evident at 19 days (before ce llu lar 
degeneration is observed) and increases until the rat dies at about 60  days. To 
assess electrophysiological alterations related to mossy fiber sprouting, field 
potentials w ere recorded in hippocampal slices (45-47 day old rats) from three 
regions (C A 1, CA3a and C A 3c). W hen compared to normal littermates, C A 3c 
and CA1 cells exh ib it a 30-50% decrease in response am plitude. Response 
amplitudes from the CA3a region (site of mossy fiber sprouting) were 
com parable to those of normal rats. W hen 20 μ Μ  b icucu lline  was applied, 
the responses evoked in the CA3a region were much larger in mutants 
compared to unaffected littermates. S ince the degeneration resembles changes 
due to kainate toxic ity , we also exam ined the possible role of altered glutamate 
receptor m RNA expression in the mutants. Jņ situ hybrid ization studies of 
G luR2 (a calcium-regulating glutamate receptor subunit) m RN A show altered 
grain counts in CA3c/CA3b pyram idal ce lls at 30 days and in granule ce lls of 
the dentate gyrus at 60 days. These results provide evidence for reorganization 
of the mutant hippocampal c ircu itry as a consequence of ce llu la r degeneration 
possibly induced by changes in glutamate receptors.
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297.15
N EURONAL DEGENERATION IN THE SPASTIC HAN-WISTAR RAT. I. 
ALTERATIONS IN GLUTAM ATE RECEPTOR SUBUN IT EXPRESSION IN 
CEREBELLUM . I.E . M areulies*. R .W . Cohen. G . DeBernardo. M .S . Levine and 
I.B . Watson. Mental Retardation Research Center, U C LA  School of M edicine, 
Los Angeles, CA  90024.

The spastic mutant of the Han-W istar rat exhibits spastic paresis characterized 
by ataxia, tremor and hind limb rigidity. Mutants d isplay progressive 
degeneration of Purkinje cells in the cerebellum  beginning at postnatal day 30. 
In this study we exam ined the hypothesis that excito toxic ity , mediated by 
alterations in glutamate receptor m RNA expression, may contribute to Purkinje 
cell degeneration. In situ m RNA hybridization studies of G luR 2  (GluR-B) 
revealed a 78%  reduction in grain counts in a subpopulation of Purkin je cells 
in 30 day old mutant cerebellum  compared to w ild type. G luR 2  m RNA 
expression was increased (150% ) in surviving Purkinje ce lls in 60 day old 
mutant cerebellum relative to w ild type. In the granule ce ll layer of mutant 
cerebellum , G luR2 m RNA expression was decreased at 30 days (78% ) and 
slightly increased at 60 days (28% ). An increase in G luR 4  (G luR-D ) m RNA 
expression was also observed in the granule cell layer of 60 day mutant 
cerebellum . Heterologous expression of 30 day mutant cerebellar m RNA in 
oocytes revealed inwardly rectifying currents fo llow ing kainate application, 
suggesting dim inished G luR2 participation in glutamate receptor assembly. 
Since a decrease in levels of G luR2 relative to other subunits is correlated with 
increased Ca2+ perm eability of non-NM DA glutamate receptor channels, 
decreased G luR2 expression leading to increased Ca2+ influx may play a role 
in Purkinje cell degeneration.

297.17
MAPPING OF THE HUMAN G L U R 5  GLUTAMATE RECEPTOR GENE ON 
CHROMOSOME 21 AND ITS RELATIONSHIP TO NEUROLOGICAL LOCI
P. Gregor*·1. S.M. Gaston2·3. X, Yang1. J.P. O'Regan2. R.E. Tanzi3. J.L. 
Haines4. G.R. Uhl1,5.& R.H. Brown. Jr.2 1Mol. Neurobiol. Branch, ARC, 
NIDA, NIH. 5Depts. Neurol. & Neurosci.. JHUSM., Box 5180, 
Baltimore. MD 21224; 2C.B. Day Neuromuscular Res. Ctr., 3Lab. of 
Genet, and Aging, and 4Mol. Neurogenet. Unit, MGH, Boston, MA 
02129.

Glutamate receptors (GluRs) may play key roles in 
neurodegeneration. Genetic mapping in the Venezuelan Reference 
Pedigree and physical mapping with yeast artificial chromosomes 
(YACs) show that the human GLUR5 gene is located on chromosome 
21 between APP and SODI (PNAS 90:3053). This region contains the 
familial amyotrophic lateral sclerosis (FALS) locus (NEJM 324: 1381) 
and may have a role in trisomy 21 - Down Syndrome. We now report 
GLUR5 locus characterization: sequence of a human cDNA encoding a 
novel C-terminal isoform GluR5-ld; isolation of genomic lambda 
EMBL-3 clones and YACs; and identification of two simple sequence 
length polymorphisms (SSLPs). Mapping with YACs utilizing the 
Genethon YAC con tig map {Nature 359: 380) indicates that GLUR5 is 
ca 0.5 megabase (Mb) large, within 2 Mb of SODI, and oriented as 
follows: centromere - APP - 5 '-GLUR5-3' - SODI - telomere. Since 
glutamatergic neurotoxic mechanisms have been implicated in 
sporadic ALS, we evaluated the relationship between GLUR5 and FALS 
loci. The GLUR5 SSLPs were tested for linkage in six pedigrees with 
chromosome 21 - linked FALS. The GLUR5/AGAT marker showed 
negative lod score at zero recombination (Ө = 0.00) owing to a single 
recombination; the peak lod score of 2.72 was at Ө = 0.05. A second 
recombination event was found with the GLUR5/CA marker in the 
same family. These two recombination events indicate that the FALS 
locus is distinct from and distal to GLUR5, consistent with recent 
localization of the FALS locus to the SODI gene (Nature 362: 59).

297.16
HEAT SHOCK (hsp70) GENE EXPRESSION FOLLOW ING 
INTRAPERITONEAL ADMINISTRATION OF THE SIGMA LIGAND (+)-3- 
PPP. J.W. Sharp*. Dept Anatomy & Physiology, College of Veterinary Medicine, 
Kansas State University, Manhattan, KS 66506-5602.

Non-competitive NMD A receptor antagonists, PCP (phencyclidine), MK801, and 
ketamine, are ligands for the PCP site associated with the NMDA receptor. PCP, 
Ketamine, and MK-801 have also been shown to induce hsp70 and cause vacuolar 
damage in cingulate and retrosplenial neurons (Olney et al., 1991; Sharp et al., 
1990; 1991). Induction of hsp70 in the brain may indicate cellular stress. PCP 
interacts not only at the PCP site but with the sigma receptor as well (Sonders et al., 
1988). The antipsychotic drugs, haloperidol and rimcazole, prevent induction of 
hsp70 by PCP, ketamine, and MK-801 (Sharp et al, 1992). Haloperidol shows strong 
sigma receptor binding and may function as an antagonist. Thus sigma receptors are 
of interest because agonists tend to result in adverse psychomimetic reactions while 
antagonists show antipsychotic properties. The purpose of this research was to 
determine whether a specific sigma receptor ligand would induce the hsp70 gene.

(+)-3-PPP, (+)3-[3-hydroxyphenyl]-N-(l-propyl)piperidine hydrochloride, is a 
sigma receptor ligand with little affinity for the PCP site. Sprague Dawley rats (250- 
300g) were injected intraperitoneally (i.p.) with 30 mg/kg of (+)-3-PPP. 24 hr after 
injection, the time of maximal hsp70 induction (Sharp et al., 1990), rats were 
anesthetized with halothane and perfused. Brains were sectioned (50/xm) and 
immunocytochemically reacted for the protein product of the hsp70 gene, HSP70. 
Controls were injected with 0.9% saline (NaCl) i.p. and processed in the same 
fashion as the treatment group.

Rats exposed to a single 30mg/kg dose of (+)-3-PPP had HSP70 immunostaining 
in the cingulate cortex. The control group of rats had little HSP70 immunostaining 
in any portion of the brain. These results indicate that activation of the sigma 
receptor can induce hsp70 and may result in neurological damage.

PEPTIDES : RECEPTORS I

298.1

EFFECTS OF A NOVEL NON-PEPTIDE NK1 TACHYKININ 
RECEPTOR ANTAGONIST, SR140333, ON THE U373MG CELL 
LINE. I. A. Lefevrel. F.Owy-Ponat1, A, Boretey2, 0, Thumeyssen,1 2L 
Emonds-Altl. P. Fe1tz2*. G. LeFurl and P. Soubriél. 1-Sanofi Recherche, 
F34184 Montpellier 2- Laboratoire de Physiologie, F67084 Strasbourg, 
France.

Stimulation of U373MG human astrocytoma cells with the NK1 agonist 
[Sar9Met(02)H]-SP leads to an accumulation of inositol phosphates, an 
enhancement of taurine release, an increase in [Ca2+]j and an activation of 
ionic currents. [125j]_b h SP binding (Kd=0.47nM) revealed a competitive 
inhibition by SR140333 with a Ki of 0.74nM, whereas the (R)-enantiomer, 
SR140603, displayed a Ki of 7.40nM. [Sar9Met(02)11]-SP stimulated DPI 
formation with an EC50 of 3.80nM, and maximal stimulation at lOOnM. 
This effect was concentration-dependently antagonized by SR140333 with 
an IC50 of 1.60nM, whereas SR140603 was 10-fold less potent in inhibiting 
the IP1 response. [Sar9Met(02) 1İJ-SP also enhanced PH]-taurine release 
with an EC50 of 7.43nM, an effect which was inhibited by SR140333 with 
an IC50 of 1.83nM. SP as well as [Sar9Met(02) 11 ]-SP induced a transient 
increase in [Ca2+]j which persisted in the absence of extracellular calcium. 
SR140333 at InM reversibly blocked the lOnM [Sar9Met(02)n ]-SP- 
evoked response, and was without effect at 0.00InM. Whole-cell patch- 
clamp recordings showed that SP or [Sar9Mėt(C>2) 11]-SP evoked a transient 
increase in outward potassium current. SR140333 concentration- 
dependently inhibited the current induced by 50nM [Sar9Met(C>2) 1 !]-SP 
with an IC50 of І.ЗОпМ. Thus, our results demonstrate that SR140333 
possesses a powerful NK1 antagonist activity on the functional response in a 
human cell line.

298.2
EXPRESSION AND SOLUBILIZATION OF A RECOMBINANT 
HUMAN NEUROKININ-1 RECEPTOR IN INSECT CELLS.
K.E. Mazina. C.D. Strader*, and T.M. Fong. 
Merck Research Laboratories, Rahway, NJ 07065 

A recombinant human neurokinin-1 receptor 
has been expressed in the Sf9 insect cells.
In the recombinant receptor, an antigenic 
peptide sequence was fused to the C-terminus 
of the NKİR, providing an immunochemical tag 
for detection. The presence of the fusion 
peptide does not affect the binding affinities 
of agonists and antagonists and the receptor 
activation process. These data indicated that 
the modification of the C-terminus can be 
exploited in other chemical labeling 
experiments. In addition, the expression 
level in Sf9 cells is about 10 times higher 
than that obtained from mammalian cells. The 
recombinant receptor was solubilized with 
CHAPS, and a PEG precipitation procedure was 
shown to be effective in reconstituting the 
receptor with endogenous G-protein.
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298.3
EFFECTS OF EXTRACELLULAR RESIDUES OF THE 
NEUROKININ-1 RECEPTOR ON PEPTIDE A N D  ANTAGONIST  
BINDING. R.R.C. Huang. H, Yu. C D . Strader, and T.M. Fong*. 
Merck Research Laboratories, Rahway, NJ 07065  

The involvement o f the extracellular domains o f  the neurokinin-1 
receptor in ligand binding has been investigated by systematically 
substituting each loop and subsequently single residue, and 
determining the effect on agonist and antagonist binding affinities. 
The first and second extracellular segments appear to be involved in 
the binding o f all three natural peptides, but not non-peptide 
antagonists. At least 5 residues have been identified that are 
required for high affinity binding o f  peptides. In contrast, various 
effects were observed upon substituting the third and forth 
extracellular segments. To distinguish a direct involvement o f  side 
chains in ligand binding from an indirect involvement mediated 
through receptor conformational changes, the effects o f point 
mutations were compared to those o f the loop substitutions. These 
studies further support the hypothesis that the peptide binding site in 
the NK1 receptor comprises residues from both the extracellular and 
transmembrane regions.

298.5
ANTIBODIES TO THE C-TERMINUS OF THE NK-1 (SUBSTANCE P) 
RECEPTOR STAIN A SPECIFIC AND DISCRETE POPULATION OF 
NEURONS IN THE CEREBRAL CORTEX AND STRIATUM
CJ. Allen. ЈД, Ghilardh ^D^BQaBrs^Ji^liu^ J-BrQwn, L. Jasmin. A, 
Basbaum. S.R. Vigna. J.E. Maggio. P.W. Mantyh*. Mol. Neurobio. Lab 
(151), VA Med. Cntr., Mpls., MN 55417; Dept. of Anatomy, UCSF, SF, CA 
90024; Depts. of Cell Biology and Med., Duke Univ. Med. Cntr., Durham, 
NC 27710; Dept of Biol. Chem. and Mol. Pharm., Harvard Med. School, 
Boston, MA 02115
We raised a polyclonal antibody in rabbits against the last 15 amino-acids 

of the C-terminus of the rat NK-1 receptor. Preliminary experiments 
suggested that the resulting antibodies could be used 
immunohistochemically at very high titer (1: 5,000) with excellent light and 
electron microscopic resolution. The staining exhibited by this antibody 
shows an excellent correlation with autoradiographic distribution of the 125l- 
substance P binding sites. Using either flourescence or PAP 
immunohistochemistry, specific and discrete populations of neurons, but not 
glia, could be visualized in the cerebral cortex and striatum of the normal rat 
brain. In the cerebral cortex, scattered labeled neurons of heterogeneous 
morphology were present in cortical laminae l-VI, with the cell bodies, 
dendrites and axons densely stained. In the striatum, very intense labeling 
of the cell bodies, dendrites and axons, primarily of aspiny neurons, was 
observed. The immunolabeling was not confined to the synapses nor was 
there a clear correlation between NK-1 immunoreactivity and 
immunoreactivity for its native ligand, substance P. These results suggest 
that when NK-1 receptors are expressed by a neuron, the receptors are 
distributed throughout the entire neuron so that activation of these 
tachykinin receptors can occur outside the synaptic cleft. Supported by the 
NIH and the VA.

298.7
IMMUNOCYTOCIIEMICAL LOCALIZATION OF THE NK-1 RECEPTOR IN 
THE SPINAL CORD Op THE RAT. J. Brown. L. Jasmin. P.W. Mantvh. M.M. 
Heinricher*. S.R. Vigna, and A.I. Basbaum. Depts Anatomy, Physiology and 
Neurology, UCSF, San Francisco, CA, Molecular Neurobiology Lab., VA Med. 
Cntr, Minn., MN and Depts. Cell Biology and Medicine, Duke Univ., Durham, NC.

Substance P is released from unmyelinated primary afferente, binds the NK-1 
receptor and excites dorsal hom nociresponsive neurons. Although EM studies have 
characterized some of the target neurons, the entire population of neurons upon 
which SP acts has not been identified; NK-1 binding studies do not offer the necessary 
cellular resolution. In this study we used an antibody directed against the C-terminal 
of the rat NK-1 receptor to identify its cellular distribution and to evaluate changes 
produced by peripheral nave injury and tissue inflammation. Immunocytochemistry 
was performed on spinal cord sections from rats that woe perfused with a para-glut 
fixative. Sections were immunostained by the ABC/DAB method. To study the 
effects of tissue inflammation or peripheral axotomy different groups of rats either 
received an injection of Freund's adjuvant into one hindpaw or had one sciatic nerve 
ligated and transected. The rats were perfused from 4 to 28 days later.

Immunoreactive NK-1 receptor decorates the entire somatic and dendritic surface 
of subpopulations of neurons, giving a Golgi-like appearance to labelled cells. 
Neither primary afferent fibers nor dorsal root ganglia were labelled. The densest 
labelling was found in neurons of lamina I. Some of the labelled neurons are at the 
origin of ascending pathways. Isolated neurons in lamina III-V had dendritic arbors 
that extended dorsally to lamina I. Scattered very large neurons with widely and 
dor sally arborizing dendrites were also found in lamina II. There was particularly 
dense labelling of preganglionic sympathetic neurons, with dendrites that extended to 
the midline. Both hindpaw inflammation and sciatic nerve section, which are 
respectively associated with an increase and decrease in dorsal hom SP levels, resulted 
in an increased density of NK-1 receptor immunoreactivity in the ipsilateral dorsal 
horn. These results identify populations of dosai horn neurons that are likely to be 
targetted by primary afferent-derived SP, however, the companion EM analysis 
provides evidence that SP may influence NK-1 receptor laden neurons via a non- 
synaptic mechanism. (See Liu, H. et al). Supported by NS 14627, NS21445, 
DE/NIDA 08973 and the MRC of Canada.

298.4
IN VIVO TIME COURSE OF NK-1 RECEPTOR EXPRESSION IN 
ASTROCYTES AFTER NEURONAL INJURY
S.D. Rogers. C,J, Allen. J.R. Ghilardi. E.R. Stimson. S.R. Vigna. J.E. 
Maggio*. P.W. Mantyh. Mol. Neurobio. Lab (151), VA Med. Cntr., Mpls., 
MN 55417;Depts. of Cell Biology and Med., Duke University Med. Cntr., 
Durham, NC 27710; Dept of Biol. Chem. and Mol. Pharm., Harvard Med. 
School, Boston, MA 02115

We have previously demonstrated that NK-1 receptors are expressed by 
astrocytes in vivo after transection of the rabbit optic nerve. To further 
characterize the pharmacology and time course of the expression of the 
NK-1 receptors using quantitative receptor autoradiography, we examined 
the optic nerve at various time points after transection (1,2,4,7,14,28 and 
90 days post-transection). NK-1 receptors were first observed 7 days 
after transection and the concentration of NK-1 receptors present in the 
lesioned optic nerve was highest at 90 days. Adjacent sections 
immunostained for GFAP suggested that GFAP immunoreactivity showed 
a similar increase after optic nerve transection. Pharmacological 
characterization of 125I-SP binding sites in the lesioned optic nerve 
suggested that they correspond to a true NK-1 receptor as the substance 
P antagonist CP-96,345 potently displaced 125I-SP binding to these sites. 
Experiments using cultered astrocytes obtained from rabbit cerebral 
cortex or optic nerve showed a similar time course of NK-1 receptor 
expression after being placed in culture. These results suggest that NK-1 
receptors expressed by astrocytes are first detectable 7 days after 
neuronal injury. In addition, the in vitro expression of NK-1 receptors by 
cultured astrocytes, at least from a pharmacological and time course 
perspective, closely matches what is observed in vivo after neuronal 
injury. Supported by the VA and the NIH.

298.6
CELLULAR LOCALIZATION A N D  REGULATION OF 
NEUROKININ RECEPTOR GENE EXPRESSION W ITHIN THE  
SUBSTANTIA NIGRA. C.J. Whittv*. P .D . Walker. D .J. Goebel 
and M .J. Bannon. Depts. o f Psychiatry, Pharmacology and 
Anatomy and Cell B iology, Wayne State University, Detroit, MI 
48201.

NK1 and NK3 receptors are the predominant neurokinin 
receptors expressed in the rat brain. Initial experiments used a 
combination o f  solution hybridization and in situ hybridization 
studies to localize brain NK1 and NK3 receptor gene expression. 
Subsequent analysis focused on the substantia nigra, where NK3 
mRNA levels were among the highest in the brain while NK1 
message was detected at a ten fold lower level. NK3 receptor 
expression was localized to dopamine cells o f  the substantia nigra 
and ventral tegmental area as evidenced by the parallel loss o f  TH  
and NK3 mRNA (visualized by in situ hybridization) in 6 - 
hydroxydopamine treated animals. Lesioning o f  striatonigral 
inputs using quinolinic acid resulted in a 2-3 fold increase in nigral 
NK3 and NK1 mRNA levels ipsilateral to striatal lesions. These 
data suggest a significant plasticity o f  neurokinin receptor gene 
expression under the control o f  nigral afferents. Supported by 
USPHS grant M H-43026.

298.8
PRIMARY AFFERENT AND GABAERGIC SYNAPTIC INPUT TO NK-1 
RECEPTOR (NK-1R) LADEN NEURONS IN THE DORSAL HORN OF THE 
RAT SPINAL CORD DEMONSTRATED BY TRIPLE LABEL EM 
IMMUNOCYTOCHEMISTRY (ICC). H. Liu. S.R. Vigna. A. Milrov* and A I. 
Basbaum. Depts. Anatomy and Physiology, UCSF, San Francisco, CA and Dept. 
Cell Biol., Duke University, Durham, NC.

In a recent study we demonstrated that the NK-1R, with which primary afferent 
derived substance P (SP) is presumed to interact, completely covers die dendritic and 
somatic surface of many neurons in lamina I of the dorsal hom. Using combined 
immunogold postembedding ICC for SP (SPir) with preembedding ICC to localize 
the NK-ĨR we also demonstrated that there is considerable mismatch between SPir 
terminals and NK-lRir membrane patches. Only 24% of the latter directly apposed 
SP-ir terminals. Since dorsal hom SP terminals derive from both primary afferent 
and local circuit neurons, the present study specifically addressed the relationship 
between anali diameter primary afferent terminals, labelled by transganglionic 
transport of WGA-HRP from the sciatic nerve, and NK-lRir patches. We also 
evaluated non-SPir terminals by studying the interaction of GAB Air terminals in 
the same sections

The rats were perfused with a para-glut fixative two days after WGA-HRP 
injection. Vibratome sections of the lumbar spinal cord were reacted with 
TMB/tungstate. Sections containing the transganglionic label were then 
immunostained with an NK-1R antiserum (1:20000) using the ABC method and a 
nickel-enhanced DAB protocol. After osmication and embedding, we used an 
immunogold protocol to identify GAB Air terminals. We found that many labelled 
primary afferent fibers in laminae I and По form asymmetric synaptic contacts with 
dendritic profiles in which an NK-lRir patch overlay the postsynaptic density. 
GAB Air terminals containing round, clear or pleomorphic vesicles made symmetric 
and asymmetric junctions, often at NK-lRir patches. These data are consistent with 
the hypothesis that primary afferent derived SP contacts NK-1R laden neurons in the 
superficial dorsal horn, however, the fact that the NK-1R is also located at non-SP 
containing (e.g. GABAergic) terminals, provides further evidence that the NK-1R is 
targetted by SP that acts in a non-synaptic fashion. Supported by NS 21445 and
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298.9
EXPRESSION OF NK-1 RECEPTOR mRNA IN MURINE T CELL LINES. 
R,J, McCormack, Z, Xin, R,P,„ Hart, H,R  F.eder, D, Ganea. Dept. 
Biological Sciences, Rutgers University, Newark, NJ 07102.

Our laboratory has previously reported that the neuropeptide SP 
stimulated IL-2 production in activated murine T cell lines and 
normal T lymphocytes. The activity of SP appeared to be mediated 
through specific NK-1 receptors (NK-1R), since NK-1R antagonists 
such as spantide and CP-96345 abrogated the stimulatory effect of 
SP. These findings are consistent with earlier binding studies which 
demonstrated that murine T lymphocytes and human peripheral blood 
T lymphocytes expressed SP receptors. However, recently, the role 
of SP receptors on human peripheral blood lymphocytes was 
questioned, especially in terms of intracellular calcium increases 
upon SP treatment. To investigate whether the stimulatory effects of 
SP on cytokine production is indeed mediated through specific 
receptors, we determined the presence of NK-1R mRNA in T 
lymphocytes. The published nucleotide sequence for the NK-1 R cDNA 
from murine brain was used to design appropriate PCR primers, and 
RT-PCR was performed using murine pons and medulla RNA. The 
predicted 490 bp fragment was obtained, cloned, and sequenced. An 
antisense probe was prepared and used in nuclease protection assays 
with RNA extracted from unstimulated and stimulated EL-4 cells (T 
cell line), P388D1 macrophage cell line, murine brain, pons, and 
medulla, as well as tRNA as a negative control. Both stimulated and 
unstimulated cells and tissues, with the exception of tRNA, provided 
the 350 bp protected fragment characteristic for the NK-1R. These 
preliminary results indicate that the major precursor for the 
expression of the NK-1 R is present in murine T lymphocytes.

298.10
CHARACTERIZATION OF THE BINDING OF [125I- 
IODOHISTIDYL,METHYL-PHE7 ] NEUROKININ В TO 
THE NEUROKININ-3 RECEPTOR. S. Sadowski. 
R-R C. Huang.^T.M. Fong, O. Marko and 
M.A. Cascieri . Merck Research 
Laboratories, Rahway, NJ. 07065

We have characterized the binding of 
[12^I-iodo-histidyl. methyl 
Phe7 ]neurokinin В (125I-NKB) to the human 
neurokinin-3 (NK3) receptor. 125I-NKB 
specifically binds to the NK3 receptor 
expressed in CHO cells with a Kd of 0.2 
nM. The ligand displays little 
crossreactivity with the human ŅĶ1 and 
NK2 receptors. The binding of 125I-NKB 
to the human NK3 receptor and to rat 
cortex membranes is inhibited by 
neurokinin В with IC50 of 1.5 nM and 4 
nM, respectively. In contrast, 350- to 
500-fold higher concentrations of 
substance P and neurokinin A are required 
to inhibit binding to either receptor 
preparation. The data suggest that 125I- 
NKB is a high affinity, selective ligand 
for the human and rat NK3 receptor.

298.11

TACHYKININ-INDUCED FORMATION OF INOSITOL PHOS
PHATES IN PRIMARY CULTURES OF RAT NEONATAL SPINAL 
NEURONS. A.M. PflrSQn&*..£Е-1.Ш-Ғакаһапу, and V.Ş. ŞçybQİçj. 
Graduate Program in Neuroscience, Univ. of Minnesota, Minneapolis, 
MN 55455.

The signal transduction pathway for neurokinin receptors in the spinal 
cord is not known. In the brain and peripheral tissues, substance P (SP) 
causes an increase in inositol phosphates (IPs). On spinal neurons, SP 
increases intracellular calcium. Since, inositol 1,4,5-trisphosphate (IP3) 
releases calcium from intracellular stores, the signal transduction 
pathway of spinal neurokinin receptors may involve the formation of IPs 
and the subsequent release of calcium from intracellular stores.

Primary cultures prepared from spinal cords of 1-2 day postnatal rats 
were used to study the formation of IPs in response to tachykinins. The 
cultures were maintained in DMEM at 37° C with 10% CO2 for 10 to 14 
days prior to experiments. Cells were prelabeled with 2.5 pCi/ml 
[3H] inositol in DMEM (inositol free) for 16 -18 hrs. Following agonist 
stimulation in the presence of 10 mM LiCl, anion exchange chromatogra
phy was used to isolate [3H]IPs for quantification of IP formation. SP 
and neurokinin A (NKA) produced an increase in the formation of IPs in 
a time- and dose-dependent manner. At five minutes, SP and NKA 
(1 - 1000 nM) did not produce an increase in IPs concentration, whereas 
at 30 minutes both agonists induced dose-dependent formation of IPs.
SP and NKA were equipotent with ECso's in the low nanomolar range. 
These data indicate that the SP-induced increase of intracellular calcium 
in spinal neurons is due to the formation of IP3 and the release of calcium 
from intracellular stores. (This study was funded by NIH NS 17702 and 
NIDA T32DA07234.)

298.13

NEUROPHARMACOLOGICAL PROFILE OF SR 140333, A NON
PEPTIDE ANTAGONIST OF NK1 RECEPTORS. M. Jung. R. Steinberg. 
M. Poncelet. X. Emonds-Alt. J.P. Chambon* Ph. Soubrié and G. Le Fur . 
Sanofi Recherche, F-34184 Montpellier, France.

SR 140333 a potent non peptide ligand of the substance P NK1 receptor 
subtype with high affinity for NK1 receptors from both rat cortical 
membranes and human IM9 cells (Ki = 0.02 nM and 0.01 nM, respectively) 
was studied in vitro and in vivo on various effects induced by NKI agonists 
in rats and mice. In vitro, the [Sar9 ,Met(0 2 )H ]-SP  (5.10'^M )- evoked 
release of acetylcholine from rat neostriatum was antagonized by SR 140333 
(ED50 = 10"°M). This compound also antagonized the septide (5.10'^M)- 
evoked release of acetylcholine (82 % inhibition at 5 .10^M ). In vivo, 
SR 140333 given intraperitoneally antagonized dose-dependently septide 
(icv) - induced scratching (ED5 0  = 0.05 mg/kg), septide (intrastriatal) - 
induced turning (ED5 0  = 0.06 mg/kg) and septide and [Sar9,M et(02)11]-SP 
(iv) - induced salivation (ED5 0  = 0 .2  and 0.18 mg/kg, respectively). 
SR 140333 also inhibited apomorphine (intrastriatal) - induced turning 
(ED5 0  = 0.09 m g/kg). A structurally related compound which exhibited low 
and high affinity for rat cortical (Ki > 500 nM) and Ш 9  cells (Ki = 0.2 nM) 
NK1 receptors respectively, was only effective in antagonizing the turning 
induced by apomorphine. All these effects were stereoselective, since 
SR 140603 the inactive enantiomer of SR 140333 failed to have any effect 
These results indicate that SR 140333 behaves as a potent and centrally 
active NK1 receptor antagonist.

298.12

REGULATION OF NEURO KININ 1 RECEPTORS IN 
PRIMARY CULTURES OF RAT SPINAL NEURONS.
L.G. Abrahams and V.S. Sevbold.* Dept. Cell Biol, and 
Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455.

Changes in the affinity of spinal neurokinin 1 (NKļ) receptors for 
substance P (SP) have been shown in two models of chronic pain. In 
both models, increased binding of SP is associated with increased 
affinity of NKi receptors for SP. The purpose of these studies was to 
determine whether SP is responsible for inducing changes in affinity of 
NKi receptors for SP. Primary cultures of spinal neurons were 
prepared from 1-day old neonatal rats and maintained for 12-14 days 
before study. 125I-BH-SP binding to NKļ receptors was determined at 
4°C in physiological buffer. Under normal conditions the NKļ 
receptors had a Kd of approximately 250 pM and a Bmax of 
approximately 20 fmol/mg protein. The Kd for neonatal spinal neurons 
in cultures is consistent with values determined for adult rat spinal cord. 
Treatment of cultures with SP (1-100 nM) for twenty-four hr in the 
presence of 0.5 μΜ TTX resulted in a dose-dependent decrease in 
125I-BH-SP binding. SP, at 10 nM, caused a 50% decrease in specific 
binding which was a maximal effect. Scatchard analysis showed that 
the decrease in binding was due to an increase in the Kd with no 
significant change in Bmax. Specific binding of 125I-BH-SP to spinal 
glia was absent under all conditions tested. These studies indicate that 
changes in affinity of the NKļ receptor for its ligand are an important 
mechanism in the long term changes in NKj receptors in response to 
SP. These studies were supported by NS 17702 .

298.14

MOLECULAR BASIS FOR SPECIES SELECTIVITY OF 
THE NK-1 RECEPTOR ANTAGONIST WIN 51708.
B.S.Šachais*, and J.E.Krause. Department of Anatomy and 
Neurobiology, Washington University School of Medicine, St Louis, 
MO 63110.

Recently, several non-peptide angatonists have been discovered that 
specifically block tachykinin receptor function, and an understanding 
of the molecular recognition events in receptor type specificity and 
selectivity for these antagonists is an important goal in receptor 
research. One such non-peptide NK-1 (substance P) receptor 
antagonist, WIN 51708, has dramatic selectivity for the rat versus the 
human NK-1 receptor (approximately 600-fold), while the peptide 
agonist substance P shows no such selectivity. The cloned NK-1 
receptors from rat and human differ by only 22 of 407 residues. It is 
necessarily one or some combination of these residue differences 
which is responsible for the selectivity of WIN 51708. To determine 
which specific residues are required for the higher affinity binding of 
WIN 51708 at the rat NK-1 receptor, a series of chimeric and point- 
mutated receptors were constructed, stably expressed in Chinese 
Hamster Ovary cells, and analyzed by competition binding 
experiments using the radioligand 1 ̂ I-Tyr1 - substance P. The results 
demonstrate that multiple residues are required to impart the high 
affinity rat phenotype to the human receptor. Further, the data suggest 
that the binding pocket for WIN 51708 differs between the rat and 
human NK-1 receptors. These data, combined with other recently 
obtained information concerning both agonist and antagonist 
interaction at the NK-1 receptor, provides insight into the molecular 
basis of ligand recognition by tachykinin receptors.
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298.15
INTERNALIZATION OF NEUROTENSIN RECEPTOR-LIGAND COMPLEX IN 
MICROSACS ISOLATED FROM MURINE BRAIN. R. A. Radcliffe and V. G. 
Erwin*. Sch. of Pharm., Univ. of Colo. Health Sciences Center, Denver, CO 80262.

Neurotensin (NT), a tridecapeptide found heterogeneously distributed in 
mammalian brain, is thought to act as a neurotransmitter or neuromodulator. 
Prolonged exposure to NT has been shown to cause desensitization of specific NT 
receptor-coupled processes, e g. formation of cGMP and increases in intracellular 
Ca2’, in cell culture. It has been suggested that NT receptor internalization is 
responsible, at least in part, for the observed desensitization. Agonist-induced NT 
receptor internalization has been shown in N1E-115 neuroblastoma cells, in cultured 
septal cholinergic neurons, and also in neuronal primary cell culture. The present 
study was initiated in order to develop and characterize a method which allows for 
the study of the internalization process in adult mouse brain tissue. Microsacs 
prepared from whole brain of SS/IBG mice were incubated in the presence of 3H-NT 
at either 4° C. or 37° C. Maximum binding capacity, as discerned by standard 
vacuum filtration techniques, was found to be approximately 135 fmols/mg protein at 
37° C. Internalized 3H-NT, revealed also by vacuum filtration using an ice-cold acid 
wash buffer (0.5 M NaCl, 0.2 M acetic acid) to remove externally bound 3H-NT, 
represented <10% and approximately 40-50% of total binding at 4° C. and 37° C., 
respectively. Acid washing or incubation of microsacs for an additional 60 min at 4°
C. in the presence of an excess of unlabeled NT to displace externally bound 3H-NT 
gave similar internalization results. Uptake of 3H (putatively 3H-NT) was time 
dependent and reached a maximum within 20 min. Ongoing studies will more fully 
characterize the nature of internalized 3H and also will determine whether 
internalized receptors represent levocabastine-sensitive and/or -insensitive 
binding sites (levocabastine competes with labeled NT for one of two high-affinity 
NT binding sites). (This work was supported, in part, by USPHS grants AA00079 
and AA07330.)

298.17
IMMUNOCYTOCHEMICAL DETECTION OF NEUROTENSIN RECEPTORS 
USING A SITE-DIRECTED ANTI-PEPTIDE ANTIBODY. H. Boudin M.P. 
Faure, A. Gruaz, P. Foruez. D. Pelanrat, A. Beaudet. and W. Rostène. 
INSERM U.339 Hôpital St. Antoine 75012 Рагь, France; Neuroanatomy Lab, 
Montreal Neurol. Inst. McGill University, Mtl, Que., Canada H3A 2B4.

Antibodies against a synthetic peptide corresponding to the third cytoplasmic 
loop of the neurotensin receptor (NTr) were raised in rabbits and tested by 
Western blot and immunocytochemistry. Whole serum was screened by ELISA 
and immunoblotting against a GST fusion protein generated by cloning the coding 
region of the NTr into the plasmid μ g EX-2T. Antibodies harvested after the third 
boost injection recognized the fusion protein in Western blots. SF9 insect cells 
transfected with NTr cDNA and SN17 mouse neural neuroblastoma hybrid cells 
previously shown to express the NTr (Faure '92) were fixed with 
paraformaldehyde and stained with the same antiserum using indirect 
immunofluorescence. For simultaneous detection of immunostained receptors and 
receptor-bound NT, cells were incubated with FITC-tagged NT (NT-FTC) at 
either 4°C or 37°C prior to fixation and immunostaining. Both types of cells 
showed clearcut immunolabeling following incubation with the antibody at 
dilutions ranging between 1/100-1/500. No labeling was observed after 
incubation with preimmune serum. SF9 cells transfected with ßj-adrenergic 
receptor in lieu of NTr cDNA also showed reduced staining. Examination of 
double-labeled cells by confocal microscopy revealed good overlap between NTr 
immunoreactivity and NT-FITC staining which was in both cases pericellular 
after incubation of the cells at 4°C and intracytoplasmic after incubation at 37°C. 
These results suggest that the site-directed antibody developed in the present 
study might be applicable to immunohistochemical detection of NTr in the brain.

298.16

AXONAL AND DENDRITIC TRANSPORT OF INTERNALIZED 
NEUROTENSIN IN RAT NIGROSTRIATAL DOPAMINERGIC 
NEURONS. D. Nouel. M.P Faure. A.Alonso* and A.Beaudet. Montreal 
Neurol. Inst. Montreal, Canada H3A 2B4.

Previous studies have demonstrated that neurotensin (NT) is internalized 
and retrogradely transported in neurons of the substantia nigra (SN) following 
injection in the neostriatum (Castel et al, ’92). The aim of the present study 
was to confirm that this transport is confined to dopamine (DA) cells and to 
compare the intracellular distribution of transported material with that 
observed following internalization of the peptide at the somatodendritic level. 
Rats were injected with 50 nM of FITC-labelled NT (NT-FTC) into the 
neostriatum and the brains fixed and processed for tyrosine hydroxylase (TH) 
immunocytochemistry 4:30h later. A second group of rats were killed by 
decapitation and slices (350μιη) from the midbrain incubated at 35°С with 
50nM NT-FTC for 3 min, rinsed for 10-60 min, fixed, and resectionned for 
TH immunostaining. Confocal laser microscopic examination of the SN from 
in vivo-injected rats showed intense, granular, intracytoplasmic labelling. 
Fluorescent granules predominated at one pole of the perikaryon, in the 
immediate vicinity of the nucleus. In in vitro-incubated slices, NT-FTC 
labelling was diffuse and dendritic at short time intervals and progressively 
more granular and perikaryal with time. At 60 min, the labelling was entirely 
particulate and confined to one pole of the cell as after in vivo injection. In 
both conditions, NT-FTC was strictly confined to TH- immunoreactive cells. 
These results suggest that NT is internalized by terminals and dendrites of 
nigrostriatal dopamine cells and that the internalized peptide is transported 
centripetally from both locations to the soma of the cell.

PEPTIDES: RECEPTORS II

299.1

LOCALIZATION OF THE AT2  SUBTYPE OF ANGIOTENSIN II 
RECEPTORS IN THE OLFACTORY BULB AND OTHER SENSORY 
REGIONS OF THE RAT CNS WITH 125I-CGP 42112. K.L. Grove*.
E.Nilsson. X.Y. Lu. and R.C.Speth. Dept.Vet.Comp.Anat. 
Pharmacol.Physiol.,Washington State Univ.,Pullman, WA 99164-6520.

Previous in  v i t r o  receptor autoradiographic studies using radioiodinated 
angiotensins indicate that the two major subtypes of angiotensin II (All) 
receptors (ATj and AT2) have different distributions in the rat brain. ATi 
receptors are localized primarily to perihypothalamic and brain stem regions 
that regulate autonomic and homeostatic functions, e.g., blood pressure and 
fluid balance. AT2 receptors are localized to sensory structures such as the 
amygdala, thalamus, colliculi, and locus coeruleus. To better define the 
localization o f AT2 receptors in the rat CNS, 125I-CGP 42112 was prepared 
(Speth, Reg, Pept. 1993, 44: 189) and used to characterize AT2 binding sites 
in the rat brain by in  v i t r o  receptor autoradiography. 125I- Sarullē8 AII was 
used for comparison on adjacent sections. Specific (3 μΜ All displaceable) 
125I-CGP 42112 binding was present in all o f the brain regions previously 
characterized as having A Tļ receptors. In addition, ^ I -C G P  42112 
binding was observed in the external plexiform layer of the olfactory bulb 
and dorsal horn of the spinal cord. 12^I- Sarullē8 AH binding in the 
presence o f the selective AT ļ antagonist losartan or the selective AT2 
antagonist PD 123177 indicate that AT ļ receptors are also present in the 
olfactory bulb and spinal cord. The localization o f AT2 receptors to brain 
areas involved in sensory function suggest that A ll may act to modulate 
sensory input to the brain.

299.2

EXPRESSION OF OXYTOCIN RECEPTORS ON CULTURED  
NEURONEŞ AND ASTROCYTES. P . P i Scala-G uenot. в .  
P e ttm a n n -  and M.T. Strosser . Institut de P h ysio logie,CNRS 
URA 1446, ULP, Strasbourg France.

O xytocin (ОТ) receptors have been characterized  on 
cultured neurones and astrocytes. A t the periphery, ОТ 
receptors when activated , in itia te  phosphoinositide hydrolyşjs 
which generate IP3, im plicated  in intracellular C a2+ 
m obilization  and d iacylglycerol, an activator  o f protein kinase  
C (PKC). A sim ilar pathway could b e  hypothetized  at the  
cen tral level. Therefore, changes in [Ca2+]i in response to  ОТ 
have been m easured in single cultured astrocy te  by th e  fu ra - 2  
technique. Binding o f ОТ to its  receptor enhanced [Ca2+]i in 
a dose-dependent manner. The response, blocked by ОТ 
antagonists, is m aintained in absence o f ex tracellu lar C a2+ or 
in presence o f cadmium, confirm ing the intracellular origin 
for th e C a2+ release . In order to dem onstrate a role  o f PKC 
activation  on ОТ receptor expression, the e f fe c ts  o f a phorbol 
ester  (phorbol 12-m yristate 13 -aceta te , PMA) was studied on 
neurones and astrocytes during binding studies conducted with  
an iodinated ОТ antagonist (IOTA). On astrocytes, PMA 
induced a dose-dependent d ecrease  o f IOTA binding, w ith a 
maxim al inhibition at 10"7M (60%). This e f fe c t  was tim e-  
dependent and maxim al a fter  24Һ o f treatm ent. On cultured  
neurones, PMA had an opposite e f fe c t  s in ce  IOTA binding was 
increased up to 165% after  24Һ treatm en t. In conclusion, ОТ 
receptors display d istin ct pharm acological p rofiles and they  
could be linked to the inositol phosphate pathway.
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299.3

BINDING, INTERNALIZATION, DEGRADATION AND 
RECYCLING OF ANGIOTENSIN II IN PRIMARY CULTURED 
BOVINE CHROMAFFIN CELLS. W.P. De Potter* and J.M. 
Wancj. Lab. of Neuropharmacology, Dept of 
medicine, Univ. of A n t w e r p  ( U I A ) , 
Universiteitsplein 1, B-2610 Wilrijk, Belgium.

Early morphological studies have demonstrated 
that angiotensin II (All) is internalized in rat 
adrenal medulla cells. However little is known 
neither about the exact intracellular route of 
the ligand nor about its possible degradation, 
especially in bovine adrenal medullary chromaffin 
(BAMC) cells. The present work, therefore, inves
tigated the binding, internalization, degradation 
and recycling of n5I-Tyr4-AII in BAMC cells. The 
results indicated that All had a high affinity, 
single population of binding sites in BAMC cells, 
The Kd = 0.2 ± 0.02 nM and 0.1 ± 0.03 nM and Bmax 
= 26.8 ± 1.2 fmol/ 5x10s cells and 144 ±  13 fmol 
/mg membrane protein for BAMC cells and BAM mem
branes respectively. All was found to be inter
nalized by the BAMC cells, and monensin increased 
whereas phenylarsine oxide (PhAsO) decreased the 
internalization.Pulse-chase experiments indicated 
that the radioactivity was released from the 
cells and gel filtration showed that the released 
radioactivity predominantly consisted of degraded 
product. 12+2% of the radioactivity still present 
m  the cells was in the form of intact All. The 
results suggest mainly an intracellular degrada
tion, although some extracellular metabolism can 
not be excluded.The results about the characteri
zation of the degraded product will be presented.

299.5

CHARACTERIZATION OF A HUMAN RECEPTOR FOR VASOACTIVE 
INTESTINAL PEPTIDE. A W. Gagnon. R.K. Clark*. N. Aivar, and N.A. 
Elshourbagv. SmithKline Beecham Pharmaceuticals, King of Prussia, PA 19406.

Vasoactive Intestinal Peptide (VIP) is a neuropeptide present in both the central 
and peripheral nervous systems which has been implicated in neura transmission, 
neuromodulation and growth promotion. We have isolated a cDNA from a 
human liver library, based on homology to the porcine calcitonin receptor, which 
is 2349 base pairs in length and encodes a near-full length seven transmembrane 
receptor (432 a.a.), 85% homologous to the amino acid sequence for the rat VIP 
receptor. This human clone is 32 amino acids shorter than the rat VIP receptor 
cDNA and is presumably missing the putative predicted signal peptide. 
Hybridization of this cDNA to the mRNA of a variety of human tissues indicates 
that it is transcribed most abundantly in lung, and to a lesser extent in brain, heart 
and liver. A major species at 3.3 kb is present in mRNA from all four tissues; 
lung mRNA contains two additional minor species at 3.9 and 7.5 kb. In order to 
confirm the identity of this human clone, double-stranded oligonucleotides 
encoding the first thirty-two amino acids of the rat VIP receptor were constructed 
by PCR and attached to the 5' end the human clone. Transient transfection of this 
human VIP receptor chimera into COS cells, confers high affinity binding of VIP 
(K<j=9.2 nM ± 2.6 nM) to transfected, but not mock-transfected cells. 
Helodermin, PACAP and PHM, but not glucagon, are able to displace 125I-VIP 
with high affinity (KdS=32 nM, 20 nM and 64 nM, respectively). This human 
chimeric receptor is functionally coupled to the stimulation of adenylyl cyclase in 
transfected COS cells, as evidenced by a dose-dependent increase in intracellular 
cAMP accumulation. These studies indicate that this cDNA encodes a human 
VIP receptor which is functionally coupled to the activation of adenylyl cyclase.

299.7

ANGIOTENSIN П INDUCES FORMATION OF A MULTIMERIC TYPE 2 
(AT,) COMPLEX INSOLUBILIZED MURINE NEUROBLASTOMA N1E- 
115 CELLS. D.K. Yee. L.P. Reagan, C.N. Moea, I.R. Siemens, and S J . 
Fluhartv*. Depts. of Animal Biology and Pharmacology, and Institute of 
Neurological Sciences, University of Pennsylvania, Philadelphia, PA 19104.

The murine neuroblastoma N IE-115 cell line possess both AT, and AT2 
types of angiotensin Π (Anglį) receptors. Previously, we have shown that the 
detergent CHAPS selectively solubilizes AT2 receptors from N1E-115 cell 
membranes and that affinity purification of these AT2 receptors in the presence 
of an agonist yields two protein bands of 110 kDa and 66 kDa. Affinity 
purification in the absence of an agonist or in the presence of an antagonist 
yields only one 66 kDa protein band suggesting that an agonist is important in 
stabilizing the 110 kDa protein. In the present work, we provide strong 
evidence that the 110 kDa protein band is composed, in part, of the 66 kDa 
protein, by demonstrating that SDS-PAGE gel slices which contain the 110 kDa 
protein release the 66 kDa protein as well as other smaller molecular weight 
proteins, when they are subjected to harsh reducing and denaturing conditions 
(2.5% 2-mercaptoethanol, 1% SDS, and followed by boiling). Moreover, 
utilizing AT2 receptor directed antisera in solubilized membranes, we 
demonstrate that the ratio of the 110 kDa/66 kDa proteins is consistently higher 
in the presence of an agonist (Anglį) and is substantially lower in the presence 
of an antagonist (Sar1, Be8-Anglį), suggesting that Anglį agonists induce the 
formation of a large 110 kDa multimeric complex which includes the 66 kDa 
protein. Finally, agonist treatment of intact cells also increases the amount of 
the 110 kDa protein complex. Collectively, these results suggest that an AT2 
receptor subtype may exist as a multimeric complex that is stabilized by agonist 
occupancy. Supported by NS23986, HD25857, and MH43787.

299.4

REGULATION OF р140йк AND p42 MAP KINASE PHOSPHORYLATION BY 
ANGIOTENSIN П IN DIFFERENTIATED NG108-15 CELLS. M. D. Carrithers*. 
W. R. Schelman, M. E. Bowdish. D. E. Hong, and J. A. Wevhenmever. Dept. of 
Cell and Structural Biology, Univ. of Illinois, Urbana, IL 61801.

Differentiated neuroblastoma x glioma hybrid, NG108-15, cells express both 
membrane-bound angiotensin II receptor subtypes (ATI and AT2). These subtypes 
have been hypothesized to regulate cell growth. In the present study, we have 
investigated the role of ATI and AT2 receptor subtypes in tyrosine phosphorylation 
following agonist binding.

NG108-15 cells were differentiated for 4 days with 1.5% DMSO and low serum 
(0.5%). Under these conditions, binding studies revealed a Kd  of 0.37 ± 0.09 nM 
and Bmax of 607 ±139 fimoles/mg protein. Differentiated cells woe incubated in the 
presence of 10 nM ANG П, ANGII + 10 μΜ PD123319 (an AT2 antagonist), ANG 
Π + 10 μΜ DuP753 (an ATI antagonist), or in the absence of ANG II for 5 min at 
37°C. Cells were lysed and precipitated with either a trk antibody (Oncogene 
Science) or a MAP kinase antibody (Zymed). Samples were analyzed by SDS-PAGE 
followed by Weston blotting with a phosphotyrosine antibody (Oncogene Science). 
Blots of trk precipitates revealed an ANG II stimulated dephosphorylation of a trk- 
like 140 kDa protein mediated by the ATI receptor subtype. Blots of MAP kinase 
precipitates revealed an ANG II stimulated tyrosine phosphorylation of a MAP 
kinase-like 42 kDa protein also mediated by the ATI receptor subtype. Additional 
studies are currently  in progress to identify  whether the 
phosphorylation/dephosphorylation pattern is related to the process of cell 
differentiation.

299.6

APPARENT MEDIATION OF ANGII-INDUCED cGMP PRODUCTION BY 
BOTH NITRIC OXIDE AND CARBON MONOXIDE IN MURINE 
NEUROBLASTOMA N1E-115 CELLS. L.P. Reagan*. G. Stanwood. C.N. 
Moga. and S.J. Fluhartv. Depts of Animal Biology and Pharmacology, and 
Institute of Neurological Sciences, Univ. of PA., Phila., PA 19104.

In murine neuroblastoma N1E-115 cells, treatment with angiotensin 
II (Anglį) produces a dose dependent increase in cyclic GMP levels. This 
effect has previously been shown to be mediated by both AT, and AT2 
receptor subtypes and to involve activation of a soluble guanylate cyclase 
(sGC). A role for nitric oxide (NO) in this response has also been suggested 
based on the observation that inhibitors of the enzyme which produces NO, 
nitric oxide synthase (NOS), inhibited stimulation of cGMP production by 
Anglį. In the present series of experiments, the AT2 selective antagonist 
PD123319 was observed to inhibit the Angll-induced cGMP response with a 
profile similar to that of the previously studied AT2 antagonist CGP42112A. 
These results confirm the involvement of the AT2 receptor subtype in Ang II- 
mediated increases in cGMP levels. Additionally, the present studies further 
investigated the mechanisms producing this cGMP response. Zinc 
protoporphyrin, which inhibits carbon monoxide (CO) production by heme 
oxygenase, attenuated the AngH-induced cGMP response as effectively as the 
previously characterized NOS inhibitors, but was unable to inhibit stimulation 
by sodium nitroprusside. These findings suggest an involvement for carbon 
monoxide in the AngH-induced response. , We therefore propose that in N1E- 
115 cells, sGC may be dually regulated by both NO and CO. Supported by 
NS23986 and MH43787.

299.8

CHARACTERIZATION OF A SELECTIVE NEUROPEPTIDE Y/PEPTIDE 
YY Y2 RECEPTOR RADIOLIGAND: [125I]PYY3-36 y. Dumont*1, a ,
Fournier .̂ S, St-Pierre^ and R. Quirion1. (1) Douglas Hosp. Res. Ctr., Dept 
Psychiatry, McGill University, Montréal, Québec, Canada, H4H 1R3. (2) INRS- 
Santé, Pointe-Claire, Québec, Canada, H9R 1G6.

The development of specific radioligands is critical in order to fully 
characterize, identify and localize the receptor sub-types of a given peptide 
family. Considering that C-terminal fragments of neuropeptide Y (NPY) and 
peptide YY (PYY) are more potent on the Y2 than the Yi receptor class, and 
that PYY is thought to be inactive on the Y3 receptor sub-type (Wahlestedt et 
al., Life Sci. 50:PL7-PL12, 1992), we evaluated the potential usefulness of C- 
terminal PYY fragments as selective Y2 radioligands. In a Y2-enriched 
preparation (rat hippocampus), [125I]PYY binding was competed by nM 
concentrations of PYY, NPY, РҮҮЈз-зб, РҮҮ3-36 and NPY13-36, but only by 
Џ М  concentrations of [Leu31,Pro34]?YY and [Leu31,Pro34]NPY, two Yi 
agonists; the opposite spectrum being seen in the cortex (see Fournier et al., 
this meeting). Most interestingly, chloramine-T iodinated РҮҮэ-эб 
([1251]РҮҮз.Эб) binds with high affinity (low nM) to the ΝΡΥ/ΡΥΎ sites 
present in a Y2-enriched preparation whereas specific [125I]PYYs-36 binding 
was very low in a Yi assay (rat frontoparietal cortex). These [1251]РҮҮз-зб sites 
being sensitive to NPY, PYY, NPY13.36, РҮҮ13-З6 and РҮҮз-зб (low nM) but 
not to [Leu^Pro^JNPY and [Leu^.Pro^JPYY (low μΜ), it suggest that 
[1251]РҮҮз_Зб may be one of the first selective Y2 radioligand developed. 
(Supported by MRCC).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY PM PEPTIDES: RECEPTORS II 727

299.9

AUTORADIOGRAPHIC DISTRIBUTION AND CHARACTERIZATION OF 
[125I]- [Leu31, Pro34]PYY BINDING SITES IN RAT BRAIN: A 
SELECTIVE Yļ RADIOLIGAND . A. Fournier*1. Y. Dumont2 . S. St-Pierre1 
and R. Quirion2. (1) INRS-Santé, Pointe-Claire, Quebec, Canada, H9R 1G6. (2) 
Douglas Hosp. Res. Ctr., Dept Psychiatry, McGill University, Montréal, 
Québec, Canada, H4H 1R3.

[Leu31,Pro34]PYY, a purported Υχ agonist devoid of Y3 
receptor affinity (see Cadieux et al., this meeting) was 
radiolabelled in our laboratory as previously described 
for PYY (Dumont et al., J. Neurosci., 13: 73-86, 1993). 
Membrane binding assay performed in the rat 
frontoparietal cortex (Yr enriched) and hippocampal (Y2- 
enriched) membrane preparations revealed that [125I]- 
[Leu31,Pro34]PYY binds to a single population of sites 
with Kd of 0.2 to 0.4 nM and Bmax of 135 and 15 fmol/mg 
protein, respectively. Moreover, [125I]-[Leu31,Pro34]PYY 
binding is highly sensitive to PYY, NPY, [Leu31,Pro34]NPY 
and [Leu31,Pro34]PYY (IC50 in low nM range) whereas C- 
terminal fragments such as NPY13_36, PYY3_36 and PYYi3.36 
competed for these sites with affinities in the high nM 
to low /xM range. Autoradiographic data demonstrate that 
[125I]-[Leu31,Pro34]PYY binding sites are regionally 
distributed with high labelling seen in the superficial 
layers of the cortex, and to a lower extent, in certain 
thalamic nuclei and the dentate gyrus of the hippocampal 
formation. Thus, [125I]-[Leu31,Pro34]PYY may represent 
the first useful tool to selectively characterize the Υχ 
receptor sub-type. (Supported by MRCC).

299.11

ST R U C T U R E -A C T IV IT Y  S T U D IE S  O F  T R U N C A T E D
N E U R O P E P T ID E  Y  A N A L O G U E S  O N  T H E  Y b Y 2 A N D  Y 3 
R E C E PTO R  SU B -T Y PE S. N. Roussi1. Y. Dumont1. L.-H. Pheng2. A. 
Cadieux2. M. Thakur*1. A. Fournier3. S. St-Pierre3 and R. Quirion1. (1) Douglas 
Hosp. Res. Ctr., Dept. Psychiatry, McGill University, Montréal, Québec, 
Canada, H4H 1R3. (2) Dept. Pharmacology, University of Sherbrooke, 
Sherbrooke, Québec, Canada, J1H 5N4. (3) INRS-Santé, Pointe-Claire, 
Québec, Canada, H9R 1G6.

Truncated neuropeptide Y analogues of the NPYχ̂ χ-£ -aminocaproic acid- 
NPYi8-36 (NPY1-4 -АСА-NPYi8-36)-type bearing an alanine substitution in 
either position 25, 26, 27, 29 or 34 were tested for their ability to contract the 
rabbit saphenous vein (Υχ bioassay), to inhibit the electrically stimulated rat vas 
deferens contraction (Y2 bioassay), or to contract the rat descending colon (Y3 
bioassay) and to compete for [125I]PYY binding in the rat frontoparietal cortex 
(Yi) and hippocampal (Y2) membrane preparations. Our results demonstrate 
that all these alanine-substituted-truncated analogues were unable to 
discriminate between the Yi and Y2 receptor sub-types in the binding assays or 
the bioassays used here. However, these same analogues were totally inactive at 
1/XM in the rat colon (Y3 bioassay). Additionally, the truncated analogues 
[Ala29]-NP Yi_4-ACA-NP Y 18-эб and [Ala^J-NPYi^-ACA-NPYig.^ were 
significantly less potent (10 to 100 fold) in both the Υχ and Y2 assays as 
compared to the non substituted parent analogue NPYx^-ACA-NPYxg-зб· 
These results demonstrate that the Asn29 and Gin34 residues of the NPY 
molecule are important to maintain adequate affinities for the Υχ and Y2 
receptor sub-types whereas the Arg25, His26, Asn29 and Gin34 residues are 
critical to ensure activity on the Y3 receptor sub-type. (Supported by MRCC)

299.13
CHARACTERIZATION OF SC 3117, ~A NOVEL* Y2  RECEPTOR 
ANTAGONIST G.AtMisse1. S.S.Chu . A.Oke , M^B.Dou^hty . 
R.E.Tessei, . Depts. o f ^Pharmacology and Toxicology , Medicinal 
Chemistry and Chemistry . Univ. of Kansas, Lawrence, KS 66045-2505 

The effect o f the novel benextramine analog SC 3117 (N, N ’-bis-[2-N- 
(o -2 ,6-d ich lorobenzyl-L -tyrosyl)am in oethylguan yl]cystam ine) on 
vasoconstriction induced by the mixed Ү ј-Үз  agonist neuropeptide Y 
(NP)£1, the3^2"se,ective agonist NPY j 3 . 3 5 , the Y ļ-selective agonist 
[Leu , Pro ]NPY, the alphaj adrenoceptor agonist methoxamine, and the 
^2x aSon*st alpha, beta-methylene ATP was assessed in rat femoral artery 
rings. NPY- and NPYjß.ß^-induced vasoconstriction was markedly 
inhibited following termination o f a 10 .min. prenexposure o f rings to a high 
SC 3117 concentration (100 nM) ; [Leu , Pro ]NPY-, methoxamine- and 
alpha, beta-methylene ATP- induced vasoconstriction was not inhibited 
compared to controls. Thus SC 3117 is the first compound apparently 
having selective, irreversible antagonist activity at postsynaptic arterial Y2  
NPY receptors.

299.10
[LEU31,PRO34] PYY : A PUTATIVE SELECTIVE AGONIST FOR 
NPY/PYY Y, RECEPTOR SUBTYPES. A. Cadieux1, L.-H. Pheng'. Y. Dumont2.
R. Quirion2, A. Fournier3 and S. St-Pierre3*. (1) Dept. Pharmacology, University of Sherbrooke, 
Sherbrooke, Quebec, Canada, J1H 5N4. (2) Douglas Hosp. Res. Ctr., Dept. Psychiatry, McGill 
University, Verdun, Quebec, Canada, H4H 1R3. (3) INRS-Santé, Pointe-Claire, Quebec, 
Canada, H9R 1G6.

During a search for selective agonists to discriminate between 
NPY/PYY Yj, Y2 and Y3 receptor subtypes, we have evaluated the biological 
activities and the relative potencies of a new PYY analog ([Leu31,Pro34]PYY) 
and of 2 C-terminal PYY fragments namely PYY3.36 and PYY13.36. All 
experiments were carried out in vitro in isolated tissues previously 
demonstrated to be enriched in Yj (rabbit saphenous vein), Y2 (rat vas 
deferens) and Y3 (rat colon) receptor subtypes. Our results showed that PYY 
and [Leu31,Pro34]PYY were much more potent (EC50s in the nM range) than 
PYY(3.36) and PYY(13.36) (EC50s in μΜ) in inducing vasoconstriction in the rabbit 
saphenous vein. In the Y2 model system, PYY and both PYY C-terminal 
fragments were active with EC50s in the nM range whereas the PYY analog 
was much less potent. This effect of [Leu3I,Pro34]PYY in this Y2 assay could 
be due to an interaction with PP receptors (Jorgensen et al., 1990, Eur. J. 
Pharmacol. 186: 105-114). Finally, in the Y3 assay system, PYY and its 
analog induced a contraction but their effects were not blocked by atropine as 
it was shown for the Y3-mediated NPY’s effect. Thus, our data suggest that 
[Leu31,Pro34]PYY is a selective and potent Y t agonist with little or no affinity 
for Y2 (Dumont et al., this meeting) and Y3 receptor subtypes. (Supported by 
MRCC)

299.12
EXPRESSION OF THE NEUROPEPTIDE Y Υχ RECEPTOR mRNA IN 
THE RAT BRAIN: COMPARISON TO Υχ RECEPTOR
AUTORADIOGRAPHY. Y. Tong1. J.-G, Chabot*1. Y. Dumont1. H. H erzog.
L. Selbie2. J. Shine2. C. Wahlestedt3. S.H. Shen4 and R. Quirion1. (1) Douglas 
Hospital Research Centre, Dept. of Psychiatry, McGill Univ., Verdun, Quebec, 
Canada. (2) Garvan Ins. of Med. Res., Darlinghurst, Sydney, Australia. (3) 
Cornell Univ. Med. College, N.Y., USA. (4) Biotechnology Research Institute, 
NRC of Canada, Montreal, Quebec, Canada.

It has been proposed that at least three types of NPY receptors (Υχ, Y2 and 
Y3) are expressed in the mammalian brain; only the Υχ receptor having recently 
been cloned (Herzog et al., PNAS, 89:5794-5798, 1992; Larhammar et al., JBC 
267:10935-10938, 1992). We report here on the comparative expression and 
distribution of this receptor sub-type in the rat brain. A 276 bp EcoR V-Pst 1 
restriction fragment derived from a human Υχ receptor cDNA was subcloned in 
a Bluescript KS(M13-) vector and used as a template to generate sense and 
antisense probes for in  s itu  hybridization (ISH) while 125I[Leu31, Pro34] PYY 
Was used as a selective radioligand for Υχ receptor autoradiography (Fournier et 
al., this meeting). Strong ISH signals were detected in most cortical areas and 
the pyramidal and granular cell layers of the hippocampus. Lower, but still 
significant, densities were seen in the paraventricular, arcuate and 
suprachiasmatic hypothalamic nuclei, and the choroid plexus. As expected, high 
levels of Υχ binding sites were detected in most cortical areas matching with the 
ISH results. However, other regions such as the pyramidal cell layer and certain 
hypothalamic nuclei are not as enriched with Υχ binding versus Υχ receptor 
mRNA. An opposite situation is found in some thalamic areas. It thus appears 
that a certain proportion of Υχ receptors can be located on projection terminals 
hence explaining the differential location of the mRNA and the mature Υχ 
receptor protein. (Supported by MRCC).

299.14
CHARACTERIZATION OF 125I-NEUROPEPTIDE Y r36 AS A NOVEL RADIOLIGAND FOR 
NEUROPEPTIDE Y RECEPTORS. D.A, Schober. ĩ n d  D.R. Gehlert. CNS Research, Lilly 
Research Laboratory, Eli Lilly and Company, Indianapolis, IN 46285

Neuropeptide Ү2-З6 (МРҮ2-Зб) produces a greater stimulation of food intake than 
NPY when administered icv. NPY also reduces rectal temperature in rats, while this effect 
is not seen with NPY2 .36  (Brain Res. Bull 26:309-311, 1991). Since NPY2-36 has a 
different pharmacological profile than NPY in  v iv o ,  the present study was designed to 
evaluate directly receptor selectivity for NPY2_36· In  v i t r o  binding studies using 125I-PYY 
and 125I-NPY2_36 were conducted in rat brain homogenates and Yj and Y2 containing cells.

N PY 2-36 was examined in rat brain regions shown to contain the Yj (cerebral 
cortex) or Y2 (hippocampus) subtypes. In these tissues, NPY2.36 exhibited little 
distinction between receptor subtypes. Using 125I-PYY, the Kj values for NPY2-36 in the 
cerebral cortex was 5.3±0.4 nM (Hill Coeff. 0.99) and in the hippocampus 3.3±0.6 nM 
(Hill Coeff. 1.1). Furthermore, NPY2.36 exhibited very little pharmacological differences 
in Υχ and Y2 containing cells. This analog had a K, values of 10.0±0.5 nM in the Υχ 
specific cell line SK-N-MC and in the Y2 containing cells, SK-N-BE(2), the Κχ was 
4.6+0.9 nM.

NPY2-36 was 8150 iodinated and examined as a radioligand for NPY receptors. In 
SK-N-MC cells, 125I-N PY 2-36 bound with a Kd of 0.33±0.03 nM and Bm„  o f 43.6±0.7 
fmol/mg protein, while the SK-N-BE(2) bound with a Kd of 0.13±0.01 nM and Bmtx o f 
2.5±0.3 fmol/mg protein. These results were consistent with our 125I-PYY binding data 
using the same cell lines. The inhibition of 125I-N PY 2. 36 binding was examined using 
NPY, [Leu31,Pro34]NPY (LP-NPY), ΝΡΥχ3_36, NPY2.36 in the cortex, hippocampus, and 
olfactory bulb. In the hippocampus and olfactory bulb, NPY and ΝΡΥ2.3$ were equipotent. 
The rank order of potency in the hippocampus was NPY2.36=!NPY>NPYi3.36> LP-NPY, and 
in the olfactory bulb, NPY»NPY2-36>LP-NPY>NPYi3_36. However, in the cortex, NPY and 
LP-NPY were more potent than NPY2.36t with NPY13.36 being the least potent.

In  v i t r o ,  NPY2-36 displayed similar binding characteristics to NPY. Neither 
peptide was capable of exhibiting any specific selectivity for Yj or Y2 receptor subtypes. 
Differential in  v iv o  effects between NPY and NPY2_36 on feeding and rectal temperature 
cannot be explained on the basis of receptor selectivity for a specific NPY2-36 receptor.
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299.15
THE EFFECTS OF SYSTEMICALLY ADMINISTERED SR 48692, A NON- 
PEPTIDE NEUROTENSIN RECEPTOR ANTAGONIST, ON THE FIRING 
RATES OF INDIVIDUAL DOPAMINE NEURONS IN THE VENTRAL 
TEGMENTAL AREA. Z.N. Stowe*. J.C, Landry, and C.B. Nemeroff. Dept. of 
Psychiatry & Behav. Sciences, Emory Univ. Sch. of Med., Atlanta, GA 30322.

Neurotensin is co-localized with dopamine (DA) in midbrain and hypothalamic 
neurons, selectively modulates mesolimbic dopamine (DA) projections, and has 
been shown to alter the firing rates of DA neurons after direct application. The 
potential effects the newly developed selective non-peptide NT receptor antagonist 
SR 48692 on VTA DA neuronal activity was studied. Extracellular neuronal 
recordings were obtained from spontaneously active VTA DA neurons (n= 16) in 
the choral hydrate anesthetized male rats using tungsten electrodes. Baseline firing 
rates were recorded for 500 seconds pre- and post-vehicle injection. SR 48692 
(10, 20, 30, 40, and 80 μg/kg suspended in 2.9% Tween 80 by volume in 0.9% 
NaCl) was administered via ip catheter. The 10 /tg/kg dose had no effect on firing 
rate (n=3), while the intermediate doses 20 jtg/kg (n=3), 30 jtg/kg (n=3), and 40 
jtg/kg (n=3) demonstrated inconsistent effects with both increases and decreases 
in firing rate. In contrast, 80 /*g/kg produced consistent increases in firing rates 
(n=4); the average increases over baseline were 35.5%, 57.8%, 64.0%, and 
93.5% at 5, 13, 25, and 38 minutes, respectively. These increased firing rates 
persisted for the duration of all recordings (maximum 65 minutes post vehicle) with 
no return to baseline levels. These results suggest that while NT may have local 
activating effects in the VTA, there may be considerable tonic NT activity exerted 
in DA terminal regions or on cells that innervate VTA DA neurons. The potential 
contribution of such tonic activity and the role(s) it may have in the antipsychotic- 
induced excitation of DA neurons is presently under study. Supported by Scottish 
Rite Schizophrenia Research Program and a Daland Fellowship from the American 
Philosophical Society to ZNS and NIMH MH-39415 to CBN.

299.17
EFFECTS OF NEUROPEPTIDE Y, RECEPTOR ARE NOT 
ANTAGONIZED BY D-MYO-INOSITOL-1,2,6- 
TRISPHOSPHATE (PP56) T.C. Glenn. L. Edvinsson. S.P. 
Duckies*. Dept. of Pharmacology, College of Medicine, 
University of California, Irvine, USA 92717 and University of 
Lund, Sweden.

The effects of neuropeptide Y 1-36 (porcine) and its 
analogs Leu31-Pro34-NPY and NPY 13-36 on contractile 
responses to adrenergic nerve stimulation (TNS) of male 
Sprague-Dawley rat tail arteries were studied to characterize 
NPY receptors in this tissue. Both NPY 1-36 and Leu-Pro-NPY 
potentiated contractile responses to TNS with similar potencies. 
For example, 10'8 M of either peptide almost doubled the 
contractile response to TNS at 1 Hz. Furthermore, both NPY 1- 
36 and Leu-Pro-NPY prolonged the contraction duration by 
almost two-fold. However, NPY 13-36 did not have any effect 
on responses to TNS. The NPY antagonist PP56 (10'6 M) did 
not produce any contractile effect by itself and did not 
significantly influence potentiation produced by either NPY 1-36 
or Leu-Pro-NPY. In summary, the rat tail artery appears to 
express postjunctional NPY receptors with characteristics of the 
Yi subtype. However, the NPY antagonist, PP56, appears to 
be ineffective in this system.

299.19
SR 48527 : A NEW STEREOPECIFIC NON-PEPTIDE LIGAND FOR 
NEUROTENSIN RECEPTORS. D, Gully1. F. Jeaniean2. R. Boiqearain2.
M. Heaulme2. M. Poncelet2. P. Soubrié2. W. Rostène3. P , .Kilabfli*4,
G. Le Fur1 and J.P. Maffrand1· 1 SANOFI RECHERCHE, 31036 Toulouse, 
France ; 2SANOFI RECHERCHE, 34181 Montpellier, France ; 3INSERM 
U339, Hôpital St-Antoine, 75012 Paris, France ; 4IPCM-CNRS, 06560 
Valbonne, France.

The recent discovery of SR 48692, a potent non-peptide non-chiral 
antagonist of neurotensin (NT) receptors, may be a means of 
elucidating the physiological role of NT receptors (Gully et al, 1993). 
One of the most useful criteria in identifying receptor binding is 
stereospecificity, which may involve either the radioactive ligand itself 
or competing agents. In order to study the stereospecific influences of 
the ligands on both their affinity for the receptor and their 
pharmacological effects, we synthesized chiral analogues of SR 48692. 
Two enantiomers SR 48527 (S) and SR 49711 (R) of the general 
formula {[1-(7-chloroquinolin-4-yl)-5-(2,6-dimetoxyphenyl)-1H-pyrazole-
3-carbonyl]-amino}-cyclohexylacetic acid were selected for more 
detailed evaluation. In tissues from various species including human, 
SR 48527 was about 1000-fold more potent than SR 49711 in inhibiting 
the binding of 125I-NT to its high-affinity binding sites, with IC50 
ranging from 2 to 80 nM. This stereospecificity was confirmed in 
functional assays such as the stimulation by NT of potassium-evoked 
release of 3H-dopamine from striatal guinea-pig slices (IC50 SR 48527 :
3.5 nM and 12% of inhibition at 10 nM for SR 49711) and turning 
behaviour in mice induced by unilateral intrastriatal injection of NT (at 
0.08 mg/kg oral dose of SR 48527 we obtained 70% of inhibition and a 
non significant effect for SR 49711).

299.16
PHOTOREACTIVE ANALOGS OF HUMAN GRF(1-29)NH2 FOR THE 
STUDY O F PEPTIDE-RECEPTOR INTERACTIONS. L  Boulanger and P. 
Gaudreau*. Neuroendocrinology Laboratory, Notre-Dame Hospital 
Research Center and University of Montreal, Montreal, Canada, H2L 
4M1.

Although the primary structure of the pituitary growth hormone
releasing factor (GRF) receptors has recently been deduced from cDNA 
sequences, the amino acids directly involved in the GRF binding site 
are still unknown. We have shown that amino acids of the N-terminus 
of GRF(1-29)NH2 such as Tyr\ Asp3, lie5, Phe6 and Tyr10 are critical for 
receptor binding. Our objective was to design a high affinity analog of 
GRF(1-29)NH2, containing a photoreactive moiety within its amino- 
terminus for the study of hormone-receptor interactions. Systematic 
substitution by p-nitro-phenylalanine, the precursor of the photoreactive 
p-azido-phenylalanine, were carried out with the first 10 amino acids of 
hGRF(1 -29)NH2. The analogs were tested in a rat adenopituitary binding 
assay. A substitution in position 1 ,2 or 3 generated low affinity analogs 
(IC50: 196-816 nM) while inducing a less drastic effect in position 5 , 6 , 
7 or 8 (IC50: 31-50 nM). Interestingly, introduction of a p-nitro-Phe 
residue in position 4, 9 or 10 produced compounds retaining high 
affinity for the GRF receptor, with respective IC50s of 7.4 ± 1.6 nM, 10.0 
± 2.5 nM and 4.4 ± 1.3 nM. The introduction of a photoreactive 
together with radioactive or fluorescent moiety in the structure of 
hGRF(1-29)NH2 will provide a powerful marker of pituitary and 
extrapituitary GRF receptors, to study GRF-GRF receptor interactions 
and internalization.

299.18
L-7 3 7 ,6 3 1  - A  N O N P EP T ID E  N EU R O T EN S IN  R E C E P T O R  A N T A G O N IS T  
R .W .R a n so m * . K .A .S ch n e ck , P .K .C h a k ra v a rtv , A .C h e n , E .M ,N ay lo r,
B .V .C Iin e sc h m id t , W .J .G re e n le e  and A .A .P a tc h e t t . M erck  R esearch  
Lab orato rie s, W e st Point P A  1 9 4 8 6  and R a h w a y  N J 0 7 0 6 5 .

Th e  in v itro  neurotensin  (N T) inhib itory p roperties o f the nonpeptidyl 
com pound L -7 3 7 ,6 3 1  have  been eva lu a ted . L -7 3 7 ,6 3 1  p otently 
inhibited levo cab astin e-in sens itive  ( 125I)N T binding to rat fo rebrain  
m em branes (K , = 13 nM) ye t w a s  in active  at le vo cab astin e-sens it ive  
s ite s . Th e  com pound w a s  equipotent in blocking N T binding to rat 
co rte x , str ia tu m , h ippocam pus, tha lam us , h yp oth a lam u s, and m idbrain 
(V T A  + S .n ig ra ) m em branes. L -7 3 7 ,6 3 1  inhibited N T (1 0 0  nM)- 
potentiation o f KC I-induced (3H)dopam ine re lease  from  rat str ia ta l s lice s 
w ith  an IC 50 = 6 2  nM . It had no e ffe c t on b asa l, su lp irid e , or KCI 
(alone) stim ulated  re lease . Th e  IC 50 for inhibition o f N T binding to 
d ifferentiated  N 1 E -1 15 ce lls  w a s  21 nM and the com pound se le ctive ly  
b locked N T-induced PI h yd ro lys is  ( IC 50 = 8 4  nM) in th e se  c e lls . L- 
7 3 7 ,6 3 1  w a s  found to be so m ew h at le ss  a c tive  at hum an N T recepto rs 
inhibiting N T binding to fronta l co rte x  and H T-2 9  cell m em branes w ith  
IC 50s of 1 8 0  nM and 1 2 6  nM , re sp e ctive ly . In H T-2 9  c e lls , L -7 3 7 ,6 3 1  
co m p etive ly  b locked both N T-induced PI tu rn ove r and in trace llu la r C a 2 + 
m obilization w ith  potencies co n s iste n t w ith  its binding a ss a y  a c t iv ity . 
It had no antag o n ist e ffe c ts  in the se  a ss a y s  w h en  e ither carb acho l or 
A T P  w a s  used as ag on ist. T h ese  resu lts  dem o nstrate  L -7 3 7 ,6 3 1  to be 
a se le ctive  N T receptor antagon ist that w ill be a u sefu l tool in fu ture  
stu d ies o f N T 's  p hysio log ica l fu nc tio n s and the recep to rs m ediating 
these  ac t iv it ie s .

299.20
CHARACTERIZATION OF GALANIN RECEPTORS IN 
PORCINE HIPPOCAMPUS: A COMPARISON WITH THE 
RAT PANCREATIC B-CELL LINE (RINM5F)
C. Hale, C. W. Lin and D. C. Deecher* Pharmaceutical Discovery Division, 
Abbott Laboratories, Abbott Park, IL 60064

Characterization of galanin receptors in porcine pig hippocampus were 
carried out using radioligand binding techniques. Binding of [125I]porcine 
galanin to pig hippocampal membrane fractions is saturable and reversible. 
Optimal steady state conditions were achieved after a 2 h incubation at room 
temperature. Scatchard analysis revealed a single class of receptors, with a Kd 
of 23 pM and a Bmax of 27 fmol/mg protein. Parallel studies using the rat 
pancreatic b-cell line (RINmSF) between passages 65-70 were carried out as a 
comparison. Scatchard analysis revealed a single class of receptors, with a Kd 
of 272 pM and a Bmax of 100 fmol/mg protein. Galanin(rat), galanin (1-16) 
(rat, porcine) and galantide were competed for [125I]porcine galanin using pig 
hippocampal membrane fractions with IC50s of 0.01, 1.0 and 1.0 nM 
respectively. In parallel studies using RINm5F cells the IC50s were 0.1, 10 
and 7 nM, respectively. Galanin (rat), galanin (1-16) (rat, porcine) and 
galantide (galanin 1-13 + substance P 1-5) were also tested in RINm5F cells 
for their ability to alter forskolin-stimulated cyclic AMP production and all 
three inhibited the formation of cAMP by forskolin. This study identifies a 
class of galanin receptors in the porcine hippocampus that appear to exhibit 
higher affinity for galanin related peptides than the those found in RINm5F 
cells. The agonist activity shown for galantide in RIN m5F cells is 
unexpected, as it behaves as an antagonist in other galanin receptor assays.
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300.1
MAMMALIAN RETINAS EXPRESS FUNCTIONAL RECEPTORS FOR PACAP. 
Maria C. Olianas * and Pierluigi Onai і, Section on 
Biochemical Pharmacology, Department ö? Neurosciences, 
University of Cagliari, Cagliari, Italy.
Pituitary adenylate cyclase activating peptide (PACAP), a 
novel peptide belonging to the VIP-glucagon-secretin 
family, has been shown to be widely distributed in the 
central nervous system and in peripheral tissues. In the 
present study we report that functional PACAP receptors 
are present in the retinas of different mammalian species 
and in human Y-79 retinoblastoma cells. PACAP-38 produces 
a concentration- dependent increase of adenylyl cyclase 
activity in rat (EC50 = 0.15 nM) , calf (EC50 = 0.07 nM), 
pig (EC50 = 0.05 nM) and rabbit (EC50= 0.04 nM) retinas 
and in Y-79 cells (EC50 = 21 pM). The maximal 
stimulations , obtained with 1 nM PACAP-38, range from
3.3- to 7-fold in mammalian retinas and corresponded to 
more than 100-fold increase in Y-79 cells. VIP (1 pM) is 
much less effective. In each retina, the stimulatory 
responses to PACAP-38 are strictly GTP-dependent. These 
data provide the first evidence that PACAP-38 may operate 
as a neurotransmitter-neuromodulator in mammalian retinas.

300.2
THE CHOLECYSTOKININERGIC SYSTEM AND THE DEVELOPING 
FACIAL MOTOR NUCLEUS. M. C. Kuehl-Kovarik*. J. J. Swanson. L. R. 
Ross, and C. D. Jacobson. Department of Veterinary Anatomy and Neuroscience 
Program, Iowa State University, Ames IA 50011.

Our laboratory has been studying the cholecystokininergic system in the 
developing Brazilian opossum, Monodelphis domestica. Monodelphis is a small, 
pouchless marsupial whose young are born in an extremely immature state with a 
protracted postnatal period of neurogenesis. We have discovered a transient 
expression o f cholecystokinin (CCK) binding sites in the facial motor nucleus 
(FMN) of the neonatal Brazilian opossum, and have further examined the ubiquity 
and possible significance of this phenomenon.

1) Studies utilizing receptor autoradiography have revealed that CCK binding sites 
are also transiently expressed in the FMN of the neonatal rat. Binding sites in this 
species are present at four days of age but are absent by postnatal day 15.

2) We have utilized receptor autoradiography and immunohistochemistry to 
characterize the CCK binding sites in the FMN of neonatal Brazilian opossums. 
Studies using the CCK receptor antagonists L-364,718 and L-365,260 have revealed 
that the transient binding sites are predominantly of the A (peripheral) type.

3) Immunohistochemical studies using antibodies against synapse-associated 
proteins suggest that synapse formation in the region o f the FMN increases 
significantly after the second postnatal week. This suggests that cholecystokinin 
may be reaching binding sites on facial motoneurons by a "nonclassical" method.

Our studies indicate that CCK may regulate activity in the FMN prior to the 
maturation o f synaptic inputs. We believe that this phenomenon may be integral to 
the Brazilian opossum’s ability to regulate food intake prior to the completion of 
neurogenesis.

300.3 300.4
CHOLECYSTOKININ-GATED CURRENTS IN NEURONS OF THE SOLITARY  
COMPLEX OF THE RAT IN VITRO. P. Branchereau, J . Champaqnat and M. 
Denavit-Saubié*. Institut Alfred Fessard , Biologie Fonctionnelle du Neurone,
C .N .R .S., 91198 Gif-sur-Yvette cedex, France.

Ionic conductances controlled by type A and type В cholecystokinin (CCK) 
receptors were studied in neurons of the rat solitary complex including the 
nucleus tractus solitarius (NTS) and the dorsal motor nucleus of the vagus 
(DMNV), using intracellular and whole-cell patch-clamp recordings in current 
or voltage-clamp configuration during bath application of agonists (C C K 8, C C K 4 
and B C  264) and antagonists (L-364,748 and L-365,260). Inhibitions and 
excitations, related to C C K A and C C K B receptor respectively, were obtained. 
C C K A receptor-related inhibition w as associated with a membrane 
hyperpolarization and a decrease in input resistance that developed
3.5 + 0.6 min after the arrival of drug into the extracellular medium. Inhibition 
was generated by an increase of a potassium current. C C K B receptor-related 
excitation w as associated with a membrane depolarization and a increase of 
the input resistance. Excitation appeared to be generated by a  decrease of a 
potassium conductance. Excitation w as not suppressed by cobalt, a  blocker of 
calcium currents, and w as not associated with a change of the calcium- 
dependent potassium current lK(Ca). In voltage-clamp configuration, C C K 8 
induced a 181 + 17 pA inward current associated with a 26 + 4%  decrease in 
the instantaneous current Ļ , .  The effect on lins w as demonstrated in the 
abscence of effects on the outward non-inactivating potassium current lM and 
the inward non-inactivating cationic current lQ. These  findings indicate that, in 
the solitary complex, C C K A receptors are linked to the activation of an inhibitory 
potassium current, while C C K B receptors reduce a potassium leak 
conductance, resulting in an excitation of the neuron. Supported by C .N .R .S . 
and D .R .E .T . 92/075.

OKADAIC ACID INHIBITS ANGIOTENSIN II TYPE-2 (AT2) 
RECEPTOR STIMULATED POTASSIUM CURRENTS IN 
CULTURED NEURONS. J. Kang*. P. Posner and C. Sumners. 
Dept. of Physiology, College of Medicine, Univ. of Florida, 
Gainesville, FL 32610.

In previous studies we determined that neurons cultured trom 
one day old rat hypothalamus and brainstem contain AT2 
receptors, and that angiotensin II (All) acts at these sites to 
stimulate K+ currents [Sumners et al. PNAS. 88:7567,1991; Kang 
et al. Am. J. Physiol. (Cell Physiol.) in Press, 1993]. In this study 
we have used whole cell voltage clamp procedures to investigate 
the role of protein phosphatases in this effect. A ll (10-100 nM) 
caused a reversible stimulation of Ӏктщ· (K+ current consisting of 
L [transient K+ current] plus L· [delayed rectifier K current]). 
This effect was inhibited by PD123177 (1 μΜ), but not by  
Losartan (1 μΜ), and so is AT, receptor-mediated. Further, this 
stim ulato^ action of A ll (10Ö nM) on Ijq^  was completely 
blocked by the serine/threonine phosphatase inhibitor okadaic 
acid (100 пМ-ΙμΜ), following superfusion or inclusion in the 
pipette solution (n=3-6 neurons). Okadaic acid (100 пМ-ΙμΜ) 
also significantly reduced basal Ijcrør *п these neurons (n=5). By 
contrast, similar application of tne phosphotyrosine phosphatase 
inhibitor sodium orthovanadate (imM ) did not alter this AT2 
receptor-mediated effect of All on Іщот (n=6 neurons). These 
data indicate that 1 ^ ^  is activated by aepnosphorylation induced 
by a serine/threonine phosphatase. In addition, the results 
suggest that AT2 receptor-stimulated І^куг involves activation of 
a serine/threonine phosphatase.

(Supported by PHS grant NS19441 and an AHA-FL Affiliate 
Postdoctoral Fellowship [JK]).

300.5
THYROTROPIN-RELEASING HORM ONE ACTIVATES 
POTA SSIUM  CONDUCTANCE IN CA I PYRAM IAL 
NEURONS OF RAT HIPPOCAMPUS. S. EbihanTand N. Akaike. 
Department of Neurophysiology, Tohoku University School of 
Medicine, Sendai 980, Japan.

Thyrotropin-releasing hormone (TRH), a tri peptide initially isolated 
and characterized on the basis of its hypophysiotropic action, was found 
distributed throughout the brain, especially in the limbic system. 
However, electrophysiological studies on direct action of TRH in the 
mammalian limbic system is still debated. In this study, TRH responses 
of pyramidal neurons freshly dissociated from rat hippocampal CAI 
region were investigated using nystatin-perforated whole-cell recording. 
Application of nanomolar concentrations of TRH induced outward 
current (ITRH) with an increase of membrane conductance at a holding 
potential of -40 mV, whereas micromolar concentrations of TRH free 
acid did not. The reversal potential of IjRH  was close to Ε κ  and the 
change in extracellular K+ concentration shifted the reversal potential as 
expected for the K+ electrode. The first application of TRH on neurons 
perfused with Ca2+-free external solution could induce the outward 
current but ITRH was dramatically diminished with successive 
applications. Intracellular perfusion with a Ca^+ chelator, ВАРТА, also 
diminished ĨTRH- Moreover, depletion of intracellular Ca^+ store site 
by thapsigargin inhibited ITRH· ITRH is also inhibited by 
staurosporine and the inhibition by staurosporine is partially restored by 
adding OAG.

300.6
P O S S IB L E  IN V O L V E M E N T  O F  T H E  N O N -O P IO ID  D Y N O R P H IN  A-(1 - 
13) R E C E P T O R  IN T H E  IN H IB IT IO N  O F  [3H ]N O R A D R E N A L IN E  
U P T A K E  IN R A T  H E A R T . M . Dum ont* and S . L e m a ire . D e p artm e nt  
of P h arm aco lo g y , U n iv e rs ity  of O tta w a , O tta w a , O ntario  C a n a d a  
K 1 H  8 M 5 .

L o w  affin ity  (Kd: 2 8 5  nM) and high c a p a c ity  (Bmax: 21 5 pm ol/m g  
protein) non-opioid binding s ite s  for [3H1Dynorphin А -И -1 3 )  
([3H ]D yn А -И -1 3 ))  w e re  d e m o n stra te d  in m em b ran e  p rep aratio n s  
of rat h eart. In order to a sce rta in  a p u tative  p h y sio lo g ica l role for 
th e se  non-opioid Dyn A-( 1 -13) binding s ite s , w e  h ave  in ve stig ated  
putative  inhib itory e ffe c t s  of D yn  A-( 1-13) and re lated  frag m e n ts  
a s  w e ll a s  se le c t iv e  ĸ  (U -6 9 5 9 3 ) , б  (D S L E T )  and μ  (D A G O ) opioid  
rece p to r ligands on the up take  of [3H lno rad renaline  ([3H]N A) in a 
h eart synap to so m al-m ito ch o n d ria l fractio n . T h e  [3H1NA u p take  w a s  
tem p e ratu re , so d ium  and n iso xe tine  se n s it iv e . A  good correlation  
w a s  obtained b e tw e e n  the  ability of D yn А -И -1 3 )  and related  
frag m e n ts to inhibit [3HJDyn A - d - 1 3 )  binding and [3H ]N A  u p take : 
D yn A - d - 1 3 )  = D yn A -(2 -1 3) >  D yn A -(6 -1 0 ). L e u -En k  and the  
se le c t iv e  opioid rece p to r ligands w e re  in a ct ive  in both a s s a y s .  
T h e s e  re su lts  su g g e st  th at the  lo w  affin ity  non-opioid binding s ite s  
for D yn A -(1 -1 3 ) m ay  p lay a role in th e  m odu lation  of 
ca rd io v a scu la r  fu n ctio n s invo lved  in d is e a s e s  s u c h  a s  m yo card ia l 
isch e m ia  th at im ply an im portant role for N A  u p take  m e c h a n is m s . 
Sup p o rted  by the H eart and S tro k e  Fo undation  of O n tario .
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300.7
G L U C O C O R T IC O ID  R E G U L A T IO N  O F O X Y T O C IN  
B IN D IN G  IN  H IPP O C A M P U S I. L iberzon , D . T. C halm ers, 
A .M a n so u r , M . I. M oran o*  S. T. W a tso n . E. A . Y o u n g  
M en ta l H ea lth  R esearch  In stitu te, U n iv e r sity  o f  M ich igan , 
A n n  A rbor M I 48109

R ecen t f in d in g s  s u g g e s t  th at o x y to c in  tr a n sm iss io n  in  
th e  brain  is  in v o lv e d  in  v a r io u s , b io lo g ic a lly  im p ortan t, 
b e h a v io r s : se x u a l, m a ter n a l, a f f i l ia t iv e  a n d  m e m o r y . 
O x y to c in  b in d in g  has b een  s h o w n  to  b e  r eg u la te d  b y  
g o n a d a l s te r o id s .  W e h a v e  s tu d ie d  th e  e f fe c t s  o f  
g lu co co r tico id s  o n  o x y to c in  recep tors in  rat h ip p o ca m p u s.  
17 a n im a ls  in  3 g r o u p s  w e r e  s tu d ie d :  C o n tr o l,  
A d ren a lecto m ized  an d  C orticosteron e  rep laced . O xytoc in  
recep tor  b in d in g  a u to ra d io g ra p h y  ( O .lnM  con cen tra tion  
o f  125 I O V T A ), resu lts  s u g g e s te d  a s ig n ifica n t (p< .001) 
d ecrease  o f oxy to c in  receptor b in d in g  in  a d ren a lectom ized  
g r o u p , re la tiv e  to co n tro ls . C o r tico stero n e  rep a lcem en t  
p rev en ted  th e  d ecrease  in  o x y to c in  b in d in g . T he fin d in g s  
w ere  sign ifican t in  su b icu lu m  w ith  ap p aren tly  n o  ch an ges  
C A 2 /C A 3 , BNST or o th er  areas. Partial a n a ly s is  su g g e sts  
p o s s ib le  c h a n g e s  in  th e  a ff in ity  a n d  to ta l n u m b er  o f  
o x y to c in  receptors. O xy to c in  recep tor  a u to ra d io g ra p h y  o f  
th e  u n ila tera lly  le s io n e d  an im a ls  (Ib o ten ic  ac id ) s u g g e s t  
that th ose  receptors are loca ted  on  th e som as o f  th ese  cells.

300.9
CARDIOVASCULAR EFFECTS INDUCED BY INTRATHECAL
INJECTION OF NEUROPEPTIDE GAMMA IN THE CONSCIOUS RAT: 
RECEPTOR CHARACTERIZATION W ITH TACHYKININ
ANTAGONISTS. P. Poulàt, Į. de Champlain* and R. Couture. Dept. 
Physiology, University of Montreal, Montreal, Qué., Canada H3C 3J7.

A role for tachykinins and NK-1 receptors has been suggested in 
spinal cardiovascular regulation (NS Arch. Pharmacol. 347: 34-41, 1993). 
The cardiovascular responses induced by intrathecal (i.t.) injection of 
substance P (SP) and neuropeptide K (NPK) were antagonized by the 
prior i.t. or i.v. injection of (±) CP-96,345, a selective NK-1 receptor 
antagonist. The purposes of this study were to assess the i.t. effect of 
neuropeptide gamma (ΝΡγ) on mean arterial pressure (MAP) and heart 
rate (HR) of the conscious rat and to characterize the receptor with 
selective antagonists. When given at T-9 spinal cord level, ΝΡγ 
(0.078 - 78 nmol) evoked dose-dependent increases in MAP and HR 
whose effects were greater in magnitude and duration than those elicited 
by similar doses of SP. No desensitization of the response was observed 
when 3 doses of 7.8 nmol were given 90 min apart. The cardiovascular 
response to 0.78 nmol ΝΡγ was significantly reduced by the prior i.t. 
injection of 65 nmol (±) CP-96,345 (10 min) or 78 nmol RP-67580, the 
recent NK-1 receptor antagonist. However, it remained unaffected by 
pretreatment with 65 nmol of either SR-48968 or [Phe7, ß-Ala8]NKA(4- 
10), selective antagonists for NK-2 and NK-3 receptors, respectively. 
None of the tachykinin receptor antagonists caused motor impairment, 
respiratory arrest or cardiovascular changes. Moreover, the tachycardia 
and the pressor response to 7.8 nmol ΝΡγ were blocked by i.v. 
pretreatment with propranolol (2 m g/kg) and phentolamine (2 mg/kg), 
respectively. These results provide pharmacological evidence that ΝΡγ 
may play a role in cardiovascular and sympathoadrenal regulation 
through the activation of an NK-1 receptor in the rat spinal cord 
[Supported by the MRC of Canada].

300.11
SENSORY NEURONS OF THE NODOSE GANGLION CONTAIN 
mRNA FOR CCK; RECEPTOR PROTEIN. L.A. Brenner*. C. Ulibarri 
and R.C. Ritter. Dept. of VCAPP, Washington State Univ., Pullman, 
WA 99164.

Cholecystokinin (CCK) participates in gastrointestinal controls and 
control of food intake. Vagotomy or CCK-A receptor antagonist 
administration attenuates some CCK-mediated responses. Furthermore, 
some vagal sensory fibers transport CCK binding sites. Therefore, it is 
plausible that CCK controls GI function and food intake via actions at vagal 
CCKA receptors. Using in situ hybridization histochemistry performed with 
an antisense [35S]-UTP-labeled riboprobe, we have demonstrated CCKA 
receptor mRNA in neurons of the inferior (nodose) ganglia of the rat 
vagus. The probe we used was transcribed from cDNA (pCDNA-1 vector, 
gift of Dr. Stephen Wank). Specificity of the hybridization was 
demonstrated by lack of signal in sections incubated with a sense riboprobe 
or pretreated with RNase A. Light to moderate hybridization of CCKA 
receptor mRNA was apparent in many nodose neurons. Also, densely 
labeled clusters of neuronal perikarya were scattered throughout the nodose. 
These results 1) demonstrate that vagal sensory neurons transcribe CCKA 
receptor mRNA, and 2) support the hypothesis that CCK acts on vagal 
sensory neurons to control food intake and gastrointestinal function. The 
apparent ubiquity of CCKA receptor mRNA in nodose neurons suggests that 
CCK may play a role in modulating many vagal sensory modalities. Also, 
the fact that a smaller number of neurons express much higher levels of 
message, could mean that CCK plays a greater role in neurotransmission 
by some vagal neurons than others. Supported by NIH grants NS20561 
and HD22869.

300.8
BLOCKADE OF CENTRAL TACHYKININ NK3 RECEPTORS BY THE 
ANGIOTENSIN RECEPTOR ANTAGONIST LOSART AN IN CONSCIOUS 
RATS. P. Picard1, Y. D. Yuan1, D. Regoli2 and R. Couture*1. ’Dept. 
Physiology, Faculty of Medicine, University of Montreal, Montreal, Qué., 
Canada H3C 3J7 and 2Dept. Pharmacology, Sherbrooke University, 
Sherbrooke, Qué., Canada J1H 5N4.

In the conscious rat, the effects of intracerebroventricular (i.c.v.) 
injection of selective and potent АТ  ̂ (DuP 753/losartan and EXP 3174), 
AT2 (PD 123319) and NK3 (R 487,[Phe7,ß-Ala8]NKA(4-10)) receptor 
antagonists were assessed on the cardiovascular and behavioral responses 
elicited by the i.c.v. injection of angiotensin II (Ang II), as well as by 
selective agonists of NK: (substance P, SP), NK2 (neurokinin A, NKA) 
and NK3 ([MePhe7]-neurokinin B) receptors. SP, NKA and [MePhe7]- 
NKB (25 pmol), induced mean arterial pressure and heart rate increases 
of the same magnitude that reached a maximum at 2-3 min post
injection and lasted for about 30 min whereas Ang II (25 pmol) evoked 
a brief (2-3 min) bradycardia and a long-lasting (30 min) pressor response 
associated with an intense dipsogenic activity. The cardiovascular 
responses to [MePhe7]-NKB and Ang II were associated with wet dog 
shakes. Both the cardiovascular and behavioral effects of Ang II and 
[MePhe7]-NKB were completely abolished by 650 pmol losartan but 
remained unaffected by 650 pmol PD 123319. In contrast, losartan failed 
to modify the SP or NKA mediated effects. EXP 3174 (2.3 nmol) blocked 
the cardiovascular and behavioral effects of Ang II only while R 487 (650 
pmol) inhibited by 50% the cardiovascular response and wet dog shakes 
produced by [MePhe7]-NKB only. Losartan, EXP 3174, R 487 and PD 
123319 were devoid of intrinsic cardiovascular or behavioral activity and 
all inhibition was over when the agonist was re-administered 24 h later. 
These results suggest that losartan can block central NK3 receptors in 
addition to its well known antagonistic activity on ATļ receptors. 
[Supported by the MRC of Canada].

300.10
SEXUALLY DIMORPHIC EXPRESSION OF VASOPRESSIN 
RECEPTORS IN THE MOUSE HYPOTHALAMIC PREOPTIC 
AREA. C. Barberis. M. Dubois-Dauphin. C.R. Bader* and J.J. 
Dreifuss. CNRS-INSERM , Center of Pharmacology/Endocrinology, 
M ontpellier, France and Dpt. of Physiology, Univ. Med. Center, 
Geneva, Switzerland.

The presence of a sexually dim orphic nucleus (SDN) in the 
hypothalamic preoptic area, which depends upon testosterone and 
thus predominates in the male, is well documented in various 
mammalian species, but not in the mouse (Young, B r a in  R e s . ,  239 : 
233-239, 1982). We investigated the distribution of vasopressin 
receptors in the brain of male and female adult mice using a 
radioiodinated ligand and film autoradiography.

Vasopressin receptors were uncovered in various regions of the 
brain including the basal nucleus of M eynert, the substantia 
innominata and the hypothalamic paraventricular nucleus. A sex- 
related difference in the expression of vasopressin receptors was 
seen in three hypothalamic structures, w ith the binding more intense 
in females than in males: the region of the preoptic area 
corresponding to the SDN in other mammalian species, the 
hypothalamic premammillary nucleus and the medial tuberai nucleus.

These observations suggest that it is not the number of 
neurons present in the SDN, but rather the differential expression of 
receptors by its cells that may explain some of the sex related 
behaviors in the mouse. Moreover, our data contrast with a previous 
study describing, in the hamster posterior hypothalamus, a greater 
expression of vasopressin receptors in males than in females 
(Dubois-Dauphin e t  a l . ,  P N A S ,  88: 11163-11167, 1991).

300.12
THE ANTIDIPSOGENIC EFFECTS OF THE ENDOTHELINS ARE 
MEDIATED BY THE ET-A RECEPTOR. W.K.Samson* and
T.Murphy. Physiol., UND Sch. of Med., Grand Forks, ND 58202.

The endothelins (ET-1, ET-2 and ET-3) comprise a family of 
vasoactive peptides which are present in neuronal elements of the 
CNS. Two classes of ET receptors have been identified with the 
following binding specificity: ET-A receptors (ET-1 =ET-2>ET-3) 
and ET-B receptors (ET-1=ET-2=ET-3). W e have reported (BRAIN 
RES 539:347,1991) that ET-3 exerts potent inhibitory effects on 
water intake when administered icv in rats exposed to exogenous 
and endogenous stimuli for drinking. To examine the physiological 
relevance of these pharmacologic studies and to identify the 
receptor subtype responsible for this antidipsogenic effect, the 
water drinking response to angiotensin II administration was 
examined in the absence or presence of ET-2 and/or the ET-A 
receptor antagonist BQ-123. Central administration of 50 pmole A 
II in water sated rats resulted in a robust drinking response which 
was significantly inhibited by doses of ET-2 as low as 3.8 pmole. 
Maximal inhibition was obtained by pretreatment with 7.8 pmole 
ET-2 (threshold and maximal doses of ET-3 were 11.4 and 37.9 
pmole). Pretreatment with BQ-123 resulted in a dose-related 
augmentation of the drinking response to A II, suggesting a role 
for endogenous ET-A receptor ligands in the CNS control of 
drinking behavior. Supported by the American Heart Association.
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300.13
VASOPRESSIN RECEPTORS IN THE HIPPOCAMPUS OF 
RATS: EFFECTS OF ADRENAL STEROIDS. Y. Takano*. R. 
Saito, Y. Ban. N. Ishiharada. T. Matsumoto. A, Saiņo. K. Honda, 
and H. Kamiya. D e p t. o f  P h a r m a c o l . ,  F a c . o f  P h a r m a c e u t .  S c i.,  
F u ku oka  U n iv e r s ity , F u k u o k a  8 1 4 - 0 1 ,  J A P A N .
Two subtypes of peripheral arginine vasopressin (AVP) 
receptors (V i and V 2 ) have been distinguished based on the 
characteristics of their respective second messengers. Recently, 
non-peptide and selective V i and V 2 antagonists, O PC -21268  
and O P C -31260 were discovered, respectively. Hippocampus 
and septum have higher contents of AVP receptors and 
participate in the neuroregulatory.
In this study, we examined the characteristics of AVP binding in 
rat brain using V i and V 2 antagonists, and examined the effects 
of adrenocorticosteroids on AVP binding in the hippo-campus. 
The hippocampus had a single high-affinity binding site with a 
Kd of 1.0 nM, and a Bmax of 10.1 fmol/mg protein. Vi 
antagonist OPC -21268 displaced the specific 3H-AVP binding in 
the hippocampus. Adrenalectomy (ADX) significantly decreased 
a Bmax of AVP binding in the hippocampus. Interestingly, the 
decreases in AVP binding induced by ADX were recovered by 
chronic treatments with mineralocorticoid, aldosterone, but were 
not affected by glucocorticoid. These results suggest that the 
AVP V1 receptor in the hippocam pus is regulated by 
adrenocortical neuroregulatory functions. O P C -21268 and OPC- 
31260 were generous gifts from Otsuka Pharmaceutical Co.

PEPTIDES: ANATOMICAL LOCALIZATION I

301.1
THE PRO THORACICO TROPIC H O RM ONE IN M ANDUCA  
SEXTA. A. L. Westbrook* and W. E. Bollenbacher. Department o f  
Biology, The University o f  North Carolina at Chapel H ill, Chapel 
Hill, NC 27599-3280.

The prothoracicotropic hormone (Р Т Ш ) in insects has long  
been known to be an integral component o f  the com plex endocrine 
and neuroen d ocrin e  ca sca d e  that regu la tes  m o ltin g  and 
m etam orphosis. R ecent studies docum enting the spatial and 
temporal expression o f  the neuropeptide are suggesting that PTTH in 
the tobacco hornworm, Manduca sexta, may be a multifunctional 
peptide. If PTTH does possess a function(s) in addition to its known 
role in stimulating ecdysteroidogenesis, it should be released into a 
discrete compartment and should bind to receptors on its target 
cell(s). EM im m unolabelling o f PTTH neuron terminals in the 
retrocerebral corpus allatum (CA) support a local release o f  PTTH 
into the gland where it may act as a paracrine effector. The 
identification  o f  target tissues is being pursued through the 
generation o f  an an ti-id io typ ic  antibody to the anti-PTTH  
m onoclonal antibody. This antiserum im m unostains the known  
target for PTTH, the prothoracic glands. Studies are currently 
underway to determine if  the anti-idiotypic antibody recognizes a 
PTTH receptor and to identify other potential target tissues for 
PTTH.

301.3
DISTRIBUTION OF NEUROPEPTIDE Y AND IT S COLOCALIZATION WITH 
SUBSTANCE P IN THE MATING BEHAVIOR PATHWAY OF THE MALE 
SYRIAN HAMSTER ЈЈУШЕег!. .LF,Burroughs, HAziz. .m S w a n n ,  
Institute of Animal Behavior* and Dept. of Biological Sciences, Rutgers 
University, Newark, N.J.07102.

The Bed Nucleus of the Stria Terminalis (BNST), Medial Preoptic Area 
(MPOA) and the Medial Nucleus of the Amygdala (M), play critical roles in the 
regulation of copulatory behavior in the male hamster. The neurochemistry 
of this copulatory circuit has not been extensively explored. The purpose of 
this study was to determine the distribution of Neuropeptide Y (NPY) in the 
neurons and fibers of M, BNST, and MPOA.

Brains from 4 colchicine treated and 4 non-colchicine treated adult male 
hamsters were processed for immunocytochemistry.

NPY cells and fibers are distributed throughout the BNST with the highest 
levels in the posteromedial subdivision. Few NPY neurons are found in the 
MPOA at any level. In contrast, the medial preoptic nucleus is heavily 
innervated with NPY fibers. In the amygdala, there are more NPY cells in 
caudal M than in rostral M. Fiber labelling is greatest within the dorsal 
subdivisions of both rostral and caudal M.

We have previously shown that SP is contained within the neurons of the 
BNST, MPOA and M. To determine the extent of colocalization of SP and 
NPY, tissue from an additional colchicine treated animal was processed for 
double label immunofluorescence. Approximately 25% of the NPY cells 
within caudal M also contain SP, and approximately 10% were double 
labelled within the BNST. No double labelled cells were found in the MPOA.

Our data indicate that NPY is found in the neurons and fibers of the BNST 
and M and within the fibers of the MPOA. These data suggest a role for NPY 
in the regulation of copulatory behavior in the male Syrian hamster.
This work was supported by NICHHD BPO R29 HD28467-02 to JMS and 
Sigma Xi to JMF.

301.2
DEVELOPMENTAL DIFFERENCES IN THE LAMINAR DISTRIBUTION OF 
NPY-IR NEURONS BETWEEN PREFRONTAL AND VISUAL HUMAN CORTEX 
DURING PRENATAL PERIOD. I. Delalle (1,2), HBM. Uyllngs (2) 
and I. Kostovic (1). Croat. Inst. Brain Res., Sch. Med., 
Univ. Zagreb, 4Ю00 Zagreb, Croatia (1); Neth. Inst. Brain 
Res., 1105 AZ Amsterdam, The Netherlands (2). (SP0N:ENA) 

According to the recent studies cognitive areas of the 
adult human cortex contain more neuropeptide Y-imraunoreac- 
tive (NPY-ir) elements than the areas processing sensory 
information (Kaufmann and Cuello, 91)· In order to deter
mine the onset of areal differences in peptide distribu
tion, we compared laminar distribution of NPY-imrounoreacti- 
vity in the developing prefrontal (PFC) and lateral visual 
(VIS) cortices from postmortem fetal human hemispheres 
(15,17,20,23 and 38 weeks of gestation, w.g.). At 15w.g. 
subplate zone (SP) was the only fetal telencephalic lamina 
in which significant difference in the number of NPY-ir 
neurons was observed: SP in the PFC was thicker and con
tained higher number of NPY-ir neurons per square unit.
At 17,20 and 23 w.g. additional differences were seen in 
cortical plate, intermediate and subventricular zone where 
PFC contained more NPY-ir neurons than VIS. At 38 w.g. 
infragranular layers of PFC had greater number of NPY-ir 
neurons compared to VIS. Our data reveal early onset of 
areal differences in the distribution of NPY-ir neurons. 
These differences may be explained by the diversity in the 
tempo of events in the developing areas of the human 
cortex.

301.4
ANDROGEN RECEPTOR AND SUBSTANCE P ARE COLOCALIZED IN 
THE NEURONS OF BNSTpm, Mp, AND MPNmgn IN THE MALE SYRIAN 
HAMSTER C.B. Newton*. M.B.Khan. K.Powell. J.M.Swann. Department 
of Biological Sciences, Rutgers University, Newark, N.J. 07102.

We have previously shown that testosterone regulates substance P 
levels within neurons of the posterior medial nucleus of the amygdala (Mp), 
the posterior medial bed nucleus of the stria terminalis (BNSTpm) and 
medial preoptic area (MPOA). Recent studies have localized androgen 
receptors within these three areas suggesting that androgen receptors 
may be contained within the substance P neurons. To determine the 
extent of colocalization we used immunocytochemistry to label both 
androgen receptor and substance P within the same neuron.

Adult male Syrian hamsters were treated with colchicine and perfused. 
Their brains were removed, sectioned and immunolabelled for androgen 
receptor and substance P. Androgen receptor - like immunoreactivity is 
focalized within the nucleus while substance P - like immunoreactivity is 
distributed throughout the neuronal cytoplasm. Single and double labelled 
neurons are located in all three areas. However, the overall concentration 
of androgen labelled neurons is 4 to 10 times greater than that of 
substance P. Approximately 15% of the androgen containing neurons also 
contain substance P in the BNSTpm and the medial preoptic nucleus 
magnocellular (MPNmgn), only 10% are double labelled in Mp. The 
percentage of substance P cells that contain androgen receptors is 
greater: 85% in the Mp, 70% in BNSTpm, and 60% in MPNmgn.

Thus, few of the neurons with androgen receptors contain substance P 
but the majority of the substance P labelled neurons contain androgen 
receptors. The results of this study suggest that testosterone may 
influence substance P production via direct action on some of the 
substance P neurons in BNSTpm, Mp and MPNmgn.

Supported by NICHHD BPO R29 HD28467-02 to JMS.
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301.5
PR ESEN C E OF PIT U IT A R Y  A D E N Y L A T E  C Y C LA SE  
ACTIVATING POLYPEPTIDE-LIKE IMMUNOREACTIVITY IN 
VISCERAL CENTERS OF THE RAT BRAIN STEM.
G. Légrádi and A. Arimura.* U .S.-Japan B iom edical Research  
Laboratories, Tulane Univ. Hebert Ctr. Belle Chasse, LA 70037.

Pituitary Adenylate Cyclase Activating Polypeptide (PACAP) is a 
newly recognized member o f the secretin/glucagon/V IP peptide 
family. PACAP is widely distributed in neuronal elem ents in the 
forebrain, spinal cord and peripheral nervous system  o f  different 
species. This neuropeptide is biologically highly active, exhibiting 
various effects on the cardiovascular and gastrointestinal systems. 
Intracerebroventricular administration o f PACAP inhibits gastric 
acid secretion in rats (Akarca et al., unpublished observation). Using 
rabbit antisera against synthetic PACAP for immunocytochemistry 
in the rat brain, PACAP-like immunoreactive (PACAP-LI) medium  
sized neurons were detected in the m edial and com m issural 
(visceroreceptive) subnuclei o f the nucleus o f the solitary tract. In 
the dorsal motor nucleus o f vagus and nucleus ambiguus large 
PACAP-LI perikarya were found. Another network o f PACAP-LI 
neurons was located in the ventrolateral medulla, near the ventral 
surface, an area which is associated with respiratory regulation. The 
medial and commissural subnuclei o f the nucleus o f the solitary tract 
also contained high density o f PACAP-LI nerve fibers, whereas its 
lateral part received only a moderate PACAP-innervation. These 
findings suggest that PACAP is involved in the central regulation of 
visceral functions both at afferent and efferent sites. (Supported in 
part by NIH grant DK 09094  and a research aid from Takeda 
Chemical Ind.)

301.7
EFFER EN T PROJECTIONS FROM VEN TROLATERAL  
HYPOTHALAMIC NEURONS WHICH A R E IMMUNOREACTIVE FOR  
BOTH SUBSTANCE P AND PROGESTIN R ECEPTO R S IN FEM ALE  
GUINEA PIGS. K . H . N ie lse n  R ic c ia rd i*  and  J .  D . B la u s te in . 
N e u ro sc ie n c e  & B e h a v io r  P ro g ra m  an d  P sy c h o lo g y  D ep a rtm en t, 
U n ive rs ity  of M a ss a c h u se tt s , A m h e rs t , M A  0 1 0 0 3 .

M a n y  p rog estin  re ce p to r- im m u n o re a c tive  (P R - IR )  n e u ro n s  in the 
ven tro la te ra l h yp o th a la m u s in g u in e a  p ig s a re  a ls o  su b s ta n c e  P - 
im m u n o rea c tive  (S P - IR ) .  T o  id en tify  the  e ffe re n t p ro je c t io n s  from  
th e se  n e u ro n s , ad u lt, o v a r ie c to m ize d  g u in e a  p ig s h ad  F lu o ro -G o ld  
( F G )  in jec te d  u n ila te ra lly  into p u ta tive  te rm in a l f ie ld s . T h e  g u in e a  p ig s 
w e re  su b se q u e n tly  p rim ed  w ith  es tra d io l to in d u ce  P R - IR  an d  trea ted  
w ith  c o lch ic in e  (2 0  jig )  to v is u a liz e  S P - IR  in so m a ta . In th is  s tu d y , an  
a v e ra g e  of 3 9 %  of P R - IR  n e u ro n s  w e re  a lso  S P - IR  in the  v en tro la te ra l 
h yp o th a la m u s . F G  in jec te d  in the  b ed  n u c le u s  of the  s t r ia  te rm in a lis  
re tro g ra d e ly  la b e le d  1 1 %  of n e u ro n s  co n ta in in g  both P R - IR  a n d  S P - IR  
in the ven tro la te ra l h yp o th a la m u s . F G  p la c e d  in th e  p reo p tic  a re a  
la b e le d  5 .9 %  of P R - IR  n e u ro n s  w ith  S P - IR ,  w h ile  F G  in the m ed ia l 
a m y g d a la  la b e le d  10.1 %  of th e se  n e u ro n s . T h e  p e rc e n ta g e s  o f P R - IR  
n e u ro n s  w ith  S P - IR  p ro jecting  to e a c h  of th e se  th re e  a re a s  a re  
co n s id e ra b ly  lo w e r than  the  p roportion  re tro g ra d e ly  la b e le d  from  the  
d o rsa l m idbra in  (3 0 .3 % ) , w h ich  w e  rep orted  p re v io u s ly . T h e  
p ro je ctio n s of all ven tro la te ra l h yp o th a la m ic  P R - IR  c e lls  w e re  s im ila r  to 
tho se  w ith  both P R - IR  and  S P - IR ,  a lthoug h  a  so m e w h a t  lo w e r 
p e rc e n ta g e  of the  S P - IR  n e u ro n s  in the  ven tro la te ra l h yp o th a la m u s 
p ro je cted  to th e se  a re a s . T h e s e  p a th w a y s  m a y  b e  im p o rtan t in 
u nd ers tan d in g  the n eu ra l c ircu itry  of a  v a r ie ty  of fu n c tio n s  in flu en ced  
b y g o n a d a l ste ro id  h o rm o n e s  an d  su b s ta n c e  P , su c h  a s  fe m a le  s e x u a l 
b e h a v io r , sa lt  in ta ke , an d  gon ad otro p in  se c re t io n .

(S u p p o rted  b y  N IH  N S  1 9 3 2 7  an d  R S D A  M H 0 0 8 8 5 )

301.9
THE SEXUALLY DIMORPHIC MEDIAL PREOPTIC NUCLEUS IS 
SPECIFICALLY LABELLED BY STEROID-SENSITIVE NEUROTENSIN- 
IMMUNOREACTIVE CELLS IN JAPANESE QUAIL. P, Absil*. A. FoidarLaod
J. Balthazart. Lab. Biochemistry, Univ. Liège, B-4020 Liege, Belgium.

The distribution of neurotensin-immunoreactive (NT-ir) fibers and cells was 
investigated in the brain of male and female Japanese quail (C o tu rn ix  ja p o n ic a )  by 
immunocytochemistry with the help of a polyclonal antibody directed against the 
C-terminal part of the molecule. NT-ir fibers were widely distributed in the preoptic 
area (POA) and the hypothalamus as well as in the septal region, the intercollicular 
nucleus, the central gray and main catecholaminergic areas such as the ventral area 
of Tsai and the nucleus tegmenti-pedunculo-pontinus (substantia nigra of 
mammals). Most immunoreactive cells were located in the POA but a few positive 
perikarya were also detected in the paraventricular hypothalamic nucleus and in the 
tuberai hypothalamus. In the rostral POA, the NT-ir cells were exclusively found 
within the cytoarchitectonic boundaries of the sexually dimorphic medial preoptic 
nucleus (POM), a structure that plays a key role in the control of male sexual 
behavior. The NT-ir cells of the POM were significantly more numerous in 
females than in males. A small number of NT-ir cells was also found in the caudal 
POA-rostral hypothalamus just caudal to the anterior commissure and these were 
present in larger number in males than in females. In females, the number of NT-ir 
cells in POM was influenced by the stage of the ovulatory cycle: more cells (2-3 
times) were present in subjects that were about to lay an egg (presence of a calcified 
egg in the oviduct) than in those who had already laid or were not going to lay on 
that day. This suggested a potential control by steroids of the expression of NT in 
the POA. This idea was tested by comparing the NT-ir cell populations in 
gonadectomized males and females that had been treated with testosterone for three 
weeks or had been kept as untreated controls. Results obtained in this way suggest 
that no sexual dimorphism is present in the NT-ir cell populations of 
gonadectomized birds and that treatment with T increases the number of 
immunoreactive perikarya. This effect is however anatomically specific and the 
induction of immunoreactive perikarya is, by far, more conspicuous in the area 
caudal to the anterior commissure than in the POM.

301.6
LOCALIZATION OF PITUITARY ADENYLATE CYCLASE 
ACTIVATING PEPTIDE-IMMUNOREACTIVITY IN THE 
UTERUS. R.L. Shew*. D.E. Johnson and M.S. 
Karman. Departments of Cell Biology & 
Neuroanatomy, Pediatrics, Obstetrics and 
Gynecology, and Veterinary PathoBiology, 
University of Minnesota, Minneapolis, MN 55455.

Pituitary adenylate cyclase activating 
peptide (PACAP), a neuropeptide isolated from 
ovine hypothalamus, is a member of the 
vasoactive intestinal peptide/peptide histidine 
isoleucine (VIP/PHI) family. PACAP-immuno- 
reactivity (PACAP-I) has been reported in the 
esophagus, trachea, pulmonary arteries and 
aorta of guinea pigs and the gastrointestinal 
tract of various species. In the present 
study, we have localized PACAP-I in nerves in 
the rat uterus. Whole mount preparations 
showed localization of PACAP-I single varicose 
fibers traveling in the uterine wall in the 
endometrium as well as PACAP-I fibers parallel 
to smooth muscle bundles in the myometrium. In 
addition, PACAP-I fibers were associated with 
the vasculature. Additional studies are needed 
to determine if PACAP-I fibers are sensory 
and/or autonomic and what effect PACAP may have 
on myometrial activity.

301.8
A S E X U A L L Y  D IM O R P H IC  P O P U L A T IO N  O F  C R F - 
IMMUNOREACTIVE NEURONS IN TH E ANTEROVENTRAL 
PERIVENTRICULAR NUCLEUS OF THE RAT PREOPTIC REGION. 
M.A. Wilson*. A.J. McDonald and F. Mascagni. Depts. of Cell Biol. & 
Neuroscience and Pharmacology, Univ. South Carolina Sch. of Medicine, 
Columbia, SC, 29208.

Many of the hormonal adaptations to stress regulated through corticotropin
releasing factor (CRF) are sexually dimorphic, appearing greater in female 
rodents than in males. We have found a sex-dependent population of CRF 
immunoreactive (CRFir) neurons in the sexually-dimorphic preoptic region.

Adult rats received bilateral colchicine injections (90 jig total) into the lateral 
ventricles one day before perfusion with 4% paraformaldehyde. Brains were 
postfixed 16 hrs, sectioned at 50 μ νη , and processed for immimohistochemistry 
using CRF antiserum (Incstar) and a rabbit ABC kit (Vector).

The anteroventral periventricular nucleus (AVPv) of colchicine-injected 
females contained numerous (30-50 per section) intensely-stained CRFir 
neurons that were not observed in males. These neurons had ovoid somata (12- 
16 μνη  in diameter) and 3-4 processes. The AVPv in colchicine-injected males 
contained only 1-2 lightly stained CRFir neurons per section. This sex- 
dependent CRFir neuronal population in AVPv was only lightly stained in 1) 
non-colchicine treated rats, 2) non-colchicine injected adrenalectomized rats, 
and 3) castrated males. Early findings suggest ovariectomy reduced the number 
of CRFir neurons in the AVPv compared with colchicine-treated females. We 
are investigating if this sexually dimorphic population of CRFir neurons plays 
some role in controlling female reproduction or in mediating sex differences in 
stress responsiveness.
(Supporte! by Grants NS 19733 to AJM & R29 DA05932 to MAW)

301.10
D e velo pm ent o f axosom atic ne rve  term inals in neonatal/prepuberal 
fem ale rat paracervical ganglia.
H. T ra u rig .* A n a to m y and N e urobiology, U n iversity of Kentucky, 
Lexington , K Y  40536.

Paracervical ganglia {μ g ) autonom ic (parasym pathetic) neurons (AN) 
innervate uterus and other pelvic organs in adult rat. μ g  A N s  receive 
subsets of axosom atic nerve term inals (NT) w h ich  are distinguished b y  
their content o f chemical markers fo r peptides and transm itters. Previous 
results revealed that m a n y N T s  in adult μ g s originate from  uterine 
prim ary se n s o ry n erves and are im m unoreactive for calcitonin 
gene-related peptide (CGRP), galanin (GAL) or substance P (SP). A s  part 
of a continuing stu d y of uterine innervation, the deve lop m e nt o f N T s  w a s 
exam ined in sections o f fetal (day 18, 21) and neonatal/prepuberal (NN 
d a y 1 , 5 ,  10, 15 and 30) rat μ g s using A B C  im m unocytochem ical 
reactions.

C G R P -im m unorea ctive (I) N T s  w e re  first ob se rve d  am ong developing 
A N s  on N N 5 , notab ly increased in num ber b y  N N 1 5  and resem bled the 
adult μ g  CG RP-I N T  distribution pattern b y  N N 3 0 . M ost, but not all, A N s  
received CG RP-I N T s . G A L -I N T s  w e re  less num erous, first obse rve d on 
N N 1 0  and w e re not notably increased in num ber until N N 30 . G A L-I N T s  
w e re  restricted to small subsets o f A N s  -a distribution pattern similar to 
adult μ g s. SP-I N T s  w e re  not ob se rve d  in μ g s at early N N  stages and 
w e re  sparsely distributed in N N 3 0  and adult μ g s. T h e  data dem onstrate 
tem poral differences in d eve lop m e nt o f chem ically-defined, uterine 
sensory-au to nom ic circuits in prepuberal μ g s. Th e se  obse rva tion s further 
confirm  that uterine sensory-au to nom ic circuits exist that could 
contribute to regulation o f uterine functions. Supported by: U K M C  
Research Foundation #2-05439.
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302.1
DETECTION OF AN ADDITIONAL INTRON IN THE DOPAMINE D3 
RECEPTOR GENE. D. Fu. В. Skrvabin. J. Brosius‘ and N.K. Robakis. 
Dept of Psychiatry and Fishberg Research Center for Neurobiology, 
Box 1229, Mount Sinai Medical Center, New York, NY 10029 

The putative third intracellular loop(i3) of the dopamine D2 receptor 
is encoded in a 4 kb region which contains two introns. An 87 bp 
cassette exon encoding 29 aa flanked by these two introns is 
alternatively spliced to generate two isoforms of D2 receptor. The 
dopamine D3 receptor gene was previously reported to contain one 
intron in this region (Giros et al., 1991). However, having 
characterized six clones from a mouse genomic library (129SV, 
Stratagene) covering D3 coding region, we found an additional intron 
of 1 kb at the same location (between aa241 and aa242) as that in 
D2 i3 coding region. PCR and sequence analyses confirmed the 
existence of this intron in both rat and mouse genomic DNA. Results 
from reverse transcription-PCR experiments revealed two forms of 
D3 mRNA differing in i3 region existed in mouse but not in rat and 
human brain. The "cassette" exon of 78 bp encoding 26 aa flanked 
by these two introns was not subject to alternative splicing as 
expected from the D2 gene. The mouse D3 gene used an internal 
acceptor as an alternative splicing site to give the short form of D3 
mRNA lacking 63 bp (in agreement with Fishburn et al., 1993) from 
the exon immediately downstream of the 78 bp "cassette" exon. 
These data suggest a similarity in gene structure of D2 and D3 
receptors but a diversity at the post-transcriptional level.

302.3
PHYLOGENIC ANALYSIS OF BIOAMINE RECEPTORS.
B. Cardinaud. H. Philippe#. L.A. Kukstas*. J.D. Vincent & P. Vernier 
Institut A . Fessard, CNRS, F 91198, Gif-sur-Yvette cedex. #Laboratoire 
de B iologie Cellulaire 4, Université Paris XI, F91400, Orsay. France.

The high molecular diversity o f bioamine G-protein coupled receptors 
originated from the expression o f independent genes, suggesting that it 
was generated by duplications o f ancestral genes during the course o f  
evolution. M olecular phylogenic analysis was applied to sequences o f 
catecholam ine, indolam ine and histam ine receptors from different 
vertebrate phyla and Drosophila. W e also included in the study several 
dopamine D1 and D 2 related receptors from eel and crocodile we recently 
cloned. The gene fam ily exhibited neither convergence nor concerted  
evolution phenomenons. Parsimony analysis revealed that the bioamine 
receptor subfam ily exhibits two levels o f diversification: the first one 
provided the main receptor subclasses which can also be identified by the 
pharmacological analysis (dopaminergic D1 and D2, adrenergic a l ,  a2  
and ß, etc.). The second level generated new molecular species inside 
these subclasses ( a l A, В and C inside the a l  subclass for exam ple). 
Phylogenic distance analysis suggested that the first step occurred early 
in the Precambrian, and that the second one was contemporary with the 
divergence o f  the main vertebrate fam ilies. Gene organization and 
chromosomal localization were taken into account to propose a temporary 
hypothesis on the gene duplication events. W e would suggest that the 
receptor subfam ily diversification accompanied the encephalization o f  
nervous system  in vertebrates. In this respect, w e undertook in situ 
hybridization o f  the dopamine receptor m RNAs in the CNS o f eel and 
crocodile, in order to compare their expression patterns with those 
observed in m am mals, with respect to the phylogenic origin o f the 
various regions o f the CNS.

302.5
DOPAMINE AND GLUTAMATE RECEPTORS mRNA IN 
SINGLE STRIATAL NEURONS: AN RNA AMPLIFICATION 
STUDY. M.B. Ghasemzadehf*. D.J. Surmeier2. J. Eberwine1, M ^L  
Chesseletf ; 1 Dept. Pharmacolology, Univ. Pennsylvania, Philadelphia 
PA 19104; 2 Dept. Anatomy and Neurobiology, Univ. Tennessee, 
Memphis TN 38163.

Messenger RNAs (mRNAs) encoding several subtypes/subunits of 
dopamine and glutamate receptors are present in the striatum, but their 
relative expression in defined subpopulations of striatal neurons is not fully 
understood. We sought to determine the expression profile of multiple 
mRNAs in single striatal neurons of adult rats with an RNA amplification 
technique. Whole-cell patch-clamp recording and RNA amplification were 
performed as described (Surmeier et al, PNAS 89:10178-10182, '92) in 
both large and medium-sized acutely dissociated neurons. The amplified 
anti-sense RNA was radiolabeled and used as a probe to screen Southern 
blots of specific fragments of cloned cDNAs for dopamine and glutamate 
receptors, as well as known phenotypic markers of subpopulations of 
striatal neurons. Specificity of the amplification was confirmed by low 
amplification of mRNAs expressed at a low level in striatal neurons (GFAP, 
GAD67, calbindin). In the sample population examined so far, all subunits 
of the AMPA and kainate receptors (GluR 1-7) were expressed in single 
striatal neurons. In addition, D1, D2, and D3 receptor mRNAs were found 
to be expressed in single neurons. The presence of D3 mRNA was 
confirmed by PCR analysis of cDNA amplified from the same cells, and by 
S1 nuclease protection assay performed in striatal slices, both freshly 
dissected and incubated prior to neuronal dissociation. The results 
indicate that the RNA amplification method provides new information on 
the profile of mRNA expression in single neurons, complementary of that 
provided by in situ hybridization histochemistry. Supp. by PHS grants GM- 
34781 and NS-2889.

302.2
CLO N IN G  O F D OPA M IN E D1 R E C E PT O R  SUBTYPES FROM  
X E N O P U S  L A E V I S .  K.S. Sugamori*. L.L. Demchvshvn. M. Chung, 
and H.B. Niznik D e p t .  o f  P h a r m a c o l o g y  a n d  P s y c h ia t r y ,  U n iv e r s i t y  o f  
T o r o n to ,  a n d  th e  M o l e c u l a r  N e u r o b i o l o g y  L a b o r a to r y ,  C la r k e  I n s t i tu t e  
o f  P s y c h ia t r y ,  T o r o n to ,  C a n a d a ,  M 5 T 1 R 8 .

To-date, five dopamine receptors belonging to two major families, the 
dopamine D l (D l, D5) and D2 (D2, D3, D4) receptor families, have 
been isolated from mammals using molecular cloning techniques. Using 
a strategy based on homology probing, we have isolated three D l-like 
genomic clones (Xen 1, Xen 2 and Xen 6) from a X e n o p u s  genomic 
library. Xen 1 and Xen 6 were isolated using a D1 receptor fragment as 
a probe, whereas Xen 2 hybridized to both the D1 receptor probe and a 
D5 receptor probe. Of the these three genomic clones, Xen 1 appeared 
to be equivalent to the classical D IR . Xen 1 shared an overall AA 
homology of 80% to the human D1 receptor, 78% to the rat D1 receptor, 
58% to Xen 2, and 52% to the rat D lb/D 5 and human D5 receptors. 
W hen transiently expressed in  COS-7 cells, Xen 1 displayed a 
pharm acological profile virtually identical to that o f the cloned 
human/rat D IR. Xen 2 had overall AA homologies of 66% to the rat 
D lb  receptor, 65% to the human D5 receptor, and 55% to the rat and 
human D1 receptors. The third genomic clone, Xen 6, appeared to share 
almost equal homologies to Xen 1, Xen 2, the human and rat DIR, and 
the rat D lb  receptor. Whether major differences between these receptors 
are evident in terms of either their cellular expression, pharmacological 
profiles and/or coupling to second messenger systems are currently being 
analyzed. The molecular cloning of dopamine receptors from X e n o p u s  
and other species may be useful for establishing the evolutionary history 
o f D l-like dopamine receptors and the possible origins o f D5 receptor 
pseudogenes.

302.4
LACK OF ALTERNATIVE mRNA SPLICING IN THE MMQ CELL LINE 
DIRECTS THE EXPRESSION OF A NATIVE DOPAMINE D2-L RECEPTOR 
ISOFORM. Schettini G-. Meucci O., Grimaldi M.. Scorziello A.. Paolillo M.*A , 
Apicella A., and Ventra C. Dip. di Scienza delle Com. Umane, Sez di 
Farmacologia., II Facoltà' di Med. e Chir., Università' degli Studi di Napoli, Napoli, 
and AIst. di Farmacologia, Facolta' di Farmacia, Università' di Pavia, Pavia, ITALY.

To further characterize the dopamine (DA) D2 receptor expressed in the prolactin 
secreting pituitary MMQ cell clone, we used the polymerase chain reaction (PCR) 
amplification technique, using oligonucleotide (22 bases) primers flanking the 87 
base pairs alternatively spliced region. We found that the mRNA encoding the D2 
receptor does not undergo the process of alternative splicing. Although the 
pharmacology of the D2 receptor has been well established in many studies both on 
native and on transfected receptor isoforms, MMQ cells represent the first example 
of cells expressing only one D2 receptor, the D2-1 isoform, conceivably coupled to its 
native transduction mechanisms. Thus, we evaluated the binding characteristics and 
the second messenger systems known to be modulated by DA. The Bmax for [3H]- 
Spiperone was 27 fmoles/mg prot, with a Kd of 0.05 nM. In the presence of 100 μΜ 
GTP, the competition curve of DA for [3H]-Spiperone was shifted to the right and 
was best fit by a one site model. The selective D2 receptor agonist LY171555 
repeated the inhibitoiy effects of DA on basal and forskolin-stimulated adenylate 
cyclase activity, basal and K+-activated [Са-н-Ji, and on K+- and forskolin- 
stimulated prolactin secretion. Conversely, the D2 receptor antagonist L-sulpiride 
(10 μΜ) and the pretreatment of cells with pertussis toxin (100 ng/ml,16 hr) reverted 
the effects of DA and quinpirole. Since the D2 receptor has been demonstrated to 
preferentially couple to Gi2 protein, we evaluated by PCR and found the expression 
in MMQ cells of mRNA encoding this G-protein. This finding supports the idea that 
this D2 receptor couples to its native transduction mechanisms, suggesting that 
MMQ cells will be useful in studies on new D2 selective ligands. (MPI 40% 1991 
grant to G.S.)

302.6
CHARACTERIZATION OF SINGLE AMINO ACID MUTATIONS 
IN THE PUTATIVE 7th TRANSMEMBRANE REGION OF THE 
HUMAN Dj DOPAMINE RECEPTOR. Ulla Biorq Pedersen1, 
Nanni Din2 and Peter H. Andersen1* . Departments of 
Molecular Pharmacology, Bioscience and Molecular 
Genetics, Diabetes Research, Novo Nordisk A/S, 
Novo Alle, DK-2880 Bagsvaerd, Denmark.

The dopamine receptors belong to the large 
family of G protein coupled receptors. The 
presently cloned dopamine receptors show a fairly 
high degree of amino acid sequence homology. 
Nevertheless, on basis of their pharmacology and 
second messenger coupling they can be divided 
into a D1 and D2 subfamily. In the B2 and the 5- 
HTlt receptors, a single amino acid in the 
putative 7th transmembrane region have been shown 
to confer the antagonist specificity. To 
elucidate whether the same phenomenon could be 
observed for dopamine receptors, a number of 
single point mutations were performed in this 
region in the human D1 receptor. The mutations 
were constructed using PCR. The mutants were 
expressed transiently in Cos-7 cells. Using *H- 
SCH 23390 binding, the pharmacological profile of 
the mutants were analyzed. Two obvious changes; 
Thr312 to Ile (Leu in the D2) or Phe313 to Tyr (as 
in the D2) caused no change in the pharmacologi
cal profile.
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302.7
MUTATION OF D2 PHENYLALANINE RESIDUES IMPORTANT FOR 
LINKING LIGAND BINDING AND G-PROTEIN COUPLING.
W illiam Cho*. L.P. Taylor. H. Akil, and Alfred M ansour. Dept. of 
Psychiatry, University of Michigan, Ann Arbor, MI 48109.

Dopamine receptors are members of the 7-transmembrane, G-protein 
coupled superfamily of receptors. The canonical structure exhibited by 
this superfamily can be spatially and conceptually divided into two 
domains: the ligand binding domain formed by the seven membrane 
spanning regions and the G-protein coupling domain formed presumably by 
the intracellular regions of the receptor. The molecular events which link 
ligand binding and G-protein activation are poorly understood. Computer 
modeling of the dopamine D2 receptor suggest the involvement of several 
bulky, hydrophobic residues on transmembrane regions 5 (Phel98), 6 (Leu 
387, Phe 389^90), and 7 (Phe 411) which may sterically interact with D2 
agonists. Conservative mutations of these residues to alanine result in 
alteration of the D2 binding profile to antagonists (3[H]raclopride, 
3[H]spiperone) and to the agonist 3[H]N-0437 when transiently expressed 
in COS-1 cells. Mutation of Phel98, 389, or 390 results in the loss of 
specific binding to the D2 agonist, 3[H]N-0437; however preliminary 
investigations suggest that these mutants retain their ability to bind 
other D2 agonists (bromocriptine, NPA) and to inhibit adenylyl cyclase 
through D2 activation by these agonists.

302.9
I N F L U E N C E  O F  IN T R A C E L L U L A R  R E G IO N S  O N  L IG A N D  B IN D IN G  T O  
D O P A M IN E  D 2  A N D  D 3  R E C E P T O R S .  S u sa n  W . R o b in son . Keith R. 
Jarvie*. and Marc G . C a ro n . H o w ard H u gh es Med. Inst, and Departm ent of 
Cell Biology, Duke U niversity Med. Ctr., Durham , N C  27710

Within the superfam ily of G  protein-coupled receptors, residues in 
the transm em brane dom ains h a ve  been implicated a s  important for ligand 
binding, while intracellular regions a p p e a r to be in vo lve d  in G  protein 
coupling. A m o n g  the fam ily of d op am in e receptors, the D 3  receptor is 
m ost similar to the D 2  receptor, with greater than 75 %  identity within the 
tra n sm em b ra n e dom ains. T h is  h o m o lo g y in the m e m b ra n e  spa nning 
regions su g g e sts  that the ligand binding prope rties of th e se  recep tors 
should be similar. H o w e ve r, as s h o w n  p re vio u sly, the D 3  receptor has 
higher affinity for both dop am in e and quinpirole. In transient expression in 
H E K  293 cells the D 3  receptor has greater than 150-fold higher affinity for 
dop am in e and quinpirole than the D 2  receptor. T w o  chim eric receptors 
w e re  con structed to e xp lo re  the role of the third intracellular loop in 
determ ining ligand affinity. In 293 cells, the D 2  receptor containing the 
third intracellular loop of D 3  has 5-fold higher affinity for dop am in e and 15- 
fold higher affinity for quinpirole than the wild typ e  D 2 . T h e  D 3  receptor 
with the third intracellular loop of D 2  has 1 0 -fold low er affinity for both 
d op a m in e and quinpirole than the D 3  wild typ e. T h e  affinity fo r the 
anta gonists spiperon e and haloperidol are  un c h a n g ed  in the chim eric 
receptors. Th u s , the third intracellular loop of D 2  m akes the D 3  receptor 
m ore "Ог-Ііке" and v ic e  ve rs a . T h e s e  results indicate that the third 
intracellular loop m ay play a role in influencing agonist affinity in these G  
protein coupled receptors.

302.11
D E SE N SIT IZA T IO N  O F  R E C O M B IN A N T  D O PA M IN E  D1  
R E C E P T O R S. K .Ä . N eve* and L .B . K ozell V A  M edical Center 
and Oregon Health Sciences University, Portland, OR 97201  

To assess the role o f  phosphorylation in desensitization and 
down-regulation o f  D1 receptors, a rhesus D1 receptor cD N A  was 
stably expressed in C6  gliom a cells. Cells were treated with 
dopamine (D A ) receptor agonists before assessing DA-stimulated 
adenylyl cyclase or the density o f  D1 receptors. Treatment with 
D A  caused a concentration- and time-dependent decrease in 
maximal stimulation o f  adenylyl cyclase by D A , with little or no 
change in the potency o f  the agonist. M aximal stimulation was 
decreased by 29% and 72% after treatment with 10 nM  D A  for 1 
and 4 hr, respectively. Similarly, stimulation was reduced by 38% 
and 8 8 % after treatment for 2 hr with 10 nM and 1 μΜ  D A , 
respectively. Down-regulation o f  D1 receptors occurred within 
several hours but required higher concentrations o f  D A . After 2 hr 
o f  treatment, the density o f  D1 receptors was not significantly 
decreased by 100 nM D A , but was decreased by 33% and 45% , 
respectively, by 1 and 10 uM D A . Four potential sites o f  
phosphorylation o f  D1 receptors by protein kinase A  or protein 
kinase C (Ser-127, Ser-263, Thr-136, and Thr-268) were changed 
to alanine by in vitro mutagenesis. The resulting mutants were 
expressed transiently in COS-7 cells to verify that mutant receptors 
could be detected by radioligand binding. The mutant D1 
receptors are being stably expressed in C6  cells for determination 
o f  the rate and extent o f  desensitization.
(M H 45372 and the V A  Merit R eview  Program)

302.8
D ETER M IN A TIO N  OF RESID U ES IM PO R TA N T FOR 
ANTAGO NIST DRUG BINDING IN THE RAT D2 DOPAMINE  
RECEPTOR. R. W oodward. A .M . Naylor*. P .G . Strange and L.H. 
Naylor. The Biological Laboratory, Univ. o f  Kent, Canterbury, CT2 
7NJ, U .K .

Using site-directed mutagenesis we have analysed mutations in the 
rat D 2(long) dopamine receptor sub-type (H is394 to Leu394, Serl94 to 
A la l94  and S erl97  to A la l97) to characterize the binding site for a 
number o f  antagonist drugs. The native receptor and each o f the 
mutant receptors have saturable binding for [3H]spiperone 
( ~  lpm ole/m g) in transiently transfected COS-7 cells and a Kd of 
40pM  approx. D2(Leu394) has an unaltered affinity for a range of 
classical antagonist drugs and, compared to wild type, the only 
differences are for specific members o f  the substituted benzamide 
class. A reduced affinity (4-25 fold) was obtained for; LUR2366, 
tiapride,(-)-sulpiride, D 0710 and sultopride. These contain either a 
sulphonamide or a sulphone moiety at position five o f  the benzene ring 
capable o f producing a potential hydrogen bond interaction between 
drug and receptor. Additionally metoclopramide and clebopride have 
an increased affinity for D 2(Leu394) possibly due to removal o f a 
sterically unfavourable constraint with the 4-am ino moiety on these 
compounds. Preliminary evaluation o f  Ser/Ala mutations provides 
some evidence for interaction o f substituted benzamide drugs and 
Serine residues on the receptor.

302.10
STRUCTURE-FUNCTION ANALYSIS OF DOPAMINE RECEPTORS 
USING D1/D2 CHIMERAS L. B. Kozell*. C.A. Machida. R.L. Neve and K.A. 
Neve. VA Medical Center and Oregon Health Sciences Univ., Portland, OR; 
Primate Research Center, Beaverton, OR; and McLean Hospital, Belmont, MA.

Chimeric D1/D2 receptors were constructed to analyze the structural 
determinants of ligand binding, coupling to effectors and agonist-induced receptor 
regulation. The chimeras consisted of D1 sequence from the amino terminus to 
the 5‘ end of transmembrane (TM) region 5 (CH2), 6 (CH3) or 7 (CH4), and D2 
receptor sequence to the C-terminus. The constructs were stably transfected into 
C6 glioma cells. The chimeras have pharmacological profiles more similar to D1 
receptors, with a high affinity for D1 antagonists and agonists, and a low affinity 
for D2 antagonists. Expressing the affinity of the ligand for the receptors as a 
change in free energy, transmembrane regions 5, 6, and 7 each appeared to 
contribute l/7th of the difference between the affinity of D1 and D2 receptors for 
the D1-selective ligand, SCH-23390. Clozapine had an affinity for the chimeras 
that was similar to its affinity for D1 and D2 receptors. Most of the dopaminergic 
antagonists tested had lower affinity for the chimeric receptors than for either D1 
or D2 receptors, suggesting that the binding of these ligands was either very 
sensitive to the receptor conformation or primarily involved some of the first four 
TM regions. Stimulation of adenylyl cyclase activity by dopamine occurred in 
cells expressing Dİ, CH3 and CH4 receptors. No stimulation was seen in cells 
expressing D2 or CH2. Treatment with dopamine or NPA for 24 hours increased 
the density of CH2 and D2 receptors and decreased the density of CH3, CH4 and 
D1 receptors. Treatment for four hours with the agonist, chloro-APB, decreased 
the density of D1 receptors and all of the chimeras. Treatment for four hours 
with the D2 selective agonist, quinpirole, there was decreased the density of CH3 
receptors, increased the density of CH4 receptors and had no effect on the density 
of D1 receptors. (MH 45372, VA Merit Review Program)

302.12
CHARACTERISATION OF FUNCTIONAL ACTIVITY OF 
DOPAM INE LIGANDS AT HUM AN RECOMBINANT  
DOPAM INE D 4 RECEPTORS A Mills. C Chabert. E  Kawashitna. 
CM Stubbs and AG Hayes* Glaxo Institute for Molecular Biology  
S.A., Geneva, Switzerland and Neuropharmacology Dept., Glaxo 
Group Research Ltd, Ware, Herts. UK

The human dopamine D 4 receptor gene has been cloned as a chimeric 
D 4 receptor cDNA-gene hybrid (Van Tol et al, 1991). We 
synthetically modified this gene by removing tw o introns from the 
coding region. This was transfected into s.frugiperda (SF9) insect 
cells. High levels o f  [3H]-spiperone binding were observed (4-6  
pmol/mg protein) with a pharmacological profile identical to that 
reported for dopamine D 4 receptors expressed in COS-7 cells. 
Increased guanine nucleotide exchange, reflecting receptor activation 
o f  G-proteins, was measured as an increase in [35S]-GTPyS binding 
following stimulation o f  the SF9-D4 cells with the dopamine receptor 
agonist quinpirole. Non-infected SF9 cells or cells infected with non- 
receptor sequence showed no increase in response to quinpirole. 
Using this system a number o f  compounds have been assessed for their 
ability to stimulate or inhibit SF9-D4 receptor activity.

Van Tol, H.H.M. et al (1991). Nature, 350, 610-614.
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302.13
EXPRESSION OF HUMAN DOPAMINE D2 RECEPTOR IN BACULOVIRUS- 
INFECTED INSECT CELLS. I.A. lavitch*. I.Kaback. X. Li. and A. Karlin. 
Department of Psychiatry & Center for Molecular Recognition, 
Columbia University, & NYS Psychiatric Institute. NY, NY 10032.

The subtle differences in pharmacology among the three identified 
D2-like receptor types (D2, D3, D4) may have profound clinical 
ramifications for the treatment of psychosis. We have engineered a 
recombinant baculovirus containing the human D2 receptor cDNA 
(DRD2, 0 . Cvelli) to express the receptor in insect cells. Sf9, Sf21 and 
BTI-TN-5B1-4 (TN-5) cells were infected with the recombinant 
baculovirus, and membrane homogenates were assayed by the specific 
binding of the antagonist [3H]YM-09151-2 at various times after 
infection. Binding peaked at 36 hours in Sf9 and Sf21 cells and 24 
hours in TN-5 cells. The BMAX was 1.5-5 and 5-8 pmol/mg protein in 
Sf9 and TN-5 cells, respectively, approximately 40 times that of bovine 
striatum. The pharmacology of the expressed receptor was very similar 
to striatal receptor: The Kq for [3H]YM was 22 pM; K,'s for 
(+)butadamol and (-)sulpiride were 0.3 nM and 24 nM respectively. 
The agonist quinpirole inhibited binding with a Hill coefficient 
significantly less than one. Sodium chloride increased the affinity of 
[3H]YM binding to receptor. In addition, N-(p-azido-m-[125l]iodophenyl- 
ethyl)spiperone specifically labeled a doublet at 60k and 54k Da. 
Deglycosylation of these components with PNGaseF yielded one 
specifically labeled band at 46k Da. Thus the receptor is less heavily 
glycosylated in these cells than in striatum. Receptor expressed in 
these insect cells will be useful for biochemical investigation. 
(Supported by MH01030, NARSAD and the Stanley Foundation.)

302.15

EXPRESSION OF FUNCTIONAL Ũ4 and D2 DOPAMINE  
RECEPTORS USING VACCINIA VIRUS AS AN EXPRESSION 
SYSTEM. C. Bouvier*. J. Bunzow. H.H.M. Van TolO. L. McNeil.
C. Saez. J. Williams. D.K. Grandy and O. Civelli+. Vollum 
Institute, OHSU, Portland, OR 97201, OCIarke Inst, of 
Psychiatry, Univ. of Toronto, Toronto, Ont., Canada M5S 1A8 
and +PRTB Dept., Hoffmann-La Roche, Basel, Switzerland CH- 
4002.

Dopamine receptors have been implicated in several human 
disorders including schizophrenia. Among the D2-like family of 
dopamine receptors, the D4 dopamine receptor seems to be the 
primary target of atypical neuroleptics such as clozapine. In 
order to study the function of the D4 dopamine receptor, the 
human D4 cDNA containing two 48 bp-repeats (D4.2) was 
inserted into a vaccinia virus expression vector using 
homologous recombination techiques. After selection, the 
recombinant vaccinia virus-D4 construct was used to infect 
several types of cell lines including GH4C1 sommato- 
mammotrophs, Ltk- fibroblasts and RBL kidney cells. A 
recombinant vaccinia virus-D2 construct was also used in this 
study to demonstrate that vaccinia virus expression can be 
applied to the study of dopamine receptors. Sixteen to twenty 
hours post-infection (5 PFU of recombinant vaccinia virus/cell), 
the GH4C1, Ltk' and RBL cells expressed high levels of 
saturable D4.2 and D2 dopamine receptors. Moreover, we were 
able to demonstrate that both D4 and D2 are able to couple to 
second messenger pathways in these cell lines.

302.17

ACTIVATION OF HUMAN D4 RECEPTORS HETEROLOGOUSLY 
EXPRESSED IN CHO-ΚΙ CELLS AND HER 293 CELLS. C.L. Chip.
G.S. Gill. R.M. Huff and I. Abraham*. The Upjohn Company, Kalamazoo, 
MI 49001.

Human D4 dopamine receptors have been stably expressed in two cell 
lines, CHO-ΚΙ and HER 293. In both cell types, agonist affinities are 
regulated by guanine nucleotides. In both cell types dopamine agonists 
inhibit forskolin stimulated cAMP accumulation. In CHO-ΚΙ cells, 
dopamine also potentiates ATP stimulated arachidonic acid secretion 
through D4 activation with an ЕСң, of 15 nM. In CHO-ΚΙ cells, 
activation of D4 receptors leads to an increase in extracellular 
acidification measured with a Cytosensor microphysiometer. This 
response is blocked by pretreatment of the cells with pertussis toxin 
indicating the requirement of a sensitive G protein. The response is also 
blocked by antagonists such as (+) butaclamol and clozapine. D4 receptor 
mediated increases in extracellular acidification rates is not related to D4 
receptor mediated increases in extracellular arachidonic acid. The D4 
mediated changes in extracellular acidification are prevented by removal 
of [Na*]0 and by amiloride, methylisobutylamiloride and N,N 
dimethylamiloride suggesting that D4 receptor activation leads to an 
activation of an amiloride sensitive Na7H+ exchanger. Two membrane 
soluble cAMP analogs, CPTcAMP and 8 -Br-cAMP, partially reduced the 
D4 mediated signal suggesting that PKA activation may cause some 
desensitization of the D4 signal. All of the signalling events triggered by 
D4 receptor activation have been observed for D2 and D3 receptor 
activation, however, the maximum effects, the potency of the agonists and 
the regulation of the signalling events is variable for each dopamine 
receptor subtype.

302.14
EXPRESSION OF RAT DOPAMINE RECEPTORS IN THE BACULOVIRUS 
SYSTEM. V.A. Boundv*. R.P. Artvmvshvn. B.R. Monks and P.B. Molinoff. 
Department of Pharmacology, University of Pennsylvania School of Medicine, 
Philadelphia, PA 19104-6084

The cDNAs encoding the two isoforms of the D2 dopamine receptor were 
amplified from rat striatal cDNA, and the receptor proteins, D2L and D2$, were 
expressed in S p o d o p te r a  f r u g ip e r d a  insect (Sf9) cells using a baculovirus system. 
High levels of receptor expression were achieved 48 hr after infection of S19 cells 
with the recombinant baculovirus, AcMNPV-rD2L or AcMNPV-rD2s; levels were 
maximal 3 to 5 days after infection. Saturation isotherms using 125I-NCQ 298 
revealed a B „MX of 5-10 pmol/mg of protein and a K (i of 0.06-0.16 nM for both 
receptor isoforms. Upon solubilization of infected Sf9 cells with 1% digitonin, the 
K j  for 125I-NCQ 298 was 0.6-1.0 nM. Studies of the inhibition of the binding of 
125I-NCQ 298 to D2l and D2S receptors expressed in Sf9 cells by antagonists 
revealed the rank order of potency expected for the D2 receptor (spiroperidol > 
(+)butacIamol > sulpiride > SCH 23390). Spiroperidol displayed the highest 
affinity with a K j of 0.05 nM. Agonists also displayed inhibition coefficients in the 
expected rank order of potency for the D2 receptor (NPA > quinpirole > dopamine). 
NPA, K į = 50 nM, was the most potent of the agonists tested. The addition of GTP 
(300 μΜ) had no effect on the ability of agonist to inhibit the binding of ,25I-NCQ 
298 to either D2l or D2$ receptors expressed in Sf9 cells. Antisera raised to 
peptides of the third intracellular loop of the D2 receptor isoforms were able to 
recognize denatured receptor proteins in Western blots and to immunoprecipitate 
125I-NCQ 298 binding sites from solubilized AcMNPV-rD2L- and AcMNPV-rD2s- 
infected Sf9 cells. The baculovirus-insect cell system provides an enriched source of 
biologically and iminunologically active D2l and D2$ dopamine receptors that 
should be useful for studies of receptor properties and ligand specificity. (USPHS 
NS 18591, NARSAD)

302.16
THE HUMAN DOPAMINE D4 RECEPTOR: CONSTRUCTION AND 
CHARACTERIZATION OF STABLE MAMMAUAN CELL LINES 
EXPRESSING A SYNTHETIC D4 cDNA CLONE. R.Ì. Tritch. R.I. 
Zagursky. P.S. Conklin. Ĩ. Patterson. D.E. Grigoriadis*. R.A. Horlick. B.G. 
Sahagan CNS Diseases Research and Biotechnology Depart., The Du Pont 
Merck Pharmaceutical Co., Wilmington, DE. 19880-0400.

The presence of multiple dopamine receptor subtypes in the CNS offers 
hope that receptor subtype specific ligands may effectively ameliorate 
psychotic symptoms without generating serious extrapyramidal side 
effects. The dopamine D4 receptor has an unique localization in the brain 
and a high affinity for the atypical antipsychotic clozapine. In order to 
create stable mammalian cell lines expressing this human receptor, a 
synthetic dopamine D4 receptor cDNA was constructed whose nucleic acid 
sequence is significantly different from the endogenous human D4 receptor 
gene but which encodes a polypeptide with identical amino acid structure. 
Incorporated into the sequence were new restriction endonuclease sites, 
elimination of potential secondary structures in the mRNA and reduction of 
the G+C content. Stable expression of this synthetic cDNA was achieved in 
a variety of cell lines. The binding of [3H]spiperone to D4 receptors 
expressed in 293 cells was of high affinity (Kd-О.ЗпМ), specific, saturable 
and protein dependent. Pharmacological characterization revealed the 
appropriate rank order profile for dopaminergic agonists and antagonists 
with high affinity for clozapine (Кр-ЗОпМ). Dopamine itself exhibited 
binding to two affinity states of the D4 receptor in approximately equal 
amounts with Ki values of lOnM and 900nM suggesting that D4 receptors 
expressed in 293 cells are coupled to guanine nucleotide binding protein.

302.18

RAPID PURIFICATION OF HISTIDINE-TAGGED D 2 DOPAMINE  
RECEPTOR USING A N i2+*NTA AFFINITY COLUMN. S. Maltais
G. Drolet* and P. Falardeau. Génétique M oléculaire, CHUL, and 
School o f Pharmacy, Laval Univ., Québec, Canada, G1V 4G2

Up to now, the purification o f D2 dopamine receptor (D2R) was 
a lim iting step for the elaboration o f  strategies for its biochemical 
studies. To facilitate the purification o f the D2R expressed in cells  
lines, we have designed an expression vector containing a modified 
D2R. A sequence coding for six histidine residues have been added to 
the 5 ’ end o f the short isoform o f the human D2R cD N A  and inserted 
downstream o f a cytomegalovirus promotor (pCM V5/His-D2). Mouse 
fibroblast cells (LtK*) were co-transfected with pCM V5/His-D2 vector 
and a plasm id that confers resistance to neom ycin (pRSV N eo). 
Follow ing selection with the antibiotic, clonal cells were screened for 
[3H] spiroperidol binding. A clone expressing 450 fmol /  mg o f protein 
was selected for our studies. Results showing the functional integrity o f  
the receptor w ill be presented. When compared to the native D2R  
expressed in LtK' ce lls , pharm acological characterization o f  the 
modified receptor revealed no differences for the affinities o f various 
agonists and antagonists. In this system, the solubilized receptor (1.56 
mg o f  digitonine /  mg o f  protein) can be purified (>95% purity) in a 
single step using a N İ2+ nitrilotriacetic acid affin ity  colum n  
(Ni2+*NTA*agarose) which has a high affinity for histidine residues. 
Our results show that this system will be useful for studying the post- 
translational modifications o f the D2R. (Supported by a MRC grant)
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303.1
PHOSPHORYLATION OF TYROSINE HYDROXYLASE TETRAMERS 
BY PROTEIN KINASES A AND C. J.W. Haycock1*, J.Y. Lew. J. Wu 
and M. Goldstein2. 1Dept Biochem Molec Biol, LSU Med Ctr, New 
Orleans, LA and 2Neurochem Res Labs, NYU Med Ctr, New York, NY.

Protein kinase A (PKA) phosphorylates tyrosine hydroxylase (TH) 
selectively on Ser40, producing an increase in catalytic activity of TH. 
Several other protein kinases can also phosphorylate Ser40 in vitro. 
Protein kinase C (PKC) phosphorylates TH selectively at Ser40, and 
Ca/CaM kinase II phosphorylates Ser40, in addition to S eri9. However, 
the phosphorylation of Ser40 by PKC or Ca/CaM kinase has failed to 
activate TH in several studies. According to one hypothesis, TH activation 
requires phosphorylation of all four Ser40 residues in the TH tetramer, of 
which only PKA is postulated to be capable. To test this, we studied the 
stoichiometry of TH tetramer phosphorylation using antibodies selective for 
phospho- and dephospho-Ser40. Purified PC12 TH was phosphorylated 
submaximally with purified PKA or PKC in the presence of 32P-ATP, and TH 
tetramere were precipitated under non-denaturing conditions with 
α-phospho- and a-dephospho-Ser40. TH protein and 32P incorporation 
were determined after SDS-PAGE and transfer. “ P-TH was quantatitively 
precipitated by ot-phosphoSer40; however, qualitative differences in 32P 
stoichiometry of TH tetramers phosphorylated by PKA or PKC were not 
observed. Moreover, TH precipitation by a-dephospho-Ser40 was 
inversely related to TH phosphorylation by either kinase, suggesting that 
stoichiometrically phosphorylated tetramers were produced by PKA and by 
PKC. Thus, partial TH tetramer phosphorylation does not appear to explain 
the reported inability of PKC to activate TH. [Supported by USPHS grants 
NS25134, MH02717, and MH43230.]

303.3
PROLACTIN ACTIVATION OF TYROSINE HYDROXYLASE IN  
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONS IS MEDIATED 
BY A PROTEIN KINASE C-DEPENDENT MECHANISM. V. Le viel*, В. 
Guibert, O. Frain and C. Pasqualini. Institut A.Fessard, C.N.R.S., 91198 
Gif-sur-Yvette Cedex, France

The mechanism of the short-term activation by prolactin (PRL) of 
tyrosine hydroxylase (TH) in tuberoinfundibular dopaminergic neurons was 
examined in vitro on hypothalamic slices from ovariectomized rats. TH 
activity (determined by DOPA accumulation in the median eminence (ME) 
after blockade of decarboxylase with NSD 1055) showed a dose-dependent 
increase within 2Һ of incubation of the slices with PRL.

To determine whether a phosphorylation process was involved in this 
increase in TH activity, we studied the sensitivity of the enzyme to 
dopamine (DA) feedback-inhibition (by calculating TH constant of 
inhibition by DA: KipA). In control MEs, 2 kinetically different forms of TH 
coexisted, one exhibiting а KiDA of 29.92 ±  0.49 μΜ, the other being ~ 15 
fold more sensitive to DA inhibition with a KiDA of 1.96 ±  0.09 μΜ, likely 
corresponding to a phosphorylated and active form and to a non 
phosphorylated and less active form respectively. After PRL treatment, the 
KiDA of the purported active form of TH increased to 61 ±  1.6 μΜ, 
suggesting an increase in the enzyme phosphorylation. This increase in the 
KìDa o f TH was selectively prevented by GF 109203X, a potent and 
selective inhibitor of protein kinase-C (PKC), but not by a specific inhibitor 
of PKA or calmodulin. Moreover, this action of PRL could be mimicked by 
TPA (a direct activator o f PKC). Whereas the low KiDA-TH form remained 
unaffected by PRL or dibutyryl cAMP treatment of the tissue, it could be 
activated by cAMP after protein solubilization, suggesting that in situ TH 
molecules which are not soluble are not readily accessible to kinases. These 
results suggest that PRL, at the ME level, activates TH by increasing the 
enzyme phosphorylation, an action which may involve PKC.

303.5
MULTIPLE STRUCTURE AND REGULATION OF BOVINE ADRENAL 
TYROSINE HYDROXYLASE (TH). Tan»*. M. and Yakabe. E. The Department of 
Neurobiology and Anatomy, U. of Texas Med. Schl, Houston, TX 77030.

TH, the enzyme catalyzing initial and rate-limiting step in catecholamine (CA) 
biosynthesis is beleived to be tetramer of four identical subunits. Based on the 
cDNA predicted structure, each subunit has MW of 55 kDa. As TH is believed to 
regulate CA synthesis through the phosphorylation of its N-terminal domain, the 
relationship between phosphorylation and the enzyme activity have been intensively 
studied. Ca++/calmodulin-dependent protein kinase Π (СаМКП) is reported to 
phosphorylate ser 19 and ser 40, at a ratio of 7:4 (Funakoshi et al. J. Biol. Chem., 
266:15614,1991) and is activated by this phosphorylation only in the presence of an 
activator protein. In addition both cAMP-dependent protein kinase (PKA) and 
protein kinase C (PKC) phosphorylate ser 40. Funakoshi et al. report that only PKA 
activates the enzyme while Albert et al. (PNAS 81: 7713,1984) report that the PKC 
phosphorylation of ser 40 activates TH. To better establish the relationship between 
serine residue phosphorylation and enzyme activity, TH was purified from bovine 
adrenal medulla by a modification of the method of Richtand et al. (J. Biol. Chem. 
260: 8465, 1985). The enzyme activity eluted as two peaks on Mono Q column 
chromatography, designated TH1 and TH2 based on order of elution. Both peaks 
yielded identical 55 kDa subunits by SDS-PAGE, but were different than previously 
described when analyzed by native gradient gel electrophoresis; TH1 migrated as a 6 
mer and TH2 as a 8-10 mer. No tetramer was observed. Analysis of the 
phosphorylation of the two types of TH by СаМКП, PKA and PKC showed both TH1 
and TH2 to be activated by all three protein kinases. However, the two types of TH 
differed in the degree phosphorylation and activation produced by the three kinases. 
In addition СаМКП phosphorylated ΊΉ1 on ser 19 and ser 40 at a ratio of 5:1 and 
ΊΉ3 at a ratio of 2:1. These results suggest that TH exists as at least two different 
multimer forms in adrenal medulla, that neither of these forms is a tetramer, and that 
the two forms are phosphorylated and regulated differently form one another.

303.2
THE RECOGNITION OF PHOSPHO-STATE AND SITE-SPECIFIC 
TYROSINE HYDROXYLASE (TH) BYANTI-pTH-16. K.Y. Lee* J.Y. Lew,
J. Wu. D. Tana and M. Goldstein. Neurochem. Res. Labs, N.Y.U. Medical 
Center, NY, NY 10016.

We generated antibodies, anti-pTH-16, against a phosphorylated peptide 
which corresponds to a segment of TH (AA: 32-47) (Lew, J.Y. et al. Proc. 
Soc. Neurosci. 18:578.13, 1992). To further characterize the specificity of 
anti-pTH-16 for the phospho form of the enzyme we have determined its 
effects on TH activity stimulated by forskolin- or 8-Br cAMP-elicited 
phosphorylation. Incubation of striatal slices for 30 min at 37°C with 8-Br 
cAMP (0.1 mM) or with forskolin (0.1 mM) resulted in an increased TH 
activity by 75 and 60%, respectively. The stimulated TH activity elicited by 
8-Br cAMP or forskolin was abolished following immunoprecipitation of the 
enzyme with anti-pTH-16 (10 μΙ of anti-pTH-16 and 50 μΙ of protein A 
Sepharose beads). The immunoprecipitation with the antibodies decreased 
stimulated striatal TH activity and had no effect on the basal. These results 
suggest that anti-pTH-16 recognizes only phosphorylated TH and that non- 
stimulated TH isolated from the incubated striatal slices is not recognized by 
anti-pTH-16. To further determine the specificity of anti-pTH-16 we 
analyzed their interaction with recombinant phosphorylated wild type TH 
and with serine-40 mutant (Ser40->Leu) expressed in AtT-20 cells.
Western blot analysis shows that anti-pTH-16 recognizes the 
phosphorylated, but not the nonphosphorylated recombinant wild type 
enzyme. The antibodies do not recognize the recombinant phosphorylated 
mutant enzyme in which the Ser40, but not the other phosphorylation sites, 
was abolished. These findings indicate that the antibodies differentiate 
between state- and site-specific phospho forms of the enzyme. Supported 
by NIMH Grants 02717 and 43230.

303.4
THE RAT TYRO SINE HYDROXYLASE GENE CONTAINS 
M ULTIPLE cAM P INDUCIBLE PROM OTER ELEMENTS. J.A. 
Best*, Y. Chen and A.W. Tank . Dept. of Pharmacology and Dept. of Dental 
Research, Univ. of Rochester, Rochester, NY 14642

The cAMP-mediated signal transduction pathway has been shown to 
stimulate tyrosine hydroxylase gene expression. The mechanism(s) by which 
cAMP stimulates TH gene expression is not completely understood, but 
presumably involves activation of nuclear protein factors which bind to and 
stimulate the TH gene promoter. The TH gene promoter contains a consensus 
cAMP response element (CRE) at -45 to -38 which binds nuclear protein 
factors and is functionally active. Our lab has been studying a region of the TH 
gene promoter (-108 to -58) that binds to PC 12 cell nuclear proteins. DNase I 
footprint assays have identified two regions of protein interaction, TH RE 1 
(-97 to -90) and TH RE 2 (-83 to -78). The TH RE 1 sequence shares 
homology with the cAMP inducible element ENK CRE 1 of the proenkephalin 
gene promoter. The TH RE 2 sequence is palindromic and shares homology to 
the consensus CRE. To test whether the TH RE 1 and TH RE 2 sequences are 
functionally active, site directed mutagenesis was performed on the TH gene 
promoter reporter gene construct TH0.3-CAT, a chloramphenicol 
acetyltransferase (CAT) expressing plasmid containing the TH gene promoter 
-272 to +27. The wild type and mutagenized promoter constructs were 
transfected into rat pheochromocytoma PC 12 cells which were subsequently 
treated with 0.1 mM 8-CPT-cAMP. cAMP treatment induced CAT expression 
four fold in PC12 cells transfected with either the wild-type TH0.3-CAT 
construct or a TH0.3-CAT construct containing a mutagenized TH RE 2 
sequence. In contrast, cAMP treatment produced only a two fold induction of 
CAT expression in PC 12 cells transfected with a TH0.3-CAT construct 
containing a mutagenized TH RE 1 sequence. These data demonstrate that in 
transfected PCI2 cells the TH RE 1 promoter sequence is a functionally active 
cAMP inducible enhancer. (Supported by DA 05014 and DE 00159)

303.6
HYPOXIA-ACTIVATED CYTOPLASMIC PROTEIN BINDS TO A SPECIFIC 
SEQUENCE IN THE 3' UNTRANSLATED REGION OF TYROSINE 
HYDROXYLASE mRNA. M.F. Czvzvk-Krzeska*. E.E. Lawson & D.E. Millhom 
The U n ivers ity  o fN o rh  C a ro lin a  a t  C h a p e l H ill, 2 7 5 9 9 -7 5 4 5

Environmental hypoxia increases stability of mRNA for tyrosine hydroxylase 
(TH), the rate limiting enzyme in catecholamine synthesis, in pheochromocytoma 
(PC 12) cells. The half-life of TH mRNA is augmented by 4-5 fold during hypoxia (5% 
O2 ). We investigated interactions between different fragments of labelled TH mRNA 
and cytoplasmic proteins extracted from PC 12 cells exposed to 21% and 5% O2 using 
gel retardation assays. We found a sequence in the 3' untranslated region of TH 
mRNA that binds cytoplasmic protein. This binding is enhanced when cytoplasmic 
proteins are extracted from PC 12 cells exposed to hypoxia. The specificity of this 
binding was demonstrated by its elimination following incubation with 20x excess of 
non-labelled specific TH mRNA but not with lOOx excess of plasmid mRNA. RNAse 
T1 mapping revealed that the protein binds to a 28 nucleotide sequence between bases 
1551-1579 of TH mRNA. This sequence is pyrimidine rich and computer analysis 
shows that this region may be located in the middle of a stem-loop secondary structure 
in the 3' untranslated region of TH mRNA. In adition, this sequence is 70% 
homologous to the fragment of the 3' untranslated region of erythropoietin mRNA that 
was reported to bind a hypoxia activated protein. We also found that the binding of 
protein to TH mRNA is affected by changes in the oxydo-redox potential, i.e. 
oxidation with diamide abolishes the binding which is reveresd by reducing agents (β- 
mercaptoethanol). Electrophoresis of the UV-crosslinked RNA-protein complex on the 
SDS-PAGE revealed that the protein bound to the identified sequence of TH mRNA is 
approximately 70 kD and is activated by pretreament of PC 12 cells with 5% O2 . We 
believe that binding of this hypoxia activated protein may be responsible for increased 
TH mRNA stability during reduced oxygen conditions.
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303.7
OXYGEN SIGNAL TRANSDUCTION AND REGULATION OF 
TRANSCRIPTION OF THE TYROSINE HYDROXYLASE (TH) GENE BY 
REDUCED 0 2 TENSION IN PC12 CELLS. M.L. Norris. M.F. Czvzvk-Krzeska 
and D.E. Millhom.* The U n ivers ity  o f  N o r th  C a ro lin a , C h a p e l H ill, N .C . 2 7 5 9 9 .

Dopamine is a primary neurotransmitter in the 0 2 sensitive (type I) cells of the 
carotid body and in pheochromocytoma (PC 12) cells, which are morphologically and 
functionally similar to type I cells. Gene expression for TH, the rate-limiting enzyme 
in dopamine synthesis, is induced by hypoxia in both type I and PC 12 cells. The 
increase in TH gene expression in PC 12 cells is due to increases in both the rate of 
transcription and TH mRNA stability. The present study was undertaken to identify 
the molecular mechanisms that regulate transcription of the TH gene during hypoxia. 
PC12 cells were transfected with plasmid constructs that contained 5' flanking 
sequences of the TH gene fused to a CAT reporter gene and exposed to either 
normoxia (21% 0 2) or hypoxia (5% 0 2). We found that 0 2 responsiveness is mediated 
by sequences located between -284 and -37 relative to transcription start site. This 
fragment contains a number ofc/s regulatory elements ( e g CRE, API). Gel retardation 
assays revealed protein interactions with this fragment which are altered by hypoxia. 
In addition, we found that cGMP level is increased in PC 12 cells during hypoxia and 
that pharmacological blockade of cGMP (LY83583, methylene blue) prevents 
activation of the (-284)TH-CAT construct during hypoxia. Moreover, elevation of 
cGMP (nitroprusside, 8-Bromo-cGMP) stimulated TH gene transcription. We 
examined the possibility that the 0 2 sensor in PC 12 cells is a heme protein. Chelation 
of free iron by pretreatment of PC 12 cells with deferoxamine blocked induction of TH 
gene transcription during hypoxia. In addition, substitution of cobalt or nickel for the 
central iron atom in heme prevented the hypoxia induced increase in TH mRNA. 
Taken together these findings indicate that a heme-containing protein is the 0 2 sensor 
in PC 12 cells and that a cGMP-related mechanism is involved in the signal 
transduction pathway that mediates transcription of the TH gene during hypoxia.

303.9
THE TH GENE EXPRESSION IN VTA IS RELATED TO DA  
FUNCTION IN AM YGDALA. ROLE OF CHRONIC IMIPRAMINE. 
R Naquet*. A.Lavergne. N.Faucon Biguet and V X eviel. IAF, CNRS, 
91198 G if sur Yvette, France.

The aim o f  the present study was to determine whether chronic 
imipramine treatment which impairs dopaminergic transmission in 
amygdala (AM YG) also alters the tyrosine hydroxylase (TH) gene 
expression in Ventral Tegmental Area (VTA). Rats were daily injected 
with 10 mg/Kg imipramine during 21 days. Two days after the last 
injection, brains were sliced in 25 pm frontal sections and collected on 
nitrocellulose filters. TH mRNA amount was evaluated with an 
original method using in situ RN A  hybridization. TH protein amount 
was measured on neighbouring sections, by in situ immuno-staining. 
TH activity was assayed on different animals submitted to the same 
treatment, using an in vitro method under phosphorylating conditions 
or not. TH activity in the amygdaloid complex was decreased by 
imipramine but increased when measured under phosphorylating 
conditions showing that treatment alters the level o f  the protein 
phosphorylation. In contrast an increased TH protein amount was 
observed in AM YG and VTA. TH mRNA was decreased in VTA  
confirming previous observations (Leviel et al., J.Neurochem. 54, 899- 
904, 1990) and suggesting that TH protein accumulation in the cell 
body could constitute an intracellular retrograde message modulating 
the TH gene expression.

303.11
LATE AFTERNOON MELATONIN ADMINISTRATION DECREASES 
TUBEROHYPOPHYSIAL AND TUBEROINFUNDIBULAR DOPAMINE IN MALE 
SYRIAN HAMSTERS. N.A. Alexluk*. J.P. Vriend. and M. Uddln. Dept. of 
Anatomy, Univ. of Manitoba, MB, Canada R3E 0W3, and Dept. of Anatomy, 
Meharry Medical College, Nashville, TN 37208 

In the present study, the temporal effects of late afternoon administration of 
melatonin on the in situ activity of tyrosine hydroxylase (TH) were examined 
in the mediobasal hypothalamus (MBH) and In the neurointermediate lobe
(NL) of the pituitary of male Syrian hamsters. Activity of TH was determined 
by the accumulation of L-DOPA following administration of the L-aromatic 
amino acid decarboxylase Inhibitor, NSD-1015. TH activity of the NL was 
significantly reduced after 3 weeks erf melatonin treatment - this was 
associated with a decrease in norepinephrine (NE) content. However, these 
melatonin-induced effects were no longer significant after 5 weeks. Dopamine 
(DA) content of the pituitary NL was progressively decreased by melatonin, 
with a reduction of greater than 50% after 5 weeks of treatment. Evidence for 
a melatonin-induced inhibition of TH activity in MBH was demonstrated after 
1 week of melatonin treatment concomitantly with decreases in tissue content 
of NE. Significant reductions of DA content in MBH of melatonin-treated 
hamsters, however, were not found until after 5 weeks of treatment, when TH 
activity was not significantly different from controls. Data showing decreased 
testicular weights at 5 weeks raised the issue of the physiological significance 
of melatonin-induced modulation of catecholamine metabolism. The present 
data are consistent with the interpretation that decreases in TH activity in 
melatonin-treated hamsters may predominantly reflect catecholamine synthesis 
in noradrenergic neurons. The inhibition of tuberoinfundibular and 
tuberohypophysial DA content, however, was not shown to be related to 
changes in TH activity In the present study.

303.8
REGULATION OF TYROSINE HYDROXYLASE (TH) mRNA BY 
HYPOXIA IN PC12 CELLS REQUIRES DE NOVO PROTEIN SYNTHESIS. 
R.K. Kanter*. M.F. Czvzvk-Krzeska. D.E. Millhom. U n iv e r s ity  o f  N o r th  C a ro lin a , 
C h a p e l H ill, N .C . 2 7 5 9 9 , a n d S U N Y  H e a lth  S c ie n c e  C en te r , S yra cu se , N.Y. 1 3 2 1 0  

Acute exposure to hypoxia results in an increase in TH mRNA level in rat carotid 
body oxygen sensitive cells as well as pheochromocytoma (PC 12) cells in culture 
(Soc Neurosci Abstracts 1992; 18: 1377). The present report describes experiments 
performed in PC12 cells to further characterize the hypoxic response and to 
determine the role of d e  n o vo  protein synthesis in hypoxic regulation of the TH gene. 
TH mRNA levels were measured by Northern blot hybridization of total cellular 
RNA extracted from cells after exposure to experimental conditions. TH mRNA level 
increased progressively throughout the hypoxic range of 15-5% oxygen compared to 
normoxia (20% oxygen). A six hour exposure to 5% oxygen typically results in at 
least a 1.5 to 2 fold increase in TH mRNA level. Pretreatment of cells with 
cycloheximide for 2-6 hours to prevent protein synthesis almost completely 
eliminated the TH mRNA response to hypoxia (5% oxygen for 6 hours). However, 
cycloheximide pretreatment had little effect on the constitutive level of TH mRNA, 
and did not impair cell viability as determined by cellular exclusion of trypan blue. 
The 5' flanking region of the TH gene contains an AP-1 consensus sequence. In view 
of the possible transcriptional regulatory role of the c-fos gene, we investigated the c- 
fos mRNA response to hypoxia (5% oxygen). The TH mRNA hypoxic increase over 
6 hours was preceeded by a large increase of c-fos mRNA from its negligible level of 
constitutive expression. In PC12 cells, expression of the TH gene is regulated by 
oxygen tension throughout the physiologic range. Transduction of the hypoxic 
stimulus is dependent on d e  n o v o  synthesis of a protein factor, perhaps involving 
transcriptional regulation of the TH gene by Fos protein.

303.10
THE EFFECTS OF COCAINE ON THE [ R  VIVO HYDROXYLATION OF 
TYROSINE IN RAT BRAIN. D. Venable. R.J. Wvatt. R. Li. D.G. Kirch. 
Y. Shen* and J.M. Masserano. Neuropsychiatry Branch, NIMH 
Neuroscience Center, Washington, D.C. 20032.

The in vivo hydroxylation of tyrosine in the nucleus accumbens, 
striatum, frontal cortex, ventral tegmental area, substantia nigra 
and hypothalamus was evaluated after treatment with cocaine. 
Cocaine (10 mg/kg) was administered i.p. twice a day for seven 
days. Two weeks after the last injection baseline locomotor activity 
was significantly lower (29%) in rats treated with cocaine 
compared with saline treated rats. Challenge with cocaine (2.5 
mg/kg, 5.0  mg/kg) or d-amphetamine (1 mg/kg) produced equal 
and significant increases in locomotor activity above their 
corresponding baseline values in both saline and cocaine treated 
rats, indicating that behavioral sensitization had not occurred. 
Tyrosine hydroxylation was determined by HPLC measurement of 
DOPA accumulation in the brain 35 minutes after the i.p. injection 
of the DOPA decarboxylase inhibitor NSD-1015. Cocaine 
administration produced a significant decrease in tyrosine 
hydroxylation in the frontal cortex (30%) and nucleus accumbens 
(34%) compared with saline treated rats six weeks after cocaine 
administration with no significant differences after two weeks. This 
inhibitory effect of cocaine on tyrosine hydroxylation in the rat 
brain may provide an animal model for the long-term deficit 
symptoms seen in humans following cocaine withdrawal.

303.12
MUSCARINIC CHOLINERGIC RECEPTOR-MEDIATED REGULATION OF 
TYROSINE HYDROXYLASE GENE EXPRESSION IN RAT 
PHEOCHROMOCYTOMA CELLS. Y.Chen* and A.W.Tank. Department of 
Pharmacology, University of Rochester, Rochester, NY 14642.

Tyrosine hydroxylase (TH) gene transcription rate is stimulated in the adrenal 
medulla of rats treated with either nicotinic or muscarinic cholinergic agonistes. In 
order to study the mechanisms involved in muscarinic cholinergic regulation of TH 
gene expression, the ml muscarinic acetylcholine receptor (mlAChR) was stably 
transfected into PC 18 cells. Upon stimulation of PC18/ml cells with carbachol, both 
IP3 and intracellular Ca2+ concentrations were increased, and these increases were 
blocked by the muscarinic antagonist, atropine (IC50=10-*M). cAMP levels were also 
slightly increased. Further experiments suggest that this increase in cAMP was 
dependent upon increased intracellular Ca2* concentrations because it was blocked by 
calmodulin inhibitors. When PC18/ml cells were treated with 100 μΜ carbachol for 
3 hours, TH mRNA was induced. In order to investigate the cis-elements mediating 
this induction of TH gene expression, we transiently transfected PC18/ml cells with 
TH gene promoter-driven chloramphenicol acetyltransferase (CAT) expression vectors. 
The wild-type pTH-CAT (pTH.3(WT)-CAT) contains the region from -272 to +27 of 
the TH gene promoter linked upstream to the coding region of CAT. The mutant 
constructs [pTH.3(mCRE)-CAT, pTH.3(mAPl)-CAT, pTH.3(mCRE,mAPl)-CAT] 
contain this same promoter region in which the cyclic AMP response element (CRE), 
TPA response element (API), or both (CRE,API) were mutagenized. Carbachol 
increased the expression of CAT 3-4 fold in PC18/ml cells transfected with 
pTH.3(WT)-CAT. This carbachol effect on ΤΉ-promoter driven CAT expression was 
partially blocked by either mutating the CRE or the API site, and totally blocked by 
mutating both these elements. The results suggest that stimulation of the mlAChR 
activates TH gene transcription rate and that this activation is mediated by CRE and 
API sequences in the TH gene promoter. (Supported by DA 05014).
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303.13
INDUCTION OF TYROSINE HYDROXYLASE TRANSCRIPTION  
BY BASIC FIBROBLAST GROWTH FACTOR IN PC12 CELLS.
H. Osaka" and E.L. Sabban. Dept. Biochem. & Mol. Biol. New  
York Med. Coll. Valhalla, NY 10595 .

Tyrosine hydroxylase (TH), the major rate limiting enzyme 
in catecholamine biosynthesis, is subject to regulation by a 
variety of agents, including growth factors. Basic fibroblast 
growth factor (bFGF), a multifunctional growth factor that 
increases survival and neurite outgrowth of neurons from  
various brain areas, elicits outgrowth of neuronal like 
processes from PC 12 cells.

We examined the effect of bFGF on expression of TH in 
PC12 cells. Treatment of PC12 cells with 10 ng/ml of bFGF 
led to a 2-fold induction of TH mRNA after б hrs and 3 .4  fold 
after 24  hr. To see if the effect is transcriptional and which 
promoter elements in the TH gene may be involved in the 
regulation by bFGF, PC12 cells were transfected with various 
constructs in which CAT activity was under control of the rat 
TH promoter (p5'TH  CAT). CAT activity was induced by bFGF 
in these cells, indicating that bFGF is regulating TH mRNA 
levels by transcriptional activation. Promoter deletion analysis 
showed, in contrast to the effect of nerve growth factor, that 
the AP-1 site (at -2 00  to -206) was not essential for the 
regulation of the TH gene expression by bFGF.

303.15
REGULATION OF THE LEVEL OF THE TYROSINE HYDROXYLASE 
COFACTOR, TETRAHYDROBIOPTERIN, IN BOVINE ADRENAL CHRO
MAFFIN CELLS: DECLINE WITH TIME IN CULTURE AND INDUCTION 
BY NICOTINIC STIMULATION. Jack C. Wavmire1. June E, Ayling2 and Gale
L. Craviso3*. 'Dept. Neurobiology and Anatomy, Univ. Texas Med. Sch., 
Houston, TX 77225, Tiept. Pharmacology, Univ. S. Alabama Col. Med., Mobile, 
AL 36688 and 3Dept. Pharmacology, Univ. Nevada Sch. Med., Reno, NV 89557.

We previously reported that tyrosine hydroxylase (TH) levels increase 2-3-fold 
whereas in s itu  dopamine synthesis rates increase 4-7-fold when isolated bovine 
adrenal chromaffin cells are continuously exposed to the nicotinic agonist di- 
methylphenylpiperazinium (DMPP; 1 μ Μ )  for several days. In the present studies 
we examined whether an increase in BH4 levels contributes to the pronounced 
rise in dopamine synthesis rates relative to the increase in TH levels. Initial 
studies showed that adding a lipophilic BH4 analog to DMPP-treated cells during 
assay of in s itu  dopamine rates negated the difference in the magnitude of the 
increase in dopamine production versus TH levels. Direct measurement of BH4 
content further showed that cofactor levels were severalfold higher in cells 
treated with DMPP. This effect of DMPP on BH4 levels was inhibited by 
cycloheximide. Time course studies showed that DMPP caused a progressive rise 
in BH4 content over time. Unexpectedly, BH4 levels in untreated cells steadily 
declined over the same time period, contrasting sharply with stable levels of TH. 
In freshly isolated cells, BH4 content was 30-50 pmol/106 cells and by day 9 in 
culture, BH4 content was less than 5 pmol/106 cells. Neither biopterin nor BH2 
levels underwent any change. A particularly significant finding was that dopamine 
synthesis rates were not reduced by the decline in BH4 content. Taken together, 
our studies show that BH4 levels are regulated by nicotinic stimulation. 
Moreover, although an increase in BH4 concentration elicited by DMPP 
increases the rate of dopamine synthesis, the decrease in BH4 levels that occurs 
in the absence of nicotinic stimulation does not appear to have any effect on the 
rate of dopamine production, the reason for which is presently not known. 
Supported by NS 11061, NS26662 and NS27550.

303.17
A R O M A T IC  L-AM INO A C ID  D E C A R B O X Y L A S E : II EV ID EN C E  FO R  EN ZYM E 
M O D U LA TIO N  IN BRA IN  B Y  A  PRO TEIN  K IN A S E  C M ED IA TED  E V E N T . M . 
H ad iico nstantino u*123. E .A . Young3 and N .H . N eff13. Departm ents of 
Pharm aco logy1, P sych ia try2 and the N eurosc ience Program 3, The Ohio State 
U n ive rs ity  College of M edicine, Co lum bus, Ohio 4 3 2 1 0 .

A rom atic L-amino acid d ecarboxy lase  (A A A D ) is required for the 
syn th es is  of catecho lam ines, -trace am ines and serotonin . In retina and 
striatum  A A A D  activ ity  is enhanced during neuronal activation  and by 
neuro leptic drugs and dim inished by dopamine (DA) receptor agon ists . The 
m echan ism (s) for modulation is u nkno w n , h ow ever, enzym e 
phosphorylation is probable. For exam ple , in jecting fo rskolin  or 8-Br-cyclic- 
A M P  into the lateral ventric le  of anesthetized m ice resu lts in s ign ificant 
enhancem ent of A A A D  activ ity  in the striatum  and m idbrain. Th is 
observation is co nsistent w ith  the presence o f the appropriate m otif (serine 
residues 2 2 0  and 336 ) for phosphorylation of A A A D  by a cyclic-A M P- 
dependent protein k inase . Exam ination o f the structure  revea ls a potential 
site  for phosphorylation by Protein K inase C  (PKC ) (Se r 3 6 9 ) as w e ll. W e 
observed that injecting phorbol 12-m yristate 1 3 -acetate (PM A) 
in traventricu larly enhanced A A A D  activ ity  of the stria tum . There  w a s  a 
transient rise that peaked at about 3 0  min and returned to baseline by 
about 9 0  m in. In co ntrast, the inactive phorbol ester 4-a-phorbol 12- 
m yristate 13-acetate and pretreatm ent w ith  cyclohexim ide did nothing. 
M oreover, the P K C  inhibitor chelerythrine prevented the rise  of A A A D  
induced by P M A . K inetic ana lysis revealed an increase  o f the V max w ith  no 
change o f K m for the L-D O PA or B 6 . Our resu lts are co nsisten t w ith  the 
hypothesis that A A A D  activ ity  in brain can be m odulated, in part, by a PKC  
dependent phosphorylation event.

303.14
STIMULATORY EFFECT OF C-TYPE NATRIURETIC PEP
TIDE ( CNP ) ON CATECHOLAMINE SYNTHESIS IN CUL
TURED BOVINE ADRENAL MEDULLARY CELLS. M. Tsut- 
sui. N. Yanagihara, H. Kobayashi, A. Kuroiwa 
and F. Izumi*. Dept. of Pharmacology, 2nd Dept. 
of Int. Medicine, Univ. of Occup. & Envir. 
Health, Sch. of Med., Kitakyushu 807, Japan 

ffe e x a m i n e d  the e f f e c t s  of CNP on cGMP 
p r o d u c t i o n  and c a t e c h o l a m i n e  s y n t h e s i s  in 
cultured bovine adrenal medullary cells. 1)CNP 
increased cellular cGMP content. The effect of 
CNP was most po t e n t  among· the n a t r i u r e t i c  
peptide family. 2)CNP-induced cGMP production 
was attenuated by endothelin, angiotensin II, 
for skoli n and T P A , but p o t e n t i a t e d  by NaCl 
hypertonic medium. 3)CNP stimulated the synthe
sis of ^ C - c a t ec ho l am in e  f ro m 1 4 C -t yrosi ne
synthesis. 8-Bromo cGMP and sodium nitroprus- 
side(SNP) also sti mu l a t e d  the synthesis. 4) 
CNP, 8-bromo cGMP and SNP increased tyrosine 
hydroxylase(TH) activity. These results suggest 
that in the adrenal medulla, CNP is a potent 
agonist for cGMP production, and it is mod u
lated by endothelin, angiotensin II, cAMP, 
protein kinase C and NaCl hypertonic condition. 
CNP may stimulate catecholamine synthesis via 
the cGMP-dependent activation of TH.

303.16
A R O M A T IC  L-AMINO A C ID  D E C A R B O X Y L A S E : I E V ID EN C E  FO R  EN ZYM E 
M O D U LA TIO N  IN BRA IN  B Y  A  C Y C L IC -A M P  M ED IA TED  E V EN T . E .A . 
Y o u n g *3, N .H . N eff1·3 and M . H ad iiconstantinou12'3. Departm ents of 
Pharm aco logy1, P sych ia try2 and the N euroscience Program 3, The Ohio State 
U n ive rs ity  College of M edicine, Co lum bus, Ohio 4 3 2 1 0 .

A rom atic L-amino acid decarboxy lase (A A A D ) is the second enzym e in 
the sequence leading to the syn th es is of the catecho lam ines and serotonin , 
and it is the rate-lim iting enzym e for the syn th es is  of the trace  am ines. In 
retina and striatum  A A A D  activ ity  can be enhanced by neuronal activ ity  
and neuroleptic drugs and dim inished by dopam ine (DA) receptor agon ists . 
In P ark inson 's d isease it is the rate controlling enzym e for the syn th es is  of 
DA  w hen L-DO PA is adm inistered thus any change of A A A D  a ctiv ity  could 
have sign ificant clin ical consequences. Based on the observation  that there 
are at least 2 likely sites (Ser 2 2 0  and 3 3 6 ) on A A A D  w ith  the appropriate 
m otif for phosphorylation by a cyc lic-A M P dependent protein k inase , w e  
in jected either forskolin or 8-Br-cyclic-A M P into the lateral ven tric le  of 
anesthetized m ice and assayed  A A A D  activ ity  in the striatum  and m idbrain. 
There  w a s  a transient increase of activ ity  in both regions reaching a 
m axim um  between 15-30  min and returning to baseline by about 9 0  min 
after each com pound. The increase of A A A D  after fo rskolin  w a s not 
effected  by pretreatm ent w ith  cyclohexim ide . K inetic stud ies indicated an 
apparent increase of V max w ith  little change of the Km for L-D O PA  or B 6 . W e 
conclude that A A A D  activ ity  of striatum  and midbrain can be m odulated, 
in part, by a cyc lic-A M P dependent p rocess.

303.18
MUTATIONAL ANALYSIS AND ROLE OF METAL IONS IN 
TRANSLATION AND PROCESSING OF DOPAMINE β -  
HYDROXYLASE IN VITRO. Z. Feno*. J. Wu and E.L. Sabban. Dept. 
Biochem. & Mol. Biol. N.Y. Med. Coll. Valhalla, NY 10595

Dopamine ß-hydroxylase (DBH) has multi-forms in 
neurosecretory vesicles, but how they arise forms from a single 
mRNA is not well understood. However partial cleavage of a N- 
terminal signal sequence to generate soluble (cleaved) or membrane 
bound (uncleaved) forms has been proposed. Initiation of translation 
at a 2nd ATG, close to the 5' end, could generate two sizes of signal 
sequences and perhaps affect processing. To investigate how these 
multi-forms arise, different constructs of rat DBH cDNA were 
generated by PCR or site-directed mutagenesis. The mRNAs 
transcribed from these constructs were translated in a cell free 
system under various conditions including different concentrations of 
Mg, Cu, Ni and Fe ions and analyzed by gel electrophoresis. The 2nd 
ATG was changed and the amino acids near the putative signal 
peptide cleavage site were modified. Mutation of the 2nd ATG did 
not affect the size of the translation products. Mutation in the region 
of the signal cleavage site generated a product of higher apparent 
molecular weight in the presence of microsomal membranes, 
indicating a role of signal cleavage in the formation of different DBH 
forms. In addition the translation and processing of the newly 
synthesized DBH in vitro was regulated by Mg2+ and other metal ions 
in a concentration dependent manner. The in vivo significance of 
these findings remains to be elucidated.
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303.19

RAPID STIMULATION OF RAT ADRENAL PNMT GENE TRANSCRIPTION BY 
IMMOBILIZATION AND COLD STRESS. E. Viskupic*1, R. Kvetnanskv3 . K. Fukuhara1, Ę.L. 
Sabban2.1.J. Kopin1 and J.P. Schwartz1. 1 CNB, NINDS, NIH, Bethesda, MD 20982, and 2 

Dept. Biochem. & Molec. Biol., New York Med. Coll., Valhalla, NY 10595, and 3 Inst. Exp. 
Endocrin., Slovak Acad. Sci., Bratislava, Slovakia.

Stress is known to increase the amount of circulating catecholamines and the 
activities and mRNA levels of most of their synthesizing enzymes, but few studies have been 
carried out on PNMT. We have found that immediately after a single two hours immobilization 
(IMO) there is a significant increase in the adrenal PNMT mRNA content. This increase 
reached its maximum 6 hours after the completion of IMO and by 12 hours later it returned to 
control values. Administration of actinomycin D prior to IMO abolished the rise in PNMT 
mRNA, suggesting transcriptional activation. A similar increase in PNMT mRNA content was 
observed when the IMO was performed for only 5 minutes and mRNA level examined two 
hours later.
A comparable increase in the adrenal PNMT message level was also observed in animals 
exposed continuously to -4 °С. As little as one hour of cold exposure was sufficient to trigger 
PNMT gene transcription which reached its maximum (a 5-fold increase) after 6 hrs of cold, 
after which, in spite of continuation of the cold stress, the mRNA level decreased to -  50% of 
its maximum.
PNMT is thought to be regulated by glucocorticoid hormones during immobilization stress, 
whereas the effect of cold is believed to be mediated via the splanchnic nerve. To verify this, 
hypophysectomized rats and other rats with unilateral adrenal denervation were exposed to 
IMO or to cold stress. Hypophysectomy completely prevented the IMO-induced increase in 
PNMT mRNA level; ACTH administered prior the stress restored it. Denervation, on the other 
hand, did not affect PNMT gene transcription induced by IMO. During cold, however, neither 
hypophysectomy nor denervation prevented the stress-induced increase of PNMT mRNA.
The results of this study suggest that exposure of rats to IMO and cold stress causes a 
profound increase in the adrenal PNMT mRNA levels but these increments in mRNA are not 
accompanied by similar increases in either enzyme protein or activity levels.

303.21

THE EFFECTS OF A NOVEL MONOAMINE OXIDASE-A INHIBITOR, 
BW1370U87, ON URINARY 3-METHOXY-4-HYDROXYPHENYLGLYCOL IN 
NORMAL VOLUNTEERS. R M. Norton*. K. M. Hedeen. H. L. White. G.W. 
Conner, and B.R, Cooper. Wellcome Research Laboratories., Research Triangle 
Park, N. C. 27713.

Urinary 3-methoxy-4-hydroxyphenylglycol (MHμg) levels were measured in 14 
normal volunteers during a Phase I study of the novel, reversible monoamine 
oxidase-A (MAO-A) inhibitor BW 1370U87. Basal MHμg excretion (day 0) 
showed a significant diurnal increase (n=14, p<0.05) between 1200 and 2000 h. 
Oral administration of BW 1370U87 produced significant (35-45% maximal, 
p<0.05) decreases from these basal levels during the same 1200-2000 h time 
interval. 24 hours after the dose, urinary MHμg levels returned to baseline, 
consistent with a reversible mechanism of inhibition by BW 1370U87. Decreases 
in urinary MHμg did not appear to be dose-dependent between 200 - 800 mg BW 
1370U87 per day. This lack of dose response suggests that maximal MAO-A 
inhibition was achieved at the 200 mg dose. Effects on MHμg excretion may be 
helpful in predicting the efficacy of MAO-A inhibitors in the treatment of 
depression.

303.20
CELLULAR AND SUBCELLULAR LOCALIZATION OF COMT 
ENZYME IN RAT BRAIN AND CELL LINES EXPRESSING 
RECOMBINANT RAT ENZYME. T. K a r h u n e n * . C. Tilq- 
mann. J. Perãnen. I . Ulmanen and P. Panula 
Dept. Biology, Abo Akademi Univ., Biocity, Turku; 
Inst. Biotechnology, Univ. Helsinki, Helsinki; 
Orion-Farmos Pharmaceuticals, Orion Research 
Center, Helsinki, Finland.

In the rat brain, immunoelectron microscopy 
revealed catechol-O-methyltransferase (COMT) 
immunoreactivity throughout the ependymal cells, 
in cortical astrocytic processes, in a small 
number of postsynaptic dendritic spines, and in 
the cytoplasm of capillary endothelial cells. 
Different expression systems (transient e x pressi
on in monkey COS-cells, stable hamster C HO-cell 
lines or a vaccinia virus-based expression in 
hamster BHK or human HeLa cell lines) were used 
to express either both S- and MB-COMT proteins or 
MB-COMT protein only. Double immunostaining with 
anti-COMT antiserum and anti-protein disulphide 
isomerase antiserum (obtained from Dr. S. Fuller, 
EMBL, Heidelberg) indicated that recombinant MB- 
COMT was localized in rough endoplasmic reti c u 
lum. No staining of the plasma membrane was d e 
tected. Immunoelectron microscopy confirmed the 
RER localization of MB-COMT in vaccinia-virus 
infected H e L a - c e l l s . These results suggest that 
MB-COMT is an integral RER protein.

CATECHOLAMINES: DOPAMINE RELEASE

304.1
BIOCHEMISTRY OF SOMATODENDRITIC DOPAMINE RELEASE 
IN THE SUBSTANTIA NIGRA: COMPARISON WITH STRIATUM.

Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.
Based on tissue indices of DA turnover, substantia nigra (SN) DA 

release has been reported to be reserpine (RES) insensitive and thus to 
differ from striatal DA release. To test the hypothesis that SN release of 
DA may occur via a non-vesicular mechanism, we used in  v ivo  
microdialysis in rats. Two hours after injection of RES (5 mg/kg i.p.), 
basal extracellular DA levels in SN ( 1.0+0.1 μg/20 μΐ; n=6) and striatum 
( 8.4 ±1.2 μg/20 μΐ; n=3) were decreased to non-detectable. In addition, the 
effect of RES pretreatment on amphetamine (AMPH)-stimulated DA 
release in SN and striatum was compared. A high dose of AMPH (10 
mg/kg i.p.) was administered based on suggestions that such doses 
liberate both cytoplasmic and vesicular DA. Thus, if vesicular DA is 
less important in SN, RES pretreatment might selectively diminish 
AMPH-responses in striatum. RES pretreatment (24 hr) decreased the 
AMPH-induced DA release in SN (max value=13.3±1.7 μg/20 μΐ, n=3) 
relative to controls (25.0+2.4 μg/20 μΐ, n=3). In striatum, however, no 
effect of RES on AMPH-induced DA efflux was observed (74.0+11.0 μg/20 
μΐ, n=4) versus controls (91.7± 15.1 μg/20 μΐ, n=4). This latter finding 
might be explained by increased synthesis rates of striatal DA 24 hr after 
RES. Indeed, the DA response in striatum was significantly decreased 
when RES was administered 2 hr prior to AMPH challenge (45.3±6.1 
μg/20 μΐ, n=3). Thus, RES diminishes AMPH-induced DA efflux in SN 
and striatum in a similar way. These data fail to support the concept of 
differential storage and release mechanisms for DA in dendrites and 
terminals. [Supported by USPHS Grants NS19608 and DA08086]

304.2
SOMATO-DENDRITIC RELEASE OF DOPAMINE FROM 
SUBSTANTIA NIGRA AND VTA MONITORED IN REAL-TIME 
WITH FAST CYCLIC VOLTAMMETRY IN  VITRO. C. D. Richards.
M. E. Rice. S. Nedergaard. J. Hounsgaard. J. Midtgaard*. C. Nicholson. & 
S A Greenfield. Univ. Dept. Pharmacology, Oxford, UK, OX1 3QT; Depts. 
Physiology & Biophysics, NYU Medical Center, New York, NY 10016; Inst. 
Physiology, Univ. Aarhus and Panum Inst., Univ. Copenhagen, Denmark.

Midbrain dopamine neurons have been the focus of much attention because 
of their pivotal role in Parkinson's disease. Of particular interest is that they 
appear to display novel, non-classical characteristics such as the dendritic 
release of dopamine (DA) and other neurochemicals. We have explored these 
features using fast cyclic voltammetry (FCV) with 8 pm carbon fiber 
microelectrodes to detect the release of endogenous DA from three regions of 
guinea pig midbrain slices; rostral and caudal substantia nigra (SN) and 
ventral tegmental area (VTA). Each region had tyrosine hydroxylase-positive 
neurons and were confirmed by HPLC to contain DA. In each region, 
application of veratrine, which was shown by intracellular recording to have a 
reversible depolarizing action, evoked a signal attributable to DA and 
distinguishable from serotonin. DA release was monitored every 250 ms with 
spatial resolution of less than 50 pm. The amount of DA released correlated 
with tissue content in that it was higher in VTA (2-5 μΜ) than in either region 
of the SN (0.5-1 μΜ). The response was Ca2+-dependent and was not 
detectable in a catecholamine-poor region like cerebellum nor in midbrain after 
pretreated with reserpine. We conclude that DA released from somato
dendritic portions of mid-brain neurons exhibits site-specific variation and 
possible non-classical functions that can only be elucidated with the high time- 
space resolution of FCV. Supported by Bristol-Meyers Squibb, NIH grants 
NS-28480 and NS-28642, the Danish M.R.C. and the M.R.C. of the UK.
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30 4.3
RESERPINE ATTENUATES HIGH AND LOW DOSE AMPHETAMINE- 
INDUCED DOPAMINE RELEASE IN VIVO. K. E. Sabol*, J.B. Richards, 
C. S. Brent, L.S. Seiden. Dept. Pharm./Phys. Sci. University of Chicago, 
Chicago, IL 60637.

Behavioral experiments suggest that amphetamine (AMPH)-induced 
DA release is dependent entirely on cytoplasmic dopamine (DA) stores 
(Scheel-Kruger, Eur. J. Pharmacol., 14, 47,1971). In vitro release 
experiments suggest a contribution of vesicular stores to AMPH-induced 
DA release (Parker & Cubeddu, JPET, 245, 199, 1988). In vivo 
measurements of AMPH (4mg/kg)-induced DA release showed a non
significant attenuation of DA release (27%) after reserpine (RES) 
pretreatment (Butcher et al., J. Neurochem, 50, 346, 1988). In the present 
experiment, we measured the effects of two doses of AMPH (1.0 & 10.0 
mg /kg)/ with or without RES pretreatment (10.0 mg/kg, 18 hrs before 
AMPH), on DA release in vivo in rats. The evening before the experiment, 
in vivo dialysis probes were lowered into previously implanted guide 
cannulae. The next day, basal levels of striatal DA were recorded for a 
minimum of 2 hrs. AMPH was administered, and samples analyzed for an 
additional 4 hrs. Baseline extracellular DA levels were 8 (± 2) μg/10 pL; 
with 10.0 mg/kg RES pretreatment, baseline DA levels were 1.4 (± 0.3) 
μg/10 pL. 1.0 m g/kg AMPH (N=8) increased extracellular DA to 92 (±16) 
μg/10 pL; RES pretreatment (N=8) significantly attenuated the AMPH- 
induced DA release by 42% (54 ±12 μg/10 pL). 10.0 m g/kg AMPH (N=8) 
increased extracellular DA to 405 (±67) μg/10 pL; RES pretreatment (N=6) 
significantly attenuated the AMPH-induced DA release by 60% (163 ±20 
μg/10 pL). These results indicate that DA stored in synaptic vesicles 
contributes to the release of DA induced by both low and high doses of 
AMPH. (Supported by NIDA DA-00085 & RSA 10562, L.S. Seiden).

30 4.5
AMPHETAMINE - INDUCED MODULATION OF STRIATAL 
ACETYLCHOLINE EFFLUX: MECHANISMS OF ACTION.
P, DeBoer* and E.D Abercrombie. CMBN, Rutgers University, Newark, NJ 07102.

Recent studies using in vivo microdialysis report amphetamine- (AMPH) induced 
stimulation of striatal acetylcholine (АСҺ) efflux, an effect apparently mediated by 
dopamine (DA) D-l receptors. The detailed mechanism(s) are not understood. We 
therefore determined the effects of local infusions of AMPH in striatum (DeBoer et 
al., 1992, Naunyn-Schmied. Arch. Pharm., 345:144-152) or in substantia nigra pars 
reticulata (SNpr) on striatal АСҺ output. Both of these structures contain high D-l 
receptor densities. We also examined the effect of locally applied glutamate (GLU) 
antagonists on the regulation of striatal АСҺ efflux following systemic AMPH 
administration. Striatal AMPH infusion elicited a dose-dependent decrease in АСҺ 
output whereas infusion of 100 pM AMPH (but not 10 μΜ) into SNpr produced a 
200% increase in this variable. Systemic haloperidol (1 mg/kg) also increased striatal 
АСҺ, but to a lesser extent (130%) than nigral AMPH infusion. Nigral infusion of 
100 μΜ baclofen (GABA-B agonist), while decreasing striatal DA efflux by 90%, did 
not affect striatal АСҺ. Together, these data indicate that striatal АСҺ output is 
inhibited via striatal DA receptors (D2) and is stimulated via SNpr DA receptors (Dl). 
Furthermore, the increased striatal АСҺ output produced by nigral AMPH appears not 
to be mediated by the nigrostriatal DA pathway. In the present studies, systemic 
AMPH (2 mg/kg) produced no net change in striatal АСҺ efflux. Striatal infusions of 
the GLU antagonist kynurenic acid (KYN, 100 μΜ) or CNQX (10 μΜ) evoked 
decreases in the basal output of АСҺ to 70% and 50% of control values, respectively. 
In these experiments, an inhibitory effect of systemic AMPH on striatal АСҺ output 
was revealed. This effect was more pronounced in KYN-treated than in CNQX-treated 
animals. We propose that AMPH-induced activation of DA D-l receptors in SNpr 
results in increased glutamatergic drive to striatal cholinergic neurons, thus 
stimulating the output of striatal АСҺ. [Supported by Tourette Syndrome Assoc., 
Inc. (PDB) and USPHS Grants NS 19608 and DA08086 (EDA)]

30 4.7
FURTHER PHARMACOLOGICAL CHARACTERIZATION OF HIPPOCAMPAL 
DOPAMINE RELEASE. K.C. Gariepv.* J. Yu. I.N. Acworth. and T.J. Maher. ESA, 
Inc., 45 Wiggins Avenue, Bedford, MA 1730. Department of Pharmacology, 
Massachusetts College of Pharmacy, Boston, MA 02115.

To date the role of dopamine (DA) in the hippocampus (Hip) has remained obscure. 
Our previous studies, using in vivo microdialysis without reuptake blockers, have 
shown that the Hip (CA1 ) monoamines, norepinephrine (NE), DA, and serotonin 
(5HT), respond to peripherally administered receptor agonists including clonidine, 
apomorphine, and 8-OH-DPAT. To better quality whether Hip DA acts as a 
neurotransmitter per se or is present just as a constituent of a NE precursor pool (co
released when the NE neuron is depolarized) we have used microdialysis in the 
urethane-anesthetized rat to study the effects of the Na+ channel blocker tetrodotoxin 
(TTX) (3μΜ, administered through the probe) as well as the effects of the neurotoxin 
DSP-4 (30 and 40 mg/kg i.p.) on monoamine levels. Compared to saline-treated 
controls, TTX effectively depleted monoamine levels within 60 minutes, showing that 
their release is impulse dependent. This is further supported by the marked increase 
in monoamine release upon euthanasia. Although TTX decreased release, a post
drug challenge with amphetamine (5 mg/kg s.c.) resulted in a marked increase in the 
release of DA and NE by 5 and 22 fold respectively, within 60 min. Pre-treatment with 
low levels of DSP-4 (30 mg/kg i.p., 1wk prior to the experiment) affected little change 
in monoamine levels. However, a larger dose of DSP-4 (40 mg/kg i.p.) lowered basal 
Hip NE levels by 40%, but had little effect on DA and 5HT levels. Administration of 
amphetamine post-DSP-4 also resulted in elevated DA and NE levels. However, 
amphetamine’s effect on catecholamines was lessened compared to the 
TTX/amphetamine experiment also suggesting that catecholamine stores may have 
been depleted. Further elucidation of DA's role in the Hip comes from dopamine ß- 
hydroxylase inhibitor studies using 3-phenylpropargylamine.

30 4 .4
PROFILE OF AMPHETAMINE-INDUCED DOPAMINE RELEASE IN 
STRIATUM, SUBSTANTIA NIGRA, AND FRONTAL CORTEX: 
DIALYSIS IN AWAKE RATS. E.D. Abercrombie* and P. DeBoer. Center for 
Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

The purpose of these experiments was to gather comparative data, obtained using 
consistent protocols and methods, on the profile of amphetamine- (AMPH) stimulated 
release of dopamine (DA) in both the terminal and the dendritic fields of nigrostriatal 
DA neurons and in the cortical terminal field of ventral tegmental area DA neurons. 
These data form a basis for tests of a model in which AMPH alters the modulation of 
information flow through striatum directly by releasing DA in striatum and indirectly 
by releasing DA in substantia nigra pars reticulata (SNpr) and medial prefrontal cortex 
(PFC). In this model, the release of DA in these latter structures affects the activity 
of glutamatergic inputs to striatum (see accompanying posters). AMPH was 
administered at doses of 0.25, 2, 5, and 10 mg/kg i.p. and the extracellular level of 
DA, as well as the metabolites DOPAC and HVA, was monitored in striatum, SNpr, 
or PFC using in vivo microdialysis. Basal extracellular levels of DA and the 
metabolites were significantly higher in striatum compared to SNpr and PFC. The 
ratio of DOPAC to HVA differed across structures (2:1 in striatum, 1:1 in SNpr, 1:2 
in PFC). In striatum, the AMPH-stimulated DA increase was linearly dose-related 
over the range tested. In SNpr and PFC, however, a further DA increment of only 
25% was obtained when the dose was increased from 5 mg/kg to 10 mg/kg. In each 
area, extracellular DOPAC was not significantly altered by 0.25 mg/kg AMPH but 
was maximally decreased at > 2 mg/kg. The magnitude of the AMPH-induced 
decrease in DOPAC was 70% in striatum and 40% in SNpr and PFC. Extracellular 
HVA in striatum decreased by 45% at AMPH doses > 2 mg/kg. No effect of AMPH 
was observed on HVA in SNpr. In PFC, a delayed increase in DOPAC and HVA was 
observed with the 5 and 10 mg/kg doses of AMPH, occurring only as DA returned to 
basal levels. Implications of these data for regional DA biochemistry and regulation 
of basal ganglia outputs will be discussed. [Supported by USPHS Grant DA08086]

3 0 4 .6
BEHAVIORAL AND ELECTROPHYSIOLOGICAL EFFECTS OF 
AMPHETAMINE-INDUCED RELEASE OF DENDRITIC DOPAMINE.
W. Timmerman* and E.D. Abercrombie. Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

Dopamine (DA) released from dendrites of nigral DA neurons 
potentially is in a position to modulate basal ganglia outputs from 
substantia nigra pars reticulata (SNR). The effects of endogenous DA 
release in the SNR were examined in rats using locomotor behavior, 
multi-unit activity of SNR neurons, and cortical EEG pattern as 
dependent measures. Nigral infusion of d-AMPH (10μg/0.5 μΐ; 5 min) 
produced a mild behavioral activation lasting ~5 min that was blocked 
by co-infusion of the Dl antagonist SCH-23390 (0.5 μg). Multi-unit 
recordings of SNR neurons in anesthetized rats showed that d-AMPH, 
infused as above, produced an immediate decrease in SNR activity. 
This decrease was maximal (~90%) during the first 10 min post
infusion, returning to baseline levels within 40 min. Co-infusion of 
SCH-23390 blocked the d-AMPH-induced decrease in SNR activity, 
although this drug by itself produced a 40% decrease in activity. The D2 
antagonist eticlopride (1 μg) did not alter the effect of d-AMPH on SNR 
activity. Cortical EEG acquired during the SNR infusion s/recordings 
showed a short-duration change in pattern immediately after d-AMPH 
infusion. A relative shift in power from the lowest frequency-interval 
determined (0.8-2.7 Hz) to the next higher frequency-interval (2.7-6.8 
Hz) was observed which could be prevented by co-infusion of SCH-23390, 
but not eticlopride. Thus, dendritically released DA inhibits nigrofugal 
neurons via stimulation of Dl receptors. This effect is associated with a 
brief behavioral activation and EEG desynchronization. [Supported by 
USPH S Grants N S 19608 and DA08086; special thanks to Dr. C. W. Berridge]

3 0 4 .8
BRAIN MICRODIALYSIS STUDIES ON THE MECHANISM OF 
NICOTINE ADDICTION IN THE MESOLIMBIC REWARD SYSTEM. 
C. Zhao, J.H. Johnson. J.R. James, and JA. Rosecrans . Departments of 
Anatomy, and Pharmacology/Toxicology, VA Commonwealth University, 
Richmond, VA 23298.

The mesolimbic dopaminergic reward system which originates from the 
Ventral Tegmental Area (VTA) and projects to the Nucleus Accumbens 
(ACC) is thought to play an important role in nicotine addiction. Our pilot 
study examined whether repeated nicotine administration induced acute 
tolerance of dopamine responses in this system. Naive and chronically 
nicotine-treated (3-6 months) rats were stereotaxically implanted with 
microdialysis guide cannulae into ACC and VTA, and allowed to recover for 
5-7 days before the experiments. On the experimental day, CMA/12 
microdialysis probes were inserted into the guide cannulae and perfused for 
60-90 minutes prior to collecting 15 samples at 10-minute intervals. Nicotine 
(0.4 mg/kg s.c.) was injected after samples 3 and 12 (90 minutes apart). Only 
those samples collected from accurately placed probes were analyzed for 
monoamines by HPLC with electrochemical detection. DA concentrations in 
3 samples before and after nicotine injection were compared. Results from 
ACC in six naive rats indicated that a single s.c. injection of nicotine 
stimulated extracellular DA release. However, with respect to the 
development of acute tolerance of nicotine-induced DA release, two different 
responses were observed: 3 rats exhibited this response, and 3 did not. 
Similarly, in VTA, acute tolerance was observed in nicotine-induced DA 
release in 2/3 rats after pretreatment with nicotine. We propose that rats 
with characteristics of acute DA tolerance in the reward system might be 
more likely to model those smokers dependent on nicotine. (Supported by the 
German Research Council on Smoking and Health , Bonn, Germany)
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304.9

AMPHETAMINE PROMOTES NEOSTRIATAL ASCORBATE RELEASE VIA 
A NIGRO-THALAMO-CORTICONEOSTRIATAL LOOP. R.C. Pierce*. A.J. 
Clemens, C,P. Srabner-D-K, Geroulis. and-£YJ3fitžfiC. Prog. Neural 
Science, Dept. Psychology, Indiana University, Bloomington, IN 47405.

In the neostriatum, amphetamine and other dopamine agonists elevate 
the extracellular level of ascorbate, which is known to modulate neostriatal 
function. Although both D1 and D2 receptors have been linked to 
ascorbate release, ample evidence suggests it is controlled by areas outside 
the neostriatum. The present series of experiments used selective lesions 
and intracerebral drug infusions to probe the involvement of the 
ventromedial thalamus (VMT) and substantia nigra pars reticulata (SNR). Our 
results implicate both of these sites in amphetamine-induced increases in 
neostriatal ascorbate release. Thus, whereas electrolytic lesions of the SNR 
completely abolished the ability of systemic amphetamine (2.5 mg/kg) to 
increase the release of neostriatal ascorbate, intranigral infusions of this drug 
(10 and 30 ĝ/pl) elevated neostriatal ascorbate release. This infusion 
effect, moreover, was blocked by electrolytic lesions of the VMT, which 
receives input from the SNR and projects to cerebral cortex. These results, 
combined with evidence implicating a role for cortical projections to 
neostriatum (Basse-Tomusk and Rebec, Pharmacol. Biochem. Behav.. 
35:55-60,1990), suggest that neostriatal ascorbate release is regulated, at 
least in part, by a multisynaptic loop that includes a nigro-thalamo- 
corticoneostriatal pathway.

Supported by NSF grant, 91-12055.

304.11

SYSTEMIC AMPEROZIDE PREFERENTIALLY INCREASES DOPAMINE 
RELEASE IN THE MEDIAL PREFRONTAL CORTEX. G.G.Nomikos*. M.lurlo. 
J.L.Andersson and T.H.Svensson. Karolinska Institute, Dept. 
Pharmacology, S-10401 Stockholm, Sweden 

The putative atypical antipsychotic drug amperozide (APZ) shows high 
affinity for serotonin 5-HT2 receptors but only low affinity for dopamine 
(DA) D2 receptors. By employing microdialysis, we examined the effects 
of APZ on DA release in the nucleus accumbens (NAC), the dorsolateral 
striatum (STR) and the medial prefrontal cortex (MPC) of awake rats. A 5 
mg/kg (SC) dose of APZ failed to affect DA in the NAC, while it increased 
DA in the STR (by 45%) and the MPC (by 207%). A higher dose of APZ 
(10 mg/kg SC) enhanced DA from the NAC and the STR by 30%, and from 
the MPC by 326%. Similarly, clozapine (2.5 and 10 mg/kg SC) produced 
a greater DA increase in the MPC ( + 127 and +279%) than in the NAC 
( + 52 and + 98%). The selective 5-HT2 receptor antagonist ritanserin (1.5 
and 3.0 mg/kg SC) also produced a slightly higher DA increase in the MPC 
( + 25 and +47%) compared to the NAC (+19 and +21%). Incontrasi, 
the selective D2 receptor antagonist raclopride (0.5 and 2 mg/kg SC) 
increased DA in the NAC ( + 65 and +119%) to a greater extent than in 
the MPC (+45 and +67%). APZ infusion (1-1000//M) through the probe 
in the DA terminal areas resulted in a more pronounced DA increase in the 
NAC (to 961 %) and the STR (to 950%) than in the MPC (to 316%). Our 
results suggest that the 5-HT2 receptor antagonistic properties of APZ and 
clozapine may contribute to their preferential effects on DA transmission 
in the MPC. The almost exclusive action of systemically administered APZ 
on DA in the MPC is most likely mediated at a level other than the terminal 
region. The physiological consequences of 5-HT2 receptor antagonism may 
be of major importance to the action of atypical antipsychotic drugs.

304.13
Do Fluoro-Gold (FG) and Pentamidine (PENT) Inhibit NMDA 
Receptor-Ion Channel-Mediated Dopamine Release Under 
Conditions in which Other Antagonists Are Ineffective?
J.F. Bowver* and L. Schmued. Div. of Neurotoxicol., 
NCTR/FDA, Jefferson, AR 72079-9502

PENT has been reported by another laboratory to have 
novel inhibitory effects on the NMDA ion channel-receptor 
complex. We have previously reported that FG and PENT 
inhibit the release of dopamine (DA). Recent experiments 
have shown that PENT (10 μΜ) and FG (33 μΜ) have no effect 
on either the nomifensine-sensitive uptake or cytosolic 
efflux of [3H]dopamine (DA). However, they inhibit the 
glutamate-evoked NMDA-mediate [3H]DA release from striatal 
slices at μΜ concentrations. Interestingly, 10 μΜ FG and 33 
μΜ PENT also inhibit DA release (to 50% of control) evoked 
by 15 and 20 mM K+ or 5 μΜ methamphetamine (METH). This 
was unexpected because neither competitive nor non
competitive NMDA receptor antagonists previously tested 
did. In addition, both FG and PENT inhibit 1.25 mM Ca++- 
and 5 μΜ METH-evoked [ 3H ]DA release from striatal 
synaptosomes which is not blocked by other NMDA 
antagonists. Finally, both FG and PENT inhibit the release 
of ( 3H ]DOPAC from striatal slices evoked by 50 ηΜ 
reserpine. Therefore, FG and pentamidine inhibit DA 
release from terminal stores normally considered vesicular 
but do not affect either nomifensine-sensitive DA uptake or 
DA efflux from cytoslic stores. Some of the inhibitory 
effects may be mediated through interactions with storage 
vesicles. If FG and PENT inhibit DA release in all cases 
by NMDA receptor-ion channel interactions, then they can 
inhibit these complexes under conditions in which other 
antagonists are ineffective, and glutamate stimulation is 
only one of several ways to ’'activate" the complexes.

304.10
CORTICAL REGULATION OF SUBCORTICAL DOPAMINE M.T. Taber 
and H.C. Fibiaer. Div. of Neurological Sciences, Dept. 
of Psychiatry, Univ. of British Columbia, Vancouver, 
B.C. V6T 1Z3

Previous studies have shown that extracellular 
concentrations of dopamine (DA) in the striatum can be 
tonically modulated by endogenous glutamate or 
exogenous glutamatergic agonists and antagonists. A 
major glutamatergic input to the striatum originates in 
the frontal and prefrontal cortex. We hypothesized that 
activity in the cortico-striatal pathway may phasically 
regulate DA release in the striatum. To test this 
hypothesis we employed in vivo microdialysis to measure 
DA release in the striatum during electrical 
stimulation of the prefrontal cortex. Awake, freely 
moving rats were stimulated bilaterally at 50 and 100 
uAmps for .5s every 5s for 20 min. DA levels rose 
rapidly during stimulation, peaked immediately 
afterward, and then declined rapidly. DA release was 
found to increase as a function of current intensity. 
Histological analysis, using the retrograde tracer 
Fluoro Gold, confirmed that the electrodes were located 
in an area containing a high density of cells 
projecting to the vicinity of the dialysis probe. These 
data provide direct evidence for a mechanism by which 
cortical areas can modulate subcortical DA. A deficit 
in this mechanism has been hypothesized to be involved 
in the pathophysiolgy of schizophrenia.

304.12

EFFECT OF OPC-14597 ON EXTRACELLULAR DOPAMINE IN 
RAT STRIATUM AND FRONTAL CORTEX: A MICRODIALYSIS 
S T U D Y . J, Semba*, A. Watanabe, S. Kito and M, 
T o r u . *Division of Health Sciences,the Univer
sity of the Air, Chiba 261 and Dept. of Neuro
psychiatry, Tokyo Medical and Dental University, 
Tokyo 113, JAPAN.

OPC-14597 is a new antipsychotic drug with 
unique pharmacological properties. Clinical 
trial has revealed that OPC improves not only 
p o s i t i v e  but a l s o  n e g a t i v e  s y m p t o m s  of 
schizophrenia without producing extrapyramidal 
side effects. We examined the effects of OPC on 
extracellular DA in rat striatum and frontal 
cortex using in vivo microdialysis. OPC was 
injected i.p. at doses of 2.5, 10 and 40 mg/kg 
and samples were collected every 20 min. DA and 
its metabolites were determined by HPLC with 
e l e c t r o c h e m i c a l  detection. E x t r a c e l l u l a r  DA 
decreased moderately at doses of 10 and 40 
mg/kg. DOPAC and HVA increased at low doses 
(2.5 and 10 mg/kg), but returned to control 
levels at a high dose (40 m g / k g ) . These results 
suggest that OPC acts as an antagonist at 
postsynaptic DA receptors and an agonist at 
presynaptic autoreceptors.

304.14

EFFECT OF DOPAMINE RECEPTOR ANTAGONISTS ON 
METHAMPHETAMINE-INDUCED DOPAMINE RELEASE IN 
MOUSE NEOSTRIATUM. P.S. Albers*. L, Manzi no. and P.K. 
Sonsalla. Neurology Dept., UMNDJ-RWJMS, Piscataway, NJ 08854.

Methamphetamine (METH)-induced dopaminergic neurotoxicity involves 
multiple components, one of which is an increase in neostriatal 
extracellular dopamine (DA) concentrations. DA receptor antagonists 
provide protection from METH-induced neuropathology. Thus, we 
embarked on this study to determine if pretreatment with DA receptor 
antagonists would modify METH-induced DA overflow in mouse striatum 
using in vivo microdialysis. Our findings indicate that haloperidol (1.0 
mg/kg) and (-)sulpiride (50 mg/kg) enhanced METH-induced DA overflow 
by several fold. On the other hand, SCH 23390 (1.0 mg/kg) did not 
significantly alter METH-induced DA overflow. These DA antagonists, 
at the doses indicated, attenuated the decrease in neostriatal DA observed 
one week after METH treatment (4 injections, 2-h intervals). These 
results demonstrate that METH-induced neurotoxicity is attenuated by D2 
receptor antagonists even though there is an enhancement in extracellular 
DA overflow. Furthermore, these results support the hypothesis that 
METH-induced neurotoxicity is not dependent solely on the amount of DA 
released but rather that subsequent post-synaptic DA-mediated mechanisms 
are involved in METH-induced neuropathology.
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305.1
SEROTONERGIC EFFECTS ON THE RESPONSE PROPERTIES 
OF MORPHOLOGICALLY IDENTIFIED LAYER I I / I I I  
NEURONS OF RAT BARREL FIELD CORTEX. W. Liu*. F.M. Sessler. 
R.C.S. Lin and B.D. Waterhouse. Dept Physiol and Biophys. Hahnemann Univ., 
Phila., PA 19102

Intracellular recording techniques were used to investigate the actions 
of serotonin (5-HT) on synaptic transmission in layers II/III of rat "barrel field" 
cortex. EPSPs were evoked by electrical stimulation of either layer IV or the 
underlying white matter. In a majority (96%) of cells tested, 5-HT (30μΜ) 
produced a reversible reduction in EPSP amplitude (21%, n=19) and EPSP 
duration (measured at half amplitude) (17.6%, n=20). Bath applied 5-HT also 
reversibly abolished action potentials evoked by both threshold and 
suprathreshold stimulation of synaptic pathways. The suppressant effects of 5- 
HT on EPSPs and action potential generation were mimicked by a 5-HTu 
receptor agonist 8-OH-DPAT (30μΜ), but not by the 5-HT2 receptor agonist 
DOI (30μΜ). The 5-HT^ receptor antagonist NAN-190 (ΙΟμΜ) completely 
blocked these 5-HT depressant effects. In a few cells studied, 5-HT did not 
suppress EPSP amplitude or duration and, in fact, increased the probability of 
spiking in response to subthreshold and threshold synaptic stimulation. 
Morphological identification of recorded cells (using Lucifer yellow) indicated 
that these distinctly different effects of 5-HT were observed in different sub
classes of layer II/III pyramidal neurons. These data indicate that 5-HT is 
capable of exerting different physiological effects on different sub-classes of 
layer II/III "barrel field" cortical neurons. Accordingly, 5-HT can suppress (via 
5-HTia receptor activation) or facilitate synaptic transmission to layer II/III 
pyramidal cells. Hence, the net response of this portion of the cortical circuitry 
to synaptically released 5-HT would depend upon the sum of its actions on 
individual cell types. (Support by NIDA DA 05117 to BDW)

30 5.3
EFFECTS OF SEROTONIN (5HT) IN HAMSTER’S SUPERIOR 
COLLICULUS (SC) ARE MEDIATED BY 5HT1A AND 5HT1B 
RECEPTORS. X. Huang*. R.D. Mooney, and R.W. Rhoades. Medical 
College of Ohio, Toledo OH 43699

The effects of iontophoretically applied 5HT and several ligands selective 
for 5HT receptor subtypes were studied on visual responses recorded from 
superficial layer SC neurons. Serotonin demonstrated a significant inhibitory 
effect (>30%) on the visual responses of 83% (n=116) neurons; and for those 
tested with 100 nA ejection currents, the average response suppression was 
75%. Selective agonists for 5HT1A [8-OH-DPAT (n=12)] and 5HT1B [TFMPP 
(№=17)] receptors, both reduced responses by an average >80% at 100 nA. 
The non-selective 5HTļ antagonist methiothepin (n=12) partially reduced the 
effectiveness of concurrently applied 5HT, but this effect was not statistically 
significant. Selective 5HT2 antagonists, ketanserin (n=18) and mianserin 
(n=5), had no effect on the suppressive action of 5HT. The 5HT3 specific 
agonist 2 -methylserotonin showed no clear effects on visual responses (n=l 1), 
and MDL72222, an antagonist for this receptor, also failed to alter the 
suppressive effect of serotonin (n=5). A 2-way ANOVA (agent x current 
strength) was used to compare the dose-response curves of 5HT, 8 -OH-DPAT, 
and TFMPP: all effects were significantly different (pc.001) for the 3-way 
design; but when the results from the 5HT1A and 5HT1B agents were combined, 
there was no significant difference (p>0.5) between their action and that of 
5HT. In summary, both 5HT1A and 5HT1B subtypes, but neither 5HT2 nor 
5HT3 subtypes, appear to mediate the inhibitory action of 5HT in the SC. 
Supported by EY 04170, EY 08015 and IBN-9208211.

30 5.5
SEROTONIN-INDUCED EFFECTS ON THE NEURONAL FIRING OF 
THE RED NUCLEUS IN THE RAT. F. Licata. G. Li Volsi*. G. Maugeri 
япН F. Santangelo. 1st. Human Physiology, Univ. Catania, Catania 
(Italy) 1-95125.
Red nucleus (RN), an important relay of motor volleys to the spinal 
cord, is the target of serotoninergic projections from the dorsal raphe 
nucleus. The aim of this work was to verify whether serotonin (5-HT) is 
able to influence the background firing rate and/or to modulate the 
responsiveness of RN neurons to a specific input. Unitary activities of 
RN neurons, antidromically fired by the stimulation of the rubrospinal 
tract, were extracellularly recorded in anaesthetized rats during 
microiontophoretic application of 5-HT and its agonists and antagonists. 
Eighty per cent of the studied units enhanced their firing rate, the 
effects being dose-dependent and antagonized by methysergide and 
ketanserin. Inhibitory or diphasic responses to 5-HT were recorded in 
14% of cases; inhibitions were mimicked by 8-hydroxy-2(di-n- 
propylamino)tetralin and not antagonized by methysergide. 
Furthermore, 5-HT abolished or at least reduced all the types of 
responses evoked in RN neurons by sensorymotor cortex stimulation. 
Methysergide increased the same responses. It is concluded that 5-HT 
mostly enhances the background activity of RN neurons but reduces 
their responsiveness to the cortical input

30 5.2
FACI LIT ATORY ACTION OF 5-HT ON TRIGEMINAL
MOTONEURONS. P.R. Trueblood". S.H. Chandler. M.S. Levine. 
Department of Physiological Science and Mental Retardation Research 
Center, UCLA, Los Angeles, CA 90024.

Using the guinea pig brainstem slice preparation, intracellular 
recordings were made from trigeminal motoneurons (MNs) and the 
actions of 5-HT on postsynaptic membrane properties and evoked 
synaptic potentials were examined. Bath application of 50-100 μΜ 5-HT 
for 10 min produced a significant depolarization (19.0%), accompanied 
by increased input resistance (40.5%) and increased excitability in 28/30 
MNs tested. Similar results occurred in TTX, indicating a postsynaptic 
site of action.

EPSPs evoked by Mesencephalic V stimulation were primarily 
mediated by NMDA and non-NMDA excitatory amino acid receptors 
because separate components could be blocked by CNQX and d-APV 
in Mg2+ free medium. Therefore, we examined the effects of 5-HT on 
the EPSP mediated by NMDA and non-NMDA receptors separately, 
bathing in either CNQX or d-APV, respectively. Both the NMDA and 
non-NMDA mediated EPSP increased in mean amplitude (31.2% and 
23.5%) and half-width duration (66.9% and 87.8%) following 5-HT 
application. These effects could not be accounted for solely by a 
change in the membrane time constant. 5-HT, therefore, not only has 
a direct facilitatory effect on the intrinsic membrane properties, but 
may also function to modulate the actions of excitatory amino acids in 
trigeminal MNs. Supported by USPHS grants DE06193 and HD05958.

30 5 .4
ACTIONS OF 5-HYDROXYTRYPTAMINE ON RAT VENTRAL 
TEGMENTAL NEURONS IN VITRO M. Pessia. Z.-G. 
Jiang. R.A. North* and S.W. Johnson Vollum 
Institute, Oregon Health Sciences University, 
Portland, OR 97201.

Intracellular microelectrode and whole-cell 
patch clamp recordings were made ventral 
tegmental neurons in slices of rat brain in 
vitro. Principal, dopamine-containing cells, were 
either unaffected (45%) by 5-hydroxytryptamine 
(5-HT, 3 - 100 μΜ), were depolarized (44% of 132 
cells), or were hyperpolarized (11%). 5-HT also 
increased the hyperpolarization-activated cation 
current (Ih) in some principal cells. Secondary 
cells, which do not contain dopamine, were 
depolarized (30% of 90 cells), hyperpolarized 
(28%) or unaffected (42%) by 5-HT. 
Depolarizations were mimicked by (±)-l-(2,5- 
dimethoxy-4-iodophenyl)-2-aminopropane (DOI; 30 
μΜ); hyperpolarіzing responses were mimicked by 
dipropyl-5-carboxamidotryptamine, and reversed 
polarity at the potassium equilibrium potential. 
Spontaneously occurring, bicuculline-sensitive, 
IPSPs and IPSCs in principal cells were sometimes 
increased and sometimes decreased by 5-HT, 
perhaps reflecting the effect of 5-HT on the 
secondary cells, some of which may be GABA- 
containing interneurons.

30 5 .6
SEROTONIN MODULATES SYNAPTIC TRANSMISSION AND 
ACTIVE MEMBRANE PROPERTIES IN THE AMYGDALA 
CENTRAL NUCLEUS. H. Zheng*. J.M. Lakoski. and M.C. 
Schiess. Depts. Pharmacology & Neurology, Univ. 
Texas Medical Branch, Galveston, TX 77555.

As a precursor to the study of serotonergic 
mediated events in the aged and neuroleptic 
treated animal, the effects of 5-HT (serotonin) 
on synaptic transmission, active and passive 
membrane properties of the amygdala central 
nucleus (ACe) were investigated in vitro. Coronal 
slices (500μιη) from adult male rats were used for 
intracellular current clamp recording from ACe 
neurons. Stimulation (15V) of presumed amygdalo- 
fugal fibers within the slice typically evoked a 
waveform consisting of fast(f) EPSP, f-IPSP, 
followed by a slow EPSP at -60mV. The bicuculline 
sensitive (30μΜ) f-IPSP was reversibly blocked 
with ΙΟμΜ 5-HT. Superfusion with 10μΜ 5-HT 
hyperpolarized the membrane potential in 53% of 
cells with a mean change of 4mV, reduced Ri with 
a mean change of 17%, without significant effect 
on I-V rectification. 5-HT reversibly reduced 
the amplitude and duration of both the medium and 
slow AHP's by >75% in 15/17 ACe neurons. The 
receptor subtypes mediating these events are 
currently being investigated. Publication *6 a 
Supported by USPHS Grant P01AG10514 & AG00450 (JML).
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305.7 305.8
S U P P R ES S IO N  O F  5-НТ N EU R O N A L A C T IV ITY  D U RIN G  O R IEN TATIO N  IN 
AW AKE C A T S . B .L . Ja c o b s * . C .W . Metzler, and C .A . Fo rna i. Prog. N eurosci., 
Princeton Univ., Princeton, N J 08544.

B ra in  5 -H T  n e u ro n s  c h a ra c te r is t ic a l ly  d is c h a r g e  in a  s lo w  (2  o r  3  sp lke s/se c ) 
and highly regular m anner in behaving cats . W e previously reported (So c . 
Neurosci. A bst.. 15:1283, 1989) that a  subset of pontine 5-HT neurons greatly 
increase their activity (2-5 fold) during oral-buccal m ovem ents (grooming, 
licking, chew ing). Here w e report that the d ischarg e of these  movement- 
related, and other, pontine 5-HT neurons is d ram atica lly slow ed in association  
with p hasic or ep isod ic g ross body m ovem ents, eye  m ovem ents, and 
especially during orientation to strong or novel stimuli. In the most extrem e 
cases, neuronal activity m ay fall silent for a s  long a s  5-10 se c  (see  fig .). These  
data will be d iscussed  within the context of a  general hypothesis that the 
primary role of 5-HT neurons is to facilitate ton ic and rhythm ic m otor output 
while sim ultaneously inhibiting senso ry information p rocessing . Th is  conten
tion is supported by other data from our laboratory reported at this meeting 
(Veasey et al. abst.) 
demonstrating that the 
activity of nucleus raphe 
p a ll id u s  n e u r o n s  is  
strongly activated during 
both treadm ill-induced  
locomotion and C 0 2- 
in d u c e d  h y p e r p n e a .
Supported by grants from 
the A FO S R  (90-0294) and 
NIMH (MH 23433).

FIRING RATES OF SUBPOPULATIONS OF MEDULLARY SEROTONERGIC 
NEURONS IN CATS ARE INCREASED WITH RESPIRATORY AND 
LOCOMOTOR CHALLENGES. S.C. Veasev*. C.A. Fornai. C.W. Metzler. V. 
Milrnan. and B.L. Jacobs. Program in Neuroscience, Princeton University and 
Center for Sleep & Respiratory Neurobiology, University of Pennsylvania.

There are extensive projections from the n. raphe pallidus (NRP) and n. raphe 
obscurus (NRO) to both brainstem and spinal cord motoneurons. These raphe 
neurons are potential sources of excitatory neurochemicals and yet, little is known of 
the activity of such neurons in spontaneously behaving animals during specific 
motor behaviors. The purpose of this study is to relate NRP and NRO neuronal 
activity to quantifiable motor challenges. Eight cats were implanted with microwire 
electrodes stereotaxically aimed at NRP and NRO. EOG, EEG and nuchal EMG 
electrodes were also implanted. Serotonergic raphe neurons were defined by their 
characteristic slow and regular firing rates during quiet wakefulness, their long 
duration action potentials (>2 msec), reduced firing rates in REM sleep and a 
responsiveness to a system ically administered serotonin autoreceptor agonist (8-OH 
DPAT). Cats were presented with both incremental locomotor and incremental 
respiratory challenges. The locomotor challenge consisted of treadmill walking and 
running (0, 0.16, 0.26, 0.40, 0.52, 0.63 m/sec). The respiratory challenge consisted 
of increasing the fraction of inspired CO2 within the recording chamber by one 
percentage point for one minute until an FICO2 of 8% was reached. Of 11 raphe 
neurons studied with the locomotor challenge, the activity of 7 of these neurons 
showed strong positive correlations with the treadmill speed (r=0.87±0.07 SE; 
pcO.001). A smaller subset of raphe neurons (3 of 10) showed activity highly 
correlated with the FICO2 (r=0.85±0.04 SE; pcO.001). All cells responding to the 
CO2 challenges responded to the treadmill challenges. These results indicate that 
while firing rates of all medullary serotonergic neurons are state dependent, the 
firing rates of subpopulations of NRP and NRO increase with specific motor 
behaviors and this increase parallels the level of motor challenge. Supported in part 
by grants from AFOSR (90-0294), NIMH (MH-23433) and NIH (HL-07713).

305.9
C H A N G ES  IN E X T R A C E LLU LA R  SER O TO N IN  IN R ELA T IO N  TO  BEH AV IO R  
IN R A TS . L E .  Rueter*. R .A . G alleao s. and B .L . Ja c o b s . Prog N eurosc i., Dept. 
Psychology, Princeton Univ, Princeton, N .J ., 08544.

It is known that serotonin re lease ch ang es a c ro s s  the sleep-wake cyc le . 
However, it is not yet c lear under what other behavioral and physio logical 
conditions, if any , the re lease of serotonin is altered. W e report here on the 
initial stages of a  program  designed broadly to exp lore this issue  using in vivo 
m icrod ialysis. G uide cannu lae w ere  implanted above the co rpus striatum  and 
am ygdala in m ale Sprague-D aw ley derived rats (350-450g). Follow ing a 
recovery period of at least one week, concentric m icrod ia lysis p robes were 
inserted through the guide cannu lae twelve hours prior to the initiation of 
m icrod ia lysis sam pling. Th irty m inute sam p les w ere co llected  starting in the 
last three hours of light phase, then continuing through: two hours of dark 
phase ; thirty m inutes of exposure to a  ca t; two further hours of dark phase; 
and, for a  subset of food deprived rats, thirty m inutes of feeding. All 
experim ents w ere  concluded with an in jection of 8-OH -D PAT (250μg /kg , s .c .)  
in order to help confirm  that the chrom atograph p eaks exam ined were 
serotonin. R esu lts indicate that there w a s  a  sm all but consistent in crease  in 
serotonin re lease in the transition from  light phase  to dark  phase. Serotonin 
leve ls increased during cat exposu re  in both the am ygdala  (34% , n= 13) and 
the co rpus striatum (22% , n= 13). Feeding induced an increase  in re lease of 
serotonin in both sites at m agnitudes com parab le to that seen  during cat 
exposure . Th ese  prelim inary resu lts suggest that serotonin re lease m ay be 
nonspecific in term s of both brain site and experim ental condition. Supported 
by grants from the A FO S R  (904)294) and the NIMH (MH 23433).

305.10
SEROTONIN REDUCES A Ba2+ SENSITIVE, Cs+ RESISTANT OUTWARD 
RESTINO CURRENT IN ADULT RAT SENSORY NEURONS. Edmund G. 
Anderson1* and Reese S. Scroops2 1Dept. of Pharmacol. Univ. 
of Illinois at Chicago, Chicago, IL 60612, 2Dept of Anat 
and Neurobiol., Univ. of Tennessee, Memphis, TN 38103.

In А-type dorsal root ganglion (DRG) neurons, serotonin 
(5HT) produces a depolarization with an increase in input 
resistance mediated by a 5HT2 receptor. The mechanism 
underlying this event is not fully understood. In this 
study we observed the effects of Ba2+, Cs+, and 5-HT on DRG 
cell resting currents using the whole-cell patch-clamp 
technique. Approximately half the large diameter (44-54μιη) 
DRG neurons superfused with ImM Ba2+ produced an inward 
shift in the holding current (HC) required to hold neurons 
at -60mV which averaged 0.7nA. This inward shift in HC was 
accompanied by a 59% reduction in chord conductance 
(initial fast current component) evoked by hyperpolarіzing 
voltage steps. The reversal potential for this effect 
averaged -78mV. Thus, it appears that Ba2+ blocks an 
outward current which was active at a holding potential of 
-60mV. This effect was not mimicked by l-2mM Cs+

In neurons where HC was sensitive to Ba2+, 5HT was also 
observed to produce an inward shift in HC averaging 1.2nA 
and a decrease in chord conductance averaging 27%. The 
reversal potential for this effect averaged -85mV.

Pretreatment with Ba2+ occluded the effects of 5HT. In 
addition, the 5HT induced inward shift in HC was not 
observed in neurons where Ba2+ did not affect HC. Thus, 5HT 
and Ba2 + apparently reduced a common current. The presence 
of this current at holding potentials of -60mV and lack of 
sensitivity to Cs+ argues against this being IM, Im or IH. 
This current is analogous to the Is current recorded in 
Aplysia cells, but differs in being sensitive to Ba2+.

T R A N S M IT T E R S  IN  I N V E R T E B R A T E S : A C E T Y L C H O L IN E

306.1 306.2
BINDING STUDIES REVEAL TWO PUTATIVE MUSCARINIC 
ACETYLCHOLINE RECEPTORS IN THE NERVOUS SYSTEM OF LARVAL 
MANDUCA SEXTA. В. A. Trimmer*. S. Oazi and D. R. Proulx. Department of 
Biology, Tufts University, Medford, MA 02155.

In larval Manduca sexta, the excitability of identified motoneurons can be 
modulated by afferent activity. The pharmacology of this modulation, and its 
induction by muscarinic agonists, suggests that it is mediated by muscarinic 
acetylcholine receptors (mAChRs). Using the muscarinic antagonist quinuclidinyl 
benzilate (^H-QNB) as a ligand, we have identified binding sites in membrane 
preparations o f the nervous system that are candidate mAChRs. Between 0.05 and 
120 nM ^H-QNB, specific binding (determined using lO^M atropine) appeared to 
saturate at two concentrations (~2 and 90 nM). Iterative curve fitting analysis of 
total and specific binding was used to compare the goodness o f fit of one and two 
site binding models. Specific binding data was fitted best by a two site model (P <
0.0001) yielding a high affinity site (Kd  = 0.15Ю.05 nM, В max = 22.812.8 
fmol/mg protein: MeanslSEM) and a low affinity site (Kd  = 4111521 nM, В max = 
7981877 fmol/mg). Analysis of the total binding data was also fitted best by a two 
site model (P = 0.014) and yielded similar values for the high affinity site (Kd  = 
0.086Ю.021 nM, В max -  23.612.4 fmol/mg) but much lower values for the low 
affinity site (Kd  = 6.919.3 nM, Bmax = 17.2111.3 fmol/mg). Differences in the 
empirical non-specific binding, and the theoretical non-specific binding 
determined from the total binding, (0.135% and 0.186% of added %-QNB,
respectively) account for the disparate low affinity parameters.

Binding of % -QNB at both of these sites is inhibited by atropine and 
scopolamine but is unaffected by aBGTX, therefore it is possible that both sites 
are mAChRs. Tests of potential cooperativity and of pharmacological differences 
between these sites are in progress.

Supported by a Sloan Foundation Fellowship and Ν Ή  Grant NS30566 to BAT.

MUSCARINIC MODULATION OF SECOND MESSENGERS IN AN INSECT 
CNS. S. Qazi* and B. A. Trimmer. Department of Biology, Tufts University, 
Medford, MA 02155.

In the caterpillar, Manduca sexta, the muscarinic agonist oxotremorine-M (oxo- 
M), elicits a specific excitatory current in the identified proleg motoneuron PPR. 
This current increases PPR's spike activity which, together with other motor units, 
can be monitored in the proleg motornerve, VNL. The pharmacology of this 
response suggests that it is mediated by muscarinic acetylcholine receptors (B. A. 
Trimmer and J. C. Weeks 1993, J. Neurophys. In press). The potential role of G- 
proteins in this modulation was tested using bacterial toxins. It was found that 
treatment with 50 μg/ml cholera toxin and 20 μg/ml pertussis toxin reduced the 
oxo-M induced increase in spike activity in the VNL (PcO.Ol and 0.02 
respectively). Nicotine induced spike activity was unaffected. To further 
investigate the potential roles of second messengers in mediating the effects of 
muscarinic receptors we assayed cAMP and cGMP in whole nerve cords. 
Treatment with oxo-M for 15 min decreased cAMP significantly (MearcfcSEM: 
2.6±0.25 to 1.9Ю.20 pmol/nerve cord, n=14, P<0.05) and may have increased 
cGMP (51±6.3 to 111±26.8 fmol/nerve cord, n=9 and 10, P=0.052), although this 
was not significant Turnover of inositol phosphates was studied by prelabelling 
the abdominal ganglia with [^Hj-inositol. In the presence of lOmM lithium, 
stimulation with oxo-M increased the appearance of labeled inositol phosphates 
within 5 min. Because oxo-M increases spike activity within one minute, we are 
attempting to measure second messenger production at short intervals. These 
results suggest that multiple G-proteins and multiple second messenger pathways 
can be activated by muscarinic receptors in the insect CNS, and that the 
physiological roles will need to be elucidated in identified motoneurons.

Supported by Sloan Foundation Fellowship and NIH Grant NS30566 to BAT.
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306.3

ALPHA-BUNGAROTOXIN-RESISTANT 
CHOLINERGIC RECEPTORS ON AN IDENTIFIED 
LOCUST FLIGHT MOTONEURONE. L. J.Anderson and 
R.M. Pitman*. School of Biological and Medical Sciences, Gatty 
Marine Laboratory, St. Andrews, Fife, Scotland, KY16 8LB.

The 1st basalar motoneurone of the locust S ch is tocerca  g reg a r ia  
receives a monosynaptic cholinergic input from the wing-hinge 
receptor. Postsynaptic potentials and responses to applied АСҺ are 
greatly reduced by application of alpha-bungarotoxin, indicating that 
'nicotinic' receptors make a major contribution to the postsynaptic 
response. The component of responses to АСҺ that resists block by 
alpha-bungarotoxin has characteristics that are distinct from 
responses mediated by 'nicotinic' receptors; it shows a different 
voltage-dependence and has a pharmacological profile that is 
intermediate between those of vertebrate 'muscarinic' and 'nicotinic' 
receptors. These receptors appear to be similar to those observed on 
the soma of a cockroach motoneurone (David & Pitman. J. comp. 
Physiol. In press.), suggesting that cholinergic receptors of this type 
could be relatively common in insect motoneurones, where they may 
be involved in longer-term signalling events than those mediated by 
the 'nicotinic' receptors that have been studied extensively at insect 
central synapses.

306.5

ACETYLCHOLINE: ITS EFFECT ON AFFERENT RESTING
ACTIVITY IN THE CEPHALOPOD S E P IA  STATOCYST.
Y.J. Tu*1 and B.U. Budelmann1,2. Marine Biomed. Inst, and 2Dept. of 
Otolaryngology, Univ. Texas Medical Branch, Galveston, TX 77555.

The effect of bath application of acetylcholine (АСҺ) on the resting 
activity (RA) of afferent fibers was studied in isolated left and right 
statocysts (N=52) of the cuttlefish Sepia officinalis. АСҺ (threshold 10"7M), 
the cholinergic agonist carbachol (threshold 10'5M), the M-receptor agonist 
muscarine (threshold 10'7M), and the N-receptor agonists nicotine and 
DMPP (thresholds lO^M and 10‘5M, respectively) caused an inhibiton of 
RA in almost all experiments. The M-receptor antagonist atropine (10'5M, 
HT*M and 10'5M, respectively) reversed the inhibitory action of АСҺ, 
muscarine and carbachol, and the N-receptor antagonist d-tubocurarine (10 
5M, lO^M and 10'5M, respectively) reversed the inhbitory action of АСҺ, 
nicotine and DMPP; atropine (1(T*M) and d-tubocurarine lO^M), however, 
had no effect on RA. After initial blocking of the M-receptor with atropine 
(10^M), nicotine (10'5M) still had an inhibitory effect; 10'3M atropine, 
however, blocked the action of 1(Г*М АСҺ. After initial blocking of the N- 
receptor with d-tubocurarine (10^M), muscarine (НҐ’М) still had an 
inhibitory effect.

Together with previous histo- and radiochemical data of O ctopus as well 
as degeneration experiments and bioassays (Auerbach & Budelmann, 1986), 
these data favor the hypothesis that acetylcholine, via M- and N-receptors, 
is a potent inhibitory transmitter in the efferent fiber system of the 
cephalopod (Sepia) statocyst. Support by NIH grant R01 EY 08312-03.

306.7

SECOND M ESSENGER INVOLVEMENT IN THE REGULATION OF THE 
LIMULUS CENTRAL NERVOUS SYSTEM CHOLINE CO-TRANSPORTER.
B. D. Ford. H. K. Rucker* and James G. Townsel. Dept. of Physiology, 
Meharry Medical College, Nashville, Tennessee 37208.

Our laboratory has previously reported on the characterization of a 
high affinity choline uptake system (HAChUS) in the central nervous system 
of the marine arthropod, Limulus polyphemus (Ivy and Townsel, Comp. 
Biochem. Physiol. 86:103-110,1987). This transport system is rate limiting 
in the synthesis of acetylcholine (АСҺ) and its capacity is coupled to 
neuronal activity. Following exposure to depolarizing levels of potassium 
there is a doubling of transport capacity accompanied by an increase in 
Vmax. There is recent evidence that this increase in transport may result 
from the involment of pre-synaptic receptors and the subsequent activation 
of second messenger systems IBreer, and Knipper, J . Neurobiol. 21(2): 
269-270, 1993].

In this study, a 500 micron brain slice preparation was used to 
determine the effects of muscarinic ligands and their intracellular messengers 
on the HAChUS. Transport was increased >30% by 20 μΜ pirenzepine, a 
selective M1 antagonist. The M1 agonist, oxotremorine, at a concentration 
of 10 μΜ caused a 20% reduction in choline transport. The diacylglycerol 
analog, phorbol 12,13 dibutyrate (PDBU) resulted in a 37% increase in 
transport. Studies are in progress to correlate second messenger activation 
with elevated potassium stimulated transporter up-regulation. (Supported by 
NIH grants GM 08037 and RR03302 NSF grant HRD-9106096).

306.4

A C E T Y L C H O L IN E  A C T IV A T E S  TW O  C U R R E N T S  IN T H E  ARC  
M U S C LE  O F  A P LY S IA  . J.A , Kozak*. K .R . W eiss and V. Brezina. 
Dept. Physiology and Biophysics, Mt. Sinai School of Medicine, 
New York, NY.

The accesso ry  radula closer (A R C) m uscle provides a model 
system  for studies of m odulation of m uscle  contraction by 
neuropeptides. The A R C  is innervated by two motorneurons, which 
re le a se  peptide cotransm itters that m odulate the m uscle's 
contractions. The m odulatory actions of these  peptides on 
m embrane currents have been extensively studied. However, the 
contractions are evoked  by the motorneurons' primary transmitter, 
a c e ty lc h o lin e  (А С Һ ). W e h a v e  b e en  stu d y in g  the 
electrophysiological effects of АСҺ on dissociated A R C  muscle  
fibers under voltage clam p. The ACh-activated current reverses 
around -30 mV, an unusually negative potential. We have found that 
this is because  the total current is in fact a sum  of two distinct 
currents activated by АСҺ, one reversing at -60 mV and the other at 
much more positive values, above 0 mV. The former is sensitive to 
alteration in extracellular chloride but not potassium concentration 
and is selectively activated by suberyldicholine. Both currents are 
blocked by tubocurarine and atropine, but hexamethonium blocks 
only the positive-reversing current. The two currents seem  similar to 
the ACh-activated chloride and cationic currents present in Aplysia  
neurons. The low reversal potential resulting from coactivation of the 
two currents may prevent m assive  activation of voltage-gated  
calcium  current which would m ake it difficult to obtain graded 
contractions.

306.6

ATROPINE AND OUABAIN ATTENUATE IMPULSE 
AFTEREFFECTS IN L U M B R IC U S  MEDIAN GIANT AXON.
S. S. Waikar. J. C. Steere. and S. A. George*. Neuroscience 
Program, Amherst College, Amherst, M A 01002-5000.

Impulses in earthworm median giant axons are followed by a 
period of supernormality (SN), manifested as increased 2nd-spike 
velocity. SN is highly correlated with a depolarizing afterpotential 
(DAP), and both are enhanced by high extracellular [Ca+ +]. We 
wished to test whether a giant axon impulse leads to a DAP via 
excitatory inputs from recurrent collaterals that synapse back on 
the giant axon. In the course of testing various receptor blockers, 
we found that 300 μΜ atropine reduced SN and DAPs. Atropine 
also shifted the dependence of 2nd-spike velocity on the DAP, so 
that an impulse initiated at the time of a small DA P travelled at 
subnormal rather than supernormal velocity. However, atropine’s 
attenuation of impulse aftereffects cannot be attributed to 
blocking main fiber-initiated activity in recurrent collaterals, 
because muscarinic cholinergic action is not rapid enough to 
cause aftereffects a few msec after the giant axon impulse. We 
also found that ouabain blocked SN and the DAP. Since SN and 
the DAP depend on C a++, and since both ouabain and atropine 
increase [Са++]ј, we suggest that a buildup of intracellular free 
C a++ may account for the drug effects, and that C a++ influx 
plays a role in the DAP and thus also in supernormality.
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307.1
THE FUNCTIONING DOPAMINE TRANSPORTER: RELATIONSHIPS 
BETWEEN INTERACTIONS WITH SUBSTRATE AND TWO STRUCTURALLY 
DISSIMILAR INHIBITORS, COCAINE AND MAZINDOL. S.M.Meiergerd and
J.O. Schenk*. Dept. of Chemistry, Dept. of Biochemistry and Biophysics, and Prgm. 
in Pharmacology/Toxicology, Washington State University, Pullman, WA 99164- 
4630.

Structural requirements for the transport of dopamine (DA) were determined and 
it was found that the catechol moeity mediated recognition of the substrate and the 
amine side chain facilitated the conformational change resulting in translocation of 
DA across the membrane. This suggests that the transporter has a limited, narrow 
structural requirement for substrate binding. Previously it was shown that cocaine 
inhibits DA transport imcompetitively (McElvain JS and Schenk JO, Biochem. 
Pharmacol.43, 2189,1992), suggesting that cocaine and DA bind at different 
molecular sites. In a kinetic binding model it will be shown that cocaine and a 
structurally dissimilar inhibitor, mazindol, bind to separate but interacting sites. To 
complete the triadai relationship the inhibition of mazindol on DA transport will be 
shown. Based on the structural specificities of the transporter for DA, it is expected 
that the inhibitor and substrate bind to different sites. The functional relationships 
between these three putative binding sites on the transporter for DA will be 
described. This work was supported by PHS Grant DA07384 and the State of 
Washington.

307.3
CATECHOLAMINE TRANSPORTER IN MN9D CELLS IS  
DIFFERENT FROM DOPAMINE TRANSPORTER IN THE 
STRIATUM Y. Qian*. S.P. Berger Lab. of 
Psychiatry and Neurology, VAMC/UCSF, San 
Francisco, CA 94121

MN9D is an immortalized catecholamine- 
producing neuronal hybrid cell line derived 
from embryonic (E14) mesencephalic dopamine 
(DA) neurons and has been shown to possess 
properties characteristic of dopaminergic cells 
(Choi et al., Brain Research 552:67) . Our study 
is to characterize binding of 3H-BTCP (N-[l-(2- 
Benzo(b)thiophenyl)cyclohexyl]piperidine) to 
membrane preparations of MN9D cells. Results of 
Scatchard analysis have shown that 3H-BTCP 
binds to MN9D cells with lower (micromolar) 
affinity than to striatal tissue. Inhibition of 
3H-BTCP binding by various compounds was 
carried out. Unexpectedly, desipramine was more 
potent at displacing 3H-BTCP in MN9D cells than 
in striatal tissue, whereas GBR-12909 was two 
orders of magnitude less potent in the MN9D 
cells. We are currently investigating whether 
MN9D cells initially contain a norepinephrine 
transporter or, alternately, an embryonic form 
of the DA transporter. Finally, 3H-BTCP binding 
to MN9D cells is being compared to that of 
immature (E14) and older nigral cells.

307.5
D O P A M I N E  T R A N S P O R T E R :  P R O M O T E R  
CHARACTERIZATION AND OVEREXPRESSION IN 
TRANSGENIC MICE D.M.Donovan1. M. Perry1. L.Miner*1. C. 
Schindler2. E. Nanthakumar3. & G.R. Uhl14. lM o l. N eu ro b io l, and  
2 Behav. P harm ., A R C , N ID A , N IH  ά  3Genetics Core and 4Depts. 
N e u ro l ά  Nsci. JH U S M , Box 5180, Baltim ore, M D  21224  

The dopamine transporter (DAT) plays a key role in reuptake of 
dopamine and is expressed in remarkably cell-specific fashion in 
midbrain dopaminergic neurons. To characterize sequence elements 
responsible for this cell-type-specific expression, we have isolated and 
characterized mouse DAT cDNA and genomic clones. Exons 1-4 
share 95% homology with the rat gene. Current studies document 
transcriptional initiation sites and putative promoter sequences.

DAT overexpression in transgenic mice has been approached 
using 4.8kb of the rat tyrosine hydroxylase promoter, which confers 
DAT overexpression in transgenic mice. The overexpression also 
appears to alter behavior. In two studies, DAT-overexpressing 
animals habituate more rapidly than littermate controls on repeated 
exposure to a novel environment. These animals may provide the 
first transgenics with altered psychostimulant responses induced by 
changed expression of an introduced gene.

307.2
REPEATED COCAINE TREATMENTS FOLLOWED BY WITH
DRAWAL ALTERS DOPAMINE TRANSPORT VIA A Na+- 
DEPENDENT MECHANISM. Sue L Povlock* and James O. Schenk. 
Depts. of Biochemistry and Biophysics and Chemistry, Prgm. 
Pharmacol/Toxicol, Washington State Univ., Pullman, WA 99164-4630.

A partially random sequential mechanism of dopamine (DA) uptake 
involving three substrates, dopamine (DA), Na+ and СГ was proposed 
by McElvain and Schenk, {Biochem. Pharm. 43, 2189, 1992). Yi and 
Johnson, Neuropharm. 29, 475 (1990) found that after rats have been 
administered cocaine (COC) for three days followed by a period of 
withdrawal, the Vmax for transport increased while the Km was un
changed suggesting that the binding of DA to the transporter was 
unchanged. We hypothesize that the increase in velocity may be 
mediated by changes in interactions between one of the other substrates 
and the transporter. Thus, the present studies were designed to evaluate 
the effect of [Na+] on DA transport following COC treatments. Using 
the rotating disk electroanalytical technique, DA uptake was evaluated in 
the striatal tissue obtained from male rats administered 16 mg/kg COC 
for three days followed by a three-week withdrawal period. The [Na+] 
was changed by substitution with choline. The velocity of dopamine 
uptake was reduced by 59 + 6 %, n = 4, when the [Na+] was decreased 
from 150 to 100 mM in animals treated with COC and subsequently 
withdrawn. A reduction of 41 + 1 % was found in control animals.
Thus, COC following withdrawal from repeated treatments appears to 
alter the transport of DA via a Na+ dependent mechanism. [Supported 
by a PHS grant to J.O.S., DA07384, and the State of Washington.]

307.4
DOPAMINE TRANSPORTER SITE-DIRECTED MUTANTS IDENTIFY 
RESIDUES SELECTIVELY IMPORTANT FOR COCAINE 
RECOGNITION. J.-B. Wang*. S. Davis and G.R. Uhl, M o l  
N e u ro b io l, A R C , N ID A , N IH  &  Depts. N eu ro l ά  Neurosci., JH U S M , 
B alto ., M d . 21224.

To identify putative transmembrane (TM) domains of the dopamine 
transporter (DAT) that might differentially contribute to its recognition of 
dopamine and cocaine, we have studied the influences of site-directed 
mutagenesis in the polar residues of TM 1-12 on the ability of mutants to 
take up dopamine and bind cocaine analogs. Functional impacts of more 
than 15 mutations in TM polar amino acid residues were studied. 
Substitution of alanine for tyrosine 250 ("TMY4") assigned to DAT’s 4th 
TM exerted selective effects. TM4Y displays less than l/10th the affinity 
of the wildtype DAT for the carboxyfluorotropane cocaine analog CFT. 
Conversely, TMY4 displays small increases in DA uptake. Residues in the 
fourth TM domain appear to provide selective roles in cocaine 
recognition, either directly or through effects on DAT secondary/tertiary 
structures. These results identify targets for development of agents 
selectively blocking cocaine affinity while sparing dopamine transport.

307.6
DOPAMINE TRANSPORTER ANTIBODIES. R. Vaughan1. W.M. 
Mitchell1*. C.R. Freed2,3. G. Uhl2 and MJ. Kuhar1. Neuroscience Branch, 
NIH-NIDA, Balto., MD 212241, Molecular Neurobiology Branch, NIH- 
NIDA, Balto., MD 21224*, University of Colorado School of Medicine, 
Denver, CO 802623.

Synthetic peptides corresponding to four regions of the rat dopamine 
transporter were conjugated to keyhole limpet hemocyanin (KLH) and used to 
raise rabbit polyclonal antisera. Two of the peptides were from the N-terminal 
region (amino acids 6-30 and 42-59), one from the C-terminal region (ал. 579- 
607) and one from the putative extracellular region containing the consensus 
glycosylation sites (a.a. 224-241).

All peptides produced high titer (1:10,000) sera when analyzed by ELISA. 
Reactivity of the sera against the dopamine transporter protein was demonstrated 
by immunoblots and immunoprecipitation assays. In western blots, the N- and 
C-terminal antisera recognized a protein of M, = 80-82,000 daltons which was 
present in rat striatum and nucleus accumbens but not in rat cerebellum. All four 
of the peptides produced antisera which immunoprecipitated ,25I-DEEP - 
photoaffinity labeled transporters from rat striatum. In initial immuno- 
histochemical studies, C-terminal antibodies selectively labelled nigrostriatal 
dopamine neurons and nerve terminals. The sera are also being tested in 
immunohistochemical assays of primary cell cultures.

In conjunction with two previously described sera (Vaughan et al., Molec. Cell 
Neurosci. 4: 209-215), we now have antibodies directed against six discrete 
regions of the dopamine transporter. These antibodies will be used to probe 
structural and functional domains of DAT.
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307.7
The localization of dopamine and norepinephrine transporter mRNA in 
catecholamine-immunoreactive cell bodies in the rat brain by in situ  
hybridization combined with immunohistochemistry. D. Lorang*. S.G. 
Amara. R.B. Simerlv. Vollum Institute, OHSU., Portland, OR, 97201; Div. 
Neuroscience, Oregon Regional Primate Center, Beaverton, OR 97006.

The dopamine transporter and norepinephrine transporter terminate 
catecholaminergic neurotransmission at synapses by high affinity sodium- 
dependent reuptake into presynaptic terminals, and are the initial sites of 
action for drugs of abuse and antidepressants. In the present study, we used 
in situ hybridization combined with immunohistochemistry to study the 
distribution of DAT mRNA or NET mRNA in the adult male rat brain. Cells 
were first immunolabeled with antisera directed against one of the 
catecholamine synthetic enzymes, tyrosine hydroxylase (TH), dopamine-ß- 
hydroxylase (DBH) or phenylethanolamine-N-methyltransferase (PNMT), in 
order to identify dopamine (TH positive, DBH negative)-, norepinephrine 
(TH positive, DBH positive, PNMT negative)- or epinephrine (TH positive, 
DBH positive, PNMT positive)-containing cells. The immunolabeled cells 
were subsequently assayed for their ability to express catecholamine 
transporter mRNAs by in situ hybridization using either a rat DAT or NET 
antisense cRNA probe. Most dopaminergic cell bodies of the diencephalon 
and the mesencephalon contained high levels of DAT mRNA, including 
tuberohypophyseal cells which release dopamine into the median eminence. 
Nearly all norepinephrine-containing cell bodies of the brainstem in the locus 
ceruleus and lateral tegmentum expressed NET mRNA. In contrast, 
epinephrine-containing cell bodies of the brainstem appeared to contain little 
if any NET mRNA suggesting either the presence of a separate and specific 
transport system for adrenergic neurotransmission, or perhaps a mechanism 
of synaptic transmission that is distinct from the other bioactive amines.

307.9
C H O T1  m R N A  D IS T R IB U T IO N  IN R A T  B R A IN  IN D IC A T E S  IT D O E S  N O T  E N C O D E  
T H E  C H O L IN E R G IC  H IG H -A FF IN IT Y  C H O U N E  T R A N S P O R T E R . H .K . H ap p e*  
and L .C . M urrin. Ph arm aco logy , Univ. N eb. M ed. C tr., O m aha , N E  68198.

A  putative neural ch o lin e  transporter (C H O T 1 ) h a s  b een  c lo n ed  and  ex p re sse d  
(F E B S  Let. 305 :31-36, 1992). C H O T 1  e x p re s se s  a high-affinity (K m = 10 uM), 
sod iu m -depen dent, hem icholin ium -3 in sen sitive  ch o lin e  transport in o o cy tes . W e  
exam in ed  the distribution of C H O T1  m R N A  in rat brain b y  in situ hybridization, 
using a 48  b a se  o ligon ucleotide p ro b e  labeled  with [^ S Jd A T P . In adult rats the  
hybridization signal w a s  w id esp read , but with a d istinct pattem . Twenty-fold  
e x c e s s  of un labeled  o ligon ucleotide red u ced  signal to  b ackg ro u n d . Em u lsio n  
autoradiography indicated cellu lar localization to  both n e u ro n s and glial ce lls  in 
severa l reg ion s. H igh leve ls of e x p ress io n  w e re  d etected  in th e  cerebellum  
(Purkinje and granule  cell layers), choro id  p lexus, m edial haben ulae, pontine  
nucle i, o cu lom otor n u c le u s  and the h ip p o ca m p u s (pyram idal ce ll layer). 
M oderate signal w a s  d etected  in cortex, g lo b u s pallidus, c o rp u s  ca llo su m  and  
m ost other w hite m atter tracts. V ery  low  leve ls  a re  p resen t in striatum, 
a c c u m b e n s , co rtex  layer I, h ip p o ca m p u s m o lecu lar layer and cereb e lla r m olecu lar 
layer. T h e  pattem  w a s d istinctly  different from  that e x p ected  for cho lin erg ic  
m arkers (e .g ., СҺ А Т m RN A ; N eu ro sc i. 47 :807-822, 1992). Relatively low  signal 
w a s  d etected  in severa l reg io n s with high cho lin e rg ic  activity, s u c h  a s  the  
striatum , the n u c le u s  basa lis and the pedu n cu lo p o n tin e  nucle i. C H O T 1  m RN A  
w a s relatively m ore abundant in o ther ch o lin e rg ic  reg io n s w ith high cho lin erg ic  
activity, including the m edial habenula, the m edial sep tu m  and  severa l m otor 
nerve nu cle i in the brainstem . T h e  w id esp read  distribution and p oor correlation  
with ch o lin erg ic  m arkers in d icates that the C H O T 1  d o n e  d o e s  not e n c o d e  the  
d a ss ic a l ch o lin e  transporter know n to  b e  asso c ia te d  with a ce ty lc h d in e  syn th esis . 
It is p o ss ib le  that th is transporter is  a sso c ia te d  with ch o lin erg ic  n eurotransm issio n  
in so m e  brain reg ion s. H o w ever its w id esp rea d  distribution w ould  su g g e st  that 
it a lso  se rv e s  other fu nctions in th e  brain. S u p p o rted  b y  N S  23975.

307.11
L O C A L IZ A T IO N  O F  N E U T R A L  A N D  B A S I C  A M IN O  A C ID  T R A N S P O R T E R 
L I K E  IM M U N O R E A C T IV IT Y  IN C E N T R A L  C A T E C H O L A M IN E - C O N T A IN IN G  
R E G IO N S . M .J. N irenbero*. S .S .  T a te . R . M o scko vitz . S .  U den frien d  a n d  V .M . 
P ic k e l. D iv. N eurobio logy, Dept. N euro logy a n d  N e u ro sc ie n c e , C o rn e ll U n iv. 
M ed. C o lle g e , N ew  Y ork , N Y  10021 a n d  R o c h e  Institute of M o lecu lar Bio logy, 
N utley, N J 0 7 1 10 .

W e  u se d  im m unocytochem istry  to exa m in e  the light m icro sco p ic  distribution  
of a  no vel rat k idn ey neutral a n d  b a s ic  am ino  ac id  transp o rter (N B A T ) in the  

. b ra in stem  and  sp in a l cord  of the adult rat. S ite -d irected  p o lyclona l antibod ies  
from  N B A T  w e re  lo calized  in co ro n a l se c t io n s  throughout th e se  reg io n s u sing  
the avidin-biotin im m u n o p ero x id ase  m ethod. A d jace n t se c t io n s  w e re  lab e led  for 
the ca tech o lam in e-sy n th es iz in g  e n z y m e s  tyrosin e  h y d ro xy la se , d o p am in e  ß- 
h y d ro xy la se  or p h en y le th a n o la m in e  N -m eth y ltra n sfe ra se . N B A T -lik e  
im m unoreactiv ity  (N B A T -L I) w a s  found in d e n se  p lexi of v a r ic o se  p r o c e s s e s  in 
reg io n s containing ad ren erg ic  a n d  n o rad ren erg ic  p erik a ry a  and/or p ro c e s s e s .  
T h e s e  reg io n s in clu ded  the lo cu s  c o e ru le u s , n u c le u s  of th e  so litary  tract (N T S ), 
C1  ad ren erg ic  ce ll group of the ventro lateral m edulla , a n d  th e  d o rsa l horn and  
in term ediolatera l ce ll co lu m n  of th e  sp in a l cord . Lightly la b e led  p erik arya  w ere  
a lso  o cca s io n a lly  d e tected  in th e  N T S  a n d  ven tro la teral m edulla . T h e  
pro n o u n ced  labeling  for N B A T -L I in th e se  cen tra l catech o lam in e-co n ta in in g  
reg ion s prom pted a  se c o n d  se t of exp erim en ts  to d eterm ine  the ce llu la r  
distribution of N B A T -L I in the a d ren a l m ed ulla , a  m ajor p eriph eral 
catech o lam in e-co n ta in in g  region. W ithin the a d ren a l m edulla , th e  m ost in ten se  
N B A T -L I w a s  d etected  in gang lion  c e l ls  a n d  v a r ic o se  p ro c e s s e s . M ost 
chrom affin  c e lls  a lso  co n tain ed  m o d erate  le v e ls  of N B A T -L I. T h e s e  find ings 
su g g e st  that in addition to its p re su m e d  ro le in rena l am ino  a c id  transport, 
N B A T  or a  structurally re lated  protein m ay  a lso  b e  involved  in auton om ic  
n e rv o u s sy ste m  function. (Sup p o rted  by g ra n ts H L  1 89 7 4  an d  M H 4 8776).

307.8
CHARACTERIZATION OF MONOAMINE TRANSPORTER 
FUNCTION IN FETAL AND ADULT RAT TISSUE. C.E. Hyde*. B.A. 
Bennett and H. W. D avies. Dept. of Physiol/Pharmacol, Bowman Gray Sch. 
Med. and Dept. of Chemistry, Wake Forest Univ., Winston-Salem, NC 
27157

Much is known about the ontogeny of monoaminergic neurons, but little 
is known about the monoamine transport systems during the development of 
the fetal rat. For this reason, we pharmacologically characterized the 
dopamine (DA), serotonin (5-HT), and norepinephrine (NE) transporters in 
tissue obtained from gestational day 20 (GD-20) and compared these results 
to that obtained from adult (3 mos) P2 preparations. We examined uptake 
in the presence of specific uptake inhibitors and compared the selectivity of 
these agents to the different transporters. Striatal tissue was used for DA 
uptake studies and frontal cortex for both 5-HT and NE uptake. We also 
examined several novel tropane analogs WF 11, WF 31, and WF 23 and 
determined the selectivity of these compounds for either the DA, 5-HT, or 
NE transporter. The data indicated that WF 11 is a potent compound 
selective for the DA transporter and that WF 31 is selective for the 5-HT 
transporter. On the other hand, WF 23 is equipotent at both DA and 5-HT 
transporters. Additionally, the IC50 (80pM) of WF 23 suggests that this 
compound is 2000 times more potent than cocaine. Kinetic analysis of the 
data revealed high affinity uptake mechanisms with a striking similarity 
between fetal and adult transporter function. Differences in 1C50 values 
between fetal and adult transporters were only 2 -6  fold, indicating that 
transporter function at GD-20 in the rat is comparable to that in the adult. 
Supported by NIDA grants 05073, 06634 (BAB), 07246  (СЕН), and 06301 
(HWD).

307.10
P A R T IA L  P R IM A R Y  S T R U C T U R E  O F  T H E  C H O U N E  C O - T R A N S P O R T E R  
IN T H E  L IM U L U S  C E N T R A L  N E R V O U S  S Y S T E M .
L  F . Barnw ell. G . C h au d h u ri a n d  J . G . T o w n se l* . D ept. of P h ysio lo gy , and  
Div. of B io m ed ica i S c ie n c e s , M eharry  M edical C o lleg e , N ashville , T e n n e sse e  
37208.

In ch o lin erg ic  n eu ro n s the sy n th e s is  of ace ty lch o lin e  is  su p ported  by  
a  high affinity ch o lin e  up take sy stem  (H A C h U S ). S tu d ie s  d o n e  in our 
laboratory  h ave  dem onstrated  the p re se n c e  of a  H A C h U S  in the nervous  
sy stem  of Limulus polyphemus [Ivy and  To w n se l, C o m p . B lo c h e m . P h y s io l.  
8 6 C ,(1 ) :, 103-110, 1987]. R ecen tly , M a yser e ia / . ,  [ F E B S  3 0 5 ,(1 ) : 31-36, 
1992], determ ined the prim ary structu re of a  ch o lin e  co-tran sporte r in the rat 
n ervo u s sy stem  (C H O T1 ). U sin g  a  se n s e  o ligon ucleotide prim er gen erated  
from  the putative tra n sm em b ra n e  seg m en t I a n d  a n  a n tise n se  prim er from  
th e  extracullu lar lo op  co n n ectin g  se g m e n ts  III and  IV, a  P C R  product of 
ap proxim ately  300  bp  w a s  gen erated  from  Limulus total D N A. T h is  am plified  
product a p p e a rs  to b e  sp ec ific  for Limulus D N A  a n d  RN A . Exp e rim en ts  a re  
being co n d u cted  to  d eterm ine the se q u e n c e  of th is P C R  p roduct and  the  
prim ary structu re a n d  function of the m R N A  w h ich  h yb rid izes with th e  P C R  
product. (Suppo rted  by  NIH g rants G M  080 37  and  R R 03 30 2  and  N S F  grant 
H RD -9106096).

307.12
ANALYSIS OF THE GENE ENCODING TWO GLYCINE 
TRANSPORTER VARIANTS WITH DISTINCT LOCALIZATION. B.. 
Borowskv* and BJ. Hoffman. Lab. of Cell Biology, NIMH, Bethesda, MD 
20892.

We have previously isolated and cloned a cDNA encoding a high affinity, 
Na+/Cl'-dependent glycine transporter, GLYT-2 (Borowsky et al., Neuron 
10,1993), which is distinct from another glycine transporter, GLYT-1 (Smith, 
et al., Neuron 8, 1992). While the 3’ sequences of these two cDNAs are 
identical, the 5’ noncoding regions and the NH2 termini are completely 
different. GLYT-1 is found only in the white matter of the CNS, while 
GLYT-2 is found in the gray matter of the CNS as well as in macrophages 
and mast cells in peripheral tissues. These findings suggest that tissue- 
specific alternative splicing or alternative promoter usage from a single gene 
results in two mRNA products encoding similar but distinct glycine 
transporters. To explore this further, we are analyzing the structure of the 
gene encoding the glycine transporters from a single cosmid clone. This clone 
contains the common 3’ end and the distinct 5' ends of the glycine 
transporters. We have sequenced the 5’ region of this gene, and report that 
the distinct 5’ ends of the GLYT-1 and GLYT-2 cDNAs are located on 
distinct exons. Further analysis of the 5' flanking region along with primer 
extension and RNase protection assays are being performed to map 
transcription start sites and to determine whether GLYT-1 and GLYT-2 
arise from a single RNA precursor. The distinct localization of GLYT-1 and 
GLYT-2 suggests that there may be functional or regulatory differences 
between these transporters.
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307.13
PROPERTIES OF A CLONED ß -A L A N IN E -SE N SIT IV E  
NEURONAL GABA TRANSPORTER EXPRESSED IN 
MAMMALIAN CELLS. J. A. Clark1*, A. Y. Deutch1,2  p. z. 
Gallipoli1,2  and S. G. Amara3. Departments of Pharmacology1 and 
Psychiatry2, Yale University School o f Medicine, New Haven, CT 
06510; Vollum Institute3, Oregon Health Sciences University, 
Portland, OR 97201.

The synaptic action of γ-aminobutyric acid (GABA) is terminated 
by high affinity, Na+-dependent transport processes in both neurons 
and glia. We have isolated a novel GABA transporter cDNA, GAT- 
B, which encodes a high affinity (ATm=2.3 μΜ), Na+- and Cl-- 
dependent GABA transport protein that is potently blocked by β- 
alanine, a compound generally considered a selective inhibitor of 
glial transport. However, in situ hybridization studies indicate that 
GAT-B mRNA is expressed predominantly within neurons. LLC- 
PKi cells stably expressing GAT-B exhibit high affinity transport of 
ß-alanine as well as GABA. The ion dependence, stoichiometry, and 
pharmacology of this GABA transport process have been examined 
in depth using this cell line. In particular, potent GABA uptake 
inhibitors ( K i  values < 1 μΜ) such as NO-711, CI966, and 
tiagabine, which display anticonvulsant properties, are weak 
inhibitors of GAT-B GABA transport (K\ values > 10 μΜ). These 
data indicate that this transporter may prove to be a novel target for 
rational drug design.

307.15
CLONING OF A RAT BRAIN cDNA ENCODING A NOVEL "ORPHAN" 
TRANSPORTER. K.E. Smith*. S.G. Fried. L.A. Borden. E.L. Gustafson. M.M. 
Durkin. P.R. Hartie. T.A. Branchek. and R.L. Weinshank. Synaptic 
Pharmaceutical Corp., Paramus, NJ 07652.

A rat brain cDNA library was screened at reduced stringency with probes 
representing the coding region of the rat GABA transporter (GAT-1). A 2.6kb 
cDNA (rB21a) was isolated that exhibits -52% nucleotide identity with GAT-1. 
The deduced amino acid sequence predicts a protein with 12 transmembrane domains 
that shows significant homology to the family of sodium-dependent neurotransmitter 
transporters (36-40% amino acid identity). Alignment of rB21a with GAT-1 
revealed that the cDNA was truncated; rescreening of the library provided an 
overlapping clone which contained the missing 5 ’end. Although an expression vector 
containing the full coding region of the transporter was constructed and a number of 
candidate compounds were tested for activity in uptake assays, the endogenous 
substrate has not yet been identified. The highest degree of amino acid identity was 
found with two "orphan" transporters whose substrates likewise have not been 
identified (Liu et al., 1993; Uhl et al., 1992). The three sequences share as a 
common structural motif a large 4th extracellular loop in addition to the large 2nd 
extracellular loop characteristic of the neurotransmitter transporter family. Northern 
blot analysis of poly A+ RNA isolated from various rat tissues revealed an ~3kb 
transcript expressed primarily in brain, with lower levels in kidney and lung. 
Additional localization studies of rB21a mRNA may help to define its function in the 
nervous system. Its homology with plasma membrane transporters and its presence 
in the brain suggests that rB21a encodes a novel transporter whose endogenous 
substrate may be neuroactive.

307.17
H U M A N  SY N A PT IC  Y E SIC U L A R  M O N O A M IN E  
TRANSPORTER cDNA: PHARMACOLOGY and EXPRESSION 
C.K. Surratt ‘*. G.R. Uhi». P . Walther \  A.M. Persico". G.S. Bird

A.L. Hawkinsb.C.A. Griffinb. E.W. Jabs c and A.M. P o m a te  
ΛΜ οΙ NeurobioL, ARC, NIDA, N IH  & Depts. Neurol. & Neurosci., 
b One., c Peds. & Med. JHUSM, Balt., Md. 21224.

A human vesicular monoamine transporter (hSVMT) cDNA 
predicts a protein of 515 amino acids that shares 92% amino acid 
identity with the rat homolog and differs in sites for N-linked 
glycosylation and PKC phosphorylation. The hSVMT gene maps to 
chromosome 10q25. Northern analysis reveals expression of 3 kb 
mRNA in human brainstem and 4.8 kb mRNA in hypothalamus. In 
situ hybridization elucidates substantial expression in human nigra 
compacta neurons and in apparent histaminergic hypothalamic neurons 
in rat. COS cell hSVMT expression yielded affinity for tetrabenazine 
(2 nM), reserpine (73 nM), haloperidol (2 μ Μ ) ,  GBR12909 (2.2 μ Μ ) ,  
serotonin (3.4 μ Μ ) ,  mazindol (23 μ Μ ) ,  nomifensin (416 μ Μ ) ,  
d-amphetamine (301 μ Μ ) ,  dopamine (2.8 mM), epinephrine (1.2 
mM), norepinephrine (3.1 mM) and histamine (3.2 mM). These 
observations extend the pharmacological characterization of hSVMT, 
and indicate likely physiological roles for SVMT in packing 
monoamine transmitters including histamine.

307.14
[3H]ADENOSINE TRANSPORT AND METABOLISM IN CULTURED 
FETAL HUMAN ASTROCYTES. J.G. Gu* G, Kala, and J.D. Geiger . Dept. of 
Pharmacol., Univ. of Manitoba Faculty of Med., Winnipeg, Manitoba, Canada, 
R3E 0W3.
Previously we showed that [3H]adenosine ([3H]ADO) transport in 
synaptoneurosomes of postmortem human brain occurs via a non-concentrative 
and equilibrative process and that measurement of Kt and Vmax values for this 
process could be affected by intrasynaptoneurosomal ADO metabolism (Gu et 
al., J. Neurochem. 1993, in press). Here, using cultured fetal human astrocytes 
we studied [3H]ADO transport and metabolism in the absence and presence of 
the ADO kinase inhibitor 1 μΜ iodotubercidin and the ADO deaminase 
inhibitor 1 uM erythro-9-(2-hydroxy-3-nonyl)adenine. When 0.1 to 2500 μΜ 
[3H]ADO was incubated for 15 s without the inhibitors, [3H]ADO transport 
showed high and low affinity processes; Kt and Vmax for the high affinity 
processes were 6.2 ± 1.3 μΜ and 0.15 ± 0.05 nmol/min/mg protein, 
respectively; Kt and Vmax for the low affinity processes were 2.6 ±1.2 mM 
and 21 ± 9 nmol/min/mg protein, respectively. In the presence of the enzyme 
inhibitors, a single high affinity process was observed with Kt and Vmax 
values about 5-fold higher than values obtained from experiments without 
inhibitors. Both in the absence and in the presence of the enzyme inhibitors 
accumulations of [3H]ADO reached plateaus within 5 sec at 37°C. In contrast, 
accumulations of [3H] nucleotides did not reach plateaus even with incubations 
as long as 600 s. The extent to which the adenosine and nucleotides 
accumulated increased and decreased, respectively when the enzyme inhibitors 
were present. ADO transport in fetal human astrocytes is similar to that 
characterized in postmortem adult human brain. (Supported by grants from 
MRC of Canada. J. Gu is an MRC Student and J. Geiger is an MRC Scientist).

307.16
R E L E A S E  O F  D O P A M IN E  A N D  A L P H A - M E T H Y L - S E R O T O N I N  
F R O M  R A T  S T R I A T A L  S L I C E S .  H. M. J a co ck s* . S .  B . K a n d a sa m y . 
a n d  B . M. C o x . B eh av io ra l S c ie n c e  D epartm ent, A rm ed  F o rc e s  
Rad io b io logy R e s e a r c h  Institute, B e th e sd a , M D  2 0 8 89 , and  D epartm en t of 
P h arm a co lo g y , Uniform ed S e rv ic e s  U n iversity  of th e  H ealth  S c ie n c e s ,  
B e th e sd a , M D  2 0 8 14 .

S eroton in  (5-H T) c a n  m odulate th e  r e le a se  of d o p am in e  (D A ) b y  
interaction with p resyn ap tic  recep to rs  a n d  p la sm a  m em b ra n e  transporters. 
B a s a l or stim ulated  overflow  of e ith er e n d o g en o u s D A  or p re lo ad ed  {3 H ]D A  
from s lic e s  o f rat striatum  w a s  determ ined b y  in vitro su p erfu sio n . O verflow  
w a s  in cre a se d  b y  e x p o su re  to 5 -H T  (10  μΜ), th e  5 -H T2  recep to r-se lec tive  
agonist a-m ethyt-serotonin (A M E ; 1 0  μΜ), N -m ethyl-D -aspartate  (N M D A ; 2 5  
μΜ), or e levated  K (20  m M ). C o n sisten t with a  vesicu lar re le a se  m ech a n ism , 
overflow  stim ulated  b y  e leva ted  K  w a s  red u ced  in C a -fre e  buffer an d  
overflow  stim ulated  b y  e levated  K  or N M D A  w a s  in cre a se d  b y  b lo ckad e  of 
th e  D A  transporter b y  G B R  1 29 09  (0 .1 -1 0  μΜ). T h e  in cre a se d  overflow  
effected  by 5 -H T  or A M E  w a s  re d u ced  b y  G B R  1 29 09  but w a s  not red u ced  
in C a - fre e  buffer, su g g estin g  a  transporter-depen dent re le a s e  m e ch a n ism .
If A M E  re le a se d  D A  b y  d isp lacing  D A  from  ves icu lar storage  s ite s , it should  
b e  p o ss ib le  to r e le a se  accu m u lated  A M E  b y  activating v es icu lar  re le a se . 
O verflow  of A M E  from  striatal s lic e s  p re-incubated with A M E  w a s  in crea sed  
b y  e leva ted  K . T is s u e  pre-incu bated  with A M E  in th e  p re se n c e  of G B R  
1 2 9 0 9  re le a se d  sign ificantly  le s s  A M E  in re sp o n se  to  e leva ted  K . T h e s e  
d a ta  a re  co n sisten t with A M E  being a  su b stra te  for th e  p la sm a  m em b ran e  D A  
transporter o n  striatal n e rv e  term inals. A ccu m u lated  A M E  c a n  b e  re le a se d  
b y  depolarization, p o ssib ly  v ia  a  ves icu lar m ech a n ism . (Partially supported  
b y  N ID A  grant 0 4 9 5 3  to B .M .C .)

307.18
ALTERATIONS IN K+-EVOKED RELEASE OF 3H- 
NOREPINEPHRINE AND CONTRACTILE RESPONSES IN 
URETHRAL AND BLADDER TISSUES INDUCED BY 
NOREPINEPHRINE (NE) REUPTAKE INHIBITION. AM. 
McNulty* and M.M. Foreman. The Lilly Research 
Laboratories, Lilly Corporate Center Indianapolis, IN, 46285.

The effects of tomoxetine and imipramine were evaluated 
using in vitro release of NE and smooth muscle responses in 
urethral and bladder tissues. The relative potencies of these 
compounds in blocking NE reuptake was examined by 
comparing the potentiation of K+ evoked release of 3H-NE 
from urethral tissues. Tomoxetine was 10 X more potent than 
imipramine in potentiating K+ evoked release of NE. In 
smooth muscle studies with bladder and urethral tissues, the 
capacity of these compounds to augment the relaxation and 
contraction responses, respectively, to NE were examined. 
Tomoxetine significantly augmented, whereas imipramine 
significantly suppressed the NE induced contraction in urethral 
tissues. Tomoxetine was 10 X more potent than imipramine in 
augmenting the NE induced relaxation of carbachol contracted 
bladder tissues. These studies suggest that tomoxetine, a 
selective and potent NE reuptake inhibitor, has a superior 
pharmacological profile compared to imipramine, a non- 
selective NE reuptake inhibitor, for the treatment of urethral 
and bladder disorders.
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307.19
A C U TE  T R E A T M E N T  WITH THE N O R E PIN E PH R IN E  T R A N SPO R T  
IN H IB IT O R , D E SM E TH Y L IM IPR A M IN E , A L SO  INH IBITS T H Y R O ID  
HORM ONE UPTAKE A N D  5'DEIODINASE ACTIVITY IN RAT BRAIN.
E.E. Tomlinson and M.B. Dratman*. VA Medical Center, Medical 
College o f PA and Univ. o f PA, Philadelphia PA 19104 

Rates of in  v ivo  and in v itro  uptake of [ 125iļtrjj0dothyronine (T3 *) 
in rat brain are inhibited (by 15%, p<.02) after a single ip dose of 
desmethylimipramine (DMI), as is in  v ivo  [ ̂ ijth yroxin e (T4 *) uptake 
(by 20%, p<.02). Moreover, after iv T4 * and ip DMI, brain ratios of 
T3 * to T4 * fall by 42% (p<.01). This combination o f responses was 
unexpected in view o f previous evidence that homeostatic control 
mechanisms operate efficiently to keep intracerebral T3  levels within a 
narrow range. Thus when iodothyronine supplies available to the brain 
are reduced, the rate of intracerebral T3  formātiem from T4  goes up, due 
to an increase in brain 5'deiodinase (5‘D) activity. To determine 
whether the evidence for reduced T3  formation in brain in  v iv o  during 
acute DMI treatment is associated with a change in brain 5’D activity, 
we measured the behavior o f the enzyme in the presence or absence of 
the drug. Results: A single injection o f DMI causes a significant 
decrease in the amount o f 5’D activity in hypothyroid rat brain (by 13% ; 
pc.01). Moreover when the drug is added directly to untreated 
hypothyroid brain homogenates before 5’D assay, a similar inhibitory 
effect is observed (by 24%, p<.05). Therefore, unlike experience with 
diverse conditions thus far studied, acute treatment with DMI produces 
reductions in both hormone uptake and in the activity o f the enzyme that 
leads to the formation of T3  from T4 .

307.20
ACUTE DESIPRAMINE INCREASES NOREPINEPHRINE TRANSPORTER 
mRNA IN LOCUS COERULEUS AND DOPAMINE TRANSPORTER mRNA 
IN VENTRAL TEGMENTUM MM Shores. P Szot. DM Dorsa, RC Veith* 
GRECC, Seattle VAMC, WA 98108

Desipramine (DMI), a tricyclic antidepressant, is known to alter the 
noradrenergic system pre- and post-synaptically following chronic treatment. 
Recently, we demonstrated that acute and chronic DMI treatment increased 
norepinephrine transporter (NET) mRNA in the locus coeruleus (LC). The 
present study was performed to determine if the DMI induced changes in NET 
mRNA were mediated by a2 auto receptors. Rats received intraperitoneal 
injections of either saline, clonidine (an cc2 agonist), or yohimbine (an a 2 
antagonist), prior to receiving a second injection with either DMI or saline. 
Dosages given were DMI (10 mg/kg), yohimbine(0.5mg/kg), and clonidine 
(0.10mg/kg). Animals received injections for two days and were sacrificed 24 
hours after the last injections. In situ hybridization for NET mRNA in LC was 
performed using a riboprobe complementary to NET mRNA. There was a 
significant increase in NET mRNA (p <.05) in saline/DMI (OD=0.622 ±.002, 
n=3) compared to controls (OD =0.467 ± .05, n=4) and in clonidine/DMI (OD = 
0.609 +.04, n=4) compared to controls (OD= 0.407±.03, n=6). There was a trend 
for increased NET mRNA in yohimbine/DMI versus controls. In situ 
hybridization was also done using a riboprobe complementary to dopamine 
transporter (DAT) mRNA in the ventral tegmental area and substantia nigra 
compacta in the same animals. Acute DMI induced changes in DAT mRNA that 
were similar to those found in NET mRNA namely, a significant increase in 
DAT mRNA in the saline and clonidine groups and a trend for increased DAT 
mRNA in the yohimbine group. These findings replicate our prior study showing 
an increase in NET mRNA following acute DMI and suggest that this response is 
not mediated by tx2 receptors. (Supported by VA Research Service. The NET and 
DAT clones were kindly donated by S. Amara.)

R E G IO N A L  L O C A L IZ A T IO N  O F R E C E P T O R S  A N D  T R A N S M IT T E R S  III

308.1
DIFFERENTIAL DISTRIBUTION OF TWO METABOTROPIC GLUTAMATE 
RECEPTOR SUBTYPES IN THE RAT SPINAL CORD. E, Theriault1* and D, 
Hampson2. ’Playfair Neuroscience Unit and Dept. of Surgery, Fac. Medicine, and 
2Fac. of Pharmacy, Univ. of Toronto. TORONTO, Ontario M5T 2S8.

The anatomical distribution of two alternatively spliced forms of a 
metabotropic glutamate receptor (mGluRla and mGluRlß) in the normal rat 
spinal cord was examined using antipeptide antibodies directed to unique 
sequences in the carboxy termini. Immunocytochemical analyses revealed distinct 
differences in the topographic distribution of the two receptor subtypes in the 
white and gray matter. Although the mGluRla form predominated in the white 
matter, the cell bodies and processes of glial cells (particularly within the first 200 
jum below the piai surface) were positive for both mGluR subtypes. The pattern 
of immunoreactivity in the gray matter for mGluRla was distinctly acellular and 
was restricted to small varicose fibres throughout much of the dorsal and 
intermediate gray of the cord, being notably absent from the substantia 
gelatinosa, although fibres around the central commissures and in the the tract 
of Lissauer were clearly immunopositive. In contrast, immunoreactivity for 
mGluRlß was restricted to neuronal cell bodies throughout the gray matter. We 
are presently using quantitative PCR analysis to determine the relative abundance 
of the two mRNAs encoding for these receptors, and Western blots to evaluate 
the specificity of the antisera and the levels of the two proteins in white and gray 
matter of normal rat spinal cord. There is substantial evidence supporting a role 
for metabotropic receptors in a variety of physiological and pathophysiological 
processes, including synaptic plasticity, in the CNS. Recent pharmacological and 
electrophysiological studies implicate mGluRs in the potentiation of ionotropic 
responses in rat dorsal horn. The present observations, elucidating the spinal 
distribution of two mGluR subtypes, may help to further our understanding of 
mGluR function in normal spinal circuitry and in pathophysiological states.

308.3
ATj AND AT2 ANGIOTENSIN II RECEPTORS CHANGE SELECTIVELY 
IN THE RAT SUPERIOR COLLICULUS AFTER EYE ENUCLEATION 
Frank M.J. Heemskerk . Kathleen M. Michels and Juan M. Saavedra. 
Section Pharmacology, LCS, NIMH, NIH, Bethesda, MD 20892.

In the brain of young (2 weeks old) rats angiotensin II receptors 
are found in nuclei which receive and integrate direct visual input from 
the retina, the suprachiasmatic nuclei (containing only ATj receptors), the 
lateral geniculate nuclei (containing AT2 receptors) and the superior colli
culus (which contains both receptor types with a majority of AT2). Angio
tensin II receptors in adult rats however are present in the suprachias
matic nuclei and the superior colliculus but not in the lateral geniculate. 
Using quantitative autoradiography we found that, in adult rats, bilateral 
eye enucleation caused a significant decrease in AT2 receptors, but not in 
ATj receptors, and only in the superior colliculus. Unilateral enucleation 
of 12 day old pups led to a decrease in AT2 receptors from the contra
lateral superior colliculus, as early as day 2 post-enucleation. Conversely, 
there was a significant increase in the number of ATj receptors in the 
ipsilateral superior colliculus after 7 days. No changes were seen in the 
lateral geniculate or suprachiasmatic nuclei. Angiotensin II binding to 
subcellular fractions of tissue from the superior colliculus region of 19 day 
old pups suggested that AT2 receptor sites were present on the plasma 
membrane of the postsynaptic cell body. Membrane binding studies also 
showed a significant decrease in AT2 receptor binding to the same sub- 
cellular fractions when 19 day old pups, enucleated 7 days earlier, were 
compared to sham-operated animals. Our results suggest that expression 
of ATj and AT2 receptors in the superior colliculus may be regulated by 
retinal input.

308.2

LOCALIZATION OF SUBSTANCE P RECEPTOR  
IMMUNOREACTIVITY IN THE RAT RETINA. G. Casini*. D. 
Rickman and N. Brecha. Depts. of Anatomy & Cell Biology and 
Medicine, Brain Research Institute, and CURE, UCLA School of 
Medicine and VAMC-Wadsworth, Los Angeles, CA 90073.

Substance P (SP) is a neuroactive peptide whose presence in the 
vertebrate retina has been reported in a variety of studies. The 
majority of SP-containing retinal cells are amacrine and displaced 
amacrine cells. Some SP-immunoreactive ganglion cells have also 
been demonstrated. In the present study, we evaluated the 
distribution of the SP receptor (NK-1) to identify the sites of 
synaptic action of SP. Rat retinas were fixed in 4% 
paraformaldehyde and cut in a plane perpendicular to the vitreal 
surface. Specific NK-1 immunoreactivity, identified with a rabbit 
polyclonal antibody, is present in the inner nuclear layer, and it is 
predominantly distributed to bipolar cells. Some amacrine cells are 
also immunolabeled. Strongly immunopositive processes are 
present throughout the inner plexiform layer (IPL), with a 
particularly dense distribution in two distinct bands located in the 
distal and in the proximal IPL. Immunoreactive processes, likely 
representing the dendritic arborizations of some bipolar cells, are 
occasionally seen in the outer plexiform layer. The present findings 
indicate that SP receptors are mostly distributed on axonal 
arborizations of bipolar cells, suggesting an important modulatory 
role of SP-containing amacrine cells in the processing o f visual 
signals in the retina.
Supported by NEI grant EY 4067, VA Medical Research Funds. We thank Dr. S. 
Vigna for antiserum directed to NK-1.

308.4
DECREASED m2 RECEPTOR mRNA Ш SENESCENT RATS 
Neelam Narang*, C, M. Brown. M. E. Hunt, and T. A  Heisler. 
Neuropsychiatric Research Institute, 700 First Avenue South , 
Fargo, ND 58103.

Deficits in the cholinergic system are associated with memory 
dysfunction in aging. Presynaptic muscarinic type 2 receptors (M2) 
are particularly susceptible to loss during aging and Alzheimer's 
disease (AD). Autoradiographic studies have shown reduction o f M2 

receptor binding in forebrain nuclei and some hippocampal areas in 
aged rats. One possible explanation for this reduction is a selective 
loss o f neurons which encode m2 receptors. We tested this by 
examining the expression o f m2 receptor mRNA to elucidate 
receptor binding changes during aging. Two groups o f Fischer 344 
rats, ages 3 and 25 months, (n=5/group) were used. In situ 
hybridization was performed using [35S]a-dATP radiolabeled m2 

receptor oligonucleotide probe. A significant decrease (50%) in m2 

receptor message in the medial septum and diagonal band o f Broca 
was observed in the aged rats. There was no hybridization signal in 
the cerebral cortex or striatum. The data suggest that m2 receptor 
changes are occurring at the transcriptional level in aging. These 
findings are an important factor in determining the origin o f various 
types o f dementia and AD.
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308.5
QUANTITATIVE AUTORADIOGRAPHY OF Ml, M2 AND M3 
MUSCARINIC RECEPTOR (mAChR) SUBTYPES IN RESPIRATORY- 
RELATED NUCLEI OF CAT BRAIN STEM. V.J. Mallios. J.L. Spotts.
R, Lvdic. D C. Mash and H.A. Baghdovan*. Dept. Anesthesia, Penn. State 
Univ., Col. Med., Hershey, PA 17033 and Dept. Neurology, Univ. Miami Sch. 
Med., Miami, FL 33136.

Pontine cholinergic mechanisms regulate REM sleep (J. Neurosci. 13:229,
1993) and contribute to state-dependent respiratory depression (News Physiol. 
Sci. 7:220, 1992). The present study is testing the hypothesis that mAChR 
subtypes will be differentially distributed in respiratory-related brain stem 
nuclei. Using the radioligand binding technique of Flynn and Mash (Synapse, 
In press, 1993) and an image analysis system (NIH Image), we are quantifying 
Ml, M2 and M3 mAChR subtypes in 7 respiratory-related nuclei. All 3 
mAChR subtypes were detectable in cat brain stem. The highest density of all 
mAChR subtypes was in the medial part of the nucleus tractus solitari 
(М1=22.4 fmol/mg tissue equivalents, M2=35.2, M3=21.9). The lowest 
density of M2 receptors was measured in the Kolliker-Fuse (KF) nucleus (14.5). 
The lowest densities of Ml and M3 receptors were detected in the nucleus 
ambiguus (7.3, 5.2), the retrofacial nucleus (6.6, 5.7) and KF (6.4, 8.7). 
Intermediate levels of mAChRs were found in the nucleus parabrachialis 
medialis (М1=12.1, М2=25.7, М3=11.2) and lateralis (М1=14.7, М2=30.7, 
М3=16.8) and the lateral part of the nucleus tractus solitari (М1=11.1, 
М2=27.6, M3=10.1). These data are consistent with the concept that 
cholinergic regulation of breathing may be differentially mediated by specific 
mAChR subtypes. Support: Dept. o f  Anesthesia, HL47749, HL40881 (RL), 
NS25785 (DCM), MH45361 (HAB).

308.7
THE HUMAN INTERMEDIATE RETICULAR ZONE (IRT): CYTO- 
AND CHEMOARCHITECTONIC STUDY. X.F. Huang*and G. Paxinos. 
School of Psychology, University of New South Wales, P.Ó. Box 1, 
Kensington, Sydney 2033, NSW, Australia.

The morphology, topography, and frequencies o f the tyrosine 
hydroxylase- and substance P-like immunoreactive neurons of IRt were 
investigated in six adult human brains. Free floating transverse sections 
(50 pm) were immunostained with the monoclonal antibodies using the 
avidin-biotin-peroxidase technique. The distribution of the different types 
of cells was revealed through three dimensional computer reconstructions. 
The entire IRt features ΤΗ-LI cell bodies and fibers, and thus it is readily 
distinguishable from the neighbouring gigantocellular and parvicellular 
reticular nuclei. In contrast SP-LI fibers are found only in the narrow band 
of the IRt lateral to the ambiguus nucleus. SP-LI cells are restricted to the 
sector of the external part of IRt that is found in the open medulla. The IRt 
features ΤΗ-LI neurons with fusiform, oval, and round profiles (34%, 
44%, and 22%, respectively, of all TH-LI neurons in the IRt). The SP-LI 
neurons o f the IRt are oval, fusiform and round (43%, 45%, and 12%, 
respectively, of the all SP-LI neurons in the IRt). In preparations stained 
for Nissl substance, IRt cells were classified as fusiform pigmented, oval 
pigmented, oval non-pigmented, and small fusiform. A characteristic 
feature of the IRt is that its cells are larger (20 ±  4 pm) than those of the 
laterally adjoining parvicellular (1 2  ± 2  pm) and clearly smaller than those 
of the medially adjoining gigantocellular nuclei (33 ± 6  pm). The most 
striking feature of the IRt in the immunohistochemical as well as Nissl 
preparations is the strong orientation of its neurons in a dorsomedial to 
ventrolateral direction obeying the axis of the intermediate reticular zone in 
transverse sections. The existence of the IRt imparts a radial organization 
of the medulla with zones emanating from the fourth ventricle.

308.9
LOCALIZATION OF VESICULAR RELEASE FROM INDIVIDUAL BOVINE 
ADRENAL MEDULLARY CELLS.
T.J. Schroeder. J.A. Jankowski. R.M. Wightman. Department of 
Chemistry, University of North Carolina, Chapel Hill, NC 
27599-3290. J. Senvshvn. R.W. Holz*. Department of 
Pharmacology, University of Michigan, Ann Arbor, MI 48109.

Stimulated vesicular release of catecholamines from 
individual bovine adrenal medullary cells has been measured 
simultaneously with two flame-etched carbon-fiber 
microelectrodes placed adjacent to the cell. This technique 
offers the ability to attain high temporal and spatial 
resolution for the monitoring of stimulated release at 
single cells. Placement of the electrodes adjacent to 
different regions of the plasma membrane revealed that 
vesicular release does not occur homogeneously at the 
surface of cultured adrenal cells.

In related studies, confocal microscopy was used to 
measure the intensity of D/3H incorporation into the plasma 
membranes of single bovine adrenal medullary cells 
stimulated with Ba2+. Vesicle DØH incorporates into the 
plasma membrane upon exocytosis. The studies revealed that 
vesicular ΌβΗ incorporation into the plasma membrane was not 
uniform during stimulation. Taken together, these two 
experiments reveal that exocytotic events do not occur 
uniformly over the whole plasma membrane, and offer evidence 
for the presence of active zones of release on bovine 
adrenal medullary cells.

308.6
RELATIONAL FEATURES OF ACETYLCHOLINE, NORADRENALINE, 
SEROTONIN AND GABA AXON TERMINALS IN THE STRATUM 
RADIATUM OF ADULT RAT HIPPOCAMPUS (CAI). L. Descarries*. 
S. Garcia. D. Umbriaco and C. Beaulieu. Centre de recherche en sciences 
neurologiques and Dép. pathologie, Univ. Montréal, Montréal, Qc, Canada.

Tissue was prepared for pre-embedding PAP- or ABC-immunocyto- 
chemistry with antibodies against rat brain choline acetyltransferase (СҺАТ), 
noradrenaline (NA)- or serotonin (5-HT)-glutaraldehyde conjugates and 
glutamic acid decarboxylase (GAD), and for post-embedding, protein-gold 
immunocytochemistry with antibodies against GABA-glutaraldehyde conjugate. 
In each case, more than 100 immunostained varicosity profiles from at least 
2 rats were examined in single thin sections, and compared for size, presence or 
absence of a synaptic membrane specialization, identity of junctional targets and 
composition of the immediate microenvironment. Control groups of unlabeled 
terminals randomly selected from the same micrographs were similarly 
examined. GABA or GAD profiles were significantly larger than unlabeled and 
СҺАТ, NA, and 5-HT profiles, which were themselves of similar size. The 
GABA profiles also showed many more synaptic specializations, suggesting the 
presence of more than one junction per varicosity, most of which (90%) were 
made with dendritic branches. In contrast, the respective synaptic incidences 
stereologically extrapolated to the whole volume of АСҺ, NA and 5-HT 
varicosities were in the order of 4%, 10% and 13%. In all cases, the main 
differences between the microenvironment of labeled versus unlabeled 
varicosities were imputable to the presence of dendritic spines, frequently 
contacted synaptically by the unlabeled varicosities. The respective 
microenvironments of СҺАТ, NA and 5-HT varicosities were similar to one 
another, but differed from those of GABA or GAD terminals which were 
enriched in dendritic branches. These data suggest that it is the presence of 
synaptic junctions that specifies the microenvironment of axon terminals. 
[Supported by MRC grants MT-3544 and MT-11368].

308.8
DEMONSTRATION OF TRANSMITTERS AND CONNECTIVITY 
PATTERNS IN THE NUCLEUS OF DARKSCHEWITSCH OF THE CAT 
BY IMMUNOCYTOCHEMISTRY AND WGA-HRP. S. Onodera and T, P. 
Hicks*. Depts. of Cell Biol. & Neuroanat., Iwate Medical School, Morioka, 
Japan, and Dept. of Psychology, UNCG, Greensboro NC 27412

Immunocytochemical studies using antibodies against various suspected 
synaptic transmitters of the mesodiencephalic area, and fibre tracing 
studies using WGA-HRP have been performed in adult cats.

Glutamate and aspartate immunoreactivity produced a strong labelling 
of many cell bodies and terminals in the nucleus of Darkschewitsch (ND). 
GABA immunoreactivity in the ND appeared as weak label in some small 
neurones, but was present in high levels producing a strong label in 
many GABA-immunopositive terminals. Moderately intensely-stained 
СҺАТ positive terminals and a few substance P-positive fine fibres 
possessing varicosities also were observed in the ND.

Following WGA-HRP injection in the ND, many labelled cells were 
found ipsilaterally in the motor cortex, the entopeduncular nucleus, 
the zona incerta, the pretectal nuclei, the substantia nigra pars reticul
aris (SNR), the pedunculopontine tegmental nucleus and contralaterally in 
the cerebellar nuclei. Dense terminal labelling was seen ipsilaterally 
in the rostral half of the medial accessory olive.

After WGA-HRP injection into the motor cortex, anterogradely labelled 
dense terminals and some retrogradely labelled cell bodies were found 
ipsilaterally in the ND and in adjacent areas.

For identification of the nigro-ND projection, a large area including 
motor cortex was destroyed and WGA-HRP was injected into the SNR. 
Many labelled terminals were observed in the ND and in adjacent areas.

308.10

WITHDRAWN
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308.11
FURTHER CHARACTERIZATION OF THE MEMBRANE PRO GESTERO N E  
(P) RECŞPTO R (mPR) FROM THE CEREBELLU M  (CB) OF FEM ALE RATS.
J. Zheng and V.D. Ramirez. Neurosci. Program and Dept. of Physiol, Univ. of 
Illinois, Urbana, IL 61801

Here, we report further functional identification of mPR from CB using 1-125 
labeled P conjugates P-11-BSA and P-3-BSA. The P2 fraction from female rat 
CB was prepared in normal Tris buffer or in modified Tris buffer containing 
glycerol and protease inhibitors. The addition of glycerol and protease 
inhibitors led to more proteins in P2. Preliminary binding studies of iodinated 
P-11-BSA or P-3-BSA to P2 have shown the presence of two binding sites by 
Scatchard analysis using a Ligand program. These specific binding sites were 
eliminated by treatment with trypsin or pronase E. The presence of multiple 
membrane P binding sites was further demonstrated by Western blotting 
analysis of the P2 fraction. The P2 proteins were first separated by 4-20% 
gradient SDS-PAGE, and then electrotransferred to a nitrocellulose (NC) 
membrane. The blotted NC membrane was incubated either with iodinated P-
11-BSA or iodinated P-3-BSA. Autoradiograph of the membrane revealed 3 
major protein bands, which were displaced by 10 μΜ unlabeled P-3-BSA. One 
of the bands had molecular weight of about 40-50 kDa and corresponded to 
the one identified before. The other two bands had molecular weights of 30- 
35 kDa and 25-30 kDa. The P2 fraction was further solubilized by 0.5% 
digitonin and the soluble P2 was applied to the P-3-BSA affinity column. After 
overnight incubation, the column was washed with 0.1% digitonin and eluted 
with 0.1 N acetic acid. The eluted fractions containing the proteins were then 
concentrated and applied to SDS-PAGE. Similarly to Western blotting results, 
three major protein bands with similar molecular weights were revealed with 
Coommasie blue or silver staining. These studies suggest that the mPR is a 
complex membrane protein with multiple binding sites.

308.13
DISTRIBUTION OF ANDROGEN RECEPTOR EXPRESSING 
NEURONS IN THE CENTRAL AMYGDALOID NUCLEUS OF 
MALE RATS. T.Ş, Gray*, J,M, Yracheta, L.M. Baeckman and E.W 
Bingaman. Dept. of Cell Biology, Neurobiology and Anatomy, Loyola 
University Striteli School of Medicine, Maywood, II. 60153

The distribution of androgen receptor in the central nucleus of the 
amygdala (Ce) was examined using immunohistochemistry. Also, the 
possibility that androgen receptor was located in cortiocotropin releasing 
factor (CRF) and somatostatin expressing neurons in the Ce was tested. 
Male Fischer 344 rat brains were fixed with buffered paraformaldehyde 
and cut into coronal sections using a vibratome. Androgen receptor 
was visualized using nickel intensified diaminobenzidine (DAB). 
Somatostatin and CRF neurons were stained using brown DAB reaction 
product. Androgen receptor immunoreactive neurons were distributed 
throughout the Ce and exhibited charactistic dark black labeled nuclei.

Androgen receptor expressing neurons were found in both the lateral 
and medial Ce. More androgen receptor immunoreactive neurons were 
observed in the medial Ce. CRF and somatostatin immunostained 
neurons overlapped the distribution of androgen receptor 
immunoreactive neurons, mainly in the lateral Ce. Often androgen 
receptor expressing neurons and CRF or somastatin immunoreactive 
neurons were located next to each other. Also, androgen receptor was 
not colocalized in CRF and somatatin immunoreactive neurons in other 
amygdaloid nuclei. Studies are in progress to determine if androgen 
receptor is co-localized with other types of neurotransmitter expressing 
neurons in the amygdala. Supported by NIH NS 20041.

308.12
COLOCALIZATION OF ANDROGEN RECEPTOR IN SOMATOSTATIN 
NEURONS OF THE RAT HYPOTHALAMUS. E.W. Bingaman*. R.J. 
Handa. L.M, Baeckman. J.M. Yracheta. T.S. Gray. Department of Cell 
Biol., Neurobiol., and Anatomy, Loyola University Stritch School of 
Medicine, Maywood, IL 60153.

The expression of somatostatin (SS), vasopressin (A VP), and corticotropin 
releasing hormone (CRH), in the rat forebrain is altered by differential 
levels of circulating androgens. This study tested for the presence of 
androgen receptor (AR) immunoreactivity in CRH, SS, A VP and oxytocin 
neurons in the rat forebrain. The brains of three month-old, male Fischer 
344 rats were fixed with 4% paraformaldehyde. AR was visualized in 
coronal sections using nickel intensification of diaminobenzidine (DAB) and 
the neuropeptides were identified using a brown DAB reaction product.

AR was localized to the cell nucleus of neurons located throughout many 
forebrain nuclei within the septal region, amygdala, cortex, hippocampus 
and hypothalamus. The distribution of SS, CRH, AVP and oxytocin 
immunoreactive neurons overlapped that of AR expressing cells in most of 
these regions. AR was colocalized predominantly within SS containing 
neurons in the periventricular hypothalamic nucleus adjacent to the 3rd 
ventricle. A few somatostatin containing cells in the paraventricular nucleus 
of the hypothalamus also expressed AR. AR was not colocalized in CRH, 
AVP, or oxytocin neurons in any area examined. These data suggest that 
androgens are capable of directly regulating somatostatin expressing neurons 
of the periventricular nucleus of the hypothalamus. Supported by NIH NS 
20041 and BNS 9109226.

SECOND MESSENGERS: PKC, CALCIUM, AND IP3

309.1
INFLUENCE OF FATTY ACID COMPOSITION ON THE 
ACTIVATION O f PROTEIN KINASE C IN A MODEL 
MEMBRANE SYSTEM. T. B. Schächter * D. S, Lester. 
and D. L. Alkon. N eural Systems Section, NINDS, 
National Institutes of Health, Bethesda, MD. 20892 

The activation state of protein kinase C (PKC) is regulated by 
products of phospholipase (PL) activity. Diacylglycerols 
(DAG), endogenous activators of PKC, differ in their degree of 
fatty acid unsaturation, depending upon which PLC gives rise 
to them. Free fatty acids, derived from PLA2 , can also activate 
or modulate PKC activity. We have utilized a model membrane 
system to specifically examine the roles of fatty acid 
unsaturation, and of free fatty acid, on the activation of PKC 
by DAG. DAG species were incorporated into multilamellar 
v es ic les  consistin g  of p h o sp h a tid y lch o lin e  and 
phosphatidylserine. PKC was purified from rat brain and its 
activity was monitored by histone phosphorylation.
Membrane association of the enzyme was determined by the 
distribution of activity after gel exclusion chromatography of 
the enzyme/vesicle mixture. Fatty acid composition of the 
DAG was found to be an important determinant of the enzyme 
activity. DAG species containing poly-unsaturated fatty acids 
were more potent and more efficacious than those containing 
saturated fatty acids. The poly-unsaturated DAG species also 
demonstrated calcium-independent activity and tighter 
membrane association. Addition of free arachidonic acid 
greatly enhanced these properties, being even more 
efficacious with the saturated DAG species.

309.2
DOWN REGULATION OF PKC ISOZYMES BY VALPROIC ACID 
IN-VITRO. GXhen* H.K.Manii. P.Hawver. C.B.Wrieht. W.Z.Potter,
Exp. Ther Branch, NIMH, Bethesda, MD 20892.

Valproic acid is a fatty acid anticonvulsant with demonstrated clinical efficacy in 
the prophylactic treatment of bipolar affective disorder. Despite extensive research, 
the molecular mechanism(s) underlying its clinical efficacy remain to be elucidated, 
but may involve signal transduction pathways. We have recently demonstrated that 
long term lithium treatment of cultured cells and intact animals produces isozyme- 
selective decreases in PKC a, and undertook the present study to determine if 
valproic acid also affects PKC isozymes in a similar manner. Cultured rat C6 
glioma cells were incubated with “therapeutic” doses of valproic acid for 1-7 days, 
valproic acid was not toxic to these cells, but produced a time-dependent decrease in 
the immunolabeling of PKC a and ε in both the cytosolic and membrane fractions. 
This effect was first evident at 3 days of incubation, and reached statistical 
significance only after 5 or more days of exposure. We did not observe any 
significant alterations in the immunolabeling of PKC б or ζ at any of the time 
points examined. Paralleling the decrease in the immunolabeling of the PKC a  and 
ε isozymes, we observed significant decreases in PKC activity in both cytosolic and 
membrane fractions after chronic exposure. The mechanism(s) responsible for the 
isozyme-selective decrease in PKC remains to elucidated, and is currently under 
investigation. Given the key role of PKC isozymes in the regulation of neuronal 
function, these effects represent attractive targets for valproic acid’s therapeutic 
efficacy in bipolar affective disorder and/or anticonvulsant effects.
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309 .3

LITHIUM DECREASES MEMBRANE-ASSOCIATED PKC IN 
HIPPOCAMPUS: SELECTIVITY FOR THE a ISOZYME. H.Manii*.
R. Etcheberrigarav. G. Chen. J.L.Qlds-Exp.Ther.Branch.NIMH. and Neural Systems 
Section, NINDS, NIH, Bethesda, MD 20892.
The biochemical basis underlying lithium’s mood stabilizing action remains 
unknown, but may involve signal transduction pathways which regulate the 
functional balance of neurotransmitter systems in the CNS. We investigated 
lithium’s effects on the amount and distribution of PKC in discrete rat brain areas 
using [3H]PDBu quantitative autoradiography, as well as Western blotting. Chronic 
lithium administration resulted in a significant decrease in membrane-associated 
PKC in several hippocampal structures, most notably subiculum and CAI region. 
In contrast, only modest nonsignificant changes were observed in the various other 
cortical and subcortical structures examined. Immunoblotting using monoclonal 
anti-PKC antibodies revealed an isozyme-specific 30% decrease in hippocampal 
membrane-associated PKC a, in the absence of any changes in the labeling of either 
ß or γ isozymes. These changes were observed only after chronic (4 week) lithium 
treatment, and not after acute (5 day) treatment, suggesting potential clinical 
relevance. Given the critical role of PKC in regulating neuronal signal transduction, 
lithium’s effects on PKC in the limbic system represents an attractive molecular 
mechanism for its efficacy in treating both poles of manic-depressive illness. 
Additionally, the decreased hippocampal membrane-associated PKC observed in the 
present study offers a possible explanation for lithium-induced memory impairment

3 0 9 .5

RETINOIC ACID-INDUCED REGULATION OF THE PKC SUBSTRATE MARCKS 
IN IMMORTALIZED HIPPOCAMPAL CELLS. D.G. Watson1, B.H, 
Wainer2. J. Patel3*, and R.H. Lenox1. Molec Neuropharm, Dept 
Psychiatry, UVM Col Med1, Burlington, VT, Albert Einstein 
Col Med2, Bronx, NY and ICI Pharmaceut3, Wilmington, DE.

We have previously reported that following phorbol ester 
exposure in immortalized hippocampal cells (HN33) in culture 
a major PKC substrate found in brain, MARCKS, is down- 
regulated through a PKC dependent mechanism (Watson et al., 
1992). Retinoic acid differentiation in a variety of cell 
types can alter levels of PKC, thus we examined the ability 
of retinoic acid to affect MARCKS in the HN33 cells. Fol
lowing exposure to 10 μΜ retinoic acid, soluble and membrane 
fractions were prepared and examined for PKC activity by 
histone phosphorylation, and for MARCKS protein by Western 
blot analysis. A reduction in MARCKS was observed in the 
membrane within 4 h, attained maximum reduction (>90%) with
in 12 h, with no evidence for down-regulation of PKC activ
ity. Reduced levels of MARCKS in the soluble fraction were 
also observed, but to a significantly lesser extent (40% @ 
18h). These findings are in contrast to cells exposed to 
phorbol ester, where the reduction of MARCKS in the membrane 
fraction, although significantly less than that observed 
with retinoic acid, was comparable to that observed in the 
soluble fraction and was associated with a down-regulation 
of PKC activity. These results suggest that the down-regula
tion of MARCKS may play an important regulatory role in both 
phorbol ester- and retinoic acid-induced cellular differen
tiation. (Supported in part by PHS0705429-30 and NS25787)

309.7
U73122, A PHOSPHOLIPASE C (PLC ) INHIBITOR, ALTERS 
Ca2+ HOMEOSTASIS IN PC12 AND FIBROBLAST CELLS. J .P .  
G rie rson*  an d  J .  M eldolesi. Farm acologia, San R affaele 
S c ien tific  In s t .  (D IB IT ), v ia  O lg e ttin a  60, 20132 M ilan, I ta ly .

U73122, has b een  re p o r te d  to  spec ifica lly  in h ib it PLC* an d  
th e re fo re  p re v e n t  In sP 3-m edia ted  s ig n a llin g . O urp  e x 
p e rim en ts  confirm  a  s tro n g  a tte n u a tio n  of a g o n is t-s tim u la ted  
calcium tr a n s ie n ts ,  b u t  in  ad d itio n , show th a t  th is  com pound 
h a s  o th e r  e ffec ts  on ce llu la r Ca24- m etabolism , w hich a p p ea r  
u n re la te d  to  an  in h ib itio n  of PL C .

In  mouse L9 fib ro b la s t cells U73122 in h ib its  Ca2'1' in flu x  
ac ro ss  th e  plasm a m em brane (p m ), as  a s s e s s e d  b y  Μη2-*· 
q u en ch in g  of fu ra -2  f lu o rescen ce . In  th e  re s t in g  s ta te ,  5 μΜ 
U73122, re d u c ed  th e  cation ic  in flu x  an d  la rg e ly  b locked  in flux  
in to  cells w hich had  b een  p re v io u s ly  tre a te d  w ith  th a p s ig a rg in  
(T G , u s e d  to  d ep le te  in tra c e llu la r  Ca2+ pools an d  th u s  
s tim ulate  th e  cationic  in flu x  p a th w ay ) .

In  PC12 ce lls , in  th e  p re sen c e  of [C a2+]0 , U73122 (5 μΜ) 
in d u ced  a  slow r is e  in  [ Ca2^ ], w hich re a ch e d  a  p la teau  a f te r  60 
sec o n d s , w hereas in  Ca2^ - f re e  sa lin e , a  slow , tr a n s ie n t ,  Ca2^ 
r is e  o c cu red . P r io r  tre a tm e n t w ith  TG b locked  b o th  th e se  
e ffec ts  an d  so a re  like ly  to  b e  cau sed  b y  th e  em pty ing  of a  
Ca24- pool. Ca24" in flu x  ac ro ss  th e  pm was also  in h ib ited  b y  
U73122, s ince  th e  Ca2^ re sp o n se  to  60 mM KC1 was g re a tly  
a tte n u a te d  (C a r is e ;  109% v s .  137% above re s t in g ) .

T he m echanism s u n d e r ly in g  th e se  e ffe c ts  a re  b e in g  in v e s 
tig a te d  .

309.4
DIFFERENTIAL EFFECTS OF POLYCHLORINATED BIPHENYL 
CONGENERS ON PHOSPHOINOSITIDE HYDROLYSIS AND PROTEIN 
KINASE C TRANSLOCATION IN RAT CEREBELLAR GRANULE CELLS.
P.R.S. Kodavanti. T.J. Shafer. T.R. Ward. W.R. Mundv. T, Freudenrich,
G.J. Harry, and H.A. Tilson* Neurotox Div., HERL/USEPA, NIEHS and 
ManTech Envir Sci Inc, Res Triangle Park, NC 27711.

Previous reports indicate that neuroactive polychlorinated biphenyl 
(PCB) congeners disrupt cellular Ca2+-homeostasis. We studied the 
effects of two PCB congeners on phosphoinositide (PI) hydrolysis and 
protein kinase C translocation in cerebellar granule cells. Both 
2,2'-dichlorobiphenyl (DCBP), a reportedly neuroactive ortho-biphenyl 
and 3,3',4,4',5-pentachlorobiphenyl (PCBP), a presumed nonneuroactive 
planar congener did not affect basal PI hydrolysis in cerebellar granule 
cells (7 DIV). PCBP also did not affect carbachol-stimulated PI hydrolysis 
or phorbol ester (PdBu) binding. DCBP at concentrations up to 50 μΜ, 
increased carbachol-stimulated PI hydrolysis while significantly inhibiting 
at 100 μΜ. DCBP increased PdBu binding in a concentration-dependent 
manner with a two-fold increase observed at 100 μΜ. The increase was 
dependent on time and the presence of external Ca2+ in the medium. 
DCBP exhibited an additive effect with glutamate. MK-801, a glutamate 
antagonist, did not interfere with DCBP stimulation of PdBu binding. 
Selected channel antagonists such as CPP (NMDA antagonist), CNQX 
(AMPA antagonist), verapamil (Ca2+- channel antagonist) and 
tetradotoxin (Na + channel antagonist) did not alter DCBP-stimulated 
PdBu binding. These results suggest that the ortho-congener, DCBP 
relative to PCBP, specifically altered key intracellular processes including 
phosphoinositide signalling and protein kinase C translocation. 
(Supported by USEPA award # CR 818550-01-0)

309.6
CHRONIC LITHIUM ALTERS A MAJOR PKC SUBSTRATE (MARCKS) IN 
IMMORTALIZED HIPPOCAMPAL CELLS: EFFECT OF INOSITOL. R.H. 
Lenox1*. B.H. Wainer2 and D.G. Watson1. Molec Neuropharm, 
Dept Psychiatry, UVM Coll Med1, Burlington, VT and Dept 
Pathol, Albert Einstein Col Med2, Bronx, NY.

Previous studies in our laboratory have demonstrated that 
exposure of rats to chronic lithium results in a significant 
reduction in the hippocampus of a major PKC phosphoprotein 
(MARCKS), which persists for at least 2 days after with
drawal and is not observed after acute administration (Lenox 
et al., 1992). In addition we have demonstrated the exis
tence of MARCKS in immortalized hippocampal cells (HN33) 
where phorbol esters rapidly down-regulate PKC activity, 
followed by a subsequent reduction in MARCKS (Watson et al. , 
1992). In these current studies we have grown HN33 cells 
in low-inositol DMEM supplemented with 5% FBS and exposed 
them to lithium chloride (l-10mM). MARCKS concentration as 
determined by Western blot analysis was significantly 
reduced (>50%) after both 3 and 14 days exposure, which was 
not evident if the media was supplemented with inositol dur
ing this period of time. Studies are currently examining 
the concentration-dependent interaction between inositol and 
lithium in this model system. It has been suggested that 
a major action of lithium.in the brain is linked to its in
hibitory activity in receptor mediated PI hydrolysis, re
sulting in a relative inositol depletion. Our data provide 
evidence that this initial action of lithium may be transla
ted into long term regulation of PKC and MARCKS in the hip
pocampus. (Supported in part by PHS0705432-30 and NS25787)

309.8
ALUMINUM CHLORIDE INHIBITION OF INOSITOL PHOSPHATE 
SIGNAL TRANSDUCTION IS MEDIATED BY DISRUPTION OF G„ OR 
PHOSPHOLIPASE C ACTIVITY. T.J. Shafer*. H.A. Tilson. T.M. Freudenrich1 
and W.R. Mundv. Neurotoxicology Division, HERL, U.S.EPA, ‘Mantech 
Environmental, Research Triangle Park, NC 27711.

We examined potential sites of action of A1C13 in slices from rat brain cortex to 
determine the mechanism of inhibition of inositol phosphate accumulation. A 
tenfold reduction in the extracellular Ca2+ concentration did not alter the effect of 
AlClj (500 μΜ) on carbachol (CARB)-stimulated IP accumulation, indicating that 
A1C13 did not inhibit IP accumulation by replacing Ca2+ and disrupting lipid bilayer 
charge and/or function. To determine the specificity of A1C13 effects on G-protein 
mediated processes, the ability of A1C13 to disrupt CARB-mediated inhibition of 
forskolin-stimulated cAMP accumulation was examined. A1C13 (500 μΜ) was 
without effect on cAMP accumulation in cortical slices. A1C13 inhibited PKC 
activity in cytosolic and particulate fractions of cortical homogenates with an IC» 
of 60 μΜ. In cortical slices, the PKC inhibitor H-7, and activator, phorbol ester 
(PDBu), slightly increased and significantly decreased 1 mM CARB-stimulated IP 
accumulation, respectively. In the presence of 500 μΜ A1C13, CARB-stimulated IP 
accumulation was significantly inhibited in both H7 and PDBu-treated slices. There 
was no interaction with H7 or PDBu-treatment, suggesting that A1C13 inhibits 
CARB-stimulated IP accumulation through a mechanism which does not involve 
PKC. In cortical synaptosomes, A1C13 inhibited IP accumulation stimulated by 
CARB, the G-protein activator NaF, and by stimulation of PLC by increasing 
intracellular Ca2+. These results indicate that A1C13 acts in a specific manner on Gq 
or on phospholipase C to inhibit IP accumulation in cortical slices. (Reviewed and 
approved for publication by the Health Effects Laboratory, U.S. EPA).
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309.9
PROTEIN KINASE C REGULATION OF PHOSPHOLIPASE D ACTIVITY IN 
CHINESE HAMSTER OVARY CELLS YJLGarces#. P.G. Holbrook*. E. Brilev.
C. Felder. NIMH, *NICHD, and #HHMI-NIH Research Scholars Program, NIH, 
Bethesda, MD 20892.

Phospholipase D (PLD) belongs to a group of membrane associated 
phospholipases which have been shown to be activated by G-protein coupled 
neurotransmitter receptors. Phosphatidylcholine is the primary substrate for 
phospholipase D hydrolysis which generates phosphatidic acid (PA) and choline.
In the presence of 1% ethanol, PLD catalyzes a transphosphatidylation reaction 
with the generation of phosphatidylethanol (PEt) which is an indicator of PLD 
activation. In the present study we utilized Chinese hamster ovary (CHO) cells 
stably transfected with a Via vasopressin receptor to study the regulation of PLD 
activation by protein kinase C (PKC) and calcium. Arginine-vasopressin (AVP) 
stimulated the release of ̂ H-PEt and ^H-PA, in cells prelabelled overnight with ^H- 
palmitic acid, with EC50S of 2.55 ± 0.4 x ΙΟ"9 M and 9.05 ± 6.8 x 10-8 M, 
respectively. The phorbol ester, phorbol 12-myristate 13-acetate (PMA), stimulated 
release of ЗН-PEt and ^H-PA. Moreover, short term phorbol ester treatment, which 
stimulates PKC, proved to be additive with PMA pretreatment followed by AVP 
stimulation. However, long term stimulation with PMA, which desensitizes PKC, 
decreased ^H-PE production while simultaneously increasing ^Н-РА production. 
Previous studies demonstrate a PMA-sensitive inhibition of phospholipase C in 
CHO cells; therefore, it is unlikely that activation of this enyzme contributes to PA 
production. This data suggests a novel form of differential regulation of PEt and 
PA production by PLD and the possible existence of more than one PLD 
isoenzyme, each with different forms of regulation in the CHO cell.

309.11
LACK OF EFFECT OF PROTEIN KINASE INHIBITORS ON THE INCREASE 
IN NOREPINEPHRINE SYNTHESIS AFTER NERVE STIMULATION. 
P. Kotsonis and H. Maiewski* Prince Henry's Institute of Medical Research,
P.O. Box 152, Clayton, Victoria, Australia 3168.

Norepinephrine (Nor) synthesis is accelerated in response to increases in 
action-potential induced Nor release. The link between these two processes may 
involve phosphorylation of tyrosine hydroxylase by second messenger activated 
kinase systems since tyrosine hydroxylase is the rate limiting step in the synthetic 
pathway of Nor (see 1). The aim of the present study was to characterise the 
relationship between Nor synthesis and Nor release functionally and to determine 
whether inhibitors of second messenger activated protein kinases interrupt the 
increase in synthesis after release was induced. For Nor synthesis sympathetic 
nerves of rat isolated atria were electrically stimulated for 5 min (3Hz) in the 
presence of [3H]-tyrosine and the amount of [3H]-Nor formed over the 
subsequent 40 min was measured. For Nor release rat isolated atria were 
incubated in [3H]-Nor and the stimulation-induced (S-I) radioactive outflow (3Hz 
for 5 min) was measured. S-I Nor release was altered by various treatments 
(tetrodotoxin, clonidine, tetraethylammonium, phentolamine, adenosine) over a 
wide range (2-300%) and there was a good correlation of release with the 
increase in Nor synthesis. Regression analysis of all treatments revealed: 
synthesis=1.23release-8.31 r2=0.96, pcO.001. Neither trifluoperazine (30μΜ), a 
potent calmodulin kinase inhibitor, nor polymyxin В (21μΜ), a protein kinase C 
inhibitor, affected the relationship between Nor release and Nor synthesis 
suggesting that neither of these systems is involved in synthesis modulation. 
Supported by the National Heart Foundation of Australia.
1. Zigmond, R.E., Schwarzschild, MA., Rittenhouse, A.R. (1989) Ann. Rev. 
Neurosci., 12,415-461.

309.13
ARACHIDONIC ACID (AA) MODULATES GALANIN-INDUCED 
HYPERPOLARIZATlONS OF MUDPUPPY PARASYMPATHETIC 
NEURONS. T.M. Mulvanev* and R.L. Parsons. Department of 
Anatomy and Neurobiology, University of Vermont, Burlington, VT 
05405.

We have studied the effect of bath applied arachidonic acid (AA) 
(20-100 μΜ) on membrane potential and galanin-induced 
hyperpolarizations of parasympathetic neurons in the mudpuppy 
cardiac ganglion. During exposure to 20 μΜ AA, galanin 
hyperpolarizations (elicited by 0 .2-1  sec puffer applications) were 
initially potentiated and then gradually reduced with a small (0-5 
mV) decrease in membrane potential. With 50 μΜ AA, cells were 
hyperpolarized by 4-8 mV and the galanin hyperpolarization 
decreased progressively. Upon washout of 50 μΜ A A the membrane 
potential did not change but the galanin hyperpolarizations partially 
recovered. In 100 μΜ AA, a 10-15 mV hyperpolarization was 
accompanied by a progressive decrease in the galanin-induced 
hyperpolarization. Upon washout of 100 μΜ AA, the membrane 
potential depolarized slightly (0-5 mV) and there was a partial 
recovery of the galanin response. Supported by NIH grant NS 23978.

309.10
PR O TEIN  K IN A SE  C -A L PH A  (P K C a ) REGULATES 
CH O LINE UPTAKE A N D  PH O SPH A TID YLC H O LINE  
(PtdCho) SYNTHESIS IN MOUSE 3T3 FIBROBLASTS. B.E. 
Slack* Ĩ. Breu, E. L ivneh, H. Eldar, and R.T. W urtm an. 
M assachusetts Institute of Technology, Cambridge MA 02139 
and The W eizmann Institute of Science, Rehovot 76100, Israel.

P horbol 12 -m yrista te  13-acetate  (PM A) stim u la ted  
[14C]choline uptake and [14C]PtdCho synthesis in a tim e- and 
concentration-dependent m anner in N IH  3T3 fibroblasts. These 
effects were slightly inhibited by the PKC antagonists H-7 and 
ca lp h ostin  C, and large ly  red u ced  b y  the ca lm od u lin  
antagonists sp h in gosin e and W-7. The experim ents wej?e7 
repeated in Swiss 3T3 fibroblast cells that overexpressed PK Ca  
follow ing infection w ith a retroviral expression vector coding  
for P K C a, and in  a control lin e  (E ldar et al., JBC 
265:13290,1990). PMA stim ulated choline uptake and PtdCho 
form ation to a sign ifican tly  greater extent in  cells that 
overexpressed PK C a, than in control cells.· These effects also  
were resistant to PKC antagonists, and sensitive to calm odulin  
inhibitors. PK C a lev e ls  in N IH  3T3 cells  and in PK Ca- 
overexpressing Swiss 3T3 cells w ere 10- and 20-fold higher, 
respectively, than in control Sw iss 3T3 fibroblasts. The results 
im plicate PK Ca and calm odulin  in the regulation of choline  
uptake and PtdCho synthesis in 3T3 fibroblasts.

309.12
ARACHIDONIC ACID MAY ACT THROUGH PROTEIN KINASE C IN 
ACUTELY DISSOCIATED EMBRYONIC CHICK SPINAL CORD CELLS
K.S, Madden*. A. Prasad. S,V, Smith and G.D. Langet Laboratory of 
Neurophysiology and tlnstrumentation and Computer Section, National Institute of 
Neurological Disorders and Stroke, National Institutes of Health, Bethesda, 
Maryland 20892

Exposing suspensions of chick cells to increasing extracellular doses of 
arachidonic acid (AA) elicits distinctly nonlinear responses measured as the signal 
intensity of a voltage-sensitive oxonol dye using standard methods for flow 
cytometry. Apparently, the cells contain at least two AA-sensitive mechanisms with 
opposing effects on the steady-state membrane potential. Since the flow of 
inorganic ions determining the membrane potential is directly or indirectly 
modulated by numerous metabolic processes, such as the enzymatic conversion of 
AA to eicosanoids, we began to study the dose-dependent effects of AA on cells 
pretreated with a metabolic blocker. The blockers included agents commonly 
thought to act on oxygenases (ETYA, BW755C, NDGA, indomethacin), 
phospholipases (mepacrine, BPB), anion transporters (SIDS, DIDS), and protein 
kinase C (staurosporin) or to uncouple oxidative phosphorylation. Treatments that 
diminish the electrochemical driving force for different inorganic ions were also 
studied (elevated extracellular concentrations of potassium ions, gramicidin, and 
EGTA). Of these treatments, only staurosporin (200 nM) consistently blocked the 
effects of low, physiological doses of AA. These findings implicate protein kinase 
C as a major factor modulating the effects of AA on the steady-state membrane 
potential under conditions approximating rest. They also raise the possibility that 
standard pharmacological probes of the AA metabolic pathways have ionotropic as 
well as metabotropic effects on cells. Consequently, some of their established 
ability to decrease or to increase extracellular concentrations of endogenous 
eicosanoid metabolites of AA may reflect ionotropic effects on cells. Such effects 
would be predictably altered by voltage clamp.

309.14
A DISTINCT FORM OF PROTEIN KINASE C IS SELECTIVELY 
EXPRESSED IN PITUITARY. A.J. Ison. M.S. Johnson. R.A. Clegg*. 
K. Connor*. G. Fink* and R. Mitchell. MRC Brain Metabolism Unit, 1 
George Square, Edinburgh, EH8 9JZ, U.K. and +Hannah Research 
Institute, Ayr, KA6 5HL, U.K.

We have previously shown that a form of protein kinase C (PKC), 
unusually resistant to the kinase inhibitor, H7, is involved in 
physiological models of anterior pituitary cell function, including 
LHRH self priming and regulation of L-type Ca2+ channels. This was 
further investigated using a mixed micelle assay to measure phorbol 
12, 13-dibutyrate (PDBu)-induced, phosphatidyl serine-dependent 
kinase activity. In partially-purified cytosol from anterior pituitary but 
not midbrain, Ca2+-independent activity was relatively insensitive to 
H7 (IC50 values 148 ± 40 and 28 ± 5 μΜ respectively), though in both 
cases Ca2+-dependent activity was H7 sensitive (IC50 values 25 ± 4, 
22 ± 1 μΜ respectively). Fractionation by hydroxylapatite 
chromatography revealed that cytosol from pituitary but not midbrain 
contained PDBu-induced kinase activity eluting after the positions of 
PKC α -ζ  activity. H7 inhibition profiles showed that the Ca2+- 
independent activity in this fraction, but not in fractions containing the 
majority of PKC a activity or in those eluting before this, was H7- 
resistant (IC50 value 83 ± 17 μΜ compared to a range of 9-20 μΜ in 
the other fractions). All Ca2̂ -dependent activity was H7 sensitive 
(IC 50 values 10-23 μΜ). PDBu-induced activity in all fractions was 
sensitive to the PKC inhibitor Ro31-8220 (IC 50 values < 200 nM). 
This H7-insensitive kinase in the anterior pituitary may represent a 
novel PKC isoform or another PKC-like kinase.
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309.15 309.16
TWO CLASSES OF PKC ISOZYMES 
DEMONSTRATED BY PRESENCE OF PKM, TISSUE 
DISTRIBUTION AND DEVELOPMENTAL 
EXPRESSION IN BRAIN. Mi Naik , 2L J iang. TXL 
Sacktor* Dept. of Pharmacology and Neurology, 
SUNY-Health Sci. Ctr., Brooklyn, NY 11203.

Affinity-purified polyclonal antisera were developed to detect 8 
isoforms of protein kinase C (PKC) and the free catalytic domain 
(PKM) form of each isozyme. PKC isozymes could be classified 
into two groups based upon their levels of expression in brain vs. 
non-neuronal tissues, their developmental regulation and the 
presence or absence of a PKM form. Each PKC isozyme was found 
in all regions of rat brain tested. Group 1 was predominant in 
brain: the Ca^+.dependent PKC’s (α, βΐ, βΙΙ, γ), PKCe, and the 
novel, high-molecular weight (HMW) PKC, recognized by 
antiserum to PKCrļ. Group 2 was equally distributed in all 
tissues: ΡΚΟζ and б. Analyzing the developmental regulation of 
the isoforms in hippocampus, group 1 isozymes showed a large 
increase in expression on postnatal days 11-15, a period of 
synaptic growth and remodeling. In contrast, the levels of group 2 
isozymes were constant from birth to postnatal day 28. Significant 
amounts of PKM forms were found for only group 2 isozymes, 
predominantly ΡΚΜζ, and, to a lesser degree, б. Therefore, in 
addition to their structural and enzymatic characteristics, these 
three criteria may reflect functional differences among the 
isozymes.

EXPRESSION OF FOUR PROTEIN KINASE C ISOZYMES IN Cg GLIOMA 
AND NG 108-15 NEUROBLASTOMA CELLS. TPA INDUCES TRANS
LOCATION AND DOWN-REGULATION OF РКСа, РКСб AND PKCe BUT 
NOT ΡΚΟζ. C.C. Chen*. J. Chaną. C.S. Cheng and W. W. Lin. 
Institute of Pharmacology, College of Medicine, National 
Taiwan University, Taipei, 10018, Taiwan.

The expression of PKC isoforms in Cg-glioma and NG 
108-15 neuroblastoma cells by Western blot analysis 
indicated that both cells express РКСа, РКСб, PKCe and 
ΡΚϋζ. Treatment with TPA for 10 min resulted in the 
translocation of РКСа, РКСб and PKCe to the membrane 
fraction. α-TPA, the inactive phorbol ester, did not
induce translocation. When the intact cells were treated 

2 +with Ca -free, EGTA containing physiological saline 
solution, the membrane bound cPKCa was greatly reduced 
and cytosolic cPKCa was only slightly increased. 
However, neither membrane bound nor cytosolic пРКСб, 
nPKCe and atypical ΡΚϋζ (aPKCÇ) was affected by Ca^+ 
depletion. In this condition, TPA-induced translocation 
of cPKCa, пРКСб and nPKCe still occurred, indicating that
the translocation of both cPKC and nPKC isoforms induced2 +by TPA are not dependent on Ca . After long-term 
treatment (17 hr) with TPA, cPKCa, пРКСб and nPKCe were 
depleted. From endogenous phosphorylation studies, one 
substrate protein in C6 glioma cell membrane and two in 
NG 108-15 were involved in this translocation and down- 
regulation processes of PKC. As for another aPKCC, 
neither translocation nor down-regulation was observed.

309.17
LOCALIZATION OF IP3 RECEPTORS IN THE BRAIN OF THE WEAKLY 
ELECTRIC FISH (APTERONOTUS LEPTORHYNCHUS).
N. J. Berman. L. Maler * & M. T. Hincke. Dept. of Anatomy and Neurobiology, 
University of Ottawa, КІН 8M5 Ottawa, Canada.

The location of IP3 receptors in the brain of the weakly electric fish was 
detected by Immunohistochemical labeling with a polyclonal antibody (gift from Dr. 
P De Camilli, C1-IP3) directed to the 19 C-terminal peptide of the mouse IP3 
receptor. İn agreement with mammalian studies (Mignery et al., 1989), the densest 
labeling was found in Purkinje cells in cerebellar structures. The patchy distribution 
of the labeling throughout the cells is consistent with a membrane compartment- 
bound protein. Further dense labeling was found in the pyramidal cells of the optic 
tectum which are morphologically similar to purkinje cells. The electrosensory 
lateral line lobe (ELL) contained labeled axons in the deep fiber layer and labeled 
somas and proximal dendrites in the pyramidal cell layer. The labeled pyramidal 
cells (basal and non-basal) were restricted to the superficial region of the layer. In 
vivo studies have shown that superficial pyramidal cells are more phasic in their 
response to electrosensory input than deeper cells (Bastian & Courtright, 1991).

With Western Blotting, α-ӀРз labeled an identical heavy band (>205kDa, the 
ІРЗ-receptor protein) in both rat cerebellum homogenates and microdissected 
homegenates of fish ELL, cerebellum, forebrain and optic tectum. A second intense 
band of lower molecular weight (60 kDa) was also labeled by (X-IP3 in the ELL, but 
not in cerebellar, forebrain or tectum samples. In the ELL samples, the intensity of 
the 60kDa band was far greater than the small IP3 (>205kDa) band. This correlates 
with the relative proportion of the immunohistochemically labeled tissue mass of 
the deep fibers vs. the labeled regions of the pyramidal cells (deep fiber »  pyramidal 
cells), however the identity of the 60kDa protein is unknown.

IP3 receptors are therefore present in the fish brain in similar locations to 
mammalian brain, with additional localization in the electrosensory system. Results 
from the in vitro ELL preparation are presented investigating possible ІРз-mediated 
effects on pyramidal cell electrophysiology.

309.19
INOSITOL TRISPHOSPHATE RECEPTOR, SUBTYPE 3 (IP3R-3):A 
POSSIBLE ROLE IN INTRACELLULAR Ca2+ OSCILLATIONS. Simon J. 
Gibbons**. Olivier Blondel* & Richard J. Miller*. *Dept. Pharm. Phys. Sci., 
*HHMI & Dept. Biochem. & Mol. Biol., U. Chicago, Chicago IL 60637.

The IP3R-3 gene is the third in a family of IP3 receptor genes to be fully 
cloned (Blondel et al. in press). This gene has been shown to be normally 
expressed in many tissues including brain and adult pancreatic islets. The IP3R-3 
is also expressed in a number of different cultured cell lines including both 
differentiated and undifferentiated rat PC12 cells and some (e.g.RINmSF) but not 
all (e.g.jSTC-3) insulin secreting cell lines. In RIN cells, immunocytochemistry 
suggests that this receptor is localized to the endoplasmic reticulum with high 
levels close to the plasma membrane. We have transfected constructs encoding 
IP3-R3 ito /ГГС-3 cells and generated stable lines expressing this protein, 
/ЗТСЗ-Тг. Successful transfection was confirmed by protein blotting using a 
selective antibody to COOH-terminal 15 amino acids of rat IP3R-3.In order to 
examine the functional role of the IP3R-3 in modulating the intracellular Ca2+ 
concentration ([Ca2+D, we have used Fura-2 based digital imaging to compare 
responses in jSTC-3 and /ЈТСЗ-Тг cells. At rest, 35% of /ЗТС-З cells exhibited 
spontaneous oscillations in [Ca2*]; which were absent in Ca2+ free medium. Bath 
perfusion of carbachol (CCh)(0. l-ΙΟμΜ) resulted in a rise in [Ca2*]; which 
recovered on washout. There was heterogeneity in the nature of the responses, 
some cells had simple "spike" responses whereas oscillatory [Ca2+]; changes were 
observed in others. An effect of ССҺ was also observed in Ca2+ free medium 
although the initial peak was slightly lower and the response was shortened. In 
preliminary studies on /ЇГСЗ-Тг cells, no clear differences were observed in the 
responses to ССҺ. However, the spontaneous [Ca2*]; oscillations appeared to be 
much more rapid. These data suggest that the IP3R-3 may play a role in 
regulating influx dependent [Ca2*]; oscillations.

309.18
IP3 RECEPTOR ISOFORMS: DIFFERENTIAL DISTRIBUTIONS OF TYPES
1,2 AND 3 IN NEURONS AND GLIA IN RAT BRAIN. A.H. Sharp*. Z.S. 
Katusic. A. Bentley. S.H. Snyder and C.A. Ross. Laboratory of Molecular 
Neurobiology, Depts. of Neuroscience and Psychiatry, Johns Hopkins Univ. 
Sch. of Med., Baltimore, MD 21205
Three distinct genes encoding isoforms of the IP3 receptor (IP3R1,2 and 3) 

have recently been identified by molecular cloning techniques [Ross et al.
PNAS USA 89:4265 (1992) and Sudhof et al. EMBO J. 10:3199 (1991)]. We 
have now performed immunohistochemical studies to determine the cellular 
and subcellular distributions of the IP3R1,2 and 3 proteins in rat and mouse 
brains. Antisera were raised against synthetic peptides corresponding to 
unique porrtions of the predicted amino acid sequences and antibodies were 
affinity purified using immobilized peptide. Immunohistochemistry 
revealed neuronal localizations of IP3R1 and 3. In contrast, IP3R2 was 
concentrated in small glial cells scattered through many areas of the brain. 
IP3R 1 was most concentrated in the cerebellum followed by caudate-putamen, 
the CAI region of the hippocampus, the cerebral cortex and substantia nigra, 
consistent with previous studies. IP3R3 was most concentrated in the 
molecular layer of the cerebellum and in small punctate structures resembling 
synaptic boutons in various thalamic nuclei, stratum oriens of the CAI 
hippocampal region , superior colliculus, locus ceruleus and anterior olfactory 
nuclei, and was present at lower levels in cell bodies in many areas of the 
brain including the granule cell layer of the cerebellum and various brainstem 
nuclei where IP3R1 was undetectable. Analysis of Purkinje cell deficient 
mutant mice showed that in the cerebellum, IP3R3 was predominately in 
granule cell axons and cell bodies, in contrast to IP3R1 which appeared to be 
exclusively present in Purkinje cells. These studies have suggested unexpected 
complexities in the roles of IP3R isoforms in the brain, including roles for 
IP3R2 in glial function and IP3R3 in modulation of synaptic terminals.

309.20
CHARACTERIZATION OF A PUTATIVE 84 kDa INOSITOL- 
1, 3,4,5-TETRAKISPHOSPHATE BINDING PROTEIN.
L.P. Hammonds-Odie*. A. Marino. A.B. Theibert. Neurobiol. Res. 
Cen./Dept. of Cell Biology, Univ. of Alabama, Birmingham, AL 
35294.

In recent years, it has become increasingly apparent that the 
phosphoinositide (PI) cycle is much more complex and has more 
second messengers than originally proposed. In response to hormones, 
neurotransmitters, and other regulatory molecules, intracellular 
concentrations of polyphosphorylated inositols, such as inositol-1,4,5- 
trisphosphate (IP3 ), inositol-1,3,4,5-tetrakisphosphate (IP4 ), and 
phosphatidylinositol 3,4,5-trisphosphate (PIP3), increase.

Recently, the IP3 receptor (IP3R) was shown to be an intracellular 
ІРз-gated calcium channel. IP4 has been postulated to be intricately 
involved in replenishing the IP3 -sensitive calcium stores by either 
direct interaction with a plasma membrane channel or by indirectly 
increasing calcium influx.

To further explore the function of №4 , our laboratory and other 
investigators have identified specific high affinity IP4 binding proteins 
from detergent-solubilized brain membranes. Using several 
commercially available antibodies, we have demonstrated that this 84 
kDa IP4 binding protein is not identical to Pi-specific phospholipase 
C delta or the 85 kDa subunit of PI 3-kinase. In order to identify its 
functional activity, we are isolating the protein by IP4 affinity  
chromatography and determining the sequences of internal peptides by 
subjecting the protein to limited proteolysis with trypsin and V8 
protease, separation of protein fragments by HPLC, and amino acid 
analysis.
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310.1
TOLERANCE TO THE HYPOTHERMIC EFFEC T OF NITROUS OXIDE IN RATS.
K. Omachi. B. G. Leroux, C. W. Prall. C. Zhu, S. C. Woods, and D. S. Ramsav.* 
Depts. of Pediatric Dent. & Psychol.; U. of Wash., SB-26; Seattle, WA. 98195 

Inhalation of nitrous oxide (N20) mixed with oxygen results in a 
concentration-related hypothermia in rats. To determine whether chronic 
tolerance to hypothermia develops following repeated exposure to N20, the 
temperature of male Long-Evans rats was determined telemetrically from an 
intraperitoneal transmitter. Experimental rats (n=8) were given an initial 2-hr 
exposure to 60% N20 (Day 1). Over the next ten days (Days 2-11), each of 
these rats received five 30-min exposures to 60% N20 and five 30-min 
exposures to a placebo gas (60% nitrogen). The order of exposures was 
determined in a random manner. One odor was consistently associated with 
placebo and a different odor with N20 on Days 1-11; the specific odor-drug 
pairings were counterbalanced. Control rats (n = 8) received only placebo gas 
associated with the two odors, i.e., they were never exposed to N20 on days 
1-11. On Day 12, the 8 experimental rats received a 2-hr administration of 
60% N20 which was associated with the same odor previously paired with 
N20. The control rats received 60% N20 for the first time on Day 12, half 
with one odor and half with the other. N20 caused hypothermia on Day 1 
relative to rats receiving placebo [mean change from baseline (SEM), -1.9 
(0.5)°C vs. -0.6 (0.3)°C, t(14)=2.23, p<0.05]. Chronic tolerance developed to 
the hypothermic effects of N20. On Day 12, the 8 experimental rats had a 
significantly smaller reduction from their baseline temperature than did control 
rats receiving N20 for the first time [mean change from baseline (SEM), -0.9 
(0.3)°C vs. -1.9 (0.3)°C, t(14)=2.41, p<0.05].
Supported by DE09743 & the Alcoholism and Drug Abuse Institute at the UW.

310.3
IN-V IVO  EFFEC TS OF NITRIC O XIDE ON SPA C IA L  LEA RNING  IN RATS. 
S.D EM IR G O R EN * and S.PO G U N  Ege U niversity, School o f M edic ine, Dept. 
o f Physiology, B ornova/Izm ir,' Turkey

Nitric Oxide (NO) is a neural messenger molecule in the central nervous system 
with proposed action on hippocampal LTP. One of the mechanisms of action of NO 
is guanylate cyclase activation. The present study was undertaken to study the in- 
vivo effects of NO on learning. Male Sprague Dawley rats (n=7 for each group) were 
injected i.p with either 4 mg/kg sodium nitroprusside(SNP), a NO generating agent 
or 5 mg/kg № Mono Methyl L-Arginine (MMA), a nitric oxide synthase inhibitor, 
2 min before learning experiments; the control group received saline. The animals 
were trained in a a Morris water maze for 5 consecutive days and the platform was 
removed on the last day; learning performance was evaluated based on the time spent 
in the quadrant where the platform had been.The SNP treated rats showed some 
motor disability due to the cardiavascular effects of the drug, but completed the 
experiments. On the 5th day of the experiments, approximately 10 min after the 
injection and 2 min after the completion of the learning experiment, the rats were 
decapitated, hippocampi and cerebella dissected on ice, frozen in liquid nitrogen and 
assayed for cGMP. One way ANOVA of the results revealed significant differences 
(p<0.025) between the groups regarding hippocampal cGMP levels (Control: 
276.8±26.12, SNP: 458.3±88.96 and MMA:207.2±39.89 fmol/0.1 g wet wght tissue) 
and learning performance (Control: 32.66±2.19, SNP: 25.83±2.21 and
MMA:20.14±2.57 sec). There was also a significant positive correlation between 
hippocampal cGMP levels and learning performance (p<0.027). Our results provide 
support for the involvement of NO in learning and memory through guanylate 
cyclase activation in the hippocampus.

310.5
EXCITATORY AMINO ACID PATHWAY FROM THE BASAL 
AMYGDALA TO THE MIDBRAIN PERIAQUEDUCTAL GRAY 
DEFENSIVE RAGE SITES IN THE CAT. K. Schubert. M.B. 
Shaikh, and A. Siegel*. Laboratory o f Limbic System & Behavior, 
Dept. of Neurosciences, New Jersey Medical School and Graduate 
School of Biomedical Sciences, UMDNJ, Newark, N J . 07103.

We have recently shown that the basal amygdala (BAS) powerfully 
facilitates defensive rage behavior (DR) in the cat. This study tested 
the hypothesis that the underlying neurochemical substrate includes an 
excitatory amino acid (EAA) pathway from the BAS to the midbrain 
periaqueductal gray (PAG) from which DR is elicited. Cannula- 
electrodes were implanted into DR sites in the PAG and microinjections 
of the retrograde tracer, Fluoro-Gold (8 % in 0.5 μΐ), were placed into 
these sites. Following survival periods o f 7-12 days, animals were 
sacrificed and the tissue was processed for immunoreactivity for 
glutamate and aspartate positive cells and fibers. Large numbers of 
retrogradely labelled cells were observed throughout several nuclear 
groups of the amygdala, including the rostral-caudal extent of the BAS. 
High concentrations of glutamate and aspartate positive cells were noted 
mainly in the BAS and lateral amygdaloid nucleus. Of significance, 
large numbers o f cells labelled for both Fluoro-Gold and EAA were 
identified in the BAS. These findings provide further evidence that the 
pathway from the BAS to the PAG, which facilitates DR, utilizes EAA 
as a neurotransmitter. [Supported by NIH grant NS07941].

310.2
POSSIBLE PHYSIOLOGIC ROLE FOR NITRIC OXIDE IN THE 
DEVELOPING RAT BRAIN : MYOCLONIC FACILITATION R.R. Trifiletti * and 
E -А.Bolan. Colleen Giblin Laboratories, Dept. of Neurology, Columbia 
University College of Physicians and Surgeons. New York, NY 10032.

Rat pups exhibit spontaneous myoclonic movements during the first two 
weeks of life; these movements are the quantatively dominant adventitous 
movement of the normal newborn rat pup. Such movements may be a useful 
model for qualitatively similar movements in the normal human fetus and 
newborn. Using a human-guided computer-based data acquisition system, we 
recorded the time of occurence of over 250,000 myoclonic jerks in rat pups of 
varying ages. Myoclonic rate shows marked and smooth variation with 
development, motiviating the term spontaneous developmental myoclonus 
(SDM). Intraperitoneally administered MK-801 and NPC 17742, non
competitive and competitive NMDA antagonists, respectively, inhibit SDM in 6- 
day-old rat pups with ED50 of 0.3 and 0.Ö1 mg/kg, respectively. The NO 
synthase inhibitor NG-nitro-L-arginine (NO-Arg) inhibits SDM with an ED50 of 
1 mg/kg suggesting a possible role for the glutamate/NO system in SDM.

By studying the distribution of SDM inter-event intervals,we find that SDM is 
an inhomogeneous Poisson process. We demonstrate that a given SDM event 
is followed by a period (relaxation time ~ 10-13 seconds) of (exponentially) 
decaying increased probability of a subsequent SDM event that we term 
myoclonic facilitation; SDM then relaxes to a constant baseline (Poisson) rate. 
We find that MK-801 and NPC 17742 abolish myoclonic facilitation and reduce 
the Poisson rate. NO-Arg, by contrast, selectively abolishes myoclonic 
facilitation. We propose that transient event-driven NO-mediated 
enhancement in (glutamatergic) synaptic efficacy (not unlike its putative 
"retrograde messenger" role in LTP) accounts for myoclonic facilitation.

(This work supported by a grant from the Myoclonus Foundation to R.R.T.)

310.4
NITROUS OXIDE EFFECTS IN A PASSIVE AVOIDANCE TASK IN MICE,
D.A. Czech*. M.S. Jelenic. L.M. Raiaanen and C.T. Kazei. 
Psychology Dept., Marquette Univ., Milwaukee, WI, 53233 

Nitrous oxide (N2O) in subanesthetic concentrations has 
been reported to impair learning and memory in humans. In 
the present study, male ICR mice were exposed to several 
concentrations of a N 2O and oxygen mixture (15%-45% N2O) 
or room air (RA) control in a passive avoidance paradigm 
using a two-compartment light-dark (L/D) unit. Protocols 
included: 1) 10 min acclimation exposure to N 2O or RA 
followed immediately by a single aversive conditioning 
trial (foot shock on entry into dark compartment) under 
N20 or RA; tested (6 min test period) 10 min after gas 
cessation without shock, 2) exposure to gases and condi
tioning as in 1, but tested -20 hr later, 3) conditioning 
trial in RA immediately before a 10 min exposure to N2O 
or RA; tested immediately thereafter, 4) conditioning and 
exposure as in 3, but tested -20 hr later. Measures 
included step-through latencies in conditioning and test 
trials, time spent in dark section, and L%D transitions. 
Data were evaluated with ANOVA and Dunnett's procedures 
with alpha level set at p<0.05. Compared to RA controls, 
test trial latencies to enter the dark compartment were 
significantly shorter for 45% N 2O group under protocol 2, 
suggesting learning impairment; no differences emerged 
under protocol 4. Latencies were longer for 45% N2O 
relative to controls under protocols 1 and 3. Transitions 
and time in dark decreased with increasing concentration 
of N2O under protocols 1 and 3, and both measures showed 
a modest increase with 45% N2O under protocol 2.

310.6
EXCITATORY AMINO ACIDS IN BASAL AMYGDALA 
FACILITATE DEFENSIVE RAGE IN THE CAT. M.B. Shaikh*. 
K. Schubert and A. Siegel. Laboratory o f Limbic System & Behavior, 
Dept. of Neurosciences, New Jersey Medical School and Graduate 
School of Biomedical Sciences, UMDNJ, Newark , N.J. 07103.

The present study tested the hypotheses that the basal complex of 
amygdala (BAS) of the cat: (1) facilitates defensive rage behavior (DR) 
elicited from the midbrain periaqueductal gray (PAG) and; (2) utilizes 
excitatory amino acids (EAA) as a neurotransmitter that act upon 
NMDA receptors within the PAG. P h a se  I: stimulating electrodes 
were implanted into the BAS and cannula-electrodes were implanted 
into the PAG for stimulation or drug infusion. Response latencies for 
DR were significantly lowered following dual stimulation of the BAS 
and PAG relative to single stimulation o f the PAG alone (pC.01). 
P h a se  II: BAS-induced facilitation was significantly decreased (63% 
reduction at the highest dose level, p < .0 5 )  in a dose- and time- 
dependent manner following IP administration of the NMDA antagonist 
AP-7 (1.0, 0.5, and 0.1 mg/kg). P h a se  III : AP-7 was microinjected 
directly into DR sites within the PAG (2.0 and 0.2 nmole). Similarly, 
smaller magnitudes of dose- and time-dependent decreases in BAS- 
induced facilitation o f DR (20% reduction at the higher dose level, 
p <  .05) were observed. The results suggest that BAS facilitates DR by 
acting upon NMDA receptors within the PAG.
[Supported by NIH grant NS 07941].
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310.7

WITHDRAWN

310.8
THE ANXIO LYTIC PROFILE OF BUSPIRO NE CAN  
BE DETECTED IN THE ELEVATED PLUS-MAZE TEST
F O L L O W I N G  a 2 - S T I M U L A J I O N  B Y  
DEXM EDETHOM IDINE. E. S. Onaivi. Departm ent of 
Pharm acology, M eharry M edical C ollege, N ashville, TN 
37208.

Buspirone, a 5HTia  ligand and a nonbenzodiazepine anxiolytic, has not 
been consistently found to be active in some animal models of anxiety despite 
its clinical efficacy. In the present investigations buspirone led to the reduction 
in the percentage of time spent in the open arms and a decrease in open/total arm 
entry ratio which is characteristic of an aversive profile of response in the 
elevated plus-maze test. Ritanserin, a 5HT2 receptor antagonist did not influence 
the performance of the rats except the weak anxiolytic-like effect at a single dose 
of 1.0 mg/kg. The important finding in this study was that an anxiolytic-like 
profile was detectable when buspirone was co-administered with the highly 
selective (X2-adrenergic agonist dexmedetomidine at doses in which both 
compounds alone were ineffective in the test. The combination of 
dexmedetomidine with ritanserin failed to induce a similar anti-aversiveness in 
the rat model. Therefore, a 2-adrenergic stimulation may be important in 
mediating the anxiolytic-like effects of 5HTja  ligands and not the 5HT2 
receptor antagonist. The dexmedetomidine-buspirone anxiolytic interaction could 
be reversed with either the 012 - adrenergic receptor antagonist atipamezole and 
the benzodiazepine receptor anatagonist, flumazenil, but not by the a 1-adrenergic 
receptor antagonist prazosin. Although, the precise neurobiological events 
underlying this interaction remains to be determined it is conceivable that the 
final pathways in the induction of anxiolysis may involve serotonergic and 
noradrenergic mechanisms.

310.9 310.10
NNC13-8199,7-BROMO-3-(5-CYCLOPROPYL-1,2,4-OXADIAZOL- 
3-YL)-5,6-DIHYDRO-5-METHYL-6-OXO-4H-IMIDAZO(1,5-A)(1,4)- 
BENZODIAZEPINE, A NOVEL NON-SEDATING ANTICONVUL
SANT AND ANXIOLYTIC. M.D.B. Swedbera*. M. Enaelstoft. T. 
Honoré, and C. Braestrup. Novo Nordisk A/S, Pharmaceuticals 
Division, Novo Nordisk Park, DK-2760 Måløv, Denmark.

N N C 13-8199 inhibited 3H-flunitrazepam binding to bovine cortex 
membranes with an IC^ of 1.5 nM (diazepam (DZP): 11.2 nM) 
and produced a GABA shift ratio of 1.28 (DZP: 2.30). NNC 13- 
8199 was assessed against pentylenetetrazole (PTZ) induced 
seizures and in the rotarod test in mice, and in the Vogel conflict 
waterlick procedure and in a PTZ drug discrimination procedure 
in rats. In vivo receptor occupancy was assessed in mice. NNC 
13-8199 was approx. 3000 times more potent in inhibiting clonic 
seizures (ED^: 0.016 mg/kg) than in production of ataxia (ED^: 
46.0 mg/kg). 50% receptor occupancy for NNC 13-8199 was ob
tained at 0.016 mg/kg. The E D ^’s for inhibition of clonic seizures 
and producing ataxia by DZP were 1.6 and 3.0 mg/kg, respective
ly, yielding a ratio of 1.9; 50% receptor occupancy was obtained 
at 1.5 mg/kg. In the Vogel conflict test, the M.E.D’s for NNC 13- 
8199 and DZP were 0.003 and 3.0 mg/kg, respectively. NNC 13- 
8199 antagonized the discriminative effects of 17.5 mg/kg of PTZ 
(ED^: 0.009 mg/kg) and decreased rates of responding (ED^: 
0.1 mg/kg); the corresponding E D ^’s for DZP were 0.55 and 5.5 
mg/kg, respectively. It is concluded that NNC 13-8199 has a 
favorable separation of anticonvulsant to ataxic effects in mice and 
a favorable separation of anxiolytic to sedative effects in rats.

HUMAN BRAIN REGIONAL EFFECTS OF BENZODIAZEPINE AGONSISTS.
K.A. Bonnet*. C.E.Wriaht. X.-K. Gao, L.Hulst. Clin.Pharmcokinetics Div., The 
Upjohn Co., Kalamazoo, Ml and N.Y.U.Sch.Med, New York, N.Y. 10016 
The brain regional electrophsyiological effects of GABA agonsists, and of four 

classes of benzodiazepines were systematically studied at baseline and over
12-48 hours in control humans, and in individuals with persistent anxiety, or 
with persistent panic attack. All subjects were matched for age and sex, and 
were studied after informed consent, and medication free for at least four 
weeks. Electrophysiological study employed 28 active monopolar electrodes, 
linked ear reference, sampling at 200 Hz, and simultaneous recording from all 
sites. The spectral edge was calculated for each electrode within each 2.5 sec 
sample for all sites. Alprazolam was administered i.v. and studied for 48 hours. 
HLPC analysis of plasma aliquots at 14 time points showed alprazolam level t 
1/2 of 16.1 hr for controls and 21.3 hr for panic attack. Mean uV2 in the 13- 
30Hz frequency range showed intra-individual % increase that correlated with 
plasma concentration of compound (r = .87 for C, and r = .76 for P)with 
similar slopes (C = .007, P = .009). Spectral edge (80%) correlated more 
closely with ALP concentration (r = .90 for C, r = .72 for P) with similar slopes 
(C = .07, P = .09). Regional analysis indicated greatest net change, and 
greatest correlation with plasma concentration in the midline frontal area, 
corresponding to the medial frontal cortex. N100 component of the auditory 
P300 procedure was reduced in C, but not in P, over a five hour postinjection 
period. The N100 effect was confined to amplitude, not time, and was linearly 
related to plasma concentration from 15 minutes to 5 hours. The N100 effect 
was greatest in midline frontal area over the medial frontal cortex. In similar 
studies, the time-dependent effects of dopamine agonists decreased the 
spectral edge in the midline frontal cortex. Relative 13-24 Hz activity in the 
midline frontal region of human brain may reflect, in part, GABA modulation of 
local regional activity that is attenuated by dopamine stimulation.

310.11
EFFECTS OF MDL 26,479 AND ZK 93 426 ON THE 
D IS C R IM IN A T IV E  S T IM U L U S  P R O P E R T IE S OF 
CHLORDIAZEPOXIDE IN INTACT RATS. L.A. Holley* and M. 
Sarter. Ohio State Univ., Dept. Psychology, Columbus, OH 43210.

Rats were trained to discriminate the benzodiazepine receptor (BZR) 
agonist chlordiazepoxide (CDP; 5 mg/kg) from saline (1 ml/kg) using 
a two-lever operant procedure. Animals were trained to perform 75 % 
correct responses until completion of a FR 10 schedule of 
reinforcement for 9 out of 10 sessions. Test sessions consisted of 
extinction trials and were terminated after 30 responses. Generalization 
to the cue was directly proportional to the dose o f CDP (1, 3, 5, 10 
mg/kg). The effects of the putative BZR selective inverse agonists 
MDL 26,479 (0.03, 1.0, 3.0, 5 .0 mg/kg) and ZK 93 426 (0.03, 1.0, 
3 .0 , 5 . 0  mg/kg) were tested following co-administration o f vehicle or 
CDP (5 mg/kg). Medium doses o f MDL 26,479 (1, 3 mg/kg) partially 
generalized to the CDP cue. When co-administered with CDP, MDL 
26,479 did not antagonize the CDP-cue. Similar to previous findings 
(Andrews & Stephens 1991), administration o f ZK 93 426 alone did 
not generalize to the CDP-cue, and co-administration o f higher doses 
of the ß-carboline and CDP resulted in the antagonism o f the CDP- 
cue. While MDL 26,479 and ZK 93 426 were found to produce 
comparable effects in animals with dysfunctional cholinergic systems, 
these data suggest that, in intact animals, their discriminative stimulus 
properties differ significantly.

310.12
ULTRASOUNDS IN RAT PUPS: MODULATION AT THE
BENZODIAZEPINE-GABAA RECEPTOR COMPLEX AND THE 
NEUROSTEROID RECOGNITION SITE. W. Tomatzkv*. J.A. Vivian. 
A, Mamtíu, ..£L_ Barms. an U £ A ...M .tot Dept. of Psychology, Tufts 
University, Medford, MA 02155.

Ultrasonic vocalizations (USV) in response to maternal separation in rat 
pups are critically dependent on the functional state of the benzodiazepine- 
GABAA receptor complex. Diazepam, muscimol and allopregnanolone 
act at this complex and this appears to be the basis for their suppression of 
pup USV. At 7 days postpartum, 371 male and female Long-Evans rat 
pups were separated from their mother and littermates and placed on a 20  
°С surface for 2 minutes. Diazepam (0.1-3.0 mg/kg SQ, muscimol (0.03- 
0.3 mg/kg SQ, and allopregnanolone (1-30 mg/kg SC) dose-dependently 
decreased the production of USV. In these dose ranges diazepam did not 
alter locomotor behavior or body temperature, while muscimol and 
allopregnanolone decreased locomotor behavior and allopregnanolone 
decreased body temperature. The antagonists flumazenil (0.1 mg/kg SC) 
and biccuculine (2 mg/kg SQ reversed diazepam's and muscimol's 
suppression of USV respectively; biccuculine also reversed muscimol's 
sedative effects. Allopregnanolone (3 mg/kg SC) produced a 12-fold 
leftw ard  shift in diazepam's USV-suppressive effects without concurrent 
changes in body temperature or motor activity. Suppression of USV was 
modulated at the benzodi azepine-G AB A д  receptor complex and was not 
secondary to muscle relaxant or sedative side effects. The effects by the 
neurosteroid allopregnanolone are consistent with the proposed existence 
of a neurosteroid recognition site on the membrane-bound GABAą  
receptor.
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310.13
ANTAGONISM OF DIAZEPAM WITHDRAWAL BY GEPIRONE: 
STARTLE AND ULTRASOUNDS. LA. Vivian* and K.A. Miczek. Dept. 
of Psychology, Tufts University, Medford, MA 02155.

The ultrasonic vocalizations (USV) emitted in response to acoustic 
startle may communicate "distress" and reveal the "anxiogenic" quality of 
diazepam withdrawal. The association between USV and affect was 
evaluated by comparing the effects of diazepam and gepirone in naive and 
diazepam withdrawn subjects. 448 adult male Long-Evans rats were 
exposed to acoustic startle sessions consisting of nine 105 dB and nine 115 
dB stimuli. Diazepam (0.1-3.0 mg/kg IP) dose-dependently decreased 
USV without affecting startle or tail flick reflexes. Gepirone (0.1-1.0 
mg/kg IP) dose-dependently decreased USV without affecting the startle 
reflex while decreasing the tail flick reflex. Startle-induced USV were 
also sensitive to the "anxiogenic" effects of spontaneous withdrawal from 
diazepam exposure (0, 2.5, 10 mg/kg b.i.d. IP for 5 days). 24 hours after 
the last diazepam administration, withdrawn subjects were hyperreactive 
to startle stimuli and emitted twofold greater USV than vehicle treated 
controls. Gepirone (0.1-1.0 mg/kg IP), but not diazepam (3-20 mg/kg IP) 
antagonized the large increases in USV and startle amplitude in rats that 
were withdrawn from 10 mg/kg b.i.d. diazepam; diazepam (5, 10 mg/kg 
IP) antagonized these withdrawal signs when the rats were withdrawn 
from 2.5 mg/kg b.i.d. diazepam. USV and the acoustic startle response 
provide sensitive measures for detecting the "anxiolytic" effects of 
benzodiazepine and 5 Н Т ј д  receptor agonists in addition to providing a 
method for assessing the "anxiogenic" properties of diazepam withdrawal.

310.15
E F F E C T S  O F BENZODIAZEPINE R EC EPT O R  PARTIAL INVERSE  
AGONISTS IN THE ELEV A TED  PLUS MAZE T E S T  O F ANXIETY IN 
RATS. B. J. Cole*. D. N. Stephens. M. Hillmann. D. Seidelmann, and
G.H. Jones. Department of Neuropsychopharmacology, Schering AG, 
Müllerstrasse 170-178. D-1000 Berlin 65, Germany.

Benzodiazepine (BDZ) receptor ligands can both positively and negatively 
modulate the effects of GABA on chloride flux at the BDZ-GABA-A receptor 
ionophore complex. Drugs that positively modulate GABA function (which 
can be indirectly measured as a positive GABA shift) such as diazepam, are 
considered agonists and have clinically proven anxiolytic effects. Drugs that 
negatively modulate GABA function (i.e. have a negative GABA shift), such 
as the ß-carbolines DMCM and FG  7142, are considered inverse agonists, 
and have been suggested to induce anxiety.

In a series of experiments using the rat plus maze, we examined the 
effects of several ß-carbolines that are either full or partial inverse agonists 
at the BDZ receptor. All drugs were examined over a wide dose range. In 
agreement with previous studies, we were able to detect anxiogenic effects 
of full BDZ receptor inverse agonists such as DMCM at subconvulsant 
doses (0.3 - 1.25 mg/kg). Under certain conditions, we were also able to 
detect anxiogenic effects of the partial inverse agonist FG  7142 (1-100 
mg/kg). However other partial inverse agonists, including ZK 90886, ß-CCE 
and ZK 132553 did not have any anxiogenic effects in the plus maze at 
doses up to 100 mg/kg. Interestingly, ZK 132553 has the same GABA shift 
as FG 7142 but shows a higher affinity for the BDZ receptor. These results 
question the assumption that partial inverse agonists are necessarily 
anxiogenic.

310.17
E F F E C T  O F SELE C T IV E  ANXIOLYTIC AND NON-ANXIOLYTIC 
LIGANDS A T BENZODIAZEPINE R EC EPT O R S ON DRL 
PERFORM ANCE. D.N.Stephens*. G.H.Jones and B.J.Cole. Department of 
Neuropsychopharmacology, Schering AG, Müllerstrasse 170-178, D-1000 
Berlin 65, Germany.

Anxiolytic benzodiazepines (BZs) disinhibit behavior suppressed by 
punishment (e.g. conflict schedules) or non-reward (e.g. differential 
reinforcement of low rate, DRL schedules), two effects thought to reflect a 
single property of BZs. Novel BZ receptor ligands show more receptor 
subtype and behavioral selectivity than BZs. Can their effects on conflict 
and DRL be dissociated? In a rat operant task, lever presses with 
intervening delays of at least 15 s  were reinforced (DRL 15s). Responses 
were classified by delay (divided into 3 s  intervals) following the previous 
response. Trained rats responded most frequently during the 3 s  following 
the prescribed 15 s delay, with lower response probabilities at longer and 
shorter intervals. Diazepam, lorazepam, the anxiolytic ß-carboline, 
abecarnil, and the partial agonist, bretazenil increased response rates, 
decreased reinforcements, shifted the peak response probability to shorter 
delays, and increased the probability of response bursts, in keeping with 
their anticonflict properties. The selective hypnotic, zolpidem, and its 
derivative, alpidem, did not markedly influence DRL responding, also in 
keeping with their weak anticonflict activity. Thus, effects of BZ receptor 
ligands on conflict and DRL performance appear to be correlated, 
consistent with both effects being mediated by common receptor subtypes.

310.14
A BEHAVIOURAL ANALYSIS O F THE ANXIOLYTIC E FFE C T S  OF 
ABECARNIL AND OTHER BENZODIAZEPINE R EC EPTO R LIGANDS 
BASED ON REC EPTO R OCCUPANCIES. H. Schneider*. G.H. Jones. B.J. 
Cole and D.N. Stephens. Department of Neuropsychopharmacology, 
Schering AG, Müllerstrasse 170-178, D-1000 Berlin 65, Germany.

This study compared the effects of the ß-carboline anxiolytic, abecarnil 
(ABC), with the benzodiazepine receptor full agonists, diazepam (DZ) and 
alprazolam (ALPR), and the partial agonists, ZK 95962 and bretazenil, and 
alpidem, in the mouse 4-plate test and plus-maze. The effects of each 
compound were related to the fraction of benzodiazepine receptors 
occupied by the drug. In the 4-plate test, ABC, bretazenil, and ZK 95962 
had selective effects on releasing exploratory locomotor activity suppressed 
by footshock (punished crossings). None of these compounds significantly 
altered non-punished crossings. In contrast, DZ and ALPR increased both 
unpunished and punished crossings (at receptor occupancies of approx. 20- 
60%). Both these compounds were sedative at higher receptor 
occupancies. In the plus-maze, ABC increased the time spent in the open 
arms and the percentage of open arm entries to an extent equal to that 
observed with DZ or ALPR. Bretazenil and ZK 95962 had weak effects in 
this test. In contrast to DZ and ALPR, ABC did not significantly alter the 
total number of arm entries. The receptor occupancies required to increase 
the time spent in the open arms to 250% of control levels were approx. 45% 
for ABC and ALPR, 60% for DZ, and 100% for ZK 95962. In general, the 4- 
plate test was more sensitive than the plus-maze. For example, lower 
receptor occupancies were needed to produce anxiolytic effects in the 4- 
plate test than in the plus-maze. In addition, the partial agonists bretazenil 
and ZK 95962, which produced weak effects in the plus-maze, had similar 
anxiolytic potencies to the full agonists, DZ and ALPR, in the 4-plate test.

310.16
E F F E C T  OF THE ß-CARBOLINE ABECARN IL ON SPINAL R EF LEX E S  IN 
MICE AND ON M USCLE TONE IN G EN ETICA LLY  SPA STIC RATS: A 
COMPARISON WITH DIAZEPAM. L. Turski* and D.N. Stephens. 
Department of Neuropsychopharmacology, Schering AG, Müllerstrasse 170- 
178, D-1000 Berlin 65, Germany.

Abecarnil is a ß-carboline agonist at benzodiazepine receptors with high 
anxiolytic activity and reduced sedative/muscle relaxant side-effects profile. 
Benzodiazepines modulate spinal reflexes leading to changes in the muscle 
tone. Intravenous (i.v.) administration of abecarnil dose-dependently (0.02 -1 
mg/kg) depressed polysynaptic reflexes while Hoffmann reflexes remained 
unchanged. Administration of diazepam i.v. (0.01 - 1 mg/kg) also reduced 
polysynaptic reflexes and had little or no effect on Hoffmann reflexes. In 
genetically spastic rats, i.v. administration of abecarnil (10 - 30 mg/kg) 
decreased the muscle tone in a dose- and time-dependent manner. A similar 
muscle relaxant effect was observed following low i.v. doses of diazepam (0.1 
- 0.8 mg/kg). In contrast, intraperitoneal (i.p.) administration of abecarnil in 
mice did not influence spinal reflexes up to the dose of 1 mg/kg and in 
genetically spastic rats did not affect muscle tone up to the dose of 100 
mg/kg. Diazepam i.p. (1 mg/kg) depressed flexor reflexes in mice and (0.2 - 5 
mg/kg) produced a dose- and time-dependent decrease of muscle tone in 
genetically spastic rats. The muscle relaxant effect of i.p. diazepam was 
antagonized by i.p. abecarnil. The effect of abecarnil on spinal reflexes in 
mice thus appears to resemble that of diazepam. Furthermore, i.v. but not i.p. 
administration of abecarnil resulted in a muscle relaxant action in mice and in 
genetically spastic rats. The high i.v. doses of abecarnil needed to influence 
tone and reflexes, and its antagonism of diazepam, suggest a partial agonist 
action of abecarnil on spinal receptors.

310.18
ANXIOLYTIC AND MOTORIC EFFECTS OF BUSPIRONE & 
FLESINOXAN IN THE MURINE ELEVATED PLUS-MAZE. R.J. 
Rodgers*. J.C. Cole and A. Davies. Ethopharmacol. Lab., Dept Psychol. 
University o f Leeds, Leeds LS2 9JT, U.K.

The murine elevated plus-maze has recently been extended to include 
both traditional and novel behavioural measures (Rodgers & Cole, 
Physiol. Behav. 53: 383-388, 1993). The novel measures recorded 
include stretch attend postures, head-dipping, closed arm returns, entry 
latency and non-exploratory behaviour. In view o f the highly inconsistent 
and contradictory literature on the effects of 5-HT1A partial agonists in 
the plus-maze, the effects of buspirone (0.63-5.0 mg/kg) and flesinoxan 
(0.1-1.0 mg/kg) were reassessed using the new methodology. Whether 
administered acutely or chronically, buspirone 1.25-5.0 mg/kg reduced 
traditional and novel measures o f anxiety and, at the higher doses, also 
inhibited general activity. Flesinoxan 0.1-0.5 mg/kg reduced several of 
the novel anxiety measures but, at 1 .0  mg/kg, an otherwise convincing 
general anxiolytic profile was accompanied by gross suppression of 
activity and rearing. These data suggest that the motoric effects of 
buspirone cannot readily be attributed to its dopaminergic properties as 
these are not shared by flesnoxan.
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310.19
THE ANXIOLYTIC EFFECT OF NICOTINIC RECEPTOR 
AGONISTS IN THE ELEVATED PLUS-MAZE TEST. J.D. Brioni *. 
A.B. O’Neill. D.B.J. Kim. M.W. Decker and S.P. Americ. Neuroscience 
Department, Pharmaceutical Products Division, Abbott Laboratories, Abbott Park, 
IL 60064.

The effect of nicotinic receptor agonists on the elevated plus-maze test of anxiety 
were investigated in CD1 mice after intraperitoneal injections. The anxiolytic-like 
properties of diazepam, clonazepam and ethanol, and the anxiogenic effect of 
picrotoxin and amphetamine provided a pharmacological validation of the plus- 
maze. Nicotine (0.62 and 1.9 ļimol/kg) and lobeline (0.1 ļimol/kg) injected 15 min 
before the test significantly increased the time spent by the mice in the open arms, 
a measure of anxiolytic activity. Cytisine (0.052-5.2 ļimol/kg, i.p.) was ineffective 
in the same test. Nicotine also increased the total number of arm entries, a measure 
of general activity, but this effect was secondary to its anxiolytic-like properties. 
The nicotinic receptor antagonists mecamylamine, hexamethonium and 
chlorisondamine did not modify the behavior of mice in the maze. However, the 
effect of nicotine was mediated by central nicotinic receptors as it was blocked by 
the centrally-acting nicotinic antagonists mecamylamine (15 pmol/kg, i.p.) and 
chlorisondamine (23 pmol/kg, i.p.), but not by the peripherally-acting blocker 
hexamethonium (3-30 ļimol/kg, i.p.). Cotinine, the major metabolite of nicotine, 
was evaluated at different times after systemic injections and had no effect in the 
plus-maze. The anxiolytic-like profile induced by nicotinic receptor stimulation was 
not associated with potentiation of alcohol effects, a liability associated with the 
benzodiazepine therapy. This study demonstrates that nicotine and lobeline have 
anxiolytic-like properties in mice, and suggests that central nicotinic receptors are 
involved in the expression of emotional behavior.

310.20
CLOZAPINE BLOCKS THE DISCRIMINATIVE STIMULUS 
PROPERTIES OF NICOTINE. D.J.B. Kim. J. Williams. A.B, O’Neill, 
M.W. Decker. S.P. Arneric * and J.D. Brioni. Neuroscience Department, 
Pharmaceutical Products Division, Abbott Laboratories, Abbott Park, EL 60064.

We trained a group of 16 adult male Wistar rats to discriminate (-) nicotine (1.9 
ļimol/kg, i.p.) from saline in a standard two-bar operant conditioning paradigm with 
food reinforcement. The animals received a saline or nicotine injection 1 min before 
the test and they attained the training criteria after 39 ± 3 days. A dose-response 
curve to nicotine showed that the animals were able to discriminate 0.62 and 1.9 
ļimol/kg nicotine from saline, and the stereoselectivity of the nicotine cue is 
demonstrated by the 10-fold less sensitivity to (+) nicotine in these rats. Cytisine 
(1.9-6.2 pmol/kg, i.p.) exhibited a partial agonist profile, while lobeline (1.9-19 
ļimol/kg, i.p.) was devoid of any effect in nicotine-trained rats. The nicotinic 
antagonists mecamylamine, chlorisondamine and hexamethonium were inactive in 
the test, but mecamylamine (5-15 ļimol/kg, i.p.) and chlorisondamine (23 
jimol/kg, i.p.) were able to block the effect of nicotine (1.9 ļimol/kg, i.p.). As 
nicotine is known to induce the release of dopamine in the brain, the participation 
of the different dopaminergic receptors in the expression of the nicotine cue was 
investigated with cis-flupentixol (D1-D2 antagonist) and clozapine (D4 antagonist). 
Clozapine (9 ļimol/kg, i.p.) blocked the nicotine cue while cis-flupentixol (0.6-1.2 
μιηοΐ/kg, i.p.) was ineffective at doses which blocked the locomotor stimulant 
effect of nicotine in rats. These data demonstrate that the discriminative stimulus 
properties of nicotine are mediated through central nicotinic receptors and involve 
the activation of D4 dopaminergic receptors.

BEHAVIORAL PHARMACOLOGY II

311.1
NALOXONE INHIBITS ANTICONFLICT BUT NOT MOTOR ACTIONS OF 
BENZODIAZEPINES AND BARBITURATES. A. Galván. M. Morales. A. 
Heredia and A. Aamo* Dept. of Psychology, Universidad Anáhuac, 
México City. México.

It is generally assumed that the anticonflict effects of benzodiazepines are 
mediated by GABAergic systems. However, behavioral data seem to 
suggest that GABAergic agents are unable to replicate the actions of 
benzodiazepines, several behaviors and alter both systemic and 
intracerebral administration. This has lead to a search for other transmitter 
systems that may be more relevant to anxiolytic effects. There are some 
data suggesting an interaction between opioids and benzodiazepines, in the 
way that these latter substances appear to enhance opioid release. It has 
also been reported that naloxone may inhibit the anticonflict actions of 
benzodiazepines. The purpose with the present studies was to analyze a 
wider dose range of benzodiazepines and naloxone and to determine 
whether naloxone also could block the anticonflict effects of barbiturates. 
Furthermore possible antagonism of the motor deficiencies produced by 
benzodiazepines was evaluated. A modified bogel procedure was used for 
analyzing anticonflict effects, and a treadmill (rotarod) was employed for the 
detection of motor effects. It was found that naloxone antagonizer the 
anticonflict actions of diazepam, chlordiazipoxide and pentobarbital in a 
doze-dependent way. The larger the doze of the anxiolytics the larger the 
naloxone doze required to antagonize it. The motor effects of the anxiolytic 
compounds could not be blocked by naloxone, even when very large dozes 
where administered. It seems, then, that the interaction opioids, 
benzodiazepines is specific for anticonflict actions. Interestingly, GABAergic 
antagonists reliably block motor effects of benzodiazepines and barbiturates 
but not their anticonflict effects. This excluded the possibility that naloxone 
acts as a GABA antagonist. The clinical relevance of these observations is 
difficult to determine.

311.3
AVERSION INCREASES 5-HT RELEASE AND CYCLIC AMP EFFLUX IN 
THE RAT. A.K. Oadoean. H. Fink1. D.A. Kendall and C.A. Marsden. (SPON: 
Brain Research Association) Dept of Physiology and Pharmacology, Medical 
School, Queen’s Medical Centre, Nottingham, U.K. and institute of 
Pharmacology and Toxicology, PF 140, 1040 Berlin, Germany.

5-HT is implicated in anxiogenesis though the role of post-synaptic 5-HT 
receptors in anxiety remains to be determined. Therefore we have investigated 
changes in extracellular 5-HT and cAMP efflux (a biochemical correlate for 5- 
HT receptor activation) using the technique of microdialysis in the hippocampus 
of the freely-moving rat during the social interaction test. Microdialysis probes 
were implanted in the ventral hippocampi of anaesthetized, male Wistar rats 24Һ 
before the start of the experiment. The probes were perfused with artificial 
cerebrospinal fluid at Ιμΐ/min and samples were collected every 30 min. Three 
control samples were taken before the rats underwent a 10 min period of social 
interaction followed by 30 min samples for a further ЗҺ. The social interaction 
test involved monitoring the behaviour of a pair of rats in an unfamiliar high light 
environment. One rat had been implanted 24Һ previously and kept isolated, 
while the other came from an established group of 5 rats. Levels of 5-HT were 
measured by HPLC with electrochemical detection, while levels of cAMP were 
evaluated using a radio-receptor assay. A 10 min period of social interaction 
significantly increased extracellular levels of 5-HT and cAMP. Pretreatment with 
diazepam (lmg/kg, i.p.) significantly increased the time of social contact and 
caused a significant attenuation of the aversion-induced increases in 5-HT and 
cAMP. These findings indicate that release of 5-HT in the ventral hippocampus 
of the rat which is increased by the aversive conditions of the social interaction 
test, causes an efflux of cAMP probably mediated by a post-synaptic receptor 
linked to adenylyl cylase. The most likely candidate being the 5-НТід receptor, 
since the selective 5-НТід receptor agonist, 8-hydroxy-2-(dipropylamino)tetralin 
(8-OH-DPAT) also increased cAMP efflux in the ventral hippocampus of the rat. 
Supported by the British-German ARC programme.

311.2
E F F E C T S  O F  5,7-DHT AND 6-OHDA, A D M IN ISTER ED  A LO N E AND  
IN COMBINATION, ON C O N FL IC T  BEH A V IO R  IN M A U D SLEY  
R E A C T IV E  AND ΝΟΝ-R E A C T IV E  R A TS. V.L. Markovska. H.J. Altman* 
and R.L. Commissaris . Wayne State University, Detroit, Ml 48128.

The Maudsley Reactive (MR) and NonReactive (MNRA) rat strains exhibit a 
unique pattern of behavior over the course of several weeks of conflict 
testing. Although both groups accept a comparable number of shocks in the 
initial weeks of conflict testing, the number of shocks accepted by MNRA 
('non-anxious') rats increases dramatically when compared to their MR 
('anxious') counterparts. The present studies utilized the neurotoxins 6-OHDA 
and 5,7-DHT to examine the importance of brain norepinephrine (NE) and/or 
5-hydroxytryptamine (5HT) for the expression of this MNRA -v- MR difference 
in conflict behavior over time. Chloral hydrate anesthetized female rats of 
the MNRA and MR strains were administered one of four treatments 
intraventricularly: (1) vehicle, (2) 5,7-DHT (200 ug), (3) 6-OHDA (200 ug) or
(4) the combination of 5,7-DHT + 6-OHDA. Beginning 3 days after surgery, 
the subjects were tested 5 days/week for 5 weeks in the conditioned 
suppression of drinking (CSD) conflict task, a repeated measures 
modification of the Vogel procedure. As expected, over the course of several 
weeks of CSD conflict testing, vehicle-treated subjects of the MNRA strain 
came to accept more shocks than did subjects of the MR strain. This time- 
dependent MNRA -v- MR difference in conflict behavior was not altered by 
either 5,7-DHT or 6-OHDA treatment alone. Although it had little, if any 
effect on rats of the MR strain, the combination of 5,7-DHT + 6-OHDA 
prevented the occurrence of the time-dependent MNRA -v- MR difference in 
conflict behavior. No treatment prevented the increase in punished 
responding produced by acute challenges with alprazolam (0.5 mg/kg) or 
phenobarbital (20 mg/kg). (Supported in part by MH 48171 to RLC).

311.4
EFFECTS OF OLANZAPINE AND OTHER ANTIPSYCHOTICS ON 
RESPONDING MAINTAINED BY A CONFLICT SCHEDULE.
N.A. Moore*. G. Rees. G. Sanger and N.C. Tve. Lilly Research 

Centre, Eli Lilly & Co., Windlesham, Surrey, GU20 6 PH, U.K.
Olanzapine is a novel 'atypical' antipsychotic agent with 5HT2/İC, 

dopamine D 1/D 2  antagonist activity and anticholinergic properties. 
(Moore, e t  a l., 1993, C u rr. O p in . In v est. D ru g s , 2 (4) 281-293). In the 
present study, we have looked at olanzapine and a number of other 
antipsychotics on conflict responding.

Male Lister Hooded (150-170 g) rats were trained on a multiple 
schedule with an unpunished reward (VI30) and a punished (FRIO) 
component separated by a time-out period. Olanzapine (0.3125-
1.25mg/kg ip), chlordiazepoxide (2.5-5 mg/kg ip) and to a lesser extent, 
clozapine (1.25-5mg/kg ip) decreased or had no effect on the high rates 
of responding produced in the reward period, whereas rates in time-out 
and particularly the punished component were increased. This type of 
profile was not seen with haloperidol (0 .125-0.25mg/kg ip), 
remoxipride (1.25-5mg/kg ip), risperidone (0.0625-0.5mg/kg ip) or 
ritanserin (2.5-5mg/kg ip) which all decreased rates in all three 
components.

In a second experiment, the benzodiazepine antagonist, flumezanil 
( 1 0mg/kg ip) reduced the anticonflict effect of chlordiazepoxide (5mg/kg 
ip) but had no effect on the increase produced by olanzapine 
(0.625mg/kg ip).

These results demonstrate that olanzapine and clozapine were the only 
antipsychotics to produce an 'anxiolytic'-like action and further 
emphasises the unusual profile of olanzapine.
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311.5
INHIBITION OF BEHAVIORAL RESPONDING FOLLOWING PERFUSION 
OF D, AND D2 ANTAGONISTS AND DA EFFLUX AT FOREBRAIN SITES 
MEASURED BY MICRODIALYSIS IN RATS. C. Wavne Simpson*. G.E, Resch. 
Div. of Mol. Biol, and Biochem., UMKC, K.C., MO 64108-2792.

Current data suggest that dopaminergic (DA) pathways in the media? prefrontal 
cortex (mPFC) and N. accumbens (N. acc.) are involved in cognition and reward 
respectively. In this experiment we examined the effects of specific D, and D2 
antagonists on DA efflux in the mPFC and N. acc. using in vivo microdialysis while 
rats were responding in a cued discrimination task. Long- Evans rats were trained on 
a multiple VI10 -VI15 schedule for food reward. When animals were well trained, they 
were implanted stereotaxically with guide cannula in the N. acc. or the mPFC. CMA- 
10 dialysis probes (2 mm) were then fitted into the guide tubes and the N. acc. or 
mPFC brain sites dialyzed during behavioral performance. Dialysate samples were 
immediately analyzed for DA using HPLC with electrochemical detection. Infusion 
of the specific D, antagonist SCH 23390 (10 μΜ for 20 min.) into the mPFC or N. 
Acc. caused a significant decrease (P< .006) in the number of correct responses and 
reinforcements (P<.09) in 10 min obtained in the behavioral task. SCH 23390 
perfusion at these sites elicited a 1000% increase in DA efflux at the time interval 
when the drug reached the brain site. Eticlopride perfusion also significantly reduced 
the number of correct responses and reinforcements (P< .02) when the drug reached 
the brain site. At this same time interval DA efflux showed a 1700% increase from
N. acc. or mPFC brain sites. Both brain sites demonstrated dose-related increases 
in DA efflux following perfusion with SCH 23390. Perfusion of amphetamine 
(50μΜ/20 min) also elicited large increases in DA efflux at these same forebrain 
sites. The timing between the antagonist infusion, the rise in DA efflux, and the 
suppression of behavioral responding was closely correlated. The data suggest that 
both D, and D-, receptors in the N. acc. and mPFC are involved in DA release and 
suppression of reinforced behavioral responding.

311.7
REPEATED SCOPOLAMINE INJECTIONS SENSITIZE RATS 
TO PILOCARPINE-INDUCED VACUOUS JAW MOVEMENTS 
AND ENHANCE STRIATAL MUSCARINIC BINDING. G. 
Gianutsos*+, P. Baskin and J.D. Salamone, 
Depts. Psych. and Pharmacol.-I-, Univ. Conn. , 
Storrs, CT. 06269

Rats were injected daily with either 
scopolamine (SCOP, 0.5 mg/kg) or saline for 14 
days. On day 15 no SCOP was given and rats were 
acutely challenged with pilocarpine (PILO, 1.0,
2.0 or 4.0 mg/kg IP). Ten minutes after PILO 
injection animals were observed for vacuous jaw 
movements (VJMs) and rearing during a 5 min 
period. After testing, tissue samples from the 
ventrolateral striatum were assessed for 
muscarinic binding. PILO induced a dose-related 
increase in VJMs, and SCOP pretreatment 
enhanced PILO-induced VJMs. No significant SCOP 
X PILO interaction was seen, indicating that 
pretreatment with SCOP resulted in a parallel 
shift in the PILO dose-response curve. Binding 
data revealed a significant increase in Bmax 
for SCOP-pretreated rats. No significant 
effects for rearing were noted. These results 
demonstrate that repeated injections of SCOP 
sensitize rats to PILO-induced VJMs, and that 
VJMs may be a useful marker for assessment of 
striatal muscarinic supersensitivity.

311.9
REPEATED EXPOSURE TO HALOPERIDOL CAU SES CONDITIONED 
SUPPRESSION OF LOCOMOTOR ACTIVITY BUT FAILS TO BLOCK 
SENSITIZATION TO ETHANOL ACTIVATION IN MICE. N. J. Grahame. J. 
Broadbent*. and C. L. Cunningham. Medical Psychology, Oregon Health 
Sciences University, Portland, OR 97201 

The present study assessed the role of dopaminergic mechanisms in the 
sensitization of DBA/2J mice to the locomotor activating effects of ethanol. 
Experiment 1 consisted of a habituation trial and four 5 min conditioning trials 
presented at 48 hour intervals. Subjects received either vehicle or haloperidol 
(0.1 or 0.15 mg/kg, i.p.) 60 min before, and vehicle or ethanol (2 g/kg, 20% v/v, 
i.p) immediately before conditioning trials. Finally, a test trial 48 h after the last 
conditioning trial assessed all subjects’ response to ethanol in the absence of 
haloperidol pretreatment. Results indicated that haloperidol did not block sen
sitization to ethanol, suggesting dopamine systems are not involved in this 
effect. However, subjects receiving haloperidol before conditioning trials, 
regardless of subsequent vehicle or ethanol treatment, showed dose- 
dependent decreases in activity. Experiment 2, using a similar procedure as 
Experiment 1, investigated whether this effect was due to Pavlovian condi
tioning. Animals received haloperidol (0.15 mg/kg) 60 min before (B) or 55 min 
after (A) the activity session. Control animals (C) received vehicle injections. 
Finally, in the absence of haloperidol, subjects were tested with ethanol or 
vehicle. Test results revealed that only В subjects showed decreased activity, 
regardless of whether testing was with ethanol or vehicle. These data show that 
a conditioned hypoactivity response is acquired following context-haloperidol 
pairings. Because many experiments involving dopaminergic antagonists follow 
similar procedures as the present study, such conditioning should be 
considered in interpreting agonist / antagonist interactions. Supported by 
grants AA08621, AA07468 and DA07762.

311.6
LOCOMOTION AND STEREOTYPY INDUCED BY 
MICROINJECTIONS OF SCOPOLAMINE INTO THE 
PEDUNCULOPONTINE TEGMENTAL NUCLEUS: 
INVOLVEMENT OF DOPAMINE CELLS. A. Mathur*and
J.S. Yeomans, Department of Psychology, University of 
Toronto, Toronto, Ontario M5S 1A1.
Antimuscarinics administered systemically can induce hyperlocomotion 

and stereotypy in rats, but the central site of action is not known. 
Cholinergic cells of the pedunculopontine nucleus (PPT) and laterodorsal 
tegmental nucleus monosynaptically excite A9 and A10 dopamine cells 
(Bolam et al., 1991). Several behaviors evoked by dopamine stimulation 
are mimicked by cholinergic agonists in ventral tegmentum (e.g., feeding, 
Winn, 1991; conditioned place preference, Yeomans et al., 1985) or 
cholinergic antagonists in PPT (e.g., reward facilitation, Mathur et al.,
1992). Therefore, we hypothesized that antimuscarinics may induce 
hyperlocomotion and stereotypy by disinhibition of PPT cholinergic cells 
via their autoreceptors (Leonard and Llinas, 1988). In these studies, 
unilateral microinjections of the antimuscarinic scopolamine (50, 150 ug) 
into PPT increased horizontal locomotion by 10-30 times, with 
locomotion returning gradually to baseline in 90 min. Bilateral 
microinjections of scopolamine (50, 100 ug) increased stereotypy ratings 
(Kelly et al., 1985) in a dose-dependent manner. Typical behaviors 
observed were sniffing in one location or over large areas, self-biting, 
grooming and sneezing. These decreased gradually over 120 min. 
Haloperidol (0.10 mg/kg i.p.) attenuated the scopolamine-induced 
stereotypy and locomotion. The behavioral effects of PPT scopolamine 
closely resemble the effects of i.p. amphetamine or scopolamine. 
Therefore, disinhibition of PPT cholinergic neurons may produce 
locomotion and stereotypy via activation of dopamine cells. (Supported 
by NSERCC grant to J.Y.)

311.8
V ID E O -IM A G E  A N A L Y S IS  OF T U R N IN G  B EH A V IO R , 
THIGMOTACTIC SCANNING AND LOCOMOTION IN THE RAT. 
R.K.W. Schwarting*. R. Goldenberg. H. Steiner. J. Fomaguera and 
J.P. Huston. Inst. Physiol. Psychol. I, Univ. of Düsseldorf, Germany.

An automated video-image analyzing system is presented which 
measures behavioral asymmetries and locomotion in rats. The system, 
which is a basically revised version of the one presented previously 
(Bonatz et al. J. Neurosci. Meth, 22’87, 13-26) works by analyzing 
digitized video images obtained by a b/w video camera. Turning 
behavior is expressed in different diameter classes and as partial or full 
turns. Thigmotactic scanning is expressed as distance or time 
locomoted with the left or right side of the body along one of the walls 
of the testing environment. Locomotion is measured as distance 
travelled and is expressed in meters. Examples for the application of 
these behavioral measures are given, including the measurement of 
spontaneous or drug-dependent behavioral asymmetries after brain 
lesion (the 6 -hydroxydopamine model), a unilateral peripheral 
manipulation (hemi-vibrissotomy), and the measurement o f open-field 
behavior (spontaneous or drug-induced) in intact animals. Among 
others these examples show that the analysis of thigmotactic scanning 
may provide an alternative behavioral measure, which may be specially 
useful in the study of functional asymmetries.

311.10
ONTOGENY OF BEHAVIORAL SENSITIVITY TO SELECTIVE D1 AND D2 
AGONISTS AND APOMORPHINE. B. P. Bowman. F. J. Seidler* and C. M.
Knhn Dept of Pharmacology, Duke Univ. Med. Ctr. Durham, NC 27710.

Chronic treatment with apomorphine (АГО) causes behavioral sensitization to 
subsequent APO challenges in adult rats. Rats as young as postnatal day 3 (PND 3) 
have characteristic behavioral responses to acute АГО, but the ontogeny of 
sensitization is unknown. In order to characterize the ontogeny of APO 
sensitization, we treated male and female PND 6, PND 15 and PND 55 rats for 5 
days with АГО (1.0 mg/kg/day) or sterile water and assessed their behavioral 
responses to an APO challenge (0,0.1,0.2,0.4,0.5 and 1.0 mg/kg) on day 7. Time- 
sampled behavior was rated with a 1-10 stereotypy scale.

PND 21 and PND 61 rats receiving chronic saline had similar dose-response and 
time course relationships to the APO challenge. Chronic APO did шХ significantly 
sensitize these animals to the APO challenge, perhaps because behavior was tested 
in a novel environment However, PND 12 rats treated chronically with APO 
showed a slight sensitization to the APO challenge, seen as a decreased latency to 
stereotypy onset This disparity could be due to age-related differences in D1/D2 
ratios or APO pharmacokinetics, or to the increased presence of discontinuous 
stereotypy in APO-naive pups.

A different result emerged when the acute behavioral responses to theDl 
agonist SKF-38393 (0.1 mg/kg) at PND 12 and PND 21 were tested after chronic 
APO. PND 21 animals had sensitized locomotor and wall climbing behavior, while 
PND 12 animals did not Conversely, PND 12 animals showed locomotor 
sensitization to the D2 agonist quinpirole (1.0 mg/kg). These results suggest that 
developmental changes in the D1/D2 ratio may play an important role in the 
ontogeny of stimulant sensitization.
(Supported by DA-05303 and T326M07171-18.)
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311.11
COCAINE'S POTENTIATION OF IN VIVO STIMULATED NUCLEUS 
ACCUMBENS DOPAMINE EFFLUX MEASURED IN REAL TIME 
WITH CARBON-FIBRE FAST CYCLIC VOLTAMMETRY.
JE.G. Williams*. W. Wieczorek, Z.L. Kruk. and P. Willner. Department of 
Pharmacology, Queen Mary & Westfield College, University of London. Mile 
End Rd., London, El 4NS, UK.

Extracellular levels of dopamine (DA) are increased in the nucleus 
accumbens (NAcc) by the administration of cocaine (COC) which inhibits the 
reuptake of DA into presynaptic dopaminergic terminals. Fast cyclic 
voltammetry (FCV) at carbon fibre electrodes measured the effect of COC on 
electrically stimulated NAcc DA efflux in anesthetized Wistar rats with a time 
resolution of less than 1 sec. Single carbon fibre glass microelectrodes 
(exposed tip 7|im dia.; length 30-40 pm) were implanted into the NAcc, and 
bipolar wire stimulating electrodes implanted into the ventral tegmental area 
(VTA). Prior to implant, electrodes were electrochemically calibrated in vitro 
with 1 pmol DA relative to a Ag/AgCl reference electrode, in 0.1 Molar 
phosphate buffered 0.9% w/v NaCl solution, pH 7.4. The FCV potential 
consisted of a 1.5 cycle, 100 Hz triangular ramp scanning between -1.0 and 
+1.4V relative to the Ag/AgCl reference with a scan rate of 480 Vs-1 applied 
at 4 Hz. Between scans the potential was maintained at 0V. Signals were fed 
into a Nicolet 310 storage oscilloscope, and measurement made from hard 
copies of signals. VTA Stimulation was presented at variable frequencies, 
intensities, and stimulus durations using a constant current stimulator. 
Results show that as frequency (50-100Hz), intensity (30-100pA), or duration 
(0.5-5sec) increased, baseline DA efflux increased. COC (10 mg/kg, i.p.) 
potentiated this DA efflux at all levels, with about 50-150 nanomolar 
equivalent increases noted at parameters typically used for reinforced behavioral 
responding in conscious rats. Therefore, this FCV technique is useful for 
relating real-time neurochemical and behavioral events.

311.13
CONTINUOUS ADMINISTRATION DECREASES AND PULSATILE 
ADMINISTRATION INCREASES BEHAVIORAL SENSITIVITY TO A NOVEL 
DOPAMINE D-2 AGONIST (U-91356A) IN MPTP MONKEYS. P. Blanchet, F. 
Calont . J.C. Martel. T. Pi Paolot M. Piercev0 and P.J. Bédard*. Neurobiol. Res. 
Ctr., Enfant-Jésus Hosp., Québec, CAN; ÎLab. of Molec. Endocrinol., CHUL, 
Québec, CAN; °CNS Res. Div., The Upjohn Co., Kalamazoo, MI.

In an attempt to shed light on the neural mechanisms underlying dyskinesia in 
levodopa-treated parkinsonian patients, we administered the highly selective D-2 
agonist U-91356A to 6 drug-naive MPTP-exposed parkinsonian primates following a 
pulsatile (P, N=3) or continuous (C, N=3) schedule for 27 days. This drug was 
delivered by 2 daily s.c. injections or via osmotic minipumps, respectively, for an 
equivalent daily amount U-91356A quickly relieved all parkinsonian features and 
greatly stimulated locomotion in both groups. The P group showed a progressive 
sensitization to the drug with chorea developing within the first week. The C group 
showed a rapid decline in motor activity beyond day 3 of treatment and only one of 
these animals developed chorea which disappeared after day 10, suggesting tolerance. 
Plasma drug concentrations were fairly stable in the first 14 days in the C group and 
lower than peak concentrations obtained for the P group. Binding studies on striatal 
tissue homogenates for D-l and D-2 receptors revealed no significant difference in Kd 
and BMAX between P and C animals. Behavioral tolerance is linked with a reduced 
incidence of dyskinesia following selective, continuous D-2 receptor stimulation. 
This is unlikely to be achieved through lower plasma drug levels. Some form of 
desensitization of D-2 receptor-mediated neural mechanisms, within the striatum or 
downstream, may be involved. In contrast, the heightened D-2-mediated 
pharmacological response resulting from the intermittent administration of this 
selective agonist led to a great dyskinetogenic potential and could be of prime 
importance in the induction of levodopa-induced dyskinesia as well.
[Supported by the FRSQ, MRC and the Parkinson Foundation of Canada].

311.15
QUINPIROLE, AMPHETAMINE, DIZOCILPINE AND 
ANTICHOLINERGICS REVERSE HALOPERIDOL-INDUCED 
REACTION TIME DEFICITS IN RATS. S.C. Fowler* 
and B.J. Brockel. Depts. of Psychol, and 
Pharm., Univ. of Miss., University, MS 38677 

Five separate groups of rats were trained to 
react to a 0.12-s visual stimulus by executing 
a nose-poke response within 3 s of stimulus 
presentation. Each group of rats received its 
own dose (0.0 to 0.12 mg/kg) of haloperidol 
(Hal) daily for 4 mo. Reaction time (RT) to the 
target stimulus was dose-dependently increased 
by Hal throughout the dosing period. Challenge 
doses of drugs began after 23 d of Hal. Of the 
anticholinergics, scopolamine and benztropine 
were more effective than atropine in lessening 
Hal-related RT deficits. d-Amphetamine (up to
2.0 mg/kg) completely reversed Hal's effects at 
higher doses, while MK 801 (up to 0.16 mg/kg) 
was effective only against Hal 0.04 mg/kg. Of 
the six challenge drugs, only quinpirole 
increased RT when given alone, possibly owing 
to autoreceptor effects. At 0.48 mg/kg 
quinpirole successfully decreased RT lengthened 
by Hal. The results support the view that Hal 
produces a Parkinson-like syndrome in rats. 
Supported by MH43429.

311.12
ONTOGENY OF DA AGONIST-INDUCED BEHAVIORAL SENSITIZATION IN 
THE PREWEANLING RAT. M.A. Duke1. C.A. Bolanos1. S.A. 
McDougall1. and C. A. Crawford2*. 1Dept. of Psychology, 
Calif. State Univ., San Bernardino. 2Dept. of Psychiatry, 
VA Medical Center, Univ. of Calif., San Francisco.

In adult rats, repeated treatment with direct (NPA) or 
indirect (amphetamine; AMPH) dopamine (DA) agonists 
produces a progressive enhancement in behavioral responses 
(i.e., behavioral sensitization). In contrast, it has 
been reported that rats under 21 days of age do not show 
AMPH-induced behavioral sensitization. In four experi
ments, we further assessed the ontogeny of behavioral 
sensitization using 11- and 17-day-old rats and both 
direct and indirect agonists. Rats (11 or 17 days old at 
initial testing) were injected four consecutive days with 
AMPH (1.0, 2.5, or 5.0 mg/kg), NPA (1.0 mg/kg), or saline. 
A final test day then occurred either 2 or 8 days later.
On this day, rats given successive agonist injections 
received a single injection of the same agonist again; 
whereas, rats given successive saline injections received 
either AMPH or NPA. Five min after injection, locomotor 
activity, stereotyped sniffing, and rearing were measured 
during a 30 min testing session. Results showed that NPA 
and AMPH induced a dose-dependent sensitization in all 
behaviors measured— effects apparent in both 11- and 17- 
day-old rats. When considered together, these results 
show that both direct and indirect DA agonists are able to 
induce behavioral sensitization in preweanling rat pups.

311.14
STRIATAL D1 RECEPTOR CONTRIBUTION TO RECOVERY  
FROM CORTICAL NEGLECT. P.J. Best. B.B. Bromberg. S.D. 
Berry*. J.V. Corwin. J.F. Marshall, and J.M. Vargo. Dept. of 
Psychobiology, Univ. of California, Irvine, CA 92717; Dept. of 
Biol. Sciences, Univ. of New Orleans, New Orleans, LA 70148.

Previous studies have implicated the dopaminergic system in 
neglect and its spontaneous recovery following lesions of unilateral 
prefrontal cortex, specifically medial agranular cortex (AGm). 
Apomorphine produces acute recovery in rats with severe neglect, 
and spiroperidol reinstates neglect in recovered rats. The current 
studies examined the role D1 receptors may play in spontaneous 
recovery from cortical neglect. Rats were tested for orientation 
deficits for at least 3 weeks following left AGm aspiration lesions. 
Degree of head turn toward unilaterally presented visual, tactile, 
and auditory stimuli was scored. Following behavioral recovery, 
saline or 0.007 m g/kg SCH23390 (SCH), a D1 antagonist, was 
administered s.c. SCH, but not saline, reinstated severe 
contralateral neglect in recovered AGm-lesioned rats and had no 
effect on the orientation behavior of surgical controls. In addition, 
a receptor binding study using [3HJSCH23390 indicated that in rats 
that had spontaneously recovered from severe contralateral neglect 
produced by left AGm aspiration lesions, orientation behavior in 
the third week after surgery correlated with striatal D1 binding: 
Those animals having greater numbers of D1 receptors in the left 
(compared to right) striatum demonstrated the greatest recovery 
from neglect by the third postoperative week (r = 0.961, p < 0.01). 
These findings indicate that striatal dopaminergic synapses may 
play a significant role in recovery from cortical damage.

311.16
DOPAMINE D1 AND D2 AGONISTS REDU CE SENSORIMOTOR GATING OF 
ACOUSTIC STARTLE IN RATS. F .J. Wan* and N.R. Swerdlow. Depts. of 
Neuroscience and Psychiatry, UCSD, La  Jolla, CA  92093-0804

The startle reflex is inhibited when the startling noise is preceded 
by a weak prepulse. Prepulse inhibition (PPI) of startle is an 
operational measure of sensorimotor gating in humans and rats. PPI 
is impaired in schizophrenic patients and dopamine (DA)-activated 
rats. DA agonist-disruption of PPI in rats may model some features of 
deficient sensorimotor gating in schizophrenics. For example, the 
ability of neuroleptics to restore PPI in DA agonist-treated rats 
correlates significantly (R=0.991) with their antipsychotic potency.

We have demonstrated that PPI is reduced in rats after systemic 
administration of the D2 agonist quinpirole and after infusion of 
quinpirole directly into the nucleus accum bens (NAC). In contrast, 
D1 receptors do not appear to potently modulate PPI. DA agonist- 
induced reduction of PPI is not reversed by D1 receptor blockade, and 
the D1 agonist S K F  38393 does not disrupt PPI. Since previous 
behavioral studies have identified possible synergistic interactions 
between D1 and D2 substrates, we studied possible interactive effects 
of D1 and D2 agonists on the disruption of PPI in rats. PPI is reduced 
by concomitant application of the D1 agonist S K F  38393 (5mg/kg sc) 
and threshold dose (0.1 mg/kg sc) of the D2 agonist quinpirole, but not 
by either drug given alone at these doses. Pretreatment with the D1 
antagonist SCH  23390 did not block the S K F  38393/quinpirole 
synergistic reduction of PPI. We are further studying this possible 
D1/D2 synergistic reduction of PPI using the D1 agonist S K F  89258.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



760 BEHAVIORAL PHARMACOLOGY II TUESDAY PM

311.17
B EN Z O D IA Z EP IN E  P R E T R E A T M E N T  A L T E R S  C O C A IN E-IN D U C ED  
B EH A V IO R A L SEN SITIZA TIO N . A .L. Gorman. N .E.Goeders.
J.J.Stew art *. Dept. of Pharmacology and Experimental 
Therapeutics, LSUM C-Shreveport, LA 71130.

Repeated exposure to cocaine results in behavioral sensitization, 
characterized by progressive increases in locomotor activity and 
stereotypy. Previously, chronic cocaine administration (15 days) w as 
reported to produce opposite changes in benzodiazepine (BZD) 
receptor binding in the mesocorticolimbic terminal fields and the 
ventral tegmental area, regions reportedly involved in the 
development of behavioral sensitization. To determine whether BZD  
receptors modulate the development of cocaine-induced sensitization, 
either 1 or 5 mg/kg of chlordiazepoxide (CD P) w as administered daily 
to rats 40 minutes prior to cocaine (20 mg/kg,ip) for 14 days. The 
rats were rated daily for stereotypy. Chronic cocaine administration 
produced progressive increases in stereotypy, and C D P  pretreatment 
augmented this cocaine-induced sensitization. Rats pretreated with 
C D P  reached maximal scores (CDP-1/cocaine:7.7 + 0.8; CD P- 
5/cocaine:8.4 + 0.1) by day 6. However, rats given saline/cocaine 
reached their maximal score (7.9 + 0.2) on day 14, and exhibited 
significantly lower stereotypy scores than the CDP-5/cocaine rats on 
days 2 - 1 1 .  Our results suggest that BZD receptor activation alters 
the time course and degree of cocaine-induced sensitization.

Supported by U SP H S  grant # DA 04293

311.19
DIFFERENTIAL EFFECTS OF DOPAMINERGIC AND SEROTONERGIC 
ANTAGONISTS ON THE BEHAVIORAL ACTIONS OF DOPAMINE D-l 
AGONISTS.
P.Terrv* and J.L. Katz. Psychobiology Section, NIDA Addiction Research 
Center, P.O. Box 5180, Baltimore MD 21224.

Two series of experiments examined agonist/antagonist interactions at the 
dopamine D-l receptor subtype. In the first, we initially compared the effects of 
three D-l agonists on feeding in Sprague-Dawley rats given access to food for 
40 min per day. All three drugs suppressed feeding, with relative potencies:
SKF 82958 > SKF 77434 > SKF 38393. However, competitive antagonism of 
this effect by the D-l antagonist SCH 23390 was only manifest clearly in the 
case of SKF 82958. SKF 38393 was particularly resistant to antagonism, an 
effect reproduced using the D-l antagonist SCH 39166, a drug with greater 
specificity for the D-l receptor than SCH 23390. The non-specific serotonergic 
antagonist metergoline produced a significant rightward shift of the SKF 38393 
curve, indicating effective antagonism. In a related series of experiments, rats 
trained to press a lever for food reward (30 presses/reward, FR 30) showed 
dose-related reductions in response rates following any of three D-l agonists, 
with relative potencies as given above. Moreover, as in the feeding studies, only 
SKF 82958 was effectively antagonized by SCH 23390; the effects of SKF 
38393 were potentiated by D-l antagonist pretreatment. As with feeding, the 
dose-response function for SKF 38393 was significantly shifted to the right by 
metergoline. These results indicate that D-l agonists differ in their non- 
dopaminergic activities. These effects, probably at serotonergic rather than 
dopaminergic sites, may be responsible for certain behavioral effects usually 
attributed to D-l activation, especially in the case of SKF 38393.

311.18
ANTAGONIST EFFECTS OF DOPAMINE Dt PARTIAL 
AGONISTS IN PRIMATES. J. Bergmanand S. Rosenzweig-Lipson. 
Harvard Medical School/NERPRC, Southborough, MA 01772.

R-SKF 38393 and SKF 75670 previously have been characterized 
as dopamine D l partial agonists, suggesting that they might 
antagonize the effects o f higher-efficacy agonists. The present 
studies were conducted to examine this possibility by determining 
how these drugs modified the effects of other selective Dt agonists 
in squirrel monkeys responding under a 30-response fixed-ratio 
(FR30) schedule of stimulus-shock termination. Using cumulative 
dosing procedures, the effects of the selective agonists SKF 81297 
(0.03-1.0 mg/kg) and SKF 82958 (0.03-1.0 mg/kg) were determined 
alone and in the presence o f SKF 38393 (3.0-10.0 mg/kg) or SKF 
75670 (0.3-3.0 mg/kg). Both SKF 81297 and SKF 82958 produced 
dose-related rate-decreasing effects in all monkeys. Prior 
administration of SKF 38393 or SKF 75670 served to attenuate these 
effects and, in most cases, produced З-fold or greater rightward shifts 
in dose-effect functions. These results are consistent with the 
characterization of R-SKF 38393 and SKF 75670 as Dļ partial 
agonists and indicate also that SKF 81297 and SKF 82958 are higher- 
efficacy D t agonists in primates. (Supported by USPHS DA03774, 
DA00499, MH 07658, and RR00168)

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS REGULATION: CRF

312.1
ADRENALECTOMY PRESENTS A DYNAMIC STIMULATORY CHALLENGE TO 
P AR V OCELLUL AR NEUROSECRETORY NEURONS. E.R. Brown* and P.E. 
Sawchenko, The Salk Institute, La Jolla, CA 92037.

While extracellular stimuli normally provoke transient immediate-early gene (IEG) 
expression in target neurons, chronic IEG induction has been observed in 
neurosecretory and other cell types in response to persisting challenges, such as salt
loading. We used immuno- and hybridization histochemical methods to determine 
whether adrenalectomy (ADX), a manipulation known to chronically elevate the 
synthesis and secretion of corticotropin-releasing factor (CRF), results in chronically 
elevated expression of the independent IEG markers c-fos and NGFI-B in 
hypophysiotropic CRF neurons of the paraventricular nucleus (PVH). The time course 
of ADX-induçed expression of mRNAs encoding either BEG was similar, with induction 
apparent as early as 0.5 hr, maximal at 3-6 hr, diminished by 12 hr, and not detectable 
at 1, 2, 3 or 6 days after surgery, despite the fact that CRF mRNA levels were frankly 
elevated by the 48 hr time point and thereafter. Combined immuno- and hybridization 
histochemistry localized Fos-immunoreaetivity (Fos-ir) to parvocellular CRF neurons 
at early time points. Fos-ir was not demonstrable at later time points using specific, 
N-terminally directed antisera, but was detected chronically using antisera expected to 
crossreact with Fos-related antigens. CRF neurons of the chronically ADX rat appear 
capable of c-fos expression, since animals subjected to acute i.p. injection of hypertonic 
saline (2 ml @ 2 M) or insulin (12 U/kg) at 5 days after ADX displayed robust 
induction of Fos-ir in the parvocellular PVH. Moreover, chronic insulin-induced 
hypoglycemia (—30 U/kg/day for 5 days via osmotic minipump) provoked comparable, 
albeit low-level, Fos induction in the parvocellular PVH of ADX and sham-operated 
rats. Neither c-fos nor NGFI-B expression appear to be required to maintain 
chronically elevated levels of CRF mRNA after ADX. The transience of IEG 
expression following ADX, but not hypoglycemia, suggests that distinct intracellular 
signalling pathways are associated with chronic steroid withdrawal and stress.

312.2
DIFFERENTIAL EFFECTS OF HYPO- AND ISOVOLEMIC HYPOTENSION ON 
CORTICOTROPIN-RELEASING FACTOR (CRF) AND VASOPRESSIN (AVP) mRNAS IN 
THE PARAVENTRICULAR NUCLEUS. R.K.W. Chan* and P.E. Sawchenko. The Salk 
Institute, La Jolla, CA 92037.

Medullary catecholamine neurons that project to the endocrine hypothalamus have been 
shown to display modality-dependent pattens of c-fos induction following cardiovascular 
challenges. In particular, 15% hemorrhage resulted in widespread Fos induction in all 
medullary catecholamine cell groups, while nitroprusside-induced hypotension resulted in 
comparale activation of all but one, the A1 cell group, which alone is known to provide a major 
aminergic projection to the magnocellular neurosecretory system. To test predictions 
suggested by these data, i.e., that differential processing of pressure- and volume-related 
information at the level of brainstem afferents may be reflected at their major neuroendocrine 
targets, we studied the effect of hypo- and isovolemic hypotension induced by hemorrhage (10 
ml/kg) and bolus intravenous infusion of sodium nitroprusside (28 μg/kg), respectively, on c- 
fos, CRF and AVP expression in the paraventricular nucleus of the hypothalamus (PVH). 
Changes in relative levels of CRF and AVP mRNA were analyzed in rats sacrificed at 1,2,3 or 4 
hr after treatment by semi-quantitative in situ hybridization histochemistry. While hemorrhage 
induced a prominent increase in Fos-immunoreactive (-ir) nuclei in all compartments of PVH, 
Fos expression in response to nitroprusside treatment was localized predominantly in 
parvocellular (hypophysiotropic and and autonomic-related) subdivisions. In line with this, 
increased relative levels of AVP mRNA were evident in the magnocellular division of the PVH 
following hemorrhage (maximal 81.6% increase), but not nitroprusside treatment, throughout 
the experimental period. On the other hand, both challenges resulted in significant increases in 
CRF mRNA levels in the parvocellular division, though the increase was more pronounced in 
hemorrhaged (98.4%) than in nitroprusside treated (36.9%) animals. Changes in c-fos, AVP 
and CRF mRNAs in both challenge paradigms followed a similar time course, achieving 
maximal levels at 1 hr, and, with the exception of a persistent c-fos expression in the 
autonomic-related subdivisions, returning to control levels by 4 hr. These findings suggest that 
volume-related information is relayed via the A1 cell group to effect adaptive alterations in 
magnocellular AVP expression. Other medullary aminergic cell groups appear to be involved in 
the conveyance of pressure- and volume-related information to hypophysiotropic CRF neurons.
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312.3
CHARACTERIZATION OF THE RAT CORTICOTROPIN-RELEASING 
HORMONE-BINDING PROTEIN GENE. D.N. Cortright, F.Ĩ. Bourbonais, 
and A.F. Seasholtz*. Department of Biological Chemistry and Mental 
Health Research Institute, University of Michigan, Ann Arbor, MI 48109.

Within the hypothalamic-pituitary-adrenal (HPA) axis, corticotropin
releasing hormone (CRH) is the primary hypothalamic regulator of 
pituitary adrenocorticotropic hormone (ACTH) synthesis and release. 
CRH is also synthesized in many other regions of the brain where it may 
function in the coordination of the stress response. Recently, a 38 kDa 
CRH-binding protein (CRH-BP) has been purified from human plasma, 
and human and rat CRH-BP cDNAs have been cloned and characterized 
(Potter, E. et a l, Nature 349:423 ). Recombinant CRH-BP binds human/rat 
CRH with an affinity equal to that of the CRH receptor (К<ј=0.1 ± 0.2 nM), 
and neutralizes the biological activity of CRH. The expression of this 
binding protein in rat and primate brain has a profound impact on our 
understanding of the role of CRH and its potential actions as a 
neuromodulator/neurotransmitter in the brain. The rat CRH-BP gene has 
been isolated and characterized to define the structural organization and 
potential regulatory elements of this gene. Southern blot analysis suggests 
that a single CRH-BP gene is present in the rat genome. This gene spans 
greater than 11 kb and contains seven exons within the protein-coding 
region of the gene, similar to the organization of the human CRH-BP gene 
(Behan, D. et a l , Genomics 16:63). The genomic sequences encoding the 5' 
and 3' untranslated sequences of the rat CRH-BP mRNA are currently being 
characterized. The genomic sequence immediately 5' to the end of the 
published rat CRH-BP cDNA contains several TATAA sequences, 
suggesting the possibility of multiple promoters with multiple regulated 
transcription initiation sites. (Supported by NIH R29 DK42730)

312.5
DISCORDANT IN VITRO REGULATION OF ACTH SECRETION IN 
ANTERIOR PITUITARY CORTICOTROPHS OF WISTAR-KYOTO 
(WKY) RATS. E. Redei*. I. Halasz and F, Aird. Department of 
Psychiatry, University of Pennsylvania, Philadelphia, PA 19104-6141.

WKY rats show hyperresponsiveness to stress and express depressive 
behavior in a number of behavioral tests. This study is aimed to charac
terize whether anterior pituitary corticotroph function is also enhanced in 
WKY rats in vitro compared to that of Wistars (Wi). Anterior pituitary 
cells were isolated from young mature WKY and Wi male rats, main
tained in DMEM (10% FBS) for 5 days (2 x 10  ̂cells/35 mm plate) and 
then exposed to the different treatments for 6 h. Unstimulated ACTH 
secretion and POMC mRNA levels were significantly higher in WKY 
cultures compared to Wi. CRF and vasopressin (AVP) increased ACTH 
secretion dose-responsively in Wi cultures reaching maximal stimulation 
at 10 nM and 100 nM, respectively. In contrast, WKY responded to 
CRF with only a 20% increase even at 100 nM, while CRF-stimulated 
POMC mRNA levels were significantly higher in WKY cells compared to 
Wi. AVP did not stimulate ACTH secretion in WKY cultures, but rather 
inhibited secretion at higher doses. Furthermore, while AVP synergized 
with CRF to enhance ACTH secretion in Wi, AVP seemed to inhibit 
CRF-induced ACTH release in WKY. These results suggest that WKY 
corticotrophs have a higher synthesis and secretion of ACTH in the 
unstimulated state than Wi. However, a specific disconnection seems to 
exist in WKY corticotrophs between the regulation of POMC mRNA 
synthesis and ACTH secretion in response to the known ACTH 
secretagogues.

312.7
GLUTAMATE D08E DEPENDENTLY STIMULATES 
CORTICOTROPIN-RELEASING FACTOR (CRF) RELEASE 
FROM AMYGDALA NEURONAL CULTURES. M.S. Cratty .
D.L. Birkle. Dept. of Pharmacology and 
Toxicology, West Virginia University, 
Morgantown, WV 26506.

CRF is a 41 amino acid peptide localized 
throughout the CNS. Hypothalamic CRF has a 
well-established role in the regulation of adre- 
nocorticotrophic hormone (ACTH) release from the 
anterior pituitary. Activation of this system 
is an important part of the stress response. In 
addition, CRF appears to act in other brain 
regions to produce physiological and behavioral 
effects indicative of stress and anxiety. In 
the amygdala, high levels of CRFir are found and 
may be important in generating some of these 
characteristics of stress and anxiety. There
fore, amygdala neuronal cultures of fetal rat 
brain (E19) were used to examine neurotransmit
ter stimulated CRF release. These cultures were 
grown for 19-20 days in 35 mm wells. CRF re
lease was measured in the incubation medium 
using a radioimmunoassay. Previous studies 
demonstrate the presence of CRF immunopositive 
neurons and potassium-evoked, calcium-dependent 
CRF release. In the present study, glutamate (1 
uM to 100 uM) dose dependently increased CRF 
release. Preliminary experiments suggest that 
activation of the NMDA receptor may be important 
in the glutamate stimulated CRF release.

312.4
E F F E C T S  O F  M EA L  IN T A K E  ON T H E  E X P R E S S IO N S  O F  
T H E  C -FO S, N G F I-B  AN D C R F  G E N E S  IN T H E  R A T  BR A IN .
D. R ichard . N. Naîrni. C .R iv ie r*a n d  S . R ive st. Departm ent of 
P h ys io lo g y , Facu lty  of M edic ine, L a va l U n ive rs ity , Q u eb ec 
G IK -7 P 4 , C A N A D A  and The S A L K  Institute, La  Jo lla , U SA .

C-fos, N G F I-B  and C R F  m R N A s w ere  m easu red  in the rat 
brain im m ediately before or 30 , 60 and 360 m inutes after the 
onset of a palatable meal consisting of co ndensed , sw eetened  
milk. Th e  intake of the th is diet led to a  rapid and m arked 
in c re a se  in the C R F  gene e xp re ss io n  in the p arvo ce llu la r 
d iv is io n  of the p a ra v e n tr ic u la r  n u c le u s  (P V N ) of the 
hypothalam us. M eanwhile, the intake of food led to a  rapid and 
transient e xp ressio n  of the im m ediate-early g en es c-fos and 
N G F I-B . In fact, the abundant am ount of c-fos and N G F I-B  
m RN A m easurab le  30 and 60 m inutes after the onset of the 
m eal w as  no longer perceptib le 360 m inutes post-ingestion. 
Both c-fos and N G F I-B  g enes w ere exp ressed  in the PVN  and 
supraoptic nucleus of the hypothalam us. In the PVN  of the 
hypotha lam us, the im m ed iate-early  g en e s  w ere  e xp re ssed  
predom inantly in the m agnocellu la r d ivision of the nucleus, 
w h ich  co m p rise s  a  large proportion of v a so p re s s in e rg ic  
neuro ns. In co n c lu s io n , the p resen t resu lts  show  that the 
ingestion of food m ay lead to the exp ress io n  of im m ediate- 
early  g en es in sp ec ific  brain a re a s  liab le to govern va rio us 
post-ingestive metabolic resp onses.

312.6
PA T T ER N S OF A C TH  SE C R ET A G O G  R E LE A SE  IN 
RESPONSE TO FRUSTRATION AND DEGREES OF NOVELTY
L. Michael Romero* and Robert M, Sapolskv. Dept. of Biological 
Sciences, Stanford Univ., Stanford, CA 94305.

Recent studies indicate that the relative importance of CRF, 
arginine vasopressin (AVP), and oxytocin (ОТ) in the ACTH 
response appears to change with the type of stressor. Most 
such examples involve physical stressors. The colchicine 
blockade technique allows inference of secretagog release by 
measuring median eminence content, allowing the study of 
secretagog patterns following psychological stressors. After 
training male Spraguc-Dawley rats to drink at the same time of 
day for 30 min. for 2-3 weeks, frustration was induced by 
presenting empty water bottles. Corticosterone increased 
while CRF, AVP, and ОТ contents decreased with frustration 
compared to controls, implying that all three secretagogs are 
involved in the corticosterone response.

Rats were exposed to different degrees of novelty by either 
placing them in a fresh cage, a novel bucket, or a novel 
bucket with the smell of another rat. Whereas the fresh cage 
produced no change in secretagog contents, ОТ content alone 
decreased with both the bucket and the unclean bucket. Even 
though there was a graded corticosterone response, there was 
no distinction in the ОТ response. Thus, while the colchicine 
technique allows the demonstration of different secretagog 
“signatures” for different psychological stressors, it is not 
sensitive enough to distinguish subtle changes in HPA 
responses to gradations of psychological stressors.

312.8
EFFECT OF INTRA-AMYGDALA GLUTAMATE ON THE RELEASE OF CORTICOTROPIN 
RELEASING FACTOR (CRF) IN THE MEDIAN EMINENCE OF THE ANESTHETIZED RAT 
Rhonda W. Gabr*1, Dale L. Birkle1, and Albert J. Azzarofl. Departments of 
Neurology, behavioral Medicine/Psychiatry, and ‘Pharmacology and Tox., 
West Virginia University School of Medicine, Morgantown, WV 26506

CRF is a 41 amino acid peptide first isolated and characterized in 1981 
(Vale et al). Hypothalamic release of CRF into the portal vasculature stimulates 
the release of ACTH from the anterior pituitary. Changes in CRF secretion have 
been implicated in the pathophysiology of depression, which is often characterized 
by hypercortisolemia (Owens and Nemeroff, 1991). Central regulation of 
hypothalamic CRF release was investigated using in vivo microdialysis. 
Microdialysis probes were implanted into the anterolateral median eminence 
(David Kopf stereotaxic coordinates: +6.2 anterior to interaural line, +0.3 from 
sagittal sinus, -9.8 from dura) and amygdaloid central nucleus ( + 6.4 anterior to 
interaural line, +4.0 from midline, -8.0 from dura) of urethane-anesthetized (1.35 
g/kg) male Sprague-Dawley rats. An artificial cerebrospinal fluid (aCSF) 
containing 0.5% BSA, 200 μΜ ascorbate and 20 μg/mL aprotinin was perfused 
through the probes (1 pL/min) and collected every 30 min for analysis of CRF 
content by RIA. At 4 hr post-implantation, the perfusion fluid of the amygdala 
probe was switched to an aCSF solution containing 3 consecutive doses of 
glutamate (3, 30, and 300 pM, 30 min each), interspaced by 1 hr flush periods. 
CRF release in the median eminence increased approximately 2, 3.5, and 4.5-fold 
during amygdala stimulation by 3, 30, and 300 pM glutamate, respectively (n=4, 
all doses significant at p<.05). These results provide evidence that the central 
nucleus of the amygdala may regulate release of CRF in the rat median eminence. 
In addition, these results indicate a role for glutamatergic transmission in the 
regulation of hypothalamic CRF release.
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312.9
DIFFERENTIAL REGULATION OF CORTICOTROPIN
RELEASING FACTOR (CRF) AND VASOPRESSIN (VP) mRNAs IN 
ROMAN HIGH- AND LOW-AVOIDANCE RATS AFTER 
OPENFIELD STRESS J. M. Aubrv*. V, Bartanuz. Th. Steimer. P, Schulz.
P. Driscoll and J. Z. Kiss, Department of Psychiatry, IUμg, and Department 
of Morphology, University of Geneva Medical School, Geneva, Switzerland.

Roman High- (RHA/Verh) and Low-(RLAZVerh) avoidance rats are 
selected and bred for rapid vs non-acquisition of two-way, active avoidance 
behavior in a shuttle-box. This behavioral difference appears to be related to 
emotional factors. The hypothalamo-pituitary-adrenal axis (HPA) axis 
response to stress also differs between the two lines. In this study, the 
expression of CRF and VP, two neurohormones that exert a synergistic action 
on ACTH release from corticotropic cells, was examined in the parvicellular 
neurons of the paraventricular nucleus under basal conditions and 4 hrs after 
a single 8-min exposure to openfield stress. In situ hybridization 
histochemistry with labeled oligonucleotide probes was followed by 
quantitative cell by cell autoradiography. Analysis of labeling density values 
revealed that CRF, but not VP mRNA was increased in both RHA and RLA 
rats (by 33% and 41%, respectively) 4 hrs after stress. The amplitude of CRF 
mRNA up-regulation was higher in RLA. However, when comparing the basal 
CRF and VP mRNAs in RHA and RLA rats, we found that the RHA rats had 
a higher CRF and a lower VP labeling density than the RLA rats.

These results indicate that short exposure of rats to openfield stress is 
sufficient to increase CRF mRNA steady-state levels in hypophysiotrophic 
parvicellular neurons. Moreover, rat lines genetically selected on the basis of 
different behavioral responses to stress differ in their basal gene expression 
levels for hypothalamic CRF and VP.

312.11
H y p o t h a l a m ic  p a r a v e n t r i c u l a r  N u c l e u s  L e s i o n s
DECREASE CORTICOTROPIN RELEASING HORMONE IN THE
C SF  a n d  E l e v a t e  t h  m R N A  in  t h e  L o c u s  C o e r u l e u s . 
S.-K . Hong. P.W . Gold, and M. H erkenham *. Section on 
Functional Neuroanatomy, Clinical Neuroendocrinology Branch, 
NIMH, Bethesda, MD 20892.

Corticotropin releasing horm one (CRH) neurons o f the 
hypothalamic paraventricular nucleus (PV N ) com prise a major 
com ponent o f the hypothalam ic-pituitary-adrenal axis and the 
stress system. CRH is also found in the cerebrospinal fluid (CSF). 
Bilateral lesions about 1.5 mm dia. were made in the PVN of rats. 
Im m ediately before and 3 days after the surgery, CSF was 
withdrawn from the cisterna magna. Radioimmunoassay o f CRH 
in the CSF revealed a 50% decrease (p <  0 .05) in level in the 
lesion group, with no change in the sham lesion control group. 
In  s itu  hybridization histochemistry o f tyrosine hydroxylase (TH) 
m RNA in the locus coeruleus (LC) show ed 50% elevation of 
m essage in the lesion group compared to control (p < 0.05). The 
results indicate that CRH neurons in the PV N  contribute to the 
CRH in the CSF, and that removal o f the PVN elevates levels of 
TH mRNA in the LC. Thus PVN CRH neurons may influence 
many CNS targets, including the LC. The mechanism(s) may be 
direct neural projections, extracellular parasynaptic diffusion, or 
HPA-mediated feedback via glucocorticoid receptors.

312.13
EFFECT OF MATERNAL ADRENALECTOMY ON CRF AND 
GLUCOCORTICOID RECEPTOR (GR) mRNA EXPRESSION IN THE 
HYPOTHALAMUS OF MALE AND FEMALE RAT NEONATES 
I. Halasz , F. Aird and E. Redei. Department of Psychiatry, University of 
Pennsylvania, Philadelphia, PA 119104-6141.

The effect of maternal glucocorticoids on the ontogeny of CRF and GR 
synthesis in the neonatal hypothalamus has not been defined. Prolonged exposure 
to maternal glucocorticoids may be responsible for the stress-hyporesponsive pe
riod in the rat during the first postnatal week. We studied the effect of maternal 
glucocorticoids on CRF and GR mRNA expression by adrenalectomizing dams 
prior to the functioning of the fetal pituitary-adrenal axis. Time pregnant 
Sprague-Dawley rats were adrenalectomized (ADX) or sham-adrenalectomized 
(SHAM) on day 8 of gestation. Hypothalamic CRF and GR mRNA levels were 
measured by northern blotting in male and female offspring at age 1,7, 14 and 21 
days. CRF mRNA levels increased with age in both male and female offspring 
equally, reaching the highest level at day 14, and decreasing by day 21. GR 
mRNA levels increased steadily in both sexes during the first three weeks of life, 
showing no sex differences. Maternal ADX had no effect on either CRF or GR 
mRNA levels in male offspring. In contrast, CRF mRNA levels increased 3 fold 
and GR mRNA levels 50 fold in 14 day old female offspring of ADX dams, but 
both returned to SHAM levels by day 21. These data suggest that a potentially 
important developmental event occurs in the neonatal hypothalamus between 
days 7 and 14. Furthermore, maternal glucocorticoids do not influence hypo
thalamic CRF and GR expression in the male offspring, but affect this develop
mental event in females. (Supported by AA07389)

312.10
INTERLEUKIN-1 STIMULATES THE CENTRAL RELEASE 
OF CORTICOTROPIN RELEASING HORMONE IN THE 
PRIMATE. L. Xia. C. Matera. M Ferin and S.L. Wardlaw.* 
Columbia University, College of P & S, New York, NY 10032.

The cytokine IL-1 is present in the brain and is known to cause a 
variety of neuroendocrine and immune effects in the rodent; the 
neuropeptide CRH appears to play a critical role in mediating many of 
these effects. Little is known about these neuropeptide interactions in 
the primate. We have therefore examined the effects of IL-1 on the 
release of CRH in the rhesus monkey in vivo and in vitro. 
Ovariectomized monkeys were studied with chronic lateral ventricular 
cannulas implanted for IL-1 infusion; indwelling catheters were also 
placed via lumbar puncture and threaded into the cervical area for 
chronic CSF collection. CSF was collected at a rate of 400pl/h during 
a 4Һ control period and for 4Һ after infusion of 4 ^ g  of IL-la. Seven 
studies were performed in 4 animals. CRH immunoactivity was 
assayed by RIA after extraction from CSF with Sep-Рак C l8 
cartridges. The mean concentration of CRH increased from 80 ± 26 
μg/ml to 227 ± 62 μg/ml after IL-1 (P<0.05). In 3 animals the effect 
of IL-1 on CRH released from hypothalamus was studied in vitro. 
The MBH was divided in half and fragments from each half were 
perfused separately. Mean CRH release was 262 ± 46 μg/20 min and 
increased to 1340 ±  470/μg/20 min after exposure to ILI-a (P<0.05). 
We conclude that IL-1 stimulates central CRH release in the primate 
and that the effects of cytokines on the release of this important 
neuromodulator can be monitored in chronically cannulated animals in 
vivo.

312.12
NEUROTRANSMITTER-SPECIFIC NEURONS THAT PROJECT FROM THE 
ARCUATE NUCLEUS TO THE PARAVENTRICULAR HYPOTHALAMIC 
NUCLEUS: EFFECT OF ADRENALECTOMY. R.A. Baker* and M. Herkenham. 
Section on Functional Neuroanatomy, CNE, NIMH, Bethesda, MD 20892.

We are interested in the neuronal pathways that converge in the paraventricular 
hypothalamic nucleus (PVN) to mediate release of corticotropin releasing hormone 
(CRH) in response to stress. The finding that adrenalectomized (ADX) rats have 
increased levels of CRH mRNA in the PVN (Young et al., 1986) raises the question 
of whether stress-induced release of corticosterone (B) acts directly on the PVN, or 
whether В hormonal signals act in other brain regions and are in turn relayed to the 
PVN. One candidate for integration and relay of В signals to the PVN is the arcuate 
nucleus (Arc). Nearly all neurons in the Arc contain glucocorticoid receptor mRNA 
(Whitfield et al., 1991), and a number of Arc neurons also project to the PVN 
(Sawchenko et al., 1983). To identify В responsive neurons in the Arc, we measured 
mRNA for a number of peptide and transmitter synthesizing enzymes using in situ 
hybridization histochemistry (ISHH) in ADX rats. In addition, to test whether В 
responsive neurons also project directly to the PVN, we injected the retrograde tracer 
fluorogold (FG) into the PVN, and in combination with ISHH, identified the 
neurotransmitter identity of neurons in the Arc that project direedy to the PVN. 
Fourteen days following ADX, Sham operated and ADX rats were sacrificed, trank 
blood collected and brains dissected onto dry ice. Confirming the efficacy of the ADX, 
plasma В levels were decreased in ADX rats, levels of CRH mRNA were significantly 
increased by 60 % in the PVN, and POMC mRNA was significantly increased by 4- 
fold in the pituitary. In spite of the ADX induced changes in peptide mRNA observed 
in the PVN and the pituitary, mRNAs in the Arc for POMC, NPY, Somatostatin, 
Galanin, Dynorphin, tyrosine hydroxylase, glutamate decarboxylase and glucocorticoid 
receptor showed no difference between Sham and ADX rats. We are currently mapping 
the number and distribution of neurons in the Arc double labeled with both FG and 
one of the above mentioned neurotransmitter mRNA labels. Our results suggest that 
Arc neurons projecting to the PVN do not influence CRH mRNA after ADX. These 
pathways may mediate as yet unidentified stressors.

312.14
CORTICOTROPIN-RELEASING FACTOR RECEPTORS IN THE BRAIN AND 
ENDOCRINE TISSUES IN NON INSULIN DEPENDENT DIABETIC RATS OR 
STRESSED RATS C ._ Io jQ ,_ I._ Ia k a Q ,_ I._N ish İQ k a ,_H ._N a ka la f_H. 
Kurokawa, M. Takem ura* and K, Hashimoto. Second Department of 
Internal Medicine, Kochi Medical School, Nankoku 78 3 , Japan (C.T.,
T.T., T.N., H.N., H.K., K.H.) and Second Department of Anatomy, Faculty 
of Dentistry, University of Osaka, Suita 565, Japan (M.T.)

Corticotropin-releasing factor (CRF) is a primary integrator of the 
organism's coordinating neuroendocrine, autonomic, behavioral, and 
immune responses to stress. In an attempt to define the regulation of 
CRF receptors in the non insulin dependent diabetic rats (WBN/Kob) 
or stressed  rats (water-em ersion restraint), we m easured iodine- 
1 25 -lab eled  ovine CRF ( [ 125l]oC RF) binding in th e  brain and  
endocrine tissues, In the intact rats, the highest density of binding 
sites for CRF was present in the anterior pituitary with progressively  
lower densities evident in the frontal cortex, hippocampus and spleen. 
On the other hand, [125l]oCRF binding to adrenal gland w as barely 
within the range of sensitivity of the assay. Significant decrease in 
[ 125l]oCRF binding in the anterior pituitary was demonstrated in the 
non insulin dependent diabetic rats. However, no significant difference 
in [ 125l]oCRF binding was observed in frontal cortex between the 
control and diabetic rats. [ 125l]oCRF binding was decreased in the rat 
anterior pituitary by 2 hours after onset of water-emersion restraint 
stress, but was unchanged in the frontal cortex. These findings suggest 
that CRF may play an important role in the pathophysiology of diabetes 
mellitus.
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312.15
CORTICOTROPIN-RELEASING HORMONE (CRH) RECEPTORS IN THE CNS 
AND PITUITARY OF LEWIS AND FISCHER RATS. E. L. Webster*. D* 
McHenry. And G. P. Chrousos. DEB/NICHD, NIH, Bethesda, MD 20892.

Corticotropin-releasing hormone (CRH) is a major coordinator of the stress 
response, including its neuroendocrine, autonomic, behavioral, and immunity 
components.The hypothalamic-pituitary-adrenal (HPA) axis of the Irewis rat, a strain 
susceptible to autoimmune inflammatory disease, is hyporesponsive to inflammatory 
and other stress mediators, compared to the Fischer rat, a histocompatible strain 
resistant to inflammatory disease. The hyporesponsiveness of the HPA axis in the 
Lewis rat is due to a defective hypothalamic CRH neuron, which responds poorly to 
stimulatory neurotransmitters and inflammatory cytokines. The Lewis rat also has 
behaviors characteristic of low CRH secretion, in contrast to the Fischer rat which has 
behaviors typical of high CRH secretion. In order to determine whether compenstory 
regulatory changes occur in CRH receptors, compatible with the neurochemical and 
behavioral data obtained from these two species, saturation studies of 125I-Tyr°-ovine 
CRH (1251-oCRH) binding were performed on membrane homogenates prepared from 
frontal cortex, hippocampus, hypothalamus, and pituitary of Lewis and Fischer rats. 
Computer-assisted Scatchard analysis of these data was used to derive the affinity 
(Kp) and maximum receptor concentration (Bmax) values of 125I-oCRH binding in 
each of the various regions from Fischer and Lewis rats. Statistical analyses indicated 
that there were no significant differences in the Kp or Bmax values of 125I-oCRH 
binding sites in the frontal cortex, hippocampus, or hypothalamus from Lewis or Fis
cher rats. A significant increase in the Kp and Bmax of 125I-oCRH binding sites was 
observed in the pituitaries from Lewis (Kp = 2.98 +/- 1.6 nM; Bmax = 109.1 +/- 31.0 
fmol/mg protein) compared to Fischer (Kp = 0.84 +/- 0.38 nM; Bmax = 33.8 +/- 8.7 
fmol/mg protein) rats. These data are consistent with previous studies demonstrating 
that CRH receptors in the anterior pituitary but not in CNS regions are sensitive to 
regulation by changes in the activity the HPA axis. Furthermore, these data provide 
additional support for the hypothesis that the hypothalamic CRH neuron is the 
primary defect in Lewis rats and is responsible for the documented immunological, 
pharmacological, and behavioral differences between this and the Fischer strain of rats.

312.17
HYPOTHALAMIC COEXPRESSION OF CRH AND VP AND 
CATECHOLAMINE INNERVATION IN LEWIS RATS. M.H. 
WhilpaU*. К,Л, Anderson, E,H, Movgey1» R.S. PerlştefryR, Nets, 
Armed Forces Radiobiol. Res. Inst., Bethesda MD 20889-5603 and 
^Walter Reed Army Inst, of Res., Washington DC 20307-5100.

Lewis rats exhibit low ACTH and corticosterone responses, normal 
baseline levels of ACTH and corticosterone, and susceptibility to auto
immune disorders. CRH release from Lewis hypothalami exposed to 
neurotransmitters is defective, in spite of normal hypothalamic recep
tor levels, suggesting a defect in responsivity of CRH neurons or in the 
CRH gene. We have shown with EM immunolabeling that CRH and 
VP are copackaged in 50% of CRH axons in Sprague-Dawley rats, and 
that VP coexpression increases during stress. We now report that the 
number of CRH axon varicosities is normal in Lewis rats, but the per
centage containing coexistent VP is only half that in Sprague-Dawley, 
Fischer 344 and Wistar rats. Moreover, we find that the density of tyro
sine hydroxylase immunoreactive axons in the hypothalamic para
ventricular nucleus is similar in Sprague-Dawley and Lewis rats, 
suggesting a normal catecholamine innervation of CRH neurons. The 
data indicate that the defect in Lewis rats is in responsivity of CRH 
neurosecretory cells rather than afferent inputs or the CRH gene.

312.19
NEUROTENSIN AND ITS ANTAGONIST (SR48692) AFFECT BASAL AND 
STRESS-RELATED HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) 
ACTIVITY. W. Rowe1*. U. Hanisch1. S. Sharma1. W. Rostène2. A. Nicol2, D. 
Gullv3. MJ. Meanev1 & R. Quirion1. ^ p t .  of Psychiatry , Douglas Hospital 
Res. Ctr, McGill University, Montreal, Canada, H4H 1R3,2INSERM U339, 
Hopital St-Antoine, France, 3Sanofi Recherche, 31036 Toulouse Cédex, France.
We have previously shown that neurotensin's (NT) stimulatory effects on the 

HPA axis occur at the level of the hypothalamic paraventricular nucleus (PVN) 
and is depend«« on corti co trophin-releasing hormone (CRH). Thus, lesioning the 
PVN or administration of a-helical CRH blocks the stimulatory effects of NT on 
plasma levels of ACTH and corticosterone (B). To further examine NT regulation 
of the HPA axis, we measured CRH turnover in animals following central 
administration of NT and plasma ACTH responses to stress in animals with PVN 
implants of the novel NT antagonist, SR48692 (Gully et al., PNAS, 1993).
Chronic central administration of NT (1 pmol/hour for 14 days) caused an 

increase in basal HPA activity as indicated by elevated levels of ACTH and В 
measured ov« the diurnal cycle compared to saline-treated controls (ACTH = 711 
± 60 vs 382 ± 26 μg/ml/min, respectively; В = 16 ± 1 vs 8 ± 1 μg/dL/min, 
respectively). CRH content in the median eminence was significantly (p< 0.01) 
greater in chronic NT-treated animals compared to controls (21 ± 3 vs 12 ± 2 
μg/μg, respectively). CRH turnover studies, conducted using colchicine (5μg, 
i.e.v), showed that acute NT treatment significantly decreased median eminence 
CRH content (~ 42 %). In animals receiving SR48692 implants plasma ACTH 
responses to 20 min restraint were decreased at 0 and 30 min following stress 
compared to controls (608 ± 96 vs 985 ± 155 μg/ml and 151 ± 5 vs 362 ± 72 
μg/ml, respectively). These studies suggest a central role for NT activity in 
regulating HPA function under basal conditions and during stress at the level of 
the PVN by modulating CRH synthesis and release. Supported by MRCC.

312.16
STRESS AND INTERLEUKIN-lß-INDUCED ACTIVATION OF C-FOS, NGFI-B 
AND CRF GENE EXPRESSION IN THE HYPOTHALAMIC PVN: 
COMPARISON OF SPRAGUE-DAWLEY, FISHER-344 AND LEWIS RATS. 
S. Rivest*. P. E. Sawchenko and C. Rivier. Peptide Biology Lab. and Lab. of 
Neuronal Structure and Function, The Salk Institute, La Jolla, CA, 92037 
The present study investigated the effect of footshock exposure and central injection 

of interleukin (IL)-lß on CRF neuronal activity and gene expression in conscious 
Sprague-Dawley (SD), Fisher-344 (F-344) and Lewis (LW) rats. Adult male rats 
(250-270 g) were deeply anesthetized and rapidly perfused transcardially with a 
solution of 4 % paraformaldehyde 3 h after the beginning of the footshock session 
(1.5 mA, 2 sec duration, 4/min. over 1 h) or iev injection of IL-lß (100 ng in 10 μΐ). 
Thirty pm thick frozen sections were cut on a sliding microtome and cryoprotected at 
-20 °С until processed. mRNA encoding the immediate early genes (IEGs) c-fos and 
NGFI-B, as well as CRF, were assayed by in situ hybridization histochemistry, while 
the localization of Fos protein within CRF-immunoreactive (ir) neurons in the PVN 
was determined using a dual immunostaining protocol. Both stress and IL-lß induced 
robust Fos-ir expression within the parvocellular division of the PVN in all 3 strains. 
The number of cells immunoreactive for both Fos protein and CRF in the PVN was 
similar in SD, F-344 and LW rats following either challenge. While control animals 
did not display detectable levels of c-fos or NGFI-B mRNA in the PVN, both 
treatments induced expression of these transcripts in this hypothalamic nucleus. By 2 
h after exposure to footshock, the expression of both IEGs was close to control levels. 
In contrast, c-fos and NGFI-B mRNA were still strongly expressed in the PVN even 
at 3 h following central IL-1 treatment and no significant differences were observed 
among SD, F-344 and LW rats. Finally, relative levels of CRF mRNA in the PVN 
were also significantly and comparably increased following either stress or central IL- 
1 treatment. These results provide further evidence that physical stress as well as 
central IL-lß can enhance expression of several IEGs, as well as CRF, within the 
parvocellular division of the PVN. These independent indices of functional activation 
within the parvocellular CRF neurons appear to respond similarly to diverse 
challenges in SD, F-344 and LW adult male rats. Supp. by NIH and MRC of Canada

312.18
INTRACEREBROVENTRICULAR TRANSPLANTATION OF F 3 4 4 /N  RAT 
EMBRYONIC HYPOTHALAMIC TISSUE IS ASSOCIATED WITH REDUCTION 
O F PERIPHERAL INFLAMMATORY R ESPON SES IN INFLAMMATORY 
DISEASE SUSCEPTIBLE LEW /N RATS.
B. Mistewicz-Poltorak. E. Zelazowska. M. Gomez. M. Poltorak*. P.W. Gold, and
E.M. Sternberg. C linical N euroendocrinology B ranch , NIMH, B eth esd a , MD 
2 0 8 9 2  and  NIM H-NSC .W ashington DC 2 0 0 3 2 .

We h ave p rev iou sly  sh o w n  th a t th e  relative inflam m atory  d ise a se  
su scep tib ility  an d  re sista n c e  o f fem ale L EW /N  and  F 3 4 4 /N  rats is  a sso cia te d  
w ith  th e ir  re la tive  h y p o th a la m ic  co rtico tro p in  r e le a s in g  h o rm o n e (CRH) 
re sp o n siv en ess . Injection o f  carrageenan  re su lts  in  a  large, q uan tifiab le  local 
inflam m atory re sp o n se  in  LEW /N rats, b u t m in im al re sp o n se  in  F 3 4 4 /N  rats, 
w h ich  co r re la tes  w ith  th e se  s tra in s' r e s p o n s e s  to  o th er  p roin flam m atory  
c h a lle n g e s . W e ex a m in e d  th e  effec t o n  L E W /N  p er ip h e ra l ca r a g ee n a n  
in fla m m a to r y  r e s p o n s e s  o f  in tr a c e r e b r o v e n tr ic u la r  tr a n s p la n ta t io n  o f  
em b iy o n ic  h ypothalam ic t is su e  derived  from arth r it is-re sista n t F 3 4 4 /N  rats. 
D issec ted  t is s u e  from  em bryonic d onor ra ts ( E l4 -Е  15) w a s  im p lan ted  into  
th e  th ird  v en tr ic le  o f  h o s t  a n im a ls . A fter fou r w e e k s  o f  graft survival, 
ca r a g ee n a n -in d u ced  inflam m atory  r e sp o n se s  w ere a s s e s s e d  in  th e  h o s ts . 
T he ex p er im en ta l grou p  (E), h o s t  fem ale  L E W /N  ra ts  tr a n sp la n ted  w ith  
F 3 4 4 /N  h y p o th a la m ic  t i s s u e  (n = 4 4 ), e x h ib ite d  s ig n if ic a n t ly  le s s  
in flam m atory  r e sp o n se  com pared  to con trol groups: (A) n a ive  L EW /N  rats  
(n=16); or LEW /N  ra ts  tr a n sp la n ted  w ith  (B) L EW /N  h y p o th a la m ic  t is su e  
(n=16); an d  (C) F 3 4 4 /N  sp in a l cord t is s u e  (n=19); or (D) “sham " grafts, i.e. 
in sertion  o f  th e  n eed le on ly  (n=14). G roups (B) a n d  (C) sh ow ed  interm ed iate  
d ecr ea ses  in  inflam m atory re sp o n se  com pared  to  th e exp erim en tal group (E). 
Inflam m atory re sp o n se s  w ere n ot s ig n ifica n tly  d ifferen t in  5  corresp on d in g  
groups o f  F 3 4 4 /N  h o sts . H ost brains stu d ied  for graft survival an d  exp ression  
o f CRH mRNA sh o w ed  graft su rvival in  a ll tra n sp la n ted  grou p s an d  in ten se  
ex p re ssio n  o f  CRH mRNA in  the h o st L EW /N  h y p o th a la m ic  paraven tricu lar  
n u c le u s  (PVN). T h u s, in tracerebroven tricu lar tr a n sp la n ta tio n  o f  em bryonic  
n eu ra l t is su e  in to  inflam m atory  su sc ep tib le  L EW /N  rats, is  a s so c ia te d  w ith  
s tr o n g  e x p r e ss io n  o f  CRH m RNA in  th e  h o s t  PVN, an d  s u p p r e ss io n  o f  
inflam m atory  r e sp o n se s  to  carrageenan.
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313.1
CORTICAL EVOKED POTENTIALS ASSOCIATED WITH INSPIRATORY 
OCCLUSION IN HUMANS TRAINED TO BREATHE WITH INTERCOSTAL 
MUSCLES OR DIAPHRAGM. S.M. Reynolds*. W.R. Revelette, and 
D.T. Frazier. Department of Physiology, University of 
Kentucky Medical Center, Lexington, KY 40536-0084.

Previous studies in the animal model indicate that 
afferents from the intercostal and diaphragm muscles project 
to the somatosensory cortex. This study was designed to 
assess the contribution of intercostal and diaphragmatic 
afferents to evoked potentials associated with inspiratory 
occlusion in healthy human subjects. Evoked potentials were 
recorded from the following pairs of scalp sites: Cz-C4 and 
Cz-C4'. Occlusions under three conditions (unrestricted, 
intercostal muscle, and diaphragm breathing) were performed 
in each of five subjects. Respitrace was used to monitor 
abdominal and rib cage motion. Evoked potentials were 
recorded under all three conditions. Peak latency and peak 
amplitude for evoked potentials and respiratory drive 
(occluded mouth pressure at 50 ms) were determined for each 
condition. The peak amplitude of the evoked potentials 
associated with inspiratory occlusion is greater for 
intercostal breathing than for unrestricted breathing. A 
positive relationship between the evoked potential amplitude 
and respiratory drive also exists. No significant 
differences were observed for peak latency or drive between 
the three conditions. Results from this study suggest that 
afferents from the intercostal and diaphragm muscles project 
to the somatosensory cortex of healthy human subjects. 
(Supported by NIH Grant # POI 40369)

313.3
POSTERIOR ZONES LIKE THE ANTERIOR BORDER 
ZONES IN SI CORTEX OF RACCOONS. J. I, Johnsoifand
W. W. Liston. Anatomy Dept., Michigan State University, East 
Lansing, MI 48824.

Several studies (most recently Rasmusson et al., 1991, J. com p. 
N eu ro l. 3 1 3 :151) have documented the existence of distinctive 
border zones at the anterior edge of the primary somatic sensory 
region (SI) of the cerebral cortex of raccoons. These zones have 
been studied in detail in the large cortical region containing the 
representation o f the raccoon hand. One of these zones, 
adjoining primary motor cortex, contains predominantly 
mechanosensory projections from deep muscular tissue. The 
second zone, immediately posterior to the first, shows neuronal 
loci responding to large, complex receptive fields, typically 
including more than one digit, in contrast to the greater bulk of 
the rest of the SI region, where receptive fields are small, 
discrete, and located entirely on a single digit or on the palm. 
Using tungsten microelectrode recording of extracellular 
multi-unit potentials in anesthetized raccoons, we found a small 
region of similar zones at the POSTERIOR border of SI, at the 
locus where the hand representation reaches that posterior border. 
This suggests that the organization of SI, when it can be studied 
in sufficient detail as in the greatly enlarged hand area in raccoon 
cortex, includes an outer rim of such border zones throughout, 
and that their position is not related to the proximity of motor 
regions of cerebral cortex. (Supported by NSF research grants 
BNS 78-00879, BSR 85-03687, BNS 91-11592 and NIH training 
grant 5T35-HLO-07507.)

313.5
EVIDENCE FOR THREE SOMATOSENSORY CORTICAL 
AREAS IN OPOSSUM. Pamela D. Beck* and Jon H. Kaas.
Dept. of Psychology, Vanderbilt University, Nashville TN 
37240.

As part of a more extensive effort to determine subdivisions of 
neocortex that are common to a wide range of taxa, and thus likely 
to reflect the organization of the brain of the first mammals, we 
examined Virginian opossums (D idelph is m arsu p ia lis  v irg in iana) 
for evidence of distinct areas. Cortex responsive to cutaneous 
stimulation was mapped with microelectrodes to reveal three 
systematic representations of the body, one corresponding to the 
primary field S-I, as previously described, and two lateral to S-I in 
cortex previously attributed to lateral trigeminal area (LTA), the 
second area (S-II) and adjoining cortex. In position and 
somatotopy, these fields correspond to S-Π and the parietal ventral 
area, PV, of eutherian mammals. All these areas are within cortex 
that stains darkly for cytochrome oxidase and myelin and have a 
clear layer IV in Nissl preparations, but architectural differences in 
the three areas are apparent. In addition, receptive fields of neurons 
in PV are larger, and neural responses in both S-Π and PV 
habituate more rapidly than in S-I. Injections of WGA-HRP in S-I 
reveal connections with both S-II and PV. We conclude that S-I, 
S-Π and PV are areas of cortex that appeared early in mammalian 
evolution.
(Supported by NIH grant NS16446).

313.2
THE ORGANIZATION AND CONNECTIONS OF SOMATOSENSORY 
CORTEX IN THE AUSTRALIAN MARSUPIAL, BRUSH TAILED POSSUM 
(Trichosurus vulpecula). G. Elston. L. Krubitzer. P. Manger. M. Calford, and T. 
Day.* Vision, Touch and Hearing Research Centre, *Dept. Physiology & 
Pharmacology, The University of Queensland, Australia 4072.

Using standard microelectrode mapping procedures the detailed topography of 
the primary somatosensory area, SI, was defined by examining neural response 
properties and receptive field progressions for neurons in a number of closely spaced 
electrode tracks in six brush tailed possums. Electrophysiological results were 
combined with architecture obtained from cortex that was flattened and cut parallel to 
the surface and stained for cytochrome oxidase (CO), Nissl and myelin. In two 
animals, an injection of wheatgerm agglutinin conjugated to horseradish peroxidase 
was placed in an elcctrophysiologically identified location in SI, and these results 
were combined wilh architectonic analysis. The organization of SI was similar to 
that described in other mammals with the feet represented most medially, followed 
by the trunk, forelimb and face representations laterally. SI as defined by this 
topographic order of neural responses to cutaneous stimulation was coextensive with 
myelin- and CO-dense zones of cortex. Neurons in cortex both rostral and caudal to 
SI were responsive to deep stimulation, and separate representations that parallelled 
that of SI were found. Connectional evidence supports the electrophysiological 
evidence by demonstrating dense interconnections between SI and cortex immediately 
rostral and caudal to SI, at the same mediolateral level as the injection site. 
Anatomical and architectonic evidence indicates the existence of another, smaller 
field just lateral to the face representation in SI. It is possible that this field is 
homologous to SII described in other mammals. Finally, in the face, forelimb and 
hindlimb representations of SI, barrel subfields were identified in tissue processed for 
myelin, Cytochrome Oxidase (CO) and Nissl. SI barrels similar to those in rat 
PMBSF were identified. In layer IV, the barrels are heavily labelled for Nissl and 
CO, the septa for myelin, whereas in layer V the barrels are myelin dense, whereas 
the septa are myelin sparse. The converse myelin labelling between layers IV and V 
gives a challice like appcarence in 3D reconstruction.

313.4
FUNCTIONALLY DISTINCT REGIONS ON THE ANTERIOR 
WALL OF THE MEDIAL ANSATE SULCUS.
A. A. Myasnikov. R. W. Dykes*, and C. Avendano. Centre de 
recherche en sciences neurolog., Dépt. de physiologie, Faculté de 
médecine, Univ. de Montréal, Québec, НЗС ЗЈ7, Canada.

The caudal parts of the posterior sigmoid gyrus were mapped 
with low-impedance electrodes in 18 pentobarbital-anesthetized 
male cats (4.3kg). Cutaneous stimuli activated the cortical surface 
and the shoulder of the medial ansate sulcus but at some variable 
distance into the sulcus the responses either stopped or they 
changed to responses activated only by rather intense somatic 
stimuli. The responses were consistent with the hypothesis that (i) 
a separate cutaneous representation is found posterior to area 3b, 
that (ii) several functionally distinct islands of cortex activated by 
rather intense stimuli together contain a representation of the body, 
and that (iii) information from joints does not project to either 
region. The pattern of acetylcholinesterase staining suggests that 
there are at least 3 distinct cytoachitectonic regions covered by the 
study. Their boundaries correlated with changes in the nature of the 
physiological responses. Although the forelimb representation in the 
wall corresponds to this part of the body in the S ill map of 
Garraghty et al. (1987), we suggest that it is the continuation of the 
complete map found along the wall of the medial ansate sulcus. 
(Supported by the MRC of Canada).

313.6
PATTERNS OF PROJECTIONS BETWEEN THE POSTCENTRAL STRIP AND 
SII IN MACAQUES. T.P. Pons* and I. Danielsson. Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892.

The postcentral strip (PCS) in macaques is comprised of four 
cytoarchitectonlcally and functionally distinct cortical areas, 3a, 3b,
1 and 2. Each area gives rise to a projection to the second 
somatosensory area, SII, and each receives a reciprocal projection 
from SII. In this study we determined the relative convergence and 
divergence of projections between areas 3b, 1, 2 and SII. In 4 rhesus 
monkeys we used electrophysiological recording techniques to identify 
matched body part representations in areas 3b, 1 and 2. We then 
injected biotin dextrans and different fluorescent tracers into the 
physiologically matched representations. After appropriate survival 
periods the brains were processed and the pattem of connections 
between areas in the P C S  and SII assessed.

The projections from areas 3b, 1 and 2 to SII terminate most 
densely in layer IV and less densely in layer VI. The pattern of 
anterograde and retrograde label in SII is modular in appearance, with 
an interdigitation of regions showing dense label adjacent to regions 
void of label. The densest terminal and retrograde label are located in 
the same modules with retrograde label in the layers above and below 
layer IV. However, the regions with retrograde label in SII tended to 
be larger than regions with anterograde label, indicating that feedback 
from SII to the P C S  is more widespread than the feed forward Input 
from areas in the P C S  to SII. In addition, terminations from 
individual areas in the P C S  tend to converge on the same modules in 
SII, suggesting that convergence of "deep" and cutaneous input takes 
place in SII.
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313.7
RESPONSES IN MONKEY PRIMARY SOMATOSENSORY CORTEX 
DURING CONTROLLED PASSIVE TACTILE STIMULATION WITH 
GRATINGS AND BARS. R.Sinclair* and H.Burton. Department of 
Anatomy & Neurobiology, Washington University Sch. Med., St. 
Louis, MO 63110.

Grating and bar stimuli were stroked across single distal 
fingertips of anesthetized M . m u la tta  using a precision controlled 
stimulator, while recording from primary somatosensory cortex 
(SI). Grating groove width (Gw) varied from 500 to 5000μιη; 
ridge width was a constant 250μηι. Pairs of bars of 1mm height 
and l-50mm width were presented at spacings of l-20mm. Single 
unit responses in SI to these stimuli were characterized for force 
levels (F) of 10 to 150gm, and scanning velocities 25 to 100 
mm/s. Preliminary results showed positive and negative response 
functions up to Gw of 2900μιη, and positive response functions 
up to F of lOOgm. Periodicity related to spatial-temporal period 
was evident in some cells. Rapidly adapting (RA) cells showed 
poor spatial resolution of bar gaps, dependent on F and V. These 
results confirm and extend findings from our active touch 
paradigm. Negative Gw response functions do not require subject 
controlled movement and do not depend on active task 
engagement. RAs in SI provide insufficient spatial resolution to 
account for discrimination of bar gaps. Contribution to this 
perception by SI cells with slowly adapting response 
characteristics is under study. (Supported by NS 31005)

313.9
COLUMNAR ACTIVATION PATTERNS IN SI CORTEX: 
DEMONSTRATION AND MECHANISMS. M. Tom m erdahl*. OV Favorov 
B-.L, Whitsel. B. Nakhle and Y.A. Gonchar. Physiology Dept., The Univ. of 
North Carolina at Chapel Hill, NC 27599-7545.

The modular nature of the distribution of 14-C-2-deoxyglucose (2DG) labeling 
in primary somatosensory cortex (SI) of monkey and cat was investigated. 
Analysis of the activation patterns was carried out at two levels of resolution. In 
the first, the global pattern of SI labeling in planar reconstructions revealed that 
skin stimuli evoke activity within an extensive region of SI, and that the pattern 
consists of multiple elongated regions of above-background labeling 
("modules"; typically 0.5 - 1.0 mm wide and 1 - 2 mm long). The second, 
higher resolution analysis evaluated the labeling pattern within individual 2DG 
modules. The within-module spatial activation patterns are periodic, consisting 
of radially-oriented profiles of increased labeling, and change systematically 
with location along the module’s long axis: spatial frequencies between 18-35 
cycles/mm are prominent in both the middle and upper layers at the central, 
maximally activated locations in the module, but are much less obvious in both 
the middle and upper layers at locations remote to the module center. It is 
concluded from combined 2DG and Nissl analysis that the radial profiles of 
labeling seen within individual 2DG modules correspond to groupings of 
minicolumns. Also, studies combining receptive field and 2DG analysis suggest 
that 2DG modules, or macrocolumns, correspond to local groups of discrete, 
place-defined cortical columns, segregates. The results raise the possibility, 
tested with a computer-based segregate model, that the SI cortical network 
encodes information about the parameters of skin stimulation by means of 
stimulus-specific, within-macrocolumn activity patterns made up of active and 
inactive minicolumns. Supported, in part, by NIMH MH48654 and MH09942 
and EPA CR 818321.

313.11
PERIPHERAL VERSUS CORTICAL DRIVING RESPONSES EVOKED BY 
BRIEF VIBROTACTILE STIMULI IN HUMANS. D.F. McLaughlin* and E.F. 
Kelly. Curriculum in Neurobiology and Diagnostic Sciences Division of the School 
of Dentistry, Univ. North Carolina, Chapel Hill, NC 27599-7455

Psychophysicists have employed vibrotactile stimuli to characterize the input 
channels involved in human somatosensory information processing. Relatively little 
is known, however, about corresponding electrophysiological responses. 
Traditionally, electrophysiological responses in human somatosensory cortex have 
been evoked by punctate electrical stimulation of peripheral nerve and extracted 
from the background EEG by time-domain averaging over large numbers of trials. 
Psychophysical and electrophysiological responses to 'natural' stimulation in visual 
and auditory modalities have been extensively characterized in humans, and used to 
study the nature and consequences of cortical adaptation. In order to examine 
human population-level physiological responses to natural somatic stimulation, we 
have employed 4-s vibratory bursts presented to the tip of the index finger. 
Stimulus rates were either 24 or 32Hz, presented at four randomized amplitudes 
(250-, 125-, 50- or 0-um). Physiological responses were recorded at the wrist and at 
scalp sites overlying contralateral SI. Frequency-domain analysis has revealed 
artifact-free driving responses that are readily detectable in single records. The 
magnitudes of frequency-following responses (FFRs) recorded at the wrist and 
scalp sites generally reflect the stimulus amplitude. However, the responses at the 
wrist are relatively stable in amplitude and frequency, whereas scalp responses 
display much greater variability, and frequently contain FFRs in the range of both 
the fundamental and the second harmonic, both of which vary in intensity and 
sometimes in frequency throughout the entire stimulation period. The results 
indicate a rich response dynamics, existing primarily at the cortical level, which is 
accessible to measurement on a single-trial basis. This opens the way to future 
'combined' psychophysical and electrophysiological studies of somatosensory 
cortical processing in humans.

313.8
EFFECTS OF VELOCITY OF TACTILE MOTION ON SKIN AFFERENTS AND SI 
NEURONS: EVIDENCE FOR VELOCITY-TUNED CENTRAL MECHANISMS 
INVOLVING NMDA RECEPTORS. B,L, _Wh.teslVC,-J, Lge, Q,V, Favprņv and B. 
Nakhle Physiology Dept., The Univ. of North Carolina at Chapel Hill, N.C. 27599-7545.

Mechanoreceptive afferents (n = 50) and SI neurons (n = 52) with receptive fields (RFs) on 
monkey hairy skin were studied using extracellular recording methods. At least 10 
replications of each velocity of unidirectional brushing stimulation were presented to the RF; 
order of velocity presentation was randomized. Estimates of average rate of spike discharge 
during stimulus contact with the RF (OMFR) and of intertrial variability in OMFR (CV) were 
computed for each velocity. For all afferents (including SAI, SAH, and RA afferents) OMFR 
increased monotonically with velocity over the range 0.5 -100 cm/sec. In contrast, for these 
same afferents CV either remained constant over the entire velocity range (n = 16; ave. CV < 
10%), did not change over the range 0.5 - 25 cm/sec and then increased with further increases 
in velocity (n = 21); or was lowest at the lowest velocity (ave. CV < 10%) and became 
progressively larger at progressively higher stimulus velocities (n = 13). For all SI neurons 
evaluated in this study OMFR increased with velocity over the range 0.5 - 50 cm/sec. For 
approximately one-half of these OMFR continued to increase monotonically with velocity, 
whereas for the others OMFR declined with velocity over the range 50- 100 cm/sec. Most 
(>70%) exhibited a velocity-CV relationship quite different from those of the skin afferents: 
i.e., CV was lowest (frequently attaining values <10%) at velocities between 5 - 25 cm/sec, 
and increased progressively as velocity decreased or increased outside the 5 - 25 cm/sec 
velocity band. We interpret the findings to indicate that, at least for the SI neurons sampled, 
intertrial variability is velocity-tuned, and is lowest within the velocity range at which single 
SI neuron and human cutaneous directional sensitivity is greatest. Results obtained before 
and after systemic administration of the NMDA receptor blocker phencyclidine ( 50 - 300 
ug/kg; IV) suggest that NMDA receptors underlie the velocity-tuned intertrial variability of SI 
neurons. A model of the underlying mechanisms is proposed. Supported, in part, by NIMH 
MH48654 and EPA CR818321.

313.10
VIBRATION INTERFERES WITH MIXED NERVE AND 
DERMATOMAL SOMATOSENSORY EVOKED POTENTIALS (SEPS). 
J.C. Slimp*. Dept. of Rehabilitation Medicine, Univ. of Washington Sch. of 
Med., Seattle, WA 98195.

While the literature on the interfering effects of vibration on SEPS in 
humans is rather sparse, evenso there are some peculiar observations. 
Continuously delivered vibration to the palm of the hand attenuated cervical 
spinal cord and brainstem potentials as well as cortical potentials to median 
nerve or to finger stimulation (Ibanez et al, 1989). The percent attenuation 
was nearly equal for the mixed nerve stimulation (median n.) and for finger 
stimulation. Interestingly, another study (Cohen and Starr, 1985), reporting 
on leg input, found vibration to attenuate responses to a mixed nerve (tibial 
n.) but not those to a cutaneous nerve (sural n).

The present study examined the effect of vibration in the arm and leg to 
SEPs to mixed nerve (median/tibial) and cutaneous input (index fmger/lateral 
and medial dorsum foot). SEPs were recorded according to standard 
laboratory procedures (Slimp et al, 1992). Strong vibration at 60 Hz was 
applied to the palm or the arch of the foot.

Vibration attenuated all components of the cortical level responses by more 
than 50% with the responses to cutaneous stimulation reduced slightly more 
so than those to mixed nerve stimulation. Peripheral nerve responses, by 
contrast, showed no difference with or without vibration, giving no indication 
of interference at the peripheral level.

Thus, vibration interferes with responses to both mixed nerve and 
cutaneous input. Anatomical locus of this interaction and the relative 
strength of the effect are under investigation.

313.12
TEMPORAL SUMMATION OF MULTIPLE VIBROTACTILE STIMULI. R. M. 
Friedman*. J. C. Makous. and C. J. Vierck, Jr. Department of Neuroscience, 
University of Florida College of Medicine, Gainesville, FL 32610.

Vibrotactile temporal summation was investigated for non-Pacinian and 
Pacinian channels on the distal pad of the right index finger. In 3 subjects, the 
two-alternative forced-choice procedure was used to estimate thresholds by 
determining psychometric functions and also by performing a 2-down, 1-up 
tracking procedure. Vibrotactile stimuli were applied through a 4 mm diameter 
contactor, and stimulus onset occurred randomly within one of two 2.5 sec 
detection intervals. Two procedures were used to stimulate the non-Pacinian 
channel. Either ramped 20 Hz sinusoids were presented at 3 durations (112, 
400, 1200 msec), or low frequency energy impulses (centered around 30 Hz) 
were applied at 8 pulses per second (pps), for a total of 1, 4 or 16 impulses. 
To stimulate the Pacinian channel, impulses (with the energy centered at 215 
Hz) were presented at different pulse rates (2, 8, 40, 100 pps) and numbers 
(1 to 64).

Psychometric functions for the non-Pacinian channel were limited to an 
average range of 6 dB. Temporal summation was observed, based on a shift 
of the psychometric function with changes in duration: 0.5 dB per doubling of 
impulses, and 0.4 dB per doubling of sinusoidal duration. For the Pacinian 
channel, psychometric functions extended over a wider range (around 10 dB). 
Temporal summation was observed, with a threshold shift of 1.8 dB per 
doubling of stimulus number, irrespective of pulse rate. On the basis of these 
results, probability summation (founded in either statistical or signal detection 
theory) accounts for a significant fraction of vibrotactile temporal summation, 
without invoking a special process of energy integration. Furthermore, this type 
of temporal summation occurs in both the Pacinian and the non-Pacinian 
channels. Supported by grant NS07261.
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T H E  E F F E C T  O F  M A S K E R  B A N D W ID T H  O N  
V IB R O T A C T IL E  T H R E S H O L D S . J. C . M akous*. R. M.
F rie d m a n  a n d  C .J. V ie rck . D e p a rtm e n t o f N e u ro s c ie n c e , 
U n iv e rs ity  o f F lo r id a  C o lle g e  o f M e d ic in e , G a in e s v ille , FL 
3 2 6 1 0 .

Vibrotactile thresholds were m easured with two interval forced choice 
psychophysics in 3 human subjects in the presence of a 
simultaneous noise masker. All stimuli were presented through a 4 mm 
diam eter contactor to the distal pad of the right index finger. Subjects 
were required to indicate which of two intervals contained a sinusoidal 
test stim ulus with a noise m asker present in both intervals. Test 
stim uli were either 25 Hz or 200 Hz sinusoidal v ibrations of the skin. 
M asker bandwidth was either confined to a low frequency (25 Hz 
center frequency) or high frequency (200 Hz center frequency) region. 
W hen the m asker and the test stim ulus w ere both in the sam e 
frequency region, the test thresholds grew  with a slope of one (on log- 
log axes) w ith increasing m asker level. However, when the test 
stim ulus and m asker occupied opposite frequency regions there was a 
20 dB range over which the m asker level had no significant effect on 
detection of the test stim ulus. These results are consistent with 
previous findings (Bolanowski e t al., 1988) and indicate that there are 
at least two separate psychophysical channels at or near threshold -  
one confined to frequencies of greater than 50 Hz, probab ly mediated 
by the Pacinian corpuscle -- and one in the region of 10 - 50 Hz, 
mediated by a non-Pacinian receptor system.

TEMPORAL PATTERNS OF RAT VIBRISSAL CONTACT MEASURED DURING 
OBJECT DISCRIMINATION. M. S. Fee. R. A. Stennoski and D. Kleinfeld*. 
Biological Computation Research, AT&T Bell Laboratories, Murray Hill, NJ 07974.

The inherently active nature of vibrissae during exploration raises questions 
about the role of timing and multiple whisker response in the coding of somatosensory 
information. In particular, recent work [Nicolelis, Lin, Woodward and Chapin, PNAS 
9 0 , 1993] suggests that the optimal stimuli for units in VPM thalamus correspond to a 
time-ordered sequence of motion across multiple vibrissae. This provides motivation 
to understand the patterns of vibrissal contacts and the correponding patterns of neu
ronal activity during object discrimation. We have developed a technique to directly 
detect the contact of vibrissae with an object during a behaviorally relevant discrimi
nation task. We coat the vibrissal shaft with a conductive layer of either graphite or 
metal that is sufflcienty thin to insure normal vibriassal motion. A fine wire attaches 
the base of the vibrissa to an amplifier headstage. Contact of the vibrissa with a con
ducting object, held at a potential above ground, produces.a signal at the output of the 
amplifier. A sample of the signals obtained from the left C l, C2, and C4 vibrissae dur
ing spontaneously exploration is shown in the figure; contact is indicated by the signal 
rising above baseline. Multiple contacts are seen with a period of 75-100 ms, consis
tent with the period reported for whisking [Carvell and Simons, J. Neurosci. 1 0 ,1990]. 
To characterize patterns of vibrissal contact during object discrimination, rats were 
trained (n=3) to make a blindfolded dis
crimination of the position of an object in 
return for a food reward. The animals 
sucessfully performed the task with 
recording wires attached to six C-row 
whiskers and with all other rows 
trimmed. Patterns of contacts during vari
ous discrimination tasks are currently 
being measured.

3 1 3 .1 5

WHISKING PATTERNS REFLECT TASK DEMANDS AND INDIVIDUAL 
PERFORMANCE ABILITY DURING ACTIVE TOUCH. G.E.Carvell* and D.J. 
Simons. Depts. of Physical Therapy and Neurobiology, Univ. of Pittsburgh, 
Pittsburgh,PA 15261

Blind-folded rats were trained in a two-choice paradigm to use their 
vibrissae to distinguish differences in macrogeometric or microgeometric 
surfaces. Macrogeometric tasks, called rough/rough (RR), paired a 
discriminandum having 1 mm deep grooves of 1 mm width and spacing with 
discriminanda having grooves of the same depth but with widths and 
spacings ranging from 3 by 3 mm to 1.06 by 1.06 mm. Microgeometric tasks, 
called rough/smooth (RS), paired a smooth surface with surfaces having 
grooves of equal depths, widths and spacings ranging from 500 pm to 50 μΐη. 
RR animals used larger amplitude and higher velocity whisking sweeps; 
whisker bending was also more pronounced for this group. For these 
macrogeometric surfaces, rats making the fewest errors moved their whiskers 
over a larger distance and applied less force, as judged by whisker bending, 
than poorer performers. These variables did not correlate strongly with 
performance for animals in the RS group; for these rats, performance was, 
however, negatively correlated with protraction velocity and with whisking 
sweeps/sec. For both groups, power spectra analysis showed that animals 
using whisking patterns strongly dominated by 7-12 Hz frequencies made 
fewer errors. For the RS group, better performers used whisking patterns that 
had few high frequency (18-27 Hz) components.

These findings suggest that, when palpating finely-textured surfaces, rats 
employ whisker movements that maximize acquisition of temporal information, 
whereas animals exploring objects having more widely spaced features use 
movement strategies that maximize acquisition of spatial information. 
Consistent with these conclusions, successful performance of the RR task 
requires the presence of at least two (adjacent) whiskers on each side of the 
face; preliminary evidence indicates that the RS task requires only a single 
vibrissa Supported by NSF IBN-9209490.
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VISUAL EVOKED POTENTIALS IN THE SUPERIOR COLLICULUS OF THE 
CAT. S. B is t i * 1. G.P. B ira i2 and C. T r im a rc h i1. 11 s titu to  di 
N euro fis io log ia  C.N.R., Pisa, 1-56127 2 1 s t i tu to  di F is io log ia  
Umana Università di Modena, Modena, 1-41100.

The role of Superior Colliculus (SC) in spatial vision has not yet 
been defihed sa tis fa c to rily . Single unit recordings have shown a 
preference fo r low spatial frequencies and fo r s tim u li d r if t in g  at 
high velocities and no clear information is available on the contrast 
sens itiv ity . We have approached the problem by recording Visual 
Evoked Potentials (VEPs) and measured the contrast sens itiv ity  in 
both space and time domain by using contrast reversing gratings or 
ta rta n  pa tte rns  of s inusoidal lum inance p ro f ile  modulated 
s inuso ida lly  in tim e. By recording through a m ic rop ipe tte  in 
correspondence of the area centra lis  representation we obtained 
spatial contrast sensitiv ity  functions characterized by a low pass 
p ro file  and w ith  a resolution lim it  between 2 and 3 c/deg, a value 
two times lower than that determined under the same experimental 
condition in area 17. The maximum s e n s itiv ity  of SC was instead 
s im ila r  to tha t of area 17. The temporal c h a ra c te ris e s  were 
described by band-pass curves w ith  several peaks and a resolution 
frequency l im i t  of 2 0 -2 5  HZ. Both tem pora l and s p a tia l 
characteris tics of normal animals shall be compared w ith  those 
obtained a fte r e ithe r co rtica l deafferentation or removal of the 
direct Y retinal input.
Supported by EEC grant SC 1000224

LESIONS TO THE SUBSTANTIA NIGRA IPSILATERAL  
TO A VISUAL CORTICAL LESION FAIL TO RESTORE  
VISUAL ORIENTATION BEHAVIOR IN THE CAT.
V.Ciaramitaro, A.C. Rosenquist. * S.F. Wallace 
Dept. of Neuroscience, Univ. of Penn, Phila., PA 19104

Unilateral removal of all known visual cortical areas in the cat 
renders the animal hemianopic in the contralateral visual field as 
measured by visual perimetry and other behavioral tests. We have 
shown that visual orientation behavior can be restored to the 
previously blind hemifield by destruction of a critical zone in the 
substantia nigra pars reticulata (SNpr) contralateral to the cortical 
lesion (Wallace, S.F. et. al. J. Comp. Neurol. 296:222-252, 1990). 
The model explaining this recovery postulates disinhibition of the 
superior colliculus (SC) ipsilateral to the cortical lesion via damage to 
the crossed nigrotectal projection. If simple disinhibition accounts for 
recovery, then destruction of the uncrossed nigrotectal pathway 
should also result in recovery since this pathway exerts a tonic, 
GABAergic inhibition on the SC.

We made unilateral visual cortical lesions and ibotenic acid lesions 
of the ipsilateral SNpr in 16 cats. Following surgery visual perimetry 
was assessed in animals from 6 to 22 weeks before sacrifice. A 
complete histological analysis was carried out for both cortical and 
nigral lesions in celloidin embedded sections stained for Nissl and 
myelin. Contrary to the predictions of the model, we failed to observe 
a recovery of visual orientation behavior in the blind hemifield in any 
of the 16 animals with substantia nigra lesions.
Supported by EY02654, 2 T32 EY07035, and GM-07517
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314.3
AN IN VITRO SLICE  PREPARATION OF TECTO FUGA L VISUAL 
PATHWAYS IN THE CHICK. J. C. Dve* and H. J. Karten. Department 
of Neurosciences, UCSD, La Jolla CA 92093.

Synaptic physiology of retinotectal and tectothalamic pathways was 
examined in 400 pm slices of embryonic and hatchling chick. 
Stimulation of the stratum opticum or optic nerve elicited synaptic 
activity in retinorecipent layers of the optic tectum. The position and 
polarity of the responses, current source density analysis of field 
potential recordings, and the results of Dii applications in fixed slices 
indicate that the evoked activity is largely due to excitation of retinal 
afferents. The effect of antagonists to various neurotransmitter receptor 
types on these field potentials suggests that glutamate is the principle 
retinotectal transmitter in the chick, an effect mediated predominantly by 
non-NMDA receptors. GABAergic transmission appears largely 
responsible for local feedback inhibition at deeper tectal levels. 
Uncertainties in interpreting field potential recordings are being 
addressed by simultaneous whole cell patch clamp recordings at the 
same locations, correlating extracellular potentials with intracellular 
recordings of single cells.

In addition, our slices contain the tract projecting to the thalamic 
nucleus rotundus from optic tectum. As in the case of retinotectal 
transmission, field potential recordings in rotundus indicate that the 
tectal input is predominantly mediated by glutamate and non-NMDA 
receptors, with GABA blockers revealing secondary excitation normally 
suppressed by inhibitory interneurons. These studies will extend to other 
putative transmitters and modulators. (Supported by NS 24560 abd EY  
06890 to HJK.)

314.5
RESPONSE OF CELLS IN THE PIGEON’S TECTUM TO MOVING 
EQUILUMINOUS OPPONENT COLOR STIMULI. H.-J. Sun and B. J. Frost*. 
Dept. Psychol., Queen’s Univ., Kingston, Ont K7L 3N6, Canada.

For many years, it was believed that color and motion information are 
processed by separate, parallel pathways. However, recent psychophysical and 
neurophysiological studies have suggested that there are interactions between the 
two pathways. Thus, when an object moves against a background, color 
differences between object and background may still permit the encoding of 
motion information at the single cell level. In this experiment, we examined 
extracelluar single cell responses from the pigeon’s tectum, which has long been 
recognized as processing object motion. A moving colored object was presented 
on a uniform (opponent colored) background (e.g. blue-on-yellow, red-on-green 
and black-on-white). Either the object or background luminance was kept 
constant at some intermediate level, while the luminance of the other was 
manipulated (up to 256 levels) until a minimal response was determined. It was 
assumed that the luminance level which produced a minimal response was the 
"equiluminous condition" for that color pair. In 59% of the cells in this study, 
motion responses persisted even at the equiluminous level of both blue-yellow 
and red-green combinations, although the responses dropped to a mean of 38% 
of the maximal response. Another 23% of the cells responded in a similar 
manner, but were selective for either the blue-yellow or red-green combination. 
The remaining cells (18%) did not respond to motion at equiluminance using 
any color combination. Therefore, some neurons in the pigeon’s tectum can 
detect movement based on cues solely derived from color, although their 
sensitivity is less than for luminance cues.

Supported by an NSERC grant OGP0000353 to BJF.

314.7
NMDA RECEPTORS AND HABITUATION OF VISUAL RESPONSES IN 
NEURONES OF THE SUPERFICIAL LAYERS OF THE SUPERIOR 
COLLICULUS (SSC) IN THE CAT. K.E.Binns & T.E.Salt*. Institute of 
Ophthalmology, University of London, London. EC1V 9EL, UK.

A major characteristic of the response of visual cells in the SSC is a tendency to 
habituate during repeated stimulation. We have examined the effects of NMDA 
receptor antagonism on the responses to visual stimuli during the process of 
habituation of SSC neurones. Multi-barrel pipettes were used to perform single 
unit extracellular recordings and iontophoresis of NMDA, AMPA and APV or 
CPP in cats anaesthetized with halothane/Nitrous Oxide/Oxygen and paralysed 
with flaxodil.

Consistent visliai responses can be obtained in the SSC when the time interval 
between individual stimuli is long (approx 5-10sec). The interstimulus interval of 
a pair or sequence of visual stimuli (usually drifting bars) can be tailored such that 
the response to the 1st presentation (VI) is much greater than that to the 2nd 
presentation (V2). In 29 neurones studied under these conditions the mean ratio 
V2/V1 = 0.68. Ejection of APV/CPP on these neurones prevented habituation 
(V2/V1 = 1.19). The response to VI was reduced to 71 % of control values while 
that to V2 was increased to 118% of control values. In all cases the ejection 
current of APV/CPP selectively antagonized the neurons response to the ejection 
of NMDA but not ejection of AMPA.

The data suggests that NMDA receptors maybe involved in driving inhibitory 
processes in the SSC and that they could be part of the mechanism by which the 
SC detects novel sensory stimuli.

314.4
TOPOGRAPHIC ORGANIZATION OF PARABIGEMINO-SUPERIOR 
COLLICULUS PROJECTION IN THE FERRET. Z.D. Jiang, A.J. 
King and D.R. Moore (SPON: European Neuroscience Association) 
Lab. of Physiology, Parks Road, Oxford OXI 3PT, U.K.

The parabigeminal nucleus (PBN) is known to project heavily to the 
superior colliculus (SC) in a range of species. By making discrete, 
unilateral injections of red and green fluorescent latex microspheres or 
horseradish peroxidase into the SC, we have characterized the 
topography of this projection in the ferret, which is being used 
increasingly for studies of sensory processing. The PBN-SC projection 
is primarily ipsilateral. The caudoventral and rostrodorsal areas of the 
PBN project mainly to the lateral regions of the ipsilateral and 
contralateral SC respectively. The ipsilateral PBN projects principally 
to caudal SC, while the contralateral projection terminates 
predominantly in the rostral region. The caudolateral quadrant of the 
SC, which receives the heaviest ipsilateral input, and the caudomedial 
quadrant are targeted predominantly by projections from the ventral and 
dorsal portions of the ipsilateral PBN respectively. The rostrolateral 
quadrant of the SC is innervated principally by the contralateral PBN, 
whereas the rostromedial quadrant receives weak bilateral projections 
from the dorsal portion of the nucleus. Few double-labelled cells were 
encountered, suggesting that divergent projections from the PBN to 
different regions of the SC are rare. These data indicate that the PBN- 
SC projection in the ferret is similar to that in other mammals although 
there are some differences in its organization.

314.6
RESIDUAL SENSITIVITY TO MOTION-IN-DEPTH CUES IN 
PATIENTS WITH PARTIAL OR COMPLETE HEMISPHERECTOMY 
S M King*. P Ayynoardi, S Frev and A Ptito. Dept Exp Psychol, Oxford Uni, Oxford 
OXI 3UD, UK & Montreal Neurol Inst, Montreal H3A 2B4, Canada

Five patients with functional hemispherectomy and one patient with unilateral 
removal of the temporo-parieto-occipital cortex took part in a study designed to 
investigate their residual sensitivity to motion-in-depth in the hemianopic field.

A number of computer-generated visual displays were presented to the patients on a 
large visual display unit in the hemianopic visual field. The displays simulated 
changes in optic flow between a rotating background and target patterns of Is duration, 
which were matched in luminance with the background. In the first experiment, the 
target patterns described either convergent, divergent or reversed rotational motion. 
Electrodermal responses were monitored during stimulus presentation while the 
subjects performed a simple distracting task. In the second experiment, the target 
patterns described either convergent or divergent motion, and the subjects were asked 
to state the target direction in a two-alternative forced-choice paradigm.

Discrete increases in skin conductance were elicited in some, but not all, subjects 
by displays which simulated convergent and divergent motion in the hemianopic field, 
but no responses were elicited by changes in the direction of rotation. No subject was 
able to indicate verbally the detection of target patterns in the hemianopic field, and all 
subjects performed at chance level when asked to discriminate the direction of motion. 
It is suggested that subcortical visual pathways involving the superior colliculus are 
responsible for the residual sensitivity to motion-in-depth cues as manifested by the 
electrodermal responses. Supported by a McDonnell-Pew Fellowship (SK), a Royal 
Society Fellowship (SK), MRC Program Grant no G971/397/B [PA] and NSERC 
Grant no OGP0037354 (AP).

314.8
DIFFERENTIAL DISTRIBUTION OF ADRENERGIC RECEPTORS IN THE 
HAMSTER’S SUPERIOR COLLICULUS. R.D. Mooney*, C.A. Bennett- 
Clarke and R.W. Rhoades. Medical College of Ohio, Toledo, OH 43699

As part of a series of studies concerned with the influence of norepinephrine 
(NE) upon information processing in the hamster’s superior colliculus (SC), 
we combined radioligand binding with damage to specific afferent pathways 
to assess the distribution of different adrenoceptors in the superficial SC 
laminae. [125I]- hydroxy-ethyl-aminomethyl-tetralone was used for localization 
of 0Cj receptors, [3H]-para-aminoclonidine for localization of cų receptors, [3H]- 
CGP-26505 was used for the localization of ß! receptors, and [3H]- 
dihydroalprenolol (in the presence of unlabelled atenolol) was employed for 
localization of ßj receptors. Autoradiographic studies were carried out in 
normal adult hamsters and in hamsters that sustained either unilateral 
enucleation or unilateral ablation of the posterior neocortex 30 days prior to 
sacrifice. All four types of adrenoceptors are present in the stratum griseum  
superficiale (SGS), but are much less densely distributed in the stratum  
opticum  of normal hamsters. Neither enucleation nor visual cortical ablation 
had appreciable effects upon the density of a! or ß, receptors. Enucleation 
resulted in a marked decrease in the density of cų receptors in the contralateral 
SGS and cortical lesions reduced the density of ß2 receptors in the ipsilateral 
SGS. These results are consistent with the conclusion that cq and Вз receptors 
are located on the terminals of retinal and visual corticotectal axons, 
respectively. They also agree with unpublished observations from our 
laboratory suggesting that NE may have presynaptic inhibitory effects upon 
retinotectal transmission in hamster.

Supported by EY 04170, EY 08861, EY 80015, and BNS 92-08211
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314.9
PROJECTION STATUS OF NEURONS EXPRESSING CALCIUM
BINDING PROTEINS IN THE SUPERIOR COLLICULUS OF THE RAT. 
R.D. Lane*. D.M. Allan. C.A. Bennett-Clarke. R.W. Rhoades.
Dept. of Anatomy, Medical College of Ohio, Toledo, Ohio 43699.

Neurons which express the calcium binding proteins calbindin-D28k (CBD) 
and parvalbumin (PRV) have been identified in the superficial layers of the rat 
superior colliculus (SC) (Celio, Neurosci. 35:375, ’90; Illing et al., Neurosci. 
Let. 120:197, ’90). We have previously shown that many of the CBD neurons 
located in the stratum opticum (SO) project to the lateral posterior nucleus of 
the thalamus (Lane et ai., J. Comp. Neuro, in press). TTie projection status 
of the CBD neurons in the stratum griseum superficiale (SGS) as well as the 
PRV neurons in both the SO and SGS is unknown. Several reports suggest 
that PRV immunoreactive cells in the central nervous system are primarily 
interneurons (Celio, Neurosci. 35:375, ’90; Kawaguchi, et al., Brain Res. 
416:367, ’87). We investigated the possibility that the CBD and PRV 
immunoreactive SO and SGS neurons project to the dorsal lateral geniculate 
nucleus (LGNd) or the lateral posterior nucleus (LP) of the thalamus. Eight 
adult rats were injecected with the fluorescent retrograde tracer True Blue in 
either the LGNd or the LP. Immunofluorescent staining of sections through 
the colliculus revealed that the majority (91%) of the CBD-SGS neurons 
project to the LGNd and 91 % of the CBD-SO neurons project to the LP. The 
majority of the PRV neurons in the SGS and SO did not project to the LP or 
LGNd. However a small sub-population of PRV neurons in both laminae were 
projection neurons. The PRV-SGS population included 17% which projected 
to the LGNd. The same portion (17%) of the PRV-SO neurons projected to 
the LP. Support: EY04170, EY08015.

314.11
QUANTITATIVE POST-EMBEDDING IMMUNOCYTOCHEMISTRY REVEALS 
TWO CLASSES OF GLUTAMATERGIC SYNAPSE IN THE CAT SUPERIOR 
COLLICULUS. G. D. Butler and R. R. Mize*. Dept of Anatomy and the 
Neuroscience Ctr., Louisiana State Univ. Med. Ctr., New Orleans, LA 70112.

Antibodies to the excitatory amino acid neurotransmitter glutamate are known to 
label both cells and axons in the cat superior colliculus (SC). However, the types of 
synapses labeled by anti-glutamate have not been examined by electron microscopy 
in the cat SC. We have therefore studied antibody labeled profiles with electron 
microscopic post-embedding immunocytochemistry using a primary antibody to KLH 
conjugated glutamate and a colloidal gold conjugated secondary antibody. The 
colloidal gold particles were counted and profile size measured in order to determine 
profile particle density.

Two types of axon terminal were heavily labeled by anti-glutamate: (1) axon 
terminals containing large, round synaptic vesicles and pale mitochondria, 
characteristics typical of retinal terminals (RT profiles); (2) synaptic terminals 
containing small round and discoid synaptic vesicles and dark mitochondria (RSD 
profiles). These latter profiles were similar to RSD profiles in the lateral geniculate 
nucleus, many of which are thought to arise from visual cortex. These RSD-like 
profiles varied considerably in size, and some were as large as any synaptic terminal 
found in the cat SC. RT and RSD profiles had almost identical average particle 
densities. Presynaptic dendrites and axon terminals containing flattened vesicles had 
less than one-half the grain density of RT and RSD profiles. Other labeled profile 
types included large calibre conventional dendrites, myelinated axons, and other axon 
terminals with round vesicles. Our results suggest that both major afferente to the cat 
SC contain glutamate - RT terminals from the retina and RSD terminals, presumably 
from visual cortex. Because a few terminals with pale mitochondria were not labeled 
by gold particles, it is possible that not all retinal ganglion cells projecting to SC are 
glutamatergic. Supported by NIH EY-02973 (RRM).

314.13
INTEGRATION OF MULTISENSORY INFORMATION IN SUPERIOR 
COLLICULUS NEURONS IN ALERT CATS MA. Meredith1*. M.T. Wallace2 and
B.E. Stein2. Departments of Anatomy1 and Physiology2, Virginia Commonwealth 
Univ., Richmond, VA 23298.

Visual, auditory and somatosensory information converges on individual superior 
colliculus (SC) neurons, and integration of these inputs often results in a 1.5-10 fold 
increase in neuronal activity. However, a number of factors have suggested that 
anesthesia may hold sensory responses below levels attainable in awake animals. 
In the present experiments, cats (n = 2) were implanted with scleral coils (to 
monitor eye position) and a recording well/head holding device, and were shaped 
to fixate at specified points in space. During extracellular recording, a visual 
stimulus (light bars projected on tangent screen) alone, or an auditory stimulus 
(broad-band noise burst from hoop-mounted speaker) alone, or their combination 
was presented. The animals were not trained to orient to these stimuli.

Multisensory neurons were encountered at nearly the same frequency (50%, 
19/38) and exhibited the same convergence patterns as reported for anesthetized 
animals. Also, the different receptive fields of each multisensory neuron, which 
were mapped while central fixation was maintained, showed a general spatial 
registry. Similarly, combinations of stimuli from different modalities consistently 
evoked response enhancement whenever they were presented within the respective 
receptive fields. However, in alert animals, responses to these reward-independent 
stimuli habituated more readily than in anesthetized animals. In addition, it was 
surprising to note that the magnitude of response enhancements to these stimuli 
was somewhat smaller (1.5-3 fold). Thus, while the determinants of multisensory 
integration are operative in alert as well as anesthetized animals, processes that 
accompany alertness, such as attention or stimulus relevance, also affect the 
magnitude of integrated multisensory responses. Supported by NS22543 and 
NS08902.

314.10
DIFFERENT TYPES OF SYNAPTIC PROFILE LABELED BY ANTIBODIES TO 
GAMMA AMINOBUTYRIC ACID (GABA) CAN BE IDENTIFIED IN THE 
SUPERIOR COLLICULUS OF THE CAT BY QUANTITATIVE POST
EMBEDDING IMMUNOCYTOCHEMISTRY . R. R. Mize. R. W. Whitworth*, and 
G. D. Butler. Dept of Anatomy and the Neuroscience Ctr., Louisiana State University 
Medical Center, New Orleans, LA 70112.

Several distinct types of GABAergic profile have been identified in the superior 
colliculus (SC) of the cat using conventional morphological criteria. We now show 
that these profile types can also be distinguished by means of electron microscope 
post-embedding immunocytochemistry using secondary antibodies conjugated to 
colloidal gold. The colloidal gold particles do not obscure profile morphology and 
can be readily counted for quantitation of labeling intensity.

Three distinct types of profile labeled by anti-GABA were found in the cat SC 
using this technique. One type was a putative presynaptic dendrite (PSD profile) 
containing pleomorphic or flattened vesicles scattered throughout the cytoplasm. 
PSDs were found within retinal glomeruli and frequently received input from retinal 
terminals. A second type of labeled profile was a thick dendrite with discrete clusters 
of round or pleomorphic vesicles (H profile). These H profiles, thought to arise from 
horizontal cells, received few synaptic contacts. A third type of GABA containing 
profile was a putative axon terminal with more flattened, densely packed synaptic 
vesicles (F profile). In addition to these profile types, some conventional dendrites 
and myelinated axons were also well-labeled. Quantitative analysis of gold particle 
density showed that F and PSD profiles had similar particle densities while H profiles 
contained more particles. This difference does not appear to be related to vesicle 
density. Retinal terminals containing pale mitochondria and other axon terminals with 
round vesicles had much lower particle densities. Our results confirm previous 
studies (Mize, 1988, 1992) showing that GABA is contained in at least three types of 
synaptic profile in the cat SC. Supported by NIH EY-02973 (RRM).

314.12
POSTNATAL DEVELOPMENT OF SYNAPTIC RESPONSES IN DEEP  

LAYERS OF SUPERIOR COLLICULUS S U C ES  STUDIED USING WHOLE 
C ELL  PATCH TECHNIQUES.

C.-Q. Kao*1. B.E. Stein1 and D.A. Coulter2. Departments of Physiology1 and 
Neurology2, Medical College of Virginia, Richmond, Va 23298.

Neurons in deep layers of the superior colliculus (SC) exhibit a surprisingly 
long period of postnatal maturation. Their responses to visual stimuli appear 
much later than do those of superficial layer neurons (Kao et al., 1992), and 
their capability for multisensory integration develops even more gradually 
(Wallace et al., 1993). The possibility that functional maturation of deep layer 
neurons is limited by the concomitant delayed development of synaptic 
responses in these neurons prompted the present study. Stimulation-induced 
postsynaptlc currents (IPSC’s and EPSC’s) were studied in 400 μπ\ coronal 
sections of SC In neonatal rats (1-22 days postnatal (DPN), n=18) and cats (1 
DPN, n=5). The neurons had mean resting potentials of -60.33 ± 0.45 (SE) mV 
(n=18) for rats and -59.2 ± 0.73 (SE) mV (n=5) for cats. Local stimulation (100 
/is, 300 μΑ) yielded EPSC-IPSC complexes at all ages. Holding at 0 mV allowed 
study of the IPSC component in isolation. Portions of the IPSC could be 
blocked by the GABAa antagonists picrotoxin and bicuculline, or by the GABAB 
antagonist 2-hydroxysadofen at all ages tested, even In 1 day old neurons. 
Portions of the EPSC component recorded at -60 mV could be blocked by the 
NMDA antagonists D(-)-AP-5 or (±)-CPP, or by the non-NMDA antagonist 
CNQX. These data indicate that deep layer SC neurons of both cat and rat 
exhibited sensitivities to GABA and glutamate very early postnatally, despite the 
functional immaturity of their sensory responses. Quantitative analyses of these 
currents is ongoing to determine whether any changes in their properties 
parallel the maturation of their sensory integrative properties. Supported by NIH 
grants EY 06562, and NS 31000.

314.14
ELECTRICAL STIMULATION OF THE SUPERIOR COLLICULUS IN THE 
MONGOLIAN GERBIL (Meriones unguiculatus): EFFECTS OF 
SIMULTANEOUS STIMULATION AT ’ORIENTING" AND 
"AVOIDANCE" ELECTRODE SITES. C. G. Ellard* and C. Pittman. 
Department of Psychology, University of Waterloo, Waterloo, Ontario, 
CANADA N2L 3G1.

Previous studies (Ellard and Goodale, 1986) have demonstrated that 
electrical stimulation of the superior colliculus (SC) in the gerbil can produce 
either contraversive turns resembling orienting movements or ipsiversive 
turns and/or locomotion that resemble avoidance movements. These findings 
suggest that the SC plays a role in both orienting and threat avoidance. In 
this study, we examined the effect of stimulation at two electrode sites 
within the SC, one of which produced avoidance movements and the other of 
which produced orienting movements. Pairs of electrodes were implanted 
chronically, and after a one-week recovery period, gerbils received brief 
stimulating current pulses at one or both electrode sites. When both 
electrodes were activated simultaneously, avoidance movements were 
produced, even when the intensity of stimulation at the "avoidance" 
electrode was reduced to 25% of behavioural threshold. This suggests that 
the avoidance movement was mediated at least in part by activity at the 
"orienting" electrode. One interpretation of this finding is that subthreshold 
activity at the "avoidance" electrode effected a transient global change in 
the SC predisposing it to respond to any stimulation as "threatening."

This research was funded by a grant to CGE from the Natural Sciences and 
Engineering Research Council of Canada.
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315.1
ARE NEURONS IN CAT POSTEROMEDIAL LATERAL SUPRASYLVIAN (PMLS) 
VISUAL CORTEX ORIENTATION SENSITIVE? TESTS WITH BARS AND 
GRATINGS. Y. Danilov. R.J. Moore*. V. Kina, and P.D. Spear. Dept. of 
Psychology & Ctr. for Neurosci., Univ. Wisconsin, Madison, Wl 53706.

There is controversy concerning whether or not neurons in PMLS cortex 
are orientation sensitive (OS). Studies that have tested for OS with bars 
have reported few or no OS neurons, whereas studies that have tested for 
OS with repetitive gratings have reported many OS neurons. We tested 
neurons with both types of stimuli to determine whether this difference is 
due to the stimuli used or the laboratories using them. Recordings were 
made in PMLS cortex of anesthetized, paralyzed cats. Light and dark bars 
(14 deg long, optimal width) and sine-wave gratings (20 deg field, optimal 
spatial frequency) were flashed on and off at 8 different orientations. Cells 
were considered OS if statistical tests indicated that responses to different 
orientations were significantly different.

Among 72 neurons tested with bars, 66 (92%) were OS (5 had an 
orientation bias, and 61 were completely selective). Among 59 cells tested 
with gratings, 47 (80%) were OS (5 with a bias, 42 selective). For both bars 
and gratings, nearly all the OS cells had a single preferred orientation and 
gave a reduced (or no) response at the orthogonal orientation.

Full quantitative tests were carried out for 34 cells that were OS to both 
stimuli. For nearly all of these, the preferred orientation was the same to 
both stimuli. In addition, measures of the difference in response amplitude 
to the preferred and non-preferred orientations were similar for bars and 
gratings. However, the width of the tuning curves was significantly narrower 
for gratings (63 ± 7 deg) than for bars (97 ± 9 deg). Thus, most PMLS 
neurons are OS to both bars and gratings, but tuning to gratings tends to be 
narrower than that to bars.

315.3

SECOND AND THIRD VISUAL AREAS IN THE FLYING FOX. M.G.P. 
Rosa, L.M. Schmid. Ĩ.D. Pettigrew*. Vision, Touch & Hearing Research 
Centre, University of Queensland, St. Lucia 4072, Australia.

The organization of the second (V2) and third (V3) visual areas was 
studied by multiunit recordings in megachiropteran bats (P teropu s  
poliocephalus) anaesthetised with nitrous oxide/ thiopentone, and 
paralysed with pancuronium. Both V2 and V3 are continuous belts (2-4 and 1- 
1.5 mm wide, respectively), containing second-order representations of the 
entire visual field. In V2, the representation of the vertical meridian (VM) 
is posterior, and congruent with that of VI. The representation of the upper 
quadrant is continuous, and is confined to ventral V2. The representation of 
the lower quadrant, in contrast, is discontinuous. The line of discontinuity 
runs from the lower quadrant periphery towards the HM , in such a way that 
the portions of the lower quadrant close to the VM are represented in dorsal 
V2, while those portions away from the VM are represented in ventral V2, 
anterior to the upper quadrant representation. The map in V3 is mirror- 
symmetrical to that of V2, and the same asymmetry in the representation is 
observed. Thus, the posterior border of V3, with V2, is formed by the visual 
field periphery and by the line of discontinuity in the representation, and 
its anterior border, with multiple prestriate areas, is formed by the 
representation of the VM. In both areas, the representation of central vision 
is far more magnified than that of the periphery, and the representation of 
the lower quadrant is expanded relative to that of the upper quadrant. The 
retinotopic map is highly anisotropic, with the magnification factor 
parallel to the VI/V2 and V2/V3 borders being much larger than 
perpendicular to the border. The degree of anisotropy increases from VI to 
V2, and from V2 to V3. These results suggest that single, belt-like areas V2 
and V3 are the plesiomorphic condition among archontan mammals.

315.5
CENTER-SURROUND INTERACTIONS IN DIRECTION-SELECTIVE 
NEURONS OF PRIMATE VISUAL AREA MT R.T. Bom* and R.B.H. 
Tootell. Dept. Neurobiol., Harvard Med. Sch., Boston, MA 02115.

A subset of neurons in the Middle Temporal Visual Area (area MT) 
of the owl monkey have suppressive surrounds so that the response to 
an optimal center stimulus (e.g. a moving bar) is inhibited by similar 
motion in the surround. These cells are clustered together in columnar 
regions within area MT called in te rb a n d s. We have performed tests on 
single interband units in anesthetized, paralyzed owl monkeys to 
determine whether the velocity tuning of the center and surround is 
fixed and independent or whether it is relative. To understand the two 
possibilities, imagine a neuron whose optimal stimulus is a center bar 
moving to the right with a speed of four (arbitrary units) and a 
surround annulus of random dots moving to the left also with a speed 
of four. If the surround speed is now increased to eight, will the 
velocity tuning curve of the center shift {re la tive  tu n in g) or stay the 
same {in d ep en d en t tu n in g)? To answer this question, we measured 
multiple velocity tuning curves for the center in the presence of 
surrounds moving at systematically varied velocities. The consistent 
result is that center and surround mechanisms are largely independent 
with respect to tuning for both direction and speed of motion. Thus it 
appears that interband cells in area MT are not coding relative velocity. 
Supported by NIH Kl 1EY00320 and the Klingenstein Foundation

315.2
VISUAL RESOLUTION OF SINGLE CELLS IN AREA 19 OF ADULT SPLIT- 
CHIASM CATS. L-P. Guillemot*. A. Bergeron. E, Tardif. L. Richer. M. Ptito. F, 
Lepore. Dépt de Kinanthropologie and Psychologie, Univ. du Québec and Univ. de 
Montreal, Montreal, Québec НЗС 3P8.

Behavioral experiments in split-chiasm cats indicate that the corpus 
callosum (CC) can mediate the interhemispheric transfer of visual 
pattem discriminations with visual inputs restricted to one hemisphere. 
What is less known is what type of visual information is transfered 
across the CC to the different visual areas? We have evaluated the 
spatial frequency characteristics and the contrast threshold of neurons 
in the callosal recipient zone (ZC) of area 19 in adult split-chiasm cats. 
Recordings were carried out at least four months after splitting the 
optic-chiasm. Extracellular activity was displayed and analysed in 
conventional manner. Single cell activity was recorded under paralysis 
and halothane (0.5%) N2O-O2 anaesthesia. Visual resolution was 
evaluated using sinusoidal gratings, swept at optimal orientation, 
direction and temporal frequency at contrast of 50%. Contrast 
threshold was evaluated at the optimal spatial and temporal frequencies 
for the cell. The stimulus field subtented 25°. However, in end-stopped 
cells the size yielding the optimal response from the cell was used for 
quantitative tests. Results indicated that about one third of the cells are 
still binocular in the ZC. Binocular input originating either from the 
direct geniculo-cortical or callosal pathways show similar sensitivity to 
spatial frequency (ranging in different cells from low to high) and 
contrast thresholds (<3% to <30%). The spatial frequency ranges of 
both narrow band and low pass cells were similar in the normal and the 
split-chiasm cats. Moreover high spatial frequency cut-off seem to be 
related to ocular dominance and not to the source of the visual input.

315.4
CHROMATIC PROPERTIES OF NEURONS IN MACAQUE V2. 
Karl R. Gegenfurtner(*), Daniel C. Kiper & Suzanne B. Fenstemaker 
Howard Hughes Medical Institute and Center for Neural Science, New 
York University, New York 10003.

We tested the hypothesis that information about the color of objects 
is represented in the primate visual system independently of other 
stimulus attributes. In area V2, in particular, the different pathways for 
color, motion and form are thought to be associated with the thin, thick, 
and inter-stripe regions, respectively, defined by cytochrome-oxidase 
staining. We recorded from single cells in area V2 of cynomolgus mon
keys using standard acute recording techniques. After measuring each 
cell’s spatial and temporal properties, we performed several tests of its 
chromatic properties using both sinewave gratings modulated around a 
mean gray background and colored bars on a black background.

For a large proportion of cells the response showed a dependence on 
stimulus color. Unlike neurons in area VI, the response of these neu
rons was generally poorly described by a model that assumes a linear 
combination of cone signals. Cell activity could be excited or inhibited 
by stimuli within a narrow range of color-luminance combinations. No 
particular color directions were preferentially represented. Cells show
ing color-specificity could be found in any of the cytochrome-oxidase 
compartments. However, classical double-opponent cells were found 
predominantly in the thin stripes. Furthermore, there was no strong 
correlation between the presence of chromatic inputs and other spatio- 
temporal tuning parameters.

315.6
INFLUENCE OF STIMULUS DURATION ON SPEED TUNING  
OF MT NEURONS. D.-K. Xiao. V. Marcar*. S. Raiguel. H. Maes 
and G.A. Orban. Lab. Neuro- en Psychofysiologie, Medical 
School, KULeuven, B-3000 Leuven, Belgium.

Previous studies of MT speed tunings have used moving bar 
stimuli in which stimulus duration covaried with speed. The use of 
moving random dot patterns allows separate manipulation of 
speed and duration. We compared the speed tuning of MT 
neurons with equal (8 deg) amplitude tests and equal duration 
(340 msec). In separate tests we investigated the effect of duration 
at different speeds. Our results show that with equal duration 
stimuli, MT cells generally respond better to faster speed than 
with equal amplitude stimuli, and more cells exhibit a loss of 
direction selectivity at these fast speeds. Most MT cells responded 
well at very short durations of motion (10 or 20 msec), and 
responses at these short durations exceeded stimulus duration. In 
many cells speed and duration interacted, the optimum speed 
requiring shorter duration of motion than faster or slower speeds. 
In a number of cells however, the duration requirements were 
very similar at all speeds. These results suggest that the influence 
of duration has to be taken into account when testing MT cells 
with moving stimuli.
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3 1 5 .7
C E L L S  IN A R E A  M S T  O F  T H E  A W A K E  M O N K E Y  C O D E  F O R  S E C O N D  
O R D E R  O P T IC  F L O W  C O M P O N E N T S  R E L A T E D  T O  M O V E M E N T  O F  
P L A N E S  IN 3-D . S.J. Schaafsma. J. Duvsens'. JA M , v Gisbergen, 
C.C.A.M. Gielen. Lab. Medical Physics and Biophysics, Univ. of Nijmegen, 
The Netherlands.

MST cells are responsive to stimulation by low order optic flow patterns 
(e.g. translation, divergence, convergence and rotation). In addition, there 
are indications that some MST cells are responsive to movement of real 
structured planes. Rotation of such planes about an axis in the fron- 
toparallel plane activates the cells, while translation or rotation about the 
vertical axis are ineffective (Saito et al. J. of Neurose. 6:145-157,1986). 
So far, few quantitative data from awake monkey are available on respon
ses to this type of higher order optic flow components.

For the present experiments a set of optic flow patterns was made 
based on higher order optic flow components such as fanning (vector field 
corresponding to a plane rotating in depth). This stimulus set was used to 
make a comparison between the responses of MST cells to higher and 
lower order optic flow patterns. For most cells, there was no clear enhan
cement in the responses for fanning stimuli, but most often the responses 
were at least as strong as for the zero and first order optic flow stimuli. 
Moreover, the responses to the screen-projected stimuli predicted the 
responses to real moving planes, quite well.

It is concluded that cells in MST are likely to be involved in ego-motion 
and/or shape from motion calculations since they are well suited to deduct 
movement of planes in 3-D space.
Supported by NWO and ESPRIT II (MUCOM 6615).

3 1 5 .9
TIMING, SPECTRAL INSENSITIVITY AND POLYSENSORY 
REPRESENTATION IN THE PARIETAL VISUAL STREAM OF THE 
MACAQUE. Mehta AD*. Givre SG. Steinschneider MS. Javitt D. Arezzo JC & 
Schroeder CE. Deptartments o f  Neuroscience, Neurology and Psychiatry. 
Albert Einstein College o f  Medicine.

Multiunit activity and concomitant current source density profiles were 
obtained using linear array multicontact electrodes in cortical areas of the 
occipitoparietal stream in 4 fascicularis macaques. Stimulation consisted of 
diffiise white and illuminance-matched red flashes and electrical pulses to the 
median nerve. Data were collected from operculum and underside of VI (Vl0 & 
Vlu), dorsal (STSpd) and ventral (STSpv) banks of posterior superior temporal 
sulcus, intraparietal sulcus (IP), and dorsal lip of Gyrus Parietalis medialis 
(GPm). Mean onset latencies were- Vl0: 27.9ms(SD=3.5), Vlu:
20.4ms(SD=2.7), STSPV: 19.8ms(SD=l.l), STSpd: 21.7ms(SD=1.9), IP:
24.8ms(SD=2.3), and GPm: 45.47ms(SD=11.3). None of these areas displayed 
wavelength sensitivity within 100ms of stimulus onset, in contrast to P-recipient 
portions of V1 and visual areas in the occipitotemporal stream. Representation 
of somatic inputs was demonstrated in parietal and temporal lobe areas. Most 
robust somatosensory responses were in IP, in some cases dominating over 
collocated visual responses. Somatosensory latencies were 10-20ms shorter than 
visual latencies at all sites. Therefore: 1. Somatic inputs can modulate initial 
visual activation in polysensory areas; 2.Wavelength insensitivity and short 
latency characterize the occipitoparietal system; this is consistent with its initial 
activation via the M-system and contrasts markedly with our earlier findings in 
the occipitotemporal stream; and 3.Beginning at STSpv, onset latencies are 
consistent with serial activation. However, onset latency in STSpy is not clearly 
consistent with its initial activation from even peripheral representations in VI. 
(Supported by MH06723, MH47939, and T32GM7288-NIGMS).

3 1 5 .1 1

WORLD-CENTERED ENCODING OF LOCATION IN POSTERIOR 
PARIETAL CORTEX OF MONKEY. L.H. Snyder*, P. Brotchie,
R.A. Andersen, Dept. of Brain & Cognitive Sciences, MIT, Cambridge, MA 02139.

Visual information is initially place-coded with respect to the retina. To 
look at or reach to a visual target requires a transformation from retinotopic 
to muscle coordinates. We can look at an object, shut our eyes, rotate our 
entire body and point back to the object without opening our eyes. To do 
this, retinotopic information must be combined with eye, head and body 
position signals. Previous work has shown that the units in areas 7a and LIP 
of posterior parietal cortex combine retinotopic information with eye-in-head 
or eye-in-head plus head-on-body position, producing head- or body-centered 
"gain fields". We now report a similar effect of body position in the world, 
producing world-centered gain fields.

Macaque monkeys were rotated on a vestibular turntable to 5 different 
orientations in space. At each orientation, identical 15 deg visually-guided 
saccades were made. Prior to each saccade, the eyes were centered in the 
head and the head was centered on the body. Saccade direction was 
chosen to elicit the best response from the unit being recorded from, and was 
kept constant across all trials.

Firing rates of 44 cells just before and during saccades were significantly 
influenced by angular body position in the world. The magnitude of this effect 
was similar to that produced by active head turns to the same orientations in 
space. This pattern of response can be described as an allocentric gain field. 
In 45 cells, angular body position affected firing during fixation. For several 
cells, the experiment was performed in total darkness and in light. Allocentric 
gain fields were present under both conditions, suggesting that these units 
had access to integrated vestibular canal signals.

3 1 5 .8
ACTIVITY PROFILES OF EYE POSITION AND PURSUIT NEURONS 
IN THE DORSAL ВАNК OF THE MACAQUE SUPERIOR TEMPORAL 
SULCUS. S. Sauatrito , M.G. Maioli°. Dept. of Physiology, University of 
Trieste, Trieste, Italy and °Dept. of Physiology University of Bologna, 
Bologna, Italy.

The dorsal bank of the superior temporal sulcus (STS) of the macaque, 
a region broadly referred to as medial superior temporal area, is supposed 
to contribute to the visual motion processing. Neurons in this region fire 
during pursuit eye movements or steady fixation of the gaze. We recorded 
the discharge of these sort of cells with the aim of studying the gaze fields 
of eye position (EP) neurons and the direction profiles of pursuit neurons. 
Two M acaca fascicu laris  were trained to look at a target displayed on an 80 
X 60 degs dark screen. The target was either steady in several points of the 
screen, or moving slowly throughout it in different directions. Extracellular 
spike activity was recorded from neurons of the dorsal bank of STS during 
the performing of the task. The mean discharge rates were then plotted 
against the position of the gaze or the direction of the eye movement. Out 
of a sample of 125 neurons studied, 20% were classified as EP and 73% as 
pursuit. Cells of the two classes were intermingled in the region we re
corded from. Most EP neurons showed gaze fields of different shapes, with 
increasing discharges throughout the entire visual field or in peripheral 
regions only. A few gave peak profiles centered on a spot of the field. 
Pursuit neurons showed preferred directions mostly limited to a range of 
about 90 degs. Occasionally wider or narrower. There was no relation 
between preferred directions and the recording hemisphere, being the 
excitatory directions towards either the ipsilateral or contralateral visual 
field. The results emphasize the static and dynamic tuning of STS neurons 
with the direction of eye position, suggesting an important involvement of 
this region in the neural processes that signal the direction of the gaze.

3 1 5 .1 0

SELEC TIV IT Y  OF THE PARIETAL VISUAL NEURONS IN THE AXIS 
ORIENTATION OF O B JECTS IN SPA CE. M. KUSUNOKI*. Y. TANAKA. H. 
OHTSUKA. K. ISHIYAMA AND H. SAKATA. Dept. of Physiology, Nihon Univ. 
Sch. of Med., Itabashi, Tokyo 173, Japan

Discrimination of axis orientation is important for manipulation of objects 
with hands. Patients with the parietal lesions may fail to adjust the orientation 
of the hand to that of the object to be manipulated or make errors in setting a 
rod in the vertical or horizontal position. Recently, Taira et al (1990) found 
some of hand-manipulation-related neurons in the posterior bank of the 
intraparietal sulcus (IPS) of the monkey were selective in the axis orientation of 
objects to be grasped. With further survey, we found a group of neurons that 
showed selectivity in the axis orientation of visual objects around the posterior 
part of IPS and analyzed some fundamental characteristics of these neurons. 
We presented bars and plates in various orientations, while the monkey was 
fixating a spot of light, and measured orientation tuning of these neurons. 
Many axis-orientation-selective neurons responded to a variety of objects 
presented in a paticular orientation, showing that the characteristics of their 
orientation tuning were independent of the shape of objects. Majority of these 
neurons had wide receptive fields, sometimes more than 50° X 50°, and their 
responses were position invariant. Since length and width are important 
parameters to determine the longitudinal axis of an object, we tested the 
effect of the change of these parameters of a slit on the screen upon the 
response of these neurons. Almost all the neurons tested responded better 
to the longer and narrower slit. Thus their responses were dependent on the 
length-width ratio. There were also neurons which responded only to 3D 
objects, such as a bar presented in the sagittal orientation or tilted forward or 
backward. These results suggest that the axis-orientation-selective neurons 
around the posterior part of IPS represent orientations of the longitudinal 
axes of objects in 3D space. These informations may be used for manipulation 
of objects.

3 1 5 .1 2

VISUOTOPIC ORGANIZATION OF AREA V4 IN C e b u s  MONKEY.
M.C. Pinon: R. Gattass*; A.P.B. Sousa. Dept. Neurobiologia, 
IBCCF, UFRJ, Rio de Janeiro, R.J. 21941-900, BRASIL.

We studied area V4 in seven anesthetized C e b u s  monkeys 
using multiunit recordings in repeated sessions. V4 is a strip of 
cortex located anteriorly to V3. It extends dorsally from the 
anterior bank of lunate sulcus to the dorsal third of posterior 
bank of the superior temporal sulcus. V4 continues laterally and 
ventrally where it extends through the anterior tip of 
inferior-occipital sulcus to the posterior tip of the occipital- 
temporal sulcus. V4 represents approximately 50° of the visual 
field, with the representation of the superior quadrant in the 
ventral surface and the inferior one in the dorsal portion of the 
cortex. The representation of the fovea runs across the prelunate 
gyrus at the level of the anterior tip of inferior occipital sulcus; 
the horizontal meridian is located anteriorly at the borders with 
areas V4t, TEO and TVP; posteriorly the vertical meridian 
establishes the border with areas V3 and V3a and the 
representation of the periphery is located medially. The central 
portion of the visual field (10°) occupies more than 50% of area 
V4. The magnification factor decreases with eccentricity while 
the receptive field sizes increase. Bias free and backtransformed 
maps were made as well as measurements of anisotropies in 
area V4. SUPPORTED by CNPq, FINEP and CEPEG/UFRJ.
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315.13
SELECTIVITY FO R PO LA R  A N D  H Y PER BO LIC  
GRATINGS IN M A C A Q U E V ISU A L  A R EA  V4: 
M ULTIVARIATE C L A SSIFIC A T IO N  A N D  A N A TO M IC A L  
DISTRIBUTION. J.L. Gallant*. C.E. Connor. S. Rakshit and
D.C. Van Essen. Dept. Neurobiology, Washington Univ. Med. Schl., 
St. Louis, MO 63110.

We recently reported that cells in area V4 can be highly selective for 
non-Cartesian (polar or hyperbolic) rather than Cartesian gratings 
(Gallant et. al., Science, 259: 100, 1993). We have applied cluster 
analysis techniques, which group cells according to the similarity of 
their responses across the stimulus space, in order to obtain an objective 
classification of the cells. Our preliminary solutions, which used the 
conventional Euclidean distance similarity metric, were confounded by 
the large variance in overall responsiveness across cells. We therefore 
developed a measure o f similarity based upon the angular difference 
between cellular response vectors across the 90-dimensional stimulus 
space. This metric has enabled us to obtain qualitatively consistent 
classification solutions using both cluster analysis and multidimensional 
scaling. Our best solution produces two major cell classes, one whose 
exemplar is selective for hyperbolic gratings, and one whose exemplar 
is selective for polar gratings. The polar class is further subdivided into 
three subclasses which each display coherent tuning. Remarkably we 
found no class whose exemplar is selective for Cartesian gratings, 
though such cells are common in area V I. We have also analyzed the 
anatomical distribution of these cell classes. All four classes are 
grouped within electrode penetrations, suggesting an anatomical 
correlate o f the selectivities observed physiologically.

315.15
TEMPORAL ENCODING OF TEXTURE PROPERTIES IN VISUAL CORTEX 
OF AWAKE MONKEY. K. Purpura*,1·2 M.N. Chee-Orts,2 and L.M. Optican.2 1) 
Dept. Neurology and Neuroscience, Cornell Univ. Med. College. New York, N.Y., 
10021. 2) Laboratory of Sensorimotor Research, N.E.I., Bethesda, MD 20892.

The primate visual system can extract information for many pattern 
discrimination and recognition tasks in less than 200 msec. We examined the 
transient responses of cortical neurons to determine how well, and how quickly, 
they encode the parameters of textures varying in contrast, spatial frequency 
content and visual form (higher order correlations).

Single- and multi-unit recordings were made from striate and early extrastriate 
cortex (VI, V2, V3, V4) of a rhesus monkey trained to fixate a small spot on a 
CRT. Achromatic textures were presented on receptive fields for 256 msec. The 
amount of information about a texture parameter that was transmitted in the 
temporal modulation of a neuron’s response was determined as a function of time.

In most of the recordings (27 out of 29) the information transmitted about 
contrast began to rise within 90 msec of stimulus onset. The information rose 
rapidly, with an average rise time of 50 msec, to within 70% of its peak. The 
remaining 30% of the information about contrast in the response was transmitted 
more slowly. On average, individual neurons were able to transmit 60% of the 
information needed to unequivocally identify the texture’s contrast. The time 
course of information transmitted about spatial frequency content was similar to 
that of contrast. In most neurons, information about form was transmitted more 
slowly than that for either contrast or spatial frequency content. However, in some 
V4 neurons information about visual form was transmitted with the same time 
course and fidelity as that seen for contrast. Thus, while texture contrast and 
spatial frequency content is more efficiently represented in the transient responses 
of many neurons than form, there may be subpopulations that are equally efficient 
at encoding visual form. KP supported by McDonnell-Pew Program & EY9314.

315.14
EFFECTS OF CHANGES IN STIMULUS CONTRAST POLARITY SIZE, AND 
POSITION ON CELL RESPONSES IN THE MACAQUE INFEROTEMPORAL 
CORTEX. M. ITO*1. 1. FUJITA1'3, H. TAMURA1 AND K. TANAKA1»2· 1Lab . 
for Neural Information P rocess ing  and in fo rm atio n  S c ience  Lab ., R IK E N , 
3 P R E S T O , JR D C , W ako, Sa itam a 351-01, JA P A N .

A  feature of object vision is invariance in our perception of s ize , position, 
and to som e extent of contrast polarity of the v isual image. To  gain an insight 
into the m echan ism s of this invariance, we determined the stim ulus features 
critical for activation of individual ce lls  in area Т Е  of the inferotemporal cortex, 
and exam ined how changes in contrast polarity, s ize  and position of the critical 
stimuli influenced their responses.

Recordings were made in anesthetized, immobilized m onkeys (M . fu s c a ta ) . 
After isolation of a single cell activity, we presented severa l tens of 3D objects 
to search  for effective stimuli. V ideo-im ages of effective stimuli were simplified 
step by step to determ ine the sim plest features which evoked the m axim al 
responses. E ffects of changes in contrast polarity, s ize  and position were then 
exam ined. (1) The majority of ce lls (1 1/13, 85% ) se lective ly responded to solid 
stim uli and not to the ir shape shown in line contour. Contrast reve rsa l 
elim inated the responses in 82%  of these ce lls  (9/11). The  remaining 2 ce lls 
se lective ly responded to the line contour of the stimuli. (2) Stim ulus s ize  w as 
doubled at least 5 tim es. R espo nses were specific to a particular s ize  in 67%  
of ce lls  (8/12): re sp o nses greater than half of the m axim al response were 
restricted within 2 doublings of size . The other 4 ce lls responded well to a wide 
range of s ize s  (more than 3 doubles). (3) Stim ulus se lectivity w as tested at 
different positions within the large receptive fields. Effec tiveness of a critical 
stim ulus and its modification w a s compared at each stimulus location. In 75%  
of ce lls  (9/12), selectivity w as essentially the sam e at different positions, but the 
magnitude of responses varied. In 3 ce lls , optimal stimuli were slightly different 
at different locations. W e conclude that responses of individual Т Е  ce lls  are 
still limited in term s of invariance for contrast polarity, s ize  and position.

315.16
H IG H  S P I K E  R A T E  V A R I A B I L I T Y  M A Y  B E  D U E  T O  N E T 
W O R K  A M P L I F I C A T I O N  O F  L O C A L  F L U C T U A T I O N S
Marius Usher, Martin Stemmier, Bartlett Mel* ,
Computation and Neural Systems Program, Caltech 216-76 , Pasadena, 
CA 91125.

We investigated a model for neural activity in a two-dimensional 
sheet of cells with feedback connectivity consisting of local excitation 
and surround inhibition. Realistic values are used for the membrane 
time constant and the EPSP size relative to the spiking threshold volt
age. In addition to input from other cells within the sheet, each cell re
ceives stochastic EPSP’s from an external source. As recently suggested 
by Softky and Koch, stochastic input alone cannot explain the high in
terspike interval variability exhibited by cortical neurons. Although our 
model has isotropic connectivity, localized clusters of excitation (blobs, 
stripes) form spontaneously. These clusters fluctuate in size, move in 
a random-walk fashion, and occasionally disintegrate. Consequently, 
the input current impinging upon a single cell shows large fluctuations 
on all time scales, leading to a large coefficient of variation (CV) for 
the interspike interval statistics. Power spectra, auto-correlations, and 
cross-correlations of simulated spike trains are in close agreement with 
typical experimental results. We also find the variance in the number 
of spikes to increase with the mean number of spikes in a given time 
interval in a fashion consistent with the fractal nature (Teich) of neural 
spike trains.

V IS U A L  P S Y C H O P H Y S IC S  A N D  B E H A V IO R  I

316.1
VISUAL N O IS E  M A S K IN G  I N A  J U V E N I L E  M A C A Q U E  
Ari Handel, Lynne Kforpes* and J. Anthony Movshont.
Center for Neural Science and Howard Hughes Medical Instituted New 
York University, New York 10003.

The detectability of contrast signals in spatio-temporal masking noise can 
be used to estimate the efficiency of visual processing, and to partition 
efficiency into central and peripheral components (Pelli, 1990). As a prelude 
to an analysis of the neuronal determinants of efficiency and their develop
ment, we have established that suitable measurements can be made in mon
keys. In humans, the relation between contrast threshold and mask contrast 
is well explained by a model in which noise in the stimulus adds linearly to a 
(presumably intrinsic) equivalent noise Ne(ļf which can be estimated from the 
level of noise contrast that just doubles threshold.

We trained a 7-month old female macaque (M. nemestrim) to indicate, for a 
juice reward, which of two simultaneously presented noise patches also con
tained a sinusoidal grating. We used sinusoids of three different spatial fre
quencies, chosen to be near and below the peak of the contrast sensitivity 
function at the start of the testing period. For all three spatial frequencies the 
relationship between detection threshold and masking contrast was similar 
to that seen in adult human observers, as were estimates of This sug
gests that intrinsic noise (the "peripheral" component of efficiency) is similar 
in monkeys and humans, while species differences in contrast sensitivity 
might reflect differences in the "central" component of efficiency.

We conclude that visual efficiency measurements can be made behavioral- 
ly in young monkeys, and that neurobiological examination of the factors 
limiting efficiency in monkeys can therefore throw light on the nature of 
these factors in humans.

316.2
PSY CH O PH Y SIC A L M EA SUR EM EN T OF TEM PORAL  
CONTRAST SENSITIVITY IN TREE SHREW (Tupaia belangen) 
T .L . Callahan1 and H.M . Petrv«u
'Dept. o f  Psychology, zDept. o f  Ophthalmology & Visual Sciences 
University o f  Louisville, Louisville, KY 40292.

Tree shrews are small diurnal mammals thought to occupy a 
pivotal position in the evolution o f primates. Although the well- 
developed visual system o f  the tree shrew has been the subject of  
numerous neuroanatomical and physiological investigations, few studies 
have behaviorally measured its visual capacities. To determine the 
temporal contrast sensitivity function (CSF), we used a 3-altemative 
forced-choice discrimination in which the animal’s task was to choose 
a flickering stimulus (sine-wave modulation) from two constantly 
illuminated stimuli o f equal time-averaged luminance. Ambient 
illumination was 16 lux. Stimulus contrast was varied trial-by-trial 
using a modified method-of-limits/staircase procedure. Frequency-of- 
seeing curves were generated for each o f the 5 temporal frequency 
values tested (3 .7  to 47 Hz) and threshold contrasts were determined 
for performance levels o f  66.7% correct. Resulting temporal CSFs 
peaked at approximately 15 Hz for each animal and exhibited a low- 
frequency roll-off, and high-frequency cut-off at about 70 Hz. These 
data indicate that, despite their rather poor spatial vision capabilities 
(Petry et al., 1984), tree shrews possess excellent temporal sensitivity. 
(Supported by NIH R29-EY07113 to HM P.)
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316.3
Pattern Discrimination and Lateral Masking in the Periphery

H.S.Orbach* and H.R.Wilson Univ. of Chicago, Chicago, IL.
Scaled foveal models can't explain peripheral deficits in some 

compound grating discriminations and in discrimination in the 
presence of lateral flankers. What pattern property determines 
peripheral deficits? 50% contrast pattern components of higher 
order derivatives of Gaussians were centered -15° vertically and 
scaled to peripheral grating acuity. Symmetry did not determine 
the peripheral deficit in discrim inating a single component 
from a contrast reversed copy. This deficit increased with the 
order of the derivative of the G aussian that generated the 
pattern. Higher order patterns had more lobes and a narrower 
spatia l frequency spectrum . E xperim ents w ith spatia lly  
separated components indicated that the number of lobes did not 
determine the peripheral deficit (and showed dramatic masking 
w ith discrim ination thresholds at separations of 5°). We 
concluded: Discriminations could be made in both fovea and 
periphery i f  there was a substantial difference in the maximum 
excitation in any channel or in the spatial pattern of excitation 
in coarser channels. Patterns were discriminable in the fovea, 
but n o t in the periphery when the only significant difference was 
in the spatial pattern of excitation in the two finest channels. 
The deficit is explained by the known peripheral undersampling 
and position irregularity in these two channels. We will also 
discuss possible alternatives based on contrast gain control, 
lateral inhibition, complex receptive field pooling and attention.

Supported by NIH Grant # EY02158 to HRW

316.5
IMPAIRED CONTRAST SENSITIVITY IN CHILDREN WITH TREATED 

PKU, PRESUMABLY DUE TO DOPAMINERGIC DEFICIENCY
C. Herzbera1 & A. Diamond*2 ’Penn. College of Optometry, Phila., PA 
2U.Penn., Dept. of Psychology & Inst, of Neurological Sci.s, Phila., PA 

Children treated early & continuously for PKU & children with mild 
hyperphenylalaninemia, with mean plasma phenylalanine (Phe) levels 
of roughly 360-600 //mol/L, were found to have reduced contrast 
sensitivity along the entire range of spatial frequencies.

These children's livers are impaired at hydroxylating Phe to 
tyrosine. Dietary treatment for PKU keeps the imbalance in plasma 
Pheityrosine within moderate limits, but rarely removes the imbalance 
entirely. Since Phe & tyrosine compete to cross the blood-brain 
barrier, moderately higher plasma Pheityrosine ratios result in 
moderate reductions in brain tyrosine; most dopaminergic systems are 
insensitive to this except for those that fire fastest & turn over 
dopamine fastest (viz., projections to prefrontal cortex & the retina).

Children 4-7 years of age were evaluted using the Vistech Test, 
which measures sensitivity along 5 spatial frequencies & 8 contrast 
levels. Children 2-3Vi years were tested with an operant preferential 
looking procedure using targets from the Vistech chart. All children 
received a full eye exam, & corrective lens if needed, prior to testing. 
Children with Phe levels of 360-600 /rnıol/L showed reduced sensitivi
ty to contrast compared to other PKU & hyperphe children with lower 
Phe levels & compared to siblings & controls. This is consistent with 
(a) impaired prefrontal cortex function in PKU & hyperphe children, & 
lower prefrontal HVA levels in an animal model (Diamond e t  a/., in 
press) & (b) impaired contrast sensitivity in dopamine-deficient 
Parkinson patients (e.g., Bodis-Wollner, TINS, 1990).

316.7
M A G N ET IC  A N D  E L E C T R IC  O S C IL L A T O R Y  R E S P O N S E S  T O  F L A S H  
S T IM U LA T IO N  IN MAN. L . Lo p e z1? A . P a sau a re lli2 . G .L . R o m an i1. G . To m o li2 
and W .G . S an n ita3 . 1IT A B , U niv. Ch ieti; 2 IE S S - C N R , R om e, ä lnst. C lin . 
Neurophysiology, U niv. G eno va , Italy.

F a st frequency (100-120 H z) oscillatory responses to bright full-field flash  
stim ulation are recorded e lectrica lly from the retina (16-20 m s to 40-50 m s 
after stim ulus onset) and from d iverse  sca lp  locations (beginning 25-30 m s 
after the retinal o scillations (W hittaker and S ig fried , E lectroenceph. C lin . 
N europhysio l., 1983). Th e  re lative contributions of retinal and cortical 
responses to the potentials recorded at the sca lp  locations are still 
controversia l.

W e  recorded sim ultaneously retinal (e lectrica l) and cortical (e lectrica l and 
m agnetic) responses to flash m onocular stim ulation in four healthy vo lunteers, 
using conventional electrical m ethods and a 28-channel N eurom agnetom eter 
(Foglietti et a l, I E E E  T ran s .1 9 92 ). Th e  v isua l stim ulus (G ra s s  P S 2 2 , 20  με, 0 .6  
H z, 3 .5  cd/rn2 · with 90 dB m asking white noise) w as delivered  v ia  an optical 
system  to the sub ject in the shie lded room. S ig n a ls  were acquired with a 0 .16- 
250  H z bandwidth (60-70 epochs), then filtered to 80-200 H z.

Retina l oscillatory responses with morphology, am plitude and latencies 
consistent with those recorded in c lin ical practice w ere obtained with this 
stim ulus m odality. S im ila r potentials were recorded at O i and O 2 , referenced 
to F z , with an averag e latency shift of 25-30 m s.

Th e  m agnetic oscillatory responses, recorded o ve r the occipital area of both 
hem ispheres, had the sam e frequency content and latency a s  the e lectric 
occipital ones.

T h e se  findings were replicable in all sub jects and add to the hypothesis that 
oscillations observed in e lectrica l recordings from the v isua l region are not 
vo lum e conducted from the retina.

316.4
FLICKER FUSION IN NORMAL AND DYSLEXIC HUMAN SUBJECTS. P.S. 
Askin*. S.L. Miller. P. Taliai and R.M. Siegel. Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.
Current research suggests that developmental dyslexics possess temporal 

processing abnormalities in response to temporally rapid stimuli across multiple 
modalities (Taliai e t a l . , 1985). The purpose of this psychophysical study was to 
examine this hypothesis in the visual domain. The magnocellular pathway in 
humans has been proposed to be the site of the temporal disorder (Livingstone et 
a i ,  1991) because it putatively carries rapid visual information.

A flicker fusion apparatus was constructed with red (625nm) and green (565nm) 
light emitting diodes (LED), each of whose frequency and luminance could be 
varied. In a double blind design, ten controls and six dyslexics, viewing a 1° 
frosted glass, square stimulus, were asked to state the point at which they 
perceived the stimulus to fuse or begin to flicker, while either of the two 
previously mentioned variables were systematically altered. In one series of tests, 
the frequency at which fusion occurred, tested at 9.00 and 2.25 Lamberts, was 
examined for each color.

The next test had the two LED’s alternating at a 50% duty cycle at the 
luminances stated above. The data from these two tasks were analyzed in two 
ways. The first method continued the double blind nature of the experiment, and 
employed a k-means cluster analysis to split the subjects into two clusters using 
the flicker fusion data. The result was an even split of the sixteen subjects. Five of 
the six subjects that met the DSM-III-R criteria for dyslexia fell into the lower 
flicker sensitivity cluster, while seven of the ten control subjects fell into the 
higher flicker sensitivity cluster. The second method was a one-way analysis of 
variance as a p o s t  h oc test to compare the groups of dyslexics and normals. The 
dyslexics were significantly lower (P=0.03) for three of the four conditions 
presumed to reflect magnocellular function. These conditions were red 
(controls=33.1+0.85 Hz; dyslexics=29.2+1.64 Hz) and green (controls=34.4+1.06 
Hz; dyslexics=30.2±1.31 Hz) at 2.25 L and green (controls=39.1+0.95 Hz; 
dyslexics=35.2+1.40 Hz) at 9.00 L. Neither of the isoluminant stimuli (putative 
parvocellular function) were significant at the p<0.05 level. Both of these results 
supports the magnocellular deficit hypothesis. Supported by ONR N00014-93-1-

316.6
V EP D E PE N D E N C E  ON 2-D F F T  SPA TIA L FR EQ U EN CY  
STIM ULUS C O N TEN T. IL lezzi. J ņ  and K  M ic h e li-T z a n a W  
D ept. of B iom ed. Eng. Rutgers U niv. Piscataw ay, NJ 08855-0909 

In a study, by performing tw o-dim ensional Fast Fourier 
Transforms (2-D F F T ’s) on stim ulus im ages, we considered the 
contributions of all spatial frequencies, as they contributed to the 
V E P in humans. P I , N2, and P 1 /N 2  peak-to-peak VEP  
am plitudes, in addition to P 1 /N 2  inter-peak slope, were studied  
in 10 healthy volunteers ranging in age from 17 to 36. Stimuli 
consisted of fifteen square equilum inant 8x8 pixel matrices, 
m athem atically  designed to approxim ate the progression from a 
random greyscale m atrix to a vertical bar. This stim ulus set 
provided a gradual sweep of spatial frequencies in the low 
frequency range (0 .5 -0 .2  cpd). 2-D F F T  spectra were correlated 
to  V E P am plitude trends using the A LO PEX  optim ization  
algorithm. This produced the spatial frequency tuning sensitivity  
for each subject. Our findings dem onstrated that high frequency 
harmonics, resulting from edges rather than the fundamental 
check size, did influence V E P response am plitudes to a significant 
extent, w ith the greatest influence centered at 3 cpd. Our results 
showed that V EP am plitudes correlated well w ith the space- 
averaged contrast of the fifteen images (r=595 for P I amp, r=819  
for N2 amp, r=789 for P 1 /N 2  peak-to-peak amp, r=621 for P 1 /N 2  
inter-peak slope) at p<0.005. Above space averaged contrasts of 
50%, these correlations were ail greater than r= 85  at p<0.005. 
V E P am plitudes also correlated well w ith stim ulus entropy 
(r=787 for P I amp, r=775 for N2 amp, r=840 for P 1 /N 2  peak-to- 
peak amp, r=756 for P 1 /N 2  inter-peak slope) at p <0.005.

316.8
BAR ORIENTATION DISCRIMINATION IN THE CAT: 
A 2-DEOXYGLUCOSE STUDY. W. Vanduffel. E. Vandenbussche*.
W. Singer1 and G.A. Orban. Lab. Neuro- en Psychofysiologie, Medical 
School, KULeuven, 3000 Leuven, Belgium and 1 Max-Planck-Institute 
for Brain Research, 6000 Frankfurt/M., Germany.

Using the 1 4 C-2DG technique, we compared the metabolic activity 
of brain structures involved in a bar orientation discrimination task 
(N=2 ), a bar detection task (N = 2 ) and a control condition in which the 
animals were rewarded only (N=2). In order to obtain an internal 
control for each of the animals, we disconnected one hemisphere from 
visual input by sectioning the tractus opticus, corpus callosum and 
commissura anterior. Ratios of the concentration of label in a given 
structure to the concentration in the homologous deafferented 
structure enabled us to make interindividual comparisons.

In all of the visual areas, accept area Epp (Bowman et al., 1988) but 
including EVA, INSULAR, PS (Updyke, 1986), prostriata and area 7, 
we observed a metabolic difference between the normal and 
deafferented hemisphere. Furthermore, despite considerable 
interindividual variation, it remained possible to differentiate in a 
number of the structures the two task conditions from the controls: in 
all layers of area 18 (lower peripheral visual field), AMLS, DLS and 
area 7, and finally in lamina 4 of area 17 (central visual field). Only 
within layers 2, 3 and 4 of area 7, could a clear distinction be made 
between the 3 conditions. Subcortically, the activity level of the 
Coll.Sup. laminae ext. and int. were slightly elevated in the detection 
cats compared to the other conditions.

These results show that metabolic mapping of visual areas active 
during a psychophysical task is possible in animals.

Supported by ENP-grant 1992 №9
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316.9
ACTIVATION O F TH E H U M A N  BR AIN  BY C O N C U R R EN T  
VISUAL D ISC R IM IN A TIO N S. G .A . O rhan*1. J. D u n can 2.
P. D u p on t3. R. W ard2. G . B orm ans3. M. D e  R o o 3 and  
L  M ortelm ans3. xLab. N euro- en  Psychofysiologie, M ed. School, 
K ULeuven G H B ; 3PE T  Center, D ept. o f  N uclear M ed icine, U Z  
GHB, B-3000 Leuven, Belgium ; 2M R C  A pplied  Psychology U nit, 
Cambridge C B2 2E F, U .K ..

PET was used to m easure activation o f  the hum an brain w hen  
attention was divided betw een  concurrent, fine discrim inations o f  
orientation and spatial displacem ent. Concurrent discrim inations 
concerned either the sam e object (to  left or right o f  fixation) or 
different objects (on e to either side). A s com pared to a detection  
control task, activated visual regions included prestriate area 19 
(both m edial and lateral) on the right, and area 7 in the superior 
parietal lobu le (SPL) bilaterally. A rea 19 activity corresponded to  
regions activated in an earlier orientation  discrim ination study 
(Orban e t al., Soc. N eurosci. Abstr. 1992). SPL activity was 
strongest in the right hem isphere w hen focussing a tten tion  on  the 
left. T here was also activation o f  extensive m otor system s, and 
inhibition o f  higher-order areas including area 47 in frontal 
cortex, the tem poral p ole, and inferior parietal lobule. D esp ite  its 
large effect on behavior, the necessity o f dividing attention  
betw een rather than within objects produced no new  positive foci 
of activation, but reduced activity in the posterior cingulate.

Supported by H FSP.

316.10
EY E M O V EM E N TS O F TH E R H E SU S M O N K E Y  IN VISUAL  
SE A R C H  T A SK S. M.R. Dürsteler*. Departement o f  Neurology, 
University Hospital Zürich, CH-8091 Zürich.

Little is known about the oculomotor events in visual search. A  
rhesus monkey was trained on a fixation and visual search task. After 
pulling a lever, the monkey had to fixate a small fixation spot until the 
spot disappeared and the search items were displayed. He had to release 
the lever within 1.5 sec when the target was present. During the fixation 
period (1.5 sec) his eye movements were controlled using the magnetic 
eye coil method, but after the disappearance o f  the fixation spot free eye 
movements were allowed.

The monkey nearly always hit the target with the first saccade, even 
though he never was required to do so. In feature as in conjunction 
searches, saccades to the target were surprisingly uniform. Feature and 
conjunction searches differed neither in saccadic latencies nor errors. 
The mean saccadic latencies were around 210 msec and increased 
slightly with the number o f  distracting stimulus items (slopes: 1.3 to 2.8 
msec/item). The mean saccadic errors were 11 to 18% o f  the distance 
between fixation spot and target. In a more difficult search task such as 
finding a T-shape within L-shapes o f  varying orientations, the first sac- 
cade often missed the target with an increase o f  the mean saccadic error 
up to 32%. The mean saccadic latency was 217msec (slope: 4.1 
msec/item). In conclusion, the saccadic system guesses the target posi
tion in less than 250 msec.

316.11 316.12
COMMON SURFACE RATHER THAN COMMON DEPTH DETERMINES 
ATTENTION IN 3-D SEARCH TASK Ziiianq J. He* and Ken Nakavama 
Vision Sciences Lab, Dept. Psychology, H arvard University, Cambridge, MA.

Nakayama and Silverman (1986) reported that in a 3-D visual search task, 
observers could easily detect an odd target among distractors when the elements 
were presented in the same disparity depth plane. The properties of the elements 
located outside this depth plane would not interfere with search performance. This 
finding was thought to support the notion that the visual system can restrict its 
attention to a plane sharing a common depth. In the current report, we found that 
their results can be better interpreted as showing that the visual system can restrict its 
attention to a surface rather than to a specific depth.

In our 3-D search experiments, the elements (red vs. green) were arranged into 
a 3-D 4X3X3 matrix. In the first experiment, an odd colored target was located in 
the middle vertical array(fig. A). The individual elements were oriented vertically so 
that they could form an imaginary fronto-parallel surface. This setting was similar to 
Nakayama and Silverman’s condition and their finding that the observer could easily 
find the target was confirmed. However, when the perception of the imaginary 
surface was disrupted by slanting the elements away from the vertical plane (while 
their average binocular disparities remained unchanged), the search became more 
difficult. This suggests that elements forming a common surface plane rather than 
those sharing the same stereo-depth are essential for rapid visual search in 3-D. The 
importance of surface rather than depth is further demonstrated in the task of 
searching for an odd colored target located in the middle horizontal array shown in 
fig. В (Unlike exp.l, the search range is now across depth). We found that when the 

elements in each horizontal stack formed an imaginary 
horizontal plane, the reaction times were shortest and 
could not be affected by the properties of the elements 
located outside this plane. Overall, these findings 
suggest that attention in 3-D space is bound to a 
common surface rather than a common depth.

PARALLEL SEARCH MECHANISMS MAY BE PRESERVED IN VISUAL 
HEMINEGLECT. N. Relkin, D. Farnum, M. Conte, J. Victor and F. Plum*, 
Department of Neurology and Neuroscience, Cornell University Medical 
Center

Visual search by parallel and serial mechanisms has been 
extensively studied in normals, but not in disorders of the visual 
attentional system. We measured visual search rates in three individuals 
with simultagnosia (two secondary to Alzheimer's, one to 
cerebrovascular disease) and five normal controls with a Treisman-like 
pop-out protocol. Targets were discriminated by their color, luminance, 
size, orientation or closure, with either 3, 35 or 255 distractors present in 
each trial. Detection rate as well as pointing accuracy was measured.

Simultagnosics showed decreased rates of search on all tasks 
compared to normals. Among controls, the rate of target identification 
was independent of the number of distractors for orientation, color and 
luminance tasks, consistent with parallel search. For size and closure 
targets, search time was proportional to distractor number, indicative of 
serial or limited-capacity parallel search.

When performance was analyzed as a function of target positron, 
one subject was found to have located significantly fewer targets in the 
upper than lower quadrants (p <0.03). This subject’s visual deficits were 
related to cerebrovascular disease, and resulted in left-sided neglect to 
double-simultaneous visual stimulation as well as rightward and 
altitudinal shifts on a line-bisection task. The effect was manifest with 
the closure and size targets located by serial search mechanisms, but 
not for color, luminance, and orientation targets located by parallel 
search. These findings suggest that parallel, pre-attentive visual search 
mechanisms may be preserved in visual hemineglect, consistent with 
preserved low-level visual processing mechanisms in these patients.

316.13
PATCHES OF RESIDUAL VISION IN HEMIANOPIC PATIENTS:
a d d it io n a l  e v i d e n c e . ç.M. We ss ln q er*. R, F e ntirlch a n d
M.S. G a z z a n la a . Center for Neuroscience, University of 
California, Davis CA 95616.

Previous visual field mapping has demonstrated the existence o f  an 
isolated  area o f  residual v ision  w ithin a hem ianopic patient’s 
perimetrically blind visual field . To assess the generality o f  such 
areas, preliminary testing has been carried out in five  additional 
patients. Results indicate the existence o f  similar isolated areas o f  
residual vision in two o f  these patients (FN& FS).

V isual fie ld  mapping was performed in our lab using image  
stabilization to control for fixation instabilities. An interval two  
alternative forced choice paradigm was em ployed to reduce response 
biases. With these procedures, two hemianopic patients demonstrated 
above chance detection performance at isolated areas within their 
perimetrically blind visual field. Testing was conducted with a grid o f  
2 1/3° contiguous black squares, w hich blanketed the visual field  
laterally to 14 2 /3° and 7° above and below  fixation. Subject FN  
achieved 68% correct performance (z= 3 .92 ,p < .0001 ) at an isolated  
area centered 9 1/3° lateral to and 1 1/3° above fixation. In subject FS, 
a probable island o f residual v ision  is centered 4  2 /3° above and 7°  
lateral from fixation. At this location FS attained 64% correct detection 
(z= 2 .50 , p c .0 1 ) .  T hese results, com bined w ith our previously  
reported case, indicate that patches o f  residual, albeit dysfunctional, 
vision  within the blind field  o f  hem ianopic patients are not a rare 
occurrence.

Supported by NIH /NINDS P01 NS 17778-11 and the M cDonnell- 
Pew Foundation.

316.14
HUMAN PERCEPTION OF SURFACE TILT FROM OPTIC FLOW. 
J. M. H. Beusmans.* Center for Neural Science, New York University, 
4 Washington Place, New York, NY 10003.

The first-order differential invariants of optic flow—divergence, curl, 
and deformation—can inform an observer about surface orientation 
(Koenderink, VR 26, 161, 1986). Deformation, in particular, is thought 
to be important because it alone is based solely on surface orientation 
and A<, an image vector indicating the direction of motion of the sur
face with respect to the observer. To determine whether the human 
perception of surface orientation is based on deformation, I studied two 
types of linear optic flow fields, rendered by moving dots.

(i) L in e a r  f lo w  f ie ld s  νχ c o n s is te n t  w ith  a m o v in g  p la n e . There is an 
infinite family of At ’s and surface tilts that correspond to any vi, yet 
observers consistently perceive a particular tilt. Perceived tilt is consis
tent with an At that is the principal axis of the image motion vectors. 
Embedding νχ within the image of a rotating cylinder, in an attempt 
to externally determine At , does not affect perceived tilt.

(ii) P ie c e w is e  l in e a r  f lo w  f ie ld s  V3 c o n s is te n t  w i th  a  m o v in g ,  r ig id  v e r te x  
w h e re  3 p la n e s  m e e t .  Now, At and the orientations of the 3 planes can 
be c o m p u te d  from the 3 deformation components (Koenderink and van 
Doom, JOS A A3, 242,1986). Observers, however, fail to perceive some 
v3’s as rigid, especially if the 3 actual divergences differ from the ones 
predicted by the A t and surface orientations computed from the defor
mation components.

These results suggest that perceived tilt is not based on deformation 
alone. An alternative model in which relative depth is simply propor
tional to the signed magnitude of image motion, which has to be locally 
parallel, can account for the data. (Supported by NIH 5F32EY06319.)
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316.15
PSYCHOPHYSICAL STUDIES OF ROTATION, RADIAL, AND SPIRAL 
MOTION IN MONKEY. K.C, Anderson* and R.M. Siegel Center For Molecular 
and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

Neurons in MST and 7a are responsive to radial and/or rotating optic flow patterns 
(Saito, e t a l . 1986, Siegel, 1990, Duffy & Wurtz 1991). In order to compare the 
response properties of these neurons with the behavior of the animal, we looked at 
the psychophysical performance of a Rhesus monkey in a structure-from-motion 
task using optic flow stimuli. We first presented planar rotation (CW and CCW) and 
radial (expansion and compression) motion displays, 40° in diameter, over a range 
of angular velocities (0-15°/sec). These computer-generated random dot displays 
were somewhat different from Siegel & Andersen (1990) in that there was a gradient 
of speed within the radial display that matched that of the rotation display. Thus the 
angular velocity of 15°/sec m the rotation display would translate to a tangential 
velocity of 5.24°/sec at the edge of the display. Point life (133 msec) and point 
number (16) were kept constant and the display always changed from completely 
unstructured to completely structured motion. The monkey responded when the 
display became structured. We measured the threshold at which each type of 
stimulus elicited 50% correct trials and the reaction time (RT) to the highest 
velocity. We found no differences in threshold (4.27+0.8°/sec) or RT between the 
rotation and radial displays. These results provide behavioral evidence that rotation 
and expansion cells in MST and 7a are functionally similar. In the second 
experiment, we used vector addition to combine the components of the rotation and 
radial expansion displays to produce a spiral display. All other parameters of the 
display remained exactly the same. We found that while the thresholds for CW 
expanding spirals and CCW expanding spirals were not different from each other 
(2.44+1.3 and 2.27±0.5°/sec, respectively) they were significantly lower than the 
pure rotation and radial expansion thresholds (one-way ANOVA, pc.001). The 
lower thresholds for spiral displays seem to be due simply to a linear combination of 
the radial and rotation components (two-way ANOVA, no significant interaction). It 
should be noted that when the components of the rotation and radial display were 
combined to produce the spiral display, the tangential velocity of the display was 
faster (by a factor of \2). When the angular velocity of the spiral displays is 
corrected for this factor, the thresholds for the spiral are not significantly different 
than those for the single component displays. Further study is needed to resolve 
whether the behavioral response of the animal is solely dependent on local 
tangential velocity or on the global extraction of spiral motion. Supported by ONR 
N00014-93-1-0334

316.17
EFFECTS OF VELOCITY AND ECCENTRICITY ON SEEING STRUCTURE 
FROM MOTION. H.L Read* pnd R.M. Siegel. Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102.
Perception of two dimensional mQtion flow patterns relies heavily on processing that 

takes place within MT, MST and area 7a. Neurons in these three regions are broadly 
tuned to velocity. In the MT, maximal velocities (displacements) for eliciting 
direction selective responses to planar tra n s la tio n  increase with increasing 
eccentricities (Newsome et al., 1986). Similarly, maximal velocities for behaviorally 
discriminating direction of tra n s la tio n  motion increase with eccentricity in humans 
(Baker and Braddick, 1985). The present study explores psychophysical limits for 
human and non-human primate perception of planar ex p a n s io n  patterns as a function 
of the speed and eccentricity of motion.

Percent correct trials and reaction times for detecting changes in fraction of 
structure (fo s) of random dot displays were measured using a fixea block design with 
speed ana eccentricity as independent variables. Thresholds for 50% correct trials 
were derived from a logit fit of the data and differences in threshold curves were 
determined according to a χ2 test for heterogeneity. There was a marked perceptual 
learning curve for detecting expansion motion as reflected in the reduction in 
maximum reaction times from l200 msec to 700 msec over 15 days. Sensitivities to 
speed and eccentricity were determined after the reaction times had reached a 
plateau. The display radius was 5° and the fixation point was a 0.3° by 0.3° red 
square. Stimulus velocity was varied (5.5 to 337s) by changing the point 
displacement per video frame (point life 2 frames). The fixation point position was 
varied from 0 to 14° along the horizontal meridian. Eye movements were restricted to
0.5° of visual angle using a non-invasive infrared tracking system. Thresholds for 
detecting high speed (337s) expanding motion patterns were double those for low 
speed (5757s) in both species. This difference was observed during the training period 
as well as during the final testing day. In the non-human primate, speeds of 5.5, 11,
16.5 and 337s had corresponding thresholds of 0.21, 0.17, 0.13 ana 0.42 f o s  on the 
final testing day. This subject's optimal velocity was 16.57s (p < .05). On the final 
day of testing there was no difference in threshold curves with eccentricity for either 
species (p > .05). The lack of interaction between speed and eccentricity may reflect 
tne nature of the behavioral task. Subjects were required to discriminate changes in 
structure n o t direction of motion. The two tasks may prove to have different 
eccentricity sensitivities. The range of optimal velocities and the eccentricity 
insensitivity for perceiving exp a n sio n  patterns parallel those observed in single unit 
studies at ni|her stages of the motion processing (e.g. MST and 7a). Supported by

316.19
B O U N D A R I E S  A N D  S U R F A C E  F L O W S  I N  N O N R I G I D  

S T R U C T U R E  F R O M  M O T I O N .
Allan C. Dobbins*

Division of Biology, Caltech, 216-76, Pasadena, CA, 91125 
Between Platonic surfaces of revolution and pocked meteorites, there 
exist closed surfaces which vary greatly in complexity. One can gain 
a compelling sense of three dimensional shape from either a cloud of 
moving points (Braunstein, 1962), or from rotating wire frames and 
silhouettes (Wallach and O’Connell, 1953).

I have examined the relationship between a moving object’s surface 
flow and occluding boundaries for closed objects rotating as if on a 
potter’s wheel. By manipulating the surface flow independently of the 
bounding contours, structures were constructed compatible with no rigid 
object but multiple nonrigid objects. Observers had different initial 
biases in which interpretation they reported, but these could be reversed 
by a change in viewing conditions. In particular, the inference that a 
shearing deformation of the flow field is interpretable as surface slant is 
overridden when the bounding contours are incompatible.

In another experiment, observers were quite insensitive to quantita
tive variation of the flow field, provided it was qualitatively compatible 
with the boundaries. However, when the flow field perturbation changed 
the type of a critical point of the flow field, a surface deformation incom
patible with the boundaries was observed. These manipulations imply 
that both the shape of the bounding contours and the local differential 
structure of surface flows interact in shape interpretation.

316.16
Psychophysical evidence for differential processing of translation and radial motion. 
C. M. Waldmann* and R. M. Siegel. Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102

Two psychophysical studies were conducted in order to show different behavioral 
response characteristics to acceleration of translation versus radial visual flow 
motion in Rhesus monkey. It was our objective to identify discretely perceived 
motion stimuli to prepare for physiological investigations of sub- 
compartmentalization of known motion processing areas. We used computer 
generated, coherently moving random dot displays with left- or rightward translation 
movement and expansion or compression radial movement. All displays had the 
same parameters and speed was constant across the entire 40° diameter stimulus. 
Both experiments employed a fixed block design. In the first study we obtained 
psychophysical threshold curves for the just noticeable difference (JND) of 
acceleration from four different base speeds of 1.36, 2.73, 5.46, 10.9°/sec via the 
logit function (Berkson, 1944) and found that thresholds increased with faster base 
speeds over a range of 0.9 to 2.7°/sec. Most importantly for this study, we found 1.2 
to 1.9 fold higher threshold values for translation movement than for radial 
movement. In the second experiment we deprived the stimulus of its global structure 
component by only allowing a view of an off-center 5° square. The dots were 
moving at 10.9°/sec and accelerating up to 16.36°/sec. This masking procedure led 
to the same thresholds for the JND of acceleration in both types of motion 
(1.66±0.37°/sec radial and 1.52+0.34°/sec translation).

The results suggest that the radial motion display is processed in an integrated 
global fashion, whereas translation motion is not. The data possibly mirrors sub
specialization of MST (medial superior temporal area) or parietal visual neurons in 
the processing of the two different kinds of motion. Supported by ONR N00014-93-
1-0334.

316.18
COMBINATION OF MOTION AND DISPARITY IN THE DETECTION OF 
THREE-DIMENSIONAL STRUCTURE. R.M. Siegel* Center for Molecular and 
Behavioral Neuroscience. Rutgers University, Newark NJ 07102.
Formation of a three-dimensional percept of an object can be based on many 

different visual sub-modalities (e.g. motion, disparity, shading). The interactions 
between motion and disparity are considered by having subjects perform a task in 
which changes in the structure of a sphere (radius rs) are detected in a reaction time 
task. The surface of the transparent sphere was defined by the motion, or disparity, of 
128 points with a point life of 533 msec. The fraction of structure (Ғ = 1 - г / г Л  of an 
object was varied by moving the entire motion trajectory, or a pair of anaglyph points 
defining disparity, randomly within a circle of radius r. The fraction structure of 
motion (Fm) and the fraction structure of disparity (F J ) were independently varied.

Five human subjects were able to detect a change in the fraction of structured 
motion {F m = 0 - ) 1 )  of a rotating sphere (m=30°/sec) with a reaction time of 
1531+353 msec when no disparity cues were present (Siegel & Andersen, 1990). A 
new finding is that they were always able to detect the change in structure from 
disparity (i.e. F^=0->i) with no movement (1804±605 msec). To test for interactions 
between tne two visual sub-modalities, one visual cue was present throughout the 
display while the subject detected the change in fraction of structure for the other 
visual sub-modality cue. When either the disparity or motion cue corresponding to a 
sphere was present throughout, the reaction time decreased (1159±277 and 1317+562 
msec for detection of structure from motion, and disparity respectively). An ANOVA 
was computed with one factor as "motion or disparity change" and the other as 
"presence or absence of other cue". No interaction was found; both main effects were 
significant (P=.000). This result is consistent with the analysis of both structure-from- 
motion and structure-from-disparity converging on a single cortical locus.

The decrease in reaction time could be a result of the mere presence of motion or 
disparity cues throughout the display or the structure of these cues could be relevant. 
When tne structured disparity was replaced with unstructured disparity during the 
motion detection task, the reaction time was 1708±548 msec, suggesting a dominance 
for disparity over monocular cues (Julesz & Oswald, 1978). When the unstructured 
motion was present throughout the disparity test, the reaction time was 16231610 
msec. An ANOVA confirmed that there was a small, but significant, interaction 
between the type of cue prior to the change and its fraction of structure (P=.028). 
These results further support the idea that the computation of structure from 
disparity can be altered by motion and v ic e  v e r sa . These effects are greater if either 
of these sub-modality cues are derived from an underlying form. Thus it appears that 
motion and disparity cues converge in the computation of form and this computation 
may occur in the same set of neurons. Supported by ONR N00014-93-1-0334.

316.20
DISCRIMINATION OF SMALL DIFFERENCES IN DIRECTION OF 
GLOBAL MOTION. Sandy A. Slump! Robert Fox. & JStephen Gross
III. Dept. erf Psychology, Vanderbilt University, Nashville, TN 37240.

Prior research has demonstrated that mildly mentally retarded 
adults (MMR) are severely impaired at perceiving kinetic forms, yet 
exhibit only slight impairments in discriminating between large 
differences in direction erf global motion. However, it can be 
questioned whether discriminating between large differences in 
direction is a sensitive assessment of direction discrimination ability. 
The present study investigated how well MMR and nonretarded adults 
(N) discriminate between small differences in direction of motion. 
Kinematograms were presented that varied in signal strength (range: 
6  to 1 0 0 %), direction of motion (range: 60 to 1 2 0  degrees), and type of 
individual dot path (fixed or random). Subjects aligned an arrow to 
match the direction of global motion, and the precision of the match 
was analyzed. MMR exhibited large impairments in performance, 
relative to N, when signal strength was below 50%; they exhibited 
modest impairments when signal strength was 50% and above. 
Additionally, type of doth path influenced the discrimination ability of 
N, but not MMR. This finding may reflect the ability of N, but not 
MMR, to utilize available local motion cues. One conclusion that can 
be drawn is that MMR are impaired at perceiving direction of motion. 
Moreover, the impairments are more evident when MMR are required 
to discriminate between small, rather than large, differences in 
direction. It may be, therefore, that the use of small differences in 
direction may be better suited to determining whether or not 
individuals are impaired in perceiving direction of motion.

Supported by HD15051, HD27706, HD29556
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316.21
THRESHOLDS FOR FULL-FIELD VISUAL MOTION INDICATE 
AN AXIS-BASED CODING SYSTEM  SIM ILAR TO THAT OF 
THE VESTIBULAR SYSTEM  Laurence R. Harris* and Lori A. 
Lott Psychology, York Univ, Toronto, O nt., M3J 1P3

Movement o f the eyes in space (due to eye-in-head, head-on-body 
or body-in-space movements) creates motion o f the entire retinal 
image. Our hypotheses were a) the processing o f such full-field  
motion uses an axis-of-rotation coordinate system and b) this has 
perceptual consequences eg. the detection thresholds o f rotation 
about different axes would be different.

Subjects were centred in a 57 cm radius hem isphere. A full-field 
pattern o f dots was projected by a planetarium. The positioning of 
the rotation axis was under computer control. Visual motion 
detection thresholds were measured by having subjects adjust the 
rotation velocity to threshold using a potentiometer. This allowed 
the interleaved testing o f a large number o f axes. Thresholds for 
several axes were confirmed using the m ethod o f constant stimuli.

W e found significant differences between the thresholds for 
visual rotation around different axes. The variation cannot be 
explained by the distribution o f motion between the periphery and 
fovea. Nor can it be explained in terms o f differing sensitivities to 
planar horizontal, vertical or torsional m otion. The variation seems 
to be due to an axis-based co-ordinate system for the coding o f full- 
field motion similar to that o f the sem icircular canals.

316.23
SPARED OBJECT PERCEPTION BUT POOR OBJECT-CALIBRATED 
GRASPING IN A PATIENT WITH OPTIC ATAXIA. M.A. Goodale.
K.J. Murphy. J.P. Meenan. C.I. Racicot, and D.A. Nicolle1. Departments of 
Psychology and Ophthalmology1, University of Western Ontario, London, 
Canada N6A 5C2.

We recently tested the ability of a patient (RV), who developed optic ataxia 
following bilateral lesions of occipitoparietal cortex, to discriminate between 
objects of different sizes and shapes and, in separate tests, to grasp them 
accurately. In one study, RV used the opening between her index finger and 
thumb to estimate the width of each of five different rectangular plaques 
placed individually in front of her. On a separate block of trials, she was 
simply required to pick up each of the plaques with a "precision grip", using 
her index finger and thumb. For both tasks, the position of her finger and 
thumb was tracked using WATSMART recording. Although RVs perceptual 
estimates were significantly correlated with object size, there was no 
relationship between grip aperture and object size. In a second study, RV 
was presented with a series of smooth-contour shapes, each of which had 
different optimal grasp points. Although RV had no difficulty discriminating 
between these shapes, she was unable to place her finger and thumb on the 
appropriate grasp points when she attempted to pick them up. Thus, 
although RV was able to make accurate perceptual judgements about object 
size and shape, she was unable to use these object features to control the 
posture of her fingers and hand during grasping. These results fit well with 
a recent proposal by Goodale and Milner ( T IN S 15: 1992) that the ventral 
stream of visual projections in cerebral cortex is critical to the visual 
perception of objects while the dorsal stream mediates the required 
sensorimotor transformations for visually guided actions directed at those 
objects. Supported by a grant from the M R C  (Canada) to MAG.

316.22
MOTION PERCEPTION FOR GOAL-DIRECTED ARM 
MOVEMENTS
Jeroen B.J. Smeets and Eli Brenner (SPON: European 
Neuroscience Association), Vakgroep Fysiologie, Erasmus 
Universiteit, Postbus 1738, Rotterdam, The Netherlands.

To hit a moving object, you must reach some position at the 
same time as the object. The position at which you hit the 
object depends on the speed and direction of the object, as 
well as on the timing of your own movement. W e investigated 
the information used to extrapolate the position of an object 
moving in the frontal plane.

Subjects were presented with 'dishes' moving across a 
structured surface. The perceived speed and direction of the 
dishes' motion was manipulated by moving the background. 
This did not influence the dishes' perceived positions.

A change in the perceived direction had a clear effect on 
the trajectory of the hand: the hand started to move towards a 
position in the perceived direction. During the movement, 
errors were corrected on the basis of the actual change in 
position. A change in perceived velocity did not affect the 
trajectory of the hand, but did influence the timing: hand 
movements to fast targets were faster than hand movements to 
static or slow targets.

W e conclude that subjects use the perceived direction but 
not the perceived speed to extrapolate the trajectory of an 
object.

SE N SO R IM O T O R  C O R T E X : P L A S T IC IT Y

317.1
REORGANIZATION OF MONKEY MOTOR CORTEX RELATED TO 
MOTOR SKILL LEARNING. S Suner*. D Gutman. G Gaal. JN Sanes, and 
JP Donoghue. Dept. of Neuroscience, Brown University, Providence, R I02912.

Previous work in our laboratory showed that adult motor cortex representation 
patterns reorganize rapidly following peripheral nerve lesions and after changes in 
forelimb position. In the present studies, we sought to determine whether primate 
motor cortex modifies in association with learning a new motor skill. We first 
trained two m. f a s c ic u la r  is  monkeys to make visually guided wrist flexion 
movements of -15° against a spring load in a step-tracking task. To evaluate cortical 
organization we chronically implanted a set of 50 pm wires in the motor cortex arm 
area and 6-10 EMG recording wires into relevant arm muscles. Initial motor cortex 
organization was determined by evaluating the amount of EMG evoked by electrical 
stimulation (30 msec trains <60 μΑ) at each cortical site. Stimuli were delivered 250 
msec prior to the instruction to move. After testing over a period of about one 
month, we switched the monkeys to a new task requiring either wrist extension or 
isometric finger flexor force. Output organization was evaluated repeatedly over a 
several week period during learning and performance of these actions. Finally, the 
monkeys were returned to the initial flexion task and again evaluated for >1 month. 
The results for one monkey have demonstrated task related modulation in the amount 
of EMG evoked from the cortex. At 4 of 7 sites at which wrist flexors were activated 
during the initial flexion performance period, the amount of EMG was reduced during 
the extension task and again increased with return to the flexion task. Wrist 
extensors did not systematically change except at one site, where an increase in 
activation occurred during the extension task. Several sites showed no change in the 
amount of muscle activity that could be evoked during flexion or extension tasks. 
The site dependent specificity and task-related nature of these effects indicates that 
they are specific, localized effects. These results suggest that the motor cortex plays 
a role in assembling new spatiotemporal patterns of muscle activity required to learn 
new motor skills. Support: NS 25074, Culpeper and Whitehall Foundations.

317.2
EARLY ONSET CHANGES IN NERVE DOMINANCE PATCHES IN 
THE PRIMATE SOMATOSENSORY CORTEX AFTER NERVE 
INJURY. R.C. Kolarik. S.K. Rasev. and J.T. Wall*. 
Department of Anatomy, Medical College of Ohio, 
Toledo, OH 43699.

The primary (area 3b) somatosensory cortex of 
primates contains patch- and band-like aggregates 
of neurons that are dominantly activated by 
cutaneous inputs from the radial, median, and 
ulnar nerves to the hand. The radial nerve, which 
innervates about 38% of the hand surface, normally 
provides dominant inputs to 4-6 patch-like 
aggregates that are compressed onto about 12% of 
the hand cortex. This study evaluated whether 
radial nerve dominance patches change over the 
first several hours after wrist level transection 
of the median and ulnar nerves. Acutely after 
injury, the overall cortical projection of the 
radial nerve rapidly expands to about 3 times 
normal size. The largest expansions involve 
laterally located patches, where cortical 
compression (skin area/cortical area) decreases to 
1/3 - 1/10 of normal levels. The distribution and 
extent of these early onset changes provide an 
image of the central substrates that, at or around 
the time of injury, were available for functional 
compression and decompression of radial nerve 
dominance patches. Supported by NS21105.
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317.3
L E F T  L O C U S  C O E R U L E U S  ( L C )  L E S IO N S  IM P A IR  M O T O R  
R E C O V E R Y  A F T E R  R IG H T  S E N S O R IM O T O R  C O R T E X  
(S M C T X ) IN J U R Y  IN T H E  R A T . L .B .  G o ld s te in * . P . R o sen b au m  
and H ,Z . A m ir. V .A  & Duke M edical C en te rs , D urham , N C 27705

The ability of rats to trave rse a narrow elevated  beam  h as been used to 
quantitate recovery of hindlimb motor function after unilateral S M C T X  
injury. A  right L C  lesion 2 w eeks prior to a  right S M C T X  lesion facilitates 
w h ereas bilateral LC  lesions impair beam -walking (BW ) recovery (Boyeson  
et a l., 1992). W e com pared the effects of left and right L C  le sions . R a ts  
underwent either left (L L C ) , right (R L C )  or sham  (S L C )  6-O H D A  L C  lesion 
and one w eek later w ere trained at the B W  task . Tw o  w eeks after L C  
surgery, rats underwent right S M C T X  suction-ablation (C O R L E S )  or sham  
(C O R S H A M ) surgery. BW  w a s  m easured  over the next 12 d ays . R a ts 
were then sacrificed  and L C  dam age a sse sse d  by counting L C  ce lls  at 
prese lected  leve ls in sections stained with cresy l violet and by D BH  
im m unocytochem istry. Th e  L C  lesions did not affect B W  training.
However, there w a s an effect of treatm ent on B W  recovery after S M C T X  
lesion (A N O V A  F  5 ^ 0  = 15 .1 ; p c .0 0 0 1 ). L C  le sio ns did not affect B W  in 
rats with sham  cortex lesions (LLC -C O R S H A M , n=4 or R L C -C O R S H A M , 
n=2 v s  S LC -C O R S H A M , n=8; F ish e r L S D , p> .05). R a ts  with left L C  
lesions had impaired recoveries after right S M C T X  lesion v s  rats with right 
L C  le sions (L L C - C O R L E S , n=2 v s  R L C - C O R L E S , n=5 ; F ish e r L S D , 
p= .02). Th e  recoveries of L L C - C O R L E S  rats w ere  slow er and the 
recoveries of R L C - C O R L E S  rats faste r than S L C - C O R L E S  rats, but the 
d ifferences w e re  not significant (F ish e r L S D , p=.08 and .3 3 , respective ly ). 
T h ese  data show  d ifferences in reco veries between rats with prior left and 
right LC  lesions and suggest that left L C  lesions m ay im pair B W  recovery. 
Th e  contralateral cerebral or cerebe llar hem isphere m ay be important in 
the modulation of motor recovery after unilateral S M C T X  injury.

317.5
FUNCTIONAL REORGANIZATION OF MOTOR CORTEX FOLLOWING 
DENERVATION OF PERIPHERAL NEURONS IN CATS. A.Mori*1 , 
Y.Yamaguchi* and T.Fuwa . Dept. of Physiol., Nihon 
Univ. Tokyo *. Tokyo Metropolitan Institute for Neuro- 
sci .2 ,Tokyo,Japan.
We examined the relationship between digits before and 
after reorganization in the cat's motor cortex following 
denervation of the peripheral nerves. A single tungsten- 
in-glass microelectrode was inserted into the depths of 
the digits area of the motor cortex (MCx) for recording 
unitary spikes and intracortical microstimulation. The 
receptive fields (RFs) of the neurons were identified 
using natural stimulation. The peripheral nerves 
(median, ulnar, radial and musculocutaneous nerves were 
denervated under nembutal anesthesia (40mg/kg,і .p .) . 
One and two months after denervation, neurons within the 
digits area in the MCx had lost their RFs. However, 3 
months after denervation, some neurons within the digits 
area and surrounding the digits area had RFs of the 
forearm, neck or shoulder. These neurons responded to 
light touch of the skin. On the other hand, intracorti
cal microstimulation to the digits area of the MCx 
produced biceps, neck or shoulder movements. Especial
ly, the motor effect zone of the shoulder in the MCx was 
clearly larger than that in normal cats. This result 
suggests that there were extensive anatomical and physi
ological changes within the cortex and subcortical 
levels.

317.7
EARLY TACTILE EXPERIENCE INFLUENCES THE 
ORGANIZATION OF MOVEMENT REPRESENTATIONS IN RAT 
MOTOR CORTEX. A. Keller*. D. Weintraub and E. Mivashita1. Dept. 
Anatomy & CeU Biology, USUHS, Bethesda, MD 20814, and ^ept.
Physiology, Wakayama Medical College, Wakayama 640, Japan.

We examined the somatotopic representation patterns in motor cortex of rats 
that had their mystacial vibrissae (whiskers) clipped continuaUy from the first 
postnatal day. Vibrissae were clipped bilaterally for 1 to 5 weeks, and thereafter 
allowed to grow for 0 to 60 days. Intracortical microstimulation was used to 
map the somatotopic representation in the motor cortex. In normal animals, the 
size of the area representing whisker movements is roughly equal to the size of 
the forelimb representation. In animals de-whiskered since birth there was a 
significant reduction in the ratio of whisker/forelimb representation areas. This 
reduction was greatest in animals whose whiskers were clipped continually for 
at least two weeks, and was lesser for animals de-whiskered for one week or 
less. In all animals, the ratio of whisker/forelimb representation was inversely 
correlated with the survival time following cessation of whisker clipping. 
Injections of the retrograde tracer Fast Blue into the cervical enlargement of 
adult rats revealed that the number of corticospinal ceUs in the antero-medial 
portions of the motor cortex—a region normally corresponding to the whisker 
representation area—was significantly greater in rats de-whiskered for at least 
two weeks, compared to controls. These findings indicate that a relatively 
innocuous and non-invasive procedure that restricts sensory and motor functions 
results in pronounced abnormalities in the functional organization of the motor 
cortex. These abnormalities are more prominent following sensorimotor 
deprivation lasting beyond the first two postnatal weeks, suggesting a “critical 
period” for motor cortex development. The abnormalities are partially 
reversible. The abnormal functional organization is due, in part, to the failure of 
collateral elimination of corticospinal axons from the whisker representation 
area. Supported by USUHS protocol #CO70BY.

317.4
INDUCTION OF FOS EXPRESSION BY ANODAL POLARIZATION 
IN RAT CEREBRAL CORTEX. A. Moriwaki, N. Islam, Y. Hattori, Y. 
Hayashi, I. Date*, and Y. Hori. Departments of Physiology and Neuro
logical Surgery, Okayama University Medical School, Okayama 700, 
Japan
Application of a weak anodai direct current to the surface of restricted 
cerebral cortical areas (anodai polarization) has been suggested to induce 
central plastic changes accompanied by characteristic behavioral mani
festations. Since the plastic changes are thought to be preceded by some 
fundamental events including expression of c -fo s  protein (Fos), we 
immunohistochemically investigated Fos expression in the rat brain 
receiving a direct current application. Male Wistar rats weighing 180- 
230 g were used and an anodai direct current with different intensity and 
duration was delivered to the left sensorimotor cortex. During and after 
anodai polarization, rats did not show any abnormality in behavioral or 
electrographic activity. Rats were transcardially perfused at various time 
periods after anodai polarization, and brain sections were processed for 
Fos determination using Fos antibody and avidin-biotin-horseradish 
peroxidase technique. Fos immunorcactivity was confined to the nucleo
plasm. Fos-positive neurons were increased in the cortex, especially 
layers 2 -4 , and other brain regions such as hippocampus, in which the 
increases were observed ipsilaterally to the polarization, 30, 60, 180, and 
360 min after anodai polarization. The increased immunoreactivity was 
profoundly detected in several polarization paradigms: 0.3 μΑ for 180 
min, 3.0 μΑ for 30 or 90 min, and 30.0 μΑ for 30 min. No apparent 
change was noted under any other polarization conditions. We conclude 
that anodai polarization enhances neuronal excitability expressed as the 
functional marker Fos, which may lead in turn to the increases in cortical 
and behavioral activities.

317.6
INTRINSIC CONNECTIONS IN  FORELIM B A N D  V IB R ISSA L  
AREAS OF RAT MOTOR CORTEX. P .S . W eiss* and A. Keller. 
Dept. o f Anatomy & Cell B iology, USU H S, Bethesda, M D 20814.

The organization o f  intrinsic connections in rat motor cortex was 
studied by com bining intracortical micro stim ulation (ICM S) with  
injection o f anatomical tracers. M ovem ents about specific joints were 
evok ed  using ICM S through g la ss-in su la ted  platinum -irridium  
microelectrodes (10 pulses, 0.1 ms, 300 Hz, <  40 μΑ .) Representation 
maps were constructed from the distribution o f cortical sites from which 
specific movements were evoked. A  single injection o f  tracer (10%  
dextran fluorescene or tetramethylrhodamine) was placed into either 
vibrissal or forelimb representation areas. Tracer injections resulted in 
anterograde labeling o f intrinsic, horizontal axons that projected for long 
distances within the motor cortex. Follow ing injection into the vibrissal 
area, horizontal axons w ere largely  restricted  to the w hisker  
representation zone. In addition, axons projected caudally towards the 
hind limb representation area and the somatosensory cortex, as w ell as 
to the border region with the forelimb representation. Injections o f  
tracer into the forelim b zone produced radial projections largely  
restricted to the forelimb area. Horizontal axons also extended into the 
border region with the whisker representation. Finally, tracer injection 
into a region separating the vibrissal and forelim b m ovem ent zones  
resulted in extensive projections throughout most o f the forelim b and 
whisker areas. These results suggest an anatomical substrate by which  
the activities o f different regions o f motor cortex may be integrated in 
the execution o f complex movement patterns. These results also suggest 
a substrate for the plasticity o f motor maps. Supported by PHS Grant 
#31078.

317.8
PATTERNS AN D  SYNAPTIC PROPERTIES OF HORIZONTAL 
CONNECTIONS IN THE RAT MOTOR CORTEX. V.A. Aroniadou* 
and A. Keller. Dept. Anatomy, U SUH S, Bethesda, M D 20814  
In slices of the primary motor cortex of young (12-17 d) and adult rats, field 
potential depth profiles were recorded in response to stimulation in layer II/III or 
V, 0.45 - 2.0 mm lateral to the recorded column. Current-source density 
analysis revealed that horizontal axons in layer ІІ/Ш provide monosynaptic input 
to the dendrites of layer U and III pyramidal cells of a neithboring column, as 
well as to layer V and VI cells by synapsing on dendritic fields at the border of 
layers ΙΠ and V and in deep layer V. Horizontal and oblique axons arising from 
layer V provide monosynaptic input to pyramidal cells in all layers, by synapsing 
in two dendritic fields; one in the superficial layers and the other in middle layer
V. Activation of these pathways may generate a disynaptic, intracolumnar input 
from layer ӀӀДӀӀ cells to layer V, as well as to otter cells in layer ІІ/ ІІI. There 
were no apparent differences between young and adult rats in the connectivity 
patterns revealed by the CSD analysis. Bath application of a GABA A receptor 
antagonist enhanced primarily the polysynaptic currents, without altering the 
overall CSD pattern. The effects of disinhibition were completely reversed by an 
NMDA receptor antagonist (APV) in young rats, whereas they were only 
suppressed by APV in adult rats. Application of a non-NMDA receptor 
antagonist (CNQX) in normal medium revealed APV-sensitive sinks in both the 
superficial layers and in layer V. Injection of a flourescent tracer in layer ΙΠ 
resulted in retrograde labeling of cell bodies in layers П/ПI and V, at distances 
>2 mm from Ite injection site; injections in layer V labeled cell bodies at long 
distances in layer V, and to a small extent in layer ІІ/IІІ. The intercolumnar 
interactions revealed in this study may be involved in spatiotemporal 
coordination during voluntary movement, and in synaptic plasticity in the motor 
cortex. Supported by PHS grant #NS31078
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318.1
THE Q UIETUDE OF PRIM ATE CEREBRAL CORTEX I S  IN T E R 
RUPTED BY M ICR OSTIM ULATION PLUS C A FFE IN E  A D M IN IS 
TRATION DURING  CHRONIC CONE ELECTRODE R E CO RD IN G S.
P.R.Kennedy*. L.L.Howell. R.A.E.Bakav. R.Verellen 
and J.Echard. Depts. Neuro., Behav. Biol., Yerkes 
Cen. Emory U . ; Neurosci. Lab., GA Tech, Atl.30332.

A remarkable feature of the cerebral cortex 
revealed by chronic recordings is its quietude. 
Months can elapse before functionally relevant 
single units appear (NeuroReport, 3 (1£92.) 605-8) . 
In further experiments, a rhesus monkey was im
planted with bipolar wires close to an electrode.

Several months later, when myelinated axons 
ought to be present within the electrode tip 
(Neuroscience Letters, 142(1992 )89-94), activity 
in the awake monkey revealed two units and a quiet 
background. Unit firings were not entrained by 20 
stimulus trains (1/sec, 30Hz, 0.2s duration) with 
20 uA, 0.2ms, biphasic pulses. However, the* IM 
administration of caffeine (3mg/kg) produced a 
general increase in background activity and ent
rainment of one (50uV) unit. Moreover, a third 
unit (80uV) unexpectedly appeared. It fired only 
with micro-stimulation and caffeine, and required 
about 10 repetitions for entrainment.

In sum, normally quiet cortical units can be 
activated by microstimulation and caffeine. 
Inversely, the effects of pharmaco-therapeutic 
agents on unit activity can be tested long-term.

318.3
SWALLOWING EVOKED BY INTRACORTICAL MICROSTIMULATION (ICMS) 
OF LATERAL PERICENTRAL CEREBRAL CORTEX OF AWAKE MONKEYS. 
R.E. Martin*. P. Kemppainen. Y. Masuda. M. Sunakawa and B.J. Sessle. 
Fac. of Dentistry, Univ. of Toronto, Toronto, Canada M5G 1G6.

This study was undertaken in awake monkeys (M. fascicularis) to define 
the cortical region from which swallowing could be evoked by ICMS, and 
some features of the evoked swallowing. Microeiectrode penetrations were 
made across the lateral pericentral cortex of both hemispheres at 0.5 or 1.0 
mm intervals. Short-train ICMS (T/S; 333Hz, 35ms train of 12 cathodal 
pulses, each 0.2ms; < 30μΑ) or continuous ICMS (C/S; 50Hz, maximum 3s 
cathodal pulse train, each 0.2ms; < 50μA) was delivered at 250 μ/m 
intervals along each penetration. Electromyographic (EMG) activity from 
various orofacial and laryngeal muscles was simultaneously recorded and 
swallowing was defined by characteristic genioglossus (GG) and 
cricothyroid (CT) EMG patterns.

Swallowing was evoked by ICMS (C/S) in each hemisphere at 
approximately 50 intracortica! sites within a 10mm x 5mm area located 
immediately anterior and/or lateral to the tongue primary motor cortex 
(defined by T/S ICMS), and overlapping its lateral region. Only swallowing 
was evoked at 24% of these sites, with threshold currents as low as 7μA; 
67% of the sites where swallowing only was evoked were located > 5mm 
deep to the cortical surface. Increases in stimulus intensity shortened the 
latency of swallowing (from 3.5s to 0.5s), and increased the magnitude of 
swallow-related GG and CT EMG activity. At the remaining sites, ICMS 
evoked swallowing in association with other orofacial behaviours including 
rhythmic jaw movements, sucking, and tongue protrusion. These findings 
suggest a role for the lateral pericentral cortex in the initiation and/or 
regulation of swallowing in the primate. Supported by Canadian MRC grant 
MT-4918.

318.5
RELATIVE CONTRIBUTION OF RUBROMOTONEURONAL (RM) AND 
CORTICOMOTONEURONAL (CM) CELLS TO WRIST MOVEMENT IN 
THE MONKEY. P. D. Cheney*. K. Mewes and B. J. McKiernan. Physiology 
Dept. and Smith MRRC, Univ. of Kansas Med. Ctr., Kansas City, KS 66212.

The execution of skilled movements at distal joints relies heavily on the 
dorsolateral descending system which includes CM and RM cells. Although 
CM and RM cells both show discharge modulation in relation to distal 
movements, the relative contribution of each cell type to movement is 
unknown. In this study, we have estimated the relative contribution of RM 
and CM cells to increments in static wrist torque using data collected from 
five rhesus monkeys trained to make simple wrist movements. CM and RM 
cells were identified by their postspike facilitation (PSF) in spike triggered 
averages of rectified EMG activity. The contribution of RM cells relative to 
CM cells to increments in static torque can be estimated from: 1) the total 
number of cells of each type with a synaptic linkage to motoneurons of 
muscles involved in the task, 2) the rate-torque slopes of RM and CM cells, 
and 3) the magnitude and distribution (target muscle field) of RM and CM 
PSF. These factors can be expressed as follows:
RM ,  # RM cells RM rate-torq slopexRM PSF MagxRM PSF mus, field
CM # CM cells CM rate-torq slope CM PSF Mag CM PSF mus. field 

Our estimates of the wrist extension related RM/CM ratios for these factors 
are: 1) # cells, 0.18; 2) rate-torque slopes, 0.33; 3) PSF magnitude, 0.56; and 4) 
muscle field, ~ 1. Multiplying these factors yields 3% as the relative 
contribution of the RM system to increments in static wrist extension torque. 
We conclude that normally RM cells make a relatively small contribution to 
the generation of static torque. The RM cell contribution to other specific 
types of movements involving the hand or to the phasic aspects of wrist 
movement may be greater. Supported by NIH grant NS25646.

318.2
ELECTROMYOGRAPHIC (EMG) ANALYSIS OF OROFACIAL AND 
LARYNGEAL MUSCLE ACTIVITIES DURING SWALLOWING IN AWAKE 
MONKEYS. P. Kemppainen*. Y. Masuda. R.E. Martin and B.J. Sessle. 
Fac. of Dentistry, Univ. of Toronto, Toronto, Canada M5G 1G6 

This study aimed to clarify the temporal features of EMG activities in 
monkeys (M. fascicularis) in relation to different types of swallowing. EMG 
activities were recorded from cricothyroid (CT)/thyrohyoid (TH), masseter 
(MASS), genioglossus (GG), geniohyoid (GH) and anterior digastric (AD) 
muscles. Durations of swallow-related EMG bursts were determined for 
each muscle. The peak amplitude of the swallow-related CT/TH burst was 
defined as the 0 point relative to which the timing of peak amplitudes of 
other muscles was assessed. Four characteristic swallows occurred: 1) 
swallow independent of other movements after juice intake (Si), 2) swallow 
following sucking (Ss) and 3) licking of juice (SI), and 4) swallow following 
chewing of raisins (Sc). Durations of EMG bursts were different for some 
types of swallow, eg. significantly (t-test, p<0.01 ) shorter in all muscles 
(except AD) for Ss than Sc. The sequence of EMG peak activity was AD, 
GH, GG, MASS followed by СТЯН. Si and Sc in particular showed almost 
identical timing patterns of peak activity, and the intervals by which EMG 
peak activities preceded CT peak activity were significantly (t-test, 
p<0.05) longer in most muscles during Si and Sc than Ss and SI. The 
relative timings of EMG peak activity of each muscle preceding the CT peak 
activity during Si and Sc were, respectively, 156 ±31 (mean ± SD) and 
151 ±20 (AD); 94 ±40 and 88 ±26 (GH); 87 ±57 and 78 ±41 (GG), and 
60 ± 36 and 64 ± 49 (MASS) ms. For Ss and SI, the relative timings of EMG 
peak activity were, respectively, 117 ± 49 and 147 ± 20; 66 ± 29 and 
80 ± 33; 61 ± 40 and 49 ± 48, and 46 ± 36 and 40 ± 36 ms. This study has 
shown that the EMG patterns of swallows that occur in different behavioral 
contexts in monkeys are characterized by different temporal features. 
Supported by Canadian MRC grant MT-4918.

318.4
M ORPHOLOGICAL AND ELECTRO PH YSIO LO G ICAL CH ARACTERISTICS O F  
N EURON S IN TH E C A T S  JAW AND O ROFACIAL PRIMARY MOTOR C O RTEX . 
J. Yaoi. Y . Tsuboi. K. Iwata. N. Temi* and R . Stimino, Dept. of Physiol. 
Nihon Univ. S ch . of Dent., Tokyo, 101, *Dept. Physiol. Univ. Tsukuba  
1st B asic  Med., Tsukuba Med. Sch ., Ibaraki 305.

It has been reported that the jaw and orofacial primary motor cortex 
is represented in the anterior part of the coronai and lateral sigmoid 
gyri, and the lateral wall of the presylvian su lcus of cats. Intracellular 
recording and in jections w ere introduced in order to determ ine  
electrophysiological and morphological characteristics of neurons in 
these areas. C ats were anesthetized with a-chloralose (60mg/Kg, i.v.) 
and halothane (2-3% ). Following in tracellu lar injection with a 
neurobiotin-filled grass microeiectrode into neurons identified by their 
re s p o n s iv e n e ss  to stim ulation of the trigem inal n e rv e s , the 
posterom edial ventral n ucleus of the thalam us (VPM ) and/or the 
cerebral peduncles (CP), labled neurons were reconstructed. Twenty 
two neurons were su ccessfu lly  recorded and injected. E P S P s  were  
evoked  following e lectrica l stim ulation of the VPM  (la te n c ie s : 
2.9± 0.6m s in lam ina III, 1.6±0.4m s in lam ina V ) and/or of the 
trigeminal nerves. All of them were m orphologically classified  a s  
pyram id a l n eu ro n s (so m a s iz e :  261± 53.9μπ ι2  in lam ina III, 
43 2 ± 8 1 .8 p m 2  in lamina V ) . Eight pyramidal tract neurons (PT N s), 
identified by antidrom ic re sp o n se s from p e d u n cles stim ulation  
(latencies: 1.6±0.3ms), did not respond to VPM stimulation except one, 
w hereas non-PTN s in lam inae III and V were responsive to VPM  
stim ulation.

318.6
DISCHARGE CHARACTERISTICS OF CORTICO-RUBRAL NEURONES 
DURING GAIT MODIFICATIONS IN THE INTACT CAT. B. Kably* and T. 
Drew. Dept. Physiology, Université de Montréal, Canada, H3C 3J7.

As part of a study to examine the properties of different types of corticofugal 
neurones during voluntary locomotion, recordings were made from corticorubral 
neurones (CRNs) in the motor cortex of two intact, chronically implanted cats. 
To antidromically activate CRNs, an array of six electrodes, separated in the 
vertical plane by 1mm, were stereotaxically implanted into the red nucleus (RN) 
ipsilateral to the cortical recording site. To minimize the possibility of mis- 
identification due to activation of efferent axons coursing in the cerebral 
peduncle, cells were only accepted as CRNS if: 1) they could not also be 
activated by stimulation of the pyramidal tract (PT) at P15 or; 2) if they were 
also activated from the PT then the latency of activation from the rubral wires 
had to be clearly greater than that which would be expected from stimulation of 
the cerebral peduncle. Altogether 18/88 (20%) neurones in one cat and 19/123 
(16%) neurones in the other cat fulfilled these criteria. Of the 37 neurones 
identified as CRNs in the two cats, 21 (57%) increased their discharge frequency 
during steps when the cat modified its gait in order to step over obstacles attached 
to the treadmill belt. Most of these CRNs (14/21 =67%) increased their discharge 
frequency during the swing period of the step cycle during the gait modification. 
In penetrations in which CRNs, corticoreticular neurones and other pyramidal 
tract neurones were recorded from a single layer, it was found that similar 
changes in discharge pattern were sometimes observed in all three classes of 
neurone. The results suggest that during this locomotor task similar descending 
signals are sent to several different subcortical motor nuclei. (Supported by the 
MRC, FRSQ and FCAR).
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318.7
NEURAL CORRELATES OF THE SPECIFICATION OF MOVEMENT 
DIRECTION AND FORCE IN FOUR CORTICAL AREAS. Alexa Riehle , Jean 
Requin. Cognitive Neuroscience Lab., 31 ch. J. Aiguier, 13402 Marseille Cx 20, 
France

In the framework of the preparation paradigm - in which the preparatory and 
execution phases of movement performance can be dissociated in time - 
experimental data support a parametric conception of motor planning, such that 
movement program results from assembling the outputs of separate processing 
operations by which movement parameters are independently specified. In order 
to study the direction and force parameters of wrist flexion and extension 
movements, two levels of frictional force were applied to the handle that 
monkeys have to rotate for performing these movements. Providing partial prior 
information about movement direction shortened reaction time (RT) more than 
information about movement force, as compared to the condition in which no 
prior information was provided, whereas movement time (MT) remained 
unchanged. The activity of 410 neurons of the primary motor (MI), premotor 
(PM), somatosensory (SI) and parietal (PA) cortex was recorded in two 
monkeys. Many more neurons changed selectively their activity in relation to 
movement direction than in relation to movement force. During the preparatory 
period (PP), RT and MT, the number of purely direction-related neurons 
increased, whereas the number of purely force-related neurons decreased from 
SI to PA, then to MI, and finally to PM, especially during MT. During PP, 
selective activity changes were related only to one movement parameter, whereas 
during RT and MT, a large population of neurons changed its activity in relation 
to both movement direction and force, especially in MI.

318.9
SPATIAL CODING OF VISUAL CUES IN THE PREMOTOR CORTEX AND 
NEIGHBORING CORTICAL AREAS: K. Okano*. Department of Physiology, 
Hokkaido University School of Medicine, North 15, West 7, Sapporo, 060, Japan.

Previous studies have shown that a higher proportion of cells in the premotor 
cortex exhibit significant changes in neuronal activity related to a visual-stimulus 
than in the precentral motor cortex and the supplementary motor area (Neuroreport 
3:389). This analysis used the Kendall's partial correlati«! coefficient analysis. In 
those studies, the neuronal activity changes were examined using the instantaneous 
firing frequency of each trial. However, many cells were omitted for further analysis 
because the neuronal activity on a single trial was weak even though the cell showed 
clear responses in the summed trials. Thus we were unable to gather enough units to 
perform a population study.

In this study, we re-examined the neuronal activities changes using a digital filter 
(5 passes of 1-2-1 digital filter) applied to the instantaneous firing frequecy from each 
trial. The goal was to determine the timing of the changes in neuronal activity and 
improve the detection of neuronal activity changes. This procedure increased by a 
factor of three the number of cells with changes using the Kendall's partial coefficient 
analysis and permitted an examination of the spatial distribution in the different 
movement related areas. The preliminary results from one monkey indicate that a 
dense population zone of visual-stimulus dependent activity cell is restricted to 
within the caudal portion of the arcuate sulcus. Other cells with visual 
responsiveness are diffusely scattered in other areas. This result supports the concept 
that the primate PM possesses temporal priority in receiving visual cues over nearby 
areas.

318.11
A COMPARISON OF PROXIMAL ARM DISCHARGE IN MOTOR CORTEX 
TO FINGER, WRIST AND ELBOW TRAJECTORIES DURING DRAWING.
А. Кякяуадкі and A.B. Schwartz*. Div. Neurobiology, Barrow Neurological Inst. 
350 W. Thomas Rd., Phoenix, AZ 85013

Single-unit activity was recorded from the proximal arm area of motor 
cortex as a monkey traced sinusoids with its index finger on a touch screen. The 
trajectory of the finger was confined to a plane, but those of the wrist and elbow 
were not. A center->out task was also performed and the activity of the cell, 
along with the path of the wrist and elbow, were analyzed to obtain the 
relationship between each arm path and discharge rate. For the finger analysis, 
the cell activity was regressed with two spatial variables, x and y. However, for 
the 3D wrist and elbow paths, the same cell activity was regressed with x, y, and 
z.. We found the wrist trajectory to be contained in a plane that was not oriented 
in a spatially similar way to the plane of the finger trajectory. The similarity 
between the preferred direction calculated at the finger and that calculated at the 
wrist depended on the projection of the wrist’s preferred direction on the plane of 
the screen. The correspondence was best when the preferred direction at the wrist 
was contained in a plane with the same orientation as the screen. A representation 
of the neuronal population was constructed using vector addition of the responses 
from individual cells. The resulting population vectors were 2D for the finger and 
3D for the wrist and elbow. Neuronal representa tiems of the finger, wrist, and 
elbow trajectories were compared with the actual trajectories to determine to 
which trajectory the activity of the proximal arm area was best related. The 3D 
population response corresponding to the wrist was contained in a plane that was 
similar to that containing the actual wrist trajectory, but differed from the plane of 
the screen. In comparing the velocity vectors of from the finger, wrist and elbow 
trajectories with their corresponding neuronal representations the match was best 
with the finger, wrist and elbow respectively. Supported by NIH 26375.

318.8
NEURONAL CORRELATES OF STIMULUS-RESPONSE COMPATIBILITY 
EFFECTS IN THE PRJMARY MOTOR CORTEX. Sylvan Kornblum1. Alexa 
Riehle . Jean Requin2  , 1 Mental Health Research Institute, University of 
Michigan, Ann Arbor, MI, 48109-0720, USA; 2 Cognitive Neuroscience Lab., 
CNRS, 31 ch. J. Aiguier, 13402 Marseille Cx 20, France.

According to the "Dimensional Overlap" model that accounts for a large class 
of stimulus-stimulus (S-S) and stimulus-response (S-R) compatibility effects, if a 
stimulus and a response set are perceptually, structurally, or conceptually similar, 
the presentation of a stimulus element automatically activates its corresponding 
response element. If the mapping instructions define the automatically activated 
response as correct (congruent mapping) then it is executed without further ado. 
If the mapping instructions define a different response as correct (incongment 
mapping), then the automatically activated response is aborted and further 
processing is required before the correct response can be executed. In order to 
provide evidence for activation of the congruent response in an incongruent 
mapping condition, neuronal activity of the primary motor cortex was recorded in 
two monkeys trained to perform wrist flexion/extension movements to align a 
pointer with visual targets located on either the left or the right. In the spatially 
compatible condition, monkeys had to point to the illuminated target, whereas in 
the incompatible condition, they had to point at the target located on the side 
opposed to the illuminated one. In the incongruent mapping condition, changes 
in neuronal activity were found to be associated either with the illuminated 
target, i.e. independently of the response side, or - in agreement with the model - 
with the congruent response, i.e. independently of the target side.

318.10
TEMPORAL ORDERING OF MOVEMENT KINEMATICS IN THE 
DISCHARGE OF PRIMARY MOTOR AND PREMOTOR CORTICES 
OF MONKEYS Q.-G. Fu*, D. Flament and T. J. Ebner. Depts. of 
Neurosurgery & Physiology, Univ. Minnesota, Minneapolis, MN 55455.

Our previous study revealed a difference in the timing of the coding 
of direction and distance information in the primary motor and premotor 
cortices, i.e., during the premovement period neuronal activity was more 
strongly correlated with movement direction whereas correlation with 
distance was greatest during the movement. This study extends our 
initial observations on the temporal encoding of these movement 
parameters. The paradigm involved a multijoint reaching movement in 
the horizontal plane to targets located in 8 different directions and 6 
distances. The firing rate was fit in time (20ms bins) with a multivariate 
regression model. The firing of the majority of cells (73.2%, 93/127) 
was correlated to some extent with all three parameters (direction, 
distance and target location). A clear temporal ordering in the encoding 
of the three parameters was found: direction-related discharge occurred 
first (115 ± 168ms before the onset of movement), followed by target 
location (57 ±206ms after the onset of movement) and movement 
distance (248±284ms after the onset of movement). While considerable 
temporal overlap of these parameters is evident in the population, within 
single cells the overlap was less evident. The difference in the timing of 
die neuronal specification of multiple movement parameters in the motor 
and premotor cortices suggests that these parameters are independent 
and processed serially. Supported by NIH grant NS-18338.

318.12
CHARACTERISTICS OF THE EVOKED POTENTIALS IN THE 
MOTOR CORTEX ELICITED BY INTRACORTICAL MICROS
TIMULATION (ICMS) OF THE SOMATOSENSORY CORTEX 
IN THE CAT. M.A.Caria. T.Kaneko and H.Asanuma*. Laboratory of Motor 
Physiology, The Rockefeller University, New York, N.Y. 10021.

It has been shown that the projection from the somatosensory to the motor 
cortex produces long term potentiation and plays an important role in learning 
mot«* skills. Since the physiological properties of this projection have not been 
examined in detail, the goal of this study was to elucidate the mode of projection 
from the sensory to the motor cortex. In twelve cats, under Nembutal anesthesia, 
the left sensory and motor cortices were exposed and a double barrel closed 
chamber was attached on the skull. Through the posterior chamber, 3 tungsten in 
glass microelectrodes were inserted into the somatosensory cortex at a depth of 
1mm for ICMS (30 μΑ , 0.2 msec, 1Hz). The potentials evoked by the ICMS 
delivered by each stimulating electrode were recorded by a tungsten-in-glass 
electrode both from the surface and the depth of the motor cortex. The following 
results were obtained.
1) The evoked potentials showed two distinct distributions over the motor cortex: 
one, (specific response) was restricted in a small area, 1.3±0.3 mm in diameter 
(mean ± SD,), the other (diffuse response) was distributed on the entire motor 
cortex 2) There were sites in the sensory cortex which produced only specific 
responses (25%), but other sites produced both diffuse and specific responses 
(75%). 3) The specific responses showed a larger amplitude than the diffuse 
responses and always had a onset latency between 1.3 and 2.3 msec, which was in 
the range of monosynaptic responses. 4) These evoked potentials were typically 
positive and monophasic from the surface to the depth of the cortex and 
disappeared at the depth of 600-800 pm. The results demonstrate that the 
projection from the sensory cortex to the motor cortex are diffuse as well as 
highly specific. This specificity in particular suggests that each sensory column 
communicates with individual motor columns.
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318.13
PLANNING NOT TO MOVE I: NO-GO TASK RESPONSES IN PRIMATE 
AREA 6 . DJ. Crammond* & J.F. Kalaska. NIMH, Poolesville, MD & Univ. de 
Montréal, Québec, Canada

Monkeys with premotor cortex lesions show deficits in GO-NOGO tasks 
requiring execution or withholding of movements, dependent upon conditional 
instruction CUEs (Petrides, J. Neurosci. 6:2054, 1986). In this paradigm, unlike 
NOGO tasks learned by extinction, the NOGO cue is pertinent because making 
no movement is a rewarded motor strategy. We trained 2 monkeys in an instructed 
delay (ID) task in which the colour of an instructional CUE in different spatial 
locations instructed the monkeys either to move to the cue after a subsequent GO 
signal (DD trials), or to move in the opposite direction (RD trials), or not to move 
(NOGO trials) (Neurosci. Abstr. 178.12, 16:423, 1990). All 3 ID trial types were 
randomly presented and interspersed with non-cued movements to the GO signal 
(RT trials). All successful trials, including NOGO, were rewarded.

Ninety-eight cells were recorded in dorsal premotor cortex (PMd), all of which 
showed late ID-period activity (>500 msec after CUE presentation) that reflected 
intended movement direction in both DD and RD trials. Most of the cells also 
showed changes in activity during the ID period of NOGO trials; these responses 
were complex and highly variable. Typically, the early response to the appearance 
of the NOGO cue (<500 msec) was similar to that in DD trials. Later NOGO ID- 
period activity for different cells was either similar to that in DD trials but less 
intense, or returned to baseline tonic rate, or even reversed sign. Therefore, 
planning not to move in response to an appropriate sensory cue appears to require 
the active participation of PMd cells, as expressed by their complex activity 
patterns during the NOGO ID-period. The overall population histogram showed 
an initial phasic directional response to the appearance of the NOGO cues, 
followed by a decline to near-baseline discharge within 500 msec. This late non- 
directional population response is a possible neural correlate of the monkey’s 
decision not to move to the directional signal.

318.15
SINGLE NEURON ACTIVITY IN THE PRIMATE PREFRONTAL CORTEX 
DURING DELAYED SEQUENTIAL REACHING TASKS WITH MULTIPLE 
TARGETS. S JEunahashi!. M. IdQUS. and K. Kubota. Dept. of Cognitive Sci., 
Grad. Sch. of Human and Environment Studies, Kyoto Univ., Kyoto 606, and Primate 
Res. Inst., Kyoto Univ., Aichi 484, Japan.

To investigate the role of the prefrontal cortex (PFC) in sequential hand reaching 
movements to multiple locations, single neuron activity was recorded from PFC while 
a monkey performed a delayed sequential reaching task (DSR), in which the monkey 
was required to memorize the locations and the order of sequentially presented two 
reaching targets during 2-4 s delay period (left-to-right or right-to-left), and a 
conventional delayed reaching task (DR) with one target (right or left).

Fifty-six PFC neurons exhibited task-related activity; 23 were cue-related, 34 were 
delay-related, and 42 were movement-related. Among them, 22% of neurons with cue- 
related activity and 24% of neurons with delay-related activity were active both in all 
trials of DSR and either left or right trials of DR, suggesting that these activities 
depend on whether the reaching target was presented at either left or right. Thirty-nine 
percent of neurons with cue-related activity and 53% of neurons with delay-related 
activity were active either in both left-to-right trials of DSR and left trials of DR or in 
both right-to-left trials of DSR and right trials of DR, suggesting that these activities 
are related to the direction of the first reaching movement. Among neurons with 
movement-related activity, 79% exhibited directionally selective responses during only 
the fust or second reaching movement, whereas 2 1 % of these were nonspecifically 
active during the whole period of all reaching movements. The remainings include 
neurons that were nonspecifically active during the cue or delay period in all trials of 
both tasks and neurons that responded at the fust cue presentation of DSR trials.

These results indicate that a large number of PFC neurons, especially those with 
cue- or delay-related activity, don't hold information of the whole sequence of coming 
complex movements, but hold partial information of complex movements, such as 
only one target location or one movement direction. This suggests that PFC codes 
complex movements by activating a group of neurons each of that holds single, 
different, but necessary information for performing complex movements.

318.17
A COMPARISON OF TASK-RELATED DISCHARGE IN CORTICOSTRIATAL 
AND CORTICOBULBAR/SPINAL NEURONS IN PRIMARY MOTOR CORTEX. 
R.S. Turner* and M.R. DeLong. Dept of Neurology, Emory Univ. Sch. of Med., 
Atlanta, GA 30322

The corticostriatal projection from primary motor cortex to the putamen provides one 
of the primary inputs to the somatomotor portion of the basal ganglia. Since the 
discharge properties of corticostriate neurons have not been studied extensively, little is 
known of what this input contributes to the movement-related discharge of neurons in 
the basal ganglia. We recorded the activity of antidromically identified cortico- 
putamen (CPut) neurons in the primary motor cortex of a rhesus monkey during a 
loaded wrist flexion/extension task. Data were recorded only in cortical regions 
identified as wrist- or finger-related by microstimulation and sensory exam. The 
discharge of CPut neurons was compared to that of nearby neurons antidromically 
excited from the cerebral peduncle (CPed neurons), and to that of cells within 0.7 mm 
of a CPut cell that were not antidromically excited. CPut neurons had very low resting 
discharge rates compared to those of CPed and nearby neurons. Approximately 55% of 
CPut cells had no task-related modulation in discharge. CPut neurons had changes in 
discharge related to static load at the wrist (33%, n=36), to wrist movements (25%), or 
at short latency to torque perturbations (19%). 31% responded to sensory examination 
of the arm. In contrast, the discharge of CPed cells was often influenced by load (74%, 
n=23), wrist movements (91%), and torque perturbations (91%). 8 6 % of the CPed 
cells responded during sensory examination. The discharge of nearby cells was often 
load sensitive (58%, n=71), movement-related (76%), and responsive to torques (85%).

The movement-related discharge observed in CPut cells was often brisk, directional, 
and began prior to movement onset 5 of 9 cells had static load effects that were 
direction specific, and torque responses woe of moderate latency (mean: 72ms, range: 
30-100 ms). Thus, the discharge of task-modulated CPut cells was appropriate to 
account for the task-related discharge of putamen neurons reported in other studies. 
The role of the silent majority of CPut neurons remains to be discovered.

318.14
PLANNING NOT TÔ  MOVE II: NO-GO TASK RESPONSES IN PRIMATE 
AREA 5. J.F. Kalaska & DJ. Crammond. Univ. de Montréal, Québec, Canada, 
& NIMH, Poolesville, MD.

Using the instructed-delay task just described, 54 cells were studied in posterior 
parietal area 5 of the same two monkeys. As in PMd, all of the cells showed late 
tonic activity during the ID period of DD and RD trials that varied with the 
intended movement direction. In both areas, these tonic responses were sustained 
even when the DD cue signal was briefly flashed for 500 msec and then 
extinguished for the remainder of the ID-period (MEM task), indicating that the 
ID-period responses were not ’visual’ driving in the simplest sense. However, 
unlike PMd, most of the area 5 cells showed directionally-tuned tonic activity 
changes after NOGO cues that were sustained for the duration of the ID period, 
and resembled their response in DD trials. Likewise, the mean population 
response during the NOGO ID-period was virtually identical to that in DD trials. 
Further, presenting visual stimuli at different target locations revealed that the 
sustained NOGO tonic responses were specific for stimuli at certain target 
locations. These NOGO response properties were most prominent in a medial part 
of area 5 that may correspond to cortical area МІР.

Therefore, when the monkey intends to move, (DD, RD & MEM trials), tonic 
activity during the ID-period in both areas 5 and PMd covaries with the intended 
movement and not with the presence and spatial location of cues. However, unlike 
PMd, area 5 cells also generate sustained tonic activity that covaries with the 
presence and location of learned potential movement targets during NOGO trials, 
and does not therefore reflect the monkey’s intention not to move. This distinction 
supports a critical role for PMd in the selection of the appropriate learned motor 
response to arbitrary visual cues, including the choice not to move. In contrast, 
area 5 ID-period activity does not always reflect the monkey’s motor intentions. 
(These studies supported by Medical Research Council of Canada).

318.16
DIRECTIONAL PROPERTIES OF SIMULTANEOUSLY-RECORDED 
NEURONS IN PRIMATE PREFRONTAL, PREMOTOR, AND MOTOR 
CORTEX. R.E. Kettner* and J.K. Marcario. Department of Physiology, 
Northwestern University Medical School, Chicago, IL 60611 & Program in 
Neural Science, Indiana University, Bloomington, IN 47405

Spike-sorting algorithms were used to separate simultaneously-recorded 
waveforms for 165 pairs of single neurons recorded from motor, premotor, and 
prefrontal cortex during a task designed to study sensory-motor transformations. 
On each trial, the monkey pressed a center button, viewed a sequence of 2 
illuminated buttons at different directions relative to the center button during the 
target (T) period, remembered the sequence during the delay (D) period, and 
then moved from the center button to the correct target buttons during the 
movement (M) period. Circular regressions were used to characterize directional 
tuning and preferred direction vectors during the T, D, and M periods. Neural 
responses were categorized based upon the presence or absence of tuned activity 
during each period. Thus, a TM response indicated statistically significant 
(p<.05) directional tuning during the T and M periods.

Most pairs (70%) consisted of neurons from different categories. Even same- 
category pairs (30%) often showed statistically significant differences in average 
firing rate profile across periods or in the direction of tuning. For instance, for a 
large group of same-category pairs that showed no tuning for both neurons, there 
were often clear differences in the average rate profiles across periods. Many of 
the other same-category neurons showed differences in their preferred direction 
of movement. These results extend previous work that suggests a variety of local 
processing in these three cortical areas. (Supported by NSF grant BNS-8919867 )

318.18
SINGLE UNIT RESPONSES IN THE SOM ATOSENSORY  
CORTEX OF THE MONKEY TO MANIPULATION OF 
DIFFERENT OBJECT TEXTURES AN D  WEIGHTS. I Salimi*, 
S. Mellah and A.M. Smith, Centre de recherche en sciences 
neurologiques, Université de Montreal, Quebec, Canada, H3C 3J7 
A  single monkey was trained to grasp, and lift an object between the 
thumb and forefinger and hold it within a position window for one 
second. The activity o f  single cells in the postcentral gyrus was 
recorded in blocks o f  trials using different combinations o f  object 
textures and weights. In another condition, a brief force-pulse 
perturbation was delivered to the object during holding to produce a 
slip or sheer force on the fingers. The majority (83% or 10/12) o f  
cells tested with different textures showed modulated activity related 
to object texture. All o f  these cells had cutaneous receptive fields on 
the hand o f  varying sized but including the thumb, index and thenar 
eminence O f 15 cells tested with various object weights, 12 showed 
modulated activity and 65% had cutaneous receptive fields. O f 34 
cells tested with the perturbation, 16 had reflex-like responses at 
latencies between 35-60ms. It is hypothesized that information 
relayed from the somatosensory cortex provides the motor cortex 
with the necessary information about object texture and weight to 
optimize grip force control. This research was supported by the 
Medical Research Council o f  Canada.
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319.1
DYNAMICS OF NEURAL INTERACTIONS IN THE FRONTAL CORTEX OF 
BEHAVING MONKEYS.
I. Haalman, M. Ābeles, A. Aertsen, H. Bergman. Y. Prut, H. Slovin and E. Vaadia*. 
Dept of physiology, The Hebrew Univ. - Hadassah Medical school, Jerusalem, Israel.

Coherent activity of pairs of neurons in the frontal cortex may be related to 
behavioral events, as was suggested by previous studies. This study was designed for 
extensively studying the role of coherent activation of cortical neurons.

Two monkeys were trained to preform a spatial delayed response task. The 
task contained four different intervals in which the sensory inputs and the motor 
behavior of the monkey, were kept the same. However, The behavioral significance 
of the (identical) stimuli and accordingly, the intention of action were different.

The activity of up to 16 units were recorded simultaneously by 6 electrodes 
while the monkey performed the behavioral task. Crosscorrelograms were calculated 
separately for each of the four different intervals for 205 neuronal pairs. Nighty nine 
pairs had correlated activity in at least one of the behavioral intervals. In 55 (out of 
99 pairs) the correlated activity was modified in relation to the behavioral state. The 
dynamics of firing patterns (of single cells) and correlated activity (between neuronal 
pairs) in relation to external (task instructing cues) and internal (saccadic eye 
movements) events was further studied by JPST analysis. The time dependent 
modulation of both firing patterns and correlated firing, bears some complex relation 
to the PSTH, that couldn’t be predicted by assuming independent firing. For example, 
in few pairs the correlation was modified while the firing rates remained steady. 
Preliminary evidence connect the dynamics of the correlated activity to the anatomical 
organization of the cells.

The results provides further experimental evidence to support the notion that 
coherent activity o f groups of neurons carry information relevant for behavior and can 
therefore participate in neural processing.

319.2
FIRING PATTERNS AS A SENSITIVE ESTIMATOR OF CORTICAL 
INFORMATION PROCESSING. Y. Prut M, Ābeles, E. Affissar*. H. Bergman. I, 
Haalman, H. Slovin and E. Vaadia. Department of Physiology, Hadassah Medical 
School, Jerusalem, Israel 91010

Firing rate, coherent activity and population code, have all been candidates for 
bases of the neural code. This study examines the possibility that precise spatio- 
temporal firing patterns (FPs) serve as a basis for the neural code.

Two monkeys were trained to perform a delayed response task, with two 
behavioral paradigms (go and no-go mode). Single unit activity in the premotor and 
prefrontal cortical areas was recorded using an array o f 6 microelectrodes. U p  to 
16 cells were recorded in each penetration.

We searched for a statistically significant repetition of spike-triplets with specific 
time intervals between them (allowing a jitter of ±1 ms). The significance estimation 
took into account the firing rate and the auto- and cross-correlation amongst the 
units. FPs were frequently found within the activity of cortical neurons. These 
patterns were composed of spikes of one or more cells, and could span hundreds of 
milliseconds. Many of the FPs appeared selectively in specific periods o f the animal 
behavior. Each set of units usually created several FPs. However in many cases FPs 
made up by the same units, but with different temporal structure appeared during 
different behavioral context. This phenomenon was seen even when the firing rate 
of the units composing the FPs was similar in the two states. Non-random ordering 
was found in the sequence of appearance of different FPs.

These results suggest that local cortical activity is governed by synchronous 
activation. Dynamics of this kind leads in turn to the appearance of such FPs. The 
properties of the FPs suggest that different spikes of the same neuron can be related 
to different computational processes, allowing the single cell to participate in several 
tasks.

319.3
COGNITIVE IMPAIRMENTS AND CORTICAL NEURONAL ACTIVITY IN 
LOW DOSE MPTP TREATED MONKEYS. H. Slovin. M. Ābeles. I. Haalman Y. 
Prut, E. Vaadia and H. Bergman.1!1 Department of Physiology, Hadassah Medical 
School, Jerusalem, Israel 91010.

Cognitive impairments have been reported frequently in Parkinson’s disease. A 
considerable overlap exists between these impairments and the pattern of cognitive 
deficits observed following damage to the frontal lobe. Physiological studies of the 
basal ganglia of MPTP treated monkeys, have shown distinct alternations in 
neuronal activity. Hence it is predicted that the neuronal activity in the frontal 
cortex would be affected in the parkinsonian state.

Two monkeys were trained to perform a spatial delayed (1-32 sec) response task 
with alternations between two behavioral modes (go and no-go mode). The activity 
of up to 16 units was recorded simultaneously in the frontal cortex, by an array of 
six electrodes. After 40 penetrations, the monkeys were treated with successive low 
dose MPTP injections (4 sessions o f 4*I.M. 0.1 mg/Kg/day).

After MPTP treatment the monkeys were impaired in their ability to switch 
between the behavioral modes. The total number of errors (mainly location errors) 
increased and was dependent on the duration of the delay. Reaction time was 
prolonged following MPTP treatment, however the movement time did not change. 
Raster displays, time interval histograms, and autocorrelograms were computed for 
single units in the normal state and after MPTP treatment. Preliminary results show 
changes in the firing pattern of single units after MPTP treatment (e.g. increase in 
2Hz oscillatory activity). Crosscorrelation analysis suggests that the level of 
synchronization between neurons was lower in the parkinsonian state.

These results indicate that low dose MPTP treatment can produce cognitive 
impairments with no significant motor effect, and demonstrate a change in 
neuronal activity in the frontal cortex which may be related to the behavioral 
deficits.

319.4
BROADBAND 1/F-LIKE COHERENCE SPECTRA IN CORTEX: A 
POSSIBLE MARKER OF BEHAVIORAL STATE-DEPENDENT  
SELF-ORGANIZATION C. M. Anderson*. T. Holrovd. S. L. Bressier. 
R. Nakamura. K, A. Selz, and A. J. Mandeli. Center for Complex Systems, 
Florida Atlantic University, Boca Raton, FL. 33431 & Laboratory of 
Neuropsychology, NIMH, Bethesda, MD.

Recently, several lines of investigation have converged on the observation of power- 
law scaling of power spectra with scaling exponents close to -1 (1/f spectra) in 
cortical and subcortical brain structures as a marker of behavioral state-dependent self
organization (see Anderson et al., 1993). We investigated whether the 1/f-like 
appearance o f cross-spectra between cortical regions might be indicative of tonic 
arousal states (Sheer, 1989). Bressier and Nakamura (1992) investigated the inter-area 
synchronization among transcortical electrode recordings from cortical sites in a rhesus 
monkey performing a GO/NO-GO behavioral response paradigm. In this study a 
water deprived monkey, after initiating a trial, was required to discriminate two visual 
stimuli by correctly releasing a lever (GO condition) in response to one stimulus 
(with water reward) and holding the lever for 500 msec (NO-GO condition) in response 
to the other stimulus. We examined the slope of the coherence spectra from 6.25 to 
93.75 Hz (log-log, Fisher z-transformed normalized cross-power spectrum) between 
recording sites in different cortical areas prior to stimulus presentation for two 1000 
trial sessions (Sİ, S2). For a 160-msec-long window prior to stimulus onset, the 
mean slopes were as follows: SI GO = -.84 and S2 GO = -.77, SI NO-GO = -1.05 
and S2 NO-GO = -.71. The slopes were not significantly different by one-way 
ANOVA [ E(3, 18) =.679, p > 0.05]. In summary, coherence spectra during this 
“behaviorally flexible” state of tonic arousal were broadband 1/f-like, suggesting the 
existence of a brain state characterized by long-range cortical correlations. Further, the 
1/f-like signature of cortical coherence spectra may prove to be a marker of the onset 
of brain self-organization during specific behavioral states.

319.5
OSCILLATIONS IN LOCAL FIELD PO TENTIALS AND NEURAL  
DISCHARGE IN MÓNKEY MOTOR CORTEX J.P. Donoghue*. G. Gaal.
M. Niethammer, and J.N. Sanes Dept. o f  Neuroscience, Brown University, 
Providence, R I02912

Previously we reported that local field potential (LFP) oscillations recorded in 
primate motor cortex decreased during execution of step tracking movements but were 
prominent during movement preparation. In the present study we investigated the 
relationship o f LFP oscillations to neural activity during the performance o f an 
isometric finger force task and at rest by recording through multiple microwires 
chronically implanted in the motor cortex. Of 36 wires implanted in two m. 
fa s c ic u la r i s  monkeys, task-related modulation of LFP oscillations, consisting of a 
decrease around movement onset, was observed at most sites. Units recorded at these 
sites showed either (1) phasic or phasic-tonic activity beginning around movement 
onset, (2) tonic activity during movement preparation, with or without a phasic burst 
at movement onset, or (3) no modulation with the task. Task-related modulation in 
multiunit activity was observed at 12 sites. Neural discharge typically occurred at 
times when LFP oscillations were not prominent. However, unit discharge often 
overlapped LFP oscillation onset for about 500 ms; at these times unit oscillations 
were evident. A few sites showed a close temporal correspondence o f unit activity 
and LFP oscillations. When oscillations in the LFP and neural records overlapped, 
unit clusters discharged near the LFP-negativity. During quiet resting, large 
amplitude, lower frequency oscillations were evident in the LFP. These shifted 
rapidly to a lower amplitude and higher frequency when the monkey performed the 
task. Unit activity was low and non-oscillatory at rest. Our results indicate that 
-30-50 Hz oscillations may arise from the synchronous activity of neurons that 
develops at some sites in motor cortex during movement preparation and collapses 
around the time of movement onset. The presence o f higher frequency oscillations in 
the LFP and in multiunit activity during movement preparation may reflect activity 
of subsets of neurons related to attention or preparation to act Support: NS 25074

319.6
RELATION BETWEEN TASK MODULATION AND SYNCHRONIZATION OF 
UNIT ACTIVITY DURING 20-40 HZ OSCILLATIONS IN MONKEY SENSORI
MOTOR CORTEX. V. N. Murthv* & E. E. Fetz. Regni. Primate Res. Ctr. and 
Physiology & Biophysics, Univ. o f  Washington, Seattle, WA 98195.

The occurrence o f  synchronous 20-40 Hz oscillations in local field potentials 
(LFPs) in sensorimotor cortex o f  awake monkeys was suggested to facilitate 
associations between cortical neurons involved in challenging sensorimotor 
behaviors. We analyzed the synchronization o f  single and multiunit activity 
recorded simultaneously at paired sites in sensory ana motor cortex ipsilaterally 
(71 pairs) and bilaterally (39 pairs) when monkeys made arm and finger 
movements to retrieve food. Cycle-triggered averages (CTAs) o f  activity o f  units 
at both sites were aligned with cycles o f  simultaneously recorded LFP 
oscillations. Units at precentral sites were usually synchronized with LFP 
oscillations (156/185); postcentral sites had less robust LFP oscillations and 
units that were less likely to be synchronized (14/35). Tabulated below are the 
number o f  cases for which units at the paired sites were related to the task and 
were synchronized with LFPs in the CTAs. (* = task-related units are 
synchronized; t  =  other units synchronized)

E
Both Task-Related

loth Synch. 
39

One Synch. Ĩ 
14

si one Sync] 
3

h. N 
56

One Task-Related 21 9* + 7 t 0 37
None Task-Related 6 8 3 17

Cross-correlation analysis in 16 pairs indicated that broad synchronization peaks 
between the units arise predominantly from periods o f  oscillations in LFPs. The 
lack o f  strong relations between the synchronization o f  units and their 
coactivation during these movements suggests that the oscillations may not be 
essential to mediate associations between neurons that are coactivated during 
movements. However, since the CTAs indicate only average synchronization 
over prolonged movement periods, it remains possible that consistent and 
specific synchronization o f  task-related neurons occurs transiently at particular 
times during movement. Alternately, widespread synchronization may play a 
more general role related to arousal or attention. (Support: N S 12542)
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319.7 319.8
EFFECT OF SYNCHRONOUS NEURAL ACTIVITY ON 
SYNAPTIC TRANSMISSION IN PRIMATE CORTEX D.-F. Chen* & 
E R. Fetz. Regni. Primate Res. Ctr. and Dept. o f  Physiol. & Biophys., 
Univ. o f Wash., Seattle, W A 98195

Synchronization o f  neuronal activity, as seen during oscillatory activity 
has been suggested to play various roles in signal processing m cerebral 
cortex. We investigated mechanisms o f  synchrony in lightly anesthetized 
and awake monkeys by recording sim ultaneously intracellular (IC) 
membrane potentials and extracellular (EC) spikes o f  neighboring neurons, 
and local field potentials (LFPs). Spike-triggered averages (STA s) o f  IÇ 
membrane potentials revealed post-spike unitary EPSPs and IPSPs, and 
synchronous synaptic potentials in the form o f  "Average Common 
Excitatory Potentials" (ACEPs) and Average Synchronous Inhibitory 
Potentials (ASIPs), both straddling the EC triggers (see table).

Amplitude Latency Risetime Duration n
EPSP 226±130μV 0.9±0.7ms 6.3±2.6ms 23.1±6.5ms 28
IPSP 227±173μV 0.6±0.8ms 7.1±1.4ms 23.3±3.4ms 9

ACEP 998±865μν -13.2±6.5ms 16.9±9.9ms 37.8±9.1ms 102
ASIP 576±544μV -4.1±3.4ms 10.0±5.8ms 27.3±8.0ms 22

Cycle-triggered averages (CTAs) aligned with 30 Hz oscillatory LFPs 
revealed subthreshold membrane potential oscillations with a peak-to-peak 
amplitude o f  1.3±0.9mV. STAs compiled selectively during oscillations 
usually showed larger ACEPs (34/48) than STAs outside oscillations. 
ASIPs could be larger (56%)  or smaller (33% ) during oscillatory LFPs. To 
investigate the possible role o f  synchrony in synaptic plasticity, EPSPs 
were evoked by intracortical microstimulation in phase with the oscillatory  
LFP cycles, and tested before and after oscillatory episodes. A transient 
increase in EPSP amplitude was observed in all 3 cells in which stimuli 
were delivered during the IC depolarizing phase, but not in 2 cells  
stimulated at other phases. This suggests that depolarization associated 
with oscillations may mediate snort-term potentiation o f  synaptic 
transmission. (Supported by N S 12542 and RR00166)

MODULATION OF RHYTHMIC FIRING OF MONKEY PRIMARY 
SOMATOSENSORY CORTICAL (SI) AND NEOSTRIATAL (NS) NEURONS 
DURING ACTIVE HAND MOVEMENTS. M.A. Lebedev* and R.J. Nelson 
Department of Anatomy and Neurobiology, College of Medicine, University of 
Tennessee, Memphis, 875 Monroe Avenue, Memphis, TN 38163.

Rhythmically firing neurons in monkey SI cortex and NS were studied because of 
their possible importance in switching between behavioral modes (see da Silva, EEG  
Clin. Neurophysiol. 79:81). Monkeys performed ballistic wrist flexions and extensions 
in response to palmar vibration (27, 57, or 127 Hz). Animals held a steady position for 
a period (> 500 ms) preceding the go-cue. The paradigm met NIH animal utilization 
guidelines. A total of 68 SI neurons (16, 7, 31 and 14 from areas 3a, 3b, 1 and 2) and 
44 NS neurons were selected because autocorrelation histograms of their firing patterns 
during the hold period had peaks at multiples of the mean interspike interval (ISI).

Changes in firing patterns from background levels (means: SI, 31±9; NS, 27±8 
spike/s) occurred often, following vibration onset, for SI (20/68) but rarely for NS 
(1/44) neurons. SI activity changes at vibration onset (15/20) were typically brief 
firing rate suppressions. Movement-associated suppressions or facilitations occurred 
for both SI (63/68) and NS (34/44) neurons, but usually didn’t vary as a function of 
movement direction (SI: 53/63; NS: 32/44). For SI neurons, facilitatory and 
suppressive influences disrupted rhythmical firing patterns rather than modulating 
mean ISIs. ISIs for SI neurons, and thus their firing patterns, were more regularly and 
narrowly distributed than those for NS neurons. However, ISIs of NS neurons were 
often smoothly modulated during go-cue presentation and/or movement execution. NS 
neurons showed shifts in mean ISIs that often occurred much earlier before movement 
(~ 100ms) than SI activity changes. Of those neurons with confirmed receptive fields 
(RFs), the vast majority in both SI and NS had deep RFs .

Others have suggested that rhythmical neuronal firing may be due to intrinsic oscil
latory properties (Llinas, C old Spring Harb. Symp. Quant. Biol., 55:933). Regardless 
of which mechanisms cause rhythmic firing, SI and NS neurons change activity at 
times consistent with the hypothesis that they are involved in switching between 
behavioral modes. Supported by USAF Gr AFOSR 91-0333 and NIH Gr NS 26473.

319.9
CHRONIC RECORDING FROM CORTICAL AREAS WITH 
MULTICONTACT SILICON MICROPROBES. E.M. Schmidt*. W.J. 
Heetderks and D.M. Camesi. Lab. o f Neural Control and Neural 
Prosthesis Program (WJH), NINDS, NIH, Bethesda, MD 20892.

Multicontact silicon microprobes have been chronically implanted, 
using aseptic operating procedures, in the supplementary motor area 
and motor cortex of primates. Each probe had six 300 μΐη2 recording 
sites arranged linearly along the shank on 200 μπι centers. These sites 
were capable of recording single and multiunit neuronal activity. The 
response of what appeared to be the same cell, as identified by task 
relationship, has been recorded for periods up to 31 days. During the 
acute phase of recovery, the recording probes appeared to migrate 
slowly through the cortex, as evidenced by task specific units 
migrating from one site to the next along the probe shank. 
Microstimulation through the electrode, after 2.5 months of 
implantation, resulted in an increase in the amplitude o f the recorded 
spikes that lasted for several days. This result is consistent with 
rupturing an encapsulating sheath around the electrode, allowing better 
access to the extracellular potentials o f surrounding neurons. 
Subsequent applications of microstimulation improved the signal to 
noise ratio of the recorded spikes but the effect disappeared within 24 
hours.

Silicon microprobes provide precise relative locations of recording 
sites within the cortex and can be used to establish interrelationships 
within cortical areas. With current techniques, recordings can be 
obtained over periods of up to four months. Research is underway to 
extend this time period.

319.10
UPDATE O N  NEW  TECHNIQUES FOR PR O C ESSIN G  
MULTICHANNEL NEURAL/EMG RECORDINGS.
D-R. Humphrey*. D.J. Reed. K. Mewes. L.R. Hochberg, and M. 
Burrow. Lab. of Neurophysiology, Emory Univ. Sch. of Med., 
Atlanta, GA 30322.

We are currently conducting projects in which simultaneous, multi-unit 
recordings are obtained from 16-24 closely spaced sites in the precentral 
motor cortex of the awake, behaving monkey, and from 8 to 16 
intramuscular EMG electrodes. Such a deluge of data requires new 
technologies for quickly scanning patterns of neural and muscular 
discharge, for quantitatively comparing these patterns, and for detecting 
slow but consistent changes in them as new motor skills are acquired.

Last year, we described software for displaying multichannel data in an 
η X m matrix, where the color of each matrix cell represents the mean 
or integrated level of activity over a finite (20-50 ms) time interval at a 
single recording site. The matrix provides a convenient, easily scanned 
display of levels of activity at multiple recording sites. By storing 
selected matrices, statistical comparisons can be made also of activity 
patterns across brain and muscular domains during different movements, 
at different times during a given movement, and at different stages of 
skill acquisition. We are developing also pattern recognition software 
which allows changing neural patterns to be tracked quantitatively as 
new skills are acquired, or prediction (from brain signals) of the 
emergence of intended limb movements. Such data potentially can be 
used for control of neural prosthetic devices or functional neuromuscular 
stimulation in paralyzed patients. In this update, EMG and cortical data 
will be presented from the awake, behaying monkey. Supported by 
NIH Grant NS 28858 and Contract N01-NS-1-2308.

BASAL GANGLIA AND THALAMUS IV

320.1
EVIDENCE THAT NEUROTENSIN-RELATED PEPTIDES ARE FOUND IN THA- 
LAMOSTRIATAL PROJECTION NEURONS. E.J. Karle*. C.L. Veenman. K.D. 
Anderson япгі A. Reiner. Dept. Anat. & Neurobiol., UT, Memphis, TN 38163.

The striatal part of the basal ganglia receives cortical and thalamic input in all 
amniote species. Although the localization and role of glutamate in the cortico- 
striatal projection system has been extensively studied, little attention has been 
devoted to the transmitters utilized by the thalamostriatal projection. In the pre
sent study, we used a variety of methods to investigate the neuroactive sub
stances used by thalamostriatal projection neurons in birds. Retrograde label
ing with fluorogokJ in pigeons showed that thalamostriatal projection neurons 
form a large neuronal field spanning the dorsomedial, dorsointermediate and 
dorsolateral cell groups of the thalamus. Based on its topographic location, its 
projection to the striatum, and on the fact that it receives pallidal input, this neu
ronal field appears comparable to the intralaminar thalamic nuclei of mammals. 
Immunohistochemical single-labeling of sections from colchicine-treated birds 
showed that many neurons are present in this thalamic field that are identical in 
morphology and abundance to thalamostriatal projection neurons and contain 
the neuropeptide neurotensin and the neurotensin-related hexapeptide 
LANT6. EM immunohistochemical single-label studies revealed that LANT6+ 
terminals are abundant in the avian striatum and in many cases make asymmetric 
synapses with the heads of spines. EM immunohistochemical double-labeling 
using DAB as a marker for substance P (SP) and using silver-intensified im- 
munogold as a marker for LANT6 further revealed that both SP+ and non-SP+ 
striatal neurons receive LANT6+ axospinous input. These various results indi
cate that thalamostriatal projection neurons in birds contain neurotensin and/or 
LANT6 and synapse on spiny striatal neurons. Since immunolabeling shows 
neurons in this thalamic cell field also contain glutamate, it is likely that the thala
mostriatal neurons are also glutamatergic. NS-19620, NS-28721 (AR).

320.2
INFLUENCE OF EXCITATORY AMINO ACID ANTAGONISTS AND DOPAMINE 
AGONISTS ON THE FIRING RATE OF SUBTHALAMIC NUCLEUS NEURONS. 
LA. Thompson* and J.R. Walters. ETB, NINDS, NIH, Bethesda, MD, 20892.

Current models of basal ganglia function suggest that the subthalamic 
nucleus (STN) is an integral excitatory link in the indirect pathway from the 
striatum (through the globus pallidus and STN) to the substantia nigra and 
entopeduncular nucleus. Excitatory amino acids and dopamine (DA) are 
among the neurotransmitters that may influence activity in the STN either 
locally or indirectly. We have examined the impact of systemic manipulations 
of these neurotransmitter systems on the activity of STN neurons using 
extracellular single unit recording techniques in locally-anesthetized, paralyzed 
rats. Blockade of NMDA receptors with the non-competitive antagonist MK 
801 had no significant effect on average on the firing of STN neurons 
(cumulative doses, 0.001 to 3.3 mg/kg i.v, n=8). At the highest dose tested, 
however, some individual neurons increased (n=3) or decreased (n=3) their 
rates. Likewise, the competitive AMPA receptor antagonist NBQX had no 
significant effect on average on the activity of STN neurons (cumulative doses,
1.0 to 33.3 mg/kg i.v., n=7). Two neurons were, however, inhibited by NBQX 
in a dose-related manner. Bolus administration of the non-selective DA 
agonist apomorphine (0.32 mg/kg i.v.) significantly increased the firing of STN 
neurons (n=7). The mean (±SEM) increase in firing rate was 93 ± 17% above 
the baseline rate and ranged from 41 to 161%. This effect was reversed (to 
within ±20% of baseline) with the DA antagonist haloperidol (0.2 mg/kg i.v.) 
and may be mediated at least in part by D1 receptors since the D1 agonist 
SKF 38393 (10-20 mg/kg i.v.) also increased STN firing (5/6 neurons, 42 to 
250% above baseline). These excitatory effects are unexpected in light of 
current models of basal ganglia organization that predict increased inhibitory 
pallidosubthalamic activity following dopamine agonist administration.
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3 2 0 .3
THE ULTRASTRUCTURAL RELATIONSHIP OF GLUTAMATE IMMUNO- 
REACTIVE TERMINALS AND 3-HYDROXY ANTHRANILIC ACID 
OXYGENASE LABELED ASTROGLIAL PROCESSES IN THE RAT 
STRIATUM. K.E. McCarthy1. O.P. Ottersen2*. E. Okuno1. R. Schwarcz1 andR.C. 
Roberts'. Maryland Psychiatric Research Center1, Baltimore, MD 21228 and Dept. 
of Anatomy, Univ. of Oslo2, P.O. Box 1105 Blindem, 0317 Oslo 3, Norway.

3-Hydroxyanthranilic acid oxygenase (3HAO) is the biosynthetic enzyme for 
quinolinic acid, an endogenous agonist of the NMDA glutamate receptor subtype 
and potent neurotoxin. In the striatum, ЗНАО-immunoreactivity (-i) is present in 
astroglial cells and in fine calibre glial processes which often surround or abut 
synaptic profiles, both asymmetric and symmetric. In this study, pre- and post
embedding immunocytochemical methods were used to colocalize ЗНАО-і and 
glutamate-i in the rat striatum. Striatal sections from rats (n=4) that were perfused 
with 1 % glutaraldehyde and 1 % paraformaldehyde were incubated in 3HAO antisera 
(1:3000) for 72 hrs, reagents from the ABC Vectastain kit and diaminobenzidine. 
Following embedding with Durcupan resin, selected regions of the striatum were 
thin sectioned, incubated with glutamate antisera (1:500, 2 hrs) and then with a 
secondary antibody coupled to colloidal gold. Test sections indicated high glutamate 
specificity and minimal background labeling. Glutamate-i was heavily deposited (2- 
10 fold higher gold particle density than tissue average) in axon terminals forming 
asymmetric synapses with spines and occasionally with dendrites. Terminals forming 
symmetric synapses, dendrites, neuronal somata and glial cells contained minimal 
labeling. ЗНАО-і was present in glial processes which partially surrounded or were 
adjacent to glutamate labeled terminals forming asymmetric synapses. 3HAO labeled 
glial processes also were adjacent to unlabeled terminals forming symmetric 
synapses. These results demonstrate that astrocytic quinolinic acid is in a position 
to affect glutamate receptor function in the rat striatum.

Supported by USPHS grants NS28236 and MH44211.

3 2 0 .5
GAMMA-AMINOBUTYRIC ACID ACCUMULATION IN 
MOUSE THALAMUS FOLLOWING GABA-T INHIBITION; 
EFFECTS OF DOPAMINERGIC MANIPULATIONS.
P, Martin*. M.L, Carlsson and A, Carlsson. Dept. of 

Pharmacology, Medicinareg.7, 413 90 Gothenburg, Sweden.
The accumulation of gamma-aminobutyric acid (GABA) in the 

mouse thalamus was measured after inhibition of GABA- 
transaminase (GABA-T) by means of systemic administration of the 
irreversible inhibitor gamma-acetylenic GABA (GAG, 200 mg/kg 
i.p.). GABA accumulation was linear with time for at least 60 
minutes after GAG injection.

A novel technique was used to isolate the thalamus of mice. After 
decapitation the brains were removed and hemisected through the 
midsaggittal line. Hence the thalamus became accessible and was 
selectively frozen and removed with a forceps cooled by dry ice.

After treatment with reserpine and α -m ethyltyrosine, the 
accumulation of GABA in thalamus was decreased to 72 % of 
controls. Conversely, the GABA accumulation following an 
injection of d-amphetamine (6 mg/kg) was increased to 120 % of 
controls.

The data will be discussed in relation to the proposed existence of 
positive and negative cortico-striato-thalamo-cortical feedback loops.

3 2 0 .7
DOPAMINE-RICH STRIOSOMES IN THE SENSORIMOTOR STRIATUM
T. Brashers-Krug* and AM. Graybiel. Dept. of Brain and Cognitive Sciences MIT, 
Cambridge, MA 02139 USA

The anatomical distribution of dopaminergic fibers innervating the striatum is far 
more heterogeneous than was once thought. In the human and monkey, tyrosine 
hydroxylase-like immunoreactivity (ΤΗ-LI) is patterned in accordance with 
striosomal borders in the caudate nucleus and parts of the putamen, with pockets of 
low TH-LI corresponding to striosomes. Pockets of enhanced TH-LI can also be 
observed in the primate putamen, including some in regions in which it is very 
difficult to detect striosomes with current staining techniques. In the adult rat, patches 
of dense dopamine-like immunoreactivity (DA-LI) have been found in the 
dorsolateral striatum. Because the dorsolateral striatum of the rodent resembles parts 
of the primate putamen both in its neurochemistry and in its connections, we decided 
to investigate the relation of the dense patches of DA-LI to patterns of TH-LI in this 
zone of the rat's caudoputamen, and to determine whether striosomes could be 
identified in this region. We also used alpha-methyl-paratyrosine (a-mpt), an 
inhibitor of TH, to see whether we could observe any difference in the turnover of DA 
inside and outside these patch systems. Frozen sections from the brains of 10 untreated 
adult Sprague-Dawley rats were stained for DA-LI. All 10 displayed prominent 
dorsolateral patches of intense DA-LI. Adjacent sections from 6 of these rats were 
stained either for TH-LI or, to mark the striosomes, for dynorphin-B-like IR (DYN- 
LI). We found that the dorsolateral patches of intense DA-LI were aligned with the 
DYN-positive patches and with patches of intense TH-LI. Thus, dorsolaterally, the 
striosomal marker, DYN-LI, was aligned with patches rich in DA-LI and TH-LI. 
Another 12 adult rats were each given a-m pt (250mg/kg i.p.) and perfused at 0.5 (n 
= 2), 2 (n = 8) or 2.5 (n = 2) hr. All rats displayed behavioral effects of the drug. We 
were unable to detect any significant difference in the relative decline of DA-LI in the 
striosomes and surrounding matrix, suggesting that the difference in DA-LI between 
the striosomes and matrix in this region may not be due to a lower rate of striosomal 
DA turnover. The overlapping distribution of intense TH-LI and DA-LI suggests 
instead that the dorsolateral striosomes may be producing more dopamine than the 
matrix. (Supported by NIH Javits Award NS25529).

3 2 0 .4
NICOTINE RECEPTOR STIMULATION INCREASES EXCITABILITY OF 
STRIATAL DOPAMINE TERMINALS. P. Patine* M. Garcia-Munoz. S.J. Young, 
and P.M. Groves. Dept. Psychiatry, Sch. of Medicine, UCSD, La Jolla CA 92093. 
Anatomical evidence suggests a lack of direct synaptic interaction between 

dopamine (DA) terminals and cholinergic (АСҺ) neurons in the striatum. However, 
the occurrence of close appositions between striatal DA and АСҺ fibers and the 
presence of presynaptic auto- and heteroreceptors on these terminals may provide a 
means for interaction between these systems in which activation of presynaptic 
receptors could occur by diffusion of transmitter from synaptic sites. The D2-DA 
receptor type is expressed in the majority of striatal cholinergic cells. Activation of 
this receptor inhibits the release of АСҺ. Nicotinic АСҺ receptors are located on DA 
nigrostriatal terminals and pharmacological studies indicate that stimulation of these 
receptors increases DA synthesis, metabolism and release. We used the terminal 
excitability technique to study the electrophysiological consequences of the 
activation of nicotinic receptors on nigrostriatal terminals. One to two weeks prior to 
the excitability study, rats received an intrastriatal administration of kainic acid (1.5 
μg/0.3μl) to eliminate most classes of intrinsic neurons. Antidromic action 
potentials, recorded extracellularly from a substantia nigra pars compacta neuron, 
were elicited with a bipolar stimulating electrode placed alongside drug infusion 
cannulae in the dorsomedial striatum of u rethane anesthetized male Sprague- 
Dawley ra ts . Drugs dissolved in normal saline were delivered using an infusion 
pump (0.3 μΐ over 5 min). Striatal administration of nicotine (100μΜ) produced a 
significant increase in excitability (10 ± 1.7 %) in 5 of 6 cells which was reversed by 
intrastriatal infusion of the specific nicotinic antagonist mecamylamine (10μΜ) in 3 
of the 5 cells. These results provide electrophysiological evidence consistent with 
previous neurochemical studies that cholinergic agents can increase DA transmission 
via heteroreceptors on DA terminals. Additional experiments are underway to 
establish whether striatal DA terminals have access to endogenous АСҺ. Presynaptic 
interactions involving stimulation of nicotinic heteroreceptors on nigrostriatal 
terminals may provide one route through which the striatal cholinergic system can 
influence DA transmission.

3 2 0 .6
PREPROENKEPHALIN mRNA LEVELS IN THE STRIATUM OF NORMAL 
AND PARKINSONIAN MONKEYS. J.-J. Soghomonian*. P.-Y, Coté and A. 
Parent. Centre de recherche en Neurobiologie, Fac. of Med., Univ. Laval, Québec 
(Qc.), Canada, G1K 7P4

Levels of preproenkephalin (PPE) mRNA were measured in different sectors of 
the caudate-putamen in control (n=5) and parkinsonian (n=7) monkeys (S a im ir i  
s c iu r e u s )  after administration of the neurotoxin l-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP). Cryostat-cut sections of the brains were obtained at 
different frontal levels of the caudate-putamen and processed for in  s itu  hybridization 
histochemistry with 35S radiolabeled cDNA probes from human sequences. 
Densitometrie measurements of radioautographic labeling on X-ray films were 
performed by computerized image analysis. In control animals, PPE mRNA levels 
were similar in the dorsal and ventral putamen. Labeling in the dorsal caudate, 
however, was significantly lower than in the ventral caudate or than in the dorsal 
putamen. When compared with their respective values in controls, there was an 
increased PPE mRNA labeling in the dorsal putamen of MPTP-treated primates. 
This increased labeling was observed at four different frontal levels of the putamen 
and ranged from +30-70%. In contrast, no significant differences between controls 
and MPTP-treated primates were observed in the ventral putamen or the dorsal and 
ventral caudate. In MPTP-treated animals, the extensive loss of dopaminergic 
fibers in both caudate and putamen was shown by tyrosine-hydroxylase 
immunohistochemistry on adjacent sections. The present results demonstrate a 
specific increase in PPE mRNA levels in the putamen of MPTP-treated primates 
and suggest that PPE mRNA expression is specifically altered in those striatal 
regions involved in sensorimotor processing that project primarily to the external 
pallidal segment. [Supported by FRSQ, MRC and the Parkinson Society of 
Canada].

3 2 0 .8
H A L O P E R ID O L  IN C R E A S E S  L E V E L S  O F  G L U T A M IC  A C ID  
D E C A R B O X Y L A S E  (G A D  67 ) m R N A  IN R A T  G L O B U S  
P A L L ID U S : B L O C K A D E  B Y  S C O P O L A M IN E  J.M. Pelfs*. N.J. 
Anegawa. N.C. Clavel and M.-F. Chesselet. Institute of Neurological 
Sciences and Department of Pharmacology, University of Pennsylvania 
School of Medicine, Philadelphia, PA 19104.

Enkephalin-containing striatopallidal neurons and GABAergic projection 
neurons of the globus pallidus (GP) and entopeduncular nucleus (EP) 
are critical for motor control by the basal ganglia and may be involved in 
the development of neuroleptic-induced motor side effects. To test this 
hypothesis, rats were treated for 7 days with haloperidol (1 mg/kg, s.c.), 
the muscarinic antagonist scopolamine (1 mg/kg, s.c.) or a combination of 
the two drugs. Rats were injected daily and tested for catalepsy at 2 and 
4 hr on treatment days 1,3 and 7 using the horizontal bar method. Rats 
which received haloperidol exhibited moderate catalepsy. This effect 
was completely blocked by co-administration of scopolamine, which had 
no effect when given alone. Rats were sacrificed 24 hr after the final drug 
injection, and in situ hybridization using 35S-RNA probes specific for 
enkephalin or GAD 67 mRNA was carried out in striatum and pallidum, 
respectively. An increase in levels of enkephalin mRNA was observed in 
the striatum of haloperidol-treated rats. Scopolamine, which did not alter 
striatal enkephalin mRNA levels, only partially reduced the haloperidol- 
induced increase in enkephalin mRNA levels. A marked increase in 
levels of GAD 67 mRNA was observed in the GP after treatment with 
haloperidol. This increase was completely blocked by co-administration 
of scopolamine. In contrast to findings in the GP, levels of GAD 67 
mRNA in the EP were unchanged after treatment with haloperidol. This 
work was supported by PHS grants MH 44896 and MH 17168.
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3 20 .9
REGULATION O F SUBSTANTIA N IG R A  PA R S R ETICULATA  
NEURONES BY SERO TO NIN AN D  GA BA  IN VITRO.
C.E.Rick and M .G .Lacev*. D ept. o f  Pharm acology, U niversity o f  
Birmingham, BIRM ING H AM  B15 2T T , U K .

The GABA-containing neurones o f substantia nigra pars reticulata 
(SNr), which project to thalamic, collicular and brainstem regions, 
receive input from striatum and pallidum and thus act as a major output 
relay from the basal ganglia. The SNr region additionally receives 
serotonin-containing input from the dorsal raphe nucleus.

Extracellular single unit recordings were made from SNr neurones in 
superfused slices o f  rat midbrain at 35°C. Cells fired spontaneously at 
rates up to 37 Hz (mean o f 9 .3  Hi 0 .6  H z, 105 cells), with a biphasic 
spike waveform o f  less than 1 ms duration. Serotonin (1-30μΜ ) caused 
a slow, concentration-dependent, reversible excitation in 76% o f  the 105 
cells tested. This effect was reduced by methysergide (100 nM; 11 
cells), but not spiperone (100 nM; 7 cells), implicating a 5-HTlc-type 
receptor. The GABAa receptor antagonist bicuculline (30 μΜ) increased 
firing rate by 24 - 150% in 12/13 cells examined, indicating a GABA- 
mediated inhibitory tone on these cells, possibly mediated by recurrent 
axon collaterals. In the presence o f  bicuculline, the serotonin excitation 
was diminished, suggesting that the response to serotonin comprised 
both pre- and postsynaptic components, the former involving an effect 
on GABA release.

3 2 0 .1 0
TRITIATED GABA RELEASE IN THE RAT SUBSTANTIA NIGRA : 
DIFFERENTIAL REGULATION BY NICOTINIC AND MUSCARINIC 
AGONISTS. N. Kayadjanian, S. Rétaux, H. Gioanni, A. Ménetrey, J.J Bouyer and
M.J Besson. Lab. Neurochimie-anatomie and Lab. Neurophysiologie comparée, IDN- 
UPMC, CNRS URA 1488, 75005 Paris.

The effect of АСҺ on the spontaneous release of 3H-GABA was investigated 
in rat substantia nigra (SN) slices. Ach (5xlO'5M and 5xl0'^M) superfusion in the 
presence of 5x10'%! ešerine increased the 3H-GABA spontaneously released. To 
further characterize the cholinergic receptor subtypes involved in this effect, the action 
of nicotine and carbachol (ССҺ) a muscarinic agonist were studied. ССҺ (SxlO'^M) 
induced a 10% increase of 3H-GABA release which was Ca^+-dependent and totally 
abolished by atropine (2xlO"^M). Pirenzepine 10'^M (a Ml antagonist) and AFDX- 
384MS 5xl0*^M (a M2 antagonist) also abolished the effect indicating a Ml and M2 
muscarinic receptor activation. Moreover, dopamine seems not to be involved since a 
D1 antagonist, SCH23390 at 10"6M was ineffective to reverse the response. 
Interestingly, after a striatal lesion with kainic acid a decrease in the 3H-pirenzepine 
binding in the SN was observed. These results suggest a direct muscarinic modulation 
of the nigral GABA release through muscarinic receptors localized on GABA striato- 
nigral terminals. Nicotine (10'^M) induced a 20% increase of the 3H-GABA release, 
which is totally abolished by pempidine (10'^M), a nicotinic antagonist, and by 
lowering the concentration of C a^ + to 0.4 mM. By contrast with the long-lasting 
effect of ССҺ the nicotine-induced effect was very transient lasting no more than 2 
min. Finally, dopamine acting through D1 receptors appears to mediate this interaction 
because SCH23390 (10"6M) totally abolished the effect. Thus, the activation of both 
muscarinic and nicotinic receptors has an excitatory effect on the nigral GABA release 
but their action is very different according to the cholinergic receptor subtypes 
involved.
Supported by the Human Frontiers Program.

3 2 0 .1 1
DEVELOPMENT OF DOPAMINE (DA) PATCHES AND THEIR 
RELATIONSHIP TO THE 90 kDa PROTEIN EXPRESSION IN THE RAT

Dept. of Anatomy and Neurobiology, College of Medicine, University of Tennessee, 
Memphis, Memphis, TN 38163.

Adhesive interaction between neurons and glia play a crucial role in the 
development of the mammalian CNS. The present study describes the distribution of 
a 90 kDa protein that appears to be involved in cell adhesion. The monoclonal 
antibody 11-59 which specifically recognizes this protein is capable of blocking 
neuronal binding to monolayers of cultured astrocytes (Peduzzi et al, Neurosci, Abstr. 
17, 1991, 761). Based on the preliminary biochemical studies, the 11-59 antigen is 
an integral membrane glycoprotein that contains at least one disulfide bond and the 
epitope recognized by the antibody is on the external surface of cultured neurons and 
glia.

A correlation of distributions of 11-59 with DA terminals in the neostriatum 
during the embryonic (E14,16,18,20) and postnatal periods (P 0,3,7,14 and5wks) 
was studied. Thirty micron sections were processed for fluorescent double labeling 
immunocytochemistry for 11-59 and tyrosine hydroxylase (TH). In addition, 
distributions of 11-59 were examined with an electron microscope. TH labeled fibers 
were observed at E14 and 11-59 labeling was first observed at E16. TH patches 
emerged at E20 and corresponded with 11-59 patches. These correspondences in 
labeling were observed throughout the development but the patches were most 
evident at P7. At 5 weeks postnatal the labeling was generally diffuse. When the 
distribution of 11-59 was examined at the ultrastructural level, the immunoreactivity 
was localized to the external surface of membranes in the neuropil.

This study reveals a close relationship between the formation of the DA patches 
and the expression of 90 kDa membrane protein in the developing neostriatum. 
S u p p o r ted  b y  N IH  g ra n t N S 2 0 7 0 2  a n d  H um an  F ro n tie rs  P ro g ra m .

3 2 0 .1 2
CORRELATION OF SUBSTANTIA NIGRA PARS COMPACTA (SNc) 
DOPAM INE (DA) CELL M ORPHOLOGY WITH ITS 
ELECTROPHYSIOLOGICAL CHARACTERISTICS. Y. Kuea*. T. Kono. T.

College of Medicine, University of Tennessee, Memphis, Memphis, TN 38163.
Recently we have classified DA neurons as Type I and Type II based on the 

presence or absence of low threshold calcium spikes (LTS). This study deals with 
the morphology of rat SNc DA neurons which might correlate with the 
electrophysiological subtypes. Intracellular recordings were obtained from DA 
neurons in in  v itro  slice preparations and the recorded neurons were intracellularly 
labeled with biocytin. A fluorescent double labeling technique was used to identify 
biocytin labeled neurons and tyrosine hydroxylase immunopositivity. The labeled 
DA neurons were reconstructed from serial sections and their somatic shape and size, 
the number and thickness of primary dendrites, and the location of axonal origin were 
assessed. The locations of the labeled neurons were also identified from Nissl stained 
sections.

Of 45 DA neurons, 29 belong to Type Π and 16 Type I. Morphological analysis 
demonstrated that all fusiform cells and 76% of pyramidal cells woe of Type II and 
86% of polygonal cells Type I. The fusiform cells were located predominantly in the 
rostrodorsal region of the SNc, usually had two primary dendrites and the axon 
emerged from the tertiary dendrite. The pyramidal cells had 3-6 primary dendrites 
with a thick apical dendrite and the axon originated from the soma or the primary or 
secondary dendrite. The polygonal cells usually located in the ventral region of the 
SNc, had 4-7 primary dendrites and the axon arose from the soma or the primary 
dendrite.

Findings indicate that, in general, Type II neurons are represented by two 
morphologically distinct cell types, fusiform and pyramidal while Type I neurons by 
a single morphological cell type, polygonal. S u p p o r ted  b y  N IH  g ra n t N S 2 0 7 0 2  and 

H um an F ron tiers  P ro g ra m

3 2 0 .1 3
A WHOLE CELL PATCH CLAMP STUDY ON CALCIUM CURRENTS 
RESPONSIBLE FOR RHYTHMIC FIRING IN DOPAMINE (DA) NEURONS IN 
THE SUBSTANTIA NIGRA PARS COMPACTA(SNc). Y. Kang* and S.T. Kitai, 
Dept. of Anatomy and Neurobiology, College of Medicine, University of Tennessee, 
Memphis, Memphis, TN 38163.

Previously, we have reported that the pacemaker-like slow depolarization (PLSD) 
is responsible for a rhythmic firing of DA neurons. PLSD is evoked when the 
membrane potential is raised from a holding potential of around -90mV to -50 to -40 
mV. The underlying currents responsible for PLSD were studied using a whole cell 
patch clamp technique in in  v i tr o  slice preparation. Coronal slices (150-200jim) 
were obtained from 2-3 wk old rats. Patch pipettes were filled with a standard 
solution but in some cases CsCl was replaced by K-gluconate (145 mM) in orderio 
suppress K+ currents. Bathing media was adjusted to better isolate Ca2+ currents. 
TTX and 4-AP woe applied extracellularly and CsCl and EGTA were iniracellularly 
applied. Recorded neurons were identified as DA neurons by intracellular labeling 
with lucifer yellow injected through a recording pipette.

When the positive command pulse (to -50 mV) was applied to a DA neuron with a 
holding potential of -90 mV, either a persistent Ca2+ current (Ip) or a transient Ca2+ 
current (Ų followed by Ip were observed. Threshold for activation of It was around 
70 to -65 while that of Ip around -60 to -55. Inactivation time constant for It was 28 
± 12 msec at -60 mV. Inactivation of Ip was not obtained even with a command 
pulse of 400 msec at -50 mV. When EGTA concentration was reduced from lOmM 
to ImM, Ip decay time constant was significantly reduced. Ni2+ and Cd2+ selectively 
blocked It and Ip respectively. Ip was also blocked by ω-conotoxin but not by 
nifedipine. Data indicate that the persistent Ca2+ current is a major current 
responsible for PLSD. S u p p o r te d  b y  U S P H S  g r a n t  N S 2 0 7 0 2  a n d  th e  H um an  
F ron tiers  P rogram .

3 2 0 .1 4
CHOLINERGIC PROJECTIONS FROM THE PEDUNCULOPONTINE NUCLEI 
(PPN) TO DA NEURONS IN THE SUBSTANTIA NIGRA PARS COMPACTA 
(SNc). T.Futami* and S.T. Kitai. Dent, of Anatomy and Neurobiology, College of 
Medicine, University of Tennessee, Memphis, Memphis, TN 38163.

Electrophysiological studies indicated an excitatory nature of PPN inputs to SNc 
and glutamate as a possible neurotransmitter involved in this pathway. Since 
immunocytochemical findings indicate PPN neurons are predominantly cholinergic 
we have investigated the effects of anti-cholinergic agents on PPN induced EPSPs on 
SNc dopamine (DA) neurons of the rat in in v itro  slice preparation.

Glass pipettes filled with 3% biocytin were used for recording. Stimulation 
(intensity <2 μΑ, duration 0.2 ms) was applied through a monopolar electrode. 
Kynurenic acid (1 mM) as a glutamate antagonist and atropine (50 μΜ), 
mecamylamine (10 μΜ) and pirenzepine (10 μΜ) as anti-cholinergic agents woe 
infused with the bathing media. After the recording, the slices were processed for 
immunocytochemistry to identify the morphology and transmitter phenotype of the 
recorded neurons. All DA neurons analyzed had a resting membrane potential of -55 
mV or more and the amplitude of action potential was larger than 60 mV. Electrical 
stimulation of PPN induced monosynaptic EPSPs in DA neurons with latencies 
ranging from 1.9 to 8.0 msec. Monosynaptic nature of the EPSPs was defined by 
constant latencies with varying stimulus intensities and high frequency stimulations 
(300 Hz). EPSPs often consisted of two components (fast and slow). The 
amplitude of two component EPSPs was usually reduced by kynurenic acid and the 
remaining responses were further suppressed by atropine application. It was also 
found that an application of pirenzepine preferentially suppressed the slower 
component of the EPSP while mecamylamine mainly affected the faster component

These results indicate that (1) both glutaminergic and cholinergic transmissions are 
involved in PPN induced EPSPs in DA neurons, and (2) both nicotinic and 
muscarinic receptors are activated for cholinergic transmission. S u p p o rted  b y  N IH  
g ra n t N S 2 0 7 0 2  a n d  H um an F ro n tiers  P ro g ra m .
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3 2 0 .1 5
VOLTAGE-CLAMP ANALYSIS OF CA^ CURRENTS IN ACUTELY 
DISSOCIATED RAT GLOBUS PALLIDUS NEURONS. T. Seno. D. J, Surmeier 
and S.T. Kitai*. Dept. of Anatomy and Neurobiology, College of Medicine, 
University of Tennessee, Memphis, Memphis, TN 38163.

Previous intracellular recordings from pallidal neurons have identified two neuronal 
classes that differ in their discharge patterns and projection sites (Kita and Kitai,
1991). We sought to determine the extent to which the biophysical properties of the 
Ca^ currents in these neurons might help explain these differences.

Pallidal neurons were acutely dissociated from young adult rats (3-7 weeks 
postnatal) using techniques similar to those previously described by our group. In 
brief, pallidal segments were dissected from 400 μτη coronal slices and incubated for 
20-30 minutes in pranaše E (1.5 mg/ml) at 35°C. Tissue was then washed, 
mechanically dissociated and plated into a recording chamber mounted on the stage of 
an inverted microscope. Patch-clamp recordings used standard techniques at room 
temperature. Neurons were dialysed with a K-free solution containing (in mM): 180 
N-methyl-d-glucamine, 4 MgCl2, 10 EGTA, 40 HEPES, 2 Na2ATP, 0.2 Na3GTP,
0.1 leupeptin, 12 phosphocreatine, pH=7.3 (with phosphoric acid), 265 mOsm/L. 
The external solution consisted of (in mM): 135 NaCl, 20 CsCl, 1 MgCl2, 10 
HEPES, 0.001 TTX, 2-10 CaCl2or BaCl2, 10 glucose, pH=7.3 with NaOH, 300-305 
mOsm/L. Recordings were made exclusively from neurons with large somatic 
diameters (15-25 μπι).

Whole-cell Ca2+ currents of the large pallidal neurons were of the high-voltage- 
activated (HVA) type. No evidence was found for a prominent low-volage activated 
current. HVA currents were readily blocked by Cd^ with an IC50 near 2 μΜ. 
Organic Ca*+ channel blockers allowed the HVA currents to be dissected into three 
components: 1) an L-type current sensitive to nifedipine (5 μΜ); 2) an N-type current 
sensitive to ω-conotoxin GVIA (2 μΜ); and a third current resistant to either ligand. 
T h is w o rk  w a s  su p p o r te d  b y  U S P H S  g r a n ts  N S  2 8 8 8 9  (D J S ) a n d  N S  2 6 4 7 3  (S T K ).

3 2 0 .1 7
REGIONAL VARIATIONS IN THE RESPONSES OF NEOSTRIATAL 
NEURONS IN RATS PERFORMING A HEAD MOVEMENT TASK T.W. 
Gardiner* and S.T. Kitai. Department of Anatomy and 
Neurobiology, University of Tennessee, Memphis, TN 38163 
Recordings of striatal single-unit activity were 

obtained from rats performing left or right head movements in response to auditory cues. Previously we 
demonstrated that neurons actively related to this task 
were prevalent in both the globus pallidus and in regions 
of the neostriatum dorsal and adjacent to the pallidum 
(Gardiner & Kitai, Exp Brain Res, 88:517, 1992). We are 
now examining whether there are regional differences in 
striatal responses related to head movements by extending 
our recording sites to anterior and lateral parts of the neostriatum. Of 240 neurons recorded to date, 109 
altered their activity during task performance. In the 
lateral part of the anterior neostriatum, most task- 
related neurons changed their firing rates in relation to 
head movements per se, whereas responses related to other 
aspects of the task occurred less frequently. In 
contrast, in central and medial parts of the anterior 
striatum, nearly one-third of the neurons recorded thus 
far increased their firing rates in association with the 
interval between trial onset and the onset of the 
movement cue (the ’hold' period). Many of these neurons 
also exhibited cue-related and movement-related changes 
in their activity, similar to those observed previously 
in more caudal areas. These results thus demonstrate 
that neuronal responses related to performance of head 
movements are prevalent throughout much of the striatum 
in rats, and preliminary analysis of the data obtained to 
date suggests that the nature of these responses are 
regionally-specific. Supported by NIH Grant NS-26473.

3 2 0 .1 6
MORPHOLOGY OF NEURONS IN P AND NP REGIONS OF 
RAT STRIATAL GRAFTS.
S. U su i* , Z .C . X u , C J .  W ilso n  a n d  S .T . K ita i  D e p t. o f  A n a to m y  a n d  
N e u ro b io lo g y , C o lle g e  o f  M ed ic in e , U n iv e r s ity  o f  T en n essee , M em p h is , 
M e m p h is , TN .

Cytochemical and connectional studies have shown that embryonic striatal 
cells grafted into the lesioned striatum develop two distinctly different tissue 
compartments, termed P and NP regions. While the P regions show most of the 
characteristic cytochemical markers of the adult striatum, the NP regions do not, 
and so have been proposed to consist of tissue of nonstriatal origin inadvertently 
introduced during grafting. The presence of cells with pallidal-like and cortical- 
like morphology has also been reported.

We have compared a sample of intracellularly stained cells in the P and 
NP region with normal adult neostriatal neurons. Cells were stained either by 
intracellular injection of biocytin during intracellular recording in live slices, or 
using Lucifer yellow in lightly fixed slices. In either case the tissue was 
counterstained by immunocytochemistry using antibodies against tyrosine 
hydroxylase, to stain the P regions. Of 84 stained cells, 28 were in the P 
regions, while 56 were in the NP region. Cells in the P region were typical 
striatal spiny neurons. Cells in the NP region had less branched dendrites and 
fewer dendritic spines, but 45 of the 56 cells had the morphological features 
characteristic of spiny striatal cells. Of the remaining 11 cells, 5 were 
recognizable as striatal aspiny neurons. Only 6 neurons showed characteristics 
that could be described as typical of non-striatal neurons. These cells were 
spiny neurons with apical-líke dendrites and asymmetric dendritic trees, and so 
resembled cortical pyramidal neurons.

While some non-striatal neurons may exist in striatal grafts, most cells in 
both the P and NP regions have morphological features characteristic of striatal 
cells. Supported by USPHS grant NS26473
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3 2 1 .1

FRACTAL ANALYSIS OF SACCADES MADE DURING 
READING: F E A S IB IL IT Y . A . D . E p s t e i n * ,
E .T .S c h m e i s s e r . Dept of Ophthalmology, Univ 
of Kentucky, L e x ington K Y  40536-0284.

Nonperiodic variability in eye movement recordings 
has been ascribed to random "noise" superimposed upon 
the true signal. Fractal analysis of cardiac and 
visual evoked potential recordings has shown that such 
variability can be the mark of health, and that reduced 
signal fluctuation can signify disease.

We used the scleral search coil technique to record 
17 minutes of reading eye movements from an healthy 
adult. These were digitized at 200 Hz with a resol
ution of 52". Sequential eye positions and saccadic 
peak velocities were analyzed by the Grassberger- 
Procaccia algorithm to determine correlation dimension 
(Dc) as a function of embedding dimension.

The eye position record demonstrated a Dc of ~1.0 up 
through 12 embedding dimensions, implying that it was 
produced by an essentially linear (non-chaotic) system. 
The velocity series showed no asymptote of Dc with 
embedding dimension, implying an essentially random 
relationship between sequential peak velocities.

This research suggests possible diagnostic 
application of fractal analysis to the investigation of 
eye movement disorders that might be expected to reduce 
the natural variability of the ocular motor plant.

3 2 1 .2
SACCADIC CONTROL AND COGNITIVE FUNCTION AFTER TRAUMATIC 
BRAIN INJURY. LA АЬеГ. IM Williams. JL Ponsford. KG Gibson. L Mulhall. C 
Curran. Neuro-Ophthalmol Lab, Monash Univ Dep’t of Med, Melbourne, Australia.

Traumatic brain injury (TBI) often leads to severe functional impairment due to 
widespread damage, with the frontal lobes often affected. Since saccades are easy to 
measure and quantify, we examined performance on a range of saccadic and neuro
psychological (NP) tests in 15 severe (mean post-traumatic amnesia (PTA) 45 ±39 
days) TBI patients and in 10 age-matched controls. Saccadic paradigms included both 
reflexive and volitional initiation; e.g., antisaccades, remembered saccades, delayed 
refixation saccades and rapid self-paced saccades between ± 15°. The NP battery 
(e.g., Wisconsin Card Sorting, Symbol Digit Modalities, Letter Cancellation) was 
intended to examine frontal function. Analyses included both patient/control differenc
es and correlations of saccadic and NP measures.

Patients generated significantly fewer self-paced saccades and were impaired in their 
ability to suppress inappropriate reflexive saccades on the 3 other volitional tasks. All 
saccadic latencies were prolonged. Reflexive saccades were significantly hypometric. 
NP testing showed significant speed impairments on both visual and non-visual tasks. 
Reflexive saccade hypometria, a presumably non-ffontal measure, correlated strongly 
with PTA and % correct on several NP tests. The number of self-paced saccades and, 
less strongly, the latency of memory-guided saccades correlated significantly with 
performance speed on several visual NP tests.

Testing of 9 patients approximately 1 yr later revealed improvement in latency on all 
the volitional, but not the reflexive, saccade tasks. Reflexive hypometria remained 
unchanged. Errors on the volitional tasks also declined. There was a corresponding 
trend toward faster performance on the visually-mediated NP measures and on one 
non-visual measure of volitional behavioral control.

Results suggest that specific saccadic tests may reflect some of the same impair
ments as commonly used NP tests and may also be useful in documenting recovery.
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321 .3

MISLOCALIZATION OF TARGETS FLASHED JUST BEFORE 
SACCADES. J. Schlag* & M. Schlag-Rev. Brain Research Institute, 
UCLA, Los Angeles, CA. 90024

Mislocalization o f  a stimulus flashed in the dark near the time o f a 
saccade is not only perceptual but also results in large errors o f  eye 
targeting (Honda 1990, Dassonville et al. 1992) and finger pointing 
(Müler 1992). This has been attributed to a temporal mismatch between 
the retinal error and eye position signals corresponding to a same 
event, because retinal processing takes considerable time. The 
assumption that, when a stimulus is presented just before a saccade, 
the retinal error signal reaches the brain w hile the internal 
representation o f that saccade has already begun, leads to an interesting 
prediction: A point o f light flashed twice at the same place in the dark 
(the second time just before a saccade) should appear at 2 different 
places, even though neither the site o f  the retinal image nor the 
direction o f gaze change between the flashes. Experiments were run 
on 6 human subjects, head fixed in the dark, using an Ober2 eye-orbit 
scanner to record horizontal eye movements. Targets were flashed 10° 
horizontally from the point o f  fixation, first for 10 ms to induce the 
saccade and then again for 2 ms at the same place. Sites o f  targets 
flashed within 100 ms before a saccade were system atically  
mislocalized (saccades overshot by as much as 70% o f  the correct 
distance). But mislocalization did not occur if  the target remained 
continuously lit for the last 100 ms. As previously suggested, the eye 
position signal may not be relied upon if  target immobility can be 
otherwise inferred from visual cues. Supported by USPHS grants EY 
05879 and EY 02305.

3 2 1 .5
SACCADIC EYE MOVEMENTS M ADE TO CONTINUALLY  
PRESENT A N D  TO SU D D E N L Y  A PPEA R IN G  V ISU A L  
STIMULI. M. A. Sommer*. Dept. o f Brain and Cognitive Sciences, 
Massachusetts Institute o f Technology, Cambridge, MA 02139.

This study tested the hypothesis that saccadic eye movements to 
continually present and to suddenly appearing visual stimuli are 
prepared in parallel, with the signals underlying each type o f saccade 
competing in a first-come-first-served manner at the brainstem saccade 
generator (Schiller, True, & Conway, J. Neurophysiol., 44:1175- 
1189, 1980; Erkelens & Hulleman, Exp. Brain Res., 93:157-164,
1993). Monkeys were trained to scan an array o f continually present 
visual stimuli. During an inter-saccadic interval o f the scan, a target 
suddenly appeared at a random position, after a random delay. The 
task was to foveate this target with a direct saccade. Reaction times of 
the first saccade following target onset were measured: saccades made 
to continually present stimuli had latencies ranging from 0 to 60 ms, 
while saccades made to the suddenly appearing target had 60 to 200 
ms latencies. These data do not support the simple parallel model, 
which predicts that the latency distributions o f the two types o f  
saccade should overlap considerably. An alternative model is that the 
neural motor signals underlying saccades to continually present and to 
suddenly appearing stimuli are prepared in parallel but converge before 
reaching the brainstem. Physiological evidence suggests that the 
superior colliculi are the sites o f this convergence.

3 2 1 .7
EFFECTS ON SACCADES OF TRANSCRANIAL MAGNETIC STIMULATION 
OF THE FRONTAL EYE FIELDS. E. J. FitzGibbon* C. L. Colby, 
E, M. Wassermann, A. Pascual-Leone and M. Hallett. Laboratory of Sensorimotor 

Research, National Eye Institute and Human Motor Control Section, National 
Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD 20892.

Non-focal transcranial magnetic stimulation (TMS) has been shown to lengthen 
saccadic reaction time (SRT) (Priori et al., 1993). Reaction time for hand 
movements can be lengthened or shortened depending on the intensity and timing 
of focal TMS (Pascual-Leone et al., 1992). We have investigated the effects of 
focal TMS of the frontal eye fields (FEF) at varying times preceding saccade onset. 
Normal volunteers were instructed to fixate a central target and saccade as quickly 
as possible to a peripheral light when it appeared. Eye movements were measured 
by an infrared eye tracker. In randomly interleaved trials focal TMS was delivered 
through a figure 8-shaped coil over the presumed site of the FEF which was 
located with reference to the hand motor representation.

TMS applied long before the expected saccade onset produced shorter SRTs 
and increased saccade acceleration. Conversely, TMS applied shortly before the 
expected saccade onset yielded longer SRTs and decreased saccade acceleration. 
Similar effects were observed when subjects were instructed to perform anti- 
saccades. Independently of the effect on SRT, TMS produced transient divergence 
of the eyes which immediately preceded saccade onset. When TMS occurred 
during an ongoing saccade it transiently arrested or slowed the eye movement. In 
sum, TMS can facilitate or retard saccadic reaction time and can affect the metrics 
of saccadic eye movements.

3 2 1 .4
FEF NEURONS ACTIVITY DURING MONKEY PERFORMANCE 
OF A N TISA C C A D E  T A SK S. M .S ch lag-R ev* . J .Schlag &
H.Sanchez. Brain Research Institute, UCLA, Los Angeles, Ca. 90024 

The anti-saccade task requires a subject to look at a location opposite 
to that o f a visual target and at an equal distance from a fixation point. 
Frontal lobe lesions (Guitton et al/85) impair the performance o f anti- 
saccades as contrasted with normal pro-saccades, presumably because 
a higher control on visual grasping is disrupted. We trained 2 monkeys 
to perform visually and memory guided antisaccades, interleaved with 
pro-saccades. A small square vs. a dot, appearing as the initial fixation 
point, was the cue for making an anti- vs. a pro-saccade on a given 
trial. The target was always a dot, presented at varying eccentricity 
(10e-30°).

Visual (V), movement (M), and visuomovement (VM ) cells were 
recorded in the FEF of 1 hemisphere. Comparisons o f cells focused on 
trials in which the target and saccade were both in the preferred 
direction (++), or 180° opposite (--), or mismatched (+-) (-+). V and 
M did not differ in pro- and anti- trials. But 2 types o f VM, 
undistinguishable in (++) trials, were clearly contrasted by the 
antisaccade trials: In some VM (УМ), the sustained discharge depended 
more on the target location; in others (VM). it depended more on the 
intended movement. In trials with delayed saccades, some УМ  behaved 
like prefrontal memory cells (Fuhanashi et al. *89). The (+-) trials 
revealed that such cells can store target location until this information 
has been used, whatever intervening saccades may occur and whatever 
the final targeting movement may be. (Supported by USPHS grants 
EY02305 and EY05879).

3 2 1 .6
WHEN THE TWO EYES SEE PATTERNS OF UNEQUAL SIZE THEY 
PRODUCE SACCADES OF UNEQUAL AMPLITUDE. G. A. Bush*, 
J, van der Steen and F. A, Miles. Laboratory of Sensorimotor Research, National 

Eye Institute, Bethesda, MD 20892, and Department of Physiology, Faculty of 
Medicine, Erasmus University, Rotterdam, The Netherlands.

Anisometropic spectacles are known to cause asymmetrical saccadic adaptation 
such that when gaze is shifted between monocularly viewed targets at the same 
depth the two eyes generate saccades that differ in amplitude as required by the 
differing magnifications of the spectacle lenses (Erkelens, Collewijn & Steinman: 
Invest. Ophthalmol. Vis. Sci: voi. 30, pi 132, 1989). Using a different optical 
technique, we now report that when the scenes viewed by the 2 eyes differ in size, 
the 2 eyes produce saccades that immediately differ in amplitude.

Two slide projectors and an arrangement of orthogonal polarizing filters were 
used to present overlapping random dot patterns simultaneously and separately to 
the 2 eyes. Recording sessions lasted =30 mins, during which the right eye always 
saw the same pattern. The pattern seen by the left eye was initially identical to 
that seen by the right (pre-test) and later replaced by one 8% smaller horizontally 
(test). Positions of both eyes were recorded with the electro-magnetic search coil, 
and horizontal saccades were elicited by target spots projected onto the scene 
through polarizing filters so as to be visible only to the right eye.

Immediately upon viewing the smaller pattern, the left eye produced horizontal 
saccades that were significantly smaller than those produced by the right eye. For 
the 3 human subjects, the saccadic amplitude ratios (left eye/right eye) during the 
test period were on average smaller than those during the pre-test by 7.3%, 4.0%, 
and 7.3% for rightward saccades, and by 5.5%, 3.8%, and 7.4% for leftward 
saccades. We suggest that the important cue in these experiments is horizontal 
disparity and that the saccadic system uses this to scale the relative amplitudes of 
the saccades produced by the 2 eyes.

3 2 1 .8
TONIC ACTIVITY IN THE VESTIBULAR NUCLEI ASSOCIATED WITH 
REMEMBERED SACCADES IN MACAQUE. EJ. Barton and D.L. Sparks*. 
Univ. of Pennsylvania, Philadelphia, PA 19104.

The amplitude and direction of visually-guided saccades in the light are 
relatively independent of the initial orbital position, within the range +/- 20 deg. 
However, for saccades to remembered targets, a horizontal and a vertical bias 
appear which are markedly influenced by the initial orbital position (Barton and 
Sparks, S oc. N eu rosc i. A b s t., 92). This orbital position dependency is enhanced as 
the background illumination is diminished. Decreasing the quality of visual 
information seems to unmask these biases that are compensated for during visually- 
guided saccades in the light.

The neural bases of these large biases are unknown. Superior colliculus 
activity during remembered saccades appears to correspond to an accurate 
movement command, not reflecting the vertical bias (Stanford, Freedman and 
Sparks, S oc. N eu rosci. A b s t., 91). This suggest that the biases are introduced 
downstream from the SC. We recorded at a point closer to the motoneurons, 
vestibular nuclei and/or nucleus prepositus hypoglossi (histology pending), to see if 
the activity of these cells reflected the biases. If these nuclei are downstream of the 
mechanism(s) that introduce and correct for the biases, their firing rate should 
correspond to the actual position of the eye, whether it misses the target on memory 
trials or is accurate on visual trials.

We recorded from the burst/tonic and tonic cells in the VN and/or NPH of a 
rhesus monkey during visually-guided and remembered saccades initiated from 
various orbital positions. We found that the tonic discharge reflected the actual eye 
position achieved by remembered saccades as well as those reached by visually- 
guided saccades, i.e., the same rate/position curve fit data from both trial types. 
This suggests that the horizontal and vertical biases are introduced to the saccadic 
system before the burst/tonic and tonic cells in the VN.

These biases observed during saccades to remembered target locations are 
produced by erroneous signals and may require more compensation than the non
linearity introduced by the elastic restoring forces of the extraocular muscles. 
Because the biases might obscure a neuronal mechanism compensating for the 
mechanical non-linearity of the plant or other signal transforms, it is important to 
determine the source(s). (Supported by EY01189 and T32-MH17168)
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321.9
THE EFFECTS OF STIMULATION PARAMETERS ON THE METRICS AND 
DYNAMICS OF SACCADES EVOKED BY ELECTRICAL STIMULATION OF 
THE PRIMATE SUPERIOR COLLICULUS. T.R. Stanford*. E.G. Freedman. J.M. 
Levine, and D.L. Sparks. Dept. of Psychology, Univ. of Pennsylvania, Phila., PA 
19104.

The superior colliculus (SC) is a major component of the neural circuitry for 
initiating and specifying the metrics of saccades. Saccade amplitude and direction 
are encoded by the locus of collicular activity. An important and, as yet, unresolved 
question is how signals controlling the dynamics (velocity and duration) 
appropriate for a saccade of a specified amplitude and direction are derived from 
the output of the SC. In an effort to determine how collicular activity is decoded, 
we have examined the effects of varying the parameters of electrical stimulation 
(duration and frequency) on the metrics and dynamics of saccades evoked by 
stimulation of the SC.
Constant current (50 μΑ) stimulus trains consisted of 0.5 ms cathodal pulses. Train 

duration (5-400 ms) and rate (100-800 Hz) were systematically varied. At every 
collicular site, saccade amplitude was found to increase monotonically with 
increasing train duration. Amplitude was modulated continuously from as little as 
1-2°, to an asymptotic value (ranging from 8-40°) dictated by the site of 
stimulation. Saccade direction was largely unaffected. Saccadic velocity was 
modulated by stimulation frequency. Lower rates of stimulation evoked saccades 
of lower peak velocity and required longer train durations to attain a given 
amplitude. Because of the trade-off between frequency and duration, saccades of 
the same amplitude could be evoked by any appropriate frequency-duration 
combination. Amplitude was, however, uniquely specified by the number of pulses 
in the stimulation train.
These results provide new information relating collicular output to saccade metrics 

and constrain models considering collicular contributions to saccade metrics and 
dynamics. (Support: NIH Grants EY01189 & F32-EY06320).

321.10
AN ANALYSIS OF THE METRICS AND DYNAMICS OF VISUALLY GUIDED, AND 
COLLICULAR STIMULATION-INDUCED GAZE SHIFTS IN THE MONKEY.
E.G.Freedman*. T.R.Stanford, and D.L.Sparks. Univ of Pennsylvania, 
Philadelphia, PA 19104.

In an effort to elucidate the interaction of the eye and head during large gaze shifts, 
and to understand the role of the superior colliculus (SC) in generating these 
movements, monkeys were trained to make saccades to eccentric targets ranging in 
amplitude from 1-80° and 0-360° in direction. Monkeys' heads were unrestrained; 
there were no impediments to movements of any amplitude or any direction.

A systematic analysis of the metrics (amplitude and direction) and dynamics 
(velocity and duration) of large gaze shifts reveals that the head contributes 
primarily to the horizontal component of the gaze shift. For example, during a 
saccade with a horizontal component of 60° and a vertical component of 40°, the 
head will contribute 40% of the horizontal component but only about 10% of the 
vertical component. Thus, the direction of the gaze shift, and the direction of the 
head component of the gaze shift can be different. In addition, gaze velocity drops 
by 30% for movements between 20-50°, and remains low for larger gaze shifts up 
to 90°. Large amplitude movements (>20°) are accomplished by increasing the 
duration of the movement at these reduced velocities.

The role of the SC in generating gaze movements that have dynamic and metric 
properties similar to those described for visually guided gaze saccades was 
investigated using microstimulation of the caudal SC. At a single locus and a 
single stimulation frequency, the amplitude of stimulation-induced movement 
depends on stimulus duration (see Stanford et.al, 1993). When stimulus duration 
was comparable to the duration of a visually guided gaze shift of similar amplitude, 
large amplitude, combined eye-head movements were produced. The head 
contribution, and the dynamic properties of these stimulation-induced gaze shifts 
were qualitatively similar to visually guided saccades with the same metrics.

These behavioral and stimulation data may have important ramifications both for 
existing and future models of the gaze control system, and for enhancing our 
understanding of the neural circuitry involved in its control. (Support: EY01189).

321.11
CONTRIBUTION OF EXTRA-RETINAL SIGNALS TO REFIXATIONS IN 
DIRECTION AND DEPTH. J.A.M. Van Gisberoen*. K.P. Krommenhoek 
and R.J.A.M. Van Pinter. Lab., of Medical Physics & Biophysics, KUN, 
Geert Grooteplein 21, 6525 EZ Nijmegen, The Netherlands.

It is widely held that fast eye movements (saccades) are under control 
of local feedback signals. Whether there is a role for extra-retinal signals 
in slow movements is uncertain: the issue is controversial in the smooth 
pursuit system and has not even been investigated in the vergence 
system. Zee et ai. (J. Neurophysiol., 1992) recently proposed a model 
featuring local feedback for both saccades and vergence. Inspired by this 
model, we have tested the ability of human subjects to retrace the path of 
a double-step stimulus, immediately after its presentation in the 
horizontal-depth plane, in full darkness. The double steps, in direction and 
depth, were elicited by LEDs. Binocular eye movements were recorded 
with the scleral coil technique.

Most responses could be separated into two successive movements, 
corresponding to the two steps. These were identified and decomposed 
into direction (saccadic) and vergence components. Using multiple 
regression analysis (two subjects, so far), we found evidence that the final 
part of the movement was not simply based on retinal information about 
the position of the final target but also took into account the first part of 
the movement. This was most clear in the direction component; the 
compensation for the depth component was only partial. These data 
provide preliminary support for a role of extra-retinal signals in the control 
of vergence but indicate that their effect is limited.

Supported by NWO and ESPRIT il (MUCOM 6615).

321.12
MODELLING THE ROLE OF THE CEREBELLAR FASTIGIAL 
NUCLEI IN PRODUCING ACCURATE SACCADES. Paul Dean*. 
Dept. of Psychology, University of Sheffield, Sheffield S10 2TN, England.

Clinical and experimental data indicate that damage to the cerebellar vermis 
results in permanent loss of saccadic accuracy. Models of saccade production 
therefore need to provide a role for the cerebellum. One suggestion is that the 
vermis adjusts the gain of the saccadic internal feedback loop in response to 
information about the amplitude of the intended saccade (Dean et al., NIPS 4: 595, 
1991). How could the fastigial nuclei (FN), through which vermal output is 
channelled, influence brainstem saccadic circuitry to achieve this effect?

The issue was investigated using variants of Robinson's internal feedback 
model (Ann. Rev. Neurosci. 4: 463,1981) which relates excitatory burst neuron 
(EBN) discharge to horizontal saccade dynamics. Within this Îrainstem-only' model 
it was necessary both to reduce the synaptic weight of the internal feedback pathway 
and to lower EBN gain to reproduce the effects of bilateral FN inactivation, namely 
slow hypermetric saccades. This adjusted brainstem-only model served as a 
preparation for testing the effects of FN neuronal discharge patterns.

Horizontal saccadic accuracy and dynamics were restored in the model if (i) the 
simulated burst from contralateral FN neurons were subtracted from the feedback 
(i.e. added to the command signal) early in the saccade, and (ii) the burst from 
ipsilateral FN neurons added to the feedback signal later in the saccade. This pattern 
corresponds to the observed timing of FN neuronal bursts, and accounts 
qualitatively for the effects of unilateral stimulation and inactivation of both FN and 
vermis.

It appears that the method whereby the FN produce saccadic accuracy also 
contributes to time optimal control by increasing both saccadic acceleration and 
deceleration. Appropriate timing of FN burst onset and duration is essential for 
these roles, as in recent models of how burst timing in the cerebellar nuclei is 
adaptively controlled by cerebellar cortex for production of accurate arm movements 
(e.g. Houk et al., TINS 16: 27, 1993).

321.14
THE SUPERIOR COLLICULUS TEMPERS REFLEX BLINKING. MA 
Basso* and C. Evinaer. Depts. of Psychology, Neurobiology & Behavior, and 
Ophthalmology, SUNY Stony Brook, Stony Brook, NY 11794.

A unique aspect of blinking is that it accompanies both defensive and 
orienting behaviors. Blinks occur in response both to threatening stimuli and 
with rapid gaze shifts. Since the rodent superior colliculus participates in both 
orienting and defensive behaviors, we investigated the role of the superior 
colliculus in modulating reflex blinks in chronically prepared, alert rats.

Stimulation of the supraorbital branch of the trigeminal nerve (SO), evokes 
a two component electromyographic response in the lid closing, orbicularis 
oculi muscle (OOemg). The short latency component is trisynaptic, arising from 
the spinal trigeminal nucleus. The long latency component is polysynaptic, 
involving medullary reticular neurons. We measured the change in the 2 
components of SO evoked blinks following electrical stimulation of the superior 
colliculus or following microinjections of muscimol, a GABA agonist, into the 
structure.

Electrical stimulation of the colliculus that produced cringing, a defensive 
behavior, decreased the magnitude of both the long and short latency 
components of the ipsilateralO O em g. Conversely, muscimol injections into the 
superior colliculus that induced contralateral orienting behaviors such as 
rotation increased the magnitude of the contralateral long latency component 
of the OOemg with minimal effect on the short latency component. Thus, the 
superior colliculus appears to modulate brainstem blink reflex circuitry in 
different ways during orienting or defensive behaviors. For example, the 
colliculus may activate the blink accompanying rapid, orienting gaze shifts yet 
reduce the probability of a blink during defensive behaviors that require minimal 
movement such as freezing. Supported by EY07391.
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321.15

MULTIPLE BRAINSTEM SITES EFFECT BLINK SELF-INHIBITTON. 
C. Evinaer* and A.S. Powers. Depts. of Neurobiol. & Behavior and Ophthalmol., 
SUNY Stony Brook, Stony Brook, NY 11794, and Dept. of Psychol., St. John’s 
University, Jamaica, NY 11439.

A blink induces a period of self-inhibition to prevent the lid closure from 
activating a subsequent reflex blink. For example, a trigeminal evoked blink 
suppresses subsequent blinks evoked by an identical stimulus for at least 2 s 
in humans. We investigated whether blink self-inhibition acted across modalities 
by interacting trigeminal and auditory evoked blinks in rats and humans.

We prepared rats for chronic recording of the electromyogram of the lid 
closing muscle, the orbicularis oculi (OOemg), and stimulation of the 
supraorbital branch of the trigeminal nerve (SO). For humans, we attached 
skin electrodes to record the OOemg and another set to stimulate the SO. In 
both species, SO stimulation evoked a short (R1) and long (R2) latency 
component of OOemg activity while an auditory stimulus evoked a single 
OOemg response. We measured the magnitude of SO evoked blinks following 
auditory elicited blinks and the converse. In addition, we evaluated the 
suppression between identical pairs of SO or auditory stimuli. We varied 
interstimulus interval for all conditions.

In both species, an auditory evoked blink suppressed subsequent auditory 
evoked blinks for at least 2 s. In contrast, auditory-evoked blinks suppressed 
the R2 component of human SO-evoked blinks for only 1 s, but facilitated  both 
components of the rat SO-evoked blink at the same intervals. In both species, 
an SO-evoked blink suppressed subsequent auditory-evoked blinks for 250 ms 
but facilitated them at longer intervals. These data reveal that blink self
inhibition occurs at multiple brainstem sites. Furthermore, the data suggest that 
species differences exist in the brain mechanisms producing the startle 
response. Supported by NIH EY07391 (CE) and NSF IBN91213467(ASP).

321.17
ELECTRICAL STIMULATION OF FIXATION CELLS IN PRIMATE 
SUPERIOR COLLICULUS MODIFIES STAIRCASE SACCADES. H. Aizawa* 
and R. H. Wurtz. Laboratory of Sensorimotor Research, National Eye Institute, 

Bethesda, MD, USA 20892.
Prolonged electrical stimulation of the Rhesus monkey superior colliculus (SC) 

elicits not just one but a staircase of saccades. To test the hypothesis that the 
staircase results from the absence of activity in the recently identified fixations 
cells in the rostral SC, we examined the effect of simultaneous electrical 
stimulation of the rostral SC on the staircase of saccades electrically elicited from 
the caudal SC.

Staircases were elicited while the monkeys performed a fixation task. 
Simultaneous stimulation of rostral SC (ranging from 10 to 50μΑ) 1) lengthened 
the intersaccadic intervals, and 2) reduced the size and the peak velocity of the 
saccades in proportion to the current intensity of the rostral SC stimulation. 
Rostral SC stimulation was effective 1) on staircases elicited at locations in caudal 
SC related to 5°, 10° and 20° saccades 2) at different eye positions, 3) for all 
saccades in the staircase, 4) with ipsi, contra, or bilateral rostral SC stimulations. 
The effect of rostral SC stimulation when the fixation point remained on were 
equal or greater to that when it was turned off before stimulation started. 
Electrical stimulation at other sites in the caudal SC rather than in the rostral SC 
did not lengthen the intersaccadic intervals although it did change the size of the 
saccades.

We conclude that staircase saccades result from the artificial activation of 
saccade cells in the absence of reciprocal activation of fixation cells. These results 
are consistent with the view that the rostral fixation cells of SC are distinct from 
the more caudal saccade cells, and that the balance between the two cell types is 
an important determinant in the initiation of saccades.

321.19
MODEL OF FUNCTIONAL INTERACTIONS AMONG SACCADE-RELATED 
NEURONS IN PRIMATE SUPERIOR COLLICULUS. L. M, Optican*, 
M. Fujitar D. P. Munoz,3 and R. H. Wurtz1. 1) Laboratory of Sensorimotor 

Research, National Eye Institute, Bethesda, MD, USA, 2) Neural Computation 
Section, Communications Research Laboratory, Tokyo, Japan, and 3) MRC Group 
in Sensory-Motor Physiology, Queen’s University, Kingston, Ontario, Canada.

Saccade dynamics were thought to be controlled by a brain stem network that 
received a static motor error signal from the superior colliculus (SC), and used 
local feedback to compute dynamic motor error. However, recent evidence 
suggests that some SC neurons may be related to dynamic mot«· error (Waitzman 
et al., 1988, Munoz et al. 1991), and newer models have proposed that the SC is 
inside the local feedback loop (Droulez and Berthoz (1988), Waitzman et al. 
(1988), and Lefèvre and Galiana (1990)). A recent report (Munoz and Wurtz,
1992) that a wave of activity spreads from caudal to rostral through the Rhesus 
monkey SC leads us to propose a new model of how three classes of SC neurons 
might function within the local feedback loop during a saccade.

In our model, f ix a tio n  n eu ro n s  (FNs) inhibit b u r s t n eu ro n s  (BNs) strongly, and 
b u ild u p  n eu ro n s  (BUNs) weakly, preventing saccades. Those BUNs with 
movement fields matching the size of the desired eye rotation receive an input 
command and begin firing before a saccade. The FNs are then inhibited, and the 
BNs begin to fire. The BNs encode dynamic motor error, the difference between 
the input command and the sum of BUN activity, and provide the output from the 
SC to the brain stem. An efference copy of eye velocity is then fed back to the 
SC to change the BUNs’ time constants, so that their activity spreads rostrally at a 
rate proportional to eye velocity. Thus, the BUNs act as a spatial integrator of eye 
velocity. In this model, the rostral-caudal site of the initial SC activity determines 
the saccade’s amplitude by setting how far the BUNs can spread rostrally, and the 
saccade’s peak velocity because the output weights of the BNs increase caudally.

321.16

IN F L U E N C E  O F  R E C O R D IN G  T E C H N IQ U E  O N  E Y E  
M O V E M E N T  D A T A . A  C O M P A R IS O N  O F  D C -E O G  A N D  
IN F R A R E D  O C U L O G R A P H Y  B Y  S IM U L T A N E O U S  
R E C O R D IN G S  O F  H O R IZ O N T A L  E Y E  M O V E M E N T S .
B. Guiditi*. T. M ager and T. D uka. (*SPO N : ENA^l Schering A G , 
C N  H um anpharm akologie, M üllerstr. 170-178, W -1000 B erlin  65, 
Germ any.

E ye m ovem ents in  the horizontal p lan e w ere m on itored  by 
standard D C -E O G  and IR O G  (A M T ech ) sim ultaneously in  24  
healthy volunteers.
1. For saccades from  and to primary p osition  in  the am plitude  
range from  5 to 20 deg w e found higher p eak  velocities, shorter 
durations and a steep er  m ain seq uence using IR O G .
2. O ne volun teer participated in a registration o f sinusoidal sm ooth  
pursuit eye m ovem ents under different lighting conditions over 90 
m inutes in  order to determ ine the drift and the variabilities o f the 
E O G  gain over tim e as a  function  o f  retinal m etabolism . T here  
w ere considerab le but rather unpred ictable fluctuations in  E O G  
gain  and drift, w hereas the IR O G  was stable.
3. T he linear range for m easuring eye m ovem ents and eye position  
was ± 3 0  deg for the E O G , but only ± 2 0  deg for IR O G .
4. C alibration o f  E O G  is troub lesom e w ith hum an subjects: the  
accuracy o f  saccadic refixations is about ±  1 deg. By using a slowly  
m oving target the accuracy im proves to ± 0 .5  deg, but if  frequent 
recalibrations are necessary a random  error is introduced.

321.18
INTERACTONS BETWEEN FIXATION AND SACCADE NEURONS IN 
PRIMATE SUPERIOR COLLICULUS. D P. Munoz1 and R.H. Wurtz2*, 1) MRC 
Group in Sensory-Motor Physiology, Queen’s University, Kingston, Ontario, 
Canada and 2) Laboratory of Sensorimotor Research, National Eye Institute, 
Bethesda, Maryland, USA.

Recent experiments have identified different saccade-related cells within the 
rhesus monkey superi« colliculus (SC). F ix a tio n  n eu ro n s  (FNs), located in the 
rostral SC, discharge tonically with active visual fixation and pause for saccades. 
B u rs t n eu ro n s (BNs), located throughout the dorsal intermediate layers, discharge 
rapidly during saccades of optimal direction and amplitude. B u ild u p  n eu ro n s  
(BUNs), located throughout the ventral intermediate layers, have long-lead 
anticipatory discharges preceding saccades of optimal direction and amplitude. 
During a saccade, activity in the BN layer diminishes with declining motor error, 
while activity in the BUN layer spreads rostrally through the SC toward the FNs.

We investigated the interactions between these different cell types by 
combining single cell recording and microstimulation techniques in alert monkeys 
performing fixation and saccade tasks. Microstimulation of the rostral SC adjacent 
to FNs led to: 1) short latency (2-4 ms) inhibition of BNs and BUNs in both SC, 
that was much stronger on the BNs than the BUNs; and 2) antidromic (verified by 
collision testing) and/от orthodromic activation (latency <1.5 ms) of some FNs in 
the contralateral rostral SC. Stimulation of the caudal SC led to short latency 
inhibition of FNs, as well as BNs and BUNs located in the contralateral SC. SC 
stimulation also led to saccade generation or perturbation in trajectory. BNs, 
BUNs, and FNs had discharges during these movements that were consistent with 
the SC residing within the local feedback loop controlling saccade dynamics.

These results suggest that local inhibitory circuits within the SC may play a 
critical role in determining which cells in the SC are active at any one time: FNs 
during active visual fixation, BNs and BUNs during saccade generation.
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322.1
Effect of a bilateral horizontal semi-circular canal plug on combined eye-head 
orienting gaze shifts in the cat. S. Fakhri. D, Guitton. M, Pare. R. H. Schor and
J.-P. Rov*. Montreal Neurological Institute and McGill Univ., Montreal, Canada.

We studied the effect of a bilateral horizontal semi-circular canal plug on the ki
nematics of head-free gaze shifts in the cat. After plugging, the VOR was tested by 
whole body sinusoidal rotations in the yaw plane. With the nose 30 deg down rela
tive to the stereotaxic plane, the VOR gain in the dark was <0.1 in the range of 0.2 
to 1.4 Hz. In the behavioral task, the head-free cat had to orient in the dark to brief
ly presented visual targets located in the horizontal plane ± 25 deg from the straight 
ahead position. In the first week following the plug, the cat repeatedly overshot the 
target. The amplitude of the overshoot was large and variable. Gaze shifts larger 
than 60 deg were often observed. The contribution of the eye saccade to the overall 
gaze shift was extremely small and almost absent in gaze shifts beyond 60 deg. 
However, an eye saccade (average amplitude of 7 deg) was present when head mo
tion was prevented just prior to the onset of a gaze shift. Braking head motion in 
the dark showed that the compensatory eye movement (with a 0,2 gain) observed 
during a gaze shift was not preprogrammed. About four weeks after the plug, the 
amplitude of the gaze shifts seemed to stabilize around a value of 40-45 deg, i.e., 
overshooting the target by 15-20 deg. It seems as if the cat had erroneously coded a 
new "default" target position of eccentricity larger than the actual target position. 
Larger movements were often followed by corrective gaze saccades towards this 
"default" position. We also perturbed gaze position by electrically stimulating the 
superior colliculus just before the onset of visually-triggered gaze shifts in the dark. 
The cat compensated for the perturbations by generating gaze shifts that carried the 
visual axis to the approximate location of the "default" target. Throughout the 
whole post-plug period, gaze shifts performed in the light showed less overshoot 
and were immediately followed by a return movement that brought gaze on target. 
As a control the cat was tested in the vertical plane. No overshooting was observed.

322.3

ACTIVITIY OF NEURONES IN THE PONTINE RETICULAR  
FORMATION A N D  FOREL’S FIELD H DURING ORIENTING  
HEAD MOVEMENTS IN ALERT HEAD-FREE CATS.
T. Isa* and K. Naito . Dept. o f Neurophysiol., Inst, for Brain Res., 
Fac. o f Med., Univ. of Tokyo, Tokyo 113, Japan.

Single units were recorded in the nucleus reticularis pontis caudalis 
(NRPC) and Forel’s field H (FFH) during orienting head movements 
in alert head-free cats. Among the 85 NRPC neurones recorded in 6 
cats, 33 neurones showed phasic firing preceding the dynamic phase 
o f the movement. Their preferred directions were near ipsilateral 
horizontal direction. The number o f  the spikes was positively corre
lated with the horizontal maximum angular velocity o f the head. 
Electrical stimulation o f the contralateral superior colliculus re
vealed the monosynaptic collicular input (15/16) and 13/16 cells 
were identified as reticulospinal neurones by antidromic activation 
from C3. Among the 63 FFH neurones recorded in 2 cats, 20  
neurones showed phasic activity preceding the orienting movements. 
Nineteen o f them preferred upward direction and the remaining one 
cell preferred downward. The number o f the spikes was positively 
correlated with vertical maximum angular velocity o f  the head. 
Stimulation o f the ipsilateral superior colliculus revealed mono- or 
disynaptic collicular input (18/18) and 7/18 cells were identified as 
descending projection neurones by antidromic activation from the 
lower brain stem. The present results, together with the previous 
lesion study, suggest that the pathways via NRPC and FFH are the 
neural substrates o f differential control of horizontal and vertical 
components o f orienting head movements, respectively.

322.5
CONTROL OF HEAD FREE GAZE SHIFTS IN THE PRIMATE: I ACTIVITY 
OF BURST NEURONS DURING GAZE MOVEMENTS AFTER 
HORIZONTAL SEMICIRCULAR CANAL PLUGGING. C. Siebold.L. Ling. J. 
Phillips. L. Puckert. S. Newlands. A.F. Fuchs* Regional Primate Research 
Center and Departments of Physiology and Biophysics and Otolaryngology, 
University of Washington, Seattle, WA 98195

Normal gaze shifts are composed of both eye and head movements, which bring 
the line of sight toward a target in space. It is not currently known whether during 
such movements the oculomotor burst generator encodes eye or gaze because the 
observed saccadic eye movement may be reduced by the VOR. To address this 
problem, we have recorded from burst units in the head free primate following 
removal of vestibular input via plugging of both horizontal semicircular canals.

Head free gaze movements in canal-plugged animals consist of an initial rapid 
eye saccade and a longer duration head movement. After the end of the eye saccade, 
gaze continues to advance with the head movement while the eye counter-rotates 
due to pre-programming (gain less than 1). Burst neurons cease their discharge 
with the end of the eye saccade. Burst duration is highly correlated with eye 
duration (slope «1, r^>0.9), but less well with gaze and head duration. The slope 
of the number of spikes versus movement amplitude relationship is similar for 
head fixed and head free eye amplitude, but dissimilar for head fixed and head free 
overall gaze amplitude.

These results suggest that the oculomotor burst generator drives the initial 
saccadic eye movement in the canal plugged head free primate, and does not drive 
the full gaze shift.

This work was supported by NIH grahts EY00745 and RR00166.
C. Siebold supported by the Alexander von Humboldt-Stiftung

322.2
DYNAMIC MODELS OF IBN FIRING RATE DURING SACCADES AND 
GAZE SHIFTS IN THE HEAD-FIXED AND HEAD-FREE CAT. C.G. Rev, D. 
Guitton* and K.E. Cullen Montreal Neurological Institute and McGill University, 
Montreal, Quebec, Canada.

Current studies relate the firing rate of short lead excitatory (EBNs) burst neu
rons to eye movement metrics and propose that EBNs mainly encode a static non
linear function of eye velocity [Van Gisbergen et al 1981, Van Opstal et al 1985]. 
We recorded inhibitory burst neurons (IBNs) in head-fixed and head-free condi
tions in the cat. We tested a number of models using different combinations of eye 
position, velocity, acceleration, jerk, the derivative of burster firing rate and a firing 
rate bias. By fitting our IBN firing rate data with predictions from the above inputs 
we showed that eye velocity and firing rate bias were most relevant. Some of the 
neurons showed a small but inconsistent sensitivity to eye position, acceleration and 
to the derivative of burster firing rate. Optimal parameters were computed to pre
dict head-free IBN firing rate data using eye (re head) dynamics and eye in space 
(gaze) dynamics, separately, as inputs. The predictions of IBN firing rate based on 
gaze dynamics gave lower fit errors than those based on eye dynamics for all of the 
neurons tested. This suggests that IBN firing rate could be coding gaze movement 
instead of eye (re head) movement. IBNs discharged for the duration of the gaze 
shift even though the eye often reversed direction during this time. The estimated 
parameters that gave the best fit to head-fixed IBN firing Tate data were then ap
plied to predict head-free data using eye (re head) dynamics as input. Since a bias 
term could allow a burster to encode for an eye turnaround, we tested to see if a 
change in the bias term could improve the head-free prediction of IBN firing rate. 
We found that the bias had to be consistently increased. It is likely that this increase 
of the bias term reflects an average effect due to the vestibulo-ocular reflex (VOR). 
Accordingly, assuming that IBN discharges accurately reflect that of EBNs, the 
VOR would oppose burst neuron input to abducens motoneurons during gaze shifts.

322.4

HEAD AND EYE MOVEMENTS EVOKED FROM THE SUPERIOR 
COLLICULUS OF THE MACAQUE. R. J. Cowie* and D. L. Robinson. Depart. 
Anatomy, Howard Univer. College Of Medicine, Washington, DC 20059 and 
Laboratory of Sensorimotor Res., National Eye Institute, Bethesda, MD 20892.

The contributions of the superior colliculus to head and eye movements have 
been studied in detail in the cat, but less data are available for the monkey. We 
recorded head and eye movements elicited by low intensity electrical stimulation 
of the superior colliculus in three monkeys. In the more rostral portions of the 
tectum, eye movements alone were evoked. All of these eye movements, and 
those produced from other regions of the colliculus, were influenced by the initial 
position of the eye. Saccadic eye movements elicited during attentive fixation 
were of smaller amplitude with longer latencies than those produced with identical 
stimulation during periods of spontaneous behavior.

At deeper, more caudal sites, head movements were elicited in combination 
with eye movements. At all such combined sites, there was no relationship 
between latencies or amplitudes of the eye and head movements. At yet deeper 
sites head movements without eye movements were elicited. Head movements 
elicited from the colliculus began, on average, 10 msec later than those evoked 
from the gigantocellular reticular formation; they also had slower velocities for the 
same amplitude of movement.

We conclude from these studies that head movements are part of the orienting 
function of the monkey colliculus. The eye movements evoked here do not have 
fixed vectors because they are modulated by at least initial position and attentive 
fixation. The monkey colliculus generates gaze shifts by producing separate eye 
and head commands.

322.6
Control of head free gaze shifts in the primate: II A model for the 
control of normal and canal-plugged head free gaze shifts. Ļ Phillips*,
L. Ling. C. Siebold. S, Newlands. A.F. Fuchs Regional Primate Research Center 
and Departments of Physiology and Biophysics and Otolaryngology, Univ.of 
Washington, Seattle, WA 98195

Under natural conditions, eye and head both contribute to shifts of gaze. We 
(Phillips et. al., Soc. Neuro. 92) have proposed a model in which gaze shifts are 
accomplished in 2 stages. In the first stage, eye saccades are generated to bring the 
eye toward the target These saccades are limited in amplitude by plant mechanics, 
and adjusted by head velocity information to compensate for head movement Gaze 
movement often continues even after the eye saccade ends, however. In this second 
stage, the gaze is carried by the head through titration of eye counter rotation by 
residual gaze error. Once gaze lands, fully compensatory counter rotation takes place.

In canal plugged primates, the initial saccadic eye movement is very hypometric 
and the second stage, which is increased in both amplitude and duration, becomes 
even more important. The eye still counter rotates with a gain less than 1 as gaze 
continues in the second stage, but under these conditions the head velocity 
information driving this counter-rotation is derived from the head motor command, 
and not from the vestibular system as in the intact animal. Head brakes have no 
effect on this counter-rotation. In other respects, the intact and canal plugged 
mechanisms are analogous.

In our model, discharge of the saccadic burst generator is confined to the first stage 
of the gaze shift, producing dramatic differences between burst duration and overall 
gaze movement duration in the canal plugged animal Our model would further 
predict that omni-pause neuron discharge would resume at the end of the initial eye 
saccade in canal plugged animals, long before the end of the gaze shift

This work was supported by NIH grants EY00745 and RR00166.
C. Siebold supported by the Alexander von Humboldt-Stiftung
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322.7

A COMPARISON BETWEEN THE DISCHARGE OF PONTINE BURST 
NEURONS IN THE HEAD-FREE CAT AND MONKEY. K.E.Cullen* and D. 
Guitton. Montreal Neurological Institute, McGill University, Montreal, Canada.

Inhibitory burst neurons (IBNs) project to the contralateral abducens nucleus and 
function to generate horizontal saccadic eye movements. We have shown that the 
discharges of cat IBNs and omnipause neurons are best correlated with the duration 
and metrics of gaze (eye re space) during head-free gaze shifts. We report here on the 
gaze-related activity of IBNs in monkey and compare their behavior to that of cat 
IBNs. IBNs were identified by 1) their location relative to abducens, 2) their 
discharge during ipsilateral saccades made head-fixed and vestibularly driven quick 
phases, and 3) their lack of response during the slow phase of vestibular nysagmus 
and smooth pursuit. IBN discharges were correlated with the duration and amplitude 
of the saccadic eye movements made head-fixed in cat and monkey. In the head-free 
monkey, burst duration was best correlated with the duration of the initial fast 
portion of a gaze shift (Gj) prior to a sharp inflection in gaze velocity that was 
typically coincident with the offset of the ocular saccade component Following this 
period, gaze velocity had a slower ramp-like trajectory until reaching the desired final 
position. During the initial fast portion of a gaze shift, the total number of spikes 
(NOS) in a burst was equally well correlated with the amplitude of the corresponding 
gaze movement Gį and the ocular saccadic component Eį. The slope between NOS 
and Gį was less, while that between NOS and Eį was greater than that between NOS 
and saccade amplitude in the head-fixed case. Similar analysis of cat IBNs produced 
the same results. It is likely that the increase in slope between NOS and eye 
movement amplitude observed head-free versus head-fixed reflects an additional input 
(i.e., vestibular) to the abducens nucleus during head-free gaze shifts in both species. 
In cat and monkey, large changes in gaze were often generated via a rapid series of 
small gaze shifts between which gaze did not completely stabilize. During these 
intervals where gaze velocity was low but not zero, cat IBNs continued to fire, while 
monkey IBNs were silent, suggesting that the upstream switching between fast and 
slow modes of tracking occurred at different thresholds in these two species.

322.9

EFFECTS OF STIMULUS DURATION AND TASK EXPERIENCE ON HEAD 
MOVEMENT IN GAZE SHIFT. L. Wane* and J. A. Stem. Dept. of Psychology, 
Washington University,. St. Louis, MO 63130.

Effects of stimulus duration and prior task experience on gaze shift were studied 
in the interest of determining spatial characteristics of gaze shift.

Thirty six subjects (normal or corrected-to-normal vision) participated in a frisk 
requiring viewing two consecutively presented letters at the same location, either 
15° or 50° eccentricity. The first-letter-presentation duration (FLPD) (500 or 1000 
ms) was manipulated. The second-letter-presentation duration was 500 ms. The 
subject was instructed to decide about identity of two letters (same or different). The 
task consisted of two successive sessions of 128 trials each. Each session utilized a 
FLPD of either 500 or 1000 ms. One group of 18 subjects performed the task under 
the 500 ms FLPD condition, the other group the 1000 ms FLPD in session one 
(SSI). In session two (SS2), half of each group performed the task under the same 
FLPD condition as in SSI, while the other half performed the task under switched 
FLPD condition. Gaze shift components, head and eye movements, were collected 
using a photoelectric transducer and EOG, respectively.

Few head movements occurred with targets presented at 15° eccentricity. 
Approximately 80% of trials requiring gaze shift to 50° eccentricity included a head 
movement component. FLPD had a significant effect on the head movement 
amplitude (HMA). HMA increased with an increase in FLPD. On the average, the 
proportion of gaze shift accomplished via head movement was 24% if FLPD was 
500 ms, and 37% when FLPD was extended to 1000 ms. Time-on-task effect as 
well as prior experience effect were also found to affect HMA. For the 500 but not 
the 1000 ms condition HMA significantly decreased over time. When FLPDs 
differed between SSI and SS2, HMA in SS2 showed a tendency to conform to 
HMA in SSI. The results suggest that, head movement component in gaze shift is 
affected by both stimulus duration and prior task experience.

322.11

HEAD PERTURBATIONS DURING WALKING WHILE VIEWING 
A HEAD-FIXED TARGET: V. E. Das. A .Z. Zivotofskv, A.O.
DiScenna, N. V. Sheth. and R.J. Leigh*. Veterans Affairs Med. Cntr. 
& Case Western Reserve University Cleveland, OH 44106.

We used an angular rate sensor to measure З-axis head rotations in 
10 normal subjects during walking, either through a distance o f about 
30 meters or on a treadmill, while they attempted to view (A) a 
stationary object at optical infinity; (B) a cross at a distance o f  20 cm 
rigidly attached to the head. Predominant frequencies' o f head rotations 
were similar in each plane during natural or treadmill walking, ranging 
1-5 Hz. During natural walking, there was an increase (about 50%) in 
peak velocity o f pitch head rotations compared with treadmill walking; 
in the other two planes, differences were smaller. There was no 
consistent change in the mean peak velocity or predominant frequency 
o f head rotations in any plane during the two different viewing tasks 
performed under the same walking conditions. Thus (1) pitch head 
rotations were o f higher velocity during natural rather than treadmill 
walking, and (2) viewing a head-fixed target did not appreciably 
change the characteristics o f the head perturbations during walking. In 
order to maintain visual fixation o f a head-fixed display while walking, 
it is necessary to suppress vestibular eye movements. Our data 
indicate that the rotational stimuli for such eye movements consist o f  
head perturbations with predominant frequencies o f  1-5 Hz, and peak 
velocities o f 10-30 deg/sec. (Support: VA/EY06717/NAG9571)

322.8
CONTROL SIGNALS FOR EYE-HEAD SACCADES. D Tweed*. H Misslischt. 
T Vilis. Dept of Physiology, Univ of Western Ontario, London, N6A 5C1, Canada. 
fDept of Neurology, Univ of Tübingen, D7400 Tübingen, Germany.

We measured 3-D eye and head motion using search coils in 6 human subjects 
during gaze shifts to test a model for eye-head saccades (Tweed e t  al. Soc Neurosci 
Abstr 1992). Bonders' Law: We confirmed the prediction that D o n d ers ' law  holds 
for eye in head and head in space, but fails for eye in space. That is, eye orientation 
in space is not always the same for a given gaze direction, but varies with head 
position. Thus the orientation in space of the eye about the gaze line is not a 
controlled variable but rather a by-product of the neural control of eye in head and 
head in space. Head-Only Saccades: Since head and eye movements differ in both 
timing and direction, and the head follows a straight path to its destination while 
the eye overshoots and then curves back, the model has eye and head driven by 
different signals. The head is driven by head motor error, with no input from gaze 
error, while the eye is driven toward a "projected target" which is identical with the 
visual target except that far eccentric positions are projected into a 3-D subregion of 
the oculomotor range. As a result, the model implies that eye-only saccades can be 
made by setting "desired head position" equal to current head position, but that 
head-only saccades (with eyes fixed in the head) are impossible because the eye 
always moves toward the projected target. We show that subjects attempting head- 
only saccades invariably made large eye movements, initially in the direction of the 
target and then back toward centre. Even subjects who wore pinhole glasses for 6 
hours did not learn to make head-only saccades. Target Projection Zone: The 
range of eye movements shrank markedly when subjects put on the pinhole glasses 
and returned to normal as soon as they took them off. This suggests that the region 
into which eccentric targets are projected contracts when the glasses are put on but 
does not "adapt" and stay small. Preliminary analysis suggests that this projection 
zone is normally a cylinder of about 10° depth and 40° radius with its axis in the 
torsional direction.

322.10

EVIDENCE FOR A COMMON DRIVE SIGNAL IN COMBINED EYE-HEAD 
MOVEMENTS IN HUMANS. M. C, Dorris, P.A. Ballantyne, and D.P. Munoz*. 
MRC Group in Sensory-Motor Physiology, Queen’s University, Kingston, Ontario, 
Canada, K7L 3N6.

Humans typically use combined eye and head movements to foveate visual and 
auditory targets. If the eye and head premotor circuits receive a common drive 
then characteristics of eye and head movements should covary in different subjects 
and behavioural conditions. We studied the degree to which orienting eye and 
head movements were coupled in normal human subjects. Subjects were instructed 
to look as quickly as possible from an initial fixation target (light emitting diode - 
LED) to a peripheral target that consisted of either: a visual target (LED), an 
auditory target (tone pip from small speaker), or a combined visual and auditory 
target. We used two different sequences of target presentation. In the g a p  task, 
the initial fixation target was turned off 100 - 300 ms before target presentation. 
In the o verla p  task, the initial fixation target was kept on during target 
presentation. We found that movement of the eyes and head were tightly coupled 
across the different experimental conditions and subjects. In general, the onset of 
head motion slightly preceded eye movement, but this portion of the head 
movement was very slow (< 40°/sec). Head motion then accelerated 30 - 50 ms 
after onset of the saccadic eye movement. Predictive gaze shifts were sometimes 
elicited in the gap task. If these movements were initiated less than 50 ms after 
target presentation, then movement trajectory was sometimes reaccelerated in 
midflight. The eyes and head remained tightly coupled throughout these complex 
movements. When multimodal stimuli (visual + auditory) were presented, both 
eye and head movement latencies were shorter and velocities faster than when only 
one modality of stimulus was presented. The strong degree of coupling between 
eye and head motions that we observed suggest that multimodal sensory inputs act 
on a common drive to the eye and head premotor circuitry.

322.12

THE RELATIONSHIP BETWEEN EYE DOMINANCE AND HEAD TILT.
F.H. Previe*. Armstrong Laboratory, Brooks AFB, TX 
78235.
Previous data suggest that vertical imbalances between 

the eyes--which normally occur during head tilt--may be 
associated with ocular dominance, although no studies 
have heretofore objectively measured head tilt in 
addressing this relationship. Photographic measurements 
of the head tilt of 70 subjects were made, along with 
measures of eye preference, sighting dominance, vertical 
misalignment during sighting, and vertical phorias. All 
of these measures were reduced by a trichotomous 
classification scheme (left, mixed, or right) and were 
then subjected to chi-square analyses. The analyses 
revealed that head tilt measured photographically is 
significantly associated with vertical imbalances during 
sighting and with sighting dominance. Right-eyed 
subjects were more likely to exhibit a vertical 
misalignment indicative of a leftward head tilt, whereas 
left-eyed subjects showed the reverse misalignment/tiIt 
pattern. Neither measure of head tilt was significantly 
related to eye preference, although sighting dominance 
itself was. These data provide support for the theory 
(Previe, Psvchol. Rev. 1991:98;299-334) that motoric 
dominance in humans is partly related to mechanisms 
underlying postural asymmetry,
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323.1
CEREBELLAR BENZODIAZEPINE RECEPTORS (BZR) IN CHILDHOOD 
AUTISM: A PET STUDY. M. Zilbovicius*. B. Garreau. N. Muravama. 
C. Barthelemv. Ph. Remv. M. Crouzel. C. Crouzel. G. Salamon. A. Svrota. 
G. Lelord. and Y. Samson. SHFJ, CEA, Orsay; La Timone, Marseille; and 
INSERM U 316, CHU Bretonneau, Tours, France.

Cerebellar abnormalities in childhood autism are still debated. The few available 
neuropathological studies have reported Purkinje cell loss. Vermal hypoplasia has 
been found in some but not all MRI studies, whereas normal cerebellar glucose 
utilization has been reported. We attempted here to assess Purkinje cell density in  
v iv o  by measuring BZR specific binding in cerebellar hemispheres and vermis, with 
high-resolution PET and [llC]-flumazenil (CFLU). Fourteen autistic (7.6±3.1 
years) and six non-autistic children (6.5±1.4 years) had tra c e -d o s e  (14±5.2 
nmoles of CFLU) PET studies. Early (1 min post-injection) and late CFLU uptakes 
(30-50 min) were calculated. In addition, nine of these children (5 autistic, 4 non- 
autistic) had sa tu ra tio n  studies (coinjection of 0.2mg/kg of unlabeled flumazenil) to 
calculate the binding potential (BP: B'max/Kd). Cerebellar values (hemispheres and 
vermis) were normalized by cerebral cortex value. BP and late CFLU uptake were 
highly correlated (p<.001). ANOVA with post-hoc t  tests showed that BP was 
significantly lower in the vermis than in the cerebellar hemispheres in autistic 
(.58±.05 vs .71 ±.07; p<.05) but not in non-autistic children (.63±.10 vs 
.66±.05; ns). Similarly, late CFLU uptake was lower in the vermis in autistic 
(.48±.12 vs .71±.09; pC.001) but not in non-autistic children ( .5 4 ± .ll vs 
.66±.06; ns). In contrast, early CFLU uptake values, which mainly depends on 
cerebral blood flow, were not significantly different from each other, ranging from 
.83±.12 to .90±.09. The dissociation between vermal and hemispheric cerebellar 
BZR specific binding found in autistic children may indicate an early loss of vermal 
Purkinje cells,and supports the hypothesis of a developmental abnormality of the 
cerebellar vermis in autism. S u p p o r te d  b y  F ra n c e-T e leco m .

323.3
SPATIAL WORKING MEMORY CAPACITY OF ADULT HUMANS, 
INFERRED FROM PERFORMANCE IN A LARGE 17-ARM 
RADIAL MAZE, IS 9.4 PLACES. R. B. Glassman* and 
K ♦ J . Garvey. Department of Psychology, Lake 
Forest College, Lake Forest, IL 60045.

Better hypotheses about the human brain might 
be derived from brain research in animals by 
finding equivalent cognitive capacities across 
species. We have reported that adult humans 
achieved mean=15.4 nonrepeated arms in 17 tries 
using a paper-and-pencil radial maze analog (1992 
Abstract 507.1; Brain Res. Bull. 30:189-191, 
1993), similar to the score of rats in a 17-arm 
radial maze. We now report an experiment using a 
full-size, 15.2 meter dia. 17-arm radial maze, 
with 1.5 m dia. center circle, painted on a 
grassy field. Undergraduates (N=19) were 
challenged to compete with the average score of 
rats, by choosing arms unsystematically to ensure 
memory load. They took mean=4.8 minutes to walk 
back and forth between the center and the ends of 
their choice of 17 arms, retrieving markers 
hidden under inverted flower pots. The average 
score was 14.4 nonrepeats (range 12-16). A 
probability model, used to analyze event 
structure and estimate numbers of lucky guesses, 
implies that our results correspond to a perfect- 
memory capacity of 9.4 arms. This is also close 
to verbal short-term memory capacity of 7±2.

323.5
PRACTICE AFFECTS LEFT MEDIAL EXTRASTRIATE RESPONSES TO 
VISUALLY PRESENTED WORDS. M.E. Raichle*, A.-K. MacLeod. T.O. 
Videen. J.A. Fiez and S.E. Petersen. Washington Univ. Sch. Med, Campus 
Box 8225, St Louis, MO, 63110.

PET studies show that the naive generation of an appropriate verb for a 
visually presented noun activates anterior cingulate, left frontal, left temporal 
and right cerebellar cortices and inactivates Sylvian-insular cortices bilaterally 
when compared to reading aloud the same nouns (J Cog Neurosci 1:153). 15 
minutes of practice reverses these changes (Cereb Cortex, in press). 
Introduction of a novel list of nouns reverses these changes. We now report 
a response in left medial extrastriate cortex in the practiced condition. No 
activity was noted in this area in either the naive or the novel generate 
conditions. Comparison of the response magnitudes for the naive, practiced 
and novel blocks showed a significant effect of practice on BF (F = 7.02, 
p=0.004). Specific comparisons showed a significant difference between the 
naive and practiced conditions (F=12.82, p=0.002) and the practiced and 
novel conditions (F=7.54, p=0.012) but not between the naive and novel 
conditions (F=0.70, p=0.42). This activity was in approximately the same 
location as a group of responses previously noted in association with the 
passive presentation of words and pseudowords but not consonant letter strings 
or false fonts (Science 249:1041). There may be several reasons for such a 
change. It could be that new "roles", or associations are established in the 
extrastriate region that allow {he performance of the task without further 
processing taking place in the frontal cortex. It could also be that as the task 
becomes practiced, resources are shifted from a frontal strategy to a posterior 
strategy.

323.2
EFFECTS OF GLUCOSE ON MEMORY IN ADULTS WITH DOWN'S 
SYNDROME. Ç A  Manning*. V.J. Honn, J.S. Jane. & Gold. 
Departments of Psychology and Neurology, University of Virginia, 
Charlottesville, VA 22903.

Recent evidence indicates that glucose administration improves memory 
in rodents, in healthy middle-aged and elderly people, and in Alzheimer's 
patients. Adults with Down's syndrome exhibit neuropathological 
abnormalities found in Alzheimer's disease including amyloid plaques and 
neurofibrillary tangles. Some also exhibit an accompanying dementia. We 
examined the effects of glucose on cognition in Down's syndrome.

Sixteen adults with Down's syndrome (ages 19-55, x = 38), none of 
whom displayed clinically significant dementia, participated in the study. 
Using a repeated measures design, each subject was tested on 2 mornings 
separated by 1 week, after ingesting either 50g glucose or 23.5mg 
saccharin. Fifteen minutes after ingestion, subjects were administered a 
battery of tests measuring neuropsychological functioning across a variety 
of areas including memory, orientation, language, apraxia, attention and 
visuospatial construction. Blood glucose was measured upon arrival and 
every 15 minutes thereafter. Glucose significantly improved performance 
relative to saccharin on a test of general mental status involving personal 
information, memory, and language. Performance was also significantly 
improved on a test of memory for a list of words.

These findings suggest that glucose facilitates performance on several 
cognitive tasks in adults with Down's syndrome, apparently crossing 
conceptual domains of cognition, e.g. mental status, language and 
declarative memory. The enhancement appears to be broader than that 
seen in healthy individuals. Thus, the scope of functions on which glucose 
acts may vary with range of deficits within the specific population. These 
results extend the scope of facilitation of memory by glucose and provide 
additional similarities between Alzheimer's disease and Down's syndrome. 
Supported by NSF (BNS-9012239), NIA (AG 07648), NIMH (MH 18411), 
and the Alzheimer's Association (PRG-91-162).

323.4
FUNCTIONAL MAGNETIC RESONANCE IMAGING DURING A SPATIAL 
WORKING MEMORY TASK IN HUMANS. G. McCarthy*. A.M. Blamire. 
A.C. Nobre. A. Puce. F. Hvder. G. Bloch. E. Phelps. D.L. Rothman. P. 
Goldman-Rakic. R.G. Shulman. Neuropsychology Laboratory, VA Medical 
Center, West Haven, CT, 06516 and Depts. of Molecular Biophysics and 
Biochemistry, Neurosurgery, Chemistry, Psychology, Medicine, Neurobiology, 
Yale University, New Haven, CT, 06510.

The pre-frontal cortex (PFC) is thought to play a critical role in working 
memory - the capacity to keep a running record of ongoing events. Single cell 
recordings in primates performing a spatial working memory task have shown 
that small localized ensembles of neurons in dorsolateral PFC are active long 
after targets disappear and this activity is thought to reflect memory for the 
locations of the objects in die visual field. We have used functional MRI to 
investigate the human dorsolateral PFC during a spatial working memory task.

Eight subjects were studied by echo-planar imaging (EPI) at 2.1T. A 1 cm 
thick coronal slice was imaged passing through areas 9 and 46. Thirty-two 
images were acquired at a rate of 1 every 3 s during each task.

Novel shapes were presented at a rate of one shape / 1.7 s during images 13 
to 20. Shapes could appear in any of 20 locations. Subjects performed 3 tasks. 
Baseline: fixation only, no stimuli presented, Sensory: monitor for stimuli that 
are colored red and make a finger movement response, Location Memory: make 
a finger response if any stimulus appears in a location previously occupied.
Each task was replicated 3 to 5 times.

Regions which significantly increased (heir activity during task performance 
were identified by t-test and z-score. Activation was consistently observed in die 
coronal slice of frontal cortex measured including areas 9 and 46 in all subjects. 
The location memory task gave the greater activation than the sensory task in all 
subjects. These results support the involvement of PFC in working memory and 
demonstrate the ability of MRI to show cognitive activation.

323.6
LEVELS OF PROCESSING & IMPLICIT VERSUS EXPLICIT 
MEMORY PERFORMANCE ON TWO TESTS OF PERCEPTUAL 
MEMORY: A WITHIN SUBJECTS DESIGN. K.McGuthrv*.
S.Bvrd. and L.Hicks. Department of Psychology, 
Howard University, Washington, D.C., 20059.

This study was conducted to see if levels of 
processing (LOP) effects would be obtained on 
two tests of perceptual memory [i.e., word 
fragment completion (WFC) and word stem 
completion (WSC)] under implicit and explicit 
memory test (IMT, EMT) instructions using a 
within subjects design. The findings suggest 
that when WFC and WSC are utilized as IMTs, 
normal individuals may use different strategies 
for completing the two tests, although 80% 
claimed not to use EMT strategies during the 
IMTs. The order effect for the semantic LOP on 
the WFC-IMT indicates that explicit strategies 
may be applied if WFC is second in a within 
subjects design. When the two tests were 
completed under EMT instructions, no significant 
difference was found. The findings suggest that 
within subjects designs, using these IMTs and 
two LOPs, should be conducted with caution, 
especially if memory impaired individuals are to 
be compared with normal individuals.

Supported in part by Training Grant T-32-MH-19547 from 
the NIMH to the Society for Neuroscience.
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323.7
IMPLICIT LEARNING OF PERCEPTUAL ASSOCIATIONS. G. Musen*. 
Department of Psychology, Barnard College, Columbia University, New York,
NY 10027.

Previous research has indicated that one-trial priming of new verbal associations 
is difficult to obtain in both amnesic patients and normal subjects (Musen &
Squire, 1993, N e u ro p sy c h o lo g y , 7,119-135). However, rapid acquisition of 
p e r c e p tu a l associations (between a color and a word) has been observed (Musen & 
Squire, Soc. Neurosci. Abs. 18: 386, 1992). The present study investigated 
whether another type of perceptual association (i.e., between a letter and a 
location) could also be acquired. A location naming task was used in which a 
letter appeared in one of nine locations in a rectangle. On each trial, one letter 
appeared in a particular location and the subjects were asked to name the location 
in which the letter appeared (e.g., upper left; lower right). Each letter consistently 
appeared in the same location in the rectangle across 10 blocks of trials (e.g., the 
letter P  always appeared in the upper left position). Then, the locations of the 
letters changed (e.g., the letter P  might appear in the middle right position). If 
subjects were acquiring the association between the letter and the location, naming 
times should decrease across the first 10 trial blocks, and then increase when the 
locations in which the letters appeared changed. Naming times decreased across 
the first 10 trial blocks (from 860 ms to 796 ms), and then increased when the 
letters appeared in a new location (891 ms). In a subsequent explicit memory test, 
subjects were asked to determine which two letters appeared in each location. 
Performance on this task did not differ from chance. A second study indicated that 
associative learning occurred after a single trial. After only one block of trials, 
naming times decreased significantly (from 998 ms to 958 ms) if the letters were 
repeated in the same locations and increased significantly (from 1015 to 1083 ms) 
if letters appeared in new locations. Thus, implicit learning of letter-location 
associations occurs rapidly and in the absence of explicit memory.

323.9

IMPAIRED MEMORY FOR TEMPORAL ORDER (RECENCY) 
FOLLOWING VENTROMEDIAL FRONTAL LOBE DAMAGE. 
S.W. Anderson*. H. Damasio, and D. Tranel. Dept. of 
Neurology, Univ. of Iowa College of Medicine, Iowa City, 
IA 52242.

Memory for temporal order (MTO), or what has been 
referred to as "recency judgement," may be dissociated 
from declarative memory in subjects with focal brain 
lesions, and appears to be selectively disrupted by frontal 
rather than temporal lobe damage. The question remains 
as to what regions within the frontal lobes are involved in 
MTO. In the current study, two computerized tasks 
requiring judgement of the relative recency of previously 
presented verbal and pictorial stimuli, and parallel tasks 
requiring item recognition (IR) without MTO, were 
administered to 4 subjects with bilateral ventromedial 
frontal lobe damage (group VM), 6 subjects with 
dorsolateral frontal lobe damage (3 right, 3 left; group 
DL), and 70 normal control subjects (group NC). VM 
subjects had impaired MTO, more so for pictorial than 
verbal stimuli, but normal IR (percent correct IR - MTO = 
13.5, vs. 6.5 for group NC). DL subjects were impaired 
on both MTO and IR, but did not show a specific 
impairment of MTO after correcting for IR (IR - MTO =
6). These findings suggest a critical role of VM frontal 
cortices in memory for temporal contextual information.

323.11
DEVELOPMENT OF PREFRONTAL LOBE FUNCTIONS IN PRETERM AND 
FULLTERM INFANTS. T. Wilcox*, L. Nadel and E. Sell. Dept. 
of Psychology and Dept. of Pediatrics, College of Medicine, 
University of Arizona, Tucson, AZ 85721.

19 preterm (PT) and 19 fullterm (FT) infants, of uncom
plicated birth, were tested at 8.5, 10.5, and 12.5 months 
corrected age (age since due date) on A-not-B and Object 
Retrieval. Improved performance on AB and OR is dependent 
on maturation of the prefrontal cortex. For each task, 
individual regression lines, based on performance at each 
time point, were computed. We then examined group differ
ences in performance at the first test time (intercepts) 
and across time (slopes). Three important findings emerged. 
(1) In general, there were no group differences in perform
ance at the first time point or across time. While the PT 
infants did tend to evidence slower rates of development 
on OR, these differences were not significant. This finding 
suggests that uncomplicated PT birth does not alter the 
functional development of the prefrontal cortex. (2) There 
was a sLgnificant negative relationship between initial 
performance and rates of development on OR. Those infants 
who started out ’behind’ at the first test session 
evidenced faster rates of development. (3) The development 
of performance on AB and OR was unrelated. This result, 
along with findings from a previous study with PT infants 
(Wilcox, unpublished dissertation), suggests that AB and 
OR may tap very different cognitive functions and may not 
be equally dependent on prefrontal lobe functioning.

323.8
EFFECTS OF FRONTAL CORTEX LESIONS ON ERPs AND REPETITION 
PRIMING IN A LEXICAL DECISION TASK. D. Swick* & F IT  Knight. Dept. of 
Neurology & Center for Neuroscience, UC Davis, VAMC, Martinez, CA 94553.

This experiment examined the contributions of frontal cortex to repetition 
priming of words and nonwords during lexical decision and to the generation 
of late positive potentials in this task. Words and pronounceable nonwords 
repeated after one of 3 delays: immediate (3 sec), 1-3 intervening items (6-12 
sec), or 9-19 items (30-60 sec). Stimuli were categorized by pressing one of 
two buttons. Subjects were 8 frontal patients (7 left, 1 right) with lesions 
centered in dorsolateral prefrontal cortex and 9 age-matched controls. In 
elderly controls, first presentations of words and nonwords elicited a large 
centro-parietal positivity peaking around 700 msec. The N400 component 
typically preceding the P700 in young controls was delayed and difficult to 
discern. An earlier positive potential (400-500 msec) was observed frontally. 
Immediate repetitions elicited a very large positive wave (400-500 msec peak) 
at central and posterior electrodes. At the 2 longer delays, P700 was enhanced 
and peaked 50-100 msec earlier than for first presentations. Repetition effects 
at frontal electrodes were less pronounced. In frontal patients, the late positive 
potentials were reduced at all sites. Repetition effects were decreased at all 
delays, particularly for immediate repeats. Effects were dependent on the size 
and location of the lesion; focal reductions were observed in some patients. 
Behavioral data revealed that both groups showed significant word repetition 
priming at all delays. RTs for immediate repeats were fastest. Frontal patients 
showed priming of equivalent magnitude to controls, but their RTs were slowed 
overall and accuracy was lower. The ERP results in frontal patients imply the 
loss of a neural generator and/or a modulatory input to the generators of these 
components, while the preservation of behavioral indices of priming suggests 
cortical reorganization and recovery of function following stroke.

323.10
FAILURE TO RESPOND AUTONOMICALLY IN ANTICIPATION OF FUTURE 
OUTCOMES FOLLOWING DAMAGE TO HUMAN PREFRONTAL CORTEX. 
A.Bechara*. DTranel. A.R. Damasio, and A.M, Thompson. Dept. of Neurology, 
Univ. of Iowa, Iowa City, IA, 52242.

Following ventromedial frontal lobe lesions, patients develop a severe 
impairment in social decision-making. Their behavior is characterized by an 
insensitivity to the future outcome of their actions, and is mainly guided by 
immediate prospects. We tested the hypothesis that a critical cause of this defect is a 
failure to activate somatic states which may serve both as a value marker that 
automatically distinguishes good from bad choices and as a booster to maintain 
effective working memory and attention. We measured skin conductance responses 
(SCRs) of control (n=19) and target (n=5) subjects during the performance of a new 
card game task designed to detect social decision-making impairments. In the task, 
subjects had to choose one card at a time from one of four decks. Choosing a card 
was always followed by an immediate reward of play money, but the amount was 
higher in some decks than in others. At unpredictable points in each deck, choosing a 
card was followed by money loss, which was greater in the high reward decks than 
in the low ones. Control subjects learned to avoid the decks which yielded high 
immediate rewards and larger future losses; target subjects failed to do so. Control 
subjects generated SCRs after selecting cards followed by reward (0.2-0.3 pS) or by 
punishment (0.25-0.6 pS), and so did all target subjects (0.18-0.2. pS for reward, and 
0.18-0.4 pS for punishment). However, after several trials, control subjects also 
began to generate SCRs (0.4-0.8 pS) prior to their selection of a card, while they 
pondered from which deck to choose. These anticipatory SCRs were absent in all 
target subjects (0.03-0.05 pS). These results are compatible with the hypothesis that 
the frontal patients' defect is an inability to activate somatic states linked to reward 
and punishment, that were previously experienced in association with specific 
situations, and that must be reactivated in connection with anticipated outcomes of 
response options.
Supported by NINDS POI NS 19632.

323.12
DOUBLE DISSOCIATIONS OF MEMORY AND EXECUTIVE FUNCTIONS 
IN WORKING MEMORY TASKS FOLLOWING FRONTAL OR TEMPORAL 
LOBE DAMAGE IN MAN A.M.Owen. R.G.Morris. BJ.Sahakian. C.E.Polkev,
T.W.Robbins* Department of Experimental Psychology, University of Cambridge, 
Cambridge, CB2 3EB, U.K. and Institute of Psychiatry, University of London, 
SE5 8AF, U.K.

Thirty-two neurosurgical patients with unilateral or bilateral frontal lobe 
excisions, forty patients with unilateral temporal lobe lesions and nineteen patients 
who had undergone unilateral amygdalo-hippocampectomy were compared to 
matched control groups on a computerised test of spatial working memory. A 
highly significant deficit was observed in the frontal lobe group at all levels of task 
difficulty and this impairment was found to relate to the inefficient use of a 
particular searching strategy known to improve performance on this task. In 
contrast, deficits were only observed in the temporal lobe group and the 
amygdalo-hippocampectomy patients at the most difficult level of task difficulty 
and in both groups, the deficit could not be related to the inefficient use of any 
particular searching strategy.

In a follow up study, the three patient groups were compared on analogous, 
computerised tests of visual and verbal working memory. No deficits were 
observed in the frontal lobe group. By comparison, both the temporal lobe 
patients and the amygdalo-hippocampectomy group were significantly impaired 
in the visual working memory condition but not in the verbal working memory 
condition. These deficits were clearly evident at all levels of task difficulty and 
were not related to any particular searching strategy.

The data are discussed in terms of the relative contributions of ’executive’ and 
’mnemonic’ mechanisms to the contrasting, modality dependent deficits observed 
in the frontal and temporal lobe groups.
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323.13

PREFRONTAL CORTEX IN SCHIZOPHRENIA: AN MRI STUDY OF 
PATIENTS WITH TEMPORAL LOBE PATHOLOGY. CG. Wible*. M.E. 
Shenton. H. Hokama. R. Kikinis. F. Jolesz. and R.W. McCarlev. Depart
ment of Psychiatry, Harvard Medical School, Brockton VAMC, Brockton, 
MA 02401

Prefrontal cortex abnormalities have been implicated in schizophrenia in 
studies examining functional measures such as cerebral blood flow and glu
cose utilization. Studies using magnetic resonance imaging (MRI) of the 
prefrontal cortex have not consistently demonstrated structural abnormalities. 
A previous study in our laboratory found volume reductions in left temporal 
lobe structures in a group of schizophrenic patients. The finding of temporal 
lobe pathology in schizophrenics has been consistently replicated. The present 
study measured the volume of prefrontal cortex in these same schizophrenics 
who showed volume reductions in the left anterior hippocampal/amygdala 
complex, left superior temporal gyrus, and left parahippocampal gyrus. Four
teen chronic schizophrenics and 15 control male right-handed subjects were 
matched on age, IQ, and parental SES. MRI scans were obtained using a 1.5 
Tesla magnet, and 1.5 mm slices were obtained through the entire brain. Pre
frontal white and gray matter volume were measured using semi-automated 
image processing procedures on a SUN workstation. A MANOVA using the 
factors group (schizophrenic versus control), tissue class (white or gray), and 
side (right or left), showed no significant effects between groups. The results 
show that, at least in this group of mainly positive symptom schizophrenics, 
temporal lobe abnormalities can exist in conjunction with no gross volumetric 
abnormalities of the prefrontal cortex. We are currently investigating whether 
small circumscribed areas of the prefrontal cortex show abnormalities.

323.15
A COMPARISON BETWEEN NORMAL M ONOZYGOTIC AND 
DIZYGOTIC TW INS STUDIED DURING CO GNITION WITH 
POSITRON EMISSION TOMOGRAPHY. K.F. Berman*. J.L. Ostrem, 
J.D. Van Horn.V.S. Mattav'. G. Esnosito. D.R. Weinberger. Clinical Brain 
Disorders Branch, NIMH, Washington, D.C. 20032.

To assess the contribution of genetic factors to regional cerebral activity and to 
determine the degree to which patterns of cerebral activity during complex abstract 
reasoning tasks may be alike in similar individuals, we studied 10 pairs of 
monozygotic (MZ) twins (5 female and 5 male pairs; mean age 27) and 5 pairs of 
dizygotic (DZ) twins (2 female and 3 male pairs; mean age 24) using the oxygen-15 
water method for measuring regional cerebral blood flow (rCBF). rCBF was 
measured while subjects performed four tasks: two abstract reasoning tests - the 
Wisconsin Card Sorting Test and Raven's Progressive Matrices, and two 
sensorimotor control tasks. The similarity of rCBF values (normalized to the global 
mean) within twin pairs was assessed by determining Spearman’s rank order 
correlations between first- and second-bom twins for a variety of regions of interest 
drawn on co-planar MRIs for each subject. These data were compared with 1) 
correlations between pairs of unrelated individuals matched for age and sex (UNR) 
who were studied during the WCS and its control task and 2) correlations between 
two trials of the WCS performed by the same individuals.

Considering each task separately, there were more correlated areas between MZ 
twins than between DZ twins and very few correlations in the UNR pairs, suggesting 
some degree of genetic influence. However, correlations within the MZ pairs were 
considerably more sparse than within two measurements made in the same 
individuals, suggesting that this genetic influence is not large. When cognitively- 
specific activation data (task-control) were considered, few correlations were seen even 
within the MZ twins. The latter finding suggests that even in genetically identical 
individuals whose perfomance level on complex cognitive tasks is similar, the data 
obtained with current methods may vary considerably. These results may help to 
define the limits of how alike any two individuals can be expected to appear on PET 
scans during complex cognition.

323.17

A GENERAL DESIGN FOR TEMPORAL PROCESSING BY 
ASSOCIATIVE NEURAL NETWORKS. L. Wang and D. L. Alkon*. NIH/ 
NINDS/Neural Systems, Bethesda, MD 20892 

We propose a general system that can learn, recognize, and generate 
temporal-spatial sequences using associative (either auto- or hetero- 
associative) artificial neural networks. This system consists of three parts: (1) 
comparator units, (2) a parallel array of associative neural networks, and (3) 
multiple feedback lines with time delays from the output of the system to the 
neural network layer. The system has two input channels: the CS 
(Conditioning Stimulus) and the UCS (UnConditioning Stimulus) channels. 
During training, pairs of sequences of spatial patterns are presented to the CS 
and the UCS input channels simultaneously. After training, a test pattern, 
which is presented to the CS input channel only, will cause the system to output 
images in a sequence that has been learned. The system requires more than a 
single image to recall a sequence if that image has occurred in more than one 
sequence during training. In contrast to single-network designs (e.g., 
Fukushima), the present system is able to learn sequences of non-orthogonal 
spatial images. Unlike the back-propagation-based single-delay design, the 
present system can store sequences of more complexity, e.g., an image may 
occur in more than one sequence. This general scheme includes a number of 
existing temporal processing models as special cases. The system has been 
implemented with the Dystal network (Alkon et al, Biological Cybem.62,363 
(1990)) and it shows fast training and retrieval, as well as a minimal saturation.

323.14
A DISSOCIATION BETWEEN AFFECT AND RECOGNITION FOLLOWING 
UNILATERAL TEMPORAL LOBECTOMY INCLUDING THE AMYGDALA. 
A.A. Chiba*. R.P. Kesner. F. Matsuo, and M.P. Heilbrun. Depts. of 
Psychology, Neurology, and Neurosurgery, Univ. of Utah, SLC, UT, 84112.

The mere exposure effect was established by Zajonc (1968). Intrinsic to this 
effect is the notion that people tend to prefer stimuli they have seen as 
compared to novel stimuli. Based on this principle, a computerized liking task 
was designed to test the presence of the mere exposure effect. The liking 
task consisted of eight abstract pictures and eight unknown words that were 
sequentially presented on the computer screen. Following the individual 
presentation of each of these 16 study stimuli, 16 liking trials were presented. 
In each liking trial, two stimuli, one study stimulus and a matched lure, were 
simultaneously presented on the computer screen. Subjects were then 
asked which of the two stimuli they liked better, and subsequently asked to 
rate how well they liked each of the two stimuli. The liking trials were followed 
by the presentation of 16 recognition tests. During each recognition test, two 
stimuli, one of the 16 study stimuli and a matched lure, were simultaneously 
presented on the computer screen. Subjects were then required to choose 
which of the two stimuli they had seen in the initial study presentation. Two 
groups of subjects were tested on this task, college student control subjects 
and subjects who had undergone unilateral temporal lobe resections, 
including the amygdala, for the relief of partial complex epilepsy. College 
student control subjects displayed a stable liking or mere exposure effect and 
good recognition for the study stimuli. Temporal lobe, including amygdala, 
resected subjects failed to display the liking effect, whereas their recognition 
of the study stimuli was equivalent to that of control subjects. These data 
suggest a dissociation between the affective component of a stimulus and 
recognition for that stimulus. It appears that the integrity of the amygdala is 
critical to the existence of the liking effect. Thus, it is likely that the amygdala is 
involved in coding the affective quality of a stimulus.

323.16
CEREBRA L ACTIVATION DURING PROBLEM SOLVING AND 
ABSTRACT REASONING AS DEMONSTRATED WITH PET: A 
NEURAL NETWORK SUBSERVING INTELLIGENCE ? J.L. 
Ostrem*. K.F. Berman. V.S. Mattav. D.R. Weinberger. Clinical Brain 
Disorders Branch, NIMH, Washington, DC 20032 

Performance on Raven's Progressive Matrices (RPM), a non-verbal 
abstract reasoning problem solving test, has been shown to be highly 
correlated with standard measures of general intelligence. While impaired 
task performance has been noted in patients with postrolandic lesions, 
little is known about the neural system underlying this task. In this study 
we used the PET oxygen-15 water method for measuring regional 
cerebral blood flow (rCBF) to investigate the pattern of activation 
provoked by performing RPM. Ten pairs of normal monozygotic twins 
(five male, five female; mean age 27 years, range 18-54) were each 
studied during two counterbalanced conditions: 1) while performing RPM 
and 2) during a sensory-motor control task (RPMcon). rCBF data were 
normalized (i.e. expressed on a pixel-by-pixel basis was a percent of the 
whole brain mean). Regions of interest were drawn on co-planar MRIs for 
each subject and applied to individual PET studies to obtain the mean 
rCBF value for each region. Matched pair T-tests were performed 
comparing RAV and RAVcon. Significant increases in blood flow 
associated with RPM were found in areas of the left and right inferior 
frontal gyrus (p <.01 ), left and right occipital lobe (p <.0004, p<.004 
respectively), left and right inferior parietal lobule (p <.007, p <.0003 
respectively), right hippocampus (p < .02), right middle frontal gyrus (p < 
.005), right anterior cingulate gyrus (p< .03). Several significant 
deactivations were also observed. Insofar as the cognitive operations 
involved in RPM may be inherent to other higher order cognitive 
activities, these results suggest a neural system subserving abstract 
reasoning and problem solving and perhaps general intelligence.
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324.1
SPATIAL MOVEMENT PROPERTIES OF SUPERIOR COLLICULUS 
CELLS IN b eh a v in g  r a t s . ρ,γ, MiyaVSJ. Y, Mizumgri & T.Chatwin. 
Dept. of Psychology, Univ. Utah, Salt Lake City, UT 84112

Previously it was reported that hippocampal afferents arising from the 
lateral dorsal nucleus (LDN) of the thalamus may provide the hippocampus 
with a visual reference framework for computations during visuospatial 
learning (Mizumori et al., 1991 ;1992). The present study investigated the 
potential spatial contribution of the projections from the intermediate and 
deep layers of the superior colliculus (SC) to the LDN. 54 SC cells were 
recorded from 3 rats as they performed memory trials on an 8-arm radial 
maze. Nearly half of the cells fell into 1 of 3 categories of movement or 
spatial correlates: place-specific, forward motion and turns. Collicular cells 
activated by somatosensory input (vibrissa stroking) were also found. Cells 
found in the intermediate layers of the SC(2500-2800 pm) exhibited location 
specific firing that appeared similar to the place fields of hippocampal CA1 
and CA3 cells. 25% of all recorded cells were found in more ventral layers 
(4113-4700 pm) and were activated by different modes of movement. Many 
cells exhibited a directional correlate for forward motion by displaying high 
frequency bursts (about 400 Hz) during all types of movement except for 
movement inward on maze arms. Other deep layer movement cells (n=8) 
were inhibited by ongoing forward motion and exhibited a high frequency 
burst about 500 msec before the cessation of forward movement. Some 
cells (n=3) were also excited only during the turn and not by forward 
movement. One of these turn cells fired specifically to turns made in the 
clockwise direction. These data suggest that the SC may contribute some 
basic directional information to the visuospatial representation of the LDN. 
[Supported by BNS Grant 9120784]

324.3
ISCHEMIA-INDUCED REORGANIZATION OF HIPPOCAMPAL SPATIAL 
REPRESENTATION. M. A. Raia. S. J. Y. Mizumori. & B. T. Volpe*. Dept. 
Psychol., Univ. Utah, Salt Lake City, UT 84112; Dept. Neurol. & Neurosci., 
Burke Inst. Med. Res., Cornell Univ. Med. Ctr., White Plains, NY 10605.

Transient forebrain ischemia produces selective loss of CA1 and hilar 
neurons in rats. Behaviorally, ischemic rats show a permanent acquisition 
impairment on a spatial memory task when appropriate training parameters 
are employed (Davis & Volpe, 1990). Recently, we found that place-specific 
firing of CA2/3 cells was enhanced, and that of subicular and hilar neurons 
reduced, for ischemic animals performing the maze at asymptote levels 
(Garcia et al., 1991). The present study tested whether the apparent 
reorganization of place representation resulted from neural changes due to 
ischemia, or from prior experience on the maze.

Ischemic (n=5) and sham-control (n=4) rats were implanted with 
recording stereotrodes directed at the CA2/3 region of hippocampus. Place- 
specific firing of CA2/3 complex spike cells was monitored as rats began 
training on a spatial memory task. Ten cells from sham animals were held 
for at least 5 days. The mean place specificity (3.2 ± 0.2) did not differ 
across days. Place specificity of 10 cells recorded from ischemic animals 
during the first 5 days of training was enhanced relative to controls (6.0 ± 
1.1) even though, behaviorally, ischemic rats made more errors than 
controls during this period (p<.05). For those cells recorded up to 16 days 
(n=8), a significant correlation (p<.05) was observed between choice 
accuracy and place specificity for sham, but not ischemic, animals. These 
data indicate that for ischemic animals, ischemic injury itself, and not maze 
experience, produces more specific CA2/3 place fields. Thus, in contrast to 
controls, the specificity of ischemic CA2/3 place fields is not related to 
choice accuracy. [Supported by AG09299 (SJYM) and MH40090 (BTV)]

324.5
REDUCED GLYCOGEN PHOSPHORYLASE A ACTIVITY IN  THE 
DENTATE GYRUS MOLECULAR LAYER AFTER EXPLORATION. A.
Uecker*. G. Rao, G.D. Stevenson. B.L. M cNaughton and C.A. Barnes. ARL 
Division of N eural Systems, M emory and Aging, University of Arizona, 
Tucson, AZ 85724.

D epletion of glycogen stores in the nervous system during  metabolic 
activity is correlated w ith the activity of glycogen phosphorylase A (e.g., 
Wallace, 1983). In contrast, brain glycogen accumulates in an inactive animal 
due to decreased phosphoroylysis. "Patches" of phosphorylase A activity 
have been observed in  the dentate gyrus m olecular layer (Harley and 
Bielajew, 1992; Wallace, 1982); phosphorylase activation has also occurred 
following microinjections of glutamate into the entorhinal cortex (Harley and 
O’Keefe, 1986). We have investigated the effects of exploratory activity, 
w hich presum ably involves hippocam pal inform ation processing, on 
glycogen phosphorylase histochemistry in eighteen 4-7 m onth old male and 
female Long-Evans rats after one of three conditions: 30 minutes exploration, 
overnight inactivity  (hom e-cage controls), or 120 m inu tes sodium  
pentobarbital anesthesia. A significant m ain effect of condition (F 
[2,17]=108.72,p < .0001) indicated a substantial reduction of phosphorylase A 
activation following exploration. There was no difference in phosphorylase 
activity between the home-cage and anesthetized animals.

The decreased level of phosphorylase A activity is consistent w ith single 
cell recording studies (Ranck, 1973; Thompson and Best, 1989) that show that 
most hippocampal neurons are most active during quiet wakefulness, slow- 
wave sleep and under anesthesia, and least active during behaviors typically 
associated with the hippocampal theta rhythm, such as active exploration and 
paradoxical sleep. (Supported by MH48824 and ONR)

324.2
REDISTRIBUTION OF PLACE REPRESENTATION WITHIN THE
h ip p o c a m p u s  OF AGED r a t s . S, j ,  Y, Mizumori*. A, M, Lavoie. &
A. Kalyani. Dept. Psychology, Univ. Utah, Salt Lake City, UT 84112

Much evidence indicates that spatial learning impairments accompany 
old age in rats. This study examined the relationship between age-changes 
in neural encoding of spatial information by hippocampus, and the degree of 
spatial learning required for optimal performance on a maze task.

Location-specific firing (place fields) of 371 hippocampal cells were 
recorded as 13 young and 13 old rats performed at asymptote levels during 
each of 2 phases of training on an 8-arm radial maze. During phase 1, all 
animals performed a 'forced choice' task in which arms of the maze were 
presented individually (in random order), once per trial. During phase 2, rats 
performed a 'spatial memory' task. Half of the animals performed phase 2 in 
the same room as forced choice testing, while the other half performed 
phase 2 in a different room which contained a unique set of visuospatial 
cues. Relative to young rats, old rats were slower to acquire the memory 
task if trained in the same room as forced choice testing (p<.01). If phase 2 
occurred in a different room, rates of acquisition were similar, although aged 
rats made more errors overall (p<.01). Thus, old rats may not adapt well 
when new rules are imposed on familiar environments. No age differences 
in place field specificity were observed during forced choice testing for CA1 
or hilar cells. During spatial memory tests conducted in either room, old 
CA1 place fields (n=48) were more specific than young CA1 fields (n=56; 
p<.05), while old hilar place fields (n=40) were less specific than young hilar 
fields (n=43; p<.001). These data suggest that age-related redistribution of 
place representations may lead to less flexible use of preexisting spatial 
knowledge. When learning a new spatial environment, such a redistribution 
may contribute to reduced spatial accuracy. [Supported by AG09299]

324.4
COMPARISON OF ACTIVITY AND LEARNING INFLUENCES ON 
DENTATE GYRUS AND CA3 EVOKED POTENTIALS . P.A. Garcia* and 
S.J.Y. Mizumori. Dept. of Psychology, Univ. of Utah, S.L.C., UT 84112.

Behaviorally-induced, short-term changes in hippocampal evoked field 
potentials (EPs), or STEM, may reflect either mechanisms underlying 
learning (Sharp et al., 1985), or activity-induced brain temperature increases 
(Moser et al., 1993). If the latter hypothesis is true, then similar STEM effects 
should be observed in different hippocampal pathways under different 
behavioral conditions. The present study compared STEM between 
perforant path-dentate gyrus (PP-DG) and mossy fiber-САЗ (MF-CA3) EPs 
during different behavioral conditions.

MF-CA3 (n=5 hemispheres), and PP-DG (n=11 hemispheres) EPs were 
recorded from 14 rats during daily, 25 min sessions over 3 behavioral 
phases. In phase 1, rats were placed in an open field for 9 days. In phase 2, 
rats were trained on a radial maze to perform a task in which individual arms 
were presented randomly once per trial until 5 trials were completed per day 
for 8 days. In phase 3, rats performed a 'spatial memory' task on the maze 
for 9 days. Within each session, increases in EPSP slope and decreases in 
EPSP latency for MF-CA3 and PP-DG were observed (p<.01). Also, the 
population spike area and latency decreased in PP-DG EPs (p<.01). PP-DG 
STEM was greater in phase 1 than in phases 2 or 3 (p<.01). STEM in MF- 
CA3 was not different between phases. Total distance traveled was highest 
in phase 3, followed by phases 1 & 2 (p<.01). That PP-DG STEM did not 
correspond with measures of locomotion suggests that STEM isn't entirely 
due to activity-induced brain temperature changes. Also, STEM doesn't 
appear to be directly related to spatial information processing necessary to 
perform a spatial maze task. Rather, STEM may reflect more general 
aspects of learning in a novel environment.
Supported by GM15591 to P.A.G. & AG09229 to S.J.Y.M.

324.6
TEMPERATURE-DEPENDENT REDUCTION IN  POPULATION SPIKE 
AREA DOES NOT ALTER FUNCTIONAL OUTPUT OF THE FASCIA 
DENTATA IN RAT HIPPOCAMPUS. C.A. Erickson*. B.L. McNaughton and 
C.A. Barnes. ARL Division of Neural Systems, Memory and Aging, University 
of Arizona, Tucson, AZ 85724.

Activity-induced brain temperature changes lead to alterations in perforant 
path (PP)-evoked responses in the fascia dentata (FD). These alterations 
include a reduction in EPSP latency and a reduction in the population spike 
(PS) area. The latter may reflect either a reduction in the number of cells firing 
or an alteration of the shape of the individual unitary spikes. To address this 
question, we investigated the simultaneous effects on commissural responses 
in the contralateral FD, which are elicited disynaptically via the granule cells, 
and hence provide a m easure of granule cell output. If the ac tiv ity / 
tem perature induced reduction in population spike area reflects fewer 
granule cells firing then there should be a corresponding decrease in 
commissural EPSP am plitude. Eight F-344 rats were im planted bilaterally 
with stimulating electrodes in the perforant path and recording electrodes in 
the hilus. The contralateral response to PP stimulation included a positive
going field EPSP (peaking approximately 7 ms after the ipsilateral population 
spike), whose amplitude was highly correlated with the population spike area 
of the ipsilateral response during variations in stimulus intensity. Following 
PS reduction induced by either exploratory activity or radiant heat, there was 
a small, but significant, reduction in the am plitude of the commissural EPSP, 
indicating a subtle change in probability of granule cell firing; however, the 
main effect was a left shift of the PS-Commissural I /O  curve. This strongly 
suggests that most of the change in population spike area is due to an 
alteration in the size of the individual waveforms, and that the temperature- 
dependent reduction in PS size does not result in a significant alteration of 
functional output. (Supported by MH48824).
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324.7

EFFECTS OF AGING ON A SLOW, ATROPINE-, AP5- AND CNQX- 
SENSITIVE DEPOLARIZING RESPONSE IN  HIPPOCAMPAL REGION 
CAI FOLLOWING TET ANIZ ATI ON OF STRATUM ORIENS/ALVEUS. L
Shert*, CA . Barnes. B.L, McNaughton, G. Rao and T.W. Abel. ARL Div. of 
Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.

Following 0.5 sec stimulation of the stratum  oriens at 50Hz, depolarizing 
waveforms, lasting 3-9 sec and often punctuated by multiple action potentials, 
were recorded from CAI pyram idal cells in the in  v i t r o  hippocampal slice 
preparation. These responses were reduced by either CNQX or AP5 alone, 
and abolished by either a combination of CNQX and AP5, or by atropine. The 
average amplitude of this response ranged from 16-24mV at different stimulus 
levels, and was increased by membrane hyperpolarization. Input resistance 
decreased during the response. This slow depolarization appears to be 
distinct from the slow cholinergic EPSP (Cole and Nicoli, 1984), which also 
occurred (at longer latency) in some experiments; the former response's 
pharm acological identity and possible dependence on ACh-m odulated 
network dynamics are under investigation. This response has been examined 
among three age groups of F-344 rats (n=8, 26-35 days; n=8, 9 mo; n=7, 24-27 
mo) that were previously tested in the spatial version of the Morris water task 
(old rats were impaired). Slices were prepared, and three stimulus intensities 
(200,400, and 600μΑ) were used to evoke the depolarizing response described 
above. There were no age differences in input resistances, resting membrane 
potentials, action potential am plitudes, or orthodromic thresholds of CAI 
pyram idal cells. However, the area of the response (msec*mV) was 
significantly reduced in old rats (pcO.001). We have previously shown that 
both AMPA and NMDA-mediated EPSPs are decreased in CAI of old rats. 
We are investigating the hypothesis that the slow potential changes may 
reflect an age-related deficit in the ability of hippocampus to undergo self- 
sustaining reverberatory activity. (Supported by AG03376)

324.9

"SATURATION" OF PERFORANT PATH GRANULE CELL LTE/LTP 
DOES DISRUPT SOME SPATIAL TASKS. G.D. Stevenson*. D.L. Korol. 
M-E. Galganski, T.W. Abel, B.L. McNaughton and C.A. Barnes. ARL Division 
of Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.

Although previous studies reported spatial memory deficits on both the 
Barnes circular platform and Morris water tasks following high-frequency 
(HF) activation of the perforant pathway, several recent attempts in this and 
other laboratories (see H ippocampus voi 3, no 2) to replicate these effects on 
the water task have been unsuccessful. We therefore attem pted to replicate 
the effects of LTE induction on performance of the circular platform task. In 
the original experiments (McNaughton et al., 1986) the largest deficit was seen 
in a reversal condition. Rats (n=34) with chronically-implanted electrodes 
were trained on the circular platform for 16 days. They were then randomly 
divided into two groups, one receiving bilateral high frequency, (10, 25 msec 
bursts at 400 Hz) which led to significant LTE, the other received low- 
frequency (0.1 Hz) only. The rats were then tested on acquisition of a new 
spatial location (i.e., a reversal problem). The HF group made significantly 
more errors than LF controls and showed no improvement in accuracy over 
the reversal trials on the circular platform. In contrast, when a subset of these 
rats were tested on the Morris water task, no behavioral differences were 
observed betw een the groups. A lthough the two spatial tasks are 
conceptually similar, they are clearly affected differently by the HF treatment. 
Potential differences include the training time period, motivation, and the 
possible need for more complete synaptic disruption on the water task. 
Whatever the explanation, stimulation leading to disruption of the synaptic 
weight distribution at the perforant path-granule cell synapse does appear to 
affect learning under some conditions, supporting the hypothesis that LTE 
and learning may be related. (Supported by AG03376, AG05540, and ONR)

324.11
HOW WIDESPREAD IS LTE "SATURATION" AT PERFORANT PATH - 
GRANULE CELL SYNAPSES? D.L. Korol*. M.W. lung, C.A, Barnes and B.L. 
M cN au g h to n . ARL Division of N eural Systems, M emory and Aging, 
University of Arizona, Tucson, AZ 85724.

Attempts to disrupt acquisition of spatial tasks by induction of long-term 
enhancement (LTE/LTP) of hippocampal synapses have led to conflicting 
results (e.g., McNaughton et al., 1986; Castro et al., 1989; Korol et al., 1993; see 
also Stevenson et al., this session, Hippocampus, voi 3, no 2). One possibility is 
that a critical proportion of hippocampal synapses must be modified before an 
effect is seen on any given spatial task. Perhaps LTE saturation using typical 
protocols is localized to only a portion of the fascia dentata, leaving other 
regions relatively unaffected. To investigate this, we examined the extent of 
LTE in the dorsal hippocampus of rats, using activation with two sets of 
stimulating and recording electrode pairs. Under N embutal anesthesia, one 
pair of stim ulating (S2) and recording (R2) electrodes was im planted 
unilaterally in the dorsal hippocampus and perforant path, respectively, 1 mm 
postero-lateral to our standard stimulating (SI) and recording (Rl) sites. EPSP 
magnitudes evoked by 500μΑ test stimuli were similar across all electrode 
pairs, with average maximal am plitudes ranging from 11.8mV to 12.6mV. 
Regardless of recording site, application of high frequency stimulation (HFS) 
at SI induced 17% LTE of the EPSP slope in the SI pathway, and only 10% 
LTE in the S2 pathway. Subsequent HFS to S2 led to no change in SI pathway 
but an additional 10% LTE in S2 synapses, suggesting only half-maximal LTE 
at S2 from the initial SI tetanization. Likewise, HFS to S2 initially produced a 
3% increase in EPSP slope in responses of the SI pathway, representing only 
25% of the maximal LTE at SI seen after additional SI HFS. In conclusion, our 
results suggest that the param eters conventionally used to induce LTE 
saturation leave a substantial proportion of perforant path synapses free to 
undergo additional LTE. (Supported by AG03376, AG05540, and ONR)

324.8

AGE-RELATED DECREASE IN THE NMDA-MEDIATED EPSP IN CAI. 
G. Rao*. C.A. Barnes. B.L. McNaughton. Ī. Shen. and T.W. Abel. ARL Div. of 
Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.

We previously dem onstrated a region selective, age-related decrease in 
responsiveness of CAI pyramidal cells to iontophoretic application of AMPA 
(Barnes et al., 1993) and to activation of populations of the Schaffer collaterals. 
There was no change, however, in ’unitary’ EPSPs, leading to the hypothesis 
that each Schaffer collateral makes fewer synapses. Given colocalization of 
NMDA receptors, the hypothesis predicts that NMDAr mediated population 
EPSPs should also be reduced in old rats. F-344 rats (n=10,26-35 days; n=10,9 
mo; n=9, 24-27 mo) were tested in the spatial version of the Morris water task 
and showed an age-related deficit in spatial learning ability (search time in 
target quadrant: pups, 37.2 ± 0.7 sec; adult, 26.6 ± 3.1; old, 18.0 ± 1.8). 
Hippocampal slices were subsequently prepared and incubated in low Mg++ 
ACSF. Recording and stimulating electrodes were positioned in CAI stratum 
radiatum. Input-output curves were constructed of the relation between the 
presynaptic fiber volley and EPSP before and after local application of CNQX, 
a поп-NMDAr (AMPA) antagonist. Abolition of the residual response by 
AP5 confirmed that it was indeed NMDAR-mediated. As found previously, 
prior to CNQX application the EPSP-to-fiber volley ratio was significantly 
reduced in the old rats. After CNQX application, the size of the NMDAr 
component for a given fiber volley am plitude was also significantly reduced 
(pc.005) in the senescent rats relative to the younger age groups. In 
conjunction with the earlier studies, this result is consistent with the 
hypothesis that there is an age-related alteration in num ber of Schaffer 
collateral synapses onto CAI pyramidal cells, although it remains an open 
question whether some aspect of NMDA-mediated synaptic transmission is 
altered in the old rats. (Supported by AG03376)

324.10

COMPARISON OF LTE- INDUCING STIMULATION AND ELECTRO
CONVULSIVE SHOCK O N  THE ROSTRAL-CAUDAL EXTENT OF 
HIPPOCAMPAL z i f 268 mRNA ACTIVATION, SYNAPTIC ENHANCE
M ENT, AND SPATIAL MEMORY D ISRU PTIO N. C.A. Barnes*. B.L. 
McNaughton. K. Andreasson. L. Church and P.F. Worley. ARL Div. Neural 
Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724, and Dept. 
of Neuroscience and Neurology, Johns Hopkins Univ., Baltimore, MD 21205.

The hypothesis that information is stored as a specific distribution of 
synaptic weights has been investigated by "saturating" LTE/LTP in awake 
freely-behaving rats. Such treatment disrupts spatial learning and memory on 
some tasks bu t not others (see Hippocampus voi 3, no 2, and Stevenson et al., 
this session), possibly because different tasks may be differentially sensitive to 
the proportion of synapses modified by stimulation at a single, perforant-path 
site. An anatomical marker of the NMDA-dependent LTE induction process, 
zi/268 mRNA (e.g., Cole et al., 1989), was used as an indicator of the extent of 
LTE induction in 6 rats 30 min following 10 bilateral stimulus trains at 400 Hz. 
The dissected hippocampi were extended, serially sectioned in the transverse 
plane and prepared for in  s i tu  hybridization for z i f268 mRNA. The most 
rostral hippocampus was strongly activated in all rats, while the most caudal 
regions showed little activity. Com pared to mRNA activation following 
maximal electroconvulsive shock (MECS) only about a third of the total 
hippocam pus was "saturated". An additional 12 rats were prepared for 
chronic recording, and given MECS, or ear clip only w ith no shock, 3 days 
before training on the Morris water task. MECS produced large persistent 
increases in hippocampal synaptic responses and a significant deficit in spatial 
learning. These results are consistent w ith the hypothesis that incomplete 
synaptic weight changes might lead to variable behavioral results, while more 
complete hippocampal synaptic weight changes might lead to more reliable 
behavioral deficits. (Supported by AG09219 and HD00992)

324.12
PLACE FIELD D IRECTIO N A LITY : RELA TIO N  TO VISUAL, 
BEHAVIORAL AND SPATIAL VARIABLES. Y. P in , E.T. Markus* B.L. 
M cNaughton. C.A. Barnes and K.M. Gothard . ARL Division of Neural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.

Rat hippocampal complex spike (CS) cells have been reported to show 
strong directional selectivity within their place fields when recorded on an 
eight-arm radial maze (e.g., M cNaughton et al., 1983), but not in a high 
walled cylinder w ith singular polarizing visual features (i.e., a white card 
subtending -90° of arc; Muller et al., 1987). The two situations differ in the 
visual environment, behavioral task and in the spatial constraints on the rat’s 
movements. As part of an ongoing attempt to elucidate the causal factors of 
place cell directionality, place cells were recorded on an eight-arm maze 
within a cylinder-like visual environment designed to mimic the Muller et al. 
cylinder; the radial maze was surrounded by a black curtain, w ith a white 
curtain covering a 90° arc, extending from the height of the maze surface to 
the ceiling.

Two adult rats were trained to retrieve chocolate milk from the ends of the 
arms. Of 15 CS cells w ith place fields on the maze, 10 had place fields in 
locations where there was adequate sampling of two directions (i.e., at the 
first third of the maze arms). Of these, 8 cells showed a strong degree of 
place field directionality that was similar to that recorded in other rats in the 
standard eight-arm maze room configuration with multiple distal cues. Thus, 
contrary to the initial hypothesis, the relative complexity of the visual 
environment appears not to be the major determinant of the directional bias 
in the 8-arm maze situation. At least two obvious alternative explanations 
remain open: the constraint of linear trajectories on the maze, and the relative 
area of the apparatus experienced by the animal. (Supported by AG03376 and 
NS20331)
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3 2 4 .1 3
FAMILIAR LANDMARKS CAN CORRECT FOR CUMULATIVE ERROR 
IN THE INERTIALLY BASED DEAD-RECKONING SYSTEM. B.L. 
McNaughton, E.Ĩ. Markus, M.A. Wilson and T.Ĩ. Knierim*. ARL Division of 
N eural Systems, M emory and Aging, University of Arizona, Tucson, AZ 
85724.

"Head direction (Н)” cells, whose firing rate is related to the azimuthal 
component of head orientation have been recorded in the rat postsubiculum 
(Taube et al., Ī. Neurosci·, 10:420-435, 1990), la teral dorsal thalam us 
(Mizumori and Williams, I. Neurosci., in press), and posterior neocortex 
(Chen et al., Soc. Neurosci. Abs., 16:441, 1990 and 17:1395, 1991). These 
neurons are part of a tightly coupled network in  the sense that, in all cases 
studied to date, m anipulations tha t d isorient one cell d isorient all 
simultaneously recorded H  cells by an equal angular deviation. It has been 
suggested (McNaughton, et al., Ϊ. Cog. Neurosci., 3:190-202,1991) that H cells 
provide the angular component of an ideothetic (inertial) navigation system 
(M ittelstaedt and M ittelstaedt, N aturw issenschaften. 67:566, 1980) that is 
driven primarily by vestibular and other angular velocity signals, but can be 
reset or calibrated by visual signals from familiar, stable landmarks. The 
presumed basis for such resetting was the formation of associations between 
head orientation units and 'local-view' units (possibly in hippocampus) 
during prior exploration.

In unfamiliar, high-walled environments, H cell (n=6) direction tuning 
rotated in register w hen the entire apparatus was rotated very slowly 
(presumably below vestibular threshold), but was maintained with respect to 
the inertial (laboratory) reference frame w hen the apparatus was rotated 
rapidly. In a familiar, high-walled apparatus, H cell (n=4) tuning followed 
the apparatus regardless of w hether its rotation was fast or slow. Q .E .D .  
(Supported by NS20331 and the McDonnell-Pew Foundation).

3 2 4 .1 5
PERSISTENCE OF BEHAVIORALLY INDUCED CORRELATION IN 
PLACE CELL ACTIVITY DURIN G  SLEEP. M.A. Wilson* and B.L. 
M cN au g h to n . ARL Division of N eural Systems, M emory and Aging, 
University of Arizona, Tucson, AZ 85724.

Simultaneous activity was recorded from  82 isolated cells in  the rat 
hippocampus. The animal was allowed to explore an enclosed rectangular 
environment. 1722 short-latency (±50msec) cross-correlations were obtained 
from the 42 complex-spike cells w hich were active in the environment. 
Correlation pairs were rank ordered based on the distance between the place 
field centers w ithin the environment. Cells w ith overlapping place fields 
showed high correlation, while those w ith non-overlapping fields showed 
low correlation. The same cells were recorded outside the apparatus during 
awake immobility, slow-wave sleep, and paradoxical sleep, both before and 
after the behavioral session. In the post-behavior phase, correlations for cells 
w hose place fields overlapped d u ring  the behavioral session w ere 
significantly larger than correlations for cells whose fields d id  not overlap. 
This effect was not seen in the correlation prior to the behavioral session. It is 
possible that co-activation of place cells during behavior induces changes in 
synaptic coupling which persist during subsequent sleep. Pavlides and 
Winson (1989) have shown that cells which w ere recently active during 
waking show increased activity during sleep. O ur results reveal that the 
neuronal correlation structure established during behavior is also preserved 
during these periods. It has also been suggested that during behavior, CA3 
place cells become transiently coupled via heterosynaptic potentiation, and 
that during sleep (and other sharp-wave inducing states) long-term synaptic 
modification occurs between these cells and their CAI targets (Buzsáki, 1991). 
O ur results are consistent w ith this hypothesis, and potentially provide the 
m eans to investigate the mechanism s underlying behaviorally induced 
synaptic modification in the hippocampus. (Supported by MH46823)

3 2 4 .1 7
SINUSOIDAL ARRAYS: A THEORY OF VECTOR REPRESENTA
TION IN PARIETAL AND MOTOR CORTEX.
P.S. Touretzky, A.D. Redish, H.S. Wan, B.L. McNaughton *t. Dept. of Computer 
Science, Carnegie Mellon, Pittsburgh PA 15213. fDiv. of Neural Systems, Memory, 
and Aging, University of Ariz., Tucson AZ 85724.

We propose a neural representation for vectors, based on a discrete approxima
tion to phasors, in which translation and rotation are both easily computed. The 
representation is compatible with reports of (1) cells in rat parietal cortex that 
show a cosine response to head direction, (2) cells in macaque motor and parietal 
cortex with a cosine response to intended reaching direction, and (3) cosine cells in 
macaque motor cortex that also respond linearly with distance.

The phasor encoding of the polar vector (r, φ ) is a sine wave f i t )  =  r  cos(u)t +  φ), 
where w is an arbitrary constant frequency. The discrete approximation to the 
phasor is obtained by sampling at N  equally spaced points in the interval [0,2тг], 
yielding a family of functions fir, ф, і )  =  rcos(^ — 2 i r i / N ) ,  for і  from 1 to N .  The 
samples are implemented in neural circuitry as bundles of ceils with average firing 
rate F ( r, φ , i )  =  k  · f ( r ,  φ , і ) +  b, where k  is a scale factor and b a baseline value 
equal to half the cell’s peak firing rate. This equation is similar to the neuronal 
population vector equation of Georgopoulos et al., with 2 i r i / N  being the “preferred 
direction” for cells in the ith array element.

Vector addition and subtraction can be performed by addition of spike trains, 
with no latency other than normal propagation delays, e.g., F sum ( i )  =  F f i i )  + 
F f i i )  — b, for і  from 1 to N .  Provided the activity within a bundle is uncorrelated, 
accuracy increases with bundle size. Vector rotation is accomplished by shifting the 
array elements, using a parallel shifter circuit composed of a winner-take-all phase 
detector and N  gated permutation channels. Computer simulations support the 
viability of this proposal.

Our theory predicts that when rats are trained to perform a navigation task, 
some cells showing a cosine response to head direction will also be found to respond 
linearly to distance from a landmark or goal location. (Supported by Fujitsu)

3 2 4 .1 4
ON THE BIN DIN G  OF HIPPOCAM PAL PLACE FIELDS TO THE 
INERTIAL ORIENTATION SYSTEM. Ї.Ї. Knierim, B.L. McNaughton. C. 
Duffield* and Ĩ. Bliss. ARL Division of Neural Systems, Memory and Aging, 
University of Arizona, Tucson, AZ 85724.

Rats were trained to search for food pellets dropped random ly within a 
gray-walled apparatus in which a single cue card, covering 90° of the eastern 
wall, served as the only salient directional reference in the sensory-cue- 
controlled room. The rats were disoriented before placing them  in the 
apparatus. After training, place fields of CAI and CA3 pyram idal cells were 
mapped with the cue card at its normal position or rotated to one of the three 
other orthogonal orientations. Under these conditions, for most rats, we 
failed to reproduce the tight control of the location of the place fields by the 
visual cues, reported by other investigators. In m any cases, place fields 
rotated between (or within) sessions in relation to both the cue card and the 
room itself. A possible explanation is that the dominant directional cue for a 
disoriented rat in an unfamiliar environment comes from its own internal 
direction sense, mediated by "head direction" cells. In this case, the animal 
w ould perceive the cue card at different bearings on different trials, 
depending on the orientation of its direction system when released into the 
apparatus during training. The card would hence not constitute a stable 
landmark. To test this, two additional rats were trained with an explicit effort 
to maintain perceptual constancy of the relationship between the external 
world and the recording apparatus. Subsequently, under the cue-controlled 
conditions w ith the disorientation  procedure , the cue card exerted 
substantially greater control over the location of the place fields in these rats. 
In one rat trained under disorientation conditions, when hippocampal place 
fields rotated in relation to the cue card, the tuning curve of simultaneously 
recorded thalamic head direction cells rotated correspondingly. (Supported 
by NS20331 and NS09052).

3 2 4 .1 6
SPATIAL SPECIFICITY OF HIPPOCAMPAL PLACE CELLS CHANGES 
WITH PHASE OF THE THETA CYCLE. W.E. Skaggs*. M.A. Wilson and
B.L. M cNaughton. ARL Division of N eural Systems, M emory and Aging, 
University of Arizona, Tucson AZ 85724. Email: bill@NSMA.Arizona.Edu.

In the rat, the firing rate of hippocampal complex spike cells is strongly 
modulated by the 6-9 Hz theta rhythm  (Ranck, 1973). When a rat moves 
freely in an environment, such a cell typically has a "place field": it fires at a 
high rate when the rat is in a specific small spatial area, and is virtually silent 
at other times (O'Keefe and Dostrovsky, 1971). We report that the tightness 
of spatial tuning for these cells varies over the course of the theta cycle.

Hippocampal activity was recorded using 12 chronically implanted four- 
channel electrodes, in rats foraging for food pellets inside a rectangular box. 
Eighty or more cells can be followed simultaneously with this technique 
(Wilson and McNaughton, 1992), as well as 8 channels of EEG. Theta phase 
was assigned by digitally filtering the EEG with a 6-10 Hz bandpass, and 
then using the peaks of the filtered signal as cycle boundaries. Spatial 
specificity was quantified by the am ount of information, in bits, about the 
rat’s location yielded by the occurrence of a spike (Skaggs and McNaughton, 
1992).

Place fields showed significantly higher spatial specificity during the 
portion of the theta cycle in which overall complex spike cell activity is low, 
and lower specificity in the high-activity portion of the cycle. The simplest 
explanation of this phenom enon is that it results from a decrease in 
threshold during the period of peak activity, due to reduced inhibition, so 
that more weakly activated cells become capable of firing. It would thus 
represent a very rapid dynamic modulation in the size of the "receptive 
fields" of hippocampal cells. (Supported by MH46823)

3 2 4 .1 8
TOWARDS A COMPUTATIONAL MODEL OF THE HIPPOCAMPAL 
F O R M A TIO N  IN C O R P O R A T IN G  REA LISTIC  A N A TO M IC A L 
CONNECTIVITY. P.E. Patton* and B.L. M cNaughton. ARL Div. of Neural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.

A com putational model of the rat hippocampal formation incorporating 
realistic anatomical connectivity is being developed. The model will 
eventually include all major described intrahippocam pal pathways, local 
circuitry, and relative cell and connection densities. Development has so far 
focused on the dentate gyrus. Points representing granule cell and basket cell 
somata were distributed at appropriate densities throughout a rectangular 
sheet to represent this structure. Both cell classes receive perforant path 
input. The perforant pathway possesses a coarse topographic organization 
(Wyss, T. Comp. Neurol. 199:495-512). It is highly divergent, with individual 
entorhinal terminal arbors extending over the entire transverse extent of both 
dentate blades and as much as 2 m m  in the septotem poral direction 
(Tamamaki and Nojyo, unpublished manuscript), and making an estimated 
18,000 synaptic contacts (Amaral et. al., Prog. Brain Res. 83:1-11). In the 
model, each terminal arbor was represented as a rectangle, extending over 
both dentate blades and having a length specified by a random  deviate of a 
Gaussian distribution. An appropriate number of postsynaptic targets were 
chosen from w ithin each rectangle and connections stored. A similar 
procedure was used to assign inhibitory feedback connections from basket 
cells onto granule cells, and will be used for other projections currently being 
added to the model. The goal of the completed anatomical representation will 
be to serve as a basis for estimating the hippocampal connectivity matrix and 
thus providing a foundation for com putational m odels of postulated 
hippocampal operations such as pattern separation and associative memory. 
(Supported by MH46823).
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3 2 4 .1 9
A D E M O N S T R A T IO N  O F  P L A C E  C E L L S  IN  T H E  
V E N T R A L  H IP P O C A M P U S  IN  R A T S . B. Poucet*. C. Thim is- 
Blanc and R.U. M uller. Lab. of Cognitive Neuroscience, CNRS, 13402 
Marseille, France, Dept. o f Physiology, SUNY, Brooklyn, NY 11203.

M any cells recorded from  the dorsal hippocam pus of freely moving 
rats are intensely active only when the rat's head is in a  particular part of 
its environment. For this reason, such units are called "place cells". The 
region o f intense firing is called the "firing field". U nder constant 
environmental conditions, each place cell has its own, stable firing field 
w hich may be located anyw here in the environm ent. E lectrophysio- 
iogically, place cells in the dorsal hippocampus all seem to be pyramidal 
cells according to  the criteria o f Fox and Ranck [Exp. B rain Res., 
41(1981), 399-410]. Specifically, they generate com plex-spikes and 
have action potentials whose durations range from  400 to  600 usee.

We have now  investigated w hether place cells are also found in the 
tem poral hippocam pus, and w hether they share electrophysiological 
properties w ith those in the dorsal hippocampus. Recordings were made 
from the temporal hippocampal units while rats chased food pellets in a 
gray cylindrical arena with a  white card attached to cover 100° of arc o f 
the wall. The rat's position w as sim ultaneously recorded at 50  Hz by 
tracking a  light on the rat's head. O ur initial data show  that there are 
place cells in the temporal hippocampus, and that their positional firing 
patterns and electrophysiological properties are very sim ilar to  those in 
the dorsal hippocampus. O ur results suggest that despite differences in 
connectivity and neurochemistry between the dorsal and ventral regions, 
the hippocampus functions as an integrated w hole in processing spatial 
inform ation.

LEA RN IN G  AND MEMORY: PH Y SIO LO G Y  I I I

3 2 5 .1

PLA CE CELLS RECO RD ED  FROM  TH E PARASUBICULUM IN 
FR EEL Y -M O V IN G  A N IM A LS. J.S. Taube*. Department of 
Psychology, Dartmouth College, Hanover, NH 03755.

Previous studies have identified neurons in the hippocampus, subiculum, and 
entorhinal cortex which discharge as a function of the animal's location in the 
environment. In contrast, neurons in the dorsal presubiculum discharge as a 
function of the animal's head direction in the horizontal plane, independent of 
its behavior and location in the environment. Head direction cells have also 
been reported in the subiculum and the anterior thalamic nuclei. Because the 
parasubiculum has extensive connections with the entorhinal cortex and the 
anterior thalamic nucleus, this study was designed to determine the types of 
behavioral and spatial correlates in the parasubiculum.

Long-Evans rats were trained to retrieve food pellets thrown randomly into a 
cylindrical apparatus containing a single orientation cue. Animals were then 
implanted with recording electrpdes directed toward the parasubiculum. Single 
cell recordings from 4 animals showed that 9 out of 68 cells discharged in 
relation to the animal's location in the cylinder. An automated video-computer 
system tracked the animal's location and head direction while simultaneously 
monitoring cell discharge. Each of the place cells contained only one firing 
field, whose dimensions were similar in size to fields reported for hippocampal 
place cells. The place cells showed little, if any, directional firing. In addition, 
a large percentage of cells (51.5%) were classified as theta cells; this percentage 
is significantly higher than percentages reported for other areas of the subicular 
complex. Only 2 cells were classified as head direction cells and histological 
analysis showed that these cells were probably located in the presubiculum.
The results indicate that the discharge properties of cells in the parasubiculum 
are more similar to the hippocampus than the presubiculum.

Supported by NIH MH48924 and the Hitchcock Foundation.

3 2 5 .3
LOCATION CORRELATES OF CELL FIRING IN THE RAT SUBICULUM.
P. E. Sharp* & C. green. Psych. Dept., Yale U., New Haven, CT, 06520.

The location-specific firing patterns of hippocampal place cells provide an 
indication of an animal’s momentary location in space, and are thought to play a 
role in navigational learning. Little is known, however, about how this signal is 
projected onto other brain regions so that place information can ultimately help 
guide behavior. As a first step, we have examined the spatial firing properties of 
cells in the domai subiculum, which receives a major input from the hippocampus, 
and, in turn, projects to several brain regions thought to be involved in learning.

During recording sessions, rats performed a pellet-chasing task in a cylindrical 
chamber (Muller e ta i . ,  J. Neurosci..7.1987), and single cell activity, as well as 
the animal’s momentary location were continuously monitored.

Most cells (46/56) showed strong modulation of firing rate as a function of 
location. As has been reported (Sharp e t a i ,  Soc. Neurosci. A bst. 1990, Barnes e ta i ,  
Prog.Br.Res. 83,1990) subiculum cell firing was more distributed than hippocampal 
cell place fields. Many cells fired throughout the area of the cylinder, while showing 
robust rate differences from one location to another. Consistent with anatomical and 
in  v itr o  physiological studies (Donovan & Wyss, Br.Res..259.1983; Stewart & 
Wong, J. Neurophvsiol.. in press; Swanson e t a i ,  J. Neurosci..1.1981; Witter & 
Groenewegen, 1990, Prog. Br. Res.. 83), evidence was found for heterogeneity in the 
population of subicular cells. There was variability across the transverse extent of 
subiculum, in that cells in the distal portion showed slightly higher average rates and 
spatial coherence. Additionally, individual cells within each area showed either a 
bursting or non-bursting pattern in their spike trains.

These results suggest the subiculum sends a robust location-related signal to the 
brain regions to which it projects. Heterogeneity in this cell population, considered 
along with the anatomical data showing heterogeneity in subicular cell projections, 
provides the possibility that the rate and pattern with which this signal is transmitted 
varies depending on the brain region to which it is sent.

3 2 5 .2
LESIO N S O F TH E A N T ER IO R  TH A LA M IC  NUCLEUS 
D ISRU PT HEAD D IR EC TIO N  CEL L FIR IN G  IN TH E DORSAL 
P R ESU B IC U LU M . J.P. Goodridge* & J.S. Taube. Dept. of Psychology, 
Dartmouth College, Hanover, NH 03755.

Previous studies have identified neurons in both the deep layers of the dorsal 
presubiculum (postsubiculum) and the anterior thalamic nucleus which 
discharge as a fimetion of a rat’s head direction in the horizontal plane. 
Anatomical studies have demonstrated that neurons in these two areas are 
reciprocally connected. This study investigates whether the head-direction cell 
signal in the dorsal presubiculum is dependent upon input from the anterior 
nucleus of the thalamus.

Six female, Long-Evans rats were placed on a food-restricted diet and trained 
to retrieve food pellets thrown randomly into a gray, cylindrical chamber 
containing a prominent white card for orientation. Following training, 
bilateral, electrolytic lesions were made in the anterior thalamic nucleus, and a 
vertically moveable, 10-wire recording electrode array was implanted into the 
dorsal presubiculum. Each day, the animals were monitored in the cylinder for 
head direction cells (and other spatial/behavioral correlates) and the electrode 
advanced in 25-50 μπι increments. Head direction cells were identified in only 
one of the six animals. In this one animal two head direction cells were 
identified out of a total of 18 cells. In the five remaining animals, 70 cells 
were adequately isolated. Seven of these neurons were classified as theta 
cells, and 63 had no determinable correlate. Previous recording studies of the 
dorsal presubiculum from non-lesioned animals have shown that 
approximately 25% of the cells were classified as head-direction cells and 15% 
as theta cells (Taube et al., 1990, J. Neurosci.). These results suggest that the 
head direction signal in the dorsal presubiculum is dismpted by lesions of the 
anterior thalamic nucleus.

Supported by NIH MH48924, the Hitchcock Foundation, and a Dartmouth 
Burke Award.

3 2 5 .4
NONSPATIAL CORRELATES OF HIPPOCAMPAL CAI UNIT ACTIVITY ON 
THE 4-ARM RADIAL MAZE, в G,D, Fox and н, Ęichenbam  
Dept. of Psychology, Univ. of North Carolina, Chapel Hill, NC 27599.

The observation of hippocampal place cells forms a major line of evidence 
supporting the view that the hippocampus is dedicated to spatial processing. 
However, most studies demonstrating the spatial properties of hippocampal unit 
activity have employed tasks that emphasize spatial cues while minimizing 
nonspatial cues and making them behaviorally irrelevant. In the present 
experiment we recorded from rats on a 4-arm radial maze performing a nonspatial 
working memory task modeled after that of Olton and Fuestle (1981, Exp. Brain 
Res. 41; 380-389). We predicted that hippocampal CAI unit activity would be 
more strongly related to local nonspatial cues in a situation where they were 
behaviorally relevant while spatial cues were minimized and irrelevant.

Sufficient data were obtained from 59 units to perform individual ANOVAs on 
three factors: arm location (irrespective of local cue), local cue (irrespective of 
location), and relative position on arms (irrespective of location or cue). 
Significant effects were obtained for 50 cells, most of which displayed activity 
that correlated with at least 2 of the 3 factors. Of these, the activity of 19 units 
was associated with the local cue, with or without relative position, but had no 
location correlate. Conversely, the activity of 17 other units was associated with 
location, with or without relative position, but had no local cue correlate. These 
findings confirm that CAI cells encode spatial relations in the environment even 
when they are not critical to performance. However, CAI activity is also strongly 
influenced by salient nonspatial cues and shows no overwhelming preference for 
spatial representation when such information is de-emphasized. Thus, CAI 
cellular activity reflects both spatial and nonspatial information, in degrees 
corresponding to their relative salience and behavioral significance. Supported by 
NIA AG09973.
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325.5
ACQUISITION OF LONG-TERM POTENTIATION IN THE RAT 
DENTATE GYRUS BOTH CORRELATES WITH AND IS 
AFFECTED BY SPATIAL TRAINING. K.J.Jeffery. Department of 
Pharmacology, University of Edinburgh Medical School, 1 George Square, 
Edinburgh EH8 9JZ, Scotland, UK. (SPON: Brain Research Association, UK)

If synaptic plasticity in the rat hippocampus underlies spatial learning, then the 
two phenomena should share common features. In support of this, it has recently 
been found that in rats, long-term potentiation (LTP) acquisition over several days 
significantly correlates with their subsequent spatial learning ability (Jeffery and 
Morris, 1993, H ip p o ca m p u s , 5, 133-140). To investigate the possibility that the 
LTP induction process caused the correlation by producing a proportional effect on 
subsequent spatial learning, an experiment was conducted in which the order of 
training and tetanisation was reversed.

LTP was induced in 38 rats over 5 days. One group (WM-LTP, n=22) was trained 
on a watermaze task prior to tetanisation and a second group (LTP-WM, n=16) was 
trained after the 5th day of tetanisation. The final level of EPSP LTP achieved by 
the LTP-WM rats correlated significantly with their performance on the probe 
watermaze trial. In the WM-LTP rats, although there was a low within-animal 
correlation between LTP level and previous spatial performance, comparison of the 
mean LTP acquisition curves of the 8 best vs. the 8 worst learners showed that 
LTP stabilised at a significantly lower level in the poor-learning rats. When LTP 
acquisition was compared between WM-LTP and LTP-WM groups, the WM-LTP 
rats showed a significantly slower rise in the slope of the EPSP.

It is concluded that LTP correlates with spatial learning taking place either before 
or after tetanisation, suggesting that LTP induction does not affect spatial learning 
but covaries with it, perhaps because of a shared dependence on the underlying 
synaptic plasticity. However, LTP acquisition may be sensitive to factors such as 
the recent experience of the rat.

325.7
TEMPERATURE-INDEPENDENT ENHANCEMENT OF DENTATE 
FIELD POTENTIALS DURING EXPLORATION OF A NOVEL 
ENVIRONMENT. M.-B. Moser*. E.I. Moser and P. Andersen. Dept. of 
Neurophysiol., Univ. of Oslo, Box 1104 Blindem, 0317 Oslo, Norway.

Alterations in hippocampal field potentials during performance of 
learning tasks reflect in large part changes in brain temperature due to 
the concomitant muscular effort (Moser et al., Science, 259, 1993). 
Here, we investigate whether exploration is accompanied by field 
potential changes in addition to those accounted for by temperature. 
Field potentials were recorded from the perforant-path/dentate system 
in rats exploring a novel environment for 30 minutes with their home 
cage as a base. Before and after the exploration, the rats were warmed 
to a brain temperature of 39°C by a fan, whereafter the temperature 
decayed to an asymptotic value. Field potentials were recorded in the 
decay phase. Comparison of field potentials recorded during 
exploration with potentials sampled at the same temperature (+0.03°C) 
after passive warming revealed a small but significant temperature- 
independent enhancement of both the field epsp and the population 
spike. This effect was largest at the start of the exploration. The epsp 
slope increased 9.4+2.3 % (mean ± s.e.m.) and the spike amplitude 
25.9±3.9% relative to the temperature-matched value. The 
enhancement weared off towards the baseline within 10-20 minutes. 
The temperature-independent enhancement was not a simple 
reflection of the theta rhythm, the amount of motor activity or the 
general arousal level. These results demonstrate that exploration is 
associated with an enhancement of both the epsp and the population 
spike that is normally masked by the much larger temperature effect.

325.9
HIPPOCAMPUS AND AMYGDALA TEMPERATURE CHANGES IN RATS 
EXPOSED TO A NOVEL ENVIRONMENT AND TO FOOTSHOCK. C.E.P. 
Tallev and P.E. Gold*. Dept. Psych., U. Virginia, Charlottesville, VA 22903.

Brain temperature increases during periods of arousal (von Saint Paul & 
Aschoff, Z  Tierpsych., 1974), REM sleep (Wehr, Neurosci. Biobeh. Rev ., 
1992), and locomotor activity (Moser et al., S c i., 1993). We investigated 
hippocampus and amygdala temperature responses to exposure to a novel 
environment and to footshock (FS). Rats were prepared with guide 
cannulae aimed at the amygdala (N = 4) or dorsal hippocampus (N=2) 
through which temperature probes were inserted during testing. On 4 
consecutive days, rats were placed in a novel chamber and temperature 
was recorded every 2 min. Within 12 min after rats were placed in the test 
environment, temperature increased by 0.59 ±.11 and 0.64 ±.27 °С in 
the amygdala or hippocampus, respectively, and remained stable for 20 min 
in the test chamber. Comparable increases were seen on all days of 
testing. When rats were replaced in their home cages, temperatures 
returned to baseline more rapidly with each day of testing. On Day 5, rats 
received a FS (2 mA, 1 s) after 1 min in the test chamber. The FS resulted 
in a further increase in temperature of 0.43 ± 0.26 and 0.14 ± 0.30 °С 
in the amygdala and hippocampus, respectively. After FS and return to 
home cage, amygdala temperature rapidly returned to baseline but 
hippocampal temperature did not return to baseline within 3 hr. Thus, 
temperature changes within the amygdala and hippocampus appear to be 
differentially responsive to experiences. In agreement with Aschoff & von 
Saint Paul (Phys. Behav., 1973), the regional differences in temperature 
suggest that brain temperature changes do not simply reflect changes in 
body temperature. Instead, brain temperature may be related to regional 
brain metabolic activity. [Supported by NIA (AG 07648) and NSF (BNS- 
012239), and by an NIMH-АРА graduate fellowship to C.E.P.T.]

325.6
SHORT- AND LONG-TERM EFFECTS OF EXPERIENCE ON 
HIPPOCAMPAL PLACE FIELDS. K.B. Austin*. L.H. White and M.L. Shapiro. 
McGill University, Psychology Department, Montréal, PQ, Canada, H3A 1B1.

Complex spike cells recorded from area CA1 of the hippocampus in 
behaving animals are active in particular locations in an environment. These 
neurons are called place cells and the locations) in which they are active are 
called place fields. We investigated how place fields changed as rats gained 
familiarity with a particular environment. Stereotrode recordings from CA1 
neurons were made from thirsty rats while they explored a cue-controlled 
chamber (CCC) for water reward. Rats were pretrained in another apparatus 
until they readily ran a pattern that covered the entire area. Recording 
sessions lasted between 15 and 30 minutes. Rats were not exposed to the 
CCC until high quality (4 times noise) action potentials were observed. Thus, 
during the first recording session the rat was completely naive to the CCC. 
Each experiment consisted of a baseline recording and subsequent 
recordings 30 min and 4 h later. Additional recordings with cues rotated 
demonstrated that spatial unit firing was related to the controlled cue 
locations. This paradigm was repeated for several days to observe how place 
field characterisitics changed with repeated CCC exposure. The size and 
directional characterisitics of each place field were determined. These 
analyses revealed that there are both short- and long-term effects on place 
field size and directionality. In general, place field area decreased with 
increased experience. Place fields recorded from the 4 h session were 
smaller than those recorded during baseline. Baseline place fields recorded 
the following day were often smaller than the previous day’s baseline but 
larger than the previous day’s 4 h recording. In addition, cells which were 
selectively active in a particular direction became more directionally specific 
with increasing experience. This focusing of place fields with environmental 
familiarity may reflect neuronal changes that accompany learning.

325.8
COOLING THE BRAIN TO 32°C CHANGES DENTATE FIELD 
POTENTIALS BUT DOES NOT ALTER THE EFFICIENCY OF SPATIAL 
LEARNING IN RATS. E.I.Moser* and P.Andersen. Dept. of 
Neurophysiol., Univ. of Oslo, Box 1104 Blindem, 0317 Oslo, Norway.

Brain temperature changes of 1-3 °С are common in several 
behavioral tasks in rats (Abrams & Hammel, 1964,1965) and have a large 
effect on the latency (and to some extent the amplitude) of hippocampal 
field potentials (Moser et al., 1993). A brain temperature decrease of 2°C 
delays the population spike by about 0.3 ms in the perforant-path/ 
dentate system. To test whether such effects disturb hippocampus- 
dependent spatial learning, we trained rats in a water-maze at low and 
high brain temperatures. Rats (n=16) were implanted with thermistors 
just above the dorsal hippocampus (n=10) or at the base of the brain 
(n=6). Prior to each session in the water-maze, the rats were cooled by 
swimming in a tank (60 cm diameter) with cold water (10-13°C) until the 
hippocampal temperature was 32.0°C (<6 min). After a rest of 10 min, half 
of the rats were re-heated to 38°C by warm air. Both groups were then 
tested in the water-maze at 25°C (4 trials within 2-9 min). The brain 
temperature of the cooled and of the re-heated groups were 32.0 ± 0.2 
and 38.0 ± 0.1 °С, respectively, at the start of the first trial, and 30.8 ± 0.3 
and 35.0 ± 0.3°C after the fourth trial. A third, unoperated group (no 
thermistor) received no treatment prior to the water-maze session. In 
spite of their different brain temperature, all rats acquired the task 
efficiently. Escape latencies and time spent in the platform area on 
transfer tests were similar in the cooled and re-heated groups. The 
unoperated group was slightly superior, but only in the three first 
sessions. These results show that spatial learning is effective even when 
the brain is cooled to 32°C, and in spite of large shifts in the latency of 
hippocampal field potentials.

325.10
PHYSICAL ACTIVITY-INDUCED ALTERATIONS IN EXPRESSION OF 
Z/F268 IN HIPPOCAMPUS OF C57BL/6 AND DBA/2 MICE: 
ASSOCIATION WITH ENHANCEMENT OF SPATIAL LEARNING. P.E. 
Fordvce*1. R.V. Bhat2. J.M. Baraban2. J.M. Wehner1·3. 11nstitute for 
Behavioral Genetics and ^School of Pharmacy, Univ. of Colorado, Boulder, 
CO 80309. 2Depts. of Neuroscience, Psychiatry and Behavioral Sciences, 
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.

Previously, we have reported that physical activity enhances spatial 
learning performance in C57BL/6 and DBA/2 mice with associated 
alterations in hippocampal protein kinase C (PKC). To assess whether 
physical activity induces alterations in gene expression that may underlie 
these changes in PKC and learning performance, we examined the effect of 
physical activity on expression of z/7268, a transcription regulatory factor 
linked to stimulus-induced neuronal plasticity. C57 and DBA mice, 3 mos of 
age, were subjected to acute (one bout) or chronic (8 wks) physical activity, 
in which each exercise bout consisted of moderate-pace treadmill running 
(60 min, 10 m/min), or remained sedentary. The mice were then tested on 
the Morris water maze task for 6 days (8 trials/dy) with subsequent analysis 
of PKC and Z//268 mRNA expression. As observed previously, physical 
activity produced an enhancement in spatial learning performance and PKC 
in both strains of mice (p<0.05). In addition, the present investigation 
demonstrated that acute physical activity produced up to an 118 % increase 
in mRNA levels of Z//268 in hippocampal regions CA1, CA3 and overlying 
cortex (p<0.005) whereas chronic physical activity supressed expression of 
z/7268. Furthermore, control DBA mice, which have poor learning 
performance compared to C57 mice, displayed lower basal levels of zii268 
mRNA. These findings suggest that genetic and activity-dependent 
regulation of zif268 may play a key role in influencing learning performance.

Supported by grants MH-48663, RSDA AA-00141, MH-00926, DA-00266 and postdoctoral grants NS-09169 and DA05525.
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325.11
THE EFFECTS OF PHYSICAL ACTIVITY ON SPATIAL LEARNING 
PERFORMANCE AND HIPPOCAMPAL PKC IN MIDDLE-AGE MICE.
J.M. Wehner*1 ·2 and D.E. Fordvce1. 11nstitute for Behavioral Genetics and 
2School of Pharmacy, Univ. of Colorado, Boulder, CO 80309.

The effects of an eight week physical activity protocol, initiated at middle- 
age, on spatial learning performance and associated hippocampal protein 
kinase C activity (PKC) were examined in C57BL/6 and DBA/2 mice. Using 
these two strains of mice which characteristically differ in initial learning 
performance (Wehner et a l., Brain Res. 523:1987), we have recently 
observed a marked enhancement in spatial learning performance and 
associated alterations in PKC induced by physical activity initiated at a young 
age (Fordyce and Wehner, Brain Res., In Press) as well as an age-related 
decline in spatial learning performance and PKC (Fordyce and Wehner, 
Neurobiol. Aging, 4:1993). It was of interest then to determine if physical 
activity would enhance performance when initiated at an age in which 
performance and PKC are in decline compared to young mice. In this 
investigation, C57 and DBA mice (12-13 mos of age) were subjected to an 8 
week physical activity protocol consisting of moderate-pace (60 min, 10 
m/min) treadmill running. Mice were then tested on the Morris water task for 
6 days (8 trials/dy). There was no significant difference in swim speed 
between groups (10-33 ± 1.06 m/min). Hippocampal PKC activity was 
measured in cytosolic, loosely-bound and membrane-bound homogenate 
fractions. Mice subjected to the physical activity protocol were compared to 
age-matched sedentary controls. Physical activity enhanced performance on 
the Morris task (p<0.02) in both C57 and DBA middle-age mice to a level 
similar to that of young mice. The data from this study, therefore, indicate 
that physical activity, initiated at middle-age, may ameliorate an age-related 
decline in spatial learning performance and associated neurochemistry.Supported by grant MH-48663, RSDA AA 00141 and postdoctoral grant NS- 09169.

325.12
IMPROVED SPATIAL LEARNING BY PERFUSION OF NMDA IN RAT CAI 
HIPPOCAMPUS. G R. Mirchandani. P. Leone. W.F. Collins*. M J. During. Dept. 
of Surgery, Yale Univ. Sch. Med., New Haven, CT 06520.

Kindling in dentate and CAI hippocampus blocks the formation of LTP and impedes 
acquistion of spatial information. Additional studies have shown that high-frequency 
hippocampal stimulation decreases maintenance of recently learned information, and 
that theta-frequency stimulation reverses LTP. We hypothesized that, as opposed to a 
generally applied electrical stimulation, local, subconvulsive stimulation of NMDA 
receptors might improve the learning of a spatial task. Rats were implanted 
unilaterally with guide cannulae in the dorsal hippocampus and divided into three 
groups, the first of which was only implanted with the microdialysis guide (sham), the 
second underwent microdialysis with artificial extracellular fluid (ECF), the third 
underwent dialysis with a thirty minute perfusion of 500μΜ NMDA (experimental). 
One week after dialysis, rats began testing on the Barnes circular platform twice daily 
for eight days. One day after the last trial, rats underwent a microdialysis protocol 
which consisted of 30 min exposures to a high K+ solution and, after baseline was re
established, 500μΜ NMDA solution. Rats’ performances were measured by numbers 
of errors and latency to complete the trial (correlation, r=0.98). The mean number of 
errors for the first three trials was compared to the mean number of errors for the last 
three trials. Rats in the experimental group improved their performance by 90±4%. 
The sham controls improved only 37±11% and the ECF controls improved 44±5% 
(p<0.05; n=5 for all groups). The three groups of rats showed similar performances on 
the first trial. Preliminary results from the microdialysis experiments show a 
significant positive inverse correlation between the NMDA-induced norepinephrine 
release and the number of errors on the test (p<0.05; r~0.7 ). No correlation was found 
between performance and the NE response to high K+. These data indicate that NMDA 
stimulation induces a long-term change in hippocampal function resulting in improved 
spatial learning. Studies are in progress to investigate the biochemical mechanisms 
underlying this improvement, including the role o f calcium-dependent protein kinases 
and increased expression of immediate early genes.

325.13
MODULATION OF DENTATE GRANULE CELL POPULATION RESPONSES 
FOLLOWING INTRASEPTAL FLUMAZENIL AND CHLORDIAZEPOXIDE.

Psychology, Rutgers University., New Brunswick, NJ 08903 & VA Medical Center, 
Durham, NC 27705 1.

Cholinergic neurons in the medial septum (MS) that project to the hippocampus 
(HPC), receive an inhibitory synaptic input from GABAergic neurons. Injection of 
GABA (muscimol) or benzodiazepine (chlordiazepoxide; CDP) agonists into the MS 
decreases the activity of these cholinergic projections and impairs spatial memory 
processes. In contrast, intraseptal injection of the BDZ antagonist flumazenil (FLU) 
enhances retention and increases high-affinity choline transport in HPC (Walsh et al., 
1993). These data suggest that BDZ ligands modulate memory processes by altering 
the septohippocampal pathway and its influence on HPC physiology. These 
experiments examined the effects of intraseptal FLU and CDP on the responsivity of 
the dentate gyrus (DG) to its afferent input. Urethane-anesthetized adult rats were 
implanted with 1) an intraseptal guide cannula; 2) a bipolar twisted nichrome angular 
bundle stimulating electrode; and 3) a DG field recording electrode. Angular bundle 
stimulation intensity was adjusted to elicit a population spike (PS) super-imposed on 
the population EPSP (pEPSP) recorded from DG (1400 μ A). Intraseptal FLU (10 
nmoles) significantly augmented the amplitude of the evoked DG PS (50% over 
baseline) without affecting latency of the pEPSP. This potentiation lasted for up to 
45 min. Intraseptal CDP (30 nmoles) decreased PS amplitude by 25% relative to 
baseline, but failed to affect pEPSP latency. These data suggest that intraseptal 
injection of BDZ ligands can either enhance or decrease the efficacy of synaptic 
transmission between entorhinal cortex and DG. The relation of these physiological 
changes to the cognitive effects of these drugs is currently being explored.
Supported by NSF grant BNS-9222097 (TJW) and a VA Merit Review Grant (HSS).

325.15
LATENT INHIBITION: EFFECTS OF HALOPERIDOL AND
HIPPOCAMPAL LESIONS. B.A. Christiansen and N. A. Schmatuk*. 
Department of Psychology, Northwestern University, Evanston, IL 60208.

Schmajuk, Lam, & Christiansen (1993) have recently reported that 
hippocampal lesions (HL) impair latent inhibition (LI) of the eyeblink 
conditioning in the rat. Oades & Isaacson (1978) and Devenport, Devenport, 
& Holloway (1981) suggested that administration of haloperidol (HAL) might 
reinstate the normal behavior disrupted by HL. Therefore, we examined die 
effect of intraperitoneal injections of HAL on LI following HL, in the rat 
eyeblink response preparation.

Male rats receiving HL or control lesions were assigned to either a 
preexposed (PRE) or a non-preexposed condition (SIT), and then further 
divided into saline- (.9% saline; SAL) and HAL-treated (.05 mg/Kg dissolved 
in .9 % saline) groups. All animals were injected daily with HAL or SAL 40- 
45 minutes prior to the behavioral procedures. PRE animals received 100 
presentations of the conditioned stimulus (CS) per day, for four consecutive 
days. SIT animals remained in the experimental chamber without CS 
presentations during this phase. On day 5, animals received 50 CS-alone 
presentations (or 25 minutes in the SIT condition), followed by 50 CS-US 
pairings. All groups received 10 additional days of conditioning (100 trials 
per day). During conditioning, HL-PRE and HL-SIT animals in the SAL 
condition showed a similar number of conditioned responses (absence of LI), 
while in the HAL condition, HL-PRE animals exhibited significantly fewer 
CRs than HL-SIT animals (presence of LI). These results suggest that HAL 
might reinstate the LI otherwise disrupted by HL .

Because LI is absent in acute schizophrenics, but present in medicated 
schizophrenics (Baruch, Hemsleý, & Gray, 1988), our data seem to support a 
hippocampal view of schizophrenia. (Schmajuk and Tyberg, 1991). 
(Supported by ONR Grant N00014-91-J-1764.)

325.14
KETAMINE ANAESTHESIA ATTENUATES THE IMPAIRMENT OF LONG 
TERM POTENTIATION FOLLOWING REPEATED ELECTROCONVULSIVE 
STIMULATION. C.A. Stewart and I.C. Reid. (SPON: Brain Research Association) 
Dept. of Mental Health, Univ. of Aberdeen, Aberdeen AB9 2ZD, Scotland, UK.

It has been shown that repeated, spaced electroconvulsive stimulation (ECS) can 
increase the slope of dentate gyrus Excitatory Post-Synaptic Potentials (EPSPs), 
relative to controls, and impair subsequent tetanic induction of long-term potentiation 
(LTP) in vivo via perforant path stimulation (Stewart and Reid, Brain Res., in press). 
Repeated ECS also impairs acquisition of the open field watermaze task in rats 
(Stewart and Reid, Brain Res. Assoc. Abs., 1993). Given the putative role of LTP in 
learning and memory, it is tempting to conclude that this finding is due to a specific 
effect on hippocampal LTP, suggesting a possible mechanism for the memory 
impairment associated with ECT in depressed patients.

In an attempt to determine whether the ECS effect on EPSP slope and LTP 
induction is NMDA receptor complex dependent, repeated ECS was administered in 
the presence of the non-competitive NMDA receptor antagonist ketamine. Male 
Hooded Lister rats were divided into 4 groups. Two groups received repeated ECS (10 
on alternate days under halothane or ketamine anaesthesia) while the other two groups 
received halothane or ketamine anaesthesia and equivalent handling. LTP was induced 
in the dentate gyrus under urethane anaesthesia the day after the last treatment. 
Analysis of variance (ANOVA) of the initial size of EPSP slope and % increase 30 and 
60 minutes after tetanus revealed significant effects of group; pcO.0001, with post-hoc 
tests indicating that ketamine anaesthesia during ECS administration had kept the 
EPSP slope at control levels, below the value for the ECS-halothane group (p<0.05), 
and subsequently increased the LTP induced relative to the ECS-halothane group. 
This result suggests that at least part of the seizure induced potentiation, with 
subsequent reduction in synaptic plasticity, may be NMDA-dependent.
Supported by the Stewart Sim Bequest, Royal College of Physicians, Edinburgh.

325.16
INTERACTIONS OF COORDINATED MULTI-UNIT FIRING PATTERNS 
IN A REPRESENTATIONAL LOOP MODELED AFTER THE 
HIPPOCAMPAL-MESOCORTICAL LOOP (HML). M. A. Kislev, R. 
Freedman*, and R. J . MacGregor. U. of Colorado, Depts. of Aerospace 
Engineering (Boulder 80309) and Psychiatry (Denver 80262).

Multiple microelectrode studies in the laboratories of Gerstein, Ābeles, 
Kruger and McNaughton have begun to uncover coordinated dynamic firing 
patterns in multineuronal populations. Such patterns likely represent the 
natural language by which neural populations speak to each other. This 
vitally important feature of neuroelectric organization has been otherwise 
largely unexplored. Recently we published a "sequential configuration" mo
del for such multi-unit firing patterns and their associated synaptic strength 
matrices (Biol. Cyber., voi. 65, 339-349). The present work studies by 
computer simulation the reverberations and interactions of such multi-unit 
patterns within the circuitry of the hippocampus, with particular emphasis 
on the mechanics of full loop (HML) and local circuit reverberations.

The results of the simulations indicate that the ’downstream’ connections 
between the areas are crucial to the proper functioning of this system. For 
example, activity in any given local circuit will propagate downstream in the 
loop, and may affect the future input to that same area. Firing patterns that 
overlap (with respect to the cells they utilize) are more compatible with each 
other, as are patterns that enter the HML close together in time. The model 
HML appears to integrate all incoming information into an optimal composite 
pattern that contains only the most important and/or redundant information. 
Observed abnormalities of the hippocampus in schizophrenics may be re
lated to an inability to successfully integrate these patterns and/or an in
ability to analyze only the most ’important’ incoming information.
(Supported by: NIMH 5P50 MH44212-06)
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SWIMMING NAVIGATION LEARNING IN MICE DEFICIENT FOR TIS
SUE PLASMINOGEN ACTIVATOR: IMPAIRED ACQUISITION BUT 
INTACT SPATIAL MEMORY. H.-P. Linn*i. D.P. WolferL M. Bozizevic». P.

Switzerland; 2Ctr. for Mol. and Vascular Biology, Univ. of Leuven, Belgium; 
3Whitehead Institute MIT, Cambridge.

Tissue plasminogen activator (t-PA), an extracellular serine protease, subserves 
important functions in fibrinolysis and thrombolysis (Collen, D. & Lijnen, H.R., 
B lo o d  78:3114-3124,1991). It also belongs to a class of immediate-early genes (IEG) 
which are expressed in the brain following long-term potentiation (LTP) and seizures 
(Qian et al., N a tu r e 2 6 \ :  453-457,1993). Knockout-mice deficient for t-PAhavebeen 
produced by homologous recombination in embryonic stem cells (Carmeliet et al., 
A nn . H e m a to l. 66, Suppl. 1:170,1993). In order to study the functional role of the t- 
PA gene, 40 adult mice (10 female t-PA(-/-), 10 female t-PA(+/+), 10 males t-PA(-/ 
-), 10 males t-PA(+/+)) were tested during 5 days for acquisition and reversal learning 
in the Morris swimming navigation task using a schedule which had not revealed 
behavioral differences in mice deficient for the prion gene (Biieler et al., N a tu re  356: 
577-581,1992).

The t-PA-deficient mice were moderately but significantly impaired in learning to 
find the submerged platform during the 3 days of acquisition^ = 0.014). In particular, 
after having learned to find the platform on the first day, their perfomance on the 
following day was worse as compared to the controls. The impairment showed 
considerable variability, however. During the first trial after platform reversal (the 
probe test), they crossed the former platform position as precisely as the controls.

We tentatively conclude that t-PA deficient mice appear to have consolidation 
problems during learning, either because of forgetting and/or impaired coping with 
learning stress. Yet, after acquisition of the task, spatial memory remains unaffected 
by the gene deletion. Thus, further studies including LTP electrophysiology must 
show whether t-PA as an IEG plays a specific role in memory processes or whether 
the t-PA gene expression in the brain reflects IEG responses related to unspecific 
neuronal activation. Supp. by SNF 31-9470.

3 2 5 .1 9
EFFECTS OF HIPPOCAMPAL LESION ON CONDITIONED TASTE 
AVERSION AND ULTRASONIC MATING VOCALIZATION IN MALE 
HOUSE MICE. B. M. Jubilan*. J. Lambert. P. Thompson and J. G. Nvbya. 
Dept. of Psychology, Allentown College, Center Valley, PA 18034 and 
Oept. of Psychology, Lehigh University, Bethlehem, PA 18015.

Bilateral kainic add hippocampal lesions were done in CF-1 male mice. The 
effects of the lesions on the ability of the subjects to learn classically conditioned 
taste aversion and ultrasonic mating vocalization (UMV) were investigted (Exp. 1 
and 2, respectively). Exp. 1 was composed of a lesioned and two sham-operated 
groups. The lesioned group and one of the sham-operated (sham) groups were 
subjected to a differential conditioning procedure in which one taste stimulus 
predicted the unconditioned stimulus (UCS=whole-body rotation) and the other its 
absence. The remaining sham-operated group served in the UCS-only (control) 
condition. Analysis of the putative excitatory stimulus intake data revealed no 
significant overall group effect but a significant trials effect. Only the sham 
group showed a significant taste aversion on one trial. Analysis of the putative 
inhibitory stimulus intake data revealed significant group and trials effects. The 
sham and lesioned groups showed equal evidence of inhibitory conditioning but 
not the control group. Exp. 2 was composed of sham-operated and lesioned 
groups. All subjects were not exposed to female mice since weaning before 
behavioral testing. Eight trials (T) were conducted: T1 measured the baseline of 
UMV to the conditioned stimulus (CS=female urine) prior to exposure to a live 
female (UCS); T2 measured UMV to live female; T3-T8 measured UMV to 
female urine after sequential exposure to a live female before every trial. Results 
showed that UMV at T3-T8 were significantly higher than at T l, but much lower 
than at T2. Mean UMV of the sham group was higher than the lesioned group 
starting at T4 and was maintained until T8. In conclusion, the behavioral data 
have shown significant effects of hippocampal lesion on classically conditioned 
taste aversion and ultrasonic mating vocalization in male mice.

3 2 5 .1 8
FACILITATION OF PLACE AND SPATIAL LEARNING BY ANGIOTENSIN 
IV IN THE RAT. L. Stublev*. E.A. Kramar. E. Pederson.
J.W. Harding, and J.W. Wright. Dept of Psychology and 
Veterinary Comparative Anatomy, Pharmacology and 
Physiology, Washington State University, Pullman, WA 
99164.

Our laboratory has recently discovered a new 
angiotensin receptor subtype which we have termed AT4 
that has high affinity for the AI I (3-8) fragment of 
Angiotensin II (All) called angiotensin IV (AIV). 
Binding sites for AIV have been localized in the 
hippocampus, neocortex, and cerebellum of the guinea pig; 
structures classically associated with memory and/or 
motor functions. Infusion of AIV, but not All, into the 
brain lateral ventricles facilitated the acquisition and 
retention of a place learning task (passive avoidance 
conditioning) in rats, particularly at the two highest 
doses tested (100, and 1000 pmol. in a total volume of 2 
μλ aCSF). Currently hippocampal microinfusions of All, 
AIV, and a specific AIV receptor antagonist (WSU 1291) 
are being compared using the passive avoidance task and 
a spatial learning task (water maze). Preliminary 
results indicate that infusion of the antagonist into the 
hippocampus interferes with acquisition of these tasks.

3 2 5 .2 0
MEMORY-TYPE DEPENDENT FUNCTIONAL SYNAPSES IN 
THE HIPPOCAMPAL REGIONS IN BEHAVING RATS. 
Y. Sakurai. Dept. Psychology, Toyama Med. & 
Pharm. Univ., Sugitani, Toyama 930-01, Japan.

Different types of memory is thought to be 
processed by different neuronal networks with 
dynamic synapses. The present study evaluated 
the functional synaptic connections among 
neurons by means of cross-correlation analysis 
when two types of memory, working and 
reference memory, were being processed in 
albino rats. The tasks for working and 
reference memory were continuous 
nonmatching-to-sample and continuous discrimi
nation respectively. Some (9%-22%) of the 
synaptic connections of neurons in the 
hippocampal CAI, CA3, dentate gyrus and 
auditory cortex functioned when the rat was 
performing only one of the memory tasks. 
Working memory needed more (6%-18%) of these 
memory-type dependent synapses in the 
hippocampal regions than reference memory. 
Each of these memory-type dependent dynamic 
synapses was found in neuron pairs located 
within 300 мт of one another. It is concluded 
that localized neuronal networks have dynamic 
functional synapses which are altered by 
cognitive processes, such as memory.

3 2 5 .2 1

IMPROVED DENDRITIC DIAMETER MEASUREMENTS YIELD 
HIGHER INPUT RESISTANCES IN MODELED DENTATE GRANULE 
NEURONS. M.P. O’Bovle1. O, Rahimi1. T.H. Brown2 and B.J. Claiborne*1. 
1Div. of Life Sciences, Univ. of Texas, San Antonio, TX 78249, and 2Depts. of 
Psychology and Cell, and Mol. Physiol., Yale Univ., New Haven, CT 06520.

Our previous computer simulations of hippocampal neurons were based on 
3-D reconstructions done only at the light microscope level. Here we describe 
a method for using a laser scanning confricai microscope (LSCM) to obtain 
more accurate diameter measurements of dendrites reconstructed at the light 
leveL We also show that these improved diameters have a significant effect on 
the calculated input resistance (Rin) of the neurons.

Granule neurons (n=5) in slices of the rat dentate gyrus were intracellularly 
injected with Lucifer Yellow and were reconstructed in 3-D as described 
previously (O’Boyle et al., Neurosci. Abstr. 18:967). These neurons were then 
viewed using a Biorad MRC600 LSCM. Diameter measurements were taken 
about every 10 um along the dendrites and were used to "correct" the original 
data files. Results showed that dendritic surface area decreased an average of 
63% with this procedure. Simulations based on both the corrected and the 
uncorrected data files were run, without active conductances, using the 
program NEURON. Utilizing 40K ohm-cm2 for Rm (membrane resistance) 
and 210 ohm-cm for Ri (axial resistance), the Rin was calculated for both 
cases. Results showed Rin was 160 _+ 28 Mohms (mean _+ SEM) for the 
uncorrected data and 289 ±  29 Mohms for the corrected files. The latter value 
is similar to the Rin of 228jf 14.2 Mohms obtained from patch-damp studies 
of dentate granule neurons in vitro (Staley et al., J. Neurophys. 67:1346). These 
results support the need for accurate morphological data for realistic 
simulations. (Supported by ONR and the Texas Higher Ed. Coord. Board)
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3 2 6 .1
NEURONAL RESPONSES IN MONKEY HIPPOCAMPAL FORMATION 
DURING A PLACE-DEPENDENT CONDITIONAL RESPONSE TASK. &  
Eifuku. H. Nishijo, T, Ono*. E. Tabuchi and T. Kondo Dept. Physiol. 
Fac. Med., Toyama Med. Pharmaceu. Univ., Sugitani, Toyama 930-01, 
Japan .

Single unit activity in and around the hippocampal formation of 
the monkey was recorded during performance of a place-dependent 
conditional response (PCR) task. A monkey sat in a movable cab 
that was always placed in one of four places; place 1,2,3, or 4. In the 
task one of two objects was presented in place 1 or 2. In place 1, one 
object required the monkey to release the lever (Go-trial), and the 
other required holding the lever (Nogo-trial) to obtain a few drops 
of juice. In place 2, the behavioral responses were reversed. In 
places 3 and 4 there was no task, no reward, and no recording. This 
task required flexible association between the object to be presented 
and the place where the monkey was. Of 302 neurons recorded, 90 
responded to the sight of a place and/or object during the PCR task, 
i.e., 16 to place, 32 to object, and 42 to both. The 16 neurons that
responded to the sight of place included 9 that responded
differentially to one of two places. A differential response to the 
sight of a particular place was transiently modified after change of 
the scene, but was restored as the monkey learned the new scene
and retained the place relation. The 32 neurons that responded to 
the sight of an object included 19 that responded differentially; 7 to 
a particular object, 7 to the indicated behavioral response, and 5 to 
the combination of a particular object in a particular place. We
further analyzed these neuronal responses to objects in different 
Go/Nogo tasks that were independent of place. In this context, 14 of 
32 responses diminished or disappeared. The results suggest that 
hippocampal neurons are involved in information processing 
based on both place and context.

3 2 6 .3
NEURONAL RESPONSES IN THE MONKEY SEPTUM DURING 
OBJECT DISCRIMINATION BASED ON PLACE 
RECOGNITION. H. Nishiio*. T. Kita. T. Ono. K. Terasawa Dept. 
Physiol., Fac. Med., Toyama Med. & Pharmaceu. Univ., Sugitani, 
Toyama 930-01, Japan.

Neuronal activity in the monkey septal nuclei was recorded during 
performance of a place-dependent Go-NoGo (μ g N) task in which 
reward contingencies were variable with reference to the spatial 
location of a monkey's cab in one of four places in a room. The task 
was initiated by presentation of sight of a place (place phase) 
followed by presentation of an object (object phase). A bar-press 
was reinforced only if each object was seen in one corresponding 
place (Go-trial), and the same object was never reinforced in other 
places (NoGo-trial). Of 349 septal neurons recorded, 42 responded 
differentially to location during the place phase. Eight of these 
exhibited place-differential activity during the object phase as well 
as the place phase. Responses of 72 neurons in the object phase were 
differential in terms of Go/NoGo responses. Fifty of these were 
further tested by a place-independent simple Go-NoGo (GN) task. 
Despite the identical stimulus-response contingencies in both μ g N 
and GN tasks, 25 responded only in the μgN task. Of the remaining 
25 neurons, 18 were further tested by a place-independent 
symmetrical Go-NoGo task (NoGo responses were also rewarded). 
Responses of the 13 neurons were related to the reinforcement 
contingency, and 5, to response-contingency. These results suggest 
that the septal nuclei are involved in integrating spatial information, 
conditional place-object association, and reinforcement contingency.

3 2 6 .5
VIEW-RESPONSIVE NEURONS IN THE PRIMATE HIPPOCAMPUS.
S.M. O’Mara* andE.T. Rolls. Univ. Oxford, Dept. Exptl. Psychol., Oxford OX1 3UD, 
England.

In previous work (Rolls & O’Mara, 1993, In Brain Mechanisms of 
Perception: From Neuron to Behavior, Eds., T.Ono et al. Oxford University Press: 
New York), we have described a population of neurons in the primate hippocampus 
which are responsive to whole-body motion of the monkey on a robot-mounted 
platform in a 2m x 2m x 2m cue-controlled test chamber. Some of these neurons were 
responsive to visual inputs, some to vestibular inputs, and some to both. We describe 
here a population of neurons in the primate hippocampus that respond to particular 
views the monkey has of the test environment. The test conditions allowed the 
separation of cells responsive to views of parts of the environment, from cells 
responsive to where the monkey was in the environment. The responses of some 
neurons depended on where the monkey was looking in the environment, but not on 
the position of the monkey in the environment. The responses of some other neurons 
depended on a combination of where the monkey was facing and on his position in 
the test chamber. It was possible to show for one neuron that its response rotated with 
rotation of the test chamber. The response of view-dependent neurons was affected 
by occlusion of the visual field. Neurons which responded to views of the 
environment usually did not respond to whole-body motion, and vice versa. No 
neurons were found which responded according to the absolute position in the 
environment of the monkey ("place" cells), or to the "head direction" of the monkey.

The representations of space provided by view-responsive neurons, and of 
motion in space provided by whole-body motion responsive neurons, present in the 
primate hippocampus, may be useftll in forming representations of environments, and 
in remembering trajectories through environments, of use for example in short range 
spatial navigation.

3 2 6 .2
HIPPOCAMPAL NEURAL ACTIVITY DURING DELAYED 
NONMATCHING-TO-SAMPLE TASK AND FOR COMPLEX SPATIAL 
STIMULI IN THE AWAKE MONKEY. K. Nakamura*. T. Ono. T. Kita, 
and M. Yonemori. Dept. Electronics and Informatics, Toyama 
Prefectural Univ., Toyama 939-03, and Dept. Physiol., Fac. Med., 
Toyama Med. & Pharmaceu. Univ., Toyama 930-01, Japan.

Monkeys (Macaca fuscata) were trained to perform a non-spatial 
working memory task, delayed nonmatching-to-sample (DNMS). A 
tone warned of trial initiation, and two objects (three 
dimensional) were presented with a certain time delay (6 - 8  s). 
The monkey memorized the first object then, had to decide 
whether the second object was the same as the first. The monkey 
did not press a lever for a matched pair and pressed a lever for a 
nonmatched pair to get a drop of juice or a piece of apple. More 
than 2 0  familiar nonfood objects were presented at least three 
times as both the first and second presentation. The DNMS task 
tested relative familiarity that included temporal discrimination 
in remembering a known stimulus. Complex spatial directional 
stimuli were also tested separately. Of 174 neurons recorded from 
the hippocampal formation (HF), 51 exhibited responses in one or 
more phases in the DNMS task. These neurons responded better 
to some objects in the set during either the first or second 
presentation. Large complex stimulus objects tested in a spatial 
direction were much better effective than small objects used in 
the DNMS task in inducing HF neural activity. In general, neural 
responses during a delay period are weak. Few cells responded 
clearly during the delay. The result suggest temporarily activated 
non-spatial HF functions during the working memory task.

3 2 6 .4
NEURONAL RESPONSES TO VISUAL OBJECTS IN MONKEY BASAL 
FOREBRAIN SUBDIVISIONS M. Fukuda* R. Masuda, T. Ono and
T. Endo Dept. Physiol., Fac. Med., Toyama Med. & Pharmaceu. 
Univ., Sugitani, Toyama 930-01, Japan

Single unit activity was recorded from nuclei in the 
monkey basal forebrain, the substantia innominata (SI) 
including the nucleus basalis of Meynert (nbM), the diagonal 
band of Broca (dbB), and the periventricular region (PV) 
including the medial septum (ms) during visual 
discrimination tasks, to study contributions of the basal 
forebrain to discrimination, learning, and memory. Of 665 
neurons tested, 151 were vision related. Of these 151, 93 were 
nondifferential, 58 were differential, responding 
preferentially to only one or two of three classes of familiar 
objects (rewarding, aversive, or meaningless), or to 
unfamiliar objects. The ratio of nondifferential neurons to
total SI neurons tested was higher than the ratio in the
ms/dbB (P  < 0.001). The ratio of differential neurons which 
responded to one of three categories in the ms/dbB was 
higher than in the SI (P<0.05). The spontaneous firing rate of 
all SI neurons analyzed was higher than the rate in the 
ms/dbB (P  < 0.002). Also in each group of the spontaneous 
firing rate of the vision related neurons in the SI was higher 
than that in the ms/dbB. These results suggest that the SI 
including the nbM may may code visual information more
broadly and participate more in visual arousal than the
ms/dbB.

3 2 6 .6
MEMORY FIELDS IN THE PREFRONTAL CORTEX OF THE MACAQUE. 
S.P. Ó Scalaidhc* and P.S. Goldman-Rakic. Section of Ncurobiology, Yale 
University School of Medicine, New Haven, CT, 06510.

We have previously established that cells in the prefrontal cortex of the 
macaque show sustained anil directionally tunai firing during the delay period of an 
(xulomolor delayed response (ODR) task to 8 spatial targets (Funahashi et al., L 
Neurophvsiol. 61:331). To further define the memory fields' of prefrontal 
neurons, we have now examined the responses of over 300 multi-unit sites and 
over 150 isolated single neurons in the prefrontal cortex on the ODR task using 
an array of 24 targets separated by 45° at eccentricities of 8°, 16°, and 22°.

Consistent with the concept of a memory field, the delay activity was tuned for 
the distance of the stimulus from the fovea as well as for its direction. Delay 
activity occurred to contiguous sets of targets ranging in size from a single target 
to an area larger than a visual quadrant and was usually confined to contralateral 
targets. When delay activity was accompanied by saccadc related activity the delay 
related activity tended to occur to a slightly smaller number of targets, i.e. the 
memory fields were smaller than the movement fields.

Rather than being evenly distributed throughout prefrontal cortex, units with 
delay activity were located in clusters. Furthermore, it was possible to record a 
similar progression of task related activity on repeated electrode penetrations at the 
same stereotaxic coordinates. There were orderly progressions of targets that 
evoked delay activity on some penetrations, suggestive of a local organization of 
memory related activity. Delay activity was densest in the arcuate and periarcuate 
region (based on the sulcal pattern encountered on the electrode penetrations).

The delay related receptive field properties and clustering of prefrontal cortex 
neurons reflecting memory processing suggest that the same principles of 
functional organization that underlie sensory and motor processing also apply to 
memory. (Supported by JSMF #91-47 and MH #38546)
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3 2 6 .7
OMNIDIRECTIONAL DELAY ACTIVITY IN THE MONKEY 
POSTERIOR CINGULATE CORTEX DURING THE PERFORMANCE 
OF AN OCULOMOTOR DELAYED RESPONSE TASK. Ŝ _ 
Carlsoniķ, A. Mikami and P. G o ldman-Rakic, Section 
of Neurobiology, Yale Univ., School of Medicine.
Recent anatomical studies have elucidated 

widespread connections between the posterior 
cingulate cortex and cortical association areas, 
including the prefrontal and the posterior 
parietal cortices, suggesting it is an essential 
component of a distributed anatomical network 
concerned with spatial cognition. We aimed to 
study the role of the posterior cingulate cortex 
in spatial working memory. Single neuronal 
activity was recorded in a monkey performing an 
oculomotor delayed response task with eight target 
locations. About a third of the neurons in our 
sample changed their firing rate in relation to 
task parameters - the majority of them during the 
delay period. Unlike prefrontal or parietal 
neurons, however, these responses were 
omnidirectional . Moreover, the few spatially 
selective neurons observed were broadly tuned. The 
results indicate that posterior cingulate neurons 
contribute to working memory performance and that 
this contribution can be distinguished 
functionally from that of the other areas in the 
spatial cognition network. S u p p o r t e d  b y a H u m a n  
F r o n t i e r s  G r a n t  a n d  t h e  A c a d e m y  o f  F i n l a n d .

3 2 6 .9

MEMORY EFFECTS IN EXCITED BUT NOT IN 
INHIBITED RESPONSES IN MACAQUE ТЕ. Stanislaw 
Sobotka* and James L. Ringo. Physiology, U of Rochester 

Various research groups have found visual memory effects 
in inferotemporal (IT) cells of behaving monkeys. These 
studies have typically been done on cells showing increased 
activity in response to visual stimulation, i.e., excited cells. 
Most IT cells are excited by visual stimulation; however, a 
substantial minority are inhibited. We have analyzed excited 
and inhibited activity separately in a group of cells recorded 
from ГГ in monkeys working in visual memory tasks.

Our analysis has found statistically significant visual 
responsiveness for 79 cells predominantly inhibited by the 
visual stimuli and 178 cells predominantly excited by the 
stimuli. The predominantly excited group showed highly 
significant memory effects (p <0.0001). The predominantly 
inhibited group showed no memory effects (p>0.1).

This same lack of memory effects was found for the 
subgroup of inhibited responses of generally excited cells. 
That is, no memory effects were found in the generally 
excited cells when only responses to those images that 
inhibited the cells were examined.

3 2 6 .1 1

HIPPOCAMPALLY-DEPENDENT TRACE EYE-BLINK CONDITIONING 
INCREASES EXCITABILITY OF RABBIT CAI NEURONS IN VITRO. 
J.R. Mover. Jr.*. L.T. Thompson & J.F. Pisterhoft. CMS Biology, Northwestern 
University Medical School, Chicago, IL 60611.

Intracellular recordings were made from 52 CAI neurons in hippocampal slices from 
19 young albino rabbits. Rabbits received either trace conditioning (100 ms tone CS, 
500 ms trace interval, 150 ms airpuff US; n = 5), pseudoconditioning (n  = 4) or no 
treatment (naive controls, n = 7). Slices were prepared 24 hours following behavioral 
acquisition (80% CRs for one session) or pseudoconditioning. The cellular properties 
studied were included the amplitude of the afterhyperpolarization (AHP) following a 
burst of 4 action potentials, accommodation to an 800 ms depolarizing current 
injection, input resistance (IR) to hyperpolarizing current injection, and the amplitude 
of action potentials (APs) elicited by stimulation of the Schaffer collaterals.

ELECTRQPHYSIOLOGICAL CHARACTERISTICS OF CAI NEURONS 
GROUP (N) RMP(mV) AHP (-mV) # OF SPIKES IR (ΜΩ) AP(mV)
Trace (17) -67.71 ± .79 ***-2.57 ± .24 *** 10.41 ± .66 38.8 ± 1.8 94.4 ± 1.7
Naive(17) -67.65±.76 -4.79±.23 6.65±.53 36.2±2.0 93.8±1.6
Pseudo(10) -69.70±1.0 -4.55±.37 7.30±.72 39.8±2.1 94.2±1.9
CAI neurons from conditioned rabbits had significantly smaller post-burst AHPs and 

showed less accommodation than either control group. No differences in RMP, IR, AP 
amplitude, or current required to elicit the post-burst AHPs were seen. Although AHP 
reductions were previously observed in CAI neurons from both delay (Disterhoft et al.,
1986) and 300 ms trace (deJonge et al., 1990) conditioned rabbits, the decreased 
accommodation also observed in this study has not been previously reported. This 
additional effect on accommodation may reflect increased hippocampal processing 
required by rabbits to successfully learn this hippocampally-dependent 500 ms trace 
conditioning paradigm (Moyer et al., 1990). Additional experiments will attempt to 
determine the time course of these learning-specific changes in hippocampal 
excitability by examining the electrophysiological characteristics of rabbit CAI 
neurons at various time intervals following behavioral acquisition. (Supported by ROl 
MH 47340 & ROl AG08796).

3 2 6 .8
AUDITORY-VISUAL ASSOCIATION TASK IMPAIRED BY COOLING 
PREFRONTAL CORTEX. German Sierra-Paredes and ĩoaquín M. Fuster*. 
Departm ent of Psychiatry and Brain Research Institute, UCLA School of 
Medicine, Los Angeles, CA 90024.

The dorsolateral prefrontal cortex of the prim ate plays a significant role 
in active ("working") memory of visual and tactile information, whether 
spatially defined or not. This study was intended to clarify if that 
mnemonic role of prefrontal cortex extends to the auditory modality. Two 
monkeys were trained to perform a delayed auditory-visual matching task: 
A trial begins with a 2-sec tone of high or low pitch; after a delay of 5 or 10 
sec the animal is presented with two colors, red and green, on two stimulus- 
response buttons; if the tone preceding the delay has been of high pitch, 
the animal must now press the red button; if of low pitch, the green button. 
Tone pitch and relative position of colors are changed random ly between 
trials. Probes for cortical cooling (by Peltier effect) were perm anently 
implanted over dorsolateral prefrontal cortex (areas 9, 46) in both animals, 
and over posterior parietal cortex in one of them. Bilateral prefrontal 
cooling to 10°C reversibly low ered the accuracy of auditory-visual 
matching both w ith and w ithout delay between tone and colors. Choice 
reaction time was unchanged. N either accuracy nor reaction time was 
changed by parietal cooling to 10°C. In conclusion, prefrontal cooling 
induced a cognitive deficit, not a m otivational one (reaction time was 
unaffected). The results are consistent w ith a role of dorsolateral 
prefrontal cortex in active short-term memory for tones. More generally, 
how ever, the deficit reflects a role of this cortex in cross-m odal 
associations that are needed for temporally integrating behavior.

3 2 6 .1 0
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF HIPPOCAMPAL 
NEURONS DURING TRACE EYEBLINK CONDITIONING IN THE RABBIT.
C. Weiss.* M.A. Kronforst. LT . Thompson and J,F, PiSterhO-tt- CMS Biology, 
Northwestern University Medical School, Chicago, IL 60611.

The hippocampus is intimately involved with learning and memory 
processes. Much literature indicates that hippocampal neurons "model" 
conditioned behavioral responses (CRs) and that these models occur much 
earlier in the trial sequence than do the CRs. However, animals without the 
hippocampus can still acquire CRs during the "delay" paradigm where the CS 
and US overlap in time. Hippocampal physiology has also been examined in 
the "trace" paradigm, where there is a stimulus free period between the CS 
and US (Solomon et al., '86; Akase et al., '88). With a sufficiently long trace 
period, e.g. 500ms, the hippocampus is indeed necessary for acquiring CRs 
(Solomon et al., '86; Moyer et al., 1990). Currently, we are investigating the 
electrophysiology of hippocampal neurons in young adult New Zealand White 
female rabbits during hippocampal-dependent long interval trace conditioning.

Rabbits were anesthetized for surgical implantation of a head restraining 
device and a microdrive with 25pm wires (Kubie, '84) which were lowered 
towards the hippocampus. After a few days of recovery the rabbits were 
habituated to the restrainer in a sound proof box. They were then given daily 
training sessions (80 trials) using a 100ms, 6kHz, 85dB tone, a 500ms trace 
period, and a 150ms airpuff (3psi).

We typically have been able to record units from more than one wire at the 
same time and have been able to follow some units for successive days. 
We are currently using the Brainwave system to analyze both the simple and 
complex action potentials that we have recorded during conditioning. The 
neural "modeling" by CA1 pyramidal neurons of the developing CR; the 
sensory type response to the CS, which is prominent in these neurons; and 
intertrial interval responses are receiving particular attention. (Supported by 
R01 MH47340 and AG08796)

3 2 6 .1 2
HIPPOCAMPALLY-DEPENDENT EYEBLINK CONDITIONING ALSO 
INCREASES EXCITABILITY OF RABBIT CA3 NEURONS I N  V IT R O .
L J . Thompson*. J.R. Mover. Jr., B. Trommer . & J.F, Disterhoft. CMS Biology, 
Northwestern Univ. Međ. Sch., Chicago, IL & **Pediatrics & Neurology, Evanston Hosp.

The post-burst after-hyperpolarization (AHP) of CAI pyramidal neurons is reduced in 
slices from delay- (Disterhoft e t  a l ., 1986), 300 msec trace- (de Jonge e t a l., 1990), and 
hippocampally-dependent 500 msec trace-conditioned rabbits (Moyer e t  a l ., 1993), but not 
from pseudoconditioned or behaviorally naive controls. Granule cell post-burst AHPs are 
apparently unaffected after conditioning (de Jonge e t  a l ., 1990). The responses of CA3 
pyramidal neurons to conditioning have not previously been examined in v itro .

Intracellular recordings were made from 46 stable CA3 neurons in hippocampal slices 
rapidly prepared from young (6-8 wk) NZW rabbits. Trace conditioned (100 msec tone 
CS, 500 msec trace ISI, 150 msec airpuff US) and pseudoconditioned rabbits were matched 
for number of stimulus presentations (see Thompson e t  a l . ,  1992). Strict neuronal 
stability criteria were used, including resting membrane potentials (RMPs) > -60 mV and 
input resistance > 30 ΜΩ. Recordings were made at RMPs between -65 and -70 mV to 
control for voltage-dependent effects on measures of excitability. The post-burst AHP and 
spike frequency accomodation evoked by depolarizing current injection as well as action 
potential (AP) characteristics were examined, and are summarized in the following table.

GROUP (n) RMP (mV) AHP (-mV) # of spikes IR (ΜΩ) AP (mV)
Trace (15) -67.8 ± 1.2 ***-7.9 ±0.9 ***5.6 ± 0.4 43.1 ±3.3 95.1 ± 2.0
Naive (10) -66.0 ± 1.1 -12.5 ±0.9 4.3 ± 0.2 47.0 ±4.1 96.0 ±2.3
Pseudo (11) -67.9 ± 1.4 -13.4 ±1.0 4.2 ± 0.2 50.0 ±4.7 98.7 ±3.0
As in CAI neurons (Moyer e t a l., 1993), both post-burst AHPs and accommodation of 

CA3 neurons were significantly reduced (***p < 0.003) by hippocampally-dependent trace 
conditioning, while other biophysical measures were unaffected. Ongoing studies are 
examining the duration of these effects after conditioning. S upported bv 1 R01 DA07633, 
1 R01 MH47340, and 1 R01 AG08796.
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3 2 6 .1 3
SYNERGISTIC FACILITATION OF HIPPOCAMPAL SYNAPTIC ACTIVATION 
WITH HIGH FREQUENCY STIMULATION AND CLASSICAL EYEBLINK 
CONDITIONING IN RABBITS. B.Y. Yana*M. Kwak. M.E. Groccia-Ellison. &
P R. Solomon. Program in Neuroscience & Department of Psychology, 
Williams College, Williamstown, MA 01267

Aged (48 - 54 months) and young (4 - 6 months) rabbits underwent high 
frequency stimulation (HFS-1) of the perforant path. The degree of synaptic 
enhancement was measured at 2 minutes,1 hr, 24 hrs, and 7 days following 
HFS. Two weeks following HFS, animals underwent classical eyeblink 
conditioning to a tone CS and a corneal air puff UCS (100 trials per day) until 
they reached a criterion of 80% CRs in any one day and for a maximum of 10 
days. Following conditioning, the degree of synaptic efficacy was again 
evaluated. The animals then underwent a second episode of HFS (HFS-2).

We found that: (1) following HFS-1, compared to young rabbits, aged rabbits 
showed a decreased population spike and EPSP amplitudes, and poorer 
retention over 7 days, (2) on the average, aged rabbits conditioned at a slower 
rate than young animals, but approximately 33% of the aged animals 
conditioned as well as young rabbits, (3) following conditioning, young rabbits 
and aged rabbits that conditioned well showed increased spike amplitudes 
compared to those seen at 7 days post HFS-1, but this was not the case for 
aged “poor” learners, (4) Following HFS-2, there was further enhancement of 
the EPSP and spike that was similarly related to age and learning rate. No 
change in the EPSP or spike was found in unpaired control animals following 
either tone and air puff presentations or HFS-2.
These preliminary results support the hypothesis that hippocampal synaptic 

efficacy is related to the degree of classical eyeblink conditioning and may in 
part mediate the age-related decline seen in this type of learning.

Supported by grants from NIA, HHMI and the Essel Foundation.

3 2 6 .1 5

LESIONS OF THE MEDIAL GENICULATE NUCLEUS IMPAIR 
AVOIDANCE LEARNING, LIMBIC THALAMIC AND CINGULATE 
CORTICAL TRAINING-INDUCED NEURONAL ACTIVITY IN RABBITS. 
A. Poremba* and M. Gabriel. Dept. of Psych, and Beckman Institute, Univ. of 
Illinois, Urbana, IL 61801.

This study continues research on the neural mediation of discriminative 
avoidance conditioning wherein rabbits learn to step in a large activity wheel 
upon hearing a footshock-predictive tone conditional stimulus (CS+, 1 or 8 kHz) 
and to ignore a different tone (CS-, 1 or 8 kHz), not predictive of shock. Lesions 
of the limbic (anterior and medial dorsal) thalamus and cingulate cortex abolish 
this learning and multi-unit neuronal records of these areas exhibit training- 
induced activity (ПА) consisting of excitation (increased tone-elicited discharges 
during training compared to preliminary training with unpaired tone-shock 
presentations) and discrimination (greater discharges to the CS+ than to the 
CS-; Gabriel, Prog. Brain Res., 1990, 85:467-483). The medial geniculate 
thalamic nucleus (MGN) exhibits TIA and may thus account for some or all of 
the TIA in the limbic structures (Gabriel et al, Phvs. Psych., 1976, 4:124-134). 
Rabbits with partial and complete bilateral electrolytic MGN lesions (N=7) 
required 113 sessions to learn to criterion whereas control rabbits (N=7) learned 
in 3.7 sessions (P<.01). A significant interaction of the lesion, training stage and 
post-CS interval factors (Pc.0001) in the analysis of the anterior ventral thalamic 
neuronal records (N=4) indicated little or no difference between lesion and 
control records during tone-alone presentations before training, but a massive 
attenuation of excitatory and discriminative TIA during training. Similar results 
were found in analyses of anterior cingulate cortical (N=5) and medial dorsal 
thalamic records (N=4). Additional cases are needed; however, these results 
provide preliminary support for the hypothesis that the MGN efferent output is 
essential for discriminative avoidance learning and for the development of limbic 
thalamic excitatory and discriminative TIA. Nevertheless, MGN efferents do not 
appear to be essential for basic activation of limbic neurons by auditory stimuli. 
(Support: NIH grant NS26736 to MG).

3 2 6 .1 7
HIPPOCAMPAL, ANTERIOR THALAMIC AND CINGULATE CORTICAL 
UNIT ACTIVITY AND FIELD POTENTIAL CHANGES WITH REVERSIBLE 
INACTIVATION OF MEDIAL SEPTUM DURING AVOIDANCE 
CONDITIONING IN RABBITS. E. Kang*. D. Kim and M. Gabriel. Dept. of 
Psych, and Beckman Institute, Univ. of Illinois, Urbana IL 61801.

Previous studies have shown an enhancement of anterior ventral (AV) 
thalamic training-induced neuronal activity (TIA) during avoidance learning in 
rabbits given electrolytic hippocampal (subicular) lesions (Gabriel et al., Exp. 
Brain Res.. 1987, 67:131-152). These results suggested suppressive modulation 
of TIA by hippocampal efferents. In order to determine whether this change 
would occur as well following an acute disruption of hippocampal functioning, 
TIA was recorded after temporary hippocampal disruption by medial septal 
injections of the local anesthetic Tetracaine Hydrochloride (TH) (see Mizumori, 
J. Neurosci., 1989,9:3915-3928). Rabbits were trained to step in a large activity 
wheel m response to a shock-predictive tone (CS+) in order to avoid a footshock 
unconditional stimulus, and to ignore a non-predictive tone (CS-). Multi-unit 
activity and field potentials were recorded in hippocampus, AV thalamic nucleus 
and posterior cingulate cortical area 29c. TH (2%, 2μ1) in trained rabbits 
increased the CS elicited multi-unit discharges in the molecular zones of the 
dentate gyrus (DG, Pc.01) and decreased the discharges of cells in stratum 
oriens of CA3 (Pc.05). DG and hippocampal subfield CA3 theta-like, sinusoidal 
field potential profiles were replaced by unimodal positive or negative potentials 
after TH but not after vehicle injection. Both spontaneous and elicited AV 
thalamic and area 29 activity was reduced following TH injections as was the 
incidence of conditioned responses. Thus temporary inactivation of medial 
septum had opposite effects on limbic neural activity compared to the effects of 
chronic lesions of subiculum. Further study is needed to rule out possible direct 
spread of TH to the limbic areas. (Support: NIH grant NS26736 to MG).

3 2 6 .1 4
CONTEXT-SPECIFIC AND CONTEXT-GENERAL MULTI-SITE LIMBIC 
NEURONAL ACTIVITY DURING CONCURRENT APPROACH AND 
AVOIDANCE TRAINING. M. Gabriel*, K. Flannery and C. Cuppernell, Dept. 
of Psych, and Beckman Institute, Univ. of Illinois, Urbana IL 61801.

Conditional stimulus (CS) elicited unit activity in anterior thalamus and 
cingulate cortex (area 29c/d) "peaks", first increasing then subsiding, during the 
course of avoidance learning in rabbits (Gabriel et al., Behav. Brain Res., 1991, 
46:175-185). Activity in each nucleus and cortical layer peaks in a different 
stage of learning, thus demonstrating a topographic pattern of CS elicited 
excitation, which changes systematically during learning. I t was proposed that 
the changing pattern is a spatio-temporal retrieval code to minimize inter-task 
interference. I f  true, distinct topographies should occur in two concurrently 
practiced tasks, one well-learned, the other incipiently learned. Here, multi-site, 
multi-unit activity was recorded during approach learning (N=12) wherein 
contact with a drinking tube was rewarded after a .5-sec. tone (CS+: 1-, or 8 
kHz) but not after a different tone (CS-: 1-, or 8 kHz). Learning to criterion 
was followed by continued approach sessions alternated with sessions wherein 
the rabbits learned to avoid footshock by turning a large activity wheel in 
response to a shock-predictive CS+ and to ignore a non-predictive CS-. The 
tonal CS+ and CS- frequencies were counterbalanced, and, for each rabbit, 
reversed in the two tasks. Greater discharges to CS+ than to CS- developed in 
all areas and occurred concurrently in both tasks. AV thalamic and area 29c/d 
activity peaked during avoidance learning without significant change in activity 
during the concurrent approach sessions, demonstrating that the peaks are 
training-context-specific and thus collectively encode the spatio-temporal context. 
After peaking during approach training, activity of hippocampal area CAI, 
anterior cingulate cortical area 24 and the MD thalamic nucleus subsided and 
peaked once again during concurrent approach sessions, in entrainment with the 
avoidance-related peak. Thus, neuronal coding in these areas is context-general 
and concerns a more limited time domain than in the AV nucleus and area 
29c/d. (Support: NIH grant NS26736 to MG).

3 2 6 .1 6

BRAINSTEM CHOLINERGIC PROJECTIONS AND LIMBIC THALAMIC 
TRAINING-RELATED NEURONAL ACTIVITY DURING AVOIDANCE 
LEARNING IN RABBITS. Y. Kubota*. J. Mavo and M. Gabriel. Dept. of 
Psych, and Beckman Institute, Univ. of Illinois., Urbana, IL 61801.

In a previous study, systemic injections of muscarinic cholinergic receptor 
blocker scopolamine hydrobromide (SH) eliminated performance of avoidance 
responses, as well as cingulate cortical and anteroventral (AV) thalamic training- 
induced neuronal activity (TIA), i.e., cue-elicited discharges which developed 
during discriminative avoidance learning (Henzi et al.. Brain Res., 1990,518:107- 
114). In this task, rabbits with multi-unit recording electrodes learned to make 
avoidance responses (stepping in a large activity wheel) upon hearing a 
footshock-predictive tone conditional stimulus (CS+, 1 or 8 kHz), and they 
ignored another tone (CS-, 1 or 8 kHz), not predictive of shock. Local 
cholinergic involvement in TIA was also suggested by learning-related increases 
in M2 receptor binding in the AV nucleus paralleling TIA (Vogt et al., J. 
Neurosci., 1991, 11:1508-1514). However, the global action of systemic SH 
precluded identification of the site of the TIA-reducing receptor blockade. Here, 
effects of cholinergic depletion were examined by: 1) intracranial micro-injection 
of SH directly into the AV nucleus of trained rabbits, and; 2) discrete pre
training lesions in the laterodorsal tegmental (LDT) nucleus, the major source 
of AV thalamic cholinergic afferente. Local administration of SH (20, 40 or 80 
μg in 1 μΐ saline) reduced, in a dose-dependent fashion, avoidance responding 
and CS-elicited excitation in the posterior cingulate cortex (directly driven by the 
AV nucleus), whereas saline injection had no effect. LDT lesions attenuated TIA 
in the AV nucleus, and neuronal activity in the posterior cingulate cortex was 
reduced in a comparable manner to the reduction produced by AV thalamic SH 
injections. These results and elimination of AV thalamic TIA by 
mamillothalamic tract transection (Shenker et al., Neurosci. Abstr., 1987, 
13:1103) have fostered a hypothesis that cooperative action of brainstem 
cholinergic and mamillothalamic inputs underlies induction of AV thalamic TIA. 
(Support: NIH grant NS26736 to MG).

3 2 6 .1 8
NEURONAL ACTIVITY IN THE MEDIAL PREFRONTAL CORTEX (PFCm) 
DURING DIFFERENTIAL APPETITIVE-AVERSIVE CONDITIONING IN 
RABBITS. C.M. Gibbs* and K.L. Watson, VA Medical Center 
and University of South Carolina, Columbia, SC 29201.

We previously reported that the conditioned stimulus 
(CS)-evoked activity of several functional subpopulations 
of cells in the rabbit's PFCm appears to be similarly 
affected by aversive and appetitive Pavlovian conditioning 
contingencies (Soc Neurosci Abstr 1j5:83; cf. Behav Brain 
Res 43:79-92). Consequently, the present studies examined 
PFCm unit activity during a differential conditioning 
paradigm involving three distinct, 4-s acoustic CSs (CSes> 
paired with an intraoral pulse of water or 0.5M sucrose, 
CSav- paired with eye-shock, CS" presented alone).

To date, the CS-evoked activity of 54 cells has been 
assessed. In ~55% of these cells, the responses to the 
CS„p and CSev have been been directionally consistent 
(i.e. similar increases or decreases in discharge have 
been observed) and have generally exceeded that evoked by 
the CS-. On the other hand, ~19% of the cells have either 
shown qualitatively-distinct, evoked activity changes to 
the CS.p and CS*V (e.g. respective increases and decreases 
in discharge) or have responded exclusively to the CSes> or 
CS»V . Thus, these data suggest that the CS-evoked activity 
profiles of different PFCm cell subpopulations variously 
reflect either (a) the general associative significance or 
(b) the hedonic valence of Pavlovian signal stimuli.

(Supported by VA Institutional Research Funds)
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326.19
HIPPOCAMPAL INTERHEMISPHERIC PHASE RELATIONS DURING 
CLASSICAL CONDITIONING IN RABBITS. R.L.Borgnis*, L.J. 
Dreshfield, and S.D.Berry. Psych. Dept., Miami Univ., 
Oxford, OH 4S056

To assess the bilateral representation of hippocampal 
conditioned neural responses, we recorded activity from 
the dorsal CAI region of both hemispheres during classical 
jaw movement conditioning. Nine New Zealand White rabbits 
were implanted bilaterally with stainless steel micro
electrodes under ketamine/xylazine anesthesia (50/10 mg/kg, 
i.m.j. After recovery, animals were given standard class
ical conditioning with tone conditioned stimulus and water 
unconditioned stimulus. Cross-correlations were performed 
between hemispheres on free-running pretrial activity as 
well as on the tone-elicited conditioned neural responses. 
Results indicated that, while the phase relations between 
hippocampal activity in opposite hemispheres was variable 
during free-running activity, the time-locked conditioned 
neural responses to tone were always positively correlated 
and at similar latencies. This finding is a necessary con
dition for a hypothesized role of both hippocampi in the 
timing of bilateral behavioral conditioned responses, such 
as jaw movement. The lack of phase locking during pre
training or intertrial cellular activity suggests that 
tone onset in a trained subject can change the relation
ship between right and left hippocampi as well as trigger
ing neural responses in each.

326.20
CLASSICAL CONDITIONING INCREASES PKC γ-ISOFORM IN SYN
APTIC PLASMA MEMBRANES OF HIPPOCAMPUS. Y.-F.Han*. T.J.Nel- 
SPnJB»G,S.Cbigvrs, Lab. of Molecular and Cellular
Neurobiology, NINDS/NIH, Bethesda, MD 20892 

Work from this and other laboratories has indicated that when protein kinase 
C(PKC) is in the membrane-associated form it is activated, and participates in 
long-term cellular regulation during storage of learned events (Bank et al., 
1988; Van der Zee et al., 1992). We examined the immunoreactivity changes 
of 3 PKC subtypes in hippocampus induced by rabbit nictitating membrane 
conditioning. Rabbits were classically conditioned to blink to a tone paired 
with periorbital electrical stimulation. Twenty four hours after the last training 
session, PKC was extracted from synaptic plasma membranes of hippocampus 
prepared using discontinuous sucrose gradient centrifugation(Han and Dokas,
1991). The isoforms of PKC were determined by immunoblotting with mono
clonal antibodies against respective isozymes, and quantitatively measured by 
computerized image analysis. By the end of the З-day training session, rabbits 
in the paired group showed significant conditioned responses of the nictitating 
membrane(89.0±3.5%, mean±SEM; N=5), whereas naive and unpaired ani
mals produced only baseline responses. The conditioned animals induced more 
than a З-fold increase in PKC γ immunoreactivity(474.3±90.6%, mean+SEM; 
N=4) compared to naive and unpaired rabbits(F( 1,9)= 10.51, PcO.Ol). Under 
the same conditions, there were no significant changes in a- and ß-isoforms 
of PKC among all three groups. These results suggest that classical condition
ing results in a selective redistribution of the γ-form of hippocampal PKC from 
the cytosol to the membrane.

NEURAL PLASTICITY: HIPPOCAMPUS

327.1
INCREASE IN HIPPOCAMPAL CA3-CA1 PRESYNAPTIC FUNCTION DURING 
DEVELOPMENT: AN IN VITRO ELECTROPHYSIOLOGICAL STUDY. T.C 
Dumas* and T.C. Foster. Dept. of Psychology, Univ. of Virginia, 
Charlottesville, VA. 22903.

The rat hippocampus undergoes extensive modification in terms of 
neurogenesis and synaptogenesis during the first 2-5 postnatal weeks. 
Further, the magnitude of long-term synaptic enhancement/potentiation 
(LTE/LTP) is increased in CA1 of neonatal rats. Magnitude differences may 
reflect developmental regulation of synaptic mechanisms for modification of 
synaptic efficacy. In this experiment, intracellular and extracellular 
hippocampal CA1 EPSPs were recorded from hippocampal slices of rats 3 
wk or 4-5 wk postnatal. I/O curves revealed no difference in fiber potential 
area between groups. However, there was a tendency for the EPSP slope to 
increase over the course of development. Similarly, the mean intracellular 
EPSP evoked by minimal-stimulation was greater in the 4-5 wk group. 
Quantal analysis revealed a significant increase in mean quantal content 
(p < .05) with age. Intracellular and extracellular paired-pulse facilitation ratios 
(50ms ISI) significantly decreased at 4-5 wk (p<.0l), suggesting that the age 
related increase in quantal content was due, at least in part, to increased 
probability of transmitter release. Finally, minimal-stimulation threshold 
decreased with age (p< 02) possibly due to CA3 ceUs making synaptic 
contacts with more CA1 cells. It appears that the period between 3 to 4 wks 
postnatal may be a sensitive period in development of the hippocampus 
during which time there is an increased capacity for presynaptic change. 
These results suggest developmental regulation of the mechanisms for 
expression of synaptic strength and may provide an explanation for the 
increased magnitude of LTE/LTP in neonates. Supported by NS31830toTCF.

327.3
FORMATION OF SYNAPSES WITH MULTIPLE, COMPLETELY 
PARTITIONED TRANSMISSION ZONES FOLLOWING THE INDUCTION OF 
LONG-TERM POTENTIATION. F. Morrell*. Y. Geinisman. L. deToledo-Morrell. 
R.E. Hellerand M. Rossi. Depts. of Neurol. Sci. and Psychol., Rush Med. Coll, 
and Dept. of CMS Biol., Northwestern Univ. Med. Sch., Chicago, IL 60612.

It has been postulated that axospinous synapses with multiple (2-4), 
completely partitioned transmission zones, which appear to be designed as 
specialized synaptic contacts of an unusually high efficacy, may represent 
pivotal structural intermediates in various forms of synaptic plasticity, including 
LTP (Geinisman, Soc. Neurosci. Abstr., 1993). The aim of the present study 
was to test this hypothesis in an LTP experiment. Synapses were analyzed in 
the middle (MML) and inner (IML) molecular layer of the rat dentate gyrus 
following the induction of LTP by high frequency stimulation of the medial 
perforant path on each of four consecutive days. Potentiated animals were 
sacrificed 1 hour after the fourth stimulation. Stimulated but not potentiated 
and implanted but not stimulated animals served as controls. Using the 
disector technique, unbiased estimates of the number of synaptic contacts 
per neuron were differentially obtained for various subtypes of axospinous 
junctions: for nonperforated synapses with a continuous postsynaptic density 
(PSD), as well as perforated ones distinguished by (1) a fenestrated PSD and 
focal spine partition, (2) a horseshoe-shaped PSD and sectional partition, (3) a 
segmented PSD and complete partition(s) separating discrete transmission 
zones, (4) a fenestrated, (5) horseshoe-shaped or (6) segmented PSD 
without a spine partition. The results show that only synapses with multiple, 
completely partitioned transmission zones are significantly increased in 
numbers after LTP induction. This change is limited to the synaptic field of 
activated axons (MML) and does not involve an immediately adjacent, non- 
stimulated one (IML). The observed highly selective synaptic modification may 
represent a structural substrate of the persistent enhancement of synaptic 
efficacy typical of LTP.

Supported by grants AG 08794 from NIA and BNS-8912372 from NSF.

327.2
IN VITRO EXAMINATION OF HIPPOCAMPAL PRE AND POSTSYNAPTIC 
MODIFICATION DUE TO DIFFERENTIAL EXPERIENCE. T.C Foster* and T.C. 
Dumas. Dept. of Psychology, Univ. of Virginia, Charlottesville, VA. 22903.

Quantal parameters for minimally evoked responses and paired-pulse 
facilitation ratios were calculated in order to examine the locus for changes 
in synaptic strength dueto differential experience. Extracellular fiber potentials 
and paired-pulse (50 ms ISI) synaptic responses were evoked by perforant 
path and Schaffer collateral stimulation in hippocampal slices and recorded 
from the dentate gyrus outer molecular layer and CA1 stratum radiatum, 
respectively. Hippocampal slices were obtained from rats (60-90 days) 
housed for 30-60 days in enriched environments (EE) or individual cages (IC). 
Examination of I/O curves indicated no difference in EPSP threshold or fiber 
potential area between groups within each region. The slope of EPSPs 
evoked by perforant path stimulation was increased in the EE group in the 
absence of alterations in the paired-pulse facilitation ratio. EPSPs recorded 
in CA1 radiatum to Schaffer collateral stimulation were not different between 
groups, however, the facilitation ratio was increased for EE rats (p<02). No 
difference was observed for the CA1 mean intracellular unitary EPSP evoked 
by the first pulse of minimal-stimulation paired-pulses. Like the extracellular 
records the facilitation ratio of minimal-stimulation responses was increased 
for the EE group (p<01). Quantal analysis indicated mean quantal content 
was significantly reduced (P<01) and a tendency for quantal size to increase 
for the EE group. The results indicate that changes in pre and postsynaptic 
mechanisms can result from differential experience and that synaptic changes 
can be observed in vitro. Supported by NS31830 to TCF.

327.4
NOVEL MODEL OF STRUCTURAL SYNAPTIC PLASTICITY. Y. Geinisman*. 
Dept. of CMS Biol., Northwestern Univ. Med. Sch., Chicago, IL 60611.

Analysis of axospinous synapses in the rat dentate gyrus using three- 
dimensional reconstructions from serial sections revealed the existence of a 
morphologically distinct synaptic subtype which had not been described 
before. Synapses of this subtype exhibit partitions that emanate from the 
postsynaptic spine head and invaginate the presynaptic axon terminal dividing 
its portion contacted by the spine into discrete protrusions. Such complete 
spine partitions provide barriers between 2-4 transmission zones, each one 
being formed by a separate axon terminal protrusion and delineated by a 
separate segment of the postsynaptic density (PSD). Spine partitions that 
differ from the complete ones were found in two other synaptic subtypes. 
One of these is characterized by a sectional partition the base of which is 
placed between the arms of a horseshoe-shaped PSD. Synapses of another 
subtype have a focal partition the base of which is restricted to a perforation in 
a fenestrated PSD. Although both sectional and focal partitions invaginate a 
presynaptic axon terminal, they do not divide it into separate protrusions and 
do not split a single transmission zone into disjoint entities. All three subtypes 
of partitioned synapses have nonpartitioned counterparts exhibiting 
segmented, horseshoe-shaped or fenestrated PSDs. These observations 
suggest a model of structural modifications underlying synaptic plasticity. 
According to this model, synapses with multiple, completely partitioned 
transmission zones, which appear to be designed as elements of an unusually 
high strength, represent pivotal structural intermediates in synaptic plasticity. 
The formation of such synapses from those that belong to other subtypes is 
postulated to result in a sustained increase in the efficacy of synaptic 
transmission. Conversely, a disassembly of complete spine partitions with the 
transformation of multiple transmission zones into a single one is proposed to 
underlie a persistent depression of synaptic responses.

Supported by NIA grants AG08794 & AG09446 and NSF grant BNS- 
8912372.
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32 7.5
GRANULE CELL NEUROGENESIS IN THE INFANT RAT. G. Y.
Espinoza & A. Amsel*. Dept. of Psychology & Inst, for Neuroscience, 
University of Texas, Austin, TX 78712.

An early study (Altman et al., Devt Psvchobiol. 1968) showed greater 
hippocampal granule cell proliferation and formation in rat pups 
handled from 2 to 11 days of age, and attributed this effect to 
prolongation of brain maturation and to "environmentally-induced 
infantilization." The present experiment examines the effect of learning 
on neurogenesis in the 11- to 12-day-old rat pup, the possibility being 
that learning produces an effect opposite to infantilization. At this age, 
the rat hippocampus falls within the window of maximal granule cell 
neurogenesis, and might therefore be expected to show differential 
plasticity in response to the kinds of learning that are affected in our 
laboratory by infantile x-irradiation-induced granule cell agenesis (Diaz- 
Granados et al.. Behav Neurosci. 1992). Colony-bred rat pups were 
trained in 6 sessions over 2 days (3 sessions per day), 30 trials per 
session. There were 3 groups defined by reinforcement schedule: 
continuous reinforcement, partial reinforcement, or reinforced in a 
pattern of single alternation. A fourth group, a handled control, got no 
actual runway training but was put through all other specific aspects of 
handling in the training situation. At the end of each of the 2 training 
days, pups from all groups were injected intraperitoneally with Methyl 
^Η-Thymidine (activity 5Ci/mmol, .005Ci/gm wt) in order to label newly 
forming cells. Coronal brain sections were coated with Kodak NTB-3 
emulsion, exposed, developed and then counterstained with cresyl violet. 
Computer-aided counts revealed no significant differences in marked or 
unmarked cells among any of the groups. Further experimentation is in 
progress with pups trained at 17-18 days of age, with postnatal high- 
level exposure to ethanol as a further variable. Supported by NIAAA 
grant AA07052.

327.7
THE EFFECT OF SYMPATHETIC INGROWTH AND CHOLINERGIC 
DENERVATION ON HIPPOCAMPAL Ml AND M4 RECEPTORS. L.E. 
Harrell*. K, Kolasa. D. Parsons and V. Avvagari. Dept. Neurology, V.A. 
Med. Ctr. and Univ. Alabama, Birmingham, Al. 35294 

Both cholinergic denervation (CD) and hippocampal sympathetic 
ingrowth (HSI), in which noradrenergic fibers from the superior cervical 
ganglia grow into the hippocampus in response to cholinergic 
denervation, appear to alter metabohc function in the hippocampus. We 
have previously reported changes in phosphoinositide turnover, PKC 
activity, and muscarinic receptors (mACHR), as measured with a non
specific antagonist [^HJ-QNB. In these latter studies, we found that CD 
decreased binding affinity, while HSI increased the number of mACHR. 
In this study we sought to determine whether these changes could be 
accounted for by changes in Ml or M4 mACHR. Three groups of animals 
were employed: Controls (sham lesions); Medial Septal lesions + sham 
ganglionectomy (HSI group); MS lesions + ganglionectomy (CD group). 
Four to 6 weeks following lesions, [^Hļ-pirenzepine binding was 
assessed in membranes from the dorsal and ventral hippocampus. CD 
was found to significantly (p<.001) decrease the binding affinity in 
dorsal (77.4±28.8 nM) and ventral (73.8±27.8) hippocampus in 
comparison to both HSI (21.8±9.4; 21.1±9.5) and control (18.4±4.1; 17.4± 
2.8) animals. The number of mACHR was found to be similar among 
groups (about 120 fmol) in both hippocampal regions. These results 
suggests that 1) changes in either Ml or M4 mACHR may account for 
the changes in affinity induced by CD and 2) HSI may "normalize" 
receptor function in the hippocampus following CD. Further studies are 
underway to determine whether CD alters either Ml or M4 specifically.

32 7 .9
ALTERATIONS OF PROTEIN KINASE C AND ITS SUBSTRATE B-50/GAP-43 
IN AN ANIMAL MODEL OF CHRONIC COGNITIVE DEFICIT. M. Pi Luca. A. 
Caputi. M.Cimino. P. N. E. De Graan. W. H. Gispen and F. Cattabeni*. Inst, of 
Pharmacol. Sci. Univ. of Milano 20133 Milano Italy, and Rudolf Magnus Inst.,
Inst. Mol. Biol. Univ of Utrecht 3584 CH Utrecht, NL.

The role of the Ca++/phospholipid dependent protein kinase (PKC) and its 
specific substrates in the molecular mechanisms underlying synaptic plasticity 
has been extensively investigated. We have studied PKC dependent 
processes in an animal model of chronic cognitive deficit obtained by injecting 
dams at gestational day 15 with a single dose of 25mg/kg of an alkylating agent: 
Methylazoxymethanol. The offspring are characterized by a marked hypoplasia 
of telencephalic areas, impairment in learning and memory processes and lack 
of induction of Long Term Potentiation in CA1 area of hippocampus (Ramakers 
et al., 1993 in press). In purified synaptosomes obtained from cortex and 
hippocampus of cognitively impaired animals we have studied, by means of in 
situ phosphorylation and quantitative immunoprecipitation, the basal 
phosphorylation of the nervous tissue specific PKC substrate B-50/GAP-43, 
which appeared enhanced in treated animals by 51.4 ± 7.4% in cortex and by
44.8 ± 8.3% if compared with controls. Accordingly, the PDBu binding signal as 
measured by autoradiography is higher in cortex and hippocampus of treated 
animals. These modifications are not accompanied by alterations either of the 
expression or of the total amount of PKC in microencephalic rats, since in situ 
hybridization studies of the different isoforms and immunoblot analysis did not 
show any statistical difference between control and treated animals. Moreover, 
kinetic analysis performed on the enzyme purified from brains of control and 
impaired rats revealed that both Km and Vmax are identical in the two 
preparations. However, immunbblot experiments performed on soluble and 
particulate fraction of synaptosomal preparation revealed an enhanced 
translocation of PKC to the membrane. Concluding alterations of PKC 
processes occur in vivo in an animal model of altered synaptic plasticity, 
characterized by cognitive deficit and impairment of hippocampal LTP.

3 2 7 .6
TRANSPLANTATION OF FETAL AMMON'S HORN OR 
ENTORHINAL CORTEX IN TMT-TREATED RATS: EFFECTS ON 
ACTIVITY AND ACQUISITION OF A SPATIAL DELAYED 
MATCHING-TO-SAMPLE WATER ESCAPE TASK. L.W. 
Means*. T.J. Fernandez. R.H. Baisden and M.L. 
Woodruff. Dept. of Psychology (LM,TF), E. 
Carolina Univ., Greenville, NC, 27858, and Dept 
of Anatomy, J. H. Quillen Col. Med., E. Tenn. St. 
Univ., Johnson City, TN 37614 (RB,MW).

Stereotaxic implants of Ammon's horn decrease 
ТМТ-inđuceđ working memory errors in a radial arm 
maze (Freeman et al. Int. Behav. Neurosci. Soc. 
Abst..2.44). The effects of stereotaxic implants 
of fetal tissue into hippocampus of TMT-exposed 
rats on acquisition of a matching-to-sample water 
escape task were tested in the present 
experiment. Twenty-four, 60 day old rats were 
given 6 mg/kg TMT (p.o.) . Fifty days later 8 rats 
were given stereotaxic injections of E20 Ammon's 
horn and 8 received entorhinal cortex implants. 
Four months later they were tested for activity 
in an open field and then trained in a submerged 
T-maze. Regardless of transplant condition, TMT 
exposure significantly increased activity and the 
number of errors in the water maze. These results 
indicate that task variables influence the 
behavioral effects of brain transplants. 
(Supported by PHS Grant ES 04070-07 to MLW)

32 7 .8
THE IN  SITU  PHOSPHORYLATION STATE OF SYNAPSIN I IS 
INCREASED IN SEPTAL KINDLING. Y. Yamagata*1. K. Obata1. P. 
Greengard2 and A.J. Czemik2. 1Natl. Inst. Physiol. Sci., Myodaiji, 
Okazaki 444, Japan, and 2Lab. of Mol. and Cell. Neurosci., The 
Rockefeller Univ., 1230 York Avenue, New York, NY 10021.

Ca2+/calmodulin-dependent protein kinase II (CaM kinase II) has 
been implicated in the regulation of neurotransmitter release, in the 
induction of LTP and in certain types of learning. In order to further 
investigate a possible presynaptic role of CaM kinase II in synaptic 
plasticity, the effect of septal kindling on the phosphorylation state of 
synapsin I in situ was studied by immunoblot analysis using 
phosphorylation state-specific antibodies to a CaM kinase Il-dependent 
phosphorylation site of synapsin I . In samples of homogenates from 
kindled rats, the phosphorylation state of synapsin I at site 3 was 
increased to 159±17% and 171±16% of paired control values in 
hippocampus and cerebral cortex, respectively. Kindling did not affect 
the phosphorylation state of synapsin I in cerebellum. The total 
synapsin I levels were unchanged. The observation that kindling was 
accompanied by an increase in the phosphorylation state of synapsin I 
at site 3 suggests that an increased activity of CaM kinase II might 
have been produced in presynaptic terminals and resulted in an 
increase in the efficiency of neurotransmitter release. The latter point 
was addressed by direct measurement of induced release of glutamate 
from synaptosomes using a continuous fluorometric assay. The initial 
rate of induced release was significantly increased in kindled rat 
cerebral cortex (108±1.6%). These studies suggest that the molecular 
mechanisms responsible for the plastic changes that accompany septal 
kindling reside, at least in part, presynaptically.

327.10
THE NOVEL, COMPETITIVE, NMDA ANTAGONIST- NPC17742 
AND WATER MAZE PERFORMANCE, LTP, AND KINDLING.
D.Saucier -D.P-Cain. J.DeSouza. and E.Wilson. Dept.Psychology, 
Univ. Western Ontario, London, CANADA, N6A 5C2.
The effects of NPC17742 were studied in the water maze, LTP, and 
kindling. In the water maze, NPC17742 (5mg/kg) increased the escape 
latencies in the hidden and visible platform conditions (p < 0 .05 ). Post
acquisition probe trials indicated that the rats recieving NPC 17742 did 
not spend as much time in the vicinity o f the platform as controls, but 
that there was an increase from baseline (p <  0.05). Swim speed for this 
group was also reduced compared to the controls (p < 0 .05 ). The 
behavioural deficits produced by NPC 17742 may have been responsible 
for some o f these differences, rather than solely a deficiency in spatial 
learning. NPC 17742 (5mg/kg) blocked LTP in alert rats, as measured 
by the pop spike amplitude and the EPSP slope at 1 and 24 hours after 
tetanus. For kindling, rats received i.p. injections o f NPC17742 
(15mg/kg) 1.5 hours prior to stimulation. Rats received 20 stimulations 
under NPC 17742 and then were switched to vehicle for subsequent 
stimulations. NPC 17742 retarded the development of seizures, although 
they were not abolished and the seizures showed a progression in 
severity. Once rats were switched to vehicle they showed an increase in 
the severity o f the seizures expressed, indicating that NPC 17742 may 
not have abolished seizure development but rather masked it. Supported 
by NSERC to DPC.
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327.11

COHERENCE AND MUTUAL INFORMATION DO NOT INDICATE ALTERED 
RELATIONSHIPS IN SPONTANEOUS EEG BETWEEN ENTORHINAL 
CORTEX AND DENTATE GYRUS FOLLOWING LTP IN DENTATE GYRUS. 
C.A.Chapman* and R.J.Racine. Department of Psychology, 
McMaster University, Hamilton, Ontario, Canada, L8S-4K1.

Bipolar electrodes were implanted in the entorhinal 
cortex and dentate gyrus in urethane-anesthetized male 
rats. After 30 min, monopolar and bipolar EEG activity 
were sampled (20 4sec epochs, 256Hz), from both sites 3 
times over 1 hr. Averaged evoked field potentials were 
then recorded in dentate gyrus in response to entorhinal 
cortex test-pulses (10 sweeps at 10 intensities; range= 
16-1259uA), both before and after either a control period 
(n=8), or the delivery of tetanizing trains to the 
entorhinal cortex (n=8; 30 20ms 400Hz trains of .1ms 
1259uA pulses). EEG activity was sampled again 3 times 
over 1 hr. Evoked potential population spike height 
roughly doubled in all animals receiving trains, 
indicating strong LTP, and remained stable in the control 
group. Coherence between sites for bipolar EEG data was 
minimal (<. 25), at all frequencies except in the theta 
band, and no LTP-induced changes were observed. Average 
mutual information was determined (50 bins), as a 
function of lag between 2sec segments of EEG recorded at 
each site. Mutual information functions reflected theta 
activity but did not increase following LTP. Coherence 
and mutual information do not appear to reveal changes in 
EEG activity associated with strengthened synaptic 
connectivity between recording sites in this preparation.

327.13

KAINIC ACID ELICITS A TRANSIENT INDUCTION OF Fl/GAP-43 mRNA IN 
DENTATE GYRUS GRANULE CELLS: ROLE OF SEIZURES AND OPIOIDS. 
R. K. McNamara*. P. J. Meberg & A. Routtenberg. Cresap Neurosci. Lab., 
Northwestern Univ. Evanston, IL 60208.

Although Fl/GAP-43 mRNA is not expressed in adult dentate granule cells 
[Neuroscience 45:721 (1991)], it can be induced after unilateral hilar lesions which 
cause seizures [Mol. Brain Res. 17:295 (1993)]. The present study sought to 
determine if seizures produced by systemically administered kainic acid (KA) could 
also induce Fl/GAP-43 gene expression in adult dentate granule cells. The influence 
of opioid peptides in Fl/GAP-43 mRNA induction after KA was also determined.

Male Sprague-Dawley rats were distributed into one of the following treatment 
groups: 1) saline 2) KA (10 mg/kg, sacrificed at 6, 24 or 48 post-injection), 3) 
sodium pentobarbital (SP: 50 mg/kg), 4) KA + SP, 5) naltrexone (NAL: 10 mg/kg), 
and 6) KA + NAL. Behavioral seizures were rated on a five point scale. Rats were 
typically sacrificed 24 hr post seizure and Fl/GAP-43 gene expression was assessed 
using quantitative in situ hybridization.

KA injections that produced limbic seizures also induced Fl/GAP-43 mRNA in 
granule cells whereas KA injections that did not produce behavioral seizures did not 
induce Fl/GAP-43 mRNA. The induction o f Fl/GAP-43 in granule cells had a 
specific time window, being undetectable at 6 hr post-injection when seizures were 
still occurring, highly expressed at 24 hr when seizures had largely subsided, and 
reduced to near baseline levels at 48 hr. SP blocked KA seizures and attenuated 
Fl/GAP-43 mRNA induction in granule cells while having little effect alone on 
mRNA levels. NAL enhanced KA-induced Fl/GAP-43 mRNA induction in granule 
cells while having little effect alone. These results show that KA administration 
induces Fl/GAP-43 transcription in dentate gyrus granule cells in adult rats, an effect 
that is partially mediated by seizures and regulated by opioidergic activity, [supported 
by MH25281-18 to A.R. and Natural Science and Engineering Research Council 
Fellowship to R.K.M.]

327.15

DNA BINDING PROTEINS: HOW THE ENVIRONMENT ACCESSES THE 
GENOME W.R.KINNEY 1. H.YAMAMOTO2* and A.ROUTTENBERG1. 
^Cresap Neuroscience Laboratory, Northwestern Univ. Evanston, IL 60208; 
^Chicago Institute Neurosurgery, Chicago, IL 60614.

The behavioral regulation of transcription factor (TF) function in 
hippocampus, a brain region activated by novelty and important for 
information storage, has not been previously studied. Sixty min after a 
4 min exploration of an eight-arm radial maze by sated adult albino 
rats, electrophoretic mobility shift assays (EMSAs) revealed a selective 
increase in specific binding to particular consensus recognition 
elements. Two elements, A P-1 and CRE, showed an upper and lower band 
possibly representing dimeric and monomeric forms, respectively, of the 
TF. Increased upper band binding was restricted to the 60 min time 
point. No increase was observed 30 min or less, or 120 min or more after 
the novel experience. Increased lower band binding was observed at 30 
and 120 min. When the time of exploration was increased from 4 min to 
15 min, no alterations in either the upper or lower band were observed.
Since the animals ceased to explore the environment before 10 min had 
elapsed, the lack of binding may arise from behavioral habituation 
leading to TF deactivation. Brief natural sensory stimulation may thus 
activate brain TFs at 4 min and deactivate at about 10 min, suggesting 
post-translational (e.g. kinase and phosphatase regulated) control of 
proteins which bind DNA. It is attractive to think that promoter 
elements of target genes critically involved in the storage of 
information are turned on by environmentally-activated TFs.
[supported by MH25281-18 and AFOSR90-0240]

327.12

MODULATION OF DENTATE GYRUS FIELD POTENTIALS, UNITS AND 
THETA EEG THROUGH GLUTAMATE-INDUCED ACTIVATION OF THE 
LATERAL SUPRAMAMMILLARY NUCLEUS. G.P. Carre* and C.W. Harlev. 
Dept. of Psychology, Memorial Univ., St. John's, NF, Canada A1B 3X9.

We have recently demonstrated that glutamatergic activation of the 
SUML produces a heterosynaptic short-term potentiation of the 
population spike that can exceed 20 min (Carre and Harley, Brain Res. 
568:307-310, 1991). We have now investigated the effects of 
glutamatergic stimulation of the SUML on DG units, and theta rhythm 
occurring concomitantly with population spike enhancement in urethane 
anaesthetized female Sprague Dawley rats. Preliminary results from 
paired-pulse inhibition studies are presented as well.

The perforant path was stimulated at a rate of 0.1 Hz (8-25 V), 
evoking a field potential in the DG granule cell layer. L-glutamate (500 
mM, 100-150 nl) was delivered by pressure injection through a glass 
micropipette directed at the SUML. Of the seven animals where EEG was 
recorded, SUML activation induced theta in 4 for a duration of 10-45 s. 
Theta induction preceded spike enhancement and occurred for a shorter 
duration. Of the units recorded, the spontaneous firing rate of 8 were 
inhibited, 13 excited, 2 showed a mixed response, and 1 no response at 
all, for a mean duration of 145 s. All changes in firing rate preceded 
spike enhancement and their duration rarely coincided with the duration 
of the spike enhancement. Paired-pulses (ISI = 20-30 ms) given during 
SUML activation demonstrated evidence of reduced feed-back inhibition, 
even in the absence of the enhancement of the first spike of the pair.

327.14

LOCALIZATION AND HORMONAL REGULATION OF ANDROGEN 
RECEPTOR and c-fos GENE EXPRESSION IN THE RAT HIPPOCAMPUS. 
J.E.Kerr*. M.R.Bollnow. S.G.Beck. R.J.Handa. Depts. o f Pharmacol, and Anat. 
Loyola Univ. Chicago, Stritch School o f Medicine, Maywood, IL 60153.

Previous studies have revealed high levels o f androgen receptor (AR) in the rat 
hippocampus. Despite this, little is known about the role o f  androgen in this brain 
region. In this study, we examined the effect o f androgen on hippocampal AR 
mRNA content as well as on the expression o f the immediate early gene, c-fos, in 
the hippocampus o f 5 month old male F-344 rats. Using in situ hybridization, AR 
mRNA was found predominantly in the CAI pyramidal cells. AR mRNA content 
was quantified in total RNA extracts from hippocampal homogenates using an 
RNase protection assay. A significant decrease in AR mRNA content occurred in 
hippocampus of animals sacrificed four days following castration or in intact rats 
following four daily injections with the AR antagonist, flutamide, as compared to 
intact animals (p<0.01). These data demonstrate that hippocampal CAI cells can 
respond to circulating androgen to alter gene expression. To determine if the 
hippocampal AR is o f functional significance, we examined the induction o f c-fos 
mRNA following novelty in intact, 3 week castrates, and 3 week castrates given 
dihydrotestosterone propionate (DHT-P). Animals were sacrificed 20 minutes after 
being placed in the novel environment and c-fos mRNA was examined using in situ 
hybridization. Densitometrie analysis of autoradioagrams revealed c-fos mRNA 
was expressed in the CAI and dentate gyrus regions o f the hippocampus only in 
those animals exposed to novelty. DHT-P treatment decreased the induction o f c- 
fos mRNA in the CAI pyramidal cells as compared to untreated castrates 
(p<0.02). These data demonstrate that the hippocampus is a neural target for 
androgen action and suggest that androgen may influence the responsiveness of 
hippocampal pyramidal cells to stimulation.
Supported by NSF BNS9109226 and NIH AA08696 (RJ.H)

327.16

PRESENCE OF MULTIPLE mRNA PRODUCTS IN HIPPOCAMPAL 
NEURITES. K. Mivashiro. M. Dichter and J. Eberwine*. Depts. of 
Pharmacology, Psychiatry, Neurology and David Mahoney Institute of 
Neurosciences, Univ. of Pennsylvania Medical Center, Philadelphia, PA 
19104.

It has been proposed that the sorting and transport of populations of 
mRNAs to the most distal portions of the dendritic arbor may play a key 
role in the ability of a neuron to respond to the microenvironment. 
Ideally, in association with the cell’s translational machinery, the 
localization of populations of mRNAs in the process may provide a way 
for a cell to synthesize proteins locally in response to synaptic signals. 
Autoradiographic localization studies of recently synthesized 
radiolabelled RNA suggests that populations of mRNAs are targeted for 
transport to the process.

In the present study, a slight modification of the in situ  transcription 
procedure was used in conjunction with aRNA amplification to assess the 
population of mRNAs present in single neurites. These experiments 
employed reverse Northern blots containing a panel of candidate cDNAs 
such as voltage-gated and ligand-gated channels. Analyses of single 
neurites and their cognate somas suggests there are mRNAs that are 
enriched in cell processes or cell bodies as well as those present in both 
cell bodies and soma. While the candidate gene approach is limited by 
the number of available cDNAs it is also possible to determine the 
distribution of novel mRNAs. To this end the aRNA populations were 
examined with differential display PCR (Science 257:967, 1992) to 
determine the distribution of poly-A+ mRNAs in the neuron. Preliminary 
evidence suggests that specific mRNAs are differentially distributed in 
the processes.
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32 8.1
HIPPOCAM PAL INJECTION OF A HSV-1 VECTOR EXPRESSING  
AN UNREGULATED PKC FROM THE TH PROMOTER  
INCREASES NE RELEASE, INDUCES KROX 24 EXPRESSION IN 
DENTATE GRANULE CELLS AND IM PROVES SPATIAL  
NAVIGATION PERFORMANCE IN RATS. IP. Leone*. 2M, Dragunow. 
^ E .  Davis.3P . Ullrev 4K. Ļ, O'Malley. 5R, Neve. 3Ą, Į, Geller. İM. J. During. 
Wale U., New Haven, CT 06510; 2Univ. of Auckland Sch. of Med., New Zealand; 
^Childrens Hosp., Boston, MA 02115;4Wash. U. Sch. Med., St Louis, MO 63110; 
5McLean Hosp., Belmont, MA 02178.

The locus coeruleus (LC) noradrenergic system plays a role in spatial perception as 
well as learning and memory processes. Norepinephrine (NE) facilitates long-term 
potentiation (LTP) in the dentate gyrus and CA3. LTP induction in the dentate gyrus 
is directly correlated with increased expression of the immediate early gene Krox 24. 
PKC activation has been implicated in the generation of LTP in vivo and in the 
regulation of cellular activity. To determine whether stable activation of PKC in the 
LC projection to the hippocampus (HIP) might effect NE release, and thereby modify 
spatial learning, a defective HSV-1 vector system was used to introduce the PKC ßll 
catalytic domain into the LC via stereotactic injection of the vector in the HIP. 
Neuronal-specific expression was achieved using 6.5 kb of the rat tyrosine 
hydroxylase (TH) promoter fused to the PKC catalytic domain (pTHpkcA). Rats 
pretreated with pTHpkcA performed significantly better than control animals (either 
sham or pHSVlac {expresses E. Coli ß-galactosidase} animals) in the acquisition of 
the Barnes spatial navigation task. Moreover, basal, 56 mM K+ and 500 μΜ NMDA 
stimulated NE release (using intrahippocampal microdialysis) of the pTHpkcA rats 
was significantly higher than controls. Furthermore, preliminary immunohistological 
analysis showed persistent expression of Krox 24 following pTHpkcA injections. 
These behavioral and neurochemical data provide initial evidence that stimulation of 
the noradrenergic afferents to the hippocampal formation can be induced, in vivo, by 
genetic activation of PKC and may facilitate learning and memory processes.

32 8.3
REGULATION OF TYROSINE HYDROXYLASE GENE- 
EXPRESSION IN THE RAT SUBSTANTIA NIGRA, PARS 
RETICULATA. 0 . Stork*. T. Hashimoto and K. Obata. Lab. 
of N eurochem istry, National In stitu te  for Physiological 
S cien ces, Okazaki 444 (Japan) and Dep. of Neuroanatomy, 
Univ. of B ielefeld , 4800 Bielefeld (Germany).

Non-radioactive in s i tu  hybrid ization (ISH) and 
imm unohistochem istry (IMHC) revealed  an increase in the  
number of tyrosin e  hydroxylase (TH) p ositive  cells  8 
hours a fter  treatm ent with a dopamine antagon ist 
haloperidol in the pars reticu lata  (SNr), but not in the  
pars compacta or the pars lateralis of the rat substantia  
nigra. Furtherm ore, both a GABAa receptor agon ist  
diazepam and its  antagon ist picrotoxin increased  ISH in 
the SNr. A dopamine D2 receptor sp ecific  agonist 
quinpirole itse lf  showed only small e ffe c ts , but reduced  
diazepam -induced in creases in the caudal SNr. 
Pretreatm ent with diazepam failed to fu rth er  enhance  
haloperidol e ffe c ts . We th erefore  su g g e st that TH g en e-  
expression  is com pletely su p p ressed  in a number of cells  
in th e SNr through spontan eou sly  released  dopamine and 
that GABA receptor stim ulation induces TH g en e-  
expression  in some of th ese  cells  by reducing dopamine 
release in the SNr. An induction of TH in previously  
dopam ine-negative cells  of th e SNr might be a mechanism  
for long-term  modulation of nigral output and could be 
involved  in th e outcome of motor impairments seen  with 
parkinsonism .

328.5
GLIAL VOLUME IN THE CEREBELLUM INCREASES WITH 
SYNAPTOGENESIS BUT NOT WITH ANGIOGENESIS. A.Alcantara»1,
B.Anderson2. X.Li1, K.Isaacs3, T. Black4 & W.Greenough1. !Depts of Psych., 
Cell & Struct. Bio., Neurosci. Prog., and Beckman Inst., Univ. Illinois, 
Urbana, IL 61801,2Dept. of Psych., Indiana Univ., Bloomington, IN 47405, 
3NIH, Bethesda, MD 20892,4Coll. Med., Univ. UT 84132.

In previous work we have shown that rats that traversed an obstacle 
course requiring balance and coordination (acrobatic group, AC) had 
greater numbers of synapses per Purkinje cell than exercising rats or 
homecage controls in the paramedian lobule of the cerebellum, a region 
receiving forelimb and hindlimb input (Black et al., PNAS, 1990). Rats 
that exercised (in a treadmill [FX] or exercise wheel [VX]), however, had 
greater capillary density than acrobatically trained or control (IC) rats, 
suggesting greater amounts of neural activity (Isaacs et al., /. Cereb. Blood 
Flow Metab., 1992). Those findings allow us to investigate whether 
changes in glial volume in the cerebellum are associated with changes in 
synaptic number or capillary volume/neural activity. Using micrographs 
from the studies cited we obtained glial area fraction (=volume fraction) 
estimates using point counts (Weibel, Stereological Methods, 1979). No 
differences in glial area fraction were found across groups. Glial volume 
per Purkinje cell, however, was significantly greater in the acrobatic 
group than in the exercising groups or control group. Glial volume per 
Purkinje cell in the exercise groups was equal to [that of] the control 
group. In the intact cerebellum, the volume of glia appears to be closely 
tied to synaptic numbers and not to capillary volume/neural activity. 
Supported by AG 10154.

3 2 8 .2
ROTATIONAL BEHAVIOR IN ADULT RATS IS INDUCED BY SELECTIVE 
ACTIVATION OF THE PROTEIN KINASE C PATHWAY IN SUBSTANTIA NIGRA 
PARS COMPACTA NEURONS WITH A HSV-1 VECTOR. I S. Sono*. 2p. Leone. 
1Y. Wang. Ю. Hartley. 1J. Brvan. i p. Ullrey. 1S. Bak. 2Қ. Davis, 3j. Haycock, 4қ, 
O’Malley. SR, Neve. 1Ą. Geller, and ?M. During. 1 Children's Hosp, Boston MA; 
2Yale Univ. Sch. Med., New Haven CT; 3|_SU Med. Cntr, New Orleans LA; 
4Wash. Univ. Sch. Med. St. Louis MO; SMcLean Hosp, Belmont MA.

Regulation of rat motor behavior by the protein kinase C  (PK C ) pathway in 
substantia nigra pars compacta (SNc) neurons is being analyzed by a genetic 
intervention strategy that employs a defective Herpes Simplex Virus (HSV-1) 
Vector System  (T IN S 1991, 14., 428). Expression in cultured neurons 
(sympathetic or cortical) of the rat P KC  ßll catalytic domain (pkcA), which is 
unregulated and constitutively active, results in activation of the PKC  pathway 
and an activity dependent potentiation of neurotransmitter re lease (Soc. 
Neurosci. Abs. 1991, 12 , 603). We have also established that the tyrosine 
hydroxylase (TH) promoter restricts expression of a recombinant gene primarily 
to TH containing cells following stereotactic injection (pTHIac) into the midbrain. 
By combining these two observations we devised a strategy to selectively 
activate the PKC  pathway in SNc neurons: The TH promoter should restrict 
expression of the PKC  catalytic domain (pTHpkcA) to SN c neurons potentially 
increasing dopamine release from the SNc terminals in the striatum and causing 
rotational behavior. Unilateral stereotactic injection of pTHpkcA into the 
substantia nigra resulted in expression of pkcA protein in SNc cells, increased 
dopamine release in the striatum, and apomorphine-induced ipsilateral rotational 
behavior, for at least two months. Injection of saline or control vectors (express 
ß-galactosidase or express pkcA from a constitutive promoter) did not cause 
increased striatal dopamine release or rotational behavior. These  results 
suggest that the PKC pathway in SNc neurons regulates rat motor behavior.

32 8 .4
DEFECTIVE LEARNING PERFORMANCE IN TRANSGENIC MICE 
OVEREXPRESSING UROKINASE-TYPE PLASMINOGEN ACTIVATOR IN 
BRAIN. Noam Metri1, Tamar Masos2. Kobi Rosenblum 1. Ruth 
Miskin2 and Yadin Dudai1 .  Departme n ts  o f 1 N eurob io logy an d  
2B iochemistry. Weizmann Institute of Science. Rehovot . Israel.

Plasminogen activators (PA) are serine proteases involved in 
fibrinolysis and controlled degradation of extracellular proteins. 
There are two molecular types of PA, the urokinase-type (uPA) and 
the tissue-type (tPA), encoded by two distinct genes. In recent 
years PA have also been implicated in neuronal plasticity. Alteration 
of gene expression with respect to location and dosage by molecular 
genetics provides an immense potential for investigating the func
tion of PA in the brain. Towards that end, we use transgenic mice 
designated α MUPA, carrying the murine cDNA encoding UPA linked 
to the promoter of the aA-crystallin gene normally expressed ex
clusively in the ocular lens (Miskin et al. Eur. J. Biochem. 190: 
31, 1990). Unexpectedly, α MUPA mice express active transgenic 
UPA also in several ectopic sites including retina, hippocampal 
formation and neocortex. We found that α MUPA mice display defec
tive behavior in several learning paradigms, including water maze 
tasks with submerged and protruding island, and conditioned taste 
aversion. Since α MUPA mice (and their corresponding wild-type) 
are blind, olfactory and auditory cues were used in the water maze. 
The α MUPA mice were markedly slower in learning, while dis
playing normal motor behavior. Transgenic mice carrying cDNA 
encoding the human UPA that produce in the brain the human 
enzyme, did not display altered performance in the aforementioned 
tasks.

32 8 .6
EXPRESSION OF FOS DURING COMPLEX MOTOR LEARNING. 
J. A. Kleim*, R.A. Swain. K.E. Armstrong. T.A. Comerv & W.T. 
Greenough. Depts of Psych, and Cell & Struct. Bio., Neurosci. Prog., 
and Beckman Inst.,Univ. Illinois, Urbana, IL 61801.

Following complex motor learning, structural changes have been 
observed in the motor and cerebellar cortex of the rat. Previous 
research has also shown tha t FOS, the protein product of the immediate 
early gene c-FOS, is expressed during learning. In this study we 
examined FOS expression in the motor cortices of animals trained on 
a complex motor learning task. Sixty male rats, approximately six 
months of age, were assigned to one of three treatment conditions: 
Acrobatic (AC), Forced Walking (FW), or Inactive Control (IC). The 
AC animals were trained for 1,4,10 or 20 days (three trials/day) on a 
motor learning task which consisted of a series of obstacles requiring 
substantial motor coordination to complete. Pair matched FW animals 
were exposed to a runway of equal length where they were required 
to travel the same distance as the AC animals without having to 
traverse any obstacles. IC animals were housed individually and 
subjected only to daily handling. The number of FOS positive cells/ 
unit area was obtained from four coronal sections taken through the 
motor cortex. AC animals displayed higher levels of FOS than the FW 
and IC animals after 4 days of training but after 10 days the levels 
dropped to that of the controls. The changes in FOS expression in the 
AC animals correspond to the behavioral changes observed on the task 
as the animals reached asymptote within 6 days of training. 
Supported by AG 10154 and NSF BNS 88 21219
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328.7
S E IZ U R E S  A N D  P H Y S IO L O G IC A L  ST IM U L I R E S U L T  IN  
D IS T IN C T  P A T T E R N S  O F G E N E  E X P R E S S IO N . K .J. M ack! N.M. 
M illan . and P. A. M ack. U n iv ers ity  O f W isconsin , M adison 53792

In nerve c e lls , a v a r ie ty  o f  p h y s io lo g ic a l and p a th o lo g ic a l stim u li 
resu lt in ch a n g es in gen e ex p ressio n . Y et, p h y s io lo g ic a l a c tiv ity  
m ay resu lt in neuronal p la s tic ity , w h ile  ep ilep tifo rm  a c tiv ity  resu lts  
in a va r ie ty  o f  p a th o lo g ic a l ch a n g es. T h ese  exp er im en ts  ad d ressed  
i f  som e o f th ese  d iffe r e n c e s  m ay be a sso c ia ted  w ith  a ltered  gene  
ex p ressio n .

T h e tra n scr ip tio n  fa c to r s  N G F I-A , N G F I-C , and K rox 20 were 
stu d ied  by R T -P C R . A d d itio n a lly , p o te n tia l ta rg e t g en es w h ich  
co n ta in  con sen su s b in d in g seq u en ces for  th ese  th ree  zin c fin g er  
tra n scr ip tio n  fa c to r s , w ere a lso  stu d ied . B oth  p e n ty le n e te tr a z o le -  
ind u ced  se izu res  and p h y s io lo g ic a l s tim u la tio n  o f  th e  r a t’s w h isk ers  
cau sed  an in crea se  in th e  m R N A  lev e ls  fo r  N G F I-A  and N G F I-C  in 
th e  so m a to sen so ry  co r tex . In d u ctio n  a fte r  a p h y s io lo g ic a l stim ulu s  
p eak ed  at less  th an  50% o f  th e lev e ls  seen  a fte r  a se izu re . T h e  
in d u ctio n  o f  th e  tra n scr ip tio n  fa c to r s  w as ev id en t in m u ltip le  ce ll 
la y ers  a f te r  a se izu re , but w ere p r im arily  seen  in c o r tica l layer  4 
a fte r  a p h y s io lo g ic a l stim u lu s.

S y n a p to p h y sin  and g lu ta m ic  ac id  d e c a r b o x y la se  w ere stu d ied  as 
p o te n tia l ta rg e t gen es fo r  th ese  tra n scr ip tio n  fa c to r s . B oth  
sy n a p to p h y sin  and G A D  m R N A  lev e ls  w ere in crea sed  by 4 hours 
a fte r  v ib rissae stim u la tio n , a tim e w h en  N G F I-A  p rotein  leve ls are 
in crea sed . S im ila r  in d u ctio n  p a ttern s w ere not d e tec ted  a fte r  
se izu re  s tim u la tio n . T h ese  d a ta  d em o n stra te  d iffe r e n c e s  in the  
lev e ls  and p a ttern s o f  co r tic a l g en es b etw een  a p h y s io lo g ic a l and  
p a th o lo g ic a l stim u lu s. (S u p p orted  in part by a gran t from  the  
E p ilep sy  F ou n d ation  o f  A m erica).

32 8.9
THE CONJUNCTIVE STIMULI THAT CA U SE LONG-TERM  
DESENSITIZATION ALSO PREDOMINANTLY INDUCE C-FOS/JUN-B IN 
CEREBELLAR PURKINJE CELLS. K. Nakazawa1. L. Karachot1. R. Yano1. Y. 
Nakabeppu2 and T. Yamamori*1 1 Laboratory for Neural Networks, Frontier 
Research Program, RIKEN, Wako, Saitama 351-01, Japan; department of 
Biochemistry, Medical Institute of Bioregulation, Kyushu University 69, 
Fukuoka 812, Japan.

We examined the expression of immediate early genes (lEGs) follow
ing desensitization in rat cerebellar slices. Desensitization was evoked by joint 
application of AMPA as a substitute for parallel fiber stimulation and 8-Br- 
cGMP substituting for climbing fiber activation. In this system the sensitivity of 
Purkinje cells to subsequent AMPA application is persistently reduced for 
several hours. IEG expression was detected using in situ hybridization and 
immunohistochemical techniques. In Purkinje cells of lobule VI & VII of vermis, 
application of AMPA and/or 8-Br-cGMP induced expression of several types of 
lEGs within 30 min. C-Fos-IR was moderately induced by AMPA application in 
about 18% of Purkinje cells (n=6), whereas 8-Br-cGMP application had no 
such effect. The conjunctive application of AMPA and 8-Br-cGMP was most 
effective in increasing the number of c-Fos-IR positive Purkinje cells, and c- 
Fos-IR was observed in about 30% of cells under this condition (n=6). Jun-B- 
IR was also induced in about 40% of Purkinje cells by conjunctive application 
(n=7), whereas 8-Br-cGMP or AMPA application alone produced a lesser 
effect (24% & 18%, respectively). These figures demonstrate a synergistic 
effect of AMPA and 8-Br-cGMP in the induction of c-Fos- and Jun-B-IR. In 
fact, a significant population of Purkinje cells showed both c-Fos- and Jun-B-IR 
after co-application of 8-Br-cGMP and AMPA. C-Jun- and Fos-B-IR were 
observed in a few Purkinje cells through all the conditions. Jun-D-IR and fra-1 
mRNA were not detectable in Purkinje cells under any conditions. These 
results suggest that conjuncitive heterosynaptic input to Purkinje cells may be 
required to form an AP-1 complex (c-Fos/Jun-B) to switch expression of 
specific genes for the establishment of cerebellar long-term plasiticity.

32 8.11
DISTRIBUTION OF NEURONS CONTAINING NO-SYNTHASE 
IN ZEBRA FINCH SONG SYSTEM. E. Wallhäusser-Franke*. C. E. 
Collins. S. C. Reddv and T. J. DeVoogd. Department of Psychology, 
Uris Hall, Cornell University, Ithaca, NY 14853

Extensive recent research has focussed on the potential role of nitric 
oxide (NO) in synaptic plasticity, esp. related to NMDA receptors. NO 
may be a retrograde messenger that could induce changes in presynaptic 
morphology and physiology as a result of postsynaptic activity. In zebra 
finches, song is learned during a brief juvenile time period with little or 
no change thereafter. Some song system plasticity may be mediated by 
NMDA receptors (Mooney, 1992). Could the capacity to synthesize NO 
be associated with neural and behavioral plasticity in the song system?

Brains of adult and juvenile zebra finches of both sexes were stained 
with the NADPH-diaphorase method. Neuropil and neurons were stained 
throughout the forebrain, except for much of hyperstriatum and primary 
sensory areas like visual ectostriatum and auditory Field L. The most 
intense staining is in hyperstriatum accessorium in rostral forebrain, and 
in caudal neostriatum. Song-related brain areas 1-MAN, m-MAN and 
Area X can be distinguished by increased background staining relative to 
surrounding tissue, whereas HVC and RA have a lower density of 
stained neurons than do adjacent areas. For 1-MAN, and m-MAN the 
frequency and morphology of stained neurons do not appear to differ 
from adjacent areas. In Area X juvenile birds of both sexes have a higher 
density of NO-synthase containing neurons than do adult ones. Densities 
in females are slightly higher at both ages than in males. In males, den
sity of stained neurons in Area X is similar to nearby LPO at d21, but is 
much lower in adulthood, whereas in females the decrease in all parts of 
LPO is similar. S u p p o r te d  b y  th e  E C , H F S P -P ro g ra m  a n d  H D  2 1 0 3 3 .

32 8.8
Cau  and protein kinase C  stimulation o f  Cau/calmodulin sensitive adenylate 
cyclases can mediate cAM P response element induction S. Impey.*& D. Storm 
Dept. of Pharmacology, Univ. of Washington, Seattle WA 98195.
Dual activation of Ca27calmodulin sensitive adenylate cyclase by G protein and 
Ca2+ has been proposed to be a molecular mechanism by which discrete stimuli 
could converge and induce the changes in gene expression that underlie associa
tive learning. We examined whether Ca2+ or PKC can modulate transcription via 
Ca27calmodulin sensitive adenylate cyclases independently or synergistically 
with other effectors. Stably transfected HEK-293 cells with the type I or type III 
adenylate cyclase and a CRE-ß-gal reporter construct were incubated with 
effectors in serum free media for 15-30 minutes, incubated in growth media for 2 
hours, and assayed for ß-gal activity. Using both the calcium ionophore A23187 
(10μΜ) and the muscarinic agonist carbachol (ImM) [shown to stimulate type I 
AC via Ca2+ in Choi et al., J. Biol. Chem. 267:12440] the type I adenylate 
cyclase/ CRE-ß-gal cell lines showed Ca2+ mediated induction of ß-gal 1.5-2 
fold over CRE-ß-gal cell line controls. Both type I and type III adenylate cyclase 
CRE-ß-gal cell lines also produced a synergistic increase in ß-gal induction in the 
presence of the adenylate cyclase activator forskolin (5μΜ) and A23187 (10μΜ). 
Furthermore, in the presence of the phorbol ester, TPA(1 μΜ ), the type III 
adenylate cyclase/CRE-ß-gal cell lines showed a 1.5-3 fold increase in ß-gal 
activity. The TPA mediated induction was additive to forskolin stimulated 
induction in type III/CRE-ß-gal cells. Additonally, the inactive phorbol ester 
4alphaPMA, did not produce increases in ß-gal activity in any of the cell lines 
studied. Ca27calmodulin sensitive adenylate cyclases have been shown to induce 
transcription via activation by receptor coupled G-proteins, and have now also 
been shown to regulate transcription via activation by Ca2+ and IP3/DAG second 
messenger cascades. Moreover, these data provide the first in vivo evidence that 
the type I and type III adenylate cyclases can produce synergistic changes in gene 
expression through the convergence of multiple extracellular signals.

328.10
EXPERIENCE-DEPENDENT MODIFICATION OF 
ZENK GENE INDUCTION FOLLOWING SONG 
PRESENTATION IN ADULT ZEBRA FINCHES.
D. F. Clavton* and C. Mello. Dept. of Cell & Structural Biology and 
The Beckman Institute, University of Illinois, Urbana, IL 61801; & Lab of 
Animal Behavior, The Rockefeller University, NY, NY 10021.

When songbirds hear tape-recorded conspecific birdsong, 
transcription of the ZENK gene rapidly increases in the 
caudo-medial neostriatum (NCM) of the forebrain (PNAS 
89:6818, 1992). Here we show that this gene response 
changes with experience: ZENK induction habituates to 
repetitive presentation of one song within 1 hour, but 
presentation of a different song will once again elicit an 
immediate and full ZENK response. This acquired selectivity 
of the ZENK response to specific songs can persist for at 
least 24 hours. Thus we have identified a specific molecular 
process in cells of the adult CNS -- the induction of the ZENK 
gene -- which changes with perceptual experience. This 
should allow dissection of the neural and molecular 
mechanisms mediating a specific experience-dependent 
change in the adult central nervous system.

32 8.12
A NOVEL RNA IS TRANSIENTLY INDUCED IN THE SONG 
CIRCUIT OF ZEBRA FINCHES DURING THE CRITICAL 
PERIOD FOR SONG ACQUISITION. J.M. George*. H. Jin. 
W.S. Woods, and D.F. Clavton Dept. of Cell and Structural 
Biol., Univ. of Illinois, Urbana, IL, 61801 

Young zebra finches learn their songs during a critical 
period in development. Essential to song acquisition is 
development of specific connectivity among the forebrain 
nuclei controlling song. One such nucleus is the lateral 
magnocellular nucleus of the anterior neostriatum (IMAN), 
which appears to be required specifically for song learning: 
lesions of this nucleus disrupt song in young birds whose 
songs have not fully developed, but have little or no effect on 
birds with mature songs. We have identified a novel mRNA, 
HAT-3, which is transiently expressed in IMAN at 15 and 25 
days, corresponding to the period during which IMAN makes 
its primary projection to the song nucleus RA (robustus 
archistriatalis). The RNA is enriched in the forebrain of adult 
birds, but repressed in the song circuit. The HAT-3 protein is 
localized to crude synaptosomal fractions of zebra finch and 
rat brain extracts. Immunocytochemical data reveal a 
punctate distribution of HAT-3 protein in tissue neuropil and 
an association with neurites in primary cultures of zebra finch 
brain. These observations suggest that HAT-3 may 
represent a novel synaptic molecule with a role in neurite 
outgrowth and/or synapse formation.
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328.13
SEXUAL DIMORPHISM IN THE DEVELOPMENT OF SYNAPSES 
IN A SONG CONTROL REGION IN BIRDS: A QUANTITATIVE 
ELECTRON MICROSCOPIC STUDY. B. E. Nixdorf-Bergweiler*. 
Department of Neurophysiology, University of Cologne, 5000 Köln 41, 
Germany

The lateral portion of the magnocellular nucleus of the anterior 
neostriatum (1MAN) belongs to a loop of well known brain areas in 
birds. Here, dramatic changes in neuronal structure on the light- 
microscopical level have been reported during the critical period of 
song learning. It is of special interest to study the synaptic changes 
that ultimately are responsible for the plasticity observed in the song 
system of birds. I have investigated the synaptic development of 12, 20, 
30, and 40 day old zebra finches and adults of both sexes. The number 
of synapses per unit area, the length of the synaptic contact zone (PSD), 
the size of the presynaptic terminal and the incidence of perforations 
in the PSD were investigated from electron micrographs. Using 
camera lucida drawings of the volume of 1MAN, the total number of 
synapses was estimated by applying conventional stereological 
techniques. Preliminary results indicate no sex differences in the 
total number of synapses early in development. In adulthood, however, 
there are almost twice as many synapses in female zebra finches than 
in males. While no changes in the PSD can be observed in females, 
there is a significant increase in the length of PSDs during develop
ment in males. The percentage of perforated synapses appears to 
decrease from juvenile birds to adulthood in both sexes. These results 
suggest a highly plastic development of 1MAN in females. Therefore, 
the functional role of 1MAN in females needs to be further elucidated. 
Supported by the DFG (Ni 266/2-1), MWF and a Helmholtz-fellowship.

328.14
CO-CULTURES OF THE CHICK IMPRINTING-RELEVANT 
FOREBRAIN AREA MNH AND ITS MAIN INPUT AREA DMA/DMP
H, Hofmann and K. Braun*. Fed. Inst, for Neurobiology, Magdeburg, Germany.

After auditory filial imprinting, large neurons (type I) in the chick forebrain area 
MNH (medio-rostral neostriatum and hyperstriatum ventrale) show an up to 50 % 
loss of dendritic spines compared to age matched naive control chicks (Wallhäußer 
and Scheich, 1987, Dev. Brain Res. 31: 29-44). Organotypic MNH cultures provide a 
suitable in vitro model to analyze cellular mechanisms, which are critically involved 
in this synaptic selection process. Since in untreated deafferented MNH cultures 
neuronal morphology, including dendritic branching patterns and spine densities, 
remain remarkably stable during at least four weeks in vitro (Hofmann et al., 1992, 
Europ. J. Neurosci. Suppi. 5: 244), we now attempt to elucidate the influence of MNH 
afferents on synaptic plasticity. For this purpose we developed co-cultures of MNH 
and its main input area DMA/DMP (nucleus dorsomedialis anterior thalami/posterior 
thalami), placing MNH explants from newly hatched chicks and DMA/DMP explants 
from embryonal day 14 next to each other. To investigate whether synaptic 
connections between MNH and DMA/DMP have developed in culture, we performed 
parallel tracing studies with Dii and Lucifer Yellow injected neurons. After light 
microscopical observations, which revealed a massive ingrowth of fibers from 
DMA/DMP into MNH, Dii and Lucifer Yellow were photoconverted and the cultures 
were examined on the electron microscopic level. After 7 days in vitro synaptic 
contacts were found between axon terminals from DMA/DMP neurons and dendrites 
of MNH neurons. The presynaptic terminals contained numerous synaptic vesicles, 
including large dense core vesicles, whereas the postsynaptic densities were only 
faintly developed, indicating an immature state of the synaptic network. We are 
currently testing the hypothesis whether electrical or pharmacological stimulation can 
induce a similar synaptic selection process in vitro as found in vivo after imprinting. 
Supported by DFG Br 950/4-5 and BMFT.

328.15
CHAOTIC RECEPTOR REGULATION SIGNALS THE END OF THE 
CRITICAL PERIOD IN SENSORY CORTEX. C.A. Shaw*. K. van den Doəl.
R.A. Lanius. B.A. Scarth. D. March, and F. van Huizen. Depts. of 
Ophthalmology, Physiology, Neuroscience, and Computer Science, 
University of British Columbia, Vancouver, B.C., Canada.

We have examined the age-dependence of receptor regulation to agonist 
and depolarizing stimuli in living slices of rat sensory cortex for AMPA, 
mACh, dopamine D2, and GABA-A receptors at ages ranging from 5d 
postnatal to adulthood. All receptor populations showed differences in 
amount and/or direction of regulation during development. AMPA, D2, and 
GABA-A receptors showed shifts in direction of regulation to neural 
depolarization. The transition in direction was marked by a period of 
unpredicitability from approximately 15 to 35 d.o.during which the direction 
of regulation appeared to fluctuate in an apparently random manner. In rat 
visual cortex this period corresponds to the peak and end of the critical 
period for the establishment of LTP (Perkins & Teyier (1987), Brain Res., 
439, 222-229). Chaos theory shows that aperiodic events are often 
associated with state transitions. We have examined our receptor data using 
a computer model of receptor regulation in development and find that non- 
linearities at any stage of the receptor regulation cascade lead to aperiodic 
transitions in the direction of receptor regulation. We suggest that the critical 
poeriod in sensory cortex arises from an early semi-stable state during which 
cortical receptors regulate to favor modifications of neural activity. A second 
stable state in adult cortex reflects homeostatsis of receptor regulation and 
an absence of neural modifications. The transition between states in 
sensory cortex is deterministic and chaotic.

328.16
A DYNAMICAL MODEL OF LONG TERM POTENTIATION
K. van den Doel* and C.A. Shaw . Depts. of Ophthalmology, 
Neuroscience and Computer Science, University of Brithish 
Columbia, Vancouver, B.C., Canada.

We have constructed simple quantitative models of receptor dynamics in 
adult and young cortex. The model describes the regulation of excitatory 
and inhibitory receptor densities in simulated neurons as the end result of a 
molecular cascade involving various stages. Variables include GABA-A and 
AMPA receptor numbers, Cl* and Na+ concentrations in the neurons as well 
as regulatory enzyme concentrations. The model has twelve free 
parameters, which are the reaction constants of the processes in the 
cascade. In particular, a long-term potentiation-like effect (LTP) is obtained in 
the model by the dynamic response of the receptor density to the input 
stimulus. By choosing the free parameters of our model appropriately we 
obtain a reduced response in the adult neuron after a strong excitatory 
stimulus, which is due to a reduction in functional excitatory receptor 
number. For the young neuron we obtain the reverse behaviour, i.e., an 
enhanced long-term potentiation of response.The duration of this LTP-like 
effect can be tuned by specifying the free parameters of the model. An 
extension of the model allows us to examine the transition between the 
young and adult condition. This transition has been shown to behave 
"chaotically" (Shaw et al., this meeting). If we plot regulation as a function of 
age the plot appears smooth except near the transition region. In our model 
this behaviour is explained by the non-linear nature of the differential 
equations involved, which leads to chaotic behaviour in the transition region.

328.17
SELF-ORGANIZATION OF HEBBIAN SYNAPSES ON A 
BIOPHYSICAL MODEL OF A HIPPOCAMPAL NEURON. S.A.
Fisher1, P B. Jaffę1, ВJ._,Qaibome3, and TH, Brown1’2*, Depts. of 
Psychology1 and Cellular & Molecular Physiology2, Yale Univ. & Div. of 
Life Sci.3, Univ. of Texas at San Antonio.

Previous work in our lab has demonstrated that in passive models of 
hippocampal neurons repetitive activation of random patterns of Hebbian 
synapses can form spatially localized clusters of potentiated inputs. The 
spatial localization of such clusters was found to be pattern specific (Brown 
et al., NIPS 3:3-45, 1991). Here we examine self-organization in a model 
hippocampal neuron incorporating active membrane properties.

The NEURON simulator was used to construct a computational model of a 
hippocampal CA3 pyramidal neuron. Our version of NEURON was 
modified to run in parallel under LINDA for testing parameter sensitivity. 
Voltage-gated Na+, K+, and Ca2+ channels and dynamics for [Ca]j regulation 
were included in the model. NMDA and AMPA receptor mediated synapses 
on dendritic spines were modified by a learning rule where synaptic 
conductance was depressed by small increases in spinous [Ca]j and 
potentiated by large increases in spinous [Ca]į.

The model containing active membrane properties demonstrates pattern- 
specific clustering of inputs. We show that clustering of potentiated synapses, 
in contrast to spatially dispersed uniform synaptic weights, exhibits an 
apparent lower threshold for spikfe firing and fascilitates the number of spikes 
produced by repetitive synaptic stimulation. These simulations demonstrate 
how self-organization affects the integrative properties of a biophysical 
model of a hippocampal neuron. (Supported by ONR, DARPA and CTAN).

328 .18
SIMULATION OF REORGANIZATION IN SOMATOSENSORY CORTEX 
J .Xing* & G.L.Gerstein, Department of Neuroscience, University of Pennsylvania, 
Philadelphia, PA 19104

Neocortex reorganization of adult mammals has been demonstrated by 
changes in RF sizes and the somatic map following restricted behavioral 
training or intracortical microstimulation (ICMS). The underlying mechan
isms remain obscure. We simulated these reorganizations with a neuronal 
network model composed of spiking model neurons. We have previously 
shown that "cortical" neurons form groups through their lateral excitatory 
connections; this is the starting condition for the simulations reported here.

Using a normalizing Hebbian rule on the cortical excitatory connections, 
we simulated behavioral training and ICMS induced reorganization. In both 
cases, RF size changes and increased RF overlap were observed. Neurons in 
a trained area re-grouped and formed a new assembly. ICMS caused a 
tighter new assembly than the skin training did, and it took less training 
trails to achieve the stable state. Many "silent" neurons became active and 
participated in the representation of the affected skin area. However, this 
model did not produce the increase in the region of cortical representation of 
stimulated skin, as reported in experiments. Adding cortical inhibition 
depression or Hebbian modification of thalamus-cortex connections resulted 
in a significant increase in the representation region. After the training 
ceases, the reorganized cortical structure reverts and gradually breaks down 
into small neuronal groups through spontaneous activity. However, a large 
fraction of individual neurons has changed their detailed response properties. 
This implies that a different set of neurons would be invoked by the same 
training stimulus next time. Reorganizations caused by simulated digit ampu
tation and cortical lesion are being investigated. NIH MH46248 DC-01249
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328.19

A NEURAL NETWORK MODEL OF DYNAMIC RECEPTIVE FIELD REOR
GANIZATION. P. Gaudiano*, S. O lson, D. Таї, В. Fischi. Boston Univv Cogni
tive & Neural System s Dept., Boston, MA 02215

Primary sensory cortex is traditionally view ed as a passive filter, extracting 
information for processing in higher cortical centers. However, recent exper
iments have revealed a remarkable degree of plasticity in primary sensory  
cortex, particularly in visual cortex (Gilbert, 1992; Heinen & Skavenski, 1991; 
Kaas et a l ,  1991) and som atosensory cortex (Merzenich et a l,  1984; Pons et 
a l,  1991; Ramachandran et a l,  1992). Receptive fields of cells in visual cortex 
have been show n to respond dynam ically to changes in the visual environ
ment, both within and outside the cells' classically defined receptive fields. 
This reorganization occurs on a variety of time scales, from seconds to years 
(Gilbert, 1992). We show  a sim ple neural network m odel based on Adap
tive Resonance Theory (ART: Carpenter & Grossberg, 1987; Grossberg, 1976) 
that displays som e of the dynamical reorganization found in visual and so
matosensory cortex. According to ART, plasticity is maintained throughout 
life, although feedback interactions prevent spurious reorganization during 
normal cortical function. In qualitative agreement w ith experimental results, 
sim ulated cortical cell receptive fields expand and contract as a result of at- 
tentional influences, real and artificial retinal lesions (both imm ediate and 
long-term reorganization), and preferential stim ulation. Information from 
outside a cell's receptive field directly and indirectly m ediates the cell's re
sponse. Both the rapid and long-term receptive field reorganizations arise as 
a consequence of nonlinear network-level interactions that are not fully expli
cable by examining the responses of individual neurons.
Supported by the Sloan Foundation BR-3Ī22, AFOSR F49620-92-J-0499, AFOSR 
F49620-92-J-0334, NSF IRI-90-24877,and British Petroleum BP 89A-Ĩ204.

328.20

A  BAYESIAN NETW ORK TH AT M ODELS DEVELOPM ENT OF THE 
BA RN OWL'S S O U N D  LO CALIZATIO N SYSTEM , D.T. Rosen. D.E. 
Rumelhart, E.I. Knudsen*. Depts. o f P sychology and Neurobiology, Stanford 
Univ., Stanford, CA 94305.

W e describe a network m odel of the ow l's sound localization system . We 
derive the network’s learning rule from a Bayesian analysis of the localization 
task, and base the netw ork's architecture on know n neuroanatom y and 
physiology of nuclei in the owl's sub-cortical localization system.

The network m ust learn a function which accurately m aps sound signal 
inputs to estim ates o f sound source locations. W e form alize this task by  
design ing a network to m axim ize the probability o f the m odel, given the data, 
where the m odel is the m apping function and the data are the sound-signal, 
sound-source-location pairs used to train the network. W e show  that the 
netw ork should  be trained w ith  a cross-entropy error term in order to 
m axim ize this probability function.

Representations o f the nucleus laminarie and angularis serve as inputs to the 
network; a representation o f the external nucleus o f the inferior colliculis 
(ICx) serves as the output. W e a lso  m odel interm ediate stages of the 
system dC  core, IC lateral shell and VLVp). A s the network learns, it follows 
developm ental stages similar to those o f the ow l. W hen trained with inputs 
w hich m im ic the effects of raising ow ls  w ith  earplugs or optical prism s the 
network sh ow s sensitive and critical learning periods. The m odel predicts the 
effects of m anipulations it w as not designed to mimic, such as tuning changes 
in output units observed after rem oval o f external ear structures. It also 
predicts that tw o putative sites of plasticity in the ow l's localization system, 
the ICx and the VLVp, should use distinct learning rules during development.

By using a Bayesian analysis to design the network w e are able to account 
for m uch o f the localization data and m ake specific predictions for future 
research. Supported by M cDonnell Pew  Program in Cognitive Neuroscience.

MOTIVATION AND EMOTION II

329.1

TJ5SĨ QF AXONAL CONNECTIVITY BETWEEN SELF-STIMULATION 
BITES IN THE .MEDIAL PREFRONTAL CORTEX AND CAUDATE- 
PUTAMEN. M.M. Trzcinska* and C.H. Bielaiew. School of 
Psychology, University of Ottawa, 11 Marie Curie, 
Ottawa, Ontario, KİN 6N5, Canada.

The behavioural adaptation of the collision test was 
employed to investigate whether a direct axonal link 
exists between unilateral sites that support self
stimulation in the medial prefrontal cortex and the 
caudate-putamen. Pairs of conditioning (C) and test (T) 
pulses were delivered to dual moveable electrodes, 
either with the C pulse to the anterior electrode and 
the T pulse to the posterior electrode (AP condition), or the reverse order (PA condition). The delay between 
C and T pulses ranged from 0.1 to 15 msec. Stimulation 
consisted of 500 msec trains of 0.1 msec square-wave, 
cathodal pulses, that ranged from 300 to 800 μΑ across 
sites. Six sets of collision tests were conducted on 
five pairs of sites in two rats. The collision curves 
did not reveal the characteristic step-like profile 
expected when the delay between C and T pulses exceeds 
the sum of the inter-electrode conduction time and 
associated refractory period in sites that have a 
subset of common fibers. The statistical analyses 
indicated that there was no significant difference 
between the AP and PA condition in each pair of 
stimulated sites. However, summation of the rewarding 
effects of concurrent stimulation was found to be 
significantly greater than 0, ranging from 2 to 23% 
across sites. Preliminary results suggest an absence of 
direct functional connectivity between the medial 
prefrontal cortex and caudate-putamen and some 
integration of their rewarding signals.

329.3

CHRONIC FOOD RESTRICTION PRODUCES MU AND KAPPA OPIOID 
FACILITATION OF REWARD. K. Carr* and V. Papadouka. Millhauser Labs, 
NYU Medical Center, New York, NY 10016.

Chronic food restriction and consequent weight loss are accompanied by a 
naltrexone-reversible lowering o f the perifomical hypothalamic self-stimulation 
threshold (Carr & Wolinsky, Brain Research 607:141-148, 1993). The aim o f the 
present study was to determine the role o f  mu and kappa opioid receptor types in this 
phenomenon. Four groups o f rats were used to evaluate effects o f  the selective mu- 
antagonist TCTAP (0.4, 2 .0  and 5.0 nmoles, i.c .v .) and kappa-antagonist 
norbinaltorphimine (2.0, 10.0 and 50.0 nmoles, i.c .v .) under the conditions o f ad 
libitum and restricted access to food. Restricted access consisted o f a single 10-gram 
meal per day for three weeks with drug testing occurring during the second and third 
week. Every fourth day, self-stimulation thresholds were determined immediately 
prior to and following lateral ventricular injection o f antagonist or vehicle. Post
injection thresholds were expressed as percentage change from pre-injection value. 
During the two week period o f drug testing, pre-injection self-stimulation thresholds 
o f ad libitum fed rats were 8.6% ( ±  2.1) higher than baseline values obtained the 
week prior to the experiment. In these rats, no dose o f TCTAP or 
norbinaltorphimine affected thresholds. In rats with restricted access to food, pre
injection thresholds during the two weeks o f drug testing were 17.5 % (±  1.5) lower 
than baseline values obtained the week prior to food restriction. In these rats, 
TCTAP (2.0 and 5.0 nmoles) and norbinaltorphimine (50.0 nmoles) produced 
significant increases in threshold (17.9% ( ±  3.4), 24.2% (±  4.1), and 16.9% (±  
4.8), respectively), apparently reversing the effect o f food restriction. These 
findings suggest that chronic food restriction triggers adaptive changes in the brain 
opioid system that facilitate incentive reward.
Supported by DA03956 and DA07254 from NIDA.

329.2

AN EVALUATION OF THE FUNCTIONAL CONNECTIVITY BETWEEN THE 
LATERAL PREOPTIC AND VENTRAL TEGMENTAL AREA REWARD
s i t e s. t ,_ ви afin ik_ Harri s _,аші, сл. Bigia даці. school of 
Psychology, Univ. of Ottawa, Ont. Canada.We investigated the existence of a direct anatomical 
connection between self-stimulation sites in the lateral 
preoptic (LPO) and ventral tegmental areas (VTA) using 
the behavioural adaptation of the collision test. This 
technique has been used to demonstrate the existence of 
an uninterrupted projection between the lateral 
hypothalamus and VTA and the LPO and lateral 
hypothalamus, prompting us to ask whether the LPO and 
VTA represent a continuous reward pathway. Indeed, 
there has been much evidence to suggest that the pathway 
between the VTA and lateral hypothalamus, believed to 
have a rostrocaudal direction of conduction, originates 
in the LPO. In this study, nine rats with a total of 44 
pairs of sites were examined; a profile suggestive of a 
direct axonal connection between the LPO and VTA was 
obtained in only one case. However, in seven sites, the 
data were consistent with the characteristics of 
transynaptic collision. The unique shapes predicted by 
the transynaptic collision model allow one to infer the 
direction of conduction; six of the seven curves were 
suggestive of a caudorostral projection. Since this 
interpretation is specific to the pairs of sites that 
were examined, the absence of direct axonal or 
transynaptic collision profiles consistent with a 
rostrocaudal orientation does not imply that such 
patterns of connectivity between self-stimulation 
neurons do not exist in other LPO and VTA pairs.

329.4

PEDUNCULOPONTINE NUCLEUS LESIONS ATTENUATE THE REINFORCING 
EFFECTS OF BRAIN STIMULATION ON AN OPERANT RESPONSE. Marino 
Lepore*& K.BJ. Franklin, DeptPsychol., McGill Univ., Montreal, Que. H3A IBI 
The pedunculopontine nucleus (PPTg) has recently become the focus of interest for 
investigators studying the neural basis of reward. This stems from Becchara & van 
der Kooys (1989) demonstration that PPTg lesions block the acquisition o f morphine 
and food CPPs und«- motivational conditions described as nondeprived. Previous to 
any exposure to brain stimulation reward (BSR), no motivational condition underlying 
BSR exists. BSR, therefore, allows an excellent opportunity to test whether PPTg 
lesions block reward in an operant paradigm. We have previously shown that rats will 
acquire self-administration of brain stimulation (SABS) in a maimer resembling drug 
self-administration. Using SABS, we examined whether NMDA and quinolinic acid 
(QA) lesions of the PPTg would block the acquisition o f SABS. 3 groups of rats were 
lesioned with either 50 nmol NMDA or QA, or sham controls. We found that only 
NMDA lesions o f the PPTg w o e  successful in blocking SABS acquisition. Previous 
reports (Rugg et al., 1992) indicate that QA and NMDA lesions destroy roughly 
identical numbers o f cholinergic cells in the PPTg, but NMDA destroys more 
non-cholinergic cells than QA. It appears, therefore, that Iesirms o f non-cholinergic 
cells in the PPTg are capable o f blocking acquisition to both CPP and operant 
reinforcement. Further tests were undertaken to determine whether NMDA lesions 
would also affect responding for SABS after acquisition had occurred. Preliminary 
results indicate that lesions contralateral to the electrode site produced increases in 
both response rate and mean frequency o f stimulation maintained by rats-an effect 
characteristic of treatments that reduce the reinforcing efficacy o f BSR in the SABS 
paradigm. In contrast, bilateral lesions completely blocked responding for SABS. 
These findings are interpreted to suggest that, at least in animals who have acquired 
SABS responding, magnitude of reinforcement is reduced by unilateral lesions of the 
PPTg, and bilateral lesions eliminate the reinforcing effect o f brain stimulation.
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32 9.5
DIFFERENTIAL EFFECT OF SODIUM DEPLETION ON  
THE REWARD VALUES OF SALINE AND ELECTRICAL 
BRAIN STIMULATION. K. Conover*. B. Woodside & P. 
Shizgal. Center for Studies in Behavioral Neurobiology, 
Concordia University, Montreal, Canada, H3G 1M8.

Rats were offered a choice between a train o f rewarding lateral 
hypothalamic (LH) stimulation and an intraoral infusion o f 0.9% 
saline. The number of pulses per train was varied from trial to 
trial. Sodium depletion, induced by furosemide, increased the 
number of pulses required to produce isopreference between the 
two rewards. In contrast, the number o f pulses required to support 
responding for the LH stimulation in the absence o f the saline 
reward was not altered by furosemide. Thus, sodium depletion 
increased the value of the saline reward without altering the value 
of the LH stimulation.

These results suggest that different neurons subserve the 
modulation of saline reward by sodium depletion and the 
rewarding effect o f LH stimulation. Nonetheless, the competition, 
in sodium-deplete rats, between the saline reward and 
suprathreshold trains of LH stimulation suggests that the two 
rewards are evaluated within a common system o f measurement.

329.7
MULTIPLE ELECTRODE ARRAYS, HZ-I TRADE-OFFS, AND 
MFB REWARD ANATOMY IN RATS. James R. Stellar*. Laura 
Jaehn. and Nicole Boucher. Department of Psychology, 
Northeastern University, Boston, MA 02115

Modern investigations into the functional neuroanatomy of 
rewarding medial forebrain bundle stimulation in rats are based 
on the psychophysical trade-off between stimulation pulse 
frequency (half-maximal reward thresholds) and stimulation 
current at multiple electrode sites. We now report a simple 
system of creating four closely spaced independent electrode sites 
spanning a portion of the MFB and show the effects of small 
electrolytic lesions (cathodal, 50 uAmps, 90 seconds) made either 
through the electrode array or posterior to the array. Lesions 
through one electrode of the array support two of the three 
alignment assumptions discussed previously (Stellar et al NS 
Abstracts 1992). That is: 1) at the lesion electrode we see a large 
reward threshold increase at low current and small increase at 
high current at the lesion electrode, 2) with greater distance from 
lesion electrode this effect diminishes. We do not have evidence 
for the third logical assumption about adjacent electrodes, i.g. no 
effect at low current and small increase at high currents. Using 
the first two assumptions alignment information is derived for 
posterior lesions indicating the probable course of fibers within 
MFB and demonstrating the method’s utility.

3 2 9 .9
VENTRAL PALLIDUM SELF- STIMULATION: A  MOVABLE ELECTRODE 
MAPPING STUDY. G.Panaeis. Y.Anaenostakis. E.Miliaressis and C.Spvraki* 
Lab. of Pharmacology, Dept. Basic Sciences, Sch. of Med., Univ. of Crete, GR- 
71110 Heraklion, Greece.

Various studies have shown that self-stimulation of most sites of the rat brain 
is dependant on the integrity of the mesolimbic dopaminergic system. Among 
the areas of this system that have received relatively little attention in relation 
to  this behaviour is the ventral pallidum (VP), a region connected to the 
dopaminergic ventral tegmental nuclei. As a first attempt to fill this gap we used 
moveable electrodes to map the VP for self-stimulation behaviour (SS).

Male rats were implanted with a m onopolar moveable stimulating electrode 
in the rostro-ventral part of the globus pallidus (coordinates: 0.3 mm behind 
bregma, 2.5 mm from the midline and 7 mm below the skull). The animals were 
trained to self-stimulate by pressing a lever in an operant chamber. Each bar- 
press delivered a 0.4 s train of cathodal rectangular pulses of fixed intensity 
(0.4mA) and duration (0.1ms) and of variable frequency. The electrode was first 
moved vertically by 0.32 mm steps until SS was apparent and then by steps of
0.16mm. For each SS site, the rate-frequency function (relating bar-pressing 
rate/min to the pulse frequency) was replicated 3 times daily for 4 consecutive 
days. The mean of the 4 replications was used to infer a frequency threshold, 
defined as the pulse frequency required for half-maximal performance. At 
completion of the experiments, the brains slices containing the electrode tracks 
were processed for histological determination of the stimulation sites.

SS was elicited along the medioventral portion of VP. SS was not apparent 
when the electrode tip was located in the dorsal part of this nucleus. The most 
effectively rewarding VP sites were those receiving (input?) from the shell 
(rather than the core) of the nucleus accumbens and projecting to the VTA 
(rather than to the nigra). The frequency threshold decreased as the electrode 
moved ventrally and reached its lowest value when the electrode approached the 
medial forebrain bundle. In som e'sites, SS was accompanied by epileptiform  
reactions.

The present data delineate the anatomical boundaries of VP SS sites and 
provide further support for the role of the mesolimbic dopaminergic system in 
reward.

32 9 .6
MEDIAN RAPHE INJECTIONS OF 8-OH-DPAT LOWER FREQUENCY 
THRESHOLDS FOR LATERAL HYPOTHALAMIC SELF-STIMULATION.
P.J. Fletcher*1. M .K . Tampakeras2 and J.S. Yeomans2. ‘Clarke Institute o f  
Psychiatry, 250 College St., Toronto, and 2Dept. Psychology, University o f  
Toronto, Toronto, Ontario, Canada M 5T 1R8.

The 5-HT1a agonist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) 
suppresses the activity o f  5-HT raphe neurons thereby reducing forebrain 5-HT 
neurotransmission. Studies showing that 8-OH-DPAT facilitates a variety o f  
motivated behaviours and elicits a conditioned place preference suggest that 8- 
OH-DPAT may interact with the neuronal circuitry mediating reward (Fletcher, 
1991). In order to test this hypothesis the effects o f  median raphe (MR) 
injections o f  8-OH-DPAT on frequency thresholds (Kofman and Yeomans, 
1989) for lateral hypothalamic self-stimulation were examined. Rats were 
prepared with stainless steel electrodes aimed at the medial forebrain bundle at 
the level o f  the lateral hypothalamus, and a guide cannula aimed at the MR. In 
four rats with injection sites confined to the MR, 1 ,2 .5  and 5 μg 8-OH-DPAT, 
injected in a volume o f 0 .5 /d , lowered frequency thresholds in a dose- and 
time-dependent fashion. Maximal reductions ranged from 20-34% o f  baseline 
thresholds. Injections o f  saline, or o f  8-OH-DPAT into sites lateral and/or 
dorsal to the MR did not alter baseline levels o f  self-stimulation. These results 
show that lowering the activity o f  MR 5-HT efferents enhances the rewarding 
effects o f  lateral hypothalamic stimulation. The precise mechanism by which 5- 
HT may modulate activity in reward circuitry is not clear from these studies. 
Both dopaminergic and cholinergic systems are involved in brain stimulation 
reward, and the activity o f  these systems can be altered by manipulating 5-HT 
function. Thus, it is possible that the effects o f  8-OH-DPAT may arise 
indirectly following changes in dopaminergic and/or cholinergic activity.

32 9 .8
RECIPROCAL ANATOMICAL RELATIONSHIPS BETWEEN THE LATERAL 
HYPOTHALAMUS AND THE CENTRAL NUCLEUS OF THE AMYGDALA: 
IMPLICATIONS IN LOCAL SELF-STIMULATION. K JIom am , B^Cardo^and
L. Veliev. Lab. Neurosci. Comportementales et Cognitives, CNRS URA 339, Univ. 
Bordeaux I, 33405 Talence , France.

In previous studies we showed that self-stimulation (SS) recorded in 
the medial part of the parabrachial area (MPB) was suppressed by ibo- 
tenic acid (Ibo) lesions of lateral hypothalamic neurons (LH) This 
result suggests that SS in the MPB is not a purely local prosses but could 
depend on hypothalamic facilitatory signals.

The purpose of the present study is to test the hypothesis that SS in extra- 
hypothalamic sites which are reciprocally connected to LH, such as the 
central nuleus of amygdala (CeA), is modulated by hypothalamic 
influences.

Using a retrograde tracer (WGA-apoHRP-colloidal gold), we first 
characterized in detail the organization of the reciprocal connections 
between LH and CeA. We found that: 1) LH neurons projecting to the 
CeA are located in perifornical and juxtacapsular areas of posterior 
LH; 2) CeA neurons projecting to the LH perifornical area are located 
in the central and centrolateral parts of this nucleus; 3) all subdivi
sions of the CeA project to the juxtacapsular region of LH.

In a series of experiments, for each SS site (LH and CeA) we compared 
SS ipsilateral or controlateral to an unilateral Ibo lesion, respectively 
of the CeA and of the perifornical or the juxtacapsular LH, Our first re
sults show that: LH-SS is not significantly modified by CeA lesion. On 
the other hand, Ibo lesion of anterior perifornical LH neurons increases 
SS rates at the highest current intensities tested (50 and 60 μΑ).

32 9.10
YOHIMBINE ENHANCES THE REWARDING EFFECT OF LATERAL 
HYPOTHALAMIC STIMULATION. M. F. Dent*. H. L. Katzen, and D_.
B. Neill. Dept. of Psychology, Emory University, Atlanta, GA 30322.

Tests with both humans and nonhumans indicate that yohimbine is 
an anxiogenic drug. This effect may be due to blockade of alpha-2 
noradrenergic autoreceptors on locus coeruleus cells, resulting in 
elevated norepinephrine release in the forebrain.

Anxiogenic compounds, including high doses of caffeine and beta- 
carbolines, appear to reduce the rewarding effect of lateral 
hypothalamic self-stimulation (LH-ICSS). Previous studies have 
indicated that yohimbine reduces LH-ICSS responding in conventional 
single-lever procedures. We examined the effect of varying doses 
(0.6 - 5 mg/kg) of yohimbine HCL on LH-ICSS using the autotitration 
procedure. In this procedure, the rat receives 150 msec of stimulation 
for each lever press; the intensity drops 3 uamp every fifth lever- 
press. The rat can reset the intensity back to the maximum by 
responding on a second lever. Drugs which decrease the reward 
value of the stimulation produce resetting at higher currents and 
decrease response rate.

Yohimbine did not appear to decrease reward value at any dose. At 
low doses (0.6,1.25 mg/kg) the drug enhanced reward (resetting at 
lower intensities, increased response rates); at higher doses (2.5, 5.0 
mg/kg) resetting occurred at lower intensities and responding was 
very sluggish and disrupted. We propose that the presumed increase 
in norepinephrine release at the low doses increased the reward 
value of the stimulation.
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329.11
EXCITOTOXIC LESIONS OF THE BASAL FOREBRAIN  
REDUCE THE R EW ARDING  EFFEC T OF M FB  
STIMULATION. A. Arvanitogiannis* & P. Shizgal. CSBN, 
Concordia University, Montreal, Quebec, Canada, H3G 1M8.

Electrolytic lesions at the border of the lateral hypothalamus (LH) 
and the lateral preoptic area (LPO) have been shown to reduce the 
rewarding impact of stimulating more caudal sites along the medial 
forebrain bundle (MFB). We wished to determine whether this effect 
would be mimicked by excitotoxic lesions. Curves relating the rate of 
lever-pressing to the number o f stimulation pulses per train were 
obtained, at three different currents, from stimulation sites in the mid- 
LH and ventral tegmental area. After collection of baseline data, 70 
nmol of N-methyl-D-aspartate were injected via cannulae aimed at 
basal forebrain sites rostral to the LH electrode. In several cases, the 
excitotoxin injections were followed by sustained increases in the 
number of pulses required to support lever pressing for one or more 
currents. In the subjects showing long-lasting increases, cell death 
often, but not always, extended as far caudal as the LH electrode and 
usually damaged the LPO and substantia innominata. Varying degrees 
of demyelination were seen, often well-removed from the electrode 
tip. These results are consistent with the notion that somata in the 
anterior LH, the LPO, and neighboring areas give rise to at least 
some of the directly-activated fibers subserving MFB reward. (A. A. 
was supported by the "Alexander S. Onassis" Foundation.)

329.13
INCREASED IPSILATERAL EXPRESSION OF C-FOS FOLLOWING 
REWARDING STIMULATION OF THE MEDIAL FOREBRAIN 
BUNDLE. P. Shizgal*. A. Arvanitogiannis. K. Conover. & J. Pfaus. 
CSBN, Concordia University, Montreal, Quebec, Canada, H3G 1M8.

Immunohistochemical labelling of Fos protein was employed to visualize 
neurons activated by rewarding stimulation of the lateral hypothalamus (LH) 
in rats. The unilateral stimulation consisted of 0.5 sec trains of rectangular 
pulses, 0.1 msec in duration and 600-800 μ Α  in amplitude. The frequency 
was chosen to fall on the "shoulder" of the rate-frequency curve, supporting 
vigorous self-stimulation. After 1-2 weeks of training and stabilization, the 
rats were allowed to self-stimulate for 1 h prior to anesthesia and perfusion. 
Brains were then processed for immunohistochemistry. A control group was 
trained and tested in an identical manner except that the stimulator was 
disconnected during the final 1 h test.

Among the structures showing a greater density of labelled neurons on 
the stimulated side of the brains of the experimental subjects were the lateral 
preoptic area, medial preoptic area, bed nucleus of the stria terminalis, 
substantia innominata, and the lateral hypothalamus. Several of these 
structures are implicated in LH self-stimulation by studies employing 
excitotoxic lesions (Arvanitogiannis & Shizgal, Soc. Neurosci. A bstr .,
1993), collision (Murray & Shizgal, Soc. Neurosci. A b str . , 1992, 18, 709) 
and unit recording (Murray & Shizgal, Soc. N eurosci. A b str ., 1993). The 
stimulation-induced expression of c-fos confirms that neurons in these nuclei 
are activated during LH self-stimulation. (A.A. was supported by the 
"Alexander S. Onassis" Foundation.)

329.15
RO STRAL-CAU D AL D IF FE R E N C E S  IN E F F E C T S  O F N U C LEU S 
A CCU M BEN S AM PHETAM INE ON VTA IC S S . R . Ranaldi* and R .J . 
Beninņer. Dept Psychol, Queen's Univ., Kingston, Canada, K7L 3N6.

The involvement of dopamine (DA) across the rostrocaudal axis 
of the nucleus accumbens (NAcc) in ventral tegmental area (VTA) 
intracranial self-stimulation (ICSS) was studied. Rats were 
trained to lever press for ICSS of the VTA. Rate-frequency 
functions were determined by decreasing the frequency of pulses 
from a value that induced maximal responding to one tha t induced 
no responding (thresholds). After ICSS thresholds stabilized, 
(+)-amphetamine (20.0 μg/0.5 μΐ) or saline were injected into the 
rostral NAcc (n=6) or the caudal NAcc (n=8) or the 
caudate-putamen (CP) (n=5) dorsal to the caudal NAcc. Results 
showed that amphetamine in the caudal NAcc significantly 
decreased ICSS thresholds without affecting maximal rates of 
responding. These data indicate a facilitation of the rewarding 
efficacy of VTA stimulation. Amphetamine in the rostral NAcc and 
CP produced much smaller, non-significant, decreases in ICSS 
thresholds. Further analyses revealed a significant positive 
correlation [K13)=.51, p<.05] between site of injection along the 
rostrocaudal axis of the NAcc and size of the amphetamine effect. 
Others have reported topographical differences, including DA 
terminal density and D1 receptor density, in the NAcc. These 
anatomical and neurochemical differences appear to be correlated 
with behavioural differences. (Funded by NSERC).

329.12
ELECTROPHYSIOLOGICAL PROPERTIES OF DESCENDING 
MFB FIBERS ARISING IN THE BASAL FOREBRAIN. B. Murray* 
and P. Shizaal. Center for Studies in Behavioral Neurobiology, 
Concordia University, Montreal, Quebec H3G 1M8.

Extracellular recordings were obtained, in anesthetized rats, 
from 44 basal forebrain neurons. These cells were 
antidromically activated by stimulation of medial forebrain 
bundle (MFB) sites that typically support self-stimulation. 
Recording sites included the magnocellular preoptic nucleus, 
substantia innominata, ventral pallidum, olfactory tubercle, and 
horizontal limb of the diagonal band. Refractory period 
estimates ranged from 0.35-2.0 msec (mean = 1.1 msec) for 19 
stimulation sites in the lateral hypothalamic and ventral 
tegmental areas when using procedures designed to estimate 
excitability at or near the site of stimulation. Inter-electrode 
conduction velocity estimates ranged from 1.39-20 m/sec 
(mean = 10.5 m/sec) and were obtained in 11 cases by 
dividing the difference in the response latency from the two MFB 
stimulation sites by the inter-electrode distance. Both the 
refractory period and conduction velocity estimates for these 
neurons overlap with psychophysically-derived estimates for 
MFB reward neurons. These data support the hypothesis that 
neurons arising in the rostral bed nucleus of the MFB compose 
at least part of the directly activated substrate for MFB self
stimulation.

329.14
TRANSECTING THE MFB AT LEVEL OF LH PRODUCES SMALL OR NO  
REDUCTIONS IN REWARDING EFFICACY OF MFB STIMULATION AT 
LEVEL OF MIDBRAIN/DIENCEPHALIC JUNCTION. Iason C  Sim. Beng 
Lim, and C.R. Gallistel* Department of Psychology, UCLA, Los Angeles, 
CA 90024-1563

Large electrolytic lesions (300 mA cathodal current for 200 s) that 
destroyed the m edial forebrain bundle (MFB) at the level of the lateral 
hypothalamus produced at m ost a 50% reduction in the rewarding efficacy 
of electrical stimulation delivered to the MFB at the junction between the 
diencephalon and the midbrain. In several animals, the reduction in 
rewarding efficacy was less than 20% (0.1 log units). This is consistent with  
earlier findings that transecting the MFB rostral to the site of stimulation  
often fails to reduce rewarding efficacy (Waraczynski, 1988). By contrast, 
lesions and knife cuts caudal to the site of stimulation com m only reduce 
rewarding efficacy by 50% or more (Leon & Gallistel, 1992); Waraczynski, 
personal communication). We suggest that this asym m etry in the effects of 
MFB transections can be explained by the assum ption that the substrate for 
the rewarding effect consists of highly collateralized neurons with both 
their soma and the majority of their reward-relevant terminals in the 
midbrain.

Leon, Μ. I., & Gallistel, C. R. (1992). Effect of lesions in the MFB at the 
diencephalic-m esencephalic border on the rewarding efficacy of LH self
stimulation. Abstracts 22 Annual M eeting of the Society for N euroscience. 
Anaheim, CA. 2, p. 1062 #444.8.

W araczynski, M. A. (1988). Basal forebrain knife cuts and m edial 
forebrain bundle self-stim ulation. Brain Research, 438, 8-22.

W araczynski, M.A. (MS) Caudal m edial forebrain knife cuts degrade 
the reward effectiveness of lateral hypothalam ic stim ulation.

329.16
EFFECTS OF INTRAACCUMBENS OPIOID RECEPTOR SPECIFIC 
AGONISTS ON INTRACRANIAL SELF-STIMULATION REWARD.
P. Tohnson*. Ī.B. Goodman. Ĩ.R. Stellar. Psychology Dept., 
Northeastern University, Boston, MA 02115.

Bilateral microinjections of the nonspecific opioid receptor 
agonist DALA into the nucleus accumbens have been shown to cause 
biphasic behavioral effects. In both behavioral activation and self
stimulation paradigms, intraaccumbens DALA microinjections have 
produced an initial suppression phase followed by an excitation 
phase. Additional behavioral activation studies using mu, kappa, 
and delta opiate receptor specific agonists have linked the mu and 
kappa receptors with suppressive accumbens effects while the delta 
receptor appears to modulate excitatory accumbens effects. This 
study examines the effects of bilateral intraaccumbens opioid 
receptor specific agonists on reward using the self-stimulation rate- 
frequency paradigm. One group of rats received the mu opioid 
receptor specific agonist DAMGO, while a second group received the 
delta opioid receptor specific agonist DPDPE. Drugs (0,03,1.0,3.0 
pmol) were administered in a random dose order over a 3 week period 
with a minimum of 3 and a maximum of 5 days between drug 
injections. The results of this study indicate nucleus accumbens micro- 
injections of DAMGO produce both a reward and motor/performance 
suppression while microinjections of DPDPE produce a reward 
increase with no effects on motor/performance. These results suggest 
that the biphasic reward behavior seen with non-specific activation 
of accumbens opiate receptors may be a transition between the 
suppressive mu and the excitatory delta effects.
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329.17
EVIDENCE FOR BEHAVIORAL DISSOCIATION BETWEEN “CORE” AND  
“SHELL” SUBREGIONS OF THE NUCLEUS ACCUMBENS FOLLOWING 
MICROINJECTIONS OF DNQX, A NON-NMDA ANTAGONIST. C.S. 
Maldonado-Irizarrv* and A.E. Kelley. Dept.Psychology, Northeastern University, 
Boston, MA 02117

Recently, studies have shown that microinjections of an NMDA antagonist, AP- 
5, into the “core” and “shell” subregions of the nucleus accumbens result in 
differential behavioral effects To explore the role of non-NMDA receptors in this 
region, microinjections of 6,7-dinitroquinoxaline-2,3-dione (DNQX) into the 
accumbens core and shell were administered to rats tested in three different 
experiments. In Experiment 1, an open field apparatus was used and locomotion 
and rearing in the center and periphery were measured. Results show that 
microinjections of DNQX (0, 0.05, 0.25, 0.75 μg/0.5pl) into the shell elicited 
dose-dependent increase in peripheral locomotion while similar injections into the 
core significantly suppressed locomotor behavior. In Experiment 2, the effects 
intra-accumbens infusions of DNQX (0,0.75 μg/0.5pl) on novel object exploration 
and novelty-induced locomotion were tested by placing novel objects in the open 
field. DNQX infusions into the shell produced an increase in peripheral and central 
locomotion regardless of the presence of objects. However, in the core group the 
novelty-induced locomotion observed in the presence of objects was not found after 
DNQX treatment. In addition, DNQX decreased object exploration in the core but 
not the shell group. Finally, in Experiment 3, the effects of DNQX injections (0, 
0.75 μg/0.5 μΐ) on motor behavior in photocell activity cages was tested. DNQX 
significantly increased locomotion and rearing in both the core and shell groups. 
Thus, Experiment 3 did not reveal the behavioral dissociation between core and 
shell that previous studies studies have demonstrated. The explanation for the clear 
core-shell dissociation in the open field tests and lack of dissociation in the activity 
cage test awaits further study. It is possible that these contrasting results are due 
to differences in testing environment. In conclusion, as previously demonstrated 
for NMDA receptors, non-NMDA receptors within the core and shell appear to be 
differentiatly involved in mediating exploratory motor behaviors.

329.19
EFFEC TS  OF IBOTENIC ACID  LESIONS OF THE NUCLEUS ACCUM BENS 
OR STRIATUM  ON PRO G RESSIVE RATIO RESPONDING. P. Rushing*. P. 
Pierre, P. ŞkjQİçlgger, grid G . Mittlęmąn, Dept. of Psychology, Memphis 
State U niv., Memphis, TN 38152 .

The purpose of this experiment w as to determine the involvement of 
the striatum and nucleus accumbens in motor and motivational 
processes. Long Evans male rats received ibotenic acid lesions of the 
nucleus accumbens (Nacc) or striatum (Str), or served as unoperated 
controls. We simultaneously measured multiple behaviors during the 
initial acquisition of magazine training, autoshaping, Fixed Ratio 1 lever 
pressing and then during the acquisition of responding on a progressive 
ratio 10 (PR10) schedule of reinforcement. A fter stable PR responding 
w as achieved, behavior w as measured under conditions of increased 
effort (raising the lever from the cage floor in 2 .5  cm increments 
ascending-descending) and partial satiation (pre-session, feeding of 50 
and 100, 45 mg Noyes sucrose pellets). During acquisition (magazine 
training and adtoshaping) lesioned rats were significantly less active 
than controls. During fixed ratio training, both lesion groups had lower 
post-reinforcement pause latencies and the Nacc subjects had 
significantly longer leverpress durations, when compared to controls. 
Surprisingly, PR10 performance revealed no group differences in 
breakpoint although there were group differences in operant leverpress 
response durations. The Nacc group had higher durations when 
compared to controls. Under conditions of partial satiation (prefeed) and 
increased effort (lever height), subjects with Str lesions took 
significantly more time to retrieve the food reinforcement upon its 
delivery. From these results it seems likely that Str lesions alter 
responding in a manner consistent with a motor deficit. The effects of 
Nacc lesions on the acquisition of PR10 responding are less conclusive. 
Supported by NIDA grant D A07517 .

329.18
DISSOCIATION OF APPETITIVE AND CONSUMMATORY 
MOTIVATION BY SYSTEMIC INJECTIONS OF DOPAMINE (DA) 
ANTAGONIST'S OR MICROINJECTIONS OF DA OR MUSCARINIC 
ANTAGONIST IN THE NUCLEUS ACCUMBENS OF RATS.
S. Ikemoto* and J. Panksepp. Dept. of Psychology, Bowling Green 
State Univ., Bowling Green, OH 43403.

The role of dopamine In the nucleus accumbens on appetitive 
and consummatory responses of rats were examined using a runway 
paradigm. Systemic injections of DA antagonists, cis-flupentixol or 
pimozide, attenuated appetitive/anticipatoiy responses (running 
speed, starting speed, and activity) more sensitively than 
consummatory response (sucrose solution intake). Bilateral 
microinjections of cis-flupentixol into the nucleus accumbens 
discriminated clearly between appetitive and consummatory 
responses; that is, flupentixol (25 μg in 0.5 μΐ/site) severely reduced 
appetitive responses while leaving the consummatory response 
intact. Similarly, microinjections of the muscarinic antagonist 
atropine (50 μg in 0.5 pl/site) into the nucleus accumbens severely 
disrupted appetitive responses while having no apparent effect on 
the consumption of sucrose solution. GABA (5, 20, or 100 μg in 0.5 
pl/site) injections into the nucleus accumbens had little effect on 
appetitive or consummatory responses. These results suggest that 
appetitive and consummatory motivations are based on distinct 
neural mechanisms, and DA in the nucleus accumbens plays a more 
important role in appetitive motivational or reward-approach 
(incentive) processes than consummatory motivational or simple 
hedonic reward processes.

329.20
MESOLIMBIC DOPAMINE AND REINFORCEMENT; BEHAVIORAL 
AND NEUROCHEMICAL STUDIES WITH THE NEUROPEPTIDE
SUBSTANCE P. F, Bo.ix, P. Sandor  ̂R^K-W,.Sdiwarting and J.P. Huston.
Inst. Physiol. Psychol. I, Univ. of Düsseldorf, W-4000 Düsseldorf, Germany 
(SPON: European Neuroscience Association)

Experimental research on the neurobiological mechanisms of reinforcement 
has shown that the actions of reinforcing stimuli are closely associated with 
dopamine (DA) activity in the nucleus accumbens (NAc). Work from our lab 
has shown that substance P (SP), injected peripherally or centrally, for 
example in the nucleus basalis magnocellularis (NBM), can be reinforcing. 
This effect is shared by its C-terminal sequence, but not by its N-terminus. 
Neurochemical studies showed that the rewarding effect of peripherally 
administered SP is related to DA activity in the NAc, as both SP and its C- 
terminal, but not the N-terminal, increased extracellular DA in this area. In 
the present study we simultaneously measured neurochemistry and reinforce
ment using the place-preference paradigm. Here, SP was injected unilaterally 
into the NBM and reinforcement was measured on the day after. Both, after 
drug administration and during place-preference testing DA release was 
monitored bilaterally in the NAc by microdialysis. Injection of SP into the 
NBM led to an increase of extracellular DA in the contralateral NAc, an 
effect which was observed only in those animals where SP induced place 
preference, that is, where it was reinforcing. In contrast, there were no 
changes in DA activity during place-preference testing. Thus, this study 
provides indications for a direct relationship between reinforcement induced 
by injection of SP into the NBM and DA activity in the NAc.

329.21
OPPOSITE EFFECTS OF CONTROLLABLE AND UNCONTROLLABLE AVERSIVE 
EXPERIENCES ON MESOLIMBIC DOPAMINE RELEASE
Stefano Puņlisi-Alleņra* and Simona Cabib. Dipartimento di Psicologia, 
Università’ "La Sapienza", and Istituto di Psicobiologia e 
Psicofarmacologia (CNR) Roma, Italy

The effects of controllable and uncontrollable aversive experiences on 
dopamine (DA) metabolism in the nucleus accumbens septi (NAS) and 
frontal cortex (FC) of mice in a shock-yoked situation were investigated. 
Mice exposed to the same amount of shock at the same time presented an 
increase of DA release in the NAS if they were given the possibility to 
control the situation (shock condition) and a decrease of DA release in this 
brain area if they were not allowed to exert any control (yoked 
condition). Examination of time-dependent (0, 10, 120 min) variations of 
DA metabolism in the NAS of mice exposed to the apparatus without 
receiving shock (sham condition) revealed the typical time-dependent 
evolution induced by exposure to an aversive situation; i.e. initial 
increase of DA release followed by a decrease under control levels. This 
result is in line with previous ones indicating that exposure to an unknown 
environment devoid of ways out represents an unavoidable aversive 
experience. Mice exposed to the sham condition for a period of time 
comparable with shock exposure in shock and yoked group (1 hr) showed 
a pattern of DA metabolism which indicate that at this time point DA 
release is no more activated and DA inhibition is still to come. In the FC, 
DA metabolism was not affected by 1 hr of exposure to the sham 
condition and a graded increase of DA metabolism was observed in shock 
and yoked conditions (yoked>shock). These results indicate different 
effects of stress on DA metabolism in FC and NAS.
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330.1
PROLONGED ACTIVATION OF PKC INHIBITS SEROTONIN-INDUCED 
ENHANCEMENT OF EXCITABILITY IN PLEURAL SENSORY NEURONS OF 
APLYSIA. S. Sugita*. D.A. Baxter, and J.H. Byrne. Dept. of Neurobiology and 
Anatomy, University of Texas Medical School, Houston, TX 77030.

Serotonergic modulation of sensory neurons and their synaptic connections to 
follower cells of Aplysia have been studied extensively as a model system with which 
to examine cellular and molecular mechanisms underlying learning and memory. 
Recently, it has become clear that at least two second messenger systems, 
cAMP/PKA and DAG/PKC, mediate the actions of serotonin (5-HT). We have 
begun to investigate how these systems may interact. 5-HT-induced enhancement of 
excitability in the sensory neurons is known to be mediated via cAMP. Prolonged 
activation of PKC via long (more than 30 min) exposure to 4ß-phorbol 12, 13- 
diacetate (PDAc) profoundly inhibited this enhancement (390 ± 54 % increase above 
baseline in oc-phorbol vs. 71 ± 18 % increase above baseline in PDAc). Preexposure 
to PDAc did not appear to affect the baseline excitability, but did increase the 
baseline duration of the action potential. To identify the molecular locus of the 
inhibition, we examined the effects of PDAc on 8-bromo-cAMP- and SCPe-induced 
enhancement of excitability. PDAc inhibited both 8-bromo-cAMP- and SCPb- 
induced enhancement of excitability (8-bromo-cAMP: 294 ± 48 % increase vs. 153 ± 
21 % increase; SCPb: 422 ± 48 % vs. 243 ± 35 %). Since prolonged activation of 
PKC inhibited the enhanced excitability by the cAMP analogue, one locus of the 
inhibition is downstream to cAMP synthesis. Possible mechanisms include PKC- 
induced increase in a steady state Ca2+- dependent K+ current (Critz and Byrne, 1992) 
and modulation of the inactivation kinetics of a voltage-dependent K+ current (Sugita 
et al., 1992). However, the PDAc-induced inhibition of enhanced excitability 
appeared most profound when 5-HT was used to increase excitability. In addition, 
subsequent addition of 8-bromo-cAMP to the bath which already contained 5-HT in 
the presence of PDAc could significantly increase the excitability. These results 
suggest that prolonged activation of PKC may also inhibit 5-HT-induced 
enhancement of excitability via inhibition at a locus upstream of cAMP synthesis.

330.3
TIME-WINDOW FOR REQUIREMENT OF PROTEIN SYNTHESIS DURING STRUCTURAL 
REMODELING OF SENSORY NEURONS IN APLYSIA. F. A. Nazif *J. H. Bvrne and L. J. 
Clearv. Dept. Neurobiology and Anatomy, Univ. Texas Medical School, Houston, TX 77225.

Intracellular injection of cAMP into sensory neurons elicits changes in morphology similar to 
those seen with long-term sensitization (Nazif et a l, 1991a). The induction of these changes is 
dependent on protein synthesis during the injection period, and for as long as 7 hr afterwards 
(Nazif et al, 1991b, 1992). In order to examine further the extent of the time window during 
which protein synthesis is required for the induction of morphological changes, the ganglia were 
exposed to a protein synthesis inhibitor during two additional time periods.

Pleural ganglia were exposed to anisomycin (10μΜ) for three hours starting 12 hr before or 15 
hr after cAMP injection. Contralateral control ganglia were exposed to the inactive derivative 
deacetylanisomycin (10μΜ). As in previous experiments, the same neurons were filled with 
HRP 22 hr after cAMP injection. Inhibition of protein synthesis during these two time periods did 
not affect the two features of structural remodeling we examined previously, i.e., varicosity 
number and branch point number.

These results suggest that there is a limited time period during which structural remodeling 
requires protein synthesis. This finding is consistent with the previous work of Montarolo et al 
(1986) regarding long-term synaptic facilitation in vitro. Our results differ, however, in the 
duration of the critical time period. This could be due to technical factors such as the difference 
in preparations (i.e. whole ganglia vs isolated neurons). Nevertheless, our results indicate that 
the cellular events regulating long-term structural remodeling are relatively persistent. Indeed, 
neuronal remodeling correlated with long-term behavioral sensitization develops slowly (Bailey 
and Chen, 1989). In addition, when using an in vitro analogue of training, regulation of the 
synthesis of structural proteins, such as intermediate filament protein and actin, is still altered 
even 24 hr after stimulation (Noel et al, 1993). The structural reorganization correlated with 
learning may be dependent on the induction of such proteins, thus requiring a broader time 
window for new protein synthesis.

330.5
PAIRED TREATMENTS OF SEROTONIN AND DEPOLARIZATION MIMICKING 
ASSOCIATIVE TRAINING IN APLYSIA INDUCE CHANGES IN SYNTHESIS OF 
SPECIFIC PROTEINS. F Noel*. C. Koumenis. M. Nunez-Regueiro. J.H Byrne. A. 
Eskin. Department of Biochem. and Biophys. Sci., Univ. o f Houston, TX 77204, and 
Dept. o f Neurobiol. and Anatomy, Univ. o f Texas Medical School, Houston, TX 77225.

A cellular analogue o f classical conditioning produces an enhancement o f the 
connections between sensory neurons and motor neurons in Aplysia through a mechanism 
called activity-dependent neuromodulation. Recent results establishing that long-term 
forms of activity-dependent neuromodulation also occur (Buonomano and Byrne, 1992) 
raised the possibility that changes in protein synthesis may mediate this type of 
associative plasticity. We investigated if a biochemical analogue o f activity-dependent 
neuromodulation could produce changes in protein synthesis. The analogue consisted of 
exposure of abdominal ganglia to paired treatments of elevated potassium (high K+) and 
5-HT. Each group of 3 ganglia was exposed to one o f the following treatments; 1) high 
K+ (80 mM KCI) was applied alone for 1 hr; 2) 5-HT (5 uM) was applied alone for 2 hr;
3) high K+ for 1 hr was paired with 5-HT for 2 hr with the two treatments overlapping 
during the last 0.5 hr of die high K+ treatment and the first 0.5 hr o f the 5-HT treatment;
4) No treatment. The ganglia were labelled with 3H-Leucine (0.1 mCi/ml) for 2 hr starting 
5 hr after the end of the 5-HT treatments. Proteins were analyzed using 2-D gels and 
fluorography. Visual analysis yielded twenty-four proteins that were affected by at least 
one otthe 3 experimental treatments. We quantitatively analyzed these proteins for those 
in which the paired treatment produced effects that were different from a summation of 
the effects produced by each treatment applied alone.The paired application o f high K+ 
and 5-HT significantly increased incoiporation of label into protein 9 while high K+ and 
5-HT applied alone had no effect on this protein. In another type o f non-additive change, 
the paired treatment appeared to diminish the effects produced by the individual 
treatments applied alone (proteins 6 and 17).

Amino acid sequences o f 2 peptides derived from protein 9 have similarity to a 
stringent starvation protein (SSP) from E. coli. SSP may interact with RNA polymerase 
to regulate its function. Recently, proteins similar to SSP have been found in plants and 
Drosophila. The plant protein may also have a regulatory effect on transcription.The 
Drosophila protein belongs to the glutathione S-transferase family of proteins which are 
involved in cell protective mechanisms. Our finding that paired treatments produced non
additive effects on protein synthesis suggests that changes in translation may be involved 
in generating some forms of associative learning. Furthermore, characterization o f protein 
9 will allow us to study how paired treatments alter protein synthesis.

330.2
TO PO G RAPHICAL ORGANIZATION O F S EN S O R Y  NEURO N S IN TH E 
VENTROCAUDAL C L U S T E R  O F TH E PLEU R A L GANGLION O F A P LYSIA .
H. Zhang, J.H . Byrne and L J .  Cleary. " Dept. of Neurobiology and Anatomy, 
Univ. Texas Medical School, Houston, T X  77225.

The tail-siphon withdrawal reflex is an important model system for studying 
simple forms of learning and memory. The afferent limb of this reflex is 
mediated by neurons located in the ventrocaudal cluster of the pleural ganglion 
(Walters et al. 1983). Receptor field mapping suggested that sensory neurons 
(SNs) innervating the tail were located in the medial region of this cluster on the 
ventral surface. To gain additional insight into their peripheral distribution, 
subsets of SN s were labeled by conventional backfill techniques (nickel-lysine, 
cobalt) from three pedal nerves and from two pleural connectives. Our results 
indicate that there is a rough topographical mapping within the sensory cluster. 
Cells projecting through P9 were localized medially on the ventral surface of the 
cluster, and those projecting to P7 were lateral. Cells projecting to P8 were 
located more centrally. Moreover, double-labeled neurons were observed that 
projected into all three pairwise combinations of pedal nerves. Surprisingly, SNs 
also projected through the cerebral-pleural connective, presumably to innervate 
the head. These neurons were located on the rostral edge of the cluster on 
both dorsal and ventral surfaces. In contrast, no SN s appeared to project 
through the pleural-abdominal connective.

Our results suggest that pleural SN s can be found with receptive fields 
throughout the posterior part of the animal. Moreover, the anterior projection 
through the cerebral-pleural connective indicates that areas of the head may be 
mapped to the pleural ganglion as well. The ordered representation of the body 
surface within the pleural sensory cluster suggests an anatomical basis for the 
differential effectiveness of nerve shock in eliciting long-term synaptic facilitation 
(Zhang et al., this volume).

330.4
IDENTIFICATION OF PROTEINS WHOSE mRNA LEVELS ARE REGULATED 
BY TREATMENTS PRODUCING LONG-TERM FACILITATION IN APLYSIA 
NEURONS. A. Eskin*. M. Nunez-Regueiro. F, NoeL R, Homavouni, J, H, Byrne, 
and R. Zwarties. Dept. of Biochem., Univ. of Houston and Dept. o f Neurobiol. and 
Anat., Univ. Texas Med. Sch., Houston, Texas.

Serotonin-induced long-term facilitation of Aplysia sensory neurons is blocked by 
inhibitors o f translation or transcription, as well as by the injection of 
oligonucleotides containing response elements (Montarolo et al., 1986; Dash et al., 
1990, Alberini, 1993). These results indicate that transcription of new messenger 
RNA, as well as the production of new proteins, may be involved in long-term 
changes in sensory neurons associated with sensitization. We examined whether levels 
of mRNA are changed during induction of long-term facilitation by translating, in 
vitro, RNA isolated from pleural-pedal ganglia and analyzing the labeled protein 
products by 2-D PAGE. Treatment of ganglia with 5-HT for 1.5 h increased the in 
vitro incoiporation of 35S-methionine into 3 proteins and decreased incorporation into 
1 protein. To determine whether the mRNA changes lead to changes in neuronal 
proteins, we examined effects of 1.5Һ electrical stimulation o f peripheral nerves on 
incorporation of -35S-methionine into proteins of pleural sensory neurons. Electrical 
stimulation increased incorporation of label into the 3 proteins whose mRNAs were 
increased by 5-HT.

The mRNAs altered by 5-HT are being identified. Western blot analysis and 
mRNA 'knock out' experiments establish that protein 1 is calmodulin (CaM). Partial 
amino acid (AA) sequences of proteins 2 and 3 have been obtained. A 45 AA sequence 
from protein 2 is 83% identical to human 3-phosphoglycerate kinase (μ g K). 
Sequences of 27 and 30 AAs were obtained from two peptides derived from protein 3. 
However, these sequences are not similar to any known protein. To further identify 
protein 3, we are obtaining the nucleotide sequence of its gene. Our results that 5-HT 
appears to alter the levels of some mRNAs add support to the hypothesis that 
facilitation is induced through changes in transcription. Moreover, these results 
suggest that CaM and μ g K may play important roles in the formation o f long-term 
memories in Aplysia.

330.6

NEURAL MECHANISMS OF RESPO N SE SP EC IF IC ITY  III. D IFFERENTIAL 
RESPO N SES OF SIPHON MOTOR NEURONS AND INTERNEURONS TO 
TAIL AND MANTLE STIMULATION IN APLYSIA. X. Fana* and G. A. Clark. 
Psychology Department, Program in Neuroscience, Princeton University, 
Princeton, NJ 08544.

Both sensitization and classical conditioning of the siphon-withdrawal 
response in Aplysia exhibit response specificity. To extend our previous 
investigations into the underlying neural mechanisms, we examined the 
responses of motor neurons and interneurons of the siphon-withdrawal 
circuitry to stimulation of the tail and mantle skin or their associated 
nerves. We utilized a semi-intact preparation with the mantle organs, tail, 
and abdominal and ring ganglia. Cutaneous shock trains were delivered 
to the tail or mantle through implanted silver wire electrodes, with shock 
intensity set at 400% of threshold for siphon movement; nerve shock was 
delivered through suction electrodes. We found that, in LFS-B siphon 
motor neurons (which produce siphon flaring and backward bending), tail 
shock produced both a larger phasic response and a larger increase in 
background firing rate than did mantle shock (n = 10, p < .001 and p < 
.05, respectively). Because both high frequency bursts and increases in 
tonic firing rate can enhance the motor neurorfe ability to move the siphon 
(Frost, Clark and Kandel, 1988; Hickie and Walters, 1991), the differential 
responses in LFS-B motor neurons may contribute to the learned tailward 
bending siphon withdrawal after training with tail shock. We also found 
that L29 interneurons, which excite LFS  motor neurons, fired more strongly 
to tail nerve shock than to branchial nerve shock (n = 10, p < .001); 
moreover, tail nerve shock preferentially facilitated EPSPs at L29-LFS 
connections (n = 5, p < .05). In contrast, preliminary evidence (n = 7) 
indicates the excitatory interneuron L34 responds fairly comparably to both 
nerve shocks.
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Ju v e n i l e  h o r m o n e  a n d  f o r a g in g  e x p e r ie n c e  in d u c e
MUSHROOM BODY REORGANIZATION IN THE HONEY BEE BRAIN.
G.S. Withers*. S.E. Fahrbach. G.E. Robinson. Neuroscience Prg. & Dept. of 
Entomology, Univ. of Illinois, Urbana, IL 61801

Workers in a honey bee colony display age polyethism: younger bees typically 
perform tasks within the hive, while older bees forage for pollen and nectar. 
Previously, we reported neuroanatomical reorganization within the mushroom 
bodies, a region o f the insect brain associated with higher-order sensory integration 
and learning. The Kenyon cell region, containing the intrinsic neurons of the 
mushroom body, is decreased in volume by 29.2% in foragers compared to 1-day 
old bees. In contrast, the mushroom body neuropil is increased by 14.8% in 
foragers. We have shown that these changes are linked to foraging behavior and 
occur independent of age (Withers et al., 1992).

Because increased levels of juvenile hormone (JH) are correlated with the 
behavioral transition from within-hive tasks to foraging, we examined the role of 
JH in mediating these selective volume changes. We treated some bees in a colony 
with a JH analog, methoprene, which induces precocious foraging. To distinguish 
between hormonal effects and foraging experience on mushroom body 
reorganization, some methoprene treated bees were prevented from foraging. 
Methoprene treatments, independent of outdoor foraging experience, produced a 
significant decrease in volume of the Kenyon cell body region as compared with 1- 
day old bees. Treated bees that took only one orientation flight were intermediate. 
The treated bees prevented from foraging had a neuropil volume most like that of 
the 1-day old bees, suggesting that the previously reported increase in the volume 
of the mushroom body neuropil may result from an interaction between endocrine 
status and foraging experience. This provides evidence that JH acts, either directly, 
or indirectly, on the Kenyon cell population, and suggests a potential mechanism 
by which JH induces foraging. Supported by NSF #IBN-9211386.

330.9

ABNORMAL SYNAPTIC TRANSMISSION AND NERVE TERM INAL 
ARBORIZATION IN CaM KINASE-INHIBITED TRANSGENIC Drosophila  
LA R VA E. J , Wgng1, J . Renger1 .Y . Zhonq1. L  G riffith2 . R. Greenspan3 , 
and C.-F. УУіЛ *, 1 Dept. o f Biological Sciences , Univ. o f Iowa, Iowa C ity, 
IA 5 2 2 4 2 ; 2 Dept. of Biology, Brandeis Univ.,W altham , MA 0 2 2 5 4 ; 
^Dept. o f Biology, New York Univ., New York, NY 10 0 0 3  

CaM kinase II has been implicated in the regulation of long-term 
potentiation and learning processes. Transgenic Drosophila  have been 
generated th at express a specific  peptide inhibitor o f CaM kinase under 
the control of a heat-shock inducible prom otor. These  m utant flies (ala) 
fail to  learn normally in a courtship conditioning paradigm. We used 
anti-HRP staining and voltage-clam p analysis to exam ine larval 
neurom uscular junctions, where m otor axonal arbors d isplay 
s tereo typ ic  branching patterns and synaptic  transm ission has been well 
characte rized . We found th a t inhibition of CaM kinase in ala caused a 
redistribution o f varico sity  s ize  and an altered branching pattern in 
term inal arbors. There  was an increase in the number of primary 
branches, accom panied by a g reater number o f large va rico sities. The 
calcium  dependence o f synaptic  transm ission w as also altered , resulting 
in a g reater amplitude o f exc ito ry junctional currents (e jc s ) . 
Furtherm ore, qualitative d ifferences in synaptic  ac tiv ity  occurred in a 
frequency dependent manner. Supernum erary discharges could be 
readily induced by repetitive  nerve stim ulation a t a re lative ly  low 
frequency (5 -1 0  H z). A fte r 5 Hz stim ulation fo r 50  s , post-tetan ic 
potentiation (P TP ) w as induced and sustained fo r m inutes in normal 
fibers. In co n trast, PTP in ala fibers was short-lived .

330.11
LOCAL INTER- AND PROJECTION NEURONS IN THE OLFACTORY 
PATHWAY OF THE HONEYBEE BRAIN: STRUCTURE AND FUNCTION
J.Rybak* and R.Abel. Freie Univ. Berlin, Inst.Neurobiologie, Koenigin- 
Luise-Str. 28-30, D-14195 Berlin, Germany.

In honeybees and other insects, chemosensory information is processed 
in first order neuropil of the antennal lobe (AL) glomeruli. Output neurons 
transfer information via the antenno-glomerularis tracts (AGTs) to the 
mushroom bodies (mbs) and protocerebral lobe. Previous experiments 
implicate the AL in non-associative learning, and the mb and protocerebral 
lobe in associative learning (Menzel et al. 1974). Our interests now focus 
on information processing by ascending AGT neurons. Their physiology 
and anatomy is investigated by intracellular recordings and the tracers 
Biotin and Cobalthexaminechloride

Uniglomerular neurons of the median (m-) and lateral (I-) AGTs project 
to the mushroom body's calyces and lateral horn of the protocerebral 
lobe. Neurons in three smaller tracts, the medio-lateral (ml-) AGTs, project 
to the lateral and dorsal lobe, but not the mb. The ml-AGT neurons 
innervate numerous glomeruli in the AL, predominantly their centers, local 
interneurons in contrast show diffuse innervation. Non-AGT neurons 
connecting the left and right Al and a single fiber projecting from the mb 
to numerous AL glomeruli on the ipsilateral side are also described.

Intracellular recordings indicate that both local interneurons and l-AGT 
fibers respond differentially to specific odors (carnation, citrai and 
orange), with either a burst, a small onset response or inhibition (l-AGT). 
Sucrose solution (= US) sensitizes these neurons by enhancing their 
response to different odors. These results support the notion that these 
neurons contribute to non-associative plasticity. (Supported by DFG 
grant)

330.8
T H E  EA S ILY -SH O C K E D  G E N E  OF D R O SO PH ILA , S IT E  O F BANG- 
S E N S IT IV E  P A R A LY T IC  M UTATIONS, EN C O D ES A PRO TEIN  HOMO
LO G O U S TO  CH O LIN E K IN A SE. P. Pavlidis*1. M. Ram asw am i2. M.A. 
Tanouve1·3. 1 Molecular and Cell Biology and 3Entomology and Parasitology, 
University of California, Berkeley, CA 94720, and 2Tata Institute of 
Fundamental Research, Bombay 400 005, India.

easily-shocked  (eas) is one of a class of bang-sensitive or mechanical- 
shock sensitive paralytic mutants of the fruit fly Drosophila melanogaster. 
E a s ily -sh o ck e d  mutants are characterized by brief (30 sec) paralysis 
following mechanical shock. Wakening flies are extremely hyperactive for 
15-30 seconds after which there is a 5-10 minute period during which the 
flies are insensitive or refractory to shock. We are interested in the molecular 
b asis  of th is behavior, which might affect p ro cesses  such as 
neurotransmitter secretion or membrane excitability. To clone easily- 
sh o cked , we mapped the gene by deletion complementation to a small 
(<50kb) region of the X chromosome (14B, between the d isco  and nonA 
loci). Northern blot analysis of genomic DNA from existing chromosome 
walks indicated that this region contains only one complete transcription 
unit. We isolated a P-element-induced allele of e a s , and found it had 
inserted into this transcript. The P-element lesion is lethal, indicating that 
eas  is required for viability. Cloning and sequence analysis ofeas cDNAs 
revealed a reading frame encoding a 56.8kD protein with a high level of 
homology to all three previously cloned choline kinase genes from other 
organisms. Choline kinase catalyzes the first step in the synthesis of 
phosphatidylcholine via the cytidine pathway. This suggests that easily- 
sh o cke d  flies have a defect in membrane phospholipid composition that 
affects neuronal excitability. Work in progress includes studies of the 
biochemistry and expression pattern of eas.

330.10
ULTRAVIOLET RECEPTORS, W AVELENG TH  DISCRIM INATION  
A N D  FEEDING BEHAVIOR IN MANDUCA SEXTA. R .H . White*. D .E . 
Cutler. R .D . Stevenson and R.R. Bennett Department o f  Biology, 
University o f  Massachusetts Boston, Boston, M A 02125-3393  

The retinas o f  nocturnal Sphingidae (hawkmoths or sphinx moths) 
contain green-, blue-, and ultraviolet-sensitive photopigments (Bennett & 
Brown 1985 Vis. Res. 25:1771). Dark-adapted photoreceptor cells respond 
to bright light by shedding transductive membrane from the rhabdomere. 
This response was used to identify chromatic cell types by illuminating 
retinas at different wavelengths. Six large cells make up the retinular unit: 
5 are green-sensitive, 1 is UV-sensitive. The sensitivity o f  a small 9th cell 
was not determined, and the blue-sensitive cells were not found. The role 
o f  possible wavelength discrimination to moth behavior is unknown. 
Hawkmoths are important pollinators in tropical forests o f  flowers that are 
white to the human eye but lack U V  reflectance (W hite et al. 1992 Am. 
Zool. 32:12A ). Offered a choice between artificial flow ers or between  
backlighted filters, the tobacco hornworm hawkmoth, M anduca sexta, 
strongly preferred to feed at those reflecting or transmitting only 
wavelengths longer than 400 nm, even when alternative white light stimuli 
containing U V  wavelengths were 3 orders o f  magnitude brighter. Feeding 
behavior (proboscis extension, probing and drinking) must be activated by 
the green- or blue-sensitive mechanisms (or both) o f  the hawkmoth visual 
system , while concurrent activation o f  the UV -sensitive mechanism inhibits 
it.

Supported by NSF grant IB N -92-10933

330.12
ANALYSIS OF THE PHARYNGEAL NERVOUS SYSTEM IN THE NEMATODE 
CAENORHABDITISELEGANS USING ELECTROPHYSIOLOGICAL AND LASER 
ABLATION METHODS. D. Raizen* and L. Averv. Department of Biochemistry, UT 
Southwestern Med. Ctr., Dallas, TX 75235-9038.

The pharynx of C. elegans is a simple, self-contained organ containing 20 neurons 
and 20 muscle cells. Its role is to filter bacteria from its surrounding, grind them, and 
transport them to the intestine. In the absence of the nervous system, the muscle can 
contract and relax (pump) repetitively but cannot properly trap or transport bacteria 
and cannot change its pumping rate in response to the environment. In order to under
stand the function of these neurons, we used a laser microbeam to kill subsets of neu
rons and examined the effect on the behavior of the organ. We also developed an 
extracellular recording method to examine the effect of these operations on the electri
cal activity of the pharynx.

In the absence of food, the pharynx pumps at a slow basal rate. Food causes a five- 
to ten-fold stimulation of pumping rate. Avery and Horvitz {Neuron 3: 473 1989) had 
shown that the MC neuron type is necessary for the rapid pumping in the presence of 
food. We found that killing the II neuron type abolishes pumping in the absence of 
food. There is no other obvious defect in worms which lack the II neurons. 11 makes 
ultrastructurally-identified synapses onto MC and receives the only input from the 
extrapharyngeal nervous system. II may function to relay information from the 
extrapharyngeal nervous system but is dispensable under laboratory conditions.

To study the electrical activity of the pharynx, we suck the worm’s head into a 
pipette and record the potential difference between the pharyngeal lumen and the bath. 
Because pharyngeal muscle cells are polarized cells which contract in synchrony and 
because the pharynx is the largest organ in the worm, the predominant or only signals 
in this “whole-worm” configuration are those from pharyngeal action potentials. We 
call the record an electropharyngeogram or Eμg. The signals in the Eμg that corre
spond to one pump consist of at least 3 distinct phases: the E (Excitation) phase con
tains 2 positive spikes, the P (Plateau) phase contains a variable number of small 
negative spikes and the R (Relaxation) phase contains 2 negative spikes. The small 
negative spikes during the P phase are decreased or abolished in the absence of the 
pharyngeal neuron M3. The behavioral consequence of killing M3 is an increase in the 
duration of each pump. We propose that M3 is an inhibitory spiking neuron that is acti
vated by pharyngeal contraction and can trigger pharyngeal relaxation.
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330.13
LEAR NING  IN C. E L E G A N S : S H O R T -T E R M  M EM O R Y
TESTED IN INDIVIDUAL W ORM S. J.Parker*. G. E. Morrison. N. 
Kumar. J.Y.M, Wen and D. van der Kopy, Neurobiology Research Group, 
University of Toronto, Toronto, Ontario, Canada M5S 1A8.

Using a classical conditioning paradigm based on chemotactic responses to 
the ions Na+ and C1-, the nematode C. elegans can leam the association between 
a conditioned stimulus (CS, an ion) and an unconditioned stimulus (US, E. coli, 
a food source). Naive animals show equal preferences for either CS ion. 
Conditioned animals, however, display a significant increase in preferences for 
the ion (CS+) that predicts the US (=80%). Because conditioning periods of 1 
hour and a testing period of 1.5 hours are used, this assay is a test o f long term 
(and not short term) memory. The development of a short term memory assay 
would allow us to better characterize learning in C. elegans and to distinguish 
between short and long term memory deficits in the learning impaired mutants 
that have been isolated. Short term memory can be assayed by using brief (< 5 
min) conditioning periods and recording the initial heading o f individual 
conditioned animals. Testing of individual animals also allows us to assess any 
population effects that may result from the testing of large groups of animals 
(=100) in our long term memory assay. Approximately 75% of conditioned 
animals tested as individuals show an initial heading (movement of 1mm from 
the start site) towards the CS+ ion. Naive preferences remain balanced (50%) in 
individual animals. Thus, short term memory can be assayed in individual 
animals and furthermore, the strength o f learning in animals tested in groups is a 
good predictor of the strength of learning in animals tested as individuals.

330.15
Strategies employed in visual discrimination and searching by cockroaches 
during place memory acquisition
Josette Maria Weibrecht* and Nicholas J . Strausfeld ARL Div. Neurobiol, 
Univ. Arizona, Tucson 85721.

Recent studies on place memory in insects (Mizunami M, Weibrecht 
JM, Strausfeld NJ (1992) In: Biological Neural Networks in Invertebrate 
Neuroethology and Robotics. Eds: R.D. Beer, R. Ritzmann, and T. 
McKenna. Academic Press. Cambridge. 199-225) have demonstrated that 
cockroaches require 5-10 trials to locate a hidden target using distant 
visual cues. However, the run times vary amongst different individuals, with 
the greatest variation shown during the first 2-5 trials. New studies on 
individual behavior has measured distances run in each trial, acceleration 
and deceleration, pauses, and head-body orientations and movements with 
respect to visual cues. The results demonstrate that distances covered 
vary greatly in the first 2-5 trials but that the average velocity is constant 
despite pauses and bouts of acceleration. Video recordings demonstrate 
that in the first 2-5 trials a  pausing individual aligns its body axis to those 
visual cues having high figure-ground contrast and contrast edges. During 
trials 2-5, pauses are clustered at certain regions of the arena and are 
accompanied by sideways movements of the head and body, suggestive 
of visual scanning. Run times between trials 5-9 show less variation, are 
successively shorter, and lack cue-directed body orientation and clustering. 
The results suggest that cockroaches acquire visual information about the 
relationship of the target with the visual surround in early trials and 
subsequently improve their homing performance. Supported by a  Howard 
Hughes Undergraduate Biology Research Program and NIH Grant NCRR 
R01 RR08688

330.17
Sensitization in the antennule withdrawal response of 
the blew crab C a lic te n e s  sa p id u s . M.M. Nikoletseas. 
Dept. of Anatomy, School of Medicine, Univ. of Puerto 
Rico, San Juan, PR 00936.

The nervous system of invertebrates provides an 
excellent model for investigating the neuronal 
mechanism of simple forms o f learning such as 
sensitization. I have previously reported habituation 
of the scaphognathite beating response in the blue 
crab (M. Nikoletseas, Anat. Ree. Supi. 1, p. 89, 
1993). In this system sensitization was not possible 
over a wide range o f stimulus parameters. In the 
present study sensitization of the antennule 
withdrawal response was observed. A constant current 
shock (200 Hz train, 20 ms pulse duration, isolated 
from ground, two times threshold and usually 2 ma), 
was delivered via silver electrodes on the carapace 
over the root of the left eye. Interstimulus interval 
was 50 s. The original response to shock was partial 
or complete withdrawal o f the antennule which 
recovered in 30 s on the average. With repeated 
presentation of the stimulus the withdrawal became 
more complete and also of greater duration.
Sensitization in the Crustacea has not been reported 
before.

330.14
MUTANTS THAT ARE IMPAIRED IN ASSOCIATIVE BUT NOT IN NON- 
ASSOCIATIVE LEARNING. N. Kumar*. J.Y.M. Wen and D. van der Kooy 
Neurobiology Research Group, Dept. of Anatomy, University o f Toronto, Toronto, 
Ontario, M5S 1A8.

The nematode Caenorhabditis elegans was used to isolate mutant lines of animals 
impaired in associative learning. Wild type animals can be conditioned using a 
classical conditioning paradigm based on die chemotactic responses of C. elegans to 
the conditioning stimuli (CS) Na+ (NaCH3CHOO) and Cl- (NH4C1). E. coli, a food 
source, was used as an unconditioned stimulus (US). Conditioning involved 
presenting one of the CS ions (CS+) paired with the US, followed by an equal 
exposure to the other CS ion (CS-) in the absence o f the US. Upon testing, 
conditioned animals showed a significant preference for the CS+ ion that previously 
predicted the presence o f food. From screens o f EMS generated mutants we have 
isolated 2 lines of mutant animals that, following conditioning, display only naive 
preferences for the CS+ and CS- ions on testing. However, these animals seem to 
possess normal sensory and motor functions. When the unconditioned approach to 
either of the CS ions or the US was tested in accumulation assays die mutant 
animals performed similar to wild type in both the rates of accumulation and overall 
preferences. We sought to determine whether a non-associative impairment in 
habituation or dishabituation was also present in these 2 mutants. Prior to testing in 
an accumulation assay, animals are habituated by way of a 4 hour exposure to the 
accumulation ion. Habituated animals show a significant decrease in the rate of 
accumulation and in their overall preference for the tested ion (either CS ion) as 
compared to animals that are similarly food deprived but not exposed to the 
habituating stimulus prior to testing. Habituated animals were dishabituated with 
the presentation of a strong, but brief (< 5 min), exposure to a very high 
concentration o f Na+ ions. Following dishabituation wild type animals showed a 
significant increase in the rate of accumulation and in their overall preference for the 
test ion as compared to habituated animals. Neither mutant line displayed a 
significant impairment in the rate of approach or overall accumulation following 
habituation or dishabituation as compared to wild type controls.

330.16
THE ROLE OF CELLS OUTSIDE THE TOUCH CIRCUIT IN THE 
NEMATODE TAP-WITHDRAWAL REFLEX. S. R. Wicks* and C.
H. Rankin. Department of Psychology, University of British 
Columbia. Vancouver, B.C., Canada.

The nematode worm C aen orhabditis  eleg a n s  exhibits a surprisingly 
broad behavioural repertoire despite possession of only 302 neurons. 
The worm is capable of several forms of learning. Specifically, the 
animal shows habituation of the tap-withdrawal reflex. The circuitry 
which underlies this reflex has been shown to include all of the cells in 
the circuit which underlies the animal's response to touch described by 
Chalfie et al. (1985). However, a wide variety of cells in the animal 
that make synaptic contact with cells in the touch-withdrawal circuit 
are not part of the circuit. Several aspects of the tap stimulus make it a 
sensitive measure of sensori-motor integration: 1) the tap stimulus is 
not hand-delivered and thus its intensity can be quantified and 
regulated 2) the withdrawal response can be quantified and thus the 
relative effects of various ablations can be assessed 3) the 
simultaneous activation of the head- and tail-touch subcircuits allow 
studies of the interactions between competing reflexes. Ablations of 
identified neurons which may not produce a discernable effect on the 
touch sensitivity of the animal, may be shown to play a role in the 
animals response to tap.

A number of cells which have been shown to be monosynaptically 
connected to the touch circuit neurons were ablated and the effects of 
these ablations on the tap-withdrawal reflex assessed. The ablated 
cells included the microtubule cell PVM, the "harsh touch" cell PVD, 
and the "nose touch" neurons (ASH, OLQ, ILI).

330.18
CHRONIC RECORDING OF THE ELECTRICAL ACTIVITY 
OF THE BRAIN FROM UNRESTRAINED CRAYFISH. CL 
H ernandez, J. Serrato, S . Elenes and F. Ramon*. Fac. 
M ed., U niv. A ut. Campeche, Cam p., & Depto. Fisiol, 
B iofis, N eurocien. CINVESTAV IPN. Apdo. Postal 14-740. 
Mexico, D .F . Mexico.

Chronic recordin g of the electrical ac tiv ity  o f the brain  
is  u sefu l to stu d y  the largest in tegrative  cen ter o f sen so 
ry  inform ation in cra y fish , and we developed th is tech 
nique and characterized  electrical pattern s in u n restra in 
ed animals. R ecordings were made with electrod es im
planted under v isua l inspection  in co ld -an esth etized  ani
mals that su rv ived  up to 2-3 months behavin g normally 
in  an aquarium. The electrode was a grounded sta in less  
s tee l tube surrou ndin g the brain and contain ing two s il
v er /s ilv er -ch lo r id e  w ires in contact with its  dorsal su r 
face. R ecordings were filtered  at 1 Hz and 3 KHz, ampli
fied  and d ig itized  at 8 KHz. Power spectra  were computed  
with a resolution  o f 0 .5  Hz. Under "basal" conditions  
th ere are few slow waves and numerous sp ikes o f 0 .5 -2  
msec duration. Samples o f 1 .5  sec  segm ents have a broad  
power spectrum  (1-2000 H z), with maximum power at 
about 450 Hz; movement o f the animal produces muscle 
sp ikes o f 2-10 msec whose sp ectra  reaches maximum power 
around 70 Hz. Stimulation with ligh t p u lses ind uces up to  
three fold (60 uV) increase in the amplitude o f sp ik es .  
T hese stu d ies are an extention  o f those in itiated  by  C.L.  
P rosser (1936) on the cray fish  abdominal ganglia.
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TONIC DESCENDING INHIBITION CONTRIBUTES TO 
HABITUATION OF CRAYFISH LATERAL GIANT ESCAPE 
REACTION. F.B.Krasne* Dept, of Psychology and 
Brain Research Institute, UCLA, LA, CA 90024.

Analysis of habituation, sensitization, and 
classical conditioning in several invertebrates 
has provided evidence that these forms of learn
ing are largely due to intrinsic changes in the 
efficacy of synapses in the neural pathways med
iating the responses altered by training. This 
body of evidence has influenced general thinking 
and, in particular, would seem to be the main 
empirical support for connectionist theory's 
common assumption that learning may be under
stood as the alteration of synaptic “weights" 
within networks connecting stimulus representing 
and response producing neurons.

However, re-examination of habituation of the 
crayfish lateral giant (LG) escape reflex now 
suggests that tonic descending inhibition of the 
LG contributes substantially to habituation in 
freely behaving animals. For when descending 
fibers are interrupted, habituation becomes much 
less profound. And though it is the strictly 
ipsilateral synapses of primary afferents with 
interneurons that are subject to intrinsic 
depression, we find that habituation of one side 
partially transfers contralaterally. (Supported 
by USPHS Grant NS8108.)

331.1

NEW HIGHLY SELECTIVE VAGAL DEAFFERENTATIONS 
BLOCK THE EFFECTS OF INTESTINAL NUTRIENT 
INFUSIONS ON MEAL SIZE. E.K. Walls*. J.S. Voreis. A.R. 
Perkins. M-C. Holst and T.L. Powlev. Purdue University, West Lafayette, 
IN 47907.

We have recently developed a dorsal approach for deafferentation of 
vagal rootlets as they enter the rat medulla. The lateral surface of the 
medulla is exposed dorsally through an opening in the occipital bone. This 
procedure results in minimal trauma to muscles and vessels, unlike the 
ventral approach used successfully by Smith, Jerome & Norgren (1985). 
In order to eliminate vagal afferents innervating the intestines, a dorsal 
rhizotomy was made unilaterally; one month later the contralateral celiac 
branch of the abdominal vagus was cauterized. An indwelling duodenal 
catheter (tip 3-4 cm distal to pylorus) was also implanted during the second 
surgery. Control rats received full sham surgeries and duodenal catheters. 
Bilateral nodose injections of WGA-HRP and ip injections of Fluorogold 
provided histochemical confirmation of the vagotomies. All rats were fed 
a nutritionally complete liquid diet (Isocal) 17 hr/day. Measures of daily 
caloric intake, intake of the first daily meal and body weight revealed that 
deafferented rats recovered as quickly and completely as controls, and 
indeed, transient hyperphagia was observed after the dorsal rhizotomy. 
Duodenal nutrient infusions (10 ml over 10 min containing 1.2 kcal of 
12% Isocal or 3% 1-phenylalanine) begun 8 min prior to the first evening 
meal significantly reduced the size of this meal in controls, but not 
vagotomized rats. These results suggest that afferents of the celiac vagus 
play an important role in generating gut signals for short-term satiety. 
Supported by NIH DK27627.

331.3
INTEGRATION OF RESPONSES TO DUODENAL LOADS AND CCK IN RAT 
SINGLE VAGAL AFFERENT FIBERS. G.J. Schwartz!G. Touaas &T.H. 
Moran, Dept. of Psychiatry, Johns Hopkins Univ. Sch. Med., Balto., MD 
21205 & McMaster Univ. Hlth. Sci. Ctr., Hamilton, Ont., CANADA.

We have previously demonstrated gastric vagal afferents that 
respond to gastric loads and to close celiac artery administration of the 
brain-gut peptide cholecystokinin (CCK). In an effort to determine 
whether rat duodenal vagal afferent fibers were also sensitive to CCK, 
single fibers from the left cervical vagus were examined for their 
neurophysiological responses to duodenal distension and close arterial 
infusion of CCK. The duodenum was distended with a 0.1 ml balloon and 
with 0.5 ml loads of normal saline (pH 7.4, 37 °С). Slowly adapting 
mechanoreceptive fibers were identified (N=8). These were active 
during load infusion and remained active as long as the load was 
maintained in the lumen. Activity was inhibited below spontaneous 
levels when the duodenal load was withdrawn. Small punctate receptive 
fields of these fibers were localized to the ventral wall of the proximal 
duodenum. Close celiac artery infusions of 100 pmol CCK (0.1 ml/5 
sec) elicited an increase in firing rate in these fibers that persisted for 
5-7 minutes. CCK enhanced the response to loads, both after the 
response to CCK had dissipated, and when administered during an 
ongoing maintained duodenal saline load. These data demonstrate for the 
first time direct evidence of load-sensitive vagal afferents supplying 
the rat duodenum. These fibers are able to integrate signals arising 
from CCK and duodenal loads at sites where CCK is likely to be released, 
and may mediate aspects of Ihe role of CCK in the inhibition of food 
intake. Supported by the Whitehall Foundation and NIH grant DK19302.

331.2
THE EFFECTS OF SELECTIVE VAGOTOMY ON CONDITIONED FLAVOR 
PREFERENCE TO INTRAGASTRIC POLYCOSE INFUSION. C.C. Horn*. 
J.C. Mitchell, and FA . Martinson. Department of Psychology,
Kansas State University, Manhattan, KS 66506.

Several reports have shown strong conditioned flavor preferences to 
intragastric infusions of polycose. The present study was designed to 
investigate possible sites of the unconditioned stimulus for this effect. 
Normal control (n=12), hepatic vagotomized (n=ll), and gastric 
vagotomized (n=8) rats implanted with gastric fistulas were trained 4 
to 6 days. During training, rats received a flavor (CS+) paired with 
intragastric polycose infusion and on alternate days received a 
different flavor (CS-) paired with intragastric water infusion. The 
flavors used were cherry and grape Kool-Aid (0.05%, w/v). After 
training, rats were given a two-bottle extinction test for 4 days (both 
flavors were paired with water infusions). Additionally, two-thirds of 
the animals from each group were continued on extinction testing for 
eight more days (without water infusion). Vagotomies were verified 
using visual inspection (hepatic) and FIuoro-Gold retrograde tracer i.p. 
iiyection (gastric). Results show that gastric vagotomized rats had no 
significant differences between CS+ and CS- consumption across days 
of extinction testing (in some tests CS- was significantly less than the 
CS+). Normal control and hepatic vagotomized rats showed 
significantly greater CS+ intake compared to CS- intake across days of 
extinction testing. The gastric vagal branches appear to be important 
in establishing learned flavor preferences to intragastric polycose 
infusion.

331.4
INTRAPERITONEALLY ADMINISTERED CCK-8 ACTS LOCALLY, NOT 
HORMONALLY, TO INHIBIT FOOD INTAKE. LD. Melville. P. Greenberg. G.P. 
Smith. J. Gibbs, and M. J. Russ*. E.W. Bourne Laboratory, New York Hospital- 
Comeil Medical Center, White Plains, NY 10605.

Intraperitoneally administered CCK-8 is 4-8 times more potent for inhibiting 
food intake than infusion of CCK-8 into the hepatic portal vein (Greenberg et 
al., 1987). It is possible that ip injections are more effective because CCK-8 is 
absorbed into the systemic circulation. To investigate this, we compared the 
effectiveness of CCK-8 injected ip or iv into the inferior vena cava. CCK-8 (2- 
frg/kg) failed to inhibit liquid food (BioServ, 40%) intake after iv injections, but 
produced potent inhibitions after ip injections.

INTAKE (ml/30 min)
c c K -8(μg/kg) INTRAPERITONEAL VENA CAVA

0 27.3 ± 0.9 25.2 ± 1.1
2 23.7 ± 2.7 25.2 ± 0.9
4 13.6 ± 1.7* 26.5 ± 2.1
8 10.0 ± 1.1* 22.2 ± 2.0

Note. Data are means ±SE from 9-11 rats. *p<0.05, less 
than intake after 0 dose (0.15M NaCI).

These results are consistent with a local action of CCK-8 (ip) on CCKA 
receptors in the abdomen, but not with a hormonal action.

Supported by MH40010 (GPS).
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331.5
IN TRADUOD EN AL IN FUSIO N S O F CORN  O IL B U T N OT M IN ERAL OIL 
D EC R EA S E  SHAM  FEED IN G . D. Greenberg* and D .R . L e w is . E .W . Bourne 
Behavioral Research Laboratory, Department of Psychiatry, NY Hospital- 
Cornell Medical Center, White Plains, NY 10 605 .

Intraduodenal infusions of lipids rapidly decrease sham  feeding in rats 
(Greenberg et al., 1989) To determine if oily texture is an adequate 
stim ulus for oil-elicited satiety, w e compared the satiating potency of 
intraduodenal infusions ol corn oil and of mineral oil.

Method: Male Sprague D aw ley rats (n = 7,) were equipped with stainless 
steel gastric cannulas and Silastic catheters that entered duodenum. After 
a 17Һ overnight food deprivation, rats sham  fed a high carbohydrate liquid 
food (Research Diets) for 9 0  min. Intestinal infusions (10  ml) began 12 min 
after sham  feeding began and lasted for 23  min. Infusions w ere of corn oil 
(25% ), mineral oil (25% ) or vehicle. All solutions w ere emulsified with 
Tw een 80 .

R esu lts: Corn oil significantly reduced sham  feeding but mineral oil did 
not (see table).

331.7
GASTROINTESTINAL AND METABOLIC CONTRIBUTIONS TO 
INTAKE IN INTACT AND CHRONIC DECEREBRATE RATS 
R.J. Seeley*. A. Mouzithras, J.M. Kaplan, and H.J. Grill. Psychology 
Department, University o f  Pennsylvania, Philadelphia, PA  
19104-6196.

W e have developed a method to separate gastrointestinal (G.I.) and 
metabolic contributions intraoral intake. We compared the amount 
intact (n=7) and chronic decerebrate (CD) rats (n =  17) consumed o f  a 
0.1 M sucrose solution after a 10 ml milk diet preload or after 24 h o f  
food deprivation with intake in a "stomach-empty" condition. In the 
stomach-empty condition, rats were not deprived but had the contents 
o f  its stomach removed via a gastric fistula shortly before the intake 
test. Intact rats consumed significantly less after the preload, and 
significantly more after food deprivation, when compared respectively 
to the stomach-empty condition. CD rats consume significantly less 
after the preload, but ingested the same amount after deprivation, 
when compared respectively to the stomach-empty condition. Thus 
intact rats are sensitive to both G.I. and metabolic influences on intake. 
CD rats, however, are sensitive only to G.I. influences. While the 
caudal brainstem in neural isolation from the forebrain would appear 
sufficent to mediate G.I. influences on intake, metabolic influences 
associated with food deprivation may require the participation o f  
forebrain structures.

331.9
LEARNED SENSORY RECEPTOR PATTERNS CONTROLLING  
FOOD A N D  DRINK SELECTION A N D  INTAKE. D .A . Booth*. 
R .P.J. Freeman. N .J. Richardson. M . Kendal-Reed. Psychology  
School, U niv. Birmingham, Edgbaston, Birmingham B15 2TT, U .K .

M oment-to-moment selection and hence the cumulative intake o f  
familiar foods and drinks are controlled by the instantaneous 
discriminable distance for the individual between the current patterns 
o f  stimulation to (e .g .) gustatory, oritactile, olfactory, visceral and 
other receptors and the closest learned configurai stimulus that elicits 
ingestive appetite or its satiety. This multidimensional signal- 
differences approach to the cognitive structure o f  ingestive behavior 
w ill be illustrated by recent findings for: (i) receptor-specific tastant 
mixtures occurring in natural foodstuffs; and receptor-profile 
stimulation (ii) tactually by the texture o f  dairy creams and (iii) 
olfactorily by volatiles mimicking fruit species. For example, the 
taste o f  orange is recognised in an appropriate proportion o f  sugars 
and acids in a drink, and this does not always depend on awareness 
o f  sweetness and sourness; the feel o f  cream in a milk depends on the 
sizes or spacings o f  the fat globules as w ell as on viscosity; closeness 
to real strawberries depends on the proportions o f  maltol, ethyl 
acetoacetate and cis-hexenol in the sniffed mixture. This method o f  
behavioral analysis is likely to becom e important for the elucidation 
o f  both the sensory receptor types and the central pathways that 
control caloric and aqueous intakes (in Neurophysiology o f  ingestion, 
ed. D .A . Booth. Pergamon, 19£3).

331.6
D UO DEN A L OLEATE-INDUCED INHIBITION OF FOOD  
INTAKE IN RATS. R .D . Reidelberger* and T .A , W oltman. 
Veterans Administration Medical Center and Department o f  
Biomedical Sciences, Creighton University School o f  M edicine, 
Omaha, N E 68105.

W e characterized the effects o f several parameters o f  duodenal 
oleate infusion (concentration, volume flow  rate, and form o f fat 
administered) on food intake in rats. At the start o f  the dark period 
freely moving animals (n = 8-12 ) with a chronic cannula in the 
duodenum received a 2-h infusion o f  oleate (0, 7, 35, 90 or 180 
mM; 4 or 8 m l/h), and meal patterns w ere monitored for 19 h. In a 
similar experiment an ED 50 dose o f oleate was infused in the form  
o f  free oleate (62.5 mM ), triolein (20.8 mM ), or free oleate (41.7  
mM) plus monooleoyl-glycerol (20.8 mM ), the products o f  triolein 
digestion. Results'. Oleate inhibited З-h intake dose-dependently by 
decreasing meal frequency; 90 mM oleate suppressed feeding by 
about 75 % ; 35 mM oleate, by 25 %. Halving the infusion rate o f 90  
mM oleate (ED 80 dose) from 8 to 4 ml/h attenuated the response by 
about 50% . Free oleate (62.5 mM) inhibited З-h intake by about 
50%, while the same amount o f  oleate in the form o f  triolein or 
oleate plus monooleoyl-glycerol was without effect. Conclusion'. 
These results suggest that low  levels o f  duodenal oleate inhibit food 
intake, and that this effect appears to be load-dependent rather than 
concentration-dependent.

331.8
CEPHALIC PHASE ENERGY EXPENDITURE PREDICTS DIET 
INDUCED THERMOGENESIS IN HEALTHY SUBJECTS BUT 
NOT BULIMICS. R.M. Black. R. Katocs. S.H. Kennedy. A S Kaplan 
J.S. Allard. C.E, Greenwood , Dept. of Nutritional Sciences and Faculty of 
Medicine, University of Toronto, Toronto, Canada, M5S 1A8.

The cephalic phase of digestion represents the physiologic response to the 
sensory properties of a food, such as the taste or smell. Although increased 
insulin, gastric acid and salivary secretions have been reported, the effect of 
these responses on metabolism and energy expenditure (EE) remains 
unresolved. We assessed EE following consumption of a mixed 
macronutrient (liquid) meal (280 to 355 kcal) in 8 healthy women (age 20 
to 32) and 8 women suffering from Bulimia Nervosa. Groups did not differ 
in terms of age, height, weight, or body composition. Following a 14 hour 
fast and after a 60 min rest period, EE was assessed through an open circuit 
metabolic cart. At 11:00 am subjects consumed the test meal, the caloric 
content adjusted for each individual subject's metabolic rate. Oxygen 
consumption and C02 production were monitored for the next 90 min, the 
first 16 min representing the cephalic response, the remaining 74 min diet 
induced thermogenesis (DIT). The cephalic response was significantly 
correlated with DIT in healthy controls, r  =  0.91, /(7) = 3.76,/» < 0.05. 
However, there was no such correlation observed in the Bulimic patients, r  
= 0.39, t(7) = 1.03, n.s. Healthy subjects with a heightened cephalic 
response have a higher DIT, suggesting that the taste of a food may affect 
subsequent metabolism. However, these associations appear to be absent in 
patients with Bulimia Nervosa. (Support: Ontario Mental Health Found.)

331.10
ORAL AND POSTINGESTIVE CONTRIBUTIONS TO CONDITIONED FLAVOR 
PREFERENCES. Z.S. Warwick. R. Racine*, and H.P. Weingarten. Dept. of 
Psychology. McMaster University. Hamilton. Ontario L8S 4K1.

A flavor paired with real-fed glucose solution or with real-fed corn oil 
emulsion is preferentially consumed over a flavor paired with water. In real- 
feeding, however, both oral sensations and postingestive consequences of 
the solution/emulsion are experienced: either or both of these events may 
contribute to preference conditioning. To examine the role of oral sensations 
alone in flavor preference acquisition, rats sham-fed flavored water and either 
flavored glucose solution or flavored oil emulsion. Two-bottle preference 
testing (both flavors in water) indicated that sham-feeding glucose 
conditioned a flavor preference. Preference for a flavor paired with sham-fed 
emulsion was evident when flavors were presented in mineral oil emulsion 
but not when presented in water, indicating the importance of using 
appropriate probe stimuli to detect conditioned flavor preferences. A second 
experiment directly compared oral stimulation alone vs. oral plus 
postingestive stimulation in conditioning. Rats real-fed and sham-fed equal 
volumes of distinctively flavored solutions on alternate days; one group 
received glucose solution, another group received equi-caloric oil emulsion. 
In two-bottle testing, a flavor paired with sham-fed glucose was preferred by 
overnight food-deprived rats: in contrast, the same animals when sated 
showed no preference. A flavor paired with sham-fed oil was preferred 
irrespective of deprivation level. These findings highlight the importance of 
oral sensations in both acquisition and detection of conditioned flavor 
preferences.

Supported by NSERC.
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Mean Intake : : SEM  (ml) Durina Intestinal Infusion
0 .1 5M NaCI 
16 .9  ± 1.9

2 5 %  Mineral Oil 
14 .5  ± 1.7

2 5 %  Corn Oil 
4 .0  ± 1 .8 *

* p < 0 .01  by post hoc com parison.

The failure of mineral oil to decrease sham  feeding is evidence that oily 
texture is not an adequate stim ulus for satiety w hen oils are infused into 
the small intestine.

Support: The International Life Scien ces Institute, and NIH D K-38757(D G ).
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331.11
FOOD HOARDING IS INCREASED PROPORTIONATELY TO THE 
LENGTH OF A FAST IN SIBERIAN HAMSTERS.
A, D* Wood* and L. L. В artness. Depts. of Biology and of Psychology, 
Georgia State Univ., Atlanta, GA 30303.

Hamsters do not exhibit increases in food intake following a fast. In 
contrast, laboratory rats and most other species show a post-fast hyperpha- 
gia. It has been postulated that hamsters have evolved different means of 
coping with energy shortages -  food hoarding. The purpose of the present 
experiment was to test whether hamsters would increase hoarding follow
ing food deprivation and in proportion to the length of the fast. This was 
accomplished by testing male Siberian hamsters in a simulated burrow 
system. Hamsters were fasted for 16, 24, 32 or 56Һ followed by ad  libitum  
access to food. Color-coded food pellets (75mg) were given for each of 
the four days post-fast so that daily hoards were distinguishable. Hoard 
size increased incrementally with increasing hours of deprivation. The 
largest hoard occurred on the first day post-fast in all groups. Food was 
added to the hoard each successive day, but not enough to restore the 
original hoard size. Food was eaten from the hoard as well as from the 
new food supplied each day. Food intake was decreased for the 32 and 
56Һ fasted groups immediately following the fasts and eventually in
creased to baseline levels. Body weight decreased proportionately to the 
length of the fast and increased across the post-fast refeeding period. 
Therefore, upon re-exposure to food following food deprivation, hoarding 
increased, possibly due to the concomitant decrease in food intake or body 
weight. The mechanisms controlling these deprivation-induced changes in 
hoarding are under investigation currently.
Supported by NIMH RSDA MH 00841 and NIH DK 35254 to TJB.

331.13
COMPARISON OF FAT PAD WEIGHTS TO TOBEC-DERIVED TOTAL 
BODY FAT IN RATS. J, Stęngęr* »гцј„Çt Bigi»jew. School 
of Psychology, Univ. of Ottawa, Ontario, KİN 6N5,
Canada.

Total body electrical conductivity (TOBEC), model SA- 
2 (EM-SCAN Inc. Springfield, IL) was used to determine 
the percent body fat in 42 hooded rats. Critical to the 
accuracy of this measurement was the positioning of the 
animal (supine and flaccid) and the maintenance of a 
stable core body temperature (± 2°C). Innovar-vet (.2 
mg/kg) combined with midazolam (2.5 mg/kg) was 
administered in a single injection to rats ranging in 
weight from 215 to 505 g. Core body temperature was 
recorded before and after the TOBEC measurement was 
taken. Rats were then sacrificed and the epididymal and 
perirenal fat pads removed and weighed. The correlation 
between the weight of the fat pads (g) and the total 
body fat (g) as determined by TOBEC was .83. A small 
positioning effect was observed for younger (shorter) 
animals suggesting that it may be important to have the 
full length of the SA-2 measurement chamber occupied to 
produce the best correlation. It was weaker between 
percent fat pads (fat pad weight (g)/body weight (g) x 
100) and TOBEC-derived percent body fat (r=.69), 
probably due to the truncated range produced when fat 
pad weight is converted to a percentage of overall body 
fat. Five hundred grams approximates a maximum weight 
for TOBEC-derived measurements since rats of this size 
are the full length of the scanner chamber. Inclusion 
of data from smaller animals (<210 g) would probably 
serve to increase the range and strengthen the 
correlation.

331.15
EFFECTS OF TEMPORAL LOBE LESIONS ON FOOD INTAKE 
AND BODY WEIGHT IN FEMALE RATS. B, King*, H, 
Sam, E. Arceneaux, J. Kass, V. Cao, A. Benjamin, 
M.-G. Pampo, L. Simpson, A. Chao, J. Cook and
T. Carr. Dept. of Psychology, Univ. of New 
Orleans, New Orleans, LA 70148.

Many studies have found that lesions of the 
basolateral amygdala produce hyperphagia and 
obesity in cats, dogs, and primates. Attempts 
to replicate these results in rats have 
generally been unsuccessful. Recently, however, 
marked overeating and abnormal weight gain were 
observed in female rats given small electrolytic 
lesions in the posterodorsal aspects of the 
amygdala (King et al., Physiol. Bella v ., in 
press). In order to delineate the anatomical 
site for these effects, the present study com
pared the feeding behavior and body weight of 
female rats given either sham lesions or lesions 
centered in one of the following four areas:
1 ) the posterodorsal amygdala, 2) the antero- 
dorsal amygdala, 3) the basolateral amygdala, 
or 4) the ventral hippocampus. Basolateral and 
anterodorsal amygdaloid lesions had no effect 
on weight gain. Thè most effective lesions were 
centered in the most posterodorsal aspects of 
the amygdala and amygdalohippocampal area (mean 
weight gain of 50 g/20 days compared to zero 
weight gain in controls).

331.12
THE EFFECT OF PROTEIN DEPRIVATION ON PHYSICAL DEVELOP
MENT IN JUVENILE APLYSIA C.. Joan Estes. Steven Kurtz. Tom Capo1. 
Melissa Stanley and Jane Flinn*. George Mason University. Fairfax. VA*. 
Rosenthal School of Marine Science. University of Miami, FA1.

We have examined the effect of protein deprivation upon development in 
juvenile A plysia  c. by feeding them a low protein algae from 50 to 120-140 
days post-hatch. A subset of 12 of the deprived group (DEP), the largest 
and the smallest, were selected at 120 days post-hatch for histological 
analysis, and compared with 12 animals, from the same egg mass, raised on 
a normal diet. The 5 largest (LG) and 7 smallest (SM) hatch-mates were 
selected. The DEP group ranged from .19 to .92 gms and the hatch mates 
from .19 to 3.1 gms. The mean weight of both the DEP and the SM groups 
was .43 gms, the mean weight of the LG group was 2.7 gms. (A group of 
5 animals 90 days post-hatch, but of mean weight .41 gms (YG), was also 
examined.) The average size of the abdominal ganglion area, measured in 
the light microscope, was almost identical for the DEP, SM and YG groups, 
.22, .21 and .21 mm2 respectively, while the LG group had a mean value of 
.56 mm2. The average diameter of R2 has been determined for some of the 
animals, the results to date show that the value for the DEP and SM groups 
was almost identical, 70 p m  and 67 p m  respectively, while the value for the 
LG was 94 p m . These data show that, at least in terms of morphological 
features measured so far, the protein deprived group are remarkably similar 
to the small normal animals. This, together with work we and others have 
done on crowding, suggests that the range of size seen in animals of the 
same age may be due to differential feeding habits, possibly mediated by 
conspecifics.

331.14
DIFFERENTIAL FAT PAD MASS AND CELLULARITY RESPONSES 
IN SIBERIAN HAMSTERS WITH PARAVENTRICULAR NUCLEUS 
(PVN) LESIONS. M* M*. Mauer* and Ц L Bartness. Depts. of Biology 
and of Psychology, Georgia State Univ., Atlanta, GA 30303.

Siberian hamsters show impressive seasonal cycles in body weight, 
reflected primarily as alterations in body fat, in response to photoperiod 
changes. Long day-housed hamsters are at their body weight (fat) peak, 
whereas in short days, hamsters lose white adipose tissue (WAT) mass. 
This naturally-occurring decrease in body fat is fat pad-specific occurring 
first in the internal pads (e .g ., epididymal WAT [EWAT] and retroperito
neal WAT [RWAT]); depletion of lipid from peripheral pads (e .g ., ingui
nal WAT [IWAT]) is delayed. The purpose of the present experiment was 
to test whether fat pad-specific differences also would occur when lipid 
stores are increased above normal long day levels. This was accomplished 
by producing PVN lesions (PVNx) in half the male hamsters and sham 
surgery (SS) in the remainder. PVNx hamsters had greater body weight 
gains and food intakes across the 12wk experiment than SS animals. 
RWAT and I WAT pad mass were increased in PVNx versus SS hamsters 
(PVNx RWAT mass=180% of SS RWAT; PVNx IWAT mass=173% of 
SS IWAT); however, EWAT mass and cellularity were not different 
between the groups. RWAT in PVNx hamsters showed fat cell hypertro
phy, whereas IWAT exhibited fat cell hyperplasia. Thus, PVN lesion- 
induced obesity resulted in fat pad-specific changes in mass and cellulari
ty, rather than uniform responses in these WAT pads. The mechanism(s) 
behind these lesion-induced responses is unknown and is being investigat
ed currently.
Supported by NIMH RSDA MH 00841 and NIH DK 35254 to TJB.

331.16
EARLY PREDICTORS OF NATURAL FAT INTAKE AND SHIFTS AT 
PUBERTY IN FEMALE RATS. J.T. Alexander. S.M. Jamil. M. Xuereb, N. 
Gomez. K. Kimbro. R. Braunstein. G. Brennan* and S.F. Leibowitz. The 
Rockefeller University, N .Y ., N. Y. 10021, USA.

Female albino Sprague-Dawley rats (n=41) were raised on pure 
macronutrient diets (fat, protein and carbohydrate) from birth to 65 days o f age, and 
their nutrient intake and body weight were recorded daily. In addition, their intake 
of a sucrose (10%) solution on day 8 or a high-fat (Half & Half) solution on day 
11 was examined during a 10-min test following 5 hours o f deprivation. At 
maturity (day 65), these female rats were readily separated into two groups 
according to their preference for fat. The low-fat rats (LF), that consumed < 2 0  
Kcals fat/day, had a group mean o f 9.6 Kcals (13 % o f total diet), while the high-fat 
rats (HF), which consumed > 2 0  Kcals o f daily fat, averaged 28.6 Kcals (38% of  
total, p < 0 .01). (These groups were similar in their daily protein and total Kcal 
intake but were different in their carbohydrate intake, with 19.8 Kcals for LF and
11.1 Kcals for HF, p < 0 .05). Further analyses o f these HF and LF rats 
demonstrated that: 1) this group difference was evident as early as the first week 
after weaning (day 21), with the HF rats consuming greater fat (11.7 Kcals) than 
the LF rats (8.0 Kcals, p < 0.05); 2) the HF rats, but not the LF rats, exhibited a 
sharp rise in fat intake at puberty (around day 40), from 13.4 Kcals (23% o f total) 
before to 28.6 Kcals (38% of total) after puberty (p<0.01); 3) a significant 
correlation between early patterns o f fat intake and ingestion at maturity (day 65) 
was detected before puberty (by day 28) in the HF rats (r= + 0.42 , p < 0 .05) but not 
until after puberty (day 50) in the LF rats (r= + 0 .6 6 , p< 0 .01); 4) fat intake at 
puberty, and to a weaker extent at maturity, was correlated with preweaning 
appetite for sucrose (day 8) in both HF and LF rats (r= + 0.57 , p < 0.01); and 5) 
fat intake from weaning to maturity tended to be negatively related (r=-0.39) to 
preweaning ingestion o f Half & Half (day 11) in both groups.
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331.17
IM M U N O R EA C nVITY  FOR APOLIPOPROTEIN A-IV IN  
ASTROCYTES OF RAT BRAIN. K. Fukasawa. D. S. Knight*. K. 
A. Hamilton and P. Tso. Dept.of Physiol, and of Cell. Biol, and 
Anatomy, Louisiana State Univ. Med. Ctr., Shreveport, LA 71130.

Apolipoprotein (apo) A-IV is synthesized by the small intestine 
and has an anorectic effect, which may be mediated by the central 
nervous system. In the present study, a polyclonal antiserum was 
used to examine the distribution of immunoreactivity for apo A-IV  
in rat brain. Light microscopic examination of tissue sections 
labeled with horseradish peroxidase or fluorescent dye revealed 
labeled tanycytes and star-shaped cells distributed throughout the 
white and gray matter. The label was granular and it was 
concentrated in the perinuclear zone and in proximal regions of the 
cell processes. This granular labeling was abolished by absorption 
of the primary serum with purified apo A-IV, but not by absorption 
with apo E. In some sets of brain sections, hippocampal neurons 
were also labeled, but the labeling was not abolished by absorption 
with apo A-IV. When apo A-IV was visualized with peroxidase 
and glial fibrillary acidic protein was visualized with FITC, the star
shaped cells were double-labeled, indicating that they are 
astrocytes. These results suggest that apo A-IV  is synthesized by 
astrocytes or that apo A-IV which is synthesized in the small 
intestine or elsewhere is selectively taken up and stored by 
astrocytes. Supported by N IH  grants DK32288 (PT) and DC00300 
(KAH).

H O R M O N A L  C O N T R O L  O F  R E P R O D U C T IV E  B E H A V IO R : R E C E P T O R S

332.1
N EU R O N S  R ESP O N D IN G  T O  V A G IN A L -C E R V IC A L  STIM U LATIO N  
A L S O  CON TAIN  E S T R O G E N  R E C E P T O R S  IN R A T  P R E O P T IC  
A R E A , H YP O TH A LA M U S AND M IDBRAIN. M .J. Tetel*, D .C . 
Celentano, E.M . Berq and J .D . Blaustein. Neurosci. & Behav. 
Program, Univ. of M ass., Amherst, MA 01003.

Vaginal-cervical stimulation (V C S ), by mating or manual probing, 
increases the expression of Fos-immunoreactivity (Fos-IR) in neurons 
in the medial preoptic area (MPOA), medial bed nucleus of the stria 
terminalis (BSTM ), posterodorsal portion of the medial amygdala 
(MePD), ventromedial hypothalamus (VMH) and midbrain central gray 
(MCG) in female rats. The induction of Fos-IR suggests that these 
neurons respond to V C S .

To determine if these VCS-responsive neurons contain estrogen 
receptors, we used an immunofluorescent technique to label Fos and 
estrogen receptor-immunoreactivity (ER -IR ) in females receiving 
manual V C S  or controls receiving similar handling without V C S .

Few Fos-IR cells were observed in the control animals, and 
virtually none of these contained ER-IR . In dramatic contrast, most 
of the Fos-IR neurons in the BSTM  of animals receiving V C S  (82%) 
contained ER-IR . Also, high percentages of VCS-induced Fos-IR 
neurons contained ER-IR  in the MPOA (63%), MePD (62%), VMH 
(23%) and MCG (33%). These data suggest that there are 
populations of neurons in these neuroanatomical areas that respond 
to both, V C S  and estradiol. These neurons may integrate stimuli 
associated with copulation and steroid hormones.
(supported by NS 19327 from NIH and RSD A MH 00885 from NIMH)

332.3
AUTORADIOGRAPHIC LOCALIZATION OF CNS PROLACTIN RECEPTORS 
AND HYPOTHALAMIC LHRH IN THE SEX-ROLE REVERSED WILSON’S 
PHALAROPE. A.J. Fivizzani1*. M.E. El Halawani2. M.A. Ottinger3 and J.D. 
Buntin4. 1Biol. Dept., U. of North Dakota, Grand Forks, ND 58202,2Dept. of 
Anim. Sci., U. of Minnesota, St. Paul, MN 55108,3Dept. of Poultry Sci., U. of 
Maryland, College Park, MD 20742, 4Dept. of Biol. Sci., U. of Wisconsin, 
Milwaukee, Wl 53201.

In a few avian species such as the Wilson’s phalarope (Phalaropus tricolor), 
males provide all of the incubation and brooding of young. Plasma levels of 
prolactin (PRL), the hormone most associated with parental care in birds, are 
higher in incubating (INC) males than in females or non-incubating (NINC) 
males. Using in vitro receptor autoradiography, we measured 125l-ovine PRL 
binding activity in the brains of female phalaropes and INC and NINC males. 
Specific binding did not differ markedly between the sexes and was highest in 
the preoptic area, medial habenula, and the area below the nucleus tractus 
septomesencephalicus. Binding was also concentrated in the medial and 
lateral hypothalamus, nucleus taeniae, nucleus subrotundus, and choroid 
plexus. Although few statistically significant differences emerged when INC and 
NINC males were compared, specific binding in most PRL-sensitive brain 
regions tended to be higher in NINC males than in INC males, possibly 
because of increased occupancy by elevated endogenous PRL. By contrast, 
binding in the lateral septum and preoptic area tended to be higher in INC 
males. Immunoreactive LHRH was quantified from tissue punches from three 
hypothalamic areas. Levels were highest in the preoptic area of NINC males 
and lowest in INC males. As the preoptic area has been implicated in 
expression of parental behavior, this difference in PRL binding activity and 
LHRH content may be functionally significant. (Supported by MH 41447).

332.2
SYNTHESIS OF SUBSTANCE P IN PERIAQUEDUCTAL CENTRAL GRAY: 
CELLULAR COLOCALIZATION WITH RECEPTORS FOR ESTROGEN 
AND GLUTAMATE. T.R. Akesson*. C  Ulibarri. and Z. Cao. Dept of VCAPP, 
Washington State University, Pullman, WA 99164 

The sexually receptive posture, lordosis, depends on estrogen-modulated signals 
sent from the ventromedial nucleus (VMH) to the midbrain periaqueductal 
central gray (PAG) and surrounding reticular formation. Some of the VMH 
neurons that bind estrogen produce tachykinins; immunodetectable tachykinin is 
increases in the VMH in the presence of estrogen, and injections of substance P 
in the PAG facilitate lordosis. Recently, glutamate has also been proposed to be 
involved in the mediation of lordosis. To examine the PAG for sites of potential 
interactions, we have used autoradiography, immunohistochemistry, and in situ 
hybridization to visualize distributions of estrogen receptors, tachykinin peptide, 
and the glutamate receptor subunit, G luRl. The entire PAG was filled with cells 
expressing mRNA coding for G luRl. There was a large population of tachykinin- 
immunoreactive (TACir) neurons present at all rostral-caudal levels of the PAG 
and highest densities were found in the ventrolateral aspect. Colocalization of 
TACir and G luRl mRNA ranged from 25-40% throughout the PAG, coincidence 
being most common in the ventrolateral PAG. Estrogen receptive cells were not 
numerous in the anterior 2/3rds of the PAG but increased dramatically at the 
intercollicular level. Neurons binding estrogen were almost entirely restricted to 
the lateral and ventrolateral PAG and adjacent reticular formation. At inferior 
colliculuar levels, the distribution gradually shifted to a dorsolateral position. At 
these posterior levels of the PAG, 10-15% of TACir cells were estrogen receptive. 
These findings suggest that, glutamate release in the PAG may act together with 
substance P to stimulate lordosis, possibily through a GABAergic mechanism. 
Projections of the PAG TACir cells are unknown but the extensive coexistence 
with estrogen receptors suggests reproductive relevance. Supported by HD22869.

332.4
IMMUNOCYTOCHEMICAL EVIDENCE FO R NUCLEAR  
TRANSLOCATION OF A NDRO G EN RECEPTOR IN SNB 
MOTONEURONS. L.M. Freeman*. B A. Padgett & S.M. 
Breedlove. Dept. Psych. & Neurobiol. Group, Univ. Cal., Berkeley 
CA 94720.

In gonadally intact males, most (82%) motoneurons (M Ns) of 
the spinal nucleus of the bulbocavernosus (SNB) show strong 
androgen receptor (AR) immunostaining in the nucleus, but not 
the cytoplasm. In contrast, SNB MNs of long-term castrates 
display cytoplasmic staining and only 3% display nuclear staining. 
Testosterone could change the pattern of AR  immunostaining in 
two ways: 1) by inducing AR  expression or 2) by triggering 
translocation of existing cytoplasmic receptors to the nucleus. To 
examine the second of these possibilities we used the AR antibody 
μ g -21 (courtesy of G. Prins) to label SNB MNs of long-term 
castrates 15 min, 30 min and 8 hr after a 2 mg injection of 
androgen.

Long-term (4-week) castrate male rats were injected, sacrificed 
and processed for immunocytochemistry. Rats in the 15 and 30 
minute groups were injected intravenously with testosterone; rats 
in the 8 hr group were injected subcutaneously with testosterone 
propionate. 93% of MNs in the 8 hr group, 85% in the 30 min 
group and 2% in the 15 min group showed nuclear 
immunostaining. Thus, the time course of change in the pattern 
of immunocytochemistry does not allow a definitive rejection of 
either hypothesis. (Supported by NIH grant #  NS28421)
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332.5
A N DRO G EN RECEPTOR-LIKE IMMUNOREACTIVITY IN 
THE RAT SPINAL NUCLEUS OF THE BULBO- 
CAVERNOSUS. B. A. Padgett*. L. M. Freeman. G. Prins. S. M. 
Breedlove. Depts. Neurobiology and Psychology, U . Cal., Berkeley, 
CA 94720, and Dept. O B /G Y N , U. Illinois, Chicago, IL 60616.

W e used rabbit antisera generated against the androgen 
receptor (AR) to identify its location in the spinal nucleus of the 
bulbocavernosus (SNB) of wild-type male and female rats, 
gonadectomized males, affected Tfm males, and females injected 
with testosterone (T) 8 hour prior to sacrifice. The animals were 
overdosed and perfused with saline and paraformaldehyde. We 
cross-sectioned the spinal cords at 50 μιη and incubated them  
with the primary antibody, later visualized with ABC reagents and 
DAB. We then counterstained the sections with Neutral Red. An 
investigator counted the percentages of motoneurons displaying 
reaction product within their nuclei. Wild-type males had 82%, 
and females 40% AR-positive SNB motoneuron nuclei. The Tfm 
and castrate males possessed 1% and 3%, respectively, while the 
females with T had 51% nuclear-staining motoneurons. Because 
preabsorption of the Ab with the immunizing peptide prevented 
nuclear staining, but preabsorption with another AR  peptide did 
not, and because the pattern of AR-ir in the spinal cord agrees 
with results of steroid autoradiography, the antisera appears to 
provide a reliable indicator of AR distribution in this system.

Supported by NIH grant #NS28421.

332.7
AUTORADIOGRAPHIC LABELING OF PREOPTIC AREA (POA) CELLS 
IN PREPUBERTAL AND POSTPUBERTAL MALE FERRETS AFTER IN 
VIVO INJECTION OF 3H-ESTRADIOL. C.L. Sisk*. Neuroscience Prog. & 
Dept. o f  Psychology, Michigan State Univ., East Lansing, MI 48824.

Pubertal maturation o f  male ferrets is characterized by an increase in 
sensitivity to the activational effects o f  testosterone (T) on reproductive 
behavior. Low doses o f  T that activate male sexual behaviors in castrated 
adult ferrets do not do so in castrated prepubertal ferrets. This experiment 
tested the hypothesis that an increase in binding o f  steroid hormone within 
target cells in behaviorally important brain areas mediates the pubertal 
increase in sensitivity to activational effects o f  T. Since estradiol (E) 
derived from intracellular aromatization o f  T mediates many o f  the central 
behavioral actions o f  T, brain target cells for E were identified in pre- and 
postpubertal ferrets using steroid autoradiographic techniques after in vivo 
injection o f  2,4,6,7,16,17-3H-E (62 pCi/100g b.w.; 2 hr post-injection 
survival time; slides developed after 2 yr in the dark). Reduced silver grains 
were quantified over cells and cell-sized areas o f  neuropil (background).
The number o f periventricular POA cells over which there were >3 times the 
number o f  background grains was significantly greater in postpubertal ferrets 
compared to prepubertal ferrets (p<0.05). The POA is a critical component 
o f  the neural circuitry mediating the expression o f  male sexual behavior. 
These results indicate that increased ability o f  target cells to bind steroid 
hormone is correlated with the enhanced sensitivity to behavioral actions o f  
T characteristic o f  postpubertal ferrets. Supported by HD26483 and 
HD00950.

332.9
ANDROGEN AND ESTROGEN RECEPTORS COEXIST WITHIN 
NEURONS OF THE LIMBIC SYSTEM IN THE SYRIAN HAMSTER. 
R. L Wood* and S. W. Newman. Reproductive Sci. Prog., Dep't of 
Anatomy & Cell Biology, Univ. o f Michigan, Ann Arbor, MI 48109.

Many aspects o f reproductive neuroendocrine function and sexual 
behavior are responsive to both androgens and estrogens, suggesting that 
receptors for these steroid hormones may reside within single cells in 
brain regions that control reproductive function. We determined the 
distribution of estrogen receptor (ER)-containing neurons in 40-um 
coronal brain sections in gonadectomized, DHT-treated male and female 
Syrian hamsters using the H222 ER antibody (10 ug/ml; Abbott Labs).· 
Subsequently, we colocalized ER with androgen receptors (AR) using 
the μ g -21 AR antibody (0.5 ug/ml; G. S. Prins). In males and females, 
ER distribution was similar to that reported previously for AR in hamster 
brain (Brain Res, in press). ER were more numerous in the arcuate 
nucleus o f the hypothalamus (ARC), but AR>ER in the ventral 
premammillary nucleus (PMV) and lateral septum (LS). Using double 
immunoperoxidase staining for AR and ER, substantial colocalization of 
AR and ER was observed in males and females in brain regions that 
contain numerous AR and ER neurons, including the medial preoptic 
area, bed nucleus o f the stria terminalis, ventromedial nucleus of the 
hypothalamus, and medial amygdala. This was confirmed and quantified 
using laser scanning confocal microscopy with fluorescent secondary 
antibodies. In regions where AR and ER do not overlap significantly 
(i.e. PMV, LS, ARC) little colocalization was observed. These data 
suggest the potential for androgens and estrogens to influence neuronal 
function within individual steroid receptor-containing neurons o f the 
hamster limbic system. Supported by NIH (NS-20629, HD-07514).

332.6
ANDROGEN RECEPTOR IMMUNOCYTOCHEMISTRY IN PREPUBERTAL 
FERRET BRAIN FOLLOWING CASTRATION AND STEROID 
REPLACEMENT. M.L. KASHON*, M.J. HAYES. P.P. SHEK & C.L. SISK, 
Neuroscience Program and Department o f Psychology, Michigan State 
University, E. Lansing, MI 48824.

Previous studies in our laboratory have shown an increase in the number o f  
androgen receptor-immunoreactive (AR-IR) neurons in specific regions o f the 
ferret brain following pubertal maturation. This study investigated the possibility 
that increasing the level o f  circulating testosterone (T) in prepubertal ferrets 
would result in an adult-like distribution o f AR-IR cells. Nine-wk-old 
prepubertal male ferrets were castrated or remained gonadally intact. Beginning 
at 10 wk o f age, castrated ferrets received daily sc injections o f either T 
(5mg/kg), dihydrotestosterone (DHT; 5mg/kg), estradiol (E; 10μg/kg) or oil 
vehicle for 10 days. Immunocytochemistiy for AR was performed with anti-AR 
(μ g 21 obtained from G. Prins) using standard procedures. The number o f AR- 
IR cells within a 125 pm2 area in the preoptic area and in the hypothalamic 
ventromedial nucleus was counted under bright-field microscopy. The effects o f 
castration and steroid replacement were similar in both structures. Castration 
resulted in a decrease in the number o f AR-IR cells compared to intact animals. 
Both T and DHT replacement restored the number o f AR-IR cells to that seen in 
intact animals, and staining intensity in androgen-treated castrates appeared 
greater than that in intact ferrets. The number o f AR-IR bells in E-treated 
castrates was not different from that seen in oil-treated castrates. While these 
results do not exclude the possibility that expression o f AR in brain cells is 
increased in postpubertal ferrets, they do indicate that the presence o f androgen 
enhances AR immunoreactivity, and that the increased numbers o f AR-IR brain 
cells observed in postpubertal ferrets may be due to the higher levels of 
circulating T at that maturational stage. Supported by HD26483 and HD00950.

332.8
HYPOTHALAMIC ESTROGEN RECEPTOR-IMMUNOREACTIVITY 
(ER-IR) IN JUVENILE VS. ADULT FEMALE GUINEA PIGS. D.H. 
Olster*. Psychology Department, University of California, Santa 
Barbara, CA 93106.

Juvenile guinea pigs rarely display steroid-induced lordosis. In 
v itro  radioligand binding assays have revealed similar levels of 
estrogen receptors (ERs), but lower concentrations of estradiol- 
induced progestin receptors (PRs) in the hypothalamus of juvenile, vs. 
adult females. Studies using PR immunocytochemistry (ICC) have 
shown this age difference in estradiol-induced PRs to be in the arcuate 
nucleus (ARC, Olster and Blaustein, 1991). This experiment employed 
ICC to ascertain whether juveniles, as compared to adults, have lower 
levels of ERs in several hypothalamic regions. Hartley females were 
ovariectomized at 11 days or 6 weeks of age (n=4-5/group). Six days 
later, they were perfused, and their brains processed for ER ICC, using 
the Abbott Laboratories H222 anti-human ER antibody. There were 
no significant age differences in the staining intensity or number of 
ER-IR cells in representative sections from the rostral, mid-, or caudal 
ARC, or in the caudal ventrolateral hypothalamus (VLH). However, 
in the rostral VLH, a behaviorally relevant site of estradiol action in 
adults (Delville and Blaustein, 1991), juveniles had significantly fewer 
ER-IR cells than adult females (440 ±  26 vs. 626 + 26, p < 0.01). These 
data are consistent with the hypothesis that a lack of ERs in the rostral 
VLH may contribute to the inability of juvenile females to display 
sexual receptivity in response to gonadal steroid hormones.
(Supported by NIH HD 23483 and the UC Academic Senate.)

332.10
LOCALIZATION AND HORMONAL REGULATION OF ANDROGEN 
RECEPTOR (AR) AND AR mRNA IN THE PREOPTIC ARE A OF THE MALE 
RAT. R.J.Handa*. R.F. McGivem. J.E. Kerr. L.L. DonCarlos. D. Stancik. and
M.R. Bollnow Depts. o f Cell Biol., Neurobiol., and Anat. and Pharmacology, 
Loyola Univ., Chicago, and Dept. o f Psychology, San Diego St. Univ.

We have begun a series of studies examining the regulation o f AR in brain areas 
involved in male reproductive behavior. Using immuno cytochemistry and in situ 
hybridization histochemistry, we have mapped AR and AR mRNA containing cells 
in the preoptic area and bed nucleus o f the stria terminalis (BNST). 
Immunocytochemistry was performed using the μ g -21 antibody to rat AR (provided 
by G. Prins). In situ hybridization was accomplished using a 3SS-labelled cRNA probe 
complementary to nucleotides 963-1104 o f rat AR mRNA. In intact male rats, AR 
and AR mRNA containing cells were found in high density in the anteroventral 
periventricular n. and die medial preoptic n.(MPN), particularly in the central 
component. High levels o f AR and AR mRNA were also detected in BNST, 
particularly the principal n. Using quantitative autoradiography, we examined the 
regulation o f AR mRNA in these brain areas. Four days following castration AR 
mRNA in the MPN and BNST increased to 140% o f that detected in intact animals. 
However, 2 months after castration, AR mRNA levels had decreased to 57 % o f intact 
values (p<0.02). Treatment of the long-term castrated animals with either estradiol 
or dihydrotestosterone for 2 weeks prior to sacrifice increased AR mRNA to that o f 
the intact male. In contrast, adjacent sections processed for estrogen receptor (ER) 
mRNA showed increases in ER mRNA density in the MPN and BNST at both 4 days 
and 2 months after castration. These data demonstrate that the AR gene may be under 
both positive and negative regulation by ligand. The timecourse o f changes in AR 
mRNA are specific for this steroid hormone receptor and correlate with changes in 
the ability o f testosterone to promote male reproductive behaviors.
Supported by: NSF BNS-9109226, NIH AA08696, AA06478 and MH48794.
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332.11
E F F E C T  O F  A N T IS E N S E  D N A  F O R  P R O G E S T E R O N E  R E C E P T O R  
m R N A  O N  P R O G E S T IN  B IN D IN G  IN  M O U S E  B R A IN . Sonoko 
Ogawa*, H. E. Brown, and D. W. Pfaff. The Rockefeller University, New 
York, NY 10021.

Administration of antisense DNA for progesterone receptor (PR) mRNA 
to the ventromedial nucleus of hypothalamus (VMN) reduces lordosis 
behavior in female rats paralleled by decreased PR immunoreactivity (Soc. 
Neurosci. Abst. 18: 893, 1992). In mice, binding of progesterone (P) to PR 
might be important for modulation of sexual and aggressive behaviors, and 
we established specific cytosolic P binding in mouse hypothalamus. We then 
examined estrogen induction of PR mRNA induction in female mouse brain 
by in situ  hybridization. Induction of PR mRNA was first detected at 6Һ after 
ΙΟμξ of estradiol benzoate (EB) injection in ovariectomized mice (Swiss 
Webster) in mediobasal hypothalamus (MBH: ventromedial and arcuate 
nuclei) and medial preoptic area (MPOA). PR mRNA levels greatly 
increased at 12-24Һ after EB injection. We then tested whether microinfusion 
of antisense DNA for PR mRNA aimed dorsal to the VMN could reduce 
cytosolic P binding specifically. 12h after EB injection, ovariectomized mice 
were bilaterally infused with either antisense DNA (15mer oligonucleotides 
spanning the translation start site of mRNA of PR В form) or control reagents 
(scrambled control sequence oligonucleotides, vehicle, or none). At 48Һ after 
EB injection, P binding was measured in MBH, MPOA, and cerebral cortex. 
Compared to the control group, the antisense DNA group had less P binding 
in the MBH tissue (pcO.Ol), and was similar to ovariectomized mice. In 
contrast, antisense and control groups had similar P binding in MPOA, higher 
than the ovariectomized group (pcO.Ol). Levels of P binding in the cortex 
were not different among groups. Thus, in mice, estrogen increases both PR 
mRNA and PR protein in MBH and MPOA, and P binding can be 
manipulated by local administration of antisense DNA for PR mRNA.

332.13
ESTROGEN REGULATION OF PREPROENKEPHALIN-A AND б-OPIOID 
RECEPTOR mRNAs IN THE RAT HYPOTHALAMUS. C. A. Priest*. C. J. 
Evans, B. Anton and P. E Micevvch. Depts. of Anatomy & Cell Biology and 
Psychiatry & Biobehavioral Science, Laboratory o f Neuroendocrinology, Brain 
Research Institute, UCLA School o f Medicine, Los Angeles, CA 90024-1763.

Reproductive behavior in the female rat has been correlated with estrogen 
regulation o f endogenous opioid circuits in the mediobasal hypothalamlus (MBH). 
Estrogen up-regulates preproenkephalin-A (PPE-A) mRNA in the ventromedial 
nucleus o f the hypothalamus (VMH). However, the behavioral significance of this 
regulation is unclear; conflicting reports have suggested both stimulatory and 
inhibitory roles for enkephalins (ENK) in the regulation o f lordosis behavior in the 
VMH. In the characterization of other reproductively relevant systems, it has been 
useful to examine the steroidal regulation of neuropeptide and receptor expression. 
Thus, to determine how the MBH enkephalinergic circuit is modulated by estrogen, 
in situ hybridization (ISH) was used to examine changes in the cellular distribution 
of PPE-A and δ-opioid receptor (DOR-1) mRNAs in the VMH and arcuate nucleus 
(ARC). Adult, ovariectomized Long-Evans rats were injected with 50 jag estradiol 
benzoate (EB) and, at the time o f injection, or 1, 2, 4, 12, 24, 36, 48, 72 or 96 
hrs later, were processed for ISH. PPE-A mRNA was localized to neurons of the 
VMH and ARC using an 35S-labelled single-stranded cRNA probe complementary 
to the entire coding sequence o f the PPE-A mRNA (gift from Drs. Yoshikawa and 
Sabol, NIH, Bethesda, MD). DOR-1 mRNA was identified using a 35S-labelled 
riboprobe obtained from a PCR-generated cDNA to the entire coding sequence of 
the DOR-1 mRNA. The numbers o f PPE-A mRNA cells in the VMH and ARC 
were increased 1 hr after EB treatment, with peaks occurring at 24 and 48 hrs after 
EB. Estrogen also up-regulated DOR-1 mRNA levels in the VMH and ARC. 
These results suggest that there is a coordinated regulation by estrogen of the genes 
that encode ENK and DOR-1 in the VMH and ARC. Supported by NS21220.

332.12
HIGH-AFFINITY BINDING SITES FOR CORTICOSTEROIDS IN 
MAMMALIAN BRAIN MEMBRANES. M. Orchinik*. D.M . Witt 
and B.S. McEwen. Lab. of Neuroendocrinology, Rockefeller 
University, New York, NY 10021 and NIMH/NIH AC, Poolesville, 
MD 20837 (D.M.W).

Steroids can alter behavior through interaction with well- 
characterized intracellular receptors and through direct actions on 
neuronal membranes. Previous studies have described high-affinity 
receptors for corticosterone (CORT) in neuronal membranes from 
amphibian brains, but not from mammalian brains. Using prairie 
voles (M icro tu s  o ch ro g a s te r ) , we find that [3H]CORT binds to a single 
population of high-affinity (Қ, =  6.5 nM), low capacity ( B ^  <  100 
fmol/mg protein) binding sites in membrane preparations from male 
and female brains. Near the Қ,, specific binding represents 75% of 
total binding. Similar to CORT receptors in amphibian brain 
membranes, the binding sites are highly specific for endogenous 
corticosteroids; aldosterone and dexamethasone are poor competitors. 
The neuroanatomical distribution of these binding sites also differs 
from that o f intracellular corticoid receptors. In contrast to prairie 
voles, we have not been able to identify high-affinity pHjCORT 
binding sites in neuronal membranes from Sprague-Dawley rats. We 
hypothesize that these CORT binding sites may play a role in the 
social regulation of reproductive behavior in prairie voles. (Supported 
by MH 41256)

332.14
ESTROGEN REGULATES GLUTAMATE RECEPTOR SUBUNIT GluRl 
mRNA IN THE HYPOTHALAMIC VENTROMEDIAL NUCLEUS OF THE 
RAT. C. Ulibarri* and T.R. Akesson. Dept of Vet & Comp Anatomy, 
Pharmacology, & Physiology, Washington State University, Pullman, WA 99164.

Glutamate has been recently implicated in hypothalamic processes that 
regulate reproductive functions. Of the seven known receptor subtypes of non- 
NMDA glutamate receptors, expression in the ventromedial nucleus (VMH) is 
mainly restricted to the G luRl and GluR2 subtypes. We have used in situ 
hybridization to test for a GluRl mRNA response to alterations in circulating 
levels of estrogen. Female Long-Evans rats were ovariectomized and one wk later 
were given a single injection of either 0 or 10 μg estradiol (E2). Rats were killed 
by transcardial perfusion with aldehyde fixative either 1, 24, or 48 hr after E2 
injection. After cryoprotection, 30 џт  coronal section were collected and 
processed for in situ hybridization histochemistry. An antisense 2.8 kb riboprobe 
was transcribed in the presence of 35S-UTP from a cDNA insert in pBKS (gift of 
Molecular Neurobiology Laboratory, Salk Institute). No hybridization was 
observed when RNAse-treated tissue or a sense riboprobe was used. Labelled 
cell were visualized with emulsion autoradiography. Numbers of cells containing 
G luRl mRNA were counted in representative fields in the ventrolateral part of 
the VMH (VMHvl).

Numbers of cells were increased 1 hour after the injection of E2 compared 
to controls. In females killed 24 hours after injections, numbers of labeled cells 
increased further still. In females killed 48 hours after injections, however, the 
population of G luRl cells declined to numbers seen in ovariectomized females. 
We conclude that estrogen regulates glutamate receptors in the VMHvl over a 
time course that suggests a different mechanism than the transitory inhibition that 
has been reported to occur within minutes after an injection of glutamate in the 
VMH. Supported by HD22869.
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333.1
DIFFERENTIAL DISPLAY PCR IDENTIFIES ALTERED 
PREFRONTAL CORTEX GENE EXPRESSION DURING  
A M P H E T A M IN E  W IT H D R A W A L  A .M .P e r s ic o 1* .
D-J-Vandenbergh1. G.R. Uhl1,2. 1M o l. N e u ro b io l. , A R C , N ID A , N IH  
&  2D e p ts . N eu ro l. &  N sc i. J H U S M , B o x  5 1 8 0 , B a lt im o re , M D  2 1 2 2 4  

The prefrontal cortex shows prominent alterations in transcription 
factor gene mRNA expression during amphetamine (A) withdrawal. To 
identify additional genes whose expression is altered following A 
withdrawal, we have used the differential display PCR (DDPCR) 
technique that can sensitively detect altered expression o f even rare 
mRNAs. PCR used a 14 base oligo-dT and several 10 base primers to 
amplify single-stranded cDNA reverse-transcribed from RNA from 
prefrontal cortex o f rats sacrificed 1-54 h after 2 weeks treatment with
7.5 mg/kg A or saline (S). Intensities o f more than 90% of the 
products o f each DDPCR were similar in A and S animals. Bands 
differing in intensity in one reaction also differed in 3 other identical 
reactions. These bands were subcloned and differences in their 
expression were further characterized by Northern blot analysis. 
Sequencing o f several o f these cDNAs reveal novel sequences with no 
significant identity to any GenBank sequence. DDPCR can identify 
novel gene products whose expression is altered during drug treatment.

333.2
QUANTIFICATION OF DOPAMINE D1 AND D2 RECEPTOR AND 
DOPAMINE TRANSPORTER mRNA LEVELS DURING THE DEVELOP
MENT OF BEHAVIORAL SENSITIZATION IN AMPHETAMINE TREATED 
RATS. N. Richtand. P.S. Seaal*. R. Kuczenski. and J. Kelsoe. San Dieao 
Veterans Affairs Medical Center and Department of Psychiatry. University 
of California. San Dieao School of Medicine. La Jolla. CA 92093-0603 

Although several lines of evidence suggest a central role for dopaminergic 
neurons in the development of behavioral sensitization, the precise mecha
nisms underlying these enduring behavioral changes have not been deter
mined. We have used a sensitive and specific ribonuclease protection 
assay to quantify regional levels of mRNA coding for the dopamine D1 and 
D2 receptors and the dopamine transporter in male Sprague-Dawley rats. 
Levels of expression were normalized to cyclophilin. In control rats, 
expression of D1 mRNA was highest in the caudate, with substantial 
expression also seen in nucleus accumbens (46% of caudate) and lower 
levels in substantia nigra/ventral tegmentum (SV/VTA) (7% of caudate). In 
contrast, expression of D2, which was also highest in caudate, was higher 
in SN/VTA (31% of caudate) than accumbens (17% of caudate). Dopamine 
transporter mRNA showed high levels of expression in SN/VTA, with lower 
levels found in hypothalamus (14% of SN/VTA). Animals were monitored in 
behavioral chambers during SQ treatment with saline, acute (single 
injection of 2.5 mg/kg) or chronic amphetamine (5 days of 2.5 mg/kg per 
day). Levels of D1, D2, and cyclophilin mRNA in caudate were not 
significantly affected by treatment, and were not correlated with observed 
behavioral changes in individual animals. Levels of dopamine transporter 
mRNA are currently being measured in amphetamine treated animals in 
SN/VTA and hypothalamus.
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333.3
EFFECTS OF REPEATED EXPOSURE TO AMPHETAMINE (AMPH) ON 
DOPAMINE (DA) TRANSPORTER AND DA AUTORECEPTOR FUNCTION 
Richard Nassar*. Corrine В. Tyler, and Matthew P. Galloway. Cellular & 
Clinical Neurobiology, Wayne State Univ Sch Med, Detroit, Ml 48202 USA 

Repeated treatment with psychomotor stimulants such as cocaine 
or amphetamine produces selective behavioral and neurochemical 
alterations in dopaminergic neurons. The activity of the DA transporter (DAT) 
was measured in vitro in striatal slices obtained from rats treated repeatedly 
with AMPH (2mg/kg, x10 days staggered, 4 or 10 d withdrawal). DAT 
efficacy, measured as the ability of AMPH (0.1-3 μМ) to release endogenous 
DA from striatal slices, was significantly (F1.6=95, p<0.01) increased 
("sensitized") in slices obtained from animals after 10, but not 4, days of 
washout. In contrast, the efficacy of cocaine (measured as the ability of 
AMPH to reverse 1 μМ cocaine) was increased after a 4, but not 10, day 
drug holiday. To examine the effects of chronic AMPH on synthesis- 
modulating DA autoreceptors in vivo, the ability of quinpirole (3-300 μg/kg) 
to reverse the GBL-induced increase in DOPA accumulation was measured 
in rats treated with escalating doses of AMPH (1-10 mg/kg, x30 days, 8 
days off). In the nucleus accumbens and striatum (but not olfactory 
tubercles), the dose response (% GBL control) to quinpirole revealed a 
significant (p<0.05) increase in autoreceptor responsivity. The results 
suggest that increased efficacy of DAT, and potential alterations in synaptic 
levels of DA, may precede the increase in DA receptor sensitivity.
Supported by DA 04120 and the Michigan Dept of Mental Health.

333.5
FDOPA-PET STUDIES SHOW NEUROTOXIC EFFECTS OF LOW-DOSE 
AMPHETAMINE IN MONKEYS. W.P. Melega*. D .C  Yu. M.J. Raleigh, 
S.C. Huang. M.E. Phelps. Departm ent o f Pharm acology, UCLA Sch.of 
Med. Los Angeles, CA 90024, USA.

Presynaptic dopaminergic m echanism s in primates have been studied  
w ith  6-[18F]fluoro-L -D O PA  (FDO PA) and  p o sitro n  e m iss io n  
tomography. In these studies w e have conducted longitudinal FDOPA- 
PET studies in low -dose am phetam ine treated m onkeys to characterize 
temporal changes in the striatal dopam ine system  at short and long term- 
w ithdraw al periods after acute am phetam ine. A d ult m ale m onkeys  
(green vervet, 6-8kg; n = 3,) received a pre-drug FDOPA-PET scan, 
follow ed by 1 day of 4 m g /k g  amphetamine (2 inj. of 2 m g /k g , i.m .) The 
m onkeys acutely exhibited stereotypies that included v isual checking, 
tracking, and hypersensitiv ity  to environm ental stim uli. Post-drug  
FDOPA-PET studies (1 wk, 1 month) were conducted; FDOPA protocols 
included carbidopa pretreatment, injection of 5-7 mCi FDOPA (sp. act. 1- 
2 С і/m m o l), plasm a m etabolite analysis and 120 m in of scan time. 
Parametric images of the FDOPA uptake rate constants (K3; m L /m in /g )  
were generated by Patlak analysis w ith the use of the cerebellum  as the 
reference region and the FDOPA plasm a curve as the input function. 
ROIs drawn on controls were transferred onto the corresponding post
drug im age after registration of the tw o data sets. Post-am phetam ine 
FDOPA-PET scans show ed marked decreases(40-60% of control) in the 
K3 values that persisted for at least 1 month. These results indicate that 
FDOPA-PET can dem onstrate tem poral lo ss  of striatal dopam ine  
function consequent to acute amphetamine. Although decreases in total 
decarboxylase activity are apparent throughout the tim e course of the 
study, long-term behavioral or m otor deficits w ere not observed.

333.7
STRESS-INDUCED C-FOS EXPRESSION IS ENH ANCED  
IN AMPHETAMINE SENSITIZED RATS 
T.Hamamura. Y.Ichimaru* and H.CFibiger. Division of  

Neurological Sciences, Department of Psychiatry, University of 
British Columbia, Vancouver, B.C., Canada V6T 1Z3 

Chronic administration of amphetamine (AM PH) can produce 
a syndrome that strongly resembles idiopathic psychosis m  
humans. There is also evidence that former AMPH-induced 
psychosis patients are particularly vulnerable to psychotic 
relapse upon exposure to psychological stress or acute re
exposure to the drug. Fos immunoreactivity (Fos-IR) is 
considered to be a useful mapping technique to identify 
activated neurons. The present study examined the effect of 
chronic AMPH treatment on c -fo s  expression induced by 
conditioned fear stress. Rats received footshock in a 
conditioning box 30 min/day for 3 days. Three days after the 
last foot shock, rats received injections of AM PH (4 m g/kg i.p. 
once every other day, 8 times in total) or sahne (same schedule 
as AMPH). After 14 days of drug abstinence, rats were placed 
in the conditioning box without footshock. Conditioned fear 
stress induced significantly more Fos-IR in prelimbic cortex, 
claustrum, nucleus accumbens shell and ventral lateral septum  
o f AMPH pretreated rats than in controls. These results 
demonstrate that AMPH sensitization has long lasting 
consequences with respect to áibsequent effects of psychological 
stress.

333.4
ENVIRONMENTAL ENRICHMENT DECREASES THE SENSITIVITY OF 
DOPAMINE AUTORECEPTORS IN RAT NUCLEUS ACCUMBENS. L.P. 
Dwoskin, A.L. Jewell, S.T. Buxton. M. Bradley and M.T. Bardo*. 
College of Pharmacy and Department of Psychology, University of 
Kentucky, Lexington, KY 40536.

Previous evidence from our laboratory indicates that rats raised in an 
enriched condition (EC) are more sensitive to the locomotor stimulant 
and rewarding effects of amphetamine compared to rats raised in an 
isolated condition (1C). To determine if these behavioral differences 
reflect alterations in dopamine (DA) function, the present study 
assessed electrically-evoked DA release from superfused nucleus 
accumbens and striatal slices obtained from EC and 1C rats. 
Dihydroxyphenylacetic acid (DOPAC) overflow evoked by electrical 
stimulation (15, 60 or 300 pulses, 1 Hz) was not different between EC 
and 1C rats, indicating no inherent differences in the releasable pool of 
DA in either accumbens or striatum. In separate experiments, nucleus 
accumbens and striatal slices were superfused with the DA 
autoreceptor agonist, pergolide (0.01 - 100 nM), and the pergolide- 
induced inhibition of electrically evoked DA release was assessed. 
Results demonstrated a lesser response to low concentrations of 
pergolide in accumbens from EC compared to IC rats, whereas no 
differences were observed in striatum. Furthermore, in both EC and IC 
rats, the nucleus accumbens was more sensitive to the inhibitory effect 
of pergolide than was striatum. The results indicate that DA 
autoreceptor sensitivity was decreased by environmental enrichment, 
but only in the nucleus accumbens. (Supported by NIDA 05312 and 
NIDA 06924.)

333.6
EFFECTS OF SEROTONIN2 ANTAGONISTS ON DOPAMINE AND 5- 
HYDROXYTRYPTAMINE METABOLISM IN RAT BRAIN AREAS.
B.A. McMillen*. H.L. Williams and R. D. Mvers. Dept. Pharmacol., Sch. 
of Medicine, East Carolina Univ., Greenville, NC 27858.

Amperozide is a novel serotonin2 (5HT2) receptor antagonist which 
decreases consumption of both alcohol and cocaine by rats. Amperozide 
causes a modest increase in brain extracellular dopamine (DA) concentra
tions, but potently inhibits (+)-amphetamine induced release of DA. 
Amperozide was compared to other 5HT2 antagonists for interactions with 
DA and 5HT metabolite concentrations and the ability of amfonelic acid 
(AFA) to mobilize the DA storage pool. Striatal and prefrontal cortex 
concentrations of DA, DOPAC, HVA, 5HT and 5HIAA were measured by 
HPLC. Amperozide (0.5 to 2.5 mg/kg s.c.) exhibited a dose response 
related decrease in striatal DOPAC, an increase in HVA, and a decrease in 
5HIAA concentrations. Ritanserin, mianserine and trazodone did not 
produce these effects. Amperozide neither inhibited nor added to the syner
gistic effect of haloperidol and AFA on DA metabolism, but the other 5HT2 
antagonists significantly increased DA metabolism beyond the AFA- 
haloperidol combination in both the striatum and prefrontal cortex. These 
results suggest that amperozide does not interact with the mobilization of 
DA, but the other 5HT2 antagonists enhance mobilization of DA from 
storage pools. Therefore, although each of these drugs is a potent 5HT2 
antagonists, amperozide has an additional property that causes different 
effects on the monoaminergic systems. The CNS site of action of 
amperozide that is over and above its 5HT2 antagonism remains unclear. 
(Supported by USPHS grant AA 04200)

333.8
ENHANCEMENT OF THE COMPOUND ACTION POTENTIAL RECORDED 
FROM THE COCHLEAR NUCLEUS OF THE RAT FOLLOWING 
ADMINISTRATION OF D-AMPHETAMINE AND APOMORPHINE. E. G. 
Meloni & M, Davis* Dept. of Psychiatry, Yale Univ. Sch. Med., New Haven, CT.

Repeated administration of amphetamine can lead to sensitization of a variety of 
behaviors, including the acoustic startle response (Kokkinidis & MacNeill, 1982). 
Furthermore, it has been suggested that dopamine agonists such as d-amphetamine 
and apomorphine may ultimately increase acoustic startle by influencing 
transmission at the sensory side of the acoustic startle pathway (Davis et al., 1986). 
In particular, these drugs may alter transmission at the level of the cochlear nucleus 
itself or even before the cochlear nucleus (e.g. at the cochlea). The present study 
sought to examine this possibility by testing the effects of d-amphetamine and 
apomorphine on the compound action potential recorded from the cochlear nucleus in 
awake rats.
Animals were given a one week sensitization period where they received 4 mg/kg d- 

amphetamine daily. 1-3 days later, animals were anaesthetized with chloral hydrate 
and a bundle of four 25 μ nichrome wires was implanted into the cochlear nucleus for 
extracellular recording of compound action potentials generated from the auditory 
nerve (N1 component) and cochlear nucleus (N2 component). 1 day later, baseline 
potentials were recorded from awake animals using a 10 kHz tone at four different 
stimulus intensities (threshold, +5, +10, +20 dB). Animals were then given either d- 
amphetamine (4 mg/kg) or apomorphine (0.8 mg/kg) and potentials were again 
recorded while maintaining the rat in the same part of the sound field used in the 
pretest. Both d-amphetamine and apomorphine significantly increased the auditory 
nerve component (N1) and the cochlear nucleus component (N2) of the compound 
action potential, with the greatest effect at the higher intensities. These data support 
the hypothesis that dopamine agonists enhance the acoustic startle response through 
an action very early within the startle pathway, such as at the level of the cochlea. 
Furthermore, these results may be clinically relevant to the study of auditory 
hallucinations during amphetamine psychosis or schizophrenia.
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334.1
ONE TRIAL CONDITIONED CIRCLING WITH AMPHETAMINE, BUT NOT 
COCAINE OR DIMETHOCΑΙΝΕ, IN LESIONED RATS. P.B.Silverman*. 
Dept. o f Psychiatry, University o f Texas Health Sci.Ctr., Houston, TX 77030.

Indirect-acting dopamine agonists ordinarily induce ipsilaterally directed rotation 
in rats with a unilateral 6-hydroxydopamine lesion o f substantia nigra. But some 
indirect agonists induce contralateral circling when administered to recently lesioned 
rats. Here the acute and persistent consequence o f a single administration of 
amphetamine, cocaine or dimethocaine given to rats 24 hr after they had been 
lesioned was assessed. Amphetamine induced an episode o f contralateral circling, 
while cocaine and dimethocaine induced ipsilateral circling. Weeks later, when re
introduced into the environment in which drug had been administered, rats that had 
previously been treated with amphetamine typically exhibited a brief burst o f rapid 
contralateral rotation, much like the persistent conditioned effect which follows 
administration of apomorphine (Silverman and Ho, Nature 294:475. 1981) or other 
direct dopamine agonist with activity at D1 receptors (Silverman, Eur. J. 
Pharmacol. 229:235. 1992). Rats that had previously been treated with cocaine or 
dimethocaine did not exhibit an analogous ipsilaterally directed effect. Control rats 
treated with saline 24 hr after being lesioned did not rotate acutely nor when tested 
weeks later. The results with amphetamine show that the ability to condition 
rotation with a single treatment apparently depends on activation o f structures on the 
denervated side, and that failure to condition comparable ipsilateral circling with 
amphetamine or cocaine in chronically lesioned rats is unlikely to be due to drug 
stimulus effects.. The results with cocaine and dimethocaine are consistent with less 
potential for conditioning via the intact side versus the lesioned side, and show that 
these two compounds likely act on the same dopamine pool, which is different from 
the dopamine pool amphetamine acts on.

Supported by NIDA Grant DA-06269.

334.3
INDIVIDUAL DIFFERENCES IN AMPHETAMINE 
INDUCED PLACE CONDITIONING. L.A. Parker*. 
S. Erb and D. Horn. Dept. of Psychology, 
Wilfrid Laurier University, Waterloo, 
Ontario, CANADA N2L 3C5.

Recent investigations indicate that 
individual differences in rats' 
reactivity to novelty predict the 
likelihood that rats will self-administer 
amphetamine (e.g., Piazza, Deminiere, Le 
moal and Simon, 1989) . A series of 
experiments were conducted to determine 
whether this effect would extend to the 
place conditioning paradigm. During 
Phase I, rats were divided into high 
responders (HR) and low responders (LR) 
on the basis of activity while in a novel 
chamber. During Phase II, all rats were 
given place conditioning trial cycles (1- 
4) with d-amphetamine as the US drug*.
The ability of reactivity to novelty to 
predict amphetamine-induced place 
conditioning will be discussed.

334.5
DIFFERENTIAL EFFECTS OF HALOPERIDOL AND CLOZAPINE ON 
AMYGDALOID NEURONS AND BEHAVIOR FOLLOWING INTRA- 
AMYGDALOID INFUSIONS OF AMPHETAMINE. Z.R. Wang and G.V.
Rebec. Prog. Neural Science, Dept. Psychology, Indiana University, 
Bloomington, IN 47405.

Electrophysiological data from the stereotaxic preparation suggest that 
clozapine, but not hatoperidol, reverses the effects of amphetamine on 
neurons in the rat amygdala (Rebec and Anderson, Behav. Assess.. 8:11- 
29,1986). The present series of experiments extended this research to the 
freely moving preparation. Amphetamine (10 jıg/μΙ) was infused directly into 
the amygdaloid complex of awake, behaving rats and neuronal activity was 
recorded simultaneously at the infusion site. Animals then received 
systemic injections of either hatoperidol (1.0 mg/kg) or clozapine (10.0 
mg/kg). Intra-amygdaloid amphetamine typically activated amygdaloid 
neurons, and this effect was followed by behavioral activation, especially 
increases in chewing and turning. Subsequent administration of clozapine, 
but not hatoperidol, dramatically and rapidly reversed both the neuronal and 
behavioral effects of amphetamine. In fact, clozapine caused behavioral 
immobility, whereas hatoperidol produced a delayed-onset attenuation of 
amphetamine-induced behavioral effects. These results confirm and 
extend previous suggestions that the amygdaloid complex represents an 
important site of action of clozapine, but not hatoperidol.

Supported by the National Institute on Drug Abuse, DA 02451.

334.2
THE EFFECTS OF CLONIDINE ON THE REGIONAL EXTRACELLULAR 
NOREPINEPHRINE AND BEHAVIORAL RESPONSES TO AMPHETAMINE AND 
COCAINE. S.M. Florin# R. Kuczenski, P.S. Segal. Psychiatry 
Dept., UCSD School of Medicine, La Jolla, CA 92093-0603.

Microdialysis in behaving animals was used to characterize 
the hippocampus (HP) and prefrontal cortex (PFC) 
norepinephrine (NE) responses to amphetamine (AMPH) and 
cocaine (COC). NE exhibited regionally similar dose- and 
time dependent increases to each drug. However, peak NE 
concentrations were approximately twofold greater at 
behaviorally similar doses of AMPH compared to COC. To 
examine the role of noradrenergic impulse flow in the 
mechanism(s) by which these stimulants enhance extracellular 
NE, groups of animals were pretreated with the a2 auto
receptor agonist, Clonidine (CLON), prior to stimulant 
administration. CLON (0.05 mg/kg) pretreatment 1 min prior 
to COC administration completely blocked the NE response to 
both 20 and 30 mg/kg COC. By contrast, CLON decreased the 
NE response to 0.5 mg/kg AMPH by 75% and to 1.75 mg/kg AMPH 
by 50%. CLON had no effect on the caudate dopamine response 
to either AMPH or COC, consistent with the presumed speci
ficity of this drug for az receptors, and suggesting the 
absence of any significant pharmacokinetic interaction. 
Behavioral analysis revealed a trend toward decreases in 
locomotor and stereotyped behaviors in both COC- and AMPH- 
treated animals following CLON administration, although 
these differences were not significant. These results 
suggest that AMPH enhances NE through two mechanisms:
(1) reuptake blockade, which predominates at lower doses, 
and (2) release, which becomes more prevalent at higher 
doses. Furthermore, it appears HP NE does not play a 
significant role in mediation of the locomotor or stereo
typed responses to AMPH or COC. (Supported in part by PHS 
DA-04157, DA-01568, MH18398, and NIMH RSA [DSS] MH70183.)

334.4
APOMORPHINE SUSCEPTIBLE AND APOMORPHINE UNSUSCEPTIBLE RATS 
DIFFER IN THE AMPHETAMINE INDUCED SENSITIZATION OF a,- 
RECEPTORS IN THE NUCLEUS ACCUMBENS. В.A. Ellenbroek* and 
A.R. Cools. Dpt. Psycho- and Neuropharmacol. P.O.Box 9191, 
6500 HB Nijmegen, the Netherlands.

Sensitization refers to the enhanced response to a 
specific stimulus upon repeated administration of that 
stimulus. It is a fundamental property of all psychosti
mulant drugs and has been related, among others, to the 
development of addiction. We have recently shown that in- 
traacumbens injections of amphetamine leads to an enhanced 
locomotor response to the a,-adrenoceptor agonist pheny
lephrine, when given 24 hours later (Cools, Neurosci. 43. 
(1991),419). We have now analysed these effects in two 
pharmacogenetically selected Wistar rat lines: the apo
morphine susceptible (APO-SUS) and unsusceptible (APO- 
UNSUS) lines (Cools et al, Brain Res. Bull. 2 4 *(1 9 9 0 ), 
49). These lines differ fundamentally in the activity of 
dopamine and noradrenaline in the nucleus accumbens: APO- 
SUS are characterised by low baseline levels of noradrena
line and high baseline levels of dopamine, whereas the 
reverse is true for the APO-UNSUS rats. The results show 
that male APO-UNSUS rats showed a higher locomotor res
ponse after the intraaccumbens injection of 10 μg of d- 
amphetamine. 24 Hours after this challenge, 10 μg of 
phenylephrine injected into the accumbens, led to a large 
increase in locomotor activity in APO-UNSUS, whereas the 
APO-SUS showed no locomotor response at all. We repeated 
these experiments with female rats and, although the mag
nitude of the differences was smaller, APO-UNSUS rats 
still showed a higher locomotor response to amphetamine 
and a stronger sensitization. Thus APO-UNSUS rats are much 
more sensitive to sensitization effects of intraaccumbens 
injections of psychostimulant drugs than APO-SUS rats.

334.6
SEX-RELATED DIFFERENCES AND HORMONAL INFLUENCES ON 
AMPHETAMINE-INDUCED STEREOTYPED BEHAVIORS AND IMMEDIATE 
EARLY GENE EXPRESSION IN STRIATUM. Stacy A. Castner* and Jill B. 
Becker. Psychology Dept. Reproductive Sciences Program and Neuroscience 
Program, The University of Michigan, Ann Arbor, MI 48104.

Ovariectomy (OVX), but not castration (CAST), of adult rats attenuates 
amphetamine (AMPH)-stimulated striatal dopamine (DA) release and striatal DA- 
mediated behaviors. AMPH-stimulated striatal DA release and stereotyped behaviors 
are enhanced in female rats in estrus compared to rats in diestrus. A single acute 
injection of AMPH induces immediate-early gene expression in a patchy distribution 
which corresponds to the striosomal compartment of the intact male dorsal striatum 
(Graybiel et al., PNAS 87:6912;1990). The present experiments were designed to 
investigate possible sex-related differences and gonadal hormonal influences on 
AMPH-induced stereotyped behaviors and to relate these findings to the pattern of 
Fos-immunoreactivity after AMPH in striatum of intact and gonadectomized rats.

Drug naive intact female, OVX and CAST rats received an injection of 2.6 mg/kg 
AMPH, while intact males received 3.0 mg/kg prior to testing in the home cage 
(Becker et al, Eur J Pharm 80:65; 1982). Paired controls received an injection of 
saline prior to testing. After injection animals were videotaped for 2 hours and then 
killed. Serial sections of 30 pm thickness were processed for immunohistochemistry 
according to standard Vectastain ABC protocol. Serial sections were stained for Fos 
or calbindin (a matrix marker). Sections were analyzed using an image analysis 
system. Stereotyped behaviors were scored from videotapes by an observer blind to 
the animal's sex or hormonal condition.

A moderate dose of AMPH induced a distinct pattern of Fos- immunoreactivity at 2 
hours in all four experimental groups compared to paired saline-treated controls. 
Preliminary results suggest that there may be an effect of gonadectomy on the pattern 
and intensity of Fos-immunoreactivity in female and male rat striatum, respectively. 
Sex-related differences, behavioral results and the relationship between Fos and 
calbindin-immunoreactivity will be reported. [Supported by UM Rackham Faculty 
Development Fund and BNS9Q21966 from the NSF]
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334.7
EFFECTS OF ACUTE, SUBCHRONIC AND CONTINUOUS ADMINISTRATION 
OF D-AMPHETAMINE ON SOCIAL SEPARATION RESPONSE AND HOME- 
CAGE BEHAVIOR OF THE SQUIRREL MONKEY (,SAIMĨRISCIUREUS).
F. D O D ĩf & J.D. NEWMAN. Laboratory of Comparative Ethology, NICHD, NIH, 
Poolesville, MD 20837, USA.
Abuse of d-amphetamine can precipitate a psychosis in humans that resembles 
paranoid schizophrenia. The frequency of developing a psychosis increases with both 
higher doses and prolonged periods of continuous ór intermittent abuse. The present 
study has compared the behavioral effects of d-amphetamine administered either 
acutely, subchronically with 2 daily injections for 4 days, or continuously using 
osmotic minipumps for 5 days in 6 male and 6 female squirrel monkeys housed as 
same-sex pairs. Drug effects were compared in 1) the social separation test where 
subjects were separated from the colony for 15 min and locomotor activity and 
numbers of isolation peeps were recorded; and 2) focal observations of general 
behavior and social interactions in the home cage.
Acute and subchronic d-amphetamine had a calming effect on the subjects in the 
isolation test and caused dose-dependent decreases in the number of isolation peeps 
vocalized by males and females, whereas continuous administration affected the 
response in a more variable fashion. Observations in the home cage demonstrated 
dose-dependent decreases in self-grooming, eating and social interactions by acute and 
subchronic but not by continuous d-amphetamine. Hallucinatory and abnormal 
behaviors developed in several subjects in response to d-amphetamine. These abnormal 
behaviors were most evident in the home cage and could resemble the characteristic 
symptoms of an amphetamine psychosis in humans. Eight subjects received d- 
amphetamine. Out of this population, 7 subjects developed these symptoms following 
continuous infusion whereas subchronic and acute treatments resulted in 5 and 2 
responders, respectively.
The present study has found that continuous infusion was most effective in inducing 
abnormal behaviors in squirrel monkeys and that these behaviours were most evident 
in the home cage. These findings should be taken into consideration when selecting 
dose regimes and behavioral testing paradigms in animal models for psychosis.

334.9
REPEATED ELECTRICAL STIMULATION OF THE VTA RESULTS IN 
SENSITIZATION TO THE PSYCHOMOTOR STIMULANT EFFECTS OF 
AMPHETAMINE. O. Ben-Shahai*and A. Ettenberg. Behavioral 
Pharmacology Lab, Dept of Psychology, University of California, Santa 
Barbara, CA 93106

Repeated administration of amphetamine is known to result in a 
sensitization to its psychomotor stimulant properties. This action of the drug 
has been hypothesized by some to occur as a consequence of its interaction 
with central dopamine substrates emanating from the ventral tegmental area 
(VTA) of the midbrain. In the present study, we tested the possibility that 
repeated electrical stimulation of these same VTA neurons might produce a 
comparable sensitization effect to that produced with repeated amphetamine 
exposure. The experiment consisted of three phases: a baseline activity test, 
a VTA stimulation period, and final post-stimulation activity test. The 
baseline consisted of locomotor activity scores determined over a 90 min 
period immediately following an IP injection of 0.75 mg/kg d-amphetamine 
(the drug was dissolved in 0.9% physiological saline and delivered in a 
volume of 1.0 ml/kg). The rats were then divided into four treatment groups 
each associated with a different level of electrical VTA stimulation. 
Treatment consisted of daily 15 minute sessions during which animals 
received 600 trains of 0.5 sec 60 Hz sine-wave stimulation at either 0mA, 
15mA, 30mA, or 45mA current intensities. The VTA stimulation period 
lasted 14 days. Twenty four hours after the final stimulation session, an 
additional amphetamine activity test was conducted precisely as described for 
baseline. While rats in the 0mA and 15mA groups behaved no differently 
from baseline to test, both the 30mA and 45mA groups were reliably more 
active in response to amphetamine following the 14-day VTA stimulation 
period. These data provide preliminary evidence suggesting that electrical 
stimulation of the VTA might mimic the effects of repeated exposure to 
amphetamine with respect to the drug’s psychomotor stimulatory actions.

334.11
ACQUISITION OF AMPHETAMINE SELF-ADMINISTRATION IN RATS. 
G, Mittleman*. P.A. Leduc. C.L. Schaub. M.C. Schmelzeis. P, Ріедв_аші 
P. Skjoldaqer. Dept. of Psychology, Memphis State Univ., Memphis, TN 
38152.

As an initial step in determining whether differences in addictive 
liability are one facet of a more general behavioral profile, the purpose 
of this experiment was to provide a comprehensive description of 
individual differences in vulnerability to addiction. We investigated the 
acquisition of self-administration of multiple doses of amphetamine 
using a novel, choice paradigm. Male rats (N = 139; age range = 50-125 
days) were tested for locomotion in a novel environment. They were 
then implanted with jugular catheters, placed in the experimental 
chambers and given 23 hrs of daily access to the drug for 10 days. 
During each 23 hr test session rats could select and sample 5 doses of 
d-amphetamine sulfate (0.0, 0.018, 0.032, 0.056, and 0.10 mg/kg/inj) 
by making a nose-poke response into 5 different stimulus "holes". Each 
stimulus-hole corresponded to 1 drug dose. There were profound 
individual differences in the propensity to self-administer amphetamine. 
Total, daily drug-taking in individual rats ranged from a mean of 0.08 to
28.2 mg/kg. Rats that developed substantial levels of self
administration (approximately 30% of the animals tested) also exhibited 
significant dose preferences. In these animals the dose of 0.032 
mg/kg/inj accounted for 60% of the total drug requests during the final 
2 test sessions. In this paradigm, there was no consistent relationship 
between locomotion in a novel environment and individual differences in 
the acquisition of amphetamine self-administration. However, age was 
negatively correlated with trie development of this behavior. Rats 
between 50 and 100 days old self-administered more drug than older 
animals. This paradigm may be useful in establishing dose-response 
relationships as well as individual differences in the acquisition of drug- 
taking. Supported by NIDA grant DA07517.

334.8
EFFECTS OF FLUPHENAZINE PRETREATMENT ON AMPHETAMINE- 
INDUCED BEHAVIOR AND STRIATAL EXTRACELLULAR DA IN 
RATS. P.K. Randall*. J.S. Randall and A.T. Massey. College of Pharmacy and 
Institute for Neuroscience, The University o f Texas, Austin, Texas 78712.

The contribution of different DA receptors to indirect agonist-induced 
behaviors is often inferred from the blockade o f such behaviors by competitive 
antagonists. The reduction in response to a single agonist dose produced by 
increasing doses of antagonists is, however, sensitive to measurement scale and 
data transformation, as well as being highly subject to non-specific effects of the 
antagonist.

The shift of the agonist dose-response curve produced by antagonist treatment 
should be a much more predictable phenomenon. Thus, the dose-response curve 
to an indirect agonist such as amphetamine(AMPH), should be shifted in parallel 
to the right by a non-specific competitive antagonist.

In this experiment we examined the effect of fluphenazine (FLU,0.1 mg/kg) on 
the behavioral dose-response curve to AMPH in Sprague Dawley rats (n=8 to 
12 per dose). The AMPH doses employed (0 to 32 mg/kg) covered both the 
"locomotor" and "stereotypic" dose ranges. Dependent variables included an 
ordered categorical rating scale and quantitative assessment of locomotor and 
rearing behavior from time-lapse video of the experimental sessions.

The behavioral response to AMPH could be described by a family of nine 
quantal logistic curves identifying the doses at which transitions between 
categories occur (ECSO's). FLU produced a systematic shift to the right of this 
family of curves by a factor of 4.06 + 0.3. While parallel, this shift is greater than 
would be expected on the basis of similar data against the non-specific direct 
agonist apomorphine. Further, FLU increased the response of dialysate DA by 
nearly two-fold. Finally, locomotor and rearing behavior were profoundly 
antagonized by FLU and never reached levels predicted by a simple shift to the 
right in the overall dose-response curve.

These data suggest that such in vivo quantitative studies must account for 
antagonist-induced changes in DA release. Further, the effect o f antagonists 
may be much more complex than simple competition, (supported by NIDA 
grant R01 DA06201.

334.10
Individual Difference*In Sucrose Consumption Predict Individual Differences In 
Sensitization To The Locomotor Activating Effect Of Amphetamine. T. L Sills 
and F. J. Vaccarino. Department of Psychology, University of Toronto. Toronto, CA 
MS 1A1.

We have shown that individual differences in sucrose intake predict individual 
differences in amphetamine (AMP)-induced locomotion. We hypothesized that these 
individual differences reflect intrinsic variation in mesolimbic dopamine (DA) 
activation. Rats exhibit sensitization to the locomotor activating effect of AMP and 
this may reflect increased releasability o f mesolimbic DA. Thus, the present 
experiment investigated the possibility that individual differences in sugar intake 
would predict individual differences in sensitization to AMP-induced locomotion.

Sixteen male Wistar rats (Charles River, Quebec) were exposed to a choice of sugar 
and powdered Purina lab chow for lh  each day for 7 days. On day 8, animals were 
injected with 0.9% saline and their intake of sugar and chow recorded. Animals were 
divided into low and high feeders based on a median split o f their sugar intake in 
response to saline administration. All rats were then tested for their locomotor 
response to 1.0 mg/kg AMP (ip). Animals initially adapted to the activity cages for 3 
h. On the following day animals were placed in the activity cages for 1.5 h prior to 
drug administration. Subsequent to AMP administration, animals were left in the 
activity cages for another 3 h. Each animal received 5 drug treatments in the activity 
cage interspersed with drug treatments in the home cage to minimize conditioned 
effects.

Results show that low feeders consistently ate less sugar than high feeders across the 
7 day feeding period. When initially challenged with AMP, low and high sugar 
feeders exhibited similar levels of locomotion. On subsequent administrations of 
AMP, high sugar feeders exhibited a higher degree of sensitization than low sugar 
feeders. These findings indicate that individual differences in sucrose intake can 
predict individual differences in sensitization to AMP-locomotion.

This research was supported by an OMHF Research Grant to FJV.

334.12
THE EFFECTS OF d-AMPHETAMINE (AMP) ALONE AND IN 
COMBINATION WITH SEROTONERGIC ANTAGONISTS ON 
SCHEDULE-CONTROLLED BEHAVIOR OF SQUIRREL MONKEYS. S.L. 
Serdikoff *. C.W. Schindler. S.R. Goldberg & C.A. Sannerud NIDA- 
Addiction Research Center, Baltimore, MD 21224.

Recent findings have established that there is a serotonergic (5-HT) 
component involved in the behavioral effects of psychomotor stimulants. In 
the present study, the effects of acute pretreatments of d-Amphetamine 
(AMP) alone, AMP together with the 5-HT2/5-HTic antagonist Ketanserin 
(KET), and AMP together with the 5-НТ1Д antagonist NAN-190 (NAN) 
were evaluated in 3 squirrel monkeys responding under a multiple FI 5 min 
- FR 30 schedule of food reinforcement. Control responding was 
characterized by lower overall response rates during the FI component as 
compared to the FR component. During both components, AMP (0.032 - 3.2 
mg/kg, i.m.) produced an inverted U-shaped dose-response function for 
response rate. For two of the subjects, both KET (0.1 -10 mg/kg, i.m.) and 
NAN (0.001 - 0.1 mg/kg, i.m.) appear to have attenuated the rate increasing 
effect s of low AMP doses during both components of the multiple schedule. 
For one subject who showed only limited increases in response rates during 
administration of low AMP doses, both KET and NAN appear to have 
potentiated AMP's rate increasing effects. The role of 5-HT in the behavioral 
effects of AMP are discussed in light of the current findings.
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334.13
EFFECTS OF d-AMPHETAMINE ON LEVER-PRESS RESPONDING 
UNDER CHANGES IN THE CONCENTRATION OF SUCROSE 
REINFORCEMENT. M. Viaorito*. D.M. Nieves, and G.P. Linke. Dept. 
of Psychology, Seton Hall University, South Orange, NJ 07079.

Studies suggest that d-amphetamine (AMPH) enhances the hedonic 
value of food reinforcement. AMPH effects on reward-motivated 
behavior are also known to be dependent on baseline rates of 
responding. We examined the effects of AMPH on lever-press 
response rates that were generated by changing the concentration of 
sucrose reward. First, the sensitivity of well trained rats on VR15 
(n=6), VR40 (n=6), and VI 30sec (n=6) schedules to changes in a 
16% sucrose reinforcer was established. Response rates decreased 
with reductions in the sucrose concentration in all three schedules; 
rates also decreased when sucrose was increased to 40% in the ratio 
schedules but not the interval schedule. We then examined the effects 
of AMPH (0.25, 0.5, & 1.0 mg/kg) on response rates maintained by 
2%, 4%, 16%, & 40% sucrose. AMPH attenuated response rates in 
all 3 groups in a dose-dependent manner. However, the 1.0 mg/kg 
dose increased VI rates reinforced with 2% sucrose. Rate-dependent 
effects were observed only at the highest dose in the VI30 and VR15 
schedules. AMPH increased the lowest rate and decreased higher rates 
of VI animals, but decreased low rates and had no effect on the highest 
rate of the VR15 animals. Thus the effects of AMPH on response rates 
generated by changes in a sucrose reinforcer depends on dose and 
baseline rate of responding; however the rate dependent effects are 
not the same for interval and ratio schedules. These and other results 
suggest that response rates maintained by interval and ratio 
schedules may be under differential motivational control.

334.15
INTRA-NAS, BUT NOT INTRA-mPFC, AMPHETAMINE 
PRODUCES ANALGESIA IN THE FORMALIN TEST FOR 
TONIC PAIN. N. Altier* and J. Stewart. Center for Studies in 
Behavioral Neurobiology, Dept. Psychology, Concordia 
University, Montreal, Canada, H3G 1M8.

We have previously reported that infusions of the SP analog, DiMe- 
C7, into the cell body region o f the A 1O dopamine (DA) cell group 
induce analgesia in the formalin test for tonic pain, but not in the tail-flick 
test for phasic pain. We have now assessed the effects of amphetamine 
(AMPH)-induced DA release into nucleus accumbens septi (NAS) and 
medial prefrontal cortex (mPFC) in both tests. Using a counterbalanced 
within-subjects design, rats received bilateral infusions of either 1.5 or
2.5 μg/0.5 μl/side of AMPH, or vehicle into the NAS or mPFC 
immediately prior to an injection of 0.05 ml of 2.5% formalin into one 
hind paw. Pain responses were recorded continuously for 75 min.
Using the same design, all rats were assessed, two weeks later in the tail- 
flick test immediately following AMPH infusions. Tail-flick latencies 
were recorded following immersion of the tail in 55° C hot water, every 
10 min for 1 hour. In the formalin test, AMPH, at both doses, 
attenuated pain responses during 25 min when infused into the NAS, but 
failed to alter pain responses when infused into the mPFC. Tail-flick 
latencies were not affected by infusions into either NAS or mPFC. The 
finding that intra-NAS AMPH produces analgesia in the formalin test, 
but not in the tail-flick test, indicates that mesolimbic DA activity in NAS 
contributes preferentially to the suppression of tonic pain.

334.17
D O P A M IN E  L E V E L S  IN  T H E  N U C L E U S  A C C U M B E N S  A R E  
IN C R E A S E D  B Y  U N C O N D IT IO N A L  A N D  C O N D IT IO N A L  E F F E C T S  
O F  I .V . S E L F -A D M IN IS T R A T IO N  O F  D -A M P H E T A M IN E .
P. Di Ciano. A.G. Phillips and C.D. Blaha*. Dept. Psychology,
Univ. British Columbia, Vancouver, BC, Canada, V6T 1Z4.

The unconditional rewarding effects o f d-amphetamine (d-amph) 
are hypothesized to be mediated by dopamine (D  A) in the nucleus 
accumbens (N.Acc). The fact that drug self-administration can be re
initiated following presentation o f conditional stimuli paired previously 
with the drug, suggests that such conditional effects may also give rise 
to similar changes in DA levels in the N.Acc. In the first experiment, 
changes in the extracellular DA concentrations were monitored in the
N.Acc at bilaterally implanted stearate-graphite paste electrodes using 
Is chronoamperometry, during sessions o f i.v . self-administration of 
d-amph (0.05, 0.1, 0.2mg/0.1ml). As expected, inter-response 
intervals increased significantly with each increase in dose. This was 
accompanied by a rapid increase in DA oxidation current values of  
x=2.7nA  (0.05mg), x=2.4nA  (O.lmg), x=3.3nA  (0.2mg), and 
progressively longer time courses for enhanced current levels. In a 
second experiment, rats were given seven consecutive daily sessions (3 
hrs) of d-amph self-administration (O.lmg) in which each drug 
infusion was signalled by a 5s flashing house light, followed by a 30s 
'time out' (house lights out). When vehicle (0.1ml o f 1U heparinized 
saline) was substituted for d-amph on the test day, transient increases 
in DA efflux (x=2.5nA ) lasting for approximately 45 min 
accompanied each bout o f vehicle self-administration. These findings 
provide evidence of both unconditional and conditional increases in 
DA levels in the N.Acc during i.v. self-administration behavior.

334.14
EFFECT OF PRE-PUBERTAL OVARIECTOMY ON 
AMPHETAMINE-INDUCED LOCOMOTION IN ADULT FEMALE 
RATS. M.L. Forgie* and J. Stewart. Center for Studies in Behavioral 
Neurobiology, Dept. of Psychology, Concordia University, Montreal, 
PQ, Canada, H3G 1M8.

Adult female rats show a greater behavioral response to amphetamine 
(AMPH) than male rats. The present study investigated whether life
long exposure to estradiol (E) in females contributes to their enhanced 
responsiveness to AMPH as adults. Female rats were either 
ovariectomized (OVX'ed) prior to puberty or in adulthood (80-90 days 
of age). Locomotor activity in response to either 1.5 mg/kg AMPH or 
the saline vehicle (i.p.) was measured for 2 hours every 3 days on 5 
occasions. On the 6th occasion all animals received 0.75 mg/kg AMPH 
(i.p.) in a test for sensitization. Each animal received either 5.0 μg 
estradiol benzoate (EB) or the oil vehicle (s.c.), 30-35 minutes prior to 
each session. During the pre-exposure period, rats OVX'ed prior to 
puberty showed lower AMPH-induced activity than rats OVX'ed as 
adults, in both oil and EB conditions. Group EB had higher levels of 
AMPH-induced activity and a greater change in activity over days than 
Group oil, regardless of time of OVX. Animals pre-exposed to AMPH 
showed higher levels of activity on the test for sensitization than animals 
receiving the drug for the first time. This effect did not vary as a 
function of hormone condition or time o f OVX, however, Group EB 
showed higher overall levels o f activity than Group oil. These data 
support previous findings that circulating E enhances the responsiveness 
of the adult female rat to AMPH, and suggest that exposure of the female 
to E over the life span enhances responsiveness to AMPH in the adult.

334.16
SENSITIZATION TO THE BEHAVIORAL ACTIVATING EFFECTS 
OF D-AMPHETAMINE: A COMPARISON OF EXPLICIT-PAIRING, 
RANDOM-PAIRING AND HOME-CAGE INJECTION 
PROCEDURES. J.P. Druhan* and J. Stewart. Center for Studies in 
Behavioral Neurobiology, Psychology Department, Concordia 
University, Montreal, Que, Canada, H3G 1M8.

The present experiments compared the effectiveness of three different 
pre-exposure procedures for producing sensitization to the behavioral 
activating effects of d-amphetamine (AMPH). In one experiment, 
context-dependent sensitization was produced by explicitly pairing 
injections of AMPH (1.5 or 3.0 mg/kg) with the testing environment. A 
second experiment examined sensitization produced when AMPH 
injections were given randomly in both the testing and home cage 
environments. This random-pairing procedure prevented the 
development of an association between the drug and a specific context.
In a third experiment, AMPH was given repeatedly in the colony room; 
the rats were not exposed to the testing environment during the pre
exposure phase. All rats subsequently were given locomotor activity 
tests with a low dose of AMPH (0.75 mg/kg) three days after the last 
pre-exposure injection. Rats pre-exposed to AMPH using both the 
explicit and random pairing procedures showed strong sensitization to 
the activating effects of this drug on the test day. Interestingly, there was 
no evidence for sensitization in rats that were pre-exposed to AMPH in 
the colony room. Thus, although an explicit association between AMPH 
and the test environment was not necessary for sensitization to occur, 
some degree of exposure to the testing environment may have been 
important for promoting the development of the phenomenon.
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335.1
ATTENUATION OF METHAMPHETAMINE-INDUCED TOXICITY IN 
TRANSGENIC MICE WITH INCREASED CU/ZN-SUPEROXIDE 
DISMUTASE ACTIVITY (SOD): EVIDEN CE FOR POSSIBLE  
INVOLVEMENT OF FR EE RADICALS IN AMPHETAMINE-INDUCED 
DOPAMINOTOXICITY. J.L. Cadet*. S.F. Ali. P. Shena. R.B. Rothman.
E. Carlson. C. J. Epstein. NIH/NIDA, ARC, Baltimore, MD 21224; FDA, 
NCTR, Jefferson AR 72079; and Department of Pediatrics, UCSF, San 
Francisco, CA 94143.

Administration of methamphetamine (METH) to rodents and nonhuman 
primates causes loss of terminals in the nigrostriatal dopaminergic 
system. The mechanism by which METH causes its neurotoxicity is not 
known. METH might kill dopaminergic terminals by producing 
oxyradicals due to the increased release of dopamine in the synaptic 
space. This would occur during the normal metabolism of increased 
dopamine (DA) by monoamine oxidase (MAO). In order to further 
evaluate the role of oxyradicals in METH-induced neurotoxicity, we have 
tested its effects in transgenic mice (SOD-Tg) which overexpress the 
human SOD gene. In nontransgenic mice, the METH administration 
causes significant decreases in DA, dihydroxyphenylacetic acid 
(DOPAC), and homovanillic acid (HVA) in the striata of nontransgenic 
mice. In contrast, there were no significant changes in these substances 
in the SOD-Tg mice. These results suggest that METH-induced toxicity in 
rodents may be secondary to the increased production of superoxide 
radicals generated during the metabolism of dopamine via monoamine 
oxidase. The role of 6-OHDA formation during increased DA metabolism 
needs also to be taken into consideration.

335.3
PERSISTENCE OF THE EFFECT S OF METHAMPHETAMINE ON 
MONOAMINERGİC NEURONS EXPOSED TO DRUG AT DIFFERENT 
DEVELOPMENTAL AGES IN REAGGREGATE TISSUE CULTURE. P.C. 
Hoffmann*. L. Won and A. Heller. Dept. of Pharmacological and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

We have previously demonstrated that 4 hr exposure of developing 
dopaminergic (DA) and serotonergic (5-HT) neurons in 22 day old 
reaggregate tissue cultures to 10‘4M methamphetamine (Meth) reduces 
DA and 5-HT levels, an effect which persists for at least 3 weeks. To 
examine whether there were similar persistent effects of Meth on 
monoaminergic neurons at earlier stages of development, reaggregate 
cultures composed of fetal mesencephalon and corpus striatum cells were 
exposed for 4 hrs to 10_4M Meth on days 8 or 15 of culture and 
compared to reaggregates exposed to drug on day 22 of culture. Following 
drug exposure, reaggregates were grown in drug-free medium for 3 
weeks. Samples of drug-treated as well as control reaggregates were 
collected for analysis of monoamine levels. At the end of the 4 hr 
exposure to drug, reaggregate DA and 5-HT levels at all developmental 
ages were significantly depressed. Following 3 weeks of recovery, DA 
levels in 8 and 15 day old Meth-treated cultures had returned to control 
levels. DA levels in 22 day old drug-exposed cultures remained 
significantly depressed at 67% of control values. In contrast, 
reaggregates acutely exposed to Meth at all developmental ages had 
significant reductions in 5-HT levels as compared to control cultures 
following 3 weeks in drug-free media. In the case of DA, the persistence 
of Meth's effects is dependent on the developmental age at which the 
neurons were exposed. The persistence of the effects of Meth on 5-HT 
neurons is however, not dependent on developmental age. Supported by 
MH42134 and NIDA#271-90-7404.

335.5
PRENATAL METHAMPHETAMINE EXPOSURE MODIFIES THE ADULT 
MONOAMINE LEVELS IN THE RAT. A.D. Weissman* and S. Caldecott- 
Hazard. Dept. of Anesthesia, Seton Hall Univ., South Orange, N.J. 07079

There is growing evidence that adult exposure to methamphetamine may 
permanently modify the synaptic structure of the brain. These changes include 
an alteration of monoamine function that may lead to profound behavioral 
alterations. With maternal drug abuse, the effects on the fetal brain may 
persist into adulthood. We investigated this possibility using a rat model of 
chronic fetal methamphetamine exposure.

In utero methamphetamine was administered throughout gestation at doses 
of either 2 or 10 mg/kg/bid. The drug-related effects of maternal anorexia, 
malnutrition, altered blood pressure, temperature, or postnatal maternal care 
were controlled by using rats who were made tolerant to the side-effects of 
methamphetamine and with cross fostering. The adult offspring were examined 
for changes in brain monoamine concentration and behavior. At 30 days of 
age, the rats were sacrificed and the brains were dissected into ten regions. 
HPLC was performed in these areas with a C18-resolve column and 
electrochemical peak detection.

Little change from control was observed in the level of norepinephrine, with 
either dose regime, in the adult offspring. Both doses were associated with 
an anatomically widespread depletion of serotonin, as well as an increase in 
its turnover. These changes were more pronounced with the higher dose, in 
the cortex and hippocampus. Dopamine and its metabolites were decreased 
in selective brain regions including the anterior cortex following the higher 
dose treatment. In contrast, the lower dose of methamphetamine resulted in 
smaller modifications of dopamine levels. Open field behavior was decreased 
only in the higher dose group. These results are consistent with the known 
neurotoxic effects of amphetamines on monoamine neurons in the brain.

335.2
EFFECT OF MULTIPLE METHAMPHETAMINE ADMINISTRA
TIONS ON RAT BRAIN TYROSINE HYDROXYLASE PROTEIN 
CONCENTRATION. M. Johnson*. P. Schmitt. G.R. Hanson. D. 
Weissmann. J.W. Gibb, and J.-F, Pujo l  Dept. Pharmacology and 
Toxicology, University of Utah, Salt Lake City, UT 84112 and 
Laboratoire de Neuropharmacologie Moléculaire, Faculté de Médecine 
A. Carrel, Lyon, France.

Multiple methamphetamine (METH) administrations cause a 
persistent decrease in striatal dopamine (DA) concentration which is 
observed within 24 h o f the initial METH injection. The purpose of 
this study was to determine whether central TH protein concentration is 
altered at the time of the early decrease in DA concentration. Striatal 
DA content from male Sprague-Dawley rats (200-240 g) was reduced 
to 56% of control 18 h after the last o f 5 METH (15 mg/kg, s.c.) 
administrations given every 6 h. The concentration of tyrosine 
hydroxylase (TH) protein measured in a separate group of rats by a 
quantitative Dot Blot method was reduced to 86% of control in the 
posterolateral striatum but not in the ventrolateral striatum. This 
suggests that METH altered the dopaminergic system in selected 
regions of the striatum. Norepinephrine (NA) concentration measured 
in the whole hippocampus was reduced to 56 % of control by METH 
while TH protein concentration measured in the dentate gyrus was not 
altered. TH protein concentrations measured in the nucleus accumbens, 
the substantia nigra and the locus ceruleus were not altered by METH. 
This study suggests that the early decrease in striatal DA and in 
hippocampal NA concentrations does not parallel changes in TH 
protein concentration. (Supported by USPHS grants DA 00869, DA 04222, and 
by CNRS Grant UMR 105 and Université Claude Bernard)

335.4
USE OF REAGGREGATE TISSUE CULTURE TO EXAMINE EFFECTS OF 
METHAMPHETAMINE ON MONOAMINERGIC NEURONS EXPOSED IN UTERO.
L. Won* and A. Heller. Dept. of Pharmacological and Physiological 
Sciences, University of Chicago, Chicago, IL 60637.

In order to determine if methamphetamine (Meth) is capable of 
producing damage to immature monoaminergic neurons in utero, 
pregnant C57BI/6J mice were treated on embryonic day 7 (E7) with 
either 4 doses of Meth (s.c., 40 mg/kg) or saline. At E14, embryos 
were harvested and cells of the mesencephalon and striatum used to 
prepare reaggregate cultures. Samples of reaggregates and culture 
media were analysed for monoamines and metabolites over the ensuing 
35 days in culture. Reaggregates from Meth-exposed embryos showed 
some elevation of DA levels at days 7 and 35 (+13%) in culture. DOPAC 
levels in the reaggregates and media were markedly elevated (58-69%, 
and 42-71%, respectively) throughout the culture period. On the 
other hand, 5-HT levels from the Meth-treated group showed 
reductions of 23-32% without a corresponding effect on 5-HIAA levels. 
Exposure of monoaminergic neurons to Meth at early developmental 
periods can apparently increase DA function while producing a 
reduction in 5-HT. It is clear that a brief exposure to Meth, prior to a 
cell's final mitosis and phenotypic expression, can produce alterations 
in monoaminergic function which are long lasting. The reaggregate 
method provides a means for obtaining drug-exposed neurons for 
culture in a system which allows for the examination of the effects of 
early drug exposure on the subsequent development of the 
monoaminergic systems. Supported by MH42134 and NIDA#271-90- 
7404.

335.6
METHAMPHETAMINE NEUROTOXICITY: MEDIATION BY STRIATAL 
DOPAMINE AND GLUTAMATE. S.E. Stephans* and B.K. Yamamoto. 
Depts. of Psychiatry and Neuroscience, Case Western Reserve Univ., 
Cleveland, OH 44106.

The neurotoxic effects of methamphetamine (METH) on striatal 
dopaminergic neurons have been hypothesized to be mediated by excess 
dopamine (DA) release. In addition, NMDA receptor antagonists block 
methamphetamine-induced DA depletions. This suggests that glutamate 
(GLU) also mediates the toxic effects of METH. The purpose of this study 
is to show that potentiated DA release as well as increased GLU efflux 
contributes to methamphetamine-induced neurotoxicity.

In vivo microdialysis in rats was used to measure extracellular 
concentrations of striatal DA and GLU following 3 injections of METH (10 
mg/kg, IP), each injection given 2 hours apart. One week following the 
dialysis experiments, rats were sacrificed and the ventral lateral striata 
were assayed for DA tissue content. GLU levels in the dialysate increased 
by 4-fold after the third METH injection. In these same animals 1 week 
later, DA tissue content was significantly depleted. In separate groups of 
rats, pretreatment with haloperidol (2mg/kg at the first METH injection) did 
not change DA efflux but did significantly attenuate the GLU increase in 
the dialysate, as well as block neurotoxicity. In contrast, pretreatment with 
the DA uptake blocker, GBR-12909(10mg/kg, 30 min before each METH 
injection) significantly attenuated DA release but did not change the GLU 
efflux as compared to controls. However, pretreatment with GBR-12909 
did protect against DA depletions. Although DA is a necessary 
component in methamphetamine-induced neurotoxicity, these results 
indicate that an increase in the extracellular concentration of striatal GLU 
is also necessary for the neurotoxic process. [Supported by DA-07606]

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



TUESDAY PM DRUGS OF ABUSE: AMPHETAMINE AND OTHER STIMULANTS—AMPHETAMINE DERIVATIVES 827

335.7
ACUTE AMPHETAMINE AND METH AMPHETAMINE HAVE DIFFERENT 
EFFECTS ON ZIF/268 AND C-FOS mRNA IN RAT STRIATUM AND CORTEX. 
A. J. W. Smith. W. T, Bohler and J. F. McGintv*. Dept. of Anatomy and Cell 
Biology, East Carolina University School of Medicine, Greenville, NC 27858-4354.

Acute amphetamine (5 mg/kg) administration increases c-fos and zif/268 mRNA in 
the striatum 1 h after administration (Moratella et al., J. Neurosci. 1992). However, 
alterations in these transcription factors after methamphetamine, or at longer time 
points after amphetamine, have not been reported. To investigate the effect of an 
acute injection of methamphetamine HC1 (METH) or d-amphetamine sulfate (AMPH) 
on striatal zif/268, and c-fos mRNA by in situ hybridization, male Wistar rats were 
injected ip with a single dose o f AMPH (5 mg/kg), METH (15 mg/kg), or saline. 
AMPH-injected rats exhibited increased locomotion, repetitive exploration, sniffing, 
and rearing. METH-injected rats displayed a repetitive swimming motion, increased 
sniffing, and head bobs. Three, 6, or 18 h after injection, the rats were anesthetized 
and decapitated. Brain sections were hybridized with 40-mer oligonucleotide probes 
for zif/268 or c-fos (Oncogene Science), washed, dried, and apposed to Kodak X- 
OMAT film for 1 wk with 14C standards (American Radiolabeled Chemicals). 
Calibrated image analysis (Image software, Wayne Rasband, NIMH) was used to 
quantify changes in the labeled pixels per area, mean density o f signal in dpm/mg, and 
integrated density (ID) as described previously (Darniais et al., NeuroReport 1993). 
Statistical analysis of the data was performed using least square means ANOVA with 
multiple observations per animal. Quantification demonstrated that 3 h after AMPH, 
but not METH, there was a significant increase in striatal zif/268 mRNA. In contrast, 
METH, but not AMPH, significantly increased zif/268 in primary somatosensory (SS) 
cortex. Qualitative assessment indicates that the zif/268 signal was increased in motor 
cortex 3 h after AMPH. Furthermore, the c-fos hybridization signal appeared to be 
increased in the striatum by AMPH and in SS cortex by METH at 3 h. Quantification 
of the latter observations is in progress. No significant alterations in zif/268 or c-fos 
were observed at 6 or 18 h. These data demonstrate significant differences in the 
behavioral and neurochemical responses of rats to acute administration o f AMPH and 
METH. Supported by DA03982.

335.9
COMPETITIVE AND NONCOMPETITIVE NMDA ANTAGONISTS BLOCK 
SENSITIZATION TO METHAMPHETAMINE. T.Ohmori*. T.Abekawa and
T.Kovama. Dept. Psychiatry, Hokkaido Univ. Sapporo 060 Japan

N-methyl-D-aspartate(NMDA) receptors have been suggested to 
play a role in the development of behavioral sensitization to 
amphetamine. The present study examined effects of both competitive 
(D-CPP-ene) and noncompetitive (MK-801) NMDA antagonists on 
behavioral sensitization to methamphetamine (MA). Rats were 
received either MA or saline twice a day on day 1,3,5 and 7 according 
to a escalating dose schedule (2.5, 5, 7.5 and 10.0 mg/kg, sc). Thirty 
min prior to the injection, either MK-801 (0.5 mg/kg, ip) or saline 
was administered. On day 14 or 15, MA(1 mg/kg, sc) was 
readministered and motor activity was measured by an apparatus with 
ultrared sensor. On day 17 or 18, MK-801 (0.25 mg/kg, ip) was 
challenged. In separate experiments, effects of D-CPP-ene were 
examined using the same treatment and challenge schedule. Rats 
treated with MA indicated an increase in the motor activity when 
challenged with MA compared with those treated with saline. Rats 
pretreated with either MK-801 or D-CPP-ene prior to MA 
administration did not exhibit increased motor activity in MA 
challenge compared with saline-treated rats. Rats treated with MK- 
801 showed a decrease in the motor activity when subsequently 
challenged with MK-801. Likewise, rats administered with D-CPP- 
ene indicated decreased motor activity when challenged with D-CPP- 
ene compared with saline-treated rats. These results suggest that both 
competitive and noncompetitive NMDA antagonists block sensitization 
to MA and that repeated administration with NMDA antagonists results 
in behavioral tolerance.

335.11
CHARACTERIZATION OF A TRYPTAMINE-DERIVATIVE  
DRUG WITH MDMA-LIKE PROPERTIES Krebs KM1 and Gever 
MA2*. Dept. o f Psychology1 and D ept o f Psychiatry2, University of 
California, La Jolla 92093.

Several reports have indicated that the tryptamine-derived drug 
alpha-ethyltryptamine (AET) may have effects similar to those o f the 
amphetamine-derived drug 3,4-Methylenedioxymethamphetamine 
(MDMA). Indeed, the DEA has recently placed AET on the Schedule 
I list because o f its putative similarity to MDMA. The Behavioral 
Pattern Monitor (BPM), a system for quantifying the locomotor and 
investigatory responses o f rodents was used to test this drug in a 
paradigm that provides distinctions between the effects o f  traditional 
hallucinogens, amphetamine-like stimulants and MDMA-like drugs. 
First, a dose-response study revealed that all doses o f AET tested (5, 
10, 20 mg/kg sc) significantly increased locomotor activity. This 
effect occurs with rats treated with MDMA or amphetamine-like 
stimulants, but is not observed with rats treated with classical halluci
nogens, such as LSD and mescaline. Additionally, AET significantly 
decreased measures o f investigatory behavior. These effects occur 
with MDMA or hallucinogen administration, but are not observed 
with amphetamine-like stimulant administration. Secondly, as was 
the case with MDMA, the locomotor hyperactivity induced by AET 
was attenuated by pretreatment (10 mg/kg ip) with the serotonin 
reuptake inhibitor fluoxetine. Thus, AET, a tryptamine-derivative 
drug, appears to produce an MDMA-like profile o f behavioral chang
es by virtue o f releasing presynaptic serotonin.

335.8
D E V ELO PM EN TA L C H A N G ES IN METH AM PHETAM INE- 
INDUCED c-fos G EN E EXPRESSIO N  IN RAT BRAIN.
A. Kashiwa. T. Nishikawa. A. Umino. M. ikeda and K. 
Takahashi*. Div. Mental Disorder Res., Natl. Inst. Neurosci. 
NCNP, Tokyo 187, Japan.

Using Northern blot analysis, postnatal development of 
cerebral c-fos gene expression induced by systemic admini
stration of methamphetamine (MAP: 4.8mg/kg) was examined, 
in the neocortex, a marked c-fos induction was observed 60 
min after intraperitoneal injection of MAP at 21, 23, 25, 30 and 
49 days postpartum whereas the MAP treatment caused a very 
low expression of the immediate early gene at 8 and 14 
postnatal days. In contrast, levels of MAP-induced signals of c- 
fos mRNA were relatively constant in the paleocortex from 8 to 
49 days after birth, and not detectable in the hippocampus at 
any stage of development studied. Since induction of proto
oncogene c-fos has often been considered to be a marker of 
increased neuronal activity, the present findings add a support 
to the view that there might occur a remarkable alteration of 
responsive neuron circuits to the drug in the neocortex, but not 
in the paleocortex, of the rat between 8 to 21 postnatal days.

335.10
Delayed Alternation T-Maze Performance In Rats Given High-Doses of 
Methamphetamine. B.G. Cooper. A.E. Butt. & G.K. Hodge.* Department of 
Psychology, University of New Mexico, Albuquerque, NM 87131-1161.

Previously we have reported that methamphetamine (MA) administered in 
high doses impairs performance in a T-maze alternation task (Cooper et al., Soc. 
Neuroscience Abstr., 1992). The current study was both a replication and 
extension of that research. Here, we used a wider range of M A doses and the 
alternation task included a 1-min delay.

Rats received four subcutaneous injections, two hrs apart, of either saline 
(n=7) or MA; 12 mg/kg (n=7), 16 m g/kg (n=7), 20 m g/kg (n=7), 24 mg/kg 
(n=6), & 28 m g/kg (n=6). Eight months post-injection, animals were trained in 
a T-maze alternation task. Testing was conducted in blocks of six trials per day, 
with each trial consisting of a forced run and a choice run. In the forced run, 
animals were allowed access to one arm, while access to the other arm was 
blocked. Animals were rewarded for entering the unblocked arm, where they 
were held for 20 s. Then, in the choice run, animals were allowed to choose 
between the two arms but were rewarded only for entering the previously blocked 
arm. Animals were trained to an a priori criterion of one error in three blocks 
of testing with a perfect score in the third block. Mean number of days required 
to reach criterion were calculated for each group. After animals reached criterion 
a 1-min delay was introduced between the forced and choice run.

We found that although MA-treated groups required more days to criterion 
compared to controls and mean accuracy during the delay condition was lower 
than controls, these differences were not significantly different. MA-treated 
animals made approximately one-half as many perfect scores as controls when 
tested under the delay condition (p < .05).

(B.G.C. supported byADAMHA-MARC 1-T34-MH19101, UNM 3-63619 and 
by Sigma Xi; G.K.H. supported by UNM RAC 1-02396).

335.12
EFFECTS OF RĨTANSERIN ON THE INCREASE IN STRIATAL 
NEUROTENSIN AND DYNORPHIN A CONCENTRATIONS 
INDUCED BY 3,4-METHYLENEDIOXYMETHAMPHETAMINE. 
G,R. Hanson*, L,G,__BMh, J.W. Gibb and M, Johnson. Dept. 
Pharmacology and Toxicology, University of Utah, Salt Lake City, 
UT 84112.

A large dose of 3,4-methylenedioxymethamphetamine (MDMA) 
produces a long-lasting decrease in serotonin (5-HT) concentration 
measured in the rat striatum. Recent evidence suggests that dopamine 
(DA) mediates these changes and that 5-HT contributes to these 
alterations by stimulating DA synthesis. 5-HT2 receptor antagonists 
block both the stimulation in DA synthesis and the long-lasting 
alterations in the serotonergic system. The purpose of this study was to 
determine whether ritanserin, a 5-HT2/ic receptor antagonist interferes 
with the MDMA-induced increase in striatal neurotensin and dynorphin 
A concentrations. Male Sprague-Dawley rats (180-250 g) were 
injected with a single dose o f (±)MDMA (10 or 20 mg/kg, s.c.). 
Striatal 5-HT concentration was reduced to 75% of control 1 week 
after MDMA (20 mg/kg). This decrease was prevented by pretreating 
the animals with ritanserin (1 or 5 mg/kg, i.p.). Striatal concentration 
of neurotensin-like immunoreractivity (NTLI) was increased to 379 % 
and 250% of control 18 h after 10 and 20 mg/kg MDMA, respectively; 
the concentration in dynorphin А-like immunoreactivity (DLI) was 
increased to 346% and 487% of control, respectively. Ritanserin (1 
mg/kg) failed to alter the MDMA-induced increase in neuropeptides. 
This study does not support a role for 5-HT2 receptors in the 
mechanism by which MDMA increases striatal NTLI and DLI 
concentrations. (Supported by USPHS grants DA 00869 and DA 04222)
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335.13
5-HT2 r e c e p t o r -m e d ia t e d  p o t e n t ia t io n  o f  d o p a m in e  
SYNTHESIS AND CENTRAL SEROTONERGIC DEFICITS. Xucmei 
Huang and David E. N ichols*. Depts. o f Pharmacology and 
Toxicology, and Medicinal Chemistry and Pharmacognosy, Purdue 
University, School o f Pharmacy and Pharmacal Sciences, West 
Lafayette, IN 47907, U.S.A.

The hypothesis was tested that serotonin (5-HT) modulates the
3,4-methylenedioxymethamphetamine (MDMA)-induced increase in 
dopamine synthesis. Rats were treated with the selective 5-HT2 receptor 
agonist (R )- l-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (R -D O l), 
the selective serotonin releasing agent 5-m ethoxy-6-m ethyl-2- 
aminoindan (MMAI), amphetamine, MDMA, or a combination of 
amphetamine and R -D O l or MMAI, follow ed by the L- 
dihydroxyphenylalanine (DOPA) decarboxylase inhibitor 3- 
hydroxybenzylhydrazine (NSD-1015). Rats were sacrificed 45 min 
after the first injection and striatal DOPA was determined. R-DOl, 
MMAI, or amphetamine alone did not increase DOPA accumulation. 
However, combination of amphetamine with either MMAI or R-DOI 
significantly increased DOPA accumulation. Multiple doses of the R- 
DOI and amphetamine combination did not decrease [3H]paroxetine 
binding sites at one week sacrifice. The results indicate that the 
dopamine synthesis increasing effect of MDMA depends both on 5-HT2 
receptor stimulation and dopamine efflux.

(supported by grant DA04758 from NIDA)

335.15
METHYLENEDIOXYMETHAMPHETAMINE INCREASES EXTRACELLULAR 
LEVELS OF DOPAMINE AND SEROTONIN AND INHIBITS NEURONAL 
EXCITABILITY IN THE NUCLEUS ACCUMBENS. S.R. White*, P. 
Duffy and P.W. Kalivas. Dept. of VCAPP, Washington State 
Univ., Pullman, WA 99164.

The nucleus accumbens has been implicated as an 
important site for the actions of drugs that are used 
recreat tonally. This study examined the effects of MDMA, 
a euphoric and hallucinogenic drug, on neurotransmitter 
release and neuronal excitability in the nucleus 
accumbens of the rat. MDMA (10 and 100 μM) applied 
directly into the nucleus accumbens through a dialysis 
probe increased extracellular levels of both dopamine and 
serotonin in the nucleus accumbens. Microiontophoretic 
application of MDMA (20-40 nA for 60 sec) inhibited 
glutamate-evoked firing of most of the nucleus accumbens 
cells that were tested (55/57), as did microionto
phoretic application of dopamine and serotonin. MDMA- 
induced inhibition of glutamate-evoked firing was 
partially antagonized by the dopamine antagonist 
SCH23390

These results permit MDMA to be added to the extensive 
list of abused drugs that have been demonstrated to 
elevate extracellular levels of dopamine and serotonin in 
the nucleus accumbens. Furthermore, they demonstrate 
that MDMA has inhibitory effects on neuronal excitability 
in the nucleus accumbens that may be mediated by both 
dopamine and serotonin release.

335.17
DIFFERENCES BETWEENd-AMPHETAMINEAND3,4-METHYLENEDIOXY- 
METHAMPHETAMINE ON THE RELEASE OF DOPAMINE, SEROTONIN, 
AND GABA IN THE SUBSTANTIA NIGRA.
J. F. Nash*. G. A. Gudelskv and B. K. Yamamoto. Dept. of Psychiatry and 
Neuroscience, Case Western Reserve University, Cleveland, OH 44106-5000 

The effect of d-amphetamine or 3,4-methylenedioxymethamphetamine 
(MDMA) on the extracellular concentrations of dopamine (DA), serotonin (5- 
HT) and GABA in the substantia nigra was studied in rats by the use of in vivo 
microdialysis. A concentric microdialysis probe was inserted into the 
substantia nigra (A: -5.3, L: -2.0, V: -8.5) and dialysate samples were collected 
every 30 min for 240 min. d-Amphetamine (5.0 mg/kg, ip) significantly 
increased the extracellular concentration of DA in the substantia nigra as 
compared to vehicle treated rats. Neither the concentration of 5-HT nor GABA 
was affected by d-amphetamine administration throughout the course of the 
study. MDMA (20 mg/kg, ip) administration increased the release of DA in the 
substantia nigra which was similar to d-amphetamine in magnitude and 
duration. In addition, MDMA produced a significant increase in the extracellu
lar concentrations of 5-HT in this brain region as compared to vehicle and d- 
amphetamine treated rats. More importantly, the extracellular concentrations 
of GABA steadily declined after MDMA administration and remained sig
nificantly decreased over the course of the experiment (240 min) as compared 
to vehicle and d-amphetamine treated rats. These data are suggestive that 
the decline in the extracellular concentration of GABA in the substantia nigra 
produced by MDMA administratiop is the result of an increase in 5-HT release. 
It is hypothesized that MDMA-induced decrease in GABA release interrupts 
the "feedback" mechanism which contributes to the prolonged increase in 
terminal DA release and may contribute to the resultant neurotoxicity.

335.14
TH E EFFEC T OF (+), ( - )  A N D  ^ -M E T H Y L E N E D IO X Y M E T H 
A M PH ET A M IN E (M D M A ) O N TH E AC TIVITY OF A 10 DOPAM INE  
(D A ) N E U R O N S IN T H E V E N T R A L  T E G M E N T A L  A R E A  (V T A ) A N D  
A 10 T A R G E T  N E U R O N S IN T H E N U C L E U S A C C U M BEN S (NAc): AN  
ELECTROPHYSIOLOGICAL ST U D Y . C.R. A shby. J r . /  Y. M inabe. A. 
Toor. K . Em ori and R .Y . W ane. M edical D ept., Brookhaven National 
Laboratories, U p ton , N Y  11973; Dept. o f  Psychiatry, S U N Y  at Stony 
Brook, Stony Brook, N Y  11794; National Institute o f  N euroscience, 
N C N P, Tokyo 187, Japan.

In this study, we exam ined the e ffe c t  o f  (+), ( - )  and (± )-M D M A  on the 
basal firing  rate o f  spontaneously active AIO D A  neurons and neurons in 
the N A c in anesthetized, male S p rague-D aw ley rats. This was 
accom plished using the technique o f  in v ivo  extracellular single cell 
recording. The i.v . adm inistration o f  (± )-M D M A  produced a dose- 
dependent suppression o f  the fir ing  rate o f  V T A  D A  cells (ID 50 = 4.9 ± 0.6 
m g /k g ) and N A c cells (ID 50 = 0.37 ± 0.08 m g /k g ), as did  (+ )-M D M A . The 
action o f  M D M A  on AIO D A  cells was reversed by haloperidol, whereas 
its action on N A c cells was reversed by the D ļ receptor antagonist SCH 
39166 but not by H AL. In contrast, ( -)-M D M A  had no s ign ifican t e ffect  
on the fir in g  o f  AIO D A  and N A c cells up to 16 m g /k g . The pretreatment 
o f  rats w ith a -m e th y lLp -tyrosin e (aM P T , 200 m g /k g  i.p ., 2 and 4 hrs 
b efore experim ent) but not p -ch loroph en ylalan in e (PCPA, 400 m g/k g  i.p., 
24 hrs before experim ent), sign ifican tly  attenuated the suppressant action  
o f  (± )-M D M A  on D A  cells in the V T A  and cells in the N A c. Overall, our 
results suggest that M D M A ’s action on V T A  D A  cells and N A c cells is 
m ediated by D A . In addition, the i.v . adm inistration o f  M D M A  is more 
potent in suppressing the firing  rate o f  N A c cells com pared to AIO DA  and 
m edial prefrontal cortical cells. Supported by D A -0687002 .

335.16
FENFLURAMINE SENSITIZES THE DISCRIMINATIVE STIMULUS EFFECTS 
OF 3,4-METHYLENEDIOXYMETHAMPHETAMINE (MDMA) AND 
AMPHETAMINE. L.E. Baker* and M.M. Makhav. Department o f Psychology, 
Western Michigan University, Kalamazoo, MI 49008.

Fenfluramine is a derivative o f amphetamine which has long lasting, possibly 
neurotoxic effects on brain serotonin (5-HT) systems. The prolonged depletion of 
5-HT and 5-HIAA as a consequence o f high doses o f d,1-fenfluramine has been 
compared to the neurotoxicity produced by 3,4-methylenedioxymethamphetamine 
(MDMA). The functional consequences o f serotonergic depletion by fenfluramine 
have been established in rats trained to discriminate low doses o f this compound. 
Schechter (1990) demonstrated that a neurotoxic regimen o f d, 1-fenfluramine 
significantly enhanced the discrimination o f subthreshold doses o f this compound in 
rats.

In the present study, we examined the effects o f d-fenfluramine administration on 
the discriminative stimulus properties o f MDMA and amphetamine. Twenty male 
Sprague-Dawley rats were trained to discriminate (+ /- )  MDMA from saline in a 
two-lever operant task. Several doses o f d-amphetamine (0.125 -1.0 mg/kg) as well 
as subthreshold doses o f the training drug (. 19-.75 mg/kg) were administered during 
test sessions. None o f the amphetamine doses produced significant drug appropriate 
responding. Following a regimen o f d-fenfluramine (4.0 mg/kg twice a day for 4 
days followed by 14 recoveiy days) or saline treatment, animals were retested. The 
most significant result was that amphetamine (1.0 mg/kg) substituted for MDMA in 
the fenfluramine treated rats whereas drug appropriate responding during 
amphetamine tests was not significantly altered in the saline treated rats. In 
addition, d-fenfluramine administration appeared to sensitize animals to the lowest 
dose o f MDMA, but not to the other doses. These results support previous findings 
that the long lasting serotonergic effects o f fenfluramine may have functional, 
behavioral consequences.

335.18
NIMODIPINE POTENTIATES THE AMPHETAMINE- AND  
METHAMPHETAMINE-INDUCED DECREASE IN TRYPTOPHAN 
HYDROXYLASE ACTIVITY BY INCREASING CEREBRAL 
DRUG CONCENTRATION. J.W. Gibb*. K.W. Elkins. D.G. 
Wilkins. G.R. Hanson and M. Johnson. Dept. Pharmacology and 
Toxicology and Center for Human Toxicology, University of Utah, 
Salt Lake City, UT 84112.

The mechanism by which nimodipine (NIM) alters the decrease 
in central tryptophan hydroxylase (TPH) activity caused by 
amphetamine (AMP) analogues was examined. Male Sprague-Dawley 
rats (180-220 g) were administered 4 or 5 injections o f AMP or 
methamphetamine (METH) at 6-h intervals with or without NIM (1 
mg/kg), and killed 1 or 18 h after the last drug administration. The 
decrease in hippocampal TPH activity induced by both AMP analogues 
was potentiated by the administration of NIM. Moreover, while 
hippocampal TPH activity was not altered by 2.5 mg/kg METH alone, 
the coadministration of 1 mg/kg NIM decreased the enzymatic activity 
to 68% of control. The decrease in striatal TPH activity caused by 
these AMP analogues was not significantly altered by the 
administration o f NIM. In AMP-treated animals, NIM increased 
hippocampal and striatal AMP concentrations to 187% and 162%, 
respectively, of the concentrations measured in animals treated with 
AMP alone. NIM also increased by 2-fold the plasma concentration of 
METH and AMP measured 3 h after a single administration of METH; 
the hippocampal concentrations of these compounds were raised to 354 
% and 516 %, respectively, of that of rats treated with METH alone. 
These results suggest that NIM altered drug distribution of AMP 
analogues. (Supported by USPHS grants DA 00869 and DA 04222)
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336.1
NICOTINE AND c-fos EXPRESSION IN SPINAL CORD.
Y. Pang1, S. Zhao2, D. Zhang, J. S. Soblosky2* and A. J. 
Raof. Dept. of1 Neurology and 2Neurosurgery, LSU Medical 
School, New Orleans, LA 70112.

We investigated effects of acute injections of nicotine 
on c -fo s  expression by spinal cord neurons. Adult male rats 
were injected with 0.4, 0.7 and 1.0 mg/kg of nicotine 
subcutaneously, the control animals received saline only. 
At one, two and four hours after nicotine injections the rats 
were perfused 4% paraformaldehyde and 2.5% 
glutaraldehyde, the spinal cord was cut into 40 pm thick 
sections. The sections were processed for Fos protein 
immunoreactivity by the ABC method. The result showed 
that the effects of nicotine on the spinal neurons were time 
and dose dependent. One hour after nicotine injection, Fos 
immunoreactive neurons were seen mainly in the 
superficial laminae of the dorsal horn. After two hours 
many Fos reactive neurons were seen in laminae IV, V, IX 
and X. With a survival time of 4 hours following nicotine 
injections, the number of Fos reactive cells decreased. 
This study suggests that acute nicotine injections induce 
c -fo s  expression in selective groups of spinal cord neurons.

336.3
SYSTEMIC AND INTRACRANIAL ADMINISTRATION OF 
(+) AND (-) NICOTINE: EFFECTS ON MESO-ACCUMBENS 
DOPAMINE OVERFLOW E. Museo* and A. Pert. Biological 
Psychiatry Branch, NIMH, Bethesda, Maryland, 20892.

In vivo microdialysis experiments were carried out to further characterize 
the actions of nicotine on the meso-accumbens dopamine (DA) system. In 
each experiment, microdialysis probes were first introduced stereotaxically 
in anaesthetized rats and then perfused with artificial cerebrospinal fluid 
(aCSF) at a rate of 0.5 pL/min; dialysate samples were collected every 20 
min and were analyzed for DA content using a microbore HPLC/EC system. 
In the first experiment, rats were injected intravenously with either the 
naturally-occurring (-) nicotine (0.125 mg/Kg) or its less active stereoisomer, 
(+) nicotine (0.125 mg/Kg). Whereas (-) nicotine increased DA overflow 
reliably in the nucleus accumbens (nAcb), (+) nicotine did not. In a second 
experiment, nicotine was administered directly into the nAcb by way of the 
microdialysis probe. The administration of (-) nicotine (10 and 100 μΜ) 
increased DA overflow in a concentration-dependent manner; the 
administration of (+) nicotine (100 μΜ), however, did not increase DA 
overflow. In a third experiment two probes were introduced, one into the 
medial ventral tegmentum and one into the nAcb. Artificial CSF containing 
either (-) nicotine or (+) nicotine (100 μΜ) was perfused through the probe 
located in the ventral tegmentum and DA overflow was monitored in this 
region as well as in the nAcb. The administration of (-) nicotine, but not (+) 
nicotine, into the ventral tegmentum increased DA overflow in both the 
ventral tegmentum and the nAcb. These findings make clear that the 
effects of systemic nicotine on DA transmission are stereoselective and can 
involve actions at the level of the ventral tegmentum (where DA cell bodies 
are located) as well as actions at the level of the nAcb (where DA terminals 
are located).

336.5

NICOTINE EFFECTS ON DOPAMINE CLEARANCE IN RAT 
NUCLEUS ACCUMBENS, AS MEASURED BY IN-VIVO 
VOLTAMMETRY C. Hart*. G. Melior, G.A. Gerhardt, and C. 
Ksir. Department o f Psychology and Neuroscience Program, 
University of Wyoming, Laramie, WY 82071

Studies employing in  v iv o  voltammetric techniques have 
revealed that extracellular dopamine (DA) levels are increased 
following cocaine, ethanol, and opiate administration. Using a 
variety o f other neurochemical techniques, nicotine has been 
reported to release dopamine from terminals in the nucleus 
accumbens (NAS).

In  v iv o  voltammetry was used to measure the clearance of 
exogenously applied DA in the NAS following acute systemic 
nicotine (0.4 mg/kg, s.c.) administration in urethane-anesthetized 
rats. The IVEC-5 system was used for continuous in  v iv o  
electrochemical measurements. A finite amount o f DA was 
pressure-ejected (25-100nl, 200 μΜ barrel concentration) at five 
minute intervals from micropipettes (tip diameter, 10-15 pm) 
positioned 25Q± 50 pm from the recording electrode. The peak 
dopamine concentration after each dopamine ejection was 
significantly decreased in 9 o f 12 rats following nicotine, but not 
in 4 rats given saline. In addition, when mecamylamine (1 mg/kg, 
s.c.) was administered 20 minutes prior to nicotine it clearly 
antagonized nicotine effects in five out o f seven experiments. 
These results suggest that nicotine may actually facilitate DA  
transporter systems within the NAS, thereby reducing peak 
dopamine concentrations.

336.2
c-fos expression in the striatum from acute nicotine injections is 
m ediated mostly by D1 receptors. Hideo Kiba* and A. 
Javaraman. Dept. of Neurology LSU Sch. of Med., New Orleans, 
LA 70112.

The powerful psychostimulant and positive reinforcing effects 
of nicotine have been speculated to be mediated by the 
dopaminergic neurons of VTA and their terminals in the 
nucleus accumbens. To extend our understanding of nicotine 
and dopamine interactions, we mapped the pattern of c-fos 
expression in the striatum as an important marker of some of the 
earliest changes that occur at gene transcription level.

Acute nicotine injections in rats (0.4 to 1.4mg/kg., s.c.,) led to 
Fos expression, much to our surprise, more prominently in the 
caudatoputamen than the nucleus accumbens in a dose dependent 
fashion. Fos reactive cells were more prominent in the central 
an.d..dQir.§Qjmedia l. Hmbiç caudatoputamen than the dorsolateral 
sensory-motor striatum. Injections of mecamvlamine 
completely blocked nicotine induced Fos expression. Injections 
of the selective D1 antagonist SCH 23390 prior to nicotine 
injections, but not the D2 antagonist YM 09151-2 or the D4 
antagonist Clozapine, completely blocked Fos expression in the 
striatum. Nicotine induced Fos expression was also blocked 
completely by the NMDA receptor antagonists MK 801 and CPP.

These results suggest that nicotine induced Fos expression is 
mediated mostly by the dopamine D1 receptors, and that the Fos 
expression is also dependent on NMDA stimulation.

Supported by The Smokeless Ibbacco Research Council.

336.4
SYSTEMIC NICOTINE INDUCED DOPAMINE RELEASE IN THE RAT 
NUCLEUS ACCUMBENS IS REGULATED BY NICOTINIC RECEPTORS IN 
THE VENTRAL TEGMENTAL AREA. M. Niseii*. G.G. Nomikos and T.H. 
Svensson. Department of Pharmacology, Karolinska Institute, Stockholm 
S-10401, Sweden.

Stimulation of the mesolimbic dopamine (DA) system is considered of 
major importance for the rewarding and dependence producing properties 
of nicotine (NIC). To investigate the site of this stimulatory action of NIC, 
simultaneous microdialysis was performed in the ventral tegmental area 
(VTA) and the nucleus accumbens (NAC) of freely moving rats. 
Extracellular concentrations of DA and its metabolites were measured in 
the NAC. NIC (0.5 mg/kg, s.c.) increased NAC levels of DA and its 
metabolites by about 50%. Infusion of the nicotinic receptor antagonist 
mecamylamine (MEC) (100 μΜ) through the probe in the VTA starting 40 
min before NIC injection and lasting throughout the experiment blocked the 
NIC induced increase in accumbal DA. In contrast, similar pretreatment 
with MEC (100 μΜ) in the NAC for 40 or 140 min before NIC had no 
effect on the DA response to systemic NIC. NIC (1000 μΜ) infused in the 
NAC or the VTA increased DA in the NAC, while only the VTA infusion of 
NIC increased accumbal DOPACand HVA. Local infusion of MEC (1-1000 
μΜ) in the VTA did not affect DA release in the NAC, while the highest 
MEC concentration (1000μΜ) infused in the NAC increased accumbal DA 
to 180%. These results suggest that nicotinic receptors in the VTA may 
be of greater importance than those located in the NAC in mediating the 
stimulating effect of acutely administered systemic NIC on the mesolimbic 
DA system. Furthermore, our findings are in line with the notion that the 
mesolimbic dopaminergic system is phasically rather than tonically 
regulated by nicotinic receptor activation within the VTA.

336.6
THE EFFECTS OF μ -OPIOID ANTAGONISTS ON NICOTINE- 
INDUCED LOCOMOTOR ACTIVITY RJ £ , Shytlist MdXJÇjİL· 
Department of Psychology and Neuroscience Program, University 
of Wyoming, WY 82071

Recent evidence suggests that acute nicotine administration is 
correlated with the neuronal release o f endogenous opioids in areas 
of the brain thought to be involved with modulation of locomotor 
behavior. As with morphine, exposure to low doses o f nicotine 
produces progressive enhancement o f locomotor activity with 
repeated administration. Therefore, this study was designed to 
investigate the possible role for endogenous opioids in mediating the 
locomotor effects o f nicotine. Three experiments were conducted. 
First, rats were administered naloxone (0.3, 0.1, 3.0 or 10.0 mg/kg 
sc) or saline followed by nicotine (0.2 mg/kg sc) or saline and 
locomotor activity was monitored for 30 min. No dose o f naloxone 
was found to decrease nicotine-induced locomotor activity. In the 
second experiment, rats were exposed to daily injections o f nicotine 
(0.2 mg/kg) paired with naltrexone (2.0 mg/kg) or saline and 
locomotor activity was monitored for 30 min. Naltrexone failed to 
prevent the behavioral sensitization to repeated administration of 
nicotine. In the third experiment, the same dose o f naltrexone was 
found to prevent the behavioral sensitization to repeated 
administration o f morphine. Overall, these results from these 
experiments fail to support a role for endogenous opioids in 
mediating the locomotor stimulant effects o f nicotine.
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336.7
NICOTINE ANTAGONIST МЕСАМ  YL AM INE PRECIPITATES 
NICOTINE ABSTINENCE SYNDROM E. D.H. Malin. J.R. Lake, V.A. 
Carter, J. S. Cunningham, K.M. Hebert. M.C. Payne. D. Conrad, and
O.B. W ilson*. University o f  Houston-Clear Lake, Houston, TX  77058  
and Baylor College o f M edicine, Houston, TX  77030.

Recently, a rodent model o f  nicotine abstinence syndrome has been 
developed based on observing the frequency o f  spontaneous behavioral 
signs following termination o f  continuous subcutaneous infusion o f  
nicotine tartrate. In the present study, the nicotinic antagonist 
mecamylamine precipitated an abstinence syndrome in nicotine-dependent 
rats. Tw elve rats were each infused for seven days with 9 mg/kg/day 
nicotine tartrate in saline via Alzet osm otic minipumps; another 12 rats 
were sham-operated and remained nicotine-naive. Six rats from each  
group received 1 m g/kg mecamylamine in saline s.c. immediately before 
a 30 minute observation, while six rats from each group received saline 
alone. Nicotine-infused rats receiving mecamylamine exhibited 
significantly more, P < .01, overall abstinence signs than all other groups. 
In terms o f categories o f  signs, they displayed significantly more 
gasps/writhes, teeth chatter/chews, shakes/tremors and ptosis. In a second 
experiment utilizing only nicotine-naive rats, a far higher dose o f  
mecamylamine (5 m g/kg s.c.) induced a quasi-nicotine abstinence 
syndrome. The results provide further validation for this general type o f  
rodent model for nicotine abstinence syndrome.
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337.1
RATS SELF-ADMINISTER THE NON-COMPETITIVE NMDA 
RECEPTOR ANTAGONISTS PHENCYCLIDINE (PCP) AND 
MK-801 DIRECTLY INTQ THE NUCLEUS ACCUMBENS.
W. A. Carlezon. Jr.* and R. Á. Wise Center For Studies in Behavioral 
Neurobiology, Concordia Univ., Montreal, QC, CANADA H3G 1M8 

PCP is a complex drug that blocks iV-methyl-D-aspartate receptors 
and inhibits the synaptic reuptake of dopamine (DA). Although PCP is 
abused by humans, its rewarding properties have been difficult to 
demonstrate in rodents: rats tend to avoid PCP-associated 
environments, and they do not reliably self-administer the drug 
intravenously. The present experiment was designed to determine if 
the reinforcing effects of PCP are more readily apparent when the drug 
is administered directly into the nucleus accumbens (NAS). When 
lever-pressing was reinforced with microinfusions of PCP (12 nmoles 
per 120 nl injection) directly into the NAS, rats (n=8) progressively 
increased their response rates across 8 days of testing. Similarly, a 
separate group of rats (n=8) learned to lever-press when reinforced with 
intra-NAS microinfusions of MK-801 (1.2 nmoles per 120 nl injection), 
a drug that blocks NMDA receptors but does not bind to the DA 
reuptake carrier. Responding was rapidly extinguished when vehicle 
was substituted for PCP or MK-801 on the ninth day of testing, but was 
rapidly reinstated on the following day when each drug was again made 
available. Rates of lever-pressing did not increase in other animals that 
received response-contingent microinfusions of vehicle, or non
contingent microinfusions of either drug. Thus, intra-NAS 
microinfusions of PCP and MK-801 are each rewarding, which 
suggests that blockade of NMDA receptors in the NAS is sufficient to 
account for the reinforcing properties of these drugs.

337.3
ASSOCIATION OF PREFRONTAL CORTEX NERVE GROWTH 
FACTOR mRNA LEVELS WITH MK-801 INDUCED EXPLOSIVE 
BEHAVIORS IN MICE. L A  Rilev*. A. Hitri. J.J. Bernstein. S.I. 
Deutsch. Lab. CNS Inj. Regen., Psychiatry Service, & NIDA/VA 
Research, DVA Med. Ctr., Wash., DC 20422.

Stereotaxic infusion of 3(2-carboxypiperazin-4-yl)-propyl-1- 
phosphonic acid (CPP), a competitive N-methyl-D-aspartate 
(NMDA) receptor antagonist, into the medial prefrontal cortex of 
rats precipitates "episodic darting and occasional jumping." Similar 
behavior is seen in mice injected with MK-801, a noncompetitive 
NMDA receptor antagonist. In this study an outbred strain of NIH 
swiss mice (n=10) was observed for discrete episodes of "popping" 
for 30 minutes following an injection of MK-801 (1 mg/kg i.p.). Mice 
were decapitated 30 min. after testing, their brains removed and 
frontal cortex dissected. RNA prepared from individual frontal 
cortex dissections was subjected to Northern blot analysis using a 
[32p]_iabeled probe for rat NGF. The results indicate a linear 
increase in NGF mRNA with the number of popping episodes 
(Pearson’s correlation coefficient r=0.65, p<0.05, between the 
number of "pops" and the fraction of RNA that is specific for NGF 
mRNA). The association between prefrontal cortex NGF mRNA 
levels and the manifestatioh of "popping" behavior is consistent 
with the role of the prefrontal cortex as the anatomic locus of these 
explosive behaviors.

337.2
DIFFERENTIAL EFFECT OF PHENCYCLIDINE ON DOPAMINE AND ITS 
METABOLITES IN THE RAT MEDIAL FRONTAL CORTEX AND STRIATUM 
: AN IN VIVO DIALYSIS STUDY. K. Nisiiima1-2).T. Nishikawa*1 ). A. 
Hashimoto*1 ), A. Umino1 ), J. Kashiwa1 ), T. Oka1 ) and K. Takahashi1 ) 1 ) Div. 
of Mental Disorder Res., National Institute of Neuroscience, Kodaira, Tokyo 
187, Japan, 2) Dep. of Psychiatry, Jichi Medical School, Tochigi 329, Japan.

The effects of a schizophrenomimetic drug phencyclidine (PCP) on 
cerebral dopamine (DA) metabolism have been examined in the rat using in 
vivo dialysis technique. An intraperitoneal administration of PCP (2.5, 5.0 and 
10 mg/kg) caused a dose-dependent increase in extracellular release of DA 
by 1000 % of baseline at 10 mg/kg in the medial frontal cortex and only by 
250 % at the maximum dose in the striatum. PCP also increased the contents 
of 3,4-dihydroxyphenylacetic acid and homovanillic acid in the dialysates from 
the frontal cortex while there was an apparent reduction of those from the 
striatum. Furthermore, local infusion of tetrodotoxin via dialysis fiber blocked 
the ability of PCP to augment DA release both in the medial frontal cortex and 
in the striatum. Because PCP acts as a potent non-competitive antagonist of 
the N-methyl-D-aspartate (NMDA) receptor and as a DA uptake inhibitor, and 
because a selective NMDA antagonist MK-801 facilitates DA metabolism in 
the cortical area with little or no effects on that in the striatum, the present 
data suggest that PCP may increase DA release mainly by NMDA receptor 
blocking in the frontal cortex and by DA uptake inhibition in the striatum.

337.4
LACK OF ABUSE POTENTIAL OF THE NOVEL NMDA 
ANTAGONIST, REMACEMIDE. D. Corbett*. K. McKay and 
S. J. Evans. Basic Medical Sciences, Fac. of Med., 
Memorial Univ. of Newfoundland, St. John’s, NF 
Canada, A1B3V6.

Antagonists of the NMDA receptor such as MK-801 and 
Remacemide have potential for treatment of stroke and 
other brain disorders. The use of these agents may be 
limited by effects such as abuse liability. Previously we 
showed that MK-801 lowered the thresholds for 
rewarding brain stimulation thereby indicating abuse 
potential. In this study we compared Remacemide, a 
novel NMDA antagonist, with PCP and our previous 
results with MK-801.

Rats were trained to lever press for hypothalamic brain 
stimulation. Following stabilization, the rats were treated 
orally with Remacemide (60,120,200 mg/kg) or PCP 
(2,4,8,12 mg/kg). Frequency thresholds were not altered 
by any dose of Remacemide whereas PCP lowered 
thresholds or produced severe ataxia. Unlike MK-801, 
Remacemide does not appear to have abuse potential. 
Supported by NSERC and Fisons Pharmaceuticals.
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337.5
EFFECTS OF REPEATED QUINPIROLE TREATMENTS ON LOCOMOTOR 
ACTIVITY AND BASAL DOPAMINE SYNTHESIS. B.A. Mattingly*. 
J.K. Rowlett. andM.T. Bardo. Departments of Psychology, 
Morehead State University, Morehead, KY 40351, and 
University of Kentucky, Lexington, KY 40506.

Repeated treatments with the mixed ΏΛ/Ό2 dopamine 
(DA) receptor agonist apomorphine (APO) results in a 
progressive increase in locomotor activity (ie., 
behavioral sensitization) . This behavioral sensitization 
effect is accompanied by an increase in basal DA 
synthesis. The present study was conducted to assess the 
role of DA D2 receptor stimulation in the augmented DA 
synthesis effect produced by chronic APO. In 2 
experiments, rats were given daily injections of 
quinpirole (0, .3, or 3.0 mg/kg) and/or SCH 23390 (0 or 
.5 mg/kg) and tested for locomotor activity in photocell 
arenas. On day 11, DA synthesis was assessed by 
measuring the accumulation of dihydroxyphenylalanine 
(DOPA) following inhibition of DOPA decarboxylase with 
NSD-1015. Similar to APO, quinpirole produced a dose- 
dependent increase in basal DA synthesis in striatal 
tissue. Although concurrent SCH 23390 treatments prevent 
the development of behavioral sensitization to both APO 
and quinpirole, SCH 23390 did not block the quinpirole- 
induced increase in DA synthesis. These findings suggest 
that the increase in basal DA synthesis observed 
following chronic APO is the result of DA D2 receptor 
stimulation and may reflect autoreceptor subsensitivity. 
Further, these results suggest that augmented basal DA 
synthesis is not a critical factor in the development of 
behavioral sensitization to APO. (Supported by grants 
from the Kentucky EPSCoR committee and Morehead State 
University).

337.7

A  3-LEVER O PER A N T PR O C ED U R E DIFFERENTIATES  
THE STIMULUS EFFECTS OF R (-)M D A  FROM  S( +  )M DA. 
R .YO UNG  A N D  R.A. GLENNON. Dept. of Medicinal Chemis
try, Medical College of Virginia, Richmond, V A  23298.

M DA[ l-(3,4-methylenedioxyphenyl)-2-aminopropane] produces 
an effect in humans that is somewhat similar to both a halluci
nogen and a central stimulant. W e have previously shown that 
R (-)M D A  but not S( +  )M D A  produces stimulus effects in ani
mals that is similar to that of the hallucinogen DOM, whereas 
S( +  )M D A  but not R (-)M D A  produces stimulus effects similar to 
the stimulant amphetamine. Others have suggested that the stimu
lus effects of the two M DA isomers may be much more similar 
than our results would indicate. To help clarify this issue, we have 
shown that male Sprague-Dawley rats (n =  8) can be trained to 
discrim inate 1.25 mg/kg o f  R (-)M D A  from  1.25 mg/kg o f  
S( +  )M D A  versus 0.9% saline using a 3-lever operant procedure. 
In tests o f stimulus generalization, the administration of various 
doses o f D O M (E D 50 =  0.47 mg/kg) and S( +  )am phetamine 
(ED 50 =  0.46 mg/kg) produced dose related responding on the 
R(-)M DA-appropnate lever and on the S( +  )M DA-appropriate 
lever, respectively. That rats 1) can be trained to differentiate the 
two isomers of M DA, 2) respond on the R(-)MDA-appropriate 
lever after DO M  adm inistration and, 3) respond on the 
S( +  )MDA-appropriate lever after amphetamine injection sup
ports the contention that each optical isomer is responsible for 
producing a markedly different stimulus effect.

337.9
THE ROLE OF THE NUCLEUS ACCUMBENS, VENTRAL PALLIDUM, 
AND VENTRAL TEGMENTAL AREA IN INDIVIDUAL VULNERABILITY 
TO DRUGS OF ABUSE. M - S, H w k £  R. A . Sorg and P. W, Kaüvas. Dept. of 
VCAPP, Washington State University, Pullman, WA 99164-6520.

Numerous studies have shown that a rat’s locomotor response to a novel 
environment is related to the stimulatory properties of psychomotor stimulants. 
The current studies examined the role of the nucleus accumbens (NACC), 
ventral pallidum (VP), and ventral tegmental area (VTA) as related to 
vulnerability to drug abuse. Subjects were screened for the locomotor response 
to a novel environment for 1 h (Plexiglas photocell chamber). Subjects which 
had locomotor scores in the upper half of the population screened were 
classified as high responders (HR) and the other hau were classified as low 
responders (LR). Intra-cranial infusions, Northern blot mRNA analysis, and 
microdialysis were used to assess the role of the three regions in vulnerability to 
drug abuse. Infusions of amphetamine (0 ,1 , 3, and 10 /^ s id e )  into the NACC, 
dopamine (0, 3, 10 and 30 /İg/side) and AM PA (0,· 0.01, 0.03, and 0.1 /íg/side) 
into the NACC and VP produced greater locomotor activity in HR compared to 
LR. DAMGO (0, 0.03,0.1, and 0.3 iimol/side) infusions into the NACC and VP 
produced increases in locomotor activity, but no differences between HR and 
LR. Infusions of AM PA (0, 0.01, 0.03, and 0.1 //g/side) and DAMGO (0, 0.01, 
0.03, and 0.1 nmol/side) into the VTA also produced increases in locomotor 
activity, but no differences between HR anil LR. When mRNA content was 
examined, HR had lower levels of mRNA for the D2 receptor and substance P 
in the NACC. No differences in glutamatic acid decarboxylase, 
preproenkephalin, neurotensin, and the D1 receptor mRNA were detected in 
the NACC between HR and LR subjects. In the VTA no differences were 
observed between HR and LR in TH mRNA levels. Other mRNA levels are 
currently being examined in the NACC, VTA and VP. These results suggest that 
the dopaminergic system is involved in individual vulnerability to drugs of abuse. 
Other neurotransmitters such as glutamate and substance P may also contribute. 
It also appears that the NACC and VP play a more prominent role in individual 
differences than does the VTA.

337.6
SE N SITIZ A TIO N  OF C -F O S  EX PRESSIO N IN RAT STRIATUM  
FOLLOW ING M ULTIPLE CH ALLENG ES W ITH APOM ORPHINE: 
DIFFERENTIAL EFFECT OF CH RO NIC AND INTERM ITTENT  
TREATM ENTS. A .B. Norm an*. W. O uellette. J.M. K lu e  and H.R. 
Thom pson. D iv ision  o f  N euroscience, Departm ent o f  Psychiatry, 
U n iversity  o f  C incinnati, C ollege o f  M edicine, OH 45267  

Rats w ith unilateral dopam ine deafferentation  o f  the striatum  
dem onstrate sensitization o f  rotation behavior fo llow in g  repeated  
interm ittent challenges w ith  apom orphine. This sensitization is prevented  
by pretreatment w ith  SCH23390 but not by sulpiride indicating that the 
sensitization is m ediated by D j dopam ine receptors. H ow ever, there is no 
evid en ce o f  changes in receptor levels corresponding to this sensitization  
response. We exam ined the apom orphine-stim ulated expression o f  c -fo s  
in 6 -O H D A  lesioned rat striatum. Rats were challenged 3 tim es with  
apom orphine (0.25 m g /k g  S.C.) or tw ice w ith  saline fo llow ed  by  
apom orphine w ith  each challenge separated by 3 days. Three hours 
fo llow ing the last in jection  there were sign ifican tly  greater levels o f  fo s-  
like im m unoreactivity (FLI) in the striatum  o f  rats receiv in g 3 challenges 
w ith apom orphine relative to the rats receiv in g only 1 challenge with  
apom orphine. A separate set o f  rats were treated w ith apom orphine 3 
tim es daily for 3 days. Three hours fo llow in g  the last challenge with  
apom orphine, there was no evid en ce o f  FLI in rat striatum. Therefore, 
fo llow in g  subchronic treatm ent striatal neurons were tolerant or refractory  
to the apom orphine-stim ulated expression o f  fos. Follow ing ten injections 
o f  apom orphine adm inistered over a 12-14  w eek period , w hen behavioral 
sensitization had reached plateau levels, there was also no evid en ce o f  FLI 
3 hours after the last in jection . The sensitization  o f  the apom orphine- 
stim ulated expression o f  FLI is associated w ith the developm ent but not 
the m aintenance o f  behavioral sensitization . (Supported by M H45253)

337.8
INCREASED REWARD OF LATERAL HYPOTHALAMIC 
STIMULATION BY BETA-PHENYLETHYLAMINE. D. B. Neill*. Μ. T. 
Bass. J. D. Butler, and J. B. Justice. Jr. Depts. of Psychology and 
Chemistry, Emory University, Atlanta, GA 30322.

Beta-phenylethylamine (PEA) is a trace amine found in mammalian 
brains, particularly in striatum and hypothalamus. It is structurally 
similar to amphetamine. We investigated the effect of PEA on a 
behavior thought to reflect the action of amphetamine on "reward 
systems" of the brain: lateral hypothalamic self-stimulation (LH-ICSS). 
Previous studies have shown that if the animals are pretreated with 
an MAO-B inhibitor, PEA increases LH-ICSS responding (Greenshaw 
et al., Brain Res. Bull., 15: 183-189, 1985). This increase may or may 
not reflect enhanced reward.

Rats were trained to perform autotitration LH-ICSS. In this 
procedure, 150 msec of stimulation is delivered for each lever-press; 
the intensity is reduced every 5th lever-press. The rat can respond on 
a second lever and reset the intensity back to maximum. 
Amphetamine lowers the reset intensity and increases response rate, 
indicating reward enhancement.

The MAO-B inhibitor deprenyl ( 4 mg/kg) was injected 3.5 hr before 
0, 1,2, or 4 mg/kg PEA, which was administered 15 min before 
testing. PEA produced resetting at lower intensities in a dose- 
dependent manner. Response rate was related to dose in an 
"inverted-U" fashion. Thus low (1, 2 mg/kg) doses of PEA appear, 
like amphetamine, to increase the reward value of hypothalamic 
stimulation.

337.10
EFFECT OF PENTYLENETETRAZOL (PTZ) ON DOPAMINE 
RELEASE IN BRAIN. C.M. Harris* I.L. Rivera,
T.J. Terenzi/ New York Col. Osteopathic Med.,
Old Westbury, NY 11568.

Rats (n=35) were implanted with microdialysis 
probes designed to sample extracellular fluid in 
n. accumbens, frontal cortex, amygdala and cau
date. Some (n=8) were previously trained to dis
criminate PTZ from saline in a two lever opper- 
ant procedure with food reward. The training 
dose of PTZ (20 mg/kg) produced defecation, ur
ination and increased locomotor activity in the 
microdialysis testing chamber, but did not af
fect the average concentration of dopamine (de
termined by HPLC with electrochemical detection) 
in either the trained or untrained rats. Simi
larly, no consistent pattern was found for the 
variations in dopamine metabolite (HVA and 
DOPAC) concentrations after PTZ. In contrast, d- 
amphetamine (lml/kg, ip) increased dopamine re
lease (p< 0.01) in n. accumbens, indicating that 
these rats exhibit the usual response to this 
drug of abuse. The present data suggest that 
mood and stimulus effects of the anxiogenic drug 
PTZ are not mediated by a hypothetical "oppo
site" action to that of euphoric agents on dopa
minergic projections to limbic areas.

Supported by DA 06873 from NIDA.
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337.11
MEDIATION OF CAFFEINE TOLEFIANCE AND WITHDRAWAL BY G PROTEIN 
AND ADENOSINE RECEPTOR REGULATION. G.B. Kaplan*. K.A. Leite- 
Morris and A.J. Rogers. Dept. of Psychiatry and Human Behavior,
Brown University and VA Medical Center, Providence, Rl 02908.

The receptor and postreceptor mechanisms of caffeine-induced 
physiological dependence are unclear. Using automated activity 
monitoring, drug withdrawal and tolerance to the stimulant effects of 
single doses of caffeine (0-60 mg/kg, IP) were examined in CD-1 mice 
receiving caffeine doses of 0 or 100 mg/kg/day via osmotic pumps for 
7 days. Regulation of adenosine receptors and G proteins was studied in 
cortical tissues from mice receiving the same chronic doses. Saturation 
studies were performed in tissues of treated mice using adenosine A1- 
selective radioligand [3H]1,3-dipropyl-8-cyclopentylxanthine. 
Tissues were also subjected to polyacrylamide gel electrophoresis, 
transferred to membranes and incubated with polyclonal antisera to G 
protein subunits. Western blots were quantitated using densitometry. 
Results indicate that tolerance develops in the caffeine-treated group 
with a downward displacement of the acute dose-response curve (32% 
decrease in maximum activity). One day after pump removal motor 
hypoactivity develops (36% decline in ambulatory activity) and these 
values return to vehicle control levels on day two. There was no effect 
of caffeine treatment on A1 adenosine receptor Kd or Bmax values from 
saturation studies. Preliminary immunoblotting studies show that in 
the caffeine treatment group G!a and beta subunits are downregulated 
and GSa is upregulated. The results suggest that chronic antagonism of 
adenosine receptors by caffeine may result in a homeostatic response of 
postreceptor G protein subunits which may mediate drug dependence. 
Supported by grants from the Department of Veterans Affairs.

338.1
PR IO N PROTEIN FRAG M ENT IN D U C E D  N E U R O N A L DEATH  BY 
A P O P T O S I S :  IM P L I C A T I O N S  F O R  P R IO N  R E L A T E D
ENCEPHALOPATHIES G. Forlonif N. Angeretti. R. Chiesa. R. Del Bo, M. 
SaIm ona,°0. Bugiani and °F. Tagliavini. Istituto di Ricerche Farmacologiche 
Mario Negri, M ilano, Italy °Istituto N eurologico Carlo Besta. Milano, Italy 

In p r ion -re la ted  en cep h a lo p a th ies , the ce llu lar  prion  (PrPc), a 
sia loglycoprotein  of 33-35 kDa expressed predom inantly in  neurons, is 
converted into altered form (PrPSc). PrPSc is distinguishable from its normal 
h o m o lo g u e  for its  relative resistan ce to p rotease d ig estio n , PrPSc 
acum m ulates in the brain of affected ind ividuals, an its protease-resistant 
core aggregates into am yloid fibrils. This process is accompanied by nerve cell 
degeneration. To investigate the relationship betw een  PrPS cand neuronal 
death, w e  studied the effect on cell viability in vitro  of synthetic peptides 
hom ologous to residues 57-64,89-106, 106-114,106-126,127-147 of human PrP. 
These peptides matched the PrP portion purified from am yloid deposits in 
brain of patients w ith  GSS d isease, Indiana kindred. Primary hippocam pal 
neurons from  17-day-old  rat em bryos w ere exp osed  acutely (24Һ) or 
chronically (10 days) to micromolar concentration of peptides. 1-day exposure 
to any peptid e d id  not affect the nerve cell viability, whereas a dramatic 
cell loss w as observed in culture treated for 10 days w ith  PrP106-126 (20-80 
μΜ), the other p eptid es and a scram bled sequence o f PrP 106-126 were  
ineffective. PrP 106-126 possessed  a high intrinsic ability to polym erize in 
v itr o  ito am yloid-like fibrils. M orphological analysis, by light and electron 
m icroscopy, and D N A  fragmentation indicated that neuronal death induced  
by PrP 106-126 occurred by apoptosis. This phenom enon was also investigated  
in other cell types. The neurotoxic activity of PrP106-126 su ggests that 
accumulation of PrPsc and PrP am yloid deposits play a key role in nerve cell 
degeneration that occurs in prion-related encephalopathies.

338.3
TIME-DEPENDENT ALTERATIONS IN NEUROTOXICITY ACROSS 
MULTIPLE LOTS OF AMYLOID-ß PEPTIDE (Aß). K. S. Fuson*. B. D. 
Gitter. G. Becker, and P. C. Mav. Lilly Research Laboratories, CNS and 
Biotechnology Divisions, Eli Lilly and Company, Indianapolis, IN 46285.

In Alzheimer's disease (AD), amyloid-ß peptide (Aß) deposits 
accumulate in the brain. Last year, we reported on significant lot to lot 
variability of Aß toxicity and suggested that different aggregation 
properties of various lots of Aß could be responsible for their differential 
toxicity (May et al, 1992, Neurobiol. Aging 13:605). Using primary fetal rat 
hippocampal (ED18) cultures to examine Aß-mediated neurodegeneration, 
we now have confirmed that "aging” (incubation of aqueous solutions 3-7 
days at 37°C) increases the neurotoxic potency of Aß (1-40) across 
multiple lots. Moreover, if Aß peptide is aged and then lyophilized, this 
freshly solubilized "pre-aged" peptide is more toxic than fresh "unaged" 
peptide, suggesting that the peptide can be trapped in a more toxic 
conformation. Peptide solutions allowed to age longer than fourteen days 
lose toxic potencies without a prominent change in HPLC or mass 
spectroscopy profiles. Time-course studies of Aß (1-40) in our high 
density cultures demonstrate delayed neurotoxicity for both fresh and 
aged peptide. Exposure to aged Aß for two days is sufficient to initiate a 
neurotoxic mechanism although the toxic effects of the peptide are not 
manifested in culture for an additional two days. These studies suggest 
that Aß has a primary role in AD pathology, and that conformation- 
dependent neurotoxicity of Aß in vitro may reflect a similar in vivo 
mechanism responsible for neurodegeneration associated with neuritic 
pathology of AD.

338.2
CO N FO RM A TIO N -D EPEN D EN T N EU R O T O X IC IT Y  OF 
AMYLOIDOGENIC PEPTIDES. P.C. Mav*. B.D Gitter. P.M. Robison. 
W.Y, Li, LK . Simmons and K,S , Fuson., Depts. of c n s  & Molecular 
Biology, Lilly Research Labs, Eli Lilly and Co., Indianapolis, IN 46285 

Amyloid-beta peptide (Aß) accumulates in amyloid plaques of 
Alzheimer's disease (AD) and may contribute to neuronal degeneration. 
Recent data suggests that conformational changes in Aß brought about 
by "aging" the peptide increase its bioactivity. Using primary rat 
hippocampal cultures, we now report prominent neurotoxicity of 10-50 
μΜ human amylin, a 37 amino acid peptide which adopts a ß-sheet 
conformation in solution similar to aged Aß. Neurotoxicity was 
morphologically indistinguishable from that induced by Aß and occurred 
with multiple lots of human amylin. In contrast, the non-amyloidogenic rat 
amylin showed little neurotoxicity despite having 95% sequence 
similarity to human amylin. Only full length human amylin was toxic; 
various fragments including 20-29 were non-toxic at similar 
concentrations. Unlike Aß, aging of human or rat amylin failed to 
potentiate neurotoxicity suggesting that the neurotoxic conformation was 
readily adopted in freshly solubilized human amylin. Preliminary studies 
with ß2-microglobulin, another amyloidogenic protein with prominent ß- 
sheeted structure, indicate similar neurotoxicity towards hippocampal 
neurons. Together, these studies suggest that Aß neurotoxicity in vitro is 
driven by peptide conformation and may be independent of primary 
sequence. Whether similar conformations of Aß are achieved in vivo is 
unknown but would be consistent with prominent neurite degeneration 
around compacted but not diffuse deposits of Aß.

338.4
AMYLOID BETA PEPTIDE (Aß) POTENTIATES CYTOKINE SECRETION BY 
INTERLEUKIN-1 ß ACTIVATED HUMAN ASTROCYTOMA CELLS. 1B. D. 
Gitter. 1L. M. Cox. 1P. T. Keith*. 2R. E, Rvdel. and 1P. C. May. 1CNS/GI/GU 
Research Division, Lilly Research Laboratories, Eli Lilly & Co., Indianapolis, IN 
46285 and 2Athena Neurosciences, Inc., 800F Gateway Blvd., S. San 
Francisco, CA 94080.

Neurodegenerative processes in Alzheimer's disease (AD) are thought to 
be driven by the deposition of amyloid beta (Aß), a 39-43 amino acid peptide 
resulting from an alternative cleavage of amyloid precursor protein. Recent 
descriptions of in vitro neurotoxic effects of Aß support this hypothesis and 
suggest toxicity may be mediated by calcium disregulation. In addition, it has 
been reported that “aging” Aß (1mM in H2 O, 7 days, 37C) results in 
increased toxic potency, presumably due to peptide aggregation and 
format ton of a ß-sheeted secondary structure. Since Aß may also promote 
neuropathology by activating immune/inflammatory pathways in affected 
areas of the brain (e.g. cortex, hippocampus), we explored whether aged Aß 
could modulate cytokine secretion [interleukin-6 (IL-6) and interleukin-8 (IL- 
8)] from human astrocytoma cells (U-373 MG). Freshly prepared and aged 
Aß (10-50μΜ, Bachem Lot #s ZJ209 & ZK052) modestly stimulated IL-6 and 
IL-8 secretion from U-373 MG cells. However, in the presence of 15μg/ml 
interleukin-1 ß (IL-1 ß), aged, but not fresh Aß markedly potentiated (3-8 fold) 
cytokine release. In contrast, aged Aß did not potentiate substance P (NK-1) 
or histamine (H1) stimulated cytokine production. IL-1B induced cytokine 
release was potentiated by АВ^5 -з5 ) . while AB(i.-jø) was inactive. 
Furthermore, the calcium ionophore, A23187, similarly potentiated IL-1ß 
induced cytokine secretion, suggesting that calcium channel formation may 
be responsible for the effects of Aß on cytokine production. Thus, chronic 
neurodegeneration in AD affected brain regions may be mediated, in part, by 
the ability of Aß to exacerbate inflammatory pathways in a conformation- 
dependent manner.
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338.5
TAU PROTEIN KINASE I  (TPK I )  INVOLVES IN  AMYLOID 
ß PROTEIN INDUCED NEUROTOXICITY.
A. Takashima*. K. Ishicruro.__Ĩ. Uchida.«— K. Noguchi.,— L.
Hoshino. and K. Imahori Mitsubishi Kasei Institute of 
Life Sciences, 11 Minamiooya, Machida, Tokyo 194, Japan.

In Alzheimer's disease, the pathological markers 
are characterized by large numbers of amyloid plaque, 
neurofibrillary tangle, and the loss of neuronal cells. 
Recently, we have purified and cloned the tau protein 
kinase 1 (TPKl) which phosphorylated normal tau to
hyperphosphorylated tau characterized by a PHF epitope 
and a large mobility shift. In order to clarify the role 
of this kinase in Alzheimer's disease we have 
investigated the inducer of this kinase using rat 
hippocampus culture. The amyloid ß protein increased this 
kinase activity and revealed tau protein epitope for Alz- 
50 in the hippocampal culture, which characterizes 
neurofibrillary tangles of Alzheimer's brain. In addition 
amyloid ß protein was neurotoxic. These suggested amyloid 
ß protein treated hippocampus culture mimics the 
pathological state of Alzheimer's brain. In this 
condition, cycloheximide or actinomycin D inhibited 
neural death due to amyloid ß protein. Moreover, this 
neural death was prevented by TPKl antisens 
oligonucleotide but not by sens oligonucleotide. Thus, 
TPKl, which is under the control of amyloid ß protein, 
will play an important role as a key enzyme in the 
Alzheimer's disease. In the present experimental system, 
the neuronal death did not occur by passive way like 
necrosis but active way as apoptosis, which accompanied 
with some protein syntheses, involving TPKl.

338.7
HAGEMAN FACTOR AND ITS BINDING SITES ARE PRESENT 
IN SENILE PLAQUES OF ALZHEIMER DISEASE. P.L. McGeer*.
Q. Yasuhara. D.G. Walker and E.G. McGeer. Kinsmen Laboratory 
of Neurological Research, University o f British Columbia,
Vancouver, Canada, V6T1Z3

Hageman factor (HF) or FX11 is linked to several defense systems 
o f the body, including coagulation, fibrinolysis, kallekrein-kinin and 
complement. It can be activated by contact with negatively charged 
surfaces. We investigated the expression of HF and its mRNA in 
control and Alzheimer disease (AD) brain by using immunohisto- 
chemical and PCR techniques. HF mRNA was detected in control and 
AD brain extracts, indicating that HF can be produced by endogenous 
brain cells. However, no immunohistochemical staining of control 
brain tissue was obtained. In AD, senile plaques were weakly stained 
with two polyclonal and two o f four monoclonal antibodies to HF. 
Staining of plaques was dramatically enhanced when AD sections were 
preincubated with solutions containing HF. This suggests that plaques 
contain not only HF itself but also binding sites for HF. This in vitro 
binding of HF to plaques was blocked by kaolin and protamine sulfate, 
suggesting negative surface charges as a probable explanation. It is 
possible that activation of HF in vivo is induced by negatively charged 
surfaces on plaques. Thus, HF could play a role in initiating a variety 
of inflammatory responses in AD brain.
Supported by a grant from the Alzheimer Society of B.C. and 
donations from individual British Columbians.

338.9
THE COMPLEMENT PROTEASES Clr AND C ls  IN NORMAL AND 
ALZHEIMER’S DISEASE BRAINS. M.R. Emmerling*1. L. Brachova2, and L 
Rogers2. tParke-Davis, Pharmaceutical Research, Division of Warner-Lambert, Ann 
Arbor, MI, 48106 and 2Health Research Institute, Sun City, AZ, 85372.

Recent evidence suggests that complement activation occurs in the brains of 
individuals afflicted with Alzheimer’s Disease (AD). This activation appears to occur 
through the classical pathway, initiated by the activation of the complement 
proteases Clr and Cls. The presence of Clr and C ls has not yet been demonstrated in 
brain. We examined buffer extracts from cortex, hippocampus and cerebellum of 
normal and AD brains using antibodies to Clr and C ls. Immunoreactive bands of 
83 kDa were found in the brain samples and ran similar to immunoblots of purified 
Clr and Cls. Clr and C ls (57 kDa and 25 kDa) activation products are detected in 
serum, but not in brain tissue from AD and control patients. The absence of 
activation fragments implies that the presence of Clr and C ls in brain is not the 
result of serum contamination. The relative levels of C lr and C ls are slightly higher 
in the cortex of AD than normal brains, but are not different in the hippocampus. Die 
direct and indirect substrates of C ls are also detected in brain extracts, ß and ^chains 
of C4 (75 kDa and 35 kDa) are present at about the same levels in AD and normal 
brains. C2 (1 lOkDa) and its fragment (75kDa) are also detected. The level of the 115 
kDa а -chain of C3 in AD cortex is unchanged and in hippocampus decreased 
compared to normal, while the 75 kDa ß chain of C3 increases in AD brains 
compared to normal. These results show that the complement proteases are present in 
AD brains and, thus, may contribute to the activiation and consumption of other 
complement proteins in the cascade.,This activation may be occuring at localized sites 
since activation products of C ls and Clr are not detected in extracts of whole brain 
regions. The source of the C lr and C ls proteases and sites of their possible activation 
are under investigation.

338.6
INVESTIGATION OF THE TOXICITY OF ß-AMYLOID FOR BASAL 
FOREBRAIN CHOLINERGIC NEURONS IN VIVO. P.H. Kelly, J. Malanowski, 
K-H. Wiederhold and H-U. Gremlich, Preclinical Research, Sandoz Pharma 
Ltd., CH-4002 Basle, Switzerland.

A high density of ß-amyloid-containing plaques and loss of basal forebrain 
cholinergic neurons are among the pathological features of Alzheimer’s 
disease. The present experiment investigated a possible explanation for this 
association, namely that ß-amyloid is toxic to these neurons. Rats were 
injected in the nucleus basalis and medial septum with ß-amyloid^gg, ß- 
amyloid^o (10 μg in 1 μΙ) or distilled water vehicle (1 μΙ). fi-amyloid^ 
solutions were either fresh or recently freshly-frozen. ß-amyloid140 solutions 
were either freshly-made or had been incubated at 37°C for 1-4 days. 
Portions of ß-amyloidM0 solutions were diluted 10-fold for circular dichroism 
spectroscopy. A week after injection left and right hippocampus and frontal, 
parietal and occipital cortical regions were dissected for assay of choline 
acetyltransferase (СҺАТ). The results showed that fresh ß-amyloidM0 solution 
contained random coil and ß-pleated sheet conformations in approximately 
equal amounts while after one or more days incubation the structure was 75- 
85% ß-pleated sheet. No injected solution contained microscopically-visible 
particles. Compared to vehicle-injected control groups amyloid-injected groups 
showed no alteration of СҺАТ activity in the regions studied. The results 
suggest that under these conditions this dose of dissolved ß-amyloid^s or 
ß-amyloid^o does not destroy basal forebrain cholinergic neurons in vivo. In 
light of accumulating recent evidence for a role of aggregation state and 
possible batch differences in ß-amyloid toxicity, these factors will be further 
studied.

338.8
R E D U C E D  CO M PLEM ENT A C TIV A TIO N  IN N O N D EM EN TE D  
PA TIEN TS WITH EXCESSIVE ß -A M Y L O ID  PEPTIDE DEPOSITION. Ļ  
Brachova*. L .-F , Lue. S. Bvttner, L. Sue. W.H. C ivin , J. Schultz, J, Tuohy, 
and J. R ogers. Sun H ealth Research Institute, Sun C ity, A Z  85372.

In an autopsy series that includes over 250 A lzheim er’s disease (A D ) 
and nondem ented elderly (N D ) patients, w e observed 4 N D  patients with  
su ffic ien t ß -am ylo id  peptide ( ß - AP) deposition to otherw ise qualify  for the 
diagnosis o f  A D . These data indicate that excessive ß -A P  deposition may 
be necessary but not su ffic ien t to cause the dem entia o f  A D . Our prior 
research suggests that the activation o f  com plem ent by ß -A P  m ay be one 
o f  the elem ents that m ediates ß -A P  cytotoxicity . To test this hypothesis, 
three age m atched groups o f  four patients each were studied: clinically  
diagnosed, autopsy confirm ed A D  patients (A D ), clin ically  nondem ented  
patients w ith  little or no A D  pathology at autopsy (N D ), and clin ically  
nondem ented patients w ith  su ffic ien t A D  pathology at autopsy to otherwise 
qualify  for the diagnosis o f  A D  (high pathology controls, HC). Since the 
form ation o f  the m em brane attack com p lex (C 5b -9) is the final step in 
c o m p le m e n t  a c t iv a t io n ,  w e  p e r fo r m e d  W estern  b lo t  and  
im m unohistochem ical assays o f  C 5b -9  in superior frontal gyrus samples 
from  all patients. ß -A P  im m unohistochem istry and thioflavin  S 
histochem istry were also perform ed for m orphom etric analyses. Although  
HC patients have excessive ß -A P  d eposition , com parable to A D  patients, 
both levels and im m unohistochem ical reactivity for C 5b -9  are greatly 
reduced and are closer to the low  C 5b -9  values for N D  patients. Additional 
im m unohistochem ical experim ents w ith entorhinal cortex samples gave 
sim ilar results. O f interest, th ioflavin  p ositive tangles in entorhinal cortex  
were also reduced in HC patients. Thus, failure o f  fu ll com plem ent 
activation is one o f  several possible bases for the absence o f  dem entia in 
HC patients.

338.10
HUMAN CNS GLIAL TUMOR CELLS SECRETE COMPLEMENT PROTEINS 
IN VITRO. J.M. Hopkins*. K. Spiegel and M.R. Emmerline. Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Company, Ann Arbor, MI, 
48103.

Activation of the complement cascade in vivo can result in cell lysis or sub-lethal 
cell damage. Immunocytochemical detection of complement components in neuritic 
plaques, neurofibrillary tangles, and degenerating neurites in Alzheimer's disease 
(AD) has raised the possibility that local activation of the complement cascade may 
be involved in the neurodegeneration associated with AD. The location and type of 
cells responsible for synthesis of complement components associated with AD 
neuropathology have not yet been described. We have employed human glial 
('SNB-17' glioma) and neuronal (SY5Y subclone of SK-N-SH neuroblastoma) 
tumor cell lines to explore the complement-component synthetic capabilities of 
human neuronal and glial cell types. Cells were cultured to near-confluence in 
DMEM containing 10% fetal bovine serum, then washed and cultured for 1 to 8 
days in serum-free DMEM. Cell-free conditioned medium was concentrated 
approximately 200-fold by ultrafiltration, and assayed for secreted complement 
proteins by Western blot analysis using goat antisera raised against human 
complement antigens. SNB-17 cells secreted proteins that were immunoreactive for 
Clr, C ls, C2, C3, as well as beta fragments of C4 and C5. Undifferentiated SY5Y 
cells secreted only C5. Quantitation of band density (normalized to total protein) 
revealed the accumulation of detected complement components over time in culture, 
indicating that these components were being synthesized and secreted in vitro. 
These results support the hypothesis that human CNS glial cells can synthesize and 
secrete classical-pathway components of the complement cascade. We are currently 
extending this analysis to include primary non-neuronal cell cultures derived from 
normal adult human CNS.
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338.11
EFFECTS OF DENERVATION ON MOUSE MUSCLE ß-AMYLOID 
PROTEIN PRECURSOR (ß-APP) AND a r ANTICHYMOTRYPSIN (ar  
ACT). M. Akaaboune. J. Ma. В. W. Festoff. B. D. Greenberg, M. Chen* 
and D. Hanta'f. INSERM U. 153, Paris; FRANCE; KUMC and KCVAMC, 
Kansas City, KS 66160 and MO 64128; Upjohn Co., Kalamazoo, Ml.

Kunitz-inhibitor containing forms of the ß-APP or protease nexin II 
(PNII), and a<|-ACT, a serpin, are important components of the serine 
protease:inhihitor balance in many tissues. In the nervous system, this 
balance may have trophic or growth factor activity at different stages of 
development, after injury and in disease states. Another serpin, 
protease nexin I (PNI), was first localized to the synapse at the 
neuromuscular junction (NMJ). In the current study we asked whether 
denervation affected the localization of ß-APP and a-j-ACT in adult 
mouse muscle following axotomy, using immunocytochemistry and 
Western blotting with monospecific antibodies. The results indicate 
that APP was present in normal muscle both at NMJs and within 
intramuscular nerves. ACT was also at NMJs on the perineurium of 
nerves and endothelial cell surfaces. Following axotomy, both APP and 
ACT disappeared from intramuscular nerves simultaneously. However, 
at the NMJ, ACT decreased more rapidly than APP which lingered 
several days before disappearing. In addition, fragments of ACT, along 
with uncleaved serpin, were detected on immunoblots but the same 
was not observed with APP. Since both ACT as well as APP are 
present within the senile plaques in Alzheimer's disease brains such 
experiments in muscle after denervation may shed light on the 
mechanism of synapse loss as well as plaque deposition in this disease. 
Supported by INSERM, CNRS, AFM, ADRDA, NATO, the Marion Merrell 
Dow/SEP and the Medical Research Service of the DVA.

338.13
EV ID EN C E OF IN C R EA SED  LEVELS O F C4 BIN D IN G  PR OTEIN IN  
A L Z H EIM ER ’S DISEASE. J.M. T uohv*. J.J. Schultz. L. Brachova. L .-F . 
Lue and J. R ogers. Sun H ealth Research Institute, Sun C ity, Arizona  
85372.

We have previously presented data supporting the hypothesis that 
com plem ent activation contributes to the neuropathy typical o f  A lzheim er’s 
disease (A D ). Here we present data show ing a concom itant e levation  o f  one 
o f  the com plem ent cascade inhib itory proteins, C4 binding protein (C4bp). 
This protein is know n to accelerate the decay o f  the classical pathway C3 
convertase and to act as a cofactor in the proteolytic sp litting o f  C4b by 
Factor I.

C4bp levels in high and low  pathology areas o f  the A D  brain as well 
as in normal brain were determ ined by im m unohistochem istry and western  
blot analysis. H igh pathology areas, including superior frontal gyrus, 
entorhinal cortex and hippocam pus were com pared to the typically  low  
pathology cerebellum . By im m unohistochem istry high levels o f  C4bp were 
present in the high pathology areas associated w ith  entities having 
m orphological characteristics consistent w ith  those o f  sen ile plaques and 
neurofibrillary tangles. In the cerebellum , by contrast, C4bp was barely 
detectable in C4d id en tified  d iffu se  plaques. W estern blot analysis also 
found high levels o f  C4bp in  high pathology areas o f  the brain whereas it 
was not detectable in cerebellum . U sin g  either technique C4bp was not 
detectable in normal brain. Furtherm ore, there was no detectable d ifferen ce  
betw een the levels o f  C4bp in the serum  o f  A D  and controls. Ongoing  
studies o f  gene expression w ill determ ine w hether this increase in C4bp 
levels is attributable to synthesis. N evertheless, these high levels o f  C4bp 
in the A D  brain are com patible w ith  a localized inflam m atory pathology  
that m ay be responsible for the neuronal and neuritic dam age exhib ited  in
A D .

338.12
Synaptophysin-like immunoreactivity in the hippocampus and 
the entorhinal cortex of patients with Alzheimer’s disease and in 
aged controls. O, Heinonen*. H, Soininen. L. Paljärvi. O. Kosunen 
and P. Riekkinen Sr, Depts. of Neurology and Pathology, Univ. of 
Kuopio, P.O.Box 1627, 70211 Kuopio, Finland.

Recent data indicate that synaptic loss may be a better structural 
correlate of dementia than other brain lesions in Alzheimer's disease 
(AD). Moreover, the relation of synaptic pathology to ß-amyloid 
accumulation is of particular interest. We studied the colocalization of 
ß-amyloid immunopositive plaques and synaptophysin-like
immunoreactivity in the hippocampus and the entorhinal cortex of 9 
neuropathologically verified AD patients (8 female, 1 male, mean age 
±S.D., yr 80±6) and 3 age-matched controls (1 female, 2 male, mean 
age 71±14). We found a significant decrease in synaptophysin-like 
immunoreactivity in the CAI area (-43%), subiculum (-41%) and in 
the layers II and III of the entorhinal cortex (-36% and -42%) in AD 
vs. controls (Student's t-test; p<0.05). The number of CA3 pyramidal 
cells positively correlated with the synaptophysin-like
immunoreactivity in the CAI area. It has been suggested that the 
pathological processing of ß-amyloid precursor protein might lead 
both to synapse degeneration and amyloid deposition. In this study, 
there was no spatial relationship between ß-amyloid deposition and 
synaptophysin-like immunoreactivity in each region of the 
hippocampus or each layer of the entorhinal cortex, however.
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339.1
ANTISENSE STRATEGY REVEALS TAU PROTEIN AS A NOVEL PUTATIVE 
MOLECULAR RISK FACTOR FOR NEURODEGENERATION. M. Memo* M 
Pizzi. A. Valerio. P.F. Spano. Division o f Pharmacology, Department o f Biomedical 
Sciences &  Biotechnologies, School o f Medicine, University o f Brescia, Brescia, Italy

One of the emerging concept in the field of neurodegeneration is that the selective 
neuron vulnerability stands on the history o f the neurons which may result in an 
accumulation o f molecular ride factors for the disease. We propose tau proteins as a 
risk factor for neurodegeneration which contributes, together with others, to define 
the threshold for discriminating an excitatory from a neurotoxic glutamatergic input.

We found that a brief pulse o f either toxic or subtoxic concentrations o f glutamate 
to primary culture o f rat cerebellar granule cells induced a short lasting accumulation 
of mRNA for tan proteins. Time course experiments revealed a bell-shape curve with 
the maximal increase o f tau mRNA levels 2 hr after the glutamate pulse. Tau mRNA 
is further processed to protein as suggested by the significant increase of tau 
immunoreactivity detectable 2 and 4 hr after the pulse. We then investigated the 
possible involvement o f the newly synthesized tau protein in the neurotoxic process 
activated by glutamate using the oligonucleotide antisense strategy'. Pretreatment of 
granule cells with a tau antisense oligonucleotide completely prevented the increase 
o f tau immunoreactivity induced by glutamate. Significantly, the concentration 
response curve of glutamate for inducing neuronal death in cells pretreated with tau 
antisense oligonucleotide showed a shift to the right when compared to those 
obtained in untreated or tau sense oligonucleotide-treated cells.

Since inhibition o f tau synthesis does not completely prevent but only decreases the 
neuronal sensitivity to glutamate it is tem ping to speculate that accumulatimi o f tau 
within the neuron represents one o f the molecular risk factors lowering the safety 
margin o f neurons to excitotoxic-induced injury.

339.2
WALLERIAN DEGENERATION IN RAT SCIATIC NERVE: 
COMPARATIVE EVALUATION BETWEEN PRENATAL AND EARLY 
POSTNATAL EXPOSURE TO CARBON MONOXIDE. M. R. Carrata. 
R. Cagiano. M. A. De Salvia* and V. Cuomo. SPON: Brain Research 
Association. Institute o f  Pharmacology, University o f  Bari, Medical School, Piazza
G. Cesare, 1-70124 Bari, Italy.

We have recently demonstrated that prenatal exposure to relatively mild 
concentrations of carbon monoxide (75 and 150 ppm) produces in rat offspring 
subtle changes in both voltage- and time-dependent properties of sodium channels 
which mediate sodium influx during the rising phase of action potentials in sciatic 
nerve fibres; these changes were found to be reliably related to up regulation of 
acidic glycoconjugates in nodal axon membrane o f CO-exposed rats (Carratù et a i, 
Arch. Toxicol. 1993, in press).
The present data show that prenatal exposure (from day 0 to day 20 o f pregnancy) 
to carbon monoxide (150 ppm) produces in rat offspring (16-month-old) 
pathological signs suggestive of Wallerian degeneration. These changes are 
characterized by: (i) widening of the nodal gaps and more marked visualization of 
Schmidt-Lanterman incisures; (ii) disruption o f the myelin sheath in both 
paranodal and intemodal regions; (iii) fragmentation o f nerve fibres with 
formation of chains of avoids and appearance o f typical "digestion chambers o f  
Cajal", a structure composed of Schwann cell cytoplasm surrounding degenerating 
myelin ovoids. None o f the above alterations was found in 6-month-old rats 
prenatally exposed to carbon monoxide. No sign of degeneration was found 
in both 6- and 16-month-old rats exposed to carbon monoxide (75 and 150 ppm) 
early in the postnatal life (from day 1 after birth up to day 20).
In sum, the results of the present study show that prenatal but not early postnatal 
exposure to relatively mild CO concentrations increases the susceptibility o f aged 
rats to undergo Wallerian degeneration.
Supported by the CNR-ENEL Project - Rome, Italy
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339.3
ALTERED GENE EXPRESSION FOR CALCIUM ACTIVATED 
NEUTRAL PROTEASE (CALPAIN) AND ITS ENDOGENOUS 
INHIBITOR (CALPASTATIN) IN THE MOTOR NEURON 
DEGENERATION (Mnd) MUTANT MOUSE. J. Li. S.A. Berman*. R. 
Nixon and S. Bursztain. Mailman Research Center, McLean Hospital, 
Harvard Medical School, Belmont, MA 02178.

The Motor Neuron Degeneration (Mnd) mutant mouse shows a stable late- 
onset paralysis ascending from hind to forelimbs between five and eleven 
months of age corresponding to progressive motor neuron degeneration from 
lower to upper spinal cord levels. The time course of the disease and its 
symptoms and pathology indicate a similarity with human amyotrophic lateral 
sclerosis (ALS). The molecular mechanisms underlying the neuronal degener
ation in the Mnd mouse have not been uncovered. Because the calcium acti
vated neutral protease (cidpain) and its endogenous inhibitor (calpastatin) has 
been implicated in other neuronal degenerations, we investigated the expres
sion of the genes for the calpain/calpastatin system in the Mnd mutant mouse 
by Northern blot analysis. Our results indicated that the calpain II mRNA 
level in the total RNA from forebrain as well as thoracic and lumbar spinal 
cord of the Mnd mutant mouse exceeded by 1 fold that of the wild type 
mouse at the severely affected (8-mo) but not at the presymptomatic (3-mo) 
stage. The calpastatin mRNA level was significantly lower in the mutant than 
the wild type at З-months of age. These observations suggest a possible role 
for the calpain II/calpastatin system in the process of neuronal degeneration 
in the Mnd mutant mouse. We are pursuing further analysis of the changes 
of the mRNA and protein level in individual neurons and tissues by in situ  
hybridization and western blot in order to extend these observations.

339.5
LAMININ GENE EXPRESSION IN DIABETIC RAT DORSAL  
ROOT GANGLIA. A.S. Depto. J.M. Le Beau. F.J. Liuzzi. S. 
Suwanwalaikorn. N. Mamplatta. P.G. Newlon* and A. I. Vinik. The 
Diabetic Neuropathy Study Group, The Diabetes Institutes, 
Eastern Virginia Med. Sch., Norfolk, VA  23501.

Laminin B2 m RNA is normally present in dorsal root ganglion 
(DRG ) neurons (Le Beau and Liuzzi, Soc. Neurosci. Abst., 1991) 
and may play a role in the maintenance of these cells. Since 
diabetic neuropathy severely affects D R G  neurons, the present 
study used in  s itu  hybridization to compare laminin chain m RNA  
localization in normal and diabetic rat lumbar DRGs. In normal 
rats, laminin B2 m RNA was abundant in neurons and satellite cells 
while B1 and merosin m RNA was less abundant in these cells. 
Schwann cells showed comparable levels of B2 and merosin (M) 
m RNA with a lesser amount of B1 mRNA. In diabetic rats B2 and 
B1 expression was reduced in neurons and satellite cells while M 
chain expression by these cells was similar to that in normal rats. 
However, in diabetics, Schwann cell expression of B l, B2 and M 
mRNA was significantly reduced. A  chain showed little, if any, 
hybridization to the three cell types in either normal or diabetic rat 
DRGs. These data suggest that down-regulation of laminin gene 
expression in DRGs may be a contributing factor in the 
development of diabetic neuropathy.

339.7
CEREBELLAR CORTICAL a-KETOGLUTARATE DEHYDROGENASE 
ACTIVITY IS REDUCED IN CHROMOSOME 6 p-LINKED 
DOMINANTLY INHERITED OLIVOPONTOCEREBELLAR ATROPHY.
Frank MMmgiagom!_and Stephen h  Kish. Clarke Institute of Psychiatry, and 
University of Toronto, Toronto, Canada.

Dominantly inherited olivopontocerebellar atrophy (OPCA) is a group of 
progressive neurodegenerative disorders characterized clinically by ataxia and 
histologically by neuronal loss in the inferior olives, pons, and cerebellum. 
Levels of thiamine and its phosphates have been reported to be reduced in 
cerebrospinal fluid, plasma and erythrocytes of patients with cerebellar ataxias, 
including OPCA. Therefore, we measured the activity of die thiamine 
pyrophosphate (TPP) dependent α-ketoglutarate dehydrogenase complex 
(aKGDHC), a rate-limiting enzyme of the Krebs cycle, in postmortem brain of 
9 patients from one family (Pedigree S) with dominantly inherited OPCA, and 
13 neurologically normal controls, both in die presence and absence of TPP. In 
die presence of TPP, aKGDHC activity was markedly reduced in OPCA 
cerebellar cortex (-47%, p > 0.05), but unchanged in both frontal and occipital 
cortices. In the absence of TPP, aKGDHC was significandy reduced (-74%, p 
< 0.05) in OPCA cerebellar cortex. The marked reductions in aKGDHC 
activity in OPCA cerebellum may be related to a defect in TPP binding and/or 
availability which could irreversibly affect enzyme stability, a possibility 
consistent with observations that die cerebellum, pons and medulla have the 
highest thiamine turnover rates in die rodent brain. We conclude that reduced 
aKGDHC activity, possibly the result of altered thiamine neurochemistry, could 
compromise cerebellar energy metabolism and may therefore contribute to the 
brain dysfunction in OPCA. Supported by U.S. NINDS NS26034.

339.4
EFFECTS OF DIABETES ON SUBSTANCE P GENE  
EXPRESSION IN RAT LUMBAR DORSAL ROOT GANGLIA  
DURING  SCIATIC NERVE REGENERATION. F.J. Liuzzi*. S. 
Suwanwalaikorn. J.M. Le Beau. N. Mamplata. and A.I. Vinik. The 
Diabetic Neuropathy Study Group, The Diabetes Institutes, 
Eastern Virginia Med. Sch., Norfolk, Va 23501.

Adult female SD rats were randomly assigned to one of four 
groups: 1) non-diabetic control, 2) diabetic, 3) non-diabetic 
regenerating and 4) diabetic regenerating. After 5 weeks of 
streptozotocin-induced diabetes in groups 2 and 4, the sciatic 
nerves of groups 3 and 4 were transected and the cut ends placed 
into a polyethylene tube leaving a 10mm gap. The L4 and L5 
DRGs were harvested from all 4 groups after an additional 28 days 
and prepared for in  s itu  hybridization using an ^ S  riboprobe 
transcribed from beta preprotachykinin cDNA. Diabetes alone 
markedly reduced the proportion of D R G  neurons expressing 
substance P in unoperated rats (9.3±0.8%  vs 17.0±3.4% ). In non
diabetics, sciatic nerve section and tube implantation had no 
significant effect on substance P gene expression (17.0;+3.4% vs 
15.1+1.3%). In diabetics, the same procedure caused an increase 
in the proportion of DRG neurons expressing substance P 
(9.3+0.8%  vs 13.4+1.7%). Diabetes may cause selective DRG  
neuronal death, a down-regulation of substance P expression or 
both. The lack of a change in substance P expression in non
diabetics and the increase in diabetics might be due to a 
concentration of growth factors in the impermeable polyethylene 
tubes.

339.6
ULIRASmUCTURAL CHANGES Ш  THE CUNEATE NUCLEUS OF SIREFTOZOTOCIN-INEOCED 
DIABETIC RATS. S.T.Eheen, S.S.W. Tay and W.C. Wong*. Department of 
Anatomy, National University of Singapore, Singapore 0511.
Male Wistar rats (200-250g) were made diabetic by a single intravenous 

injection of streptozotocin (60mg/kg body wt in 0.01M citrate buffer) 
and were perfused at 6, 9 and 12 months post-diabetes. Various degrees 
of dystrophic and degenerative changes were observed in axonal profiles 
and dendrites of the cuneate nucleus. At 6 and 9 months, dystrophic 
myelinated and unmyelinated axons containing tubulovesicular elements, 
slit-like clefts, vacuoles, multigranular and membranous bodies appeared 
to be swollen. The tubular profiles in some axons often developed into 
vacuoles and cysts within the axoplasm. Atrophic myelinated axons with 
del я ті nat io n  and splitting of myelin være also frequently found in the 
neuropil. An accumulation of neurofi laments was commonly encountered 
in the neuronal profiles. At 12 months, a significant wave of 
degeneration was observed. Degenerating axon terminals contained 
swollen mitochondria and clustered agranular vesicles in their electron- 
dense axoplasm and they often formed the central elements of synaptic 
glomeruli. Degenerating dendrites contained swollen mitochondria and 
dilated FR in their electron-dense cytoplasm. However, the perikarya 
appeared to be normal. Macrophages showing electron-dense debris in 
their cytoplasm were in the process of phagocytosis. The frequency of 
abnormal neuronal profiles of the cuneate nucleus of diabetic rats was 
significantly increased in comparison with age-matched saline injected 
controls. It is suggested that these ultrastructural changes are 
probably the results of metabolic disorders in diabetes mellitus.

339.8
INCREASED otB-CRYSTALLIN IN GLIAL CYTOPLASMIC INCLUSION 
ENRICHED FRACTION FROM MULTIPLE SYSTEM ATROPHY BRAIN.
î J ^ a n ^ J i N ukina, I,Kanazawa__ an d . S -K w ak*. Department of
Neurology, University of Tokyo, Tokyo,Japan 113

Glial cytoplasmic inclusions(GCI) are a major pathological 
feature of multiple system  atrophy (M SA) including 
olivopontocerebellar atrophy, striatonigral degeneration and Shy 
Drager syndrome.To determine the main constituent of GCI we 
tried to get the GCI enriched fraction from MSA brain.

To detect GCI we examined frozen sections by the 
immunohistochemistry using antibodies against ubiquitin, 
tubulin,aB-Crystallin and MAP5 which are reported to stain GCI. 
They reacted not only with GCI but also other structures. On the 
other hand Galiyas' silver staining stained GCI specifically. Then 
using Galiyas' staining we determined GCI enriched fraction.

Frozen MSA brains were homogenized in Tris Saline buffer with 
protease inhibitor. Using sucrose density gradient 
(1.0/1.2/1.4/2.0)centrifugation we got GCI enriched fraction at 
the interface between 1.4 M and 2.0 M.

To detect GCI specific protein we compared GCI enriched fraction 
with the corresponding fraction from control brain using two 
dimensional gel electrophoresis and found the increased protein, 
MW and pi of which are 22kD and 7.0. Western blot showed that 
this increased protein is a B -C ry s ta llin . P re v io u s
immunochemical report and our result suggest that aB -
Crystallin is one of the component of GCI.
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339.9
N E U R O N A L  D A M A G E  IN D U C E D  B Y  ß -N -O X A L Y L A M IN O -L -A L A N IN E  

(B O A A ), IN  R A T  H IP P O C A M P U S , C A N  B E  P R E V E N T E D  B Y  D IM E T H Y L  
S U L F O X ID E  (D M S O ) A N D  T H E  N O N -N M D A  A N T A G O N IS T , 2 ,3 -  
D IH Y D R O X Y -6 -N IT R O -7 -S U L F A M O Y L -B E N Z O (F )Q U IN O X A L IN E  (N B Q X ).
C  L. W illis , B .S . M eld ru m . P .B . N u n n . B .H . A n d erton  an d  P .N . L eig h . (Spon:
B ra in  R esearch  A sso c ia t io n ). D ep artm en t o f  N e u r o lo g y , In stitu te  o f  P sych ia try , 
L on d on , SE 5 8 A F , U K .

N eu ro la th yr ism  is  th o u g h t to  b e  cau sed  b y  ß -N -o x a ly la m in o -L -a la n in e  (B O A A )  
fou n d  in  Lathyrus sativus seed s. W e h a v e  in v e stig a ted  th e  m e ch a n ism  o f  a c t io n  o f  

B O A A  in vivo. F o ca l in ject io n s  o f  B O A A , a -a m in o -3 -h y d r o x y -5 -m e th y l- iso x a z o le -
4 -p rop ion ate  (A M P A ), k a in ate  (K A ) or N -m eth y  1-D -aspartate (N M D A ) w ere  m ad e  
in  th e  d orsal h ip p ocam p u s o f  m a le  W istar rats. C e llu la r  d a m a g e  in  p yram id a l (C A 1 -  
C A 4 ) an d  den tate gra n u le  n eu ron es (D G ), in d u ced  b y  th e  ex c ita tory  a m in o  a c id s, 
w a s a sse ssed  h is to lo g ic a lly  2 4  h  after in jection . B O A A  (5 0  n m o l) an d  A M P  A  (1  
n m o l)  in d u ced  com p arab le s e lec t iv e  p attern s o f  reg io n a l ce llu la r  d am age . C A I , C A 4  
an d  D G  su b fie ld s sh o w ed  b e tw een  7 0 -9 0 %  n eu ron a l injury w h erea s C A 2  a n d  C  A 3  
sh o w ed  o n ly  m in im a l d am age . N eu ro n a l to x ic ity  in d u ced  b y  B O A A  a n d  A M P  A , b ut 
n o t b y  K A  an d  N M D  A , w a s  p revented  b y  th e  n o n -N M D A  receptor a n ta g o n is t 2 ,3 -  
d ih y d ro x y -6 -n itr o -7 -su lfa m o y l-b en zo (F )q u in o x a lin e  (N B Q X ) u p  to  2  h  after th e  
in itia l in su lt. A  h yd roxy l free  rad ica l sca v en g er , d im eth y l su lfo x id e  (D M S O ), c o 
in jected  w ith  B O A A  p rod uced  a  s ig n ific a n t le v e l o f  n eu rop rotection  in  a ll re g io n s  
w ith  d a m a g e  redu ced  b y  80%  in  C A I . In  con trast, th ere  w a s  n o  n eu rop rotective  
e ffec t a g a in st A M P  A , K A  an d  N M D  A . D e la y e d  fo ca l in ject io n  o f  D M S O  s t il l  g a v e  a  
s ig n ific a n t le v e l o f  p ro tection  in  th e  h ip p ocam p u s up  to  1 h  after B O A A  in jection .

R esu lts  in d ica te  th a t in vivo h ip p ocam p al to x ic ity  o f  B O A A  is  m ed ia ted  b y  th e  
A M P A  receptor s ite . H ow ever, B O A A  b ut n o t A M P A  to x ic ity  c a n  b e  p rev en ted  b y  
D M S O . T h is  su g g ests  a  co m p o n en t o f  B O A A -in d u ce d  n eu ro to x ic ity  m ay  b e d ue to  
hydroxy l free ra d ica ls  g en era ted  d irectly  b y  B O A A  or b y  in h ib itio n  o f  a n tiox id an ts .

339.11

P R O G R E S S I V E  A M N E S I A :  M R I A N D  [ 1 8 F ] F D G  P E T  R E P O R T  
O F  F I V E  C A S E S .
S F . C a p p a * .  P . P e r a n i .  F . G r a s s i , ____ Ş , B r e s s L — E Pe— Bêûzí,
G . M ic e l i .  P .  C a f f a r r a .  R . P r e v i d i .  F . F a z i o .
INB-CNR, Scientific Institute H S  Raffaele, University of Milano, 
Brescia, Bologna and Roma, Italy.

We report five patients with an amnesic syndrome which has been 
slowly developing for over five years (range 5-7) who underwent 
magnetic resonance (MR) and 2-[18F]fluoro-2-deoxy-D-glucose 
([1 8 p ]FD G ) positron em ission tomography (P E T ) stud ies. 
Intellectual skills have remained excellent and there are no language, 
perception, praxis and calculation deficits. The memory impairment 
w as confined to verbal, spatial and visual learning, sparing 
retrograde memory. MRI failed to show any focal brain 
abnormalities; mild generalized atrophy was present in three cases. 
An individual analysis of P ET  metabolic data using +. 2 SD from 
normal control va lues as cut-off scores, revealed a significant 
hypometabolism of the thalamus (left 1 cases), hippocampus (5 
bilateral) and cingulate cortex (3 bilateral) in the patients 
compared to normal controls. These cases extend to amnesia the 
spectrum of monosymptomatic progressive cognitive disorders, 
previously reported in the areas of language, praxis and visual 
recognition. Consistent with the assumption of an independent disease 
entity is the selective involvement of memory related structures 
disclosed by P ET , which differs from the temporo-parietal metabolic 
pattern usually associated with Alzheimer's disease, even in early 
phase and in presence of prevalent memory deficits.

339.13
PATHOLOGICAL CHANGES IN THE PERIAQUEDUCTAL GRAY MATTER 
(PAG) IN MULTIPLE SCLEROSIS.
P.O.Gerrits1 * EJ.'s-Gravenm ade2 . J.M.Minderhoud2 , G.Hoistęgę1 
Dept. of Anatom y and Embryology1 and Neurology^, Faculty of 
Medicine, University of Groningen, The Netherlands.

In MS the main histopathological characteristics of the disease 
are those of immune-related inflammation and demyelination. Reports 
on the myelin content in the periaqueductal gray (PAG) are scarce and 
confusing. Using a methacrylate-embedding technique for high reso
lution light microscopy (Gerrits et al., 1992) we were able to study 
the PAG with finest myelin sheaths preserved. The PAG and adjacent 
areas were studied in four MS patients. Control patients, which did not 
suffer from a neurological disease, were used as a reference series. 
Histological verification of MS autopsy tissue revealed extensive de
myelination in the PAG as well as in the adjoining medial longitudinal 
fasciculus (m lf) and other areas adjacent to the PAG. Some lesions 
showed aspects of chronic plaques e.g. inflammation, perivascular cuffs 
of lymphocytes, macrophages containing myelin debris, hypertrophic 
astro cytes and fibrillary gliosis. Other areas were suggestive for 
longer lasting lesions. To our knowledge, lesions in the PAG have never 
been correlated with the development and occurrence of clinical signs 
in MS patients. As a caudal extension of structures situated next to the 
third ventricle, the PAG may be a predominant site for MS lesions.

Considering the function of the PAG, it is likely that these lesions 
produce changes in emotional motor behavior, vocalization and mic
turition in MS patients. Human brain tissue was obtained from the 
Netherlands Brain Bank in Amsterdam (Coordinator Dr. R.Ravid). 
Supported by the Stichting Vrienden MS Research, The Netherlands.

339.10
DISTRIBUTION OF TRANSKETOLASE AND THE or-KETOG LUTAR ATE 
DEHYDROGENASE COMPLEX IN RAT BRAIN. N. Calingasan*. H. Baker,
K.-F. R. Sheu. E.-H. Jung. F. Paoletti and G. Gibson. Cornell Univ. Med. 
Coll, at Burke Med. Res. Inst., White Plains, NY 10605 

The activities of two thiamine pyrophosphate (TPP) requiring enzymes, 
α-ketoglutarate dehydrogenase complex (KGDHC) and transketolase 
(TK) decline in brains from Alzheimer and Wernicke-Korsakoff patients 
and thiamine deprived animals. Knowledge of the distribution of these 
enzymes in the brain is necessary to define their role in selective cell 
death in these diseases. We determined the distribution of KGDHC and TK 
in rat brain by immunocyt©chemistry and in situ hybridization, and 
compared it to that of another TPP-dependent enzyme pyruvate 
dehydrogenase complex (PDHC) and a cholinergic marker, choline 
acety(transferase. Results revealed enrichment of KGDHC and TK in 
selective perikarya. KGDHC-enriched cells occurred in areas including 
those vulnerable to neurodegenerative diseases. The distribution of 
KGDHC and PDHC overlapped largely. All areas that contain cholinergic 
cells exhibited KGDHC- and PDHC-enriched neurons such as the basal 
forebrain, olfactory tubercle, striatum and the basal, ambiguus, medial 
habenular, inferior olivary and cranial nerve nuclei. The distribution of TK 
and PDHC overlapped to a limited extent. TK-enriched cells were evident 
mostly in areas devoid of cholinergic cells such as the cerebral cortex, 
hippocampus, dorsal raphe, locus coeruleus, central gray and the red, 
pontine, dorsal tegmental and deep cerebellar nuclei. The only exception 
was that some cranial nerve nuclei contained cholinergic TK-enriched 
neurons. These data have important implications for understanding cell 
death and selective vulnerability in neurodegenerative diseases.

339.12
C O G N I T I V E  A B N O R M A L I T I E S  IN  M U L T IP L E  S C L E R O S I S  (M S): 

A  N E U R O P S Y C H O L O G I C A L  A N D  M R I S T U D Y .
C h . B e h m e n h u r g . C . S te in b a c h . A. C a n a v a n . ,1. J e n n is s e n  a n d  V , 

H o m b e r g  _  __ R . E c k m ille r
N e u r o lo g ic a l  T h e r a p ie c e n tr u m  a t th e  H e in r ic h -H e in e -U n iv e r s ity  o f  

D ü s s e ld o r f , 4 0 5 9 1  D ü s s e ld o r f ,G e r m a n y .

T h is  s tu d y  re p o r ts  th e  c o g n it iv e  a b n o r m a lit ie s  see n  in  a g r o u p  o f  30  
p a t ie n ts  w ith  d e fin ite  m u lt ip le  s c le r o s is , b u t w ith o u t e v id e n c e  o f  g en er a l  
c o g n it iv e  d e c lin e  a s a s s e s s e d  b y  a s ta n d a r d  IQ  te s t . T h e  
n e u r o p s y c h o lo g ic a l  fu n c tio n s  m e a su r e d  w e re : v erb a l a n d  v isu a l m e m o r y ,  
la n g u a g e  (A A T ), m o to r  le a r n in g , in fo rm a t io n  p r o c e s s in g  (P A S A T ),  
fr o n ta l  fu n c tio n s  (su ch  as v e r b a l  flu en cy  an d  w o r d -c o lo u r -c o n d it io n a l
le a r n in g ) , d e p r e s s io n , fa t ig u e  a n d  n eg le c t .T h e  e x te n t  o f  d e m y e lin a t in g  
le s ia n s  w a s  in v e s t ig a te d  u s in g  m a g n e t ic  re so n a n c e  im a g in g  (M R I ) . M S  
p a t ie n ts  h a d  w id e sp r e a d  b u t m ild  c o g n it iv e  d e fic it s  s p a r in g  la n g u a g e  
a b il i ty  a n d  n eg lec t. W h ile  M S  p a tien ts  sh o w ed  a  s ig n if ic a n t ly  h ig h er  
fa t ig u e  sc o r e  th an  n o r m a l c o n tr o ls , th ey  h ad  n o  m a r k e d  s ig n s  o f  
d e p r e s s io n . T h e  o v e r a ll  p e r fo r m a n c e  on  n e u r o p s y c h o lo g ic a l te s t  w a s  
n e ith e r  re la ted  to th e to ta l s iz e  o f  the M R I lesio n  n o r  to  th e  d e g r e e  o f  
p h y s ic a l  d isa b ility , a s se s se d  b y  th e  m o d ified  K u r tzk e  sc a le  (E D S S ) .

339.14
EFFECTS OF ORNITHINE ON THE ELECTRORETINOGRAM Ο
ΥΖΑ VE IN CAT RETINA. K. Hiroi, F. Yamamoto* and Y. Honda. Dept. 
of Ophthalmology, Kyoto, 606 Japan.

Gyrate atrophy of choroid and retina is autosomal recessive degeneration 
retinopathy and has been known to be with increase of ornithine in the plasma 
due to absence of ornithine- б -aminotransferase. It was suggested that the 
hyperornithinemia might induce atrophy of choroid and retina. Experimentally, 
the intravitreal injection of ornithine induced retinal degeneration in rat and 
monkey, and the histological change of retinal pigment epithelium (RPE) was 
observed in 1 week after administration. We studied the effects of ornithine 
on the function of in vivo cat retina by observing the vitreal and intraretinal 
electroretinogram (ERG) with K+-selective microelectrodes.

Ornithine hydrochloride was given to cats by intravitreal or intravenous 
injection. As a control NaCI solution of same volume and osmolarity as 
ornithine solution was also given. Intravitreal injection (0.2-0.5 M; 15 μ I) of 
ornithine caused the decrease of standing potential and vitreal ERG c-wave 
amplitude. The ERG c-wave decreased continuously during observation (5 
hours). Intravenous injection (0.2 M; 10 ml) of ornithine also diminished the c- 
wave. Intraretinal recording showed that the amplitudes of trans-epithelial 
potential (TEP) c-wave and slow Pill, which were the components of vitreal 
ERG c-wave, were reduced after the intravitreal injection. The light-evoked 
K+ decrease in the subretinal space did not change by the ornithine. The 
trans-epithelial resistance, which could alter the c-wave amplitude, 
contributed to the decrease of c-wave partially.

TEP c-wave and slow Pill are known to be responses to the light-evoked 
K+ decrease originated from the photoreceptors. They are evoked by RPE and 
Muller cells, respectively; These results suggest that ornithine might affect not 
only RPE but also Muller cells, but not photoreceptors.
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339.15
LONG-TERM IMPLANTATION OF STIMULATING 
MICROELECTRODES IN THE COCHLEAR NUCLEI OF THE CAT
D.B. McCreerv *. T.G.H. Yuen. W.F. Aqnew and L.A. 
Bullara Huntington Medical Research Institute 734 
Fairmount Ave., Pasadena. Ca.

We examined the histologic and physiologic 
effects of chronically implanting discrete iridium 
stimulating microelectrodes in the cochlear nuclei 
(cn) of 2 adult cats. The microelectrodes were 
insulated with Epoxylite 6001-50 heat-cured 
electrode varnish. Recording electrodes were also 
implanted into the inferior colliculus. The 
microelectrodes were pulsed only occasionally 
during the time in situ. (225 or 632 days) . 
Histologic examination of the implant sites showed 
that the electrodes had been well tolerated. The 
microelectrode tracks in the cn were lined with a 
compact layer of connective tissue, with occasional 
aggregations of gliotic scar tissue up to 45 дт in 
thickness. Beyond the sheath, the neuropil appeared 
normal and healthy, and neurons as close as 50 дт 
to the track appeared normal. There was no gliosis 
or edema in the adjacent neuropil. A few 
lymphocytes had infiltrated the neuropil near one 
of the microelectrodes implanted for 225 days, 
indicting a mild, but persisting foreign body or 
toxic response (possibly to the Epoxylite 
insulation).

We also recorded the evoked potentials induced 
from the microelectrodes in the cn and recorded in 
the inferior colliculus. The threshold of the 
evoked potentials increased slightly over time, but 
remained at or below 8 μΑ. Supported in part by 
contract #N01-DC-2400 from the NIDCD (NIH)
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340.1
C H A R A C T E R I Z A T I O N  O F  G L U T A M A T E  R E C E P T O R  S U B U N I T S  IN  
H U M A N  P O S T M O R T E M  H IP P O C A M P I  F R O M  N O R M A L  A N D  
S C H I Z O P H R E N I C  P A T I E N T S .
C . R .  B r e e s e * .  M .E .  H a l l .  S . W .  R o g e r s .  S .  L e o n a r d . D e n v e r  V e t e r a n s  
A d m in is t r a t io n  M e d ic a l  C e n t e r  a n d  D e p a r t m e n t  o f  P h a r m a c o lo g y ,  
U n iv e r s i t y  o f C o lo r a d o  H e a lt h  S c i e n c e s  C e n t e r ,  D e n v e r ,  C O  8 0 2 6 2 .

A n t ib o d ie s  t o  f u n c t io n a l  A M P A  ( G lu R 1 , G lu R 2 ,  G lu R 3 ) ,  a n d  k a in a t e  
b in d in g  s i t e s  ( G lu R 5 - 7 )  w e r e  u t i l iz e d  a s  p r o b e s  t o  c h a r a c t e r i z e  t h e  
g lu t a m a t e r g ic  r e c e p t o r s  in  h u m a n  p o s t m o r t e m  b ra in  t i s s u e  fro m  
n o rm a l c o n t r o l s  a n d  s c h i z o p h r e n i c s .  A n t ib o d ie s  w e r e  r a is e d  in  r a b b it s  
a s  p r e v io u s ly  d e s c r ib e d  ( R o g e r s ,  et a/., J .  N e u r o s c i .  1 1 : 2 7 1 3 ) .  
P r e v io u s  s t u d ie s  h a v e  d e m o n s t r a t e d  t h a t  t h e s e  a n t i s e r a  c r o s s  r e a c t  
w it h  h u m a n  b ra in  t i s s u e  ( N e u r o s c i .  A b s . ,  1 9 9 2 ) .  S p e c i f i c  b in d in g  o f  
a n t i s e r a  to  t h e  a p p r o p r ia t e  r e c e p t o r  s u b t y p e  w e r e  d e m o n s t r a t e d  b y  
a b s o r p t io n  o f  t h e  a n t i s e r a  w it h  a p p r o p r ia t e  a n t ig e n ,  a s  w e l l  a s  
a n t ig e n  b lo ts  w it h  t h e  c lo n e d  r e c e p t o r  s u b t y p e s .  C r u d e  m e m b r a n e  
f r a c t io n s  fro m  h u m a n  h ip p o c a m p i w e r e  f r a c t io n a t e d  b y  S D S - P A G E ,  
e le c t r o - t r a n s f e r r e d  to  n it r o c e l lu lo s e ,  a n d  p ro b e d  fo r  t h e  v a r io u s  
g lu t a m a t e  r e c e p t o r  s u b t y p e s .  B lo t s  w e r e  d e v e lo p e d  w it h  
c h e m i lu m in e s c e n c e  a n d  t h e  im a g e s  a n a ly z e d  b y  d e n s it o m e t r y .  O u r  
s t u d ie s  in d ic a t e  p o s s ib le  r e d u c t io n s  in  s c h i z o p h r e n i c s  o f  t h e  
im m u n o r e a c t iv i t y  o f b o th  G lu R 2  a n d  G lu R 3  A M P A  r e c e p t o r  s u b t y p e s  
c o m p a r e d  t o  c o n t ro l t i s s u e ,  b u t  n o  c h a n g e s  w e r e  o b s e r v e d  in  G lu R 1  
o r k a in a t e  r e c e p t o r  s u b t y p e s .  W h ile  t h e r e  w a s  s o m e  d e g r e e  o f  
c o r r e la t io n  b e t w e e n  t h e  lo s s  o f  im m u n o r e a c t iv i t y  a n d  t h e  s t o r a g e  
t im e  o f  t h e  t i s s u e ,  n o  a p p a r e n t  a l t e r a t io n s  w e r e  o b s e r v e d  in  
im m u n o r e a c t iv i t y  d u e  t o  f a c t o r s  s u c h  a s  a g e ,  s e x ,  s m o k in g  h is t o r y ,  
o r p o s t m o r t e m  in t e r v a l .  A d d it io n a l  b ra in  r e g io n s  a r e  c u r r e n t ly  u n d e r  
in v e s t ig a t io n .  T h e s e  r e s u l t s  m a y  le n d  a d d it io n a l s u p p o r t  fo r  t h e  
'g lu t a m a t e r g ic  h y p o t h e s i s '  o f  s c h iz o p h r e n ia .

340.3
REDUCTION IN AUDITORY GATING FOLLOWING INTRA- 
CEREBROVENTRICULAR APPLICATION OF a-BUNGARO- 
TOXIN BINDING SITE LIGANDS AND a 7  ANTISENSE 
OLIGONUCLEOTIDES. Y .D . Rollins. K .E . Stevens. K .R. 
Harris. M .E . Hall. G .M . Rose, and S. Leonard*. Depts. of 
Pharmacology and Psychiatry, UCHSC, and Medical Research, 
VAMC, Denver, CO 80262

Schizophrenia is partially characterized by an auditory gating deficit, an 
abnormal electrophysiological response to repeated auditory stimuli. This 
aberrant trait can be reversed in non-gating humans by treatment with 
nicotine. A similar gating deficit can be generated in laboratory animals 
using pharmacological agents. The snake venom product, a-bungarotoxin 
(α-ВТХ), when injected intracerebroventricularly (i.c.v.) in rats, causes a 
loss of auditory gating similar to that seen in schizophrenia. This toxin 
binds to a specific subset of neuronal nicotinic cholinergic receptors, 
including a7, which is expressed at high levels in the hippocampus, 
cingulate gyrus and lateral geniculate nucleus. We have studied the effect 
of this binding site in vivo  by the i.c.v. injection of α-ВТХ or 
methyllycaconitine (MLA), followed by recording in the awake rat, 
implanted with surface and depth (CAI) electrodes. Both agents caused a 
reversible reduction in gating. Additionally, i.c.v. injections of antisense 
oligonucleotides, complementary to the translation start site of the a7 
neuronal nicotinic acetylcholine receptor, had a similar effect. These results 
suggest that the a-BTX-binding site, a7, may play a functional role in 
auditory gating in the rat brain.

340.2
SPONTANEOUSLY NON-GATING RATS: A MODEL OF THE 
AUDITORY GATING DEFICIT IN SCHIZOPHRENIA. K.R. 
Harris*. K .E . Stevens. .T.C. Lehman and G .M . Rose. Depts. of 
Pharmacology and Psychiatry, Univ. Colorado Health Sci. Ctr., 
and Medical Research Service, VAMC, Denver, CO 80262 

Many schizophrenics exhibit a deficit in auditory gating, such that they do 
not suppress their evoked potential response to the second of closely-spaced 
(0.5 sec) paired tone stimuli. In normal humans and most laboratory rats, 
the response to the second tone is significantly reduced as compared to the 
first; thus, they "gate". In previous studies, we have created a 
schizophrenia-like gating deficit in rats by systemic administration of 
psychotomimetics. Here, we report the existence of a subpopulation of 
laboratory rats which spontaneously show a deficit in auditory gating. 
Roughly one third of the male Sprague-Dawley rats tested did not gate in 
the unmedicated state. Of these, nearly 40% had abnormal waveforms. 
Some non-gating animals were administered haloperidol, a prototypical 
neuroleptic. Haloperidol normalized gating in 3 of 5 animals tested. There 
was no correlation between waveform type (normal versus abnormal) and 
haloperidol-induced normalization of gating. Other rats were given 
systemic nicotine, which produced a transient normalization of gating only 
in animals with a normal waveform. One rat, with a normal waveform, 
received both haloperidol and nicotine injections. In this animal, nicotine 
normalized gating, while haloperidol did not. These data suggest that the 
spontaneously non-gating rat may provide a useful model for investigation 
of the neurochemical basis of auditory gating.

340.4
EVIDENCE FOR ASSOCIATION OF THE ot7 NEURONAL 
NICOTINIC CHOLINERGIC RECEPTOR WITH AUDITORY 
EVOKED POTENTIAL DEFICITS IN SCHIZOPHRENIA. Ş* 
Leonard. Y. Rollins. J. Logel. C. Drebins*. C. Adams. M . Hall. 
L.E . Adler and R . Freedman. Department of Pharmacology, Box C- 
268-71, University of Colorado Health Sciences Center, 4200 E. 9th, 
Denver, Colorado, 80262.

Schizophrenia is partially characterized by an auditory gating deficit, an 
abnormal electrophysiological response to auditory stimuli. This deficit is 
inherited, and is found in about one-half of the first degree relatives of the 
schizophrenic. The origin of the electrophysiological wave (P50) has been 
localized in humans to the temporal lobe and more specifically in rats to the 
hippocampus. The gating deficit can be reversed in non-gating humans by 
treatment with nicotine. The snake venom product, a-bungarotoxin (a- 
BTX), when injected into the anesthetized rat ventricle, causes a loss of 
auditory gating similar to the deficit seen in schizophrenia. . These results 
suggest that a-BTX-binding subunits of the neuronal nicotinic acetylcholine 
receptor (nAChr), o J  or a 8 , could be associated with the loss of auditory 
gating in schizophrenia. Using a rat cRNA probe for the a7 subunit of the 
nAchr, which is known to bind α-ВТХ, we have localized the expression of 
a7 in normal human postmortem hippocampus to large interneurons located 
in the dentate gyrus and regio inferior. Our studies, including northern blot 
analysis, α-ВТХ binding, and in situ  hybridization, suggest that there is 
decreased or aberrant expression of this receptor in some schizophrenics.
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340.5
B A S A L  F O R E B R A I N  A N D  S T R I A T A L  C H O L I N E R G I C  N E U R O N S  
I N  S C H I Z O P H R E N I A .
S , H e c k e r s * ,  D ,  M a s h + ,  C . G e u la ,  M - M .  M e s u la m . D e p t .  o f  
N e u r o lo g y ,  H a r v a r d  M e d ic a l  S c h o o l ,  B o s t o n ,  M A  0 2 2 1 5 ;  + U n i v e r s i t y  
o f  M ia m i ,  S c h o o l  o f  M e d i c in e ,  M ia m i ,  F L ,  3 3 1 0 1 .

C h o l in e r g ic  s t r ia t a l  in t e r n e u r o n s  a n d  c h o l i n e r g i c  c o r t i c a l  a f f e r e n t s  
w e r e  s t u d ie d  w i t h  a n  a n t ib o d y  a g a in s t  th e  e n z y m e  c h o l in e  
a c e t y l t r a n s f e r a s e  (С Һ А Т ) a n d  w it h  a c e t y l c h o l in e s t e r a s e  (А С Һ Е ) h i s t o 
c h e m is t r y  in  s ix  p a t i e n t s  w i t h  s c h iz o p h r e n ia  o r  s c h i z o a f f e c t i v e  d is o r d e r  
a n d  s ix  c o n t r o l  s u b j e c t s .

T h e  n u m b e r  o f  C h A T - p o s i t i v e  s t r ia t a l  i n t e r n e u r o n s  w a s  m a r k e d ly  
r e d u c e d  in  3  s c h i z o p h r e n ic  p a t i e n t s ,  w h e r e a s  th e  3  o t h e r  c a s e s  
d is p la y e d  a d e n s i t y  c o m p a r a b le  to  c o n t r o ls .  N o  c o r r e s p o n d in g  c h a n g e s  
w e r e  s e e n  in  th e  p a t t e r n  o f  A C h E - r i c h  s t r ia t a l  n e u r o n s  o r  A C h E - p o o r  
s t r io s o m e s .  Q u a n t i t a t iv e  a n a ly s i s  s h o w e d  a n o r m a l  d e n s i t y  o f  
c h o l in e r g ic  f ib e r s  in  f i v e  d i f f e r e n t  c o r t i c a l  a r e a s  (a r e a s  9 ,  2 2 ,  2 4 ,  2 8 ,  
a n d  4 1  a c c o r d in g  to  B r o d m a n n )  in  a l l  s c h i z o p h r e n ic  c a s e s .

T o  s t u d y  th e  e f f e c t  o f  n e u r o le p t i c s  o n  th e  n u m b e r  o f  C h A T - p o s i t i v e  
c h o l i n e r g i c  in t e r n e u r o n s  w e  t r e a te d  5 a d u l t  r a ts  w i t h  2 .0  m g  
h a lo p e r id o l  p e r  k g  p e r  d a y  f o r  2 1  d a y s .  N o  d i f f e r e n c e  w a s  f o u n d  
c o m p a r e d  w i t h  n o r m a l  a n im a ls .

T h e s e  o b s e r v a t io n s  s u g g e s t  th a t  a t  l e a s t  s o m e  s c h i z o p h r e n ic  p a t i e n t s  
s h o w  a d e c r e a s e  o f  C h A T  i m m u n o r e a c t i v i t y  in  th e  s t r ia t u m .  T h i s  m ig h t  
b e  o f  r e l e v a n c e  f o r  th e  e x p la n a t io n  o f  s c h i z o p h r e n ic  s y m p t o m a t o lo g y  
a n d  fo r  th e  e f f e c t  o f  n e u r o le p t i c  t r e a t m e n t  s in c e  d o p a m in e r g ic -  
c h o l i n e r g i c  in t e r a c t io n s  a re  im p o r t a n t  f o r  n o r m a l  s t r ia t a l  f u n c t i o n .

S u p p o r te d  b y  th e  N a t io n a l  A l l i a n c e  f o r  R e s e a r c h  o n  
S c h iz o p h r e n ia  a n d  D e p r e s s io n .

340.7
3H-SP IR O P ER ID O L BINDING TO  P E R IPH ER A L M O N O N UC LEAR 
C E LLS  IN SCHIZO PHRENIA. N. W odarz*. J. Fritze. P. R iederer. 
Dept. o f Psychiatry, Clin. Neurochem , Univ. o f W ürzburg, Füchsle in- 
str. 15, W -97080  W ürzburg, G erm any 

3H-spiroperidol b inding to periphera l b lood m ononuclear cells has 
been proposed as a vu lnerability  m arker fo r schizophrenia. M aybe 
due to  som e uncontro lled m ethodo log ica l p itfa lls  (e.g., unspecific  
filte r binding, contam inating granulocytes, atyp ica lly  shaped 
saturation curve) the  bio log ica l sign ificance o f th is "b ind ing site" is 
still in controversy. W e investigated 28 patients, w ho  fu lfilled  
D S M -lll-R -criteria  o f schizophrenia and 17 hea lthy subjects w ith  our 
im proved m ethodology (1). There  w ere  no s ign ifican t d iffe rences in 
characteristic binding param eters (KD, Bmax) betw een sch izophren ic  
and hea lthy subjects. M oreover, there  w as no relation o f binding 
param eters to  any o f the  subtypes o f sch izophrenia o r to  the  course 
o f illness accord ing to DSM -lll-R -criteria . N euro leptic trea tm ent o r in 
vitro add ition o f g lucocortico ids had no consis tent e ffec t on b inding 
param eters in tra-ind ividually. KD- and Bmax-values w e re  no t re lated to 
age o r sex. In conclusion, w e w ere  not able to  corrobora te  previous 
find ings concern ing the  clinica l im portance o f th is "periphera l m arker" 
as a tool fo r d iagnosing schizophrenia o r fo r p redicting the  response 
to  neuro leptic trea tm ent.
(1 ) W odarz  N e t al. Biol Psychiatry 31: 291 (1992)

340.9
MORPHOMETRIC EVIDENCE FOR PREFRONTAL CELLULAR 
ATROPHY IN ADVANCED HUNTINGTON'S DISEASE. G. Raikowska*. L.
D. Selemon and P.S. Goldman-Rakic. Section of Neurobiology, Yale Univ. Sch. of 
Med., New Haven, CT 06510.

Although Huntington's Disease (HD) is often cited as an examplar of a subcortical 
dementia, the progressive impairment in memory, the loss of intellectual capacity 
and the emotional withdrawal often associated with HD are suggestive of cortical 
involvement as well. We were led to a postmortem analysis of the prefrontal cortex 
of Huntington’s cases as their behavioral profile resembles that reported in patients 
with frontal lobe damage or with schizophrenia and because existing morphometric 
data on Huntington's cortex are inconsistent. To date, areas 9 and 46 of the 
dorsolateral prefrontal cortex have been studied in 5 HD brains (grades III and IV) 
and 11 normal controls. Using the direct, three-dimensional counting method 
(Williams & Rakic, ’88), data on cortical and laminar widths, neuronal and glial 
densities, and cell sizes were collected and analysed with nonparametric Anova. 
Our results show about 36% reduction in the overall thickness of areas 9 and 46 of 
HD patients compared to that of control brains. Within the cortex, however, the 
relative and absolute thickness of layers V and VI are both considerably smaller 
than those of controls. A major finding is that glial density is elevated (55% to 
117%) in all cortical layers, while neuronal packing density in HD cortex is not 
significantly different from that of controls. These changes are accompanied by a 
reduction of soma sizes in layers ΠΙ (13%), V (12%) and VI (16%). The presence of 
marked cortical thinning and increased glial density without a concurrent elevation 
in neuronal density is indicative of neurodegenerative processes and accompanying 
gliosis. Furthermore, reductions in cell size in layers III, V and VI suggest that both 
corticocortical and corticostriatal projection neurons are compromised in advanced 
stages of HD. These findings provide a profile of pathological alteration in HD 
distinctive from that seen in schizophrenia (see Selemon et al., Neurosci. Abst., 
’93). These results support the idea that cognitive symptoms in HD may be related 
to dysfunction of prefrontal cortex. (Supported by NIMH grant MH 44866).

340.6
N E U R O P S Y C H O L O G I C A L  E V I D E N C E  F O R  F R O N T O S T R I A T A L  
D Y S F U N C T IO N  IN  S C H IZ O P H R E N IA . R .E llio t t . P .J .M c K en n a , B .J .S a h a k ia n .  
T .W .R o b b in s  a n d  E M .J o y c e * .  D e p t . o f  E x p t . P s y c h o lo g y ,  U n iv e r s ity  o f  
C a m b r id g e , D o w n in g  S it e , C a m b r id g e , C B 2  3 E B , U .K ., D ep t. o f  P sy ch ia try , 
F u lb o u m  H o sp ita l, C am brid ge, U .K ., D ep t. o f  P sy ch ia try , Q u e en  M ary's H o sp ita l, 
R oeh am p ton , L o n d o n , U .K .

S ch izo p h ren ic s  and co n tro ls  w ere com pared  o n  a  ser ie s  o f  co m p u te r ised  te sts  o f  
v isu a l d iscr im in ation , reversa l and sh iftin g  w h ich  p ro v id es  a  co m p o n en tia l a n a lysis  
o f  the W isco n s in  Card Sort T est and  has p rev io u s ly  b een  sh o w n  to  b e  se n s it iv e  to  
fron ta l lo b e  d y sfu n c t io n  and P a rk in so n 's  D is e a s e . T h e  m a in  te s t  w a s o f  extra- 
d im en sio n a l sh iftin g  w h ere su bjects are requ ired  to  sh ift  r e sp o n se  to  an  a lternative  
perceptual d im en sion . In  o n e  co n d it io n , term ed  "perseveration", su bjects are required  
to  sh ift  to  a  n o v e l d im en sio n  and ig n o r e  th e p rev io u s ly  re lev a n t o n e . In  the o ther  
c o n d it io n , term ed  " learned  irr e lev a n ce" , su b je c ts  are req u ired  to  s h if t  to  the  
p r e v io u s ly  irr e lev a n t d im e n s io n  an d  ig n o r e  a  n o v e l  o n e . C h r o n ic  m e d ica ted  
sc il izo p h ren ics  (n = 3 2 ) sh o w  a  h ig h ly  s ig n if ic a n t  im p a irm en t o n  th e p ersevera tion  
b ut n ot th e learned irrelevance co n d it io n , as com pared  to  n orm al, a g e  a nd  IQ  m atched  
con tro ls (n = 24).

O th er m ea su res in d ic a te  s ig n if ic a n t  im p a ir m e n t in  r e v er sa l lea r n in g  in  th e  
sch izo p h r en ic  grou p  and a lso  in  tests  o f  sp atia l and  p attern  r e c o g n it io n  m e m o r y  
taken  from  the C A N T A B  test battery. T h e  im p a irm ents in  m em o ry  an d  a tten tio n ^  
s e t -sh if t in g  fa ile d  to  corre la te  w ith  p a tien ts' sco r es  o n  th e  M in i M e n ta l S ta te  
E xam in ation  (m ean; s.d  2 6 .8 ; 1 .8) or w ith  o n e  another.

D ie s e  results support a  h y p o th esis  o f  fronto-str iata l d y sfu n c tio n  in  sch izop hren ia .
T h is  research  w as fu n d ed  by  a W e llc o m e  T ru st P ro g ra m m e G rant aw arded  to  

T .W .R o b b in s, B .J.Sah ak ian  and B .J. E veritt.

340.8
S E R O T O N IN  R E C E P T O R  B IN D IN G  A N D  T IS S U E  IN D O L E S  IN P O S T M O R T E M  
C O R T E X  O F  T O U R E T T E 'S  S Y N D R O M E  IN D IV ID U A L S .
H .M . A k b a r i* .  G .M . A n d e rso n . E .S .  P o lia k , a n d  D .J .  C o h e n .
C h ild  S tu d y  C e n te r , Y a le  U n iv . S c h o o l o f M e d ic in e , N e w  H a v e n , C T  0 6 5 1 0

A  n u m b er o f n e u ro ch e m ica l s y s t e m s  h a v e  b een  s p e c u la te d  to  co n trib u te  
to  th e  e tio lo g y  of T o u re tte 's  sy n d ro m e  (T S ) ,  a  m o v e m e n t d iso rd er  
c h a ra cte rize d  by  m otor and  p h o n ic  t ic s ;  h o w e v e r , th e re  are  f e w  s tu d ie s  of 
p o stm o rtem  brain t is s u e . A  ro le  fo r th e  in d o lea m in e  se ro to n in  (5 -H T ) in T S  
h a s  b een  su g g e ste d  due  to  th e  fre q u e n t c o - o c c u rre n c e  o f o b se s s iv e -  
co m p u ls iv e  b eh a v io r and  th e  m o d ulatio n  o f b a sa l g a n g lia  fu n ct io n  b y  5 -H T . 
In a dd itio n , ou r la b o rato ry  h a s  re c e n tly  rep o rted  re d u ce d  5 -H T  and  5- 
h y d ro x y in d o le a ce t ic  ac id  (5 -H IA A ) le v e ls  in m a n y  su b c o rt ic a l n u c le i in T S .

In th e  p re se n t s tu d y , 5 -H T  a n d  5 -H IA A  le v e ls  in f iv e  c o rt ica l reg io n s w e re  
m e a su re d  b y  H P L C . T h e  5 -H T 1A and  5 -H T 2 b in d in g  d e n s it ie s  w e re  m ea su red  
in th e  sa m e  reg io n s u sin g  [3H ]8 -O H -D P A T  a n d  [3H ]k e ta n se r in , re sp e c t iv e ly , 
a s  lig an d s. C o rt ica l reg io n s exa m in ed  w e re  th e  p rim a ry  m o to r c o rte x  (A 4 ), 
au d ito ry  a sso c ia t io n  c o rte x  (A 2 2 ) , m idd le  an d  in ferio r tem p o ra l gyri (A21  
and  A 2 0 ) ,  and  th e  c in g u la te  g y ru s  (A 2 4 ) . L e v e ls  o f 5 -H T  a n d  5 -H IA A  w e re  
re d u ced  in all co rtica l a re a s , w ith  5 -H T  v a lu e s  in th e  T S  g ro u p  (N = 4 )  
avera g in g  5 1 %  o f th e  co n tro l g ro u p  (N = 4 - 5 )  a n d  5 -H IA A  v a lu e s  6 1 %  of 
co n tro l. In c o n tra st , 5 -H T 1A re ce p to r  le v e ls  w e re  in c re a se d  in th e  T S  g roup  
in 4  o f th e  5  reg io n s exa m in ed  (A 2 2 , A 2 1 ,  A 2 0 ,  a n d  A 2 4 ) .  T h e  m iddle  
tem p o ral g y ru s  had  th e  g re a te st  in c re a se , w ith  a m ea n  o f 161  %  o f co n tro l. 
5 -H T 2 re ce p to rs  w e re  m o st  ch a n g e d  in th e  p rim a ry  m o to r a re a  w h e re  the  
T S  g ro u p  a v era g ed  1 3 1 %  o f c o n tro l. In te re st in g ly , th is  reg ion  is  th e  on ly  
o n e fo u n d  no t to  h a v e  in cre a se d  5 -H T 1A re c e p to rs . T h e  im p lica t io n s  o f an  
a p p a re n t a lteratio n  in co rt ica l 5 -H T  fu n ctio n in g  in T S  w ill be d is c u s s e d . 
S u p p o rte d  b y  N IM H  M H 3 9 2 0 9  and  th e  T o u re t te 's  S y n d ro m e  A sso c ia t io n .

340.10
LACK OF NEUROPATHOLOGICAL FINDINGS IN ELDERLY 
PATIENTS WITH SCHIZOPHRENIA AND DEMENTIA. S.E. 
Arnold1·2*, B.R. Franz1 and J.Q. Troianowski3·1. Departments of 
Psychiatry, Neurology, and Pathology and Laboratory Medicine, Univ. 
o f Pennsylvania, Philadelphia, PA 19104.

Neuropathological investigations were conducted in 10 elderly patients 
with schizophrenia and dementia in order to determine an etiology for 
the cognitive deterioration. Control cases included 5 elderly patients 
with schizophrenia and no dementia, 5 age compatible Alzheimer's 
disease (AD) controls and 5 normal elderly controls. Ethanol-fixed, 
paraffin embedded 6 μ sections from amygdala, hippocampus, multiple 
areas o f neocortex, basal ganglia and brainstem were evaluated with: 1) 
Η & E, 2) Congo Red and 1 of several silver stains for AD-related 
pathology, and 3) immunohistochemistry with RM 032, a senstive 
marker for Lewy bodies. In addition, immunohistochemistry with 
antibodies PHF-1 (directed at abnormally phosphorylated tau) and 2332 
(β-Α4) were used to more sensitively evaluate and quantify the presence 
of neurofibrillary tangles and senile plaques in the ventromedial 
temporal lobe and frontal neocortex. Strikingly, only 1 o f the 
schizophrenia + dementia cases had a "plaque-only AD" which met NIA 
Consensus Criteria for AD, and 1 had adult polyglucosan body disease. 
All others were devoid o f diagnostic neuropathology that could account 
for dementia. Immunohistochemistry with PHF-1 and 2332 revealed 
similarly low NET and SP counts for the normal control group and both 
schizophrenia groups relative to the high counts in the AD group.
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340.11
N E U R O P S Y C H O L O G Y , G L U C O S E  P O S ITR O N  EM ISS IO N  
TO M O GRAPHY (P E T ) AND PATH A N A LY S IS , OF D ELU SIO N S 
O F M ISID EN TIFICATIO N  (DMS) IN A LZ H E IM ER S  D IS E A S E . 
M .JMentis...D rphy, J,. Stol-l*. E- We,ins.te.in„, 3 , HorMlz,
A .R . McIntosh. Lab. Neurosci., Natl. Inst, on Aging, NIH, Bethesda, 
MD 20892.

7 Patients with DMS in any of multiple modalities (place, person, 
event) and Dementia of the Alzheimers type (DAT) were compared 
with 17 DAT patients without DMS and 17 normal controls. All 
groups were matched for age, sex and mini-mental state. On a wide 
battery of neuropsychiatric tests, compared to the normals, both the 
DMS and DAT groups showed typical DAT abnormalities. The DMS 
group had significantly better object vision than the DAT group. All 
groups had resting P ET  (1 8 F)-fluoro-2-deoxyglucose (FD G) brain 
metabolism studies. Both DMS and DAT groups showed association 
area hypometabolism typical of DAT compared to the normals. 
Compared to the DAT group the DMS patients had significant 
hypometabolism in orbito-frontal regions bilaterally, basal ganglia 
and left posterior cingulate, but relative sparing in anterior and 
medial temporal lobes bilaterally, and parieto-temporal areas 
mainly on the left. Network analysis showed differences within 
limbic and basal ganglia circuits, between the posterior multimodal 
association areas and rt orbitofrontal areas and between left 
dorsolateral frontal and orbitofrontal areas. This combination of 
preserved perception with differences in connections between 
multimodal association areas and limbic/basal ganglia circuits and 
between limbic and frontal lobes is consistent with previous 
clinically based speculations on abnormal brain function in DMS.

340.13
ßj-ADRENERGIC BINDING IS REDUCED ALCOHOLICS. ML. Allen*, 
MD. Underwood, BJ. Baker, P.J. McDevitt, DJ. Spade, D.L. Gillen, T.M. Kelly, 
T.F Lagattuta, J.J. Mann and V. Aramo. Laboratories of Neuropharmacology, 
University of Pittsburgh, Pittsburgh, PA 15213.

The locus coeruleus (LC) is the source of noradrenergic innervation to the 
cortex. We previously demonstrated that, independent of age, alcoholics have fewer 
LC neurons than controls. We sought to determine, using quantitative 
autoradiography, whether Pļ-adrenergic binding is altered in large coronal sections 
(20pm) from the prefrontal cortex (Brodmann areas 8,9,46,45,47,11,12,24,32) of 
alcoholics dying by suicide (SA, n=8) and other means (CA, n=8) compared to 
controls (C, n=8).

Toxicological screens were negative for psychoactive drugs except for alcohol in 
the alcoholic groups. We completed psychological autopsies in 19 cases to verify a 
DSMIII-R diagnosis of alcohol abuse or dependence. We matched subjects for 
postmortem interval (PMI), age and sex and assayed them blindly as a triplet. 
Groups did not differ in age, PMI, sex ratio or freezer storage time. Tissue was 
preincubated and then incubated (70min) in 60pM 12SI-pindolol and 50nM ICI 
118,551 (to mask ß2-adrenergic sites). We defined total and high-affinity binding by 
incubation with ΙΟΟμΜ and 17nM isoproterenol, respectively (Arango et al, 1990).

Compared to controls, SA and CA had lower high-affinity ßr binding in every 
brain area measured (pcO.0001). In addition, total (high and low-affinity) ßj binding 
was lower in every area for SA and in every sulcal area for CA (pcO.001). Levels 
of norepinephrine and its metabolite (MHμg) were not different.

Alcoholism appears to have a profound effect on total and high-affinity ßj 
binding, an effect that is independent of suicidal behavior. Since high-affinity Pi 
binding sites are coupled to adenylate cyclase, these biochemical changes are likely 
to have functional significance and compound the deficit effects of fewer 
noradrenergic neurons in the LC of alcoholics. (AA09004 and MH46745)-

340.15
CORTISOL RESPONSES TO STRESS IN MAJOR DEPRESSION.
J.E.Platt* ,P.Simkowitz,R.Silva,J.Schweitzer,A.J. 
Friedhfoff. Dept. of Psychiatry, New York University 
Medical Center, New York, NY, 10016

Depression appears to involve dysregulation of the HPA 
axis, which is involved in responsivity to stress, yet 
there have been few direct studies of stress responses in 
depressed individuals. To determine whether depressed 
individuals show abnormal responses to acute stress, six 
male subjects with a DSM-III-R diagnosis of Major 
Depression were compared in this ongoing study before, 
during and after exposure to a difficult mental arithmetic 
task performed under mildly harassing conditions for a 
period of 20 min. Baseline blood samples were drawn 50 
and 60 min. after insertion of an indwelling catheter and 
administration of the Profile of Mood States (POMS). 
Additional blood samples were obtained 2, 8, 15, 20 and 50 
min., after the start of the stressor. POMS ratings and 
ratings on a Visual Analog Scale of Stress (VAS) were 
obtained again immediately after the stressor. The mean 
VAS rating was 69.5 on a scale of 100 with no differences 
between depressed and normal subjects. Depressed subjects' 
POMS scores indicated significantly more negative emotions 
than the normals both at baseline and in response to the 
stress. Although the math stress was highly effective in 
eliciting increases in cortisol (F[6,60]=9.3, p < 0.000), 
this response was much more robust in normal subjects 
than in those who were depressed (F[6,60]=4.8, p 
<0.001.). These results suggest that depressed subjects 
may show blunted cortisol responses to stress despite 
strongly negative psychological responses. Neurochemical 
changes in response to a variety of stressors will also 
be reported.

340.12
[3H ]-TRYPTAM INE BINDING  IN H U M A N  BRAIN: 
CHARACTERIZATION A N D  ALTERATIONS IN HEPATIC  
ENCEPHALOPATHY. D.D. Mousseau* and R.F Butterworth. 
Neuroscience Research Unit, Hop. St.-Luc (University of Montreal), 
Montreal H2X 3J4, Canada.

Specific [3H]-tryptamine binding in human frontal cortex was of 
nanomolar affinity, reversible and saturable. Association was rapid, 
whereas dissociation was slow and the monophasic dissociation 
curves indicated a single binding site. Regional scatchard analysis 
revealed a heterogeneous binding distribution with the highest 
density being observed in the hippocampus, intermediate density in 
cortical tissue and basal ganglia and the lowest density being at the 
level of the hindbrain. Kj values for the displacement of [3H]- 
tryptamine binding by selected competing ligands indicated a similar 
rank-order potency as that already observed in the rat.

Decreases in binding site densities were demonstrated in the 
frontal cortex (by 54%), hippocampus (by 45%) and the caudate 
nucleus (by 38%) of patients with hepatic encephalopathy. No 
changes were observed in the other regions examined.

[3H]-Tryptamine binding in human brain exhibits similar 
characteristics as those defined in the rat. The present data further 
strengthens the notion that alterations in brain tryptamine 
availability may be implicated in the etiologies of various 
neuropsychiatric disorders. (Supported by M.R.C., Canada).

340.14
M ITO G E N -S T IM U LA TE D  RISE OF IN TR A C E LLU LA R  
C A LC IU M  C O N C EN TR A TIO N  IN SING LE T  LY M P H O C Y T E S  
FROM  PATIENTS W IT H  M A JO R  DEPRESSION IS REDUCED.
B. V o llm a v r. J . S u laer and J . B. A ld e n h o f f * .  Lab. o f Ce ll 
P h ys io logy , C e n tra l In s itu te  o f M e n ta l H e a lth , 6 8  
M a n n h e im , G e rm any .

T 1 1 +  ly m p h o c y te s  fro m  th e  p e rip he ra l b lood  o f 
u n m e d ica te d  dep ressed  p a tie n ts  and h e a lth y  c o n tro ls  w e re  
used as a ce llu la r m ode l fo r  c e n tra l n eu ron es . In tra c e llu la r  
fre e  ca lc iu m  c o n c e n tra tio n  ([C a2  +  li) in s in g le  ce lls  w a s  
m easured  w ith  fu ra -2  flu o re s c e n c e .

S tim u la tio n  w ith  15 / /g /m l PH A (p h y to h a e m a g g lu tin in )  
e vo ke d  a rise  o f [C a2  +  l i  f ro m  5 0  n m o l/ l to  up  to  5 0 0  
n m o l/ l in 5 0  % o f T  ly m p h o c y te s  f ro m  c o n tro ls .  In c o n tra s t 
in T  ly m p h o c y te s  f ro m  dep resse d  p a t ie n ts  P H A  e vo ke d  a 
rise  o f [C a 2  +  l i  up to  o n ly  2 5 0  n m o l/ l in a fra c t io n  o f o n ly  
3 0  %  o f th e  ce lls . 10  - 2 0  %  o f th e  T  ly m p h o c y te s  fro m  
b o th  g roups e x h ib ite d  an o s c illa to ry  [C a 2  +  l i  s ig n a l w h ic h  
w e  co n tin u e  to  in v e s tig a te . P H A -evoked  [C a 2  +  l i  re sponse  
w a s  a lso  decrease d  in m ito g e n -p re s tim u la te d  T 1 1 +  
ly m p h o c y te s  fro m  dep ressed  p a tie n ts .

O ur re su lts  c o n firm  th e  h y p o th e s is  o f a lte re d  C a 2  +  
h o m e o s ta s is  in pe rip hera l ce lls  o f dep resse d  p a tie n ts .

340.16
Q U A N T IT A T IV E  A SSE SS M E N T  O F M U SC A R IN IC  
SUPERSENSITIVITY IN MAJOR DEPRESSION. E.M. DeMet*, 
K.N. Sokolski, and V. Sikand. Dept. Psychiatry & Human 
Behavior, UC Irvine, CA 92717 and Psychiatry Service, VAMC  
Long Beach, CA 90822.

Previous studies have suggested that patients with major 
depression may have a cholinergic supersensitivity. For the most 
part this evidence is derived from relatively invasive challenge 
paradigms and indirect measures. The present study describes a 
new procedure which is based upon the known muscarinic (M3) 
mediation of pupillary constriction. Changes in pupil area were 
measured following graded topical doses of pilocarpine, a 
cholinergic agonist. Measurements were compared with maximally 
dilated pupils after cholinergic blockade with tropicamide and were 
corrected for the effects of ambient lighting conditions and tonic 
cholinergic activity. The results confirmed that E D 50 values of 
depressed patients were significantly lower than those of controls 
and that this difference was not due to changes in the range of 
response. Increased sensitivity in the patient group was not 
correlated with depression scores so that this defect could reflect 
the expression of a trait marker in this peripheral system.
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340.17
DISSOCIATION BETWEEN ANTIDEPRESSANT (AD) & 
ANTICONVULSANT (AC) EFFECTS OF ELECTROCONVULSIVE 
SHOCK (ECS) IN A RAT MODEL. A. Sattin &  R.L. Llovd. Psychiatry 
Svc, Sepulveda VA Med. Ctr. & UCLA Sch. of Med., L.A., CA 91343.

In human and animal models, generalized seizures (SZ) have both AD  
and AC effects (Post e t a l, A nn. N.Y. A cad . Sci. 462: 376, 1986: review). 
Elevated SZ threshold subsides in two weeks but the AD effect usually 
persists longer after electroconvulsive therapy (ECT), so these effects are 
probably dissociable, but the bases of either effect are unknown. Five 
groups of male Wistar rats (2mo, Simonsen) were used: four groups 
received 8  daily corneal kindling stimuli (KIN: 8  mA x 2 sec, sine-wave; 
Skeen e t a l, Soc. Neurosci. A bs. 16: 307, 1990), three groups received ECS 
(trans-pinnate, 9 millicoulombs; corneal, 14mc; or corneal-ramp, 14, 24, 
33mc; Ugo Basile Apparat., Italy) бһг before KIN on days 1-3. All rats 
were pre-swum (15min) on day 0 and the Porsolt forced-swim test (FST), 
5min, was done on day 5, when KIN was omitted. Post-hoc ANOVA 
(Fisher’s LSD test) showed that pinnate ECS effectively reduced 
immobility times in the FST (AD effect) but had no effect on acquisition 
of KIN. ECS impaired KIN to an equal degree in both corneal groups, 
but the AD effect reached significance only for the comeal-ramp group. 
We conclude that AD and AC effects may be mediated by different 
anatomical loci as well as by different neurobiological mechanisms. 
Alternatively, some loci might mediate both effects that are activated at 
different current thresholds. The model might also be relevant to 
differences between unilateral and bilateral ECT (Sackeim e t a l, Psych. 
Clin. Ν Λ .  14: 803, 1991; Supported by VA Research Service.).

340.19
IMBALANCE OF G PROTEIN FUNCTION IN POST 
-MORTEM HUMAN BRAIN OF DEPRESSED PATIENTS.
H. Ozawa * 1 S . Hatta2 , T . Saito1. H. Qhshika2. H. Beckmann3._bL 
Takahata1 and P . R i ed erer3 . Dept. of N europ sych iatry1 and 
Pharmacology2 , School of M edicine, Sapporo, Medical U n iversity, 
Chuo-ku, S .1 , W. 16, Sapporo, 060, Japan. Dept. of Psychiatry3 , 
U niversity of Wuerzburg, Fuchsleinstrassel 5, D-8700, Wuerzburg, 
Germany

The present study examines the qualitative and quantitative alterations 
of G proteins utilizing  western blotting with polyclonal antibodies 
against specific G protein subunits (Gsa , G ia, Goa, Gqa and Gß) and 
photosensitive GTP labeling (AAGTP) in membrane preparations from 
parietal and temporal cortical regions in post-mortem human brains 
obtained from depressives and controls which were matched with respect 
to age and post-mortem delay. Tissue samples were obtained from 12 
unipolar depressives and 12 controls who were free of any neurological 
or psychiatric disorders. For the diagnosis of depressed patients, we 
used DSM-IIIR criteria for major depression (n = 8) and dysthym ia 
(n=4). Four cases were on antidepressants before death. The amounts of 
various G protein subunits in postmortem brain samples from both 
cortex regions were the same in controls and depressive patients as 
demonstrated by immunoblotting. However, AAGTP labeling of Gi/oa, 
but not Gsa, was significantly increased in depressives in both cortex 
regions. Furthermore, the ratio of Gsa to Gi/oa AAGTP incorporation 
revealed a significant reduction in depressives in these regions. The 
present findings suggest that an imbalance of second messengers via G 
protein function may be involved in the pathophysiology of depression.

340.18
A N  A N IM A L  M O D E L  F O R  B I P O L A R  I L L N E S S

Psychiatry, Biochemistry, Neurology, and Laboratory of Biological Psychiatry, 
University of Louisville School of Medicine, Louisville, KY 40292.

Mood-state-related reduction of erythrocyte Na,K-ATPase pump activity is 
a consistent trait seen in manic or depressed bipolar patients. It has been 
proposed that this alteration in pump activity may play a role in the 
pathophysiology of bipolar illness. Specifically, it has been postulated that 
modest reductions in neuronal Na,K-ATPase activity could lead to excessive 
neuronal excitability and consequent mania. On the other hand, more 
extensive neuronal Na.KATPase inhibition could lead to a decrement in the 
efficiency of neuronal communication, which may manifest as bipolar 
depression. To test this hypothesis, we injected 5 μΙ of ouabain or artificial 
cerebrospinal fluid intracerebroventricularly (ICV) in rats 3 days after ICV 
cannula placement. We then measured open field activity over 30 min. ICV 
cannula placement was confirmed at autopsy following ICV injection of trypan 
blue. We predicted that we could find a window of ouabain dosing that would 
result in behavioral hyperactivity and a window that would result in hypoactivity, 
which would be the counterparts of human mania and depression, 
respectively. Control animals spent the first 10-20 min exploring the field and 
sat quietly thereafter. However, at ouabain 10 - 4 M, the animals persisted in 
field exploration (p<0.07 vs control at 30 min.), while at ouabain ΙΟ-3 M, the 
animals ceased open field exploration after only 10 min. (p=ns). At ouabain 
10-2 M, all animals suffered seizures within 30 min. and died within 120 min. 
These preliminary data suggest that the level of behavioral activity can be 
modified by subtoxic doses of ICV ouabain; provide partial support for the 
Na,K-ATPase hypothesis for bipolar illness; and suggest that ICV ouabain 
administration to animals may prove to be a viable model for bipolar illness.

Supported by a grant from  the University of Louisville G raduate School

340.20
ROLE OF ß-ADRENERGIC RECEPTOR SUBTYPES IN LEARNED 
HELPLESSNESS MODEL OF DEPRESSION. X. Ren. S.C. Pandev. 
J. Sagen, P. Tueting*. J.M. Davis, and G.N. Pandev. College of 
Medicine, University of Illinois, Chicago, IL 60612.

It has been observed that chronic treatment with antidepressant drugs 
causes the down-regulation of ß-adrenergic receptors in rat brain. This 
observation led to the hypothesis that depression may therefore be 
associated with the up-regulation of these receptors. To test this 
hypothesis, we determined the ß.,- and ß2-adrenergic receptor subtypes 
in cortex, hippocampus and cerebellum of learned helplessness (LH) and 
control rats. LH rats received uncontrollable shocks (2.5mA) and were 
then tested for shock escape. Control rats received no shocks. After 48 
hrs of training, rats were decapitated and brain regions were dissected out 
for ß-adrenergic receptor determination using the radioligand binding 
technique with 125I-cyanopindolol (CYP) as ligand, ICI 89406 as 
blocker and propranolol as displacer. It was observed that Bmax and Kq 
of 125I-CYP binding to total ß-adrenergic receptors was significantly 
increased in hippocampus of LH rats as compared with controls, but 
unchanged in cortex and cerebellum. This increase in total ß-adrenergic 
receptors in hippocampus was due to an increase in ß,,-adrenergic 
receptor subtype but not the ß2 subtype. These results thus demonstrate 
that the up-regulation of ß-adrenergic receptors, specifically the ß,, 
subtype, is associated with learned helplessness behavior and that this 
difference is pronounced in the hippocampus but not in the cerebral 
cortex or cerebellum.

SYMPOSIA WEDNESDAY AM

343
S Y M P O S IU M . M O L E C U L A R  B I O L O G Y  O F  N E U R O P E P T I D E  
R E C E P T O R S :  H O W  D IF F E R E N T  A R E  T H E Y ?  T. Reisine, Univ. of 
Pennsylvania (Chairperson); C, Strader. Merck Sharp and Dohme; J . Krause, 
Washington Univ.; R.M Snider. Pfizer.

The cloning of multiple neuropeptide receptors have facilitated rapid 
progress in the analysis of their structure-function properties. This 
symposium will discuss recent advances in our understanding of how 
agonists and antagonists bind to peptide receptors as well as the molecular 
mechanisms by which these receptors interact with G proteins and second 
messenger systems. Dr. Strader will provide information on the ligand 
binding domains of tachykinin receptors and will reveal how agonists and 
antagonists interact with distinct regions of these receptors. Dr. Snider will 
discuss the development of non-peptide ligands at tachykinin receptors and 
their clinical importance. Dr. Krause will reveal the molecular mechanisms by 
which tachykinin receptors interact with second messenger systems and 
regions of the receptors involved in their desensitization. Finally, Dr. Reisine 
will discuss how somatostatin receptors interact with G proteins and effector 
systems and will attempt to compare structure-function analysis of peptide 
receptors with what we know about catecholamine receptors to draw some 
conclusions about what makes peptide and classical transmission different.

344
SYMPOSIUM. REGULATION OF OLIGODENDROCYTE 
DEVELOPMENT. M. Pubois-Palcq. NIH-NINDS, Bethesda, MD 
(Chairperson); L Goldman. Columbia Univ. Medical School; S. Pfeiffer. 
EMBO lab, Heidelberg, and Univ. Connecticut; L. D. Hudson. NIH/NINDS:
B. A. Barres. Univ. College,London.

Studies with replication-deficient retroviral vectors gene transfer in 
newborn rats show that precursor cells in the subventricular region are 
multipotential and can give rise to astrocytes and oligodendrocytes after 
their migration. The forming white matter contains strong epigenetic cues 
restricting differentiation into oligodendrocytes. Immunocytochemical and 
confocal analysis of living sections allows to follow in vivo 
oligodendrocyte lineage progression which closely resembles that observed 
in vitro. Differentiation can be blocked at least at three specific stages 
resulting in production of developmental^ synchronized populations of 
oligodendrocyte progenitors (OP) in vitro. Several Myelin Transcription 
factors (MyTI-IV) have been cloned by the virtue of binding to defined 
promoter regions of the major myelin protein gene, proteolipid (PLP). MyTI 
is a novel member of the zinc finger superfamily and may contribute to the 
higher order structure of the PLP promoter. MyTI is highly expressed in OP 
but not in fully differentiated oligodendrocytes. As the consensus binding 
site of MyTI is represented in several myelin gene promoters, it may 
coordinately control expression of these genes. In developing rat optic nerve, 
neuronal signals stimulate OP proliferation and this proliferation depends 
on axonal electrical activity. Postnatal optic nerve transsection and G57 
B16/ Ola mutant mice experiments demonstrate that axons also signal 
oligodendrocytes to survive, a process which may allow matching the 
number of oligodendrocytes to the number of axons requiring myelination.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



WEDNESDAY AM DEGENERATIVE D ISEA SE: OTHER IV 841

346.1
A N  A M Y L O ID  P R E C U R S O R - U K E  G E N E  IN T H E  N E M A T O D E  
C A EN O R H A B D IT IS  E L E G A N S . Is a b e lle  D a ig le 1 . A n th o n y  R . M aran to *2. 
a n d  C .  L i1 . 1D e p t. o f B io lo g y , B o s to n  U n iv e rs ity , B o s to n , M A  0 2 2 1 5 , 
2 D iv . G a s t ro e n te ro lo g y , S t  E l iz a b e th 's  H o s p ., B o s to n , M A  0 2 1 3 5

T h e  m a jo r  c o m p o n e n t  o f s e n ile  p la q u e s  c h a ra c te r is t ic  of 
A lz h e im e r 's  d is e a s e  is  a  ß -a m y lo id  p e p tid e  d e r iv e d  from  a  la rg e r  
a m y lo id  p ro te in  p r e c u r s o r  ( A P P ) ,  fo r w h ic h  th e  fu n ctio n  a n d  n o rm a l 
p r o c e s s in g  a r e  still p o o rly  u n d e rs to o d . R e c e n t ly , a  n u m b e r of A P P  
a n d  A P P - re la t e d  p ro te in s  h a v e  b e e n  id en tif ied  in d ifferen t  
o r g a n is m s , a n d  c o n st itu te  a  fa m ily  o f A P P  p ro te in s . W e  a re  
in te re s te d  in e lu c id a t in g  th e  fu n ctio n  of A P P  b y  lo o k in g  at A P P -  
re la te d  g e n e s  in th e  n e m a to d e  C aenorhabditis e legans, w h ich  c a n  b e  
e a s i ly  m a n ip u la te d  g e n e t ic a lly  a n d  m o le c u la r ly .

U s in g  d e g e n e ra te  o lig o n u c le o tid e  s c re e n in g  of a  C. e legans c D N A  
lib ra ry , w e  h a v e  iso la te d  c D N A s  e n c o d in g  a n  A P P - re la te d  p ro te in , 
a n d  h a v e  d e s ig n a te d  th e  co rre sp o n d in g  g e n e  a s  apl-1. T h e  lo n g est  
iso la te d  c lo n e  ( c lo n e  A P L 2 3 ) ,  a lth o u g h  not c o m p le te ly  fu ll-len g th , 
c o n ta in s  a n  o p e n  re a d in g  fra m e  e n c o d in g  6 8 0  r e s id u e s . C lo n e  A P L 2 3  
c a n  b e  e x p r e s s e d  in vitro a n d  g e n e ra t e s  a  p rotein  o f th e  e x p e c te d  s iz e .  
T h e  p re d ic te d  A P L -1  p ro te in  s h a r e s  c e r ta in  c h a r a c t e r is t ic  fe a tu re s  
o f th e  A P P - re la t e d  p ro te in s  a n d  h a s  s e q u e n c e  c o n se rv a t io n  with  
m e m b e r s  o f th e  A P P  fa m ily ; A P L - 1 ,  th e re fo re , is  a  n e w  m e m b e r  o f 
th e  A P P  fa m ily . D iffe ren t t ra n s c r ip t s  o f apl-1 h a v e  b e e n  iso la te d  
th a t d iffe r in th e ir  3 ' u n tra n s la te d  re g io n  a s  a  re su lt  o f th e  u s e  of 
a lte rn a te  p o ly a d e n y la t io n  s ig n a ls .  T h e  g e n o m ic  reg io n  co rre sp o n d in g  
to apl-1 h a s  b e e n  iso la te d  a n d  is  b e in g  c h a ra c te r iz e d .

346.3
A C T IV A T IO N  O F  P K C  R E V E R S E S  A P P A R E N T  N M D A  
R E C E P T O R  R E D U C T IO N  IN S P IN A L  C O R D S  F R O M  
P A T IE N T S  W IT H  A L S . C . K r ie a e r*. R. W a a e v . R .A . L a n iu s .
C .A . S h a w . D e p ts  o f M e d ic in e , O p h th a lm o lo g y  a n d  
N e u ro sc ie n ce , U n iv e rs ity  o f B rit ish  C o lu m b ia , V a n c o u v e r , B .C .

We have observed decreased binding of the NMDA receptor channel 
antagonist [ 3H]MK-801 by 40-45% in the dorsal and ventral horns of spinal 
cords from patients who died with ALS compared to controls. The reduction 
in receptor binding could reflect either neuron death with concomitant 
receptor loss or an independent down regulation of NMDA receptors. To 
distinguish between these alternatives we exposed spinal cord sections to 
phorbol ester (PHORB 15μΜ) for 2 hours prior to radiolabelling with either 5 
or 50 nM [3H]MK-801. PHORB led to increased [3H]MK-801 binding for 
both ALS tissue (c. 250% increase) and controls (c.150% increase). The 
PHORB-stimulated increase in binding produced identical levels of specific 
binding for both groups. Concurrent exposure of tissue sections to H-7, a 
protein kinase inhibitor plus PHORB did not produce a change in binding 
from untreated conditions for either group. The data indicate that although 
[3H]MK-801 binding is decreased in spinal cords from ALS patients, this 
reduction in binding is not due to a loss of NMDA receptors as a 
consequence of the death of motoneurons. The ability of PHORB to 
restore the apparent reduction in NMDA receptors in ALS to control levels 
suggests abnormal regulation of NMDA receptors on glial cells and 
interneurons in ALS.

346.5
COPPER/ZINC SUPEROXIDE DISMUTASE IMMUNOREACTIVITY 
IS ENRICHED IN SPINAL MOTOR NEURONS SENSITIVE TO 
DEGENERATION IN AMYOTROPHIC LATERAL SCLEROSIS. N.W.

Education Clinical Center, Bedford VAMC, Bedford MA 01730; Dept. 
Pathology & Neurology Boston U. Sch. of Med and 2Neurology 
Service, Mass. Gen. Hosp.

The etiology of autosomal dominant familial amyotrophic lateral 
sclerosis (ALS) has been linked to mutations of copper/zinc superoxide 
dismutase (SODI) in some kindreds. We used a monoclonal antibody 
that recognizes SÒDI to ascertain the normal distribution of this 
enzyme in postmortem human spinal cord and to determine whether 
SODI immunoreactivity is lost in ALS. In normal spinal cord, SODI 
immunoreactivity is most prominent in large anterior horn cells which 
stain uniformly throughout their cytoplasm and dendrites. Other 
neurons and glial cells are also SODI immunoreactive. In ALS, spinal 
motor neurons are depleted and the few remaining atrophic anterior 
horn cells are no longer SODI immunoreactive. Examination of the 
spinal cord from a patient known to have a mutation of SODI showed 
severe depletion of immunoreactive motor neurons. SODI immuno
reactivity persisted, however, in unaffected neurons and glia. Our 
observations show that SODI immunoreactive motor neurons are 
preferentially depleted in the spinal cords of ALS patients. 
Immunoreactivity is normally present and persists in other cell types, 
however, even in a patient with a proven mutation of SODI.

346.2
ATP PRODUCTION BY MUSCLE MITOCHONDRIA FROM PATIENTS WITH 
PROGRESSIVE SUPRANUCLEAR PALSY. D.A. Pi Monte*. Y. Harati. S.A. 
Jewell. M.S. Sandv. J.W. Langston and J. Jankovie. California Parkinson’s 
Found., San Jose, CA 95128 and Baylor Col. Med., Houston, TX 77030.

Impairment of mitochondrial respiratory chain (MRC) activity has been associated 
with neurodegenerative disorders. For example, decreased MRC enzyme activities 
have been found in skeletal muscle from patients with Parkinson’s disease as 
compared to normal controls. Progressive Supranuclear Palsy (PSP) is a 
degenerative disease involving the brainstem, basal ganglia and cerebellum. The 
oculomotor deficits which are characteristic of PSP patients to some degree resemble 
those seen in mitochondrial myopathies, such as Kearns-Sayre syndrome. We 
therefore designed a study aimed at comparing MRC activity in open muscle biopsy 
specimens from the biceps of PSP (n = 6, age = 72.5 ± 5.3) vs. control (n = 3, age 
= 74.0 ± 3.3) subjects. MRC activity was assessed as the rate of ATP production 
by intact fresh mitochondria incubated in the presence of either pyruvate+malate or 
succinate+rotenone, which supply electrons to MRC complex I or complex II, 
respectively. With pyruvate and malate, ATP production was 0.131 ± 0.05 
pmol/min/ U citrate synthase (CS, a mitochondrial marker) in PSP patients and 
0.178 ± 0.001 pmol/min/U CS in control subjects. With succinate and rotenone, 
rates were 0.109 ± 0.04 pmol/min/U CS in patients and 0.133 ± 0.009 
pmol/min/U CS in controls. No significant difference in CS activity was found 
between the two groups, indicating that changes in mitochondrial yield are unlikely 
to account for the results of this study. These results, although preliminary due to 
the relatively small number of participating subjects, suggest a loss of MRC 
activity in muscle from PSP patients. Interestingly, the two most severely affected 
patients had the lowest rates of ATP production, while the patient with the mildest 
case of PSP had rates comparable to controls, raising the possibility that loss of 
MRC activity might be correlated with severity of disease.

346.4
D ISEASE DURATION, NEUROPATHOLOGICAL SEV ER ITY AND 
UBIQUITIN IMMUNOREACTIVE NEURONAL INCLUSIONS IN SPINAL 
MOTOR NEURONS IN SPORADIC AMYOTROPHIC LATERAL SCLEROSIS 
(ALS). K. Nihejl .2* T. Torqerson2. A.C McKeęgąnd N.W. Kowal|3 iThird 
Dept. Int. Med., Yamagata University Sch. Med., Yamagata, 990-23, Japan; 
2Dept. Pathol, Mass. General Hosp; 3Geriatric Research Education Clinical 
Center, Bedford VAMC and Dept. Neurol. & Pathol. Boston U. School of 
Medicine.

We obtained samples of cervical spinal cord from 9 patients with sporadic 
amyotrophic lateral sclerosis (ALS) proven by clinical and autopsy 
examination to study clinical-pathological relationships. Paraffin sections 
were stained using the Bielschowsky silver method and antibodies to 
ubiquitin and ALZ 50 (courtesy of Dr. P. Davies) with a cresyl violet 
counterstain. Ubiquitin positive inclusions and neurons were quantitated in 
each case. Neuronal loss correlated with clinical disease duration (p=0.041). 
Ubiquitin positive inclusions were present in 8/9 cases. Intraneuronal 
inclusions were not labeled by either silver stains or ALZ 50 immunostaining. 
The mean number of ubiquitin positive inclusions per neuron correlated 
negatively with disease duration (p=0.05). Skein-like inclusions were only 
seen in cases with a duration greater than 3 years (2/4). The other two 
cases, with the longest disease duration (10 and 11 years), had severe 
neuronal loss without inclusion formation. Dense granular or ball-like 
inclusions were found in all cases with a clinical duration of less that 3 years 
(5/5). Our results suggest that inclusion frequency decreases and inclusion 
morphology changes with progressive neuronal loss in ALS. In long
standing ALS, inclusions become less frequent suggesting that they 
degrade as neurons die.

346.6
LIGHT, PHOTOSENSmZERS, AND OXYGEN RADICALS: 
HOW ARE THEY INVOLVED IN RETINAL LIGHT DAMAGE?
R.D. Glickman*. and K.-W. Lam. Dep’t. of Ophthalmology, Univ. 
of Texas Health Science Center, San Antonio, TX 78284-6230.

Photochemical damage to the vertebrate retina is thought to 
result from free radicals produced by the interaction of photons with 
photosensitizers in the tissue. We have recently shown that melanin 
free radicals in the retinal pigment epithelium (RPE), formed during 
visible light irradiation, are capable of rapidly oxidizing ascorbic 
acid (AA) [Glickman & Lam, Photochem. & Photobiol. 55:191-196, 
1993]. This reaction is a plausible candidate for initiating photo
chemical damage that begins in the RPE and propagates to the 
retinal photoreceptor layer. Because of the high oxygen tension in 
the retina and RPE, the reaction could be mediated by oxygen 
radicals produced by the light-activated melanin. We found that 
some H20 2 was produced during the reaction, consistent with an 
oxygen radical intermediate. When oxygen was excluded from the 
reaction conditions, however, AA oxidation was reduced only 10- 
15%, compared to aerobic conditions. We hypothesize that there 
may be two active sites on light-activated melanin: one producing an 
oxygen radical and one capable of directly reacting with AA. Thus, 
photochemical damage may involve multiple pathways.
Research supported by grant AFOSR-91-0208.
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346.7
H U M A N  T  C E L L  R E S P O N S E  T O  M Y E L I N / O L I G O D É N D R O C Y T E  
G L Y C O P R O T E I N  ( M O G ): M O L E C U L A R  M IM I C R Y  W IT H  A N  E P I T O P E  
O F  M E A S L E S  L  P R O T E I N .  C .  L in in a to n . R .  P o p o v ic i a n d  M .V . 
G a r d in ie r * 1. A b t. N e u ro im m u n o lo g le , M a x -P la n c k - ln s t itu t  fü r P s y c h ia t r ie ,  
8 0 3 3  P la n e g g - M a rt in s re id , G e r m a n y ;  P a t h o lo g y  D e p t ., N o rth w e s te rn  
U n iv e rs ity  M e d ic a l S c h o o l,  C h ic a g o ,  I L  6 0 6 1 1  

M u ltip le  s c le r o s i s  (M S )  is  a s s o c ia t e d  w ith  a n  a b e r ra n t  im m u n e  
r e s p o n s e  to m e a s le s  v iru s  (M V ), s u g g e s t in g  th a t  M V  in fe ct io n  m a y  b e  
in v o lv e d  in th e  e t io lo g y  of th is  d is e a s e .  W e  id en tif ied  a  s e q u e n c e  
h o m o lo g y  b e tw e e n  M V  L  p ro te in  ( a a  6 9 2 - 7 0 2 , F F Q W L H K R L E T 1  a n d  
h u m a n  M O G  ( a a  1 9 8 -2 0 8 , C Y N W L H R R L A G ) .  A s  M O G - s p e c if ic  T  c e l ls  
c a n  in d u c e  E A E  in th e  L e w is  ra t, it is  p o s s ib le  th a t  m o le c u la r  m im ic ry  
b e tw e e n  t h e s e  tw o  p e p tid e  s e q u e n c e s  c o u ld  in itia te  a  s im ila r  p a th o g e n ic  
M O G - r e a c t iv e  a u to im m u n e  r e s p o n s e  in  m a n . T h is  w a s  in v e s t ig a te d  u s in g  
M O G  1 9 8 - 2 1 8 - s p e c if ic  T  c e l l  l in e s  s e le c t e d  fro m  th e  b lo o d  o f tw o  h e a lth y  
d o n o rs  ( D R 4 / D R w 6 ; D R 5 ) .  A  to ta l o f 1 3  p e p t id e - s p e c if ic ,  C D 4 +  T  c e l l  
l in e s  w e r e  o b ta in e d , o f w h ic h  o n e  lin e  fro m  e a c h  d o n o r  r e c o g n is e d  a n  
e p ito p e  s h a r e d  b y  M O G  1 9 8 -2 0 8  a n d  th e  h o m o lo g o u s  M V  p e p t id e . T h is  
T  c e l l  r e s p o n s e  w a s  D R  r e s tr ic te d , a n d  b o th  e p ito p e s  e lic ite d  s im ila r  
a n t ig e n  d o s e  r e s p o n s e  c u r v e s .  M o re o v e r , th e  T  c e l l  lin e  o b ta in e d  from  
th e  D R 5 +  d o n o r  p ro life ra te d  in th e  p r e s e n c e  o f a  p a r a in f lu e n z a  ty p e  III L  
p ro te in  p e p tid e  ( a a  6 9 2 - 7 0 2 , L F N W L H P R L E G Ì .  T h u s  a  b ro a d  p o ten tia l 
for m o le c u la r  m im ic ry  e x i s t s  b e tw e e n  p a ra m y x o v ira l L  p ro te in s  a n d  
h u m a n  M O G . It r e m a in s , h o w e v e r , to  b e  d e te rm in e d  w h e th e r  m o le c u la r  
m im ic ry  in v o lv in g  M O G  o c c u r s  in v iv o  a n d  c a n  p la y  a  ro le  in th e  
p a t h o g e n e s is  of M S .

346.9
P R O G R E S S IV E  S U B C O R T IC A L  G L IO S IS : A  N E W  P R IO N  
P R O T E IN  D IS E A S E .
M  T a b a t o n l  R .B . P e te r s e n l* .  L  M o n a r i l ,  S , C h e n l .  P .J . 
L a n ska Z , W ,R , M a rk e s b e ry Z , R .P . C u r r ie A v ,  M a n e t to l , L. 

A u tiliQ -G a m b e ttü , p . G a m b e tt i . In s titu te  o f P a th o lo g y , C a s e  

W e s te rn  R e s e rv e  U n iv e rs ity ,  C le v e la n d ,  O H  4 4 1 0 6 1 . 

U n iv e rs ity  o f K e n tu c k y  M e d ica l C e n te r, L e x in g to n , K Y  4 0 5 3 6 ^ . 

U n iv e rs ity  o f M is s is s ip p i M e d ic a l C e n te r, J a c k s o n , M S  3 9 2 163 .
P ro g re s s iv e  s u b c o rtic a l g lio s is  (P S G ) is  a  ra re , o fte n  fa m ilia l, 

fo rm  o f s e n ile  d e m e n tia . P S G  is  c h a ra c te r iz e d  b y  s e v e re  
g lio s is  o f th e  s u b c o rtic a l w h ite  m a tte r  w ith o u t d e m y e lin a t io n  o r  
c o r t ic a l in v o lv e m e n t. G lio s is  o f th e  b a s a l g a n g lia ,  th a la m u s , 
a n d  b ra in s te m  a ls o  o c c u rs . A lth o u g h  th e  e t io lo g y  o f P S G  is 
n o t  k n o w n , th e  to p o g r a p h y  a n d  in te n s ity  o f  a s t ro g lia l 
p ro life ra tio n  s u g g e s te d  th a t P S G  m a y  b e  a  p r io n  d is e a s e . T o  
in v e s tig a te  th is  h y p o th e s is  w e  c a r r ie d  o u t im m u n o c h e m ic a l 
a n a ly s is  o f fro z e n  t is s u e  fro m  5  P S G  c a s e s  fro m  tw o  d iffe re n t 
fa m ilie s . P ro te in a s e  K  re s is ta n t p r io n  p ro te in  w a s  d e te c te d  in 
d o t a n d  W e s te rn  b lo ts  in 4  o f th e  5  c a s e s . H o w e v e r, a n a ly s is  
o f P C R  a m p lifie d  D N A  fro m  th e s e  tw o  fa m ilie s  h a s  fa ile d , to  
d a te , to  re v e a l a n y  m u ta tio n s  in  th e  p r io n  p ro te in  c o d in g  
se q u e n ce .
T h is  w o rk  w a s  s u p p o rte d  b y  N IA  A D R C  A G -0 8 0 1 2 -0 2 , N IH  
Nİ A  1R01 A G N S 0 8 1 5 5 -0 2  a n d  th e  B ritto n  F un d .

346.11
DEVELOPMENTAL CHANGES IN INSULIN-LIKE GROWTH FACTOR-I 
RECEPTOR BINDING AND PROTEIN TYROSINE PHOSPHORYLATION IN 
LURCHER MUTANT MOUSE CEREBELLUM P.J.S. Vig*, D. Desalah,
P. Joshi, S.H. Subramony and J.D. Fratkin. Department of 
Neurology, Univ. of Miss. Med. Cntr., Jackson, MS 39216.

Insulin-like growth factor-I (IGF-I) mediates its neuro
trophic effects by increasing the phosphorylation of endo
genous proteins at tyrosine residues. IGF-I and its recep
tors are abundant in cerebellum. The present study was 
initiated to assess the role of IGF-I in the progression of 
neuronal degeneration in lurcher mutant cerebellum. IGF-I 
receptor binding and autophosphorylation, autoradiographic 
and immunoblot analysis (of phosphotyrosine proteins) were 
performed in the cerebella of lurcher mutant mice and 
littermate controls at postnatal age (P)5-P30. By auto
radiography, IGF-I receptors were localized in the external 
granular (at P7) and molecular (at Р7-РЗО) layer of the 
control and lurcher mice cerebella. However, the lurcher 
mutant mice showed a decrease in high affinity IGF-I bind
ing in these areas as compared with the littermate controls 
The IGF-I receptor autophosphorylation was also significan
tly reduced in lurcher cerebellum at P15 and P20. In 
contrast,immunoblot analysis revealed increases in the 
total and particulate phosphotyrosine proteins in lurcher 
mice cerebella as early, as P5 and P7 (at P5-P7 there is no 
neuronal loss). These results suggest that altered IGF-I 
receptor binding and protein tyrosine phosphorylation are 
involved in the pathogenesis of cerebellar degeneration in 
lurcher mutant mouse.

346.8
DIFFERENCES IN THE PROTEASE-RESISTANT PRION PROTEIN 
FRAGMENTS AMONG HUMAN PRION DISEĄjSES. L. Monarį1. S.
G,..СҺёД-у R Petşrşgn-S, M-Iakaton-, F̂ G ray^,, P^ G a įb gttį-^JL·
Autilio-Gambetti-* Div. of Neuropathol, CWRU, Cleveland ОН 44106 і 
and Hopital Henri Mondor, Creteil, France2.

The proteinase K resistant fragments of the prion protein (PrPres) ob
tained from cases of Fatal Familial Insomnia (FFI) were previously 
shown to differ from those of cases of sporadic Creutzfeld Jakob Dis
ease (CJD) (N. Engl. J. Med., 326:444, 1992). In this study we compare 
five cases from three FFI families to other familial and sporadic prion 
diseases. The amount, number and size of the PrPres fragments 
detected in immunoblots using antibodies to PrP varied in these dis
eases. Two major PrPres fragments of similar size were detected in all 
cases of FFI while three fragments of variable sizes were present in all 
other cases, including a familial CJD case with a mutation at codon 200. 
To find out if these differences were due to glycosylation, complex 
N-linked oligosaccharides were removed by treatment with PNGase F. 
A single band was present in all cases after deglycosylation, however 
this fragment differed in size between diseases. These results indicate 
that N-glycosylation causes the heterogeneity of PrPres fragments. 
Studies are under way to determine whether the size differences of the 
deglycosylated fragments reside in the site of PK cleavage or is due to 
other posttranslational modifications.
Supported by NIA AG 08155, NIA 8992 and the Britton Fund.

346.10
IN VITRO MODELS OF DIABETIC NEUROPATHY. SELECTIVE NEURO
PROTECTION ON GLUCOSE-INDUCED NEUROPATHY BY INSULIN AND 
ACETYL-L-CARNITINE (ALCAR). A.M, Di Giulio*, B. Tenco- 
ni, E. Lesma, M.T. Ramacci, A. Bertelli, P. Mantegaz- 
za and A. Gorio. Dept. of Medical Pharmacology, Univ. 
of Milano, Via Vanvitelli 32, 20129 Milano; Inst, of
Senescence, Sigma Tau, Pomezia, Roma

Hyperglycemia and hypergalactosemia cause peripheral 
neuropathies. An in vitro model was developed by moni
toring 5YSY neuroblastoma cells neuritogenesis induced by 
retinoic acid in high carbohydrate containing medium. The 
neuri te induction was preceeded by 2-3 weeks preincuba
tion in the carbohydrate rich medium (15, 30, 50 mM
glucose or galactose). Neuritogenesis was impaired in a 
dose-dependent manner: the inhibition was very marked
with 30 and 50 mM carbohydrates, which caused a reduction 
of 50 and 65%, respectively, in the number of cells 
forming neurites and in myoinositol metabolism. Hyperga
lactosemia inhibitory effect was slightly affected by 
ALCAR and insulin. However, the hyperglucosemia inhibi
tion of neuritogenesis and myoinositol ^metabolism was 
prevented by adding either 10'й and 10 M ALCAR or 5 
jug/ml insulin, suggesting a neuroprotective effect by the 
drugs upon high glucose levels induced neural damages.

346.12
INVOLVEMENT OF IT-15 IN HUNTINGTON'S DISEASE (HD) CA Ross.
S-H Li, G Schilling. WS Young. XĨ Li. OC Stine. RL Margolis, MV Wagster, 
NG Ranen. GD Pearlson.» TC Hedreen. and ŞE Folstein. Laboratory of 
Molecular Neurobiology, Departments of Psychiatiy and Neuroscience, and 
Department of Pathology, Johns Hopkins Medical School, Baltimore, MD, 
21205-2196 and Laboratory of Cell Biology, NIMH, Bethesda, MD 20892

The recent cloning of the gene (IT-15) causing HD by its expanding 
triplet repeat (MacDonald, et al. 1993) opens up a new era in HD studies. 
We have begun studies of the ΓΓ-15 at the genomic and the RNA expression 
level. HD cases with early onset (mean 17.2 years) had significantly 
longer repeats than cases with later (mean 48.9 years) onset (70.4 vs. 42.7 
repeats, with an overall correlation between age and repeat length of 
r = 0.87). Using the PCR, we have cloned a portion of the human and rodent 
IT-15 for use as probes. Preliminary PCR and Northern analysis data 
suggest that IT-15 is expressed in both neuronal and glial cells. In the rat, 
expression is highest in brain with lower levels in other tissues as well. 
Northern and in situ hybridization studies show widespread expression 
with a neuronal pattern in the brain with slightly higher levels of 
expression in cerebellar granule cells, all cellular layers of cerebral cortex, 
and hippocampus, with no enrichment in caudate. Northern blot and 
semiquantitative PCR analysis suggest there are not dramatically 
different levels of IT-15 expression in HD compared to control striatum and 
frontal cortex. These studies suggest that, like in myotonic dystrophy, the 
length of the expanding repeat is correlated with age of onset. Unlike in 
Fragile X syndrome, there do not appear to be dramatic differences in gene 
expression in patients and controls. Thus, the pathophysiology may 
involve an action of an abnormal IT-15 protein product.
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347.1
FUNCTIONAL ACTIVATION OF HUMAN FRONTAL CORTEX DURING 
TONAL WORKING MEMORY TASKS. D.W. Perry*. M. Pctrides. B. 
Alivisatos. R.J. Zatorre. A.C. Evans. & E. Mever. Montreal Neurological 
Institute, McGill University, Montreal, Quebec, Canada, H3A 2B4.

A previous positron emission tomographic (PET) study demonstrated bilateral 
activation in the mid-dorsolateral frontal cortex when subjects were required to 
monitor within working memory either externally-generated or self-generated 
verbal information (Petrides et al. Proc. Natl.Acad. Sci. USA. 1993). The present 
study extends these findings to working memory for pitch information. Regional 
cerebral bloodflow was measured by the H2150  intravenous bolus method with 
inter-subject averaging, and co-registration of magnetic resonance and PET 
images. Twelve subjects performed two experimental tasks, one that required 
them to randomly order two vocalized pitches, such that each final sequence 
would contain an equal number of both (self-ordered pitches); the other to 
monitor similarly ordered sequences of tones, and to vocalize the final pitch 
(externally-ordered pitches). When activation during a control task (repetitive 
vocalization of a single pitch) was subtracted from that during either experimental 
condition, reliably greater activation was seen in the mid-dorsolateral frontal 
cortex bilaterally (Brodmann’s areas 46 and 9). During external monitoring, 
significant activation was also seen in frontopolar cortex (10), again in agreement 
with the previous investigation of similar auditory-verbal working memory tasks. 
Comparison of repetitive vocalization to passive auditory stimulation 
demonstrated regions of activation plausibly related to non-speech vocal motor 
output (periaqueductal grey, subcallosal cingulate cortex, supplementary motor 
area, orofacial motor cortex, cerebellum, and mid-dorsal insula); to acoustic 
monitoring of the sound of one’s own voice ( right medial geniculate body and 
right primary auditory region), and additional peaks in peristriate cortex and the 
left anterior thalamus.

347.3
MAGNETIC RESONANCE FUNCTIONAL NEUROIMAGING (MRFN) 
DURING COVERT LETTER FLUENCY AND AUTOMATIC SPEECH
I. Annollonio*1, L. Rueckert1- A. Partiot1. J. Grafman1, P, Jezzard2. I  Litvan3 R. 
Johnson Jr.1. R. Turner2 1) Cognitive Neuroscience Section, MNB/NINDS 2) 
Laboratory of Cardiac Energetics, NHLBI 3) Neuroepidemiologic Branch, NIH 
Bethesda, MD 20892.

Noninvasive MRFN, sensitive to cerebral blood oxygenation, was used to generate 
activation maps of human fronto-temporal cortex.

Six right-handed males performed a covert letter fluency task which was contrasted 
against a control condition of automatic verbal production (repeating the days of the 
week). Three periods of word finding were alternated with three periods of automatic 
production; each period lasted 30 sec. A 15 cm diameter surface coil was used forradio 
frequency transmission and reception and was placed against the antero-lateral part of 
the subject’s head, allowing visualization of the frontal and part of the temporal and 
parietal lobes. Four contiguous 5 mm thick sagittal slices were acquired, centered 
between 45 and 50 mm from midline. Two sets were run in order to visualize left and 
right sides, respectively. Measurements were made using a gradient-echo version of the 
echo-planar imaging sequence on a 4.0 Tesla whole body magnet. This sequence 
allows 64 X 64 pixel images to be produced in 40 msec. The field of view was 160 
mm. ТЕ was 26 msec and TR was 3 sec.

To visualize regions of interest, a “z” score was calculated for each pixel in a given 
slice which gave the average difference in intensity between active and control periods 
in units of the standard deviation of the data during the rest periods. All subjects 
showed focal, task-related, 4-6% increases in signal intensity in the left hemisphere in 
Brodmann’s areas 44 and/or 45 (Broca’s region) and in areas 4-6 (motor and premotor 
cortex). In the right hemisphere 3 subjects showed focal activation of the posterior part 
of the superior temporal gyrus and the 3 other subjects showed activation of areas 4-6.

These results confirm that MRFN can be reliably used to detect brain activity during 
higher cognitive tasks and they suggest the existence of a complex topographical 
mapping for covert word finding, which involves both hemispheres.

347.5
REGIONAL CEREBRAL BLOOD FLOW CHANGES DURING THE 
COMPREHENSION OF SYNTACTICALLY VARYING SENTENCES.
S.Y. Bookheimer*. T.A. Zeffiro. W.Gaillard. W.Theodore, 

National Institute o f Neurological Disorders and Stroke, NIH, 
Bethesda, MD 20892

One defining feature o f human language is its syntactic 
structure. The meaning o f a word or phrase can be modified by 
its relation to function words or word order. To study the 
functional neuroanatomy underlying the syntactic component 
o f language comprehension, 1 2  normal volunteers received 
bolus injections o f H2 15 O while undergoing Positron Emission 
Tomography. Subjects listened to sentence pairs and made a 
y es/n o  bar press response. Subjects judged if  sentences were 
the same in meaning when 1 ) words were identical, syntax 
differed, 2) One word differed, syntax was identical. In control 
conditions, subjects 3) m onitored for a phoneme change, 4) 
responded to identical sentences, 5) rested. Images were 
stereotactically normalized and global variance rem oved using 
ANCOVA; paired comparisons were made between activation  
and control states using Statistical Parametric Mapping 
software. Word processing resulted in comparatively greater 
blood flow in the left inferior parietal cortex; syntax 
processing produced greater increases in Broca's area and in  
the left hippocampus. Syntactic processing involves regions 
important for short-term memory, motor sequencing and 
planning with comparatively less involvem ent of word 
comprehension regions in and around Wernicke's area.

347.2
CORTICAL MECHANISMS UNDERLYING MELODIC PERCEPTION AND 
WORKING MEMORY FOR PITCH. R.J. Zatorre*. A.C. Evans, and E. Mever. 
Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada 
H3A 2B4.

The cortical basis for musical information-processing was studied in twelve 
normal volunteers using PET scanning with the bolus water method and 
intersubject averaging. Four conditions were used: (1) listening to a sequence of 
noise bursts, (2) listening to unfamiliar tonal melodies, (3) comparing the pitch 
of the first two notes of these melodies, and (4) comparing the pitch of the first 
and last notes. Subtraction of the obtained PET images, together with correlated 
MRI for anatomical localization, identified foci of cerebral blood flow (CBF) 
change associated with specific cognitive functions. Listening to melodies, relative 
to acoustically matched noise sequences (2-1), resulted in CBF increases in the 
right superior temporal and right extrastriate cortices. Pitch judgments of the first 
two notes relative to passive listening (3-2), resulted in activation of two right 
prefrontal sites. Pitch judgments of the first and last notes, which impose a 
short-term memory load, relative to passive listening (4-2), revealed a number of 
activation sites, including several in the right prefrontal area, but additional 
activity within the right temporal neocortex was also detected in this subtraction. 
Both pitch-judgment subtractions also resulted in CBF decreases in the left 
primary auditory cortex. The data consistently indicate the existence of 
hemispheric asymmetries, in accord with neuropsychological lesion studies, and 
permit a distinction between specialized perceptual analysis mechanisms, involving 
right temporal neocortex, and auditory working memory mechanisms, involving 
complex temporofrontal interactions.

347.4
LANGUAGE LOCALIZATION IN THE HUMAN BRAIN: A 
POSITRON EMISSION TOMOGRAPHY (PET) STUDY OF 
REGIONAL CEREBRAL BLOOD FLOW (rCBF) DURING  
BINAURAL AND DICHOTIC TASKS. P .S . O'Leary*. N.C. 
Andreasen. R.R. Hurtig. G.L. Watkins. L.L. Boles Ponto. M. Rogers. 
P.T. Kirchner, and R.D. Hichwa. Dept. of Psychiatry, and PET 
Imaging Center, Univ. of Iowa, Iowa City, LA, 52242.

Using PET, we investigated the localization of neural mechanisms 
involved in the normal perception of language and non-language 
stimuli, and the source o f perceptual asymmetries resulting from 
dichotic presentation. Regional CBF was measured in 10 normal, 
right-handed subjects (9 males) using the autoradiographic [150 ]  water 
method. Binaural presentation o f environmental sounds and words 
both resulted in bilateral activation of left and right Superior Temporal 
Gyri (STG). Dichotic presentation of words (subjects were instructed 
to attend to their right ear) caused a large increase in the activated 
region of the left STG, as well as a decrease in activation in right STG. 
Dichotic presentation o f meaningless speech sounds (with attention to 
right ear) resulted in a very similar pattern of rCBF. The left/right 
asymmetry of rCBF showed a striking reversal when subjects attended 
to their left ears. Dichotic presentation of speech stimuli thus resulted 
in an increase in the number of cortical units activated in the STG 
contralateral to the attended ear, and inhibition of input to the 
ipsilateral STG. The overall pattern of results suggests that the 
frequently-reported right ear advantage for language stimuli results 
more from neural mechanisms involved in attentional allocation than 
from specialization of the left hemisphere for language.

347.6
FUNCTIONAL IMAGING DURING WORD GENERATION USING A 
CONVENTIONAL MRI SCANNER. C.A. Cuenod. S.Y. Bookheimer. 
LPannier, T.A. Zeffiro. D, LeBihan, W. Theodore*. National 
Institutes o f Health, Bethesda, MD 20892.
Word generation from category vs letter cues is differentially 
impaired following cortical lesions suggesting regional 
specialization based upon retrieval strategy. To study the 
functional anatomy of word retrieval, 8  volunteers were 
studied on a 1.5 Tesla MR scanner; using 2 surface coils and an 
SμgR sequence in which deoxyhemoglobin acts as an 
endogenous contrast agent. Three 4  mm sagittal slices were 
obtained from each hemisphere covering the inferior frontal 
gyri and insulae. At each slice location subjects generated  
words from either letter or category cues, with order and slice 
location counter-balanced. Periods o f silent word generation 
alternated with rest. Differences in MR signal intensity for 
each pixel during word generation vs. control were expressed 
as z-scores. Significant regions o f interest were identified on  
the activation maps and the intensity differences were 
displayed as time activity curves. During both word generation 
tasks there was increased MR signal intensity in Broca's area 
(Brodman's 44), frontal areas 46 and 6 , and inferior temporal 
region 37, greater in the left hemisphere. Greater signal 
intensity was found for generation from letters compared to 
categories in Broca's area; letter generation also produced 
activation in orofacial somatosensory cortex and in primary 
auditory cortex. These results suggest that the functional 
anatomy of word generation depends upon retrieval strategy.
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347.7
R E C O G N IT IO N  M E M O R Y  F O R  N O N V E R B A L  M A T E R IA L S  A S  
M E A S U R E D  B Y  P E T  A C T IV A T IO N . T . B la x to n * . S .Y . 
B o o k h e im e r. T .Z e ffiro . C . F ia lo zz i. W . G a illa rd . W . T h e o d o re . 
N a tio n a l In s titu te  o f N e u ro lo g ic a l D is o rd e rs  a n d  S tro ke , N IH , 
B e th e sd a , M D , 2 0 8 9 2 .

A lth o u g h  th e re  is m uch  e v id e n c e  to  s u g g e s t th a t v is u a l a n d  
a u d ito ry  p e rc e p tio n  a re  s u b s e rv e d  b y  s e p a ra b le  n e u ro lo g ic a l 
sy s te m s , s tru c tu re s  su b s e rv in g  a u d ito ry  v e rs u s  v is u a l m e m o ry  
fu n c tio n  a re  le ss  w e ll d e s c r ib e d . In th is  e x p e rim e n t b lo o d  f lo w  
w a s  a s s e s s e d  u s in g  H2 150 P E T  in a  S c a n d itro n ix  II s c a n n e r fo r  8 
n o rm a l vo lu n te e rs . T h e  10 scan  ta s k s  fo r  e a c h  s u b je c t in c lu d e d  
tw o  s ca n s  e a ch  o f y e s /n o  re c o g n itio n  o f v is u o s p a t ia l d e s ig n s , 
re co g n itio n  o f 5 -n o te  u n fa m ilia r  m e lo d ie s , v is u a l c o n tro l ta s k s  o f 
y e s /n o  d e c is io n s  a b o u t n u m b e r o f lin e s  in v is u a l d e s ig n s , 
a u d ito ry  co n tro l ta s k s  re q u irin g  y e s /n o  ju d g m e n ts  o f p itch  
re la tio n s  in m e lo d ie s , a n d  e y e s -o p e n  re s t sc a n s . C o m p a ris o n s  
o f v is u a l re c o g n itio n  an d  v is u a l c o n tro l s c a n s  re v e a le d  
d e a c tiv a tio n  o f r ig h t p r im a ry  v is u a l c o r te x  d u r in g  re c o g n itio n .
T h e  a u d ito ry  re c o g n itio n  ta s k , w h e n  c o m p a re d  to  a u d ito ry  
c o n tro l, sh o w e d  a  re la tiv e  d e c re a s e  in c e re b ra l b lo o d  f lo w  in 
b ila te ra l s u p e rio r  a n d  m id d le  te m p o ra l re g io n s . D e c re a s e d  
a c t iv ity  in r ig h t s e n s o ry  c o rte x , r ig h t m id d le  fro n ta l g y ru s , a n d  
r ig h t m e d ia l te m p o ra l re g io n s  w a s  o b s e rv e d  fo r  b o th  ta s k s .

347.9
INTERHEMISPHERIC DIFFERENCES IN THE DENDRITIC ARBORIZA
TION OF MAGNOPYRAMIDAL NEURONS OF THE ANTERIOR 
SPEECH REGION. T.L. Haves* and D.A. Lewis. Departments of Behavioral 
Neuroscience and Psychiatry, University of Pittsburgh, Pittsburgh, PA 15216.

The left posterior inferior frontal gyrus (Brodmann’s areas 44 and 45) is 
believed to support motor speech, whereas the role of this region in the right 
hemisphere remains unknown. Recently, we determined that the mean cross- 
sectional area of the magnopyramidal neurons of layer III in area 45 was sig
nificantly larger in the left than in the right hemisphere (Arch Neurol 50, 
1993). In the present study, we have begun a detailed investigation of the 
dendritic characteristics of these large layer III neurons. Blocks from left and 
right area 45 were processed using a modification of the rapid Golgi 
technique. Impregnated magnopyramidal neurons of layer III were then recon
structed using the Eutectics Neuron Tracing System and bilateral within-brain 
comparisons were made. Several measures of the basilar dendrites and of side 
branches of the apical dendrite which originated within ΙΟΟμιη of the soma 
were taken. Preliminary studies indicate no interhemispheric differences in the 
total number of branch segments or in mean segment length. However, both 
the total dendritic length and the number of spines were greater in neurons in 
the left hemisphere than in the right. These differences were seen even when 
the basilar and apical trees were considered independently. In addition, the 
apical dendrite demonstrated greater dendritic branching in close proximity to 
the soma in the left than in the right hemisphere. Further studies are underway 
to determine the extent of these differences in a larger population of neurons 
and brains. These data may reflect an anatomical specialization which 
underlies the functional lateralization of this area.

347.11

THE DEVELOPMENT OF MODULARITY FOR ARBITRARY STIMULUS 
CATEGORIES IN A HEBBIAN SELF-ORGANIZING NETWORK:
EXPLAINING THE DISSOCIABILITY OF LETTERS AND NUMBERS.
T.A. Polk & M.J. Farah*. University of Pennsylvania, Philadelphia 19104.

Localization of function is a basic feature of brain organization. Previous 
work has shown that a combination of genetics and the inherent structure of 
the proximal stimulus (e.g., left vs. right eye activity) can, in principle, 
determine patterns of localization. However, evidence from neuropsychology 
suggests that localization extends even to functions that are defined by 
arbitrary distinctions, such as letter vs. number processing. How might such 
functions come to be localized?

We investigated the hypothesis that the pattern of co-occurrence among 
stimuli could interact with Hebbian learning to lead to functional localization in 
a network that has excitatory connections between neighbors. In the case of 
letter vs. number processing, it is plausible to assume that letters appear more 
frequently with other letters (in words) than with digits and, conversely, that 
digits appear more frequently with other digits (in numbers) than with letters. 
We hypothesized that under these conditions a Hebbian learning rule would 
lead co-occurring stimuli to be processed by overlapping sets of units and that 
excitatory connections between neighbors would cause these units to cluster 
into modules. We trained a Hebbian network on two sets of stimuli, 
representing letters and digits. Letters were presented alone and with other 
letters, but never with digits, and digits were presented alone and with other 
digits, but never with letters. After training, the network exhibited functional 
segregation with one cluster of unijs representing letters and another, spatially 
separate cluster representing digits. This result demonstrates the plausibility 
of the co-occurrence hypothesis in accounting for the development of 
modules for letter vs. number processing and offers the hope of generalizing 
to explain the development of modules for other non-innate processes (e.g., 
second languages, music).

347.8
NAMING VISUAL OBJECTS: A NEUROMAGNETIC STUDY OF CORTICAL 
ACTIVATION. R. Salmelin*, M. Sams, R. Hari, O.V. Lounas- 
maa, and M. Kajola. Low Temp. Lab., Helsinki Univ. of 
Technology, 02150 Espoo, Finland.

Equipped with a 122-channel whole-head neuromagnetome
ter, we investigated the sequential cortical activation 
during picture naming.

Six right-handed persons were shown pictures in the 
left or right visual field every 5 seconds. The subject 
was instructed to fixate on a black dot in the middle of 
the screen. She/he either (1) paid no attention to the 
stimuli, (2) named the objects aloud, or (3) only 
mentally. Both evoked responses and spontaneous activity 
were recorded. Cortical signals were analyzed both with 
respect to the stimuli and the speech onset, monitored 
with a microphone.

The first occipital visual responses were not affected 
by the condition. However, a clear lateralization of 
subsequent cerebral activity emerged in naming tasks.
A bilateral, but generally left-dominant signal was 
recorded over the temporal areas. In condition 2, a 
further strong activation at the midline, most probably 
arising from the supplementary motor area, preceded the 
vocalization.

347.10
THE PARS TRIANGULARIS AND SPEECH-LANGUAGE 
DOMINANCE A .Foundas. C.M .Leonard, K.M .Heilman* 
Neurology Dept.U.of Florida,Gainesville,FL 32610 

Anatomical asymmetry in the perisylvian 
language region is hypothesized to be the bio
logical foundation of cerebral dominance for 
language. Leftward asymmetry of the planum 
temporale is well documented. In a recent study 
(Foundas et al, 1993) planar asymmetry measured 
on thin sagittal MR sections correlated perfectly 
with language dominance demonstrated by the Wada 
procedure. Consistent anatomical asymmetry in 
frontal perisylvian regions has been more 
difficult to demonstrate even though functional 
asymmetry is more marked anteriorly than poster
iorly. We measured the average surface area of 
pars triangularis in the same patients used in the 
plana study. Overall there was a significant left
ward asymmetry (p<.05), however, two patients had a 
rightward asymmetry. The only nonrighthander was 
one of these patients, and was the only patient to 
have language lateralized to the right hemisphere.
In 16 additional brains we found 8 right handers 
to have a significant leftward asymmetry (p<.01), 
while 8 left handers were anomalous(38%L>R, 12% 
L=R,50%R>L). These data suggest that asymmetries 
of pars triangularis determined by MR may predict 
certain lateralized language functions.

347.12

DISTRIBUTED REPRESENTATIONS OF SEMANTIC KNOWLEDGE IN 
THE BRAIN S. L. Small1*. T. Hart. Tr.2. T. Nguven1. and B. Gordon2. 
Cognitive Modelling Laboratory, Departments of Neurology, Intelligent 
Systems, and Communication Disorders, University of Pittsburgh, 
Pittsburgh, PA 15261; and 2Department of Neurology and Zanvyl Krieger 
Mind/Brain Institute, Johns Hopkins University, Baltimore, MD 21205.

Category specific language impairments arise in the context of patchy 
or diffuse damage to the left temporal lobe or to both temporal lobes. This 
phenomenon appears to require the existence of an explicit category 
organization within semantic memory. However, such a conclusion may 
be incorrect. We hypothesize that category specific organization emerges 
from perceptual, functional, and attributive information about objects that 
must be maintained in order to process language. In this study, we 
conduct several experiments with artificial neural networks to test the 
computational validity of this hypothesis.

Physical objects were represented (encoded) in terms of semantic 
features, based on basic perceptual and motor modalities and higher level 
knowledge of function. These feature representations were used to build 
and train neural network architectures that either decode the feature 
representations into object identifications or to recode them internally. 
Linear algebraic and statistical methods were used to analyze the nature of 
the encodings as well as the performance of the neural networks. The 
results demonstrate the presence of semantic categoiy information in the 
representations and networks, although information about semantic 
categories was not pre-programmed. We conclude that category specific 
language organization arises unexpectedly from the inherent nature of 
semantic features themselves, and does not require special internal 
organization of semantic memory. (Supported by NIH DC00054).
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348.1
NEUROANATOMICAL MAPPING OF A DELTA-OPIOID RECEPTOR 
BY IN SITU HYBRIDIZATION AND IMMUNOHISTOCHEMISTRY
Benito Anton. Duane E. Keith and Christopher J . Evans. Dept.of 
Psychiatry and Biobehavioral Sciences, University of California, Los 
Angeles ,CA. 90024.
We have recently identified and characterized a δ-opioid receptor clone 

(DOR-1) with affinity and selectivity for ligands binding б-opioid receptors 
(Evans et al. Science 258: 1952-55, 1992). We have generated nucleic 
acid and antibody probes to detect DOR-1 mRNA and encoded protein 
in both rat and mouse brain. Our preliminary in situ and 
immunohistochemistry results show a gross regional overlapping of 
brain areas expressing DOR-1 with that of the distribution of delta-opioid 
binding sites revealed by autoradiography. DOR-1 mRNA and encoded 
protein are predominantly localized in telencephalic structures such as 
neocortex, olfactory bulb and accessory olfactory areas, striatum-nucleus 
accumbens, hippocampus and amygdaloid complex. Most of the 
diencephalic structures show undetectable DOR-1 levels. Notable 
exceptions are the ventromedial nucleus of the hypothalamus and the 
central-medial and laterodorsai nuclei in the thalamus. In the 
mesencephalon, moderate to low DOR-1 mRNA and protein levels are 
detected in the interpeduncular nucleus, substantia nigra and superior 
and inferior colliculi. In Pons-medulla, DOR-1 expressing cells are found 
in the pontine nucleus, superior olive , nucleus of the tractus solitarius 
and the substantia gelatinosa of the spinal cord. In contrast to radioligand 
autoradiographic mapping studies , DOR-1 mRNA and protein are 
expressed by specific cell types in the cerebellum. Double labeling 
histochemical approaches are in progress to examine coexpression of 
DOR-1 with known neurotransmitters in specific brain pathways. 
Supported by NIDA Grant # DA-05010 and the W.M. Keck Foundation.

348.3
MOLECULAR CLONING OF A RAT MU OPIOID 
RECEPTOR. Y. Chen*. A. Mestek. J. Liu. J. A. Hurley. L. 
Yu. Dept. of Med. & Mol. Genetics, Indiana Univ. Sch. of 
Med., Indianapolis, IN 46202.

Opioid peptides and alkaloids exert their psychological and 
physiological effects by interacting with different membrane 
receptors among which mu opioid receptors are the major sites 
for opioid analgesia and addiction. A complementary (cDNA) 
clone was isolated from rat brain by a low stringency screening 
strategy. Pharmacological studies o f this clone showed that it 
encodes a receptor with characteristics o f mu opioid subtype as 
demonstrated by high affinity binding to a mu specific agonist 
and antagonists including DAGO, naloxonazine, ß- 
funaltrexamine and cyprodime. It has moderate to low affinity 
for opioid ligands o f the delta and kappa subtypes. It also has a 
low affinity binding for cyclic somatostatin. Sequence analysis 
of this clone showed that it is moderately homologous to the delta 
opioid receptor, somatostatin receptors, interleukin- 8  receptors 
and formyl-peptide receptors.

348.5
ETHANOL INCREASES б-OPIOID RECEPTOR GENE EXPRESSION IN 
NEURONAL CELL LINES. M.E. Charness*. G. Hu. R. H. Edwards. L.A. 
Querimit. Dept Neurology (Neuroscience) Harvard Medical School, West 
Roxbury, MA 02132; UCLA, Los Angeles, CA 90049; UCSF, San Francisco, 
CA, 94143

Long-term treatment with ethanol increases б-opioid receptor (DOR) 
expression in the NG108-15 neuroblastoma x glioma hybrid cell line. To 
determine the underlying mechanism, we studied the effects of ethanol on 
[3H]diprenorphine (DPN) binding to intact cells and DOR gene expression in 
four related clonal neural cell lines. Incubation with 200 mM ethanol for 48 h 
increased [3H]DPN binding by 1.4- (N18TG2), 1.9- (NG108-15), 1.9- 
(N4TG1) and 2.2-fold (N1E-115). Treatment with 25, 50, or 100 mM ethanol 
for 1 week caused a dose-dependent increase in receptor expression. 
Receptor up-regulation was associated with an increase in the potency of 
etorphine for inhibiting prostaglandin E-j-stimulated cAMP accumulation. 
Constitutive DOR expression differed more than three fold among the 
different cell lines and correlated positively with basal cAMP levels. Long
term ethanol treatment increased basal cAMP levels in three of the four cell 
lines, but did not induce cellular differentiation. Northern analysis 
demonstrated an identical pattern of multiple transcripts in the four cell lines. 
Ethanol increased the abundance of DOR mRNA by approximately З-fold in 
N18TG2 cells and by approximately 5-fold in the remaining cell lines. These 
findings demonstrate that clinically relevant concentrations of ethanol 
regulate DOR expression by increasing the abundance of DOR mRNA. The 
disparity between the increase in gene expression and ligand binding 
suggests that ethanol may also modify mRNA translation or receptor 
processing.

Supported  by AA06662, the Alcoholic Beverage  M edical R esearch  
Foundation, and the M edical Research  Serv ice , Department o f Veterans 
Administration.

348.2
FUNCTIONAL CHARACTERIZATION OF A MU-TYPE 
OPIOID RECEPTOR. A. Mestek. Y. Chen. B. Julien. J. Liu. 
J.A. Hurley. L. Yu*. Dept. of Med. & Mol. Genetics, Indiana 
Univ. Sch. o f Med., Indianapolis, IN 46202.

The opioid receptor system regulates a variety of 
physiological mechanisms and exerts its modulatory function via 
intracellular signal transduction pathways. A complementary 
(cDNA) clone which had been isolated from a rat brain library 
and shown to possess the pharmacological profile o f a mu-type 
opioid receptor was expressed in COS-7 cells. Cyclic AMP 
(cAMP) levels were shown to decrease in cells stimulated with 
forskolin and treated with an opioid agonist. This opioid 
receptor-mediated inhibition o f cAMP levels was also blocked 
by an opioid antagonist. Similarly, in Xenopus oocytes 
expressing the receptor, cAMP levels were also shown to 
respond to drug treatment in a fashion consistent with that 
observed using cultured cells, suggesting that the receptor 
encoded by the isolated cDNA is functionally coupled to the 
inhibition of adenylyl cyclase.

348.4
CHARACTERIZATION OF NUCLEAR б OPIOID BINDING SITES IN 
NG108-15 NEUROHYBRID CELLS. C.J.Coscia*#. M .M .Belcheva#.
J. Bare#. W. Gregg Clark#. A. Borsodi§. G. TothS. S. 
Guckerf. X.-M. Gaof and D.-M. Chuangf. У/Dept. of Biochem. 
and Mol. Biol., St. Louis Univ. Sch. Med. St. Louis, MO 
63104, fBiol. Psych. Branch, NIMH, Bethesda, MD 20892 and 
§Biol. Res. Cntr, Hungarian Acad. Sci., Szeged, Hungary.

We discovered б opioid sites in nuclei of NG108-15 
cells by immunohistochemistry and in vitro binding assays 
(Belcheva et al. J. Neurosci. 13, 104, 1993). Nuclear 
membrane- (NUCMEM) and nuclear matrix-enriched (NUCMAT) 
fractions have now been prepared. Electron microscopy and 
SDS-PAGE studies revealed that NUCMAT retained the inner 
NUCMEM, residual nucleoli and internal fibrogranular 
network remnants and were devoid of histones. NUCMAT 
possessed 0.6% of the DNA, 18% of the protein and 69% of 
the opioid binding of purified nuclei. б agonists bind 
with high affinity to NUCMEM and with lower affinity to 
NUCMAT. In contrast, б antagonist 3H-naltrindole and 
partial agonist 3H-diprenorphine bind with high affinity 
to NUCMAT. GTP analog sensitivity of б agonist binding 
was detected in NUCMEM but not in NUCMAT. б binding was 
inhibited by incubation of nuclei in the presence of the 
catalytic subunit of protein kinase A (PKA) and ATP. A 
PKA inhibitor blocked loss of opioid binding. Binding of 
20,000g membranes from a postnuclear supernatant was 
insensitive to PKA and ATP. The results suggest that 
NG108-15 cells contain G protein-coupled б opioid 
receptors in NUCMEM and uncoupled б sites in NUCMAT.

348.6
RAT BRAIN μ OPIOID RECEPTOR cDNA CLONING and PROTEIN 
PURIFICATION С Љ Ш ^ Ј Ж  Wann1, Y. Im aiL X.-D. Yana1, Ж -F. 
Wans* ̂  J  J ). Hulmes2. B  Johnson2. M. Corbettz, D. Luthin3. J. Linden3. 
CM . Eppler3. M ol. Neurobiol. Br., ARC/NIDA/NIH A  Depts. o f  Neurol & 
Neurosa., JHUSM, Baltimore, Maryland 21224; 2Am. Cyanamid Ag. & Med. Res, 
Princeton, NJ 08543 & P. River, NY, a n d sDepts. Physiol. & Int. M ed., U.Va., 
Charlottesville, VA 22908

μ opioid receptors are principal sites o f opiate drug action, 
although their biochemical natures have remained obscure. A 2.2 kb 
rat brain cDNA with high homology to recently-described murine 
DOR б-opiate receptor sequences, termed RC8-1-1, was identified 
through polymerase chain reaction and cDNA homology approaches. 
A 60-70 kDa rat brain opiate receptor glycoprotein was purified using 
b io t in y l - 32L y s  ß -en d o r p h in  b in d in g , d e o x y c h o la te /  
lysophosphatidylcholine solubilization, and streptavidin/wheat germ 
agglutinin purification. The protein displays selectivity for μ but not 
for б opioid ligands, Gį co-purification, GTP and N a+ influences. 23 
amino acids o f receptor protein sequence were identical to sequence 
predicted from the RC8-1-1 cDNA sequence. RC8-1-1 displays more 
than 75% nucleotide identity with the DOR sequence. It recognizes 
a 10.5 kb mRNA that is most abundant in thalamus. COS cell 
expression confers pharmacologically-specific, high affinity binding 
o f μ but not б opioid ligands. The purified protein and corresponding 
cDNA appear to represent the first reported μ opioid receptor.
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348.7
A F F I N I T Y  L A B E L I N G  O F  T H E  M U  O P I O ID  R E C E P T O R  IN  B O V IN E  
S T R I A T A L  M E M B R A N E S :  P U R I F I C A T I O N  O F  A  5 4 , 0 0 0  D A L T O N  
P R O T E I N .  J . M .  B id la c k *  a n d  R .A .  K a p la n .  D e p a r t m e n t  o f  
P h a r m a c o lo g y ,  U n iv e r s i t y  o f R o c h e s t e r ,  R o c h e s t e r ,  N Y  1 4 6 4 2 .

[3H ]1 4 / ? - (B r o m o a c e t a r n id o ) - 7 ,8 - d ih y d r o m o r p h in e  ([3H ]H 2B A M )  h a s  
b e e n  s h o w n  t o  a f f in i t y  la b e l t w o  p r o t e in s  w it h  m o le c u la r  w e ig h t s  o f
5 4 , 0 0 0  a n d  4 4 , 0 0 0  in  b o v in e  s t r ia t a l  m e m b r a n e s  (B id la c k  e t  a l . ,  
B io ch e m is try , in  p r e s s ) .  T h e  la b e l in g  o f t h e s e  t w o  p r o t e in s  w a s  
g r e a t ly  r e d u c e d  w h e n  t h e  / / - s e le c t iv e  p e p t id e  [ D - A la 2,( M e ) P h e 4, 
G ly ( o l) 5] e n k e p h a lin  b u t n o t  w h e n  б- or / c - s e le c t iv e  o p io id s  w e r e  
in c u b a t e d  w it h  m e m b r a n e s  a lo n g  w it h  [3H ]H 2B A M . B o th  p r o te in s  
b o u n d  t o  w h e a t  g e rm  a g g lu t in in -  a n d  C o n  A -  S e p h a r o s e ,  s u g g e s t in g  
t h a t  b o th  p r o t e in s  a r e  g ly c o p r o t e in s .  In  o rd e r  to  p u r ify  t h e  m o s t  
p r o m in e n t ly  la b e le d  p ro te in , t h e  5 4 - k D a  p r o te in , m e m b r a n e s  w e r e  
a lk y la t e d  w it h  [3H ]H 2B A M , w a s h e d  b y  c e n t r i f u g a t io n ,  a n d  th e n  
s o lu b il iz e d  w it h  3 %  C H A P S  in  t h e  p r e s e n c e  o f 8  M  u re a  a n d  1 m M  
d it h io t h r e it o l ,  f o l lo w e d  b y  p r e c ip it a t io n  w it h  2 5 %  s a t u r a t e d  
a m m o n iu m  s u l f a t e .  P r o t e in s  w e r e  t h e n  s o lu b il iz e d  in  S D S  L a e m m li  
s a m p le  b u f fe r  a n d  s e p a r a t e d  o n  a  S D S  p o ly a c r y la m id e  p r e p a r a t iv e  
g e l.  F r a c t io n s  w e r e  c o l le c t e d .  T h e  p ro te in  p ro f ile  a n d  [3H ]H 2B A M  
a s s o c ia t e d  w it h  e a c h  f r a c t io n  w e r e  m o n ito re d  to  d e t e c t  t h e  e lu t io n  
o f  t h e  5 4 - k D a  p ro te in . A f t e r  t w o  s u c c e s s i v e  S D S  p r e p a r a t iv e  g e ls ,  
t h e  5 4 - k D a  p ro te in  h a s  b e e n  p u rif ie d  to  h o m o g e n e it y  a s  d e t e r m in e d  
b y  S D S  p o ly a c r y la m id e  g e l e le c t r o p h o r e s is .  ( S u p p o r t e d  b y  g ra n t  
D A 0 3 7 4 2 . )

348.9

THE MOLECULAR BIOLOGY OF KAPPA OPIATE RECEPTORS 1Ç
Raynor*. H. Kong, J. Benovic, K. Yasuda, G. Bell and T. Reisine Dept. 
Pharmacol. Univ. of Pennsylvania, Philadelphia, PA, 19104; Jefferson 
Medical Cent., Philadelphia, PA 19107 and HHMI, Univ. Chicago, Chicago III. 
60637

Dynorphin is an opiate peptide neurotransmitter which induces its biological 
actions by interacting with the kappa opiate receptor. To investigate the 
molecular mechanisms of action of dynorphin, we have cloned the mouse 
kappa receptor cDNA. The cloned kappa receptor has 61% amino acid 
identity with the mouse delta receptor and 70% similarity. It has the 
pharmacological specificity of a kappai receptor, displaying high affinity for 
the kappa agonists U50,488, U69,593 and dynorphin and for the kappa 
antagonist nor-BNI. The receptor associates with pertussis toxin-sensitive G 
proteins and mediates agonist inhibition of cAMP formation. Continuous 
application of agonists to COS cells expressing the kappa receptor 
desensitizes the receptor. The desensitization involves a reduced affinity of 
the receptor for agonists, an uncoupling of the receptor from G proteins and 
a diminished ability of kappa agonists to inhibit cAMP formation. The 
desensitization of the kappa receptor involves the enzyme BARK, since a 
dominant negative SARK mutant coexpressed with the kappa receptor in 
COS cells blocked kappa receptor desensitization. This is the first 
demonstration of SARK being involved in opiate receptor desensitization. 
The availability of the kappa receptor cDNA will facilitate structure-function 
analysis of this opiate receptor and the identification of its functional roles. 
Supported by MH45533 and MH48518.

348.11
NOVEL INDOLOMORPHINANS WITH D ELTA  OPIOID 
R EC EPTO R  SELEC T IV ITY . A. Borsodi* . S .T . Nevin. J .  Elliott* .  
J .R . Travnor# and H. Schmidhammer@ . Inst, of Biochem., 
Biol. Res. Cent., P .O .B . 521, H-6701 Szeged, Hungary, # Dept. 
of Chem., Loughborough Univ. of Tech ., Loughbororough, 
Leicestershire, LE11 3TU, U .K ., @lnst. of Pharm. Chem ., Univ. 
Innsbruck, A-6020 Innsbruck, Austria.

Several novel indolomorphinans have been prepared from 
the corresponding morphinan-6-ones by Fisher indole 
synthesis. The morphinan-6-ones were synthesized in several 
steps starting either from thebaine or codeine. The opioid 
receptor selectivity of the new compounds w as tested by in 
vitro receptor binding assays using subtype specific 
radioligands in rat and guinea-pig brain membranes. The 
mu/delta and kappa/delta selectivity ratios estimated from the 
competition experiments reached about 100 and the most 
selective ligands still retained nM affinity for the delta receptor. 
Ligands of the highest specificity were tested in isolated tissue 
preparations (mouse vas deferens ánd guinea-pig ileum) to 
determine the agonist/antagonist profile of the compounds. 
The novel ligands may prove useful in defining opioid delta 
receptors.

348.8
CLONED KAPPA OPIATE RECEPTOR COUPLES TO A CALCIUM 
CURRENT IN PC-12 CELLS. Melanie Tallent *1. M. A. Pichterl,2,3,
K. Yasuda^. G. Bell4, and Terrv Reisine Ļ2 1 Institute of Neurological 
Sciences, ^Dept. of Pharmacology, ^Dept. of Neurology, University of 
Pennsylvania School of Medicine and Graduate Hospital, Phila
delphia, PA 19104 and ^Howard Hughes Med. Inst., Univ. of Chicago, 
Chicago, II 60637.

The cloning of two opiate receptor subtypes, kappa and delta, has 
recently been reported. Studies done on endogenously expressed opiate 
receptors using subtype selective agonists have shown that kappa 
receptors are able to regulate voltage sensitive Ca++ channels in an 
inhibitory fashion. We have stably expressed the cloned kappa 
receptor in the pheochromocytoma cell line PC-12 in order to study its 
interaction with ionic conductances. In control studies, untransfected 
PC-12 cells were unable to bind opiate agonists or antagonists, and the 
Ca++ current expressed in this cell line was not affected by opiate 
receptor agonists, indicating that no opiate receptors are endogenously 
expressed. Upon stable expression of the kappa receptor, the kappa- 
selective agonist U50488 (100 nM ) was able to inhibit the Ca++ current 
by 38.6% (n=8). This inhibition by 100 nM U50488 was blocked by the 
selective kappa antagonist Nor-BNI (100 nM) (n=5). These results 
show that the cloned kappa receptor is being expressed in PC-12 cells in 
a way that allows functional coupling to a Ca++ channel. This 
transfected cell line will allow further functional characterization of 
the cloned kappa receptor. Supported by MH 48518 and 45533.

348.10
ASPARTATE 95 IN THE MOUSE DELTA OPIATE RECEPTOR IS 
INVOLVED IN THE SELECTIVE BINDING OF DELTA-SPECIFIC 
AGONISTS H. Kong*. K. Raynor, K. Yasuda. G. Bell and T. Reisine Dept. 
Pharmacol., Univ. of Pennsylvania, Philadelphia, PA 19104; HHMI, Univ. 
Chicago, Chicago, III 60637.

Delta receptors mediate the selective biological actions of the enkephalins. 
To investigate the mechanisms by which agonists and antagonists interact 
with this opiate receptor subtype, an aspartate at residue 95 of the cloned 
mouse delta opiate receptor was converted to an asparagine by site-directed 
mutagenesis. The mutant and wild-type delta receptors were expressed in 
COS-7 cells and tested for their ability to bind the agonist ЗН-DPDPE and the 
antagonist Зн-naltrindole. Зн-DPDPE bound less to the mutant than the wild- 
type receptor. In contrast, Зн-naltrindole binding was higher to the mutant 
than wild-type receptor, indicating that the diminished agonist binding was 
not due to lower expression of the mutant receptor. Зн-DPDPE binding to the 
mutant receptor was reduced by GTP analogs and the mutant receptor 
mediated agonist inhibition of cAMP formation, indicating the mutant receptor 
was coupled to G proteins. The diminished Зн-DPDPE binding was due to a 
selective reduction in affinity of the delta receptor for agonists since the 
ability of the delta agonist DPDPE, DSLET and deltorphin II to inhibit Зн- 
naltrindole binding to the mutant receptor was reduced. In contrast, the 
mutant and wild-type receptors had similar affinity for delta antagonists such 
as naltrindole, NTB and BNTX. Non-selective opiate agonists, such as 
bremazocine and levorphanol, bound similarly to the wild-type and mutant 
delta receptors, indicating that the mutation caused a selective reduction in 
affinity of the receptor for delta specific agonists. These findings suggest that 
delta selective agonists and antagonists bind differently to the delta receptor, 
possibly by interacting with different regions of the receptor.
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3 4 9 .1

TRANSFORMING GROWTH FACTOR ß l  REGULATED  
LACTOTROPIC FUNCTION IS REDUCED DURING  
NEOPLASM IN THE ANTERIOR PITUITARY.
Sarkar. DK*. Pastorcic. M.. Prasad. B. Xie. O. and Bovadjieva. N.. 
Dept. VCAPP, Washington State University, Pullman, WA 99164- 
6520.

We have recently shown that transforming growth factor ßl 
[TGF-ßl] is produced in the lactotropes of the anterior pituitary gland 
and inhibits the secretion and growth of lactotropes by an autocrine 
mechanism. In this study, we tested whether TGF-ßl-regulation of 
lactotropic function is altered in the transformed lactotropes. Normal 
pituitaries from female Fisher 344 rats and tumor pituitaries from 
chronic estrogen-treated ovariectomized rats were used as the donors 
of normal and transformed lactotropes. In addition, GH3 cell lines 
were used as transformed lactotropes. We found that the TGF-ßl 
expression was reduced in the cells obtained from the tumor pituitaries 
and in GH3 cells as compared to normal lactotropes. Determination of 
the TGF-ßl-inhibition of prolactin secretion and cell growth revealed 
that the transformed cells have significantly reduced prolactin 
secretion and cell growth responses than those of normal lactotropes. 
These results suggest that the production and action of TGF-ßl on 
lactotropes is reduced during neoplasm in the pituitary.

3 4 9 . 3

P L A S T I C I T Y  O F  C N S  O X Y T O C IN  N E U R O N A L  I N T E R A C T I O N S  W IT H  
L H R H : R O L E  O F  G O N A D A L  S T E R O I D S .  C .  A . Jo h n sto n *  a n d  Q . L  Y a n a . 
D e p t. o f P h a r m a c e u t ic a l S c ie n c e s ,  S c h o o l o f P h a r m a c y ,  U n iv e rs ity  
o f M o n ta n a , M is s o u la , M T  5 9 8 1 2 - 1 0 7 5 .

G o n a d a l s te ro id s  p la y  a  c r it ic a l ro le  in re g u la tin g  th e  in f lu e n c e  of 
o x y to c in  ( O X Y )  on L H . W ith in  1 2  h o u rs , th e  in f lu e n c e  o f c h a n g e s  in 
p la s m a  e s tra d io l ( E 2 )  a n d  p r o g e s te r o n e  (P 4 )  o n  c e n t ra l n e u ro n a l  
in te ra c t io n s  in vo lv in g  O X Y  a n d  L H R H  n e u ro n s  s w itc h  th e  e ffe c ts  of 
O X Y  o n  L H R H  r e le a s e  from  p rim a rily  in h ib ito ry  to  s t im u la to ry . T o  
e x a m in e  fu rth er th e  co n trib u tio n  o f E 2  a n d /o r P 4  o n  th is  fu n ct io n a l 
n e u ro n a l p la s t ic ity , th e  e ff e c t s  o f v a ry in g  th e  d o s e  a n d  d u ra t io n  of 
E 2  a n d  P 4  e x p o su re  on th e  O X Y - in d u c e d  c h a n g e s  in p la s m a  L H  w a s  
e x a m in e d . O v a r ie c t o m iz e d  ( O V X )  ra t s  r e c e iv e d  a  p la c e b o  o r  E 2  
p e lle t  (1 m g , s c )  tw o  d a y s  p r io r  to fu rth e r  e x p e r im e n ta t io n  to  
p r im e  th e  a n im a ls  w ith  p h y s io lo g ic a l ly  h ig h  p la s m a  le v e ls  o f E 2 .  
V a r io u s  d o s e s  o f P 4  (0 -3 5  m g , s c )  w e r e  th e n  a c u te ly  a d m in is te re d  
a t 9 0 0  h r a n d  in je c t io n s  o f O X Y  (1 0  μ g /5 p l) w e r e  m a d e  a t  1 3 0 0  
h r th ro u g h  in tra c e re b ro v e n tr ic u la r  ( ic v )  c a n n u la e  p la c e d  o n e  w e e k  
p r e v io u s ly . P la s m a  s a m p le s  w e r e  o b ta in e d  v ia  ju g u la r  c a n n u la e  
from  th e  u n a n e s th e t iz e d  ra ts  a t 10  m in b e fo re  a n d  a t 5 , 1 5 , 3 0 , a n d  
6 0  m in  fo llo w in g  th e  ic v  in je c t io n . In r a t s  t re a te d  w ith  E 2 ,  a lo n e ,  
O X Y  c a u s e d  a  sm a ll in c r e a s e  in p la s m a  L H . O X Y  fa ile d  to a lte r  L H  in 
a n im a ls  tre a te d  w ith  P 4 ,  a lo n e . In E 2 -p r im e d  r a t s ,  P 4  p ro d u c e d  a  
b e ll- s h a p e d  d o s e - r e s p o n s e  c u r v e  (m a x im a l O X Y  st im u la t io n  o f LH  
a t 2 .5  m g P 4 ) . T h e  s t im u la to ry  e ffe c t  o f c e n t ra l O X Y  o n  p la s m a  LH  
c a n  b e  s e e n  in p ro p e rly  tre a te d  O V X  ra ts , a n d  th e  le v e l o f s t im u la 
tion b y  O X Y  on p la sm a  LH  is  h igh ly  d e p e n d e n t  o n  th e  d o s e  a n d  tim e of 
P 4  a n d  E 2  e x p o s u re . (S u p p o rte d  b y  N IM H  g ra n t , M H 4 8 2 5 2 ) .

3 4 9 . 5
TYROSINE HYDROXYLASE (TH) GENE EXPRESSION IN TUBERO- 
INFUNDIBULAR DOPAMINE (TIDA) NEURONS IS DECREASED 
DURING PROESTRUS PROLACTIN SURGE. T-Porkka-Heiskanen*. 
J.H.Urban. F.W.Turck. J.Levine. Northwestern University, Evanston. П, 60208 

Dopamine (DA) release from TIDA neurons provides the major inhibitory 
control over pituitary prolactin release, and TH is the rate limiting enzyme of DA 
synthesis in these neurons. We evaluated the relationship between TH gene 
expression in TIDA neurons and prolactin release during the rat estrus cycle. Rats 
were killed at 1800Һ metestrus (Met), 0800Һ, 1200Һ, 1800Һ, 2200Һ proestrus (Pro) 
and 0200Һ, 0800Һ and 1800Һ estrus (E). Four nucleus arcuate (ARC) levels were 
analyzed for TH expression using in situ hybridization. Serum samples were 
analyzed for LH, FSH and prolactin. Serum prolactin peaked at 1800Һ Pro, and 
was still elevated at 2200Һ Pro, but low in all other groups. A mirror image profile 
of tyrosine hydroxylase expression was found: TH expression was high in the 
morning of proestrus when prolactin concentration was low, and then decreased 
as the Pro prolactin surge proceeded (1800Һ Pro). TH expression remained low 
into the AM. of E, and rose again in the P.M. of E reaching Pro morning levels 
in Met Our results are consistent with reports that prolactin release is tonically 
inhibited by TIDA neurons throughout all stages the estrus cycle, except in Pro, 
when decreased DA release during the afternoon of Pro permits elaboration of the 
prolactin surge. Our data demonstrate that the biosynthetic capacity of ARC 
neurons is also decreased at this time, and suggest that inhibition of TH gene 
expression may be an important component of the neuroendocrine mechanisms 
governing the Pro prolactin surge. It remains to be determined if inhibition of TH 
gene expression results in diminished DA release at this time, or if these two 
processes are simultaneously inhibited by parallel cellular routes.

3 4 9 .2
PITUITARY GNRH RECEPTOR GENE EXPRESSION DURING LACTATION 
IN INTACT AND OVARIECTOMIZED RATS. M. Jakubowski*. Dept. of 
Obstetrics, Gynecology and Reproductive Biology, Beth Israel Hospital, 
Harvard Medical School, Boston, MA 02215

The suckling-induced arrest of LH release in the lactating rat has been 
attributed to suppression of GnRH release from the hypothalamus and reduced 
GnRH binding sites in the anterior pituitary (AP) gland. We examined whether 
the suckling stimulus inhibits the expression of the GnRH receptor (GnRH-R) 
gene in the AP. Intact parturient rats were assigned to four groups (N = 5): 
lactating rats (L); nonlactating rats separated from pups on day 2 postpartum 
(NL); lactating rats separated from pups for 24 h on day 7 (Sep); lactating rats 
separated from pups on day 6, then resuckled on day 7 for a 24-h period (Res). 
Additional rats were ovariectomized (OVX) on day 2 postpartum and divided 
into four groups corresponding to those described above. Each lactating rat 
suckled 12 pups, and all rats were killed on day 8 postpartum, at which time the 
intact NL controls were on diestrus 2 of their first post-weaning estrous cycle. 
Cytoplasmic RNA from the AP was analyzed for GnRH-R mRNA using solution 
hybridization-RNase protection assay. Cyclophilin mRNA was also assayed as 
an internal reference, and its level showed no change between intact and OVX 
rats, nor was it altered by suckling. However, two-way ANOVA indicated that 
GnRH-R mRNA level increased significantly following OVX (P < 0.001) and 
decreased in response to suckling (P < 0.001). In intact rats, the mean ± SEM 
fmol GnRH-R mRNA/ΑΡ was 0.12 ± 0.02 (L), 0.64 ± 0.08 (NL), 0.53 ± 0.07 
(Sep) and 0.14 ± 0.02 (Res). In OVX rats, the respective values were 0.25 ±
0.02 (L), 0.88 ± 0.16 (NL), 0.63 ± 0.05 (Sep) and 0.62 ± 0.06 (Res). The 
results show that the lactational suppression of GnRH-R gene expression in 
the AP is exerted primarily by the suckling stimulus and partly by ovarian 
secretion(s). Together with our previous finding that GnRH gene expression in 
the rat hypothalamus remains unaffected by suckling (Endocrine Society 
Meeting, June 1993), we conclude that GnRH-R gene expression in the AP 
plays a pivotal role in the lactational inhibition of LH secretion.

3 4 9 . 4
DIFFERENTIAL NEUROSECRETORY MODES FOR GONADO
TROPIN-RELEASING HORMONE (GnRH) AND THYROTROPIN
RELEASING HORMONE (TRH). G. E. Dahl*. N. P, Evans and F. J. Karsch. 
Repro. Sci. Prog, and Dept. of Physiol., Univ. of Michigan, Ann Arbor, MI 48109.

Removal of negative feedback regulation of neurosecretory systems increases the 
release of certain hypophysiotropic hormones. For example in sheep, ovariectomy and 
thyroidectomy increase the secretion of GnRH and TRH, respectively. Nevertheless, 
the GnRH response appears to be manifest differently from the TRH response. 
Specifically, removal of negative feedback is followed by an increase in discrete GnRH 
secretory bursts between which there is little or no detectable release (i.e., strictly 
episodic release), whereas secretion of TRH appears to be continuously elevated (Prog. 
& Abstr. o f the Endocrine Soc., 1993, Abstr. 1809). Observations for TRH, however, 
have thus far been limited to studies using ten-minute integrated samples of pituitary 
portal blood, which could preclude discrimination of discrete episodic events if bursts 
of secretion are highly frequent. Thus, the present study was conducted to achieve a 
more definitive characterization of the moment-to-moment secretory pattern of TRH in 
thyroidectomized (THX) ewes in comparison with the dynamics of GnRH release in 
ovariectomized (OVX) ewes. Integrated samples of pituitary portal blood for assay of 
GnRH or TRH were collected at 2-minute intervals from OVX (n=5), THX (n=3) and 
thyroid-intact (n=2) ewes. In THX ewes, TRH secretion remained continuously 
elevated, above the values observed in thyroid-intact ewes. However, variations in the 
rate of TRH secretion were observed during the collection period, suggesting neuronal 
activity was not static, but values never became undetectable. In contrast, GnRH in 
OVX ewes was secreted in discrete bursts with no evidence of interpulse discharge. 
The time course of LH and TSH in peripheral blood corresponded to the secretory 
profiles of their respective hypophysiotropic peptide; LH was unambiguously episodic 
whereas TSH was continuously elevated. These observations are consistent with the 
hypothesis that, in the absence of negative feedback regulation, the modes of 
neurosecretion of GnRH and TRH differ. GnRH secretion is strictly episodic indicative 
of a synchronous firing among neurosecretory cells, whereas TRH neuronal activity is 
either non-phasic or asynchronous. (NIH HD18337, 18258 and 07642).

3 4 9 . 6
NEUROPEPTIDE Y (NPY) STIMULATES HYPOTHALAMIC 0-ENDORPHIN 
(0-END) RELEASE IN  V IVO : MODULATION BY GONADS. P .S . Kaira* 
and S .P . Kaira. Department of Obstetrics & Gynecology, University of 
Florida College of Medicine, Gainesville, FL 32610 

Although the role of 0-END in the neuroendocrine control of pituitary 
hormone secretion is well-recognized, the neuro-transmitters/modulators 
that regulate 0-END release in the basal hypothalamus are not fully 
known. Our recent observations of axo-somatic and axo-dendritic links 
between NPY and 0-END in the hypothalamus (Endocrinology 131:2461,
1992) suggested that NPY may exert a regulatory control on 0-END 
secretion. We tested this hypothesis by examining the effects of central 
administration of NPY on 0-END efflux in v ivo . Gonad intact and 
castrated adult male rats were anesthetized (chloral hydrate, 300 mg/kg, 
i.p .) and implanted with an injection cannula in the lateral ventricle and 
a push-pull cannula in the basal hypothalamus for perfusion. Perfusate 
samples were collected at 10 min intervals from these anesthetized rats 
for 4 hrs for the analysis of 0-END levels by RIA. 0-END release was 
elevated for the initial 40-60 mins, but subsequently stabilized to about 
10 μg/10 mins. In castrated rats injected intracerebroventricularly with 
NPY (2.0 nmol), 0-END release was 2-fold higher than in saline injected 
controls. Significantly higher levels were detected from 20 mins until 90 
mins after injection (p < 0.05 vs controls). On the other hand, similar 
NPY injections to intact rats failed to stimulate 0-END release. These 
studies show for the first time that NPY exerts an excitatory influence 
on 0-END release and this is subject to modulation by gonadal secretions. 
(Supported by NIH HD 11362).
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3 4 9 .7
CHRONIC MORPHINE TREATMENT ENHANCES LH AND LHRH 
RELEASE IN RESPONSE TO NMDA IN OVARIECTOMIZED 
ESTRADIOL-PRIMED RATS. J.J. BONAVERA . A SAHU & S.P. KALRA* 
Dept. Obstet. & Gynec. Univ. of Fla. Col. of Med., Gainesville, FL 32610 

We have recently reported a dual action of endogenous inhibitory peptides 
on LH secretion in gonadal intact male rats. In addition to terminating LH 
release, seemingly, inhibitory peptides (e.g. ß-endorphin) concurrently enhance 
the pituitary LH response to the excitatory amino acid N-methyl-D-aspartate 
(NMDA). We have now evaluated the effects of chronic stimulation of opiate 
receptors with morphine (M) on the NMDA-induced pituitary LH and 
hypothalamic LHRH release. One estradiol 17-ß Silastic capsule (E2,300μg/ml 
oil) and one placebo (P, control) or M (75 mg) pellet were implanted sc in 7-9 
day-ovariectomized (ovx) rats (day "0"). On day 2, rats received two additional 
P or M pellets, and an intraatrial cannula. As expected, plasma LH levels were 
suppressed to greater extent in M-treated rats on day 3. Further evaluations of 
LH response to two consecutive iv injections of NMDA (5mg/kg) 30 mins apart 
showed that each injection elicited a pulse of LH with peak levels at 10 min. 
However, M-treated rats displayed enhanced LH response to NMDA Peak LH 
and cumulative LH responses were significantly higher in M-treated than in 
control rats. To ascertain whether this enhanced LH response induced by M was 
exerted at the hypothalamic level, the effects of NMDA on LHRH release in 
ovx rats similarly pretreated with E2 and P/M were compared. LHRH efflux in 
response to NMDA (50mM) was higher in M-treated than in control rats. 
Likewise, a combination of KCL (25mM) and NMDA elicited higher LHRH 
release from the hypothalami of M-treated than that from control rats. These 
results show that chronic opiate receptor stimulation with M increases 
sensitivity towards the excitatory action of NMDA and affirm the dual role of 
inhibitory peptides in modulating LHRH and LH release (Supported by NIH 
HD 08634).

3 4 9 .9
ADVENT OF THE GnRH SURGE IN THE EWE IS HERALDED BY STEREO
TYPICAL CHANGES IN THE MODE OF GnRH SECRETION. N. P. Evans.* G. E 
Dahl and F. J. Karsch. Reproductive Sciences Program, and Department of 
Physiology, University of Michigan, Ann Arbor, 48109.

GnRH release during the early to mid follicular phase of the ovine estrous cycle is 
characterized by increased frequency and decreased amplitude of discrete 
neurosecretory pulses. However, during the preovulatory GnRH surge this pattern 
changes; discrete pulses of GnRH are no longer measurable in pituitary portal blood 
and the secretory profile includes a significant component of continuous release. The 
present study investigated moment to moment changes in GnRH secretion during onset 
of the preovulatory GnRH surge, focusing on the development of non-pulsatile GnRH 
release and its implications for generation of the LH surge. Samples of pituitary portal 
blood were obtained from ewes (n=6) at 1 min intervals for an 11 hr period which 
encompassed the onset of the GnRH surge. To facilitate synchronization of the surge 
and sampling at an appropriate time, a model was used in which a physiological GnRH 
surge was induced by a follicular phase increase in estradiol following progesterone 
withdrawal. Peripheral blood was sampled at 10 min intervals to monitor LH. A 
stereotypical qualitative change in the mode of GnRH secretion occurred at the start of 
the GnRH surge in all ewes. Initially, GnRH changed from being strictly pulsatile to 
pulsatile with detectable GnRH secretion between pulses. This was followed by 
augmentation of both the pulsatile and inter-pulse components, prior to a prolonged 
period during which GnRH secretion although greatly elevated was not obviously 
pulsatile. Interestingly, onset of all LH surges occurred at the time GnRH secretion 
changed from a strictly pulsatile mode to combined pulsatile and continuous release 
i.e., prior to the massive sustained component of the surge. We conclude, that the 
GnRH surge is initiated by a stepwise change in neurosecretory events beginning with 
onset of continuous GnRH secretion, then amplification of both the continuous and 
pulsatile modes of release, and finally a period during which phasic GnRH release can 
no longer be identified. Further, these results suggest that the signal for initiation of 
the LH surge may in fact be onset of a continuous mode of GnRH release. (USDA-92- 
37203-7922, NIH-HD18337 and HD 18258)

3 4 9 .1 1

OLFACTORY BULBECTOMY COUNTERACTS THE INHIBITORY EFFECT 
OF FOOD RESTRICTION ON REPRODUCTIVE FUNCTION. D. Pieper. *
C. Lobocki and K. Karo. Providence Hosp, Dept Physiology,

Southfield, Ml, USA
Bilateral removal of the olfactory bulbs (BX) results in a marked increase 

in gonadotropin secretion in golden hamsters. BX thereby prevents short 
photoperiod induced gonadal regression and offsets the negative feedback 
of testosterone on gonadotropin secretion. We tested whether BX would 
offset the negative influence of food restriction.

Adult male hamsters were sham BX (SH) or BX and maintained on long 
photoperiod. One half of each surgical group was fed ad lib, but the food 
restricted groups were given only enough chow to maintain their body 
weight at 70% of the SH ADLIB group.

n
Body Weight

(g)
Testis Index 

(sq mm/g BW)
Food Intake 

(g/day)
SH ADLIB 9 128 ±4.4 17.8 ±0.64 9.89 ±0.31
BX ADLIB 10 137 ±5.2 16.7 ±0.48 12.5 ±1.0*
SH 70% 8 93 ± 0.45* 12.0 ±0.74 4.75 ±0.45*
BX 70% 12 92 ± 0.58* 19.7 ±0.78** 8.67 ±0.33*

*p<0.01 vs SH ADLIB **p < 0.01 vs SH 70%

In summary, BX prevented testicular regression associated with food 
restriction. Metabolism was also altered such that BX animals had to eat 
more food in order to stay the same weight.

3 4 9 . 8
CCK-INDUCED LUTEINIZING HORMONE (LH) SECRETION IN 
MALE RHESUS MONKEYS IS PREVENTED BY AN a- 
ADRENERGIC ANTAGONIST BUT NOT BY DOPAMINE OR 
SEROTONIN ANTAGONISTS. D. A. Schreihofer*. G, A. Golden, and 
Cameron. Departments of Behavioral Neuroscience, Psychiatry, and Cell Biology & 
Physiology, University of Pittsburgh, Pittsburgh, PA 15260.

Cholecystokinin (CCK), a peptide released in the gut and brain in response to a 
meal, is a potent stimulator of LH secretion when administered i.v. (doses of 7-15 
μg/kg) to monkeys. CCK has also been shown to release a spectrum of other 
pituitary hormones and suppress food intake and these actions can be attenuated or 
blocked by vagotomy. In addition, several brainstem areas contain high 
concentrations of CCK receptors. Thus, it has been hypothesized that central actions 
of CCK may be mediated through both the vagus and the brainstem. To examine the 
possibility that CCK-induced LH secretion is a result of the activation of brainstem 
neurons, we attempted to block CCK-induced LH secretion with antagonists directed 
against three principle brainstem neurotransmitter systems. Metoclopramide (a 
mixed dopamine/5-НТз antagonist; 1 mg/kg), Raclopride (a D2 antagonist; 0.1 
mg/kg), ondansetron (a 5-НТз antagonist; 0.75 mg/kg), and phentolamine (an a- 
adrenergic antagonist; 2 mg/kg) were administered 30 min before the administration 
of CCK (15 μg/kg) to adult male rhesus monkeys via indwelling venous catheters. 
None of the dopamine or serotonin antagonists were able to prevent CCK-induced 
LH secretion. However, phentolamine did block CCK-induced LH secretion in 4 of 4 
monkeys. This finding could either reflect that CCK acts through an adrenergic 
mechanism to release LH or that, in the absence of stimulatory adrenergic input to 
GnRH neurons, CCK is not a strong enough stimulus to release GnRH. To 
differentiate between these two possibilities, the excitatory amino acid analog N- 
methyl-d,l-aspartic acid (NMA; 5 mg/kg) was given to monkeys treated with 
phentolamine 1.5 hours after the CCK administration. NMA was able to stimulate 
LH secretion after phentolamine administration even though CCK was ineffective. 
Thus, CCK appears to stimulate LH release by acting through an a-adrenergic 
mechanism, but not via dopaminergic or serotonin 5-HT3 receptor systems.

3 4 9 .1 0
THE ENERGETICS OF LH SECRETION: A TEMPORALLY-FOCUSED VIEW 
OF SEXUAL MATURATION. D.C. Bucholtz. J.M. Manning. C.G. Herbosa,
K.K. Schillo* and D.L. Foster*. Reproductive Sciences Program, Depts. of 
Physiology, Biology, and Obstetrics and Gynecology, University of Michigan, Ann 
Arbor, MI 48109-0404, and ^ept. of Animal Science, University of Kentucky, 
Lexington, KY 40546.

The tempo of sexual maturation is profoundly influenced by growth. In this 
regard, limiting nutrition slows growth and delays sexual maturation by suppressing 
GnRH secretion (J.M. Manning, et al., 1992, Soc. for Neuroscience Abstracts, Voi 
18, #90.2). How the brain monitors somatic development to increase GnRH (LH) 
secretion remains a major question. Our working hypothesis is that growth-related 
changes in LH (GnRH) secretion are modulated by growth-related changes in the 
availability of metabolic fuel. In the present study, we tested the hypothesis that 
LH secretion is acutely sensitive to level of food intake when growth is slow and 
energy reserves (fat stores) are low. Our model was the gonadectomized male lamb, 
raised on a limited diet of artificial milk. Such lambs were slowly growing and 
lean, but not hypogonadotropic. Lambs at 5 wks (n=5), 10 wks (n=14), and 20 wks 
(n=12) were fasted for 24 h and then re-fed to satiety. Blood samples were collected 
at 20 min intervals during selected 4-h periods for LH determination, and hourly for 
glucose and free fatty acid values. The 31 fasting/re-feeding events were pooled for 
data analysis. Before fasting, LH pulse frequency (mean±SE) was 2.9±0.2 
pulses/4h. After a 24Һ fast, LH secretion decreased to 1.2±0.2 pulses/4h (p<0.05). 
Within 24Һ after re-feeding, LH pulse frequency returned to pre-fasting levels 
(2.6±0.2 pulses/4h). Interestingly, in 16 of 31 fasting/refeeding events, LH pulse 
frequency increased within 4Һ after re-feeding, coincident with an acute increase in 
plasma glucose, and an acute decline in plasma free fatty acids. These results 
support the hypothesis that during slow growth, in the absence of large energy 
reserves, LH (GnRH) secretion is tightly coupled to external sources of metabolic 
fuel. (Supported by NIH HD-18394 and 18258).

3 4 9 .1 2

PROGESTERONE-3-BSA BINDING TO MEDIAL PREOPTIC 
AREA AND HYPOTHALAMUS MEMBRANE FRACTIONS: 
EFFECTS OF STEROIDS. J.D. Caldwell . C.H. Walker and G.A. 
Mason. Dept. o f Psychiatry and BDRC, Univ. o f North Carolina, 
Chapel Hill, NC

-Radiolabeled progesterone conjugated to bovine serum albumin 
(125i_p _3_b s a ) was used to demonstrate saturable binding in plasma 
membrane fractions from the medial preoptic area (MPOA) and 
hypothalamus. A direct linear relationship was demonstrated between 
specific binding and protein concentration. A time curve o f lz:)I-P-3- 
BSA (О.ЗпМ) binding in MPOA showed an association Т щ  o f 51.4 
min., and 1 μΜ unlabeled P-3-BSA displaced equilibrium binding 
with a dissociation T i n  o f 122.5 min. at 4 °  C. High concentrations 
(1 μΜ) o f P-11-BSÄ, estrogen-BSA, and testosterone-BSA each 
blocked approximately 70% of specific О.ЗпМ lz:>I-P-3-BSA binding 
while an equivalent amount o f BSA did not affect the binding. No 
change in binding was produced by incubating monbranes with 1 μΜ 
oxytocin or 10 μΜ muscimol suggesting that ^ Ӏ-Р -З -В Б А  was not 
binding entirely to oxytocin or GABA receptors. 1 mM of the guanyl- 
nucleotide antagonist GTP-ô-s blocked about 50% of specific binding. 
Once daily injections o f 4 mg P for 12 days significantly (p <  0.05) 
increased ^'Ч -Р-З-ВбА binding (ßmax for oil vehicle =  59.4 ±  3.5, 
ßmax for P-treated =  96.4 ±  15.5 pmol/mg protein). There was no 
significant effect o f P on binding affinity (Kd for oil =  13.9 ± 1 . 6  
nM vs. Kd for P =  19.7 ±  3.6 nM). High-affinity membrane 
receptors for progesterone were demonstrated in the MPOA and 
hypothalamus that may be associated with a G-nucleotide, and were 
increased by a long-term progesterone treatments.
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3 5 0 .1

TIME COURSE OF NITRIC OXIDE PRODUCTION DURING GLOBAL 
BRAIN ISCHEMIA AND REPERFUSION IN THE RAT: IN VIVO SPIN 
TRAPPING STUDY. & Satof , T^Tominagaf,·. T. Ohnishi and S_jL 
Ohnishi*. Philadelphia Biomedical Research Institute, King of Prussia, 
PA19406, and fDivision of Neurosurgery, Institute of Brain Diseases, Tohoku 
University School of Medicine, Sendai, 980 JAPAN.

Nitric Oxide (NO) may have dual effects in ischemia, i.e; (i) it is an 
endothelium-derived relaxing factor, and protects the ischemic brain by 
increasing cerebral blood flow; (ii) NO may produce harmful peroxynitryl 
radicals [1] by reacting with oxygen radicals during reperfusion. We measured 
the time course of NO production during global brain ischemia and after 
reperfusion. We used electron paramagnetic resonance with an in vivo spin 
trapping reagents, Diethyldithiocarbamate (DETC) and Fe-citrate [2]. Global 
brain ischemia was produced in the rat by the occlusion of the bilateral 
common carotid arteries and hemorrhagic hypotension. During the early phase 
of ischemia, the size of NO signal increased as the extent of ischemia 
increased, but it declined gradually and the signal disappeared in 30 minutes, 
because of the lack of 0 2 and NADPH. However, we found that the NO 

production occured again during reperfusion. The size of the NO signal 
increased as the duration of ischemia was increased. NO produced during 
reperfusion may produce peroxynitryl radicals and exacerbate brain damage.

[1] Beckman, J.S., J.Devel.Physiol., 15 (1991) p53. [2] Voevodskaya,
N.V. and Vanin, A., Biochem.Biophys.Res.Commun., 186 (1992) pl423.

(Supported by NIH Grant NS30186)

3 5 0 .3
NITRO-L-ARGININE DELAYS THE DEVELOPMENT OF BRAIN 
INJURY DURING FOCAL CEREBRAL ISCHEMIA IN THE RAT.
E. Kozniewska. T.P. Roberts. M. Tsuura, J, Mintorovich. A. J. De Crespign i
M.Moselev and J. Kucharczvk*. Neuroradiology Section, University of California, 
San Francisco, CA 91143, USA.
Nitric oxide (NO) was reported to mediate cerebral effects of glutamate- an important 
mediator of ischemic brain injury. Effects of the inhibition of NO synthesis on the 
development of this injury are, however, contradictory. Present experiments were 
designed to follow the temporal evolution of focal cerebral ischemia (FCI) in the 
same brain after inhibition of NO synthesis using magnetic resonance imaging 
(MRI) on 2 Tesla imaging system. Fourteen adult male SD rats anesthetized with 
chloral hydrate underwent occlusion of the middle cerebral artery and coagulation of 
the basilar artery in the presence or absence of nitro-L-arginine (L-NOARG, 30mg/kg 
iv) which inhibit the synthesis of NO. The drop in apparent diffusion coefficient for 
water (ADC), which results from translocation of extracellular water into intracellular 
compartment due to tissue ischemia was calculated for the cortex and the striatum 
from diffusion-weighted MRI of a single slice and used as the indication of cytotoxic 
edema. To study the extent of perfusion deficit, high-speed MRI was acquired after 
i.v. injection of the paramagnetic contrast agent (DyDTPA-BMA, Nycomed Salutar 
Inc) and evaluated in terms of the ratio of the peak of the concentration of the 
contrast during its transit through the cortex and striatum of control and injured 
hemisphere. The decrease in ADC in the striatum of L-NOARG rats was 
significantly smaller (p< 0.05) than in control rats until 2 hrs after the occlusion. In 
the injured cortex of L-NOARG rats the decrease of ADC was attenuated until 1 hr 
following the occlusion and was accompanied by the improvement of perfusion. 
However, 3 hrs following the onset of ischemia there was no difference either in 
ADC or in perfusion between the cortex or the striatum of L-NOARG treated and 
control rats. This results suggest that inhibition of NO synthesis delays the 
development of ischemic injury by retarding cytotoxic brain edema. This effect is, at 
least partially, dependent upon the development of collateral blood supply.

3 5 0 .5

CHRONIC TRANSDERMAL NITROGLYCERIN (NTG) IS 
NEUROPROTECTIVE IN EXPERIMENTAL RODENT STROKE 
MODELS. S Sathi1. P Edgecomb2. S Warach3*. K Manchester2. T. 
Donaghev1. PE Stieg1. FE Jensen2. SA Linton2,3. Depts of Neurosurg.1 
and Neurol.2, Children’s Hospital and Brigham and Women’s Hosp., 
Neurol., Beth Israel Hosp.3 and Harvard Med. Sch. Boston, MA 
02115

Nitroso-compounds such as NTG generate congeners of nitric 
oxide and are protective against NMDA receptor mediated 
neurotoxicity in vitro  (Neuron. 1992:8:1087-1099; Lipton, e t  a l , this 
voi.). The effects of transdermal NTG in v ivo  were tested in neonatal 
rats (PI2) in a focal photothrombosis and a bilateral carotid 
ligation/hypoxia model. NTG was delivered chronically via patches 
(in escalating doses to 4 mg/kg/hr) for 36 hrs before and 48 hrs post 
ischemia, and untreated littermates were used as controls. 
Temperature was controlled with a heating blanket. Infarct size was 
calculated from MR images of the brains 6 days after injury in the 
photothrombosis model and 48 hrs after bilateral carotid 
ligation/hypoxia. Both paradigms revealed a significant 
neuroprotective effect with NTG treatment. In the photothrombosis 
model, NTG treated animals had a 54% reduction in infarct volume 
(n=8) compared to controls (n=8) (p <  0.001). After bilateral carotid 
ligation, NTG treatment also reduced the stroke to 4.7% of brain 
volume (n=8), compared with 32.9% in controls (n=8) (pCO.03). 
The initial application of NTG caused a 15% drop in systolic BP 30 
min after application, which returned to baseline by 90 min. These 
results extend the in v itro  neuroprotective effects of NTG.

3 5 0 .2

NITRIC OXIDE PROTECTS THE BRAIN FROM FOCAL 
ISCHEMIC DAMAGE BY INCREASING CEREBRAL BLOOD 
FLOW F. Zhang*1. J, G. White2 and C. Iadecola1. Dept. of Neurology1, and Lab. 
Med. & Pathol, and Pediatrics2, Univ. of Minnesota, Minneapolis, MN 55455.

We sought to determine whether nitric oxide (NO), a potent vasodilator and 
inhibitor of platelet aggregation, is beneficial in the early stages of focal cerebral 
ischemia. To achieve this goal, the effect of NO donors on the brain damage 
resulting from middle cerebral artery (MCA) occlusion was studied in halothane- 
anesthetized spontaneously hypertensive rats. Arterial pressure, blood gases and body 
temperature were controlled. Cerebral blood flow (CBF) was monitored by laser- 
Doppler flowmetry and the EEG was recorded. Three to five min after MCA 
occlusion, the NO donors sodium nitroprusside (SNP)(3 mg/kg/hr) and 3- 
morpholino-sydnonimine (SIN 1; 3 mg/kg/hr), or papaverine (PAP; 3.6 mg/kg/hr), a 
vasodilator that acts independently of NO, were administered into the carotid artery 
for 60 min. The resulting hypotension was counteracted by i.v. phenylephrine. At 
the end of the infusion rats were allowed to recover. Stroke size was determined 24 
hrs later in thionin stained sections. In sham-occluded rats, SNP (n=5), SIN 1 (n=5) 
and PAP (n=5) increased CBF by 150-200% (p>0.05 from vehicle). After MCA 
occlusion, SNP (n=5) or SIN 1 (n=5), but not PAP (n=5), enhanced the recovery of 
CBF (+330-360%) and EEG (+178-195% )(p<0.05) and reduced the size of the infarct 
by 28±12% and 32±7%, respectively (p<0.05). To determine whether NO donors 
could act by inhibiting platelet function, we studied the effect of SNP on platelet 
aggregation. Intracarotid administration of SNP (3 mg/kg/hr for 60 min) did not 
affect platelet aggregation to collagen (10-20 μg/ml), suggesting that the protective 
effect was not due to inhibition of platelet function. We conclude that NO donors 
increase CBF in the ischemic territory, enhance the recovery of electrical activity and 
reduce focal cerebral ischemic damage. The protective effect is likely to result from 
an increase in CBF to the ischemic territory, probably, the ischemic penumbra. NO 
donors may represent a new therapeutic strategy for the management of acute stroke. 
(Supported by the L. Sklarow fund and the American Heart Association)

3 5 0 .4

L-A RG IN IN E IN FU SIO N  IN D U C ES  FU N C TIO N A L R E C O V E R Y  
IN A R A T  M O D EL O F C E R E B R A L  ISC H EM IA . T . D alkara. H. 
M orikawa. M.A. M oskowitz and N. Panah ian*. M assachusetts 
Genera l Hospital, Harvard M edical Schoo l, Boston , MA 02114.

It has been show n that L-arginine red uces infarct volum e in 2 
m odels of cerebral ischem ia . Th is effect has been attributed to 
an increase  in regional cerebral blood flow (rC B F ) induced by 
an augm ented NO production. In this study, we exam ined the 
ch ang es in rC B F  and spontaneous electrical activity (E C o G ) in 
the parietal cortex of spontaenously hypertensive rats 
subjected to middle cerebral artery occlusion and given L- 
arginine. E C o G  w as recorded  by a g lass  m icroelectrode (2-5 
MOhm) inserted into 1 m rrr-co rtica l t issue  sam pled  by laser- 
Doppler flowmeter to ensure  a good m atch between the two 
m easu res . L-arginine (300 mg/kg, IV) w as adm inistered on the 
5th (n= 4), 15th (n = 5 ), 20th (n= 3) or 30th (n= 3) m ins of 
ischem ia and w as infused for I0 min. It increased  the rC B F  by 
12-65% in 12 out of 15 rats. The  negative results were 
obtained in the rats with flow rates below 15% of the pre- 
ischem ic va lues. O ne to s ix  m ins after L-arginine, a  12-100% 
recovery w as observed  in the am plitude of E C o G  in 8  rats in 
which rC B F  exceeded  32%  of the p re-ischem ic flow. Increases 
in rC B F  anticipated the functional im provem ent in every ca se . 
Saline administration in 6  rats with the sam e protocol w as 
ineffective. These  data suggest that L-arginine infusion can 
lead to functional recovery in stroke by increasing rC B F .

3 5 0 . 6

ENHANCED ACTIVITY OF CALCIUM /CALM ODULIN- 
INDEPENDENT NITRIC OXIDE SYNTHASE IN THE EARLY 
STAGE OF CEREBRAL ISCHEMIA. Matsui T. ÜNagafuji T. 
^Sugivama S. Asano T. ^jNaito.■. S.*. Department of Neurosurgery, 
Saitama Medical Center/School, Saitama, Japan. ļJFuji-Gotenba 
Research Labs, Chugai Pharmaceutical Co., Ltd., Shizuoka, Japan.
We have reported the effects of A/^-nitro-L-arginine [L-NNA, lmg/kg, 
IPj, a nitric oxide synthase (NOS) inhibitor on brain water content and 
and infarction in rats subjected to an occlusion o f middle cerebral 
artery (MCAo). The present study is aimed to determine the optimal 
dosage of L-NNA and to examine the temporal profile o f alteration in 
NOS activity of brain microvessels (MV). Animals exposed to MCAo 
were randomly assigned into the following 7 groups; saline, 0.03, 0.1, 
0.3, 1.0, 3 .0 ,10  mg/kg of L-NNA was intraperitoneally given at 5 min, 
3, 6  and 24 hours after MCAo, to groups 1, 2, 3, 4, 5, 6  and 7, 
respectively. Brain water, Na, K and Ca contents at 72 hours after 
MCAo were measured with wet-dry and atomic absorption methods. 
Ca/Calmodulin (CaM)-dependent (constitutive) and -independent 
(inducible) NOS activity was measured at 4, 24 and 48 hours after 
MCAo. An administration o f L-NNA, ranged 0.03-1.0 mg/kg, 
siginificantly blocked an increase in water and Na contents following 
MCAo. The Ca/CaM-independent NOS activity was significantly 
enhanced at 4 and 24 hours and returned to the baseline value at 48 
hours after MCAo. The Ca/CaM-dependent NOS activity began to 
increase at 48 hours after MCAo. These results suggest that anti-edema 
and anti-infarct effects of L-NNA might be brought about by an 
inhibition of inducible NOS activity o f brain MV in the early stage of 
cerebral ischemia.
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ANOXIC INDUCED NITRIC OXIDE TOXICITY IN HIPPOCAMPAL 
NEURONAL CULTURES IS ENHANCED THROUGH THE PROTEIN 
KINASE C PATHWAY. K. Maiese*. L. Boccone, and J. A. Wagner. Dept. of 
Neurol, and Neuroscience, Cornell Univ. Medical College, NY, NY 10021

Degeneration of hippocampal neurons during anoxia may be prevented by the 
application of peptide growth factors or the modulation of nitric oxide (NO) 
production (Maiese, et al. J Neurosci (in press), 1993). Anoxia-induced neuronal death 
also may be dependent upon the activation of protein kinase C (PKC) since inhibition 
of PKC activity during glutamate toxicity is protective (Favaron, et al. Proc Natl 
Acad Sci U S A .  87: 1983-1987, 1991). To explore the signal transduction pathways 
that may mediate neuronal death following an ischemic insult, we examined (1) 
whether neurodegeneration following anoxia or NO exposure was dependent upon 
PKC activity, and (2) whether PKC induced neuronal death required the presence of 
NO. Approximately 70-80% of hippocampal neurons die following an eight hour 
period of anoxia or a five minute exposure of 300μΜ of sodium nitroprusside (SNP). 
Chronic down-regulation of PKC activity with the phorbol ester phorbol 12-myristate
13-acetate (PMA) (750-1000μΜ) administered prior to anoxia or SNP exposure 
increased hippocampal neuronal survival to a maximum of 75±12% (n=13, pcO.OOl). 
In contrast, activation of PKC with lower concentrations of PMA (30-100μΜ) was 
independently toxic and when administered prior to anoxia or SNP treatment was not 
protective (survival 19±9%, n=15, pcO.OOl). Pretreatment with the PKC inhibitor, 
H-7, one hour prior to SNP exposure increased neuronal survival from approximately 
20% to 70% (n=15 for each group, pcO.OOl). Administration of H-7 at least 6 hours 
following NO exposure also protected 60-70% of the neurons. Although inhibition of 
PKC activity can increase neuronal survival during NO exposure, PKC toxicity does 
not appear to require the presence of NO since administration of N-methyl-arginine 
(300μΜ), an inhibitor of nitric oxide synthase, with PMA (30-1000μΜ) did not 
increase neuronal survival. Our data demonstrate that inhibition of PKC activity prior 
to or following anoxia or NO exposure can prevent hippocampal neuronal cell death 
and that the toxic effects of NO may be enhanced through PKC activation.

3 5 0 . 9

A N O X IA  I N D U C E S  A N  I N C R E A S E  IN I N T R A C E L L U L A R  S O D IU M  IN 
P R IM A R Y  N E O C O R T I C A L  N E U R O N A L  C U L T U R E S .  J.E . Friedman* and 
G.G. Haddad. Section of Respiratory Medicine, Department of Pediatrics, 
Yale University School of Medicine, New Haven, CT 06510.

Anoxia is believed to induce neuronal damage by causing a sustained 
increase in Caj2+. When neurons are exposed to a 10 min anoxic period, 
Caj2+ increases, processes retract, the soma swells, rounds up, and blebs 
appear. However, we have already shown that increased levels of Caj2+ 
are not necessary to induce injury (Friedman & Haddad, J.Neurosci. 13:63,
1993). In addition, we have previously demonstrated that Na0+ decreases 
with anoxia, and that the removal of Na0+ protects nerve cells from anoxic 
injury. For example, replacement of Na0+ with N-methyl-D-glucamine 
(NMDG+) prevents any significant change in shape, size, or blebbing 
throughout the entire anoxic and post-anoxic periods (n=17). We therefore 
hypothesized that entry of Na+ is necessary for anoxic injury. To test this 
hypothesis, we monitored changes in intracellular Na+ using the Na+- 
sensitive fluorescent probe SBFI. Preliminary results, obtained from 
primary cultures of rat neocortical neurons, and calibrated with the 
ionophore Gramicidin D, yield a baseline value for intracellular Na+ of 25.8 
mM±2.5 (n=3). Exposure to anoxia results in an increase in Naj+ to 52.09 
mM±2.87. The delay between exposure to anoxia and initiation of the rise 
in Naj+ is 2.5 min, with the peak increase occurring in 7.5 min. Additional, 
uncalibrated experiments also show an increase in Naj+ (n=5), induced by 
anoxia. We therefore conclude that Naj+ increases substantially with 
anoxia and may underly the basis for the anoxia-induced morphological 
changes previously seen in CA1 neurons. The mechanism for this increase 
most likely involves exchangers such as Na+/H+, Na+/Ca2+ and Na+/K+.

3 5 0 . 8
BW1003C87 AND NBQX, BUT NOT CGS19755 REDUCE GLUTMATE 
RELEASE AND POST ISCHEMIC NEURAL NECROSIS FOLLOWING 
GLOBAL CEREBRAL ISCHEMIA IN RATS. H.L. Gasparv. R.P. Simon. 
G.J. Zarow, D.A, Greenberg* and S.H. Graham.. Dept. of Neurology, 
University of California, San Francisco, CA. 94143.

Glutamate is an important endogenous excitotoxin in cerebral ischemia. 
This study examines relationship between changes in extracellular 
glutamate and the development of neural necrosis in Cal hippocampus. 
Global cerebral ischemia was induced for 30 minutes in male Wistar rats 
by combining bilateral carotid occlusion with hypotension. Extracellular 
glutamate was monitored by intracerebral microdialysis. Neural injury was 
assessed by histology at 24 hours. Three agents were studied: 
BW1003C87 (20 mg/kg) a presynaptic inhibitor of glutamate release; 
CGS19755 (10 mg/kg) a competitive NMD A receptor antagonist; and 
NBQX (30 mg/kg x3) a competitive AMPA receptor antagonist.

Pretreatment with either BW1003C87 or NBQX significantly reduced 
the peak concentration of extracellular glutamate and significantly 
attenuated post ischemic neuronal necrosis in the Cal hippocampus. In 
contrast, pretreatment with CGS19755 had no effect on extracellular 
glutamate release and did not protect Cal hippocampal neurons. This 
study supports the hypothesis that drugs which reduce extracellular 
glutamate during ischemia are effective neuroprotective agents in global 
cerebral ischemia. Moreover, it contributes to the mounting evidence that 
AMPA receptors may be more important than NMDA receptors in the 
pathophysiology of excitotoxic injury in global cerebral ischemia.

3 5 0 .1 0

SODIUM CHANNEL BLOCKERS REDUCE OXYGEN- 
GLUCOSE DEPRIVATION-INDUCED CORTICAL NEURONAL 
INJURY WHEN COMBINED WITH GLUTAMATE 
ANTAGONISTS. J.J. Lvnch їїГ  and D.W. Choi. Dept. of 
Neurology and Center for the Study o f Nervous System Injury, 
Washington Univ. School o f Medicine, St. Louis, MO 63110.

Blockers o f voltage-gated Na+ channels have been reported to 
reduce hypoxic neuronal damage in several preparations, but not in 
murine cortical cell cultures (Goldberg and Choi, J. Neuroscience, 
in press). We examined the possibility that in these cultures, hypoxic 
injury mediated by voltage-gated Na* channels is masked by more 
fulminant excitotoxic injury.

As previously reported, addition o f 10 μΜ MK-801 together with 
100 μΜ CNQX produced a substantial, synergistic reduction in 
neuronal death in cultures exposed to prolonged oxygen-glucose 
deprivation. Addition o f 1 μΜ tetrodotoxin further reduced neuronal 
death (mean about 30% in >  10 experiments). Similar increased 
neuroprotection was observed when 1-10 μΜ phenytoin or 100 μΜ 
quinidine were added to these glutamate receptor antagonists.

These results suggest that voltage-gated Na+ channels may 
contribute to hypoxic cortical neuronal injury behind a more 
prominent injury mediated by NMDA and AMPA/kainate receptors. 
We speculate that Na+ entry may enhance subsequent excess Ca2+ 
entry through voltage-gated Ca2+ channels or reverse operation of 
the exchanger

Supported by NINDS NS 09242 to JJL and NS 30337 to DWC.
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24 HOUR INFUSION OF SNX-111 PROTECTS AGAINST  
NEURONAL DEATH AFTER GLOBAL CEREBRAL ISCHEMIA 
WITH MINIMAL ADVERSE EFFECTS. T. Singh. T. Gadbois, K. 
Valentino*. R. Luther. G. Milianich. J. Ramachandran. NEUREX 
Coro., Menlo Park, CA 94025.

We previously reported that the synthetic omega-conopeptide, SNX-
III  (MVIIA), a blocker of calcium flux through N-type voltage- 
sensitive neuronal calcium channels, protected hippocampal CAI 
pyramidal cells from ischemic damage in the 4-vessel occlusion model 
of reversible forebrain ischemia when administered by IV bolus 
injection either immediately or up to 24 hours post-occlusion [Valentino 
et al. S o c . N eu ro sc i. A b s tr . 17, 1079 (1991); 18, 1253 (1992)]. When 
administered by IV bolus injection, neuroprotective doses of SNX-111 
decrease arterial blood pressure and elicit shaking behavior. The blood 
pressure lowering effects of SNX-111 are due to presynaptic blockade 
of sympathetic outflow and to histamine release from mast cells 
[Bowersox et al., J. Cardiovasc. Pharm. 20, 756, 1992)]. We now 
report that 1 mg/kg SNX-111 administered by continuous, constant rate
IV infusion over 24 hours starting one hour post occlusion significantly 
decreases CAI damage after 15 minutes o f global cerebral ischemia in 
rats without producing motor effects or histamine-mediated decreases in 
systemic blood pressure. The ED5 0  dose when SNX-111 is 
administered by this method is approximately 0.4 mg/kg compared to 
approximately 2 mg/kg when the peptide is administered by IV bolus 
injection 6  hours post-occlusion. These findings show that 
neuroprotection in the rat 4-VÇ) model can be achieved with low doses 
of SNX-111 that do not elicit motor effects or histamine-mediated 
hemodynamic responses by administering the peptide over 24 hours by 
continuous IV infusion.

NEUROPROTECTIVE POTENCIES OF co-CONOPEPTIDES: 
CORRELATION WITH DIFFERENTIAL EFFECTS ON RELEASE 
OF NEUROTRANSMITTERS. S. Gaur. T. Singh, T. Gadbois. K. 
Valentino. R. Newcomb*. G. Milianich. J. Ramachandran. NEUREX 
Corp., Menlo Park, CA 94025.

At least two classes of binding sites for calcium channel blocking co- 
conopeptides exist in the mammalian CNS. One class of co- 
conopeptides, exemplified by SNX-111 (MVIIA), blocks N-type 
voltage-sensitive calcium channels (VSCC's). The other, represented 
by SNX-230 (MVIIC), blocks VSCC’s that are neither N, L, nor T 
types. The N-type VSCC blocking conopeptides inhibit the K+ 
evoked, Ca++ dependent release o f norepinephrine from rat 
hippocampal slices partially but have essentially no effect on the release 
o f  the excitatory amino acid glutamate (as measured by release of 
exogenously taken up d-aspartate, a non-metabolizable analogue of 
glutamate.) These conopeptides have been shown to be neuroprotective 
m the rat 4-vessel occlusion (4-VO) model of transient global forebrain 
ischemia (see abstract by Smgh, et al.). In contrast, tne non-N, L, T 
VSCC blockers inhibit norepinephrine release completely and 
substantially block glutamate release. These peptides were not 
neuroprotective in the rat 4-VO ischemia model. The differential effects 
of the two classes of omega-conopeptides on transmitter release 
confirm previous results obtained with in vivo microdialysis methods 
(Newcomb and Palma, Soc. Neurosci. Abstr. 18, 1253, 1992). We 
conclude that ω-conopeptides that are neuroprotective potently block 
the SNX-111-sensitive component of norepinephrine release in the 
hippocampus but do not substantially block glutamate release. 
Conversely, ω-conopeptides that are not neuroprotective completely 
block norepinephrine release and substantially block glutamate release. 
These results suggest that Ca4“*· dependent release o f presynaptic 
glutamate is not a major factor in the biochemical processes underlying 
neuronal damage resulting from global brain ischemia.
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INFLUENCE OF al, a2, AND a3 SUBUNITS ON PHARMACOLOGY OF THE 
BENZODIAZEPINE RECEPTOR SITE ON THE GABAA RECEPTOR/ 
IONOPHORE COMPLEX EXPRESSED IN XENOPUS OOCYTES. G. White*.
D. A. Guriev, V. Stirling. C. Hartnett. Neurogen Corp., Branford, CT 06405.

Ligand binding experiments have shown that drug selectivity for GABAA receptor 
subtypes can be controlled by a  subunits. Both affinity and efficacy of a compound 
can contribute to selectivity. We have examined selectivity based on affinity and 
efficacy for a full agonist (alprazolam), a selective agonist (zolpidem), and a partial 
inverse agonist (CGS8216) in electrophysiological experiments. Selectivity was 
evaluated for receptor subtypes composed of aly2L, a2y2L, and a3y2L subunits in 
combination with ßl, ß2, or ß3 subunits.

Poly-А mRNA coding for subunits of human origin (except for аЗ and ß2 which 
were monkey and rat, respectively) were injected into Xenopus oocytes. Two 
electrode voltage-clamp recordings of GABA activated currents were performed. The 
EC50 for GABA varied between some subunit combinations (pc.001). The extreme 
values were between α1β2γ2 (25±2 μΜ, n=12) and α3β1γ2 (83±6 μΜ, n=18). 
Alprazolam was slightly selective for cc2 and аЗ over а 1 containing subunit 
combinations. For α1β3γ2 (n=6) and α2β3γ2 (n=7), the EC50s were different 
(30±3nM and 17±lnM, pcO.OOl) and efficacies were different (271±42% and 
439±16% potentiation, p<0.001). Selectivity of zolpidem varied as a function of 
affinity and efficacy. For alß2y2 (n=6) and a3ß2y2 (n=5), the EC50s were different 
(102±45nM vs 1452±352nM, p<.001) and the efficacies were the same (188±32% 
and 186±31%, p>.l). In contrast, for α1β3γ2 (n=6) and α2β3γ2 (n=7), the EC50s 
were different (101±31nM and 796±55nM, Pc.001), but the efficacy was less for 
α1β3γ2 than for α2β3γ2 (208±30% and 518±62%, pc.001). CGS8216 was 
selective for a l containing combinations. The selectivity was due to greater efficacy 
of CGS8216 on a l than on a l  containing subunits. For α1β1γ2 (n=5) and α2β1γ2 
(n=5), the EC50s were similar (0.17±0.1nM and 0.25±0.1nM, p>.l), and efficacy 
was greater in α1β1γ2 than in a2ßly2 (-24±3% vs -10±2%, pcO.Ol).

We conclude that a  subunits can contribute to selectivity of full agonists and 
partial inverse agonists, as assessed by both efficacy and affinity in Xenopus oocytes.

3 5 1 .3

TWO HOMOLOGOUS DOMAINS OF THE β 2 SUBUNIT REQUIRED 
FOR ACTIVATION OF THE GABAa CHANNEL. David S. Weiss* 
and lahanshah Amin. Dept. of Physiol, and Biophys. and the Inst, for 
Biomolecular Sci., Univ. South Florida, Tampa, FL 33612.

To identify domains of the γ -ammobutyric acid (GABA)-activated ion 
channel crucial for agonist-mediated activation, wild type or mutated rat 
α,, ß 2t and γ2 subunits were co-expressed in Xenopus oocytes and 
examined with the two-electrode voltage clamp technique. Here we 
report the identification of two separate domains of the β 2 subunit which 
are homogolous in sequence and each contribute a tyrosine (Y157 and 
Y205) and threonine (T160 and T202) essential for activation by GABA. 
The essential tyrosine and threonine in each domain are separated by two 
amino acids, one of which is glycine, and the relative positions of the 
tyrosine and threonine are inverted in the two domains. Mutation of the 
tyrosines to phenylalanine decreased the sensitivity to GABA by 56- and 
51- fold while mutation of the threonines to serine decreased the 
sensitivity to GABA by 17- and 21- fold. Mutation of the four residues 
also decreased the sensitivity to the potent GABA agonist muscimol, 180- 
and 21-fold for the tyrosines and 10- and 37-fold for the threonines. The 
difference in the muscimol and GABA sensitivity profile for the four 
mutants presumably reflects the different structures of these two agonists. 
Finally, mutation of the tyrosine residues corresponding to β Υ157 and β Υ205 
in the a  and у  subunits did not impair activation by GABA. The data 
presented in this study provide evidence that the β  subunit contributes a 
major component of the GABA receptor. (ADAMHA AA09212 to
D.S.W.)

3 5 1 .5

HYDROPHOBIC REQUIREMENTS AT THE C2 POSITION OF 
THE GABAB RECEPTOR: COMPUTER MODELING AND
BINDING STUDIES OF PHOSPHOETHANOLAMINE ANALOGS. 
R.T. McClure*. W.E. Klunk, C  Xu, M. Dèbnath, and I.W. Pettegrew. 
Lab. o f Neurophysics, U niv. o f Pittsburgh , W PIC, P ittsburgh , P A  15261.

Levels of phosphoethanolamine (PE), one of the building blocks for 
phospholipid membranes, have been found to be altered in 
Alzheimer's disease (AD) brain. The chemical structure of PE is 
similar to GABA in that the phosphate moiety of PE is similar to the 
-CH2-COO' of GABA. Binding studies of PE at GABA sites were 
carried out to help elucidate the possible effects of altered levels of PE 
in AD brain. Binding assays using [3H]GABA in the presence or 
absence of isoguvacine indicate that PE has little activity at GABA 
sites. In contrast 3-APP, a close chemical analog to PE, is reported to 
be a GABAB partial agonist/antagonist. 3-APP contains a -CH2- group 
in place of the phosphate ester oxygen of PE. Molecular modeling 
and energy minimization using MacroModel 3D show that solvated 
PE and 3-APP have virtually identical low energy conformations, thus 
the extreme selectivity of 3-APP over PE for GABA binding sites 
must be due to hydrophobic effects of the -CH2- hydrogens of 3-APP 
(absent in PE) or differences in electronic effects of the C-P versus the 
O-P bond. This prompted investigation of the corresponding -0-S03 
and -CH2-S03 analogs of PE. The binding of these sulfur analogs to 
GABA receptors was analogous to PE and 3-APP, except that the 
-CH2-S03 analog was more active than 3-APP.

3 5 1 .2
PHARMACOLOGICAL PROFILE OF FOUR GABAa AGONISTS ON 
RECOMBINANT GABAa RECEPTORS EXPRESSED IN XENOPUS OOCYTES.

Sharp and Dohme Research LaboratoriesFastwick road, Harlow, Essex CM20 2QR, 
England; 1 present adress: Department of Organic Chemistry, Royal Danish School of 
Pharmacy, 2-Universitetsparken, DK-2100, Copenhagen, Denmark.

GABAa receptors are probably pentameric complexes, formed by combinations of 
different subunits. At present, four families of GABAa subunits have been identified: 
α, β, γ, and б. Functional GABAa receptors containing all the known modulatory 
sites are formed by combinations of a, ß and γ or б.

Using systematic combination of аі, аз and as, with ßi, ß2 and ß3 together with 
72, we have investigated the contribution of the various a  and β subunits to the 
pharmacology of GABAa agonists. We have characterized GABA, (RS)- 
dihydromuscimol, piperidine-4-sulfonic acid (P4S) and 4,5,6,7-tetrahydroisoxazolo[5,4- 
c]pyridin-3-ol (THIP) in recombinant human GABAa receptors expressed in Xenopus 
oocytes.

GABA and (RS)-dihydromuscimol were full agonists, whereas THIP and P4S were 
partial agonists, with maximum responses depending on the a subunit. P4S has a 
maximum response of « 30 % in a \ -injected oocytes and « 75 % in аз -injected 
oocytes. The potency of a compound varied with a factor of ~ 10 from the combination 
where the compound was most potent (asß372) to the combination where it was 
weakest (a3ßi72).The rank order of potency of the compounds was constant in all of 
the tested combinations: (RS)-dihydromuscimol>GABA>P4S>THIP.

It is concluded that the potency of a GABAa agonist is determined by the a subunit 
as well as the β subunit, whereas the maximum response (relative to GABA) is 
determined by the type of a subunit.

3 5 1 . 4
EFFICACY AND POTENCY OF GABA ACTION IN NATIVE AN RECOMBINANT 
GABAa RECEPTORS. I. Ducic. S. Vicini* and E. Costa. FGEN, Georgetown Univ. 
Washington, DC 20007.

Molecular cloning studies from rat, bovine, and human have identified multiple subunit 
families (α,β,γ,δ,ρ) for GABAa receptors. The pharmacological properties of the different 
subtypes of GABAa receptors in vivo are most likely determined by cell-specific 
expression and assembly of various receptor subunits. To explore this assumption we 
tested, using whole-cell recordings of GABA-activated СГ currents the effect of fast 
application of GABA on native rat brain receptors of neonatal cortical and cerebellar 
neurons in primary culture, as well as on HEK 293 cells transiently transfected with 
cDNAs encoding for different molecular forms of a, β and γ subunits of the GABAa 
receptors. We compared the maximal Cl" current amplitude elicited by increasing 
GABA concentrations (efficacy), the potency and Hill slope for each preparation of native 
and recombinant GABAa receptor tested. The efficacy of GABA on cortical receptors 
was more than twice that of cerebellar receptors. In recombinant GABAa receptors the 
structures of γ and β subunits confer important characteristics to GABA-elicited currents 
in transfected cells. In fact GABA-evoked СГ currents had double efficacy and potency 
in GABAa receptors assembled with γ2 subunit when compared to those containing yl 
subunit. Furthermore, GABAa receptors assembled with β2 and y l subunits, had much 
higher efficacy and potency than receptors assembled with ßl and γ2 subunits. Therefore 
the β2 and the y l subunits are crucial to obtain maximal efficacy and potency of GABA- 
activated response in transfected cells. These results could relate to different functional 
properties of distinct recombinant GABA-activated СГ channels, or they could be a 
consequence of an higher receptor density. Considering the anatomical evidence that 
receptors comprising the β2 and γ2 subunits are the most abundant in rat brain, one could 
speculate that the inclusion of these two subunits will favor the expression of GABAa 
receptors with high efficacy' and potency. Supported by NIH grant R01MH49486-Ö1 Al.

3 5 1 . 6
TEMPORAL PROFILE OF THE GABAA RECEPTOR IN CULTURED RAT 
CEREBELLAR GRANULE CELLS: RELATIONSHIP OF mRNA LEVELS TO 
RECEPTOR FUNCTION. A.M, Bolos. G.C. Mathews, J.A. Ferrendelli and S.M, 
Rothman*. Washington University School of Medicine, St. Louis, MO 63110.

The cerebellar granule neurons express a heterogeneous population of GABAa 
subunits, some of which are implicated in the formation of a benzodiazepine- 
insensitive receptor. The temporal profile of the different subunit mRNAs in these 
neurons in relation to receptor function has not been characterized. We now report 
time-dependent changes seen in BDZ sensitivity of cultured rat cerebellar granule cells 
that correlate well with patterns of GABAA mRNA expression. Primary cultures of 
cerebellar granule cells were prepared from 8-day old rats (Gallo et al., PNAS, 1982), 
maintained and examined at three different time points: (1) day 5-7, (2) day 14-15,
(3) day 25. Whole cell patch clamp recording revealed a time-dependent decrease in the 
enhancement of GABA responses by the BDZ agonist chlordiazepoxide: D5-7, 
209±28; D14, 143±12; D20+, 106±18 (nos. represent % of response to 3 μΜ 
GABA +SEM). This agrees with the finding that benzodiazepine binding of these 
cells is decreased in late culture as revealed with a fluorescent BDZ dye BODIPY- 
Rol986 (Molecular Probes). GABAA mRNA levels were studied at similar time 
points in culture using competitive PCR with the y2S subunit used as an internal 
standard. The following GABAA subunits were studied: a l, аЗ, a5, а 6, б, and 
у  IL . The a l  subunit mRNA seems to be the most predominant GABAA subunit 
mRNA expressed early in culture (D5). Comparison of the relative increase of mRNA 
from baseline (D5) levels shows that the а 6 subunit is markedly increased with time 
(5-fold at D14-15 and 9-fold at D25). All the other subunits are relatively unchanged 
or increased only by 2 to З-fold. This developmental switch in GABAA receptor 
subunit composition, accompanied by alterations in physiology, has not been observed 
in any other part of the CNS. (See accompanying abstract, G.C. Mathews, et al.) 
Supported by NIH grants NS 14834 & 5T32GM07805 and the Seay Fellowship.
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RECONSTITUTED GABAa RECEPTORS REVEAL THAT A CHANGE IN THE 
a-SUBUNIT MIMICS A TEMPORAL CHANGE IN RECEPTOR COMPOSITION 
IN CULTURED RAT CEREBELLAR GRANULE CELLS G.C. Mathews. K.D. 
Holland, A.M. Bolos. J.B. Tucker. K.E. Isenberg. D.E Covev. J.A. Ferrendelli* and 
S.M. Rothman. Washington University School of Medicine, St. Louis, MO 63110.

In cultured cerebellar granule cells (CGCs), we found that the modulatory properties 
of some compounds differ in mature neurons (20+ days in vitro) compared to early (5- 
7 days in vitro) neurons. Using a transient transfection system coupled with whole
cell patch clamp recording, we also demonstrated that the actions of some allosteric 
modulators of the GABA receptor are determined by the identity of the a-subunit 
when expressed in combination with the ß2- andγ2-subunits. The a l  subtype is the 
predominant a-subunit in CGCs, but analysis of subunit mRNA expression revealed 
that the a 6 subtype undergoes a large temporal increase (A.M. Bolos et al., 
accompanying abstract). Patch clamp recording from early CGCs shows that GABA- 
mediated currents are potentiated by the benzodiazepine chlordiazepoxide (CDPX) and 
also by the lactones a  -ethyl- a -methyl-γ - thiobutyrolactone (a-EMTBL), a-isopropyl- 
a-methyl-γ-butyrolactone (a-IMGBL) and α,α-diisopropyl-GBL (a-DIGBL). In 
developed cultures CDPX and α-ĨMGBL fail to potentiate GABA responses, a- 
DIGBL blocks GABA responses while the effects of a-EMTBL appear unaltered. 
GABA responses from α1β2γ2 transfected cells are potentiated by all four agents like 
the early CGCs, while responses from the α6β2γ2 transfected cells largely mimic the 
results seen in the developed CGCs. We conclude that a switch in a-subunit from a l 
to a 6 is responsible for the change in GABA receptor function seen during CGC 
development in culture. We also conclude that the a-subunit of the GABA receptor is 
an important determinant of GABA receptor modulation by γ -butyrolactones. 
Supported by NIH grants NS 14834 & 5T32GM07805 and the Seay Fellowship.

3 5 1 . 9
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF 
RECOMBINANT GABAA RECEPTORS CONTAINING DELTA 
SUBUNIT IN MOUSE L929 CELLS. N.C Saxena and R.L. Macdonald*. 
Dept. of Neurology, Univ. of Michigan Medical School, Ann Arbor, MI 
48104.

The properties of GABAA receptors (GABARs) containing the б subunit 
were determined by transient expression of different combinations of aj, ßj, 
Y2 L and б subunits in L929 fibroblasts. Whole-cell recording was used to 
determine whether functional GABARs were assembled. Responses to 
GABA were detected from cells transfected with ß1? Y2 l  and б (52%, 22 
of 43 cells), a ļ, ß1 and y2l  (61%, 8/13 cells), a h  ßj, and б (21%,13/63 
cells) and a j , Y2 l  and б (1 1 %, 2/19 cells) subunit cDNAs, but not from cells 
transfected with ß1? Y2 l  and б (0/18 cells) subunit cDNAs. Whole-cell 
currents from cells transfected with « ļ, ßj, Y2 l  or оц, ßj, Y2 l  and б subunit 
cDNAs were 10-15 times larger than those from cells transfected with aj, 
ßj and б subunit cDNAs (467±161 pA (n=5), 479±171 pA (n=18) and 24±7 
pA (n=9) (mean± S.E.) response, at 10 μΜ GABA). Comparison of time 
course of recovery of whole-cell currents following GABA application 
suggests that the б subunit slows the rate of recovery of GABA-evoked 
currents. Therefore, coexpression in L929 cells of the б subunit with other 
subunits can produce functional GABARs with distinct properties. Single 
channel properties of GABARs containing б subunit are under investigation.

3 5 1 .1 1
ETHANOL SENSITIVITY OF RECOMBINANT α1β1γ2 GABAÄ 
RECEPTORS EXPRESSED IN MAMMALIAN CELLS DO NOT REQUIRE 
THE y2LONG SPLICE VARIANT. T. Rvan-Jastrow*+, and R.L. 
Macdonald+#. Depts. of Neurology+ and Physiology# Univ. of Michigan, 
Ann Arbor, Ml 48109.

Ethanol has been shown to enhance GABAa receptor (GABAR) currents 
in preparations from specific brain regions and in brain membranes from 
animals with genetic susceptibility to ethanol. Ethanol sensitivity of 
recombinant GABARs expressed in frog oocytes has been studied and 
ethanol was shown to enhance GABAR current when a and ß subunits were 
expressed with the alternatively spliced long form of the γ2 subunit (y2L) but 
not with the alternatively spliced short form (y2S) (1 ). We examined the 
effect of ethanol on recombinant GABARs expressed with combinations of 
ttf, ß i, y2L and y2S subunits in mammalian cells.

Mouse L929 cells were acutely transfected with bovine GABAR a1f ß1f y2L 
or y2S subunit cDNAs, and whole cell recordings of GABAR currents were 
obtained. Ethanol enhanced GABAR currents with ail receptor subunit 
combinations tested (a ļP ^ L , a ļp ^ S , and o jft). Ethanol (30 mM) 
enhanced GABAR (3 μΜ) currents from 150 to 800 % of the control currents 
with an average enhancement of 443 %. The ethanol enhancement of 
GABAR currents was concentration-dependent between 3 and 100 mM 
ethanol. In cells expressing the GABAR, ethanol (30 mM, 5 min)
caused a leftward shift in the GABA concentration-response curve between
0.1 and 30 μΜ GABA. Ethanol alone elicited no currents from the 
recombinant receptors. The ethanol enhancement was time dependent, 
peaking after 5 to 10 minutes of bathing transfected cells in ethanol. Upon 
removal of ethanol from the bath, GABAR currents slowly recovered to 
control levels.
(1) Wafford et.al., 1991, Neuron, 7,27-33.
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MOLECULAR BASIS OF RESISTANCE TO 
PICROTOXININ AND CYCLODIENE INSECTICIDES 
IN A DROSOPHILA GABA RECEPTOR.
R.H. ffrench-Constant*+, T. Rocheleau+, J.C. Steichen+,
& A. Chalmers#, Dept. of Entomology*, University of 
Wisconsin, Madison, WI 53706 and Biochemistry#,
Rhone-Poulenc Ag. Co., Research Triangle, NC 27709 

A novel GABA receptor subtype (Rdl) has 
previously been cloned from a Drosophila mutant resistant 
to cyclodienes and picrotoxinin (ffrench-Constant et al.,
PNAS 88, 7209, 1991). We report that resistance in 
Drosophila populations worldwide is associated with a 
single amino acid substitution within the second membrane 
spanning domain (ffrench-Constant et al. PNAS 9 0 , 1957, 
1993). Site directed mutagenesis and functional expression 
in Xenopus oocytes confirms that this mutation confers 
resistance to these putative channel blockers (ffrench- 
Constant et al. Nature, 1993). This substitution within the 
proposed lining of the chloride ion channel, not only sheds 
light on the mode of action of picrotoxinin but also, by 
conferring resistance to cyclodienes, accounts for over 60% 
of reported cases of insecticide resistance.

3 5 1 .1 0
U-93631 CAUSES RAPID DECAY OF GABA-INDUCED CL CURRENT IN 
RECOMBINANT RAT GABAa RECEPTORS. G.H. Dillon*. H. Im. B.J. Hamilton, 
D.B. Carter, R.B. Gammill and W.B. Im. The Upjohn Company, CNS Diseases 
Research, Kalamazoo, MI 49001.

We discovered the ability of U-93631 [4-dimethyl-3-t-butylcarboxl-4,5-dihydro (1,5- 
a) quinoxaline] to accelerate decay of GABA-induced C1' currents in human embryonic 
kidney cells (HEK293) stably expressing the a 1 Β2γ2 subtype of GABAa receptors. 
Inward currents induced by 5 μΜ GABA at a holding potential of -60 mV 
(symmetrical СГ gradient) decayed very slowly during 15 sec. application of GABA 
(tau = 222 + 25 sec. from one exponential function), as examined during whole-cell 
patch clamp. The decay rate, however, was greatly accelerated in a dose-dependent 
manner in the presence of U-93631 (tau = 5.2 ± 0.5 sec. with 5 μΜ U-93631, with 
a KD of approx. 2 μΜ), while the peak C1' current was unaffected. Outward currents 
at the holding potential of +60 mV decayed with a similar tau value in the presence 
of the drug, suggesting its effect is voltage independent. The initial amplitude of 
GABA (5 μΜ)-ίηί1ιΐΰβ<1 C1' current was not affected by preincubation with 50 to 200 
nM GABA, but was reduced by preincubation if 5 μΜ U-93631 was present. The 
peak amplitude decreased as a function of preincubated GABA concentration with a 
half-maximal concentration of 100 nM (Kd for the high affinity GABA site approx. 
85 nM). This is consistent with the notion that the drug accelerates receptor 
desensitization when the high affinity GABA site is occupied. The binding site for U- 
93631 on GABAa receptors is unknown at present, but seems not to overlap with 
GABA, barbiturate or benzodiazepine sites, as its effects persisted in the presence of 
high GABA, phenobarbital, diazepam, and R015-1788 (a classical benzodiazepine 
antagonist). In cloned GABAa receptors made of only cdß2, β2γ2, or α1γ2 subunits, 
U-93631 also accelerated the decay rate, suggesting the compound interacts with a 
region common among the three subunits. U-93631 and its analogues appear to be 
useful in investigating the molecular aspects of desensitization in GABAa receptors.
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MODULATION OF RECOMBINANT HUMAN GABAa AND 
GLYCINE RECEPTORS BY ISOFLURANE. T.L. Kugler*. M.V. 
Tones. E.P. Greenblatt. D.B. Pritchett, and N.L. Harrison. Anesthesia 
and Pharmacological and Physiological Sciences, The University of 
Chicago, Chicago, IL 60637. Anesthesia and Pharmacology, The 
University of Pennsylvania, and Neuroscience, Children's Hospital of 
Pennsylvania, Philadelphia, PA, 19104.

We have studied the interaction of the inhalation anesthetic 
isoflurane with recombinant GABAa and glycine receptors ectopically 
expressed in the human kidney cell line, HEK 293. We tested 
transiently expressed GABAa receptors consisting of aißi, a2ßi, а2үг, 
aißiY2 and α2βιγ2 subunits; homomeric GABAc receptors containing 
only the pi subunit; and homomeric glycine receptors made up of a 
subunits. These receptors are structurally related, with 65% amino 
acid sequence identity in the transmembrane domains. Successful 
incorporation of the γ subunit into the GABAa receptors was 
demonstrated by insensitivity to block by 5 μΜ Zn2+; non γ- 
containing receptors are blocked -90% by the same concentration. 
α2γ2 combinations expressed poorly, and β^ 2 not at all. Clinically 
relevant concentrations (0.5-2 mM;l-4 MAC) of isoflurane applied 
by bath perfusion significantly enhanced GABA-activated chloride 
currents through GABAa receptors consisting of αβ, αγ, and αβγ 
subunit combinations, as well as glycine-activated chloride currents 
through glycine receptors. However, GABA-activated chloride 
currents through the GABAc receptor were not affected by the 
application of isoflurane.

The authors acknowledge Dr. G. Cutting for his gift of pi cDNA..
S u p p o r t e d  b y  G M 4 5 1 2 9  a n d  D A 0 7 1 3 0 .

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



WEDNESDAY AM LIMBIC SYSTEM IV 853

3 5 2 .1
DISTRIBUTION AND PATTERNS OF SYNAPTOPHYSIN-IMMUNOREACITVE 
SYNAPSES IN C57BL/6 MOUSE HIPPOCAMPUS. C.A. Kitt*. L.C. W alken P.R. 
M outon. T.C. M oiekwu, B.T. Lamb, S.S. Sisodia. T.D. Gearhart and D.L. Price. 
T he Johns H opkins Univ. School o f  M ed., Balto., MD 21205.

T he distributions o f  presynaptic boutons in  the h ippocam pus o f  С57ВӀУ6 
m ice (fem ale, three m onths o f  a g e) w ere  ex am in ed  fo llow in g  
im m unocytochem ical staining w ith  an  antisynaptophysin  m on oclon al antibody. 
T issues w ere  im m ersion fixed  in  4% paraform aldehyde and em b ed d ed  in  
paraffin. Sections w ere  cut at 5 pm, deparaffinized, and pretreated w ith  
m eth anol/hyd rogen  peroxide prior to  im m unostaining. Serial sagittal sections  
w ere en h anced  w ith  silver, and labeled  syn apses w ere  evaluated  using  DIC 
optics. W ithin the dentate gyrus (D G ), a trilaminar pattern o f  synaptophysin  
im m unoreactivity (SIR) w as seen . The granule ce ll layer w as virtually d evo id  
o f  SIR; how ever, light label w as se e n  surrounding granule ce ll som ata; the  
inner m olecular layer o f  the D G  contained  a thin d en se  band o f  SIR. B y  
com parison , the w ider, outer m olecular layer o f  th e D G  appeared  to  contain  
few er labeled  synapses. W ithin the hilus o f  the DG , SIR appears in  d en se  
patches, perhaps overlying som ata in this region. T he border b etw een  CA3 
and CA2 is quite distinct in SIR preparations; o n  either side  o f  CA3 pyramidal 
cells, d en se  accum ulations o f  SIR cou ld  b e  see n , w h ich  is q uite different from  
th e pattern o f  SIR se e n  in  CA2 and CAI. Somata in  stratum pyram idale o f  
CA1-3 w ere essentia lly  d evo id  o f  SIR. In both  CA2 and CAI, in ten se SIR fills 
the neuropil o f  strata oriens and radiatum; in  contrast, stratum lacunosum - 
m olecular contains far less SIR. T he results o f  this study set th e fram ew ork for 
exam in ing th e effects o f  age and transgenes o n  patterns and estim ates o f  total 
num bers o f  syn apses in  different subd iv isions o f  th e m o u se h ippocam pus, 
using  unbiased  stereology.

3 5 2 . 3

A PHA-L STUDY OF PROJECTIONS FROM PERIRHINAL CORTEX IN 
THE RAT R.D. Burwelf änd D.G. Amaral. The Salk Institute, San Diego, CA 
92186.

Recent neuropsychological studies have provided evidence that the perirhinal 
and parahippocampal regions contribute substantially to normal memoiy 
function. Neuroanatomical studies conducted in the monkey indicate that these 
regions provide almost two thirds of the neocortical input to entorhinal cortex, 
a structure that, in turn, provides the major cortical input to the hippocampal 
formation. The perirhinal cortex in the rat has also been touted as a primary 
intermediary between neocortex and the hippocampal formation. Yet, such 
notions in the rat are based more on extrapolations from the primate liteature 
than on extensive neuroanatomical analysis. The present study was designed to 
examine the efferent connectivity of perirhinal cortex in the rat with the goal of 
identifying similarities and differences regarding homologous regions in the 
monkey. Using adult male Sprague-Dawley rats as subjects, the anterograde 
tracer, Phaseolus-vulgaris leucoaglutinin (PHA-L), was iontophoretically injected 
at various locations along the rostrocaudal extent of perirhinal cortex, both 
dorsal and ventral to the rhinal sulcus; fourteen successful injections are 
currently available for analysis. The first phase of our analysis has been to 
determine which portions of the perirhinal cortex project to the entorhinal 
cortex. Injection sites dorsal to the rhinal sulcus produced fiber and terminal 
labeling in the entorhinal cortex only when the injection sites were located 
caudally (caudal to -5.20 mm relative to Bregma). Injections in those portions 
of the perirhinal cortex in the fundus or along the ventral bank of the rhinal 
sulcus at all levels (-2.80 to -8.20 mm relative to Bregma) also produced labeling 
in the entorhinal cortex. We are currently evaluating the topographic distribution 
of these projections and the organization of projections to other neocortical 
areas. The pattern of labeling includes frontal, parietal, and occipital cortices.

3 5 2 .5

L o n g-la stin g  c h a n g es  o f  t h e  d en d ritic  o rg an ization  o f  r a t  d en t a t e
GRANULE CELLS FOLLOWING ENTORHINAL CORTEX LESION. AN INTRACELLULAR
in jec t io n  s t u d y . S .  D iek m a n n , T . G . O h m , a n d  R . N itsch * C e n te r  o f 
M orphology, U n ive rs ity  o f Frankfu rt, F .R .G .

R e c o v e ry  o f h ip p o cam p al fu nction following partial deaffe ren tatio n  from  
en torh in al fib e rs  d e m a n d s  not on ly  sprouting  o f rem ain in g  affe ren ts  but 
a lso  th e  integrity o f h ip p o ca m p a l target stru ctu re s. A  G o lg i/E M  stu d y  
p erform ed  by C a c e r e s  a n d  S te w a rd  (19 83 ) re v e a le d  o n ly  sm a ll and  
tra n sie n t a lteratio n s o f th e  d en dritic  o rg an izatio n  o f d e n ta te  g ra n u le  c e l ls  
follow ing en torh inal le sio n . C o n v e rse ly , w e  h a v e  sh o w n  that th ere  is  a  
p ersistin g  ch a n g e  in th e  p o stle sio n a i d en dritic  o rgan ization  o f a  
sub population  o f h ip p o cam p al inhibitory n e u ro n s (N itsch  and  F ro tsch e r , 
1 99 1). T h e  p resen t stu d y  a n a ly z e s  th e  den dritic  o rgan ization  o f  
in tracellu lar-frlled  g ra n u le  c e l ls  in fixed  t is su e  2 , 8 , a n d  6 0  d a y s  following a  
un ila tera l e lectro ly tic  le sio n  o f th e  en torh in al co rtex . G ra n u le  c e l ls  in th e  
d en ta te  g y ru s  ip sila tera l to  th e  le s io n  w e re  in jected  with "m ini-ruby" (M ol. 
P ro b ., D  3 31 2) and  lab e led  with d ia m in o b en zid in e  usin g  th e  A B C -  
tech n iq u e . T h e  d en dritic  o rg an izatio n  w a s  a n a ly z e d  u sing  a n  in teractive  
n euro n trac in g  sy ste m . S ix ty  d a y s  follow ing d eaffe ren tatio n , th e  length o f 
s in g le  d e n d rite s  re la t iv e  to th e  w idth o f th e  d en tate  m o le cu la r  la y e r  w a s  
sig n ificantly  re d u ced  by about 3 0 % . Fu rth e rm o re , th e  n u m b er o f den dritic  
se g m e n ts  w a s  d im in ish e d  by about 5 0 %  a n d  th e  co m p lex ity  o f dendritic  
arborization  a s  reflected  b y  lo w er m a x im a l b ra n ch  o rd e rs  w a s  red u ced .
In co n tra st to th e  fin d in g s o f th e  a b o v e  m entioned  G o lg i-stu d y , ou r d a ta  
su g g e st  a  long-lasting  c h a n g e  in th e  d en dritic  o rgan ization  of den tate  
g ra n u le  c e l ls . T h is  c h a n g e  re m a in s  fa r  b eyon d  th e  term ination o f th e  
p ro c e ss  o f sy n a p t ic  reo rg an izatio n  and  m a y  th u s  in d icate  an  enduring  
alteration  o f h ip p o ca m p a l function following partial deafferen tation . 
(S u p p o rted  by th e  D F G ; N i 344/1-1 , N i 344/5-1, an d  O h  48/4-1).
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C O N N E C T I O N A L  A N D  I M M U N O C Y T O C H E M I C A L  D I F F E R E N C E S  A T  
T H E  B O R D E R  O F  T H E  E N T O R H I N A L  A N D  P E R I R H I N A L  C O R T IC E S  IN  
T H E  R A T . C  L. D o lo ifo *  and D . G  A m aral. T h e  S a lk  In stitu te , L a  Jolla , C A  
9 2 0 3 7  and the G roup in N e u r o sc ien ce , U C S D , L a Jo lla , C A  9 2 0 9 3 .
T h e  entorhinal cortex  (E C ) is  a  p rom in en t co m p o n en t o f  the h ip p ocam p al form ation . 
T h e lateral b ord er o f  the en oth rin a l cor tex  in  th e rat is  g e n er a lly  p la c ed  near- the  
rh inal su lc u s  w h ere it  ab uts th e perirhinal co r tex  (P R ). T h e  fu n du s o f  the rhinal 
su lc u s  is  a  c o m p le x  reg io n  and  it  is  o ften  d if ficu lt to  d eterm in e , in N is s l  sta in ed  
sec tio n s , the p rec ise  boundary b etw een  E C  and P R . T he a im  o f  th is stu dy, therefore, 
w a s to  d e v e lo p  co n n ec tio n a l, cy to a rch ite c to n ic  and  cy to c h e m ic a l cr iter ia  to  a id  in 
the d elim ita tion  o f  E C  from  PR . A  character istic  featu re o f  the E C  is that it  p rojects  
h ea v ily  to  the den ta te gyru s w h ereas P R  d o es  n o t. W e  u sed  th is fact to  estab lish  the 
en torh in a l b ord ers b y  in ject in g  the retrogradely  transported  f lu o resc en t d y es  F ast 
b lu e  an d  D ia m id in o  y e l lo w  in to  v a r io u s  sep to tem p o ra l le v e ls  o f  th e d en ta te  
m o lec u la r  layer. T h e se  in ject io n s  (n = 1 8 ) led  to  la b e llin g  m a in ly  in layer II o f  the  
E C . T h e  d istribu tion  o f  f ìu o resc en tly  la b e lled  la y er  II c e l ls  w a s  com pared  to  N is s l  
sta in ed  and parvalbum in  im m u n o cy to c h e m ica l p reparations. T h e se  data w ere u sed  
to  m a k e  th re e-d im en sio n a l com p u ter  re co n stru c tio n s  o f  the E C . D y e  in jec t io n s  
p la c ed  in to  the ex trem e sep ta l tip  o f  the d en ta te gyru s resu lted  in a  b and  o f  lab e lled  
c e lls  o cc u p y in g  the m o st lateral and ca u d om ed ia l p ortion s o f  the E C . In th ese  ca se s , 
th e  pattern o f  la tera lly  s itu a ted  la b e lle d  c e l ls  c o in c id e d  p re c ise ly  w ith  a  d ist in ct  
pattern o f  d en se  parvalbum in  im m u n oreactiv ity  loca ted  ventral to  the rhinal su lcus at 
rostral le v e ls  and le v e l w ith  or d orsal to  the su lc u s  at cau d al le v e ls . In terestin g ly , 
so m e  retrogradely  la b e lle d  layer II c e l ls  w e re  lo ca ted  d eep  to  the perirhinal cortex  
tliis  is  rem iscen t o f  Ute "transentorhinal zone"  seen  in p rim ate brains. T h e se  stu d ie s  
in d ic a te  that th e  d is tr ib u tio n  o f  re tro g r a d e ly  la b e le d  c e l ls  and p arv a lb u m in  
im m u n oreac tiv ity  are eq u a lly  g o o d  ind icators o f  the border b etw een  the E C  and PR . 
B oth  p rov id e m ore d e fin it iv e  inform ation  titan standard N is s l  sta in in g .
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COMMISSURAL FIBERS CONTACT PAR VALBUMIN-CONT AIN ING INHIBITORY 
NEURONS IN THE RAT FASCIA DENTATA. A COMBINED PHA-L TRACING AND
im m u n o cyto ch em ical s t u d y . T . Р е ІІеґ*1 . M . F r o ts c h e r l,  and  R . N itsch 2  
D ep . o f A n ato m y, U n ive rs ity  o f Fre ib u rg , F . R . G . 1 and  C e n te r  o f 
M orphology, U n ive rs ity  o f Frankfu rt, F .R .G .2

P re v io u s  an a to m ica l s tu d ie s  h a v e  sho w n a  d irect c o m m issu ra l 
projection to non-principal c e l ls  o f the h ip p o ca m p u s (F ro tsc h e r  and  
Z im m e r, '82 ; S e r e s s  and  R ib a k , '83) using  a  com bin ation  o f G o lg i/EM  
a n d  th e  a cu te  an tero g rad e  d eg en eratio n  tech n iq u e . T h e  re su lts  o f th e se  
s tu d ie s  w e re  interpreted  a s  th e  m orpho log ica l b a s is  for the  
e lec tro p h ysio lo g ica lly  o b se rv e d  feed-forw ard  inhibition o f g ran u le  c e l ls  
after excitation  o f c o m m issu ra l a x o n s  (B u zsá k i a n d  E id e lb e rg , '81). T h e  
p resen t exp e rim e n ts  w e re  d e s ig n e d  to p ro v ide  d irect e v id e n c e  fo r the  
term ination o f co m m issu ra l fib e rs on a  n e u ro ch em ica lly  defined  
subpopulation  o f d en tate  inhibitory no n-principal c e lls . E ig h t adult 
S p ra g u e -D a w le y  ra ts re c e iv e d  iontophoretical in jectio n s o f 2 .5 %  
P h a se o lu s  v u lg a r is  leucoagg lu tin in  (P H A -L )  into th e  h ila r a re a . A fter a  
su rv iv a l tim e  o f 10  d a y s  th e  ra ts w ere  p erfu sed  a n d  se c t io n s  w ere  sta in ed  
im m u n o cy to ch em ica lly  fo r th e  p re se n c e  o f P H A -L  using  a  
nicke l/d iam in o b en zid in e  (N i/D A B) reactio n  w hich  y ie ld s  a  b la ck  reaction  
product. P a rv a lb u m in  (P V )-co n ta in in g  n e u ro n s w e re  la b e led  light brown  
u sing  a  p lain  D A B  reactio n . O u r  a n a ly s is  rev e a le d  PH A -L-co n ta in in g  
a x o n s  in th e  d en ta te  g y ru s  co n tra latera l to th e  in jection s id e  im pinging on  
so m a ta  a n d  proxim al d en drites o f P V -im m u n o re a ct iv e  n eu ro n s. T h e s e  
o b se rv a t io n s  p rov ide  d irect an a to m ica l e v id e n c e  for th e  in vo lvem en t o f 
P V -co n ta in in g  d en tate  n eu ro n s in feed-forw ard  inhibition o f  g ra n u le  c e lls . 
(Suppo rted  by th e  D F G : F r  6 20/1-5  a n d  Ni 344/1-1 and  Ni 344/5-1).
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DIFFERENTIAL PROJECTIONS OF MEDIAL SEPTUM AND DIAGONAL 
BAND TO THE HIPPOCAMPUS. G. M. Peterson*. Dept Anatomy & Cell 
Biology, East Carolina Univ Sch Med, Greenville, NC 27858

Axons of neurons whose cell bodies are located in the medial septum (MS) and 
vertical limb of the diagonal band (vDB) are known to project to the hippocampus 
via the fimbria-fornix (FF), the supracallosal stria (SCS), and a diffuse ventral 
pathway. The FF is the major projection of the septohippocampal system and 
most of the neurons in the MSDB project through it to the hippocampus. In 
contrast to the FF, little is known about which neurons in the MSDB send axons 
through the SCS. In previous studies of the effects of either transection of both 
the SCS and the FF or colchicine injections which affect only the FF, we have 
observed different patterns of neuronal degeneration in the MSDB. Considering 
the high degree of topography in the septohippocampal system, we thought it 
possible that neurons in the MS and vDB project differentially to the hippocampus 
via these two routes. To investigate this, 3 adult male rats received injections of 
2 different colored retrogradely transported dyes (Diamidino Yellow [DY] and 
True Blue [TB]) into the FF and the SCS to label fibers of passage. The FF was 
labeled by three injections, each of 75 nl, at a point mid way between the MSDB 
and the rostral pole of the hippocampus. The SCS was labeled by one 75 nl 
injection placed 2 mm caudal to the FF site. Injections of either of the tracers 
into FF labeled neurons in the MS as well as in the ventromedial portion of the 
vDB whereas tracer injection into the SCS never labeled neurons in the MS but 
labeled only dorsolaterally-placed neurons in the vDB. Only a few cells along the 
border between the two regions of vDB were double labeled. It is concluded that 
(1) neurons in the MS and the ventromedial portion of vDB project to the 
hippocampus via the FF, (2) those in the dorsolateral portion of vDB project via 
the SCS, and (3) only a few vDB neurons send collaterals through both pathways.

Supported by the Alzheimer’s  Association (IIRG-88-059)
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3 5 2 .7
C H O L IN E R G IC  IN NERV A TIO N  O F  T H E  H IPPO C A M PA L  FO RM A TIO N  IN 
NORMAL AND FORNIX TRANSECTED M ACAQUE M ONKEYS. J. R. A lo n s o 1’2  

and D . G . A m aral*^  ^ U n iversid ad  d e  S a la m a n ca , D p to . d e  B io lo g ia  C e lu la r  у  

P a to log ia , 3 7 0 0 7  S alam anca, Spain  and 2 T h e  S a lk  In stitu te, L a Jolla , C A  9 2 0 3 7
T h e ch o lin e rg ic  inn ervation  o f  the h ip p o ca m p a l form ation  o f  norm al and  fornix  

tran sected  m a ca q u e  m o n k ey s  (M. mulatta and M. fasciculatis) w a s in v e stig a ted  
u sin g  ch o lin e  a cety ltran sferase (С Һ А Т ) im m u n o h isto ch em istry . СҺ АТ a ctiv ity  w as  
restric ted  to  fib ers  w h ich  varied  in  th ick n ess , p rese n c e  o f  v a r ico sit ie s  and reg iona l 
an d  lam inar d istribu tion . T h e  h ig h est d en s it ie s  o f  la b e led  fib ers  w ere  o b serv e d  in  
th e u nca l portion  o f  th e h ip p o ca m p u s, in the p arasu b icu lu m  and in the en torh in al 
cortex ; m u ch  lo w er  d en s it ie s  w e re  o b serv e d  in C A I  and  in  m id  rostrocaudal le v e ls  
o f  th e d en ta te  g y ru s . A  s tr ik in g  in te r sp e c ie s  d if fe r e n c e  w a s  o b se r v e d  in  the  
distribution  o f  sta in ed  fib ers  in  the m o lec u la r  layer o f  the den ta te gyrus; the rhesus  
m o n k ey  had a  m u ch  m o r e  la m in a ted  d istr ib u tion  o f  fib ers . In th e h ip p o ca m p u s, 
there w a s  a  p ro g re ss iv e  d ecrea se  in  the d en sity  o f  s ta in ed  fib ers from  C A 3  to  C A T  
T h e su b icu lu m  a lso  d em on stra ted  m o d est la b e lin g  w h ich  w a s  n o n e th e le s s  h igh er  
than in C A L  T h e  s ta in in g  in c re a se d  su b sta n tia lly  in th e p resu b ic u lu m  an d  the  
parasu b icu lum  d em on stra ted  o n e  o f  the h ig h e s t  d en s it ie s  o f  im m u n o p o s itiv e  fib ers  
in the h ip p ocam p al form ation . In th e en torh in a l co r tex , a  re la tiv e ly  clear  boundary  
w a s o b serv ed  b e tw een  the m ore  stro n g ly  sta in ed  su p e r fic ia l la y ers (I, II, and III) 
and the m ore w e a k ly -la b e led  d eep  layers (V  and V I), e s p e c ia lly  in th e in term ed iate  
and  cau d a l f ie ld s . T h is  d is tr ib u tio n  h as s im ila r it ie s  an d  d if fe r e n c e s  w ith  the  
distribution  o f  СҺ А Т in rod en ts and a ce ty lch o lin estera se  in  the m acaq u e m on k ey .

In th e forn ix  transected  an im als , the ip sila tera l h ip p ocam p al form ation  sh o w ed  a  
c le a r  d e c r e a se  in  the d e n s ity  o f  c h o l in e r g ic  f ib e r s  in  c o m p a r iso n  w ith  the  
con tralateral s id e . A ll  h ip p o ca m p a l f ie ld s  w e r e  a ffe c te d  b ut th e e x ten t  o f  ch a n g e  
varied  from  lo w  in the p resu b icu lu m  to  ex trem e in  the cau d a l f ie ld s  o f  the E C . In 
the contralateral h em isp h ere, the d istribu tion  and  d en sity  o f  sta in ed  fib ers appeared  
n orm al. (S u pp orted  b y  grants from  the N A T O  s c ie n tif ic  p rogram  and the S pan ish  
D G IC yT )

3 5 2 . 9

ELECTRON MICROSCOPY OF CELL ISLANDS IN LAYER II OF 
THE PRIMATE ENTORHINAL CORTEX. T.M. Goldenberg*. C.E, 
Ribak. D.P. Sarco and R.A.E. Bakav. Departments o f Anatomy and 
Neurobiology and Neurological Surgery, University of California, 
Irvine, CA 92717 and Section o f Neurological Surgery, Emory 
University, Atlanta, GA 30322

An electron microscopic (EM) analysis o f cell islands in layer Π of the 
entorhinal cortex (EC) from rhesus monkeys was made to determine the 
ultrastructural features of these unique neuronal clusters. The rostral, 
intermediate and caudal divisions o f the EC were selected for EM 
examination, however only the results from the rostral division will be 
detailed here. Neurons were grouped together in prominent clusters, 
often with five or more contiguous somata. Somai and dendrosomal 
appositions were frequent, without intervening cellular processes or 
specialized junctions. Somata were relatively small, typically thirteen 
microns in diameter with oval or circular nuclei which contained nucleoli 
and large amounts of heterochromatin. Small nuclear infoldings were 
commonly seen. A thin shell of perikaryal cytoplasm contained 
numerous organelles. Axosomatic synapses were infrequent with only 
one per neuron per thin section. The neuropil contained numerous 
dendrites, spines and axon terminals making predominantly asymmetric 
synapses, and myelinated axons were seen infrequently.

Our analysis of the three studied regions o f EC revealed significant 
differences in the frequency o f somai appositions and axosomatic 
synapses and in certain ultrastructural features o f the somata and 
neuropil. These results show that cell islands in layer II of the EC 
display regional morphologic differences.
(Supported by NIH Grant NS-15669)

3 5 2 .1 1

POSTNATAL DEVELOPMENT OF MOSSY CELLS IN THE 
DENTATE GYRUS OF RHESUS MONKEYS: A GOLGI AND 
ELECTRON MICROSCOPIC STUDY. L. Seress* and C. E. Ribak. 
Dept. o f Physiology, Univ. Med. School, Pécs, Hungary and Dept. of 
Anatomy & Neurobiology, Univ. of California, Irvine, CA 92717.

The rapid Golgi method was used to identify mossy cells in the hilar 
region o f monkeys o f different ages. In the newborn animals the 
dendrites o f mossy cells displayed only a few o f the characteristic 
thorny excrescences, but they had somai spines and pedunculate spines 
on the distal dendrites. The frequency o f thorny excrescences 
increased with age, and the adult-like appearance of mossy cells was 
reached by 7-9 months of age.

Electron microscopic preparations of adult mossy cells revealed the 
same ultrastructural features shown by Frotscher et al. (1991). In 
newborn and two week old animals, dendritic spines o f mossy cells 
were rare and small, whereas they were more numerous in the one and 
three month old monkeys where they appeared as finger-like 
protrusions or the ultrastructural counterpart of thorny excrescences.

Many o f the mossy fiber terminals o f the granule cell axons 
appeared immature at birth because they contained only a few synaptic 
vesicles and mitochondria. These immature terminals formed synapses 
with dendritic shafts and not with spines. In 30 day old animals most 
of the mossy terminals were mature and formed axospinous synapses.

Thus, the light and electron microscopic morphology of mossy cells 
significantly changes after birth coincident with the maturation of  
mossy terminals that are their major afferent.
(Supported by the U.S.-Hungarian Joint Fund, Grant No. 186/91 and 
NIH Grant NS-15669)

3 5 2 . 8
A  Q U A N T I T A T I V E  A N A L Y S I S  O F  T H E  C O R T I C A L  A F F E R E N T S  T O  T H E  
M O N K E Y  P E R I R H I N A L  (A R E A S  3 5  A N D  3 6 )  A N D  P A R A H IP P O C A M P A L  
(A R E A S  T H  A N D  T F )  C O R T I C E S . W .A . S u zu k i*  and D .G . A m aral. T he Salk  
In stitu te  and G roup  in  N e u r o sc ien ces , U C S D , L a Jolla , C A  9 2 0 3 7 .

T h e  perirhinal and parah ippocam pal co r tice s  co n stitu te  the m ajor sou rce  o f  cortical 
inp u t to  the m o n k ey  entorhinal cor tex . N e u r o p sy c h o lo g ica l stu d ie s  h a v e  sh ow n  that 
th ese  three cortica l areas con tr ib u te in an im portant w a y  to norm al m em ory  function . 
W e  h ave  in vestiga ted  d ie  organ ization  o f  cortica l inputs to  the m o n k ey  perirhinal and  
p arah ip p ocam p al c o r tice s  b y  p la c in g  in jec t io n s  o f  the retrograde tracers F ast b lue, 
D ia m id in o  y e l lo w , an d  W G A -H R P  in to  v a r io u s  le v e ls  o f  th e p er irh in a l and  
p arah ippocam pal cor tice s . T h e  d istribution  o f  retrogradely  lab e led  c e lls  throughout 
the brain w a s p lotted  from  a l - in - 1 6  ser ie s  o f  3 0  μ ιη  sec tio n s  and the total num ber o f  
la b e led  c e l ls  in c o n tig u o u s  7 6 9  μ ιη  w id e  co lu m n s o f  cortex  w ere  cou n ted  T h e  c e ll 
co u n ts  w ere  co n v er ted  in to  fou r  d ifferen t d en s ity  v a lu e s  and w e re  represen ted  on  
u n fo ld ed  2 -d im en sio n a l m ap s o f  the tem poral, insular, c in g u la te , and frontal cortices. 
A  total o f  33  s u c c e s s fu l retrograde tracer in ject io n s  h a v e  b een  an a ly zed . W e  fou n d  
m a jo r  d if fe r e n c e s  in th e d is tr ib u tio n  o f  co r tica l in p u ts  to  th e p erirh in a l and  
p arah ip p ocam p al co r tice s . T h e  perirhinal cor tex  r e ce iv e s  its m ajor sou rce o f  cortica l 
inp u t from  the u n im od a l v isu a l area Т Е  and  a strong input ar ises  from  the cau d a lly  
ad jacen t parah ip p ocam p al co r tex . P erirh inal cortex  re c e iv e s  m od erate  p ro jection s  
from  the dysgran ular and granu lar p o rtio n s o f  d ie  in su lar  co r tex , area 2 4  o f  the  
c in g u la te  co r tex , and areas 11, 12, and 13 o f  the fronta l lo b e . T h e  parah ippocam pal 
co r tex , in con trast, r e c e iv e s  its  s tro n g est input from  p o ly m o d a l m e a s  su ch  as the 
d o rsa l bank  o f  d ie  su p er io r  tem p ora l su lc u s  and th e re tro sp len ia l co r tex . It a lso  
r e c e iv e s  m o d era te  p ro je c tio n s  from  th e ca u d a l p o rtio n s  o f  area  Т Е , d ie  rostral 
p ortion s o f  area V 4 , parainsular cortex , agranular in su la  and areas 9 , 4 6 , 4 5 , and 13 
o f  the frontal lo b e . In contrast to  d ie  perirhinal co r tex , the p arah ip p ocam p al cortex  
a ls o  r e c e iv e s  a  m od erate to strong  p ro jection  from  area 7a  o f  the p oster ior parietal 
lo b e . T h e se  s tu d ie s  d em o n stra te  that th e perirh in al and p arah ip p ocam p al co r tice s  
r e c e iv e  d e c id e d ly tlif fe r e n t  k in d s o f  co r tica l in form ation  and su g g est that they m ay  
b e  con trib u ting  in d ifferen t w a y s  to m em ory  fu n ction .

3 5 2 .1 0

ELECTRON MICROSCOPY OF PARVALBUMIN NEURONS AND 
AXON TERMINALS IN THE PRIMATE ENTORHINAL CORTEX.
C. E. Ribak*. T. M. Goldenberg and C. Leranth. Depts. Anatomy & 
Neurobiol. and Neurosurg., Univ. o f California, Irvine, CA 92717; 
Sect. Neurobiol. & Ob/Gyn, Yale Univ. Sch. Med., New Haven, CT 
06510.

Parvalbumin (PV) is a calcium-binding protein that is localized to a 
subpopulation o f GABAergic neurons in the neocortex and 
hippocampus. Previous light microscopic studies showed that PV cell 
bodies are found in all layers of the primate entorhinal cortex. The 
present study analyzed the electron microscopic features of the PV- 
positive neurons and axon terminals in layer II of the entorhinal cortex 
of green monkeys. This layer in primates is characterized by cell islands 
that are composed o f both PV-positive and PV-negative neuronal 
somata. The PV-positive somata are smaller than PV-negative somata 
and display highly infolded nuclear envelopes. PV-positive dendrites 
are aspiny, and many axon terminals form asymmetric and symmetric 
synapses with these dendrites. PV-positive axon terminals form 
symmetric synapses with PV-positive and PV-negative somata and 
dendrites. They also form symmetric synapses with the axon initial 
segments of PV-negative neurons. The PV-positive axon terminals at 
these sites are found next to PV-negative axon terminals forming 
symmetric synapses. Therefore, it appears that the PV neurons in 
entorhinal cortex are a subpopulation o f two types o f GABAergic 
neuron, the basket and chandelier cells. This finding is similar to that in 
the hippocampus whereas the basket and chandelier cells in neocortex all 
contain PV.
(Supported by NIH Grants NS-15669, NS 26068 and MH 44866)

3 5 2 .1 2

P R IN C IP L E S  O F I N T R IN S IC  H IP P O C A M P A L  
CIRCUITRY ARE SIM ILAR IN RAT AND M ONKEY. D.G. 
Amaral and B.W. Leonard* The Salk Institute, La Jolla CA. 92037 

Recent anatomical analyses of the intrinsic circuitry of the rat 
hippocampal formation using the PHA-L anterograde tracing technique 
have demonstrated that the CA3 and CAI neurons have divergent but 
highly organized projections. The CA3 to CAI projection has a very 
extensive longitudinal component and the terminal distribution 
demonstrates an orderly gradient that varies along both transverse and 
radial dimensions. The CAI to subiculum projection terminates in a 
distinctive columnar fashion. In the present series of experiments, we 
investigated whether the intrinsic projections of the primate hippocampal 
formation are organized similar to those in the rat. Small iontophoretic 
injections of P h a se o lu s  v u lg a r is  leucoagglutinin (PHA-L) were 
stereotaxically placed in different transverse positions of the CA3 and 
CAI fields of adult M  fa sc icu la r is  monkeys. PHA-L labeled axons were 
immunohistochemically visualized in 30 pm coronal sections. As in the 
rat, proximal portions (i.e., closer to the dentate gyrus) of CA3 originated 
projections that terminated most heavily in the superficial portion of str. 
radiatum of CAI. Conversely, distal portions (i.e., closer to CA2) of CA3 
terminated most heavily in str. oriens of CAL Also, as in the rat, proximal 
portions of CAI originated projections that terminated in a restricted 
distal portion of the subiculum. Distal portions of CAI also terminated in 
a columnar fashion in proximal subiculum. Both the CA3 and CAI 
projections were quite divergent. For example, a 1 mm dia. injection at 
one restricted level of CA3 led to labeling throughout approximately 65% 
of the longitudinal extent of CAI. These data suggest that similar 
principles of organization are at work in determining the pattern of 
intrinsic hippocampal connections in the rat and monkey hippocampal 
formation.
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352.13
MORPHOLOGICAL EVIDENCE THAT HYPOTHALAMIC SUBSTANCE P 
(SP)-CONTAINING AFFERENTS CAN FILTER THE SIGNAL FLOW IN THE 
MONKEY HIPPOCAMPUS. C. Leranth*1 and R. Nitsch2. Dept. of OB/GYN 
and Section of Neurobiol., Yale Univ., School of Med., New Haven, CT 06510 
USA  ̂ and Ctr. of Morph., Univ. of Frankfurt, D-6000 Frankfurt/M., FRG^.

This study in the African green monkey (Cercopithecus aethiops) analyzes 
the innervation of hippocampal non-principal neurons by SP-containing fibers 
originating in the supramammiliary nucleus. Correlated LM/EM double 
immunostaining analyses using the Ni-DAB/DAB technique revealed that these 
extrinsic fibers, in addition to terminating on dentate granule and CA2 
pyramidal cells by forming asymmetric synapses, establish multiple, 
exclusively asymmetric contacts with three specific subpopulations of 
nonpyramidal cells: 1) a small portion of GABAergic parvalbumin-containing 
basket cells located periodically in or adjacent to the granule cell layer; 
2) some of the local circuit calbindin (CB)-immunoreactive neurons located in 
the hilus; and 3) CB-containing cells occurring exclusively in the stratum 
moleculare of the middle portion of the CA3 subfield. Postembedding 
immunostaining revealed that the aforementioned CB neurons are GABAergic 
inhibitory cells.

These observations provide morphological evidence that hypothalamic 
afferents in the monkey hippocampal formation, can effectively filter the 
information flow at different levels of the excitatory signal loop: 1) dentate 
granule cells which are only stimulated by extrinsic SP fibers may transfer 
excitatory signals differently than those controlled by feed-forward inhibitory 
mechanisms initiated by these SP axons; and 2) in CA3, the signal flow may 
again be depressed in circumscribed areas controlled by those CB-containing 
GABAergic neurons which are stimulated by hypothalamic SP neurons.

Supported by grants NIH NS 26068 and MH 44866 to C .L., and DFG Ni 
344/2-1 and 344/5-1 to R.N.

352.14
L I G H T  R E F L E C T A N C E  F R O M  T H E  C A T  D O R S A L  H I P P O C A M P U S  
R E V E A L S  B A N D I N G  P A T T E R N S  T H A T  C H A N G E  W IT H  B E H A V IO R A L  
S T A T E . G , R . P o e * .  D . M . R e c to r .  M . P . K r is t e n s e n  and R . M . H a r p e r . 
D e p a r t m e n t  o f  A n a to m y  an d  C e l l  B i o l o g y  a n d  th e  I n t e r d e p a r t m e n t a l  
N e u r o s c ie n c e  P rogram , U C L A  S c h o o l o f  M e d ic in e , L os A n g e le s , C A , 9 0 0 2 4 -  
1 7 6 3 .

T o p o g r a p h ica lly  o rg a n ize d  la m ella r  or s la b - lik e  p ro je c tio n s  e x is t  w ith in  the 
d o r s a l  h ip p o c a m p u s  (T a m a m a k i and N o j y o ,  J C o m p a r  N e u r o l  2 9 1 : 5 0 9 - 1 9 ,
1 9 9 0 ) . L ig h t sc a t te r in g  im a g in g  p ro ce d u re s  m ay  b e u sed  to a s s e s s  th e sp a tia l  
o r g a n iz a t io n  o f  n e u r a l a c t iv i t y ,  s in c e  d e c r e a s e d  6 6 0  nm  l ig h t  r e f l e c t a n c e  
c o r r e la t e s  w ith  in c r e a s e d  n e u r a l a c t iv i t y .  W e  in v e s t ig a t e d  w h e th e r  l i g h t  
r e f le c ta n c e  m e a su r e m e n ts  c o u ld  r e v e a l  s p a t ia lly  o r g a n iz e d  a c t iv a t io n  in  a ie  
d o r s a l  h ip p o c a m p u s  o f  th e  f r e e l y  b e h a v in g  c a t  an d  w h e t h e r  th e  s p a t ia l  
arrangem ent o f  l ig h t re flec ta n ce  patterns varied  ov er  s leep -w a k in g  sta tes .

W e u sed  a fib er  o p tic  prob e co u p led  to C C D  v id e o  circu itry  to m on itor lig h t  
r e f le c ta n c e  from  th e d o rsa l h ip p o ca m p u s  o f  fo u r  f r e e ly  b eh a v in g  c a t s . U n der  
s u r g ic a l a n e s th e s ia , e le c tr o d e s  w ere  p la c ed  to record  th e E O G , c o r tic a l E EG , 
d ia p h ra g m a tic  E M G , n eck  EM G , and E C G . T he im a g e  prob e w as then  lo w er ed  
to  the su r fa c e  o f  th e d o rsa l h ip p o ca m p u s  and f ix e d  w ith  d en ta l ce m en t. A fter  
o n e  w e e k  s u r g ic a l  r e c o v e r y ,  im a g e s  fr o m  th e  d o r s a l  h ip p o c a m p u s  w e r e  
d ig it iz e d  o v er  6 -h ou r p er io d s  at a p p r o x im a te ly  0 .5  H z. T he v id e o  d ig it iz e r  w as 
tr ig g e re d  by th e p ea k  o f  th e E C G  R -w a v e . E le c t r o p h y s io lo g ic a l  s ig n a ls  w e re  
a lso  d ig it iz e d  and sco red  for s le e p  sta te . Im a g es w ith in  each  s leep -w a k in g  state  
w e re  a v e r a g e d  and c o m p a r ed  u s in g  p ix e l - b y - p ix e l  s u b tr a c t io n  and A N O V A  
p roced u res ( a  = 0 .0 5 ) .

T he d o rsa l h ip p o ca m p u s ex h ib ite d  m arked  13 0  to 170  pm  bands o f  a c t iv ity .  
B a n d s  w e re  f r e q u e n t ly  su p e r im p o s e d  u p on  th in n er  c o n c e n t r ic  p a tte r n s . T he  
w idth , p o s it io n  and in ten s ity  o f  the bands varied  w ith  b eh av iora l state .

S u p p o r te d  b y  H L -2 2 4 1 8 . G .P . is  su p p o r te d  by  a H o w a rd  H u g h es  M e d ic a l  
In stitu te  P redoctora l F e llo w sh ip . D .R . is  supported  by N ID R  DE 0 7 2 1 2 .

PSYCHOTHERAPEUTIC DRUGS: EFFECTS ON NEUROTRANSMITTER SYSTEMS

353.1
MODULATION OF SEROTONIN RECEPTOR SUBTYPES BY 
TREATMENT WITH mCPP AND ALPRAZOLAM. G.N. Pandev*. 
S.C. Pandev. Y. Dwivedi. X. Ren and J.M. Davis. Illinois State 
Psychiatric Institute, Chicago, Illinois 60651 

Meta-chlorophenylpiperazine (mCPP), which is a metabolite of 
trazodone, has been shown to cause anxiety and a worsening of symptoms 
in patients with obsessive compulsive disorders. Alprazolam, on the other 
hand, has been shown to be effective in the treatment of generalized 
anxiety disorder. Serotonin receptor subtypes such as 5HT2, 5HT1C and 
5HT3 appear to be involved in anxious behavior. In order to examine 
the role of serotonin receptor subtypes in anxiety, we determined the 
effect of chronic treatment with mCPP and alprazolam on serotonin 
receptor subtypes in rat brain. Male Sprague-Dawley rats were treated 
with mCPP or alprazolam (5 mg/kg twice per day) for 14 days and were 
decapitated about 20 hours after the last injection. 5HT1C receptors were 
measured in cortex, hippocampus and choroid plexus using 3H- 
mesulergine as the ligand. 5HT2 receptors were measured in cortex using 
125I-LSD. We observed that treatment with mCPP significantly 
decreased 5HT2 receptors in cortex as well as 5HT1C receptors in cortex, 
hippocampus and choroid plexus. However, treatment with alprazolam 
significantly increased 5HT1C receptors in hippocampus and choroid 
plexus without producing any change in 5HT1C and 5HT2 receptors in 
cortex. There was no significant effect of treatment with alprazolam or 
mCPP on 5HT3 receptors. These results thus suggest that 5HT1C 
receptors may be involved in anxiety and anxious behavior.

353.3
LITHIUM TREATMENT SUPPRESSION OF THE BRAIN POLYAMINE 
RESPONSE INDUCED BY DEXAMETHASONE. G.M. Gilad* and V.H. 
Gilad. Fac. of Med., Technion-Israel Inst, of Technol., 
Haifa, Israel.

It has previously been shown that chronic, but not 
acute, lithium treatment indirectly prevents the 
dexamethasone-induced increase in brain polyamine- 
metabolizing enzymes. In the present study we determined 
the effects of lithium treatment on changes in cellular 
polyamines, б hours after dexamethasone challenge. The 
findings demonstrate that chronic lithium treatment 
completely prevents the accumulation of putrescine, in 
parallel to its prevention of the dexamethasone-induced 
increase in ornithine decarboxylase activity. A partial 
attenuation of this polyamine response was also observed 
in the liver. Only minor and inconsistent changes were 
observed in the concentrations of the polyamines, 
spermidine and spermine. It is suggested that suppression 
of the stress-induced polyamine response in the brain may 
be an important mechanism through which prophylactic 
lithium may exert its beneficial effect in manic- 
depressive illness.

353.2
EFFECT OF SELECTIVE SEROTONIN (5-HT) REUPTAKE INHIBITORS 
(SSRI) AND TRICYLIC ANTIDEPRESSANTS ON EXTRACELLULAR 
DOPAMINE (DA), HOMOVANILLAC ACID (HVA) AND 5-HYDROXY- 
INDOLEACETIC ACID (5-HIAA) IN RAT STRIATUM (STR). H.Y. 
Meitzer*. J. Ichikawa and B.L. Chai. Dept. of Psychiatry, Case Western Reserve 
University School of Medicine, Cleveland, Ohio 44106 

There is considerable evidence for an inhibitory effect of 5-HT on nigrostriatal 
DA neurons. Clinically, SSRI produce extrapyramidal side effects (EPS) and 
even tardive dyskinesia in some patients, consistent with decreased STR DAergic 
activity. We investigated the ability of i.p. administration of 3 SSRI: fluoxetine 
(FLU) 10 mg/kg, paroxetine (PAR) 5 mg/kg, and Citalopram (CIT) 15 mg/kg, 
as well as chlorimipramine (CMI) 10 mg/kg, imipramine (IMI) 10 mg/kg, ami
triptyline (AMI) 10 mg/kg and saline to alter extracellular DA HVA and 5- 
HIAA concentrations in the STR of awake, freely moving rats 180 min following 
drug administration. FLU produced a significant decrease in extracellular STR 
DA concentrations (AUC 67.7% of baseline), HVA (73.4%) and 5-HIAA 
(74.3%). PAR and CMI had no effect on extracellular DA, but both significant
ly decreased extracellular 5-HIAA (75.1 and 61.0% of each baseline level, res
pectively). IMI and CMI both increased extracellular DA (147.8% and 123.2% 
of each baseline level, respectively). IMI also increased extracellular HVA 
(129.1% of baseline levels). AMI had no effect on extracellular DA HVA or 
5-HIAA levels. These preliminary results suggest that at the doses studied, FLU 
differs significantly from PAR and CIT with regard to the ability to decrease 
extracellular DA levels in the STR. The ability of CMI and IMI but not AMI 
to increase extracellular DA suggests significant variability also exists among 
tricyclic antidepressant drugs to alter extracellular DA concentrations. The ef
fects of FLU to increase extracellular DA may not be due to its inhibitory effect 
on 5-HT neurotransmission since PAR and CIT did not affect extracellular DA 
but did decrease 5-HIAA Studies of the effect of these drugs on extracellular 
DA in the STR as well as other brain regions after acute and chronic admini
stration should clarify if these effects on extracellular DA concentrations are 
important to their antidepressant action or side effect profile, especially EPS.

353.4
PRECLINICAL STUDIES OF ACUTE EFFECTS OF THE 5-HT1A AGONIST 
FLESINOXAN USING IN VIVO ELECTROPHYSIOLOGY AND HYPOTHERMIA 
PARADIGMS. V. Hadrava*. P. Blier, T. Dennis and C. de Montianv. 
Neurobiological Psychiatry Unit, McGill University, Montréal, Canada H3A 1A1.

Flesinoxan is a high affinity (рҚ = 8.8) and selective 5-HT1A ligand which does 
not generate 1-(2-pyrimidinyl) piperazine. This study was undertaken to 
characterize its 5-HT1A agonistic properties in the brain of male Sprague-Dawley 
rats. The suppressant effect of microiontophoretic applications of flesinoxan on the 
firing activity of hippocampus CA3 pyramidal neurons was blocked by concomittant 
application of the 5-HT1A antagonist BMY 7378. While concomittant application of 
flesinoxan blocked the suppressant effect of 5-HT on CA3 pyramidal neurons, it 
failed to do so on dorsal raphe 5-HT neurons, indicating that flesinoxan acts as a 
partial agonist at postsynaptic 5-HT1A receptors and as a full agonist at 
presynaptic 5-HT1A receptors. The intravenous (i.v.) administration of flesinoxan 
suppressed the firing activity of both 5-HT and hippocampal neurons. However, 
when compared to 8-OH-DPAT, about 50 times higher doses of flesinoxan were 
required to achieve complete inhibition of both neuronal populations.

The brain penetration of pHjflesinoxan or [3H]8-OH-DPAT was then determined 
6 min after their i.v. administration. Rats injected with [3H]8-OH-DPAT had a 50- 
fold greater accumulation of radioactivity in brain than rats injected with [3H]fle- 
sinoxan, providing an explanation for the differential i.v. effectiveness of flesinoxan 
and 8-OH-DPAT, despite their similar affinity for brain 5-HT1A receptors.

Subcutaneous administration of flesinoxan and 8-OH-DPAT produced a dose- 
dependent hypothermia which was attenuated by the prior administration of 
pindolol, a 5-HT1A antagonist. Similar degrees of hypothermia were achieved with 
3 mg/kg of flesinoxan and 0.5 mg/kg of 8-OH-DPAT. The maximal effect of 
flesinoxan occured 30 min later than that of 8-OH-DPAT and faded more slowly.

In conclusion, the 5-HT1A agonistic properties of flesinoxan suggest that it might 
exert in humans anxiolytic/antidepressant effects.
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353.5
PRESYNAPTIC MODULATION OF 5-HT RELEASE IN THE GUINEA PIG 
BRAIN FOLLOWING LONG-TERM ADMINISTRATION OF ANTIDEPRESSANT 
DRUGS. P. Blier* and C. Bouchard. Neurobioloaical Psychiatry Unit, Department 
of Psychiatry, McGill University, Montréal, Canada, H3A 1A1.

The electrically evoked release of [3H]5-HT was studied in preloaded slices of 
hypothalamus, frontal cortex and hippocampus prepared from guinea pigs 
treated for 21 days with the reversible type-A MAOI befloxatone (0.75 
mg/kg/day) or the selective 5-HT reuptake blocker paroxetine (10 mg/kg/day), 
delivered subcutaneously by osmotic minipumps. These were removed 48 h 
prior to the experiment to allow elimination of the drugs. The evoked release of 
[3H}5-HT was enhanced in slices prepared from the three brain structures in both 
treated groups. In hypothalamus and hippocampus slices, the effectiveness of 
the 5-HT autoreceptor agonist 5-methoxytryptamine to decrease the evoked 
release of [^јб-НТ was attenuated in the paroxetine group, but not in the 
befloxatone group. On the contrary, the effectiveness of the c^-adrenergic 
receptor agonist UK 14.304 to decrease the evoked release of pH]5-HT was 
attenuated only in the befloxatone group. However, the efficacies of the same 
5-HT and c^-adrenergic agonists were not altered by the two pretreatments in 
slices prepared from the frontal cortex. Finally, the enhancing effect of the 5-HT3 
agonist 2-methyl-5-HT on the evoked release of рНЈБ-НТ was unaltered in the 
three brain regions by long-term befloxatone, but markedly attenuated by 
paroxetine. In contrast, a two-day paroxetine treatment also followed by a 48 h 
washout did not alter this 5-HTg response in frontal cortex slices.

These results indicate that the enhanced release of 5ΉΤ is not restricted to 
a single brain structure. In the hypothalamus and hippocampus, this 
enhancement by paroxetine could be explained by the desensitization of the 5- 
HT1D autoreceptor whereas that produced by befloxatone could result from the 
desensitization of the c^-adrenergic heteroreceptor also located on 5-HT 
terminals. The mechanisms by which 5-HT release is enhanced in the frontal 
cortex following paroxetine and befloxatone remain to be elucidated.

353.7
THE EFFECTS OF SERTINDOLE ON REGIONAL CNS NEUROTENSIN 
CONCENTRATIONS IN THE RAT BRAIN. B. Kinkead*. M.J. Owens, and
C.B. Nemeroff. Dept of Psychiatry and Behavioral Sciences, Emory Univ. Sch. of 
Med., Atlanta, GA 30322.

Neurotensin (NT) is a tridecapeptide neurotransmitter that is hypothesized to be 
involved in the pathophysiology of schizophrenia and the mechanism of action of 
antipsychotic drugs. Acute and chronic treatment with clinically efficacious typical 
antipsychotics (e.g., haloperidol and chlorpromazine), dose-dependently increases 
NT concentrations in the nucleus accumbens and caudate nucleus of rats. In 
contrast, treatment with the atypical antipsychotic clozapine increases NT 
concentrations only in the nucleus accumbens. Sertindole, a putative atypical 
antipsychotic, is a potent antagonist at S-HT2, D2 and alphaj-adrenoreceptors and 
has a high 5-НТ2/Т>2 binding ratio similiar to other atypical antipsychotics. In an 
acute study, rats received either sertindole (0.05, 0.5, or 5.0 mg/kg), haloperidol 
(1.0 mg/kg) or vehicle. Haloperidol and the high dose of sertindole both increased 
NT concentrations in the nucleus accumbens and the caudate. In contrast, the 
intermediate dose of sertindole, a clinically relevant dose, only increased NT 
concentrations in the nucleus accumbens, whereas the low dose had no significant 
effect. These effects on NT concentrations support the hypothesis that sertindole 
may be an atypical antipsychotic and provides further evidence for the role of 5- 
HT2 receptor antagonism in the mechanism of action of atypical antipsychotic 
drugs. (NIMH MH-39415)

353.9
A COMPARISON OF THE EFFECTS OF CLOZAPINE AND HALOPERIDOL 
ON THE COGNITION OF PATIENTS WITH SCHIZOPHRENIA. T .E . 
Goidbfirgt J.M. Gold. C. Carpenter. K.F. Berman. L.B. Bigelow. D.R. 
Weinberger. National institute of Mental Health, Clinical Brain Disorders 
Branch, Washington, D.C. 20032

In this study, we assessed the effects of the atypical neuroleptic clozapine 
on cognition in comparison to the effects of the conventional neuroleptic 
haloperidol in a sample of patients with schizophrenia (N=18). Patients were 
first assessed on haloperidol after 12 or more weeks of treatment, and then 
clozapine after 12 weeks of treatment. Patients performed significantly better 
on a speed dependent test of vigilance and attention (the CPT), had more 
rapid reaction time, and had faster symbol coding while on clozapine. They 
performed significantly worse on the Wisconsin Card Sort, a test of executive 
function. Numerous other measures of cognitive function, including recall and 
recognition memory, abstraction, and digit span did not differ between the 
conditions. The pattern of results suggests that the improvements observed 
in the clozapine condition may be secondary to a reduction in effects. Results 
also indicated that those cognitive improvements noted with clozapine were 
not associated with changes in psychiatric symptomatology.

353.6
EFFECTS OF CHRONIC IMIPRAMINE TREATMENT ON SWIM STRESS 
INDUCED ALTERATIONS IN 14C-2-DEOXYGLUCOSE (2-DG) UPTAKE 
AND INDUCTION OF FOS-LIKE IMMUNOREACTIVITY (FLI). Gary E. 
Duncan* Darin J. Knapp. Kevin B. Johnson, and George R. Breese. Brain 
and Development Research Center and Dept. of Psychiatry, Univ. of North 
Carolina, Chapel Hill, N.C., 27599

The forced swim test is a pharmacological screen for antidepressant drug 
activity based on pharmacological antagonism of a stress-induced 
behavioral change. In this study, rats were injected daily with imipramine (20 
mg/kg) for 14 to 21 days and then processed in the test. Functional 
neuroanatomica! correlates of swim stress and imipramine-induced 
modification of the behavioral response to the stress were evaluated by 
autoradiographic analysis of 2-DG uptake and expression of Fos-like 
immunoreactiviy. Swim stress was associated with increased 2-DG uptake 
and induction of Fos-LI in the medial prefrontal cortex, ventrolateral orbital 
cortex (VLO), claustrum, cingulate cortex, retrosplenial cortex and lateral 
septal nucleus. Fos-LI was also expressed in numerous cells of the 
parvocellular paraventricular nucleus, but relative 2-DG uptake was not 
altered in this region. Chronic treatment with imipramine antagonized the 
stress-induced expression of Fos-LI in all of the above regions except for 
the lateral septum. Chronic imipramine treatment reduced the stress-induced 
2-DG uptake in the medial prefrontal cortex and lateral septum but did not 
antagonize the stress-induced metabolic activation in other brain regions. 
The results demonstrate that antagonism of stress-induced behavior by 
imipramine is associated with a reduction in the activation of select 
neuroanatomical regions and that 2-DG uptake and expression of Fos 
provide complementary information on stress-induced brain activity patterns 
and responses to imipramine. Supported by MH-39144, HD-03110, and HD- 
07201.

353.8
N EU RO LEPTIC -IN D U CED  VACU O U S CHEW ING M OVEM ENTS 
R ELA T ED  TO  A LTER A TIO N S O F P E P T ID E  mRNA IN 
STR IA TO N IG RA L AND STR IA TO PA LLID A L N EU RO N S. Michael
F . Eaan . Thomas M. Hvde. Yasmin L. Hurd. Richard J . Wvatt. and 
Joel E . Kleinman*. NIMH Neuroscience Research Center at St. 
Elizabeths, 2700 M.L. King Jr . Ave, S .E . ,  Washington, D .C . 20032.

Rats treated chronically with neuroleptics develop vacuous 
chewing movements (VCM s) reminiscent of tardive dyskinesia 
(TD) in man. This syndrome w as used as a model of TD to study 
changes in the two major outflow pathways of the striatum, the 
D1-mediated striatonigral and D2-mediated striatopallidal tracts. 
Rats were treated every three weeks for 36 weeks with haloperidol 
decanoate or vehicle and then withdrawn for 28 weeks. In a 
haloperidol-treated group that developed persistent VCM s, 
elevations were seen in striatal mRNA for enkephalin, dynorphin, 
and D2 dopamine receptors compared with vehicle-treated 
animals. In the accumbens, VCM rats had elevations in 
enkephalin and dynorphin mRNA. In haloperidol-treated rats 
without VCM s, striatal mRNA levels for D2 and dynorphin were 
elevated while that for substance P w as reduced. No changes 
were found in the accumbens in this group. These findings 
suggest that the VCM syndrome is mediated by increased activity 
in both the striatonigral and striatopallidal pathways. The pattern 
is consistent with persistent D2 blockade and increased D1- 
mediated striatonigral activity.

353.10
C LO Z A P IN E'S  SU PERIO R E FF IC A C Y  IS R ELA TED  T O  ITS 
N O R A D R EN ER G IC  PROPERTIES. A . Breier*. R.W. Buchanan. 
R.W. Waltrip II. N .L . Bryant. P .S . Goldstein. MD Psychiatric 
Research Cntr, Univ of MD Sch Med, Baltimore, MD. 2 1 2 2 8 .

Clozapine is an atypical neuroleptic with efficacy that is 
superior to conventional antipsychotic medications for chronic 
schizophrenia. To test the hypothesis that clozapine's 
noradrenergic properties are responsible for its differential 
efficacy, we examined the effects of clozapine (N = 1 1 ) versus 
haloperidol (N = 1 5 ) on several indices of noradrenergic 
function in the context of a double-blind, parallel groups efficacy 
study. 5 weeks of clozapine treatment resulted in 5-fold 
increases in plasma norepinephrine (N E) levels, with 
simultaneous increases in N E precursor (D O PA ) and precursor 
metabolites (D O PA C) levels, but no change in DHμ g , the major 
N E  intraneuronal metabolite and no effects on plasma cortisol 
and A C T H  levels. Haloperidol had no effect on any of these 
indices. Moreover, clozapine-induced increases in plasma N E  
levels were significantly related to its reduction in psychotic 
symptoms (r= -.6 8 , p = .03 ) and global symptomatology (r= -  
.71 , p = .0 2 ). These data suggest that clozapine has a more 
complex effect on noradrenergic function than increasing N E  
release alone and that these properties may account for its 
superior efficacy.
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3 5 3 .1 1
STRIATAL RECEPTOR OCCUPANCY WITH CLOZAPINE VS 
HALOPERIDOL IN SCHIZOPHRENIA USING PET WITH 11C- 
NMSP. R. Conley, D. Wring. E. Urbanska*. K. Jeffries, 
n. Tamm-nga. Maryland Psychiatric
Research Center, University of MD, Baltimore,
MD, and Johns Hopkins Med. Inst., Baltimore, MD.

Reduced occupancy of the striatal D2 receptor 
by clozapine, compared to traditional 
neuroleptics, may account for the unique 
antipsychotic efficacy of this drug. The 
literature suggests a range of 35%-60% striatal 
D2 occupancy with clozapine in contrast to 8 0%- 
95% occupancy with traditional neuroleptics, in 
naturalistic studies. Here, we report data from 
a within-subject, fixed-dose study, using three 
PET/NMSP scans for each subject: drug-free, on- 
haloperidol and on-clozapine. Eight subjects had 
a PET/NMSP scan using the usual technique while 
they were drug-free, haloperidol-treated (30 
mg/day x 42 days), and clozapine-treated (450 
mg/day x 42 days). Occupancy was calculated 
using the slopes of the caudate-cerebellar 
ratios in the drug scan divided by drug-free 
scan x 100%. D2 occupancy in caudate with 
haloperidol was an average of 80% + 3.3, 
compared with an occupancy of 11% + 5.2 for 
clozapine. Occupancy in putamen parallelled that 
in caudate. Moveover, striatal occupancy with 
both drugs was not correlated with response.

3 5 3 .1 2

E FFEC T S  OF ACUTE AND CHRONIC LITHIUM
TREATM ENT ON AMPHETAMINE-INDUCED DOPAMINE 
IN CREA SE IN THE NUCLEUS ACCUM BENS AND
PREFRONTAL CORTEX IN RATS. T. Baptista*. L. Teneúd. Q. 
Contreras. J.L . Burguera, M. Burquera and L. Hernandez. Lab. 
Behavioral Physiology. Universidad de Los Andes, Merida 5101-A. 
Venezuela.

The effects of acute and chronic administration of Lithium (Li) on 
the basal levels of Dopamine (DA), dihydroxyphenyl-acetic acid 
(DOPAC), homovanillic acid (HVA) and 5-hydroxy-indolacetic acid (5- 
HIAA) and the amphetamine-induced DA increase were simultaneously 
assessed in the Nucleus Accumbens (NAC) and Prefrontal Cortex 
(PFC) by brain dialysis in freely-moving rats. Acute Li (2 meq/L) was 
locally administered by reverse dialysis. Chronic Li (2 meq/kg) was in- 
tragastrically administered for 14 days. No effect was observed after 
acute Li administration. However, after chronic Li administration the 
basal levels of DOPAC and the amphetamine-induced DA increase in 
the NAC were significantly higher in the Li-treated rats than in the 
sodium treated controls. In the PFC, while the amphetamine-induced 
DA increase was not affected by chronic Li, the basal levels of DA and 
DOPAC were significantly decreased after Li administration. The effects 
of chronic Li in the NAC could be due to increased synthesis and/or de
creased release of DA, whereas in the PFC the effects could be due to 
a decreased synthesis of DA. The absence of effects of acute Li 
administration is in agreement with the therapeutic inefficacy of the 
acute use of the cation. The changes observed after chronic treatment 
in the NAC and the PFC could be related to the effects of Li on mood 
disorders and cognitive functions respectively.

O CULOM O TO R S Y ST E M : S U P E R IO R  C O L L IC U L U S A N D  B R A IN S T E M

3 5 4 .1

THE OCULOMOTOR INTEGRATOR ENCODES EYE POSITION IN 
LISTING’S COORDINATES. J.D.Crawford*1 and T.Vilis2. 1. Montreal 
Neurological Institute, Montreal, Canada, H3A 2B4. 2. Department of 
Physiology, University of Western Ontario, London, Canada, N6A 5C1.

Recent experiments suggest that short-lead burst neuron coordinates (the 
axes of eye rotation controlled by individual burst neuron populations) are 
symmetric about Listing’s plane (LP) (Crawford and Vilis, J. Neurophysiol. 
1992). Do oculomotor integrator coordinates also align with LP? Computer 
simulations of torsional integrator failure in a 3-D saccade generator predicted 
two results that would occur if and only if integrator coordinates align with 
LP: (1) the direction of ocular drift would be orthogonal to LP, and (2) eye 
position would settle toward a plane that is parallel to LP. These predictions 
were confirmed by 3-D eye recordings from four alert monkeys. Torsional 
drift was produced by injecting muscimol into the interstitial nucleus of Cajal, 
which is thought to be part of the torsional-vertical integrator (Crawford et 
al. Science 1991). The direction of drift was orthogonal to LP when viewed 
in torsional vs. horizontal plots, suggesting that the non-leaky horizontal 
coordinate was parallel to Listing’s plane. The drift settled toward a plane 
parallel to LP, suggesting that the "leaky" torsional coordinate was orthogonal 
to LP. Since the integrator couples torsional and vertical control like the 
extraocular muscles (ibid) it is more accurate to say that these coordinates are 
symmetric about LP. How would such alignments arise? To follow a 
precedent from sensory physiology (Shatz, Sci. Am er. 1992), neural activity 
may influence development of the synaptic connections underlying motor 
coordinates. If so, an alignment between LP and the coordinates of neural 
networks that normally move and hold the eye in LP would not be unexpected.

3 5 4 .3
EFFECTS OF ELECTRICAL STIMULATION IN THE OMNIPAUSE REGION ON 
CELLS IN THE SUPERIOR COLLICULUS OF THE MONKEY. F.T. Keller* and 
J.A. Edelman Smith-Kettlewell Eye Research Institute, San Francisco , CA and 
Graduate Group in Bioengineering, Univ. of California, Berkeley, CA 94115.

The overall goal of the present work was to further clarify the spatio-temporal 
pattern of neural discharge in the monkey superior colliculus (SC) during saccadic eye 
movements. Since saccades are very stereotyped movements, it has been difficult to 
unambiguously relate collicular discharge to any of the various dynamic saccadic 
control signals. In order to create saccades with much wider temporal variations in 
trajectory we have interrupted movements in midflight by microstimulation delivered 
to the omnipauser region (OPR) in the brain stem. Simultaneously we recorded from 
neurons in the deeper layers of the SC. By using threshold level stimulation in the 
OPR we have been able to create a variety of saccadic trajectories including brief 
interruptions (20-50 msec) of the original saccade followed immediately by a second 
saccade (Sj) to the vicinity of the original target. Other stimulations resulted in a 
complete truncation of the original movement followed by S2 after a normal latency 
period. Unexpectedly, all SC burst neurons were inhibited a short time after onset of 
the electrical stimulation in OPR (mean value = 4 msec). In addition, some of these 
cells were antidromically activated by single-pulse OPR stimulation, indicating that 
they are output neurons from the colliculus projecting to or through the OPR. Burst 
neurons with movement fields for large saccades reestablished their discharge before 
and during short latency S2 even though S2 were shorter than the inner boundary of 
the cell's movement field. In contrast, cells with small movement fields were not 
active during short-latency S2 even if S2 were well within these cells' field. If delays 
of S2 were of sufficient length to allow reafferent assessment of position error, cells 
showed the expected burst pattern for the second movement.
Supported by NIH grants EY06860 and EY06883.

3 5 4 .2

GRAVITY-CENTERED SPATIAL REFERENCE FOR THE VESTIBULO- 
OCULAR REFLEX IN RHESUS MONKEYS. D.E. Angelaki*& B.J.M. Hess.
Dept of Neurology, Univ of Zürich, Zürich, Switzerland.

The spatial organization of the vestibulo-ocular reflex (VOR) was studied in 
rhesus monkeys by applying fast, short-lasting head and body tilts immediately after 
constant velocity rotation (+90°/s) about an earth-vertical axis. If the VOR is 
organized in head-centered coordinates, postrotatory eye velocity should remain 
invariant relative to the angular acceleration stimulus axis. Alternatively, if the 
VOR is organized in gravity-centered coordinates, postrotatory eye velocity should 
remain invariant relative to gravity. Our results show that postrotatory eye velocity 
always decayed along a line parallel to gravity, independently of the plane, 
amplitude and dynamics of the imposed tilt: Tilts through acute angles resulted in a 
rotation of the eye velocity vector in the same direction as gravity through a similar 
angle. Tilts through obtuse angles evoked two different strategies: For horizontal 
VOR, the torsional or vertical orthogonal components did not reverse polarity and a 
close alignment with gravity was usually limited to tilts up to .+90°. For vertical 
and torsional VOR, tilts through obtuse angles resulted in the generation of a 
horizontal orthogonal component of reversed polarity, such that the eye velocity 
vector rotated in the opposite direction as gravity, through an angle that was 
supplementary to the tilt angle. These results demonstrate that the central vestibular 
system is partly organized in gravity-centered rather than head-centered coordinates. 
While the initial fast VOR response is governed by the head-fixed frame of 
reference given by the semicircular canals, the later response, whose properties are 
dominated by the velocity storage integrating network, appears to undergo a central 
transformation from head- to gravity-centered coordinates. This coordinate 
transformation is based primarily on otolith inputs and involves the nodulus and 
ventral uvula, as suggested by its elimination following surgical ablation of these 
cerebellar structures. Supported by NIH F32 DC-00092 and SNSF 31-32484.91.

3 5 4 .4

ENLARGEMENT OF VISUAL RECEPTIVE FIELDS IN CAT 
SUPERIOR COLLICULUS BY SACCADES C. K. Peck*. S. M. Warder.
D. A Morris, and J. A Baro School of Optometry, University of Missouri- 
St. Louis MO 63121

In macaque, some neurons in posterior parietal cortex begin to fire 
before saccades that will bring a visual stimulus into their receptive 
fields. A smaller proportion of neurons in the intermediate/deep layers of 
superior colliculus (SC) show similar discharge patterns. Goldberg and 
colleagues have interpreted these firing patterns as evidence for 
predictive shifts in visual receptive fields to compensate for anticipated 
changes in the retinal locations of visual stimuli.

We have analyzed the responses of cat SC neurons in relation to 
fixation of visual and auditory stimuli. Approximately two-thirds of the 
intermediate and deep layer neurons studied showed vigorous responses 
during fixation of visual stimuli; 70% of the fixation-related visual 
neurons showed anticipatory increases in discharge rate. Somewhat 
fewer neurons exhibited vigorous increases in discharge during fixation of 
auditory stimuli; 60% of the fixation-related auditory neurons showed 
anticipatory increases in discharge rate. When measured at the onset of 
fixation, the population of visually responsive neurons had receptive field 
sizes which were significantly larger than those measured at the time of 
stimulus presentation. However, for the population of sound-responsive 
neurons, receptive fields were not significantly different in these two 
conditions. These results indicate that, while both auditory and visual 
representations in SC show dynamic changes associated with saccadic eye 
movements, there may also be modality-specific effects of saccades on the 
encoding of target location.
Supported by NS-21238
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3 5 4 .5
SOMATOSENSORY ACTIVITY IN THE SUPERIOR COLLICULUS (SC) 
INFLUENCED BY EYE POSITION. J. M. Groff and D. L. Snarks. Inst, for 
Neurological Sciences and Dept. of Psychology, U. Penn., Phila., PA 19104.

The primate superior colliculus contains visual and auditory maps encoded in 
eye-centered coordinates (Mays and Sparks, J. Neurophysiol. 43:207; Jay and 
Sparks, Nature 309:345). Previous studies of the cat (Stein et al., Science 
189:224) and mouse (Drager and Hubei, Nature 253:203) reported cells with 
somatosensory responses as well, but since these studies were conducted in 
anesthetized preparations with fixed eye and body positions, the coordinate 
framework of these responses could not be determined. Our previous work has 
shown that a common pool of motor cells in the primate SC is active during 
saccades to visual and somatosensory targets (Groh and Sparks, ARVO 1993), 
suggesting that somatosensory signals are transformed into an eye-centered 
coordinate framework. The purpose of this study was to determine whether such 
signals exist in the sensory-responsive cells of the SC.

Monkeys performed saccades to the locations of visual and somatosensory 
targets. The animal simultaneously grasped two levers mounted out of view 
beneath a visual display. Vibration of either of the levers served as a silent 
somatosensory stimulus. A delayed saccade task was used to separate sensory 
from motor activity. The monkey fixated a visual target while a somatosensory 
target was turned on. The monkey was required to wait until the fixation light 
was turned off before making a saccade to the somatosensory target. Initial eye 
position was varied by presenting different fixation targets.

Collicular cells with activity related to the presentation of somatosensory 
stimuli were recorded from one animal. The responses of most cells were clearly 
influenced by eye position. Cells tended to respond to visual stimuli as well. The 
responses to tactile stimuli were more variable than those to visual stimuli. We 
conclude that signals appropriate for activating collicular motor circuitry exist in 
many but not all of the somatosensory cells of the SC. Supported by NSF and 
NDSEG fellowships to JMG and NIH grant EY01189 to DLS.

3 5 4 .7

EFFECT OF CONTRAST AND STIMULUS PREDICTABILITY ON 
HUMAN HIGH FREQUENCY, VERTICAL OPTOKINETIC NYS
TAGMUS (OKN). J. L· Demer*. Jules Stein Eye Institute & Department of 
Neurology, University of California, Los Angeles, 90024.

Both stimulus luminance and contrast influence latency of visual processing, 
and luminance reduction is known to reduce gain and increase phase lag in 
tracking of unpredictable motion. To investigate effects of predictability and 
changes in target contrast, gain (eye velocity/stimulus velocity) and phase of 
vertical OKN were measured in 7 normally sighted adults (mean age 30 ± SD 7 
yrs) using magnetic search coils. The stimulus, a 13° x 14° horizontal square 
wave grating (0.8 cycle/0), was projected using a mirror galvanometer at a con
stant mean luminance of 2.5 cd/m2. Grating edges were blurred to avoid higher 
contrast there. Three levels of grating contrast were employed: 97%, 23%, and 
7%. Poorly predictable stimuli were sums of harmonics of 0.4 Hz (0.4-2.8 Hz). 
Predictable stimuli were the same frequencies presented as single sinusoids. 
Peak stimulus velocities were 22 and 45°/sec.

OKN gain was consistently greater during predictable than during unpredict
able motion. Gain declined with increasing stimulus frequency and peak velo
city, but did not decline with decreasing contrast.

For predictable stimulus motion, phase was always near 0° regardless of con
trast. For unpredictable motion, significant phase lags were present that 
increased with frequency to a maximum of 60° at 2.8 Hz. However, in distinc
tion to the previously described effect of decreasing luminance, phase lag during 
unpredictable motion did not change with decreasing contrast.

These data suggest that gain and dynamics of vertical OKN are not affected 
by contrast for contrast >7%. Stimulus contrast is probably less important than 
luminance in determining the dynamics of vertical visual tracking.

Supported by EY-08656, DC-01404, and Research to Prevent Blindness.

3 5 4 . 9

EYE AND HEAD VELOCITY SIGNALS IN THE VESTIBULO
CEREBELLUM AND BRAINSTEM OF THE GOLDFISH. R.R. de la Cruz*. 
A.M. Pastor. & R. Baker. Dept. of Physiology and Biology, University of 
Seville, Spain, NYU Medical Center, New York, NY 10016.

The processing of oculomotor and vestibular related signals was studied in 
the goldfish by recording from brainstem neurons and Purkinje cells during 
combined visual and vestibular stimulation that altered the ratio of eye to 
head velocity (VOR gain). Electrical stimulation of the vestibulo-cerebellum 
(VCB) produced conjugate horizontal eye movement towards the side of 
stimulation at a latency of 30 ms. Neurons in Area II, a discrete caudal 
brainstem region, exhibited two types of signals, ej and е^п Both were 
initially inhibited by VCB stimulation followed by a rebound excitation that 
was highly correlated with eye velocity and acceleration. Ei neurons 
exhibited only eye velocity sensitivity and projected to the VCB. Е^ц 
neurons exhibited both eye and head velocity sensitivity and were antidromic 
from the ipsilateral vestibular nuclei, but not the VCB. Only e ^ j neurons 
showed a head-related velocity signal during VOR cancellation. Two types of 
VCB Purkinje cells were found containing eye and head velocity sensitivity, 
ejvj and enVj, that differed only in their preferred direction for eye velocity 
activation. E ^  neurons were antidromic from only the vestibular complex. 
Envj neurons projected to Area II and likely produced the short latency 1 ms 
inhibition of Area II neurons. During VOR adaptation, changes in head 
velocity sensitivity of Area II е ^ п neurons paralleled eye velocity 
modification during head rotation. By contrast, neither the er only class of 
Area II neurons nor the exvi and envi Purkinje cells exhibited alteration of 
either their head or eye velocity sensitivity. These electrophysiological 
results establish direct pathways between the VCB with the vestibular 
nucleus and Area II that must account for the adaptive modification 
observed in brainstem pathways. We suggest that Area II is the source of 
unmodified eye velocity signals in Purkinje cell simple spike discharges as 
well as a modifiable pathway to the vestibular nucleus.

3 5 4 . 6
A  d e v e lo p m e n ta l m o d e l o f  m ap  r e g is tra tio n  in  th e  S u p er io r  
c o llic u lu s  u s in g  p r e d ic tiv e  h e b b ia n  le a r n in g  A. Pouget», P.R. 
Montague. P. Dayan, and TX Sejnowski,. The Salk Institute, La Jolla, CA 
92037.

The deep layers of superior colliculus are believed to encode the 
amplitude and direction of saccadic eye movements in motor coordinates. As 
demonstrated by Jay and Sparks, and Groh and Sparks, the position of 
sensory targets, whether visual, auditory or somesthetic, is cast into this 
reference frame regardless of the original sensory coordinates.

These sensory-motor transformations seem to involve a cortical loop 
either through the prefrontal cortex or through the posterior parietal 
cortex, two polysensory regions that project strongly to the superior 
colliculus. We present a model in which an appropriate cortical 
representation as well as the weights between the cortex and the superior 
colliculus are learned using a predictive form of the hebb rule for synaptic 
plasticity that is only activated when there is a failure to predict 
reinforcing stimuli. During training, units in the model develop response 
properties consistent with the ones reported in the prefrontal and parietal 
cortices.

Previous models have used either biologically implausible optimization 
procedures or reinforcement learning in networks with hand-crafted 
weights. Our model demonstrates that it is possible for the brain to learn 
complex sensory-motor transformations without any need for detailed 
supervision or a priori knowledge of the task.

3 5 4 .8

DO EXTRAOCULAR MUSCLE AFFERENT SIGNALS 
PLAY A ROLE IN THE HUMAN VESTIBULO-OCULAR 
REFLEX? P.C. Knox and I.M.L. Donaldson (SPON:Brain Research 
Association) Laboratory for Neuroscience, Department of Pharmacology, 
University of Edinburgh, 1 George Square, Edinburgh EH8 9JZ, U.K.

Having shown that afferent signals from the extraocular muscles (ЕОМ) 
modify the vestibulo-ocular reflex (VOR) of the pigeon in a manner which 
suggests they play a corrective role, we have attempted to repeat 
essentially the same experiment on ourselves. The subject sat in a 
vestibular chair observing a visual target, and was oscillated sinusoidally 
in the horizontal plane. Local anaesthetic was applied to the left eye and a 
suction contact lens attached which allowed us to impose movements of 
the eye (DEM) by means of a servo-controlled eyemover. The EOG of the 
right eye was recorded in the horizontal plane.

In the absence of the vestibular stimulus, movement of the right eye 
caused no movement of the left eye. During the vestibular stimulus, when 
the left eye was held stationary, the right eye continued to move 
sinusoidally; when the left eye was moved sinusoidally, at the same 
frequency as, and in the opposite direction to, the head, the gain of the 
VOR (measured from the EOG of the right eye) was related to the velocity 
of ШМ. As the peak velocity of ШМ increased, the gain of the VOR 
decreased.

These preliminary results suggest that the VOR can be modified by 
ЕОМ afferent signals. The nature of the modification, and its close 
similarity to our earlier results, suggests that the ЕОМ afferent signal may 
bring about moment-to-moment adjustment of the VOR.

3 5 4 .1 0

NEURAL NETWORK SIMULATION OF THE BURST  
GENERATOR OF THE PRIMATE VERTICAL SACCADIC  
SYSTEM. A. K. Moschovakis*. Dept. of Basic Sciences, Division 
of Medicine, School of Health Sciences, University of Crete, Greece.

The performance of a neural network that simulates the vertical 
saccade generating portion of the primate brain has been evaluated 
with the help of a microcomputer. Consistent with presently available 
anatomical evidence, the model makes use of a local feedback loop 
consisting of long lead burst neurons and resettable integrator units. 
The latter provide the long lead burst neurons with a feedback signal 
proportional to eye displacement (and not eye position). The model 
also includes a simple mechanism for resetting its integrator at the end 
of each saccade. This consists of omnipause units that inhibit all 
bursting presaccadic units with the exception of tectal ones. 2-D  
extensions of the model (these consist of 1-D versions of the model 
coupled through omnipause units), generate straight oblique 
saccades. Besides generating realistic eye movements and unit 
discharges, the model can generate staircases of saccades in response 
to stimulation of the superior colliculus. It can also account for the 
monotonie relation between motor error and the instantaneous 
discharge of presaccadic neurons of the superior colliculus without 
placing the latter within the local feedback loop. Model output in 
response to "stimulation" or "lesion" of model elements allows 
several experimentally testable predictions about the effects of 
stimulation or lesion of saccade related areas of the primate brain. 
(Supported by S.A.R. U-Ciete-298 and SCI*-CT91-0643).
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The gain field gradients of short-lead burst neurons 
are independent of saccadic on-directions.
K Hepp, Y  Suzuki, D S traum ann, BJM Hess, MC H epp-R eym ond*,
V  Henn. Neuro logy Dept. U niversity ,CH-8091 Zürich , Sw itzerland. 

E ye  p o s itio n s  in  L is tin g 's  p la n e  a re  c h a ra c te r iz e d  b y  2 -  
d im e n s io n a l ro ta tio n  v e c to rs  (x ,y), s a c c a d e s  fro m  ( x i , y i )  to  
(Х2.У2) b y  sa c c a d e  v e c to rs  (x2- x i , уг-уі) a n d  a v e ra g e  p o s itio n s  
(хі+Х2,уі+уг)/2. W e  h a v e  re c o rd e d  fro m  s a c c a d e -re la te d  s h o rt-  
le a d  b u rs t n e u ro n s  in  th e  r iM L F  a n d  P P R F  in  th e  rh e s u s  
m o n k e y  a n d  d e te rm in e d  th e  o p tim a l o n -d ire c t io n s  fo r  9  b in s  o f 
a v e ra g e  e y e  p o s itio n s . In m o s t u n its , o n -d ire c t io n  c h a n g e d  
lit t le  w ith  e ye  p o s itio n , b u t th e  a v e ra g e  f ir in g  ra te  (g a in )  in  th e  
o p tim a l d ire c tio n  v a r ie d  s ig n if ic a n tly  in  a b o u t 5 0 %  o f  th e  un its . 
M a n y  g a in  f ie ld s  w e re  p la n a r, b u t th e ir  g ra d ie n ts  w e re  fo u n d  to  
b e  in  a n y  d ire c tio n  re la t iv e  to  th e  o n -d ire c t io n . In s o m e  ca se s , 
th e  g ra d ie n ts  c o u ld  b e  p re d ic te d  fro m  th e  3 D  tu n in g  cu rv e s  
o b ta in e d  b y  3 D  s a c c a d e s  a n d  q u ic k  p h a s e s  o f  n y s ta g m u s  
d u r in g  h e a d  ro ta tio n  a b o u t th e  h o r iz o n ta l,  v e r tic a l, a n d  
to rs io n a l a x is  in  th e  ligh t. W e  h a v e  a ls o  fo u n d  h o r iz o n ta l a n d  
v e r tic a l n e u ro n s  w h o s e  g a in  f ie ld  g ra d ie n ts  w e re  p a ra lle l o r  
a n t i-p a ra lle l to  th e  s a c c a d ic  o n -d ire c t io n . W e  c o n c lu d e  th a t th e  
f ir in g  p a tte rn s  o f  s in g le  s h o r t- le a d  b u rs t n e u ro n s  c a n n o t be  
s im p ly  e x p la in e d  b y  th e  n o n - lin e a r  p ro p e r t ie s  o f  th e  e y e  p lan t. 

Supported  b y  S N F  3 10 0 -2 8 0 0 8 .8 9
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Burst Driver Neurons in the M esencephalon of the Trained 
Rhesus Monkey. C.R.S. Kaneko* and K. Fukushima Department 
of Physiology & Biophysics and Regional Primate Research Center, 
University of Washington, Seattle, WA 98195 and Department of 
Physiology, Hokkaido Univ. School of Medicine, Sapporo 060 Japan

A saccade-related class of neurons have recently been described in 
cats by Shimazu, Yoshida and colleagues. They are located in the 
nucleus prepositus hypoglossi (NPH) and environs, discharge for 
contralateral rotation, burst before contralateral horizontal saccades, and 
project to the region of excitatory burst neurons in the pons. Thus, they 
have been called burst driver neurons (BDNs) and posited to drive quick 
phases of nystagmus and, possibly, saccades in general. Recordings by 
Fukushima and colleagues in the region of the cat interstitial nucleus of 
Cajal (INC) have revealed similar neurons that are related to vertical 
motion. Because of BDNs potential significance, we sought similar 
neurons in monkeys trained to track movable targets with their eyes.

In literally hundreds of recording tracks in the NPH and adjacent 
structures, we were unable to find neurons that discharged like cat hori
zontal BDNs. In contrast, recording in the region of the INC in the mes
encephalon yielded many examples of vertical BDNs. They discharged 
for vertical saccades but only inconsistently and often weakly for vertical 
eye position and usually not at all for horizontal eye movements. They 
responded to vestibular rotation in the pitch axis during suppression of 
eye movements and were all type II. They also responded to smooth 
pursuit eye movements in the vertical plane in a non-linear fashion. We 
are now analyzing these discharge sensitivities quantitatively.

This study was supported by PHS grants EY06558 (NEI) and RR00166 (NIH) 
and 02670044from the Japanese MESC and Marna Cosmetics
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PROTEIN PHOSPHORYLATION REGULATES THE PRODUCTION 
OF ALZHEIMER AMYLOID B/A4 PEPTIDE. I. D Впхһяпт*+. E. H. 
Koo*L and P. Greengard*. +Lab. of Molecular and Cellular Neuroscience, The 
Rockefeller University, New York, NY 10021, and %)ept. of Pathology, Brigham 
and Women's Hospital, Boston, MA 02115

Several families with early-onset, autosomal dominant forms of Alzheimer disease 
(AD) have mutations in the Alzheimer amyloid protein precursor (APP), the 
precursor of Б/А4 peptide. These mutations cosegregate with the disease, thus 
implicating B/A4 peptide production in the symptomatology of AD. It is therefore 
of considerable importance to identify ways of reducing the production of ß/A4 
peptide. We have observed that treatment of cells with phorbol dibutyrate, which 
activates protein kinase C, and/or okadaic acid, which inhibits protein phosphatases 1 
and 2A, reduced ß/A4 peptide production by 50-80%. These effects were observed in 
various cell types, including human glioma cells and transfected cells expressing 
wild-type APP or mutant forms of APP associated with familial Alzheimer disease. 
Our results suggest that the decrease in ß/A4 peptide production is achieved by 
diverting APP metabolism to a non-amyloidgenic secretory pathway. We are 
currently extending these observations to identify first messengers which have similar 
effects pn ß/A4 peptide production and might form the basis for a novel therapeutic 
strategy for the prevention and treatment of Alzheimer disease. Furthermore, we are 
studying other systems of signal transduction to identify other regulators of ß/A4 
peptide production.

3 5 5 . 3

RELEASE OF FULL LENGTH APP FROM MEMBRANE FRACTIONS. 
JA  Ripellino1. D. Vassilacopoulou1· N. Tezapsidis2, Y. Chen1. V.Y.H. 
Hook2, and N.K. Robakis*1. ’Dept. of Psychiatry and Fishberg Res Cntr. 
for Neurobiol., Mount Sinai Med Ctr, New York, NY 10029, and 2Dept. 
of Biochemistry, Uniformed Services Univ., Bethesda, MD 20814.

The amyloid peptide (Aß) of Alzheimer’s disease is derived 
from the proteolytic processing of the amyloid precursor protein (APP) 
which, because of its primary structure, is considered as a 
transmembrane protein that spans the membrane bilayer with a 
hydrophobic sequence about 24 residues bng. An important, as well 
as puzzling, question for the mechanism of amyloid production relates 
to the proteolytic cleavage that produces the C-terminus of the Aß; the 
site of this cleavage is within the transmembrane region of APP which 
is thought to be buried within the lipid bilayer, and therefore relatively 
inaccessible to proteases. However, incubation of a cell-membrane 
fraction at 37°C resulted in a PH-dependent release of membrane- 
associated full length APP into the soluble fraction. Solubilization of 
this membrane-associated full length APP was differentially regulated 
by metals including Ca++, Zn++, and Mg++. Similar results were 
obtained using membranes from secretory vesicles.

The release of membrane-associated full-length APP under 
mild conditions and in the absence of detergent, has important 
implicat tons for the mechanism of Aß production and site of 
deposition. Further, our results suggest that the topology of at least 
a fraction of the membrane-associated full length APP may differ from 
the generally accepted model of an integral membrane protein that 
spans the lipid bilayer.

3 5 5 . 2
Characterization of Endogenous APP Processing in a Cell-Free 
System A, M, Brown+^AfaFΩlemp^tш#xA J^Ш ш^+lJλ-M lШ r#,aũ,ςLJ,,^ 
Sonnenberq-Reines+ + Lederle Laboratories, Pearl River, NY 10965. 
#New York State Institute for Basic Research in Developmental Disabilities, 
Staten Island, NY 10314.

We have devised a simple tissue-based assay system that separates 
the formation of C-terminal fragments from mature Alzheimer's amyloid 
precursor protein (APP) and the subsequent degradation of these 
fragments. In our system APP from tissue or cell culture sources is 
completely converted to a spectrum of fragments remarkably similar to those 
found in fresh tissue or cell culture extracts but in far greater quantity. The 
principal C-terminal products correspond to the complement(s) of PN2 
formed by 'secretase". These fragments have been identified by epitope 
mapping with antibodies to BAP and regions flanking BAP and comparison 
with the gel mobility of the 99 amino acid C-terminal fragment of APP 
expressed in cell culture.

We have characterized the qualitative and quantitative effects of pH, 
ionic strength, homogenization conditions and addition of a spectrum of 
protease inhibitors. The major cleavage reaction appears to be membrane 
associated, occurs optimally at pH 6 and is completely abolished above pH 7. 
This suggests that cleavage activity co-segregates with APP, but takes place 
in an acidic compartment and not at the plasma membrane. Secretase is not 
inhibited by lysosomal inhibitors, thus degradative activities can be inhibited 
without affecting secretase action. Further experiments will confirm that 
APP undergoes secretory cleavage in an acidic non-lysosomal compartment.

3 5 5 . 4

M A X I- C O N D U C T A N C E S  O B S E R V E D  F O R  

A L Z H E IM E R ’ S  D IS E A S E  A M Y L O ID  ß - P R O T E IN  

C H A N N E L S  IN  A R T I F IC IA L  L IP ID  M E M B R A N E S .  

N . A r is p e .  H .B . P o lla rd * ,  a n d  E . R o ja s .  L a b  o f  C e ll 

B io lo g y  a n d  G e n e t ic s ,  N IH , B e th e s d a ,  M D . 2 0 8 9 2

W e  h a v e  r e c e n t ly  s h o w n  th a t  th e  A lz h e im e r ’s  

D is e a s e  a m y lo id  ß - p r o te in  ( A ß P ,1 - 4 0 )  f o r m s  c a t io n  

c h a n n e ls  in  a r t i f ic ia l l ip id  b i la y e r s  ( P . N . A . S . ( U S )  

9 0 :5 6 7 - 5 7 1 ,  1 9 9 3 ) .  B o th  g a t in g  a n d  c o n d u c ta n c e  o f 

th e s e  c h a n n e ls  v a ry ,  d e p e n d in g  o n  th e  c a t io n  

c a r ry in g  th e  c u r re n t .  W e  d e s c r ib e  h e re  th a t  th e  A ß P  

c h a n n e ls  c a n  a ls o  e x h ib it  la rg e  c o n d u c ta n c e s  in  

s y m m e t r ic a l K C I s o lu t io n s  w i th  m a g n i tu d e s  a s  

la rg e  a s  5  n S . T h e  n u m b e r  o f  p re fe r r e d  s ta b le  

c o n d u c ta n c e  le v e ls  a p p e a r s  to  b e  v o l ta g e  d e p e n d e n t ,  

a l th o u g h  w e  o c c a s s io n a l ly  n o te d  h ig h  f r e q u e n c y  

f lu c tu a t io n s  b e tw e e n  tw o  h ig h  c o n d u c ta n c e  s ta te s .  

W e  s p e c u la te  th a t  if s u c h  c h a n n e ls  w e re  fo rm e d  in  

a  c e l l m e m b ra n e ,  th e  e n s u in g  io n  f lu x e s  d o w n  th e ir  

e le c t r o c h e m ic a l p o t e n t ia l  g r a d ie n ts  w o u ld  s a tu r a te  
a l l k n o w n  in t r a c e l lu la r  r e g u la to r y  m e c h a n is m s .
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355.5
STIMULATION OF APP SEC RET IO N  B Y  PH O RBO L ESTER IS 
REGULATED BY SIGNALS PRESENT IN BOTH CYTOPLASMIC AND 
EXTRACYTOPLASMIC DOMAINS. S. Efthimiopoulos. L.M. Refolo. K. 
Sambamurti, J. Shioi*. and N.K. Robakis. Dept. of Psychiatry, Fishberg 
Res. Cntr. Neurobiol., Mount Sinai Med. Cntr., NY, NY 10029.

Treatment of cell cultures with phorbol ester (PDBu) increase 
secretion of the soluble form of APP (Caporaso,G.L.et a l.,1992 PNAS 
USA 89, 3055). To obtain more information on the PDBu effects on 
APP secretion we transfected C6-gIioma cells with cDNA constructs 
encoding fusion proteins where 647 amino acids of the 
extracytoplasmic sequence of APP has been replaced by secreted 
alkaline phosphatase (SEAP). PDBu treatment increased secretion of 
both total APP751 and SEAP-APP to a similar extent, suggesting that 
the extracytoplasmic sequence is not involved in the response of total 
APP secretion to PDBu. Furthermore a SEAP-APP protein missing the 
last 32 cytoplasmic residues of APP failed to respond to PDBu 
suggesting that signals within the deleted cytoplasmic sequence are 
important for the PDBu stimulated APP secretion. PDBu also increased 
secretion of cell surface APP. However, cell surface SEAP-APP did not 
respond to this treatment suggesting that signals located in the 
extracytoplasmic domain may be important for the secretion of cell- 
surface APP. Phosphorylation experiments showed that the 
extracytoplasmic domain of APP is phosphorylated. The significance 
of this observation on the processing of APP will be discussed.

These results suggest that the response of APP secretion to 
phorbol esters depends on both it’s cellular site and signals present in 
different APP domains.

355.9
STUDIES ON THE DEGRADATION OF THE AMYLOID PRECURSOR 
PROTEIN. C.R. Abraham*. G. Papastoitsis. B.L. Razzaboni. K.J. Conn.
M. Pietropaolo. L. Mucke# and K. Kanemam, Boston Univ. Sch. of 
Med., Boston, MA 02118 and #The Scripps Research Institute, La 
Jolla, CA 92037.

Alzheimer's disease is characterized by the deposition of ß-protein 
(Aß) in the brain parenchyma and blood vessels. We have identified 
two proteases that could participate in the generation of Aß based on 
their ability to cleave a synthetic peptide flanking the N-terminus of 
the Aß and to degrade the full length human recombinant APP. One is a 
cathepsin G-like (catG) serine protease expressed in astrocytes in 
humans, monkeys and mice and the other is a metalloprotease similar 
to the rat endopeptidase 24.15, a neuropeptide processing enzyme. The 
catG-like protease is secreted from mouse cultured astrocytes and its 
activity on the synthetic peptide is completely neutralized by catG 
antibodies.

In order to prove the relevance of these proteases to APP degra
dation, we monitored APP fragments in lysates and media of human and 
rat glial and neuronal cell lines in the presence of various specific 
inhibitors. APP fragments were detected by immunoprecipitation 
after metabolic labeling or by Western blots using antibodies directed 
to various parts of APP, including Aß. APP fragments reactive with 
several APP C-terminal and Aß antibodies were detected in the media. 
Inhibition targeted at the above proteases altered APP degradation. We 
conclude that these APP fragments containing the Aß could be 
generated by proteases within the secretory pathway and, after 
secretion, further processed to the Aß by extracellular proteases. The 
proteases described above could take part in these processes.

355.6
MODELS OF INTRACELLULAR AND EXTRACELLULAR BETA AMYLOID 
PEPTIDE ACCUMULATION THAT SHOW STRUCTURE. E. M. Johnstone.
L. Babbev. R. F. Santerre, P. Stephenson. J .A .......Clemens. D. PauLD,
Williams and S. P. Little*. Lilly Research Laboratories, Eli Lilly and 
Company, Indianapolis, IN 46285.

Beta amyloid peptide (1-43) was expressed in 293 cells in a three-day 
transient assay experiment. The beta amyloid minigene expressed in this 
study consisted of exons 16 and 17 of the amyloid precursor gene, including 
the 6000+ bp intronic region. Two stop codons were placed after the residue 
43 codon to prevent read-through. Three vectors were designed for this 
study: (#1) human beta amyloid promoter - beta amyloid minigene, (#2) 
human beta amyloid promoter - signal peptide minigene, and (#3) BK virus 
enhancer/adenovirus major late promoter - minigene. Beta amyloid peptide 
was detected by Western blot analysis using R1280 or 10D5 antisera, and 
positively identified bands could be absorbed using synthetic amyloid 
peptide. Surprisingly, the detectable amyloid peptide is seen as a SDS 
stable species of 32 kd, 16 kd and 8 kd, etc. Culture media from cells 
transfected with #2 vector contained similar size forms.

Morphological analysis consisted of light microscopy using Nomarski 
optics, immunofluorescence and electron microscopy (EM). Fibril-like 
structures were detected by EM in the nucleus, cytoplasm or extracellular 
vacuoles, depending on whether the signal peptide was present or the 
promoter strength of the expression vector. Models such as those described 
above will be useful as pharmacological tools, with the addition of other 
components (such as alpha-1-ACT, P component) in the study of beta 
amyloid fibril toxicity, structure and general biology.

355.8
RECEPTOR-ACTIVATED AND BASAL RELEASE OF AMYLOID ß-PROTEIN 
PRECURSOR DERIVATIVES FOLLOW DISTINCT SECRETORY 
MECHANISMS R.M. Nitsch*. B.E. Slack. R.J. Wurtman and J.H. 
Growdon Department of Brain and Cognitive Sciences, M.I.T., 
Cambridge, MA 02139 and Department of Neurology, Massachusetts 
General Hospital, ACC 830, Boston, MA 02114.

Stimulation of cell-surface receptors coupled to PKC activation 
increases the secretion of soluble N-terminal amyloid ß-protein 
precursor derivatives (APPS) from cells in culture. These receptors 
include the muscarinic acetylcholine receptor (mAChR) subtypes ml 
and m3. We used HEK 293 cell lines stably transfected with cDNA 
encoding human ml and m3 mAChR to determine the role of vesicular 
transport in APPS secretion both after receptor activation and under 
basal unstimulated conditions. Basal APPS secretion was inhibited 40- 
60% by colchicine or cytochalasin В indicating that it is, at least in part, 
dependent on vesicular transport. Stimulated secretion induced by 
activating mAChR with carbachol was 4-8 times higher than basal and 
was not inhibited by either colchicine, or cytochalasin B, or both, in the 
first 30 minutes after stimulation. In the same time, receptor activation 
decreased cell-associated full-lengh APP (assessed by a C-terminal 
antiserum) by 50%. These results indicate that full-length APP is 
cleaved as an immediate result of receptor activation and show that 
this APP processing pathway is colchicine-insensitive whereas the 
secretory mechanisms involved in basal APPS are, at least in part, 
colchicin-sensitive. These data suggest distinct cellular mechanisms 
for basal and receptor-activated APPS secretion. Supported by NIMH, 
NIA, CBSMCT.

355.10
EXTRACELLULAR, BUT NOT INTRACELLULAR FORM OF 
AMYLOID BETA-PROTEIN PRECURSOR CAN BE DEGRADED 
THROUGH THE UBIQUITIN PATHWAY. L. Gregori. R. Bhasin*. and
D. Goldgaber. School of Medicine, SUNY at Stony Brook, Stony Brook, 
NY 11794-8101.

Accumulation and deposition of amyloid beta-peptide in the brain is a 
characteristic neuropathological feature of Alzheimer’s disease. Different 
degradation pathways have been suggested to be involved in the metabo
lism of the amyloid beta-protein precursor (APP). We focused on the 
ATP-dependent, ubiquitin mediated, protein degradation pathway and 
analyzed its role in the breakdown of recombinant extracellular and 
intracellular forms of APP. Using an in vitro reconstituted ubiquitin 
degradation system, we found that extracellular APP was degraded and the 
reaction was linear for about 1 hour. Under this condition almost 43% of 
the protein was converted into acid soluble material, with an initial rate of 
24nM/h. We also analyzed the final products of the ubiquitination reaction 
by Western blot analysis using antibodies against the N-terminal region of 
APP. The results indicated the formation of higher molecular weight 
species, representing ubiquitinated forms of APP. On the contrary, 
intracellular APP was only slightly degraded in the presence of ATP and 
ubiquitin and no APP-ubiquitin conjugates were detected. It appeared, 
therefore, that despite the large common region shared by the two forms, 
different mechanisms are involved in the degradation of intracellular and 
extracellular APP.
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355.7
SEQUESTRATION OF AMYLOID ß-PROTEIN. ΑΧ. Schwarzman1. L. 
Gregori1. W.J. Strittmater2. J. Enghild2. M.P. Vitek3. P.K. Covle1. A.D? 
Roses2. D. Goldgaber1*. School of Medicine. SUNY at Stony Brook, 
Stony Brook, NY 11794-8101. Department of Medicine, Duke 
University, Durham, NC 27710.3Picower Institute for Medical Research, 
350 Community Drive, Manhasset, NY 11030.

Amyloid ß-protein (ßA4 peptide) is a highly aggregating biologically 
active peptide that could be toxic for cells and forms extracellular amyloid 
depositions in brains and leptomeninges of patients with Alzheimer’s 
disease (AD) and related disorders. The mechanism of amyloid formation 
is not known. It is not clear why ßA4 peptide, that is a normal metabolic
product of ubiquitous APP, does not form amyloid and is not toxic in 

healthy individuals. We postulate the existence of a mechanism for 
sequestration and clearance of ßA4 peptide from extracellular space. 
Failure of this mechanism in patients leads to the formation of amyloid. 
Using radioiodinated synthetic ßA4(1.28) peptide we detected two human 
CSF proteins that bind the peptide with high avidity. Within minutes the 
radioactive ßA4 peptide formed SDS resistant complexes. Complex 
formation with radioactive ßA4(1.28) peptide was specific and was 
competed out by an excess of unlabeled ßA4(1_28) and ßA4(1_40) peptides. 
Apolipoprotein É which can also form SDS resistant complexes with BA4 
peptide was not able to compete with these two proteins. The proteins 
were purified and found to be 65 kDa and 15 kDa. The same proteins 
were detected in serum. The 15 kDa protein appeared to be the major 
ßA4 peptide binding protein in human ĆSF. Binding of these proteins to 
BA4 peptide prevented its aggregation. The sequence of these proteins 
will be presented.
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Biotinylated and cysteine modified peptides as useful reagents for studying the 
inhibition of putative N-terminal B- amyloid peptide enzymes. J. Sonnenberg-Reines. 
A.M. Brown. S. George. A.J. Blume , J.S Jacobsen, and J. Barrett* Lederle 
Laboratories, Pearl River, N.Y. 10965

An assay for studying the proteolytic activity of endopeptidases using a 
biotinylated and cysteine modified peptide has been developed. This assay is rapid, 
sensitive and reproducible. Although specifically used here for the detection of N- 
terminal BAP enzymes; this type of labelled peptide substrate is readily applied to the 
detection of other endoprotease activities. The method relies on a peptide which: (1) 
contains the amino acids flanking an enzymatic cleavage site (2) is biotinylated at die 
N-terminus which allows for the peptide to bind to scintillation proximity (SPA) 
beads and (3) contains an added cysteine at the C-terminus which allows for the 
incorporation of [̂ H] N-ethylmaleimide (^H-NEM). This arrangement provides a 
binding ligand on one side of the cleavage site and a radiolabel on the other side. 
Biotinylated peptide is bound to SPA beads (Amersham) which are coated with 
streptavidin and contain a core of scintillant The scintillant only emits energy when 
low energy beta emitters such as^H are in close proximity to the bead (i.e. bound). 
When a protease cleaves the substrate, the radiolabelled end of the peptide is liberated 
and counts are lost

It has been suggested that the enzyme involved in the N-terminal cleavage of 
amyloid precursor peptide (APP) to B-amyloid peptide (BAP) is a chymotrypsin-like 
serine protease such as cathepsin G. To study this enzymatic activity and screen for 
its inhibitors we have synthesized a peptide biotin-SEVKMDAEFdC which contains 
the amino acids flanking the N-terminal cleavage site of BAP. Tritiated NEM is 
covalently bound to the cysteine at the C-terminal end and the labelled peptide is 
purified by RF-HPLC. Following digestion of -̂ Η-labeled peptide by cathepsin G, 
cleaved and uncleaved substrates are bound to SPA resin and the enzymatic 
hydrolysis is measured as the loss of scintillation signal. This method has allowed 
us to rapidly determine kinetic constants and identify inhibitors of cathepsin G for its 
N-terminal BAP cleavage site.

CELL LINEAGE AND DETERMINATION: CELLULAR AND MOLECULAR SPECIFICATION
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FATE MAPPING STUDIES OF HENSEN'S NODE IN 
GASTRULATING AND NEURULATING MOUSE EMBRYOS. G.C. 
Schoenwolf* and T. Inagaki. Dept. of Anatomy, Univ. of Utah Sch. of 
Med., Salt Lake City, UT £4132.

Hensen’s node, the rostral end o f the primitive streak, has been well 
studied in chick embryos, but this structure has been virtually unstudied 
in mammalian embryos. We have fate mapped the mouse Hensen's node 
either by injecting single cells iontophoretically with rhodamine- 
conjugated horseradish peroxidase (HRP) or small groups o f cells 
pneumatically with a bolus of Dii. In the former case, single cells were 
visualized with fluorescence microscopy at the time o f injection and 
their descendants were viewed periodically, also with fluorescence; after 
cultures were terminated, embryos were processed for serial sectioning 
and sections were treated to deposit HRP reaction product. In the latter 
case, groups of cells were visualized with fluorescence microscopy at the 
time o f injection and periodically up to the time cultures were 
terminated. Embryos were then photoconverted to deposit HRP reaction 
product and processed for serial sectioning. The rostral end of the 
primitive streak was injected in mouse embryos at either 7.5 or 8.5 days 
of gestation (plug day = day 0) and embryos were placed into whole- 
embryo, rotating culture for periods of up to 24 h. In embryos at both 
ages, Hensen's node contributes cells to at least two tissue types: the 
notochord and midline endoderm. Whether other tissue types, such as 
floor plate of the neural tube and head mesenchyme, also derive from 
Hensen’s node (as in the chick) is currently under study. This work was 
done as part of a Multicenter Agreement for Studying Neural Tube 
Defects in Mutant Mice funded by the National Institutes of Health and 
Human Development, NIH, through Cooperative Agreement HD 28845.

3 5 6 .3

S P E C IF IE D  B L A S T  C E L L S  IN Z E B R A F IS H  N E U R A L  C R E S T  
D E V E L O P M E N T . D, W . Raib ie* and J .  S . E ise n . Institute of 
N eurosc ience , U niversity of Oregon, Eu g en e , O R , 97403

To  investigate the role of ce ll lineage in neural crest 
developm ent, w e labeled individual trunk crest ce lls  with 
fluorescent vital d yes in living zebrafish  em bryo s, and co n
structed lineages show ing tem poral se q u e n ce s  of d ivisions 
and relationships am ong progeny. Most prem igratory crest 
ce lls  acted a s  blast ce lls , dividing ce lls  which produce a sing le 
type of derivative . In contrast, som e neura l crest ce lls  pro
duced progeny of multiple phenotypes, but appeared  to do so 
by first generating blast ce lls . Tw o lines of evidence  suggest 
that pigment blast ce lls  are  specified  before reach ing their 
final positions: 1) their progeny often began to differentiate en 
route, and 2 ) progeny of som e individual b last ce lls  m igrated 
to w idely separate  locations. S e n so ry  b last ce lls  m ay a lso  be 
specified  before reaching the dorsal root ganglion, s in ce  they 
a ro se  in a particu lar location and underwent characte ristic  
m igratory b ehav iors. T h e se  resu lts suggest that lineally- 
derived cu e s  influence zebrafish  crest ce ll fate . Supported by 
H D 22486 , and the M DA.

3 5 6 . 2

PERTURBATION OF THE GRASSHOPPER MEDIAN NEUROBLAST 
LINEAGE. B.G . Condron and K. Zinn*. Division of Biology, 216-76 
Caltech, Pasadena, CA 91125.

We wish to develop techniques to study and perturb the 
development of neuroblast lineages in the grasshopper, Sch istocerca  
americana. We have employed a culture system in which a neuroblast 
can be microinjected with lineage tracer reagents and the subsequent 
development monitored. Using this technique with the median 
neuroblast (MNB), we have found that it produces both medial tract 
neurons and midline glia indicating that the MNB is in fact a 
multipotential stem cell. All progeny of the MNB initially express the 
homeobox-containing transcription factor, engrailed. This expression 
can be inhibited by microinjection of antisense oligonucleotides. 
Fluorescently labeled oligonucleotides are injected directly into the MNB 
nucleus and persist through many generations. The result of perturbing 
engrailed expression in this way is that only neurons are produced in the 
lineage. The same result is obtained by culturing with pharmacological 
reagents, such as IBMX, that raise intracellular cAMP levels. 
Microinjection of Walsh Inhibitor, a peptide inhibitor of protein kinase A, 
results in only glia being produced either in normal culture conditions or 
in the presence of IBMX. Thus protein kinase A is also required for the 
neuronal/glial decision. Coinjection of both engrailed antisense 
oligonucleotides and Walsh inhibitor results in a neuron only phenotype, 
indicating that engrailed operates downstream of protein kinase A. Thus 
we have shown that the median neuroblast produces both glia and 
neurons. This choice is influenced by both engrailed expression and the 
activity of protein kinase A. We have begun to examine the same 
phenomena in Drosophila using genetic techniques.

3 5 6 . 4

THE MONOCLONAL ANTIBODY HNK-1 MARKS GEOGRAPHICALLY 
RESTRICTED SUBSETS OF RAT NEURAL CREST CELLS. Ζ Ω ,  
Bannerman* and D.E. Pleasure. Dept. o f Neurology Research, 
Children's Hospital o f Phila., Univ. o f PA Sch. o f Med., Phila., 
PA 19104

A m onoclonal antibody (192-IgG) directed against the rat 
p7 5-low affinity nerve growth factor receptor bound to all rat 
sp inal neural crest cells (NCC) in  vivo, as w ell as in  cell 
culture. In contrast, on ly a small subpopulation of rat NCC 
bound HNK-1, a mAb recognizing various adhesive proteins 
and previously em ployed to mark avian and mammalian NCC. 
In transverse sections o f lum bosacral segm ents from El 2 to 
El 5 rat embryos, this subpopulation o f HNK-1+ NCC was largely 
restricted  to a sm all region betw een the sclerotom e and  
m yotom e/derm atom e, and did not appear to participate in the 
genesis o f m elanocytes or the form ation o f dorsal root 
ganglia. The in vitro expression o f HNK-1 by a subpopulation  
of NCC m ay facilitate the identification of epigenetic factors 
that A) determ ine the selective m igration pathways taken by 
HNK-1+ NCC through the sclerotom e and m yotom e/derm atom e  
border in vivo; and B) m odulate the survival, m igration, 
proliferation and d ifferentiation  o f 192-IgGVHNK-l· versus 
I92-IgG+ /HNK-1+ NCC.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993
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SYMMETRICAL SEGREGATION OF POTASSIUM CHANNELS AT 
CYTOKINESIS. D. Letizi. K. Radke(l) and M. Wilson*. Section of 
Neurobiology, Physiology and Behavior and Department of Avian Sciences(1), 
University of California, Davis, CA 95616.

To determine whether electrophysiological heterogeneity in a clonal line of 
embryonic retinal cells could be attributed to the asymmetrical segregation of 
IK and IK(IR) channels at cytokinesis, we used whole cell patch clamp to measure 
the electrophysiological phenotypes of siblings within 45 min of division. 
Recently born siblings were identified as pairs of spherical cells adhering to one 
another. All siblings were electrically coupled (10 pairs) when cells were 
simultaneously voltage clamped, whereas adhering nonsiblings (9 pairs) were 
not coupled. Twelve pairs of siblings were electrically isolated by mechanical 
separation so that their phenotypes could be measured independently. Despite 
variability in IK and IK(IR) expression within the population, each cell of a given 
pair expressed similar steady-state current densities between -110 and +50 mV. 
We estimated IK(IR) slope conductance by blocking the current specifically with 
5 mM Cs and from this calculated IK(IR) ratios in siblings and nonsiblings. 
Three pairs of siblings expressed IK(IR) ratios of approximately 1.2, while ratios 
in three pairs of adhered nonsiblings ranged between 1.6 and 5.4, indicating 
that siblings expressed similar current densities because of their lineage, and not 
because they were in physical contact. Continuous recordings from single 
dividing cells by the perforated-patch clamp showed no net change in current 
amplitudes within 30 min of division, showing that parental channels were 
inherited by each daughter in proportion to the area of membrane received. 
Heterogeneity therefore is not due to the asymmetrical segregation of channels 
at cytokinesis. Supported by E.Y.-04112 to M.W.

3 5 6 .7

A NOVEL D R O S O P H I L A  SEC R ETED  FA C TO R  W ITH  
AN E G F -M O T IF  R E G U L A T E S  N E U R A L  C E LL  
D E V E L O P M E N T  A N D  A X O N A L  G U IG A N C E .
H. Okano*. K. Sawamoto. T. Tanimural Y. KobavakawaT·. 
HavashA S. Hirose^. M.IwasakA S. Yoshikawa. C.. Moriteli4  &
K. Mikoshiba. The Institute for Medical Science, the Univ. of Tokyo. 108 
Tokyo, Japan. * Kyushu Univ., Japan. 2 National Institute of Genetics, Japan. 
^Fukuoka Univ, Japan. 4 Johns Hopkins Univ. , Balatimore, MD 21205

Drosophila strawberry (sty) was isolated as a novel visual system 
mutant displaying a rough eye phenotype through the technique of 
transposon P-element enhancer trapping. Mutations in the sty gene 
affect eye development, leading to irregular spacing of ommatidia, an 
increase in the number of photoreceptor cells, and abnormal axonal 
projection and disrupted structure of optic lobes in the adult fly. In 
the eye imaginal discs, sty began to be expressed in photoreceptor 
cells, a few rows posterior to the morphogenetic furrow. We cloned 
the sty gene and determined its primary structure. On the basis of the 
phenotype on loss of its function, its expression pattern, and the 
predicted structure of its product, a secreted peptide with a putative 
epidermal growth factor (EGF) motif, we propose that sty encodes a 
diffusible protein with pleiotropic functions acting as a signal involved 
in lateral inhibition within the developing nervous system and also as 
a factor involved in axonal guidance. We also performed ectopic 
expression of sty gene product under the control of heat shock 
promoter by germ line transformation technique. The phenotypic 
analysis of transformants indicates that a proper regulation of sty gene 
expression is required for normal eye development.

3 5 6 . 9

E X P R E S S I O N  O F  A  N O V E L  D E V E L O P M E N T A L L Y  R E G U L A T 
E D  B A S IC -L E U C IN E  Z I P P E R  G E N E  I N  T H E  E M B R Y O N IC  
C N S . S -Z . W a n g  a n d  R . A d le r *. W ilm e r  I n s t itu te , J o h n s  H o p k in s  
U n iv . S c h . o f  M e d ic in e , B a lt im o r e , M D  2 1 2 8 7 -9 2 5 7 .

T h e  l i f e  h i s t o iy  o f  C N S  p r e c u r so r  c e l ls  in c lu d e s  lim ite d  p r o life r 
a t io n , te r m in a l m ito s is ,  o u tw a r d  m ig r a t io n , a n d  d if fe r e n tia t io n .  
T h e  m o le c u la r  m e c h a n is m s  c o n tr o l lin g  th e s e  t r a n s it io n s  r e m a in  
u n k n o w n . W e  r e p o r t th e  c h a r a c te r iz a t io n  o f  a  g e n e  ( "sw 3-3") w h o se  
e x p r e ss io n  m a y  c o r r e la te  w ith  te r m in a l m ito s is  a n d  o n s e t  o f  c e ll  
m ig r a tio n  a n d  d iffe r e n tia t io n . S w 3 -3  e n c o d e s  a  n o v e l b a s ic - le u c in e  
z ip p e r  (b -z ip )  p r o te in  th a t  h a s  tw o  (r a th e r  th a n  th e  c u s to m a r y  o n e )  
le u c in e  z ip p e r  m o t if s , f la n k in g  a  b a s ic  d o m a in . T h e  b a s ic  d o m a in  
a ls o  h a s  h e lix  d is tu r b in g  a m in o  a c id s  in  S w 3 -3 . w h ic h  a r e  a b se n t  
fr o m  o th e r  b -z ip  p r o te in s . S w 3 -3  e x p r e ss io n  i s  a b u n d a n t  in  th e  
p r o life r a t iv e  n e u r o e p ith e lia l la y e r  in  a  n u m b e r  o f  em b r y o n ic  C N S  
o r g a n s , in c lu d in g  th e  r e tin a . S w 3 -3 -n e g a tiv e  c e l ls  a r e  f ir s t  d e te c te d  
in  th e  f lo o r  a n d  r o o f  p la te , a n d  in  th e  m a n t le  z o n e  a s  c e l ls  m ig r a te  
o u t  a n d  d iffe r e n tia te . I t s  m o le c u la r  p r o p e r t ie s  a n d  s p a t ia l-  
t e m p o r a l p a tte r n  o f  e x p r e ss io n  s u g g e s t  th a t  sw 3 -3  m a y  b e  in v o lv e d  
in  th e  tr a n s it io n  fro m  c e ll  p r o life r a t io n  to  c e l l  d if fe r e n tia t io n  
d u r in g  n e u r a l d ev e lo p m e n t.
S u p p o r te d  b y  N E I  g r a n ts  E Y 0 4 8 5 9  a n d  E Y 0 1 7 6 5 .

3 5 6 . 6

CHARACTERIZATION AND TIME-LAPSE IMAGING OF CELL DIVISION 
AND INTERKINETIC NUCLEAR MIGRATION IN THE VENTRICULAR 
ZONE. A.J. Chen and S.K. McConnell*. Department of Biological Sciences 
Stanford University, Stanford, CA 94305.

Asymmetric cell divisions, in which daughter cells adopt different final fates, 
contribute to establishing the diversity of cell types in developing organisms. 
Neurons in the mammalian cerebral cortex arise from dividing precursors in the 
ventricular zone. These cells move their nuclei apically and basally as they progress 
through the cell cycle, a process known as interkinetic nuclear migration. After a 
cell division, a daughter may either re-enter the cell cycle or become forever post
mitotic and migrate away to its final position in the cortical plate. It is not known 
whether sister cells from a particular division behave differently. We are 
characterizing the cytoskeletal elements which may generate interkinetic nuclear 
movements, and we are observing directly the dynamic behavior and cell divisions of 
ventricular cells with time-lapse confocal microscopy.

To understand the role of cytoskeletal elements in the nuclear movements, we 
have determined the distribution of actin, a tubulin, and γ tubulin in ventricular 
cells. F-actin is concentrated in rings near the apical (ventricular) surface of the 
ventricular cells, a localization characteristic of actin in band desmosomes in many 
polarized epithelia. Microtubules are arranged in a radial orientation. In nearly all 
non-dividing cells, γ tubulin is localized to the apical process at the ventricular 
surface. Because γ tubulin is localized to centrosomes, which are microtubule 
organizing centers, the distribution suggests that microtubules are oriented minus 
ends apically. In dividing cells, the orientations of the mitotic spindles are not 
always parallel to the ventricular surface. We do not know whether the plane of cell 
division determines whether the resultant daughters leave or re-enter the cell cycle.

To follow the dynamic behavior of cycling ventricular cells, we are visualizing 
ventricular cells from E29 ferret cortex in a slice preparation using time-lapse 
confocal microscopy. We have observed Dil-labeled ventricular cells moving their 
nuclei both toward and away from the ventricular surface and undergoing mitosis 
during the period of observation. This imaging technique may enable us to 
understand the relationships between cell divisions and cell fates.

Supported by NSF PYI and NIGMS GM-07365.

3 5 6 . 8

UNC-73, AN AXON GUIDANCE PROTEIN OF C. ELEGANS, HAS 
HOMOLOGY TO GUANINE NUCLEOTIDE EXCHANGE FACTORS FOR 
RtfO-TYPE G PROTEINS. J. Culotti1*. R. Steven1. R. van Weeghel1, A. Ruiz2, 
and J. Mancillas2. hvlt. Sinai Hospital Res. Inst., Toronto, Canada M5G 1X5. 2 
Dep't of Anatomy and Cell Biol., UCLA School of Med., Los Angeles CA 90024.

unc-73 mutants of Caenorhabditis elegans have defects in axon 
outgrowth and guidance (Mclntire et al., Neuron <5:307,1992; 
unpublished), cell migrations (Hedgecock et al., Development 
200:365,1987), and segregation of potential to express тес-3-lacZ 
(Way et al., Dev. Dynamics 794:289,1992). We cloned this gene 
by transposon tagging. Sequence analysis reveals that the gene 
encodes a large protein (UNC-73) of at least 200 kd containing a 
250 aa motif with homology to guanine nucleotide releasing factors 
for г/ш-type ras-like GTPases, including CDC24 of yeast, г/ю-type 
GTPases have been shown to regulate actin polymerization in 
cultured mamalian cells (Ridley & Hall, Cell 70:389,1992). UNC- 
73 may therefore be part of an intracellular signalling cascade 
(involved in guidance) that regulates actin polymerization at the 
leading edge of migration. The rho protein activated by CDC24 
in yeast is CDC42. We have found that a CDC42 homolog from
C. elegans (CDC-42Ce) expresses a reporter fusion in a number of 
neurones and migrating cells affected by unc-73 mutations. This is 
consistent with the possibility that CDC-42Ce is the r/io-type 
GTPase activated by UNC-73 in migrating cells and growth cones.

3 5 6 .1 0

A n a ly s is  o f h e lix - lo o p -h e lix  p r o te in s  in v o lv e d  in  
neurogenesis in X e n o p u s . D. L. Turner* and H. Weintraub. 
Department of Genetics/HHMI, Fred Hutchinson Cancer 
Research Center, Seattle, WA 98104.

We are interested in the control of neural cell fate in 
vertebrates. Genetic analysis of Drosophila has identified at 
least 16 genes w hich encode helix-loop-h elix  (HLH) 
transcription factors that regulate neurogenesis. One HLH 
subfamily, the achaete-scute proteins, is necessary for 
neuroblast formation, while another HLH subfamily, the 
hairy/Enhancer of split proteins, appears to repress neuroblast 
formation. We have identified cDNA's from the frog X e n o p u s  
la e v is  that encode 2 novel achaete-scute homologs, as well as 
cDNA's for 3 hairy and 3 Enhancer of split homologs.

We have analyzed the expression of the X e n o p u s  genes by 
whole-mount in  s i tu  hybridization. The observed expression 
patterns suggest that these genes are involved in neurogenesis 
at various times during development. The a c h a e te -s c u te  and 
E n h a n c e r  o f  s p l i t  homologs are expressed in the posterior 
neural plate starting shortly after neural induction, while one 
homolog of h a ir y  is expressed in a band of cells at the border 
between the epidermis and the neural plate, as well as in the 
prospective floorplate, starting during gastrulation.

To begin to analyze the function of these HLH proteins, we 
have ectopically expressed them in X e n o p u s  embryos by 
microinjection of RNA or DNA Interestingly, expression of 
epitope-tagged versions of several of these proteins suggests 
that their translocation to the nucleus is regulated.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993
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SPATIAL ANDTEMTORALPATTERN OFCASH-1 EXPRESSION INTHEDEVELOPING 
CHICKENCENTRALNERVOUSSYSTEM. C L . Jasoni* and T.A. Reh. Department of 
Biological Structure, University of Washington, Seattle, WA, 98195.

The achaete-scute genes of Drosophila melanogaster are members of the basic helix- 
loop-helix (bHLH) family of transcription factors, mammalian members of which include 
the c-myc proto-oncogene, MyoD and other muscle determination genes, and mammalian 
achaete-scute homolog (MASH)-l and -2. The achaete-scute complex genes, and 
presumably their vertebrate counterparts, are believed to play a role in the specification of 
neuronal identity; they appear to be necessary, but not sufficient for the aquisition of a 
post-mitotic neuronal phenotype from a proliferating neuroepithelial progenitor cell.

We have recently identified a novel bHLH-encoding gene, CASH-1 (NS, 1992), which is 
expressed throughout the CNS of the developing chick embryo, and which bears a high 
degree of sequence similarity with MASH-1. Here, we report the spatial and temporal 
pattem of CASH-1 expression in the developing chicken nervous system.

At stage 17 CASH-1-expressing cells are present throughout the CNS and in several 
cranial nerve ganglia. In the prosencephalon, CASH-1 is expressed by a small ventral 
patch of cells, encompassing part of the basal prosencephalic plate, and by a few cells 
anteriorly. There is no expression in the retina or pigment epithelium at this age. In the 
mesencephalon, which possesses the highest percentage of labelled cells, densely packed 
CASH-1-expressing cells are present dorsally. In the rhombencephalon, CASH-1- 
expressing cells populate the anterior third, most likely the prospective metencephalon, 
four rhombomeres, and the principal sensory nucleus of the trigeminal nerve. The highest 
rhombencephalic expression is found in the general somatic afferent cell column. Cells of 
the otic placode do not express CASH-1. In the spinal cord, CASH-1-expressing cells are 
present in both the alar and basal plate, although there is no expression in floor plate or 
dorsal root ganglia. At stage 20, CASH-1-expressing cells persist in the elaborated 
derivatives of all stage 17-expressing regions.

The spatial pattem of CASH-1 expression is similar to that which has been described 
previously for MASH-1 in the developing rat CNS (Lo et al., 1991). Based on the notion 
that the spatial pattern of AS-C expression reflects a role for these genes in regionalizing 
neurogenic epithelia, it is tempting to speculate that the intriguing distribution displayed 
by the vertebrate homologs may reflect a role for these gene products in regionalization 
within the developing vertebrate CNS.
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HUMAN CHOLINE ACETYLTRANSFERASE EXPRESSION CAN BE 
REGULATED BY ALTERNATIVE RNA SPLICING. M. Zeller* and 
W.L. Strauss. Dept. Pharmacology, Univ. of Miami, Miami, FL 33101.

To delineate the events that control neurotransmitter choice in the 
developing nervous system, we have examined the effects of retinoic acid 
(RA) on choline acetyltransferase (СҺАТ) gene expression in NTera2/cl.- 
D1 (NT2) human embryonal carcinoma cells, which can be induced to 
differentiate into cells with many of the properties of neurons. СҺАТ 
enzyme activity was detected in NT2 cells after growth for 6  days in the 
presence of 10 μΜ RA and increased for at least an additional 3 weeks to 
40 pMol Ach synthesized/min/mg protein. NT2 cells grown in the absence 
of RA never had measurable СҺАТ activity and did not stain with 
antibodies directed against the 6 8  kDa human СҺАТ protein. Surprisingly, 
NT2 cells grown in the absence of RA did transcribe RNA from the human 
СҺАТ gene. Transcription of this gene can produce 2 mRNAs which are 
distinguished, in part, by the presence or absence of exon 7: a 2300 nt 
transcript contains exon 7 and encodes the 6 8  kDa acetylcholine-synthesiz
ing enzyme; a 6000 nt transcript lacking exon 7 encodes a 27 kDa protein 
of unknown function (Grosman, D. e t a l., this volume). RT-PCR detected 
only the 6000 nt mRNA in NT2 cells grown in the absence of RA. In 
contrast, NT2 cells grown in the presence of RA for 28 days expressed 
both the 6000 and 2300 nt СҺАТ gene transcripts. Since these mRNAs are 
transcribed from the same promoter, these data suggest that acquisition of 
the cholinergic phenotype does not depend solely on the activation of 
СҺАТ gene transcription, but also on the ability to utilize splice sites 
leading to production of the mature 2300 nt СҺАТ mRNA.
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ROLE OF NEUROTROPHIN-3 (NT-3) IN THE EXPRESSION OF THE 
ADRENERGIC PHENOTYPE BY NEURAL CREST CELLS. J.-M. Zhang§. 
J. W. Winslow§§ and M. Sieber-Blum* §. §) Department of Cell Biology and 
Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226 and §§) 
Departments of Molecular Biology and Developmental Biology, Genentech 
Inc., South San Francisco, CA 94080.

Pluripotent cells are not only present in the migratory neural crest of the quail 
embryo, but also at sites of terminal differentiation, such as the branchial 
arches, dorsal root ganglia, sympathetic ganglia and the developing skin (rev. 
by Sieber-Blum et al., J. Neurobiol. 24, 173, 1993). Signals originating in the 
embryonic environment, such as growth factors, may thus participate in cell 
type specification. We have found by in vitro  colony assay that in the presence 
of both NT-3 and basic fibroblast growth factor (bFGF), proliferation of 
pluripotent crest cells, but not of apparently committed melanogenic cells, is 
increased. In addition, adrenergic expression is increased. These effects are 
not seen in the presence of either factor alone. Moreover, they appear not to be 
limited to a particular neurotrophin, since nerve growth factor (NGF) or brain- 
derived neurotrophic factor (BDNF) can be substituted for NT-3. In the 
presence of NT-3 alone, but not NGF or BDNF, the number of colonies 
containing cells that express the high affinity norepinephrine (NE) uptake 
system is significantly increased. NE promotes adrenergic expression (Zhang 
and Sieber-Blum, Brain Res. 570 , 251, 1992). We here show that cells are 
receptive to this positive regulatory action of NE only when exposed to NT-3. 
The data thus suggest the following. 1) The bFGF/neurotrophin combination 
directly or indirectly acts as a mitotic signal for a subset of neural crest cells and 
promotes adrenergic differentiation. 2) NT-3, but not NGF or BDNF, is 
involved in the up-regulation of the high-affinity NE uptake system, thus 
making the cells receptive to the positive regulatory action of NE. Supported by 
USPHS Grant HD21423 and a Research Grant from the Dysautonomia 
Foundation (M.S.-B.).
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TRANSPLANTATION OF HETEROZYGOUS WEAVER AND 
WILD-TYPE MESENCEPHALIC CELL SUSPENSIONS INTO THE 
DENERVATED STRIATUM. T.C . W itt . B. G h e tti a n d  L .C . T riarh ou *. 
Depts. of Neurosurg. & Pathol., Indiana Univ., Indpls, IN  46202.

Weaver mutant mice ( w v / w v )  lose nigrostriatal dopamine (DA) 
cells and axons; heterozygotes ( w v /  + ) lose on ly  DA dendrites. 
The aim of the present study was to  examine whether w v /  + DA 
cells maintain a "dendritopnval" phenotype after transplantation 
to the denervated striatum, and to compare their functional effects 
w ith those of wild-type ( + / + )  grafts in reversing amphetamine- 
induced turning behavior. To that end, + / +  and w v /  f  mesence
phalic cell suspensions were placed in to  the right striatum  o f  
either w v / w v  nosts or + /  + hosts w ith  6 -OHDA lesions o f the 
right substantia nigra (SN). DA cell bodies survived in  the tw o  
types o f grafts in  comparable numbers (50-3600 regardless of 
donor genotype). However, the dendritic arborization o f w v / + 
cells was strikingly poorer than that o f + / +  cells in both host 
paradigms. Recipient w v / w v  mice w ith  + / +  and w v /  + grafts 
exhibited, respectively, 88±5% and 83±5% left rotations. The 6- 
OHDA hosts w ith + / +  and w v / +  grafts showed, respectively, a 
178±20% and a 165±16% reversal o f asymmetry. N on e of these 
differences were significant. We conclude that (ij following intras- 
triatal grafting, w v /  + DA cells express an anatomical phenotype 
consistent w ith that seen in the SN in  situ ; (ii) the axonal innerva
tion  supplied by w v /  + cells to  the host induces a functional 
recovery comparable to that brought about by + / +  cells, which 
in addition provide a dendritic innervation. (USPHS R29-NS29283).
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DOPAMINE METABOLISM IN THE PARTIAL LESIONED RAT 
STRIATUM FOLLOWING ADRENAL MEDULLA/SCIATIC NERVE 
COGRAFTS. Е_Јшт,* МЈЗгеШЈЖ, SJLFglĮęn, Z, Zhąng and DJVL 
Gash. Department of Neurobiology and Anatomy, University of Rochester 
School of Medicine and Dentistry, Rochester, NY 14642.

Adrenal medulla/sciatic nerve cografts have been shown to increase 
TH+ fibers in partial lesioned hemiparkinsonian rats. In the present study, 
one month after receiving a unilateral 6 -OHDA nigrostriatal lesion, adult 
male Fischer 344 rats with partial lesions were identified by their ability to 
rotate in response to amphetamine (5 mg/kg i.p.), but not apomorphine 
(0.025 mg/kg s.c.) and entered into one of three groups: nongrafted controls 
(n=7), sham lesioned controls (n=7) and cograft recipients (n=10). All 
experimental animals were sacrificed 28 days after implantation; the 
striatum and nuc. accumbens were microdissected from the brain and 
homogenized in 0.1 M НСЛО4  for HPLC determination of dopamine, HVA 
and DOPAC concentrations. Nongrafted animals showed an 85-90% loss 
of dopamine in the striatum and a 50% depletion in the nuc. accumbens on 
the lesioned side. Nuc. accumbens levels were further depleted in sham- 
grafted animals and similar to the nongrafted controls in cografted hosts. 
Striatal dopamine concentrations on the lesioned side tended to be around 
35% higher in cograft recipients than in the other two groups. The 
differences were not significant due to high variability. However, lesioned 
striatal HVA/DA and DOPAC/DA ratios were significantly elevated in the 
nongrafted and sham-grafted animals compared to cograft recipients 
indicating higher turnover rates in the first two groups. These results 
suggest that dopamine is more effectively utilized in the cografted striatum, 
perhaps through an increase of high affinity dopamine uptake sites present 
following grafting which has been seen in a separate study using ligand 
autoradiography. Supported by NIH NS25778 and a grant from the 
Maricey Foundation.
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INTRASTRIATAL DOPAMINE-RICH TRANSPLANTS HAVE DIFFERENTIAL 
EFFECTS ON THE EXPRESSION OF ENKEPHALIN-, SUBSTANCE P- AND 
DYNORPHIN-mRNA IN THE HOST STRIATUM. M. A. Cenci. K. Campbell, and 
A. Bifirklund. Dept. of Medical Cell Research, University of Lund, Biskopsgatan 5, 
S-223 62 Lund, Sweden. (SPON: European Neuroscience Association).

In situ hybridization histochemistry was used to analyze the expression of prepro
enkephalin (PPE)-, preprotachykinin (PPT)-, or prodynorphin (PDyn)-mRNA in the 
striatum of normal rats, rats subjected to a unilateral 6-hydroxydopamine lesion of the 
mesostriatal dopamine (DA) pathway, and lesioned rats that received intrastriatal 
transplants of fetal nigral neurons. About half of the rats in each group received twice- 
daily subcutaneous injections of 5 mg/kg apomorphine for 9 days. Three hours after 
the last injection, the rats were killed by decapitation. Cryostat sections through the 
striatum were incubated with 35S-labeled oligodeoxyribonucleotide probes hybridizing 
with PPE-, PPT-, or PDyn-mRNA. Adjacent sections were incubated with [3H]GBR 
12935 in order to label DA uptake sites. The grafted DA neurons reversed the lesion- 
induced upregulation of PPE-mRNA in the whole striatum, but alleviated the lesion- 
induced downregulation of PPT-mRNA only in the densely reinnervated region of the 
host striatum. However, following apomorphine treatment, PPT-mRNA approached 
control levels in a wider portion of the grafted striata. Basal PDyn-mRNA expression, 
which was also downregulated in the lesioned striata, was only partially restored by 
the transplants. Apomorphine administration induced a massive increase in PDyn- 
mRNA in the lesioned striata, which was completely prevented by the transplants in a 
large striatal region. Thus, intrastriatal DA transplants have differential effects on the 
activity of enkephalin-containing (i. e. striato-pallidal), and substance P- or dynorphin- 
containing (i. e. striato-nigral) neurons. An inhibitory control over the activity of 
striato-pallidal neurons is completely restored by the grafts even in non-reinnervated 
striatal regions, whereas a facilitatory control over the activity of striato-nigral 
neurons is restored by the grafts only in the densely reinnervated portion of the host 
striatum. The ability of the grafts to prevent an abnormal upregulation of PDyn- 
mRNA by apomorphine suggests that the grafts can normalize DA-receptor sensitivity 
also on striato-nigral neurons.
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IMPACT OF FETAL AGE ON MESENCEPHALIC GRAFT SURVIVAL IN 
MONKEYS AND HUMANS. D.E.Redmond. Jr.*1, J.R. Sladek. Jr.2. T.J. Collier3. 
J.D. Elsworth1, D. Spencer1, F. Naftolin1. C. Leranth1. R.J. Robbins1. K.L. 
Marek1. B.S. Bunnev1. and R.H. Roth F Neural Transplant Program1 ,Yale Univ. 
Sch. Med., New Haven, CT 06510, Dept. Neurosci.2, Chi. Med.Sch., No. Chi., IL. 
60064, Neurobio. & Anat.3, Univ. Rochester Sch. Med., Rochester, NY 14642.

Transplantation of fetal mesencephalic tissue has been reported to reduce parkin
sonism in monkeys and humans. The relationships among neuronal survival, graft- 
induced recovery in the host brain, and the extent and duration of functional recovery 
are still not known. A key factor identified in animal transplantation studies may be 
fetal age. The development of human dopaminergic neurons has been compared with 
other animals, and human fetal neural tissue has been studied after xenografting into 
rats (Exp.Br.Res.l986;65:235). There have been no systematic studies of the effect of 
fetal age on graft survival in primates or humans, and the first successful grafting 
studies in monkeys suggested that grafts might survive over a broad fetal age range 
(Lancet 1986; 1:1125).

African green monkeys (n=24) with reduced striatal dopamine concentrations 
following MPTP administration (cumulative doses from 1.8 to 2.5 mg/kg) were 
grafted with non-dissociated small blocks of ventral mesencephalic tissue from fetuses 
ranging from 8.5 to 210 mm in crown-rump-length, with estimated post-conception 
ages from 30 days to near term (165 days). Total grafted tyrosine hydroxylase- 
immunoreactive cells were estimated by counting sections. Neuronal survival ranged 
from a few neurons later in gestation to 20,000 at a fetal age of 41 days. Other factors 
besides fetal age, however, seemed also to make large differences in cell survival.

Fourteen patients with parkinsonism have now been transplanted with fetal 
mesencephalic tissue ranging from 35 to 70 days fetal age. Although there is little 
direct histological data (Lancet 1990;336:820), fetal tissue grafted within these age 
ranges appears to have similar effects on outcome measures to date. ( S u p p o r te d  b y  
N S 2 4 0 3 2 ,  M H -0 0 6 4 3 ,  A x io n  R e s .F o u n d a tio n . &  p r i v a t e  fu n d s ) .
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FETAL STRIATAL BRAIN HOMOGRAFTING IN TWO PA
TIENTS WITH HUNTINGTON’S DISEASE.
I. Madrazo. R E. Franco-Bourland*. H, Castrejón C, Cuevas.
F.Ostrosky-Solis, M.Aguilera, E. Маgаillón, Grijalva. and 
G. Gmzar-Sahagún. IMSS, INNSZ, UNAM, México DF, México. 
Human fetal striata were grafted to the right caudate nuclei of 2 Me
xican patients with Huntington’s disease (HD) to improve their over
all functional capacity. The first was a 37 yr-old woman with an ad
vanced case of 9 yrs evolutioa Operated on 11 /2 /90  (13 wk-old fe
tus), she has been evaluated 9 times since then on the Abnor Invol- 
unt Mov Scale (AIMS), the Marsden & Quinn S (MQ), the Shoulson 
& Fahn S (SF), and the Disability S (DS, %): PREOP SCORES 
(10/90)-AIMS 26, MQ 24, SF 3, DS 65 %; POSTOP SCORES-12/90, 
1 /91,2 /91,5 /91,8 /91,2 /92,5 /92,11 /92,3 /93-AIMS 25,25,25,18,19,28, 
24,28,28;MQ4,22,22,22,22,29,26,34,39;SF3,3,3,3,3,4,4,4,4;DS65,65,65, 
65,75,70,65,65,65, respectively. Her relatives claim that compared 
to her sibling’s that have died of HD, her condition has progressed 
more slowly. The second was a 29 yr-old HD male with a mild condi
tion of 3 yrs evolutioa He was operated on 6/25/92(12 wk-old fetus) 
and has been evaluated 3 times since theniPREOP SCORES(3/92)- 
AIMS 12, MQ 14, SF 2, DS 80%; POSTOP SCORES - 7 /9 2 ,11 /92, 
4 /93 - AIMS 13,16,22; MQ 15,18,27; SF 2,2,2; DS 90,85 80, repective- 
ly. In both cases surgery produced no damaging effects. At 28 mo 
postop, the first patient’s slowly progressing HD may reflect a bene
ficial effect fromsurgery; for the second patient at 10 mo postop, it is 
still too early to make conclusions on his response to surgery.
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SYSTEMIC AND LOCAL IMMUNOLOGICAL RESPONSE TO INJURY AND 
GRAFTING IN THE CENTRAL NERVOUS SYSTEM. R.Ā.E. Bakay*,
K.L. Boyer, A. Ansarі. Yerkes Center, Emory University, 
Atlanta, GA 30322
We examined the tissue surrounding surgical cavities in the 
head of the caudate of Rhesus monkeys 1 week ( n=2 ), 1 month 
( n=2 ), and 1 year ( n=2 ), as well as adrenal medullary auto
grafts 1 year (n=2) postoperatively. Tissue surrounding 
stereotactic needle tracts (n=2) and fetal mesencephalic 
allografts at 3 months (n=4) and 1 year (n=2) postopera
tively were also evaluated. Tissue immunocytochemistry 
identified the presence of mononuclear cell surface markers 
for each experimental condition using monoclonal antibodies 
to CD2, CD3, CD4, CD8, CD19, CD20, and CD68. These surface 
markers were evident in fewer cells from stereotactic sites 
than cavities, and in progressively fewer cells over time. 
Functional studies failed to demonstrate activation of NK 
or LAK cells, but mononuclear cells could be cultured from 
these sites. The mesencephalic allografts demonstrated no 
evidence of donor-specific lymphocytotoxic sensitization in 
blood samples at 1, 3, 6, or 12 months after grafting. This 
suggests that T and В cell responses occur acutely after 
injury, and cells with surface markers for these types of 
lymphocytes persist in the area for at least one year. The 
same degree of early response appeared to occur whether or 
not graft tissue was placed into the operative site. 
Supported by VA R&D, RO1-NS24340 and RR-00165.
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SURVIVAL OF TH-POSITIVE CELLS AND GRAFT-INDUCED HOST DOPAMINERGIC 
SPROUTING IN PATIENTS WITH PARKINSON’S DISEASE AFTER INTRASTRIATAL 
GRAFING OF FETAL VENTRAL MESENCEPHALON.
K.S. Bankiewicz*, H. L. Whitwell#. M.V. Sofroniew and E. Hitchocock.#
Somatix Therapy Corp., Alameda CA, # University of Birmingham, U.K.

Intrastriatal implantation of catecholaminergic tissue has been recently 
investigated as an experimental treatment for Parkinson’s disease (PD). Graft survival and 
innervation of the host is postulated to be the primary mechanism by which the implant 
functions. It is also possible that the implant induces sprouting of the host dopaminergic 
(DA) fibers which originate from surviving DA neurons in the midbrain.

In this study we examined the brains of 5 PD patients who received unilateral 
implants of pieces of human fetal VM obtained from second trimester, 3 in the caudate, 2 
in the putamen with no immunosuppressive treatment. Post implantation survival ranged 
from 18-40 months. 2 cases died of cancer, 1 unknown, 2 of end stage of PD. The brains 
were obtained 2-4 days post mortem. Sections were stained for H&E, ΤΗ-IR, GFAP-IR.

The graft sites were identified on H&E stained sections and adjacent sections 
immunostained with TH revealed surviving cells in the graft in 3 cases. Neuromelanin
(NM) in the grafted cells was present on both H&E and ΤΗ-IR stained sections. Surviving 
grafted cells had the same morphology as remaining DA cells in the substantia nigra 
using ΤΗ-IR and H&E stains in the same patients. In case 4 the ΤΗ-IR was unsuccessful, 
but NM-containing grafted cells were detected. Case 5 had no ΤΗ-IR or NM cells present 
in the graft. GFAP-IR gliosis was heavy around the grafts in all cases. In 2 cases, in 
addition to cell survival in the graft, ΤΗ-IR fiber sprouting directed toward the putaminal 
grafts, originating from area olfactoria and external capsule could be seen on the grafted 
but not on the contralateral side. ΤΗ-IR fibers directed toward the grafted site could be 
seen in the patient with caudate nucleus implant. No ΤΗ-IR fiber outgrowth from the 
implants could be detected in all cases examined, which could be due to technical 
difficulty resulting from poor fixation of these brains.

These findings indicate that VM cells from second trimester fetuses can survive 
when implanted in the striatum of non-immunosuppressed PD patients. In addition these 
cells mature, accumulate NM and express ΤΗ-IR. These grafts also appear to induce host 
ΤΗ-IR sprouting which may be mediated by growth factors released from implanted 
astrocytes, host reactive gliosis or both.
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NEW DEVICE FOR STEREOTACTIC TRANSPLANTATION OF TISSUE INTO THE 
HUMAN STRIATUM T. B. Freeman* and E. Cosman. *Div. 
Neurosurgery, Univ. of S. Florida, College of Medicine, Tampa. 
FI. 33606; Radionics Neurosurgical Instruments, 76 Cambridge 
St., Burlington, Ma. 01803.

A stereotactic device has been developed that can be 
utilized clinically for transplantation purposes in patients 
with either Parkinson's or Huntington's disease. The device 
is compatible with the CRW stereotactic system.

The device consists of a "grid array" with holes 
separated by 5 mm. The grid is in the shape of the human 
putamen and caudate. The axis of the grid array can rotate, 
allowing for the grid array to be parallel to the axis of the 
striatum based on MR studies. Therefore, it is possible to 
make a single measurement for stereotactic coordinates, and 
"saturate” either the entire caudate or putamen with multiple 
implants made using a parallel array of needle tracts.

The stereotactic needle has been designed to have 
sequential narrowing of the outer diameter of the needle such 
that the outer diameter of the tip penetrating the target 
region is 26 gauge if a "suspension” transplant is to be 
utilized and 20 gauge if a "solid" transplant is utilized.

This apparatus has been tested for accuracy in a cadaver 
trial, and safety in six clinical trials. There have been no 
complications referable to the stereotactic device. Accuracy 
has been far greater than necessary given the comparatively 
large size of the target region, and deviation from the target 
is less than 2 mm.

It is possible to make 16 needle tracts into the striatum 
using this device. A similar ”4 mm grid array" allows 
placement of only two additional needle tracts in the same 
area.
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M O R PH O L O G Y  A N D  PRO JECTIO N S O F E M B R Y O N IC  N E O C O R T IC A L  CELLS  
T R A N SP L A N T E D  INTO  N E U R O N -D E F IC IE N T  SO M A T O S E N S O R Y  C O R T E X  OF  
Y O U N G  A D U L T  M IC E. C .S . H em it-Grant* and J.D, M ack lis. D ept. o f  N eurology, 
Program in N euroscience, Harvard M edical School, Children's H ospital, B oston  0 2115

Em bryonic day 17 ( E l7) neurons transplanted into photolytically  degenerated motor 
cortex o f  neonatal m ice m igrate selectively  into and differentiate w ith in  neuron-deficient 
layers II-III (J.D . M acklis, J. N eurosci., in  press 1993). Present data extend these findings 
to  som atosensory cortex o f  young adult m ice. T hese results support the idea that selectively  
degenerated cortex can express cues that gu id e the differentiation o f  neurons after the tim e 
w hen  these processes norm ally occur in  developm ent.

Latex nanospheres conjugated to the cytotoxic Chromophore chlorin e6  w ere unilaterally  

injected into som atosensory cortex o f  2 -w eek  old  m ice. Transcranial laser illum ination  
(674  nm  continuous w ave) o f  opposite hom otopic cortex 2 w eek s later resulted in selective  
p hotolysis o f  retrogradely labeled  neurons in layers II-III. S ix -w eek  o ld  m ice then received  

transplants o f  E 17 ce lls pre-labeled w ith  D i-I  and 3H -Thy, and fo llow ing  2 or 4 w eek  
survival periods sections w ere processed  for fluorescence, autoradiography, and routine 
h istology. T w o w eeks after transplantation ce lls are seen  to have selectively  m igrated into 
neuron-deficient zones up to 500  μm  aw ay from the injection site. T hese ce lls appear more 
differentiated relative to those at the site  o f  injection; they assum e pyram idal m orphologies  
and extend D i-I  labeled  processes that descend  at least 2 0 -3 0  μ m  toward underlying  
corpus callosum . Injections o f  the retrograde tracer FluoroG old  into contralateral 
som atosensory  cortex or ipsilateral thalam us 2 or 4 w eek s after transplantation indicate that 
at the early tim es w hen  cells assum e n ew  positions, their projections have not extended into  
either area. A dditional experim ents are necessary to determ ine whether transplanted cells  
send long-distance, albeit inappropriate, projections early after grafting, or w hether long  
distance projections, appropriate or inappropriate, are established  only relatively late 
fo llow ing the m igration o f  ce lls into neuron-deficient zones. Supported by H D 28478 , 
Training Grant N S 0 7 2 6 4 ,  M R  Center Grant H D 1 8 6 5 5 , and T he Rita A llen  Foundation
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M IG R A T IO N  O F  C U L T U R E D  S C H W A N N  C E L L S  IN T O  
A C E L L U L A R  B A S A L  L A M IN A  G R A F T S  FO R  P E R IP H E R A L  
N E R V E  R EPAIR . A .K . G u la ti* .D e p a r tm e n t o f  C e llu la r  B io lo g y  
a n d  A n a to m y , M e d ica l C o lle g e  o f  G e o rg ia , A u g u s ta , G A  30912 .

R e g e n e ra tio n  o f  p e r ip h e ra l n e rve s  th ro u g h  a c e llu la r  b a sa l 
la m in a  (B L) g ra fts  a n d  th e ir  re d u c e d  im m u n o g e n ic ity  is  w e ll 
e s ta b lis h e d . H o w e ve r, th e  e x te n t o f th is  re g e n e ra t io n  is 
s ig n if ic a n tly  re d u c e d  a s  c o m p a re d  to  c o m p a ra b le  n e rve  g ra fts  
th a t c o n ta in  S c h w a n n  ce lls  (S C ). In th e  p re s e n t s tu d y , th e  
a b ility  o f  c u ltu re d  S C  to  m ig ra te  a n d  g ro w  in to  th e  a c e llu la r B L  
g ra fts  w a s  in ve s tig a te d  in a n  a tte m p t to  e n h a n c e  th e ir  
re g e n e ra tio n  p o te n tia l. S C  c u ltu re s  w e re  e s ta b lis h e d  f ro m  
p re d e g e n e ra te d  n e rve  in a lp h a -M E M  m e d iu m  s u p p le m e n te d  
w ith  10%  fe ta l c a lf se ru m . S u ch  e xp la n ts  e x h ib it e x te n s ive  
o u tg ro w th  o f  s p in d le  s h a p e d  SC , a n d  e s ta b lis h  c o n f lu e n t 
c u ltu re s  b y  7  d a ys . A c e llu la r  B L  n e rve s  w e re  p re p a re d  b y  
fre e z e -th a w in g  (5X) 6  w e e k  p re d e g e n e ra te d  n e rve s . T w o  cm  
lo n g  fro z e n -th a w e d  n e rve s  w e re  c o -c u ltu re d  w ith  S C  fo r  7  d a ys . 
A t th is  t im e  n e rve s  w e re  e ith e r m o rp h o lo g ic a lly  a n a ly z e d  o r  
t ra n s p la n te d  in to  h o s t ra t to  re p a ir s u rg ic a lly  c re a te d  n e rve  gap . 
A n a ly s is  o f  c o -c u ltu re d  n e rv e s  re ve a le d  m ig ra t io n  o f  S C  in to  
a ce llu la r B L  ne rve s . T h e y  fo rm e d  c o lu m n s  u s in g  th e  p e rs is t in g  
B L  tu b e s  o f  th e  n e rve  se g m e n ts . S C  w e re  id e n tif ie d  u s in g  S -100  
im m u n o s ta in in g , a  k n o w n  s p e c ific  m a rk e r fo r  th e m . S u c c e s s fu l 
a xo n a l re g e n e ra tio n  w a s  a lso  o b s e rv e d  th ro u g h  S C  c o -c u ltu re d  
a ce llu la r  B L  g ra fts . T h e s e  re su lts  d e m o n s tra te , th e  a b ility  o f  S C  
to  p o p u la te  a c e llu la r B L  g ra fts  a n d  s u p p o r t  a xo n a l re g e n e ra tio n  
(fu n d e d  b y  M C G R I a n d  N IH  N S 2483 4 ).

3 5 7 .1 0

EVIDENCE FOR CENTRAL INGROWTH BY AXONS FROM MURINE FOETAL 
DORSAL ROOT GANGLION CELLS ORTHOTOPICALLY GRAFTED TO 
ADULT RATS. C.M. Rosario. T. Carlstedt. C .F. Laaenaur, R.L. Sidman and 
H. Aldskoaius*. Dept. of Anat., Karolinska Institutet, Box 60400, S-104 
01 Stockholm, Div. Neurogenetics, N.E. Reg. Primate Res. Center, 
Harvard Med. Sch., Southborough, MA 01772 and Dept. Neurobiol., Anat. 
and Cell Biol., Univ. Pittsburgh, PA 15261.
The peripheral/central dorsal root transitional zone of adult mammals is a 
barrier to central ingrowth of regenerating axons of mature dorsal root 
ganglion (DRG) neurons. Here we ask whether this barrier can be 
overcome by axons from foetal DRG cells xenografted to mature hosts. 
The L4-L5 DRGs of adult female Sprague-Dawley rats were removed and 
a pellet of 10-15 foetal (E13) SWR mouse DRG was inserted into each 
host capsule. Most animals were immunosuppressed with Cyclosporin and 
sacrificed three-five weeks postgrafting. Axonal outgrowth from grafted 
cells was examined immunohistochemically with anibodies specific for 
mouse neuronal antigens (anti-Thy 1.2 and M4). Anti-Thy 1.2 and M4 
immunoreactive axon-like profiles were present at the transplantation site, 
in the host ipsilateral dorsal roots and in the host spinal cord dorsal horn 
ipsilaterally, predominantly in an area near the dorsal root entry zone. 
Occasional profiles were branched, and several displayed filopodia-like 
extensions resembling growth cones. Appropriate experimental and 
immunohistochemical controls were negative. The greater growth of 
embryonic mouse compared to adult rat, DRG axons across the dorsal root 
transitional zone indicates that the adult barrier can be partially overcome 
with embryonic DRG grafts and suggests that neuronal factors, in addition 
to local environmental factors, affect axonal growth into the CNS. 
(Supported by NIH grant NS20820 to Harvard).
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MECHANISMS INVOLVED IN INDUCTION OF RAT ADRENAL TYROSINE 
HYDROXYLASE mRNA BY SINGLE IMMOBILIZATION.
R. Kvetnansky*1,2, B.B. Nankova3, A. McMahon3, K. Fukuhara2, E. 
Viskupic1,2, B. Hiremagalur3, G. Frankie3, I.J. Kopin2 and E.L. 
Sabban3. 1 nst. Exp. Endocrinol., Bratislava, Slovakia; 2NIH, NINDS, 
Bethesda, MD; 3Dept Biochem. Mol. Biol., N.Y. Med. Coll.,Valhalla, N.Y.

Immobilization (IMO) stress has been shown to elevate tyrosine 
hydroxylase (TH) mRNA levels in rat adrenals. We aimed to study the 
mechanism of this change. The innervation of the adrenal medulla is 
cholinergic and splanchnicotomy as well as antagonists of nicotinic 
receptors were found to prevent the cold induced rise in TH mRNA. In 
our experiments, the IMO induced rise in TH mRNA was not reduced 
(rather potentiated) by antagonists o f both nicotinic 
(chlorisondamine, 10 mg/kg, i.p.) and muscarinic (atropine, 10 
mg/kg) receptors. VIP is another factor released from the splanchnic 
nerve. The VIP-antagonist (Bachem, 100 or 500 μg/kg, i.p.) did not 
significantly block the rise in TH mRNA. Denervation of die adrenals 
by splanchnicotomy gave surprisingly variable results. Of 18 animals 
examined, 11 exhibited stress induced rise in TH mRNA similar to the 
innervated control side, while in 7 rats there was a reduction. In 
contrast, denervation completely prevented induction of the adrenal 
prepro-neuropeptide Y mRNA. Nitric oxide (NO) is a newly discovered 
second messenger which might affect TH. Inhibition of NO synthesis by 
nitro-arginine (40 mg/kg) reduced the ЇМО induced rise in TH mRNA.

These results suggest that acetylcholine does not play a significant 
role in the induction of TH transcription during a single IMO. 
Splanchnic innervation does not appear to be always required in IMO, 
yet NO was found to be involved in stress induced changes of TH mRNA.

3 5 8 . 2

S T R E S S  E L E V A T E S  R A T  A D R EN A L PR EPR O -N EU R O PEPT ID E  Y  
m RN A L E V E L S . B .H irem agalur*1. R .K v e tn a n sk v 2 ,3, K . Fukuhara2.
J .  F le isch er1. R , G eertm an1. B . N ankova1. E . V isku p ic2.and E .L . 
Sabb an1. ’ New  Yo rk  M edical C o ll., V a lha lla , N .Y . 1 0 5 9 5 , 
2N IN D S, N at. In st.H ea lth , Bethesda , M d. 2 0 8 9 2 , 3!nst. E xp . 
Endocrinol, S lovak  A cad . S c i. B ra tis la v a , S lo vak ia .

S tre ss  modulate the expression  of catecho lam ine b iosynthetic 
enzym es tyrosine  h yd ro xy lase , dopam ine ß-hyd roxylase  and 
phenylethanolam ine N -m ethyltransferase in rat adrenal g lands. 
S in ce  neuropeptide Y  (N PY) is also  co-stored and secreted  w ith  
catecho lam ines, the e ffe ct of cold and im m obilization (IMO) 
s tre ss  on N PY gene expression  w a s  exam ined . Prepro-NPY 
m RN A leve ls w ere  elevated in adrenal g lands of Sprague 
D aw ley  rats subjected to either cold (-3° C ) or imm obilization 
s tre ss . A s  little as 1 hr of cold stre ss  or im m obilization for 3 0  
min w a s  su ffic ien t to e levate prepro-NPY m RN A leve ls . The  rise 
w ith  a single 2 hr IMO reached m axim al leve ls (3-5 fold) by 10 
hr a fte r IMO and w a s  transien t. Repeated IMO (2 hrs daily for 
7 d ays) susta ined  elevated prepro N PY m RN A leve ls  fo r 3 days 
a fte r cessation  of the IM O. Treatm ent w ith  actinom ycin  D prior 
to the IMO prevented the rise in adrenal N PY m RN A leve ls 
suggesting a transcrip tional m echanism  of actio n . T h e se  resu lts 
sh o w  that cold and IMO stre ss  increase  the expression  of N PY 
in adrenals .
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358.3
D IFFE R EN T IA L  C H A N G ES  IN N U C LEA R  DN A/PRO TEIN  
C O M PLEXES FOR TYRO SIN E H Y D R O X Y LA SE  AND DOPAMINE ß- 
H Y D R O X Y LA SE  W ITH IM MOBILIZATION S T R E S S . B. N ankova1. 
R. Kvetnanskv2'3. D .D evlin1. E. V iskup ic2, I .J .K o p in 2. K . Fukuhara2 
and E .L . Sabban*1. 1New York Med. C o ll., Valhalla, N .Y . 10595 , 
2NINDS, Nat. Inst. Health, Bethesda Md 2 08 9 2  and 3lnst. Exper. 
Endocrin. Slovak Acad , of S c i. , B ratislava, Slovakia

Immobilization (IMO) stress w as found to increase the 
transcription of rat adrenal tyrosine hydroxylase (TH ). To 
investigate the molecular m echanism s of this activation , nuclear 
extracts were prepared from adrenal medulla of control and rats 
exposed for different tim es to IMO. Mobility sh ift assays with 
different regions of rat TH promoter showed increased binding of 
cfos/cjun proteins to the AP1 site , maximal after a single 2 hr 
IMO.

In contrast to the effect on TH , at least tw o daily IMOs are 
required to elevate the steady state m RNA levels for dopamine ß- 
hydroxylase (DBH). Repeated IMO induces maximal binding of A P 
I-like  factors to a regulatory element in the rat DBH gene, one 
partner being cfos. Our data did not show  involvem ent of cjun 
either as a homo- or heterodimer.

Thus different sets of transcription factors w ith varied kinetics 
of induction are interacting with regulatory elements in the TH and 
DBH promoters, mediating the differential transcriptional 
activation of the TH and DBH genes after IMO.

358.5
MOLECULAR MECHANISM OF REGULATION OF THE 
PROENKEPHALIN GENE IN THE HYPOTHALAM US
D.Borsook*, 0 . Falkowski, C. Konradi. R . Burstein, A. Strassman, M. 
Comb. S. E. Hyman. Molecular and Developmental Neurobiology 
Laboratory, Mass. Gen. Hospital, Charlestown, MA 02129.

The proenkephalin gene plays a role in a number of physiological 
processes including stress. The proenkephalin gene is expressed in the 
paraventricular nucleus (PVN) of the hypothalamus where it is regulated 
by stress. We have produced transgenic mice expressing a human ENK 
ß-Galactosidase fusion gene containing 3kb of 5’ flanking sequences 
and 1 kb of the 3’ flanking sequences from the human proenkephalin gene. 
This construct confers correct basal expression in the hypothalamus. 
Various stressors including acute or chronic i.p. administration of 
hyperosmotic saline (1.5M) and naltrexone precipitated opioid withdrawal 
produce a dramatic increase in expression of the transgene in the PVN in 
a fashion similar to the endogenous proenkephalin mRNA. The CRE-2 
site within the proenkephalin second-messanger-inducible enhancer is 
essential for proenkephalin gene activation in cell culture models. Using 
our trangenic model we have begun to explore regulation in the 
hypothalamus. In addition to permitting eventual mutational analyses the 
transgenic model confers the ability to co-localize the transgene with 
immunohistochemically detected transcription factors. In response to acute 
stress, c-Fos is induced in a subset of transgene expressing neurons. 
Phosphorylated CREB appears to be expressed in essentially all transgene 
expressing neurons following stress. Our results provide evidence bearing 
on signal transduction mechanisms regulating proenkephalin gene 
expression in response to stress.

358.7
OPTICAL REFLECTANCE OF THE PARAVENTRICULAR REGION OF THE 
CAT HYPOTHALAMUS DURING SLEEP/WAKE STATES AND FOLLOWING 
EXPOSURE TO AROUSING STIMULI. M.P. Kristensen*. D.M. Rector. G.R. Poe 
and R.M. Harper. Interdepartmental Program in Neuroscience and Dept. of 
Anatomy & Cell Biology, UCLA Sch. of Med., Los Angeles, CA, 90024.

The paraventricular nucleus of the hypothalamus contains neurons which 
apparently mediate activation of the pituitary-adrenocortical axis by secreting 
corticotropin releasing factor in response to a stressor. We evaluated the effect of 
noxious and non-noxious arousing stimuli on the spatio-temporal activation of the 
paraventricular region of the hypothalamus (PVH) in the cat, as well as effects of 
spontaneous sleep/wake state changes on cellular activity of the area.

We monitored cellular activity of the PVH by quantifying reflective properties 
of the tissue. A coherent fiber conduit, directly coupled to a CCD camera, was 
placed stereotaxically with the tip positioned against the medial aspect of the PVH. 
Electrodes were placed for monitoring eye movements, ECG, diaphragmatic and 
neck EMG, as well as cortical EEG, to determine arousal- and state-related 
electrophysiological characteristics. After surgical recovery, images of reflected 
light were collected (appr. З/s) from freely behaving cats during sleep/wake states 
at times synchronous with the ECG R-wave before, during, and after exposure to 
noxious (acoustic noise or intravenous injection of saline) or non-noxious (food or 
toy) stimuli. Images were digitized, averaged, and compared between conditions.

All types of stimuli produced behavioral arousal, as manifested by accentuated 
respiratory and cardiac rates and EMG activity. The overall cellular activity 
decreased transiently in response to all arousing stimuli, as indicated by a peak 
increase in reflectance of approximately 1.5%, The average activity was elevated 
0.2% during active sleep and reduced 0.8% during active waking when each of 
these states were compared to quiet sleep levels.

The results demonstrate the sensitivity of the PVH to non-noxious as well as 
noxious, arousing stimuli, and document the responsiveness of the region to the 
behavioral state of the animal.

(Supported by HL22418, NIDR DE07212 and Howard Hughes Medical Institute).

358.4
COMPARISON OF TOPOGRAPHIC PATTERNS OF FOS 
INDUCTION BY DIFFERENT STRESS PARADIGMS: FORCED 
SWIM, FOOTSHOCK, AND ETHANOL WITHDRAWAL. D arin J, 
Knapp*. Kevin B, Johnson. George R, Breese. H ugh E, Criswell, and 
Gary E, Duncan, Brain and Development Research Center, D epartm ent 
of Psychiatry. University of N orth Carolina a t Chapel Hill, Chapel Hill, 
NC 27599.

Expression of Fos-like proteins in brain has provided a useful m easure 
of functional responses in a variety of experim ental settings. In the 
present study, Fos-like im munoreactivity (Fos-LI) was assessed by 
immunocytochemistry in rats  processed in the forced swim test, a shuttle 
box performance task involving foot shock, and during w ithdraw al from 
4 days of intensive ethanol adm inistration via chronic gastric 
catheterization of a complete ethanol diet. All of these treatm ents were 
associated with induction of Fos-LI in the medial prefrontal cortex, 
ventrolateral orbital cortex, la teral habenula, claustrum , cingulate 
cortex, retrosplenial cortex, and paraventricu lar nucleus of the 
hypothalam us. Swim stress and foot shock resulted in induction of Fos- 
LI in the medial and cortical nucleus of the amygdala and the lateral- 
ven tral septal nucleus. In contrast, after ethanol w ithdrawal, Fos was 
induced in the medial septum and central nucleus of the amygdala, 
w hereas few cells exhibiting Fos-LI were found in the m edial and cortical 
nuclei. Both foot shock and ethanol w ithdraw al induced Fos-LI in the 
midbrain central grey and locus coeruleus bu t this effect was not seen 
following swim stress. These data indicate tha t specific common brain 
regions are activated by different stressors yet these stressors do not 
necessarily induce identical regional pa tterns of activation. The 
qualitative and/or quantita tive natu re  of a stressor may be critical to the 
activation of specific brain regions. Supported by MH-39144, AA-08024, 
HD03110, & NICHD-HD07201.

358.6
STRESS ALTERS BRAIN DERIVED NEUROTROPHIC FACTOR 
AND NEUROTROPHIN-3 mRNA LEVELS IN THE HIPPOCAMPUS. 
M, A. Sm ith*!. S. Makinož-, R, Kvetnanskv^.. and R. M. Post!·. 
Biological Psychiatry! and Clinical Neuroendocrinology Branches^, 
National Institute of Mental Health, Bethesda, MD. 20892, and Inst, of 
Exper. Endocrin., Slovak Academy of Sciences, Bratislava, Slovakia^ 

Stress can produce structural changes and neuronal damage in the CNS 
especially in the hippocampus. Glucocorticoids may act directly to cause 
some effects of stress, but other mediators, such as neurotrophic factors 
could be important as well. Thus we examined the effects of 
immobilization stress (2hr/day) on the expression o f neurotrophic 
substances such as brain derived neurotrophic factor (BDNF) and 
neurotrophin-3 (NT-3) in rat brains using in s itu  hybridization with 35s- 
labelled oligonucleotide probes. We found that 2hr of stress, once or on 
7 consecutive days, reduced BDNF mRNA levels in the dentate granule 
layer of male rats to 25% of those in unstressed controls. A significant 
reduction in BDNF mRNA was also observed in the CA3 pyramidal 
layer. In contrast, NT-3 mRNA levels were increased in the dentate 
gyrus after stress. BDNF and NT-3 mRNA levels were still significantly 
different from control values 24 hr after the last stress period. Stress- 
induced changes in BDNF and NT-3 mRNA levels appeared to be more 
prominent in male than female rats and proportional to the severity of the 
stressor. The effects of stress on neurotrophic factor expression were 
opposite to the changes induced by kindled seizures in which BDNF was 
increased and NT-3 and NT-4 were decreased in the hippocampus. These 
findings raise the possibility that alterations in the expression of 
neurotrophic factors may be important in producing some of the 
phenotypic, structural and deleterious effects of stress in the CNS.

358.8
EFFECTS OF CHRONIC STRESS ON SLEEP IN RATS. G.J. 
Kant*ж R.H. Pastel, R.A. Bauman, G.R. Meininger,
K.R. Mauahan. P.S. Covington and W.L. Wright. 
Dept of Medical Neurosciences, Walter Reed Army 
Institute of Research, Washington DC 20307-5100.

Our laboratory has been investigating the 
physiological and behavioral consequences of 
chronic stress using a rodent model in which rats 
are exposed to 24 hr/day signalled escapable 
intermittent footshock. We have found that this 
stressor increases levels of stress hormones, 
disrupts circadian rhythms of temperature, 
impairs performance on a delayed alternation task 
and decreases food intake and thymus weight. 
Rats avoid/escape >99% of the shock trials and 
appear to tolerate the paradigm well as assessed 
by general appearance, increasing body weight and 
gradual return to pre-stress food intake, hormone 
levels and performance. The purpose of the 
present study was to measure sleep during this 
chronic stress. Telemeterу devices were used to 
remotely record 24 hr EEG for two pre-stress 
days, stress days 1, 2, 3, 7, 10 and 14 and post
stress days 1, 6, and 7. REM and NREM sleep were 
found to be markedly decreased for the first 12 
hrs of stress and then gradually returned to pre- 
stress levels by the third day of stress.
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HEAT SHOCK DISRUPTS EXPRESSION OF LONG-TERM 
HABITUATION IN C. ELEGANS. C.D.O. Beck* and C.H. Rankin. Dept. of 
Psychology, University of British Columbia, Vancouver, BC, Canada V6T 
1Z4.

C. elegans retained the effects of distributed habituation training over 24 hrs 
and that retention was disrupted by delivery of heat shock between training 
sessions on day 1. Habituation of the response to tap can be produced by the 
repeated administration of vibrational stimuli (trains of taps) to the substrate 
on which individual animals rest. Smaller response magnitudes are observed 
for up to 1 hr after training. Long-term retention of habituation training (over 
24 hrs) was seen when habituation training (60 stimuli; 60 s ISI) was 
distributed over three sessions (20 stimuli per block) with 1 hr rest periods 
between sessions. This training procedure produced response magnitudes 24 
hrs after the start of training that were lower than baseline . Delivery of the 
same number of stimuli without 1 hr rest periods did not produce decremented 
responses 24 hrs later.

Heat shock causes the production of stress proteins in C. elegans and is 
known to decrease overall protein production in many organisms. If the 1 hr 
rest period between training sessions is used for protein-production dependent 
memory consolidation, heat shock during these intervals might disrupt 
retention of habituation training 24 hrs later. Heat shock (32 deg. C, 45- 
50min) was delivered after each of the three training sessions on day 1 and 
retention was tested on day 2. No evidence of retention of habituation training 
was seen on day 2. It remains to be established that long-term retention of 
habituation training is specifically sensitive to the decrease in protein 
production that may occur during the cellular stress response.

S T R E S S -IN D U C E D  N O R E P IN E P H R IN E  R E L E A S E  IN  T H E  
PA R A V E N T R IC U L A R  N U C LE U S OF R A TS W ITH  B R A IN ST E M  
H EM ISECTIO NS: A M ICRODIALYSIS STUDY. K. Pacale*. M. Palkovits. R 
Kvetnanskv. I. J. К о р іп . D. S. Goldstein. NINDS and NIMH, NIH, Bethesda, MD 20892.

Immobilization (IMMO) of rats evokes marked increases in release of norepinephrine (NE) in 
the paraventricular nucleus (PVN) of the hypothalamus, consistent with a role of NE in the 
PVN release of corticotropin-releasing hormone and therefore in pituitary-adrenocortical 
activation during stress. This study examined the effects of surgical hemisection of the 
brainstem between the locus ceruleus and rostral portion of the medulla on release of NE in the 
PVN in vivo in conscious rats, at baseline and during IMMO. Concentrations of NE, the NE 
metabolite dihydroxyphenylglycol (DHμ g ), and the dopamine metabolite dihydroxy- 
phenylacetic acid (DOPAC) were measured in microdialysate samples obtained beginning 24 h 
after implantation of a microdialysis probe in the PVN either ipsilateral or contralateral to the 
hemisection. On the lesioned side, baseline levels of NE, DHμg , and DOPAC were 
significantly lower and IMMO-induced increases were smaller than in SHAM-operated rats. 
Contralateral to the hemisection, only DOPAC levels at baseline and during IMMO were 
significantly reduced. Neither baseline levels nor IMMO-induced increases in plasma 
corticosterone levels differed between lesioned and SHAM-operated animals. The present results 
indicate that: (1) NE release in the PVN at baseline and during IMMO depends mainly on 
ascending medullary tracts from ipsilateral brainstem Al and A2 catecholaminergic areas, with 
small contributions from the locus ceruleus and from contralateral medullary cells; and (2) 
brainstem hemisection does not influence IMMO-induced activation of the hypothalamic- 
pituitary-adrenocortical axis as indicated by plasma corticosterone levels in conscious rats.

358.11
C 0 2 INHALATION ELICITS AN INCREASE OF STEROIDS IN RAT BRAIN 
TEMPORALLY RELATED TO A DECREASED ПАВАд RECEPTOR FUNCTION.

G .Roscett і . M . L . Barbaccia. M . Trabucchi. T .C u c c h e d d u A , A.Concas* 
and G .В і gg і o A* . Dept. Exp. Med.,Univ. of Roma "Tor Vergata", 
Ro ma -I ta ly and A Dept. of Exp.Biology, Univ. of Cagliari, Italy.

COg inhalation de creases,in a time and do se -d ep en de nt manner, 
the function of GABA a receptors in rat brain (Sanna et Al. Europ. 
J. Pharmacol. 216,457/1992). Since a number of ring A-reduced 
derivatives of pregnenolone (neurosteroids) can mo dulate the 

GABAA receptor gating, we in vestigated whether C 0 2 exposure would 
affect the brain content of pr eg ne no lo ne ( P R E ),pr og es te ro ne (PRO) 
a n d  d e s o x y c o r t іc o s t e r o n e  ( D O C ) ,  p u t a t i v e  p r e c u r s o r s  of the 
n e u r o s t e r o i d s .  A d u l t  m a l e  S p r a g u e - D a w l e y  CD r a ts ( C h a r l e s  

River,Como ,I ta ly ), ha bi tu at ed to the ex perimental procedure, were 
exposed to 35% C02/65% 0 2 for 1 min. Right after the C 0 2 exposure 
(time 0) or 10 min.later (time 10) the rats were killed by 
focussed microwave irradiation to the head (5 sec). The steroids 
were quantified in an et hylacetate extract of brain cortex by 
specific radioimmunoassay after HPLC purification. The levels of 
PR O an d DO C, in rats k i l l e d  at t i m e  0 a f t e r  C 0 2> w e re 
si gnificantly increased by 44% and 8 6 % , respect i ve І у; however the 
most dramatic increase of PRE (2 folds),PRO (20-25 folds) and DOC 
(10-13 folds) was observed in rats killed at time 10.Such an 
i n c r e a s e  of P R E , P R O  an d D O C  » p u t a t i v e  p r e c u r s o r s  of the 
neuroactive neurosteroids, may represent an ad ap ta ti on of the 
system to the decreased GA BAA receptor function el icited by C 0 2 - 
These studies may shed new light on the mo le cu la r mechanisms 
underlying the neurochemical correlates of stress and/or anxiety.

35 8.12
PET MEASUREMENT OF NORADRENERGIC CONTRIBUTIONS TO 
CEREBRAL METABOLISM IN HUMANS EXPOSED TO EXTREME STRESS 
AND HEALTHY SUBJECTS. J.P, ВгЄШПЄГ, C,K, Nfl, L, Staib, J, 
Markey, J, Duncan. J, H, Krystal. Q. Zubal, H, Pey, J,.B^Seibyl-S, 
Mazza,.5,M, Southwick, R, Soufer. P.S^ C b . a r r a y , D e p t s .  
of Psychiatry and Radiology, Yale U. School of Medicine, National 
Center for PTSD, 116a West Haven VAMC, West Haven CT 
06516.

Accumulated preclinical and clinical evidence supports a role for 
alterations in noradrenergic (NA) brain systems following 
exposure to extreme stress. The purpose of this study was to 
use positron emission tomography (PET) and p8F]2-fluoro-2- 
deoxyglucose (FDG) measurement of cerebral glucose metabolism 
coregistered with MRI in patients with a history of exposure to 
combat-related stress and the diagnosis of posttraumatic stress 
disorder (PTSD)(N=3) and healthy subjects (N=3) following 
administration of yohimbine or placebo. Preliminary results 
suggest an increase in baseline metabolism in diffuse cortical 
areas, cerebellum, and some subcortical areas including 
hippocampus, amygdala, and caudate, in patients with PTSD in 
comparison to controls. Administration of yohimbine resulted in a 
decrease in metabolism in these areas in PTSD patients, with no 
change or slight increases in the healthy subjects, in comparison 
to placebo. These preliminary results are consistent with a 
differential effect of yohimbine on cerebral metabolism in PTSD 
patients in comparison to controls.

STRIATE CORTEX: PLASTICITY

35 9 .1
SQUINT-INDUCED AMBLYOPIA IS ASSOCIATED WITH REDUCED 
SYNCHRONIZATION OF CORTICAL RESPONSES. P.R.Roelfsema, 
А.КЈЕпееГ, P.König, R.Sireteanu and W.Singer. Max-Planck-Institut für 
Himforschung, Deutschordenstraße 46, 6000 Frankfurt 71, F.R.G.

One of the possible consequences of early onset strabismus is amblyopia of 
one eye. In spite of the pronounced perceptual deficits that are associated with 
this condition, the search for neurophysiological correlates of strabismic 
amblyopia has remained inconclusive. Recently, it has been shown that 
information about a visual stimulus is not only contained in the firing rate of 
neurons in the visual cortex, but also in the synchronization between their 
responses, that appears to reflect global stimulus properties.

In the present study, we investigated the interactions between spatially segre
gated neurons in the striate cortex of cats raised with a surgically induced 
convergent squint In these animals, amblyopia had been confirmed behaviorally 
assessing grating acuity of both eyes. After induction of general anaesthesia, 
multiunit activity was recorded simultaneously from spatially separate sites (0.5-2 
mm) in area 17 of the visual cortex. Hie light responses of neurons driven by the 
normal eye displayed stronger synchronization than those of neurons dominated 
by the amblyopic eye, but response strength was comparable. Synchronization 
between cell groups dominated by different eyes was virtually absent

Grating stimuli of high spatial frequency, which the animal had been unable to 
discriminate when tested through the amblyopic eye, evoked clear-cut responses 
in neurons dominated by this eye, but synchronization of responses was reduced 
in comparison with responses to lower spatial frequencies or responses evoked 
through the normal eye. The close correlation between reduced response 
synchronization and the perceptual deficits in squint-induced amblyopia suggests 
an important role for neuronal synchrony in normal cortical processing.

35 9 .2
STRABISMUS CHANGES THE SPACING OF OCULAR 
DOMINANCE COLUMNS IN THE VISUAL CORTEX OF CATS. 
S. Löwel* and W. Singer. Max-Planck-Institut für Himforschung, 
Deutschordenstr. 46, D-6000 Frankfurt a.M. 71, F.R.G.

When kittens are born, the geniculo-cortical afferents of their left 
and right eye are overlapping in layer IV of primary visual cortex. 
These afferents segregate in early postnatal life into alternating patches 
called "ocular dominance (OD) columns". Since the formation of the 
adult pattern of columns involves competition between activity 
patterns in the two eyes self-organizing principles are thought to 
govern their development. Here we present direct evidence that this is 
the case in showing that visual experience alters the gross layout, i.e. 
the periodicity of the pattem of OD-columns. We visualized OD- 
columns in six strabismic and five "normallly" reared control cats by i) 
transneuronal labelling of the afferents with intraocular [3H] pro line 
injections and by ii) [14C]2-deoxyglucose autoradiography after 
monocular visual stimulation. To obtain the complete pattern of 
columns we cut flat-mount sections from the visual cortices. In area 
17, OD-domains were not only more sharply delineated than in 
"normal" cats but the spacing of adjacent domains was different as 
well: spatial frequency analyses indicate mean periodicities in the 
order of 1100- 1300pm. These values are larger than in "normal" 
controls in which distances of 800-1000μπι are observed. These data 
are strong support for the hypothesis that the development of OD- 
columns is determined by self-organizing principles and not just a 
better or worse readout of a built-in (and maybe genetically fixed) 
pattem.
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359.3
A MOTION SEGREGATION MODEL IMPLEMENTED BY VI MECHANISMS 
Jun Zhang*, Dept of Psychol, Univ of Michigan, Ann Arbor

Motion sensors base their computation on image luminance 
variation in both space and time. As such, they invariably 
confound the velocity of an object with its appearance or 
luminance spatial structure. Even a rigidly translating 
object elicits a pattern of inhomogeneous responses, due 
to non-uniform image luminance. To achieve object segreg
ation, the output of motion sensors must be "intrinsically" 
compared to discount apparent discrepancies therein due to 
image structure (Zhang and Wu, 1990, PNAS, pp7819-7823).
Here this framework of perceptual binding is implemented 

by VI mechanisms. Motion sensors in layer 4B compute image 
spatial-temporal gradients. Within the family of sensors 
tuned to different preferred directions yet all at same 
location, the cell with maximal response is identified by 
winner-take-all type cross-inhibition. In upper layer 2/3A, 
first-order image spatial gradient is computed by oriented, 
odd-symmetric RFs. Cells with identical orientation prefer
ence will establish binding laterally (across neighboring 
locations) via horizontal connections, provided: a) they 
are driven by same amount of input excitation/inhibition 
and b) they are gated by the motion sensor giving maximal 
response at that location, through point-wise connections 
between layer 4B and layer 2/3A. Motion segregation is 
demonstrated as a result of interactions between these two 
laminae within VI.

35 9.5

CH AN GES IN SYNAPTIC W EIG H T S LIN K ED TO  RECEPTIVE  
FIELD EX PANSION IN TH E CAT STRIATE CO RTEX . A. D as and C.
D. G ilbert* The Rockefeller University, N ew  York, N Y  10021.

It has been shown that receptive field (RF) size o f  neurons in the superficial 
layers o f  adult cat striate cortex can be reversibly increased severalfold by 
conditioning with an "artificial scotoma", i.e. occluding the neurons RF with a 
mask while stimulating the surrounding area o f  visual field for a few minutes 
with an array o f  moving bars or random dots. Earlier studies have suggested 
that the substrate for this reversible expansion is intrinsic to cortex rather than 
to antecedent levels o f  the visual pathway. The present study is aimed at 
elucidating the above cortical substrate, by measuring the cross correlation 
between pairs o f  neurons before and after conditioning to track changes in their 
common input and in the strength o f  their interconnection. Pairs o f  neurons 
with adjacent RFs and similar orientation were isolated in superficial layers o f  
cat visual cortex and their outputs cross-correlated. One or both neurons were 
then conditioned using an appropriately placed artificial scotoma. The cross 
correlation obtained after conditioning showed an increase in peak height and 
area -  after accounting for the changes in cell firing rate that accompany RF 
expansion -  i f  and only if  conditioning led to an expansion o f  the neuron's RFs. 
In some instances this was also accompanied by a clear change in the peak 
position and width. Cross-correlation parameters returned to their initial values 
when the enlarged RFs were induced to collapse back by stimulating through 
the RF centers. This suggests that an important mechanism for the RF 
expansion seen with "artificial scotoma" conditioning is a change in synaptic 
weights o f  intrinsic cortical connections. (Supported by NIH grant EY07968, 
the McKnight Foundation, and the Norman and Rosita Winston Foundation)

35 9.7
R E A L IS T IC  S IM U L A T IO N S  O F S Y N C H R O N IZ A T IO N  IN  
N E T W O R K S  O F L A Y E R  V N E U R O N S  IN  C A T  P R IM A R Y  
V IS U A L  C O R T E X . Paul Bush*. Charles Gray and T errenes  
S e jn o w sk i Salk Institute, La Jolla, CA 9 2 138-9216  USA.

Synchronization  o f  the fir ing  o f  v isu a l cortica l neurons in 
resp o n se  to sp a tia lly  coh eren t stim u li has been  o b served  in  
a w a k e  and a n e s th e t iz e d  m o n k e y s  and c a ts .  W e h a v e  
con stru cted  a d e ta iled  m od el o f  a co lu m n  in L ayer 5 o f  
prim ary v isu a l cortex  c o n s is t in g  o f  80 ex c ita to ry  pyram idal 
and 20  inh ib itory  basket reduced com partm ental neurons. The 
dendrites w ere m odeled  by 8 com partm ents and HH kin etics o f  
4  ch an n els w ere in clu d ed  in the som a. T h e pyram idal c e lls  
f ir e  r e p e t it iv e  b u rsts  in  r e sp o n se  to  c o n s ta n t  cu rren t  
in je c t io n , ea ch  w ith  a d iffe r en t  in tr in s ic  freq u en cy . T h e  
b a sk et c e l ls  f ire  n o n a d a p tin g , h ig h -fr e q u e n c y  sp ik e  tra ins. 
W hen con n ec ted  togeth er  in  a random  fa sh io n  w ith  a 10%
co n n e c tio n  d e n s ity , su ch  a n etw ork  p ro d u ces  sy n ch ro n ized  
f ir in g  in  resp o n se  to  P o is so n  sp ik e  tra in  in p u t to  the  
pyram id al c e l ls .  T h is  sy n ch ro n iza tio n  is  resista n t to  n o ise  
d ir ec tly  in jec ted  in to  th e n eu ron s and p e r s is ts  o v e r  w id e  
variation s in the syn ap tic  strengths and syn ap tic  d e lays.

W hen tw o  such netw orks are con n ected  w ith 3% connection  
d e n s ity  (sim u la t in g  in ter -co lu m n  c o n n e c t iv ity )  th ey  rapid ly  
(w ith in  1 or 2 c y c le s )  syn ch ron ize w ith  zero phase lag. Th is
s y n c h r o n iz a t io n  h a s  b e e n  o b s e r v e d  to  s p o n ta n e o u s ly  
disappear and reappear w ith  n o ch a n g e  in the input to the
netw ork . S im ilar resp on ses h ave b een  ob served  in recordings  
from neurons in the cat visu al cortex in v ivo .

35 9.4
R O LE O F L A T E R A L L Y  PR O JE C TIN G  IN T R IN SIC  FIBE R S IN  
T O PO G R A PH IC  R E O R G A N IZ A T IO N  O F V ISU A L C O R T E X  IN  
A D U L T  C A TS. C. Darian-Sm ith* a n d  C.D. G ilbert The Rockefeller Univ., 
N ew  York, N Y  10021

The visuotopic order o f  striate cortex undergoes substantial reorganization 
in adult cats 2-12 months after making focal binocular retinal lesions (~10°arc 
diam, 2-12° eccentricity). Connections intrinsic to the thalamus and thalamic 
afferents terminating in area 17 do not play a major role in the ~6mm extent 
o f  cortical reorganizaton or 'fill-in' observed, which suggests a major 
contribution at the cortical level (Abstr. '92:11.5). The current study examines 
the involvement o f  intracortical lateral projections in the mechanism o f  
reorganization. Receptive fields were mapped for the same region o f  area 17 
before, immediately after lesioning, and 2-8 months later, to document the 
extent o f  fill in. During the terminal experiment, biocytin injections (200- 
бООцт diam) were placed just outside the original scotoma border so that 
axons projecting from normal into reorganized cortex were labeled. As 
controls we examined projections from the same injection sites into normal 
cortex over equivalent distances, and the horizontal axon arbors in non- 
lesioned animals. Reconstruction o f  axon fibers and terminals revealed 
features common to both reorganized and normal cortex. An extensive, 
clustered fiber plexus projected laterally from injection sites for 4-4 .3mm (of  
which ~3.5mm  extended into reorganized cortex across the original scotoma 
boundary), indicating that a potential substrate for reorganization already 
exists within the cortex. Axon fibers were observed within all cortical layers 
when sampled at a horizontal distance o f  3mm from injection sites. Analyses 
o f  fiber density, axon caliber, and bouton distribution were done to determine 
the presence o f  axonal sprouting. Preliminary results indicate an exuberance 
o f  axon collaterals within reorganized cortex substantially greater than that 
seen in normal cortex. (Supported by NIH  EY07968, N S F  BN S8918951, the 
McKnight Foundation, and the NH&M RC, Australia)

3 5 9 .6

A Q U A N T IT A T IV E  M E A SU R E  FO R  SH O R T -T E R M  CO R T IC A L  
PL A ST IC IT Y  IN  H U M A N  V ISIO N . M .K. K apadia. C.D. G ilbert an d G. 
W estheimer*. The Rockefeller University, N ew  York, N Y  10021.

Recent physiological evidence has shown that receptive-fields (RFs) are 
highly dynamic structures, capable o f  changing in response to different visual 
environments. A  striking example o f  this phenomenon is the increase in RF 
size in area VI when the surround is stimulated but the RF itself is not.

W e examined the perceptual consequences o f  this RF expansion in the 
domain o f  spatial localization. An artificial scotoma was created by 
occluding a 2.4°x2.4° square on a field o f  dynamic random dots. Subjects 
were asked to perform a three-bar bisection task at different positions relative 
to the boundaries o f  the scotoma. When the scotoma was at 6° eccentricity 
from a fixation point, line segments appeared up to 7' o f  arc closer to the 
center o f  the scotoma than in control experiments without an occluder. This 
shift in perceived position was apparent after only one second o f  
conditioning. W e also observed a learning effect in the accuracy o f  
performance o f  the bisection task, indicating a long-term plasticity induced 
over several months in addition to the short-term shifts in localization.

The psychophysical results can be explained by a model relating RF size 
and location to the perceived position o f  an object. Enlarged RFs would bias 
the population vector toward the center o f  the scotoma and account for the 
perceived shifts. The time course o f  induction o f  the perceptual shifts could 
therefore provide an independent measure o f  the rapidity o f  RF plasticity and 
would suggest that RF dynamics may play a role in normal visual processing. 
(Supported by NIH EY 07968, N S F  B N S 8 9 18951 and a McKnight 
Foundation Development Award.)

359.8
PROPERTIES OF STIMULUS-DEPENDENT RHYTHMIC ACTIVITY OF VISUAL 
CORTICAL NEURONS IN THE ALERT CAT. CM . Gray* and G. Viana Di Prisco. 
The Salk Institute, La Jolla, CA 92186

Oscillatory neuronal responses to visual stimuli are well documented in several 
areas o f the mammalian visual cortex. The functional significance of this rhythmic 
activity, however, is still controversial. To resolve this issue it is important to 
determine the properties of rhythmic activity and its synchronization in awake 
behaving animals. As a step towards this goal we have studied the response properties 
of visual cortical neurons in alert cats that were trained to maintain fixation for 3 secs 
while receptive fields were mapped and characterized using a computerized visual 
stimulation system. Three cats were surgically implanted with a scleral search coil for 
monitoring eye movements, a head post and a recording chamber. The animals were 
trained to maintain eye fixation while visual stimuli were presented. Single and 
multiunit activity was recorded (up to four channels) in areas 17 and 18 with metal 
microelectrodes. Different spikes recorded by a single electrode were discriminated by 
a template matching algorithm. Receptive fields were mapped at each location and 
the optimal stimulus found. The dependence o f oscillations observed in 
autocorrelograms on stimulus parameters such as velocity, orientation, direction and 
contrast as well as the frequency variability among individual trials were assesed by 
statistical tests which compared spontaneous and induced activity to spike trains 
generated by an equivalent Poisson process. The results show that statistically 
significant rhythmicity was present in 64 out o f 118 recording sites (54%). This 
proportion as well as the basic characteristics o f this activity in the alert cat closely 
resemble that observed in anestethesized animals. The oscillation frequency increases 
with stimulus velocity and shows little dependence on contrast. We also observed a 
high degree of local correlation o f firing at single recording sites and cells with 
oscillatory rhythmic activity showed repetitive bursting. These findings provide 
additional evidence for a role o f neuronal rhythmicity and synchronization in visual 
information processing.
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35 9 .9
CHATTERING CELLS: A NEW PHYSIOLOGICAL SUBTYPE WHICH MAY 
CONTRIBUTE TO 20-60 HZ OSCILLATIONS IN CAT VISUAL CORTEX.
D. A. McCormick*. C. Gray**, and Z. Warn Sec. Neurobiol., Yale Univ. Sch. 
Med., New Haven, CT and **Salk Institute, San Diego, CA

Synchronous oscillatory responses occur in a subset of neurons in several 
areas of cat visual cortex. During this activity, single neurons typically 
discharge 30-60 Hz repetitive bursts of 2-5 action potentials at 300-700 Hz. 
Here, using intracellular recording techniques in cat area 17 both in vivo and 
in vitro, we sought to determine the contribution of intrinsic membrane 
properties to the generation of these synchronized oscillations.

Intracellular recordings in vivo revealed a subset of neurons which when 
activated with visual stimulation generated high frequency (300-700 Hz) 
bursts of 2-4 action potentials repetitively at 20-60 Hz ("Chattering ceils"). 
Intracellular injection of current pulses resulted in a similar pattern of activity, 
suggesting that it may be an intrinsic property of these neurons. Indeed, 
extra- and intra-cellular recordings from neurons in area 17 of cat visual 
cortical slices maintained in vitro revealed a subset of neurons in both infra- 
and supra-granular layers which when activated by glutamate, glutamate 
metabotropic receptor agonists, or muscarinic receptor agonists generated 
repetitive high frequency bursts in a manner similar to that found in vivo 
during visual stimulation. This activity persisted even in the block of synaptic 
activity, indicating that it is intrinsic to these cells. Chattering neurons were 
electrophysiologically distinct, however, from the previously described burst 
generating layer V neurons. These results suggest that the cerebral cortex 
contains neurons which possess the intrinsic property to rhythmically burst at 
high (20-60 Hz) frequencies and which, therefore, may act as "pacemaker" 
elements for synchronized oscillations in this frequency range. Supported by 
NIH (CG, DAM), Klingenstein Fund (CG), and ONR (CG).

35 9.10
REGENERATION OF VISUAL CORTEX CELLS IN NEONATAL 
CATS: PHYSIOLOGICAL STUDIES U. Yinon*.R. Shemesh and
H. Arda. Physiol. Lab., Goldschleger Eye Res. Inst., Tel-Aviv 
Univ. Fac. Med., Sheba Med. CTR, Tel-Hashomer, 52621, 
ISRAEL.

The regenerative capability of primary (area 17) visual cortex cells, was 
physiologically studied following intracortical deafferentation in 5 neonatal 
cats. The deafferentation was produced by a parasagittal incision between 
the midline and the lateral or posdaterai sulci, juxtaposed to the splenial 
sulcus, thus partially separating the medial region from the thalamo-cortical 
afferente (Exp. Brain Res., 87:181, 1991). Analogous surgery was 
performed in 8 adult controls. The neonatally operated cats were studied 
14-23 months (299 cells), and the control cats 3-8.5 months (573 cells) 
postoperatively. Unit recording was carried out extracellularly, the 
receptive fields mapped and the responses characterized by post stimulus 
time histograms. Histological assessment with Nissl staining indicated 
recovery at the location of the incision in the neonatally operated cats. The 
physiological findings revealed typical bursts of action potentials in the 
deafferented region of the neonatally operated cats with 74.2% responsive 
cells, in comparison with 24.4% in the analogous region of the adult 
controls. Furthermore, no distinguishable difference in other physiological 
parameters such as orientation and direction selectivity and ocular 
dominance, was found in the deafferented region of the neonatally 
operated cats in comparison with the intact cortex. In conclusion, 
regeneration, as functionally evidenced, takes place in the deafferented 
visual cortex of neonatal cats.

Supported by the National Institute for Psychobiology in Israel.
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36 0 .1
THE ROLE OF THE RETINOBLASTOMA PROTEIN IN CNS 
DEVELOPMENT. K. Herrup* E Y-H.P.Leet †. N. Hu†. C-Ү , 
Chang†. A. Bradley‡. W-H. Lee†. †Inst. Biotech.. UTHSC, San 
Antonio, TX; ‡Baylor College of Med., Houston, TX; ¶Alzheimer 
Lab., CWRU Med Sch., Cleveland, OH 

The retinoblastoma (RB) gene, a prototypic tumor suppressor gene, 
encodes a nuclear phosphoprotein that is widely expressed in embryos 
and adults. Germline mutation of RB has been found in patients with 
hereditary retinoblastoma, while somatic mutations of RB are found in 
sporadic forms of retinoblastoma and other tumors. To better under
stand the role of RB in normal development, mice with an insertional 
mutation in exon 20 of the R b-1  locus were generated. Mice heterozy
gous for the mutant allele (+ /R b -1 ∆20) were normal in behavior and 
gross brain anatomy, but by 8 months over 95% of them develop pitu
itary tumors. Curiously none o f these animals has been observed to 
develop a retinoblastoma. Homozygous mutants (R b -1∆20/ R b - l ∆20)  
die before the 16th embryonic day with defects in the hematopoietic 
system (there is a significant increase in the number of nucleated ery
throcytes) and the developing brain. In the CNS, the ventricular zone 
appears normal in morphology at all ages examined (E10 - E l6), but 
massive amounts of cell death are found outside of this region, primar
ily in the intermediate zone and the dorsal root ganglia. Associated 
with the cellular debris are substantial numbers of ectopic mitoses, a 
finding confirmed by labeling of embryos with BrdU. The identity of 
both the dying and dividing cells is currently under investigation. A 
normal human retinoblastoma mini-transgene, transferred into mice, 
can rescue R b - l ∆20/R b -1 ∆20an im als. Thus a normal RB protein is 
essential for CNS development.

3 6 0 .3
VIP EXERTS BOTH M ITOGENIC AND TROPHIC EFFECTS ON 
SYM PATH ETIC NEUROBLAST PR O LIFERA TIO N. D.W. Pincus.*
N. Lu. I.B. Black, and E. DiCicco-Bloom. Dept. Neuroscience & Cell Biology, 
UMDNJ., Robert Wood Johnson Medical School, Piscataway, NJ 08854.

Previously, we found that vasoactive intestinal peptide (VIP) was a multifunc
tional regulator of sympathetic ontogeny, stimulating mitosis, differentiation and 
survival (Pincus et al, Nature 343:564,1990). In addition, neuroblasts undergoing 
division in vitro without trophic factors (VIP and NGF) died, suggesting that even 
precursors require survival molecules. Thus, VIP may stimulate mitotic popula
tions by two possible mechanisms. VIP may directly stimulate mitosis, or alter
natively, the factor may promote survival o f dividing precursors that would other
wise die. Now, a newly designed system that uses a brief time frame allows reso
lution o f these alternatives by precluding changes due to either division or enhanced 
survival. In this system, VIP stimulated mitogenesis (entry into S phase).

To establish efficacy o f the system, embryonic rat neuroblasts were cultured with 
or without insulin (10 μg/ml), a well-known sympathetic mitogen, and were 
assayed for [3H] thymidine ([3H]dT) incorporation, a marker for DNA synthesis, and 
cell number. At 6 hrs after plating, insulin elicited no changes in cell death (trypan 
blue exclusion) or neuroblast division (production o f daughter pains). In this stable 
population, however, insulin elicited a 30+0.02% (pcO.0003) increase in [3H]dT 
incorporation, indicating that the system allowed detection o f mitogenic stimula
tion. In addition, as expected for mitogens, insulin increased the percentage of 
[3H ]dT-labeled nuclei detected by autoradiography (labeling index; 
Con=16.5±0.9%, Ins=26.2+0.6%).

Treatment with VIP increased incorporation 46.4+0.09% (pcO.0006), indicating 
that the factor enhanced DNA synthesis. In contrast, there were no differences in 
cell number, indicating that VIP trophic activity did not account for increased 
incorporation. We conclude that, in addition to promoting sympathetic survival, 
VIP can directly stimulate mitosis, an effective combination o f activities that 
enhances proliferation.

36 0.2
GROWTH FACTOR RESPONSIVE CENTRAL NERVOUS SYSTEM 
PROGENITORS AND THEIR RELATION WITH THE CATECHOLAMINERGIC 
PHENOTYPE. J. Santa-Olalla. J. Segovia* and L. Covarrubias. Departamento de 
Biologia Molecular, Instituto de Biotecnologia, UNAM, Apdo. Postal 510-3, 
Cuernavaca, Morelos 62271, Mexico.

In the last few years there has been an increasing number of reports related to the 
effect of growth factors on central nervous system (CNS) precursor cells, however, 
little is known about how they influence the definition o f specific phenotypes. We 
are interested in studying the events that control cell proliferation at the time of 
terminal differentiation (i.e. phenotype establishment), therefore we have started to 
analyze specific phenotypes in different paradigms where cell division is affected. 
Here we report the effect o f different growth factors on primary mesencephalic 
cultures and their influence on catecholaminergic phenotype. First, using a Reverse 
Transcriptase coupled Polymerase Chain Reaction (RT-PCR) semiquanti tarive 
method, we investigated the effect o f  basic Fibroblast Growth Factor (bFGF), 
Epidermal Growth Factor (EGF), Tumor Growth Factor-а (TGF-a), Tumor Growth 
Factor-ß (TGF-ß) and Nerve Growth Factor (NGF) on Tyrosine Hydroxylase (TH) 
mRNA expression in our primary mesencephalic cultures. Our results show no 
significant global changes in TH mRNA levels with any growth factor tested or in 
the presence o f either cAMP or KC1. Nonetheless, colonies, arising from presumably 
precursor cells, are formed after 6 days in the presence o f high concentration of  
bFGF, TGF-a and EGF. These colonies express nestin mRNA, a protein of 
intermediate filaments present in CNS precursor cells, and are able to generate 
neuronal and glial cells as demonstrated by morphological and immunocytochemical 
analyses. Results obtained from subcultures o f these colonies suggest that they 
contain precursor cells capable of self-renewal. Data related to the expression o f TH 
mRNA in these colonies will be presented.
This work was supported by DGAPA (IN-201991),UNAM.

3 6 0 .4
DEVELOPMENTAL REGULATION OF NEURAL RESPONSE TO FGF-1 
AND FGF-2 BY HEPARAN SULFATE PROTEOGLYCAN. M.D. Ford,
V. Nurcombe, B.J. Dowsing* and P.F. Bartlett. Dept of 
Anatomy and Cell Biology, University of Melbourne 3052 
and Walter and Eliza Hall Institute, Royal Melbourne 
Hospital 3050, Australia.

Murine precursor cells and cell lines derived from 
them are stimulated by members of the heparin-binding 
fibroblast growth factor (FGF) family. The activity oi 
FGF is regulated by heparan sulfate proteoglycans 
(HSμgs), and this interaction is an essential 
prerequisite for the binding of growth factor to 
signal transducing receptors. Messenger RNA for FGF-2 
could be detected within the neuroepithelium from 
embryonic day 9 using the polymerase chain reaction. 
HSμgs biochemically isolated from the neuroepithelium 
at this age preferentially bound FGF-2 over other 
heparin-binding factors [1]. By embryonic day 11 the 
mRNA for FGF-1 also becomes detectable; concurrent 
with the expression of the FGF-1, HSμgs isolated from 
Ell neuroepithelium have switched their affinity from 
FGF-2 to FGF-1. The E9 and Ell HSμgs have common coit 
proteins but differing carbohydrate side chains. Thus, 
a single species of HSμg undergoes a rapid, tightly 
controlled change in growth factor-binding specificity 
concomitant with the temporal expression of the FGFs. 
[1] Nurcombe, Ford et al., (1993) S c i e n c e 260:103-106.
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360.5
CNTF, LIF AND O NCO STATIN M INCREASE THE  
NUMBER OF OLIGODENDROCYTES IN CULTURES OF 
EGF-GENERATED CNS PROGENITOR CELLS.
B.A. Reynolds*1. J.P. Hammang2, E.E. Baetge2 and S. W eiss1. 
1 Neuroscience Research Group, University of Calgary, Calgary, 
AB, Canada and 2CytoTherapeutics, Inc., Providence, R.I.

We have isolated a stem cell from the E14 murine striatum, which 
in the presence of EGF divides and gives rise to a cluster 
(neurosphere) of undifferentiated cells that can differentiate into 
neurons, astrocytes and oligodendrocytes. RT-PCR on neurosphere 
mRNA revealed the presence of mRNA for the CNTFa receptor, 
suggesting that CNTF may play a role in the development of the 
stem cell progeny. We investigated the effects of CNTF, and other 
structurally related proteins (LIF, oncostatin M, IL-6), on the 
differentiation/survival of EGF-generated stem cell progeny. Using 
our standard differentiation paradigm, CNTF (2 ng/ml) was added to 
the culture medium every other day for 7 days after which the cells 
were processed for indirect immunocytochemistry and probed with 
antibodies against neuronal and glial antigens. The addition of 
CNTF resulted in a 2-3 fold increase in the number of 
galactocerebroside- and myelin basic protein-immunoreactive cells. 
This effect was mimicked by LIF and oncostatin M but not by IL-6. 
No significant increase in MAP2- and GFAP-immunoreactive cell 
numbers were detected. These results suggest that CNTF, LIF and 
oncostatin M can enhance the differentiation or survival of 
oligodendrocytes generated by EGF-responsive stem cells.

Supported by the Medical Research Council of Canada.

360.7
NEURAL STEM CELLS ARE LOCATED IN THE SUBEPENDYMAL REGION OF 
THE ADULT MAMMALIAN FOREBRAIN. C. Morshead*B, Reynolds* S. Weiss* and
D. van der Koov. University of Toronto, Department of Anatomy and Cell Biology, 
Toronto, Ontario, AUniversity of Calgary, Department of Anatomy, Calgary, Alberta.

A population of stem cells isolated from adult mammalian brains has the capacity to 
proliferate and differentiate in vitro in the presence of EGF. The proliferating cells form 
spheres and the differentiated progeny of these cells in vitro are neurons and glia. The adult 
brain is mitotically quiescent with the exception of the subependymal region lining the 
lateral ventricles in the forebrain. This region contains a subpopulation of constitutively 
proliferating cells with a cell cycle time of 12.7 hours. The cells elicit a steady-state mode 
of proliferation whereby one progeny undergoes cell death and the other continues to divide. 
We investigated whether the stem cells isolated in vitro originated from the subependymal 
layer in vivo. Dissection and subsequent culturing of adult hippocampus, cortex, striatum 
alone and striatum including the lateral wall of the lateral ventricle resulted in the formation 
of spheres only when dissections included cells from the subependyma. Stem cells in vitro 
are responsive to EGF and positive for nestin (a neuroepithelial stem cell marker). We also 
observe EGF-receptors and nestin expression in the proliferating subependymal population 
in vivo. To ask whether the normally proliferating subependymal cells are the immediate 
source of stem cells in vitro and/or whether a separate, normally quiescent, subependymal 
cell serves as the ultimate source of stem cells, we carried out tritiated-thymidine kill 
experiments. Animals were injected with high doses of radioactive thymidine for the 
duration of the cell cycle at intervals less than S-phase to kill all the normally proliferating 
cells. The proliferative population was assessed at 1,2, 4, 6, 8, and 12 days post-kill by 
injecting bromodeoxyuridine (BrdU) prior to sacrifice. One day post-kill, the proliferating 
population was 5% of controls and by 8 days, the proliferating population was back to 
control values. If the replenished population is due to the recruitment of normally quiescent 
cells into the proliferative mode, we hypothesized that a second series of radioactive 
thymidine would kill the newly recruited population. Indeed, the maximal depletion of 
proliferating cells is maintained at 40% of controls when the second kill is done 1 day after 
the initial kill suggesting that a population of normally quiescent subependymal cells can 
be recruited into the proliferative mode at this time. Our data suggests the presence of a 
quiescent stem cell in the adult mammalian subependyma, which gives rise to proliferative 
progenitors in vivo and possibly in vitro.

36 0.9

BDNF ENHANCES SURVIYAL/DIFFERENTIATION OF EGF- 
GENERATED, NEURONAL PROGENITOR CELLS.
S. Ahmed. J. Zidichouski*. B.A. Reynolds and S. Weiss. Neuroscience 

Research Group, University o f Calgary, Calgary, AB, Canada, T2N 4N1.
We have isolated an EGF-responsive stem cell from the E 14 murine 

striatum which gives rise to a cluster (neurosphere) of undifferentiated cells 
that ultimately differentiate into neurons, astrocytes and oligodendrocytes. 
Previously, we found that EGF-generated neurospheres expressed mRNA 
for the trk .В neurotrophin receptor and treatment of neurospheres with 
BDNF (10ng/ml) resulted in an increase in the number of neuron specific 
enolase (NSE)-immunoreactive (IR) cells. Here we report that the increased 
number of NSE-IR cells (2-fold), detected in single neurospheres after 10 
days in  v i tr o  with BDNF on poly-L-omithine, did not incorporate 
bromodeoxyuridine (BrdU). In fact, only a few astrocytes, whose numbers 
were unaffected by BDNF, showed BrdU incorporation. The increased 
number of NSE-IR cells, also IR for microtubule associated protein (MAP) 
2, GABA and SP, migrate away from the neurosphere and develop highly 
branched neuritic processes. Current studies are addressing whether the 
BDNF response is mediated directly on neuronal progenitor cells and 
whether BDNF is continuously required for it’s growth promoting activity. 
These findings suggest that BDNF enhances the survival/differentiation, 
rather than proliferation, of EGF-generated neuronal progenitor cells.

Supportéd by the Medical Research Council of Canada.

36 0 .6
A NUCLEAR ANTIGEN OF EGF-RESPONSIVE STEM CELL 
PROGENY I N  V IT R O  IS HIGHLY EXPRESSED I N  V IV O  BY CELLS 
OF THE VENTRICULAR WALL.
J.S. Williams*. S. Weiss and R. Hawkes Dept. of Anatomy, University of 
Calgary, Calgary, Alberta T2N 4N1, Canada.

We have isolated an EGF-responsive stem cell from the embryonic and 
adult murine striatum, which divides and gives rise to a cluster (neurosphere) 
of undifferentiated cells that can be induced to differentiate into neurons, 
astrocytes and oligodendrocytes. To determine where the stem cell is in 
vivo, we began an examination of stem cell progeny (neurosphere)-specific 
antigens. Mice were immunized three times with a buffered homogenate 
of neurospheres. Hybridomas were constructed by conventional means, 
screened on neurospheres and those of interest subcloned by limiting 
dilution. One hybridoma cell line - 10B5 - strongly labeled nuclei of a 
subset of cells within the neurospheres. In primary embryonic striatal 
neuron cultures, rounded cells that did not exhibit neuronal or glial 
morphology labeled. Adult mouse brain sections had two classess of cell 
labelling: granule cell nuclei in cerebellum, dentate ģyrus and olfactory 
bulbs, and patches of cells lining the lateral ventricles. With high concen
trations of primary antibody weak nuclear immunoreaetivity was wide
spread, however, the level of antigen was much higher is the ventricular 
zone. On embryonic brain sections, ventricular cells were again promi
nently labelled. These findings suggest that the immunoreactive ventricular 
cells seen in v ivo  may be the source of EGF-responsive stem cells in v itro .

Supported by the MRC of Canada and Ciba-Geigy.

36 0.8

CO-CULTURE OF EGF-GENERATED PROGENITOR CELLS 
WITH POST-NATAL ASTROCYTES. M. Daadi. R. Hassam. B.A. 
Reynolds and S. Weiss*. Neuroscience Research Group, University of 
Calgary, Calgary, AB, Canada T2N 4N1.

We have isolated a stem cell from the E 14 murine striatum, which in the 
presence of EGF divides and gives rise to a cluster (neurosphere) of 
undifferentiated cells that can differentiate into neurons, astrocytes and 
oligodendrocytes. We hypothesized that astrocytes from various brain 
regions may influence the differentiation of EGF-generated CNS progeni
tor cells. In order to distinguish the EGF-generated progenitor cells from 
cultured post-natal astrocytes, we infected stem cells with a retrovirus 
containing the alkaline phosphatase (AP) gene coupled with a neomycin 
resistance gene. After selection with G418, infected stem cells and progeny 
were propagated through several passages. Histochemical and immuno
chemical analysis revealed that all cells within the neurospheres expressed 
AP; differentiation of the progenitor cells did not attenuate expression of 
the enzyme. Astrocyte cultures were established from the striata and 
cerebral cortices of newborn mice. Intact neurospheres of genetically 
labeled EGF-generated progenitor cells were co-cultured with confluent 
monolayers of astrocytes. Dual label indirect immunocytochemistry found 
that within 48 hours, cells within the neurospheres migrated and differen
tiated into cells that expressed both neural antigens and AP. Incorporation 
of the AP gene permits detection of EGF-responsive stem cell and progeny 
interactions with other cells in  v itro , and possibly in  v ivo . The specificity 
of these interactions is currently being investigated.

Supported by the Medical Research Council of Canada.

360.10

LAMININ ENHANCES PROLIFERATION AND MIGRATION OF 
EGF-GENERATED CNS STEM CELL PROGENY.
D. Ramotowski. C.R. Triggle*. B.A. Reynolds and S. Weiss. 
Neuroscience Research Group, University of Calgary, Calgary, Alberta, 
Canada, T2N4N1.

We have isolated a stem cell from the E14 murine striatum, which in the 
presence of epidermal growth factor (EGF) divides and gives rise to a 
cluster (neurosphere) of undifferentiated cells that ultimately differentiate 
into neurons, astrocytes and oligodendrocytes. To determine the effects of 
extracellular matrix (ECM) molecules on the proliferation and migration of 
the stem cells and their progeny, single EGF-generated spheres were plated 
onto poly-L-omithine (poly-O) alone or poly-O together with either laminin 
or fibronectin and cultured for 1 -3 weeks in the presence of EGF. Proliferation 
was assessed by detecting the total number of Hoechst-stained cell nuclei 
and bromodeoxyuridine (BrdU) labeled cells. Within one week, 
neurospheres cultured on laminin contained an increased number of cells 
incorporating BrdU, relative to control (poly-O). In addition, laminin 
appeared to enhance the migration of the newly formed cells from the 
central core. Fibronectin was much less effective than laminin; enhanced 
proliferation and migration was observed only after two to three weeks in 
culture. These findings suggest that ECM molecules play a role in the 
development of EGF-responsive stem cell progeny. We are currently 
investigating the relationship between migration and proliferation of 
neurospheres on ECM molecules and whether these molecules influence 
differentiation and phenotype determination of the EGF-responsive stem 
cell progeny.

Supported by the Medical Research Council of Canada.
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360.11
DIFFERENTIATION OF EGF-RESPONSIVE STEM CELLS 
FROM NEWBORN RAT FOREBRAIN IN CULTURE. Dong 
S . Yeon. Jon Von Visaer. Тае H. Oh and 
George J. Markelonis. Dept. Anat., Univ. 
Maryland Sch. Med., Baltimore, MD. 21201.

We examined the development of neuronal 
stem cells from newborn rat forebrain in 
culture (Reynolds and Weiss, Science. 255: 
1707, 1992). After culturing 4-6 days in 
serum-free medium + EGF, proliferating cells 
formed clusters that floated in suspension. 
All cells within the clusters expressed the 
neuroepithelial stem cell antigen, nestin, 
vimentin and GD3 . If floating clusters were 
replated onto polylysine-coated dishes and 
cultured in EGF, cells migrated from the 
clusters and differentiated into neurons and 
glia; a large proportion of cells expressed 
GFAP. Several cells were immunoreactive for 
NSE. A few oligodendrocytes were identified 
with O-, anti-galactocerebroside (GC) . No 
cells expressed antigens characteristic for 
microglia or fibroblasts. Double immuno- 
s t a i n m g  for GFAP and vimentin indicated 
that expression of vimentin decreased as the 
intensity of immunoreactivity for GFAP in
creased within the same cell suggesting that 
maturation of astrocytes was occurring in 
culture in a manner seen in viv o . Supported 
by NIH grant NS 15013 and by the Frank C. 
Bressler Research Foundation.

36 0.13
EG F-responsive progenitor ce ils of the adult m ouse CN S have the 
capacity for long-term self-renewal. A.Gritti. E.A.Parati*. L.Cova,
M.Danovaâ. A.Riccardiâ and A.L.Vescovi. National Neurological Institute 
"C.Besta", Milan and § II Med. Clin., Univ. of Pavia, Italy.

EGF-responsive multipotential progenitor cells which possess the capacity 
for unlimited self-renewal in vitro have been isolated from embryonic mouse 
CNS. The ability of these cells to generate both neurons and astrocytes is 
influenced by bFGF in vitro. We sought to establish whether EGF-responsive 
multipotential cells found in the adult mouse striatum (Reynolds and Weiss, 
Science 255:1707, 1992) displayed the same properties of their embryonic 
counterpart. Striata from 4-8 month-old mice were dissociated and plated as 
single cell in serum-free medium containing 10 ng/ml of EGF. By 10-15 days 
less than 0.1% of the cells had proliferated forming floating clusters of cells 
(neurospheres). Neurospheres could be mechanically dissociated and re
seeded as single cells which, in the presence of EGF, formed new 
neurospheres. By repeating this procedure every 20-25 days we were able to 
produce up to seven generations of neurospheres. Dual-label 
immunocytochemistry, performed on different generation of neurospheres 
which had been differentiated in the presence of 2% serum, revealed the 
presence of cells bearing positive immunoreactivity for glial (GFAP) or 
neuronal markers (NSE, MAP2). To evaluate whether bFGF influenced the 
survival and/or the proliferative status of adult EGF-responsive cells, 
neurospheres of the 5th and 6th generation were rinsed free of EGF and 
plated in the absence or the presence of 10 ng/ml of bFGF. 
Immunocytochemistry with anti-MAP2 and anti-Bromodeoxyuridine antibodies 
showed that, after 10 days in vitro. bFGF-treated spheres contained a greater 
number of both proliferating cells and neurons with respect to control cultures. 
Our results suggest that EGF-responsive progenitor cells of the adult mouse 
CNS possess the properties of stem cells and that, like in their embryonic 
counterpart, their functional activity can be regulated by bFGF.

360.15
ADULT NEUROGENESIS IN THE RAT DENTATE GYRUS IS 
REGULATED BY ADRENAL STEROIDS. Heather A. Cameron* and 
Elizabeth G ould. Laboratory of Neuroendocrinology, The Rockefeller 
University, 1230 York Avenue, N ew  York, NY 10021

Unlike the majority of neuronal populations in the m ammalian brain, 
granule cells in the rat dentate gyrus continue to be born throughout 
adulthood. In the adult, n ew ly  bom  neurons migrate into the granule cell 
layer w ithin one w eek of mitosis and express neuronal markers 3-4 weeks 
follow ing m itosis. W e have previously show n that the birth of cells in 
the develop ing dentate gyrus is regulated by adrenal steroids. In order to 
determ ine whether adrenal steroids also regulate adult neurogenesis, w e  
com bined 3H -thym idine autoradiography w ith  im m unohistochem istry  
for the neuronal marker, neuron specific enolase (NSE), and examined the 
effect of different horm one m anipulations on  the production of neurons.

Long term adrenalectomy (ADX w ith 3H -thym idine injection 7 days 
later followed by 3 w eek survival) resulted in a significant increase in the 
density of 3H -thym idine labeled NSE im m unoreactive cells in the adult 
dentate gyrus. Short term ADX (ADX w ith 3H -thym idine injection 7 days 
later and corticosterone replacement in drinking water during 4 w eek post
injection survival) resulted in a increase in the density of 3H -thym idine  
labeled neurons w hich was also significant but appeared to be of a lesser 
m agnitude than that observed w ith  long term ADX. In contrast, treatment 
of intact animals w ith  a high dose of corticosterone (40 m g /k g ) resulted in 
a significant reduction in the density of new ly  born neurons in the rat 
dentate gyrus. These data suggest that adrenal steroids norm ally inhibit 
neurogenesis in the adult rat dentate gyrus. (Supported by MH 49184 and a 
grant from the American Paralysis Association to EG. HAG w as supported  
by NRSA training grant GM07524.)

360.12
Continual proliferation of EGF-dependent progenitor ce lls  of the 
embryonic human CNS in vitro. A.L.Vescovi*. A.Gritti. B.Brambati§, L. Cova 
and E.A.Parati. National Neurological Institute "C.Besta" and § II Gynaec. Clin. 
Univ. of Milan, Milan, Italy.

EGF-responsive progenitor cells have recently been isolated from both 
adult and embryonic mouse and embryonic human CNS. Murine embryonic 
EGF-responsive progenitors have been suggested to be stem cells which 
continuously generate neurons and astrocytes in vitro. We sought to establish 
whether also human embryonic EGF-dependent progenitor cells had the 
capacity for long-term self-renewal. Diencephalic and mesencephalic tissue 
from 10-week old human embryos was mechanically dissociated and 50.000 
cells/cm2 were plated in serum-free medium containing 10 ng/ml of EGF. 
Under these conditions, about 1% of the plated cells underwent proliferation 
and gave rise, by 21 days, to floating clusters of undifferentiated cells 
(neurospheres). Neurospheres could be dissociated and re-plated as single 
cells which, in the presence of EGF, would re-enter the cell cycle and produce 
new neurospheres. This procedure was sequentially repeated 5-6 times in four 
months; every time the production of a new "generation" of neurospheres was 
observed. To assess the ability of EGF-dependent cells to continuously 
generate neurons and astrocytes, "2 nd. through 6th-generation" neurospheres 
were pulse-labelled with 2 μΜ Bromodeoxyuridine (BrdU) for 24 hours, 
differentiated in the presence of 2% serum for 7 days and eventually 
processed for indirect immunocytochemistry. Cells were found which 
simultaneously labelled with both antisera raised against neuronal- (NSE, 
MAP-2) or glial-specific antigens (GFAP) and antibodies recognising BrdU. 
Repeated freezing-thawing cycles affected neither the proliferative activity of 
EGF-dependent human progenitor cells nor their ability to produce neurons 
and astrocyte. Our findings suggest that EGF-dependent progenitor cells of 
the embryonic human CNS are neural stem cells which can be perpetuated 
and differentiated into neurons and astrocytes in vitro.

360.14
IMMUNOCYTOCHEMICAL AND AUTORADIOGRAPHIC CHARACTERIZA
TION OF NEURONAL STEM CELLS IN THE ADULT RAT BRAIN. H. J. 
ORANO*. D-W. PFAFF and R.B. GIBBS. Laboratory o f Neurobiology & 
Behavior, The Rockefeller University, NY, NY, 10021.

Neuronal stem cells located in the subgranular region o f the dentate gyrus (SDG) 
and in the subependymal lay«· (SEL) o f the lateral ventricle were examined in the 
adult brain using a combination o f immunocytochemistry (ICC) and thymidine 
autoradiography (AR). Adult, male Sprague Dawley rats (-200 g) received [3H]- 
thymidine ([3H]-Thy; 5 pCi/g.b.w. ip), were sacrificed 2Һ (n=7), 24Һ (n=6), 3 days 
(n=6), and 1 week (n=6) lat«, and processed for ICC detection o f cdc2-related proteins 
(PSTAIR), EGF receptor (EGFR), NGF receptor (NGFR), and cytotactin, followed 
by AR detection o f {ЗН ј-Тһу-ineorporating (Ή) cells. Additional animals received 
BrdU (100 μg/g.b.w ip.) 24Һ (n=3), 3 days (n=3), and 1 week (n=3) after receiving 
[ЗНЈ-Thy, were sacrificed 2 h lat« and processed for ICC detection o f BrdU and AR.

We previously reported that the majority o f 'll cells detected in the SDG and 
SEL 2Һ after receiving [3H]-Thy display intense nuclear RB-IR staining. Here we 
show that, 2Һ afte· receiving [3H]-Thy, 40.4% and 41.2% o f the Ή  cells detected in 
the SDG also display PSTAIR- and EGFR-IR respectively, and that 29.6% in the 
SEL (but not the SDG) display NGFR-IR. Expression o f  these proteins changed 
dramatically o v «  time as cells migrated and differentiated into neurons. Within 1 
week the expression o f all three antigens by Ή cells was virtually undetectable with 
the exception o f a few TI/PSTAIR-IR cells detected in the SDG and olfactory bulb. 
The migratory route for Ή  cells in the SDG and SEL coincided with the distribution 
o f cytotactin-IR, suggesting that cytotactin may play a role in the migration of these 
cells. In addition, the p«centage of ΤΙ/BrdU double-labeled cells detected in the SDG 
24Һ, 3 days, and 1 week a ft«  [3H]-Thy injection was 32.6%, 4.8%, and 0% 
respectively. These data suggest that there is not a stationary population of  
proliferating stem cells in the SDG and SEL, but rath« that new populations o f ceils 
are stimulated to divide, and that growth factors such as EGF, NGF, and related 
factors may regulate die proliferation and differentiation o f these cells by influencing 
the expressicm o f cell-cycle-related molecules such as RB and cdc2-like proteins.

36 0.16
BLOCKADE OF NM D A RECEPTORS INCREASES CELL DEATH A N D  
CELL BIRTH IN THE DEVELOPING RAT DENTATE GYRUS. Elizabeth 
Gould*. Heather A. Cameron and Bruce S, M cEwen. Laboratory of 
Neuroendocrinology, Rockefeller Univ., 1230 York Ave., NY, NY 10021

The granule cell population of the rat dentate gyrus is formed  
primarily during the postnatal period. Studies performed in other 
system s indicate that excitatory input regulates cell birth and survival. 
Excitatory afferente enter the dentate gyrus and begin to form synapses 
w ith granule cells during the first postnatal w eek, the time o f maximal 
cell birth and death. In order to determ ine the role of excitatory input in 
the regulation of cell birth and survival in the d evelop ing granule cell 
layers and their germinal regions, the subependym al layer and hilus, w e  
treated rat pups w ith  the NM DA receptor antagonist MK-801 (0.1 m g /k g )  
and injected them w ith  3H -thym idine during the first postnatal week.

Treatment w ith  MK-801 from P2-P5 resulted in a dramatic increase in 
the area of the subependym al layer and in the number of cells migrating  
from this area. W ithin the dentate gyrus, MK-801 treatment from P2-P5 
resulted in increases in the densities of 3H -thym idine labeled cells, 
pyknotic cells and 3H -thym idine labeled pyknotic cells. These 
differences yielded a net decrease in the density o f healthy granule 
neurons in this region. Additionally, the infrapyramidal blade became 
indistinguishable from the hilus in m any of the animals treated with  
NM DA receptor antagonists. These data suggest that NM D A receptor 
activation is a natural signal for the inhibition of cell death and birth in 
the developing dentate gyrus. (Supported by M H 49184 and a grant from  
the American Paralysis Association to EG.)
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360.17
MIGRATION OF NEURAL PRECURSORS FROM THE VENTRAL 
VENTRICULAR ZONE OF THE DEVELOPING RAT SPINAL CORD. D. M. 
Orentas* and R. H. Miller. Department of Neurosciences, Case Western Reserve 
University, Cleveland, OH 44106.

During embryonic development the ventral ventricular zone of the rat spinal cord 
appears to be the location from which subpopulations of neurons and astrocytes, 
and the majority of oligodendrocyte precursors originate.To examine the subsequent 
migration of neural precursors from the ventral ventricular zone o f the spinal cord 
an in vitro preparation was established which maintained the rostral caudal axis 
while dissecting the dorso-ventral axis. Isolated embryonic rat thoracic spinal cords 
were separated along the dorsal septum, flattened onto a nitrocellulose filter and 
300pm longitudinal stripes cut from ventral, intermediate and dorsal regions. 
Stripes were cultured for up to one week, and cell migration assayed by time-lapse 
video microscopy. The identities of the migrating cells were determinai by labeling 
with cell type specific antibodies. Neuron, astrocyte and oligodenrocyte precursors 
were found to migrate from the majority of ventral and some intermediate stripes of 
E14 spinal cord. The most rapidly moving population of cells appeared to be 
A2B5+ astrocyte precursors with migration rates of approximately 20pm/hr. 
A2B5+ oligodendrocyte precursors and neuronal precursors migrated at a 
significantly slower rate, forming a zone of high density close to the edge of the 
stripe. The initial differentiation of oligodendrocyte precursors occurred in those 
cells which exhibited the most restricted migration. Astrocyte precursors appeared 
to be the only cells that migrated from dorsal stripes of the spinal cord. These cells 
were not A2B5 immunoreactive and their migration rate was significantly slower 
than that seen in ventral preparations. These results suggest that the ventral region 
of the developing spinal cord gives rise to migratory cell populations during early 
embryonic development. The most rapidly migrating cells are A2B5+ astrocyte 
precursors while oligodendrocyte precursors migrate in a slower moving wave and 
preferentially differentiate in a high cell density zone close to the ventral stripe of 
origin.

36 0.18
NOTOCHORD INDUCTION OF OLIGODENDROCYTE DIFFERENTIA
TION IN THE DORSAL SPINAL CORD OF EARLY CHICK 
EMBRYOS. P. Cochard. M.-C. Giess, S. Ghandour*. and A.-M. 
Duprat. Centre de Biologie du Développement, CNRS UMR 9925, 
Université Paul Sabatier, 31062 Toulouse Cedex, France.

W e h a v e  s tu d ie d  o lig o d e n d r o c y te  d iffe r en tia tio n  p o te n 
t ia l it ie s  in th e  em b ry o n ic  ch ick  sp in a l cord . D o rsa l a n d  v e n tra l  
h a lv e s  o f  th e  sp in a l cord o f  4 -d a y -o ld  em b ry o s (E 4) w ere  
c u ltiv a te d  s e p a r a te ly  in seru m -co n ta in in g  m ed ium . O ligod en d ro
c y te  d iffe r en tia tio n  w a s  m on ito red  2 w e e k s  la te r  u s in g  a n ti-  
g a la c to c e re b r o s id e  (GalC) a n tib o d ie s  and  01-1, a  m o n o c lo n a l a n ti-  
su lfa t id e  a n tib o d y , w h ich  la b e ls  im m a tu re  o lig o d e n d r o c y te s .

D orsa l sp in a l cord c u ltu r e s  co n ta in e d  fe w  o r  n o  lab eled  
cells, w h er e a s  se v er a l th o u sa n d  0 1 -l+ /G alC +  c e lls  w e r e  a lw a y s  
o b se r v ed  in v e n tra l cu ltu res . To t e s t  w h e th e r  s ig n a ls  from  th e  
v e n tra l ax ia l m eso d erm  m igh t in flu e n c e  o lig o d e n d r o c y te  
d iffe r en tia tio n , d o rsa l sp in a l cord m ic r o e x p la n ts  w e r e  c u ltiv a te d  
in c lo se  c o n ta c t  w ith  E4 n o to ch o rd  se g m e n ts . N u m ero u s G alc+ / 
01-1+ c e lls  d isp la y in g  ty p ic a l o lig o d e n d r o c y te  m o rp h o lo g y  w e r e  
fo u n d  in e x p la n ts  su rro u n d in g  n o to c h o r d  seg m en ts , b u t n o t  in  
th o s e  lo ca te d  far from  th e  n o to ch o rd .

T h ese  r e su lts  d e m o n str a te  th a t  i) in chick , a s  in r a ts  (W arf 
e t  al. 1991, J. N eu rosc i. 11, 2477-2488), o lig o d e n d r o c y te  p recu rso rs  
a re  h igh ly  p red o m in a n t in th e  v e n tra l sp in a l cord; ii) s ig n a ls  from  
th e  n o to ch o rd  can  p ro m o te  o lig o d e n d r o c y te  d iffe r en tia tio n . This 
in tu rn  su g g e s ts  th a t  th e  a x ia l m esod erm , w h ich  h a s  b e e n  sh o w n  
to  co n tro l m o to n eu ro n  d iffe r en tia tio n , m ay  a lso  in flu e n c e  g lial cell 
fa te  in th e  sp in a l cord.

C E L L  M IG R A T IO N  A N D  M O T IL IT Y : O L F A C T O R Y  N E U R O N S

361.1
IM M UNO H ISTO CH EM ICAL A N A LY SIS OF R O ST R A L  
M IG RATO RY ST R E A M  O F N E U R O N S  IN  TH E  
SUBEPENDYM AL LAYERS OF POSTNATAL RAT.
T. Shirao1*, C. Taguchi2, S. Kobavashi1 and K. Uvemura2. *Dept. of 
Neurobiology and Behavior, Gunma Univ. Sch. of Med. Maebashi 371, 
and Dept. of Physiology, Keio Univ. Sch. o f Med. Tokyo 160, JAPAN 

Drebrins are developmental^ regulated brain proteins which were first 
isolated from chick embryonic brain. Immunochemical analysis has 
revealed that they are concentrated in submembraneous regions of 
neurons, and the embryonic form o f drebrin is purportedly concerned 
with neuronal migration during development. In this study we 
immunohistochemically analyzed the expression o f drebrin, embryonic 
N-CAM , SVP38, GFAP and vimentin within the migrating 
subependymal cells, which are considered to be the postmitotic 
precursors o f granule cells in the rat olfactory bulb, or to be glial 
progenitor cells. Some o f the cells, which attached to one another, 
expressed drebrin and embryonic N-CAM. These immunoreactive cells 
made a stream from the anterior hom of lateral ventricle to the olfactory 
bulb. Since glial cells do not express drebrin, these immunoreactive 
cells are thought to be migrating neuroblasts.

36 1.3
AN IN VITRO MODEL FOR NEURONAL MIGRATION: LHRH NEURONS 
IN OLFACTORY EXPLANT CULTURES. S. Fueshko and S. Wray*. Lab 
of Neurochemistry, NINDS, NIH, Bethesda, MD 20892.

Evidence from a wide variety of species indicates that luteinizing 
hormone releasing hormone (LHRH) neurons arise from progenitor 
cells in the olfactory placode, and migrate into the CNS during 
development to establish their adult-like distribution. In the mouse, 
LHRH is first detected at E11.5. As LHRH cells traverse the nasal 
septum, track-like arrangements of LHRH neurons are observed in 
association with axonal processes. In these 'tracks', LHRH cells are 
apposed to one another in a head-to-tail fashion. Utilizing an in 
vitro explant system we are examining the mechanisms involved in 
directing LHRH cell migration. Such a model allows us to monitor a 
differentiated, phenotypically identified cell type which, during 
development, moves through two distinct tissues (nose and brain). 
In explants generated from E11.5 mouse embryos, typically 150- 
200 LHRH cells (approximately 25% of the entire LHRH population) 
survived and maintained gene expression for up to 3 weeks. After 
only 3 days in culture, many LHRH cells were located distal from the 
olfactory pit, suggesting cell migration. In addition, LHRH cells were 
often located in 'tracks' similar to those seen in vivo. Using 
immunocytochemistry and in situ hybridization histochemistry, 
LHRH cells were found in close association with peripherin-positive 
fibers and N-CAM positive cells and fibers. Studies are currently in 
progress to determine whether disruption or blockage of specific 
adhesion molecules affects in vitro LHRH cell migration and/or 
'track' formation.

36 1.2
PHENOTYPIC EXPRESSIO N  OF MIGRATING C ELLS  FROM THE 
OLFACTORY NEUROGENETIC MATRIX. A.G. Monti-Graziadei.* 
and T. Ziqova. Department of Biological Science, Florida State 
University, Tallahassee, FL 32306.

Previous studies in normal and experimentally manipulated neo
natal and adult rodents have shown that cells migrate away from the 
olfactory neurogenetic matrix. In situ, from the olfactory epithelial 
compartment cells migrate along the olfactory nerve and reach, intra- 
cranially, the nerve layer of the olfactory bulb (Monti-Graziadei, 1992).
In transplantation experiments, from the olfactory neuroepithelium cells 
migrate into the brain parenchyma (Morrison & Graziadei, 1983) through 
ruptures in the basal lamina. Since the olfactory neurogenetic matrix 
during development gives origin to neurons and glia, we endeavored to 
characterize the migrating cells in terms of their phenotypic expression 
by means of several antibodies (NCAM, GAP-43, B-50, NSE, tubulin, 
GFAP, S100) applied to Bouin's perfused, paraffin embedded material 
obtained from animals undergone different kinds of surgery. Both in situ 
and transplanted olfactory epithelia expressed similar phenotypic 
characteristics. Strong NCAM immunoreactivity was observed in all mi
grating cells while GAP-43 was expressed by a restricted number of 
cells and only few cells revealed NSE immunoreactivity. We did not 
observe GFAP and S-100 positivity in those areas where migrating cells 
were present. Our preliminary results, that migrating cells express 
consistently neuronal phenotypes in proximity to their place of origin, 
suggest that the neurogenic matrix can originate neuronal elements in 
neonatal and adult rodents. (Supported by NIH IR55 DC01138-01A2)

36 1 .4

CELLULAR SUBSTRATUM FOR LHRH NEURONAL  
MIGRATION. R. B. Noreren. Jr.* Dept. Cell Biology and 
Anatomy, Univ. Nebraska Med. Ctr., Omaha, NE 68198-6395 

LHRH neurons originate in the olfactory epithelium and migrate 
within the olfactory nerve to the brain where they migrate along a 
N-CAM and Ng-CAM rich trail within the medial telencephalon 
before dispersing within the septal-preoptic area. In order to 
determine whether glia were involved in LHRH neuronal 
migration within the olfactory nerve, we performed double-label 
immunocytochemistry on embyronic chicken sections to detect 
LHRH neurons (LR-1) and Schwann cells (1E8). To determine 
whether the CAM trail within the medial telencephalon was an 
extension of the olfactory nerve, we examined thin (1-2 μτή) 
plastic serial sections through the developing chick head. Glial 
cells were initially (E4-E5) found a lon g  the ed g e  of the olfactory 
nerve while LHRH neurons were w ith in  the medial half of the 
olfactory nerve at the same age suggesting that olfactory nerve 
glia may not serve as the cellular substratum for LHRH neuronal 
migration. Although both olfactory nerve glia and the olfactory 
nerve itself continue a short distance dorsally along the medial 
telencephalon (E6-E7), the CAM trail, which continues much 
more dorsally, does not appear to consist of the olfactory nerve, 
suggesting a new cellular substratum for this stage of LHRH 
neuronal migration. We are currently examing LHRH neuron 
migration at the ultrastructural level and performing tract-tracing 
studies to further test our interpretations of these findings. This 
work was supported by NIH grant NS30047.
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36 1 .5
SURVIVAL OF LUTEINIZING HORM ONE-RELEASING HORMONE  
(LHRH) NEURONAL DIFFERENTIATION AND M IGRATION AND  
THE NEURAL CELL ADHESION M OLECULE (NCAM )
“SCAFFOLD” DESPITE M ETHOTREXATE-INDUCED M IDLINE  
CRANIOFACIAL DEFECTS. M. Schwanzel-Fukuda*. H. O. Esoitia and D.
W. Pfaff. The Rockefeller University, New York, N. Y. 10021 

In mice, LHRH neurons originate in the epithelium of the medial olfactory pit on 
day 11 of embryogenesis and migrate into the brain along NCAM-immunoreactive 
branches of the terminal and vomeronasal nerves. Administration of the folic add  
antagonist methotrexate (MTX) to 9 day old embryonic mice has been shown to affect 
derivatives of the frontonasal prominence, including the olfactory placode, resulting in 
a high incidence of median and paramedian fadal defts. We examined the effect of this 
teratogen on the origin and migration o f LHRH neurons. Pregnant C57 B1/J6 mice 
were injected with MTX (20 mg/kg of body weight) on day 9 and sacrificed on days 
10, 11, and 12 o f gestation. The embryos were collected and examined for gross 
morphological craniofadal defects, fixed in Đouin’ s solution and embedded in paraffin. 
Examination of 8 μια sections of 10 day old MTX-treated embryonic mice showed a 
thickened, uninvaginated olfactory placode, with vascular blebs along its outer surface. 
The ventricles were greatly distended and contained cellular debris and the forebrain 
anlage consisted of a thin neuroepithelium with few mitotic figures. A deficiency of 
mesenchyme was apparent throughout the brain and nasal regions. By day 11a  very 
small simple olfactory pit was seen, widely-spaced either side of midline, and no 
LHRH-immunoreactivity was found within it. By day 12, LHRH neurons were 
detected in the epithelium of the shallow medial olfactory pits and along with NCAM- 
immunoreactive nerve fibers in the sparse mesenchyme between the olfactory pits and 
the forebrain. Both the olfactory pit and the forebrain were greatly distorted, but the 
NCAM-immunoreactive migration route appeared to be intact between the olfactory 
epithelium and the rostral tip of the forebrain. NIH grant DC 00880 (M.S.-F.)

36 1.7
CELLS COMING FROM THE OLFACTORY PLACODE MAY INDUCE THE 
DEVELOPMENT OF THE TELENCEPHALIC VESICLES. J A  De Carlos*. L. 
López-Mascaraque and F. Vaiverde. Instituto Cajal (CSIC), Ave. Doctor Arce 
37, 28002 Madrid, Spain.

This study is intended to define if the olfactory placode (OP) may promote 
the differentiation of telencephalic vesicle (TV) into neocortex. If TV requires 
an external induction to develop, the only feasible source is the OP because 
first fibers arriving to the cortex through basal telencephalon are coming from 
thalamus at E16, two days after the beginning of cortical development. We 
examined early projections from the olfactory pit extending toward the TV 
using in vivo and in vitro approaches in rat embryos between the ages of E12 
and P0. Our results with different fluorescent tracers (Dii, DiA, FB, FG, RITO) 
and АСҺЕ histochemistry suggest that some cells leave the olfactory pit and 
migrate to the TV around E12. On E13, the olfactory receptor neurons send 
axonal fibers toward the TV. Most fibers spread over the surface of the 
rostro-ventral pole of the TV but some of them enter deeply into the 
telencephalon. Some migrating cells enter the telencephalon and others 
migrate around the TV mainly by its dorsal and lateral surfaces. In later 
developmental stages there is an increment in the number of migrating cells 
in the dorsal surface of the telencephalon. The fact that some cells and fibers 
coming from the OP enter the telencephalon at E13 (the stage when the 
preplate appeared in the TV), is a suggestive evidence to imply this system 
in the induction of the neocortical development. Further, the fate of dorsally 
migrating cells may be the preplate. To test this hypothesis we are using 
cocultures of OP and TV in 3-D collagen matrix and experimental OP 
ablations in E12 fetuses, allowing the survival by in vitro cultures. Supported 
DGICYT grant PB91-0066.

3 6 1 .9
RATE AND PATTERN OF MIGRATION OF OLFACTORY BULB 
INTERNEURONS GENERATED POSTNATALLY IN THE SUBVENTRICULAR 
ZONE. M.B. Luskin*. M.S. Boone. E. В reding. Dept. of Anatomy and Cell 
Biology & Program in Neurosci., Emory Univ. Sch. o f Med., Atlanta, GA 30322.

A discrete part of the subventricular zone (SVZa) generates vast numbers of 
intemeurons destined for the granule cell layer and glomerular layer o f the olfactory 
bulb (OB) (Luskin et al., 1992). A retroviral lineage tracer (BAG) was used to 
analyze the distribution, orientation and rate o f migration o f these cells as they 
approach the OB along a well-defined pathway. The tracer, encoding the reporter 
gene E. coli /3-galactosidase (lacZ), was injected with stereotaxic precision into the 
SVZa of postnatal day 1 (PI) rat brains. The labeled cells were visualized 1, 2 and 
3 days later by X-Gal histochemistry in cryostat sections.

There was a progressive change in the spatio-temporal distribution of the lacZ+ 
cells. At one day post-injection the majority o f lacZ+ cells were clustered near the 
injection site, although a small fraction in each brain had entered the pathway. By 
two days the lacZ+ cells stretched from the injection site to the posterior extent of 
the OB, while at 3 days the pathway within the OB (i.e., subependymal zone) 
contained substantial lacZ+ cells. In addition, the observed number o f lacZ+ cells 
suggested ongoing neurogenesis in the SVZa. This was confirmed by BrdU 
birthdating. To investigate whether lacZ+ cells migrate in a directed fashion, their 
orientation was scored. The leading or thickest process extending from the cell soma 
was directed toward the OB in the majority o f cells (>94% ), possibly reflecting 
migratory cues along the pathway. Furthermore, the estimated average rate o f cell 
migration to the OB (adjusted for the overall increase in the size o f the brain) was 23 
μτα/hı, which is approximately twice the speed o f neuronal migration from the 
telencephalic ventricular zone to the cortical plate (O’Rourke et al., 1992). 
Therefore, the neurons destined for the OB may employ a different mode of migration 
and means o f locomotion than cortical neurons. Supported by Pew Charitable Trusts, 
NIH and March o f Dimes.

361.6
Migration of neuroblasts from the lateral ventricle to the olfactory 
bulb in the adult mammalian CNS . Lois C. and Alvarez-Buvlla A*. 
Rockefeller University, New York, N.Y. 10021.
Adult neurogenesis in rodents occurs in the dentate gyrus and olfactory 
bulb. The newly generated neurons in these cases are thought to 
originate from a local pool of proliferating cells. In contrast in adult 
birds, cells that divide in the walls o f the lateral ventricle migrate long 
distances towards their final targets, where they differentiate into 
neurons. Altman inferred in 1969 that subventricular zone (SVZ) cells 
at the level of the lateral ventricle may migrate rostrally. However, 
more recent evidence suggests that proliferating adult SVZ cells die 
soon after mitosis. We have recently shown that adult SVZ cells can 
differentiate into neurons and glia in v i tr o . Here we provide direct 
evidence that SVZ cells survive in v iv o  and migrate from the lateral 
ventricle to the olfactory bulb where they differentiate into neurons. 
SVZ cells in adult male mice were labeled by a single stereotaxically 
placed microinjection (20 nl, 9nCi, 6.7 mCi/mmol) of [^Hj-thymidine. 
Animals were killed at 6Һ, 6d and 15d after injection. 6Һ after injection 
labeled cells were found only in the SVZ close to the injection site, 
confirming that our microinjection technique only labeled cells locally. 
Labeled cells 6d after injection had moved 2-3 mm, and many could be 
found concentrated in the SVZ within the olfactory bulb. By 15d some 
of the cells had moved radially from the olfactory SVZ to the granule 
cell layer. SVZ cells were also labeled with microinjections of D ii (20 
nl, 5% in oil) to reveal their morphology. This experiment confirmed 
the rostral migration, and showed that these cells had migratory 
characteristic within the SVZ and neuronal morphology in the granule 
cell layer.

36 1.8
FATE MAP OF THE CHICK OLFACTORY PLACODE: CNS
DERIVATIVES. A.J. Silverman* and I. Livne Dept. Anat & Cell Biol., Columbia 
Univ., NY NY 10032.

The forebrain population of gonadotropin-releasing hormone (GnRH) neurons 
of mammalian and avian species originates from the olfactory placode (OP) and 
migrates into the CNS during embryogenesis. To determine whether other CNS 
elements are derived from the OP, fate mapping experiments were initiated. 
Fertilized eggs are incubated at 37.5°C and windowed at stages 17-23. Dii 
(0.5%) or carboxydichlorofluorescein diacetate succinimidyl ester (CCFSE, 
10mM) are applied to the OP with a glass micropipette. Applications (n=75) of 
varying size were made to cover all or a small portion of the OP. The ability to 
control the size and placement of the injection site will permit us to carry out a 
spatial as well as temporal analysis. Injected chicks were fixed at stage 30-34 
when migration of GnRH neurons is underway. Dii labels both cells and axons 
such that the entire trajectory of the olfactory nerve is visible in some 
preparations. Due to numerous rounds of cell division in the OP at this time the 
Dii is diluted and cell labeling can be reduced to a small number of puncta. The 
CCFSE does not label axons but fills the entire cell, providing considerably more 
morphological detail. Following application with either dye, labeled cells are 
found throughout the migratory route taken by GnRH neurons - exiting from the 
OP, within the olfactory nerve, traversing the ventral telencephalic vesicle, 
ascending to the dorsal roof of the septum and finally descending into the 
ventral diencephalon. Immunocytochemical analysis of the same sections 
revealed that when dye covers the entire OP at an early stage (17-19) all GnRH 
neurons on the side ipsilateral to the injection are labeled. Of primary interest is 
the observation that not all DÍI/CCFSE positive cells contain GnRH. Many of 
these additional cells have neuronal-like morphology. Additional experiments 
are now in progress to ascertain their phenotype. We conclude that the OP 
contributes both GnRH and non-GnRH cells to the CNS of the chick. HD 10665.
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36 2.1 36 2.2
EARLY EVENTS OF GANGLION CELL DIFFERENTIATION IN CHICK. R.L. 
Snow and J.A. Robson*. SUNY Health Science Center at Syracuse, Syracuse, NY 
13210.

The neurogenesis of the retina has been extensively examined. Despite this, the 
answers to several basic questions remain disputed. Questions relating to the 
migration of ganglion cell neuroblasts from the ventricular layer to the ganglion cell 
layer have spurred several interesting models. One model states that newly generated 
ganglion cells maintain processes that connect to the inner and outer limiting 
membranes until the nucleus translocates to the ganglion cell layer. Axon growth is 
then initiated and the trailing process is retracted. Another model states that the 
trailing (ventricular) process is retracted prior to migration of the soma to the ganglion 
cell layer. In the present study we have reexamined this issue with the use of the 
retrograde diffusion of Dii in fixed tissue to identify ganglion cells. Dii was placed on 
the optic nerve in young chick embryos (E6-E8) fixed in 4% paraformaldehyde, 1-2 
months later the retinas were dissected and examined as wholemounts using 
fluorescent and confocal microscopy. In some cases, areas o f  the retinas were 
embedded in albumin and sectioned with a vibratome. We have found both migratory 
and apparently post-migratory ganglion cells with trailing processes. In many cases, 
the trailing process extends the full thickness o f the retina and apparently reaches the 
outer limiting membrane. On occasion, cells with rudimentary dendritic growth have 
also been found to have a trailing process. These results suggest the following 
progression of ganglion cell neurogenesis: 1. ganglion cells undergo a final mitosis 
near the ventricular margin, 2. migration o f the cell nuclei occurs coincident with 
axonal elongation, 3. dendritic maturation and regression o f the trailing process are 
overlapping events that occur after the nucleus has reached its final position. 
Supported by NIH-R01EY03490.

ORGAN CULTURES OF EMBRYONIC EYES AS A SYSTEM FOR THI 
STUDY OF AXON TRACT FORMATION & NEURONAL GLIAL i:“_ 
ACTIONS, S.J.Chew*. La b , of Neurobiology, The Rockefeller 
University/ N ew Yo r k, NY 10021.

The cerebellar cortex is a  model for neuronal migra
-TION ALONG ASTROGLIAL GUIDES. MOWER A SATISFACTORY SYSTEM 
FOR OBSERVING AXON TRACT FORMATION IS LACKING, LlTTLE IS 
KNOWN OF LONG-TERM NEURON-GLIAL INTERACTIONS IN SMALL- 
VOLUME AGGREGATE CULTURES, We INVESTIGATED WHOLE-EYE 
EXPUNTS TO STUDY THESE PROBLEMS. EIA MOUSE EYES WERE 
ENUCLEATED, AND THE OPTIC NERVES CUT FLUSH WITH THE GLOBE,
They w er e  t h e n  c u l t u r e d  in  ser u m Oc o n t a in in g  dmem/ f 12
MEDIUM ON UNCOATED F U S K S , SCLERAL F IB R O B U S T MIGRATION 
BEGAN W ITHIN 2A HOURS, FORMING A MONOLAYER ON WHICH 
INDIVIDUAL MULTI P O UR  NEURONS MIGRATED, BY 3~5 DAYS, 
SINGLE ASTROGLIAL FIBERS LINKED GLOBES LOCATED W ITHIN 1 -  
2 MM OF U C H  OTHER, S IM IU R  IN MORPHOLOGY TO THOSE BETWEEN 
CORTICAL NEURONAL REAGGREGATES AFTER 1 WEEK. THEY PROVIDED 
A BID IR ECTIO N AL PATH FOR THE CLOSELY APPOSED B IP O U R  
NEURONS TO MIGRATE, AND WERE UNATTACHED TO THE CARPET
of FiB R O B U S TS , By  7 day s, thi ck cables ( 2 - ч см  long) 
EMANATED FROM U C H  EYE, THE 40~60UM TH IC K  FIBERS WERE 
TERMINALLY BRANCHED, AND APPURED TO BE PRECEDED BY 
TERMINAL ARBORIZATIONS OF THE NEURONS, TH IS  WAS SUGGEST
IVE OF NEURONAL R EG U UTIO N  OF G LIA L DIFFERENT I A T I ON, WHICH 
SUBSEQUENTLY HELPED EN SH U TH  THE TRACTS, THE ABUNDANT G LIA  
ALONG THESE AXON TRACTS U C K E D  THE ONE-TO-ONE R E U T  I ON. 
SEEN IN MIGRATING CORTICAL NEURONS,

36 2.3

THE EFFECT OF TENASCIN ON THE ADHESION AND MIGRATION OF 
OLIGODENDROCYTE - TYPE - 2 ASTROCYTE (0-2A) PROGENITOR 
CELLS. B.W .Kieman1. A.Faissner2 and C. ffrench-Constant*1, 
Wellcome/CRC Institute / University o f Cambridge, CB2 1QR,
U.K. and Institute o f N eu ro b io lo g y 2, University o f Heidelberg, 
6900 Heidelberg, F.R.G.

O ligodendrocyte-type-2 astrocyte (0 -2 A) progenitor cells 
migrate down the optic nerve prior to differentiation into the 
non-m otile oligodendrocytes that m yelinate axons (Small et 
al., 1987). They are prevented from entering the retina by a 
barrier to m igration at the lam ina cribrosa, where the nerve 
pierces the sclera (ffrench-Constant et al., 1988). Tenascin, 
an extracellular matrix glycoprotein that is anti-adhesive for 
many cell types including early oligodendrocytes, is present 
in the nerve at this tim e and persists at the lam ina cribrosa 
(Bartsch et al., 1992 and submitted). Consequently, the effects 
o f tenascin on enriched progenitor cells from postnatal (P7) 
optic nerve are being investigated in  v i t r o .  Tenascin is anti
adhesive when added to poly-D-lysine substrates at a coating  
c oncentration  o f 4 0 μg/m l but not lOμg/m l. This anti
adhesive effect o f tenascin persists even in  the presence of 
the adh esive protein  m erosin . T im e-lapse analysis shows 
40μg/m l but not 10μg/m l tenascin-coated substrates inhibit 
m igration. These experim ents suggest the anti-adhesive  
effect o f tenascin m ay contribute to the barrier to 0-2A  
p rogen itor  ce lls  at th e lam ina cribrosa  by inh ib itin g  
migration through this region. This work is funded by the 
Wellcome Trust and D.F.G. (SFB 317/A 2 to AF).

362.5
NEURAL CREST CELLS AND THE MYOTOME. K.W. Tosnev*. 
D.B. Dehnbostel and C.A. Erickson. Biol. Dept., Univ. of Michigan, 
Ann Arbor, MI 48109 and Zool. Dept. UC Davis, Davis CA 95616.

Anterior sclerotome is presumed to be the only somitic tissue that 
permits neural crest cells to migrate ventrally. However, by using 
electron microscopy, immunocytochemistry and surgeries, we found 
four lines of evidence that neural crest cells prefer the myotome's basal 
lamina over the sclerotome as a substratum. 1) Neural crest cells invade 
the somite only after the myotomal basal lamina has begun to form.
2) Neural crest cells alter their trajectories dramatically upon contacting 
the myotomal basal lamina. They abruptly turn laterally and align in 
contact with this basal lamina. 3) Neural crest cells invade sclerotome 
only when population pressures or myotome immaturity preclude 
contact with a myotomal basal lamina. For instance, when crest cells 
reach the lateral myotome, which is initially devoid of basal lamina, 
they depart from the myotome's basal surface and rapidly penetrate 
the lateral sclerotome. 4) When we prevent myotome development by 
surgically removing its precursor, neural crest cells fail to turn laterally 
and instead move directly ventrally into the medial sclerotome.

Neural crest cells' preference for myotomal basal lamina implies that 
the anterior sclerotome is a suboptimal environment for neural crest cell 
migration. Moreover, the myotome promotes a counterintuitive dispersal 
pattem in which neural crest cells invade the lateral sclerotome before 
they invade the medial sclerotome. The myotome's basal lamina may 
provide a "fast track" that promotes a rapid ventral migration through 
the lateral sclerotome before impediments to ventral migration develop.

Supported by NIH #NS21308 and American Cancer Soc.#CD60890.

3 6 2 .4
DIRECT MODULATION OF SCHW ANN CELL MIGRATION BY 
ANTIBODIES AGAINST SC HW ANN CELL MEMBRANE ANTIGENS.
E. S. Anton* and W. D. M atthew. Department of N eurobiology, Duke 

University M edical Center, Durham, NC 27710.
Schwann cells migrate extensively during the developm ent and 

regeneration of peripheral nerves. In an effort to identify the m olecules that 
regulate Schwann cell migration, w e m ade antibodies to antigens present on  
the membranes of a Schwann cell line, B l .l ,  and tested them  in in vitro 
Schwann cell migration bioassays. Two of these antibodies, SI and S2, 
enhanced and reduced, respectively, the rate of Schwann cell m igration over 
cryostat sections of sciatic nerve. Addition of SI hybridoma supernatant to 
primary Schwann cells led  to enhanced lam ellapodial activity at the 
leading edge of these cells whereas exposure to S2 hybridom a supernatant 
resulted in the gradual w ithdrawal of the bipolar lead ing edges and the 
eventual rounding of cells. Furthermore, exposure to SI antibody resulted in 
tyrosine phosphorylation of 55 KD and 20 KD substrates in primary 
Schwann cells. In contrast, S2 antibody induced tyrosine phosphorylation of 
75 KD and 14 KD substrates. SI antibody recognizes an antigen present in the 
chloroform extract of Schwann cell m embranes whereas S2 to recognizes a 
~55 KD Schwann cell membrane protein.

Taken together, these observations suggest that binding of SI and S2 
antibodies to their respective antigens on the Schwann cell surface activate 
second m essenger cascades such as tyrosine phosphorylation, leading  
eventually to cytoskeletal reorganization and thus changes in Schwann cell 
m otility. These antibodies w ill be useful hot only in elucidating the 
m olecular basis of Schwann cell m igration, but also in facilitating the 
therapeutic use of Schwann cells follow ing peripheral and central nervous 
system  injuries where migration of Schwann cells w ou ld  prom ote recovery.

36 2 .6
DEVELOPMENTAL REGULATION OF G PROTEIN EXPRESSION 
IN A MIGRATORY POPULATION OF EMBRYONIC NEURONS. 
A.M. Horgan*. M.T. Lagrange, and P.F. Copenhaver. Cell Biol. & 
Anat. L215, Oregon Health Sciences University, Portland, OR 97201.

We are investigating the role of heterotrimeric G proteins (guanyl 
nucleotide-binding proteins) in controlling the migratory behavior of 
embryonic neurons. In the developing enteric nervous systems (ENS) of 
the moth, M an du ca  sex ta , a population of -300 neurons (the EP cells) 
undergoes a regulated sequence of migration along superficial bands of 
visceral musculature. Using affinity-purified antisera against different G 
proteins, we found that the EP cells first expressed a Goa-related protein 
coincident with migration onset, and that the levels of immunostaining 
gradually increased during the course of migration. Western blots of 
embryonic and postembryonic tissues revealed a single band at -40  kDa 
that was distributed with the same specificity as seen by immunohisto- 
chemistry. Using probes constructed from a D ro so p h ila  form of Goa, 
we isolated a cDNA clone from M andu ca  that encodes a protein with 
strong homology to Goa proteins from other species. Probes derived 
from this clone were subsequently used in northern blots and whole- 
mount in situ  hybridization histochemistry to characterize the 
developmental patterns of Goa gene expression. While all of the neurons 
produced Goa during migration, only certain subsets continued to show 
positive signals once migration is complete, coincident with the 
appearance of specific differentiated phenotypes in the EP cells. Thus the 
same G protein may play multiple roles at successive stages of develop
ment in these migratory neurons. We are currently pursuing a functional 
analysis of G protein-mediated aspects of neuronal motility. Supported by 
NSF BNS9010538 and by the American Heart Association.
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362.7
A SECOND WAVE OF MIGRATING SPINAL CORD CELLS 
CONTRIBUTES TO THE HISTOGENESIS OF SENSORY  
GANGLIA. Z. Korade*. K. Sharma. and E. Frank. Department of 
Neurobmlogy, University of Pittsburgh School of Medicine, Pittsburgh,

Cells in dorsal root ganglia (DRG) arise from the neural crest. In 
chicken embryos ventral migration of neural crest cells begins at st 16 and 
is over by st 21, and most cells migrate between st 16 to 18. Increase in 
DRG cell number after st 21 is thought to result from proliferation of blast 
cells, of crest origin, within the DRG. Surprisingly, injections of Dii into 
the spinal central canal at st 26, after crest migration is thought to be 
complete, resulted in labeled cells appearing in DRG. Following dye 
injections, labeled cells were visualized in Vibratome sections at 
successive stages 12-24 hours later. Migrating cells appeared at the outer 
circumference of the spinal cord within a few hours. Cells adjacent to the 
entry point of the dorsal root continued their migration through the root 
and into DRG. Injections of lacZ -bearing retrovirus into the central canal 
at st 27 also labeled cells in DRG, indicating that these late migrating cells 
persist at least until st 36. Satellite cells first appear in DRG around st 30, 
so it is possible these late migrating cells differentiate into satellite cells. 
Our results show that cells within spinal sensory ganglia arise from two 
sources: neural crest and spinal cord.

Supported by the NIH (EF and ZK) and the MDA (KS).

362.8
CENTRAL PROJECTIONS OF SENSORY AXONS WAIT  
FOR DEVELOPMENT OF GUIDANCE CUES IN THE  
SPINAL CORD. K.Shaima. Z. Korade. and E. Frank*. Department 
of Neurobiology, University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261.

During development, primary sensory axons growing from dorsal root 
ganglia (DRG) into the spinal cord pause at the dorsolateral margin of the 
cord, but the significance of this pause is unknown. Using cultured 
segments of spinal cord with attached DRG, we have examined the 
importance of this waiting period for the development of specific sensory 
projections within the dorsal hom. Muscle and cutaneous sensory 
afferents make modality-specific projections in the spinal cord; cutaneous 
afferente arborize only within the dorsal laminae while muscle spindle 
afferents project ventrally towards the motoneurons. We find that sensory 
axons make projections within the dorsal hom in cultured spinal segments 
both before (st 28 and 29) and after the end of the normal waiting period 
(st 30), but the pattern of projections that develops in culture is correlated 
with developmental stage. Sensory afferent projections were grossly 
aberrant in all st 28 and some st 29 segments and in all of these cultures 
the dorsal hom was poorly developed at the time of culture as evidenced 
by the absence of a distinct dorsal midline. In the remaining st 29 
segments and all the segments from older embryos muscle and cutaneous 
afferents projected correctly and the dorsal hom was more mature as 
evidenced by the presence of a distinct dorsal midline. These results show 
that the pause sensory afferents make at the dorsolateral margin of the 
spinal cord is critical for the development of necessary guidance cues 
within the dorsal hom.

Supported by the NIH (EF and ZK) and the MDA (KS).

362.9
E L E C T R O N  M IC R O S C O P IC  E V ID E N C E  T H A T  
COMMISSURAL FIBERS MAY GUIDE NEURONAL  
MIGRATION IN DEVELOPING RAT CERVICAL SPINAL 
CORD. P. E. Phelps* and J. E. Vaughn. Division of Neuroscience, 
Beckman Research Institute of the City of Hope, Duarte, CA 91010.

Double-label immunocytochemical experiments have provided 
evidence that some immature, ChAT-immunoreactive intemeurons are 
closely associated with SNAP/TAG-1 labeled commissural fibers 
during the period (E l5.5-17) when such neurons appear to translocate 
dorsally from around the ventral ventricular zone to their adult 
positions. Such observations led to the hypothesis that early-forming 
commissural fibers might provide physical and/or molecular cues to 
guide dorsally-directed neuronal migration. Conventional electron 
micrographs were examined to determine the relationships between 
immature neuronal profiles and early-forming axons. Elongated somata 
with leading and trailing processes oriented dorsally and ventrally, 
respectively, were observed along bundles of thin axons identified as 
commissural fibers by their location within the spinal cord. The 
surface membranes of these dorsoventrally oriented neurons were 
found directly apposed to either axonal profiles or other similarly 
oriented neuronal processes. This direct apposition of neuronal 
elements to axons suggests that small cohorts of cells may move 
dorsally together along a pathway formed by the axons of the 
commissural neurons. S u p p o r ted  b y  N IH  g ra n t N S  1 8 8 5 8 .

362.10
THE CHEMOTROPIC EFFECTS OF GABA ARE MIMICKED BY 
FEMTOMOLAR (+) BACLOFEN AND NANOMOLAR 
(-) BACLOFEN. T.N. Behar*. A.E. Schaffner, and J.L. Barker. Lab. 
of Neurophysiology, NINDS, NIH, Bethesda, Md. 20892

Using a microchemotaxis assay, femtomolar (fM) and nanomolar 
(nM) concentrations of γ-aminobutyric acid (GABA) stimulated acutely 
dissociated embryonic rat spinal cord neurons to migrate in v itro . The 
chemotropic effects of GABA were mimicked by fM concentrations of 
(+) baclofen and nM concentrations of (-) baclofen, indicating 
embryonic GABA receptors that mediate motility demonstrate stereo
specificity. Characterization of migratory responses revealed that both 
GABA and the baclofen isomers stimulated chemokinesis (increased 
random motility) rather than chemotaxis (directed migration along a 
chemical gradient). In contrast, nerve growth factor (NGF) induced 
chemotaxis of the embryonic neurons. Pretreatment of the cells with 
pertussis toxin prior to placing them in the chemotaxis chamber 
significantly inhibited migratory responses to GABA and baclofen, 
however, the chemotactic effects of NGF were not affected. These 
results suggest that embryonic GABA receptors that mediate motility 
may be coupled to pertussis-toxin sensitive G-proteins and that NGF 
motility signals are mediated by alternative signal transduction 
pathways.
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363.1
THE REGULATION OF MARCKS MYRISTOYLATION IN CULTURED RAT 
HIPPOCAMPAL PYRAMIDAL NEURONS. W. K. Scholz* and H. C. Palfrey. 
Pharmacol, and Physiol. Sci., Univ. o f Chicago, Chicago, IL 60637.

MARCKS is phosphorylated in hippocampal pyramidal neurons in response to 
glutamate (Scholz and Palfrey, J .Neurosci 11,2422). It has been shown in several 
systems to be myristoylated at an N-terminal glycine residue. We incubated cultured 
pyramidal neurons in 3H-myristate for 16 hrs and analyzed labeled proteins by 2-D 
PAGE. MARCKS, identified by specific antibody reactivity, was prominently 
labeled. Though myristate is thought to target proteins to the membrane, 
myristoylated MARCKS was found in cytosolic, cytoskeletal and membrane bound 
fractions òf pyramidal neurons. Brief stimulation of neurons with glutamate did not 
induce any changes in total myristoylated MARCKS but decreased myristoylated 
MARCKS in cytosolic fractions and increased it in cytoskeletal fractions.

Myristate incorporation into MARCKS was significantly higher in neurons at a 
stage of rapid process outgrowth (4-7 days in culture) than in neurons cultured for 
more than 10 days. Immunofluorescent localization of MARCKS in developing 
pyramidal neurons showed enrichment in growth cones suggesting a role for 
MARCKS in process outgrowth. Recently, Torre and Steward (J. Neurosci. 12,762) 
described a method of culturing pyramidal neurons that allowed only the processes to 
pass through a filter (Nuclepore filter) and grow within a basement membrane matrix 
(Matrigel). Pyramidal neurons were grown by this technique and labeled with 3H- 
myristate. Two fractions were prepared by removing the filter. The Matrigel fraction 
was highly enriched in processes. The filter fraction contained cell bodies and 
processes; it was further enriched for cell bodies by trituration and centrifugation in ice 
cold buffer. Equal amounts of these fractions were resolved by PAGE and shown by 
immunoblotting to contain approximately equal amounts of total MARCKS. 
However, 3H-myristate labeled MARCKS was approximately twice as abundant in 
neuronal processes than cell bodies. These studies show that MARCKS is a major 
target for myristoylation in pyramidal neurons, that glutamate does not regulate this 
process in the short-term but may lead to a redistribution of the protein and that 
myristoylation may be important in targeting MARCKS to developing processes.

363.2
ENHANCEMENT OF NEURITE SPROUTING AND NA-RELEASE BY 
FUNCTIONAL SUPPRESSION OF HPC-l(SYNTAXIN) IN CULTURED NERVE 
CELLS. K. Akaeawa. K. Yamaeuchi*. T. Nakavama, T. Morimoto. Natl. Inst. 
Physiol., Myodaiji, Okazaki 444, Japan.

HPC-1 antigen is a plasma membrane protein of matured neurons. Its deduced 
amino acid sequence (Inoue et al. JBC 267:10613), identical to syntaxin A, showed 
strong homology to epimorphin (63%, Inoue and Akagawa, BBRC 187:1144). 
Since epimorphin promoted morphogenesis o f primitive epithelial cells in embryos, 
we postulated that HPC-1 might also play an important role in morphogenesis of 
neural cells. To test this hypothesis, we tried to suppress HPC-1 function in 
cultured nerve cells. First, in the cell culture of the adult rat dorsal root ganglia 
neuron, the antisense oligonucleotide against HPC-1 mRNA was added to N1 
culture medium (30 μΜ) immediately after plating of the cell. After 36-48 hr in 
culture, branching of the fine neurite was enhanced in HPC-1 antisense 
oligonucleotide added group. Immunocytochemical study using polyclonal antibody 
against HPC-1 indicated dense staining in thick neurites (2-7 pm), but no staining 
in well-branched fine neurite (<lpm). Second, in cultured chick embryonic retinal 
ganglion neurons, a polyclonal antibody against HPC-1 was intracellularly applied 
to axons by an axotomy. This treatment also caused sprouting o f fine filopodia from 
the main axon shaft. Control serum and monoclonal antibodies against HPC-1 were 
ineffective. These results suggested that HPC-1 would physiologically stabilize the 
axon to prevent membrane from having excess neurite-sprouting. Finally, effect of 
functional suppression of HPC-1 on the neurotransmitter-release was examined in 
digitonin (lOμg/ml, 20 min)-treated PC 12 cell. The polyclonal antibody against 
HPC-1, loaded during digitonin treatment, enhanced Ca2+-dependent 
noradrenaline release from PC12 cell by 35 %. This suggested that HPC-1 would 
suppress exocytosis of synaptic vesicle under the physiological condition, and as a 
whole, HPC-1 was suggested to stabilize neuronal membrane in normal condition.
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363.3
G PROTEINS AND NEURITE OUTGROWTH: THE EFFECT OF 
MASTOPORAN AND PERTUSSIS TOXIN ONJIEGENERATING OPTIC 
AXONS OF GOLDFISH IN VITRO. C.A. Bates and R.L. Mever. Dev. Biol. 
Center, UC Irvine, Irvine, CA, 92717

The cause o f regenerative failure in the CNS is unknown. We have looked at a 
model of successful CNS regeneration, the goldfish retinotectal system, to 
determine what factors may be involved in regulating regenerative outgrowth. 
Pertussis toxin sensitive G proteins have been suggested as inhibitors of neurite 
outgrowth. We have looked at the effects of mastoporan which activates these G 
proteins and pertussis toxin which blocks the ligand induced activation of certain 
G proteins.

Retinas from goldfish were removed 8-14 days after optic nerve crush, chopped 
into 400 urn square segments, placed on glass coverslips precoated with 0.5 
mg/ml poly-D-lysine and 5 ug/ml laminin and incubated in serum free media 
(L15-N2). Neurite outgrowth was extensive at 1 day post explant. Explants were 
preincubated in L15-N2 or 50 ng/ml pertussis toxin for 1 hr. Explants were 
videotaped with time lapse microscopy for 30 minutes to establish a baseline. 20 
ul of 10 uM mastoporan was added to the explants for a final concentration of 
200 nM. The explants were recorded for a further 30 to 60 minutes.

The addition of mastoporan to explants in L15-N2 media caused an immediate 
retraction of the growth cone, which does not recover for at least an hour. 
Mastoporan added to explants preincubated with pertussis toxin had no obvious 
effect on neurite outgrowth but pertussis toxin did not protect against 40 mM 
KC1 induced retraction. These results indicate that pertussis toxin sensitive G 
proteins are present in regenerating goldfish optic neuntes and are able to 
regulate neurite outgrowth.
This work supported by NTH EY6746.

363.5
GROWTH CONE INTRACELLULAR CALCIUM LEVELS ARE ELEVATED 
UPON CONTACT WITH SULFATED PROTEOGLYCANS. D M. Snow*. P. 
Atkinson. T. Hassinger. S.B.Kater and P.C. Letoumeau. University of Minnesota, 
Minneapolis, MN 55455, and Colorado State University, Ft. Collins, CO 80523.

Elongating growth cones are inhibited by stripes of substratum-bound chondroitin 
sulfate proteoglycan (CSμ g ) in vitro (Snow et al., 1990, Exp. Neurol., 109: 111). If 
CSμ g  is presented as a step gradient of increasing deposition, however, growth cones 
of certain cell types can adapt to the inhibitory influence of this molecule (Snow and 
Letoumeau, 1992, J. Neurobiol. 23: 322-336). Since changes in intracellular calcium 
levels have been associated with changes in growth cone activity, lamellipodial and 
filopodial extension, and neurite outgrowth, we asked whether growth cones may 
elevate intracellular calcium in response to contact with μ g , and whether the calcium 
rise may regulate growth cone inhibition by, or adaptation to, CSμ g .

Fura-2 imaging was used to monitor growth cone calcium after contacting CSμ g , 
either bound to 3 pm polystyrene beads and touched to the filopodia and lamellipodia 
of dissociated chicken dorsal root ganglia neurons elongating on laminin, or 
presented as a single substratum-bound stripe. In both cases, intracellular calcium 
levels rose in the growth cones from a baseline of approximately 50-100 nM to 700- 
1000 nM within seconds, followed by a gradual return to a new, slightly elevated, 
baseline (1-2 mins). Controls (micropipette alone, beads incubated with phosphate 
buffered saline (PBS) alone, and beads coated with CSμ g  then treated with 
chondroitinase ABC to remove the carbohydrate) did not elicit a calcium rise in 
growth cones.

The transient rise in intracellular calcium by growth cones contacting sulfated μ g s 
indicates that calcium may be involved in mediating the inhibition of growth cone 
activity. Various pharmacological reagents are being used to characterize the μ g - 
stimulated calcium rise by determining if  G-proteins are involved, whether the 
calcium elevation arises from extracellular or intracellular sources, if  depletion of 
intracellular stores can abolish the inhibitory reaction, and the effects of zero calcium 
media. (Supported by NIH grants EY06331 to DMS and HD19950 to PCL).

363.7
An S6 kinase is associated with the neural cell adhesion molecule LI. Andrew 
Schaefer. Eric Wong. Lori Taylor. Gary Landreth. and Vance Lemmon*. Case 
Western Reserve University, Cleveland OH 44106.
Neural cell adhesion molecules have been proposed to play important roles in 
neural pathfinding, however, the underlying mechanisms are poorly understood. 
LI is a neural-specific cell adhesion molecule which is found primarily on axons 
and growth cones. It is a transmembrane protein and a member o f the 
immunoglobulin superfamily of adhesion molecules. The primary sequence of 
the cytoplasmic domain contains a number o f potential phosphorylation sites 
and LI has beat shown to be phosphorylated in vivo. Other groups have reported 
three kinase activities associated with LI, two partially characterized activities 
(Sadoul et al, 1989), and protein kinase C (Itoh, 1991). We have identified a 
protein kinase activity in immunoprecipitates o f  LI. Using peptide substrates 
specific for several potential kinases, we have identified the kinase to be p70 S6 
kinase (Kozmą, 1990), and this has been confirmed with Western blots. We have 
identified this kinase in both chick and rat brain. This activity is not inhibited by 
heparin, IP20, or genistein and is not modulated by cAMP. This is particularly 
interesting because mammalian LI has a highly conserved cytoplasmic domain, 
but the avian homologue is less well conserved except for two regions o f nearly 
perfect homology. This may suggest functional importance for these regions.
We have screened PC 12 cell extracts for kinases which can phosphorylate 
recombinant LI cytoplasmic domain. Three such kinase activities have been 
tentatively identified: p70 S6 kinase, casein kinase II (CKII), and the third yet 
uncharacterized. CKII is present in crude brain IPs, but can be washed out under 
conditions which retain p70 activity, indicating that it is not as tightly 
associated as p70 and not Ll-speeific. The identification o f these kinases 
provides a new avenue for the study o f intracellular LI - protein interactions and 
may define the first steps in a signal transduction cascade leading from substrate 
contact to morphological changes in the growth cone.

363.4
BLOCKING Ca2+MOBILIZATION WITHTHAPSIGARGINREDUCESNEURITE 
INITIATION IN CULTURED ADULT RAT DRG CELLS. Lankford. K. L * . 
Rand, M. N.. Waxman. S.G. and Kocsis, J . D. Dept. of Neurology, Yale 
Univ. School of Med., New Haven CT 06510 & Neurosci. Res. Center, VA 
Med Center., West Haven CT 06516 

We have previously shown that depolarization induces large 
cytoplasmic, nuclear, and nucleolar Ca2+ signals in cultured adult rat 
DRG cells (Birch et al PNAS 89:7978-82). These Ca2+ transients 
occur primarily via intracellular Ca2+ release and are high during the 
first two days after plating but greatly attenuate with increasing 
time in culture, consistent with a possible role in neuritogenesis. To 
assess whether Ca2+ mobilization may be causally related to neurite 
initiation we blocked Ca2+ mobilization with the Ca2+ ATPase 
inhibitor thapsigargin, fixed and stained cells for neurofilament after 
3 days and scored neurons for the presence of neurites at least 
twice the length of the cell body. Adult rat DRG neurons exposed 
to 200 nM thapsigargin for 20 minutes during the first 24 hours in 
culture showed greatly attenuated depolarization-induced calcium 
signals and a 71%  decrease in neurons with axons 3 days after 
plating when compared with paired control cultures. On average, 
57%  of adult rat DRG neurons scored positive for neuritogenisis 
after 3 days, compared with 17% of thapsigargin treated neurons 
(n = 6 expts. p < 0.001 ). Neurons of all sizes initiated axons at similar 
rates in control cultures and all cell sizes were equally affected by 
thapsigargin. These results suport the hypothesis that calcium 
transients may play a role in neuritogenesis.

363.6
CHARACTERIZATION OF CALCIUM CHANNELS PRESENT IN THE 
REGENERATING RETINAL GANGLION AXONS AND GROWTH 
CONES OF ADULT GOLDFISH IN VITRO. A M. DANKS* and R.L. 
MEYER. Developmental Biology Center, University of California - Irvine, 
Irvine, CA 92717.

Regenerating optic axons from adult goldfish were examined to determine 
what types of calcium channels exist along their axons and growth cones. 
Optic nerves of adult goldfish were crushed, and two weeks later their retinas 
were explanted. After 2 to 3 days in culture, the retinal explants were loaded 
with the fluorescent Ca2+ indicator fura2 and intracellular calcium levels 
were analyzed by video imaging.

Addition of high concentrations of extracellular potassium caused rapid and 
large increases in free intracellular calcium concentration. Ca2+ increases 
could be blocked by chelating extracellular Ca2+ with EGTA, indicating the 
presence of voltage-sensitive calcium channels. Substantial position- 
dependent differences in calcium responses were observed, with growth cones 
displaying larger calcium changes than axon segments. The depolarization- 
induced Ca2+ increases could be significantly attenuated by the 
dihydropyridine Ca2+ antagonist nifedipine or certain heavy metals, 
indicating that some of the calcium channels on these neurites were of the "L" 
type.

Studies are underway to determine the presence or absence of HT" and "N" 
voltage-sensitive Ca2+ channels on these regenerating optic axons.
Supported by NIH-EY 6746 and NIH-NS 07351.

363.8
ANALYSIS OF GLYCOPROTEINS IN NEURITE OUTGROWTHS 
FROM SENSORY GANGLIA EXPLANTS INDUCED BY TREAT
MENT WITH 12-O-TETRADECANOYL PHORBOL-13-ACETATE 
(TPA). W-Y.Dan and L. Hsu*.Biology Dept.,Seton 
Hall Univ., S.Orange, NJ 07079.

Both low (20 ng/ml) and high (200 ng/ml) con
centrations of the phorbol ester TPA elicited the 
outgrowth of dense neurites and the formation of 
thick fascicles from sensory ganglia explants of 
chick embryos ranging from 11-16 d of age. A de
crease in neurite development was correlated with 
increasing age of the embryos. Explants from old
er embryos detached from the collagen substrate 
and was limited in neurite fasciculation. SDS- 
PAGE analysis of control and treated ganglia from 
12 d embryos revealed slight quantitative diff
erences in low molecular weight proteins. Using 
biotinylated lectins (Con A,WGA,UEA) as 1° probes 
and avidin-HRP as the 2° probe »different patterns 
of glycoproteins were revealed in control and 
TPA-treated explants. A protein (ä  66kDa) was 
enhanced in explants treated with TPA when HRP- 
conjugated anti-NCAM was used as direct probe in 
Western blotting. These studies suggest that 
neurite differentiation induced by TPA was corre
lated with the expression of specific glycopro
teins. (Supported by Research Council of SHU).
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363.9
INHIBITION OF PROTEOGLYCAN SYNTHESIS AND EFFECTS ON 
NEURITE OUTGROWTH FROM GOLDFISH RETINAL EXPLANTS.
T. F. Challacombe* and T. S. Elam. Program in Neuroscience, Department of 
Biological Science, Florida State University, Tallahassee, FL, 32306.

Proteoglycans (μ g s) and their glycosaminoglycan (GAG) chains have been 
shown to have both positive and negative effects on neurite outgrowth in a 
variety of cell culture systems. Studies on the localization of μ g s during 
development of the nervous system have provided evidence for μ g  functions 
during axon outgrowth. However, few studies have addressed μ g  functions 
during  regeneration. In the goldfish optic nerve, regeneration is 
accompanied by enhanced axonal transport of 35sc>4-labeled heparan  
sulfate and chondroitin-4-sulfate (Coughlin and Elam, Brain Res. 493, 326 
(1989)). These transported μ g s are distributed am ong the soluble and 
membranous com partm ents of optic axons (Challacombe and Elam, Soc. 
Neurosci. Abs. 18, 427 (1992)). To examine possible functions of μ g s during 
regenerative axon outgrowth in v itro , we tested the μ g  synthesis inhibitor 
ß-xyloside on goldfish retinal explant cultures. Explants were prepared by 
the method of Landreth and Agranoff (Brain Res. 161. 39 (1979)) and plated 
onto poly-L-lysine (PLYS) and poly-L -lysine+ lam inin (PLYS+LN) 
substrates. Explants were grown in supplemented Leibovitz's L-15 medium 
containing ImM ß-D-xyloside (treatment) or ImM  ß-D-glucoside (control). 
Our results show that explants cultured for 5 days on PLYS in the presence 
of ß-xyloside have fewer neurites w ith shorter average length than 
controls. In contrast, the average length of neurites on explants cultured for 
3 days on PLYS+LN was unaffected by ß-xyloside treatment. These results 
suggest that μ g s on the neurite surface may participate in outgrow th on 
PLYS. Since ß-xyloside did not alter neurite outgrowth on PLYS+LN, a μ g - 
LN interaction may not be involved in regenerative axon outgrowth in this 
system. (Supported by NIH-NS-20502)

363.11
P U R IF IC A T IO N  A N D  C H A R A C T E R IZ A T IO N  O F  A  N E U R IT E  G R O W T H  
IN H IB IT O R  F R O M  C N S  M Y E L IN .  F . К е ІІе гЧ Т . В , R u b in . В . O e s c h  a n d  M .E .  
S c h w a b . B ra in  R e s e a rc h  In s titu te , U n iv e rs ity  o f  Z u r ic h , C H - 8 0 2 9  Z ü r ic h ,  
a n d  ^ L ib e ro  Is titu to  U n iv e rs ita r io  C a m p u s  B io -M e d ic o , 1 -0 0 1 8 6  R o m a .

In h ib ito rs  o f  n e u r ite  g ro w th  a re  lik e ly  to  p la y  a n  im p o r ta n t ro le  fo r  th e  d e 
v e lo p m e n t  o f  th e  n e rv o u s  s y s te m , a n d  a ls o  to  b e  o n e  o f  th e  c a u s e s  o f  th e  
la c k  o f  re g e n e ra t io n  o f  C N S  a x o n s  a f te r  m e c h a n ic a l le s io n s . C N S  m y e lin  
a n d  m a tu re  o lig o d e n d ro c y te s  o f  h ig h e r  v e r te b r a te s  a re  a  w e ll-e s ta b lis h e d  
s o u rc e  o f  in h ib ito ry  a c t iv ity  fo r  a x o n  g ro w th .

T h e  m y e lin  in h ib ito ry  a c t iv ity  is  a  m e m b ra n e  p ro te in  th a t  c a n  b e  e x tra c te d  
w ith  n o n - io n ic  d e te rg e n ts , b u t n o t w ith  c h a o tro p ic  s a lts . T h e  p u r ific a tio n  o f  
m y e lin  in h ib ito ry  a c t iv ity  b y  m e a n s  o f  s iz e  e x c lu s io n  c h ro m a to g ra p h y , a n io n  
e x c h a n g e  c h ro m a to g ra p h y  a n d  r e v e rs e  p h a s e  H P L C  le a d s  to  a  fra c t io n  w ith  
p o te n t in h ib ito ry  a c t iv ity . N o  p ro te in  c a n  b e  d e te c te d  in th is  fra c t io n  by  
c o n v e n tio n a l c o lo r im e tr ic  m e th o d s  (m ic ro -B C A ) .  A n a ly s is  o f  th is  fra c t io n  b y  
S D S - P A G E  a n d  s ilv e r  s ta in in g  r e v e a ls  o n ly  a  fe w  fa in t  b a n d s  a t  m o le c u la r  
w e ig h ts  th a t  a re  p a r tly  c o n s is te n t w ith  p re v io u s  o b s e rv a tio n s  (C a ro n i a n d  
S c h w a b , J . C e ll  B io l. 1 0 6 :1 2 8 1 ,1 9 8 8 ) .  T r e a tm e n t  w ith  try p s in  in d ic a te s  th a t  
th e  p u rifie d  in h ib ito ry  a c t iv ity  is a  p ro te in , o r  re q u ire s  a  p ro te in  to  b e  a c t iv e .  
R e v e r s e  p h a s e  H P L C  o f  c ru d e  m y e lin  e x t ra c t  r e v e a ls  th a t  th e  in h ib ito ry  
a c t iv ity  is a  re la t iv e ly  h y d ro p h ilic  p ro te in , w h e n  c o m p a r e d  to  h y d ro p h o b ic  
m y e lin  p ro te in s  like  P L P . T o  e s ta b lis h  w h e th e r  th e  p u r if ie d  a c t iv ity  is  
id e n tic a l w ith  th e  p re v io u s ly  d e s c r ib e d  2 5 0  k D  a n d  3 5  k D  in h ib ito ry  a c t iv ity ,  
w e  a re  c h e c k in g  th e  c ro s s re a c tiv ity  o f  th e  p u r if ie d  b a n d s  w ith  IN -1 ,  a  
m o n o c lo n a l a n tib o d y  th a t  w a s  ra is e d  a g a in s t th e  2 5 0  k D  in h ib ito ry  a c t iv ity  
(C a ro n i a n d  S c h w a b , N e u ro n  1 :8 5 ,1 9 8 8 )  a n d  th e  p ro te in  p a tte rn  in 2 D  g e ls .  
W e  a re  a ls o  s c a lin g  u p  th e  p u r ific a tio n  p ro c e d u re  in o r d e r  to  o b ta in  e n o u g h  
m a te r ia l  fo r  p e p tid e  s e q u e n c in g .
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363.10
MONOCLONAL ANTIBODY IN-1 WHICH NEUTRALIZES THE 
NEURITE GROWTH INHIBITION IN THE CENTRAL NERVOUS 
SYSTEM STAINS CNS MYELIN. B. Rubin. I  Dusart* and ME. 
Schwab. Institute for Brain Research, University of Zurich, CH-8029 Zurich, 
Inserm U106, Höpital Salpetrière, F-Paris.

Two neurite growth inhibiting membrane proteins of 35 and 250 kD have 
been identified in a myelin fraction derived from the central nervous system 
(CNS) of higher vertebrates. A monoclonal antibody (IN-1) was raised 
against the 250 kD protein purified from CNS myelin of the rat and selected 
for its ability to neutralize the inhibitory effect of the two proteins in vitro. 
IN-1 has been shown to neutralize the inhibitory effect of CNS tissue in 
vivo, thus permitting regeneration of certain lesioned CNS fiber systems.

We have used this antibody to immunostain cryostat sections of the adult 
nervous system of the rat. We compared the staining pattern of IN-1 with that 
of a panel of monoclonal antibodies against myelin associated proteins (anti 
MBP, anti MAG and anti MOG) and against astro- and microglia specific 
proteins (anti GFAP and OX-42). We found that IN-1 exclusively stains 
white matter in the CNS, but not in the peripheral nervous system (PNS) of 
the rat.

Our data demonstrate that the staining pattern observed with IN-1 in the 
CNS corresponds to the regions of the adult nervous system, which have 
been shown to be inhibitory for axonal growth. In agreement with this finding 
no staining is observed in the PNS, which is known to be much more 
permissive for regeneration.

363.12
LYSOPHOSPHATIDIC ACID-INDUCED NEURITE RETRACTION IN PC-12 
CELLS IS UNDER OPPOSING CONTROLS BY THE cAMP AND 
PHOSPHOINOSITIDE SECOND MESSENGER SYSTEMS
G , T ia vC . C . Y a n a  a n d  R . M i le d i* . D e p t.o f P h ys io lo g y  &  B io p h ys ics , U n ivers ity  of 
T e n n e s s e e , M e m p h is , + L a b .o f C e llu la r  &  M o le c u la r  N e u ro b io lo g y , U n iv e rs ity  o f 
C a lifo rn ia  Irv ine .

T h e  e n d o g e n o u s  lip id  m e d ia to r  lys o p h o s p h a tid ic  a c id  (L P A ) c a u s e s  n e u n te  
re tra c tio n  in d if fe re n tia te d  P C -1 2  p h e o c h ro m o c y to m a  c e lls  (T ig y i &  M ile d i,  
Ј .В Ы .С Һ ө т . 2 6 7 .  2 1 3 6 0 -6 7 ,  1 9 9 2 ) .  T h e  p h o s p h o ty ro s in e  p h o s p h a ta s e  (P T P )  
in h ib ito r  o k a d a ic  a c id  a n d  c a lm o d u lin  a n ta g o n is t  c o m p o u n d  W - 7  a ls o  c a u s e  
n e u rite  re trac tio n . B e c a u s e  L P A  c a u s e s  th e  activ a tio n  o f  p h o sp h o in o s itid e  (P IP )  
tu rn o v e r  a n d  a  p e r tu s s is  to x in  s e n s it iv e  d e c r e a s e  in  c A M P  c o n te n t,  a  
p h a rm a c o lo g ic a l d is se c tio n  o f th e  s e c o n d  m e s s e n g e r  e v e n ts  le a d in g  to  n e u rite  
re trac tio n  w a s  c a rr ied  o u t in N G F -d if fe re n tia te d  P C -1 2  c e lls . C e lls  w e re  e xp o s e d  
to  a  p a n e l o f d ru g s  th a t in te rfe re  a n d  a lte r  s p ec ific  s e c o n d  m e s s e n g e r  s ig n a lin g  
e v e n ts , a n d  t im e -la p s e  v id e o m o rp h o m e tr ic  a n a ly s is  w a s  u s ed  to  q u a n tita te  th e ir  
e ffe c ts  o n  th e  n e u rite  re trac tio n  e lic ite d  b y  2  μ Μ  L P A  1 8 :1 .  1 . A  2 4  h ph o rb o l 
e s te r  p re tre a tm e n t a n d  c h e le ry th rin e -H C I, a  s p ec ific  in h ib ito r o f p ro te in  k in as e  C  
(P K C ) , b o th  in h ib ited  n e u rite  re trac tio n . 2 .  In h ib ito rs  o f p ro te in  ty ro s in e  k in as es  
(P T K ) ,  in c lu d in g  C o m p o u n d  5 , g e n is te in  a n d  h e rb im y c in  a ll in h ib ite d  n e u rite  
re trac tio n . 3 .  P e rv a n a d a te - in d u c e d  inh ib ition  o f  P T P  e n z y m e s  a ls o  a tte n u a te d  
n e u rite  re trac tio n . B a s e d  o n  th e s e  e x p e r im e n ts , it a p p e a rs  th a t in P C -1 2  ce lls  
L P A -e lic ite d  n e u rite  re trac tio n  req u ire s  P K C  a c tiv a tio n  th a t is lin ke d  to  a  sh ift in 
p ro te in  ty ro s in e  p h o s p h o ry la tio n . In c o n tra s t to  th e  e ffe c ts  c a u s e d  b y  inhib ition o f 
P K C , P T K  a n d  P T P  e n z y m e s , s tim u la tio n  o f p ro te in  k in a s e  A  (P K A ) b y  c h o le ra  
to x in  v ia  G s , o r  d ire c t ly  b y  fo rs k o lin , d ib u ty ry l-c A M P , a n d  S p -c A M P S  a ll 
p re v e n te d  L P A -in d u c e d  n e u rite  re tra c tio n , in d ica tin g  th a t  s e c o n d  m e s s e n g e r  
s ig n a lin g  c o u p led  to  P K A - a n d  P K C -lin k e d  s y s te m s  c o n v e y  o p p o s in g  e ffe c ts  on  
th e  reg u la tio n  o f n e u rite  re trac tio n  a n d  o u tg ro w th . P re tre a tm e n t o f  P C -1 2  c e lls  
w ith  c y to c h a la s in  В  a n d  ta x o l a tte n u a te d  n e u rite  re tra c tio n , in d ica tin g  th a t th e  
d o w n s tre a m  c y to sk e le ta l ta rg e ts  o f th e  L P A -re c e p to r  c o u p led  s ig n a lin g  p a th w a ys  
in c lu d e  b o th  a c t in  m ic ro fila m en ts  a n d  m ic ro tu b u le s . S u p p o rte d  by  N S F  g ra n t  
B N S 9 0 1 0 3 9 8  a n d  a  g ra n t fro m  th e  A m e ric a n  P ara lys is  A sso c ia tio n .

364.1
THE EFFECTS OF SERUM DEPRIVATION ON GENE EXPRESSION 
AND NEURITE DEVELOPMENT IN A CHOLINERGIC CELL LINE. 
David A. Personett. Rhonda M. Greene. Michael Robbins. Valerie Y. Haves 
and Michael McKinney*. Mayo Clinic Jacksonville, Jacksonville, FL 32224.

The growth associated protein GAP-43 is a neuron-specific phosphoprotein 
involved in axonal development and synaptic plasticity. We hypothesize that 
increased levels of GAP-43 mRNA might occur in central cholinergic 
neurons during development, injury, or aging. In this study, a septal 
cholinergic cell line (SN49; courtesy of B. Wainer) was used to elucidate the 
effects of serum deprivation on neurite development and transcription of 
GAP-43 mRNA. Cells grown in media supplemented with 1% or 20% FBS 
were scored based on the presence or absence of neurites and harvested at 6 
time points over 3 d. Quantities of GAP-43 mRNA from cell lysates were 
measured with a method using reverse transcriptase and polymerase chain 
reaction (RT/PCR). PCR products were analyzed either on agarose or with 
capillary electrophoresis. Serum-deprived cells exhibited an increase in 
neurite growth that was correlated with upregulation of GAP-43 mRNA at 2- 
3 d. Analysis of this elevation of GAP-43 mRNA should reveal whether it is 
related to the regulation of other mRNAs in these cells (e.g., c-fos, beta 
amyloid). Additionally, the use of capillary electrophoresis should facilitate 
more accurate and reliable assessments of mRNA by RT/PCR. Supported 
by the Mayo Foundation and grant AG09973.

364.2
EXPRESSION OF GAP-43 IN PC12 CELL CLONES SIGNALLED BY 
K-RAS ̂ .W. Burrv/ 2D.L.Simpson. 2M.Briohtman and 1D.J. Perkins. 
’Deptment of Cell Biology, Neurobiology & Anatomy, Ohio State 
University, Columbus, OH, laboratory of Neurobiology, NINDS, 
NIH, Bethesda, MD.

PC 12 cells have been shown to increase expression of the 
developmentally regulated protein GAP-43 in response to NGF 
stimulation. Likewise, K-ras retroviral infection has been shown to 
initiate many of the events which can be stimulated by NGF in 
PCI 2 cells, including neurite outgrowth (Simpson et al., 1991, J. 
Neurosci. Res. 28:486-496). Ras is thought to work through the 
signaling pathways downstream from the NGF receptor. Thus, it 
is important to determine if GAP-43 expression can be signaled 
through the pathway involving activation of p21"\ Several PCI2 
clones were examined for their responses to K-ras retroviral 
infection. When stimulated with NGF the PC12-N21 & PC12-LG 
clones (Burry & Perrone-Bizzozero, J. Neurosci. Res. in press, 1993) 
showed expression of GAP-43 and neurite outgrowth. In response 
to K-ras infection, these cells showed both increased expression of 
GAP-43 and neurite outgrowth. The time course of these 
responses and the length of the neurites were similar to cells 
treated with NGF. These results indicate that GAP-43 expression 
in PC12 cells is signaled by a pathway from NGF which involves 
downstream activation of p 2 i n* .
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364.3
TRANSIENT OVEREXPRESSION OF B-50 (GAP-43) 
cDNA IN PC12 CELLS INDUCED FORMATION OF 
FILOPODIA AND ROUND PROTRUSIONS (BLEBS).
P.Schotman*, J.A.M. van der Linden, A.J. van Rozen, 
A.B.Oestreicher, W .H. Gispen and H .B.Nielander Div. of
Mol.Neurobiol., IMB, Lab.for Physiol.Chem., Rudolf Magnus Inst., Univ. of Utrecht, 
Padualaan 8, 3584 CH Utrecht, The Netherlands.

To investigate how B-50 affects cell surface morphology rat 
cD N A  was transfected into a PC 12 cell line with very low  
endogenous B-50 expression (PC-B2). M oreover, the B -50 cD N A  
was mutated in its proposed functional domains, i.e. at Cys3,4 involved  
in membrane association, and at Ser41, the sole PKC phosphosite 
implicated in regulation o f CaM  binding. M orphological changes were 
visualized by confocal scanning laser microscopy using fluorescence 
labelling for B-50 and for F-actin.

The transfected cells exhibited filopodia and/or bleb-like 
protrusions o f the plasma membrane. N o spontaneous neurite 
outgrowth was observed. Follow ing NGF treatment transfected and 
nontransfected PC-B2 cells displayed F-actin positive filopodia and 
neuntes, with a striking colocalization o f B -50 with F-actin.

Mutation o f Cys3,4 caused B-50 to loose its specific membrane 
association and enrichment in growth cones and microspikes. 
H owever, bleblike protrusions filled  with B -50 were found as well, 
indicating that membrane association is not involved in this effect o f  
B-50.

364.5
RELATIONSHIP OF GAP-43 EXPRESSION A N D  NEURONAL PHENOTYPE 
IN H UM AN NEUROBLASTOMA CELLS. K-C. Tsai. A. C. Sow er. V. V. 
Cansino, S. L. Rogers*. R. W. Burry and N . I. Perrone-B izzozero. D epts. 
Biochemistry and A n atom y, Univ. of N ew  M exico, Albuquerque, NM , 87131, 
Dept. Cell. Biol Neurobiol. and Anat., Ohio State U niv., Colum bus, OH, 43210. 
The expression of GAP-43 is known to correlate with the onset o f neuronal 
developm ent. By using PCI 2 cell clones, w e  have previou sly  sh ow n that 
GAP-43 expression m ay be regulated independently  o f neurite outgrow th  
(Burry and Perrone-Bizzozero, J. Neurosci. Res., in press). To further investigate 
the relationship o f GAP-43 expression and neuronal differentiation, w e  
examined the effect of various agents on GAP-43 levels and neurite outgrowth  
in the hum an neuroblastoma cell lines SH-5ySy, SH-IN and SH-ЕР (Biedler et 
al, Cancer Res. 38: 3751,1978). Of these, only the 5ySy line show ed significant 
leve ls  of GAP-43 gen e expression , consistent w ith  their neuronal-like  
phenotype. Treatment of these cells, w ith  the phorbol ester TP A resulted in 
increased levels o f both GAP-43 protein and neurite outgrow th, w hereas 
retinoic acid (RA) and staurosporin lead to significant process outgrowth but 
low  levels o f GAP-43. Finally, dibutyryl cAMP resulted in GAP-43 levels and 
phenotype intermediate between those o f TP A and RA treated cells. GAP-43 
expression and neuronal m orp hology w ere a lso  exam ined  in  Sy5y cells 
transfected with a vector containing a rat GAP-43 cD N A  dow nstream  of the 
metallothionine-IIa promoter (see Cansino and Perrone-Bizzozero, this meeting). 
Treatment of these cells w ith Cd2+ resulted in the expression o f rat GAP-43 
protein but did not increase neurite outgrowth. In conclusion, our results 
support the idea that although in m ost cases GAP-43 expression occurs in  
conjunction w ith  neurite outgrow th, these tw o events can be dissociated  
under the appropiate experim ental conditions. Supported by TSGH-NDMC- 
Taipei (K-CT), NIH NS-30255 (NP-B), NS-23368 (SR) andNSF BNS-8909835 (RB).

364.7
NEURAL SELECTIVE ACTIVATION AND DOWNREGULATION OF 
MAMMALIAN GAP-43 PROMOTER SEQUENCES IN ZEBRAFISH.
E, Reinhard. J. Weaner. J.H.P. Skene* and M. Westerfield. Dept. of 
Neurobiology, Duke Univ., Durham NC 27710 and Institute of 
Neuroscience, Univ. of Oregon, Eugene OR 97403.

Most neurons in the vertebrate nervous system downregulate 
expression of the GAP-43 gene as they form synapses during 
development. In the CNS of mature fish and amphibians, but not in 
the mammalian CNS, distal axon interruption reinduces GAP-43 
expression. To explore functional conservation and divergence of 
signaling pathways that regulate GAP-43 expression, we studied 
activation of mammalian GAP-43 genomic DNA sequences in 
transgenic zebrafish. All of the DNA fragments tested, including a 
fragment containing only 386 bp surrounding the minimal GAP-43 
promoter, were strongly activated in the nervous system at times 
when extensive neuronal differentiation and neurite outgrowth take 
place. After 2 days of development, expression from these 
transgenes was specifically downregulated in the fish spinal cord, 
in concert with the endogenous GAP-43 gene. These results indicate 
that the small 386 bp promoter fragment contains elements that 
can account for a significant degree of the regulation of the GAP-43 
gene during development, and that signaling pathways controlling 
these elements have been functionally conserved during vertebrate 
evolution. Ongoing experiments will show whether potential 
regulatory sequences in the* 5' end of the GAP-43 gene are 
conserved between rat and zebrafish. Supported by grants 
HD22486, NS21132 and EY07397.

364.4
POST-TRANSCRIPTIONAL REGULATION OF THE GAP-43 m RNA IN  
CONTROL A N D  TRANSFECTED H U M A N  NEUROBLASTOMA CELLS.
V.V. Cansino and N. I. Perrone-Bizzozero*. Dept. of Biochemistry, 
University of New Mexico, Albuquerque, NM, 87131-5221, U.S.A.
W e have previously shown that GAP-43 expression in PC12 cells is regulated 
through protein kinase C-dependent stabilization of its m RNA (J. Cell Biol. 
120: 1263, 1993). To study this further, w e  exam ined the effect of phorbol 
esters on the half-life o f the GAP-43 m RNA in control and transfected human 
neuroblastoma SH-Sy5y cells. A full length rat GAP-43 cD N A  w as cloned  
into the expression  vector pMEP4 contain ing the m etallothionine-IIa  
promoter and hygrom ycin resistance. By Northern blot analysis, w e found  
that GAP-43 m RNA levels in control Sy5y cells were increased in response to 
the phorbol ester TPA, but not by cAMP or retinoic acid, suggesting  that 
GAP-43 gene expression in these cells also d ep en d s on  the activation of 
protein kinase C. Treatment o f perm anently transfected cells w ith  CdCİ2 
induced a 15-fold increase in the levels o f the rat GAP-43 m RNA. Cadmium  
treatment also resulted in  the accum ulation o f rat GAP-43 protein in  the 
hum an cell line, as seen by W estern blot analysis and immunocyto- 
chemistry (see also Tsai et al., this meeting). U pon removal o f Cd2+, GAP-43 
m RNA levels decreased to basal levels w ithin 6 h. Additional m RNA decay  
studies performed in the presence of the transcription inhibitor dichloro- 
ribofuranosylbenzim idazol (DRB) show ed that TPA stab ilized both the 
endogenous and tranfected GAP-43 m RNAs, and that the half-life of this 
m RNA determ ined by DRB treatm ent w as sim ilar to that obtained by  
removal of Cd2 +. In conclusion, transfected neuroblastoma cells containing 
GAP-43 m RNA sequences under the in fluence of the m etallothionine  
prom oter are a suitable system  to stu dy the role of cis  and trans acting 
factors on the stability o f this m R N A . S u p p o r te d  b y  N IH  (N S -3 0 2 5 5 ).

364.6
BRAIN CYTOSOLIC PROTEINS SPECIFICALLY BIND TO A CONSERVED 
REGION IN THE 3’ UTR OF GAP-43 mRNA. D.T. Kohn* and N.I. Perrone- 
Bizzozero. Dept. of Biochemistry, Univ. of New Mexico, Albuquerque, NM 87131 

Previous work from our laboratory demonstrated that GAP-43 expression in PC 12 
cells is controlled by the protein kinase C-dependent stabilization of its mRNA (J. 
Cell. Biol. 120: 1263-1270, 1993). Initial studies into the nature o f this control 
revealed that cytosolic proteins from rat brain form specific complexes with sequences 
in the 3' UTR of GAP-43 mRNA (Soc. Neurosci. Abstr. 18: 605, 1992). Here we 
report the further characterization of the RNA-binding activity and the sequences in 
the 3' UTR of GAP-43 mRNA required for these interactions. By gel-retardation and 
RNase protection assay, we found that the RNA-binding activity was restricted to a 
225 base segment in the 3' UTR of the mRNA. Competition experiments 
demonstrated that this 225 base sequence effectively displaces the RNA-binding 
proteins from both the entire 3' UTR or the full length mRNA. This sequence is 
highly conserved during evolution, showing 79% sequence identity in rodent and 
avian species, yet shares no sequence identity with other RNA-binding motifs, such as 
the AU-rich element (ARE) or the iron-responsive element (IRE). Furthermore, the 
RNA-protein complexes were not efficiently competed by a synthetic ARE or the AU- 
motif in the GAP-43 mRNA. Thus, these RNA-protein interactions seem to involve 
novel mRNA sequences. The phylogenetic conservation of this sequence was further 
demonstrated by the ability of the chick mRNA to form complexes with cytosolic 
proteins from rat brain that are indistinguishable from those formed with the species- 
specific mRNA. The RNA-binding activity was found to be primarily cytosolic and 
enriched in brain extracts relative to those of liver or lymphocyte. Treatment o f brain 
cytosolic extracts with alkaline phosphatase abolishes the formation o f the higher 
molecular weight complex, while TPA-treatment enhances this activity, suggesting 
that protein phosphorylation is required for this interaction. Finally, cytosolic proteins 
from neonate rat brain possess greater GAP-43 mRNA-binding activity than those of 
adult rat brains. Thus, diese RNA-protein interactions may contribute to the increased 
expression o f GAP-43 during brain development, presumably by promoting the 
stabilization of its mRNA. Supported by the NIH (NS-30255).

364.8
RNA-PROTEIN INTERACTIONS TH AT M A Y  CO NTRIBUTE TO POST- 
T R A N S C R IP T IO N A L  R E G U L A T IO N  O F G A P -43  E X P R E S S IO N .
N . Irw in*. V. Baekelandt. M .-F. Gu and L.I. B e n o w itz . Dept. Neuro
surgery, Children's H osp ita l (B oston ); D ept. Surgery and Program  in  
N euroscience, Harvard M edical School, B oston, M A  02115.

G AP-43 expression appears to be important for neuronal developm ent and 
for plasticity o f  neuronal connections. Evidence from transcriptional run-on 
studies, prom oter studies using portions o f  the G A P-43 gen e fused to re
porter gen es, and m R N A  h alf-life  studies su ggest that the regulation o f  
G A P-43 expression occurs at both transcriptional and post-transcriptional 
lev e ls  (Federoff et al, 1988; N ed iv i et al, 1992; P errone-B izzozero et al, 
1 9 9 1 ,1 9 9 3 ). Post-transcriptional regulation frequently involves the binding 
o f  cellu lar proteins to sp ec if ic  seq u en ces in the 3' untranslated region  
(3'UTR) o f  the m R N A , w hich in the case o f  G A P-43 sh ow s a remarkable 
degree o f  evolutionary conservation. W e previously reported that there are 
several cellular proteins that show  specific  binding to the 3'UTR o f  G AP-43  
m R N A  using U V  cross-linking, binding o f  radiolabeled R N A  fragments to 
electrophoretically separated proteins transferred to m em branes, and by gel-  
shift assays (Irwin et al, 1991). W e report here that these interactions pri
m arily in v o lv e  a restricted portion o f  the 3'UTR near the 3' end o f  the 
sequence. U sin g  com petition assays, w e have show n that three proteins 
bind with high-affin ity to this sequence. W e have partially purified these  
proteins by colum n chromatography and are exam ining the role o f  these  
protein-RNA interactions in G AP-43 expression.
Su pport: N IH  E Y  0 5 690 , B oston  N eu ro su rg ica l F ou ndation , F rank B oas  
Foundation, Belgian N ational Fund f o r  Scienctiftc R esearch.
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36 4 .9
P E R IP H E R A L  IN F L A M M A T IO N  U P R E G U L A T E S  T H E  
G R O W T H -A SSO C IA T E D  PR O T E IN  (G A P -43) IN PR IM A R Y  
SENSORY NEURONS. C.J. W oolfl . T.A. Leslie! ,2 . P . Ç .  Ems0n3 andP.M . 
Dow d2 . Dept. of Anatomy 1 and Dept. of Dermatology, University College 
London School of Medicine2 , UK. MRC group, Babraham, Cambridge UK2 . 
SPON BRA.

The growth-associated protein, GAP-43, is developmentally regulated and 
re-expression occurs following peripheral nerve injury, where it may have a role in 
regeneration. This upregulation after nerve injury may be due to either a loss of a 
target signal or a signal related to the site o f injury which includes inflammatory 
changes. The present aim has been to determine if peripheral inflammation, without 
nerve injury, causes upregulation of GAP-43. The expression o f GAP-43 mRNA 
in adult rat dorsal root ganglia (DRG) has been examined using in siVw-hybridisation 
with an alkaline phosphatase-linked oligonucleotide probe. Two models of  
inflammation were studied, turpentine and complete Freund’s adjuvant injections 
into the left hind-paw. Both models produced hyperalgesia and local swelling. 
Ipsilateral and contralateral L4 DRGs were examined at 6 ,2 4 ,4 8  and 120 hours 
post injection. Hindpaw inflammation caused an increased expression o f GAP-43 
mRNA in the L4 DRG within 6 hours of complete Freund’s adjuvant and 24 hours 
of turpentine injection. This re-expression returned to control levels by 120 hours. 
The changes in GAP-43 mRNA expression were also associated with an increase in 
substance P and CGRP mRNA levels in the DRGs. Expression of GAP-43 mRNA 
remained at control levels in the L3 and contralateral L4 DRGs. Our data suggests 
that GAP- 43 levels are increased by peripheral signals following inflammation in 
the absence o f nerve injury, and this may lead to sprouting and altered innervation.

364.11
EXPRESSION OF GAP-43 IN THE GRANULE CELLS OF RAT 
HIPPOCAMPUS AFTER SEIZURE-INDUCED SPROUTING OF 
MOSSY FIBERS.
M.Pende, S.Baldessari, R. Samanin and C. Bendotti*. Istituto di 
Ricerche Farmacologiche "Mario Negri", 20157, Milano, Italy.
Systemic administration of kainic acid (12 mg/kg i.p.) induces limbic 
seizures in adult rats and cell loss in the CA3/CA4 areas of the 
hippocampus which is associated with sprouting of mossy axon 
collaterals from granule cells. Under these conditions, we observed a 
rapid and transient induction of GAP-43 mRNA in the dentate granule 
cells which normally do not express this protein in adult rats. GAP-43 
mRNA peaked 24 h after kainic acid and had returned to control levels 
two days after treatment. No effect was observed in other regions of the 
hippocampus. MK801 (lm g/kg i.p.), which inhibited behavioral but 
not electroencephalographic seizures and partially reduced the 
neurotoxic effect of kainic acid, also counteracted the induction of GAP- 
43 mRNA in the adult rats. When kainic acid was injected to 15-day-old 
rats that suffered generalized seizures but no sprouting of mossy fibers, 
GAP-43 mRNA was not induced in the granule cells suggesting a close 
relation between the expression of GAP-43 and granule cells sprouting. 
Cycloheximide (1.5 mg/kg i.p.), a protein synthesis inhibitor, 
administered 2 h after kainic acid significantly reduced the GAP-43 
mRNA levels in the granule cells suggesting that GAP-43 gene 
expression is mediated by factors induced early by kainic acid. A dense 
GAP-43 immunostaining was observed in the inner molecular layer of 
the hippocampus of kainic acid treated rats where collaterals of mossy 
fibers have been shown to grow. These data suggest that GAP-43 plays 
a role in synaptic reorganization in the adult CNS.

364.13
GAP-43 EXPRESSION AND PHOSPHORYLATION IN POSTIMPLANTATION 
RAT WHOLE EMBRYO C U LTU RES. E.W. Dent and K.F. Mein*. Dept. 
Pharmacology, SUN Y Health Science Center, Syracuse, NY 13210.

Phosphorylation of GAP-43 by kinase C  in vivo and in tissue culture 
occurs after axonogenesis has been initiated and in sensory neurons is 
confined to distal axons and growth cones. In contrast, stable phos
phorylation of GAP-43 in motor neurons is detected much more 
proximally to the cell body. To further investigate differences between 
regulation of GAP-43 phosphorylation in developing sensory and motor 
system s in vivo we have established postimplantation whole embryo 
cultures in which rat embryos explanted from the uterus between about 
E9.5 and E14, can be maintained in culture for up to 48 hrs (Cockroft, 
1973, 1976, 1990). During the time in culture, embryonic develop
ment proceeds as in utero based upon several morphological and 
biochemical criteria, including length, total protein, somite count and 
development of organ systems. We have found that the cultures also 
retain the ability to elaborate neurons that are morphologically and 
phenotypically similar to their in vivo counterparts, and have been 
concentrating on GAP-43 expression and phosphorylation in the oculo
motor and trigeminal systems. In culture, as in vivo, phosphorylated 
GAP-43 is restricted to the distal axons of the sensory neurons and 
occurs coincident with the appearance of barrel fields. In contrast, 
GAP-43 phosphorylation of oculomotor neurons occurs throughout the 
axon, and is not regulated by neuronal activity. Supported by NS 26091

364.10
GAP-43 EXPRESSION IN MOUSE MOTONEURONS STIMULATED TO 
SPROUT BY BOTULINUM TOXIN. M.A. Bisbv*. M.C. Brown1 and 
W. Tetzlaff2. Department of Physiology, Queen's 
University, Kingston, Ontario, laboratory of Physiology, 
Oxford University, department of Physiology, University 
of Ottawa, Ontario, Canada.

We previously reported that sprouting induced by 
partial denervation of muscle does not result in a 
detectable increase in GAP-43 mRNA expression in the 
sprouting motoneurons, using a full-length cDNA probe.
We have now re-examined the question of whether sprouting 
of uninjured motoneurons (as distinct from regeneration 
of injured motoneurons) is associated with upregulation 
of GAP-43 mRNA by injection of botulinum toxin (Botx) and 
fluorogold into the triceps surae muscle, which was 
completely paralyzed. We examined GAP-43 mRNA expression 
2, 4 or 8 days following Botx, using a 50-mer 
oligonucleotide probe and found that there was no 
significant increase in signal in motoneurons projecting 
into the Botx-treated muscles, (identified by fluorescent 
labelling) compared to adjacent or contralateral 
motoneurons in the same spinal cord, or motoneurons from 
control, saline + fluorogold-injected animals in sections 
mounted on the same slides. The usual increase in GAP-43 
mRNA was detected in axotomized motoneurons in cord 
sections hybridized at the same time.
(Supported by MRC of Canada grants MT10689 to W. Tetzlaff 
and MT5198 to M. Bisby)

364.12
AFTER TGF-Č TREATMENT G A P-43 IS LOCALISED TO THE GOLGI 
AREA OF THE SCHW ANN CELL. H. J. S. Stewart , K. R. Jessen and R. 
Mirsky. (SPON: Brain Research Association) Department of Anatomy, 
University College, Gower Street, London WC1E 6BT.

The growth associated protein G A P-43 was originally identified as a 
neurone specific protein that is present at high levels during periods of 
axonal elongation. More recently however, we and others have detected 
G A P-43 in both PNS and CNS glia and studies have suggested that G A P- 
43 may be involved in process outgrowth in these cells. W e used 
antibodies to G A P-43 and TC P-1 (a trans Golgi network (TGN) antigen) 
to examine the distribution of G A P-43 in Schwann cell cultures treated 
with a variety of growth factors. The results show that when Schwann cells 
are treated with TG F-/3j_3 G A P-43 protein levels are downregulated 
while G A P-43 mRNA levels are apparently unaltered. The remaining 
G A P-43 present partially co distributes with the TGN protein TC P-1 in the 
perinuclear area of the cell. This accumulation of G A P-43 is disrupted 
when the cells are treated with brefeldin A, again suggesting an association 
with the Golgi. Furthermore, G A P-43 can often be detected in the 
perinuclear area of contaminating fibroblasts. The redistribution o f G A P-  
43 from the Schwann cell plasma membrane to the Golgi in response to 
T G F -ß  correlates with a retraction of Schwann cell processes. When TG F- 
ß  is removed the processes regrow and G A P-43 is again plasma membrane 
associated. These results support the hypothesis that G A P-43 is involved 
in process extension and the presence of G A P-43 in the Golgi suggests that 
G A P-43 may be involved in some aspect o f vesicular transport.
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365.1
ESTROGEN AND ANDROGEN DIFFERENTIALLY MODULATE GAP-43 
(NEUROMODULIN) mRNA IN POSTNATAL RAT BRAIN. P.J. Shuahrue* and 
D M. Dorsa University of Washington, Departments of Pharmacology and 
Psychiatry and Behavioral Sciences, and GRECO, VA MC, Seattle, WA 98108.

The growth-associated protein GAP-43 (neuromodulin) is concentrated in 
axonal growth cones during neurite outgrowth and is thought to be involved in 
growth cone motility. Recent studies in our laboratory have shown that the 
level of GAP-43 mRNA in postnatal brain is sexually dimorphic and modulated, 
by testosterone (T) levels. To determine whether estrogen or androgen' 
receptors might mediate the effects of T, the present study investigated the 
effect of receptor agonists and antagonists on the expression of GAP-43 
mRNA. One-day postnatal male rats were sc injected daily with oil, tamoxifen 
(TAM), or cyproterone acetate (CA). Female postnates were treated daily with 
oil, diethylstibestrol (DES), or dihydrotestosterone (DHT). On postnatal day 6, 
brains were frozen and 16pm cryostat sections processed and hybridized with 
a 33S-labeled antisense riboprobe for GAP-43 mRNA. A comparison of 
hybridization signal in the medial preoptic nucleus, bed nucleus of the stria 
terminalis, and cerebral cortex revealed that the level of GAP-43 mRNA in 
males was significantly higher than in females. However, when male postnates 
were treated with TAM, but not CA, a female-like level of GAP-43 mRNA was 
seen in the preoptic area. Treatment of females with DES, but not DHT, 
augmented the level of GAP-43 mRNA to a male-like level of expression. In 
contrast to the preoptic area, GAP-43 gene expression in the postnatal cortex 
was not effected by TAM or DES, but was reduced by male treatment with CA 
and enhanced when females were treated with DHT. Interestingly, the level of 
GAP-43 mRNA in the bed nucleus was decreased when males were treated 
with either TAM or CA, and augmented when females were administered DES 
or DHT. The results of these studies indicate that the effects of T on GAP-43 
mRNA levels in the postnatal brain are modulated by estrogen and androgen 
receptor mediated events in a region specific manner. Supported by the VA, 
NS20311, and NS07332.

365.3
BRAIN AROMATASE ACTIVITY IN DEVELOPING AGGRESSIVE AND  
NON-AGGRESSIVE MICE. J.C. Comoaan1. J.B. Hutchison2-* A. Wozniak2, 
A.J.H. de Ruiter1. J.M. Koolhaas1, ^ n iv . of Groningen, Dept. Anim. Physiol., 
PO Box 14, 9750 AA Haren, The Netherlands, 2MRC Neuroend. Dev. Behav. 
Grp., Babraham, Cambridge, England CB2 4AT, UK.

Both testosterone (T) and estradiol (E2) exert their effects on 
aggressive behavior via the hypothalamus and the limbic structures of 
the central nervous system (CNS). We measured the plasma T and 
brain aromatase activity (AA) levels in two strains of male house mice 
during ontogeny and at adult age. These strains were genetically 
selected for territorial aggression, based upon their attack latencies. 
Adult males of the aggressive short attack latency (SAL) line have a 
higher plasma-T level, a higher seminal vesicle weight, and a larger 
testicular T production capacity, as compared to males of the long 
attack latency (LAL) line. Prenatally, no differences exist in preoptic 
area (POA) AA levels between these lines. Neonatally, however, SAL 
males exhibit higher AA levels in the amygdala (Am) than LAL 
neonates, whereas no differences were found in POA and anteriof 
hypothalamic AA levels. Adult LAL males show higher POA AA levels 
than SAL males. No differences were found in the Am and 
ventromedial hypothalamus. In the LAL males plasma T levels decrease 
from E17 to day 1, whereas the SAL neonates exhibit higher circulating 
T levels than LAL males. These results suggest a T independent AA 
induction prenatally, whereas neonatally the higher plasma T levels in 
the SAL males coincide with higher Am AA levels. The adult AA data 
suggest a higher neural androgen receptor sensitivity in the POA of 
LAL males. A differential pattern of brain E2 formation during 
ontogeny in SAL and LAL lines, might result in differences in adult 
CNS sensitivity to sex steroids.

365.5
ESTRADIOL REDUCES SOMATOSTATIN mRNA WITHIN THE 
PERIVENTRICULAR NUCLEUS OF IMMATURE FEMALE RATS. A.C. 
Hennessey*1, M.E. Wilson2. R.T. Zoeller3 & H.E Albers1 ^ab. 
of Neuroendocrinol. and Behav., Depts. of Biol. & Psychol., 
Georgia State Univ., Atlanta, GA; 2Yerkes Primate Res. Ctr. 
of Emory Univ., Atlanta, GA and 3Univ. of Missouri Sch. of 
Med., Columbia, MO.Developmental increases in growth hormone (GH) regulate 
adolescent growth. These increases are due, in part,, to 
increases in estradiol release. The mechanisms regulating 
the pubertal augmentation of GH by estradiol are not fully 
understood. The present study examined the hypothesis that 
estradiol stimulates GH secretion by reducing somatostatin 
gene expression within the periventricular (PeVN). 
Prepubertal rats were ovariectomized at 21 days of age and 
then subcutaneously infused with oil alone, 10 /ıg/ml of 
estradiol diluted in oil or 60 џд/т1 of estradiol for 
intervals of one or seven days. Preprosomatostatin (ppSS) 
mRNA levels in the PeVN, as measured by in situ 
hybridization, were significantly (p < 0.001) lower in both 
groups receiving estradiol than in rats receiving oil 
vehicle alone. No significant differences were observed 
between the groups receiving 10 or 60 μg/ml of estradiol. 
Similarly, no significant differences occurred between 
groups receiving estradiol for one or seven days, however 
significantly lower levels of ppSS mRNA were observed with 
either duration of estradiol than with oil alone. These 
data support the hypothesis that estradiol stimulates GH 
secretion during pubertty by reducing the levels of 
somatostatin mRNA in the PeVN.

Supported by NIH HD16305

365.2
AROMATASE ACTIVITY IN CULTURES OF DEVELOPING 
ZEBRA FINCH BRAIN: AN INVESTIGATION OF SEX AND 
REGIONAL DIFFERENCES. J. Wade*. B.A. Schlinger and A.P. 
Arnold. Department of Psychology, Brain Research Institute, 
UCLA, Los Angeles, CA 90024.

Estrogen plays an important role in the masculinization of singing 
behavior and the telencephalic brain regions involved in the control of 
song in zebra finches. Early estrogen treatment has also been shown 
to demasculinize copulatory behavior, presumably controlled by 
diencephalic regions. To date, consistent sex differences in plasma 
levels of estrogen or brain aromatase activity have not been found 
during the period of sexual differentiation. In an effort to determine 
how estrogen can have such paradoxical effects, we measured 
aromatase activity in dispersed-cell cultures made from the 
telencephalon, diencephalon and also cerebellum of hatchling zebra 
finches under a variety of conditions. These cultures express high 
levels of aromatase. However, telencephalic cultures from individual 
males and females did not reveal a significant sex difference in 
aromatase activity. We also compared 5ß-reductase activity between 
sexes and among brain regions because it too is expressed in high 
levels in these cultures and could therefore affect aromatase activity 
by competing for available substrate. Like aromatase, there were no 
significant sex differences found in 5ß-reductase activity in 
telencephalic cultures. However, preliminary data did suggest that 
there may be differences in the kinetics of both enzymes among brain 
regions. Supported by HD07228, MH10352, DC00217 and IBN- 
9120776.

365.4
LOCALIZATION OF AROMATASE CYTOCHROME P450-SPECIFIC mRNA IN 
THE DEVELOPING RAT BRAIN USING IN SITU HYBRIDIZATION.
M. E. Lauber. M. Schlumpf* and W. Lichtensteiger. Institute o f Pharmacology, 
University o f Zürich, CH-8006 Zurich, Switzerland.

A central step in development and sexual differentiation o f the brain is the intra
neuronal conversion o f testosterone to estrogen. This conversion is catalyzed by an 
enzyme complex comprised o f cytochrome P450 aromatase and the NADPH-depen- 
dent cytochrome P450 reductase. We previously observed marked sex-dependent and 
left to right differences in aromatase activity in perinatal rat brain (N.I.von Ziegler, 
W. Lichtensteiger, Neuroendocrinology 55: 512, 1992). In order to further analyze 
enzyme expression, we have designed specific oligonucleotides and used them for 
examining the expression o f the aromatase gene (CYPI9) on cryostat sections from 
fetuses and offspring o f time-pregnant Long Evans rats using the in situ hybridization 
technique. At gestational day (GD) 18 (GD 1 =  24 hours after mating) moderate aro
matase mRNA levels were observed in medial preoptic area, medial amygdala and 
ventromedial hypothalamic nucleus. A similar distribution o f aromatase mRNA 
expression was encountered at GD 20 and GD 22; in addition, aromatase mRNA was 
also present in the region o f the bed nucleus o f stria terminalis. During postnatal 
development, aromatase mRNA levels were much lower. In a first series on adult rat 
brain, moderate levels o f aromatase mRNA were found in bed nucleus o f stria 
terminalis, reticular thalamic nucleus and medial amygdala. These results demonstrate 
that the low quantities o f aromatase transcripts in the developing rat brain can be 
detected by means o f in situ hybridization. In general, the expression o f aromatase 
mRNA is in agreement with the results obtained from activity assays and im- 
mmunocytochemistry. Further experiments employing the in situ hybridization 
technique will allow investigations on whether and how brain aromatase is regulated 
at the level o f mRNA expression during development.

365.6
ESTROGEN RECEPTOR mRNA IN THE PREOPTIC  
AREA OF PRENATAL RATS. L.L. DonCarlos* & P . Stancik. 
Dept. Cell Biology, Neurobiology, & Anatomy, Loyola University 
Stritch School of Medicine, Maywood, IL 60153.

Previous in situ hybridization studies from our lab have 
demonstrated a sex difference in the amount and temporal profile of 
steady state estrogen receptor (ER) mRNA in the neonatal rat preoptic 
area, and have also shown that testosterone and estrogen, but not 
dihydrotestosterone, downregulate ER mRNA in neonatal rats. In the 
present study, we sought to complete the perinatal profile of ER 
mRNA in the rat preoptic area by comparing the amount of ER mRNA 
in males and females at several time points during the embryonic 
period. Rats were sacrificed by decapitation on embryonic day (ED;
ED 0=day of conception) 14,16, 18,19, or 20, or postnatal day 0 
(PND 0=ED 22=day of birth). ER mRNA was detected by in situ 
hybridization using a 171 base 35S-labeled cRNA probe 
complementary to the 3' end of the ligand binding domain of the rat ER 
mRNA (full length ER cDNA, gift from M. Muramatsu; subcloned 
cDNA template, gift from R. J. Handa). ER mRNA was first detectable 
by film autoradiography on ED 18. Hybridization signal (optical 
density) doubled in both males and females between ED 18 and 19, 
and then remained stable in males. In contrast, hybridization signal 
doubled again in females between ED 20 and PND 0. Prenatally, there 
were no sex differences in ER mRNA, but by PND 0, steady state ER 
mRNA levels were significantly higher in females than in males. The 
present data suggest that ER mRNA in the preoptic area is under 
differential regulation in males and females during the perinatal period. 
Supported by NIMH grant MH48794.
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3 6 5 .7
N-MYC AND c-FOS mRNA LEVELS IN ESTROGEN ACTIVATED 
N E U R O B L A S T O M A  CELLS. Z.Q. Ma, S. S a n t a g a t i . , 
G.Pollio, E.Cattaneo and A.Maggi* Milano Mole- 
cular Pharmacology Lab, Institute of Pharmacolo
gical Sciences, University of Milan, Via Balza- 
retti 9, 20133 Milano, Italy

A neuroblastoma cell line (SK-N-BE) stably 
transfected with the estrogen receptor (ER) was 
generated and named SK-ER3. In this cell line, ER 
activation determines growth arrest and profound 
morphological and biochemical changes. Estrogen- 
induced SK-ER3 cells extend long neurites and 
synthesize TAU and synaptophysin, two proteins 
expre s s e d  in d i f f e r e n t i a t i n g  neurones. These 
hormone effects are dose-dependent and can be 
blocked by the ER antagonist LY 17018.

In order to evaluate the effect of ER activa
tion in SK-ER3 cells, the expression of early im
mediate genes, c-fos and N-myc, was analyzed. A 
time-course study was correlated also with the 
reduced rate of proliferation and differentiation 
of SK-ER3 cells, c-fos mRNA was demonstrated to 
reach the maximal levels at 30 min following 
the addition of 17 B-estradiol in the medium, 
then the levels decrease to become undetectable 
16 hours later. On the other hand, the levels of 
N-myc are not altered by the treatment.
Supported by EEC BRID G E  P r o g r a m m e  B I O T - C T 9 2 - 0 3 0 8  and 
Italian CNR Target Programme Genetic Engineering.

3 6 5 .8
ESTROGEN INDUCTION OF NEURITE OUTGROWTH, NEURITIC SPINE 
FORMATION, AND GAP JUNCTIONS IN ESTROGEN RECEPTOR (ER)- 
TRANSFECTED PC12 CELLS IN VITRO. R.H. Lustig*. P. Hua. W. Yu. F.J. Ahmad, 
and P W Baas. Depts. Pediatrics and Anatomy, U. Wisconsin, Madison, W I53792.

Estrogen increases neurite outgrowth, dendritic spine formation, and synapse 
formation in estrogen-responsive areas o f the rat brain in vivo. Such changes may 
underlie estrogen and gender effects on cognition, behavior, and reproductive 
physiology. We have developed an in vitro model of estrogen action on neurons using 
PC 12 rat pheochromocytoma cells, which become postmitotic and and extend neurites 
in response to Nerve Growth Factor (NGF). Stable transfection of wild-type (WT) 
cells with the vector pCMV-ERa-neo (JNCI 84:580, 1992) led to the establishment 
of a line (SER8) expressing higher levels of ER mRNA and protein, while WT cell 
transfection with a control vector pCMV-neo resulted in a line (NE09) that is 
essentially devoid of ER. Exposure of all lines to 1-100 ng/ml NGF for 2 days caused 
them to extend neurites in dose-dependent fashion. Coadministration of 10'lu-10'y M 
estradiol (E2) to N E 09 and WT cells yielded no and minimal additional effects on 
neurite frequency, neuritic spine formation, and intemeuntic interaction, respectively. 
However, coadministration of NGF + E2 to SER8 cells led to additive and dose- 
dependent increases in neurite frequency, neuritic spine formation, and intemeuritic 
interaction. These E2 effects were negated by coincubation with antiestrogen.

EM of 100 ng/ml NGF 2d cultures revealed the presence of gap junctions at the 
abutments of these cells. N E 09 and WT had very low basal levels of gap junctions, 
and no or minimal increases with E2 coincubation, respectively. Conversely, SER8 
cells had high levels o f gap junctions, with a marked increase with E2 
coadministration. Microinjection with Lucifer Yellow demonstrated dye-coupling of 
putative gap junctions at the LM level, with SER8 »  WT > NE09; E2 > vehicle.

These cell lines form the basis for an in vitro model of estrogen action on neurons. 
The data show that E2 acts on ER-positive cells to facilitate neurite outgrowth and 
neuritic spine formation, similar to that seen in vivo. The finding of formation of gap 
junctions by E2 may help to elucidate the effects of estrogen on neural and synaptic 
organization both in the neonatal and adult rat brain.

HORMONES AND DEVELOPMENT: GLUCOCORTICOIDS

3 6 6 .1
G L U C O C O R T I C O I D  I N D U C T I O N  O F  N E U R A L  
SIA L Y L T R A N S F E R A S E  A C TIV IT Y  - A  PO S S IB L E  R O L E  IN  T H E  
M O D U L A T IO N  O F C E L L  A D H E S IO N . K ieran  C. B reen *  and  
C h ris tin e  M . C o u sh la n . D ep t. o f  P h a r m a c o lo g y  and  C lin ic a l  
P h arm aco logy , U n iversity  o f  D u n d ee, D u n d ee  D D 1  9 S Y , S cotlan d ,
U .K . and D ept. o f  P h a r m a c o lo g y , U n iv e r s ity  C o l le g e  D u b lin ,  
Ireland.

T h e  neural ce ll adhesion m o lecu le  N C A M  is an integral m em brane  
g ly co p ro te in  that can  p rom ote c e ll-c e l l  ad h esio n  b y  a  h o m o p h ilic  
b in d in g  m echan ism . T h e  strength o f  N C A M -m ed ia ted  ad h esio n  is  
in d irectly  proportional to  its s ia lic  ac id  con ten t, the m o le c u le  b ein g  
h ea v ily  g ly co sy la ted  in  the em b ryo, and d e g ly co sy la te d  in  the adult. 
N C A M  sia ly la tion  state has been  dem onstrated  to b e regulated  b y  a 
neural G olg i sialyltransferase en zy m e, a lth ou gh  the m ech an ism (s) o f  
control o f  this enzym e remain to be elucidated.

In th is stu dy, w e  h ave characterised  the e x p r e ss io n  o f  a neural 
sia ly ltra n sfera se  in  an im m orta lised  m o u se  h ip p ocam p al c e ll  lin e  
(H N 9 ). A s  p rev iou s stu d ies h a v e  d em o n stra ted  s ia ly ltr a n s fer a se  
a c tiv ity  in  a hepatic ce ll lin e  to b e under g lu c o co r tic o id  regu la tion , 
in d u ctio n  o f  s ia ly ltra n sfera se  a c tiv ity  in  th e H N 9  c e ll  l in e  w as  
ex a m in ed  using the synthetic  g lu co co r tico id  d exam eth ason e . N eural 
sia ly ltran sferase w as dem onstrated to  be in d u ced  b y up  to  th ree-fo ld  
o v er  a 2 4  hour period in c e lls  induced to d ifferen tiate by retinoic  acid. 
N o  e ffe c t  w as seen  in und ifferentiated  a c tiv e ly  d iv id in g  c e lls . T h is  
induction  o f  sialyltransferase a ctiv ity  m ay therefore play  a m ajor role  
in the m odulation o f  neural ce ll adhesion during d evelop m ent.
This work was supported by the Irish Cancer Society.

3 6 6 .3

POSTNATAL GLUCOCORTICOID RECEPTOR mRNA EXPRESSION 
IN RAT HIPPOCAMPUS: RELATION TO CELL MORPHOLOGY.
S. Larocaue. D. O'Donnell, J.R. Seckl, and M.J. Meanev*. Dev. 
Neuroendo. Lab., Douglas Hosp. Res. Ctr.,.McGill Univ.; Montreal 
Canada and Dept. Medicine, Western Gen. Hosp., Univ. of Edinburgh, 
Edinburgh, Scotland.

A variety o f procedures have been used to evaluate changes in 
glucocorticoid receptor (GR) expression during neuronal development, 
although less frequently in relation to the morphological changes 
occurring in neurons. We used in situ hybridization to examine GR 
mRNA expression in rat hippocampus from postnatal Days Ito 90. GR 
mRNA was quantified using grain counting over individual nissl-stained 
cells, the surface area o f the cell body was estimated, and the data were 
expressed either as grains/cell or grains/cell area (100 μΜ2). Pyramidal 
cefi surface area increased steadily over the first week of life, with 3-fold 
increases occurring in CA3 and CA4 neurons. In contrast, cell area in 
the dentate gyms increased only slightly (-25% ) over the first 90 days of 
life, with the increase occurring over the 3rd week. In the dentate gyms, 
grain density (per cell or per 100 μΜ2) increased 250-300% between 
days 7 and 14, an increase that preceded the change in cell surface area. 
In contrast, in the pyramidal layers over the first week o f life (i.e., during 
that period when cell area was increasing) grain density per cell remained 
stable and decreased by 50-75% when expressed as grains/cell surface 
area. Grain density/100 μΜ2 returned to levels observed in neonates by 
the 2nd to 3rd week o f life, a time when cell area stabilized.

The results suggest that GR expression changes as function of the 
growth phase o f the hippocampal neuron (likely reflecting process 
outgrowth and increases in dendritic arborization) and that when 
expressed as a function o f cell surface area, there is no general increase 
in GR mRNA levels across the hippocampal pyramidal cellfields.

3 6 6 .2
ENDURING EFFECT OF NEONATAL DEXAMETHASONE ON LIPID 
METABOLISM. R.L. Hal«?, L.D. Devenport and A. Knehans. 
Shippensburg Univ., Shippensburg, PA; Univ. Oklahoma, 
Norman, OK; Oklahoma Health Sciences Center, OKC, OK.

The enduring effects of early life exposure to the 
synthetic glucocorticoid dexamethasone on lipid metabo
lism were investigated. On days 2, 4, 6, and 8 post
partum, Sprague-Dawley derived male rats were injected 
s.c. with either dexamethasone (2.72 ug/pup), andequi- 
volume vehicle (0.05 ml sesame seed oil), or were not 
injected at all. On day 44 of age all animals were 
adrenalectomized, then assigned to one of four chronic 
dexamethasone infusion conditions (0, 30, 150, and 750 
ug/pellet, producing approximate daily doses of 0, 5,
25, and 125 ug/kg). On day 57 or 58 of age, animals were 
killed by rapid decapitation. Blood metabolites (free 
fatty acids, triglycerides, and glucose) and in vitro 
lipolysis were measured. Results demonstrated that 
neonatal administration of dexamethasone may produce 
enduring changes in lipid metabolism, and may also alter 
later responsiveness to corticosteroids.

3 6 6 .4

EXPRESSION OF GLUCOCORTICOID RECEPTORS (GR) IN AN  
IMMORTALIZED HIPPOCAMPAL NEURONAL CELL LINE (H19-7). C.M. 
Beaman-Hall.*I· BfH. Wainer.2 E.M. Eves.2·3 M.R. Rosner2.3 and M.C. Bohn1. 
‘Dept. of Neurobiology and Anatomy, University o f Rochester Med. Ctr., Rochester 
NY 14620. 2Dept. o f Pharmacology and Physiological Science, and 3Ben May 
Institute, University o f Chicago, Chicago, IL 60637.

A hippocampal cell line (H19-7), immortalized with a temperature sensitive T- 
antigen and previously characterized as neuronal (PNAS 89:4373, 1992), is being 
examined as a model for studying glucocorticoid effects on hippocampal neurons. 
Previous studies have shown that primary hippocampal neurons express high levels 
of GR and mineralocorticoid receptors (MR). In order to determine whether H19-7 
cells express GR and MR, immunocytochemistry and RNase protection assays were 
used to study receptor protein and mRNA.

GR immunoreactivity (Ш) is detected in H19-7 cells in both the cytoplasm and 
nucleus. After 10-6 M corticosterone (CORT) treatment o f H19-7 cells the GR-IR is 
localized to the nucleus. This translocation of GR is also observed in hippocampal 
neurons. In contrast, MR-IR is high in hippocampal neurons, but low to 
undetectable in H19-7 cells.

Dividing H19-7 cells (33*C) express GR mRNA, which is decreased 2-fold by 
CORT. H19-7 cells grown at 39*C cease dividing and under these conditions CORT 
does not decrease the level o f GR mRNA. The level o f MR mRNA in H19-7 cells (at 
either 33 or 39*C) is undetectable in total RNA. In contrast, MR mRNA expression 
in hippocampal neurons is higher than that of GR mRNA.

These studies suggest that the expression of GR and MR may be differentially 
regulated in hippocampal neuronal precursor cells and differentiated hippocampal 
neurons. Studies are in progress to determine whether expression of GR and MR 
depends on the state o f differentiation in H19-7 cells. (Supported by NS20832 and 
AG00107-08)
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366.5
NEONATAL ACTH 1-24 DECREASES 5-HT, DA AND NE IN FOREBRAIN STRUCTURES 
AFTER ONE YEAR IN THE FEMALE RAT. S.E . Alves*1. H.M. Akbari2. G.M. Anderson2, E.C. 
Azmitia1, and F.L. Strand1. Department of Biology and Center for Neural Science1, New Yoik 
University, New York, NY 10003 and Child Study Center, Yale University School of Medicine2, 
New Haven, CT 06510.

We previously reported that administration of ACTH 1 -24, which greatly increases endogenous 
corticosterone (CORT) levels, to neonatal female rats increases hypothalamic serotonin (5-HT) 
and dopamine (DA) fiber densities as measured by high-affinity specific uptake at postnatal day 
7 and at early adulthood (days 80-90)1. In addition, this treatment appears to alter the 
hypothalamic-pituitary-adrenal (HPA) axis of these animals as they exhibit elevated CORT levels 
long after the treatment period. As it is well known that prolonged elevation of glucocorticoids 
can alter neuronal systems, the present study was conducted to investigate whether this early 
exposure to elevated stress hormone levels would have a long-term effect on the central 
monoamines. Female Sprague-Dawley rat pups were injected daily with either ACTH 1-24 
(0.5mg/kg s.c, donated by Organon, Inc.) or saline vehicle from day one (day of birth) to day 7. 
At 12 months of age, 12 animals (6 per group) were rapidly decapitated under sodium 
pentobaibital anesthesia, the brains removed, immediately frozen in powdered dry ice and 
stored at -70°C. High Performance Liquid Chromatography (HPLC) was used to measure 5-HT, 
DA and norepinephrine (NE) levels within the hypothalamus, striatum and cortex. An overall 
decrease in monoamine content was observed within each of these brain regions in stress 
hormone treated animals compared to controls. Significant decreases were observed in the 
hypothalamus (DA, -16.3% and NE, -10.0%, P< 0.05), striatum (DA, -13.4%, P< 0.01) and 
cortex (5-HT, -19.5%, P< 0.02) compared to saline treated animals. These findings suggest that 
although elevated ACTH/CORT levels during development may act to stimulate monoamine 
maturation, the long-term effect appears to be detrimental to the monoamines, as evident in the 
decreases in forebrain monoamine content mentioned above. This study was supported by the 
Council for Tobacco Research and NIA 1P01AG10208.
1 Alves, et al., Peptides 14(2):379-384,1993.

366.6
PRENATAL CORTICOSTERONE DIFFERENTIALLY AFFECTS 
LOCOMOTOR ACTIVITY OF POSTNATAL MALE AND FEMALE 
OFFSPRING. R. Diaz*. S. O. Oeren M. Blum і  and K, Fuxe. Department of 
Histology and Neurobiology, Karolinska Institutet, Stockholm, Sweden and Am 
Fishberg Center for Neurobiology, Mount Sinai School of Medicine, New YorK,
N .Y 4

Recently, we reported that both glucocorticoid receptor immunoreactivity and 
mRNA are present in multiple brain areas, especially in the neuroepethelium during 
early development of the rat brain (Cintra et al. Neuroendocrinology, In Press). In 
order to better understand the potential influence o f stress on fetal brain by release of 
maternal glucocorticoids, we have investigated the effects o f corticosterone 
administration on the locomotor activity of their prepubertal offspring. On day 16 of 
pregnancy, Sprague-Dawley female rats were implanted with either placebo or 
corticosterone pellets (Innovative Research, 2.38 mg/day for 7 days). After birth their 
offspring were nursed by foster mothers to avoid any postnatal effects of 
corticosterone pellets. At 3 weeks of age, the offspring were tested for spontaneous 
motor behaviours. Male offspring from corticosterone treated mothers showed 
significantly lower numbers of spontaneous rearing (42.5±10; n=7 vs 122.5±21: 
*p<0.05; n=8 ), motility (512±50 vs 1175±150: *p<0.05) and locomotion (12±2 vs 
33±8: *p<0.05) compared to the placebo treated groups. In contrast, female offspring 
from corticosterone groups showed a tendency to have higher numbers in all 
parameters tested compared to female offspring from placebo groups. No significant 
sex differences were found between male and female offspring from placebo groups in 
locomotor activity. Following apomorphine-induced postsynaptic dopamine receptor 
stimulation, we observed a tendency in both male and female offspring from 
corticosterone groups to have lower values in all parameters tested. These results 
suggest that glucocorticoids affect the postnatal development of locomotor behaviour 
in a sex-specific manner, effects which may be mediated by prenatal glucocorticoid 
receptors. In the case of the male offspring the behavioural alterations may involve 
the reduction of dopaminergic activity in the network subserving locomotor and other 
unconditioned behaviours.

HORMONES AND DEVELOPMENT: ANDROGENS

367.1
EFFECTS OF PRENATAL STRESS OR ANTI-ANDROGEN TREATMENT ON 
SEXUALLY DIMORPHIC SOCIAL BEHAVIORS AND VASOPRESSIN  
SYSTEMS IN ADULT MALE RATS. J. F. Axelson*. J. Galasso, В. O'Brien, җ& 
R. Hollister. Department of Psychology, College of the Holy Cross, Worcester, 
MA, 01610.

Pregnant rats were exposed to either daily stress (restraint and heat), SC 
injections o f an anti-androgen (flutamide, 5 mg) or injections o f control vehicle 
during the last 10 days of gestation. Previous research has indicated that social 
interaction (SI) is sexually dimorphic in that only male rats show lower SI scores 
when tested in novel environments. Females show similar SI behavior in familiar 
and unfamiliar environments (Primus & Kellogg, 1990). These sex differences in SI 
are thought to be organized at puberty since sex differences in SI are not found until 
early adulthood (60-90 days of age) and prepubertal castration eliminates the decrease 
in SI in male rats when tested in unfamiliar environments. Our data support the 
suggestion that sex differences in SI are also organized prenatally. Whereas SI in 
control males declined significantly in unfamiliar environments, males from both 
stressed and flutamide litters responded in the female pattern. At the completion of 
behavioral tests, animals were gonadectomized and, 4 months later, were treated with 
Silastic implants of testosterone for 4 weeks. Animals then received intraventricular 
injections of colchicine and 48 hrs later were perfused (5% acrolein). Brains were 
vibrotome sectioned and processed for vasopressin immunoreactivity. Testicular 
steroids released during the first week of life have recently been shown to be 
necessary for the masculinization of the bed nucleus o f the stria terminalis (BST) 
(DeVries, 1993). Preliminary analyses of our data suggest that prenatal androgens 
also impact the sexual differentiation of this structure in that flutamide treatment 
reduced vasopressin immunoreactivity in the dorsal lateral divisions of the В ST. 
Work in progress involves examining these sexually dimorphic behaviors and 
structures that were treated with more intense levels o f prenatal stress and higher 
dosages (10 mg) of flutamide.

367.3
DHT BLOCKS ESTROGEN-INDUCED MASCULINIZATION OF 
THE m ed ia l  AMYGDALA. C. W. Malsbury* Dept. Psychology 
and Division of Basic Medical Sciences, Memorial University, St. 
John’s, NF, Canada, A1B 3X9.

The most posterior dorsal division of the medial nucleus of the 
amygdala (MePD) is sexually dimorphic (male > female) in adult 
and juvenile rats. Is this sex difference a result of estrogen or 
androgen receptor activation during the neonatal period?

Five groups were compared. On postnatal days 2 and 4, pups 
were injected sc as follows. Four groups of females received 
either; the ethyl oleate vehicle (VF, n=6), 5 /*g estradiol benzoate 
(EB, n=8), 250 μ% dihydrotestosterone benzoate (DHTB, n=5), 
or the combination of 5 μg EB and 250 μ% DHTB (EB+DH TB, 
n=8). Males received the vehicle (VM, n = 8). Pups were killed 
at day 14. Sections were stained with cresyl violet, and MePD 
area was measured.

There was a marked sex difference in the size of MePD (80% 
larger in VM than in VF), and EB significantly increased its size 
(52% larger in EB than in VF). DHTB alone was ineffective. 
The surprise was that when the two hormones were given 
together, DHTB completely· blocked the masculinizing effect of 
EB. The results suggest that androgen receptor activation may be 
involved in an inhibitory regulation of estrogen-induced growth of 
MePD during the critical period of brain organization.

367.2

PRENATAL TESTOSTERONE INFLUENCE ON INTERHEMISPHERIC
CORRELATION OF THE EEG ACTIVITY IN MALE AND FEMALE RATS. 
J. Juàrez* and M. Corsi-Cabrera. Dep. de Fisiologia, 
Instituto de Investigaciones Biomėdicas у Dep. de 
Psicofisiologia, Facultad de Psicologia. Universidad 
Nacional Autònoma de México. México, D. F. 04510.

Perinatal androgen exposure produces phenotipic, 
behavioral and brain changes in the female rat, however, 
changes on EEG activity have not been previously 
reported. Pregnant Wistar rats were injected either with 
oil or with 2 mg. of testosterone propionate on days 14 
to 19 of pregnancy. At 90 days of age the offsprings 
were implanted and the EEG activity was monopoilarly 
recorded from left and right parietal cortex on three 
days. The oil group showed a significant sex effect: 
interhemispheric correlation (IC) of delta, theta and 
alfai bands and the full band was higher in the male 
than female. Such sex differences were eliminated in the 
testosterone group. Testosterone produced an increase of 
the IC of all the EEG bands except of betai and beta2. 
Sex by treatment interaction showed that the increase 
induced by testosterone on theta, alfa2 and the full 
band was significant only in females. These results 
show a masculinization effect of testosterone on the IC 
of the adult female, which suggests that the sexual 
dimorphism in this EEG parameter depends, at least 
partially, on organizational mechanisms during the 
prenatal period of sexual differentiation.

367.4
DIFFERENTIAL ANDROGEN SENSITIVITY AMONG MOTOR UNITS OF A 
SEXUALLY DIMORPHIC FROG MUSCLE.
M. DorlocMer. S. H. Astrow. and A. A. Harem*. Dept. of Biological Sciences, 
University of Southern California, Los Angeles, CA 90089-2520.

The flexor carpi radialis (FCR) is a forelimb muscle used by male Xenopus laevis 
for clasping during amplexus. Repeated in vivo observations have shown that FCR 
muscle fibers in castrated frogs given testosterone implants (CT) hypertrophy rapidly, 
whereas FCR muscle fibers in frogs with empty implants (C) atrophy (Neurosci. 
Abstr. 18:235). The FCR originates in two heads on the humerus and inserts at the 
wrist and digits; its proximal head is more prominent in males than in females. 
Extracellular action potentials recorded from the surface o f the FCR indicate that 
fibers close to the proximal head are innervated only by spinal n ave  2  (SN2) axons, 
whereas fibers close to the wrist are innervated only by spinal nerve 3 (SN3) axons.
A region of overlap exists in the middle of the muscle.

Cross sections were taken from SN2- and SN3-regions o f the FCR after repeated in 
vivo observations (8 and 12 weeks afta  castration/implantation) and stained for 
myosin ATPase with alkaline preincubation. In both CT and C frogs, almost all 
fibers in the SN2 region had medium or high ATPase activity. Within the SN2 
region, mean fiber cross sectional area was 62% larger in CT than in C frogs. SN3 
motor units o f both CT and C frogs showed greater variability in ATPase staining, 
ranging from very low to very high. There was no difference in fiber size between 
CT and C frogs in the SN3 region. Additional sections were processed for indirect 
immunofluorescence using polyclonal antiserum against the androgen receptor (AR). 
AR immunoreactivity was detected in all myonuclei, as well as in some peripheral 
nerve and interstitial nuclei. There was no obvious difference in labeling intensity 
between myonuclei in SN2 vs. SN3 regions, nor in CT vs. C frogs. However, 
differences in number of nuclei/unit cross-sectional area were observed among 
forelimb muscles in C and CT frogs and these differences may be related to observed 
differences in androgen sensitivity. Alternatively/additionally, differences in androgen 
sensitivity between SN2 vs. SN3 motor units may arise from differences in motor- 
neuronal activity. [Supported by NS27209 & The P.V.A. Spinal Cord Res. Found.]
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367.5

ANDROGEN REGULATION OF NEUROMUSCULAR JUNCTION STRUCTURE 
AND FUNCTION IN SEXUALLY DIMORPHIC MUSCLES OF THE FROG. £  
Brennan* and L.P. Henderson. Depts. of Biochem. and Physiol., Dartmouth Medical 
School, Hanover, NH 03755.

The actions of androgenic steroids on sexually dimorphic muscles are diverse, 
affecting both muscle fiber properties and the formation and function of the 
neuromuscular junction. We have examined both endplate structure and function of 
flexor carpi radialis (fcr) fibers from androgen-treated and androgen-deprived adult 
male Xenopus laevis and Rana temporaria. ATPase histochemical staining confirmed 
earlier reports that the percentage of lightly stained fibers, characteristic of slow tonic 
muscle, was higher in androgen-treated fcr. Slow tonic fibers in adult amphibians 
receive polyneuronal innervation at small punctate junctions along their length and 
express low conductance, long open time acetylcholine receptor (AChR) channels at 
the endplate. To test whether androgen treatment induced changes in endplate 
structure and function which would be consistent with a switch from fast twitch to 
slow tonic fiber phenotype, we have analyzed AChR function by single channel and 
mepc (miniature endplate current) analyses and changes in synaptic structure by 
rhodamine-a-bungarotoxin (R-BTX) labelling. While all fibers from androgen- 
deprived animals displayed a single region of R-BTX labelling in a pattern 
characteristic of fast twitch fibers, an appreciable percentage of fcr fibers (40%) from 
Xenopus androgen-treated for 7 months displayed two discrete and well-separated 
regions of labelling, suggesting polyneuronal innervation, and a pattern of small, 
punctate R-BTX labelling, reminiscent of slow tonic fibers, was evident in fcr fibers 
from Rana androgen-treated for 3 months. Concomitant changes in AChR properties 
were not observed in fcr fibers from animals androgen-treated for up to 3 months: the 
time constants of mepc decay estimated for fcr fibers from androgen-deprived and 
androgen-treated animals were 1.15 and 1.18 ms, respectively. Similarly, single 
channel ACh-induced events in Xenopus fcr fibers were characterized by a slope 
conductance of ~ 59pS and τορβη =L30 ms (androgen-deprived) and ~58pS and 
lopen =1.13 ms (androgen-treated). Supported by NIH NS28668, AHEI and ALSA 
(LPH) and American Heart predoctoral fellowship (CB).

367.7

ANDROGENIC METABOLITE OF TESTOSTERONE DELAYS SYNAPSE 
ELIMINATION AND INCREASES MOTONEURON SIZE. S. Watamura*. 
A.P. A rnold  ̂ & C.L. Iordan. Dept. Psych. Univ. Calif. Berkeley, CA 
94720.
lUniv. Calif., Los Angeles, CA 90024.

Polyneuronally innervated muscle fibers of the androgen sensitive 
levator ani (LA) muscle undergo postnatal synapse elimination (SE) so that 
most fibers become singly innervated. Previously, testosterone (T) was 
shown to delay the process of SE in the LA; further, androgenic not 
estrogenic metabolites of T were shown to mimic the effects of T on SE 
(Jordan & Watamura, Soc. Neurosci. Abstracts. 18:207).

This study examines the size of the innervating m otoneurons in the 
spinal nucleus of the bulbocavemosus (SNB) in cords taken from animals 
whose LA muscles were studied for T metabolite effects on SE. Male rats 
were castrated on postnatal day 7 (P7) and were treated daily from P7-28 
with either testosterone propionate (TP), dihydrotestosterone propionate 
(DHTP), estradiol benzoate (EB), DHTP+EB, or vehicle oil. Doses were 
administered sc and animals were sacrificed on P28. Formalin fixed spinal 
cords were frozen and microtome sectioned at 50pm and thionin stained. 
The sizes of SNB somata and nuclei were evaluated via camera lucida 
drawings and a digitizing bit pad.
Mean sectional area (urrÀ+ SEM

TP DHTP DHTP/EB EB OIL
Somata 1390±206 1462±148 1400±250 1169±87 1195±172
Nucleus 243+48 230+27 250+36 212±23 229±43
These results show that DHTP mimics the effect of TP on SNB soma size in 
development. Thus, motoneuron size may be im portant in m aintaining 
multiple innervation in muscle.
Supported by HD15021, IBN-9210229 & MH15860

368.1

ULTRASTRUCTURAL EVIDENCE FOR DISTINCT FORMS OF 
DEATH OF SEPTAL CHOLINERGIC NEURONS FOLLOWING 
ABLATION OF NEUOTROPHIN-PRODUCING TARGET NEURONS 
OR AXOTOMY IN NEONATAL RATSJ.D.Cooper*1»2 J.N.SkepoerL 
M.P.Berzaehi2. D.LindhoIm2 and M.V.Sofroniew.1 1.Dept.of Anatomy, 
University of Cambridge, Cambridge, U.K., 2.Dept.of Neurochemistry, 
MPI for Psychiatry, Martinsried, Germany

Following axotomy, or ablation o f their target hippocampal 
neurons septal cholinergic neurons in developing rats loose their staining 
for СҺАТ and Since loss o f immunohistochemical markers
within neurons can occur in the absence o f cell death we investigated 
whether these changes represent death o f septal neurons or a profound 
phenotypic change. To further investigate the fate o f septal neurons we 
analysed their ultrastructural appearance at survival times o f 3, 7 and 10 
days after either sham operation or ablation of hippocampal target 
neurons by stereotaxic injections o f NMD A, or after transection o f the 
fimbria fornix in 9 day old Wistar rat pup littermates. In both NMDA 
and axotomy lesioned animals large numbers of degenerative profiles 
were seen in the medial septal nucleus. In NMDA lesioned animals the 
majority of degenerative profiles showed extensive condensation of  
nuclear chromatin with no loss of integrity of organelles, characteristic o f  
an apoptotic mechanism of cell death, in contrast to the necrotic 
appearance of degenerative profiles seen after axotomy. Loss o f neurons 
could not be rescued by delayed administration o f pharmacological 
doses o f NGF 28 days after target ablations which effectively abolished  
hippocampal production of neurotrophin mRNA and lowered septal 
levels of NGF protein.These findings confirm that cholinergic neurons 
are lost from the septum after ablation of their targets or axotomy of the 
fimbria fornix, and suggest that the processes by which these neurons die 
after each type o f lesion may be distinct.

367.6

ANDROGEN REGULATES ß-TUBULIN mRNA EXPRESSION IN THE MOTO
NEURONS OF LUMBAR SPINAL CORDS IN ADULT MALE' RATS. A. 
Matsumoto* (1), Y. Arai (1) and S. Hyodo (2). (1) Dept.
Anat., Juntendo Univ. Sch. Med., Hongo, (2) Dept. Biol., 
Coll. Arts & Sci., Univ. Tokyo, Meguro, Tokyo, Japan.

Androgen has been reported to play a key role in re
organizing the neuronal elements and synaptic connections 
in androgen-sensitive motoneurons in the spinal nucleus 
of the bulbocavemosus (SNB). As one step to clarify 
molecular mechanisms of androgen for neuronal plasticity, 
we examined androgenic regulation of the expression of ß- 
tubulin mRNA in the SNB motoneurons of adult male rats. 
Adult male rats (Wistar) were castrated and implanted 
with Silastic tubes containing testosterone (T) or noth
ing. Animals were sacrificed 4 weeks later. A complemen
tary DNA encoding mouse ß-tubulin was applied to in situ 
hybridization on paraffin sections of the lumbar spinal 
cords. Autoradiographic signals for ß-tubulin mRNA were 
found to be localized on the somata and proximal den
drites of SNB motoneurons. The number of signals per 
motoneurons in castrates was significantly smaller than 
than in controls. The value in castrates given T was not 
significantly different from that in controls. These 
findings suggest that androgen regulates expression of 
ß-tubulin gene in the SNB motoneurons. (Supported by 
grants from the Ministry of Education, Culture and Sci
ence of Japan and Nissan Science Foundation).

367.8

SUPPRESSION OF NA CHANNEL FUNCTION IN C2 MUSCLE CELLS STABLY 
OVEREXPRESSING THE RAT ANDROGEN RECEPTOR J. S. Tahb. G.R Fänger. 
Ε,Μ, W ilson! R,A.Maire, and L. P. Henderson*. Depts. of Physiol, and Biochem., 
Dartmouth Medical School, Hanover, NH 03755-3833; Depts. o f Pediatrics and 
Biochem., University of North Carolina, Chapel Hill, NC 27599 

Differentiation of skeletal muscle and the formation of the neuromuscular junction 
is regulated by steroid hormones. In order to study molecular pathways by which 
androgens affect muscle cell differentiation and subsequent synaptogenesis, we have 
established an androgen-sensitive C2 mouse muscle cell line which stably 
overexpresses the rat androgen receptor (AR) cDNA. The effects of androgens on the 
acquisition o f myogenic phenotypes and the expression ion channels important for 
synaptic transmission were examined in both parental C2 cells and in C2 clonal cell 
lines which exhibited 3-5 fold higher levels of androgen binding compared to parental 
cells. C2 cells which overexpress AR were competent to undergo differentiation and 
fused to form multinucleated myotubes, upregulated creatine kinase activity, and 
expressed comparable levels of nicotinic acetylcholine receptors (AChR) as parental 
cells. No differences in single channel conductance or mean channel open times of  
AChR were evident between differentiated parental C2 myocytes or differentiated 
myocytes overexpressing AR, nor were changes in these properties induced by 
androgen treatment in these cell lines. However, the developmental appearance of 
voltage-dependent Na current was significantly altered: 93% of differentiated parental 
C2 myocytes (28/30 cells) exhibited large voltage-dependent Na currents. 
Maintenance of parental C2 cells in defined medium supplemented with androgens 
decreased the average peak Na current density by 40%, and these effects were blocked 
by the anti-androgen, hydroxyflutamide. Na currents were not detected in 
differentiated C2 myocytes which overexpress AR (0/74 cells). Suppression of Na 
current in cells which stably overexpress AR occurred in the absence o f androgen 
binding. Northern blot analysis indicated that the decrease in functional Na current 
was not accompanied by concomitant decreases in Na channel mRNA, suggesting that 
AR influence posttranscriptional processing of Na channels in differentiating C2 cells. 
Supported by NS28668, AHEI, ALSA (LPH), NS28767 (RAM).

N-ACETYLCYSTEINE PREVENTS HIPPOCAMPAL NEURONAL DEATH 
INDUCED BY TRANSIENT CEREBRAL ISCHEMIA. M.Primiano. D.Palm. 
C.Johanson. N.W.Knuckev*. Program in Neurosurgery, Providence, RI,02903

The neuronal death following cerebral ischemia involves a complex molecular 
cascade involving the critical production o f free radical ions. Hence, we evaluated 
N-acetylcysteine [NAC] a thiol-dependant nonenzymatic detoxification of free 
radical ions to prevent neuronal death following transient cerebral ischemia. 10 
min. of transient isoelectric cerebral ischemia was induced by bilateral carotid 
occlusion with hypotension [45 or 30mmHg] in male Sprague-Dawley rats [250-350 
gms] standardized for brain and body temp., pC 02, p 0 2 and blood glucose. 
Treatment protocols included 1.Pretreated with NAC: 163 mg/kg intraperitoneally 30 
min and 5 min prior to ischemia, 2. 15min post-ischemic treatment with NAC 
326mg/kg and 3. 15min post-treatment with NAC 326mg/kg with a MABP of 
30mmhg. Sham animals were injected with saline. Seven days following ischemia 
the rats were sacrificed, perfused, sectioned at bregma 3.8 and the combined mean 
number of hippocampal neurones in a 1000 um length o f the medial, intermediate 
and lateral segments of CAI were counted. Statistical analysis by Scheffe’s S and 
Mann-Whitney U tests and a p<0.05 was significant.

The control [neurones=269+/-19] vs sham operated [neurones=228+/-23] animals 
were NS. Ischemic animals [neurones=27+/-3] vs sham ischemic [neurones=43+/- 
11] animals were NS. However, ischemic animals with a MABP of 45 which were 
pretreated [neurones=85+/-15] or posttreated [neurones=89+/-22] had a significantly 
increased survival of neurones compared to sham ischemic animals. Posttreated 
animals with a MABP of 30mmhg did not differ from nontreated animals. All 
groups were NS for physiological parameters. Pre/post treatment with NAC 
significantly decreases hippocampal neuronal loss following transient cerebral 
ischemia. Since NAC is an approved drag it may be a useful treatment to prevent 
neuronal damage following cerebral ischemia in man.

NEURONAL DEATH IV
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3 6 8 .3
IMMUNOHISTOCHEMICAL DISTRIBUTION OF HUMAN CYSTATIN C IN 
THE RAT HIPPOCAMPUS FOLLOWING ACUTE TRANSIENT ISCHEMIA. D, 
Palm*, N. Knuckev. M. Primiano. A. Spangenberger. C. Johanson. Dept. Clin. 
Neurosci., Program in Neurosurg., Brown Univer. & RI Hospital, Providence, RI 
02902

Ca++dependent proteinases are thought to have a critical role in irreversible ischemic 
cell damage. Cystatin C, a Ca++ dependent cysteine proteinase inhibitor, has been 
identified in CSF and normal brain. However, the distribution of cystatin C 
following ischemic neuronal injury has not been described. An immuno- 
histochemical approach was used to localize immuno-reactive human cystatin C (IR- 
HCC) in the rat hippocampus following 10 min o f acute transient ischemia. Primary 
rabbit anti-human cystatin C antibody (Ab), was diluted 1:5000 and incubated for 2 lu
at room temp, with or without human cystatin C (60 μg). Paraffin sections (8 μ) 
from control and animals recovering 24 hr, 3 ,7 , and 14 days following ischemia were 
incubated overnight at 4° C with the 1° Ab or the pre-absorbed 1° Ab. Biotinylated 
goat anti-rabbit 2° Ab was applied and the slides were processed with the Vectostain 
ABC kit; diaminobenzadine was used as a chromagen. Evaluation revealed little or 
no IR-HCC staining when the pre-absorbed Ab was used. In control and 24 hr 
recovery animals, IR-HCC staining was light and selectively scattered throughout 
CAI, CA2, CA3 and dentate regions o f hippocampus. However, intense IR-HCC 
staining was present at 3 day o f recovery in the damaged CAI pyramidal cell layer and 
in glial cells located throughout the stratum radiatum. By day 7, IR-HCC staining 
had intensified and now included glial cells throughout the stratum oriens layer. 
Maximum staining intensity was observed at 14 days recovery in a staining pattern 
similar to 7 day post-ischemic animals. These results suggest that cystatin C may 
have a critical role in modulating neuronal outcome following ischemic injury. 
Furthermore, these observations complement the theory o f Ca++ dependent proteinases 
involvement with neurodegeneration.

Supported by funds from R.I. Hospital.

3 6 8 .5

STATIN, A  CELL CYCLE A R R E ST M A R K E R , IS U PREG ULATED  
FO LLO W ING  IN TRAH IPPO CA M PAL C O LC H IC IN E IN  T H E RAT.

Centre, Department of Neurology and Neurosurgery, Psychiatry, and Centre 
for Studies in Aging, McGill University, Montreal, Canada, H4H 1R3. 
Statin is a cell cycle-regulated nuclear phosphoprotein specifically expressed 
by senescent and nonproliferating cells. Previous immunolabeling studies in 
our laboratory have shown an overexpression o f statin in hippocampal 
neurons following injury of the hippocampus o f Alzheim er disease patients 
as well as entorhinal cortex lesioned rats. From these studies it was postulated 
that statin may be a potentially useful marker o f detrimental neuronal stress. 
To further investigate this hypothesis, neuronal damage was induced in rats 
using colchicine which is selectively toxic for granule cells o f the dentate 
gyrus in the hippocampal formation. Rats received unilateral injections of 2.5 
μg colchicine at two rostrocaudal locations in the hippocampus, with the 
contralateral side serving as control. Levels o f statin in the lesioned dentate 
gyrus increased with respect to controls, but not in direct conjunction with the 
granule cell loss. An in situ labeling technique using T4 D N A  polymerase 
was applied to distinguish DNA breaks in potentially damaged neuronal 
nuclei. This technique demonstrated a significant amount of D N A  damage due 
to the colchicine lesion. This work was supported by the M edical Research 
Council o f Canada and the National Institute o f Aging.

3 6 8 .7

PERFORANT PATH TRANSECTION AND AGING RESULT IN ENTO
RHINAL NEURONAL LOSS D.A. Peterson. C. A. Lncidi-Phillipi. R. Katz- 
man*. and F.H. Gage Dept. Neurosci. UC San Diego, La Jolla, CA 92093-0627 

The perforant pathway (PP) forms the reciprocal connection between the 
hippocampus and the entorhinal cortex (ECX). The PP and ECX are adversely 
effected by the neuropathological changes associated with Alzheimer’s disease. 
To test the regenerative capacity of the ECX, we first determined the effect of 
axotomy on projecting neuron populations. Fisher 344 rats received a right, 
unilateral PP aspirative lesion. The animals were sacrificed and Nissl-stained 
horizontal sections were produced at 2 and 8 weeks and at 15 months post-lesion. 
Anatomical boundaries for quantitation of the lesion effect within the ECX were 
determined by analyzing the transport from Fast Dil-soaked gelfoam plugs which 
had been placed into the lesion cavity of several animals.

Qualitative examination of Nissl sections revealed a thinning and disorgani
zation of entorhinal layer II ipsilateral to the PP lesion with many weakly stained 
cells possessing only a thin rim of cytoplasm. Removal of cholinergic afferents 
via the PP was demonstrated by the loss of acetylcholinesterase staining in 
entorhinal layers I and II and along the lamina desicans in ECX ipsilateral to PP 
lesions. Patches of reduced glutamate and bFGF-receptor immunostaining were 
observed in lesioned ECX compared to the contralateral, intact ECX.

Quantitative assessment of the absolute number of entorhinal layer II neurons 
within the lesion-effected region was performed using unbiased stereology. 
While neuronal number in the intact, contralateral ECX did not differ 
significantly from controls values (95,600 ± 2,900), neuronal number in lesioned 
ECX was reduced by 20-25% at 2 and 8 weeks post-lesion. While neuronal 
number was 20% below the contralateral ECX in the 15 month group, the intact 
ECX itself had 25% fewer layer II neurons than the young adult controls.

We are extending these studies to test whether grafts of trophic-factor secreting 
fibroblasts can rescue entorhinal neurons and ultimately promote regeneration of 
PP connections. D AP is supported by NIA A G 0 5 5 1 2.

3 6 8 .4

STATIN, A  M AR K ER O F CE LL C Y CLE AR R E ST, IS INC REA SED  
IN C A I NEURONS OF TH E H IPPO C AM PU S IN  A LZH EIM ER 'S  
DISEASE AND IN EN TO RH INAL C O R T EX  LE SIO N ED RATS. JL 
Poirier *. R. Alonzo. A,. Baccichet. D. Pea. D. O'Donnel and P. Boksa. 
Douglas Hospital Research Centre, Centre for Studies in Aging, 
Departments of Neurology and Neurosurgery, McGill University, Montreal.

Statin is a cell cycle-regulated nuclear phosphoprotein selectively  
expressed by senescent and quiescent cells. In the present study, neuronal 
statin expression was examined following lethal or sub-lethal injuries in the 
hippocampus of Alzheimer's disease patients and in entorhinal cortex 
lesioned rats. Immunolabelling o f nuclear statin showed that CAI pyramidal 
neurons of the hippocampus in Alzheimer's disease preferentially 
overexpressed statin. Similarly, entorhinal cortex lesioned (ECL) rats 
showed a transient induction of statin between 2 and 6 days post-lesion in 
the CAI neurons. Western blot analyses confirm the selectivity o f the statin 
changes and shows that in contrast to liver, the human brain contains 
multiple isoforms of the statin polypeptide. Cell count in ECL rats remained 
unaltered in the CAI and granule cell layers during the entire 30 day time 
course. These results contrast with reports showing that injured neurons in 
the CNS synthesize high levels of proliferation-related oncogene products 
and heat shock proteins without dividing. We propose that statin, which has 
a role in maintaining cells in a non-proliferative state, may allow injured 
neurons to profit from the growth-related activities o f proteins such as 
oncogene products and heat shock proteins while preventing cells from 
entering the cell cycle. Immunological detection o f nuclear statin alterations 
may be a potentially useful cell-specific  marker o f injurious neuronal stress.

3 6 8 .6

STATIN, A MARKER OF CELL CYCLE ARREST, IS OVEREXPRESSED 
DURING NEURONAL INJURY IN HIPPOCAMPAL CELL CULTURES.
R. Alonso . J.Poirier. D. O’Donnell. J. Diorio. N. Buisson.. Boksa and R. 
Ouirion. Douglas Hospital Research Centre, Dept. of Psychiatry, McGill 
University, Montreal, Canada, H4H 1R3.

Statin is a 57 kDa protein exclusively expressed in the nuclei of 
nonproliferating mammalian cells (Wang, J.Cell.Biol. 100:545-551, 1985). It has 
been suggested that statin may have a role in the maintenance of growth arrest. 
Recent evidence indicates that a similar network of genes may be activated during 
cellular growth arrest and death. Therefore, we examined the possibility that 
statin expression could be modulated dining neuronal injury. Toxicity produced 
by the activation of excitatory amino acid receptors in rat hippocampal cell 
cultures was used as a model of neuronal injury.

Immunocytochemical studies using a monoclonal antibody to statin (S-44) 
revealed the exclusive nuclear localisation of statin in cultured hippocampal cells. 
In Western blot experiments, this antibody recognized a prominent 57-kDa 
protein band. Brief exposure (10 min) of hippocampal cultures to NMDA 
(500uM) produced severe neuronal degeneration during the succeeding 24 hrs. 
Immunoblot analysis showed a marked overexpression of statin in NMDA treated 
cells, 1 hr after the toxic insult. Both NMDA toxicity and statin overexpression 
were blocked by MK-801, a selective NM DA receptor antagonist. Interestingly, 
time course studies indicated that the increased expression of statin induced by 
NM DA clearly precedes cell death. This suggests that statin overexpression is not 
merely a consequence of the neurodegenerative process itself.

In conclusion, our results demonstrate that statin, a nuclear protein involved 
in regulating cellular growth arrest, is overexpressed during neuronal 
excitotoxicity. Modulation of statin expression could thus be used as an index of 
neuronal injury and may also provide new insights into the pathophysiology of 
neurodegeneration, [supported by MRCC (R A.,R.Q.,J.P.) and NIA (J.P.)]

3 6 8 .8

STABLE EXPRESSION OF THYMOSIN BETA-10, A G-ACTIN 
SCAVENGER ABUNDANT IN EMBRYONIC BRAIN. A.K.Hall
T.W.Lysz* and M.K.Sihdu. Dept of Surgery, UMDNJ, 
Newark, New Jersey, NJ 07103, U.S.A.

Recent studies indicate that thymosin beta-10 
can bind monomeric 42kDa (MW) G-actin. To gain 
further insights into the biological functions 
of this interesting protein we created several 
stably transfected cell lines expressing beta-10. 
NIH3T3 cells were transfected with pSV2neoB10(+) 
and the antisense version, pSV2neoB10(-) which 
contained the full-length coding region of the 
human beta-10 cDNA and stable transformants 
selected in media containing geneticin (400ug/ml). 
Northern blots revealed that beta-10 mRNA was 
increased 5-10 fold in 3T3(B10+) compared to the 
wild-type cells. Enforced expression was retained 
for over 10 passages. Southern blot analysis of 
Eco RI digested 3T3 DNA indicated that multiple 
copies of beta-10 constructs were integrated 
into the genome. Differential expression of the 
beta-10 gene failed to transform 3T3 cells 
(no increase in colony formation in soft-agar 
gels), but the dynamics of cell proliferation 
were altered. As beta-10 (and beta-4) both 
bind G-actin, the major intracellular inhibitor 
of DNase I, these thyraosins may function in 
apoptosis. [Funded by NCI CA49422-04 & C.R.Bard].
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3 6 8 .9
CLONING AND CHARACTERIZATION OF PROGRAMMED CELL 
DEATH-ASSOCIATED RADIATION-INDUCED GENES FROM 
EMBRYONAL NEUROBLASTS. A. E. Borovitskava.
V. I. Evtushenko ,̂ and S. L. Sabol*. Lab. of Biochemical Genetics, 
NHLBI, Bldg 36, Rm. 1C06, NIH, Bethesda, MD 20892 and §Central 
Research Inst, for Roentgenology and Radiology, St. Petersburg, Russia.

Sublethal neutron irradiation (0.35 Gy) of E17 rat embryos in u tero  
results in the massive and rapid apoptosis of proliferating and differenti
ating forebrain neuroblasts. We are utilizing this system to identify genes 
involved in radiation-induced programmed cell death. E17 rats were 
irradiated (IR) or sham-irradiated (Sh) in u tero , and RNA isolated from 
brains 5 and 24 h later was used to construct two directional single- 
stranded cDNA libraries in the ZZap П/pBluescript phagemid vector. 
Subtractive hybridization was carried out by annealing die IR-rat library 
with an excess of complementary biotinylated cDNA inserts from the Sh- 
rat library. DNA not adsorbed to streptavidin-agarose was used to 
generate a subtractive library enriched in IR-specific inserts. Clones were 
screened by either Northern analysis of RNA from IR and Sh brains or by 
differential colony hybridization with IR and Sh [32p]cDNA. Of the 
positive clones analyzed, Northern analysis indicated that the induced 
transcripts are present in Sh brain and are 2-2.5 times as abundant in IR 
brain (5 h after IR). Sequences of inserts of positive clones have been 
compared with nucleotide and protein sequence databases. Some clones 
have novel insert sequences; others represent ubiquitin, ferritin light chain,
12.3 protein (related to Gß proteins), and mitochondrial NADH 
dehydrogenase. These results indicate that a variety of transcripts are 
increased during radiation-induced neuroblast cell death. Further analyses 
in other systems and with antisense strategies are needed to establish a role 
for any of them in the mechanism of apoptosis or its activation.

3 6 8 .1 1

A Possible Link Between the Cell Cycle and Apoptosis of PC12 
Cells. S.E. Farinelli. G. Ferrari** and L.A. Greene. Dept. of Pathology and Ctr. 
for Neurobiology and Behavior, Columbia University, New York, N Y 10032, 
and *Fidia Research Laboratories, Abano Terme, Italy.

We have used the PC12 cell line as a model to examine the mechanism by 
which neuronal cells undergo apoptotic death when deprived of growth 
factors. We have previously shown that naive PC 12 cells deprived of serum, 
display a DNA ladder, a hallmark of apoptotic cell death. We now show that 
"primed" PC12 cells (maintained with NGF in serum-free medium for two 
weeks) also undergo apoptotic internucleosomal DNA fragmentation when 
deprived of NGF. Moreover, as with cultured sympathetic neurons, a DNA 
ladder is detectable as early as 10 hours following NGF withdrawal. Recent 
findings have suggested that the deregulated expression of genes involved 
in cellular proliferation (e.g. c-myc and p53) can lead to apoptosis of certain 
tumor cell lines. This led us to examine whether an aborted cell cycle might be 
implicated in the death of PC12 cells following withdrawal of NGF and other 
growth factors. We utilized PC12 cell transfectants in which expression of a 
dominant inhibitory form of ras can be induced (GS ras DN6, Thomas etai., Cell 
68:1031 (1992)) or increased (MMTV-21-1, Szeberenyi et al., М СВ  10:5324 
(1990)) by dexamethasone (Dex). Like wild type PC12 cells, these cells die 
apoptotically when deprived of trophic support. Up-regulation of dominant 
inhibitory ras in these lines prevented appearance of the DNA ladder and 
promoted long-term survival in serum-free medium. Dex did not prevent DNA 
fragmentation or death in control wild-type cultures. Significantly, cells 
expressing dominant inhibitory ras did not incorporate [3H]-thymidine in serum- 
free medium, while in contrast, the non-induced cells showed robust 
thymidine incorporation prior to their death, indicative of entry into S phase. 
These data suggest that following withdrawal of trophic support, PC 12 cells 
may attempt to reenter the cell cycle, yet do not do so appropriately, possibly 
leaving the DNA susceptible to fragmentation by endonucleases and resulting 
in cell death. (Supported by grants from the NINDS).

3 6 8 .1 3

RECEPTOR-M EDIATED IP3 PRODUCTION IS ENHANCED IN 
CALCIUM -INDUCED D ELAYED CELL DEATH.
Tai-An Lin* and Grace Y, Sun. Biochem. Dept., Univ. o f Missouri, 
Columbia, M O 65212

The rise in cytoplasmic free Ca2+ concentration has been shown 
to play a major role in both acute and chronic neuronal 
degenerations. However, the mechanisms by which Ca2+ induces 
delayed neuronal degeneration is not yet fully elucidated. In the 
present study, the receptor-mediated IP3 production was examined 
during the course o f delayed cell death induced by a Ca2+ 
ionophore, A23187. NG108-15 cells were exposed to 1 μΜ  of 
A23187 for 30 min in DM EM  media and both the viability and 
cellular IP3 levels were determined after the removal of A23187. 
Significant cell death was not detected until 24 hr later but 
approximately 60% of cells died 48 hr after the initial exposure. 
Thirty min to 24 hr after exposure, similar basal levels of IP3 were 
detected in control and treated cells. However, both bradykinin and 
purinergic receptor-mediated IP3 productions were significantly (30- 
40%) enhanced in cells after A23187 exposure. Experiments are in 
progress to further examine the mechanisms underlying the 
increased receptor-mediated signaling activity after exposure of cells 
to A23187. Results from this study indicate that the receptor- 
mediated signaling event in these cells is altered during the period 
of delayed cell death.

3 6 8 .1 0
ANALYSIS OF GENE EXPRESSION DURING Ca2+-MEDIATED CELL 
DEATH IN DIFFERENTIATED PC12 CELLS. S.Vvas. P.P. Michel*. M.C. 
Copin. M. Ruberg and Y.Agid. INSERM U289, Hòpital de la Salpètrière. 75651 
Paris. France.

We have previously characterized degenerative changes that occur in PC12- 
NGF differentiated cells in response to increased intracellular Ca2+, produced by 
the ionophore A23187. These cells undergo sequential degenerative changes; a 
decrease in f3H]-dopamine uptake followed by neurite retraction, appearance of 
lipid droplets and vacuolation, and then loss of cell somata viability. In order to 
investigate if changes in regulation of genes that occur during ionophore treatment 
contribute to the processes causing irreversible cell damage, we have examined 
the expression of (1) transcriptional regulators, c-fo s  and c -m y c , (2) tissue-specific 
enzyme tyrosine hydroxylase (TH), (3) ß-actin and (4) calbindin D-28K. In 
differentiated PC12 cells treated with ionophore concentrations ranging from 0.1 
to 50μΜ for 30 min. to 24Һ. c-fo s  and c -m y c  mRNA levels rose rapidly within 
30 min. of treatment in a dose-dependent manner. TH mRNA levels also 
increased rapidly within 30 min. and remained high at 24Һ. but only at 
concentrations of A23187 from 0.1 to 3μΜ whereas 10 and 50μΜ consistently 
caused a decrease in the level of this transcript. In contrast, the ß-actin mRNA 
response was retarded in time; a significant increase in mRNA level occurred at 
4Һ. with low concentrations of A23187 but at 50μΜ, in parallel to the widespread 
degeneration, the expression of this gene was abolished. Similarly, calbindin D- 
28K mRNA was also induced by A23187 treatment, however, its expression 
disappeared as massive degenerative changes occurred. The results suggest that 
elevated Ca2+ has both stimulatory and detrimental effects on gene expression 
which may also contribute to cell death mechanisms.

3 6 8 .1 2

APOPTOSIS INDUCED BY NGF-WITHDRAW AL FROM 
DIFFERENTIATED PC 12 CELLS INVOLVES ACTIVATION OF
P3 4 cdc2 KINASE. S usan  F ,.Brooks. A llison G ibson and Lee L,
R ubin.* Eisai London Research Labs. University College London, 
Gower Street, London, U.K. WC1E 6BT

Nerve growth factor (NGF) withdrawal from differentiated 
PC 12 cells h as been show n to resu lt in cell death by apoptosis. 
Many features of th is process are characteristic of dividing cells, 
e.g. chromatin condensation, nuclear envelope breakdown and in  
certain cell types, induction of early gene expression . In th is  
study, we have determ ined w hether apoptosis in non-dividing, 
differentiated PC 12 ce lls is accompanied by b iochem ical events 
associated  with re-entry into the cell cycle. PC 12 ce lls  were 
withdrawn from NGF for various periods of time, and p 34cdc2 
kinase activity w as determined by m easuring the ability of the 
immunoprecipitated k inase to phosphorylate Histone HI in vitro. 
A striking increase in H istone Η 1 k inase activity w as first noted  
16-20Һ after NGF withdrawal and w as maintained for the duration 
of the experiment (72Һ). This increase in kinase activity correlated 
with the first evidence of neuronal degeneration determined both  
m orp h o lo g ica lly  an d  b io ch em ica lly  u s in g  th e  (3 -(4 ,5 -  
dim ethylth iazol-2-y l)-2 ,5-d iphenyl tetrazolium  brom ide (MTT) 
viability assay. A cAMP analogue, which promotes the survival of 
th ese ce lls  in  the ab sence of NGF, prevented the increase in  
p34cdc2 kinase activity after NGF withdrawal. T hese resu lts  
suggest that death of differentiated PC 12 cells involves an aborted 
attempt to re-enter the cell cycle, th us implicating com ponents of 
th is cycle as mediators of apoptosis even in non-dividing cells.

3 6 8 .1 4

TRANSCRIPTION IS NECESSARY FOR CYCLOHEXAMIDE INDUCED  
SURVIVAL OF TROPHIC DEPRIVED CULTURED NEURONS. J.L. 
Brusés and G.R. Pilar*. Dept. o f Physiology & Neurobiology, University  
of Connecticut, Storrs, CT 06269.

N euron cell death during develop m ent is considered a m etabolically  
active process because cell death induced by trophic factor deprivation in 
culture is delayed by cyclohexam ide (CHX), a protein synthesis inhibitor. 
W e investigated w hether this effect o f CHX also required transcription  
by using a-am anatin , an R N A polym erase inhibitor, in cultured avian  
ciliary ganglion neurons. St 34 neurons w ere separated from  non-neuronal 
cells to prevent their metabolic interaction, and w ere counted over 5 days. 
W e sou gh t to d istin g u ish  w h eth er CHX a ctiv e ly  in d u ced  survival 
m echanism s or if it m erely d elayed  cell death. W e found that neurons 
survived on ly  12 hrs w ithout a soluble eye extract (СІРЕ). CHX, present 
for a m inim um  o f 6 hrs, extended survival for at least 24 hrs, after which  
addition of СІРЕ m aintained lon g  term survival and differentiation. If 
CHX w as continuously applied, cell death occured w ithin  3-5 days w ith or 
w ithout СІРЕ. Protein synthesis w as measured and w e  found that CHX 
com p letely  blocked 3H  leu cine incorporation. H ow ever, if CHX w as  
w ash ed  ou t after 6 hrs, the rate o f leu cin e incorporation partially  
recovered by 24 hrs. a-Am anatin blocked the survival induced by CHX but 
alone d id  not prolong survival. W e conclude that the survival effect 
produced by CHX requires transcription and could be d ue to the expression  
o f som e genes superinduced by CHX as has been sh ow n  in other cells. 
A lthough CHX predom inantly inhibits protein synthesis it induces the 
expression o f oncogenes such as C-jun, C-fos, (Edwards and M ahadevan, 
1992, EMBO 11: 2415-2424) and bcl-2 (Reed et al., 1987, Science 236:1295- 
1299). Supported by NIH  grant #NS 10338.
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NEURONAL APOPTOSIS: DEVELOPMENT AND ANALYSIS OF 
A CONVENIENT CNS DERIVED MODEL SYSTEM. S.R. IYMpIIo*. 
C. Galli. P. C alissano. Inst. N eurobiology, CNR, 00162 Rome, Italy.

E leva ted  le v e ls  o f  p o ta ss iu m  (К+) can  su p p ort su rv iva l and  
in fluence differentiation  o f a  variety  o f  neuronal populations in  the  
absence o f  any neurotrophic factor. One neuronal type know n to be  
d ep en dent on  h igh  K+ for developm ent and  surv iva l in  v itro  is  the  
cerebellar granule neuron. We find that w hen sw itched from a culture 
m edium  containing h igh  K+ (25 mM) to a low , but m ore p hysiological 
K+ m edium  (5 mM), d ifferentiated  granule neu ron s d egen erate and  
die. D eath  induced  by low  K+ is  due to apoptosis (program m ed ce ll 
d eath), a  form  o f  c e ll d eath  th at is  w id esp read  in  th e  d eve lop in g  
nervous system  and believed to be necessary for proper neurogenesis. 
D egen era tion  is  accom p an ied  b y  c lea v a g e  o f  gen om ic  D NA  in to  
in tern u cleosom e-sized  fragm en ts, a  h a llm ark  o f  ap op tosis . DNA  
fragm entation occurs before neuronal death is  detectable suggesting  
th a t it  is  an  ear ly  ev e n t in  th e  d egen era tive  p rocess . In h ib itors o f  
transcription and translation suppress apoptosis induced by low  K+, 
in d icatin g  th at n ew ly  syn th esized  gen e p rod ucts tr igger  th e  death  
process. Low K+ induced apoptosis can be prevented by IGF-I but not by  
several oth er grow th/ne uro trophic factors. C yclic AMP b u t n ot th e  
protein  k inase C activator, TPA can also support survival in  low  K+. 
Taken together, our results prospect an excellent model system  to study 
the m echanism s underlying programmed death in  the central nervous 
system, and the suppression o f this process by survival factors such as 
IGF-I. The re la tively  large n um ber o f  gran u le n eu ron s th a t can  be  
h om ogen eou sly  cu ltu red  ren d er th is  a s  a  p articu larly  co n v en ien t  
system  for m olecular and b iochem ical analysis.

3 6 8 .1 7

PCR AMPLIFICATION OF REVERSE TRANSCRIBED mRNA PROVIDES A 
SENSITIVE, SPECIFIC, AND SEMI-QUANTITATIVE MEASURE OF GENE 
EXPRESSION IN PRIMARY NEURONAL CULTURES UNDERGOING 
PROGRAMMED CELL DEATH. É. M. Johnson. Jr.*. R. S. Freeman and S. 
Estu s. Department of Molecular Biology and Pharmacology, 
Washington University School of Medicine, St. Louis, MO 63110. USA 

The limited quantities of mRNA available from primary neuronal 
cultures require that methods used to quantify gene expression be 
extremely sensitive. In primary cultures of rat sympathetic 
neurons, we have assessed the utility of a technique based on the 
reverse transcription of extracted mRNA followed by polymerase 
chain reaction amplification (RT-PCR) of cDNAs corresponding to 
specific mRNAs. We have identified experimental conditions wherein 
(i) the lengths of the reverse transcribed cDNAs are much larger 
than the amplified cDNA fragments, (ii) the amounts of amplified 
cDNA are proportional to the amounts of input mRNA and (iii) 
changes in the levels of specific mRNAs are detected. This technique 
allows the determination of relative levels of individual mRNAs in 
approximately 50 cells. This technique, coupled with the use of in  
situ  hybridization, allows the facile screening of the expression and 
cellular localization of many mRNAs in instances where cell numbers 
are limited. The use of RT-PCR to examine the expression of specific 
genes in response to heat shock demonstrate the utility of this 
methodology. The differential pattern of ubiquitously expressed, 
neuron-specific, and non-neuronal-specific mRNAs in cultures 
where the neuronal population is undergoing programmed cell death 
will be presented. Supported by the Washington Univ. ADRC (A G  
5P01-A605681-08) and the American Paralysis Association.

3 6 8 .1 9

TRK ONCOGENE AND BCL-2 ONCOGENE INTRODUCED VIA HSV-1 
VECTORS PREVENT NEURONAL PROGRAMMED CELL DEATH. LJ.S. 
Greenlund*. J. Y. Chane, P. Olivo, and E M. Johnson. Jr. Dept. o f  Mol. Biol, and 
Pharm., Washington Univ. Sch. o f  Med., St. Louis, MO 63110.

The death o f a large number o f neurons is a significant event in the development 
o f  the nervous system. A  major determinant o f whether a neuron will live or die is 
access to sufficient target derived neurotrophic factor. This phenomenon can be 
modeled in an in vitro paradigm where neurons are grown in the presence o f trophic 
factor with subsequent removal o f  the factor. Upon removal, the cells undergo 
apoptosis. The specific molecular mechanisms which underlie this process are not 
understood.

Molecular genetic approaches to this problem are limited by the inability to 
efficiently introduce foreign genes into populations o f post-mitotic neurons. 
Because o f its neurotropism and its ability to package foreign DN A into viral 
particles, the herpes simplex virus-1 (HSV) has been explored as a potentially 
efficient method o f gene transfer for post-mitotic neurons.

To more fully understand the mechanisms involved in determining whether a cell 
will die, we have sought to use HSV vectors to transfer to neurons gene products 
which are able to block the process. Such gene products are likely to interact with 
the "death genes" to either block their expression or to block their action. In this 
report we describe the construction and production o f  HSV vectors containing two 
genes, and the time course o f gehe expression in cultured neurons. More 
importantly, we describe the ability o f  two oncogenes, trk, the oncogenic form o f  
the NGF receptor, and bci-2, a gene associated with suppression o f  cell death in 
other cell types (4), to suppress programmed cell death in post-mitotic sympathetic 
neurons after deprivation o f their trophic factor, nerve growth factor (NGF).
(Funded by the American Paralysis Association and Monsanto Company).

3 6 8 .1 6
ASSOCIATION OF FOS-LACZ WITH NEURONAL CELL DEATH IN 
POSTIMPLANTATION EMBRYOS. R.T. Sm evnel* . A.C Lewing  T. 
Curran ·̂ T.Ĩ. M o re a n ^ . Department of Molecular Biology, 
Bristol-M yers Squibb Pharm aceutical Research Institute, 
Princeton NJ. Roche Institute of Molecular Biology, Roche 
Research Center, Nutley, NJ.

Cellular im m ediate-early genes have been shown to play 
an important role in the complex signal transduction cascade 
that links short-term  signals to long-term  changes in 
cellular phenotype. Previously, w e have used a Fos-lacZ 
tran sgen ic  m ouse th at accu rately  reca p itu la tes  both  
constitu tive and inducible patterns of c- f o s  expression to 
analyze the spatial and tem poral localization  of this 
im m ed iate-early  gene product in the developing mouse. 
Specifically in this study, w e have mapped the sites of Fos- 
lacZ expression  in El through E17.5 em bryos w ith  an 
emphasis on the developing nervous system . Like c -fo s , the 
transgene is constitutively expressed in some populations of 
cells that are believed to be undergoing programmed cell 
death. A lthough genera lly  low during em bryogenesis, 
several intriguing pockets of increased basal expression were 
observed. Notably, w e see expression in motor nuclei as well 
as oth er n eu ra l areas u n d ergoin g  ce ll d ea th  or 
differentiation. The results of this study should lead to a 
better understanding of the function of cIEGs during neural 
development.

3 6 8 .1 8

CHARACTERIZATION OF A DEFECTIVE HERPES SIMPLEX VIRUS 
VECTOR FOR ECTOPIC GENE EXPRESSION IN CULTURED  
NEURONS. D.J. Creedon*. L.S. Greenlund. and E.M. Johnson. Jr. Dept. o f  
Mol. Biol, and Pharm., Washington Univ. Sch. o f  Med., St. Louis, MO  
63110.

Herpes simplex virus (HSV)-based vectors have the potential for applying 
molecular genetic techniques to postmitotic cells. In order to convert this 
potential into a useful experimental strategy, we are characterizing defective 
H SV vectors that use viral promoters to express foreign genes in cultured 
neurons. The defective H SV vectors contain promoters for two viral immediate 
early genes, a -4  and a -22 , which can both be used for driving foreign gene 
expression. W e have constructed vectors containing two reporter molecules, 
beta-galactosidase (В -gal) and alkaline phosphatase (AP), to assess the relative 
efficiency o f  these two promoters and two reporters. Twenty four hours after 
infection, a similar number o f  neurons was labeled with either reporter whether 
driven by a -4  or a -22 . By seven days, however, few  cells stained with the B- 
gal or AP substrate. The time-course o f  expression was also analyzed using 
RT-PCR. The B-gal:AP ratio remained constant over seven days and both 
decreased relative to neuron specific enolase (NSE). a -2 2  mRNA, transcribed 
from the helper virus used to replicate and package the H SV vector, also 
decreased relative to NSE. Initial efforts to sustain expression by infecting with 
helper virus to re-introduce a viral trans-acting factor did not increase the level 
o f  staining. Current data indicate that this system provides for reliable, but 
transient, ectopic gene expression in cultured postmitotic neurons.
(Funded by the American Paralysis Association and Monsanto Company).
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CHRONIC MULTICELLULAR RECORDING FROM EIGHTH CRANIAL NERVE 
USING SILICON REGENERATION ELECTRODES C. C. Della Santina3*, C  W. 
Storment, E. R. Lewisc and G. T. A. Kovacs.d aGroup in Bioengineering & ‘Dept. of 
Electrical Engineering and Computer Science, University of California, Berkeley, CA 
94720, bU.S. Dept. of Veterans Affairs, Palo Alto Medical Center, dDept. of Electrical 
Engineering, Stanford University, Stanford, CA 94305

We describe the application of silicon multi-microelectrode technology to chronic 
extracellular recording from multiple fibers in the eighth cranial nerve o f the American 
bullfrog (Rana catesbeiana). The method employs an implantable silicon device 
through which an array of via holes is etched; beside a subset of the via holes lie 
platinized gold microelectrodes, which are connected by insulated metal traces to wire 
leads accessible to external amplifiers. The device is implanted between the ends of a 
surgically transected eighth nerve. Regenerating fibers then grow through the via 
holes en route to the brainstem, ultimately fixed in close proximity to the microelectrodes.

Acoustically driven responses have been recorded from regenerated eighth nerve 
fibers at up to five months post-operatively, with repeated recordings in sessions eight 
weeks apart. Single units have been tracked for over twelve hours at a time, and 
reverse correlation analysis confirms that some of these are tuned to stimulus frequency, 
with tuning characteristics typical of normal fibers innervating the amphibian papilla.

While regeneration-type devices have been employed successfully in peripheral 
motor/sensory nerves, we believe this constitutes their first successful application to 
recording of sensory activity in a cranial nerve. The ability o f these devices to 
maintain a chronic multi-electrode recording interface offers a new opportunity for 
multicellular studies of sensory coding of auditory, vestibular and seismic information 
on the eighth nerve (as well as other cranial nerves that regenerate following transection). 
Conversely, detailed knowledge of the physiology and functional topology of the 
eighth nerve makes it a useful test-bed for characterization of the devices.

[Supported by NIDCD (DC 01318-02, DC 00112-18) and Dept. o f Veterans Affairs 
Merit Review Grant No. B003. CCDS partially funded by NIH GM-08155 and an 
NSF Graduate Fellowship.]

3 6 9 .3

THE NMDA RECEPTOR ANTAGONIST MK-801 DISRUPTS THE 
DEVELOPMENT OF THE AUDITORY SPACE MAP IN THE 
SUPERIOR COLLICULUS. WJ.H. Schnupp, A.J. King*, A.L. Smith 
and LD.Thompson. Lab. Physiology, Parks Road, Oxford OX1 3PT, UK 

Topographic order in the representation of auditory space in the ferret 
superior colliculus (SC) gradually emerges over a period of several 
postnatal weeks, a process that depends on both auditory and visual 
experience. To examine the possible role of NMDA receptors in the 
appearance of adult-like spatial tuning, sheets of Elvax, either drug-free 
or containing MK-801 (1 or 10 mM), were placed bilaterally on the 
dorsal surface of the SC following aspiration of the overlying cortex. 
The Elvax was implanted on (P)ostnatal days 25-27, just before the 
onset of hearing, and removed prior to single-unit recording from the 
SC on P62-70. MK801 was still being released from the 10 mM Elvax 
at this time. Recordings were also made from age-matched normal 
ferrets. The visual topography in the · superficial layers of the SC 
appeared to be normal and adult-like in every, animal. Some of the 
auditory responses recorded in the deep layers exhibited bilobed or 
complex, multi-peaked azimuthal response profiles. However, in each 
group of animals, the majority of auditory units were tuned to a specific 
location in space. In the normal and control ferrets these responses 
were also topographically organized along the rostro-caudal axis of the 
SC, whereas no order was apparent in this representation following 
exposure to MK801. These results suggest that NMDA receptors are 
involved in the synthesis of the map of auditory space in the SC.

3 6 9 .5

DEVELOPMENT OF SOUND SOURCE LOCALIZATION BY INTERAURAL 
TIME/PHASE DIFFERENCE - A MODEL. B.H. Bonham and E.R. Lewis*. University 
of California, Berkeley, CA 94720.

Studies indicate that much of neural development, particularly the refinement of 
intemeural connections, is dependent on stimulus and/or environment. This has been 
shown in the visual system (cortex and lateral geniculate nucleus) and in other sensory 
systems. Modelers have tried to determine what characteristics of stimulation are 
necessary for refinement of connections to form visual receptive fields, and have shown 
that the correlated activity of a population of neurons seems to play an important role. 
We wondered if concurrent activity could also be responsible for driving development 
of receptive fields in the peripheral auditory nervous system.

To examine this problem, we modeled the undeveloped auditory periphery as a set of 
channels (each corresponding to a bushy cell of the anteroventral cochlear nucleus and 
auditory processing structures peripheral to it) for two ears, and a set of elements 
corresponding to undeveloped medial superior olive (MSO),cells, each of which was 
postsynaptic to a random selection of the bushy cells. Stimulating this system with white 
noise at the outer ear and changing synaptic strengths using a Hebb-type rule caused each 
MSO element to develop a receptive field tuned to a narrow frequency band. Comparison 
of interaural phases of MSO cell elements with identical best-response frequency (BF) 
showed that elements were developed with different best interaural phases, and that, with 
few exceptions, the range of best interaural phases covered the entire cycle of the BF.

These receptive fields are especially interesting because their development provides 
an alternative to the tuning of axonal transmission times required in models of sound 
localization based on interaural delay. An array of MSO cells with a range of best 
interaural phase differences would localize sound sources just as an array of cells with a 
range o f best interaural time differences. If this scheme for sound source localization is 
widespread, as seems plausible, it might explain past failures to find tuned axonal delay 
lines in most animals. (This work was supported by NIH 8T2GM07379C-15-F, ONR 
FD-N0001491J1333, and the Inst, for Sci. Comp. Res./LLNL 89-07 and 90-05.)

3 6 9 .2
STRESS INHIBITS CELL PROLIFERATION IN THE EAR OF THE POST- 
EMBRYONIC FISH ASTRONOTUS OCELLATUS. J.C, Pressori*. S, Lambert. 
Dept. Zoology, Univ. Maryland, College Park, MD, 20742.

Post-embryonic production of hair cells has been demonstrated in a variety of 
vertebrate species. In the post-embryonic fish Astronotus ocellatus (the oscar) hair 
cell production is the result of on-going proliferation of.hair cell precursors. Studies 
on mechanisms that control the rate of post-embryonic cell proliferation are not yet 
available. Casual observations lead us to the hypothesis that physiological stress 
might down-regulate cell proliferation in the oscar ear. Previous studies in which 
drugs or saline were injected daily for several days resulted in clear stress on the 
fish. Following repeated injections the oscars would assume a dark skin color, 
huddle in the back of their tank, and fail to eat. When cell proliferation was 
assessed in these fish, using 3H-thymidine, label rates were very low compared with 
our previous experience using normal, non-injected fish.

In order to formally test this hypothesis fish from two conditions were examined. 
One group received two saline injections (20μ1 each) daily for 4 days. A  second 
group had no injections over these days. On the fifth day all fish were injected with 
20дСі (in 20μ1 dH20 )  of 3H-thymidine and allowed to survive 2 hours. The ears 
were embedded in plastic and processed for autoradiography. Labeled cells within 
the sensory epithelium were counted in serial sections through one control ear and 
one experimental ear. The control ear contained approximately 1.5 labeled cells per 
ΙΟΟμπι of epithelial length, while the experimental ear contained approximately 0.15 
labeled cells per ΙΟΟμιη of epithelial length.

Our working hypothesis is that this effect is mediated by steroid stress hormones. 
Experiments are currently underway to test this hypothesis.
This work supported by NIDCD grant 1RO3DC01741 to JP.

3 6 9 .4

MAPPING OF GLIAL CELL PROLIFERATION IN THE NUCLEUS 
LAMINARIS OF THE BARN OWL M. R. Cohen and C. E. Carr*. Dept. of 
Zoology, Univ. of Maryland, College Park, MD 20742-4415.

Bam owls use interaural time differences to localize sound. Maps o f interaural 
time difference are formed in the nucleus laminarie (NL) by interdigitating axons 
from the cochlear nuclei (NM). The amount of delay mapped in NL depends on the 
conduction velocity of the axons. Myelination o f these axons is important in 
determining conduction velocity, and we have found that myelination is delayed 
with respect to neighboring regions of the auditory brainstem. A wave of 
myelination of the NM axons in NL begins towards the end o f the first week 
posthatch and is complete at 1 month posthatch. Thus the axons acquire a functional 
appearance towards the end of the first month of life.

Since myelination is functionally important, we have investigated the time table 
of proliferation of glial cells in the auditory brainstem using injections of both 
tritiated thymidine and the thymidine analogue, bromodeoxyuridine (BrdU) before 
and after the time o f hatching. Young birds or embryos were injected at 8hr 
intervals for 3 days and sacrificed 12 hours to 3 days after the last injection.

NL is surrounded by a glial cell border. Around the time of hatching, a wave of 
glial cell proliferation on this border moves from rostral to caudal regions o f NL. It 
appears that the glia proliferate on the border and migrate into the nucleus.

We have also examined the levels o f growth factor immunoreactivity in the 
auditory brainstem using antibodies against PDGF-AB and bFGF. Levels o f PDGF- 
and bFGF-like immunoreactivity were high in the cells o f the NL border between 
P0 -P7, and decreased to background levels after PI4.

Thus a wave of glial cell proliferation and growth factor immunoreactivity on 
the NL border preceeds myelination of the NM axons within NL.

Supported by a Howard Hughes undergraduate fellowship to MRC and by NIH 
grant DC00436 to CEC.

3 6 9 .6
TENASCIN IN THE COCHLEA OF THE DEVELOPING MOUSE. P.S. 
Whitlon* and X. Zhang. Waisman Center, U.of Wisconsin, 
Madison, WI 53705.

Using a monoclonal antibody directed against the ex
tracellular matrix protein tenascin, we immunostained whole 
mounts of the mouse cochlea, ages embryonic day (E) 14,16,- 
18, newborn, and postnatal day (P) 1,3,5,7,10,12 and 15 and 
compared the staining pattern to the known time-table of 
neural development in the organ of Corti. The organ of 
Corti was the most intensely stained region of the cochlea 
from E14-P7. From E14-P3, before and during the time when 
efferent nerve fibers form the inner pillar bundle, the 
inner pillar side of the inner hair cell was intensely 
stained. Immunoreactive puncta were scattered around the 
inner hair cells, Deiters cells, and Hensen cells. From El6 
to about P3, before and during the time when afferent nerve 
endings accumulate there, a large area beneath outer hair 
cells was intensely tenascin-positive. From about P3-P7, 
the time when the majority of growing efferent nerve fi
bers pass the pillar cells, both pillar cells were outlined 
by stain. At P7, intense staining in the organ was along 
the pillar cells, around the first row of Deiters cells, and in presumed efferent nerve endings on the 1st row of 
outer hair cells. Puncta beneath the second and third rows 
of outer hair cells and around their Deiters cells were 
immunoreactive. By Pİ0, when most of the acetylcholine
positive nerve fiber ingrowth to the outer hair cell region 
has ceased, tenascin is absent from the region. Scattered 
small puncta beneath inner hair cells remain tenascin-posi
tive. These observations raise the possibility that ten
ascin plays a role in the guidance of nerve fibers in the 
developing cochlea.(Supported by NIDCD grant DC00653)
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369.7
PLASTICITY OF INTERAURAL TIME DIFFERENCE PROCESSING IN 
THE BARN OWL FOLLOWING MONAURAL OCCLUSION. J. I. Gold. J. 
Mogdans* and E. I. Knudsen. Dept. of Neurobiology, Stanford University 
School of Medicine, Stanford, CA 94305.

In the barn owl, interaural time difference (ITD) is a primary cue for sound 
localization in the horizontal plane and contributes to the formation of the 
topographic maps of auditory space in the external nucleus of the inferior 
colliculus (ICx) and the optic tectum (ОТ). Monaural occlusion during early 
development has been shown to result in an adaptive shift of the tuning of 
neurons to ITD in these maps. We investigated the site of plasticity of such 
shifts. Our results suggest that there is more than one site, and therefore 
possibly more than one mechanism, of ITD plasticity. We found that one form 
of plasticity can occur at processing stages prior to formation of the space map 
in the ICx, thereby differentiating this plasticity from that induced by prismatic 
displacement of the visual field (Brainard and Knudsen, 1993).

Unit tuning to ITD was measured dichotically in the ОТ and inferior 
colliculus (IC), and the recording sites were reconstructed histologically. After 
determining the extent of the shift in the tectal map ITD in earplugged owls, we 
explored the representation of ITD in two subdivisions of the central nucleus of 
the IC (ICc core and lateral shell, which projects to ICx) and compared the 
results to equivalent data from normal owls. In one owl, there was 
approximately a ЗО psec shift in the map of ITD in the ОТ but no significant 
change in the ITD representation in ICc, indicating the site of plasticity to be 
after the ICc. In a second owl, there was a nearly 80 psec shift in the map of 
ITD in the ОТ and corresponding shifts in both the lateral shell and core. ITDs 
measured in the core included values predicted by the shift but not normally 
found in the core, e.g., 50 psec contra-ear-leading. This result indicates plasticity 
at or before the level of the core. Studies are currently underway to explore 
further the nature and variability of the sites of ITD plasticity. Supported by 
iMRSA T32 17047-12 and R01 DC 00155-13.

369.9
NEWLY LEARNED AUDITORY RESPONSES IN BARN OWL 
OPTIC TECTUM ARE PREFERENTIALLY BLOCKED BY APV 
APPLIED IN THE ICx. PE Feldman* & El Knudsen. Dept. Neurobiology, 
Stanford University, Stanford CA 94305.

Space-specific neurons in the barn owl's optic tectum are normally tuned to the 
interaural timing differences (ITDs) produced by sound sources at the locations of 
their visual receptive fields. Neurons in owls wearing laterally displacing prisms 
develop novel responses to ITDs produced at the locations of their optically 
displaced receptive fields. These changes in tectal ITD tuning reflect synaptic 
plasticity in the external nucleus of the inferior colliculus (ICx), which synthesizes 
the auditory space map and projects it to the tectum. We report that newly learned 
tectal responses are preferentially blocked by APV applied locally in the ICx.

Laterally displacing prisms were mounted on 60-70 day old owls. Two to three 
weeks later, tectal sites simultaneously expressing both normal and newly shifted 
ITD tunings were isolated with extracellular recording. Multibarrel iontophoresis 
electrodes containing APV and CNQX were then placed at topographically matched 
sites in the ICx, and the effect of drug iontophoresis on tectal ITD tuning was 
assessed. Consistent with the NMDA receptor's known role in mediating auditory 
transmission in the ICx of normal owls, iontophoresis of APV at a dose calibrated 
to be selective for NMDA receptors potently blocked tectal responses. Moreover, 
APV blocked newly learned tectal responses significantly more than normal 
responses at every site tested (n=12). Median blocks were 67% reduction of spikes 
for newly learned responses versus 34% reduction for normal responses. The 
amount that APV blocked any given response increased monotonically with the 
difference between the stimulus ITD and the normal ITD for that tectal site. 
CNQX produced variable effects including both increaes and decreases of tectal 
responses, but never blocked newly learned responses more than normal ones.

These data suggest that during the visual calibration of the auditory space map 
in ICx, NMDA receptors preferentially mediate the expression of newly learned 
responses, relative to pre-existing normal responses.

Supported by NIH R01 DC00155-12 and an HHMI Predoctoral Fellowship.

369.11
THE DEVELOPMENT OF THE ANTERIOR COMMISSURE IN 
M ON OD ELPHIS D OM ESTICA. D.M. Cummines and P.C. Brunies*. 
Neuroscience Program, University of Virginia, Charlottesville, VA 22903.

Monodelphis domestica (the grey, short-tailed opossum) is born after a 
14 day gestation in a very immature state. As a result, their offspring are 
useful for studying mammalian development. The anterior commissure, 
one of the major forebrain decussations, is particularly pronounced in the 
opossum since marsupials lack a corpus callosum. The anterior limb of 
the anterior commissure is important in the transfer of olfactory 
information between the two hemispheres, yet relatively little is known 
about the maturation of this pathway. We investigated its development 
in Monodelphis using several techniques. Studies using the carbocyanine 
dye Fast Dii reveal that pioneering fibers of the anterior commissure cross 
the midline by postnatal day 7 (P7). By P20 a dramatic increase in the 
number of commissural fibers was apparent, as well as retrogradely 
labelled cells of origin in the anterior olfactory nucleus. 
Immunohistochemistry for GÀP43, vimentin, GFAP and S100 along with 
semi-thin methacrylate sections stained with toluidine blue were used to 
further characterize the development of this pathway. Results indicate that 
pioneering fibers develop in close proximity to the third ventricle and 
lateral ventricles. Migrating fibers may use the ventricles or cells 
surrounding them as a pathfinding substrate. Pires-Neto and Lent (Dev. 
Brain Res., 72, 1993) have proposed a similar mechanism for the 
development of the anterior commissure in hamsters.

Supported by National Science Foundation grant BNS-8919751

369.8
DYNAMICS OF THE VISUAL CALIBRATION OF THE MAP OF 
INTERAURAL TIME DIFFERENCE IN THE BARN OWL'S OPTIC 
TECTUM. MS Brainard* & El Knudsen. Dept. Neurobiology, Stanford 
University, Stanford, CA 94305.

In the optic tectum of normal bam owls, bimodal (auditory/visual) neurons are 
tuned to the values of interaural time difference (ITD) that are produced by sounds at 
the locations of their visual receptive fields (VRFs). This correspondence is 
actively guided by visual experience during development: in the tectum of adult 
owls reared with an optically displaced visual field, neurons are tuned to abnormal 
values of ITD close to the values produced by sounds at the locations of their 
optically displaced VRFs. In this study we recorded from young prism-reared owls, 
still undergoing visually guided changes in their neural representation of ITD, in 
order to investigate the dynamics of this process.

Owl’s were raised from the age of eye-opening (~14 days) with prismatic glasses 
which displaced the visual field by 23° to the right or left. Starting at about 60 days 
of age, when the skull reached adult size and hardened, multi-unit recordings were 
used to assess the tuning of tectal neurons to ITD presented via earphones.

The ITD tuning of tectal units in prism-reared owls progressed through several 
sequential stages during the first 150 days of age. 1) In the earliest recording 
sessions (ages 60-80 days) ITD tuning was often close to normal, even though the 
owls had never experienced the normal correspondence between ITD values and VRF 
locations. 2) Subsequently, the ITD tuning at individual sites often became 
abnormally broad, so that responses were simultaneously present both to normal 
values of ITD and to values corresponding with the optically displaced VRF. 3) 
Finally, responses to normal values of ITD disappeared leaving only responses to 
values corresponding with the optically displaced VRF.

These results indicate that the neural representation of ITD in the bam owl's 
tectum is first established by vision independent mechanisms and only subsequently 
calibrated by visual experience. This calibration involves both the elimination of 
responses to normal values of ITD and the acquisition of responses to novel values.

Supported by NIH R01 DC00155-12 and NS 07158-13.

369.10
COLUMNAR ORGANIZATION IN THE DEVELOPING RAT OLFACTORY 
BULB: INTRACELLULAR INJECTIONS OF LUCIFER YELLOW INTO MITRAL 
CELLS. M. A. Paternostro* and P.C. Brunies. Dept. of Psychology, University 
of Virginia, Charlottesville, VA 22903

Evidence from numerous investigators suggests that the olfactory bulb is 
organized into anatomical and functional columns. By intracellularly injecting 
Lucifer yellow (LY) into fixed bulb cells from postnatal Day 10, (P10), P20 and 
P30 rats, we add further anatomical support to this notion. LY completely fills 
injected cells, demonstrating their dendritic and axonal morphologies, and 
passes through gap junctions, filling any coupled cells. After LY injections, the 
cells were photo-oxidized with DAB to form a permanent stain. When a single 
mitral cell (MC) was injected, both proximal MCs and deeper granule cells 
(GC) filled with dye. After single cell injections (n = 17) in P10 rats a mean of
2-3 dye-coupled MCs and 27 GCs were observed. Most stained GCs were 
found within ΙΟΟμιτι of the MC layer. Mean length of the column of the dye- 
coupled GCs was 170/ЛТ) while the length was 85μιη. These values were 
unchanged at P20 (n = 12 cell injections). By P30, the mean number of GCs per 
column increased to 42 (n = 12 cell injections). The addition of GCs in the P30 
rats occurred in the area proximal to the MC layer while overall column length 
and width remained unchanged. Immunocytochemical evidence for Connexin 
4 3  further supports the notion that gap junctions exist between bulb neurons.

The existence of dye-coupling between bulb neurons suggest cell 
subpopulations which have specific information processing domains. The fact 
that labeled cells were always found in vertical bands of similar length and 
width might provide further evidence for the existence of a columnar 
organization in the bulb.

This work is supported by grants DC-00338 and HD 07323

369.12
THE NUMBER AND TOPOGRAPHY OF RAT GENICULATE 
GANGLION CELLS INNERVATING SINGLE GUSTATORY PAPILLAE 
DURING DEVELOPMENT. R.F. Krimm and D.L. Hilf. Department of 
Psychology, University of Virginia, Charlottesville, VA 22903.

During the development of most sensory systems there is a substantial 
neural rearrangement following the initial innervation of peripheral receptor 
organs. For example, in the gustatory system of the sheep a substantial 
pruning of fibers occurs during postnatal development concomitantly with 
increases in sodium sensitivity. Since the sensitivity to sodium increases in 
rat after postnatal day 10, it is possible that neural rearrangements in the 
peripheral taste system occur in the developing rat. The present study was 
designed to determine whether patterns of taste bud innervation change 
during postnatal development in the rat. The number of geniculate ganglion 
cells that innervate a single gustatory papilla was quantified for papillae on 
the tongue tip and on the middle portion of the tongue in 10-day old, 20-day 
old, and adult rats by iontophoretically injecting individual gustatory papillae 
with either the florescent tracer true blue or fluorogold. Serial 10 micron 
sections of the geniculate ganglion were reconstructed and the number and 
location of labeled geniculate ganglion cells were determined. Preliminary 
results indicate that papillae on the mid-region of the adult tongue are 
innervated by an average of 8 geniculate ganglion cells. Analyses of the 
geniculate ganglion in 10 day old and 20 day old rats, the trigeminal ganglion 
for all groups, and the topography of labeled cells within the ganglion of all 
groups are currently in progress. The techniques and findings derived from 
these studies will collectively be the basis for future studies that determine 
the effects of early dietary manipulations and role of trophic factors on the 
development of peripheral innervation patterns, as well as detail events 
involved in the regeneration of taste afferente. Supported by NIH DC00407 
and HD07323.
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369.13
EMBRYONIC ORIGINS OF TASTE BUDS IN AXOLOTLS. L.A. 
Barlow and R.G. Northcutt*. Dept. Neurosciences, U.C. San Diego, 
La Jolla, CA 92093.

A clear pattem of placodal origin of sensory ganglia and their receptor 
cells emerges when the embryology of most sensory systems is 
examined, however, the ontogeny of the taste system remains 
enigmatic. The neurons of the gustatory cranial ganglia arise from 
epibranchial placodes, but the source of the primary sensory organs, 
taste buds, is obscure; do they arise from epibranchial placodes, neural 
crest, or oral epithelium? The appearance of taste buds in the oral 
epithelium has been well documented (e.g. Farbman and Mbiene 
1991), however such observations do not rule out the possibility that 
cells from either epibranchial placodes or neural crest migrated into the 
oral epithelium prior to the differentiation of taste cells. To determine the 
contribution of epibranchial placodes to taste buds, placodal ectoderm of 
pigmented axolotl embryos was homotopically transplanted into albino 
hosts. At stage 41, when mature taste buds are evident in the oral 
epithelium, albino larvae with grafts from pigmented donors were 
sacrificed, embedded in either paraffin or plastic, sectioned in the 
transverse plane at 5- ΙΟμηη, stained with neutral red and examined 
under a light microscope. In all cases examined, the facial, 
glossopharyngeal, and vagal gustatory ganglia contained pigmented 
ganglionic cells, but we found no pigmented taste buds. We are 
currently investigating the potential contributions of neural crest and 
endoderm to the formation of taste buds.
Supported by NIH grant DC01081.

369.15
UNIQUE NEURONAL GLYCOLIPIDS FURTHER DEFINE  
ROSTROCAUDAL COMPARTMENTS IN THE RAT 
ACCESSORY OLFACTORY SYSTEM. G.A. Schwarting*. D.L. 
Drinkwater and J.E. Crandall. The Shriver Center, Waltham, MA 02254 
& Prog. Neuroscience, Harvard Med. Sch., Boston, MA 02115.

Few specific molecules have been identified that contribute to the 
development of patterned connections in the mammalian CNS. We have 
found that monoclonal antibody CC6 reacts with a complex glycolipid 
whose expression in rats is restricted to the olfactory system. Structural 
analysis reveals that the glycolipid contains two a-fucose branches; one 
each at the internal and external ß-galactose residues. Immunocyto- 
chemistry with anti-CC6 demonstrates in embryos that glycolipid 
expression is restricted to a subset of neurons in the vomeronasal organ 
(VNO) and their axons restricted predominantly to the caudal accessory 
olfactory bulb (AOB). This pattern of anti-CC6 glycolipid immuno- 
reactivity contrasts in a spatially complementary manner the glycolipid 
immunoreactivity pattern of a previously described CC1 monoclonal 
antibody that reacts with VNO neurons projecting to the rostral AOB 
(Crandall & Schwarting, Brain Res. 1991;547:239). Fluorescent dye labeling 
experiments in progress will help determine where the compartmental- 
ization is established. The CC6 reactive glycolipid is also expressed on a 
subset of neurons in the olfactory epithelium and their axons in the main 
olfactory bulb (OB). Postnatally, axons from CC6 positive receptor cells 
converge to form several large axon bundles running longitudinally 
through the OB nerve layer. These data provide further evidence that 
groups of vomeronasal and olfactory neurons expressing unique surface 
molecules during restricted developmental periods project axons that 
terminate in selected target regions. Supported by NIDCD-00953 & HD-05515.

369.17
CHEMICAL TRAUMATIZATION OF ADULT OLFACTORY EPITHELIUM  
STIMULATES GROWTH AND DIFFERENTIATION OF OLFACTORY 
NEURONS IN VITRO. J. Sosnowski. M. Gupta. K. Reid* and F. Roisen. Dept. 
of Anatomical Sciences and Neurobiology, Univ. o f Louisville School of Medicine, 
Louisville, KY 40292.

A population o f stem cells found within olfactory epithelium (OE) is capable of 
providing a renewable source of functional olfactory neurons (ON) throughout life. 
Our previous studies have shown that trauma to adult OE can activate mitosis which 
replaces damaged neurons. Cultures of mitotically active adult ON may provide a 
unique source of transplantable neurons. In this study, an in situ ZnS04 insult was 
used to activate stem cell mitosis prior to OE removal to enrich the ON population 
in vitro. Young adult male C57BL/6 mice were treated with 1% ZnS04 by nasal 
irrigation and terminated by decapitation 5 days later. The OE was removed, 
dispersed with 0.125% trypsin and grown in MEM with 10% FBS. The 
heterogeneous population of cells established by the regenerating OE seeding 
consisted of mitotically active bipolar neurons and nests o f epithelium. By adjusting 
the chemical insult and culture conditions, a more homogeneous, enriched neuronal 
population was produced. Immunofluorescent studies demonstrated that bipolar 
neurons label positive for the olfactory marker protein (OMP) and for the 200kD 
neurofilament protein; electrophysiological analysis is in progress. Some of the 
bipolar neurons had primordial olfactory vesicles on both poles. Ultrastructural 
studies are aimed at determining the cytoskeleton of the olfactory vesicle. 
Furthermore, our data show that adult ON in vitro internalize 30 nm fluorescent 
microspheres which can serve as vital markers. These studies have demonstrated that 
relatively pure dissociated adult OMP-positive olfactory neurons can be maintained 
in vitro. By using the fluorescent microspheres and the OMP antibody, the survival 
of adult olfactory neurons transplanted into the CNS is presently under investigation. 
Supported by USPHS NS24291 to MG.

369.14
RESPONSE OF OLFACTORY BULB NEURONS TO NEURITE 
TRANSECTION. L, J. Blakemoret. P, O, Tromblevi. and C. A. Greerf t* .
Sections of Neurosurgery t  and Neurobiology į , Yale University School of Medicine, 
333 Cedar Street, New Haven, CT 06510.

Attempts to improve neurological status following injury to the CNS have been 
only marginally successful. Recovery of function appears to be determined largely 
by the number of axons that were not transected rather than well defined regenerative 
processes. The failure to observe successful regeneration may be due, in part, to 
inhibitory effects exerted by glia. In contrast, in the PNS regeneration is robust and 
may partially reflect a favorable environment provided by Schwann cells. These 
contrasting observations underscore the need for a greater understanding of the cellular 
mechanisms underlying axonal growth and regeneration. In particular, to explore 
further intrinsic properties of neurons that may dictate regenerative capacity. To 
pursue this issue we are developing an in vitro experimental system where 
regeneration can be studied in the absence of environmental cues provided by contact 
with other cells. Olfactory bulb neurons from P0-P1 rats were dissociated and plated 
at low density (10-20,000/dish) on polylysine coated plastic culture dishes. Neurons 
attached to the substrate as round balls with initial neurite extension usually evident 
within 30 minutes. In most neurons, one neurite grew faster and longer than the 
others and was selected for transection. Transections were performed after 1-3 days in 
culture by severing the neurite with a 1 pm diameter pipette. The response o f the 
neuron was determined 1-24 hrs later. Several outcomes were observed following 
transection. In some cases (5/36) the transected process failed to regenerate and the 
neuron eventually died. Most neurons, however, survived transection and among 
these, several outcomes were observed. Transection induced an increase in the growth 
of all processes including the transected neurite. For the majority of neurons (24/36) 
the transected process regenerated and exhibited the most growth. In others (7/36) the 
greatest growth was not in the transected process but in another neurite. We are 
exploring factors which may influence these outcomes including total number of 
processes, distance of transection from soma and growth cone, and time in culture. 
Supported in part by NS 10174 and DC00210.

369.16
GLYCOCONJUGATE ANTIBODIES DEMONSTRATE  
SUBSETS OF OLFACTORY SENSORY NEURONS AND  
OLFACTORY GLOMERULI. J.E. Crandall* and G.A. Schwarting. 
The Shriver Center, Waltham, MA 02254 & Program in Neuroscience, 
Harvard Medical School, Boston, MA 02115.

Olfactory sensory receptor cells and their glomeruli in the olfactory 
bulb continue to be generated during the lifetime of rats, but the 
molecules associated with this production are not clearly known. 
Olfactory marker protein (OMP) has traditionally been used as a 
determinant of "mature" olfactory receptor cells, their axons and 
terminals in the glomeruli. Using monoclonal antibodies to uncover 
unique glycoconjugates, we and others are determining the role of these 
molecules in olfactory receptor cell growth. One such antibody, 1B2, 
presents an intriguing pattern of immunoreactivity in the perinatal period 
that may be related to nascenüy formed glomeruli and receptor cells 
(Schwarting et al., J. Neurobiol. 1992; 23:130). We have combined immuno- 
labeling for 1B2 and OMP to determine the pattern of distribution of 
lB2-immunoreactive glomeruli and receptor cells relative to OMP 
immunoreactivity in postnatal rats. Double labeled receptor cells are the 
predominant cell type detected in the olfactory mucosa. There are 
however, both populations of single labeled cells at different depths of 
the epithelium. In the olfactory bulb, all recognizable glomeruli are 
OMP-positive, whereas only a fraction of these glomeruli arc also 1B2- 
positive. Interestingly, some individual glomeruli contain both 1B2 
positive and negative regions within them. These data suggest an active 
role for the 1B2 glycoconjugate in glomerular formation and possibly 
olfactory sensory cell turnover. Supported by NINDS-24386 and NIDCD-00953.

369.18
PHARMACOLOGY OF EARLY SYNAPTIC TRANSMISSION IN THE 
SUPERIOR OLIVARY COMPLEX OF THE RAT. K. Kandier * and E. Friauf. 
Dept. Animal Physiology, Univ. o f Tübingen, Germany.

The superior olivary complex (SOC) is the first station in the ascending auditory 
pathway where the inputs from both ears converge. In adult mammals the main 
excitatory and inhibitory transmitters are probably glutamate and glycin, 
respectively. We have studied the development o f synaptic transmission in the SOC 
of embryonic (E18-E21) and postnatal (P0-P14) rats using a brainstem slice 
preparation. Neurons were recorded intracellularly and synaptic potentials were 
elicited by electrical stimulation of the ipsi- and contralateral input fibers. The 
recorded neurons were identified by intracellular injections of neurobiotin.

Synaptic transmission was already present at E l8. At all ages studied, ipsilateral 
stimulation resulted in EPSPs which could be blocked by kynurenic acid (500 μΜ) 
or CNQX (20 μΜ), suggesting that they are conveyed via glutamate acting on non- 
NMDA receptors. In contrast to the ipsilateral synaptic transmission, where the 
pharmacology resembles the adult situation from the beginning on, major changes 
occur in the contralateral, glycinergic transmission. In rats younger than one week, 
stimulation o f the contralateral input resulted in strychnine-sensitive depolarizing 
PSPs. In addition, during this time period, bath application o f glycine (0.1-10 mM) 
or ß-alanine (1-50 mM) resulted in depolarization o f SOC neurons in a dose 
dependent and strychnine-sensitive manner. With increasing age, the reversal 
potentials of the depolarizing PSPs gradually became more negative and at around 
P8, they finally became more negative than the resting potentials, which remained 
stable at about -60 mV.

We speculate that the transient depolarizing effect o f glycine is a part of the 
mechanism which is responsible for the activity-dependent rearrangements of 
inhibitory synapses (Sanes & Siveris, J.Neurobiol.22:837,1992, Sanes et al., JCN 
321:637,1992), resulting in the exact alignment o f excitatory and inhibitory inputs in 
the adult SOC. Supported by the DFG (Fr 772/1-2) and the GKN Tübingen.
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C O M P A R A T I V E  E L E C T R O P H Y S I O L O G I C A L  S T U D I E S  O F  D E V E L 
O P M E N T  IN  V A G A L  S E N S O R Y  N E U R O N S  O F  T H E  R A T .
I .S c h m ie d e l - J a k o b  a n d  G .R o u a o n » . C N R S  U P R  4 1 8 ,  2 8 0 ,  B d  
S t e  M a rg u e r it e , M a rs e i l le  a n d  * C N R S  U R A  1 7 9 ,  P a r c  S c ie n -  
t if iq u e  e t  T e c h n o lo g iq u e  d e  L u m in y ,  M a r s e i l le ,  F R A N C E .

T o  s t u d y  g e n e ra l e le c t r o p h y s io lo g ic a l  p r o p e r t ie s  d u r in g  d e v e 
lo p m e n t  o f p e r ip h e ra l s e n s o r y  n e u r o n s  n o d o s e  g a n g lio n  c e l ls  
fro m  e m b r y o n ic ,  n e o n a t a l  a n d  a d u lt  r a t  w e r e  d i s s o c ia t e d  a n d  
m a in t a in e d  in  s h o r t - t e r m  c u lt u r e .  E le c t r i c a l  m e m b r a n e  p r o p e r t ie s  
w e r e  s t u d ie d  w it h in  2 4 Һ  a f t e r  is o la t io n  a n d  la t e r  u s in g  w h o le 
c e l l  p a t c h  t e c h n iq u e .

D e p o la r is in g  c u r r e n t  s t e p s  e v o k e d  t w o  t y p e s  o f  a c t io n  
p o t e n t ia ls  (A P ) w h ic h  c o u ld  b e  d is t in g u is h e d  b y  t h e ir  w a v e 
f o r m , o n e  w it h  a  s m o o t h  r is in g  a n d  d e p o la r is in g  p h a s e  o f s h o r t  
d u r a t io n , a n d  o n e  t y p e  w it h  a n  in f le c t io n  o n  t h e  fa llin g  p h a s e  
o f  lo n g  d u r a t io n . L o n g  la s t in g  d e p o la r iz in g  c u r r e n t  s t e p s  e v o k e d  
a t  le a s t  t w o  d if f e r e n t  s p ik in g  p a t t e r n . A t  th e ir  m a x im a l r e s p o n s e  
s o m e  o f  t h e  n e u r o n s  g a v e  o n ly  o n e  A P  w h ile  o t h e r s  in c r e a s e d  
f r e q u e n c y  w it h  in c r e a s in g  c u r r e n t  in t e n s i t ie s .  C u r re n t - v o lt a g e  
r e la t io n s  re v e a le d  s t r o n g  d e la y e d  r e c t if ic a t io n  fo r  s o m e  c e l l s  a n d  
m ild  o n e s  fo r  o t h e r s .  C h e m ic a l  r e s p o n s iv e n e s s  w a s  p r e s e n t  a s  
e a r ly  a s  e m b r y o n ic  d a y  1 9 .  B r ie f  a p p lic a t io n  o f  a c e t y lc h o l in e ,  
s e r o t o n in ,  G A B A ,  g ly c in e  a n d  g lu t a m a t e  e l ic it e d  d e p o la r iz in g  
r e p o n s e s  in a b o u t  7 0 %  o f t h e  n e u r o n s .

T h e  d iv e r s i t y  o f A P  w a v e f o r m s  a n d  c h a r a c t e r i s t i c s ,  sp ik in g  
p a t te rn  a n d  m e m b r a n e  p r o p e r t ie s  w e r e  p r e v io u s ly  d e s c r ib e d  fo r  
a d u lt  n o d o s e  n e u r o n s . T h e  s t u d ie s  r e v e a l  t h a t  n o d o s e  n e u r o n s  
a r e  a l r e a d y  e le c t r o p h y s io lo g ic a l ly  w e ll  d e v e lo p e d  b e fo re  b irth .

369 .2 1

I s o la t io n  o f  id e n t i f ia b le  v e r t e b r a t e  C N S  n e u r o n s  in  c u l t u r e  
u s in g  a  n o v e l “ M a c r o - p a t c h ” d i s s o c ia t io n  m e th o d  in  t h e  t e le o s t  
e le c t r o s e n s o r y  s y s t e m . R .W . T u rn er,* A .  T a y lo r  and  N. S v e d .
D epts. M edical Physio logy a n d  Anatom y, Univ. of C a lg ary , A lberta T 2N  4N1 

M a ss  d isso c ia tio n  of vertebrate  C N S  nucle i is  often u se d  to gain a c c e s s  to 
iso lated  c e lls  in culture for e lectroph ysio lo gica l a n a ly s is . H ow ever, identifying  
a  sp e c if ic  ce ll typ e  u sing  th is  a p p ro a ch  c a n  b e  difficult, a s  d o z e n s  of ce ll 
c la s s e s  a re  d isso c ia ted  and  plated together. W e  h a ve  taken a d van tag e  of the  
lam inar organization of m an y vertebrate stru ctu res to d isso c ia te  restricted cell 
c la s s e s  in order to culture and  record from  identified neuronal ce ll types.

5 0 0  pm  s lic e s  of the E le c tro se n so ry  lobe ( E L L )  of Apteronotus leptorhyn- 
chus w ere  cut in chilled, oxygen ated  A C S F  (4.5  mM Mg+2 / 0.1 mM Ca+2) and  
incubated for 2 .5  h rs in oxygen ated  A C S F  (R T ) in H ya lu ro n id ase  (0 .7  mg/ml), 
Tryp sin  (1 .3  mg/ml), a n d  2 mM K ynu ren ic A cid . After inhibiting en zym e  activ 
ity, s l ic e s  w e re  p la ced  in L-15  m edium  (norm al Ca+2 / Mg+2). A  fire-polished  
a n d  silico n ized  g la s s  e lectro d e  (50 -1 20  μ m tip d iam eter) w a s  co n n e cte d  by  
tubing to a  m icrom eter-p ipette  a s se m b ly  (G ilm ont) filled with L -15  m edium , 
su c h  that m icrom eter ad ju stm en t app lied  n egative or positive  p re ssu re  at the  
electro d e  tip. T h e  e lectro d e  tip w a s  p laced  un der m icro sco p ic  o b servatio n  on  
the su rface  of a  sp ecific  ce ll layer in the s lic e , and  negative p re ssu re  applied  to 
gently d is so c ia te  a n d  pull c e l ls  into the e lectro d e  sh aft. P o s itiv e  p re s su re  
e jected  c e l ls  for attach m en t to a  P o ly-L-lysin e-co ated  co verslip  in a  se p a ra te  
petri d ish , and  ce lls  incubated in L-15  m edium  (5%  F B S )  at 2 6 ° C  in room air.

B y  culturing relatively few  ce ll c la s s e s  from  distinct lam in a in the s lice , w e  
c a n  identify ce ll ty p es  on a n  an ato m ica l b a s is , incl. E L L  pyram idal, polym or
phic, granu le  a n d  sp h erica l ce lls . M any exhibit growth in <1 hr of plating, and  
m aintain a  m orphology sim ila r to that in intact t is su e  for up to 3  w e e k s  in c u l
ture. T h is  tech n iq u e  will a llow  u s  to a s s e s s  regional d iffe ren ce s  in ion current 
k in etics (ie. a c r o s s  s e n so ry  m ap s) or e v e n  reco n stru ct c irc u its  in vitro by  
s e le c t iv e ly  cu ltu rin g  c e l ls  s u s p e c t e d  to c o m p r is e  a  g iv e n  c ircu it .

3 6 9 .2 0

FOS PROTEIN EXPRESSION MAPPING OF THE 0 2 CHEMOSENSORY 
PATHWAY IN THE BRAINSTEM OF DEVELOPING RAT
L. D. White*. E. E. Lawson, and D. E. Millhom. Departments of Physiology and 
Pediatrics, University of North Carolina, Chapel Hill, NC 27599

Fos protein, the product of the immediate early gene c-fos, has been used as a 
metabolic marker to map the O2 chemosensory pathway activated by hypoxia in the 
adult rat (Brain Res. 567:11, 1991). The current study provides evidence that the 0 2 
chemoreceptor pathway is present in the brainstem at birth and continues to develop 
during the first postnatal month. Sprague-Dawley rats at postnatal ages 3, 7, 10, 14, 
21, and 28 days were exposed for 3-6 h in an environmental chamber to 21% 
(control) or 10% (hypoxia) 0 2 . Pups were then transcardially fixed and brainstems 
were frozen and sectioned. 20 μm sections were reacted with Fos primary antibody 
(Oncogene Science, Ab-2), a biotinylated IgG secondary antibody, and then ABC to 
visualize the reaction product. Cells showing Fos-LI under control and hypoxic 
conditions were counted in the nucleus tractus solitarius (NTS) and the ventrolateral 
medulla (VLM). In the NTS there was a low basal level o f Fos-LI at ages 3 and 7 
days, a peak at 10 days and a decline to 28 days. At all ages there was a significant 
increase in the number of Fos-LI cells in rat pups exposed to hypoxia. In the VLM 
there was also a peak of basal expression at day 10, and an increase in the number of 
immunoreactive cells with hypoxia exposure at all ages. In both the NTS and VLM, 
14 day hypoxic pups show the highest level of Fos-LI, the location o f these cells 
corresponding to that reported in the adult. The high basal level o f Fos-LI at day 10 
may correlate with a period of terminal differentiation o f these neurons. The 
hypoxia-induced levels o f expression on day 14 may indicate a period of maximum 
synaptogenesis in this pathway and a hypersensitivity to hypoxia.

36 9 .2 2

D eve lo p m en ta l d y n a m ic s  o f m e c h a n o re c e p to rs  e x h ib its  a ct iv ity  
d e p e n d e n cy  in lo c u s ts . H .J .  P f lu e o e r* . S .  H u rd e lb rin k . A . C z iz e k . Fre ie  
U n iv . Berlin , In st. N eu ro b io lo g ie , K o e n ig in -L u ise -S tr . 2 8 - 3 0 , D -1 4 1 9 5  
Berlin , G e rm a n y .

Filiform  h a irs  on th e  lo c u s t  p ro ste rn u m  fo rm  th e  recep tiv e  field o f a 
p lu riseg m en ta l p ro jectio n  in te rn eu ro n e  (A 4 I1 ) . T h e  re ce p to rs  o f long h a irs  
are  v e ry  se n s it iv e  to  w in d  stim u li, and  th e ir  s y n a p s e s  w ith  A 4 I1  op erate  
at v e ry  h igh g a in . S ta in in g  th e  cen tra l p ro je c t io n s  o f iden tified  re ce p to rs  in 
d ifferen t larval in s ta rs , revea le d  a rem ark ab le  d eg ree  o f stru ctu ra l 
d y n a m ic s  during  p o ste m b ry o n ic  d eve lo p m e n t: W h e re a s  re ce p to rs  in adult 
lo c u s ts  te rm in a te  e x c lu s iv e ly  in co n tra la te ra l n e u ro p ile , w h e re  th e y  
sy n a p s e  w ith  th e  re sp e c t iv e  A 4 I1 ,  th o se  o f th e  f irs t  th re e  la rva l in s ta rs  
p ro ject to  bo th , ipsi- and  co n tra la te ra l neuro p ile  to  s y n a p s e  w ith  both  th e  
ipsi- and  co n tra la te ra l A 4 I1 . D urin g  su b se q u e n t  in s ta rs  th e  ipsifateral 
b ra n ch , and  th u s  th e  sy n a p s e  w ith  ip sila te ra l A 4 I1  is  w ith d ra w n . T o  
d eterm in e  w h e th e r  s u c h  d eve lo p m e n ta l d y n a m ic s  is  a c t iv ity  d ep en d en t, 
re ce p to rs  o f on e  b o d y  s id e  w e re  im m obilized  (w a x e d  o r sh a v e d ) but not 
d e stro y e d  in larval s ta g e s , and  re ce p to rs  o f th e  u n treated  s id e  later 
sta in e d  at th e  ad u lt s ta g e . In 8 0 %  o f s ta in s  ad u lt re c e p to rs  n o w  
p o s s e s s e d  te rm in a ls  in th e  ipsi- and  co n tra la te ra l neu ro p ile . W e  th u s  
su g g e s t , th a t a c t iv ity  o f th e se  re c e p to rs  is  n o rm ally  required  fo r  
re g re ss io n  o f axo n a l a rb o u rs  during  p o s te m b ry o n ic  d eve lo p m e n t.

VISUAL SYSTEM: LGN AND CORTEX
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B U ILD IN G  T H E  IN T E R G E N IC U L A T E  L E A F L E T  (IG L): G L IA L  A N D  N E U R O N A L  
C O N T R IB U T IO N S  D U R IN G  D E V E L O P M E N T . G .I. B o tch k in a  and  L .P . Morin·. 
Dept. P sych iatry , S U N Y  at S to n y  B rook , N Y  11794.

G lia, identified u sing  an tib o d ies to the structu ra l m o lecu les, vim entin (VIM) 
a n d  glial fibrillary a c id ic  protein (G F A P ), w ere  spatially re lated  to the IG L  a s  
d eterm ined  by the location of neuro p ep tid e  Y  (N PY) im m un oreactive neurons.

VIM -IR is ab un dantly  evident in rad ial glia o n  em b ryo n ic  d a y  8 (E8). A  se t  
of VIM -IR p r o c e s s e s  ra d iates from  th e  d o rsa l ventricular e p e n d y m a  to the  
lateral su rfa c e s  of the develop in g  th a la m u s a n d  hyp otha lam us. VIM -IR in the 
radial fibers gradually  d im in ishes to a b s e n c e  by postn ata l d a y  21 (P21). G F A P -  
IR fibers d o  not a p p e a r  until E14. O n  E15, a  very  distinct, fine bilateral "stream" 
of G F A P -IR  fibers is s e e n  in co ro n al s e c t io n s  within the b ro ad er, ho m o g en eo u s  
se t  of VIM -IR p ro c e s s e s . T h is  strea m  e xten d s from  the a p ica l third ventricle  
p rec ise ly  to the IG L  a n d  form s a  ro stra l-cau d al sh e e t  sep a ra tin g  the tha lam us  
from  hypothalam us. O n  E13, N PY-IR  n e u ro n s a re  s e e n  sca tte re d  a long this 
route to the IG L . B y  E14, nearly all N PY-IR  n e u ro n s h a ve  b e e n  tran sp o rted  to 
the IG L , but N PY-IR  fib ers rem ain extending m edially. G F A P -IR  in the glial 
stream  b e c o m e s  d e n se r  until p ostn ata l d a y  1 (P1), th en  d im in ish es to non
e x isten ce  after P5. T h e  lo ss  of the m edially exten d in g  N PY-IR  fibers on P1 
c o in c id e s  with the initial a p p e a ra n c e  Of G F A P -IR  a s tro c y te s  in the IG L . N PY-IR  
n e u ro n s rem ain in th e  IG L , sen d in g  p r o c e s s e s  on P2 tow ard  the  
su p ra ch ia sm a tic  n u c le u s  w hich  a c h ie v e s  a n  adult-like pattern of N PY-IR  
innervation on P21. W e su g g e s t  that N P Y  ce lls  travel to th e  IG L  on radial glia 
from the a p ica l ventricle; that th e  rad ia l glial cell b o d ie s  of fibers projecting to 
the IG L  a re  retracted  to  the IG L ; a n d  that th e se  glial ce lls  thereafter transform  
to  the a s tro cy te s  evident in th e  adult (Morin et al., N eu ro sci. Lett.. ’89). 
S u p p o rte d  by NIH grant N S 2 21 68 .

3 7 0 .2
DEVELOPMENT OF GABA IMMUNOREACTIVITY IN THE DORSAL 
LATERAL GENICULATE NUCLEUS (LGN) AND PERIGENICULATE 
NUCLEUS (μ g N) OF THE FERRET. U. Livanaee and C. A. White*. 
Department of Brain and Cognitive Sciences, M.I.T., Cambridge, MA 02139.

During development, precise connections between the retina and the LGN are 
formed from an initially diffuse set of projections. In the ferret, this process 
takes place during the first postnatal month; retinal axons segregate into eye- 
specific layers and then, within the A layers, into On and Off sublayers (Linden 
et al., '81). Neuronal activity is thought to play an important role in the 
refinement process (e.g., Shatz and Stryker, '88). To understand better the role of 
activity in the immature LGN, we earlier studied synaptic responses in LGN 
slices between postnatal day 7 (P7) and P33 (White and Sur, '91, '92). At all 
ages, some cells were capable of generating EPSPs, IPSPs and EPSP-IPSP pairs 
after optic tract stimulation. Here, we have examined the development of 
immunoreactivty (IR) for GABA, the main LGN inhibitory neurotransmitter.

A GABA antiserum (Incstar) was used on horizontal sections of LGN between 
PI and adulthood. In Nissl-stained sections, the LGN appeared homogeneous at 
PI. By P9, a distinct μ g N could be seen medial to the LGN. At P13, cellular 
layers could first be observed. These findings are consistent with Linden et al. 
(’81) and Hutchins and Casagrande (’90). At all ages, GABA-IR cells could be 
detected throughout the LGN with no apparent bias in distribution. At PI, some 
sections had a thin, light band of IR in the region of the future μ g N. By P9, 
GABA-IR μ g N cells formed a distinct, wide band. At P13, when cellular layers 
were first obvious, IR cells were found throughout the A, A l and C layers, as 
they were in the adult. These findings suggest that GABAergic connections may 
be present in the ferret LGN from birth. (Supported by EY06297, Bunting 
Institute Science Scholars Fellowship (C.A.W.), the Undergraduate Research 
Opportunity Program, M.I.T. (U.L.) and EY07023 to M. Sur.
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DEVELOPMENTAL REGULATION OF NADPH-DIAPHORASE ACTIVITY IN 
THE LATERAL GENICULATE NUCLEUS OF THE FERRET. K, S. Cramer*. 
C. I. Moore, and M. Sur. Department of Brain & Cognitive Sciences, M.I.T., 
Cambridge, MA 02139.

Recent studies suggest the involvement of nitric oxide in synaptic plasticity (e.g., 
Schuman and Madison, Science 254: 1503, 1991). An interesting possibility is 
that nitric oxide is also involved in the development of synaptic connections. During 
postnatal development in the ferret, retinogeniculate axons segregate into eye-specific 
layers by the second postnatal week; each eye-specific layer in the lateral geniculate 
nucleus (LGN) is further divided into on- and off- sublaminae by the fourth postnatal 
week. Projections from the cortex and superior colliculus also enter the nucleus and 
may become refined during the first several postnatal weeks. In addition, the 
dendrites of cells in the LGN expand and elaborate during this period (Sutton and 
Brunso-Bechtold, J. Comp. Neurol. 309:71, 1991). To investigate the possibility 
that nitric oxide has a role in these developmental events, we examined tissue at 
several postnatal ages using a histochemical assay for NADPH-diaphorase, a nitric 
oxide synthase.

At birth, staining is not evident in neuronal cell bodies or processes in the LGN 
From postnatal day 8 (P8) to P14, the nucleus acquires pale, diffuse label. At P21, 
large and small cell bodies are stained in the A layers as well as the C layers. At 
P29, labeling of cell bodies becomes more intense and more cells are labeled; these 
are distributed throughout the LGN and vary in morphology. In some cases axons 
and dendrites are clearly outlined. Interlaminar zones show less dense staining. At 
eight postnatal weeks, staining in cell bodies is again reduced, and axons and 
dendrites are no longer outlined. This material suggests that LGN cells transiently 
increase expression of NADPH-diaphorase during a period of refinement of severa? 
geniculate afferent pathways.

Supported by EY07023.

37 0 .5
REM SLEEP DEPRIVATION (REMS DEP) REDUCES CELL-SIZES IN THE 
VISUALLY DEPRIVED MONOCULAR SEGMENT (MS) OF KITTEN LGN. 
J.P. Shafferv*. A. Oksenberg, G.A. Marks, S.G. Speciale, G. Mihailoff, and H.P. 
Roffwarg. Dept. Psychiatry, U.T. Southwestern Med. Center, Dallas TX 75235.

Removal of patterned visual input from one eye by monocular deprivation 
(MD) produces differential effects on the sizes of the thalamocortical relay cells 
within the "binocular segments" (BS) of the A- and Al laminae of both LGNs. After 
MD, BS cells activated by the occluded eye exhibit hypotrophy, while cells in the 
laminae activated by non-occluded eye tend to hypertrophy. The bilaterally 
represented MSs receive input from retinal cells viewing only the contralateral visual 
field. Unlike the BS, MS cells are only slightly affected by MD of the contralateral 
eye. Non-competitive mechanisms are thought to operate between the two MSs 
during development, while cell-size changes in the BSs are thought to be dependent 
upon competitive mechanisms and the asymmetries in retinal activition of LGN cells. 
It is proposed here that endogenous sources of activation reaching visual structures, 
such as the ascending brainstem activation characteristic of REM sleep, might be 
involved with cell-size changes in developing LGN.

We tested whether REMS DEP affects MD-induced LGN relay cell-size 
changes in the MS of LGN А-lamina. Mean cell sizes in the "deprived" MSs were 
significantly smaller in the MD + REMS DEP group compared to MD CONTROLS 
(p<0.02). No difference was observed in the MSs innervated by the non-deprived 
eye. Mean cell size was smaller in the "deprived" than in "non-deprived" MSs for 
the MD + REMS DEP group only (p<0.01). These data corroborate previous 
reported evidence that REMS DEP + MD influences LGN cell size in BS. This 
suggests that the contriubtion of REMS DEP to cell-sizes does not solely depend upon 
competitive mechanisms of the developing visual system. These data support our 
ontogenetic hypothesis of REMS function, which views REMS as an intrinsic, pre
programmed neural stimulus that, in synergy with experience-based neural activation, 
contributes to normal CNS development.

3 70 .7
EARLY EXPRESSION OF GLUTAMATE RECEPTORS BELOW THE 
VISUAL CORTICAL PLATE IN POSTNATAL FERRETS. A.L. Smith· and I.D. 
Thompson (SPON: Brain Research Association). University Laboratory of 
Physiology, Parks Road, Oxford, OX1 3PT, U.K.

Using quantitative in vitro autoradiography we have studied the neonatal 
expression of glutamate receptors (Glu-Rs) below the visual cortical plate in 
ferrets. Tritium-film autoradiography of cryostat sections incubated with 
appropriate radioligands revealed an uneven distribution of all Glu-R subtypes 
examined, with transiently high levels of expression in the upper intermediate 
zone and subplate. At all postnatal ages this region was found to coincide 
with the projection from the dorsal lateral geniculate nucleus, transneuronally 
labelled with wheatgerm agglutinin conjugated to horseradish peroxidase (4%,
3-4μΙ, intraocular injection). The density of all the Glu-R subtypes below the 
cortical plate declined to negligible levels after innervation of cortex by the 
thalamic projection, and while AM PA receptor levels remained constant from 
birth to eye-opening, kainate and NMDA receptor densities increased two-fold 
during this period.

To ascertain the levels of receptor expression on individual neurons the 
high resolution emulsion-coverslip autoradiography method of Benes et ai. 
(1989) was employed. Receptor expression on migrating cells was negligible 
at the ventricular zone, increasing to maximal levels in the subplate, and thus 
Glu-R expression occurs during cell migration through the intermediate zone. 
The high levels of glutamate receptor expression present in the upper 
intermediate zone and subplate of visual cortex before eye-opening may 
therefore result from the combined presence of waiting thalamic fibres and 
migrating cortical neurons.
Benes, F.M., Vincent, S.L., SanGiovanni, J.P. (1989) Biotechniques 7:970. 
This work was supported by a grant from The Wellcome Trust, U.K.

370 .4

Q u an tita tive  Analysis of the  E ffects  of B inocular Com petition on R elay Cell 
M orpho logy in the C at LGN. J.W. Vaughan, D. Raczkowski and W. Salinger* . Dept. of 
Psychology, UNC-Greensboro, Greensboro, NC 27412.
The deleterious effects of rearing cats w ith monocular deprivation (MD) or artificial strabismus 
(squint) are generally attributed to imbalanced binocular competitive interactions. Here we  
provide a quantitative analysis of dendritic morphology of identified LGN relay cells after MD 
or squint. We also provide the first quantitative analysis of the contribution of binocular 
competition to the development of identified LGN relay cells. To address whether changes 
in cell morphology are due to binocular competition or deprivation itself, w e combined MD or 
squint w ith  sagittal section of the optic chiasm. We compared soma size and dendritic 
morphology of LGN cells driven by normal, deprived (MD), or squinted eyes in animals that 
were reared w ith  or without a concomitant sagittal section of the optic chiasm. 76  LGN 
cells were identified, impaled and filled with an injection of lucifer yellow using an in vitro 
fixed brain slice preparation. The area of each LGN soma w as measured and the morphology 
of each LGN cell dendritic tree was quantified. As expected, both MD and squint reduced 
LGN cell soma size, and they also led to abnormal dendritic morphology. Although LGN cells 
innervated by the deprived or squinted eye have the normal number of dendrites, and dendritic 
segments of normal length, the dendrites were shorter w ith  few er branch points, fewer 
segments, less dendritic surface area, and proportionately less dendritic surface area in the 
outer Sholl rings, where nonretinal inputs predominate. When binocular competition was 
eliminated by sagittal section of the optic chiasm, the morphology of deprived - and squint - 
innervated LGN cells was normal w ith  respect to these measures, except for the soma size 
of cells innervated by the squinted eye and for dendritic surface area of both MD - and 
squint-innervated cells. These remained abnormal in spite of the ability of optic chiasm 
section to prevent binocular competition. Therefore, w ith  the exceptions of the effects of 
squint on soma size, and of both MD and squint on dendritic surface area, binocular 
competitive interactions seem responsible for the abnormal somatic and dendritic morphology

370 .6
POSTNATAL DEVELOPMENT OF THALAMOCORTICAL/CORTICOTHALAMIC 
PATHWAYS IN RAT VISUAL CORTEX: A COMPARISON WITH CORPUS 
CALLOSUM DEVELOPMENT. D .L . D o d so n *  and A .J .  E lb e rge r. Dept. 
A n a to m y  & N eurobio logy, U n iv . T e n n e sse e  M em p h is, M em p h is TN  3 8 1 6 3 .

T h e  ca rb o cyan in e  dye Dii p laced  in rat co rp u s  ca llo su m  (C C ) labels m any  
tran sito ry  C C  a xo n s extending throu gh out v isu a l co rte x , w h ich  gradually  
d isappear during postn ata l m onth 1 (E lberger, 1 9 9 3 ) . T h e se  tran sito ry  C C  
pro jections form  sy n a p se s  in m an y co rtica l la y e rs , p roviding an opportun ity  
for the C C  to influen ce v isual cortica l deve lo p m en t (E lberger et a l., 1 9 9 2 ). 
In th is stu d y  the d evelopm ent of th a lam o co rtica l (T C ) and co rtico th alam ic  
(CT) p a th w ay s in rat v isua l co rtex  w a s  exam in ed  to determ ine if exu b eran ce  
a lso  o c cu rs . C ry sta ls  of Dii w ere  p laced  in the v isu a l th a la m u s (dLG N , LP- 
Pul) of sag itta lly-b isected , aldehyde-fixed  PN D  0-21  rat brain .

In coron al 1 0 0  pm se c t io n s , from  PN D  0 -2  w id e ly  d istribu ted  den se  
co lu m n s of T C  a xo n s travel through la y ers V -V I and the develop in g  cortica l 
plate to term inate a s  d ista lly  a s  layer I. In inter-colum n reg ion s axo n s  
term inate prim arily in the in fragranular la y e rs . From  PND 5  o n w ard , T C  
axo n s projected  to all cortica l la y e rs, w ith  the m o st d en se  term inatio ns in 
la y e rs  IV/iow er III and I. T h e  projection to layer I p ea k s  during postnata l 
w e e k  (PNW ) 2 and then d ec lin es  by PN W  3 . A t  PN D  0 -1 2  C T  so m ata  are 
m ostly  in layers V  and V I, and sp a rse ly  p resen t in la y e rs  ll-IV  at PND 5 -1 2 ; 
T h e  C T  som ata  in layers ll-IV  d e cre a se  from  PN D  1 2 -1 7  and  then  d isappear. 
T h u s , transito ry  rat v isual T C / C T  co m p o n en ts  co e x is t  w ith  large num bers  
of tran sito ry  C C  axo n s in the sa m e  co rtica l sp a c e ; both sy s te m s  are 
m odified at the sa m e  tim e. T h is  su g g e sts  an in teraction  b e tw een  developing  
T C / C T  and C C  sy s te m s  w h ich  m ay be vital to the form ation  of norm al v isual 
cortica l co n n ectiv ity . Supported  by NIH g ran ts E Y 0 8 4 6 6  (A J E ) , N S 0 7 3 2 3  
(S T K ), and S tate  of T e n n e sse e  N eu ro sc ien ce  C e n te r  o f E x ce lle n ce .

370 .8
CAN DA RK  REARING  DELAY THE DEATH  OF SUBPLATE  
NEURONS. S .N .M . Reid* and N.W , D aw . Dept. o f  Ophthalmology, Yale 
Univ. Sch. o f M ed., New Haven, CT 06510.

A possible role o f subplate neurons (or interstitial neurons) in visual 
plasticity during development was investigated. The premature death of 
these neurons has been shown to prevent the formation o f ocular dominance 
columns (Ghosh & Shatz, Science, 255:1441-1443, 1992). Since 
dark-rearing can reduce ocular dominance segregation and postpone visual 
plasticity, we decided to test if it can also rescue these neurons. Four 
groups o f kittens were used: reared in total darkness to 43-44d which is 
towards the end o f ocular dominance segregation in normal animals (DR44); 
reared in darkness to 43-44d with an additional 7-10d in the light; and age- 
matched light reared controls for each of these groups. Kittens were 
anesthetized and perfused with paraformaldehyde (4% at pH 7 .4  or 2% at 
pH 6.5 followed by 4% at pH 8.5). 20 micron thick cryostat sections were 
either stained with methylene blue-azure II or immunostained against 
MAP2. Stained neuronal soma were counted within 1.6 mm from the apex 
o f the white matter in the lateral gyrus. It was found that 70 to 100% of 
neurons expressed MAP2 in the soma. Although kittens in DR44 tended to 
have a higher density o f M AP2 positive neurons, no statistical difference was 
found in the density or the total number o f neurons among the 4  groups for 
either MAP2 positive neurons or Nissl stained neurons. W e are currently 
counting ALZ50 positive neurons. Our results show that dark-rearing does 
not rescue subplate neurons from death. The results also indicate that 
dark-rearing does not delay every event in the visual cortex during 
development.
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3 7 0 .9
RECEPTIVE FIELD DISPARITY OF VISUAL CORTICAL CELLS ACTIVATED THROUGH THE CORPUS 
CALLOSUM DECREASES WITH AGE IN KITTENS. C. Milleretl*. J.C. Houzell and P. 
Buser2. (1) Laboratoire de Physiologie de la Perception et de l'Action, Collège 
de France; (2) Institut des Neurosciences, UMPC, 75005 Paris, FRANCE.

Some visual cortical cells activated through the corpus callosum were 
recently shown to display receptive field (RF) disparities in the adult cat 
(Lepore et al., 1992). Whether such "callosal" disparities exist during 
development and whether they change with age was examined here.

Seventeen 2 to 9 week-old kittens and 8 adults underwent a midsagittal 
section of their optic chiasm under Saffan anaesthesia. Three days later, they 
were again anaesthetized and paralyzed with flaxedil. Unit activities were 
recorded from A17 and A18 in one hemisphere. RFs of binocular cells were mapped 
successively by visually stimulating the contralateral eye (via callosal input) 
and the ipsilateral eye (via "direct" retino-geniculo-cortical input). Each RF 
for each eye was mapped with respect to the projection of the corresponding 
optic disc ;RFs of each binocular cell were then drawn in the visual field, 
taking into account that the position of its axes (central vertical meridian CVM 
and horizontal one) varies during development with respect to the optic disc 
position (Milleret et al., 1988).

Out of the 1036 recorded cells, 183 were binocular. As reported before, they 
were almost all located at the 17/18 border as early as 12 days and their RFs 
were located either on the CVM or in the hemifield ipsilateral to the explored 
cortex (Milleret et al., 1990). Analyzing the spatial location of their RFs with 
age showed that position disparity : (1) was especially marked and frequent in 
the youngest animals since 20 out of 26 cells showed angular distances between 
their RF centers reaching up to 25° (mean disparity m = 16°) ;(2) was less and 
less frequent and decreased with age (10/32 in the adult, m = 1.6°) ;(3) varied 
in amplitude from cell to cell in one given electrode tract whatever the age.

Given the importance of RF disparity for stereoscopic perception, our 
observations may be correlated to the development of depth perception along the 
CVM.

3 7 0 .11
E X IS T E N C E  O F  T R A N S IT O R Y  C O R P U S  C A L L O S U M  A X O N S  T H R O U G H O U T  
V IS U A L  C O R T E X  IN N E O N A T A L  C A T  A N D  R A T  C O N F IR M E D  U S IN G  IN 
VIVO B IO T IN Y L A T E D  D E X T R A N  A M IN E . S .- L .  P in o *  and  A .J .  E lb e ra e r . 
D ep artm en t o f A n a to m y  and N eu ro b io lo g y, T h e  U n iv e rs ity  o f T e n n e sse e  
M em p h is, C o lleg e  of M ed ic in e , M em p h is , TN  3 8 1 6 3 .

R e ce n tly  it h a s  been sh o w n  u sin g  in vitro Dii tra c in g  th a t tra n s ito ry  co rp u s  
ca llo su m  (C C ) a x o n s e x is t  th ro u gh o u t v isu a l c o rte x  in clu d in g  a rea  1 7  during  
early  p o stn ata l deve lo p m e n t of c a t  (E lb erg er, J  C o m p  N eu ro l, 1 9 9 3 )  and  rat 
(E lb erg er and H este r, S o c  N eu ro sc i A b s tr , 1 9 9 1 ) . T o  pro v ide  in vivo 
co n firm atio n  for th e  tra n s ito ry  C C  a x o n s , th e  p re se n t s tu d y  re e x a m in e s  the  
distribu tion  of C C  a x o n s  in v isu a l c o rte x  b y  app ly in g  an  a n te ro g ra d e  tra ce r, 
bio tinylated  d extran  am ine (BD A ) to  v isu a l and/or au d ito ry  c o rte x  during  
p o stn ata l w e e k  (PN W ) 1-2 [cat] and P N W  1-3  [rat]. B D A  w a s  un ilatera lly  
applied  e ith er by in traco rtica l in jectio n , or b y  p lac in g  sm all p ie c e s  o f filter 
paper so a k ed  in 2 0 %  B D A  in co rte x . A n im a ls  w e re  sa c r if ic e d  2 -8  d a y s  later.

In all c a s e s , the B D A  co n tra la te ra liy  labeled  C C  a x o n s  th ro u g h o u t v isua l 
co rtex  in cluding area 1 7 ; the d e n s ity  w a s  g rea te r a t cy to a rc h ite c to n ic  
b o rd ers. In the part o f area  17  p rev io u sly  th o u g h t to  be a c a llo sa l, sp a rse ly  
d istrib u ted  C C  a x o n s w e re  co m m o n ly  fou nd  in all co rt ica l la y e rs ; so m e  
a x o n s  co u ld  be fo llo w ed  from  th e  w h ite  m atter to  la y e r I. A t  or b e tw e e n  the  
c y to a rch ite c to n ic  b o rd ers, C C  a x o n s  o ften  e x ten d ed  w ith in  la y e r I parallel 
to  th e  pia for co n sid era b le  d is ta n c e s ; th is  w a s  a lso  fo u n d  u sin g  D ii. A t  ea ch  
ag e , th e  C C  a x o n s  pro jecting  to  cy to a rc h ite c to n ic  b o rd ers  w e re  th ick e r  and  
m ore b ran ch ed  than  th e  C C  a x o n s  p ro jecting  b e tw e e n  th e  b o rd ers . T h e  
re su lts  con firm  the e x is te n c e  of tra n s ito ry  h o m o to p ic  and  hete ro to p ic  C C  
p ro jectio n s th ro u gh o u t v isu a l co rte x  p re v io u s ly  s h o w n  in n eo n ata l c a t  and  
rat usin g  in vitro Dii trac in g . Su p p o rte d  by NIH g ra n t E Y 0 8 4 6 6  (A JE )
and  S ta te  o f T e n n e sse e  N e u ro sc ie n ce  C e n te r  o f E x c e lle n c e .

3 7 0 .13

Nerve Growth Factor (NGF) Stimulation Of GAP-43 Phosphorylation 
In Adult Cat Visual Cortex Y.L. liu*. O. Gu. K.F. Meiri# and M.S. 
Cvnader. Department of Ophthalmology, University of British 
Columbia, Vancouver, B.C. Canada. #Department of Pharmacology, 
College of Medicine, State University of New York, Syracuse, N.Y.

Our previous studies have indicated that chronic NGF treatment can 
induce physiologically measured ocular dominance plasticity in adult 
cat visual cortex (Gu et al 92,93). To determine whether the increased 
plasticity after NGF infusion in adult cat visual cortex is due to axonal 
sprouting or due to physiological m odification of existing 
synapses(unmasking of silent synapses, receptor density changes, 
etc), we looked for signs of sprouting in visual cortex after NGF 
treatment. The phosphorylated form of growth associated protein-43 
(GAP-43) has been shown to be enriched in axonal growth cones, and 
to be associated with sprouting in a variety of situations. We thus 
examined GAP-43 immunocytochemically in adult cat visual cortex 
treated with NGF for 2 weeks. While the immunoreactivity of 
antibodies against both phosphorylated and non-phosphorylated forms 
of GAP-43 did not show significant differences between the NGF- 
infused hemisphere and the control hemisphere, the immunoreactivity 
of antibody against the phosphorylated form of GAP-43 was found 
only in the NGF-infused hemisphere. The immunoreactive puncta, 
were present in a zone several millimeters in diameter around the 
infusion site, surrounding neuronal perikaya in the visual cortex. 
These results thus indicate that axonal sprouting is likely to play an 
important role in the NGF-triggered ocular dominance plasticity of 
adult cat visual cortex.

3 7 0 .1 0
G L U T A M A T E  IM M U N O R E A C T IV IT Y  IN R A T  A N D  C A T  C O R P U S  C A L L O S U M  
N E U R O N S  A N D  S O M E  O F  T H E IR  S Y N A P T IC  IN P U T S  IN V IS U A L  C O R T E X :  
A N  EM  A N D  C L S M  S T U D Y . A . J .  E lb e rg e r* .  D ep a rtm en t o f A n a to m y  and  
N eu ro b io logy, T h e  U n ive rs ity  of T e n n e s s e e  M em p h is , M e m p h is  TN  3 8 1 6 3 .

E x te n s iv e  e v id en ce  su p p o rts  G lu ta m a te  (G LU ) a s  a n e u ro tra n sm itte r for 
m an y  but not all co rp u s ca llo su m  (C C ) v isu a l c o rte x  n e u ro n s (e .g ., E lberger 
'8 9 ; E lberger & Honig '9 0 )  but little is k n o w n  a b o u t th e  n e u ro ch e m istry  of 
C C  a ffe ren ts . N o rep in ep h rin e+ a ffe ren te  to  C C  n e u ro n s w e re  fou nd  but the  
C C  neu ro tran sm itter w a s  no t defined  (E lb erg er & M a rc  '8 8 ) .  T h e  p resen t  
stu d y  exa m in e s  G L U  a s  a n e u ro tra n sm itte r fo r C C  c e lls  and  th e ir  in p u ts.

T w o  ty p e s  of s tu d ie s  w e re  perform ed . 1) In a ld eh y d e-fix ed  neo n ata l ca t  
and  rat b ra in s, c ry s ta ls  o f Dii w e re  p laced  in th e  m id sag itta l C C ,  A fte r  tim e  
for Dii d iffu sio n , 1 0 0  μνη co ro n al s e c t io n s  w e re  im m u n o cy to ch e m ica lly  
reacted  for G L U  1 :2 0 0 - 1 :5 0 0  (A rn el P ro d u cts , N Y ) and  an  F ITC -co n ju g a te d  
2° a n tib o d y . S e c t io n s  w e re  exam in ed  w ith  a c o n fo ca l la se r  sca n n in g  
m icro sco p e  (C L S M ). 2) R a ts  3 0 - 6 0  PN D  had  un ilatera l v isu a l co rte x  H RP  
(h o rse ra d ish  pero x id ase ) in jectio n s and  2 4  hr la ter w e re  p erfu sed  w ith  m ixed  
a ld e h y d e s . C o ro n a l 5 0  μνη se c t io n s  w e re  H R P -reacted  w ith  th e  O -To lid in e  
ch ro m o g en  (E lberger et a l., J .  N e u ro sc i. M eth . 1 9 9 3 ) , th en  reacted  
im m u n o cy to ch em ica lly  fo r G L U  1 :5 0 0  (A rn e l P ro d u c ts , N Y) w ith  P A P  or 
A B C  rea g en ts . S e c t io n s  w e re  th en  prep ared  fo r e lec tro n  m ic ro sc o p y  (EM ).

T h e  C L S M  and  EM  stu d ie s  sh o w e d  m an y  C C  n e u ro n s d ou b le-labe led  w ith  
G L U . T h e  C L S M  a lso  sh o w e d  G L U + C C  a x o n s  c lo se ly  a p p o se d  to  G L U + Dil- 
labeled  C C  so m a ta /p ro c e sse s . In add itio n , th e  EM  s h o w e d  G L U + s y n a p se s  
affe ren t to O -To lid in e/H RP-labeled  C C  n e u ro n s, bu t th e  m ajo rity  o f sy n a p s e s  
w e re  no t G L U +. T h u s , C C  fu n c t io n s  a re  b a se d  on m ore th an  G L U  
n e u ro ch e m istry ; th is  n e u ro ch em ica l h e te ro g en e ity  sh o u ld  be in corp orated  
into m o d els of C C  fu n ctio n . S u p p o rte d  b y  NIH g ra n t E Y 0 8 4 6 6  (A J E ) .

3 7 0 .1 2
ANTIBODIES TO NGF PROLONG THE SENSITIVE PERIOD FOR 
MONOCULAR DEPRIVATION IN THE RAT. Domenici !«_ N. 
B-ęrardi İL. Au C e n e rino L. ILu Siciliano Lu A_u Cattaneo 
3'4 and L . Maf f ei 1'2. xInst. of Neurophysiol. CNR, 
2Scuola Normale Superiore, Pisa 56127? 3 Inst, of 
Neurobiol. CNR, Roma; 4 Sissa, Trieste, Italy.

It has been shown that NGF has a role in the activity 
dependent neural plasticity exhibited by mammalian visual 
cortex during a restricted period of postnatal 
development (critical period, CP) in response to 
monocular deprivation (MD). We asked whether the time 
course of cortical sensitivity to MD might be altered in 
animals where the action of endogenous NGF was blocked 
from the beginning of CP and, in particular, whether MD 
might remain effective even after the end of CP (around 
postnatal day 40, P40, in rats). NGF was antagonized by 
intraventricular transplant of hybridoma cells Dll, 
secreting antibodies to NGF, in 10 P14 rats. As a 
control, 6 P14 rats were transplanted with parental 
myeloma cells P3U. Animals were monocularly deprived for 
3 weeks by eyelid suture starting either at P14, P50 or 
P60. MD effects were assessed by evaluating the ocular 
dominance distribution of visual cortical neurons.

We found that MD effects were present in all three 
groups of Dll transplanted rats, even in those deprived 
after the end of CP (P50 and P60). By contrast, MD was 
completely ineffective in P3U treated rats deprived after 
CP end. We conclude that block of NGF action prolongs the 
rat critical period for MD.

3 7 0 .1 4

SPECIFIC 5-HT1C RECEPTOR BLOCKADE PREVENTS OCULAR 
DOMINANCE PLASTICITY IN THE KITTEN PRIMARY VISUAL CORTEX. 
Y.-C. Wang*, Q. Gu and M. Cynader. Department of Ophthalmology, 
The University of British Columbia, Vancouver, B.C. Canada.

Monocular deprivation (MD) during a critical period in early life 
leads to shifts in cortical eye preferences. Recent studies have 
identified a developmentally-regulated columnar organization 
within the visual cortex marked by 5-HT-ic  receptors at the time 
that ocular dominance columns are coalescing. To assess the role of 
this receptor system in ocular dominance plasticity, a specific 5-  
H Tio  receptor blocker, mesulergine, was infused into the visual 
cortex of one hemisphere of 6 -7  week old kittens by using osmotic 
minipumps, while the animals underwent monocular deprivation 
for a one-week period. W e  found that nearly 6 5 %  of the neurons 
had remained binocular in the mesulergine treated hemisphere, 
while almost all neurons were unresponsive to the deprived eye in 
the control hemisphere (infused with vehicle solution). This effect 
seems to be dose-dependent: the farther away the recording sites 
were from the injection site, the fewer binocularly-responsive 
cells were found. Histological examination showed that the neurons 
that retained binocular responses in the mesulergine treated 
hemisphere were most likely to be located in cortical layer IV 
where the 5-HT-ic receptors are found. These results strongly 
suggest that the normal functioning of this receptor system may be 
critical to ocular dominance modification in the developing visual 
cortex.
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370.15
NITRIC OXIDE SYNTHASE INHIBITION DOES NOT PREVENT OCULAR 
DOMINANCE PLASTICITY IN CAT VISUAL CORTEX D. C. Gillespie*. E. 
S, ButhaxflL T, M, Dawson, S, H. Snyde.r,-aad-M, -E -̂StiYKai Graduate 
Neuroscience Program, Dept. of Physiology, UCSF, San Francisco,CA 
94143-0444 and Dept. of Neuroscience, Johns Hopkins School of Medicine, 
Baltimore, MD 21205.

The signaling molecule nitric oxide (NO) has been implicated in certain 
forms of neuronal plasticity. In normal one-month kittens, brief monocular lid 
suture reliably shifts visual responsiveness such that nearly all cortical 
neurons come to respond preferentially to stimuli presented to the non- 
deprived eye. We tested whether NO production is necessary for this ocular 
dominance plasticity using competitive inhibitors of NO synthase (NOS). 
Either N-methyl-L-arginine or N-nitro-L-arginine was infused continuously into 
the visual cortex on one side in one-month-old kittens for one week. Saline 
control solution was infused into the other hemisphere in all animals and 
infusion solutions were encoded to ensure blind physiological and 
biochemical assays. Two days after onset of drug infusion, one eye was 
deprived of pattern vision by lid suture. Five days later, extracellular single
unit recordings revealed normal plasticity; ocular dominance shifted to favor 
the non-deprived eye in both experimental and control hemispheres of all 
experimental animals. At the completion of recordings the brains were 
removed and slices frozen for assays of NOS activity as measured by 
conversion of arginine to citrulline. NOS activity in the region studied 
physiologically was profoundly or completely inhibited (mean = 19-fold for 
22mM nitroarginine) in experimental hemispheres compared to control 
hemisphere levels. We conclude that visual cortical ocular dominance 
plasticity does not require the activity of nitric oxide synthase. Supported by 
grants from the NIH, an NSF fellowship, and an NEI vision training grant.

3 7 0 .1 7

EFFECTS OF SHORT-TERM MONOCULAR DEPRIVATION ON 
IDENTIFIED BOUTONS OF THALAMO-CORTICAL FIBERS IN KITTEN 
AREA 17.
M. Schweizer* and C.M. Müller. MPI f. Entwicklungsbiol., 7400 Tübingen, F.R.G.

The columnar representation of information from the two eyes in the primary 
visual cortex is achieved by an activity-dependent spatial segregation of initially 
overlapping thalamocortical projections. Monocular deprivation (MD) offers an 
experimental model to induce a functional downregulation of a defined set of 
afferente at a defined time and with a predictable time course. The present study 
addresses the question of whether the observed physiological change is paralleled by 
morphological changes or even whether synapse elimination occurs at deprived 
afferente. Thalamo-cortical afferents were traced in 5 week old kittens by 
iontophoretic application of the anterogradely transported tracer Phaseolus vulgaris 
placed in lamina A l of either lateral geniculate nucleus (LGN). Several days later 
one eye was closed by lid suture. After another week the kittens were anesthetized 
and transcardially perfused. Vibratemi sections of the visual cortex and the LGN 
were prepared and the lectin was visualized immunohistochemically by the PAP 
method. Selected sections containing labelled projections in area 17 were prepared 
for light- and electronmicroscopy. Ultrathin sections were cut in order to investigate 
the density of synapses and the morphology of either, the deprived (D) and non- 
deprived (ND) pathway. Serial sections allowed the reconstruction of entire boutons 
from identified afferents. Most (D) and (ND) boutons made only one excitatory 
synapse (about 60%). There was a markedly higher proportion of perforated 
synapses (PS) at ND boutons (19%) versus D ones (7%). It is suggested that the 
observed unbalance of PS to non-PS reflects the differences in synaptic efficacy 
after short-term deprivation. We cannot yet exclude that a subpopulation of D 
boutons disappears as entirely within a few days of MD. Possible mechanisms with 
respect to activity-dependent changes in synaptic transmission after MD will be 
discussed. (Supported by the BMFT, 0316902A)

370 .19
OCULAR DOM INANCE COLUM NS W ITH IN TH E FOVEAL  
REPRESENTATION O F M ACAQUE STRIATE CORTEX ARE LESS 
SUSCEPTIBLE TO SHRINKAGE INDUCED BY EARLY  
M ONOCULAR DEPRIVATION. J.C. Horton* & M.P. Strvker. 
Departments o f  Ophthalmology & Physiology, UCSF, San Francisco, CA 
94143-0730.

Early unilateral eyelid suture in macaques produces severe shrinkage o f 
the ocular dominance columns serving the amblyopic eye (Hubel, Wiesel, 
& LeVay 1976). We inquired whether there is a gradient across the 
retinotopic map in VI in the susceptibility o f  ocular dominance columns to 
shrinkage induced by visual deprivation. Two monkeys underwent suture 
o f the right eyelids a week after birth. The ocular dominance columns were 
subsequently double-labelled with [3H]-proline & cytochrome oxidase 
(Stryker & Horton Neurosci. Abs. 18:1455. 1992 & Horton & Stryker 
PNAS. 1993). In the first monkey, the normal eye was injected with 
proline and then enucleated at age 21 months. Cytochrome oxidase showed 
shrunken, dark columns (amblyopic eye) alternating with expanded, pale 
columns (normal eye), except in the representation o f the fovea, where the 
pale and dark columns appeared approximately equal in width. In the 
second monkey, the amblyopic eye was injected with proline and then 
enucleated at age 11 months, revealing shrunken, pale (amblyopic eye) CO 
columns alternating with expanded, dark columns (normal eye). Again, 
columns in the foveal representation appeared about equal in width. These 
preliminary findings indicate á surprising resistance o f columns within the 
foveal representation to shrinkage or expansion induced by visual 
deprivation. (Supported by grants from NEI & No. Ca. Soc. Prev. 
Blindness & UCSF Acad. Senate)

370 .16
ANATOMICAL DEMONSTRATION OF THE ROLE OF POSTSYNAPTIC 
ACTIVITY IN VISUAL CORTICAL PLASTICITY Y. Hata* and M.P. Strvker 
Dept. Physiol., Univ. California, San Francisco, CA 94143-0444

After monocular visual deprivation during a critical period of early life, most visual 
cortical cells come to respond exclusively to the nondeprived eye. Monocular 
deprivation also causes a dramatic anatomical expansion of cortical territory serving 
nondeprived eye along with a compensatory shrinkage of territory serving deprived eye. 
Previous microelectrode studies indicate that postsynaptic activity in cortex is crucial 
for ocular dominance plasticity (Reiter & Stryker, 1988). Whether postsynaptic 
activity also plays a role in the anatomical rearrangements of geniculocortical afferents 
has remained an important question.

To address this issue, we have inhibited visual cortical cells by continuously 
infusing the GABAa  receptor agonist, muscimol, into the visual cortex of four week 
old kittens through a cannula connected to a mini-pump, and have then deprived one 
eye of vision by eyelid suture. After four weeks, the region inactivated by muscimol 
was delineated physiologically, and, after the effects of muscimol had subsided, the 
ocular dominance of cortical cells was determined. For anatomical demonstration of 
the geniculocortical afferent projection, we injected ^H-proline into the nondeprived 
eye ten days before the physiological experiment and processed cortical tissues for 
autoradiography.

Most visual cortical cells in the control hemisphere were driven exclusively by 
nondeprived eye stimulation. In the muscimol-treated hemisphere, in accord with 
previous reports, most cells in the region that had been inactivated were driven more 
effectively through the deprived eye. As expected, autoradiography showed nearly 
continuous labeling in layer IV of control hemisphere, and, in regions of the 
experimental hemisphere far from the muscimol infusion site, patches of label from 
the injected, nondeprived eye were thicker than the unlabeled gaps and were often 
confluent. In contrast, around the muscimol infusion site, clear patches of label were 
separated by gaps at least as prominent as those in normal animals. These results 
suggest that inhibition of postsynaptic cells prevents expansion of the cortical territory 
serving nondeprived eye after monocular deprivation, (supported by HFSPO & NIH)

370.18

DISRUPTION OF GENERATION OF LAYER 4 IN CAT AREA 17 RETARDS 
GENICULATE AXON SEGREGATION BUT NOT THE EMERGENCE OF 
CYTOCHROME OXIDASE ’BLOBS’. Peter Kind*. Kathryn M. Murphy1. Frank 
Senqpiel and Colin Blakemore. University Laboratory of Physiology, Oxford, 
OX1 3PT, U.K., and 1McGill University, Montreal, Canada.

In normal cats, as in monkeys, a periodic pattern of cytochrome oxidase 
(CO) ’blobs’ in the superficial layers of area 17 coincides with the centres of 
ocular dominance ’stripes’ in layer 4. The segregation of LGN axons that 
normally occurs postnatally might lead to the formation of CO blobs; or the 
blobs might act as spatial guides for the segregation process. Previous work 
(Kind etai., 1992, Neurosci. Abs. 18: 1314) has shown that application of the 
cytotoxic agent methylazoxymethanol acetate (MAM) at E40.5, the peak time 
for generation of neurons contributing to layer 4, virtually prevents axon 
segregation. We have now examined patterns of CO activity in such animals.

An intrauterine injection of MAM (16mg/kg maternal weight) was given on 
E40.5. When they were adult the offspring received 2 injections of WGA-HRP 
(1 mg each), 2 and 4 days prior to perfusion with 2% glutaraldehyde. The 
posterior two-thirds of the hemispheres were flattened and tangential sections 
were processed for HRP or CO activity.

Although the density of labelled geniculate afferents waxed and waned in 
some regions, they were essentially unsegregated. On the other hand, CO 
staining revealed a qualitatively completely normal pattern of blobs in the 
upper cortical layers. MAM administration presumably decreases the number 
of neurons initially destined for layer 4 and may disturb the timing of formation 
and migration of cells ultimately contributing to that layer. The fact that such 
disruption of laminar generation clearly impedes the segregation of LGN 
afferents but does not prevent the emergence of CO blobs implies that the 
latter process is not dependent on ocular segregation.
- Supported by the MRC and the Oxford McDonnell-Pew Centre for Cognitive Neuroscience.

370 .20

A SCENARIO OF THE POSTNATAL DEVELOPMENT OF 
COLUMNAR ORGANIZATION IN STRIATE CORTEX. & 
Tanaka* Fundamental Res. Labs. NEC, Tsukuba, Japan; Lab. 
Neural Networks, RIKEN, Wako, Japan.

Recently, the author's computer simulations of the self
organization of geniculate afferents have demonstrated that 
orientation preference maps, ocular dominance patches and 
topographic maps can be generated according to correlations 
in spontaneous firing of retinal ganglion cells (SN Abstract 17 
767, 1991). However, receptive fields of binocular cells were 
dissimilar and the tuning of orientation preferences of individual 
cells were broad. An extended model for the self-organization 
of afferent inputs and long-range horizontal connections is 
proposed, which incorporates effects of visual experience. The 
horizontal inputs are assumed to transmit activity in a state- 
dependent manner. It is found that separation of the left and 
right eyes produces ocular dominance columns instead of 
uncorrelated firing of retinal ganglion cells between the two 
eyes. Visual stimuli with oriented contours not only enhances 
orientation preference of cortical cells but also causes the 
coincidence in preferred orientations in the two eyes. The 
present model suggests the importance of visual experience 
during development. A role of the horizontal connections can 
be interpreted to select preferentially oriented stimuli as 
teaching signals. This work was supported by NEDO under 
management of FED.
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370 .21

VISUAL DEAFFERENTÁTION INDUCES MODIFICATIONS 
OF IMMEDIATE EARLY GENES (IEGS) AND 
NEUROTRANSMITTERS GENE EXPRESSION IN THE 
ADULT CAT BRAIN. F. Vandesande^*. F. Zhang2.
W. Vanduffel3. P. Mailleux2. L. Arckens13. E. Vandenbussche3.
J.-J. Vanderhaeghen2. and G.A. Orban3. 1Lab. Neuroendocr. & 
Immunol. Biotedm., Zoolog. Inst. KULeuven; 3Lab. Neuro- en 
Psychofysiol., KULeuven, B-3000 Leuven; 2 Unite de Recherche 
sur le Cerveau, ULB, Campus Erasme, B-1070 Brussels, Belgium.

By in situ hybridization histochemistry conducted at the 
microscopic level, we investigated in the adult cat brain, following 
visual deafferentation, changes in mRNA concentrations of IEGs 
and neuropeptide- and neurotransmitter-synthesizing enzymes. 
The cats were sacrificed between 3 days and 4.5 months after 
surgical lesioning of the callosal body, anterior commissure and 
optic tract. Under this experimental paradigm, we observed in the 
deafferented primary visual cortex, a decrease of the IEGs c-fos, 
jun-B and zif-268 mRNA levels, in contrast to an increase of c- 
jun. In addition there was a reduction of somatostatin but not of 
cholecystokinin and glutamic acid decarboxylase mRNAs levels. 
These differences were more pronounced with increasing time 
after surgery. These data are a new example of IEG and 
neurotransmitter plasticity following lesion.

Supported by Ш АР Vision & Memory.

370 .23

DEVELOPMENTALLY DEPENDENT LONG-TERM DEPRESSION OF 
NEOCORTICAL SYNAPSES IN VITRO. S. M. Dudek* and M. J. Friedlander. 
Neurobiology Research Center, Univ. of Alabama at Birmingham, AL 35294.

Long-term synaptic depression (LTD) has been hypothesized to play a dominant 
role in the mechanisms that mediate ocular dominance plasticity in the developing 
visual cortex. That is, since visual cortical neurons lose responsiveness to the 
deprived eye, a likely process involves activity-dependent weakening of synaptic 
effectiveness or elimination of synaptic connections. One type o f synaptic 
depression, which is induced by low-frequency stimulation, has recently been 
described in slices of rat hippocampus (Dudek and Bear, 1993) and rat and kitten 
visual cortex (Kirkwood et al. 1993). However, to date, it is unknown whether this 
type of synaptic modification in visual cortex shares with ocular dominance plasticity 
a critical period, or developmental dependence, for its expression. Conventional 
intracellular recordings from the middle layers of slices from adult (>30 days old) and 
immature (< 8 days old) guinea-pig occipital cortex and kitten (approx. P35) striate 
cortex were used to investigate properties of LTD and its development. In slices 
from young guinea-pigs, white matter low frequency stimulation (LFS) at 1 Hz for 
15 minutes resulted in a reduction of the size of intracellularly recorded compound 
postsynaptic potentials (PSPs) in approximately 60% of neurons from which stable 
baseline recordings were obtained (n=8/14). Of those cases where ш  depression was 
observed after LFS (n=6/14), the PSPs were often characterized by large, late 
hyperpolarizations that truncated the duration of the depolarizing synaptic responses 
(n=5/6). These IPSP-like hyperpolarizations were not observed in any of the cases 
where LTD was induced. Similar results were obtained in recordings from kitten 
striate cortex. In contrast, LTD was not induced in any recordings from adult guinea- 
pig, irrespective of the presence of hyperpolarizations (n=0/6). These data suggest 
that inhibitory circuitry can influence the induction of LTD, but that other unknown 
factors are more likely to be responsible for its age-dependence. Supported by NIH 
grants EY05116 and T32 EY07033.

370 .25
EXPERIENCE-INDEPENDENT MATURATION OF GRATING ACUITY AND 
EXPERIENCE-DEPENDENT MATURATION OF SPATIAL INTERACTONS. Mi 
Kitano*. I- Kasamatsu. A.M. Norcia. E.E. Sutter and R. Kuroda. Kinki Univ., Sch. 
Med., Osaka, 589 Japan; Smith-Kettlewell Eye Res. Inst., San Francisco, CA 94115.

Lid suture of one eye is known to reduce the number of visually responsive cells in 
visual cortex upon stimulation o f the deprived eye. The same stimulation, however, 
can still elicit field potentials in the cortex of nearly normal amplitude. We have 
shown earlier that in normal visual cortex the receptive-field size o f local field 
potentials induced by contrast reversal of bar gratings extends far beyond the limit of 
the classical receptive fields defined by spike discharges at the same recording site 
(Kitano et al., ARVO Abstr., 1991). A slow-rising, non-classical field potential 
component is also elicited when the contrast reversal is modulated pseudorandomly in 
time (peak latency ~75msec). The non-classical component is obviously non- 
retinotopic and exhibits strong inhibitory spatial interactions whenever more than one 
patch is presented within the non-classical receptive field (Kasamatsu et al., Abstr. 
Soc. Neurosci., 1991).

In area 17 of cats monocularly lid-sutured from the age of 1 week to 4 years, we 
found: 1) No single units were driven by stimulation of the deprived eye, 2) We 
recorded steady-state field potentials using spatially swept, contrast-reversing bar 
gratings. Grating resolution (~3c/deg) was similar for the deprived and non-deprived 
eyes, 3) However, the size of the receptive field elicited by stimulation of the deprived 
eye was much smaller than that of normal cats and that elicited by the non-deprived 
eye, and 4) The deprived eye-elicited field potentials had neither the non-retinotopic 
component nor exhibited spatial interactions within their receptive fields. We conclude 
that spatial interactions and spike generation in visual cortex are abolished by 
monocular deprivation, while spatial resolution is little affected. The development of 
the lateral interactions in visual cortex appears to be essential for normal cortical 
function, including the generation of spike activity. (Core Grant EY-06883)

370 .22
DIFFERENCES IN IEG INDUCTIONS IN CAT VISUAL CORTEX DURING 
AND AFTER THE CRITICAL PERIOD. G.D. Mower*and Irina Kaplan. 
University of Louisville School of Medicine, Louisville, KY. 40292.

The aim of this study was to determine whether inductions of the 
immediate early genes c-fos and egr-1 differed between young (plastic) and 
adult (nonplastic) cat visual cortex. 5 week old (n=4) and adult cats (n=4) 
were placed in total darkness for 1 week then exposed to light for 1 or 4 
hours immediately prior to sacrifice. Age matched normals served as 
controls (n=4). Immunohistochemical methods were used to compare the 
magnitude and laminar distribution of IEG protein inductions in visual and 
frontal cortex. Results were very similar for these two IEG proteins. 1 hour 
of visual experience resulted in dramatic inductions of Fos and EGR-1 at 
both ages which were far greater in visual cortex than frontal cortex. A 
dilution series of primary antibody indicated that the inductions in visual 
cortex were of greater magnitude in 5 week than adult cats. More 
importantly, there were major differences between ages in the laminar 
distribution of labelled neurons. In 5 week old cats, cells were densely 
labelled in all layers, with layers I and V appearing as paler bands due their 
low cell density. In adult cats, immunoreactivity was markedly denser in 
supra- and infragranular layers than in layer IV, where cell staining was very 
light. After 4 hour of visual exposure, immunoreactivity returned to near 
basal levels at both ages.

The age differences in the magnitude and laminar distribution of Fos and 
EGR-1 proteins suggest that immediated early gene inductions may not 
only reflect activity, but also be related to the state of plasticity. The age 
difference in layer IV is particularly interesting because in young animals all 
layers are plastic, but in older animals plasticity is limited to supra- and 
infragranular layers. Supported by NIH grant R01 NS25216.

370 .24
ROLE OF NMDA RECEPTORS AND AGE IN COVARIANCE INDUCED 
SYNAPTIC PLASTICITY IN NEOCORTEX. K, Harsanvi* and M.J. 
Friedlander. Neurobiology Research Center, University of 
Alabama at Birmingham, AL 35294 USA.

In the occipital cortex, repeated low frequency pairing 
of presynaptic activation with postsynaptic depolarizing or 
hyperpolarizing current pulses leads to synaptic strength
ening or weakening, respectively (Friedlander, et al..Prog. 
Br. Res. 95:207-223, 1993). This protocol provides biologi
cal validity for the BCM covariance model of synaptic 
plasticity (Bienenstock, et al., J. Neurosci. 2:23-48, 
1982). However, the age dependence and induction mecha
nisms for this effect have not been investigated. We used 
intracellular recording and current injection in conven
tional slices of occipital cortex from tri-color guinea 
pigs, aged 7-110 days. 0.1 Hz pairings of low intensity 
(<30% threshold) white matter (WM) stimuli (60 parings per 
series) were delivered with intracellularly applied 
depolarizing pulses (x=+2.0 nA, 80ms) in normal artificial 
cerebrospinal fluid (ACSF) or ACSF with 25 or 50 μΜ D-APV. 
After 15 mins, of baseline recording, postsynaptic poten
tials (PSPs) were evaluated for peak amplitude and slope. 
In young animals (7-27 days), in normal ACSF, 86% (12/14) 
of the PSPs increased by x=+30% during the 10 minute period 
following the pairing procedure. The induction of this 
potentiation was insensitive to 25 μΜ D-APV in the young 
group. In older animals (40-50 days, 2/2), the induction 
of potentiation was reversibly blocked by D-APV. In the 
oldest group (110 days, 4/4), the pairing protocol did not 
elicit potentiation, even in normal ACSF. Thus, the 
incidence and mechanisms responsible for this type of 
synaptic plasticity appear to be developmentally regulated.
Supported by NIH Grant EY-05116.

370 .2 6
THE EFFECTS OF HORMONE MANIPULATION AND RED 
LIGHT ON SEX DIFFERENCES IN VISUAL SYSTEM 
DEVELOPMENT AND OPEN FIELD BEHAVIOR. R.H.MILLS. 
T.RITCHIE. J.BETHEA. F.GRIMMER. D.E.FLEMING* Dep’t 
Psych., Brigham Young U., Provo, UT, 84602.

A sex difference has been observed in visual cortical thickness 
with male rats showing a significantly greater thickness. When 
reared in red light cortical development is significantly retarded in 
both male and female rats with the males displaying a greater 
retardation in areas 17, 18, & 18a of the visual cortex (Fleming et 
al ’90).

Our objective was to take a more discrete look at cortical 
differences using Zilles’ model; specifically the areas OC2MM, 
OC2ML, OC1M, ОСІВ, OC2L. Male & female rats were raised in 
either a red or white light environment. Half the male rats were 
gonadectomized (GDX) at day 1 after birth and half the female rats 
were given 3 injections of testosterone propionate (TP) on days 1,3,& 
5 post-natally. Half of all groups were sacrificed at day 90 to measure 
the visual cortex. The remaining rats were observed for open field 
behavior, visual evoked responses, and power spectrum analyses.

Rearing in red light retarded cortical development. In addition, red 
light animals displayed increased open field activity and depressed 
electrical measures when compared with control animals. Cortical 
measures from GDX and TP animals approximated those of female 
and male control animals, respectively.
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370 .27
MODIFICATION OF BRIGHTNESS PERCEPTION IN THE 
COURSE OF A VISUAL REHABILITATION PROGRAMME.
L, РогпһеЈт,Ғ. Schmielau*. Inst, for Med. Psycho
logy, D-2400 Lübeck (Germany).

Zihl, Lissy and Poppel (1980) investigated brightness 
perception (4х ) of threshold stimuli in the entire visual 
field (VF) by means of the magnitude estimation technique. 
It was very likely to useYas an objective diagnostic 
criterion to determine the border between the intact and 
the anopic VF in patients with visual defect due to 
cerebral lesions.

In a patient with a bilateral quadrantenanopia who was 
subject to a visual rehabilitation programme lasting 
several years (> 600 therapy units â 45 min. each) ap
parent brightness was measured to control improvement of 
visual functions due to therapy.

The results show increase of VF extension and improved 
visual reaction velocity as well as an increase of sub
jective brightness perception in the restitued VF. It is 
discussed whether Y can be considered as an additional 
"hard" criterion of therapeutical improvement.

370 .28
D Y SE ID E T IC  D Y SLE X IC S DO NO T D E M O N STR A TE A 
MAGNOCELLULAR DEFECT. W.H. RidderJIL E. Börsting and P. Simmons*. 
Southern California College of Optometry, Fullerton, CA. 92631.

The presence of a magnocellular pathway defect in dyslexics has recently been 
questioned. Some studies indicate that dyslexics do have a magnocellular pathway 
defect (Livingstone et al., 1991) while others do not (Victor et al., 1992). These 
contradictory findings may have resulted from treating dyslexia as an homogenous 
rather than heterogenous disorder consisting of specific subtypes (dyseidetic, 
dysphonetic, and dysphoneidetic). The purpose of this study was to determine if 
dyseidetic dyslexics exhibit a magnocellular pathway defect. Five dyseidetic 
dyslexics and six normal controls were examined (age 25 - 53). All subjects had 
normal intelligence and educational opportunities, and no ocular disease, sensory 
impairments, overt psychological problems, or systemic pathology. The presence 
of dyslexia was determined by the Adult Dyslexia Test. Contrast sensitivity 
functions (CSF) were determined with vertically oriented sine wave gratings (0.5,
1.0, 2.0, 4.0, 8.0, and 15.0 c/deg drifting at 1.0 and 10.0 Hz) by employing a 2 
alternative, forced choice technique. Visual evoked potentials (VEP) were obtained 
in response to counterphasing sine wave gratings of the same spatial and temporal 
frequencies as the CSFs. Two contrast levels were examined (2.0% and 20.0%). 
The 10.0 Hz VEP data was digitized and Fourier analyzed and the amplitude of the 
response at 20.0 Hz was derived. For the 1.0 Hz data, the latencies and the 
amplitudes of the principal waveforms were measured. Unpaired t-tests 
demonstrated that no significant differences existed between the dyseidetic 
dyslexics and the normal controls for visual stimuli that are believed to be 
processed by the magnocellular pathway (low spatial frequencies, high temporal 
frequencies, low contrast levels). These results suggest that dyseidetic dyslexics do 
not have a magnocellular defect in the visual pathway.

AGING PROCESSES II

3 7 1 .1
ADVANCING AGE ALTERS SYMPATHETIC NERVE TRANSMITTER 
RELEASE IN THE F-344 RAT J. Buchholz* and S.P. Duckies. Dept. 
Pharmacology, University of California, Irvine CA 92717.

There is a signifficant age-related increase in stimulation evoked 
norepinephrine release from adrenergic nerves and a corresponding 
increase in sensitivity to extracellular calcium. Previous studies have 
demonstrated no age-related decline in the function of prejunctional 0.2 - 
adrenergic receptors. In this study we examined the effect of age on 
sensitivity of stimulation evoked fractional norepinephrine release with 
altered frequency (0.5 to 8 Hz, 100 pulses) in tail arteries from rats aged 6 
and 20 months. Norepinephrine release was quantitated by HPLC and 
electrochemical detection. When cc2 -adrenergic receptors were either 
functional or blocked with idazoxan fractional norepinephrine release was 
constant with frequencies from 0.5 to 8 Hz. Furthermore, fractional 
norepinephrine release from tail arteries isolated from 20 month old 
animals was significantly greater at each frequency studied compared to 6 
month old animals. These data extend our previous studies and suggest 
that advancing age may result in a significant sensitization of vascular 
adrenergic nerves to activation of transmitter release. One possible 
explanation for these results is that advancing age results in a decrease in 
regulation of intracellular calcium leading to greater calcium transients in 
the nerve cell.
Supported by American Federation For Aging Research

3 7 1 .3

ACUTE EFFECT OF NIMODIPINE ON REGIONAL CEREBRAL 
METABOLIC RATE OF GLUCOSE (rCMRglu) IN ELDERLY NORMAL 
SUBJECTS. J.M, Lorenz*. J. Metz, J. Singh, S. KronmaLM.D, Cooper,. The 
University of Chicago, Chicago, II, 60637.

The acute effect of the calcium channel blocker nimodipine on rCMRglu was 
measured using positron emission tomography (PET). Increases in rCMRglu 
after nimodipine would suggest that this drug might be efficacious in the 
treatment of disorders with localized hypometabolism such as dementias.

Five subjects were studied with a PETT VI and 18-F-2FDG using double
blind design. Subjects were right-handed, physically healthy, psychologically 
normal and consisted of 3 males and 2 females aged 63 to 69. Each underwent 2 
PET scans -- one 30 minutes after oral administration of 90 mg o f nimodipine 
and one after placebo. Subjects performed a sensory-motor attention task during 
the period of FDG equilibration, which was immediately followed by tests of 
recognition and working memory. Fifteen regions of interest were examined 
bilaterally.

No difference in task performance was observed between the drug and 
placebo conditions. Global CMRglu (mg/100g/min) averaged 7.15 ± 1.48 after 
the drug and 6.86 ± 1.16 after placebo. An elevation in iCMRglu in the left basal 
ganglia after nimodipine relative to placebo approached significance (p = 0.053).

A 5.3% (R>L) asymmetry in the frontal to parietal (F/P) rCMRglu ratio was 
observed after placebo. This effect was not present after nimodipine 
administration or in a placebo study of 39 normal young males aged 21 to 36 
previously conducted in our PET center.

Nimodipine appears to normalize the age-associated asymmetry in the F/P 
ratio. Since asymmetrical frontal lobe metabolism as well as global 
hypometabolism has been implicated in depression, and since depression is 
prevalent among the elderly, this effect warrants further study o f the 
effectiveness of nimodipine in treating affective disorders.

3 7 1 .2
IN VIVO ELECTROCHEMICAL STUDIES OF THE EFFECTS OF 
AMPHETAMINE ON DOPAMINE OVERFLOW IN THE STRIATUM OF YOUNG 
AND AGED FISCHER 344 RATS. M.N. Friedemann-* I. Stromberg, and G.A. 
Gerhardt Depts. of Pharmacology and Psychiatry, University of Colorado Health 
Sciences Center, Denver, CO and Dept. of Histology and Neurobiology, Karolinska 
Institute, Stockholm, Sweden.

Previous studies have shown that potassium- and glutamate-evoked dopamine 
(DA) overflow are significantly reduced in the striatum of aged (24 month old) rats 
compared with young (6 month old) rats. These age-dependent changes may be related 
to the calcium-dependence of these stimuli or other factors involved in depolarization 
of the DA neurons Therefore, in this study, we have used amphetamine in order to look 
at the effects of aging on a non-calcium dependent release process. Male F344 rats that 
were 6- or 24-months old were anesthetized with urethane and placed in a stereotaxic 
apparatus. D-amphetamine (1 mM) was ejected in situ from glass micropipettes 300 
μιη away from a Nafion-coated caibon fiber electrode. DA concentrations were 
measured using an electrochemical recording system (IVEC-10, Medical Systems 
Corp.). Preliminary results indicate that there were no significant differences between 
the age groups in terms o f the amplitude or duration of the DA signals. In the young 
group, the average amplitude was 0.54 ± 0.14 μΜ, and the half-decay time was 231 + 
37 sec (n=13). In the aged group, the average amplitude was 0.59 ± 0.14 μΜ, and the 
half-decay time was 174 ± 26 sec (n=17). These results suggest that the age-related 
differences observed in potassium and glutamate-evoked DA overflow are somehow 
related to alterations in calcium-dependent release processes. In contrast, no age 
differences were seen with amphetamine, which has a non-calcium dependent mecha
nism of action. Supported by USPHS grants AG06434 and AG00441.

3 7 1 .4

NEURAL DEGENERATION IN THE FISCHER 344 RAT RETINA. M. del 
Cerro*. D. A. DiLoreto. Jr.. C. Cox, and C. del Cerro. University o f Rochester 
School of Medicine, Rochester, New York, 14642.

We previously used histological, morphometric, and statistical analyses to 
characterize the peripheral retinal degeneration in the Fischer 344 rat We wished to 
improve our understanding o f this process by documenting the extent of the 
degenerative process and by elucidating the cellular changes involved.

The nasal to temporal extent of the peripheral photoreceptor degeneration was 
studied by measuring changes in the thickness of the outer layers of paralimbal 
sections. Electron microscopy was performed on areas showing peripheral, cystoid, 
and paving-stone degenerations in order to identify the ultrastructural correlates of 
these conditions. Immunohistochemistry was performed on sagital section to 
compare peripheral versus equatorial versus central glial and neuronal changes that 
may occur.

Peripheral retinal degeneration in the F344 involves the photoreceptor layers and 
the outer nuclear layer. Paving-stone degeneration was found in two 8m old F344 
females and a 3m, 8m, and 12m F344 male rats Microcysts were found throughout 
the F344 retinas. The percentage of involved male retinas increased from over 50% 
at 3m to 100% at 18m and 24m. The incidence in female retinas changed from 33% 
at 4m to 83% at 8m and to 75% at 18m. The majority of these appeared in the 
superior hemisphere within the inner plexiform layer and inner nuclear layer.

We found three forms of retinal degeneration in the F344 rat: peripheral, paving- 
stone, and cystoid. Peripheral degeneration is strongly age-related while cystoid is 
less so. Paving-stone degeneration is not age-related. These types of degeneration 
are typical of the F344 rat, and not seen in age matched animals of another albino 
strain.

Statistical analysis reveals that the degeneration is an age-related phenomenon. 
There are increased rates of degeneration seen peripherally and degeneration occurs at 
different times in the superior and inferior hemispheres. Finally, gender differences 
are manifest by different trends in degeneration. Supported by NIH # 05262, The 
Markey Foundation, The Rochester Eye Bank, and private gifts.
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3 7 1 .5

AGING AND THE REGULATION OF ARCUATE NPY 
EXPRESSION. P Camp*. X Lu and JD White. Div of 
Endocrinol, SUNY, Stony Brook, NY 11794 USA.

NPY released from arcuate neurons is thought to regulate 
food intake and influence reproduction. These physiological 
functions change with aging. Using a food deprivation (FD) 
model, we examined if there is age-related changes in the 
regulation of arcuate NPY expression. Six groups of male rats 
were used: fed and 72Һ FD from three ages, 1.5, 6 and 13mo 
old. All FD groups lost an average 55gms, with % initial BW 
lost of 18.2, 10.5 and 9.7% for 1.5, 6 and 13mo FD groups. In 
situ hybridization analysis for preproNPY mRNA was done 
using a 35S-cRNA probe on free-floating coronal sections 
through the hypothalamus. Sections were processed for film 
autoradiography; hybridization area and mean density were 
quantified. There was no significant effect of age on 
hybridization area or density. 72Һ FD significantly increases 
both hybridization area and density in young rats (total 
hybridization increased 2.3-fold). FD also increased NPY 
expression in the 6 and 13mo age groups (1.8-fold and 1.3- 
fold, respectively) but not to the same extent as in the 1.5mo 
group. Thus, NPY expression is regulated by FD in young 
and old rats and its regulation may be more closely tied to 
BW loss than to aging.

3 7 1 .7
CH AN GES IN  TH E H IPPO C A M PA L G A BA -A AND NM DA  
RECEPTO R CO M PLEXES DURING  A G ING . EFFECT OF A 
LONG-TERM TREATMENT WITH ACETYL-L-CARNITINE
M. Castorina. A.M. Ambrosini. L. Ferraris. L. Pacifici. M,T, RamaccL L. 
Angelucci L L. Steardo*^ Inst, for Res. on Senescence Sigma Tau, 00040 
Pomezia, Italy;1 Inst, of Pharmacology II, School of Medicine, "La Sapienza" 
Univ. of Rome, Italy; ^Dept. Pharmacology, Medical School, Univ. o f Bari, Italy.

In the rat, the hippocampus is the brain structure most sensitive both 
morphologically and functionally to the aging process. There is a loss of pyramidal 
cells (Landfield et al., 1978), mossy fibers in the Ammon's hom, and granular cells 
in the gyrus dentatus, accompanied by impoverishment of behavioral performances 
in which memory and spatial orientation are involved (Angelucci et al., 1987).

Acetyl-L-Camitine (ALCAR) is able to prevent or retard cognitive deficits and 
ameliorate functional integrity o f the cholinergic synapses in the aged rat 
hippocampus. Several studies reported age-related changes in receptor binding in the 
integrated system of the GABA-A and NMDA receptoriai complexes. The aim of 
the present work was to verify whether the decrease of density of both receptor 
complexes in rat hippocampus during aging is affected by a long-term treatment 
with ALCAR (150mg/kg/day in drinking water for 6 months) in aged rats.

A significant decrease of both ^H-muscimol (-22%; p<0.05) and %  CGS 19755 
(-19.5%; p<0.001) binding was found in membrane preparation from hippocampus 
of aged rats. Saturation experiment indicated that the decrease was entirely due to a 
reduction in the total number of binding sites with no change in their affinity. A 
six-month treatment with ALCAR significantly increased NMDA binding capacity 
in the hippocampus of 24-month-old rats compared with their age-matched controls 
with no changes in GABA-A binding capacity.

These results suggest that ALCAR exerts a neuroprotective effect on the central 
nervous system of chronically administered aging rats, particularly on the 
excitatory synaptic system, but not on the inhibitory system located in the 
hippocampal intemeurons.

3 7 1 .9
REDUCED EXPRESSION OF M ITOCHONDRIAL DNA IN 

CEREBRAL HEM ISPHERES OF OLD RAT: EFFECT OF ACETYL- 
L-CARNITINE. J y m jj ą d ą Į ę tą J Į J M i™
P. Cantatore. Department o f Biochemistry and
Molecular Biology, University o f Bari, Via Orabona 4, 70125 Bari, Italy.

A 70% reduction of the steady-state level o f  mitochondrial (mt) 
transcripts in cerebral hemispheres o f 28 month rats takes place (1) and such a 
reduction is mainly due to a lowered synthesis o f  RNA (2). The reduced 
transcription does not depend on a decrease in template availability (3); 
however in old rat brain a decrease in mtDNA molecules bearing the triplex 
strand (4) and an increase in deleted mtDNA molecules have been found (3,
5). Protein synthesis in synaptic mitochondria o f old rat is also reduced. An 
acute treatment with acetyl-L-camitine of senescent rats restores the normal 
content o f mt transcripts and o f protein synthesis within 3 hours. Furthermore 
acetyl-L-camitine prevents reduced respiratory efficiency o f synaptic 
mitochondria and damage o f mt membranes (6, 7). These results suggest that 
bioenergetic deficiency could be responsible for reduced mtDNA 
transcription and translation in old rat brain and that acetyl-L-camitine is able 
to restore optimal conditions for an efficient mitochondrial biogenesis.
1. Gadaleta M.N. et al., Eur. J. Biochem., 187, 501-506 (1990).
2. Femandez-Silva P. et al., B.B.R.C., 176, 645-653 (1991).
3. Gadaleta M.N. et al., Mutat. Res., 275,181-193 (1992).
4. Petruzzella V. e ta i ,  Annals o f the N, Y.. Acad. Sci., 673, 194-199 (1992).
5. Lezza A.M.S. et al., Bull. Mol. Biol. Med., 18,67-80 (1993).
6. Petruzzella V. et al., Arch. GeVontol. Geriatr., 14, 131-144 (1992).
7. Paradies G. et al., Biochim. Biophys. Acta, 1103, 324-326 (1992).
Researčh founded by P.F. "Invecchiamento” CNR, Italy and by Sigma- 
Tau Company.

3 7 1 .6

AGE-RELATED CHANGES IN Tel CORTEX CALLOSAL NEURONS. AN 
HRP-ULTRASTRUCTURAL STUDY IN THE RAT.
Arevalo*, M., ColHa, F., Gonzãlez-Ramos, J., Carrasca1,E. 
Dpto. de Anatomia e Histologia. Universidad de Salamanca.

This study examines the differences in neurons with 
transcallosal projections to the contralateral cortex 
(Tel) that occur in aged rats when compared to young 
animals. To do so, 15 young (4 months) and 15 aged 
(24 months) albino rats were used. Callosal neurons were 
studied using retrograde labelling with HRP.

Labelled transcallosal neurons show a similar 
distribution in young and old rats when examined in 
electron microscopy blocks. However, the number of 
labelled neurons is considerably fewer in aged rats.Upon 
ultrastructural examinatі on,pyramids are the type of 
callosal HRP-neurons found in both young and aged rats, 
but the average size of cell bodies changed with age.
Thus, old rats show an increased cel 1 body area, Mean= 
137.95ynr, while neurons from young rats are 108.53 pm^ 
in mean. Callosal neurons receive symmetrical synapses 
on their somata. The number of synaptic terminals is 
fewer in young rats when compared to aged rats but the 
average size of terminals is similar in both groups.

Supported by CICYT grant SAF-248/92 and Castilla у 
Leon grant SA-20/10/92.

3 7 1 .8

A G E-D E PEN D E N T C H AN G ES IN  LIPID CO M PO SITION OF 
VARIO US BRAIN AREAS OF THE RAT: EFFECTS OF ACETYL- 
L-C A R N ITIN E R, Ricciolini. M. Scalibastri. LL. Llieofla Trulla, M.T, 
Ramacci. S. Algeri. A.T. Arenando·1*. Inst, for Res. on Senescence Sigma 
Tau, 00040 Pomezia, Italy; *UCLA, Los Angeles, Ca 90024

Lipid metabolism is a highly regulated process by which cells maintain 
composition, integrity and functional properties o f their membranes. Brain 
lipids and fatty acids have been found to change as a function of age, leading to 
modifications in membrane fluidity. We have studied membrane lipid 
composition of different rat brain areas: hippocampus, cortex, cerebellum and 
striatum, following Folch extraction procedures (1). Phospholipid composition, 
which was investigated by high performance thin-layer chromatography, was 
characterized by a significant increase in sphingomyelin (CerPCho) in 
hippocampus and cortex of aged (26 months) rats. Furthermore, cholesterol 
concentration was significantly increased in all brain areas.

CerPCho exerts a rigidifying effect in biomembrane and has high affinity for 
cholesterol, which is, too, a rigidifying agent (2). These results are consistent 
with a decrease in membrane fluidity in the aged rats as measured by steady-state 
fluorescence polarization (diphenylexatriene probe). The age-linked decrease of 
fluidity negatively affects neuronal membrane functions such as 
neurotransmitter release, ions fluxes and receptor binding (3). Age-related 
CerPCho and cholesterol increases in the hippocampus were reduced by 
treatment with Acetyl-L-Camitine (50 mg/kg i.p., twice a day for 15 days), 
while a concomitant increase in membrane fluidity was observed. These 
findings together with those obtained in previous neurochemical, morphological 
and behavioural studies, suggest that Acetyl-L-Camitine is able to protect the 
aging brain, expecially the hippocampus region.

1. Folch J. et al. (1957) J.Biol. Chem. 266, 497-509.
2. Kolesnick R.N. et al. (1991) Prog. Lipid Res. 30, 1-38.
3. Schroeder F. (1984) Neurobiol. Aging 5, 323-33.

3 7 1 .1 0
IN  V ITR O  STIMULATION OF PROTEIN SYNTHESIS BY INSULIN LIKE 
GROWTH FACTOR-1 (IGF-1) IS ATTENUATED IN CORTEX OF 
AGED RATS. A.D'Costa. X. Xu. J . E, Lenham and W .E. Sonntag*. 
Department of Physiology and Pharmacology, Bowman Gray School 
of Medicine, Wake Forest University, Winston-Salem, NC 27157- 
1083.

Alterations in the function and metabolic activity of the cortex have 
been implicated in specific disease states as well as in normal aging. In 
vivo protein synthesis is one such metabolic process that has been shown 
to decrease with age in the cortex. Recent data have demonstrated the 
presence of IGF-1 and type 1 IGF receptors in brain suggesting that this 
hormone may contribute to maintenance of brain metabolic processes. The 
purpose of this study was to assess age-related alterations in rates of 
protein synthesis in cortex in response to IGF-1. 400jvm slices of cortex 
from young (7 months) and old (30 months) Brown Norway male rats 
were incubated in DMEM culture medium containing 3H-leucine. IGF-1 
increased incorporation into total protein in a dose-dependent manner 
between 1.0 and 50nM. Comparisons of protein synthesis (after 
correction for 3H-leucine specific activity) between young and old rats 
revealed that basal rates of protein synthesis did not differ. However, in 
response to IGF-1, protein synthetic rates in old rats were attenuated by 
10 to 38% (p <0.05) when compared to young animals. Quantitative 
autoradiographic analysis revealed that type 1 IGF receptor densities did 
not change with age suggesting that altered post receptor mechanisms 
may be responsible for this decreased response to IGF-1. The results 
indicate a potentially important role for altered response to IGF-1 in the 
etiology of brain aging. (This research was supported by grant AG 07752 
to WES).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19,1993



WEDNESDAY AM AGING PROCESSES II 897

371 .11

AN ASSESSMENT OF BEHAVIORAL AGING IN THE 
GERBIL. E. L. Spangler* . 1. Hengemihle. G. Blank. D. Spear. 
S.Brzozowski. N. Patel. D. K. Ingram. Geron.Res.Ctr, NIA, Balt. 
MD 21224.

A battery of motor (open field, home cage and runwheel 
activity; rotorod performance) and learning (active 
avoidance in a straight runway and in 14-unit T-maze 
performance) tests were administered to Mongolian gerbils 
(Meriones unguiculatus) 14-54 mo old. Body weight and 
seizure activity were also monitored. According to linear 
regression analysis, locomotor activity in the home cage and 
in the number of revolutions of a runwheel decreased with 
age. The number of falls from a rotating rod (4 rpm) 
increased with age. No significant differences were noted in 
open field activity. Percent of successful avoidances of 
shock (0.3 mA) in the straight runway were also lower in 
aged gerbils, and cognitive performance in a shock- 
motivated (0.3 mA) 14-unit T-maze (measured as an increase 
in errors) declined with age but only at the final block of 
trials. No differences in mean body weight were noted. Aged 
gerbils were more likely to have seizures, but seizure 
activity was high in all age groups (48/77>gerbils tested had 
at least 1 seizure). Seizures tended to occur when the gerbil 
was exposed to a novel situation (e.g., initial weighing, 
placement on the rotorod). Further evaluation of the gerbil 
as a model for studying age-related declines in motor and 
learning performance are suggested by these findings, but 
a high incidence of seizure activity is a complicating factor.

371 .13

A COMPARISON OF ABNORMAL CLUSTERS OF GRANULES IN THE 
HIPPOCAMPI OF SENESCENCE ACCELERATED MOUSE (SAM-P/8) 
AND C57BL/6J (B6) MICE OF DIFFERENT AGES. M. Tian*. H. Kuo. L. 
Walker. D. K. Ingram, and M. Jucker. GRC, NIA, NIH, Baltimore, MD 21224 
and Neuropathology Lab, Johns Hopkins Univ., Baltimore, MD 21287.

With advancing age, clusters of abnormal granules positive for Periodic acid- 
Schiff appear in the brains of B6 mice (Jucker, Science, 255:1443, 1992) and 
SAM-P/8 mice (Akiyama, Acta Neuropathol, 72:124, 1986) predominantly in 
the hippocampus (HC). The granules in B6 mice can also be visualized with a 
polyclonal antibody to a 110 kD laminin binding protein (LBP) and stain 
specifically with an antibody to heparan sulfate proteoglycan. The present study 
compared staining properties and light and electron microscopic morphology of 
granules in SAM-P/8 HC with that of B6 mice of different ages. We examined 
brains (n=20) of SAM-P/8 (2-14 mo) and B6 mice (4-30 mo). Results of the 
light microscopic study revealed that the granules in SAM-P/8 brain could also 
be visualized with the LBP antibody. The granules in SAM-P/8 appeared at 3 
mo, which is earlier than the 6-8 mo normally observed in B6 mice. They 
formed clusters very similar in appearance and distribution to those in B6 mice. 
However, the clusters per unilateral HC of SAM-P/8 were more numerous than 
those of B6 mice of similar age. Electron microscopic analysis revealed that the 
granules in SAM-P/8 and B6 mice had very similar ultrastructure. The granules 
contained mostly fibrillar and granular material. A few mitochondria and 
degenerated membrane-like structures were found. Most granules had a 
discontinuous membrane which occasionally formed some special membrane 
contacts with neighboring structures. Our observation that SAM P/8 mice 
express abnormal clusters of granules with an early onset and high incidence 
suggests that this mouse may be a useful model for studying accelerated brain 
aging and other aspects of neurodegenerative disease.

371 .1 5

THE EFFECT OF HALOPERIDOL ON MET-ENKEPHALIN, B- 
ENDORPHIN, SUBSTANCE P AND CHOLECYSTOKININ 
CONTENTS IN THE STRIATUM AND THE PITUITARY OF 
RATS DURING AGING.
S.M. Lau and F. Tang.* Department of Physiology, Faculty of 
Medicine, University of Hong Kong, Hong Kong.

To study the effect of haloperidol on neuropeptide contents during 
aging, male Sprague-Dawley rats aged 3 months, 8 months and 23 
months received daily intraperitoneal injection of haloperidol, a 
dopamine receptor antagonist, at a dose of 2mg per Kg body weight 
for 3 weeks. Control groups were given vehicle consisting of small 
amounts of NaOH and acetic acid in 0.9% saline. Met-enkephalin 
(ME), B-endorphin (BE), substance P (SP) and cholecystokinin 
(CCK) levels were measured in the anterior (AL) and 
neurointermediate (NIL) lobes of the pituitary and in the striatum by 
radioimmunoassay (RIA). SP and CCK decreased with age in NIL. 
Haloperidol caused a decrease in SP level in NIL in all age groups 
but an increase in CCK level only in young rats. For AL, elevation 
of ME and BE were found in the middle-aged and old rats 
respectively. Haloperidol caused a decrease of ME level in both 
young and middle-aged rats but an increase of BE in young rats only. 
In the striatum the haloperidol treatment caused a rise in ME level in 
all age groups but a decrease in SP level only in young rats. This 
study demonstrates that age affects not only the neuropeptide 
contents in the pituitary but also the response of these to dopamine 
receptor blockade.

371 .12
EFFECTS OF AGING AND FOOD RESTRICTION ON HYPOTHALAMIC 
NEUROPEPTIDE Y (NPY) AND CORTICOTROPIN RELEASING HORMONE 
(CRH) mRNAs in Fischer 344 RATS. J.F. Nelson *.N. Levini  K. Karelusf
J. Roberts2. and B. Brooks*E ^ep t. of Physiology, U. of Texas Health Science 
Center, San Antonio, TX 78284-7756, 2Mt. Sinai Medical Center, NY, NY.

Chronic food restriction (FR) retards many aging processes and extends life 
span of rodents, but the physiological mechanisms mediating these effects remain 
unknown. Because the regulation of food intake is in part under central control, 
examination of the effects of food restriction on hypothalamic neuropeptide gene 
expression may provide clues to adaptive mechanisms that mediate the diverse anti
aging effects of chronic food restriction. We therefore investigated whether FR 
alters the expression of hypothalamic NPY and CRH mRNAs in young and aging 
rats. NPY and CRH were examined because of their role in the central regulation of 
food intake and energy balance. Male F344 rats were FR to 60% of ad libitum (AL) 
levels beginning at 6 wk of age or were fed AL. Rats were killed in the AM (lights 
on: 0400 h) at 3, 6, 13, 18, 24-25, and 33 (FR only) mo of age. Total RNA was 
extracted by a guanidinium cesium chloride method from frozen hypothalamic (HY) 
tissue of individual rats. NPY and CRH mRNA levels were measured by solution 
hybridization RNase protection using 32P-cRNA probes synthesized from rat NPY 
and CRH cDNAs. HY NPY mRNA levels in FR rats were higher than AL levels 
across the lifespan (P<0.01, ANOVA); differences were about 25% at 3, 13 and 24- 
25 mos and were negligible at 6 and 18 mo. HY NPY mRNA levels fell 33% in 
24-25 mo AL rats compared to 3 mo values; levels fell 29% at 24-25 mo and 37% 
at 33 mo in FR rats (PcO.Ol). HY CRH mRNA levels were unaffected by age or 
FR. Thus, NPY mRNA is elevated in FR rats. Because of this elevation, NPY 
mRNA levels in old FR rats are equivalent to those of young AL rats, even though 
the age-related decline of NPY mRNA is not retarded by FR. Elevation of NPY is 
consistent with the hypoinsulinemic and moderately hyperadrenocortical status of 
the FR rat, and may thus play a role in the neuroendocrine mechanisms that mediate 
the adaptive responses to long term caloric restriction.

3 7 1 .14

AGE-RELATED ALTERATION IN PROTEIN KINASE C 
TRANSLOCATION AND IN THE PRESENCE OF CALCIUM- 
DEPENDENT ISOENZYMES. F. Battami*. V. LadisaN L, LucchiA.
W. C. Wetsel°. M. Trabucchi and S. GovoniA Dept. Exptl. Med. and 
Biochem. Sci., Univ. of Roma, AInst. Pharmac. Sci. Univ. of Milano, 
20133 Milano, Italy, °LMIN, NIEHS, Res. Triangle Park, N.C.

We have previously demonstrated an impairment in protein kinase C 
(PKC) translocation and in mRNA expression for the a  and ß isoform in 
cortical structures in aging Wistar rats. We have investigated other brain 
areas important for different memory processes such as hippocampus and 
cerebellum. PKC translocation in hippocampal slices upon short-term 
Phorbol 12 myristate, 13 acetate exposure (160 nM for 15 min) is 
observed in young (3 months) and adult (8 months) while is completely 
impaired in aged (28 months) rats. Cerebellar PKC translocation, under 
the same conditions, is impaired in adult and aged rats when compared 
with young animals. The immunodetection of a, ßl, ßll and γ isoenzymes 
during aging indicates that PKCy is specifically increased in the 
hippocampal membrane fraction in aged animals. The other isoforms do 
not show significant age-related changes both in the soluble and 
membrane compartments. In cerebellum no modifications in any of the 
isoforms are present both in soluble and particulate fractions in the three 
age groups. These data suggest the involvement of selected calcium- 
dependent PKC isoforms in rat brain aging and underline the notion that 
the impairment in PKC translocation in aged cortical and hippocampal 
structures may be the most relevant PKC process uniformly affected 
across brain areas and strain of rats during aging. This impairment may 
have important functional consequences in particular for the processes of 
neuronal plasticity that are related to memory.

371 .16

THE AGING OF THE NMD A RECEPTOR COMPLEX Kathv R. 
Magnusson.* Dept. of Anatomy & Neurobiology, Colorado State 
University, Fort Collins, CO 80523 

There is a decline in binding of the transmitter glutamate to the N- 
methyl-D-aspartate (NMDA) subtype of excitatory amino acid receptors 
throughout the hippocampus and cerebrum during the aging process in 
C57B1 mice. The goal of this study was to determine whether other 
binding sites on the NMDA receptor complex showed binding changes 
with age and to determine how glycine influences the aging changes in 
the NMDA binding site. Quantitative autoradiography was performed 
on horizontal sections from 3, 10 and 28-30 month old C57B1 mice to 
label the glycine binding site (with [3H]-glycine), the channel protein 
(with [3HJ-MK801), and the NMDA binding site (with [3H]-CPP or 
[3H]-glutamate). CPP binding to NMDA sites, glycine binding and 
MK801 binding (without exogenous cold glycine) all exhibited 
reductions with aging in a majority of cerebral and hippocampal 
regions, similar to glutamate binding to NMDA sites. The glycine and 
MK801 assays were performed in the presence of glutamate (10μΜ) 
and, therefore, may simply reflect reduced function of the NMDA 
receptor. However, the ability of glycine (10 μΜ) to enhance 
glutamate and CPP binding to NMDA sites was also reduced with 
increasing age. Glycine treatment appeared to increase the difference in 
binding to the NMDA sites between 3 and 30 months of age rather than 
correcting the aging change. This suggests that the glycine site is 
functionally altered during the aging process. The results of these 
studies suggest that the entire NMDA receptor complex is affected by 
the aging process. Supported by NIA FIRST award AG10607.
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371.17
AGE-RELATED CHANGES IN THE EXPRESSION OF DOPAMINE 
TRANSPORTER AND TYROSINE HYDROXYLASE mRNAS IN THE RAT 
SUBSTANTIA NIGRA. T. Himi* and N. Mori. Div. Neurogerontology, Andrus 
Gerontology Center, University of Southern California, Los Angeles, CA 90089.

The nigrostriatal dopaminergic system undergoes neurochemical and degenerative 
changes during aging and Parkinson's disease. To examine possible changes of the 
gene expression of markers for dopaminergic function, we examined expressions of 
dopamine transporter (DAT) and tyrosine hydroxylase (TH) mRNAs in the substantia 
nigra compacta (SNc) of 6, 18 and 24 months old male Fischer 344 rats, using 
quantitative in situ  hybridization. Areas expressing DAT mRNA colocalized with TH 
mRNA-expressing regions, suggesting that DAT and TH mRNAs are coexpressed in 
most, and probably all, of dopaminergic neurons in the SNc. DAT mRNA levels were 
significantly reduced in the 18 and 24 months old rats (10-30%), while TH mRNA 
levels were reduced only in the 24 month-old animals (35-40%). Neuron density in the 
SNc also decreased slightly (10-15%), though not significantly, during aging, and the 
reduction of the cell density was less obvious than the reduction of the DAT and TH 
mRNAs in the SNc, suggesting that surviving neurons in the aged brain have reduced 
gene activity. Expression of mRNA for the neuronal growth-associated protein, GAP- 
43, was also reduced in the aged rats, while expression of other growth-associated 
genes, e.g. SCG10 and α-tubulin, remained unchanged. Glutamic acid decarboxylase 
(GAD) mRNA levels remained unchanged in the striatum (ST) to which the SNc 
dopaminergic neurons project These findings suggest that age-related deterioration of 
motor activities are, in part, due to the imbalance of molecular changes in the 
nigrostriatal pathway especially in the SNc but not in the ST. The reduction of DAT 
mRNA level begins even in the middle-aged animals, while the TH mRNA reduction 
becomes apparent only in the senescent animals. The result suggests that the DAT 
mRNA loss could be an early marker for the neuronal atrophy of dopaminergic 
neurons in the SNc that occurs in aging animals as well as in Parkinson’s disease in 
humans. Supported by NIH AG07909.

371.19
DIFFERENT EXPRESSION OF NOS mRNA IN THE BRAIN OF 
YOUNG AND OLD RATS. L„.Cal?à, S. Ceccatelli*. L. Giardino. T. 
Hokfelt Inst, of Human Physiology, University of Cagliari, Cagliari, 
Italy; Dpt. of Histology and Neurobiology, Karolinska Institutet, 
Stockholm, Sweden.

The nitric oxide synthase (NOS) mRNA is localized in distinct neural 
populations which are know to be affected by aging. In this study we 
investigated the NOS mRNA expression in several brain areas of young 
(3 months old) and old (24 months old) male Sprague Dawley rats (OF A 
strain) by mean of in situ hybridization histochemistry. 3'-end-a-35S- 
dATP-labeled oligonucleotide probes with sequences complementary to 
mRNA for rat NOS (aminoacids 151-154) were used. The 
autoradiograms were quantified using a computer assisted image 
analyzer and appropriate standards in order to measure the 
radioactivity/area, the number of positive cells and the mean radioactivity 
in the sampled cells. The expression of NOS mRNA in the bed nucleus 
of the stria terminalis, supraoptic nucleus, paraventricular nucleus, 
pyramidal layer of CAI field of the hippocampal cortex and in the 
granule layer of the dentate gyrus was not different at the two 
investigated ages (radioactivity!area). The number of NOS mRNA 
expressing cells was decreased in the anterior cingulate cortex (-45%) 
and in the n. caudato-putamen (-52%) of old rats. In the cells of the n. 
caudato-putamen the mean level of NOS mRNA was also decreased. 
Instead, no differences were observed in the cells of the anterior 
cingulate cortex, when NOS mRNA content was compared to young 
rats. These results indicate that the NOS-expression is differentially 
affected by the aging process in the investigated brain areas.

371.18
HYPOTHALAMIC GROWTH-HORMONE RELEASING HORMONE mRNA 
LEVELS, AND RESPONSE TO FASTING, DECREASE WITH AGE IN MALE 
RATS. S.P. Kleopoulos* and C. V. Mobbs. Fishberg Center for 
Neurobiology and Bronx VA Medical Center, Mt. Sinai School of 
Medicine, New York, NY 10029.

Plasma growth hormone (GH) decreases with age in humans, rats, 
and mice, and replacement of GH in a population of older men 
ameliorates several age-correlated impairments. Hypothalamic 
growth hormone releasing hormone (GHRH) is a primary determinant 
of GH secretion. Furthermore, GHRH mRNA is reduced by fasting, 
and we have shown shown (Mobbs and Kleopoulos, 1992) induction of 
neuropeptide Y mRNA by fasting in male rats decreases with age.
We therefore examined, using in situ hybridization, hypothalamic 
GHRH mRNA levels in 6, 12, and 18-month-old Sprague-Dawley male 
rats which were fed ad lib or were fasted for 72 hours. In rats 
which were fed ad lib, hypothalamic GHRH mRNA decreased about 
50% between 6 and 12 months of age, and decreased further by 18 
months. The age-correlated decrease was reflected in fewer GHRH- 
positive cells and in lower GHRH signal/cell. Fasting significantly 
reduced GHRH mRNA in 6-month rats, and, to a smaller degree, in 
12-month-old rats, but in 18-month-old rats fasting did not reduce 
GHRH mRNA. These data suggest that the age-correlated decrease in 
plasma GH (and concomitant physiological impairments) may be due 
in part to a decrease in hypothalamic GHRH mRNA, and corroborate 
our previous results that during aging hypothalamic gene expression 
becomes less responsive to fasting
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372.1

CELLULAR LOCALIZATION OF GLUT3 AND GLUT1 GLUCOSE 
TRANSPORTERS IN PRIMARY CULTURED NEURONS AND GLIA.
F. Maher*. NIDDK, NIH, Bethesda , MD 20892.

The glucose transporters (GLUT1 - GLUT7) are a family of integral 
membrane glycoproteins which facilitate the transport of glucose across 
mammalian membranes. The GLUT isoforms are expressed in a cell or tissue- 
specific manner. GLUT1 exists as two Mr forms in the brain, a 55kDa form co
purifying with microvessels and a 45kDa form present in the neuronal / glial 
membrane fraction1. GLUT3 isa major neuronal transporter̂ . While 55kDa- 
GLUT1 is readily detected by immunohistochemistry in cerebral micro
vessels, definitive immunohistochemical detection and subcellular 
distribution of GLUT3 and 45kDa-GLUT1 remains to be determined. Using 
polyclonal antisera to GLUT3 and GLUT1 and commercially available mono
clonal antibodies for GFAP, MAP2 and synaptophysin we determined the 
expression and localization of GLUT3 and GLUT1 in primary cultured rat 
cortical and cerebellar neurons and glia. In astroglial and neuronal/glia! co
cultures from cerebral cortex , 45kDa-GLUT1 resides pimarily in astroglia, but 
not all GFAP+ -glia are seen as GLUT1+ by immunofluorescence. GLUT1 in 
glia appears to have a uniform cell-surface distribution. In primary cerebellar 
cultures, granule neurons are GLUT3+/GLUT1 +, while GLUT1 is detectable 
on immunoblots of glial membranes but not by immunofluorescence in 
GFAP+ -glia, possibly due to low abundance. GLUT3 is detected in MAP2+ 
cortical and cerebellar neurons with a uniform distribution over the neuronal 
surface, and without specific co-localization with markers for dendrites 
(MAP2) or synapses (synaptophysin). GLUT3 is not detected at significant 
levels in either isolated microvessels or GFAP+ -glia. Thus the major GLUT 
isoforms of neurons and glia are expressed predominantly at the cell surface.
1. Maher, Vannucci and Simpson (1993)
2. Maher et al (1991 ); Nagamatsu et al (1992).

372.2

DETERMINATION OF SUGAR SPECIFICITY AND KINETIC PARAMETERS 
OF THE NEURONAL GLUT3 GLUCOSE TRANSPORTER IN PRIMARY 
CULTURED NEURONS. T. M. Davies-Hill. F. Maher and I. A. Simpson*. 
NIDDK, NIH, Bethesda , MD 20892.

The glucose transporters (GLUT1-GLUT7) are a family of integral membrane 
glycoproteins which facilitate the transport of glucose across the plasma 
membrane for subsequent cellular metabolism. All cells express one or more 
GLUT isoform. Neurons in the brain express primarily the GLUT3 isoform and 
in culture also express GLUT 1. In contrast, glia and cerebral microvascular 
endothelial cells express only GLUT1. Essentially nothing is known about the 
kinetic properties of GLUTS in neurons. This may alter the interpretation of in 
vivo cerebral glucose utilization studies, which use the analogue 2-deoxy- 
glucose (2-DG) and assume that the rate constants for glucose transport are 
the same at the blood-brain barrier and into neurons and glia. Therefore, we 
have established methods to measure glucose transport characteristics in 
primary cultured cerebellar granule neurons, which express 6-10 times more 
GLUT3 than GLUT1. Standard assays of glucose transport, using the non- 
metabolizable analogue 3-O-methylglucose (3-O-MG), were modified for 
neurons cultured on 2-chamber slides. Kinetics are computed as the rate of 
transport of [i4C]3-0-MG, using [3H]L-glucose to measure diffusion. Glucose 
transport in these cells is extremely rapid, reaching a maximum within 10 
seconds at 22 C. Determinations of inhibitor and substrate specificities show 
that GLUT3 transport is inhibited, in the same manner as GLUT1, by 
cytochalasin B, forskolin and phloretin. In contrast to GLUT1, sugars such as 
xylose and galactose are relatively effective inhibitors of GLUTS transport. 
Mannose is less effective. The accuracy and efficacy of this method are 
compared to other assays of glucose uptake, [3H]2-DG and U-P4C]glucose.
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